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In the soil below

Lies a seed, waiting to grow
Tiny, fragile, yet full of life
Ready to break free from strife

As the seedling emerges

Auxin guides its every verge
Sending signals down the roots
Telling them which way to shoot

Through the soil, the roots they reach
Absorbing water, nutrients—each
Growing stronger day by day

As they seek the home they'll stay

And from above, the plant's abloom
Through sunshine, rain, and thunder's boom
A testament of growth and life

Fueled by seeds, roots, auxin, and strife.

— ChatGTP 3.5



Abstract

Abstract

PIN-FORMED PROTEINs (PINs) are the main factors in polar auxin transport (PAT). Their cell
biology has been studied extensively over the last decades and members of the AGCVIII kinase
family were identified as regulators of cellular localization and activation of PINs.

In this thesis I determined the transport properties of canonical PINs and the impact of the PIN protein
domains on transport. PINs consist of two transmembrane (TM) domains and a cytosolic loop
domain. The loop domain contributes to the regulation of localization and has been viewed mainly
as on/off switch for transport activity upon phosphorylation, whereas the TM domains form the
transporter unit in the plasma membrane (PM). Using Xenopus laevis oocytes, the concentration-
dependent transport properties of PINs were investigated and more members of the AGCVIII kinase
family and of other kinase families were tested with respect to their potential to activate transport.
The agravitropic root phenotype of the pin2 mutant was used to monitor the impact of modulating
auxin flow on gravitropic root growth and root bending rates.

Through domain swapping of canonical and noncanonical PINs, additional layers of PIN-mediated
transport regulation were identified. The loop contributes to transport itself by intramolecular
interactions with the TM domains. It is suggested that the loop modulates the TM domain context
and that some regulatory aspects are dependent on the combination of the PIN domains. Neither all
AGVIII kinases nor members of other kinase families could activate PIN transport. Further, the
kinase directly impacts the PIN transport properties, which underlines the importance of the kinase
identity. This suggests distinct structural interactions of the kinase with the TM domains and the loop
domain.

It was concluded that the level of (activated) PIN in the PM determines the net flux over the
membrane, the loop domain and the kinase impact the transport properties through structural
interactions with the TM domains and/or the loop domain, but that the observed differences in
transport activity might be compensated in the plant and that activation of transport is limited to some
members of the AGCVIII kinase family.

The transport data are in line with the data obtained in planta, which contributes to explain the auxin
levels in the root. The results demonstrate that PAT and auxin flow cannot be explained solely by the
cellular localization of PINs. Polar localization to the PM is necessary for PAT, but not sufficient to
explain auxin distribution by PIN-mediated transport. In the future, it will be necessary to understand

which molecular mechanisms lead to the differences in transport rates observed for different PINs.
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Zusammenfassung

PIN-FORMED Proteine (PINs) sind maligeblich fiir den polaren Auxintransport in Pflanzen
verantwortlich. Thre Zellbiologie wurde in den letzten Jahrzehnten eingehend untersucht und Kinasen der
AGCVIII-Kinasefamilie wurden als Regulatoren der zelluldren Lokalisierung und Aktivierung der PINs
identifiziert.

Ziel dieser Arbeit war es die Transporteigenschaften von kanonischen PINs und den Beitrag der
Proteindoménen zum Transport zu bestimmen. Die PINs setzen sich aus zwei Transmembran (TM)-
Doménen und der zytosolischen Loop-Domine zusammen. Die Loop-Domine ist an der
Lokalisierungsregulation  beteiligt und  wurde bisher als  phosphorylierungsabhingiger
Aktivierungsschalter betrachtet, wohingegen die Transmembran (TM)-Doménen die Transporter-Einheit
in der Plasmamembran (PM) bilden. In Oozyten von Xenopus laevis wurden die Transporteigenschaften
in Abhdngigkeit von der Substratkonzentration der PINs untersucht und weitere Mitglieder der AGCVIII-
Kinasefamilie und anderer Kinasefamilien hinsichtlich ihres Potentiales PINs zu aktiveren untersucht.
Mittels des agravitropen Wurzelphinotyps der pin2 Mutante wurde der Einfluss von modifizierten
Auxinfliissen anhand von Wurzelwachstum und Biegung der Wurzelspitze nach Anderung des
Gravitationsvektors untersucht.

Durch das Austauschen von Proteindoménen kanonischer und nichtkanonischer PINs konnten weitere
Ebenen der Transportregulierung identifiziert werden. Die Loop-Domine trigt durch intramolekulare
Interaktionen mit den TM-Doménen zum Transport bei. Es wird vermutet, dass die Loop-Doméne den
Kontext der TM-Domédnen moduliert und dass manche regulatorischen Aspekte durch bestimmte
Kombinationen der PIN-Doménen beeinflusst werden kénnen. Der PIN-Transport wurde weder von allen
Mitgliedern der AGCVIII-Kinasefamilie, noch von Mitgliedern anderer Kinasefamilien aktiviert. Zudem
beeinflusst die aktivierende Kinase direkt die Transporteigenschaften eines PINs, was die Notwendigkeit
nach kompatiblen PIN-Kinase-Kombinationen unterstreicht. Dies legt eine strukturelle Interaktion
zwischen der Kinase und den TM-Doménen, sowie der Loop-Doméne nahe.

Daraus ergibt sich, dass die Menge an (aktivierten) PINs in der PM den Netto-Efflux iiber die Membran
bestimmt, dass Loop-Domine und Kinase die Transporteigenschaften durch strukturelle Interaktion
zwischen TM-Doméne und/oder Loop-Domine beeinflussen, aber dass die beobachteten Unterschiede in
der Pflanze kompensiert werden und dass nur einzelne Mitglieder der AGCVIII-Kinasefamilie PINs
aktivieren konnen.

Anhand der Transporteigenschaften der PINs konnen die Auxinlevel in der Wurzel besser erklért werden.
Die Ergebnisse dieser Arbeit stellen die géngige Meinung, dass die zelluldre Lokalisierung der PINs
ausreiche, um polaren Auxinfluss zu beschreiben, in Frage. Die polare Lokalisierung in der PM ist
notwendig, aber nicht hinreichend um die Auxinverteilung zu erklaren. In der Zukunft wird es notwendig
sein, die molekularen Mechanismen zu verstehen, die zu den beobachteten Unterschieden fithren, um

PINs mit definierten Charakteristiken zu schaffen.
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Introduction

1 Introduction

1.1 The phytohormone auxin

1.1.1 History

Phytohormones occur naturally in plants and act as signaling molecules with a strong impact on plant
physiology and development. In 1880, a mobile signal in grass coleoptiles that transports positional
information from the plant tip through the plant body was described by Charles Darwin and his son
(Darwin and Darwin, 1880). Later this signal was isolated from fermentation media and was
identified as indole-3-acetic acid (IAA), that belongs to the group of auxins (Salkowski, 1885; Kogl
et al., 1934). Auxins are organic acids with a low molecular weight, consisting of an indole ring with
a carboxyl group in close distance (George et al., 2007). Throughout the plant kingdom, auxins are
present from Streptophyte algae to flowering plants at low concentrations and play a role in all
developmental processes. They are synthesized in dividing tissues, like the leaf tip or locally in the
root apex and released from dying tissues (Petersson et al., 2009; Sheldrake, 2021). The most
abundant auxin is in most plant species IAA. Comparable to morphogens, which govern pattern
formation through an uneven distribution in a tissue, IAA acts through gradients in the plant body,

which makes it a suitable molecule to connect plant growth to environmental stimuli.

1.1.2 Physico-chemical properties and necessity of auxin transport

IAA is distributed in the plant by diffusion through plasmodesmata, by long-distance transport
through the phloem and by short-distance transport from cell to cell (Goldsmith et al., 1974; Cande
and Ray, 1976; Mellor et al., 2020). The cell-to-cell transport occurs in a directional way by polarly
localized auxin export transporters and is therefore called polar auxin transport (PAT).

The chemical properties of IAA make it necessary to have a network of importer and exporter
proteins to establish auxin gradients, as suggested by the chemiosmotic hypothesis by Rubery,
Sheldrake and Raven (Rubery and Sheldrake, 1974; Raven, 1975). IAA is a weak acid with a pK, of
4.85. In the apoplast, with a pH of 5.5, only 17 % of the IAA fraction is protonated. This population
can enter the cell by passive diffusion through the lipid bilayer. The dissociated fraction of IAA is
transported by auxin influx proteins into the cell. In the cytosol, the pH is 7.4 and the proportion
which favors the dissociated form of IAA. The dissociated IAA cannot cross the membrane and the

efflux of IAA from the cytoplasm to the apoplast must be mediated by efflux transport proteins.
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Figure 1 — Auxin flux and levels in the Arabidopsis root. (A) Acropetal auxin flow from the shoot leads to
increased auxin levels in the QC. Basipetal transport processes distribute auxin at the lateral sides of the root.
Size of arrows correlates with strength of auxin flow. QC: quiescent center. MZ: meristematic zone. EZ:
elongation zone. Figure modified from Kepinski and Leyser, 2005. (B) Auxin gradient in the root derived from
FACS and MS analyses with maximal auxin levels in the QC. Auxin levels in the cortex, the endodermis and
the stele are elevated. Auxin levels in the columella and the epidermis are below average. Figure from
Petersson et al., 2009.

1.1.3 How auxin flows

The auxin reflux/fountain model (Figure 1A) describes the self-perpetuating flow of auxin from the
shoot through the vasculature to the root apical meristem (acropetal auxin flow) and back towards
the elongation zone (basipetal auxin flow). It is based on the localization of auxin transporters, the
initial observation that horizontally grown pea roots accumulated C14-labelled IAA in the lower half
of the root and on mathematical models of the auxin flow (Konings, 1967; Benjamins and Scheres,
2008). An auxin maximum at the quiescent center (QC) is necessary in order to maintain the root
meristem. From there, auxin is transported into the root cap away from the QC and distributed
laterally from the columella through the epidermis by auxin transporters. An auxin minimum at the
transition zone determines the shift from cell division to differentiation (Di Mambro et al., 2017). In
the elongation zone, auxin flows back into the vasculature by diffusion and lateral transport. Auxin
response can be visualized by transcriptional reporter constructs like DR5:GUS or DR5:GFP, which
show a strong signal in the columella (Ulmasov et al., 1997; Ottenschlager et al., 2003). However, a
study combining fluorescence-activated cell sorting (FACS) and mass spectrometry (MS) found that
QC cells accumulate the highest IAA concentration, whereas the columella is largely devoid of IAA
(Petersson et al., 2009). This indicates that auxin levels and transcriptional response are uncoupled
in these cells. The study provided clear evidence of an auxin gradient in the root apex, with elevated

IAA levels in the cortex, endodermis and the stele, and lower levels than the average in the epidermis



Introduction

and the columella (Figure 1 B). In order to sustain the gradient in the root, auxin flow is highly

dependent on controlled transport processes.

1.1.4 Plant tropisms

External changes in the plant’s environment make it necessary to adapt plant growth to a new
situation. Rapid nastic plant movements are determined by the structure of the organ and often
depend on changes in turgor pressure, e.g. movement of stomata or closing of the Venus flytrap
(Mano and Hasebe, 2021). In contrast, in tropisms the direction of organ movement depends on the
direction of the stimulus. Positive tropism describes the movement towards the stimulus, e.g. root
growth towards the earth center, and negative tropism describes growth away from the stimulus, e.g.
shoot growth against the gravity. These processes are slower compared to nastic movements, because
they require signal detection, signal transduction and altered directional growth.

Early experiments established the role of auxin in these processes: In the 1920s, the Cholodny-Went
model established the asymmetrical distribution of auxin as reason for differential growth in plant
tropisms (Went, 1974). Experiments with illuminated coleoptiles revealed that auxin accumulates at
the shady side of the tip, which stimulates cell elongation and results in shoot bending towards the
light source. Later the model was expanded to gravitropic growth. It was shown that auxin
accumulation in the above ground tissues leads to cell elongation, whereas in the root it has the
opposite effect (Swarup et al., 2005; Esmon et al., 2006). The cells on the upper root side expand

normally which lead to root bending.

1.2 Auxin and the root

1.2.1 Root growth

Plants are sessile organisms and must find ways to access water and nutrients in changing
environments. The decisive reason for successful adaption is the very dynamic root growth, which
follows the gravity vector and can adjust to avoid obstacles through modulating its growth direction.
This process is also impacted by hormonal crosstalk and cytoskeletal dynamics.

Growth on solid medium is distinct from growth on soil. On high percentages of agar, roots show
different classes of movements: tropisms as a reaction to directional cues (e.g. gravitropism), nastic
movements that are independent of the plant’s position (e.g. closing leaves at night) and nutations
through unequal growth rates of organ sides (e.g. circumnutation) (Migliaccio ef al., 2013).

The decision whether the root waves or curls, the wavelength and the amplitude are strongly
dependent on the environmental factors and can be mainly linked to the tilting angle of the plate
(Zhang et al., 2022). On plates tilted by 45 °, roots show strong waviness, whereas on horizontal

plates they curl in most cases. This leads to the hypothesis that curling is the basal root growth pattern



Introduction

and that waving is induced by the gravity vector that is lost on horizontal plates. Thin root hairs
anchor the root on the plate but only emerge above the root tip and the meristematic zone, leading to
a part of the root that can move freely (Thompson and Holbrook, 2004). Static friction anchors the
root tip on the surface, while root growth builds tension between the hair-anchored upper root part
and the root tip. Once the tension overcomes the force through static friction, the root slips along the
agar. The observations that roots can start curling after a longer period of wavy growth might result
from changes in agar composition, i.e. reduced water content (Rizzieri et al., 2006).

Root skewing describes roots that grow leftwards or rightwards away from the gravity vector (imaged
from the back of the plate). Like waving, skewing is dependent on the tilting angle of the growth
plate (Rutherford and Masson, 1996). The epidermal cell file twists through cell file rotation, which
is caused by different expansion rates between the inner and outer cell layer. The outer epidermal
cell layer compensates for the growth differences by twisting (Ishida et al., 2007).

Recently, the first molecular players of root circumnutation were identified in Oryza sativa (Taylor
et al., 2021). Circumnutation takes place 1-2 mm above the root tip in a region of fast cellular
elongation with pronounced bending of the root (Takehisa et al., 2012). Mutants of histidine kinase
1 (hkI) were detected in a screen for increased root length and no root circumnutation compared to
wildtype. OsHK1 is an active histidine kinase and was shown to regulate the downstream signal
transduction of ethylene by restricting root elongation (Zhao et al., 2020). It might act as a regulator
of cross-talk between the ethylene and auxin signaling pathways, because root bending after a
gravitropic stimulus is reminiscent to root bending during circumnutation. Indeed, the auxin importer
mutant of Os4UX1 showed no root circumnutation but could be rescued by applying 1-NAA.

In contrast to Arabidopsis thaliana, root growth patterns of Oryza sativa do not follow a fixed
chirality which suggests a different mechanism of Arabidopsis waving and rice circumnutation

(Piconese et al., 2003; Migliaccio et al., 2013).

1.2.2 Root gravitropism

Roots grow towards the earth’s center. That requires sensing of gravity in the first step, followed by
transmission of the signal and the actual growth response.

Early diverging vascular plants show a slower response to gravitropic stimuli, compared to flowering
plants (Zhang et al., 2019). This can be explained by the localization of statoliths, i.e. starch-filled
amyloplasts, that differs drastically compared to seed plants. In lycophytes and ferns, amyloplasts
are found at the lateral sides of the root and in the root apex. In seed plants, statoliths are restricted
to the root apex and therefore distinct from the elongation zone. Changes in gravity lead to
sedimentation of statoliths which triggers a signal transduction cascade (Leitz et al., 2009). The
intracellular statolith distribution and interactions with receptors in the PM might be responsible for
forwarding the signal (Su et al., 2020). Although the gravity signal is mainly perceived in the root

tip in seed plants, the elongation zone is also involved in gravity sensing (Wolverton et al., 2002a;
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Wolverton ef al., 2002b). The hydrostatic pressure model suggests that gravitational pressure can be
sensed by the pressure of protoplasts against the PM and is integrated through activation of
mechanosensitive ion channels which modify the cytoskeleton network, as observed in rice root tips
(Staves et al., 1997).

After stimulus sensing, the gravitropic signal is transmitted through changes in the auxin distribution
in the root tip. Auxin is transported from the middle of the root cap outward to the lateral root cap
and root epidermis by an auxin transporter system. This occurs only at the bottom side of the root
and leads to a lateral auxin gradient across the root tip. The establishment of directional auxin
transport in gravistimulated roots shows the necessity of polar auxin transport to adapt plant growth

in response to external stimuli.

1.3 Polar auxin transport

Plant development depends strictly on the controlled distribution of auxin though the plant body.
Changes of plant growth to external stimuli require the adaptation of auxin flows in the plant, as
described for the lateral auxin gradient in gravistimulated roots. The polarity of auxin flow that is
needed to establish auxin gradients is therefore one of the most important and basic requirements for

proper plant growth.

1.3.1 History of PAT

After the identification of auxin as the mobile signal that is involved in all developmental processes,
its polar distribution was intensively analyzed in physiological assays from the 1930s on. Classically,
unlabeled or radiolabeled IAA was applied to one side of a plant segment, e.g. the hypocotyl, and an
agar block was placed at the other end as a receiver (Lomax et al., 1995). This revealed that auxin
transport through the hypocotyl occurs basipetally and is independent of orientation and gravity.
Later, Frits Went used decapitated coleoptiles and auxin-soaked agar blocks to demonstrate that
asymmetric auxin distribution lead to coleoptile bending away from the agar block (Went, 1926).
This allowed to test other naturally occurring auxins besides IAA or synthetic compounds, like
indole-3-butyric acid (IBA) or 2,4-dichlorophenoxyacetic acid (2,4-D).

The identification of auxin flow inhibitors opened a new tool box to further investigate PAT (Morgan
and Soding, 1958; Katekar and Geissler, 1977). Experiments with the identified inhibitors, together
with auxin transport studies in the 1970s led to the chemiosmotic hypothesis (see Chapter 1.1.2). The
hypothesis was proved in pea stem cell fractions, where auxin efflux transporters were detected at
the basal side of the cell with the help of monoclonal antibodies (Jacobs and Gilbert, 1983). As
proposed, the asymmetric localization of auxin efflux transporters is the reason for the directionality

of auxin flow.
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One of the most important auxin efflux inhibitors is N-1-naphthylphthalamic acid (NPA) (Morgan
and Soding, 1958; Hertel and Leopold, 1963; Hertel ef al., 1983). Initially developed as a herbicide,
it is extensively used to study PAT-depending processes for over 60 years (Teale and Palme, 2018).
Plants grown in presence of NPA show severe developmental defects, like no or sterile floral organs
or affected phyllotaxis (Okada et al., 1991). By comparing the NPA-induced phenotypes in wildtype
plants with mutants impaired in flower morphogenesis, the developmental defects could be linked to
auxin transport (Goto et al., 1987; Haughn and Somerville, 1988). Mutants resembling the pin-
formed inflorescence were identified as auxin efflux transporter pin/-1/ and the AGCVIII kinase
pinoid (Okada et al., 1991; Bennett et al., 1995). The molecular mechanism of inhibition through
direct binding of NPA to the auxin transporter was based on studies with Xenopus oocytes, and finally
proven by the cryo-EM structure of the auxin efflux transporter PIN8 in a complex together with
NPA (Abas et al., 2021; Ung et al., 2022).

1.3.2 Uptake of auxin

Besides passive diffusion along the concentration gradient, the major portion of IAA is transported
across the membrane. The main importer protein is AUXIN RESISTANT 1 (AUX1) (Bennett ef al.,
1996). Together with the LIKE-AUX (LAX) proteins — LAX1, LAX2 and LAX3 in Arabidopsis
thaliana — they form the AUX/LAX family (Peret et al, 2012). AUX/LAX proteins are
phylogenetically closely related to the plant-specific AMINO ACID PERMEASEs (AAPs). Together
they form the AAAP family.

AUXI1 is involved in embryo development, female gametophyte development, phyllotactic
patterning and apical hook formation (Swarup et al., 2001; Swarup et al., 2004). It contributes to
many developmental processes in the root, like gravitropism, lateral root development and root hair
development (Bennett ef al., 1996; Grebe et al., 2002; Marchant et al., 2002; Swarup et al., 2005).
The polar expression of AUXI in the lateral root cap (LRC) and in elongating cells of the root
epidermis is necessary to establish an auxin gradient that allows gravitropic growth (Swarup et al.,
2005). The most prominent defect of the aux/ mutant is the agravitropic root growth.

LAX1 and LAX2 act comparable to AUX1 in embryo development and phyllotactic patterning (Peret
etal.,2012). In complementation studies of the aux/ mutant, LAX2 expression only partially rescued
the agravitropic root phenotype, indicating that LAX2 is different from LAX1 and LAX3 in planta
(Peret et al., 2012). Biochemical analyses showed that AUX1, LAX1 und LAX3 share redundant
transport properties (Swarup et al., 2008; Peret et al., 2012).

Oocyte experiments demonstrated that AUX1 is a high-affinity [AA transporter with a substrate
affinity in the physiological range (Km = 1 ptM) and a pH optimum in the range of the pH in the
apoplast (pH 5.5-6) (Yang et al., 2006). Like AAPs, the proton motion force drives AUXI to
transport the substrate across the plasma membrane (PM) (Lomax et al., 1985; Dindas et al., 2018).
Despite the close relationship to AAAPs, no protein structure of AUX1 was published to date and



Introduction

experiments to show that AUX1 transports amino acids, i.e. the IAA precursor tryptophan, failed
(Hammes et al., 2021).

Besides the AUX1/LAX transporter family, several other proteins can import IAA and other auxins
into the cytosol. The contribution to PAT is considered minor, because either their preferred substrate
is not auxin, they localize apolarly to the PM or to internal membranes.

For example, members of the NITRATE TRANSPORTER 1/PEPTIDE TRANSPORTER (NPF)
family are nitrate transporter that can as well mediate auxin transport, e.g. NPF6.3/NRTI.1,
NPF7.3/NRT1.5 or NPF5.12/ TOB1 (Krouk et al., 2010; Michniewicz et al., 2019; Watanabe ef al.,
2020). Mutants of mpf transporters show defects in lateral root growth (NPF6.3/NRT1.1), root
gravitropism (NPF7.3/NRT1.5) or lateral root branching (TOB1).

Another transporter that localizes to the tonoplast is WALLS ARE THIIN 1 (WAT1)/UMAMITS of
the USUALLY AMINO ACIDS MOVE IN AND OUT TRANSPORTER (UMAMIT) family.
Although amino acid transport of WAT 1 could not be shown to date, IAA transport was demonstrated

in oocyte experiments (Ranocha et al., 2013). Mutants of wat/ show impaired cell wall thickness.

1.3.3 Efflux of auxin

After import of IAA into the cytosol, the negatively charged IAA molecules are trapped and need
transporters that facilitate IAA efflux. The most important family of efflux transporters are the PIN-
FORMED PROTEINs (PINs) which will be introduced later in more detail. Two other transporter
families regulate the auxin concentration in the cytoplasm through export into the apoplast or the

endoplasmatic reticulum (ER).

ABC transporters
Members of the ATP-BINDING CASSETTE (ABC) family can translocate IAA over the PM. ABC

transporters use energy from ATP hydrolysis to operate. Some members of the subgroup B (11 of 22
ABCBs) were shown to transport IAA and can be identified by a signature D/E-P motif (Hao et al.,
2020). The main functions of ABCB transporters in IAA transport are in the long-distance transport
and the nonpolar auxin distribution (Blakeslee et al., 2007). Mutations in ABCBI, ABCB4, ABCB19
and ABCBZ21 led to changes in the auxin distribution in the shoot, leaves, the hypocotyl and the root
of Arabidopsis thaliana (Blakeslee et al., 2007; Kamimoto et al., 2012; Kubes et al., 2012; Jenness
et al, 2019). They were identified as net exporters, but ABCB4 and ABCB21 can change
directionality if the cellular IAA concentration is very low. Their contribution to PAT is still a matter
of debate, because the auxin transporting ABCBs differ strongly in their localization, depending on
the protein and the plant tissue. ABCB1 localizes non-polarly in the root meristem and shows basal
localization in endodermal and cortical cells above the elongation zone (Geisler et al., 2005). ABCB4

is either basally or apically localized in the root epidermis (Terasaka et al., 2005) and ABCB19
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localized polarly in pro-cambial root cells (Titapiwatanakun et al., 2009). Members of the subgroup

G are known to transport other auxins like IBA (Ruzicka et al., 2010).

PILS proteins
PIN-LIKE PROTEINs (PILS) are structurally related to PIN proteins. They evolved independently

in the plant lineage and form an own family. Their localization to the ER suggests a function in
reducing nuclear auxin concentration by transporting [AA into the ER lumen (Beziat ef al., 2017).
Besides the homeostatic function to buffer the IAA availability in the cytosol, PILS are known to
integrate internal and external cues in auxin-dependent processes. PILS function was connected to
brassinosteroids, light and temperature (Feraru et al., 2022). They were not detected at the PM and
are not directly involved in PAT. To date, PILS-mediated IAA transport could not be shown

experimentally unambiguously.

1.4 PINs as the main auxin efflux transporters

The main group of auxin efflux transporters are the PINs. In Arabidopsis thaliana, the PIN family
consists of eight members that are grouped into the canonical PINs (PIN1, PIN2, PIN3, PIN4 and
PIN7), the noncanonical PINs (PIN5 and PIN8) and the semi-canonical PIN6. The protein structure
of PINs consists of ten membrane-spanning helices and an intrinsically disordered cytoplasmic loop
domain which connects helix 5 and 6. The classification of PINs is based on four conserved motives
in the loop domain of canonical PINs, which are absent in noncanonical PINs (Bennett et al., 2014).
In Arabidopsis thaliana, this correlates with loop length. The canonical PIN loop domain consists of
294 (in PIN4) to 325 (in PIN2) amino acids, the noncanonical loop domain of 27 amino acids in
PINS and 40 amino acids in PINS, and the loop domain of PING is of intermediate length with 248
amino acids (Ung et al., 2022). Phylogenetic analyses showed that the canonical PINs lost
characteristic loop motifs selectively. This subfunctionalization gives closely related proteins the
ability to perform different tasks in the same cellular context as seen for PIN3, PIN4 and PIN7 in the
root (Bennett et al., 2014). The canonical PINs localize polarly in most cell types and give

directionality to the auxin flow.

1.4.1 Phenotypes and expression

The transporter family is named according to the eponymous pin/ mutant that displays a pin-shaped
inflorescence without reproductive organs and with other severe developmental defects (Goto et al.,
1987). In the shoot apical meristem, PIN1 is necessary to create an auxin maximum in the
primordium tip (Reinhardt et al., 2003; Heisler et al., 2005). In roots, PIN1 localizes mainly to the

basal cell side in the vasculature (Gilweiler ef al., 1998).
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Mutations in other canonical PIN genes cause impaired reactions to environmental stimuli. The PIN2
gene is expressed in the root epidermis and cortex. PIN2 localizes apically in the LRC, epidermal
cells and in distal cortex cells, and basally in the cortical cell file (Miiller et al., 1998; Wisniewska et
al., 2006). This dual localization is unique among the PINs in Arabidopsis. The pin2 mutant is
impaired in gravitropic root growth and cannot react properly to a gravitropic stimulus (Luschnig et
al., 1998; Miiller et al., 1998; Abas et al., 2000).

PIN3, PIN4 and PIN7 are evolutionary closely related and show overlapping expression profiles. In
the root stele, PIN3 and PIN7 localize polarly together with PIN1. In the columella, PIN3 and PIN7
are non-polarly distributed together with PIN4 (Friml et a/., 2002b; Friml et al., 2002a; Blilou et al.,
2005). A pin3 pin4 pin7 triple mutant displays impaired phototropic hypocotyl bending (Willige et
al., 2013).

PIN3 and PIN7 play an important role in gravity sensing cells in the root columella, redirecting the
auxin flux upon a gravitropic stimulus. In a gravistimulated root, PIN3 and PIN7 localize to the
bottom side of the PM and transport IAA to the lower side of the root tip (Friml et al., 2002a; Ruiz
Rosquete et al., 2018). Auxin is then transported from the root columella through the LRC into the
epidermis and the elongation zone by the auxin transporters AUX1 and PIN2, resulting in inhibited
cell elongation at the lower root side (Swarup ef al., 2005). Consequently, the mutants aux/ and pin2
show agravitropic root growth, whereas pin3 or pin7 mutants do not show a severe root phenotype
(Chen et al., 1998; Luschnig et al., 1998; Miiller et al., 1998; Swarup and Bhosale, 2019). In the pin2
mutant, auxin is still transported into the elongation zone, most likely because of a weak PINI
expression in the epidermis (Rashotte et al., 2001; Friml et al., 2003; Blilou et al., 2005; Swarup et
al., 2005). It is predicted that a block of the auxin flux in the LRC cells is responsible for the
agravitropic root in the pin2 mutant.

In contrast to the canonical PINs, the noncanonical PINs localize to internal membranes, i.e. the ER
and might be involved in intracellular auxin homeostasis (Mravec et al., 2009; Ding et al., 2012).
The expression pattern of PINS ranges from the hypocotyl, the cotyledon vasculature and the guard
cells to the root pericycle, the root tip and later developmental stages in leaves, stems and flowers
(Mravec et al., 2009). The pin5 mutant has defects in lateral root initiation, root and hypocotyl growth
and an enlarged root meristem (Mravec et al., 2009; Di Mambro et al., 2019). The PINS gene is
expressed in the pollen and in the phloem along the root stele. The pin8§ mutant has a significantly
reduced density of lateral roots (Lee et al., 2019), but the pollen phenotype was less penetrant,
ranging from no phenotype to aborted pollen grains (Dal Bosco ef al., 2012; Ding et al., 2012).

The semicanonical PIN6 shows a dual localization, depending on phosphorylation by MITOGEN-
ACTIVATED (MAP) KINASES (MPK) and the gene expression level, i.e. low expression leads to
localization to internal membranes in the root, high expression leads to localization to the PM in

nectary glands and the inflorescence stem (Ditengou et al., 2018). A pin6 loss-of-function mutant
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showed enhanced inflorescence growth and was impaired in root growth processes and lateral root

development (Cazzonelli et al., 2013; Ditengou et al., 2018).

1.4.2 Structure

Figure 2 — Protein structure of PINS. (¢) Cryo-EM map of a PIN8 dimer. Individual helices are colored
in Monomer A. (f) Model of PIN8 dimer according to Cryo-EM map in (e) and 90 ° turned. Left: Individual
helices of Monomer A are colored and labeled. Right: Transporter and scaffold domains are colored in
green and blue respectively, individual helices are labeled. The crossover marks the auxin binding site.
Figure from Ung et al, 2022.

The structures of PIN1, PIN3 and PINS where solved by cryogenic electron microscopy (cryo-EM)
and revealed that PINs form dimers with one monomer consisting of 10 transmembrane (TM) helices
and the N- and C-termini facing the non-cytosolic side (Su et al., 2022; Ung et al., 2022; Yang et al.,
2022). The TM domains of all eight PINs are highly conserved and the structure is similar to
bicarbonate/sodium symporters, and with an inverted membrane topology also comparable to bile
acid/sodium symporters and sodium/proton antiporters (Figure 2) (Hunte et al., 2005; Hu et al., 2011;
Lee et al., 2013; Paulino et al., 2014; Wohlert et al., 2014; Fang et al., 2021; Liu et al., 2021). Each
monomer is built of a scaffold domain (helices M1, M2, M6 and M7) and a transporter domain
(helices M3-5 and M&8-10). Comparisons between the structure of PINS and its related protein
families suggest a cross-over elevator-type movement of the substrate binding site.

In the transporter domain, the helices M4 and M9 form a proline-proline crossover motif that is
necessary for auxin binding. The IAA carboxylate group orients towards the crossover, the carbon
backbone contacts helix M4 towards the non-cytosolic side and the indole ring contacts helix M9
towards the cytosolic side. Non-specific interactions with the scaffold domain further stabilize the
IAA molecule in the binding pocket. The residues involved in the interaction with IAA are fully
conserved in all PINs of Arabidopsis thaliana, except for PINS. The PIN-inhibitor NPA binds at the
same position as IAA and likely blocks the PIN in the inward facing conformation, because of its
larger size compared to IAA. Additionally, the affinity of the transporter is higher for NPA and the
NPA molecule showed stronger binding due to more interactions with the scaffold domain.

The helices M5 and M6 are connected by a hydrophilic intrinsically disordered loop domain. Cryo-
EM analyses of PIN1 and PIN3 found a short cytosolic segment after helix 5 that forms three -
strands which interact with helices M5, M6 and M9 (Su et al., 2022; Yang ef al., 2022). The rest of

the loop was not resolved.

10



Introduction

1.4.3 Function

The PINs transport negatively charged IAA in a proton- and ion-independent way (Ung et al., 2022).
In radiotracer studies with oocytes from Xenopus laevis, the IAA transport by canonical PINs was
demonstrated for the first time (Zourelidou ef al., 2014). This revealed that canonical PINs need
AGCVIII kinases for transport activation through phosphorylation of the loop domain. PIN1 and
PIN3 were shown to efflux IAA only in presence of D6 PROTEIN KINASE (D6PK) or PINOID,
members of the AGC1 and AGC3 clade.

Different to canonical PINs, transport studies of the semi-canonical PIN6 in oocytes revealed a
kinase-independent transport component (Martina Kolb, pers. correspondence). The PIN6-mediated
transport could be enhanced by co-expression of PINOID, but not D6PK. The PINOID-activated
PING transport, as well as the kinase-independent transport component were sensitive to NPA
inhibition. Also, the noncanonical PIN8 has a passive transport component which was inhibited by
NPA, but the co-expression of any kinase did not increase the transport rate (Ung et al., 2022). For
the noncanonical PINS, no transport activity in oocyte uptake or efflux assays has been observed to
date. Interestingly, several key residues for auxin binding are not conserved in the PIN5 sequence,
questioning the ability of PINS to transport auxin and if so, the transport mechanism.

Domain swapping experiments in planta between the TM domains and the loop domains of canonical
and noncanonical PINs revealed that characteristic features of PINs, i.e. the subcellular localization
in the PM, can be transplanted by providing a canonical loop domain to noncanonical TM domains
(Ganguly et al., 2014). In further studies, interspecies complementation experiments showed that not
only the loop domain but also the TM domains contribute to the localization. The TM domains of
PINs likely co-evolved together with the loop domain (Zhang et al., 2020). Studies on the transport
ability of PIN chimeras between the noncanonical PIN8 and the loop domains of the canonical PINs
PIN1, PIN2 and PIN3 showed, that also biochemical features can be transferred to TM domains of
noncanonical PINs by domain swapping. In the PIN8 chimeras, the steady transport component of
PIN8 was inhibited by the loop domain and the transporter became regulatable by kinases. This
underlines the importance of the loop domain in terms of transport regulation and as interaction

domain with kinases (Janacek ef al., 2023, under review).

1.5 Regulation of PINs

PIN-mediated auxin transport is regulated on two temporally distinct levels. First, the transporter
itself is activated by phosphorylation. This happens through members of the AGCVIII kinase family
and is a fast-occurring process (Zourelidou et al., 2014). Dephosphorylation of the PINs counteracts
the transporter’s activity (Christensen et al., 2000). Second, auxin transport direction is regulated via

the transporter’s localization. Members of the AGCVIII kinase family, as well as other protein
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families impact endocytosis and polarity control of PINs. Compared to controlling the

phosphorylation status, modulating the PM is a rather slow process.

fast slow

Regulation of transport Regulation of localization
IAA 1AA

<4mmm—)

Figure 3 — Time scale of regulation of auxin flow through control of PINs. PP2A: PROTEIN
PHOSPHATASE 2A, ABA: Abscisic acid, D6PK: D6 PROTEIN KINASE, PIP5K:
PHOSPHATIDYLINOSITOL 4-PHOSPHATE 5-KINASE, PI(4,5)P2: Phosphatidylinositol-4,5-bisphosphate,
PA: Phosphatidic acid, PLD: PHOSPHOLIPASE D, PAX: PROTEIN KINASE ASSOCIATED WITH BRX,
BRX: BREVIS RADIX, PDK1: 3-PHOSPHOINOSITDE-DEPENDENT PROTEIN KINASE 1, MAPK:
MITOGEN-ACTIVATED KINASE, CRK: Ca?/CALMODULIN-DEPENDENT PROTEIN KINASE-
RELATED KINASE, MAB/MEL: MACCHI-BOU/ENHANCER OF PINOID 1-LIKE, CAMEL:
CANALIZATION-RELATED AUXIN-REGULATED MALECTIN-TYPE RECEPTOR KINASE, CANAR:
CANALIZATION-RELATED RECEPTOR-LIKE KINASE.

1.5.1 Kinases as master regulators
AGCVIII kinases
The family of AGCVIII kinases is related to the cAMP-, cGMP- and Ca®*-dependent kinases from

mammals. It consists of 23 serine-threonine kinases in Arabidopsis thaliana. Most phenotypes of pin
mutants can be phenocopied by mutants or mutant combinations of the AGVIII family members. The
inflorescences of the pinoid mutant and the higher-order d6pk mutant resemble the pin/ mutant
(Bennett ef al., 1995; Benjamins et al., 2001; Zourelidou et al., 2009). Also, the mutants pid, wavy
root growth 1 (wagl) and wag2 were impaired in root growth showing stronger root waving on
vertical plates (Santner and Watson, 2006). The roots of the pid wagl wag?2 triple mutant showed
agravitropic growth and were shorter, with reduced root bending rate (Santner and Watson, 2006;
Grones et al., 2018). The auxin reporter DR5:GFP revealed higher transcriptional output that inhibits
root growth and leads to reduced gravitropic growth. In contrast, d6pk mutants and the single mutants
of the closely related d6pk-like mutants had only very mild agravitropic defects, suggesting that these

kinases do not influence gravitropic growth (Zourelidou et al., 2009; Grones et al., 2018). Root
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elongation was reduced in seedlings of the d6pk d6pkll d6pki2 triple mutant grown on NPA, which

suggested a deficiency in auxin transport (Zourelidou et al., 2009).

D6PKL1 +++| Figure 4 — Phylogenetic tree of AGCVIII
DEPK ++4 | Kkinase family from Arabidopsis thaliana. The
DEPKL2  +++ 23 mf?mbers are grouped in fogr clades,. based on
an alignment of their catalytic domain. (+)/(-)
DBPKL3  +++|  ijdicate the ability to activate PIN-mediated [AA
PAX - transport in Xenopus oocytes. (-): no activation of
- transport, (+): activation of transport, (++): strong
8 PAXL + activation of transport (+++): maximal activation
< AGC1.7 - of transport. Figure created by PD Dr. Ulrich Z.
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Cell biological studies revealed that the kinases are membrane-associated and localize polarly or
apolarly in the PM, often together with PINs (Lee and Cho, 2006). Later, transport studies in oocytes
of Xenopus laevis showed that some AGCVIII kinases activate PIN-mediated IAA transport through
phosphorylation of the PIN loop domain (Figure 3) (Zourelidou et al., 2014). The kinase domains of
the AGCVIII kinases are conserved. Based on phylogenetic analyses of their catalytic domains, the
kinase family was grouped in four clades (Figure 4) (Galvan-Ampudia and Offringa, 2007). In all
AGCVIII kinases, the two protein kinase domains [-VII and VIII-XI are separated by an inserted
loop domain, the middle (MID) domain, that contains an arginine/lysine(K/R)-rich polybasic motif
and serine residues that may neutralize the positive charges. The N- and C-termini vary strongly

between the kinases and are less conserved.

PDK1 and PP2A as regulators of AGCVIII kinases
Within the C-terminus of most AGCVIII kinases lays a F(D/E)XF motif, that is supposed to be the
3-PHOSPHOINOSITIDE-DEPENDENT PROTEIN KINASE 1 (PDK1)-interacting fragment (PIF)

domain. PDK1 phosphorylates the activation loop segment and therefore acts as an upstream

activator of the AGCI kinases D6PK and PROTEIN KINASE ASSOCIATED WITH BRX (PAX)
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(Tan et al., 2020; Xiao and Offringa, 2020), as well as the AGC3 kinase PINOID (Zegzouti et al.,
2006a; Zegzouti et al., 2006b). Interestingly, the AGC2 kinase UNICORN (UCN) could not activate
auxin transport, but is instead a negative regulator of PDK1 in growth control of integuments and
petals (Zourelidou et al., 2014; Scholz et al., 2019).

Besides PDK1 as activator of AGCVIII kinases, the PROTEIN PHOSPHATASE 2A (PP2A) was
identified as negative regulator of the AGCVIII kinase PINOID (Li ef al., 2020). PINOID genetically
interacts with PP2A and directly binds the catalytic subdomains. This might lead to activity control
of the kinase by dephosphorylation of the activation loop or to a PINOID-PP2A complex that would

act directly on common substrates, like the PIN loop domain (Figure 3).

Lipid interactions

The middle (MID) domain interacts with polyacidic phosphoinositides (PI) which directs the kinases
to the PM (Figure 3) (Barbosa et al., 2016). The asymmetric distribution of PIs in the PM is an
important tool to create restricted domains within the membrane. The kinases
PHOSPHATIDYLINOSITOL 4-PHOSPHATE 5-KINASE 1 (PIP5K) and PIP5K2 produce
phosphatidylinositol-4,5-bisphosphate (PI(4,5)P,) from phosphatidylinositol-4-phosphate (PI4P)
which is the most abundant phospholipid in PMs of plants (Simon ef al., 2016). A PI4P-dependent
PM targeting was reported for the AGC3 kinase PINOID and the localization of the AGC1 kinase
D6PK depends on a combination of different PIs (Ischebeck et al., 2013; Barbosa et al., 2016; Simon
etal.,2016).

In protophloem sieve element cells, PIP5K is recruited to the PM by the PAX-BRX module, which
therefore reinforces its own polarity (Marhava et al., 2020). The PM-associated protein BREVIS
RADIX (BRX) co-localizes and interacts with PAX and was shown to inhibit PAX activity, leading
to inhibited PIN1 transport activity at low cellular auxin concentrations (Marhava et al., 2018;
Marhava et al., 2020). Increasing auxin concentrations within the cell lead to migration of BRX to
the nucleus, allowing PDK1 to activate PAX and therefore PIN1-mediated transport.

However, the AGC3 kinases PINOID, WAG1 and WAG?2 localize apolarly to the PM in epidermal
and cortical root cells (Michniewicz et al., 2007; Dhonukshe et al., 2010; Wang et al., 2019). Besides
PI4P, PINOID binds phosphatidic acid (PA) that results from PHOSPHOLIPASE D (PLD) activity,
but PINOID does not bind PI1(4,5)P; like the D6PKs (Wang et al., 2019) (Figure 3).

Other kinases

The influence of AGCVIII kinases on PAT is well-studied. In the last years, kinases from other kinase
families were connected to PIN-mediated PAT by controlling the PIN localization. An evolutionarily
conserved family are MPKs, acting in a pathway together with upstream MAP KINASE KINASEs
(MKK) and MAP KINASE KINASE KINASEs (MKKK). MPKs target conserved threonine
residues in the PIN loop domain. In the MKK7 gain-of-function mutant bushy and dwarf 1 (budl),
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the shoot and root phenotypes were linked to impaired MPK-dependent internalization of PIN1 (Jia
etal.,2016; Dory et al., 2018).

Another kinase family which impacts PIN localization are Ca’/CALMODULIN-DEPENDENT
PROTEIN KINASE-RELATED KINASEs (CRK). CRKs can phosphorylate PINs in vitro and
localize apolarly to the PM. Especially the localization of PIN2 was impaired in crk5 mutants with
depletion of PIN2 from apical membranes in the epidermis and a basal to apical localization in the
cortex of the root transition zone (Rigo et al., 2013). The mutant of crk5 partially resembles the pin2
mutant with delayed agravitropic root growth. A recent report links the impact of CRKS on root
gravitropism to the maintenance of redox homeostasis and the feedback regulation of PIN2-mediated

auxin transport (Cseplo et al., 2021).

1.5.2 Regulation of transport

Substrate movements across the PM can be controlled by regulating the transporter’s activity or by
regulating the amount of (active) transporter in the membrane. The latter is under control of different
kinase families, whereas direct regulation of the PIN’s activity through phosphorylation was only
shown for members of the AGC1 and AGC3 clade of the AGCVIII family. In the recent years,
important phosphorylation sites in the hydrophilic loop domain of PINs could be linked to transport
activation (Bassukas et al., 2022).
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Figure 5 — Phosphorylation sites of PINs from Arabidopsis thaliana. (a) PIN1 is phosphorylated at
indicated sites by different kinases. (b) Sequence alignment of a loop domain fragment of the canonical
and semi-canonical PINs. Important phosphorylation sites in the TPRXS motives and sites for transport
activation are highlighted in color. Figure from Bassukas et al., 2022.

Of special interest for transport regulation is a strictly conserved TPRXS motif which is repeated
three times in the loop domain of canonical PINs (Figure 5). Mutating the serine residues, named
S1-S3, to alanine or glutamic acid, reduced the transporter’s activity gradually (Zourelidou et al.,
2014; Weller, 2017). By using an in vitro approach and mass spectrometry, two less conserved
phosphosites (S4 and S5) could be identified in PIN3, PIN4 and PIN7. Sequence alignments of the
loop domain showed low conversation for S4 and S5 in PIN2 and an aspartic acid at the S5 position
in PIN1 (Figure 5 b). The transport activity was completely lost in S1-S4 mutants of PINI.
Experiments with Xenopus oocytes and further in vitro studies revealed an overlapping target
preference for D6PK and PINOID with small differences for some phosphorylation sites (Zourelidou
et al., 2014; Barbosa et al., 2018). Phosphosite-specific antibodies showed that the phosphorylation
of PIN1 at all four sites is rapidly lost after internalization of D6PK and that PIN phosphorylation
only occurs at the PM, not at internal structures (Weller ef al., 2017). This also implies that protein
phosphatases antagonize the PIN phosphorylation and might regulate PIN activity through
dephosphorylation, as shown for the PP2A complex and PINOID (Michniewicz et al., 2007).
Through this regulatory interaction, also the phytohormone abscisic acid (ABA) could be linked to
auxin transport (Figure 3). At high ABA concentrations through stress, ABA binds to the
PYRABACTIN  RESISTANCE 1 (PYR)PYRABACTIN  RESISTANCE  I-LIKE
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(PYL)/REGULATORY COMPONENT OF ABA RECEPTOR (RCAR) family of ABA receptors.
This inhibits the formation of an active PP2A holoenzyme, leading to increased phosphorylation of

PINs through PINOID (Li et al., 2020).

1.5.3 Regulation of localization

The establishment of auxin minima and maxima integrates environmental cues into plant
development. External stimuli act through the regulation of auxin transport, and this is mediated
through regulation of transporter activity or localization. The PINs are major players in PAT and
auxin accumulation in different plant tissues can be explained by the polar PIN localization to one
side of the cell. In the root stele, PIN1 localizes basally (rootward). PIN2 localizes apically
(shootward) in the epidermis, but basally in the cortex. In the columella and the lateral root cap,
PIN3, PIN4 and PIN7 are apolarly distributed in the membrane. This unique localization pattern

needs mechanisms to restrict the proteins to certain membrane domains.

Localization control through AGCVIII kinases

Phosphorylation by AGCVIII kinases is crucial for the activity control of PINs, but it also regulates
the PIN localization. In PINOID overexpression lines, a basal-to-apical polarity shift of PIN1 in the
stele was observed (Dhonukshe ef al., 2010; Huang et al., 2010). In contrast, PIN1 does not re-
localize to the apical PM during shoot differentiation in pid mutants (Friml et al., 2004). However,
the polarity of PINs is neither affected in d6pk mutants nor in D6PK overexpression lines indicating
that not all AGCVIII kinases can control PIN polarity (Zourelidou et al., 2009; Barbosa et al., 2014;
Zourelidou et al., 2014). Phosphorylation events at S1-S3 were mapped as the important sites and
phospho-mimicking mutations led to constitutive PIN apicalization. The phosphorylated positions
were suggested to be a re-localization signal, but that was falsified later to not be solely responsible
for the shift in localization (Kleine-Vehn et al., 2009; Dhonukshe et al., 2010; Huang et al., 2010;
Weller et al., 2017). In seedlings expressing a phospho-mimicking version of PIN3, gravitropic root
growth after gravitropic stimulus was impaired, because the PIN3 variant failed to re-localize, which
is similar to the observations in PINOID overexpression lines (Grones ef al., 2018). For PIN2, the
AGC3 kinase WAG1 was identified as the important kinase in dividing epidermal cells that regulate
the post-cytokinetic polarity establishment from the cell plate to the apical PM (Glanc et al., 2018).

Localization control through other kinase families

Another kinase family, the CRK family, was found to integrate Ca*" signaling into auxin-dependent
processes. It was shown that Ca**-binding proteins interact with PID and affects PIN polarity through
the regulation of PID (Benjamins et al., 2003). Increased Ca*" concentrations led to PID-related

polarity shifts of PIN1 in the stele or of PIN2 in the cortex (Zhang et al., 2011). Further, Ca®" was
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shown to impact endomembrane trafficking (Himschoot et al., 2017) and CRKS was identified to
decelerate PIN2 endocytosis and to activate its recycling (Rigo ef al., 2013).

Besides external stimuli, like light or gravitropism, also wounding leads to the re-direction and
canalization of auxin. This is mediated through the receptor kinase CANALIZATION-RELATED
AUXIN-REGULATED MALECTIN-TYPE RECEPTOR KINASE (CAMEL) and its interactor
CANALIZATION-RELATED RECEPTOR-LIKE KINASE (CANAR) (Hajny et al, 2020).
CAMEL and CANAR play a role in leaf venation and vasculature regeneration. In camel canar
mutants, PIN1 orientation failed and led to regeneration abnormalities. CAMEL can phosphorylate

and binds to PINs in vitro, but the PIN loop was no substrate for CANAR.

Localization control through diffusion control and protein interactions

After exocytotic trafficking to the PM, the PINs diffuse laterally in the membrane (Kleine-Vehn et
al., 2011). To limit the PINs to one cell side, controlling the lateral diffusion is the first point of
regulation. Fluorescence after photo-bleaching (FRAP) experiments revealed that the PIN diffusion
rate is slow compared to D6PK (Alina Graf, TUM, pers. correspondence). Recently, it was shown
that alternative splicing occurs in PIN4 and PIN7 (Hrtyan et al., 2015; Kashkan et al., 2022).
Alternative splicing of PIN7 results in two isoforms, PIN7a and PIN7b, which differ in a four amino
acid motif in the loop domain. This motif leads to decreased lateral diffusion but not to differences
in their expression and localization pattern. PINs form homodimers and interaction of PIN7a and
PIN7b could be a mechanism to regulate diffusion in the membrane (Figure 3).

Another way to limit lateral diffusion is through interaction of PINs with other proteins. The loop
domain of canonical PINs is predestined to act as an interaction hub, because it faces the cytosol and
therefore is accessible for modifications and interactions. It was discovered that the plant-specific
proteins of unknown molecular function of the MACCHI-BOU 4 (MAB4)/ENHANCER OF
PINOID 1 (ENP1)-LIKE (MAB4/MEL) gene family genetically and physically interact with PINs
and PINOID/WAGs (Furutani ef al., 2011; Furutani et al., 2014; Glanc et al., 2021). In mab4/mel
mutants, the polar PIN2 localization is lost and more PIN2 signal was detected at the lateral cell side
(Glanc et al., 2021). In newly divided epidermal cells, the PINs localize to the apical PM first and
the MAB4/MEL proteins follow the PIN localization. It was shown that this recruitment is dependent
on PID-mediated PIN2 phosphorylation and that all three proteins interact in vitro.

For PIN1, the PID-dependent phosphorylation at some specific sites is subject to cis/trans
isomerization (Xi et al., 2016). The cis/trans prolyl isomerase Pinl At accelerates the conformational
change of phosphorylated serine/threonine-proline motifs and exhibits a post-phosphorylation
regulatory function (Wang et al., 2010; Xi et al., 2016). Downregulated expression of PinlAt led to
agravitropic root growth, root meristem collapse and impaired polar localization of PIN1 (Xi ef al.,
2016). Pinl At isomerizes preferentially S337 in PIN1, and phospho-mimicking variants failed to

shift from the basal to apical cell side in the root stele. Also, the threonine residues T1, T2 and T3 in
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the TPRXS motif, that were identified as targets of the MAP kinases MPK3, MPK4 and MPK®6, are
isomerized by Pinl At (Jia et al., 2016; Dory et al., 2018). None of these observations were made for
other PINs.

1.6 Objectives of this thesis

PINs, in conjunction with their transport activation and localization regulated by AGCVIII kinases,
are the key players in PAT. To date, the cell-biological characteristics of the PIN family were
investigated intensively, but little is known about their transport properties. Most studies and models
of auxin flow assumed the same transport rates for all PINs (Di Mambro et al., 2017). First results
from transport experiments in Xenopus laevis oocytes hinted towards different biochemical
properties (Zourelidou ef al., 2014). In canonical PINs, the cytosolic loop domain is the central point
of transport regulation. Besides the regulation of localization, AGCVIII kinases also influence the
IAA transport by PINs to different degrees, as shown for D6PK and PAX (Marhava et al., 2018). To
gain broader knowledge on PIN activation, the impact of several kinase family members on PIN-
mediated [AA transport was investigated. In order to learn more about the impact of the loop domain
to transport, PIN chimeras were generated between the respective PINs by domain swapping. The
chimeras were analyzed biochemically on their transport properties and physiologically on their
ability to rescue the agravitropic pin2 root phenotype.

The objectives of this thesis were to characterize the transport properties, particularly the kinetics of
PIN-mediated IA A transport, to characterize the impact of modulating transport rates in the roots by
monitoring the gravitropic root growth and the root bending rate, and to characterize several
AGCVIII kinases and members of other kinase families on their ability to active PIN-mediated

transport.
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2 Materials and methods

Materials and methods

2.1 Biological material and constructs for oocyte assay

Escherichia coli (XL1-blue) chemically competent cells were used for molecular cloning. For plant

transformation, Agrobacterium tumefaciens (GV3101/pSOUP) chemically competent cells were

used.

Table 1 — Bacteria strains used in this thesis.

Bacteria strain

Genotype

Reference

Escherichia coli (XL1-blue)

recAl endAl gyrA96 thi-1
hsdR17 supE44 reldl lac F’
proAB laclqZAM15 Tnl10 Tet'

Stratagene/Agilent

Agrobacterium tumefaciens

(GV3101/pMP90 pSOUP)

pMP90(pTiBo542AT-DNA)
and pSOUP in C58C1

Koncz and Schell, 1986;
Hellens et al., 2000

The genetic background of all plant lines in this thesis is ecotype Columbia-0.
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Table 2 — Transgenic lines used in this thesis.

Materials and methods

Construct T-DNA Background Reference

pin2 mutant SALK 042899.22.25.x Col-0 Willige et al., 2011

PIN1 Ppy2:PINI pin2 This thesis

PIN1-eGFP Ppiv2:PINI-eGFP pin2 This thesis

PIN2 Ppy2:PIN2 pin2 This thesis

PIN2-eGFP Ppin2:PIN2-eGFP pin2 This thesis

PIN3 Ppv2:PIN3 pin2 This thesis

PIN3-eGFP Ppin2:PIN3-eGFP pin2 This thesis

PIN1-2-1 Ppiy2:PINI-2-1 pin2 This thesis

PIN1-2-1-eGFP Ppiy2:PINI-2-1-eGFP pin2 This thesis

PIN1-3-1 Ppn2:PINI-3-1 pin2 This thesis

PIN1-3-1-eGFP Ppin::PINI-3-1-eGFP pin2 This thesis

PIN2-1-2 Ppiy2:PIN2-1-2 pin2 This thesis

PIN2-3-2 Ppv2:PIN2-3-2 pin2 This thesis

PIN2-3-2-eGFP Ppiy2: PIN2-3-2-eGFP pin2 This thesis

PIN2-2-3 Ppiy2:PIN2-2-3 pin2 This thesis

PIN2-3-3 Ppiy2: PIN2-3-3 pin2 This thesis

PIN3-1-3 Ppiy2:PIN3-1-3 pin2 This thesis

PIN3-1-3-eGFP Ppin2: PIN3-1-3-eGFP pin2 This thesis

PIN3-2-3 Ppiy2: PIN3-2-3 pin2 This thesis

PIN3-2-3-eGFP Ppiy2: PIN3-2-3-eGFP pin2 This thesis

PIN3-2-2 Ppiy2: PIN3-2-2 pin2 This thesis

PIN3-3-2 Ppv2:PIN3-3-2 pin2 This thesis

PINS Ppiy2:PINS pin2 Martina Kolb (TUM)

PIN8-1-8 Ppiy2: PINS-1-8 pin2 This thesis

PIN8-2-8 Ppiy2: PINS-2-8 pin2 Martina Kolb (TUM)

PIN8-2-8-eGFP Ppiy2: PINS-2-8-eGFP pin2 Martina Kolb (TUM)

PIN8-3-8 Ppv2:PINS-3-8 pin2 Martina Kolb (TUM)

PIN8-3-8-eGFP Ppiy2: PINS-3-8-eGFP pin2 Martina Kolb (TUM)

DR5v2-GUS Pprsy2:GUS Col-0 Liao et al., 2015

R2D2 RPS5A-mDII-ntdTomato; | Col-0 Liao et al., 2015 and
RPS5A4-DII-n3xVenus Dr. Yao Xiao (TUM)
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Oocytes were isolated from Xenopus laevis females by the in-house facility or bought from Ecocyte
(Dortmund, Germany). For the oocyte transport assay, the coding sequences (CDS) of all proteins of
interest were cloned into the pOO2 backbone and copyRNA (cRNA) was generated for injection
(Ludewig et al., 2002).

Table 3 — Constructs for oocyte transport assay used in this thesis.

Name Details Reference

PIN1 Zourelidou et al., 2014
PIN1-eGFP This thesis

PIN2 This thesis
PIN2-eGFP This thesis

PIN3 Zourelidou et al., 2014
PIN3-eGFP This thesis

PIN3sc PIN3 short cut This thesis

PIN3* This thesis
PIN3-S294A This thesis
PIN3-S293A-S294A This thesis
PIN3-S293D-S294D This thesis

PIN4 Giitter, 2014

PIN7 Giitter, 2014

PINS Kolb, 2015
PIN1-2-1 Invitrogen

PIN1-3-1 Invitrogen

PIN2-1-2 Invitrogen

PIN2-3-2 Invitrogen

PIN2-2-3 Invitrogen

PIN2-3-3 Invitrogen
PIN2-3-3* This thesis

PIN3-1-3 Invitrogen

PIN3-2-3 Invitrogen

PIN3-2-2 Invitrogen

PIN3-3-2 Invitrogen

PIN8-2-8 Kolb, 2015

PINS-3-8 Kolb, 2015

AGC1.7 Martina Kolb (TUM)
AGC1.8 Dr. Yao Xiao (TUM)
AGC1.9 Dr. Yao Xiao (TUM)
CRKS5 Angela Alkofer (TUM)
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Name Details Reference
YFP-D6PK Zourelidou et al., 2014
YFP-D6PKin inactive Zourelidou et al., 2014
D6PK-LIKE1 Angela Alkofer (TUM)
D6PK-LIKE2 Angela Alkofer (TUM)
D6PK-LIKE3 Angela Alkofer (TUM)
KIPK KCBP-INTERACTING Dr. Yao Xiao (TUM)

PROTEIN KINASE
N-1.8-KIPK-C Dr. Yao Xiao (TUM)
N-KIPK-1.8-C Dr. Yao Xiao (TUM)
MPK3(D,E) DI193G E197A Benedikt Pfeilschifter (now FAU)
MPK4(D,E) DI198G E202A Benedikt Pfeilschifter (now FAU)
MPKA4(Y) Y124C Benedikt Pfeilschifter (now FAU)
MPK6(D,E) D218G E222A Benedikt Pfeilschifter (now FAU)
MPK6(Y) Y144C Benedikt Pfeilschifter (now FAU)
PAX Marhava et al., 2018
YFP-PAX Lanassa Bassukas (TUM),

Angela Alkofer (TUM)

PAX(SMA) S596A Lanassa Bassukas (TUM)
PAX(SMD) S596D Lanassa Bassukas (TUM)
PAX KD kinase dead variant Lanassa Bassukas (TUM)
pax8mut S15A S68A S136A S137A S138A | Lanassa Bassukas (TUM)

T227A S269A S316A S596A

S735A S737A
PDK1 Lanassa Bassukas (TUM)
PINOID Zourelidou et al., 2014
YFP-PINOID Angela Alkofer (TUM)
WAGI Angela Alkofer (TUM)
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2.2 Oligos and molecular cloning

2.2.1 Oligos

All oligos were ordered from Sigma-Aldrich/Merck (Darmstadt, Germany).

Table 4 — Primers for GreenGate cloning to generate plant expression constructs.

Construct Oligo | Sequence 5°—3’ Description
PIN1 JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATTACGGCGGCGGACT T™1 FWD
009
JAD TATAGGTCTCGTCCACGGTACTCAAAGAGAAAGAG TM1 REV
060
JAD TATAGGTCTCGTGGAGCTAAGCTTTTGATCTCCG Loop FWD
061
JAD TATAGGTCTCGTGTGATGACAAGACTCATTCTC Loop REV
062
JAD TATAGGTCTCGTCCACGGTACTCAAAGAGAAAGAG TM2 FWD
063
JAD TATAGGTCTCGCTCATAGACCCAAGAGAATGTAGTAGAG | TM2 REV
010
JAD TATAGGTCTCGTGAGTTATTATCAAAACGTATTTGC Terminator FWD
011
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA Terminator REV
012 A
PIN1-eGFP JAD
007 TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
JAD
008 TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
JAD
009 TATAGGTCTCGAATGATTACGGCGGCGGACT CDS FWD
JAD
010 TATAGGTCTCGCTCATAGACCCAAGAGAATGTAGTAGAG | CDS REV
JAD
011 TATAGGTCTCGTGAGTTATTATCAAAACGTATTTGC Terminator FWD
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA
012 A Terminator REV
PIN2 JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV

24



Materials and methods

Construct Oligo | Sequence 5°—3’ Description
008
JAD TATAGGTCTCGAATGATCACCGGCAAAGACATG CDS FWD
025
JAD TATAGGTCTCGCTTAAAGCCCCAAAAGAACGTAGTAG CDS REV
026
JAD TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
015
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV
012 A
PIN2-eGFP JAD
007 TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
JAD
008 TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
JAD
025 TATAGGTCTCGAATGATCACCGGCAAAGACATG CDS FWD
JAD
026 TATAGGTCTCGCTTAAAGCCCCAAAAGAACGTAGTAG CDS REV
JAD
015 TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA
012 A Terminator REV
PIN3 JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCTCATGGCACGACCT T™M1 FWD
013
JAD TATAGGTCTCGCTTGGCGCCACGAAACTCGAAGAGAA TM1 REV
054
JAD TATAGGTCTCGCAAGATGCTCATCATGGAGC Loop FWD
055
JAD TATAGGTCTCGTCGCCGGAGGCATATTTTTTCGTTGACT | Loop REV
056
JAD TATAGGTCTCGGCGAGTGTGATGACAAGGCTGATACT TM2 FWD
057
JAD TATAGGTCTCGCTTATAACCCGAGTAGAATGTAGTAAAC | TM2 REV
014
JAD TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
015
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV
012 A
PIN3-eGFP JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
007
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Construct Oligo | Sequence 5°>3’ Description
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCTCATGGCACGACCT CDS FWD
013
JAD TATAGGTCTCGCTTATAACCCGAGTAGAATGTAGTAAAC | CDS REV
014
JAD TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
015
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
1-2-1 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATTACGGCGGCGGACT CDS FWD
009
JAD TATAGGTCTCGCTCATAGACCCAAGAGAATGTAGTAGAG | CDS REV
010
JAD TATAGGTCTCGTGAGTTATTATCAAAACGTATTTGC Terminator FWD
011
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
1-2-1-eGFP 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATTACGGCGGCGGACT CDS FWD
009
JAD TATAGGTCTCGTTTCCCCCGTTATTACCGTCTTG CDS REV
072
JAD TATAGGTCTCGGAAAGATGGTGAGCAAGGGCGAGGAGC | eGFP FWD
073
JAD TATAGGTCTCGACAGCTCGTCCATGCCGAGAGTGATC eGFP REV
074
JAD TATAGGTCTCGCTGTACAAGTCACCTTACATGGGCAAAA | CDS FWD
075 AAG
JAD TATAGGTCTCGCTCATAGACCCAAGAGAATGTAGTAGAG | CDS REV
010
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
1-3-1 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATTACGGCGGCGGACT CDS FWD
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Construct Oligo | Sequence 5°—3’ Description
009
JAD TATAGGTCTCGCTCATAGACCCAAGAGAATGTAGTAGAG | CDS REV
010
JAD TATAGGTCTCGTGAGTTATTATCAAAACGTATTTGC Terminator FWD
011
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
1-3-1-eGFP 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATTACGGCGGCGGACT CDS FWD
009
JAD TATAGGTCTCGCTCATAGACCCAAGAGAATGTAGTAGAG | CDS REV
010
JAD TATAGGTCTCGTGAGTTATTATCAAAACGTATTTGC Terminator FWD
011
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
2-1-2 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCACCGGCAAAGACATG CDS FWD
025
JAD TATAGGTCTCGCTTAAAGCCCCAAAAGAACGTAGTAG CDS REV
026
JAD TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
015
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
2-3-2 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCACCGGCAAAGACATG CDS FWD
025
JAD TATAGGTCTCGCTTAAAGCCCCAAAAGAACGTAGTAG CDS REV
026
JAD TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
015
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV

012

A

27



Materials and methods

Construct Oligo | Sequence 5°>3’ Description
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
2-3-2-eGFP 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCACCGGCAAAGACATG CDS FWD
025
JAD TATAGGTCTCGCTTAAAGCCCCAAAAGAACGTAGTAG CDS REV
026
JAD TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
015
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
2-2-3 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCACCGGCAAAGACATG CDS FWD
025
JAD TATAGGTCTCGCTTATAACCCGAGTAGAATGTAGTAAAC | CDS REV
014
JAD TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
015
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
2-3-3 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCACCGGCAAAGACATG CDS FWD
025
JAD TATAGGTCTCGCTTATAACCCGAGTAGAATGTAGTAAAC | CDS REV
014
JAD TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
015
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
3-1-3 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCTCATGGCACGACCT CDS FWD
013
JAD TATAGGTCTCGCTTATAACCCGAGTAGAATGTAGTAAAC | CDS REV
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Construct Oligo | Sequence 5°—3’ Description
014
JAD TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
015
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
3-1-3-eGFP 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCTCATGGCACGACCT CDS FWD
013
JAD TATAGGTCTCGCTTATAACCCGAGTAGAATGTAGTAAAC | CDS REV
014
JAD TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
015
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
3-2-3 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCTCATGGCACGACCT CDS FWD
013
JAD TATAGGTCTCGCTTATAACCCGAGTAGAATGTAGTAAAC | CDS REV
014
JAD TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
015
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
3-2-3-eGFP 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCTCATGGCACGACCT CDS FWD
013
JAD TATAGGTCTCGCTTATAACCCGAGTAGAATGTAGTAAAC | CDS REV
014
JAD TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC Terminator FWD
015
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
3-2-2 007
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Construct Oligo | Sequence 5°>3’ Description
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCTCATGGCACGACCT CDS FWD
013
JAD CDS REV
026 TATAGGTCTCGCTTAAAGCCCCAAAAGAACGTAGTAG
JAD Terminator FWD
015 TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV
012 A
PIN JAD TATAGGTCTCGACCTAGACCAACGAATTGATGGAG Promoter FWD
3-3-2 007
JAD TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCG Promoter REV
008
JAD TATAGGTCTCGAATGATCTCATGGCACGACCT CDS FWD
013
JAD CDS REV
026 TATAGGTCTCGCTTAAAGCCCCAAAAGAACGTAGTAG
JAD Terminator FWD
015 TATAGGTCTCGTAAGTTATTATCAAAACGTATTTGC
JAD TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV
012 A
PIN KOM | TATAGGTCTCGACCTGTCTTTGCTACGGATTGTGGAA Promoter FWD
8-1-8 304
KOM | TATAGGTCTCGCATTTTGATTTACTTTTTCCGGCGAGAG Promoter REV
305
KOM | TATAGGTCTCGAATGATCTCCTGGCTCGATATCTAC CDS FWD
306
KOM | TATAGGTCTCGCTCATAGGTCCAATAGAAAATAATATGC | CDS REV
307
KOM | TATAGGTCTCGTGAGTTATTATCAAAACGTATTTGCAA Terminator FWD
308
KOM | TATAGGTCTCGTAGTATATATAAGACAAAAGAAATGAA | Terminator REV

309
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Table 5 — Primer combinations for genotyping transgenic plant lines used in this thesis.

Construct Oligo Sequence 5°—>3’ Fragment
(bp)

PIN1, KOM157 | AACACAAACAACATTAATTAAATATCGTCT | 600

PINS-1-8 CAAGGAAC

KOM152 | TCTGGAAACTGCTCGGAGATCAAAAGCTTA
GC
PIN1-eGFP | PINlloop | GCTAAGCTTTTGATCTCCGAGCAGTTTC 840
fwd

GFP_anch | CAGCTCCTCGCCCTTGCTCACCAT

or_rev

PIN2 JADOS1 AAACGCCTGCCAAAGAAAGAGTGCGGCGA | 1500
GG
GTSpGG | CAATATATCCTGTCAAGGCTCGAAC
7003 RB
PIN2-eGFP | AtPIN2lo | GCTAAGCTTCTCATCTCCGAGCAGTTCCCGG | 900
op_fwd

GFPanc r | CAGCTCCTCGCCCTTGCTCACCAT
ev

PIN3, PIN3- | KOM157 | AACACAAACAACATTAATTAAATATCGTCT | 500,

eGFP, PIN3- CAAGGAAC 500,
1-3, PIN3-1- 500,
3-eGFP, 500,
PIN3-2-3, JAD083 | GAAATTAGCCCATAGGACTAAAAGTGACAA | 380,
PIN3-2-3- CATGATG 380,
eGFP, PIN3- 450
3-2

PIN1-2-1 KOMI160 | GTCCCGGTCCTAGGAAACAGCAGATGCCGC | 500

CGGCGAG

PINITM_ | TCATAGACCCAAGAGAATGT
rev
PIN1-2-1- KOM151 | GGGATCACTCTCGGCATGGACGAGCTGTAC | 600
eGFP AAG

JADO84 GCAAATACGTTTTGATAATAAC
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Construct Oligo Sequence 5°—>3’ Fragment
(bp)

PIN1-3-1, KOM157 | AACACAAACAACATTAATTAAATATCGTCT | 600

PIN1-3-1- CAAGGAAC

eGFP, PIN2-

3.2, PIN2-3- KOM153 | CAGGGAACTGCTCCATGATGAGCATCTTGG

2-¢GFP, C

PIN2-3-3

PIN2-1-2 PIN2TMf | ATGATCACCGGCAAAGACATGTACGATG 470
wd_ancho
r
KOM152 | TCTGGAAACTGCTCGGAGATCAAAAGCTTA
GC

PIN3-2-2 PIN3TMf | ATGATCTCATGGCACGACCTCTACACGGTC | 470

wdanc
KOM147 | CCGGGAACTGCTCGGAGATGAGAAGCTTAG
C
DR5v2-GUS | JAD114 GAGACAAAAGGGAGACAAAAGGGAGACAA | 300
AAGGG

GUS_anc | TTCCACAGTTTTCGCGATCCAGACTGAATG
rev

pin2 mutant | pin2 LPO | AACCCTGCTACTGATTTTCCG ~1100

background |1
pin2 RPO | TATGGTCAGTTCCGTCGTACC
1
LBbl1.3 ATTTTGCCGATTTCGGAAC 750

2.2.2 Cloning procedure

Standard methods of molecular biology were performed as described with molecular grade reagents
from Carl Roth, Sigma-Aldrich or the Thermo Fisher group (Sambrook et al., 1989). All enzymes
were purchased from Thermo Fisher Scientific (Waltham, USA) or Kapa Biosystems (Wilmington,
USA) and used according to the manual. Amplified DNA fragments by PCR were purified by gel
electrophoresis and the NucleoSpin gel and PCR kit from Machery & Nagel (Diiren, Germany). For
plasmid preparation, the NucleoSpin Plasmid kit from Macherey & Nagel was used. For cRNA
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synthesis, the nfMESSAGE mMACHINE™ SP6 Transcription kit and the MEGAclear Purification

of Transcription Reactions kit from Thermo Fisher Scientific were used.

Plant expression vectors were generated by a modified GreenGate cloning protocol (Lampropoulos
et al., 2013). Contrary to the original protocol, the Bsal-recognition site and, if necessary, suitable
overhangs were added to the DNA fragments through the oligos at the 5’ end (TATAGGTCTCG...).
The DNA fragments of interest were amplified from genomic DNA (gDNA) or CDS synthesized by
Invitrogen (Waltham, USA). The inserts were directly ligated into the destination vector pGGZ003
in a molecular ratio of 1:1 — 1:3. The Basta resistance gene (“F” module) was provided by the entry

vector pGGFO009.

The protein domains of PIN1, PIN2, PIN3 and PIN8 were defined as the following and derived from
(Ganguly et al., 2014): PIN1: TM1 1-156 aa, loop 157459 aa, TM2 460-623 aa. PIN2: TM1 1-
156 aa, loop 157-484 aa, TM2 485-623 aa. PIN3: TM1 1-156 aa, loop 157477 aa, TM2 478-
641 aa. PIN8: TM1 1-163 aa, loop 164-204 aa, TM2 205-367 aa. The CDS of eGFP was inserted
C-terminally of amino acid positions 432 (PIN1), 301 (PIN2) and 451 (PIN3) or at equivalent
positions in the loop domain in the PIN chimeras. The loops of PIN1, PIN2 or PIN3 were inserted
C-terminally of position 163 in PINS (Kolb, 2015).

For cloning into pOO2, the CDS was amplified with 5’-phosphorylated oligos and purified by gel
electrophoreses. The backbone was linearized with Smal and dephosphorylated with Antarctic
Phosphatase (AnP). Insert and backbone were ligated in a molecular ratio of 1:3 by T4 DNA ligase.
The ligation reaction contained the restriction enzyme Smal to digest re-ligated pOO2 backbones, in
order to minimize re-transformants and increase the success rate. The ligation reaction was incubated

at 28 °C for 5 min, followed by 37 °C for 5 min (30x) and finally heat-inactivated.

2.3 Work with oocytes

2.3.1 Transport assay

The efflux experiments were performed as described (Fastner et al., 2017). Oocytes were injected
with 150 ng/ul PIN cRNA and 75 ng/ul cRNA of respective kinase. The *H-IAA was purchased by
ARC (Saint Louis, USA) or RC Tritec (Teufen, Switzerland). After 4 days, oocytes were injected
with the substrate to reach the indicated internal IAA concentration. For the kinetic studies, all
concentrations were spiked with non-labelled IAA (SigmaAldrich). Each time point (0, 5, 10, 15 min
for PIN3, PIN2-3-2, PIN3-1-3, PIN3-2-3, PINS or 0, 7.5, 15, 30 min for PIN1, PIN2, PIN1-2-1,
PIN2-1-2, PIN8-2-8, PIN8-3-8) resembles the mean and SEM of 7-10 oocytes. The transport rates
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were calculated by linear regression. Experiments were performed at least three times with oocytes

from different X. laevis females if not indicated differently.

2.3.2 Phospho-MS analysis

Oocytes (n = 50) expressing either PIN1, PIN2, PIN3 alone or PIN co-expressed with YFP-D6PK or
PINOID were collected without oocyte buffer in a reaction tube (2 ml). The oocytes were
homogenized in 2 ml Lysis buffer (Tris-HCI pH 8.0 50 mM, % tablet PhosSTOP (Roche), 1x
cOmplete™ EDTA-free proteinase inhibitor cocktail (Sigma-Aldrich), 1 % SDC) and centrifuged
(2000 g, 10 min, 4 °C). The supernatant without yolk was transferred to a reaction tube suitable for
ultracentrifugation and centrifuged (150 000 g, 30 min, 4 °C). The cytosolic fraction (supernatant)
and the membrane fraction (pellet) were split and the membrane fraction was resuspended in 400 pl

Lysis buffer. All samples were stored at —80 °C before preparation for LC-MS/MS analysis.

Samples were prepared with the help of Dr. Julia Mergner (BayBioMS, Freising/Munich) and a

detailed protocol can be found in Janacek et al., 2023, under review.

2.3.3 Western blot analysis

Western blot analysis was performed as described in (Fastner ef al., 2017). Oocytes (n = 8) were
transferred to a reaction tube (1.5 ml) and homogenized with 320 pl Homogenization buffer (50 mM
Tris-HCI pH 7.6, 100 mM NaCl, 1 mM EDTA, ' tablet PhosSTOP (Roche), 1x cOmplete™ EDTA-
free proteinase inhibitor cocktail (Sigma-Aldrich)) The samples were centrifuged (2000 g, 10 min,
4 °C) and 300 pl of the supernatant were transferred to a reaction cup suitable for ultracentrifugation.
After ultracentrifugation (150 000 g, 30 min, 4 °C), the supernatant (cytosolic fraction) and the pellet
(membrane fraction) were split. To the cytosolic fraction, 75 pl of 4x SDS-loading dye were added
and the sample was boiled at 95 °C for 5 min. The membrane fraction was resuspended in 64 ul
Homogenization buffer + 16 pl 4x SDS-loading dye and incubated at 42 °C for 15 min. Samples
were loaded on a 10 % SDS gel with and blotted on nitrocellulose membrane (Amersham Protran
Premium 0.2 pm pore size) by semi-dry protein transfer. The membrane was blocked over night at
4 °C in 5 % milk solution (TBS buffer, 0.2 % Tween-20, 5 % (w/v) milk powder). The membrane
was rinsed in TBS buffer after each step and primary and secondary antibodies were used as indicated
(Table 6). The membrane was developed with SuperSignal West Femto Stable Peroxide Substrate
Buffer Kit (Thermo Fisher Scientific) according to the manual. Signal of the kinases (2 min) and the

PIN3 (1 min) was detected with the ImageQuant LAS4000 luminescence imager.
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Table 6 — Primary and secondary antibodies for Western Blot analysis.

Name Dilution Carrier Source

anti-GFP 1:3000 rabbit IgG fraction, | Pineda Antikorper-
polyclonal Service
antiserum

anti-PIN3 1:5000 sheep crude NASC N782251
antiserum

anti-rabbit-HRP | 1:100 000 goat Sigma-Aldrich

anti-goat-HRP 1:8000 rabbit Sigma-Aldrich

2.4 Work with plants

2.4.1 Growth conditions
For growth in pots, the seeds were spread on moist soil and incubated in the growth chamber with a
cover under long day conditions (16 h light, 8 h dark, 21-23 °C). After one week, the cover was

removed and the plants were separated to individual pots, if necessary.

For growth on plates, the seeds were sterilized with chlorine gas (6 %(v/v), 1 h) and homogenously
spread on the agar or placed individually with an autoclaved toothpick. Plates were sealed and
incubated at 4 °C in the dark for two days. Afterwards the plates were placed vertically in plant
growth chambers (Sanyo or Panasonic) under long day conditions (16 h light, 8 h dark, 21 °C).

Solid 0.5 MS medium contained 2.15 g/l Murashige & Skoog (MS) medium, including B5 vitamins
incl. gamborg B5 vitamins (Duchefa Farma, Harleem, Netherlands), 0.5 g/l MES monohydrate (Carl
Roth, Karlsruhe, Germany) and 0.8 % (w/v) plant agar (Duchefa Farma).

Solid Growth medium contained 4.3 g/l MS medium, including B5 vitamins incl. gamborg B5

vitamins, 0.5 g/l MES monohydrate, 0.7 % (w/v) plant agar and 1 % (w/v) saccharose.

2.4.2 Plant transformation

Competent 4. tumefaciens bacteria were transformed with the respective plasmid and incubated for
3-4 days at 30°C on YEB-plates with rifampicin (20 mg/ml), gentamycin (20 mg/ml) and
spectinomycin (300 mg/ml). A single colony was used to inoculate 250 ml of YEB-Rif20-Gent20-
Spec300 medium (beef extract (5 g/l,Becton Dickinson), yeast extract (1 g/l, Carl Roth), peptone
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(5 g/l, Carl Roth), saccharose (5 g/l), MgSOs hydrate (0.49 g/l, Carl Roth), supplemented with
rifampicin (20 pg/ml), gentamycin (20 pg/ml) and spectinomycin (300 pg/ml)). The overnight
culture was centrifuged (4000 g, 10 min, 4 °C) and resuspended in 300 ml of buffer (5 % sucrose,
488 ul/l SILVET). The plant pots were dipped upside down into the cell suspension for 5 min and
were covered with plastic bags over night. The plants were bagged when the first siliques became
brown and allowed to dry.

In order to select for positive transformants, the seeds were brought on soil. After one week, the
seedlings were sprayed with a Basta solution (1 % v/v). Seedlings that survived the treatment were

transferred to single pots and genotyped.

2.4.3 Genotyping

Genomic DNA (gDNA) was extracted from small leave pieces. The plant material was added to an
Eppendorf tube filled with two glass beads (0 4 + 0.3 mm) and several smaller glass beads (9 1.25—
1.65 mm) and the sample was frozen in liquid nitrogen. The sample was grinded in the TissueLyzer
IT (Qiagen, Hilden, Germany) for 1 min with a frequency of 30 Hz. Extraction buffer was added
(750 pl, 50 mM Tris-HCI pH 8.0, 10 mM EDTA pH 8.0, 100 mM NacCl, 10 mM 2-mercaptoethanol,
1 % (w/v) SDS) and the sample was incubated at 65 °C for 15 min. Afterwards, sodium acetate
(200 pl, 5 M stock solution) was added and the sample was incubated on ice for 20 min. After
centrifugation (13 000 rpm, 15 min, 4 °C), the supernatant (700 pl) was transferred to a new cup and
isopropanol (700 pl) was added. The sample was centrifuged (13 000 rpm, 10 min, 4 °C) and the
supernatant was removed. The pellet was washed in 70 % (v/v) ethanol (600 pl) and incubated for
5 min at room temperature. The sample was centrifuged again for 10 min at 13 000 rpm and the pellet
was dried overnight. The gDNA was dissolved in 100 ul dH-»O.

The gDNA was used as template in a PCR reaction and was checked for the PIN T-DNA (see Table
5) and the pin2 mutant background (pin2_LP0O1 + pin2 RPO1, pin2_LPO1 + LBb1.3), or the DR5v2-
GUS T-DNA.

2.4.4 Crossing

In order to generate DR5-GUS reporter lines, flowers of the respective homozygous PIN rescue line
were pollinated with pollen from plants carrying the Pprsv2:GUS construct. Positive transformants
were identified by PCR in the next plant generation. The R2D2 reporter lines were generated by
floral dipping of the respective homozygous PIN rescue line with Agrobacterium tumefaciens

transformed with the R2D2 construct. Positive transformants were identified by microscopy.
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2.4.5 Physiological experiments

Gravitropism assay T2

2x 1| 2x | 2x |
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Figure 6 — Plating scheme for the gravitropism assay with T2 lines.

The sterilized seeds of the wildtype control Col-0, the pin2 mutant and the PIN T-DNA line were
plated in two sets of 10 seeds per genotype on the plate containing 0.5 MS + 1 % sucrose (Figure 6).
In order to minimize plate effects, the position of the genotypes was rotated on different plates,
resulting in six plates and 120 seeds for each genotype per investigated PIN rescue line. The plates
were sealed and incubated in the dark at 4 °C for two days. Afterwards the plates were placed
vertically into a plant growth chamber and scanned 5 days later. The root angle between the root
origin and the root tip was measured for every seedling, using the SNT plugin of FIJI and a script to
give the value of the root angle simultaneously, which was kindly provided by Dr. José-Antonio
Villaécija-Aguilar (now LMU).

For each PIN construct, 5-10 individual segregating T2 lines were analyzed as described before. One

representative line was propagated to the next generation, in order to generate a homozygous line.

Gravitropism assay T3

The representative homozygous PIN T-DNA line was platted with proper controls according to
Figure 6, with only one plate per plate layout (n = 60 seeds). The plates were processed as described
earlier. The VGI of the homozygous lines was calculated according to (Grabov ef al., 2005) using
FIJIL. The histogram of the root angles was created with GraphPad Prism V9, with a bin width of 15.

The rose diagrams were illustrated using Adobe Illustrator 2021.

Root bending assay

The homozygous PIN T-DNA lines of interest, the wildtype Col-0 and the pin2 mutant were grown
on plates containing the indicated medium for five days, after two days of stratification at 4 °C in the

dark. Two times five seedlings were transferred to a new plate containing medium as indicated (either
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0.5 MS + 1 % sucrose, or 0.5 MS without vitamins) and the root was straightened. The plate was
turned 90 © and was placed into a growth chamber (Sanyo, Moriguchi, Japan), together with an IR
LED light module. A Raspberry Pi (Raspberry Pi Foundation, UK) equipped with an IR camera was
placed in front of the plate and an image was taken every five minutes. The angle between the root

body and the tip was measured every hour from 1-10 hours after turning and after 16 h.

GUS staining
The seeds of homozygous PIN T-DNA lines, the wildtype Col-0 and the pin2 mutant were grown on

plates containing 0.5 MS + 1 % sucrose for five days, after two days of stratification at 4 °C in the
dark. The whole seedlings were transferred to a 6-well plate containing GUS staining solution
(100 mM NaPO4 pH 7.0, 100 mM EDTA pH 7.0, 1 mM Kj3[Fe(CN)g], 1 mM K,4[Fe(CN)g]-3H,0,
0.1 % Triton X-100 in H>0, 0.5 mg/ml X-Gluc in DMF) and incubated for 1 h at 37 °C with the plate
covered in aluminum foil. Afterwards the seedlings were washed three times in buffer (50 mM
NaPO4 pH 7.0). The roots were mounted in chloral hydrate solution (50 % (w/v) chloral hydrate,
10 % (v/v) glycerol) and imaged at an Olympus BX61 Upright microscope (Hamburg, Germany).

2.4.6 Microscopy and signal quantification

In order to image the PIN localization in Arabidopsis roots or to image the R2D2 auxin reporter, an
Olympus BX61 microscope with a FV1000 confocal laser scanning unit (Olympus, Hamburg,
Germany) or a Leica TCS SP8 confocal microscope (Leica, Wetzlar, Germany) were used.

The brightness and contrast were adjusted in all images and the scale bar was automatically included
using FIJI. All measurements for the polarity index or the R2D2 signal analysis were performed in
FUJL.

The polarity index was determined by calculating the ratio of the GFP signal at the apical and lateral
PM of root epidermal cells. A square (3 px x 15 px) was defined as region of interest (ROI) and four
cells from two roots of three independent segregating lines were analyzed per genotype.

In order to analyze the R2D2 signal, a maximum projection of 3-8 images with 2.0 pm intervals of
either the epidermal or cortical cell file was used. A round ROI covered the nucleus. The R2 (mDII
signal) to D2 (DII signal) ratio was calculated of the first five cells after the anticlinal division of the
epidermis/lateral root cap initial cell (Q) and five cells at the transition zone (T).

The GUS-stained roots were imaged at an Olympus BX61 Upright microscope (Hamburg,

Germany).
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2.5 Software

Table 7 — Software used in this thesis.

Materials and methods

Name Distributor

MS Office for Mac Microsoft, UnterschleiBheim, Germany
GraphPad Prism V9 Dotmatics, Boston, USA

F1J1/ImageJ2 NIH, Bethesda, USA

Adobe Illustrator 2021 Adobe Systems, San Jose, USA
EndNote 20 Clarivate, London, UK

2.6 Statistical data processing

All data were plotted with GraphPad Prism V9 (Boston, USA). Statistical analyses were performed

using the default settings of GraphPad Prism V9.
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3 Results

3.1 Biochemical and physiological analyses of PINs

3.1.1 PIN transport rates are linearly related to auxin concentrations and depend on
the activating kinase

The canonical PINs from Arabidopsis thaliana must be phosphorylated and thereby activated by
AGC kinases to mediate [AA transport (Zourelidou et al., 2014). In order to understand the transport
behavior of PINs at physiological IAA concentrations, the transport capacities of all canonical PINs
(Figure 7) were tested in a time-dependent oocyte transport assay at a cytosolic IAA concentration
of [IAA]in = 1 uM. The PINs were either expressed alone or co-expressed with D6PK or PINOID.
PIN3, PIN4 and PIN7 cluster in one phylogenetic group (Krecek et al., 2009; Mravec et al., 2009;
De Smet ef al., 2011) and act redundantly in terms of their cell biological behavior (Haga and Sakai,
2012; Willige et al., 2013). In the transport assay, similar transport properties to PIN3 were detected
for PIN4 and PIN7.

PIN3, PIN4 and PIN7 expressed alone in Xenopus oocytes showed no TAA transport (Figure 7 J, K,
L). By co-expressing D6PK, the efflux was activated to rates of 2-3 % x min™ for PIN3 and PIN4,
and 0.5 % x min" for PIN7. The transport rate of PIN3 and PIN4 activated by PINOID was 3-
3.5 % x min™ and 1.5 % x min™ for PIN7. Although there were no significant differences between
D6PK- and PINOID-activated transport, the transport rates were slightly higher for PINOID as
activating kinase. PIN3 was chosen as the representative PIN of this group and all further

biochemical and physiological analyses were performed with PIN1, PIN2 and PIN3.
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Figure 7 — IAA transport properties of all canonical PINs in Xenopus oocytes. PIN1 (A-C), PIN 2 (D-F)
and PIN3 (G-I) were expressed in oocytes without kinase (®) as well as with D6PK (0) or PINOID (). (A, D,
G, J, K) Representative time-course experiments for PIN1, PIN2, PIN3, PIN4 and PIN7. Time points are mean
and SE of n = 8-10 oocytes. (B, E, H) Relative IAA export rates for PIN1, PIN2 and PIN3 (PIN1: n = 10-17,
PIN2: n = 7-12, PIN3: n = 30-44). Box plots range from the 25th to 75th percentile and the median is shown,
the mean is represented by (+). Groups were compared by one-way ANOVA, followed by Tukey’s post-hoc
test (PIN1 vs. PIN1 + D6PK: * p-value 0.0178, PIN1 vs. PIN1 + PINOID: ** p-value 0.0021, PIN1 + D6PK
vs. PIN1 + PINOID: n.s., not significant, p-value 0.5589; PIN2 vs. PIN2 + D6PK: n.s. p-value 0.9838, PIN2
vs. PIN2 + PINOID: * p-value 0.0265, PIN2 + D6PK vs. PIN2 + PINOID: * p-value 0.0458; PIN3 vs. PIN3 +
D6PK: *#*** p-value <0.0001, PIN3 vs. PIN3 + PINOID: **** p-value <0.0001, PIN3 + D6PK vs. PIN3 +
PINOID: * p-value 0.0341). (C, F, I) Transport rates as a function of [IAA]i. Data are mean and SE of n = 4
(PIN1), n =3 (PINI + D6PK), n = 3 (PIN1 + PINOID), n = 3 (PIN2), n =3 (PIN2 + D6PK), n =3 (PIN2 +
PINOID) and n =3 (PIN3), n = 3 (PIN3 + D6PK), n = 3 (PIN3 + PINOID). (L) Relative IAA export rates for
PIN3, PIN4 and PIN7. n = 4 for all constructs. Box plots range from the minimum to maximum percentile and
the median is shown, the mean is represented by (+). Groups were compared by one-way ANOVA, followed
by Tukey’s post-hoc test (PIN3 vs. PIN3 + D6PK: *** p-value 0.0005, PIN3 vs. PIN3 + PINOID: *** p-value
0.0002, PIN3 + D6PK vs. PIN3 + PINOID: n.s., not significant, p-value 0.7894; PIN4 vs. PIN4 + D6PK: * p-
value 0.0338, PIN4 vs. PIN4 + PINOID: ** p-value 0.0037, PIN4 + D6PK vs. PIN4 + PINOID: n.s. p-value
0.3447; PIN7 vs. PIN7 + D6PK: n.s. p-value 0.1750, PIN7 vs. PIN7 + PINOID: ** p-value 0.0095, PIN7 +
D6PK vs. PIN7 + PINOID: n.s. p-value 0.1931).

For all canonical PINs, a time course assay was performed to monitor the loss of IAA from oocytes
over time (Figure 7 A, D, G, J, K). The PIN1-mediated transport was activated by D6PK and PINOID
to comparable levels (Figure 7 B). The PIN2-mediated transport was activated significantly only by
PINOID at the described assay conditions (Figure 7 E). Overall, the rates of PIN1- and PIN2-
mediated IAA transport were found to be in the same range (0.5-0.9 % x min™). In contrast, PIN3
was strongly activated to transport rates of 3.3 % x min™' by D6PK and 3.8 % x min"' by PINOID
(Figure 7 H). The D6PK- and PINOID-activated transport rates of PIN3 were significantly different
to each other.

In order to determine the transport properties of PINs at a range of physiological IAA concentrations,
a time-dependent efflux assays at cytosolic IAA concentrations ranging from 0.2 uM to 10 pM was

performed. The transport rates were plotted as a function of [IAA]i, (Figure 7 C, F, ).

Table 8 — IAA transport rates of PIN1, PIN2 and PIN3. The transport activity of PINs was tested at different
[TAA]in and linear regression was performed to calculate the TAA transport rate. The transporters were
expressed in oocytes either alone or co-expressed with D6PK or PINOID. Table shows the transport rates in
fimoles x min™! x oocyte™! of data presented in Figure 1 C, F, I. Mean and SE of n = 4 for PIN1; n = 3 for PIN1
+ D6PK, PIN1 + PINOID, PIN2, PIN2 + D6PK, PIN2 + PINOID, PIN3, PIN3 + D6PK and PIN3 + PINOID.

no kinase + D6PK + PINOID
PIN1 03+03 3105 54+£0.8
PIN2 -03+0.2 12+04 30£0.6
PIN3 -0.7+£0.2 17.0+£ 0.9 20.8x£0.6
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PIN1, PIN2 and PIN3 without co-expressed kinase did not show any transport at higher [AA
concentrations. Based on these findings, it was concluded that neither canonical PIN is able to efflux
IAA without kinase co-expression from oocytes, suggesting that phosphorylation is required to
overcome inhibition. PINs co-expressed with D6PK or PINOID showed a linear relationship between
transport rate and IAA concentration. This suggests that at physiological IAA concentrations, the
transport is limited by the turnover rate of the PIN and the amount of transporter in the PM.

The absolute IAA transport rate for PIN1 + D6PK was 3.1 0.5 fmoles x min™ x oocyte™ and
5.4 + 0.8 fmoles x min™' x oocyte™ for PIN1 + PINOID. The transport rates were slightly lower for
PIN2 + D6PK (1.2 + 0.4 fmoles x min™ x oocyte™) and PIN2 + PINOID (3.0 + 0.6 fmoles x min’
"x oocyte!). Whereas the transport capacity of PIN3 was strongly enhanced to
17.0 £ 0.9 fmoles x min™ x oocyte” with D6PK and 20.8 + 0.6 fmoles x min™ x oocyte™ for
PINOID (Table 8). Notably, the PINOID-activated transport was stronger for all three PINs at all
tested [AA concentrations. This suggests that the kinase impact on PIN-mediated transport is beyond

its function as an activation switch.
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Figure 8 — IAA efflux assay at increasing internal concentrations. (A) Efflux rates of water-injected
Xenopus oocytes as a function of [IAA]w. Data are mean and SE (n = 4 assays with oocytes from different
females). The dashed line indicates the concentration to which the assay was stable. (B) Transport rates of the
indicated PIN-kinase combination as a function of [TAA]in in oocytes. (¥) co-expressed with PINOID, (0) co-
expressed with D6PK. Data points are transport rate of n = 8-10 oocytes at respective [IAA]in.

In all cases transport increased linearly with increasing [AA concentration and in no case, saturation
could be reached. Therefore, higher IAA concentrations on PINs in the oocyte assay should have
been tested since IAA levels in the Arabidopsis root were described to be in the range of 1-50 pM
(Petersson et al., 2009). It was not possible to generate a stable baseline at [AA concentrations
between 10 uM and 20 pM with the methodical layout of the assay as described in Chapter 2.3.1
(Figure 8). IAA-injected oocytes without any expressed transporter showed that the assay could be
stably used up to [[AA]in of 10 uM (Figure 8 A). At [IAA]in > 10 pM, a technical artefact from the

injection scheme led to negative efflux rates. The oocytes that efflux the longest were injected first.
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High IAA concentrations in the injection needle drastically increased the diffusion rate of radioactive
IAA from the needle into the oocyte without any injection event. Therefore, the IAA levels in the
first oocytes were uncontrollably higher than in the later oocytes when the concentration gradient
inside the needle was already decreased. Because the last time point was injected first and had the
highest artificial diffusion rate, the transport rates became negative after linear regression.

The impact of this became obvious when the described PIN-kinase combinations were tested (Figure
8 B). To test PIN-mediated IAA transport at concentrations higher than 10 pM, SSM-based
electrophysiology would be a suitable technique (Ung et al., 2022).

3.1.2 The protein levels and the phosphorylation pattern of PIN1, PIN2 and PIN3 in
oocytes are comparable

The AGC kinases D6PK and PINOID phosphorylate serine or threonine residues in PINs and are
necessary for activation of PIN-mediated IAA transport. In order to compare kinetics of different
PIN transporters, the proteins of interest must be present in comparable levels in the oocyte plasma
membrane.

Additionally, the observation that transport rates of PINs depend linearly on the substrate
concentration and the fact that the activating kinase affects the transport rates of PINs, opened the
question if changes in the PIN’s phosphorylation status by the two kinases explain the differences in
transport rates. By using a mass spectrometry approach, the membrane and cytosolic fractions of
oocytes expressing PIN1, PIN2 or PIN3, and oocytes co-expressing PIN and D6PK or PINOID were

analyzed.
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Figure 9 — Proteome and phospho-proteome analyses of PINs and D6PK or PINOID in Xenopus oocytes.
(A) LFQ intensity of all peptides from PIN1, PIN2 and PIN3 in the membrane fraction without kinase (n = 3)
and with D6PK (n = 3) or PINOID (n = 3). Data are mean and SE. Data analyzed in their respective group
(PIN vs. + D6PK vs. + PINOID) by one-way ANOVA, followed by Tukey’s posthoc test showed no significant
difference (PIN1 vs. PIN1 + D6PK n.s. 0.8239, PIN1 vs. PIN1 + PINOID n.s. 0.6612, PIN1 + D6PK vs. PIN1
+ PINOID n.s. 0.9535. PIN2 vs. PIN2 + D6PK n.s. 0.6559, PIN2 vs. PIN2 + PINOID n.s. 0.9809, PIN2 +
D6PK vs. PIN2 + PINOID n.s. 0.7614. PIN3 vs. PIN3 + D6PK n.s. 0.9442, PIN3 vs. PIN3 + PINOID n.s.
0.8343, PIN3 + D6PK vs. PIN3 + PINOID n.s. 0.9642). (B) LFQ intensity of the shared peptide LILIMVWR
between the three PINs in the membrane fraction (n = 3). Mean and SE are indicated. Data analyzed by one-
way ANOVA, followed by Tukey’s posthoc test showed no significant difference between groups. (C) LFQ
intensity of D6PK and PINOID in the membrane fraction (n = 3) and the cytosolic fraction (n = 1) of oocytes
expressing PIN and the kinase indicated. Mean and SE are indicated. Data analyzed by one-way ANOVA,
followed by Tukey’s posthoc test showed no significant difference between groups. (D-F) Phosphorylated sites
in PIN1, PIN2 and PIN3 in comparison to PIN without kinase after phospho-peptide enrichment by IMAC.
The green line indicates the difference between PIN with D6PK or PINOID. (X) marks sites phosphorylation
sites that are significantly (p-value < 0.05) increased in response to both kinases, (*) marks phosphorylation
sites that are significantly (p-value < 0.05) increased in response to D6PK and (o) marks phosphorylation sites
that are significantly (p-value < 0.05) increased in response to PINOID (Student’s t-test two sided unpaired,
with multiple-testing correction Permutation-based FDR 0.05).

The comparison of the full proteome’s label-free quantification (LFQ) intensities revealed that the
overall protein levels were comparable between the samples (Figure 9 A). The three PINs shared one
unique peptide LILIMVWR that allowed it to compare the PIN protein levels within the group of
one PIN, and also between the different PINs (Figure 9 B). No significant differences in the protein
amounts were measured and it was concluded that the PINs were expressed to similar levels.

The PINs, both kinases D6PK and PINOID as well as 4556 proteins from Xenopus laevis were
detected in the membrane fractions, that were enriched before analysis. Additionally, one cytosolic
fraction for each PIN co-expressed with the respective kinase was analyzed and 2950 Xenopus
proteins were found. D6PK and PINOID were detected in equal levels, likely due to their membrane-
association. Neither the expression level of D6PK nor that of PINOID depended on the identity of
the PIN co-expressed (Figure 9 C). In contrast to the PINs, the kinases do not share a common
peptide. Therefore, it was not possible to directly compare the protein levels between D6PK and
PINOID.

In order to identify phosphorylated residues in oocyte-expressed PINs, the membrane fraction of
oocytes expressing PIN and D6PK or PINOID was split in the phosphorylated and non-
phosphorylated fraction by phospho-peptide enrichment (immobilized metal affinity
chromatography, IMAC). By phospho-LC-MS/MS analysis, several phosphorylated residues in
PIN1, PIN2 and PIN3 were found, in comparison to the PIN samples without co-expressed kinase
(Figure 9 D-F).

In PIN1 (Figure 9 D), three positions (Ser221, Ser231, Ser271) were significantly more
phosphorylated by both kinases D6PK and PINOID. In the group of PIN1 + D6PK, nine out of twelve
significantly differently phosphorylated positions were detected. For these nine positions, the
PINOID samples were variable but showed an overall increase in intensity that did not result in a

mathematical significance. Thr248 (T2) and Ser253 (S2) were the only positions with significantly
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higher levels of phosphorylation by D6PK, where no increased phosphorylation in the PINOID
samples was detected.

The highest number of phosphosites was detected in PIN2 (Figure 9 E). Surprisingly, only four out
of 36 measured phosphosites were significantly increased in comparison to samples without kinase
(Thr233, Ser237, Thr309, Ser310). Three of them showed increased levels of phosphorylation by
both kinases. Ser237 was phosphorylated to significantly higher levels by D6PK.

In PIN3, 17 significantly differently phosphorylated amino acids were detected (Figure 9 F), 13 of
them by both kinases. Only three sites were more phosphorylated by D6PK (Ser248, Ser362,
Ser452). Ser275 was the only site with increased phosphorylation by PINOID. Thr229 and Ser417
were phosphorylated significantly less compared to samples without kinase, upon co-expression of
D6PK or PINOID. That would suggest an oocyte-specific kinase could phosphorylate both positions
if only PIN was expressed. If D6PK or PINOID were co-expressed, the positions might be sterically
buried either by direct interaction of PIN loop and kinase or by steric effects on the PIN loop structure

by phosphorylation events at other positions.

Table 9 — Phosphosite positions in oocyte-expressed D6PK or PINOID. Serine and threonine
phosphorylation sites in D6PK and PINOID detected in the phospho-proteome analysis of oocytes expressing
D6PK or PINOID and PIN1, PIN2 or PIN3. Intensities of sites marked with (*) were significantly increased
(p-value < 0.05, Student’s t-test two sided unpaired, with multiple-testing correction Permutation-based FDR
0.05).

D6PK PINOID

PIN1 + 62 * 54
264 55
280 178
345 *

PIN2 + 62 54
264 55
345 * 178
408

PIN3 + 62 * 54
262 55 %
264 * 178 *
345 *
408 *
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Besides PIN phosphorylation, phosphorylated serine residues in D6PK and PINOID were detected
(Table 9). The amino acid positions 264 and 280 of D6PK are part of the MID domain of D6PK
(Barbosa et al., 2016) and position 345 is in the activation loop indicating that a PDK 1-like activity
is present in oocytes (Xiao and Offringa, 2020). For PINOID, no phosphorylation sites of known
protein domains (e.g. ATP binding site, activation loop, DFD motif, PIF domain) were found. The
phosphorylated residues detected in PINOID are part of the Ser/Thr-rich N-terminus (Santner and
Watson, 2006).

Table 10 — Phosphorylated sites in PIN1, PIN2 or PIN3 expressed in oocytes with D6PK or PINOID in
comparison to the Arabidopsis thaliana phospho-proteome. PIN1, PIN2 and PIN3 were heterologously co-
expressed in oocytes with D6PK or PINOID and compared to the phosphorylation sites from Arabidopsis
PIN1, PIN2 or PIN3 found in Mergner et al., 2020 (PIN1 + D6PK n = 24, PIN1 + PINOID n = 22, PIN1
(Arabidopsis) n =20, PIN2 + D6PK n = 36, PIN2 + PINOID n = 36, PIN2 (Arabidopsis) n =21, PIN3 + D6PK
n =30, PIN3 + PINOID n = 30, PIN3 (Arabidopsis) n = 28). Sites that were not found in one group are shown
as gray empty cells.

Xenopus oocytes Arabidopsis
PIN AA position PIN + D6PK PIN + PINOID Mergner et al., 2020
PIN1 209 yes yes
212 yes yes yes
214 yes yes yes
221 yes yes yes
227 yes yes yes
231 yes yes yes
234 yes yes
240 yes yes yes
248 yes yes
252 yes yes yes
253 yes yes
257 yes yes yes
271 yes yes yes
282 yes yes yes
286 yes yes yes
290 yes yes yes
320 yes yes yes
337 yes yes yes
408 yes yes
414 yes yes yes
426 yes yes yes
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Xenopus oocytes Arabidopsis

PIN AA position PIN + D6PK PIN + PINOID Mergner et al., 2020

434 yes yes yes

439 yes yes

446 yes yes yes
PIN2 183 yes yes yes

192 yes yes

209 yes yes

210 yes yes yes

213 yes yes

214 yes yes

217 yes yes yes

218 yes yes yes

222 yes yes

229 yes yes yes

230 yes yes yes

233 yes yes yes

237 yes yes yes

240 yes yes

245 yes yes yes

246 yes yes

254 yes yes yes

282 yes yes yes

284 yes yes yes

298 yes yes

301 yes yes

302 yes yes yes

306 yes yes yes

309 yes yes yes

310 yes yes yes

365 yes yes

370 yes yes yes

393 yes yes yes

405 yes yes

408 yes yes
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Xenopus oocytes Arabidopsis
PIN AA position PIN + D6PK PIN + PINOID Mergner et al., 2020
409 yes yes
410 yes yes
419 yes yes
439 yes yes yes
458 yes yes yes
466 yes yes yes
PIN3 215 yes yes yes
222 yes yes yes
226 yes yes yes
229 yes yes
235 yes yes yes
239 yes yes yes
243 yes yes yes
248 yes yes yes
262 yes yes yes
271 yes yes yes
274 yes yes yes
275 yes yes yes
279 yes yes yes
283 yes yes yes
293 yes yes yes
294 yes yes yes
341 yes yes
344 yes yes yes
362 yes yes yes
363 yes yes yes
366 yes yes yes
389 yes yes yes
404 yes yes yes
417 yes yes yes
427 yes yes yes
452 yes yes yes
453 yes yes yes
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Xenopus oocytes Arabidopsis
PIN AA position PIN + D6PK PIN + PINOID Mergner et al., 2020
458 yes yes yes
460 yes yes yes
468 yes yes yes

In light of the phospho-proteome analysis by Mergner et al., 2020, the detected phosphorylated
residues in Xenopus oocytes and in Arabidopsis thaliana were to high levels congruent (Table 10).
Four phosphorylation sites of oocyte-expressed PIN1 and two sites of oocyte-expressed PIN3 were
not detected in Arabidopsis thaliana. In PIN2, 15 out of 36 phosphorylated residues were only
detected in oocyte-expressed protein, either because the peptides were not detected in the Arabidopsis

screen due to technical differences or they were not phosphorylated.

The detailed analysis of PINs in oocytes showed that the differences detected in the transport rates
were neither due to variations in the protein levels of the three PINs nor the kinases, nor could the
stronger transport activation by PINOID be explained by distinct differences in the phosphorylation
status of the PIN loop domain.

3.1.3 PIN1 and PIN3 partially rescue the agravitropic root phenotype of the pin2
mutant

The transport studies in Xenopus oocytes revealed that the transport properties of PIN1 and PIN2 are
more similar to each other than either one of them compared to PIN3. In order to investigate if
physiological consequences result from the different transport rates, the coding sequences of PINI
and PIN3 were expressed from a PIN2 promoter fragment in the pin2 mutant background and their
potential to complement the agravitropic root growth and the lack of response to gravistimulation
was investigated (Luschnig et al., 1998; Abas et al., 2006). It is noteworthy that the pin2 mutant is
not fully agravitropic. No root that grew against the gravity vector was detected. The pin2 mutant
was mainly characterized by the wide distribution of root angles between -90 © and +90 ° around the
gravity vector, i.e. 0 °. The angle between the root tip and the gravity vector was used as phenotypic
read out in independent segregating T2 lines (Figure 10 A, D, G). One representative T2 line of each
genotype was propagated to homozygous T3. The vertical growth index (VGI) and the root angle
between the root tip and the gravity vector were measured. The VGI correlates the root length to the

distance between the root origin and the root tip (Grabov ef al., 2005).
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Figure 10 — Potential of PIN1, PIN2 and PIN3 to rescue the pin2 mutant phenotype. PIN1 (A-C), PIN2
(D-F) or PIN3 (G-I) were expressed from a PIN2 promoter fragment in the pin2 mutant background. (A, D, G)
Root angle of ten independent segregating T2 lines between root tip and gravity vector of pin2; Priv2:PINI,
pin2; Ppin2: PIN2 and pin2; Ppin2:PIN3 (n = 103-119, 89-118, 99-116 for PIN1, PIN2 or PIN3, respectively) in
comparison to wildtype (n =98-112in A,n=111-117 in D, n = 110-119 in G) and mutant (n =47-98 in A, n
=83-117 in D, n = 79-119 in G). Data points are individual seedlings. The mean and SE are indicated. The
representative line is represented by black dots. (B, E, H) VGI of the representative T3 line of pin2,; Ppiv2:PIN1,
pin2;Ppiv2:PIN2 and pin2; Ppiv2:PIN3 (n = 46, n = 56, n = 54 for PIN1, PIN2 or PIN3, respectively) in
comparison to wildtype (n =55 in B,n=55in E, n =53 in H) and mutant (n=48 in B,n=50 in E, n =40 in
H). Box plots range from the 25th to 75th percentiles, whiskers mark the 5th and 95th percentiles and the
median is shown, the mean is represented by (+), points below and above the whiskers are drawn as individual
points. Groups were compared by one-way ANOVA followed by Tukey’s posthoc test. n.s. not significant p-
value 0.9861, ** p-value 0.0012, **** p-value <0.0001 (C, F, I) Root angles between root tip and gravity
vector of the representative homozygous T3 line of pin2; Priv2: PIN1, pin2; Ppiv2: PIN2 and pin2,; Privz2: PIN3 in
comparison to wildtype and mutant. Numbers are individual seedlings.

As expected, PIN2 fully rescued the mutant phenotype (Figure 10 D—F). Due to the proportion of
25 % of pin2 mutant seedlings that originated from the segregating T2 population, the root angles in
all lines were slightly increased (Figure 10 D). In homozygous T3 seedlings, the VGI was not
statistically different from the wildtype Col-0 control (Figure 10 E). The root angles were
indistinguishable from wildtype (Figure 10 F).

The expression of PINI in the pin2 mutant resulted in a partial rescue of the agravitropic root growth
phenotype (Figure 10 A-C). The VGI of the homozygous pin2; Ppv::PINI line differed significantly
from wildtype as well as from the mutant. Additionally, the root angles of the T3 line varied less (SD
= (.11) than the pin2 mutant (SD = 0.56), but more than wildtype (SD = 0.04).

The expression of PIN3 in the pin2 mutant resulted in reduced agravitropic root growth (Figure 10
G-I). The rescue was visible in the reduced variation of the root angle for heterozygous T2 and
homozygous T3 seedlings. The VGI of homozygous seedlings was higher as the mutant seedlings,
but pin2; Peiv::PIN3 seedlings still differed significantly from wildtype and mutant. Statistical
comparison of the VGIs of pin2; Ppiv::PINI and pin2;Ppin::PIN3 seedlings revealed significant
differences between both genotypes (unpaired t-test, p-value 0.0375), suggesting that the ability of
PIN1 to rescue the pin2 phenotype is higher than of PIN3.
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Figure 11 — IAA transport properties and potential to rescue the pin2 mutant phenotype of GFP-tagged
PIN1, PIN2 and PIN3. (A-C) Representative time-course experiments for PIN1-eGFP (A), PIN2-eGFP (B)
and PIN3-eGFP (C). PIN1-eGFP, PIN2-eGFP and PIN3-eGFP were expressed in oocytes without (e) as well
as with D6PK (0) or PINOID (). Time points are mean and SE of n = 8-10 oocytes. (D-F) PIN1-eGFP (D),
PIN2-eGFP (E) or PIN3-eGFP (F) were expressed from a PIN2 promoter fragment in the pin2 mutant
background. Root angle of independent segregating T2 lines (n = 10 lines for PIN1-eGFP, n = 11 lines for
PIN2-eGFP and n = 10 lines for PIN3-eGFP) between root tip and gravity vector of pin2; Priv2. PINI-eGFP,
pin2; Ppiv2: PIN2-eGFP and pin2;Ppiv2: PIN3-eGFP (n = 77-120, 57-120, 92-117 seedlings for PIN1-eGFP,
PIN2-eGFP or PIN3-eGFP, respectively) in comparison to wildtype (n = 95-116 in D, n =72-117 in E, n =
103-120 in F) and mutant (n = 90-118 in D, n = 40-111 in E, n = 86-115 in F). Data points are individual
seedlings. The mean and SE are indicated.

PIN2 is localized polarly to the apical side of the cell in the epidermis and to the basal side in the
cortex of the root. In order to investigate if PIN1 and PIN3 localize similarly to PIN2, the fluorophore
eGFP was inserted into the loop domain. The eGFP-tagged PINs were tested for their functionality
in the oocyte transport assay (Figure 11 A-C). All three PINs behave like untagged PINs and did only
transport IAA with a co-expressed kinase. This suggests that inserting eGFP into the loop did not
change the biochemical properties of the PINs.

The tagged PINs were expressed from a PIN2 promoter fragment in the pin2 mutant and were able
to rescue the pin2 root phenotype like the untagged PINs (Figure 11 D-F), but the root angle of
different transformant lines exhibited more variation than their untagged relatives (for PIN1 and
PIN1-eGFP SD = 3.0 compared to SD = 4.1; for PIN2 and PIN2-eGFP SD = 2.2 compared to SD =
7.3; for PIN3 and PIN3-eGFP SD = 3.8 compared to SD = 4.0). The population of lines with non-
expressing T-DNA was higher in comparison to the untagged PINs (e.g. 4/11 for PIN2-eGFP in
contrast to 0/10 for PIN2).
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Figure 12 — Localization of PINs and IAA levels in root tips. (A) Polarity index of eGFP-tagged PINI, PIN2
and PIN3 expressed from a PIN2 promoter fragment in epidermal cells in the pin2 mutant. Representative
ROIs are indicated by white boxes. Mean intensities of ROIs at the apical and the lateral side of the cells were
used to calculate the ratios. The arrows mark GFP signal. Scale bar represents 10 um. Box plots range from
the 25th to 75th percentiles, whiskers mark the minimum and maximum values and the median is shown.
Groups were compared by a one-way ANOVA, followed by Tukey’s posthoc test (PIN1 vs. PIN2 <0.0001,
PIN1 vs. PIN3 0.9592, PIN2 vs. PIN3 <0.0001), n = 24 per genotype. (B-F) Ratio of mDII to DII signal in
epidermis (Ep) and cortex (Co). First five epidermal cells after anticlinal division of the epidermal/LRC initial
cell (Q) and five cells at the transition zone as specified by cell elongation (T) were measured for individual
roots (n = 15-35 for epidermis and n = 15-30 for cortex). Cells analyzed are indicated by white lines. Picture
shows overlay of DII (green) and mDII (red) signal. Scale bar represents 40 pm. Box plots range from the 25th
to 75th percentiles, whiskers mark the minimum and maximum values and the median is shown. Whole data
set analyzed by one-way ANOVA, followed by Tukey posthoc test (Col-0: **** p-value <0.0001, n.s. not
significant p-value 0.9914. pin2: n.s. p-value 0.6432, ** p-value 0.0053. PIN1: n.s. (Ep) p-value 0.9513, n.s.
(Co) p-value >0.999. PIN2: ** p-value 0.0075, n.s. p-value 0.0.1938. PIN3: n.s. (EP) p-value 0.1419, n.s. (Co)
p-value 0.9986).

In order to analyze whether the differences in gravitropism were the result of mislocalized PIN1 or
PIN3 transporters, the apical localization and the polarity were checked (Figure 12 A). PIN2-eGFP
localized to the apical side of epidermal cells and was almost completely restricted to this side. PIN1-
eGFP and PIN3-eGFP showed reduced polarity. The GFP signal of both transporters was detected at
the apical side, but also to pronounced levels at the lateral side of the cell. The polarity index was

determined by dividing the mean intensities of ROIs from the apical and the lateral sides of the cell.
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For PIN1-eGFP and PIN3-eGFP, it was significantly reduced compared to PIN2-eGFP, but PIN1-
eGFP and PIN3-eGFP both localized apolarly to a similar degree.

Because the localization of PIN1-eGFP and PIN3-eGFP in the pin2 background was different
compared to the wildtype but in itself coherent, the auxin sensor R2D2 was used to check whether
altered auxin levels in the epidermis could explain the different abilities to rescue the gravitropic
pin2 root defect (Figure 12 B-F). R2D2 is a ratiometric reporter that monitors the auxin-sensitive
degradation of the yellow DII signal in relation to the red mDII signal in dividing cells (Liao ef al.,
2015). In Col-0 (Figure 12 B), the auxin level was significantly higher in cells at the transition zone
(T) compared to the first epidermal cells (Q) after the anticlinal division of the epidermis/LRC initial
cell (Petricka et al., 2012). In the cortex, the auxin level was relatively low and no difference between
the developmental zones was detected. In the pin2 mutant (Figure 12 C), the auxin levels were
slightly increased in the transition zone of epidermis and cortex. pin2;PIN2 seedlings (Figure 12 E)
showed the same trend as Col-0, but had increased overall auxin levels. The auxin amount increased
between Q and T in epidermal cells, but stayed constant in the cortical cell file. Although a small
increase in epidermal auxin levels was detected for pin2; Ppw.:PINI and pin2; Pp2:PIN3 roots, it
was not significantly different between younger and older cells. In the cortex, the auxin levels stayed
constantly low in both genotypes. Notably, the epidermal R2/D2 ratio of pin2; Ppin2: PINI roots was
in the same range as Col-0 and the ratio of pin2;Pp2:PIN3 roots was more comparable to the pin2
mutant levels. The cortical auxin levels of Col-0, pin2; Pp::PINI and pin2; Pp>:PIN3 roots were
identical.

Overall, the R2D2 sensor revealed that in wildtype roots the epidermal auxin levels increase from
younger to older cells and stay at a constant level in the cortex. By removing PIN2 as the main auxin
transporter in epidermis and cortex, the situation was reversed. In the pin2 mutant, the auxin levels
in the epidermis stayed at a constant level between Q and T and showed increased differences in the
cortex. By expressing PINI or PIN3, the auxin levels in the cortex were balanced between younger
and older cells and resembled the wildtype situation. However, the increase of auxin levels in the
epidermis could not be restored. This suggests that the modified auxin levels in epidermal cells might
lead to the partial rescue of the gravitropism defect in pin2; Ppw::PINI and pin2;Ppn::PIN3

expressing roots.
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Figure 13 — Polarity index of PIN1, PIN2 and PIN3 in
trichoblasts and atrichoblasts in the root tip of the pin2
mutant. Polarity index of pin2;PINI-eGFP, pin2; PIN2-
eGFP and pin2;PIN3-eGFP. Comparison between the
polarity index of respective PIN in trichoblasts (e) and
atrichoblasts (O). Box plots range from the 25th and 75th
percentiles, whiskers mark the minimum and maximum
values and the median is shown. PIN1: n= 16 and n = §,
S. PIN2: n=10 and n= 14, PIN3: n=9 and n = 15. Data sets

were compared by unpaired two-tailed t-test (n.s. not
significant, PIN1-eGFP 0.0876, PIN2-eGFP 0.9457, PIN3-
eGFP 0.3984).
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PIN2 is known to cycle differently in trichoblast and atrichoblast cells with a higher PM abundance
in atrichoblasts (Lofke et al., 2015). In order to check whether the identity of the epidermal cells
impacts the polarity of the transporter, the analyzed cells (Figure 12 A) were reevaluated on their
identity as trichoblast or atrichoblast cell. No difference in the polarity of PIN1-eGFP, PIN2-eGFP
or PIN3-eGFP was detected between the two cell types (Figure 13).
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Figure 14 — Response of PIN1, PIN2 or PIN3 to a
gravitropic stimulus. Root bending kinetics of
pin2; Ppin2:PIN1, pin2; Ppin2: PIN2 and
pin2;Ppiy2:PIN3 roots in comparison to wildtype
and mutant. (n = 6 for wildtype, mutant and PIN2, n
=3 for PIN1 and PIN3) on plant medium containing
1 % sucrose (A) or neither vitamins nor sucrose (B).
PIN1 and PIN3 showed a delayed response to the
gravitropic stimulus, but reached wildtype-levels
after 16 h. The pin2 mutant bent against the gravity
vector on medium containing sugar (A) and did not
react to the stimulus on medium without sugar (B).
Data points are mean and SE of 3-6 replicates with
18-20 roots per genotype. Groups were compared by
one-way ANOVA, followed by Dunnett posthoc
test with Col-0 as control group. Significant
differences are indicated by “*”. n.s. not significant
p-value > 0.05, * p-value 0.01 to 0.05, ** p-value
0.001 to 0.01, *** p-value 0.0001 to 0.001, **** p-
value < 0.0001

In order to add a spatiotemporal component, the genotypes of interest were tested on their response

to a gravitropic stimulus (Figure 14). After five days, the seedlings were transferred to a new plate

and the root was straightened. The plate contained either 1 % sucrose (Figure 14 A) or neither sucrose
g p g

nor vitamins (Figure 14 B). Afterwards the plate was turned 90 ° and the bending of the root tip was

monitored over time in infrared light. On plates containing sugar, the wildtype Col-0 and pin2;PIN2

plants reacted immediately on the stimulus and bent along the new gravity vector (6-8 £ 0.5-1 ° x h°

1. In the beginning, the bending speed of pin2;Ppn>:PINI seedlings was comparable to wildtype

seedlings (6 = 1 ° x h™"). The bending velocity decreased after 3 hto4 =2 ° x h”', but increased again

after 7h. The pin2;Pp2:PIN3 seedlings did not react to the gravistimulus for the first 6 h

(0.4 £ 0.6 ° x h'") and were significantly different to wildtype from 4-10 h, but from 7-16 h showed
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the highest bending velocity (5+0.7°xh"') compared to wildtype, pin2;Ppn2:PINI and
pin2;Pp::PIN2 seedlings (3 + 0.3-1 ° x h™"). After 16 h, all three genotypes reached wildtype levels.
The pin2 mutant showed root bending against the gravity vector in all replicates and was significantly
different to Col-0 from the beginning.

However, on plates without sucrose, the mutant bent in the beginning but stopped at 5-8.5 © root
bending. The differences between the genotypes were smaller under conditions without sucrose. Col-
0, pin2; Ppn2: PIN2 and pin2; Ppiv2: PIN3 seedlings bent with the same rate for 8 h (4-7 £ 0.4-0.6 ° x h°
". Between 8 and 9 h after stimulus, the pin2; Ppv2:PIN3 seedlings grew against the gravity vector
but started bending again after 9 h. After 16 h, they reached ~70 % of the wildtype level.
pin2; Ppiv2: PINI seedlings showed a delayed root bending until 7 h after stimulus with a bending rate
of 2+ 0.4 °x h', but then enhanced the bending rate and overtook the PIN3 group after 9 h. After
16 h, the pin2;Ppv2:PIN1 seedlings reached wildtype levels. This suggests that the PIN’s transport
properties in the PIN2 domain have an impact on the early reaction to a gravitropic stimulus, although
all genotypes reacted to the stimulus sooner or later. The gravitropic response was influenced by the
presence of sucrose in the medium. This showed that besides sugar as an energy source, it can also

act as signaling molecule impacting the plants’ reaction to environmental stimuli.

A B Figure 15 — Root tip growth and DRS auxin

Sk il response reporter after gravitropic stimulus.

Col-0 pin2 Upper panel: representative root tips of Col-0 (A),

the pin2 mutant (B), Ppmv2:PINI (C), Ppiv::PIN2

(D) and Pem2:PIN3 (E) in the pin2 mutant

background after 7h post gravitropic stimulus.

Scale bar represents 1 mm. Lower panel: Roots of

respective genotypes crossed with auxin response

C D E reporter DRSrev:GUS, stained after 7h post
gravitropic stimulus. Scale bar represents 50 um.

P, PIN1 P, PIN2 P_,-PIN3

PIN2" PIN2 PIN2®

The gravitropism assay on medium containing sucrose revealed a strong influence of sucrose as
energy source and signaling molecule. In order to limit the stimulus solely to the gravitropism, assay
conditions without sucrose were used in the following. In conditions without sucrose,
pin2;Ppiv2:PINI seedlings showed a delayed response to the gravitropic stimulus in the first 7 h. In
order to understand if different auxin levels in the root tip caused the delayed response, the analyzed
genotypes were crossed with the auxin response reporter DRS5rev: GUS. Seedlings expressing the

respective PIN T-DNA and the DR5rev: GUS T-DNA were plated on medium without sucrose, turned
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90 ° and allowed to grow along the new gravity vector for 7 h, before performing the staining
protocol (Figure 15).

The maximum signal of Col-0 and pin2; Ppv:PIN2 roots was at the QC and a very faint coloring
was detected in the columella (Figure 15 A, D). In the pin2 mutant, the signal was strongest at the
QC, but was also detected in the columella and the LRC in reasonable intensity. The color was
asymmetrically distributed in the root tip (Figure 15 B). The pin2;Pp2:PIN1 seedlings resembled
the pin2 mutant. Compared to the wildtype control, pin2; Peiv>: PINI seedlings had very high auxin
levels in the QC and in the columella. The signal was limited to those regions and only very faint
staining was detected in the LRC (Figure 15 C). In roots of pin2; Pp.: PIN3, the signal was strongest
at the QC and also detectable in the columella. The signal in the columella was stronger than in Col-
0 or pin2;Ppv2: PIN2 seedlings, but the overall intensity was comparable to the wildtype (Figure 15
E). This suggests that differences in the auxin response could be one reason why pin2; Pen::PINI

seedlings were delayed, but still able to bend along the new gravity vector.

In summary, the biochemical and physiological properties showed that PIN1 was more similar to
PIN2. At equal protein levels, PIN3 transported more IAA compared to the other PINs, but its
potential to rescue the phenotype was lower than that of PIN2 as well as PIN1. It is not sufficient to
solely transport IAA, but the auxin flux must be tightly controlled. This can either happen by
controlling the amount of transporter in the PM or by regulating the PIN activity. This is possible by
regulation of interactions between PIN loop and TM domains or, alternatively by regulation of the

PIN transport activity by kinases or a combination of both scenarios.

3.2 Interplay of PIN protein domains

The kinetic and the in planta analyses showed that PIN1 and PIN2 display more similar properties
to each other than either one of them to PIN3. In order to understand to what extend which protein
domain influences the biochemical and physiological functions, a domain swapping approach was
used.

The structure of PIN8 revealed that the TM domains use an elevator-type mechanism to transport
IAA across the membrane (Ung et al., 2022). As shown by the kinetic studies, the loop domain of
canonical PINs is by default inhibitory at physiological IAA concentrations and must be
phosphorylated by kinases to overcome this inhibition (Figure 7). Additionally, the loop domain is
important for the localization of the transporter (Ganguly et al., 2012; Ganguly et al., 2014) and was
thought of as the regulatory part of the PIN transporter (Zourelidou et al., 2014).
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PIN1-2-1 PIN2-3-2
PIN2-1-2 PIN3-2-3
PIN1-3-1
PIN3-1-3

Figure 16 — Canonical PIN chimeras. The loop domain of PIN1, PIN2 or PIN3 was replaced by the loop
domain of respective PIN, creating the indicated PIN chimeras.

In order to investigate the interplay of the TM domains and the loop domain, PIN1, PIN2 and PIN3
loop and TM domains were permutated as shown in (Figure 16). The transport properties of the
resulting chimeras were subsequently tested in the efflux assay and for their potential to rescue the

pin2 mutant phenotype as explained above.

n.s.| N.S. | Figure 17 —IAA transport properties of PIN3 without loop
1|7 1| domain. PIN3 and PIN3 without loop domain (PIN3 short

% é cut) were expressed in oocytes alone (@) or co-expressed with
é D6PK (O) or PINOID (). The IAA content after 15 min was
compared to the initial IAA content by unpaired two-tailed t-
test (PIN3: ** p-value 0.0096, **** p-value <0.0001. PIN3
short cut: * p-value 0.0395, n.s. not significant 0.0574 for
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S
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B——l
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o

K ) o e D6PK and 0.2372 for PINOID). Each data point is one oocyte
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First, the oocyte transport assay was used to understand if the loop domain is of regulatory nature,
or if it is needed for the protein to fulfill a transport cycle. Removing the whole loop domain and
putting helix M4b and M5 directly together, rendered the protein non-functional/resulted in the loss

of transport under all conditions tested (Figure 17).
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3.2.1 PIN1 as TM domain donor
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Figure 18 — Potential of PIN1-2-1 and PINI-3-1 chimeras to rescue the pin2 phenotype, their localization
in the root tip and their IAA transport properties. PIN/-2-1 (A-C), PINI-2-1-eGFP (D-E), PINI-3-1 (F-
H) or PINI-3-1-eGFP (I-J) were expressed from a PIN2 promoter fragment in the pin2 mutant background.
(A, D, F, ]) Root angle of independent segregating T2 lines (n =10 in A and D, n=_8 in F, n = 5 in I) between
root tip and gravity vector of pin2;Ppm2:PINI-2-1, pin2;Ppiv2:PINI-2-1-eGFP, pin2;Ppmv2:PINI-3-1 and
pin2;Ppinv2: PIN1-3-1-eGFP (n = 37-120 for PIN1-2-1, n = 95-118 for PIN1-2-1-eGFP, n = 94-119 for PIN1-
3-1,n=109-115 for PIN1-3-1-eGFP) in comparison to wildtype (n=103-114 in A, n=97-107 in D, n = 100-
118 in F, n = 109-119 in I) and mutant (n = 91-106 in A, n = 91-106 in D, n =41-109 in F, n = 71-89 in I).
Data points are individual seedlings. The mean and SE are indicated. The representative line is represented by
black dots. (B, G) VGI of the one homozygous T3 line of pin2,; Prin::PINI-2-1 and pin2; Ppiv2: PIN1-3-1 (n =
49 for PIN1-2-1 or n =45 for PIN1-3-1) in comparison to wildtype (n =49 in B, n =42 in G) and mutant (n =
40 in B, n =30 in G). Box plots range from 25th to 75th percentiles, whiskers mark the 5th and 95th percentiles
and the median is indicated. The mean is represented by (+). Points below and above the whiskers are drawn
as individual points. Groups were compared by one-way ANOVA followed by Tukey’s posthoc test. n.s. not
significant p-value 0.7753, **** p-value <0.0001 in B. n.s. p-value 0.1919, **** p-value <0.0001 in G. (C, H)
Root angles between root tip and gravity vector of the representative homozygous T3 line of pin2; Ppv2: PINI-
2-1 and pin2; Ppiv2: PIN1-3-1 in comparison to wildtype and mutant. Numbers are individual seedlings. (E, J)
GFP signal of pin2; PINI-2-1-eGFP and pin2;PINI-3-1-eGFP in epidermal cells. The arrows mark the GFP
signal. Scale bar represents 20 pm. (K) Root angle of the indicated PIN or PIN chimeras expressed from a
PIN2 promoter fragment in the pin2 mutant background. Frequency distribution of the mean of individual
segregating T2 lines shown in (A, D, F, I) in comparison to wildtype (n = 53 in total) and mutant (n = 53 in
total). Each data point shows the mean of one independent line. The white dot represents the mean of the
representative line of each genotype. Data for PINI/ and PINI-eGFP are shown in Figure 10 and Figure 11.
The line in the plot marks the median. The lower and upper line mark the 25th and 75th percentiles. Groups of
untagged PINs were analyzed by one-way ANOVA, followed by Dunnett’s test with Pp2:PINI as control
group. n.s. not significant p-value 0.7886 (vs. PIN1-3-1). ** p-value (vs. PIN1-2-1) 0.0045. **** p-value
<0.0001. (L, M) Representative time-course experiments for PIN1-2-1 and PIN1-3-1. PIN1-2-1 and PIN1-3-1
were expressed alone (e) or co-expressed with D6PK (0) or PINOID (¥) in oocytes. Time points are mean and
SE of (n = 8-10 oocytes). Data for (M) collected during Master thesis (Janacek, 2017).

The exchange of the PIN1 loop domain for the loop domain of PIN2 or PIN3, i.e. PIN1-2-1 or PIN1-
3-1, resulted in apparently functional auxin transporters which exhibited characteristics different
from the TM domain donor PIN1 (Figure 18). In the gravitropism assay, the PIN1-2-1 chimera
rescued the pin2 root phenotype to wildtype levels. Compared to PIN1, the group of independent T2
lines of PIN1-2-1 were significantly different (Figure 18K). The VGI of a homozygous T3 line did
not differ significantly from Col-0 (Figure 18 B). This was also represented by the root angle between
root tip and gravity vector (Figure 18 C). Although 7 of 10 lines did not express the transgene for the
GFP-tagged PIN1-2-1, the three lines that showed GFP signal rescued the phenotype to the same
level as the untagged PIN1-2-1 (Figure 18 K). Comparable to PIN2-eGFP (Figure 12 A), PIN1-2-1-
eGFP localized primarily to the apical side of epidermal cells and almost no signal was detected at
the lateral sides of the cell. This indicates that by providing the PIN2 loop domain, the physiological
characteristics of PIN2 could be transferred to PINT1.

In segregating T2 lines, PIN1-3-1 rescued the pin2 phenotype to the same levels as PIN1 (Figure 18
K). Compared to PIN1-2-1, the potential to complement the pin2 phenotype was reduced. However,
the VGI of a homozygous PIN1-3-1 line was not significantly different from wildtype, suggesting
that the differences were more pronounced in the T2 generation (Figure 18 G). PIN1-3-1-eGFP was
only detected in four out of five lines (Figure 18 K). The localization of PIN1-3-1-eGFP was less
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polar than PIN1-2-1-eGFP and more similar to PIN1-eGFP (Figure 12 A). The protein was detected
with similar intensity at the apical and lateral cell side.

In summary, the root angle of segregating T2 lines revealed that roots expressing pin2,; Ppi2:PINI-
2-1 were more gravitropic than its ancestor PIN1. The PIN1-3-1 chimera was more similar to PIN1
in terms of localization and the ability to rescue the pin2 phenotype. This suggests that the PIN2 loop
domain provides the PIN1 TM domains with necessary physiological features that are different
compared to the PIN3 loop domain.

The chimeras alone did not transport IAA in the oocyte assay (Figure 18 L/M). Transport was
activated by co-expression of either kinase, D6PK or PINOID. The transport rate was very low for
PIN1-2-1 and increased for PIN1-3-1. This would suggest that the transport activity can be modulated
by providing the PIN1 TM domains with another loop domain. This was supported by the in planta
data, where PINs with a transport rate similar to PIN2, i.e. PIN1-2-1, rescued the pin2 phenotype
better than PINs that did transport faster, i.e. PIN1-3-1.
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3.2.2 PIN2 as TM domain donor
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Figure 19 — Potential of PIN2-1-2 and PIN2-3-2 chimeras to rescue the pin2 phenotype, the localization
of PIN2-3-2 in the root tip and the IAA transport properties. PIN2-1-2 (A-C), PIN2-3-2 (D-F) or PIN2-3-
2-eGFP (G-H) were expressed from a PIN2 promoter fragment in the pin2 mutant background. (A, D, G) Root
angle of independent segregating T2 lines (n = 10 in A, n =7 in D, n = 10 in G) between root tip and gravity
vector of pin2,; Ppivz: PIN2-1-2, pin2; Ppin2: PIN2-3-2 and pin2; Ppivz2: PIN2-3-2-eGFP (n = 105-116 for PIN2-1-
2, n=85-114 for PIN2-3-2, n = 60-115 for PIN2-3-2-eGFP) in comparison to wildtype (n=95-111in A,n=
104-120 in D, n=102-116 in G) and mutant (n =93-107 in A, n =90-118 in D, n = 99-115 in G). Data points
are individual seedlings. The mean and SE are indicated. The representative line is represented by black dots.
(B, E) VGI of the homozygous T3 line of pin2, Ppiv::PIN2-1-2 and pin2; Ppiv2: PIN2-3-2 (n = 41 for PIN2-1-2
and n = 58 for PIN2-3-2) in comparison to wildtype (n =40 in B, n =57 in E) and mutant (n =40 in B, n =57
in E). Box plots range from 25th to 75th percentiles, whiskers mark the 5th and 95th percentiles and the median
is indicated. Points below and above the whiskers are drawn as individual points. The mean is indicated by (+).
Groups were compared by one-way ANOVA followed by Tukey’s posthoc test. * p-value 0.0140, **** p-
value <0.0001 in B. n.s. not significant p-value 0.1123, **** p-value <0.0001 in E. (C, F) Root angles between
root tip and gravity vector of the homozygous T3 line of pin2;Prv2:PIN2-1-2 and pin2;Ppiv2: PIN2-3-2 in
comparison to wildtype and mutant. Numbers are individual seedlings. (H) GFP signal of PIN2-3-2-eGFP
expressed from a PIN2 promoter fragment in epidermal cells of the pin2 mutant. The arrows mark GFP signal.
Scale bar represents 20 um. (I) Root angle of the indicated PIN or PIN chimeras expressed from a PIN2
promoter fragment in the pin2 mutant background. Frequency distribution of the mean of individual
segregating T2 lines shown in (A, D, G) in comparison to wildtype (n = 47 in total) and mutant (n = 47 in
total). Each data point shows the mean of one independent line. The white dot represents the mean of the
representative line shown in (A, D). Data for PIN2 and PIN2-eGFP are shown in Figure 10 and Figure 11. In
the plot, the median is indicated. The lower and upper line mark the 25th and 75th percentiles. Groups of
untagged PINs were analyzed by one-way ANOVA, followed by Dunnett’s test with Pp2:PIN2 as control
group. n.s. not significant p-value 0.0570. * p-value 0.0145. **** p-value <0.0001. (J) Relative IAA export
rates for PIN2-1-2 and PIN2-3-2. PIN2-1-2 and PIN2-3-2 were expressed alone (o) or co-expressed with D6PK
(0) or PINOID (¥) in oocytes. PIN1 and PIN3 were used as controls. For comparison, transport rates of PIN2
alone or with D6PK or PINOID are shown. Data points are transport rates of (n = 3 for PIN1, PIN3 and
chimeras. n =9 for PIN2, n =9 for PIN2 + D6PK, n = 7 for PIN2 + PINOID). Groups were analyzed by one-
way ANOVA, followed by Tukey’s posthoc test. PIN1: n.s. not significant p-value 0.0962 (vs. + D6PK), * p-
value 0.0492 (vs. + PINOID), n.s. p-value 0.8580 (+ D6PK vs. + PINOID). PIN2-1-2: n.s. p-value 0.6263 (vs.
+ D6PK), n.s. p-value 0.3433 (vs. + PINOID), n.s. p-value 0.8402 (+ D6PK vs. + PINOID). PIN2-3-2: n.s. p-
value 0.0607 (vs. + D6PK), ** p-value 0.0037 (vs. + PINOID), n.s. p-value 0.0913 (+ D6PK vs. + PINOID).
PIN3: **** p-value <0.0001, n.s. p-value 0.6399 (+ D6PK vs. + PINOID). PIN2: n.s. p-value 0.9002 (vs. +
D6PK), * p-value 0.0212 (vs. + PINOID), n.s. p-value 0.0510 (+ D6PK vs. + PINOID). Transport data for
PIN2-3-2 were collected during Master thesis (Janacek, 2017).

The PIN chimeras originating from PIN2, PIN2-1-2 and PIN2-3-2, were tested analogously to the
PIN1 chimeras. For individual segregating T2 lines, the root angle between the root tip and the
gravity vector was measured (Figure 19 A, D, G). For better comparison, the mean of each line was
plotted (Figure 19 I). This revealed, that PIN2-1-2 could rescue the agravitropic root phenotype to
the same levels as PIN2. PIN2-3-2 was significantly different to its TM domain donor. One
representative T2 line was used to generate a homozygous T3 line. The VGI showed that PIN2-1-2
was distinct from Col-0 and PIN2-3-2 behave like wildtype (Figure 19 B, E). This was different to
the situation found in segregating T2 lines, where PIN2-1-2 rescued to wildtype levels and PIN2-3-
2 was significantly different to Col-0. Also, the root angles of the homozygous T3 lines showed that
pin2; PIN2-3-2 seedlings resembled Col-0 more than pin2; PIN2-1-2 seedlings (Figure 19 C, F).

In order to analyze the localization of the chimeras, the transporters were tagged with eGFP in their
loop domain. Four attempts to generate PIN2-1-2-eGFP transformants, including new cloning of the

initial construct, failed. All lines were successfully genotyped for the PIN T-DNA but did not show
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fluorescence and resembled the pin2 mutant phenotype (11 out of 11 tested lines), suggesting that
the PIN T-DNA was suppressed in these transformants. For PIN2-3-2-eGFP, transgenic lines that
exhibited fluorescence were found (6 of 10 lines). The root angle between the root tip and the gravity
vector was measured (Figure 19 G). The fluorescent lines rescued the pin2 mutant like their untagged
relatives (Figure 19 K), but less than PIN2-eGFP (Figure 11 B). Fluorescence was detected at the
apical side of epidermal cells, but also at the lateral cell side (Figure 19 H). The localization was less
polar than PIN2-eGFP, but more polar than PIN3-eGFP (Figure 12 A). Indicating that positional
information is provided by the PIN2 TM domains and the loop domain. By replacing the PIN2 loop
domain by a PIN3 loop, some information is lost and the PIN2-3-2 cannot localize as polar as PIN2.
This hints to major differences between the PIN loop domains.

The transport properties of the chimeras were tested in the oocyte assay (Figure 19 J). PIN1 and PIN3
were used as controls in the experiment and the transport rates of PIN2 were shown for better
comparison. As described earlier (Figure 7), PIN1 and PIN2 display similar transport properties. The
exchange of the PIN2 loop domain for the PIN1 loop domain resulted in a PIN chimera with similar
transport characteristics as the domain donors. The transport rates of PIN2-1-2 activated by D6PK
or PINOID were very small and mathematical not significantly increased to PIN without kinase. In
limited sample sizes and also with some batches of labelled IAA, this was sometimes also the case
for PIN1 and PIN2. In contrast, the exchange of the PIN2 loop domain with PIN3 resulted in
increased transport rates which did not reach the levels of PIN3. But the transport rates upon
activation by D6PK or PINOID were strongly increased compared to PIN1, PIN2 or the PIN2-1-2
chimera. Notably, the difference between D6PK- or PINOID-mediated PIN activation was
pronounced in the PIN2-3-2 chimera. This suggests that the biochemical properties of PIN3 could
partially be transplanted by the PIN3 loop domain, and that a combination of PIN2 and PIN3
influenced the ability of the transporter to be activated by D6PK or PINOID.
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3.2.3 PIN3 as TM domain donor
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Figure 20 — Potential of PIN3-1-3 and PIN3-2-3 chimeras to rescue the pin2 phenotype, their localization
in the root tip and their IAA transport properties. PIN3-1-3 (A-C), PIN3-2-3 (F-H), PIN3-1-3-eGFP (D-
E) or PIN2-3-2-eGFP (I-]) were expressed from a PIN2 promoter fragment in the pin2 mutant background.
(A, D, F, I) Root angle of independent segregating T2 lines(mn=9in A,n=10inD,n=5inF,n=101in1)
between root tip and gravity vector of pin2; Ppiv2: PIN3-1-3, pin2; Ppv2: PIN3-2-3, pin2; Ppiv2: PIN3-1-3-eGFP
and pin2; Ppiv2: PIN2-3-2-eGFP (n = 94-117 for PIN3-1-3, n = 64-117 for PIN3-2-3, n = 109-115 for PIN3-1-
3-eGFP, n = 91-119 for PIN3-2-3-eGFP) in comparison to wildtype (n = 82-106 in A, n =95-120 in D, n =
106-115 in F, n = 106-115 in I) and mutant (n = 108-120 in A,n =47-114in D,n= 37-52in F, n=104-112
in I). Data points are individual seedlings. The mean and SE are indicated. The representative line is represented
by black dots. (B, G) VGI of the homozygous T3 line of pin2, Priv:: PIN3-1-3 and pin2; Ppiv2: PIN3-2-3 (n = 46
for PIN3-1-3 and n = 51 for PIN3-2-3) in comparison to wildtype (n = 46 in B, n = 40 in G) and mutant (n =
46 in B, n =56 in G). Box plots range from 25th to 75th percentiles, whiskers mark the 5th and 95th percentiles
and the median is indicated. The mean is represented by (+). Points below and above the whiskers are drawn
as individual points. Groups were compared by one-way ANOVA followed by Tukey’s posthoc test. n.s. not
significant 0.6049, *** p-value 0.0002, **** p-value <0.0001. (C, H) Root angles between root tip and gravity
vector of the homozygous T3 line of pin2; Ppiv2: PIN3-1-3 and pin2; Ppiv2: PIN3-2-3 in comparison to wildtype
and mutant. Numbers are individual seedlings. (E, J) GFP signal of PIN3-1-3-eGFP and PIN3-2-3-eGFP
expressed from a PIN2 promoter fragment in epidermal cells of the pin2 mutant. The arrows mark the GFP
signal. Scale bar represents 20 pm. (K) Root angle of the indicated PIN or PIN chimeras expressed from a
PIN2 promoter fragment in the pin2 mutant background. Frequency distribution of the mean of individual
segregating T2 lines shown in (A, D, F, I) in comparison to wildtype (n = 54 in total) and mutant (n = 54 in
total). Each data point shows the mean of one independent line. The white dot represents the mean of the
representative line shown in (A, F). Data for PIN3 and PIN3-eGFP are shown in Figure 10 and Figure 11. The
median is indicated. The lower and upper line mark the 25th and 75th percentiles. Groups of untagged PINs
were analyzed by one-way ANOVA, followed by Dunnett’s test with pin2,; Priv2:PIN3 as control group. n.s.
not significant p-value 0.2061. *** p-value 0.0002. **** p-value <0.0001. (L) Relative [AA transport rates of
PIN3-1-3 and PIN3-2-3. PIN3-1-3 and PIN3-2-3 were expressed alone (e) or co-expressed with D6PK (0) or
PINOID (¥) in oocytes. PIN1 and PIN3 were used as controls. Data points are transport rates of (n = 2 for
PIN1 /+ D6PK /+ PINOID, n = 4 for PIN3 /+D6PK /+PINOID, n = 3 for PIN3-1-3 /+D6PK /+PINOID, n = 4
for PIN3-2-3 /+D6PK /+PINOID). Groups were analyzed by one-way ANOVA, followed by Tukey’s posthoc
test. PIN1 vs. PIN1 + D6PK n.s. not significant p-value 0.2588, PIN1 vs. PIN1 + PINOID n.s. p-value 0.3005,
PIN1 + D6PK vs. PIN1 + PINOID n.s. p-value 0.9849; PIN3-1-3 vs. PIN3-1-3 + D6PK n.s. p-value 0.2225,
PIN3-1-3 vs. PIN3-1-3 + PINOID n.s. p-value 0.1001, PIN3-1-3 + D6PK vs. PIN3-1-3 + PINOID n.s. p-value
0.8104; PIN3-2-3 vs. PIN3-2-3 + D6PK n.s. p-value 0.1454, PIN3-2-3 vs. PIN3-2-3 + PINOID *** p-value
0.0007, PIN3-2-3 + D6PK vs. PIN3-2-3 + PINOID * p-value 0.0129; PIN3 vs. PIN3 + D6PK *** p-value
0.0003, PIN3 vs. PIN3 + PINOID **** p-value <0.0001, PIN3 + D6PK vs. PIN3 + PINOID ** p-value 0.0066.
Transport data of PIN3-1-3 and PIN3-2-3 were partially collected during Master thesis (Janacek, 2017).

PIN3 rescued the pin2 phenotype less than PINI, although both localized equally apolarly and
transport [AA. In order to understand if PIN3 could be modulated towards a PIN protein that rescues
like PIN1 or PIN2 in the pin2 mutant, the impact of the PIN1 or PIN2 loop domains in the PIN3 TM
context was investigated. The root angles of independent segregating T2 seedlings of PIN3-1-3 and
PIN3-2-3 were analyzed in relation to the gravity vector (Figure 20 A, D). By comparing the means
of those T2 lines against the TM domain donor PIN3 (Figure 20 K), it was found that PIN3-1-3 fell
into the same statistical group as PIN3, but PIN3-2-3 rescued the pin2 phenotype significantly better
than PIN3. This was also reflected in the VGI of homozygous T3 seedlings. One representative line
was used to generate a homozygous T-DNA line. The VGI of PIN3-1-3 (Figure 20 B) was
significantly different from both control groups. The pin2 phenotype was rescued, but not to wildtype
levels. In contrast, the VGI of the PIN3-2-3 chimera was identical to the VGI of Col-0 (Figure 20
G). The findings from the VGI analysis were also obvious by plotting the root angle of the
homozygous T3 seedlings (Figure 20 C, H). The root angles of PIN3-1-3 seedling varied more than
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PIN3-2-3 (SD of PIN3-1-3 = 15.1 vs. SD of PIN3-2-3 = 14.0), but the root angles of both PIN
chimeras varied less than those of pin2 mutant seedlings (SD in data set of PIN3-1-3 =29.3 and SD
in data set of PIN3-2-3 =22.8).

To check the localization of the chimeras, the PINs were tagged with eGFP. The resulting segregating
T2 lines of PIN3-1-3-eGFP and PIN3-2-3-eGFP were analyzed as described. The means of the root
angles of independent segregating T2 lines showed a higher variation of the mean (SD of PIN3-1-3-
eGFP = 5.2 and SD of PIN3-2-3-eGFP = 6.7) compared to their untagged relatives (SD of PIN3-1-3
= 3.6 and SD of PIN3-2-3 = 2.9; Figure 20 K). The expression was weak, but the signal of the
transporter was found at the apical and lateral cell sides. The localization of PIN3-1-3-eGFP in
epidermal cells was similar to PIN3-eGFP. For PIN3-2-3-eGFP, the localization was slightly more
polar than PIN3-eGFP or PIN3-1-3-eGFP (Figure 12 A; Figure 20 E, F).

The PIN chimeras were tested in the oocyte efflux assay to see how the transport of PIN3 is altered
if the loop domain was exchanged against PIN1 or PIN2 (Figure 20 L). PIN1 and PIN3 were included
as controls. Both exchanges against PIN1 loop or PIN2 loop resulted in decreased IAA transport
properties. The effect was stronger for the PIN1 loop. Although the transport rates of PIN3-2-3 were
higher than PIN3-1-3, the difference between D6PK and PINOID was again detectable and
significantly different. In this data set, the PIN3 transport rate was also significantly stronger with
PINOID than with D6PK. This suggests that the kinase identity influences the PIN-mediated IAA

transport and that the role of the kinase is beyond a simple activation mechanism.

3.2.4 Protein domains of PINs work together as functional IAA transporters

One goal of this thesis was to examine the impact of the individual protein domains on the
biochemical and physiological functions of PINs. In the oocyte radiotracer transport assay the
canonical PINs showed differences in their transport behavior. The AGC kinases D6PK and PINOID
were required to activate PIN-mediated transport (Zourelidou et al., 2014). To explore the
physiological relevance of IAA transport rates in planta, the pin2 mutant phenotype was again used
as described (Luschnig et al., 1998; Abas et al., 2006). The canonical PINs and the chimeras were
expressed from a PIN2 promoter fragment and the main read out was the angle between the root tip
and the gravity vector of 5-day old seedlings. GFP-tagged variants allowed it to analyze the

localization of the transporters.
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Figure 21 — Potential of PIN chimeras to rescue the pin2 phenotype and their polarity index. (A) Root
angle of the indicated PIN or PIN chimera expressed from a PIN2 promoter fragment in the pin2 mutant
background. Frequency distribution of the mean of individual segregating T2 lines shown in Figure 10, Figure
18, Figure 19 and Figure 20 (n = 10 for PIN1, PIN1-2-1, PIN2, PIN2-1-2, PIN3, PIN3-2-3. n = 9 for PIN3-1-
3. n =8 for PIN1-3-1. n = 7 for PIN2-3-2) in comparison to wildtype (n = 84 in total) and mutant (n = 84 in
total). The black plots show the TM domain-donating PIN. In the plot, the middle line marks the median. The
lower and upper line mark the 25th and 75th percentiles. Groups were analyzed by one-way ANOVA, followed
by Dunnett’s test with pin2; Ppiv2: PIN2 as control group. n.s. not significant p-value >0.9999 (vs. PIN1-2-1)
and 0.1055 (vs. PIN2-1-2). * p-value 0.0141 (vs. PIN1) and 0.0266 (vs. PIN2-3-2). ** p-value 0.0019 (vs.
PIN1-3-1) and 0.0011 (vs. PIN3-2-3). **** p-value <0.0001. (B) Polarity index of eGFP-tagged PIN chimeras
expressed from a PIN2 promoter fragment in epidermal cells in the pin2 mutant. Mean intensities of ROIs at
the apical and the lateral side of the cells were used to calculate the ratios. Data points show individual cells (n
= 24 per genotype). TM domain-donating PINs (gray points) are included for comparison with PIN chimeras
(black points) and are shown in Figure 10. Box plots ranges from 25th to 75th percentiles, whiskers mark the
minimum and maximum values and the median is indicated. The mean is indicated by (+). Groups were
analyzed by a one-way ANOVA, followed by Dunnett’s posthoc test with PIN1-eGFP as control group. n.s.
not significant p-value 0.9994 (vs. PIN3), 0.0803 (vs. PIN2-3-2), 0.9204 (vs. PIN1-3-1), 0.9997 (vs. PIN3-1-
3), * p-value 0.0200, **** p-value <0.0001.

The differences between the respective PINs were visible in the T2 generation. The individual lines
of each genotype are shown in more detail in Figure 10, Figure 18, Figure 19 and Figure 20.

The frequency distribution of all lines analyzed in the gravitropism assay allowed it to make the
following observations (Figure 21 A): PIN1 and PIN3 rescued the pin2 phenotype partially with
increased gravitropic growth by PIN1 than PIN3. Addition of the PIN2 loop domain in the PIN1 or
PIN3 TM context improved the degree of rescue by PIN1-2-1 and PIN3-2-3. PIN1-2-1 even was
indistinguishable from PIN2 in this assay. In contrast, when provided with a PIN3 loop, PIN1-3-1
and PIN2-3-2 showed reduced ability to rescue the phenotype compared to the TM donors. The
impact of the PIN1 loop was smaller than that of the PIN3 loop. The degree of rescue decreased
slightly for PIN2-1-2 but increased for PIN3-1-3 compared to the wildtype versions of PIN2 and
PIN3, respectively. Particularly in the cases of PIN2 and PIN3, the gradual change of the potential
to rescue the mutant phenotype was obvious. In the case of PIN2, PIN2-1-2 and PIN2-3-2, the
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potential to rescue the mutant phenotype was decreased. Conversely, in the case of PIN3, the
potential to rescue the mutant phenotype was increased for PIN3-1-3 and PIN3-2-3.

The polarity index of respective PINs in epidermal root cells was lower for PIN1 and PIN3 than that
of PIN2 (Figure 21 B). In PIN1-2-1 and PIN3-2-3, the polarity index increased compared to the
wildtype versions, indicating that the PIN2 loop provides a signal that leads to a more polar
localization.

Conversely the PIN3 loop decreased polarity of PIN1-3-1 and PIN2-3-2 compared to the wildtype
versions, indicating that the PIN3 loop does not carry the same information as the PIN2 loop.

The impact of the PIN1 loop is not clear. PIN3-1-3 localized as apolar as the wildtype versions and
it was not able to find a functional PIN2-1-2-eGFP.

Taken together, PIN1 and PIN2 are similar in terms of transport rates in oocytes. The gravitropism
assay showed that PIN1 and combinations of PIN1 and PIN2 almost rescue the pin2 phenotype to
wildtype levels. This indicates that besides their phylogenetic relation, PIN1 and PIN2 share
characteristics in terms of transport properties and phylogenetic behavior.

PIN3 displayed the highest transport rates in the oocyte assay but could rescue the root phenotype
only partially. Introduction of PIN1 or PIN2 loop, improved the potential to complement the mutant.
While the polarity index of chimeras with a PIN2 loop increased, this was not the case when the
PIN1 loop was introduced in the PIN3 TM context. This suggests that in addition to polar localization

also the transport rate impacts the degree to which the mutant phenotype can be complemented.

72



A 90

70

w
o

-
o

Root bending angle (°)

_70L. "8 Col-0 i
P, PIN1-2-1 L
— P, /PIN2-1-2 B
-90-e-pin2 . |
0 4 8 ' 16
t(h)
o Col0

(6)]
(9}

15

Root bending angle (°) ()
W
N

¥+ Py PINT-2-1
Fa P PIN2-1-2
—-o—

PIN2

PIN2

pin2

Vil

dekk

Results

T

B0

70
50

30

Root be'nding angle
S

-30
50 N
: e
o Col0 P F o —
O P, PN232  F R g
~ P, PIN3-2-3 :
-90p - P in2 1 1 ] 1
0 4 8 16
t(h)
D [T Coro
= 55> P PING23 ﬁ
ko)
2 A
©
S 35
£
> ___§
315 T
3 —e
C et W T T
P NN NAYT T
0 4 8 T

t (h)

Figure 22 — Response of PIN chimeras to a gravitropic stimulus. Root bending kinetics of pin2; Ppiv2: PINI-
2-1 (A, O), pin2;Ppinv2:PIN2-1-2 (A, C), pin2;Ppi2:PIN2-3-2 (B, D) and pin2;Ppmv2:PIN3-2-3 (B, D) in
comparison to wildtype and mutant on plant medium containing 1 % sucrose (A, B) or not (C, D). PIN2-1-2,
PIN2-3-2 and PIN3-2-3 showed a delayed response to the gravitropic stimulus, but reached wildtype-levels
after 16 h. The pin2 mutant bent against the gravity vector on medium containing sugar (A, B) and did not
react to the stimulus on medium without sugar (C, D). Data points are mean and SE of 3 replicates with 18-20
roots per genotype. Groups were compared by one-way ANOVA, followed by Dunnett posthoc test with Col-

0 as control group. Significant differences are indicated by

(2331}

. n.s. not significant p-value > 0.05, * p-value

0.01 to 0.05, ** p-value 0.001 to 0.01, *** p-value 0.0001 to 0.001, **** p-value < 0.0001
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The described differences between the PIN chimeras were observed in a state of constant auxin flow
from the shoot towards the root tip through the vasculature. By applying a gravitropic stimulus, a
time-dependent component could be added to the system. In order to test if the gradual differences
between the PIN chimeras and the wildtype versions were also relevant for the reaction to this
gravitropic stimulus, 5-day old seedlings were transferred on plates containing either 1 % sucrose
(Figure 22 A, B) or neither sucrose nor vitamins (Figure 22 C, D). The plates were turned by 90 °©
(Figure 22). The results for the controls and the wildtype PINs can be compared to Figure 14.
Consistent with the results obtained for gravitropic growth, PIN1-2-1 reacted to the gravitropic
stimulus indistinguishably from Col-0. PIN2-1-2 bent slower (2+1°xh") compared to Col-0
(7 £1°xh") in the first 4 h, but reached the same levels after 10 h (Figure 22 A). The bending rate
of PIN2-1-2 between 4 and 9 h (8 +2 ° x h'") was increased in comparison to Col-0 (5+2°xh™)
and PIN1-2-1 (6 £ 1 ° x h™). On plates without sucrose and vitamins, root bending was reduced for
all genotypes (Figure 22 C). During the first 3 h, PIN1-2-1 was comparable to Col-0 (4 =1 ° x h™"),
but then the bending rate of Col-0 increased. Root bending of PIN2-1-2 was similar to Col-0 and
PIN1-2-1 for the first 4 h, then bending slowed down but reached the same levels as PIN1-2-1 after
10 h. The differences described were not significantly different from Col-0.

In the gravitropic growth assay, PIN2-3-2 and PIN3-2-3 rescued the pin2 phenotype to the same
level. Consistently, their reaction to the gravitropic stimulus was similar. On plates containing
sucrose, PIN3-2-3 bent slightly faster compared to PIN2-3-2, but not as fast as PIN1-2-1 did (Figure
22 B). The bending rates of 5-7 + 1 © x h™' were indistinguishable within the first 3 h for Col-0, PIN2-
3-2 and PIN3-2-3. Although bending rates increased after 3 h for Col-0 and PIN3-2-3, the bending
rate of PIN2-3-2 stayed lower for an additional hour. The root bending rates of the genotypes
indicated were constant between 4 and 10 h (5-6 = 1 ° x h™"). Interestingly, the differences between
the genotypes were more pronounced on plates without sugar and vitamins (Figure 22 D). After 2 h,
the bending rate of Col-0 increased for 2 h and flattened again, whereas the rate for PIN3-2-3 was
constant until both genotypes reached the same bending angle after 6 h. The bending rate of PIN2-
3-2 was initially slower (4 + 1 ° x h™") compared to Col-0 (9 + 1 ° x h™") within the first 6 h and the
root angle did not reach the wildtype level after 16 h. On plates without sucrose and vitamins, the
bending rate of all genotypes (except the pin2 mutant that did not bend at all) decreased after 6 h,

whereas on plates containing sugar, the bending rates were relatively constant.
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Figure 23 — IAA levels of PIN chimeras in the root tip. Ratio of mDII to DII signal in epidermis (Ep) and
cortex (Co) for pin2;Ppn2:PINI-2-1 (A), pin2;Ppi::PIN3-2-3 (B), pin2;Ppi::PIN2-1-2 (C) and
pin2; Ppiv2: PIN2-3-2 (D). First five epidermal cells after anticlinal division of the epidermal/LRC initial cell
(Q) and five cells at the transition zone as specified by cell elongation (T) were measured for individual roots
(n = 15-30 for epidermis and n = 15-25 for cortex). Cells analyzed are indicated by white lines. Pictures show
overlay of DII (green) and mDII (red) signal. Scale bar represents 40 pm. Box plots show the 25th and 75th
percentiles, whiskers mark the minimum and maximum values. The line in the box represents the median.
Whole data set analyzed by one-way ANOVA, followed by Tukey’s posthoc test (PIN1-2-1: ** p-value 0.0077,
n.s. not significant p-value 0.9991. PIN3-2-3: **** p-value <0.0001, n.s. p-value 0.4814. PIN2-1-2: **** p-
value <0.0001, n.s. p-value 0.4792. PIN2-3-2: n.s. p-value >0.9999 (Ep), n.s. p-value 0.1736 (Co)).

The PIN chimeras were different in their ability to rescue the pin2 phenotype, as well as in their
reaction to a gravitropic stimulus. The auxin sensor R2D2 was used to identify if differences in the
auxin levels of epidermis and cortex could give an explanation (Figure 23).

Five epidermal cells, resp. cortical cells, after anticlinal division of the epidermal/LRC initial cell
(Q) and five cells at the transition zone as specified by cell elongation (T) were measured for
individual roots. The findings for the wildtype and mutant situation, as well as the ancestor PINs,
were shown and described in Figure 12 B-F.

The R2/D2 ratio in the epidermis at the meristematic position Q was around 1 and therefore in the
same range for PIN1-2-1, PIN3-2-3 and PIN2-1-2. This was comparable to Col-0 and PIN1 (Figure
23 B, D). The ratio was slightly increased for PIN2-3-2 to similar levels as in pin2, pin2; Ppin:: PIN2
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and pin2; Ppv2:PIN3 roots (Figure 23 C, E, F). The ratio of cells at the transition zone (T) was
significantly increased for PIN1-2-1, PIN3-2-3 and PIN2-1-2. This was similar to Col-0 and PIN2.
The auxin levels in the epidermis of pin2; Pp::PIN3-2-3 roots increased stronger compared to all
other genotypes. There was no change between the R2/D2 ratio of Q and T in pin2, Ppp:: PIN2-3-2
roots in the epidermis. This was similar to pin2, pin2;Pp2:PINI and pin2;Pp2: PIN3 toots.

The auxin levels in the cortex were not significantly different for any PIN chimeras between the two
positions in the root, as it was found for Col-0, PIN1, PIN2 and PIN3. The overall R2/D2 levels in
the cortex were low and in the similar range as Col-0, PIN1 and PIN3.

The chimeras PIN1-2-1, PIN3-2-3 and PIN2-1-2 had the same tendency as Col-0 and PIN2 with a
significant increase of auxin levels over root length in the epidermis and no change in the cortex.
Only the PIN2-3-2 chimera showed no difference in the epidermis and the cortex, comparable to

PIN1 and PIN3 roots.

3.2.5 TM domain parts of PIN2 and PIN3 can be swapped

The transport studies of PIN2 and PIN3 showed that the two transporters differed by a factor of 7 in
their IAA transport rates (PIN2 + PINOID = 3.0 +0.6 % x min' vs. PIN3 + PINOID =
20.8 0.6 % x min™', Table 8). The potential to rescue the pin2 phenotype was relatively low for
PIN3 and could be increased by exchanging the loop domain of PIN3 against the PIN2 loop domain
(Figure 21). Inversely, by bringing the PIN3 loop in the PIN2 TM domain context, the potential to
rescue the phenotype was reduced. Both chimeras, PIN2-3-2 and PIN3-2-3, showed a significant
dependency on the activating kinase. To better understand the influence of individual protein
domains, additional chimeras between PIN2 and PIN3 were generated. Either the first 5 TM helices
M1-MS5 or the second 5 TM helices M6-M10 of PIN2 and PIN3 were exchanged against each other.
This created the PIN chimeras PIN2-2-3, PIN2-3-3, PIN3-2-2 and PIN3-3-2.
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Figure 24 — Potential of triple PIN chimeras to rescue the pin2 phenotype and their IAA transport
properties. PIN2-2-3 (A-C), PIN2-3-3 (D-F), PIN3-2-2 (G-I) and PIN3-3-2 (J-L) were expressed from a PIN2
promoter fragment in the pin2 mutant. (A, D, G, J) Root angle of independent segregating T2 lines (n =9 in
A,n=10in D, n = 10 in G, n = 8 in J) between root tip and gravity vector of pin2,; Ppm2:PIN2-2-3,
pin2;Ppin2:PIN2-3-3, pin2; Ppin2: PIN3-2-2 and pin2; Ppiv2: PIN3-3-2 (n = 108-118 for PIN2-2-3, n = 92-105 for
PIN2-3-3, n = 93-120 for PIN3-2-2, n = 93-119 for PIN3-3-2) in comparison to wildtype (n = 89-120 in A, n
=96-110in D, n=105-116 in G, n=91-115 in J) and mutant (n = 86-108 in A, n = 53-89 in D, n = 93-106 in
G, n = 82-116 in J). Data points are individual seedlings. The mean and SE are indicated. The representative
line is shown by black dots. (B, E, H, K) VGI of the representative homozygous T3 line of pin2; Ppv2: PIN2-
2-3, pin2; Ppin2: PIN2-3-3, pin2; Ppiv2: PIN3-2-2 and pin2; Ppivz2: PIN3-3-2 (n = 45 for PIN2-2-3, n =57 for PIN2-
3-3, n =155 for PIN3-2-2, n = 50 PIN3-3-2) in comparison to wildtype (n=42inB,n=35inE,n=41linH,n
=28 in K) and mutant (n =44 in B, n =54 in E, n =43 in H, n = 48 in K). Box plots range from 25th to 75th
percentiles, whiskers mark the 5th and 95th percentiles and median is indicated. Points below and above the
whiskers are drawn as individual points. The mean is indicated by (+). Groups were compared by one-way
ANOVA followed by Tukey’s posthoc test. n.s. not significant p-value 0.9221 (PIN2-2-3), 0.0511 (PIN2-3-3),
0.7531 (PIN3-2-2) and 0.9953 (PIN3-3-2), **** p-value <0.0001. (C, F, I, L) Root angles between root tip and
gravity vector of the homozygous T3 line of pin2; Priv2: PIN2-2-3, pin2; Ppiv2: PIN2-3-3, pin2; Ppivz2: PIN3-2-2
and pin2; Ppiv2: PIN3-3-2 in comparison to wildtype and mutant. Numbers are individual seedlings. (M) Root
angle of the indicated PIN or PIN chimeras expressed from a PIN2 promoter fragment in the pin2 mutant
background. Frequency distribution of the mean of individual segregating T2 lines shown in (A, D, G, J) in
comparison to wildtype (n = 57 in total) and mutant (n = 57 in total). Each data point shows the mean of one
independent line. The white dot represents the mean of the representative line of each genotype. Domain-
donating PIN2 and PIN3 are included for comparison with PIN chimeras and are shown in Figure 10. The line
in the plot marks the median. The lower and upper lines mark the 25th and 75th percentiles. Groups were
analyzed by one-way ANOVA, followed by Dunnett’s test with Peiv2:PIN2 as control group. n.s. not significant
p-value >0.9999 (vs. PIN2-2-3) and 0.1091 (vs. PIN2-3-3) and 0.9974 (vs. PIN3-3-2). **** p-value <0.0001.
(N) Relative IAA transport rates for indicated PIN chimeras in comparison to PIN3. All PINs were expressed
in Xenopus oocytes either alone (@) or co-expressed with D6PK (O) or PINOID ('¥). Data points show transport
rates (n = 3 for all PINs). Mean and SE are indicated. Groups (PIN vs. PIN + D6PK vs. PIN + PINOID) were
analyzed by one-way ANOVA, followed by Tukey’s posthoc test (n.s. not significant. PIN2-2-3 vs. PIN2-2-3
+ D6PK p-value 0.3855, PIN2-2-3 vs. PIN2-2-3 + PINOID p-value 0.5055, PIN2-2-3 + D6PK vs. PIN2-2-3 +
PINOID p-value 0.9666; PIN3-2-2 vs. PIN3-2-2 + D6PK p-value 0.7349, PIN3-2-2 vs. PIN3-2-2 + PINOID
p-value 0.8569, PIN3-2-2 + D6PK vs. PIN3-2-2 + PINOID p-value 0.9711; PIN2-3-3 vs. PIN2-3-3 + D6PK
p-value 0.1480, * PIN2-3-3 vs. PIN2-3-3 + PINOID p-value 0.0263, PIN2-3-3 + D6PK vs. PIN2-3-3 + PINOID
p-value 0.4009; ** PIN3-3-2 vs. PIN3-3-2 + D6PK p-value 0.0045, ** PIN3-3-2 vs. PIN3-3-2 + PINOID p-
value 0.0034, PIN3-3-2 + D6PK vs. PIN3-3-2 + PINOID p-value 0.9480).

These chimeras were expressed from a PIN2 promoter fragment in the pin2 mutant and scored
analogously to all other tested PINs and PIN chimeras (Figure 24 A, D, G, J). For better comparison,
the results were plotted in comparison to wildtype PIN2 and PIN3 (Figure 24 M). All four PIN
chimeras rescued the mutant to the same levels as PIN2 (data shown in Figure 10). One representative
T2 line was used to generate a homozygous T3 line. The VGI of each genotype was compared to
Col-0 and the pin2 mutant (Figure 24 B, E, H, K). All four PIN chimeras were indistinguishable from
Col-0. This was also illustrated by the root angles of the homozygous seedlings (Figure 24 C, F, I,
L).

To see whether the kinase preference of the PIN2-3-2 and PIN3-2-3 chimeras could be resolved in
the triple chimeras, they were tested in the oocyte assay at [IAAl]in = 1 pM. The triple chimeras
consisting of two thirds PIN2 did not transport IAA or were outside of the detection limit of the assay,
indicating that by replacing one PIN2 domain the chimeras lost their ability to be activated by a

kinase or the chimera was not able to form a functional transporter unit. By exchanging the first five
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helices of PIN3 against PIN2, the transport rates were drastically reduced. This was not the case if
the helices M6-M 10 were exchanged, suggesting a more important role of the helices M1-MS5 for the
transporter’s speed. The transport rates of PIN3-3-2 were still as high as for PIN3. Interestingly, the
increased activation upon PINOID co-expression was visible in the PIN2-3-3 chimera, but absent in

the PIN3-3-2 chimera.
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Figure 25 — IAA transport properties of mutated PIN variants. (A) Amino acid swap between PIN2 and
PIN3 in the loop domain between TM helix M3 and M4a (red dot). Amino acids 93-95 of PIN3 (TRS) were
exchanged with amino acids 93-95 of PIN2 (SRR) to create PIN3*. The same positions were exchanged in
PIN2-3-3 to create PIN2*-3-3. (B) Relative IAA export rates of PIN3* and PIN2*-3-3 in comparison to PIN3
and PIN2-3-3. All PINs were expressed in Xenopus oocytes either alone or co-expressed with D6PK or
PINOID. Data points show transport rates (n = 2 for PIN3* /+ D6PK /+ PINOID, n = 3 for PIN3 /+ D6PK /+
PINOID, PIN2-3-3 /+ D6PK /+ PINOID and PIN2*-3-3 /+ D6PK /+ PINOID). Mean and SE are indicated.
Groups (PIN vs. PIN + D6PK vs. PIN + PINOID) were analyzed by one-way ANOVA, followed by Tukey’s
posthoc test. PIN3 vs. PIN3 + D6PK *** p-value 0.0010, PIN3 vs. PIN3 + PINOID ** p-value 0.0011, PIN3
+ D6PK vs. PIN3 + PINOID n.s. not significant p-value 0.9930. PIN3* vs. PIN3* + D6PK *** p-value 0.0002,
PIN3* vs. PIN3* + PINOID **** p-value <0.0001, PIN3* + D6PK vs. PIN3* + PINOID ** p-value 0.0013.
PIN2-3-3 vs. PIN2-3-3 + D6PK n.s. p-value 0.5012, PIN2-3-3 vs. PIN2-3-3 + PINOID n.s. p-value 0.1321,
PIN2-3-3 + D6PK vs. PIN2-3-3 + PINOID n.s. p-value 0.5433. PIN2*-3-3 vs. PIN2*-3-3 + D6PK n.s. p-value
0.3773, PIN2*-3-3 vs. PIN2*-3-3 + PINOID n.s. p-value 0.3448, PIN2*-3-3 + D6PK vs. PIN2*-3-3 + PINOID
n.s. p-value 0.9967. (C) Point mutations of S293 and S294 in the loop domain of PIN3 (red dots). Phospho-
dead (StoA) or phospho-mimick (StoD) variants were tested for their IAA transport properties. (D)
Representative time-course experiment for PIN3, PIN3-S294A, PIN3-S293A-S294A and PIN3-S293D-
S294D. PINs were expressed alone (black symbols) or co-expressed with PINOID (white symbols) in oocytes.
Time points are mean and SE of n = 8-10 oocytes.

In order to see if the decrease in transport rates between PIN3 and PIN2-3-3 could be broken down
to specific amino acid positions, the sequences of the first five helices were compared. An interesting
amino acid in the short loop between helix M3 and M4a was identified (Figure 25 A). At position 95
in PIN2, the positively charged amino acid Arg is found and the uncharged polar amino acid Ser in
PIN3. A sequence alignment with all PINs from Arabidopsis revealed that this position is not
conserved in any PIN (Ung et al., 2022). Because the amino acid is accessible for the kinases and
might be necessary for PIN-kinase interaction, the positions 93-95 (TRS vs. SRR) were exchanged
against each other as indicated in PIN3 and PIN2-3-3, creating the point mutations PIN3* and PIN2*-
3-3. The mutated PIN variants were tested in the oocyte transport assay.

In this data set, PIN3 showed strong transport activation by D6PK or PINOID as expected, but the
kinase preference for PINOID that was reported before, was not visible in the three replicates (Figure
25 B, Figure 7 H). The PIN3* mutant transported IAA upon co-expression of D6PK or PINOID and
showed a significantly higher transport rate with PINOID compared to D6PK. Overall, the transport
rates of PIN3 and PIN3* were comparable, suggesting that the amino acid exchange did not alter the
transporter’s activity.

The PIN2-3-3 chimera showed a moderate transport activation with co-expressed D6PK or PINOID.
The transport rates were higher with PINOID than with D6PK. By mutating the indicated positions
to TRS (from SRR) in PIN2*-3-3, only the activation by PINOID was reduced to the same levels as
the activation by D6PK. The D6PK-mediated activation was not altered.

Personal communication by Dr. Ive de Smet (Ghent University/VIB, Belgium) and the phospho-
proteomics screen (Figure 9 F) suggested the positions Ser293 and Ser294 in the loop domain of
PIN3 as potentially interesting phosphorylation sites. Phospho-dead variants PIN3-S294A and PIN3-
S293A-S294A, as well as the phospho-mimicking variant PIN3-S293D-S294D were created. All

PIN3 variants were tested in the oocyte assay with respect to their transport properties upon co-

80



Results

expression of PINOID (Figure 25 C, D). They were identical to PIN3 without mutations, with [AA
transport rates of 0.1-1.0 % x min™' for PIN without kinase and 3.9 % x min™' for PIN + PINOID,

suggesting that S293 and S294 were no important phospho-sites for the transporter’s activity.

3.2.6 Adoption of canonical PIN features by providing a canonical loop domain to
the noncanonical PIN8

Noncanonical PINs can be provided with cell-biological features of canonical PINs by inserting the
loop domain of a canonical PIN into the TM domain context of noncanonical PINs, as shown for
PINS (Ganguly et al., 2014). PINS is closer related to canonical PINs from an evolutionary point
(Bennett et al., 2014) and Martina Kolb (TUM) created PIN chimeras of PIN8, PIN2 and PIN3 (Kolb,
2015). She inserted the PIN2 or the PIN3 loop into the short amino acid stretch that connects TM
helices M5 and M6 of PINS. Transport studies in Xenopus oocytes revealed PINS as a constitutively
active IAA transporter (Ung et al., 2022). PIN8-mediated transport is insensitive to kinase co-
expression. The PIN8 chimeras became kinase-sensitive by providing the PIN2 or PIN3 loop domain.
The PIN2 loop could not block the constitutive transport component of PIN8 and co-expression of
D6PK did not further activate the transporter, but the transport rate was increased upon co-expression
of PINOID. The PIN8-3-8 chimera did not transport IAA without kinase and transport was activated
by D6PK or PINOID. In order to investigate if the insertion of the PIN1 loop blocks the intrinsic
PINS transport component and if the transporter becomes kinase-regulatable by D6PK, the PIN8-1-

8 chimera was included. The transport data are published in Janacek et al., 2023, under review.
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Figure 26 — IAA transport properties and ability to rescue the pin2 phenotype and localization of PINS8
and the chimeras. (A) PIN3 (circles) alone or with PINOID and PINS (triangles) were expressed in oocytes.
TAA efflux properties were tested at pH 7.4 for PIN3 and at pH 7.4 and 5.5 for PIN8. Uncoupler CCCP was
tested on PIN8-mediated efflux at pH 5.5. The IAA content after 15 min was compared to the initial IAA
content by unpaired two-tailed t-test (PIN3: n.s. not significant p-value >0.9999, **** p-yalue <0.0001. PINS:
** p-value 0.0049, **** p-value <0.0001). Each data point is one oocyte (n = 9-10). Box plots range from 25th
to 75th percentiles, whiskers mark the minimum and maximum values and the median is indicated. The mean
is indicated by (+). (B) PIN3 (circles), PIN8-2-8 (triangles) and PIN8-3-8 (squares) alone (-) or with PINOID
(+) were expressed in oocytes. Oocytes were injected with radioactive TAA (white symbols) or radioactive [AA
+ NPA (black symbols). The IAA content after 15 min of PIN3 was set to 100 % and the IAA content of the
indicated samples at the endpoint of the experiment were compared to this. Data points resemble individual
oocytes (n = 7-10). Box plots ranges from 25th to 75th percentiles, whiskers mark the minimum and maximum
values and the median is indicated. The mean is indicated by (+). Each PIN group (PIN3, PINS§-2-8, PIN8-3-
8) was compared by one-way ANOVA followed by Tukey’s posthoc test. Statistical groups are indicated by
letters. (C) Transport rates as function of [[AA]in. Data are mean and SE of n = 2. (D) Root angle of independent
segregating T2 lines (n = 8) between root tip and gravity vector of pin2; Priv2:PINS-1-8 (n = 76-116) in
comparison to wildtype (n =89-103) and mutant (n =41-103). Data points are individual seedlings. The mean
and SE are indicated. (E) VGI of the homozygous T3 line of pin2, Prm::PINS, pin2;Ppm2:PINS-2-8, and
pin2; Ppiv2: PINS-3-8 (n = 46 for PINS, n = 55 for PINS8-2-8, n = 48 for PIN8-3-8) in comparison to wildtype (n
= 53 for PINS8, n = 22 for PIN8-2-8, n = 49 for PIN8-3-8) and mutant (n = 43 for PINS§, n = 33 for PIN§-2-8, n
= 47 for PIN8-3-8). Box plots range from 25th to 75th percentiles, whiskers mark the 5th and 95th percentiles
and the median is indicated. Points below and above the whiskers are drawn as individual points. The mean is
indicated by (+). Groups were compared by one-way ANOVA followed by Tukey’s posthoc test. n.s. not
significant p-value 0.8804 (PIN8-2-8), 0.9751 (PIN8-3-8), * p-value 0.0225, **** p-value <0.0001. (F)
Polarity index of eGFP-tagged PINS-2-8, PIN§-3-8 expressed from a PIN2 promoter fragment in epidermal
cells in the pin2 mutant. Loop domain donors PIN2 and PIN3 were included for comparison as presented in
Figure 12. Mean intensities of ROIs at the apical and the lateral side of the cells were used to calculate the
ratios. The arrows mark GFP signal. Scale bar represents 20 um. Box plots range from 25th to 75th percentiles,
whiskers mark the minimum and maximum values and the median is indicated. Groups were compared by a
one-way ANOVA, followed by Tukey’s posthoc test. **** p-value <0.0001, n.s. not significant p-value 0.9749
(PIN8-2-8 vs. PIN3), 0.9953 (PIN8-2-8 vs. PIN8-3-8), 0.9978 (PIN8-3-8 vs. PIN3). n = 24 cells per genotype.
(G-I) Root angles between root tip and gravity vector of the representative homozygous T3 line of
pin2;Ppiv2: PINS, pin2;Ppiv2: PINS-2-8 and pin2;Ppiv2:PINS-3-8 in comparison to wildtype and mutant.
Numbers are individual seedlings.

In order to see if PIN8-mediated IAA transport shows indications for a proton-coupled mechanism,
the oocyte transport assay was performed at pH 7.4 and pH 5.5 (Figure 26 A). If the transport
mechanism was dependent on protons, the transport rate should increase at lower pH values and
decrease if the proton gradient over the membrane is reduced. Upon co-expression of PINOID, in
oocytes expressing PIN3 the TA A content was reduced to 33 % of the initial IA A content after 15 min.
PIN8-expressing oocytes contained 66 % of initial IAA at pH 7.4 and 74 % at pH 5.5. To dissipate
the proton gradient across the membrane, the decoupler CCCP was co-injected with IAA at a pHgx:
of 5.5. After 15 min, 87 % of the initial IAA content were present in PIN§-expressing oocytes at pH
5.5. For all conditions, the IAA content after 15 min was significantly reduced compared to the initial
content, suggesting that the transport mechanism is independent of the proton gradient as transport
driving force.

The transport studies conducted by Martina Kolb (Kolb, 2015) suggested that the PIN8-2-8 chimera,
like PINS, transports IAA constitutively. PIN8-3-8, however, did not show this property. Therefore,
the effect of the auxin transport inhibitor NPA (Abas et al., 2021) was tested on PIN8-2-8 and PINS-
3-8 mediated IAA transport (Figure 26 B).
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IAA levels at the end of the experiment were presented relative to the IAA content of PIN3 at the
end of the 15 min experiment. The data showed that PIN8-2-8, like PIN8 exhibited constitutive NPA-
sensitive IAA transport. Expression of PIN3 + PINOID reduced the initial IAA content to 33 %.
What looked like an increased IAA content in Figure 26 B was a methodological artefact (see Chapter
2.3.1). PIN8-2-8 showed constitutively active transport after 15 min with an IAA content of 61 %,
that was increased by PINOID co-expression and resulted in an IAA content of 38 %. Co-injection
of TAA and NPA into PIN8-2-8 and PIN8-2-8 + PINOID expressing oocytes shut down the IAA
transport. By providing the PIN3 loop, PIN8-3-8 lost its active transport component. Co-expression
of PINOID was needed to activate the IAA transport. After 15 min, 67 % of the initial [AA content
were detectable. The injection of NPA blocked the PIN8-3-8-mediated transport completely. The data
indicated that all PIN8 chimeras behave like wildtype PIN8 in terms of transport inhibition by NPA
and that the NPA binding site lays within the TM domains, what was proven by the cryo-EM structure
of PINS (Ung et al., 2022).

PINS is, besides PIN6, one of the two PIN from Arabidopsis that shows constitutive transport. The
kinetic studies performed on SSM.SURFER revealed that PIN8-mediated transport can be described
by a Michaelis-Menten equation with Ky, =356 £ 136 uM and Kq = 39.9 + 14.9 uM in presence of
NPA with PINS reconstituted in liposomes (Ung et al., 2022).

The SURFER data are problematic because the limit of detection falls in the range of the
physiological IAA concentrations. The oocyte transport assay can be used at low concentration with
higher sensitivity compared to the SURFER. PIN§-mediated [AA transport was tested as a function
of TAA concentration in a concentration range between 0.1-10 uM IAA. PIN8-mediated TAA
transport showed a linear relationship to the IAA concentration with a transport rate of
10.6 + 0.3 fmoles x min™' x oocyte™ (Figure 26 C). This was three times faster as PIN1 + D6PK
(3.1 £0.1 fmoles x min" x oocyte™) and twice as fast as PIN1 + PINOID (5.4 + 0.8 fmoles x min-

"' x oocyte™), see Table 8.

In order to analyze if the relationship between transport rate and [AA concentration is linear or within
the apparently linear range of a Michaelis-Menten kinetic, the defaults settings of GraphPad Prism
to compare both models statistically were used. It was found that the preferred model for PIN8 was
indeed the Michaelis-Menten equation with a K, of 48.9 uM and a 95 % confidence interval from
28.4 to 134.5 uM. This fitted well with the K4 value of PINS in liposomes established later in Ung
et al. The preferred model for PIN3 + D6PK was also the Michaelis-Menten equation with a Ky, of
143.3 uM, three times lower than the K., of PINS for [AA, but rather low confidence. Interestingly
this value is in good agreement with the K4 of PIN3 = 160.4 uM observed in a recent study (Su et
al., 2022). For the other combinations of PIN1, PIN2 and PIN3 with D6PK or PINOID, the

comparison revealed a linear correlation as preferred model, which is likely due to the much lower
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transport rates of these transporters compared to PIN3 and/or larger variability of the underlying data,
as co-expression of PINOID reduced the affinity of PIN3 towards IAA further and increased the
transport rate. This suggests that the affinity for IAA in canonical PINs can be modulated by the

activating kinase, most likely by interaction with the loop domain.

In experiments performed at [IAAl]in = 1 uM, PIN8-2-8 + PINOID showed similar transport
properties to PIN3 + PINOID. PIN8-2-8-mediated IAA transport was tested as a function of IAA
concentration in a concentration range between 0.1-10 uM. Like the domain donors PINS and PIN2,
transport of PIN8-2-8 + PINOID showed a linear relationship to the IAA concentration, but no Kp,
value could be fitted. The transport rate was 21.6 + 1.4 fmoles x min™' x oocyte™ and therefore as
high as PIN3 + PINOID. This suggests that providing a noncanonical PIN with a canonical PIN loop
domain transfers canonical transport characteristics, like the regulation by kinases and the different
kinetic properties of the transporter.

In order to check the potential of the PIN8-1-8 chimera to complement, it was expressed from a PIN2
promoter fragment in the pin2 mutant. As described before, the root angle between the root tip and
the gravity vector was used as read-out (Figure 26 D). None of the lines investigated rescued the
agravitropic root of the pin2 mutant. One representative T2 line of PIN8, PIN8-2-8 and PINS§-3-8
generated by Martina Kolb was used to establish homozygous T3 lines. The VGI of pin2; Ppi:: PINS
seedlings was significantly increased compared to the pin2 mutant, but did not reach wildtype levels
(Figure 26 E). In this data set, the VGI of the pin2 mutant was relatively high. The VGIs of
pin2;Ppin::PINS-2-8 and pin2; Ppiv::PINS-3-8 were comparable to pin2; Pp::PINS seedlings. By
analyzing the root angle of the homozygous seedlings, it became also clear that the three PINs did
not reduce the pin2 mutants’ variability of the root angle (Figure 26 G, H, I). The eGFP-tagged PINS-
2-8-eGFP and PIN§-3-8-eGFP chimeras localized non-polarly. The signal was solely detected at the
apical and lateral side of the PM and not in internal membranes. This suggests that the positional
information for the PIN to localize at the PM was provided by the canonical PIN loop domains.
Martina Kolb and me could not succeed in generating pin2, Ppv:: PINS-eGF P transformant lines.
The analyses of canonical PIN chimeras in the biochemical transport assay and in the physiological
root assay showed that the characteristics of the loop domain go beyond the idea of a regulatory
switch and localization navigator of PINs. It became obvious that the PIN TM domains and the loop
domain mediate the IAA transport together and should not be interpreted separately from each other.
Although, the non-canonical PIN8 could be equipped with canonical PIN features (transport
properties and localization) by providing a loop domain, the biochemical properties were not

sufficient to give physiological relevance.
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The results presented here showed that the transport characteristics of PINs are neither solely
embedded in the TM domains nor in the loop domain. The protein domains are very likely to interact

with each other.

3.3 Impact of AGC kinases on PIN-mediated transport

AGCVIII kinases from Arabidopsis thaliana are important in plant developmental processes,
because they directly impact PIN-mediated IAA transport. The phenotypes of some family members,
like D6PK and PINOID, resemble the pin/ mutant phenotype, so it was hypothesized and
successfully shown that the kinases act in the same pathway as the PINs (Gélweiler et al., 1998;
Zourelidou et al., 2014). The phosphorylation of PINs by AGCVIII kinases is necessary to activate
the transport. Although the impact of some members on PINs and their cell-biological features have
been extensively studied, not all kinases are able to activate PIN-mediated transport to the same level
(Zourelidou et al., 2014; Marhava et al., 2018). The reasons are not yet clear and further
investigations are needed. The impact of kinases on PIN-mediated IAA transport can conveniently
be studied in the reductionist oocyte transport assay. Several kinases from the AGCVIII family or the
MAP kinase family and potential regulators of kinases were tested upon their impact on PIN1, PIN2
and PIN3.

3.3.1 D6PK-LIKE1, D6PK-LIKE2 and D6PK-LIKE3

r
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D6PK-LIKE1, D6PK-LIKE2 and D6PK-LIKE3 are closely related to the intensively studied AGC1
kinase D6PK. They act most likely redundantly in planta and higher-order mutants of D6PK and
D6PK-LIKEs are required to generate Arabidopsis mutants with pronounced phenotypes (Zourelidou
et al., 2009). Especially D6PK-LIKET1 is present in the whole plant body compared to all AGCI
kinases, followed by D6PK-LIKE2 (Mergner et al., 2020). In order to test the effect of the D6PK-
LIKEs on PIN-mediated transport, D6PK and the three DOPK-LIKESs were tested on PIN1, PIN2 and
PIN3 in the oocyte assay (Figure 27). D6PK-mediated activation of PIN1 and PIN2 was small and
not statistically significant in this data set. The activation of PIN3 was strong. More data for D6PK
on PIN1, PIN2 and PIN3 is presented in Figure 7. D6PK-LIKE1 activated PIN3-mediated IAA
transport to comparable levels as D6PK did. The activation of PIN1 was slightly stronger compared
to D6PK and significantly different to PIN1 without kinase. The activation of PIN1 by D6PK-LIKE2
was comparable to D6PK-LIKE1. On PIN2, D6PK-LIKE1 had the strongest impact of all D6PK-
LIKEs. PIN2 showed no IAA transport upon D6PK-LIKE?2 co-expression. The combination of PIN3
and D6PK-LIKE2 was as strong as PIN3 and D6PK. Interestingly, D6PK-LIKE3 co-expression had
very little effect on the three PINs. PIN1 and PIN2 were not activated at all and the activation of
PIN3 was reduced. That suggests that the four D6PK kinases act differently on PIN-mediated IAA
transport, although they are very closely related and supposed to act redundantly in planta.

3.3.2 PAX, variants of PAX and PDK1 as regulator of PAX

Figure 28 — Impact of PDK1 and PAX variants on
PIN3-mediated IAA transport. Relative transport rates
of PIN3 upon activation by D6PK or PAX variants (white
bars), co-expressed with PDK1 as regulator of PAX (gray
bars). PAX(SMA) is a non-activatable variant of PAX
with a mutation in the activation loop. PAX(SMD) is a
constitutively active variant. KD is the kinase-dead
variant of PAX with a mutation in the ATP cleavage site.
Pax8mut is a variant with phospho-dead mutations of ten
residues. Data points are transport rates of n = 2 for all
indicated constructs. The mean and SE are indicated.
Groups were analyzed by one-way ANOVA, followed by
Dunnett’s test against PIN3 without kinase as control. +
PDKI1: n.s., not significant, p-value 0.9971. + D6PK:
*ak% p-value <0.0001. + D6PK + PDKI1: **** p-value
<0.0001. + PAX: ** p-value 0.0017. + PAX + PDKI:
*AkxE p-value <0.0001. + PAX(SMA): n.s. p-value
.0.6731 + PAX(SMA) + PDKI1: n.s. p-value 0.3404. +
PAX(SMD): *** p-value 0.0003. + KD: n.s. p-value
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<0.0001.
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The AGC kinases activate PIN-mediated IAA transport differently, exemplified by the AGCI kinase
D6PK and the AGC3 kinase PINOID (Figure 7). Within the AGC1 clade, the difference was more
pronounced for the kinases PAX and D6PK (Marhava ef al., 2018). The kinase availability at the PM
can be modulated by factors like BRX inhibiting the kinase through binding, or other kinases that
are needed to get the full kinase activity. One proposed regulator of PAX is PDK1 (Xiao and Offringa,
2020). The direct effect of PDK1 on PIN3 was tested. Further, it was investigated how PDKI
modulates D6PK or different PAX variants to activate PIN3-mediated IAA transport (Figure 28,
constructs provided by A. E. Lanassa Bassukas, TUM). PDK1 was not able to activate PIN3. It had
no effect on D6PK-mediated IAA transport, but could increase PAX-mediated activation of transport.
A phospho-dead PAX mutant with a S to A mutation (PAX(SMA)) in the kinase activation loop could
not activate [AA transport and this could not be overcome by PDK1 co-expression. However, the
phospho-mimic PAX variant with a S to D mutation (PAX(SMD)) at the same position activated
PIN3 similar to PAX. As expected, the kinase dead variant of PAX (KD) with a mutation in the ATP
cleavage site could not activate transport, also upon PDK1 co-expression. A PAX variant with ten
phospho-dead mutations to Ala (pax8mut, mutated at S15, S68, S131, S137, S138, T227, S269, S316,
S735 and S737) showed reduced activation of transport compared to PAX, but the transport rate was

increased to PAX levels by co-expression of PDK1.

A PIN3 + + + + B PIN3 + + + +

D6PK + D6PK +
PAX + PAX +
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Figure 29 — Immunoblot analysis of PIN3 and its activating kinases. PIN3 was expressed in oocytes either
alone or co-expressed with YFP-D6PK, YFP-PAX or YFP-PINOID. (A) The membrane fraction of oocytes
was used to detect PIN3 (69 kDa) by anti-PIN3 antibody in oocytes expressing PIN3 or PIN3 and indicated
kinases. Loading is shown by a section of the Ponceau-stained membrane. (B) The kinases were detected in
the membrane fraction of oocytes expressing the indicated proteins by an anti-GFP antibody. The PIN3 sample
was included as control. YFP-D6PK: 82 kDa. YFP-PAX: 112 kDa. YFP-PINOID: 76 kDa. Equal loading is
shown by a section of the Ponceau-stained membrane.
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In order to check if the kinases D6PK, PAX and PINOID were expressed to same levels in oocytes,
the kinases were tagged with eYFP. The membrane fraction of oocytes expressing the indicated
protein(s) were analyzed in an immunoblot (Figure 29).

Differences in the overall phosphorylation of PIN3 caused by the kinases were detectable (Figure 29
A). PIN3 alone or together with YFP-D6PK, YFP-PINOID or YFP-PAX were expressed in oocytes.
PIN3 was detected in the membrane fraction of oocytes and revealed, that YFP-D6PK and YFP-
PINOID strongly phosphorylated the PIN3 loop domain. The phosphorylation by YFP-PAX was not
visible on the immunoblot membrane. From phospho-proteomics analyses performed by A. E.
Lanassa Bassukas (TUM) and Dr. Julia Mergner (MRI/BayBioMS), it is known that PAX
phosphorylates PIN3 in planta. All three kinases were detected at the expected protein size to similar
levels in the membrane fraction of oocytes (Figure 29 B) and in the cytosolic fraction (immunoblot
not shown). The missing phospho-smear of PIN3 suggests that PAX interacts differently with the
transporter compared to D6PK or PINOID.
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Figure 30 — PIN3-mediated transport activation by AGC1.7 and phosphorylation sites in PIN3. (A)
Relative TAA transport rates of PIN3 expressed in oocytes alone or co-expressed with D6PK, AGC1.7, an
inactive D6PK variant or AGC1.7 and inactive D6PK together. Data points are transport rates of n = 2-3. The
mean and SE are indicated. The groups were compared by one-way ANOVA, followed by Dunnett’s test
against PIN3 without kinase as control. + D6PK: *** p-value 0.0002. + AGC1.7: n.s., not significant, p-value
0.6079. + D6PKin: n.s. p-value 0.9999. + AGC1.7 + D6PKin: n.s. p-value 0.8455. (B) Phosphorylated sites in
PIN3 by D6PK (0), PINOID (v) or AGC1.7 (0) in comparison to PIN3 without kinase after phospho-peptide
enrichment by IMAC. Data for D6PK and PINOID are shown for comparison and explained in Figure 9 F. The
bold amino acid positions were only detected upon D6PK or PINOID expression and were not found in the
analysis for AGC1.7.
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AGC1.7 is known to phosphorylate the PIN1 loop in ir vitro kinase assays (unpublished data by Ass.
Prof. Dr. Hiromasa Shikata, NIBB, Okazaki, Japan), and could activate PIN1-mediated IAA efflux
from Xenopus oocytes to very small levels (Martina Kolb, TUM).

Members of the same clade of AGC kinases activated the IAA transport very differently, i.e. D6PK
very strong activation, PAX intermediate activation. In order to check if AGC1.7 could activate
PIN3-mediated IAA transport, PIN3 and the indicated kinases were expressed in Xenopus oocytes.
To check whether the PIN phosphorylation and the interaction of PIN and kinase can be separated in
such a scenario, an inactive variant of D6PK (D6PKin) was used in the transport assay (Figure 30
A) (Zourelidou et al., 2014). The hypothesis was that AGC1.7 phosphorylates PIN3 as a requirement
for transport but could not interact with the primed PIN to mediate transport. If the interaction of a
kinase with the PIN is necessary to transport, the inactive D6PK could have interacted with the
primed PIN instead.

PIN3 was activated to expected levels by D6PK and not activated by the inactive D6PK. The co-
expression of AGC1.7 did not significantly activate the [AA transport. By co-expressing the inactive
D6PK and AGC1.7 together with PIN3, the findings were similar to the PIN3 + AGC1.7 scenario.
This suggests that phosphorylation and interaction could not be separated in this experimental setup
and the hypothesis was rejected.

A phospho-proteomic analysis of PIN3 with AGC1.7 in comparison to D6PK and the AGC3 kinase
PINOID revealed, that most of the phosphorylated positions were detectable with all three kinases
(20 of 30 phospho-sites). The position Thr229 was more phosphorylated by AGC1.7 compared to
PIN3 without kinase, whereas in presence of DP6PK and PINOID, this site was less phosphorylated
than PIN3 without kinase. Only the position Ser293 was less phosphorylated in PIN3 upon AGC1.7
expression and almost not phosphorylated by D6PK and PINOID. The overall phosphorylation from
position 341 to 460 was more constant with AGC1.7 than with D6PK or PINOID. The position 417
that was significantly less phosphorylated with D6PK and PINOID (Figure 9) suggested an oocyte-
specific kinase that can phosphorylate this site in absence of D6PK or PINOID, or a sterical hindrance
of this phospho-site either by direct interaction of PIN loop and kinase or by steric effects on the PIN
loop structure by phosphorylation events at other positions. In oocytes expressing PIN3 + AGC1.7,
this site was stronger phosphorylated compared to PIN3 without kinase. Suggesting that this position
can be phosphorylated by AGC kinases and that the PIN-kinase-interaction is different with AGC1.7
compared to D6PK or PINOID. The differences in the phosphorylation pattern seemed to be more

pronounced in the second half of the PIN loop domain.
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3.3.4 AGC1.8, AGC1.9, KIPK and chimeras of AGC1.8 and KIPK
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Figure 31 — TAA transport activation by AGC1.8 and KIPK kinase chimeras. The N-terminus of KIPK
was replaced by the N-terminus of AGC1.8 and vice versa, creating the kinase chimeras N-1.8-KIPK-C and
N-KIPK-1.8-C. PIN3 was expressed in oocytes either alone or co-expressed with AGC1.8, AGC1.9, KIPK, N-
1.8-KIPK-C, N-KIPK-1.8-C, D6PK or PINOID. The initial IAA content was set to 100 % and the IAA content
after 15 min was compared to it by two-tailed t-test (PIN3: n.s., not significant, p-value >0.999, + AGCI.8:
n.s. p-value 0.1561, + AGC1.9: ** p-value 0.0020, + KIPK: * p-value 0.0119, + N-1.8-KIPK-C: **** p-value
<0.0001, + N-KIPK-1.8-C: n.s. p-value 0.5772, + D6PK: **** p-value <0.0001, + PINOID: **** p-value
<0.0001). Each data point is one oocyte (n = 9-10). Box plots show the 25th and 75th percentiles, whiskers
mark the minimum and maximum values. The line in the box represents the median.

In order to investigate why the kinases activated PIN transport differently, kinase chimeras of KIPK
and AGCI1.8 were tested. The N-terminus was exchanged against each other and tested on PIN3-
mediated transport (constructs provided by Dr. Yao Xiao, TUM). Additionally, the kinase AGC1.9
that is closely related to KIPK was tested (Figure 31). The IAA content after 15 min was compared
to the initial IAA content that was set to 100 %.

PIN3 without kinase did not transport IAA. The co-expression of AGC1.8 did not activate transport.
AGCI1.9 could activate the transporter significantly and to similar levels as KIPK. Interestingly, the
kinase chimeras behave like the kinase domain donor: N-1.8-KIPK-C activated the transporter and
N-KIPK-1.8-C did not. None of the investigated kinases could activate PIN3 to the same levels as
D6PK or PINOID. This suggests that kinase chimeras are functional activators of PIN-mediated [AA
transport. The kinase domain seemed to be biochemically important, whereas the N-terminus might

have a more important physiological role in planta.
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3.3.5 MAP kinases
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Figure 32 — IAA transport activation by MAP kinases. PIN1 was expressed alone or co-expressed with
MPK3, MPK4 or MPK6 in oocytes. The MAP kinases were also co-expressed with PIN1 and D6PK. MAP
kinases were constitutively active variants. MPK3(D,E): MPK3 D193G E197A. MPK4(D,E): MPK4 D198G
E202A. MPK4(Y): MPK4 Y124C. MPK6(D,E): MPK6 D218G E222A. MPK6(Y): MPK6 Y144C. The first
box represents the IAA content at the beginning of the experiment and was set to 100 %. The second box is
the TAA content after 30 min. Each data point is one oocyte (n = 5-10). Box plots show the 25th and 75th
percentiles, whiskers mark the minimum and maximum values. The line in the box represents the median.
Groups were compared by two-tailed t-test. PIN1: n.s., not significant, p-value 0.6699. PIN1 + MPK3(D,E):
n.s. p-value 0.5661. PIN1 + MPK4(D,E) n.s. p-value 0.0791. PIN1 + MPK4(Y): n.s. p-value 0.4218. PIN1 +
MPK6(D,E): n.s. p-value 0.9955. PIN1 + MPK6(Y): n.s. p-value 0.3645. PIN1 + D6PK: **** p-value <0.0001.
PIN1 + D6PK + MPK3(D,E): **** p-value <0.0001. PIN1 + D6PK + MPK4(D,E): **** p-value <0.0001.
PIN1 + D6PK + MPK4(Y): **** p-value <0.0001. PIN1 + D6PK + MPK6(D,E): **** p-value <0.0001. PIN1
+ D6PK + MPKG6 (Y): **** p-value <0.0001.

Strong genetic evidence showed that MPKs alter PIN1 localization in planta (Dory et al., 2018).
Three target sites in canonical PINs were proposed to be the targets of MPKs. The direct impact of
MPK3, MPK4 and MPK6 on PIN1-mediated [AA transport was tested. Also, the hypothesis that the
MPKs were regulators of D6PK, comparable to PDK1 on PAX, were tested. For the transport assay,
two constitutively active variants of MPK3, MPK4 and MPK6 were used (generated by Benedikt
Pfeilschifter, now FAU). None of the MPKs could activate PIN1. Efflux was activated only by D6PK.
The D6PK-activated PIN1-mediated transport was not impacted by any co-expressed MPK. This
suggests that MPKs cannot activate PIN-mediated transport and do not regulate the AGC kinases
upstream of PINs in a way that PIN transport would be affected.

92



Results

3.3.6 WAG1 and CRK5
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Figure 33 — Impact of WAG1 and CRKS on PIN2-mediated IAA transport. (A) Relative IAA transport
rates of PIN2 co-expressed with D6PK, PINOID or WAGI!. Data points are n= 3. Mean and SE are indicated.
Groups were compared by one-way ANOVA, followed by Dunnett’s test against PIN2 without kinase as
control. n.s., not significant. + D6PK: p-value 0.9637. + PINOID: p-value 0.2162. + WAG1: p-value 0.7154.
(B) Relative IAA transport rates of PIN2 co-expressed with CRKS. Data points are n = 2. Mean and SE are
indicated. Groups were compared by two-tailed t-test (n.s. p-value 0.7001).

Various cell-biological experiments showed that the PINOID-related kinase WAG1 and CRKS, a
member of the Ca2+/Calmodulin-dependent kinase-related protein family, are important for the
proper localization of PIN2 (Rigo et al., 2013; Glanc et al., 2018).

WAGT]1 and CRKS were tested on their ability to activate the PIN2-mediated IAA transport (Figure
33). The IAA transport rate of WAG1-activated PIN2 was slightly but not significantly increased
compared to D6PK, but not as high as activation by PINOID (Figure 33 A). CRKS was not able to
activate transport (Figure 33 B). This suggests that WAG1 and CRKS are more important in a
physiological context, then to activate [AA transport.
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4 Discussion

Over the last four decades, cell biological studies of PINs as the main auxin efflux transporters
generated extensive knowledge about their localization, their polarity control, their trafficking
behavior and their reaction upon environmental cues. In 2022, major progress in the field was made
by solving the molecular structures of PIN1, PIN3 and PINS (Su et al., 2022; Ung et al., 2022; Yang
et al., 2022). To this date, the transport properties of canonical PINs were barely investiaged. The
understanding of auxin fluxes in plants requires knowledge about the transport properties of the
canonical PINs and the impact of the activating kinases.

In order to connect the physiology and the structure of PINs, the transport characteristics of the
canonical PINs were investigated using oocyte transport assays in this thesis. Additionally, the impact
of the PIN transport properties on gravitropic root growth and on root bending kinetics were
investigated. The protein abundance and the phosphorylation pattern of PIN1, PIN2 and PIN3 in
Xenopus oocytes were analyzed by mass spectrometry. To understand how individual protein
domains contribute to the transport, PIN chimeras were created in a domain swapping approach.
Further, the ability of other kinase families than the AGCVIII family to activate PIN-mediated [AA

transport was investigated.

4.1 The transport characteristics of PINs vary

4.1.1 PINs possess different transport properties

In 2014, activation of PIN-mediated IAA transport by AGCVIII kinases was demonstrated for the
first time (Zourelidou et al., 2014). In the study, oocytes from Xenopus laevis were used as
heterologous expression system and differences in the transport rates of PIN1 and PIN3 at one
cytosolic IAA concentration were presented, but not followed up further. The different transport rates
of PIN1 and PIN3 could be reproduced in this thesis and measurements at increasing internal IAA
concentrations in oocytes showed that PIN3-mediated transport was strongly enhanced compared to
PIN1- and PIN2-mediated transport (Figure 7).

Phospho-MS/MS analyses of membrane and cytosol fractions from oocytes revealed the same
protein levels and the same phosphorylation status of PINs expressed in oocytes, independent of
D6PK or PINOID co-expression (Figure 9). Although the overall proteomics approach was
untargeted, the protein levels could be compared due to one peptide shared by the three PINs (Figure
9). In line with the published Arabidopsis proteome, almost all possible residues in the PIN loop
domains were phosphorylated upon co-expression of a kinase (Mergner et al., 2020). Basal

phosphorylation of the PINs by oocyte-specific kinases in samples without co-expressed AGCVIIL
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kinase was detected. This was not sufficient to activate PIN-mediated transport. In order to transport,
a AGCVIII kinase was required which indicates certain specificity for transport activation (Figure 7,
Figure 9).

Basal PIN phosphorylation was also detected in Flag-tagged PIN1 protein that was purified for a
mass spectrometry analysis from HEK294F cells (Yang et al., 2022). The transporter was expressed
alone or co-expressed with D6PK. Phosphorylation sites in PIN1 without D6PK were detected (10
residues compared to 11 residues in this thesis), but only three of them were found in both analyses
(S221, S252, S253). For PIN1 + D6PK, the study detected 14 phospho-sites, compared to 24 sites in
this thesis, with 11 of the 14 sites found in both studies. For PIN2, more residues (15 of 32 residues)
were phosphorylated in oocytes than in planta, which can result from differences in peptide detection
between the two studies or was influenced by the overexpression situation in oocytes (Table 10)
(Mergner et al., 2020).

The kinetic studies in oocytes did not allow to test the PIN transport at [TAA]i» > 10 pM (Figure 8).
Using SSM in proteoliposomes yielded a correlation between peak current response and substrate
concentration that could be described by a Michaelis-Menten model for PINS at [[AA] > 10 uM
(Ung et al., 2022). From NPA binding studies with PINS8 proteoliposomes, it was concluded that most
of the PINS proteins incorporate with the same orientation, i.e. the cytosolic side faces outward (Ung
et al., 2022). This suggests that the binding constant (Kq4 value) of PINS is the kinetic variable for
IAA binding to the transporter and does not describe any other step in the transport process, like the
transition of the occluded state to the outward-facing state (Ung et al., 2022). Due to the extended
time scale of oocyte experiments (up to 30 min for PIN1), the fitted K., value describes the average
kinetic constant of the whole transport process, which makes it impossible to compare the two
methods.

The K value of PIN3 activated by D6PK observed here was in the same range as the Kq value
determined by a surface plasmon resonance (SPR) analysis (Su ef al., 2022). In the SPR experiments,
the PIN3 protein was immobilized on a sensor chip which implies that the K4 value reflects the
average kinetic constant as both sides of the transporter are accessible. This is comparable to the
kinetic constant from oocytes where the increased time scale leads to the averaged constant, and
supports the reliability of kinetic data obtained from the oocyte assay. For the other combinations of
PIN1, PIN2 and PIN3 with D6PK or PINOID in oocytes, the comparison revealed a linear correlation
as preferred model, which is likely due to the much lower transport rates of these transporters
compared to PIN3 and/or larger variability of the underlying data.

The kinetic studies in oocytes revealed that the PIN transport rate is linearly related to the cytosolic
IAA concentration at physiological IAA concentrations, with PIN1 and PIN2 being more similar to
each other than PIN3 in terms of their transport properties. A clear kinase effect on the transport rate

of PIN-mediated [AA transport was detected, which is discussed later in more detail (Chapter 4.1.3).
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The linear relationship between transport rate and substrate concentration leads to the conclusion that
only the abundance of activated PIN proteins in the PM determines net IAA efflux at physiological
concentrations. Computational modeling of root growth used to focus mainly on the localization of
PINs and assumed the same transport rates and expression strengths of PINs (Grieneisen et al., 2007).
A study, which investigated cytokinin impact on root growth, discovered that models taking the PIN
abundance into consideration fit better to the experimentally reported steady state situation than
models with equal PIN levels (Ruzicka et al., 2009; Di Mambro et al., 2017). The discovery that the
transport rates of canonical PINs differ, if same protein levels are assumed, will lead to improved

computational modeling on plant growth (Janacek ef al., 2023, under review).

4.1.2 The loop domain contributes to transport

The cytosolic PIN loop domain was recognized as regulatory domain for proper protein sorting and
trafficking in the cell (Cheng and Wang, 2022). Several residues were identified as important
phosphorylation sites for these processes and also for activation of PIN-mediated transport
(Zourelidou et al., 2014; Barbosa et al., 2018). To date, mainly the influence of the loop domain on
the cell biology of PINs was investigated (Zhang et al., 2020a; Zhang et al., 2020b). In order to learn
about the impact of the TM domains and the loop domain on auxin transport, a domain swapping
approach between the canonical PIN1, PIN2 and PIN3 was performed (Figure 16). The resulting PIN
chimeras were tested for their functionality and transport characteristics in oocyte transport assays

and in planta.
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PIN chimeras
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Figure 34 — Relative transport rates of PIN chimeras. Average transport rates of PIN chimeras upon
activation by D6PK or PINOID (PID), with SEM indicated. Transport rates for both kinases were averaged
and PINs were sorted according to their transport rates. Arrows show position of PIN chimeras relative to
their TM domain donor PIN (green: PIN1, red: PIN2, blue: PIN3).

Canonical PIN chimeras

From the kinetic studies of the canonical PINs and the transport data of a PIN3 version without loop,
it was concluded that the loop domain is necessary for the protein function, that the loop domain is
by default inhibitory and that phosphorylation overcomes this inhibition (Figure 7, Figure 17). In the
plant, it cannot be distinguished which kinase activated the transporter. In order to simulate the in
planta situation, the transport rates for PIN or PIN chimeras activated by D6PK or PINOID were
averaged and ranked according to their relative transport rate (Figure 34). By combining the protein
domains of a PIN with a high transport rate (PIN3) and the domains of a PIN with a lower transport
rate (PIN1 or PIN2), the IAA transport by PINs could be modified. It was not only possible to
decrease the transport rate by providing a PIN1 or PIN2 loop to the TM domains of PIN3, but also
to increase the transport rates of PIN1 or PIN2 by providing the PIN3 loop domain. This suggests
that the TM domains of canonical PINs are per se able to transport IAA at similar rates, and that the
loop domain regulates the transporter’s velocity by restricting degrees of freedom. This regulation is
beyond the activation control by phosphorylation as shown by the phospho-proteomics analyses

(Figure 9), and suggests an interaction/interplay of the loop domain and the TM domains. An
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intramolecular domain-domain coevolution was also hypothesized by genetic studies of various PIN
chimeras and is discussed later (Chapter 4.2) (Zhang et al., 2020a).

As established by the kinetic and in planta analyses, the idea of PIN1 and PIN2 being more similar
to each other than PIN3, is also supported by the transport studies of the PIN1/PIN2 chimeras. Both
chimeras PIN1-2-1 and PIN2-1-2 had transport rates in a similar range as PIN1 and PIN2 (Figure 7,
Figure 18, Figure 19).

In line with these data, the transport rate of PIN3 was drastically reduced if the loop domain was of
PINT or PIN2 origin. Both “slow” PINs, PIN1 and PIN2, showed increased transport rates if provided
with the PIN3 loop domain.

Noncanonical PIN chimeras

Although the combinations of canonical TM domains and loop domains seemed to follow a logic,
this was different for chimeras between the noncanonical PIN8 and the loop domains of PIN1, PIN2
or PIN3 (Figure 26 and Janacek et al., 2023, under review). PINS transports IAA independently of
AGCVIII kinase co-expression, and the transport rate is linearly related to the cytosolic IAA
concentration in the physiological range (Figure 26) (Ung et al., 2022). When PINS was provided
with any canonical loop domain, the PIN chimeras adopted some canonical features, like transport
regulation by kinases or localization to the PM (Figure 26 and Janacek et al., 2023, under review).
However, it became clear that the loop domains influence IAA transport differently. The chimeras
PIN8-1-8 and PIN8-2-8 showed a constitutive transport component without co-expressed kinase that
was significantly different to the transport rate of PIN1 or PIN2 without kinase (unpaired t-test PIN1
vs. PIN8-1-8 * p-value 0.0376; unpaired t-test PIN2 vs. PIN§-2-8 **** p-value <0.0001) (Janacek
et al., 2023, under review). In the PIN8-3-8 chimera, as in PIN3, no transport was detected without
co-expression of a kinase (Figure 26). The chimeras were sensitive to transport inhibition by NPA,
this further proved the constitutive transport component of PIN8-2-8 (Figure 26).

This suggests that the PIN1 and PIN2 loop domain were unable to block the transporter, whereas the
PIN3 loop domain completely shuts down transport. The co-expression of D6PK resulted in an
increased transport rate in all three chimeras, but the transport rate was higher when PINOID was
co-expressed. This is in line with the differences observed in transport activation for canonical PINs
(Figure 7 and Chapter 4.1.3).

Like in PIN8-3-8, providing a PIN1 or PIN2 loop domain to PIN8 increased the transport rates in
PINS8-1-8 and PIN8-2-8, although all donor PINs show rather low transport themselves (Janacek et
al., 2023, under review). Transport studies of PIN8-2-8 + PINOID at increasing [[AA]i» in oocytes
revealed transport rates higher than PIN8 and comparable to activated PIN3 (Figure 7, Figure 26).
Providing a PIN3 loop to PIN8 resulted in transport rates smaller than PIN3 and more similar to

activated PIN8-2-8 (Figure 26).
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Model for IAA transport by canonical PINs

The transport properties of the canonical and noncanonical PIN chimeras suggest that the TM
domains of “slow” PINs like PIN1, PIN2 or PINS can mechanically move like the “fast” PIN3 and
that the loop domain strongly modifies the transport properties by modulating the mobility of the
transporter or the affinity for IAA.

Substrate binding —* Loop domain — Phoshorylation releases — Substrate transport — Transporter moves
blocks transporter loop domain back to bind IAA

"o MaH

Cytosol

Substrate bound, Substrate occluded conformation, Empty occluded conformation,
Inward-open Inward-blocked binding site moves 5A Outward-open binding site returns to
conformation conformation by transport domain rotation conformation inward-open conformation

Figure 35 — Model for IAA transport by canonical PINs. After JAA has bound to the inward-open
conformation, the loop domain inserts itself into the binding domain and blocks the PIN in the inward-facing
conformation. Phosphorylation of the loop by specific AGCVIII kinases leads to the release of the loop domain.
The transporter transitions to the outward-facing conformation where IAA is released to the apoplast. The
empty occluded conformation moves back to the inward-open conformation. Blue: scaffold domain. Green:
transporter domain. Modified from (Ung et al., 2022).

In the cryo-EM structure of inward-facing IAA-bound PIN3 (PDB: 7XXB), Prof. Dr. B. P. Pedersen
and team identified densities that can be modeled and a peptide chain in auxin binding pocket (Su et
al., 2022). Based on this observation and mechanisms in related protein families, it is speculated that
parts of the loop domain interact with the TM domains and block the PIN in the inward-facing
conformation after IAA binding (Figure 35) (Selim et al., 2018; Fang ef al., 2021). Phosphorylation
of critical residues by AGCVIII kinases lead to the release of the loop from the binding pocket and
allows the transporter to transition to the outward-facing conformation, where IAA is released to the
apoplast. The empty occluded conformation returns to the inward-open conformation and IAA can
bind again.

This model is suitable to explain why constitutive IAA transport is observed in PINS-1-8 and PINS-
2-8 chimeras. If the loop domain fails to interact properly with the TM domains or the interaction is
less stable, the transporter can move and change its conformation which would be independent of
the phosphorylation event. In light of the results on canonical PIN transport, it also explains why the
noncanonical PIN chimeras became regulatable by kinases, i.e. phosphorylation is required to

overcome the blocked conformation.
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It becomes clear that the loop domains change their properties depending on the TM domain context.
The PIN1 and PIN2 loop can prevent conformational changes in all canonical PIN chimeras, i.e. no
constitutive transport without kinase, but fail to do this in a noncanonical setting. The PIN2 loop
slows down the TM domains of PIN3, but increases the transport if paired with PINS. It is difficult
to explain how PIN-mediated transport becomes faster by adding a loop domain. One idea is that the
loop domain adds degrees of freedom to the transporter which would allow faster movement or it

reduces the affinity for IAA which would promote faster IAA release.

Regulatory mechanism in a related transporter family

PINs adopt the same protein fold and membrane orientation as HCO37/Na" symporters (Ung ef al.,
2022). For the bicarbonate transporter SbtA from cyanobacteria, a regulatory mechanism comparable
to the hypothesized regulation of PINs was described. The transporter forms a complex with the
inorganic carbon sensor protein SbtB (Selim et al., 2018). SbtB regulates the transport activity of
SbtA through inserting its T-loop into the cytoplasmic cavity and therefore blocking the substrate
release when cytosolic AMP concentrations are high, i.e. low inorganic carbon concentrations (Fang
et al., 2021). The T-loop is released through conformational changes after cAMP-binding to SbtB,
which accumulates at elevated levels of inorganic carbon. Although the regulation of the SbtA-SbtB
complex is independent of phosphorylation, this shows that other members of the BART superfamily
are indeed regulated by mechanisms that come into consideration for PINs.

Unpublished data of phosphatase and kinase inhibitor treatments on PIN-mediated transport in
oocytes suggests that an initial phosphorylation of the loop domain is necessary for transport
activation, but that the transport cycle continues until the PIN is eventually de-phosphorylated (Ass.
Prof. Dr. Hiromasa Shikata, NIBB, Okazaki, Japan).

How more complex chimeras could help

One first hint towards understanding the interaction of the loop domain and the TM domains comes
from triple chimeras of PIN2 and PIN3 (Figure 24). The transport was reduced when the first TM
domain (helices M1-M5) was exchanged against the domain of PIN2. No change was observed when
the second TM domain was modified. This suggests that the first TM domain impacts the transport
properties more than the second TM domain. This result is unexpected, because the TM domains of
PIN2 and PIN3 are highly conserved and the identified critical residues for auxin binding, in the
support site and the crossover motif are identical in both PINs (Ung et al., 2022). Site-specific
mutations of five residues at the interface of M5 in the transporter domain and the [-strands in the
loop domain decreased the transport activity of PIN3 in HEK293T cells (Su et al., 2022). All five
sites are conserved between PIN2 and PIN3, which suggests that the interaction of the loop domain

and the TM domain cannot be limited to these residues and is more complex.

100



Discussion

Higher-order PIN chimeras are required to narrow down possible interaction points. As a follow up
experiment, proteins with swapped scaffold and transporter domains, i.e. M1/M2/M6/M7 of PIN2,
M3-M5/M8-10 of PIN3 and v.v. should be tested for their transport properties.

4.1.3 The kinase impacts PIN-mediated transport

Transport of IAA by canonical PINs is regulated by AGCVIII kinases. Comprehensive studies on
transport activation in oocytes and with phospho-site specific antibodies in Arabidopsis revealed that
specific serine residues in the loop domain must be phosphorylated at the PM to activate IAA
transport (Zourelidou et al., 2014; Weller et al., 2017). To date, only members of the subclades AGC1
and AGC3 were shown to activate PINs (Zourelidou et al., 2014). Neither AGC2 nor AGC4 nor the
AGC kinase PDK1 as master regulator of AGCVIII kinases were able to activate transport (Figure
4, Figure 28). In this thesis, mainly PIN-mediated transport activated by D6PK and PINOID was
studied.

Transport studies in oocytes at increasing [IAAlJi» showed that canonical PINs are insensitive to
elevated IAA levels and require co-expression of a kinase for transport activation (Figure 7). For all
canonical PINs and PIN chimeras studied in this thesis, the transport rate was higher when PINOID
was co-expressed. A phospho-proteomics screen revealed that the phosphorylation status, as a
hypothesized read-out for transport activity, of the PINs is independent of the co-expressed kinase
(Figure 9). An earlier study used in vitro phosphorylated PIN loop domains purified from SDS-PAGE
gels and synthetic peptides to identify D6PK-specific phosphosites that were reported as crucial sites
for PIN activation (Zourelidou et al., 2014). The use of membrane fractions from oocytes in this
thesis allowed to analyze the PIN protein in its entirety. In contrast to the in vitro analysis in
Zourelidou et al. where the whole loop domain was covered in the proteomics screen, small parts of
the loop domain were not detected in this thesis. This could either result from differences in the
experimental settings or opens the question if these loop regions might serve as interaction points
between PIN and kinase. It is conceivable that PINs and kinases form heterodimers, e.g. between
different PINs in the same cell, PINs with the kinase or one PIN with different kinases. As the protein
levels and phosphorylation patterns of one PIN with any kinase are the same, the different transport
rates must be the result of structural interactions of PIN and kinase that are beyond the
phosphorylation event for transport activation. If only phosphorylation would be required, the
transport rates should be independent of the kinase identity. Phospho-MS analysis of PIN3 + AGC1.7
showed that the critical residues were phosphorylated but the transporter was not activated, which
strengthens the previous statement (Figure 30).

The intermolecular PIN-kinase interaction adds an additional layer of regulation to PIN-mediated
transport. It suggests that the affinity for [AA in canonical PINs can be modulated by the activating
kinase. Co-expression of PINOID reduces the affinity of the PIN towards IAA and leads to an

increased transport rate, because affinity and capacity are often inversely correlated. The interaction
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of both proteins would either modify the IAA transport ability of the PIN by modulating/covering
the auxin binding pocket sterically or leads to an energetically preferred structure of the loop domain
which also impacts the transporters motion. The data shows that phosphorylation of the loop domain
is necessary for transport, but not sufficient to explain IAA transport by canonical PINs (Weller,
2017).

In the future, interaction studies of PINs and kinases, e.g. by SPR, could reveal if the PIN-kinase
interaction is beyond the phosphorylation event and if interactions between the different kinases and
PINs vary. Further, it would be interesting to investigate the phosphorylation of the transport-related
phospho-sites in terms of cooperativity. This could point to the temporal resolution of overcoming
the inhibited PIN state, the supposed interaction with the kinase and finally the interplay of the

protein domains during the transport process (Figure 35).

Despite the robust reproducibility in vitro, it is questionable if the observations discussed above are
physiologically relevant. As a next step, a suitable in planta experiment to proof the impact of kinases
on PIN-mediated transport should be developed. To activate the transporter, PIN and kinase must be
expressed in the same cell and must localize to the same cell side. With the help of single-cell
expression data from Arabidopsis, it should be possible to state which AGCVIII kinase can
potentially interact with which PIN. Immunostaining experiments in the root revealed that D6PK co-
localizes with PIN1 and PIN4 in cells of the root tip, but not with PIN2 in epidermal cells (Zourelidou
et al., 2009). With more data on co-localization of PIN and kinase, together with data on the
respective transport properties, it would be possible to build models how PIN-kinase combinations
would impact auxin flow. But even if localization and impact on transport were solved, the kinases
could form heterodimers in the cell. The kinase chimeras of KIPK and AGCI1.8 tested on PIN3-
mediated transport showed that it is possible to swap kinase domains to gain new regulatory functions
(Figure 31).

Although the situation in planta is complex, the PIN transport assay in oocytes is suitable to generate
knowledge about AGCVIII kinases. The PINs can function as indirect read-out of the kinase activity,
as shown for PAX and its variants (Figure 28) (Marhava et al., 2018). The oocyte assay increases the
complexity over the very reduced settings in in vitro kinase assays but has less variables than an in

planta experiment.

The physiological impact of several other kinase families on PINs — like the CRKs, the MAP kinases
or the CAMEL-CANAR module — appears to be limited to cell-biological properties (Rigo et al.,
2013; Dory et al., 2018; Hajny et al., 2020). The developmental problems related to impaired auxin
flux in plants results from defects in PIN localization and trafficking. No activation of transport could
be detected for any mentioned kinase (Figure 32, Figure 33). Until now, only members of the

AGCVIII kinase family have been reported to regulate auxin transport on the fast time scale of
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transport activation (Figure 4). All other kinase families impacted the auxin efflux through the slower
regulation of transporter localization. It will be interesting to see if new kinase families can be

identified that regulate solely the transporter activity or both regulatory processes.

4.2 PIN biochemistry impacts root growth

Tightly controlled auxin flow through the plant body is important for proper plant growth and the
reaction to environmental stimuli. PIN-mediated auxin efflux is the main factor in PAT and underlies
different regulatory mechanisms. Besides the regulation of (polar) localization, the transport activity
depends directly on AGCVIII kinases. Efflux assays in oocytes revealed that canonical PINs differ
in their transport rates (Chapter 4.1.1), that the loop domain contributes to the transport properties
(Chapter 4.1.2) and that the transport underlies a kinase specificity (Chapter 4.1.3).

To investigate if the different transport properties impact the physiological situation, the agravitropic
pin2 mutant was used. The unique expression profile of PIN2 in epidermal and cortical cells of the
root, as well as the specific dual localization to the apical cell side in the epidermis and the basal side
in the cortex, and the agravitropic root phenotype make it an ideal mutant. Under the assumption,
that PIN proteins expressed from the same promoter have similar stability in the cell and follow
identical protein sorting pathways, i.e. protein levels in the PM are comparable, the PINs and
chimeras were expressed from the PIN2 promoter. It was investigated if the gravitropic root growth
can be restored, if the PINs and PIN chimeras localize similarly to PIN2, if different transport rates
change the time-depending process of root bending after gravitropic stimulus and how steady-state

auxin levels in the root are impacted.

4.2.1 Gravitropic root growth

The transport data of PIN1 and PIN2, with the results from the domain swapping approach, suggested
that PIN1 and PIN2 share similar transport characteristics (Chapter 4.1). Strong synergistic
interactions between PIN1 and PIN2 were shown by immunostaining experiments in the root, where
the ectopic expression of PINI in the PIN2 expression domain of pin2 mutant was detected and
strong root growth defects in the pin/ pin2 double mutant were reported (Blilou ef al., 2005; Vieten
et al., 2005; Thomas et al., 2023). The authors suggested that the ectopic activity of the remaining
PINs mask the defects of pin mutants (Blilou ef al., 2005).

In detailed analyses on fast root gravitropism and on intramolecular domain co-evolution of
Arabidopsis PINs, different PINs were expressed from a PIN2 promoter fragment in the pin2 mutant
and analyzed as in this thesis (Zhang et al., 2019; Zhang et al., 2020a). The authors found that only
PIN2 can fully rescue the agravitropic root, similar to this thesis. The pin2;Ppn2:PINI and
pin2;Ppv2: PIN1-eGFP expressing lines did not rescue the phenotype, with a VGI in the same range
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as the pin2 mutant. This is in contrast to the findings reported here, where seedlings expressing one
of the constructs partially rescued the root phenotype (Figure 10, Figure 11). The PIN1 and PIN1-
GFP plasmids in both papers were constructed similarly to the plasmids in this thesis and it remains
unclear what led to the different results.

In Zhang et al. 2019, the authors analyzed the VGI of pin2; Ppiv:: PIN3 lines, which was in good
agreement with the results obtained in this thesis (Figure 10). The authors detected a significant
difference of the VGI of pin2; Ppiv2: PIN3 roots to the VGI of wildtype seedlings, but did not test for
a statistical difference to the pin2 mutant. The statistical analysis of Figure 10 revealed that the
pin2; Ppiv2: PIN3 seedlings form an own statistical group and are significantly different to Col-0 roots
and pin2 mutant roots, i.e. pin2, Ppiv2: PIN3 seedlings partially rescue the agravitropic root.

Rescue was increased when a PIN with similar transport properties to PIN2 was expressed in the
root. The same held true for the vice versa situation where PIN2 was comparable to PIN1 during root
development in pinl,; Pp;:PIN2 seedlings (Zhang et al., 2020b). This suggests that the different
transport properties impact auxin distribution in the root and therefore the gravitropic root growth. It
was hypothesized that the auxin flow through the epidermis is enhanced through expression of a

“fast” PIN, which impairs the gravitropic growth.

PIN chimeras
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Figure 36 — PIN chimeras ranked by IAA transport rates and root angle. Left: Average transport rates of
PIN chimeras upon activation by D6PK or PINOID (PID), with SEM indicated. Transport rates for both kinases
were averaged and PINs were sorted according. Right: Average root angle of individual lines expressing
pin2; Ppiv2: PIN-X, with SEM. PIN chimeras were ranked according to their ability to rescue the agravitropic
pin2 root. Colored arrows show the relationship of PIN chimeras and the TM domain donor PIN (bold letters).
For further information, see Results chapter.
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This observation is supported by the transport data and in planta data of the canonical PIN chimeras
(Chapter 3.2 and Figure 36). The modular combination of TM domains and loop domains resulted in
PIN chimeras with modified transport rates (Figure 36). All canonical PIN chimeras rescued the
agravitropic pin2 mutant root at least partially. The PIN1-2-1 chimera rescued the phenotype fully,
which was supported by the data in Zhang et al., 2020a. In their study, the authors created PIN
chimeras between canonical PIN1 and PIN2, as well as chimeras of PIN2, the semicanonical PIN6
and the noncanonical PINS (Zhang et al., 2020a). The authors report that in order to rescue the
agravitropic root phenotype, both TM domains must be of same origin (both canonical or
noncanonical) and suggest that the TM domains and the loop domain co-evolved intramolecularly.
Only chimeras with matching TM domains (independent of PIN identity) and a PIN2 loop domain
could reverse the phenotype, i.e. the PIN2-1-2 chimera did not (Zhang et al., 2020a).

Unfortunately, no pin2, Ppy2: PIN2-1-2-eGFP expressing seedlings could be generated in this thesis.
Based on the transport data and the ability of pin2; Ppiv:: PIN2-1-2 roots to rescue, it is tempting to
hypothesize that PIN2-1-2 localization was not impaired and the chimera was functional in this thesis
(Figure 19). Further, the data on PIN chimeras with a PIN1 or PIN3 loop domain suggest that the
chimeras partially reverse the phenotype (Figure 18, Figure 20).

Especially the ability of pin2;Pp2:PINI-3-1 and pin2;Pp::PIN3-1-3 lines to rescue better than
pin2; Ppiv2: PIN3 lines, suggested that the rescue of the agravitropic root was independent of the PIN’s
identity, and more related to the transport rate if localization to the PM was given. PIN chimeras with
slower transport rates rescued the root phenotype better than PIN chimeras with faster transport rates.
The IAA transport rates and the degree of rescue correlated decently with a correlation coefficient of
r = 0.8. This suggests that transport rates are suited to describe auxin distribution in the root.
However, the direct link between transport rate and degree of rescue did not hold true for
noncanonical PIN chimeras (Janacek ef al., 2023, under review). Although “canonical features’” of
transport regulation and localization could be provided to PIN8 by inserting a loop domain, the
chimeras PINS§-1-8, PIN8-2-8 and PIN8-3-8 did not rescue the pin2 mutant (Figure 26). In early
studies on the impact of the loop domain on intracellular trafficking, the noncanonical PIN5 and
PIN8 were introduced into pin2 (eir2-1) mutant plants (Ganguly et al., 2014). Both proteins failed to
rescue the agravitropic root, although they localized to the PM. Also providing the PIN2 loop to PINS
(PINS5-2-5) did not lead to polar localization or rescue in this study. Opposing results to this were
obtained in the later study on co-evolution of PIN domains (Zhang et al., 2020a). In this study, the
PINS5-2-5 chimera showed polar localization to the apical side in epidermal cells and partially rescued
the agravitropic root (VGI of 0.8, compared to VGI of 0.95 for pin2; Ppv.:PIN2 lines). The same was
observed for the semicanonical PIN6 with PIN2 loop domain (PIN6-2-6), although pin2; Ppin2: PIN6
lines showed no rescue (Zhang et al., 2020a). Preliminary transport studies in oocyte efflux assays
were inconclusive about the ability of PIN5-2-5 and PIN6-2-6 to transport IAA (Kolb, 2015).

Together with the finding that important residues for PIN-mediated auxin transport are not conserved
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in PINS (Ung et al., 2022), this suggests that regulation of canonical PINs in planta is different from

semi- or noncanonical PINs, probably through interactions of loop and TM domains.

The in planta data on canonical PINs strengthen the hypothesis, that the transport properties of PINs
impact the physiology and are at least as suitable to explain most cell-biological observations as the
localization of the transporter. However, the situation in a living system is more complex and
differences reported from a heterologous system might be compensated by unknown mechanisms in
the plant. The analysis of the noncanonical PIN chimeras showed that not only the ability to transport
IAA and the localization to the PM are mandatory for gravitropic root growth (Figure 26), but that

additional unknown layers of regulation play a role.

4.2.2 Localization of PINs

The localization of PINs in the PM determines the direction of auxin export from the cell. This is
considered a crucial factor in PAT and directly impacts gravitropic root growth. The localization of
PIN2 in root epidermal cells is very specifically limited to the apical side of the cell, as shown by
GFP-fusions and immunolocalization studies (Figure 12) (Miiller et al., 1998; Abas et al., 2006;
Wisniewska et al., 2006; Lofke et al., 2015; Zhang et al., 2019; Zhang et al., 2020a). It was shown
that the GFP position in the loop domain is decisive if the PIN1 protein localizes apically or basally
in epidermal cells (Wisniewska et al., 2006). Insertion of GFP into the first half of the loop domain
resulted in basal localization in the epidermis and no rescue of the gravitropic defects in the pin2
mutant. [f GFP was placed in the second half of the loop, PIN1-GFP localized apically in epidermal
cells and gravitropic bending was restored. In this thesis, eGFP was inserted at the second half of the
loop which should not influence the localization in the epidermis. The eGFP-tagged PINs served as
tool to investigate if and how the PINs and chimeras localize apically and polarly in epidermal cells.
This is important if the differences observed for the transport properties impact gravitropic root
growth. The tagged PINs were expressed from a PIN2 promoter in the pin2 mutant and the seedlings
were analyzed as described before.

The signal of PIN1-eGFP in the root epidermis was mainly detected at the apical side of epidermal
cells, with an increased lateral diffusion towards the cell sides (Figure 12). Less polar localization of
PIN1-GFP in epidermal cells was also observed in a study exploring the effects of cytokinin on PIN
PM abundancy (Marhavy et al., 2011). In experiments identical to this thesis, epidermal root cells
were shown as representative cells, where PIN1-GFP localized solely basally and the signal was
strictly polar (Zhang et al., 2020a). However, measuring the polarity index identified apical (~40%),
basal (~35%) or nonpolar (~25%) localization of PIN1-GFP. The seedlings of the pin2, Pp.:PINI-
GFP line in the paper showed agravitropic root growth, which resulted in a low VGI. As discussed

above, this contrasts with the data obtained in this thesis (Chapter 3.1.3). The exact position of the
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GFP in the loop domain was not indicated by the authors, which makes it difficult to compare their
results with the data in this thesis (Wisniewska et al., 2006; Zhang et al., 2020a).

The localization of PIN3-eGFP was comparable to PIN1-GFP (Figure 12). In root hair cells,
overexpressed PIN1-GFP and PIN3-GFP were clearly apolarly distributed in the PM, but the signal
of PIN2-GFP was limited to one cell side (Lee and Cho, 2006; Ganguly et al., 2010). It supports the
finding that PIN1 and PIN3 localize similarly to each other, but differently to PIN2, i.e. less polar.
This suggests that the differences of pin2; Ppiv::PINI and pin2;Ppv2:PIN3 lines in gravitropic root
growth result from different transport rates and not from differently impaired localization/polarity
(Figure 7, Figure 12 and Chapter 4.1). It would be interesting to check if crucial residues for transport
activity in pin2;Ppv2:PIN1 and/or pin2; Ppiv2: PIN3 roots are phosphorylated solely at the apical cell
side or also at the lateral sides (Weller et al., 2017). Phosphorylation at the apical cell side provides
the needed directionality of the auxin flux in the epidermis, but laterally phosphorylated PIN would
diminish the auxin stream at the same time, i.e. impacting root growth. This could be investigated by
using phosphosite-specific antibodies in immunostaining experiments (Weller et al., 2017).

To explore the influence of the loop domain on the localization of PINs, the PIN chimeras were
tagged with eGFP. All canonical chimeras localized to the PM, but those with the PIN2 loop domain
or PIN2 TM domains showed a higher degree of polarity (Figure 21). If the average root angles of
segregating pin2, Ppiv2: PIN-X lines were plotted against the average polarity index of each PIN, the
correlation was high with a correlation coefficient of r=0.7. The correlation is as good as the
correlation of root angles vs. transport rates (Chapter 4.1). This suggests that localization and
transport rates serve equally well and are both required to explain PIN-mediated PAT.

The observation that the TM domains impact the localization was also made by other authors (Zhang
et al., 2020a). In their study, chimeras with PIN2 loop localized to the apical side of epidermal cells,
but the identity of the TM domains was crucial for the degree of polarity. If the first and second TM
domain originated from the same PIN, providing a PIN2 loop resulted in polar apical localization.
Defects in polarity control were observed in noncanonical PINs and their chimeras (Ganguly ef al.,
2014; Zhang et al., 2020a). PINS, PIN6 and PINS localized (at least partially) to the PM, but in a
nonpolar fashion. Their localization was comparable to the canonical PIN1, PIN3 and their chimeras
PIN1-3-1 or PIN3-1-3 (Figure 12, Figure 18, Figure 20).

When equipped with a loop domain, the polarity of PIN5-2-5 and PIN8-2-8 did not change, but
providing the PIN2 loop to PIN6 (PIN6-2-6) resulted in fully apical and polar localization in
epidermal cells (Figure 26 and Janacek et al., 2023, under review) (Ganguly et al., 2014; Zhang et
al., 2020a).

Although the noncanonical chimeras localized apolarly and were able to transport [AA at comparable
rates, PIN8-2-8 and PINS8-3-8 could not rescue the mutant phenotype, even though PIN6-2-6 did
(Figure 26) (Zhang et al., 2020a). This supports the idea of additional yet unknown regulatory

mechanisms in planta to detect small differences between the PINs. It suggests that PINs with
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proposed function at the PM (all canonical PINs and the semi-canonical PIN6) are more tolerant to
intramolecular protein modification, e.g. domain swaps, than PINs with no intended function at the

PM (PINS and PINS).

4.2.3 Root bending

The less polar localization of PIN1 and PIN3 in contrast to PIN2 might explain why the agravitropic
root of pin2 mutant seedlings was only partially rescued in pin2; Pp::PINI and pin2; Pp::PIN3
lines (Figure 10). However, rescue was significantly higher in pin2; Ppiv::PIN1 seedlings, compared
to pin2; Ppiv::PIN3 seedlings. To answer the question if the different transport rates influence the
dynamics of root bending, the response of 5-day old roots to a gravitropic stimulus was monitored
over time (Figure 14, Figure 22). Two studies showed that Pp2:PIN2 or the GFP-tagged version
expressed in a pin2 mutant fully bring back the ability to react to changes in gravity (Abas et al.,
2006; Baster et al., 2013). To date, temporal root bending was only monitored in the light of PIN3
relocalization in pid wagl wag2 mutants, but not between different PINs in the pin2 mutant (Grones

etal.,2018).

Root bending in presence of sucrose

On vertical agar plates containing sucrose, the response of pin2; Ppiv2:PIN3 roots was significantly
delayed in comparison to wildtype, pin2,; Prin::PINI or pin2; Ppn:: PIN2 roots (Figure 14). This is in
line with the observation in the gravitropism assay where pin2; Ppy2:PIN1 and pin2; Ppiv:: PIN2 lines
were more similar to each other than pin2;Ppw.:PIN3 lines (Figure 10). The roots of
pin2; Ppin2:PINI-2-1  seedlings behave identically to pin2;Ppw::PIN2 toots, whereas
pin2; Ppinz: PIN2-1-2 roots were delayed until 10 h post stimulus (Figure 22). This is in line with the
observation of increased gravitropism of pin2,; Pp::PINI-2-1 seedlings than pin2; Ppin:: PIN2-1-2
seedlings (Figure 18, Figure 19).

The roots of pin2;Ppw::PIN2-3-2 and pin2;Ppw::PIN3-2-3 seedlings were slightly delayed
compared to wildtype roots (Figure 22). The data suggest that providing the PIN2 loop domain to
either PIN1 or PIN3 improves bending after a stimulus, although the difference to chimeras with
PIN2 TM domains were minor and all PIN2-domain containing chimeras showed proper root
bending. Unexpectedly, roots of the pin2 mutant (SALK 042899.22.25) tended to bend upwards on
sugar-containing medium, which was not observed for the eir/-1 mutant (Figure 14, Figure 22 and
Dr. Matous Glanc, former CMB Gent, pers. correspondence, (Abas et al., 2000)).

Glucose is known to impact gravitropic root growth through increased deviation from the gravity
vector (Mishra et al., 2009). PIN2-GFP accumulation in the root tip was enhanced upon glucose
treatment, which resulted in stronger basipetal auxin transport. Sucrose in the medium led to
randomized root growth of the eir/-4 mutant (Garcia-Gonzalez et al., 2021). This effect was

compensated by illumination of the roots. In a recent paper which identified a new allelic pin2 mutant

108



Discussion

(pin2-2), the pin2 mutant was described as nutrient-sensitive (Thomas et al., 2023). The authors
detected that the environmental conditions (nutrient availability) can reverse the mutant root
phenotype. Strong impact of sugar on the agravitropic root of eiri-1, eiri-4, pin2-2 and
SALK 122916 mutants was reported (Prof. Dr. Benjamin Péret, CNRS, Montpellier, France, pers.
correspondence). They suggest that numerous factors impact the strength of the phenotype and that
various growth conditions in laboratories led to different conclusions on the protein over time.
Therefore, the assay was also performed on plates neither supplemented with sucrose nor vitamins,

which is discussed below.

Root bending in absence of sucrose

In order to diminish the impact of the nutritional status on root bending, the assay was performed on
plates without sucrose and vitamin supplementation. The overall root bending was reduced, with
wildtype roots reaching ~55 © instead of ~90 ° after 16 h post stimulus, which is likely due to the
unfavorable growth conditions (Figure 14, Figure 22). The growth rate on plates without sugar was
strongly decreased, which led to smaller differences in root bending and therefore less precise angle
analysis.

In contrast to the results obtained from the bending assay with sucrose, pin2, Ppiv2: PIN1 roots showed
delayed bending and pin2, Pp2: PIN3 roots reacted quicker to the stimulus (Figure 22). For the PIN
chimeras, results were comparable to root bending on sucrose, although the bending rate was
reduced. Chimeras with PIN2 loop bended faster than the chimeras with PIN2 TM domains (Figure
22). The pin2;Pp::PIN2-3-2 roots bended comparably to pin2; Pp::PIN3 roots, but did not reach
wildtype levels after 16 h. This implies that root bending of chimeras with transport rates in the range
of PIN2 were more similar to wildtype than chimeras with elevated transport rates. However, the
increased bending of pin2; Ppv2: PIN3 roots cannot be explained by this and an explanation remains
pending.

The pin2 mutant displayed slight gravitropic bending of 0-15 °, which was comparable to published
data (Abas et al., 2006; Baster et al., 2013). Based on the strong difference between conditions with
or without sucrose and vitamins, it is concluded that the pin2 mutant is highly sensitive to the
environmental situation, as reported recently (Thomas et al., 2023). Wildtype seedlings were less
affected by the environmental settings. Expression of PIN chimeras improved gravitropic bending of
the pin2 mutant and differences between the chimeras could be observed. Although the results from
the bending assay showed some variability, it underlines the data obtained from the transport studies
and the observations from gravitropic growth (Chapter 3.1 and 3.2), i.e. differences in transport

properties are as suitable as the transporter localization to explain root growth.
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Conclusion

To bend upon a gravitropic stimulus, the auxin levels must be elevated on the lower root side
compared to the upper root side (Chapter 1.2.2). Modeling of root bending in dependence on PIN2
revealed that the auxin concentrations between the upper and lower root side must be tightly
controlled and that the PIN2 proportion on the upper root side plays an important role to balance the
steepness of this auxin gradient (Retzer et al., 2019). Upon brassinolide treatment, the PIN2 levels
at the upper root side did not decrease which resulted in a steeper auxin gradient across the root sides
and root overbending. It seems reasonable to hypothesize that the different transport rates of the PINs
and the chimeras could lead to a disruption of IAA gradient formation across the root, which would
impact the root bending.

Although root bending on plates with sugar was more pronounced, faster and was in line with the
transport data, sucrose in the medium presents an unphysiological situation to the root. It was shown
that sucrose stimulates IAA biosynthesis and [AA response in the root, as well as influences root
traits, like root length, root growth direction and the VGI (Mishra et al., 2009; Sairanen et al., 2012).
The root bending in this thesis was monitored completely in the dark, upon five days in the light.
Newly introduced experimental setups, like the D-root system, aim to reduce artificial growth
situations, i.e. shading of the root to exclude the effect of light (Garcia-Gonzalez et al., 2021; Garcia-
Gonzaélez et al., 2022). In order to improve the experimental design in this thesis, the root bending

assays could be performed with illuminated shoot, but shaded roots (Garcia-Gonzalez et al., 2021).

4.2.4 Auxin levels in the root tip

Studies on the transport properties of canonical PINs and their chimeras revealed different transport
rates of PINs. Those correlated well with the ability to rescue the agravitropic root of the pin2 mutant,
and were also in line with results obtained from root bending assays. In order to understand how the
steady-state auxin levels in epidermis and cortex are altered by the different transport properties of
PINs, the auxin sensor R2D2 was introduced into Col-0, the pin2 mutant and pin2;Ppw:: PIN-X
expressing lines (Figure 12, Figure 23). The R2D2 signal in this thesis was measured at two different
regions in the root, whereby one region was specified by cell elongation (25-30 cells from the cell
after anticlinal division of the epidermal/LRC initial cell in Col-0 roots).

In wildtype, the auxin level in the epidermis increased towards the transition zone and stayed similar
in cortical cells. This was reversed in the pin2 mutant. The pin2; Pp.: PIN2 expressing line mimicked
the wildtype and in roots of pin2;Pp::PINI and pin2;Pp::PIN3 seedling the auxin levels in
epidermis and cortex were not significantly different, representing a partial rescue of the pin2 mutant
situation (Figure 12). In lines expressing pin2;Ppw::PINI-2-1, pin2;Pp::PIN2-1-2 or
pin2; Ppin2:PIN3-2-3, the auxin levels were comparable to Col-0 (Figure 23). Only in
pin2; Ppiv2: PIN2-3-2 roots, the auxin levels in epidermis and cortex did not increase, comparable to

pin2; Ppin2: PINI and pin2; Ppinv:: PIN3 roots. This is in good agreement with the results from the root

110



Discussion

bending assay (without supplemented sucrose), where pin2;Pp::PIN2-3-2 and pin2; Pp::PIN3
lines provided comparable results. It further shows that not a single PIN2 domain is the deciding
factor for rescue of the phenotype and it supports the idea that the ‘right’ transport rate in epidermis
and cortex is crucial for proper root gravitropic growth, with PIN2-3-2 showing a higher transport
rate than PIN3-2-3.

Analyses of the root auxin levels by auxin sensors in other contexts revealed that the relative auxin
levels depend drastically on the monitored cell file (Brunoud et al., 2012; Di Mambro et al., 2017).
The studies reported a steep increase in auxin levels in the epidermis and a flat rise in the cortex with
increased distance from the QC. In Di Mambro ef al., an auxin minimum at the transition zone was
reported. The auxin minimum was not detected in this thesis, although the authors described it at ~30
cells from the QC for epidermis and cortex, i.e. the same region as analyzed in this thesis. In contrast,
the auxin levels were increased at this position in comparison to the first five cells after anticlinal
division of the epidermal/LRC initial cell.

A study on apoplast acidification investigated the role of auxin in root cell elongation (Barbez et al.,
2017). By using the R2D2 sensor, the authors detected an increase in auxin levels at the onset of
elongation in epidermal cells. The auxin levels in this thesis and in Barbez et al. were quantified
similarly and a five-fold change in R2/D2 intensity ratio was reported for the 25" cell from the QC,
which is in the same range as described in this thesis.

In a later study, plasmodesmata were reported to contribute significantly to a proper root-tip auxin
distribution (Mellor et al., 2020). The authors used the DII-VENUS sensor in Col-0 and pin2 mutant
background to match the root auxin levels with their model predictions. Similar to the studies
mentioned earlier, the authors detected a steep concentration gradient in the epidermis and less auxin
with a smaller gradient in the cortex, which is consistent with the relative auxin levels reported in
this thesis. The DII-VENUS signal in the pin2 mutant revealed overall lower levels of auxin in the
outer layers of the root compared to wildtype. In the epidermal cell file, the signal was uniform, i.e.
no auxin gradient. In the cortex of pin2 mutants, the auxin level was comparable to the epidermis. In
contrast to the R2D2 ratios in this thesis, the differences between cells in close distance to the QC

and cells at the transition zone were small.

In summary, the auxin levels observed in this thesis match well with existing literature, but highlight
again that auxin levels are highly dynamic and susceptive to the surroundings and experimental
settings. Manipulating the auxin transport in epidermis and cortex through PIN chimeras with
different transport properties and by comparing them to wildtype and mutant, resulted in a

comprehensive analysis of the canonical PIN chimeras.
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4.3 Concluding remarks

This thesis aimed to shed light on the transport properties of PINs as main contributors to PAT. New
regulatory levels were discovered that result from intramolecular interactions of PIN protein domains
and intermolecular interactions of PIN and activating kinase. The results obtained in this thesis open
new questions that concern the intramolecular interactions, the intermolecular interactions and their
physiological implementation.

The observation that the loop domain impacts the transport properties and modulates the TM domain
context suggests intramolecular interactions between the loop and the TM domains. In order to
understand how the loop adjusts, the interacting parts of loop and TM domains should be mapped.
In the cryo-EM structure of PIN1 and PIN3, a small part of the loop was resolved and observed to
form P-sheets which interact with the TM helices (Su et al, 2022; Yang et al., 2022).
Deleting/mutating parts of the loop and testing the PIN functionality in the transport assay, could
separate which parts are involved in initial activation control and/or regulation of transport rates.
Further, based on the structures of PIN1, PIN3 and PINS, the electrostatic surfaces could be compared
to check if interactions of surface residues and substrate could lead to slower/faster substrate
binding/release. In summary, further experiments should aim to resolve the molecular properties of
PIN1/PIN2 and PIN3 that explain the unexpected differences in transport rates that cannot be
explained by the structures at the moment.

The regulation of PINs by AGCVIII kinases clearly goes beyond the phosphorylation-dependent
activation and suggest further intermolecular interactions. The interplay of PIN domains with the
kinase(s) should be investigated, in order to understand why the transport rate depends on the
activating kinase. It should be answered which part(s) of the loop/TM domains are the interaction
sites, how long/stable the PIN-kinase interaction is and if kinases differ in these parameters. The
canonical PIN3 was successfully tested for [AA transport in SPR assays and a similar approach could
be used to test interactions with different kinases (Su et al., 2022). These experiments could give
insight into transporter control by binding of kinase to PIN and could answer why not all AGCVIII
kinases can activate PIN-mediated transport.

The physiological relevance of the different PIN transport properties in planta is evident based on
the results reported, but a conclusive answer cannot be provided. Further experiments should aim to
separate the effects of AGCVIII kinases on PINs, i.e. regulation of transport and regulation of
localization. In the first step, it would be necessary to control the protein levels in the PM. This would
allow to understand if slower PIN transport rates are compensated by increased protein levels in the

membrane in order to obtain the same net efflux.

112



References

References

Abas, L., Benjamins, R., Malenica, N., Paciorek, T., Wisniewska, J., Moulinier-Anzola, J.C.,
Sieberer, T., Friml, J., and Luschnig, C. (2006). Intracellular trafficking and proteolysis of
the Arabidopsis auxin-efflux facilitator PIN2 are involved in root gravitropism. Nat Cell Biol
8, 249-256.

Abas, L., Kolb, M., Stadlmann, J., Janacek, D.P., Lukic, K., Schwechheimer, C., Sazanov, L.A.,
Mach, L., Friml, J., and Hammes, U.Z. (2021). Naphthylphthalamic acid associates with and
inhibits PIN auxin transporters. Proc Natl Acad Sci U S A 118.

Barbez, E., Dunser, K., Gaidora, A., Lendl, T., and Busch, W. (2017). Auxin steers root cell
expansion via apoplastic pH regulation in Arabidopsis thaliana. Proc Natl Acad Sci U S A
114, E4884-E4893.

Barbosa, 1.C., Zourelidou, M., Willige, B.C., Weller, B., and Schwechheimer, C. (2014). D6
PROTEIN KINASE activates auxin transport-dependent growth and PIN-FORMED
phosphorylation at the plasma membrane. Dev Cell 29, 674-685.

Barbosa, 1.C., Shikata, H., Zourelidou, M., Heilmann, M., Heilmann, 1., and Schwechheimer, C.
(2016). Phospholipid composition and a polybasic motif determine D6 PROTEIN KINASE
polar association with the plasma membrane and tropic responses. Development 143, 4687-
4700.

Barbosa, I.C.R., Hammes, U.Z., and Schwechheimer, C. (2018). Activation and Polarity Control of
PIN-FORMED Auxin Transporters by Phosphorylation. Trends Plant Sci 23, 523-538.

Bassukas, A.E.L., Xiao, Y., and Schwechheimer, C. (2022). Phosphorylation control of PIN auxin
transporters. Curr Opin Plant Biol 65, 102146.

Baster, P., Robert, S., Kleine-Vehn, J., Vanneste, S., Kania, U., Grunewald, W., De Rybel, B.,
Beeckman, T., and Friml, J. (2013). SCF(TIR1/AFB)-auxin signalling regulates PIN
vacuolar trafficking and auxin fluxes during root gravitropism. EMBO J 32, 260-274.

Benjamins, R., and Scheres, B. (2008). Auxin: the looping star in plant development. Annu Rev Plant
Biol 59, 443-465.

Benjamins, R., Ampudia, C.S., Hooykaas, P.J., and Offringa, R. (2003). PINOID-mediated signaling
involves calcium-binding proteins. Plant Physiol 132, 1623-1630.

Benjamins, R., Quint, A., Weijers, D., Hooykaas, P., and Offringa, R. (2001). The PINOID protein
kinase regulates organ development in Arabidopsis by enhancing polar auxin transport.
Development 128, 4057-4067.

Bennett, M.J., Marchant, A., Green, H.G., May, S.T., Ward, S.P., Millner, P.A., Walker, A.R.,
Schulz, B., and Feldmann, K.A. (1996). Arabidopsis AUX1 Gene: A Permease-Like
Regulator of Root Gravitropism. Science 273, 948-950.

Bennett, S.R.M., Alvarez, J., Bossinger, G., and Smyth, D.R. (1995). Morphogenesis in pinoid
mutants of Arabidopsis thaliana. Plant J 8, 505-520.

Bennett, T., Brockington, S.F., Rothfels, C., Graham, S.W., Stevenson, D., Kutchan, T., Rolf, M.,
Thomas, P., Wong, G.K., Leyser, O., Glover, B.J., and Harrison, C.J. (2014). Paralogous
radiations of PIN proteins with multiple origins of noncanonical PIN structure. Mol Biol
Evol 31, 2042-2060.

Beziat, C., Barbez, E., Feraru, M.1., Lucyshyn, D., and Kleine-Vehn, J. (2017). Light triggers PILS-
dependent reduction in nuclear auxin signalling for growth transition. Nat Plants 3, 17105.

Blakeslee, J.J., Bandyopadhyay, A., Lee, O.R., Mravec, J., Titapiwatanakun, B., Sauer, M., Makam,
S.N., Cheng, Y., Bouchard, R., Adamec, J., Geisler, M., Nagashima, A., Sakai, T., Martinoia,
E., Friml, J., Peer, W.A., and Murphy, A.S. (2007). Interactions among PIN-FORMED and
P-glycoprotein auxin transporters in Arabidopsis. Plant Cell 19, 131-147.

Blilou, 1., Xu, J., Wildwater, M., Willemsen, V., Paponov, L., Friml, J., Heidstra, R., Aida, M., Palme,
K., and Scheres, B. (2005). The PIN auxin efflux facilitator network controls growth and
patterning in Arabidopsis roots. Nature 433, 39-44.

113



References

Brunoud, G., Wells, D.M., Oliva, M., Larricu, A., Mirabet, V., Burrow, A.H., Beeckman, T.,
Kepinski, S., Traas, J., Bennett, M.J., and Vernoux, T. (2012). A novel sensor to map auxin
response and distribution at high spatio-temporal resolution. Nature 482, 103-106.

Cande, W.Z., and Ray, P.M. (1976). Nature of cell-to-cell transfer of auxin in polar transport. Planta
129, 43-52.

Cazzonelli, C.I., Vanstraelen, M., Simon, S., Yin, K., Carron-Arthur, A., Nisar, N., Tarle, G.,
Cuttriss, A.J., Searle, I.R., Benkova, E., Mathesius, U., Masle, J., Friml, J., and Pogson, B.J.
(2013). Role of the Arabidopsis PIN6 auxin transporter in auxin homeostasis and auxin-
mediated development. PLoS One 8, ¢70069.

Chen, R., Hilson, P., Sedbrook, J., Rosen, E., Caspar, T., and Masson, P.H. (1998). The arabidopsis
thaliana AGRAVITROPIC 1 gene encodes a component of the polar-auxin-transport efflux
carrier. Proc Natl Acad Sci U S A 95, 15112-15117.

Cheng, S., and Wang, Y. (2022). Subcellular trafficking and post-translational modification regulate
PIN polarity in plants. Front Plant Sci 13, 923293.

Christensen, S.K., Dagenais, N., Chory, J., and Weigel, D. (2000). Regulation of Auxin Response by
the Protein Kinase PINOID. Cell 100, 469-478.

Cseplo, A., Zsigmond, L., Andrasi, N., Baba, A.l., Labhane, N.M., Peto, A., Kolbert, Z., Kovacs,
H.E., Steinbach, G., Szabados, L., Feher, A., and Rigo, G. (2021). The AtCRKS Protein
Kinase Is Required to Maintain the ROS NO Balance Affecting the PIN2-Mediated Root
Gravitropic Response in Arabidopsis. Int J Mol Sci 22.

Dal Bosco, C., Dovzhenko, A., and Palme, K. (2012). Intracellular auxin transport in pollen: PINS,
PINS and PILSS. Plant Signal Behav 7, 1504-1505.

Darwin, C., and Darwin, F. (1880). Sensitiveness of plants to light: it‘s transmitted effect. The power
of movement in plants (John Murray, London).

De Smet, 1., Voss, U., Lau, S., Wilson, M., Shao, N., Timme, R.E., Swarup, R., Kerr, 1., Hodgman,
C., Bock, R., Bennett, M., Jurgens, G., and Beeckman, T. (2011). Unraveling the evolution
of auxin signaling. Plant Physiol 155, 209-221.

Dhonukshe, P., Huang, F., Galvan-Ampudia, C.S., Mahonen, A.P., Kleine-Vehn, J., Xu, J., Quint,
A., Prasad, K., Friml, J., Scheres, B., and Offringa, R. (2010). Plasma membrane-bound
AGC3 kinases phosphorylate PIN auxin carriers at TPRXS(N/S) motifs to direct apical PIN
recycling. Development 142, 2386-2387.

Di Mambro, R., Svolacchia, N., Dello Ioio, R., Pierdonati, E., Salvi, E., Pedrazzini, E., Vitale, A.,
Perilli, S., Sozzani, R., Benfey, P.N., Busch, W., Costantino, P., and Sabatini, S. (2019). The
Lateral Root Cap Acts as an Auxin Sink that Controls Meristem Size. Curr Biol 29, 1199-
1205 e1194.

Di Mambro, R., De Ruvo, M., Pacifici, E., Salvi, E., Sozzani, R., Benfey, P.N., Busch, W., Novak,
0., Ljung, K., Di Paola, L., Maree, A.F.M., Costantino, P., Grieneisen, V.A., and Sabatini,
S. (2017). Auxin minimum triggers the developmental switch from cell division to cell
differentiation in the Arabidopsis root. Proc Natl Acad Sci U S A 114, E7641-E7649.

Dindas, J., Scherzer, S., Roelfsema, M.R.G., von Meyer, K., Muller, H.M., Al-Rasheid, K.A.S.,
Palme, K., Dietrich, P., Becker, D., Bennett, M.J., and Hedrich, R. (2018). AUX1-mediated
root hair auxin influx governs SCF(TIR1/AFB)-type Ca(2+) signaling. Nat Commun 9,
1174.

Ding, Z., Wang, B., Moreno, I., Duplakova, N., Simon, S., Carraro, N., Reemmer, J., Pencik, A.,
Chen, X., Tejos, R., Skupa, P., Pollmann, S., Mravec, J., Petrasek, J., Zazimalova, E., Honys,
D., Rolcik, J., Murphy, A., Orellana, A., Geisler, M., and Friml, J. (2012). ER-localized
auxin transporter PIN8 regulates auxin homeostasis and male gametophyte development in
Arabidopsis. Nat Commun 3, 941.

Ditengou, F.A., Gomes, D., Nziengui, H., Kochersperger, P., Lasok, H., Medeiros, V., Paponov, LA.,
Nagy, S.K., Nadai, T.V., Meszaros, T., Barnabas, B., Ditengou, B.1., Rapp, K., Qi, L., Li,
X., Becker, C., Li, C., Doczi, R., and Palme, K. (2018). Characterization of auxin transporter
PING plasma membrane targeting reveals a function for PIN6 in plant bolting. New Phytol
217,1610-1624.

Dory, M., Hatzimasoura, E., Kallai, B.M., Nagy, S.K., Jager, K., Darula, Z., Nadai, T.V., Meszaros,
T., Lopez-Juez, E., Barnabas, B., Palme, K., Bogre, L., Ditengou, F.A., and Doczi, R. (2018).

114



References

Coevolving MAPK and PID phosphosites indicate an ancient environmental control of PIN
auxin transporters in land plants. FEBS Lett 592, 89-102.

Esmon, C.A., Tinsley, A.G., Ljung, K., Sandberg, G., Hearne, L.B., and Liscum, E. (2006). A
gradient of auxin and auxin-dependent transcription precedes tropic growth responses.
Proceedings of the National Academy of Sciences 103, 236-241.

Fang, S., Huang, X., Zhang, X., Zhang, M., Hao, Y., Guo, H., Liu, L.N., Yu, F., and Zhang, P. (2021).
Molecular mechanism underlying transport and allosteric inhibition of bicarbonate
transporter SbtA. Proc Natl Acad Sci U S A 118.

Fastner, A., Absmanner, B., and Hammes, U.Z. (2017). Use of Xenopus laevis Oocytes to Study
Auxin Transport. Methods Mol Biol 1497, 259-270.

Feraru, E., Feraru, M.1., Moulinier-Anzola, J., Schwihla, M., Ferreira Da Silva Santos, J., Sun, L.,
Waidmann, S., Korbei, B., and Kleine-Vehn, J. (2022). PILS proteins provide a homeostatic
feedback on auxin signaling output. Development 149.

Friml, J., Wisniewska, J., Benkova, E., Mendgen, K., and Palme, K. (2002a). Lateral relocation of
auxin efflux regulator PIN3 mediates tropism in Arabidopsis. Nature 415, 806-809.

Friml, J., Benkova, E., Mayer, U., Palme, K., and Muster, G. (2003). Automated whole mount
localisation techniques for plant seedlings. Plant J 34, 115-124.

Friml, J., Benkova, E., Blilou, 1., Wisniewska, J., Hamann, T., Ljung, K., Woody, S., Sandberg, G.,
Scheres, B., Jiirgens, G., and Palme, K. (2002b). AtPIN4 Mediates Sink-Driven Auxin
Gradients and Root Patterning in Arabidopsis. Cell 108, 661-673.

Friml, J., Yang, X., Michniewicz, M., Weijers, D., Quint, A., Tietz, O., Benjamins, R., Ouwerkerk,
P.B., Ljung, K., Sandberg, G., Hooykaas, P.J., Palme, K., and Offringa, R. (2004). A
PINOID-dependent binary switch in apical-basal PIN polar targeting directs auxin efflux.
Science 306, 862-865.

Furutani, M., Nakano, Y., and Tasaka, M. (2014). MAB4-induced auxin sink generates local auxin
gradients in Arabidopsis organ formation. Proc Natl Acad SciU S A 111, 1198-1203.

Furutani, M., Sakamoto, N., Yoshida, S., Kajiwara, T., Robert, H.S., Friml, J., and Tasaka, M.
(2011). Polar-localized NPH3-like proteins regulate polarity and endocytosis of PIN-
FORMED auxin efflux carriers. Development 138, 2069-2078.

Galvan-Ampudia, C.S., and Offringa, R. (2007). Plant evolution: AGC kinases tell the auxin tale.
Trends Plant Sci 12, 541-547.

Gilweiler, L., Guan, C., Muller, A., Wisman, E., Mendgen, K., Yephremov, A., and Palme, K.
(1998). Regulation of polar auxin transport by AtPIN1 in Arabidopsis vascular tissue.
Science 282, 2226-2230.

Ganguly, A., Lee, S.H., and Cho, H.T. (2012). Functional identification of the phosphorylation sites
of Arabidopsis PIN-FORMED?3 for its subcellular localization and biological role. Plant J
71, 810-823.

Ganguly, A., Park, M., Kesawat, M.S., and Cho, H.T. (2014). Functional Analysis of the Hydrophilic
Loop in Intracellular Trafficking of Arabidopsis PIN-FORMED Proteins. Plant Cell 26,
1570-1585.

Ganguly, A., Lee, S.H., Cho, M., Lee, O.R., Yoo, H., and Cho, H.T. (2010). Differential auxin-
transporting activities of PIN-FORMED proteins in Arabidopsis root hair cells. Plant Physiol
153, 1046-1061.

Garcia-Gonzalez, J., Lacek, J., and Retzer, K. (2021). Dissecting Hierarchies between Light, Sugar
and Auxin Action Underpinning Root and Root Hair Growth. Plants (Basel) 10.

Garcia-Gonzalez, J., Lacek, J., Weckwerth, W., and Retzer, K. (2022). Throttling Growth Speed:
Evaluation of aux1-7 Root Growth Profile by Combining D-Root system and Root
Penetration Assay. Plants 11.

Geisler, M., Blakeslee, J.J., Bouchard, R., Lee, O.R., Vincenzetti, V., Bandyopadhyay, A.,
Titapiwatanakun, B., Peer, W.A., Bailly, A., Richards, E.L., Ejendal, K.F., Smith, A.P.,
Baroux, C., Grossniklaus, U., Muller, A., Hrycyna, C.A., Dudler, R., Murphy, A.S., and
Martinoia, E. (2005). Cellular efflux of auxin catalyzed by the Arabidopsis MDR/PGP
transporter AtPGP1. Plant J 44, 179-194.

George, E.F., Hall, M.A., and Klerk, G.-J.D. (2007). Plant Propagation by Tissue Culture.

115



References

Glanc, M., Fendrych, M., and Friml, J. (2018). Mechanistic framework for cell-intrinsic re-
establishment of PIN2 polarity after cell division. Nat Plants 4, 1082-1088.

Glanc, M., Van Gelderen, K., Hoermayer, L., Tan, S., Naramoto, S., Zhang, X., Domjan, D.,
Vcelarova, L., Hauschild, R., Johnson, A., de Koning, E., van Dop, M., Rademacher, E.,
Janson, S., Wei, X., Molnar, G., Fendrych, M., De Rybel, B., Offringa, R., and Friml, J.
(2021). AGC kinases and MAB4/MEL proteins maintain PIN polarity by limiting lateral
diffusion in plant cells. Curr Biol.

Goldsmith, M.H., Cataldo, D.A., Karn, J., Brenneman, T., and Trip, P. (1974). The rapid non-polar
transport of auxin in the phloem of intact Coleus plants. Planta 116, 301-317.

Goto, N., Starke, M., and Kranz, A.R. (1987). Effect of gibberellins on flower development of the
pin-formed mutant of Arabidopsis thaliana.

Grabov, A., Ashley, M.K., Rigas, S., Hatzopoulos, P., Dolan, L., and Vicente-Agullo, F. (2005).
Morphometric analysis of root shape. New Phytol 165, 641-651.

Grebe, M., Friml, J., Swarup, R., Ljung, K., Sandberg, G., Terlou, M., Palme, K., Bennett, M.J., and
Scheres, B. (2002). Cell Polarity Signaling in Arabidopsis Involves a BFA-Sensitive Auxin
Influx Pathway. Curr Biol 12, 329-334.

Grieneisen, V.A., Xu, J., Maree, A.F., Hogeweg, P., and Scheres, B. (2007). Auxin transport is
sufficient to generate a maximum and gradient guiding root growth. Nature 449, 1008-1013.

Grones, P., Abas, M., Hajny, J., Jones, A., Waidmann, S., Kleine-Vehn, J., and Friml, J. (2018).
PID/WAG-mediated phosphorylation of the Arabidopsis PIN3 auxin transporter mediates
polarity switches during gravitropism. Sci Rep 8, 10279.

Giitter, S. (2014). Charakterisierung der Effluxeigenschaften des Aminoséuretransporters UmamiT2
aus Lotus japonicus sowie der Auxintransporter PIN4 & 7 aus Arabidopsis thaliana
(University of Regensburg).

Haga, K., and Sakai, T. (2012). PIN auxin efflux carriers are necessary for pulse-induced but not
continuous light-induced phototropism in Arabidopsis. Plant Physiol 160, 763-776.

Hajny, J., Prat, T., Rydza, N., Rodriguez, L., Tan, S., Verstracten, I., Domjan, D., Mazur, E.,
Smakowska-Luzan, E., Smet, W., Mor, E., Nolf, J., Yang, B., Grunewald, W., Molnar, G.,
Belkhadir, Y., De Rybel, B., and Friml, J. (2020). Receptor kinase module targets PIN-
dependent auxin transport during canalization. Science 370, 550-557.

Hammes, U.Z., Murphy, A.S., and Schwechheimer, C. (2021). Auxin Transporters-A Biochemical
View. Cold Spring Harb Perspect Biol.

Hao, P., Xia, J., Liu, J., Di Donato, M., Pakula, K., Bailly, A., Jasinski, M., and Geisler, M. (2020).
Auxin-transporting ABC transporters are defined by a conserved D/E-P motif regulated by
a prolylisomerase. J Biol Chem 295, 13094-13105.

Haughn, G.W., and Somerville, C.R. (1988). Genetic control of morphogenesis inArabidopsis. Dev
Genet 9, 73-89.

Heisler, M.G., Ohno, C., Das, P., Sieber, P., Reddy, G.V., Long, J.A., and Meyerowitz, E.M. (2005).
Patterns of auxin transport and gene expression during primordium development revealed
by live imaging of the Arabidopsis inflorescence meristem. Curr Biol 15, 1899-1911.

Hellens, R.P., Edwards, E.A., Leyland, N.R., Bean, S., and Mullineaux, P.M. (2000). pGreen: a
versatile and flexible binary Ti vector for Agrobacterium-mediated plant transformation.
Plant Mol Biol 42, 819-832.

Hertel, R., and Leopold, A.C. (1963). Versuche zur Analyse des Auxintransports in der Koleoptile
vonZea mays L. Planta 59, 535-562.

Hertel, R., Lomax, T.L., and Briggs, W.R. (1983). Auxin transport in membrane vesicles from
Cucurbita pepo L. Planta 157, 193-201.

Himschoot, E., Pleskot, R., Van Damme, D., and Vanneste, S. (2017). The ins and outs of Ca(2+) in
plant endomembrane trafficking. Curr Opin Plant Biol 40, 131-137.

Hrtyan, M., Slikova, E., Hejatko, J., and Ruzicka, K. (2015). RNA processing in auxin and cytokinin
pathways. J Exp Bot 66, 4897-4912.

Hu, N.J., Iwata, S., Cameron, A.D., and Drew, D. (2011). Crystal structure of a bacterial homologue
of the bile acid sodium symporter ASBT. Nature 478, 408-411.

116



References

Huang, F., Zago, M.K., Abas, L., van Marion, A., Galvan-Ampudia, C.S., and Offringa, R. (2010).
Phosphorylation of conserved PIN motifs directs Arabidopsis PIN1 polarity and auxin
transport. Plant Cell 22, 1129-1142.

Hunte, C., Screpanti, E., Venturi, M., Rimon, A., Padan, E., and Michel, H. (2005). Structure of a
Na+/H+ antiporter and insights into mechanism of action and regulation by pH. Nature 435,
1197-1202.

Ischebeck, T., Werner, S., Krishnamoorthy, P., Lerche, J., Meijon, M., Stenzel, 1., Lofke, C.,
Wiessner, T., Im, Y.J., Perera, 1.Y., Iven, T., Feussner, 1., Busch, W., Boss, W.F.,
Teichmann, T., Hause, B., Persson, S., and Heilmann, 1. (2013). Phosphatidylinositol 4,5-
bisphosphate influences PIN polarization by controlling clathrin-mediated membrane
trafficking in Arabidopsis. Plant Cell 25, 4894-4911.

Ishida, T., Thitamadee, S., and Hashimoto, T. (2007). Twisted growth and organization of cortical
microtubules. J Plant Res 120, 61-70.

Jacobs, M., and Gilbert, S.F. (1983). Basal localization of the presumptive auxin transport carrier in
pea stem cells. Science 220, 1297-1300.

Janacek, D.P. (2017). PIN-FORMED PROTEINs: Characterization of transport properties &
regulation by domain swapping (University of Regensburg).

Jenness, M.K., Carraro, N., Pritchard, C.A., and Murphy, A.S. (2019). The Arabidopsis ATP-
BINDING CASSETTE Transporter ABCB21 Regulates Auxin Levels in Cotyledons, the
Root Pericycle, and Leaves. Front Plant Sci 10, 806.

Jia, W., Li, B,, Li, S, Liang, Y., Wu, X., Ma, M., Wang, J., Gao, J., Cai, Y., Zhang, Y., Wang, Y.,
Li, J., and Wang, Y. (2016). Mitogen-Activated Protein Kinase Cascade MKK7-MPK6
Plays Important Roles in Plant Development and Regulates Shoot Branching by
Phosphorylating PIN1 in Arabidopsis. PLoS Biol 14, €1002550.

Kamimoto, Y., Terasaka, K., Hamamoto, M., Takanashi, K., Fukuda, S., Shitan, N., Sugiyama, A.,
Suzuki, H., Shibata, D., Wang, B., Pollmann, S., Geisler, M., and Yazaki, K. (2012).
Arabidopsis ABCB21 is a facultative auxin importer/exporter regulated by cytoplasmic
auxin concentration. Plant Cell Physiol 53, 2090-2100.

Kashkan, 1., Hrtyan, M., Retzer, K., Humpolickova, J., Jayasree, A., Filepova, R., Vondrakova, Z.,
Simon, S., Rombaut, D., Jacobs, T.B., Frilander, M.J., Hejatko, J., Friml, J., Petrasek, J., and
Ruzicka, K. (2022). Mutually opposing activity of PIN7 splicing isoforms is required for
auxin-mediated tropic responses in Arabidopsis thaliana. New Phytol 233, 329-343.

Katekar, G.F., and Geissler, A.E. (1977). Auxin Transport Inhibitors: III. Chemical Requirements of
a Class of Auxin Transport Inhibitors. Plant Physiol 60, 826-829.

Kleine-Vehn, J., Huang, F., Naramoto, S., Zhang, J., Michniewicz, M., Offringa, R., and Friml, J.
(2009). PIN auxin efflux carrier polarity is regulated by PINOID kinase-mediated
recruitment into GNOM-independent trafficking in Arabidopsis. Plant Cell 21, 3839-3849.

Kleine-Vehn, J., Wabnik, K., Martiniere, A., Langowski, L., Willig, K., Naramoto, S., Leitner, J.,
Tanaka, H., Jakobs, S., Robert, S., Luschnig, C., Govaerts, W., Hell, S.W., Runions, J., and
Friml, J. (2011). Recycling, clustering, and endocytosis jointly maintain PIN auxin carrier
polarity at the plasma membrane. Mol Syst Biol 7, 540.

Kogl, F., Erxleben, H., and Haagen-Smit, A. (1934). Uber die Isolierung der Auxine a und b aus
pflanzlichen Materialien. 9. Mitteilung iiber pflanzliche Wachstumsstoffe.

Kolb, M. (2015). Characterization of the putative auxin efflux transporters PIN5, PIN6 and PINS -
A domain-swapping approach (University of Regensburg).

Koncz, C., and Schell, J. (1986). The promoter of TL-DNA gene 5 controls the tissue-specific
expression of chimaeric genes carried by a novel type of Agrobacterium binary vector.
Molecular and General Genetics MGG 204, 383-396.

Konings, H. (1967). On the Mechanism of the Transverse Distribution of Auxin in Geotropically
Exposed Pea Roots. Acta Botanica Neerlandica 16, 161-176.

Krecek, P., Skupa, P., Libus, J., Naramoto, S., Tejos, R., Friml, J., and Zazimalova, E. (2009). The
PIN-FORMED (PIN) protein family of auxin transporters. Genome Biol 10, 249.

Krouk, G., Lacombe, B., Bielach, A., Perrine-Walker, F., Malinska, K., Mounier, E., Hoyerova, K.,
Tillard, P., Leon, S., Ljung, K., Zazimalova, E., Benkova, E., Nacry, P., and Gojon, A.

117



References

(2010). Nitrate-regulated auxin transport by NRT1.1 defines a mechanism for nutrient
sensing in plants. Dev Cell 18, 927-937.

Kubes, M., Yang, H., Richter, G.L., Cheng, Y., Mlodzinska, E., Wang, X., Blakeslee, J.J., Carraro,
N., Petrasek, J., Zazimalova, E., Hoyerova, K., Peer, W.A., and Murphy, A.S. (2012). The
Arabidopsis concentration-dependent influx/efflux transporter ABCB4 regulates cellular
auxin levels in the root epidermis. Plant J 69, 640-654.

Lampropoulos, A., Sutikovic, Z., Wenzl, C., Maegele, 1., Lohmann, J.U., and Forner, J. (2013).
GreenGate---a novel, versatile, and efficient cloning system for plant transgenesis. PLoS
One 8, ¢83043.

Lee, C., Kang, H.J., von Ballmoos, C., Newstead, S., Uzdavinys, P., Dotson, D.L., Iwata, S.,
Beckstein, O., Cameron, A.D., and Drew, D. (2013). A two-domain elevator mechanism for
sodium/proton antiport. Nature 501, 573-577.

Lee, H., Ganguly, A., Lee, R.D., Park, M., and Cho, H.T. (2019). Intracellularly Localized PIN-
FORMEDS Promotes Lateral Root Emergence in Arabidopsis. Front Plant Sci 10, 1808.

Lee, S.H., and Cho, H.T. (2006). PINOID positively regulates auxin efflux in Arabidopsis root hair
cells and tobacco cells. Plant Cell 18, 1604-1616.

Leitz, G., Kang, B.H., Schoenwaelder, M.E., and Staehelin, L.A. (2009). Statolith sedimentation
kinetics and force transduction to the cortical endoplasmic reticulum in gravity-sensing
Arabidopsis columella cells. Plant Cell 21, 843-860.

Li, Y., Wang, Y., Tan, S., Li, Z., Yuan, Z., Glanc, M., Domjan, D., Wang, K., Xuan, W., Guo, Y.,
Gong, Z., Friml, J., and Zhang, J. (2020). Root Growth Adaptation is Mediated by PYLs
ABA Receptor-PP2A Protein Phosphatase Complex. Adv Sci (Weinh) 7, 1901455.

Liao, C.Y., Smet, W., Brunoud, G., Yoshida, S., Vernoux, T., and Weijers, D. (2015). Reporters for
sensitive and quantitative measurement of auxin response. Nat Methods 12, 207-210, 202 p
following 210.

Liu, X.Y., Hou, W.T., Wang, L., Li, B., Chen, Y., Chen, Y., Jiang, Y.L., and Zhou, C.Z. (2021).
Structures of cyanobacterial bicarbonate transporter SbtA and its complex with PII-like
SbtB. Cell Discov 7, 63.

Lofke, C., Scheuring, D., Dunser, K., Scholler, M., Luschnig, C., and Kleine-Vehn, J. (2015). Tricho-
and atrichoblast cell files show distinct PIN2 auxin efflux carrier exploitations and are jointly
required for defined auxin-dependent root organ growth. J Exp Bot 66, 5103-5112.

Lomax, T.L., Mehlhorn, R.J., and Briggs, W.R. (1985). Active auxin uptake by zucchini membrane
vesicles: quantitation using ESR volume and delta pH determinations. Proc Natl Acad Sci U
S A 82, 6541-6545.

Lomax, T.L., Muday, G.K., and Rubery, P.H. (1995). Auxin Transport. In Plant Hormones:
Physiology, Biochemistry and Molecular Biology, P.J. Davies, ed (Dordrecht: Springer
Netherlands), pp. 509-530.

Ludewig, U., von Wiren, N., and Frommer, W.B. (2002). Uniport of NH4+ by the root hair plasma
membrane ammonium transporter LeAMT]1;1. J Biol Chem 277, 13548-13555.

Luschnig, C., Gaxiola, R.A., Grisafi, P., and Fink, G.R. (1998). EIR1, a root-specific protein
involved in auxin transport, is required for gravitropism in Arabidopsis thaliana. Genes Dev
12,2175-2187.

Mano, H., and Hasebe, M. (2021). Rapid movements in plants. J Plant Res 134, 3-17.

Marchant, A., Bhalerao, R., Casimiro, I., Eklof, J., Casero, P.J., Bennett, M., and Sandberg, G.
(2002). AUXI1 promotes lateral root formation by facilitating indole-3-acetic acid
distribution between sink and source tissues in the Arabidopsis seedling. Plant Cell 14, 589-
597.

Marhava, P., Bassukas, A.E.L., Zourelidou, M., Kolb, M., Moret, B., Fastner, A., Schulze, W.X_,
Cattaneo, P., Hammes, U.Z., Schwechheimer, C., and Hardtke, C.S. (2018). A molecular
rheostat adjusts auxin flux to promote root protophloem differentiation. Nature 558, 297-
300.

Marhava, P., Aliaga Fandino, A.C., Koh, S.W.H., Jelinkova, A., Kolb, M., Janacek, D.P., Breda,
A.S., Cattaneo, P., Hammes, U.Z., Petrasek, J., and Hardtke, C.S. (2020). Plasma Membrane
Domain Patterning and Self-Reinforcing Polarity in Arabidopsis. Dev Cell 52, 223-235
e225.

118



References

Marhavy, P., Bielach, A., Abas, L., Abuzeineh, A., Duclercq, J., Tanaka, H., Parezova, M., Petrasek,
J., Friml, J., Kleine-Vehn, J., and Benkova, E. (2011). Cytokinin modulates endocytic
trafficking of PIN1 auxin efflux carrier to control plant organogenesis. Dev Cell 21, 796-
804.

Mellor, N.L., Voss, U., Janes, G., Bennett, M.J., Wells, D.M., and Band, L.R. (2020). Auxin fluxes
through plasmodesmata modify root-tip auxin distribution. Development 147.

Mergner, J., Frejno, M., List, M., Papacek, M., Chen, X., Chaudhary, A., Samaras, P., Richter, S.,
Shikata, H., Messerer, M., Lang, D., Altmann, S., Cyprys, P., Zolg, D.P., Mathieson, T.,
Bantscheff, M., Hazarika, R.R., Schmidt, T., Dawid, C., Dunkel, A., Hofmann, T., Sprunck,
S., Falter-Braun, P., Johannes, F., Mayer, K.F.X., Jurgens, G., Wilhelm, M., Baumbach, J.,
Grill, E., Schneitz, K., Schwechheimer, C., and Kuster, B. (2020). Mass-spectrometry-based
draft of the Arabidopsis proteome. Nature 579, 409-414.

Michniewicz, M., Ho, C.H., Enders, T.A., Floro, E., Damodaran, S., Gunther, L.K., Powers, S.K.,
Frick, E.M., Topp, C.N., Frommer, W.B., and Strader, L.C. (2019). TRANSPORTER OF
IBA1 Links Auxin and Cytokinin to Influence Root Architecture. Dev Cell 50, 599-609
e594.

Michniewicz, M., Zago, M.K., Abas, L., Weijers, D., Schweighofer, A., Meskiene, 1., Heisler, M.G.,
Ohno, C., Zhang, J., Huang, F., Schwab, R., Weigel, D., Meyerowitz, E.M., Luschnig, C.,
Offringa, R., and Friml, J. (2007). Antagonistic regulation of PIN phosphorylation by PP2A
and PINOID directs auxin flux. Cell 130, 1044-1056.

Migliaccio, F., Tassone, P., and Fortunati, A. (2013). Circumnutation as an autonomous root
movement in plants. Am J Bot 100, 4-13.

Mishra, B.S., Singh, M., Aggrawal, P., and Laxmi, A. (2009). Glucose and auxin signaling
interaction in controlling Arabidopsis thaliana seedlings root growth and development. PLoS
One 4, e4502.

Morgan, D.G., and Séding, H. (1958). UBER DIE WIRKUNGSWEISE VON
PHTHALSAUREMONO-a-NAPHTHYLAMID (PNA) AUF DAS WACHSTUM DER
HAFERKOLEOPTILE. Planta 52, 235-249.

Mravec, J., Skupa, P., Bailly, A., Hoyerova, K., Krecek, P., Bielach, A., Petrasek, J., Zhang, J.,
Gaykova, V., Stierhof, Y.D., Dobrev, P.I., Schwarzerova, K., Rolcik, J., Seifertova, D.,
Luschnig, C., Benkova, E., Zazimalova, E., Geisler, M., and Friml, J. (2009). Subcellular
homeostasis of phytohormone auxin is mediated by the ER-localized PINS transporter.
Nature 459, 1136-1140.

Miiller, A., Guan, C., Galweiler, L., Tanzler, P., Huijser, P., Marchant, A., Parry, G., Bennett, M.,
Wisman, E., and Palme, K. (1998). AtPIN2 defines a locus of Arabidopsis for root
gravitropism control. EMBO J 17, 6903-6911.

Okada, K., Ueda, J., Komaki, M.K., Bell, C.J., and Shimura, Y. (1991). Requirement of the Auxin
Polar Transport System in Early Stages of Arabidopsis Floral Bud Formation. Plant Cell 3,
677-684.

Ottenschlager, 1., Wolff, P., Wolverton, C., Bhalerao, R.P., Sandberg, G., Ishikawa, H., Evans, M.,
and Palme, K. (2003). Gravity-regulated differential auxin transport from columella to lateral
root cap cells. Proc Natl Acad Sci U S A 100, 2987-2991.

Paulino, C., Wohlert, D., Kapotova, E., Yildiz, O., and Kuhlbrandt, W. (2014). Structure and
transport mechanism of the sodium/proton antiporter MjNhaP1. eLife 3, e03583.

Peret, B., Swarup, K., Ferguson, A., Seth, M., Yang, Y., Dhondt, S., James, N., Casimiro, 1., Perry,
P., Syed, A., Yang, H., Reemmer, J., Venison, E., Howells, C., Perez-Amador, M.A., Yun,
J., Alonso, J., Beemster, G.T., Laplaze, L., Murphy, A., Bennett, M.J., Nielsen, E., and
Swarup, R. (2012). AUX/LAX genes encode a family of auxin influx transporters that
perform distinct functions during Arabidopsis development. Plant Cell 24, 2874-2885.

Petersson, S.V., Johansson, A.l., Kowalczyk, M., Makoveychuk, A., Wang, J.Y., Moritz, T., Grebe,
M., Benfey, P.N., Sandberg, G., and Ljung, K. (2009). An auxin gradient and maximum in
the Arabidopsis root apex shown by high-resolution cell-specific analysis of IAA
distribution and synthesis. Plant Cell 21, 1659-1668.

Petricka, J.J., Winter, C.M., and Benfey, P.N. (2012). Control of Arabidopsis root development.
Annu Rev Plant Biol 63, 563-590.

119



References

Piconese, S., Tronelli, G., Pippia, P., and Migliaccio, F. (2003). Chiral and non-chiral nutations in
Arabidopsis roots grown on the random positioning machine. J Exp Bot 54, 1909-1918.

Ranocha, P., Dima, O., Nagy, R., Felten, J., Corratge-Faillie, C., Novak, O., Morreel, K., Lacombe,
B., Martinez, Y., Pfrunder, S., Jin, X., Renou, J.P., Thibaud, J.B., Ljung, K., Fischer, U.,
Martinoia, E., Boerjan, W., and Goffner, D. (2013). Arabidopsis WATT is a vacuolar auxin
transport facilitator required for auxin homoeostasis. Nat Commun 4, 2625.

Rashotte, A.M., DeLong, A., and Muday, G.K. (2001). Genetic and chemical reductions in protein
phosphatase activity alter auxin transport, gravity response, and lateral root growth. Plant
Cell 13, 1683-1697.

Raven, J.A. (1975). TRANSPORT OF INDOLEACETIC ACID IN PLANT CELLS IN RELATION
TO pH AND ELECTRICAL POTENTIAL GRADIENTS, AND ITS SIGNIFICANCE FOR
POLAR IAA TRANSPORT. New Phytol 74, 163-172.

Reinhardt, D., Pesce, E.R., Stieger, P., Mandel, T., Baltensperger, K., Bennett, M., Traas, J., Friml,
J., and Kuhlemeier, C. (2003). Regulation of phyllotaxis by polar auxin transport. Nature
426, 255-260.

Retzer, K., Akhmanova, M., Konstantinova, N., Malinska, K., Leitner, J., Petrasek, J., and Luschnig,
C. (2019). Brassinosteroid signaling delimits root gravitropism via sorting of the Arabidopsis
PIN2 auxin transporter. Nat Commun 10, 5516.

Rigo, G., Ayaydin, F., Tietz, O., Zsigmond, L., Kovacs, H., Pay, A., Salchert, K., Darula, Z.,
Medzihradszky, K.F., Szabados, L., Palme, K., Koncz, C., and Cseplo, A. (2013).
Inactivation of plasma membrane-localized CDPK-RELATED KINASES decelerates PIN2
exocytosis and root gravitropic response in Arabidopsis. Plant Cell 25, 1592-1608.

Rizzieri, R., Mahadevan, L., Vaziri, A., and Donald, A. (2006). Superficial wrinkles in stretched,
drying gelatin films. Langmuir 22, 3622-3626.

Rubery, P.H., and Sheldrake, A.R. (1974). Carrier-mediated auxin transport. Planta 118, 101-121.

Ruiz Rosquete, M., Waidmann, S., and Kleine-Vehn, J. (2018). PIN7 Auxin Carrier Has a
Preferential Role in Terminating Radial Root Expansion in Arabidopsis thaliana. Int J Mol
Sci 19.

Rutherford, R., and Masson, P.H. (1996). Arabidopsis thaliana sku mutant seedlings show
exaggerated surface-dependent alteration in root growth vector. Plant Physiol 111, 987-998.

Ruzicka, K., Simaskova, M., Duclercq, J., Petrasek, J., Zazimalova, E., Simon, S., Friml, J., Van
Montagu, M.C., and Benkova, E. (2009). Cytokinin regulates root meristem activity via
modulation of the polar auxin transport. Proc Natl Acad Sci U S A 106, 4284-4289.

Ruzicka, K., Strader, L.C., Bailly, A., Yang, H., Blakeslee, J., Langowski, L., Nejedla, E., Fujita, H.,
Itoh, H., Syono, K., Hejatko, J., Gray, W.M., Martinoia, E., Geisler, M., Bartel, B., Murphy,
A.S., and Friml, J. (2010). Arabidopsis PIS1 encodes the ABCG37 transporter of auxinic
compounds including the auxin precursor indole-3-butyric acid. Proc Natl Acad Sci U S A
107, 10749-10753.

Sairanen, 1., Novak, O., Pencik, A., Ikeda, Y., Jones, B., Sandberg, G., and Ljung, K. (2012). Soluble
carbohydrates regulate auxin biosynthesis via PIF proteins in Arabidopsis. Plant Cell 24,
4907-4916.

Salkowski, E. (1885). Ueber das verhalten der skatolcarbonsiure im organismus.

Sambrook, J., Fritsch, E., and Maniatis, T. (1989). Molecular Cloning, a Laboratory Manual. Cold
Spring Harbor, New York: Cold Spring Harbor Laboratory Press.

Santner, A.A., and Watson, J.C. (2006). The WAG1 and WAG?2 protein kinases negatively regulate
root waving in Arabidopsis. Plant J 45, 752-764.

Scholz, S., Plessmann, J., Enugutti, B., Huttl, R., Wassmer, K., and Schneitz, K. (2019). The AGC
protein kinase UNICORN controls planar growth by attenuating PDK1 in Arabidopsis
thaliana. Plos Genet 15, €1007927.

Selim, K.A., Haase, F., Hartmann, M.D., Hagemann, M., and Forchhammer, K. (2018). P(II)-like
signaling protein SbtB links cAMP sensing with cyanobacterial inorganic carbon response.
Proc Natl Acad Sci U S A 115, E4861-E4869.

Sheldrake, A.R. (2021). The production of auxin by dying cells. J Exp Bot.

120



References

Simon, M.L., Platre, M.P., Marques-Bueno, M.M., Armengot, L., Stanislas, T., Bayle, V., Caillaud,
M.C., and Jaillais, Y. (2016). A PtdIns(4)P-driven electrostatic field controls cell membrane
identity and signalling in plants. Nat Plants 2, 16089.

Staves, M.P., Wayne, R., and Leopold, A.C. (1997). The effect of the external medium on the
gravitropic curvature of rice (Oryza sativa,

Poaceae) roots. Am J Bot 84, 1522-1529.

Su, N., Zhu, A., Tao, X., Ding, Z.J., Chang, S., Ye, F., Zhang, Y., Zhao, C., Chen, Q., Wang, J.,
Zhou, C.Y., Guo, Y., Jiao, S., Zhang, S., Wen, H., Ma, L., Ye, S., Zheng, S.J., Yang, F., Wu,
S., and Guo, J. (2022). Structures and mechanisms of the Arabidopsis auxin transporter
PIN3. Nature 609, 616-621.

Su, S.H., Keith, M.A., and Masson, P.H. (2020). Gravity Signaling in Flowering Plant Roots. Plants
(Basel) 9.

Swarup, K., Benkova, E., Swarup, R., Casimiro, 1., Peret, B., Yang, Y., Parry, G., Nielsen, E., De
Smet, 1., Vanneste, S., Levesque, M.P., Carrier, D., James, N., Calvo, V., Ljung, K., Kramer,
E., Roberts, R., Graham, N., Marillonnet, S., Patel, K., Jones, J.D., Taylor, C.G.,
Schachtman, D.P., May, S., Sandberg, G., Benfey, P., Friml, J., Kerr, 1., Beeckman, T.,
Laplaze, L., and Bennett, M.J. (2008). The auxin influx carrier LAX3 promotes lateral root
emergence. Nat Cell Biol 10, 946-954.

Swarup, R., and Bhosale, R. (2019). Developmental Roles of AUX1/LAX Auxin Influx Carriers in
Plants. Front Plant Sci 10, 1306.

Swarup, R., Friml, J., Marchant, A., Ljung, K., Sandberg, G., Palme, K., and Bennett, M. (2001).
Localization of the auxin permease AUX1 suggests two functionally distinct hormone
transport pathways operate in the Arabidopsis root apex. Genes Dev 15, 2648-2653.

Swarup, R., Kramer, E.M., Perry, P., Knox, K., Leyser, H.M., Haseloff, J., Beemster, G.T., Bhalerao,
R., and Bennett, M.J. (2005). Root gravitropism requires lateral root cap and epidermal cells
for transport and response to a mobile auxin signal. Nat Cell Biol 7, 1057-1065.

Swarup, R., Kargul, J., Marchant, A., Zadik, D., Rahman, A., Mills, R., Yemm, A., May, S.,
Williams, L., Millner, P., Tsurumi, S., Moore, 1., Napier, R., Kerr, [.D., and Bennett, M.J.
(2004). Structure-function analysis of the presumptive Arabidopsis auxin permease AUXI.
Plant Cell 16, 3069-3083.

Takehisa, H., Sato, Y., Igarashi, M., Abiko, T., Antonio, B.A., Kamatsuki, K., Minami, H., Namiki,
N., Inukai, Y., Nakazono, M., and Nagamura, Y. (2012). Genome-wide transcriptome
dissection of the rice root system: implications for developmental and physiological
functions. Plant J 69, 126-140.

Tan, S., Zhang, X., Kong, W., Yang, X.L., Molnar, G., Vondrakova, Z., Filepova, R., Petrasek, J.,
Friml, J., and Xue, H.W. (2020). The lipid code-dependent phosphoswitch PDK1-D6PK
activates PIN-mediated auxin efflux in Arabidopsis. Nat Plants 6, 556-569.

Taylor, 1., Lehner, K., McCaskey, E., Nirmal, N., Ozkan-Aydin, Y., Murray-Cooper, M., Jain, R.,
Hawkes, E.W., Ronald, P.C., Goldman, D.I., and Benfey, P.N. (2021). Mechanism and
function of root circumnutation. Proc Natl Acad Sci U S A 118.

Teale, W., and Palme, K. (2018). Naphthylphthalamic acid and the mechanism of polar auxin
transport. J Exp Bot 69, 303-312.

Terasaka, K., Blakeslee, J.J., Titapiwatanakun, B., Peer, W.A., Bandyopadhyay, A., Makam, S.N.,
Lee, O.R., Richards, E.L., Murphy, A.S., Sato, F., and Yazaki, K. (2005). PGP4, an ATP
binding cassette P-glycoprotein, catalyzes auxin transport in Arabidopsis thaliana roots.
Plant Cell 17, 2922-2939.

Thomas, M., Soriano, A., O'Connor, C., Crabos, A., Nacry, P., Thompson, M., Hrabak, E., Divol, F.,
and Peret, B. (2023). pin2 mutant agravitropic root phenotype is conditional and nutrient-
sensitive. Plant Sci 329, 111606.

Thompson, M.V, and Holbrook, N.M. (2004). Root-gel interactions and the root waving behavior
of Arabidopsis. Plant Physiol 135, 1822-1837.

Titapiwatanakun, B., Blakeslee, J.J., Bandyopadhyay, A., Yang, H., Mravec, J., Sauer, M., Cheng,
Y., Adamec, J., Nagashima, A., Geisler, M., Sakai, T., Friml, J., Peer, W.A., and Murphy,
A.S. (2009). ABCB19/PGP19 stabilises PIN1 in membrane microdomains in Arabidopsis.
Plant J 57, 27-44.

121



References

Ulmasov, T., Murfett, J., Hagen, G., and Guilfoyle, T.J. (1997). Aux/IAA proteins repress expression
of reporter genes containing natural and highly active synthetic auxin response elements.
Plant Cell 9, 1963-1971.

Ung, K.L., Winkler, M., Schulz, L., Kolb, M., Janacek, D.P., Dedic, E., Stokes, D.L., Hammes, U.Z.,
and Pedersen, B.P. (2022). Structures and mechanism of the plant PIN-FORMED auxin
transporter. Nature 609, 605-610.

Vieten, A., Vanneste, S., Wisniewska, J., Benkova, E., Benjamins, R., Beeckman, T., Luschnig, C.,
and Friml, J. (2005). Functional redundancy of PIN proteins is accompanied by auxin-
dependent cross-regulation of PIN expression. Development 132, 4521-4531.

Wang, P., Shen, L., Guo, J., Jing, W., Qu, Y., Li, W., Bi, R., Xuan, W., Zhang, Q., and Zhang, W.
(2019). Phosphatidic Acid Directly Regulates PINOID-Dependent Phosphorylation and
Activation of the PIN-FORMED?2 Auxin Efflux Transporter in Response to Salt Stress. Plant
Cell 31, 250-271.

Wang, Y., Liu, C., Yang, D., Yu, H., and Liou, Y.C. (2010). Pin1At encoding a peptidyl-prolyl
cis/trans isomerase regulates flowering time in Arabidopsis. Mol Cell 37, 112-122.
Watanabe, S., Takahashi, N., Kanno, Y., Suzuki, H., Aoi, Y., Takeda-Kamiya, N., Toyooka, K.,
Kasahara, H., Hayashi, K.-i., Umeda, M., and Seo, M. (2020). TheArabidopsisNRT1/PTR
FAMILY protein NPF7.3/NRTL.5 is an indole-3-butyric acid transporter involved in root

gravitropism. Proceedings of the National Academy of Sciences 117, 31500-31509.

Weller, B. (2017). Auxin transport regulation through dynamic efflux carrier phosphorylation
(Technical University of Munich).

Weller, B., Zourelidou, M., Frank, L., Barbosa, I.C., Fastner, A., Richter, S., Jurgens, G., Hammes,
U.Z., and Schwechheimer, C. (2017). Dynamic PIN-FORMED auxin efflux carrier
phosphorylation at the plasma membrane controls auxin efflux-dependent growth. Proc Natl
Acad Sci U S A 114, E887-E896.

Went, F. (1926). On growth-accelerating substances in the coleoptile of Avena sativa. In Proc Kon
Akad Wetensch Amsterdam, pp. 10-19.

Went, F.W. (1974). Reflections and Speculations. Annual Review of Plant Physiology 25, 1-27.

Willige, B.C., Isono, E., Richter, R., Zourelidou, M., and Schwechheimer, C. (2011). Gibberellin
regulates PIN-FORMED abundance and is required for auxin transport-dependent growth
and development in Arabidopsis thaliana. Plant Cell 23, 2184-2195.

Willige, B.C., Ahlers, S., Zourelidou, M., Barbosa, I.C., Demarsy, E., Trevisan, M., Davis, P.A.,
Roelfsema, M.R., Hangarter, R., Fankhauser, C., and Schwechheimer, C. (2013). D6PK
AGCVIII kinases are required for auxin transport and phototropic hypocotyl bending in
Arabidopsis. Plant Cell 25, 1674-1688.

Wisniewska, J., Xu, J., Seifertova, D., Brewer, P.B., Ruzicka, K., Blilou, I., Rouquie, D., Benkova,
E., Scheres, B., and Friml, J. (2006). Polar PIN localization directs auxin flow in plants.
Science 312, 883.

Wohlert, D., Kuhlbrandt, W., and Yildiz, O. (2014). Structure and substrate ion binding in the
sodium/proton antiporter PaNhaP. eLife 3, e03579.

Wolverton, C., Ishikawa, H., and Evans, M.L. (2002a). The kinetics of root gravitropism: dual motors
and sensors. J Plant Growth Regul 21, 102-112.

Wolverton, C., Mullen, J.L., Ishikawa, H., and Evans, M.L. (2002b). Root gravitropism in response
to a signal originating outside of the cap. Planta 215, 153-157.

Xi, W., Gong, X., Yang, Q., Yu, H., and Liou, Y.C. (2016). Pin1 At regulates PIN1 polar localization
and root gravitropism. Nat Commun 7, 10430.

Xiao, Y., and Offringa, R. (2020). PDKI1 regulates auxin transport and Arabidopsis vascular
development through AGC1 kinase PAX. Nat Plants 6, 544-555.

Yang, Y., Hammes, U.Z., Taylor, C.G., Schachtman, D.P., and Nielsen, E. (2006). High-affinity
auxin transport by the AUX1 influx carrier protein. Curr Biol 16, 1123-1127.

Yang, Z., Xia, J., Hong, J., Zhang, C., Wei, H., Ying, W., Sun, C., Sun, L., Mao, Y., Gao, Y., Tan,
S., Friml, J., Li, D., Liu, X., and Sun, L. (2022). Structural insights into auxin recognition
and efflux by Arabidopsis PIN1. Nature 609, 611-615.

Zegzouti, H., Anthony, R.G., Jahchan, N., Bogre, L., and Christensen, S.K. (2006a). Phosphorylation
and activation of PINOID by the phospholipid signaling kinase 3-phosphoinositide-

122



References

dependent protein kinase 1 (PDK1) in Arabidopsis. Proc Natl Acad Sci U S A 103, 6404-
64009.

Zegzouti, H., Li, W., Lorenz, T.C., Xie, M., Payne, C.T., Smith, K., Glenny, S., Payne, G.S., and
Christensen, S.K. (2006b). Structural and functional insights into the regulation of
Arabidopsis AGC Vllla kinases. J Biol Chem 281, 35520-35530.

Zhang, J., Vanneste, S., Brewer, P.B., Michniewicz, M., Grones, P., Kleine-Vehn, J., Lofke, C.,
Teichmann, T., Bielach, A., Cannoot, B., Hoyerova, K., Chen, X., Xue, H.W., Benkova, E.,
Zazimalova, E., and Friml, J. (2011). Inositol trisphosphate-induced Ca2+ signaling
modulates auxin transport and PIN polarity. Dev Cell 20, 855-866.

Zhang, Y., Hartinger, C., Wang, X., and Friml, J. (2020a). Directional auxin fluxes in plants by
intramolecular domain-domain coevolution of PIN auxin transporters. New Phytol 227,
1406-1416.

Zhang, Y., Xiao, G., Wang, X., Zhang, X., and Friml, J. (2019). Evolution of fast root gravitropism
in seed plants. Nat Commun 10, 3480.

Zhang, Y., Rodriguez, L., Li, L., Zhang, X., and Friml, J. (2020b). Functional innovations of PIN
auxin transporters mark crucial evolutionary transitions during rise of flowering plants. Sci
Adv 6.

Zhang, Z.., van Ophem, D., Chelakkot, R., Lazarovitch, N., and Regev, 1. (2022). A mechano-sensing
mechanism for waving in plant roots. Sci Rep 12, 9635.

Zhao, H., Duan, K.X., Ma, B., Yin, C.C., Hu, Y., Tao, J.J., Huang, Y.H., Cao, W.Q., Chen, H., Yang,
C., Zhang, 7.G., He, S.J., Zhang, W.K., Wan, X.Y., Lu, T.G., Chen, S.Y., and Zhang, J.S.
(2020). Histidine kinase MHZ1/0OsHK1 interacts with ethylene receptors to regulate root
growth in rice. Nat Commun 11, 518.

Zourelidou, M., Muller, 1., Willige, B.C., Nill, C., Jikumaru, Y., Li, H., and Schwechheimer, C.
(2009). The polarly localized D6 PROTEIN KINASE is required for efficient auxin transport
in Arabidopsis thaliana. Development 136, 627-636.

Zourelidou, M., Absmanner, B., Weller, B., Barbosa, I.C., Willige, B.C., Fastner, A., Streit, V., Port,
S.A., Colcombet, J., de la Fuente van Bentem, S., Hirt, H., Kuster, B., Schulze, W.X_,
Hammes, U.Z., and Schwechheimer, C. (2014). Auxin efflux by PIN-FORMED proteins is
activated by two different protein kinases, D6 PROTEIN KINASE and PINOID. eLife 3.

123



Acknowledgements

Acknowledgements

Allen voran mochte ich mich bei PD Dr. Ulrich Z. Hammes bedanken, der meine Doktorarbeit
angeleitet hat und mir dieses spannende Thema schon in Regensburg iiberlassen hat. Du hast mich
jederzeit gefordert und gefordert, in allen fachlichen und personlichen Bereichen. Danke fiir dein
Vertrauen und deine Unterstiitzung.

Ich bedanke mich bei Prof. Dr. Claus Schwechheimer, an dessen Lehrstuhl ich meine Arbeit
anfertigen durfte und der mit viel fachlichem Input mein Projekt vorangebracht hat.

Danke an Prof. Kay H. Schneitz, der sich bereit erklart hat als Zweitpriifer meine Dissertation zu
begutachten. Danke an Prof. Ralph Hiickelhoven, der den Vorsitz meines Priifungskomitees

ubernommen hat.

Danke an die beste Martina T. Kolb. Danke fiir unzéhlige Stunden im Isotopenlabor, viel Gepiepse,
viel Science, viele Gesprache, viele Konzerte, viel Lachen & Weinen.

Danke an die liebe Julia Karmann, in deren Nihe ich mich immer wohlgefiihlt habe. Danke fiir dein
offenes Ohr, deine Ratschlidge und unser kleines Idyll in Ampertshausen.

Zusammen haben wir drei so viel erlebt und ich werde mich immer gerne an diese intensive und
verriickte Zeit erinnern @

Danke an Angela, fiir deine tatkréftige Unterstiitzung und dass du immer fiir jeden Spal3 zu haben
bist. Danke an Clara und Lukas, die als nidchste Generation unseren Labor-Spirit weiterleben. Danke

an Jonathan, Philip und nochmal Lukas, die in ihren Bachelorarbeiten Teilprojekte bearbeitet haben.

Mein groBer Dank geht an alle Frosch-Beteiligten: Prof. Dr. Hannelore Daniel, Dr. Britta Spanier,
Katrin Petzold und allen voran an Helene Prunkl. Danke Helene, dass du mir die Kunst der Frosch-
OP beigebracht hast und stundenlang Oozyten sortiert hast. Du hast damit die Grundlage dieser
Arbeit geschaffen.

Danke an alle Mitarbeitenden des Lehrstuhls fiir Systembiologie der Pflanzen (TUM) und des
Lehrstuhls fiir Zellbiologie und Pflanzenbiochemie (Universitit Regensburg). Mein besonderer Dank
geht an die guten Seelen der Lehrstiihle Veronika Mrosek, Petra Wick und Daniela Elephand-Dill.

Zuletzt bin ich vor allem dankbar fiir die lieben Menschen aus meinem nicht-universitdren Umfeld.

Ohne euch wire es wahrlich schwer gewesen diese Arbeit zu einem guten Abschluss zu bringen. Ich

trag euch in meinem Herz.

124



Appendix

Appendix

siauI0dsuBI, UIXNE Nid SUGILU! PUB YIM SB1enosse pe JiweleyiydiAuyden
e 10 seqy

‘|96 anjg aisseWwo0) ‘g) ‘Weib
-olpeioIne gy ‘spnpoud uonepeiBap Nid sa3ed1pul ysiaise B|BuUIS v {(1H)
sdooj d1jiydoupAy (Jamo7) ENId Jo (2ddn) INId o uonejfioydsoyd ddoa
1o uonejfioydsoydoine 3o UQIyu! 10U S30p VAN M 0L ‘skesse aseury
OIIA Ul dLV-[dzeA] Ul (@) (53950NS VAN Se [[9M S 3SeUDFT 104 100°0 > d
801 G = U 'YAONY Aem-om1) Qld 10 Md9Q:d4A ‘@seury Guneande jo adioyd
3y} 4o Juapuadapul 5314200 WO XN|S VVI-H, PRIEIPAL-ENId Any.
N M 0L PaPRIUI0 (5) (5335aNS € 104 L0000 > d ‘0L = U 'WAONY) “VdN
M 0L pa1afulod Aq UonIqIyu! |ny 03 pasedwod Y §°Z Jarye uoniqIyu! [ered
Ajuo sasne> (ayb1y) 52 Hd 18 "y dN [BUIdIXS seaiaym uoneqnousald uiw-0L
© J3Ye (3d9Q:d4A+) ENId Aq PaleIpaw Xy wyi-He Bunidiyur e aaage
S177OVdN I 01 [eus23xd ‘(31497) WnIpaw §'5-Hd i (g) *(620°0 = d ‘9-€ 'L00°0
>4 2-q e ‘ZL = U 'YAONY) P33 ou sey wnipaw §'/-Hd 3y} 03 Aja3e
-awiwi pappe "ydN M 01 |eusa)xa seasaym ‘(Md9a:diA+) LNId Aq parelp
-3W XNiy3 VVI-H, SHAUL (A 1) Allened Jo (Wil oL) Aling “'vdN paiafuio>
'531£200 uj () "$334000 Ul XN|}2 YVI-H PRIBIPAW-NI SHAIYU! VAN 'L "Bl

8114580202 seud/g£0L°01/BIo"10p//sdny

SUNd | 8402

oy s1ojuow 11 ‘skesse snotaxd yim sy *(zg) SNId vuvypy sisdopiq
-pap Jo Knanoe 11odxo armseow 0 Aesse 91500 sndoudy ® Jo JuoW
-(SI[RISO JUADOI A} SeA [DIBASAI HodSURI) UIXNE UI JUSWIOIUBAPE
dqeiou .MW;UOO ul a._on_m—_mhh uixny pajeipaN-Nid sMqiyul vYdN

uoIssNJSIQ pue synsay

“£1Anoe 110dX3 UIXNE JO UONIQIYUI PUE SP3J3 [RINIONNS
10 [PUONPWLIONUOD O} SuIPEs] ‘NI YA Jouuew Ayurge-ysiy
® Ul A[10211p 10R191UT URD YN 181} 15333NS A[9ATIOR][0D YOIy SAIPMIS
UONPZLIDWOSIO pue ‘FUIpUIq SUBIGUISW NJIS Ul [eIISse}O ‘skesse 11od
-Sue1) SNOF0[01910Y WOLJ DUIPIAY JudsaId oAy “sonsst Furpueisino
ApuoLIND 93} JO AWOS AJOSAT PINOM 12y} SNIJ PUB VAN UmIaq
SuI| 19911p d10W B SUIAJoAUT OLIuds Jajduns oAneurde ue osodord
M AI9H "VdN JO $109339 auwiid oy uredxs A[Loioejsnes oy sown
e 9[38nns pue spodse Suneordwos asey sowoayds pasodord
Ay INq “LVd PaIRIpAW-N]IJ JO UONIQIIUI YN O} Ped] P[nod Jeyy
J0a11pul snotrea 1apjoid eiep d[qereae gy ‘snyy,

o_n x%n_ - eseuy
- + - VN
THENI> s !
. B - o
THENID> D
%d9a>

TH NI 3 [
Wty

TN, .'
Sisa> i

m
(unueko00/sajowy)
ojes podsues]

VAN 4 - o
HOE -+ -
¥d9aLSD  + + + - L Tq9 ==
HNEISO + + + -+ 0
oSk O - - 0sb Ob - - uw o L oor - Wi
o ;o w - o N0 u - vaN uou om0 - vaN
§nd s'gHd 0 00
B e
k2 ?
T 2
1s0 so 2
£
H ard
& & b (S o 8
@
2
o e a e|o o aq g 5 q & e v

VdN ey Sutuyguod (57 pue 1§ S “Wpuaddy [§ pue 1 “3L1)
U 1o ‘Auo oseury Suissoidxo ‘oseury Jnoym NId anorul
Surssaxdxa 214000 [013U0D UT UONUAIAI VVI-He U0 “VdN JO 109552
ou punoy ap\ ‘[erouad ur yodsue VVI-H, fou podsuen [eqof3
IOy SIQIYUI VAN ey Sumoys (¢ pue O [S S ‘puaddy
18) “vdaN I 01 £q pastwoxdwos jou sem s1ojiodsuen sueiquiow
vwserd 1910 2say) Jo ANAnoe Yy ‘SNIJ O ISenuod up “A[An
-00dsa1 ‘9O pue [XNVIF Aq Hodun sunnoy- Oy 10 VVI-H,
Suumseaw £q Apqers 91400 (19U U0 VAN JO SIS SNOLIAI
~op 01 anp Jou sea Ayanoe NId JO UODIQIYUL 1By} YYD A
“Teronid Jou sem ANUapt aseury snyy (1 ‘S1y) aseuny Suneanoe
A1 5B 39 10 (I1d 1OYIR M Pa1ind0o 1odxd yyI-Hy wuopuadop
~NId JO uoniqryul “vdN ‘(€€) dAmSUIs-YAN St NId [Eoloueouou
SIg) Jeq) Suruguod (1§ B1d “puaddy [§) Ananoe uodxa 9NIdIY
JO uomiqiyur "y gN mes os[e 9 “(O pue | 1 “5i) uomqryur [ened
pasned "y N A T searoym ‘ENId/F 10 [NId/F PIeANOR-oseuny
Aq payerpaur 10dxd WVI-He PAUSIOQE (UONENUAOUOD [euIdju] [eul))
VAN AT 01 ("VdN) 591400 0l VVI-H: (s Pa3odfutod uaym
“Aanoe NId
uo $109)J9 VAN esnsoaul 01 wasks djqeioeny pue pasoiduip
SIy) pazimn sny) apn “(zg) seseuny Suneanoe Kiojepuew passard
X200 Jo 9ouasald 10 Soudsqe Ay Jo aniiia Aq SN/ passordxa
Ay 1oy youms Kanoe jjo/uo anbrun e ospe st a1y) ‘Apueriodu
aI0]q "skesse snofojo1a1ay snoraid ut yoq jo Surpeojard aarssed
pue uonesrdde [2UI0IXd YIM PIIBIDOSSE SILIETEA 1) SPIOAR S3)A000
ojut Apoonp sSnup Kionquyur Aue se [[om se Y- He 1oolur 01 Aiqe
oy “19A9MOH (VVT) PIO® d1120B[0puUI-F PI2qR[OIPET JO UONU}ax

“(1€) Lvd Jo uonensax
1001Ip 01 P3JIAUUOD JOU ST UONILINUT YIN ANUIFL-MO] ST} S13J0
Sunjorzen yim se nq ‘qmoid juerd pajear-urxne ur pajeordur
asepndadoure ue TNV JqIYUI 0} AIULje MO] ()M Spuiq OS[R
VAN ‘Alreutd “(L1) TAMLL 10§ 958 oY) 9q WYSIW SB ‘SUOHRIUDU0D
oanoopyo Juaredde/pariodor pue [enpe usomioq  souedordsip
9q Aew 2107) S} PUB ‘SIIR[NMWNIIE IO SHINQLISIP TP YY) AIAYM
10 MOY e3> Jou ST 1 ‘s[[ad 1o syueld o) pardde A[eutaixas skemfe
ST VAN S ‘ToramoH (g “L1) suoneqinirad Sunjoygen o) payur
pue ad&) Auyze-mo] ayy o aq 03 IYINOY e LVA/NId UO SI02p2
VAN pareipaw-TaML ow (1) (AT 001~ P3) mof Aguisudins
I VAN 0] TAMLL JO Anumge omia ur ag) sy (€7) s109Jj0 opis
21x0) Sunoe-jsej oAey os[e Aew amsodxo VAN 9AISSXD yInoye
‘sjo81e1 Kyurgze-1omo[ sit o Surpuiq eia Aqewnsaxd (VAN T 007
0 ()5) sasop 1oySiy e pasn uoym ([¢) sassavoid [y d-uou 1oy10
pue (0¢ ‘1) Sunjoyyen 109558 01 WYSnoy) st VN Isenuod uf (€7
0T ‘8T “p1 ‘1) skesse 1odsuern) uxne wia)-1oys ur KA OV
/NId Jo woniquyut a3 pue (8 L) (W 1°0 03 10°0 P3) sourIquaw
01 Suipulq Aruye-ydiy yum pajerosse st SIYL ‘(6T ‘€ ‘61 ‘6
‘1) QAT 01 03 70 9$D1) eruerd ur uaas soagga [earsojorskyd juanbas
-uod ay) pue (17) LVd Ul s1ouodsuen uxne Jo uoniquyul 1021p
asned (N (1>) VAN JO SUONEIUIIUOI MO[ JBY) ST SNSUISUOD JUAT
-In) “uoniquui 1yd pasuojoid o1 anp s1oape Arepuodas aqissod
pue s1a81e) VAN Atuge-ySiy pue -mo] uoamioq ysmsunsip o) paou
© st o1y ‘skemyied pajooje-yIN [enudjod Auew 9soy) YIM

oI J LV UE SB
Aprequars sjoe N 1oy1oym uonsanb oy sesod pue sisouodAiy sty
s depraso pinom uonde Jo apowr VN paseq-uonejlioydsoyd
® “(67) (IId Mquul pUE 0) puiq UEd SPIOUOAR]Y SB pue (8T ‘LT)
s10p10dsueI) Dy PUE SISEUNY UBIEWIEW UT SUIpUIq-J [V Iqrqur
10 1M 93odwod Ued SPIOUOAR[ UIS *(9 9) SayepIpued pajoadsns
Suraq sprouoaepy jueid yim ‘Lvd Jo sioemdar snouaopud se
Ayordes 1oy ur spunodwos femjeu orwinw Aew AN 18y ssodoxd
SIO (S7) SuOndRINI VAN/ADEV/TAM.L PUE Uonouny gogv
0} PajAUL0d UIAQ OS[R SBY ‘UOHEANOE pue Sunjljes) NId 10§
[p1ONIO dseury © ‘(Id se Apemonied (9) sjuoad uoneikioydsoyd
[BOILID ()M QI9JIOIUI PINOd VAN 18y} Sunsodsns sosoyjodAy pury
01 Burstxdins jou st 11 0s “(g) A1anoe se [jom se Kuejod NI Jo I01e]
-npowr £oy 1otpoue st uonekroydsoyd ‘Sumprgen yum 1oy1edo],
“($ *€7) PANQIYUI ST 110dSUBT) UIXNE SIAUA SUONIPUOD UT SOIRUAD
unoe 1ou Suppigen Ienorsaa 1ayeu sqimiad yAN ey suod
21 I9YIO M JU)SISUOSUT A1k AdY) YSnoyi[e ‘UoNuaNe JUBLIEM
$109739 paytodar asayy “(5) Arejod NId Sujonuod ur Supjoryen
Jo ojo1 pamdsipun oy UGAID “(z7) SubPLIEN NId PUB VAN
M PAJROSSE Udaq Os[e sey CYLL/OII ‘TAML O) Ie[luig
*(1Z “21) SNId 01 s1ag52
VdN Supnpsuen pue siojodsuer uxne Supenpow ur [ML
Qoejdox 0 palsadans o1k ‘THdSLA/TAML O) Te[iuus A[[euonouny
aIe YoM ‘[O( ojewo) se yons surydounwur ygxD) ‘sowads
Jueld awos ur awayds snofofeue ue uy *(1Z L1) LVd JO I0Ie[npour
e se TAM.L Sunuasard snyy ‘SNIJ Pue gDEV Y10q JO SAIANISUIS

LR T ———r——

AD07018 INV1d

8401 | 8LLLS80ZOZ'Seud/ELOL'OL/BIO"IOP//SdY

‘0202 ‘22 19qu2>3a Pays

“[e3uawia1ddnsa/-/81 L £S80207 SPUT/EL0L 0L:10P.
/iddns/dnyjooy/BIo seud mmm:sd1ay e 3uljuo uonewiojul Burioddns sujeuod apie siuL

“aprwny mzmpsawweYy
“UPLIN 10 129 NYOG@SEqE BpUI[aW ‘[lew3 “PassaIppe 3] Aew 2uapUOdsaLI0d WoUM oL,
SHOM 13 03 Ajlenba PAINGLIUO> NN Pue v,

‘35U3DI| SYNd 343 JpUN PRUSIGNd

oISSIWGNS 12110 SYNd € 51 APIME SIuL

‘151310 Buadwio> ou a1epap sioyine ayL

Jaded ay) 2101 "1 pue ‘erep pazkleue HZ'N Pue “ST “NIA "y 5100}
SnAjeue/siuabeal MaU PAINGLILC 4T PUE Sy “T3 UpIeasa) pawsogad r-d'a pue “s'f
NN "] 4paeasas paUBISIp "H'Z'N PUE “4T T “$D "X "V SUORNGLIUO) Jouiny

"Jodsuely uixne wiopad sNid Moy [eanas djay Aew
pue y1easal aimny apInG (1M UOHIE VdN JO uoneue|dx® sIyL
“SNId—MOJ} UIXne [euondaiip ul zijenads ey sispiodsues
Jofew ay) sHQIYuUI pue UM sa)enOSSe Os|e YdN 3ey) aiay
Moys am pue ‘siapiodsuel) g1gY se Ldns ‘uixne Jodsuesy ued
1By} SUIR304d Y3IM SIIRISIUI YN "1eS]DUN S| MOJ} UIXNE [EUOIIIRI

mw_n_u:_‘_a |eJousb pasanodun osje aAey s1aydieasal ‘YdN JO
519433 dypads ayy buiApms uj "yamosb jueid bundayse Ajpian

-as AqaJiay} ‘MOj} [EUONIBIIP SIYY SH I VdN [ediwsyd syl
obe Aimusd e Jano uimieq Aq vm?_mmao se ’SUOI}IP pal
ul jueid ayy noybnoiyy mojy 03 Ayjige anbiun ayy sey pue
@41 Jueyd jo spadse Auew saje|nbai uixne suounoy jueld ayy

auediubis

VAN 2y} 9ieIpauwr pinod [AM.L 18yl Suisodoid [opowr e 01
PII sty SIyl “(L1) SuBLgen NId PISeq-Urior dAISUIS-Y AN
ur pajeoyidunr udaq osfe sey TAML SV (LT ‘1) xo[dwod TamL
-gOdV 21 01 A|qe1s puq jouued YN A[SNOLIND Inq ‘UonovIdUL
dO9V-TAML S1991Je pue uonengal syl [Im SAIHNUI VIN
(L1 ‘p1) wreroxd SuIpuIq-yAN uE Sulaq Os[e JlsI [AML UNM
‘91 ‘v1) ThdENA/TAML duoddeyd xroyy Aq uonemsar 1oy
S11981e) YN Urew oy se sgOgy SuruSisse ul 1si) 1oyny v
“(81 ‘GT) JouURW PAYLIRPUN-JaA-SE UB UT SULLINDOO UONIRIA)
-ul NI-909V s (0Z-ST “CT “T) SNId woxy Apuapuadopur pue

8L1£580202 L "ON 8LL ‘IOA LZ0Z SYNd

A1an08 NId JO UonIquyut 01 VAN paul] A[BUIIOYMISAO 25UdpIAd
onouof pue [edrfojorskyd ayy jeyy juoredde sem 1 ‘(6-1) LVd
paleIpaw JeY) SIOMOdSURI) UIXNE DAIISUSS-YIN 1M SNIJ 18y}
uonewlyuod [enpeid pue Afiwey oudf NId oY) Jo uoneoynuopt
£q pamojoy (11) stuejd pajean-y N JO JUIISIUIUIAT SAIUIISAION)
-u a1eq Jounsip oy furreaq syueinw 7ud Jo K1A0OSIP 193] Oy}
qum “(01-2) seuriquoaw jueld jo sjuauodwod [eidarur-auriquiaw
01 Aumge ySIy M Supulq VAN POYSIqeIsd saIpmis Alresg
*(9) paajosax A[LIojoRJsES 10 A[[NJ J0U d)ep 0] SUleW
-a1 o1doy a3 1nq ‘pasodord udaq vAey UONIE JO sopowr dAneInd
[e10A3g "pansind A[uooy U2aq Sy [V d SHqIYUI A[[ENIOR YN MOy
0 se uonsonb 9y) ‘SOPEIIP XIS I0A0 I0J Pasn uddq Suiaey ‘(9)
Juawdojaaap Jueld GALIP Jey) SWSIUBYOAW paseq-Lyd onbrun
Q) 9ZLIddRIRYD puk AJIUIPI 0] SI19Yd1LIsAL Aq pajtojdxo Apuonb
-asqns uay) pue sapwiqiay se padojaasp Ajpeniur arom (VAN)
poe orweeyydiAyiydeu-1-A7 se yons s1oqyul [vd d1oyuis
*(¢ “p) ymoI3 jueyd [eULIOU PUE UONOE UIXNE I0) [EINLID
QI 1eY) SWeans v d opm-jue[d pue sjuarpeis uixne [e20] 91ea1d
01 Ly 10J SUONEPUNO] [BLI0}3A oY) SB[ SIY [, *(€) uonoaxp 1ey)
ur SUIMO[J UIXNE Ul S)NSA1 SNIJ PIZI[RI0] A[eonuapl jo Aanoe
PpauIquod ay} ‘sayyy [[29 Juejd snonunuod ur paurejurew st Arejod
SIY) USYM PUE (Z) S[[99 JO IPIs d1J10ads & 0) PIIOLIISII 9 UL SN
sueiquaw ewse[d *(T) s1ouodsuen N Jo A1anoe yodxa uxne
oY) 03 paqudse st 14 uuoyrad o syuerd jo Aipqe oy (Lvd)
1odsuen unxne rejod se umouy ssadoxd e ‘ouuew paziejod 10
[euond2Ip pafonuod & ur jueid sjoym Yy noydnory) Ajrewn
-[n pue s[[20 udaMIaq partodsuen) Ajpanoe aq 0 1 saxmbar uon
58 [RUOWLIOY ST JBY) SI UIXNE JO QINJEaj JounsIp V "UIxne
suowIoy ay) £q pajjonuod are yimois jueld jo spadse Kue E

pe SwefeyiydiAyiydeu

| 01 ne | NId | VdN | 1odsues uxne

1yu1 viodsuen

‘wisiueyaw podsuely 11ay) 0} pajejas sNid O
spadse |eanpnays ojur syybisu uieb o) payojdxa aq pjnod buipuiq
VdN 38y} 6unsabbns ‘siy} UO YdN 4O 19249 Ue aqLISAP Pue UOr
-ezuBWIp Nid 9NPOJ3ul Os|e 9N ‘s}Nsa1 ain3ny pue jsed jaidiziul 0}
sisayiodAy aAneuss)je ue se [|am se ‘Yamoib Jueld uo YdN Jo s8R

I umouy| ay3 4oy uoneue|dxa snojuowisied [ed16o] e pue

AppAnoeIaIUI 410 Sutuor 61/1409V Aq T Apenoned
are pue ‘(9) eep [eardojorsdyd pue onouad Aoy ym JualsIsuod Afng
10U 218 ‘PAAJOSAI AJ[NJ 19K JOU QIR SIWIYDS 9$AY) “IOAIMOH "IV
JO AJADISUSS VN AU} O} J[qRIdUNA PAIOPUSI dQ PNOM [V d
/NId ‘SoLIeuads asayl uf *(91 ‘ZT) SNId Jo uone[nsar 0} 1o/pue 1y J
01 5INqQLIU0d A)1Anoe 110dxs une rejoduou I1aY) 1R} Yons JorIaur
Areuonouny 10 ‘SNIJ yia joexaqur Afjeorskyd 1oye Kew Koy ey
siesodoxd 0y Surpeay snyy (1T ‘T) Hodxa UXNE SATISUIS-YIN
pue Supuiq VAN Auyje-ysiy pomoys ‘61gI9V Pue 199V e
yons ‘stapodsuen gy Jo Aurey-g ay) Jo SIQUIBJY (7T ‘9) siuou
-0dwod [ JO [0NU0D Ul PAAJOAUT A[J0AIIpuUI 21k 10 [V ur ajed
-onaedod Ajpanoe royio jey soxodwos 1o sujord 1oyio royer
nq Jas) NId 10U st 1a51e) VN 21 1ey) Sunsadsns pajenuwnooe
seq ejep jo Apoq [enueisqns e ‘peaisu] ‘(9) papodar usaq 1oadu
sey SNI [ VAN JO UOIIRIDOSSE IR[nOa[oW JoaIp “19AMOH '(9)

Wodsuesn uxne NId 40 UORIGIYUI VdN 10} Siseq

premuopybiens e siayo siy) 19biel YdN oply euoq e aie sNid Jeyd
@sodoud snyy 9 ‘Buipulq VdN 3|qeinjes dynads o} spes| saueiq
-waw 23400 pue “Jseak queld ul SNId dARISUSS-YJN JO UoIssaIdxd
jey) pue wa)sAs a}£00 snobojosalay e
1e4s Moys o ‘Pate|nsod OLIBYYY Uew) Jauuew PalIP aiow €
SNId Y}M sa3eposse YdN YdIym ul [apow e bunoddns eyep juasaid
am 319y "siapodxa uixne Nid Ajpweu ‘Lodsuesy [euoidanp oy 3q
-isuodsai siapodsuel) Ulew Y} pue YdN UsamIag SUOM3ULO) 24
-1put Ajuo Buiqy SsawaYPs st d yum ‘pareqep
buiaq |ns st pue iaye ybnos usaq buoj um__ uonde jo apow e
-xd s} "JuawdojaAsp pue ymoib jueid BuiApspun sessedoid paseq
-yJodsuesy uixne Jejod anbiun ayy Guneppn|d ul |00} [e3onld e usaq
sey 3} ‘sapedap Jo4 ‘spue|d ui uixne auowuoy ay3 jo podsuely (1ejod)
Jeuopauip o Jouqyul A9 € si (VdN) pre diweeyydiAyrydeu-i-y

(0202 *S 13G01P0 Ma1ra1 o} PaAIAIRI) 0Z0Z ‘ZL J3quianoN panoidde pue v ‘ejjof &1 ‘0Baiq Ues Je eiuIoji[ed Jo AUSIaAUN “4apaoips | uelny Aq paupa

euysny ‘BINGNauIBISOIy 00VE
5321n059Y [eAneN 40 AUSIAAIUN ANSIWBY Jo Juswedaq, Auewsas ‘Bu

sy AB0JOULRL PUB 25UBIS 30 SANISUI, PU

LISNY "BUUSIA 06LL ‘(NXO8E) SUIDS 3417 pue

14 YSESS "UDIUNIA 40 AUSIBAIUN (1LY ‘UeydISUBYIBAN SIUIDS 3417 4O [0S

*AB0jo1g swa1shs JUe|d, ‘eLISNY BUUBIA 06 L ‘(NHOE) SIDUADS 2417 pue SadN0saY [einteN Jo Ausianiun ‘ABojoig (123 pue 12U payddy 4o Juawiedad,

zq
‘gAaWIBYYIIMYIS Snepd

SOWIWEH 'Z UPUIN PUE *@),[Wlid HIF *G) UeIN sexnT *
pADINT BUNSLIY ‘j3deUeS *d BULIOQ ‘,UUBWIIPE}S SUUBYOS ‘. qIOY BUIMEIN ‘G, .Seqy Apur]

phouezes 'y pluoaq

si9)i0dsuesy uixne Nid

s}iqiyul pue ypm sajeposse ppe dwejeyydifiyyden

Sopan
ey

w

202 22 19013950 U0 PAIORAEIIS 1 PIPROUNG

125



Appendix

siapiodsues upxne Nid sy
‘I 32 seqy

pue yum sareposse pie dwejeyiydiAyiyden

uonenFor-dn ou punoy om ‘surjoid Sunorrui-NId 10 Suipuiq
-VdN [enuajod pagnuapt pue surjoid snous3opus asay) [[B 104
SO dY) Ul Paldadp sem duou
nq (1zS S “Wpuaddy [5) TNDV?Y Jo sSojoyuo aaneind sey
pupnupyiuaq N *(1g) s1o1eIul NId [enuajod aq Aew Koy (1O
ojpwol 01 ANUAPL %18 IdAD/IOOW) sSojoyuo puviy
‘B uey (1UIPL 9596 01 $6) LO OIRWO} 0} PAJRIAL APPSO d10U
ore 7/ILOAIN SV TLOAIN PUB [LOQYN Se 219y pajeiouur
‘1O orewo) jo s3ojoyuo omy Sutpnput (rzS Ly puaddy [S)
Jusa1d 1M SJAD AUIN “(HTS Bt “wpuoddy [§) TrddNA/IAML

811£58020Z'seUd/ELOL"01/BI0

| 801

0} Ie[rus jsow JuIdq Z9JEAGN PUB OUIONSEIGN YIis PIIOd)
-op orom surajord JE[ Pare[aI-20uanbas IO A ‘TOAIMOF]
(ST “pT) TAMIF 10§ pauodar se ‘ejueid ur souepunqe mo[
30921 Aew YOIYM “Pa1021ap 10U SeA THIASA/IAMLIN 61908V
J0U I0q TEIFY Swpnjour s1quIdW AWEI-GOFY 9 YA ‘punoy
a1om s1op0dsuen DFV 0 PUE “MNI-Nd9A ‘€ALL/OIE “(IS 21auL
‘vipuaddy [§ pue ) pue g g S1) soueiquiow ewse[d jo sjunowe
Judpeanba Suneorpur osfe ‘sojdwres e uoom)oq Ieuls Iom
LNIdYN PUB XV T/XNV SIouodsue) uixne ay) [[om se ‘Soseyiuks
aso[n[[2d pue ‘sutiodenbe ‘Sased [y se yons surjord dueiquiowt

LS aiqeL xpuaddy [s ui a1 5 pue g ul SaN|en dUEPUNGE ANERI Pa3JaS

“(snun Kiengue ‘ny ‘ajeds 0460]) sajduwes (€/z/LNIdIY) Nid Bulssaidxa1ano 32143 pue (Nid/Y ‘d4D ‘6Ld) 1043u0> BuIpuIquUOU 331y sso.e pasedwiod siskjeue
SO wouy suiajold euejweyauaq ‘N Pal3|as 4o sanjea duepunge dAeRY () ‘(42S ‘Bid Xipuaddy [S) 1IAN-d4D 01 S13Ja1 44D ‘(SPOYIBN Pue s[eLidlep)

503U aAR>AS3I IBYY
paqudsap ase suiaioad euelweyIUag N PaIBIYB!
aJam (sHun Aienigue ‘ny ‘aess 0460] {pnojp Aeib)

10U [e21UL2) 34 JsueBe panojd a1e ZNId/LNIdIY ‘S0P P31 se UMOUs 3@ 6Ld PUE ‘44D ‘ZNId/LNId}Y SNoBojoIa1aH X3} 3y U
“(d4D+ZNId "SA d4D ‘34B1Y ‘6Ld+LNId *SA 61d “a7) so|duwies Buissaidxe-Nid PUE S013U03 UdaMIaq pasedwod
Aleue SWO wouy suia101d euejwey3uaq ‘N SNoUsBopUS £89°E 4O SaNjeA adUBPUNGE AANRIdY (8) $0'0 = d

'6-2100°0 = d B} '4-2 ‘€00°0 = d 'P-> ¥00'0 = d ‘G2 NS 104 "800°0 =d 4= 'L00'0 = d ‘P> ‘€0'0 =d 'G-© 33]|2d 404 *(1 4O € = U) YAONV 40 (€ = U ‘9NId) 35233

Aq suostiedwo) “Buipuiq 1o} 23adwio> 10U PIp 4LV INW € 10 V' 10 W1 T 0Z J0 UORIPPY “(sloquis Xe|q p:

14) VdN Pajaqejun i 0z Aq paradwiod (jamo7) NS

wouy uonajdap pue (saddn) 33]j3d Ul (sjoquiks pas uado) UCIEINWINDIE YIIM ‘S|0J3UOD }D0W WOJ) SIUBIGUISU 0} 30U ING 9/€/Z/LNId}Y Buissaidxa saueiquiaw
193 [ewapida euejuweyyuaq ‘N 0} JauURW djqeiniespiads e Ul spuIq VdN-H, () "SNId?y Bulssaidxaiano saueiquiaw [ewiiapida 4ea) o spuiq VdN  °Z 614

vSe0®  zdid unodenbee asedLY WO 190/dAD @
XVUXNve SMIHd9a eulUoIge INIdIN @
SR > Q 18410 ‘08Y goave 2} dE®
N %%%%%% %W%W/w elep Iy
$ & #% EASINER wmwo%%y N (NV) d49 ‘61 1041u0o Uy BoUEPUNGE */607
VI E TS FRTEL +04 €0 OF 0101 G0 201 ;:9
0L } + . . t t I
-
° 8
o5 e o
10l o o
g re0b €
°© o
3 g
0L E 8
5 Y
g [0t o
0l 8 Z
> ] b
> & h}
= ®4y oL S
ENidm  ZNId INId= hol ° NE 0k 2
g
NIdi d49= 6ldm @ 2ZNIdY © INIGIV <
o] g
+ - ~ 4 = 4+ = 4 = = 4 = = 4 - VdNPpeRGeun
- - V8 dIVdLV WIWY ~ ~  vEdiVdlV Wi ~ -~ Suomppy
(=3 Tii i )
00052
(2]
8 2
000z| = =
* 0000¢ O
o 3
- £
. 0005€
0005]
0000t
0
= 8 @9 ‘s 2 2 e e e e su
900" =d [ P q q q s 20 ew
u v b o 5 {0001
- @ A
o o bl
L - nml v Y ° 000z 2
g W ° ¢ B v ool 2
o u} oooe @
o | ¢ Y o £
B 000
ONId INId ZNId ENId HooN Y

020322 oaus0q uo AR 19 PopRoRINOG

A901018 INV1d

811£58020Z seud/g£0L°0L/BI0"10p//sdny
840 | SYNd

ewserd 1ofey (D pue g 7 ‘S11) SNId/F £q POAdIYdR S[oAd] Juepunqge
-190 3y 0 djqeredwod surjoxd Aue jo uonem3ar-dn ou pajeasdx
SO Ul sojdwes NIJ pue sjonuod usamioq suojoxd puvnuviyy
-Uaq N £89°C JO sddUBPUNQE dANEII Ay} JO uostredwod [eqoj)
SNId/Y JO
Q0UBPUNQRIOAC UB 0} PIINQLIIE 9q p[nod Supulq VAN ey 1od
-dns Supiord ‘(£¢) uossardxa 1o10word oAneu Suisn vuviuUy
-uaq ‘N ul passaidxa NIJ/p 01 10 (9¢) 100ys ur uoissaidxa NId/p
aaneu 0} paredwod uaym sojdures Yuaq N Ul p d:

siapiodsuel) une Nid SHGIYU! pue yum sajenosse poe diweleyydiAuiyden
232 seqy

10U InQ 9NId 10 ‘ENId ‘TNId ‘INId puvypy; p Suissardxo soueiq
-wow 0 punoq VAN-Hy 18yl punoj om (g) Supuiq d[qeinies
Jo1y10ads duljop 01 VAN Pa[oqe[un ssaoxa Aq uonnodwod Fuisn

(1) ewerd ut 1 vd JO UODIQIYUI VAN QIQISIOADI Yiim $o01Fe pue (0]
‘g ‘) pauodar ueaq sey uonenossip pider yong “siofed jo Furysem
SULINP SOUBIQUISUW WO} ARIOSSIP 0} PAUEIS VAN-H, PUNOq S a1ns
20U J[qRI[AI AIOW © Sea I3e] ou ], *((7zS Sy “vipuaddy [§) (NS)
Juejeuradns ayy woxy suonardep Surpuodsariod ayy osfe 1nq sjofd

AySry 210w plOj-00z< d1am SNIJ/K ey ewnss am ‘(pzs Si1
“apuaddy [§) sisA[eur 10[qOUNWWT WO “(SPOYIII Pub SLIIDJ)
210y 9skd OU) SI SB ‘SON[EA OUBPUNQE QANR[AI JUDIP A[ISeA
aaey Koy j1 sopndad usamiaq uostedwoo sposip Apeald asiou
[BOIUYD) AQ 0UAIJIAUI SE PIAJRWIISIIAPUN A[UILLIDD ST SOUIIJJIP
sty ySnoyie ‘ENId/p UBY) JuBpUNQE SSO] P[OJ-OT ISBI] I8 Sem
LNId9GN 1ey) Surfeassr ‘sopndod poreys jo soouepunqe oAne[or
oy Suisn ojqissod sem NId/K PUe LNIJGN U0om1oq uostredwod
aaneuenb pauq (1S dlqe. wpuaddy [§ pue gz F19) LNIdIN
‘Pa1dNPP NId SNOUSFOpUd A[UO SY) URY) JUBPUNQR I0W ONW
2q 01 punoj a1om ENId/K PUe ‘INId/V ‘INId/K snosojoraloy
‘sjunod [enoads uo paseq “(gg S13) paynuenb aq pnos surajord
pupnupyuaq "N 009°c Moqy "sojdwes xis [e udamiaq surajord
pupnuUDYINGq N SNOUSSOPUD JO SAUBPUNGE JANBAI 9} JO UOS
-Ledwod 10211p Suimopre ‘se) oLeqost yim pajaqe] a1om sajdures
Burssaidxa-NId/p 22141 pue [o1uod 21y, “(SIWO) Anowondads
ssew paxajdnnur aaneinuenb paunoprad om Fupulq VAN-He
01 Supnquuod 1o Supedpnied Aenuaod sy pue soidwes
Suissordxo1oa0-NId oy ul parengor-dn orom [qM.L 10 SEOAV
se yons sudjord puvnupyiuaq N SnOUIFOpUd IOYIOYM 1591 O],
*(Ots i “apuaddy’ [§) VAN-H, JO slunoure
Jeius punoq os[e ﬁﬂOCﬂ:—ﬂ&O\_Q QUJ—[[eM-[[2D s} MEO_._mvw:J
u_.:wE\nN:v %L pased[al saueiquidw mﬂ:mﬂ >D ﬁmv SuondeIdUI [em
“[[99-NId JO JUdWdAJOAUT Kue ApNIXa 0] Qe 2IIM I\ mﬂ_—uﬂ_h—
VAN-H, 0} 2nquuod £[qeoalop jou pIp SauBIquIdW Ay} ul
Juasard arom ey sjjem 2 10 spidi] sueiquiow ‘surajord puvnuvy
-u2q *N SNOUASOPUd ‘SN[J QANISUIS-YJN JO 20UISqE 2y} Ul ey}
pa1sadSns sjonuod NIJLY pue yoow oy, ‘sui9joid Buipuig-vdN
[eRU3}04 19430 10§ PaYdLIUT JON 34y SaueIqUIBA Jueld Buissaidx3-Nid

r0dxa urxne Jo Jusuodwod Surpuiq-y N ue Suraq sNId 10§ uoddns
Teuonippe Surpiaoxd “Aiqedes Surpuiq-y AN 1Y) s SIIR[ALI0D
SNId JO AnAnIsuss VN 1eys soys synsai o (p1s 81 wpuaddy
IS pue D pue 7 1 “519) (¢ ‘1) Modxo urxne pajeIpaw-9/¢/INId/F
7O KAIISURS VN oY) (s Jay1a50) pajordrajur uaym ‘S[[ad 7A€ oy
ur saxa[dwos 1odxa uKNE JANISUASUI-YJN oIt Suneiaur 1o jjasi
Aq urxne Suniodxa 1oyio sem NIASY SV '(SE) S[[90 AL puvtonn
ur ANISUASUI-YJN Suraq 110dxd une pajerpaw-NId/y [Im JuaIsis
-Uod St yRIym (g pue 7 ¢S S puaddy |S) VAN-H, JO Supuiq
oywads Aue 0) pesa| jou pIp SIY) INQ WnPLIVY WHIPILOSGILY]
oed[e oy) woyy 1opodsuen uxne [puonduny B NI possordxo
ose oA\ “SuIpulq VAN-H, 10} paxmbar a1om sNId passdidxorono
Jeq) pajedtpur (g “SL) S[ONU0D yoow ur Surpuiq Jo Yoe[ Sy

“Auyye ySy Suneatput (s 514 “puaddy [5) VAN-He WU 00T
Jnoqe £q JqeINEs puE ‘9A0Qe PIAUOHUIW S ‘O[QISIIADI SeM
Surpurg *(g) ayeidn renorsaa uey) 1oyyer as xad Surpuiq Sunoajop
QI9M 2M JEY) SWLIJUOD PUE S)NSAI 214000 INO YIM SIAITe SIY)
910dsuer) gons [Im pajadwod aABY PNOM VYT SS99Xd Pappe A
se ‘SNId £q 1odsuen vdN-H, 2pnpxe osfe pnod ap (g “11)
s1ouodsuen) panwi-dLV Aq S90IsaA pafeas ojur jrodsueny
VdN-H, 2A108 jsuree Sumsie ‘souriquiow Fuissordxo-N[d7p 10
S[O1UOD IR ul SUIPUIQ VIN-H, OUBYUD 10U PIP LV ‘dIour
-1oyun,] “(8z ‘L) sons Sulpuig-d [V 10§ 919dwod 0) SPIOUOAR[)
10 A)IIqe umouy| ) OIWIW Jouued VN 1Y) Fu[eosdr ,<mZ‘Im
Jo Surpuiq 1opury 10U pIp JLV SWPPY (6-L) SONS JUDIOPIP
18 puiq VAN PuB Vv 1By} SUILLGU0daI pue VN 10§ ooads
sem SuIpulq PaAIasqo dY Jeyy SUIMOYS ‘VAN-H, Wis ajodwod
jou pip ([wg] poe o10zuaq) pRE dneWOIE IAYIOUE I0 VY]
$530X3 JO UONIPpY “(FZ "S1) S[ONU0D JOOW WOIJ SAURIGUIAW O}

0 Surpuiq jsnf jou 1ojuow 0 sn Jumopre I (1> 03
SOWNJOA UONOBAI PZIWIUT OS[e IA\ “S[AJ] J[QRIO2JOPUN JB St
Surpuiq VN snouaSopua Aue jey) yons ‘SSUBIUIAW JO S)UNOWE
rewnur Sursn Kesse Surpuiq o[easomu & dofoadp 0} sn pajqeud
sIL “(pzS i “wpuaddy [§) sNId/Y passaidxa AjsnoSojorarey
oy 10§ payoutud Aysiy souriquiow oxedard 01 s[je0 pajoajsuen jo
uopendod aind siy) pasn pue saarI| PAJRNYUL JO SILLIAPID TomO[
AU} pare[ost om ‘S[[99 Fussardxouou daowWal O, puvIUIYIUG DUVY
-0 Ul SN/ JO UOIsso1dxo10A0 Judisuel) Jusn siy) pajs) om
‘sojdwies payoLua-NIJ Sutsn sp10dox ou oIe JI19Y) SY “SIoqUIaW
NId 19710 JO PIOAdD 10U dIE SJUBINW J[FUIS SB PIAJULLIEAUN dq
Aew vonerardioyur yons ySnowe ‘(0 °L1) SNId £q Surpuiq VAN
JO o[ A} 10} anSIe 0} pasn UAAQ AAeY syuenw guid 10 juid
woly saWosOIN (b€ ‘0T “LT ‘b1 “€1) €YIL/OIM 10 ‘Ald ‘unoe
‘TAML ‘61/19D09V se yons surjoxd ja81e) pajoadsns jo (saurp
JuEINW ur) 20uasqe 10 dduasaid 2y 03 sapyord Supug-vdN-H
[ewosodu Sunjurf sy1odar 191e] £q pamoyjog ‘(0T-L) sourIqUIdW
[ewosoxmu jueld o) Supulq VAN-H, Auyge-ysiy oziaiereyd
pue ysiqeIsa A[[eniul o) pasn d1om skesse Surpuiq-pueSijoipey
‘SNId 0) pulq paspul p[nod yJN Ji 99s 0} sn paydwoid synsox
ASIYL 'SNI PAISUIS-VAN Ul PaYd1IUZ SBUBIGUIB Jueld 03 Spulg VN

*$21£000 UT XN[JJ2 UIXNE PJRIPAW-N[J HQIYUI 0} S Te[n[[oeiur
UB 1B SOAJOSWAY) SN[ Sunedrel 9q Aew VN 1Byl 9pnjouod am
‘a8eyea] punoidyorq 1ou 2oudadwod 1odsuen 21400 [eIAUF
10U JseUD| 1Y S1JJJe VAN St 1y1esor uayel (q1 “81d)
3d9d 4q sdooy syiydorpAy ¢NId 10 INId Jo uonejfoydsoyd
Jou uonejfioydsoydone 1oyiou paginiiad AN IRyl punoy
om ‘sesse onIA ur Suisn 910y pue ‘(gz) SANISUISUL-YIN SB Po)
-10da1 u99q sey Aanoe uonejfioydsoyd (Id VAN £q paroajye
Suroq sem A1AnoE dseury Ji Yo9yd 03 A1essodou sem 1 (zg) os 1od
oouosaxd oseury ueyy 1ayjer uonelroydsoyd aanoe 10y I juowr
-axmbar ayy sy Juapuadap-aseury st $914000 ur Kanoe Nid
“uodxa VVI-H,
PpareIpaw-N[d MqIYUI 0} IS IB[N[[2JRIUI UE O} PUIq PUE S[[20
191Ud 01 seY VAN ey moys am “Apuentodur a1op “(6) somdoay
-09 azew ojur ayeidn juapuadap-Hd pue aaissed jo suonsagdns
snoraa1d yIm JUDISISUOD ST SIYL, *6°S Jo Hd Iomof ) Je Juepunge
Q10w Furaq sa10ads siy1 Y els pajeuojord pagieyoun ayy
ur $91£500 OjuI SASNYJIP ‘PIOR JIUETIO YeIM B ‘YN 1Byl 1595
-9ns ¢/ Hd 1e 199539 10859] pake[op oy pue ¢'¢ Hd 18 MOVIN
10 129)30 arerpawt judjod arow dy [, (g1 ‘Si) 'S Jo Hd wnipow
adfy-uerd e 01 SuiSueyd £q 10 ¢z HA 18 MOVIN AT 0T Yim
uoneqnouroxd 1230 1910 Aq POdURYUD SeM UONIQIYUI ‘IOAIMOF]
("VdN VT S14) Hodxe VVI-H, PaIeIpaw-NId Sumiquul
ur 9Anoapgaul sem Aesse oy} Jo 1els ayy e ¢ Hd jo (MOVIN)
wnipaw [euIalxe 01 VN T 01 Suippe ‘N paoofur Kjjeu
-19)ur 0} uosLTedwod Uy ‘SIY) PAILSNSIAUL IM ‘PAJS3) UIIQ 19ASU
sey] SIy) se pue ‘A[[eUIa)Xd 10 A[[euIaiul VN 2npomur o) Ajuny
-10ddo oy s1opjo waishs 214000 oy ‘Anssadou £q VAN parjdde
A[Teu1a1Xa pasn aAry sapnys 11odsuer) uxne snoiadid searaym
“K1anoe 110dxo pareIpaw-NId JO UONIqIur
0} PAINQUNE 3q UERD $9}A000 Ul UONUNDI VV]-H, UO VAN JO 109132
Q) 1By ILDIPUL S[OU0D ISAY) “A[9ANII[[0)) (L) dziew ur payod
-suen Apejod jou st N ey eep eueid ur orpes Sunuowald
-wod (1S ‘Bt “puaddy [§) s1£00 ur (d9A:dAA W) ENId
10 [NId 4q papiodsuex) J0u sem VJN-H, 1} Punoj oM "VdN-H,
i skesse odsuen Surwroprad 4q towm__x: VVI Jo 10madwiod
10011p © Su19q YN 1O PI[NI oM “[OIIUOD IOYLNS B Sy SN QAIOE
Aq pajerpow UAYM VVI-H, JO JUSWIAOW PIesine pajdpe Auo

[ R T —)

126



Appendix

siapiodsuel} UNe Nid SHqIYUl PUe Yy sajenosse pe diweleqiydiAuyden
‘e 32 seqy

“shesse Jo pua ayy 3e 33400 Ul wd> se pajuasaid ale synsas pue
“ydN AT 0L Yam papaful 31am 593600 ‘shesse (zv) (JUY) dUPNalD,,/91vD
PUe (Lt) VVI-H/LXNY 104 '§'S 10 §°£ Hd 'sadaH W 0L Yum (z€) uonnjos
5,4Meg SeM WNIPaW [eUIRXT "WVI-Hy 40 AARDE dly1dads 8y} uo paseq jowry 0}
pajejsues 10d awn ‘sa wd> e 4o uoIssaIba1 eaul| woly sajes Lodsuel) se 1o
(U1 0 °SA OF 1€ 5314200 Ul Wd> WYI-Hg) ,3UAIUO Y| BAREaJ,, e pajuasald
aJe s)nsaY "VVI-H, Bundalul aiojeq uiw 0SL 10 ‘0L ‘0 1 ("°VdN ‘eusdlxd
Jeury M 01L) WINIpaW a3 O3 PIPPE IO (VN UONEIUSOUOD [BUIAIUI (UL
W 0L 10 1) VVIFH Yam papaluiod sem VdN “(Z€) (s|eaiwayd pajage|olpey
UBSLIBUIY) VdN-H, 10 VYI-H, UM papalul 21am 5214200 “Modsuest 2100

SPOYIBIA pue sjeLiaje

*SNIJ OIUT S)YSISUT ONSIUBYIIW PUE [BINJINIIS PAPIJU Yonuw
Surured jo 11jouaq [LISILI[OD SY) YNM PIIURLIEA DI SUOTORINUL
NId-VdN JO s109dse Ioyio pue syl ojul suonesnsaaur 1ay)
-1y soseury dooj axnbal jou SOOp puk UIGIOY) PIUIRIUOD SIS
uonejfioydsoyd Auew oy jo yuopuadopur st Surpuiq ‘vrowroy)
-1 ‘9NId Jo dooj 19110ys 9 pue ¢/z/[NId [BOIUOULD UDIMIDQ
pareys sanpisax (1~ oy 03 pajornsar st doof arnrydorpAy NIJ
A} JO JUSWAAOAUT AUY "SISWIOUOW U2IMIAQ 2ORJIAIUI UB PUEB
sanpisax sy paarasuod [ewnxord-oueiquiawr Surajoaur Kjqissod
‘saNis SuIpuIq-21B1ISqNS WY/ WOIJ 19UNSIP YIS JLIAISO[[e IB[N[[d
-enul ue APWeu ‘SNIJ Yim 1ovIul Aew 10)qiyur snouagopud
ue 10 V4N Moy o) se sjury opiaoid synsor nQ -os Aoswaid
Op 01 PaAjoAd sey yorym 1rediojunoo snousfopuo ue sorwrw
VAN 181 1doouo0d oy st aouaprourod juaredde siy urejdxo 0y fem
auo ‘Aemyjed j1odxa urxne uowwod e ul ([AML ‘NId ‘dDdV)
sya81e) os1oAlp spuiq punodwod onAYuAs B JBY) dURYD 0)
anp 3q 01 A[aYI[uN ST 1 UI "SWEaIs UIXNe Iofew paseq-gOgy
pue -NId Y10q 1qryur A[[eonsis1ouss pinod v N 1ey) Sueau a1ay
pajuasard duo oY) YIM S[Epow SUNSIXd JO UONBUIQUIOD Y],
*SNId £q Surpuiq VN 01 anp SUONNQLIUOD 10 $199JJd PIYOO[IIA0
J|qissod 19pISU0IAL 0} $INSal 1o Jo S| ur yiom ised 101droy
-uta1 0} juopnid 9q os[e Aew )] “S[OPOW JIIIPUT JUILIND “YIM
PAUIQUIOd 10 ‘0} PANBUIA[E UL St “YIom oxnyng joxdiojur pue ued
03 sisayjod£y snoruownsied € pue uonoR YN JO [9POU JUBAI[AI
AqrearSoorsiyd e s1apjo uoniquyur NId 10011 "surajoxd Surpuiq
-VdN [enuaod 1oy1o jo Apuopuadapur SNIJ 01 puiq ued VIN
YoM ur ‘SNId JO uoniquyui YN 10j uoneue[dxa onsiueyoow
?_Eﬁc::m_m.zv © 9YOAUI 0] SISEQ [EIIUOPIAY Uk opiaoid ejep QO

suoisnpuo)

*SNId 10§ 9qo1d KJIAIOE [RUONOUN IO [eINJONIS
© SB N SuIsn Jo UONBIAPISUOd SUNIAUI PUB UOHRANDRUT NI 10§
wstueydaw [enuajod e Suprord ‘sNIJ ut suoneqimuad [eimonns
10 [RUONBWLIONUOD 0} SPE3[ JRy} UONORINUI NIJ-VJIN UB 9q
PMoo 914000 ut uoniquyur 11odsuern oy 10§ uoneuedxs djqissod &
‘ST L, "SQUBIqUIAW 31K000 T SN JO SUDYUI[-SSOID IIQIYUT SE [[oM SB
0] puIq 0 J[qE SeM YN JuatuoAjoaut pidif Aue SurpueisyimioN
(1) Ananoe NId 10y [enuasso axe surewop pidif juerd pazijerads
1ou Surworadeyd gOEY I9YIU JBY) SOUIPIAI SE PAIdadIE MOU ST
saurIqUIBW 94500 uFI210§ Ut uoNOUNy 03 SN JO ANfIqe ay) “(ST)
jseak pue syuefd ur surewop [012)s UIRIAD UI SN AZI[Iqels Aeut
sgOgV ysSnoyie ‘Areuonippy ‘uonoeidur pidi-ydN renualod
Aue Suideys ur 10108] SulUIWIANGP AY) OIB SIAJASWAY) SNIJ 1By}
swaas 11 “(6¢) uonisodwod prdiy dueIqUIdW JUAIJIP A19A dARY
01 umouy (1Buny ‘spewnue ‘sjuerd) eifyd JuoIdyyIp 90IY) pasn om
se ‘10A0MOH “(OF ‘6€) [e1oua ur suejoid suriqusw pue s1v10d
-suex) ur y10q jo siojendar jueirodur oq o) umouy axe spidif se
pue pajoajye a1e (4 “S1y) uonezuawodNo pue (T “311) ANANE NId
se Arenonred ‘SN[ JO JUSWUOIAUD PIdI] 2)BIPAUIT 5} SIAJOAUT
UONORISIUT YN B} N0 J[NI JOUURD IM ‘FUNUI[-SSOID (IO
pue SuIpuiq VAN-H, (10 10§ SOUBIQUISWI JOBIUT PASN IM 20UIS
‘ay1s SuIpuIq-y N IenorIul Ue
JO S)NSAI1 91£D00 INO (M JUAISISUOD OIE Z/INIJ Ul SKD) 10§ Suoneao|
snwuserdoifo parorpaid oy 1ey) 910U dA (1) [RIFAIUI-OURIqUIDW
se so)s Sulpuiq-ydN Suiquosop suodor yim Sureaide ‘suoifox
QN[0S UBY) IOYIEI SUTPWOP SUBIGUISWISUEI} SUIAJOAUT UI Y
JTAML JO 1By} WOy JURISHIp aq 0 sreadde SN[ U0 19310 VAN

8LLLS80Z0T seUd/E£0L"0L/BI0"10p//sdNY
SVNd | 8309

o ‘sny [, “sdoof onuse[do)Ad [euwrxoid-ourIqUIAW 1I0YS UT IO SUTeun
-op aueiquiawsuen daneind ur aq 03 pajoipaid are Z/INId Ul s
[1e searoym ‘(07 ‘LT ¢1) 1DIV 10 TAM.L Ul SUTRWOp d[qn[os 0}
puiq 03 pasodod st N ySnoyfe (41) uonderaur [gDGV-TAM.L
Sundnisip V4N JO JUSISIUILIAL SI UONEAIASQO SIYL *(8¢) A0
30 ueds SunjuI-sson wNWIXeW V-6 9y} puokaq jrede srowouour
NId osud ued WIN 1Py 10 ‘9SUByO [PUONBWLIONUOD © 3SnEd
0] 212YM3S[a 10 ‘IO )M UONDRAI Ay} Ipuly AJ[ealials o) sy
© IB3U spulq VN 1Y) e suoneue(dxs ajqissod ‘NId PUe VAN
U29M]2q UOTIRIANUI UB JO 2ANSATINS pue YN 10§ anbrun sem ey
SNId JO Sunjurf-sso1 uo 399j30 Aoyqryur ue joddns ejep asoy,
(7 pue @ v$ 814 “apuaddy [5) WAd© Aq SNId Jo Sunju
~SS0I0 qIyUI PINOd (VL) PRE JI0ZUaGOPOIL-G¢Z JONqIYul 1V
aaneurde gy tou ([vyN] proe onasefyiydeu-1 10 yyy) suxne
Ioyieu Jey) punoj pue spunodwod 19y10 paxdayd osfe A (S
‘81 “wpuaddy [§) sK) 10 WAO JO AAnoRal [ednuayd Ay} 109)7
10U PIP VAN 1By} PIWLIUODd I2YMNJ oM pue “(q pue D) S Sig
“apuaddy [S) VAN Aq pa1oajye 10u seam dfdues awes ayy uy surjoxd
1910 JO SunjuI-sso1> Ay, 1501 ) Jo
pue sNId Jo juaroyur Aadoxd e w_._zmu_v:_ ‘(VpS S 5\:3&5\
IS PUE D pue g f ‘S1q) $91£00 wWoiy [NIJ YIM S [[om Se S[[2D
Jueld paImno woyy ZNId PU® [NId Y10q YIm Ud3s Sea J0J0 ST,
‘(O pue g # ‘Si9) uosord sem YN USYM PILINODO SULYUI-SSOID
SS9 1By} punoj om pue ‘(g ‘Sid) (FLA) [OMYIK0NIP st yons
SIuaFe FUNPAL 0] JUBISISIL MOU SIDWIP NId PONUI-INCJO 01 P3|
SIY, *(S£D)) Souraskd 991y [RUIDIA OM) YUI[-SSO1O A[JUD[EAOD UBD 1BY)
Jusgeal euondUNyIq & ‘(JNAde) dpruefewpausiusyd-oyuo qim
sourIquUIOW 914500 10 jueld pajeon uay) om ‘1oamoH (P 1)
VAN £q paioagye jou a1 YoIyMm pue (HOVJ/SAS) sisdtoydonosfo
198 opruwejf1oekjod/aeyns [£>opop wnipos Suronpauou ur AqISIA
aIe jey) sowp Juspuadop-opyNSIp WIOY SNIJ 1Y) PUnoy oA\
*SUOIIBAIOSGO OAY) 53]} 102UU0D 10 ure[dxa JySI Jey) wsiueyoour
©143nos om $914000 ur K)1A10R N[ JO UODIQIYUI N S© [[oMm se
SUIpUIq YN MBS om S "2dejia3u] Jawid Nid © Y3im saiapiaju] vdN

*SOUBIQUIDW PIYDLIUA-N]J O Sulpuiq VN

Suouryud ut SN[ 10§ 9[01 10few B 10 SNIJ )M UONRIDOSSE 19911p

© Sunioddns £12Ano9j0 ‘sjuouodwos [em-[190 10 surdjoid juerd

19130 10 ‘snje)s uonekioyds 9504 Jo SNId/V JO

U015521dX010A0 OY) YIIM $OIR[OLIOD SOUBIGUIOW me@ﬂ ncm ‘5014500
‘puptunyuaq N 01 SIpulq VAN-H, 18y punoj om ‘Arewruns ug

SNId P

uoneosse VAN 10§ Alonquut 1o pannbar oq 03 readde aseury

“(ISL "LEN 1D %56 '9 = U) 53100
pue ([29'92] 1D %56 '8 = U) 5||3 uoIsuadsns L30q U siWIp LNId P
JO JUNOWE 3y} PadNPaI VdN "dull Pai Paysep ayy Aq pajedlpul se %001
JO BNfeA 153} U3 Se Pasn Ja3Ie] B3 UM 153} 3 3dwes-auo e g OSINA+HAIAO
01 paseduIo) Sem VN+NGdO U Ofiel UL PIeIed 349m sofies

pue I Wouy pay; 219M (VdN F)

INQdo wouy swz_u INId payul|-sson pue )
LNIdIUE) VN Ad PaGIYUL SI SIU} PUE “OIIA Ul NGO AQ SIWIP JUEISISaI-3LA
PaYUI|-ss01> SI LNId ‘s334200 10 $||2> uolsuadsns Woly saueIquidW U] (g)
“(ojqountuLy | NIdIUe Y Z ‘Wit 01) 51123 uoisuadsns 4o JuaWIeal YdN OAIA U

sNousBOPU3 (1/)'SIaWIP 03I LNId 4O BUIUII-S501> OO SHAIYUI VN ‘Bl

k000 sfje0

T T ayo00 siieo
e0'=d 100'=d 310+~ 310 310+ 3I00N
Hoz2
=3
1wd R ‘. .‘mm
2 ouow
! LA
o9 g <6
2
:
Joe - ’ o8t
4Nu - ' Jawip. -~ -
= &
00 VAN - - VAN - - VN - VdN -
O wad Wado d v

0202 22 100990 U0 ORIORAGEIS 1 POPRONIMOD

A907018 INV1d

8114580202 SeUd/EL010L/BI0"10P/sdYy
8405 | SVNd

siapiodsuen upxne Nid SHAIYUI PUB Yim sajenosse pie dwejewpydiAyiyden

1232 seqy

“uostied:

104 UMOYS SI LNId

“(o|gounww |NIdRUE) Jeaws uonelAioydsoyd |NId SNoUBOpU U 3XNPai 10U PIP (U € 0} 1) JUBWIEaL} VAN M 0L 'S|[8> 24N> uoisuadsns | Nid:Sse ul @
“(20qounww] d4DnUe 47813 (€101 '1) sAesse BuipuIq oy Pasn (d) UoIdel} 13]13d BUeIGUIAW 3100 3} Ul 3|qRIIZIBP 10U SeA PUE (5) UOKIRIS NS 3[AN|OS 3}

o pauonied (90) 3d9Q:d4A (q) ‘3uofe passaidxa si
Buiiesbiw Jamols e se BuljaARIY LNId 19939p 5914200 (9Q) HdIQ:d4A + LNId WOl

SE2OUI UB Y11 SDUBIGUISW [0J3UOD PIONPUILOU O} 10U ING d4D"

Nid USUM U335 30U 51 UpIym ‘UonelAioydsoyd pateipau-id9aiddA O SAIEIIPUI Jeaws & Yim sapads

saueiquaw BuIsN SI0|GoUNWW LNId-BUY () ‘v I 5| pa

10> sojduies

IV (€ = u 1533 3) (S|0quiAs 3Pe|q) VAN PaJageun AT OF Yim sajduwes 03 pasedwiod (lamo7 ‘sjoquis pai) NS Ui uonaldap pue (addn ‘sjoquifs pai) 3ajjad
NId Buissa.dxa 1529k W01} SaUBIGUIBW O} JAUUEW B|GRINIES

adis @ Ul SpUIq VdN-H,

(8) 'va I 0 paureIu> sajdwes v (S 03 b = U 15313) (S|oquiAs Yoe|q) VAN Palqelun Wt O m sajduwes o} pasedwio (1amo7 ‘sjoquiAs pas) NS ut uonajdap

pue (saddp ‘soquis pas) 212d

“(VNY JO PE31SUI 121BM LM Pa133(ul) 5214500 01U WO} SAUBIGUIBW O 10U ING HdIT:d4A+LNId 1O LNId

1dxa 5334200 WO 0} Jauuew © Ul SspuIq VdN-H, (V) *SNId Buissaidxa saueiquiaw 3seak pue 33400 03 spuIq VAN °€ “Bid
:
oo [ 000 R TR PR
o E=Y w0022
Pocos &
55 ) 000 [4]
ol Aodd 11 ooe| | 8 .53
« ¥ Fioows R El - 3
- < ooss
T i 3 [Fwia] a0 [Tow-a] sw-a [ -a
.
asony NIy 2 % 5l - jooos o
nesouod | ‘@ o b 2
cwdds Sl g da ale. T8 o
oooe
e == e g s 3
-0 s - s- k3
NG a NG 5 d49'9NId_| peonpuruou gm wasacinig | g | eem Jooges v

Jou uonejfroydsoyd 1oypiou pue (7 “Sy) 1P ONIA U O YIM
Burear3e ‘oala ur snjeys uonejfioydsoyd Nd [eqos uo o3urdunn
j0u $90p VAN ‘SnyL (7€ ‘B4) VAN Aq pawoyeun sem Ajiqes
NId ey} os[e Sunjou ‘resws uonejiioydsoyd [NIJ 21 ur uonanp
-a1 ou punoj am ‘sosuodsar [euonduosuen woxy suoneddwod
PIOAR O) JNIJ:SSE Suis *(L€) 9nquiuod pinom sasereydsoyd pue
saseuny ddnjnuw a1aym ‘s[[a2 uerd ur NId jo uonejiroydsoyd ajers
-Apeals OAIA UI U0 YN JO 19919 a1} Paxdayd Jayuny op “(pg “314)
VdN pulq 0} d[qe axom [[& 10K (pgs Si Wpuaddy [§) 1edws
[ENPISaI dwos ey gNId SedIoym (Sjo[qounwii ur pajoaldp
Jeaws ou) paje[froydsoyd 103uo] ou d1om SIUBRIqUIAW DUDILUDY)
-u2q N Ay Ul ¢NId PUB [NIJ SNy} pPUue UOHORIXd JUBIQUIAW
Surmp uonekioydsoyd aanisuas-asereydsoyd aatesard o3 1dway
1B Jou pIp am Jey) ur syuawalinbar uonejfioydsoyd jo uones
-Ipur ou AeS Os[e S)NSAI SUIPUIq VN-H, pUupnuvjiuag N Y1,
*(@¢ "81) skesse Surpuiq 10J pasn UONORI] JURIGUIAW A} WOI}
Judsqe Sem pue N§ 93 ojur pauonnaed I se ‘Supulq VAN-H;
ur oyedmonaed jou pip Jjasi 349 “Aesse Suipuiq o) noySnoiyy
aqels sem yorym pue (¢ Sny) (Lg ‘zg) Teows uonejkroydsoyd
© pue uoneISiw 1amo]s Aq sjo[qounuur [NJJ Ul pajodlep aq ued
s (pg 319) INId Jo uonejfroydsoyd Y49 moynm 10 yim
pa1nooo Suipuiq requns se uonelioydsoyd dooy anrydoipy
INId Jo Juopuadopur sem Suipuiq VN ‘SoueIquiau 2)4500 uf
“SOUBIQUIAW PAJEIOST
ur 1220 0) Pa1dadxa 10U AL 35} B SANK00 UT SIUAAD FuppTen
10 suoradeyd Jusisuen Fuiqinuad VAN 01 9np 10U SeM PIAIISGO
uoniquyul Hodsue OAlA Ul dy) 1ey) $1sa83ns siy) ‘Fumes onia ur sy
Ul VAN Punoq saueIquiaw 214500 Surssardxa-NId s ‘OIouLayun,
‘Juipulq VN 01 Sunnquod jou a1om suojord vuvnuviiag N
snouaSopua jery simsar SO o i SurearSe ‘parmbar jou ore
syuauodwod paatap-jued 1ey) smoys ST, (g pue 7 ¢ S1y) Supuiq
10y Bunadwod jou sojdwes [[B Ul g $S0OXI I JOU PIp S[ONUOD
Suissoidxouou searoym JouuRw J[qEINESOYAAS B Ul VAN-He
punoq yoq (dID:9YNI) Iseak se [m se (INIJ) $214000 wory

*dmas [eyuawiadxa sy up Jusuodwod Surpuiq-yaN dqisnerd
Js0u Ay} S SN[/} SNOS0[01219Y paydLIud oy Suraea] ‘Surpuiq VAN
PAAISSqO Ay 10§ Junodoe Afenuajod pnoo jer sursjoxd snousfop
-uo Aue [eaAaI Jou pIp sisk[eue aouanbas pue SO O eIAQ

‘uoneINW 6/ SUIPUIQUOU A} SI[QUIASAT YIIYM 6/
Apenonted ‘YN pulq ued sjuBLIRA 6/V/6LO/6LH J1 39S 01 Sunsa
-IoJUI q SNy} PINOM 1T (L) OAIA UI AJANISUASUT YN PALIAJUOD
PUE [AM.L/ U SUIPUIQ VAN PAYSIOQE 6L 03 6L Suneinw sy
“(yzs i “puaddy [§) ThddNd JO UOIBAI POAIISUOD SIMIAYIO
ue ulgIm 6LV/6LO/6LH st sauea Apuanbaxy g/3 ‘sowads juerd
1oy1o ur jeyy punoy oM (S Bid “wpuaddy I§) 6LH pedsur st
INq ‘TrdEYAGN Ul PAAIISUOD J0U ST (L) BuIpuiq VN 10§ anpisat
[EANLID 1SOW A} SE PAYNUAPI “IAISND PUOIIS Y} UT 6L JLY) pajou
os[e O (L) TAM.LIF 105 W 00T~ Jo Py pariodar ayy 03 pared
-wod pasn VIN-H, o (N 1°0>) suonenuaduos sof ayy 3 Ajre|
-nonred ‘YN pulq o) A[OYIun oxe SIS PUDIUDYIUSG N dSIY)
Jey) Suikdwr (p7 pue O ¢S 8Ly “wpuaddy [§) SupuIq Ur POAJOA
-ul SI9ISN|O INOJ Y} JO dUOo A[UO ul AUE[IUIS pa[eosdl (ML
im Juswudie 9ousnbag N pulq 01 pajoadxd 9q pinod SO
Ul punoy SqerS[ pUpIUDYEG "N IDYIO Y JI PAYOAD IAYINY oM
“(L1) (syurensuod [ediSojopoyiaw 0} anp VAN AW [°¢ JO uonen
-uaou0d Y31y Ajjensnun ue Suisn jaqpe) sisdeue YN £q payn
-uap! usaq sey [M.IK Ut 19xod Sulpuig-y N 9swaid e sy
SNId/K passardxaraao A[ySiy oy 01 pared
-wod 20uEpUNGE SNOUAFOPUD MO PUB PASN [ELIAJEW JO SIUNOWE
[PWIUIW 9y} 0) pAaMqUNE 3q UBd /NIJGN 10 TIIIVIN Aq
Surpuiq 2[qe10919p Jo yoe Ay, ‘saxa[dwod yons Aue jo Jusuoduwod
Surpuq-ydN ATessao0u ) 91om SNId 1By} 10/pue SuIpulq VAN-He
PAATASqO A1) 0] AINQLIUOD JOU PIP SIOJLINUT SNOUFoPUD Aue Juas
-ad ;1 yeyy apnpuod om (-4 TS ‘B “wpuaddy [§ pue T 1)
sponuod Aue ur Sulpuiq 9[qeIONAP OU Pamoys pue pafueyoun
pourewal 7gIGYIN PUR LNIdGN UYNm Suofe 353t} se “I19A9MOH
*pa1md00 oAey Aew surjoid juepunqe SurSueyoun 19410 pue SNId

ds WIRIEEINER] ey 1o “Anpiqe Supuiq-yaN

saueIqUIdIA *(7-D €S "SI “Wpuaddy [§) s1soy Jueiduou ut p
SNId/P” Suisn sfesse Surpuiq oy) pajeador om  ‘yuouoduwiod
SUIPUIG-VIN 241 St SN[ WIGuod 1oypmy o, ‘uopejlioydsoyd jo

si pue paYpUUI-NId o3 spuig vdN

10ju0> 01 panmbar arom suonderajur suoradeyd JudASUERI) TEY)
N0 a[n1 jJouued I\ (1S 9[qeL, “Wpuaddy s pue 5 pue g g ‘Siy)
SNId/V 0 s xo[dwod oL IIONS € JO

127



Appendix

siaodsuel) Uixne Nid SUGIYU! PUB Yim sa1enosse pe diweleyiydifyyden
‘I 32 seqy

“(6102) Z2L '0Z $/WOUID NG “eue/LIeYIUSG BUBROJIN PIO|dO][e dU} Ul SIWOd}

~01d panoidul Joj awo3101d Poseq-awouaB ‘popING-ABojowOY Y 1 13 SIRINOY °f

'861-581 'dd ‘0551 "[OA (£10Z “HOA M3N ‘ss21d BUBLINK) 'SP3 PIIlE 'd

‘213 °r ‘tewio 1 ‘A60j01g B[O Ul SPOYIBN "$HW0d104g Ul ,Kndwiondads
ssews Bey ssew wapuey Buisn uoneaynuenb uiziosd anelRy,, ‘sel
(1102) 081691 L9 7 3ueld ‘sisdopigery

Uy sasuodsa; uixne Pasal|e SUQIYXD Z51D aseuny uia1oad J0 JueINW aAeBaU JueUIWOp

W ‘ZOURIBI D "I "2I3LIA 2 Y 'S8qY 1 ‘0IWOY-0UBION °f ‘OUING-SINDIBIA ‘N "W

(1102) 106123 ‘9 3UO $07d ‘sujP10:d Hiodsuen uewny 4o uoez

-e610 Jejnoajowesdns pue 2iNNAS Y [IAUN 0} 53400 G014 “/e 13 U0IABIAY T N

“(Z102) 8ZLL-8LLL 0L T 0UY3101g Juelg "SI0y Uoissad
X3 euenodN i saipoqiue dunadeiayy 40 UoRNPOId 10} UIPI0Id BuPUaYS-aUIB JO

Joss21ddns G1d 341 0 AHIRN ‘IleH D ' 'UBSTI ‘Q W ‘5001 Y ‘LGS 3 ‘1BegeseD -4

*(9002) 926ty
20]-aNSs11-AU

‘8 T uelg “sisdopiqeiy U spie ouy

e |enuass Joj sapodsues pazi

© '9L¥D1Y UewIpES g ' OjAeL ‘D D 'SeeUOH "y ] ‘UBSJaIN '3 'SaWWeH Z '

“(9002) £ZLL-EZLL ‘91 “foig "un) "u@i0id Jaiiied xnjul LXNY ayi Aq Lodsuen
uxne Aue-yIH ‘vasi

(£102) v2o-Lzy ‘LS e ‘siow

-0Bijo uiar0.d aueiquiaw Buiziges uy spidi
“(€002)

2z-11 0191 epy sAydolg wipolg “uoissaidxa snoBojosaBY Ul UMY e

-nd v :supP101d BuRIqIBW 40 SIUBWBINDA Pid 2103dS ‘JaUUEL M 'eA0IENAAO I

“(L002) bOEL-E6ZL

‘0L 'S UIB101g "SIBINA JeIN33[0W Se Pasn SuaBea) Bupiul-ss0L UpP10d [euonIUNY)

~0wi0y 40 syIBUB] 3y} JO UONEN|eRS ANEYIUEND HNOH N " J2ISIZY F 'UBRID 'S N '

(0202) 82'S6€-18€ ‘0€ 0/g “un) “sweid

Ut ymoib renusie 03 vz asereydsoyd u1oid 13BIeY e JIES “Je 33 ey s
“(0102) Lze-L1T

“Lov ‘waypoig “feuy “uopeBny YR BuLIINbaI NOLIIM [eLalew Jueld Jo Siunowe
eWs WOl saULIqUAW SdAI-eWOSODIW JO SPIaIA WNWIXEN
“(6102) 61LLYLLL 'S SUeld JeN

uonnjona avkydordans uy Aliea paBiawa 1iodsues UIXNE UBALIP-NId */8 19 UBXOYs Y '

(L661) LSL-SYL '6 193 Jueld "$1343p [ev160joyd
-Iow 3s13AIP pue Lodsue uixne Jejod Ul UOIPNPaI e yuM pajenosse si sisdopiqely

J0 ueINW €22 341l Bulpuiq pie dweleyiydiAyiydeu panpay “Je 32 1B6NY W

(9100) 1£-59 ‘11T
0Myg M3 “sisdopiqely Ul s1sauaBOUEBIO PUE SISeISOBUIOY UIXNE SAIEIPA JuRIq

-waw ewsed pue wnjnona1 Jwse|dopua 1e Ja1I0dSUEL UNE INId “Je 12 UOWS S

“(102) 098209 '€ 24113 "GIONId PU€ ISYNII NIZLONd 90 ‘saseuny uiaioud Juaia)
~41p oMy Aq p1eande 5| su2104d GINYOA-NId AQ XNigd UXKNY ‘e 33 NOPIIRIN0Z "W

3T 'Bueyz 1

3 "uewnypeus “d °Q oifeL "D > SaWIeH 7 N ‘BueA A

DeyIalu 0 2(0) UL /2 10 21D N

ypsnT D ‘seqy 7

"

(43

811£S8020Z'SLUT/ELOL"01 /6

SYNd | 8408

“(6002) 12L1-€691
12 1123 3ueld “s1sdopIdely Ul 51343p [e1uaWIdO[aAIP BulIpads pue JUOAIGUS PURSIP

Ul SHNS21 LAY 3589101d LI PA1e10SSe-aUIGUIALI 33 4O UOREINIA “1e 39 1934 'V ‘M

(L007) 8zv-52v 'ELy snieN “Buppyyen apisan pue Buipk LNId Y019

si01iquyu1 110dsues UXNY ‘aujed "X SUABIN "D JOYIBS "G A |l T BUPID ‘N

(£661) S65-€85 ‘7L T Ueld “euelfeyy sisdopIqeiy Ul SIoMqIY

-uj viodsuex uixne Jo UoR>e aY) J0 Jo1eINBa) NNEBRU © “LSid ‘OUCks 3 ‘el ‘H

(6100) vSyL-EvbL ‘29 WaYD PAW T ‘Siskjeue Aune-21npnis v spiouonely

patejas pue upaxanb Aq saseury areydsoydAjod [OXsOUI 40 UOIIGIYUT “Je 29 ND D

(8661) 9E86-1€86 'S6 V'S
DS PedY NeN 301 “U12101d03K(B-d SN0 UO SIS BUIPUIG-PIOJANS PUE -d LY [2UDIA
3¢ suomeIAU [PUOIUNQ U

(1002) SES+2S ‘921 10IsAyd 3uerd “sisdopigey

U1 oM Ul odsues IXNe 4O $103eInB31 3AEBaU Se e SPIoUoAEL4 “/e 39 UMoIg 3 °q

“(2102) 0862-5967 'LE T OgW3 “uonelfioydsoyd

Jajuil Aq viodsuesn upne pask|ele>-Ldod/LEdBY JO UOREINGAY “Te 12 SYUUIH S

(8002) v6tv-68t

'S0L VSN PS Pedy peN Doig saiokieyns asia eukp UoIBISOY

£ upe pue Ayjrow apisan sredw siouqIyu; Lodsuen upny “fe 12 aysnuyq ‘d '

(£002) £92-¥SZ 'VEL “JOIsAYd 3ueid

igen apisan Butedw Aq xnjya uixne 1qIyUI sudonoikyd o “fe 12 ¥asenad T

(5002) 9571-1521 'SEY 2imeN

199 WO} XNnjyd UMO S S310W0Id PUE S1S01AO0PUB SHQIYUI UIXNY “Je 33 YRI0Ded 'L

“(9102) 0L-1 ‘SbZ "5 Jueld “sulydopA> pue sqgdi3 Aq siaviod

“SUBI} UIXNE 40 UORE|NBRY LSS PUE J2ISBINl ‘ONULIUENI ‘I
(0102) £LEEZ-60EEZ 'S8Z “Way> 70ig T ‘o3 [enway) Aq 1odsuen

upne Jo JoyqIyul ads-r10JdOdA|B-4/EDEY Ue O uonedNup|
"(8002) VSEE-SPEE 'SEL puadap-uonnguisip

upne Ul swsiuelpaw odsuen dod PUe Nid JO UOMIRIAWI “Je 39 JINRIN T

(£002) Ly1-LEL ‘6L /12 2ueld ‘sisdopiqely ut siauiodsues
12101d03A(6-d Pue QINHO4-NId Buowe suomesaul “fe 12 aa[saela ' '
*(9102) 8v6-0€6 '8Z /12D 3ueld "Sweukp U0IB[sOIO unde

uxne

Uo SI0UGIYUI LodsUR. UIXNE JO UORYE AL SAIRIPAW | IYY/MA GILSIML “/e 39 NZ °
(0102) YOEE-S62E ‘22 1120 2ueld "$1001 sisdopideiy uj viod

Auess22au 51 uydoUNWILI LQAL PaZI[E20}-43 24 'Bu
*(6002) v-LZ 'LS T 1ueld "sisdopiqely u

SUIBWOPODIW BURIGUIAW UJ NI 5
(8002) 92812-L1812 '€8Z “Way> 0lg ° ‘suliydounuiwy yam uomdesaut Aq pate
-ipaw st sioNqIyut Hodsue uixne Aq sui10idodA(B-d Jo uoneINpo “/e 13 Allieg v

$1012|NPOW JO SSB> Y 'SPIOUOAELY “[E 33 [135U0D D)

9 Y 9IS199 W

€ 30 Wiy AT

35 61dDd/6L828Y "/ 3 Unjeuelemdey] g

]

i

020322 oqus0q o AR 10 PopRoRINOG

A901018 INV1d

8114580202 seud/e£01°01/610"10p//sdny
840 L SVNd

“(1002) bSvZ-L¥bT
‘€L j2D Juelg WowWdO[PAIP PAreIPALI-UIXNE pUB LiOdSUBN UIXNe 1o} PaAINbaI
sisdopIGesy 0 53U36 SHII-22uelsIsa BRUPRINIAL ‘BuIpleds “d 3 “AYAINI 'S W “UON ‘8 €
(£102) 7191-1091. '8 1015A4d [123 Jueld “Miodsuesy uxne uy siauiied BureIRIUL IIBYY
pue sia1i0dsUE. D8V UO MAIA (911D ¥ ‘0K 'd ‘01euoq Ip W ‘fekiy ‘g 3IsI9D W ZL
(1661) v89-LL9 '€
/12 1ueg “uonewioy pnq feioly sisdopiqey 40 sabeis Aled uj wasks Lodsuen Jejod
UBNe 3U3 Jo JUBWAINbRY "eINWIYS “A “IIP8 T D “DIEWON "X W "eP3N ' 'ePeYO N
(9661) ZE0-£2b “LLL 1015A4d Jueld ‘uII0Id SueIquBW [eiBRIu Ue 5| uioid BupuId-ppe
SiuwelewpydiAuIdeN-L-N UL ‘Uelueweigns A W ‘uebeay q T ‘1ed 3 ‘g 1U0%seuIag ‘d ‘Ol
(1861) 81-€1 ‘251 e3ueyq s3ndoao> dziew ui
s aueiquiaw e 0} ppe JwejeyydiAuyydeu-L- 4o Buipuiq pue uxne j0 axeldn uo
310dsue} UIXNE JO $I0}IqIYUI S>3dS 40 UOISE SYL “UUWSPIOD I H N “UBWSSNS ¥ ‘I 6
(0861) 8£0L-£01 '99 0IsAyd Iueld P
“12Up1eD "D "UeWSSNS Y W '8

LN Jo} Jordaras aup Jo

“idinsnuew sy anoiduw oy padiay 1eyy suonsaBbns pue syuaWILIO) Auew ay)
10} SIBM3INBI SN JUBYY 3N ‘S3IM[IP4 310 J3IUSDOIG BUUSIA 3U} 3 SHUSWNIS
-ur Anawo.pads ssew 0} ssa>ve BuIpinoid 104 JaBUILUAG Jas0r pue ‘skesse gy
dge-A] yum djay 1oy sexynsseq esseue adIAPe [eansHels 1oy ueigey

siap0dsuel) UIXNE NId SUQIYUI PUB YUM sajenosse pide dlwejeyiydiAyyden
€ 10 seqy

“(E461) ZSE-LEE ‘601 erueld $2[1d03[0 L0 Uy Lodsuen upne
U0 Uoe puE sUOREI; (12> B1eINdIIEd O} BUIPUIQ OAIA-UI | PIE JI02USGOPOILI-S'E'Z
pue ppe dieleydiAydeu-N-L ‘S3IeARL 3 °T JJIIIAL 'S ‘[3H 'Y "UOSWIOYL S M "L
(8107) ZLE-€0€ '69 708 ‘dx3 7 Modsuen
upne sejod Jo wsiueysaw By pue ppe JwejeyiydiAgyden ‘awled ‘21l ‘M ‘9
(5102) ZE-07 '22 112 el "uonnond

pue ‘uone|nbas ‘oY odsuen UXNe JU3PUAIP-NId ‘I T ‘DISMOWEPY W 'S
*(£002) 209-165 'SLL /2D "UonewLI0} ueblo Jueid

10§ 3NPOW UOWWO) € Se SIPEIB UiKNe JUBPURIP-XNILS ‘[e30T “Je 33 BAOYUSE T b
(9002) €88

2L 23uaDS “SWUe(d UL MOJY UIXNE SIAIIP UOREZIIE0] Nid J|0d “[e 19 BYSMAIUSIA T '€
(8661) 0E22-9222 ‘282 2UaDS "anssiy Jejndsen

sisdopiqesy Ul NI Aq Hodsuen uixne Jejod Jo uone|nbay “fe 39 JAIIIMIED 1 T

(9002) 8L6-16 ‘ZLE 22U3DS
ouny Buwij-21es e wiopad su10id Nid “/8 33 Yasenad ' 'L

“Knjyo upne sejny

paddi-auiyenxa BUIPUIG-MO| Pash am ‘Aesse 3[eSO.IDIW Sy} JO) [RIUSSSD SeM.
Bumadid areinxy *(gzs Bi3 puaddy [s) Apandadsal ‘siajjad paysemun
10 paysem oy panowas Apuanbasqns sem Ns T 9 10 § YaIyM wosy I g

"sytiejd eueiweyauaq ‘N 104 OY|ISE BIPUBX3]Y PUB JUJ[3YUIBIS BLISH JURY) I
“(47 03) §86ZYL JULID |PUNOD YJeasay ueadoind pue (H'Z'N O1) L-9/8IVEVH
4 1D UOREPUNO UpIeasay UewwdD (v ol) 028-€€5Lzd IMd MUeID
pung 2>uaps Uepsny Aq pavioddns sem 3iom SIUL ‘SINIWDATIMONDY

“uopeuuoyul

Burnioddns pue apiue 3y} Ul papnpuj aJe exep ApMs |1y

‘sueaW Moys sieq ‘e1ep BUIpUIG-VdN-Hg 104 '$135qns
SN03USBOUIOY 21BIPUI 519133| BSBIIIMO] '$353) 5,431 JO “UUNQ ‘HePIS-WIOH
Aq sem siskjeue 2041504 'S0'0 < d 41 (su) IUEDIUBIS 10U Seam pue parels
5IMIBLIO SS2JUN PasN Sem YAONY Aem-auo ‘(1521 3 ajdwes-auo) S ‘Bid Joy
1d93%2 ‘pasn 21am (sanfen  pajier-oma) sisa1 2 padtedun “guistid pedydeis 1o
“ZA SIS SSAS INEI '9L0Z [39X3 BOSODIN U pazk|eue 21am eleq SINSREIS

“(15 3|qeL ‘XIpuaddy [s) ajduwes ysea ui papalap
sua0ud eueiweyUaq N (89'E WO BduBPUNGE L[ 3BRIaAE [2qO]6 Buisn
pazijewsiou sanjen axuepunge aanejas sasn dz “Bid ‘saidwes Bussaidxauou
31 U] 3510U [B21UL3) PASNIE> S3IUBPUNGR JA[3] U SIUILIP BWIBIXE 3} S
3|qelja1un sem /NIdGN PU Nidly Usamiaq sapndad paseys Buisn uosiiedwod
anpeuenb PP ‘AUBIUIS “%S'L-9'0 O %LL-6 WO ZNId 40} PUE £5dS
%9'0-0 03 (1S d|qe L 'Xjpuaddiy /) % L L-§ WO1} padNpal 219 LNId 104 sanjen
asiou aJaym ‘awibai uonisinboe-e1ep £5dS Aeusale Ue Buisn siyy PauLIyuod
3/ “uone|osiod pue Aundwi uol Josindaid 0} anp (s)a|dwes Buissaidxasono
11210 3y} WoJy 3si0u [ed1UL) due sajduwes BuissaidXaUOU JaYI0 By} U Sanjen
@ouepunge aanejas Juaiedde auy} ‘(13A>-d4D ‘Nidiv) surioud snobojosaiay
104 "UoNEINd [ENURW YUM FTSAIA 10 MEISN]D Aq Juawubije aidninw Guisn
X-VOIW Ul pazhjeue a1am s3uanbas *(/f) aseqelep awoajoid JAAN euelwey)
-Uaq ‘N 341 Pasn M “(9b) SIND 0} PAUIGUIOD PUE (FNUBDS JaYSlY OWLIAYL)
suoIINIISUI s JaInYdeNUBW BY) Jad se xaldxISLIALL J14eqost Buisn pajage| ‘sauias
[oueya papeit e yum pazii "HOBIN/EIDH) Ym ‘G pueses
614 ‘xipuaddy I5) 218|0UAX03P WINIPOS %50 PUE ‘SS %¥'0 ‘pisolew|>apop
%Z Yum pazijignios Aljenuanbas aiam (gLd PauleIuod sajdwes Xis [e ‘ENId
‘TAAH-d4D+ZNId ‘LNId) sa|dwes Buissaidxa-Nid2y 221y pue (NId/Y “13Ad-d4D
‘61d) S|0J3UOD 321U} O} SUBIGWIAW BUBILEYIUSG '\ $O STUNOWe [enb3 "SNd

-(pesoig) suxo0QIWaY/qeTaBew Buisn painide> sabews woiy p
-uenb a1am spueg "S}0[qOUNWII O} 1X3U UMOYS I8 S10[q PaUIE]S-Neaduod
pue siayew 3yblam Je|Nd3(0N "INIdIY JO SOV O3 /91 Sanpisal jsuiebe
pasiel gNIdiUR Jqges JO (3YP0Y) dIDNUR ‘(SE) NIdi¥hUe ‘(Sh) ENIdnue
“(9€) ZNIdUE 1O LNIdUE UM pagoid pue (L€ '9€) Panolq 21am 1seak syun
Q0 1°0 40 ‘21500 Ya0s/L ‘92d euelweyIUSG N Bl L'0> WOl SAURIGUISI
‘9 *Jo1 U1 5e 10 an0qe se pasedaid aJom suopdeL) SUBIGWIIN “Buiojqounw|

*(gvs 614 “xipuaddy
15) (4 2vsqy) gNLAUaGeal s,uew|(3 Buisn paisa) 'Sk 10 NAdO Jo Aujigels
10 AuAieal [e21WAYD BY) 1P344e 10U PIP VdN “(dpiwidjew|Ayle-N INw 09 Aq
lew|Ayra-y Ww s) paypuanb pue (0SNG o
[ewBIS] NGO INW §'0 03 Z'0 ‘Ul 09 O3 §) PAXUI|-S50.D ‘(gY O 043316 %01
/5L Hd "OdHEN N Z'0 ‘ulW 09 O} 0F) OSIN 40 ‘Y1 "YVYN ‘valL ‘VdN WM 0§
01 0 Yum pareanaid aiam 531600 Jo §[[3> WOl SUBIGUIBN “Bupjull-ss01)

“aseypand Jo
A SZ UILIM P3SN Sem VdN-H, “Y20] SWNJoA pue 3uo di-|e1aw e yum anadid
01 yiopuadd3 ue pue (wAzoig ‘sdiL qoydins Buojenxa 1 o1) sdi anadid

19112d i-5°L e pautejuod uondeal [eaidky v ‘(fua

42 6unuUNo3 919) wd> se payiodal aJe syNsa1 pue ‘GuUN0) UoNe|RUDS
pInby| Aq painseaw sem Ns pue ‘siay ‘3]jad Ul KAdeOIpRY ‘plojIUEW
wnnoen e up g Wi 1'0/gY W £'0 XE Yum Buiysem Ajpides pue gy 11 o1
6uisn (01 *JoJ Ul SB) sIa)|1} UeWIeUYM 474D 01 Butiiajsuen) Apypinb Aq paysem
10 (6L "s}21 Ul sB) A1D3.Ip PIIUNOD 3IIM 513]|3d "PIAOWI SBM NS JO BWN|OA
aspaid e pue ‘), v ‘Ui 5| 6 X 000°LZ) unds a1am sajduwes 'y 9 0} 7 JAYY
‘vg pauleiuod sajdwes (i 0F) 214200 pue (W §1) 1seak |l 'saLas Bjoym
ay1 ul papnpul sem DB W § ‘Pasn Sem d1V UBYM “(DH-SML v Hd
10 OSING) R[OS JO (358 SIL JO SIUB[EAINb3 Je[OW OMY UMM ' O} PaIsn|
-pe Hd ‘UoNenuaduod [euly NW-E) dLV 1O (SUONRNU3UO) [euly WH-OE O}
-02) YV 40 ‘va "VdN pajage|un) suonippe -1 pue (jowwd 09 ‘1 50°0~)
VdN-H BulUIejuod (52 10 59 HA YOJHEN/’OdH) INW 0§ PUe DX W §
17OSBINl INW 1070423416 %S :gY) Ja4ynq Buipuiq o (11 9 03 €) awinjon exa
Ue uy papuadsnsai A[[nja1e sem 13]12d 3y ‘panowal Jueleusadns Jo sadesn
e pue ZDBIN INW 0Z YHM Paysem pue (3,  ‘ulw o€ ‘6 X 000'L2) paia|jad
asam saURIGWAW J0 Sjonbije [enba ‘SaLIBs Ypea 104 *(F Pue D €5 PUB 1S 'SBI
‘xjpuaddy [s) s|ana| uoissaidxa NId 4 siskjeue oiqounwiw ui [eubls Buons
A12A & UIe1qO 0} PaIINbaI SYUNOWE BYY XOOE O} 0OL~ S3seD [[e Ul ‘531500
omy 1o 3583k suN QO 71 ‘|9ad eueiweyuaq N B 0g 0} 5L WOl (Awnjon
32]12d 1 € 03 1) SaURIqWAW PaUIRIUOD UONRAI Yoe3 ‘(TH 0} >) Aesse ajedsosd
-w e ot (gL—£) skesse snoinaid payipow ap Kessy Buipuig puebijoipey

‘saupreq awes
243 wouy pasedaid aiam $31A00 PaRafuI-YNY PUE PaRalul-IaleM (01UOD
“(ges 614 puaddy js) soidwes jje i seyuwis sem uluRBORYA [enpIsaY
|d + 83 Ul papuadsnsal pue (Vs ‘Bid ‘Xipuaddy /s) (pb *J2J wiosy patypow)
3L pue ‘DeN N L BN INW 00L Yum Buiysem aaissaddns Aq 3ajjed siyy
WOy panowal 1am (suiuabojjaun) sut3oid Y|OA (3, ¥ ‘UIW OF ‘6 X 000'SH)
Pa12]|03 seM 33)j2d pN> B PUE ‘(1d/d0ISSOUd/FOINEN INW 01/*Od [0439A(6:
W 0Z/4eN W 05/10429A16 %0L/u1ased 9%1°0/V193 WW S/¥1a3 W 0L
/52 Hd “DH-SLIL W 001) paziuabowoy a1am 521600 ‘saueiquialy 21600

“4SINd WU L/3L/1032(6 9 Ul papuadsnsai a1am sijjad
BUBIGWBIN *(D, b ‘UIW OF ‘B X 000’SH) UOIYSND 3SOINS %05 TW-1°Q & OO
4SWd INW /310316 %S yBnoayy unds dmy pue ‘id + 31 Ut pardnisip
(uroy) 107 asejowAz Busn payse|doiayds a1om 15eaA (€S 14 Xjpuaddy [s)
(36 OF 'Y 02) 350196(eB %Z UM PNPUI 13M (9°0 03 SO0 QO WOL) jee|
9%+ wnipaw 1nodoJp-NI1 Ul PALIEIS SAINND ‘09yS(E JeISN2I> SAWOS
-ey»7es OJUI PawLIO)sURI} SeM AZNIT d49AAd Ul NIV "SIUBIGUIS ISEIA

Id + 83 Ul papuadsnsal pue ‘([31] V143 INW /8 HA ‘DH-SUL INW 0Z) Paysem
‘e ¥ Ul € 6 X 000'SH) PaIa||0d 2sam saueiquidlN “([Id] yoI/uneisdad
undadnauunoide quy/bH 1/4siud] apuonyy Auoynsiiyewifusyd Ww |
yum [g3] [012K6 %z/uIBsed %S0°0/[v1A3] PPE dnEdeENRIRUILEIPAUBIARS
INW /" HA “[DH-SLL INW 05 Ul 3WAZ0I33eW %€0'0/358INI123 %L0°0 D ¥ 'Y 1)
uonsabip Aq paseajas Jo (95) uoneziuaBowoy Aq Pa1eiXa 3IaM SAURIGUIW
pue ‘4o pajead sem siuuapida Jamo| YL (NS Xz 0/jo1pensa-d Wit 7 'y v7)
padnpur 21m £5QIND LM SPREDT " Ld JO/pUE SI013A Adud Pani@dal S|0U0D
YOI 'SaNe3| BUB/LIEYIUBG N O (EY) 6Ld YUM J2UNa60) paten|ijuoiBe 21am
(azomeid 4o £2aINd Ul NId/Y 10 9/E/Z/LNIdY “SPueIqIa euejuey3uaq N

‘(L€ '9€) pavRAIXD 219M SauRIqIBL PuE “([INSW]
wnipaw B0oxYs-aBIYseIN XS0 Ul Y ¥ 0} 1) (OSINQ) pIXoynsiiyrawip o
VN A 0L U3 Pa1ea) 2Jom s[ja> Uoisuadsns | N/d:SSE ‘SisA[eue Jawip snou
-abopua Jo uonejhioydsoyd [eqo|B 104 “(z) VN I 0LF yum pauuiopad
213m skesse uoneKi0ydsoyd d1v-[d,.-X] 011 | ‘siaug pue uonelAioydsoyd

0202 22 9990 U0 NI 10 pOpRORINOT

128



Appendix

Pansasal SIYSL |l “BinjeN JeBulids 4o ped 'p

“('wra's ‘sreq o112 utod swm 1ad o1 = ) surejoxd yueyd snoSoforarey
pajearpur oy Surssaadxa $214200 s1420] ' U UTKNE PA[[QE[-OIPEI JO
uonuai aferaae ‘skesse jrodsue) urxny ‘p ‘uonezi[eso[-0d Sunensuowap
‘Sururersounurury Aq (pa1) Xy pue (u9218) INRLLID-XVd JO UONd219p
snoaue}nWIS 3 ‘premjoos Jutod smoiry (uonexy 1ayye paysenbs)
swajsLaw paxyy Jo waopydojord ur ‘Sururers Apoqnue g1H-nue Jursn
(u2218) ENTYLID-SO 10 (P1) INTY.LIO-XVd 1o ‘Burureis Apoqnue
Xyg-nue Sursn (pa1) X snouafopua Jo uorna1a(] ‘q ‘SIxe WalAx ayy
2)RIIPUT SPEIYMOLIE PUE 3T [[29 S AILITPUI SYSLI2ISY “UONIDS $S01)
reando ‘wonog (aueyd reurpnySuo) wastaw oy ut sajoword aaneu si
1apun passaxdxa (aduadsazonyy u2a13) waro1d UOISNY INRLLID-XVd 2 JO
£dossoxonu [eaojuo) ‘dog, ‘e urajoad Yvd Jo sis[eue uorssaxdxg | 7 ‘Siq

(unw) sy
oL S

Xvd + ENId | Qid + ENId
L idoa +eNId | eNId

INIHLIO-XVd::Xd|

uouBlel UIXNE BANEIeY

10
0-1°0 -

3NIHLIO-SdO
INIHLIO-XVd

d49-uy

POPUAXT) SHUBINW X.4q 10 Xvd UT PIIIIJJE JOU JIIM WIISLIAW )} pue
woaoydojod ay) yroq ur uonezIfed0] pue dUBPUNQE [N ‘SHNSAT
(d:19) ur01d yusdsazonyy usaIS-NId 3y Suneioqorio) *(es ‘Siy eye

“sayeorydar [ea1Bojoiq Juapuadapur o JaquIny u *(peagmoire)
o [P0 F5dd ¥vd © u 12> de © SunySiydny Mot popuedxg
“(peaymore a8uvio ‘s[> des) pagamiad st uoneRUAIAP ASdd 2]0d

x0d U0 U] *SYUIWI[2 24915 AT ANTLW YIIM PUD PUE S[[29 IEWASIW
M 1113S Jey) (SPRaYMOLIR J)IYM) SI[H [[90 ASdd 210N 'sajod waopydojord
yroq Suimoys ‘(Sururels [4 YIm UOHEXI) 33GIeI[D) SWAISLIAW 1001 Xvd
pue 0-100 Jo Adoasomtu [er05u0s) p “waopydojord xud ayy ur 12> des e
$21L2IPUT PEAYMOLIE Y} PUE SPUELS S ILIIPUT SYSLIASY "SWASLIDW
1001 paurels-(14) apipot wniprdoxd jo Adodsoriw [ea0juo)) - (xvd

xvd 0y yuazagyp Apueoyrudis  wod oy Juarapyip Apuedyrudis «q 0-[0D 01

11 5184S1ANg UBJIILWIB 8107 &

SIEN/ WO AMEL MMM [T A 1 LV N

PapuaIXy) TNId SHSdd Surdo[aaap ut N Jueurwop ay) uo sis[eue mo
Pasnaoj ap xvd 10 x.q UL AIATIOR NI J0UOW 0) YSNOS SNy} I "y, SWR)
-SLIOWI 1001 X.q INOySnoIy) paonpai A[esrwalsAs st L)1anoe urxny
JuaUNIdAT SueIquIdw-ewse[d X g WIS 10§ parmbar st
XVd ey 15988ns synsax asay [, "X JO UONNQLISIP aueiquidw-ewse]d
ua43 3y dnasip jou prp yUBLIBA XV srwse[doydd e taaamoy] ‘saydyed
XVd 01Ut Xyg pannioai uorssaidxa-0d 1oy 1, (0 S1g ereq papuaixy)
4Soyored a8xey ut pajey D28 XV SeaIayM q ewseyd ay) e
A[uans pazifeso Xy ‘sisefdojoxd uy *(up ‘Si ere papuaixy) Xyg uo
puadap A[[enueisqns Jou prp UONEZI[EI0] 10 dULPUNGE XV ISLIU0d
Ag *(8-q¢ 8u) sTSdd Xvd Ut padnpai £[21943s sem dduepUNqE NI J0U
nq “9ourpUNQE XYd TIA0ION *(W [ “S1 vIe PIPULIXT) JoUURWL
juapuadap-afesop e ur $193jop uoNENUAIIIP HSdd PA158Ln osye juatr
-1ean) yag “Apuaisisuo)) “(3f (¢ 811 ereq papuaixy ‘e ‘819) Xvd 10§
UEBY) IOMO]S SEM UOTIRIOSSIP dueiquiaw-ewsed X g paonput-yig
“uostredwo 1211p I 324 ¢ 2ANISUIS-VIg Os[e ST X (17 ‘S1g ereq
papuaixq ‘e¢ ‘31y) aueiquidw ewse[d ay) Woij Xyd JO UOHRIIOSSIP
pider paia8Bin (vag) v uip[jeiq 4q uomquyur (-1 V) 10308)
afueypdxa-auruens-10)oe) uoneAsoqu-JAV ‘Surajord I 01 Teft
-UTS I9A0IION “ALSSE ST} UT I0JPATIIR JSRNLIM DY) SeM XV T9AIMOH
(4 813 ey papuIX ‘pr “81) 5914000 staav] sndouay urSNIJ Yim
Passa1dxa-02 UIYM XN[JJ2 UIXNE PJRANIE (TXVd PU®) XVd ‘A1d 10
d9q 03 refruts 1243m0H (3p ‘Big Be( papuLyxy) suoneinw pydgp
/dop 4q pasueyua Apuesyrusis jou sem adyousyd xvd ayy ‘wmy uy xod
01 oneysida Ajeonauas st x.4q ey SunsaSns «(Jy S1g ereq papuaixy)
sjueInw 2[qnop xvd x.4q ut pasueyua jou sem ad&jouayd x.q 2y,
‘syueinu x.4q jo Adosouayd (arydiow
-0d4vy) e yuasardor syueinwr xvd Krewrwns uy *(3% 811 ereq papuaixy)
orUuIsIIdW Ay ojut £19a19p des waopyd parredwr £q paruedwosde
S19M §199J9p UONENUAINIIP HSdd Xvd 9 “X4q UT PaAIasqo A[snoraard
sy (P % ‘317 wieq papuaixg) adfiousyd waopydojord xvd sy pandsax
Ay aarowoxd Xy 2yy 1opun ‘sgsdd Sutdoasp ut NI LIO-XVd
o uorssaxdxa aatsnxg *(97 ‘Sty) X Y pazifedo]-0d pue (4z ‘Sty)
Ayrejod reqnypao premjoos pakerdsip Xvd *(eg S1g) srxe wapkx ayy ur
uorssardxa 1axeam se [am se ‘waojydoroxd Surdofaasp ur uoissardxa
XVd pajeasa pue (qi ‘81 ereq papuaixg) siueinw xod jo adfjouayd
UONENULIANIIP Sdd 24 paruswa[dwon 1aj0word 2AnRU S)T IpuUn

Jua1ag1p ApuedrIusis ‘e <100°0 > SAN[EA J [[2 ‘PIPIS-OM] 153] 19LX § IAYSI)
patEaIpuI 218 $90URIAP JuBdUSIS A[[EonsHelS ‘sSutgpads plo-Aep-g s[>
ded yum spuens waopydojoid jo uonesynuend q *(8000°0 > dx 15317
SIUIPNIG PIPIS-OM]) PAIBITPUT T8 SDUIJIP Juedyrudis A[eonsners
“(JOP SIYM) UBIW PUT WAIIUTW ‘WNWIXEW ‘$a[11enb PII) PUE PUOdIS
ayy moys ynoydnoiy) syod xog “7-xvd Bursn pajesaual a1om Apuanbasqns
pakerdsp axe jeyy eiep [[v SI[[E UONOIUN}-JO-5SO] XV Judpuadapur
om1 a1e z-xvd pue [-xvd *s3ulpass (0-[00) 0-BIqUIN[07) UOISSIIIE
20u213j21 YUASH T vuvipy) Y 2dK)1-plim pue jueinua pjo-Aep-uands jo
i8ua] 100y ‘& “syueInm xvd jo vonezIETeY S1dAlouayd | T Sa
xed
xq xed xed pxed g-100
v s 05 vs ov=u

(%) sdeb 35dd

8

5B oIdNN 1 PUEAS 9U0 |
spuens wog auon

a

xg  gxed  (-ed
e v

+ wenNmE 000

6L 8z 00 -

(ww) ybus) 1ooy

H3L137 QHELERER]

panasa S8 |1 2injeN JeBuLdS Jo Jied ‘P SIBYSIIANG UE(IWIE BLOZ O

QUNIEL/ WO AU MMM [ 4 (1 LV N

uensuyd fap 10 1BLL-a, ‘Seynsseg 13 'Y ‘eneLe

“Ajlenba PaINGLIUCD SIOUINE 858U L “AUELLIBY ‘UESIIIS ‘WIAYUBLOH Jo AYIsianun K8ojo1g SWAISAS Jueld Jo Juawedeq, Auewsen BingsusBey Aisianun BingsueBey ‘AiISIWaL20G Jueld pue
£30/01g 120 J0 uawwedaq, ‘AUewISY ‘BUIsia13 “YOIUN JO AUSIAIUN [B91ULD3L AB0[OIG SWIRISAS 1UEId, PUELIAZIIMG ‘auLiesnen ‘suuesne Jo Aiisianun A30[o1g 4einosjop Jueld Jo Justyiedaqy

passaxdxa ujoad uorsny ANTILIO-XVd V '(q1 S11) adSrouayd xvd
o) paoueyua A[pjrwr Ajuo uoneinw jxod pue ‘. (0£00¥DS L) 2seuny
(TXVd) INIT-XVd PA7L1919e1eyoun ) OnSo[owoy Xy 1350 343 jo
jueinw e up paasasqo sem adjouayd oN “(3-qT “S17) s109j9p uonenU
-123J1p FSdd £q parueduwooe sem yorym (et “81g) imois oo Arewad
padnpar pakerdsip syueInw uonounj-jo-ssof xod Gse11uod Aq “(ep Sig
ey popuayxay) adAsouayd yymois-1001 pasueyua Aiqrssod ‘prrw e A[uo
pey sueynu afdnapenb ¢210Yd9p g 1001 110 Ut opeiioydsoyd
NId [BULIOU [}1M JUR]SISUOD ‘pue punpai o1auas [er ns Kerdstp
s2ua8 TJ9q/Nd9d e xod se [[pm se 1ydop/ydop paskjeue am
“UOHENUAIIP S UI SISBUR] DOV JO 301 [enuajod e aurwexs of,
“(XVd) X¥€ HLIM d4LVIOOSSY ASYNIM
NILLOYd PAWEU am YIIYM . (0£8PYOTLY) 2seury parepr-Td9d
/3d9d © SeM JuBpUNQE JSOW ) 1ej £q Ing ‘SN SE [[oM S saseuny
(TMd9Q) ANIT-M9A [B19438 PUE YJ9( PaA3LI21 2m ‘widayy Suowry
*(p 2¢ ‘814 e papuaixy) uonendiardounwiwr Aq s101deIUL X g
syypads Aynuapr pue ad£) [j92 aaneu e ur saskfeue sorwoajoid wioprad
0} sn pajqeud (q ‘e ‘81 BIRQ PIPUAIXY) |, UONBULIOJ JUIWI[D IAS
10§ ABSSE UOHEIUAIYIP-SUEI) PIYSI[QEIS? A[IU2IAI B TI2AIMOH "JX2)U0D
QAIJRU SJ1 UT X JO SUONESNSaAuI [ed1ayd01q pue [edr30[o1q-[22 Sunes
-1idwoo “s[[23 Ma) ur pue s[pad] O] Je A[uo passaidxa st uraroxd X g
“UONENUIYIP S 0} SANLIU0D AJANOE UIXNE paun)
Appuyy 1ey sisayrod4y ayy 110ddns suoneatasqo asay [, *(bg ‘81 ereqq
papuaixy) axeidn urXne yim UL SNauad £q pajeserdde arom
s1295op waoqydojoxd x.q pue «(d ‘oz ‘31 ereq papuaxyg) sisayiudsorq
urxne o uoniqryur [esr3ojoseurieyd 12} PaAIISqO SeM UOTRNUIIIP
4Sdd pairedur 19409101 *(u-yg “S1] ele(] papuaixy) s[pd ded ur aan
-oeuT sem ey Jaj0word dyrads-g$dd JYIOUE YIM PIATISO JOU SEM
anosax renaed yong “(wg i ereq papuaixyg) azis des paonpar pue
(12 *31d ere( papualxy) YImois joox parenuwmns Apuesyrudis 1t (yz S1g
iRy papuaixy) sded yum spuens 3544 jo uontodoid ay 2onpaz jou
PIp x4q ut uorssaxdxa (J::zd AD ysnoyqy “({ 1z “S1q ereq papuaixg)
2dA) prm a1 Ur URY) J[qRLIEA JIOW PUE T9MO] A[PIXTLW SeM S[[2D
SurmoqygSau 0 paredwod se uoneMINIIE UIXNE SHSJJ X4q U] "UOTIeN)
~UDIIJJIP YSd UT S199J)0 UIXNe SUNRIPIWI 10§ AJePIPUE) © ST XYY ‘SNYL
"oz UONALIDSURT) X7 $20MpUT Inq ‘UonedO0SSE dURIqUIdW-Rrse[d
pue 2ouepunqe urjoid X g sa1eMBa1 A[PANESaU UIKNY "y 1 PUD
PIeMIO0I 3Y} 1 SN YIM SIZI[EIO[-00 XY ‘STSAd JO PUS PIEMIOOYS
31} 03 $IZI[EI0] SJO SLITIYM "¢ UOTIRIIUIAIIP FSdd 10j pa1mbax
Kemyped onjpuad jarpered e ur pajoazze I8 YITYM ¢, SYURINU (5d0)
sndozoo ut paarasqo st adKjouayd reruns v (g ‘St ereq papuaixyg)
11916 (PUOZ UOTENUDINIP TS 2y ut sded se readde pue safueyd frem
~[[39 JTISLIR}IRIRYD A} YO S[[20 IS, *¢ AIRTIUIIIP 0} [rej Apuanbaiy
SIS ‘SIRINW X4q U] *, 1., STSdd Surdoasp ut passardxa A[eoymads
pue pazi[eso] [rejod parerosse-ouviquiaw-eurseid st X3g TeIUN
POUTBWIAL STSJ Ul PIASIYDE ST ANANIE UIXNE [B1IUINIP MOF
‘(897 3 eeq
PapuaIXg) §59201d UONEHUSISPIP A} FUWLINP A[[eand sasuodsal
urxne jeyy SunedSIpUI ‘UOHRNUIMIP HSdd PAICIARIR (JIN=ZIAD
‘grgrtowold (ZdAD) ¢ NYALLVd ¥VINOSYA NOAITALOD

oyads-F$dd JO [o1U0d AT JAPUN ‘¢, (| dIN) SOYTLIONON 10178
95u0dsaI-UrXne Ue jo JUeLIeA 9ANOE APANMINSU0S ¢ Surssardxa 4q
asuodsar urxne 3ty parendruew am Kyranoe urxne uo spuadap uonen
-URIYIP TS FYIYM 210[dX3 OF, *(37 ‘SLI ©IeQ PIPUAIXT) 11078
-WRJSLAW UTeWI (S S[[22 SuLmMoquSiou searaym 2)enUIIJIP pue
(p-ez 814 w1eQ PaPuAIXY) (5[[9> SurpuNoLINS URY) UOHE[NWNIIE
urxne 12ySry Aedsip (q ‘e 8t v1eq papuaixy) sgSdd Surdopasp
[dwexa 10,] “UOISUIWIP [BIPEI 3Y) UT AJANOE UIXNE [ENUIINIP YIM
$129819)u1 swasLIAW 1001 ut ayoid urxne [eysip-owxoid oy,
“21-oruoneifroydsoyd Nid ySnorys xnpye urxne ajeande (q1d)
QIONId PUE (Md9q)) GSYNIM NIELOYd 94 saseuny Auej-noy ay)
92003101 ¢ A[euonejsuen-ysod Apueurwopaxd ‘urxne 4q pajensax
212 SNId "¢dn 1001 2y} spremo) urxne Suniodsues) S[193 Jo pua premjoos
3y 03 az1[e20] A[e1ouad SNIJ ‘dImye[nosea J0o1 uf *,_Jodsues) urxne
1ejod [euona11p 03 3511 $3AIS JRY) UONEZI[EIO] JR[N[[2D dLnoWwAse
P2JBUIPIOOD B Y)IM SIDLLIED XN[JJ2 UIXNE 1B YIIYM ‘SN[ [e1823ur
-suerquiawi-ewseld 4q pajerauaf st uonnqusip urxne Surdprapun ay,
*4rgS[PA3] UIXNE UL 3SLI Pamaual e £q paruedwoode st uonenuaiayp
A]qeIoN “arenuazapyIp A[fen)uasa £a1y) a10joq apraIp Apareadar siaySnep
[[92-wa3s se A[enpead sasea1dap uonenuadUod urXne K{jewrxold °, . dn
1001 s15dOpIq.AY A} UL AYDIU [[22-1W)$ 3Y) SIS UONEIUIIUOD UIKNE
Y3y ojdwrexa 104 "uoneziueio uefio 10y sand jueproduwr axe suopenur
-NOO® UIXNE [£207 ", SJeI Ymo1d pue sassa001d 2aandepe uo sadurdur
Apoa11p 1ey) uoneSuop-uonenuaiapyip pue uoneidyroxd 2 yueld ur
[eudts 2anommsaI-aatssiuriad Juapuadap-uoneuaduod e st urxny

‘uonEnUIYIP
qSdd Surwn £qa1ay) ‘sgsdd Surdofaaap ySnoxyy xnyy urxne
[MPOW JBY) JE)SOYT Te[nidour e jo 2 218 XVd pue X d

Yo1yMm ut ppowr e Jxoddns ejep ano ‘sny [, *A31ande Xyq sajouroxd
pue uonerosse suerquidur-ewse[d Xyg saendar Lpanesou
umxne Jnq Yvd uo spuadap uonezifeso| sueiquow-ewserd Xyg
JuaYyY “uonemums sty suadurep A[3uons Xyg searoym xnpyd
UIXNE PaJRIPaW- N SHIBATIIE XV ‘Saseuny A[urej-Doy 1910 0}
Je[IuriS “uonenuIIJIp ISdd pairedwr Aerdsip syueynur xvd pue x.iq
y1og ‘sgsdd Surdopasp jo pus premjoox 3y je surajoid NIJ Yim
3z1[e201-05 Jey) surajoxd pazieso Arefod ‘pajerrosse-sueIqUIdUT
-ewseyd Sunoeasyut axe (Xvd) Xud HLIM AIIVIDOSSY ISVNIX
NIZLOY PUe (XHe) XIAVY SIATIA Jud1pe1s urxne dpewa)spiaus
-350d a1 Jo Suruadaa)s [eI0] SIA[OAUT UORERUIIAIP S d ey}
MOYS M IIFH "IPIAIP DS ][22 SurmoqySiou se ajenuaIAFIIp
(sgsdd) [0 24318 1ydojoxd Surdojpadp Douejsur 104 “soy
T[99 SSOIOE ULIOJIUN JOU ST UOTJRNUIIFIP JO Surwm) 3Y) ToASMOF]
*9:cIENUDIIYIIP ST[2 3y se aseasout [enpexd v 4q Apuanbasqns pue
OPIAIP S[[93 S€ S[9AJ] UTXNe Ur 3se3153p [enpeid e £q paruedwodde st
Juarpead | [2A9P ST, “3)er 1P Alr Aayp a105oq

d: Snep [[20-ways d *p-PYPTu [[2>

P SPIAIP ST[2> T
-WI3)$ 31} JO IUBUIUTLW Y} 10§ PIIINb31 s1Jey) UonE[NWNIIE UrXne
[eo0] & sapeaxd suriord (NId) AIINIOI-NId 4q 110dsuex urxne
xejod «dny Joox sisdoprqpay Y3 U] * 519333 Juapuadap-uoneRUIIUd
12UnSsIp [e1343s ySnoay) yuswdo[aaap juerd saduanfjuI UIXNY

#@NIPIBH 'S D 3 5 JOWIIYUIIMUDS "D ‘¢ SOWWEH 'Z 1)

‘[ 0oueIR) J ,AZMNYDS "X M ‘IOUISE] 'Y ‘(IDION *d ‘¢ 10 "N ‘;NOPIPINOZ "N ‘¢ SeINSSeF T 'V ‘g BARYIRIN
uonenuaIpIp waopydoyoad joox
ajowroad 01 xnJj urxne sysnfpe 18109y Je[nodjowl y

2-98T0-8T0-98STYS/8E0T 0T/B10°10p//:sdNy

ddLIdT

129



Appendix

ponsasa s1yBl [l ainieN JeBuuids Jo Led

‘suojele [euoanygsul pue sdew paysiand uj srep
|PUORAIPSLNI 0} PIESas UM [A4NaU Sulewal ainjeN JeSulids :ajou s Jaysnand

HSO
puE g 0} PassaIpPe aq PINOUS S|euajew 4o sjsanbai pue 35uapuodsaliod
“sjuda)

Jwodaineu dny e sjqejiene |

i 1 suojssjuiad pue sjupiday
2-9810-810-98GT¥S/8€0T'01/310
10p//:5d1u 1 Jaded iU Joj aiqe|ieaE 5! uoneuLou Aieuawaiddng
2-9810-810

986 T¥5/8E0T'01/81010p//:5cy 1e saded Siu) o} a|qe|IeAe S| ejep papuaixa
uoeLLIojul [2UORIPPY

Sisais)ul BuRadiLod OU 24EO3P SIOINE BUL Stsasaul Bunaduio

1duosnuew auy

2J0IM H'SD PUE SO “HZN "8 T3V "IN Sluswiiadxe pausisep H'SD pue 's9
“HZN "SXM “ZW "8IV “INd "€Iep pashjeue pue siuatLiadxs pauLiopiad
"0d PUB'SXM "3V “W'E "IN “ZIW "8IV “Wd Suonnquuoed jony

4OM SILj} JO MaIAGI J32d U} O} LOINGLIUIOD JIBUY 0} (S)IaMaIAI SNOLWAUOUE
1330 8L} PUE SIallap ' ‘UBLOLRIN d 'Y SYUBL) BIrjep UOIRULIOJU] JOMIIADY

(HZ'N) ¥2684S PUE 1-9/89Y€ YH (D) 22T/ TSLMHOS

10} yeyosuIswIaBS3UNYISI04 BUDSINAQ AU} PUB (S'0) ¥102-L 1'E02-9€2-1

10} UONEPUNOS [[9LIS|-UBWLLISD B} ‘(H'S'D) Y6EIIT VEODTE U9 Joj
LOREPUNOS 30UBIDS [BUONEN SSIMS aU) ‘Sa0IAIaS AljaLLI0}9ads SSeLu 1o} AYioed
Sishjeuy UIa1014 SUUESNET JO ANSIAAILN B HUBL) )\ SIUSLISBPIIMOUNOY

(9102) 00£ 89 ‘E¥T Juswdojanag ‘sasuodsal
o1dos) pue sueiquIsw ewseld aUy U LOEI20sse Jejod ISYNIY NIZLOYd 90
aUILLIEaP Jnow J1seqAjod e pue Uonisodwiod pidijoydsotid [ 10 ) | esoqueg vz
(€102)
889T-v/91 '§2 110 1ueld *sisdopiqesy ut Sujpuaq (Ki000dAy oidonojoyd
pue yiodsues uixne 1oy painbai aie Saseupt [IADDY 1d9aa 232 0 '8 ‘BBl €2
(£002) LYG-TYS ‘2T 195 1ueld Spuail 3ley
UIXNE BU) (13} SSEUN| DY :UONNIOAS Ueld "y ‘ESULO B 'S "0 ‘BIPNdLLY-UBAED 22
"(9102) 2921-0521 ‘82 1180
Juelq 'S1j20 @I UBLIBIE BABIS O LoReRuBIBYP euaNnbas 3Ly S|eanal (TYNSIA)
Sonea) sjsdopiqesy Suisn Wia}sAS SnND LORINPU (30 JEINISEA (2 32 A ‘OPUOY 'TZ
(9002)
9851 ‘b 2ImeN "UmoI3 1001 1 BUIl[RUSIS UIXNE PUE S|aA?] PI0JRISOUISSEIq
UaaM)aq }0RqPaa) SaJeIPAL XNE 'S "D ‘BHIPIEH B 'S Y JUOLUSO "4 °0 ‘[RUINOI
(£102) 0€£G3-12£S3 'YTT ¥SN 1S ‘Pedy flen
201 "wia0jydojoid 1001 Ut AUAROR SAOLO0 SAUILLIBIAP UONEZI[EI0] PAEMIO0LS
Uey) Jatjes 381eY0 3Y1S04dsoud 'S 0 ‘MIPIEH % 0 YezeH “S ' ‘epaig 6T
(6002) £902-6502 '9ET JUaLId0[oAa0 "X SISUODIGeLY 0 UaLIAAOLI
Jonu-0}-eUeIqLLIBWY eluise|d ILIBUAQ ‘210 3 1400R0g BT
(e102)
GTET-90ET ‘6ET Juawidojeraq “eueiiey) sisdopigesy Uy Aiua uopenussayip
LWwaojd sejein3) ‘1eloid PajeIoosse-aueIqUIALL Pas|[eso] Alejod
©°SNdOLO0 D T 'Inbneled 8 ' AWgigUieg “y ‘Wesdjag “H ‘Aaneg 3 uianiy
“(S102) 9y I-LevT
2y Juewidojansq ‘Buijoueiq 1001 Soaye AjjealLuia}shs pue sjana) ejeydsoldiq
“'p-{oysouApyeydsoyd peoueleq seainbai uonenuaiayp waojdojoid 1004
Kiewiig S ' ‘pIeH B "L MIUUNN “y H1p UeA “g ‘Selng "y ‘Uoje|liA-ZenSupoy
(102) 99-965
Y02 0MUd MaN “UONeULIO} J00US 0nou 8p $8j0wiold GJ/SOHLONOW
ajqisseidaui| 'L ‘Ulalieg % ‘A ‘Pakez “q 'SOOIBIN “L 'BAOUIILUS "M "BAOLINUSINY
(P102) LE6-EE6 'SPE 80UBIOS 'UOReaNUB Ul SuneuIwnd
SisauaS0YdIOL JUBLLBI 3A3IS 1981 98/GYOVN SISAOpIGeNy 12 18 W Y 'eng pT
(7102) 9SG TT-TSSTT “TTT WS/ 195 POy [JEN ‘00i ‘Uoljewio}
wojydojoid Jo} }iomatuies; JjeusS Je N0 ‘210 ‘UOJellIA-ZaNBLpoY
(¥102)
098203 '€ 3478 ‘QIONId PUE 3SYNIM NIZLOYd 9@ ‘seseu utajoid juaiapip
o Aq pajennoe si suisjoid QIWHOA-NId AQ Xnya uixny ‘12 32 W opijaInoz gt
(£102) 9683-/883 '¥TT YN 105
'PROY [1EN 904d “UM0JB JuapUBdap-XN[e UIXNE S0A1U0D BURIGUIAL eLSe|d aL)
Je uonelKioydsoyd Jalued Xniye uixne GINK0-NId JIWeuAq 1232 g eliom 'TT
(¥102)
§89-7/9 ‘62 /j20 87 3ueiquiawu ewse(d sy} Je uojeiAioydsoyd GINYOS
“NId PUE U018 1uapuadap-uodsues) uine sa1eoe ISYNIY NI3LONd
900 UBLUIBYYIBMUIS 9 '8 “BIIM "0 '8 ‘SBIIW “IA NOpIIRIN0Z “) | 'esoqueg 0T
(6002) 952 1-1G21 ‘GEY BInjeN 'S1|d
o4 XNje UMO S} SaloLLoid pue SISOAD0PUS SHGIYUI UIXNY ‘1232 'L YloDed 6
(1002)
82b-G2b ‘€T 2ImeN Bunplyes a[oisen pue Bulkd TNId ¥001q SIoNaIUl
odsueI] UXNY Y BLUed '3 D ‘SUBBINT “Q A JOLIBNS “ [Wli3 “N YBUPRD '8
“(9002) 1162-2062 ‘02 40 $9Ua9 “Aueiod Nid J0 uonein3al
soeqpas) Juapuadap-4y-yyl/Xny AQ Mo uixne jo Lonezijeue) ‘32 'y Yanes "
(1102)
£26T-8T6T 'TZ 0/g %IND U013 Wa)SLaW 001 S1SAOpIGerly AP 0} asuodsas
uixne sy|ds S1S01400pUB [ENURIEYIP AQ UORBLLLIOJU [2UORISO ‘812 ] ‘Uemues 9
“(2102) 901-€01 ‘28 @inen ‘uonn|osJ [eiodwal-oneds ysiy
J2 UORNGLASIP U Bstiodsal UNe delwl 0} JOSUBS [eAoU f 212 D ‘PoUnIg g

S
<

~

<

o

o

LI S3YSIANg VB BLOZ &
e WO BMIEL MM [T ¥ 1 LV N

“(6661) 2/1-E9Y ‘66 1120 1001 Sisdopiqely au}

ut Ayuiejod pue wiaed J0 saziueSio (esip juapuadap-Uixne Uy ‘|2 12 'S ujeqes
(£002) ETOT-8001 ‘6t

Ime “L}M0I5 100 BUIPING UBIPEIS PUE WNLLIXEW © 31218UaS Of JUaINS

s uodsuel} UXNY '8 'SIaLdS § d 'BoMaB0H 3 Y 93BN “f N " ‘A ‘UssIauBLIY
(5002) ¥-6€ ‘€Y 2injen "s)00. sisdopigesty ur Suiusayed

PUE 3018 S|0JJUI0D IOM}aU JOJeY|IO8) XNIYS UNNE Nid 24L 238 | NojE 2
(8002) S9U-EvY ‘6§ 1018 1UEld 72y

nuuy ewidojenap Jued ur seis Suidoo] auy UXNY °g SeIaUIS B Y ‘SUILEluSE

<

o

$10Z 2unf 90 duI[uO Pyt
8107 MY 7 :pa1dasoy £ 107 Joquiaidag ¢ :PIAIITY

2-9810-810

98 THS/8601°01/310'10p//:5dny 1e 12ded 21 JO UOISIZA AUT[UO Y} U A[QR[IeAT 16
‘S91J EIe(] 2IMOG PUE S20UR12J21 [EUONIPPE AUt Yt Suofe ‘sorrewrums Suriodor
(paeasay umiEN pue AN[IQE[IEAR ©1Ep JO SIUAWNEIS Aue Surpnppu ‘SpoyIA Auy
JU2JU0D dUIUQ

“uonenuaIaRIp 15dd 2wn Apadord
0] 1X2)U0D Je[M{EONAW 3y} Ul KNANOE UIXNE [e20] 1ayS1y aredwi pnom
YoIym ‘wnriqimba sye3s-Apeas orureukp e yoear piod Aepdisyut sy
(1 fo 814 ey papuaixy) g uonduosuen xyg paonpur-urxne ysnoyy
PaDIOJUIRY "XN[JJo UIXNE SARNWITIS PUE PAIRANIE ST XV Apueiwoduo))
-aueiquiaw ewseld a1y) woiy paseldsip saw02q A[[EMUAS X [HUn
$9SLAIDUT UTXNE TE[N][2 ‘UONIQIYUT ST} JO ISNBIAE "S[PAI] UIKNE TIMO]
Je XN[JJd UIXNE PajeIpat- N[ SHqIYUI ya1rym dueiquiw ewserd ay)
01 X¥g SHNI221 XVJ ‘0Leuads sty u *(£ ‘81 eieq papuaixg) A[red
-IureuAp Xn[jj2 UIXNE J)B[MPOW 0] JBISOYL IBMII[OW € Se 12150}
198 X3d PUE XVd ‘S)nsai 1no jo uonejaidiajur snoruounsred e ug
Juawdopassp
q4sdd pareidayur Aradoxd jo aamyeay e st A1anse Xyd jo Surum-auyy
yer 35388ns sSurpury asay L, *(1 ‘Y9 ‘811 ere papuaxg) adfrousyd
xvd a3 and$31 J0U Pod 10woId X i woy passardxa YIoa
(965S)XVd JO ANAndE RI-MJ9A 29 Ym yusisuo) “(fp Brg) si001
Sudofaasp A[areq uayo Ta110ys uaAa jo adAjouayd uonouny-jo-ures v
pa12881n Apuanbayy (q965$)XVd 42402101 (89 ‘S1 eI papualxy
 “811) Juenw xvd oy panssax A[pented 1saq 1e JueLIRA ((1965S)XVd
2y ‘X Vd 2dA1-p[im [un 1a19m0H *(39 ‘81 IR papuXy Yy B1q)
Md9oq 01 [enba Aprewrxoxdde [943] € 03 5214300 Ut 210W A[qeIIPISUOD
XN[JJo UIXNE PAIR[NWNS OS[E ((TIESS)XVd ‘UONIBAIISGO [EINWIYIOIq
sty Suryorely (29 ‘81 ereq papuaixy B¢ S11) INId Spremo) Ajianoe
uonefdroydsoyd pasearour pakerdstp pue Xyd 2d41-pim uey aanoe
10U A[QRIIPISUOD SeM “Taaamoy uerrea drurwoydsoyd ((965S)XVd
v *(29 81 eieq papuaixg ‘S 1) uoneande aseuny 10§ ajqesuadsip
seM 965§ pue Kousaniyza mof A[qeredwod yim (N4 pareidioydsoyd
XVd 1euiquiodar ‘onia uf *(p9 ‘81 ereq papuaixy) uonejkioydsoyd
TNId Pasea1out A[Snoaue)[nIS YIIM PIR[R1I0d YaIYM (29 ‘S1f ereq
papuaixq) dooj uoneanse Xy ay) ur 96S autasoydsoyd jo uone
-[A10ydsoyd pasnpur-urxne pajestpur sorwoajordoydsoyd Tasamoy
“(J% "S11) urxne Aq pa1dajJe 219M UOIIRZI[BIO] I0U DUBPUNQE XV
IOIRU ISII0D A *(q 29 S BIR(T PIPUINXH F ‘BL) 4 UOIRIOOSSI
sueiquidw-ewse|d paonpur-urxne umowy sy jo Sy ur Sunsaraur Ajre|
-nonaed pareadde xnpyys urxne syqryur Xg 1Y) UOHRAIISGO Y,
“Ayuap! asEUD] Aq PAUTULISNP ST 10352
AI0)qIyuT $11 1RY) PUE ‘SISRUD] DOV PIIR[AI JO 1aSQNS © S19IJe UOHIE
X¥d 1ey) 15938ns surpury o «(p “SL1) (1d parear Apuelsip srowr
) 1M SALSSE UT PIATISO JOU SeA UOTIqIYUT ST asnedag *( (s “Brg
eIe(] papuaixy O-ep “SL1) Md9od 10 XVd £q Xn[jja urxne jo uonenums
panqryur A[renueisqns Xy ‘syuswriadxa asay) ug 's314500 ur uonea
-119® N[ PAIRIPAW-3SBUD| UO U01s$31dX3-09 X JO 193]J2 ) Palsa) am
910dsueI) UTXNE $102)Je SASBUD] DOV YIM UOHIBINUI XY 12YI2YM
21e811s9AUI O], "JIATIOE XV [01IU0D 0} AIN[IEJ B JO 2SN SIIJ2P
UONRNUDINIIP FSJd AB[dSIP SIURINW X.1q IOYIAYM IO JUIWIINIIAI
sueiquidw ewse]d YYg JUADIJIUT JO 2sNLI $19J9P UONBHUIJIP
4Sdd Aerdsip syueinu xvd 12YI2YM Ieapun paurewal 1 d[duwrexa 10,
“JX9)U0D TRN[PONNW 3Y) WOIj $I0Je[N321 JO UOTIOR TR[NT[RD Y} UT 10D

EINERN HOUY3ISIY

pansasal sy |1y “2imieN JoBuyids o Led ‘paywr] sioy

amyEuwoymIP MMM [ T3 N LV N

“(0§ = u) AUl (A965S)XVd ~dI XX Vd © Ul $Isse[>

adkiouayd 1001 Jo wonEITIUEND f -2u0[e ¥pd WO} 10 X0d U NTYLID
~XVd#XVd WOl 1ua1a1p Apuedtyiudis 10u sem (7965S)XVd-dd A XVd
*(1000°0 > d 1591 198X2 8 12Ys1 papis-om1) xod ut gNIY.LID-XVdXVd
wouy juatajyp Apueotyrusis sem auofe xud ‘patods atam ({ 225) sBurgpass
1001 uo] A[U0 (q965S)XVd-d:IA. xE 104 spuens gsdd ut Aruanboiy
[19>-de8 Jo uoneanuend) 1 -(W-a's :sxeq J011d urod swn 3ad o1 = 1)
surajo1d juerd snoSojoraray vzmu_?: oy Suissaxdxa sa14200 staav) "y
ur sdesse :o%__m: unmy 4 (wonoq) sjonuos Surpeof Surpuodsariod

wous Ao
wous B0 () ount
01 o st o s LI INIHLIO-XVd
o (a96gS)XVd +eNIdM | 5 Z=u =g 0
(96) sossepo oidkiououd “xed ] Xvd + ENId @
U (96SSXVA-dHAXYd | L ddeaseNd 2 g
spuess yiog 1 A H H
PUBIS SUOM  SUON 1 R £ 80 5
, g
o 2 3
g g
5% H
g% 33 S
g 2% o1
83 s oL wvim
R+ u e
R oo 3 o INILIO-XHE
8 v mw=u § Z=u =]’
3 B
3z 80 5
oo 01 g
g & - g
] m ski=d o &
R I i
R e
SF DT r D - teesSia o
[

oo !

pue asned d[Surjun 0} s310552 sajedtdwod SIY [, * paredut st A12ATp
(urxne snyj pue) des wa0[yd 95UO WO 1240231 0} JNIIP ST pue
“2In[Ie} UONENUAIJIP S pIeadar £q pasueyud pue paradin st
ey orreuads drydonseied-1sod v aq 0) paIapIsu0d aq ued Juawdo[adp
wajsuaw uo wao[ydojoid SNONUHUOISIP JO SUOTEIIIET JTWNSAS Y [,
“UONEHUINIP TS 10 1odsuer) urxne paje
-n3a1 £pradoad jo aoueyroduur oy Sururprapun (16 81 e papuaixy)

And Ue|Iwdel 8LOZ O

pue (doy) ayensqns se doof S1[0s0I TN Y3 Y ‘Siueanu jurod
(965S)XVd PU® (V965S)XVd 241 10 XVd Nd9d Jo surjod uoisny

LSO [1im s£esse aseun| 0111A U 2AIoROIPRY S '183)-] SIUIPNIS PIPIs-OM)
“pajeOIpuI ST 22UIRIP JuTIGIUSLS A[[EInSHEYS Ay, (1001 13d S[[93 U}
Aprewrxordde woiy sueaw syyun Lreniqre) uonesynuenb yim (Y ¢)
Jusunean (yyr) unne Wil g 0y wiayoxd uorsny (3) Xvd 10 (3) Xud Jo
asuodsay -2 -(was ‘sxeq 101> qurod awm 3ad 01 = u) surrord jued
snoSojoraray paresrpur ayy Suissaxdxa $214500 szaav] x ur sfesse jrodsuer)
urxny ‘p- AJane X pue Xvd uo urxne jo yndur oyemsay | v ‘S1a

(uiw) sy IWETTE
S o s o s o s o
B F X8+ id + ENId . X8 +/d90 + ENId .
< aa+enar | E Sasa+endm | F
by 2 =
2 2 2
z 4 H
2 : ~
8 i i ] 2
3 : g | 1 g
H H : H
&7 g : g
1 Lo i Loy
P i B
) (o) ous ) owns
Sk o S o 90 St oL S 0
. g xvd T oNa ]| XugeNam]|
S warenam| 2 ongm | 2
g | : :
T H H
X T g £
& B B
3 3 3
3 EN S
E Lo g Lt z
g, 1 H H H
: : H R H
1 Lo B Lo
2 q 1 e

$109jop wao[ydojord xvd 10 x4q IIK 4 SIEI} IIYIO 0} JB[ILIS ‘UONRHUD
-IJIP FSdd PAQIMISIP A[219435 JO 3duanbasuod oruwaysds Arepuodas e
st AyiAnoe [N[d paonpar opim-wajstiaw ey Sunsaddns «(js “Suy eleq
Ppapuaixy) sdo ur pasIasqo osye sem uonefdroydsoyd [NId paonpay
*(3 26 814 e1R(] PAPULIXY) SWIISLIAW X4 UT J[qEIIIIP A[21eq d1aM
sautrasoydsoyd yioq Jsenuod Ag (9-2¢ ‘S1 e papualxg) parajye
jou sem (1.() 1£zS dutdsoydsoyd searsym ‘sgsdd xvd ut paonpax

1[p395 JO %0 ) JUaSqE UaA3 10 [qeysmBunsip Ajpreq
Apuanbaiy sem EooEmo_o\& syueinw agqnop 7 uid x.q uy *(1-8¢ ‘Sig
eye( papualxy) uonew Juid e Jo 3>uasaid ay ut pajesridde srom

1udis sem [eusis (1€2() 1€2$ 3unas0ydsoyq *, . uoneAN® INId
107 [eanyd axe Jey saysoydsoyd N[ Isurede sarpoqniue yimm Surure)s
-ounurwr pawrojrad am Kyranse [NId £a1ns of, *(qs 81 ereq

ua) Aprewrxordde woiy ueawr) sgSJJ Ut (Wond39p Apoqnue Xyg-nue)

*159)-7 SJUIPNIS PIPIS-OM] ‘PAIRITPUT 218 0-]0D) WO}
Aeonsners $-p (swun Areniqre G001 zod syp> o) Apyewrcordde wozy
sueawr) sgSJd Ut (uonda)ap Apoqnue g1o-nue ) Asuayut feudis 440

~INId pue (uon2232p Apoquue Xyg-nue ) uonesynuenb Aysuajur feusis
X 8 9 “xod pue -jo7 ur Suturers Apoquure Aq (pa1 XE-NT) XA
pue 1aj0woid aaneu )1 1apun passaidxa (U218 gIO-Nue) JI-TNId
J0 UOLEZI[E0]OUNLI SNOAUBYAWIS 3 (sHun Areniqae 5001 10d S[P>

Asuayut [eusis g “p “Sururers Apoqnue Aq (pa3) Xd Jo
wonRaI( % A1y 2> TSdd 2 1eaTput sofewt Adodsooru [[e ur SYSLASY
Bururers Apoquue 4q (pa1) Xud puv 110wod ZgAD Hy1ads-a5dd JO
[011U09 5 19pun passaadia (w0a15) watord SANAA-STN Fe2[PNU Jo
UON>319P SNOAUTINWIS “q JUAWERN Vg 01 2suodsax ur INRLLID-XUE
PUE ANTYLID-XVd JO 1d
suvaquiow-vusseid g oD o 2>uspuadap-Xva | € S11

xed 0100 xed 0-100 2i0ydgp xed (0-100
e 4o usi uLuso us st uiuso
g
2 g
o Z 2
0 § B H
e I o & H
08 w 90L=d w awm
or 2 g 2

ER
£}

Xed Ul d49-LNId: INid
0-100 Ul g9~ LNId=NId

XIS G XIS oD

HOYY3SIH [EEINE)]

SONIA-STN:ZNO B

130



Appendix

ponIESa) SIBL 1y 2N JaBupds Jo Vied ‘PaYLI SIS UB[IWOBW 8107 &

(€102) 172
7195 JUel U014 “UIUNOYO PUE UIXNE o SUORedldLLl aU) 1SaYs BUpas) peonpu
~5POJeWaU Ut JUALIG0[aABP Wa0[Ud 'Z ' ‘SOLULIBH 3 Y SIPe}S “8 UaUURWSAY 1€
(£102) 0£2-652 'L6YT 0/g 10/ SPOup2)y “Hodsues) upne Apnis
0}58}200 SiAde| SNdoUBY J0 S 7 ) 'SBLULLIEH 7 ' JOULIBLLISQY "y “BUISES ‘OF
(2002) £65-685 ‘DT 1180 ueld ‘Buijpaas sisdopigery
5} Ul SaNSSI} 324n0S PUE YUIS UsamGaq UORNGLISI PIo@ J}ade-g-ajopul
Sunyey|08} Aq UORewLIO} 00 [eia}e] S3jowoid TXNY ‘218 Y JUEYDIRIN 62
*(9002) £95-EG6 ‘9T */0/g 4n) “podsue uixne Sune|nsal
£q Buioueiq J0ous s0AU0D Aemued Xy SIsdopigesy auL ‘212 °L Tiauusg ‘87
(£002) £6T-Lv1 ‘92t 3ImeN sisdopigery jo
Sixe [eseq-{eoide au) Usi|qelse SIUBIPeIS uxne Juapusdap-xnjy3 ‘1e1e T 1wy L2

SIN 2/T PmbI] OYUI 10 PIJOS OJUO T9YJP PALISUED 10 ‘U0 UMOIS 191D 219 sFuTf
-paas plo-Aep--¢ ‘sjuawiean) 104 [euOULIOY pue [edy

15917 S3UIPIIS YALA PRIER[EAD SEM 2UBDIUSIS [eISHES “SULIL
JO uBaW YY) Se paje[no[ed sem dur| druadsuer) sad Asuajur [eudis sfesaae ayy pue
“Wa)spIaU 1001 Y JO vaIE uTes Y T pas[eue a1am sajdures [[e ‘suonedynuEnb
[euSis 104 “wonezuLEi0 te[n3 JO 1a1e3[0 10 [0 wad ey, o Sursn
Passan01d a1om safewut A1essaaU J] “Pasn 219M AILMIJOS SLIEWU] PUE (UOTIP YOB[q)
g sso7,(y/a08 qruropurqsy//sdny SHIN) [28ew ‘sas[eue sBewr jog ‘spuuTy>
25U92$10NJ UPIMIAQ 2DUIIIFIAIUT AUE PIOAE 0] SIPIS UOTIEZITEIO[-0 10] PasST Sem
Suruues [enuanbag ‘sadue)sul SNOLIEA UT PA[quIasse aq 0) pey safewt ayisodwod

(0102) L19-£09 'LET uatudojanag “euejey) sisdopigery jo
300U [31de U Xl UNNE PalepaL-Nd JO 30y T2 19 d ‘BAOMUPEZ ‘9T
“(€002) 209-T66 ‘ST J/20 ‘Uonewio} uedio jueid Joy
2INPOW UOLILLOD € Se SjualpeiB Uixne Juapuadap-xnjya ‘2007 21 3 'eAoquag ‘Gz

I 813 Aaeyuowaiddng

; 104 9715 [p> o nuenb 1oy pasn sea sSurpaas
PlO-ABP-U2A2S J0 BUTUIEIS [ *SPA23IQO UOISIIWIL [10/I21EM X OF 10 X 0F UM
uoye) 210m saPL “s2d0350101U FUTULES [£90JUO PALIAAUT T/ 10 00Z ST
5197 19pUN PAUTUIEXa STUI[Pas UT P2)22)ap 2I9M (WU ¢ /G UOISSIW ‘WU 956 UON)
“EIDX) 9 10N EXIY PUE (WU (TS UOSSIW ‘WU g6 UONEIIXD) 88 10N] EXI[Y
(WU /19 UOISSIWI2 WU 9 uoNEIND) (1) 2ptpot wnrpidoxd (wu gzg voisswD

235 *saBewr 20mos 98 104 “1sanbaz afq wodn sroyine Surp 1059
w1y [qe[IeA® 1e AP JUALIND ) ur pake(dstp saseiep Y L, AN[IqEeAL Ble
“saded st 0y payur] Arewrumg Sunoday yoreasay armien g

ura[qepreat st uStsap [eyuatILIAAXS U0 UoRWLIOyUT YN “Arewrums Sunxoday
“[onuod Surpeo] e se 24195 0} N[ JUBI[[LIF ASSLUWOD)

LM paure)s pue pajeIpAuya1 1aje] sea (o8 aures ay |, KydesSorperoyne oy pasn pue
pauIp-wnnoea sem 98 FOVJ-SAS Ay} “Unt uaaq pey sajdwes 1YY TOVI-SAS
4q pareredas axom samxrus uraoxd ayy puanbasqng ‘ur o1 10§ Ja)nq Hurwe
patenuadu0) x € s paxtw sadures wajoxd ay urproq Aq paddors asam suonoear
YL (ndeuy uuewnrey bqr sg1 Lrande dyads S 02€) ALV [dee 1O 0T
s pajuawolddns ¢((3yo0y) [rep0d Jonqryur aseajord WO X 1 ‘VIAT
WU 70 YOI W € ‘2 Hd [DH S INW 67) 12)j1q Uonoea1 aseury oy ur
0,82 1e utw (9 oy sutajoxd wotsny-180 payund ay Suneqnout £q paurogzad

wugrs SONEA ‘(WU 675 UOISSIWa ‘WU 1S UONENIXD) INTLLID
10§ 2puds210n] ‘S[euSIs Sururers pue sausf 1110da1 2zifensia o, “AdodsoIdIN

“12[qeL, Bl papuaIX Ul
pazpewrums 210 SUTUO 10 Pash SIAUIL] *, PAqUdSIP Uq Afsnotaad aey dooy
M0SOI INId-LSD PUe M9 -1SD Burureiue ¢ 1gc1d s10124 uorssardx ay g,
“uo1ssa1dxo urj01d JULUIGUIODAI 10§ Pasn K[AJRWIN SEA JET) 10294 UONEUTISIP
(sorBojouypag, 23rT) S115Ad 241 01ur s5uanbas BUIPOd XYy A1 FUIqUIOD1 0)
21en5qns se partas saUOP ANud 107 YNOAd Sunnsor oy, 1uosut 29uanbas Jurpod
XV oy Burkares auop Anus [0z YNOAA © 0D UoneInw paoaxip-ays Sutsn
panaiyae sem a3uanbas SuIpod Xyg 2 jo doo] UonEANIE Ay UI SYUBLIEA JUEINUI
-oydsoyd (y9658)XVd 10 dnsuinwoydsoyd ((1965S)Xvd 01 Surpea] sisauafeinu
2y, “(uafomauy) 107 YNOAd 101924 10u0p 2[qEdwod-Kemaren) 2y ojut pauop>
pue yNQ> woxy payyidure sem asuanbas Burpo yyd Jo 1onpoid yOd payuey

219M SUORORAI FSRUD] Y, IPSH AD) ¥ 501wy rqengo Sursn
paytnd pue (€51)17Td ULens o2 viyp1aydsyg ) ut passaidxa (Y965S)XVd-1SO
PUT (A965)XVA-LSD XVA-1SD ‘y X¥E-LSD 4 Md9A-LSD ‘(doo] o1josorso)

1qr -AemareD € {(V965S) X Vd-L1SD PU (A965$)XVd-LSD XVd-1SD
surajoid uorsny pagfe) Afeuruia)-N ayjo >

JueUIqUIoDa1 104 poyrowt dip [e1op oy Sursn sadAjousd sisdopiquuy Jusuniad gy

10 £ INId=L$O sutj0xd uoisny pad3e; A[eurunia-N 1
JueuquIoda: Butsn pautiojsad sem Aesse aseury oA ur oy, ‘Aesse aseun| o131 uf
,PAQUDSIP SE UONEQNOUT Jo
40 01 91 193¢ paskeue pue pojerpaw-034[8 ausjdpasiod Sursn
VNG pruserd jo 811 0z qum pawiojsue a1om siseidojod KeatdA ], “(VANES)
01-Y QWAZOITIN %ST0 PUT (VANTS) O1-Y STIN[I2D %1 Yits 21m[nd {22 jo
7 Jo uoneqnaur Aq SurIMNoqNs Ja1Je sep s 01 2AL (0-[00) S[[P2 PAMND
a1om syserdojosq wor sseidojorg
“(430jouydajorg zn1n
wues 000°01:1) 1208 Wouy qqua-nuE pue (ASojouypalolg Z0ID BIuES ‘000°6:1)
£oxuop woiy daays-1UE 219m SAPOqUUE A18pU023S AL “(UONN[IP 000°T:T
< £APOqnUE WOISN2) 11qqE1 d4H-NUE PUT (WONN[IP 000°S!T 1E PAsT ‘211U
oIS sisdopiquay weySumoN) sarpoqnue Arewnd daays £N1d-nue pue daays
INId-DUE Yim p 219 S10[q Aesse-1s0d ‘sjanay o1
~UOW O], “SUONP[NSa1 PUR SIUTPINS [€20] Y31 2OULPI0dIL I 123 oM S[EWIILE
a1, 480jorsAyq [euonLINN Jo Juswnedac “YPIUNJy Jo ANisIdAIun [E1UYIDY,
3 Jo Aijroey [PLIUE A WOI) PAUIEIGO 1M SAAD00 AL "ygep; PAGLISIP SE 10O
PaLLIED 210M 5214200 $1499] Y Ut skesse 110dsue unny “sjuswpadxs 214200
(exasusy)
vonesynd Apuyye Yis OOOHASOIOANSSOD 2pndad X parednfuod-(HT)
urueksoway adur]-sjoyLy oy 1sureSe payorrp uononpoid Apoqrue woisnd Aq
Paurelqo sem Apoquue Xyg-nue ay [, (2ol Ie[d[OJ) HqqeI-Nue 9ps Jonf{
X[V 10§ 009¢ PUE ($2G01d JEMOIOJY) SNOW-NUE §gp JON[ LXAY 10§ 009:T 919M
suonn(ip Apoquue L1epuodas ay [, *(48ojouyrajorg zniy) ejues) 1808 [NId-Hue
1qqe1 d-$ TNId-HUe 10§ 00€T |, Hqqu1 d- 1S INId-HUe 10} 00
“(Apms s1y) 11qQes XY -1 10J 00G:T ‘(Y20Y) ISNOW JJH-NUE 10] 009: T 2IoM
suonmyip Apoquure Axeurad a1 - Afsnowsaid paquosap se pawzopsad seas sSurpaas
P[O-ABP-2AT] UO UONIBZI[EIO[OUNUIWT JUNOW J[OY A\ "UOTEZI[EIO[OUNUIW] U)o
“Anpwondads ssewr

wapue s pmbr 4q pasdfeur pue ‘st
10} 198 GOVA-SS U o papeo] ayng ajduwres SIS X7 ut paympo sem urajod pue
pareredas A[reonaudew azom speag “(ar0wory) ‘YN~ del] -d.10) speaq J10-nue
[m pateqnout a1om (sa1ear]da1 [e21UY9) 0M) U1 19EIXD rj01d [e10) Jo But )
SiuepewIadng Tojjnq UONIEIX> U1 puNoIs ARuanbasqNS PUe WAIPSW UORINPUT UT

PIquAy WOl pajeys

ot p: PUP 5, T0TEAD UIENIS SuamBfotn] wintia2vqoiSy 01Ut paonp
~onup a19m S1NIISU0 ATvU1q 3T, MOPEZEd 101994 Aeurq ojur paurquiod a1om
£d¥zd INOd ut duanbas Surpod NIY.LIO 2y pue ‘17z YNOAd ur uopo>
JOLS ¥ o aduanbas Surpos Xy 2y “Yldrd ¥NOA ur ajowod 010N
2y Sururejuod sauop ANu 3Y) ANRLLID-XVd=01DEN 18212 O], ‘Wss uoneuq
~wiodax Kemaren) aysnnu aq q MOPEWZHd 101994 toREITSIP A 03T PaUOP
219M €4¥zd YNOA Wl ANRILID Yim 19412801 sauop Anua 2y, 17z INOAd
o1 topod JOLS ® Mot woiSar idrosuen Yyg ay jo wawSesy orwouas e se
TPM se YTdbd ¥NOQd ojut pauop pue payrdure sea (Uopod 11els DLy ) Jo
wreansdn qy-6°p) uorSar sajowrord Yy Ay “WoISNg FNRYLID-X VX Vd [euone]
~suen oy 2pe1auaf o, 101224 A1euIq [0 TVIAINYDA a4 ojur pasnpoxur pue
<Py Burpear uado g4 31 JO F6L~1 SPIE OUILIE Yim PauIquiod ‘paydure
sem o298 (5p10) SP NOIDTA ONIANNOWANS OXIAWA/EVIVAVIO 243 JO
u0po> uonenur ay) Jo wreansdn juawSesy smouword sruwouaf qy-0° © 10 4,2uas
ZdAD 341 Jo uopo> uonEntu A Jo weansdn JuatuSery 1jowoid drwouas Gy-9°7
B SINNSUOD (JISHTO 10 (dINHTAAD Y 104 "gPaqudsap udaq jsnotaard aaey
SpunoIBPRq Z-X49 PUE 0-10D) Ul AU SANTA-IIASSE PUE SANTA-TIAWSSE YL
*[0201014 UONIEAY A|quIassy YN HIH JoP[IngEN 3y Jo/pue sainpadoid 4Sojoiq
Teoajou prepuess Sursn paonpoxd pure s10193A A1eu1q a[qEIMS UT pajeas> a1am tony
~eurojsuex) Jueyd 1oy sauafsuesy, ‘saur syuafsue jo uonesouas pue spnnsU)

[ A1quL, BeQ papuaixy Ut pazirewums axe Surddjouas
10§ pasn 1w , sjuenw aidnapenb ¢z70ydop pue aidin z10ydop 12y se [m
se ‘gpydop ‘pydop ‘T1ydop ¥dop “grz-1xnv g eTo-ruid *, z-sdo ‘. 7-x4q  SANAA
“SIN-IIQUESSE PUe SANTA-SIN-IIASSE ‘s SANTA-STINATAD *1oddD
“LNId¥NId “5:ddD~-ENIAENId “soddD-INId=INId ¢ ANDLLIO XY XU
:219YMIS[? PAGHISIP U3 ALY SAU] JueInw pue duafsuen SUIMO[0] YL, 21UD)
301G stsdopiquay wreySUTION ) WO} PAUTEIGO PUE SUORII[0D JQR[IEAR WO}
PAYNUAPE 219M (£[2A192ds21 POJpLZ TV PUL FOE™ 889 TIVS S2UI] UotasuL
VNQ-L) SpR[e z-xvd pue [-xod ueinu ay 1, JySi| Snonunuod 1pun 0,77 38
SOIONS 06€°0 YA (RJAYdNT) WnIpat (S 7/T) Booxs pue SBryserny x 0
pue xeSe 9560 o saysIp 111ad paded A[reonsaa ut pajeuruisaf pue O, i 1e rep
A3 Ul sAep 7 10J PAYNLIIS ‘PIZI[LIAS-IIBLINS 2IIM SPads ‘Imynd ansst jueld 104
“saur] opuaSsuen pue syuenw 243 10§ punoiSyoeq dauaS AL OS[E SEM YIIYM
£(0-10D) 0-BIqUIN[OD) UOISSAIE AUAIJ21 YUASE] “T DUpIjDy) Y ) Ses Apms sty

skep ¢ 10j parmy sBurpoas qoay druaBsuen plo-Aep-XIs Jo suopafAi

Jouq [ “umop [jnd X 10 INRLLID- X 1uanbasqns s ¢ paqudsap Asnota
~a1d se pautioyiad sem | J020301d TYNSIA 241, ‘soruoajoxd pue Aesse TYNSIA
(ST pAN{Ip Talem Uy w3 1) 4 (OSINA W PAIOSSIP) QUIuammuy-1(OSIWA
ur PaAJOSSIP) VYT (OSINICT Ut PAAJOSSIP) Vg ‘SMOJ[0] SE 2138 Pasn SIUOULIOY puE
S8NICT W POROIPUI Y} 0] PYROUI PUE STEOUDY U TNOGILM 10 (LM WIPOUS

GREVEREEN H31131

1 pasn aur] sisdopiquay 2dK1-plis oY . ‘SUORIPU03 (14018 PUE SeLIAIEW T

“[nyssaons azom woneordai e sidwane [y “sowm
anoj 03 om) pajeadar a1am syuswLradxy Juawssasse awono pue sjuawdxs
SULINp UOREIO[[E 0} PIPUI]Q JOU 219 SIOWBHSIAUL PUE POZILIOPUEI JOU 1M
siuawLiadxe ay 1, 271 ajduwes urwe1paid 0] asn 21w SPOYIA [EISIEIS ON

SAOHL3IN

131



Appendix

SHOJJD “SIBIK AU JOAQ "¢ (A0 1Y} 10} 21n0s [enuajod ay) se (V] 0) paredwod) podsuen
PUE WSI[0qeIoW [ENUSIOIIIP 110y} 0} Jurod SOIpn)s JUSIAI AIOUI Jnq “Ooue)sIsaI-JySi| Joysiy 1oy 03
pamqupe sem VYN pue ye[ Jo Kovd1jjd paseaiour oy ‘A[[BBIU] ¢ SB[NULIO} SUDOOI [RIOISWIWIOD
Jsour ut spusuoduwod Jofewr oyy ae s1eak ()9 1sed oy} 10J PuE JUSIOIJO SIOW 9q 0] PUNOJ UGG ALY
(VVN) proe onoovoueeyyydeu-| pue (ydI) proe ouAng-¢ d[opur ©

10J pasn aq 01381 ) pue ‘syuefd ur urxne snousSopus JuareAdld Jsow Y ST V] YSnoyiy

4ZUOIBULIO} YV JO uononpur

‘uononpul Yy Juope (s910ads smyddjponz pue suid ¢, rejdod jo01

LTHT £TTTST
-01-)[NOLJIP "SA -ASBI UI PIAISSQO SIOM SOULS paje[nai-urxne jo saqjoid uorssardxs [enuaIdyip
PUE ¢ SIUIWIIBAT) UIXNE SNOUSSOXI JB[Iuls uodn wnayps g Jo sumno smjew “sa 3unoK ur pajtodar
sem (§/2D:¢y () osuodsal urxne 13uons ‘pospu] ‘uoneuoy Yy Hoddns o) skemyjed Surjeusis
1991109 9y} £2AU0D 0} J]qe 20w Aue Jou ‘sTuryno dxmew ul pagueyo sey (uondedsrad pue yodsuen
‘WISI[OQEIOW UIXNE WOIJ PIALIOP Sk) ssouoAlsuodsor urxne jeyy st ojep 03 uonduwmsord peydoooe
Ay ‘snyJ, ‘uopeorjdde urxne snoudfoxa oYM 10 [IIm ‘sjooys danjew ul paredun Apueoiyiudis
SI YV Wioj 03 ANIQR Y} 19K 75, SAUO JOOI-0}-}[NOYJIP dINJBW Y} Ul JOYSIY UIAS 10 S)00ys
QIjew pue S[TULAN[ UI S[oAJ] UrXne snousgopus o[qeredwod moys saroads jue[d 19710 ‘T0AGMOF]
*g1+,[PAAIISO UIYJO SIk BWIIXBUW Y] S19YM Pue o wiiof A[[eordA) syy yorym woly anssy ayy Sureq
wniquied ) £ s3umnd autd 1001-03-)[NOLJIP JO SUOZ WNIGUILD ) Ul BWIXBW ] JO 0UISQE e
1[9M SB “, . PA0dal Uddq dARY (Wnavs ") wnayps wnsig pue (sipuv.is ") sipuv.s snddppong
39 ‘sauo 9[1uaAN[ 1001-0)-Ased 0} paredwiod sFurNd dINJBW 1001-0)-1[NOYJIP Ul S[IAJ] (VV]) PIoe
01300B-¢ A[OPUI SNOUSFOPUD JIMO] ‘$3103ds Jue[d JWOS U] *,_($59001d ) Jo da)s yoea ul 9[01 [B1JURD
e sAed SurjeuSis urxne yorym ur ‘y[eissoro sououroy jueld jo spomidu xo[dwos e £q pafjonuod
9q 0} Umoys sem 31 ‘renonted uJ °,SI008) [BJUSWUOIAUS pue dlsutnul Sidpnuw £q pa[jonuod
st pue Ayonserd ySiy smoys jey jren onauas aanenuenb ‘a[qeintay e st Judwdo[ardp Yy

" guonermew SuLmp Aj[iqe siy) 3S0[ Jey) JO SYV W0 0} (3uou ‘udyo pue) Aoeded
mo] aaey A[reanyeu jey) syuerd ojqenjea Auewr jo sauofo Sunededod 10y sisIxa [[us JoLLIEq Jofew €
‘doueiiodu [eIN[NOLISE PUB OILIOUOII JULdYIUSIS §)1 NS *;SUOHIPUOD [BIUSWILOIIAUS FuIBueyd
pue sosedsIp ‘sjsod 0) ooue)sIsar opraoid 0} $)003s1001 oo Jo Juowdo[oAdp Ay pue ‘Ansnpur
jueld [RjuSWIRLIO Y} ‘A1}$2I0) UL SU0ISIOUIOD © os[e st uonededoid [euol) *souriiodwr SIWIOU0dd
snopuowox) sey pue seonoeld [ermnoude sunnor ur se [[om se swerSord Surpasiq pue UONIA[AS
ur dojs 9ysmbar e s1 sFumnod ws woly sy Jo uononpul £q sjuerd jo uonededoid (aaneiodon)
[BUO[D *|aNSSH} JOOI WO} PAULIO} $)001 dtuokiquis-1sod d1e jey) (YT) $I001 [INL] 0} ISBNUOD

Ul ‘Sanss1) JOOI-UOU WOIJ 9)eIouaFal Jey) SJ00I Se Pouljop oIt (SYV) S100I SNONNUIAPY

uondINpo.ul

*85UB0]| [BUOBUIBIU] 0" (N-ON-AG-OO€ JOpun S|qe|IeA. spew
s1)| “Aunjediad ur yuudeud ey Aeidsip 0) 9suSd)| B AIXHOIQ pajueIb SBY Oym ‘Jepunj/ioyine auy) si (meires sead AQ paiyilied 10U Sem Yoiym)

juudeud siy} 1oy sepjoy BLAdoD By €202 ‘€} UoIBIN PeIsOd LOISIaA SIU} 12522ES € L'€0° €202/ L0k 10 1/B10°10p//:8dnY :10p junidaid AixHolq

aImynoLge
10y s1ojengar ymoid-juerd 0Ano9zze dlow jo juowidojoadp [euoner IoyMny 1oy Iejdwoxd
ue sopiaoxd pue spunodwiod oAnoeolq 10J A3ajens 9sea[aI-mofs e Jo Ajnn oy siySiysiy
SI0oM SIYJ, “PIoe o1edeAxousydolo[yo-f UIXNE 991) OU) JO OOUBIEI[O PUE OSEO[OI MO[S pue
oyeydn ysey [eniur o) anp Suieudis urxne paguojold £q paIopuagud st AJIANOR SIY) JeY) PI[eIAL
sasA[eue [euonouny pue orjoqelouwt dAIsuayaIdwo) ‘syuerd Apoom JuBNId[EIAI JO IdqUINU B Ul
Sunool snonnuUIApe jo 1oueyud Jusjedwod e se JNO-ueydoydAn-1-proe onaoedxousydoiofyd
-t SunySiysy ‘sSumno sppuv.3 snidAponzg ur s9eInfuod urxne SNAYPUAS Jo AreIqr| pasnooy
© Jo SUIUOIdS pUE SISOUIUAS oY) AQLIOSAP O\ JUSUIEDI} [ons 0) dsuodsol Ul Yy WO jou
op syuejd jueniojesar Auew Jo£ ‘pazinn usyo si (yg]) proe ouking-¢-ajopur ‘sissuoSoursio ur
urxne Jo o]0l [ENUdD oY) 0} AN(] "SYV W0y 0} Kyoedes mo| oaey A[jernyeu jey) sjueld ojqenjea
SuneSedoxd 10y s)sixo Iorueq Iofew e ‘ssojoypoadN “swerdoird Juipsarq ur doys oysmbar
® SI s3umno wa)s woly (V) s1001 snonnuaApe Jo uononput £q sjuerd yo uoneSedoid [euor)

PeNsqy

(JI'oe Ne) XoNne)®)uIe}suroMAoI j[1euo)

"M 03 10 (JI'A0S 1LISe TURO[OAD)IOPESIYA ([IBWR) "SH O} PISSAIPPE oq P[NOYS 29uspuodsario)) ,
N ADUIA0Y YIIMIBAY JO ANSIDAIUN ‘SIOUIIDG 1T JO [00YOS ¢

[ORIS] ‘AIAY [0, ‘ANISIOAIUN) AIAY [9], ‘S90UQI0S 917 Jo Aynoey ‘soisAydorg 2

Anstwayoorg ‘A30[01qoInNaN JO [00YdS ‘A3ojorg 1e[NO3[O pue Anstwaydorg jo juaunedaq ,
Aueurion ‘Suisiorg ‘yorunjy

JO ANSIOAIUN [BOIUYOS], ‘90USIOS AIOSUSS PUB IB[NOJJOJA Pue ANSIway) pooq Jo ey
Auewon ‘Fuisiolg ‘Yorunjy Jo AJSIOAIUN [BIIUYIA ], ‘AF0[01g SWAISAS Jue[d JO ey ¢

SoIBRIS pajun

‘oeas ‘uoidurysepy jo Ansioatun ‘Suuosuiug sndwo) pue [eoL3[g Jo judunteds(
[9RIST “JOAOYY

‘WOfESNIof JO AJSIOAIU[) MOIQIH] AU, ‘JUSWIUOIIAUF PUE POO,] ‘UIMMOUSY JO AJnoe [rug
"H 190y Y[, 9I[noLSy Ul SO1AUSD) PUB SIOUIIDS UB[J JO IMISU WS “H 1Oy YL ¢
[or1s] quowdofora

[eIy pue aIMNOLBY JO ANSIUIA “I9JUID) [UBI[OA AU ‘SOUSIOS JUB[J JO Amnsu] Y] .
[ORIS] ‘AIAY 9],

KNSIOATUN AIAY [91 ‘S90USIOG 9JI'T JO AInoe ‘AILIN03S POO] Pue $30UIIOS JURJ JO [00YDS |

L UIRISUID A\ K0y -, 10PES JRul] ‘giotdeN preyory ‘ [e-udg JIN ‘SoWweH “Z You| ‘yprmeq
BUULIOD) ‘,SUIAB[Y JUF ‘cAory ydasor ‘uoio-wioquasie] Ipy ‘BARYS XI[9] ‘B10gsslom
-1[oULIR)) BIIA ‘IPIAIM( SBYIA ‘,[9SS9Y NWY “,$19}3 BUSISA ‘q0BUR( *J BULIO( ¢, OURUTLIE)
OMQ[Y ‘¢7B[IZ], UB] ‘ SIUIA BUU] ‘e NYBAI[T IAY ‘¢,010108 1O ;[9423Yd3 A B[dS ‘| Y10y PeyO

UIXNE J1JIYJUAS B JO ISBI[IA MO[S Aq Inssp

9INJeul JURIII[EIII Ul UONEULIOJ S}001 SNOPNUIAPE JO JILLIEQ IY) SUNEIAJ[Y

*95U)| [BUONBUIBIU| 0% ON-ON-AG-OOE Japun ajqe|iene opew
s1) “Aymediad ur juuded ay) Aejdsip o} ast B AIXHOIq pajueib sey oym ‘Jepuny/ioyine ey si (mainas 1ead Ag paiiies Jou Sem yoiym)

3 10 1apioy 14BuAdoD BY L "€202 ‘€1 YoIBIN PalsOd UOISIOA SIU} {/G22€S L '€0'E202/ L0 1'01/B10"10p//:Sdny :10p Judaid Aixgolq

132



Appendix

1opI0 ul “ygr-3 wdd 0po‘9 03 uonippe ur ‘(NH 001 PUB (S ‘07) SUONIBIUIOUOD JUSIJIP 1Y}
Je oed ‘sjudunear) douddrowqgns pue Keids paurquiod om ‘OAneuId)[e ue Sy Sugudjeyds oq
0} punoj sem uonnjos paseq-1oem e ut by jo suonenusouoo 1oy3ry Suikjdde ‘KorqoydoipAy
SIT 0] oN(] "poppe olom soIEIn[U0d UOYM PIAIOSQO 109JJ0 Oy} SuIA[Iopun se S[oAd] UIXne
ur eseardur axow yno Surn (¢ 814 Areyuowojddng) sajer Sunoor aaoxdwi jou pip wdd 000z |
01 dn (p0‘9 woiy Jusunean d[3uls e se parjdde ygi-3 Jo junowe ay) FuISLIOUI ‘OSIMANIT
V- [PA PIUIqUIOD USYM 1091J9 dANISOd OU PRy UONBIUIOUOD IR[IWUIS € 18 SUIXNE OIIYIUAS
9013 Surpuodsar10o ay) ‘dou JO (7 "S14 Areyuowoddng) suore ygr-3 10J %] 03 pareduwiod
‘VEI-Y UUM PauIquIod UM Sjuduedn oouddrowqns 1o Aeids oo 10j uonerouddor
1001 9%, A[TeU [Im 999130 Jsa3uons ayy pey ‘(q S ONO-d1L-T) 19159 [Aypowr ueydoydAn
-1 01 VdD-+ Jo 91ednfuod e ‘by ‘spunodwos asay) JO (g 314 Areyuowaddng) sajes Sunoos
12y31y Apuesyusis pamoys ygI-3 yium by 1o d ‘og ‘[ ‘ey spunodwod jo uoneurquios ay) uo
paseq suoneorjdde 1oAomoY ‘JuouEoI) SUOTEPUE)S € SE Y [- pauLofrdadino spunoduwiod oy jo
auou ‘(N1 (1) UONENUIOU0D FUIUIIOS USSOYD A} 1Y "JUSUNEAT) [0NU0d y[- 1od sumno
00S~ puE jusunean paseq-ojednfuod 1od pajse} d1om sSUIPND (GO ‘[eI0} U] “UONBUILIEXO
210J2q ypuowr | Ajewrxoidde 10y 9]qe) Sun00I B Ul PAJEQNOUT UDY) AIOM STUIIND Y], JUSUIET)
douadowqns (INW 647) VdI-) wdd 000‘9 ® yIIM UONBUIQUOD UT IO JUIWEI) dUO[EPUR)S
e se Joyje ‘ped jeorde Sumno oy Suikerds £q 1o urw | 10j oseq Sumno oY) JuiSiowqns
Aq pardde arom (AT 001) sareSnfuoo ayJ, *piooueyuUs Junool piepuels pio3,, [eimynoLe
) pue ygJ Jo yes wnssejod oY) ‘ygI-d YNM JudUWILAL 20uUdIoWqns Ui | Suimof[of
KSUDID1JJO MO] JE $1001 2JBIAUITAI YOIYM ‘S001) s1pup.L3 7 dInjeu wolj s3urnyno Suisn pajen[ead
sem ([e10) u1 spunodwod ¢) surxne 221 ay) pue sajedn(uod oy jo Apiqedes juswdoueyud
Sunoor ayy, (1 ‘81 Arejuoworddng ‘b—ep—1) soednluod ¢ Jo 105 © Fulwioy ‘[ourylow
10 SINPISDI SUILIE JO SALIDS B YA ‘(. ANANOR [20130]01q duowlioy ay) 10} AJdtow paxmbar
® ‘proe o1]Ax0qIed )1 y3noayy pajesnfuod sem (p—) SUIXNe OBAYIUAS Ay} JO Yory * SAIMXIW
JUSWAOUBYUD SUNOOI [BIOIDWIWIOD UL PAsn USYO SI pue ,.A[Iue) 9))90R dpjewWore Ay} 0}
S3U0[aq VYN ¢ P-O}ijn! s1doso.q Jo uoniqryur uone3uo[d 1001 Aq paurwiIalop se ‘A[oanoddsar
‘AJIAIOE UIXNE BIM PUEB ‘WNIPIW ‘Suons A[9ANE[dI B dIed) pue  A[iuey proe Axouayd oy
0) Suojaq 2a1y) Is11y oY ], “uonesn(uod 10J uasoys atom () VVN pue ‘(¢) (dg-g) proe oruordord
(Axouoydoso[yorIp-4°7)-z “(7) (VAON) Pioe ondoedxousydoroyo-p-[Ayowt-g (1) (VdD
-) p1oe onpoeAxouaydolofyo- surxne dNAYIUAS Y ‘Areiqi] [eorwdyd a[qeins e dojoasp of,

$9)e3n[uod surxne dIYIUAS Jo SUIHIAIIS pue ‘sIsAYuLs ‘udisaq

s)nsay

*8su8ol| [euoewIaiul 0y AN-DN-AG-DDE Jepun a|qe|ieAe apew
s1y) *Aumedied ur juudeud ey Aeidsip 0} 8suBdI| B AIXHOIG pajueib sey oum ‘Jepunyoyine ay) si (mainal Jead Aq peyieo Jou Ssem yolym)
juudeud sy Joj Jepjoy BuAdoo ay) "€202 ‘€1 YoIeIN PLISOd UOISIBA SIU} 12522€S €} €0°E202/ L0 +01/B10°10p//:sdny :1op juudeid Aixgolq

“UIAI0Y PAqLIOSIP ST A)anoe punoduiod
oy} Suikpepun sorweukp oy ‘soroads Apoom osIOAIp woly sSumnd o) pardde uoym ploj-¢
-z Aq sare1 uoneIduadal [eseq doueyud 0) punoy sem punodwiod Suiped] v (e[ "S1) soom sipun.i3
7 Jo sped omjew woly paurelqo sSumno 100J-0)-)[NOLJIP UO PAJEN[EAd d19M sjedn(uod ayf,
‘urxne onoyIuks juored oy 9sea|ar 03 (A[[eorwayod 10 A[[eonewAzud 1) vjuvd ur pazAjoIpAy oq
114 soreSn(uoo oy Jey) uondwnsald oY) Jopun ‘SONPISAI JUSIAYIIP 0} PareSn[uoo surxne S1oYIUAS
moj jo AIeiqi] pasnooj ‘pauSisop-AJ[euoner e pazisaypuks am ‘sisayrodAy sy 1s9) o

‘yoroldde oSea[aI-MO[S B JO SSOUIAOJJD A}
9OUBYUS JAYLINY PINOD YIIYM ‘¢ UOHINPUL Y dA0idwr 0} pariodal d19m sjudunean urxne Ayigud|

1Ipe1) 110y} puokaq suonezijnn 0y 100p oy Suruado snyy ‘dwiry

IDAODIOA] ¢, SIPIOIGIAY SB 01 [BU
paSuojoid & 19A0 S[NOS[OU IATIOBOIQ ) JO [9AI] [RUOTIOUN] 19K MO & Suruteyutew ‘vjunjd u1 sed]oI
MO[s 113y} Aq pjeSnIu 2q pinoo suIxne dNAYIUAS Jo 109539 A10)qIyuI-ypmors pue Krorxojoyd
JUSIAYUL Y} JeLf) PAUOISIAUD DM 4, 1001 JO peaIsul snj[ed jo uopowoid 10 ‘Ayorxojoikyd ySiy 0y anp
asn [eonoead a1ayy sywn] Ayanoe urxne ySiy 2oy vy N Jo uondaoxa oy yim roaamoy (1-547)
proe ondoeAxoudydoIo[yI-¢pz pue (d-p7) Proe onddeAxousydoio[yolp-z "89) ,,Sunoor
sowoid 0} umoys A[snoradid uaaq dAeY SUIXNE OHAYUAS JO IQUINU Y "4y, SdAJ0udyd pajear
-UIXNE JO $)3s Jo/pue sauag oarsuodsar urxne jo saqyoid uorssardxa juardjyip o) pea| A[qewnsaid
1Y) (SOA[OSWIAY) FUOWE PUER) SUIXNE ONOIUAS [BIAS PUB VY] USIMIIQ PIAIISQO USIQ IABY
o-gpANOI0ads wondodrad pue ., 1iodsuen ¢ WSI[OQRIOW Ul SIOUIIIIIP ‘AJLIB[IWIS [BHUD SIY}
andse(T "¢ VVI/XNV pue (41V) XOd-4 ONITYNOIS-NIXNV/(TYIL) TASNOdSTY JOLIGTHNI
IMOdSNVYL sioidooar urxne oY) ueamieq uonoerdjur oy Sunowoid £q yy] snousSopus
91} JO $109JJ9 9Y) ONUIW JBY) PUB Y] O} SOUR[qUISAI [RINJONNS (I SI[NOIOW OIUeSIO [[ews
JO 195 oSIe[ B 9JMIISU0D suIxne o1eyuAs "syued 1001-03-)noLJIp ur Aiqedes Sunoor jo ssof oYy
Buros19A0 Ul ISISSE PINO9d 1By spunoduon 9A1de01Iq Jo doeds [eorwayo paojdxatopun ue juasaidor
WS surxne andyuAs jey) azisayiodAy o1 sn paydwiord aABY SUONBAIISQO dA0QE dYJ,
-aSuoyreyo yueoiyTuSis

e surewol uoneSedoid oanejoSoa 1oy pue spunodwoo asayy jo uonesrjdde snousfoxo

8€L€
01 Aj100d puodsar syue[d JuenId[Eoar AUBW ‘SSO[AYUIAIN g ¢SI[NOI[OW SNOLIBA 0} uone3n(uod

syt Surpnpour ‘soyoeordde jusrolyIp Aq VI JO SSOUOATIORJJO oY) ISBAIOUI O} OPBW UAAQ JARY

95U90I| [BUONEUIBIU| 0% ON-ON-AZ-OOB Jopun S|qe|IeA. spew
‘Aumediad u uude.d ay; Aeidsip o) o © AIXHOIq pajueib sey oym ‘1epunj/ioyine auj si (maiasl 1ead Aq paiyieo jou Sem yoiym)
1uudaid siuy 1oy Jopjoy WBLAdOD BU L €202 ‘S1 YOJBIN PAISOd UOISIBA SIU) :£G2ZES €L €0°E202/ 101 L0 1/B10'10p//:Sdny :1op Juideid Aixy

133



Appendix

wupdaid siuy o} Jopioy WBAA BUL "E202 ‘€1 UoIBW PaISOd UOISISN SIU) {/S2ZES €L 'E0'E202/ L0 b 04/BI0"10p//5dNY

Ul UMOUS SIAIND JY} WO} paje[nofes ‘yoed 10y 0s)y arerrdordde ayy yum) s103dooar zg gy
Pue [YLL Y10q PUB VY[/XnY [ [ JO UOHEN|eAd onewd)sAs e £q saouewnopiad Surpuiq vdD- Jo
sisA[eue papua)xd uy "by 10§ paarssqo L1anoe uonowold Yy Ay A1IPUN PINOD YOIYM 4, WV
0) paredwoo souad dArsuodsar urxne Jo sa[ioid uorssa1dxa onbrun 930A0 0] UMOYS dIOM SUIXNE
J1AYIUAS [BI0AS “(q“eg “S1) szsdopigp. ul sKesse osuodsal snua,q ¢y pue uoniqryur [pmois
JOOI Ul punoj os[e sem AJANOR urxne yeam [eniu] (q9 814 Arejuowrddng) sAesse (HZA)
PLAAY-zseak (6VVI/XNV+TEIV PUE GVVI/XNV+[IIL ‘POSEq dJA-U0iSap) aaneinuenb
pue (9 ‘31 Areyuowoddng ‘L VVI/XNY+[LL ‘PISeq-Zoe]) aAnejenb Suisn ‘oaza ur punoy
sem AJ1A1OR UIXNe 103eam djqeredwoo v (g “314) V] Uey) [YLL JO 19pulq 1o38am dspmuSewt
JO SIOPIO-Z~ © ST Y JD-F 1B} PIMOYS SJUSWAINSBIUW S "PAUNILXS dI0JoIdY) d1oMm pue by 03
sosuodsar Ie[n[[oo oy adeys JySrw urxne oneYIUAS paseajar oy Jo sontodord oISULIUT ‘OsEIAI
urxne mo[s pue ayeydn 1oySiy 10puaSud yorym 2)eSn(uod 3y Jo SONSLINIBILYD ) O} UOHIPPE U]

Ananae ydD-p odeys Kjiqowr pue Ijiqe)s Je[nfpd patdjje pue uipuiq-103dadag yeap

uawdooAdp puB UONONPUI Yy Sd30woId Jey) dSBI[1 UIXNE SNONUNUOD
10J IIOAISSAI B SB soA1es by jeyy 15938ns sjuowrodxa aaoqe oy Jo synsax oy ‘AJ9ANdI[0D)
‘b1 Jo Ananoe oy 10y opsmborord e A[Lessedou JoU SI JuSUNEAN) YEI-Y JBY} deNSUouwop
os[e SuoneA1asqo 3say) ‘Apuepodw) (Jz S14) VdO- 01 paredwoo by o1 asuodsar ur
Buipeusis urxne paguojod a1ow pue 193uons 03 pa| ¢ JurFeunr uLd}-3uoy 1oy Aqeyms 1opodar
urxne 1oAouIn) ySIy e 10§ SUIPOOUD ‘QUI aSpLafionT:Cy( Sisdopiqu.ay 0} JUSUIEAT) dWes oY)
Suikjdde ‘p1oooe uj *(ag "31]) SFUI[Pads sisdopigp.ip PAVR[ONID 108IUI JO UONBULIOJ Y Ul 9SBAIOUT
Tenueisqns & ut paynsa1 ‘(N1 1) vl 10 VdD-+ Jo 1ou nq ‘by jo uoneorjdde jooys (4 1)
JoLIq B ‘Sipup.L3 77 UI SYNSAI ) 1M dul] U “SurjeudIs UIxne yim 11 9Je[oL109 0) uay) pue juejd
1opouw siyy ut by jo A1anoe oy ysijqeisa 03 3unyaas sy (szsdopiq.y) vuvinyy sisdopiqoay
0) pawny am ‘quiod siy) jenjead soyuny o], ‘pruvjd ur Juireusis urxne pasuojord joddns
pInod uonesrdde by jey 1s933ns suonearssqo aaoqe oy, “(p*ag S14) by jo wog oy ur parjdde
uaym sKep 9< 10j pajsisiad inq Apoaxp pardde uaym sKep g Afuo 10y (g St Arejuowojddng
‘sSSumno sipuva3 "7 Ul Yy 10j pamsesw se ‘Mg Sw/Sd ([<) UIXNE UB JO [0A9] JUBAS[AI
Areor3ojorsAyd ayewnrxordde ue pourelor yd)- JUOIAJJIP AIOA 219M SOJI AOUBILI[O ‘UONIPPE
uy “(og "319) by 10J y 4z 1015 paxyead Ajuo n {(pz "31) VdD- 294 a1 10j uoneorjdde-jsod
q 1 pasead [0Ad] VdD-# STYM SULIAJIP A[SUDNIIS SeM UORULIOY 1Y) JO SUTT) oY) ‘IOAIMOH]
“(PT "81d) (A[oAndadsar ‘b 10 vdD-t 10§ MA Sw/Bd 0°Z F 0°TL PUE 0 F T'ES) Siuounzon
oq ur dqeredwod sem VD JO [9A9] [eWIXeW ) ‘YD 991 0) paredwoo by jo ayeydn

-95UB0I| [BUORBUIBIU] 0" AN-ON-AB-O0E J8pUN SIE|IeA. Spew
s1) “Aunjadiad uj Juudaid ay; Aeidsip 0} 3SUBD| & AIXHOIG PAIUID Sy UM JBpUN/IOYINE By SI (Maines 1oad Aq pal

199 JOU SEM LOIYM)

10y31y oY) 31dsap ‘A[SunsaIoju] "pajodlep seM Y d)-{ 0 AT JO UOISIOAUOD 1230 B IS[IYM JULISUOD
AJoAIE[21 pouTewal [9A] b ‘ g4~ juonbasqns oY) U] "UONELOIJLIE)SI-OP SJRIPIWILT IO S[qR[IEAR
jou st by jo uoniod jueoryruSis e ‘Ajjeniur jey) s)sa33ns uoneAIasqo sIy L (A[pAndadsar ‘m
SwySd '] F T'8€ PUE §'0 F $'8p) PAIIIOP AIOM S[OAJ] VD~ Pue AT d[qeredwiod arym (mA
Sw/3d 14 F 606 01) %8~ £q paseaoap sjaAd] by ‘uoneorjdde 1aye y 9 ‘paopu “ases[ar D+
ur doys Suprwf-ojer oy se 98eAes[o puoq aprwe oy 03 Sunuiod ‘v D Jo Junowe dqiSiSou
® pue ‘swioj paALop-by pomseow oy Jo 00 AY %¢~ YuM ‘viuvyd ui by Jo uonEOYLINSD
-op pider oy sejensuowap osfe jutod oy sty L (M) 1S1om ysoxy Sw/Sd 9° F 7°€S SA 47
F6°616) (PT "31d) VO 901 03 paredwios (5 514) by jo oxerdn 1oys1y poj-1 © ur Sunjnsor
“(L1°€ SA 90°0 :0°L = Hd 1e g30o]) onosjow s1qoydoIpAy d1ow & 0) SPed] pIoe OIJAX0qIed
ay) Jo uonedyuNse ayy by Jo sommedy oy Jo duo soyeurwnyyr ‘uonesidde-isod y | ‘urod
oum 3511y oy [, “uoneosrdde v gD- 201 10 by Surmojoy paiseow gD~ JO S[9AI] Y} SMOYS PT
231 pue ‘voneordde s)1 Surmoyjoj by Jo SOANRALIIP S1[0qRIAU ) SMOYS 97 2INTI JUSUNLIT)
Surmorroy skep g 01 dn 10J SIN/SIN-DTdH ®BIA AJesrporrad pazAJeue a1om saseq Sumnd oy
JO 1U9U09 SA[NOS[OW-[[BWS Y)Y pue ‘(doudSIowWqns Y- 01 uonippe ut) by 1o yJo- oo
s pakerds pue pagiowqns a1om sipup.s 57 Jo sSumnd ‘vpuvyd ur by jo oyey oy puejsiopun
0], "'VdD-+ dAnoeolq e aseajal 0} Ajiqe sy uo puadop o) sweds by jo Aanoe oy ‘snyp,
‘(Ajoanoadsar ‘811 Areyuewerddng pue qg “S1,]) A1ANOR UIXNE-NUE 10 UIXNE d[qeinseaw Aue
dAeY A J0u by 1oyp1ou 1BY) MOYS $)NSAI Y, "SIUSWAINSLIUW (YJS) 20uru0sa1 uowse|d aoefms
BIA 04714 ul PajenieAd sem uoneuwiof xa[dwioo uondsorsd-urxne ,yyi/xny-1YLL Ay 103)je
0} AJI[Iqe s)1 ‘uoneulIo) Yy Aempow APodup sny) pue ‘Arouryoew uondosred urxne oy yim
jorIdyul ued Jasi by ey Aipiqissod ayy o onx o, “(eg “S11) V- 2A10ROIq JO ISBI[AI 0}
SPeaJ 1By} PIok OUIWE 3} JO [BAOWDI AQ PAMO][0] ‘(A]) WIOJ PIok O1]AX0QIed S)I 0) PAZAJoIpAY
sy st by yorgm ur ‘ssoooxd deys-omy e era Ajanoeorq sy suoxa by jeyy perenoads o

b1 Jo Ayande auy sa1LIdPUN Y ID-b JO ANTIqENEALOI] PUBSIA

*Ansnput [exm[nouSe oY) 10§ 99119€1d [2ONLIO € ST YoIgm
‘Uo1eIdUSSAI J00I OAOU-IP U0 Y- JO 199132 pajeinjes oy pajuswsne Apueoyyrudis ajesnfuoo
poseq-urxne onayjuAks e jo uonesrdde j1oys pue ojdurs e yeyy pury am ‘opnjouod o "(3°p1 "S1)
vdI-3 01 paredwos Sunino pajool 1od sj001 ‘108uo] ApueoyIusis 10somoy ‘roquinu djqereduiod
Jo uoneuwioy oY) Aq paruedodde sem 109339 ST, "ouofe Y e[-3 uey) 10y31y spjoj-¢~ (o1 "S1)
Koanodadsar ‘N g pue gz 1e by 0y asuodsar ur 9,/ / pue 2,99 JO SIIOUSIOIJO UOONPUL YV

ul pajnsal poypowt uorjesrjdde fenp sy ‘A[Suryng by jo uonenuasuos pardde oy esearour 0y

-95UB0I| [UOREWIBIU 0% IN-ON-AB-OOR J9pUn SIGEIIBAE Spew
s “Aunjedsed ui yupded auyy Aeidsip o} 85USDI| B AIXOIG PSIUBID SEU OUM “JOpUNyIOUINE Ut SI (MoIna) 180d A P

11199 10U SBM UOIUM)
1undaud siyy 10} Japjoy 1yB1Adoo BUL €202 ‘€1 UOIBIN PEISOd UOISIaA SI} 1£G2ZES E L E0'E202/ L0 1°01/B10710p//:Sdny 110p Jundaid Aixyolq

134



Appendix

8
suonoeojul Jejod-uou jo3d0d-puesi oY) Suneal10o eyung (py S1) 10300d onAJeres ay) yum
suonoeIoul Tejod-uou Jusrolns paunio} dnoid Axouayd oy 10U S[OpUI O} JOYIIAU ‘CY V] AR
-Uou 9y} U A[IYM ‘SIWAZUD dATOE Y} Jo ayoru orqoydoipAy deap oy opisut x| Jo ajopur Jejod
-uou 3y pauonisod (4-1z0g I1OSUIPQIYOS ‘OpI|H) SUONE[NI[EDd SURI0P IB[NOI[OW JUIWAITe
uy (g1 'S4 Areyusworddng) yojed o1qoydoipAy Id[jews e SUIRIUOD puB MO[[BYS ‘pIjesuo|d
ST YoIyM ‘g V] Jo 19x00d ot 03 Isenuod ur ‘oyoru oiqoydoipAy doesp e ureyuoo 03 ‘ZTII
pue Y] ‘SOWAZUD 9AIOE om] A} Jo sjexood Surpuig-puesi| oy punoy oA\ "€VI Pue [T
103 suonopaid |, proJeyd[y pue ¢\, 71 JO SImonys [eIsA10 Aei-X d[qe[reae 3y Suisn ‘sowkzud
99IY) 9Y) JO SAIMONIS [EUOISUSWIP-3IY) OY) O} PIWIN} dm ‘SanIoyroads Iioy) puejsiopun
19119q 03 ydwape ue uy (011 F1g Areyuowsyddng) sisdopigray ur sy punodwoo juored
$)1 10J PaAIasqo Ajianoeolq Jourw ayy urejdxa St yorym (p11 “S1 Areyuowdrddng 9y) A Jo
JowonURUd-(J AY) JSurese pajoalop os[e sem T Pue [YT] JO AIANOE 9[qeI09)9p Inq [euUISIRW
e ‘gou JO “(py 'S1) by uared oyy pezkjoipAy suou pue ‘ay pazAjoipAy Apusronye 7L
pue 171 ATuo ‘(q1 1 St Areyusworddng) ely-yy] pazAJoIpAy SaWAZUD 2211) [[E J[IYAN "Kesse
Ay ur Aj1Anoe SAWAZUS Y)Y AJLIdA 0} SUIAISS ,d1eNSqNs Paysi[qeIsd ue ‘(B[y-VYV]) duiuefe
-yV] isureSe 10 ‘ay pue by jsureSe yanoe 110y 10§ 0.414 ur pI)s) 1M SSWAZUD sisdopiqp.ay
JuRUIqQWI0d2I- [ SO dtendoidde ayy ‘synsar asay) oyeprjea o, ‘skesse (o ‘Sig ‘uoneordde
100YS JOLIq) STUIPIIs Paje[ond Ul UONONpUl Yy U pue (qp S ‘skep ¢ 1oye painseswr
‘UOTIEQNOUI SNONUNU09) UONEFUO[d 1001 Ul by 0) aAnTsuasur sem yueynw ojdin c.m1 7771 471 94,
605059383000 proe oulwe-yy| Jo d3url € 0} dsu0dsal pasiuoIdwiod © Smoys Yorym ‘c.ivi zjj
1471 yueynw o1diy szsdopign.y oy paydope am ‘sisaypodAy siyy 159y o, A Jo/pue by spremoy

Ayanoe asejorpAy-oprue ejiuns e jo Aupiqissod oy Juisier ‘g, spunodwod paseq-sjoput
JO sopiwe dse[0IpAY 03 umowy axe (STTD) M- A T/(1ATD [LNVISISHI-NOT-VVI A[iuey
soseprdodoyelow oY) JO SIOQUISJA "PALIGJUI 0q UBD ISBIAI YD~ Ul 95eALd[0 onewAzud 10§
9Jo1 Jofew € ‘s)nsax asay) woi] "(0[ ‘314 Areyuoworddng) sy ueyy asuodsar A10)qIyur 1o3uons
PIOJ-00 1~ 1opuadud 0) punoj sem by ‘sSurpaas sisdopigp.p Suisn Kesse uonesuold 1001 &
ur ‘arounrdyn, (e “814) yuounean by oy osuodsar ur Ajuo sajeMWINOdL D~ 1Y) pAMOYS ST
10 by jo uoneordde 1oye y g sSumno spup.3 -7 jo sued [eseq pue [eoide Jo sisk[eue SIN/SIN
-D1dH ‘uonendax onewAzud 0) paynquye oq pinod nuvyd ur (AIANOE 10) oyl SISK[0IpAY
oy ur sooudsolIp ‘sortadoid jeorsAyd pue [edrwoyd Jejrurs ssassod SIdWONRUBUD dOUIS
“(ef 314 ‘s1) b1 jo 1owonueud oy Suruio] ONQ-d11-q 01 pIeSn[uod YD PIZISAYIUAs am
‘doys s1y) Jo wistueyodw oy ojeSnsoAul o], (97 "S1) SISA[0IPAY puoq opIure s)i Aq pauruLIa}op
KJo81e] st ojer aseajar ydD- ey sordwn sipup.3 7 ur by jo uoneoiyud)ss-op prder oy,

syuefd ur pajensaa A[[ednewAzZud siISedIPI VD

*85U0| [BUOBLISIU| 0y AN-ON-AH-ODOE J8pUn B|qe|IeA. apew

‘s10)e[n3ar sisepsoawoy urxne Aoy SurssedAq
VdD-+ JO 2ouanbasuoo e se osje Inq ‘yYdD- JO ISeI2I MO[S oY) 0} onp AJUO 10U PIASIYIE
st uonesrdde by Suimorjoy Surjeusis urxne paguojoid oy ‘sny [, 9oudlsisiad IB[N[[90 PISUBYUD
£q paresuadwoo st s10)dooar urxne ay) 0} Surpuiq yeam yJd-f 18y s1sa38ns 20uapiaa jo Apoq
s1y) ‘A[oAN0a[[0)) “sisdopign.y ul Kemyed UonEATIORUI-Y ] UTEW A1) 10] 9)BIISqNS JUSIONJ Ue
j0u ST YdO-t 18y uonduwinsse 3y SI0AB] PUe ‘), WV 'SA (-7 10 painseaws sajel uonesnfuoo
snotadid yarm aut] ut oxe s} nsa1 9say L, (8¢ “S11) VdD-t 01 10U Inq ‘Y] 01 9ANISuas-19dAy aq 03
sjued g3 oy punoy am (S°eg "SI ‘51001 ()-[0D) JO YIMOIS UO 103JJ e[S SUIMOYS SUOIPUOI)
AU 01 18 VdD-1 10 YV [ jusunean Jo sAep 9 1a)e (imoid 1001 Junmsesw Ag *, Wsijoqeyed
urxne ur de)s 1sIy oY) 9q 0) UMOUS A)USOAI sem AJIWIE] SIY) WOIJ SIWAZUI Jo ANAnoe
QYL "¢oIUAIOYAP ST SPIOk oUW 0) UoNeSN[U0d BIA UOHBANORUI VY] YIIyMm Ul ‘ueinw 3[dnjoo
£y3 oy pardope om ‘wstjoqered ur os[e 1nq Jodsuern ul AJUo Jou Y] Wolj SIIP Y- eyl
sisayjodAy ayy ssaxppe o, ‘by jo judunean jouq e 0) asuodsar ur uONONPUI Yy SANIIYD 10J
[1ONID ST ‘s108IN031d $)T JO 10U INQ YD~ JO JUSWIAOW [[99-01-[[29 1By sa33ns sjuowLrodxd
asay “‘royiaSo] (6 S1g Areyuowerddng ‘wonesrdde jooys jouq) by Aq wononpur Yy o3
SANISUSSUL J1 punoj pue ‘ uepnwt sjdnipenb xvj/xnp ay) paurwexs am quaunesn by Suimoyjoy
UONBULIOY YV 0} JUSWdAOW Y JD-{ JO UonnqLiuod ay) ajenjead o, '(qg 314 Areyuowojddng)
5914000 Fuissaidxa-uou pue Surssaidxa-1X NV Yloq ul punoj a1om (AT dANBALIDP ) pue) by
JO s[oA9] ojqeredwod pue ‘(eg "S14 Arejuswojddng) uoneqnour urw (¢ uodn Iy dje[nWINOdL Jou
PIp $91£000 Surssaidxe- XNV ‘VdD-F U "wsiueyosu 1odsuen urxne rejod [eoruoued oy
03 payoalqns Ajjented Ajuo st ydD-t 1ey) 1s933ns suonealdsqo asay [ ‘(3¢ S14) (AT 07) paisay
UONBIUIIUOD AU} J& 3SUOdSAI JULIND JUBIYIUSIS B 90npuUl JOU PIP VD1 ‘(;,d-+C nSo[eur gy
pue) V'V I[un jey) pajensuowap ,ANAnoe sNid 10§ [ppow paydope ue ‘(8NId) 8ATNAOA
-NId Jo Ananoe podsuen ay) Sunsa) Aesse A3o701sAydonoae paseq-(dss) sueiquiaw pajioddns
-prjos & ‘(°p¢ "811) (1XNV) 1LNVLSISTI-NIXNV o1odwl VY] ALY 9y} ZI[1In 0} punoy
sem ydD- ySnoyye ‘rosomoy ‘(£ 814 Arejuoworddng) urxne ajiqout e s1 - ey pardur
sisdopigo.y Ul Kesse JUOWIDAOW JOOI-0}-J0OYS Y/ "SO[NOS[OW OM] O} UIMIO( WISI[OQEIEd
J1o/pue Jodsuen ul saoudIdYJIp Funsaddns ‘(g ‘S14) VdD- 01 asuodsar ur pajsarre KjpInud
SI )1 ‘uoniqyul vy woly Ayomb $10A0001 yImoI3 1001 sisdopign.ap d[Iym “‘SSI[AYLIDAIN.
*Kjoy1un st Surpuiq onbrun jo Jnsa1 e se - 0} dsuodsar SurjeuSIs [ENUIIP © ‘WSIuLyooul
uondoorad urxne sisdopigoy oyy uo paseq ‘snyy ‘(09 ‘81 Arejuoworddng pue o¢ Si)
VdD- 01 asuodsar ur uroped uonepeiSop o1y10ads € [eaAdx Jou pIp {(q9 S Areyuowojddng

*95U90I| [BUONBLIAN] 0"y AN-ON-AE-O0® J9pUN B|GE|IEA. SpEW

135

s1) “Aumadied ul juudaid ay) Aejdsip 0} suaal| B AIxHOIq pajueb Sey oym ‘Jepunjioyine 8y si (mainal Jeed AQ Peyilad Jou SEM YoIym)

s1) “Aynjediad ur yuudeid ay) Aejdsip 0} o AIXgolq pajuesb sey oym ‘1epunyiouine ayy i (menal sead Ag paiyiueo Jou sem yoiym)
juudeud sy Joj Jepjoy buAdoo 8y ) “€202 ‘€1 YoIe|N PLisod UOISIBA SIU} 12522€S €L '€0°6202/L0 1 101/B10°10p//:sdny :10p jundeid Aixgolq

la1d s1y) o} Jploy 1yBLAdOO By “€Z0Z ‘€ | UoJBIN PaISOd UOISIaA SIU) /G22E5 € L 80°€202/ 10} 10 1/B1010p//:sny z1op uudeid Axgolq




Appendix

ol
[BIUSWUOIIAUD SWAL)XA 0) AOUBID[0) S} J0J UMouy s102ds © &(vsourds viuns.iy) 231 uedie ay) jo
uoneAnnd [eso] 1oddns 0 s310330 1o jo 1ed sy *(q9 "S1g) suore yg]-3 01 paredwod pjoj-z~ £q
9ye1 Sunooi paseaiout by jo uoneuswsyddns ¢, 1001-01-)[NOYJIP PIISPISUOD ST INQ SISLISIP
[10S 03 90UB)SISAI puL WSHIEMP ‘Sp[aI& ySiy spoddns yorym €[00 U0 }00381001 (Po1saUOp
snyopy) a1dde oy 10y ‘OsimaNIT (9 ‘SI ‘Quou ‘SA %Gf) Aouodlyjo Sunool ul duole V-3
pauiojadino Ajjeonewelp ygi-3 pue by jo uoneorjdde pauiquod e ‘pLgAy siy) 104 * uwmne
1joRIs] Yy Sutmp uontnnu 33q43uoy Suntoddns ur juepoduwit st pue ; p[od 0) douLISISAI Y31y
KJoAne|a1 & sey jey) ‘sop1od.joq ‘g pue sisuajnppund 7 Jo puqhy aesodod oy ynorggip K1oa
{pngv.p X snpdAjpong pAUIIEXa 1S A\ “SIEAD[ND J001-0)-}[NOLJIP JurHodWI-A[[2JUSUUOIIAUD
pue Ajjemymoude jo Sunoor o) 1oreq ay) Suneradqe ur by jo Anmn oy surwexs o) sn
pandsur ‘sa10ads jueyd 9s10AIp ur sowAzus SureAnoe £y S) JO UONBAIISUOD ) YA IOYaT50)
‘uoneorjdde by Suimo[[oj UONLIOUSTAI 1001 OAOU-OP PIOUBYUD 10J SIOUIPIAD [BIUSWILIAAXD Y],

$a193ds Apoom Jo a3uea € Ul UOBULIOY $}00.X SNORNUIAPE SdUBYUD b

'sa102ds juefd snowrea ut by jo uoneanoe

o 101paxd 03 suonemo[ed Furyoop pue Surjopow [exmonns jo [enudjod oYy Sunensuowdp
‘a3eaeao a1 spoddns dnoi3 sno3ojoyio Y[ oY Jo soquiaw Juowe joxo0d Fuipuiq puedi
9} JO UONBAIISUOD [RINONIS JBY} SIOUIPIAD dpiroid sjuswiLddxa da0qe Yy ‘A[oA10d[[0D)
*(ps "S14) suonenofes Juryoop pue Juropow [exonns Aq paptoddns

19yny sem Jey) puan e ‘(96 “S14) by 03 osuodsar oy pa10isar (114 10u Inq 0podd pue 00yid
Aquo ‘uresy “(0013d ‘001¥L0D910'0d) pdin20y1i snpndod woxy 86$70NBH JO 50[0y0 ouo
pue “(000dd ‘000001DL2dn1g) porsiad snunig pue (00¥}d “00¥L0TO900HOJ) pdrI0YILY
snindogq woly 685703/ 1YW TI JO SF0[oylI0 Jo AJIANOE dy) PAIsa) A[IB[IWUIS OM ‘UONBAIISQO
SIY) UOPEOIq O], 'WNIQUIEd oY) Ul Y JD)- 9ANOE aseajal 0] by Jo sisKjo1pAy a3 01 seynqunuoo
6857089 18y sisoyjodLy oy ojoword suoneArdssqo osoy], ‘(ps ‘SI) SUONOBIONI S[EBA\
Iop ueA pue Iejod-uou JuedIuGIs woy o) Ay Jo sdnoid Axouayd 10 djopul Y} 10J J[qRIOAR]
$SO] pue ‘YT PUB 68STONTH Jo dsoy) uey Ionely 86570 Jo 103d0d Suipuiq puesi| oy
punoj suone[no[es Jun[oop pue Jurjppour [eIonIs Guawdaide uy *(og ‘31]) 10U pIp §6S70NST
Suissardxo sour| ‘Aesse uoniqryur yumoIs-joor e ur by o3 Kj1anisues oY) paI0Isal 695703 T
Burssardxarono sour] dym ‘A[Sunsazoiu] by jo ooudsaid oy ur Aesse uonejuowo[dwoo
[IMOIS-1001 B WOI poldjul sem AJAnOE opewzud IRY} pue punoiSyoeq juenur
ordwn cuvi zypr 1471 s1sdopig.y ay) ul passaidxa-10A0 A[9jeredas a1om souad omy oy, "(qs S1g)
Juoweal) VI- 10Ye Y 7 PAUle)qo WnIquieo-Ie[noseA ur passaidxa ATysiy aq 0] punoy atom

(VZyv Jo dnoid snogo[otuio 1oY10 dY 18 Pa1oIsn[d St YIIYM) 86SZ0H Pue (BS By [dTI JO

95UB0]| [eUOREUIBIU| 0"y ON-ON-AG-OQ® Jopun |qejieAe spew

s1) “Aumadied ul juudaid au) Aejdsip o} esuadl| B AIXHOIq pajueIb SeY oym ‘Jepunjoyine ay) si (meinal Jeed AQ payie Jou Sem yolym)
1op Juudaid AIxgolq

juudad siu 10} 19pioy 1BLAdOD BYL "€202 ‘€1 UOIBIN PRISOd UOISIOA SIU} 1 LGZZES €L 'E0'E202/ L0 'O 1/B10"10p//:SdN!

0101110 10211p PA)SATINS AY)) 6§70 ST SAUAT 7YYV 2A10€ € 91 JO (1 9]qeL ‘Bre PapuaIxyg
pue qg ‘S1 ‘sproe ounue 6z Jjo 2duanbas urejoid aaneind 11oys pue ‘pa3o2)ap jou uorssardxo
664 £0:413on7) auagopnasd e Apuaredde st dnoid [guyy oy ur wajoxd sppun.d 7 91Surs ay)
dours pue ‘(6] 14 Areyudworddng ur 9o1 sAnRUIE pUR BS “S1]) 7YV 01 paredwoo A3ojodoy
90UdPU02-YSIY )1 0} NP 7YYV AJIwe] uo pasnooj oM (61 "1 Areyuswarddng ‘1 9jqe ] eleq
papuaIxy ‘q¢ "S1J) anssn WNIqUIEd-IE[NOSEA PAYILIUS A[enuew jo dwojduosuen pue yiSud|
-aouonbas surejord uo paseq 2ANdE 2q 01 ¢ AJuo 15953ns am YoIYM Jo ‘saudS ST/ TYTI 11

SUIBIU0D QWIOUAT Sipun.L3 "5 Y, "SIpun.3 *7 pue sisdopigp.ipy UddMIdQ PIAIISUOD AJ[euonduny st

by jo uoneAnoE J1 SUILISIAP 0} JYSNOS ISIY O A “(BS “BL) sAnoIB (STII Pue IV TTT “TTTD)
duV pue (9T 199V ‘(11D TVUV (€110 1VUV 241 Sutkdnooo sisdopign.ay jo sioquiauwr
s ‘sdnoid jounsip (¢-1gqv) 991y) pue (Zy-1VYy) om} jo pasodwod ore sarjruwej-1odns
om) oY [, “(eS "S1]) s9a1-qns om) pasa33ns ey (g pue [ SI[qe, - B Papuaixy) syue[d-pass
¢ woxy surojoxd sTT[/TYTI 10€ U0 paseq sisAjeue onpuasojAyd e pauriojrod om ‘puo siy) 0]
*STEATI[ND J00I-0}-)[NOLJIP IOY10 UI UONBANIE $)1 Sunorpaid pue Surzijeuoner o) 100p oy pauado
ppupjd ur b1 Jo s101eANOR UTRW OY) S AJIwe) ST/ 11 oYl JO s1oquuawr d1y1oads Surkjnuapy

3SBIPI VD~ 03 $3InqLiuod 3ax20d Surpuiq puesi| (Y] JO UOHEAIISUOI [EININIS

opuvyd i V4D
- oSBa[aI1 0) AT SulAed[d sowAzuo Iofew oy ore A[rwey STT/TYTI Yl JO SIOQUIdW Jey) pue
‘pare[n3ai AJ[eonewAzus st ased]al Y J)-p ul dais ‘Sunruwif-a1e1 ‘puodas o) 18y PAYSI[qeISd dm
‘K1oanoa110) “(qp1 St Areyuswarddng) 71 pue ¢TI Jo 2soy) ueyy d1qoydoIpAy a1owr Sureq
sayis Surpuiq 9] pue [T Y ‘soyis Surpuiq pueSi| 1oy) Jo Anowodd pue K1o1qoydoipAy
O} Ul SOOULIRJJIP Pa[BAAAI (9 PuUB ‘G'¢‘TTT[) SowAzuo moj oy jo Suljfopow [eInjonng
“(ep1 814 Arepuswdrddng) jueisisar AjpIus sem 97 aydmuinb ay) orym quenua odiy ay) oy
paredwod (AT °0) b1 yim uoneqnour sAep-/ & 0) 9ANISUDS ssd] APYS1[s AJuo sem ¢ ‘¢ aydnjuinb
YL "(81-S1 'S4 Areyuoworddng) gsed-YdSrgD Suisn (K[oanoadsar 97 1o ¢ ajdmurnb
POULISY) 9jf1 []]1 €4DF Z]j1 [} PUC C]j1 €[]} €4D1 Z]j1 [-4]} *$dui] Jurnw dmuinb o) pajerous
PUE 100130 SIY} AT[TopUN YSTW SowAZua ] J9YI0 Jer paje[noads ap () esejorpAyoprue
Teuonippe jo uonedroned Suikjdun ‘(e| ‘31 Areyuswajddng) by ym suoneinp uoneqnour

103U0] 01 9su0dsaI UI £.401 7771 [4]1 10 UOTIQIYUT YIMOIS J0OI [BNPISAI B PIAIISQO SSI[OYLIDAU

om “ay Jo siskjoIpAy oy 10} o[qisuodsor ore Z [ pue Y] Jey paysiqeisd SuiaeH (€]
314 Areyuswerddng) yojed s1qoydoIpAy oY) yam uonorIDUI 9S00 Ul ‘1o3d0d CYV] Y} opisul

B[Y-VVI Jo dnoi3 ojopur ayy pauonisod sisAjeue Sunjoop ‘Ajianoe osnewkzud [enueisqns oy

*9sU8|| [BUOIBUIBIU] 0'Y AN-ON-AG-OOE Jopun 8|qe|ieAe apew
Ayumadied ur yuudaid ayy Aejdsip o) o AIXgo1q pajuesb sey oym ‘iepunj/ioyine auyj st (meinal 19ad Ag paiyiLieo Jou sem yoiym)
l21d s1u} 10} JopIoy 1yBLAdOD BUL "E20Z ‘€1 UOIBN PaISOd UOISION SIU) - L5285 € L' E0'€202/ L0 1°01/B20"10p//-SdNY :10p Jundaid AixHolq

136



Appendix

cl

‘sasuodsal paziumndo a1ow 10j MO[[E 0) 92s SHNIJ Jo
Surun 2y Jo Arxa1dwos w)sAs 1001 unenpou se Yons ‘saproiqiay se puokaq parjdde s1 urxne
yorym ur soonoeld [einynorise 1ojo ojut pajerodioour 9q ued uraiay parjdde se yoeoidde oseajar
-MO[s Ay} ‘A[[eur] ‘souo[o o1j109ds uoAd pue saroads juefd JUSIOIIP 0} PaIo[Ie} 9q PINOd Jey)
uonenp pue y)Suans ur Suikrea sosuodsar urxne jo a)ded e opiaoid o) proe ourwre pajesnfuoo

SI1 IO uIXne dnAyuks oy Iy Sunenpow Aq paunj-ouly Ioyunj oq ueds oaeSnfuod urxne

anaYIuks € Jo uSIsap Je[nod[ow d[qIXa[J oY) ‘I9A03I0JA “suonedidde armmngy Surzindo ur jsisse
Aew pue ‘)sa1opul Jeonoeld pue onsiueyddW JuLdYIUSIS JO ST JuUdWdo[oAp pue uonoNpul Yy
Surmp (Ajeneds pue Ajjeiodwa)) joeI0ur spunoduwiod om) ay) Moy Jo SurpuelsIopuN UoHNoSAI
-1y31y & ‘wasAs 1o 0} ASo[eue U] " JUSWYSIRIS? YV pue uoneldjijoid snjjeds jo uononpur

U0aM10q YSISUNSIP 0 9]qe dIoM ‘[e 10 Id[[nu-F1mpnT Juouneal) urxne Jo saseyd-om) e Juisn

*(qL "S1) (N ye pordde
by) Surjeusis Surureysns pue paguojold e Aq pamo[[oJ (suonenuaouod uw Je pardde yg-3)
asuodsar urxne Suons pue jsej  sajqeud by pue ygj jo uonesidde fenp 1oys ay) yey) 1sa33ns
SUONEAISSQO In0 ‘Toago ], “axeldn juarorye 1oy odsuen aanoe annbar Aew pue jsejdode oy
ul paziuor Apysowr A[jeard£) axe ey (1030 ‘YN ‘vdl “'8-9) surxne 2213 jo uonesrjdde jeuonipen
o) 10A0 JTeJUBAPE UR SIQJJO AQLIOSIP om [dpowr AIOATP 9y, ‘uonsanb uodo ue surewar
uoneuLIo} YV 0} A[J02IIpul SAINQLIU0d D 01 asuodsar [eorde 1oypoypy "uoneordde eorde
Suimorroy ‘moyy ynq wooyd ay) ySnoxyy Ajqewnsard quowosow [ejodiseq punodwiod oyy
Joddns Aew yorym ‘1o110dsuen Xnpjjo pazLIddRILYIUN UR JO 193[qns € S1 ydD-f 18y $1sa33ns
UIN) Ul ST T, "109JJ9 JUSWAOURYUS SUn0od s)1 10J paxmbai st [ XNV ey pue ‘A[jejadiseq aaouw 03
3[qe st VD 1ey) Sunsaddns erep apiaoid osje opn “Surjeuss urxne paguojoid o) sanqLyuod
JOUMNy SI07R[N3AI SISBISOAWOY ISAY) SUIPeAd JRY) 1STINS 9M g uIXne 0) sasuodsar
3orqpPady ureWw dY) JO oA} dIe uoHeSN[Uod pue Jodsues) DUIS “(SCHO SSWAZUD unesnfuod
VVI oy 01 KJ1uIjje MO S) 10} 90USPIAS d1oUdS pue ‘Iopiodsuen) gNId U} 0) AJexsqns d[qeIoAry
10U ST Y JD- 18} 99UOPIAD [eOTwdyd0lq opiaoid oAy own 1oA0 SurfeuSis paureisns oIow
pue payrjdwe ue spoddns ydD-+ Jo LIfiqels Jenjod 1oysiy 9y} ‘uIxne dAneu € 0) dsuodsal

Ul PaYyOAD SUO Y} URY) INeIMm SI VdD-F Aq POl Jur[euSis urxne S)eIpIWWl Y} YA

*S[[0d AU ApIsuL

UIXNE 9AIIOBOIQ B JO WSIURYOIW ISBI[II-MO[S © 0jul Ae[suexn) vzuvjd ut by jo ajej orjoqerouw pue

95U90I| [BUOREUIBIU| 0" N-ON-AG-OQB Japun 9jqe|iene apew

s11| “Aunjedied ur yuudeud ey) Aeidsip o) esuedl| B AIXHOIQ pajueIb Sey oym ‘Jepunyioyine ay) s (melael sead Ag peliLed Jou Sem yolym)
updeud siyy 1oy sepjoy WBuAdoD 8y L €202 ‘€1 UoIBIN PeIsod UOISIeA SIU) 1£G22ES5 €L 806202/ L0 | L'0L/B10"10p//:sdnY :1op Juudaid Aixgolq

sorwreukp ay “‘A[eonoeld ‘b 0y asuodsar ur v dO- Jo uonenuwnooe Ien[jooenul 1y3Iy 1sa33ns
am (p‘ag "S1y) syuaunean; ydD-+ 9913 10 by Suimoyjoy vdD- Jo S[oAd] euirxew djqereduiod
P230210p Sseq SUMNO Sipup.L3 7 Ul SYUSAINSLAW ) YSnoy[e ‘sny ], “Aje[njpoenul Vdd-
ASBI[AI 0} 4,:9o|0SOIAD Y3 Ul pur win[nonal orwse[dopusd oy ut apisal A[qewnsaid yorym Ajrurey
STTI/TY T 9Y) JO sloquiaw Aq paAea]d st af ‘Apuanbasqng (0 514 Areyuowdjddng) ay 0y
uey) by 0) 0ANISUSS Q10U 9q 0) PUNOJ dIoM S1001 SISAOPIGV.F “SA[NOD[OU [[ews Jo oxerdn oy ur
SOOUDIDIIIP AJeSHIW Jey) SABSSE UONESUO[D 1001 21ns0dXd-3U0] UI JUSWAITE U] g, AIN[1qISSa00L
Ie[n][ad mo[ ur jnsax s yorym ‘Hd isejdode ayy ur paziuor Apsow st (¢'¢ yd pajoipaid)
ay omproe A[ySiy oyy jery Sulopisuod KO SSO] SI ‘IOAIMOY| ‘OLIRUSDS SIYJ, “A[Ie[n][ooenXd
pazAJoIpAy 9q Pnod by ‘APAneuI)Y g 1odsuen 9ANOR JUSIOYJO JO JOUISQE )
ut [[00 oty opisur padden a1ojerot pue Hd IR[N[[90 oY) UT PAZIUOT AISOUI SI YoTyM “I] FuruLiof
(sose101sd Ie[n[[o Juepunqe Aq 10 A[[eorwayd Ioyne) pazAjoipAy Apyomb s1 puoq 19159 ay)
‘sp1e0 oy ug “KyorqoydorpAy [eroao pue Hd [eorSojorsAyd e je 981eyd [ennou sy 03 anp S[[09
ojur uay) pue sanssn juerd ayy ojur sajenouad Apuatoyys by ‘uoneorjdde Suimorog 1ey) 1sa33ns
oM "B amS1 ur pajuasaid st vyumyd uz b Jo oyey d1joqeIOW puE SONWERUAP A} JO [opowW Y

oo[Ino pue UoISNPUO)D)

‘(P9 "814) yusunean suofepuess e se by jo uonesrdde Suimoyjoy pajqnop a1om s3unino
pqv snndo  Jo sayel unool oy} ‘paapu] "sanssn Apoom axmewr ut by 0y esuodsar juoweoueyue
Sunoox oy) 10y oysinbarord e Ajuesseoou jou st ygl Jo uonippe o1dojos jey 1saSsns
1oyny synsax Ay, ‘(d3uer A1) b jo sjoAd] mof £q pasearour oq ued Y] JO 193)J0 pajeInes
o) ‘AJIAIJISUDS UIXNE MO] 0] PAINQUIE dJe sajer uonerouadar 100d yorym Ioj ‘sSumno amjeur
‘Apoom jey) 1s088ns synsor asoyy ‘YRS y ‘(17 ‘S Areyuowojddng) Anunods ay) punore
SUON)IPUOD JJBWI[D PUE [10S JUAIYIP Iopun Ajiqeijoid pue pjaik SuizAJeue 1ayling 1oj uesie
JO SoUO[d AI[d PAJR[es Jo suonejueld [eI9AdS djeIouas 0] sn pajqeus juswesn by 4+ vgr-
PAUIqUIOd A} JO $5200nS Y[, (09 “S1]) SJUSUIEAL) [J0q UT Punoy seam asuodsol [ewixew ‘[SYV
QAlssTuLIod 210U A1) 10 JIYM V-3 01 9suodsal uonewIo} 1001 [eseq oy pajqnop by ‘ureSe
LSUV 104 (99 "S19) $Z1D JO SO10UAIdIFS FUNOO0I MO[ A} ASLAIOUT JOU PIp Inq [eLojewt juefd
LT1D PIO-1834-(6< Y} Wwoly s3umnd jo sajer 3unool ay) pajqnop by jo voneorddy -, 1S4V
“OUO[0 J001-0)-ASEO UB puk ‘J¢6] ul uopIeS [eorueloq e Jo jed se [oeis] ur pajued orom jey)
S99} 1S11J AU} WOLJ PaureIqo A[IOSIIP 910M 0M] ISILY dY) YOIYM JO “(,, LSV PUe ‘LZ1D $T1D)

SOUO[O 1001-0]-}[NOYJIP 91T} :SIUOO [LIIAS PAIENEAD M ‘[I0 A[qen]eA S)I 10 PUE SUONIPUOD

*95U| [BUONIBUIBIU| 0% IN-ON-AG-OO€ J9pun S|GE|IEAE Spew
s3] “Aumadiad ur juudeid ay) Aeidsip 0} asuaol|

137



Appendix

143

"(0102) €2 ‘TT "J0!9 ‘JoIN DN "III9eT SNingob
sndAjpan3 ul SUI00J SNOIIIIUSAPE OJNA Ul SULINP UOI1eZI[RWIOU UOIIeal Uleyd asesdwAjod
-uonduosuel) 3s19A34 dA1IEIIIUEND 10) UOIIIB[BS BUST DUBIBJRY ‘|8 19 'Y ‘Nl ‘eplaW|Y ap

‘(¥102) 928 ‘ST ‘Wouan JiAg "uonew.oy
1004 snoniauaApe Sulinp Suljapowal 3|Ngn30Jd1W Jo sduelodwl ay) s|eanad sipunib
sndAjpan3 jo s8unind aunjew pue aj1uaAn| ui Suljiyoad uoissaidxa auao ‘|e 19 ‘W ‘PaIqy-NqyY

*(8002) 6€9T-629T ‘8T "/0IsAYd 93. *aua8 100Y-LYOHS sisdopiqe.y
2y 01 Sojoyio aAlzeInd elelpes SNUld B JO UoIssaldx pue uoleziiaideley) ‘|e 19 “y ‘9|os

‘(¥T0T) ‘S "I9S "3UD|d "JUO.4 *UOIHISURI} }NPE—3]IUSAN[ B3 JO 193443 Y3 :S3123dS 9343 359104 Ul
UOIEW.O0} 100 SNONNUSAPE PIEMO] $||29 J11eWos 3 npe Jo SulwwelSoldal 192410 D ‘e|es-zelq

"(¥102) 86T—C6T ‘TST "2UL|d ‘JoIsAld 's101oe) uondudsues) jo
UOI1BWIOJ 100J SNONIIUBAPY “d "Y ‘OrJ3jRYg 3 'V ‘[eS1Y “A ‘Dn8aq

1UBWAA|0AU :53123ds 23]

*(€00T) ¥STT-LYTT ‘€T J0ISAYd 9241 "UIBlI0 Binjew
pue 3|1UaAN( JO [eLIRIEW WOJJ SI00YS JNGOJ SN2JaNYD PIIN1|N-0J3IA-Ul Jo Sunoos ay) Suunp
sade)s [eyuawdoanaq "y ‘19159)|eg 1B "IN 'V ‘Z2USIA D ‘N ‘9SO[-UES D ‘Oue||aJy “N ‘|epIA

*(666T) 629-6T9 ‘€8 109 “uuy INuIsayd Jo saseyd
ainjew pue 3[iuaAnf wouy s3u13INJ0421W Jo Sul100. 0JA Ul BULINP SJUSAB |BIIWIBYI0I]G pue
|ed1WoleUY ‘N Y ‘ZOUBIA 73 ] °[ ‘0ZUI0T-ZapUBUIRS “N ‘|BPIA “D “IN ‘ISOI-NVS “V ‘421s9||eg

"(£66T) S85-LLS
‘STT "JoIsAyd 1upjd uadse plgAy ul Juswdojaaap walAx Alepuodas 03 pajejal si pioe d13ade
-€-9|0pul JO JUBIPE.S UOIIRIIUBIUOD |BIpR)  *g ‘BIagpunS 8 S Suld ] ‘Yaand “H ‘uauiwon]

*(966T) 9826-78T6 ‘€6 V'S 195 ‘POIY [IDN 2044 "sjue|d ul uoieurioy

usen1ed ui [eudis |euonyisod e se uixny g ‘81aqpuns g o ‘8iaqpues | ‘zaUo D ‘e|38n
(066T ‘uowesiad) “Awolpuy Jupjd 'Y ‘uyeq

(v102) vSE

‘YT '/0Ig JUD|d NG *SI00J SNOIHIUSAPE WLI0) 0] 32US1AAWOD JO UIIP PaIe[I-UOIIeINIEW By}
yum pajerosse suianed uoissasdxa 1duosuedy :auid ul Ajjwey suad Syyo syl ||e 19 q ‘edleqy

*(2102) 66L—L8L ‘TL ' 3Ub|d "UOI}BWII0} 300 SNORIIUSAPE pue uononpo.d
BPIXO 213U PISEIDUl YUM PIIe[2.J0D YdIym ‘sipupbib snydAipon3 jo s8unind ajiuaanf
ul 3seINPaU 91eJ1IU Jo uoe|nSaidn pajeanal sishjeue AedieoudlN ‘| 13 A ‘PRIqy-Nqy

"(ST0Z) ZSYT—LEYT ‘99 J0g "dx3 T "Sisesoawioy
uixne pagueyd e SSA|OAUI PUB Yd1IMs 3A13dNPOo.dal 0] 9A1IRIDSDA BY) YUIM Sauljdap
Bunjoou snonnUaApY "q ‘uslER 1 "N ‘@8anuqg “Y-IN ‘19ezalileH “y 'S ‘IUISSSOH Y ‘Uassnuisey

*(L66T) 08—EL ‘66 IUD|d "[0IsAYd *Sualiniadwas
DpI0Nbas J0 saUO ainjew pue SUNoA Ul SuO0J PUE WSIJOGRIDW UIXNY ‘|e 13 'Y ‘eAoYZe|g

*(866T) ¥6T-T6T ‘9 '[NB3Y YIMOID JUD|4 "UOIEWIO) 1001 SNOIIIUSAPE JO saseyd ae| aY3 Ul
winig|ed pue uIXne Jo 9|04 8y} JO Uolewliyuo) *| ‘Jedsen g "H ‘uiddain ) ‘|auad 1 ‘sulwe|jeg

*9su0l| [euoNEWBIU| 0% AN-ON-AG-OOE Jepun a|qe|ieAe apew
Aumedied ur juudeid ay) Aejdsip 0} 8su8dl| B AIXHOIq pajuelh Sey oym ‘18punyioyine ayy si (m:
juudeud sy 1o} Jepjoy JybuAdoo 8y “€202 ‘€1 YoIe|N PeIsod UOISIBA SIU) 1L522ES € L'E0" €202/ L0 k10 1/B10"10p//:Sdn!

1 198d AQ payIed Jou Sem YoIym)
10p Jundaid Aixyolq

11 “Aumadied ur juudeid ay) Aejdsip 0} asuUS0I| B AIXY

€l

(6T02) ¥TST—66VT ‘TT 1Ub|d “JoN “sisdopiqo.y ul Suljeusis uixne Juapuadap-yy|/xny
-294V/THIL Aq Bu1100J SNOIIIIUSAPE JO |0J1UOD BY) JOJ 3JOMBWEL) JEINJBJOW V/ “[R 13 Y ‘[eyd¥e] 0T

'(£66T) L6-T6 ‘6€ Jup/d ‘[oig "Awjiqe
8u11004 0411A Ul 01 paje|aJ S3UNINd0LIW puow e Jo s}oadse [edlwaydolg *|e 19 "3 ‘luoge) ‘6

‘(¥102) 96-€8 “TST 2UD/d *|0/sAld “BU11004 SNOIUBAPE 0.3U0D
1BY] S|B}-SS0.10 duowIoY 3Y) Ul JaAe|d [B43USD B S| UIXNY "D ‘1Ulj|3g %@ | ‘DU0IIdd “| "Q ‘Jeinded ‘8

(6002) 9ST—LTT ‘LE SmainaJ Jupid [pnuuyy “sanidadsiad
pue s3ySisul Mau :UOI1eWIO} 1004 SNOIIAUBAPY D ‘IUlj|ag 78 *] ‘Za14aIngd “9 ‘ss199 ‘L

*(¥T02Z) 999-6€9 ‘S9 ‘J0!g UD|d AY "NUUY "SIIUIBYIP

pue saljlie[IWIsS :S1001 [BJd)e| PUB S100. SNOINIUBAPY °| ‘BU0llad 7@ °| *d ‘Jednded “) ‘lulj|2g ‘9
‘(T102) ST
—60T ‘L "A3Y "21240H "syue|d Apoom Ul uojieuaAnfal pue ‘uoieiniew ‘ANJIUBANS *d "M ‘N3oeH Ky

*(1T0T) €12 ‘8€ A2y "21140H 'S3179ds 9911 POOMPIEY 1004-01-NJIYIP
JO UOI1BWLIOJ 100U SNOIIIUSAPE JO UOIIOWOId “H D “43JY2IIAI 78 T *) ‘@IS30M “IAl d Infid v

'(066T) 0£6-€26 ‘0ST (6£6T)
22u3)2s "syueld ul sissuadoydiow Jo0ys Jo uoienda. ay) pue adueyd aseyd 'S Y ‘S1Iy1vod €

(£T0T ‘uosiead) sa211204d pup sajdidulid :uoippbodoid junjd
5,42159) 9 UUDWIIDH g S ‘UOS|IA ] "Y ‘DABUDD | ' ‘SIABQ “3 " 491S9Y “L “H ‘UuewleH k4

.:u.HONH ‘S "I9S JUD|d “JU0I4 “Juawdo|anap 1004 |eJa1e| woudy

S1aIp sisauagouesio 1004 snonuaApe A1020dAH ‘@ ‘U3J33D g S ‘D110YS “| ‘UDIDBISIDA T

SIIUIYIY

(40 03) drysmo[[o g 0L@OL UL LA du pue ‘(NI
“AusIoATu) onpang) J95IBIS " SLYD PUE ‘S°H ‘MY 03 61-S61§-SI Toquunu JueIs ‘(Y V) pung
JuawdoaAd( PuE YoIeasay [eIN}NOLIFY [euoneulq [deIS[-SN Y1 ‘("S'd pue "M ¥ 01 0L20-10
-0T PUB S000-LE-€T ‘£900-01-07 s1oqunu jueisd) [oeis] Juawdo[oAd [eay pue aimnousy

JO AISTUIA] 913 JO ISIUAINS JA1y)) Y} woly Surpuny Aq pajtoddns sem y1om sty sonouadolAyd

STTI/TYT] Sunonnsuod ur QOUBISISSE IIOY) 10] IqR[EH UBISY pue 3soIkejN Ae)] uey
0s[e 9A\ "€V PUB ‘TTTI ‘TYTI JO UOISIOA JUBUIQUIONAI-[SO) Sulssardxa s10j09A pue jueinu
o1dwny z-g.v1 [-zjt [-1471 9y Surpiaoid 10§ [orreg druuog pue ‘ueinw ajdnoo £y3 ay) Surpraoid
10J Sun[T uney ‘s10100A HzA Suipraoid 10j o[[aIsg SHey ‘Gueinw ddnipenb xvyxnp oy
Surpiaoad 105 dniemg uefuey] pue pyouusg WIOS[BIA ‘SAUL] SISAOPIGD.LY /- [XND PUR ‘SHUD A Gy
‘aspaafion. ¢y Suipiaoid 1oy ueyg uofig uey) osje oA\ syudwadxe  Funroddns
10J qe] "M\ U A[oYyZayo A UQJJor) pue UN[qIdA [oLTY SJUSPNIS A)enpersiopun o) Yuely) ap\

SJUAWI PO IY

“a5UB:

[euoeuIalU] 0"y AN-ON-AG-OOE 19pun Sjqe|iene spew

D pajuelb sey oym ‘Jepunyoyine ayj si (meinal 1ead Aq paijieo Jou Sem yoiym)
juudeud sy o} Jepjoy 1yBuAdoo ey €202 ‘€1 UdIBIN Pelsod uolsien SIu} £G22eS €L €0°6202/ 10 10 +/B10"10p;/:sdRy :1op juudaid Aixgolq

138



Appendix

9l

*(S002) Sty-Tvv ‘SEV 94n10N
1 TYIL u12304d X0g-4 3YL "IN ‘319153 7 'S ‘Uiseweyq “N ‘Misewleyq

*101d@23J uixne ue

'(5002) TSY-9v¥
‘GEY 24n3pp “101d323J UIXNE ue S| TY|L u1104d X0q-4 sisdopiqoiy Y| O ‘49sAa7 g *S ‘Disuiday

"(6L6T) EET-€TT ‘8T Ansiway201Ayd Annnoe
uIxne Joj syuawaJinbal Jendsjow pue a3is 103dadal 8Y3 JO 3NJBU BY] UO :SUIXNY 4 'D ‘Iexaiey

*(SE6T) 627—60T ‘L ‘35uj uosdwoy a2Aog “qLiauo) "siueld ul sasuodsal Jayio
pUE 1004 JO UOIIBNIUI BSNED LIYM SIIUBISQNS YIMOJS [BIIWSYD [BIIASS “M 'd ‘UBLIBWWIZ

*(€96T) 0LT-S9T ‘8€ "J0IsAyd 1up|d "uoIIqIyul 1004 B)NbsaW uo
spioe Axouayd T J0 A1IAIDE SuIdUSN|JUI $10108) SWOS ] UOLIOIA PIBMOH '@ PIeYdIY SUSIyag

“(S6T) 9S-SS ‘2vT 19§ ‘jolg :g ‘puo]
20§ Y 20.d "jue|d Y3 UIyIM UOIIEPIXO-g JI9Y] 01 UOIIe[aJ Ul SpIde dljAxoqued |Ay|e painiisgns
-m ule9 Jo Auanae Sunendal-yimous ay L °r 3 ‘)|assny 13 4 ‘UewySIm 1 'Y ‘Ulepm

“(v86T)
L6T—€6T ‘19 2UD|d "|oIsAld *s8uind ead ul Su1300J UO $1I3))3 UIXNY ) ‘PE|gaIY 1B ] ‘Uossel|]

*(0202) ST ‘L9 195 3up|d [ “4s] *SBunInd Aq splgAy
S} pue s/suadajpy snuid ainjew jo uonededoud aaile1adan Joy poyiaw panoidwi “|e 13 [ ‘Aoly

*(£00T) $81-99T ‘ST 21340H
‘uoJIAug °f *92130e4d |BI2JBWIWOD pue AJBA0ISIP J1413UBIdS JO S1edA O/ JO malaJ e :uoieSedoid
Sumind u uonedijdde uxne JO SPOYIBA AL T 433Ny B ALY L 1T “A31als ) “3 ‘ayiAig

*(s002)
G0TZ-S60T ‘95 109 "dx3 ° *syuawdas wajs sisdopiqelyy UO UOIIBW.I0) 100 SNOIHIUSAPE
padnpul-p1de d11AING-€-3j0pul JO SISA[eUY ' "D ‘UMOL 18 "\ YIUDOLIBA “f “43||NIN-Simpn

*(0T0T) 0ZT-ETT ‘99 IS boub
1534 "UOIIO. JO PO PUE WISIUBYISW JO SNIBIS JULIND (SBPIDIQIBY UIXNY *) ‘UUBWISSOID

(€107 “498unidS) 5£T-6ST
5]02030.1d pup SPoY13|\ :SIsauabounbiQ Jub|d ul SiseuaSouesio 1004 OJ1IA Ul 10} [9POW € Se
Dbuplpy] sisdopiqoJy Ul UOIIINPUI 1004 SNOIIIUBAPY " ‘US[93D 7@ " ‘UBWII3g | ‘UIBRIISIDN

*(6L6T) LYE-TVE ‘28 101AYd MaN "uoiie|ona 03 pue uonedijdde
uixne 03 uoiie|as ui ajdde jo s3unINd Ul uoeWI0) 100y "3 D WSUM B 'V T ‘ASiejaq

"(€007) EvT-SET
‘€ ‘wouan “4bajul "1aun4 "ydeoidde uonauny/ainidnuis e Suisn sul|pass sisdopigely palejona
10} 8W01d1IISUBL) PIINPUI-UIXNE BY L “|Al 'V ‘SBUOS '3 *d ‘UBGUNH ‘A *|Al ‘OBY “A ‘NID “[ “Ayynd

“(6T02) TLYI~E9Y9 ‘9TT V'S'N 195 "pDIY ‘10N 20.d Judwido|aAap Jueld ajeinpow
0] uoljepesgap uia104d yyI/XNY d14199ds 2npul S1SIUOSE UIXNE SAIB[DS *[B 19 "L ‘UleA

“(¥10T) 289-€L9 ‘6 "J0!g "WaYD SOV “uonew.o) xa|dwod 101dadal
-02 VY| /XNy-94V/THIL4DS 40} suixne jo Ajoiydads pue Aduaidiys Sulpuiq Suluyaq '|e 319 'S ‘997

“(2102) S8Y-LLY ‘8 018 “WayD JON “UIXNE JO BUISUBS [ERUDIDHIP
104 WidlsAs 101d3334-03 VY|/XNY—4V/THIL [ELOIRUIGWIOD VY '[e 13 °Y °| ] ‘SOGO[e||IA UJap|ed)

*95U80|

[euonewiaju| 0y N-ON-AG-OQE Japun a|qe!

AE Spew

juudeud siy} 4oy sepjoy BLAdOD BYL €202 ‘€1 UOIBIN PeISOd UOISIBA SIU} LG22ES € L'E0 €202/ L0k 1 0 L/BiS

| ~Aumadied ur juudeid ay) Aejdsip 0} 8su80l| B AIXHOIq pajuelb SeY oym ‘Jepunj/ioyine ay) si (mainal 1ead Aq paiiieo Jou Sem yoiym)
10p//:sdny :10p uudeid aixgolq

Sl

*(8T0T) 6E9T-SZIT ‘LTT ‘[0MAlYd MIN *S33eJ1SANS J0U I
SapIIqIaY uIXne Auew :ANARD3[3S TXNY SUlaP Sdew pjaly Jejnd3|oW UIXNY ‘[e 32 Y ‘BAotsAoH

*(900¢) LZTT—ETTT ‘9T "jolg nD "uidlod Jaliied xnjjul TXNY dY3 Aq 1odsuesy
uixne Ajuiyge-ysiy '3 ‘uss|aIN 18 "d "d ‘UewlyaeYdS “9 ") JojAe] “Z N ‘SDwweH “A ‘Buex

'(9T0Z) 69265109 ‘TT U0 SOTd
*sisdopigJy ul ws||0ge1aw 1ounsip moys sa1e3nfuod pioe oulwe yy| pue -z |e 19 7 4943

*(8T02) S£2-S9T ‘69 "10g "dx3 [ 'sapIqIay
Se SUIXNE JO M3IA3J Sdl1ewoJuIWRYD W Y “JardeN @ °f ‘I “f ‘ejsuisnid “IN ‘Aysaienp

*(6T02) £6-S8 ‘9¥T ‘[o!g ‘Jon ‘sAydolg ‘Boid ‘ASo|oiq Jue|d ul [spow pajuaLio Suinjos
-wajqoud e se s3uinno 1dAjeans jo Sunooy 'O 'y ‘0189N-1124 3 "L D ‘B1S0D Bp ‘[ ‘BOqSE|IA

*(6T0CT) 08—€L ‘S9T "2UD|d “[0IsAYd "S3193ds 931} 1S90} Ul UOIEWLIO) 1004
SNOIIIUSAPE JO BUI|29p paie|aJ-uolieiniew Sulnp solweuAp Jejn||a) ) ‘e|es-zeiq g 'V ‘oliezld

(6L6T) E€-6T ‘LY "2ub|d “|oIsAld “JuswdojaAap pue u 11Ul wnipJowlid 1004 snofijuaApe
uo spioe 2AING-g-3|0pul pue 2119Je-g-9|0pUl JO SJ1Sa |AJe Jo 2duanjul 3 'g ‘BissieH

*(2102) TYZ-9€T ‘8§ "U0.IAUT [0S JuUD|d "S3LIIBYAN|] YsNqySLy Jo
Bunoou sanoadwi pioe 211AING-g-ajopul Jo 1e8nfuod auluely 'g ‘Ipuos-yadojes g S “dInaljeyin

*(£66T “498unds) ¥0T-S6 “JWawWdojanag pub uoipuiio4 100y Jo ABojoig u| "SI01IDI|S pUE Ssuixne
95e3|a4 Mo|s Aq Bu1300J SNOIIUBAPE JO UOIIINPUI PASERIOU| '[B 33 Al /W ‘USN3IY Jap UeA

“(1861)
89¥-99% ‘D€ "Boupyy abupy ‘1 *s38uinnd (sidosold) s1nbsaw Jo Sunooy 'y d e B "d ‘4ave4

"(886T)
095-95S ‘DL “2b|d “[0IsAld *s8unInd ueaq Sunw u pioe JAING-g-3|0pul pue pioe d1ade
-€-3|0pul JO WSI|OgeIdW PUE JUSWIAOW JO uosliedwo) '3 ‘u1R1sd3 ¥ [ ‘AolY “Z ‘UBWSIIM

"(T102) 98v~LLY ‘b 2up|d ‘JoN "proe d1AINg-€-ajopul
Josundaud uixne snouaSopua ay3 Jo wisijogeiaw pue Jodsues] g ‘|91ieg g *) ] ‘4apesis

"(€66T) 68€-78E ‘88 IUD|d *|0IsAY "1iodsue.) pue wsiogerdw
‘sisayjuAs ‘@aua.14n220 :syuejd ui pioe J1IAING-g-9j0pu| ' 43|ININ-SImpnT 13 *3 ‘ulelsd3

*(TT0Z) 06-8L ‘TT S3Up/d
JIAO |BJBUDD °| :Sjue|d [BIUSWEUIO Ul UOIIBW IO}

‘wouiQ ‘bodold $955922NS JUIIAI PUB M

1004 SNONNUBAPY Y ‘S0qO|e||IA-2ad0T 73 *L ‘We|seH ] ‘uidainy “3 ‘Bunaj “o ‘weuln

‘(se6T)
68L ‘0T "[oISAYd 1uD|g "S8U11IND WSS UO UOIIBWIO) 004 0] UOIIB|[DJ Ul SBUOWIOH D) "M ‘Jadoo)

*(STOT) 6T-TT ‘L6 "waydo!g "|oisAyd

1up|d *syue|d Jaylow ||iqe sninqojb snidAipan3 paleaJl pai-lej Woly PaALIRP S8UINJ0IOIW
40 8unoou snoniuape panoidul saljuapun sauas paje|a.-siseisoawoy ajespAyoq.ed

pue uIxne Jo uoidiosuel) palIaduo) ‘O 'Y ‘019N-1194 3 'Y "INl ‘epIawly ap “IAl D ‘||apany

"(sT02)
S9T—-SST ‘6€T "I9S JUD|d "Sn3dAIpINg ul 33UEI}ID|eID BUII00I SNOIIUSAPE JO SISE] JBNIBjOW
3y ojul s3ysisul mau sapinoJd sisAjeue jeuoindiidsuely anesedwo) ‘e 19 Y ‘N ‘eplaw|y ap

“95U80)] [EUOIEUIBIU] 0y AN-ON-AB-OQE JOPUN SIGEI[BAE SpEw
uudaid ayy Aejdsip 0} asusol| € Aixgoiq pajuesb sey oym “1epunj/ioyine au}

(maina1 1ead AQ paiyiied Jou Sem yolym)
E:n_m‘a Sy} 1o} Jepjoy 1BLAdOD By "€20Z ‘S 1 UoIe|y PeISOd UOISIaA SIU} '/G22ES e L'80°€202/ L0 L0 1/B10"10p//:sdny :10p judeid AixHolq

139



Appendix

8l

*(2002) £52-507 ‘2§ “quap "doy “iin)
*s1aAe|iq pidi| yum uonernosse apiidad jo syueuiwialap ASIaua 9944 "N ‘[e1-uag 1B 'V ‘|9ssay

*(TT0T) 6SET-TSET ‘L 'I154S0Ig [o “pual) BuiBiawa ue jodsuesy
uixne paziJejod 10 S|PPOW YIBAPI ‘[ ‘UYIA-SUIBIY B °[ ‘|Wid4 “M ‘SHIBA0D Y “Hjlugepm

*(2002) S8E-ELE ‘6t '/0!g |0 IUD|d "SI0108)
Aisorengas pue s1jowoud ‘sauad :uoissaidxa auas anisuodsal-uixny ‘| ‘djAoj|ing g ‘o ‘ussey

*(S002) £29-919 ‘LT I12D JuD|d * 119Je-g-9jopul 03 sploe
oujwe sa1e8n(uod Jey) Ajiwe) swWAzua sisdopigely Ue Jo uolezialaeiey) ‘B 13 '3 d HDIMSeIS

e

'(9107) ZTeve ‘9 ‘day
"I9S "wnjnanaJ djwsejdopua ay3 ul siseisoswoy uixne Sune|ngdai Aq ssuodsad uixne aje|npow
ey JO Ajiwiey a)1|-TYT] Y3 JO s9se|oJpAH ‘B 13 'd Y ‘BZUBLIR) ZaydueS

‘(€L6T) 882-S8T ‘Y¥T "Joig MaN
30N "uixne Jo axexdn |92 uo a84eyd adejns pue Hd J0 10913 'Y 'V ‘©eIPBYS B 'H 'd ‘Aagny

*(220%) ‘€T 195 qup|d "3u0id "DSoulds plupbiy JO

S3UOJD Ul S3I}I|IGe UOIeDIJIUN-1je8 PUB UOIIEWIO0)-1004 SNONNUAAPE Sulledwo) ‘|e 13 *d ‘e[aazL

"(¥102) 89-¥S ‘89

*00S *JOWOd ‘WY °f *|e11} ¥20151004 JIEMP OpT-DN €00 Y3 JO AJewiwns Jeak-ua) e :suoieso)
1Y819 1€ 5320151004 £7 U0 3|dde ,SNOII3Q UBP|OD), JO IUBWIIOWI ‘[0 12 *d 'Y ‘IULIEAl

Ll

*(6002)
GTT ‘€9 20S ‘JOWOd "Wy °f *|BlJ} 20151004 JueMP OpT-2U £00T Y3 Jo Atewwins Jeah-anly
B 1SUOJ1BD0| ZT 1€ $20151004 £7 U0 3|dde ,snoidi|ap usp|oS, JO 9oUBWIOMDd '|B 19 "d 'Y ‘IULBA

“(SHSI ‘7002) S¥Z-T¥T Sa199dS 2. 3in.i4 snonpidaq 40f $32015100Y
uo wnysodwAs jpuoiapuIaiul IST 3Y3 Jo sBUIPaa0.I4 Ul “S[ell] }20151004 OpT-IN UOIIBIO[-IIINW
Ul BILIBWY YHON SSOIOE S)20]51004 BASUSD-||9UJ0D) JO 9OUBWIONA ‘|E 19 ] 'L ‘Uosulqoy

"(0zoz) L6
—€8 ‘L9 "I9S JUD|d [ "JS| "UOI}BWLIO} SN||BD SNSISA S00J SNORIIUBAPE {(pJafijjaw sidy) seaqhsuoy
10} 924n0s pooy se sauo|d snidAjean3 ayie jo uonesedoud anne1adap e 19 v ‘nyehl3

(066T) OT—T ‘9 ‘J0IsAyd 3241 *sa129ds snydAipIan3 994y Jo suolie|al Jajem
uo 3uluapJey p|od Jo duanju| “3 ‘Aysulwzny 13 '3 ‘oueploln S ‘o ‘ezzoudn|n “Y ‘lURUSJEA

"(T207) 685-€8S

‘965 24n1p “plodeyd|y yum uopoipaid ainjanais uielold ajeandoe AjysiH ‘e 38 ' ‘yadwnr

*(6002) TL-T9 ‘PL "Su210.d "pUDI|DYY
sisdopiqp.y wouy asejoipAyopiwe a1e3n[uod-uixne ue ‘z17] Jo ain1ns Ael-X ‘e 13 '3 ‘Onlg

*(#002) 886-8L6 ‘SET "[015AYd JUD|d "uoneuIwISS sisdopiqely SuLnp S|aA3) pioe d13a0e
-£-9|0pul 9344 03 $33NQIIIU0I Jey} sasejodpAy a1eSnfuod-uixne Jo Ajiwey v ‘e 18 'Y 'Y ‘Aedwey

*(¥00Z) 0YZT-0€TT ‘SET "J0IsAYd Jupjd
*s91e8Nn[U0d apIwe uIxne uleyd-apis J98uo| Joj A1d1y109ds 91e415qNS YIM 1eaYM WoJ) asejolpAy
91e3n[u0d UIXNe [2A0U Y ' “43JINA-SIMpNT 8 “A ‘snuSeln “4 "y ‘Opife|o “r ' ‘ejlauedwe)

“(z007)
TSY0T-9¥v0T ‘LLT "WayDd ‘[olg °f *SIsdopiqnly w0y sase|opAy 21e8n[uod pioe oulwe-yy| Jo
Ajiwey e jo uoneziisioeleyd g ‘|91eg g 1 'd S ‘epnsie|n “v 'y ‘Aadwey “y ‘za||aL “S ‘@93

“(666T) 9LE-SIE ‘TT //2D Jup|d “sisdopigeuy wo.y se|oipAy a1esnfuod
uIXne Ue SIpodUd £y g ‘|91eg @ "N ‘A ‘UOSIapuY “[ ‘||[dMsSeT “H "Q ‘21909 ] Y ‘salneq

"(S66T) 8vLT-SYLT ‘89 (6£6T) 99ua1os "sdyesnfuod
WoJj pIoe 21192e-€-3]0pUl dAI1IE SISEI[J 1BY] 3SR|0IpAYOpIWE UR ‘TYT| Y "D “juld 8 'q ‘|9Meg

“(T202) TT-T ‘2T “unwwo)
‘JON “UIXne auowoy u:m_n QY1 jo >m>>r_umn uoljeAlldeul aAIlepIxo ulew ay] ‘e 18 ) “ ;mm>NI

*(220T) SLT-€9T ‘SET 10MYd MaN “Wd1yap Ja1em pue Ajuljes 01
92URJD|0] $I34U02 SEHD || dnou3 sisdopiqely a413ua BY) JO UOIIBAIIDRU| [ 19 Y ‘Z9BS-BAOURSED

*(8002) €28

—018 ‘2 "Aa@ "sauan *Sujuianied 2110e10|Ayd 9z1jIqels SI91IIeD XN|juUl UIXNY *[@ 19 *Y ‘@8plquieg

*(zz02) 019-509 ‘609 2.n1ON
*19140dsueuy uixne g3NY04-NId Jue|d ay1 Jo wisiueydsw pue saunnas e 19 *1 7y ‘Sun

*(8107 498utids) 06T
—/ LT 1uawdojana@ 100y ul 's300. sisdopigely ul uoissaldxa auas Ja1iodal paseq-asesayon|
40 SuiSew oAIA ul wIB)-8U0T | ‘UBWNI99g 1B S ‘DISAUURA “Q ‘49ydeuspdQ M ‘ueny

*95U00l| [eUONEUIBIU| 0'y ON-ON-AG-OQE Japun BIqE|[ene apew

L

K24

L

‘89

udeid ay) Aejdsip 0} asuaol| € Aixgolq pajuesb sey oym “lepunj/ioyine ayj st (mainas sead Aq paiyies Jou Sem YIIUM)
Jundeud siy 1oy Jepjoy JyBuAdod 8y) "£20z ‘S L YoIe PeISOd UOISISA SIU) {/522€S €1 '€0'6202/L01 L'01/610°10p//:sdny :10p junded AixHoIq

140



Appendix

0c

“VAONY semseaw pajeadar ‘S0-9¢6'C = d
*(pajood) s3urppass (z~ syuasaida jop yoeq “(uoneorjdde y ¢ 1 any10ads Jooys "OSINA 10J %1°0
‘b1 10 VD 10 AT (1) Siuounean paredipur oY) Surmojoj sSurpads sisdopiq.ay ul KAnoe
asv.af1on). ¢y Jo uonesynuenb asdej-own | 4§ *AjoAnoadsar /¢ pue ‘g¢ ‘Ge¢ L€ = u "saFejudorad
Sunoor 1oy3y yum synsar jusunean by jey sisoyrodAy ayy Sunsd) 1s9) 1oeXD S IAYSI] JO
sonjea-d a1e umoyg "(ysip-1[ds © BIA [ '] 10J sjooys 0} A[jeayy1oads pardde QSING 10J %10
pue ‘by 10 YD+ VI 10§ N1 (1) SIUSUIILAL) PIJESIPUI Y]} 03 dSUOdSAI U S100T SNONIUIAPE
padojoadp 1ey) (sisdopiqpp) SSUIPIIS-YOOM-0M]) JO SITLIUADIDJ ‘9 "SI0 PIepuBlS
Juosardor sreq-Iowrq "oeds omuyieso] ur pajussad ele " Ul payoads se s1 uonisoduwod
sojduwieg "z Jo SISISUOd [OIyM Y [ Ioye ydD-f 10 1dooxe sajeorjder ¢ jo sisisuod ojdures
yoeg “(wdd 000°9) VEI- + (AT 001) VdO-t 10 (wdd 000°9) VeI + (AT 001) b1 Suimorjoy
VdD- Jo uoneoynuenb SIN-)TJH ‘P "SIOLIS pIepue)s Juasaidor s1eq-I01rg 9[eds oruyjLeso]
ur pajuasaid eje “10y1050) pIsoAley soseq-Sunino (g Jo [ood e woly pajoenxd ‘sajedsrjdor
¢ Jo pasodwos st opdwes yoey “(wdd 000‘9) vdI- + (AT 001) b1 Jo uoneordde Suimojjoy
' Ul umoys spunodwod ay) jo uonedynuenb SN-DTdH D HUn SOUBUOSAI 10} SPUBIS (1Y
‘uonN|os I UIXNE PA)Sa} oY) 1M PAXIW YL Jo Jutod uonoofur 10§ spuess ] "uoiSop LyV] pue
IIL Suisn o.1a-u1 (%71) OSING 10 spunodwiod pajedipul oy} Jo ANANOE dIsuLul oY) Sur)sa)
Kesse S ‘q ‘vruvjd ur by woiy aseajar v D~ Jo uonejuasaidal onewayog ‘e “gurjeusdis urxne
paduojoad dpeypoR) 0) IsedI YdD-p Mo[s PIM uonenduad ysiy sourquiod by :z 81

CE™ 0
. > I
S & 8 . || [
¢ d §
. e $
wor o « 1 g 7 ver
be po [“=3 2 e 8
osma o . H . H
£ ER— 2
wouseary o luw3 2 3
$ led
& . . 2
! PR s s o
. 3 -
3 @ P
(W) swny. (s) owany hndd
T x e
vore | w o s § J
e 1 . H pra——— uoenausg B
e 1 3 = s ox b
unoccr ek W2 i
- | </ N
. QO «

*95U90I| [BUONEUIAIU| 0'F AN-ON-AG-OQB Japun |qe|ene apew

s11| “Aunjediad ur yuudeud ey Aeidsip 0) 9sUSD)| B AIXHOIQ pajueIb SBY Oym ‘Jepunj/ioyine auy) si (meines sead AQ paiyilied 10U Sem Yolym)
juudeud siy} 1oy sepjoy BLAdoD By "€202 ‘€1 UoIBIN PeIsod LOISIaA SIU) 12522€S € L'€0° €202/ L0k 10 1/B10°10p//:8dnY :10p junidaid AixHolq

6l

“JUSUIBAL) PIYROIPUT
oy woyj skep ¢¢ sSurnd jo sarmord sanejuasardoy § (3591 ) Koupyp-uuey) Apueoyrusis
vdI-3 pauuojiadino suonesridde oy jo suoN "Sumnd pajerousdor 1od sj001 jo Iaquunu
Sunuoasaid jojd-xog ‘@ pajussard are sonjea-d 159 ) ASWNYA-UUBIA PIPIS-0M ], ‘SSumnd
parerouagar ur yiSuo[-)001 Jo suonnquusiq ‘p "s1ojoeIq Ul umoys si (AT Ur) UonEnuLdu0d
punodwo)) Ajpansadsa ‘ojdures 1od sSumnd G pue sy ‘S ‘07 07 ‘0T ‘09 = U JusunLRaN 9[IUIS
e se (wdd 000‘9) veI- 01 paredwos suoneorjdde 1on9q Apueoyiusis 10§ pajussaid oie sanjea
-d 1591 j0BX9 SJoysi] "uonesrdde 1o Yuow | seSeyuscred Sunooy o ‘punodwiod Judrolze
jsowr oy} by jo aimonys ‘q uoaros [eorwoyo oy jo uonensni ‘e “(by) INO-dIL-VdD
- PAYSYS1Y s3unINd 300.1-0)-)[NILJIP JO SIIIURYUI SUN00.I 10J UIIDS [EIWAYD Y : ] S

(el 05) by + (wdd 000'9) VI wowyasy wewneasy

S1001 j0 Joquiny

]

oozl <u — - - - var -+
“—

- - -
e e e ®

ee=U enssn ainie)y < .mmw

o s tawns [ G001, 0% 00 o7

seeBnfuco uixne opeuuAs
Weweax efbus ‘joug

s2an31q ydrdsnuepy

-95UB0I| [UOREWIBIU 0% IN-ON-AB-O0E J9pUn SIGEIIEAE Spew
s “Aunjedsed ui yupdaid oy Aeidsip 0} 95USDI| B AIXHOIG PSIUBID SEU OUM “JSpUNyIOLINE aut SI (Moines Jaed Aq pal

180 10U SEM UoIyM)

141



Appendix

[44

VDt 201) 2sea]o1 0) (€Y V1 10U Inq) TTTI Pue [Tl £q paAea)d
SI AT 9[Iym sawkzuo ay) Jo Aue Aq paaea]d jou st by "SIN-DTdH Aq paioyuow se (quid) agp
10 (an[q) by spremoy sowkzuo ayy jo Ajanoe onkjoIpAy o.pa-uy ‘wopog “((angq) sydoIpAy
Jsowr 03} (mo[[aA) orqoydoipAy jsow woyy Suiduer) (d[eds Ao1qoydoIpAy [B1-Udg/[SSIY
9y 01 uIPI0OOE PIPOI-10[0D AT SPIOR OUIUY "€ V] Pue ZTTI ‘1Tl PIM I JO SUonemo[ed
Sunypoq :doy ‘p JueoyIuSIs J0u 10§ SPUE)s su "uMoys st safejuosrod Sunoor 1oySIy yim s)nsax
Juaunean by yey sisayiodAy oy Sunse) 159) 10eX2 5,10YSI] JO anjeA-4 “djdwes 1od syueyd go-¢p =
u “(ystp-nds e ur uoneorydde y g1 oyroads 100ys *OSINA 10J %10 ‘b 10§ AT 01) uoUEN
by 0y asuodsar ut sj001 snonnuaApe padojoAdp sSuIPads JO saFLIUIIDJ D JuedIUSIS Jou 10J
spue)s su ‘pajuasaid are sanjea-d qSH Aoyng, -ojdwes xod syueyd 46—/ = U "(%]°0) OSING 10
b1 yum juounean skep-¢ € 0 osuodsar ur yueynw o[diny z-£.4m1 [-z1j1 [--4]1 JO UONBIUO[S J00Y
‘q s10o110 paepue)s Juasardar sreq-1ouy “(1y31) Yoo se (%1°0) OSINA 1o ‘(wudd y9) yusunean
reseq vdI- + (AT 001) Iowonueud pajesrpur oy} yim uoneordde jeseq 10 [eorde 1oye
4 $7 VdD-+ Jo uoneoynuenb SIN-DTdH pue (2/27) sT pue by siowonueus oy jo saimonng ‘e
‘sisdopiqoay pue sipup.3 77 ul pajensal A[[ednewszud s1 yd)- 03 SISA[0IpAY IT :p “S1

o sun e adfjous

zsm

f
veor p . .
/Q Y e o o
b " . « 3
T w z
M
@
i g
H £
H oswa [l H
H [ 0%
E o
3Vl 1 p 2
adfjouss anssi)
2o e ety
o o
« ® e ® o [
& HN
sop 3 o
5 o
-3 . N NP )
(008) b 2 e g L]
osna oig e g
R 133 b
) weuneas g
() wouneesy g wouneans g o
1§ a
= 3 HN,
BTN
oo A M S
.
% oz TN
q ° e

*95U0l| [BUOIEUIBIU| 0" AN-ON-AG-OQB Japun 9jqe|iene apew

s11| “Aunjedied ur yuudeud ey Aeidsip o) esuedl| B AIXHOIQ pajuRIb Sey oym ‘Jepunyiouyine ey} st (melne. Jeed Aq pelieo Jou Sem Lyolym)
juudeud siyy 1oy seploy WBLAdOD By €202 ‘€1 YoseN PaIsod UOISIBA SIU) 12G22ES € L'E0°€202/ L0 10 1/B1010p//:8dnY :10p juudeid Axyolg

*SI10119 pIepue)s Judsaidor
s1eq-Jo11o sjoued [re up ‘pajuasard are sonjea-d gSH Aoyny -orduwres 1od syuepd $z-g1 = u
*spunoduwod pajesIpur Ay} YHm judunear) skep-¢ e o) asuodsar ur syueyd jueinw ojdnyoo ¢y jo
uone3uo[d 100y ‘3 "pajudsaid are sanjea-d 159)-7 SJUAPNIS = U ‘sowosodijoarord Surureyuoo
-8NId 10 Aidwo yim AKesse ASojorsAydonosafd paseq-(JNSS) oueiquow papoddns-prjog
J '€ = u "1opodsuen [ XNV Sulssardxa s[[00 914500 Ul UIXNE pajesIpul ay) Jo uonesynuenb Sy
-D71dH “? JuedyIuSIs jou I0J spue)s su ‘pajuasaid are sanjea-d QSH AN, (%1°0) OSINA 10J
0 < U ‘surxne 10J (f < U Juounean skep ¢ 0} osuodsar ur sSuIjpass /-7xnp Jo uonesuo[d 100y
P € = U YO0W SE (% ]°0) [OUBYS IO UIXNE PAJLIIPUL A} PUE SYVI/XNY PaSTel-d A put [IL
Buisn Aesse Hz A danemueng) 9 -o[dwes 1od sdn 1001 9— = U 'S1001 UL §1Ud 4.y 1910da1
urxne ay) Jo ANAnoYy ‘q -ojdures 1od syueyd ¢z-8 = u (Jonuod se OSINA %] () SUOHEIUIIU0D
PalROIpUI 31} 1B VD 10 VVI [IIM pajeqnoul sSUI[pass JOo UONEBIUO[d JOOI PIZI[BULION ‘B
“Sureusis ur)-Suo] ydD- sr1oddns sa0jensaa sisejsodwroy urxne A3y SuissedAq :¢ Siq

adfiouss

axnpo 0 o0

osna

(w) oy
3

00

:

(qiowr) waiuoo,

.t
et

() voneBiore ooy
18
¢
(wu) wauno yead.

to4

w0y 51

Wiy
T NN
o O
S S

(001 veors

é £
s §
oz L3

® ‘%
o g 3
odfiouse H L EI L.z
H () oy z
w3 L
s
[
oz
(@ own (9 oy
L] 3 y : o v e
s oo
= R S N z
- = z . “ g
oF - L - = Lol
H o - Py ® = 5
H =
(onveor - § o . = g
e - 3 T 8 o = x wog
osna - 3 [* F L. x5 Y
(o) voneauaouod S (v uoneausouop wog
&
Loe® e ox e s 3
z * e x 387 x o0
Vi Wi
q e

*85UB0l| [BUOIBUIBI| 0"y AN-ON-AE-OOE J9pun ojqejieAe opew
| Aunedied uy yuudeud ey Aeidsip o) ast

E_Ema Siy} oy Jepjoy 1ybuAdoo 8y "£20z ‘S YoIe PeIsod UOISIaA SIU) {/522€S €1 '€0'6202/L0 1 L'01/B10°10p//:sdny :10p juudeid Aixgolq

142




Appendix

e

‘SYUOW Z—] Sem SIUAWLIIAXS [[B JO uoneInp oy,
JuBOIJTUSIS J0U 10J SPuE)s su "uMoys st (OSINA %1°0) yoow 0} aredwod sagejuadrod Sunoor
19yS1y | synsa1 jusumean by oy ey sisoqrodAy oy Sunse) 159) 19X $,19YSI] JO AN[eA-
-opdwes 1ad sSumno ¢ = u (A S $1930RIq Ul UMOYS) SUOHBIUIIUOD PAJRIIpUl AY) 18 Judde
913uis e se by yim payean ngyp snjndoq woly paure)qo s3umno anjew Jo sodejuadtad Funooy
‘p “JueoyruSIs JOU I0J Spue)S SU "UMOYS dIe duofe yg[-3 0) aredwoo safejusored Funoox
10USIY PIM S)[NSAT Juounean) [enp Y jey) sisayodAy oy Sunsa) 159) 1BXI S I9YSI JO Son[eA-g
-d(dwres 1od s3umnd (3) £€1-9¢ (Q) £ pue [ (8) 07 = u (M 08) b1 + (wdd 000°9) VeI
Jo Jusumean Tenp yym parjdde souo[d pue saroads pajesrpur 9y} WoIj paure}qo sFunno dInjeur

Jo soSejuoorad Sunooy 9-e ‘ssunynd Apoom a0y 1dueyud 3unoos ysnqod e st by :9 Jiy
L wewem wo
- W w
H g
3 loz
eqre snindog p esouyds uebisy s
e e
- ( W sum
E E
lor
) raveg
19O eansaWop Snjew q mngesy x smdAjeon3 e

*((an1q) orjiydopAy 3sowr 0y (mo[[a£) s1qoydoIpAy 1souwr woiy
Surder Ayo1qoydoipAy sonpisar 0) SuIPI00dE PIPOO-I0[0I AIB SPIOB OUTWY “SOWIAZUD PajedIpul
) ym Ja jo Surjapowr Sunppo ‘p 1S9l ASH AN uo paseq sdnoi jueoyruSis ajeorpur

*85US0J| [BUOIIBUIBIU| "% ON-ON-AG-OO€ 19pun S|GejIeA. apew

€C

SIONQ] ISBI-IOMOT "SIUI[ SNOFAZowoy ‘O[3UIS WOI} PIJOJ[[0d SBM BIBP PUB ‘PIZLIDIORILYO
9IoM UAFSURT) YOBS I0J SAUI] L], 0 ISBI] JY "SOUI] UOISSaIdXa-I9A0 10] GH—G7 pue ‘A[oanoadsar
“(21d41) Z-€401 [-Z]11 [-[4]1 1O T-SM 10§ TL 10 §/ = U oour st (%]°0) OSINA 10 (AU 00€) b1
M JUURAL SAeP-{; 0 9SUOSAI Ul UONBTUO[I 1001 PIZI[RULION D “PAJIIOP JOU 10J SPUBIS pu
(100 > o) ZbaSA 01 Surp1099L UOISSAIAXD [EIUSIYJIP JULIIJIUTIS J0J SI0JRIIPUI A1 SYSLIAISY
‘(quid) souaSrowgns (wdd 0pp‘9) vdI-3 1oy¥e Uy $g 1o (on]q) Surunid 10ye Ajojerpowur
Ioye ‘sSUNO dIMjew JO ONnsS WNIqWed 10 PAyolud sofdwes ur ST/l Spuvid
‘77 30 (yadop Surouanbas 10j Surzijewrrou ‘sojduwies [[& JO SJUNOD PIZI[BULIOU JO UBdW Y} ‘ULaul
aseq se umoys) afijold uorssaidxy ‘q ‘Ajoanosadsar ‘(. 10 g uey) 19MO[ sanjea densjooq 10j pal
10 UMOIQ UT PaJEIOUUE e SIYdUBIY “[ YT PUt (683) 685205 (000dd) 000001DL 2dnig
“00#3d)  00¥£0TDI00 O (0013d)  001#L0DIT0NOd  (865d) 86STONSH  ‘sowAzud
PIZLI2IORIEYD JY) dIB PAjRIOUUY ‘7YY A[Ie) ur saouanbas-uadsorgue 2109 jo AuagojAyd o
Sunuoesaid son-qng 7yS1y *dnoiSino ue se posn d19M SudlIU wnIpIULIOSqa]y dede aAydoreyo
9} woyy saouanbag syued-paas ur Ajrwey sTI[/1Y T JO sisA[eue onoua3o[Ayd 1/27 ‘e *aseda.n
VdD-+ 0} sanqLyuod 1pydod Surpuiq puedy [Pl JO UOPEAIISUOD [EINONNS S "SI

azvuy ezvuy
0072029900}d 00000192dd 685200163 ] 001¥209910}d 8652063
: - g - - i
| ﬁ E
_ 5
p
adhjousn Q| euen

oy

O 5 DD DD B DD DD
[ R — & s %
O0id b3 o0odd _ oond _ GaB3 oK SEI SIS
L P L L LE L L
FEFESLFE &

zsm

L
.
te
3
3
-
d & ®
B toe 3 verrra il 8
« | 8 - g
e
> 3 su o
log
H

6863

spsoy
spuoIsy
sprsouedng
spusesadng
si00pna eseg
si090u0

eo s e v e

SpiouBeN
suuodsoibue feseg
susedsouwks @
saydoreu @

uoneayisse|)

"85U0|| [BUONBUIBIU| 0y AN-ON-AG-OOE Jopun a|qe|iene apew

143

s11) “Aumjediad ur Juudeid ayy Aejdsip 0} asuaol| e AIxyoiq pajuelb Sey oym ‘Jepunjioyine ay) si (mainal sead AQ paiiLies Jou Sem yoiym)
juudeud siy} 1oy sepjoy JyBLAdod BYL "€202 ‘€1 UoIBIN PeISod UOISIBA SIU} 12G22ES €L 'E0'€202/ L0 10 1/B10"10p//:8dNY :10p undaid Aixgolq

s3] “Aynjadiad i uudaid ayy Aejdsip o) 9suS2)| B AIXHOIG PajuBID Sey oYM ‘Japuny/Joyine ay) si (Meinal Jaad AQ Palilad Jou Sem Yoiym)
juudeud siy 1o Jepjoy ybuAdoo ayL €202 ‘€1 UoJeIN Pelsod UoISIeA SIU} 12G22ES €L 'E0'€202/ 10|10 1/B10°10p//:sdny :1op juudeid Axyolq



Appendix

14

(q) Vv 03 paredwos Surjeusis
urxne paguojord Supenjioey snyy ‘podsuen pue uonednfuod se yons ‘uonengar yoeqpod)
urxne o) Jue)sisa1 K[oS1e[ st VD ‘TOAOIO "9sed]al YV dD- MO[S ‘djenpeid e 10y djqisuodsax
‘sdays anAJoIpAY 1ounsIp oM} Jo Jnsal e os|e st by Aq A10A11op urxne jusronye jey) 1s958ns
9 "oderdn Ie[n[ed pue onssy pasueyud FUIqeusd 1K ‘UONN[OS Paseq-Io)eM & Ul UOTENUIIUOD
st Sunruy ‘o1qoydopAy st by ‘senuod uy *(q) jusunesn ygl-y 1oys e Suimojoy uened
SurpeuSis urxne ay) SulkjIopun s10)9B) uew JY) 218 2sAY) Jey) 1S53NS oA\ "urxne pajengax
AyS1y 194 Suons € ‘yy[ 01Ul PILIAUOD SI Y] ][99 Y1 IPISU] “S[[90 03 Jaje| pue ‘Jueld ay) 03
K)111q1ssa908 S)1 Syrwl] suonIpuod [esrojorsAyd ropun of1eys oAnesou A[JSow S)1 ‘UONRIIUIIUOD
Y31y A1oa e je parjdde st ygl-3 ysnoyy "(q) Surjeudis urxne Surnsuos I1oy) pue (&) sSumnd
Apoom 0} parjdde uaym ajey (usa1s) ygr-31 pue (ejdind) by jo uonensnyr onewoyog *ssunInd
Apoom 03 uonedrdde ay) Suimorjoy vgq-3 pue by jo 3jej ayy Surredwod PPoIA :L 14

Buiieubis uxny

q
wvi YdOt
M;D(
S'g~Hd
1sejdody vl vdo-t
L~ Hd Nid p uodsuen
% ._.ns_azszos
o
vdor ois
oY) T
bLF\
po—
Vel — > w 1584 | /ANROIWBYD
uied pezusioBsEUOUN by
onewAzug H #

o, = oD by ©®
14 va § Q) O
N i i

Hdl 1seidode/uonnios awnea1 Ul sinjonais spunodwiod &N

*95U| [BUONBUISIU| 0y AN-ON-AG-OOE J8pun B|qe|ieAe apew
s1) “Aumadied ul juudaid ayy Aejdsip o} esuaol

AIXHOIq pajueib sey oym ‘sepunyoyine ay) si (mainal sead Aq peyieo Jou Sem yoiym)
juuded sy Joj Jepjoy BuAdoo 8y ) "€202 ‘€1 YoIeN Peisod UOISIBA SIu} 12522€S € '€0°6202/L0 1 101/B10°10p//:sdny :1op juuded Aixgolq

144



Appendix

st doameu/woraimeu mmm | 6LLL-v1LL | 6102 ¥3BWIAON | S T0A | SLNV1d JUNLYN

[oR3] S0'0 =d 343 38 9uaIaY1p dNOIS-USIMIAq & AJUSIS q PUE B SI12133] BYL 'LO0'0 > darrs 'SO'0 > d, [[OAR] 2DUBDIUSIS ALY MOYS
S301d 23 A0GE SYSLI2}SE B | 'SIOP SE UMOYS aJe SjuIod e}ep [ENPIAIPUI 3L} PUE 2dURISIP 3[1}4eNbIBIUI 3L} XS UILIIM SaN|eA BLUBIIXD DL} MOUS SIaYSIYM ay}
'SalIMEND 965/ PUE %05 ‘%SZ 34 MOYs $10]d X0q [|e Ul SaX0q 3Y L (5-0LX T >d 'L=4Q "7'IEIL =) 153} 0ted pooy|ax| & Aq pajsa} pue uojewojsuesy
1y3LB0| YIM [9POLL 1994§3-PaxILL Jeaul] B AQ PaUILLIZIEP Se %S AQ PaseaIoul S|[92 padnpul Ul uonesuol3 2 [enpiAIpUI (PAONPUY) 800
PpuE (P3dnpul-UOU) 09’7 =U (. s21n3|nd) sjuswLad: 291y} Wosy d;

(Y33u3)| SNsJaA JajewWeIp) 3Z1s (]9 ‘1 "W GZ “1eq 3e3s {(3YS1I) PaINpul pue (3j3]) PIINPUI-UOU 'S|[33 NId/N:FAX PIO-ABP-Z JO JSBAJUOD BDUBID4I33UI [BIUDIDHIP
PISIEWON 'Y 'S|193 Z-Ag Wn20gD} ‘N 'V'Y *s3ul SuaBsue] paaLIp Ajjuapuadapul 331y} o sjueld /G pue /£z1 ‘L0z PUB LA\ 9EL=U Yiim 21ed Jad sane3|
|ewuouge jo uoipiodoud ayj Juasaidas jod ayy ur syulod Y| (20000 =d ‘L =1Q '6ES'EL=X) 159} Oljes pooyiay|| e A Pa}sa) pue uolNquUIsIp [elwoulq
11 S|SPOLU J034J9-PaXILL Jeaul| pazielauss AQ paulLLIBIap SaAea] Alewiid DUDIDY} 'Y NIdJY:SSE Ul 24nje|ndsen [euiouqe J0 20uasaid paseaidul XZg's e S|
231y "2unje|ndseA [euLiouqe Jo 2ouasaid au o uonedyueNY ‘8 'sanea] Asewnid buDIY} Y Plo-Aep-6 Ui ‘Liejed UfBA BULLINDIO AJUOLULIOD JOU jeULIOUqe,
pue ‘wiayjed uleA BU1LIND20 AJUOLULIOD JSOLU BU} * [euLiou, Jo Sajduiex] ‘g ‘sau| dluaBsuel) pajesauas Apuspuadapur 92y Jo suejd £9z pue 9z1 ‘g/L pue
spued LM 99L=U(£920'0=d 'L=4Q 'L6' =X :Puaq puodas (6/10'0=d 'L =40 'L9'G =X :PUaq I5.1§) 153} Ol1es POOLI2H1| € AQq Pa}sa} pue [9pouw 1934
-paxiw Jeau| e AQ PauILIIEp Se ‘(A[2APadsa) 'Spuaq pUOES pUe JSil) B4} Jajje d|SUe BUIpUS] 1001 PRINSEBLU 3} JO 3SERIOU €'0L PUR 65’ AG) 1M 0}
paedwod asuodsal J1dosjinel3 paseainap BUIMOUS NidJSSE BuISSaidxa Saul| buDDY] ‘Y ‘B ‘LW G ‘Seq 3[eds ‘SisA[eue Joj pauiojad 21am SUORI0l 406
3A1S5395NS 0M] ‘53Ul BuISSAIAXB-NIdJNSSE PUB | M B4} JO SBUIIPaSS Plo-Aep-g Ui Buipuaq 1004 didonIARID) ‘P ‘DUDIDY] 'y B-P 'Saul| JIuSBSU] JUBIBLIP
Z pue LM Jo ljjeyy Juapuadapul A][e2180]01q 8 = u “A|aA123dsa1 ‘Saul| d19:NId/N:L VA PUB Nid/::LDvd U3 Ul LM 3U} JO 3Z1S 3Y} %9 PUE %59 Sem azis

24MN2 plO-42RM-3UO Y| “(5,-0LX Z'Z >d ‘v =40 '9/'8S = 4 ‘%9t Aq AjIqeLien [enpisas au} S2onpai Aua) 213s1jes-4 3y Aq Pajsa) pue [apoLu Jesu
© Aq JueDIIUSIS Se PaUILLIBIAP Sem | A U} 0} paiedLuiod saul| d1uaBsUeL} B4} U 95e2109p 3l | "93el [IMOJS 2n}jnd ewauojoid By} JO UoedlueNny) 3 'saul|
1UBBSURI} JUBIBYYIP 7 PUE | A JO I[]ey) Juapuadapul A[e218001q 8 = U *(5,-OLX Z'Z > d ‘b =4Q) 1593 Oljes pooyja] e Aq pauIuL@}ap Sem aouedliusis ay}
“R12AR23S31 ‘S3UN dHONIdIN1DVd PUE NId¥::LI¥d U3 Ul 911 LA 3U1 O 1oonlZ'E X 6700°0 PUE s 98 L X EF0'0 S1 9384 92UaB18Wa a10ydojowes pany ayL
(959 Aq 22UBIAGP B} PEINPaI AYIUBPI BUIJ) UOANGLIISIP UOSSIOd Y)IM [3POLL Jeaul| pazi[eiauas e Aq JUedlIUSIS Se paulLLIBIap Sem | M BU) 0} paiedwiod
soul| DUBBSURJ} BY) U1 3582103 Y | "9dUaSIaWS 210ydojawes Jo uoneaynuend ‘q Wi 00g ‘sieq a[eds ‘2imind [ewauojoid pjo-yeem-z Suissaidxe
“NIdJ¥::LDvd pue | A ‘e "suajpd g ‘2-e “odsues uixne pajejnpow jo aaneapu; sadAjousyd sayonoad sjepouw jueid puej s uoissaidxa Nid/Y | L

(w) ybus) 160
st oo 05

Peonpu @ paanpu-uON O

(wi) sejowrep o0

SI190 NI FAX Ut
onnquisip ezis 11

Nidbr-ss O
w0

-~ - 0 m o
. BRs 5a
- B8 g
*ge oot &
EIREEt F
= 0z 8
oz 2% = 5
™ i 7|3
. E
52
S e 73
2
einenosen asuodsal
uopaifiod Runeib jooy
H
amino o feq
v L 82 2 vk z
o2
o 8
H s 3
g H
2 g
4 ol
2 g
:
EECEETCTC] ||
Nidpt:Lovd [T Nig#iLovd [ H
[ wmd g
UmoIB Binyno eweuojoig sousbiaws sioydojewen

u
a

NOILVYIINNWWOD 43149 SLNV1d NLYN

Sjueidainjeu/wosainy

] 6LL-YLLL| 610 ¥IFWIAON | S TOA | SLNV1d IINLYN

12°08°)S1D)| WLy Ll

W-3, "2YIBAP3Y BAT ‘UBNOYS UBWIOY

|enba pajnguiIuod sioyine asay | , “Auewiag ‘Bul

“YDIUN JO AYISIBAILN [e21UY3] ‘UBLRISUAYIBA SIDURIDS 3417 4O [00LS, “BLISNY ‘BINGnauI}Soly ‘elisny ||, “d1qnday yaazd) anowojQ AsIsAiun
fofoe|ed ‘22us1s Jo AYjndey ‘yieasey [eiNoLBy pue [e3130/0ULIBI0Ig 0} BUH U0ISSY BU} O 21UB) ‘SIIAUAD pue ASojoig [ed1WaY) J0 Juawledad,
“UBPaMS ‘2N ‘SIOUBIDS [BAMINOLBY JO AISIBAIUN YSIPAMS *B1jUaD) 22UBIDS JUB|q BaL AS0j0ISALd JUeld pue SI1aURD) 153104 J Juswiedaq, WniBjag

UBYD 'AUSIBAILN JUBYD ‘SaljeLLIOJu

g pue A8ojouydajolg Jueld jo Juswpedaq pue ‘g|A ASoj;

19 SWIR)SAS Jue|d Jo Juswpiedaq, nday yoaz)

‘0Ug 'SUIBISAS SjUe|d 4O SILLOBJOIJ PUE SIILIOUDE) I} 31U [SPUBYY ‘ANSIBAILN YAIBSE D 113D, 21iqnday Ypaz) ‘anBesd ‘Auejog |ejustuuiadyd jo
23nJ1IsU| 'SUBIDS J0 AWapedY Yz 3y 1, dIjqnday Ypaz) ‘anBeld AIsIeAIUN SajieyD ‘3uaIdS Jo Ayjnoey ASojolg Jueld [ejuaLuLiadx3 Jo JuaLpedaq,

Jo uonem3ar saneu aaneind oyur yySisur oy Surpraoad ‘suapu
Jo swouad ay) ur qId vuvypy; 'y Jo andojowoy Isasop ayy se urd
-onojoyd pappiA sey (1 2[qu, Amiuswarddng) yoress (VI V
*(897 *S19) wass sIy) ur NI/ 10j PIAIasqo sem dwes ay) pue
“,(A1d) AIONI se yons saseuny urjoxd yuefd syyioads yyim passardxa
-0> uayMm urxne 1iodxa 0} UMOYs udaq aAeYy SN[ Jue[d ‘Epouwr
Souy yued-uou ayy uy *(2°pz “81y) proe srwepeypydidyydeu-N-1 £4q
UONIQIYUT 0} JATISUIS SSI[ SeM S[[2D Z-X¢d UT XN[JJd UIXNEe Pajerpaur
-NId/ 2y @0t JO (1 813 Lreyuswarddng) proe s10zuaq anJoeur
urXne A1dRUI 3Y) Jo uone[nwnode 3y ut 1o ueydordAn 1osmoaid
urxne pafpqe[-uou 3y yim Aesse uonnadwod ay) Ul paaIasqo
a1am saduaIdIp ON (2°pz “Sif) s[omuod padnpur-uou 0y pared
-Wod SUIXne Pa[[2qe| JO UOHE[NUWNIIE PISEIIDIP PIMOYS IS}
“S[[29 7-Xd NId/=FAX Ul pasnpur sem uorssaidxa uaypy ‘sppowt
PaYSI[qRISa-[[am a1e , s1aav] sndouay Jo $14300 Ay pue , S[[22 T-Xd
219YM ‘SUIXNe Pa[Pqe[-H JO SABSSe UONU2JAI U UONR[NWNIIE
AU} WOIJ SIUW0D DUIPIAI 12IIP Isow YT, " A1anoe 110dxa urxne jo
QATIEDIPUI 318 SI[NST 353} Jo Yog “(2qz “SLy) saul| NIJ/SSE ut
PIATISGO SBM JO3JJd dwres dY) pue . uoneSuop 112y} 0) [euontodod
Apstoaut st sarey 1001 ut uorssardxo 31doyd NI 9y DuvvY Y Ul
*(ez *81]) WMIPaW 2IMYMD ) OJUI UIXNE JO UONAIAS pajemngaidn
pamoys suawd g jo eyewauolord JIONIIHHLOVE druadsuen
YL NI/ Jo Lnjiqedes yrodsuen urxne 10y paisa) am 9XaN

*(2T-A€) TMOPX-YBLIG 'Ad wnovqvy vuv1joNN Jo SIMNI [[22 Ay pue
puviyy sisdopiquay wiradsoidue ayy ‘suapnd vjjanuodstyd Hhyd
-041q 3y Apwreu 91odsuen urxne Surpmys 10§ payms [[am spPpowr
Juepd pue| [e1943s pasn am ‘payrw] e suondo [eyuswLiadxs araym
“wnprovf -y woiy uroxd NIdLY 2ys jo sansadod ay) ssaxppe o,
J1odsuer) urxne
ur 3[01 s A[rurey NId 24p Jo suidrio Areuonnjoaa ayy ojur Jydisur ure§
o) (NId/Y Apremonaed) sawads wnipiutosqapy Jo s/NId 24) Apmis 0}
Pap1ap o, surxne paridde Ajsnouadoxa jo suonenuaduod 1aysiy
03 puodsa1 0} UMOYS U SeY SUap "y JO IMOIS oy, “,unpioovyf
“y ur passaxdxa st (NIZ/) duo 1sea] e pue ‘.anojowoy NId d[Surs
® surejuod pue pasuanbas swouad )1 aaey oy e[e akydoreyd sy
Ay} udaq sey suapu wnipiutiosqapy *,sakydordans xapdwos azow
AqearSojoydiow ayy 0y a8eaur 1asis e syuasardar AjureqnpEon
- adAy-yuawepy s ym wnipruiosqapy snuad akydoreyd ayy,
*passaIppeun uaaq 124 sey surpjord M-NId 12y} Jo uonouny oy}
pue swstuedio [ppouw se af1aws 0y Juruuidaq isnf axe sakydoreyd
GIAIMOY pul][p0 vavy) Akydoreyd xadwod 194 Afresrdojoyd
-10UI 31} UT UMOYS U2A3 sem Jiodsuen urxne rejod pue  spunoduod
PaTP[2I SWOS PuT (YY) PIO® d139I0-¢-9[0PUI UIXNE dATIRU Jofew oy
aonpoid Aayy, *,_.sanSojowoy Nq ssaxdxa pue ssassod Loy jeyy
Te3]> Apealfe st 11 921eds ST 0UIPIAd dwouad-[ny Akydoreyd Ay
+,sa)dydoreyd pajres sedfe uaaid raremysaly yim 1ayrafor afeaury

1odsuen urxne renjd ut safueyd era A[qeqoid ‘st q

1S AY) UI PIPPaqUId dIe pue WoIj pasjoad syued pue

UIXne PajIosIp JO JARIIPUI SUONIET ImoIF sasned sppow jued
353y Jo [re ur uorssaxdxs NIgSY Suons 9oudy °, s1a110dxa urxne
NId wiadsordue paziaoereypd jo uonemsaidn Surmorjoy uoneare)s
urxne jo syrewqrey e (ry1 ‘Srg) [0 pareSuops Appayrew paonpord
(NIZA#AX) SIP> T-Ad ut uoissaxdxs NIdfy padnpur-jorpen
-$30 ‘A[[eury °,,_, JodSuer) UIXNE USALIP-N[J 2AID2J2p 0) pajejal
sadfyouayd «(8-py ‘81g) Suturaned axmenosea jes| [ewiouqe pue
wstdoniaeid 1001 paredwr yim syuejd pasnpord (NIZ/YSSE) uots
-saxdxa NI/ 2[qes pajerpaw-1ajoword SGe AWERD ‘Duviviy) "y
up “(>-e1 Sg) seammd [ewauojord ur uonenrur aroydojoured
PadNpaI pue UONIGIYUI (IMOIS S UONS ‘UOHBATR)S UIXNE JO AT
-edrpur pue surajoid NIJ JUSPISAI-NJ bupivYy} "y 3} 10 ATIRU S)T
Surssardxararo woiy Sunmsar suo 3y 03 reqruss adAjouayd e pare
-10ua8 (J4DNI IOV 10 NIdSLDVd) 19r0woid unoe adu e
JO [onuod ay) 1apun suappd g ui (d49) urdjoxd jusdsatonyy usaid
3y} 0 UOISN) [euone[sUEI) )T JO 10 NI/ Jo uoissaidxa a[qels

- sa1kydod1q pue syuerd puep tenosea 1Yy UIMIaq PIAIISUOD
Afreuonouny are pue syueld pue jo sawouad ayy ur jussadiuwo
are sNId *;s191iodsuen Xn[jja urxne sueIquidtusuen) Nid pazi[edo]
-(Nd) dueiquiaw ewseld ‘panqrnstp A[esrnaunuise oy 4q paje
“1paw todsuex [[2-01-[p> ‘(rejod) [euondeNp SK O JuspuIdap
Ae8rey are syuarpess urxny uawdopaasp jueld jo spadse Auew
$2)B1ISAYDIO UIXNE SUOWLIOY dY) JO UOHNQLISIP JLISWWASY
*s93Aydoydasys uiyim ey paasasuod
pue juapue ue Kjqeqoid si 340dxa UIXNe UIALIP-N|d “eajdun
sulewas segje ul 9jos sy IIYM ‘sjopow snoSojosajey pue
sjuejd puej ui 19340dxa uixne pazijesoj-aueiquiaw ewseyd e se
¥ NIdJ) “wnptoojj wnipi 93]y e3je uaa.3 sjdwis e
30 anSojowoy NId 3]3uls 3y} pasAjeue am ‘wsjueydaw [epnid
AjjeyuswidojaAap siyy Jo suiSiio AIeuoianjoas ayj a3epidn|d of
*sjueqd puej ul uixne suowoyoyAyd ayj Jo JuswdAOW Jejn||Rd
-433u} ‘|leuol3dauip 3jelpaw sivpod: (NId) @3IWd04-NId

%W LIf pue ;,)j9se439d uer ‘.HjsuhzpoN zsewo] ‘. 3unfq ulie)| ‘ssawwey *Z yauin

‘pladeuer g euroq ‘,8ueyz noyznp ‘v @ Apedeyl [eydiy ‘edmis 113d ‘491NN [94ex
‘c@YMIIMZ elIB /| 2qOS|OSOA AB|SIUR)S ‘,BURIA WO] ‘¢ BYIDAPIB BAT ‘¢py @) URYOXS UEWOY

uolnjoAa a3Aydoldadys ul

Aj1ed pa3diows podsuedy uixne usAlIp-NId

sjueld

2Jmeu

§-ZVS0-6L0-LLYLYS/BEOL'OL/B10"10p//:5dRY

NOILYOINNWINOD 431449

145



Appendix

aun

PpaypLus pue [eoyduad Sem wmpINLIOSQaLY UL PIAISSQO M UId)
-1ed uonezI[EI0] NIJLY 2ANRU Y], *,MO[j UIXNE JO UOHIAP AU}
1511521 0] WISIUBYDAW [RONID € ST y21ym Kpre[od 2zi[e20] 10u pinod
NI 1249m0Y ‘SN [eaTUoue a4 a1[u() *, stuefd puef jo surajord
NId [ed1uoued paf[es-os 3y} 10§ [e1dA) ST Y2IYM N d 27 Je uonoe
yrodsuen urne dypads-ajensqns e jo d[qedes st wnipiuiosqapy
J0 anSojowoy NId Y3 1oy} moys am ‘sppowr jued puey Sursn
(¥ *81q Areyuswarddng) yimoid s1mymod jo afers
pasueApe ay) ul A[[erdadsa ‘wnipaw a1mymd pue sSewoiq 3y} Yloq ur
V'VI 19219p PIP 9M ‘suapiu "y JO [BAI2JUT IN)NOqNSs aY) Inoynoxyy
WNIPIW 2IM[NO Y} OJUT ISLI[AI S) PUL UTXNE JO SISIYIUASOIq A1) JO
uoneSnsaAur mo ur 1A9MoH (¢ Sy Areyuswarddng) syEd oy oyur
Anus 190 2383ms 3y) 0) Surpuiq vy Jusfeasid Aqeqoid oy 0y anp
2[qrseaj-uou A[[EdIuyda) U2A2MOY QoM sjudwLIdX? 38 [, "Z-Ag Ul
e Surxne pa[jaqe[-H, Jo uonenuwndde oy Sunmseaw 4q ed[e 1M ur
JUDWUOIIAUD ) PUE S[[20 97} U2IM}2q JI0dSURI) UTXNE J0J DUIPIA
19211p puty 0} pa)dwaNe oM D[qRULIOJSULT)-UOU ST UNIPIULIOSI[]
sy *(z ‘814 Areyuswarddng) s1001 (M) 2dA)-pim ur Juasqe sem
yym ‘syuerd puvyy; Y NIGSSE JO $1001 Yy ur [euSis ey
-Imns [[22 € pasnpoid os[e Apoquue Nq/y-nue awes ay[, (7 Sig
Areyuawoyddng) [onuod aanisod e se pastds unnqm-n surede
Surur (28 1ddns) ZNId pue INId vuvHLY) 'Y
ysurede sarpoquue Arewrtad yim o (J¢ 8tg) sarpoquue Arewad 1no
-{IIM SHUSWILIRAXD [01UOD UT PIAIISGO SeM dUOU seaIayMm ‘(3Pe “S11)
20vJMS 2y 0) PazIEIO] [RUSIS B PIAIISqO M ‘S[[2d paures A[ny
-ssadoms Ay) uj ‘fenajew [effe ayy 10y jodojoxd Sururess ayy
paisnfpe pue Apoquue dywads NIgfy-nue ue paudisop Suiaey
‘sjudwrradxs Surureisounwrwr pawrrojiad om urayed uonezifesof

sjue I61LL-vLLL| 6.0Z ¥IFWIAON | S TOA | SLNVId JUNLVN
upjord NIy 2Aneu g1 19919p o, (¢ iy Arwjusworddng) [ea
-19)ur 21mymaqns e ynoySnoryy suazu -y ur anfojowoy NG 2y
30 uraned uonduosuen [qels e pajeasdl uondLIDSUEL) HSIIA YIIM
A0 wnipniiosqapy ur »duapiad Sunoddns ureiqo 0) aA0ms am
o10p219Y L, "NIJfY Jo sonsadoxd yrodsuen urxne oy Sururasuod
2ouapiad spdwre paureiqo aaey am ‘syued puef Jo asn Y} YPIM
‘N 241 01 Apueurwopaid sazieso] spppowt Jueld pue]
ur passardxa NI/ 1y moys s)nsai asay, ‘ewauojoid suapwd
ur paatasqo uraned JIO:NIQ/Y tejode ayy yim aur ur pue U}
-o1d gNId7V 2AnRU 213 Jo Jey) aiun ‘(>¢ ‘Siy) rejode sem yorym
‘sj001 ur uraped uonezI[EI0] W B PI[LIA (dIDNIISIINI)
1aj0wo1d ZNIJ/Y 2ANRU Y} JO [OXU0D AU} Topun passaidxa uorsny
Jeuone[sUeL) JIONIG dYp Yim pauttojsueny syueld vuviys 'y
“Aqreury -uorsiaa padBer-g4o ay) jo Aneuonsuny sajensuowap
Prym (g B £ 1ddng) sfje> fenprarpur urgim U
JID:NIdA Jo Lisuayur oy ynm Sunjefarrod «(1 -8y Areyuawoarddng
uoneATe)s urxne jo aanesrpur adAjouayd pajeduope ayy padoasp
puUE XN[jjo UIXNE PI[[Pqe[-H PISLIIOUT PIMOYS OS[E S[?D Z-Xd
JIDNIZAFIAX paonpur oy Apuenodwy -(q¢ ‘Stg) a1ex uorssardxo
Y8y ayy wouy Sunnsar jqeqoid feudis wmmona srwsedopua
1xeam € pue ‘Sururess F9-p WA im Surudife-od qeudis sypads-g
© U PaANSAI (LIDNIJSI=TAX) 1910wo1d J[qInpul-[0IPeIISIo Ue Jo
[01)U0 3Y) JI9PUN S[[29 Z-X ¢ OIUT PIULIOJSURI) }INIISUOD UOIST ITLS
3y ‘vononpur Sutmorog Afrejod paziedor jou sem NIJLY SNIdId
PAZI[ed0[-]NJ 2ATIEU ) MI[U() " 33Uddsat0oNn]] duadsue) symads ay)
303[J21 10U $20p PUE ANSST] [EWAU0J0Id UT 3IUIISIION[FOINE UOWWOD
® ST sppuueyd U233 pue pax ayy yioq ut juaredde reusrs renypoenur
Ayl “(e¢ “B1d) $9-7 WA 2Ap 1xrew o) rm Surudie-0d Wd oY

(@) wrig'z pue (yp'e) wiig ‘() wri g ‘(q) wri Oz ‘sieq 3|eas ‘Ajjuapuadepur sawy

5914} }583] @ PaNIaSo Sem deB|e pazijeaojounuiLul pue saul| jue|d JiuaBsuE)} |2 Ul [euBis JuadSaI0N] JUBASJa) B | ‘|eUBIs punoiByIeq BuImoys Salpogiue
faewiid 1noyym ajdwies [04u0d v ‘4 “Asayduad (193 3} 18 [USIS Nid/¥ 243 BUIMOYS ‘8DUBDSIION|SOUNWILI 19RIPUI NId/Y-BUY ‘@'P WINPdDY Y “J=p "(14BLL)
eale paieLl 3] J0 UONEDIIUSeLU © PUB (33]) 1004 3]0UM BU} JO SaTeLU D1 UMOYS Wd 341 1 AjjueuIopaid st [euBis 449 aU| “100J dJONIGINZNId

DupyDY) *y '3 “9eW] paSiaW e pue BUILIEIS N 794 W4 WNINoNaJ J1wse|dopua pue N By} 18 [RUSIS 449 BU} 248 UMOYS "UOISSaIdXS PRdNpUI Y3im 'sjd
JH4ONIdINIAX Z-AG WINIDGD] ‘N ‘G *S|2uUBYD pa pue uaaJS 3y} Ul Juaiedde s| 32uadsaIoN|joINe J5e|d0Jo|YD Jejnjjede)u| “aFewl pagiaw e pue Bululels Wd
$9-t7 W4 'Wd 343 18 [eusis d49 a3 ale umoys "ewsuojoud d49:NIdf¥:LIvd susjod o ‘e 'Adodsoioiw [e20ju0) ‘4-e “uonezi|edo] Jejn|j32qns Nid/y | € 814

Nidy-1uy

Nid-iuy

Y9y N4 dADNIINTNX dADNIelI

NOILVIINNWWOD 43149

10vd

SLINV1d NLYN

douneu/uioyaneu | 61LL-¥LLL| 610Z ¥38WIAON | S TOA | SLNVd IUNLYN sl
1 2ouadsatonyy pamoys suawd o Jo sudwely [rwauojord JruAd  JUANSISUOD AIY SUONLAIISGO 2A0qE Y L, “Uraj01d NJfY 243 jo uonouny
-suen) gO:NIdH+LOVd 2y, ‘utaned uonezieso] reypd sy aedn  1odsuen uxne syoads-ajensqns e 1sa88ns £j8uons aroqe pajsy|
-saAur 0 sn Surpes] ‘W J 2y Je uonse Jiodsuen urxne NI s sinsax oy Gapaforyy uonefioydsoyd 4q Aranoe yrodsuen Niq/y

[ 'B14 Jo puaBa| 3y} Ul e pauljap aie (510]d 2A0Ge SSUR)se)
SjAa] 22UedIUBIS pue $}0|d X0g AU “LI'D'S B} MOUS SJeq I0LIa Bl {Ueall au} sjuasaidal ysep aly| ‘801 aNbiun e WO SAA200 YIIM YDES ‘(4 Ul UMOYS

U0 3y Buipnpur) syuBWAdX® uapuadapul A|[e2180[01q € = U “UoIssaiSai Jeaul] ‘ld + NId/Y 10 Nid/¥ JoUiia Buissaidxa s91£200 Usam}aq aje) podsues)
W 24} J0 UoSLIEdWOY) ‘B YNYW JO PERISul J31em Yl pa1alul S31A200 (04300 SJuBsaIdal OFH LI'S'S SU} MOUS SIeq J04I3 3U) {painses 5334200 OL 4O
ueaww ayj sjuasaidal Jeyd ayj ut juiod yoe3 uadxe pauopad AL pul 9214} 4O JuaWILIAdX® dAEIUBSBIdaI  *§ (ld + NId/Y) DUDHDY3 Y J0
aseupy ui230id qld pue Nid¥ 0 NI/ 1oUna Buissaidxa $a100 S/AaD] "y Ul BLUIY JBA0 UONUBTRA (Y1) UIXNE Pajjaqel-H; ‘83 UONeINLNIE Q-i'Z-H; @
“UOIEINWINIIE YN~ He P '3Ul| DIUSBSURL] BUO “LLI'S'S 3U} MOUS SJeq JOLI 3U} ‘Uealw 3} Sjuasaidal spey 3y} il juiod yaea ((sainyind patejnoou Ajajesedas
Yim) spuawadxae juapuadapur AjjeaiSojoiq £:=u “(WH OL) pive diwejeyiydiAyydeu-N-1 VdN ‘Z-Ag Wnaogo} ‘N 4O S|I2d Nid/N::IAX P3dNpuI-Uou 1o paonpul
plo-Aep-| Ul UOlE|NWNI2E UIXNE Pajaqe|-H; ‘@'P “(Saulj omy) Siue|d diuaBsues} 0EZ PUe | M 08 = U ‘SA1ey 1004 [enpiaipul juasaidas spuiod U3 (s OLX 65 =d
‘| =40 '25°07 = 4) 1591 O1jeJ pooyl[aN] & AQ Pajse) pUE [3POLLI 1034J3-paxIWl Jeaul] e A PaUILIISP Se LIBUS| | M B JO %/ BUIYDRRI DUDIIDY] Y NIdINSSE

Ut Y18us) Jiey 1001 J0 UoReaNUEND '3 Wil 0OS ‘SIeq 3]eds Sjueld DUDIDY] NIGJY:SSE PUE LM Plo-Aep-g O S100y ‘G ‘DUBDY} Y Ut Y3BU3| IRy 100J SHqIYU!
UoISSa1dX Ny ‘G "Sjue|d d1uBBSUEI} PUE | AA 40 4oE3 ‘SaamyNnd [ewauojoid paje|noul Auapuadapul £ = U (. OLX E767=d ‘€22 =) UoleuLIojsuRL},
1001-218NS U}1M BOULLIEA JO SISA[RUE AQ PAUILLI}SP BUI| JIUSBSUEI B} U] UONBID3S PASeaIdUl X /7 @ SI 213U ] "L M\ 0} paseduwiod g49:NIdly:LDvd
Buissaidx@ sualod g Jo 2nYIn3 [eUIBU0Id PINbI| Ul WINIP3LL Ou] UO2103S UIXNE Jo uonedyueny ‘e “Aydede Jodsue uixne NIy | Z 814

(uw) owny
Qid+NIdY  NIdBY

3
8
w
©
N
o

e

4
Py
S

o

—

(814000 sad U sad jouy)
611 L0dXe YYI-H, 8Inosay
-
1BIU0O YYI-H; BAEloY

1) Uodxe YVI-H, odxe YYi-Hy

3 3

VAN POTPU ¥~ VN * POOTPUION v peonpul @~ paompurion O |

(uw) owny (uw) owny
se 0z Si ok S 0 sz 0z Sl oL S 0
5 s
g 2
8 8
s S» [E-
53 5%
&8 &8
0s 3 ook 25
38 35
§s gg
B 33
g2 Za
oon B o0z &%
gy — g1
5 T FE
B 3
] 1 ]
1 M 05t 3 00g 3
E E
uonEINWooE 0-5'Z-Hy . uonenWnaoe YYN-H, R
| asoniaprovd @
wm ]
)
w0z @3
ER3
3 28
c oy S5g
z g 83
= 009 28
€3 i3
g2
5%
y 008 {
-
— s A 000'
wBus) ey joos wnpew ojur peje:oss wi
> e

NOILVIOINNWIWOD 43149

146



Appendix

6LLL

6107 pawur] aampe 3autsds 0) 25Ua01] AISIPX? 9pUN (5)10YINY AL ©

suoneye [puonmpsu pue sdew paysijqnd
ur sunep euonaipstanf 0 peSal Y [eanau suewa: ampeN s2BuLids 210U s2YSIANG

I T A[qE[IeAE ST UO y suorssyuusad pue syupday
“JHOM SIT) JO MALA2X 192 D) 01 UONNGLIUOD J1AY) 10] (5)12MIARI ‘SnOWAUOUE
2410 21 UP U] UL 112 YUY STUDJ MU UOTPULIOJUY MAIADX 193g

£ 01 passaIppe aq pInoys sjeravew oy sisanbax pue 2duapuodsaLIO)
S-TYSO-610-LLYTHS

J8€01°01/81010p 251 e saded sty Joj ajqeieae st uoneuLIOy Areyuawajddng
uoljeuiojul [euonIppy

NOILVIINNWWOD 43149

03 2njeummm | 6lLI-pILL| 610Z ¥38WIAON | S TOA | SLNV1d IUNLYN

sisasyu Suaduios ou axeppap sioqine ay,
sysai9jul Sunadwo)

Sunum oy mesiano
@f pue [ pue drosnuRwW ay) 901 S Y SHUIWLIAAXD IYY MESIIAO [ PUE ' “Sd TN
L ENCL “ZN SISA[PUR [eanisiels pausiopiad 'S “PIpat pUR SSeUiolq uj 110> Urkne
paskeue I Apoquue oypads-N1afy-nue au pausisap 7 sa14200 sndouay o viep
papusoid ‘701 pue (d't i sisdopiqnay ay pasifeut pue paonpoxd pue 1onnsuo>
JONIANTNId 2 PAUOP 7% “S1o1ISu03 150w pauop 'L, ‘Siuauitiadxa 1sou
pasi[eue pue patwiojsad L pue W S 92(01d 21 pozifemIdad0 Y pue g I
SUOINQLIIUOD JoINy

SINV1d ANLYN

sjuejdainieu/woainjeummm | 6l1L-pLLL | 6L0Z ¥IBWIAON | S TOA | SLNVId JUNLYN
20U SHUOOGEIAY YSIPIMS A1 PUE () [19UNOT)
YIRS YSIPIMS A1 (VAONNIA) Swaiss uotieaouu] oj £5uaBy [eiuausason
SIPaMS ) ‘UONEPURO SIqUAI[EM Y PUT 0N A1 2FPIMOUNE W PUT TN
‘AN DALIAD JO AU[IE] 2100 $9UAIDS B[ 2 FBPAMOWNE INT PUE ‘Z I “N-L ‘(D
SKAIN Aq papuny 7905 T0ZIT) 12(oxd 1y 28xey SurSewgorg-yoazo ayy 4q parzoddns

woq ‘SvO ga1 jo Anpoey SurBewt ayy BBpapmowpe ' pue ‘g “S PUE DALIAD JO
Apoed 2100 WITTAO 241 93paMOwpe ‘W' Pue Z N “NL ‘90S9€01-84 pemy

ASN SO PUe () (686252 wowaaiSe 1uesd oY) swueifoid g0z UOZHOH suotn
ueadomg 2y ‘(H'Z) 1-9/895£VH 12(0xd (94() uonepunog yoreasay weurian
“(Z'W) K996L1-LTVD Pue (7' Pue ) ST8697-81VD swafoxd ‘wonepunog 2duads
42zD 241 “(d'f) SLLI000/ETO™91/0°0/0°0/10°T°Z0°ZD PUT (N'IN) £Z80000/610™91/0°0/0°
0/10°1°20°Z0 “(Z/W PUe "N'L) 109TDT ‘0202 DALIAD ‘(a1 PUe A'S “S) LIPTOT/INSI
“ NN s12f0xd ayy 32pun (YD SKAW) Mqnday Y2920 Jo 5110dg pue fanox ‘uoneanpg jo
Ansturgy a1 4q pavioddns A[[erourUL Sea JI0M ST I, DUBISISSE [21UYD3) 10] WOGUEIE)
31 pue pao[i ‘I pu ‘suonsafins ajqenea pue uoneatjqnd 1y aiojaq sauanbas
wwoiduasue wnpio2vlf 21 ueys 10} APIMPA 1 7 PUE 19d007 ‘(L T ULy AL
SjuaWRSpaIMOWNIY

*(9102) 6991-5591 ‘S€ 42 1120
Juvig “suvSina iy uy Surmp sassaoid
Jo uoneSa1 2 0} AAnqIU0d Kews supo1d M-TNIA T8 1 'Y BHGRZ 1T
(9007) 816-F16 ‘TIE 22uaidg “Xna wixne
xeya> ur wonouny Sunun-ater v uropad suioxd NI ‘T2 12 ° PSendd 07
*(9002) LOT-FOT ‘T 20j04d "JUN “sanssny
1ueid Jo suonas ut wonezifeso] uraro1d 1oj anbrutpa) [edrwRY>IKIOUNUI]
o UL X [ “BYSMAIUSIA [ ‘B[[eg] “J UonES “ YAI01E]
“(8661) 1169-£069 ‘LT 1 OGN ‘10>
wisdoxavag 1001 10J sisdopiquay Jo SNI0[ B SAUYIP INIAIV Te 12 'Y TN '
“(¥107) 89
°€ /172 "AIONId PU® GSYNIM NIALOYUd 90 ‘soseury wiajoid juaioytp omy 4q
pateande st surajod INOA-NId Aq Xna urxny e 12 | ‘noprppanoz °,
“(£107 ‘BUPWINE) 0LT-65T (TN OES 3 °[ ‘WYIA-dUIRD SP2) L6V TOA
“UPa PIg 5]000J04] PUD SPOYIA SIUOULIOF] Jup]d ] “odsurn upne Apms
03 5214200 s1421) sndouay Jo 387 7 1) ‘SHWMIRE X g TUULWSQY Y TDUISES '
“(0102) 19019501 “€ST oISy 1uvjq s[> ey 1001 sisdopiquay i suajord
AHNEOA-NId Jo sanmande Suniodsuen-urxne [eruasagiq e 12 v 4nuen
(900¢ 428ut1dS) X-5£97€-07S-€/£00101/310°10p/ 5Ny §TT-£0T (Te 12
L, “eyeSeN Spa) § [OA Aujsaiog puv aimynouSy ur dSojourpajorg uy ‘10
0) sorwreudp Iejn[[ad wouy |2 7-X¢ 09BqO], “q ‘AO[RUNZEZ X [ YISLIA]
(9102) 01 “£ “unuuuoy oy “wsidonaesd 1001 pue wonezigeso] aejod [NId
so1eMBo1 IV TUIg D K O 3 “H NA "X D ‘Buex "W "X BU0D “K M X €
“(1102) 998-558 02 120 #2q “fejod NId pue podsuen
upne soyenpow Sueuis 20 padnput-ajeqdsoydsuay foysou e 19 f ‘Sueyz 7

bl

2

B

=

8LLL

sa1poqnue 10j spoyaI Areiuaurajddng 23 “S{Pd 21 JO UOISAYPE 25TjMS
1 ar0xduir 03 uaBoxiiu pmbry ur Apuanbasqns pue joueysow sind ut pasuts uayy
219 $3pijs AL $9pifs 1s01j2dns U0 paoeyd pue IpAydpleLLIOeIed 96.°¢ U1 Y | 10f
Paxy 210 S92 winpioov -y ‘21mpa01d ay 210j2¢ “(SIALIUY) A[PO APIs UONEIS
ISA O1gMIISU] parewIOe 21 Bursn , A[snoraaid paqudsap s paziferoounuII SeM.
(7€ "ou Xa.L utens) wnpioovy) -y pue uvoy “y ui N1d/y “Surureysounusuy

eyeauoyoid suad g PUB ‘UL *y JO WP MR PUE SSELIOIQ Y} U1 1O
VVI 243 Jo sisjeue oy 1oy spourapy Areyuawapddng 225 "N s8uassaus jo peajsuy
127 QI PaIafu 219 $21K300 (010D 2ATEEAN © 10 (610671 NN JULFUID)
aseury ur101d QIONIA PuDIPiy) "y 01 $12j91 1d "(A1d + NI SPS19A NIG)
a[qeLiea ad $aa105 22103 243 Jo worssaifax Jeaur] 1oy anfea adofs g se pauTRIGo
219 5214500 s7428) *Y w1 sapeoyidai [ea180[01q 221y 10§ sanea 110 UKL ANfoSqE
AL, AIS01A21d paqudsap se pauriosad azam sa14>00 staav] 'Y pue 7-Xg Ut
skesse uonualar pue uor upny “skesse pue odsuexn upmy

[a8ew] w1 pawsopiad sem siskfeur
28ew] “(Uone[RIOUT 23UIS) 129 Plo-Aep-Z UT paInsEaW 21om 7-Kgl Ul sidjowEed
12D “sweld pupypy; 7 plo-Aep-g ut paskfeue sem qBua areq 1001 2y wianed
TemoseA (paystuy 10 pajeniur sjuaIEdWO) §< 10 SIS AP AT Jo
SjuaunIedwo IN0J) [PULIOUqE, UE 0 (3715 IR[ILIS 10 SWIES 33 JO Siuaunedwod
ounsIp moy) [euriou, e Sutaey se pazuoSajes pue  Ajsnoraid paquosap se
poxeapd atom syueid upiify “y plo-Aep-6 Jo saavo] Arewitig U218 151y Yy JoAge
22u0 pareadax sem s52003d a1 £,06 Aq sueld vuviy; Y plo-Aep-p Surumy saye
{bZ ParI9sqo sem Sutpuaq 1001 doninean * A[snommaid paquosap se pauioiad
a1om suaipd o ut vonen[esd pue oneAIasqo adAl0uayd siskfeur sdjousyg

“uondposue 2519491 10 pasn sem (vBatwioxd) aserdiosueaL, 2510400 AT-IN
10 (peyjorg) jooid] “(UoIquIy 91y 32-YNA) SVNA Yitm parean pue (uaferd) 1wy
Aseann ue s payund ‘(s2180[0UYPALAVT) [0741, Aq 2-Ad PIO-AEp-C 10 buIIY Y
plo-pam-g ‘onsspy jewrauotoud ysauy suatod ¢ ‘ssewionq -dss wniprusiosqayy woxy
pare[ost sem VN 210, “Uondiosue 510401 (M YO dANEINUEND Sutsn

sisA[eue 2 jo synses 2y J0j § B Areyuawarddng 2ag “saduanbas sawnad

a3 pue $1030101d BUILOP JID:NIA/N PUE NI/ 243 10§ SPogay Areyuawaddng
298 ‘U0 dLIISUET) 2519491 PUE UOEWIOJSUE) ABO[OI B[N0

MO[aq Suon23S )
SuU120U0 UONEULIOJUI [PUONIPE pUE ‘SoMSTIEIS puk Adodsomi, pue sy
PUR [PLIJEWI JURLd, PIRIUD SUON23S SappUI Spoya Aeususajddng oy,

spoyisW

“YDIBISII UL PIYSI[RISD

“(8661) L8TT-SLIT ‘T 49 S9U2D)
uy wsidonaes8 oy parmbar st 9iodsuen urne uy pasjoaus ujoxd
2y122ds-1001 © ‘DI M "D YUK R d YESHO “V " ‘BoxeD) D ‘Brugpsn
(£102) ZE91-1291 L1 JoIsfiyd vl
“suapue wmpiutosqa)y vSje MAydorey> gy Ut YYI/XNY pUE TLL, NOYIM
asuodsar unme s “H B0 3§ T 098 X ‘Ouuey Y
“(T102) 81TH-€1TF ‘€9 Jog ‘dx o “uonuaaur [rea ue niodsuen urmne
ejod g “ulingl ueA 3 " PRULPO D 'S D[IH ¥ *¥ PBUGqIT “I | N G008
“(£107) 991151 ‘611 08 “uuy “aeS[e pue eumdeqours>
Uy SISEISOAUWOY UTKNE PUE UIUROID JO (OO ¢ 12 T “CAONZZ,
“(8102) F9P-8¥F BLT [j2D "uonezifernsania) ueld 1oy suonesyduy
pue Axo|dwios A1epuosas wousd evyy AL, e 12 L, CWrASIN
*(S107) POOF1 ‘1 SIUD]d “JUN "UONN[OAD JO SIeak
oI 0 1940 AuouLoy Jueld € S AL JO UONLAIISUO) ¢ 12 D) D
“($102) 6 ‘S ‘umuwo) "N "uoneidepe [ernsaiia) jueid
10 s101e) Arewad s[eand1 AWOUSS WPV WNIPIIOSGaLY e 12 N HOH
“(T102) 9F~1 “I€ 198 Juvjd 42y 114D
-av8[e w2218 2y Jo uonnjoAd eI puv AuAFolkyd T2 10 I WP
“(¥102) 16£7-98L2 ‘BT 01 4nD “swuerd puey
SwiSroarp Aprea ur surstuey>aws odsuen urne [UONYI( e 19 L, VWIRIA
(S102) L0S-86¥ ‘0T 198 uvjd
spuai, uawidojaaap yueyd Jo uonnjoaa oy pue suroid Nid I, ‘Nouug
(ST07) TE-0C LT 12 1uv|d "UONN[oA? put ‘UonenIax
“wonoe s0dsuen urme uapuadap-NId | WL X W TIMOWEPY T
EERITEICIEN]

5

e

%

N

<

“

<

“

o

610T 1OQUIDAON [] aUI[uO paystqnd

6107 1290100 £ :pAdaooy (£ 107 1SNSNY §1 :PIAIINY

“ysanbax uodn

Joyne Surpuodsa10> 34y woxy A[qe[IeAL 21e Apns S1Y) Jo eiep SuIAepun Y

Aungeyiee exeq

“aprae s o) paxury Arewumg Sunoday yoreasay amieN
) ur a[qe[reA® 5T USISap YoIEASAX U0 UONPWLIOJT KA1 Areurumg Sunoday

SINV1d ANLYN

Apuapiyns swodaq 9eS[e adydorey> woiy Arer 1

[opou 210w se passaIppe aq [[im ‘saikydordans jo saydueiq aeredas
ur uopezi[nn st pue saseuny urajoxd 4q uone[nsai euonejsuen-sod
s yons 910dsuen) urxne pajerpaw-NJd JO SIIel) PAALIDP PuB JUIDUE
oy SurpreSar suonsonb Suneurdsey ayy, ‘uonnjoas Adydordans
ur Apres pagrowa 31 jeyy pue Awey NI 93 UM dNSLIORIRYD
PIAIISUOD pUE JUILOUE e ST I0dSuer) UKNE PIZI[ed0]-WJ oY) 3pn
-U0d M SN FATIEU 3} 0} PI}IUUOD U] 134 J0U Sey 353y} JO
1se] 2y ySnoyype < Jrodsuen urxne eyadiseq pue  surajord aI-NId
30 uonezieso] rejod < uonerpes NId Juapuadapur Jo 25uapiaa moys
sapads iy sdnnu dojaaap paresnsiydos £j3ur: 1 ue
21e[n8a1 03 SNIJ JO JUIUNINIIAI 3T} JO UOHN[OAD JUIBIAAUOD JO 250
e juasaxdai ydru (avardydoiviyn) syromauoys xafdwod Apnbrun sty
A8umSrnuy “Arpeuonsaip syt jonuod 0} uoneziesof rejod Nid jo
uonn[oad 3y Surpnpur xa[dwod a10W W03q ALY OS[E PNOM
yiodsuen urxne pajerpaw-N[d ‘uonemsar [eyuswdopaasp jued ur
Juafe JuedyIusIs e SWEDIq UIXNE USYAN *, WiMIPHULIOSGI]Y] UT UOIS
-IAIP [[29 SHqIYUI UOHEIUIIUOD UIXNE IIYSIY € SE ‘UOHEIYIXOJIP IO
Sursuas wnionb apnpur WYSIW XN[FA UXNE JUIWUOIIAUI-0-[[2)
[ensadue oy jo asodind [eonaypodAy oy, “soaneiuasaidar reny
-Porun ur uaad Krxardwos esrdojoydiow jo ssappreSar paynuapr
udaq aaey sanfojowoy NIJ 19ym des[e aikydoreyd 1ato ur ases
2y} 2q 0S[e PO SIY], *$21p0q Jue[d PUP[ [EUOISUIWIP-21Y} UT SE
saueyp [eyuswdopaasp 19881 10 Anuapr (2o urelurew 0y syuSIp
218 urxne pazijeso[ Jo A11ssadau ay) 10§ uonesynsn( Ay sapraoid
‘oseyd aane1afoa ay) Surmp sad4y 22 parenuazagp 10 yImord
rejod oYM wnipiuiosqapy JO dImdNNs snojudwey dduwrs
Ajrear3ojoydiow oy se ‘uonouny aaneu ay) aq JySrur sty ey Ae[
-123ds M| “JUSWUOIIAUS Y} OJUT S[[33 Y} WO XNFd urxne 158
-8ns PnOM YRIYM DIBJIUI [[23-0)-[[23 Y} I8 URY) Iayel A[[eiaje]

NOILVIOINNWWOD 43149

147



Appendix

(Y 9°0 = (*p’S'Ww1) SW03e 0D JO UONBIAIP pasenbs ueaw 1001) gNId-ode
01]B213U3PIISOWIE I ‘SNId-VVI ‘SNId JO W0 PUN0g-21e11sqnsay |
*91e35 uado-piemino f1dwo ue
se JaWip §NId-0de 343 Jo uoIEWI0§U0D 3Y) Sululap A1e3Jd ‘Paxd0|q
$110503£2 91 01 552208 35110 AG *(JT “S14) A11AROUOD B3 BIA UIYOId
343 0 APIS 21]050340-UOU 3Y1 03 UadO SI 1Y) UIRWOP J9110dSURL DL
PUE UIBLIOP P|0JJBOS 31 UaMI3q Pa[Isaui 19320d Suipuiq paj|y-1aiem
Pauljap-|[aM & S1919Y3 “J9A0SS0D 31 03 3XaN (£ 514 eIRQ PapUIXT)
Pd11aAuL st AS0j0do1 dueIqUISW 343 Inq ‘S19110dWAS WNIpos/ploe
31 3Y3 JO IBL) 01 IB[ILLIS SI IAWOUOLL 3] JO P|OJ [|BI9A0 dY ] “(JT “S1d)
191055012 padeys-X [e11Udd 33 sin0qgJey pue OTIN-SIN PUe SIN-EIN
$301[34 JO SISISUOD UteWop J19310dsuesl 3y | (99 ‘814 e3eq papuaIxd)
sawosodi|aurjoydjApneydsoyd aind pue pidi paxiw ui AJefiwis suon
-ouny §NId ey punoy pue K31A1e 10 spidi] uo asuapuadap e paisal
M "ulewop Ja110dsues 3y Jo 3o0d e oaur Suppons [reydneydie ue
1M pidi] 19Y30UE 941950 OS[E M *(q9 ‘14 BIEQ PP 9N PRUDY
Y3 pue [ U93aMIaq 9A001S & Ut pidi] & Aq Pazi[iqeIs Jayainy st pue N
pue ZIW Aq Ajulew pajelpatu st 9dey1aul siy | “xa]dwod duawip ay3
UL I2WOUOW J3LI0 3Y1 03 (;Y TIS'T) 92€4121u1 9T1E| B SILIID pUR LN
PUE 9N ‘TIN ‘TIAl S391J3Y S3SLIAWI0D UIBWIOP PJoJJeds 3y L *(e9 “Si ereq
papuaix3 pue JpT “S14) ulewop J2110dsue.) 9Y) PUE UIBLIOP P|0JJedS
U1 WEU 9M 1B SUIBLLIOP OM) 03U} PIPIAIP S1IWOUOW SNId Y L
‘(J1°81)
19}00d Suipuiq UIXNE 3Y3 SHJBL JBY] 19A0SSO01D PIdRYS-X UB DB S9O
51 pa1dnISIP IS L "6 Ul STEOI PUB HIA UL 9TT0Ad :due|d Sueiquiaw
32 JO 3|ppIW 33 Ul INpisal dutjoid paaIasuod e punolte pardnisip st
X1[9Y y11n0y Y1 ‘1eadai ydea uy *(P1 “S1d) ,;S991[9Y UBIGUIILISUBII IAL
Jo3eadal parsaaut ue Suistidwod (OTIN-TIN) S921[3Y SUBIqISLISUEL)
U] 3. 2191 JDLIOUOLL OB UIYIIA "IPIS J1[0S0IAD-LIOU ) WO SIXE
SIy2 Suoje dueIqLIdW AL 03Ul SUIPUIXI ANABIUOI 1DUNSIP B YImdue|d

(2n1q) utewop ployeds

wooaImeummm | aimen | g

SUBIQUISW AY1 03 16|NdIpUIdIad SIXE UONEIOI P|OJoM] B AQ PIZLISIORIRYD
(J1°314) SNId JO Jawp d1awWAs e sAejdsip §NId Jo wiojodeay
*S3IN1DNIIS JUBAD[DI 31 U VIN PUB V] Sk []am se spidi|
pue s3[ndajoLu 1a3em d[dNNL [9pou PInod apm *(3°pT *Sid) pajjapow
10U219M Y21yM ‘d00] 21]0S01AD PaIIPIOSIP 31 JO SANPISAI 6€ 10§ 1dadXd
u1d101d 211U Y31 10§ ANSUSP 1UA|[90Xd Ae|dsip sdew |jeinq ‘Suipjing
[9poLu [enIuL 10§ pasn sem W0y ode ay3 jo dew uonn|0saI-1saySiy sy L
*(19]qeL e3EQ Papualxd) Y ¢°¢ 38 uonesedaid paziignjos-yuasiarep e
wouy padnpouid semaindns asipndad ode ayy woiy ajqeysinSunsiput
S1Iey3 wiojode a1 JO2INIONIIS B ‘UONIPPE U] *(T9]qeL BIed PaPUIXT
pue g-¢ sS4 e1eQ PapUdIXJ) UOIN|OSAIY '€ 38 PUNOQ VAN UM 8NId
puE ‘Y 7°¢ 38 pUnoq vV Yaim §NId ‘U0lN0sal Y 6°7 I8 wioy ode ue
.Um_u:awa oju1 uiaoad payrind ay3 Jo UOIININISUODAL 191JR NT-0KI1D
9joned-a|3uls Suisn gNId JO SINIONIIS IDUNSIP 93IY) PIA|OS OM
*SJUSLIND PAONPAI UL NS
4109 (VVd) p1oeo1nasejAuayd-g Jo waisAs Sull padonpaiayl pue (ygi) ploe
u_\_\:_._a -€-9]0putjoazis 1951e] ay1 ‘S|dwexa 1oy :uoniugodai ut 3|0 35ie| e

adeysel 13 jo uostiedwo)
gl psut P 1I; Ixnep 13y
“GNId Ut UBLINDBIDNR (Q-H7) PIoBD! PIP-+'T

1ol 3110 (VVN) pioeoy; leuajdwexa Joj
VI8 puy pue (Jz 814 18Q PIPUIXT) SILNSNS NId [EUONIPPE 019G
-LWUNU B PaudaIdsaMm *(91 814) V140 1eya ueyy oy iy spnijusew jo 1oplo
auo AyuryyeueSur W 6TJ0 (') JUEISUOD UODIQIYUI U YIIM QI
UIIUM VAN e 1odsuen 500 uIsy (97 ‘Bl 180
PapuXI) ¥£-0'93e I M Hd A13SQO
9M *(P 814 38 PapudIXa) W 6'6€ 99 01 SuIpulq Yy o () JueIsuod
UONEIDOSSIP AU 2INSEL IM *(97 “SI4 BIBQ PAPUIXT PUE qT “Bid) (=)
T 9ET 7 95€J0(SK ,'SPOYIIN"Y) UOIN
B UM ‘Y] 10J A1 ,tﬁcu:wnam303_2:22amm_._wz_nrmﬁz,oﬁw:a

2uBRIEPIVUETF S 8= (") aLnd wnuixew ‘Wi 9€TF 95€ ="y ‘86" a E

21 pue (U2315) uewop 1a110dsuL Y yoea Ut punoysufewop

sond W-SI9RYDIN AQ PaqLIdsap st 1odsuel)

OM12U1 pUE 208y I21UL JOWIP Y a1 Wiy MaIA
401 yB1 G 9WOUOWI T a1 Ut PAYBYFIY 12A0SS01 [£11U22 I 1 ‘PIIQE]
OTIN-TIN LM 8N JO MIIA 3PIS § P [2Ued 01 BUIP1053E PaIN0|0d JaLLOUOW
U0 YI1M JIWNP NI 9410 dewt W3-0K1) 3 "SULWOp ployjeas pue sa1odsue.
U29M19q UONE[21 9L PUE SII[Y SULIGLIDWISUEIIIALY JOILadD1 paTIaAU]

UE SMOUS JAUIOUOL 8NId Y3 J0 AB0j0dOL ‘P ((Z <) WW'a'S F Uaw 10 ueatu
21z EIRP (VAN W 0Z PUE § 10J 7 = puE VAN WH TPUE 0 10§ € = N 8'€-6'0
HEAIDIUIDDUIPLUOD %56) T 6T =') UORIQIUI SMOYS VAN JO u

WSS IUDLINDEAd ‘G °896670 = & Nd9AINId
SNSI9ASNIA'8L00"0 =d ‘INId SMSI9A SNId‘0608'0 =d ‘lId SNId SNSI9A BNId
‘80§8°0 =d Nd9d 8NId SNSI9A NId "Paw10§12d sem1s33 suostiedwod ajdnnw
$,139uun( £q pamo||0j VAONY Aem-auo e ‘sdnoi5 1910 pue gNId uaamiaq
SIOUDIIYYIP 104 (€=U Nd9AINId ‘¥ = INId L =t Ald 8NId ‘S =t Hd9a

SNId T1 = U3NId) SIUaWLIAXD | AjjeaiSojol 1da181u104
“sanjeAwnuw winwuw 01 pud; sz o1y
o 0gayy 217U929y L (WM = UonENUIIL0>

ujuaLIN 110dsue1 ‘2 uonealLnd NI 241 10jaoei (93S) AydesSorewoyd
UOISN|IX2-9215 PuE SISA[euE IDVd-SAS PauLels 1asu] (suonesedaid swosodiy
€ =u:fidwa ‘suoy 1P = UIgNId WS F upows

soepe lewiq

sanossoig |

VV1914200 [eU121u1) $214200 U DAIE AIPANMISUO? S1GNId 183
MOUS 1 PUE d9Q SISEUI BUNEANIE-NId Y3IM PAIEGNIUI TINId PUE SNId 10)
$9121110dSUEL) VI IADE[DY €SNI JO 2INIINS [[€19A0 PUE ANADOV | TS

osowo

UBWIOP PIOJEOS  UIBWOP JapodsuRI) S
" g saiodon” " Y didion N
) [ () vl
000'S_000'v 000'¢ 0002 000t O 0002 000°+ 005
UBWOP PIoYEOS  UBWIOP JSYIOISUBIL URIOP POJEAS. e i oz 2
e w5 N 28
osoito van i L 02 3 H oy ‘5:
VAN W 0+ g g g B
] | H H . 5t
H g H B
o0 2 H 2 gd
B 003 iH
1 — 38
opts e
Zwadey Lwedey  ojosoio-von ] 09 WeLTee™ Adwv |og
P e 5 wissisosey  wvae | q , e

L | wooaineummm | aineN

AP NEBAUOAAG 2P LUM@SALILIE YOI EW-0: JPIULMA 18I ‘BUn

W Uspy #Alenba PaINGLILD SI0LINE 358U, “YSN AN H1OA MEN ‘SUIDIP3I 10 1004IS AUISIBAIUN }10A MaN ABOJOIE 112D 10 1UBLLILIEGS( ‘BUIDIPBIA JEINDBIOLIOIG JO SINYISUI TIEQUS, AUBLIES
“BuIsIo3 YoIUNIA J0 AISIBAIUN 1BOIULO] ‘UBYdBISUBYIBM SEIUBIOS BJ1T JO 1004 ABOJOI SWBISAS 1UEd, “HEWUBQ ‘SNYyey AUSISAIN SNYIey ‘S1aUSS Pue ABO|oIg JEINoBIOW JO Juswiedag,

1 13233 (INSS) nmtonn:m ptjos Buisn Suyidnod
ADI 1sn310d: M* i d u_vBE:m
-u03a1‘uoneaylind Suimoy|oy 1S] 1ul

‘SNId %D(Z_ Jol. 1! ! 0]

*(qg 814 e3eQ papudIx3 pueer S14)
19110dSUR UIXNE JANIIE A]DAIININSUOD € ST NI 18y) Sunesisuowap
“YdN J0MQIYUI 3L 03 9ARISUSS PUE saseun| SueAIIdE JOJuapuadapul st
ANADDESIY ] “TNId PIIBAIIDE-DSEUD JO 1BY) 01 Je[Iis A)IANDE Liodsues)
VVI3SNQO1 PGIYXD §NId ‘5914200 Ut passadxa UaYM 'SNId [edIuoued
Jo sdooj A1031qiyui-oane Suo| 3y Ui udads sjiow uonejfioydsoyd sy
308|183 SANPISaI £ J0 00| 210S01AI 110YS B YIM ‘9ZIS U BAY O+ JONId
|ed1uoued-uou e st gNId "uonesyund pue uoissaidxa 10j sangojowoy
NId SNOLIBA BUIUS3.10S 193J& DUDIDY? 'Y WOy §NId APNIS 03350 M
*Ajnwey Nid snodinbignayy 01 9jqedrjdde A|peo.aq sieyiiodsuesy uixne
10} [opow pue 3 1onnsasay) ‘ugnoad

JueINW WOy eIep 110dSueI YIm vmc_n_Ecu 'V '€ PUE 67 U9IMIdG SUOn
-Nj0Sa1IB VdN Punoq yaima1els Suloej-pIemul Ue Ui se [[am se yy| punoq
INOYIIM PUE YIIM 91815 SUIDB)-PIEMINO UE Ul SIINIONIIS JA[OS 01 pasn
U334 sey (W3-0£19) Ad0IS01D1W U01III[2-0413 “sendned u| ‘ui0id
NId Bjo uoneziiaideeyd [edaisAydolq pue [eandnisiuasaid ama1oH
*y3iodsueny areniui 03 A11ande aseuny Suninbai ‘K1031qiyul-01ne 9q 03
U qaAey sdoojay A, [nSa11ey3 sa1s uone|L1oydsoyd
9ABY SN [ed1uoued jo sdooj m:o_ 9y *(ez pueT ‘s314 e3eQ PapUIXI)

e Wwn[noRaI oM seyons

u1 punoy aq ued pue dooj 13110ys yonw e ssassod (VUDIY? Y U ONId
91BIPALLISUIAYI PUB §NI PUB SNId) SNId [EIIUOUED-UOU SBIAYM ‘dURIq
-woaw ewseld sy ui pajedo] Apsow ase pue dooj (anpisal §se-€7€) Suo|
e Aq pazia1oeIeyd a1e (DUDHDY] Y Ul ZNId PUE $-INId) SNId [ed1uoue)
*doo| 21105014 B AQ p das syeadas xijpy 1-9A1) OM]
BuisLidwod $ad1[aY SUBIGUSLISUE.II U dARY 01 paldlpald ase sutalold
NId "zr/2J11J0 SWOPSUD [ SSOII8 PAINQLISIP SISQLIDL LM UIAROGL
PUEdIUDSIE ‘PIOE ]I 0 S19110dSURI SOPNDUL OS[e YDIYM ‘A|iejiadns
(LYV4) J9110dsue) UIAeOqLI/2)1UIsIe/3]iq 9518] 33 Jo 1ied se payyls
-se| si pue wop3upy Juejd ay1 01 2A1sn|oxa s Ajiwey u21oid NId 9y L
*(9'% ="yd {(weerdeu se umou| 0s[e) VdN) ,P1oe dnweleyiydiAyydeu
9pIIGIaY 3] GE[IBAE A][BIDISLILIOD 31 SE YINS SI0GIYUI XNYYS UIXNE
Aq paxoiwiw aq ued yoiym ‘sadKiouayd Jueinww uid 319A3s ualyo Aq
pautjIapun s sNid Jo aduertodwi edigojoishyd ay -, s19110dsuesy
NId £q'$]192 J0 In0 UIXNE JO 110dX3 UO $31[31 $5320.d SIY | "¢ .3Jodsueny
uixne sejod Jo ssa001d ay3 £q pajjo.3uod siydiym ‘Apoqiuejd syy uruixne
Jo uonnquisip ay3 uo puadap yimoi3 jued uo s199459 Y1 jo Auey

* wisido1038 pue wsidorozoyd Suipnpul ‘siueyd ursasuodsal jeauaw
-UOIAUD X3]d L0 350w $31eAISYDI0 1B [euBis YimoiF e sapiaoid vy
XNE, SB 01 PA1I9)aI A|SNOWAUOUAS ST pue ‘uixnejuauiwold 1sow aya st
R = "yd ‘) praeonade-¢-ajopu] ‘siuejd ui sassadoid [eaudwdojaasp
pue yimou3 e Ajzeau 91e|n3a1 3ey3 sauowioy Jo dnoig e ase suixny

“uawdo[aaap pue yimoi3 ‘A3ojoisAydueyd jo a1nieay 2100

e ‘110dsues uixne tejod Jo wsiueydaw [e13udd e ule|dxa pue ‘1iodsuel) 10§ yIomawely
1en1dadu0d umowj-|[9m & uo puedxa pueul| ‘SNId Aq 11odsuell pue uoniugodal
UIXNE 10§ [9POLU JEINDJJOL AISUdYAIdLIOoD e dpIaoid $1|nsal inQ 'siariodnue
u010.1d/WNIpos pue s19110dwWAS WNIPos/a1eu0qiedlq ‘siallodwAs wnipos/pioe aiq

JLENERST

1. WsiueYdaW 110dsues) 9dA1-1018A3]D UE [BIAII BIEP [EJILBYI0IG PUE

$2INDNIIS Y | “UIXNE Y2 Jo dF1ed dA1eSau ay1 Aq uaALIp A|geqoud pue syuaipess uot
pue uojoid jouapuadapulaq 01 MOYS IM UDIym ‘110dSueL] YIm Paleldosse saSueyd
[eamonus 1oy 1utod 10A1d e s119A0sS010 duljosd-aurjoad e 211s Sulpuiqayl 011XaN
*321s SUIpUIq UIXNE PAUYIP KB B YIIM UIBLIOP POYEIS PUE 110dSUE.L] B 03Ul PIPIAID
J9WIOUOW OB L2IM “JSWIPOLIOY B SLLI0J 21n1dN11s 3y | pioediweleyiydiAyiydeu
9PI21GI3L AU 0 PUNOQ UOIIEULIOJUOD SUIDBJ-PIEMUIIUO PUE ‘UIXNE INOLYIM

PUE 31M SUONELWIOJUOD SUIDEJ-PIEMING OM1 :8NId DUDIIDYI SISAOPIGD.IY JO SIINONIIS
221y yum Jayrasoa sisAjeue [eaisAydoiqauasald am 219K ‘pooisiapunjou siliodsuesy

103081 B 01 BUIMO °, ,29BdS JB|N|]2I.1IXD 31 01 [0S01AD 31 WOLJ 110dXD UIXNE [011U0D
pue ssa204d siya ursyuedionied A3y a1 (A]1Le) 19111 XN[YS UIXNE LI SE UMOUY|

os|e) Ajiwey (N1d) INYO4-NId Y3 utsuidlord ay | - siuejd urjuawdo(aasp pue
1m0.3 Jo s10adse ||e A[1eaU [013U0D PUE SI]0J [BJIUID JARY JBY) SAUOLLIOY dIB SUIXNY

NE paleIpaLu-N|d JO WSIUBYDIL JBJNI3[OLL 3Y) ‘BIED [EIILUAYDO0Iq PUE [eINIINAS

sorepdn 10}309yD

ssaooe uadp

TTOT dUN[ 6T :AUI[UO PAYS]

and

+1U8S19pad ENjoAURd WG B ;. SOWIWEH 'Z YOUIN ‘SOYOIS " PIAEQ ‘01ped w3

220z Ae 61 :paidacoy
220z Alenuer i :paniooay

“Ple0RUE d BULOQ *,q10) BURJEI ZINYDS SE)NT ', JoPIUIM 19BYIA ‘,, Bun WeTuan|  A-£880-220-98SLYS/BE0LOL/BI0TIOP//:sdny

J9310dsuey uixne GINN0A-NId
jue[d 3Y3 JO WISIUBYIIW PUE S2INIINIIS

PRIy

148



Appendix

*0AIA ur11odnue uoload Ino 3ns A[231uLyap J0uLRd 9M YSNoLI|e ‘SNId
J1oj wsiueydaw 1odiun eyioddns sny e3ep AnQ 110dxa uIxne dALIp
01510101d 10 WINIPOS J3L313 JO 110dSUELII-193UNOD U0 AdUIPUIdaP 13T
-8ns sAesse £30]01sAyd 0112313 WSS 10U 214500 JaL 312U ING ‘UOISI SIYY
JO3un3eu [enuassa ay Sutuipapun ‘A1anoe s1eSoiqe A1919]dwod s
110ddns ay1jo suo1BINW ISO *, UO1IBIO|SUBI] UOJO.Id dIRIPAW PINOD
ey Jted 6/541-6/dsy [E1IUDSSA A|[EUOIIOUNY PUB PIAIISUOD E SE [[9M
se‘Buipuiq uol 10y mojje pjnom ey Iuasaidsiaisioddns e joa1n1oan
21E 21SBq Y1 “IIAIMOH *(6 PUe 3T "s514 eIRQ PapUAIX]) Jodsueny
10JUBIDLINS S1 VY1 Y3 JO IBIEYD IANETIU A1 EY) MOYS BIEP INO

*(109pIA Areauawaddng pue eg S14)
WSIUEBYDIW JOIBAI[D PASEQ-19A0SS0.1d duljo.d [e1auas dwwes 3yl sasn
SNId JBY2JOM SILI LWOIJ 1B3[I SI 1 puB ‘(£ "S14 BIRQ PAPUIIXT) SNIJ U1 IS
110ddns ay1 se uonisod awes 3y 1e paIedo| st saljiey 3say ur suoosd
pue wnipos SulALIp 3y Aq pardnddo 231s 9y ‘A|qBION J1I0L JIIA0SSOID
sutjod paA1asu0d 3Y3In0qe s10Ald UIBWOP 19110dSUE1) SU3 PUE PIXLY
SIUIBLLIOP P[OJJBIS 3LI YDILM Ul LUSILEBYIIW 10IBAS[D UE Suisn uolouny
01pasodoidae|je pue ‘110dsues) 9ALIP 01 5U0104d 10 WNIPOS 3N 1By
s19110dsues) 9A1OE AIBPUOIIS |[B dJe Sl iwey ula3od 13y10 3say |
*(£ 814 e3RQ PAPUAXT) A]SNOIALd patou Uaq 10U
sey saliwey uta101d JUAZISAIP 353U PUB SN USIMIQ U] [2INIONNS
ay3 Aym Suturerdxa sdeysad ‘s19110dwAs WNIPOs/pIde 3[1q Y3 YIM
UOIIBIUSLIO PALISAUL 3Y1 d1eYS S13310dnUE H/,BN ) SBaIayM ‘SNId
SeuonejuaLIo duBIquaW dwes ayy1dope sivriodwAs BN/ €OOHIYL
*SNId Yam ASojowoy aduanbas 91qiS13au aseys jje saijiwe) uraroid
1930 953Y3 ‘519110dWAS WNIPOS/PIoe 3[1q 9Y3 03 JBJIUIS *, . A|1Ley
12110dwiAs BN/ €ODH Y3 PUB (ZVdD PUB TVdD) saljiwey 1a1iodnue
.H/,BN om1 K|]3weu ‘(T < 3109s-7 1) Ploj dwes siy3 ydope suiaroad
JO SAIIWE) 12Y10 221Y3 ISEI) 38 ‘UONIPPE U] *(£ "SI BIBQ PAPURIXT) 9Z1
-13wip 01 1eadde 10U SI0P PUE UOLILILILIO PIIIIAUL U SIUNSSE 1 GSY
‘P10j dwes dy1 3dope LGSV PUE 8NId YSnoy|y “gAliuey SSYE Y1
wouy $19110dWAS WNIPOS/PIdE 3]1q 1ASY PAZII2I0RIBYD A[|2INIoNas
Ay sapnpul yaIym ‘Apeyradns 1Yy ay3 Jo 1ed si Ajiwey Nid ay L
“ejue|d ul paainbaiiou Ajqeqosd 1sow st pue ‘01A ul K3IANDE
10§ Papaau 10U S1UONIRIAIUISIYI JeYI SISABFNS oM InQ °,  11odsueny
VVI UL A1A1103]95 91819U35 03 SNId YIM 10BI9IU S19110dsuen DgV
ey pa1saB3ns aAey S3IPNIS AWOS * AJULyJe 3181ISQNS JO UOLRINPOLW
103.11p uey3 Jayies santadoid uoniqIyul-0INE pue duepuUNge ‘uon
-8Z1[e20] SULI3JJIP WOLY ISLIE SNId DUDIDY] Y JO SUOLIOUNY IDULISIP
1ey3 saijdwi siy3 ‘S198j111e [2IUSLLIAXD 1IN0 9]N1 J0UURD IM YSnoyIy
“(INT OT-T°0) (;Sonssh Jueld ut uixne Jo suones1uadu0d [edt3ojoisAyd
9 UL JOMO| P|0J-00S-S SI SAesse awosodij0a1o.d ul painseaw yy|
10y Auyyye uasedde mo| ay L *(p*d8 pue eg ‘1 °sS14 eleq papualxl)
P9Z1]e12Ud3 3q UBD SUOIIBAIISQO INO Jey] SaIedIpUl ‘Sa10ads Jueld
13410 03 SPUIIXD OS|E YDIYM ‘UOIIBAIISUOD SIY | "PIAIISUOD Apdaysad

*(w0210q) 23e35 paemu pue (doy) 21e1s paemINe
aurSHTUID 1s110ddns ay) 01 a31s Suipuiq o Supul oMU
pu0g-uaBoIpAyay L ‘3 1 ynmsur; | 1591941 pue K11 dewygn

woo'aineuMmm | ainieN | ¢

24 sauis 1oddns pue uIxne ayI—GNId [dIUOLED-UOU [ENSNUN 3Y1 JO
u0ndadxa Ue Y11M—1eL) S3IBIPUI 313Y PAIPNIS §NId YIIM DUDIDYI Y
wouy sNId Y3 ||e jo uosiiedwo) 'sNId [ea1uoued Aq pajeipaw se 3iod
-suenjuixne rejod £q pausano3 Kja31e| a.1e A30[oydiow pue yimoi3ueld

uolssnasiq

*(96 *314 e3RQ PapUAIXT) HA [BUISIXD 01 IUDIIYYIPUI OS[E 3. $IKI00 U}
sa181110dX2 ‘210UWLIAYIINY *(q6 PUB T *$T14 BIEQ PAPUAIXT) Modsuen
103 K1038811q0 30U S19210) 9ANOW-U0Y01d B IRY) BUNSaZBns ‘9ouapuadap
Hd [ewnuiw sey pues19]dnodap 3210) 3ANOW-U010.1d 019ANISUIS JOU S
$3WW050d1]0910.d Ul §NId JO ANALDE JIAIMOH "5/ dSY 10J 31eIs Pareuod
-01dun UE IIM JUBISISUOD ‘SDINIINIIS [[B UT'Y € MO[2q SI 6/SAT01 §2dSY
wouyaoueIsip ay L *(p‘>‘es 314 e3e@ papuaix3 pue pz ‘S14) 1odsuesy
ysijoge pue (D6 410 NSZQ) 2NPISal 191119 WOy 3FIBLD 91 dAOWI
1e13 SUOIIEINW D11915081 AQ parsoddns st eapi iy ‘pasput ‘1iodsuely
uo0101d 10§ enuaiod yam ied 101dadoe-l1ouop uoloid e23nINISU0D pue
PaAIasU0d A[njate 6/sA7 pueszdsy ‘AjqeioN *(eg “S14 e1eq papuaixi pue
pz 814) AuiAnoe 1oy el JeQzeul9Ida: ISl asayy
JojjeaeyasaredipuisisAjeue [euoneniy “(d¢ “814) (SIN) SHTUID pue (B6IN)
0ZEUID “(EN) 6£5K1 .55 SLUID ‘(EIN) SLASY YIM Y10MI9U puoq usg
-o1pAyeur 11U S9|NJ2OLU 191BM 3] ‘SAINIINIS |[B
uj*(e6 14 e300 vuv:ﬁxm: 908|d 910U S0P SUO1JO 110dSUEII-1IUNOD
o1y103ds 3ey3 Su11sa33ns ‘ANIANDR [[NJ SUIRIDI §NId ‘SISBD L10q U] 'SId
-Jynganisnpxa-wnisselod pue-wnipos uiiodsuen gNid Suedwod £q
2ouapuadap uol ago.d 01 sn paj s1a11odwWAS WNIPOS/pPIde 3[1q Ul SAS
snoSojeue)e BN JO2oUdsaId ay | *(9-98 14 eIeQ PapuIXI pue dg ‘Sid)
131eM SE P3[[aPOLU OS]E S1 1.1 yead YBam 3|SUIS JUO SUIEIL0D JUIS ILes
2y ‘dew §NId-VdN Pue 8NId-VVI uolnjosal-1amo|ay uj (38 *Si4 ereq
PapURIX]) J91EM SE PI|[IPOLU SJE YDILM 331S YY) Ul SHEId OM] S|EIADS
dew gN|d-ode uonnjosai-19ysiy ay | ‘911014 JO [Auogied auogydeq
Y1 pue SHTUID [B1IUID Y1 AQ PIZPLIq IoMIaU puoq US0IPAY JAIS
-ua1xa ue elA 1S Suipuiquixne K1ewrid ayy o payui| siansioddnssiy |
“6IA PUE SIA ‘€A U99MIDQ JIA0SS0.1D 33 JOIPIS 19430 a1 uo Judledde st
Ausoddns, £10ssa008 ue ‘931s Suipuiq uixne K1ewid sy 013uddelpy

*9181S PIEMINO 31 03 UONISURI] SIUdAID
1Y) VdN JO 3215 J9818] Y1 (7) PUE ‘UIBLIOP P|OJJEIS U] LOIJ SANPISAL
[euonippe jojuawagesus 01anp Suipuiq 1a3uons (1) :s3uauodwod oml
£q paute|dxa aq SNy ued V4N Aq uoniqiyu *(p-es S e3eq papuanxy
pue >‘qe "S14) ajndajouu 4N xa]dwod alow ‘1a3.1e| ay) 01 anbiun Aqe
-qoidate pue y4N Jo Sul |Ayaydeu aya Aq parerpatu aJe yd1ym jo Auew
“UIBLIOP PJ0JJBS 31 YIIM PIAIISQO OS|E 1. SUOIIIRIIIUI MIU [BIIADS
*VV101 JE[ILUIS ‘UIBLIOP 19110dSUE.1I U3 JO SJIIOL JIAOSSOII OMI DU LIIM
10e193U1 [|1IS VAN JO Sull [Ayaydeu pue SuLi sUSZUSQ AL | "J9IBM DA[OAUY
10U S0P 1BY1YIOMIDU B UL OSTIAL PUB SHTUID YIIM SE [[9M SE ‘STE[BA PUB

ayjomaiad 19"y § S 1s Sutpul 1SQNS 31 Y1M *
adA: 19 UE [BIADI (3N]q) LI uo pasodadns sanony
PIEMINO PUE PIEMU| ‘B " 10§u0) | €514

" \.

v L
1zen

Proyeos.

prewno [
pren[]

pnIy

€ | WooaImeUMmm | ainjeN

£TEIBA JO SWOIE UIF01IIU UIBLD UIBL YIIM SIDRIANUI VN ‘VV] 10) US
SUOIIDEIIUL 03 UORIPPE U] *3183S UadO-PIEMINO A U PAAIISGO 10U B
81 SUONORINUI I9ZU01IS [BIDASS SBL INQ ‘19A0SS0.I 33 spaemo) sjutod
VdN Jo dnoaS a1ejAx0qued ay) ‘yy] 01 Je[iwis *(p'dg *S14 eIeq papuaIxq
pued‘qg 314) 21e1Ss Uado-pIEMINO I UT VY] YIIM dwod uiaoadayy
L3IM UONOBIIUI DAISUIIXI 210W SEY VAN *(T 039PIA AteIuswoddng pue
eg ‘814 y S Ajorewixoxdde Aq aus Suipuiqay jo uone|suell e ulS)nsal
UOIIB10I SIY | "9PIS D1]0S0IKD 33 01 ZTTUSY pue a3is Suipuiq uixne ay3
3sodxa 01,0z AjP3ewixoldde £q pajerod ale sujelwop Joyiodsuel; omy
aY3INQ ‘(Y 6°0 =""P’S"UI'l) UOIIEWIOJUOD UIAO-PIEMINO Y 01 DALIE[DL
PaSuBLOUN S130EJ131UI DLIAWIP PUE SUIBWOP POJJeds 3y 1 *(eZ S1d)
uoneuwiojuod uado-piemul uesydope gNId JO WO punoq-ydN ay L
*(og puet-ssi4
BIBQ PapUaIX3) SNId 3da0Xa suiaroid NId buDIIDY] 'Y [[B Ul PIAIISUOD
A]Iny 21e pue s3193ds Jue|d UDIIYIP SSOIJE UOIBAIISUOD 20UINDIS
ySiy moysiaxydod Suipuiqayy Suiuiyap sanpisaiay ||y *(q‘eg ‘S eeq
PapuaIX3 pue pg S14) a.11nd 110dsues) paonpal A|qelapisuod e 03
pea| (ATSI Se yons) sanpisal diqoydoapAy asay ui suoneinw Ayng
*(LIN) €981V PUE (ZIN) 09ZnaT paleas AjjedtiawwAs-opnasd ayy pue
(T) ¥SNaT“(ZN) TS3I1 Y3im suondetaiul diqoydospAy dyyroads-uou
|euonippe sey SuLl 3]opul Y3 ‘UIBLLOP P|0JJIS Y U] SI[NSAI AF0]0
-1sAydo13d3pe INSS Ay Aq os|e se ‘AL. adeys
JO SISEQ Y1 UO VY] 10J $193]3s §NId 1By 9ziseydwa yy| pue uiewop
13110dSUE BU3 UIIMIIQ SUOLIDRIAIUL BY3 ‘Jay3a50] *(qes “Si4 e3eq
Ppapua1xj pue pg “S14) AADISUSS YJN Ulelal [[13SIng Suipuiqaeisqns
yumSuuapiaul £q Aulyyeruasedde 30npal 41oq YoIYM ‘SIUBINW ASTEA

“((ABTEAPUEYSLA ' YIVIS OSTA) T = U
“(VOSTAPUE AOZTI'ATSIV8LD ‘D6 V6. ) ‘NSLA 'VSHIO) € = U (VOZED) ¥ = U
“(VBSTL) S =U(VLIIN) 9 = U ' awosodyua1ayp p =
(1m) 2dK1 plim) ! dausiujod

pue A0ZT1 AIngay1 Aq parioddns sisiy | "91e13SqNS uIXneay) 1oy Auijje
9pIA0Id J1IOW J9A0SS019 3Y1 J0 SaNPISaI 21qoydopAy 3y L *(q8 pue T s3id
eIBQ PapualIxy pue p-qg ‘S14) (anpisa1diqoydoipAy e i a1ym DX
(D/N)d) J130W 3dUaNb3S 191055013 PIAIASUOD pue paredtjdnp e o ried
se sauljold £33 oM aY3 J93e A[91RIPALULLI IDAOSSOID D) L0 PAIBIO|
AJjeaawwAs aae sanpisal d1qoydoapAy 1noj 3say | “apIs 21]0S0IAD
241 SP1EMO) (G6IN)STEIEA PUE (Q6IN)LZEIEA S3IBIU0D SuLl djopur a3
SEAIUM ‘DPIS D1]0S01AD-UOU DI SPIEMOT (GHFIN)OZID]I PUB (QHIN)6TTNIT
$10BIUOD 3UOQYIEQ UOGIED YV 3Y1 ‘UleWop Ja)iodsuen ayl uj
*(eg 'S14 e3eQ papuIX3 pue pg *S14) A1ANdE UO
109}J2 0U PBY 94149 JO UOHEINW ISE1IU0D AF *(q'BS “SId BIEQ PAPUIIXT)
1JJ€ pue K)AIIOB MO] K19A U1 S)NSa1 VOSTA Ul UIRYd 3pis AY[nq ay)
JO [EAOLUDI SBRISYM “VdN 03 KIIARISUIS pue A3julje ‘AIIANDE SuleIal
JOSTA :s3nsai paxiw Aejdsip syueinw QSTAL *(pg “814) 2dueliodw
11943 Sunsoddns “J10dsuell SaYSIOQe duIUBE 01 SHTUID PUB LTUSY
J9ya1e Suneiny *a3eIs asea|al sy ul 39x20d Suipuiq syl wouy vy jo
UONEIDO0SSESIP [el11ed 103]J21 ABLU 1BY] SINDD|OW JIBM PIULIP-[[9M
93113 941950 9M 2I9H 9HT19S pue OSTIAL AQ paul] os[e st ey 1axdod
1ejod e 591891 9TT01d JO |AUOQIED DUOQYIR] AY | "SI|Y G6IN PUE
q¥IN wouy3jodip aanisod 3y Aq pazi|iqeIs sl VI “(SHTUID PUe LITUSY)
dduessip Suipuoq-usSopAy ulyIm 1. SINPISa om Ajuo y3noyfe 1A
-055010 31 SPIEMO) P3IULI0 dNOIT 31BIAXOQIED S LM PUNOG SI VY]
‘UIXNE 10§ 918IS
9589]21 P2103dX3 3L ‘91815 UadO-PIEMINO PUNOQ-2IEASqNS B SIUISAIdAL
2.1M2N1S §NId-VVI3Y3 SNy L *(9'GZ “S14) S9Ndajoww 1a3em Supunonns
92143 y31m 19%20d SuIpuIq AU Ul Y] 10y ANIsUSp Jeafd estalay | *(ez S14)

£801015Kyd0.19313 WSS Kq PaUILLIEP YT WH 00S Aq PayoAd asu0dsa 1Ua1INd
23 ‘P"BULI 20PUI Y3 YIIM BUNILIIIUI UBWIOP PJOJJEIS Y1 W01y SANPISII
ay3 pue Asuap dew vy Jo mata dn-aso[) 2 "paIySIYSIy sanpisal [213udd
yumausioddnsayi pue vy jo uonisod ay1 pue 19A0SS010 941 JO MIIA ‘G
“52583 410q Ut [ennud10d aamsod e sey Jjas1110x00d Suipuiq ayy ‘(enuatod

(2 <) WS T UBAW MOYSSIEQ O 11} 3G 10U PIN0IIAIN W-SHRBYRIN

©184) S21ED1PUI AN S18 241 IAOGE UMOYS JE (8 “514 BIEQ PAPUIIXT)
JUDUIDINSEIU [[NJ AU WOJ PAALIDP (‘PS 7 UEALL) SAN[EA Y SIUEINL GNId 10)

SRR IR
@@«(%«v%azzzcz.ﬂo
S Os R R G U R
E[{ 2
.
oe
. g
09 §
g 2
A o qoe 3
xxzzzzzAAAARAAZZX
278888545554 5883
2 3 588%3 %8 ]
o A 2 oz
ie [EEE I g
B Eio=fz 2
£ & ¢ H
B B osk p

n & 14118 A1IABIUOD 21 SEAIYM "UOIIBULIOJUOD
Eumcmﬁu:.;oﬁmzz VAN PUE SNId-V V1 JO U0NEIUas2Ida1 2081INS
211815011932 JO MIIA AEMEIND) ‘B *PUNOQ VAN PUE VY] YIIM S21n1oN0S | 7514

fosovo

ops
oosoyo-oN

UONBWLIOJUOD PIEMUI BNId-YAN

¢ D o
[ ]

Dl0s0yo-voN

UOHBULIOJU0O PIEMINO 8NId-YI

149



Appendix

2202 (s}ouny 4L &

wooraimeummm | aineN | 9

(1202) 9LpvOL2 ‘0% T O8W3 “odsuen une

Jejod sare] 1dUI00 XnlYJa Nid J0 UoNeZIGEls PajelpauIouonel3 12120 M Bleal ZE
/0'9/Aq/535UR01 /B10'SUOWILIOOBANEBIO/ Y SIA (1Z0¢) 811£580Z023 ‘8L VS 05 ‘Pedy N “20id ‘siauiodsuen
“a5ua01 S1s 0 Ad0D & MBIA O] “1BPIOY 14BLAGOD B} WOl ARORAIP UOISSIULIBd LIEIGO O} paau XN NId SUGIYUI PUB U1 581210085E PIOE IWeleyIdiAyIydeN 1210 1 ‘Seqy g
1! N0A 25N poRIUId B SPaRIXa 10 UONEINGaI AICINIENS A PaNILLIEA 10U S| 95N PapUBIUI “(6002) 615-84 LS 401y 19BNy “sduwind Uoioid Aq paviodsues aie Aau) Moy pue
N0 PUE 95U3O) SUOWILO) SARESIO S3[OIE B3 Ul PAPNJOUI 10U S| ELISIEW | EUBIEWIAROL  5U010Iq 'O W ‘UBIBLLIed 7 d ‘UISSIN " NOSIBIoA “d '§ 'USS1apad [ W ‘USSIaPad-UoNg ‘OF
SUIp9ID UL SINIaL10 PSISOIPUI SS31UN S5L3D1] SUOWLIOO SNSRI SI91E 341Ul PPNIoU! “(1202) €9 'L %0951 1120 "G 1-Id Ym
1E aJore sIU Ul eustew Avied paig) Jayio i ereapul pue aqs seuod Josamonag e AX N 6T
65USD SUOLULIO) SATEBI0 841 OF 1 8 GPIOI 531nS a4y PUE (SHOUINE ELIBHO oL 01 P (7102) 6LGE0R '€ 24110 deyNed Jouodnue uooid
@1e1do1dde N5 NOA Se BUO) Se “1ewi0} J0 WNIPaL AUE Uj UOONPOIda: puE /WNIPOS 34 Ul BUIPUIC UOI 818SANS PUE BIMONAS ‘O “ZIPTA B M IPUBITIUNY “0 UOTUOM 8T
uonnguIsip ‘uoneldepe ‘Buiieys ‘asn s)WIad YoIyM ‘8sUBOIT |eUONEURIU| O'Y ] (7102) £85£02 ‘€ 8J178 "LdBUNIW J81100NUE UOI0IT/WINIPOS BU) JO WSIUBYOBW
UOANGIY SUOLILIOD BAIEaI) € J3pUN PasUaDl| sseooyuado | B ©) odsuex M IPUEIQIUDY § 'O ZIPIIA 3 ‘€A0100E) “] “USIUOM "D ‘OUNNEd 17
(£102) LIS-ELS
Suoneye jeuonnisul pue sdew paysiignd “40g dmieN “Lodiue 10} wsiueyoow p-omiy 1019°0°991 ‘97
usuwiero unf 01 pieB1 2 6002) 202L-L611 ‘SEY 2imeN “Hd Aq uone|nBa
PUE UON9 J0 WSIUEL9BL 01Ul SIYBISUI PUR J31IOTIUE H/ 2N €0 3InIonAS 210 BN 'SZ

(£102) 98423 "8L 1S 'JOW T 1] ONA Uy Uixne Bupoaiap
—UB95UN 8 10UUED UBBS UBSG SBY 1RYM 'O APAON B ‘I ‘PAOSILIS] "8 ‘PAOYZLED EE

(1202) BUZE9I0LZ8 ‘BLL VSN 105 PEOY NEN 001d VIS JoUOdSUEI B1eU0quedie
10 UONIAIUI DUIBISO]IE PUE ViodSUEN BUIKYISPUN WSIUEYIBL EINBION e13°S 'BUEs VT

Py

6 | wooainjeummm | ainien

“(1002)
YSPZ-LYPE ‘€L 1190 1U]d 1UBWIdO]oAIP POIEIPOLLI-UIXNE PUE LOGSUEI) UIXNE 10} paiInba

SISdOpIGeIy 0 $9USB OX|-00UeISISaI BNIPINA d 3 ‘BUIPledS B S v AYAININ "8 'YON ‘€2
“1202) 19g3 'G 108410 1Uelq AUNIO3IeS
uonoesRl P e ZNId

PUE YEORY SISOPIGelY Jo AP 180IBOIOISAUGOISI3 4 3 BUPIEAS B 0 'S SIOHNSISSq ZZ
(L00) Ly1-€1 'SE sueL ‘905 wayoolg

“SuisjueyoaL LodsUE UIXNE 4Od PUE Nid J0 SUONORIAIU] e 18 'y AeAupedoApues Iz
“(6007) 8991-659L
80 JUE]q ‘SISaUIUAS PUE UORNGUISIP Y| 461 Aq

umoys xede 43 Ul WNWIXEW pUE 1Ua1p: Uy e19 A 'S U0SSIR0d OZ

SUOLINGLIILOD JOYINE JO S[1BIIP {UONBLIIOJUI MIIAIL 193d ‘SIUBWITPI

|MOLD]E ‘UONELLIOJUL A elep “BIEPIIINOS ‘S
niodaiy; N ‘S90U312J21 [BUOIIPPE 'SP Auy
JUIIU0I JUIUQ

“uawdojaAsp pue yimoi3 jueld 10§ [B1IUISSI SIYIIYM
“J10dsues) uixne Jejod ur uo1dUN Nid 91EpIoN|d 03 SujLWIe SAIpNIs aanIng

“(7102) 09022402 'LE "10A7 [0l ‘JON

J0'5UIB10 31NN UM SUIRI0Id Nid JO SUONEIPE: SNOBOJEsEg ‘|2 13 L ToUUBE 6L
(1102) Lip-80Y '8LY IMEN "L8SY Ja10dwiAs WNIpos ploe a1iq 8l Jo

anBojowoy [e1i2102q € 10 BIMoNiIS [e1SAI0 ‘G MBIQ B '] 'Y ‘U0IBWED S "E1EM| TN NH 8L
(£102) YOOBOELO3 '8 T 7Jouyosiorg Jonas Induwioy

MING-{UIU € $SUIB101d BUBIGUIBW Ui SIB0J0dI01 PRLIBAUI T JSTIBI B W Y 'UeING L
(v102) 098208 ‘€ 2/179 ‘AIONId PUE ISYNIX NIFLOYd 94 ‘Saseupy uiaioid

1U1a}1p M) Aq Pa1eAOE 51 SUIRI0Id GIWHO-Nid AQ Xnljo UIXNY e 39 "W ‘Noprainoz ‘gL
“(6002) OV11-GELL ‘68 2InieN Javi0dsues GNId Poz1|eo0)-u3

541 Aq PRIEIPAW S| UIXNE BUOWIOLOIAYA JO SISEISOBUIOY JEINNISOANS e 18 T ‘O3MeIN 'L
(8L02)

lojuoy 1 dwod esapiroid oML L “aj1 J D ||e
wouy satjiweyiadns uld10.d 3s19A1p Woly sutdioid £q pasn wisiueydaw
1018A3]2 19A0S5010 313 Jo Sutpuesapun 1no Suipuedxa snyy ‘suoloid 10
suor3uajeAouow jo Apuapuadapur uonouny ued ey sNid Aqiodsuesy
UIXNE JO WSIUBYIIL 1B[NII[OLW D3 9GLIISIP IM "SIPIdIIaY [9A0U JO
1uaWdo[2AIP PISEQ-21NIONIIS 104 SISeq AYIApIA0Ld pnod pue ‘suiarold
NId Ut UORIGIYUI SANNAALIOD SAIBIISUOWAP VAN YIIM 2INONIIS Y |
“VdN 9PI21GIaY Y1 PUE UIXNE JO 9DUISGE PUE 20udsald ay) u1 sajers
[BUOIIEULIOJU0D £3) OM1 SUINUDS2IdAI S2INIONIS SE [[9IM SEN]d BjO UON

2910191 “LIZ "J0Myd map Bunjog 1uerd ui gNId 10j uonouny

SueIqUIBW BISE|d NIq JELODSUE UIXNE JO UONEZLIRI0RIEYD ‘1218 Y 3 NOBUANG L

(2102) L6 '€ “unwiwod e “sisdopigesy uluswidojersp aiydolowet

SJew pue Sise1soaWOL UXNE Sa1E[NBa gNId JeLIOdSUEN UIXNE PzI|ead)-y3 e18 Z Bug

(1007) 629-219 ‘¥LZ T S834 ‘Awepiadns (1va) jouodsues uineloqu

/oNUBSIE/aIIG BUL H W If 19185 8 D 160N "D 'Q Buewe] “I Kouymes “W ‘N INosue  zl
(LL0Z) 96-£8 “1Z J0UY0BIOIG JOIGOLOIN

o o

@

ToW 7S e s1danw o paseq asouy
uodsuen, ’wSTUD UL

(1661)

¥89-149 '€ J]60 1UE]q "UonewLIO] prd |eio)y SIsdopiqeiy Jo SaBes Aliea uj waisAs 1iodsuen
Je10d UIXNE 8L} JO 1UBWAIINDEY A ‘EINWIYS P (D IS8 " W ‘ewox “r 'epon "3 ‘BP0 0L

(v261)
1Z1-10L "8LL E1UBld "LIOUSUE UIXNE PRIIPBLI-IBLED Y Y ‘SAEIPIBYS B H d Aioany 6
(6L61)
2L1-691 WL 101Ayd maN “Modsue | iejod 10} 30UeouBIs sY pue ‘S1uaipesB jenusiod
Hd 01 uonejes Uy sjjso joodsueL v T ‘Ueney g

(9002) 816-716 ‘ZLE 20UaI0S.
“Xnijo upne Jejn}a0 ur uonouny Bupw-stes e uiiojied sulloId Nid e 18 T fesenad L
(8661) £812-S112
21, 0q 58UBS “euIey) S1SAOPIGe. Ul WSIAONIARIS 10} PaAINDaI s1 odsuen uxne
U1 PONIOAUI UR101d 910381001 € 113 "3 D Ul B d “ESUO " “H ‘E0XED D ‘BIUYosNT
smm:Em, Z11L°G6 VSN 105 ‘PEOY NEN ‘004 “1oL1IE0 XNlyo 1OdSUEA-UIXNE-1e1od BY)
OIdOHLINVIOY LRIy D g
(8661) 0£22-972¢ ‘28T 30Ua105 "anssiy
JeInosen sisdopigely il INIdY AQ vodsuex uine sejod jo UonenBay 1218 ] 1aBMIED T
*(1207) SL86E0E 'Yl 'Joig 19adsiad ‘qieH buids pjoD main
|eaIIBYE01q e—SioLI0dSUEN UNNY D IBWIBYYIEMIS B 'S Y AYcINW “Z 1 'Sowiie '€
“(u161)
8Lv-66Y ‘8T 10154 1Ueld 73y Uy “Uixne o 1iodsuen ejod YL I H W YIWSPIoD
(9102) 716685 19 108
1ueld A8y ‘MUY BUOULIOY UIXNE 81 0 S5UOdSSI JeuondiiosUEiL (Q UBUBEM B 0 ‘SIlOM L

@

*A-88+0-220-98STHS/8E0T'01/310'10p//:5dny 18 d]qE|IeAL 1e

-8zl [E21WAYD0Iq 01IA U daneyam ot uy
“Wws|ueYdaLW Jejiwis e Aq sajesado
SNId [edn urdooj £101qp y3Ieyad|qr Swaas I ‘A30

-Jeue Ag ".,,d21s SUIpUIG Ay YL M Sunoea1ul Aq UONBLLIOJUOD paemUL
ue ujuryoad ayy $300] Jaulted A101e[nSa1 511050143 & Woly dooj eeyy
umoys uaaq sey| 31 ‘s1a1lodwAs ,eN/ €ODH 104 :siuly awos sapiroad
Sal]IWey u1210.d UMOUY J2U10 03 UONDAULOD 3Y1ING ‘SN [EIIUOUED UI
L2941 Aquoniqiyui-oine A]39211p 10U dABY IM

*S1aWwos1jo-01919y
w0y pinod sNId Jey1 os[e pue Apuapuadapul 91e12do siawouow a3
B3I 3[QBAIIUOD SI 31 ‘SSADYIIAAIN 7 LUINLIQINDI d1weuAp eisuteSe

3. § U19JBJINS UOIX: 1p 2816 ay11nq ‘uonenSa1 urajol
BaARY IYSIWLSN]d JO RIS o:oEcm__a ayr1ey1 pa1sad3ns uaaq sey |
*91e35 U2dO-PIEMUI 3L 03 ]IBQ S1IAAIL
u12101d 93 ‘958921 2181ISNS 19}V "2IB[AX0GIRD BY) SIZI[RIINAU pUR
sa1euoload 1ey1 yiys Hd e Aq parean|ioey s191es Surdey-pIemino aya ug
VV14095e9]9Y Y § £G [050340 9U3 WOy Aeme PIIe|SUEL) ST UIBLIOP P[0y
-JBDS 33 Ul 311S SUIPUIQ UIXNE 3L} PUE ,0F SIIBI0L 19A0SS0.2 dutjosd
a3 ‘uoliewIojuod Sulde)-pIemIno a3 01 uonisues) SuLing "urewop
PI0JJBIS 31 JO SJIOLL IIAOSSOID OM] 3Y1 WO SANPISAL diqoydospAy
Anoyay3Aqpazy Suuajopur qIeddY | "SHTU[D
ysnoaya axs 11oddns aya yam Sunodeiaul pue /TTusy Aq adeqd ui pjay
Suragajiym ‘qeIN pue qyIa Jo djodip aanisod ayi Aq pazijiqeas sidnoas
91e|Ax0q.ed pagieyd A|9A1neSaU 3y | "sulewwop pjojjeds pue iodsuely
U29M19q 211s SUIpUIq 21 J2IUD 01 9[NII|OL UIXNE PIZIUOI UB SMO|[E
uonewI0juod Juldk)-paemulay | :(+ *814) SNId Aq 110dsuely uixne 10j

ANIqe[1EARPOD pUE BIED pue:sisasoiulSunadwod pue  [3pow Suimo]|oy ay3 3sodoud am D|qe[IEAE BIED 243 JO SISEq ayI UQ
aynIv-(ayo| wosy p 1pu
“uonouny 10j K103e11qo 10U SISy ay1 ‘uiewiop 191.10d sdjoy
IpuIE1Ep 1N01Nq“(1Y511) Uon 1201 8un 1080 1194 Q6N PUE GFIN 340 dj0dip da :_N_?S
.&euﬁ_uu;:esaWESE8_3_:83;:02_3@5 (uB13 w0y puodas) eyumousSuipus VIR piemur
1uaAa uoneuoloid e q paist d"paseala1s1 VI ‘apISA1[0S0IR-Uou ayauysuy Aq3, it " %311
i R

uonewiojuod
Usdo-premul o) Suinjes ays Bupuig fvvt G Uonewiojuod
UOREWI0JUOO PEPNIA00 Aidwi3 uedo-preming

losoyo

Uoiyel0 urewiop yodsuen
Aqy § senow ays Buipuig

“UONBULIOJUOD PBPNIO00 BlEISANS oo -piemu|

150



Appendix

(0102) L0S-98Y '99 g bOjjEISAID B10Y

1000 J0 1ueLIdO}2ASP PUE SBINIEDS 3 ‘UBIMOD B "D M OO g ‘dWB0T “d Aelsw3 2y
(v002) Z191-6091 '§Z WayD NduwioD 7 ‘siskeue

pue oieases AIo1eI0]dxa 10§ WBISAS UONIEZI|ENSIA E—eIBWID 4SON 18104 3 ‘Ussionad Iy
(120Z) 9£8-1.8 ‘ELE S9UBIOS “HOMI3U JeINAU YOBA-2214)

132" oes O

e

(£107) 962-062 ‘DL SPOYIRIN 1N

pideJ 1o} SWUIOBIE :O¥VASOAID 'Y W JSeqnIg B 0 19314 "1 T ‘Uieisuigny “y uelund  '6¢
1-€L'89IZ 1018 iquiau payioddns

105 Butsn ioLIOdSLEA DTS J0 UONGZLIBIOBIEYD RUONOUN N ‘SOWMIEA B 'y OUOTZEE 'BE

(2202) ¥L0SOL ‘161 J1ind ‘S5010lx3 Uie101g Sosipidad

1] PaININSUODR1 3q UED PUE SIUSBISIEP |E1ASS Ul UONINIOS U 1qe1s S| “auodsuen

1e109AWI0UOW B50jeLBN BY) ‘ETAWIA W ‘DSIEIG B 1 BB “H ‘JeLies]y “1 " ‘Bun

(8102) SBOE® 'L /178 “UoNN0S 2015 1UaBIIop

5

ul d 10} “osipndad aYL 118 1 ‘UOS}iED ‘98
(V102) YLLU6Z-LIL6Z 'L 19 UIe10iq 0010id
wno uopeaynd
10 uonezindo pides 10} SpoLIaL Japeal a1e1d pue HOJD €18UBY e 18 W L HEISEWOL 'SE

(9102) pri-LEL
“8€ 018 1N11S IO IND *SUI101 BUEIGUIS SIOAIEAN3 JO SAIPNIS |eIMONAS 10}
581Ba115 UOISSBIXT d ‘UBSSIN B 'd ‘8 ‘USSIPad “Y ‘d ‘UBSINed “Y UEABSUEUS Y T ‘SUOKT ‘e

“1aded iy yum papiaosdase 1ep 321N0S "STIHT-AN GANT IUB1919p U
21e3s piemino ode pue ‘ZITHI-ANT AT pue DdOZ 8ad dsipndad
UI2383S PIEMUI PUNOQ-VAN ‘OTTHT-QNI 9N PUR VDL 8ad dsipndad ur
91e1S PIEMINO PUNOQ-VV] ‘STTHT-AWI GAINT PUE 6402 9ad :>sipndad
u193e3S pJemIno ody 'SI9qLINU UOISS3dIE SUIMO[[0) Y3 Japun (ANT)
sjueg e1eq Ad0ISOIDIA U011I3|F Y3 Ut paxisodap usaqaney sdew NI-0410
Pue (gad) Jueg e1eq u1aloid Ay ui payisodap uaaqaAeY S|9POLL DILOTY

Anpqepeseereq

“1aded s1y1 01 payul| Arewwng Suntoday Yaueasay
9IN1EN 9Y3 Ul J|qe[IeAR SI USISIP Y21BISAI UO UOKIBWIOJUI IY1INg

*$3SA|_UE [BO1ISIIEIS JOJ PISN SEM €6

A wisLid peqydesn 'sa|eLa) s11ap] "X JUIIYIP WO1J PaIdS]|0d $91A000
Buisn aed1das [ed130]01q dU0 Jo el 1odsuesy Y1 SIUsSAIdaL 26 F14
e3eQ papuaixj pue ef ‘814 unjuiod elep yoe3 ‘pauuioysad sem uolssaigal
Jeaul] ‘@Inuiw 19d 3uad 19d U1 93kl 110dSURLI AIIRID1 U3 9IBINJ[ED O]
*$314200 U213 JO "WI'd'S pue UBaLW 33 S)udsasdaljutod awn Yyoe3 ‘%001
[E1IUIAY1 012ANE|D1 PAssaIdxa a1 pue paledipul siulod w3y Jae
Bununod uone||nuIds pinbi| Aq 334200 [ENPIAIPUI YIE3 10) PAUILLISIAP
sem £11A1oBOIPE [BNPISIY "% 00T 03 Suipuodsa.iod ‘Wi 1 jo uonesuad
-U0J YV [BUIIUL UE YD1 01 YV YIIM PID[UI2IIM S31A200 *931 L DY
10 DYV Wouy paseydind Sem (;_[OWW 1D §7) VVI-H, "VNY2 aseuny Su sz
1M 10 IN0OYIM YNYD J2210dsuesd Su OST Yaim paidaful 219m $914200
‘J911qQ U] " PIQLIISIP SB INO PILIIED 2I1IM SJUBWILIAAXD XN[y2 91K500
sAesse xnyja 34300

*S[E11 00§ WOJ Pale[Nd[ed 219M sanjeA densioog ‘uon
-249ua5 9211 Pa100IUN 10§ PAsn sem JNISe pue Sutunid YSIA 10y pasn
sem IDING ‘(VSIN) JuswuSije adouanbas ajdnjnw 1oy pasn sem | JIVIN
PUQUI 1y AudS0lAYdON Suisn ap! 1sAjeuedy d’l1Va
Buisn paynuapl 219m saljiwey urR301d 1930 03 AJLIeILUIS [BINIINNS
"26ST0°0'TA INITY BUISN PIZI[ENSIAIIM SIUSWUBIY “AESTYINOU UM
Pa3on1IsU0d a19Mm syudwuSije 3duanbag * Jinsuo) Juisn pasAjeue
SEM 9129 SSOIIE SINPISAI JO UONIEAIISUOD *(12BUIPOIYIS) $°0°S TA
wsAS sorydetn 1endajoN TOWAJ Suisn patedaid a1am saungiy
“(z-ewey) ,, ,SISA[EUE Z-UBIPUBYDBLIEY PUE Y TFED SUIPNOUI T HA
K11QOId|ON Ul paIEpI[eA Sem 130030 ‘gN[d-0dE 10§ S3[Nd3[OWW N0y
puegNId punog-puegi| 1oy sajnaajow autjoydjApneydsoyd omi jo Sul|
-[9POL 9A1IEIUS] B3 10§ PIMO]E A]UO AJISUIP 0113|333 “D[qISIA SI
J1awip gNId 943 Suipunouinsijaq pidij sy ysnoyaje ‘sdew Adodsosoiwu
u01193)3 ||e U] ", MOG 12 J3p|inq pueSi| Suisn paedaid sem yy| pue:
1] JO UOIIBUIPI00D 3Y | *(,JUIWAULJAI DIWEUAP JB[NII[OW
PI91J-2010§ 12qUUY U LM A][e11UL ‘XIUSYJ SUISn JuaWdULa1 9dkds-[ea1
PauIquiod 300D Ul ulp(ing [9pow [enue sAneIN AQ paroidul
19Y14n§ 3G PINOI S|PPOIN *(;, J21) 0°ZA J0IBUIPLIEN YSNOIY ¢, JIAIN SUISh

dew 3y 01 Bumy £139wWos3 paseq-soiweuAp Jejndoadjow Aq pasAjeue
SEM [9POLL IAWIP §NId [ENIUI Y L *(JEI0ISINPISII L9€ JO) L9E-90T PUE
+91-1S3NPISa1aPN|OUI S|9POLL [BUL Y | *,,3000) Ul SUIP[ING [9POL WOy
papn|oxa sem pue sdeww ay1 ura[qisiA Jou sI (SOT 03 §9T SanpIsal) SNId
Jo dooj o1wse|dolkd 3|qixayy ay 1 “dew ay3 03ul panyy A|Ipeas aq pinod
8NId JO S9INd3[OW OM] , e1awiy) ui dew gNId Y3 03Ul pIOp pue
19135 P|04Y.L 13SOY 241 SUISN P3IE[NI[ed SeM Lo1dIPaId [9POW gNId V

JuaWauYaI pue Sulping [SPON

*JYVdS0A10 Suisn pawioyiad
SEM UOIIBWIIISI UOIIN|OSAI [ED0T "SISLUOUOLL OM] Y1 UIMIIQ IUIP
“1A3 SDUAIRYJIP OU Y1IM PALLI0SIad SeM JuaLIDULRI D [3][eed & ‘wioy
ode ay3 10j sy dew uonnjosa1 y y°¢ [eqo|S e ul paynsal uonisoduwy
A132WWAS 7D YIIm USRI Wioyiun-uou e ‘sajdned 092/ [euly e
UIB1QO 01 JUSWAULJAI SNOUS0I1AY PUB LUOIIBDIJISSE]D (T JO SPUNos
|JaA3S 1))V "sapdanued 941°SHE E JO [101 B pap|alk Supjdid aiejdwan
pue sa1AoW 00S $1J0 pasdwiod gNId-VdN Jo 19selep [Inj v "dew uon
-Njosa1y 7°¢ [8qO|3 € Ul pa3Insal uonisoduwl A12WWAS 7D YIM Judw
-3ulyaJ Wwiojiun-uou e ‘sajonted 190°00Z [BUY B UIBIGO 03 JUSWAULDL
SNOUaZ01919Y PUB UOIBIYISSE]D 0T JO SPUNOI [BIIADS J9YY "s9jonnted
$68'6£97J0 [2101 € papaik Supyoid a1ejdwa pue sairow 122 ‘ST o pastid
-0 39seIBP SNId-VVI 241U 3y ‘Jariq uf "gNId-ode wouyauo ayl 03
|e21uapi sem g§NId punoq-puesi| aya Joy sutjadid Suissadoad ay L
“pauaalds
SpLIS Y1 Jo AUk Ul $3181S DLI2WOSI0 JAYS1Y 10 SIFWOUOW JO IIUIPIAY
Ou Os|e Sem 213 | “uonnjosas Jaysiy s31 uaAls dew paauap-dsipndad
33 U0 SNJ0J IM PUE UONELWIOJUOD U UOIIBLIBA OU [EIAII SAEW dA1
-23dsaiay L (Y €°€) DNIWTIUaB1219p aa ur pue (v 6°7) osipndad uryioq
SNId 0de PaA|OS 9M 91N1ONIIS [[EIDA0 PUE 9IBIS DLIDWOSI|0 ddUIN|jul
10U PIp UONEZI[IGEIS U12104d JUBIQUIBLL JO POYIDL ) AINSUS O]
*SI9LIOUOL OM] 91 UdIMID SIIUIIIYJIP OU PIMOYS ING PaLLIoyIad sem
qofuawauyal AdwwAs 1D e 3] jesed ul “dew uonn|osal y 6°C [eqo|3
B UIPa)Nsal pue pasodiul A11aWLWAS 7D YIIM JUSWULAI WIoJiun-uou
10§ pasnasamsapned £61'2z€ Sututewal oy ‘v1ejdwar ag oniul qeayy
Buisnjuawaulyalsnouadounnay Aq Suniosapdnled Jo spunol a1y
*UONINIISUOII [9POLW ONIU qe 10§ Indul Ue SE PaAIdS S3[dIIed 353U |
“AllenueL P2103]3s 219M SISSE[D 9ARIUISAIAI 159G 3} ‘UONEIIISSE|D
dZJ0Spunolom1 I1ayy sajonled 8447807 J0 [e101 & papiaoid Sunydx
91e1dWal ‘salnoW 0062 Y3M 8NId-0de Jo 1aselep [|ny e woud “Supyord
91e1dwa) 10 s93€1d W21 918910 03 pasn sem dew dwnjoa Kreunwipid
[eniul ue ‘Sujuea)o ajo1ed JO SPUNOJ [BI9ASS 191V 'UONDEIIXD pue Sul
-21d 9ponued ‘uonewnsa (4 10) UoNdUNY 19)sURI ISeIILO0D Yyoled ‘uon
031100 uopowW yd3ed 10y Spow Sulweans ur passadold pue ((0°7'EA)
DYVdSOA12 03ul pariodwl a1am sainsodxa pazijewou uted Aly-ayi-uo
*9z15 [9x1d [BUILUOU BY3 03 }9q NdT
Ul xZ pauuiq pue azis [9X1d U01N|0saI-12dNS Ul PIAES 219M SIIAOLU A3
‘S19SEIRP [|B 104"y £+9°0 9215 |ax1d [ed1sAyd e 03 Suipuodsa.iod uonedy
-JuBew 000‘0ET [EUILOU IR TT'T'TI'TA Nd Uonisinboe pajewolne Suisn
paunboeaiam ‘sajdwes dsipridad ay3 uiuleluod syaseIep ay | "salaow
311303]|00 01 P3SN SeM (UBIED) 1039313P £ B UM (A3 0T JO YIPIM L[S
A312u9) 123114 SuiSew| wniuenpoig e yam paddinba pue A) 00€ 18
Sunesado (5ynuaIdS 1aysiJowIay 1) 9dodSOIIW IED SOLIY UBIIL Y
Suissadoud eaep pue uondajj0d aFew]

“Bu1zaaly pus 03 101d Y 7 10§ VAN JO W
TJ01[BSWNIPOS V] JO W STY1m ddwes ay1 Suneqnoul £q pauterqo
919M $31B1S PUN0Q-2IL1ISqNS 3 | *dUBY313 pinbi| 03ul Suizaay-a8unid
210J9q ‘s $Jo awn0[q uisn pue A1piwny %001 Pue ), %18 Sunesado
(941UIIOS JYSIIOWIAY 1) AIEIN J0QOINA € YIIM P3DI0|q U ‘SpLT
a3 Jo apis uogied-uou ay3 03 pajjdde sem ajdwes jo [  jo doip y
“(Wn10nD) SNid 9GNDOID € Ul YW ST I8 S G 10§ PIFIEYISIP-MO|S d19M
(4saw 00g-ND “€'1/T'T-4D) SPLB uogie) A3]0H 1eYy-D . |w Sw 0T+
01 P1BIIUIIUOD 1M §NId PIY!

uonesedasd o_nEam W3-041D)

pnIy

*saskjeue
[E21ISEIS J0J PASN SEM £°6 A WIS Pedydeln ‘paurunialap Ajjesyioads
219M s1919WeIed SU1 SIOUBISUL IS UIAIUIS Yy 10 Py 3sn K311 dXd om
“saIp 12dwod J03sed ay3 ] ‘Ajsnot pagpinoy;
_mu_mo_o_m\fa 10 Aesse Jo sad41 1910 01 uostiedwod pue ‘dnas [e3udw
-L1adxa 18y 01 d1y193ds aq [[1m Aesse [ed1sAydolq e Wwouy paALIdp Uy v
*0593 se paquiasap Apieridosdde aiow 3q osje ued J3aweled siyy
“(s3ua11nd 21e3S ApEals pue 21els Apeals-aid ‘st ie) jeusis 1iodsuen
pue Suipuiq Jo 21MXIW & S 3ua1nd yead sy aduis Inq ‘1dudsnuew
3Y11N0YSN0IYI Y ISN IM 1L SEM IAIND UIUIN-SIILYDIIA € SUOH
-B13USDU0D AIL1ISqNS JUIIIYYIP 01 95U0dSII USLIND JLYI IGLIISIP O]
*suyoad ay1 jo
sanuadoudayr aquidsap 01 pasn sem uonedijdde aei1sqns 0y asuodsal
urua.nd yead ay | *saniiqissod 253y JO UONBUIUIOD AUE (A1) puE
£21e135qNS AU AQ Pazi[e1INaU 10 Pap[IY IUALIND (€)
u1 pase|dsip aw023q saS1eLd Yd1ym Aq aFueyd [RUONBLLIOJUODI B 0) mumw_
Buipuiq siy pue ur101d ay1 01 SpuIq ‘pagIeyd 3q 01 IABY A[LIESSIIIU
10U SI0P LDIYM DIL1ISNS B USYM (7) ‘DURILISW BLY3 BUISSOID S13]NdD
-|owW PABIBY B UM () INDI0 YDIYM SIUSAD D1U3B0.103]3 01 sasuodsal
918 suonn|os u1eANOE Ay Ul 91811SQNS 01 95UOdSd1 U SIUSLIND
‘uonnjos SureAnde pue SuneAnde-uou uludsaid sem punodwod AN
-2adsa1 ay3 ‘uoniqiyut Jo uonAALW0d 104 *S ¢ 311U Y3 Inoy3noayl
Pap102a1 sem asu0dsal JUILIND “13JyNq SUNBAIIIE-UOU 0) PASUBLIXD
ureSe Sem J94ynq ‘S T 19y11ny € 193Jy "PIPPE Sem (1e1sqns Sulureiuod
13Jnq dwWes) 193ynq SUNBAIDE S T 193 PUE 1o4ynq Suneande-uou [ed
-1IU3PI YS3ly 10§ PISUBLIXD SEM 19jynq SuneAlde-uou JuawLadxa
ay3 jo SutuuSaq ay1 1y "paly1dads se 19)ynq Suneanoe-uou ur 1day aie
auelquIaL pa. yiuop di daseasiyy
ujJuaWLIAdX3 95UBYIXD UONNjOS m_wc_w £ Pasnam SaUEISULISOL U]
*PaleINd[e S| UBALL ) 1aYM saredl|dal
[B21UD) 9141 JO SISISUOD JUILIDINSEI YIBD JOSUIS YIED UQ "SI0SUIS
|ENPIAIPUL OM11SE3] 1B UO pawIoyiad sem Juawiadxa yoeq ‘ewsis 1o
130y Wouy paseydind 19Mm S[EINUSYD 13Y30 [ AT 00T 18 pasn sem
Joueya ul (dNQ) [ouaydoinuip-#*g pue N § 38 pasn Sem [OUBYID Ul
(dDD0D) auozeipAy Auaydo.ojyd-wapiueAd [Kuoqied :si1a|dnodoun ‘pasn
1M (IDSINWWT ‘42 HA SIdIH INW OT ‘[DBN WW §°ZIT) {[DED INOYUM
Jo3uny- BN “ 1 3m1Isqns 03 pue (IDSNWWT ‘b2 HA STdIHINW OT ‘IO
W §ZTT) YD) INOYMM JABURY- ) *, BN 9ININSQNS O] '1SIIIIULJO LIS
-Qns 3y pauleILOd 124ynq SUIBAIIOE PUE 3SIMIDY10 Pay1dads ssajun
PaqLIdsap se B INOYIIM UONN[OS 1aFury Sem 194ynq SUBAIdB-UON
*(D0 ¥°5000°€ ‘Ul 0g) uonE3NyLIUID AqQ SI0SUIS 33 01 paydde uayy
PUE S3LUI AL PIILDILOS * B INOYIIM LOIIN|OS JSFURY Ul 3T paInjip
219M $aW050d1]031014 "4 PAGLIISIP SE PaLLLIOSIAd SEM SUINEOD JOSUIS
*3sn |UN 9, 08~ 18 3day pue uagoniu pinbyy
Ul U3Z04J 319M S3W0s0d1]031014 19)eYS K1810J B Ul D0 $ 1B IYSIUISA0
(peyolg) speagolg, [w Sw Q0 Suisn parowal semuadiaiepay L T:0T

adwiesay | *ajozepiwi Ww 00S Yim pasuawajddns 1iaynq Suisnuon
- u12101d 01 10L1d (SHI %9000°0 “DNINT%900°0 ‘(0499418 %0T ‘[EN
WST'0 ‘S'Z H SLLIN S0°0) T494nq Buisn (ONIT) [094]3 |fauadosu
9s03|eww |£1ne| 03 PaSUBLIXD SEM IUSI219p WA 243 ‘T 4ayynq yam dais
nepidif-a19ysanje Ajadey 19rduwe: INI-0k123y3104
‘dIDLNWSOpueYLIAd
INW §°0 Yam panuswaiddns ) 19ynq Isutese pasAjelp pue asearosd
ATLYIM em ISIy IOl 1l AW 00 YIM
pauswajddns ) Bt:n m:_m: uonn| 01 Joud dsipndad 921y [enpisal
J1eUILYD 01 PaWLI0Iad Sem Y J33Inq Yam dals Sulysem [euonippe uy
*(adudsuan) osipndad | jw Sw 1 8ulureIuod (jo1ad4|8 %01 ‘1DBN W ST'0
‘S"2 HA SLIL N SO°0) ) Jayynq 92.1J-3uaS1219p YIIM ULLIN|OD 343 Sulysem
£q pajeniuisem uonnINsu031s1pidad (SHI %8000°0 ‘WAA %8000
“[09A18 %01 ‘10BN W ST'0 ‘S’2 HA SLLIN §0°0) [4244nq YaIm paysem
SeM ULIN|0J3Y3 ‘UolININSU0d1 dsipiidad peaq-uo ay3 uniels oy Jod
“((nueay) spidij sejod1oenxa ueaghos ,_jw Sw 90°0 ‘SHI %€00°0 ‘WAA
%€0°0 ‘10199413 %01 ‘IDBN I ST'0 ‘S'2 HA SLLL W S0°0) 1 493§nq Suisn
pazepidi|-a1219m suta10.d ‘Ysem da1S-0M1 Y J91JE JOLIG U] *¢4S|0003
-01d [e1aua3 pamojjoy uoneiedasd sjdwes osipndad ‘W3-0410 104
“(VLATINW S0 “‘SHO %S00°0 ‘WAQ %S0°0 ‘10199K[3 %0T ‘1DEN N ST'0‘S'Z
Hd SLL N SO°0) i Aesse Aijiqesowway e £q paziwndo 9 1aynq yam
paieaqiinba-aid uwinjod 00€/01 00ZXaP13dns 1o oS9pelolg e U0 HIS
Aq paysijod pue (uidseAlA) UODLIIUID JJO-IND B OOT € UO PIIBIIUD
-Uu0d seM ‘gNId 224J-3e1 Sutureiuod ‘uondelyySnoayi-moly ay | ueroid
pa83e1 paaeajoun pue Se1 paaea)d ‘asearosd A3 Jo Sunsisuod suiioid
paB5e1-siH 343 QIOSPE 03 ULIN|OD YIN-IN B L0 UNI-31 PUE PAIAI|Ly UBYD
semadwesay | IySiuiao (4301) aulydsoyd(jAy1akxoqued-g)siy ww
§°0 pue Y1a3 Ww §°0 yam pauawajddns 41ayynqisurede pas[eip pue
95e3101d AJL YIIM PIIEGNOUL SEM DIBNI 3L L *(3]0ZEPILUI AW 00S ‘SHD
%S00°0 ‘INAA %S00 ‘[0499413 %0T ‘IDEN N ST'0 ‘S’2 HA SLLIN S0°0) 4
13ynqyim pan 1) ‘sAesse. I 199[3 WSS 104
“(SHD %S00°0 ‘INAQ %S0°0 ‘3]0ZEPII NW 0L YIM
V194J1q) 3193nq Pue (SHD %10°0 ‘NAA %10 ‘AJOZEPIWI NW O YIM ¥
134Jnq) @ 12J4nq YIm pawioysad semysem dors-om1 v “uwnjod (VIN-IN)
O119JB11I0[1LIIU-[92IU [W T B UO papeo| ajdwies 3y pue pappesem sz Hd
ajozepiwt Nw Oz 1931y wil Z'Te Suisn uone|y £q Suimo]|oy Ui O 10§
500021 38 UONESNYLIIUID AQ PIPIBISIP SEM [BLIDIRL 3|qN|OSU] *(SHD)
9)BUIDNSILIBY [0191SIOYD %T°0 PUE (NAQ) dPIsoljeww-p-g-|Koapop-u
%1 yum paiuawalddns (10132418 %0T ‘IDEN W S°0 ‘S'Z Hd suL
A S0°0) D 421JNQ JO [W O JO SWIN|OA [BI0] B Ul UIL G 10§ PIZI[IGN[OS
pue pameyl sem uelquia Jo 8 $-¢ ‘uonedyind uiroid 1og
‘uagonu pinbij ur uazoyy
Bu1ag 210424 (1049418 %0T ‘1DEN N §°0 ‘S'2 HA SLL N S0°0) 9 424ynq
ug papuadsns-a1 pue Y 10§ §000°00¢ 3e uonesnjLiuades|n Aq paia|
-[od 219M SUOIIDRIJ SUBIQUISIA “UIW OZ 10J §000S I8 uoneSnj1Iuad Aq
_umc:a_u sema1esA| pue Suneaq peaq Aq pasA| a1ams|[a) "(dpHony jAu

JO(4dT) O1IBI UIIOIC parenajese ol 1101 papp
191014 (A/A) %1JO UONEUIUOD ULy £ 03 SoWI050dI| 243 01 PIPPE SEM
00T-X uolniL "azis alod U 00+ B Y3im (du] usaAy) 1sejosdi e Suisn
paziuaBowoy pue (DS INW T 42 HA SIdTH INW OT “ODHEN INW
110 INW §°Z ‘[DBN INW STT) ;D INOYaIm uoninjos Jagury ui pasedaid
219M s3wosod1] BueAY woly paseydind a1am (Dd0d) dutjoyooydsoyd-
€-0199K]3-us-|£03]0-z-|A0dwied-T pue (spidi| A0S J19Y30 % puE PIOB JIpN
eydsoyd %8 ‘aurwejoueya |Apneydsoyd
SE) MIXIA pidy Ud K0S ‘orIq u pasn
mmsmm_mo_oz_tm._. uolueN Wwoly N ¥, 344NS e ‘A30j01sAydondsp WSS 104

sAesse A30]01sAydoJ123]3 INSS

V1AINW SO yum
paiuawaiddns pue (019043 3n0yam (3|dwes ONINT) T494nq 1o (3jdwes
asipndad) ) 19)Jnq yaim padejdal sem Jajyng DIS Y1 eyl uondadxa
ayrynm’‘skesse £30]01sAydo103]2 INSS, Ul paqLIdsap [020101d 9| dwes
¥, A44NS 2Y1 03 A][ed13U3p! panunuod uonedyrind sjdwes W3-0A1>
‘SISAJeIp JaYV "dIDL INW §°0 PUB V1T WW §°0 Yam paruawajddns
743yynq 1sutede pasAjelp pue aseaload AT L YIIM paleqnoul uayl sem

yd W Z'T*(VLa3) PIoB NIRRT SUILLBIPIUIIAYID
WWI‘IDENIN9'O mnza SLLLA T'0) V 43J3nq U1 papuadsns-a1 pue 1a1em
UISALWLII 32143 PAYSEM JIIM S[[9D Pa193][0D) *,350198[eS Y3Im uononpul
1 7 19148 Pa123][0d pue ANSUIP [[92 YSIY 01 UMOIS ‘S]aSSIA 2ININD 10
Sysely SUDBYS| S UIUMOIS IIOM §-{ S UIBIIS 2DISIN2120°§ PAWIOJSUEL].
*sjueInwutod jje 1oy (AudI8y)
102030.d [E10J9WIW0d 93UBLNOIND 3Y3 Buisn sisauadeInwu paidalip-als
10§21[dWI2) 3Y1 SE PASN SEM 1ONISUOI S | “Sel ANulyje dUuIpisIy-ed9p
& pue 2315 35eAe3[d 35e3104d (A1) SNIIA 932 099BQO] B YIIM dLey ut
and pue pa103|3s sem (944160 :104d1un) dUaS NI UDIIDYI Y IY L SN
-1adoud uoneoylind pue uoissaidxa 10§ parsal pue TTyD zd uo paseq
piuwse|d uoIssaIdXa19A0 aDISII243 °§ UE OIUI PIUO|D 219M SIUIS NId
“9d4160 :8NId PUB SA0+6D :ZNId ‘9HDS6D :9NId ‘044460 :SNId
“9ZMYSD *¥NId ‘8Z£S6D :ENId “£LN16D TNId ‘899260 :INId 'S9POd
u01s$9008 SuImMO[[0J 33 LM (/S107101dIun'mmm//:sday) Joadiun 1
a|qejteae A]211qnd a1e ApnIs S1y1 Ul Pasn $9duaNbas urxyoad DUDILY1 Y
uonedyuind uloid

SPOYIdN

151



Appendix

el " 1 suofssy i
‘SIGEIIene 16 5110031 MBIND1 1534 H1OM SIU! J0 MIAGI 18d B} O} UOHNGUIUOD B
10} (5)12MBIAB1 ‘SMOWIAUOUE /810 B} PUE S13[i9M 100 SYUEL) BINIEN UOREULIOJUI MOINSA 1890
‘ussiapag efjeAued uialg

10 SaWWEH 'Z YouIN 01

‘Lt '59Y SPIOY O1BIONN ‘SIS
6 1838 4 auiowa
(0202) OY1-8ZL ‘6T 198 U1801d “adeys ui101d Jo 8oualsisiad 8yl pue [1ya 1 ‘WIoH

(6002) Z215-01G ‘69 @ “BOjjeIsAIO efoy “swuswuBlje Aenb-uoneonand oy

'A-£88v0-220-9831LYS/8E0LOL/BIO10P//sdny
18 91qeYeNe JeLiotew

soupa NV MY 'S0 ‘puog
(8007) 00EZ-S67Z ‘9E 'S8y SPIoY OIa)on "suswubile ainjonzis

4] 1041003 € :GESTYINOY A "N "UIYSLIO %3 "H-"8 ‘Wi “f 19d
uonewIoJul JeUORIPPY (9102)
‘v 'S8y Sp! IONN ur
s1sa103u1 u " Ue 19107 JINSUOD ‘e 18 *H Kzeusisy.
(020 8z
o pUE 7 ST I - i 18GOIB Y 1618 '\ ‘0 421040
dd'8PUHZN "STA "MW "N HZN

PUE W 51 “rd'0 :SAeSSE AUAROY ‘dd'd PUB ‘10 “03 "W “N1"T' *SISAIBUE PUE UONoa]|00
€16p Ad0DS0I0I UOORI WA PUE ‘'Y Uonesedaid 81dUIES SUOANGILCS oYY

(601 Josainpsy| &

(0 1€ ‘6 105 UIa101q "SoIyd 1BMAIN TON

pue /Sialem, YUILaJ 01 J8SMOQUI ‘SUOGYOEA NIOAID 10} WYTGED UONEPIIEA ALGOIAION
U1S]001 MBN "D "UOSPIEORY 'S T 'UOSPIEYRY “8 A 'UBYD “T O ‘SWENIM O "W “1uestid
(0102) 12-21'99 0 B0jjeIsAID ey ‘Aydeiboyieishio

s1's7q 1-9/89VEVH) ayosineq

U1 Aq PapuNy SI'H'Z'N ‘did'd 01 (9EE00OLOL ‘OU WBWSaIBe ueiB) awiwieiboid uopenouus

U 40188501 0707 UOZUOH Sl Ueadoing ) Japun (O¥3) 1UNCD YoIeasay ueadoing
‘a1 wioly Bupuny paniacas sey 190/01d sjy | ‘Slduwies gNId 1UBBIEIBP B U0 LONOB]IOD Elep

10} (086L218 1es0d0I) DIFa HUBLY OS]E B "UDSA0] 'L PUE UASLIEN PIEEBAIAT T PIIBBRE 'V JO
‘SOUBISISSE ) UM PBI0BII00 SeM EIE |IE 213UM 610 Al Uoneadde Japun awil 1o} AUSIBAIN
SNYJRY 'ONVN! 38 AVI19e4 W3-0AI0 NOIBIN3 9U 3BPaIMOLYOE M S1ueLIEBPRIMOIOY

(£102) 02652 L6V 1018 ‘JOW Spoyiaiy “Viodsuen
upxne Apnis o1 5814000 siAae) sndoiay 40 95 Z 1) ‘SOIIEH § G ISULELISqY Y JBUISeS ‘GG

104 wore-Ie UCOIION 1810 "8 A 'UoYD
(6002) 080L-7L0L ‘89 @ JBOeIsAID €10y

UoNEI3USB 1UleISE! P! IP1000 PUEBI] 1041001 € (MO uoneziwndo
PUE 8pIIng PUEBIT OIUOI10813 Q d ‘SLIEPY 3 M " ‘BASISUNY-985019 “M "N ‘AVetiO
(0107) L2Z-£12 ‘99 @ 4B0je3shi0 €0y "UoRN|os ainjonis

103 hd 2190 d ‘swepy

(6102)

1€6-926 ‘9 110N ‘sdlew Jopous jeimonis
IPWEN |2 10 "4 ‘sowpDy

(8007) £89-€49

‘9L an1onAg “SojuIeUAp Jeno|ow Buisn sdew
olLI01e 0 BuY BIIXB4 " ‘USNINYOS B T HUEl3 “ €A “3 BJIA O 11 0onqeiL.

)
g

5

g
<

3
g

s
3

152



Appendix

uoney

MIN TT0T

SIOQNY YT, TT0T @

poyrdwe oM (0690996LV) V.LOTOATY PUe (01L7€DTLY)
VSOTNEVHA J0 (440) 2wey Suipear uado o ‘qIA-ATY
19GE PUB LIA-GHHSSE 101994 10103J§2 238310 O] “(000T 7742
SUSNPH) DNT-0080 [[u2915)d 101094 uoIssardxa Judtsuen 241 Jo
sans Suruop Surpuodsaii0d ojur ssudwesy [OIN/[S] SE pariasut
pue (19oN)Z-4€dZd pue (psd) 3¢ dzd stownd pis pagrdure
sem (0LLTSDELY) 2ua8 gz jo uoidar 1mowoid weansdn
dqzete sy DN7Cddzd jo uonesduad 1o “usdned uorssardxo
U@ﬁvw&mlm:mmm— aures w:— —ngcr—m —{—u:{—\.} »—Umumumﬁmw IaMm mur—: UMEDM
-suen 5976y 74 wapuadapur g 18T 1 *(000T 742 PUA)
1-SND-dZdd ovur paredy| pue [weg pue s Suisn pasioxs sem
wowSery oy, (VSN ‘IM ‘Uosipejy ‘eSowoig) Lseg [-NFHd
oy pauopqns pue (JHweg)Z-YeydZd Pue (psd)deddzd
soownd qm payrdwe sem (0£/7$DHELY) 2udl gz jo uoidar
oword dqzere oy ‘§nncydzd jo uonerouad 1o Sur
-ouanbas £q pawryuod o19Mm SIUO [ PUE (YS[) VIA ‘WEIEA
oynuag  1dysy  owdyy) asenwdjod sqesowsdy  Sur
-pearjoord yim pawriojiad sem (YD) UONIEAI Ureyd IseIdWA[o]

S)INJISUOD dUID

*(S05-08£-000) $d “('0060$-600) ¥d “(#¥6-6£9-100) €4
“(100-9%1-600) Td ‘(8£2-9%2-000) 1d ‘(¥61-059-000) TT ‘(1L
-0€0-600) 1T “(€11-$02-000) LL “(£T€-TEE-600) 9L “(€TH1ST
“200) S1.(08T7€5-100) ¥.1. “(601-157-000) €1. “(SLy~L8T-T00)
TL(€%1-65£-000) LL (1 1€-9%2-000) TOIZ ‘si2quinu (] Sutmof
-[0] 9y M (wod10d[oW MMM) LIOJ[OJA] WOIJ PIIPIO-I 1M
sSo[eue [emidNNs PaqLOSIP AP pue (¢CTIETS T 2BprquiayD)
7017 “(uede[ ‘ofyoy ‘sndwdj (0rxZS) 2dodsomrwoaras
® i pazdfeue pue Sutures gNH 03 pawalqns 21om sSurpasg
‘01 Aep mnun spunodwod o1 jo ooussard ay ur pareurwsagd
210M 5PA3S §) Y7 YT, “NT G JO UORENUDUOD [eUY B 1B
II[IED PAQLIDSIP SUOHIPUOD Ymr01d a1 Jopun wnipaw pibi (SIA)
Sooyg 2 28ysenpy pBuans-jrey ur parsa d1om (wod-aFpuquiayd
‘mma) ATRIQI [EDIWAOYD Pa[quuasse wosnd € jo spunodwio)

U105 [EIIWBYD

*(€00 7792 ©AONU) LD INIA* INId T
((€00T 7 W) SNOEINIAT PR ddDF24Hd “(L661
qp 12 Aosew|) SOOI “(800T URYS R INN) D SD.L
(000T “7rs2 ounsoly,(Q) SNOSYYYI (H00T 770 1EL)
dADLIdIT (00T 7742 PMeAIN) $097S1dId Pue SND
SLIIT (0107 7792 10W[ID) SNDEGHAS (010T 779 19%2q
SHED) LADYIIIAING PUC LDV SIIAING ‘ddD <<dHdT
‘810z e Suep) SNDI9TIVAFTI9 TV (00T 179
IPIH-SS0ID) §294SAMT (LO0T 7792 [UN) €AdZ7SSE
put (500) asvpruoinmis-giieyqz:ydzd ((S00T v 33q)
11044 £1-94d 9-a0¢ ‘p[-a2+ (1007 ‘774 [PUUOIW) pI-94d
:Apras sty ur pasn saur uerd paysiqnd Ajsnowasg *(8107 7742
Buex) amieray o ur paqudsap se umord siuerd pue parerd srom
spaas Yuhdy () vuvypys sisdopiqualy SIMIZYO PATRIS SSAUN)

SUOIIPUO YIMOIS pUe S[eLajeL Jue|d

SPOYIBW pue s|eajeyy

15130014y

MIN

wod3siSojohydmaur mmm

*(¢107 “1ury 29 Sueyz) armamo onssn ur Aipedes vonew
-10§ 300ys 100d $31 03 NP AIIYIE 01 IMOYHIP APuALIND st Junips
Swoudd pue uonewojsuen o>nousd yorym ur ‘domn 1o yuerrodur
ue (7] swnuuy snguuviopy) IdMOpuns ul uonenuddar 1ooys
2ouequa ApuesyiuSis ued 1odsuen uixne jo uonempow [ed
-wayp Jey Moys am “Affeurq “uodsuen urxne rejod aruiy 03 piqe
$11 uo paseq st punodwod oY1 Jo uondUNy dANEIAUAFI Y1 JeYL
2oudpiad spraord 1oy o “rduurw Judpuddap-1 J1Z-AH
ue ur sisdoprgra jo asuodsar uonerduafar 100ys Ay sdUEYUD
smmno anssn Suump punodwos oy jo uonedrddy ruorssardxa
[euondudsuen ypy Sunenwns £q uonduny [1] J1Z-H s0w
-oxd 1eq1 sorenBar ymord yueyd Paou e paynuspr o wruwyd
ur T11 dIZ-H jo Aande oy aseandur yiym ‘spunodwod 10§
U210 dnoajow [[ews paseq 1orrodar e pawnrogiad am ‘uonemSar
111 dIZ-(H jo swsiueysw [paou Anuapr 03 idwane ue up
“(F10T 7292 3PS £ 10T ‘uodeg R ueuSe|y)
JOIARY2q UONEZIDWIP IPY) se [om se Aande euonduosuen
119y sanenpow smeas Surpuiq a1 1eyy parenoads sea 11 Inq arep
01 UMOUY JOU 2T€ SUTEWOp 3533 10§ spued] oyads-[1] J1Z-AH
YL, (6007 7772 yo1SopN) urarord swres oy ur Juasaid surewop
1010332 Jo Aranoe o1 21eMSd1 pue NWNS ISIIAIP JO SIOSUDS SE
108 Ued surewop wig- [ NYV-12d (9007 ‘unSing 2 aafsaysniA)
SUrPWop  (M-SVd) M-WIS-INAV-Rd Jo Apwegdns o
01 s3uopq urRWOp VHNAW [Pulw-) 4L ‘(H10T 77
piydg) spunodwod sruodorpAy asioarp puiq Aoy a1oym sur1
-oxd [ewrue ur pazuRIdEIRYd ISy Sem Urewop ([YV.LS) Jjsuen
pidiy parepi-uiord Lroremn3or anoe oruadoproras oy (1107
‘uoreq 29 tueuSepy) uonemnSar jo sapow umounun 14 1oYIINg
Jo uasord oy Sunesrjduwn ‘surewop puei| onodjowr [[ews AN
-eand 1ounsip oms ssassod ose surord [[] J1Z-qH “A[qEION
(8007
“po Wy ££007 P2 [Pud/) uondenur edrsdyd 4q Aanoe
a0y ssaxdax wim ur pue sumoxd [ J[Z-QH Jo s198e [euon
-duosuen anp Juasardar oym suplorgomIw jo Ajrurey (YJ7)
MAddIZ TTLLIT 24 4q paandaxa st uone[nSai jo [243] [euonippe
uy (1107 ‘77# NyZ {6007 ‘7742 NIT) WASLIW 100Ys 2Imny
941 Jo B2IE A UL 99[/SHTYNYIW JO 1942 a3 suadurep yorya
‘0TODV Jo uonouny a1 £q padiojua 1ayuany st uroned vorssardxa
feneds siqp (€107 ‘7740 ewiyseAIy 0107 ‘Bu0T R yprwg)
(SYNYIW) SYNY-oo1w Jo £rweg 991/¢o[amw oy jo Lrapoe
2y £q ofiqus Surdojpasp ay jo urewop [enudd [esrde ayy 0
Pauyuod are saquidw A[rwrej [[] J[Z-(H JO surewop uorssaidxs
ayL, *(0107 BuoT R YW 6007 ‘77 SBuD 00T e
93311g) ssousfofiquud Sunmp Anuspr 100ys jo siuEUTWINGP
A3y ussardar osfe Inq uonerouadar 100ys oaou sp 10§ [eONId
£juo 1ou are suroid 1addiz surnaj-urewopoawoy [[| sse[D)
*po0IsIFpUN [N 10U ST UONEADIE ST JO SISeq Je[n
-a[0w a3 Inq ‘uonerauadar 100ys jo aysinbaaid yueriodws ue st
AAnoe [ J1Z-(H JO uoneande paiimsa1 A[feneds sny, (8107
“qpaa Buvx 9107 772 14S) 19TV PUt SSTTNELSRIAN
LOOHS Sutpnpur sioney uonduosuen  Surijuod-Ainuapr
100ys 1oy10 jo uorssardxa oy 1ayye ospe suroxd [[ JI1Z-AH
SN 01 BON “(£10T 7790 Bueyz D ") smoword g\ o
1 sy 2df-g qm wesur A[eoisdyd gorgam ‘s1oe uon
-duosuen jo Arwey (111 d1Z-QH) 2ddiz supnaj-urewoposwoy
I Ssep oy 4q pawerpawr st GO\ jo uoIssaIdxs panommsar

DIeRsaY T

Aqpe2o] 24 “(L10T 722 Sueqz D L ‘L10T 72 SWN)
1r0woid s 01 Suipuiq 1a11p £q voissardxa G A\ Inpul oym
(SMAY) SYOLVINDTY ISNOSTY  SISIOAIIVYY 2d4
- S9IBATIOR J\[[S oY1 UT Utunj0Id)) (G107 7772 oowidng 8661
“Ip 10 12ARIA]) AYOIU [[2> WS 100ys 21 Jo (D) U Suiziu
-e310 oy souyap urewop uorssardxa asoym (SNM) THIHDSNA
10108) uonduosuen  UTEWOPOIWOY Yl JO UORONPUT [E0]
oy st uonesauadar 100ys sisdoprgray ui dors LiovenSar Aoy v
*PaA[0S1 10U ST ssaudAIsuodsar aaneIauadar gy
ur uonerrea o1d10usd Guons oy 1oy asned a1 pue Junpey Apuar
-InD s1 SUIPURISIOPUN JDSIUBYIIW [[Nf & JAIMOY (6107 774
TYONAY] Q10T 77 %2 UBUYSLYEYPEY) PIYRUIPI Uddq kY $53001d
SurziueG1o-§[2s STY1 UT PIAJOAUT SI0108] [EIOAIS PUE PIGLIDSIP UIIQ
aaey saouanbas [eneds pue [erodwoar oy s1eak Juada1 U “pawrioy
SI OYDIU [[2D WRIS [EUONDUNJ € pue Paysiqeisd a1 sasuodsar
suowIoy IUGIAMIP Jo seare dmoym ‘ssodoxd Jurusoned xod
-Wod € Aq PAIIPAW ST SIY | *SWAISLIDW J00YS [EUONIUNY OIUT S[[2D
SNJ[ED JO UOISIDAUOD Y UT SINSIT (JA[S) WNIPIW UOHONPUI 100YS
you-urunjo1d uo 1opsuen juanbasqng -erprowd 1001 [exdle|

JO JuddsTUTWAI AINUSP! U YIm S[[2d jo uonesdjrjord a s1933m
pue urxne suouwnioy 1ueld Y1 Ul YouI ST (A[D) WNIPaW uonInpul
SN[[ed YT, (107 7742 TYONIY]) PIWIO) ST ‘SN[[Ed Pa[[ed ‘Ssews
112° 3uar0odunid € 151y yrym ur [odoiord dars-omi e sdojdwn
woisds prepuels paysiqeasa-[om Y ‘saseyd 1UdIHIp Jo sisIsuod
pue sso1xd pajjonuod-suowioy e st sisauafoueSio oaou aq
(9107 7772 132da1y) saidojopoyiawr asay jo uonearidde oy
UI 322US[110q UTeW e [[11s ST 04722 47 sanssn ueld jo ouaadwod
uoneidauadar d[qerrea 10 parwiy A JPadmoY Sunipa swouad
se yons sayoeordde [eorojouyparorq 1ued 1oy srsmbarard feronin
e syuasardor ose pue sdoid jo uonededod euop pue Suipaaiq
a1 105 pasofdxa st $53001d SIYI “IPA0DIOPY “SUORIPUOD [EIUSUL
-UOIIAUD 9SIIAPE JAIAINS 01 swistuedio ofissas se syue[d 10§ [eonLd
st sisauafoueSio oaou a7 (6107 7742 WPnay]) sisauaSoueio
oaou ap Pa[ed ss3001d B UL PAYSIqEISII 2q UEd A3 Is0[ 2re
swastow [edrde Jurwioy uedro uayy “sured £poq jo sfewep 10
ss0] 01 asuodsa1 ur eIauadar 01 A[Iqe J[qEIEWII & MOYS SIUE]]

uonnpouju|

“21n3nd anssiy ul sisauaSoursio J00ys
100d 3WI02J2A0 0} Pasn aq ued Jodsuel} UIXNE JO LOIRINPOW [BIIWLAYD PUE UIXNE JO UOlNg

-113SIp [20] 8y} uo spuadap uonelauagal Jooys S

np uondudsues 1| diZ-QH JO UOHBAIDY e

“Jamoyjuns saiads JueLId[eda) UORIaUISAI Y}

Ul UOIJBULIO JOOYS OAOU 9P 9DUBYUS UBD XN|YJ3 UIXNE JO LOIRINPOLL [BIILSYD ey} 99UaPIAS “uonelauaSal
apiaoud sayuny apn “podsuedy uixne sejod i) 0} AJjIqe s} UO paseq si LoneIaUSSal puB LIS 300ys “podsueiy uixne sejod ‘Aousjodunid
-sa1dxa ||| dIZ-QH U0 199443 5,ZDIZ "sawAzua sisayjuAsolq ului0}Ad Jo J9sqns e pue 19°Zdvy 'snnuUe SURIRH ‘11l diZ-QH ‘UIubo3k

pue sNA si03oey Suikypads jooys jo uononpul ayy Aq paluedwodde S| pue sisdopiqesy
I uonesauafal jooys sajowoid uondudsuely |i| diZz-gH jo uonengaidn juepuadep-zdizZ e

sajowoud Snup ayy YaIym Aq WsiueydaW JBNIJOW Y} PAUILLEXD M ‘(SNNUUE SNLIURI[aH)

512U93 [ed1UBD 'UKNE Spiom Aoy

‘uoissaidxa 1| diz-aH 96181°ydu/LLLLOL top

(2207) 15150/0M1yd MIN

Jamopuns pue sisdopiqely ul sesAjeue podsuesy auowuoy pue [esifojoisAyd ‘rejnosjow

Suisn "ANAIE [1] dIZ-AH JO JOJBAIIE [9A0U B ‘ZD|Z P3JRIOSI 9M 'U910S JIJOUSS [IIWBYD B U o
“paynuap! Ajlensed Ajuo ase uopessuaas jooys Suunp Apanoe

2207 [udy 1z :paydasdy
LZ0Z 49qUISAON 8| :PINIaIY

113y} Suyjos3uod sjusuodwod weasis-dn Janamoy ‘uoiedyads Jooys 4o siojenSal e

Se pazud)RIRYD LI dARY 1008y uondudsuel) (|11 diZz-aH) 4oddiz sunaj-urewopoawoy |||

sse|D "sayoeosdde Sunips awouas ui ‘ajdwexa 1oy ‘103ey Suny
yoseasas jueld ur suonedldde snosawnu 1oy o

9P UINY®IRI3GDIS SBIGO] :|1BWIT

| ® Uayo s13nq Suipaaiq pue 121905 SBIGO
nbasaid e si sisauaSourgio J00ys 0A0u 97 e

:25U3pUOdsa1103 10j Joyiny

Arewwng

Auwvwion FupspL] PEECS PRI JO AUSIAI [BIUEI | UG AT J0 [0S WL Sdox pemonIop jo ofouyparong Huruiion Buspi] pEECE NN J0 QISAN P,

20908 2§17 o [0S LI, 450

swanskg ], urwson BuISL] FSECY YIINJY JO AISIdAN [P | SIS HrT

0L (1L, “UOBERIR GUN0IE) 1Rl ) (IS

219qa1G seIqo [, pue (1) JoSroquaddog omiBug

‘) Sowwey 7 Youn Amu—uvn:d—. *d eunro(q n_._P?E snynf ¢ ueeH op upofre ¢ ﬁw-:«? 1breg

uonduasuen

111 dIZ-AH 40 JuswaduerYUa [eI0] Aq UOIBISUSTZI J00US
sajowoud piodsuely uixne Jejod Jo J03QIYUI [BIIWBYD [PAOU

D1Ras9Y

serepdn 10} 300U (i)

1518010147 N
})UZ -

153



Appendix

MIN TT0T

‘uorssa1dxo [[] J[Z-H JO $anssn ur
spuuewr Juapuadap-asop e ur uondudsuen ¢y 7 sdnpur A[pider
7017 “Pyedor uaey, (31 31y) uvorssardxa sorrodor asusur
PAMOYS YOTYM “WNSLIDW 1001 [BISTP Y3 UT S[[20 [2IS JO UONEIHI]
-oxd Suons e payjosoid 1wswnean g7 wia-Suoy “(J1 Siy) s[>
apAouad pue woaopyd sy 03 papuedxs uaAd pue JuBUNEIN 7D[Z
JO Y 7 19ye sanssn asay ur pasearour K|Suons Liande 1aodox
YL, (0107 770 13agspreD) s101e vondudsuen [11 J1Z-AH
Jo surewop uorssardxa ayy yam Surddepaso Aenueisqns (1 S1y)
s[[P2 Terquiesoxd 1usde(pe o1 pue wWadx a1 Ur A[qeINAAP Apurey
sem A1anoe g O:eYJZd S|o1nu0d pareanun U ‘SWaISLAW 1001
JO suondas [esroasuen ur A1ande 1a110dar pazd[eue om vononpur
€47 paerpaw-zDI7Z Aq pawape sadhr [0 oy Aads of,

*(q1§ "81) suonrpuod
35213 Japun  §¢ 193ye parenSaidn sem Ananoe 110dar ¢y J7 o
SINSSI1 1004 9y U] *2UOZ UONENUIIDIP 1001 Y1 PUE WIISLIDW
1001 [ENUD AP Ul paReadd ApEdp sem Aande gNoOueYdzd
oy y9—¢ 1ye pue amsodxd gD[Z Jo Y[ 19ye d[qisia Apeaife
SeA WIISHIAW 100 [ENUID a1 Ul uoissaidxs ¢yJ7 jo aseandur
481ls v *(qLS "Std) wnipaw pmbyp ur uononpur §NH:eYdzd
PareIpIW-D[Z JO SONAUD| oY1 PazA[eur OS[E 3\ SUONENUD
-u0d 1aySiy 1e asuarul arow swedaq A[renpeid pue g7 AN 1
JO uonENUDUOD € I8 paseandur A[qisia sem SN OHEYJZd jo Lr
-Anoe dyads waspaw 100y (e[S 1) uorssardxa ¢y 7 S1ape
TOIZ YIym ur 9SuBl UONEIUDUOD Yl PISSISSE oM IXIN]

*(31 “SL]) [ETWAYD Y3 IM Y J0f pareand

wod3siSojohydmaur mmm

‘SAN[EA- UMOYS Y1 10 SILIS ‘SINI 95ED 19MO[ Aq Paroudp st
souedyrudis [eXNSHEIS “Pasn SpoyIaW pue $15) [ednsnes Jo adl
‘() sodwres Jo roquinu Jurpnpur ‘spusay 23y 1o somy oy ur
umoys a1e syudwitradxa pawrogiad ap jo sinowered [ednsnels [y

sonsiels

“(sndwid[O 119-X4)
2dodsonIWw B 1M PazA[EUE 219M SUOHAS PAUTEIS “1NeAM IIm
Ppasuir pue s ()G 103 (94G()°()) UOHN[OS PAI WNIUIYIMY Ul PauTels
‘(Auewrory  ‘udjoysSiuoyj-epne  ppyustiely) sapys  didods
-OIDIW 01 PALIJSULI) 1M SUOTIIIG DWOIODIA CSTTIA BT
® (PIM OPBWI SEAM SUORDS ISIDASUEN) I Wil /—C JO 591138
‘SuONONIISUT s JdIMdEINUEW Y1 01 Surprocde (Aurwidn) ‘neuery
a7y SNEIdH) 0T/ VAOUYID], IIM PIPPaquia pue saLids
[oueyia papeid e ur paerpAyap uayy orom sajdureg *(jouryd (a
/4) %0 PUE ‘PIoE OB0T (A/A) 06 OPAYIP[EUIIOS (A/A) %) YV
Ul Doy 38 YBIUIA0 PIXY 219 SANSSLL, “($OOT 7747 WS 2)
paquosap Ajsnoradrd se pawrogiad sem sisdeue [edroforsny oy,

ASoj01s1H

-(uede( ‘o0 1, ‘) 2dodsomnrur wonap SuruuEss 000¢- 1.
B I UDE) 259M SAIMIDL] (AUBWIIOD) “TEZId\ ‘OUB[]) SQE} dAIS
-3YpE SAIONPUOD U0 parunow amm syuefdxy *(Auewron) Tezom
®]) 00€AdD WA ue Suisn Suikip yutod feonniadns 01 paroaf
-qns Apuonbasqns pue soros [oueya papeid e ySnory parerpAyop

sSurpaas 4\ ur spad aduosuen gy gz pus p 1
ApueoyruSis pue (p Sr) uoidar waisIaW 100ys Y3 puE 1001 AP
ur ‘SNO:EYdZeddZd 11i0dar euonesuen oy jo uorssardxa
a4 pavueyud ose D17 (¢D17) ¢ punodwon Supnpul ¢4d7
2ouRISqNS Y1 pawreu 21051 M pue (3] §1) s1001 Surpass
ur Ananoe gND=egdzd paseasur A[reonseap (qr 8r) Wil <z
Jo uonenuduod e e (8-87-/G110€ :NY-SYD) 2PIWeExoqied-g
-suaydoryiozuaq- [-(j4-p-[ozesdd- 1-o1pAyip-¢ z-[Ausyd-z-oxo
-g-[Apawtp-¢ 1)V -010[y-¢ jo uonwoyddy (el Bry) £z 2uaB
18101 worp I JIZ-AH 2P 10§ 1uodar gnn [euonduos
-uen e jo A3IAnde a1 2onpur YIYm ‘spunodwiod 1oj s[edrwayd
9SIPATP A[[ermonns (G Jo ATeIqr[ & pausaIds om pud SIyl O,

Db 18 WSIUIA0 (PAYIP[EWNIO) 094G “PIE I 40T ‘[OUEPD
050G) PANEXY YV Ul pareqnour aom siuejdxs pass romopgung

Adodsouiw uos3ape Suluueds

‘sareorjdar [eoru
~P21 22111 ISLI] IT UL PAINSEIW PUT (€0860601 1D0T) LLOV?H
10 (0962DSLY) DE1YY 01 pazifewiou a1am ee( [ AIqTL
uonewnoju] Sunioddng ur punoy aq ues YO gb 105 pasn soSijo yo
saouanbag *(8107) 7742 Sueg ur paqudsap se auop 1M (YO db)

uonoear ureyd aserdwAijod sanemnuenb pue ssoquds (YN2)
q

‘syue[d dox yuenidesar ur vor
100ys A01dwT 01 ‘S[001 [EDIWAYD [9AOU JO UONEIYNUIPI Y1 01
peay 3ySiw os[e NG SUTBWOP 35y} YIIm 10€IAUT 03 siuswasmbax
[ermionns o1 noqe uonewiojur apraoid A[uo ou ySrw uon
-ounj [[] JIZ-(H JO SI0IEANDE 10§ UIIIDS JNI[OW [[BWS € Ieyl
pauosear ap\ “($10T 7792 YPUYPS ({107 ‘uoreq R ueuSey)
suoxd asay ur punoy surewop Sutpuiq puedy aaneind oqa
s uonseul ySnoiy ‘samosjowr Suipeuis umoujun Aq pare]
-n8a1 st 11ANdE [[] J[Z-(TH Y6y OUIPIAS [ERULISWNOID ST 1Y ],

€d4dZ
2ua$ 198.e3 30211 |11 dIZ-AH 2y} 40 uoIssaidxa ayj ajeande
ey} spunodwiod J0j L3135 © Ul ZDIZ JO UOIFedYIuap|

synsay

(VSN VD ‘081 ueg ‘peqydein)
uum?ﬁ,wom meEQ _.TTS ﬁuﬂ:o,tmm Sem mwm\ﬁm:m Hmuwummuﬁm

1513010141

MIN

VYNQ £ [dwod ‘vonoenxs YN (Auewany ‘ueep] Oynus
19§ 1OPIIA) ([T yos19y & qam pazrusfowoy pue uaoniu pmbrp
Ul USZOI-0ys ‘Pardaf[od a1am siue[dxs uopajf10d samopuns jo
Sw (g 10 [erarew Juipass szsdoprgray jo Jw ¢ ] xorddy

¥Dd BWI-[e3) IAFEHIUBND

ST 10§ (YD) pE dNPqqiS [ Sw 170 i
paruswapddns wnipaw 2:mmood 01 parsdpsuen dram siue[dxo
‘uoneSuod 100ys 104 2IEMIJOS [IDVI] (UM PIINSEIW Sem
v2IE INSNP (JAYS) wastow [edrde 100ys Yy, p [ Ioypou
10j WNIPAW 2IMND0D U0 PAAmNOqns udyl ‘por 10 (Y8
1 g 91) suonrpuod Aep Suo[ Bpun (D,7F) Dby 1® “Lrsunur
W8y s, wiowr g¢ v pammd axm swuefdxa uopajf10
Y[, "WNIPAW Y1 YIIM 1DBIUOD UT IPIS [BIXEPE ) YM (UoInze
aprp | [Swg pue vyl [Swgg ‘oumspeifumnuadost
18wz yum pawswarddns p8edyd | (8¢ pue asonns
0¢ PIM (8°¢ 03 35 Hd ‘ejoydn(]) surweIA ¢ YA wWnIpaur

DIgRsaY 1

wooysiSojopkydmour mamm
ssiSoporlyy mant

SN) wnipaw 2immood uo pade[d orm  suopajfiod ayJ,
“PIAOWDT 219M SUOPI[AI0D A3 Jo aseq Ay e eiprowrid jedy oyy
pue ‘sixe oliquo oy Juope AjeurpmiBuo pareredas sem pass
A3 JO 153 YT, "PIAOWDI SEM DUBIGUIAW UIY) [EUINUT A3 pue
JJO IND 219M SIPIPEI PAdS A1 UIY ], ),9T 1B JIEP Y1 Ul SN
uo JySrusono pareurusad pue paziLNs-21 ‘QIHPP 2[HAS Ut
Sunjeos urw (¢ Joe Pareod-ap 21m SPads Y[ ‘(OQTHPP) 1arem
PA[ISIP-[qNOP I[LIAS M sdysem 2213 4q pamofjoj ‘Supyeys
PIW uA urw CT 0 0T UdM], 06$0°0 SulurEIued (]DOEN)
10[yoodAy WNIPos 4G UI PINEOS [OUBYID 040/ YPIA PIsSULI
Q1M GQYH 2UI| PAIQUI " SBuuy SHYyupIIE] Y1 WOlj Spadg
((S107 “Jr12 owopey ‘7107 ‘7742 eyemg) sjooooid snomard
uo paseq payipow sem [020301d uonerauadar Jamopuns Ay,

Kesse uonesauagal Jooys Jamojyuns

POL10J (D1T ;W s owrd 0g) 3By uwasuod
1apun pareqnour pue (1e8e 948°( pue Yy AT G§°( Quruspefua
~uadost N ¢ *asomns g7 (£ 01338 Hd) SN | _[S <0 Y
parwdworddns (epoyon(y) surwena ¢g Surpnpur wnrpaw G
pSuans [nf) WNIPIW UONONPUT J00YS 03 PILIAYSULI} UIY) 1M
siuedxa 1001 Y[ Py 10} (D17 ,_w s [own 0g) 1Sy weErs
-uod 1apun pareqnout pue (1ede 048°0 pue unauny W z°0 pre
snooedxoudydoro[ydrp-5g M 7' 9somns 947 (£°¢ 01 105 Hd)
SHN | 1860 yum parwswapddns (spuepayiaN g ‘wapreey
‘ejoyon(y) surweia ¢g Surpnpur wnipaw S |duans [ny)
JAID 03 PaLIdJsuLI} D 219M WD 7—¢'[ jo suawas 100y ‘suon
-1puo> Aep Suo| 1apun G4 Uo p g J0j umoid pue pareurwiad
Q1M Spaas sisdoprguayy (9007 7742 YD) SUONEIYIPOW Iourwt
s jodolo1d snomard e uo paseq pawrogiad sem Lesse oy

Kesse uoneiauadal yooys sisdopiqesry

“(PUBIRZIMG ‘U T DN, DY)
VVI-Hg s Pa103(utod sem (uonenuasuod feusaiut feuy N 01)
TOIZ “(L10T “ro 1owse]) paquosap A[snomard se pawioy
-1od 21om $914500 U ¢Nd PU® [NIJ 10j sdesse 1odsuen oy,

Kesse podsuesy Nid

“(IPWFURER()
1azd[eue uonenuids pmbip Y 10087 qreD-1 ], € Suisn paynuenb
sem Yy [D,,] “uonemoTw 8MuIono 10§ (VSN VIN WEREA
TWIFUBE] 68SE109 "OU) JV Of-PWBI( Jo [wi g ot Aprer
-edos paseyd a1om sa0a1d Sururewas oy pue papredssip sem (ww ¢
—0) 2931d wonoq ay “sa091d wrw-¢ ot IND 219M SILDWIAG Y §
1410UE 10} PaIRQIOUL PUE Y] [D),,] MOPIM 195ynq 110dsuen
uixne jo i o¢ 03 padjsuen Apuanbasqns pue y [ 10§ Aeqnout
01 pamoy[e ‘(fuewany ‘ujoy ‘pudnolg) yvi [O,,] Wi ¢ Suture
-uod zD[Z M 0S 10 VIN AT 0§ J0NU0D IUAJOS 1D [am
1anq 1odsuen uxne Jo [rl )¢ 01 parIdysuLI U ‘Y [ 10§ TDIZ
JAM 06 10 (VAN) proe srweperydjydeu o g [onuod uaajos
1y qm (¢°¢ HA ‘SHIN NW G 9501908 041 ‘(YY) PIE 2o
-¢-3[0pul U ¢°0) I2Pnq odsuen umne jo i ¢ ur uoneaud
-110 ParIaAUT Ut paoe[d d1om SWAS 2IUISAIOPUIT (0-[0D) (LA\) 24K
-ppm Suof wo-¢1 jo red eseq oy woxy swLwSes WO-¢'7 N0

0 5180[014Y g MON TT0T @ 125001y ] MmN
VYL TT0T ©

(0207 “®SunyQ 2 oerX) suonedyrpow Jourw yim [0d010id
snorsaid e uo paseq pawniojiad sem Juswainseswr 1odsuen uxny

Kesse podsuely uixny

d

“(ndwid]O 0 1XZS) TW02IS € I APrerpowt
paSewn pue (A4 ‘[i¢ig 0120A]3 :1orem : eIpAY  [eIO[YD)
uonnjos SuLrea 031 parmdysuLn UAY ‘Un ¢ 10§ (Youp[y-rwsis)
uonnjos s 08N yim paurels asom sJurpass p[o-p-/£ Jo s100y

Suiureys joSnq

‘uonesynuenb [euis 105 (Auewian) ‘Yoeqpim
peq ‘ployuag) 1vwourun[ [)G6gT eWnT € qim (eowory)
wosdg  Aessy 1ouodoy  asergjn-eng e Susn  pawioy
-1od orom sdesse aserajonT ‘uafoniu pmbiy ur uszoy-ysey pue
amesadwa) woor ye upw 7 1058 001 e SuSnyinusd £q parsaarey
orom sisefdorord ‘vonewrojsuen e Y SNy (L00T) 7742
00 Ul PAqUDSIP Se PaWIOjsuELI) pue paje[ost d1am sisejdororg

Kesse uoneanoesuel) jsejdojoid

WU CEG—(0G UIMIG
pazd[eue sem UOISSIWD PUE WU ggy 1& PAADXI SEM (D)) U
-o1d Juadsarony uaa1ny adodsomnrwr Juruuess-1ase] [edoyuod (snd
-wk[O) 000TA] ® 10 (Auewion) “rejz1a ‘SwaSASOII BI1T)
8dS SD.L ® Suisn pajersusd a1om SaNSSI 794Gy (] PUE LD
INIZ=INIAY DL 1d19 ‘dAD7SOL ‘ddD <<gHd Jo saBewry

>&OUmOhu__..C 9duldsaion|4

“(810T 7792
oH) paquosap A[snomdard se pawiopiad sem Aesse DN AL
‘uafoniu pmbi| ur udZoOI-ysEY PUE PAISIAIEY 2IOM $1001 Y],
*s3ofeue [ermonns PaqusIp ayr 10 gDIZ Jo Wi ¢z Sutureruod
I21]1ED PAQLIOSIP SUORIPUOD (IMOIF a1 Jopun (SINY4) Wnipaw
SN pSuans-jrey uo umord arom s3uiposs §00 I zd Y1,

AKesse D dL3aWoI0N|4

*(sndwik[ {0 1XZS) 2dossomnrwoaras e
Bursn pazd[eue a1om sopdwreg ‘oueyId 0450/ Ym PALIPAYIP seM
onssn oy Jururess 103y “Suans 1110dax o vo Jurpuadap swn
Jo spouad snotrea 10§ D, /¢ e pauress a1om sSUIPads YL, *(8107
“7v 12 Sueg) paqudsap Ajsnorsard se pawrograd seam Sururess g o)

Buiuress sno

"ATI-AMD pue gHI-8AADd Jo 2115 poN
ot pauopqns sem (d4A-8YMDd woiy) dA N0 LA-SYMDI
Jo 2ouanbas (%) urr01d 1uddsIONY MO[[PA A1 PAsIXD [ION]
pue (010Z ‘7742 uOyz0Yy) JAR-8YMDA 0Iul PON pue AYOT
BIA pandjsuen am PO ATY Put MO dHJ 2y ‘Apuanb
-asqng “Ase [-NADd owr pauopgns d1om syuawSey oy,
“Apanoadsor (BON) ¥ MO ALY PUE (AYOH) d 2O AT
Pue (BON) ¥ MO gHI-(A¥OH) d IO gHd Sutsn ¥Dd 4q

15130014y
MIN

154



Appendix

wodsHojorAydmau mmm
016y mayy

siSojontyg

-wr 00g “Ieg “skep J0 JaquINU PajeIpUI 31 o) ZDIZ W GZ 40 NOD WIS U0 painyjna sueidxa

10 sadAjouayd (p) “(1533-7 pajie}-om} s Juapnis pasredun) sieq aA0qe PajeaIpul st aN[eA-4 (W3S F SuBL) sjuawLadxa Juapuadapul 201y} sea| e Woy aie
©1RQ “(B) Ul UMOYS ABSSE UOIEIaUISAI Ay} WO SJooys pajesauadal ypm sjueldxa Jo aSejuadiad Jo uoneayUEND () '(153)-7 Pa|ie}-0M] s Juapnis pairedun)
SI1Bq 9A0qE P3YRIIPUI ST AN[eA- (W3S T Sueaw) spuawadxa Juapuadapur 391y} 3589 18 Woly aJe eye( *(B) Ul umoys Aesse uoneiauagal ayy wouy juedxe
1ad 19352 J00ys pajesauadal Jo uonedYRUEND (q) “AJUO JUBAI0S SUILEILOD ‘NOD “WIS UO Jajsues} JaYe (WIS Pue WD) P 0Z 40 (W3D) p €1 paydesSojoyd
219M sjue|dxd 3AEIUISIAIY “(WIS) WNIPAW LORINPUI JOOYS AU} IO (WID) WNIPILW LORINPUI SN|[ED 3y} ‘(WID) WNipaw uoneuiuwds ayy o} payjdde sem

(W1 62) 2D1Z 219ym s3upaas (1) 9dA}-plim woiy spuejdxa 1004 yym Aesse uor J00ys () J00ys $3onpul ZJ1Z T 'S4
ez NoO_ 21z N9 21z N9d_
® ® ®
E E ES
0z 3 oz 2 0z 3
g 3 | kS
< [ ov 3 ov 3
@ g g . g
.| 109 3 09 & o 09 &
2 a 2 . g
Trtee § 0 08§ T 08§
L @ . @ pR— @
s loo . 004 200 Logy
o 20000 5070
= wis WID W3o )
Z0IZ NOO ZoIZ NOO 201Z NOD
0 0 00
[%2} [} (2]
2 e .
b8 L 8 50 W
o Q . o
o < [ a 3 I o U
2 g ] e T
© a B a @
€ 3 . 3 Sl 3
o o °
v S € s 0z S
1 ] _ El J— El
L €00 Ly 6100 lgz
90000
N Wis WO Wao @
2
N
201z NOO 201z NOO 201 NOD

7 U = R B

*&) e ..“ m'/ "
4 = t

g & . 1

" ¥ i ‘ e Tl

() WIS WID W3o (e)

€ fep

‘uomduny 7DIZ  [[E Yim 9 pue ¢ ‘11, 4q uoissardxa 1ani0dar oyads 1001 jo
105 Juentodwr s3] 2q 03 sreadde Adrowr susqony Ay seardym  wondnpur urdYIuSs paeasdr Aesse HN A Ay Sursn Lrance o
‘uoniqIyui Imo1d 1001 pur UONONPUI CYJZ JO SSO SINED Jo woneoynuend) *(>°qzS S1g) 91, Put ¢ I, VI ‘€L ‘LL .*o U

7017 jo 1ed sjozeidd pue saxur a1 ur suonedyIpow say12801 -sa1d oy ut pasearour sem uoissardxo 1a110dar ‘sdn 1001 noe
uade], *(o7S “S1) ymoid Surpass uo 19gp0 o1xo) [erouad € um §ND:EYJZd JO UONINPUT SNOIAGO AOYS 10U PIP SIUBLIEA u_cN
UONEBUIqUIOd UI 12A9m0Y ‘Uoneduod 1001 passarddns Apuesyrudis  -e1dd pue saxurp oy searayy (87 “S1) Mo3[ow A jo AInIdNIS
os[e fq 1uerrea apozeikd oy, *(pgs “Sry) yamoid 1001 vo wedwr -qns sjozeidd oy 10 ‘uoiar 1jur] Gun dudqoIYl SYI UI YD

2aneSou 1598U0Ns oY) PoMOYS 9] PUE ¢ ‘[ ], ‘SIUBLIEA JUDQOIY)  SUONEIYIPOW SUIMOYS SIUBLIEA [EINIONDS §] PAISII oM UOIssaIdxd
oy woxy 'sSoeue D7 oy jo 2duasaid oy ur umoid sJurpass ¢y J7Z IrANOE 03 7DZ 10§ SiudWRINbAT [RINIONIS Ay dUYIP O,
jo sypduap 1001 paynuenb osfe om uoneduop 1001 Arewd s1ope

ApaneSou 717 2uig *(Izs “81) 717 se 98ue s e ur Suraq uoRouNy 7312 40 sjuswiainbal feanjonas

ooty Fo s

MIN

MIN 7207

wodsiSojopkydmaummm

Ny YL 7707 @
‘wrig) (8) ‘wni0og (p 2 ‘) :sieg "zDIZ W G JO (2D1Z) 92uasaid Jo (3pow) aouasqe

3y Ul umoig s8ulpaas §ND:EYdzd plo-p-£ 40 sdi} 1001 PaULIS-SND JO SUOIIIS [BSISASURI ] "SLIS)SLIW 004 Ul AYANDR SND:£YdZ dY1dads-anssiy uo zd(zZ

10 109J3 widy-8uo (8) "a1usd waojyd ‘sap.id pasopd ‘wiajAxojoid ‘SPEaYMOLIL 'SILLIBPOPUS ‘$HSLBISY "ZDIZ W GZ 0 (3pow) A|uo JuaA|os Suiurejuod wnipaw
pinbij Uty pz 10y umois asam sjueid 15aAreY 210jag ‘s3UlPasS S0 E¥dZd Plo-p-Z WOl A1) 1001 PAURIS-5ND 4O suoNISod PajeaIpUI aU 1. SUOID2S [SIGASUEI]
“SLIRYSHAL 3001 Ul AJAIR SND:EYdZ J103ds-aNssi} UO ZDIZ JO 19943 WIS}-HOYS (3) “(1593-7 Pa|Ie}-0m3 s JUspnis pairedun) sieq sAOGE payedIpul st anjeA-

*(€ = U 'W3S F sueaw) zD1Z Wi GZ 10 NOD Wnipaw S\z4 pinbi| 0] Y $ 104 paiiajsueL} Uy} PUB WNIPaw S\ PIOS UO P 6 10§ umois sSulipaas ur uoissaidxa
£4dZ 40 sish[eue (yDdb) uonoeas ureyd asesswA|od aaneIUEND (9) 'ZDIZ WM GZ 10 NOD WiNIpaw Sz pinbi| 01 Y £ 10§ Paiiajsue) Uy} pue Wwnipaw SWg
:€4dZ::€4dZd (P) 'ZDIZ WM GZ 10 (NOD) AJuo Juaajos Suiurejuod wnipaw pijos uo umois 'oyq £ e sSulpaas
ur Ayanoe sy mmen ) Au_u wiex0qued-z-auaydolylozuag- | - (|A--|ozeskd-H L -0ipAyip- €' z-|Auayd-z-oxo-g-|Aypawip-G' |)-N-010|yd-£) ZDIZ 40 ainy

-2N135 9N23JOW (q) (DVA) Jayep/p sem A)AipR SND:YdZ Apuanbasqns pue Wil Gz Jo uonesuaduod e Je spunodwiod
9s19AIp AJ[eAnoN1s 0006 Sulureuod wnipaw pinbyj ui vﬂw:_E‘_mm w_m>> s8uypaas sND::gYdzd "ainp d Suiuaans ay3 o uor; day onewayds (e) 'sis

111 58} 3y} JO UO: Sunpuy 10} URBIDS ® U1 7DIZ 4O UoRIYUP| | *B1d
201z HOOW

(6)
201z

—_— s p 2

[V e, : N\ A
\ £ LA >
e, 2 8

2 P A s

ol g
LIRS :

B
=
°
g
g anoge wri 00z W
20IZ NOD 201z NOO 20z NOO
000 - - - —
X
o
s00 & ——— R e
N 3
3 8 5
oo 3 § 3
H : : g
3
. . ] S
sL0 m S

A/\ A< W~ N

6100=d
(?) ® (0)
(sIZ) spunodwod
Bupnpul SNO:EddZ Sie2 0006 auI SN ieydzd
—
N,
N s )
N-
SAXS: -~
o d
0

(@) (e)

s | oy

AN

155



Appendix

MIN TT0T ©

“w og (p ut jaued Ya|)

Ayd qud 431 £40Z7SSE poL-Ael P-Gyd LM

wod3siSojophydmau mmm
(T fd MIN

‘w 00g (p ul [aued 3ySu pue 5 ‘q) sieg (159} _U_.H_
pajealpul st anfeA-d “(W3S F SuBaw) umoys £500
e syeadai [e2150]01q JN0J 0} OM} WO BJeq E)

201 Wi 62 10 NOD wnipaw SW; pinbi|
0} | 7 10§ Pa1I2JSURI} UBY} PUB WNIPAL
SW24 PIOS UO p 6 10 umoig sadAjouas
P31B21pUI U} JO 53001 Ul UOIssaIdxa

£4dZ 4o sish[eur YD db (a) 'skep jo saquinu

uo painynd spue(dxd ut AHAROR SND:T9 TdVY NOO O
1179°2dvd (p) "sAep Jo Jaquinu pajedipur
343 104 2D1Z Wil GZ 40 NOD WIS U0 paimjnd
sjuejdxa ur Apanae sno::snd () “skep

40 12qUINU Pa3edIPUI 33 10} ZDIZ WH GT

10 NOD (WIS) Winipaw uoronpu Jooys

U0 painynd syue|dxa i AYAROR SND:EUAZ
:€4dzd (q) (35917 Pa|ieI-OM} 5 JUapMIS
pauredun) sieq aA0qe pajedIpul s aNfeA-g
(W3S F sueaw) umoys ase sjeadau [eaiSojoiq
noy woly eyeq "zdIZ Wi G 10 (NOD)

Ajuo Juanjos Suiurejuod wnipaw Sz pinbi
0} 4 7 10§ Pa1aJSULI} USY} PUB WNIPaW
SW®4 PI|OS UO p 6 104 umoiS s8uljpaas

40 53001 Ul S9UaS payedipul Jo sishjeur
uoissaidxa (YDdb) uonaeas ureyd asesawAjod
aARIUBND (B) “sisdopiqely Ul sauas 108ie}
1pa.1p Jaddiz aupnaj-urewopoawoy ||] sse|d
10 uoissaidxa pasueApe sasned zJ|Z b 'Sid

201Z_NOO

/g

N
2
I
10000> |0 5 R
H 8
. N R
. 3 2
3
t 01 2
¢ 2
g @

g

sno:smd

201z

Snoeddz-cHdzd

NOO

201z _NOO 201Z_NOD 201Z NOD

i

Y
8

2
8
uoissaidxe LVy SAIeiRY

P
8

[

€z000 O

uoneardde 17 *(PO¢ S1) suonIpuod [o1uod IdpUN $I00YSs e
-19u2801 01 9qe 30U 219m syuedxd aqd ggd aae (L10g “pv 42 Sueyy
D L) Apms snomaxd e yum aouepione uf wyd gqd aze wuenw
apdin a1 pakoydwa am wonouny Jyj JIZ-QH PoNPaI Yiim saul|
aueyd ur10ag0 7DIZ Y3 3591 0], “erprowid Jes] am Pa1dasod ou
1] eare Juedxo Aue A[21eq SEM 2193 SOUIS ‘UONEINIES JO JULIQ AP
03 asuodsar a3 padurYUD IAYIN IUSWIEIN TD[Z TAIMOY *(q
‘e¢ *81) SUONIPUOD [OIIUOD ISPUN UONEWIIOS 100ys padunouoid

1513010141
MON

5
&

oL

e
uoissaid i OAleIeY
uoissaidxe LOIH anelRY

uoisselch® (47 oneley

B3

61000 82000 £2000
S S 8

c

Pa1ax2 Apealfe dp[[e Uondunj-jo-ured p([-azs IURISISA-YNYIW
oy, *(qe¢ ‘Stg) Lesse mo ur osuodsor refrwis & pasmoys sojduwres
Pa1BIIUN DY) SEDIAYM [01IUOD | A\ PAIEIN 7D]Z Y1 01 pareduwiod
a1ex uonesduadar 100ys 1aySiy Apuesyiudis e pamoys siuedxo gy
-q4d pavean-gDI7Z (00T 7740 AIO[eN) gHd JO uonemnuwnode
odowd ur synsar pr-gqd ur s BUIPUIG-991/SHTYNYIW o
JO uonENY "IRIANE [[[ JIZ-AH PIe P sadlouad jus
-1p1p ut asuodsar uonerusdar parerpaw-g)[Z Y3 pazdeur om

wodjsiSojojAydmau mmm

z.
nyd
qud
£8dZ::SGE A8l 000 LM 201z )
0 Ao =2
L}
» T
L]
13
P i 8
” é
: 2 4
g = =
z 2
2
&
. @
3
€ 2
2
5
2
. 4
—
zoz O 20
NOO O
G}
poL-nes pr-qyd 1o LM
[a— S
* 99000 ®
3
il
* 10000> 2
—_ &
67000 o §
2
. 2
3
i -1
B
2
Gl
zoz@O ‘“—
NOO O %2000 0z
06000 (@

pua sy o] ‘uonesauadar 100ys uo g7 Jo 132 aanowoid ayy
10y paxmbar are suoid [[] J1Z-AH 19YIoym ‘paxse am XN

Jauuew juapuadap
-1l d1Z-QH ® ul uonesausSal Jooys sajowoud zdizZ

“(Qeps 1) T01Z
Se PUAXD Ie[ruls B 01 090 danowoid Juedymudis v panaxo 9,
‘a1e1 uoneIauadar 100ys y pauddurep 1oyIer €T, Pue [T, SeAIYN
“AIAIOE GD:CYJZ JO UOMONPUT UMOYS dABY YoIyM “Aesse uone
-12u2851 300ys 2 UI 7D]Z JO SSO[EUE SUDGOIY) I Y3 PAIS) OS[e
am “AJpeury *(qe¢s ‘Sry) INO2[OW Y3 JO SINIANDE NI[-UTUROIL
1O UIXNE 131 UO Paseq 10U sT uonesduadar uo 133f5 s punodwiod
o ey Sunesrpur sanianoe 1auodar NGV 10 SNOHHCIA
Jo uononpur wi-1oys axjoaord 10u pip 7DZ “AqeIoN (P S19)
arer uonemyijord snjed> oY1 uo 1%9ye snoiaqo ue Suiaey no
(s swasuaw-01d 100ys Yo1I UTURAIOYIUE JO UONEWIO) POdUNOU
-oxd a10w nw pue 1sey ApySiys e saxoaord pearsur pue 51001
[esa1e] jo yamoiSino oy sassarddns IS o Ut ZD[Z IBYd PI[EIAdX

“Ww g "reg (15937 pajie}-omy
5,Juapn)s pasredun) sieq aA0Ge pajedIpul
N[eA- “(Jualiladxa Yyoea Joj 7|, < u)
syuawiLadxa Juapuadapul 221y} I5e3] e Woy

W3S F sueaw moys sieg “ZDIZ 40 Wil 6Z

10 NOD WIS U0 payeAnjnd spue(dxo £4dZ
::5G€ pue Ayd qud 491 (0-102) adAi-ppm ur
(quejdxa Jad s123sNn|2 J00Ys) 931 UoneIBUITAL
300U 4O UOREIYRUEND (P) ‘WIS UO

J3ysUI} IO P 9| UdXE) 219M sydesFojoyd
3 "ZD1Z 0 Wt GZ 10 NOD WIS UO pajensna
w mcm_axmmmﬁ....mmmw:mEmaﬁa\é._ouv
w

£HdZSSe

adA3-pjim Jo sadAjouayd uonesauagal jooys

() (35332 p:

$1Bq 9A0qE Pajed) L

Yoea 10y 7| < ) spuawmadxa Juapuadapul

w OM} J5BI)| B WOl WIS F SUBIW MOyYs sieg
9 "Z01Z 40 Wt GZ 10 NOD WIS UO pajen|nd
S sjuejdxa poL-aas pue pL-qyd '(197)
adAy- ur queidxa Jad s133sNnP2 J00Ys)

a)eJ UOHRIAUIFAI JOOYS JO UOHEIYAUBND

©) (9) "WIS UO J3ysue1} 1948 P 9| UdXE] 219M
sydesSojoyd 21z J0 Wi 6z 10 (NOD) Ajuo

Juanjos 5 LD (WIS) WNIPaW UoKINpUI

00U UO P3yeAIND SYuB|dX PO L-Ad)

pue pL-qyd ‘(197) adAy-piim jo sadKjouayd

PoL-es

uo m_u:mmmm :o_u.Em:mmE j00ys sisdopiqesy
U0 7217 J0 123449 aanowod ayy € “Si4

pL-qud

Jo11M

(e)

awn 1240 siwedxa oy jo uondadsur 150y (o7 S1y) 12ySry A|qe
-19pisuod sem siue[dxo Suipuodsar jo onex oy osfe pue (qeg ‘S1y)
dnoid jonuo> oy 01 paredwios pawrioj d1om SIASN 100ys d10W
SIWN-0AN] AIIYM T[S Y} 03 PIDLISAI SEM JUIWIEIN 7D UIYM
PaAIdSqO 219m 5199492 3598u0ns Y [, *(07 S1g) paseasdur Apuedyruis
10u sem syuepdxa Surpuodsas jo saquinu oy Inq (qeg ‘Sr) Juedxa
12d s100ys paurog Jo Asuap Ay pasueyud D) Ay 01 £[uo D7
Suippy * (07 81) [onuod sy 01 paredwod syuepdxs Sunerouadar jo
a8eiuao1ad oy pasearour osfe pue (qeg Sry) s1Isn J00ys PqUINU
19y8ry Jueoyruis € jo uonewnioj Sy padonput [1s Inq “(eg S1g) z1s
uedxa papage ApaneSou 1 ‘oseyd uoneurwiaf ayp Surmp Ljuo
pandde sem 77 uay 4 IS UO UOREqOUT UE £q PamO[[Of INTD
01 parIRsuen U A1¢ SHUe]dXd 1001 “WNIPAW SINZ4 UO pareurwiiad
are spass “Aesse siy) uf “Aesse uoneiauadar sisdopiqray prepuels e ut
[ESTWAYD A3 JO 193J2 3y PaIsA) am “Uonesauadar 100ys 1oy Sunyuwiy
-21e1 9q 0} UMOYS Udaq sey uonduny [[[ J[Z-AH Put £YdZ 2uss
parenSai-1] d1Z-AH Y2 Jo uondudsuen sy sadnpur gD[7Z 2UIg

sisdopiqesy ui uorjesauadai Jooys sajowoud zd(z

1s130[014y
MON

156



Appendix

wo>3siFojo1Aydmau-mmm

(2200) 5130joilyq many

‘wit ool (Y '8) ‘ww g (e) sreg dnos JuswSas yora ul s19133] Juasp Aq paredlpur ase
ajdyynw s,Aaxn 1 Aq pamojjoy YAONY Aem-auo Suisn pasAjeue a1am ejeq "(W3S F SuBaW) umoys

(50'0>d) P YIUSIS "5)s9} UOS]
e speadai [e21S0joiq 221y} 1589] Je WOy BlRq 'sa2ald wajs oudsaIoyul adA)-pim WD-GZ U (Y1) PR d13ade-€-3]0pUl PaJIaqR|-(D,,) tL-UOGIEd

0 podsuei] (1) “Jajsues} Jaye p ¢ pawopad sem Suiurels SNO zDIZ Wi GZ 40 VdN Wi GZ 'NOD Wnipaw S\z; U0 paiiajsues} uay) pue wi
SW24 UO P 10} pajeuiuia8 asam sjueld “sSuijpaas adA-piim Jo sdiy 3001 ur (joued Jamo)) Aanoe sno::LNIdd pue (jsued sjppiw) Apanoe sNo:gyyvd
(laued Jaddn) AAnoe SNDIGYA UO ZDIZ PUB YdN 4O 199443 (Y) P € 40} WNIPaW W SUIUIRIU0D-SNIp O} PaLIaJSURI} UaY) PUB WNIPIW S,

UO P {7 10} PAJBUILLIDE I9M SJURId "ZDIZ PUB VdN JO SUOIRUIIUOD PajedIpul au} Uypm pajeal} sdij 100 Arewiud adAy-pjim pjo-p-£ jo Sulureis-jogn
(8) “(s159) uosiredwod adninw s,AxnL Aq Pamojj0) YAONY ABM-3UO {GO'0 > d) S3OUIaJIp JUBDYIUSIS aJedIpUl SIeq JOLID AU} JOAO SISNI] JUaIaHIa
(8 U ‘W3S F SUBAL) J3SUBL} JYB P g PAJUNOD 31aMm eipsowilid J00Y "ZDIZ 40 YN JO SUOIEUIIUOD Pajedlpul Y} J0 NOD Wnipaw SW yiSuals
-4[eY Y saje[d [EDIUSA UO PALIdJSUBI} LAY} PUE WNPAW S UO Pt 10§ pajeuiual sguipaas adA}-pjim 40 eipiownd 001 [I9Ye] JO UOHEIYHUBND
(1) (51591 uosuedwod aidiynw s,A2n 1 Aq PamOI0) YAONY ABM-3UO 'G0'0 > ) S39URIaIp JUBOUILSIS 31e2IpUI SIEQ I0LIS B JAAO SIa13] UBIAMI]
(82 U ‘W3S T SUBAL) JaJSUBL} J9B P PAJUNOD dam eipsowiid 100y "ZDIZ 10 YN JO SUOITEUIIUOD Pajedlpul 3y} 10 NOD Wnipaw SW yiSuans-jjey
Yum sae|d [eDIL9A UO PaIajSUBI} UBY) PUB WNIPAW SWZ/4 UO P J0j pajeuiwad sSupaas adAj-piim Jo eipsowiid 1001 [e1ae| JO UOHEIYNUEND (3)
*(s159) uostiedwod ajdninw s, A9t Aq pamojjo} YAONY ABM-3u0 'G0'0 > ) S92UaIayip JUBdYIUSIS 91eIpUl SIBq JOLID BY) JAAO SI9Y39| JURIAYIQ (8 U
‘W3S F SUBBW) JaJsueI} Ja)JB P PaINSEIL SeM L13U3] J00Y "ZDIZ 10 VdN JO SUONEIIUIIUOD Pajedlpul ay} JO NOD WNIpaw SWei yim sareid [earuan

UO PalIajSUBI} UBY] PUB WNIPAW SWZ4 UO Pt Jof pajeuluad sSuijpaas adAy-|

sidninw s,A93n L Aq pamoj|o} VAONY Aem-auo ‘500 >d) S92UaIa4ip JuedyIuSis 9)edlpul s1eq JOLIS Y} IO SIN3| JUID)

40 p8us| j001 Arewnd jo uonedaynueny (p) “(s159} uostiedwod
(0T Z U ‘W3S F sueaw)

Jaysuel} IS} Y 8 PAINSLaW sem 43Ul J004 Ul 9SeaI0U| "ZDIZ 40 VYN JO SUORIUIIUOD Pajedlpul 3y} 10 NOD WNIpaw SW4 Yim sayeid [eamian
U paiajsues s3ulipaas adA)-plim plo-p-g J0 LImoiS 1001 Arewid Jo UONEILNUEND (3) “sweiSolsiy Jenou se panojd pue sassep .67z oyl padnosd
‘painsealu a1am saSUE 100y “U 8 10§ PaTEqNOUI JaULINy d1am sjue|d LRI [ed1aA JsureSe 06 10 ajSue e Aq sajeid Sunelos Jayy Y 6L Jayuny

10§ paInynd uay} pue (YdN) poe diwefeiydiAydeu 1o zJjzZ Jaypa JO SUONBIIUIIUOI pajedipul ay} S

0o sared 1eSe S YiSuaS-jey [EIROA

uo pauigjsuel} atom sSuipaas adA)-pjim pjo-Aep-aaly -asuodsas didosyiarIS 1001 UO ZDIZ 4O 199143 (q) "ZDIZ JO SUOILIUIIUOD PAedIpUl Ay} 40 (NOD)
Ajuo juanjos Suiurejuod wnipaw SWe; uo umoss sSuipaas adAy-piim pjo-p-9 Jo sadAjouayd ymous 100y (e) “Hodsuery uixne sejod suqyu DIz 9S4

“(qegs ‘S1) siuepdxo
10 swasLdW 1001 paredant g7 ul a8ueyd 10u pIp {(T10T
“7v 12 010] O[2(T) GHd £q P2[[onU0d 10U 5q 01 parrodar uadq sey
yorym auad e g [ J Jo uorssardxa oy “A[qrIoN] *(y3/S “Sry) spad|
vorssardxo /g1 pue [,Ld] peounouoid oy Summoys surewop
anssn Jue[dxs ur asuodsa1 urunjo1f> 1a8uons parerpaw-zD[Z
30939 pnod am ‘§ND:YVd pue 14950 L Bursn (LS S1d)
IS Sutureiuod-zHy7 uo umoid syuedxs jo siafe) 1mo ayy
ur pareadd A[edpd osfe sem auddsdIONY JIDHLLAI (LS Sr1)
01 Aep 01 £ Aep e payisualul DYINJ Pue S UO IjsuEn I
P ¢ 1waredde 1s1g sem Lanoe g o1 I J1d jo dseardur wuspuadop
-70IZ v 'ss»o1d uonersusdar jooys ayy Surmp syuepdxs 3001
ur uorssordxa 1a110dar [ J1 paroaruow om XN *(p/S Sr) sonssn
onewASLAW 1001 Ul §ND:CYYyd 1110dax aasuodsar-urunjoi>
a1 jo Aanoe soySiy e i parep1od sauaf 7 g7 jo uoissardxo
pareadp Ay, “(0°qLS Si) ueunean gD17 paSuojoid e eare
wasLIdW 1001 Ajoysm Y1 01 papuedxd sinrodar g Jo surewop
uorssardxa oY1 pue ‘7D[Z JO UONIPPE IPE YT OIS [eseq
oy ur paseardur sem Aande [0/ 1 d1d pue s Ld1d ‘eep
DI o i awsisuo)y “(e/g Bg) 1001 ur L1 g] PUE CLdT
‘LLd] 3o spad aduosuen oyy pareadpp ApuedyruSis usunean
TOIZ (10T 77 2 o10] o[p(]) s1saypu4sorq urunjoidd jo sowkzud
Sunrwiy a1ex 10§ 2pod YPIYM ‘waspdw [edrde 1001 a1 ur souF
LdT 125qns ® jo uorssardxa oy sr0word 01 umoys uadq sey gHJ

uonesauagdal jooys §
0342 40 335GNS © O uoIssaidxa ay} seanpul ZJIZ

‘sayored pareredas 01 paoLIsaT sEM [O1IUOD Ay UT AIIATIOR
1110do1 searoym ‘ondedord amus oy jo Jururess g5 Suons
Susnes> ¢ Aep 01 ¢ Aep woiy syuepdxe parean-gD[Z ul pay
-Isu21uT 1oYyLNy uoissaidxa 1a110day] “fonuod spow a1 03 pared
-wod 1oy remSa11r 210w osfe Inq 1881q ur paziedo] Arem YoIYM
‘siuepdxo parean-gHyz ur seare Junesdpijord ur paarsqo oq
pmo> uoneanoe 11odar Suons ‘premuo g Aep worg (3¢ S1)

15130[014Y
}/UZ

7017 Sumureiuod IS uo paymys swwepdxs 1001 ur Amanoe
SND:gHJS pasoruow osfe o *(pg “Sig) sa110dar gNOHgHJIS
o jo Amnoe N5 18uons ap £q pajousp se uwonemw
-nooe uoxd gHJ 12ySiy Yum pareppiiod s1o0r ur uonedrdde
7017 4q spad] uonduosuen grjg PpadouBYUY WRASLDW Y1
Jo a8ueyd edrdojoydiow a1 jo aduanbasuod € aq 01 pareadde
Iy Ouoz uonemnjijord oY1 01 PIIDIISAI 2IOW IWEDI] ST
-Anoe 12110da1 o4) { 8% 19y *(q°e9S ‘S1]) SIUISpOpUS WasLIDW
3001 9@ Ul J4DVIITAING Pue ddDHVSITUING jo suio
-yed worssardxe oy a8ueyd Ajpeonserp jou pip IusuneIn 7H[Z
ypg ‘vondwnsse sip s 1su0D) “rouuew Judpuddapur
-991/SOTVNYIW ® up s gD[7 ey Sunedrpur ‘(¢ ‘Bt
POI-02+ pue pr-gqd swenw q[] [Z-(H UeSI-YNIW
33 U1 9[qeIdadp Os[e sem uondLOSUEN JO UOHONPUI PRI
-ZOIZ YL “(qS S1) smxe 1001 a1 Suofe a[1s oY1 ur J[qISIA Os[E
sem Apanoe 1auodar paseandu] *(qg Sry) waisuaw 1001 A Ut
uorsuedxa [exare] e se [[om st ‘urewop uoissaidxo [euiiio ayy ur
2ou2dsa10Ny 123U0NS B PI[EIAdI 51001 PArean-gD[Z Ul 19110dar
ddD<<gHdd 2y jo sishfeuy (v¢ Sy Ay 111 d1Z-AH 2P
JO sIPQWIW PAsAN IN0j B Jo s[A3] IdLdsuEN JO IsERIOUT IUED
-yrudis e pasnes sayper sJurpass jo wdwnEIN 7DIZ YHT V
‘uonduny umoxd [ J1Z-qH 02p¢ Auewnd
10u s20p punodwod ay 1eyy Sunesrpur g7 jo duasaid ay ur
paSueyp murodar HN T dZd o9 Jo voneande 1udpuadap- AT
10U gHJ PPN (SS SLy) 7DIZ Jo suonenuaduod Suiseardur
Jo uasard a1 ur oword ¢YJ7 Ay jo saer uondnpur Ay
pasedwod pue sisejdorord ur Ay pue gHJ Passa1dxa1ano am
‘surewop Surpuiq puedif a1 Jo suo yum Sunoemur £q 3o ad)
urr01d a3 38 vondUNy [[] JIZ-AH S92JJe ZDIZ PYIaym 1521 0],

uondudsuely 1| d1Z-QH S2oNpul 2312

“(% *81) aqd 944 a4 1 usqe puT £y 7 SGE Ul paystuIIp
sem (SYNYw oruadsuen-uou 10§ oywads yDHJb) siduosuen
€4dZ Jo uondnpur gD[7 Isenuod uf ‘(3 ‘Si) spad| adudsuen

yoIeasay 0L

wosgsiSojophydmou mmm

(ceog) sssojontyg man

S\ fep 6 fep s fep 2 Aep

epuno, 15180[014Y g MIN 7707 @ 5E50j0ily ] map
sioyqny Ay [, 7707 @
L fep “wri 0oz (3) ‘wri oo (p) ‘wii oG (q)

:s1eg "skep Jo Jaquinu payedlpul ay3 10} ZDIZ
Wi GZ 10 NOD (WIS) Winipaw uoianpi
100ys Uo painyjnd spue(dxa uy Apanoe
SND:gHdS (3) "ZDIZ Wit 6Z 10 NOD winipaw
SW# pinbi| 03 Y Z 104 pasiajsues uay}

PUB WNIPaW S\ PIjOS UO P / 10} umois
$3UlIpass J0 51001 U KA SND::gHAT (P)
*(159)-7 Pa|Ie}-0M} 5 uapn}s pairedun) sieq
2A0qE pajedIpul S| an[eA-4 (W3S F sueaw)
umoys aJe speadal [ea1Sojoiq 321y} WOy Bjeq
2217 Wt 62 10 NOD winipaw S, pinbij o}
U $Z 10§ PaLIaJSULI} USL} PU WNIPAW S,
PI|OS UO p 6 40§ uMO.S sSul|paas (ydeis JySu)

SNO:gHdD

(@) PoL-a1 pue (ydei yay) pL-qyd o 53001 Ut
sauag pajedlpul 4o sisAeue uoissaidxa Yo db
- S - praud (9) "Z21Z Wil 6Z 10 NOD Wnipaw SWz pinbi
[ &5 0} 4 81 10} Pa.IdJSUEL]} UBY) PUB WNIPIW
- SW®4 PI|OS UO p G 40j umo.§ sujpaas
g 8 10 51001 Ul 93UISIONY d4D<<gHdd (q) *(159}
. » . -1 pajie}-omy s Juapnis pasredun) sieq anoqe
- M m % Pa31e2IpUI S| 9N[RA-d (W3S F SUBSW) UMOYS
- s i & H 2 § e syeadal [e2180]01q IN0J WOy BYeq "ZDIZ
m m . w Wi Gz 10 (NOD) Ajuo Juaajos Suurejuod
‘ ) g wnipaw SWz; pinbi| 03 Y -z 10y pasassuesy
8 m I ] UaU} PUB WNIPaW SW#4 PIIOS UO p 6 10}
= g £ bs umou8 sSu1ipaas Jo sj00u Ul saUag pajedipul
[y Jo sisAjeue uoissaidxa (¥ db) uonoear
ool o aseiswAjod aAgeIUEND (8) “suipjoid
®) (0) J1addiz aupnaj-urewopoawoy || ssey
= §D Dﬁ aHd 40 uondudsuesy ayy sajowoid z17 6 Si4
: N E o
8 | s0000 »
3 : g
. M 61000 oz w
0 {
E
8 ozm | 0¢
2 g Noo O
@ 60000 10000 107 (&)

©4d7Z JO 3500q 1Yy ® Ul pAMsaI Y 7 Joj uonesndde o7
sadfiouad yoq up "I A\ 01 paredwod pgr-aas pue pr-gyd ui
Pa1eAd[D 219M S[PAS] (YN W) YN 19Suassow gy g7 “paroadxo sy
*(% *811) YOID 4q sopp|[e uonduny jo ssof pue ured 11 d1Z-AH
JUDIDHIP UT uonEANdE ¢y 7 jo spmiduwre oy paredwiod am A
-ADOE [[T d1Z-(H uo 3uspuadap pasput st 7D[Z 4q souaf 108re3
111 dIZ-(IH JO Uomdnpul PaAIdsqo ay1 1oyiaym dreforaur o
“(py “S14) suonipuod pasn oy 1opun g Aep 1e
parenwnd pue premuo ¢ Aep woly g7 jo ouasard oy ur parea
-3p> sea sa110do1 oyads-19'7 WY ® JO AAnde-sND *(8107 724
Bueg 9007 ‘72 2yD) sumoid (] J1Z-QH £q pareande Lpodnp
st uonduosuen asoym ‘uoneiausdar 100ys uo 150 Suniuwiy s &
s 10108) uondudsuen gy ue gD[Z 01 asuodsar ul 197 VY JO
uorssa1dxa a3 pamoyjog osfe am “Ajreur *(0% ‘Sry) 7DIZ Sutureiuod
IS UO 19§suen 1Ye ¢ pue / Lep usamiaq AJuo usredde swredsnq
(£10T “7w32 Sueyz D “1) SOA @81 [T dIZ-AH 2 jo uon
-enardn 9senuod uf *(qy ‘Sry) siutod swn paisas [fe ye voissardxa

©4d7 jo uonemSsidn yuspuadap-zD[7Z pamoys IS uo siuedxa
1001 jo Jusunedn wiN-Juog (ey Srf) sonssn 1001 Ul [JNY
pue [DFH ‘T¥dZ Jo uonemSaidn wuesyiudis pasnes 77 qus
WAUNEIN Y-H7 Y (G10T 7712 MM\ ‘€ 10T 7792 MEYUISY) S10108)
uondusuen [ J1Z-AH 4q pa[jonuod Lposmnp ‘sdauaf [euonippe
Jo uorssardxo oy pazdeur om ‘PAd] I9peOIq B UO AIANDE [EUOD
-duosuen yuapuadap-1[] J1Z-AH SVOPE TDIZ PYIIYM Ssasse o],

sauad
108481 392.1p ||| d1Z-QH JO UOISsaIdxa PaduBAPE S3SNEd 7|7

“(po¢ Bta) Amapde [11 d1Z
-(IH Jo 2ouasaxd ayy uo yuapuadap st uondUNy THZ 1Y OIS
-npuod a3 Junsoddns 2dfiouaf sip ur s100ys jo uonersusfar
sroword 01 aandapaur ANy sem 7DIZ Uredy ‘€YJ7:SSE pasn
2 uonduny AHJ/GHA/ARY JO PAd] [EnpIsal [ewtuiw € yis
ul] & ur asuodsar gDO[Z Y1 1531 O "12JJ2 SIY) NBIAI[[E 10U PIP

15130[014y
MON

157



Appendix

“(170T ‘7792 dE2L “1T0T ‘7792 SEQY) I0ARYaq UONTZIDWIP
1Y) Sundope Aq ATANOE IDYI AIM SIIDFINUI PUE SIDLLIED XN
xne N[ $81e Apodnp VAN VN J0AqIyul Xnpye umxne
oy 01 parepar Ajpsop sadfrouayd remosjow pue [evidojoydiow
saxoaord pue vruvyd uz 1iodsuen urxne rejod suquyur gD[Z
“Jomopuns
dox juenpiedar-uonesdusfer ayl Ul UONEWIO) 100YS 041 Ul
souequa 03 pardde aq ues aFpomowy sip Jeys Moys IA0
-oT0w 9\ ‘duowroy ayi jo uodsuen sejod £q pawoj swuatp
-e13 unxne £q pajjonuod st onssn uepdxs ur vononpur [[f J[Z
-(H [eoo] ey ySisur apraoid synsa1 Q) szsdopigray ut uon
-e12ua8a1 100ys jo arex ayy rowoid 01 £qasoy pue surarord [y
dIZ-AH Jo uorssardxa ayy sonpur 01 1iodsuen umxne sejod jo
JOIR[NPOW JNOI[OW [[EWS [9A0U € S& TDO[Z PIYNUIPI oM Iom
sty uf ‘Surpaaiq dox pue yoressar jueld diseq 10§ [ENUD SPO
-(IAW [EDIUYDII0I] JO UONEPUNOJ Y3 SAMINSUOD II “IIA0IIOIA
samonns Apoq 1Y) Jo dFewep dAIssEW IOPE UAD SIsOULT

-oueio anunuod 01 syued soqeus uoneruadar 100ys oaou g

uolssnasiq

“12MOY
-uns sapads JuEN[EdI A1 Ut sarer uoneauadar 1ooys aaoidu
03 pasn aq ued> wodsuen urxne jo uonempow [edrdojooewreyd
sny [, (woyg Sry) ¢orZ se Buer uonenuduod dyqeredwod
® ur Jocorord uonesouadar romopuns mo ur pardde uaym ‘von
-BWII0J 100YS 020 Jp PIdUEYUD A[qEIIPISUOd OS[e YN “A[[eut]
*(38 *S1g) dox JuendEaI 2 Ul 13)52
aanowoid e paoxa 9 Auo ‘(5§ 81y) sisdopigray ur synsa
Y1 (PIM JUISISUOD PuUE JomOPuns Ul 7DH[Z jo sSofeue [emdnns
oy pasar ose 3\ (438 Srg) Aouanbaiy uonerousor se qm
S 9IS IS JATYS 03 102dS21 UT UORENUDUOD J[EIOAL] ISOW A
se AT O Papeasar 1udwadxo asuodsar asop v *(2g Br) siuedxs
Bunerusdar 100ys jo o8erusdiad oy paster ospe uonesrdde
7017 ‘12102101 (g 81) wnipaw uoneSuop 100ys Surureruod
-ulfjpIaqqiS uo pamdjsuen uaym s100ys Summoidino jo raquinu
1oySiy & ur paynsar osfe swarstaw parerauadar jo Aisuap saySiy
ay[, (18 Sr) swuepdxe pawean-goz ur uorssardxs SOMPH JO
[243] 12yS1Yy B (a1s paIePIod SIy T, (P-eg “S1]) s1Isn woIsHaw
100ys Sururioy jo 3zis oY1 ur aseardur JurdYIUSIs € pasned gO[Z
(10T ‘7792 eyelng) siuepdxo se suopajf100 Suisn 1omopuns ur
punodwod o1 paisar am “sd1ads ued Juenidedss uonerousdor
uonewo) 100ys 0aou p saaoxdwi gD[Z 1PYIAYM ‘ssIsse O]

Jamojuns saads Jueipd[edas uolesauaas
3y} Ul uoieWLIOY J00YS 00U 3p djowoid YdN pue ZDI1Z

‘uoneIauagal 100ys 10§ A[qeIOAT
wesSoxd [paudswdoppasp e saeande yorym ‘uorssaidxa 1 J1Z-AH
sajowoid pue uonewioy erprownid 1001 M SAIRINUT TO[Z
4q uvoniquyur uodsuen umxne ‘Y1801 uae] ‘(9°qr[S S1y)
sworstow  100ys  1uaidiour  Gunuasardar  ‘sodwies  jonuod
oy 01 paredwod syuefdxa parean-gH[Z jo 2ejns 3y uo Asusp
1y31y e ye pareadde surewop uorssardxs ¢y pue INIJ MU
“rppsuen 1a3e p 1 T2amop “(P11S Sny) sopdures jonuod ayy ur
erprownid 1001 o 03 IENUOD UT UONEZIEIO] JID:NIJ INIID

1513010141
MON

woo3s180[03AYdMaU- MMM
1OMY] 4

paziueSioun pamoys sarmonns a5y, (11§ Srg) soueqm
-o1d Sumoid-uou pauwntopp ur 3uasaid sem Lmanoe OO INId
ssuzoned uorssardxa [N[J Paioie Ul PRI OS[E sem 7D[Z
uo erprowiid 1001 [euonouny wioy o1 Aiqeur oy (qe 1S Sy)
TOIZ jo 2uasaxd a3 ur 20 10U PIp yorym djdues [0NU0d oY1
ur uonewsoj winiprownid 1001 payjrew vorssardxa 1a110dar oY
oyeasay [, (1S Sry) Snip oy i Jusunean sye 198uons
ApySys pareadde Lanoe 1rodar oy pue speo dponad Sune
-1og1701d ot ut Juapeadid sem LANOE J1D:AICY( IS UO P S
151y oy uf “ssa001d uonesduadar oy Sump sasuodsar urxne paiod
-[UOW oM 9181 UONEIdUAFAI 100ys PadUBYUD oY1 01 spea| 1iodsuen
UIXNE JO UONIQIYUI PABIPIW-Z)[Z MOY PUBISIIPUN 1oNdq O,

uoljewIo) J00ys 4o a1kl JaySiy Juanbasgns
® pue Juawdo|aAap 3001 o uoissaiddns ayy yym
918|210 SjuB|dxa Pajeal}-zD|Z Ul sasuodsal uixne pasayy

*(39£ "319) s100ys
Sunerouadar jo saqumu 12ySiy o1 Yaim pazife20[-0> Apuanbasqns
Yorym ‘surewiop uoissaxdxs g J pue ¢y 19peoiq pue 1o8uons
4q parued sem el uor sySiy ay, “(pos Sny)
M Gz pue | u2aam1aq dSuel UONENUDUOD B UL QWU 19}
-sn 100ys 1oySiy ApuesyruSis e 01 Paj wnIpaw uonONpuUI 100ys
341 03 YN JO UORIPPE 12402101 *(q/ S1) INVY 2 Jo sanssi
op3s Sunerdpijord o ur worssardxa 1av10dar Suons ur Junmsar
Ananoe §NDGHJS U0 109152 2AIINPUT JWES A PAIGIYXD 7D[Z
pue AN ‘ABurprony “(e/ S1) 7DIZ 10§ pariasqo se dn 1001
oy ur umdned uoissardxe gNH:gydzd ayr jo Suruapeorq pue
SuuayiBuans pasned YN JO SUONENUDUOD Fulseardu] 'sassad
-o1d asay UO YN JO 100 Ay pazdfeue am drodsuen urxne
sejod uo edwr st 03 anp st vonesduadar Jooys pue vorssardxa

11T dIZ-AH o gDIZ Jo 19§52 2anowoid ayp 12YIaym 9833 O],
sisdopiqesy

ul uoiyesauaal Jooys sedueyua pue sydudsuely ||| 41Z-AH
JO UOIBINWINIIE $3sNED YdN Aq Modsuei) uixne 4o 320|g

“w21s4s 1533 snoSojornay e ur 1rodsuen uixne
NId 303g5e Apoa11p 10u s20p Inq ‘wuryd uz 110dsuen urxne rejod
SUqIyuI pue s19pp Mol I-yIN sjorord g7 eyiador
uose], (qe01S S1y) sbooo sndousy ur sonmanoe 1rodsuen
uxne ¢/[NId 43¢ Apueoyrusis 0u pip 7O1Z (170T 7742 seqy)
VAN 01 1SENU0D UI 1249MOH *(19 “S1,{) swais parean Jo siudwos
[eseq ag ut yyI-[D,] 241 jo uonenumdde paypolq spunodwod
yog ‘7DIZ 10 VAN Foyid s pareanaid swais 2ouadsatopur
ySnoxyp urxne pajaqe| A[pandeorper jo judswAow Ay pared
-wod am “A[eur] “(F007 7740 oeq) IudUIEIN 103qIYuI 1odsuen
unxne £q payosord amiesy yroue (q6S Stg) suopajli0d jo surd
-rew 241 ur AMANDE G D:EGY(] PROUEYUD 01 PI] TD[Z TIA0ION
(®6S Y9 s3ry) sdn 1001 jo sumned worssardxe g DH:HINIgd
PUE SNDHGIYY ‘SNOH=GY Ul suonesanye wwanifuod Aydiy 4q
paruedwodoe a1om s3nip om1 oy 4q pasad3in saueyd [edrworeue
3L, (6661 ‘742 TUDEQES) SWAISHAW 1001 PALIN-YIN
Jo yrewqpey e S9 Sry) s1ahe] [20 efpwnjod Surureluod-anueid
YoIRIS [PUORIPPE JO UONEWIIO) 33 pasned os[e uonedrdde 7O[7Z
*(3-29 819) TDIZ £q paoagge os[e a1e sassao1d yiog (1007 774

wossiSojophydmou mmm
(C20g) stSopentygq mapy

omnwise)) {000 ‘7742 anoysey) erprowid 1001 [eae] jo uon
-ewIof oY) st [[om se Yamo13 1001 Lrewid sassarddns osye y N 4q
1odsuen umxne rejod jo ypojq *(q9 L) VAN T03qiyur 1rodsuen
upxne rejod oy i ajqeredwod sJuer vonenuaduod e ur wsidor
-neid 1001 panqyur D17 “(v9 S1) Wil ¢ jo uonenuduod

(o) sywewbog
szz 7S st 150
AL
T g T @a” °
A1 * e e © 00k 2
a 3
os) 2
5
zoz @ 002
. van [0
e Noo [ 052
(0]

Yd MON TT0T @ #750j01 ] maN
10PNy 241, 7707 ©

® e padopadp Ay sem pue [ jo uonmenusdouod
e 1e Juaredde A[reap Apeaife seam 123)op sty [, “wsidoniaeid 1001 ur
109§2p & pamoys wnipawr Surureiuod-zH[7 uo umoid sdurpaag

odsuesy uixne sejod suqiyul 17
JZozisz | vANWisz NOD

SNoiLNIdd

-
-
-
Snoigedely

| - e .,
> - » <]
e
)
&
(u)
VAN = VN = 081
wigz . wig NOD
(6)
L
8 S
S SIS

z z
q g °
. Y 3
o 2 q aall, 2

g 2

2 8 o
5 . oo 3

g a g

3 z

oz 3 g 3

3 | 2

A = a
|5 oy ®

e log ely

(0] )

o

a.

) B

] E]
() BuB 1001 Arewpg

o e

<

(1w) upmosB 1001 Arewuid

15130[014y
MIN]

158



Appendix

UTBWOP SIYI MOY “IOAIMOH] *(£10T 7742 Suryyz Q) ") sayoIu [[20

WIS 100YS JO IUIWYSI[EISD P 10§ borard ® oq 01 umoys

u2aq sey sauejdxa ur uorssa1dxo [[] J1Z-(IH JO Uononpur [e20]
*ssa001d sty

Jo s1orenSar usmows[un 194 $1994e 10 (1007 7772 YON)) suroid

wods1SojojAydmau’ mmm

xnge Snipnmnw jo Ajwey gOGY Ay se yons rodsuen urxne
ur paajoaut 198181 YN umowy] 1oy10 uo s1e A[reoyads go17
1YY Aurep poys sarpms d1mng “rodqryur Jodsuen uxne
tejod jo odf1 paaou e syussardar gDz ey avemsod sroproy
S\ "(L10T 7792 SIYOEUING (T(T 7742 BIMWIYSIN *110T 7772

N Wit VN Wit
sz o 0 sz o 0 201 N0
0 00
o
0z Z
= 2 ?
S . o 2
: E 00 2
ote tor § o . T
3 o @
3 su e o o g
H 8 2
S I 2 £
< N 0o §
2 2 4
@ . 09 3 g
P 08 El
86100 000 ‘
ve000 oo, 08 22000 lg1o
(w) (0] (0]
zoiznrt
sz 0§ L 0 sz
» o
.. g
- B . £ _ @z N0
) b s & T -
g : wo. [ 3
. g - s I
] o A / =5
3 s
o= : . 3 A7 .
. - oo § . o0 g
9200 o B L6800 5
20000 K
051 ° o5k
2000
() (6)
20IZ NOD 201Z NOD
0 0
[ o
£ 0 : 2
g 5 - g
bd o
B o § [ g
. . g 3 H
. 3 | & . 3
su su 2 . g
g 09 ‘g . 2
. or 5 h3 . 0z 5
2 El 2
2 E Z
. i 0 : i
8200 o iZ00 [, 85200 |
O] () (r) (e)

1s130[014Y
.?)QZ

UoIBesaY L

wodysiSojojAydmau mmm

(T200) 5150j01ty

BpNS, {0107 ‘772 Wy {L00T 7742 uu_ua.m«_omv 2IMEIN] 23
ur punoj am spunodwod paynuapr Apuadar asow 01 Jou undeyd
-low 10 (Yg[L) P l0ZUOPOINN-G'C'y S YOS SIONqIyul
1jodsuen urXne [edISSe[d I9YI0 01 IDUP[qUIASHT [EIMONAS SMOYS
sy gDIZ (1861 774 Teyaey]) stonqyui uodsuen urxne
1 kep g hep

6 fep € fep

VN Wil
ScoL L 0
0
2
o
|3
23
5
4
g
€5
2
qad
" 201z sz VdN Wi 52
®) L L L

Jjo Apiurey urdonoifyd a3 jo s;qaw Y0 pue YIN 0 7DIZ
JO Aure[iwis [EINIONNS MO[ ) YA JUASISUOD ST Surpuy sy,
“WISTUBYYIW TR[NI[OW JUIYIP & £q 11odsuen urxne uo syeduw
7017 ey SunsadSns suiord Ng passardxs snoSojoraiay jo
A£1anoe oy apadwit 10U S0P 7D[Z VN 03 ISEIUOD UT “IIAIMOL]

| hep ‘wi 00T (3 '9) 'ww g
(2) ‘wri oL (q ‘) :sieg "sAep Jo Jaquinu
pajealpul U} 404 VN Wi 6 40 NOD WIS
uo painyna sjue|dxa ul AjARIe SND:gHAS
(4) "sAep 40 JaquuNu PajeaIpUI A4} J0) VAN
Wi GZ 10 (NOD) AJuo Juaajos Suiurejuod
WIS uo painyno sjuejdxa u
SND::£Ydzd (3) *(s1593 uosedwod ajdgnw
s,k9vn 1 Aq pamoj|0} YAONY Aem-auo

1G0'0 > o) SIIUIIYIP JUBIYIUSIS SYBIIPUI SIB]
1019 BY} J9AO SIa)3] JudIaYIQ “(QudtLadxa
4oe3 10y 7| = U) syuswuadxa Juapuadapur
22111 1529] 1 WO} W3S F sueaw

) MOYS SIBg "VdN JO SUOIJeIJUdU0D Pajedlpul
3y} SuluIRIUOD WIS UO pajeARnd sjuejdxa
adAy-pjim ur (quejdxa ad s1a3snP> J00Us)

aJeJ UOLIBUFAI JOOYS JO UOIEIYRUEND
(P) "WIS UO J3jsues} J33e p 9|, udde}

a1am sydesS010yd "VdN JO SUOIBIJUIIUOD
Ppayeatpuy ay} SuUlUEILO (WIS) Wnipaw
UOIINPUI JO0YS UO PajeAR|Nd Sjue|dxe
adAy-pyim jo sadAjouayd uonesousgal jooys

SND:GHAD

UO PalIajSueI} pUB WNIPaW S UO
poTeUILIES 1M SJUBId “ZDIZ W 67 40 VdN
Wil 6Z (NOD) (OSWQ) ap1xoyins [Ayzawip

JUaA|0S 3y} Ajuo SuIuILIUOD WNIPaLU UO SaLWI
payeatpui ay} 4oy umoig syueid adAy-pim
40 53001 Arewud uy uoissaidxa SND::gHIS
() "WdN JO SUOIBIJUBIUOD PaJedIpUl By} U0
umoig (DvQ) uoneulwas Jaye p g sSuipass
adfy-py 1Ay
SND::eddzd () “sisdopiqesy ui uonesauagal
100ys sadueyUa pue spdudsuey saddiz auna|
-urewop 1 111 ss€[ 40 o
595113 (VdN) PIoe dlwereyiydiAyiydeu
Aq yodsuen uixne jo 30|g £ 814

uzek

1 1 —' 1
1 1 1
s ' ' .
z R
k] s
(@)
VN i
3 o S T 50 0
1 1 1 [ 1
‘ . ‘ m
2
@
(0) (&)
é 1s130[014y
MON

159



Appendix

MON T20T @ ss150j0ifiyg many

“0L2-65T :L 641 Bojorg wwpnazyopy us spoysapy “wiodsuess urxne Apras
01593000 staawy sndouay J0 350\ *L10 “Z() MUY ‘g JPUTRWISGY Y 20T
9YTECETE
201 suaudojaaacy “sonea| sisdopiqray wi SureuSis urxne £q uonismboe
1635 (93 eiquiesoadaid jo uonenSay ‘6007 T e[pdiwss ‘] 119yg (1 putOq
‘0/8-€58
g1 17 g “surid ut [o11]0Y Jo PAS] A S[oU0D | FsersuTIAYIW
103235 0007 "4D Ul “AM SN [\ £3IsHOYM ‘A nOYZ ‘H IT DV 322
POLI-669T
77 Goporgg uasun?) “sisdopiquay ui [sois 1001 sjonuos dooy speqpady
wupoId/VSOTNAVHA ¥ 'T10T 7742 d WIE ‘0 2quod[neg ‘S [uneqes ‘g
SIIPS ‘A WSWINA Y FPU[O]N “§ FBHD Y 1YL O TYuIED Y oro] o[Pq
08-9/ €17 (dorsownpy
Jo ppuanof “suonsas siaasuen 10§ poypow Suippaqud a[nesian pue Ases
Uy p0T "L, weunpaag (] S7u] Y MPAY 2] S MSUUEA g YD) T 19wg 2]
L1L1-90L1 T
Gojorsyg sy -urunjords o1 Ajrurey 5us8 sowenar asuodso sisdopigrayy 3
30 asuodsar ay jo woneziAEIEYY) 0007 *[[ 21y [ MPnIa( ‘gl ounsody,
“1ST-0¥T {191 Boporslyg 2urjq *€401OVA FSNOISTY NIXNY
Aq stuAsoIq U014 Jo UONEMNS>1 Y WoIJ SNSAI UONONPUT WS
20045 10§ sosuodsor UTB{oL> pue UTXNE jo WP “E10T 7742 DX ITAX
ovyZ LI ung A\ 1T ‘HA 1S ‘O noyz ‘X ueyz < ung 1 Sueyy ‘(7 Suayd
“£€9-029 191 Bojorsyg
Jupgg >0 anssn sisdopgpayy w1 wawidoAdP sN[E PUE 1001 100ys
Surmp swresSoxd uorssaidio 2us5) 9007 “HS [PMOH ‘(T UOWMAN S [I¥T d 240
268698 €1 /12D 1tz “uonenIuL 1001 [exone] stsdopigray saowoid
uodsuen urny [0z 7742 [g 010587 ‘) Sraqpurs ‘(] zu] N Weyein
f dnremg g 2800y (] [, UEUDPAAG QY OBIPYY Y WTYPIRIN ] o3ruISED)
17E-91€
160 auniu “a1ey [[23 1001 1uapuadaP-250p SUSB SI21P /69 YOI Aq
Sul[[euSis (120 “0107 7742 § SPEWERIY | Y UIEA VI OUINSIY-OUDION ‘O
wasSpury ¢ noyy, ‘g Baurssaye <[ sumay [0 $1qoy k[ 97 Y PoqsED
“12hL7 19 9fi7o uawdopnop wueyd szuedio
souepunoq 2dda 27 *£10Z “DIN J9[SIOH H U0SSUO[ ‘W Mmool
< 1ddeg y1) ouy ‘} ey “y uossie] ‘N TnTYg ‘X NA ‘N ouriSHeyy
“209-16¢ :ST1 772 “uoneuwoy ueio aued 10§
S[npow uowwos v se suatpess urxne suspuadap-xngp [0 €007 [ [
6y suRBan( (] PAOIIRJIOG ¢ UUBWIYDID ] ‘A JONES I ZOIMIUDIIA “F TAOYUIG
TEI1HT91 HET Boporshyy
sury sisdoprgpay ut wawidofpasp 1001 [eroe] 0woid 01 UKNE YL NI
sprosisoursseg p0Og Z Suex “ I, ruresy o) Aepnjy s Apeag ‘[ uoys °g oeg
0TS T-01S1 82117 74ty “Sunipa swouss Jo exd oy ur uonTuLIOjSUEN
don Sunueapy 9107 7722 qV oSt ‘(] UOSPL[ gS UIAPD) “] peruoyy
A D[S0 (L [PUINIG Y [Ypo1g AT Aopaeg N 108undg g rdiy
“8L1LS80T0T 811 YSy) “9ouaios fo lusspwoy
oot a1 fo sSupasnosg “siviodsuen urne NIJ SUQIUT PUE a1 STPID0SSE
proe orrepeyiydiAqpyden 1707 Z() sowrey [ g “] Yr ‘v Aouvzes
D PWIRYYPIMYS 3] SBT ‘d( orue( ‘[ uurwiprig W qlo T seqy

$3U3I33Y

sanbar uodn
a[qe[reae dpew 2q [[m IdLOSNUBW SIYI (IM PAIBIDOSSE BIEP [[Y

Annqejrene ejeq

1€£€-ST%9-7000-0000/310°proro//:sdny (@) Sueg 1breg
0926-79%%-7000-0000/310°p1o10//:5dy () 1219qa1G serqo ],
0050

-0201-€000-0000/310°p110//:5d1y (1) 39819quaddo aniSug
8067-€99€-7000-0000/330"Pp10//:5dnY () SWWEH 7 PRI

ainyo

15130[014Y
>2UZ

woo3si50j03Aydmou’ mmm
Sojonyg ma

(TT07)+

*SI0YINEOd
ITe 4q parpa pue pamaiadr sem yorym dudsnuews oyl payeIp
ST 'sasAeue eonsnels ayy pawropad G, pue XS pue eiep oy
pawen(ead 1, pue Jg ‘HZN ‘W[ ‘HPW ‘AS “siuswitiadxs pawioy
-12d S pur HZN ‘[ W[ HP ‘AS “4pmis o3 paaraouod g,

suoinquiuod Joyiny

*$20UDI0G
IO 004 ML 24 ¥ (WTVO) Adodsomiy 38y pasueapy
105 1) oy e pourtoprad sem Adodsomrw ySry -oouer
-SISSE [EJ1UYDA) 10§ UAYD) orAnyg pue 13[S217 SuaI] yueyd sioyIne
oy, 'sisayy 1sey 19y jo dred se usams [eorwayd ap jo dn
-19s oY1 01 SUNNQLIUOD 10J 0Iqe,] EJISI[ YUBYL OS[E SIOYINE Y,
‘[enarew pass Suipiaoxd 10y 28811 [PRYDIA puE enNLIRPL BYX
JJueyy stoyne 3y “(HZN 0 €-9/89¥€VH PUE S 0 1-7/€TET
IS) DA UOonEpUNO YoIEasxny UBWIAL) Yyl woly syueid pue

(SIL 0 $SSOATED JANE) Yoreasay pur uoneanpy jo Ansturjy
[e19pa,] uewIan) oy woiy Juesd e £q partoddns seam dyrom siy,

sjuawadpajmousdy

“Suipaaiq
uerd wiapow ur ypau dmoq Jofew e snyp pue syuerd domo ur
20uEnId[E21 UoNEIdUadaI swod1aA0 01 d[ay ued spEdIWAYd 259y
JUAIXD YOTYM 01 [EIADI [[IM SIAI[-J[ey anssn pue sonaupy axesdn
JUIDYIP M SIONUqIYUT [V IUIYIP jo uostredwod drwaisds
pue swered uoneondde jo uoneziund( “safers 1o3e] 38 UOH
-ewi10§ Jea] Jo $s2001d A YIM 219§3UT 10U 03 ING UONEIUIFDT
Jo aseyd Ajgea oy1 ur SYdIU [[90 WIS A JO IUDWYSIEISI Y
12330 01 [ePNI 9q 1YSIW 1USWILIN IONQIYUI ] Y JO UONENUD
-uod pue 1utodown a3 1940310\ “wnipaw a1 ut urxne parjdde
Ajqeusaixa jo adussard ayy pue uepdxs a1 ur yy| snousfopud
JO uonnqunsIp pue spPAd[ oY1 uo spuadap A3y 1sowr asuodsor
Jjo 2d&y ay, siuaBe aanoword uonerdauadar se pasrdiad Ajuow
-Wwod 10U 394 2T€ SIONGIYUI T J IeYD UOSLII Y3 3q 0S[e ISt sty
pue suonenuduod rouqyur pue siuiod swn uonesrdde sadfy
uejdxa pasn ur $3ULIAKIP A3 woy Neurdo Ajenusiod synsor
Aro11penuod a3y, (§107 7742 Suay)) (G961 ‘@Siyseinpy) uon
-e12ua8a1 100ys 020w 3p Jo ss001d 241 U0 YN 10 Y[ L Jo 1eduwr
2ANESDU TI[D B PI[EIAII IIAIMOY SAPMIS DY) (L10T 7792
ny) sreannd snnp udsyp ul sfumnd [K1oo1ds woiy s100ys
Jo uonesduadar oy 105 pariodar osfe seam YN Jo 19350 aanisod
(10T “77 2 epys) siue[dxa uopaf100 pqUIMOND WOy UONEId
-uaSar 100ys oaou p paroword Lpuesyrudis v, jo uoneordde
pue (€107 770 ypowey) suonrpuod 1ydi y3iy 1opun uonew
-10§ 100ys jo Aioeded oy pasearour JUAWIEIN YN ‘SUOPI£100
sisdoprguay U] uoneIdUaZaI 100Ys UO SIONQIYUI [V JO 19350
2anowoid e pafeads s3192ds JUIIGMIP UI SIIPMIS “SINSIT INO (I
1UASISUOY) “[eISIPA0NUOD ANb sem $19940 Paa1dsqo Jo wnndads
2y anq 2o anssp Jueld ur syuswadxe uoneruadar uefio
ur paisay A[snoradrd usaq aaey s1onquyui [y ey Suisudms
10u st 31 3udwdopasp pue ymoid yueld uo edwr o1 01 an(g

SV
2dfa1-g oy ‘s1omred uonoemur feuondudsuen 1Py jo Lnande

worgsiSojophydmou mmm

ssiSop0siyg mapy

oy Supueyus £q pue 1owoid s 01 Surpulq 4q Guuews [enp
B Ul UONBANDE SN A\ O $2NQIIUOd [[[ J[Z-QH uonenusdor
100ys Sunmp 1eqy aeymsod am ‘sGurpuy asayy uo paseq “Lande
WYy 2dbi-g Suipnpur sasuodsar urunjoidd oyads-onssn Sur
-OuBYUD £q SSIUWIIS 100YS JO JUSWYSI[QeIsd Y} dIofuIaI IySIu
Luanoe [ JIZ-QH JO 109j9 WEINSUMOp ST ‘Uonesduddor
100Ys 0a0u 3p JO 1X2AUOD Y1 UL SNy, “(Z[(7 ‘7742 O10] O[P(])
L1dI pue [Ld] jo uonduosuen oy sodnpul g WaISLIW
1001 31 UL JEY) UONEAISGO Y1 (M Juawadide Ul sI uonea
-noe siy ], swuedxe Suneouadar ur sasuodsar utupjoild> 1a8uons
ur Sunjnsar sowkzus ssaypudsorq urupjord> jo Arwey 147 oy
JO SIIqUdW JO UONEANSE [eUONdIIDSULI PALIIUOD B PIAIISGO IM
‘UORIPPE U[ *(810T 7742 Suvx {L10T ‘7742 BueyZ "D "1 *900C
“p32 3YD) UONEIUZI J0OYS JO SIPALIP [RONID “J9°7JVY Pue
SN 198181 weansumop 1121 jo uononpur ue £q paruedwodoe
st uorssardxd [ JIZ-(H JO UONEANdE paeIpaw-7D[Z Y],
*s10108f uonduosuen jo ssep
uentodwr sty jo uonenSar euondudsuen ayy 2AJ0saT IAYLINY
o1 dpy [ uvoneauadar jooys Suump uorssardxe 11 J1Z-AH
U0 UOnNqISIp urxne jo 1oedw pasosIp Ay [, ‘UONEBWIIO} dYIIU
119> wais 100ys o1dos 1933 01 uapYNs oq 01 sreadde uon
-enSaxdn siy pue ‘g jo uonemwndde 51dois pue padueyud
4q pamoyjoy st sywwedxa ur g7 4q uonemnuwns [euonduosuen
oy uoneIauadar 100ys oaou p jo $53201d Y UT ‘SSIAPYUAAIN
ZOIZ i parean sSurpaos ur sadSrouayd yons aa1dsqo 10u op
M “STY1 YIIM 1UANSISUOD) ([ [0 ‘uorieq % tueuSepy) sadlrouayd
UOIBZI[RIXEPE JEJ[ 1O UOISIIAUOD 100ys-1001 | sadfiouayd 210
-A3$ 01 PE3] 10U $20p SUOISIA [ M\ TII d[Z-(H JO uoissardxaiano
‘Jonuod 130 s1yr 01 IN(T *(L10T 7740 ueipurydRWEY) suraiold
MdZ PU® 010DV ‘991/S9TVNYIW Surpnput spad] Lioxensos
JudIRYIp 18 [0n1u0d 1SN sapun st A1ANdE pue uoissaIdxd 1] J[Z
-(JH ey} umoOys uddq sey 11 sj1om snoiadid uj ‘suraro1d asay jo

Aanoe oy Surjonuod Ajpeuonejsuen-sod uey sayper 1rodsuen
unne  Suistwordwos £q wonduwosuen [ JIZ-QH Ssa0w
-0xd gD 16y pa[earal “12aam0Y Sj1om I “uinoxd ay3 ur Juds
-a1d surewop Supuiq pueSiy aaneind oy jo suo 03 Surpuiq 1a1p
Aq Lnande [ JIZ-QH MPOW (RIYM S[ETWRYd AJuspr 03
seM 122108 A[ndaow [fews pawiogiad i jo wre feurduo Ay,
“aMSST STy
aajosa1 sayuny 01 djpy 1ySiw swoaisds uondaap asuodsar urxne
Juanyp s s1aodar [ JIZ-QH jo siuswadxs uorssardxa
-0> asdel-own 2rminy sanssn 2saYyd Ul ssaudAsuodsar urxne
Paonpar 10 paduEyud Jo seare 03 uoissdrdxd [11 J1Z-AH 21do1d
JO uoned0| pue 1asu0 Y1 Nul] AEIP 10U PNod am ‘siuefdxd
parean-zDrZ ur siuodar [49/SNODHGY 2asuodsar urxne
jo umaned uorssardxe oy ur safueyd> pasoyuow am ySnoyy
*(L10T ‘792 Sueyz 7 9107 ‘7742 1YS) dsuodsa1 urxne mo[ jo
surewop ut paymads 1oyper st uorssardxa [1] J1Z-AH ‘[IXe Jed] 9y
Ppue 041G 9y U AYITU [[30 WIS 100YS Y JO JUIWIYSI[QEIS Y}
Suump 9senuod uj ‘(6107 742 RURLWS H10T 7P dYDESIN)
6007 ‘7742 12UUO(]) sRqULW [[[ J[Z-JH jJO SurEWop uols
-521dx2 91 SUYSP PWIXEW UIXNE WNIQUILD IE[NOSEA Y} PUE W}
-sds remnosea Lrewnid oy jo wonewsoy ayy Jurn(y (L107 7742
oueidSe)) yyN une onaqiuds oy pue yN jo uoneordde
snoaurinuwis £q parenaidn st AT jo uorssardxa ay1 VS Y1
uy "uorssa1dxa [[] d[Z-(TH S[OFU0d UIXNE JeY3 DUIPIAS papiaoid
QABY SIIPNIS SNOIADI] “PIULIO] SIYDTU [[2D WS 100Ys 1udpuadopur
Jo roquinu sydiy e ur Sunmsax ‘surewop sdpeoiq ur uonduos
-uen [[ JIZ-AH 22ueyua Apoaxp ySiw juejdxs oy ur urxne jo
uonNQIISIp Parde pawIpaw-zH[Z IS uo siuefdxs ur sSopered
s pue gHJ jo uoneande [euonduosuen oy ur o1 jueioduwr
ue sdefd sioured xnpyd urxne 4q syuarpesd ulxne jo uonewoj
A1 1eY) PA[EIAII UONDUNY 7D[Z JO SISA[BUE IN(Q) “Jej OS PIA[OSI
10U sem pasdryde st uoissardxa ] J[Z-(H JO uonanpur sypads

‘wil 0Gz (2'q) ‘wiw Z (3 ‘I "e) :sieg *(359) uosuedwod ajdninw s, 3ouung Aq pamoj|0) YAONY Aem-3uo) Sieq 9A0GE Pajedipul e JUILLeaI} [01JU0D

ay JsureSe 159 2dUBIYIU!

W01 PAUIRIO SaN[BA- JUBASIRY “(W3S T SUBALL) UMOYS a1 5}eadal Juapuadapul Inoj Wwosy eYeq P L 10} VAN 40 SUORRAU3D

-u0 pajesipul ayy ullEILOD WNIpaW opesauaSal Uo sjue|dxa UOPa|A102 Jamojuns Suneiauadal Jo a3ejuaniad (W) (153} uostiedwon adinw s peuung
Aq pamojjoy YAONY AeM-3U0 ‘JUBOYIUSIS J0U 'SU) SIBQ SAOGE PaJedIpUl 3B JUSWIL] [04UOD 3} JsUleSe 159) 9UBIYIUSIS WOIJ PAUIRIGO SAN[RA-d JUBAD[DY
*(0ZZ U 'W3S F SUBSW) P LZ 10§ VdN 4O SUOILIUIIUOI Pajedlpul 9y} Sujufejuod Wnipaw uojelauadal uo pajean|nd syuejdxa Uopajk}0d Jamojuns 4o eare
1915N[> WY/S 40 uonedynueny () jaued Jamoj ul umoys ase sease Suijesauadal Jo smaia dn asop ‘jaued Jaddn ur umoys ale sa1noid MAIAISAQ “WiNIpaW uon
~e10UBSaI UO JAJSURI] AR P |7 UaXE] d1am sydeiS0joyd ‘(vdN) PIe dweeLydiAyiydeu Wi Gz 1o NOD WNpaty UopeiaUaSal Uo pajeannd sjueidxa uop
-31/302 Jamojyuns 4o sadAouayd uoneIaUESaI 100YS (3) ‘P Gb J0} WNIP3L UOTESUO]R J0OUS U0 PaLIBJSUBI] UaL) PUE P LZ 10§ 7317 Wi 67 40 NOD Wnipaw
UonEIaUaSa) UO PaTeARINY S)UB|dXa LOP3IA103 JBMOJUNS LI S00US PaTRIauaday (1) ‘(15217 Pa|Ie}-0m] 5 JuapnIs pairedun) sieq 2AOGE PaTeaIpUl S| aN[eA
-d "(W3S F sueaw) umoys aJe syeadal [e2150|01q 4oy woly eled "ZDIZ Wi GZ 10 NOD WNIpaw uoijesauafal Jooys uo p L 10) pajeanjnd spue|dxa uopajkiod
J2MOJuNS Ul SAMEH 4O sisA[eue uoissaidxa (¥Ddb) uooeas urey asesawAjod aAneIRUEND (1) (1593 uostedwod ajdninw s, 3ouunq Aq pamoj|oy YAONY
ARem-auo JuedYIUSIS J0U 'SU) S1BG SAOGE PAJEIIPUI 2B JULITRAI] [01UO BY) JsUleSe 53] 2DUBDYIUSIS LOIY PAUIBIGO SANJRA-d JUBAJIY "(W3S F SuBaw)
umoys ase syeadal Juapuadapul N0y wouy ejeq 'p | g 404 ZD|Z JO SUOBIILIUOD PajedIpul Ay} Sulurejuod Wwnipaw uoielauadal uo sjuejdxa uopajA1od
samoyuns Sunesauadal Jo a8ejuadIad (Y) *(3593 uostedwiod ajdiinw s, nouung Aq pamojjo) YAONY Aem-auo Juedyiusis Jou ‘su) sieq aA0qe pajedipul

918 JUSILAI3 [013U0D By} JsureSe 1593 90UBIYIUSIS WO PAUTRIO SAN[BA- JUBASISY (0T < U ‘WIS T SUBSW) P LT 104 ZDIZ JO SUORBIIUIIUOD Pajedlpul 3y}
SUIUIRIUOD WNIPaLL UONRI2URS2) UO PaTRAnINd SJUB|dXa UOPaIA10D JAMOIJUNS JO B2JR JJSNIY WYS JO UOEaUNUBND (3) ‘(152 Uosuedwod ajdninw s jauung
Aq pamojjoy YAONY AeM-3U0 ‘JUBIYIUSIS J0U ‘SU) SIBQ SAOGE PaJRIIPUI 3B JUSWILAL) [04UOD ) JsureSe 159) 9IUBDYIUSIS WOIJ PAUIRIGO SaN[BA-d JUBA
-9]9y (07 = U 'W3S F sueaw) 9 10 €1 ‘L1 s8ofeur zD|z ay3 Jo Wil Gz 10 NOD winipaw uoijesauadal uo pajeaiyjnd syuejdxa LopajA102 Jamojyuns Jo ease Jay
SN2 WY JO UOIILNUBND (4) *(3591-7 Pa|Ie}-OM] $ Juapns pautedun) sieq aA0GE Pajedipul si anjeA-d (W3S F SUBSW) umoys e syeadas juapuadapul inoy
1589] 1B WOJJ BIRQ ZDIZ WM GZ 10 NOD Wnipaw uoiesauada uo sjuejdxa uopajk10d samojuns Sunesouadal Jo aSejuadiad (3) (35917 Pajie}-omy s Juap
-nys paredun) sieq 9AOQE PajedIpul I AN[BA-d (G < U ‘WIS T SUBAW) P |Z 404 ZDIZ WM GZ 40 NOD Wi I
I3MOYJUNS JO B3IE J3}SNPD (WYYS) Wasuaw [e21de 300U 40 UORBIYRUBND (P) ‘P GE 404 ZDIZ W GZ 10 NOD WNIpaW Uoieisuagal uo payeanind sjuejdxa
uopa|A102 Jamouns Jo sease Suielauadal Jo SUOIIaS [eSIdASURIL (3) P LZ 10} ZDIZ W GZ 10 NOD Winipaw uonesausdas uo pajeannd sjuejdxa uopajAjod
Jamoyyuns Jo sease Sunessuaai o sydeiSoniw uondajp Suluueds (q) ‘jpued Jomo ur umoys ale sease Suijesauadal Jo smaia dn asop |
umoys aue sainja1d MaIAIBAQ "WNIPaW UoNeIaUaSaI UO Jajsuel) Ja3e p Lz uade) a1am sydeiBojoyd 'zd1z Wi Gz 10 (NOD) Ajuo juanjos Sul
uonelauasal uo pajean|nd spuejdxa uopajk1od samojuns Jo sadAjouayd uoneiauadal J00ys (e) "Jamojyuns ur uoneIauaSal Jooys saduryUd ZD(Z 8 SiY

Gl ydueasay 15130[014y

MIN

160



Appendix

“20YJQ [e1IU)) 75750]07M¢f ] MIN] Y 01 PP
2q ppnoys (erarew Suissiw ueyy 1ayi0) sauanb Auy “sioyne
oy 4q parjddns uonewsojuy Sunioddng Lue jo Lipeuonsuny so
1UNUOd A 10§ d[qisuodsar J0u are [PMNR[G A1 210U SEI[]

syuawradxs uonoear
ureyd aserowdjod swn-[ear sanenuenb ur pasn soSijO 1§]qe],

‘uonesauadar uump sasuodsar
uxne vo pe srweeiydiydes pue gD[Z jo wapg 118 S

*sa16o00 sndousy
ur XN YY[-H PARIPAW-NIJ U0 ZOIZ JO WP 0TS B

*s3ui[pass ssdoprqpay ui sasuodsar
Xne uo g7 Jo swape ai-ppe srweeiydifiydeN 68 “S1g

‘uoneauadas 100ys Surmp pue swsLIW
1001 Arewnnd ur faanoe sNH:¢ 1 1d vo D17 jo w7 8S 81

‘uoneauadai ooys szsdoprgray Sunmp sowdzud sisaypussorq
Dj01£> Jo 19sqns & jo uossardxs a1 sadnpur 7DIZ LS “S1q

‘swastaw 1001 Arewnid ur 2dusdsatony 19
HV99TYING PUB d4D:VSOTMING U0 ZD1Z jo 1apd 98 Big

“faanoe 12ddiz suonaj-urewopo
-owoy [y ssep [euondudsuen-sod uo z)[7Z jo 10T 6§ 81

‘uon

-e1ua8ax 100ys ssdoprgray uo sSofeue gDIZ Jo 102 $S Sig
*A1IADIOR UIXNE JO UTUL{01AD 1233TP MOYs 10U $20p 7DZ €8 31
‘sisA[eue uonounypmIONNs 717 TS 814

“Lnanoe g H:ydZd Jo uononpur oy

uo swn uonedxrdde pue uonenuaduod gH[Z Jo 1Y 18 Sy

*3[o1IE 33 JO Pud Ay I8 uoNd3s uonewoju] Sunioddng
a3 ur dur[uo punoj aq Aew uvonewioju] Sunioddng reuonippy

uoiyew.oyu] Surpoddng
“9ST-TyT Sy1 120 uswdopaap wnstaw [earde 100ys rendas 01

<o1/99 11w s1awsanbas AJeoymads o [aneuoSiy ssdopigray 1107 X Buvyz
‘N UBUPPI ‘Y 300§21g A\ MOFT “HS 97§ ‘X MoyZ Y BueA\ I 'H ‘H MYZ

1s130[014Y
>)UZ

wodjsiSojojAydmau mmm

Y9T LLTHIT
209 1170 Jrruaudejanay -S|po WS WRASIDW 100Ys Jo LONEIL IUOAIqU
U1 10 SproMOITI FEMOROW 7 </ TOT * L, X I WRMIR F 23pn ], Z Sueyz,
9§59 26T aunspry urSiq) puv anssy
1170 uzgl “unupjoro £q pouonipuosaid sSurgpass Sunod jo saava] Arewad
woyy sysouaBourSio (- sy sniruvyapy) mogung ¢ 107 ([ 19Ut 47 Sueyz,

“LBO1-€L01 6T 117D 1147]d.

nesaus8a1 100ys ueid SuLnp 77£/7§/)A1 JO UONPAISE 0AOU 2P 10j [pOur
dars-om1 v *£10Z [ Suep K ovif T nX WO noyz ‘H uer] DL Sueyz

TLSI-69S1

17 57000104 aamppp] “sisA[eue uorssa1dxo 2usS yudisUEN 10§ WINSAS (]2
spmesian e ssiseidorond [dydosaw sisdoprgay *L00T *[ WIS “HA 04D ‘AIS 00X

TNVIDONd WILSIEN QIIALTY ‘8107 "L PRGIS O Bfsiiog ‘ Suex
“COGHpS 9 St aummN] "XV FSeun| [0V y8norg wuswdopasp renosea
stsdopigoay pue viodsuen urxne saendar [y(1d “0Z0Z "4 FBULPO ‘X 0vIX
“06€€-6LE€E 161710
] 298 [11q1Z-QH PURYAddIZ T1LLIT £q pousiog anpows KoyenSa
3PEqPR2 Y “L00T NI UOHTE WIN SUeAT ‘HE noH ‘[ 3w ‘S Pruasy
LILHL69S
aumzy ~Aaranov wasaw 3004s J0 25ed 2y 128 yp1u d1xodAy Eoide Uy 6107
Jr12 L[ waSuo(] uea ‘O uasipag ‘) UURWYO ) DYPOJ[IES) 7 TZUIA
29WwaN YN FIPPE ‘S 20d ‘NON sdwrey] gy wjsmouny] ‘y( S
“65T1-0ST1
11 suatadopaasgg “Sururoned wolkx parerpawi-[][ q1Z-(IH 10§ paimbas
isoypuAsorq upne auapuadap- E_tsma 1. "p107 *[ 19wmaq X ennepH K
oﬂ_N Y 1paqsEe)) Y rwifeNeN Y uateA Q) UayD) °§ eunyseAIy < dyoesi)
“1L61-€961 67770 7] s ssuodsor urxne
Snayauds sanoe A[yBiy pue [einieu Surureiuos sousd 10dai jo uorssaidxo
ssoados sumioad vy 0y *£661 (1 AK0JME ‘D uaSep] f Mopmpy L Aoseury)
YOETYSET 98T LustuaqD) pardojorg fo ppunof
“sivodsuen [X)y pue ‘gOGY NId £q preipaws uodsuen urxne jo siouqryur
19[S 21E suTKNE-AXON[Y T[0T 7772 SY Aqdinj “H PlezoN ‘y asoirp
L BQIsOY] ‘A UTInang C[ IS ‘K BIeya() L wnwiysiN ‘H Suex g epns
“9TYYO12 i0y prininof
g “1odsuen upae sejod saenSar soxo[duios xnpye NI Jo uonvyqes
PAIPWI-OUOAT]] *[TOT 7792 [ 124788 A *g maddiy L e N 2210Mg
g Y] FeTEDY] ‘Y OYUSYZAO(] ) 0950 [E(] I, JEUIANSE ‘M L

Juapuadap-areniu Jo uruRIP 4 ¥ S1 €1 DY H00Z "H LIRGPIBES
<L eAeurex [ pjezouryg ‘1, ewreAeIrf] ¢, Howony] ‘[ Bjoy ‘N Bp3() Y 1YeL,
L8T-SLT
QLT M) UDSAQ) pUuv SSL 1127 JUVJ (7] SHRUUD SHIUPIIE]) FIMOGUNS JO
sadf10ua8 opdnnus jo spads dmuews Jo sUOP[£10 Jo UONFWLIOJSUEN PArEIPI
-winuR1oeqoIBy T10Z "D 0P ‘Ad APPAY ‘S IaeseA ° AeliA W epeing
“0S1-8€1 Ly Goporg
quzyg ut wond() quasin?) “uonespuaSor wuerd saup ve s10108) U1 01
10U 10 e9UF21 0, "6 107 °§ PIEUNSITIY ‘g BImopEY| ‘H UTwWO Y olounSng
*696-TSS €1 Boporstiyg urpg
XN UTNE [eInieu ‘aA0u € st

“uonewI0j 100 [eiare] s210w01d g 3
PIOE SIWIRUUIY-SI *£10Z 7292 YA JPEMON D) SUUILI0E) | dudeiA ‘g offiery
g anpouI0) ‘(qy Ay ‘] ounesa)) “J Aysoend) g TWID A SIPLULNG
9Ty£Ty ‘sionty
4q fmrejod ofiquis [eseq-eatde sisdoprgnay Jo [onuor “0T0g VI 300 Yz pruis
“68Y-S8Y :S9S 20N
e seasea a1 jo 170 [[pa-wans o ougop Suneuds upne jo

UoIBesaY 8L

wods1Soj0}Aydmau’ mmm

SPAY] YSIH 6T 7797 § PWISEATINL f O¥EBINS ‘N UOIIRATD) [¢0T ‘V ID-2[0S
3N A ] ZoNSHpOY ZayRuTS “y Yasnoimry ‘W nAT Y FPEI ‘O Tumows
*L61-6TL 08 1ury-ASojorg priusudojanay vy
0411\ 1] “urxne snoUSBOPUS JO UORIqIYUI Aq Hatps strunsM UL uOEIAUESH
10045 on1a up Aousnbay-yBH H107 Sd [eMedy g By[ NV s ‘S TPINYS
“991900 12 371 912135) ST “s1sdoprqpayy uy Burgpuriq 100ys up Sunoe
801 do1s-om [, 9107 7272 DN [SPH
U PISMOIGES D ouyO ‘A IX L X D Bue [ Buey O wery O Bueyz g s
0L 171 Goporg Hpyg ~fnanoe sowey uonduosuen
Sunempow ur surewop ([YV.LS) 1ysuen prdif parepi-yig verewurew
pur aue(d jo suonsuny pareys 10 7792 (1 YSUIS ‘W 19pAus D o
O uaAnS ‘v onboy y§ MEEEIN ‘N XD Y PISOYY] ‘W OUnIg Y PHYPS
“TLH-€9% 6617 001 sisdopigrayy ayp ut Aejod pue usaned jo sozuvSio
[E3s1p uapuadap-urne Uy “G6GT 7747  PAGSIA N PIOWPIF ‘O 395K
*q foyuog ‘[ Awrepely 1, 2[oJImD [ MBI ‘H IPJUMOA ‘Q SR ‘S runTqes
“€TT-S1T 79 pruanof 1y 4, “Keyred
Sureusis prossoursseiq o ut suonouny ‘¢S wsdopigray [1-dnois
© vRYSY 0107 D yeuof °§ vyorfng g Sruypsimiag [ ssjoyrasei ‘x uoyzoy
9LE1-99€ 1 H1 Bojorg o Lustuay))
“upeavs8 4q wsidoniaess jo voniqyut sy ur sovedpnied ¢ [u01dosd|s
~d sisdoprqray “L00T 7742 SY A4y YA\ 3924 ° 3opanD) ‘& Suay)
“[291sqeIg SO 2areT J Sue] ‘(7 uyog ‘g umpeuTmemidelr ] N 22321g-seloy
“6YTE-8TTE ST 20 v “uopenddr [QYNVY pue 12ddiz
Supna| UrPWwoposwoy 1] ssed jo 18I Burureiasse ssdopiguay §o yiomdu
fao1e[nSo1 [erxeqe/py o 10§ j10moweL © SUIYSIQEIST “€10T I UOMTY ‘S
sporyaI 9 Jonasoy] ‘I Sueny g rueuSepy YN [PaN ¢ L nr] ‘[d 1equioy
“06v-18 TT1
nbas st uodsuen

Gojorstiygg sury ssdopiqpay jo s1001 w1 wsidoniaess 105 pa
wrxne [eadiseg “0007 "D ALPRN (S 90V O PO S APeig IV moysey
~69-G¢ :89 {uiog piusuriady
Jo ppusnof “uonenusisgip pur Surusaned U0 MoIA (T Uv 1ty [[o2 JenoseA
w08 SIZ-QH [T S5%D “L10T “d SIPYPY V 32paqs]e) *J uespueyeurry
“SC—L¥ HTT Bojorg 4vpmoapopy ws spoqrapy * (] snnuuy snquuvyapy) Pmogung
"ST0Z "Il O%qIig ‘SV uopueasy ‘TH ddop “IN 22doT WQ MoT W 2Hiopey

‘_m&N 1y Gojorg sl ur wosdg) maun?) -uonajduio
o mboe wouy Aoumof v :uor 2004S 8107

¥ peseg xsos_?m m_mzam P 0V wodrEy] (] UEuySIDEYpEY
94719

21120 g wdopaap sisdoprguay wi sajor vunsp pur
Buiddepiano aavy siaquisw Ajrurey 2uo8 1addiz sur

oJ-urewoposwioy 1]
ST "S00T "HS HEID N 210 W[ 3P ‘W[ osuoly ‘q ¥8nsio ‘[N 2881g
YSYTIVYT €10 Mrld
‘uswdopasp parerpaw-urxne pur wodsuen urxne 10§ pasnbas sisdoprgay
J0 sous8 ay1j-2ouwsISHI SIPNMIN *1007 “dd Suippeds ‘Sy Aydmy g yoN
“T891-1£91 €S Gojorsy 20
pu suggp -sussrss o[ndosjod szrew Sursn saypeordde Surusaios 1wy om
q Suppygen N
VY10 UOBEYRUIP] ‘10T 7742 X PAIWEY] ‘H BIeyese] ‘W 2G2SeH ‘I 0qm
| ouewoy] -y MSEARL] ) PUMUD[EY | PWIYSHOJA ‘N OUTIEJ I BANWIYSIN
'98-89
20 uannostaicy o 1) vl “Sureusis 81| jo yromdu onous8 xo[dwion v £q
pore[npou s puv Amfur Jaye sinoy [eniur 5 Supnp paySqeIs> s1 SUOPa[£105
1guayy paspxa Jo Kapedes uor 10045 24 1. €107 *NIA Bpezrey
U IO ‘@ ST ‘[ ysyBug ‘Y SLIO dS PRYEYD ‘[S Bjulq ‘g youweN
“€£9-699 81 wnwnur)q
iSojorsti ->amno anssn 033eqo1 Ut uonuLIo) uESio pur YmosS snfe>
U0 UNPIFGQIS PUE SIUPPIRISI UONPSUO-WIIS JO ST “CO6 T -1, BIyseImy
“L6013601 €S 2mmy “sisouaBokiquin A[res Sutmp uoneoyads
[[P9-1U35 3001 U1 UONOBINUT UIXNE PUT UIUDOIAY) ‘§OOT *f UdYS ‘g IO
0STI-TH11 051 Boporstyg
supyg supoad 111 10ddiz supnoj-urewoposuioy aueyd 03 pasny st ‘SUTEWOP SVl
01 aprepIus s urewop [paou © VTN “9007 UL USang 3 slowpmpy
V6TI-TRT1 3LT 24M143g SUTRWOP Wig- [ NN V-42d
Jo wstueypow SurfeuSis pue 2mMONNG *600T N O VI 1AV Y IS
01> “urxne £q uoneSar

2> Bunoaye spunoduwios Supnp qur uodsuen

[ MON 720T

S Gojorstiyg 120 puv 1uvjq

PE-SL!

“UOIOUNy SNOWOUOINE-[[22-UOU T PUE UOREIYIX3AS WINSLIAW U 2[01 PIAIISUOD

© seana1 sisouaBodaquis Surmp Ajrurey 2us8 0/CO [ YA OYDIIN St5dopiquayy

ot jo sisiJeure uotssaido dasusYP1dWOD v "€ 07 '3 BufesEN N TPEO N
EIRN-0IEG | 0J0WIYST] Y] NSIEWaIE | 3] 0I0WIYSEH] Jy BPUOH ‘G vy

U561 76T
1170 142 “TAHDSO1A Jo uonenar [enp £q aupru [jpd wass 100ys o Ajroads
SAOLYINOT ASNOIST SISIOAIIVY §-2d41. *L10T "$X Sueyz,
XA Sue L 07 Suep X Suoy ‘WIN Sueyz 5 Sues fZ Susy) [ Suapy
“E1L60L 1T 24minN “s100ys
ur Supusaned [erper Suturwiaep uly 71 70AVHd PUVSOTNGVHd 3°
(0¥ "100T M uomeg  uewamog N oeg ‘A paysy [ L1owg Y[ [PUUOW
“S18-508 56
1120 s 100ys s7sdopiqral Y u ey (2> wts SunenSar w1 TTHOS AL
J0 210y "8661 "L XM *D suaBan[ ‘W pITqUIT ‘Y 3IRH H JOOUPS I AP
PIEE-9GEE €T ruanof
OGN woiSar ¢ yNyow > o1 Sutired jo duriodun auswdopadp
JRLUYSOTAGYH 3° 101U0> YNYORIA 00T "dd e SN
uoweg ‘(g 210we7 5 Sur] M Opeoyy-sauo( [g reyuiny Y A10]ely
“T8GL9G €T 12D #u]d “stsdopigray w VLYTOATY

posuoy a4 Jo Aanoe 2y saenSas
%%_s_ urewop aosuss -ws- | NAY-32d v *T10Z I uoseg  rvusepy
0¥-LT

19¢ pruanof muwg ay [ ssdopiguay ur 991 /<9 11w Sussardax 4q Arejod
J69] JO JUBWIYSIQEISH PUT dUTLUTE WNSLIAW [e21de 100ys EMpOW udT
OIZLAVNODYY 241 "600T "H Sueny X mD ‘H Suep “T1d X 0¥A D 0T
"€E6-026 077720 vy wdwdopadp
waspaw eorde 00ys ssdoprgpay ur doo] speqpady e wia sionquyul
naduiod £q parempouw st AMABSE (1T d1Z-H "800T 7742 HY Ped
“MS YN ‘(3 vomy] ‘H( Sun( [q 03§ AH Hed T22T W 2T ‘DS W ‘S Wy
“LISET-GOEET 8T Lustuay?) [wa1Sojor Jo jrusnof
“o1wousf [eorwap 4q odsuen urxne o 1ouqryut dg1ads-urn01doss(
~d/gDEV UE JO UONEIYNUIP Q10T "DH WEN ‘W H[$PD ‘q Wi
G uUEW[[o] ‘S OSIOUEIN ‘A 0IADS ‘A MIZUIUIA Y A[[Ieg °§ SYPLUSY A[ wry
“PIVI-09¥1 189 Bojorstyd 1uvjg "NOLLOV NIJOY.LO.LAHI
WO SALIS YO.LJAOTY ATAISSOd SY SANVISWAN TTLLIOTTOD
AZIVIN NO SE.LIS DNIANIE IOV OINVIVHLHITAHIHAYN
“TII ssuldonofy "T86T "TV I2[ss120) ‘[ 2ABN ‘D) Texjarey]
“€LIE-6S1€ 16T 20 1uv] "uowssandai pue
uoNINPUI Jo SWSIUEYIUI SN[[Ed JuL]] "E[OF Y ISEA] Y] 030wnSng N 1R
“90p—LL€ 19 Boporg
1y fo marazg pruy “vonerusSan weid jo swisuTypIW FEMIOI “6TOT M
ol0unSng ‘g uSIAY ‘(] UPWR[0) Y ISEM] ‘X OIOWBES ST OIIAE I TN

aungmorsaopy suedso Haoords s jo sissusBoursio 100ys onta up dusNKuI
uonepndiuew si pue urxne snousSopus *£107 7242 [ AOAYOI § o1X
<z Buaq] X Burp ‘A USYD A 1T A V] ] MIzzRID-unEy] ‘S Z9punsey A\ nE
268618 Ty Bojorg amnosjopy sury] “uonvwLIOfsUTL
sueyd paretpow-un1o0oiSly 10] 1019 1] K1eu1q S[qURop PUE A[TSIOA €
:u2i5yd "0007 " XNEIUHINIA °S UTIF YN PUBHIT VA SPIEMPH ‘q SUAIPH
LE€L0012 :p1 9mauan) S0 vuvyvys sisdopiquay
1 s8ury> aseyd aaneaBon sjonuos /¢ [Y1/9¢ [y Aq uossaidxa usf
15 J0 woissa1da1 uapuadap-ploysaIY | ‘8107 ‘S SN0d O s 4
seafoA D) 1ayeag ] Suex I np Y PILHODOW YN UURWAL W nX [OH
BELI-GTL 91 sawdoppan
p s dopnap anao sisdop Suunp uor
n swopouny SureuSis TIHOSNA 00T -L, X T PR S PIEH-55015)
06 1-C8Y 1 261 Bojorg nuasun?y “sisdoprqrayy uruswidoponsp
1001 S1U0K1quI> 10§ paimbo s1 sou38 xogoawoy [eorde jo uorssoiday
6007 ‘A SIUBIS [ °g $21340G 0 $a[eUEDy N 30UI0Y O BYuIes) (s Funy
TTI-€1L
261 oudopaaq “sisdoprqray wi Surwned ofiquis jo Surwn
o s> owpay Jo dmpowr EIATN-TIATN 4L "0107 "SY
Sipoog vy somarsioy  suondsd Y PIUS KW g SD 0wy
“€ST-LY1 9Ty 2emn ssdopiqray jo spxe

pue fapypads anssn sysdoprgrayy i sousB

U016 Jo toissa1d 500 -, CIOWEY “Jy OUTI-olOWMSIEIY 3 PEATAIY

Jeseq-qeorde o ysijqeiss siustpess urne suspuadap-xnpyg €007 0 SusSanf
o PBuNO * [ uurwR] ] Zieaypg (] s1of1op Iy 3OnES 'y U3

161



