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Spontaneous twinning is a widespread but infrequent
phenomenon in higher planis. We describe here a mutant of
Arabidopsis thaliana, twin, that yields an unusually high
frequency of viable twin and occasional triplet seedlings.
Supernumerary embryos of fwin arise through a novel
mechanism: transformation of cells within the suspensor, a
differentiated structure established early in embryogen-
esis. Twin embryos develop in tandem within the seed, con~
nected by intact segments of the suspensor. Transformed
suspenser cells appear to duplicate the patterns of cell divi-
sion and developmental pathways characteristic of zygotic
embryogenesis. In addition to polyembryony, mutant em-
bryos exhibit a number of developmental defects, including
irregular patterns of cell division and abnormal morphol-
ogy. The TWIN locus therefore appears to be required for
normal development of the embryo proper as well as sup-
pression of embryogenie potential in the suspensor. The de-
velopment of viable secondary embryos in twin demon-
strates that cells of the Arabidopsis suspensor can sueccess-
fully establish embryonic polarity and complete the full
spectrum of developmental programs normally restricted
to the embryo proper. In addition, the twin phenotype indi-
cates that disruption of a single genetic locus can result in
the conversion of a single terminally differentiated cell type

- to an embryogenic state. ©1934 Academic Press, Inc.

INTRODUCTION

Embryogenesis in higher plants is a ecomplex process
dependent on coordination of specific genetic programs
and proper communication between different parts of
the developing seed. The analysis of mutants impaired
in morphogenesis and cell differentiation provides a
powerful strategy for understanding the genetic mecha-
nisms underlying plant embryo development (Meinke,
1991a). A large number of embryonic mutants have been
identified in maize and Arabidopsis (Clark and Sheridan,
1991; Meinke, 1991b). Mutants defective in specific as-
pects of embryo development, such as pattern formation
(Mayer et al, 1991, 1993; Berleth and Jiirgens, 1993),
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meristem establishment (Barton and Poethig, 1993),
and maturation programs (Meinke, 1992; Meinke et al.,
1994: Keith et al., 1994), have recently been characterized
in detail.

Twinning represents a fascinating and unusual exam-
ple of embryogenesis gone awry. Polyembryony, al-
though a rare event in higher plants, occurs in a broad
range of taxa (Tisserat et al, 1979). Supernumerary em-
bryos can arise spontaneously from a number of sources
within the seed, including maternal, gametophytie, and
zygotically derived tissues (Tisserat ef al, 1979; Johri et
ol, 1992). In most cases, supernumerary embryos un-
dergo limited development and are inviable. Twinning
has also been induced in some species by exposing devel-
oping seeds to y-radiation (Akhundova et al, 1979) or
treatment with growth regulators (Haccius, 1955). The
origin of twin embryos in such cases has not been deter-
mined.

‘We describe here an embryo-defective mutant of Ara-
bidopsis, twin (twn), that produces a high percentage of
twin seedlings. Twn is a pleiotropic mutant that dis-
plays incomplete penetrance and a wide range of defects
in embryonie cell division, morphological development,
and seedling growth. The most striking phenotype, how-
ever, is polyembryony. Microseopy of developing seeds
has revealed that twins arise during embryogenesis by
a unigue mechanism, Cells of the suspensor undergo em-
bryogenic transformation, resulting in formation of a
secondary embryo capable of surviving seed desiceation
and germinating to produce a viable seedling. Twn dem-
onstrates that differentiated cells of the suspensor
maintain the capacity to duplicate the pathway of zy-
gotic embryogenesis. We propose that the twn mutation
relieves an inhibitory effect normally imposed on the
suspensor by the embryo proper, thereby allowing the
suspensor to express its full developmental potential.
The wild-type TWN gene therefore appears to be essen-
tial for normal development of the embryo proper, sup-
pression of embryogenic potential in the suspensor, and
maintenance of suspensor cell identity during Arabi-
dopsis development.
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MATERIALS AND METHODS
Plant Material

Heterozygous plants (ecotype Wassilewskija) were
grown in soil as described by Errampalli ef al (1991).
For germination studies, mutant seeds were removed
from mature siliques of self-pollinated twn heterozy-
gotes and homozygotes, surface sterilized, and plated on
germination media containing the inorganic salts of
Murashige and Skoog (1962), 3% glucose, and 0.8% agar
as deseribed by Baus ef al (1986). Plates were refriger-
ated for 4 days and germinated at 22°C under 16 hr
light/8 hr dark cycles. Homozygous mutant lines were
maintained by transplanting seedlings to soil 2 to 3
weeks after plating.

Genetic Analysis

To determine the chromosomal loeation of ¢, homo-
zygotes were crossed into established mapping lines
(DP23, DP24, and DP28/hy2), each of which has reces-
sive visible markers located on different chromosomes
(Patton et al., 1991; Castle et al, 1993). F; plants were
selfed and F, seeds homozygous for twn identified by
their abnormal seed phenotype. These mutant seeds
were then germinated, grown to maturity, and scored
for segregation of visible markers. Recessive markers
unlinked to the fun locus were expected to be visible in
25% of the F; twn/twn population. A significantly lower
percentage of any marker phenotype indicated linkage
to twn. Linkage data were analyzed using the EF method
deseribed by Patton ef al (1991).

Penetrance of the fwnr mutation was determined by
scoring for the presence of abnormal seeds in siliques
of self-pollinated TWN/twn and twn/fwn plants. Seeds
were examined with a dissecting microscope or with a
compound microscope equipped with Nomarski optics.
Seeds that appeared shrunken, off-colored, or generally
distorted under a dissecting microscope were scored as
embryo-defective. Nomarski optics allowed scoring of
progeny seeds by direct visualization of embryo pheno-
types. In experiments addressing incomplete penetrance
of the embryo-defective phenotype, embryo phenotypes
in seeds produced by phenotypically normal and abnor-
mal twn/twn plants were compared.

Twinning frequencies were determined by Nomarski
optics or by germination of mutant seeds collected from
TWN/twn and twn/twn plants. Over 2000 seeds cbtained
from 16 mutant subfamilies were subjected to Nomarski
analysis. Outcrosses to Landsberg erecte and wild-type
Wassilewskija (WS) ecotypes were carried out with ho-
mozygous mutant plants. In WS outcrosses, twn/tun
plants that had germinated both as single seedlings and
twins were used. F; progeny from 5 to 20 F, plants from
each cross were characterized by Nomarski opties or
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with germinaﬁon studies to determine penetrance,
twinning percentage, and range of phenotypes.

Microscopy

Intact seeds were removed from immature siligues,
fixed for 15 to 30 min in Histochoice fixative (Amresco,
Solon, OH), transferred to a microscope slide, and
cleared in Hoyer's selution (7.5 g gum arabic, 5 ml glyc-
erin, 100 g chloral hydrate, and 30 ml Hy0). Seeds at
early stages of development were cleared for several
hours; seeds containing cotyledon stage embryos were
cleared overnight or for several days. Cleared seeds were
examined with an Olympus BHS compound microscope
equipped with Nomarski interference opties.

RESULTS
Mutant Isolation

Twn was originally identified by screening for abnor-
mal seeds in siliques of transgenic Arabidopsts lines pro-
duced by Agrobacterium-mediated seed transformation
(Feldmann, 1991; Castle et al, 1993). Heterozygous
plants resembled wild type except for the production of
abnormal seeds following self-pollination. Seeds con-
taining homozygous mutant embryos were often small,
digcolored, or uneven in shape. Heterozygotes were no-
paline negative and sensitive to kanamycin, indicating
that a functional T-DNA insert was not associated with
the mutation (Errampalli ef al., 1991; Castle ef al., 1993).
This result is consistent with the finding that only 35%
of the embryo-defective mutants identified in this popu-
lation of mutagenized plants are tagged with a T-DNA
insert (Castle et al., 1998).

To investigate the germination potential of mutant em-
bryos, we plated homozygous #wn seeds on basal germina-
tion media. The resulting seedlings displayed a variety of
developmental defects. Many mutant plants were small,
distorted, or slow to green (¥ig. 1). Others appeared phe-
notypically normal, suggesting that penetrance of the t2on
mutation is incomplete. Within the population of abnor-
mal seedlings, developmental defects were chserved in
different combinations and with varying degrees of sever-
ity, resulting in a broad continuum of mutant seedling
phenotypes. Most seedlings were viable, allowing the es-
tablishment of homozygous mutant lines. The most strik-
ing phenotype was the germination of twins and occa-
sional triplets (Fig. 1). Approximately 9% of mutant seeds
gave rise to multiple seedlings (Table 1). Spontaneous
twinning in wild-type Arabidopsis oceurs at a frequency of
0.02% (Akhundova et al, 1979). The frequency of twinning
in this mutant is therefore 400 to 500 times that of wild
type. We have not previously observed germination of
twins among the 250 embryo-defective mutants character-
ized in our laboratory (Meinke, 1994).
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Fic. 1. Germination of mutant seedtings from dry seed. (A,B) Two sets of twins with abnormal pigmentation and irregular cotyledons. (C)
Triplets. The largest seedling has reduced cotyledons; the two smaller siblings are attached at their root tips (arrow). (D-F) Viable twin pairs:
(D) Siblings differing in size, the smaller with very reduced cotyledons. (E) Seedling on left resembles wild type; its sibling has one large

cotyledon. (F) Twin plants that resemble wild type.

Genetic Analysis

Several lines of genetic evidence indicate that the
polyembryony and other developmental abnormalities
associated with fuwmn result from a single recessive muta-
tion with incomplete penetrance and pleiotropic effects.

Mapping with visible markers localized the fzn muta-
tion to a single locus (Table 2). Twn mapped to the lower
arm of chromosome 5, linked to the 22 and yi loci. Seg-
regation analysis of seeds from self-pollinated hetero-
zygotes and homeozygotes indicated that f2on behaves as

TABLE I
FREQUENCY OF POLYEMBRYONY IN MUTANT SEEDS

Twins Total seeds Percent
Seed populations examined observed examined polyembryony
twn/twn seed eollected from original mutant lines® 95 1052 9.0
Total Fy seed from twm./twn X WS outeross™ 10 454 2.2
Total F; seed from twn./twn X WS outeross® 13 520 2.2
Total Ky seed from twn./twn X Ler outcross® 13 845 1.5

* twn/twn seeds were collected from TWN/twn and twn/twn plants following self-pellination. Twinning percentage was determined by

germination studies.

* Homozygous mutant plants were crossed into Landsberg erecta (Ler) and Wassilewskija (W8) ecotypes. F; heterozygotes were selfed and I,
seed populations scored for polyembryony by Nomarski optics. Approximately 25% of these Iy seeds were homozygous for the twn mutation.
The frequency of twinning was therefore expected to be 25% of that observed in homozygous mutant lines.

¢ Quterosses earried out with fwn./fwn parent plants that had germinated as twins.

¢ Outcrosses carried out with twn./twn parent plants that had germinated as single seedlings.
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TABLE 2
LINKAGE ANALYSIS OF THE TWN Locus

Plants with
Marker F, fwn plants marker Expected if
(chromosome) gereened phenotype unlinkedtofwn  x°

disl (1) 113 24 28 0.85
chl (1} 95 24 24 0.00
chv2 (1) 94 25 24 013
er (2) 263 73 66 1.07
il (3) g5 30 24 219
hy2(3) 113 28 28 0.00
5 (8) a0 28 23 1.79
cer2 (4} 95 25 24 0.09
bp (4) 70 17 18 0.02
ttg (5) 8% 18 22 1.08
3 (5) 30 7 23 14.24%
i (5) 89 6 22 15.82%

Note. Homozygous twn plants were crossed into mapping lines car-
rying recessive visible markers located on each chromosome. Segrega-
tion of marker phenotypes was then observed in twn./twn F; progeny.
Unlinked markers were predicted to be visible in 26% of the F. fam./
trwn population. % represents deviation from this predicted segrega-
tion behavier. Two markers (*) deviated significantly from the pre-
dicted segregation pattern (P < 0.005), indicating linkage to fwn.

a recessive mutation with approximately 50% pene-
trance (Table 3). To confirm that the low ratios of phe-
notypically abnormal seeds in tzon are due to incomplete
penetrance of the embryo-defective phenotype, progeny
of phenotypieally normal and abnormal twn/twn plants
were compared (Table 8). Regardless of the phenotype
of the parent plant, approximately 50% of the progeny
appeared abnormal, displaying the full continuum of
mutant phenotypes observed in germination studies.
Segregation behavior of fwn remained unchanged after
outerossing into Landsberg erecta and wild-type Wassi-
lewskija backgrounds (Table 3). Thus, the low ratio of
embryo-defectives in fwn heterozygotes and homozy-
gotes is due te incomplete penetrance of the twn muta-
tion, Nomarski analysis of over 700 mutant seeds from
subsequent generations yielded similar results, con-
firming that ~50% penetrance is a stable characteristie
of the twn defect.

The polyembryonic phenotype of fwn was fully heri-
table and was passed on by mutant plants that had ger-
minated both as twins and as single seedlings. Extensive
germination studies, as well as Nomarski analysis of
over 2000 mutant seeds, indicated that twins and twn/
twn single plants consistently gave rise to comparable
numbers of pelyembryonic seeds following self-pollina-
tion. Outerosses to Landsberg erecta and Wassilewskija
ecotypes confirmed the stability of the polyembryonic
phenotype and the frequency of twinning (Table 1).

Developmental Analysis

To determine the origin of twin seedlings, we com-
pared embryo development in wild-type (Fig. 2) and mu-
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tant seeds (Fig. 3). Most {wn embryos appeared normal
through the early globular stages of development.
Proper asymmetric division of the zygote gave rise to a
two-celled proembryo consisting of an elongate basal
cell and a round terminal cell (Fig. 3A). At the preglob-
ular stage, mutant seeds contained a single embryo
proper accompanied by a developing suspensor. No su-
pernumerary embryos were observed in approximately
400 preglobular seeds examined by Nomarski optics.
Thus, twins were not arising from multiple fertilization
events or by splitting of the zygote.

Examinaticn of older fum seeds revealed the origin of
supernumerary embryos. Twin embryos arose by trans-
formation within the suspensor (Figs. 3B-8F). The sus-
pensor is the first differentiated organ to form during
plant development (see Fig. 2B). In Arabidopsis it con-
sists of a single column of five to eight cells that supplies
the developing embryo with nutrients and possibly
growth regulators (reviewed by Yeung and Meinke,
1993). Normally, as embryos reach more advanced
gtages of development, suspensor cells undergo pro-
grammed cell death and the suspensor disintegrates
(Fig. 2D). In twn, secondary embryos developed when
cell proliferation within the suspensor gave rise to
multicellular structures with unmistakable emhryonic
features (Figs. 3B-3D). Sibling embryos (twins as well

TABLE 3
INCOMPLETE PENETRANCE OF THE EMBRYO-DEFECTIVE
PHENOTYPE IN MUTANT SEEDS

Phenotype of progeny seeds®

Parental Nature of parental %
genotype plants Abnormal Total Abnormal
twn/TWN  Original mutant 163 1085 14
lines (WS)
twn/TWN T, from outcrosses 309 1849 17
i to W&t
twn/TWN  F;from cuterosses 138 845 16
to Ler®
twn/tumn Original mutant 468 1052 44
lines (WS)
twn/Tun Phenotypically it 143 b4
abnormal®
fwn/ tun Phenotypically 126 276 46
normal®

% Abnormal seeds identified following self-pollination of twn/TWN
and twn/twn plants. A recessive embryo-defective mutation with
complete penetrance should result in 25% abnormal seeds in siligues
of selfed heterozygotes or 100% abnormal seeds in siliques of selfed
homozygotes.

b Homozygous mutant plants were crossed into Landsberg erecta
(Ler) and Wassilewskija (WS) ecotypes. Total Fy seeds produced fol-
lowing self-pollination of resulting F'; heterozygotes were scored.

¢ Progeny of phenotypically normal twn/twn plants were compared
to progeny of plants that had appeared ahnormal as seedlings.
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Fig. 2. Wild-type Arabidopsis embryo development. Seeds were har-
vested at various stages of embryo development and viewed with No-
marski opties as described under Materials and Methods. (A} Four-
celled preglobular embryo proper (e) accompanied by a developing
suspensor (s). Characteristic longitudinal divisions (Mansfield and
Briarty, 1991) define cells of the embryo proper (enly two cells are vis-
ible in focal plane). (B) Globular stage embryo. The suspensor is al-
ready fully formed; cells of the protoderm (p) are evident in the
embryo proper. A distinet arc at the top of the hypophyseal cell (h)
marks the division between the embryo proper and suspensor. {C)
Heart stage embryo. Cotyledon primordia give the embryo bilateral
symmetry. Specialized cell types, including the protoderm and provas-
cular tissues, are now present in the embryo proper. The root meri-
stem, derived from the suspensor, is developing from the hypophysis.
(DD} Linear stage embryo. The embryo, now autotrophie, has begun to
enlarge to fil] the seed. Cells of the suspensor have undergone pro-
grammed cell death and are no longer visible. Seale bar, 20 um.

as triplets) were observed aligned in tandem, connected
by segments of the suspensor. As development pro-
gressed, suspensor connections between embryos degen-
erated (Fig. 8F). Occagionally, young seedlings re-
mained connected through germination (Fig. 1C).
Transformation could originate at any suspensor cell, as
illustrated by the variable location of secondary em-
bryos within the suspensor and by the occasional devel-
opment of friplets. The timing of transformation was
also variable; initiation of twinning was observed at all
but the earliest stages of seed development. Embryo-
genic transformation in fwn occurred only in cells of the
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suspensor. In more than 2000 mutant seeds examined,
no twins were observed arising from other embryonic
cell types or maternal tissues.

In addition to polyembryony, a number of other devel-
opmental defects were observed in mutant embryos
{Fig. 4). Occasionally, young proembryos exhibited ab-
errant division in the terminal eell, suggesting that the
TWN gene is active very early in development and may
influence the directional control of cell division, a funda-
mental aspect of plant embryogenesis (Fig. 4A). Older
embryos also displayed irregular patterns of cell divi-
sion, as well as altered morphology and delayed devel-
opment (Figs. 83C and 4B). Cotyledon defects were com-
mon at late stages of development (Fig. 4C). Thus, the
TWN locus is involved in normal development of the
embryo proper, and its disruption can affect a broad
range of developmental processes throughout the
embryo.

DISCUSSION

We deseribe here an embryo-defective mutant of Ara-
budopsis that exhibits frequent polyembryony following
embryogenic transformation of the suspensor. Polyem-
bryony has been deseribed previously in inbred lines of
several crop plants (Green and Salisbury, 1983; Chen et
al, 1985; Rowland and Weerasena, 1986), but the un-
derlying genetic causes of twinning in such cases have
been complex and difficult to resolve. The polyembryony
observed in fwn occurs at a considerably higher fre-
quency than previously reported examples of twinning.
Furthermore, the polyembryony of twn appears to be
caused by a gingle pleiotropic mutation that has incom-
plete penetrance. We therefore propose that twn repre-
sents the first reported example of frequent and herita-
ble polyembryony in dicotyledonous plants caused by
mutation at a single genetic locus.

Twn displays abnormal development in the embryo
proper as well as embryogenic transformation of the
suspensor. Three models may aceount for the distinet
effects of the {wn mutation on the embryo proper and
suspensor. Two of these models underscore the impor-
tance of proper interaction between different parts of
the developing embryo. In the first model, TWN funec-
tions primarily in the suspensor. Defects observed in the
embryo proper could result from failure of the suspen-
sor to function properly in developing mutant seceds.
This model does not account for the ohservation that
twn embryos oceasionally exhibit defects in the embryo
proper very early in embryogenesis, prior to the appear-
ance of any suspensor abnormalities (Fig, 4A). We pro-
pose that TWN is active in the embryo proper and is
required for proper ecommunication between the embryo
proper and suspensor. Abnormal suspensor growth in
mutant seeds would then be a consequence of defective
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FiG. 3. Origin of supernumerary embryos in developing mutant seeds. (A) Twins are not present in young mutant seeds. The early proembryo
shown here resembles wild type: it consists of a terminal cell and an elongate basal cell, the progenitor of the suspensor. (B) Initiation of
twinning in a globular stage seed. The cell adjacent to the basal cell of the suspensor has divided to form an octant stage secondary embryo (€2).
{C) Secondary embryo within an intact mutant suspensor. The seed is from a heart stage silique. The developing twin {e2) exhibits a elear
hypophysis (arrow) and a developing protoderm. The primary embryo (e) is morphologically abnormal. (D) Linear stage embryo accompanied
by an oblong secondary embryo. The hypophysis in the secondary embryo (arrow) has formed proximal to the primary embryo, indicating that
orientation of this embryo is opposite that of its sibling. (E} Linear stage seed showing the intact suspensor connecting both embryos to the
seed coat. (F'} Twin pairina cotyledori stage seed. The secondary embryo has reduced cotyledons. Siblings are no longer linked by the suspensor,
although a suspensor segment still connects the younger sibling to the seed coat. Scale bar, 20 pm.

TWN activity in the embryo proper. Such a seenario
would be consistent with the wide range of phenotypes
observed in this mutant and the traditional view that
suspensor growth is inhibited in part by interaction
with the embryo proper (Haccius, 1955, Yeung and
Meinke, 1993). A similar model has been proposed to ex-
plain the enlarged suspensors seen in many Arebidopsis
embryo-lethal mutants, some of which may be defective
in general cellular funetions (Marsden and Meinke, 1985;
Yeung and Meinke, 1993). The complete embryogenic
transformation observed in fwn, however, distinguishes
twn from other abnormal suspensor mutants. This
unique embryogenic transformation may occur because
the twn mutation disrupts embryo-suspensor interac-

tion to just the right extent, relieving the inhibitory
effect of the embryo proper without consistently pre-
venting secondary embryos frem completing develop-
ment. Alternatively, TWN may play a novel, direct role
in establishing and maintaining embryo-suspensor
comimunication.

A third model, in which the TWN gene is active in
both the embryo proper and the suspensor, cannot be
ruled out by our observations. This model raises the in-
triguing possibility that the 7WN gene product carries
out different functions in the embryo proper and the sus-
pensor. Specifically, TWN could be direetly invelved in
the suppression of embryogenic development in the sus-
pensor, while having a more wide-ranging role support-



592

‘1

DEVELOPMENTAL BIoLOGY

VOLUME 165, 1994

FIG. 4. Additional developmental abnormalities observed in #2wn embryos. (A) Aberrant cell division in the terminal cell of a mutant pro-
embryo. The first division of the embryo proper (arrow) is almost horizontal rather than longitudinal (compare with wild type in Fig. 2A). (B)
Defective embryo from a heart stage silique. Patterns of cell division in the embryo proper are irregular, and morphological development of the
embryo is defective (compare with wild type in Fig. 2C). (C) Linear stage embryo with three defined cotyledons. Scale bar, 20 pm.

ing continued development of the embryo proper. Thus,
mutation at the TWN locus would result in both suspen-
sor transformation and the diverse developmental ab-
normalities observed in the embryo proper. Such a dual
role for a single gene product is conceivable if, for exam-
ple, TWN plays a role in an intercellular or intracellular
signaling process that is perceived differently by dis-
tinet cell types.

Disruption of the TWN locus can result in a broad
range of developmental defects in the embryo proper.
Despite extensive characterization of twn embryo devel-
opment by Nomarski optics, no single defect was consis-
tently observed in the embryo proper. Such phenotypic
diversity is a common feature of embryo-defective mu-
tants {Meinke, 1991b). Indeed, two of the best-charac-
terized Arabidopsis embryo mutants, gnom (emb80) and
biol, display a high degree of variability in their mor-
phology and developmental potential (Mayer et al., 1993;
Schneider ef al, 1989). The diversity of developmental
defects observed in fun suggests that TWAN does not reg-
ulate one specific feature of embryo development.
Rather, TWN is likely to be involved in a fundamental
process or pathway that can have wide-ranging effects
when disrupted. The incomplete penetrance and vari-
able severity of the fwn mutation may indicate that
TWN is not absolutely required for normal embryogen-
esis, perhaps playing an accessory role to other, more
fundamental factors. Alternatively, twn may represent
arelatively weak allele of a gene crucial for embryogen-
esis. Either model is consistent with the proposed role
for TWN in maintaining normal communication be-
tween the embryo proper and the suspensor. Indeed, the
unique polyembryony observed in fwn may occur be-
cause the inecomplete penetrance of the twn allele dis-
rupts embryo-suspensor communication while occa-
sionally allowing completion of embryogenesis in

transformed suspensors. Elucidation of the exact nature
of the tewn mutation will require cloning and molecular
characterization of the TWN locus.

The development of viable embryos from cells of the
twn suspensor is the most intriguing and informative
aspect of the mutant phenotype. The polyembryonic
phenotype of fwn demonstrates that cells of the Arabi-
dopsis suspensor have the capacity to duplicate the full
spectrum of developmental programs usually restricted
to the embryo proper. Although in vitro studies of so-
matie embryogenesis have previously demonstrated the .
totipotent capacity of plant cells, the {.on phenotype pro-
vides a unique example of embryogenie transformation.
In twn, a heritable genetic defect triggers embryo devel-
opment from a specific cell type n vivo. This transfor-
mation oceurs in a differentiated strueture and appears
to follow the developmental patterns characteristic of
zygotic embryogenesis. Secondary embryo development
in f1om is also distinet from the “suspensor polyembry-
ony” observed in some species, in which typieally invia-
ble proembryos bud from undifferentiated suspensors of
developing primary embryos (Johri ef al, 1992).

The potential of suspensor cells to duplicate normal
embryo development includes the capaeity to establish
embryonic polarity. This suggests that development of
polarity within the seed is not absolutely dependent on
asymmetric conditions specific to the zygote or unfertil-
ized egg. Interestingly, sibling embryos within the same
seed often developed in opposite orientations (e.g., Fig.
3D). Thus, interaction with surrounding seed tissues
does not appear to dictate the orientation of embryonic
polarity, as has previously been suggested for embryo
development ¢n ovulo (Cooke and Cohen, 1993). Rather,
polarity appears to be established by programs active
within the developing embryo itself.

The polyembryony of twn provides a striking example
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of cellular transformation. Disruption of TWN function
results not in disorganized neoplastic growth, but in re-
version of a differentiated cell type to an embryogenic
state and activation of embryogenic developmental pro-
grams. The #wn phenotype implies that in the Arabi-
dopsis suspensor, suppression of embryogenic potential
and maintenance of a differentiated state are interre-
lated processes that can be disrupted, directly or indi-
rectly, by mutation at a single genetic locus. Although
cell differentiation is often viewed as an inductive pro-
cesg involving activation of cell-specific genetic pro-
grams, the derepression of embryogenic programs that
results from loss of TWN function suggests an impor-
tant role for negative regulatory mechanisms in defin-
ing cell type. In light of the totipotent nature of plant
cells, mechanisms that suppress specific developmental
pathways may be of widespread significance for the es-
tablishment and maintenance of eell identity during
plant development.
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lines and Elizabeth Yoon, Linda Franzmann, Brian Schwartz, and
Linda Castle for technical assistance and helpful comments. Brian
Schwartz photographed the globular embryo shown in Fig. 2B. This
work was supported by National Science Foundation Grant DCE-
8905187 to D.W.M. and by a National Science Foundation Postdoctoral
Fellowship in Plant Biclogy to D.M.V.
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