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Progress in the molecular genetic
analysis of trichome Initiation and
morphogenesis in  Arabidopsis

Daniel B. Szymanski, Alan M. Lloyd and M. David Marks

Arabidopsis trichomes are large unicellular structures that develop on the surface of most
shoot-derived organs. In leaves, the number, spacing and shape of trichomes is tightly regu-
lated, and this process has been used as an experimental system to study the control of cell
fate and pattern formation. The control of trichome initiation is complex: both the potential of
a cell to adopt the trichome cell fate and an intricate signaling pathway determine the pattern
of trichome initiation events. Several important new results suggest that trichome initiation
and morphogenesis are redundantly regulated by both positive and negative factors. A
testable model for the control of trichome initiation is presented.

embryo development, meristem function and the transiti@mome cell fate is highly regulated For example, the first tri-
from vegetative to reproductive phases. The regulation of ceHome at the leaf tip appears only after the leaf grows to 00
fate requires a balance of cell proliferation, differentiation, intein lengti?. Subsequent initiation events proceed basipetally as the
cellular communication and morphogenesis control. All of theéeaf grows. As leaf development progresses, cell division patterns
developmental processes are involved in the formation leécome less regular: islands of dividing cells can be observed
unicellular trichomes in the shoot epidermisfoébidopsis The among differentiated pavement cells with their characteristic
integration of these processes is complex, and progresslobed morphology. Trichome initiation in the expanding leaf
understanding control mechanisms has been slow. Trichoowurs within these islands of cells and often defines points along
development has provided a simple model to gain mechanigtie perimeter of a circle, with an existing trichome defining the
insight into the control of cell fate and morphogenesis. Becausecefiter (Fig. 1). The developmental window during which cells
their amenability to genetic analysis and the physical accessibilitgve the potential to acquire trichome cell fate is further limited;
of the leaf epidermis, diverse molecular, pharmacologiceélls beyond a certain developmental stage lose the ability to
and cytological approaches have been used to study diffenerstpond to trichome differentiation sigrfals
aspects of trichome development. Here we summarize recent data
on the molecular genetics of leaf trichome initiation anGenetic analysis of trichome initiation
morphogenesis. Genetic screens for trichome initiation and spacing mutants have
Trichomes, defined as hair-like structures that extend from theen useful in addressing two important questions:
epidermis of aerial tissues, are present on the surface of most(ter- What genes control entry into the trichome pathway?
restrial plants Plant trichomes comprise a diverse set of structurég)  What controls the spacing of initiation events?
and many plants contain several types of tri-
chomes on a single leaf. It has been difficult
to demonstrate their function clearly, bu
several ideas have gained widespread r‘w'
acceptance. The presence of trichomes can &%

I n plants, the control of cell fate is a central issue duringgetative development phase. The potential to acquire the tri-

)

to protect the plant against insect

pathogen attack, either by secreting che
cal components or by physically limiting
insect access to or mobility on vegetativ,
tissues. The stellate trichomes Afabid-

- Fig. 1. Scanning electron micrographs of the adaxial surfacérafidopsisleaves that
opsisdo not have a secretory anatomy, b

U illustrate aspects of trichome spacing and morphogenesis. (a) An example of secondary

at a functional level, they might limit herbi-|  trichomes (white arrows) initiating around an existing central trichome (black arrqw).
vore access to the leaf in the fiéld Numbers to the left of each labelled trichome indicates its developmental stage| (5)
trichome expansion with pointed branch tips; (6) mature trichome with a papillate cell yall.
Arabidopsis trichome initiation Scale bar= 100 pm. (b) Additional stages of trichome development: (1) isodiametfic
Cellular determinants of the potential to expansion in the plane of the epidermis; (2) stalk emergence and polar expansiop; (3)
enter the trichome pathway branch initiation; (4) expansion of the stalk and branches with a blunt tip morphology; (6)
Trichome differentiation is integrated witn| S€€ (&)- Scale bar 50 pm.
leaf development, hormone levels and the
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ation. The model also explains the suppression aflthigichome

GL1 TTG1 GL3 phenotype bytry. GL2 and GL3 are proposed to have redundant
functions to regulate genes needed for trichome morphogenesis,
CPC ‘ GL1 and relief ofTRYinhibition of GL3in try gl2 double mutant plants
TRY ——| — TTGI allows trichomes resembling those of the wild type to develop.
To understand trichome initiation control mechanisms it is
Trichome initiation essential to clone the regulatory genes and to study the function of
the encoded protein products (Table 1). The key initiation genes
TRY GL3 GL2 encode anyb(GL1), abHLH (GL3) and awD-40repeat-contain-
ing protein TTGY, which mirrors the triad of regulatory genes
that control anthocyanin biosynthesis in pettfitia Thus, a
model involving the regulated assembly of a multimeric complex
Endoreduplication ~ Morphogenesis composed of GL1, TTG and GL3, might have general applicabil-

ity for predicting how pathways are regulated in other systems.
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. - . . . Trichome promoting complex: GL1, TTG and GL3
Fig. 2.A model summarizing the genetic control of trichome initi- GL1 encodes amybtype transcription factor that is initially
ation and the early phases of trichome morphogene

GLABROUSYGL1), TRANSPARENT TESTA GLABRATGY) " expressed diffusely in young Iee}f primordja. As_Ieaf develppme_nt
and GLABROUSIGLS) are required for normal trichome initia-| ProgressesGL1 expression persists transiently in developing tri-
tion. GL1 and TTG1 are also required for normal trichome spacing chomes, but is no longer detected in surrounding epidermal
and have the capacity to limit trichome initiatioBAPRICE | cells®'. Mutations inTTG1are pleiotropic, but the leaf trichome
(CPQO) andTRIPTYCHONTRY) negatively regulate trichome ini-|  phenotype is indistinguishable from thatghf. Almost all of the
tiation. GL2 and GL3 redundantly regulate aspects of trichomg TTG1coding sequence consistsWD-40repeats; therefore it is
morphogenesis, an@L3 also promotes endoreduplication in triy  |ikely that the function of TG1is to recruit and/or assemble ad-
chomes.TRY negatively regulate&L3 activity in trichomes. In | dijtional regulatory facto?& Northern blot experiments and the
each example, arrows indicate a positive influence, blocked lines variety of tissues affected by mutations TG1 suggest that
indicate negative regulation. TTGLis expressed in most major plant organs.

Both TTGlandGL1 are required for normal leaf trichome initi-
ation. Overexpression @&L1 using the cauliflower mosaic virus
Loss-of-function mutations in thésLABROUS1(GL1) and 35S promoterGL1*) is not sufficient for substantial ectopic tri-
TRANSPARENT TESTA GLABRALTG]) genes result in a chome formation or for bypassing the requirement TaiG1
nearly complete loss of leaf trichome initiafioMhe effects of (Refs 13,21), although mutation ®RY can enhance initiation in
mutations inGL3 are less severe; trichomes are observed, @t 1°ttgl plant$2 Indeed, overexpression®t.1leads to a devel-
branching is either reduced or elimindte@enetic analyses of opmentally regulated decrease in trichome nufhBehinting at
gl1, gI3 andttgl mutants have not indicated clear epistatic reldhe dual role ofGL1 in the negative regulation of trichome initi-
tionships between these genes. In addit®h]l and TTG1lcan ation. Overexpression @GL1can cause widespread trichome initi-
negatively regulate trichome initiation. Weakly semi-dominaration if the maizebHLH-containingR gene, which qualitatively
mutations iINTRIPTYCHONTRY) also result in a partial loss of compliments all aspects dfTG1 function, is co-expressed with
negative regulation of trichome initiation, and give rise to limite@L1(Ref. 21). GL1 and R physically interaetvitro, and it is poss-
trichome clustering™. Thetry trichomes also display an elevatedble that the R-GL1 complex forms a dominant, transcription-acti-
branch number and DNA content. Mutation<CIAPRICE(CPC)  vating compleX. However, a stable DNA-binding activity of the
do not result in a trichome phenotype, but because overexpres$teL1 complex has not been detected using recombinant proteins.
of CPCreduces trichome initiation, this gene is also thought to The recent cloning @&L3has shed some light on the relationship
negatively regulate trichome initiatitr{Fig. 2). between the maizR gene andArabidopsistrichome development.

Once a cell enters the trichome pathway it undergoes an elabloe GL3 gene is essential for several aspects of normal trichome
rate morphogenesis program that has been divided into differdavelopment. In the Landsbuegecta(Ler) backgroundGL3 mu-
stages based on specific morphological hallnfag. 1). The tations cause a reduction in trichome number in leaves one to four
GL3andGL2 genes regulate several aspects of trichome morph#x Lloyd, unpublished.). In the Columbia (Col) background, muta-
genesis and function upstream from most other morphogenésias inGL3appear to have a minor effect on trichome number, but
gene&'S For example, mutations L3 result in a reduction in lead to an increase in clustering (J. Larkin, pers. commun.). It is pos-
endoreduplication (DNA synthesis cycles in the absence of cglble that the effect @L3on initiation is masked by the presence of
division) levels and smaller, less branched trichdmdstations additionalGL3-like genes irArabidopsis In addition gl3 trichomes
in GL2alone do not affect trichome initiation or endoreduplicatioaxhibit reduced branching and endoreduplication 1&8v@ls3 is a
but do result in a loss of aerial expansion during trichome developember of theoHLH class of transcription factors and is closely
ment. The genetic interactions betwe&ebh?, GL3 and TRYpro- related to the maiz® gene (T. Payne, F. Zhang and A. Lloyd,
vide some interesting results. Leaves ofgt2gl3 double mutant unpublished). Unlikd?, GL3 overexpression does not cause wide-
lack evidence of trichome morphogenegi§, try double mutants spread trichome initiation in thiggl background. However, in a
produce a reduced number of trichomes, but the trichomes thaidld-type backgroundGL3 overexpression leads to a dramatic
develop are often clustered and exhibit the same morphologyirasease in trichome number, similar to that observed inR5§1
gl3 trichomes$ (D. Marks, unpublished). Interestingtyy gl2 dou- plants (T. Payne, F. Zhang and A. Lloyd, unpublished). Therefore
ble mutant plants produce trichomes with a nearly wild-type moFTGLlis required for fullGL3 over expression-dependent activation
phology, but have théry clustered phenotype These genetic of trichome initiation. Based on western blots of fractionated petunia
analyses have been used to make a model (Fig. 2), which propeseslla cells, the AN11 protein {&D-40repeat-containing protein
thatGL1, GL3andTTG1are required for normal trichome initi- with extensive amino acid sequence similarityf iaG1) was only

&
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Table 1. Summary of the key regulatory genes during trichome initiation and early morphogenesis

Locus Gene identity Affected tissues Trichome Trichome Trichome DNA Expression Refs
or cells number spacing synthesis effects pattern
GL1 MYB Leaf epidermis Glabrous Clustering ND Developing leaf,
transient trichome 18,19,25
GL1%¢? MYB Leaf epidermis Reduced Clustering Reduced Ubiquitous 11,21
TTG1 WD-40 repeat Pleiotropic Glabrous Clustering ND Ubiquitous 20
GL3 bHLH Leaf epidermis Reduced ND Reduced ND b
GL2 HD-zip Pleiotropic Normal, (loss of Normal No effect Developing leaf, 8,13
aerial expansion) stable trichome

TRY NC Leaf epidermis, Normal Clustering Enhanced ND 9,11,25

mesophyll
CPC MYB-like Trichome root Normdl ND ND ND 12

hair spacing
COT1 NC Leaf epidermis Normal NormaF ND ND 23

“Transgenic line in whiclsL1 expression is under the control of the cauliflower mosaic virus 35S promoter.

°A. Lloyd, unpublished.

Single mutant shows no significant affect, but in some double mutant combinations trichome number or spacing is affected.
dOverexpression leads to a glabrous phenotype, trichome number is not affected in the mutant.

Abbreviations: ND, not determined; NC, not cloned.

detected in cytoplasmic fractidfisThe sub-
cellular localization and mode AFTGL

. ; X Trichome
dependent regulation in thArabidopsis Trichome-promoting Trichome-limiting
epidermis is not known. complex complex
Trichome-promoting activity appears tqg GL1
be specific toR and a subset oR-like \ = AN /
bHLH-containing genes includingsL3,
EST AT146D23T7 (T. Payne, F. Zhang CcPC GL1 GL1
and A. Lloyd, unpublished) and the maize |CPC —— GL3 — GL3 — Ei¥j U@ — TRY
B gene (D. Marks, unpublished). Similal TTG1 TTG1
results have not been observed with some ©) AN =
R-like bHLH-containing genes, such as TTG1
DELILA (Ref. 24) andAtMycl (F. Zhang
and A. Lloyd, unpublished). Amino acid @Trichome initiation )

sequence analyses, domain swapping
experiments and a comparison of the
dimerization compatibilities of different
bHLH-containing proteins might provide
insight into the function of this class of pro
teins in the context of trichome initiation.
Recent experiments using the yeast tw
hybrid assay have detected interaction
between GL3 and both GL1 and TTG1
(T. Payne, F. Zhang and A. Lloyd, unpub-
lished). An interaction between GL1 an
TTG1 was not detected in these experj-
ments. In addition to forming homodimers
GL3 has the potential to act as a bridgin
molecule between TTG1 and GL1.: differe
N-terminal domains of GL3 can bind to GL

Threshold of trichome- —
promoting activity exceeded

®

©)

Trichome
morphogenesis

Cell cycle control

Lateral inhibition

l
oY

Neighboring cell

Trichome initiation

J
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Fig. 3.A model proposing the interactions and equilibrium that affect trichome initiation
spacing. The upper box symbolizes a cell that has exceeded a threshold of trichome-p
ing activity and is inhibiting an adjacent cell symbolized by the lower box. The equili

and TTG1. These data and the genetic intgr- petween individual components and the hypothesized multimeric complexes that ass
actions between each of these regulatory are symbolized with opposite arrow sets. Blue arrows indicate the direction of the reag
genes suggest that the assembly of an actjvethat favor trichome formation. Red arrows indicate reactions that limit trichome initiat
GL1-GL3-TTG1 complex is needed fof The complexes highlighted in filled blue and red boxes are hypothesized to be the key
normal trichome initiation (Fig. 3). How- plexes in the positive and negative regulation of trichome initiation, respectively. Enci
ever, complexes that lack any one of the * symbols indicate positive regulation. Encircledsymbols indicate negative regulation.

and
omot-
bria
emble
tions
on.
com-
cled

components still have some trichome:-
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promoting activity. Genetic experiments have shown that eithieability to attain or maintain a sufficient threshold of trichome-
GL1 or TTGLlis sufficient for limited trichome initiation, but the promoting activity to trigger normal spacing control pathways.

gll ttgl double mutant is completely glabréusGL1 and TTG1 We propose that GL1 and TTG1 partner with different proteins
have similar effects on the transcription level of@e promotet®.  that affect their trichome promoting activity. TRY is a good can-
Loss of function mutations in eith&L1 or TTG1yield higher didate as an interacting protein that alters the activity of GL1 and
GL2transcription levels compared to thid ttgl double mutant. TTG1-containing complexes. Likgll andttgl, try andttgl dis-

It is likely thatGL1, TTG1landGL3 are expressed in fields of play non-additive, allele-specific interactions with respect to tri-
cells that have the potential to become trichomes. If this is tretome clustering®. In addition, mutations in botMRY and
then it is possible that: TTG1can suppress the reduced trichome number phenotype of
(1) The gene targets for trichome initiation requires son@L1° plants in a dose-dependent mant@r These genetic data

threshold concentration or activity of the complex to bare consistent with the idea that a GL1-TRY-TTG1 complex
activated. negatively regulates trichome formation. In this model, the
(2) The composition or activity of the complex is regulated bglusters of trichomes dny leaves are caused by the misregulated
local fluctuations in positively and negatively acting factorand enhanced activity of the initiation complex. Based on the
clustering phenotype dry leaves, previous models have defined
Pattern formation: negative regulation, dual function genes TRY as a component of an intercellular inhibition pathtv&y
and redundancy The possibility thaTRYis a component of intercellular inhibition
Given that the GL1-GL3-TTG1 complex regulates genes neeaeahnot be ruled out, and the models are not mutually exclusive.
for trichome initiation, the regulated assembly of the proposed fAuture experiments must address the alternative mechanisms of
chome-promoting complex does not adequately explain the conffélY-dependent control of trichome initiation.
of trichome initiation. Trichomes are evenly spaced over the leaf surThe model of initiation control (Fig. 3) mirrors the antagonistic
face and this spacing appears to be the result of cell-cell commagtivity of GL3 and TRYin trichome DNA replicatioh The tri-
cation and an inhibitory pathwayFluctuations in the levels of chome DNA content ifGL1% trichomes is reduced compared
trichome-promoting factors in fields of cells that have the potentigith that of the wild type. This reduction requifERY function
to enter the trichome pathway cannot explain the non-random pmeaus&L1°°try trichomes contain a greatly elevated DNA con-
tern of trichome initiation. Additional parameters that limit trichomgent. The activity of an additional gene was proposedstal*-
initiation are likely to affect the pattern formation on the leaf surfacdependent promotion of DNA replication because the DNA

The molecular genetic analyses of trichome spacing suggeshtent inGL1* try plants was greater thdry alone. Because
that redundant negative regulation and an antagonistic functiontations inGL3 suppress th&L1° try phenotype, it might be
involving genes that promote trichome initiation are important foequired for enhanced endoreduplication (L1 plants
trichome pattern formation. Recent data have been summarize(@nSzymanski and D. Marks, unpublished).

a simple model (Fig. 3) with two unique, but functionally redun- If the model for an antagonistic role of TTG1-GL3-GL1 and

dant components for negative regulation: TTG1-TRY-GL1 is correct, anything that pushes the equilibrium

(1) Antagonistic activities of &L1-TTGLdependent complex towards the assembly of the GL1-TRY-TTG1 complex will
that limits trichome initiation in fields of cells that have thenhibit trichome formation. For example, if GL3 activity is limit-
potential to enter the trichome pathway (a sortingpng, more TTG1-GL1 complex will associate with TRY, leading
mechanism). to a reduced capacity for initiation. TGB®Cgene encodesrayb

(2) A trichome-derived diffusible inhibitory signal that arisedike protein that inhibits trichome initiation when overexpressed
from cells that obtain a threshold of trichome promotinGPC has been reported to physically interact with the maize R
activity. Both activities contribute to the fine spatial contrgbrotein (T. Wada, T. Tatsuhiko, Y. Shimura and K. Okada,

of trichome initiation. unpublished). If CPC interacts with GL3 in a similar manner, and
excludes GL1 or TTG1 binding, it would limit trichome initiation
GL1 and TTG1 are dual function genes by removing GL3 from the equilibrium (Fig. 3).

It has been well documented that b@&hl1 and TTG1 have the The extent to which the equilibrium can be pushed to pro-
capacity to limit trichome initiation. For example, overexpressianote trichome initiation might be limited. Plants that over
of GL1leads to reduced trichome initiation in the leaf. This phenexpress the maize gene,GL1, and that are homozygous toy,

type can be partially suppressed by mutations i it@], TRYand do not display universal conversion to the trichome fate in the leaf
COTYLEDON TRICHOME(COTY) gene¥**?* Recently, it has epidermi’. Perhaps the redundant negative regulation by genes
been reported that hypomorphic allelesGifl and TTG1yield such asCPCor COT1or by cell positional information influences
clusters of aborted trichomes, and that allele-specific interactidrishome initiation early in leaf development.

betweengll andttgl cause a non-additive increase in clustéfing

In combination, these results strongly suggest that ®athand Redundant negative regulation: a diffusible inhibitor?

TTG1can limit trichome initiation and that they function as a conBtochastic variation in the levels of positive and negative factors
plex. Perhaps a balance of trichome-promoting and -limiting actarid competition for a threshold of trichome-promoting activity in
ities regulates the initiation in fields of cells that have the potentatwo-dimensional field of cells would yield some level of spatial
to enter the trichome pathway. Fluctuations in the levels of positientrol of initiation. However, this scheme does not include a
and negative factors in fields of cells that have the potential to entegchanism for inter-cellular communication or for inhibiting
the pathway, and the requirement for a threshold of trichome-pn@ighboring cells from adopting the trichome fate. It is logical that
moting activity could contribute to the spatial control of initiationthe inhibition signal would be tightly coupled to the activity of the
In this model a clustering phenotype does not necessarily defingighome-promoting complex, and upregulated or stabilized in
component of the intercellular communication and lateral inhibitiaells that have a threshold of trichome-promoting activity. Defects
pathway. Any mutation that pushes the equilibrium towards tit the inhibition signal should yield nests of trichomes.
chome-promoting activity could give rise to clusters. In the case ofConventional genetic screens have not identified a mutation
gl1, ttgl and gI3, clusters of abortive trichomes could reflect théhat causes severe trichome clustering. It is likely that trichome
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spacing is redundantly regulated. For example,GRd1 gene The actin cytoskeleton is not essential for polarity establishment
appears to limit trichome initiation in th&L1°° background. Tri- during trichome formation, but the maintenance of cell shape con-
chome initiation is dramatically enhanced if b@®T1andTRY trol after stage three requires a precisely organized F-actin-
function are alterdd® implying that at least two distinct path-cytoskeletoff. Interestingly, agents that disrupt actin organization
ways limit trichome initiation. It is likely that enhancer and sughenocopy the trichome defects in the ‘distorted’ class of trichome
pressor screens in sensitized genetic backgrounds, s@i%s mutant$**. The distorted trichome morphology mutants have been
in which trichome initiation control is altered, will identify impor-previously identifie@*, but recent data suggest that an analysis of
tant genes that limit trichome initiation. the ‘distorted’ genes might be useful in understanding the relation-
The proposed model provides a robust redundant regulatshjp between actin organization and localized cell expansion.
scheme to regulate trichome initiation events. The model is specuThe genetic control of branch formation has been examined
lative, but it is consistent with the genetic and molecular datkbbsely. Mutations have been identified that either reduce or
regarding the control of trichome initiation. Specific interactionsicrease the number of branches. Several recent reports have used
are predicted and can be studied biochemicallyimnt/o. How-  pair wise crosses between branch mutants to study the genetic
ever, the difficult task of understanding how the balance of antagtationship between these genes. Trichomes usually contain three
onistic activities is regulated during a dynamic process remaibsanches. Previous models have attempted to separate the for-
For example, is there cross talk between antagonistic pathwaysnation of the first two branches and the formation of the second
does competition for limiting factors and DNA-binding sites regwand third branch into two genetically distinct sfépsThis
late function? Does the TTG1-GL3-GL1 complex autoregulaftgpothesis was developed on the basis of the interaction of two
its activity once a threshold of trichome-promoting activity iseduced-branching mutantangustifolia (an) and stachel(sta),
reached? What regulates the longevity of the compgk2® with two branch-enhancing mutants; andnoeck However, the
expression occurs only transiently in developing trichomes. Panalysis of four new branch mutantsr¢al—4 and their genetic
haps there is a window of trichome development during whidhteractions with each other, wiin and with sta indicate that
GL1 is required, and othenybregulatory proteins, such as themost of these genes influence the formation of all brafthes

trichome-specificAtmyb5 propagate regulatory cascades A remarkable finding is that mutations in five different genes,
frcl, fre3, frc4, an or sta allow the formation of two branched
Trichome morphogenesis trichomes. However, any of the ten pair-wise combinations of

Trichome morphogenesis is a unique experimental systemdtmuble mutants, such &g1 frc3, results in the complete loss of

study how transcription factor function and cell cycle parametdsganch formation. It appears that four of the genes, in any combi-

affect the cytoskeleton and cell shape. Many genes requiredriation, are sufficient for branching. Because the branching

trichome morphogenesis have been idenfifieti?®? This is to mutants behave in a quantitative fashion, it is likely that increas-

be expected as many different cellular processes are involvied. the activity of one can compensate for the loss of another; a

These include mechanisms to identify and maintain specific celbdel for branching control based on compensation has been

expansion sites, to maintain cell turgor, to promote cell-walfoposedf. The isolation and altered expression of these genes

loosening and wall synthesis, and to control the rate and duratiati allow these predictions to be tested. In addition, the character-

of cell expansioff. ization of these genes will provide important information on how
During trichome morphogenesis, a protodermal cell ceaseddoalized cell expansion is initiated in plants.

divide. Instead it expands according to a complex developmental

program into a single cell that is composed of a stalk and twoQonclusion

four branches (Fig. 1). The first visible sign of trichome initiatiofhe control of trichome initiation iArabidopsideaves is surpris-

is the radial expansion of a protodermal cell. During this phaseingly complex: cell cycle status, transcriptional control and

expansion, the nucleus is enlarged and situated at the cell cemtgnskeletal function comprise an integrated hierarchy of regu-

which is proposed to be the first of several specific endoredupétion. A basic description of signal transduction and regulation is

cation events However, the precise relationship between DNAeginning to emerge. Probabilistic events, based on the balanced

content and trichome morphogenesis is not clear. The maturedgtivity of positive and negative regulation and a trichome-

chome nucleus contains as little as 8 C or as much as 64 C Dii&kived inhibitory signal are proposed to control trichome cell fate

(Refs 11,31). There is a loose correlation between trichome sizdields of cells that have the potential to transmit differentiation

and number of endocycles, because most mutants with largerdigmals. Although this model provides a testable framework to

chomes have increased amounts of DNA, but in some castsgly genes that affect trichome initiation, it is highly speculative

enlarged cells do not have an elevated DNA cofftent and lacks supporting biochemical data. For example, many ques-
Cytoskeletal organization is essential for normal trichont®ns about the composition, regulation and activity of the hypoth-

morphogenesté Based on pharmacological data, polarizedsized multimeric trichome-promoting complex are unanswered.

growth and branch initiation during stages two and three (Fig.A3 more of the players in trichome development are identified

require normal microtubule-dependent functidh This was and studied, a more mechanistic understanding of cell fate and

clearly shown using a dexamethose-regulated form of the mamerphogenesis control will follow.

R gene to induce trichome formation in the presence or absence

of the microtubule-depolymerizing agent oryzalin. Applicatiomcknowledgements
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