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SUMMARY

We have characterized an induced mutation, called
embryonic ectoderm developmeontt eed,that disrupts A-P
patterning of the mouse embryo during gastrulation.

compartment. Abnormal localization of mesoderm to the
extraembryonic region did not appear to be due to a
restriction and alteration of distal epiblast cell fate, since

Positional cloning of this gene revealed it to be the highly
conserved homologue of theDrosophila gene extra sex
combs which is required for maintenance of long-term
transcriptional repression of homeotic gene expression.
Mouse embryos homozygous for loss-of-function alleles of
eedinitiate gastrulation but display abnormal mesoderm
production. Very little embryonic mesoderm is produced;
in contrast, extraembryonic mesoderm is relatively
abundant. These observations, along with mRNA in situ
hybridization analyses, suggested a defect in the anterior
primitive streak, from which much of the embryonic
mesoderm of the wild-type embryo is derived. To analyse
this defect, we initiated clonal analysis of the pre-streak
epiblast in eed mutant embryos, using the lineage tracer
horseradish peroxidase (HRP). The results of these studies
indicate that epiblast cells ingress through the anterior
streak, but the newly formed mesoderm does not migrate
anteriorly and is mislocalized to the extraembryonic

the majority of clones produced from regions fated to
ingress through the anterior streak were mixed, displaying
descendants in both embryonic and extraembryonic
derivatives. eedmutant embryos also fail to display proper
epiblast expansion, particularly with respect to the A-P
axis. Based on patterns of clonal spread and calculated
clone doubling times for the epiblast, this does not appear
to be due to decreased epiblast growth. Rather, epiblast,
which is normally fated to make a substantial contribution
to the axial midline, appears to make mesoderm
preferentially. The data are discussed in terms of global
morphogenetic movements in the mouse gastrula and a
disruption of signalling activity in the anterior primitive
streak.

Key words: Mammalian embryogenesis, Mouse, Mutants, Germ
layer formation, Primitive streak, Cell fate, Cell lineage,
Microinjection, HRP

INTRODUCTION The rapidly growing number of mutations affecting various
aspects of gastrulation is beginning to allow for elucidation of
In the mouse, gastrulation begins approximately midway molecular basis for this dynamic process (reviewed in Tam
through embryonic day (E) 6 (for reviews, see Tam ané&nd Behringer, 1997). We have characterized an induced
Behringer, 1997; Tam et al., 1993). At this time, the embryanutation, calle®mbryonic ectoderm developmeneed that
consists of a single layer of primitive ectoderm (epiblastdisrupts A-P patterning of the mouse embryo during
covered by a layer of primitive endoderm. On the posterior sidgastrulation (Faust et al., 1995; Niswander et al., 1988).
of the embryo, a disruption in the epithelial basal lamindositional cloning of this gene revealed it to be the highly
defines a transient structure called the primitive streak, througtonserved homologue of tirosophilageneextra sex combs
which epiblast cells ingress and differentiate into mesoderresg, which is required for maintenance of long-term
and definitive endoderm. Mesodermal cells exiting thdranscriptional repression of homeotic gene expression
primitive streak migrate anteriorly around the surface of théSchumacher et al., 1996). Mouse embryos homozygous for
epiblast, contributing to head and trunk mesoderm; mesoderioss-of-function alleles oged (hereafter referred to ased

also moves proximally into the extraembryonic regionmutant embryos oeedmutants) initiate but fail to complete
contributing to the formation of the amnion, chorion, yolk sagyastrulation and display abnormal mesoderm production (Faust
and allantois, tissues that are critical for the propeet al.,, 1995; Niswander et al., 1988). Very little embryonic
development of the maternal-fetal interface. mesoderm is present, and it does not differentiate into the
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normal axial and paraxial derivatives, i.e., the notochord andesignated E0.5. Embryos were dissected at approximately E6.7. At
somites. In contrast, abundant extraembryonic mesoderm tigs time, embryos were classified as either pre-streak or early streak.
produced, forming an allantois and the mesodermal lining dfre-streak embryos were either radially symmetrical or exhibited a
the amnion, chorion and yolk sac. Accompanying reduce |ckened posterior epiblast, precedlng. the site of primitive streak
embryonic mesoderm production is a complete lack of anterigp'™ation. Early streak embryos displayed some mesoderm
development: embryos display an underdeveloped embryom%rmatlon' Only pre-streak embryos were used for cell labelling.
ectoderm with no morphological or molecular evidence ofcell labelling
neural induction (Schumacher et al., 1996). Beca®s& Empryos were labelled iontophoretically as described (Lawson et al.,
mMRNA is normally expressed in all tissues of the gastrulatingog1), with minor modifications. The embryo injection assembly
embryo, it is unclear whether lack of anterior development ironsisted of a single-chambered LabTek Il slide (Nunc) in which the
eedmutant embryos is directly related to or independent ofhamber had been removed. Embryos were injected in a large drop of
abnormal mesoderm production. Dulbecco’s modified minimal essential medium.(DMEM) containing
Extensive fate mapping of the wild-type mouse gastrula and0% fetal calf serum and 20 mM Hepes. Labelling was performed on
primitive streak (Lawson et al., 1991; Tam and Beddingtona Nikon Diaphot microscope fitted with differential interference
1987) suggests that the gross deficiency of embryoni ontrast (DIC) optics and epifluorescence. The microscope was

d d ab f axial and ial derivati 4 ttached to an image intensifier (Dage/MT]I), standard CCD camera
mesoderm and absence or axial and paraxial derivatl IN " and video monitor to allow visualization of the embryos. One epiblast

mutant embryos reflect a defect in the anterior primitive streake| per embryo was injected with a mixture of 8% HRP (Boehringer
This hypothesis is supported by lack of formation of awvannheim Biochemicals) and 2% lysinated-tetramethyl rhodamine
morphologically defined node, which is the mouse gastrulgextran (LRDX,M; 10x103;, Molecular Probes) in 0.05 M KClI, at 3
organizer (Beddington, 1994). In additiddpdalmMRNA fails  nA discontinuous current (0.5 second duty cycle) for 15 seconds.
to be localized to the streak and there is a loss of expressi@@casionally two adjacent epiblast sister cells were labelled due to
of Fgf4andGscin the anterior streak (Faust et al., 1985)x1, leakage via cytoplasmic bridges (14% and 16% of the time for mutant
which is normally expressed in the streak in a graded fashigi'd wild-type embryos, respectively). These embryos were included
with highest levels posteriorly (Dush and Martin, 1992),n the analysis and did not significantly affect interpretation of the
. ! 'data. An additional injection was made in one extraembryonic visceral

appears to be expressed at high levels throughouedhle ndoderm cell at 3 nA discontinuous current for 12 seconds to identify
mutant streak (Schumacher et al., 1996). Taken together, th&ospectively the ‘position of longitude’ of the injected epiblast cell
data suggest a disturbance in the anterior primitive streak @fthe egg cylinder (Lawson et al., 1991). The positions of the injected,
eed mutant embryos. In contrast, the apparently unimpedefiiorescently labelled cells were recorded with a Sony black and white
production of extraembryonic mesoderm and primordial germideographic printer attached to the video monitor.
cells (Faust et al., 1995) suggests that epiblast cells are able to
traverse the posterior streak. Embryo culture _ N

We wished to define further the anterior primitive streakEmbryos were cultured in DMEM containing 50% rat serum as
defect ineedmutant embryos. The presence of sparse axi escribed (Lawson et al., 1986). Embryos were cultured for either 1

.. day (range 15-31.5 hours, average time 23.6 hours) or 2 days (range
mesoderm (Faust et al., 1995) suggested that some init .5-45.5 hours, average time 39.6 hours). The percentage normal

ingression occurs, but might be subsequently blockeqie eiopment was 83% and 80% for wild-type ased mutant

Alternatively, continuous ingression of epiblast cells throughempryos, respectively, after 1 day in culture. The percentage normal

the anterior streak might occur, but mesodermal cells leavingevelopment after 2 days in culture was 75% and 65% for wild-type

the streak move aberrantly into the extraembryonic region. landeedmutant embryos, respectively.

order to test these hypotheses, we initiated clonal analysis of i

the pre-streak epiblast ieed mutant embryos, using the Detect!on of HRP-labelled cells and scoring of embryos.

lineage tracer horseradish peroxidase (HRP). Using thidetection of HRP-labelled ge_lls was performed as de_scrlbe_d (Lawson

technique, the morphogenetic movementsarepiblast cells &utgiéldéﬁ)?(}()e. inAI)tﬁ(r)s;ﬁ:tnelnbgu’ffeerrendbglz;)lisnewsgiy(fjlﬁ(aetgd Ir::lei.rse(? in

tehrL%L:)?Q rtg\e/esgggﬁ 32?eIr?r?i?lltlazdatglgﬁ;ltgﬁglssic;ggaer:eslbllneé ber_lzyl alcohol: ben_zyl benzoate (1:2) and photographed under DIC
. i oo - ) ics. After clearing, those embryos displaying an abnormal

to investigate if individual epiblast cell fate is altered, as welphenotype andior resembling homozygoaed mutants were

as to examine cell proliferation in teedmutant embryos. The supjected to genotype analysis. A portion of the yolk sac was

results of these studies indicate that there is no block in epiblaginoved, lysed and PCR was performed using primers flanking the

cell ingression through the anterior streak; instead, nascel(f)Rn53%4SB point mutation (Schumacher et al., 199&ed

mesoderm does not migrate anteriorly and is subsequentipmozygous embryos were identified by &dul restriction

mislocalized to the extraembryonic region eéd mutant Polymorphism; the mutant allele disrupts this site. All embryos
displaying normal development with respect to various morphological

embryos.
y features (Table 1) were classified as ‘wild type.
To confirm the number of descendants of the labelled cells and
precisely determine their location, embryos were embedded in
MATERIALS AND METHODS glycolmethacrylate (JB4; Polysciences), serially sectioned and stained
with 0.2% methylene blue. Only those embryos wherein all of the
Embryos descendants were evenly stained were used to calculate clone

The eedmutant mice used in this stud§7)Rn*354S§ originated at  doubling times for labelled cells, using a previously established
the Oak Ridge National Laboratory (Rinchik and Carpenter, 1993jormula (Lawson and Pedersen, 1987; Lawson et al., 1991).
and were maintained as described (Faust et al., 1995). Heterozygdtsrthermore, clone doubling times were calculated using only those
Tyre-eh +/Tyre, |(7)Rn533%4SBmice were crossed inter se to obtain embryos cultured for 1 day, due to the potential loss of descendants
embryos. Noon of the day of the appearance of a vaginal plug wéom dilution of HRP after 2 days in culture (Lawson et al., 1986).
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Statistical analysis continued to grow between 1 and 2 days in culture and
The two-samplé-test (Zar, 1984, pp.126-128) was used to determinglemonstrated some degree of A-P axial extension (Table 1),
whether the differences for mean dimensions (Table 1) and clortbey were significantly smaller than their wild-type littermates.
doubling times between wild-type and mutant clones were statisticallyiutant embryos displayed a well-developed extraembryonic
significant. To determine if the percentage distribution of descendantggion, with an enlarged yolk sac and formation of an amnion
to different embryonic regions differed significantly between wild-3nq chorion (Fig. 1F). A large mass of extraembryonic

type and mutant embryos (Tables 3, 4, 6), Chi-square and tr}ﬁ m w. r nt th xten from th rior streak
Wilcoxon rank-sum tests were performed using PROC FREQUENCY esode as present that extended from the posterior strea

and PROCNPARIWAY software (SAS Institute, Inc., Cary, NC). For1°_ the exocoelomic cavity in a proximoanterior direction,
all calculations, the level of significance employed w%%. reminiscent of an enlarged allantoic bud. Indeed, this

mesoderm showed signs of allantoic differentiation in its
distal-most region and often displayed fusion with the chorion

RESULTS (Fig. 1F). Blood islands were occasionally present in the yolk
S o sac. In summary, the developmenteefd mutant embryos in
Embryo injection and development in vitro culture was identical to their development in utero; this was

For the analyses reported here, single epiblast cells of wild&sonfirmed molecularly by in situ hybridization analysis of
type andeed mutant embryos from the same litters weregenes expressed in the primitive streak and its derivatives
injected with HRP at the pre-streak stage and cultured fqFaust et al., 1995; C. F. and T. M., unpublished data).
either 1 or 2 days before staining the descendants. Wild-type )
and eed mutant embryos yielded epiblast clones at similaExperimental strategy
efficiencies (Table 1). Wild-type fate maps constructed by clonal analysis were based
At the time of injection, wild-type andedmutant embryos on the division of the epiblast into 11 zones (Lawson et al.,
displayed similar embryonic dimensions (Table 1) but, with1991). Considerable overlap in cell fate among different zones
careful observationeed mutant embryos could be identified. was observed. For this reason, and to simplify the presentation
In general, the diameter of theed mutant extraembryonic of the results reported in this study, we have focused our efforts
region was narrower than wild type and the ratio of embryonion selected zones and pooled the data obtained from different
height to extraembryonic height was often greater than the 1Zbnes, where applicable, into five distinct regions along the
ratio evident in wild-type embryos (compare Fig. 1A,B). Afteranterior-posterior axis (Fig. 2). The proximal two-fifths of the
1 day in culture, most wild-type embryos developed to the latepiblast, which includes regions A and B, primarily contributes
streak stage and had formed an amnion, chorion and allantdi@ embryonic ectoderm, proximal embryonic mesoderm and
bud (Fig. 1C; Table 1). In contrastedmutant embryos were extraembryonic mesoderm after 1 day in culture, and to surface
often smaller and, although the primitive streak was elongatednd amnion ectoderm as well as extraembryonic mesoderm
it never extended to the distal tip of the embryo (Fig. 1D)after 2 days in culture (Fig. 2; Lawson et al., 1991; Lawson
Varying degrees of mesoderm production were observed, bahd Pedersen, 1992b). The middle two-fifths of the epiblast,
no amnion or chorion were formed (compare Fig. 1C,D).  which includes regions C and D, primarily contributes to
After 2 days in culture, most wild-type embryos possessedmbryonic ectoderm and mesoderm after 1 day in culture, and
3-6 somites (Fig. 1E; Table 1). Whiked mutant embryos neural ectoderm and/or mesodermal derivatives after 2 days in

Table 1. Development of embryos in vitro after intracellular injection of HRP

1 day
0 hourg
Embryos with Developmental staége
Total Height Diametef HRP-labeled Height Diameter
Embryo type embryds (um) (um) cells (%) am) (um) MS LS NP HF
wild type 100 174422 147+18 35(35) 257+38 320+102 8 23 2 2
eed 77 186+40 134+26 32(42) 242+48 259+46* NA
2 days
Embryos with Developmental stage
Embryo Total HRP-labeled Height Diameter
type embryos cells (%) pm) (um) NP HF Som.
wild type 103 35(34) 323+86 825+130 1 9 25
eed 85 25(29) 261+108 359+103* NA

3Vleasurements taken at the time of embryo culture are combined for those embryos cultured 1 and 2 days.

PTotal embryos are all injected embryos demonstrating normal growth in culture; see Materials and Methods for further details.

CThe distance from the junction of the epiblast and extraembryonic ectoderm to the distal tip of the egg cylinder, orrteriottjarection of embryonic
ectoderm and amnion to the distal tip of the embryo. Mean * standard deviation.

9The greatest width of the embryonic part of the egg cylinder when the embryo is viewed laterally, reflecting the lengt aixiseafier 2 days in culture.
Mean = standard deviation.

eFor embryos yielding HRP clones. Given as number of embryos per developmental stage. The wild-type developmental stageslo{kh®); late-streak
(LS), neural plate (NP), and headfold (HF) were defined as described (Lawson et al., 1987). Som, 3-6 somites presenpliAbleot ap

*Value is significantly different from wild type (see Materials and Methods).
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A B A B
Cc D Cc D
One Day Two Days

embryonic ectoderm
embryonic mesoderm

extraembryonic mesoderm Prox
embryonic ectoderm & mesoderm A-—L-P
embryonic & extraembryonic mesoderm v

embryeonic ectoderm & extraembryonic mesoderm Dist

Fig. 2. Simplified fate maps of the pre-streak mouse epiblast, based
on (Lawson et al., 1991; Lawson and Pedersen, 1992a,b) and this
study. Separate fate maps are drawn to show derivatives 1 and 2 days
after injection (corresponding to day 7.5 and day 8.5 of
development). The original fate maps were constructed based on
dividing the epiblast into 11 zones (Lawson et al., 1991): region A
consists of zones | and II; region B, zones IV and V, region C, zones
i . . . i VI and VII; region D, zones IX and X; and region E, zone XI.

Fig. 1. Clonal analysis of wild-type areedmutant epiblast. Wild- Orientation is shown at the lower right of the figure. Abbreviations:
type (A,C,E) ancedmutant embryos (B,D,F) immediately Prox, proximal; Dist, distal, A, anterior, P, posterior.

following injection (A,B), 1 day after injection (C,D) and 2 days

after injection (E,F). Black arrowheads indicate injected

extraembryonic visceral endoderm cells in (A,B) and their

descendant clones in (C,D,F). White arrows indicate injected epiblast iorl ds th K O iol I h th
cells and black arrows indicate the junction between embryonic angPosteriorly towards the streak. Once epiblast cells reach the

extraembryonic ectoderm in A,B. Note the narrower extraembryonicStreak, they ingress, resulting in primitive streak extension and
region and the increase in the ratio of embryonic to extraembryonic continuous mesoderm production. By the onset of neurulation
height in theeedmutant in B. (C,D) Lateral view of embryos at E7.5, the bulk of the epiblast initially located laterally and
injected in region A (see Fig. 2). Anterior is to the left, posterior to posteriorly (including regions B and D) will have been
the right. The descendants (darkly stained cells) are found inthe  incorporated into mesoderm, while a substantial number of
epiblast (ee) spanning back toward the primitive streak (ps). In the epiblast cells initially located more anteriorly (including
eedmutant embryo in D, three more descendants, out of focus, are yagjons A and C) will give rise to descendants that do not
present near the anterior midline. (E,F) Embryos injected in region Gqracq through the streak. These cells will contribute to
(see Fig. 2). (E) Ventral view (anterior at the bottom, posterior at thesurface (regions A and C) and neural (region C) ectoderm.

top) of a wild-type embryo reveals descendants in the lateral plate Furth | | IVsi led i inf .
mesoderm (Im), somites (so) and cranial paraxial mesoderm (cpx). "~ uUrtheérmore, clonal analysis revealed important information

(F) Lateral view (posterior to the right) of aedmutant reveals regarding growth of the epiblast and expansion of the A-P axis.
descendants in the extraembryonic mesoderm (exm) and allantois In wild-type embryos, the A-P axis increases 3.5-fold in length
(al). Other abbreviations: ch, chorion; am, amnion; nt, neural tube; during gastrulation, primarily due to elongation of the primitive
hf, headfold; ys, yolk sac. Scale bars}&0 in A,B; 100um in C-F. streak and expansion of the area of the epiblast just anterior to
the primitive streak (Lawson et al.,, 1991; Lawson and
Pedersen, 1992a). As cells of regions A-D are progressively
culture (Fig. 2; Lawson et al., 1991; Lawson and Pederseincorporated into the streak, the streak elongates. In addition,
1992a,b). The distal-most portion of the epiblast, region Esome descendants from region D remain in the ectoderm,
contributes primarily to embryonic ectoderm after 1 day innserting at the midline and contributing to the extension of the
culture and its derivative, neural ectoderm, after 2 days in-P axis (Lawson et al., 1991; Lawson and Pedersen, 1992a).
culture (Fig. 2; Lawson et al., 1991; Lawson and Pedersens a result, descendants of the distal cap region E are propelled
1992a). anteriorly, contributing to anterior expansion of the embryonic
Besides illuminating epiblast cell fate, clonal analysisectoderm.
yielded important information regarding the temporal and The results obtained from clonal analysis of wild-type
spatial incorporation of epiblast cells into the primitive streakembryos enabled us to propose several hypotheses and make
findings that are particularly relevant to this study (Lawson ethe following predictions regarding the fate and behavior of
al., 1991). At the time of primitive streak formation, the firstcells in these different regions of the epiblaseeti mutant
cells to ingress lie at the posterior midline in regions B and Dembryos.
As these cells leave the streak, they are replaced by (1) The presence of extraembryonic mesoderedmutant
progressively more lateral and anterior epiblast cells, includingmbryos suggests that proximal epiblast cells from regions A
regions A and C. Thus, epiblast growth appears to be directeghd B undergo posteriorly directed growth and ingress through
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One day Two days

4ol

e ee & derivatives

o ee - ventral midline
e mes & derivatives
o mes - axial

n==6 end

e ps

100 pm

n=16 n=7
Fig. 3. Localization of descendants of region D in wild-type (A) aedmutant (B) embryos. The diagrams at the left of each figure illustrate
the location of the injections, with each dot representing an individual epiblast cell (and a different embryo). The middie tharesent
embryos cultured 1 day (wild type, late-streak stage) and the diagrams on the right represent embryos cultured 2 day&8slhiitps).
Each colored dot in these embryos represents an individual descendant and all descendants obtained from multiple irgeotionats
are color coded to indicate presence in a particular germ layer. The asterisk in B indicates the boundary between thegsidraednbr
embryonic regions iredmutant embryos, which have not yet formed an amnion after 1 day in culture. The drawings depicting embryos after 1
and 2 days in culture are drawn to scale. Orientation is the same as fomEigu@ber of embryos injected. Abbreviations: ee, embryonic
ectoderm; mes, mesoderm; end, endoderm; ps, primitive streak.

the posterior primitive streak. Thus, cells of regions A and Bs that ingression through the anterior primitive streak does not
would be expected to display similar fates in wild-typee@adl  occur, or is greatly reduced. This was an attractive possibility
mutant embryos. because the small size of the epiblase@dmutant embryos

(2) Sparse embryonic mesoderm productioeedmutant  suggested a cell proliferation problem. If this were the case,
embryos is consistent with an abnormal anterior primitivave would predict seeing little posteriorly directed growth of
streak. We propose two hypotheses to explain this defeetlin the epiblast from anterior region C, and reduced or no
mutant embryos. One possibility is that epiblast cells ingressontribution to mesoderm from this and posterior region D.
through the anterior streak, but as mesodermal cells exit, they(3) The diminished epiblast expansion evidergedmutant
move aberrantly into the extraembryonic region. If correctembryos might arise from either a general defect in epiblast
clonal analysis of regions C and Ddadmutants would reveal proliferation, decreased primitive streak elongation, lack of
a greater degree of contribution to extraembryonic mesodericorporation of cells of region D into the midline ectoderm or
than observed in wild-type embryos. An alternative hypothesia combination of these events. Clonal analysis was used to
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Table 2. Incidence of embryos injected in regions A and B displaying labelled descendants in different embryonic and
extraembryonic regions after culture

Epiblast region
1 day 2 days
A B A B
wild type eed wild type eed wild type eed wild type eed
Total no. of embryos injected 5 3 5 3 4 5 7 2
Region
Embryonic
Ectoderm 3 3 0 1 2 3 0 0
Primitive streak 1 0 0 0 1 2 0 0
Mesoderm 2 0 3 3 2 3 1 0
Endoderm 0 0 0 0 0 0 1 0

Extraembryonic
Amnion ectoderm
Extraembryonic mesoderm 0 0 5 1 2 2 7 2

o
o
o
o
w
N
o
o

investigate these possibilities. To characterize epiblastild-type region D were found in embryonic mesoderm, with
expansion ineedmutant embryos further, we also examinedfewer contributing to embryonic ectoderm, primitive streak,

the fate of cells in region E. definitive endoderm and extraembryonic mesoderm (Fig. 3A).

. ) ] Descendants ofedmutant region D were also found in the
fCeIIs traversing the posterior streak display normal embryonic mesoderm, streak, embryonic ectoderm and
ates

definitive endoderm. However, the embryonic mesoderm
As predicted from our morphological and molecular analysedescendants lay posteriorly in the embryo (Fig. 3B).
of eedmutant embryossedmutant epiblast cells from regions Transverse histological sections revealed that, while mesoderm
A and B displayed similar fates to those of their wild-typecells readily exited the streak, they accumulated posterior to it
counterparts, with some minor differences. As in wild-type

embryos, after 1 day in culture descendants of region A were

spread posteriorly in the epiblast towards the streak (Fig. 1C,Dyaple 3. Region D: percentage distribution of descendants
Table 2). In addition, contribution to embryonic ectoderm and  and incidence of embryos contributing to different

mesoderm, primitive  streak, amnion ectoderm and empryonic and extraembryonic regions after culture
extraembryonic mesoderm was observed after 2 days in culture

(Table 2 and data not shown). 1 day 2 days

In wild-type embryos, region B, which contains cells wild type eed wild type  eed
traversing the streak very early in gastrulation, contributed t®otal no. embryos 10 16 6 7
proximal embryonic (3/5 embryos injected), as well as injected
extraembryonic mesoderm (5/5) after 1 day in culture (Tabléot! ne descendants 175 185 116 138
2 and data not shown). In contrast, 8&imutant embryos oo o
injected in this region contributed to the proximal posterior Embryonic ectoderf 2. 38 20.7 0
mesoderm, but only 1/3 contributed to the extraembryonic (3/110p (2/16) (5/6) (017)
mesoderm after 1 day in culture (Table 2). This difference may Primitive streak 8 4.9 6.9 7.2
be due to a 6-12 hour delay in the onset of gastrulation g o oo Gy 9 “wsy an

observed ireedmutant embryos. Nevertheless, after 2 days in

: ; mesoderm (6/10) (14/16) (4/6) (5/7)
culture, botheed mutant and wild-type embryos contributed Axial mesoderm 4.6 2.2 7.8 0
extensively to extraembryonic mesoderm (Table 2 and data not (3/10) (3/16) (2/6) (0/7)
ShOWI’]) Endoderm 16.6 7.0 20.7 13.0
' (5/10) (5/16) (3/6) (317)
i ; ; Extraembryonic 154 11.9 0 49.3
fcailals traversing the anterior streak display abnormal mosoden (2/10) (5/16) (0/6) 5/7)
(i) Region D apercentage of descendants, calculated by dividing the number of

; ; o escendants found in the region by the total number of descendants displayed
Ep|blast ce]ls from region D traverse the primitive streak earll% all regions.

in gastrulation and give rise to the bulk of the paraxial and axial bjncigence of embryos displaying descendants in the region.

mesoderm and definitive endoderm of the embryo; their cin wild-type embryos cultured for 2 days, includes ventral midline
descendants also make a significant contribution to ventragurectoderm and node. _ _ N

midline neurectoderm (Lawson et al., 1991; Lawson and dIn wild-type embryos cultured for 2 days, includes cranial, somitic, trunk

. . raxial and post-nodal (posterior to the node) mesoderm.
Pedersen, 1992a,b; K. A. L., unpUb“Shed reSUIts)' Rarely aPéleFor eed mutant embryos: after 1 day in culture, defined as that mesoderm

descendants Of_ these_ cells found in extraembryonic mesoderging proximal to the embryonic/extraembryonic ectoderm junction. After 2
Analysis of region D ireedmutant embryos revealed marked days in culture, defined as allantoic bud-like mesoderm extending from the
differences in colonization by descendants (Fig. 3). Foposterior streak into the exocoelom, differentiated allantois and mesoderm

example, after 1 day in culture, the majority of descendants dfnd the yolk sac, amnion and chorion.
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Table 4. Region C: percentage distribution of descendants Table 6. Region E: percentage distribution of descendants

and incidence of embryos contributing to different and incidence of embryos contributing to different
embryonic and extraembryonic regions after culture embryonic and extraembryonic regions after culture
1 day 2 days 1 day 2 days
wild type eed wild type eed wild type eed wild type eed
Total no. embryos 6 4 7 5 Total no. embryos 4 5 7 6
injected injected
Total no. descendants 97 42 253 87  Total no. descendants 30 41 179 74
in all regions in all regions
Region Region
Embryonic ectoderfn 38.12 71.4 36.4 26.4 Embryonic ectoderf 86.7 65.8 97.2 58.1
(4/6)p (3/4) 4/7) (3/5) (414p (4/5) (7/7) (5/6)
Primitive streak 10.3 0 2.8 16.1 Primitive streak 0 7.3 0 5.4
(2/6) (0/4) ar) (3/5) (0/4) (1/5) (0/7) (2/6)
Embryonic (non-axiaf) 51.5 28.6 58.1 30.0 Embryonic (non-axiaf) 0 24.4 2.8 33.8
mesoderm (3/6) (1/4) (417) (3/5) mesoderm (0/4) (2/5) ) (4/6)
Extraembryonic 0 0 2.8 27.6 Endoderm 13.3 2.4 0 1.4
mesoderrf (o/6) (0/4) 2/7) (3/5) (2/4) (1/5) (0/7) (1/6)
Extraembryonic 0 0 0 14
ab.dsee Table 3 legend. mesoderrf (0/4) (015) 0/7) (1/6)
CIn wild-type embryos cultured for 2 days, includes neural, surface and
postnodal ectoderm. ab.&See Table 3 legend.
%In wild-type embryos cultured for 2 days, includes neural and postnodal
ectoderm.

. . . din wild-type embryos cultured for 2 days, includes postnodal mesoderm.
and demonstrated very little anterolateral migration away from i y Y P

it (data not shown). Cell mixing isedmutant embryos was
prevalent, in that descendants in the mesoderm were often
dispersed widely among unstained cells. In some cases (2/like mesoderm, as well as the differentiated allantois and yolk
embryos), clonal spread was extensive, spanning from the mastc (Fig. 3B). 2/7 embryos contained clones wherein
distal embryonic mesoderm into the extraembryonic regiordescendants were restricted to the extraembryonic region. In
Other embryos displayed clones encompassing proximaiie remaining embryos examined, clones spanned either the
embryonic and extraembryonic mesoderm (3/16 embryosproximal embryonic mesoderm and extraembryonic mesoderm
proximal embryonic ectoderm (2/16), distal embryonic(3/7) or extended from the distal into the proximal embryonic
mesoderm (6/16), or both (3/16). mesoderm (2/7). Again, transverse sections revealed very
The differences in contribution to mesoderm were amplifiedimited lateral migration away from the primitive streak (data
after 2 days in culture. In wild-type embryos, descendants fromot shown). Interestingly, once mesodermal cells reached the
region D that after 1 day were found in the embryonicextraembryonic region, they were able to move more laterally
mesoderm, were now located in the cranial paraxial mesoderamnd anteriorly, as descendants were found widely dispersed
and somites (Fig. 3A). Localization to the primitive streak,throughout the yolk sac and in the allantoic bud-like mesoderm
definitive endoderm, node and ventral midline neurectoderrand differentiated allantois (Fig. 3B).
was also observed. Descendante@dmutant region D were The percentage distribution of descendants and incidence of
still found in the embryonic mesoderm, primitive streak andembryos contributing to  different embryonic and
definitive endoderm, but the bulk of the mesodermakxtraembryonic derivatives of region D are described in Table
descendants localized extraembryonically, in the allantoic bud. Chi-square analysis indicated that the overall distribution of
descendants of region D to these different derivatives after
culture was significantly different between wild-type aedi
mutant embryos. After 1 day in culture, a small percentage of
descendants localized to the embryonic ectoderm, primitive
streak and axial mesoderm in both wild-type aed mutant
embryos; however, the incidence of mutant embryos displaying

Table 5. Incidence of embryos yielding clones
encompassing embryonic and/or extraembryonic lineages
after two days in culture

wild type (%) eed (%) descendants in embryonic ectoderm and axial mesoderm was
Total embryos injected 13 12 lower than wild type. Although the frequency of descendants
Embryonic derivatives 11 4 contributing to embryonic mesoderm was similar for both
S (84.6) (33.3) wild-type and eed mutants, the incidence ofed mutant
Extraembryonic derivativés 0 (23;_)) embryos contributing to embryonic mesoderm was much
Embryonic and extraembryonic 2 5 higher (14/16 compared to 6/10 embryos). The percentage
derivatives (15.4) (41.7) distribution of descendants found in the endoderm was
_ _ decreased iredmutant embryos (7%, as compared to 17% for
2Only embryos from regions C and D used for analysis. wild type). Botheedmutant and wild-type embryos displayed

PEmbryos displaying descendants in embryonic derivatives of any of the .~ .. . . . .
three primary germ layers. significant contribution to the extraembryonic mesoderm;

Embryos displaying descendants in extraembryonic mesoderm (includes however, although wild-typ_e embryos eXh_ibited a similar
mesoderm lining the amnion, chorion and yolk sac, allantois or allantoic budpercentage of descendants in extraembryonic mesoderm, only
like mesoderm and/or blood islands). 2/10 embryos contributed to this tissue, with one of these
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One day Two days

A

100 pm

n=4 n=5
Fig. 4. Localization of descendants of epiblast region C in wild-type (A)emutinutant (B) embryos. See Fig. 3 for details.

yielding a pure extraembryonic clone containing 24of descendants colonizing, the extraembryonic mesoderm in
descendants (accounting for 90% of the descendants in theed mutant embryos (5/7 versus 5/16 embryos; 49% of
region). descendants versus 12% colonizing after 1 day in culture). In
After 2 days in culture, 5/6 wild-type embryos contributedcontrast, 0/6  wild-type embryos contributed to
to embryonic ectoderm derivatives (ventral midlineextraembryonic mesoderm after 2 days in culture; this
neurectoderm and/or the node; 21% of all descendants), whitlifference in incidence was determined to be highly significant
no contribution to embryonic ectoderm was seene@d using the Wilcoxon rank-sum test. The percentage of
mutants (Table 3). The Wilcoxon rank-sum test (see Materialdescendants found in endoderm was still lowerddmutant
and Methods) indicated that this difference in contribution wasmbryos and no contribution to axial mesoderm was seen.
highly significant. Both wild-type anded mutant embryos Whether the lack ofeed mutant embryos displaying
continued to display a small contribution to the primitivedescendants in axial mesoderm after 2 days in culture is
streak.eed mutant embryos still contributed to embryonic significant cannot be determined because of the low incidence
mesoderm, although the percentage of descendants found hefewild-type embryos contributing to this tissue (Table 3;
was decreased compared to both wild-type controls cultured. A. L., unpublished results). Overall, the data indicate that
2 days andeed mutant embryos cultured for 1 day. epiblast cells from region D ingress through the anterior
Concomitantly, there was both an increase in the incidence sfreak, but as their mesodermal descendants exit, they move
eedmutant embryos contributing to, as well as the percentagextraembryonically.
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One day Two days

100 pm
n=5 n==6
Fig. 5. Localization of descendants of epiblast region E in wild-type (A)esuinutant (B) embryos. See Fig. 3 for detalils.
(i) Region C more posteriorly in region C also gave rise to descendants in

Having established that epiblast cells from region D ingresthe primitive streak and mesoderm (Fig. 4A; Table 4).
through the streak and contribute to mesoderm formation iAlthough a similar incidence efedmutant embryos displayed
eedmutant embryos, we next analysed the fate of region C. Adescendants in the embryonic ectoderm, a much higher
stated earlier, it was unclear whether cells from this anteriqgercentage of descendants was found in this region as
region would undergo proper growth toward the streak andompared to wild type (Table 4). In addition, the bulk of the
subsequent ingression and, as a result, contribute to the lossdescendants were localized more anteriorlye@u mutants
embryonic mesoderm. The localization of descendants froffcompare Fig. 4A,B). Furthermore, both the incidenceeuf
region C is depicted in Fig. 4; the percentage distribution ofmutant embryos contributing, and the percentage of
descendants and incidence of embryos contributing to differediescendants found in the primitive streak and mesoderm, were
embryonic and extraembryonic derivatives are described Tablewer than wild type. These results could reflect the above-
4, Chi-square analysis indicated that the overall distribution ahentioned delay in the onset of gastrulation evidentad
descendants of region C to these different derivatives aftenutant embryos.

culture was significantly different between wild-type aedi After 2 days in culture, a significant percentage of
mutant embryos. In wild-type embryos after 1 day in culturedescendants of wild-type region C did not ingress through the
descendants of region C were found in the epiblast spreguiimitive streak; instead they contributed to embryonic
posteriorly towards the streak; epiblast cells initially lyingectodermal derivatives, the neural and surface ectoderm (Fig.
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4A; Table 4). Ineedmutant embryos injected in region C and embryos does not expand well during gastrulation, particularly
cultured for 2 days, similar contribution to the embryonicwith respect to the A-P axis (Table 1). Reduced axial extension
ectoderm was observed (Table 4), and, like wild typewas associated with a lack of incorporation of descendants of
descendants spanned posteriorly toward the streak (Fig. 4Bred mutant region D into the ectoderm, particularly at the
Descendants of wild-type epiblast cells initially lying moreventral midline (compare Fig. 3A,B, 2 days). In addition,
posteriorly in region C contributed substantially to lateral platalthough we could not detect a significant difference in the
mesoderm, as well as paraxial and posterior (postnodadbility of descendants eedmutant regions C and D to colonize
mesoderm after 2 days in culture (Figs 1E, 4A; Table 4). Epiblaghe primitive streak (see Tables 3, 4), decreased primitive streak
cells lying posteriorly ireedmutant region C also gave rise to elongation was apparent @@dmutant embryos. Normally the
descendants in the embryonic mesoderm, albeit at a lowstreak constitutes about 30% of the total axial length at the early
percentage (30%, as compared to 58% for wild type). In contrastreak stage, and by the onset of neurulation it accounts for
to descendants of wild-type region C, all embryonic mesoderrapproximately 50% of the entire axis (Lawson et al., 1991). The
descendants  were  found proximally, near  theelongation of the primitive streak imed mutants varied, but
embryonic/extraembryonic junction and either posterior or jushever constituted more that 40% of the embryonic axis, even
lateral to the primitive streak. Furthermore, a higher incidence cffter 2 days in culture (data not shown).
eed mutant embryos displayed contribution to the To characterize the lack of epiblast expansion further, we
extraembryonic mesoderm (3/5 embryos; 28% of descendantsympared the fate of mutant and wild-type region E.
compared to 2/7 embryos, 3% of descendants for wild type) (Fiddescendants of these cells contribute to anterior expansion of
1F, 4B; Table 4). Thus, as in wild-type embryos, descendants tife embryonic ectoderm, presumably as a result of axial
eedmutant region C are able to reach the streak and produestension from the insertion of descendants of region D at the
mesoderm; however, as was seen with mutant region D, very litithstal midline (Lawson et al., 1991; Lawson and Pedersen,
anterolateral migration out of the streak occurs and the mesodefri92a). In wild-type embryos after 1 day in culture, the majority
tends to be displaced extraembryonically. of descendants contributed to the epiblast anterior to the node
Descendants adedmutant regions C and D that localized (Fig. 5A). After 2 days in culture descendants were found
to the extraembryonic region @&ed mutant embryos were spread widely throughout the head and trunk neural ectoderm.
usually found in more than one extraembryonic derivativeRarely did descendants contribute to ectoderm posterior to the
Descendants were found in either allantoic bud-like mesodermode or to embryonic mesoderm (Fig. 5A; Table 6). As with
(6/20 embryos, 28% of extraembryonic descendants), thegions C and D, chi-square analysis indicated that the overall
mesoderm lining the yolk sac (7/10 embryos, 54% ofdistribution of descendants afed mutant region E was
extraembryonic descendants) and/or allantoic mesenchynsgynificantly different from wild type. After 1 day in culture,

(2/10 embryos, 18% of extraembryonic descendants). most of the descendants were found in ectoderm posterior to
the distal tip and 2/5 embryos displayed contribution to
Mislocalization of mesoderm extraembryonically is embryonic mesoderm (Fig. 5B; Table 6). The posterior
not due to an inherent restriction of distal epiblast localization and contribution to mesoderm were striking after 2
cell fate days in culture (Fig. 5B; Table 6). Thus, anterior expansion of

It has been previously established that the epiblast of the prie epiblast, normally illustrated by the anterior spread of region
streak mouse embryo displays no regional restriction in cell faté descendants, is very limited éedmutant embryos.
(Lawson et al., 1991). Ieedmutant embryos, mislocalization
of descendants to the extraembryonic mesoderm could reflect Bmbryo growth
alteration and premature restriction of epiblast cell fate, such thit a previous clonal analysis of epiblast cell fate, it was
distal epiblast cells now become restricted to an extraembryonidetermined that the wild-type epiblast demonstrated a
rather than embryonic, fate. If this occurred, we would onlyhomogeneous proliferation rate, dividing about every 7.5 hours
expect to see clones wherein all of the descendants wefleawson et al., 1991). Consistent with these results, the clone
localized either to embryonic or extraembryonic derivativesdoubling time obtained for labelled epiblast cells of wild-type
This was not the case (Table 5). Although 25%edmutant  embryos in this study was 7.4+1.5 houns17 embryos; see
embryos injected in regions C and D displayed clones whereMaterials and Methods for further details). Mutant epiblast cells
all of the descendants were localized strictly to thedemonstrated a clone doubling time of 7.5+1.1 hoord{
extraembryonic region, 42% displayed mixed clones, whereiembryos), not a statistically significant different value from wild-
descendants were found in extraembryonic mesoderm, as wslpe controls. Clone-doubling times from region D alame5(
as embryonic mesoderm and/ or endoderm, in a single clone. Wild-type andn=9 mutant embryos) were similar to the whole
contrast, only 15% of wild-type embryos injected in regions Gmbryo values. Because of the paucity of embryos suitable for
and D displayed mixed clones containing both embryonic anpgroliferation analysis from other regions of the epiblast (see
extraembryonic derivatives after 2 days in culture. Thus, th#&laterials and Methods), we were unable to determine if there
propensity to form extraembryonic mesodermeid mutant  were statistically significant differences in proliferation between
embryos appears to be due to a tendency for most cells leavingd-type andeedmutant embryos within these other regions.
the streak to move extraembryonically and not due to an inherent
restriction of distal epiblast cell fate.

DISCUSSION
Epiblast cells at the distal cap display abnormal
morphogenetic movements We have used clonal analysis to determine that loss of
Compared to wild-type embryos, the epiblasteefi mutant  embryonic mesoderm imedmutant embryos is not due to lack
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of its formation. Rather, embryonic mesoderm is produced, bithese data indicate that posterior epiblast cells tend to ingress
does not migrate anteriorly and accumulates in théhrough the streak, rather than contribute to embryonic
extraembryonic compartment over time. Both theectodermal derivatives, particularly ventral midline
proximodistal clonal spread of descendants in mesoderm, asurectoderm. Thus, preferential mesoderm production from
well as the gain of extraembryonic mesoderm at the expensegion D, perhaps combined with decreased elongation of the
of embryonic mesoderm between 1 and 2 days in culturstreak, might reduce axial extensioneiad mutant embryos.
support this notion. Consequently, descendants of region E localize posteriorly and
Region D, in addition to the area of the epiblast just anteriamany ingress through the streak, probably exacerbating the
to it and distal region B, gives rise to the bulk of the definitivedefect in epiblast expansion.
endoderm in the gastrulating embryo (Lawson et al., 1991). In In summary,eedmutant embryos display complex defects
eedmutant embryos, contribution to this tissue was lower agn gastrulation. First, it appears that mutant epiblast cells
compared to wild-type controls. Production of definitivepreferentially make mesoderm rather than contribute to
endoderm ensues very early in gastrulation (Tam andxpansion of the epiblast. Consistent with this observation,
Beddington, 1992), and it is possible that diminishedstudies witheedmutant ES cells have revealed a tendency to
contribution to this tissue medmutants simply reflects a delay differentiate prematurely into mesoderm in embryoid body
in the onset of gastrulation. The fact that definitive endoderrdifferentiation assays (C. F. and T. M., unpublished results).
is indeed produced imedmutant embryos suggests that at leasfThe second major defect observedesgd mutant embryos is
some of the appropriate conditions for the production of thithe inability of mesoderm to migrate anteriorly and its
tissue from the anterior primitive streak are present. subsequent mislocalization to the extraembryonic region.
Abnormal localization of mesoderm to the extraembryonidPreliminary analysis of chimeric embryos produced by
region did not appear to be due to a restriction and alteratidnjection ofeedmutant ES cells into wild-type host embryos
of distal epiblast cell fate, since the majority of clonessuggests that the defect in anterior migration could be intrinsic
produced from regions fated to ingress through the anterido the mesoderm (C. F. and T. M., unpublished results).
streak displayed descendants in both embryonic and Expansion of mesoderm in the gastrulating mouse embryo
extraembryonic derivatives. Within these mixed clones, somappears to be due to a variety of forces. Besides propulsion
descendants were able to adopt their normal fates (i.e., axalay from the streak by the rapidly dividing and ingressing
mesoderm and/or definitive endoderm) after having ingressexpiblast cells, short-term time-lapse micrography of
through the anterior streak. However, it is unknown ifgastrulating mouse embryos has revealed that individual
mesodermal cells moving into the extraembryonic region havenesodermal cells actively migrate away from the streak in an
truly adopted an extraembryonic mesodermal fate. If thanterodistal direction (Nakatsuji et al., 1986). Furthermore,
mislocalized mesodermal cells exiting the anterior strealgrafting experiments have indicated that all but the most distal-
maintained their normal fates as they entered théhird of the mesoderm present at the mid-streak stage is
extraembryonic region, we might expect to see misexpressi@ventually displaced extraembryonically and that this
of genes specific to embryonic mesoderm and anteriatisplacement is greatly diminished by the onset of neurulation
primitive streak derivatives. However, none of the mesoderrfParameswaran and Tam, 1995).
located in the extraembryonic region expresseel, a marker An important question that remains is how preferential
of embryonic mesoderm (C. F. and T. M., unpublished datanovement of mesoderm to the extraembryonic regiogeih
Barnes et al., 1994; Shawlot and Behringer, 1995), or markersutant embryos is implemented. Does mesoderm actively
of the anterior streak and its derivatives, suckgfd, Mox1, migrate into the extraembryonic region or is it passively
Hnf3B or Shh(Faust et al., 1995; Schumacher et al., 1996, andisplaced extraembryonically as new mesoderm propels it out
references therein). Thus, while the gene expression data arethe streak? While the experiments presented here do not
suggestive of an alteration in fate as mesodermal cells mowirectly assess the ability of mutant mesodermal cells to
extraembryonically, they do not conclusively show themigrate, the extensive cell mixing and proximodistal clonal
adoption of an extraembryonic cell fate. spread of descendants seen in many embryos suggests that
eed mutant embryos fail to display proper epiblastmesodermal cells might be able to migrate into the
expansion, particularly with respect to the A-P axis. Based oaxtraembryonic region, even though they are inhibited in their
patterns of clonal spread from anterior regions A and C ananterior migration. Alternatively, it is possible that a decreased
calculated clone doubling times for the epiblast, this does nathility of mesoderm to migrate anteriorly, coupled with limited
appear to be due to decreased epiblast growth. In wild-typepiblast expansion, results in excessive displacement of
embryos, extension of the A-P axis is primarily due tomesoderm proximally ineed mutant embryos, leading to
elongation of the primitive streak and expansion of the area @referential production of extraembryonic mesoderm.
the epiblast just anterior to it, including region D (Lawson et When grafted to ectopic sites, the distal posterior epiblast of
al., 1991; Lawson and Pedersen, 1992a). A substantial portidine early-streak-stage embryo, as well as the mid-streak-stage
of these cells remain in the epiblast, rather than ingress througlode, exhibit organizer activity, such that they can recruit host
the streak; moreover, they tend to colonize the ventral midlinéssues into a secondary neural axis (Beddington, 1994; Tam et
neurectoderm, resulting in axial extension (Lawson et alal., 1997). These findings, coupled with mutational analysis
1991; Lawson and Pedersen, 1992a,b; K. A. L., unpublisheshd regionalized gene expression in the primitive streak,
results). Although after 1 day in culture a small number osupport a model wherein the anterior tip of the streak emits a
descendants afedmutant region D remained in the ectodermcombination of morphogenetic signals that play a role in
just anterior to the streak, it is notable that by 2 days, ndetermination of neurectodermal/mesodermal cell fates, as
descendants were observed in embryonic ectoderm derivativegell as pattern mesodermal cells as they leave the streak
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(Chapman and Papaioannou, 1998; Ciruna et al., 1997; Sasakish, M. K. and Martin, G. R. (1992). Analysis of mousEvx genesEvx-

and Hogan, 1993; Yamaguchi et al., 1994; Yoshikawa et al., 1 displays graded expression in the primitive strédv. Biol. 151, 273-
; o : 287.

1997). Based on their proximity to these signals, mesodermg{lﬁusn C.. Schumacher, A., Holdener, B. and Magnuson, [1995). Theeed

cells Ieavmg the streak ,are pat_terneq accordmgly: cells eX|t.|ng mutation disrupts anterior mesoderm production in nibbexelopmeni21,

the anterior streak differentiate into axial and paraxial 273-28s5.

derivatives, cells exiting the more medial regions of the strealawson, K. A., Meneses, J. J. and Pedersen, R. 1986). Cell fate and cell

differentiate into lateral and intermediate mesoderm, and cells!i”teage”ifl‘ thte e”ﬁ';’derg“_ ?fltrae ggzsgggte mouse embryo, studied with an
e H H H H H Intraceliular tracerbev. blol. - .

exiting the posterior streak differentiate into extraembryo_mq(_ja wson, K. A., Meneses, J. J. and Pedersen, R. (L991). Clonal analysis

mesoderm. If these proposed anterior streak-derived of epipiast fate during germ layer formation in the mouse embryo.

morphogenetic signals are disrupted, patterning of mesodermpevelopment13 891-911.

leaving the streak, as well as proper determination ofawson, K. A. and Pedersen, R. A(1987). Cell fate, morphogenetic

neurectodermal/mesodermal cell fate, might be disrupted. ~ Mmovement and population kinetics of Iembryot[‘éieﬁnzd;’g;fzm at the time of

P P erm layer rormation in the moudeevelopmen - .

_Loss of theeedgene clearly affects transcriptional activity a?/vson, KA. and Pedersen, R. A(1992§). Clonal analysis of cell fate

in the primitive streak (Faust et al., 1995; Schumacher et al., quring gastrulation and early neurulation in the mo@sea Found. Symp.

1996). Furthermore, based on the function ofDtesophila 165, 3-26.

homologue as a negative regulator of gene expression, it ligwson, K. A. and Pedersen, R. A(1992b). Early mesoderm formation in

ossible thaéednegatively regulates transcriptional activity in  theé mouse embryo. IRormation and Differentiation of Early Embryonic
P 9 y reg P Y Mesodern{ed. R. Bellairs et al.), pp. 33-46. New York: Plenum Press.

the POStenor streak. WIthOlﬂIed gene (_axpressmn nor_ma_”y Nakatsuji, N., Snow, M. H. L. and Wylie, C. C.(1986). Cinemicrographic

restricted to the posterior streak m_|ght be .ConS“tUt'Ve'.y study of the cell movement in the primitive-streak-stage mouse embryo.

expressed throughout it; as a result, signalling in the anteriorEmbryol. Exp. Morph96, 99-109.

streak might be disrupted. Thus far, the strongest candidate %\?ng%nege%-- Tﬁ-e' Dd-, |RL'nChlk’ E. I'V'-, Rlésse"l, L. B. an(lj Magnuson, T. .
H H H _ . e albino deletion complex and early postimplantation survival in

negative regulation by thesed gene is the homeobox the mouseDevelopment02 45-53.

co_ntalnlng geneEvx1 (Schumacher et al-’. 1996)' Direct Parameswaran, M. and Tam, P. P. L(1995). Regionalisation of cell fate and
evidence thaEvx1affects mesoderm patterning in the mouse morphogenetic movement of the mesoderm during mouse gastruleian.

awaits the production of conditional knockouts, since embryos Genet.17, 16-28. _ _
homozygous for a null allele &vx1die prior to implantation Rinchik, E. M. and Carpenter, D. A.(1993). N-ethyl-N-nitrosourea-induced

. . _prenatally lethal mutations define at least two complementation groups
(Spympou'OS and Capecchl, 1994)' However, several StUdles\’/)vithin the embryonic ectoderm developmerdged locus in mouse

strongly suggest that other vertebrate homologués/rt are Chromosome 7Mamm. Genomé, 349-353.

involved in posterior mesodermal patterning (Ahringer, 1996Ruiz i Altaba, A., Choi, T. and Melton, D. A. (1991). Expression of the
Barro et al., 1995; Ruiz i Altaba et al., 1991; Ruiz i Altaba and Xhox3 homeobox protein iXenopusembryos: blocking its early function
Melton, 1989). Thus, it is possible that high level€uk1in suggests the requirement of Xhox3 for normal posterior developDewnt.

. . . Growth Diff. 3, 651-669.
the anterior streak atedmutant embryos might disrupt the Ruiz i Altaba, A. and Melton, D. A. (1989). Involvement of the Xenopus

normal signalling that occurs here, _the results of which may be homeobox gene Xhox3 in pattern formation along the anterior-posterior
two-fold: the preferential production of mesoderm at the axis.Cell 57, 317-326.

expense of ventral midline neurectoderm and/or the inabilitpasaki, H. and Hogan, B. L. M(1993). Differential expression of multiple

; ; i~+~fOrk head related genes during gastrulation and axial pattern formation in
of cells leaving the anterior streak to respond to the appropriate,’ " " embry@evelopment 18, 47-59.
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