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Abstract

Most multicellular organisms solve the problem of lahistance transport of signals and
nutrients by means of tissue networks such as the vascular system of vertebrate embryos and
the vein network of plant leaves; therefore, how vascular networks fariken question in

biology. In vertebrates, the formation of the embryonic vascular system relies on direct cell
cell interaction and, at least in part, on cell migration, both of which are precluded in plants
by acell wall that keeps cells apart and irapé; therefore, vein networks form differently

in plant leaves.

How leaf vein networks form is unclear, but available evidence suggests that the
polar transport of the plant signal auxin is required for vein patterning. Functions of polar
auxin transporti vein patterning in turn depend on functions of the-PORMED1 (PIN1)
auxin transporter. At early stages of leaf tissue development, PIN1 polar localization at the
plasma membrane of epidermal cells is directed toward single cells along the marginal
epidermis of developing leaves. Thag®nvergence poindof epidermal PIN1 polarity are
associated with broad domains of PIN1 expression in the inner tissue of the leaf; these broad

domains will over time become restricted to the narrow sites where majsrwii form.

Consistent with those observations, for the past 15 years the prevailing hypotheses
of leaf vein patterning have proposed that convergence points of epidermal PIN1 polarity
lead to the formation of local peaks of auxin level in the epidemni,that that auxin is
transported by PIN1 from the epidermal convergence points into the inner tissue where it
will lead to vein formation. As such, these hypotheses predict that epid@iial

expression is strictly required for vein patterning. | tedtas predictionin Arabidopsis



thaliana by a combination of targeted gene expression, molecular genetic analysis, and
cellular imaging, and found it unsupported: epiderRidl1 expression is neither required

nor sufficient forPIN1-dependent vein patterning, wherdif1 expression in the inner
tissues of the leaf turns out to be both required and sufficientHiiM1-dependent vein

patterning.

To identify regulatory inputs upstream BfN1-dependent vein patterning, | next
sought rgulatory elements that are necessary for that compon@&iNafexpression irthe
inner tissues of the leaf that is required PdN1-dependent vein patterning. By means of a
combination of promoter deletion, molecular genetic analysis, and cellular gnaépand
that vascular expression BfN1is required folPIN1-dependent vein patterning; that such
vascular expression &IN1 depends on th&51-bp region of thé’IN1 promoter from-645
to -495; and that that region of tHeIN1 promoter contains putae binding sites for

members of an uncharacterized plapécific family of transcription factors.

Finally, for the future characterization of such putative upstream regulatBisl bf
expression, | identified and characterized GAL4/GFP enhdrmerinesfor the targeted

misexpression of genes of interest in specific cells and tissues of developing leaves.

In conclusion, my results refute all vein patterning hypotheses based on polar auxin
transport from the epidermis and suggest alternatives for fudste t~urther, my results
have identified regulatory inputs that are requiredPiN1-dependent vein patterning, and

have generated the resources to characterize those regulatory inputs.
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Chapter 1. General Introduction

1.1 The Plant Vascular Network

In most multicellular organisms, the lowgstance transport of signals and nutrients occurs
through tissue networks such as wascular network. In animals, the formation of vascular
networks often relies on direct cekll interaction and cell moveme(d.g.,Noden, 1988;

Xue et al., 1999)By contrast, celtell interation and cell movement are precluded in plants
by a wall that holds cells apart and in place; therefore, vascular networks form differently in

plants.

Plant vascular networks are composed of continuous vascular strands that connect
with one another the ddrent parts of an organ and the different organs of the plant (Esau,
1965). In different organs, vascular strands are named differently: for example, veins in flat
organs such as cotyledons, leaves, sepals, and petals; vascular bundles in the stem; and

vascular cylinder in the root.

Mature vascular strands are cylinders composed of two vascular tssugkem
and phloem (Esau, 1965). Xylem is found at the center of vascular strands in cylindrical
organs and at thapperside of vascular strands in flatgans. Phloem is found at the
periphery of vascular strands in cylindrical organs and at the lower side of vascular strands
in flat organs. Xylem is composed of tracheary elements, parenchyma cells, and fibers, and
mainly transports water and minerals. Rmois composed of sieve elements, parenchyma
cells, fibers, and sclereids, and mainly transports photosynthesis products.

Vascular cells first form during embryogenesis Airabidopsisthaliana L. Heyn
(Arabidopsis hereafterjhe dermatogestage embryds composed of eight outer cells and
eight inner cells (Mansfield and Briarty, 1991). Longitudinal division of the four basalmost
inner cells results in four innermost cells that elongate to become procambial cells, the
precursors of all mature vascularllse(Esau, 1965; Mansfield and Briarty, 1991).
Procambial cells also form de novo during the development of flat organs like leaves (Foster,



1952; Pray, 1955). Throughout the life of a plant, vascular strands lengthen and thicken as
procambial cells contirally divide transversely and longitudinally (Esau, 1965).

1.2 Leaf Vein Patterns

In most roundedeaves of dicotsuch as Arabidopsighe vein network is composed of a
central midvein; lateral veins, which branch from the midvein and connect to distal veins to
form loops; and minor veins, which branch from the midvein and loops, and may connect to
other veins. Minor veins and loops eamear the leaf margin to give rise to a scalloped vein
network outline (Telfer and Poethig, 1994; Nelson and Dengler, 1997; Kinsman and Pyke,
1998; Candela et al., 1999; Mattsson et al., 1999; Sieburth, 1999; Steynen and Schultz, 2003;
Sawchuk et al., 2B; Verna et al., 2015).

In most elongated leaves of monocots such as maize, vein loops are stretched and
laterally compressed, giving rise to a network in which midvein and lateral veins seem to
run parallel to one another along the length of the leall(Tr939; Gifford and Foste1988;

Nelson and Denglefl997).

1.3 Leaf Vein Development

During leaf development, veins form de novo from the inner tissue of the leaf, which also
gives rise to the mesophyll tissue (Esau, 1965). In Arabidopsis, the eaprass polar
localization at the plasma membrane of HERMED1 (PIN1), which catalyzes cellular
efflux of the plant signaling molecule auxin (Petrasek et al., 2006), suggesisitisaare
formed by two different mechanisms (Scarpella et al., 2006; &enal., 2007).

The midvein seems to form from sites of convergence of PIN1 polarity in the
epidermis of the shoot apical meristem (Benketval.,2003;Reinhardt et al., 200&arraro
et al., 2006Scarpella et al2006 Lee et al., 2008ayeret al, 2009;Johnstoret al.,2015
(Fig.1.1) These fconvergence pointso mark the posi
be formed and are associated with broad Pékidression domains in the inner tissue of the
l eaf primordi um; ovex priems, omheoenabmesadellofme
the site of midvein formation, abhdePpNasmacom



P1

|

Figure 1.1. Auxin Transport During Leaf Development.P0O, P1 indicate successive stages
of leaf development. Arrows indicate directsoof auxin transport. Mmidvein. Redrawn

from Scarpella and Helariutta, 2010.



membranean the vascular cells of the midw. Likewise, lateral veins seem to form from
convergence points of PIN1 polarity in the marginal epidermis of the developing leaf (Hay
et al, 2006; Scarpella et aR006; Wenzel et gl2007)(Fig. 1.2) These convergence points

are associated with bad PINZexpression domains in the inner tissue of the developing
leaf; over time, these broad Pié¢Xpression domains become restricted to the sites of lateral
vein formation, and in the vascular cells of the lateral veins PIN1 becomes localized to the

side of the plasma membrane facing the midvein.

By contrast, minor veins form from PIN1 expression domains that branch frem pre
existing veins and have no association with epidermal convergence points of PIN1 polarity
(Scarpella et al2006; Wenzel et g12007; Marcos and Berleth, 201@ig. 1.2) Initially,
all minor veins end freely in the inner tissues of the leaf, and PIN1 is localized to the side of
the plasma membrane facing the-prasting veins the minor veins connect to. However,
over time minor @ins can become connected to-présting veins on both sides. At the ends
of these ficonnectedo veins, PIN1l is localized
pre-existing veins the minor veins connect to; the resulting opposite PIN1 polarities are
joined by a Abipolaro cell, a cell where PIN1

membrane.

PIN1 expression during loop formation suggests that each loop is formed by a minor
vein branching from a lateral vein (Scarpella et al., 2006; Wesizall, 2007)Fig. 1.2)
Initially, the minor vein ends freely in the inner tissue of the leaf, but over time it connects
to the midvein or to other lateral veiriske in all connected veins, at the ends of each loop
PIN1 is localized to the side of the plasma membrane fakb@greexisting veins the loop

connects to, and the two, opposite PIN1 polarities are joined by a bipolar cell.

Domains of PIN1 expression in the leaf inner tissue are initially broad and overlap
with broad domains of expression of the awwasponse tramsiption factor
MONOPTEROS (MP) (Donner et al., 2009; Wenzel et al., 2007).likasfor the broad
domains of PIN1 expression, over time the broad domains of MP expression become
gradually restricted to sites of vein formation. Within the broad expredsioains of PIN1
and MP, cells that will differentiate into procambial cells express the class Il

HOMEODOMAIENCI NE ZI PZAREPR I(IABARIed@PSI S THALI ANA
4
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Figure 1.2. Auxin Transport During Lateral Vein, Minor Vein, and Marginal Vein
Development. Arrows indicate directions of auxin transport., S&rration tipL3, third loop
LV, lateral vein M, midvein, HV, minor vein MV, marginal veinRedrawn from Scarpella
and Helariutta, 2010.



HOMEOBOX8 (ATHB8 and the GRAS (after GIBBERELLIC ACID INSENSITIVE,
REPRESSOR OF gibberellic aci® and SCARECROW) gen8HORTROOT (SHR
(Donner et al., 2009; Gardiner et al., 2011).

1.4 Auxin Transport and Vascular Strand Formation

The plant signaling molecule auxintise only known molecular that can induce vascular
strand formation when applied to plant tissues. The auxinced vasculadifferentiation
response is characterized by five properties (Sachs, 1981; Berleth et al., 2000): (1) the
response is local, aselvascular strands are initiated at the site of auxin application; (2) the
response is polar, as the newly formed vascular strand are oriented towardekistprg
vascular strands basal to the site of auxin application; (3) the response is conasubus,
results in the formation of uninterrupted files of vascular cells; (4) the response is constrained
laterally, as only narrow strips of cells, rather than all the cells near the site of auxin
application, differentiate into vascular cells; (5) thepmsse requires polarly transported
auxins, and auxin transport inhibitors obstruct the respartsenfson and Jacobs, 1966
Dalessandro and Roberts, 1971; Gersani, 1987), suggesting that thenduged vascular
differentiation response recruits a pgbaocess that already exists in plant tissues and that

may correspond to the polar transport of auxin itself.

Auxin is indeed primarily synthesized in young shoot organs, such as leaf and flower
primordia, and is mainly transported to the root tip throubgbh tascular strands
(Michniewicz et al., 2007; Normanly, 2010; Zhao, 2010). This afliashl polarity of auxin
transport depends on the polar localization of auxin transporters of tHeGRWMED (PIN)
family at the basal plasma membrane of atsamsporing cells (Wisniewska et al., 2006).
Indeed, the weak acid indeBacetic acid (IAA), the most abundant auxin in plants, is non
charged in the acidic extracellular space and can therefore freely diffuse into the cells
through their plasma membrarfRuperyand Sheldrake, 197&Raven, 1975). By contrast,
in the more alkaline intracellular space, IAA becomes negatively charged and can therefore

leave the cell only through specialized efflux carrier proteins.

These observations form the basi s of t he

proposes that auxin transport through a cel
6



conductivity (Sachs, 1981). This positive feedback would gradually restrict an initially
dispersed auxin flow to preferential awtransport through narrow strips of cells, which

would eventually differentiate into vascular strands.

In Arabidopsis, the localization of PIN proteins at the plasma membrane marks the
presumed site of cellular amxefflux (Petrasek et al., 2006; Wisniewska et al., 2006).
Therefore, directions of polar auxin transport can be deduced from the localization of PIN
proteins at the plasma membrane. Consistent with predictions of the auxin canalization
hypothesis, locabpplication of auxin induces PIN1 expression in broad domains that
connect the applied auxin to the fimd@sting vasculature and that over time become restricted
to sites of vascular strand formation (Sauer et al., 2006; Scarpella et al., 2006). In these
domains, PIN1 is initially distributed homogeneously throughout the plasma membrane;
over time, however, PIN1 distribution becomes polarized to suggest auxin transport away
from the site of auxin application and toward thefgxesting vasculature basalttee site of
auxin application. Consistent with a role for auxin transport in vascular strand formation,
mutation ofPIN genes or development in the presence of auxin transport inhibitors delays
the restriction of PIN1 expression domains and the polarizatid®IN1 localization, and
leads to defects in vein network formation (Mattsson et al., 1Si@®urth, 1999Scarpella
et al., 2006; Sawchuk et al., 2013; Verna et al., 2015).

1.5Auxin Signaling and Vein Formation

Once auxin is transported into a cdlltriggers a signal transduction cascade that leads to
the activation or repression of auxin responsive genes by the transcription factors of the
AUXIN RESPONSE FACTOR (ARF) family (Chapman and Estelle, 2009).

When the concentration of cellular auxinasvl the transcriptional repressors of the
AUXIN/INDOLE -3-ACETIC ACID (AUX/IAA) family interact with ARFs; this prevents
ARFs from inducing the transcription of their target genes (Mockaitis and Estelle, 2008).
When the concentration of auxin is high, TRANIRT INHIBITOR RESPONSE1/AUXIN
SIGNALING FBOX PROTEIN (TIR1/AFB) receptor complexes and AUX/IAAs bind
auxin, thereby forming a TIR1/AFBuxinAUX/IAA complex. This association leads to the

ubiquitination of AUX/IAAs, followed by their degradation by th@é2proteasome. In this
7



way, ARFs are released from inhibition and can induce the transcription of their target genes.
This model, however, fails to explain the mechanism of action of the ARFs that act as

transcriptional repressors (Guilfoyle and Hagen,7200
Available evidence suggests that auxin signaling is required for vein formation:

(1) Expression domains of targets of activating ARFs and expression domains of synthetic
auxin-responsive promoters overlap with sitd vein formation Kattssoret al., 2003;
Donner et al., 200¥Konishi et al., 201p

(2) Leaves lacking the function of auxin signaling components or their targets have vein
defects Przemeck et al., 1996; Hardtke and Berleth, 1998nso-Peral et al., 2006;
Strader et al., 200&steve-Bruna et al., 2013

1.6 Scope and Outline of the Thesis

The evidence discussed above suggests that vein patterning is controlled by auxin transport
and that auxin transport is in turn controlledRiN1. PIN1is expressed in all the cells of

the leaf at early stages of tissue development; over time, however, epidermal expression
becomes restricted to the basabst cells, and inner tissue expression becomes restricted to
developing veins (Benkova et,&003;Reinhardt et a] 2003; Heisler et §l2005; Scarpella

et al, 2006; Hay et a).2006; Wenzel et 312007; Bayer et al2009; Sawchuk et al2013;

Marcos and Berletl2014). The scope of my M.Sc. thesis was to understand the fun€tion
PIN1 expressia in the different tissues of the leéafPIN1-dependent vein patterning, and

what controlled that component®iN1expression that is required BN 1-dependent vein
patterning.

The current hypotheses of vein patterning by auxin transport proposen ttieg i
epidermis of the developing leaf PIMdiediated auxin transport convergewaod peaks of
auxin level. From those convergence points of epidermal PIN1 polarity, auxin would be
transported in the inner tissoéthe leafwhere it would give rise to thmidvein and lateral
veins. InChapter 2we tested predictions of this hypothesis and found them unsupported:
epidermal PIN1 expression is neither required nor sufficient RIN1-dependent vein

patterning, whereas innéissuePIN1 expression turns oub e both required and sufficient
8



for PIN1-dependent vein patterning. Our results refute all vein patterning hypotheses based

on auxin transport from the epidermis and suggest alternatives for future tests.

In Chapter 3, we sought to identify the-oegultory element that are required for
that component dPIN1 expression in the inner tissues of the leaf that is releveriNa-
dependent vein patterning. We found that vascular expressiRiNdis required folPIN1-
dependent vein patterning and thatrsuascular expression BIN1 depends on th&51-bp
region of thePIN1 promoter from-645to -495.

Testing the function ifPIN1-dependent vein patterning expression in the different
tissues of the leaf (Chapter 2) requirexpression oPIN1 by different promoters. This
imposed the burden of generating different constructs for different promoter::PIN1
combinations. This approacbuwd be simplified if GAL4/GFP enhancéap lines existed
in Columbia0, the genotype of reference in Arabidopsis (Koornneef and Meinke, 2010),
with which to drive expression of genes of interest in desired cells and tissues of developing
leaves. Unfortuately, such lines were not available when | started my M.Sc.. In Chapter 4,
we addressed this limitation and provided GAL4/GFP enhanagrlines in the CeD
background of Arabidopsis for the identification and manipulation of cells and tissues in

develping leaves.

Finally, in Chapter 5 | propose and discuss a hypothesis on the upstream regulators

of PIN1 functional expression iRIN1-dependent vein patterning.



Chapter 2: Vein Patterning by TissueSpecific Auxin Transport

2.1 Introduction

Most multicelular organisms solve the problem of ledigtant transport of signals and
nutrients by means of tissue networks such as the vascular system of vertebrate embryos and
the vein networks of plant leaves; therefore, how vascular networks form is a keymuestio

in biology. In vertebrates, the formation of the embryonic vascular system relies on direct
cell-cell interaction and at least in part on cell migration (8lgden, 1988; Xue et al., 1999)

both of which are precluded in plants by a wall that keeps cells apart and in place; therefore,

vascular networks form differently in plant leaves.

How leaf vein networks form is unclear, but available evidence suggests that polar
transport of the plant sighauxin is noaredundantly required for vein patternifigattsson
et al., 1999; Sieburth, 199%uch norredundant functions of polar auxin transport in vein
patterning in turn depend on roadundant functions of the PHRORMED1 (PIN1) auxin
transporte{Galweiler et al., 1998; Petrasek et @006; Sawchuk et al., 2013; Verna et al.,
2019; Zourelidou et al., 2014At early stages of leaf development, PIN1 polar localization
at the plasma membrane of epidermal cells is directed toward single cells along the marginal
epidermis(Bayer et al., 2009; Benkova et al., 2003; Hay et al., 2006; Heiskr, 2005;
Reinhardt et al., 2003; Scarpella et al., 2006; Wenzel et al.,.Zl0@5§9e convergence points
of epidermal PIN1 polarity are associated with broad domains of PIN1 expression in the
inner tissue of the developing leaf, and these broad demalirover time become restricted

to the narrow sites where the midvein and lateral veins will form.

Consistent with those observations, the prevailing hypotheses of vein patterning
propose that convergence points of epidermal PIN1 polarity contribtite formation of
local peaks of auxin level in the epidermis, and that that auxin is transported by PIN1 from
the epidermal convergence points into the inner tissues of the leaf, where it will lead to vein
formation (reviewed irPrusinkiewicz and Runions, 2012; Runions et al., 2044¢ also
(Alim and Frey, 2010; Hartmann et al., 201#nd references therginAs such, these
hypotheses predict that epidermal PIN1 expression is required for vein patterning. Here we

10



tested this prediction and found it unsupported: epidermal PIN1 expression is neither
required nor sufficient for vein patterning; instead, PINdregsion in the inner tissues turns

out to be both required and sufficient for vein patterning. Our results refute all the current
hypotheses of vein formation that depend on polar auxin transport from the epidermis and

suggest alternatives for future tfagt

2.2 Results and Discussion

2.2.1 PIN1 ExpressiorDuring Arabidopsis Vein Patterning

In Arabidopsis leaf development, the formation of the midvein precedes the formation of the
first | oops of veins (Afirst |l oopsod), which
(Kang and Dengler, 2004; Mattsson et al., 1999; Sawchuk et al., 2007; Scarpella et al., 2004;
Sieburth, 1999]Fig. 2.1A C). The formation of second loops precedes the formation

third loops and that of minor veins in the area delimited by the midvein and the first loops

(Fig. 2.1C,D). Loops and minor veins form first near the top of the leaf and then
progressively closer to its bottom, and minor veins form after loops irathe area of the

leaf (Fig. 2.1BD).

Consistent with previous repofBayer et al., 2009; Benkova et al., 2003; Heisler et
al., 2005; Marcos and Berleth, 2014; Reinhardt et al., 2003; Sawchuk et al., 2007; Sawchuk
et al.,, D13; Scarpella et al., 2006; Verna et al., 2019; Wenzel et al., , 20013ion of the
PIN-FORMEDL1 (PIN1) open reading frame to YFP driven by tiRN1 promoter
(PIN1::gPIN1:YFP)Xu et al., 2006jvas expressed in all the cells of the leaf at early stages
of tissue development; over time, however, epidermal expression became restricted to the
basalmost cells, and innssue expression became restricted to developing veins (Fig.
2.16 H).

We askedvhether PIN1::gPIN1:YFP expression were recapitulated by the activity
of the PIN1 promoter. To address this question, we imaged expression of a nuclear YFP
driven by thePIN1 promoter (PIN1::nYFP) in first leaves 2, 2.5, 3, and 4 days after
germination (DAG).
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2DAG B 2.5DAG 3 DAG 4 DAG

gL

PIN1::gPIN1:YFP

PIN1::nYFP
PIN1::gPIN1:CFP
1 Autofluorescence

Figure 2.1. PIN1 Expression During Arabidopsis Vein Patterning(AiM). Top right:

leaf age in days after germination (DAG). Abaxial side to the left in (A,E,)DiMidvein,

loops, and minor veins form sequentially during leaf develop(iemtg and Dengler, 2004;
Mattsson et al., 1999; Sawchuk et al., 2007; Scarpella et al., 2004; Sieburth, 1999)
increasingly darker grays depict progressively later stages of vein development. Box in (D)
illustrates position of closeup in (M) and in Fig2D,J and2.4D,J. (E M) Confocal laser
scanning microscopy with {(E) or without (M) transmitted light. Bottom left:
reproducibility index, i.eno. of leaves with the displayed infteasue expression (no. of
leaves with the displayed epidermal expression) / no. of leaves analyzeeup.teaibies in
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(EFTH) 8 ramp in (E)d andin (IL) 8 ramp in ()@ visualize expressiolevels. Green
arrowheads in (IL) and yellow arrowhead in (M) point to epidermal expression; white
arrowhead in (M) points to convergence point of PIN1 polarity. hv, minor vein; |1, first loop;

12, second loop; I3, third loop; mv, midvein. Scale bars: (E, M) 10 & m; (F, J)
50 e€m; (H,L) 100 & m.
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Just like PIN1::gPIN1:YFP (Fig. 2.1H), PIN1::nYFP was expressed in all the
inner cells of the leaf at early stages of tissue development, and over time thisssuner
expression became restrictdd developing veins (Fig. 21ll). However, unlike
PIN1::gPIN1:YFP and PIN1::gPIN1:CFRGordon et al., 2007)(Fig. 2.18H,M),
PIN1:nYFP was expressed in very few epidermal cells at the tifD#¥@ primordia and
at the margin of 2.AG primordia, and this epidermal expression was very rare (Fig.
2.11,J). PIN1::nYFP expression in epidermal cells at the leaf margin was more frequent at 3
and 4 DAG but was still limited to very few cells (Fig. 2iN). Moreover, these
PIN1::nYFP-expressing epidermal cells were not those that contributed to convergence
points of epidermal PIN1 polarity (Fig. 2.1M).

Because a fusion of tH&IN1 coding sequence to GFP driven by Bi&l1 promoter
(PIN1::cPIN1:GFP) was hardly expressed inflepidermal cells (Fig. 2.2C,D,l,J), we
conclude that the already limited activity of tR&N1 promoter in the leaf epidermis is
suppressed postanscriptionally by thé’IN1 coding sequence and that the leaf epidermal

expression characteristicBfN1i s encoded i n the geneds introns

2.2.2Tissue Specific PIN1 Expression inPIN1 Non-Redundant Functions

in Vein Patterning

During leaf developmenBIN1is expressed in all the tissu@sthe epidermis, the vascular
tissue, and the nonvascular inner tis¢kig. 2.1). We asked what the function RIN1-
dependent vein patterning wereRIN1 expression in these tissues. To address this question,
we expressed in the WT apthl mutant backgrounds

(1) PIN1::gPIN1:GFP, which like PIN1::gPIN1:YFP and PIN1::gPIN1:GFig. 2.1Ei
H,M) is expressed in all the tissues of the developing leaf 2E24\,G);

(2) cPIN1:GFP driven by the epidermapecific ARABIDOPSIS THALIANA
MERISTEM LAYERfpromoter(Sessions et al., 1990ATML1::cPIN1:GFP) (Fig.
2.2B,H);

(3) PIN1::cPIN1:GFP, which is expressed in the leaf inner tissuesa2iQ,D,1,J)
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Figure 2.2. TissueSpecific PIN1 Expression inPIN1-dependent Vein Patterning.(Al
L). Confocal laser scanning microscopy with (Dod without (A C,E 1,K,L) transmitted

light; first leaves 4 DAG. Green, GFP expression; red, autofluorescence. Yellow arrowheads
15



