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Field The present invention relates to the in vivo effects of prg¥¥%251a4wﬁ%,
plant cells. In particular, it has been found that nanipulation of'the

| evel of expression of profilins in plants can |lead to useful alterations

i n plant phenotype. Background of the Invention Actin is the major

cytoskel etal protein of nost eukaryotic cells and actin filanments are often
the primary determ nants of cell shape and novenent. The pol ynerization and
depol yneri zation of actin filaments inside the non nuscle cells are highly
regul ated, both spatially and tenporally, to give the cell the ability to
rearrange its cytoskeleton drastically within mnutes in response to
external stinuli or at a point of the cell cycle. In addition to the roles
in cell shape and novenents, the actin cytoskeleton in plants has been

shown to play a role in cytoplasm c stream ng, cytokinesis, cell expansion
and pl ant devel opnent (WIIlianson, 1993; Meagher and WIIlianson, 1994). To
achi eve these dynam c rearrangenents the cell relies on a variety of

acti n-bi ndi ng proteins. 2 Profilin is an ubiquitous actin-nmononer

bi ndi ng protein whose honol ogs are present in organi sns rangi ng

Alteration of Plant Morphology By
Control of Profilin Expression

Technical Field
The present invention relates to the in vivo
effects of profilin in plant cells. In particular, it

has been found that manipulation of the level of
expression of profilins in plants can lead to useful
alterations in plant phenotype.

Background of the Invention
Actin is the major cytoskeletal protein of most
eukaryotic cells and actin filaments are often the
primary determinants of cell shape and movement. The
polymerization and depolymerization of actin filaments
inside the non muscle cells are highly regulated, both
spatially and temporally, to give the cell the ability
to rearrange its cytoskeleton drastically within
‘minutes in response to external stimuli or at a point
‘of the cell cycle. In addition t¢ the roles in cell
shape and movements, the actin c¢ytoskeleton in plants
has been shown to play a role in cytoplasmic streaming,
cytokinesis, cell expansion and plant development
(Williamson, 1993; Meagher and Williamson, 1994). To
achieve these dynamic rearrangements the cell relies on
a variety of actin-bindiné proteins.



from fungi and anoebae through higher plants and mammual s. They are | ow

nol ecul ar mass (12 - 15 Kd), actin-birding proteins involved in the
regul ati on of actin dynam cs. Apart from actin-binding, profilins also bind
t o phosphatidylinositol 4,5-bisphosphate (PIP2)(S6hn et al., 1995),
poly-L-proline (Bjorkegren et al., 1993) and a proline rich VASP (Rei nhard
et al., 1995; Haffner et al., 1995). Evidence suggests that profilinis a
mul ti-functional protein (Haarer et al.2 1990) which exerts both positive
and negative effects on the actin polynerization (Theriot and Mtchison,
1993) and is involved in signal transduction pathways (Sohn and

ol dschm dt-C ernont, 1994). In vitro studies showed that profilin can

| ower the criticaProfatént Latannubbquitons aotimemoneneorbisdimgl ate
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et al., 1993) and a proline rich VASP (Reinhard et al.,

1995; Haffner et al., 1995). Evidence suggests that

profilin is a multi-functional protein (Haarer et al.,

1990) which exerts both positive and negative effects

on the actin polymerization (Theriot and Mitchison,

1983) and is involved in signal transduction pathways

{Sohn and Goldschmidt-Clermont, 1994).

In vitro studies showed that profilin can lower

the critical concentration for actin polymerization,

stimulate polymerization and promote nucleotide

exchange on actin monomers (for reviews see Theriot and

Mitchison, 1993; Sohn and Goldschmidt-Clermont, 1994

and Sun et al., 1995). 1In vivo studies on profilin

functions also yielded mixed results. Profilin

mutations affected multiple actin-dependent processes

in Drososphila {Verheyen and Cooley, 1994), blocked

yeast cell budding (Haarer, 1990) and cytokinesis, as

they cannot assemble the contractile rings, in

Sghizosaacharomyces pombe (Balasubramanian et al.,

1994} . Recent studies on Dictyostelium discoideum

showed 60 to 70% increase in F-actin content at the rim

below the plasma membrane when both profilins are

deleted (Haugwitz et al., 1994). Microinjection of



3 profilininto animal (Cao et al., 1992) or plant (Staiger et al., 1994)
cell's depol ynerized actin. Profilin overexpression in stably transfornmed
cells increased polynerization of actin at the cell periphery by prol onging
cortical actin filanment half-life (Finkel et al., 1994). In addition to the
above functions, profilin has been shown to be involved in at |east two
signal transduction pathways. They are the growh factor nedi ated receptor .
tyrosi ne ki nase pathway and the Ras/ G pBotein signaling pathway (for a
revi ew see Sohn and Gol dschmi dt-d ernont, 1994). Profilin has shown to bind
PIP2 with high affinity and inhibits unphosphoryl ated phospholipase C
(Goldschm dt-Clernont et al., 1990 and Drobak et al., 1994). This
i nhi bition iBrefhiteoninty apiwah (Can @t rﬂaldi,atmajhoapmira}ita]t i on of _ .
hosphol i pas hpq dt - no The .cycl ase associ ate
Brot gi n (EAP %%/ pJ: ?ésfagjéb'rrp%%%)t éc}%l]te%e&%?aosll)é?eg’%% eee} nmcstl%'ﬁal I ng pat hway
and an yeastPrnofihin opverexpesssibor uod dhalpkyfttansformesh cldgest ed a

i bl I filiyn in:this pat {Voj.t et _al., 1991). Profilin
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I nteraction wth, prot g} that have proline rich sequences suggested a role
for profiIing$na%éﬂig§%ﬂg‘nenbrane-cytoskeletal

In addition to the above functions, profilin has
been shown to be involved in at least two signal
transduction pathways. They are the growth factor
mediated receptor tyrosine kinase pathway and the Ras/G
protein signaling pathway {(for a review see Sohn and
Goldschmidt~Clermont, 1994). Profilin has shown to
bind PIPZ with high affinity and inhibits
unphosphorylated phospholipase C {Goldschmidt-Clermont
et al., 1990 and Drobak et al., 1994). This inhibition
is overcome by growth factor mediated phosphorylation
of phospholipase C (Goldschmidt-Clermont et al., 1991).
The cyclase associated protein (CAP)/Sxv2p is a
component of the Ras/G protein signaling pathway and an
yeast mutant of CAP was rescued by profilin, which
suggested a possible role for profilin in this pathway
(Vojtek et al., 1991). Profilin can bind to actin or
PIP2 simultaneously with poly-L-proline proteins and
proline rich sequences found in many proteins (Reinhard
et al., 1995). This interaction with proteins that
have proline rich sequences suggested a role for
profilin in mediating membrane-cytoskeletal
communications by physically attaching signaling
proteins to plasma membrane and/or cytoskeleton.

In plants profilin has been identified and
characterized in several species including maize pollen
and tobacce (Staiger et al., 1993 and Mittermann et



comuni cations by physically attaching signaling proteins to plasm
menbrane and/ or cytoskeleton. In plants profilin has been identified and
characterized in several species including nmaize pollen and tobacco
(Staiger et al., 1993 and Mttermnn et 4 al., 1995), |eaves and root
nodul es of Phaseolus vulgaris (Vidali et al., 1995) and Arabi dopsis
thaliana (Huang et al., 1996 and Christensen et al., 1996). Plant profilins
have been shown to bind plant and anina4¢ actin In vitro (Valenta et al.,
1993; G ehl et al., 1994 and Ruhlandt et al., 1995). Recently Perelroizen
et al..(1996) reported that Arabidopsis profilin, like other profilins, can
bind G actin and pronote assenbly of actin filanments at the barbed end in
vitro. In coamlrast9®e®) otheaves (ﬁxid iront Avaxhildepsifs Bhadddluss do not

accel erate the, nucl eot.i d xchan in Ihte the e dvances in
plant profi| YA SRLds eé‘h‘?"hﬁ’r eemh g@?ﬁ‘? ar'é%?f‘tp atIHé”ﬁ% Vi vo
functional a(Ehyrsd sebfa.‘brpfiQQm&-.ndl Qﬂx&rﬂiﬁens%ﬁﬂw )alO.f tlh;egsl)n,vent ion VW
have found that over- duct.i on of|I|n p t cells,
preferably achiRbdF %%SI?%Y‘?&?%}] rfroar#) ’prpsﬁ aéén with a
chineric prOinimﬂg@@em hag vﬁtmgwaﬂ@z&w essedl J 0 1WgBY BidAn fause

I ncr eased celi f&g&tlon I n fromﬁng plants. One ‘of the results of this
effect is a ptant nand -Rubhlandt et 'al., 1995). Recently

Perelroizen et al. (1996) reported that Arabidopsis
profilin, like other profilins, can bind G-actin and
pfomote assembly of actin filaments at the barbed end
in vitro. In contrast to other profilins, Arabidopsis
profilins do not accelerate the nucleotide exchange on
actin. Despite these advances in plant profilin
studies, there have been no reports so far on the in

vivo functional analysis of profilins in plants.

Summary of the Invention

We have found that over-production of profilin in
plants or plant cells, preferably achieved by
transformation of a plant or plant cell with a chimeric
profilin gene that is highly expressed in plants, can
cause increased cell elongation in growing plahts. One
of the results of this effect is é plant with a "tall"
phenotype compared to the non-transgenic control plant.
Another result is elongation of the root and root hair
system of the plant.

We have also found that under-production of
profilin, preferably achieved by reducing expression of
native profilin in a plant (such as by the use of
antisense RNA), can cause decreased c¢ell elongation.
One of the results of this is a "dwarf" phenotype.



phenot ype conpared to the non-transgenic control plant. Another result is
el ongation of the root and root hair systemof the plant. W have al so
found that under-production of profilin, preferably achieved by reducing
expression of native profilinin a plant (such as by the use of antisense
RNA), can -cause decreased cell elongation. One of the results of this is a
"dwarf" phenotype. 51t is also possible to direct over-expression or
under - expression to specific tissues of5the plant, such as root tissues.
This results in a selective effect on the growh of that tissue. In one
enbodi ment, a profilin coding sequence is linked to a root-specific
pronoter, resulting in elongation of roots, and particularly root-hairs.
This increase in Eboissaisacpoasihle nce edbesct hevert-sanpsessipacidy to absorb
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particularly root-hairs. This increase in root surface
area increases the plant's capacity to absorb water and
nutrients, making it more drought-resistant, for
instance, or less dependant on chemical fertilizers.
Control of the level of profilin production can
also effect control of plant flowering time. It has
been found that over-production of profilin by a plant
leads to a delay in flowering time, while under-
production of profilin promotes early flowering.
Such control of plant stature and flowering time
has many applications in the creation of agriculturai
and horticultural varieties of plants.

Detailed D {pti

The present invention takes advantage of the in
vivo functions of plant profilins to effect changes in
plant morphology, growth and flowering. It has been
found that altering the level of expression of profilin
in a plant cell leads to alterations in cell morphology
and in cell elongation. At an organismic level, these
changes can effect the growth habit of the plant, as
well as effect the onset of flowering.-

In an embodiment of the invention, a study was
made of the in vivo functions of the Arabidopsis

thaliana profilin-1 gene. Transgenic plants over- and



Det ai | ed Description The present invention takes advantage of the in vivo
functions of plant profilins to effect changes in plant norphol ogy, growh
and flowering. It has been found that altering the |evel of expression of
profilinin a plant cell leads to alterations in cell norphology and in
cell elongation. At an organismc |evel, these changes can effect the
grom h habit of the plant, as well as effect the onset of flowering. In an
enbodi nent of the invention, a study wa$ made of the in vivo functions of
the Arabi dopsis thaliana profilin-1 gene. Transgenic plants over- and 6
under -expressing profilin-1 were generated by transformng wld type

Ar abi dopsis plants with sense or antisense constructs under the control of
a 35S pronot epdeErpgpressingansgéhlinskedéraggenauated dxpr essing profilin-1

E e onESehEcEEHIbE AL e HBLLLNARER! ¥l 00 Bk utepmrolure
Li ght grown ph&dsenskscossbuedtshendedutke gonttdl aofl 4hese pl ants flowered
o Ycrl Ot pRPROFES!  BEATSEAACRPLARABRE AMATEGL pigeLyPPoLY, Syl ace
seedl i ngs weeaprestlied pirolfiiddnelebrhibbbedeoserphlt s thet &6 cyradehj on and
enlarged epi dgiR! nypRlbt§3! a80aE"IS0CLMRbe s UEe {HSy were only
15 to 20% long when compared with the wild type plants.
Light grown plants also showed the reduced growth and
these plants flowered early. Light and electron
microscopic observations of the hypocotyl surface and
sections of the etiolated seedlings revealed that the
surface of these seedlings were ruffled with some
electron dense particle accumulation and enlarged
epidermal, cortical and endodermal cells. The
epidermal and cortical cells also showed defective
vesicular transport with fibrous and electron dense
particles and vesicles accumulating in the cytoplasm
and close to the plasma membrane. On the other hand,
the etiolated transgenic seedlings over-expressing
profilin-1 were slightly bigger than the wild type in
light and at normal and low temperature. Microscopic
analysis of these seedlings showed no obvious changes
compared to the wild type, except that the epidermal,
cortical and endodermal cells were bigger. Light grown
plants showed a flowering time delayed by at least by a
week. Actin staining on the etiolated seedlings over
or under expressing profilin-1l showed normal actin
staining pattern with networks in the cotyledon cells
and petiole cells. Transgenic seedlings harboring the
- profilin-1 promoter-Gus construct showed the Gus

expression as a ring at the eloﬁgating zone of the root



epidermal and cortical cells also showed defective vesicular transport with
fibrous and el ectron dense particles and vesicles accunmulating in the
cytoplasmand close to the plasma nenbrane. On the other hand, the

etiol ated transgenic seedlings over-expressing profilin-1 were slightly
bigger than the wild type in light and at normal and | ow tenperature.

M croscopi ¢ anal ysis of these seedlings showed no obvi ous changes conpared
to the wild type, except that the epiderfmal, cortical and endodermal cells
wer e bigger. Light grown plants showed a flowering tinme del ayed by at | east
by a week. Actin staining on the etiol ated seedlings over or under
expressing profilin-1 showed normal actin staining pattern with networks in
t he cotyl edoRegdistemgna@ndethsl soesl hairsr antTheaecchandesngsraéar boring t he
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"tall" wvariety is better able to survive flooding
conditions by growing higher above the water level.
Conversely, a "dwarf" variety of beans grows as a bush
instead of a vine, taking up less space, requiring
little or no physical support during growth and
facilitating harvest. Tall and dwarf ornamental
varieties are also much sought after. Other situations
where at taller or shorter plant phenotype would be
advantageous are readily apparent to persons skilled in
the art. Some further examples of applications for
this invention are the creation of miniature vegetables
and fruit trees, leafy vegetables, tomatoes, peppers
etc., and reduction in the flowering time of ornaments
(such as orchids}.

There are instances where enlargement of a
particular part of the plant would be desirable. 2a
particularly good example of this is the advantage
conferred to a plant by an expanded root and root hair
system. Roots serve not only to anchor the plant in
the soil, but also as the means by which the plant
absorbs nutrients and water from the soil. This
absorption is achieved by the root hairs, fine cellular
elongations at the tips of roots. A well-developed
root hair system is crucial to plant survival. A plant
that has an expanded root system, and in particular an

expanded system of root hairs, is better able to absorb



I nstead of a vine, taking up |l ess space, requiring little or no physical
support during growh and facilitating harvest. Tall and dwarf ornanental
varieties are al so nuch sought after. O her situations where at taller or
shorter plant phenotype woul d be advantageous are readily apparent to _
persons skilled in the art. Sone further exanples of applications for this
I nvention are the creation of mniature vegetables and fruit trees, |leafy
veget abl es, tomat oes, peppers etc., andgreduction in the flowering tinme of
ornanments (such as orchids). There are instances where enlargenment of a
particular part of the plant would be desirable. A particularly good
exanple of this is the advantage conferred to a plant by an expanded root

and root hai fubybéses HNOtWwater VErdIPItH 36110, anthoredHihdda@nt in the soil,
but al so as the peans by which the plant absorbs nutrients and water from

the soil. THARILHSY 101 bHke sURCHA R dl b Pad W niadvantageons | ul ar

el ongati ons @értﬂaﬁaﬁtmg@éwﬁomSdrdh%ﬁéipﬁﬁi/eeléw%ﬁm dyr systemis
crucial to plant survival. A plant that has an expandeé)root system and in
particul ar aPPEXPRRMBAtSy At R¥OFIRAS ninereased yalkarangs da wadissor b 8
nutrients anggypgggr fromthe soil. The enhanced ability to take up water is

particul arly advant ageous for plants grown in drought-prone or water-poor
For many crops where the harvest consists of the

flower, fruit or seed, yield is effected by the size of
the plant at the time of flowering. The largei the
plant, the greater is its capacity to flower
prolifically and bear a large crop. Thus, delaying the
onset of flowering can frequently lead to higher yields
by allowing the plant to grow larger before diverting
its metabolic energy to flower, fruit and seed
production. Conversely, a rapid onset of flowering can
be advantageous in an environment where the growing
season is relatively short. Early flowering permits a
crop to mature for harvest before climatic conditions
become unfavorable to plant growth.

According to the present invention, it has been
found that over-production of profilin in a plant cell
leads to increased cell elongation. At the gross
level, the overall effect on the plant is a "tall"
growth habit and general enlargement of plant parts,
including leaves and the root and root hair systems.
Over-production of profilin can be achieved in several
ways. A preferred way of achieving over-production is
to transform a plant or plant cell with a gene
construct that expresses high levels of profilin in
vivo. High levels of gene expression can be obtained,
for example, by using a naturally-occurring highly-
expressed profilin coding sequence. Some examples of
highly-expressed profilins are Profilin 1 and 2.



environnments, and provides increased tolerance to water stress. For nmany
crops where the harvest consists of the flower, fruit or seed, yield is
effected by the size of the plant at the tinme of flowering. The larger the
plant, the greater is its capacity to flower prolifically and bear a large
crop. Thus, delaying the onset of flowering can frequently lead to higher
yields by allowi ng the plant to grow larger before diverting its metabolic
energy to flower, fruit and seed producsgion. Conversely, a rapid onset of
flowering can be advantageous in an environnent where the grow ng season is
rel atively short. Early flowering pernmts a crop to mature for harvest
before climatic conditions becone unfavorable to plant growh. According to

the present ARYERbrORethdédNos HE€RINe¥DAHthidAllNWESs REOUI 1LYy Profilin
in a plant cell Iefﬂs to increased ce|ll elongation. At the gross |level, the
overal | effetf bR 1HBkpRaprofilin-¢eding Femienemiia ahigdier al

enl ar genent Qétﬂbanplaﬁttﬁroﬁaeéﬁ{iiﬁﬁef@fé{@fyaéh@oﬂ&l%iﬁpto@% oot hair

systens. Over-production of profilin can be ‘achieved in several ways. A
preferred wo5¢ ﬁEﬂW@??ﬁgeBgéﬁcﬁ¥oﬂ%%??%@ﬁ$s t¥Ievermbfokdhly pl ant or pl ant

cell with a Seﬂﬁvéoﬁ%ﬁﬂcbrbﬂé{:eﬁé‘péﬁéSﬁﬁo@ﬁggh'@r\’&'ért?,f g iddn in vivo.

H gh |l evel s of gene_expression can be obtain for exanple, by using a
nat ur al | y- ocElifr FABLAELANGT BRBALESEHTRS of CaHVY) c32F rRreeeieinc Chesone

exanpl es of BpghkysuLheseeHronstets NtndhfopiRl i 4yt ta s Aomoter,
nopaline synthase promoter, etc.) Selective expression
of profilin in particular plant tissues can be achieved
by the use of tissue-specific prémoters known in the
art, such as perfect palindronic sequence tetramer
fused 10-90 S35 promoter (Salinas et al., 1992).
Selection of appropriate promoters and enhancers for
use in the invention is within the ordinary skill in
the art. Preferably, a combination of the above
approaches to enhahcing expression is used, e.g9. a
naturally highly-expressed sequence is linked to an
active promoter with one or more enhancer sequences.
Once the gene is obtained, it can be transformed
into the host by any conventional means. Examples of
plant transformation techniques currently known in the
art are the calcium phosphate method, electroporation,
microparticle bombardment, Agrobacterium tumefaciens
infection, PEG transformation, vacuum infiltration and
in planta approach. The selection and use of an
appropriate transformation method is weli within the
skill of the person of ordinary skill in the art.
Preferably, stable transformation is achieved, meaning
that the introduced sequences are stably integrated
into the plant genome (be it into the nuclear,
chloroplast or mitochondrial chromosomes, or into two

or all of these). A transgenic plant can be grown from



9 Anot her nethod of achieving high | evels of expression is to link a

profilin coding sequence to a highly active plant pronoter,

along with one or nore pronoter enhancer sequences. Several highly
pl ant pronoters are known in the art, such.as the cauliflower npsa

(CaMW) 35S pronoter

pronot er,

profilin in particular plant tissues ca be achieved by the use of
ti ssue-specific pronoters known in the art, such as perfect palindr
sequence tetranmer fused 10-90 S35 pronoter (Salinas et al., 1992).

Sel ection of appropriate pronoters and enhancers for

preferably

active
C virus

the opine synthase pronoters (mannopi ne synthase
nopal i ne synt hase pronoter, etc.) Selective expression of

oni c

use in the invention

is within the brdhaﬁoyme&iplamtl¢é&ﬂeni.célxﬁ¢uf¥une by(anyﬂdﬁuiﬁn of the
above approaches._t hanci ng, expression i s us e. . naturally
hi ghl y- ggpregg‘égrggqggﬁ‘ggafé) H‘?\g‘é%l ¢ ta%%c?’f%etepﬁ%gﬁaa’rl% th one
enhancer seqtechriquésceithengene d;}SiD.btc&f ntﬁcbféiti.camﬁ)éa tdz}ftiﬁr@; med into
the host by a onvent i opal aps., Exanpl es nt. transformation
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i nfection,
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or nore

gendeingd aci ens

PEG transtormati on, vacuuminfiltration and I n_planta approach.
£18p70%  hg bl
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wi thin the skhkl o0fihheypsksdD Oh ek&igaey skill in the art.

The present invention has also shown that under—-
production of profilin in a plant cell leads to a
decrease in cell elongation and plant part size. The
overall effect of this is a plant with a "dwarf" growth
habit., Like profilin over-~production, under-exéression
of profilins can be achieved in several ways.
Preferably, a gene encoding an antisense RNA
complementary to the native plant profilin gene is
introduced into the plant. A simple way of doing this
is to link a plant promoter to a copy of the plant
profilin coding sequence oriented in the antisense
direction. The "backwards" coding sequence will be
transcribed into an mRNA complementary to the native
plant profilin mRNA transcribed from the native coding
sequence. The antisense mRNA prevents expression of
profilin, most likely by co-suppression of the profilin
gene. iThe techniques of gene construction,
transformation and regeneration described above can be
equally applied in this embodiment of the invention.

MATERIALS AND METHODS
Arabidopsis thaliana C24 ecotype was used. Seeds
were surface sterilized with 10% bleach and washed

PRE BB r AR RY i BREhRASH ofL thsine| |



Preferably, stable transformation is achieved, neaning that the introduced
sequences are stably integrated into the plant genone (be it into the

nucl ear, chloroplast or mtochondrial chronbsones, or into two or all of
these). A transgenic plant can be grown from 10 a tr angtacred—plant—cetf.
or cell culture by any of several standard tissue culture} grd segeneARBEDN
techniques within the skill of the art. If a growing plarf or pERALCPEIt is
transforned, a whole transforned plant Xian be obtai ned by=metReds—such as
veget ati ve propagation of the plant part, again by nethods within the
ordinary skill in the art. The present invention has al so shown that under-
production of profilin in a plant cell leads to a decrease in cel

el ongati on ahbrpkahimearwithzsteifhbe odeiohized fwatenf tAftser stige pl ant with

a "dwarf" gr h.habi{. Li rofilin over-production, under-expression of
profilins cag%%glaQ%FéVeé'gﬁ g%@ﬁ?%? V%ﬁs?dékgf%?éﬂqﬁ,é%ﬁ ﬁ@“incpding an
anti sense RNAlabeyll eneMSamydia whehn3ti Secpdsal p}fniff(és nwéede i s introduced
into the plant. i npl f doing.this is to link a plant pronoter to a
copy of the bP&Hﬁaﬁﬁg}DFEi %@%ogq%gt‘%‘éq‘éﬂr%ea’b%té?ﬁ%ot?%tﬁ%_%h sense
direction. ThRitbatkyhtdEorcedbNBoSLEUENCENdILE BErmimdiSLen bedpdpto an MRNA
conpl enentary to hhe nghivg-gLani grofilln MRNA transcri bed fromthe native
codi ng growt in e da plates were wrapped with three

layers of aluminum foil and kept vertically in a tissue

culture room at 22°, For the cold treatment, the

wrapped plants were kept vertically in a refrigerator

for 4 weeks. For light growth, plates were exposed to

16 hr., light/8 hr. Dark at 22°, After three weeks the

seedlings were potted in soil and grown in a growth

chamber with a photoperiod of 16 hours and humidity of
75%.

Yect c : ti i plant T £ £j
The coding region of profilin-1 cDNA (Christensen

et al., 1996} was cloned downstream of a 35S promoter
contained in a binary plasmid pVIP40 in sense and in
antisense orientations. For the profilin-1 promoter-
Gus fusion constructs 1.0 Kb of the profilin-l1 promoter

- was cloned in pVIP 40 Vector. Arabidopsis thaliana C24
roots were used as the plant material for
transformation. T3 transgenic lines were generated and
used to obtain homozygous T4 seeds; Two independent
lines for profilin-1 over—-expression and three lines

for under-expression were used.

Northern Analysis

Total RNA was extracted using a Qigen RNA
isolation Kit, from 10-day old dark grown or light
grown seedlings of wild type (WT) and transgenic
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sequence. The antisense nRNA prevents expression of profilin, nost |ikely
by co-suppression of the profilin gene. The techniques of gene
construction, transformation and regenerati on descri bed above can be

equal ly applied in this enbodi mrent of the invention. MATERI ALS AND METHODS
Plant Materials and G owmh Conditions Arabidopsis thaliana C24 ecotype was
used. Seeds were surface sterilized with 10% bl each and washed 11 three
times with sterile deionized water. Aftep the final wash, 0.2% agarose was
added to the seeds and plated on M5 nedia with 3% Sucrose. Plates were

I ncubated at 4[err]C for two days and then treated with 5 white |ight
for two hours to induce germnation. For growth in the dark plates were

wr apped wi t h gllamsss | ayldr sxg)fofaltwﬁatlum\moiwhsaludelﬂelfbrvthbi W@' h¥tdi Bha tissue
culture room %ﬁ[ rr . For_the cold treat &hi wr apped Elants wer e
kept verticmqﬁy” etk spre SSFBB 1pesks lingsr apdgP goowt h,
pl ates were equosde tRFN]rfiJ f’(rprdﬂ:lmltd-&nlalrer Rapleedlsiadl i'ihbs)Aﬁ.EﬁEst hree
weeks the seedlings §P0tt%ﬁhln soil and grown in a growth chanmber with
a phot oper i od"tf® %@W Iﬁ%”ﬂ?eoﬁeﬂ-?%"n%eleCthhVé?éﬁGIﬂ
Const ruct i onRNM dsatpAs 'Efeaﬂﬁgféﬂrdf&tédol@% 'Eldibe 30919'1?& h‘éﬁlb‘iﬁn@;gg&%h' i [‘ 1
t was .cl one ownstream of a ronot er

CDNA (Chr'St%Q§?%§2d2¥or hy rgdlzatlons. Radiolabelled antlsenge

strand of profilin-1 was transcribed from the profilin-

1 cDNA cloned in pBlueScript and used as a probe for

the hybridizations. Arabidopsis actin-7 cDNA and ADF-1

CDNA were used to make radiolabelled probes for the

blots to analyze actin and ADF expression levels in

profilin transgenic plants. 18S rRNA was used as an

internal control to normalize the loading amounts of

RNA samples.

of i ~PAGE_an r

Blotting

Profilin-1 and Profilin-3 proteins were expressed
as a recombinant protein in E. Coli (Christensen et
al., 1996) and was used to immunize the rabbits to
obtain polyclonal antibodies. The antisera was
affinity purified on a Protein A Sepharose CL-4B
(Pharmacia) column and was used for the analysis. Ten
day old {light or dark grown} seedlings grown at 22°C
or 4 weeks old etiolated seedlings grown at 4°C were
used as the plant material for protein extraction for
western blots. The plant materials were extracted on
ice with 50mM Tris-Cl (pH 8.0), 0.5mM Calcium Chloride,
0.5% NP40, 0.5mM BME and Aprotinin and Leupeptin
(1§g/ml). The contents were centrifuged for 10 minutes
at 4°C and the supernatant was collected. The protein

concentrations were determined by Bradford's method and



contained in a binary plasmd pVIP40 in sense and in antisense

orientations. For the profilin-1 pronoter- 20 Qus fusion constructs 1.0

Kb of the profilin-1 pronoter was cloned in pVIP 40 Vector. Arabidopsis
thaliana C24 roots were used as the plant material for transfornatlon
transgenic lines were generated, and used to obtai n honbzygpes—t&F-see §1l

Two i ndependent 25 lines for profilin-1 over-expression ﬂﬁﬁ“@ﬁ?@@T

for under-expression were used. Northern Analysis Total RNAlwas e&%r%ﬁﬁ
using aQ agen RNA isolation Kit, from 10-day old dark grown~or T1ight 30
grown seedlings of wild type (W) and tramnsgenic 12 plants. 10 [err]g of
total RNA was used for the WI and the PFN-O (profilin-over expressing
-lines) lines and 30 [err]g for the PFN-U (profilin-under expressing |lines)

lines were |pg x@é‘sllgga@@aéﬁsﬁﬂeéélfé@rﬂﬁﬁdé’ gsed. RNA sanpl es
were blotted on to a nylon nenbrane ‘which was used Tor hybridizations.

Radi ol abel | etlhagmminhie 597@hd of profilin-1 was transcribed fromthe

profilin- 1 cDNA cloned in BIueScrl t and used as robe for the
hybri di zati ons. APEBFELPE; ¥ E%cheW edrta were used to make

radi ol abel | eﬂl'@f@be&lﬁmbsé hﬂeﬁb@&ﬁet@nanpfddesgsal fuetie ADF expressi on
Lover o1 o rBhhlrRobe HREBChipRLY, ey RUA- 20 dERH £ ag ! ernel
buffer containing 0.05% Tween-20 for an hour and
washed several times followed by overnight incubation
with affinity purified anti-profilin-1. The membranes
were then washed with PBS and treated with alkaline
phosphatase conjugated anti-rabit IgG (Promega) and
incubated for an hour. After several washes the bands
were developed using the substrate cocktail. For
actin protein and ADF protein level detection we used
. the antibodies raised against actin. Actin-7 fusion
protein was expressed in E. coli and the purified
recombinant protein was used to raise antibodies in
rabbits and ADF. ADF-1 fusion protein was expressed
in E. coli and the purified recombinant protein was
used to raise antibodies in rabbits. |

Cell Length and Diameter Measurements

Longitudinal and cross sections of wild type and
transgenic seedlings grown for 10 days in the dark
were photographed under the light microscope. The
length and diameter of the epidermal and cortex cells
were measured on the enlarged photograph. More than

50 cells of each plant were used for the measurements.

Flowering Time (FT) and Leaf Number (LN)
FT of wild type and transgenic plants were scored
as the number of days from the time when the plates

were placed in the tissue culture room to the time of
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RNA sanpl es. Generation of Antibody, SDS-PAGE and Western Blotting
Profilin-1 and Profilin-3 proteins were expressed as a reconbi nant protein
in E. Coli (Christensen et al., 1996) and was used to inmunize the rabbits
to obtain polyclonal antibodies. The antisera was affinity purified on a
Protein A Sepharose CL-4B (Pharnmacia) colum and was used for the anal ysis.
Ten day old (light or dark grown) seedlings grown at 22[err]C or 4 weeks
old etiolated seedlings grown at 4[err]C were used as the plant materi al
for protein extraction for western blots. The plant materials were
extracted on ice with 50mMM Tris-Cd (pH® 0), 0.5mM Cal ci um Chl oride, 0.5%
NP40, O.5nmM [err] ME and Aprotinin and Leupeptin (1[err]Jg/m). The contents
were centrifuged for 10 minutes at 4[err]C and the supernatant was

coll ected. The protein concentrations were determ ned by Bradford' s nethod
and 13 20cpenihg wAstheadedsonfiSlepol ybes§| uniber O0fds saeFadias 1970).
Pr ot ei ns wer g thenwéransggired to the nitrocel |l ul ose torane and processed
further. 5 CPREeRABPRAESChel8aBPBCRRAENF FOBSETRNIPXEIRAIRI i n PBS buffer

cont ai ni ng Ocobyiddean- 2Adf the alaDRUE]1 8REr 18§ NSEaSRVEE athé i ¥BRe f 9F! Oned by
over nl aht i nguBgt Lg% HhekL koL YaBCL | SPnaSh GBLRL LEDGE The Tembranes
germination about 15 randomly selected plants from the
wild type and each of the two independent lines of
over- and three of the under-expreésing transgenic

plants were transferred in soil.

Microscopy

Ten day old etiolated seedings in fixation buffer
were kept on ice, subjected to 30 sec microwave oven

. treatment, followed by fixation in 0.1M cacodylate
buffer (pH 7.4) containing 4% paraformaldehyde, 5%
glutaraldehyde and 0.1M CaCl, for three hours. The
seedlings were then washed with 0.1M cacodylate buffer
for 1.5 hours and post-fixed for three hours with 2%
osmium tetroxide. Dehydration with an ethanol series
and propylene oxide was carried out and embedded in
Spurr resin (Electron Microscopy Sciences, Fort
Washington, PA). Semi-thin sections were stained with
toluidine blue for light microscopy analysis.

For scanning electron microscopic observation, the
specimens were fixed in PBS buffer (pH 7.3) containing
2.5% glutaraldehyde and 2% paraformaldehyde at 4°C for
2.5 hours, followed by dehydration through a gradient
concentration of ethanol. Samples were then dried in
liquid carbon dioxide on Samdri-780u (Tousimis Research
Corporation, Rockville, MD), mounted on stubs, sputter
coated with gold, and examined with a scanning electron

' microscope (model JSM-T220A; JEOL Ltd., Tokyo, Japan)
at an accelerating voltage of 20 Kv.



were then washed with PBS and treated with al kaline 10 phosphat ase
conjugated anti-rabit 1gG (Pronmega) and i ncubated for an hour. After

several washes the bands were devel oped using the substrate cocktail. For
actin protein and ADF protein |evel detection we used the antibodi es raised
agai nst actin. Actin-7 fusion 15 protein was expressed in E. coli and the
purified reconbinant protein was used to raise antibodies in rabbits and
ADF. ADF-1 fusion protein was expressed in E. coli and the purified

reconbi nant protein was used to raise antibodies in rabbits. 20 Cell Length
and D ameter Measurenents Longitudi nal d cross sections of wild type and
transgeni ¢ seedlings grown for 10 days in the dark were phot ographed under
the light mcroscope. The 25 | ength and di anmeter of the epidernal and
cortex cells were neasured on the enl arged photograph. Mre than , 50
cells of each pl ag+GY¥ sbdage g _4-~, enents. Flowering Time (FT) and
Leaf Nunber (L e and transgeni c_ plants were
scored as thg E%H%%? 5?sﬁ¥y§a?rﬁﬁ¥¥A §W@ﬁP?W%F%f%Yé%1WEr%'pIaced in
the tissue cotbmoed+onlote-8hendd @iuc?rdﬂi&QEUXfﬁlﬁé tjf?fé%§6n{'8“5r
Leaf nunber cored, as t he eaves on e rosette (excluding
cot yl edon) aﬁgg? ghefﬁﬁgﬁFFﬁbes?%}Rgaf PReterae adlapted from

Toriyama et al. (1991). The entire seedlings were
submerged in the GUS-stain solution (2mM X-Gluc, 0.1M
sodium phosphate buffer, pH 7.0, 0.5% Triton X-100, 2mM
Ky[Fe (CN)¢l, 2mM K,[Fe{CN}¢;], and 0.2% NaN,) and vacuum
infiltrated for about 10 minutes and then incubated at

37°C overnight. The reaction was stopped and then the
plant material cleared by rinsing and incubation with
70% ethanol overnight at 37°C.

Actin Staini
Wild type and transgenic etiolated seedlings (10

days old) were placed in an Eppendorf tube containing a
slurry of EZE-LAP, lapping compound #700 WF (Scour
Pads, Australia), in phosphate buffer (pH 7.2) and
vortexed for 1 minute. After washing three times with
phosphate buffer, the top portion of seedlings

- including cotyledons, petioles, hook and a portion of
hypocotyl were cut off and incubated in fluorescein-
phalloidin (Molecular Probes, U.S.A.) in phosphate
buffer for two hours. The specimens were mounted on a
glass slide with the same stain soiution and cortical
actin patterns of epidermal cells were visualized using
a confocal microscope (MRC 600 or MRC 1024, BioRad).
In case of fixation, the seedlings were incubated in 4%
paraformaldehyde in phosphate buffer for 45 minutes and

then washed two times with phosphate buffer followed by
EZE-LAP treatment as described above.



opening of the first flower. Three weeks after germ nation about 15
randomy selected plants fromthe wild type and each of the two i ndependent
lines of over- and three of the under-expressing transgenic plants were
transferred in soil. Mcroscopy Ten day old etiolated seedings in fixation
buffer were kept on ice, subjected to 30 sec m crowave oven treatnent,
followed by fixation in 0.1M cacodylate buffer (pH 7.4) containing 4%

par af or mal dehyde, 5% gl ut aral dehyde and 0. 1M CaCl [err] for three hours. The
seedlings were then washed with 0.1M cacodyl ate buffer for 1.5 hours and
post-fixed for three hours with 2% osmjyn tetroxi de. Dehydration with an

et hanol series and propyl ene oxide was carried out and enbedded in Spurr
resin (El ectron M croscopy Sciences, Fort Washington, PA). Sem -thin
sections were stained with toluidine blue for Iight mcroscopy anal ysis.
For scanni ngEsamsl¢ on ni croscopi ¢ observation, the specinens were fixed in
PBS buffer (pH 7. contalnlno 2. 5@6olutaraldehyde and 2@6carafornaldehyde
at 4[err]C for 2.°5<¥% 1AL S ieRtRANE IR R I i o ang RENCG Blantisont
concentration of @hflarmb pf@f%ﬁly\e(cﬁaffﬁé&ké&%ﬂ Ml qtigb@ar bon di oxi de
on Sandri-780u é é Q%g Hgsegﬁgh Cor por at i on, Rockvill’e, MD), nounted on
stubs, sput tEFPEEEL T LA X ARD P IR FHL AL RIS @%ct r on

i croscope (ﬂ@ﬁlﬁlpﬁ&&ﬂ@%néﬁ%éwdméf PyOs1 PARA) i Rl a Alb AEGSS £L LT NY
vol t age of 20 Ky,

thaliana. In order to identify the in vivo functions
of profilin-1 transgenic Arabidopsis plants over-

expressing (PFN-O) and under-expressing (PFN-U) this
protein were generated as described above in the
materials and methods. PFN-U plants showed dwarf
phenotype and flowered earlier than the control,
whereas the PFN-O plants showed no severe phenotype or
+« s8lightly taller phenotype than the control. To confirm
that these changes in the transgenic plants are in fact
due to over and under-expression of profilins, northern
and western blot analysis were performed as described
above in the materials and methods. Five lines of PFN-
U plants showed 25% to 50% reduction in profilin RNA
and protein levels than the control and out of these
three lines were selected for further studies. On the
other hand, only two lines of PFN-O plants showed at
least 20 times more profilin RNA and protein levels

3
than the control and these lines were used for further
analysis.

Example 2

To investigate whether the shorter phenotype of
PFN-U plants and slightly longer phenotype of PFN-O is
due to the role of profilin on cell division or cell



15 [err]-d ucuroni dase (GQJS) Assay Gus assay was perforned histochemcally
W th 5- brono-4-chloro-3-indoyl glucuronide (X-d uc, Jefferson, 1987) as
the substrate using a protocol adapted from Toriyama et al. (1991). The
entire seedlings were subnerged in the GUS-stain solution (2nM X-d uc, 0. 1M
sodi um phosphate buffer, pH 7.0, 0.5% Triton X-100, 2nM

Klerr][Fe(CN)[err]], 2mM K[err][Fe(CN)[err]], and 0.2% NaN err]) and vacuum
infiltrated for about 10 m nutes and then incubated at 37C overni ght. The
reacti on was stopped and then the plant nmaterial cleared by rinsing and

I ncubation with 70% et hanol overni ght &t7 37[err]C. Actin Staining WIld type
and transgenic etiol ated seedlings (10 days old) were placed in an

Eppendorf tube containing a slurry of EZE-LAP, |apping conpound #700 W
(Scour Pads, Australia), in phosphate buffer (pH 7.2) and vortexed for 1

m nut e. Afteelqnght-ngnt htke plaetswehe phozbyzed dufthe seddlimp portion of

seed! o i Bkadeno SALVAGHBOSL PbLRLERn= U0k RULE BRELPORugL LFOCC!Y

|ncu tuor €sCer n- obes,
USA) in phssghaeeabeﬁfentinelymduhnmgsemﬂhpogeneshsnsndeablnbm@ted on a

e et “coPbbe, BB 3BME=bobR: O L n R Eh 8, SBERARe PRRETLOS O wrc
1024, Bi oRad¥ellndisisiof. f|Thé|ehongheleﬁedfihgpomatyllceubatﬁd in 4%
parafornaldeggggmha RHO§RQaEEiQEL£8& ;8Edf§ngkpu&ﬁ§cﬁ results in
elongated hypocotyl structure. This formed the basis
for the study on the etiolated hypocotyl. When the
seedlings were grown in white light for either 5 days
or 10 days, the phenotype was not severe, i.e, the PFN-
U seedlings were 20% shorter than control and PFN-O
showed no significant difference in size than the
, control. This could be due to the inhibitory effect of
light on hypocotyl elongation. When the seedlings were
grown in dark for 5 days or 10 days the PFN-U seedlings
showed obvious short phenotype. The phenotype was more
pronounced in 10 days seedlings. When compared with
the control, 10 days old PFN-U seedlings showed 2X
reduction in size of the hypocotyl, whereas PFN-O
showed either no difference or slightly taller (10 to
15%) phenotype. The seedlings were germinated in the
dark for approximately 25 days at 4°C and the hypocotyl
size whs observed in these seedlings. As expected, the
wild type growth decreased at this low temperature,
while PFN-O seedlings showed an increase in hypocotyl
length. The PFN-U seedlings showed a drastic size
reduction of three to four times compared to the
control. These results suggested that the profilin-1
may be involved in cell elongation especially in the
hypocotyl region of Arabidopsis.
Analysis of several parts of transgenic seedlings
and mature plants was also carried out to observe



-then washed two tinmes with phosphate buffer followed by EZE-LAP treat ment
as descri bed above. Exanpl e 1 Generation and Analysis of PFN-O and PFN- U
Plants Qur |ab previously (Christensen et al., 1996) reported the

i dentification and nol ecul ar analysis of four profilin genes including
profilin-1 in Arabidopsis thaliana. In order to identify the in vivo
functions of profilin-1 transgenic Arabidopsis plants over- expressing
(PFN-O and under-expressing (PFN-U) this protein were generated as

descri bed above in the materials and nmet hods. PEN-U plants showed dwarf
phenotype and flowered earlier than thel&ontrol, whereas the PFN-O pl ants
showed no severe phenotype or slightly taller phenotype than the control.

To confirmthat these changes in the transgenic plants are in fact due to
over and under-exgre53|on of profilins, northern and western bl ot analysis
wer e per for nebene nesgrcb@dgebo&@du¢pmpnma@1@¢tb1gh@nmuhﬁthnus Five |ines

Cevel s than TReTLERgYcrnd Matlrd PAERELCHR ALy ULy e e e 8 For
further studiesgtion Fhetohher hanqthonpthQbellaegtbfetﬁ$+ﬁhp¢ants showed
There™! ey BeBRZER S 2FL| Vgl REOLgl fo) PUELSNAES, (551581 ro! and

tubes, sillques and leaf size were analyzed. Except

for trichomes, where there was not much difference

between wild type and transgenic plants, all the other

data showed that the PEN-U plants showed a reduction in

size than the wild type and PFN-O plants either showed

no difference or were slightly bigger than the wild

type.

., Example 3

Shape

Light Microscopy

To'investigate the effect of over- or under-
expression of profilin on cell elongation and shape,
some light microscopic examination of etiolated
hypocotyl regions was performed. Analysis of wild type
hypocotyl showed a straight and smooth surface. PFN-O
seedlings showed a slightly thicker hypocotyl with
straight and smooth surface like wild type, whereas
PFN-U seedlings showed the thickest hypocotyl with’
ruffled surface with dots at several places. In
addition to the ruffled surface, some epidermal cells
of PFN-U hypocotyl were swollen. A comparison of
longitudinal sections of hypocotyl regions of wild type
and transgenic seedlings showed the wild type cortex
cells to be long and straight, whereas the cortex cells
of PFN-O more or less showed no difference from the
control. The length of the cortex cells of PFN-U



Hypocotyl Regions of Etiolated PFN-U Seedlings Show Severe Phenotype To
 nvesti gate whet her the shorter phenotype of PFN-U plants and slightly

| onger phenotype of PFNNO is due to the role of profilin on cell division
or cell 17 elongation, the plants were anal yzed at the seedling stage.
The hypocotyl structure in Arabidopsis thaliana is generated entirely
during enbryogenesis and all the post enbryonic gromh takes place in the
absence of cell division. The el ongation of hypocotyl cells is maxi numin
the etiol ated seedlings, which results in el ongated hypocotyl structure.
This forned the basis for the study on tbe etiol ated hypocotyl. When the
seedlings were grown in white light for either 5 days or 10 days, the
phenot ype was not severe, i.e, the PFN- U seedlings were 20% shorter than
control and PFN-O showed no significant difference in size than the

control . Thi shoseldd alpereueratet [2e fiolki reduict iehf #tenotopaedonikyupocot yl

el ongati on. n.1. lin wer ro .0 dark.for 5 days or 10 days the
PFN- U seedliﬁ%% ghg%bé% Vi< 3§S§hosfﬂﬁh§ﬁht &S TROVSHe AoCOPEeRESDr e
pronounced i rceld desptxriseedl i ngs. When conpared with the control, 10 days

old PFN-U seedlin showed 2X reduycti.on.in size of the hypagcotyl, whereas
PFN- O showed eit hgroﬁsg cﬁefcftépé‘r?c@%gfmsqnir@'m%?ity&l &8RS ©f phenot ype.
The seedl i ngtyper argeripamsigethiion ddirllings showed the cell diameter.

The wild type hypocotyl showed a single tier of uniform
epidermal cells and two layers of cortex cells. In
cross section PFN-O showed a thicker hypocotyl. The
epidermal and cortex cell arrangement was similar to
the wild type but the cells appeared a little bigger,
which gave the thicker appearance to the hypocotyl.
PFN-U seedlings showed the thickest hypocotyl. Their
» epldermal cells were not uniform, i.e. some cells were
smaller whereas others showed uncontrolled swelling
compared to wild type cells. A few epidermal cells
appeared in the verge of collapsing and a few other

epidermal cells and cortex cells showed condensed cell
wall materials.

Electron Microscopy

To confirm the surface ruffling of the PFN-U
seedlings, scanning electron microscopic (SEM) analysis
of hypbcotyl regions of wild type and transgenic
seedlings grown in the dark for 10 days at either 22°C
or 25 days at 4°C was performed. Wild type hypocotyl
region in both conditions showed smooth surfaces. The
PFN-O showed slightly bigger cells than the control and
the smooth surface similar to the wild type control.
PFN-U seedlings showed the biggest cells and the
hypocotyl surface was highly ruffled. SEM results were

highly consistent with the changes observed with the
light microscopy.



dark for approximately 25 days at 4[err]C and the hypocotyl size was
observed in these seedlings. As expected, the wild type growth decreased at
this | ow tenperature, while PFN-O seedlings showed an increase in hypocotyl
| ength. The PFN-U seedlings showed a drastic size reduction of three to
four times conpared to the control. These results suggested that the
profilin-1 may be involved in cell elongation especially in the hypocotyl
regi on of Arabidopsis. Analysis of several parts of transgenic seedlings
and mature plants was al so carried out to observe 18 phenot ypi ¢ changes
and conpared with the wild type seedling® and mature plant. In this
analysis, root length, root hair length, petiole Iength etc. were neasured
and also the papillae cells, trichonmes, pollen tubes, siliques and | eaf
size were anal yzed. Except for trichomes, where there was not nuch

di ff erence bet weeElgidtdany pd cneg napliss génihypoicantlysd, epliderimalochedd dat a

e 0 SN L R R B RBURN OBl LIS e
the wild typeshdwan ai¥ fidmmescdm ¢hickinestsi.on WHilee/PFNEcongat i on And Cel |
Shape Li ght Mé%ﬂf%ﬁg@lshowed no difference from the wild type cells

in the cell wall structure, the PFN-U seedlings showed

thicker cuticular layer on outer surface. In addition

there were regions of the cell where with condensed

materials could be observed. The inner sides of these

epidermal cells showed some vesicular surfaces which

eventually may have been deposited on the cell walls to

form the regions with condensed materials. The cortex

cell walls of PFN-O seedlings sometimes showed

, anomalous structures and the PFN-U seedlings showed

many vesicles containing electron dense materials near
the cell wall.

Role of Profilin-1 in Vesicular Transport

The cell wall plays a key role for the turgor- .
driven cell growth. The cell wall expansion is a
result of the interplay between the synthesis of new
components, their regulated incorporation into the
existing architecture and the loosening of the
structbre. Based on this information a defect in cell
wall synthesis and maintenance in the hypocotyl of PFN-
U seedlings was suspected, as they showed elongation
defects. 1In fact, light and electron microscopy data
showed the altered cell walls of epidermal cells and
cortex cells of PFN-U hypocotyls. In order to analyze
further, the cell structures of these hypocotyls were
carefully examined using electron microscopy. There
were three different types of condensed materials
observed in the endoplasmic reticulum of PFN-U



To investigate the effect of over- or under- expression of profilin on cel
el ongation and shape, sone light mcroscopic exam nation of etiolated
hypocotyl regions was perfornmed. Analysis of wild type hypocotyl showed a
straight and smooth surface. PFN-O seedlings showed a slightly thicker
hypocotyl with straight and snooth surface |ike wild type, whereas PFN-U
seedl i ngs showed the thickest hypocotyl with ruffled surface with dots at
several places. In addition to the ruffled surface, some epidermal cells of
PFN-U hypocotyl were swollen. A conparison of |ongitudinal sections of
hypocotyl regions of wild type and transpeni c seedlings showed the wild
type cortex cells to be long and straight, whereas the cortex cells of
PFN-O nore or |ess showed no difference fromthe control. The length of the
cortex cells of PFN-U 19 showed approximate 2 fold reduction when
conpar ed w t hypheotyldce}ps eel Loew Smeftnbntheﬁee?hﬂhﬁgla,Cﬁédﬁgﬁfd cel
matri x. Cros Long. of md, hypocot regions of w type ransgenic
seedl i ngs sh%%%gg%ﬁg §8PFedP8ﬁ8¥g?isTﬁ8n aﬁngpé“HQpﬁcB?if i ﬁed a single
tier of uni fetmuepuder,rrahdcallbh amdctwanl agnLse ﬁ\&téeihw cefts. In cross

section PFN-Q sho a. thicker dernal and cortex cel
ar r angenent ﬁggmfgegng £ e?ﬁe %5°BupePﬁ Parficippeared a little
bi gger, aggregate to medium dense and finally high electron

dense particles, which later accumulate in the wall
making the patches. The cortex cells showed similar
condensing process of electron dense particles.
Numerous ribosomes could be seen attached to the
membranes surrounding the fibrous materials and some
cortex cells showed ball like structures with condensed
fibrous material. 1In addition to these materials

»+ <condensed in ER, the cell matrix also showed some
vesicles filled with electron dense materials. Some
cytochemical detection need to be performed to show
whether they are the same or different. Aggregated
vesicles were observed in electron micrographs of the
epidermal and cortical cells. These aggregated
vesicles containing the electron dense materials were
eventually transferred to the cell wall. These
materials accumulated on the cell wall irregularly,
which could be observed on the epidermal and cortex
cell walls. Some epidermal cells of PFN-U hypocotyl
were smaller than the other cells and are found to

contain some fibrous materials. These cells appeared
on the verge of collapse.



whi ch gave the thicker appearance to the hypocotyl. PFN- U seedlings showed
‘t he thickest hypocotyl. Their epidernmal cells were not uniform i.e. sone
cells were snaller whereas others showed uncontrolled swelling conpared to
wild type cells. A few epidermal cells appeared in the verge of collapsing
and a few other epidermal cells and cortex cells showed condensed cell wall
materials. Electron Mcroscopy To confirmthe surface ruffling of the PFN-U
seedl i ngs, scanning el ectron mcroscopic (SEM analysis of hypocotyl
regions of wild type and transgenic seedlings grown in the dark for 10 days
at either 22[err]C or 25 days at 4[err]22 was perfornmed. WIld type hypocoty
region in both conditions showed snooth surfaces. The PFN-O showed slightly
bi gger cells than the control and the snooth surface simlar to the wild
type control. PFN-U seedlings showed the biggest cells and the hypocotyl
surface was pkgipyeraffled. SEMresults were highly consistent with the

changes observed h the_l] oht n1cro cop 20 Elect ¢! phs of
hypocotyl epi der matr We ‘_ LS R o h R duh ot e ys did
not show any diffg Y- | Bk T Y *A¢ﬁseedllngs shomed no

difference fromthe mnld type ceIIs in the eII wal | structure, the PFN-U
seedl i ngs showed The flowexgng time and leag number was scored as

described above in the materials and methods. The PFN-
U plants showed overall smaller phenotype than the PFN-
O plants and wild type and flowered at least two weeks
earlier than the wild type. The leaf number of PFN-U
is at least 40% less than the wild type. On the other
hand the PFN-O plants showed a slightly taller
phenotype than the wild type plants and there was no
significant difference in the flowering time and leaf
. number between wild type and PFN-O plants. This

suggests that the profilin-1 is involved in the normal

flowering time, and when blocked causes a decrease in
the flowering time.

Example 5

To analyze the expression pattern of the profilin-
1 in different tissues/cell types, a profilin-1

4
promoter-glucuronidase construct was made and

homozygous T3 seedlings were generated as described
above in materials and methods. A ring of cells in the
elongation zone of the root tips and the root hairs of
the transgenic plants showed GUS activity.



thicker cuticular layer on outer surface. In addition there were regions of
-the cell where with condensed materials could be observed. The inner sides
of these epidermal cells showed sone vesicul ar surfaces which eventually
may have been deposited on the cell walls to formthe regions with
condensed materials. The cortex cell walls of PFN O seedlings sonetines
showed anonal ous structures and the PFN- U seedlings showed many vesi cl es
containing el ectron dense materials near the cell wall. Role of Profilin-1
in Vesicular Transport The cell wall plays a key role for the turgor-
dri.ven cell growth. The cell wall expansjon is a result of the interplay
bet ween the synthesis of new conponents, their regulated incorporation into
the existing architecture and the | oosening of the structure. Based on
this information a defect in cell wall synthesis and nmai ntenance in the
hypocotyl ofgihbié geedlings was suspected, as they showed el ongation
defects. In fact, _|ight _and electron n1croscoo dat a showed the altered
cel | walls of epi8€kr SE8LNE0GBAEESEROEHIEC ok YREN KT

order to anal yze #MreeflOkg "-~+*:res of t hese hypocotyls wer e
careful ly exam ned u5|ng electron m croscopy. There were three different
types of condensedtnBfér pgps §B§Hﬁv§€aFn°Yﬁ§e§HHB§$hSﬂ1@rret|cuIun1of PFN- U

21 underexpression of profilins alter the actin

cytoskeletal arrangement in S. pombe, D. discoideum and
CHO cell lines (Balasubramanian et al., 1994; Haugwitz
et al., 1994; Finkel et al., 1994). Also the
microinjection of profilin into Tradescantia stamen
hair cells depolymerized the microfilaments and
affected cytoplasmic streaming (Staigér et al., 1994).
Based on these results the actin cytoskeleton patter of

+ PFN-O and PFN-U seedlings was analyzed and compared
with wild type.

Arabidopsis Wild Type Actin Staining Pattern

The actin staining protocol for the etiolated
Arabidopsis seedlings was standardized. An abrasive (a
lapping compound) was used to enhance greatly the
phalloidin penetration into the tissues, particularly
the cotyledons. Generally actin arrangement was better
preserved in smaller cells i.e. the cells of
cotyleéons, petioles of cotyledon, and hooks, than
larger cells of the hypocotyl which were plasmolyzed
and the actin filament organization was severely
disrupted. The stomata were not stained, maybe because
of the thickened cell walls which were less abraded
during tissue preparation and hence less permeable to
phalloidin. There was no difference in the actin
arrangement between fixed and non-fixed wild type

tissue, but the fixation sometimes caused an increased



hypocotyl cells -- low electron dense fibrils, nediumelectron dense
‘materials condensing into a ball-like structure, and high el ectron dense
materials. It seenmed that these | ow el ectron dense particles aggregate to
medi um dense and finally high el ectron dense particles, which |ater

accurmul ate in the wall making the patches. The cortex cells showed simlar
condensi ng process of electron dense particles. Nunerous ribosones could be
seen attached to the nenbranes surrounding the fibrous materials and sone
cortex cells showed ball |ike structures with condensed fibrous material .
In addition to these materials condens in ER, the cell matrix al so showed
sone vesicles filled with electron dense materials. Sonme cytochem cal
detection need to be perforned to show whether they are the sane or
different. Aggregated vesicles were observed in electron m crographs of the

epi der mal a“Qaierghﬁak cebhde JQEEﬁg:??;QEEEEQ?IESLg'SﬁsgﬁGLai“ing the

el ectron densé naterials were even transtferred to e cell wall.
These materi gbgtacednachisdfdhampatsel | Thal kepultguhael phushbasedoul d be

PEN U hypocoPyi ey SoRpEr18Bfe 8F' EiieBbh PRkl LPRER. 0 % lnd ©o contain
sonme fibrous nat eRldl wild@héypeceelld &ppesr bddotwoheuberfe of aotlhiampse.
22 cables; thick and thin. The arrangement of these
cables varied between tissue types. Cotyledons had
random networks of long cables (of varying thickness)
which appeared to branch, and many arrays were less
dense compared to other tissues making the branching of
thicker actin filaments more obvious. Some cells of
the petiole and hypocotyl hook had fine actin filaments
in parallel arrays, either transversely or obliquely
. oriented. In all cells there was -another set of thick
and wavy actin cables running down the longitudinal
axes of the cells. Middle portion cells of the
hypocotyl showed long, thick and wavy cables running
down the longitudinal axes of the cells. The guard
cells in the petiole, showed radial arrays of actin
filaments when stained. Young etiolated leaves in 10
days old seedlings had uniformly thickened, co-aligned,
either transverse, oblique or longitudinal actin
filaments with respect to the leaf axis.

4

PFN-O and PFN-U Seedlings Show Frequent Normal Actin
Staining Pattern

Cotyledons of PFN-O seedlings had actin filaments
of varying lengths and thickness, randomly oriented in
the cortex. The density of the actin filaments fell
within the range seen within the wild type cotyledons.
One line showed clusters of actin filaments. Petiole
hooks and mid hypocotyl regions showed organized arrays
as observed in the wild type cells. The cotyledon



Example 4 Effect of Over- and Under-Expression of Profilin-1 on Flowering
Time and Leaf Nunmber The flowering tinme and | eaf nunber was scored as
descri bed above in the materials and nmethods. The PFN- U pl ants showed
overall smaller phenotype than the PFN- O plants and wild type and fl owered
at least two weeks earlier than the wild type. The | eaf nunber of PFN-U is
at least 40%less than the wild type. On the other hand the PFN O pl ants
showed a slightly taller phenotype than the wild type plants and there was
no significant difference in the flowering time and | eaf nunber between
wild type and PFN-O plants. This suggesE? that the profilin-1is involved
in the normal flowering tinme, and when ocked causes a decrease in the
flowering tinme. Exanple 5 Expression of Profilin-1 in the Elongation Zone
of the Roots Tips, Root and the Root Hairs To anal yze the expression
pattern of theirold ipFN-b nadifdtiorih tﬁﬁr“%%/ e t! Weticd profilin-1
pronot er - gl ucuroni dase construct was na onbzygous 3 seedllngs wer e
gener at ed as afd<dey ifdamemndse tha ﬂnﬁ#&daﬂﬁpea#@tnﬁﬁhddsWlAhnmngh@f cells in

the el ongat | aneaneiiledda W thidhe ke 1Brig And'FoktcHiLy Mo Lransgeni c

pl ants showed act|V|ty
oriented. few cells of one line showed spikes or

actin rods as observed with the actin depolymerizing
factor overexpression seedlings. The petiole showed
similar arrangement of actin filaments as observed in
wild type seedlings, but a few seedlings of one line
showed spikes. Hook and the mid hypocotyl regions
showed actin arrangemeﬁt similar that of wild type
seedlings. Young leaves of both PFN-O and PFN-U showed

good actin staining with parallel arrays similar to the
» wild type.

Example 7

Over-expression of cofilin/ADF in Dictyostelium,
enhanced the actin expression three folds (Aizawa et
al., 1996). 1In order to see whether the profilin over-
or under-expression affects the expression patter of
actin and ADF in our study, northern and western blots
were c;rried out as described in the materials and
methods. The results showed that there was no
difference in the expression levels of actin or ADF in
the PFN-O or PFN-U plants when compared with the wild
type levels of RNA or protein.

Discussion Of The Examples
In continuation of the work by Christensen et al.

(1996), the in vivo function of profilin-1 of



Exanple 6 Actin Staining Pattern of WIld Type, PEN-O and PFN-U Eti ol at ed
Seedlings It has been shown that overexpression or underexpression of
profilins alter the actin cytoskeletal arrangenent in S. ponbe, D.

di scoi deum and CHO cell lines (Bal asubramanian et al., 1994; Haugwitz et
al ., 1994; Finkel et al., 1994). Also the mcroinjection of profilininto
Tradescantia stanmen hair cells depol ynerized the mcrofilanments and

af fected cytoplasm c stream ng (Staiger2et al., 1994). Based on these
results the actin cytoskel eton patter of PFN-O and PFN-U seedlings was
anal yzed and conpared with wild type. Arabidopsis WIld Type Actin Staining
Pattern The actin staining protocol for the etiolated Arabi dopsis seedlings
was st andar dAzabidponsdlr 4baldapa wappanglyesfobgdeivherusedrt-oognhance

reatly the oL gi aetration in he tissues, particularly the
gotyleéons. @Qﬁ%#aFgégggﬁ?ﬁba?béﬁggﬁg%?i&as %8§t8?e§r§§8FﬁéalPﬂ smal | er
cells i.e. tikBFNeQ}slihesoshbwddna, 2petboBos folldcahyiredae, iangnnooks, than

N whi lasmolyzed and the actin fil t
or gani zat onpsPCOS SR TayELeobEY HheS BaBEBY BRs"RGy SBaBRar muybe |

because -of tpbenhtykenéd sehbrwalbxowhhchowdﬁtibQSSaaﬂr&@Qda@&ﬁhng_}}ssue
' Fhe acti nabePAEEEeurE” haBthRR" ALter e 4R, sher 0 R 1 PR 1 S v, but
the fixati onandrbbokeseddssesshen icompaasedwith the wild type. Ten-

fold profilin overexpression in yeast showed no obvious

phenotypic effect, and microinjéction of profilin in

tissue cultured cells only reduced the centrally

located actin filaments, but not the cortical actin

filament (Cao et al., 1992). The lack of phenotype

could be due to the adaptation of cells to higher

profilin levels with possible .regulation of the

concentrations of other actin monomer binding proteins,

other than actin depolymerizing factor, which did not

show any change in the amounts in PFN-O or PFN-U

plants.

On the other hand, under-expressing (PFN-U)
seedlings and mature plants showed dwarf phenotype and
were expressing 50% (per seedling basis) to 75% (per
microgram basis) of wild type profilin RNA and protein
levels. Even though the reduction in protein level is
not great, the phenotype was severe. The following
pdints can be considered for an explanation for such
moderate reductions in profilin RNA and protein levels.

1. Critical concentration of profilin must be
maintained in a cell for its normal function' and even
slight reduction from this level; as in the case of
PFN-U plants, resulted in such a phenotype.

2. Profilin deletions in Dictyostelium (Haugwitz
et al., 1994) and in yeast (Haarer et al., 1990)



24 wall fluorescence making it difficult to observe cortical actin _
filaments. The results are thus based on the conparisons of the non-fixed
lines. All wild type cell types had two subsets of actin cables; thick and
thin. The arrangenent of these cables varied between tissue types. _
Cotyl edons had random networks of |ong cables (of varying thickness) which
appeared to branch, and many arrays were | ess dense conpared to other

ti ssues neking the branching of thicker actin filaments nore obvious. Some
cells of the petiole and hypocotyl hook had fine actin filaments in
parallel arrays, either transversely orapbliquely oriented. In all cells
there was another set of thick and wavy actin cables running down the

| ongi t udi nal axes of the cells. Mddle portion cells of the hypocotyl
showed | ong, thick and wavy cabl es running down the |ongitudinal axes of

the cells. Tpeodueed sekkzei phthetppk| obat ﬁbew@éthaﬂlahhakéa¥§ oh actin
filaments wh talneg6 Youn Lkolated | eaves in 10 days ol d seedlings had
unifornly thgéﬁgﬁéde“ rXPF&%eE & Presophddavprefilipl fgletdensongi t udi nal

actin fil amrepesunited &asa@ﬁthtau&magliaEeaéhBr BENa d@GQ%BEQéH Seedl i ngs
Show Frequent Normal Actin Staining Pattern éle ons o0 seedllngs

had actin fil(YREREYHr apgk FrRderendfRY) annd: Heakheof, embnyonay dPPented in
cell stage of development in mice (Sohn and

Goldschmidt-Clermont, 1994). This lethality could be
true for plants as well. Complete or partial reduction
of profilin concentration below a certain level, in
plant cells could be lethal and hence only those cells
with moderately reduced profilin levels developed into
transgenic plants. This could be another reason for
the moderate reduction of profilin protein and RNA
. dlevels in PFN-U seedlings.

3. In Dictyostelium deletions of profilin-1 and
-2 resulted in a severe phenotype which was rescued by
either of the profilins (Haugwitz et al., 1994).
Christensen et al., (1996) showed that plant profilins
could complement the Schizosaccharomyces pombe and
Saccharomyces cerevisiae profilin mutants. Disruption
of the myosin 1B gene caused several subtle effects on
the motility which may be accounted for by partial
redundancy with other myosins (Wessels et al., 1991.)
Profilin—l is a member of the Arabidopsis profilin gene
family, which has been shown to have 3 to 6 members
(Christensen et al., 1996) to 8 to 10 members (Huang et
al., 1996). The substitutive action (inter and intra
species) and/or functional redundancy of profilins
could be one of the reasons why lesser levels of
profilin RNA and protein in PFN-U seedlings were
observed. So deletion or block of a cytoskeletal gene

such as profilin appear to have no severe reduction in



the cortex. The density of the actin filaments fell within the range seen
Within the wild type cotyledons. One Iine showed clusters of actin
filaments. Petiole hooks and m d hypocotyl regions showed organi zéd arrays
as observed in the wild type cells. The cotyl edon 25 cells of PFN-U had
predoni nantly abundant cortical actin filanments than wild type but stil
within the range observed and these were long and randomy oriented. A few
cells of one line showed spikes or actin rods as observed with the actin
depol yneri zing factor overexpression seedlings. The petiole showed simlar
arrangenment of actin filanents as obserged in wild type seedlings, but a
few seedlings of one line showed spikes. Hook and the md hypocotyl regions
showed actin arrangenment simlar that of wild type seedlings. Young | eaves
of both PFN-O and PFN-U showed good actin staining with parallel arrays

simlar to tltheniletelgpef pPravelia BrARNiAﬂlaanﬂthAabitheQe@@h)é@?fihZit]@Q Fact or
ADF) Expression.in Profilin Transqgenic Plants er - expression o
E:of i I)i n/ RDF AT yE&&t SRR SR g@d refuckiony expression three fol ds

(Ai zawa et al., 1996)vivid studidlest @ns@aofiatife Funke in@f hasn pawgr - or

under - expressjon affects the expression patter of actin and ADF in our
study, north&h¥ éhd:l\ﬁgzstw BTG dnvolved in both actin

polymerization and depolymerization and microinjection
experiments (Staiger et al., 1994), over-expression
(Finkel et al., 1994) and under-expression (Haugwitz et
al., 1994) experiments showed that the F-actin
architecture has generally altered either with an
increase or decrease in F-actin content. On the other
hand, a Drososphila profilin mutant (chic mutant)
showed a defect in oogenesis and nurse cells showed

. missing actin bundles, whereas the bristles showed
increase in number of actin bundles (Verheyen and
Cooley, 1994). Also when profilin was microinjected in
tissue cultured cells the F-actin filaments are reduced
centrally, but unchanged in the cortical region {Cao et
al., 1992). 1In the present work either PFN-O or PFN-U
plants, in general, did not show any observable changes
in cortical actin architecture of etiolated cotyledon,
petiole or hypocotyl hook cells. There could have been
subtle changes in the actin arrangement which our
method' of actin staining failed to pick up.

Profilin has been shown to be involved in cell
division and its deletion results in cells with clearly
impaired cytokinesis in Dictyostelium (Haugwitz et al.,
1994) and Schizosaccharomyces pombe (Balasubramanian et
al., 1994), abnormal regulation of mitosis in
Drosophila (Verheyen and Cooley, 1994), and
multinucleation condition in Saccharomyces cerevisiae
(Haarer et al., 1990). In order to check whether the



were carried out as described in the materials and nethods. The results
Showed that there was no difference in the expression levels of actin or
ADF in the PFN-O or PFN-U pl ants when conpared with the wild type |evels of
RNA or protein. Discussion &' The Exanples In continuation of the work by .
Christensen et al. (1996), the in vivo function of profilin-1 of 26
Arabi dopsi s thaliana was anal yzed by either over- or under-expressing this
protein. Two over-expressing (PFN-O | 2les showed a 20 to 30 fold i ncrease
in RNA and protein |levels, but they did not show any severe phenotype in
several growh conditions and the actin architecture was not altered in the
cotyl edon, petiqle.and hook cells, when conpared with the wild type. Ten-

fold profil PROGFePRENCEYRSPT PENL: Planhie @5t By itouSusterseloi ¢ ef f ect

LB |y | e L o O e B et | Cao
centrally |l ocated actin ament s ut no e cortica
et al., {99 .poﬁ?é:ﬂsa(ﬁ?%;fn&%sn(ﬂ%/p?@b{?&m}%%@é‘q FENRO Rlanit i on of

cell's to hi gieate prulfjddted @l ght hmpsiddtardrewi @ld e t he .
concentrations .of ,other_actin nononer_ binding proteins, other than actin

b .
depol yner i zidT§ ety | ThE e sdndicated thatardde isekhavamhamts in
PEN-O or PFNrJ yHeafisd~hypocotyl region did not vary in transgenic

seedlings and wild type, and only the cell length of
PFN-O cells were reduced which suggested that there is
a cell elongation problem rather than a cell division
problem. This suggested that profilin-1 may be
involved in cell elongation. The profilin-1 promoter-
GUS fusion expressed GUS in the root elongation zone
and in root hairs and this supports the fact that
profilin-1 is needed for the cells that undergo rapid
elongation. Vidali et al. (1994) immunolocalized
profilin in hypocotyl cells of Phaseolus vulgaris.

Root hair length measurements of PFN-U seedlings showed
that they are shorter than the wild type root hairs.
These results provide additional support for the role
of profilin in cell elongation. Genetic and
physiological studies have also established a role for
hormones in the hypocotyl elongation. Auxins and
gibberlic acid (GA) act as stimulatory factors for the
hypocotyl elongation (Davies, 1995) and GA-deficient or
insensitive mutants (Finkelstein and Zeevaart, 1994) as
well as auxin resistant mutants (Estelle and Klee,
1994) show dwarf hypocotyls in dark (Lincoln et al.,
1990; Desnos et al., 1996). 1In order to show that the
short hypocotyl phenotype of PFN-U plants in fact is
not due to the GA or auxin deficiency, the seedlings
were grown in appropriate concentrations of GA and
Indole acetic acid (IAA). These treatments did not



On the other hand, under-expressing (PFN-U) seedlings and mature plants
showed dwarf phenotype and were expressing 50% (per seedling basis) to 75%
(per microgrambasis) of wild type profilin RNA and protein |evels. Even
though the reduction in protein level is not great, the phenotype was
severe. The follow ng points can be considered for an explanation for such
noderate reductions in profilin RNA and protein levels. 1.  Critical
concentration of profilin must be nmaingained in a cell for its nornal
function and even slight reduction fromthis level, as in the case of PFN-U
plants, resulted in such a phenotype. 2. Profilin deletions in

Di ctyostelium (Haugwitz et al., 1994) and in yeast (Haarer et al., 1990)

27 produced restore gihen®@ENpdl sudadliotgd didialhe widre tagpd silegher eukaryotes
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cell shape changes in transgenic plants especially PFN-
U seedling hypocotyl cells could be due to the
following.

1. The elongation defect always associated with
a deformation of the hypocotyl surface due to the
swelling of epidermal, cortical and endodermal cells.
This is true for PFN-U seedlings whose hypocotyl
surfaces were ruffled when observed in light and
electron microscopes. 1In cross section these
hypocotyls also showed swollen epidermal, cortical and
endodermal cells. Such changes were also observed with
procuste~l mutant which showed an elongation defect
(Desnos et al., 1996). Actin cytoskeleton has been
thought to play a role in cell shape control and
defects (Norvick and Bolstein, 1985) or alterations of
actin cytoskeleton by cytochalasin treatment {Baskin
and Bivens, '1995; Wernicke and Jung, 1992) which caused
swelling and irregular shapes of the cell. 1In
addition, enlarged spherical shapes of cells have been
reported in cells mutated or under-expressing for
actin-associated proteins such as profilin (Haarer et
al., 1990) in yeast and in Dictyostelium (Haugwiti et
al., 1994). The PFN-U seedlings showed the biggest
cell sizes when compared with wild type and PFN-O
seedlings. In these seedlings the cell shape changes
could also be due to the changes in the actin



| evel s in PFN-U seedlings. 3. In Dictyosteliumdeletions of profilin-1
and -2 resulted in a severe phenotype which was rescued by either of the
profilins (Haugwitz et al., 1994). Christensen et al., (1996) showed that-
plant profilins could conplement the Schizosaccharonyces ponbe and
Saccharonmyces cerevisiae profilin nutants. Disruption of the myosin 1B gene
caused several subtle effects on the motility which may be accounted for by
partial redundancy with other myosins 8Wessels et al., 1991.) Profilin-11is
a nenber of the Arabidopsis profilin gene famly, which has been shown to
have 3 to 6 menbers (Christensen et al., 1996) to 8 to 10 menbers (Huang et
al., 1996). The substitutive action-(inter and intra species) and/or
functional rytosgederoni. pSomel epidesmad keldse weiret bd ggeasahanwhy | esser
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et al., 1994), OVEr- ey oSS b dHdduid s 1% cfielpén P%H Andder - expressi on
(Haugwi t z et

control over growth anisotropy. Cell shapes other than

the spherical shapes are due to the unequal expansion

rates in all directions, that is anisotropic expansion.

This is due to varying mechanical properties such as

turgor pressure in different directions. The cellulose

microfibril components of cell walls are deposited in

an orderly fashion, and this is generally believed to

control the cell shape (Green, 1987). The use of

cellulose biosynthesis inhibitor DCB (2,6, dichloro

benzonitrile) (Delmer, 1987) caused short and deformed

hypocotyl phenotype in the wild type Arabidopsis

plants, reminiscent to the prcl mutant phenotype and

PFN-U seedling phenotype. It has been shown that root-

expansion mutant rsw is partially defective for the

incorporation of radiolabelled glucose into the

cellulosic wall fraction (Baskin et al., 1995).

Vesicular transport of cell wall materials by

exocytasis is thought to occur with the help of actin

cytoskeleton. Dysfunctional actin cytoskeleton impairs

such exocytosis which leads to the aberrant cell wall

which in turn affects the shape of the cell.

Hypocotyls of etiolated PFN-U seedlings showed reduced

cell elongation and concomitant stimulation of radial

expansion indicating that under-expression of profilin

reduced the degree of growth anisotropy. This could be

due to a defect in cell wall formation or a block in



al ., 1994) experinments showed that the F-actin architecture has generally
altered either with an increase or decrease in F-actin content. On the

ot her hand, a Drososphila profilin nmutant (chic nmutant) showed a defect in
oogenesi s and nurse cells showed m ssing actin bundles, whereas the
bristles showed increase in nunber of actin bundles (Verheyen and Cool ey,
1994). Also when profilin was mcroinjected in tissue cultured cells the
F-actin filaments are reduced centrally, but unchanged in the cortical
region (Cao et al., 1992). In the present work either PFN-O or PFN-U
plants, in general, did not show any olygervable changes in cortical actin
architecture of etiolated cotyl edon, petiole or hypocotyl hook cells. There
coul d have been subtle changes in the actin arrangenent which our method of
actin staining failed to pick up. Profilin has been shown to be involved in

cell divisi %@n@raﬁép&l@éﬁim deSHdScids GRlich V&éﬂ:f'&?& |dedpai red

cytokinesis In [)ctgoste lum (Haugw tz et al. 994) "and
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regul ation ofy{%iQeed h{pdk héé@tiéé%h@fe@?w&i)ﬂ st . and

mul ti nucl eation condition I n Saccharomyces cerevisiae (Fharer et al.
1990). | n orekectporhdersenmateriahere eQ®esﬁ®¢ta%ﬁﬁmuk§&kpﬁﬁ0¢$$hQJplants
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This clearly indicates that there is an obvious defect
in the vesicular transport and structure of the cell
wall in the profilin under-expressing plants.

Microtubles and microfilaments have been
increasingly linked to the general eukaryotic transport
apparatus. Actin is implicated in development and
maintenance of polarized grown (Norvick and Bolstein,

. 1985), and in endocytosis in yeast (Reizman,1993) and
mammalian polarized epithelial cells (Gottlieb et al.,
1993; Jackman et al., 1994)}. Fungal actin filaments
are thought to be involved in polar transport of
vesicles of the exocytosis pathway and consequently in
the mechanism of polarized growth {(Johnston et al.,
1991; Harold, 1991).' Fossiner et al. (1996) showed
that vesicle dynamics and exocytosis during would wall
formation in Characean internodal cells was actin
based. Based on these results it was generally assumed
that the vesiclé based exo- or endocytosis needs the
actin cytoskeleton. In hypocotyl of PFN-U seedlings we
observed three different kinds of electron dense
materials accumulating in the epidermal and cortical
cells, including vesicles. This could be due to the
fact that profilin under-expression some how alters the
actin cytoskeleton, which either by itself or through

changes in microtubule cytoskeleton block the vesicular
transport in the cells.



hypocotyl seedlings of PFN-U plants and PFN-O plants were subjected to
light and el ectron m croscopy analysis. The results indicated that t'he cel
nunber in the md-hypocotyl region did not vary in transgenic seedlings and
wild type, and only the cell lIength of PFN-O cells were reduced which
suggested that there is a cell elongation problemrather than a cell -
di vision problem This suggested that profilin-1 may be involved in cel

el ongation. The profilin-1 pronoter- GUS fusion expressed GUS in the root

el ongati on zone and in root hairs and this supports the fact that
profilin-1is needed for the cells thatzqundergo rapid elongation. Vidali et
al. (1994) inmmunol ocalized profilin in hypocotyl cells of Phaseol us

vul garis. Root hair |length nmeasurenents of PFN-U seedlings showed that they
are shorter than the wild type root hairs. These results provide additional

support for the r fdd kb d - nggg' . ic and

physi ol ogi cal stdg%§29%%€%85¢£%§2§[2¥§%éHg* a.rc&é?%%ﬁéiiﬁ%%ies in the
hypocotyl el fhgeetred. at Algast twme Weodberearlier dtiiam)thetwhbdstypal atory
factors for poc i O i £8, .. An - L.c{ent or

i nsensitive %g$%€¥é (gé%ﬁegégégﬁégn% éeevagft?éﬁggaﬁﬁagtgﬁ*?gggg%uxin

resi stant nucencentEstibheanddwkérethi9oligvehodrdpar théypboeeyisgi n dark
(Li ncol n et 90; 0s ) ow t hat the
short hyppcp?%?ep%gpg?gggggf Pékf%#%?%n?gﬁ%h #gg?iggﬁpégdgge to the GA or
auxi n defici enpyesshonseulieays tbeeplanhm Lo appespri atd asnsentrati ons of

GA and Indo'%egﬁiki%h@CEQaﬁkéAklolggSSaEi??tnﬁBE§tdkgoﬂtheir role
in actin polymerization/depolymerization, profilins
have been shown to be involved in tyrosine kinase
receptor/phosphoinositide signaling pathway and in
Ras/G protein signaling pathway. It also has been
shown that profilin binds to poly-L-proline and proline

+ Trich sequences. The phenotypes observed in the
transgenic plants of the present invention could also
be due to block of any or all of the above functions of
profilins.



30 restore the PFN-U seedlings to the wild type size, which suggests that
the PFN-U phenotype is not due to hormonal deficiency. Light and electron
m croscopi ¢ anal ysis showed shape changes in hypocotyl cells, the epidernal
cells in particular, of PFN-U seedlings. The reasons for the cell shape
changes in transgenic plants especially PFN- U seedling hypocotyl cells
could be due to the follow ng. 1. The el ongati on defect al ways associ at ed
with a deformation of the hypocotyl surface due to the swelling of _

epi dermal, cortical and endodernmal .cells. This is true for PFN-U seedlings
whose hypocotyl surfaces were ruffled n observed in |ight and el ectron
m croscopes. In cross section these hypocotyls al so showed swol | en

epi dermal, cortical and endodermal cells. Such changes were al so observed
with procuste-1 mutant which showed an el ongation defect (Desnos et al.,
1996) . Actinpe¥beskekgton has been thought to play a role in cell shape
control and defects (Norvick and Bol stein, 1985) or alterations of actin
cyt oskel eton by cytochal asin treatnent (Baskin and Bi vens, 1995; Wernicke

and Jung, 1982)ayll Chh.cadaedns Rl ! hAg 20flabh! eyl ghoghapes of the cell. In
addi ti on, _enbaegedysBALs LAALrSRERET iR oEh iaééxebESSEiﬁsF’SEtthkH cells
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actin-associ ated proteins such as profilin (Haarer et al., 1990) in yeast
and in Dictyostelium (Haugwitz et al., 1994). The PFN- U seedlings showed

t he bi ggest cel

si zes when conpared with wild type and PFN O seedl ings.

t hese seedlings the cell shape changes could al so be due to the changes

the actin 31 cytoskel eton. Sone epidermal cells were bigger than the -

ot hers and sone epidernmal cells were in the verge of coll apsing,
rem ni scent to the epidermal cell shapes observed for the etiolated
hypocotyl s of the procuste-1 nutant (Desnos et al., 1996). 2. Pl ant
nor phogenesi s depends on accurate contr3g over growth anisotropy. Cel
shapes ot her than the spherical shapes are due to the unequal expansion
rates in all directions, that is anisotropic expansion. This is due to
varyi ng nechani cal properties such as turgor pressure in different

directions. dbslég) | Ll pseerheyer, B IAmbdmanant Kofigsd ] vedskadee
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i ncorporation of radiol abelled glucose into the cellulosic wall fraction
(Baskin et al., 1995). Vesicular transport of cell wall materials by
exocytosis is thought to occur with the help of actin cytoskel eton.
Dysfunctional actin cytoskeleton inmpairs such exocytosis which |eads to the
aberrant cell wall which in turn affects the shape of the cell. Hypocotyls
of etiolated PFN-U seedlings showed reduced cell elongation and concom t ant
stinmulation of radial expansion indicating that under-expression of
profilin reduced the degree of growth anisotropy. This could be due to a
defect in cell wall formation or a blockgin 32 the transportation of
vesicles which carry the cell wall nmaterials. Electron m croscopic anal ysis
of etiolated hypocotyl sections of PFN-U plants showed el ectron dense
material release and accunul ation on the cell wall of cortex and epi derma
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1993; Jackman et al., 1994). Fungal actin filanments are thought to be
i nvol ved in polar transport of vesicles of the exocytosis pathway and
consequently in the mechani sm of polarized gromh (Johnston et al., 1991;
Harol d, 1991). Fossiner et al. (1996) showed that vesicle dynam cs and
exocytosis during would wall formation in Characean internodal cells was
actin based. Based on these results it was generally assuned that the
vesi cl e based exo- or endocytosis needs the actin cytoskeleton. In
hypocotyl of PFN-U seedlings we observed three different kinds of electron
dense materials accunulating in the epidiermal and cortical cells, including
vesicles. This could be due to the fact that profilin under-expression sone
how alters the actin cytoskel eton, which either by itself or through
changes in mcrotubul e cytoskel eton bl ock the vesicular transport in the
cells. 33JaekmanenticRp) aBhurenyerWexpEbbss ngd phof ahd nkuzioper e, at | east
two weeks ealPPér tHhanCehd Scid 19pe PH&Mt2558hi s suggests a role of
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be involved in tyrosine kinase
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recept or/ phosphoi nositi de signaling pathway and in Ras/ G protein signaling
pathway. It al so has been shown that profilin binds to poly-L-proline and

proline rich sequences. The phenotypes observed in the transgenic plants of
t he present invention could also be due to bl ock of any or all of the above
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gene capable of expressing a profilin in the
plant,

b) optionally regenerating a whole plant from
the transformed plant cell and

c) causing the transformed gene to be

expressed in the plant such that an altered
growth habit results.

2. The method of claim 1 wherein the profilin is
selected from the group consisting of profilin-1,
profilin-2, profilin-3 and profilin-4.

3. The method of claim 2 wherein the profilin is
profilin-1.

4., The method of claim 1 wherein the plant or plant
cell is a dicot plant or plant cell.

5. The method of claim 1 wherein the altered growth
habit is a tall phenotype.

6. The method of claim 1 wherein the altered growth
habit is an expanded root and root hair system.

7. The method of claim 6 wherein the profilin is
sélected from the group consisting of profilin-1,
profiln-2, profilin-3 and profilin-4.

8. The method of claim 7 wherein the profilin is
profilin-1.

9. The method of claim 5 wherein the plant or plant
cell is a dicot plant or plant cell.

10. A method for altering the growth habit of a plant
comprising

a)transforming a plant or plant cell with a
gene expressing an antisense mRNA
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the profilin in the plant, resulting in an

altered growth habit.

11. The method of claim 10 wherein the profilin is
selected from the group consisting of profilin-1,
profilin-2, profilin-3 and profilin-4.

12. The method of claim 11 wherein the profilin is
profilin-1.

, 13. The method of claim 10 wherein the plant or plant
cell is a dicot plant or plant cell.

14. The method of claim 10 wherein the altered growth
habit is a dwarf phenotype.

15. The method of claim 14 wherein the profilin is
selected from the group consisting of profilin-1,
profilin-2, profilin-3 and profilin-4.

16. The method of claim 15 wherein the profilin is
profilin-1.

17. The method of claim 14 wherein the plant or plant
cgll is a dicot plant or plant cell.

18. A method for accelerating the onset of the
flowering time of a plant comprising

a) transforming a plant or plant cell with a

gene capable of expressing a profilin in the
plant,

b) optionally regenerating a whole plant from
the transformed plant cell and

c) causing the gene to be expressed in the
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21. The method of claim 18 wherein the plant or plant
cell ‘is a dicot plant or plant cell.

22. A method for delaying onset of the flowering time
of a plant comprising

a)transforming a plant or plant cell with a
gene expressing an antisense mRNA
complementary to the mRNA transcribed by the
coding sequence of a profilin gene,

b} optionally regenerating a whole plant from
the transformed plant cell, and

b)expressing the gene in the plant such that
the antisense mRNA inhibits the production of
the profilin in the plant and results in a
delay in flowering onset.

23. The method of claim 22 wherein the profilin is

selected from the group consisting of profilin-1,
pofilin-2, profilin~3 and profilin-4.

24. The method of claim 23 wherein the profilin is
profilin-1.

25. The method of claim 22 wherein the plant or plant
cell is a dicot plant or plant cell.

t

26. A method for enhancing the drought resistance of a
plant comprising

a) transforming a plant or plant cell with a
gene capable of expressing a profilin in the
plant, the gene comprising a coding sequence

encoding a profilin functionally linked to a
root-specific promoter,

b) optionally regenerating a whole plant from
the transformed plant cell and

[
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mRNA transcribed by.the coding sequence of a profilin

gene and expressing the gene in the plant or plant cell
such that the antisense mRNA inhibits the production of
the profilin in the plant or plant cell. Under-
expression of profilins in plants can lead to such
alterations in growth habit as a dwarf phenotype, a
reduced root and root hair system, and delay in the

onset of flowering. Over-expression of profilin can be
achieved by transforming a plant or plant cell with a

gene capable of expressing a profilin in the plant or
plant cell and causing the transformed gene to be
expressed in the plant or plant cell. Over-expression

of profilin in a plant can lead to such alterations in
growth habit as a tall phenotype, an expansion of the

root and root hair system, expansion of leaf surface

area and accelerating the onset of flowering.
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Physi ol . Plan Biol. 44: 181-202. 40 CLAI MS 1. A net hod for
i ncreasi ng t héngupated atpAamtfeF W days and then treated with
5 white light for two hours to induce germination. For

growth in the dark plates were wrapped with three
layers of aluminum foil and kept vertically in a tissue
culture room at 22°. For the cold treatment, the
wrapped plants were kept vertically in a refrigerator

190 for 4 weeks. For light growth{ plates were exposed to
16 hr. light/8 hr. Dark at 22°. After three weeks the
seedlings were potted in soil and grown in a growth :
chamber with a photoperiod of 16 hours and humidity" of
15%. )

15 Yector Constructions and Plant Transformatiops
The coding region of profilin-1 ¢DNA {(Christensen
et al., 1996) was cloned downstream of a 35S promoter
contained in a binary plasmid pVIP40 in sense and in
antisense orientations. For the profilin-l promoter-
20 ° Gus fusion constructs 1.0 Kb of the profilih-l promoter
was cloned in pVIP 40 Vectdr. Arabidopsis thaliana C24
roots were used as the plant material for .
transformation. T3 transgenic lines were generaﬁed;and
used to obtain homozygous T4 seeds. Two independent
25 lines for profilin-1 over-expression and three lines

for under-expression were used.

Noxrthern Analysis
Total RNA was extracted using aQiagen RNA
isolation Kit, from 10-day old dark grown or light
30 grown seedlings of wild type (WT) and transgenic



parts conprising: 5 a) transformng a pl ant or plant cell with a gene

capabl e of expressing a profilin in a plant,
said ‘plant or regenerating a whole plant fron1sa|d p FT
transformng said plant or plant cell; and c) causi ng d‘gene capabl

of expressing 15 a profilin 1@ be expressed n t gh
that an increase in the size of a plant or its parts resl ?ﬁﬂﬁgang% rréd
to a non- transgenic plant of the same type. 20 2. The

wherein the profilin is selected fromthe group consistipg of profilin-1,
profilin-2, OngW@SSlQﬁ¢B¢NQﬁ|H5%1PQ1¥§Crylﬁméd@egﬁé§ of~Ttarm 2 Wherein
t he profllln, F fﬁfﬁl|ln 1. 4. The nmethod of claim1l wherein
the plant or' cel1 |s a dlcot pl ant or plant cell. 30 5. The net hod
of claim1l mhlch Ss gh type. 6. The net hod
of claim 1 which %géu%%sslékf% ant vm44$€%$#§§ gnd%ggroot and. root hair
system 35 7nitrgpelhwl ¢ﬁﬁimﬁmhﬂQEQna?dMﬂﬁqgﬁﬁsﬁﬁefyﬁﬁhﬁFln i s sel ected
fromthg grQH&mBEQ§é§tWéEb(EldHEEd|wﬂ%hl3%p%%hhkh%‘&anrQB'bBQ 3 and

rofilin-4. 4 The, net hod of claim7 wherein the profilinis
Brofllln 1. uffer containing 0.05% Tween-20 for an ourpand

washed several times followed by overnight incubation
with affinity purified anti-profilin-1. The membranes
were then washed with PBS and treated with alkaline

10 phosphatase conjugated anti-rabit IgG (Promega) and
incubated for an hour. After several washes the bands
were developed using the substrate cocktail. For _
actin protein and ADF protein level detection we used !
the antibodies raised against actin. Actin-7 fusion

15 protein was expressed in E. coli and the purified
recombinant protein was used to raise antibodies in
rabbits and ADF. ADF-1 fusion protein was expressed
in E. coli and the purified recombinant protein was
used to raise antibodies in rabbits,

20 )
Cell Length and Diameter Measurements

Longitﬁdinal and cross sections of wild type and
transgenic seedlings grown for 10 days in the dark
were photographed under the light microscope. The

25 length and diameter of the epidermal and cortex cells
were measured on the enlarged photograph. More than

50 cells of each plant were used for the measurements.

Flowering Time (FT) and Leaf Number (LN}
30 FT of wild type and transgenic plants were scored

as the number of days from the time when the plates

were placed in the tissue culture room to the time of



9. The nmethod of claimb5 wherein the plant or plant cell is a dicot plant
or plant cell. 45 10. A nethod for decreasing the si : Tl Its
parts, wherein the plant expresses profilin cmmmg i?a)
transformng a plant or plant cell with a gene ncodi ng an
anti sense MRNA conplinentary to an nRMR transcri bed oo g 288di ng

sequence of a profiline gene; 5 b) grow ng saidl plant or regenerating
a whole plant fromsaid plant cell aftgmrtmgnsforn ng—sard prant or {pl ant

cell; and 10 c) expressing said anti sense MRNA in theiplant
such that the nt| A L Ol O | i t he
pl ant such that’ e(r:lﬁée‘tase c;Iglqznleyrteé ?’Eg Eﬁ th gp‘é{af tgré‘:g rés, when

conpared tq a non ts compr sin t’ransgenl C pI ant of the sane type 11.
The net hod *of cl ai m 10 wherel n the profilin |s sel ected from_the group
consisting of profilin-12) prdfHanstormipgon PLANS oFd BIeet 1qed1a wikd 12,

The method of claim1l vmlﬁ%l’ﬁt e3raleoiaf iexnressias @ mrpfilin in a
plant,

10 b} growing said plant or régenerating a
whole plant from said plant cell after
transforming said plant or plant cell; and

c) causing said gene capable of expressing

16 a profilin to be expressed in the plant such
that an increase in the size of a plant or
its parts results, when compared to a non-
transgenic plant of the same type.

20 2. The method of claim 1 wherein the profilin is
selected from the group consisting of profilin-1,
profilin-2, profilin-3 and profilin-4.

3. The method of c¢laim 2 wherein the profilin is
25 profilin-1.

4. The method of claim 1 wherein the plant or plant
cell is a dicot plant or plant cell.

30 5. The method of claim 1 which results in a plant
with a tall phenotype.

6. The method of claim 1 which results in a plant
with an expanded root and root hair system.

35 .

7. The method of claim 6 wherein the profilin is
selected from the group consisting of profilin-1,
profilin-2, profilin-3 and profilin-4.

40 8. The method of claim 7 wherein the profilin is
profilin-1.
9. The method of claim 5 wherein the plant or plant
cell is a dicot plant or plant cell.
45

10. A method for decreasing the size of a plant or its
parts, wherein the plant expresses profilin

comprising:
I

Ll



1‘3; n
13. The nmethod of claim 10 wherein the plant or plant EELACEWN E'iys, a
dicot plant or plant cell. 14. The nmethod of claimwhjch results in g
plant ‘with a dwarf phenotype. 30 15. The nethod of c|aj mglg ogTel@lin it he
profilinis selected fromthe group consisting of profilin-1, profilin-3,
profilin-3 and profilin-4. 16. The nethdd of claim 15\wrerern the profiflin
s 35 profilin-1. 17. The method of claim 14 wherein the plant-gr

plant cell is a dicot plgnt Qh.g gggmgﬁ l 4 éQam]:Eg)or 19;ihed1for, 48l ayi ng
i C es, a

the flowering tine of pl r.ansf.orm n pl ant
or plant cell with a ge%% %‘%@E Q ng%cgpragsi g"a ?racr))%’glr%feﬁ;ﬁn 45&1&

the plant; b) gr ow ng | é’ any “6r i é 1 r& ?ﬂg hb oP¥ ﬁ:lhfnt from
said plant _cell after tIS) r APAYERET LHIAHE B Pen8eB8F | ;. and 50 42
c) causi ﬁg sai d gene capabl e of expressi nggl@a profilin to be expressed in
the plant such that a d&ay IGFOMLBgersatd t IM@IST e peamReYatsinid sa when
conpared to a non-trans@ele 5plant from meddt oflante smid tygfikerl9. The

met hod of clai m 18 wher éinansferpingi saidiplant or plant cell; and

10 c) expressing said antisense mRNA in the
plant such that the antisense mRNA inhibits
the expression of profilin in the plant such
that a decrease in size of the plant or its
parts results, when compared to a non-

15 transgenic plant of the same type.

11. The method of claim 10 wherein the profilin is
selected from the group consisting of profilin-1,
profilin-2, profilin-3 and profilin-4.

20
12. The method of claim 11 wherein the profilin is
profilin-1.
13. The method of claim 10 wherein the plant or plant
25 cell is a dicot plant or plant cell.

14. The method of claim which results in a plant with
a dwarf phenotype.

30 15. The method of claim 14 wherein the profilin is
selected from the group consisting of profilin-1,
profilin-2, profilin-3 and profilin-4.

16. The method of claim 15 wherein the profilin is
35 profilin-1.

17. The method of claim 14 wherein the plant or plant
cell is a dicot plant or plant cell.

40 18. A method for delaying the flowering time of a
plant which comprises:

a) transforming a plant or plant cell with
a gene capable of expressing a profilin in
45 the plant;

b) growing said plant or regenerating a
whole plant from said plant cell after

transforming said plant or plant cell; and
50 -

L



}{MH ALL ;,‘11 NI
sel ected fromthe group consisting of profilin-1, pro m=2; profiling3
and profilin-4. 10 20. The nethod of claim 19 V\/nereln he @' F‘JM@ i &
profil'in-1. 21. The nethod of claim 18 wherein the plia & @ 15L

cell is a dicot plant or plant cell. 22. A nethod forj acceleratnrg-—the

flowering time of a plant conprising: 2042 a transform ng 4
plant or a plant cell with a gene encodi ng an anti sekse—rRNATOMPI T ent ary

to the nmRNA transcribed By theg,gethddssegugtee o4 ZRS%f' éﬂpﬁ@@§1n§5

?) ?VOMASQ |thf p:ﬁ”t Eko EegRNEsahhng ?e§%%§ e i he 30
ransfornmed plant ce Zg a e

pl ant such that the antlsens )é %'%b ﬂ%vfe%:ﬁ g IE(L?J&n%t :2)(??1 o%h inin
the plant such that an a ? rﬁflﬁepn TR B‘Pntﬁ %?‘l’?l?esults
when corrpar%d to a non- 31&%9%% DI G‘Vpﬁhe sarre type 35 23. The

met hod of claim?22 wherein the profilin is selected fromthe group

consi sting of pPefi IChA- methosk i ¢f ncdaipr 38 | vhesedndtheomnafilin 408 24,

The met hod of c|a|nﬁ@@eqh@defnomhéhprGrpupncpgsp$t¢m9|Qflpr951lﬂm€lnethod
of claim 22 wherei nprbéipinn2, @rqgfiidin-Gebhdi srafidiimpi4.pl ant or plant cell.

¢

10
20. The method of claim 19 wherein the profilin is
profilin-1.
21. The method of claim 18 wherein the plant or plant

15 cell is a dicot plant or plant cell.

22. A method for accelerating the flowering time of a
plant comprising:

20 a) transforming a plant or a plant cell
with a gene encoding an antisense mRNA
complimentary to the mRNA transcribed by the
coding sequence of a profilin gene;

25 b) growing the plant or regenerating a
whole plant from the transformed plant cell;
and

c) expressing said antisense mRNA in the
30 plant such that the antisense mRNA inhibits
tha production of profilin in the plant such
that an acceleration in flowering time of the
plant results, when compared to a non-
transgenic plant of the same type.
35

[ %)
[P

The method of claim 22 wherein the profilin is
selected from the group consisting of profilin-1,
profilin-2, profilin-3 and profilin-4.

40 24. The method of claim 23 wherein the profilin is
profilin-1.

25. The method of claim 22 wherein the plant or plant
cell is a dicot plant or plant cell.
45
26. A method for enhancing the drought resistance of a
plant comprising:

a) transforming a plant or plant cell with
50 a gene capable of expressing a profilin in

R



45 26. A method for enhancing the drdéught resistance of iﬂﬁﬂéﬁﬁ%&ﬁﬂﬁhﬁﬁ&h:

a) transformng a plant or plant cell with 50

of expressing a profilin in 43 the plant, said gene gola
codi ng sequence encoding a profilin functionally |inked §o aquiﬁfpg

pronoter; 5

plant fromsaid plant cell after transforning said pl ant {or plant cel

b) growi ng sai4d plant or regefe

a gene capall

speci f

| G

" ook

c) causing said gene %%Qabbﬁaﬁé e&g&gf Ocomprising & Riddimg N o be
g

expressed in the plant w
a non-transgeni c plant q

5

10

LG eag
eg %Ong g% spec1f1c promoter;

b} growing said plant or regenerating a
whole plant from said plant cell after
transforming said plant or plant cell; and

c) causing said gene capable of expressing
a profilin to be expressed in the plant with
increased drought resistance when, compared
to a non-transgenic plant of the same type.
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ALTERATION OF PLANT MORPHOLOGY BY G@NTROL
OF PROFILIN EXPRESSION

ABSTRACT

Plant growth habit is altered by causing either
under-expression or over-expression of profilin in a
plant cell. Under-expression of profilin can be
achieved by transforming a plant or plant cell with a
gene expressing an antisense mRNA complementary to the
mRNA transcribed by the coding sequence of a profilin
gene and expressing the gene in the plant or plant cell
such that the antisense mRNA inhibits the production of
the profilin in the plant or plant cell. Under-
expression of profilins in plants can lead to such
alterations in growth habit as a dwarf phenotype, a
reduced root and root hair system, and accelerating the
onset of flowering. Over-expression of profilin can be
achieved by transforming a plant or plant cell with a
gene capable of expressing a profilin in the plant or
plant cell and causing the transformed gene to be
expressed in the plant or plant cell. Over-expression
of profilin in a plant can lead to such alterations in
growth habit as a tall phenotype, an expansion of the
root and root hair system, expansion of leaf surface
area and delaying the onset of flowering.



