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Abstract: The temporal and spatial distribution of the Petunia
Floral Binding Proteins 7 and 11 (FBP7/11) were determined im-
munocytochemically during ovule initiation and development.
In wild type plants, FBP7[11 were first detected in the placenta
before ovule primordia were formed. At ovule primordium
stage, FBP7/11 levels increased in the placenta and appeared in
ovule primordia at the sites where integument primordia devel-
oped. At the megagametogenesis stage, FBP7[11 were present
at high levels in the placenta, funicle and intequment, but not
in the nucellus or gametophyte. Transgenics with cosuppres-
sion of FBP7]11 formed normal ovule primordia on the placenta
from which both normal ovules and carpel-like structures de-
veloped. The amount of FBP7/11 was low in the ovules and un-
detectable in the carpel-like structures. Plants with ectopic ex-
pression of FBP7/11 developed normal ovules on the placenta
and, in addition, ovule- and carpel-like structures on sepals. Pla-
cental and sepal ovules showed the same labeling pattern as
observed in wild type ovules. FBP7[11 levels were, however,
low or undetectable in the carpel-like structures. The results in-
dicate that FBP7/11 only have indirect roles in ovule primor-
dium initiation. However, at least small quantities are needed
for proper ovule differentiation. Thus, the amount of FBP7[11 is
related to the type of development after primordium forma-
tion, i.e., towards the formation of real ovules or carpel-like
structures.

Key words: Petunia, ovule development, immunocytochemis-
try, FBP7/11, MADS box genes.

Abbreviation:
FBP: Floral Binding Protein

Introduction

Ovules are specialized structures, derived from the placenta in
the ovary. They produce the female gametophytes and nurse
the developing embryos after fertilization. The morphology
and cytology of angiosperm ovules have been studied in a
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large number of species (Bouman, 19841%); Reiser and Fisher,
19931101 Willemse and van Went, 1984!"7), including Petunia
(Angenent et al., 1995!"); Lee et al., 1997'°); van Went, 1970").
Usually, an ovule consists of three basic structures: the nucel-
lus (enclosing the megagametophyte, that is the embryo sac),
one or two integuments and a funicle. In several plant species,
such as Petunia, the nucellus cells covering the embryo sac de-
generate before the embryo sac reaches maturity. Hence, the
embryo sac is in direct contact with the inner integument. In
Petunia, the innermost layer of the integument differentiates
into an endothelium, which is thought to be involved in the
nutrition of the female gametophyte (Bouman, 19841%1; Will-
emse and van Went, 1984!'71),

During the past years much has been learned about the mo-
lecular processes of flower development. Many MADS box
genes, which play essential roles in determining meristem
and floral organ identity, have been isolated and characterized
(Angenent et al., 1992!%!), and the ABC model has been pro-
posed to explain the genetic control of flower morphogenesis
(Coen and Meyerowitz, 1991/5)), More recently, progress has
been made in understanding the molecular control of ovule
development (Schneitz et al, 1998!""l; Villanueva et al,
19991151). In Petunia hybrida, two ovule-specific MADS box
genes, Floral Binding Protein (FBP) 7 and 11, have been molecu-
larly characterized (Angenent et al., 1995!"); Colombo et al.,
1995161), The protein products, FBP7 and FBP11, of these genes
are putative transcription factors with a MADS box DNA
binding domain (Yanofsky et al., 19901"%)). Their overall amino
acid sequences share ~90% identity. In situ mRNA hybridiza-
tion experiments reveal that FBP7 and FBP11 are exclusively
expressed in the centre of the gynoecium before ovule primor-
dium initiation and, thereafter, in the developing ovules (An-
genent et al.,, 1995!')). After fertilization, FBP7/11 are expressed
in the developing seed coat (Colombo et al., 1997171). FBP7 and
FBPI1 are considered to belong to a new class, class D, of floral
homeotic genes, supplementing the ABC model for floral organ
development (Colombo et al., 1997!1),

Transgenic plants with ectopic FBP11 expression form normal
ovules on the placenta and, in addition, ovule-like structures
on sepals and rarely on petals. Transgenics with FBP7/11 cosup-
pression show a homeotic transformation of ovules into car-
pel-like structures (Angenent et al., 1995!'). Mildly cosuppres-
sed plants exhibit carpel-like structures at the top of the pla-
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centa, whereas the remaming parl of the placenta forms nor
mal-looking ovules, These ovules can be fertilized hul embiyo
formation becomes arested due to the premature degenera-
tion of the endothelium, In severs cosuppression plants most
of U ovules are replaced by carpel-like structures (Colombo
et al, 1997 71, Based on these observations, it was suggested
that FBP7 and FBP11 play key roles in the determinalion of Met-
g avule identity and seed development, although protein
studies had nor yet heen performed. Recently, Wittich et al.
analysed the post fertilization development of Petumin seeds
and demaonstrated thal FEPZ{TE proteins are present in the cell
muclei. This nuclear positinn is in agreement with their sup-
pused role as transcription factors (Wittich et al,, 1994971,

[n the present research we investigate maule develnpment i
heath wiled type and Lransgenic plants and analyse the temparal
and spatial distriburion of FRP7/11 to understand Lhe role of
FBIZ1T i ovale development,

Materials and Methods
Flant material

Thrae types of Petunta fivbrida plants were used: the wild type
(WT] variety W115: its FBP11 ectopic expression Liansgenic
146008, described by Colombo et al, (199519 and its FOP7
and -11 cosuppressinn transgenic 127017, described by Ange
nent et al. (199500, [n the ectopically expressing plants, he
FRP1T gene was under the control of a strong cauliflower mao-
saic virus (CaMV) 155 promoter, resulling in ovuale furmation
on sepals, [0 the cosuppressed plants, the tull-length FEPTT
eDMNA was fused in the sense orientalion behind the Calv3ss
promoter (Angenent et al. 1995 1, The plant used m this study
has mild cosuppression. often showing a few carpel-like serie-
tures an the upper part of the placenta.

Plants were grown in a phytotren ab 20 C, with 16 b light and
& h darlness. As described in Angenent et al, 1983l bulh te
transgene and Lhe endogenous genes are suppressed in the co-
suppression line, This 15 a general phenomenon that we have
observed in all our cosuppression lines,

Sample preparation

Ovaries were dissecled rom the flowers of wild type and
transgenic plants and cut in half, Sometimes carpels weic 1c-
mavedd. I addition, parts of sepals with ovule-like structures
were dissected out, Further processing weas as described by
Wittich et al. ¢ 199900, In short, samples were rapidly freere-
fized 10 liguid propane, e ltozen samples were freeze-substi-
ruted in acetone containing 1% ghutaradehyde in a fiecac-sub-
stitution machine, further debydrated through an arerone-
ethannl series, and infiltrated and embedded in buty] methyl
methacrylate (BWM]. The embedded samples were polymer-
zed under UV lighit at - 20°C for 40 h, Sections of 3 pm thick-
ness were prepared for immunolabelling, and 1-2 pm thick
sections were stained with 0.1 % toluidine blue in water,

For scanning electron microscopy, ovaries and sepals were dis-
secled and fixed in 4% paraformaldehyde in 0.1 M PBS (pH 7.2
for 12 hat 4°C, Atrer rinsing i PBS for 3 h, they were dehydrat-
cd in an ethanel series, and critical point-dried nsing a Halzer
Uminn CPRARO. The samples were mounted on stubs, sputter-
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coated wirh goled, and olbseived with a JSM-5200 seanning mi-
croscope. Digital images were collected with an Orion frame
mrahher.

fmmunocytochemistry

The immunological derection nf FEI T is described by Wit
tich el al, (19991, Sections were ringed in acetone fn remove
BMM, blocked with 1.1 M hydroxylammonium chlaride for
smin, and blocked again wirth 1% hovine seium albumin
(0SAL o Hlmin, Sceclions were incubated overnighe ar 4°C
with an antibody raised in rabhit against the C-terminal part
ul FBP1L, The polyclonal antiboedy alsa recopnizes FEI'T be-
cause af the high levels ol similarity between the polypepfide
sequences {Colombo etal,, 199771, After rinsing in PBS supple-
mented with (.1 % acelylated BSA, the sections were incubated
with a goat anti-rabbit antibody conjugated with alkaline
phosphatase (GaR-AP] for 1L5h at 37°C The seclions weie
rinsed and then incubaled with a mixture of dimethylforma-
mide (DMF), nitro blue fterrazolium (NET) and 5-bromo-4
chioro-3-indolyl phosphate (BCIPY at pH 9.25, ar taom Lem-
perature for 90 min. Images of the purple-blue reaction prod-
uil were recorded with a Sony CCTY wideo camerd on a Nikon
Opriphot microscope,

Freatment with pre-immune serum and omission of the Orsl
antibody were vsed as controls, Another control was done by
incubating sections from wild type sepals, of which is demon-
strared that they do not contain the mRNA of FBPT and 1Pl
[Colombo et al, 1997771,

Labeling densities nn the various scctions were compared by
analysis of digital images. These images were ubiained under
fixed conditions of section thickness, Jabeling fime, exposure
time and illumination. Grey levels ufunlabeled and labeled tis-
sues were determined for at least five sections per reatiment,

Clearing of ovules

Oviles were removed from placenta and sepals and fixed in a
wixture of formalin, acetic acid and 70% alcohol (FAA 55907
frr 24 = 48 b Aller delydration through an ethanol series, they
were cleared through a 4:71, 1:1, 1:3 and 100% ethanol:
methyl salicylate series, 15 min tar each step (Slelly ol al.,
1984171 The cleared vvules were observed with a Nikon Oph-
phot microscope using Normaski optics. Digital images were
made with a Sony CCD video camera.

Results
Ovule development in wild type and dronsgenic Petunia

Chvules of wild type and Lransgenics were compared with re-
spect to structure and development, Ovnles were only taken
from the middle region of the ovaries because the ovules in
the upper part develnped earlier than those in the basal part
ol the ovary, A comparative table of avule development is pre-
senred in Tabhle 1. Whereas the cosuppressed and WT planes
show a similar pattern of development relative Lo flower bud
size, the eclopic expression plants exhibited reduced bud
lengths because nf limited petal development, At anthesis, all
the ovules within one ovary contained mature embiyg sacs,



FRP?/ 11 Fxpression durdng Petunia Ovule Development

Plant bial. 4 [2000)

Table 1 Ovule develupment i wild type Petunio, the FRFIT ectapic expressian mutant T46008 and the FB174{11 cosuppression murant TN

imrelation to Hower bud length

Oviile stages

Merphological descriplion of placenta owales

Rud length {mm) Uiy shayes'

Wt TAGOOR T277
@ betore primardia smooth placental epideinms 2-1 2 2-3 slage 4 5
T wyulbe PIiIIIUJd?UI'I'I avilar prirmardia arise L 4 3-B stane h
2 archespare nucellus and archespore develap, inleguimcnt 3-0 G- stage #-10
nitiales
2 megasporocyte ewtile stalking, intequment shorter than the E- 10 5-8 a-10
nucellus, megasporoyle enlarges
4 s ovules amatropous, inteqiment covers the nucellus, 10-13 10 1013 stage 11
meqasparocyte undergoes micivsis
5 megaspore no-functional megaspores degenerate 13=1% =12 13-13 stage 12
B negagemetngenesis functional megaspore (ndergoes 3 successive T=a8 12:-22 15:="0%4 srage 13
mitosis forming coenocylic megaganctoplyte,
rucellus degenerates
7 rellularization development of eqg apparatus, central cell and 35 B5 -1 55-65 stage 14
antipodals
# mature ovile =65 =37 =0 stage 15

avile with a seven-celled embryo sac al anthess

*According Lo e classilivalion by Angeoent oF al {19957

COvufe development in wild type Petunia

The morpholagical development of Petuwmic owvules is shown in
Figs. 1A -D and the anatomy in Figs. 1E-L. Betore the onser of
ovule primordinm fornation (stage 0} the placeata had a
smooth epidermis without extending ovule primordia. The
cells of the outer layers of the placenta were filled with cyro-
plasm and contamned large nuclei (Fig. TE). AL stage 1, ovule
primordia arose from the epidermal and subepidermal vells of
Lhe placenta [Figs, 1A F) and consisted of cells with much cy-
roplasm. The rells of the rentral region of Lhe placenta had
large vacuoles, At stage 2 of ovule development, the apical re-
ainn of the evule primordia formed the nucellus. The subepi-
dermal nucellus cell, direcely helow the apex, developed into
the archespore, At stage 3, the ovule had formed a funicle and
its integument primordia didd not yel cover the nucellus
(Figs. 1 B,G}, The nucellus consisted of a single layer of elon-
gated cells that covered the megasporocyte (Fig. TH) Here
after, the avules became anatropous | Fie 10 The inlegument
had enlarged and covered the nucellus completely (Fig 110 At
stage 4, the megasporocyle underwent meiosis resulting in a
linear tetrad of megaspores. At stage 5, the threg megaspores
of the tetrad on the micropylar side degenerated, and that on
the chalazal side became the functional megaspore (Fig. 1]
At stage 6, the functional megaspore divided, torming a coeno-
eytic megagametoplyle whereas the nucellus degenerated
leaving a layer of cell walls enclnsing the embryn sac (Fig. TK)
Al stage 8, the mature ovule consisted of a funicle, a well-de-
velnped integument, and an embryo sac with cgg apparatus,
central cell, and three antipodal cells (Fig. 1L). The placental
cells were (illed with starch granules when the ovules became
mature.

Overle devefopment in transgenic Pelunia

Cosuppressed plants formed normal-looking ovales and car-
pel-lile structures on the placenta (Fig. 287 Again, Lhe process
of ovule development started wich primocdium formation

{Fig. 2B} and for most primordia this was similar to that ob-
served in the wild Lype [Table 1), The primordia in the upper
part of placenta, however, elongated preatly and developed
intercarpel-like structures (Fig, 2A;}. Some primordia in rhe up-
per region nt the placenta developed into “ovule-like" struc
tures that contained an aberrant nucellus or an abnormal cim-
iy sac (Fp. 205 The primordia in the middle and lower pare
of the placenta developer into normal-looking ovules consist
ing of a funicle, an integument and a well-develnped embryu
sac with starch granules (Fig. 2D).

Flower development of the ectopically expressed plant deviat-
ed from that of the wild type and ihe cosuppressed plants, The
sizes of the flower buds were smaller than rhose of the W and
cossnppression plants because petal development was severs-
Iy disturbed [ Table 1), Ovule developmenl on the placenta was
similar Lo that observed in the wild type, however, oviles were
also formed on the sepals, [Fig, 2E, arcows), Whereas wild type
sepals were characterized by frichomes [ Mg 26, Lthe suiface
of the adaxial cpiderimis of T46008 sepals resembled the epi-
dermis of the placenta, having a smooth appearance without
Liichomes and profiles of small cells (Fig, 2F, see also Columbo
er al, 199505 In addition, e cells of the sepal showed a sim-
ilar structure to those of the plarenta and also contained starch
pranules. The “ovule” primordia on the sepal arose from the
adaxial epidermis in the region where twe sepals had fused.
Some primordia developed into normal-looking  ovules
(gs, ZH=10, olliers exhibited changed development and
either elongared and develnped into carpel-like structures
[ Figs, 2E,K) or formed intermediate structures { Fig. 21). Some
ovules contained a well-developed embryo sac (Fig 2M), ath-
ers contained nucellar-like cells in place of the cmbryo sac
(Fig, 2N} or only contained a collapsed nucellus (Fig. 20,
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Fig.1 Ovule development in WT Petunia observed by scanning elec-
tron microscopy (A=D) and light microscopy (E-L). Sections were
stained with toluidine blue. A Ovule primordia {pr) on the placenta
at stage 1 (bud length 6 mm). B Bent ovules with elongated nucellus
{arrow - i) and initiation of integument at the base of the nucellus
at early stage 3 (bud length 9 mm). € Anatropous ovules (ov) at the
middle stage 3 (integument shorter than nucellus, bud length
10mm). D Anatropous ovules (ov) at stage 6 (bud length S0mm).
E Detail of placenta (pi) before ovule primordium formation (stage
0). F Detail of ovule primordia (pr) formed on placenta {pf) {stage
1). G Overview of a bent ovule with developing megaspore mother

X-F. Cheng et al,

cell farrow) at early stage 3. in = integument, fu = funicle. H Detail
showing integument (in) formation and the single cell layer thick nu-
cellus {nl} covering the megaspore mother cell (imc). | Anatropous
ovule with elongated integument {in) and nucellus surrounding the
mature megaspore mother cell fmc) at late stage 3. | Detail of owle
at stage 5, showing the degenerating nucellus {af] surrounding the
functional megaspore (fm). in=integument. K Detail of ovule with
developing megagametophyte (mg) at stage 6. The nucellus degen-
erates. L Mature ovule with a cellularized embryo sac (es) at stage B,
showing accumulation of starch grains fst) in the central cell. Bar size
for A=D =100 pum; E-G and L =40 pm; H-K = 20 pm.
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Fig.2 Petunia ovule development on the placenta of the FBP7/11
cosuppression mutant T27017 (A-D) and on the sepals of the FBP17
ectopic expression mutant T46008 (E,F,H-0) observed with light
microscopy (A=E,L-0) and scanning electron microscopy (F-K).
A Overview of the placenta with ovules (ov) after remioving the car-
pel at the mature ovule stage. Note that normal evules are formed in
the middle and basal part of the placenta and that carpel-like struc-
tures develop at the distal part. B Detail of placenta {pf) with ovule
primordia (pr} at stage 1, € An aberrant ovule at the mature stage
with a malformed nucellus-like structure at the site of the embryo
sac, in = integument; nf= nucellus; fu = funicle. D Overview of a nor-
mal ovule at the mature stage, showing a well-developed embryo
sac with starch grains. (E=0) Ovule development on the sepals of
the ectopic expression mutant T46008. E Detail of the basal part of
a flower at the mature stage with the petal tube (p) surrounded by
sepals on which ovules (arrows) and carpel-ike structures (cl) are
formed. The insert is the overview of the same flower with one sepal
removed. F Detail of the adaxial epidermis at the fusion area of two
sepals at stage 1 (bud length 3 mm), showing a hairy edge at the left

hand side, and three ovule primordia. Note the placenta-like appear-
ance of the surface of the sepal. G Detail of the adaxial sepal epider-
mis of the WT Petunia, showing trichomes. H Ovule-like structures on
the sepal at stage 3 (bud length 5mmy), showing bent owules with
the nucellus only partly covered by the integument. | Developing
anatropous ovules on a sepal at stage 4 (bud length 9mm). Note
that the nucellus of one ovule is still not covered by the integument
{arrow). ] Mature anatropous ovules on sepal at anthesis. K Aberrant
primordiumdevelopment at stage 3 {bud length & mm). The elongated
structure lacks nucellus and integument and will probably develop into
a carpel-like structure, L Light micrograph of section showing an ovule-
like structure at the adaxial side of the sepal. (M-0) Cleared ovules
from sepals of T46008 flowers at anthesis. M An ovule with normal
embryo sac with egg apparatus (ea). cc = central cell, and in = integu-
ment. N Ovule-like structure with nucellus-like cells (nf) in place of
the embrya sac. in = integument. O Owvule with an integument {in)
that does not cover the nucellus-like cells (nl). Embryo sac is not
present. Bar size for A and E = Tmm; for B,G and K =50um; for
C,M=0 = 25 pum; for D and L =20 um for F, H-J = 100 wm.
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FBP7/ 11 Exprossion during Petorrn Ovole Desuelupment

Immunocytochemical detection of FBF7/1T in dewveloping
ovaries of wild type ond tronsgenic Petunia

The discrituition of the FRP?/11 proteins was determined from
ovule initiation until ovale waluration i wild lype Peiumio
(FEs. 3A =G in the FIPFT cosuppression plants {(Fios, 3H-
Kj, and in the FEPIT ectopic expression plants (Figs, 3L-NJ,

Wild type. Ar stage 0, thar is before the initiation of wild type
ovule primordia, a faint inununelabeling signal of FBE7
was ohserved in the nuclei of the epidermal and subepidermal
cell layers of the placenta, and a clear signal was found in the
centre ef the placenta, especially in the nuelei (Fig. 3A) With
rhe tormation of ovule primordia, Le., stage 2, FBP7/11 labeling
became move pronounced in nuclei of te placenta and, in ad-
ditinn, it appeared at a low level 10 nuclen of the evile primor-
dia (Fig 3B). The ovules at stage 2 - 3 clearly exhibited FBP 7
11 Jabeling in nuclei of e funicle and the integument primor-
dia, it norin nueclei of the nucellus and archespore (Fig. 3C).
During meiosis, stage 4. the labeling became prominent in
nuclei ol the inlegument and chalaza (Fig. 30, After meiosis,
late stage 4, the integument nuclei surrounding the nucellus
were all well-labeled (Fig. 3E). Most cells of the inlegument

Fig.3 |mmunolocalization of FERZ!I ol o scctons ol owild
type (AL, D,G and K) Pefunia, the (MFEFT casuppresdon mutant
T70IT (H-J3. and Lhe FEMT eclopic expression mulanl 136008 (C,
E,F,L=M}. The NET precipitate (hlue <ignal) is detected by hrighr
ficled roicroscopy. A Overview of W1 placenta [p!) before ovale pri-
mwirdium tormation, showing clear FEPTO signal in the nuchei of
e vacuelated cells in the inner zone, and a low level in epidermal
fer) and subepidermal layers, co— Carpel. B Owvale primordio on WT
placenta, showing clear FBP7I11 signal in the placenta {pi) and a
ow level in ovale primondia for). © Cvule at archespore for) slage i
TAG00H, showing high labeling in the placenta fpi) and low laheling in
integument primordia el and Tunicle Ju) of Ui ovale, 00w ovule
at meiasis, showing high laheling in the chalaza and integument [in)
Sigal s absent in Lhe nucellus cells {nui and the digde fmc). E Ovule
at faur-megaspare stage in TA6008, showing increase of FERPZI1 sig-
nal in the integument {in) preceeding towards the micrepyle. Signal
is ahsent in the nucellus (o) and tetrad {1 4). F Ovule at functional
megaspore stage in TAE00E, showing TEPZ1 signal in the placenta
foll and integument (i) It was absent in the fanctional megaspoe
(tm), the three deqenerating medaspores and the degenerating nn-
cellus cells (asterish). G Mature WT ovule, showng FBRST signal
intequment cells (in), but not in the embrgn sac fes] and hypnstage
et TH=J1 Distiibubion of FBEATT signal during ovule develepment
in the cosuppression murant T27017. H Detail of placerta before
vvule primordiurm Tormation in 127017, showing a very low level of
FEPTIIT in the nuclel. | Owvule primordia on the placenta in T27017,
showing a low level of FBP7I11 signal in bath the placenta and pri-
mardia. | Dvule at mature megaspore mother cell stage, again shose
ing low levels of FBPT! signal in intequment and funicle. K Owiile
primordia fpe] and WT placenta fpl} sLaimed wilth pre-mpmane as @
contral, showing no TRP7IT <lgnal in the noclel (L=N) Disteibution
of FBFA signal during ovale development on the sepals of the ec-
topie expression motant TAGORE. L Cross section of young sepal of
Mover el of 146004 before the formation of ovule primordia, shove-
ing clear FRETT signal in the nuclei of the adaxial epidermal and
subepidermal cells (arows). M T46008 sepal with TRP7I1 siqnal in
the call nucle farvows) of an ovale il sbioctore flelt hand side) bul
net in the carpel-like structure {right hand side). N A& sepal cvile of
T46008, shuwing FEFZIT signal in Lhe nuelei of the integument (),
But not In the central cell {rel ar eqq apparatus feq). Rar size for A-
CRG and N =25 wmg Tor O aned E =10 wm; for H=K =20 um; for L
aned M =50)m,
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srill showed FBPTIT1 labeling after degenerarion of the non-
functional megaspores [stage 5, Fig, 3FL At Incgagametogen-
e, stage 3, the amount of FRETT increased in the fumicle
and integumnent cells, but the degenerating nucellus and the
enlarging coenocylic megagamelophyle were agdin ol la-
peled [data not shown ). [n mature aviles, stage 8, high levels
of FBE 7711 were again observed in funicle and integument
(Fig. 3G During the various stages of ovale development,
FBPT7/11 were also observed in the nuclei of the placental cells
{Figs. 3C,F).

Cosuppression plants, showed very faint FEP7/ 11 labeling in the
nuclei of the placenta before ovale primordium formalion
(Fig. 3H), The level of FBPT{11 was less than 103 compared to
L signal inowild Lype, This low level of signal was also ob-
served in the nuclel of ovule primordia (e 310, 1 hph levels of
FBPT 11 were never seen during the later stages of ovule devel
apment [Fig 30 but the signal remained above Backemownd
level compared to the pre-immune serum control [Fig, 3K,

The expression parterns of FBFZ11 in the ovary and placental
ovules of the ectopically expressing plents were similar to those
olhscrved in the wild type, except that FEPT, 11 were alse de-
rected in the carpels of the ectopic plane (dara not shown). x-
pression of FEP7/ 11 were also found in the sepals, even before
the formation of the sepal ovules, FBPZ11 were detected in the
nuclei of the sepal cells, especially in epidermal and subepider
tal cells oo e adaxial side inthe cegion wheee the primordia
wionld arise [Fig ALY Ar larer stages, the immunolaheling ig-
nal was always present in the sepal ovules and ovule like
stroclures (Fig 3M, left hand side, and MY bat FBPZT wene
not observed in the carpel like structures (Fiz. 3M, right hand
sidel. As in the placental ovales, FEP7 L] were again found in
the nucler of the fumicle and imtegument cells, but not in the
nucellus or gametophytic cells (Fig. 3N,

Discussion

The development of nvoles includes the follwing processes:
primordium initiation, ovule identity specification, ovule dif
ferentiation, and identity maintenance, The present study is
an analysis of the temporal and spatial distriburion of the Flo-
ral Binding Proteins 7 and 11 during ovule initiation and devel
opmwenl Fig. 4 provides a4 schematic summadry of e evenls
and the simultanesus accurrence ot FAPT11.

Cvile primordium formation is independent of FHP/TT

As e patlern of FEP? T is DusLexpressed in the centre of the
wild rype placenta hetore ovule primaordium formarinn, and
then inits outer layers and in the developing ovule primaordia,
these might express the ahility of the placental lssue (o genes-
ate ovule primordia. The nuclear position of FEP7/11 is in
agreement with its function as a transcription factor, Such a
positinon has alsn heen reported for other FRPs (Canas et al.,
199414 The ectopically expressing plants also formed FBPT!
11 in Lhe adaxial epidermal amd subepideral cell layers of
the young sepal and indeed on these sites owule primordia
weere later formed. However, mild cosuppression mutants,
which exhibit very low levels of FRPZ11 in the placenta, still
showed ovule primordium initiation. Moreover, severe cosup
pressed plants without any expression of FEPT were also
able tn form ovule primardia (Angenent et al, 184501 There-

BYy
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Fig.4  Schemalic representatinn of FEP7/11 distribution in the pla-
centae (ph, sepals (so), ovale primordia (o), ovales [ow}, and carpel-
like structues (of) of wild type Potunie {WT), the MPTT ectapic ox
pression mutant T46008 (EM). and the FPR7 1 cosuppression mu-
mnt T2/077 {CM). The grey scale mnnics the FRP7I levels deter
mined Fy antibody alkaline phosphatase detection Tom unlabeled
[wehilup Lo wel-labeled (black). WT FBI'ZITT proteins are presenl i
the placenta of W1 and EM betore avule prirosdium initiation, he-
come gradually detectable in e veole primereia and accumulale in
the developing vvules of wild type Petwnio, EM HEP7{1T are presen
m sepals and developing sepal veules of T, hut absent in L devel-
fping Carpel-ike structures. €W During ovule development in T27017
AR, e levels of FER/T are detected in the placenls, the avule
primuichia and developing ovules, bul absent in the carpel-like stiue-
tures. Taking all this Logether, it Is roncluded that initiation of ovile
primerdia is independent of FERST, low levels of FRPZ! 1T proleins
play a key role m further owle developrmcit and high levels are nec-
wwsary for proper seed formation, The absence of FBR in primuordia
results in @ lack of specification of Petoory ovule identity, and thus
to the tormatian of carpel-ike structures.

fore, it is likely that the initiation of svnle primordia does not
depend on the presence of FRIPT 11,

What then is the role of FBP7/11 in the sepals of the ectopically
expressing plant at this stage? Colombo et al (199415 demon-
strated that the ectopic expression of FBIPT1 promaotes the ex-
pression of C-type genes in the sepals (see also Kaler el al.,
1998191, We propose that FBP11 might induce placenta-like
characleristics in the adaxial tissues of the sepal. Then the sc-
pals C-rype genes induced by FBPT trigger the placenla-like
developmentof Lhe sepals which thus attain the abilicy ta form
ovule primordia, We cannot rule nur thar FEP{FRP 11 can act
as a C-function gene when misexpressed. However, TRP7/
FBPLL and homologous genes in species, such as Arabidopsis
(AGLI G are elearly in a different subgroup of MADS box genes
from the AG-like genes. To our knowledge Uthere 15 no report
describing an ectopic Cfunctivn when a MADS box gene be-
longing to the AGL11/FBI'Z11 subgroup is miscxpressed. Fur-
thermore, the ectopic ovules on the scpals and the BCLOPIC €X-
pression of the € genc pMADSS cannor be explained by the
assumption that FE'/{11 simply act as a C funclion gene,

Ovule identity specificelion

The immunolabelling resulls show that the FRP7{ 11 proteins
accumulate at various levels in primordia and ovules, Law ley-
els of FBI'/{11 are sutticient for primordinm specification to-
wards ovule development, as ohserved in mild cosuppressed

K. Cheng el al,

plants, bul when FRP7{11 levels are below a certain threshold,
primardia may only develop Lo carpel-like struetures, This is
geen in some primordia on the sepals of the cctopic expressinn
plant, in some on the placenta in the mild cosuppressed plant,
and in all primordia in severely cosuppressed plants, Thus, (he
level of the FBIF?I11 relates to the fate of the primordia: ie.
spectficarion of the identity of Uie primordia rowards evule de-
velopment is uniquely accompanied by FBP7/ 1 expression.

FREZAT play a role in ovule differentiotion

After the elnngarion of the ovule primardinm, ovule differen-
tiation proceeds with (he initiation of integument primordia.
FEP7{11 grachually accumulate in the developing integument
and Funicle of the placental uvules of the wild type and in the
sepal ovules of Lhe evinme expression plant, Because both car-
pel-like structures on the sepals of the ectopic expression
plant and the carpel-like structures in the ovary of the cosup-
pression plant did not contain FEPT/ T al delectable levels,
whereas FBPT{11 were present in Lhe sepal-borne ovules and
avule like structuics, il is assumed that FBP7/ 11 play an essen-
tial role in proper ovule ditferentiation and need o he present
in sutticient amounts, But, again, high levels are not needed, as
observed in the mild cosuppression plane.

Some ovule-like structures are arrested during their develop-
ment, both on the sepals of the ectepic plant and nn the pla

centa in the mild cosuppression plant, on the sepals, They cx-
hibited lower levels nf FRPZ(11 than the well-developed ovile-
like structures, This again indicates thal Lhe amonnt of FRP7/ 1|
might be correlated with the extent of ovule differentiation, a
phenomenon also abserved in Arabidopsis {Western and
Haughn, 19941161y,

FBPZ{T1 have a function in the maintenunce of ovular tissues

Analysis of mature nvules of wild type and colopic expression
plants showed that FBP7/11 were present in the integument,
chalaza and funicle, bul undetectable in the nucellus and em-
bryo sac. The high levels of FEPT{ 11 in the funicle, chalaza and
integument might be required for maintaining the identity and
function of those Lissues, The nueellus is the only differenti-
ated Lissue that did not contain FBP7/11 and, indeed, it degen-
erates during the enlargement of rhe coenocytic megaganiclo-
phyte whereas the funicle, chalaza and integument contribure
tu further seed development. Witlich et al, (1999190 recently
suggested that FBP?/11 are needed for the maintenance and
function of ihe integument-derived sced coat during seed de
velopment. They found that FEP7/11 eould not be detected in
the ovules of mild cosuppression plants, There was premarure
degeneration of the inner layer of the intepument, the endo-
thelium, which resulted in the arrest of endesperm and em-
bryo develupment {(Colombo et al, 199717 Wittich et al,
195940'%7). The present study again peints to 3 role for FBP7/T1
in cell and tissue maintenance, but at the stage of vvule devel-
opimenl low levels of FEPT/11 protein are likely sufficient for
proper development.

In summary, the present studics reveal key roles played by
FBP7/11 during ovule development. Tegether with the data ah-
tained frum studies on the role of FBF7/11 dhring seed devel

opment (Wittich et al., 1999180 it ran be concluded that 1)
ovule primerdium formation is net directly dependent an the
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presence of FBP7 1L 2 FBRPZ11 are necessary fov ovale identi-
ty specification and differentiarion hut high levels are nnt 3
prevequisite; 3] seed development is only successful when
ovules accumulale high amounts of FBIFZT; and 4) FEP ex-
pression in the sepals demonstrates the placenta like proper
ties of the sepal resulting in ovale primondiom focmation and
further develapment.
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