


Fig. 1. Schematic of early cell nomenclature and cellular arrangements in P. hawaiensis.
(A) Eight-cell stage. The blastomeres are designated according to Gerberding et al.
(2002), providing the basis for the nomenclature for their descendants in the following
division cycles. (B) 16-cell stage. Fourth cleavage blastomeres are individually
distinguished by lower case letters according to their relative position: left (l) or
right (r) for descendants of Mav, g, en or Ep, and anterior (a) or posterior (p) for
descendants of ml, mr, El and Er. (C) Nomenclature of the fourth and fifth cleavage
blastomeres. At fifth cleavage, macromere descendants are distinguished by relative
position as anterior (a) or towards the macromeres (M′), while g, en, mrp and mlp
descendants are distinguished as being anterior (a) or towards the micromeres (m′).
We use apostrophes in the suffix of the fifth cleavage blastomere names to distinguish
the letter “m” here from its use in the names of the third cleavage blastomeres. The
descendants of mra and mla that sink below the surface of the yolk shortly following
fifth cleavage are designated as inner (i), while those that remain visible on the surface
of the yolk are designated as outer (o). (D)–(E) The arrangement of micromeres at
eight- and 16-cell stages can diverge from the arrangement shown in A and B. (D) At
the eight-cell stage in most cases (84%) the m micromeres are adjacent to each other
and share a cell border, whereas g and en do not. In some cases (10%) the micromeres
are arranged so that they are all in contact with each other and in a few cases (3%) g is in
contact with en. In a small percentage (2%) of eggs the blastomeres cannot be
unambiguously identified (n=87). (E) In themost common arrangement at the 16-cell
stage (74%) all mesoderm micromeres are in direct contact with their left/right
counterpart. In a minority of cases (16%) only one of these two left/right pairs are in
contact. In 10% of embryos the identity of blastomeres is ambiguous (n=40).
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segregated as early as first cleavage, and loss of g at the eight-cell
stage results in hatchlings lacking germ cells, consistent with early
determination of this cell fate (Extavour, 2005). In contrast, if up to
two of the mesoderm precursor cells (Mav, mr or ml) are ablated at
the eight-cell stage, the remaining mesoderm precursor is able to
replace the lost cells, resulting in hatchlings with normal mesoderm
(Price et al., 2010). However, no other cell type (ectoderm, endoderm
or germ line) has the capacity to regulatively generate mesoderm
tissue during embryogenesis (Price et al., 2010).

Gastrulation and germ band formation in P. hawaiensis principally
involves large scale cell migrations and cellular movements that
include the reorganization of the two tiered germ layer precursors at
the eight-cell stage, into the bilaterally symmetrical germ disk stage of
the later embryo (Gerberding et al., 2002; Price, 2005; Price and Patel,
2008). However, several aspects of P. hawaiensis gastrulation remain
to be clarified, particularly in light of the regulative capacity of the
embryo to replace lost mesoderm precursors (Price et al., 2010). Some
outstanding questions include, how invariant are the lineage patterns
and migratory trajectories of each germ layer lineage? Does lineage
identity or positional information determine cellular behavior leading
up to and during gastrulation? Are these behaviors cell-autonomous
and maternally determined, or do they rely on signals from
neighboring cells and zygotic gene regulation? Is the lineage of
those cells that initiate gastrulation invariant? How do cell behaviors
change when germ layer precursors are removed?

The best studied animal where these questions have been
answered for an embryo with similarly early determined cell fate
development is the nematode Caenorrhabditis elegans (Sulston et al.,
1983). In addition to genetic analysis, physical and pharmacological
manipulations (reviewed by Nance et al., 2005), 4D microscopy-
assisted cell lineage analysis (Schnabel et al., 1997) is a powerful
technique to improve our understanding of wild type processes (see
for example Bischoff and Schnabel, 2006; Bischoff et al., 2008; Tassy et
al., 2006).

In this study, we used live imaging and 4D microscopy in con-
junction with the cell lineage analysis software SIMI° BioCell
(Schnabel et al., 1997) to analyze P. hawaiensis embryogenesis from
early cleavage to early germ disk stages at cellular level detail. We
traced the cell lineages, behaviors, and clonal compositions involved
in cell movement and gastrulation. We determined the extent of
regular and required cell contacts and maternal/zygotic regulation,
and compared wild type embryos with micromere-ablated embryos
in these respects. We discuss our findings in the context of the cell
lineage and regulatory properties of other arthropod embryonic cell
types.

Materials and methods

Animal culture and embryo collection

P. hawaiensis was cultured in covered plastic tanks with a crushed
coral (Instant) substrate and artificial seawater (ASW, specific gravity
1.019–1.022, Tropic Marin) oxygenated with air stones at 28–30 °C.
Animals were fed daily with ground aquaculture feed (40% TetraPond®
wheat germ sticks, 40% TetraMin® flake food, and 20% Tropical®
spirulina). Eggs were collected as described in Rehm et al. (2008) and
kept in filtered (0.45 μm filter) ASW (FASW; specific gravity 1.019)
containing Penicillin–Streptomycin (Cellgro) 1:100 (stock solution
10,000 U/ml penicillin, 10,000 μg/ml streptomycin), Fungizone-
Amphotericin B (Fulka) 1:40, pH 8.15 (stock solution 100 μg/ml).

4D microscopy

The general principle and application of 4D-microscopy as amultiple
focal plane time-lapse recording method are described in detail by
Schnabel et al. (1997) andHejnol and Schnabel (2006). For this studywe
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used a Zeiss AxioImager Z1 connected to an AxioCam MRm camera.
Embryos at the eight-cell stage were mounted in FASW on glass
microscope slides. The cover slip margins were sealed with Vaseline or
vacuum grease to prevent evaporation of the FASW, thus avoiding
changes in salinity.

The recordings were captured with AxioVision 4.6 at a constant
temperature of 25 °C. For each experiment, between 30 and 45 focal
planes were captured with a combination of white incident fiber optic
light and Nomarski optics every 5 min with ~4 μm distance between
focal planes. After recordings had finished embryos used for the cell
lineage analysis were transferred to 12-place multi-well dishes with
FASW and cultured at 25 °C until hatching. All analyses of wild type
cell lineage used only recordings of embryos that (a) could be cultured
to normal viable juveniles; and (b) were recorded in an orientation
allowing for the most informative tracing of cellular processes leading
up to gastrulation. Table 1 summarizes the duration of the recordings
and the respective cell lineages thatwere followed in each experiment. A
subset of embryos was recorded until the rosette stage or through
gastrulation and subsequently fixed for 15–20 min in 3.7% in formalde-
hydePBS (1.86 mMNaH2PO4; 8.41 mMNa2HPO4; 0.175 MNaCl; pH7.2)
and stored in absolute methanol for antibody staining.

Exported TIFF files of the recordings were renamed using the free
software AntRenamer 2.1 to provide a format readable by SIMI°-
BioCell. Cell lineages were then analyzed using SIMI°BioCell 4.0.153
(SIMI°Reality Motion Systems GmbH, Unterschleissheim, Germany).

Image analysis

Figures and schematics were created with Adobe Photoshop CS4
and Adobe Illustrator CS4. Original images of focal stacks were
rendered using Helicon Focus 5.1. Captions and colorations in movies
were created using Windows Movie Maker, Adobe Premiere and
Adobe After Effects. Screenshot movies were captured by VRtainment
CapturePad.

Antibody staining

Embryos fixed for antibody staining and stored in methanol as
described above were washed in PBS over night. The antibody staining
procedure followed standard protocols (Patel, 1994) with slight
Table 1
Recordings of wild type embryos used for cell lineage analysis. Summary of the time
length of all recordings (hh:min) analyzed in this study. Time values shown refer only
to the duration of the recording; all 17 embryos considered here were successfully
raised until hatching (~10 days at 25 °C). The recordings start at the eight-cell stage and
extend to at least the rosette stage, except for the recording of embryo # 05. Black dots
indicate which blastomeres had their cell lineages traced in each movie.

# embryo
recorded

Duration of
recording
(hh:min)

Blastomere traceable in recording

g Mav ml El mr Er en Ep

# 01 17:00 • • • • • • •

# 02 21:00 • • • •

# 03 19:55 • • • •

# 04 19:55 • • • • • •

# 05 6:00 • • • • • •

# 06 17:04 • • • •

# 07 19:55 • • • •

# 08 14:40 • • • •

# 09 23:30 • • • •

# 10 16:35 • •

# 11 15:31 • • • •

# 12 15:31 • • • • •

# 13 9:35 • •

# 14 16:05 • • • • • • •

# 15 8:55 • • • •

# 16 21:20 • • • • • •

# 17 21:20 • • • • • • •
modifications. Washing after primary antibody incubation was per-
formed with the addition of 5% DMSO to the PBT buffer. Washing steps
were prolonged and increased in number compared to Patel et al.
(1989). Blocking before incubation inprimary and secondary antibodies
was performed in PBT+N (1× PBS, 2% BSA, 1% Triton X-100, 5% DMSO,
5% normal goat serum (NGS)) for 30 min. After staining and washing
embryos were washed again in PBT+5% DMSO and mounted in 70%
PBS-Glycerol. Primary antibodies were mouse anti-acetylated tubulin
(Sigma T6793) 1:100, anti-α-tubulin (Sigma F2168, clone DMIA) 1:50,
and rabbit anti-ß-catenin (Sigma C2206) 1:50. Secondary antibodies
were goat anti-mouse Alexa 488 and goat anti-rabbit Alexa 647
(Invitrogen) 1:200or 1:500. Phalloidin-Alexa555 conjugate (Invitrogen)
was used at 1:50.

Blastomere ablations

Manual ablation was performed on embryos that had just
completed third cleavage. We performed manual ablation rather
than photoablation or DNAse/RNAse injection as has been previously
described (Price et al., 2010), in order to completely remove all cell
content from eggs. Embryos were transferred onto a silicone plate
(Sylgard 184) in a droplet of FASW and positioned under a dissection
microscope. Only eggs in which g could be clearly identified as the
smallest micromere and as the sister cell of the smallest macromere
Mav were used for the ablations. A hole was poked into the targeted
cell using sharpened tungsten needles, and a mouth pipette was used
to remove all cell contents. Ablated embryos were then recorded for
cell lineage analysis, and raised through subsequent embryogenesis.

Pharmacological inhibition of transcription

Embryos were incubated in FASW containing alpha-amanitin
(Sigma Cat. No. A2263; stock solution made up in DMSO) at a final
concentration of 25 or 50 μg/ml; these concentrations completely
abolish transcription by RNA Polymerase II inMus musculus (Liu et al.,
2004) and Xenopus laevis (Newport and Kirschner, 1982); results
were not significantly different between the two concentrations and
were pooled for analysis. Control embryos were incubated in
equivalent final concentrations of DMSO; results were not signifi-
cantly different across concentrations and were pooled for analysis.
Incubation was continuous from the one, two or four-cell stages for at
least 24 h; results were not significantly different between initial
incubation stages and were pooled for analysis. Embryos were
monitored daily and fixed for analysis at different time points up to
late germ band stages.

Results

The two stages that we sought to understand with this work are
the “soccer ball stage” (S6 in Browne et al., 2005) and the “rosette
stage” (S7 in Browne et al., 2005). We aimed to use lineage analysis to
determine the extent of regularity in clonal patterns and cell–cell
contacts at these two stages. The soccer ball stage is reached at ~12 h
(at 25 °C) after egg-laying, and consists of approximately 100 cells.
This stage is of interest because the cells are morphologically uniform
and no fate map exists for all cells at this stage. The rosette stage
consists of approximately 120 cells, and is reached at ~18 h (at 25 °C).
This is just before gastrulation with the rosette-shaped arrangement
of cells marking the site where gastrulation begins (Movie S1).

Extensive cell migration precedes gastrulation

An embryonic staging scheme and a fate map of the eight-cell stage
blastomeres based on in vivo labeling techniques were previously
established for P. hawaiensis (Browne et al., 2005; Gerberding et al.,
2002). However, the existing staging descriptions do not describe how
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the products of the eight-cell stage divide, move, and position
themselves in order to begin gastrulation. In order to gain insight into
the precise cleavage pattern, positional clonal distribution, and the
migration behavior of the descendants of the eight-cell stage, we used
4D microscopy to trace the cell lineages of the third cleavage
blastomeres. The principalwild type cell lineage analysis was composed
from recordings of 17 different embryos that all developed normally
compared to controls (non-recorded embryos), and hatched success-
fully. In some cases, fixed embryos, in vivo injections, and additional
recordings were performed to confirm observed processes. Using the
previously established nomenclature (Gerberding et al., 2002) for the
third cleavage blastomeres in this species as a starting point, we have
developed a nomenclature for the blastomeres from fourth cleavage
onwards (Figs. 1A–C). This allowed us to assign specific lineage
identities to all of the cells that make up the core of the gastrulation
center (discussed below).

The first three cleavages in P. hawaiensis lead to the establishment
of an eight-cell stage that is characteristic for amphipod crustaceans
(discussed by Scholtz and Wolff, 2002). The first two cleavages give
rise to a four-cell stage in which the ancestor blastomere toMav and g
(which we call “Mav/g”) is identifiable as slightly smaller than the
others. The third cleavage is perpendicular to the previous one and
unequal, so that the eight-cell stage consists of the four macromeres
Mav, El, Er, and Ep, and the fourmicromeres g,ml,mr, and en (Figs. 1A
and 2A). In most embryos (73/87, 84%) the micromeres are positioned
in a regular arrangement in which the opposingmicromeresml andmr
Fig. 2. Clonal domains and cell movements from eight-cell stage through gastrulation. The
gastrulation are exemplified by still images of a time-lapse recording of one embryo (#01; see
top right of each panel are as per Browne et al. (2005); times shown are hh:min elapsed fro
domains of third cleavage blastomeres as follows: g and progeny — yellow, Mav and proge
progeny — blue. Black bars in A–E indicate sister cell relationships of g and Mav and their p
formation of the rosette. (B) 16-cell stage following fourth cleavage. The first division occur
after fifth cleavage. The division plane of Mav descendants is perpendicular to that of the
synchronous cleavage cycle, and the number of cells therefore varies from this point onward
Mav descendants (yellow and orange cells respectively), is located around the former cell bo
cells that will form the rosette move progressively closer together at this site. (F) Nuclei and
superficial progeny of en, ml, and mr. (G) Er descendants begin rapid movements (arrow
descendants of the rosette. (H–I) The gastrulation site is the same region where the rose
gastrulation are largely driven by derivatives of El, Er, and Ep (arrows). ml and mr desce
precursors derived from El, Er, and Ep expand towards the gastrulation site and initiate the c
the same region throughout gastrulation (A–I).
share a contact plane, while g and en do not (Figs. 1A and D). 3% of
embryos (3/87) have the opposite arrangement,with g and en sharing a
contact plane instead ofml andmr (Fig. 1D). In 10% of embryos (9/87),
no opposite micromeres share a contact plane, and instead contact only
their left and right neighbors (Fig.1D). We performed lineage analysis
only of embryos showing the majority arrangement of ml/mr contact
planes (Fig. 1A). The observations presented hereafter thus refer only to
embryos that showed this arrangement.

The third cleavage is the last synchronous cleavage. In the fourth
cleavage the macromeres divide slightly ahead of the micromeres,
with g being the last micromere to divide. The arrangement of the
eight micromeres at the 16-cell stage can vary (Fig. 1E). Specifically,
there is variation in the arrangement of the mesoderm micromeres
(mla, mlp, mra, and mrp). In 75% of embryos (30/40), all mesoderm
micromeres have contact with their left/right counterpart. In 16% of
embryos (6/40), only one of the two left/right mesoderm micromere
pairs are in contact with each other (Fig. 1E).

During subsequent cleavages synchrony is gradually lost, but
within each clone, cleavage timing is fairly regular. In general, the
macromeres undergo faster mitotic divisions than the micromeres.
Therefore, when the size of the cells has become roughly homoge-
neous, the macromeres have gone through one or two more division
cycles than the micromeres, and the embryos are designated as being
at the soccer ball stage (S6 in Browne et al., 2005). The cell
arrangement patterns before the rosette stage result from mitotic
spindle orientation rather than active cell reorganizations, and will be
general processes of divisions and cell movements from the eight-cell stage through
Table 1). The embryo is oriented facing the g/Mav side in all images. Stages indicated at
m 16-cell stage, which is set to 00:00 (B). Transparent colored overlay indicates clonal
ny — orange, ml, mr and progeny — red, en and progeny — green, and El, Er, Ep and
rogeny. (A) Eight-cell stage following third cleavage. White circle: region of the future
s in the same direction in both g and Mav. (C) Cell arrangement of g/Mav descendants
previous division. (D) Sixth cleavage. The fifth cleavage shown in (C) is the last near-
s among embryos at the same stage. (E) The initial rosette, composed primarily of g and
rder that existed between g andMav at the eight-cell stage (white circle in (A)). Those
their surrounding cytoplasmic masses begin to detach from the yolky cell bodies in the
s) towards the rosette (gastrulation site) and will eventually regain contact with Mav
tte formed earlier. The extensive cell rearrangements and cell migrations comprising
ndants also undergo extensive cell movements that are not indicated here. Ectoderm
losure of ectodermal sheets above the gastrulation site. en derivatives (green) remain in
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Fig. 3. Variation in timing of mesoderm and germ line cleavages between third cleavage and gastrulation. Lineage trees of five selected embryos (see Table 1) are shown for
comparison (based on screen shots of SIMI°BioCell) showing the timing of division events for g,ml,mr, andMav and their descendants. Arrows indicate the lineages of the germ line
precursor g (yellow), the mesoderm precursors Mav (orange), and ml or mr (red). Rectangles of the corresponding colors indicate division events of each of these lineages. Blue
shaded area represents the time at which embryos are at the rosette stage. Each of the lineages starts at the eight-cell stage (normalized here to 0:00 as the start point of the time
lapse recordings) and covers the period up until gastrulation (at least 14 h starting from the eight-cell stage; times indicated by horizontal lines). Relative division timing follows a
clear pattern: the first division of g (star) is delayed compared to the divisions of all other blastomeres. White ovals in them lineages (embryos #01, #03, #11 and #16) indicate the
divisions of mla and mra towards the interior of the egg; only the outer daughter cells (mlao and mrao) were traced through further development. Variability in absolute division
times is likely due to the fact that recording start points may have been at different relative time points of the eight-cell stage.
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described separately for each of the eight third cleavage lineages in
the following sections.

Two cell groups of special significance for embryonic patterning
emerge from the soccer ball stage. The first is the rosette, a small
(approximately 12–16 cells) group composed of g and Mav progeny
(Fig. 2E, yellow and orange cells). It is formed near the border of g and
Mav lineages (Fig. 2A, white circle), and is the site of the first
gastrulation movements sensu stricto. As observed previously the
rosette stage starts around 12 h after fertilization, and lasts until 20 h
(S7 in Browne et al., 2005). The second (approximately 48 cells) is a
monolayered sheet of ectoderm precursors of the future germ band
(Fig. 2E, blue cells), and is composed only of descendants of El, Er, and
Ep.

During the divisions leading up to the rosette stage, a transfor-
mation in cell morphology is detected first in en clones, and then in
the surrounding El, Er, and Ep progeny. The daughters of en do not
move significantly from the original position of en (Fig. 2). They
remain at the pole opposite the rosette until late gastrulation and
germ band formation (discussed below). The first clear indications of
cell migration then begin, approximately 12 h after egg-laying (~5 h
after the eight-cell stage), when the first micromere derivatives move
together to form the rosette (Fig. 2F).

At the eight-cell stage all blastomeres display uniformly distrib-
uted yolk, with the cytoplasm being concentrated around the nuclei.
Nuclei are initially positioned relatively centrally within the cell, and
then move gradually to a more apical position (towards the surface of
the embryo). By 4-5 h after the eight-cell stage, the nuclei and their
surrounding cytoplasm appear as small whitish patches with
cytoplasmic threads extending through the cellular yolk mass, with
the nuclei visible as darker spots (Movie S2). Within the next hour,
these patches take on a slightly different appearance: under Nomarski
optics they appear more transparent, with granules floating in the
cytoplasm around the nuclei (Movie S2). The nuclei and surrounding
cytoplasm then seemed to become detached from the remainder of
the cell content (Figs. 2F–H), which remains as a yolky mass (Movie
S1). The mechanism of this detachment is unclear in P. hawaiensis.
However, in the amphipod Orchestia cavimana, the yolk is extruded
from the blastoderm cells by a superficial cleavage in the absence of S
phase (Scholtz and Wolff, 2002).

When these cells begin their directed migration, their morphology
changes yet again: the cytoplasm begins to form protrusive structures
which resemble filopodia (Movie S2), as has been described for many
migrating cell types (Aman and Piotrowski, 2010). We observed this
behavior in migrating cells of all somatic lineages. In these migrating
cells, the nuclei move within the cytoplasm towards the direction of
migration, so that the rest of the cytoplasm seems to follow the
nucleus (Movie S2).

Derivatives of the germ line precursor g show delayed divisions

The first division of g creates left and right daughter cells gl and gr
(Figs. 1B and 2B). This cleavage is delayedwith respect to the divisions
of the macromeres and the remaining micromeres. In 88% of embryos
examined (15/17), the cleavage of g was delayed 10–60 min with
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respect to other micromeres, and its cleavage was always delayed at
least 5 min with respect to the division of Mav (Fig. 3).

The second division of g (i.e. the division of gl and gr into gla, glm′,
gra, and grm′ Fig. 1C) is also clearly delayed compared to the fifth
division cycle of the remaining cells (Fig. 3). It usually occurs prior to
the rosette stage, so that by rosette formation four germ line precursor
cells have formed (Fig. 3). In 18% of embryos examined (3/17), the
second division occurred much later in one or both of gl and gr
(Fig. 3). Irrespective of the timing of divisions, the g derivatives
remain clustered as a group throughout the rosette stage and
gastrulation.

Derivatives of mesoderm progeny mr and ml migrate both super� cially
and internally in the embryo

ml andmr are the progenitors primarily of the left and right trunk
mesoderm, respectively. Previous fatemaps showed that some of their
daughters give rise to themesoteloblasts, which aremesodermal stem
cells whose descendants populate each trunk segment (Gerberding
et al., 2002). ml and mr divide only twice before the formation
of the rosette, so that four derivatives of each cell are present at this
stage.

The first division planes of mr and ml are perpendicular to the
third cleavage plane. As a result, their anterior daughter cells (mla and
mra) lie next to gl and gr, while their posterior daughters (mlp and
mrp) lie next to enl and enr, respectively (Figs. 4A and B). The
subsequent division planes of the posterior daughters mlp and mrp
are again perpendicular to the previous plane, inclined towards the en
derivatives (Fig. 4D).

The second division of ml and mr occurs about 2 h later, and
before g undergoes its second division cycle (Fig. 3). Both anterior
Fig. 4. Thebehavior ofmlandmrderivativesbefore the rosette stage. (A)Confocalmicrographof th
is shown(double-headed arrows). Thedelayeddivisionof gl andgr that is observedwith4Dmicro
spindle formation has not yet begun (star). (B–E) Cleavages and movements of themra andmla
derivatives. (D) Only one of the two daughter cells ofmra andmla is visible on the surface of the
superficial (inner daughter: i). (E) In some recordings, the inner cellsmrai andmlai are visible belo
cellsmrao andmlao (red) form part of the gastrulation center and are in direct contact with g d
descendants relative tomraoandmlao (red) is not invariant, but thedirect contact betweenmrao/
rotated slightly towards the anterior, showing theMav cells (orange) at the posterior of the rosett
blue=nuclei (DAPI). Stages indicated in each panel are as per Browne et al. (2005).
daughters ofml andmr (mla andmra) give rise to two cells with very
different cellular behaviors and presumptive fates. Unlike previous
mitoses, in which cleavage planes are parallel to the surface of the
embryo, the cleavage planes of mla andmra are perpendicular to the
surface of the embryo (Fig. 3, ovals in m lineages of embryos #01, #03,
#11 and #16). This has the result that only one of the resulting
daughter cells is clearly visible at the egg surface. These “outer”
daughter cells, called mlao and mrao, remain at the egg surface until
the rosette stage, when they come into direct contact with the
descendants of g (Figs. 4E–H).

The second set of daughter cells ofmla andmra, born underneath
the egg surface, become “inner” cells (mlai andmrai) that ingress into
the yolk and undertake independent lateral migration paths to the
embryonic rudiment. Although these are the first cells to enter the
embryo, we do not consider their movement the beginning of
gastrulation. Instead, the later movements of g and Mav descendants
at the rosette (gastrulation center) constitute the onset of gastrulation
per se (described below).

mlai and mrai remain within the interior of the embryo until
rosette formation, and then re-emerge on either side of the rosette
close to the surface of the embryo (Fig. 4E). They are subsequently
internalized and come to lie together with the posterior ml and mr
descendants underneath the El and Er clones respectively. mlai and
mrai are thus the likely progenitors of the mesoteloblasts.

Mav gives rise to cells that contribute to the rosette

Mav undergoes divisions to produce up to eight cells before rosette
formation (Figs. 2E and 3). The first division plane is parallel to that of
micromere g (Fig. 2B). The first two divisions of Mav generally occur
simultaneously with those of the ectodermal founder cells El and Er.
emicromerepole of a16-cell embryo. The spindle orientationof cleavingsomaticmicromeres
scopy is greater at the level of cytokinesis than at the level of spindle formation.mra (INBOLD)
lineages over time. (B) The cleavage ofmra andmla occurs before cleavage of the g and en
yolk (outer daughter: o), while the second daughter cell sinks into the yolk mass and is not
w the surface (black arrow), and canbe seen tomigrate laterally (white arrows). (F) The outer
escendants (yellow). (G) Higher magnification of the forming rosette. The arrangement of g
mral andat least twogderivatives is preserved inall embryos. (H)Near-rosette stage embryo
e, four of which are in direct contact with the g descendants (yellow). Green=alpha tubulin;












