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ABSTRACT
In several model animals, the earliest phases of embryogenesis are
regulated by lineage-specific genes, such as Drosophila bicoid. Sea
urchin (echinoid) embryogenesis is initiated by zygotic expression of
pmar1, a paired-class homeobox gene that has been considered to
be present only in the lineage of modern urchins (euechinoids). In
euechinoids, Pmar1 promotes endomesoderm specification by
repressing the hairy and enhancer of split C (hesC) gene. Here, we
have identified the basal echinoid (cidaroid) pmar1 gene, which also
promotes endomesoderm specification but not by repressing hesC.
A further search for related genes demonstrated that other
echinoderms have pmar1-related genes named phb. Functional
analyses of starfish Phb proteins indicated that, similar to cidaroid
Pmar1, they promote activation of endomesoderm regulatory gene
orthologs via an unknown repressor that is not HesC. Based on these
results, we propose that Pmar1 may have recapitulated the regulatory
function of Phb during the early diversification of echinoids and that
the additional repressor HesC was placed under the control of Pmar1
in the euechinoid lineage. This case provides an exceptional model
for understanding how early developmental processes diverge.
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INTRODUCTION
The rewiring of gene regulatory networks (GRNs) is essential for
morphological evolution. However, not all modifications of a GRN
alter the associated morphology. In some cases, different upstream
developmental pathways result in a conserved developmental
output, a phenomenon known as ‘developmental system drift’
(True and Haag, 2001; Kalinka and Tomancak, 2012), which is
supported by the studies focusing on the ‘hourglass model’ (e.g. Irie

and Kuratani, 2014; Hu et al., 2017). However, it is still a mystery
why early developmental processes are more variable than later
processes. Because morphological evolution is tightly linked with
the rewiring of GRNs, a better understanding of the flexibility of
GRNs would contribute to a deeper understanding of morphological
evolution.

One of the factors that may contribute to early developmental
diversification is lineage-specific genes, i.e. genes found in the
particular lineage. The regulation of early developmental process by
lineage-specific genes has been frequently observed; examples of
these genes include bicoid inDrosophila (Frohnhöfer and Nüsslein-
Volhard, 1986), SPILE in spiralians (Paps et al., 2015; Morino et al.,
2017), Siamois in amphibians (Lemaire et al., 1995), dharma in
zebrafish (Yamanaka et al., 1998) and CRX-related genes in
mammals (Töhönen et al., 2015; Maeso et al., 2016). However, it is
not fully understood how these lineage-specific genes acquired their
functions in early embryogenesis, except in the case of the dipteran
bicoid gene (e.g. Stauber et al., 1999; Kotkamp et al., 2010; Liu
et al., 2018). Therefore, we focused on the sea urchin (echinoid)
pmar1/micro1 genes, which are key upstream factors involved in
endomesoderm specification during embryogenesis, but have been
identified in only one of the two echinoid lineages.

The class Echinoidea is classified into two subclasses: Cidaroida
and Euechinoida (see Fig. 8A). These are estimated to have diverged
268.8 million years ago (Thompson et al., 2015). Most
developmental research in this group has been performed using
species of Euechinoida, such as Strongylocentrotus purpuratus,
Lytechinus variegatus, Paracentrotus lividus and Hemicentrotus
pulcherrimus (McClay, 2011). There are slight differences in early
developmental processes between cidaroids and euechinoids; e.g.
whereas mesodermal skeletogenic cells ingress before gastrulation
in euechinoids, cidaroid skeletogenic mesenchyme cells delaminate
after gastrulation (for further details, see Yamazaki et al., 2014).
Despite these apparent differences, skeletogenic cells differentiate
from cells in the vegetal region in cidaroids, resulting in pluteus
larvae with a similar morphology. pmar1/micro1 (hereafter, pmar1)
genes have been isolated from a variety of euechinoids, including
the sand dollar and heart urchin (Di Bernardo et al., 1995; Kitamura
et al., 2002; Oliveri et al., 2002; Ettensohn et al., 2007; Yamazaki
et al., 2010; Yamazaki and Minokawa, 2015). However, no pmar1
gene ortholog has been identified in cidaroids (Yamazaki et al.,
2012; Erkenbrack and Davidson, 2015; Dylus et al., 2016) or in
other echinoderm species, such as sea cucumber (holothuroid)
(McCauley et al., 2012; Thompson et al., 2017), brittle star
(ophiuroid) (Dylus et al., 2016) or starfish (asteroid) (McCauley
et al., 2010). Dylus et al. (2016) reported the pplx gene as a pmar1-
related gene in brittle star, which we will discuss later.

Euechinoids possess multiple copies of pmar1 genes, which are
tandemly arrayed in the genome. Each of these genes encodes a
transcription factor with a paired-type homeodomain that functionsReceived 28 June 2019; Accepted 20 January 2020
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as a transcriptional repressor with engrailed homology region 1-like
(eh1-like) motifs. Although unusual expression of a P. lividus
ortholog (hbox12) in the ectodermal region has been reported (Di
Bernardo et al., 1995), all of the other pmar1 genes are transiently
expressed in the micromere-skeletogenic cell lineage at the vegetal
pole from the 16-cell stage to the mid-blastula stage as far as
examined (Kitamura et al., 2002; Oliveri et al., 2002; Yamazaki
et al., 2010; Yamazaki and Minokawa, 2015); i.e. pmar1 is one of
the earliest zygotically expressed genes. In embryos injected with
pmar1 mRNA, almost all cells develop into skeletogenic cells. A
comprehensive GRN has been established for the skeletogenic cell
lineage of euechinoids; pmar1 is the most upstream zygotic factor in
the network and is directly activated by maternal β-catenin. Pmar1
promotes the specification of skeletogenic cells by repressing a
hairy gene, hesC, which represses downstream regulatory genes
involved in skeletogenesis, such as alx1, tbr, ets1 and delta (Revilla-
i-Domingo et al., 2007; see reviews by Oliveri et al., 2008;
Minokawa, 2017; Shashikant et al., 2018; see Fig. 8B, euechinoid).
However, recent studies on two cidaroids, Prionocidaris baculosa
and Eucidaris tribuloides, indicated that HesC does not repress
skeletogenic regulatory gene orthologs during the early phase of
endomesoderm specification; in the hesC knockdown cidaroid
embryos, expression of alx1, tbr and ets1 was not affected at the
mid-blastula stage (Yamazaki et al., 2014), although HesC seems to
exhibit a regulatory function related to alx1 expression at the
relatively later stage (Erkenbrack and Davidson, 2015), suggesting
the absence of the typical double-negative gate of Pmar1 and HesC
in cidaroids. Considering the recently proposed hypothesis that
the larval skeletogenic cells arose in the common ancestor of
eleutherozoan echinoderms (all echinoderms except crinoids)
(Erkenbrack and Thompson, 2019), the Pmar1-HesC double-
negative gate was likely established after the acquisition of a
larval skeleton; i.e. this gate likely evolved independently of one of
the novel morphologies acquired during echinoderm evolution.
The purpose of this study is to reveal the evolutionary history of

the establishment of the double-negative gate of Pmar1 and HesC in
echinoderms, which importantly occurred without changing the
expression pattern of key endomesodermal developmental genes,
such as alx1, ets1 and delta. In the course of the comparative
analysis of the GRNs among echinoderm species, we unexpectedly
identified cidaroid pmar1 gene orthologs through temporal RNA-
sequencing (RNA-seq) analysis. This prompted us to further
examine the pmar1-related genes of other echinoderms. Based on
the results of expression and functional analyses of these genes, we
discuss the evolution of the endomesoderm gene network in
echinoderms.

RESULTS
Screening of candidate upstream gene orthologs essential
for endomesoderm regulation in the cidaroid
As endomesoderm regulatory genes, alx1 and ets1 are expressed in
skeletogenic cells in cidaroids (Yamazaki et al., 2014; Erkenbrack
and Davidson, 2015). However, the upstream regulatory mechanism
has not yet been revealed. To screen candidate genes responsible for
regulating the onset of skeletogenic regulatory gene expression in
the cidaroid, we performed RNA-seq analysis using embryos of the
cidaroid P. baculosa at the two-cell (2 hours postfertilization; h),
16-cell (4 h), ∼64-cell (6 h), ∼240-cell (10 h) and ∼500-cell (14 h)
stages. In these embryos, the zygotic expression of Pb-alx1was first
observed at 10 h. Based on changes in the obtained FPKM
(fragments per kilobase of transcript per million mapped reads)
values, 43 candidate transcription factor genes that were activated

before or simultaneously with alx1 were selected (Table S1). The
detailed criteria for selecting the candidate genes are described in
the Materials and Methods section. As shown in Fig. S1, we
examined the spatial expression patterns of the candidate genes and
found some genes showing mesoderm-specific expression, such
as kruppel-like1 (krl-like1) and kruppel-like2 (krl-like2), the
euechinoid ortholog of which is not required for skeletogenic cell
specification (Yamazaki et al., 2008). In addition, we identified a
sequence that showed remarkable similarity to S. purpuratus
pmar1c. This was unexpected because pmar1 was thought to have
emerged in the common ancestor of euechinoids (Erkenbrack and
Davidson, 2015; Thompson et al., 2017). Its transient and relatively
low expression may have hidden its existence in previous
transcriptome data. We identified a similar sequence in another
cidaroid, Eucidaris tribuloides, via a BLAST search using the
P. baculosa sequence as a query against the E. tribuloides genome
1.0 sequence at EchinoBase (www.echinobase.org) (Kudtarkar and
Cameron, 2017). The sequence was not found in the E. tribuloides
transcriptome data obtained from EchinoBase.

Identification of cidaroid pmar1 genes and pmar1-related
phb genes from other echinoderms
Given the existence of the pmar1 gene in cidaroids, before moving
on to the functional analyses of cidaroid pmar1, we examined
the molecular evolutionary history of pmar1. In the euechinoid
S. purpuratus, the pmar1-related phb1 gene was identified as a paired-
class homeobox gene by Howard-Ashby et al. (2006), but a detailed
analysis has not been performed. Dylus et al. (2016) reported that
phb1-related sequences exist in cidaroids, other echinoderms and acorn
worms, and demonstrated that phb1-like genes and pmar1 are closely
related but are recognized as distinct classes of paired homeobox genes
according to phylogenetic analysis. Based on a BLAST search of the
assembled transcriptome and genomic sequences (details are described
in the Materials and Methods section), we identified 1, 6, 2 and 1
pmar1/phb1-like sequences in sea cucumbers, brittle stars, starfishes
and feather stars (crinoids), respectively.

To evaluate the relationships between these obtained sequences
and euechinoid Pmar1, we performed phylogenetic analysis using
deduced homeodomain (HD) sequences with several classes of
other paired-type genes according to the method of Dylus et al.
(2016) (Fig. 1A). Our results showed a monophyletic clade,
including the cidaroid pmar1-like sequences and euechinoid pmar1
sequences with a high support value (93%). Accordingly, we
designated the genes obtained from P. baculosa and E. tribuloides
as Pb-pmar1 and Et-pmar1, respectively. In addition, the
monophyly of the clade including these sequences, phb1, and
pmar1 was supported with significant values, suggesting that these
genes are paralogs. However, our analyses did not resolve the
relationships between these genes, which is often the case when
performing phylogenetic analyses with only 60 amino acids of a
homeodomain. In particular, the long branches of pmar1 genes
made the tree less resolvable. Some sequences from brittle stars
form a clade with sea urchin pmar1 genes, although this clade is not
supported by sufficient values, possibly owing to artificial long
branch attraction. Indeed, pmar1/phb1-related genes show extensive
gene duplication in the brittle star lineage, and some of the brittle
star genes present an accelerated substitution rate, as reflected by
their long branches (such as Ak-phbC and Afi-pplx). We designated
the identified genes from nonurchin echinoderms as follows: for sea
cucumbers, phb; for the brittle star Amphipholis kochii, phbA to
phbF; for starfishes, phbA and phbB; and for the feather star
Oxycomanthus japonicus, phb.
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The euechinoid Pmar1 proteins commonly contain a HD in the N
terminus and two engrailed homology region 1-like (eh1-like)
motifs in the C terminus (Fig. 1B). The eh1 motif is a repression
motif that interacts with the co-repressor groucho (Copley, 2005).
Our previous study demonstrated that these eh1-like motifs are
responsible for the repressive function of Pmar1 (Micro1)
(Yamazaki et al., 2009). The eh1-like motifs were found only in
sea urchin Pmar1 and Phb1, including those of cidaroids, but not in
any of the Phb sequences of nonurchin echinoderms (Fig. 1B,C).
The cidaroid Pmar1 contains only one eh1-like motif, which is
highly conserved compared with euechinoid Pmar1 (Fig. 1B,C).
The paired-type HDs are classified into three subclasses

according to the 50th amino acid (glutamine, Q; lysine, K; and
serine, S), which is involved in binding sequence preference

(Wilson et al., 1993). HDs with a Q50 are shared by euechinoid
Pmar1 and Phb1, whereas pplx from another brittle star encodes a
HD with an irregular 50th amino acid, histidine (Dylus et al., 2016).
Among the Pmar1/Phb sequences identified in this study, one Phb
from the brittle star A. kochii (Ak-PhbC) includes a K50, whereas
the others share a Q50.

In addition, similar to euechinoid pmar1 (micro1) genes
(Nishimura et al., 2004; Ettensohn et al., 2007; Cavalieri et al.,
2017), the cidaroid pmar1 gene is extensively duplicated in the
genome (Fig. 1D). In the genomic sequence of E. tribuloides
obtained from EchinoBase, we found two long scaffolds containing
sequences similar to the pmar1 gene (scaffolds 7904 and 10027).
Both scaffolds include four copies of pmar1-related sequences,
whose orientations are different, and one short pmar1-like sequence

Fig. 1. Phylogenetic relationships and protein structures of pmar1 and phb in echinoderms and genomic organization of the cidaroid pmar1.
(A) Molecular phylogenetic tree of pmar1 and phb genes. The tree was constructed based on the amino acid sequences of the homeodomains (HDs) using the
maximum likelihoodmethod. The numbers at the nodes are the bootstrap values (only values≥50%are shown). (B) Comparison of protein structure of Pmar1 and
Phb. The HD is shown in orange, and engrailed homology region 1-like (eh1-like) motifs are shown in purple. (C) The amino acid sequences of eh1-like
motifs. Human eh1 sequences are shown below the echinoderm sequences. (D) Two scaffolds found in the cidaroid Eucidaris tribuloides contain four pmar1
sequences (red), and these sequences are orientated differently from one another. The scaffold 7904 includes one truncated pmar1 sequence (green). Hp,
Hemicentrotus pulcherrimus; Sm, Scaphechinus mirabilis; Ec, Echinocardium cordatum; Pb, Prionocidaris baculosa; Aj, Apostichopus japonicus; Ak,
Amphipholis kochii; Ppe, Patiria pectinifera; Sp, Strongylocentrotus purpuratus; Hs, Homo sapiens; Tt, Temnopleurus toreumaticus; Lv, Lytechinus variegatus;
Ds, Diadema setosum; Et, Eucidaris tribuloides; Ppa, parastichopus parvimensis; Afi, Amphiura filiformis; Pm, Patiria miniata; Ap, Acanthaster planci; Oj,
Oxycomanthus japonicus; Bf, Branchiostoma floridae; Ci, Ciona intestinalis.
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without a start codon is present at the corresponding position in
scaffold 7904. In summary, we identified multicopy pmar1 genes in
cidaroids and pmar1/phb1-related phb genes from nonurchin
echinoderms.

Expression patterns of the cidaroid pmar1 and phb genes
from other echinoderms
The euechinoid pmar1 (micro1) genes are commonly expressed
transiently in the micromeres in the 16-cell stage and the descendant
skeletogenic cells at the vegetal pole (e.g. Yamazaki et al., 2010;
Yamazaki andMinokawa, 2015). To examinewhether the expression
patterns of P. baculosa pmar1 are similar to those of euechinoid
pmar1, we performed expression analysis through quantitative PCR
(qPCR) and whole-mount in situ hybridization. Consistent with the
RNA-seq analysis (Table S1), qPCR demonstrated the transient
activation of Pb-pmar1 during early stages; the expression level of
Pb-pmar1 reached a peak during the ∼64-cell (6 h) and ∼120-cell
stages (8 h) (Fig. 2A). Whole-mount in situ hybridization showed the
vegetal expression of Pb-pmar1. Almost no embryos (1/11) at the
16-cell stage (4 h) showed the whole-mount in situ hybridization
signal (Fig. 2B), although a low level of the transcript was detected by
qPCR. At the 32-cell stage (5 h), a subset of embryos (11/24) showed
a signal in the smaller blastomeres (arrowheads in Fig. 2C) located in
the vicinity of the vegetal pole (Yamazaki et al., 2012). The pmar1-
expressing cells may differentiate into larval skeletogenic cells

because previous lineage-tracing experiments in another cidaroid,
E. tribuloides, demonstrated that smaller vegetal blastomeres develop
into skeletogenic cells (Wray and McClay, 1988). The signal
continued to be detected at 8 h but not at 14 h (Fig. 2D,E).
Thereafter, the transcripts remained undetectable up to 36 h by qPCR
(Fig. 2A). This expression pattern is very similar to that of euechinoid
pmar1 genes.

We also examined the expression patterns of phb genes in the
embryos of the starfish Patiria pectinifera (Fig. 2F-O), the sea
cucumber Apostichopus japonicus (Fig. 2P, Fig. S2) and the brittle
star A. kochii (Fig. 2Q-S, Fig. S2). The expression of the starfish
P. pectinifera phbA and phbB genes (Ppe-phbA and Ppe-phbB) was
first detected at the 200- to 400-cell stage (6 h) (Fig. 2G,L), and both
genes showed expression at the vegetal pole of the hatched blastula
(Fig. 2H,I,M,N). At the mid-gastrula stage (24 h), phbA expression
was detected in the region encircling the blastopore (Fig. 2J), which
seems to be endoderm lineage, but phbB expression was no longer
detected (Fig. 2O). The sea cucumber and brittle star phb genes
showed similar expression patterns: their expression was first
detected at the cleavage stage or early blastula stage, and was
subsequently maintained in either the mesoderm or endoderm
lineage of cells (Fig. 2P-S, Fig. S2). Thus, our analyses showed that
all phb genes examined are expressed in the endomesoderm region
at the vegetal pole. Some of the phb genes (Ppe-phbA, Aj-phb and
Ak-phbA/C) were detected in the presumptive endoderm region

Fig. 2. Embryonic expression of pmar1 and phb in echinoderms. (A-E) Expression of the cidaroid P. baculosa pmar1 (Pb-pmar1). (A) The transcript levels of
Pb-pmar1 were measured by quantitative real-time PCR (qPCR). Data are mean±s.d. (B-E) Expression patterns of Pb-pmar1 were examined using
whole-mount in situ hybridization. The signal was detected in the smaller blastomeres at the vegetal pole (arrowheads) of the 32-cell stage (C) and in the
presumptive descendant cells at the ∼120-cell stage (D). (F-S) Spatial expression of the starfish P. pectinifera phbA (Ppe-phbA; F-J) and phbB (Ppe-phbB; K-O),
the sea cucumber A. japonicus phb (Aj-phb; P), and the brittle star A. kochii phb genes (Ak-phbA, Ak-phbB and Ak-phbE; Q-S) was examined by whole-mount
in situ hybridization. Expression of Ppe-phbA, Ppe-phbB and Aj-phb was detected at the vegetal pole of the hatched blastula stage (H,I,M,N,P). Three phb
genes of the brittle star (Ak-phbA,Ak-phbB andAk-phbE) were expressed in several blastomeres of the 32-cell stage (arrowheads in Q-S). The numbers shown in
the lower left corner of each image are the number of embryos showing whole-mount in situ hybridization signals/total number of examined embryos from one
batch. Scale bars: 50 μm.
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during relatively later stage, which is clearly distinct from the
expression patterns of euechinoid pmar1 genes.

Function of Pmar1 in the cidaroid: conservation and
diversification of protein function between cidaroids and
euechinoids
The result of the above expression analysis suggests that the
function of cidaroid Pmar1 is similar to that of euechinoid Pmar1.
To examine whether Pmar1 also controls skeletogenic cell

specification in cidaroid embryos, we performed overexpression
analysis using P. baculosa embryos (Fig. 3). The phenotype of
pmar1 mRNA-injected cidaroid embryos was not identical to that
observed in euechinoids (i.e. fate conversion to the skeletogenic cell
phenotype in almost all cells), although excess mesoderm cell
differentiation was observed. When the control embryos developed
into elongated swimming blastulae, Pmar1-overexpressing embryos
showed a rather spherical morphology (16 h; Fig. 3A,E). During
gastrulation, a broader area of the vegetal side invaginated in

Fig. 3. Pmar1 regulates endomesoderm regulatory gene orthologs but not via HesC in the cidaroid embryos. (A-J) Effects of Pb-Pmar1 overexpression
were examined in the cidaroid P. baculosa embryos. (A-D) Control embryos injected with 0.2 M KCl. (E-H) Embryos injected with Pb-pmar1 mRNA. (A-C,E-G)
Living embryos. (D,H) Fluorescence images of embryos examined by immunohistochemistry using skeletogenic cell-specific P4 antibody. (I,J) The average
numbers of presumptive skeletogenic cells expressing P4 (I) and total mesenchyme cells (J) were examined at 40 h. The results from two batches are shown.
Data are mean±s.d. The red asterisk in J indicates the significant difference between control and Pb-Pmar1-overexpressing embryos (P<0.05, Mann–Whitney
U-test). (K-N) Expression of endomesoderm regulatory gene orthologs was examined by whole-mount in situ hybridization using embryos at the two blastula,
mid-blastula (12 h) (K,L) and hatched blastula (hBl) (16 h) stages (M,N). (K,M) Control embryos. (L,N) Embryos injected with Pb-pmar1 mRNA. The numbers
shown in the lower left corner of each image are the number of embryos showing typical staining pattern/total number of examined embryos from two
batches. Scale bars: 50 μm.
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overexpressing embryos (Fig. 3B,F). To examine the effects of
skeletogenic and nonskeletogenic mesenchyme cell formation, we
counted the mesenchyme cell number at the late gastrula stage
(40 h) (Fig. 3C,D,G-J). The number of presumptive skeletogenic
cells expressing the skeletogenic cell marker P4 did not increase
significantly in embryos overexpressing Pmar1 (Fig. 3I). On the
other hand, the number of mesenchyme cells showed a significant
increase in Pmar1-overexpressing embryos (Fig. 3J).
The observed phenotypic difference suggests that the regulatory

function of Pmar1 differs between cidaroids and euechinoids. Thus,
we examined the effect of cidaroid Pmar1 on skeletogenic gene
orthologs by assessing the expression of hesC, alx1, tbr, ets1 and
delta, as well as the putative endoderm regulatory gene foxA
(Erkenbrack et al., 2018) by whole-mount in situ hybridization in
the blastula stage (Fig. 3K-N). Pb-pmar1 mRNA-injected embryos
showed global activation of hesC (Fig. 3Ka,La,Ma,Na). This effect
on hesC expression was opposite to that observed in euechinoids, in
which overexpression of Pmar1 suppresses the expression of hesC
(Revilla-i-Domingo et al., 2007). On the other hand, the effects on
other genes were similar to those found in euechinoids. The
expression of tbr, ets1 and deltawas expanded throughout the entire
embryo (Fig. 3Kc-e,Lc-e,Mc-e,Nc-e). In contrast, foxA expression
disappeared in Pmar1-overexpressing embryos (Fig. 3Kf,Lf,Mf,
Nf). The expression of alx1 was also moderately expanded in
Pmar1-overexpressing embryos at the earlier stage (Fig. 3Kb,Lb),
but ectopic expression was not observed at the later stage (Fig. 3Mb,
Nb), which is consistent with the lack of an increase in skeletogenic
cell numbers in Pmar1-overexpressing embryos at the gastrula
stage. It should be noted that the expression pattern of alx1 was
different from those of the other genes in the cidaroid embryos.
During the blastula stage, the expression of tbr, ets1 and delta was
detected uniformly in the vegetal region of normal P. baculosa
embryos (Fig. S3B-D,F-H), whereas patchy expression of alx1 was
frequently observed (Fig. S3A,E). This suggests that an additional
mechanism, possibly related to a molecular or mechanical
bias in the earlier stage, exists for alx1 regulation in this species.
In summary, cidaroid Pmar1 promotes the activation of
endomesodermal/skeletogenic regulatory gene orthologs (alx1,
tbr, ets1 and delta) but not by repressing hesC.
Because the GRN downstream of Pmar1 is likely to differ

between cidaroids and euechinoids, we asked whether any
biochemical features of Pmar1 have changed during sea urchin

evolution. To address this issue, we examined whether cidaroid
Pmar1 can perform similar functions in euechinoid embryos. We
injected the cidaroid P. baculosa pmar1mRNA into the euechinoid
H. pulcherrimus and observed the resultant phenotype (Fig. 4). The
phenotype of embryos overexpressing Pb-Pmar1 was identical to
that of embryos overexpressing the euechinoid Pmar1. The Pmar1-
overexpressing embryos showed global expression of alx1 and ets1
at the hatched blastula stage (Fig. 4F-H), whereas these genes were
expressed specifically in the skeletogenic cell region of control
embryos (Fig. 4A-C). Until the gastrula stage, almost all cells of the
Pmar1-overexpressing embryos developed into mesodermal
mesenchyme cells that expressed the skeletogenic cell marker P4
(Fig. 4D,E,I,J). These observations suggest that cidaroid Pmar1
exhibits euechinoid Pmar1-like activity in euechinoid embryos,
probably through the repression of hesC, and may function as a
repressor.

Starfish Phb regulates endomesoderm regulatory genes as a
repressor
To estimate the function of the ancestral genes of pmar1 and phb, we
further examined the functions of two phb genes (phbA and phbB) in
the starfish P. pectinifera (Fig. 5). We performed knockdown and
overexpression analyses using morpholino antisense-oligos (MOs)
and synthesized mRNAs, respectively. In embryos injected with
phbA and/or phbB MOs, gastrulation and mesenchyme formation
were inhibited (Fig. 5E-H) compared with these processes in control
embryos (Fig. 5A-D,M). At the gastrula stage during normal
development, the archenteron is subdivided into two regions: the
endoderm region, which shows alkaline phosphatase (AP) activity;
and theAP-negativemesodermal region (Kuraishi andOsanai, 1994).
All mesenchyme cells express the antigen of the MC5 monoclonal
antibody (Hamanaka et al., 2011). In the knockdown embryos, AP
activity was significantly reduced (Fig. 5C,G), and the total number
of mesenchyme cells recognized by the MC5 antibody decreased
(Fig. S4). Double-knockdown caused more-severe effects (see the
detailed observations of archenteron and mesenchyme cell formation
in Fig. S4), implying that the two phb genes function redundantly. In
contrast, the embryos overexpressing PhbA and PhbB formed an
enlarged AP-positive region and subsequently developed into an
exogastrula (Fig. 5I-L). These observations suggest that, similar to
echinoid Pmar1, the starfish Phb proteins are required for the
formation of vegetal tissues.

Fig. 4. The regulatory activity of cidaroid Pmar1 is similar to that of euechinoid Pmar1.Cidaroid pmar1 (Pb-pmar1) mRNAwas injected into fertilized eggs of
an euechinoid Hemicentrotus pulcherrimus (Hp). (A-E) Control embryos injected with 0.2 M KCl. (F-J) Embryos injected with Pb-pmar1 mRNA.
(A-C,F-H) Embryos of hatched blastula (hBl) stage. (D,E,I,J) Embryos of mesenchyme blastula (mBl) stage. (A,D,F,I) Living embryos. (B,C,G,H) Embryos
examined by whole-mount in situ hybridization using RNA probes for Hp-alx1 (B,G) and Hp-ets1 (C,H). (E,J) Fluorescence images of embryos examined
by immunohistochemistry using the skeletogenic cell-specific P4 antibody. The numbers shown in the lower right corner of B, C, G and H are the number of
embryos showing typical staining pattern/total number of examined embryos from two batches. Scale bars: 50 μm.
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Cidaroid Pmar1 leads to the activation of endomesoderm
regulatory genes (e.g. alx1 and ets1) and hesC, as mentioned
above. To evaluate the regulatory function of the starfish Phb
proteins, we also analyzed the expression of endomesoderm
regulatory gene orthologs in PhbA/B-perturbed P. pectinifera
embryos. We examined the expression of hesC, ets1/2 (ets1
ortholog), tbr, delta and foxA in experimental embryos at the
hatched blastula stage (12 h) (Fig. 5M-O). In the Phb-knockdown
embryos, the expression of hesC, ets1/2, delta and foxA was
significantly reduced at the vegetal pole (Fig. 5Na,b,d,e), whereas
tbr expression was not affected (Fig. 5Nc). Conversely, in Phb-
overexpressing embryos, hesC and delta expression was expanded
throughout the embryos (Fig. 5Oa,d), which is similar to that in
Pmar1-overexpressing cidaroid embryos (see Fig. 3). However, ets1/2
and tbr expression did not appear to be affected (Fig. 5Ob,c), and
expansion of foxA expression was observed in the Phb-
overexpressing starfish embryos (Fig. 5Oe), suggesting that the
regulatory functions of starfish PhbA/B for foxA, ets1/2 and tbr are
distinct from that of cidaroid Pmar1. Nonetheless, these
observations suggest that, similar to cidaroid Pmar1, starfish
PhbA/B leads to the activation of hesC, ets1/2 and delta, although

an additional factor(s) is needed for ets1/2 expression. Based on
these results, we suggest that starfish PhbA/B exhibit a regulatory
function similar to that of cidaroid Pmar1.

To determine whether the biochemical activity of starfish Phb
proteins is comparable with that of echinoid Pmar1, we examined
the activity of starfish Phb when expressed in euechinoid embryos.
We injected the P. pectinifera phbA and phbBmRNAs into the eggs
of the euechinoid H. pulcherrimus (Fig. S5). When the control
embryos developed into mesenchyme blastulae, the embryos
overexpressing starfish PhbA showed a moderate increase in
skeletogenic cells (Fig. S5A,B). In contrast, no obvious effects
were observed in the embryos expressing starfish PhbB (Fig. S5C).
These observations suggest that at least one starfish Phb protein can
exhibit some degree of Pmar1-like activity in euechinoid embryos.

Because starfish Phbs have no typical eh1-like motifs (see
Fig. 1B), we asked whether starfish Phb proteins function as
repressors.We overexpressed the mRNAs encoding the two types of
proteins: PhbA/B fused to the Drosophila Engrailed repression
domain (EnR) or to the VP16 activation domain (VP16AD) (Fig. 6).
The Phb proteins fused with the EnR domain caused phenotypes
similar to those caused by the wild-type proteins (Fig. 6C,D).

Fig. 5. Phb regulates
endomesoderm regulatory gene
orthologs in the starfish embryos.
The knockdown and overexpression
analyses of starfish phbA and phbB
were performed using sequence-
specific morpholino antisense-oligos
(MOs) and synthesized mRNA in the
starfish P. pectinifera embryos.
(A-D) Control embryos injected with
0.2 M KCl (control for overexpression
experiments) or the MO for the limpet
homeobox gene (control for
knockdown experiments).
(E-H) Embryos injected with
Ppe-phbA MO and Ppe-phbB MO.
(I-L) Embryos injected with Ppe-phbA
and Ppe-phbB mRNA. (C,G,K)
Embryos stained for alkaline
phosphatase (AP) activity.
(M-O) Gene expression was
investigated at the hatched blastula
(hBl) stage (12 h) by whole-mount
in situ hybridization. (M) Control
embryos injected with 0.2 M KCl or
control MO for the limpet homeobox
gene. (N) Knockdown embryos.
(O) Overexpressing embryos. The
numbers shown in the lower right
corner of M-O indicate the number of
embryos showing typical expression
patterns/total number of examined
embryos from two batches. Scale
bars: 50 μm.

7

RESEARCH ARTICLE Development (2020) 147, dev182139. doi:10.1242/dev.182139

D
E
V
E
LO

P
M

E
N
T

http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental


In contrast, overexpression of PhbA- or PhbB-VP16AD retarded the
development of endomesodermal tissues (Fig. 6E-H). These results
suggest that starfish PhbA and PhbB function as repressors similar
to euechinoid Pmar1.

Vegetal expression of hesC is regulated by Delta-Notch
signaling in cidaroid and starfish embryos
Our data indicate that, in contrast to euechinoid Pmar1, Pmar1/Phb
leads to the activation of hesC in both cidaroid and starfish embryos,
although this promotion probably occurs indirectly because both
Pmar1 and Phb may function as repressors. Erkenbrack and
Davidson (2015) demonstrated that a Delta signal is required for
hesC expression in the vegetal embryo of another cidaroid,
E. tribuloides. Here, we confirmed the same result in the cidaroid
P. baculosa and the starfish P. pectinifera. To estimate the function
of Delta signaling, we treated the embryos with N-[N-(3,5-
difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester
(DAPT), which inhibits Notch signaling, according to Erkenbrack
et al. (2018) (Fig. 7). In the DAPT-treated P. baculosa embryos, the
vegetal expression of hesC disappeared, while tbr, ets1 and foxA
expression was not affected (Fig. 7F,H-J). Because the experimental
embryos showed a slightly increased signal intensity of alx1
(compare Fig. 7G with Fig. 7B), we counted the number of cells
expressing alx1 (Fig. 7K). The average number increased
moderately but significantly; the control and experimental
embryos showed alx1 expression in 12.2±1.3 cells (n=13) and
14.5±2.1 cells (n=13) on average, respectively. We also found that
the number of skeletogenic cells expressing P4 increased
moderately in Delta signaling-deficient embryos (Fig. S6A-E),

suggesting that P. baculosa HesC represses skeletogenic fate in the
cells around the vegetal pole, as noted by Erkenbrack and Davidson
(2015).

A significant decrease in hesCmRNA at the vegetal polewas also
found in the DAPT-treated starfish embryos (Fig. 7L,O), whereas
the expression of ets1/2 and foxA was not altered (Fig. 7M,N,P,Q).
We also confirmed the results of Hinman and Davidson (2007),
showing that depletion of Delta function resulted in the activation of
ets1/2 in the starfish gastrula (compare Fig. S6I and Fig. S6N). In
the DAPT-treated embryos, cell conversion into globular
mesenchyme cells was observed in the whole upper region of the
archenteron in the mid-gastrula stage (Fig. S6G,L). This implies that
Delta-Notch signaling affects the genes responsible for the
epithelial-mesenchymal transition of the mesoderm region in
starfish embryos but may be regulated independently of HesC
because HesC-knockdown in starfish embryos had no effect on
mesoderm differentiation, as further discussed. In summary, the
above data suggest that cidaroid and starfish hesC genes are
regulated by Delta-Notch signaling. This system appears to be the
ancestral mode of hesC regulation in eleutherozoans.

DISCUSSION
The sea urchin Pmar1-HesC double-negative gate for
endomesoderm specification has been considered to have been
newly acquired during echinoid evolution. However, it is still
unknown how the system was established because pmar1-related
genes and their upstream regulators have not been examined in
noneuechinoid echinoderms. Through experiments using various
echinoderms, we provide a hypothetical evolutionary scenario for
the pmar1 gene (Fig. 8A) and models of the upstream GRN for
endomesoderm in starfish and cidaroids comparable with that of the
euechinoid S. purpuratus (Fig. 8B). The Pmar1-HesC regulatory
system provides a remarkable opportunity to understand the
diversification of the early developmental GRN.

Molecular evolution of the pmar1 homeobox gene
Our screening of upstream regulators of endomesoderm
development in noneuechinoid echinoderms revealed that
cidaroids have pmar1 genes and that other echinoderms possess
pmar1/phb1-related phb genes (Fig. 1). Our phylogenetic analyses
supported the hypothesis that duplication of an ancient phb1 gene
(referred to as phb genes in this study) led to the emergence of the
pmar1 gene, which was reported by Dylus et al. (2016) (Fig. 8A).
We note that the eh1-like motif is shared by Phb1 and Pmar1 in
echinoids. Thus, we prefer the evolutionary history that pmar1 and
phb1 were derived from an ancestral gene in which the eh1-like
motif evolved in the common ancestor of echinoids, although the
relationships between pmar1, phb1 and other phb genes have not
been revealed by phylogenetic analysis. After the emergence of the
pmar1 gene, tandem duplications of the pmar1 gene occurred in the
genome, and the substitution rate of Pmar1 was accelerated, a
phenomenon known as asymmetric evolution (Holland et al., 2017).
This asymmetric evolution made our phylogenetic analyses less
resolvable. Thus, we cannot exclude the alternative phylogenetic
history in which the common ancestors of echinoderms possessed
both phb and pmar1, and gene loss occurred in multiple lineages,
although this scenario is less parsimonious.

Although pmar1 shows an accelerated substitution rate, its basic
biochemical nature and developmental function have not changed.
Pmar1 remains a transcriptional repressor, and it may have obtained
an additional eh1-like motif in the echinoid lineage. In addition to
the asymmetric evolution of pmar1, another important evolutionary

Fig. 6. Starfish Phb proteins function as repressors. (A,B) Control P.
pectinifera embryos injected with 0.2 M KCl. (C-H) Embryos overexpressing
starfish PhbA/B (Ppe-PhbA and Ppe-PhbB) fused to the Drosophila Engrailed
repression region (EnR) (C,D), Ppe-PhbA fused to VP16 activation domain
(VP16AD) (E,F) and Ppe-PhbB fused to VP16AD (G,H). (A,C,E,G) Images of
living embryos at the gastrula stage (18 h). (B,D,F,H) Embryos stained for AP
activity at the mid-gastrula stage (26 h). All experiments were conducted in
more than three batches. Scale bar: 50 μm.
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change is the positioning of hesC as a downstream target gene, as
mentioned below. However, our analysis revealed that there was a
time lag between the extensive duplication of phb/pmar1 and the
acquisition of hesC as a target gene. The asymmetric gene
duplication occurred before the cidaroid-euechinoid divergence,
but HesC regulation was placed under the control of Pmar1 in the
common ancestor of euechinoids.

Evolution of the Pmar1-HesC double-negative gate
Our models of the endomesoderm GRN in cidaroids and starfish
provide valuable information for understanding the evolutionary
scenario of the upstream GRN (Fig. 8B). Our results support the
idea that in the common ancestor of starfish and sea urchins
(eleutherozoan), the phb gene exhibited a regulatory function in
endomesoderm specification by regulating ets1 (ets1/2) and delta
(Fig. 8A). Because Phb likely functions as a transcriptional repressor,
starfish ets1 and deltamay be regulated by an unknown repressor that
is repressed by Phb proteins (X in Fig. 8B). Because HesC also acts as
a repressor of alx1 expression in cidaroids, this interaction of HesC
with alx1 dates back to the common ancestor of echinoids, even
though hesC is activated indirectly, and not repressed, by Pmar1.
Thus, the presumptive GRN in cidaroids seems to represent an
intermediate state in the evolution of the Pmar1-HesC double-
negative gate; i.e. HesC is just beginning to regulate alx1 to specify
mesodermal skeletogenic cells in this GRN. After euechinoids
diverged from the cidaroid lineages, hesC regulation was placed
under the control of Pmar1. Our cross-species analysis suggests that

the positioning of hesC downstream of Pmar1 occurred through the
modification of the cis-regulatory sequence of hesC and not through
the alteration of the coding sequence of Pmar1.

These results bring us to the idea that HesC was one of the genes
whose developmental role was most drastically changed during
echinoderm evolution. McCauley et al. (2010) demonstrated that, in
embryos of the starfish P. miniata, HesC knockdown caused no
obvious effects on the expression of ets1/2 or tbr or endomesoderm
formation. Similarly, we observed that the embryos of the starfish
P. pectinifera injected with two distinct hesC-specific MOs showed
no defects in the vegetal tissues until the late gastrula stage (Fig. S7),
suggesting that HesC is not essential for early endomesoderm
specification. On the other hand, in cidaroid embryos, HesC
appears to repress alx1 expression to some extent and skeletogenic
cell fate (Erkenbrack and Davidson, 2015; this study). It is only in
the euechinoid lineage that multiple other endomesodermal
regulatory genes, such as ets1 and delta, are regulated by HesC
(Fig. 8B). The next issue to address to understand the changes in
the GRN will be how the multiple endomesodermal regulatory
genes were placed under the control of HesC, which may have
occurred through the modification of cis-regulatory motifs of
target genes or those in the coding sequences of HesC. It should
be noted that this event is expected to have occurred in a
coordinate manner with the addition of hesC regulation under
Pmar1 control.

Regarding the evolutionary change in the Pmar1-target gene
repertoire, we consider the possibility that the target may not have

Fig. 7. Delta-Notch signaling regulates vegetal hesC expression in cidaroid and starfish embryos. Delta-Notch-inhibited cidaroid (P. baculosa) and
starfish (P. pectinifera) embryos were examined by whole-mount in situ hybridization. (A-E) Control cidaroid embryos treated with dimethyl sulfoxide (DMSO).
(F-J) Cidaroid embryos treated with N-[N-(3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester (DAPT). (K) The average numbers (mean±s.d.) of
alx1-expressing cells in the experimental embryos of P. baculosa. Red asterisk indicates the significant difference between control and DAPT-treated embryos
(P<0.05, Mann–Whitney U-test). (L-N) Control starfish embryos treated with DMSO. (O-Q) Starfish embryos treated with DAPT. Embryos were examined at the
hBl stage (16 h and 12 h for the cidaroid and starfish, respectively). The numbers shown in the top right corner of each image indicate the numbers of embryos
showing typical expression patterns/total number of examined embryos from two batches. Scale bars: 50 μm.
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been simply transferred from an unknown factor (X) to HesC. The
present study shows that Phb/Pmar1 repress an unknown repressor
other than HesC in starfish and cidaroid embryos (Fig. 8B). On the
other hand, our previous study using two distantly related euechinoid
species suggested the existence of an additional repressor
downstream of euechinoid Pmar1. In euechinoid embryos injected
with pmar1 (micro1) mRNA, the fate conversion of almost all cells
into putative skeletogenic cells is commonly observed (Oliveri et al.,
2002; Nishimura et al., 2004; Yamazaki et al., 2009), which suggests
that Pmar1 represses the global repressor(s). In contrast, hesC MO-
embryos show only a moderate expansion of skeletogenic cell region,
although the transient global activation of some micromere/
skeletogenic regulatory genes (delta and ets1) is observed at the
earlier stage (Yamazaki and Minokawa, 2016). Furthermore, the
Pmar1-overexpressing embryos show almost no expression of a
nonskeletogenic regulatory gene gcm at the blastula stage, whereas
hesC MO-embryos of two euechinoid species show expanded
expression of gcm (Yamazaki and Minokawa, 2016), i.e. the
regulatory states in these embryos are clearly distinguishable. This
difference implies that an additional repressor of skeletogenic
regulatory genes is present to repress skeletogenic cell fate in the
animal region of euechinoids, which is supported by structure-
function correlation analysis of the Pmar1 (Micro1) protein
(Yamazaki et al., 2009). Accordingly, we predict that there is an
unknown repressor (X) shared by eleutherozoans downstream of Phb/

Pmar1; i.e. an additional target of Pmar1, hesC, had been added in the
euechinoid lineage. Our data suggest that the gene encoding the
unknown repressor in the cidaroid is not a member of the hairy gene
family because we found no hairy genes showing expression patterns
similar to euechinoid hesC in the cidaroidP. baculosa (i.e. nonvegetal
ectodermal expression during the blastula stage). Two hairy genes
(hesA and hesD) showed zygotic expression during the early stages of
P. baculosa (Fig. S1); strong expression of hesA was detected in
whole embryos, whereas hesD showed only faint expression at the
blastula stage. To understand how the upstream GRN has been
rewired, it is crucial to identify the unknown repressor X in these
animals. Further study of the sea urchin phb1 genes may also be
informative to determine how the ancestral function of phb was
modified after the emergence of pmar1.

Our results illuminate the evolutionary history of the
echinoderm GRN, in which the upstream GRN recruited a new
component (i.e. hesC) without changing the developmental
outcome. The stepwise rewiring of transcription networks via
the addition of target genes is one of the general evolutionary
pathways observed in the transcription network of yeast. Li and
Johnson (2010) proposed that transition through intermediate
states would not decrease fitness, which is the key to
understanding the evolutionary process of GRN rewiring. In the
case of GRN modification in euechinoids, the following two
changes must have occurred: (1) recruitment of new repressor

Fig. 8. The evolutionary history of
the endomesoderm specification
system and comparison of gene
regulatory network (GRN) models.
(A) The relationships of echinoderms
and hypothetical evolutionary events
for endomesoderm specification
mechanism. Because acorn worm
has a phb1-like sequence (Dylus
et al., 2016), the origin of phb genes
can be traced back to the common
ancestor of the hemichordate and
echinoderm. The larval skeletogenic
cells likely arose in the common
ancestor of eleutherozoans
(Erkenbrack and Thompson, 2019).
Additional details can be found in the
text. (B) The GRN models of starfish,
cidaroid and euechinoid. Delta, ets1
(ets1/2) or alx1 regulates skeletogenic
mesenchyme cell (SKE mesoderm)
and/or nonskeletogenic mesenchyme
cell (non-SKE mesoderm)
differentiations. The green area is
conserved among eleutherozoans,
whereas pink and purple areas
indicate changes in alx1/tbr and hesC,
respectively, that occurred during
echinoderm diversification.
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targets under the control of HesC; and (2) recruitment of hesC as a
repressor target of Pmar1, irrespective of the order. The future
questions that we need to address using the experimental system of
echinoderms are as follows: what is the intermediate state that
enabled GRN rewiring without causing catastrophe, and what sort
of molecular evolution occurred during this stepwise process?

MATERIALS AND METHODS
Animals and embryos
The collection of adult P. baculosa andH. pulcherrimus and the handling of
gametes and embryos were performed according to a previously described
method (Yamazaki et al., 2010; Hibino et al., 2019). The collection and
handing of gametes of P. pectinifera and A. kochii were performed
according to Koga et al. (2010). The adults of A. japonicus were collected
around the Misaki Marine Biological Station, University of Tokyo. The
gametes were obtained according to the method of Kikuchi et al. (2015).

Screening of upstream gene candidates for larval skeleton
formation in the cidaroid P. baculosa and collection of pmar1/
phb-related genes from other echinoderms
To survey the candidate upstream genes in the endomesoderm GRN of the
cidaroid P. baculosa, we performed screening based on temporal expression
patterns. We first performed RNA-seq using samples from embryos at five
developmental stages (2 h, 4 h, 6 h, 10 h, and 14 h). The criteria for the
selection of candidate genes were as follows: (1) zygotic activation (more
than a fivefold increase in the FPKM value compared with the value of
maternal expression) earlier than or simultaneously with expression of alx1,
(2) encoding a DNA-binding domain according to the HMMER search
(Johnson et al., 2010), and (3) an FPKM value greater than 5 at the onset of
Pb-alx1 activation (10 h). To identify these obtained sequences, we checked
the top BLAST hit sequence in the sea urchin S. purpuratus gene database
(named Sp genes) of EchinoBase (www.echinobase.org/Echinobase/). The
amplified sequence of P. baculosa pmar1 has been deposited in DDBJ
(accession number LC483152), and the sequences of the other genes are
shown in the supplementary Materials and Methods. We further identified
pmar1, phb1 and phb genes from the other echinoids and echinoderms. See
supplementary Materials and Methods for more details.

Molecular phylogenetic analysis
The genes used for the outgroup were selected according to the previous
analysis (Dylus et al., 2016). See supplementary Materials and Methods for
more details.

Whole-mount in situ hybridization
Whole-mount in situ hybridization was performed as described previously
(Koga et al., 2010; Yamazaki et al., 2010; Morino et al., 2012). See
Supplementary Materials and Methods and Table S2 for more details.

Perturbation experiments
The overexpression and translational perturbation analyses were performed
using synthesized mRNAs and MOs, respectively. See Supplementary
Materials and Methods for more details.

QPCR
The qPCR analysis was performed as described previously (Yamazaki et al.,
2012) using CFX Connect Real-Time PCR Detection System (Bio-Rad).
The EF1alpha gene was used for the internal reference standard according
to Koga et al. (2016). The primer sequences used are follows: Pb-pmar1-qF,
5′-CGATATCGACGTGCGAGAAA-3′; Pb-pmar1-qR, 5′-TGAAACCA-
GACCTGTATTCTC-3′; Pb-EF1a-qF, 5′-GCGTGAGCGAGGTATCAC-
AAT-3′; and Pb-EF1a-qR, 5′-ACAATCAGCACCGCACAATC-3′.

Evaluation of mesenchyme cell and endoderm differentiation
The differentiation of skeletogenic cells, mesenchyme cells and endoderm
was evaluated using fixed embryos of P. baculosa, H. pulcherrimus and
P. pectinifera. See Supplementary Materials and Methods for more details.
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Frohnhöfer, H. G. and Nüsslein-Volhard, C. (1986). Organization of anterior
pattern in the Drosophila embryo by the maternal gene bicoid. Nature 324,
120-125. doi:10.1038/324120a0

Hamanaka, G., Hosaka, E., Kuraishi, R., Hosoya, N., Matsumoto, M. and
Kaneko, H. (2011). Uneven distribution pattern and increasing numbers of
mesenchyme cells during development in the starfish, Asterina Pectinifera. Dev.
Growth Differ. 53, 440-449. doi:10.1111/j.1440-169X.2011.01259.x

Hibino, T., Minokawa, T. and Yamazaki, A. (2019). Cidaroids, clypeasteroids, and
spatangoids: procurement, culture, and basic methods. In Methods in Cell
Biology, Echinoderms Part A, Vol. 150 (ed. K. R Foltz and A. Hamdoun),
pp. 81-103. Elsevier Inc.

11

RESEARCH ARTICLE Development (2020) 147, dev182139. doi:10.1242/dev.182139

D
E
V
E
LO

P
M

E
N
T

http://www.echinobase.org/Echinobase/
http://getentry.ddbj.nig.ac.jp/getentry/na/LC483152?filetype=html
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
http://getentry.ddbj.nig.ac.jp/getentry/na/LC483152?filetype=html
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
http://dev.biologists.org/lookup/doi/10.1242/dev.182139.supplemental
https://doi.org/10.1371/journal.pone.0174404
https://doi.org/10.1371/journal.pone.0174404
https://doi.org/10.1371/journal.pone.0174404
https://doi.org/10.1186/1471-2164-6-169
https://doi.org/10.1186/1471-2164-6-169
https://doi.org/10.1073/pnas.92.18.8180
https://doi.org/10.1073/pnas.92.18.8180
https://doi.org/10.1073/pnas.92.18.8180
https://doi.org/10.1073/pnas.92.18.8180
https://doi.org/10.1186/s13227-015-0039-x
https://doi.org/10.1186/s13227-015-0039-x
https://doi.org/10.1186/s13227-015-0039-x
https://doi.org/10.1186/s13227-015-0039-x
https://doi.org/10.1073/pnas.1509845112
https://doi.org/10.1073/pnas.1509845112
https://doi.org/10.1073/pnas.1509845112
https://doi.org/10.1038/s42003-019-0417-3
https://doi.org/10.1038/s42003-019-0417-3
https://doi.org/10.1038/s42003-019-0417-3
https://doi.org/10.1242/dev.167288
https://doi.org/10.1242/dev.167288
https://doi.org/10.1242/dev.167288
https://doi.org/10.1242/dev.009092
https://doi.org/10.1242/dev.009092
https://doi.org/10.1242/dev.009092
https://doi.org/10.1242/dev.009092
https://doi.org/10.1038/324120a0
https://doi.org/10.1038/324120a0
https://doi.org/10.1038/324120a0
https://doi.org/10.1111/j.1440-169X.2011.01259.x
https://doi.org/10.1111/j.1440-169X.2011.01259.x
https://doi.org/10.1111/j.1440-169X.2011.01259.x
https://doi.org/10.1111/j.1440-169X.2011.01259.x


Hinman, V. F. and Davidson, E. H. (2007). Evolutionary plasticity of developmental
gene regulatory network architecture. Proc. Natl. Acad. Sci. USA 104,
19404-19409. doi:10.1073/pnas.0709994104
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Supplementary Materials and Methods 

 

Screening of upstream gene candidates for larval skeleton formation in the cidaroid P. 

baculosa and collection of pmar1/phb-related genes from other echinoderms 

For RNA-seq of P. baculosa, RNA was extracted using TRIzol Reagent (Life Technologies) 

and RNeasy Mini Kit (Qiagen). Paired-end libraries 151 bp in insert length were 

prepared, and libraries were sequenced on a NextSeq 500 platform (Illumina). Library 

preparation and sequencing were performed by Bioengineering Lab (Kanagawa, Japan). 

The short reads obtained were deposited in the Sequence Reads Archives of DDBJ 

(https://www.ddbj.nig.ac.jp/index-e.html) (accession number: DRA008358). The reads 

were trimmed and filtered by Trimmomatic (ver. 0.32) and NGS QC toolkit (ver. 2.3.3) 

(Bolger et al., 2014; Patel and Jain, 2012). De novo assembly was conducted with 

Trinity 2.2.0 (Grabherr et al., 2013). The FPKM values were calculated by RSEM with the 

Bowtie2 option (ver 1.2.18) (Li and Dewey, 2011).  

We identified pmar1 and phb1 sequences of E. tribuloides using genomic and 

transcriptomic databases available in EchinoBase 

(http://www.echinobase.org/Echinobase/) (Kudtarkar and Cameron, 2017) by 

BLAST-based approach. For pmar1, we obtained two scaffolds (scaffolds 7904 and 

10027) containing pmar1-like sequences from E. tribuloides genome 1.0 database. 

Assuming that pmar1 of this species also includes an intron in the same position with 

that of euechinoid pmar1, we manually predicted the pmar1 sequences. The positions 

of exons for each pmar1 sequence in these scaffolds are follows: for scaffold 7904, 

pmar1-1 (31930–31736 and 30275–29771), pmar1-2 (37174–36980 and 35956–35455), 

pmar1-3 (43769–43575 and 42591–42093), pmar1-4 (48119–48313 and 49773–50277), 

and pmar1-L1 (40267–40067); for scaffold 10027, pmar1-5 (8703–8509 and 

7240–6736), pmar1-6 (14248–14054 and 12559–12055), pmar1-7 (17164–17358 and 

18775–19282), and pmar1-8 (24452–24643 and 26002–26503). For the pmar1-L1, start 

codon is substituted for the codon coding Y, and second exon was not found. The E. 

tribuloides phb1 sequence (Locus_6652_Transcript_2/4_Confidence_0.750) was 

obtained from E. tribuloides transcripts database of EchinoBase. 

For the brittle star A. kochii, sea cucumber A. japonicus, and feather star O. 

japonicus, we searched the pmar1/phb1-related sequences using the BLAST-based 

approach on the transcript sequences assembled as mentioned above for P. baculosa. 

For the data of A. japonicus and feather star O. japonicus, trimming and filtering were 

not performed. The sequenced RNAs were derived from following developmental 

stages: for A. kochii, 4-cell (2 h), early blastula (4 h), mid-blastula (6 h), and hatched 
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blastula (8 h) stages; for A. japonicus, fertilized egg, 4-cell, morula, blastula, gastrula, 

late gastrula, early auricularia larva, and mid- auricularia larva stages; for O. japonicus, 

unfertilized egg, 2-cell, 8-cell, 32-cell, gastrula, hatched gastrula, early doliolaria larva, 

and doliolaria larva stages. The raw RNA-seq data of A. kochii was deposited in DDBJ 

(accession number: DRA008359). The RNA sequencing data of A. japonicus and O. 

japonicus were kindly provided by Naoki Irie.  

For other echinoderms, we also surveyed pmar1/phb1-related sequences by 

BLAST search using Pb-pmar1, phb1, or phb sequences against for available 

genomic/transcriptomic data. The sequence of euechinoid H. pulcherrimus phb1 

(HPU_10182) was collected from HpBase (http://cell-innovation.nig.ac.jp/Hpul/) (Kinjo 

et al., 2018). The starfish P. pectinifera phbA and phbB were obtained from 

transcriptome data previously described in Kawai et al. (Kawai et al., 2016). For starfish 

P. miniata, phbA (gi|307020228|gb|HP094737.1|) was obtained from Patiria miniata 

RNA database of EchinoBase, whereas phbB was predicted from Patiria miniata 

contig_136381 (the position of homeodomain: 20733–20596 and 20052–20011) 

included in the Patiria miniata contigs 1.0 database of EchinoBase. The amplified 

sequences of P. pectinifera phbA and phbB were deposited in DDBJ (accession 

numbers: LC483153 and LC483154, respectively). The A. planci phbA and phbB (IDs: 

oki.14.227.t1 for phbA and oki.242.12.t1 for phbB) were collected from the 

cots_genemodels_nucl database of OIST Marine Genomics Unit 

(https://marinegenomics.oist.jp) (Hall et al., 2017). For sea cucumbers Holothuria 

leucospilota and Parastichopus parvimensis, phb sequences were collected from 

transcript assembly of Koga et al. (2016) and that obtained from EchinoBase 

(Pparv.xome11.fa; ID: Locus_3449_Transcript_32/68), respectively. After collection of 

pmar1/phb candidates, we performed molecular phylogenetic analysis as described 

below to identify each sequence. 

 

Molecular phylogenetic analysis 

Alignment of the homeodomain sequences (60 amino acids) was performed using 

SeaView software (Gouy et al., 2010). The best-fitting amino acid substitution model 

and maximum likelihood tree were inferred using RAxML software (ver. 8.2.0) 

(Stamatakis et al., 2008). The bootstrap values were calculated using 1,000 replicates. 

The aligned HD sequences used to construct the maximum likelihood tree of Figure 1 

are shown in Data S2. 

 

Whole-mount in situ hybridization (WMISH) 
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The fixation of embryos was performed as described previously (Yamazaki et al., 2010; 

Koga et al., 2010). The hybridization and staining were carried out according to the 

method of Morino et al. (2012). The concentrations of RNA probes in hybridization 

buffer were 100 ng/ml for H. pulcherrimus and P. baculosa, 250 ng/ml for P. pectinifera, 

A. kochii, and A. japonicus embryos. The primers used for amplification of cDNA 

fragments for RNA probes are shown in Table S2. For the other genes, we prepared 

RNA probes using DNA fragments described previously (Yamazaki et al., 2014; Koga et 

al., 2010). 

 

Perturbation experiments 

The mRNAs used in the overexpression experiments were synthesized from linearized 

plasmids using a mMESSAGE mMACHINE (Thermo Fisher Scientific). The mRNA was 

transcribed from a pBluescript RN3′ plasmid (Nishimura et al., 2004) containing the 

whole coding sequence or that fused to Drosophila engrailed repression region (EnR) 

or VP16AD which was cloned using In-Fusion HD Cloning Kit (Takara Bio). The primers 

used for preparing constructs are follows: Pb-pmar1-cds-F, 

5′-AACTTTGGCAGATCTATGGCCGAATCGACA-3′; Pb-pmar1-cds-R, 

5′-CAGATCCGCGGCCGCTCAGTGAAATCTGGT-3′; Ppec-phbA-cds-F, 

5′-AACTTTGGCAGATCTATGCCTGCTAACGCT-3′; Ppe-phbA-cds-R, 

5′-CAGATCCGCGGCCGCTCAGTGGCGAGCAAT-3′; Ppe-phbB-cds-F, 

5′-AACTTTGGCAGATCTATGTCTTCTGCTGCC-3′; Ppe-phbB-cds-R, 

5′-CAGATCCGCGGCCGCTTACATGTGATGGGA-3′; Enr-fusion-F, 

5′-AACTTTGGCAGATCTATGGCCCTGGAGGAT-3′; Enr-Ppe-phbA-cds-fusion-R, 

5′-AGCGTTAGCAGGCATCGAACCCAGAGCAGA-3′; Enr-Ppe-phbB-cds-fusion-R, 

5′-GGCAGCAGAAGACATCGAACCCAGAGCAGA-3′; VP16AD-fusion-F, 

5′-AACTTTGGCAGATCTAAGCTAGCGCCGCCA-3′; VP16AD-Ppe-phbA-fusion-cds-R, 

5′-AGCGTTAGCAGGCATGAATTCCCCACCGTA-3′; VP16AD-Ppe-phbB-fusion-cds-R, 

5′-GGCAGCAGAAGACATGAATTCCCCACCGTA-3′; RN3prime-BglII-fusion-R1, 

5′-AGATCTGCCAAAGTTGAGCGTTTATTCTGA-3′; and RN3prime-NotI-fusion-F1, 

5′-GCGGCCGCGGATCTGGTTACCACTAAACCA-3′. The Hp-micro1 mRNA was synthesized 

from the construct described previously (Nishimura et al., 2004). The translational 

perturbations of P. pectinifera phbA, phbB, and hesC were performed using MOs 

purchased from GeneTools (Philomath, OR, USA). As a control, the MO for the 

homeobox gene from the limpet Nipponacmea fuscoviridis. The MO sequences were 

as follows: Ppe-PhbA-MO, 5′- AGCGTTAGCAGGCATGGTGTGAATA-3′; Ppe-PhbB-MO, 

5′-ATACACGGCAGCAGAAGACATGGTT-3′; Ppe-hesC-MO-1, 5′- 
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TCATGCTGAAGATTGTCGAAGGACA-3′; Ppe-hesC-MO-2, 5′- 

AATTTGGCACGAGAGCCGTATTTAT-3′; and Nf-PRD-V-A-MO, 

5′-GGATTTATAGCCTACCTGAGCAGAA-3′. The MO and mRNA were introduced into the 

embryos by microinjection according to the methods of Yamazaki et al. (2014) for 

echinoids and that of Saito et al. (2017) for the starfish. The mRNAs and MOs were 

diluted with 0.2 M KCl and the concentrations used for microinjection were 125 ng/μl 

for Pb-pmar1 mRNA, 250 ng/μl for Ppe-phbA mRNA, 500 ng/μl for Ppe-phbB mRNA, 

250 ng/μl for Ppe-phbA-EnR, 250 ng/μl for Ppe-phbB-EnR, 1000 ng/μl for 

Ppe-phbA-VP16AD, 1000 ng/μl for Ppe-phbB-VP16AD, 1 mM for starfish phb MOs, and 

1–2 mM for starfish hesC. DAPT was used to inhibit Notch signaling (Erkenbrack et al., 

2018). The embryos of P. baculosa and P. pectinifera were treated with 10 μM and 

2–10 μM DAPT, respectively. The DAPT was added at the 2-cell stage in both embryos. 

All experiments were conducted in more than two batches. 

 

Evaluation of mesenchyme cell and endoderm differentiation 

Skeletogenic cell differentiation in echinoid embryos was evaluated using the P4 

antibody, which recognizes the skeletogenic cell-specific glycoprotein in H. 

pulcherrimus (Shimizu et al., 1988). The embryos that had been fixed for WMISH 

analysis were used. As the secondary antibody, goat anti-mouse IgG (H+L) 

cross-adsorbed secondary antibody, Alexa Fluor 488 (diluted 1:200; Thermo Fisher 

Scientific) and the goat antibody against mouse IgGs (heavy and light chains) Hilyte 

Fluor 555-Labeled (diluted 1:200; AnaSpec) were used for H. pulcherrimus and P. 

baculosa, respectively. The total cell numbers of mesenchyme cells were counted in P. 

baculosa embryos fixed for WMISH analysis. In the starfish P. pectinifera embryos, MC5 

antibody was used for visualization of mesenchyme cells. The fixation and staining 

were performed according to the method of Hamanaka et al. (2011). The goat 

anti-mouse IgG (H+L) cross-adsorbed secondary antibody, Alexa Fluor 488 (diluted 

1:200; Thermo Fisher Scientific) was used as the secondary antibody. The staining of AP 

activity was performed by the method of Koga et al. (2010). 
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Supplementary Tables 

 

Table S1. FPKM values for alx1 and candidate upstream regulatory genes during early 

developmental stages of P. baculosa. 

    FPKM value 

Gene name DNA-binding motif 2 h 4 h 6 h 10 h 14 h 

alx1 Homeobox 0.05 0 0.08 11.54 21.62 

pmar1 Homeobox 0.44 1.96 11.04 2.44 0.2 

z137 zf-C2H2 0.18 0.58 1.44 9.05 3.66 

thr_1 zf-C4 6.98 7.3 6.06 59.71 7.12 

hypp_2098 Hairy_orange 0.43 0.2 0.95 8.2 7.53 

smarce1 HMG_box 1.18 0.89 1.84 9.56 9.51 

hesD HLH 1.56 0.67 1.05 8.69 13.69 

foxO Forkhead 1.26 1.96 2.42 18.66 14.03 

hbn Homeobox 0 0.03 2.28 8.12 16.53 

nkx2-1 Homeobox 0.55 0.35 1 6.45 17.84 

runt Runt 3.37 2.87 3.03 34.01 24.12 

crebzf bZIP_1 1.87 1.54 7.74 20.12 26.08 

elfA Ets 0.29 0.16 5.68 33.03 28.44 

l3mbt zf-C2HC 0 1.68 1.41 10.3 28.44 

emx Homeobox 0.74 0.62 4.8 30.64 29.08 

awh Homeobox 0 0.14 40.56 40.76 31.18 

sp5 zf-C2H2 0 0.21 9.43 32.26 32.11 

nfat RHD_DNA_bind 1.89 2.43 4.07 20 36.88 

lim1 Homeobox 1.18 0.93 1.39 40.8 40.09 

bra T-box 0 0.26 0.65 39.95 41.2 

ets4 Ets 9.68 10.79 162.38 79.23 41.9 

z246-like1 zf-C2H2 0 0.58 2.81 8.96 42.4 

nfe2 bZIP_1 5.43 3.31 8.78 53.81 45.2 

cebpaL bZIP_1 0 0.77 7.85 11.07 74.22 

krlL-like1 zf-C2H2 14.52 92.6 221.1 266.66 75.22 

z246-like2 zf-C2H2 1.33 0.55 1.74 15 81.68 
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 8 

eve Homeobox 0.21 4.59 69.66 44.45 84.81 

z185 zf-C2H2 6.3 7.59 13.31 111.69 85 

krl-like2 zf-C2H2 7.58 44.23 156.88 225.43 85.42 

hesA HLH 0.08 0.34 15.74 64.09 95.84 

soxC HMG_box 0.06 0.05 8.9 80.89 106.31 

rxr zf-C2H2 0.27 0.27 3.44 84.8 110.15 

foxA Forkhead 0.1 0.13 1.67 36.32 133.94 

myc HLH 5.55 3.4 10.7 56.88 154.9 

klf2/4 zf-C2H2 0.52 3.29 119.92 295.57 181.89 

creb3l3 bZIP_2 8.53 4.19 8.31 140.11 188.55 

atf4L bZIP_1 3.96 2.48 15.7 186.79 459.34 
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Table S2. Primers used for cDNA fragment amplifications for RNA probes. 

Animals Species 
Gene 

name 

Primer 

name 
Sequence 5'–3' 

Cidaroid P. baculosa pmar1 F ATGGCCGAATCGACATCGTCTTTTCAACCC 
   

R TCAGTGAAATCTGGTTTCATTGGTCGTCGC 
  

delta F AAGAACCAGGGGACTGCATTTGCAAAGACG 
   

T3-R ATTAACCCTCACTAAAGGGAAGTTGCAAGTAACCT

GACGG 
  

foxA F ATGGCAAATAGCGCCATGATTTCACCCAAG 
   

T3-R ATTAACCCTCACTAAAGGGACAGCGCGTGATTTGTT

TGTG 
  

z137 F ATGTCCTAGAATAAGTGGTGCCTTGCCCAA 
   

T3-R ATTAACCCTCACTAAAGGGATAGCTTCATCGTCCGG

CAAT 
  

thr_1 F ATGTCTAAGTTCAAATTTGGAGAGCCACCT 
   

T3-R ATTAACCCTCACTAAAGGGAGGTGTCTTTGGTCTCG

TTTC 
  

hypp_2098 F ATGGATTCTTGCCAGAGGCACGTTTCTGCT 
   

T3-R ATTAACCCTCACTAAAGGGATTATTCTTGGGCAGGT

CTCA 
  

smarce1 F ATGTCTAGTCAGAATCGACGCAGCACAAGC 
   

T3-R ATTAACCCTCACTAAAGGGAGATGGTTTCCAAGGA

GTAAT 
  

hesD F ATGACAACATCACCTCCCGTGGACATGGCT 
   

T3-R ATTAACCCTCACTAAAGGGATTACCATGGTCTCCAA

ACAG 
  

foxO F ATGGTTGATATCGATCCCGATTTTGAGCCA 
   

R TCAGTGCACCCAACTTGGAGCAGCCATCGT 
  

hbn F ATGGCAGCTTTGATAGCAACAACACCCAGA 
   

T3-R ATTAACCCTCACTAAAGGGAATCCGATAACGTTGG

GGAAT 
  

nkx2-1 F ACCGACATCCTAACCCCTCTAGAAGAAAGC 
   

T3-R ATTAACCCTCACTAAAGGGAGACTGAGGCCGATGC

CCGAG 
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 10 

  
runt F ATGCATATTACTGAAGTTGATCACCACCTC 

   

T3-R ATTAACCCTCACTAAAGGGATCAGTACGGCCGCCA

CACGT 
  

crebzf F ATGTGCTTGGACATTTACAAAACTACAGAT 
   

T3-R ATTAACCCTCACTAAAGGGACGAGTTGAATGTAGC

TTGGG 
  

elfA F TCTGGATTTACTGCTCGAAGCAGCTAATGC 
   

T3-R ATTAACCCTCACTAAAGGGATCAACTGCAGTCAATT

TCGC 
  

l3mbt F TGTCCCACCCTGGGCTGCAGTGGTATAGGC 
   

T3-R ATTAACCCTCACTAAAGGGAAGTATCAATATTGCGT

TGTA 
  

emx F ATGTCGGCTGTGGACTTATTTCGGCCGCCT 
   

T3-R ATTAACCCTCACTAAAGGGATCAATCATTTTCTCCTT

GCT 
  

awh F AGCTGTATACCACGATGAGCCAGGTCAAAC 
   

R CAGCCCGGCATTTTATCGCAGAGGCAGTAG 
  

sp5 F ACAGCTTCCAGAAAGTAACCCTGGCGAACT 
   

T3-R ATTAACCCTCACTAAAGGGATTCCGAAGTTACGTCA

ACGA 
  

nfat F TCACGGGCAAATTTCGTCGGAAGGACTCTT 
   

T3-R ATTAACCCTCACTAAAGGGACTTACCAGGCTCTGG

GATAT 
  

lim1 F GTGCAGTTGTGCGCGGGCTGCGACCGGCCG 
   

T3-R ATTAACCCTCACTAAAGGGACCACACGCCTTCGGTT

AGTT 
  

bra F ATGCCAGCAATGAGCGCGGAAGCTATGAGA 
   

T3-R ATTAACCCTCACTAAAGGGACTGACGAGATGCTGA

TGCGG 
  

ets4 F ATGTTTTCGACCGGCGAAGTTTGCATTGTT 
   

T3-R ATTAACCCTCACTAAAGGGATCAGCAGGGGTGTAC

GAATT 
  

z246-like1 F ATGCGGCAAAGGTATGCGAGAACTCTGGAG 
   

T3-R ATTAACCCTCACTAAAGGGATATGTCCAGATATGTG

GTGG 
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 11 

  
nfe2 F ATGATGGATTACGATTTTGCTGAAATGGGC 

   

T3-R ATTAACCCTCACTAAAGGGACTACATTGATTGCTCG

TCAC 
  

cebpaL F ATGGACTTTTATTCAGATACAGTTTCACGA 
   

R TTACTCGAGGGCTTTTTCAAGTTTCACTGG 
  

krlL-like1 F GTAACACAAGTGATGACTTCAAACCATCAT 
   

R CGGTGTGCGTACGACGATGTTTGGTCAGCG 
  

z246-like2 F AGCCTTCGAATTTCAAGGCTGCTACTTTCA 
   

T3-R ATTAACCCTCACTAAAGGGATTATATGTCCAGATAT

GTGG 
  

eve F ATGGAAAGAGGTTTCACCATGTTACCAACG 
   

T3-R ATTAACCCTCACTAAAGGGAAAAGTTTCCTGGAATC

GGCA 
  

z185 F ATGGCGTCATCTGAAGAAGCAAGTGTGAAG 
   

T3-R ATTAACCCTCACTAAAGGGACCGACATGGTCTGCTC

ACGT 
  

krl-like2 F GCAGACGACATCGCGTCACTTGCCAGTTGT 
   

R CGGTGTGCGTACGACGATGTTTGATCAGCG 
  

hesA F ATGCCTAACTGTGAAGTATACCACACCAAG 
   

R TTATTCGTGGTGGCTCCATGGTCGCCAGAC 
  

soxC F ATGGTTCCTCAAACCCTTACGAACGGCCTG 
   

T3-R ATTAACCCTCACTAAAGGGATTAATTCGAATATGCC

GAAA 
  

rxr F AGCGGTATGGCTTACTGTCAACCCCTGGAC 
   

T3-R ATTAACCCTCACTAAAGGGATCAAATCGCCATCATG

GGCA 
  

myc F ATGGCTCATATTTTGGATACGGACTTCGA 
   

T3-R ATTAACCCTCACTAAAGGGATCACTTTAAAGACTCC

AACT 
  

klf2/4 F ATGGCAGCTACCTTAGCAGAGGTGAACCAA 
   

T3-R ATTAACCCTCACTAAAGGGATCACATGTGACGTTTC

ATGT 
  

creb3l3 F CAGAATATTCGAGAGTGGAGACACGGATTTC 
   

T3-R ATTAACCCTCACTAAAGGGAAGTTGAGTTGGCTTT
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 12 

GATTG 
  

atf4L F ATGAGCCTGGAAGACTTGCAGATCCTGTCG 
   

T3-R ATTAACCCTCACTAAAGGGAACCAAATGTACTTCAA

CCAT 

Sea 

cucumber 

A. japonicus phb F ATGCCAGCAAGTTGTGTGACATTATCCTCT 

   
T3-R ATTAACCCTCACTAAAGGGAGGCATCGGGGCACCA

TGACG 

Brittle star A. kochii phbA F ATGCCTGCTAATGTCACGATGTCTTCTGTA 
   

R TTATACGGCAATCTTCAGAGGTTGACTCGC 
  

phbB F ATGTCAGTGCCTATTTCCAATCGTCGTCGT 
   

R CTACAAGTACATGGAAATCAAATCTTCAAT 
  

phbC F ATGGCGTCCTCCTCAACACCAATCACGCCT 
   

R TTAGAGATGTCTTCCACTGATCATGTTTGG 
  

phbE F ATGGAATATTACAACAGGCAGAATCTTGCA 
   

R TTACTGGAAAACATCCATACTCTGTTTGAC 
  

foxQ2 F ATGGCAATTTTTGACTCACCTGAGAAAAGA 
   

T3-R ATTAACCCTCACTAAAGGGATCAATTGGCAGGATA

CATAG 

Starfish P. pectinifera phbA F ATGCCTGCTAACGCTATGGACAGCACCGTG 
   

T3-R ATTAACCCTCACTAAAGGGATCAGTGGCGAGCAAT

GGCCAGAA 
  

phbB F ATGTCTTCTGCTGCCGTGTATCTTGAGG 
   

T3-R ATTAACCCTCACTAAAGGGATTACATGTGATGGGA

AGTTG 
  

hesC F ATGATTGCCAACATGATGCACAGCACTGCA 
   

R CCAGGGTCTCCAGACATTCTCCTGGGGGAC 
  

delta F ATGGGTCGGTTACGGCTCTCCTGGAGATAT 
   

R GGCGGTAAGCTGGCACTCAGTCAGCTCAGT 
  

foxA F ATGGCAAACAGCGCCATGATCTCGCCCAAG 

    
  

T3-R ATTAACCCTCACTAAAGGGACATGTTGTGGTTCGCT

GTGG 
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Supplementary Figures 

 

 
Fig. S1. Expression patterns of early expressing candidates of upstream regulatory 

genes in P. baculosa embryos. 
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Expression was examined at the early blastula (8 h) and hatched blastula (hBl) stages 

(16 h) of P. baculosa embryos by WMISH. The putative gene names are shown in the 

upper left corner of each image. 
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 15 

 

Fig. S2. Expression of phb genes until the gastrula stage in sea cucumber and brittle 

star embryos. 

Expression patterns of phb genes were observed by WMISH. (A1–A5) Expression of A. 

japonicus phb. Aj-phb expression was detected from early blastula (8 h) at the vegetal 

pole. In the embryos at the mid-gastrula stage, the signal was detected in the region 

encircling the blastopore (A5). (B-E) Expression of A. kochii phbA (B1–B5), phbB (C1–C5), 

phbC (D1–D5), phbE (E1–E5). (B3, C3, D3, E3) The WMISH embryos using a mixture of 

RNA probes for each phb and foxQ2 (animal pole marker). Although the spatial 

expression patterns of brittle star phb genes were slightly different each other, all 

genes were expressed at the vegetal pole. The expression of phbA, phbB, and phbE was 

detected in several blastomeres at the ~32-cell stage (indicated by arrowheads). At this 

stage, 4–8 cells per embryo expressed phbB, which exhibited the strongest signal 

(mean±SD=6.43±1.51; n=7). By contrast, no phbC expression was detected until the 

early blastula stage (6 h). PhbA continued to be expressed until the gastrula stage, 

whereas expression of the other genes disappeared until gastrula stage. (F, G) The 

numbers shown in the lower left corner of each image indicate the numbers of 

embryos showing WMISH signals in the examined embryos in one or two batches. 

Scale bar indicates 50 μm.  
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Fig. S3. Characteristic expression of alx1 during the early developmental stages of P. 

baculosa. 

Expression of alx1 (A, E), tbr (B, F), ets1 (C, G), and delta (D, H) during blastula stages in 

the cidaroid P. baculosa. All images are of vegetal views. (A–D) Mid-blastula (mid-Bl) 

stage (12 h). (E–H) Hatched blastula (hBl) stage. The number shown in the lower left 

corner of each image indicates the number of embryos showing patchy expression 

(asterisks in A and E) in the examined embryos. The numbers of embryos are obtained 

from experiments in two batches. Scale bar indicates 50 μm. 

 

 

Fig. S4. Observations of archenteron and mesenchyme cell formation in the starfish P. 

pectinifera embryos injected with morpholino antisense-oligos of Ppe-PhbA and 

Ppe-phbB. (A) The ratio of embryos with various archenteron lengths (<1/3, ≥1/3 to 

<1/2, and ≥1/2 of embryo height) at 18 h. (B) The average numbers of mesenchyme 

cells expressing MC5 antigen were examined at 24 h. Data are mean±SD. The results of 

(A) and (B) were obtained from two batches. Red asterisks indicate the significant 

decrease when compared with control embryos (p<0.05, Mann–Whitney U test). 
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Figure S5. Overexpression of starfish Phbs in the euechinoid H. pulcherrimus 

embryos. 

(A) Control embryos injected with 0.2 M KCl. (B) Embryos overexpressing Ppe-PhbA, 

and (C) embryos overexpressing Ppe-PhbB at the mesenchyme blastula stage (mBl, 26 

h). Ppe-phbA mRNA-injected embryos formed more skeletogenic cells, although animal 

blastomeres did not develop into skeletogenic cells, in contrast to sea urchin Pmar1 

overexpression. The scale bar indicates 50 μm. 
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Figure S6. DAPT-treated cidaroid and starfish embryos at the gastrula stage. 

(A–E) Observation of the morphology at the late gastrula stage (40 h) of P. baculosa 

embryos. (A, B) Control embryos treated with DMSO. (C, D) DAPT-treated embryos. (B, 

D) Fluorescence images of embryos examined by immunohistochemistry using the 

skeletogenic cell-specific P4 antibody. (E) The numbers of P4-expressing mesenchyme 

cells (presumptive skeletogenic cells) were counted in the experimental embryos of 

two batches. Data are mean±SD. Red asterisks indicate significant differences between 

control and treatment embryos (p<0.05, Mann–Whitney U test). The number of 

P4-expressing cells increased in DAPT-treated embryos. (F–O) Observations in P. 

pectinifera embryos. (F–J) Control embryos. (K–O) DAPT-treated embryos. (F, G, K, L) 

Living embryos. (H, M) Embryos stained for AP activity. (I, J, N, O) WMISH embryos 

hybridized with ets1/2 (I, N) and foxA (J, O) probes. When mesenchyme cells began to 

Development: doi:10.1242/dev.182139: Supplementary information
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ingress from upper part of archenteron in control embryos (F, G), a large part of the 

upper archenteron developed into globular mesenchyme cells in DAPT-treated 

embryos (K, L). The lower part of archenteron showed AP activity in control (H) and 

DAPT-treated embryos (M). The ets1/2 signal is stronger in DAPT-treated gastrulae (N) 

compared to control gastrulae (I). No difference in the expression of foxA, which is 

expressed in the endoderm and stomodeum regions, was observed between control (J) 

and experimental embryos (O). The scale bar represents 50 μm. 

 

 

 

Figure S7. Knockdown experiments of starfish hesC. 

(A, D, G) Control starfish P. pectinifera embryos. (B, E, H) Embryos injected with 

Ppe-hesC MO-1. (C, F, I) Embryos injected with Ppe-hesC MO-2. Embryos were 

observed at the early gastrula (A–C), mid-gastrula (D–F), and late gastrula (G–I) stages. 

No visible defects in the endomesodermal tissues were observed in the knockdown 

embryos. The scale bar indicates 50 μm. 
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Supplementary Data  

Data S1 

The assembled reads for early regulatory gene candidates obtained from the cidaroid 

P. baculosa. 

>Z137 

CGCGAGCGCAAAGCAAAGAGGGGTGGAGCACTTTTGTGGATGAATCATGGCTTTACAAGTCAC

CCCACCCTTTCCGACTAGCATGGAGCCTCAGAATTGTAAATACGGCCTCAGAGGCAAGAAGCAA

AAAGGAGGGCCGCACACATACACAGACTGGACATTCTTTCGGCGTAAATGTTGGACTTTACGAA

ATTCATTTTTGTGCAATAGGCCACCACATTCGCATTACCAGTACTGATACACACAAGGAATTGAAA

CGTTTATCACTATGCATCCGAAACTAAAGGCTTTCATGAGAACGGAAGCGATGGAATGTGACGTT

GAGGCAACGCAAACCGGTTGTGGCGTTGGCGGGGCGGAAAGCGCTTCGGAACCGGGAGAGG

ATGCTGCTGCAGTCGCGACGGTACCAGAGGGCGACGGACTGCGGGCTGCAGAGGCTAAAGTC

CCCGAAGGCATGCCAGAGCATGCGGCCGACTGTGATTCGGCAAAGGGTTCCGTGATGAGCAG

GAGGCGCAGGAGGAGTAAGAGCACGAAGCGAAACTCCGACGACACGAGCGGGCAGATGACG

GATGACGACATTGATACGGACGACGACGAAAAGTGGTGTATCAAAGGGGTAGCGGTCTTCACA

ACGCAAGAAGAACACGACGCTCAACAGAAAGCGAACTCCGAGAGCATGGACACTGAAACAAA

CGGCAACAAATCGGATCTTGTTAGGCAAGGTGACAACTTCAGTGGCAAAGAAATCTTGGAGTG

TATTGGTCTACAGGAAAAATGTCCTAGAATAAGTGGTGCCTTGCCCAAATCAACTAGCTACAACA

CCTATCCGGCTTACAGCTCGACGCCAGCTTTGCGTGGCATTCCTGGACCCCTGTTGCCGGTAACT

TTGGCTTCAAAATCCAATCATTCATTACCTCATGCCTACACCGTCACCAATGAGGTGGATATGGAT

ACGGGAGAGAGTAATTTACCGTCGACAAATGAGCTGTGCTCGGAATCTGTTGATGCAGAGAAG

AAAGATAGTGAGATGGTGAGACAAGAGCATATGAAAGTGTTTCAGAAAGACAAACTAGGTCCA

TTTCACTCACCCAATAGTATAGGCGGTACCCTGCTCGGTAGGACTGCTATATATGCACATAATCCCT

TCACTATCGCTAGCAGTATACCATTCGTTGTTAAAGCGGAACCGGGTATCATGTCGACTTCGTCCA

TCGCGTGTAATCGAAACAGTCCGATAGCGGGTCAGACATTCACCTCGCTAGCCCCCACCCAGAAT

GGACGAACTTTTGAGTATGTTAGCCCGGTTGCCAGCCTTCCGCCGATGGAAGCGTTACAGCGAA

TGCATCTGGAGGATTTGATGAGAATGAATTTTTTGCCGTTGCAATCGATTAAGCAGGAACACTCT

CCACAGTACCTTCCCATCAAGCCTCTACACGGTGCGGCCAGCCACCCTACTGCCATCTACCCCAA

GCCAGAGCTGACCTCGTTATCAAACTCCAACGGCGCCCCCACTAAGTTATTCACCTGCCACCAAT

GCGGCGCCACGTTTAAACACCGTCACCACGTGGTGCGTCACATGCGAGCTCACACGGGCGAGA

AGCCATTCCGCTGCGACGAGTGCGGTGCCATGTTCGCACGGAAGTGCATTCTCACCAACCACAT

CCGGACCCACACCGGCGAGAAACCGTACGTCTGCGCGGAGTGCGGCGATGCGTTCAGTCGCAA

GCACCACCTGGTCATCCACCGTCGCACGCACACCGGGGAGAAACCATACATCTGTACCGTCTGC

GCCACGGCGTTCGCACGCTCTCACCATCTGAACCGGCACTTAAAAACACACCTGCTGATGCCGA

CTCGTGTGCCATTGCCGGACGATGAAGCTATCGACTTGTCGTTACACCCGACGTCGGACCCCAA

CGAAGCAGTCGATCTGAGTATGCATAAAGTGACAGCTGATGTCAAATCGCAACCTGAGGTAACT
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GAAATAAGCCTTAAGCAGAATGAGGAAAATCACATGCCTCGTCAAGAAGTTATAGAGAGTTAAT

GGTAGTAGTGTTAAAAAGTTAATAGTTAACTGTGGATAAAATCTCTGAGGTTTTGTGAATTTATAA

AAACATTCTCCCACTGTATGCAACCACTGCAACTGAAATTTAATGGAGATATGTTGATAGAATTTG

TTAGGGTCAATTTCAAGTAGTGATAAATTTATATTCAAATAGTACATGCAATTTATGTTGTCAATCA

TTCACCACAACCAAAGTTATTCAAAATGTTCCATGTATGTTTATCATTCAGTAATTGCATACAATAC

ACTGCCATTTGTAGAACTAATAAATACTCTAAAATTACATGTAGCCTACAAGTATTGAATTAGAAAC

CATTTATTGTGTTTACCATGATAATGGCTGAAAGGTGAAATATGTTTAAGGTGAATTGCTTAGAAT

ATTAAGTCTGCATTTGAAGCTCTTTGTACTGATATTCAATAAATCACGCTGTACCAGAGTTGTGTC

CAAAACTAAATTCCGTAGGGTTCAAAATGGTGCCTCGGACTGAAACCGAGGCCAAGGCCGGTC

TCGGCTACAACACTGCACTGTGCAAGGTACAACAACAAATGGTTGATATCCATTTGTGGGAGGTA

TATAATAATTTCGTGTTCCTGTAGATGGCATAAATTCCTCTGTGGAAACAAGTAGTATGTGAATGTT

GGATAGCCACATTTGTTAATTGATACGGTAAGTACTGTAGATTCAGAATTGAGTAAAAAAAAATA

ACCTAATACGTAAAATTGTTCTTTGTTTGTCATGATGTCGTCAAAACATATCTCGTGTTGAATGTGG

GATAATGATATATCGTTACCCTCAACTGGATTGCCTTGTTTGTGTGTCAATGGATTTAGTGAATTGA

ATGATTTTCTGAAATTCGTCATCTGTTGTTAGCAAATGGATATCCAAATGAATGAGTGCAATGTTAT

GGACATCTCAGAAATAAAGTATACAATTAAATGTGTTACCGGTAGCTTTAAAAATGAATACAGATC

AAATTCTGTAGATGTTTGTGTGGAACTGTTATGGACTTCATATTGGTACAAAGCAAAATTTACATG

GCTGGAATCTATTTTTAGATACTAGTATAAACAGAAGACAACTCGTGAAATAAATGTAAACTCATT

CAAGTAGTACTTTAATCAAACTTTTTATTGAATATTTATATAATGATAAATAATATGATGATTAATGTC

AAATCTATTTCAAAATCATTACTCGCAAAACAATGCATGTTGTGACTTCTTCGGTGAAATGGGGA

AATATGTCTACATGTTTACAATCAGCTATTGATCCTTAATAAACATCTTTAGAGGACCAGAAATTAT

GTGATTCTGAATTCTGACCATATTGTATTGGAACTTATCTTCCAAAAAAGGGTATGCGGTTACAGT

G 

>thr_1 

GGTGTCTTTGGTCTCGTTTCGTTGATGAAGTGTTGAAATGCAGTGAGAAGGCTATCCTGAAGGG

CTTCTACCAGCTTAGGTTCCTTCAGTCCTGGGCGATCTCCTGCTATTAGTAAGACGGCTGCCAGG

AGAGCCATTTCTGTCTCTGTGAGTTGTAATCTTGACATCCCGACGGCAAAATCGAAGATTGGTTC

GATCAGTTCGCTCAGCACCCCATGCGTCATTTCCGATTTCCCGACCCGGACCCCATTAGACAGGA

GCAGCTTCTGGGATTCCGGATCAAACTTCTGGGCTATCCTCAGACACATGATTTCCATGCAGCAC

GTTTTCAGGAGTAAAACTTGATCATCGTGATGCAGTTCTGTGAACCCTGGCACCCGCTTGGCAA

ATTCCACAACTTTGACAATAGAGGGCGTCATGATCTCCGCCAGCGGTTTGTCGTCTTCCAGTTTC

TGTCTCTTGGCATCAGGCTCATTGCTGCAGCCCTCTTCACTTGAACATGATACCCTCCTGTACATG

TGGCTCGTCTGTTTGTGTGCCACCACGATGGCTTGTATGAGGCTCTCTTCATTGTCTGTCAGTCTG

TTGTGTGCCACCAGTCCGCTCTGTCGCAGCATCTCCTCCCGGCTTCGCTTCTCACGATTTTCCTGG

ATGAGCCGCCTCTTGGCCTTGCGCTGATTCTCGTTGAGTACCAAATCGGGGGCCATGCCAACGG

TTAAACATTTCTTGTAGCGACACTGCTGGCACTGGTTTCGGGTGGTTTTGTCTATGATGCATTCCT
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CATTCCACTTGCAGTAGTAGCTCAACTTCTTCTGTATTGTCCGTCGAAAGAATCCCTTGCACCCCT

CACATGTCATACACCTGTAGTGGTAGCCTGTGGCCGCATCTCCGCACACAACGCACGGTTCTGGT

CCATTTGTCAAATCCATGTAGCTGGGAATATATGGTGCTCGTTTCTCGGAACCTTCAGGTGGCTCT

CCAAATTTGAACTTAGACATTGTTGACTTCGGTGCAGGAAACTCTGCAGAACGGTACGCAGAAA

ATCGCTAATGTCTGTGACGGGTTATAAAATCGAAATTTCAGCAAAGTCCTTCGAAGTCGAAGATA

ATAAACCTGCACAGCAAGTTTACGGACGGCCAATCATCAGTTTACCAATTGGGATTTTGAGTCCG

CGGCGTTTTACATGTGACACAGGATCTTGTCTTGCGGTATTACAATAACTTCGATCATGAGACTTC

TCAGGTGTTCTTTTTATCAAATGCAACACGTTCACAAATTATAGTATTTGAATTTGTAAAATATTTG

CAGAACTGAGTCTGAGAACTAAACTGTCGAGATTGTGCCTCGGACGTGGTCAGAACTGATCTGT

ATTTTCCGTTTCAGGTCACCGTGAGTCCAAGCACTCGTTGACCACACTCACTTCGGC 

>hypp_2098 

GGAGAACCAAATAGACCCATTGGGGTAGGCAGGCACACGCCGTTTACTCCGAAGCGTGTTCGG

ATGTGGCAAGCATAAACGTGAATAATTCTGTGGAGTATTGCCTGTATACCTCCCCGGTATACCTCA

CGTCACATAAGAGGCCATTCAGTGTTGGTGGTGCTACCGCGACAGTAGCAGCCGTGCTACCACA

AGTGGTTGGTATTCTGCGGTGTGTATTGGATTTACCAAAGATAACACCTCCCCATTACGGAGTAC

ACATACAAGCGCGAGGGAGGGTCGGAGTCGAACAAACCCAGCCTACAATCGACCCGTGGTGCA

GACCACTTGTTTCGGCGTGGGAGCGACTAGAAATACTATCCCATTTCGAAATATTCACGAAATAT

AAATTACGGTTTCCATGGATTCTTGCCAGAGGCACGTTTCTGCTAGAAGACTGAGAGTCACCTG

TCCTACCAACACAAGTGATCTTTTACAAACGAAGGCTGAAAGAAGGCGAACTTCATGCAGAACA

AGGAAAACTAAGAGTATGCGAGAGAGTCACCACCGTTCGGCTGAAATTCGCGGCACTCCACAC

AACAGTGCCGCCGCCACCACATCCACCAAGATGGAGAGGGTCGAAAGAAGTCTGCTGGAACTG

GCTCAACTTCTCGGCCTCCAGACTATTGGTGTAGATGAGGCAAGTCTCCTGGAAACGACAATAG

CGTTCATCAAAGCCTACCAAGATTCCGCGACGAGCGACTCATCACAACGTGGAGGTCGCCATAC

AGGAACTAGCTCTAGCAGCGACTCGGCGATCCGTCAGTCCGAACAAGCAGCACCGGCCTCCCC

AACTGACGCCATATTGGCTGGTTTTCAAGATTGTATGGAAGAAACCATTCGATATCTGGTGGACG

TTGAAGGATTTTTACCCGACGACGAAGTCGTTGTAGGACTCACTTCCCATCTGCTGCAGGCTCG

CGCCAAATTGGACCTTAACAATGACATCACTTCATCCACGTTGAGTGGTCATCCCTCTCTTGATGC

GGAAGGACCGGCCGAATGCGAAGCCACAACCAGCACGCAAACGTCTCCACAAGAAACCAACA

CGCACTCGATCGCCTTGTCCGATAACCGACAGCAGTCGAACAGCCGAACAGTTCGTGGCGGCA

ACGCGCCGCGCGGTTTGTCACAAGCCCAGTACATGACGCCGCTCACTGTCGATACAAACCAGTA

TTACGCCTTGCCATCTCCCCTGAATCGCAGCGCTATCGCGTGTGCAATGAAGCCCTCGGAGTCGC

TTCTGACAGTGGCTCAAACTCGCCCCACACCTTCGATGCCGTCTTACAGTGTTGCGTCAGCTGCT

GGAGCCAGCATATATTCTTCCGTTGACTCCAGGGCAGCTTATCAGCAACGCGCTATTGCCACAAC

TGCCGTACAACAGTCCTATCGGCCAGCCGTGACTACGGAGGGGTGTGTTATCCCGTGCCTTCCC

GCAGCTGTCGGCGCAGCCGAGGCCAGCCAGAGACTGTATGGCTTCAACTTGAATTATGTTGCGC

CATATGTCGTTGCTTGGGTGAGACCTGCCCAAGAATAAAATGATAAACCACATAGAAAGCCGTTT

Development: doi:10.1242/dev.182139: Supplementary information
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GAAAAAGATTGCCGATTATAACAGCTGCGCCAAGGTACATGTTGACCGTGATAGACAAAAAACC

GACGCGTCGGTATTTTCACTCCGTTGCGACGGAGTGAAAATAATGAAATATCATACCAAGTCCAT

GGTTAAAATTCAGATTGAGGAGGTGCTCTTCAAGTGATTGTCTTTTTGTGTTTGATAATGACGAA

GCAGTTACAAAAAAAACCCGAGCAAAAACAACAACAACAGTTTTTGCACTATGTCTAACATTTC

ATCCTGATCAATCAACATTTCAACATCCACACTTTGGGAAATATTTCTGAAAAATATTTTCAGAGA

ATTTATTTCAAACAAGTATTTTTGTAAACTTGATGTATTATTTCACATTTTAACCGTGATGATTTTTT

TTAAACAAGTGTTCTTCACGCCGTCGTGTTTTGACGACTGTTTTATATATTTTTTCAGTATTTTTAC

ATGACGTTTGACGTATCTTTCCCAGATTCGATGTGCGTATAATATACAGCAAAACATATCTCGACAC

ATTTTGCATGTGCTTTCACACTTACAGCAAACTTCTGGAAGTTTGGTAATGTGAACACAATCTTCC

CGCGAAACTTCCTGCGAAACTTATCGCG 

>smarce1 

CAATAATAATGATTATGGTATCAGAATAGCCGCAATAAGATTTTAGGAAAAGTCACCAAATTTGAG

CATAATTGGACAAAAATTATAGGAGTGGCGATCAATTTTATGGTAGGGGGGCACATTGTGCCCCC

CCTTGGGCTTTTTAGGGTTAAGACATAGGATAAATCATGGCAGTTGGTACAATGCATCCCTCCCTT

AAAGATTGTGTTCATGATTATCAGCTTATCAAGCAAATAAGATAAAATCAATCATAATGTAATGACT

TACATTAATTTTCACATCTAGACTACAGCCTTTGGAATGAAAAGTCAGGTTTTGTTAAAATAACTG

CTGTCGTAATTGAAACAGAATGCAATGTCATAATGACACTAGTTTTGAATTTTACAAAGCCATTAA

CATAGTCTGACTTCCATGCCCAAATGGTGTATCATCTACTGAGAACTAAATACCTGATGATCAGAG

CTTACAAGGTTAAAAACTCTCACCAGAGCAGTTGAACAACTGTCATGCAATCTGTTACTGTGGCT

AAATGTGGGTAGAGTTCACTGTGTTTGACCTGTTTTGCAAATGAGTGCTTCTATCTTCAACAGAA

GTGATAATTTAACATTTCCTTTCAGTTAATCAAAGCATATTAGCAAATGGTATGCAGGAGCTCAGA

AGTTACAGATGTTCACTGACAAAAATTATTTTTTCCCTTGTTAACATCTAAAACGTGGTTAGTTTA

AAACATTCCTTCTGAACATAAATACGTCTGTTGCACTGAACCTCCAGTGGATCATTACATACCACC

GTTTGCCAATAAGCATGTGCAACATTACTTACTAAATCTACATAATGACTTTGATCCAAATTCAAA

GATTTCCCACAAAACAAATCGTAATCTATTCCTTTGGCTCTTCTTTCTTGTTCTCTTCCTCTGTCTG

TGGATGCTGCTCTTCTTGACTGTCTTTGCCAACATCCGTGCTTGGTCCCTCATCACTGGGCATCTC

TGCCTTTTCCGCCATCTCCTTGGAGTCGGCCGTGTCACTGGATGCATCTTTGTCCTCGATTGTGTC

GTCGTCGGTTTTGTCGTCCAGGGTTTCAGATTTGTCTTTGTCCTCGGTGCCATCCTGGCTGGACT

GCGACTCACTTTCTTCCGACGACTGCAACAGGGCATTCAGGTGTCCTTGAAGCCTCTTGGGTTT

GCTGGACTCCAGGATGGTTTCCAAGGAGTAATCTTTTGATTTGTGATCAGATGGAGTATCATCAC

TCTTTGGAACAGCCCCTTGTGCACCACCCTCCATTGGCACCTCCCCACCAGAAGGATCTTTATCC

TTCTGCGCTCCCTCCATCTGCGGATTGCTCCCAGGCTGCACTGGTTGGGATTGTGGTGCCAAGG

CCTGTGACAGATGCGGCTGAGACTGCAATTGTGGTAAGGGGGTCGGATGTTGGAGCGGTGTAT

CTCGTTGATCCGTCCGTTGGTCTGTCTTTGTCTGAGGCTGCCCCTGTTGCTGTGGTTGAGTCTGC

TGTTGTTTCTGCTGCTCTGCCTGCGACCGCAGGATCCCGACTTCGGTCGGGGGTCGGCGGAGG

ACCTGTGTGTTCGGCGGCGGGAGGGACTGCATTTGCATGGGTGTCACAGGATGGGCGGTTGC

Development: doi:10.1242/dev.182139: Supplementary information
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GTTGGGAAGCAGGTTCGTTGGCTGCACCGGGGGCGCTCTCTGGTGACTGGCCCAGTTTTGCAT

AAAATCGGGGAACATCAGCTCATCCCACTTGATCTCCACCTTCTCAGCACATAGCTTTTTCATTTC

ACTTGCAAAGTTCTCGCTGCTCTCAACAAATTTGCGCTTCTTGACTTCATACTTCTCTTCTATAAGT

TGCAATTCTGCTTCCAACTTTTTCTGGTGGAGTTTCAAGGATTGAACCTGTCTCTTCAACACCTG

CATGCGATTGTCTGTGACTACCGTCCTAGGATCAGGTACCACGGCATCGCTGAATATCTCATTGAT

CAGTCTGTGATTGCGCTGAAAGCGGGCTGCCGCAATGTGTTTAACGGAGTAGATTTCATCTTGAT

CATCATCGTCTTCTGCAGATTGCATGCTCATTCTTGGCTCTGATTTGACGGTATTGTCCAACTGCG

ATTCCTGGTCTATTGCTTGTTGGGCTTTTCCCTTCGCTACCATCCATGCTTGGTATGCCGGTGAGT

TGTGATAGGATTTCAATGCACGAGTGTATTCATCCTTCTCTATTTCATATTCCTCGGTAAAAACTTG

CTTGCCTTCCTCCGGGAGATCTCTCCACATCTGCCCAATGATCTTGCCGATCTCCCACAGTTTCAG

GTCCTGATTGTCATTCTTTACCTTCTCCCAGACACTGCGGCTGTATCTCATGTATGGCATCAGGGG

TTTGTCGGGAGGCTTGGGTGGTTTTGGGATACGGGAATCATGGGAAACCCCTTTAGCTGGACT

GCCCGACTTGGTTGATCCACTAGACCCAATTATGCCAGCTGCAGGCGAGTTGGCAAACTGACGG

GAGTGAGATGGTGGTGTTGGGCCAGTATTTGAAAAGCCGCTTGTGCTGCGTCGATTCTGACTAG

ACATCTTGTGTACTAATAATGCTAGCAAAAAATATCAACTGGAAGTGGTCTGATGTATTAAAATTG

CGGGTAATAGAAATTCGTTTGTCCCAGTGCTGCACTCCGGCCAACAACGC 

>hesD 

TGCCCGGAAATTTTGTTTTGATTACAAAATGATTTAACACTTAACAGAGCCTTTTCTCGGGATTG

CTAACGACAACGCTCCTTCCCCAAACACCCCTTGTCAAATCTGAGGATGAAATACATGTAGCACA

TACTAATATTTGCGGTCGATCCCGGAAAATGTTTGTAATTCAAATTTAGTAATGACTTTATTCAACC

ATCATTGTAAGCCATTAAAGTGAATTGGCTTCAGAATGTTCAACACTAACTAAATTTTACTTATTCT

GTCTTTTGATTTTCTTCTGATCATTGATTTTTATTACCATGGTCTCCAAACAGGGTCAGTGTCACTC

GGCGGATTTCCAGGAACAGGGAGATAAAACTTTGGTATATTTTCTAAACCAGATGGATACACAA

CGTGTTCATATTGTCCGCCATTTTGTCTGTCTGAGGACTCGCCCATGGCAACGAAAGCTACTGGA

TATGGCATCGCAGATGCTACGGTATTTGACGATCCGCTAGGCGTTCCCAAGGCTGTCGAACCCGA

CGCGTACATGACGGTGCCACGTTCAGGCTGCGATGCAACAGCCCCTAACGGCTGGGACGCAGA

CTGGGATTGATGACGATCGTGCACCGGGGACACCACGACAGAACCGGAACTTCCAGTCGAAGA

GGCCGGACTAGGAGCCGGTCCAGCGGCAGGAGGACTAAGTACCGGTATTATTGGCGCAGACA

GCTGACCACCGTTGAACATCTGAGATGGGACCAAAATAAACTGACCGGCAGATTGCACCTTGAT

GGGGATGCCAATGGGCACAAGTCGGGTTGTATTGTTGGCGTTCCTGCCATTTGGCGCTAATTCT

AGTCTTGCTGTCAACCCAGGCAGTACACTTGGCGCATTACTCGCTACACTCGCTGGAACACCTAC

TACGGGGTGCACTGGGGCAGACGGCGTAACGGCTGCTGGCATCGGTTGCACGATATTCCTGAC

ACTATTTCCAGCCTCTGGTTGGTTAGTAGTTTGTGGCGTTACTTCCGGTTTGCAAGAAACGCTTC

CGCTATTGGTTGCTATGGCTACGTGTCGTCTGCTGGCAGGAAAGCGTTCGGTGAATGGTTTATTA

CCCTGTAAAGAGTCAGCTAGGTGGGAAAGGAGACCCGCTCTTACATCGCCGTTGAGGGAATTC

CGACTGTTTGTGAGAAATTCGGATACTTCGGATATGCACTCGTTGAACCCAGCCCGAAACTGTAT

Development: doi:10.1242/dev.182139: Supplementary information
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TTGAGAATGTTGATCTTGATTTCCTCGACAACTTTGTTGGCGTAGTTGCTTGACCAACTTCACAG

TTTGCTCCAAAATGTCGGCTTTCTCTCGTTTGTTCTGTCGTGAGCCTCCTCCCTCGGGATTGAGG

GCGTCCAGTATCGTCTGTAGTTCTGTCAGACAGTCATTTATTCTGGCACGTCTTCGCTTCTCCATC

AACGGCTTGGAGGACTTTCTTCCCTCATGGGTCCTGGTCGGTTTATCTGAAGCCATGTCCACGG

GAGGTGATGTTGTCATGACCAGCTGATCAAATCCGGTACGTGTGACCCTCAGAATTAAAACCGAT

TGGATTCCAACTGCGCAGACGATACAGCAAACCTGTTGCCTAGCGAATACCGACGCTCAACTTT

TTTCTTCCCTCACGAGACTCATATAATCAAAATCTCGTGCTTTACGAGTGATGCATTGTTTTCTCGA

CGTCACACGTGTATAGGGTGTATTTCTGTTCGTTCAATGTGATAAATTATTCCTCCAATATACGAAC

AAAACCGATAAAGAAGAACTTT 

>foxO 

CGAACAACTGCAATGCACAGGGCATTAGATGCACGACGCGTACGTGTATGGACTATGCATACAA

GAATTACATTGAATACATGTATTACACAGTCCACATGCACGAGAATAGTGTCTAGCTAGCGAGCG

AGCTCGATTGTCAAACACGACACACGACATACGTAGCGTAGTGCTAGCGGACGCGTTGAGAGTA

CAGTCGCCATGTAACTTGGAGAATAGGTTGCTGAGAAACTTTGGATGTTGTATACAGTTTTTTGA

TCAACAGGATTGAACTACCTCCAGCCCAGTGTTTGGATATTGTTGGTGATTTTTAGGAATTATAAA

CCATGGTTGATATCGATCCCGATTTTGAGCCACAGGCCCGACCACGTTCGTGCACTTGGCCCCTG

AGAAGGCCAGACTTTTTGGATTCCAAAACTCCGCAGACTTCTGCCGCTGCTGGTGCCGCCGGC

GATGCTCACGGAACACCCGCTGTAGTTACCGAGGAAAGTCCAGATACAAAACCAGTTTTACCTC

TAGAAGCGGGTGAAAATCGTGATTTATCAACTCCAGCCTCTCAAAGGAGAAACGGATCGCGGA

GAAATGCATGGGGTAATTTATCGTACGCGGATTTAATCACAAAAGCTATTCAGAGTGCCCCGGAC

CAACGCCTTACTTTATCACAGATTTACGACTGGATGGTGAAAAATGTACCATTTTTCAAAGACAA

AGGGGACAGTAATAGCTCAGCAGGATGGAAGAACTCCATCAGGCATAATTTGTCGCTTCACAGT

CGGTTTGTACGTGTCCAAAATGAAGGAACTGGCAAAAG 

>hbn 

GCCCGATTCATTACGAACAGAACAAAACAGACAGGATAAATATTTGTCGCTGTACAACCTCAAA

GGCACAAAATATTGTTGATAATAATATGCGATGGAATTATTTACAGATGTTGTGATCAACGATAAC

AAAGTTGAAATGTTGTACTGCTGATTTTTCCTATTTTAAATTAGGAAAAAAATCAAAAAATACAGT

TTTCTGTATATTCATAAATTCGGAAAACTAAAATACTCAATTCAGAATAGTACAATCAATCAAAATT

AAATGCACCCAATTTGTAAGGTGACAATTTATAGTGTACGTCTTATTCATTACATCATCATCATCCA

ATTTGTTACGTTTGACAACATATTGGTAACATATTTCAGGTGAAATTCATTGTTTTATATAGTTTAAT

TTGCGGAAAATTACAAAACCAGGATATTTTTAATCAAATGCAAAATTCCAAATACATTTGTATTATA

TCAAGGCGTGACATAGAATGTATTTCGATATTAACAGTTTCAAACATTTTACTGACAGAATGATAG

CACAAAAAAGGTTGTACTACGGGTCACTTACTCTTGTGTAAATAAAATATTACTACAATTAATCATT

AAAGATGTATTTCAAGAAAAAGTCAAGATGTTCTAAGACTGCTTTTGCAGTCAAATTGTAGTCGT

GTGCGGTAACTTTCTTTCCACGCGTCAATATCATTATGCTATCAATATTATTGGTTAGTAATTTTGTT

TCCGTCAAAACATTAATGCCAAAAAACGATGTATTATTTGTACAAGGGAGCCAAAGTTTCTTAGT

Development: doi:10.1242/dev.182139: Supplementary information
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TTATCTAGGCATACAATTAAATTGTGTTTTTATGCACGTTCCGCAGAAATATTCCTTAACACATTGG

GGCTACTACTCTGCATTATTTATTTATTTTTTGTAATACCATTATGCCAAGTCGACAGTCTTTCGACA

CAAAATAACACACATTTAAAATGTCAATCACGTGACATTATAATTATCTTAATCGATATTGCATTTCA

GAAAACGGTACATTAGTCATTTCCTGACAAAAATAACTAAAATATATATGGTAACAAACATTATCA

CATATATTCCAGTCATAAGTGTATGATAATTACACCGCCACACACCAATCAAAAGAAATGCCAAAC

ATTTGTGTCATATGCAATGTGTCACTATAATAATAGAAAAATATAGAACATGATCGGGTTGAAATGT

CGGGTTGAGAAAGATTTGATGGACACATTGTTGTATACGCAGCGTAACATATTACTCTTTGACATT

CCAATGTAATTCATTTGAAAAGAGTAATGAACTCATTAGTTGGTTGTAATAGGGTAATACCATGAT

ATTGTATCTTTACATTTTTTCTTAAATCAAATATTATATTAAATATTTTACAGGTGTATACCAAACATA

AAAAAGAGTGAGGATTTGGTACGTAGAATGATGTAAAATGAAATTAATGAAGTAGCCAATTCATT

TATTGTTATTTGTGGTTTAAGTCACGAAAGGGCTAATTATTATAGTTAATTATGATACCCTCATTCA

AAATAAACACCGAGAGCTCGTCTGCAAAATTTTCCTGTTTTTCCGCTTTTCTTCTTACATAAATGC

GCTAGAAGAAGAAAAGTTTGTCATATAATTTAAAAACAGGCATAATATGATAATAGTTAATAGTTC

AAATCCATGTTCTAGACGTATTGCTTGCGCGCATAATCGCGCGAATTGAGATATTTGAAGCTGATA

GTTGTACGAGGAAGACTTTTAACCACAAATCTAACTTCATGACGAAACCCCTGAGTCCTGAGCA

CCAAATAATCAAAGACACTTTGAACCTTTTAATAGTCTTCGTCCCTTTAGTTTGTTCATGATCCGAT

GCCATGTATGTACATGCTTCAATCCGATAACGTTGGGGAATTCGAAGGTGAGTGTTTTAAGTCGA

CGTGGTGAAGTTCCCGCGCTTTTGATCTCAAAACATTGATACTTTTCTTTTTCCTGGCCTCCTCTT

CCATTCTACGTCCTTTCTCAGCAGGCGACATGTAAAACTTTGGCACTGAAAGCGGCAACGTTGG

CGGTTTCTCGGCTCCCTGAGCCAACCCCATCCACGGAGCGGGGTCGAACATTTTCATACCGTTA

GCTGCCGCTACAGCCGCGGCCGCCGCGGCGGAAGGCAACCCGAAGTGGCCGTTGACGGGCAT

GACGTTGCCGAGGTACGGGTGCGGCAGCCAAAATGGCGGGGTCGCCGGGAGCGGTAATCCAA

AACCATTGCTATGAAAAGGGGCACCCCTACCCGGACGGGTCATCAGAGACGGGTAGGACTTCT

CGAGTGGGTGTAACATGGCGTCGCCTACGGGGGACATGTTGGCGGGGTAGGGTTTTTGACCGA

AGTAGCACGGACTCTCACGGTCGAGGAGCTTCTCCTTTTTGCGCCATTTTGCTCGTCGATTTTGG

AACCAGACCTGAACTCGGGATTCACTGAGGTCCAATCTCAGTGCCAGCTCTTCCCGCATGAAGA

CATCCGGGTACTGCGTCATTTCAAACGCCCTCTCTAGTTGGTGGAGTTGGAAGGTCGTGAACGT

CGTCCGCGATCTCCGCAGCTTTCGCGCCGACGACTCCGAAGTGCAGTCGTCGAGTGGACTTCG

GTCATCTCCGGCGTCCGTTCGGTGGTAGTCGGGATCGATCGGCGAGTGTGTCGATGTGGGGAA

ACCGTAATGGGCGGGTGGACTGGTGGAAGTGGGAGAAGAGATGCTGGATAAGGAAGAGACG

ATACACCTCGATTGTTGCTTGGGACTCGAGGCGCTGAAGTTAGCCGACGCAGGACGGCTTATGT

CTTTTGGTGTGTCACTTGATTTTCTGTCAGTGCTGTCCCCGTCGTCAATATCATGCACCGATGCAT

CAGTATTTTGTACCCCGGCCGGTTCCCGGTCCTTGTGAGTCGCTGATCGCTTGCTGCCGGTATCC

GCCTCCGCTGCATGACGGCCCAGAAGGAAGTCGATCGAGTAATTGCTGGGTCCGTGGCAAGAA

CTTTTGGTGATTGTCTGCGTGCTTGAAATTGAAAGATTGTCAGATACTCTGGGTGTTGTTGCTATC

AAAGCTGCCATGGCTGTGAGGTTTAACCAATTCTATGGAACCACTGGCGATGTGTCGGTCTACTT

Development: doi:10.1242/dev.182139: Supplementary information
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GTTTGACAGAGAACATCAAGTTCGAAAGACACCAACCTCCGATAGCACGCACCAACTCGCAGG

ACGGTAAAGAATTGAAAACTAAGTCACCGAGAAGGTTACCTCGAGTTATTACACACATAGGTGG

AGAAGACAAGTATTGTATCAACCAGTAACGACAATGCCAGGATACATAATTAAATCAAAACTGAA

TATTCAGATTGATTTTACCAATACGGTGGTGTGTTGCATCGACGACCAGCAAATGTAGTCTGAAT

GGTAAGTCCGGGAAGGAAAAGCTTTTTCACCCCAGCTCGATCAGCGAGCAGCACGCCTTTTTT

ACGCAGACGACAATTTTCTGTTTGTTGTCAAACTTGCGGGCAGATGCCAATCATCGTACGGAAA

GCGCCAACTACTACAGACCGGGTCCCATTCACGATTGGATCAGCTTTGTGTGCCGAACAATGATA

GATTAGTGGTTAGAAAGGCATTAGCCATTCTCAGATTCTAACTGGCATCTAGGTATTTGCGAATC

GTCTGCCGAAGGTATAAGAAATCTTCCTGCCGATCAACCGAACAAAGTGTG 

>nkx2-1 

GACACGGCTTGCAGTGCGCATTGTCATACAATCAAAGAAGGCGTGCGCCTTACACATTGCCCGT

ATATTGTGAGAGCCTGCGGCGAGATAGCAAAGTACGTCAAAGAGAAAAAGGGTGGCCCCTATT

TTTTCTCTGTCTTACCAATTTTTCCCTTGTTGCTTCGACGGAGAATATGGTCCATGCAGTCGACGA

TTTTTGCTGGCACACACGCATCGCTTAACACATTGCCAAACGAGAGCGTGGACCTGACATAAGG

ACCAGGCGATCATCCGTGATTGTATTTGCCCCCAGAACTTACTGCCTGTGGGACACTCAACTGGT

CCTCTCCCTCCTCGTCGTCTACTAGTGGACTCATTCATTCATTGGCTCACTCCAGGAAAGAGAGA

CTCCAACGATAAGCCTACTCCAAACGGGCCTCTTGCACGGGATACAGTGACACCGTGCTTGGGC

GTCATCTATGTTTCTTCAAGACATGTCCTATAGCCCCAAACAAACCACTCCATTCTCCGTCACCGA

CATCCTAACCCCTCTAGAAGAAAGCTACAGGAAGTCTATGTTGGAAAGCCCGGGCTCTAACTTC

ACTGCTGTTCTCCCGGCCGCGGCAAGCATGCAATCAGCCTACCGGTCCCCTCAGCACTCGGCAC

ACCAGGGTATGCAGGTCTCGCCCATGAACATGGCCACGGCCAACAACCCATACACCCACATGCA

CGTACCCCAACTCTCTCACCCGAATTACTGCAACGGGTCCGTCGGAGATCTCACACCGCACTATG

GCGACCACCGGGCCAGCGCAGCCGGATGGTATGGCGCCAGTCCCGACCCTCGCTTTACCATTTC

TCGCCTGATGAACCATTCGTCCACAATGAACATGAACATGAATATGAACATGAATATGAATATGAA

TATGAATATGTCCACGCTAGGCGCAGTTGGAACTGGGGACCTGACAAAGCCTTTGTTACCGTCG

ACTCACCGCCGAAAGCGCCGGGTACTCTTCTCACAGGCACAGGTGTACGAGTTGGAGCGGCGC

TTCAAACAACAAAAGTATCTCTCGGCACCTGAGAGGGAACATCTGGCCAACTTGATCAACCTGA

CACCCACCCAGGTCAAAATTTGGTTCCAGAATCATCGCTATAAGATGAAGCGACAGGCCAAGGA

AAAGAACATGCAAGAAAACAACTCTCTTTGTCATCAATCTCCGAGAAGGGTCGCCGTACCTGTC

TTAGTCAAGGACGGTAAACCGTGTAATGGCACGAGTGGAGGAGGAGGGGATGTCACTGACGA

GGATGAGCGAAATCTTGGTGACAATGTTGATACCGCGGAGCAGGGCGTGGTGGGGAACCCCC

AGCAGTCGAATTCGGCTCAATCCTTGTCGCAGCAACAGAGCAGTAACAACAACGGCCACCACC

CGACCATGAAAACCAGTCCCGTCGAGCCCAGCTCGTGCGTCGGGGCCGGTATCCCCCTCAGCAT

CCCATCCACCGACTCGGGCATCGGCCTCAGTCCCGTCTCCGTGCACTCCCATCACCAACATCCTC

AAAGCCAGGCTTCTCTCCACCAGCAGTCGAGTGCCATGCATAGTCTGTACAGCCCCGGCGGGGC

GGGCGGCATGAATCCGAACGGCGCCGTTAATAACATGTCCTCCACTGCGCCTTTCCTTCTACACG

Development: doi:10.1242/dev.182139: Supplementary information
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GCAGAACGTGGTGAAATGAACACATGCTGGACACAATTTCGCCCTAATTTCACCCCAAGTACTCT

TTTACATTCTACTAAATTTTGTGGTACTCGGGTGTCTCCGAAAACATTAGGCACACGTCAAAATGA

CTCGAAAATTGTGATTTTTCACAACGTTCATGTCCTATTTATTTCATCGCTTTGTTTATTAGGAAGT

CTATAATGTGAACGTGAACTCTCAGGTAAATGCATGAAGAGAACTTTTTTTGGATTATGCATTCCT

TACTGGACGTTTTCATGAGATGTATCTTGTGTGTATGATAACGTGATCAACACTTTAATTTGTTTGT

AAATAATAGCTCAAATGTCTGGGGTAAAGTTAGCAAAATACACGCAAAAATTGTGTTAGTTGCGA

CTTGCAAGGCAGGGACTTAAAACAAGTGCTAAAATTCTAATTTCGATTGTGAAATGTTATAGCAG

AACAAAAGAAGTCATATTGCTGTAAAACAAATGTTTTAGTAAATGTATAAATAATTTTAGATACTTC

TAACCGTTTTGCTGGTTATATTTTGTGTGTAAAATTGGAGACCGTAATGGTTACTTGTTAAACATT

GTAACATGTCAATGAAAATGTTTTTGCTTTTGTTTTTAAGGCGGGAGGATATTTGAAATTAACTTA

TTATCGAATTAAACACGTCTATTTGCTTTTATACCAATTTTATGATATTGGTTGATTCACAGTAATTT

CAAGTACATGTATTTGCTTGATTTCAATTCAATACTTCAAGTTGTTTTAAATTAGCGAACAGTGCA

TTATTTTAAAATTTGTTCTAAAGTTTTTTTTTTTTACTTGCTGCATTTTCTAAATCAAACGAATATTT

CAAACTTACATTCAGTTACCAGAAACATCGCAAAATTGAACAAAAATGTGTAATAATTAAGCTGG

AACAAAATTCAGAAACTCCTAACGAGGTACAAAATTAAATTTAAAGTTGTAACTCCAGCAGAGTA

TGTGACAAAATCAGGGATGAATATAATGGGGTGATGGGTGTAACTGCAGACAGTGGGAAATAGT

TTTATCACGGGATTTGAAGCTTGAACCAAGGCACAGATATCAATATCAGCGTTAATGATTTATGG

AACAAACTTAGACAGGGTTTAGACTTAAATGTCTTCCTCAACATCCGACAATAGATTTATACAATC

TTAAAAAAGTTGTTTACAATGCTGTTCACACTATTTATGTATGATATTTTAACCCAAATATGATTATG

CAAAGCGTGCAAACAGAACCTGCAAGATATAACACTCTTAAAATTGTGAGGACAAACTTTTTTC

CTACCTTTCTGTGAGAGTGCACGGATTGAATTAAACCATTAATTGTCTACTAATACCAAATTACATC

TCATGACATTATTGCTGTTTCTGGCCATATATAAAGATCTATAAAGATCTATTCCAATCCTAGGTAAA

TATTATTTTTATTGTCACTGCAATATACTCGCTATTTTTGTTGGTAATTTACTGGTACTGTATATGTCG

ATCTTATGACCTCCTTAGTTGTGGTAAAACTGG 

>runt 

GTGACGTGAGTCATCCTACAAAACAAATGCATGCATTGCTCTTTAGGATACGGCGTGCATGCATG

TACGTCGCAATCGCGAGTCAGTCAGTCTGTTCTGTATTACTCGAGAAAAGCACACTGCCTTTCAG

CATTCATTCCGACTGTTCAGTTTCACATGTGATTTTGTCATTGAAGGTCCTCCTACTAATTTCTGTG

CTTTAAAAGCCAACGTCAATCGTTTGAAACATATCACTTGTGAGTTGATTTTAGAAAGCGCGTGA

ACTTACTAACCGCAAATTCGACGCCTCATTCGCCACAAGTATACTGTGATTACACTGTTCACATATC

TACGATAAACGTGATCTATAAAGCGCTGTAGTAGCGCCTGGCGGCCCACCACTGTTGTAATGTGA

AGCCATTGGCCTACCATCACATAGTTTTCTTCGCCGTGGGCATTTAAAACCCCAACCAAGAACGA

CTGTCGAACATAGCCACCGATTTTGCGGTTTTGAGGTGTGGTTTGAATATCAATTCAGCATCGTC

TGGCCCAGTCAGGGCTTCCGCCAAGAAGTCGCTCCAAAATAATTTCCCGCCTTTTATCCCCTTTC

CACCGCTCGCGTGGTAGAAACCTCCGGCTCAATGCATATTACTGAAGTTGATCACCACCTCCTTT

CATCGGGCTCTCCCCTGGCTAACCCGCTGTCCAAGGACCTCGTACGGAGAAACAACATTCACAA

Development: doi:10.1242/dev.182139: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



 29 

CCACCATCACAAGATGGCCGAAGGGGGCCAGAGAAATAAGTCCATATTCAAAGGGGGAGAAC

GATCGCTTGTGGACGCTTTATCGGAGTATCCAGGAGAGTTAGTGAAAACGGAGAGTCCCAATTT

TGCCTGTTCTGTCTTGCCTTCACATTGGAGATGCAACAAAAGTTTACCAGTGGCTTTCAAAGTGG

TGTCTTTGGGCGAAACCAAAGACGGTACGCTAGTCACCATCGCAGCAGGTAATGATGAAAACTA

CTGCGCCGAGCTCAAGAACAACACCGCGGTAATGAAGAATCAAGTTGCCCGCTTTAATGATCTG

CGTTTTGTCGGACGATCGGGTCGAGGCAAAAGTTTTACGTTATCCATCGTTATCTACACCAATCC

CCCACAAATCGCTACCTACAACCGTGCAATAAAAGTGACCGTCGACGGCCCTCGTGAACCGAGA

AGGCCCAAGGCTAAGCTCGAGGACCACTCCCGGCTCATTCCTCCCCCCATTCCGAATCCTCCCCT

TCCCTTCACCGATCGGCTGGCCGAGTTCCATGGCTTTCACCACCAAACGTCGCGGTCGCAGTCG

TCGTGCGCCGTCCGGGGAGGCATGCGACCAAATCCCCTGAACACGACCAACACGTACTTACAAC

AAGATAACATTCACCATGGACAGCATCAGCCTTCTCCTGCCAAATCGTGGCCCTACTACCAGTCC

AACAGCTTCTACCCCTCTCAGATGTCGAGTAACACCATCACCACGACAACGGTACCCCAGACCAC

GACGGACAACTCCATCATCACACCTGTGGTCAAGATGGAGCCTGGCACGCAACTGACACCTCTT

GGACAACCCACGCAGAACAACACCCTCAACCAACCGTTCGGAAGTTCCAATTCTCGCGCAAGC

GACGTGTCTGACCCACGTTTCGTGTATCCTGCGGTGACCAGTTCAATGTCTTTTCCGTCAACGTC

GATGTCGGTTCTGTCACCGGGCATTGATACAAACCGTTACTTGCCCATGACGCCGAACCCCTTCC

CGCTGTCGTCCCCCGATCTGTTCTCGGCGACTCCCAGCACCCCGGTCACCTTGACGTCCCCACCC

TACCTGCCAAACTCGCCTCCGTATCAGCTTTACCCGCATCTCTACATGACCTCACCGACCTCGCAG

ACGTACTACGACGGAACGCACCTCCCGATGCTCCCCCAGGCCAGACCCGAGGACAAGCAGGAG

CTGAAACCCGACAGCAGGCCCCGCGAGGCCCCAACGGAAACCATTACCCACCACCCGCAACCG

ACGACGGACCTCTCCGTTACGGTGGCGTTGAACTATGGTAGCCAGCCTCAGGGTAACGTTGACC

AAATACCTCCCCGCACCATGGGGCCGTCCATGTCCATGTCCACAGGGTTGCTGCAACATCGCAAC

AACAGTCCCGCCAACAGCCTTTCACCGATGCAGCAGAGTATTGGACAGATGACCATCAACACGA

CGGTCGGTCACTTACCGGCGGTCGACGACACGAGGAAAGAAGACGTGTGGCGGCCGTACTGA

ACAAATGAACGGTCTATTGTTTTACGGACTTAACGGCCATGTTTAAAAGTATTCCCTACACTAAAA

TGGCTGCCTGGAATTTTTTCCTTTTACAATTCTTCATATTATGAGGTTCTGTGAAGCTCCTAGAGA

CGATTTAATCACCAAGTATACACAGACAATCTACAAAACTAGAATGCACCACGCATCTCAATTCAT

CACTTGTGTTTCATTCCATGTCATCCAGAATAGTCTCATTCAAATGATCAAGACAGCTGTACGATA

CGCGCATCACATTTTTAAAATCTCAGTGTTCGGTACGAACAACGGATTCATTGTGTACATACTTCT

TTAACGTACATCACTGTGTTCGGTGTTTACACCTTGCATCTACGACATATTTGCAGATTCATTAATG

TGCGCTGTAAATAACCATTCACCACAGCCGGGGGTACGGGACCTTGCGTTTGATCGTCAAACAT

TTCATAGTCAGACTGAGAGGAAATAGTGCATTCTGGTTTCTATGGACTTGCGTAAAACCTCCAAT

CATGCATGAATAGATTTTTCGGTGGATTGGACAATGTAAATCTAGATTTGAATGACTGCTTTATAA

TCAGCGTTTTCCTTCATTGGGCATTCAGTATTCCTGGGAAATCATGGATCGTTTATTTTTGTACGT

GAATGATCCTCAAAGATCAACAGTCGTGGGAGAATGAAACAGTGAGCCCTCCTTTTACTCGATT

AAAAAAGGGACACAACATTTTCACACAATTTCACATTGACAACTGTCATCGTGTTTGGAAATAAT
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GCAATCTTTGCAGCTCATACCCACACAATGTCAGTGCATTATCAATGCATGATTCATGAGTGTTTG

TCAGTGTTTTGGGGACTAGTTTTGGTGGATTATGTGACAAAAAGTGACAATTTTGAATGAAATGT

ACCACGAAAGTAAAGGGAGAAGTTAGGCAGCTGTTGTCATGACAACGTCTGTGCTGAATAGTG

CTGTAACAGGACCCAGACTCGGACCCGGACTTGGACAGGATTTTGATGACTTTTGTGTTCACTT

CCTAGACTGGCTGGACGTGGACTTATACCTTTAGGTCCAGACATATTTTCCTGTTATTTTTGTACA

CTGCTCAGAGTCTAAGAATTTTGCACATCTTGTTTTATCTACACTGACCAAGAAGTCATAACTGTT

TTCGCAAAATAAAATGAAAATTAAACTTTCAGTCTAACGTACATGTAGATTCTGGTCATGTTGTTC

TCTGTCAAAATAGAAAAAAACAAGTCGCTACTGACTGATCTGACATTTTGCACTAGATCGGACCC

AATCGGACCCGAACTTTATTTTGCTTGGTAAACACCAGACTCTAGTCTATTCTGAACCGAATTTTG

GGCCAACTCGTTACAGCACTGATTGACACAGATAGTCTTACTGTTGCAGCTGGCCTGTTCAATGA

AAGATAATCTCATGTGAAAATGAAGGTTTAGAGGCTTGAAAATTCACACATGAACTTAAAACATA

CCATTAATGTGAAATGCAATCTAGTGCGATCATACCATTAGTACAAGTATCGCATCAATTTGAAGTA

CCGTGAAGCAGAGAAAGGATTTCACATATCGTAATTCATAAATCGGTTTCATATTTTCATGTCTGA

CATGTGCTGAACCTTTTTGTATATAAAATTCATACGTATTTTGTGTATGAAGATGATTCATCTTAAG

AGTTGAATTTTTAATTGTTTTTTTTAAACCATGGAAAAAAGCAATGTATTAAACCTGTGTGCAATG

AGTAGTGCAGATGTGTACGTTGTTATGCAGTCAGCGTTGTACATGTAGGTATTTTTTTATCATTTTT

TTTTTTACAGAAAACAAGTATAATCTGATTATATTCATTATTCATGACAAAGTGACAATTATCACCA

CTGGCGTGATTGCTAAAATCCAGAAAATTAATGTTCTCCCGTAAAAAGATACATGTGTATGTAAAT

AATGGCCGTTCAATGAAAAAATTCAATTTAACGACGCCATTACATCAACCCGAATTGAGTTTTGC

CCTGTTTTATTATTTTGTTTTATAGTTGTCAAAGACAGTCAAAGTGTGCAAAAATATGCCAGATTT

GAATTTAAATGAAATTGTGCATTTTTAAAAAGGTCAAAGTCAATTCTATGTAGAATGTCTTTTTAA

TGTAATTTCACAAAAAAACAGTGTTTCATTGTTATTTTTATAACAAGCGCGACATCTAAATCTATGT

ATATCTCACAATTTATTTTAAATGTATTGACAAGAGTATGGAACTCTTGAAATTGTTTTATAAAGAC

AGACTTCCTGGTATAAGATAAAAAAATATGTGACATATTTTGCCCAGGGGATTTCGTATATTTCTTA

AAATTTGTGACATACGATGTACAATTTGGCAGTTTGACGGTTCCCCATGAAAGTGGGTATGAATG

ATGTTTACCCCCAAAAGTGGATATGAATGTAAGTGTGTTTATAAGATTATTTTTTTTCAGGGTCTTT

AATGTATGTTTACGATGTCTGTTATACCATTTTTTTGTACTTGAAATTTAATATTTATAGGCATTAAA

CTGAGAAGCTGAAAACGAGCAGTTACAACAAATGCAACATTTTATCATAATTTTACACAATTAAA

GTTGTGTAATTATCAGCAATTGGTAGTTGCGATTAAAACAAAGAAATTGTATGGTATGTACAATTT

GTTTAACAACTCTTCGTGAAAAGATTATTTCCTAAAGTATGGTGAAGCAATCTTGAAGATCCGTTA

TATATATTGTATCCCCATTTCCCGAATAAAACATTCCATTTAATAATGTATACAACATCACTTGTGCCA

TGTTGTTATACAAGTCCCTTCCTGCAATAAGGCCACTAATGCCAGTATTTGCCATGGGTTATAGCG

GCTTTGTTGCTGAAGGTGGACAAATATTTCGATTCATATTTGTGTCCAAACTCCCAATTTTTCTGT

TTGAATTCTCTTACTCAAATGTGTAGCCACCTTAATATGTTCTTTATCTTCTTTGGCACAACATATCT

TTCATTTGTGTGCAGTTTATATTTATTAAGTGTTGTGCAAATTTATTCAATAAAATCTCGTTTGAATT

GTATTCTTGTCTACAAAGCTTTCTCTGTAGAAAAATGTGTGTGTGTTTAAATAAGTTGGTTAATATA
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TTAAATATTTATTACATGCATATTTTCAGTCACAGAGTCGGTGATAAATCAGTGTGTTCTTGGGGG

AGGGGTGCAGCGGGTGAATAGATGGACCAACAGTAAATTAACACAGCTATGAAAATGATGATGT

CATACTCCCTATTTCCTGAAGACAACATTTCAATTTGTGTGTGGGGCTGGGTGCCATCAAACTATC

ATTGATTTGAAATAGAAGTATGTAGAGATGAGAAAATTCATGCAATAACTATTACAGGGAAATAC

AGTTTCATACGGAGTATGAATTTCTGTATTACCTGTAGTTTTGTTGGGCAGAATTAGATTTGTAGT

TCTTATCTAAAAGACAAATATGCCCCCTCTGGAAATAATGTATCTTGTGGTGTGATCAGTTGATTTT

GTTTAGGTTTGGGGGGGAGGGTGTACATGTACTGTATCTTTCAATGAGTACACAATAATATTACC

CTGCCCATTAATAATCAAAAGGGCGCTATCACTGTACAAAATCAATACAGTTAACACCCTTCTGGC

TGTCAACCAATGATATCAAATCTTACGTGATCA 

>crebzf 

ATTACACGTCGTAATCAAACATCAGAGGTGGATGGGCGTTTTGGTTTTGTGGTCTGTGTTATTGT

GGAGAAAACGCGATTTACAGGTTGAAATCGGTAAGAATTTTCGGGATTTCACAAGTAAATGAAT

TTGGGTTATTAATCTTCCTTTTCTACGAAGTCTAGTATTCAGCTTGGCAATTTTACCGGAGTCTTG

ACTTAGGCCGAACAAGTTGGGATTAACTTGTCATGGATAACGTTAGAATCTAACTTAGCGAGTGC

ACTTTCACATTCGCAACTTTCAACTGTCGCCATTTCTTTGCAGTCATACTACCAGTACCAGTACCA

GTGCAAGTTACAAGTTAACGAATATTTTTCGTCAGGACTTGTGGACCCCGGAATTCATACGTAAA

GGGTAACTTAGCTGTTCTAACCCAGTCACTCACAATATCAAGTCACAAAAAACGTTTCCAATGAT

TTTTTTTTTCTTTGGATTTATTTCGTTTTACGAAAATTACGGTGCAGTGTCAATTTCATAAACTTCA

TTAAAAATGCAACAAAAGTCTTTTTTTTAAAAGTTCATAAATTAGTCTATAGATAACTAGATTTGAT

ATTTTGATCAAATTTATTGTACGGTTCGTGTTGTGGAAATTAAGGCAGGCTGTGAGCCGAGGTAA

AATTAATTGGAGCAGCTAAAATTGCCCATTAATACTTCATCCCGACCCGATTCAGCCCAGGATATC

TCGTATTGAATACCGTTACAAGTTAACTTGTGAACTTTTCATCACTTTGAATGTGCTTGGACATTT

ACAAAACTACAGATCTGCACGTGAATTTGTTCAACGACATGGAATCGTTCCAGCGTGACTTCCCA

GATCTCTTTGATGAGACCGATCAGTTCATGTTGAGTTCTCCATATTGTGAACCACTGAACGATTG

GGAGTACCAACCAGATGATCGCACATCTCCTGCGACAGTGACCAGTGCTTCAAGTCCTGAAAGT

ATGTCGCGTGAAGAGAGTCTGTTCTTGGATGATACAGATCCCAAACTGTGGCATCTGCAACAGCT

ACAGGGCAGCCCATGCTCTGATGTGTCTGTACAATCTCCTACTACGCCACTGCCAGACGAACTAG

AATGTCAAGACTTGTTGCAGTATTCAATGAAAGTTAGCAATCTGGATGAGCCAGTACTGCAAAAT

GGCTCTCTGGGTGCGATATCATCGGACTCGGAGTCAGAAACGAGTCATCTGACTCCAACTGCAA

CTTCAATGAACAACAGTGCACTTCATGGACTTACATCTGATGTGGCCACATCCAACTTGCAGACC

CAAAAGAATTCTGGGTCTTTGACAGCAAGCAGCAAGACCAACATAGAGCCAGCCGCCCCATGT

AATACCACCAACTCTACGAGTACGAGGGGTAGGAAACGCAAATCAGCGCCAGACACAGCAGAG

GAGGAGATCACCGATCCCGTTGTTGCCAGAAATGCGAAGAATGCCATCGCAGCTAGAGAGAAC

CGACTGAAGAAGAAGAAATATGTTGAAGGACTAGAAAGTGAAGTTTCATCACTGAAAGCTGAA

AATGAAACACTTTTGAAAGAGAATGATGAACATAAGCAGTTAATTAAGGACTTGACAGCGCAGC

TTGAGTATCACAAAAGTGTATTGTATAATCAAAGCTCTTTGTCACAGTTGCTGAAAAGCATGAATC
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CTGAGCCAAAATTACGACTGGGGTCTTCAGTGGGTGGAGCATCAAGCTGTGTTGTAAAGGAGG

GACAGAAGGGTGCAAAATTTACACAAATGAGTGGCGGTGTTTGCCTACATGTTAATGGGCCAAA

TGCCTCCCTCGAATTTTGTGCTAAATGCTCTGTCATGTCCCAAGCTACATTCAACTCGTGACTATTA

TTGTGACACTGCAGTGCATGCAGAAACTTTCAAAACAAATATGTATAAATGTACATAGTCTGAAA

CGTTGTGTACATTATTGTCTAGCAGAAGACTAAAACATGTCATGTACAGTTCCAGAGAAGGCAGA

TTTCAAAAGGCGTTGATGTATACTCAATGATATGTGGCTGTGGAGTGTACAAGCAGTTCCTGTTC

ATCTTTTAAATTAATGATTACAAACATAGAACTGTTGGTTCGAGAACCCAGTGTCTTCAAATATTT

GGTTATCGAGGGGATGTCATTCAGCAACTAGTCTCTGCTCGTCATATGGAAATGAAAGTAGGTAT

CTGCTGTCAACATGGATCTGCTACAATGGTTAACAAGATAATTGACAAACTTCTATCACATTTGCA

GTAGAGGACAGTTTGGGGGGATTCCTGCCCAACGAATCTTTGAAAATGTAGCTGAATAGGTGA

AGTTGCCAGAGACTGGATTCTTTGCGAACCAGTATACGGGGAAATCTGAAGTCTGATGCATTCT

GTTAAATCTATATTTGGCAAAAGGAGCAAGTGTCATTCTGAAAATCGTAAATAAGTAATATGCGTA

TGTTTACGATGTTGAGGTATTTTGACAAAATATCTTTCATTAGAATGATTTCTTTTCCAAATTTTGC

ATGAAGGTAGAGCATGCTTGTGCTGTTTAAAAAACACTCAGAACGTAAATTTGAATGATTTGTTA

CTTGCTCCCCTTGCCAAAGTAGGTTGTATCACAGTGAGGCAAGATCAAGAATGAGGAAAGGCT

GTCGTGCCAAATTCCTGTAATTAACCTAGAACACCACCATTTTGAGCTTTTCTGCAGAAAACTGG

AAATCAATTCTAAAGAGACAGACTTGTATAGCACATCCAAAGTTGAAAGCAGATACCTACATACT

AAGTGTGCATGTAATAGTGTCTAGCATCAAAACTGGAAAATGGGTTGGTGATGAAGATTTTCTTC

AAAGTCAAATGTTAATTATAGCGCTTTACATCAATTAAATCAACTTGATTTCTGATTATGTAATTCTA

ATCAACTCGCCTGAAAAATGGAAAATTGACACCTTTTTAAATCTTCATAAAATTTTTAATTTGGCA

TGTGTGGGAACTTGGAGAGCCCTGGGTAGAATCAGTGTTCATCAAATTTTGTGTTAGTAAATAAA

GCCGGTGAAAGCAAACTTTAACAGAAATTCCCATTTCCAGTTTTGCGTACTAGGCACCATCTTCA

AAAGAACTCAACTGTTACATGGTGGCAAGATGTTCTGTTCTTTGTACAAGTATGTGCTAAAGAGA

TTTCAGAGAATTATTTAACTTTTAAATGTAAATTTGAGAAACATACAAGATGGCGACCATGTGCA

AGCCAGTCGGTGAGATGCAACTGCAGGCAGTTCACTCACTTCATATAAAATTTGTAAATGTTTTC

TGTTGAATAGAAAAGTATTCATTGTACTTTAAAAAAATCATGGAAGAGGATAAAGAATCGAAGCA

GTTCACACCTTTGTACAGATATTTATAGTGAGAACCGTATTGATGCATTTTTTGGCCTCTGTTTTAA

TTGCATGGCAAACTGTATTGATGTGTTGAACATCAACATAGTGTTTAATCGCCACCATGTGACTGT

TGTAAAAAAACAAAAAAAAAAAACCAGATTGTAACACTGTCAAACACTACTGTTCCAAAAAAAA

CAAATCATATCACTAAATTTCTTTTGAAGCATAACCTCATTATTCCACAGTCATTTATGTTGCGGGT

TATGTTTCCTAATTGTACAGTACTGCTATGTTTATATATTTAAAAAAAACAAGTATAAAAACAGTATT

GTTTGCACAGTGAGAATTGACAACTAATGTTCATGTGCCTTCCCTTCCAGTGTTAAAAAAGAAAG

AAAAAGTGGAAGAATTTGTTCAAAGTGTTTGATACAGAAAAAAAAAACTTATAAGATTTCAATA

CCAGAAA 

>elfA 
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AGTATTTGCGCCGCGATATTTGCGATCGATTGCATGCAGATTTCGTCTGCGAGTCGTTTACGTTTG

TACAGTGTGAATTTACCTGTTTGCAAACAGAATACATGAAAATGTCGTCGGATGTGAGAAAAAAT

CTGGATTTACTGCTCGAAGCAGCTAATGCCTGTGACAGTAAATCAGACGATGCAGTTCCAACGA

GTAAACCACAAGAAACTATCCTGGCTGCCAAGGCATTGTTAGACATATCGCCCACAACCAATGGT

GACGAGAAACAGTTTCCTTCGGTCGATGCCCTCTCAAGAGTGTCGCTGCCTCCAAGCCCGGCTG

AGGGCGGTACAATATCGGTCGATGATGAGGATGATGACTTGATGAAGCCCCAGGTATCACATATC

AAAGTTGACGAAGCAACGATACAAGAATTAATGCAGAGGGGAATTTCCCCACATTCGGCTGAA

ACGTTAAACACACTGATGCAAGCAACGCTTAGGAATTCTGAATCAAATGAAATCAATAGTATTCC

ATCTCAGTTCGTCTTTGAAACACCAGAGGTCTTCCTCGACGTTGGTCAAAATATTTCCCTTGTATC

CGATCACGACGCAAAAGAGCAGAGGAGGCATCATAAAAAGTCCAAAAAGAGTCGTAAACCAA

AAGTCAAATCAGAGTCACCGTTACAGCTTTCAAACAGCGGCATTAAGAAGAAGCCAAAAGATTC

ACACACAACATATCTATGGGAATTCTTGCTAGAACTGCTGCAGAACACGGAAACGTGCCCACGG

TTCATCAAGTGGACGAGTCGGGAACAGGGGATCTTCAAACTGGTCGACTCGAAGGCCGTCTCA

AAATTATGGGGTCAACACAAAAACAAGCCCGACATGAACTACGAGACAATGGGTAGAGCACTC

AGGTACTATTACCAGAGGGGGATCCTTGCCAAAGTGGACGGACAAAGACTGGTGTATAAATTCT

GTGAAATTCCCAAGAACATTCGCGAAATTGACTGCAGTTGAGGATTGCTTTTGGCTTTCTGCAC

AATCTTTATGACAATGACAGACTATAAGCGATAGTGTATTTAAAAAAATTGATTTTTTTTGTTTCTT

TCTTTCTGTTGCAAATCATATGTAAATTTTGAGCGTTCTCACAAGATGTTTATAGAAGAGATATTTT

ATGGAAATCTGTAAAGAAATGGACTTTTCAGCTTGGAGTGGAGTTTGGAATGCGACGCAAGTTC

AGGGGTGTGTGTTTCAGCGACTGAAATCGACATGGATGGGACATTTACAAGGAAATTCTTGGTA

AATATGTAGCACTTGGTGAAATCATACTCACCACTGTGCATGTTTTTGTTTGTCTAAATTGTATTAA

GAGAAATACAATGTAATATGCAACTGTGTCTTGTGTATGAAGTAATTAGTGAAGACAGTAGTAAT

GATGATAGCAAGGATGATAATTTGGTGATTTTTT 

>l3mbt 

GTCTCCTTAATTTTAAATGTCTCAACTCTCTTCCGAGTTTTTCAGTATCAATATTGCGTTGTAGATT

TTCAGTGCAGGTCCGAGCTTGATGCTCATGATTTTCACAATGTCATTCTGAGTAAGTAGGAGAAA

CGCTTCGCCGTCAATTTGCTCTTCTGAGAACTTTGACGCATGTTCCTGGCATCCCGGCAACTTGC

CCACAAAGTTGGCCACCTCGTCCATCGTCCATTTGGCAACGGTGCTGGGAGACAGCCCGGCCA

CGCCTGGTAACAGCTTGGAATGCTGCTCCCAGCAAAGGGGCAAGTCCTTGGCAGGGTGGGGC

GACATGGCAGACATGAAGACAGACTGGTGGAGCTGGGTTTGCAGATTGTTCTGTGCGTCGGAA

GCATGTTCAGGCTTTTTCTTCCGACCAGGGTCCATCATTGGTTTTAGTTTCTTCTTGCCCCTCCCC

ATCCCCATTCCTTTTGCAGCGAGTGGAGGGCGCCCCCTATGGTGATGTTTAATCATTCCTGCCGA

GACCTTGTTCTGTTGCACCTTATTCTGGTTCTTTTCAGCCAGCGGACAGCCCGACAGTTTGTGAT

GCGCCGTGTACTTCCCAGTCACGTGACCAGAGCCGTCGCAGCCAGGAGTCGGGCACTTGAATT

CTGATGTAGGTGGTGAAATGGATATCTTCTGTCCCTCTGCCGCTGACCCCCTAGTTGGACCCAGT

CTGTCATGGAGTGCCGTCTCTTTGGTCATGTTCATTTGGGAGTAGGGACAGCCGAAAGCACTGT
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GATGTCCTGTGTACTTAGCACCCTTGATGTGGCCTATACCACTGCAGCCCAGGGTGGGACAGCCT

GATTGACCAGCCATGTTGCTGGTGAGGTCTTTTGTGTTGATGGGAGGGATGAGGGGGTGACCC

GTCTTGGTACACCAGCCGACGGGATGAACATCAGGACAGTCATCATCTACCCAGTAGTCGTACA

CACTATCCCATCCATCAAAGTGAATCAGTATTCTGAAGTCTTCCACAGCCGCTATCGTGGCAACAC

GAATGAG 

>emx 

GAAATTTGTCCAATTGTGTTCGTGGGCTGAATCTCTCATTCTCGGATTTTTACCATTTCGCTGAGC

CCTGTAATGATGAGCATTGATACATGGCCATGATATCTTTACTGAGAGCATTTAATGGCCCCTTGA

AGAACACATTACATTCGGGAGATCTACCAGTCTAATTAAGTCGAACCCGCTATCCTTTGCCTAGCC

GGGATTCAATTATAAACTGCTTCGTGAATAGCCCCTCATGACTTCAGGAATACGCATCCAATCATT

GCGCTTTTACAGAGTTACACGCCACGCCTACTCCATTCCATGTACTAAACGTTTTTTGCTGGTGC

GGTGTCCTCTTTTTTCAGTGCGTACAGTTAAGATGACTCAGTGCCCATTGATAATATCGCTGATAA

CCAGCGAAAACCAAGCGTCCATCCCCGTGTCGACAGTTGCGGTATTTGGCGTGTAGTCGGAATA

TTCATCAATATTGTAGCGGTCGCATAAAGTAGTAGTTCGAGCAAGAGTTTAGCCGATTCTTCAAT

GATGACGTCACGACAAATGACAACCCTCAACTGCCAATCAAAATTGACATGAGATGCAATGGCG

ATCAGAGAGGGTTTTGATTAGCCTCTGTAGTCTGTCTCACCAGCTAATTGGACCCTTCTAACGAC

TATGCAAATGGACCGATTAGCAGATTTAGAGAGAATTTATTCTCAAGACCGTGTAGCGGGTGCGT

ATGACCGGTCTCTTGATTGACTGTTTCATATGAGGGGGTAGAGATATACAAAACGTGGTCGAAA

GAGGAAACTTTACGCAATTTACTTCATGTTTTGGACTTGTCGTGATAGCGCGGGAAAACAGGGA

GGTCTCATCAGGACTTACGCATACCCGACAAACCCGAGCTACCCACTCACCGTACACGACTTGAT

TAACTTTAAGTCTGCGATTTAACATCCCCGAGTTTCTGAACTTAATATACACCGGCATTACTACTCA

ATGAGTTCATCATAATATCGGATCTTATTCCAGAGTGACAGCTCGACGTAGAAACTCGTGTGTTG

GGGTAGTTTCACGCTCCGTAGCCTCTCAAAAGAACTGGAAACTCTCCTTTCTACATGCGCATGGA

CAGAGGAGTGTGGGGGCATTCATAAACTCGCCACAAACGAAACACGCAGGCCGTGTTTTTTGT

CACATGTGATTCCACACAAGAACTGTCTAAACTTCAACTTTCGGACAAATTTACTTTTTGTAGCCA

CCGATCTTTGGACACTGGACGGTGACAGTTTCACAAGAAGGACATAATCAATTTAGCTATCTGAA

AGTACTTGGAGTGCGAAAACATTATTTAATCAAGGAAAACATTTTTTCAGTTAAATAAAAAACGA

TGTCGGCTGTGGACTTATTTCGGCCGCCTGTGTGCGGGATTTCTACAACAACAAATAGTACCCCG

ACAAAATCGAGCTGTTTCACAATCGAATCCTTAGTTTCTAAAGATGATCATCGACATCGGTCTTCG

TCGACGCCACCGAAATCGCCCACTCTCGCGGCGACAGCATCGACGGTCGACTCGAACTCACTAG

CATCGTCACCCCTGACGCCGCCTGCGGCTAGCCGGGGCGGTATCATCAAACCCATGCCCACAGA

AGCCTCGTTCTTTACCTCCTTGGGCAGCATGAAGGGACTGTATCACCCCGAACCCGTATACCACT

CGTCCACGGGACCCCCGTCCCACATCGGTCACATTCCCCAACAACTCGGACTAGCAGCGCATCA

CCATCACAACCTGGCCGCCGCAGCCGCAGCGGCAGCCGCGTCGCACAGCCACCCGGCGTTGGC

CGGTGTGTTCGGGCCGCCCGGGATGGCGGGGCCGAGGCGAGACGGCTTCGGACTTTATCCGT

GGTTATTGGCGAGGAATCGGTTTCTAGCCGCCGGCCACAGACCATTTCCAGGTGCAGAGCTTCC
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AAACGGTGGTTTCTTTCTTCAACACCCGTTCCGAAAACCCAAGAGAATCAGGACGGCCTTTTCA

CCTTCACAGCTACTTCGGCTCGAGCAAGCATTTGAAAAGAATCACTACGTGGTAGGAGCAGAAA

GAAAACAGCTGGCAGCAAGTCTAAACCTAACAGAAACACAGGTTAAAGTTTGGTTCCAGAACC

GAAGGACGAAATACAAGCGAATCAAGGCGGAGGAGGAGGGCGAGCAGGAGCCCAAGAAGA

AGGGATCGCATCACGTGAATCGATGGAGGATGGAGACACAGCAAGGAGAAAATGATTGAAAGT

AAACATACAATCAGACAGTGAATTTCTGTCATTTTTAATCCAAGACTCTTGTTAGAACCTTCGTCT

TACGTGTTGCATTAATGATGGACAATCAAGAACAGCGCGGTGTCAACTCAGTGCGATATTGTGA

GAATTCGCCTCCATTCATTTGTTGCGAAAACTGTTGACAGGAGTTTTTCGCGGGAAACTGGAAC

TTTTTTGTAATATTATCATCGGGTAACGTCTGTGAAGAGTAAAAGTCGATTTGGTGAATGACAAA

ATCTTCGGCAGCAAAATGTCCGCACGGATCGATTACTGAAGTGGCAACACAAACATTATTCGATT

ACGAAGGAAGCGCATAACTTACGAGCAGCGATACGTGACTGTATCCACGGAGCTTTGTTGCGCA

CGTAACAGTTCGAGCCGACGTTGCCCGCAAACGTCCGGGAAGGTTCCCCGAGGCATTCACGTC

GACTTTCTGATGAGTACTCCGGGTTCAAACTCAGTACTGATTGTTCTGTTTTCAGTTTTCACGCAC

AAAACATATGATTTGGAGCAGCACTGACCACTGGTAAACTAAAAAATAAAGCTGGAACTAAATC

GAAAACCATAATTTTGCATAGATATGACCAAAATATGTCACTTTTTTCAACCCGTGTACATTTTCAT

TATGAGTAACACTACGCATTTTCGATTTTTGCGATTAAAAGCACATTAATGTTCATAATTTGATAAT

TACTTTAAAATTGCACTGGTCTTCTCTGCAACCGATAGTCATAAATTAAAAGATATATAGATACATG

GAAAATATACGATGTATTATATACAGACTTTTATATCATATCTATCTTGACTTTCATTATCATTGACAC

ACCTACGCGTTGTCAATTTACTGAAATCTGTAAGGTATATAGTGAATACTATTACTTTCAGTAATCA

CTTGGAAATGTGACAAATATTTTGATCTGTTTCAAAAAAAGATACAGAAGTAAATACATTCAATAT

CATAAGTGCGAAGGGAATATAATCGTATAATATAGAAAGAAACTGAGCACAATGGAATAATAAAC

AATAACGGAATCAAACCTTGTATATCCGTGGATCATGAAGATTTATGTAATAACCCATTTTATTACT

GGAAGTTTGTTTTGTTAAAATCACTAGACAATCATCATAATCCATATAATACAGTATATCCTTGATAT

TCATAATGATTTGAATGGTATAACTGATTTTGAGTAAAACTGGACACATTTCAATTGCTAAAAGGT

AAAGACGGTCACATCCTTTTCACAGAGTACCATTTCATGCATTTATTTGAATGTTTATTTCTCAGA

AATGCTTGTAAGCTGTATTTGGGGAAAGGGGGAATACACGCTCAGTTGCAAACGCATCTTAAAG

AAATCCACGATACTTTGTCGCCATTTATCCATGGAAGAGAGAACAGAAAAGAGGAAACATTTGA

AATTTAATATACCCTATAAACAGTGAGGGGTTCTGCATTTCAGCGGCAACAGTGTGTTTGTTCTTT

CAGAGGCCCTGACATGTTTTATTCATTATCATTATGCGTTGTATAGGTTGACGCGGAAGAGGCAA

GCTCCTAACGGTGCGAATTTCGCATGGTAAAAAAGAGCGGGAAGTCTTTTCGTTGTATTTCGAA

TGCAGCAGACGGCAAAATCAATTCTGTGTAAAACATTGTATAAACAGAGAGGTTGGCCTATTTTC

TCTAAGTGCCCGGTTCTTAAATGTTGTTACATCCAATATCAAACCGAAATTCGATTATTATGATGAC

GATTTTACGGTAATTTTGAATTAGTGTTGAATCTTAAATAAATTACCTTGATTTTCCAATGCTAATTT

CACAAATTTCACCTTCTTCGTACGGGGCATTAGCTACAGATGTTTTTACTTCGCATGAAAAATCGA

TCTTGCTTTGCACAAAGTGAGACGAGTTCCCCAACAGGTATGTTCATCCCAATGCTTAGAATTTG

ATATTCACACATCAGGTAGCCATTTTTTTGTGTACGGTTATCAGGTATATATTGTCATCATAAGGTG
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AGTAGAAACAGAGCACAAGCTTTCATTTATTGCATGAAAATGATGACTTAGATGAATTCAACAAC

CCATCCCATTGTATGAAAATATAATTTAGATGAAATTATTGATACATCCAGGAAACCGGAAATTGA

ACTATTCTAGTAATCAACGTCATTTAATTTTCAACTACGAAAGTGTTTAAAAATACCGGTATACATG

TGATCCCATAATGACCTTATGAGTGTGTAATGTTCTTCTCAATTCAAGCAATAAAATCCCTTAGAAA

GAATTTATAAATTTATTTGTGTAATCTAACCAGATTTCCTTGTGACCAGAAATTTAAAGGGATTGT

GGGCTTTTCAGTTACAAAGCCAAAACTGTTAATTCTCAGTAACAATGAAAGAAATGAGAGCCTC

GTTAATCCAGTTCGAATGTTTTCGATTCTTTCTGTATTTACCAAGGGGGCCAGCTGTGGTGAATG

GTCCGTAGAAATGCAATACATGAGTATAAGGTAGTCTCCTGAAATATTGTGGTAGATCGTTTTACC

ACGTTGGTGGGTTACGTTTATCATTACATAGATTTTTAAATTGTGTTTGTGTATAAATTTAATTATGA

TATATAAGTATATTGAGATGAATATTTGGTGCTTGTAAATTTATTGCCCCATAGGGGTTCTGGTAGC

CATAGTAATATAATTTCTTTTCTTTTTTTTTAGATTTGCCAATTTGTACCCTTATTTTCCTTTCTTACT

ATTTTGAGGTATATGTGACGATCATAGAATCCGATCTGACTTCAAATCTTCACCTATGATATAAAAA

ATGTAATTGCTTGAATGGTGAAATATTAAAAAAATATGATTTTCACGGACCAAAAAA 

>awh 

GGGTTGACGATTTTCTTAACTTCTCTTAAAAACGCCACTCCGGCCACTTAAATGACCATTCAGAC

AACAGCTCGAACGCCATTGGCTCGCCGGTAGTCGATGGGCATTAGACGGGCGGGCGAATCGCT

CGGTCATTTCTATCGCAGCGCGGCTCGGTCAGTGGTCAACGGATCGCACACGGGGTACGTCAAC

TCGATTGCTGGACATTTAGTTATATAATGAATATCGATAATTCTCTTACAAGTACAACACTCAAACG

TTGTAAATAGCTGGAAGTTGTTCGGTACTTCGTTTAGTGCAATAAGAGGAGCTGTGTTTATTTTT

CGCCATTTTTCGTGGCTACTTCAGTTGGTATTTCCTATGCCTACGTAACTGTTGGTACATCGGATA

AAAAAAATTGTTGTTATTGACGTTAATCTTCGCTGACTTTACTTTTGGAGAGAGGATTTTTTAAAT

ATAGCATTGCTGTTGATCAACATGTGAAGTTCGTAATTGCGTCCTGAGACGATAGTGACTTAATTT

TAATGAAATCGCCTCGTTGGAGAAAAAATAAAATAGGCCTACTGTTTCTTTAAGCGCACCTCGAC

GATGTATCAACTTGGATTGTGAGATCTGACTATTTTTGTGATGGTATTACTTCGTGAGAAAGCAAA

CATAAAACGAAGCCGACAATCTTCACTCTTGAATCTGTAACCGAAAAAAAAACTGGTGTCGCAA

CGAACGCTCGGCTGTATGGGGCGGGAGACCGCCGGCGTGGATGACGGCGGGCAGCTGTATAC

CACGATGAGCCAGGTCAAACCAGAGCCGCTGTCTGATAACACGCATGAAGGCGAGTATTGTGT

GGGATGCGGTAAGAGCATCGTCGATCGGTACCTTTTGAGGATTGGACGTGGTCAGAGCTGGCA

CGTGCGATGCCTGCGGTGTCTGGAATGCAAGGAGAGCCTCAGCTCTCATCAGAGCTGCTACTTC

AAAGATCAGAACATTTTCTGTCGACGATGTTACTTAAGACAATTCGGGACAAAATGTGCCAGAT

GCTGCCGGAGCATCGACGCTAGCGACTGGGTGAGACGGGCCAAGCAGCACGTCTACCACCTG

GCCTGCTTCGCCTGCGATAACTGCAAGCGACAGCTTTCGACCGGCGAGGAGTTCGCCCTAACG

GAGAACCGGGTGCTCTGCAAATCACATTACCTGGAGATGATGGAGGCTTCTTGCCGAGGAAAC

GGCGATAGCAATGGGTCAGAATGCAGCCCCGACAGCAACGGCGGGGACCGCTCCCACCAGAA

GACGAAACGAATCCGTACCACGTTTACCGAAGAGCAGCTAGAAGTCCTACAGGCCAACTTCAAC

GTGGACAGCAACCCGGACGGTCAGGACCTGGAACGGATCGCCCAGATCACAGGACTAAGCAA

Development: doi:10.1242/dev.182139: Supplementary information
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AAGGGTAACCCAAGTGTGGTTCCAAAACTCGCGCGCCCGACAGAAGAAACACAGCACACCGTT

GGGCGAAATCGGGGGACCCGGCGGTGTTGGCGGCGGGGAAGACGGCTATACAACTCAGTCTG

CACTGTCCAGTCGCAAAATATCAGCAACAGTGGCGACACAAGCTCATAATAAATTTGCCAATATG

ATGGACTCCTGCATCAAGTGTGGAATGATCTACTGCCTCTGCGATAAAATGCCGGGCTGCCCCAC

AAAATCCTGACCTGAATCGTCCATCCTGTGCAGCAGTTTGAGCAAACGACCCTAATTCAGACCG

AAATATTTTTACAGACGGCTGGACAATGTCAGAAAAAAACAAAACAACAATAATTTTCAGTGGAT

ATGTGCGTCGTAATTTCAGCAACATGCATGGTGCATGACTTTGATATACGCAGGAGGCCATAGAC

TTATATCAAATTACTTGGAAATGTGCAATAGTAGGCTTGGAGAGTAAAGTAGTTCTTGTGACGTC

ATGGATGCCCGGATGAAGGTTCTAGTCCATATAGATGCTGGTATTAAATCGTTCTTGTCCAGATTC

AACGGCTGAATTTTAGCTCACGGTATCTGGAAATATATCTATCCGTTCGCTTAAATGGGTAAAGCA

CTTTCTCATTTGTGTATCTGTGAATCACGGAGTCGGTGGACACGAATTTTGAATACTTAAATTGAG

ATGGAAATATTTGATTATCATGTAAGGACTTGAATCGATAATATTGTTATTAAGTATTTTATTGTTAA

CGTACATCAGATATTGTGTTTATTTATGGTGATAGTGTAAATTGTTTATATGTCATTGTCTTACATGT

TTCTTAATTGTAATTTTTAAAATTTATTTAAAAGTTGAAGCCAATCAATTTTGTCACATTATTCACA

AAGTGTTTTTCTTTTAAATCCCAGATATGGTATCGATAGTAAAGTTTCAAGTATGAAAGCAGTTTG

TCACAACATCATATTAAACTTATATCCTGTAGTTTTCAAATCAATCCACAATTATTACAAAAACGCAT

TATGTTGATGATCGAACAAATACTCCATTTCATTCTATTTCACTTGAATTGGCTACAAATTAAACGG

GCTATTTAGTCATTTTAGCACAAGATGCTTTCCATACTTGCACGCAAGATTTAAAGTCCCCCGTTA

AAGGCAAAGTTCACGCTGAAGTTAAGTTCATTTTAATAGAAGCAGAAAAAGGAGAGAAACATA

TTAATAAAGGTTTGGTGAAAATCCATCAAAGAATTACAGAGTTATGACGTTTTAAAGGTTTCATT

TTC 

>sp5 

TTTTTTTCGATATCATATTTCTGATAACTTTTTAATTCACCATATCAACTGATCTCTTATCACATATGA

TTATAATATACCAGTCATGAGTCAAACACATATAACTCTGTAAAAACATAACTTCAACTTTTAAAAT

ACATGTAGTAAACATATAATAGGTACAACTTGGCACTTGTAACTTTCCAAATATACAAAAATCATAA

CCAGTTTTAGTTACTTTGGCAATTTTAAAGTGAGTGTTAAACTAAACATACACGTACTCATTGCAC

CGCTGTATCTGCGTTTATAATCAGTGAAATGACATGAAATCGTCAAGAGATTTCATACGATTTTGG

CAAACATTAATTGAGCTGCGTCAACAAAACAGTTTGTAGAACAGTGAGTTCCAGATGTTATTATA

TGCTTCGCATTCAATGTCGAAACTGTAATTCCCGTAGGTTTACACAATATAAAATTGCAGTCAACA

GGATTGTTTTTTTTTTTTATTAACAGTACTGTTTAGTCACTTCACAACAAAAACAAACAACTGTAT

GTACTGTCACTATTTAAATCCGCACAAGGTGTATGGGAGGTGTCATGATGAGTAAAGTGAAAAG

TTTGGCGCATCAATGGATTTCCACACGCACAGAGTTACAGAAAAATCATCACAGGTTGGCATGG

AAACACTGAACATCTGTCGCAATGTCACATAAACACGTAATAAGCCTATTCCGAAGTTACGTCAA

CGATTTCGTCCTCACTGTCGCTGTCGGATTCAACGTCGTGTTCGGGTTGGAGGGACTCTTTTCTG

GCCGCATGAGTCTTAGCGTGTTTGCTGAGATGATCGCTCCGCATAAACCGTTTGCCGCACTCCGG

ACAAACGAAGCGTTTCTCCCCGGTGTGAGTGCGGAGATGTCGCTGCAACTCGTCCGATCTGGTG

Development: doi:10.1242/dev.182139: Supplementary information
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AATGATTTCCCGCAGAAAAGCCAGTTGCAGACGAATGGACGCTCACCCGTATGCCATCGAAGAT

GCGCCTTGAGATGGGACGTTTTGCCGTACACCTTCCCGCAACCCGGAATGTGGCAGATGTGTTG

ACGTTTTTTGGCGGGCTCGCCGGAATTCGTCGCGTTCAGACAGTTCGGGCAGCGACATCGTCG

GCATCGGCGAGCTGCGAGTTTCGTGATTGAACTCACGGGTCGGGTGTCGAAATGGTGGTGGTA

GACGCCGAATGCTGGAGTGTGTCGAGAATGGACTGACAACGGGTTGTGGTACGCCTGCGTGG

GGGCCGGACGAGTAAGACTCCACCACTGCTGGTCATCGCCCGGTGGCGTGAGTCGAACAGGA

CTTGGTACGCTCAACCCCGGGCTCGGGATGTTGATGGTGGGTGGGGCGACGGGCGATAAACTA

ATATGTCCGTGGTGGTGGTGGTGGTGGAACGGTGCAGCCACAGGTGGGCTGGGCGTGTTGCA

GGGCGAGTAGTGATGGGGGATGGGGTGATGGATACCTGGCGGGCACATGGGCTGACAAGCGT

GGTGATGGTGATGATGATGATGACCTGGATGGAGAGCTTGGTGTCCAACGTGGGCCACCATCCC

CGGTGTCGCACTCGGGGTCGTCGCTGCAGCGGCCCAATGATGATGTAAGTGATGATGCGATGGT

AGAACAGTCTGGTGCGGAAGCACGTGTGCGCCGTTATTCGTCGGGAGACAATCGCACCGGTTC

GGCAGCGCCGCCTCTGCGGGAGGTGTCGGCGGCAATTCGTACCTCCGTGTCAGGTGAGATGAG

GGCAACACCGCGGCCATAGCTGTTGCAGGCGTCGGCGGTGTGATGGGTTTTACTTCGTGACGTA

TCGGCGCCTGCACACCTGAACGTTCCGCCGGGGCAACAGCAGTGCTTTGTCCCGGTGATCCCCC

GATCTTTCGACACGTTGCCGCTAACATCGCAAGCGGGCTGGGTTTACCGAGTTCGCCAGGGTTA

CTTTCTGGAAGCTGTAAAAATTTCGCTGGAGTTTGAAGCTGCGGCATGTTCAGATATTCCCGCTT

GAGCACAGATACAGTCAGGCGAGCAAAGATGATGGCATTCAACGTGGATGTACTAGGAGCAGC

TGAGAAGTTTATATTTCCGAAGTTTTTCGAGAAGGCAAGATGAGTTTTGACAGCATTGACTTCTC

CGTGGCATGAGTTGTCCGTGTGTGCGAGGTATGGTTACTGGACACCCAATGTTATTTGTACGCCG

TAGTGTGAATAGGCGGAACGATCTCACCCGCATTACAGATAGCTTTTATGTCGCCGCCGCCCAAT

GATCGCCCCATCATAGTACTTTGAGTAAAGCCGCCCACCAATCGCTGCACAGTGCGGTGGATTTG

AA 

>nfat 

AATAAAAAAACCCCCCTTGTTCAATTTACCGGCACCGTTACCCCCACCCCCCCCCCCAAAAAAAA

ACACAATCCTTCTAAATTTCTTCTTTTCAGCACAAAAGGTGGTTACTTTCACCACCTCTCAAATGC

TATTGGGTGTAATTTCAGTTATCCACATGTGGCAAGTGGGCAAGTTAAATAAAACAAAGTGTATG

AGTTGTCCAAGAAGGGTCACTACTATTCATGGCTCATCCGATATGGTGCTTTGAAGAAGTACTGA

TCTGAAAATACATGCAGCTGCATATTATGCAGCTTGTTTTAGAAAAGGTACCTTTCATATATGGTG

GTTTGTGCTTTTTTTCTATCTGAAATAATCTGCTGTAAACATAATTTGGTGAAAAATTTTGCTTGGC

AAATACACAAGTTTTTGATGTAGCAAAAATACATCTTAACACAAGAACACAAAAATTAGGGCTTT

CTTCATCAGTGAATACATTTTGGCCCTTTTACTTTTCTCTATAAAATAAATATATGCAATGTACATGA

AAACAAAAATAATTATATACATTATGAACAAAGTAGAAAAAAGGTATATACAGGTAACTTATATTTA

TATTTTTTTTACATATATTTACAGAAATATGTACAAAATTTACATTTAAGTCCCCCCGCCCACAAAA

ACCCTCTCCCCTTTTTCAATCCTCTTCAAGTTTAATTTTTAGTTGGTCCATTTCCATAACAAGCAAT

AACTCATAACTGGGTGAATAATCTGTTTATACAAAAAAAAAAAGAAAAAAACAAAAAAAAAAAA

Development: doi:10.1242/dev.182139: Supplementary information
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AACGGGGAAAAAAATATACATTGGCCGAACATCCACATCTGACTTCAAGTTACTCCTTCGAACTC

CCTGGTGTATACTTTACCTCAGAGCTTAATTGTTGTGCAATACATCCATCACATCTTCAAGTGCTAG

GGGATGTGCCTCAGTGGGTAAGTCGGCCAGGTATGGAGTAGCAGGATTGTTTTTATAGATGTCT

TGCAACACTGCACGAATATCAGATTGAGCATCATCGGCCTCGGTCTTTATAAATGCTTGGACACC

ATGACATTGCCCTGTGGCCTCAACCATTTCACTTGGTACATCAGCAGCCTTGACCACTGGATCGA

CATGCCCTGTGCTGACCCCAAACCCATCACTGCCTGGTCTCTCTTGCAGCAGTTCTTGTATGAAG

CTTTCGATCTCGTTGCCTGATAACGGACCGTCAAGAAGATTCGGAGTCTGGATTTGCGACTGTG

ACAGCAAGACATCGTACACCTGCCTGTCCTTCACATACGTACTCGCCAACACCTGGAGAGCCACT

GCAAAGTCTGGATTCACTTCGGCTTGGTTACACACAGACTGCTGTGCTATTTCCAGTTGGGGCTC

TGGCTTCAGTAATGTTGTTGTCGTCGTTGATGGTGGTGAGAGTGGTGGTGAGATTGGTGGGGA

CAGTGGTGAAATTGACTGAGACAGTACTGTACCAGGATAGGGTTTGTGTTCACCATCTTGTAGT

GTATTGAGAAAATTGGAACTGGTTGCGTGTGCCAAACCCGAATCTATTAATGAAAATTACAAAGA

GTCATGTTAATAACAATATTCATTCTCCTTAGGTGGGTTTGTGGAAGAGAACTGTCTGTGTCTTGT

CAGTCTGAGTGAGCCTTGTTCATGGTTTCCAAAACACTTCCTTACACCAACAAAAGTACTTGCCA

AAAAATCTGAATTTTCAACATAAAACTGGTGCTGTTTTAGATGAAATATTTAACTTAAATACTACA

CTTAGTCTACAGGTCTTTGCTTCCACAATGAACACAATTTCCCTTAAATTTCATTGCCCAAGGCTG

CTCTGTGTAACATGATCAATCTTGTCTTGTAACAATCCCATTTCGAAGTTTAAACTGTATTTTTAGC

AGTCTGTTTCATGCCATGAAGTTTTTCTTGGCGAAAACATGGACTTGGTATTTGTCTCAACAAAA

CTTAGCACAAGTCCATGCAAAATTTATTGTGGAAACAGAGATGAACTTAAGTACTTACACATCTA

CGTACAGAATAAAAAACAGCAACAGTTTTCATAGCATGCAAGATTTCAATCATTTGGTCAAGGTG

TTGCATACACCCAATTCCAAGCTTGCTGTGTTTTGGTAATCAAAATAAAGTTTTAATGTATGCTTAC

ACTCTTCACATACTTGCATATTTCTGTACAACATGTGGCACTTTGTCTCAAGTGGTTGCAGCACAA

TTGCTTTAACACTCTTTGTCATAAGTAGTGTCCCACTTGTAACATTGTACTTTGTTAATAAAAGCTG

GAATTCCAGCAATTATTCAACAATGAACAAGGCTCTCAATGAGCTGGTCAGTCTGAAAGACTCC

GATGGATTCCAAGAAGACAGAAGCTGCAAAAAAGATTGTAGAGACTTCCAAGTCTTCTGCTGCC

AAGGTAGCCATCTTTTACCTGAGACAAATGTCTTATTGGTTACGACACATAAAAATGCACATTGAC

AAACTCAATAAAAATAAAATATAAAAGTGCAAAAGGTTTTTAATTTTTTTTTTTTTTTTTTAAATAA

CCAGGAATCAATTATTTTGTTCCAGAATGATTCAGATTTCAAAAGAAAATTTCCTTAATTTACATG

CATATTAGATGTTAATTTTTTTAAAATTTGTTTCCAGCTAGCATTGTTTTCTATATCTACTCTACCAA

ATATAACATCTTTAAGTCATTCCTAAATTACATTTGACTGAATATTACTGCAAAATCTGTTTTCAATC

ATATTTTCAATCCTTTTGTATTTTTAAAAATTCCTTTTGTTTCACATTTTTCGTTCTTTTAAAAAAAT

ATGTATTGTCTTTGCCTTGTTGTCATTGTATGAAGACCAACTTCAGCTGGTAGGTGGCAGCATTAT

CTGCCAATTGTTAATTATCATTTTGAGGGATGGGGAAGCACAATGCTACTCATGTTAGCTATGTGA

TTCAGTGTGAGAAATACCAGAAGACTCACTACCAGCTTCAGTATCTTACCATGGCAAACCAAGG

CAAAGACGAGATTTTGTAGAATGATTAAAAGAACTTTTGCTGTACTGTACTGTCTGCCGAGCCTT

GCGACCTGCTGAGGGTCAGGAAGCACATTAACAGGATGGCCTGTTAACGCCTCAGCCGAAGTG

Development: doi:10.1242/dev.182139: Supplementary information
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CTATGAGAGCACTGAACAATGCGTGCATTATCCGAAAGGCACTGAGGGGGAAGAGCAAAGTTC

ATGTGATGAATACATAACCCACCCCTCACTACTAACTACCTAAAGCCCAACCCACGGGTCAAATTT

CCAAGGGATGGGATCATCATTTACCCTATGTTAATCCATACAGGACAGGTCTCTTATACTTCACATT

TTATGAAACAGGGATATACAGAACAAACAGTAAAAGAATGTGGGGTTTTTTTTTGCCTTTTTTCA

GGCAAATGTGAATTTTGCAAATAATATATGATGTACAATACCACGTTAGTAATAACGTTTGATGCC

CAGGTATGATCTGGAAATGATCACTCTCAATCTTGTGAAATTTGTGCAAGTGATGTTTGTCTTTTG

ATGACTTTCATAATTTTTGTTTTGGATAAATTCAAACTCTTTTCTTCAATGTTTGGTCATGGAGAAT

TTCACTTCCAAGTCTTTTGTATATATTTTGTTTTTTGTTTCATACCTGGATCAAATTTTACCATAATC

CAAATCAAACAGAACTGTTGATAAGACATAATTTGTAATGTGAGTTACGACCTGTCTTGCATCTTG

AACCCATTGATATCATTTGTGTACATTTAAGTTGGTATATATTTGGTAATTCTGAGGTATGACAAAT

TTGCAAATATCACAAGTTCAACTTGCTCTTAGAATAGAAAAAATAAATCCATTTAAATCCTTGTGA

GCAGTATATTGTAGCCACAATCAATGGATTTTAACAGTATGGACACAAATTGGATAGTCTCGTCAC

AAGCAGCCAATGCTTTGAAAAATTGTTCCTTATCTTGGTTTTGTTTGAAAATAATTTTTTTGGGTT

TGACAAGGGTTCAAAATTCATGCTGCAAAGTCTACACACTATACCTCTTACAAAATATATACCAAC

AACATTTAATTCAACAATTTCACAAATATCACATTATGAAACAAAAATGCTGCAGATTGTGAAACA

TTTCAATTTTGATTGCTTTGAAAAAGTAGCCCAGGAGAAAATCAAGAAGAAAATTATGTAACACT

AACATCTTTTGTTTAAAATCATCTCAATTGTTTGCTTTTGGGGAGCATTTTCCAGTTTGACAGCAT

GGGGAAACCACACTGATTGAAATCTGCAACAATTTTATTTCAGCAAAGAGGTCGTACATTAAAG

ATTTGCAGGAATATGAAGCACTCACATGAAATCATGGAAGGCAGTTAAAGGTGTTTCAAAATGT

GTGCATCCATTTGACAAGTGAATCAGCATTTGTTCATGCACTTGTAATATATTTTACTTTTTTGGTA

AGAAGTCTTGCAAGAATAGAATAATTCTTGTCAAGTTTTGTGCTGTGTTTTAACTCATAATAAAAA

TGATTCATTGGCAAGTGGTAGCCAGTTTCTTATCTCCGGCAAGGCTCAACTTTTTTTTTTTTTTTT

TAGATCTCAACTTCCATTTTCATTTTATGTGCGAGCTCTTACAGACTAATAGAAAATCATTAGCAGT

AATAGAACTTGGCAAGTCTTGTGCGAGTGATAAATACATCACTGGCAATATTTTTGTTCGGAGTC

TGTTTGTACATGAGACGAGTTCAAGTAGTTTTACGCCTAATTTTTCCTTTTAAAAGGTACATTATA

CATTTGTTTATACCATTGGTACACATAAATTTAAGGCATTTGCAGGTTGAGAATGTCATGAGTTTT

AACGGCAAAAATATCACTGTCAGAAACTTCCAAGAAATATTACTGCCAACGATATTTCAAATCGTT

TGAACCACCACCACCCTGCAAATCCAAGAAATTCTTGTCAGTAATGCAGCCACATGTTTCTTATTT

TGTCTCTTTTGCAGACCTTATTACAAAAGAAACATCACATGATAGAACATGGGAATGTTTCTCGA

GCAAGAAACAGAAGAACCATAATATTCTAGAAATTTGGCTTAGTATTTTAGAAAAGAAAAACTG

CCTCAAAGTCATTTCCATTCAATTATTTTCACGTTTGCTGGGTTTGTTTTGCTATCACTCCTTGTAT

GCATCAATACTTTCTTGCAAACATGTGAAATGACTACTCAAAGGCACATCAATTGTCTAAGAAAA

CAGTGACCTCCTTCCATGCACACTCTGAAGGACTGACAAAAAATCCCTGCACGACCAAAAAACC

ACTTCTGGCCAAGACATATTGAAATGGTATCACTTACCAGGCTCTGGGATATATTCGATAAAGTGG

GCGTCGGTATCGCTACATTTGTTTGGCCCACTTGTGACCACAACAAATACCTTCACAGGCTTCTT

CATGTGCTGGTTTGGGTACGGTGGAATCTTGCACACGATGTGGGTATTCTGAAACAAAGACTTG

Development: doi:10.1242/dev.182139: Supplementary information
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TCAATTTCACAATCTGCCTCCCAGGTAACTTTGCCAGCTGAATCCATCTGTCTGAGTTTAACCTCC

GTGGTTGCTTTCGAAGTGAAGTTTTTCCCAATGATGAAGAGCTCTTCGCCACCTGCCATTGAAC

ACTTCGTCAGACTCTTCTTCACAATTTCCGGATGTCCGAGAGGTTGTGTGCATGTGATTGATCTG

GAAACCGTTTGTAGTATGAAGAATGAGCCATCTGCTGTGGGAATAACTGCTCTGAAGATCAAGC

GAACTGATGTGCTCTTCCTTTTCGACCTGATCGGGCCAATCCTTTGCTCAACATCTGCATTCCTCA

ACTTCAAGATACCAATGCAGTCAACACTTAATTCAAGTTTTCCATTTGTTGGTTCCCAAGGCACTT

CAAGTACAATTGTTCCATCGATATCCTTCTCCTCACACGGCGTAGTGTTGCGGCCAGTCACCTTGC

AAGCTTGGTAGTAGCCATGTGGTCTGATCTTTCCCTGGTCAATGCCAACGAACACCTGGAGAGT

AACTGCCTGATTCACACCGTCAAGCTTGAGTGTGGGGTATGACTCTCCACTGTCATCTTTCACAC

TACCTCTGCTTCCCTCAGTCCTGTATCTAGCTCTGTGGTGTTTTTCTGGCTGCACTGTGATATATAG

CTCAGCACCATTTTGCTTATCTGGCAAGTTCTGAATCAAACTGGGAAATTTCTTGGGTCGCTTTC

TTGGTGTCAGTCCACATGTGCTTGAACAAGCAGCACGTTTCCTAATGGGCTTGGATGTCTGTATG

GGAGCGTTTGTCTCGTCACCCTCCTGACCTCTGTTCAACAAGACCCTTTGTAGAGCAGCTGTGA

AATCTATGGTTGAAGTAGTGGTAGAAATCTGGGGTACCACTGGACTTCCAGGGGACAGGTGCG

GGGAAGCTCCCATCATGGATGTCCGAGAATTGGTCTCCTCCTGTGGGTTTTCTGACTGAGGGCT

GTTCCACATTTCACTACAAGAGTCATCCAAGATGGAAACCAGAGAGCTCCTCGTCTCTTCTTCAA

AGTCTGCCAGAAAGTCATCTTCAGAGGTGAATGTACTTGAAGGTGTGGATGCTCCACCCCAAGG

GCTTTTGGCAGACATGGGTGATGAACCTTCAGAATTGGTATCATACCCAAGATCCAAATCGTCTG

CCATTCCACTTACCTCTGCTGGCACAGTTACAAGCTCTTCACCACTTTGAGAATCTTTTGGAAATA

CAAACTCGTGCACAAGTGCTGGATCTTTTTGAAGTTTTACCACGTCGTTAGAAGGGGGATGAAA

GAGTCCTTCCGACGAAATTTGCCCGTGAATAGAGAACAAATTGCCTCCCCCAAAGTCTTGAGAG

TCAAAAGACATTCTGCAAACAGATTTATGAAAAAACAGTCCCAAACTATGTAATGGAGCGTAGG

TTTCAATGATCAAAATCTGTGAATTTCTGGCGTAGTTCCGTCCGTATCGAGAGACAGCGCACAAC

TGATGAAATTTGGTTCTTGCGCTTGACAAAAAGCACCTATGTCGAAACATTACATCATCTATCTCA

ACGTTGATTGGCTAGTGATGAAGTCATCGCAACTGAACCAAT 

>lim1 

ACCTGATCAGTTCATATAGTAAATCAGGTAGTATAAATTTTATACAGCATTTTTTTTACTGTGTACTT

TTTAATGTCTGGATCACGTCAAGAGGATTTATTTGCTTCGTTAAATAGGAAACAAAATGATAGTG

GGATTGTTACATAACGCATGTTAATCACTACATTTATGAAGAGAAAAAAATTACACTATACACTATT

ATAATTAGTTGACGAAAAGGTGCCTGTTCATACATTTAAAAAATCGAACACACAATGAAACAAAA

AATCTCAAATATAGGCACTCACAAATAATCAACTCTAAATTGCACATTACACCTGTGAATGAGAAT

TGTGTGTTTACTGTTGAGAGCTTACTGAATCGGCGCCACTTGTAACCATAAACCCGTAGCTCCCC

AGATTTTTGAGCGTTTATGGGTTTAACGTCGTGAAGATCCAGTTGTAGGAAACAATAGGTTAAA

CCGAATTTCAGCCCGGCTATACGACATGTTTGCGCATACGCACAGAGTTTGACGTATACAACACT

GCTAGGCCGATTGCATGTACGATTCGATATCCCACGAATTTGGTTGTGAAATGACTAAAGAAACA

AACAAAACTAGTAAATGTCACATAAATTTGGCAAAACATTAAGAAGTCATAATTTTCTATGCTTTG

Development: doi:10.1242/dev.182139: Supplementary information
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TTGATCGTGTATGGGTGGGCTATCCTATAACCCCCAATAAAGTGATCATCGTCATCACAAATTAGAT

GACGTCATAGTTAATCAGTTAATGTCAATATACGAGGAGTTTATTCCCTGGCGACGAAAAATTTAA

TAATTGCATGATGTCCAGTGAACATTCACGTCTTTTTTTGGCAAATATAGTTTATTTTTTTTTTCAA

AGCGCAGCACTTTTCGTCTCCACAAAATTGTTCAGTTTCAATCAAATAATACTGCATCAATTTACT

GTCAGCCGACTGTCCATAATATCATTCAGCCTCCTTGTCCTATGGAGAAAACATCACGTGCGAAAT

TGGGCCCTGCAAAGTGAAAGATTGTCATAAATATTACAAATTGTGTCTAGGATATACTTTGTACAC

CGAATCCACACAGCTTATCCACAAGTGGAGATATAATATATGTCGCGTATATTCATTCTCAGTTCGA

AAGATAAAAAGAAAGGAGTGAAAACTGACGAAAAATCTATCTTTAGATTGTGTTCGGTTCACTG

TCACCACACGCCTTCGGTTAGTTCTTGGTGAGGTAAACCTCTAAACCCGTTTCCATGAGGAGCG

CCCCCACGCGGTGGTCCAAAGCGTTCGCCCATCGGATGGGGGTGGTGGGGATGATGTTGAAAC

AGATCGCCGTTCGCTGTGACGGGCGGTAAGTGTTGTAAAGGCTCGGGACTCGTGTTCAGTTCTT

TGGCCGTGAGGTAATCCCCTCCCTCGGGTGGTAGTCCGCCGCCTAGCCCGGTTTGCGAAACGG

GGATGTGATGATCGAGCGGATGGTTGCCCTGCGAAACGGGAGGATGCATGTAAGGGCCCATGT

CCGTCGGCTGGACGGGTGCTTCAGAAGATGGAGGGCCGTTTGGGTGACCGGGAGGGAAGAA

GTCGAAATAGGCTCCGGGTCCGTAGTAGTCAGGATTACCGTCTGCGTCATAACTGAATGGCGGG

CTCCCCATCATGTCCGGGTTATTCTCGACATCGAACGGTCCTCGGAGAGGGCGCATGCGCCGTG

GATTCCTGAAGAAATGATGCCGCCTCGCACCGAGGGCGCTAAGCTGCTTCATCCGCCTTTCCTT

GGAACGCCGATTTTGAAACCATACCTGAATAACCCTCATGTTGAGACCCGTCTCCTGAGCTAGCT

GCTCTCGAATGTGTCTCGTCGGCTTGGGCGTGGCCGCAAAAGCTGCTTTCAACGTCTCCAGCTG

CTTCGCTTTGATGGTCGTCCGGGGCCCCCTCCTCTTGGCACCCGAGACGGGGATACCGGCCGCG

TTCTCGTTCTCGCGATTCTCGAGACTGGCCTCGTGGTTATTGTTATTGTTCATATTGGCCGTTTCTT

TGGCCCGGTCCGAATCGTCCGGAGTGGTGCCCGTTAGTGTTCCTAATGAGGGGGACGTGACATC

ACTTTCGGCCTCGAGGAGGCCTATATCCTCCGGACTAGGGCTCTCGGGCGGCGAGCTCGAGTC

GTGACTGCTGAGGGCGGTGTTGCAAGATCCCGGCGGCTTGTTGAAATGGTCGTTGTCGGAGTA

GTCGGGTCTTTTGAGTTGGCACTTCGTGAGGTAGTCTTCTTTGCAGATGAACTGGTTTTCGTCG

ACGACGTAGAGTTCTTCGCCCGTCGAGAGTTGTTTTCGACACACCATGCAGGTGAAACAGTTGA

GATGAAAAACTTTACTTCGCGCCCTCCGCACCAGATCGCTTGGTAAGATGCCCTGTAAGCAGCC

CGCGCATTTCGTTCCGTACCGTCTGAAGAAATCGTTTTTGCAGAATAGCTTTCCCTCTCTTGAGA

AACATTTCTCCGTGAGTTTGGCTTTGCACTCGCAGCAGTGTACGCACTTTACATGCCACGGCCTG

TCAAGCACGTTCAGCAGAAATCGGTCCAAAATCGGCCGGTCGCAGCCCGCGCACAACTGCACC

ATTTTCGCCCCAGAATGTTCTCGCTGTGAACGTCTTTTATTCCAAGCAGGATTTGTCCGTGGATG

CGGCTATACACACCACCAATATCACTTTATGTTCAGTATTTTTTCTTGTTTCTCGCTGTGATTCTCAC

GACCCTCAGGCGATATGTGAAGGAAAAATCAGCGGCTCGCCACGGCGTGGTAAGCATGCAAGG

CCGCGGTATAACAGACGGGGACATGCACGGCGGCTTAGCTTTCTGCTGACCGGCACTTCAGCC

GTCGGCACCCGCTGTGAGTATGGTTTGGGTCCGATGGTAGTACAGCGACGTGTAACCTTTTTCA

CCGTCTTTCACCTAAATTTGAAGTTAGCACCCTCTCCCCCTTCTAGTAGAGTTCACCCCCAGGTGT

Development: doi:10.1242/dev.182139: Supplementary information
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ACAGGTAACATGTGCCATGCACTTGAAAGAGGCGACGGTCGCTCGGCGGGGAAGCGCTGGTT

GATGATTCTTGTGCGAGTGCCTGGCATGGATCGTGGGCATAGGGGCAGAACGCCACGACCTCA

ACGCTGCAGTATGCCGGGAATTACTATACTCACTTGTTTGCTCAAAATTACAACACAAGTACATGT

AGCAACCACAACTGAATAATTTCTCCCTTTTTTCGGACGAGACAGAAGAATATTACTCGTCTTGTT

ACAGCTATTTGCTGATAAATCAGCTCGGGGTTCGGGTTACTGATTTATTCGGGAATGCATCTTCTT

GAAGAACAAGCTACACTTCCAAGCACACGCACAGGTCGATGTAAACACGAAAATACTACAAAC

GTAGTAAACTGCAATCCAGCAAGATGCACGAGATTTCTGTCAAAACATGAACTGGAGCTATTTAT

TATTCTCTCTGTTCTGATAATCTTGCAAAATCCGCACACAAAACAAATGTCACGGTTTCGTAAAGA

ACTCAGTGGTGTTGAAAATGATATCTGAGCCGTCGGTACAGGTGATGGGTAGGTGTCTGTGACG

GGATGTCGCTGAAAGACAATTTCTGACTTCCTGTGTTGCTCGTAGAGGCAGGTCTACTAGAATG

GATACATGTTGCGACCGCTGAAGTAGTAGTAGTAGTAGTAGCAGCAGTAGTAGTCTACATCTTAC

AGTGGTAGCGCTGTCTAGTGACCACGCAGCGTTATACCACCCGTTGCGACCGGTCTCTACACTGT

GTAGT 

>bra 

CGGTTATTCAATAAAATCATACATTCTCACTCACAAAAACACAAAAACAATAATGATCATCAAATTA

TTCACGGACATATCAAGTTGGTAAAATTTCGAGGAAAGTACGATATAATGAGGCAACAATTTAAA

TTCATGTACACCCATGATCGATATTTATTCCACATCATTTTTACATAACCTGTACACTAAACTCCGAA

ACTGTAGCTTTCAAAATATACATTATCATACAACTTGGCTAAGTTTATTATTTAATAGCTATTTATTAC

AATGTATATACCGCGAATACGTAGGCTATCATATATATCAATTATTTACAAACAAATCATTTCTGCAT

TCACCATAACTTCTATTCACTAATTAGAGCTATATATACAAGCAATAAATATATGTATTTTGGCATTTA

AGAGGTCACAAAATGCATTATTCTGCAATCTGCAACATAGCTATTTTGGGGTAACAAATTGATTGT

TTAGCAACCAAGATCCGTTTAATTTGCCTACGGCGTTGTGAATAAAAACGCCTTTGAGTAAAAAC

GGTATACATACACGATTTGAATACATTTTATTTGATAAGCTAGTGTTCGATGCAGTACATGATCAAT

TTTTTTTCATGATCTATAACAAAACTTTATCGGACATTCGGGACGATTCATCACTGTTTTGGCATTA

ACAAGCAATCTGACAAACATTTGTATTTCCATGAGGTTAAGAGTGCAATATTTTATTTCGAATGTA

GTTAAAAGAAATAATATCCCAACAAAAGATGGAAGCATTGCATATAATATCGTTTTAAGTCTTCGT

TGTATACGAAAAAGAAATTGTCGTGTTACAAAGTTTACGCTCAGTTATCTCATAAAACAATTGAGT

AGAACACTTCAGTCAAGGGGGTAAATAAAAGGTAACATCCAGAAGAGAAATGAGCTCATATGG

CCACTTGGCTTTTGTCTTTTAAGTTTTATAACATAATGTCAACAGTAAAATGAAAAATACAAAAAT

AACACATAAATAACTAAAACAAATCTTAGTGATAGCCCGCTACCACAAGCGTTGGAAAAATTCAC

CAAATAAGCATTCGTTGAATAGATCAGAAGCCTCTTTTTGCCAAAGCTGTTTATCTCCATAGAATT

ATAACAAAATATACAGTGAAGCACAGTAAAAACGACACTTTGAAGCAAAAAACAAAAACAAAA

AAGCACAAAAAGATAACAAAATGCAATTACGCCTATCATAAAATGACACTCGTTGGCAGCTCTGT

TTGCATCCTACACTTTAGATGACACGAGCATACAACTCGGGAATACTGATCTAAAGATCAAATCGA

TACTAAAGTGACTCCATCCGAGTTCATACACCATACAACATTTTATACGTTACATAAACCGGCATG

GCATACCATTCTTTTTTAGCATACAGCATTTATGAAAGCGTCATTCCACATTCTTATCACGTGCTTT

Development: doi:10.1242/dev.182139: Supplementary information
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ACCATTATTGGGTAAATAATATCTGCGTTCATCACAATTTATTTTCTTTAATATTCAGAAATATCGCT

TATGTCAACTGATCTTGGTGTCGAAGTGTTACCGTGATTTTTCCAGATATTTTTGTAATACTACGAA

ACAAAAATAAATTCAGGCCTAATTAGTACATGCGGCAATTGACTTGTTTGGTATATTACTGTTTTTA

CATTTTTACATGGTTAGAGTCGAAATATAGATGTTCAACATGTTTACATTATCTTATAATTTATATTCT

CAAATAGTTCATTTAAATTTGTATACATTCGCAAATAGTTTACACCGACGGTGGCGTCAAAGGGG

TCCACGGAGATGCCGTTTTACTGACGAGATGCTGATGCGGTGAATTCTGATGATGAGACGTCGC

ATTGCAGCTACCGTAGCCACTCACATCGAGTCCCACCGAACTGCTAGCAATATCGGTGTAACTGT

CCTGATAGCCCGTTTGGTGGCACGCAGAGCCCGATGGCGACCCGTTCATGTTATGGGCACCTGT

CGCTGAAATCGGCGCCAAAACCGTCGGACTGTCTGCGTTAGATAACGAAGAACTGGCCGTGGT

TACCGCGGCGGGCGACATACCCGTGGTGGCAGCTACAGTCGAGTGGTGGTGATGGTGGTGGTG

GTTGCGGAATAGCCCGGTTGGGATCGCAGACTGTGGCGAACTCACCGGGGCGAAACCGCCGG

TTGTAGCACTCGTTGGCCACATGCTGCCGTACTGGTTACAGGGAGACGGCATGGCATTCGCTGC

GGATGTCGCACTCGTGAGACTGGACCAGCCATCGGGGGCGAGGAGGGATATGCCGCCGGACA

AACCAGATGAGGAGTCAGATCCATAGCCAGTGCCGCCAGTGGAGTACTTCTGGTGATAGGGAG

GCGGTGGATAGGGCGACGTACGATGACCTCTCAGGCCACCATACCGCTCGCAGCCGGCATGAG

ACGGGAGACCGAGGGACGGAGCGAACTGGTGAGGGGACGGTCCGAAGGCACCCGACCCAG

GGAGAAACCAGCCACCCAGTTGTGGATATCGGGAACCTTGTAAGTCGTGGGCATCGTCGAATAA

ATCATGACCTTCATTTTTGTCTTTGATGTCCAGAAAGGCCTTGGCAAATGGGTTGTATTTGATCTT

GAGCTGCGTTATATCTTCGTTCTGATATGCAGTGACGGCAATGAAGCGAGTTTCTTGAAATGAAT

AGCTGCCCACCAGTCTCTGTTTCTCTCGGCCGCCCACGCGGATAATGTGGACACGTGGTTCGTAT

TTGTGTAAAGAATTTAACATGACCTGTCCACTTCCATTCAGCTTGTTGGATAACTTCACTTTGCTG

AAACCGACCGACTGCTTCATCCAGTGTGCGCCGAAGTTGGGCGAGTCGGGATGAATGTAGGCG

GTGCTCGGCGGCGACGCGTCGGGCTTGCCGCCCGGCACCCACTCTCCGTTGACGTACTTCCAG

CGGTGGTCATCGGCGGCGGAGAAGTCGAGAAGGATGGAGTACATGGCGTTGGGGTCGAGGCC

GGAGATGTTGACGGACAGGACGGGGAACATTCGTCTCCCGCTTTTTGTGACGATCATCTCATTT

GTCAGTTTATGGAATTTCTTCCAAAGATCGGTTTCTTCCAGGCGGACTTTGAGCCCCTTCTCGCT

GGGGTCCCCCTTCTCGCTTCCCCGATTCATCTCCGACTGCACGGCGCTCAACAGGTGCGTGACG

TTGTACGTTGGTGCTCTCATAGCTTCCGCGCTCATTGCTGGCATACTGACGTAAAATGTCCAGAA

CTTATTCAGCAGACGATAAGTTGCTCTTGGTATCAACAACTTCCCGCTTCCAAAGTTTTATTGAAA

ATATTTCAAACCTGGAGATTGTTTCTACATGCATTAACAAATTAAACTGATAAGAAAGATACAGTT

TTCAATGTAAACGGATAAACGAAATCTTAACAGACTTGAGATTTGGATACTTGGAAAACACCTGA

TGAAATTACCGCTTTATTACAGGATTGCGTGATTACCAGCTGATTCTCTTGGACTAAGGATTTGCT

GTGGAAAAGGGTTCAAGTTAAATCCCATGGGTCTCGGCGTTGAAACTTGAATCGCGCACTGCTC

TAAGATGATGAAGTAATTACCTCTGTTGGCGTACTGGCCCCGCTTTACGATTGGTGAGCGTTTTAT

ACAAGCGGTGCCACAGCAGTCAGAAAGCTAAGAGGATCTCAGAGCACGAGTCAAGTCCATAAA

Development: doi:10.1242/dev.182139: Supplementary information
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CCACGAATCACTGAGCAAGCTTTTGAGACTGAGAGAAGTCGTGAGTCAGACTTTGCACGGATC

GTCCAATTTTTAAGCTGACCTAACTGTAACACTGTTTCACGACTA 

>ets4 

TGGAAATTGAAAAGATATGACATCATTTTTGCGGGAATCAATGGTGATTTGTGGCTTGTATTGGA

TGGTGTAGGGGCAGGTGTTATAAAGCAAAACGTAACTCGATTGACTAGTCATTTCAGTTCTAACT

CTTCAGCGGAAAAGACACATCAACAAAACTTGGATTATTAGCACCAAAACTACACGACCTACGG

CGGTCATAAGTGATTAGAATACCCGAATCTAAACCAAAATCTTACAACAACATCAGGCAACATGT

TTTCGACCGGCGAAGTTTGCATTGTTTCACCAACACCGATCACAAGCATCGACCCGGATGCGGC

TGCCCTTGCTGAATTGGACTTGGGCAGTAACCTTCTTGATCTAGATCTGGTCCAGGATCAACAGA

GGCACAGAATGGGCGACACATCCAGTCCCTCCGTCTTCAACTTCGGATTCCCTCCCGCTCCCGA

AATGCAGGGGCTCTCTTTCTACCAGGACCAGCATCCGGCCCCACAGGCAATGATGGGCCCTCCC

ATGTTTCCACAGGGGGGTTTCGGCAACATGCTGAGTGAGATTGACGAGAGCGAAATGGCCAGG

CTCCTGATGCGCGAGATGATCCCAGACATTGTAGCAGATTGCCAGATGCTGAACATTCACCCAAA

TTTGTACACATGGTCACCGGAAGACGTGCAGAGGTGGATCCAGTGCGTAACGAGGCGGTACGA

GCTCGGCGACGTCAACCCCATGCTCTTTCATATGAGCGGTGCAGCCCTGGCGTCGATGAGGGAT

GAGGAATTCAGGGAGAGGGTGCCAAAATGCGGCGACATCCTCTTCAGCATCGTGTACATCTTGA

AATCAGCTGCAGGTGTGAACATAGACCAACACCAGGTTCAAGTGGTACCTCAGGGACCCTTCGT

GCCAAGCGTACCTGCACCTGTGGTGCCCACGACACAAACCGTGGTTCCGCCCACCTTTGACCCA

CACCAGATGACGCCAGGCCCCGTCTCACCGAACGCAATGCACAAAGACTACGACAGTGGCAGC

ACAGGCTCACCGAGTGATGATGAGGTTTCCATCCCGTCGCCCGCCCCCAGCGGTCCCAACACGT

CAATGACACCCAACCACACGGGAGGCATTCAGCTCTGGCAGTTCCTGAAAGAACTCCTCCTGCA

ACCAAACTCGTACAGCTACTGCATCAGGTGGTTGGACAGATCACAAGGTATTTTCAAGATCGAG

GATTCAGTAGAAGTCGCGAGGCTGTGGGGATTGAGAAAGAACCGTCCTGCCATGAACTACGAT

AAACTGTCCCGATCGATCCGCCAGTACTATCGCAAAGGAATCATGAAGAAGACTGAAGTTTCGC

AGAGGCTAGTCTACCAATTCGTACACCCCTGCTGAAAAAGTGAACCATTCCATTCGCGCGTCGAC

GGACATTGTTGATCAGACTATTTGAACATCGTGTATTTCAAACTCGCATGTATGCGTCCGTGCAAA

ATGTTGTTCAGACTCTTCCATTTGACTGTGAAAAAAGGGGGTGTGGAAACTTTGAAACGATGAC

ATGTGCGCGATCTTTGTAAATACATAAACTTGTAACTTAAGAATGTAAAAATATCGTGAATAATTG

AAATGTCTTGCCGGGGTGTGACACTCGTAAAATATTTCGCTTCCATTATTCTATTTTGAGAATAGT

TGGAACGGAGCTGACTTGCCTTTAACTATATTCGAAGATATTTTCTTGTCTCACAGTACTAAATTA

AATCAGTAAAGTAGCCAACGATATATTGTTTTCAGAAATTTTCTTTAACAAAAACTTGCTGCAAGC

CCACTGTTTATTTAATAGTGGTCTTTTTGGACAACTCTATTACTTTTAAACGTGCATGTGTACGATT

TAAGTGCAGTTTCGTTTTACTTCCAACTATTTGTGTCCAAACGGTCATACAAAGTTGCTCAAAAG

GAGAAGTGTTGGTTATTTTGTGTAATATTTTATTTACTTGTCTTTTCTTCAATCATCAGTTTGTCATT

ACCCTTGTTTTATAGACGGTATTAAGTAGTAGCTGTATGATGATATGTAAATATTCTTATATTTAGTA

ATGTTGATTTTCGGATCATTTTTACTTGAACGTTTAAAGAAAAATCCTGGAGCATGTGCTTCAGC

Development: doi:10.1242/dev.182139: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



 46 

AATTTATTGATGACTGTTAGTCATATTATGGGTATGTTCCATGAACAGGCTGAATTTTGTATGTAAT

TATATACCATGTTTTTAATTGAGACGCTTTTATTCAACTACTACTCGTACATTGCCGGCCGCGGAGT

TTAGCTGCGGCAGCGGGGTTTGGCTGTATAGGCCTATACCGTCGTATGGGGCCTGGGCGATTTT

CTTTCCGTGTGCTCCGTGTTTCGGAATTAAGTACTTCTGCGGAAAAATGAATATTAAATAAAAAG

TTAAGAATAAAGGCGTCTTGATATGTACTAATCGATATGATTGTAAGTTTGCACAAATATTTAACGC

AACCGCAAATGTAGTATAGGTGCCAAAGTAGAAGTCTTCAAATAATTCAATCTTCTGTTACAATTT

ATGCTTCTAAATAAACATGGTTAATTTCAACTTTTTTTTTCAAGCGGACCGCAAGTTGTGGTTGCT

TGCTTTTAAGTTGTATGAATTCGTTTACCAAATCGAACTTTAAATTACATTTGCTCAAGTGGAAATT

ATTTTTTCAGATTTTGTTAATTATTCTTGGTGGTTTTGTTCATTTTTCTTTCACTCAACATACCGATC

AAATTTAAATTCGCAAACAATGATATTCTGCAATCTGTAGCAAGTTACTATTCTGCAATCTAACACG

CTTTATCAATTATAATCGGAGTTATCAACGCAAGCAAAGGGGATATGAATTTGATTACTTTGTTATA

TGTGATTTGAACAGAAGTTTTATTACTAAATAAAGTTTTATATATTTCCTAATAATGCTTCAACATAT

ATATCTTATTGAGAATAGGTGCCAT 

>z246-like1 

ACTCATTTCATTATTGTAAGCTTTAGTATACAACTTGTCACACGGCAATATAGGAGAAATATATACT

TTATATACTTGTACTTTAACATCAGATATGGTACAGTCATTGTCATTTACCATGTCTTGTAAACAACT

TTCACTGTATATTTAACATGGCTGGATATTAAGGAAATTATTTTTATTCTCGCTTTCGTTATTACATC

GTTAATCGTTAATTCTCTGCCAGCTTATTTTGTCATTTTTACATTATACACAACAAATATACTTCAAC

AATAGTTACAAAATAGCATCATTATGCAACATAACTTCGAAACTATTCTTACGGTGTAGGAAAAAA

TGGATAGAAATGAATGAACTCTGTTTACACTTGAACTTCGTGCCAATTTGATTATAATGATTATAAT

GATTACACATGTATATTTTCGATAACGTCATTGTTCAGTAAGTCGGTGTACTATACTTGGGTAAAAC

ATACCTGAGCATAAGTTTAAAAAAAAAAATCGTATAAAGAAATACAAGAATTGTTTTCCCCATTGT

ACAATACTTTGTACAACTTCATATTTACAGTCGTCTATATGGTGCGAATGACACATTATTCCAACAA

TGATACGATATCTTAAACTTTCTCCAAATGTCTCCAGTTGAGAAAACTACGACGGTCAAGAGATA

AGATTCCTTAAGCGCGTATTTCGCGGACAAAACATTTGTATCTTCAATTTATCACAAAAAAAGTCA

CCAACATTATTCAAGCGTACATTACGTTGTTTAAATGAATTGTCTTAATATAGCAATGACAGTGTCA

AGATCGTAAGACTGGTCTCACAGGTACAATTTCAATAAACGTGGTATCACTGTCAAATCAAATATA

CCATGGGGTATGACAACAGGGTTATTTAAATATCTCACTTCCACATTCGTGAAGAAAAGGTAATAT

TCAATCAAATTCAAAATTAAACGTAATGCCATCTCAAGTGATACACTTTGAATTCATAGAAATCAA

AACTAATAAACAATTCAATCTTGACATTGGGCTGGTCAAAAGAAATAACGCGTGATATGTTGATG

TATTCTGCTTTATATGTCCAGATATGTGGTGGTTATTCCATCTTCGGCCACTTTGCGTTTGGGGTAG

AAGAATGTGAATGCATTTCGTTCTTGTTCGTACGTGAGTATGTGGTTGTCTTTCACTCTGAATCCG

CGATTGACTGCCGAGTCTGTTATTCGCTCTCGTAACACTCGCTTGTATTTCTCAAAGTTGATGTTG

TTGTTCCTTTTGTTTGCCCCCTTGCAACTGAATTTGTCTTTGGAGCCAACGCCATACCAAGTCTTA

CTGCACAGTGCTACAATACCATGACCTTCCCATTCTAGTTTGAATAGACCCGGTGTTCGTTTATCAT

ACCGTCTGTGCTCCTCCGTGTCAGTACGGGGCAGCCAGTGATGTTTCTCGTCCTCAAACCGTTCT

Development: doi:10.1242/dev.182139: Supplementary information
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CGAAGCTCGGGTCTGACCAGACTTTCAATACTCGCACCAGATAAGGCAAAATATGCCGAATCGG

TGTCCATTTGAACGTATTCAAAATCAGATCTGTCTAAGAAGACATCGAGAAAGTCAAAGTAGAAT

TGTAGCATTCTCAGCTTTGCATATTGGTAGACGAAAAAGCCAATCTGAATTGGCAAGTCGTGTGC

TATTTTGTTCTTGGACATTTCAACTTCGTAACAGTCGTCAGTAATGGTGTTCAGGTCACGGAACA

AAATCTCATTGATAAGGCGACTAGCTTTGGAAGAATCCGTGATTTGATTATTTCGAAATCTGGTCT

TGTTGGTGATAGTTTTCCCGTAGGAGGAATTCCCCATCAGCTTCATGGTATCTGCTATAACAGACT

TTGAAGGGTCGCTATCTCCAGCTCTACGCGCGTCAGAAACAGCGTCGGCAAATTCAGCGAAGCA

TCGAATCGGTTTGTATTCTACTACTTGGTACACGCGAGTGATCACTAAACCGTGTTCCAGGTACCA

TTTTGCAAGTGGTGTGGCGAGAAAAATTTTCTCACCGTACATGCTGCCTATCAAACTTCTTCTGG

GGGTGTTCATGATATTATGCTCTTCCCCGTAAGTTTTCATGTATGACCCAATATCATCCCGAGAAAT

ACTGGTGTTTTTGAATATGGGCGGCATTTCCGCAAAGTATGGTTTAAGATGATCAGGAACATGAA

TATCGCATTCGATACATCCAAAGAGATTGCCTGCTAGTATTTCATGTATGATTTCGTCTACTGATAG

TTTCGATTTGGAATCGAGTGGTTTCTCTCTCTCCTGAAGAAATTGCCTGAGTTGGGGATCGCTTT

TTTTCATACCATCGAATTGGCATTCCCACATTTCGATGAATTCATACCCCAATGCTTCGAGATACTT

TTTCTTCTCCAGAGTTCTCGCATACCTTTGCCGCATCTCATCTTCAGCATGACGAGGGTTCTTTTC

GCAAGCATGGCCATGAAAGTAGCAGCCTTGAAATTCGAAGGCTTGTTTTGTCTCCGAGCACCAG

CCATCGACTGGTAACATACGCGGACCTAAGCGCTTCTCCGAATCGTTGCCTTCGTGCCTTATCTTT

ATTCCACGTTTCTGCGCCTCCCAATCGAGCCAGTCTTGAGCCTTTATCGAAAAGGGTTTTCTTTC

TTTTTTGAAGGAGGTTTCCTCCTTTCTTCGTGTTGGATAGCCGGTGGGCATATCTTGGCTCAGAG

CCCAGAGATACAAGGCATTTGCATCATAACCCTGAATCTTTTCACAAAGTTTACCACCTCGTATAC

GCGTTTCACCCGCTTCGTGATATCGCGTAAACACGATAGAGGGACCGCCCACAAGATTTAGTCG

GAAAGTCTTGTACAGATCTTGATCTTGATTGCCAAATAGGGCAAAGTTGGCAGATGGACTGATG

TCAAAGAGATATTTCAACGTTAGGCCAGGAACAGAAATACCATCCTTGTACAGATCGATATTTCTT

TTGCGATATGTTTCCGCCATTTTTTCAATAGCTTCCACAAACGGTTTCACGTCTAAGTTATTATACC

ACACCAGATAGTCTCTCATCGTTGACATTCCTTCCCGCTGCCAAACATCTTGACAATGGGCGTAG

TCTTCATCGGTGAGAGAGGTACCTCTGAGAGAACTGTCGAAAGCCTCTCTGGGTGGAAGAGAC

GGATGGTCAAGTTTATTGAAATGCATCCATTCGTAGGGAAATATGCCCTTGTGCATGGAGCAGTC

ATAGGCACGGAGAAACTGATCGTAAGAGAAACCGGGAGCTAGAAAGTTGGTAATGTCTAAAAA

GCGCAAATGCTCGGTGTCAATGGACATGTAATTGTTATTTCTTTTGACCAGATGTTTGATTGGTTC

ATTTTCAACCAGATATGGGAGCAAATATCTCTTCACCAAGTTGATGTCATAACTTCCACTATTGAAT

CCAAAAACAGGTATTTGTTTCAAATGACTGGTAAGAGAACATAGCAGATTTTGTAAGTAGGATTT

TTGTTTTTTGTTTTCGTCATCTTCCCCTAACTTCTGAATCTTTTCCCTTAACTCGCTGATTACTCCAT

CAAATTGAACGGTCAAGGTTTTATAACTTTCTTGGCTAATTTCGATGAGATATCGAACCATATCCC

CCACTATTTCTCCTGGTTCCCCTCCACTAACAAAACAAACGGCTTCTTGATAACTCGGTACGTTGC

TGCATACGCTAACACTTAGTGGTATGTGTTCACGAGTCCACGTCAATTTATCACCGCCTGATTTCT

CCGTTGTCATTTCCGAGTACGACTCGAAGTCAAAAACAGCAAAATGGGGAAAATAATCCCACTC

Development: doi:10.1242/dev.182139: Supplementary information
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GTTCGGAATCTCAATGCCTTCCTCTCGTATCTTGTCAAACACGGATTGTGAATTCACGAAGACTCC

TCCAGGATACACATCGGTTGTGCCTTTGCACTCGCAGGAAGCTTCATGACGATGTAACTGCTTTG

CTGTCTTCCACAGCTTTTGACACTTCCGGCACAAAAACGAGTGATTATACCTGTCGATGTTTCTAA

TGTAGCTGAAATGGTCTTCGTACAGGTTTACGTACAGAGTAGTCGCGTGTTTCTCGAAACTTCGA

CGAACGAGTCTTGCTACTATTTCTCCTCCATTTCTCTCCTCCGATTCGGCTGTGTCGGCATCCCCG

GCTTCCTCGCTTTTTCCATCTCGTTCTACAAGTTCGTAAACCATGATGTTGATCTTAAACAGATCCT

CGATGTGATGAAGTTCACTCAGTTTAACTCCTTCGAAGTTGCTGCGAGATCGGGTTGTGTACTTT

TCGAACAGATTCAACGTAGCATTTTCGAGCGCCATTCGATGATGACCTTGGTGAAGGGCTATGC

AGCGAAATAAGCACAAATTGTCGGTGTAAAGTTTTTGAGTATTGGGGTTTTTCATGAGCGAAAC

GATGTTTTTGTTTTCTAGTACATAAGGTGGGAGGAAGGAACAGGTTCCGATGGGATGGTCTCGG

AGCTTGTATACAAAAAATGTCACGTTGCTAACAGCATCCACGATCCATTTGGAGTTGGGACGTTG

TAGCTTAGCGTATTCCAATGGATCCAGCTCTTTCAAGGCTCTGAGAAAGGATTCGAACGTAGCAC

GATCCTTTATAAAAAATGGGGTTTCATAAAGTCTCGTGTTCCCAGATGAGT 

>nfe2 

AAAAGAATGCTTCGCTCAGCAGCTGTATGTACTCGCGTTTCGCGCGAGATATACCAGTGAGCAA

CAACATCTACGAGCGAGGGGTAGTGGTAACGAAGTATACTCAGGGAGGGCTGAAATTACACAC

AAAATGAACAGAAAATCGTGACCAATGTAAACGTTTTAGGGGAAACAGCAACATTTCAACAACA

AAGCATCAAATCGTCGCAAACACCACCCTGGACAATTCCACACCGTTGATTATATCCGCGAACAA

GCGACAGACTTGGGACGTCTTCGTGTACATTCCACACATACCGTGTTGTAAATGGTGCAGTACAT

AATACGCCGACCCAGCAGTACTACAGCAGTATAGCGCACACATCACAAGCGGGACTTGTCAAAT

AATACCACTGGACTGGTATAATAATTATATATTCTATTTATTGCTATATTCTGAACATTTTGGGTCCG

GATCGCATACAAGTACACAGTCATGATGGATTACGATTTTGCTGAAATGGGCACCGCTGTCGTGC

CCCAGAAGACTGAACCTCAAATAGAAACTCAACAGGACATGGATTTGATCGAGAGTCTGTGGA

GGCAGGACATAGACATGGGGGTGTGTCCTGACACGTATCCATACAAAGCAGACATCAACAAACC

TGGTTTCACTGACGAACTCAACAAGCAGGCCATCGATTTGTGGGACTACAGCATAGATGGAGAG

ACAGGAGAGTACATGCCTGGACCTCATCCGGCTGACAGCGTTCAACCGTCTCTCGAGCAACCTG

TTCCACACCAGATGCAGCAACCACAACCAGACACACAGGAGAGCAGTCTATCGCTGGAGGACT

GCTTACAACTGCTGGAAGATGAATACTCGTCAGACGGTTCAGCGTCGGAACTCTCCCCAAGCCT

CAGTCCACAAGAAGTGGAACAAAGGTGGCAAGATCTCGCCACCATCCCAGAACTTCAGGGCAG

CATCCCAGACTACCTGTCAAACACAACTGTGGATCCCACACAAGAAAGCTACGTCACACCTCCAC

AACTCTACTTGCAGGGCATGACCAACGGGACGGGTGCACTCACATCGGAGGTTAACGAGATGC

AGGCACCCCAGATGCTGAGTGACGTTTTTGCTGTCAACGCCTCCACAAATGGCATGGTGAGTCT

GCAGAATGCCACCCACTCACACCAGCAGCCGTTGCTGATGCCACCGCCAAACAACGAGACATTC

AACAACTTTGCCAACCTGAATCTGGACTCGCCGCCTCACTCCGCCAACAACACCACGACTGCCT

CAAATGACAACATCACCGAATACTTAATGCAAACCCTGCAACAACAGATGAGCTCAGTCAACGC

CTCAGCCCCCTACACGTCAGGAGTGACAGACAACAGCAGCTCTCTCTTGATGGAACTTCTGAAC

Development: doi:10.1242/dev.182139: Supplementary information
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TCACCTGGTGCTGCACAGCCAATTAACCCCATGGACTTCGACTTTGATGAACAGATGCAGGACG

TGCTGGCTGCACTCGGAAGCGAGGCTGGTGATGAAGCACTCAGTGATGATGAGGATAGTGATG

GTTCCACATTTGAGGAAAGTGAGGGTGCTACTGGCTACTCATCAGGATCTGACCAAGGTGCTTT

CAAGGGAGCCACTGGGGGATTTGGTGGCTACTCAAGAGGTCATGAAAGACAATATGGCAGTGA

CTCCAGCAGTAACAGCTACAGCAGCCAGCCTCCCAAAATGGAAAACATCAAGCACAATCACTCA

TATGCTGCCTCTTCGCAATCACAAATGCAAAATGGTAATGGAGCGCACAACAGTAGTATCAATGG

AACAACCGCCGATCAACTGAGATACAGTCGTGACGAGAAACGCGCAAAAGCCCTCAAACTACCT

ATCGGTGTGGAAAAGATCATCAATCTACCTGTGGACGCGTTCAATGATCTCATGAAGAAGTACGA

GCTGAACGATGCCCAGATGCAACTCGTGCGTGACATCAGGCGCCGTGGTAAGAACAAGGTTGC

TGCACAGAACTGCCGCAAGCGTAAAATCGATGCCATCATGATGGTGGAGTCAACGGTGAGCGA

GCTGCGCATGGAGCGGGACAAGCTGGTGAAGGAACGCGACAACATCGACAAAGAGGTGAGC

GAGATGCAACAGAGGTACGCTGAACTCTGCGAAGAGGTCTTCTCCACAATTCAAGACGAGCAC

GGGGGCCCCGTCGATCCCAATGATTACACGCTGCAGCAGTTACCCGATGGCACCTTTTACCTCAT

TCCTCGCAACAGCAATGCTTCAACAAGCAGAGACAGTGACGAGCAATCAATGTAGATCTCGCTT

GATAAAAAAAACTTATGTTATTGACTGACAATATCTTGGGCAATACACGTGGCTGTCGTGTGAAG

CAAAAAGAAAACTTTTCTCAAGACAGCTGAACACTCTGGAGAAATATGTTGTCCTGTGTTAATTT

TGCGAACAATATTTACCCCATTTGCAACATCTGTAAGACTTGCTGACTGTCTGGACACTTTTTTTT

CAAGATGAAGTTGGAAGTTTGACTGATCCGTAACTGTTCTCTATTTTTTTTTCTCCTCATCTGAAA

TTTTAAGAGTTGTGTGTTTCAGAAAAAAGAAAAAGGTGCAAATGGCATGCCACCCCATTGAGCA

CAAGTACTGACCCATATTGTTACCTCTCTCCCTGCAAACTACTTGTAACATCTTATCGCATTGAATC

TGC 

>cebpaL 

GAAATCCCCGCGGATTAATATCCGTGTGCGTTGAAGCTACGTACAACGACGTAGTGGTAATTTATA

TGCACATATAAAATATATTCCGCACATTCAGCTGGTATCTGTCATTCTAGAGAATTCTAACCAACGT

ACGGTCTAAAGTAGAATTAAGCTTATAAAACGTGCAACCGCTACGTCGATTTCATCATTTCATCAG

TTGCTTCACTCACATCCACTGCAGAACATTCGAACAAATTCAATGGACTTTTATTCAGATACAGTT

TCACGATGTGTCAATGGCATAACCATGGATTCACCTGTTAACTTCTACGCCGATGTCGAAAAGCA

AGTGAAGGAAGAATCATTCGCCGTCGATTTTCCCGAAGAATCTCACATGTTTGGTGATTTTGCTG

GACTCTTGCAGAGCGAAGACTCTATCGATTTGCAGGCATACCTGGATCAAACTAATAACACTCCG

AATACGAACAACGGCAACGACTACATGCGTACTGCTACGAATTTCCCAACTCAACAGCACATCAC

GCAGGAAGTCACGCCCGCAGCTCCAGGCGCACCAACCCTTCAGCAGTCCGTAGCAGAGCTACC

GTTCGCCAATCAAATGCACGTTGACGACGTGCAGCAACAACAGACAGTATACATGCCGCTCACG

ACCATCTCGCAAACGCAACTCGTCAGTGAACAGGCAGAACAGCCATCACTAGTTCACCACAACG

ACAACTACATGATGAACGGGTTCGAAACTGACGGCAGAGGCAGCACTGCATCCAGCCCCGGCA

TGCCAACATCCAGTGGCACGATGGAGCAGTCCCAAGCTCCATCCCAGTCGCCATCATCGGGTAA

AACCTCGAAAAGGAAGCGACCTGTCCCCAACCGTGAGAGCGACGAATATCGACTCAAACGAGA

Development: doi:10.1242/dev.182139: Supplementary information
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GAGGAATAACATTGCGGTGAGGAAAAGCCGAGAAAAGACAAAACAGAAAAATCAGGAATTGC

AGCATCGTGTTGGGGACTTGCAGTCGGAGAATGCCCGCCTCAACAAAAAAGTTGAGATGCTGA

CCAAGGAACTGACCGTCCTGAAAAGTCTGTTCACAAACGTGGGCAAACCCGTTCCAGTGAAAC

TTGAAAAAGCCCTCGAGTAATTAAAGGTAACGGAACCTTGACGAAAACGATCAATGTGTGAGAT

GTGCAAGGCCCAAGCTGCTTCAGATCCTGTTGATTCGGACTGGTTGATTGTACCATCATCTTTTG

GACATCTTACAACAACTCGGTTTTCCATCTGAAGAGGCGAATGGTGCAACGAGTCGACTTATTG

GTTCAGTTCGACATGAGAAATGTGTCGCCAACATTGACTGAATATGGACTGACAATGGGTTCTTG

GCCTGGGGTGGTGGATTTCAATTCAAAATTCAAACCAGCTCGAGATCAAGAAGGCTCAGCTGT

GAACTTTGTTCCAAATGTGTAAATTACGGGTGAAAAAGTTCATTTTTACTAGTATGTTAACCTTGG

TTTCGTGACAAAGTGTGTGTCGATGTGTAGTTACTATAACAAGCACAAGTGCTCACAAATTGCAC

AGTTCACAACGCAAAATGACAACAAAGCCAAAGTGTCAATTTTTAAATTGTTCTGTGCAATTATG

AATTTGTTGTCTCAAACTTGCATTCAGACAGCTGAGCAGCTGGTAATTTTGAAGTATTTTTATTAT

ACTAAATGTGGTTTGATAACTACTACTAGTACTGGACATTCCATTTTCATGCCACTTGCATCGGGC

ATACGTATGCCACAACATCACCCAACATTGTATTTCCTATGGACAATTTTTTTTCATAGTGCGTGCA

ATGTAGCGGTTTCTCTCATTTCTGTAGCAAGATTAGAATAGGGTAGTATGGATTTAAATTTGCTCA

GAAAGCGTGCACAATTGCATTTGAAAGAATTGTAAAATATAATTCTGTAGTGTATTGGTTGTATGT

CTTCTGCAAGACTTGACTTTGACAAAATATCTTGTTCAGTAGCTATTTTTAGTCAGAATTGTTGTT

AACCATCACACTTTCTTTCAGTTGGAATTATTTATTACAGGTATGAGTTTAATACTGAGGAAAATAT

ATTTATGTGAGGTACTGATACATATATCTTCATTATGTATTTGACATAGTGTGACTATGAAATGTTTT

TATGCCAAAAAAATCTCTTCAGGACTTATGTAAACGTTATGAATTGAGAATGTTTGCTAAATGTGA

AATTATATAGAAAATTGGCAAGATTATTGACGATTTCATGATTGCTTTTATAATTTCATGAATGAAG

TAAATGACATTCAATCAAGCAAATATGTACTGTACCTGTCGATTTAGTTTGACATTTTTTGATGTTT

GGAAATGGTGATTTTCATGCTTGAAATATATTTGTATTACTATTATCAAGTAAATTCTGAAATGTAAT

AGAAGTACAAATCATATAATTTATTTACTTTATGTCCTGCTTGACAGTATTCAATGATTAGAAAGTG

AGTTTTATTCTCATGCATAGTGAAATGTTATGGTTTTTAACAGTTGTATTACACATGGTGGAAAAA

TGGCATTCAGAAAATATAAACGGGTGGAAAAATTATAGAAAATGATACTTTTTATGAATATACAAA

AATAATAGCGAAGTATTTGATACTCCGAAAACCAGAATATTTTTAAATAATGTGATGTCGTGTTCT

GTTCCACCAACTAATGTTTTATACAGCAATATGCTACATGTATATTACGATACACATTACTGTGAAA

ACATTTCCAAGAAATAGTGTGATGTGATATTTTTATACCCACAAGTTGTGGAGAATTCAGAA 

>krl-like1 

GTAACACAAGTGATGACTTCAAACCATCATCCCTCCCCTACTACCCGTCGTCACCATCATGCTCTC

CCAGTGCATCTTCATCCCTTCTTGCAGAAAGTCCAGCCAGTGAATCGCTGGAACGACCAACTGA

GCGACGACGAATTGCAGACGACAATGATTTCGTGAATGTGCCTGAAAAGGCGTCGCTCGAACA

CGAACTACCACATGACAGCCTCTACTGTCCAAAACGATTCGCTGTGGCTACAAATTGTGCTTCAC

ACATGCGTACTCACACAGGAGTTCGTCCCTACAAGTGTTCATCGTGCCCGAAAGACTTCGCCCG

Development: doi:10.1242/dev.182139: Supplementary information
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ACGGAGTTCGCTACGCGTACACTTACGCACACATACAGGGGAGCGACCGTATCTCTGCAAAGAA

TGCAATAGTCGGTTTGGGGACTTGTCGACGCTGACCAAACATCGTCGTACGCACACCG 

>z246-like2 

ACTCATTTCATTATTGTAAGCTTTAGTATACAACTTGTCACACGGCAATATAGGAGAAATATATACT

TTATATACTTGTACTTTAACATCAGATATGGTACAGTCATTGTCATTTACCATGTCTTGTAAACAACT

TTCACTGTATATTTAACATGGCTGGATATTAAGGAAATTATTTTTATTCTCGCTTTCGTTATTACATC

GTTAATCGTTAATTCTCTGCCAGCTTATTTTGTCATTTTTACATTATACACAACAAATATACTTCAAC

AATAGTTACAAAATAGCATCATTATGCAACATAACTTCGAAACTATTCTTACGGTGTAGGAAAAAA

TGGATAGAAATGAATGAACTCTGTTTACACTTGAACTTCGTGCCAATTTGATTATAATGATTATAAT

GATTACACATGTATATTTTCGATAACGTCATTGTTCAGTAAGTCGGTGTACTATACTTGGGTAAAAC

ATACCTGAGCATAAGTTTAAAAAAAAAAATCGTATAAAGAAATACAAGAATTGTTTTCCCCATTGT

ACAATACTTTGTACAACTTCATATTTACAGTCGTCTATATGGTGCGAATGACACATTATTCCAACAA

TGATACGATATCTTAAACTTTCTCCAAATGTCTCCAGTTGAGAAAACTACGACGGTCAAGAGATA

AGATTCCTTAAGCGCGTATTTCGCGGACAAAACATTTGTATCTTCAATTTATCACAAAAAAAGTCA

CCAACATTATTCAAGCGTACATTACGTTGTTTAAATGAATTGTCTTAATATAGCAATGACAGTGTCA

AGATCGTAAGACTGGTCTCACAGGTACAATTTCAATAAACGTGGTATCACTGTCAAATCAAATATA

CCATGGGGTATGACAACAGGGTTATTTAAATATCTCACTTCCACATTCGTGAAGAAAAGGTAATAT

TCAATCAAATTCAAAATTAAACGTAATGCCATCTCAAGTGATACACTTTGAATTCATAGAAATCAA

AACTAATAAACAATTCAATCTTGACATTGGGCTGGTCAAAAGAAATAACGCGTGATATGTTGATG

TATTCTGCTTTATATGTCCAGATATGTGGTGGTTATTCCATCTTCGGCCACTTTGCGTTTGGGGTAG

AAGAATGTGAATGCATTTCGTTCTTGTTCGTACGTGAGTATGTGGTTGTCTTTCACTCTGAATCCG

CGATTGACTGCCGAGTCTGTTATTCGCTCTCGTAACACTCGCTTGTATTTCTCAAAGTTGATGTTG

TTGTTCCTTTTGTTTGCCCCCTTGCAACTGAATTTGTCTTTGGAGCCAACGCCATACCAAGTCTTA

CTGCACAGTGCTACAATACCATGACCTTCCCATTCTAGTTTGAATAGACCCGGTGTTCGTTTATCAT

ACCGTCTGTGCTCCTCCGTGTCAGTACGGGGCAGCCAGTGATGTTTCTCGTCCTCAAACCGTTCT

CGAAGCTCGGGTCTGACCAGACTTTCAATACTCGCACCAGATAAGGCAAAATATGCCGAATCGG

TGTCCATTTGAACGTATTCAAAATCAGATCTGTCTAAGAAGACATCGAGAAAGTCAAAGTAGAAT

TGTAGCATTCTCAGCTTTGCATATTGGTAGACGAAAAAGCCAATCTGAATTGGCAAGTCGTGTGC

TATTTTGTTCTTGGACATTTCAACTTCGTAACAGTCGTCAGTAATGGTGTTCAGGTCACGGAACA

AAATCTCATTGATAAGGCGACTAGCTTTGGAAGAATCCGTGATTTGATTATTTCGAAATCTGGTCT

TGTTGGTGATAGTTTTCCCGTAGGAGGAATTCCCCATCAGCTTCATGGTATCTGCTATAACAGACT

TTGAAGGGTCGCTATCTCCAGCTCTACGCGCGTCAGAAACAGCGTCGGCAAATTCAGCGAAGCA

TCGAATCGGTTTGTATTCTACTACTTGGTACACGCGAGTGATCACTAAACCGTGTTCCAGGTACCA

TTTTGCAAGTGGTGTGGCGAGAAAAATTTTCTCACCGTACATGCTGCCTATCAAACTTCTTCTGG

GGGTGTTCATGATATTATGCTCTTCCCCGTAAGTTTTCATGTATGACCCAATATCATCCCGAGAAAT

ACTGGTGTTTTTGAATATGGGCGGCATTTCCGCAAAGTATGGTTTAAGATGATCAGGAACATGAA

Development: doi:10.1242/dev.182139: Supplementary information
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TATCGCATTCGATACATCCAAAGAGATTGCCTGCTAGTATTTCATGTATGATTTCGTCTACTGATAG

TTTCGATTTGGAATCGAGTGGTTTCTCTCTCTCCTGAAGAAATTGCCTGAGTTGGGGATCGCTTT

TTTTCATACCATCGAATTGGCATTCCCACATTTCGATGAATTCATACCCCAATGCTTCGAGATACTT

TTTCTTCTCCAGAGTTCTCGCATACCTTTGCCGCATCTCATCTTCAGCATGACGAGGGTTCTTTTC

GCAAGCATGGCCATGAAAGTAGCAGCCTTGAAATTCGAAGGCTTGTTTTGTCTCCGAGCACCAG

CCATCGACTGGTAACATACGCGGACCTAAGCGCTTCTCCGAATCGTTGCCTTCGTGCCTTATCTTT

ATTCCACGTTTCTGCGCCTCCCAATCGAGCCAGTCTTGAGCCTTTATCGAAAAGGGTTTTCTTTC

TTTTTTGAAGGAGGTTTCCTCCTTTCTTCGTGTTGGATAGCCGGTGGGCATATCTTGGCTCAGAG

CCCAGAGATACAAGGCATTTGCATCATAACCCTGAATCTTTTCACAAAGTTTACCACCTCGTATAC

GCGTTTCACCCGCTTCGTGATATCGCGTAAACACGATAGAGGGACCGCCCACAAGATTTAGTCG

GAAAGTCTTGTACAGATCTTGATCTTGATTGCCAAATAGGGCAAAGTTGGCAGATGGACTGATG

TCAAAGAGATATTTCAACGTTAGGCCAGGAACAGAAATACCATCCTTGTACAGATCGATATTTCTT

TTGCGATATGTTTCCGCCATTTTTTCAATAGCTTCCACAAACGGTTTCACGTCTAAGTTATTATACC

ACACCAGATAGTCTCTCATCGTTGACATTCCTTCCCGCTGCCAAACATCTTGACAATGGGCGTAG

TCTTCATCGGTGAGAGAGGTACCTCTGAGAGAACTGTCGAAAGCCTCTCTGGGTGGAAGAGAC

GGATGGTCAAGTTTATTGAAATGCATCCATTCGTAGGGAAATATGCCCTTGTGCATGGAGCAGTC

ATAGGCACGGAGAAACTGATCGTAAGAGAAACCGGGAGCTAGAAAGTTGGTAATGTCTAAAAA

GCGCAAATGCTCGGTGTCAATGGACATGTAATTGTTATTTCTTTTGACCAGATGTTTGATTGGTTC

ATTTTCAACCAGATATGGGAGCAAATATCTCTTCACCAAGTTGATGTCATAACTTCCACTATTGAAT

CCAAAAACAGGTATTTGTTTCAAATGACTGGTAAGAGAACATAGCAGATTTTGTAAGTAGGATTT

TTGTTTTTTGTTTTCGTCATCTTCCCCTAACTTCTGAATCTTTTCCCTTAACTCGCTGATTACTCCAT

CAAATTGAACGGTCAAGGTTTTATAACTTTCTTGGCTAATTTCGATGAGATATCGAACCATATCCC

CCACTATTTCTCCTGGTTCCCCTCCACTAACAAAACAAACGGCTTCTTGATAACTCGGTACGTTGC

TGCATACGCTAACACTTAGTGGTATGTGTTCACGAGTCCACGTCAATTTATCACCGCCTGATTTCT

CCGTTGTCATTTCCGAGTACGACTCGAAGTCAAAAACAGCAAAATGGGGAAAATAATCCCACTC

GTTCGGAATCTCAATGCCTTCCTCTCGTATCTTGTCAAACACGGATTGTGAATTCACGAAGACTCC

TCCAGGATACACATCGGTTGTGCCTTTGCACTCGCAGGAAGCTTCATGACGATGTAACTGCTTTG

CTGTCTTCCACAGCTTTTGACACTTCCGGCACAAAAACGAGTGATTATACCTGTCGATGTTTCTAA

TGTAGCTGAAATGGTCTTCGTACAGGTTTACGTACAGAGTAGTCGCGTGTTTCTCGAAACTTCGA

CGAACGAGTCTTGCTACTATTTCTCCTCCATTTCTCTCCTCCGATTCGGCTGTGTCGGCATCCCCG

GCTTCCTCGCTTTTTCCATCTCGTTCTACAAGTTCGTAAACCATGATGTTGATCTTAAACAGATCCT

CGATGTGATGAAGTTCACTCAGTTTAACTCCTTCGAAGTTGCTGCGAGATCGGGTTGTGTACTTT

TCGAACAGATTCAACGTAGCATTTTCGAGCGCCATTCGATGATGACCTTGGTGAAGGGCTATGC

AGCGAAATAAGCACAAATTGTCGGTGTAAAGTTTTTGAGTATTGGGGTTTTTCATGAGCGAAAC

GATGTTTTTGTTTTCTAGTACATAAGGTGGGAGGAAGGAACAGGTTCCGATGGGATGGTCTCGG

AGCTTGTATACAAAAAATGTCACGTTGCTAACAGCATCCACGATCCATTTGGAGTTGGGACGTTG

Development: doi:10.1242/dev.182139: Supplementary information
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TAGCTTAGCGTATTCCAATGGATCCAGCTCTTTCAAGGCTCTGAGAAAGGATTCGAACGTAGCAC

GATCCTTTATAAAAAATGGGGTTTCATAAAGTCTCGTGTTCCCAGATGAGT 

>eve 

GGTTGACATTTCAGTTTATTGAGAAATTCAAATACACATTCATTAATATTAGTGAACAACATGAAA

TAAATAATAATAAAACTCAGTCAATAATTACAACGGTTCTAAATAAGATCTCATATCACTATAAGAA

ATGTGTGCTTAACAGACTCGAATCAAATTACGGTTTGCTAACCATCCGTTTCACTATATCCGGCAA

GACTAAATAACATTAATTGGTTAACGGTATTTTAGGGGTAATCTTGTAGTTGCATTAATTCGTCATC

GACATTTAGGAGTTGTAACAACATGATCGGAAATGTAAATACAAATGTAAATACTCGTCATTGTGC

ATCAACTTAATTCATTACACTGTAACATCGTCATTACAATATTTATCAATTAAATATCAAATACTGTTT

TTTATGATACAAAACAGCTCGTCAGTTTCACTTTTTTTCACATGAACGTTTTAAAATTGGACTTAA

GTAACACGCAAATATGACACATTGAAAATTTCACAAGTAAATTACGATCATGAGTTTAGTGTAAC

GGGCAAGATGCCAGTGATTTTTCTGTCCACAAAGTTCTTTATTGAGATTCCTTTTCAAATTTACTC

AAAGGCAAGTCAAAGCAGTTTTTTCTTTCGTTTACACAAAGAATGTCCAGTAACGAAGATTCTT

GACTTAAAAGTTTCCTGGAATCGGCATTGGCATGTGATGGGCGGCCGGGTGATTATGCGTCGCG

GACAGTACGGCAGGGACGTGTACGATCGCCGGGTGTTCCGGCGCGCTGCAGCTCACGGGTACC

GACGAAGACGTGACGGGTGTGGTAGCCGTTGTCGGGACCGTACTGCCGGGAGACGAATGCCG

GTGGGGAGAGGAGCCGTGGGCGTGGTTGAGGTGATGGCAAGAGCACGGCGACTGTGTGGCT

GGTGGTGGCGGTGGGGGTGGTATATTCGATGGCAGAATCAACGATGCTCCTGTTCTGGCCGCC

GAGCTCATCAACAGATCTGCTGTTGGGTGTGCGGCAGCCGCGGCACCGGTCGGAAACGGTCTG

GCGTAAGGGTGCGTCAGTCCATGAAGAAGATCGGCACGGGAACGAAGGTGTAGCGAGTAGGC

GTCGGTGGGTACAGGGGCGGCTCCGGCTAAGGGGTGGTAGTACGTCAGCGGCGAAGGGGCG

TGGCAGGTGTAGGGAGGTAGGCGACCGGCGAGCATCAGCGAGTAGAGGTGGTGATCGAAGTG

GGCGTGGTGGGGCCAGGAACAGGCGGACATAGACATTCGTTGGCGCTTGTCCTTCATGCGGCG

ATTCTGGAACCACACCTTGATGGTTGTTTCTGGAAGATTCAGGGCCGTGGCAAGTTCGCATCGT

TTGGGGCGAGACACGTAGTTTTCGCGGGCAAACTCCTTCTCCAGACGACCGATCTGCTCTCGGG

TGAACGCGGTGCGGTAGCGGCGAACTTGCGACGGGTCGAGGGGGTCACCTCGTAGTGCCGAA

CTTGAAGGAGAAACTGGATCCTTCCCAAGTCCGCTGCCAAAGTCGCTGGCATCTTCTGGACAGC

TATCAGGCGATAGACGGTCGTCCCACTTAGCCTTGGGGCTGGTGTCCCGGGAATAGTCGTGAGC

GTCCCGCACGCTTTCGTGCAGTTCGTCGCTGCTCAAATGTTCGACTTTCATCGGCGGTGTCGGC

GAGCGGGAAAGTGGAATCTGACGGGCGTGGTGAAAATCGAGAGTCTGTGGTGTCGTGTGCGC

GGCTGGGAAGGAAAGCCCGGTGTGCCCAAGAGTTCCAGACGGGGTGGTGACTGGACAGTCCC

CGGCGAGAGCTCGACTCATGACCACGGCGGCCGCGGAAGATGTCTTGGGATTACTGTTGCTAG

TCACGCCAGCGTACGGCATGAAGAGTGTGTGATGCCGTACCTCGGAGGGAGGGATCGCTGGGC

TACCGACATTCGCTCCTGCTGGACTGATATTGTTGTTGGAGTCCTGTTGTTGTTGAGTGTCATTCG

TTGGTAACATGGTGAAACCTCTTTCCATGTTATGGACAGACCAGACGTTTTTACTTGTTCGGCTT

ACACCAACTTTCTTCCTTTAGATCGTCTCAAATCTAATCAAGTAACGAGTGTCGTCTGCAATATTTT

Development: doi:10.1242/dev.182139: Supplementary information
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ACCATGTGACCGTTGGGATGCAAAATGTCGGTGTCCTTTGGAAGTTATCTCTCGCAGAAACTGA

AGATAAAATTACTTGGAGATTAAAGAAAGTGTCCCTCTCACAACGAGATGAGAAGATGATGTTC

GTTTAAAACAATTCTAGAAAGTGTGCTCTTTCTAGTTCGGTCACACTATTTACGTGGTGATAATCA

ACGCCAGTCAGCCAACTTGCAAAATCAGTAGAACTTTATGATGTAGACCAGTCCACTTTCGAAG

AGGTAATCATCTGTAAGCGCAACACGAGAAGTGGAATATATTGGAGTTATCACTGCGAAGAAAA

TCACCAT 

>z185 

GGCCACTAGAATGATTCCATGGGAGACAAATGCATTTAAGAACCTGTCTATAGCAGCCACCTGTT

TATAAAGGCCACATTTTTGTTTCCCTTGGGTGGTCACGATAGTTCTATGGCATGTGACATGGAGA

ATCAATCTTTACACAAATTTAGAAACAAGATAAGTTGATTTTAAATTCTCCCAGTGTGAGGGCAA

AATATGCCAACAAATTATTTCCAAGAGAGTAACCTTATTTGTGGCAGTGCACTGAACACAGTTGA

TAATCTACAAGCCACCTAACTTCCGACAACCTGAACATAATATACTGGCATGTTGTTTATGGACCT

GCCATACTTTTTGTGTGAAATATCTTACATAACTTTTGTCTTACATTTTTCTCATTACATGCAATACC

CTGAAACTATCCATGTATTATCCATTAATAAAATGGGCTCAATATATTTTTCTTTCTTTTTATCATCTG

CAGGGTTCCCAGATTTTCATGGAAACTAAATTCTCTGATTTTTATCTGGTTTTTCCTAATGAAAGT

TAAAAATTCAATGATCATTATTTTGATCTACTTCTTGCTTTGCCTGTTTCTTTTTTTCTTGCCTCATAT

TCATGGTACAAACATAAGGAGAGAAAGTTGGACCAATGGATAAACAAAATTTTCCCTGAGTTGA

GGGAATTATGTCTCAACTTTTCCCTGACGGGAAACGGGGAAGTAATTATCCAGGTTTTCCCCCC

GATTTCCAAGTTGACAGGGAGCTCTGTGTCCAACATTAAGGAGCTGAATATGAACTACACTGTG

TTGGTTGGGCAATACTCCCTTAGTCACCAAAAACTATTGCCTAATGTAATGGTCAATAGTCTCTGA

ATGGTCTGCATATTTCACAGACTGCCGCACCAAACTTCAGACGTCTTTTTTTTTTCTGGAGACTTC

CAGCATCTGCAAACTGATCCTCATTCTTGGGCCAATTCTCCATCATCAACGGCAGCTGCATTTTCC

TCTGGCGCAGGAGTCACCTGCTCCTCCTCCTCCTGCACGACCAGCATCATTGGTTCTCCATCACT

CTGCTCCACCGATTCCTGCGCCATCACCATGGAAACGGTCTCGGTTGTGTCTGTCACCTCACCAG

CACTCGTAGTGACTATTGCGATCTGCTCCTCTTGACTGTCCATGGTTTCTGATGTGGCGACAATCA

TGCCGTTCTCGGTTGCCAACGCACCGTTTCCGGCAGCCAGAGCAATCTGATGAGCCTCTTCCGA

TGTGATGGCCGTGACGGAGCCATCTGGCTGGGTCGCGAGATTGACGACGACGATGCTGGTTTC

ACCGTTTTCGTTCTGCAGAGTGGCCTGCATGGTTGAAACACCATCTTCACCAGCAGGATGTAAA

ATGACCTGAGCGTTCTCCGCAGCCAGCTGCTGCAGCACGAGGGCGGCCTGCTCGCTGGTGGCG

CCCTCCATGGTGATCTGTGTGCTGTTGACTCCCTGTTGGAGCAGGGCCTCGGCTTGCTCGCTGG

CGGCCTGCAGCAGAATCTGGGTGGCTTCTGGGAGAGTGCCCTCAGAGCTGTTGGGCATGCCTG

AAGCGGCCTGCACCTGGGCGACGGCTTCCTGCATAGCGGCTGAGGCAGAGTTTGTGGCGAATG

TGGTGCCATCGGCAAACTGTAGCAACTGCGTGCCCTGAATTTCACCCGACATAGCCTGCTGGGC

AGCCTGTTGTACAATGTCGTTTGTAGATGTTACTGGGACGACCACACCAGCGCCATCTACTGTCA

CCTCAACAGGAATATTTTGCATGTTTTCCAAGGCCACCAGTGCCTCGGCAGTCATATCCCCCTCC

GCCAGGGTGGGGTCTGGTTCAATGACCACCACAACATTCTGACCTTGTATTTTCACCGGCTTCTC

Development: doi:10.1242/dev.182139: Supplementary information
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CATTGGCCATGGTACTTTGATGGTAACAGTCTCCTCTATAGGGGGCGCCATCTCAATCTGTTCTCC

CCGCAGGACGTGCCGCTTCTCGTGACCCTTCAAGTAGTCGCTGCGAGTGAAGCAGTTACTGCAG

TACCGACATCTGTACAGCTTGGCACCAGTATGAAATATCAAATGCCTCTTGTAATCGATGACGGCC

ACAAAGCGCTTGTTGCAGCCAGGCTTGGGACAGATGTACGGGGCTTCGTTGCGGTGCCTCCTC

TCGTGATAGGAGCGCGAACTACGCCGACTGAAGGTCGCCGTACAGAAACGACACTGGAGCTTC

TCCTTGCCAGCATCAGTGTGGGCTTCCAATTTGTGATCCTTCAGTTCTGGCCTCGTCTTGAAGGC

TCGGCCACACTCATCGCAGAGTTCATTCTTCTCAGTGCTGTGCGTCTTAAGATGCTCACGAAGCT

TGCCGATCTTCACCCACGTCTTGCCACAAATCTCGCAGGCAAATGGTTTTTCCAAGGTGTGCCTA

AGGGCATAGTGATAGTTTAGAGAGGCCACCGATGTGTAGGCTTTGCTGCAAGTTTCCACCGGAC

ACTTGTAGATGTGGCAGGGATCCAAGCCATGAAAGTTCTCCAGGTGGGAAGCTCTCTCCTCTTT

CGTCTCAAATGTGTCTAGACAGTCATCGGCAGTACACTGGTAGCGGCTCTTTCCCTCGTGTGCCC

GAATGGTGTGATTCTCCAGACCCTGTTCCATGGTGAATGTCTTCTCACAAAACTTGCACTTCACCT

GGACTGGACCTTTTGGTGGAGGTTCTGCATTATTGGCTTTTCTAACATGCCTCTCAAGATGAATG

GGCGATCTGAAAGCTCTCTTGCAAACATCACAACGGAATTTCTCCGACATGGTCTGCTCACGTTT

GGATAAATCCGGATGTGCAGTGTTCAAGTGATTGTTGTACGTCATCAAGAACCGGAAAGCCTCG

TCGCACAGATTGCATATAAGATATTGCAGTTTGGGGTTCTCATGCTGCTCCCTGTGCAGATCAAAC

CAAGTTTGCGTTGGGAAGATGTTATTACAGGTTTCACAGGTGAATGGATACTTTTCCGGATCTTC

GGGGGTGGGCTTACACTCTGGGGGCGGGGGCAAGGCTTGGCGTGCCAACCTTGCCGGGAAAT

CTTCATCCTCGTTGTAGCGCCGCCTTTTTCGTCTGCGGCCACGCTTCTTCCGTGGTATCGGTGGA

CGTCCATCCTTGCGCGGCCGTCCCCGGGGTCTCTTCACGCCAGTCGGCCACGCAGGGGTGGCT

GTCACTTCGGGAACAGGAGCAAGCTGTTCTTGTCCCTCTTCCCCCATGATCATATGCTCTCCATCT

GCTTGTTCATTCACCATATCTTCGGTTAACACCGGTATACCGGGGTCCTCCCCCTCCCCACCAATC

TGCCAGTTATCCGCATCCATGGACTCTTCAGTTTGCACCTCGGCTAATTCTCTTTCTTCTTCTTCCT

CGTCATCACTGTCATCTAGTCTCTCTCCTGCCACACTCTTGACAATACCACACGACTGTCTGTGCT

GCATAAACAGGACCGAGGACAAGAACTTCTGTCCGCACACAACGCACTTCCTGCTTCGGCCTG

GAGTAAACCCAGTGTCTCCTAATTCCTTTGCCAGTTGCTCCCTCTTGGCCATTTCTTCTTGATGCT

TTTTCTTCTTTTCCGCCTCTGCTTCTGCTAGCTGCTCTGGGGTGAGCTTAATCTTCCTGGGGCGTC

CTCTTCTCCTCTTATTTGGATCTGGCGGGGGTGGGGGAGGAGCCTCCTCCTCCTTCAATCCCAGA

ATACCATGTTCCATGCCCTTTGATACATCCTTTGTCACCTCAAAGTAGAAGACTTTCCCCTGTTGC

ACGAGCATAAGCGTCTGCTCCTCTTTGTTTGTGGTGGTCTTGACAAACCGCAACCATCCGGGTAT

GGAGAAATCATTGCTGTCCAGTTGGTAGCATGTCGCACCGTCATCTGAAAATATCTTCCATGATCC

CATATCCACCTCCTCAGATGGGTCAATGTTCGACACCCTGGCCTTGAATGGTCCATAGCGGTGAC

CTTCACTGAGGGCCTGCTTAGCATAAACCTTCACACTTGCTTCTTCAGATGACGCCATCTTCGTAA

TGTAATTGACCCAGAA 

>krl-like2 
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GCAGACGACATCGCGTCACTTGCCAGTTGTGAACTGGTTGACGTCGCCTCCATCGGTACTACCA

GCTAAGCGACGACGAATTGCAATGGGCAATGATATCGTGAATGTGCCTGACAAGACGTCCCCCG

AACCCAAACTACCACACAATTGCCTCTACTGTCCAAAGCGATTCGCTGTCGCTACCAATTGTGCCT

GTCACATGCGGACACACACCGGAGTTCGTCGCCACAAGTGTCCATTCTGCCCGAAAGACTTCGC

CCATCGGAGATCGTTACGCAGGCACTTACGCACACATACAGGGGAGCGCCCGTATTTCTGCGAA

GAATGCAACAGTCGGTTTGGAGACTTGTCGACGCTGATCAAACATCGTCGTACGCACACCG 

>hesA 

ATGATATACAAACATATCGCCTCGAGTCAACGAAACGCAACAATTACATAATACTATGAATCCGTG

AAAATGCATACAAAACAGTATAAAAACCAGTTCATACATCAGTATCTAAACAAGTTACTTTCAAAA

AACAACTACGGTATAAAATGATTTGGTCAGTAGCTGTACTGGGATGAAAATATGTTAAATATCACA

GTATGAACACATCAACTTGCATATTTTTTTGTTTACATAAAAGGCACTTGTTCTTACAAGATGAAG

TTAAGTTCAACACGAAATTTCAGTAGCAATACAAAATCATCACTGCAACCACACACGTTATACCGT

GTAACTTGTAACTTTAGAAAACCGCTGTTTAACTTTTTGACATTTGTGCTTGTCAAATGCCAACTT

TACATGCATGCATCACACACAGCAAAGACTTTAACAAACGAGGCAAACACGGAATACTCTGTTG

TCCATTTTTTGCCCCCAAAACACGAAGGAATGTCAAAACAATTTTACATGCAAGCCATTGACGTC

ATAAATACACGAACTAGTCTTGTTTCAAAGTACGACACACACTATGTCAAGGCACCTGATGAACT

CTAATCAAAACATGATTAACATTATTGTATGTGGTTGTTTTTGGAGGGCGGAATGTACAATCTTTG

GTCCATATTATCAGCCAACATATTACATAGATCATGAAGAGCAATAAAACGAATGTCTTGGCGACA

TATAGTCAAGCTTACTTTTGCAAAAATAGTACTTGAAGGTTTGATATAAATAAATGGAATACAACT

GTTCTGAATACAAAGGATTGACAGGTAGATGTTACATGACGAAAAACAAGTCCATCCGTCTTAAA

TTGTCTTTGAAATGTTGGAGGTTAACTTCCCGCCATTTTCAGAGTTATTCGTGGTGGCTCCATGG

TCGCCAGACGGGCTCTTGTTCTACAGGCACTTGCACGGCGTTGACGGGTTGGAGTACCGTTTTG

GGCGGGCTCACGGGTTCAGGGACAGTTTGATACGCGATCTTCGTGTGTCGCATGACGGGCGTC

ACCGTCTGCATATTGGGTGCTGGGACTGTGACTACGGTGGGTGCTTGCACGGTTGCGATAGAAG

GGGAGATTTGCTGCGGCGATACCGTCTGCGGCTGTGCTACTGCGGACGGAAAATGCACCTGAG

CGTACGCTTTGGGCGATTCGGCCGAAACTGGTCCTTGAGAAGCCGATGATAGTGTTGGTGAGG

ACAAAACGGGTGCACTCTGGGCGTAGACGGGAATAAAATGACTCGGCAGCTGACCGCCAGGA

AGAGCTTGAGGTGGCAGGACAAGAGTGATCTCGCCTGTGGGTAACGTTCCCGGAATTCCGAGC

GGGATTCCCGACACTACTTGCGTGGGCGTAGCAACATTGTTTGTGATATGGCTGACGGGTTCCA

CTTTGGTTTGCATGTATTGTTGCACCGTTGACGGGCTGACGTTGGAGGTCGTCGTAGCTGCCGC

CGACGAAGTCGCCGCTGGAGAAATCTGTACCCTGATTGGCTGCGAAATGGATGACGTAGTAGTG

ACGGCCGCTGACGCAATCGCGGGTGCGGGCGTGGAGACTGGATTAGAGTAGCTCACCGTCGTC

GTTTGACTTGCATGAATTGCTGCGATCGGGTGAACAGAGACCGGTGTTGTAGGTGGCGATGGTT

GCGTCGTGGTGGTAGGGTTTGAAGGTGGGTTGCAGCAATTGGCTAGATGATTTATAAGTTGCAT

ACGCATGTCCGTGCTAGCCACACTTTCGACGTTGGTAAAGAAGCGGGCGACCTCGTGAATACAT

TCACTGTAACCTTGACGGAAGCGACTGGGGTCGGTCGATAGAGGACCTGATAGATGATTTCTCT
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GAAGGGTCCTGAGATGTTTGACCGTCATTTCAAGGATGTCAGCTTTCTCCAACTTCGAATGACG

AGAGCTATCTTTATTTGTAGCTTCTAATATAAGAGACTTCAGTTGACCAAGGCTTTCGTTGATTCG

TGCTCGTCTTCTTTTTTCCATGAGTGGCTTGGACGACTTTCGTCCTTCGTGTATCTTTGGTTTAGT

GTCCACAGGCATCTTGGTGTGGTATACTTCACAGTTAGGCATCCAGAATTGGTATAAATCACAAA

GTTATGGAAGAGCGAAACAAACTTTTTACACAAGTCAACAGCAGACGACTACTGCAGAAGAGG

CAGGCACAGGTAAAGCGATCAAACACAGAGTACGGAGCGTGTCGTGGATACCGCCTGAAGTGC

GCAACAGTTTGATCAATAACTGAAGGAATGTTCAGGGGTCGTGCGGAGATAAGTAACTTCTTGC

CCTCTCGAGTCGCGGACCTGTCGTGTGAATCGCAATTTCAGGATTTTCCCACAGCCGACTAACAC

GGTCTACAAAGCTTTGAATTGACATTCCTGGACATAACAATTGGTTGACATGCCTCGTGTATTTAC

CAAGTCTCGCGACCCAAAGTCACTCGCAGTGCTCGGAATCGCGCTCGCTGATTGGCTTACGGGC

AGCAATGCCGTCCGCAGTTATTGGACAGTCGCGTGCGTGACGTAAGGCCATCGCCGT 

>soxC 

GAGAAATTCTTGGCGAGAGAAGTTGAATGATTCATCGCTCGTTACACAGTCAAACTAAGCCCAC

GCGGGTTATGTTTGTGTGCTACGTATCATTTGACTACGGTTCGATTTCACCTGGCAGATTTTAACT

TCAAATCTTCATCTCCCTCTCTGTGGATTATTTATACCTGTTCAACGTTATTTTCTTTTGATGAACTG

TTTTATTCACCATGGTTCCTCAAACCCTTACGAACGGCCTGATCATGCAGCAATCGCAGGGTCCC

AATTCCCCCACGGACAGCCTGCACAGCAATCCGGACGATCTGAAGCGGTCAACGCTGGACATA

GCTGAGGACATTTGCCAAACCAACTGGCGAGGTAACAATGGACACATAAAGCGGCCCATGAAC

GCCTTCATGGTGTGGTCGCAGATCGAGAGGAGAAAAATCATGGAGACGCAACCCGATATGCATA

ACGCCGAGATCTCGAAGCGGCTGGGTCGCCGGTGGAAGACGCTGGACGATGTGCAGAAAGCC

CCGTTTGTGGAGGAGGCGGAGAGGTTGCGACTCCTACATATGGCCGAGTACCCCGACTACAAG

TACAGGCCACGAAAGAAGTCCAAGCCCGCGACTAAAGCTGAGCAGGCGACGAAAACTAGCAA

CGGCGGGTCCAAGGCGAAAACTAATCGACCCAAAACGGCATCGTCTGCACCGAAGGTGGCCAA

ACCGACCAGCCAGCATCATCACCACGTCCAGTCCGGGCGCGTGGAGAAAATCCCTAAGCTGAA

ACTCACCATTGACAAGAAGTTTCGAGATAGCATCAAAGCGAGTAAGATTGTGGAGCTAGCACCC

AGTCAACTGACGCCACCCGCTAAGGTTCCGGCCAGCCCGACGGGCTCCAGCACGGACCCCAGC

CCGGAGCAGAGCCTGTATGAGGATTACTCCGTCCCGCAGCCCTACGACATCAAACAGTGTGATT

ACGGCGTGCCGTGTGGGGCCACAACAACGACATGTTCGAGTCCTGCCTCCTCGGACATTTCTCA

ACAATCGTCCATGTCTACCAACTCGTCGACGTCAGCGATGTCGACAGCGTCGTCGTATGCACCCA

GCACCACGACATCACTTGAGGACTTTGTGTTTCCCGGTGGCCTCACCGGTTTAGAGTTCAGTAA

TTTCACATTCGGGTCATTACCAGACGACCTGAGCCCCCTCGATTCGTGTGGCAGCAACGGCAGT

CATTTCGAATTCCCCGATTACACGACACCCGAGGTAAGCGAACTCATAGATTCGGACTGGCTTAG

CCTGGCCTCGATGGTTTCGGCATATTCGAATTAAATTTTGCAACATGAACTACAGACTGAAAACA

AAAACAATCCTGCCGAAAAGTGACATTTTCACAACTTTTCAGAAATCAGGTTGATCGCTTCCCAT

TCCAATTTTACTCGAACATCGGCTGCAGGTTGGCAGACGTTCGATAAAAACCAATTCATACAGAG

TCGGAACTGTATTTCCTGTGTAAAATGTACTGTGACTTTGCAAATGGCCTTATACAAAATAAGCGC
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AAACTGGGTTTCAGAAATAAACCCTAATACCTGTCTTGATTGTTATATGCATCGCACGCCAACATC

GTTACCGAGTGACTTTTTTCCATTAAATCGTTTTCATCTATAATTTATCGGGACTCTTCGCTGCCGT

TTTGGAGAAACCTTCACGAGAGAACGTGTTCCGAGTTGCCTGTATCCCACAGGAGGCCTCATTT

CAGGATCCTTGAACCGGCACGCGAATCGAGAACTGAATTTACAACGCATTCGACCTTGATGACC

TCTGCGAACTCTGTGTGTATACCAATGAACAATTCAAATAATCGCGCCAAGGACTTGTCGTCTGCT

GTTGTTATGTGTATTCAAGCACTGAATTCAGTATGTGCACTGTTTACTTATTGTGAATTCCGAATCA

ATTCTCTTTTGTAACACTCGTTATGGGTCTAGATTGTATCCGGACCGATTATTTCAGACAATTTGTT

TTCTTGTCGATGTTATTTTTCTATCGAACTGTAATGTTAAAAAAATAACATTTTGAACCACAAATTC

TGTCAGCACTTGGAATATTCCGAATTGTTACATTCTTATAGCACGTATTAATATTTATATTATTTATGC

AAAGATTTTTGTAAATTAATCACTAGTATGTACGTGTGTACTTTGTGAAATGCTATAGTCGTTCGCA

TACTTGTAGAAAAGTGTGTATTGCGATAGCCAGAAGTTTTTATTTCATGCTGACTGTCTTCATGTT

TGTGCAGTTTTCTTTCTTGAACGCTCTCAGAGAAATTGGAAAATTATTTTGCAAAAACGAGTATA

CAGATTGAGATAAGATTATTACCAGAGAAAGGCTAACTTCACTTTGATTAGAAAACCATTATATAT

TACACGGGCGGTGTACAGAATTCCACGGTTTTTTATTCAAATTGAAGGTATTTTGTAAGAGATTA

TTGGAGAGAGATTATTAACGCTTTTGTACATGAGTAGATGTCTATATTATATATTCCTTTGTCTATTT

TGTAAATAGAGATGCTTATCTAACCTATTTCTAAATTGTACTCGAGCTTTTTTTAAACAAAACTATT

TTGTAGCATAAATACAAATACATTACGGAGAAAAAAAATATTTGCTATGGGTTACGTTTAGCATCG

CCTGCACGTATGATGTCTCAAAGATTTTAGAGTTGCGATCTTGCTATCACTCGGTCTCGTTTTACC

ATTTAACCTCAGTAAATACAAGTTGAAATCGATGCACGAGCTTTTGACCAAGCTGTGTCCGTTAA

CTTATTTCCCGACCCCTTTAAGCTTTTAAACTGTCTGAACTTGGTATTGTGCATTGAAACAATATTA

CTGTGACTACATCGCAGTGAAGTTTGTACATGCTTATTGAAACTTGTATAAAATCTTGTGACTTCC

AGAGACGAAATTGATCGTCTTGCTTCCAAGCTAAAAAAAAAGTTGTACAGAAACGTATAGTTTCT

GGAGAAAACAATGTCTGAGGAGTTGAACGTACGAGAAGTACGAGACCATATAAACGTGCTCGT

AATTTTATTGTATGTTATTTACTTAAAATGTAATTTTCCTAATGATATTTGTAATATATTTTTGAGCAT

ACTTCGTTTGATACAGACTTTGTTACTCGTAACTTAAAAAAGTGAGAAAAATACAAAAACAAAAA

TATACATTTCCAGAAATGAAATTTTGGCGTGACGTGGAAATTATTTTTCTCAACGTCTGTGTTAGA

TGAGAGAACCTGTGATATACAGTGTACGCACATCGGAAATGTGGAAGTGAGCTCGTGATATTAC

GGCGTGGTGGTGGTGTATCTGTGCTGTCTGTCGTATGTTCGTGCAGGGAAGTCTGAGAGAGAG

AGCATGGTGTTCATGCACGTGAGATGAGGAACTTGCCATTTTGCCAACAGCATTTTACTGTGTAC

TAATATATAGGGTACCACTCACATTTTGGGTAAAACCAAGGCATTTCTGGGGGTGGGGTTACGG

GTGTATGAAATAGCTTGTCTTGTGGTAATGTACAGATGATTTTATTTTCAGACCCTCCCGTGAAGA

CTAGGTGGTATGGACTACAGTCTATAGTGTGTTTGCGTGATGATTGCGCGTCTTGTGTAGGAAAT

GGTATCGATGTGATCTACGTGGATTTGATGTTTTCGTGTGTAAATTTGGTATGTAGAATATGGTAA

AGGCACTGTAATCTATGTGAATTGGATGTTTTCGTGTGTAAATTTGG 
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ATGGCGTATACGTTGCGCGTGATACAATTCAACTGTCTGCTGGTCGACGAAGCTTTGCACTGAGA

TAGGCGAACGATACATTGTTAGTGCGACCCGGTTGGACACCTGTACTGTATTGTCTACAATAAATA

CACCCTCCGTAACTATTGATTATTACAAAAGACCACAACTTGGACTAACCCGGGGCTTCAGTTTG

TCCCCACCCTCCCTTTTTCTTTCTCTCTTTTGGATGTGACGCTCATATACCGTACAGCTACCCTTCA

ATGTCTATACAGTCTCCGAACACTTAATGTGAAGGGCGCATTATTTGCATTATTAAGTCTAATCGTC

GGGAATCTCATTAAAACGTCAGCGACTTGTGAGGAGGCAAATCATTCGACACCCGGACGGCCA

AGCGATCTGGTACTCCACAAGTACATCTTTCGCGCCACTTTTTAACTTTATTTATCGTCTGCCAAAT

ACCACTGCGACAAAAAAATGTTATTTTTTCCTCTTTCATCATCAATCCGGTAAAAATATATCGTAAA

TCAGTTTCATTTTGGATATCGCAGAAAATTATATTGAATTTCTTGCTTGAACGTCTGGTAGTGGAA

AACTTCTCCTCATCATACAGTTCTTTCTTGGAAATTTCTCTGATTTTAGAAATAGCAATGCCACGTT

CTTTTTTGAAAACTGTTAAGACGGCTACCAAAAAGTCCCAGCGGTATGGCTTACTGTCAACCCCT

GGACTACAGGAAATCATGCCGGCGGACACGGCGGCAACCGCTGCTACCGAGCCGAGGATAGG

CAGTGCTTTTACCCCAGTAACACCCAAGAAAAAAGAACAAGTCGACTTTCGGTGTGCCACCGA

GAGCGACATTGCCATGAACCGCCGACGACTCATGCTCGCCCAATCGCGTTTCGCCTTCGACGAT

TCGGCCGCGGCGGCCGTGCCGACAAAACAGCACAGCCCGACACTGAGTATAGAACAACGGCT

GGCCGATCTGACCTCCCCTCGACGCCACCCCGGACTCCCCATCGCCAGCACTGCGGGTAGCCCC

CTGCCTGGCCGACCCTCGTCGGCCGATGCCCCAGCGTCATCGATGCCGCTGACGTTGACCGTTC

CCAAGGTGCACGGAAGCCCAAGAATCAGGCCGGAAGTGGCGCCGCTTAGGTTGATGGATGTT

GGAGTCGCGGCTGCATCCGGGTACAGATTCCAAGGCGAGATATCGAGTTATGACATCCCGTCAC

CTCCATCTAACGGTTTTATCAGTCGAGAAATGACGGAGTTATTAAAAGACGGCCGGCTAAGTTAC

ACCGATGTCTACCGAGCCCGCTTCGCCCAACTGGAGAAGGACATCGTCGGCACGCTATCCCCCG

AAGATCTCCGGTGGTACAACGCCAAGGTGGGTCTCGCCATCCCAAATTTCGCCTCCTACCGGCC

ACCCTACGGAATCATGCACGACAACTGCATGCGGGGTTCGGCGGCGGTTCGCGACATGAGTAT

GACTTCGGTGCGGTTGTCGCCCAGCGGTGTTCGCATACCCGATCGTCTCCAACGACTCTCGCCC

GACGTCGACGATGTCGGTGACGAGAAACTTCTTGATTCGCCACCGCCTTCGCACCACGGGACCT

ACAACTGTTTGGACTGCGGAAAGGTGTTCAGTACACCTCACGGACTCGAGGTCCACGTGCGGA

GGTCGCATAGCGGCAAGAGGCCGTTTGCCTGCGATCTCTGTCACAAAACTTTCGGACACGCTGT

CAGTTTGAGTCAACACCGAGCCGTCCACTCGCAGGAGAGATCGTTTCAGTGTAAGCAGTGCGG

GAAGACGTTCAAGCGGTCGTCCACGCTATCGACACACATGCTGATCCACTCCGATACCCGACCTT

ACCCGTGCCAGTACTGCGGGAAGAGATTTCACCAGAAATCGGACATGAAGAAACATACCTACAT

ACATACAGGTGAAAAGCCACACAAATGTCTGGTCTGCGGAAAAGCCTTCAGCCAGTCCTCGAAT

CTCATCACCCACAGTCGTAAGCACACCGGTTACAAGCCTTTCGGTTGTAAGATCTGCGGGCGGG

CCTTCCAGCGCAAAGTCGACCTCAGGCGCCATTTTGAGACGCAGCACCCGGAACAGGACAAGT

CGCAGGCGATTCACCCGTTGGTGCCCCGCCGTAACACCCCGACGAGTGTGGGGTCAACGCCCG

TACCGGTTCCTCCGCACCACGGACCCGGGATGCATATCGGCGTGCCCATGATGGCGATTTGAGG

AACGCAAAGACTCTTAACCCAGTCAGTACCTTCTCCAGAACGTCACATGCAAAGCCGGTGGAGT
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TTTCATGTAAAGAAACTGAGAGGGTTATACCACTGAGACATGAAGTGGAACAAGGAAGAGACA

AGTCCGTGAAAACGCGGTGAGAGCGCGTCCGTGGAAGCGGATTAATTAAATTAAACGACAAGA

GACAATCAGCGTATCTCCCATTTTCATGTGAAATGTTTCATATTTTCACATTTCGATGACCGAAAA

GGCTAACAGGATCTTGTGAAAGACAGAAACCTTAGGAGCGTGAACGACAATCAATTAAAAATG

ACAATCTGGTATTGAGATGGAAATCTACAACAGGCATCAAACATTCTAATCAAACGGTTGTCTAAT

ATACAATCCAATGACATTCCTCGTTATAAAATGCGATGCACTACCATCCAATGACATTCCTTGTTAT

TTATTAGATGTACTATCATCCAATAACATTCCTTGTTACTAACAGCTGTAACATCATCCAGTCACGTT

ATGTTTATTGTAGAAACTTTTAAAATTAAACTTTGACCTCGACTTAGAGCCATGATTCCATGGTATT

TTGCAATCGGCCGACAAAGTGCAACCATTGTAAGTGTATAGATCAGTTAATTTGTGATAAACACT

AACATTTATGCAAAAATATTTTATTTTAGATGAATCATTAATAACTTAGAAAATGTTTTGAAATATCA

CACCTTACACGATTGTTAGTGAAACTGCCAGTACATGTGGTTTTCTTCTGAGGTATAGGTGATTTT

TTTTATATCAAACTGAAAACTACTTCCTTAATTGGCAGTTGCTATAAATAATTTGCTTAAACATGAT

TATGAATCATAAACTGATTGATCATGTATTACAAATTATCTCGGGATAATAAATAAATATTAATAATG

TGACAAAACATTTATGTTTGCATATTTACTAGACTCCCGATATAACATAATTGTGTGATATTAATACG

AAATGAAACACGACATTTTAACAAAGCAATACTTAAGTCATTTAAGCTAGCGAACAAAAAAAAA

AGAAATTAAATTTGAATCGTTTTTAATCAACTAAAATACCTTTAGCTCATTTGAAAGATTGTACGG

AACTATCTATTAGAACAGTTTTTCCTTTATATTTTTTGTGCTAAACCAACCACTCGTCCATGCATATC

CACGTTTCTATAAAGATGAAACTATTGTATAAAAACCATGTTTCTTAAACTGACTGTTTCCTGTTTA

TTTTCAGTGAAAAGACAATATAATTGAAGTAAATTTACGATGTGTTAACTTCGCACGTTTCTTGTT

GCTTTCTGATGTATCTTTTAAGATATAAGTTAATATTGTGCTCTTCATTTTTCAAATGTAATTCTCTC

ATGGAACTGAAATGATTATAACATAAATTATTACTGCTTTCTCTTTGTCTTTGACAAACAAAATTCG

TGAAAGTCCAAAAGAGTGAGTTTGCTGTAATATGTGATTATACATCTTGAAGTGGCGATGATTTC

ATGACAATTGTATAAATTTTATATACCAAAATTTAGAGTAGAATATTTCGCCAATCTAAAGATACGG

TAATTTTTGTTTGCGAAGTGAATTCTAAATATATAAATGTATTATATCATGGGTGTCTGTGTATATATC

TGATTGTGTGATTTTTGTAACCCAAAGAGTGCAGAGGAAAAATGTCGATTATGAATAAATTTGAA

GAAACTGAAAGATAGAAAACTACTGTTGTGATCGAGTTTGTTTGTTTTTTAAATTAATTTTTGTAC

GTTCTGTTGATTTTATGTGGACCAAATATTTCGATGTTTTGATTTCCTTGGTCATTATACCAATGTA

GTGTTTTAGTTCTCCACAAATACAATACCTACAGTTACA 

>foxA 

GTCAATCTTGTCGCACACGGGTCGCTTTGATTTGCTCCGTACAATCAGTGGGCGTGGCGTATTAA

TTAGCTGGCGGTGGAGCATATTTACATAGGTCAGGCAAGCAAACTCGAGGTTCACAGTCTCTCT

TGCATGTTTGGAGTGGCTATGACAGTTTGAACACACCACTTTACCACACGCACACGCGTACACA

ACAGTCCGGGCCGACAGTATATACATTCGTAGAGATATATACACACATACACACTCAGCACGCAC

GCGGGTGAGAAACAACGTGAGCAAACTTGTTTTCTTCGTCAAATCGGGCCTTTTTAACTTGTCA

TCGTGGAGTTCAAGGGGGAACCCATGGCAAATAGCGCCATGATTTCACCCAAGCCTGGGTATCC

AGCGGCCTCGCCGGTCACCATGAATACGATGACCAGTATGGCGGGGATGGGGTCCATGTCGTCG
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ATGAACAGCTATGCCAGCTCGATGAGTGCGTCGGGGATGCCGGCCAGCGCCATCTCCAGCATGT

CGACGATGTCCAGTATGTCTGGTATGGGCATGAATGCAGGAATGGGAGGCATGGGGCAACATAC

CATGAACAGTATGGGCGGAATGAACTCTATGGGCTCCATTAATGGCATGAATTCGGCCATGGGA

GCCATGAACAATCCTGCTGCGATGTCGATGAGGTACGCCCAGGCGCAGGCCGCCAACTCCATTG

ACCGTATCCGTGCCGACAAAACTTACCGGCGATCCTACACTCATGCCAAACCTCCTTATTCCTACA

TCTCCCTCATCACCATGGCCATCCAACAATCACCTCAAAAGATGGTCACTTTGAGCGACATCTACC

AATTTATCATGGACTTGTTTCCCTTTTATCGCCAAAATCAACAACGGTGGCAAAATTCGATTCGAC

ATAGTTTGTCCTTCAATGACTGTTTTGTAAAGGTACCGAGAACGCCAGATCGACCAGGAAAGGG

CAGTTTTTGGACTCTGCATCCTGATGCCGGTAATATGTTTGAGAATGGATGTTATTTGCGTCGCCA

AAAACGCTTCAAATGTCCCAAAAAGGAGGCTCAACGTCAGGCACAAAAAGCGGCAGGTGAGG

ACGGTCAGCCCGGGGAAGGCCACAACGGCGAACCCAACACGACGGGGGCATCTACACCGGTC

TCACACCCCACGCCCACCGATTCCGTAGCGTCAGAAACATCTCTTCCCAACCAGAATCAGCAGCT

CGAGCACCCGCAACAAGTACCAACCCCACAACACCAGCACCAACCTACCACGCTGCATAAGTTA

GAAAACCACCAGTTGTCGCCGCCACACACCATGAGCAGCTACGTGAACCCGTCGCGACCCATCG

CCTACCCGGCCGCCGCGGCGTCCATGGGCATGTCGGGCATGACGAGCATGCATCCAGCGAGTAT

GTTGGGCCAACATCCGTCGTTCACGCATACCCACCCGTTTTCCATCAATAGCATCATTTCACCTGA

ACATAAACTGGACATGAAGGCCTACGAGGCTATGGGTTATGCTCCATACAACTCAATGTCAGGGA

TGCCCACTCAAATGGCTAAACCATCAATGGACTATAACTCACCCATGGGTACGGGGGAGGCAAC

ATACAGCCAACTCACTACAGCACAAACAAATCACGCGCTGTGATGTGATCAGAACACTGAAACT

GGTATGTCACCTTAAAACATCTTTTGTAATATCAGATATGTACGTATCTTCCTTGAGAAACATTTGA

TATGTGCTTACGATGAATGTTGTGGATCTCGAAGATGTTGGAAGGCAGGAGGAACCACTGAGGT

TAATACTCGGTGAAGTCTGGTGTCATCGACAATCACATTATGTGCAAATTTAATCATGTCTAAAAG

AGAGCTTTAAATACTTTTATGCGTTTTCCATAACTTATCAATTGTTGAAATCACTCGAATGAAATGT

AATATGTTTAATTCTGAAATCAAATCGAACTTTGAGCAATGTAATAAAACAGATAAAAACAGAATT

TAGGACAGAAAAGGGTACGTTGAGATTCTGACAATTTGCTTTGTCTCACATCAGGGGATTTGTT

GATATTTATTTATTTGATATTGGTACATATTAGTTTAGAGTTTGTCTATATATTTTAGATAGGGTTAG

AATACAAACACAACCAATGAGCCCACTATAAACCATCCACGCTTTAATTCTGCTAGTAAACCTTGG

ATACAAACTGTGTATTCATACCGCATTTCTTGTTCATTTTCATCTGTTTATTTTAGTTTCCCATATAA

GCATTACTTTTGCGTTTTATGCAATGATCATACAACATGTACAGTATCAACCCGTCATGCATGTATA

CCTTTGTTAACTGTTTGTATAAATTTGCTCAACCCATTTCAATGATTCAGATATGATTTGAAAACCG

AAACAAAAAGTTGAAAATTTGTAATTATCAACATTTTGATTAAGGTGTTTCACCAAAGTGCCAAA

TGCAATATTCATATTTAAAGAAGTTTGGTAGGTTTAAAAGTAGTATGTATTTTTCGTCTTTTTGTAG

TAAGCGTTCGTGTCAAATAATGTAAGTATTCAAACATTTTTAATGTCAACCGAGATAATTTCTCGTA

TCCATTTTGATACAAAGTTACAAAGAACAACATAATTCAAATAAAACGTGTCAATGCTATTTAAAA

CAGACCAGCTATAAGATTTATATTTATATATAGTTCGGATATTTAAGCAATGAATTGCTCATTTAATG

ACCCGAAGATACTTAAGAACCGAGTGTAAGGATGATTTGTTATCATTTCATATGCGTTGCATCTTT
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ATTTTTCGTTGCACAACTCTTTTTGTTTATACCTTAATCTGTATATTGTCGGTCATACTTTCATGACA

TTTTGCATGTTACGTCAGATCGAGAGAAATTGATTCTATACGGAACGTATTGGTTCTTTCAATAAA

AAAAACAAAAATATTCAATGAAATATATTTTCTGTTGCATTGATGTTATATTCTCATGATATATGAAT

GGAAATATTTGTTGGTGCACT 
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TAATCGTACAGCTGCTATCACAGCGTAGGCTATTTCGGGAATTTTATATGTTCACGACCATATTCTG

TAGAGGTCATTCTGTCTCGTTCGTGTGTTGAGACTCAGTTGGAATTATCGTGTGGACTTGAACAT

TTTCCTGTCTTGTAACCATATTTTACTTCGGAATTCCGAAAGGAGCTTGTGCAGTGCAGCCCTTTT

TGGAATAATATCAGGAATATATTCTCCAAATTCCCGTTCCCTCATCAACCACCACGGAATCGCAAA

TTCAAAATGGCTCATATTTTGGATACGGACTTCGACCCTTTCAAGCAGTGTTTCGTAGACAACAG

CGATGTCGAGTTCTACGGATCGAGCGCCTCGCCCAACGCGACGACGCCCAGCGAAGACATCTG

GAAAAAGTTCGACGAGGACTTGGACCTGTCTTGCTTTCCTACCCCACCGCTCAGCCCAACCCAC

CCCAGCAGTGACGGGGAGGATAGCGGTGGCGGAGGGGGGTGTCTGGCCATGTCGAGCTCATT

CACCGAGAAGTTATTGCGGGTCTCTGAACTCCTAGATGATGAACCTGCATGGATGACACAAAGT

TTTGCCTTCGCTGCTCCCGAGAAACGGCCACCGACTCCAACAAATACGACCACGATCATCAAAA

CGCCAAGTCCGGCTAGTTTGCCGAGTTCCCACAAATCGAATTATCTGATACAGGACTGCATGTGG

AGTGCCATACAGGCGGAGGAGAGGCGGCGGCAGATGCAGGCGGAGAAAGCGGCTAAGAAAC

AGAGCCACGCCGGGAGCTTGGCTGCCATTGCACAAACTGGCGACTTTTCATCGGGGGATTGTG

TGGACCCAACATCAGTGTTCCCATACCCACTCAGCGAGACCCGGTTAAACTTGGACCTAACTACC

AACACTCCGTCCGATTCCGAGGAAGAAATTGATGTTGTCACGGTGGAGAAAAAGTGTCAGCCC

TCATCACACAATGTTCCAAGGACTATTATCATCAAGCGACACTCCAAAATGTCGCGCAAACAGAG

CACACAAGTCATAAAAGTGTTAAAACGTTGCTCGTCGAACAAATCCATTTTGACCAAGGTGCCTA

TGAAAAAACTGAAAACGCAGGCCAGTTTGGAGGAGGTCAAGCGCATGTTACAAAACTCTATCA

CCAGTACGAAAACGAGGGCGCCCTATGGCAGCAGAGGTAGCAGTAGGAATAGCAGCCGGGGG

AGCAGCAGGTCAGAGAGTCAAGTCTCGTCAGATTCGGAGGATTGTGACCGCAGGGCGAACCA

CAACGTCTTAGAGAGGCGGAGGAGAGAGGACCTGCGGACAAGTTTCTTCAGGTTGCGCGACG

AGATTCCCGAGCTGCAACAGCAGGAGCGAGCAGCCAAAATCGTGATTCTCAAGAAAGCGATGG

ACTATGTTCATGAATTGCATGCGGAGGAGGACGTTCTCGTAAGGCAACACGACGCCATGAAGCG

AAGGCATAAAGCACTGTTGCAGAGATTAAGGCAGTTGGAGTCTTTAAAGTGACACTTGTGTCTT

AACCGGATGTGAAGAAAACATTAACATGACGTGGTAGCTCAGCTTTACCATATGATTGTGACCAA

GGAAATGGCATCTGCATTTGCAGGACCAATACCTGGAAGTTTTAAGTTGCAGGCGCTGGACACA

TGCAGCATAAAAATGAAAGTGTAAGATCAACAAACAAAACTGATCTTTGAATGCGGGCCGAGGT

GCCCAAGACTCGCTTCCCAATACTAGTGTCTGGGAACCAGTCAAGTTTAGGGGTTGTATTGAATA

AGTTGCATGAAAGCATTCAGTCAGAAGTGACATTCTTGAATATTCCAAAATATTAAATGGAAAAA

TGTGTCTTAAGTTTAAGTCGATGATGGGATGGATTACGACATGACACTGCCTTATGTAACTTTTCA

TTTTTTTATGATATGTCACCTTTAAATTAATGTTTGGTTGTGAAATCAAAAGCTTAAATATTTTGTAT
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TTTGCATATTGCAAGAATATCAGCTGTGTTACACTTAGTAATGATAAATAACTGAATCTTCCAATGT

CTTTTATACCTTTCTTTTATAATTTTGTATTAAAAGGGAAAATGAAAAAAAAATCCAAAAAATTATC

TTGAATTGTGTAGGTGACTTTTTTGTTGTTTTTTAGCACTATTGATTAGTGTGGCAAACAGATTTG

TGTCATACTTGGTAATCAAGATTATTTATTAGTTTGAACGTGATGTTGATCGTTTTTGTTTTTCTGT

AGCAGTTTACAGTTTATATACGTACTACATAGTTTTATTTGTAAAATATTGGAAGTTGACAATGGA

AGTTGGAAGCTATCCTACCAGGACGAAAGCGGGATCCCAATTGTGGTGGCTTCCCAACGACGTT

TTGTGTAAATTAAAATTGAAATTATTGTAAAAAGGAACAGATGTATATACAGAATTTATAAAAGGT

ATTTGAAAAGGTTTTATATAATGAAAGTGTTTGACTTGAGGAGTAATATTTCTTACTCAGAGGTTA

TTGGACAGATTAGACAAGGTTTACATCTACATGTATCAGACAGAGAGAGCAATTTATGTTTACAG

AAATTAGGTGAGAAAATCTATGACGAGAGTTAAAAGACATCTATTATCATTTGTACAGTATTGAAT

AAAGTGTACAATGCTTATATATTTCATTTCATTATTAGAAACATTTCGGATGGTGTGTAGGCCTATA

TGTGATACAAATAATGGGTGCCCTCTGCGGTGGTGTGTAAAAAAAGCGTCATTGTTTTCAACTTT

TCATGCTAAAAAGTGTCTAACCCTAACGTGTAGTCGTTTACAAGTTTCAAGCTGAGGCCACCCCA

AAACTTTCCATAGGACGAAGCACCCAAAATTTGAGTAGAGTCCACACTACACATCACTGCTAGTT

TTTCATTCAATGACAAATATTGACCAATATTTTCCTCGTCCAAATATTGCAATAGTTACTAAGTAGC

AGAGTTCATCATACAAAATATTACTGTAGAGCTTACTACCCCCTCCCTCACGATTTGTACAGCTTT

GATAGTTTGATTATCCTGTAATTAGCACACAAAAAAAGAAATGCTGTAATTTTGTTATCACTCGAT

GAGATTAGCTATTGAGGTTTAAAAAAGTAGTCCAGATGTAAATTCAGAAAATAACCTTACCTAGT

TTGTATTGTATTGCATCCGAATACAATGCCCATTTGTAGTGTTTTAAATCCATCAACTATTAAAGTT

GTGTTAGTGAAAAATCGGTGTACACATAAAGAAAAAAATCAATTTATGTATGGC 

>klf2/4 

GTCAAAATTCCATGACGTATGCCTGCCTCATTTGCAAGTCAACAAGGGTATCTTTTATTCGGCCGA

CTTTGCACTATCGTTGATTCATGTTTATTCATCGTTGCCATGGGCACCGGGAGCTGTACTCTCGCC

GAGCCCGGTCACACGACTGAGCGGCGAACTCGCGCGGCAGCCGGAGTATATATACCGGTCTAAT

TTTAGATATGTAAATGAACCATACTCCGCGGCGCTGATTGGCTTACCGCGACAGGCTTCAATGAA

CTCGTAGGATCTGGCAATGTGATTATAACCGCTACACAAGCTCATCAGTGGTCATATTCCGTCAAA

ACCTTCGTGCCGAATACTTCGTGTCTCTTGTCATTTTCACTGCAAAAAACCAAAACATTACAAGG

AAAAGATGGCAGCTACCTTAGCAGAGGTGAACCAAATGGGATACTCCGATTTATCATATGAGCTT

TGGCCTGATATGGAGAGCTTCCTCCAAGACATCTGTCCGCCAAGCATGGATGATGGGTTCGTGTC

GGCCCCTCGCCTTGAGACCAGCTCACCCAACTCGATCGTTTCAGCATCGGGCAGCGACGGCAG

TGCTTGCCTCTCACCCCCGCCCGTCTCCCCCGAATGTGAGCCGACATACGACGACCTATTGGATC

TGGATTTCATCATCAACAACACACAGGGCCTAGACTCGTTTTATCCAGACTCACCACCAGCTTTG

ACCAGCGTGGCCCCACAACATCAGCTGAAAATCAAGGAGGAGGCAACATCACCCCTCCCCGGG

GCCCTTCCAGGGTCTGACTGCATGGGACAGTTGTACGATGATGCCAGCTTCCGCAACATCCTGG

AGGCTAAAATGATGTTGGCGCAACCCCAACATCCAGCACAACACAAACAACAGCAATACCTGTT

GCCACATGAGCACCACATGGCCCAGCAACAGCACCACCACCAGCAACATCAGTTCCTCCCAACA
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TACAGCATGCACCAACTCCATCTTGCTGCCCAGCTGTCGCCACCAGACTCGCCACAAACCATCAC

CGAGCAACCACCACCACCGTACACGCACCAGCACCTGGTTACCCCACAACTGACCAGGTTGGCC

ATACCACAACAGCAGCAACAGTTGCCGCCACAACACATGATGCCGACGCCACCCAACACACCAC

CGACATCGCCACTCCTCGATCTCCTCCGCAACACCCCAGTCGACAACGCTGTACCCACCACCGTC

CCTGGGGCCCAGATCGTTCGCAGGAAGGGGAGACGCTCGTGGGGCCGCAAGCGCACTACCAC

ACACACCTGCACTCATCCGGGATGCGGCAAGACCTACACAAAGTCGTCTCATCTTAAGGCCCAC

ATGCGCACCCACACCGGAGAGAAGCCATACCACTGCACCTGGAAGGGATGCGGATGGAAGTTT

GCTCGCTCAGATGAGCTGACCCGCCACTACCGCAAACACACCGGAGATCGCCCCTTCCAGTGTC

ACCTGTGTGAACGTGCCTTCTCACGATCCGATCACCTGTCGCTGCACATGAAACGTCACATGTGA

ATGAACTGAACAATCTTTTTAAGATTTTATTTAAACAAATGTGAACACACACTCACACAGTGTATT

CTGGGTGTTTTGTTGTTACACAGTTGAGCTAAACCACCAATAAGGGTTGTAAAAATGTGTCAAA

ACCACACGAAGAAAAGTTAGCACCAAAATTGTTGAGCACATTTGAATATGTTACAGGATTTGTTT

GCTTTATTGACTCGAGTTTAAGTGTTTGGACTTAACTTTGAAATTGAAAAGCTCTTATTATCTGAA

AATCCTTTGAAGGTGTGCATTGTAAATTGCTGCTTTTTTGTATCAGTGGGACACTTATCCATGGTG

GTTCAATGGCCGACAAACGGCTTCCGAGCTAGTCTGACGAAGTGTGAGGTTTGTTAGGTCATAA

TGCGGAAAGTAAGGTTAAAGTTCAACCTAACTGGTTGTACCAACCTCACTAGTCGAGTTGCACT

CCGTGAAAGGGGGAGTGGGCTAATTTCAGCATTTGGAGGAGGAGGAGGAGTTTTCCGATAAT

GTACCATCAGTGGTCGGTTACTAATTTAAAACATTATTGAGATTGTTAGTGGTAAAACTCGCATGC

TTACCATGTGCCTCGTACCAGTACTTCGATTTGTATTAAAATGTTAAATTAAAACAGGAAAAGATC

ACTTGAATTGAAATTGTCAGCATTTGATATCGTAATTGCCACTTTGTGTAATGTATTTTGTGTTTAA

TACATAAATGTCTTGTATATATTTATATATAAGATTCTTTTTTATAATTGGAAAAAGGCGTTGATCGC

CAGGTTTAATTATACAGCTAGTCTGATGATCATGGTTTCAAAGTATGCAAATATGGGTAAAACGAT

TTGCCAAACATTCGACATTTTTATGACTTTTCGTCATTATTTTTCAACTCTTGGCAGATACTTTGAA

TACCTACACCATAAAATGCCTTATTCTTGCTAAAATATTGATGAACTTGAAGAATAACGATGTGATA

AGGAATGATTTTGACAACTCATTCTCCAATACAATTTGTAATTTCAAAAGACAAATTGTTCTCAAA

CTGAATTTGATGTTTCTTCACTACTAAATTCTTACTTGCTTGAAGTTTCTTCACTACTCCTAAATTCT

TACTTAAATCATTTGGCACTTCTATTTTTCGACAAAATTATTTTGAAACAATTGCAGCTGTTTTAAA

AATTCACTTGATAATTTAAAATTCTTAATTATCATTATGATTATTTCGTTATGTACAATTGTACTGTAT

CATATATGTTATGTTTGATGATCAATTAATATCGAAATTGTGAATCATTTTTGCCAGTTGGCGCCATT

GATTGAAATAAAATCCCAACTCGGGATCCTGAAGTATTGAGAAAAGAAATGCTAATAGTTTGAG

CTTGCTTTTGTATGACAATTGTGATTGGCTTATGCGAGGAGTGTGAGCGCTGGATTCAGTGAGA

GACTGGTTTTGGTGAGTAGTGTCCTGTTTTCATTGCGAGTGTAGTGTTTCGGAATTGATATGTGT

GGACGGTGGAATGATAAGATTTGATACCGGTCTGAGCGAGTGATGGCAGTCTTTTTAGAATGAT

GACACTTTGCAGGCGTGGAGGTTTATGTTACAATTACTCGAATTTTTATAAGCACG 

>creb3l3 
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CAAATGACTAATACATATTAAGCACAACACACAAACGTAGATGTCATACAAATGGAAAATACACAT

TTATTATGTACATTGTTTGATACATTGTAATTCCACTGTATGTTAGTTTTATGTTCTTTTTAATATTTTA

TAACTTTAATATGACATGATTTATATACACATAATATGGAAGAGATATCCGAGTTTTTCAATGGAAG

CCTGGTTGCCAAGACTAACTGGCATCACAATGTACACATTTCACATTACATCATCATATATATTCCA

ACTATGGAATATATGTAAATATTTCATATCTTCATTTTCTGTTGGCTTCCATAACAAAAGTGGCATAC

TTGATTGTTTCATGAAAAAAAGAAAAAAGTACAATTATATATGAGTGATTCTATTTAAGTATGAAA

AGTAAGAAATATGTTTTCCTTACGTTAAAATTTGTCACAATGACCTCAAGGTTTAAGTCTCATATTT

TGATAATGATTCATAATCACTTAAAATCTTATGTACACAGAATCCATAATAAAAAGGAAAAAATGC

CAATATTTTGATGGACAAAAATGTGAACAAATAACGAAATATCAGAAAAGAGTACTTCAGTACAT

AATTGATATGCCATGTCTGTTAAGAGTGAAAATAAGATCGAAGAGAAGCAACTGAATGTATTTAC

AAAATATTTTACAATACAACTTATTCAGCAAATTAAGACAATATTAGGGTTTTGAAATTCCAATACA

AAATCTGGATCGTAATTCCTGAATAATCTCACATTATGTGCAACTGATTATCAAATCTGATGTCACT

TGGTCACCCAAAACCAAAGAAAACAAAAAACAGAACATAATCTTCAACATGAAATTAAGGCACA

AAATAATACTTCGCTATGTTTCAAACACATAGCAATTACTTTCAAGTAATTGAAGGAGCACTTATT

CTGATATCTACTTATTCTATTTTGATACTGAGCTGCAATAATTCAAATTTCAAAGCTTGATAGCTCAA

TTTTTTTTTTAGAGAATTTTAAACAATACTGTTTTACATACAACAAGGACATGCTTTTATAGAGTTA

CATAAATATAACAATAAATAAGCAATACACACTGGTTTGGCTACGTATTTATTTTAAAGCTTAAACG

TACTAAACTGGGGACATTTGTGCCTGCACAACAGCCCAGTTCAACATAGATTGTTCAGTATAACT

ATAATGGGCAGCAGACAAATATTTAAATTTATACAAAAATAAATAATAAAAAATTGATAAACAGGG

GGAGATGTAAATTACTATTCAACACACTTCACGTGAAGCAGGCAGCTATCATTTGGCAATATTTTT

AATACAAAAGTCATGTAGGATACCTCATACAACTTAATCCCTTAAATATATTTATTGGGCGTTCAGA

CATGCTGTTTATACATGTTGTATACGCAAATAATATGAAATACATATAACGTACATGTATAGCATAATT

AAGTGTTCACACATTCAGTTTATTATGCATTATGAGCACTGTTTGGCAGTACAAAGCGCAGCGAA

TAACAAATTCACCGCACATACGTAAACAAAGGGCTTATCACATGGCTCTGCCCCCTTATAAGCATA

AAGCTTCATCCAGTCTTTAACACATTCGCTATAATGTGTAACACTATACGAAGTACATACAAAATGC

TGAATAAATGTCAGGGTAGTTACATGCATTTCAAACCAAGTTTCTTAATACGTGGTCATTCAGATC

CGATCGGGATATTTCTATGAAATACGTATGAAACCGAGTTTCATATGCGTACAAAATCTGTATAAAT

GCATGTCTGAATGCCCTATATGATTTGTTCTTTGTCACACGTACCCATAGAACCTAGAAGGCAACA

ACTAATCCCTCAATAAATATACTTTAAAACTATCAATCTCATACTATAAATAGGGTCTGTATACAGTA

CCATGGTCATATTCTGAGATTACTGAGAGTCTGATTACTTTTATTTCAAACTGATGTAAATAATAAA

ACATTTATTCAATTTCTCTAAAAATTACCATTTAAAACTCTTACGTCTTAAAGATTTGTCAAAAATG

ATGTAACAAGGGCGAGTTCATTAGCTTTAAGTAATACTTTTTGTTTGAATACGCTCAACTGTAAAT

ATTTTGCCTATTCAGATAATGCTACTATCTCTACAAACCCATCTATAGACTATCCATAGATAACAGAT

ATTTCTCAAATCTGAATTTACTTCATGTCTTTTGTGCTTTGTGTAGATAATAAAATAAATTTAAAAC

GAAATGAAAATAATTGGTATAATTTAATGTTTATTCAATATGTGTAATGAACTTGTCATATTCCATAT

AGTATTTTTGTTTCTTTTTGTATCCTTCAAAAAACTTCAAGCTCACCAAGAAAATTGCAGCAAAA

Development: doi:10.1242/dev.182139: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



 66 

CAACCCCAGCCTCCTAAAAATACTGGTTAAAAATAAAATACTTTAAAGAGAGAAAGAGAGAGAG

GCAGAAAGATAGAAGGTAAAGCCCAACTACAACATTTCTATGCCCATAACAACCATAACATTACC

ATAATAAAATATAGTAATAAATAATATATTTTGTCTGTTTTCTCCTTTTTTTCATCAAATTGTTCTAAC

TAAAATTAACTAAATTTAATACTTTGACAACTTTTTGAGACATGATTTATTATTCTACATTTCACTAT

TACCTTCATCTTATGAACTTTCAGTTACCATTTATGCACTCGTTTGTCAATCATTTGACACATAATCT

ATTTCTCTCGATACATCTTTGACACTACTTTTCTGAATTTATTTTTCTCAATTAAATTAGTTTGCTGT

ACAACACACATGAGGGACAAGGCACATATCAACATAATAAAAAAAATTAGTAAAATATGAGAGG

GCCTCACATTTCGATCATAGCAGGACCTTTATCAAAGTTTTGCCTATGAAAAAGGTCCTGCTAGA

ATCAAAATGTCGACCCTCTTATATTTTACAGTTTACATTCTCAGGTCGCTTTAGTAAATTTCGCAGT

TTTAACTCAGCAACGTATGCATATTCACCTGCTCTTATAAAGTACAGATGCTTGATATCTTTTCAGC

TATTGGACGCTTGATCTATCGAGCCGACAGTCCGTAGGCTGTGACCAAGCGATTCATAATTTTAAT

GTAAATATTACAATAAAATGGTGTTAACGTGAATTCTTCTCCATACGCTTCTAAAAGAGTTGATTTA

CCGTGTTCACATACTCTTTCATAACTTAAGGTCACAGACTTTCTTTTGATTTGAAGCTTTAAATTTT

GATGGAAATAGTCTGATGGCAATTTATATTTTATCGTTTAGAAAATAATTCTAACAGGAGTTAGAT

CTGGAATTCAGTACATCTTTTAAAGAAATGATCAGCAAAGACACCATGCTATCAATTGAGGTTTAT

TTGTCAAGGAAATGTTCAAATTTTTTCAAAGGAATGGCTCCCAAAATATTTCATTTCATGGTTTTT

ACCCCAAAATATTAATGAAATATCCTGAAAAATTTCATGAGGGGGTAAACCCTCATAAAATAATTT

AAATTCACGTATTTGATAATCTATTTGTCGATGACAGTGTATCGAATTTGTATTCATTTATTTGATGA

TCTGTTAATCAATGCCATTGTATCGACAGGGATGAATTTAGCTTCGATGTCGGGGTGAAGAAATG

TTTCCATGTCACTATCACCACGCTCTAAATTGGCCACAGGCGACCCTTGACCCCCAACAGTGGCA

GCCATCTTGGCTGCTACCATGTTAGGAGCTTCTGGAGCGATGTTGTCCAGC 

>atf4L 

CCCACCCAAATAGATTACGTTGGCATTGAAGATATCTGTCCTTTGACCAAATGTACTTCAACCATG

AGATCTTTGAGGTATTTTATCTCGCGGGTCAGGCTTTCAACTTTGTCCTTCAGCGATTTGTTGATT

TCTTCCAGTCCTTCAAGTTCATTTGTGACTACTGCCGTTTCTGCCCTTTTCTTTATGCGATATCGGG

TGGCAGCCTGCTTATTTTGGTCACGCTTCCTTGATTTTCTGTCGATTGGGGATGCATTTTTCAGCT

TGGGCTTGGACTTTGTCTTCTTGCTTGGGGACCGAGATACCGGTTTTGATGTATCGGGTTCCTGA

ACAGGTGATTCGGGCTGGGTTTCCGGTTCACTAGATGGGAGAGGCAGTGTGACCGTTATCGTTT

CACTTTCCTCGAAAACGGTGTCGGACAGTGATGGGATGCAGCCCATCGCACTCAGCAATTCGAG

CGCTTGCATCTCCACGTCTGCTGGGAGTGGAGATGACGGCTGCGATGTAACAGACATACTGTCG

GTTGGTGTGGTCTCGGAGTAGAGAGAGCTTGCCGGTGATAGGGCAAGGAGGTCGTCTGCCAG

TGGGTCTTCACCTGGGGATGGTGCCTGTGGTGGAAAGCGCATGTCCACCACGAGCTCGGAGAG

CAGCTCCTCGGTCTTGGATGAGACGGCCTGCCCCCCAGGGGAAGAAGGAATGCTCGCCAGGTC

TGCCACTGGGACGTCCTCCTCGTCACCGAGCCAAGGGGTCAGTGGGATCTTCTCGGACATCCAG

TCTGGAAGTGGGTCATCAGATGAAATATCTGAATTCTGTCCTGGAGACAGTGGGTCAGCAAACG

AATCGTAGCTCGACAACCGCTTGCTGTCCTTCAGGGACACTTCCATGTCCGATCCCAGACCGAAC
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TCATCCTCAGGTAGCGGCCCCCATAGGGTCGCGTCGTCGCTGAAAAGCGACAGGATCTGCAAGT

CTTCCAGGCTCATTGTGTTGCCTTATGTGGTCTTCTTGTGATGAAGATCGGAAAATGAAGGTTTC

GATTCGTTGTTGTAGCTCGTTGGAATGGCTTCCAGTAGGAGCAAACATGCAGGAGTGGGTGTCA

TTTTGAGATGCCATGGTGCCGGTAAAACCGAGCAATTCCTTTAGAATTGCCGAAGAAAAGTTGC

CAAACTATGTCACACAGCCATTTTTGCCAATATTTTGCTGAGCGAAATTCTGTATGTTGTTCTCTG

ATGAAATAAAG 
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Data S2 

The HD sequences used for phylogenetic analysis. 

>Hp- Micro1-A 

RRRSPTVFTELQLQILETVFNDNQYPGITTREQLASNLKLGEDRIKVWFQNRRSRLRRAS 

>Hp- Micro1-B 

RRRSPTVFTELQLQILETVFNDNQYPGITTREQLASNLKLGEDRILVWFQNRRSRLRRAS 

>Hp-Micro1-C 

RRRSPTVFTELQLQILETVFNDNPYPGITTREQLASNLKLGQDRILVWFQNRRSRLRRAS 

>Hp- Micro1-D 

PRRRPTVFTELQLQILETAFNDNQYPGITTREQLASSLKLGEDRILVWFQNRRSRLRRAS 

>Lv-Pmar1 

RRRRPTVFTDLQLRILETVFNDNQYPDITTREQLASSLQLKEDRIMVWFQNRRARVRRAS 

>Tt-Micro1 

RRRRPTIFTELQLRILETAFNDNQYADITTREQLASSLHLGEYRIMVWFQNRRSRLRRAF 

>Sm- Micro1 

ARRLPTVFTEWQLQKHEAEFNTDQYPDVNVRERLATSLQLMEDRIQVWFQNRRARHRRAT 

>Sp-Pmar1-a 

SRRHPTVFTELQLQILETAFNDNQYTGITTRDQLASSLKIGEDRVLVWFQNRRARFRRAS 

>Sp-Pmar1-b 

RRRRPTVFTELQLQILETAFNDNQYPGITARDQLASSLKLGEDRILVWFQNRRARLRRAS 

>Sp-Pmar1-c 

RRRRPTVFTELQLQILETAFNDNQYPDINTREQLASSLKLGEDRILVWFQNRRSRLRRAS 

>Sp-Pmar1-d 

RRRRPTVFTELQLQILETAFNDNQYPGINAREQLASSLKLGEDRILAWFQNRRTRLRRAS 

>Ec- Micro1 

RRRRATRFSKWQLETLEAEFATNRYPDIDARERLAATLALGEDRIQVWFQNRRARLRRTS 

>Ds- Micro1 

RRRRPTKFTKLQLETLEVEFSRDRYPDIVSREKLAAAFGLTEARIRVWFQNRRARYRRAA 

>Pb-Pmar1 

RRRPPTMFAKWQREQLEEEFSKNRYPDIDVRERLASSLQLTEARIQVWFQNRRARHRCAT 

>Et-Pmar1 

RRRPPTMFAKWQREQLEDEFTKNRYPDIDVRERLASSLQLTEARIQVWFQNRRARHRCAT 

>Ak-PhbA 

RRRSRTIYTTEQLNSMEAVFASNQYPDINSREALADAIDLTEARVQVWFQNRRARQRRQG 

>Ak-PhbB 

Development: doi:10.1242/dev.182139: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



 69 

RRRSRVNFTSQQLQSMEAVFAVNQYPDHRSREMLADAIGLTEARIQVWFQNRRARQKRQV 

>Ak-PhbC 

VRRRPHFYTTEQKEDLEYVFSAKQSLNITSRIALADALDTTEEEVQLWFKNRRARLRRQT 

>Ak-PhbD 

RRRPRTVYTAEQMDALESVFAENQYPDINSREVLADALDMTEARVQVWFQNRRARLRRQA 

>Ak-PhbE 

RRRRPTIYTAAQIEALESVFAANQYPDINSRETLADALDMTEARVQVWFQNRRARLRRQA 

>Ak-PhbF 

RCRSTINYTSHQLESMEAVFSVNQYPGYESREALADGIDLTEARTQVWFQNRRARQKRDQ>Pp-Ph

b 

RRRSRTIYNGMQINGLEACFKVNRYPDIETRENLAMYIGMSEARVQVWFQNRRARMRRQE 

>Hl-Phb 

RRRLRTIYTAHQIRGLEQCFNQNKYPDIGTREALAMAIGMSEARVQVWFQNRRARLRRQE 

>Aj-Phb 

RRRSRTIYNGMQINGLEACFKVNRYPDIETRENLAMYIGMSEARVQVWFQNRRARMRRQE 

>Apl-PhbB 

RRRARTNYTPEQLSGLEALFEETQYPGIDERERLADSVDLSEARVQVWFQNRRARLRRKE 

>Apl-PhbA 

RRRPRTIYTAEQRKQLEEVFAVNQYPDIGNREILADAIGMTEARVQVWFQNRRARHRRHG 

>Ppe-PhbA 

RRRPRTIFTAEQRHQLETVFAVNQYPDITNREVLADAIGMTEARVQVWFQNRRARGRRHG 

>Ppe-PhbB 

RRRSRVNFTSQQLQSMEAVFAVNQYPDHRSREMLADAIGLTEARIQVWFQNRRARQKRQV 

>Pm-PhbA 

RRRPRTIFTAEQRHQLETVFAVNQYPDITNREVLADAIGMTEARVQVWFQNRRARGRRHG 

>Pm-PhbB 

RRRARTNYTPEQLSGLETLFAKTQYPGIDEREALADAVDLSEARVQVWFRNRRARLRRRQ 

>Sp-Phb1 

RRRSRTIYTRLQLESLEQVFRTNKYPDINSREALADAVDLTEARVQVWFQNRRARERRLE 

>Et-Phb1 

RRRSRTIYTKMQLESLERVFTQNQYPDINSREALADAIDLTEARVQVWFQNRRARQRRMV 

>Pb-Phb1 

RRRSRTIYTKMQLESLEKVFTQNQYPDINSREALADAIDLTEARVQVWFQNRRARQRRMI 

>Afi-Pplx 

RRRPRTVYTRKQIEVLESAFADNQYPDIFTREDLAEVLDLTATKVLVWFHNRRARHRREA 

>Afi-Phb1 
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RRRTRTIYTPEQLASMEAVFASNQYPDINSREALADAIDMTEARVQVWFQNRRARQRRQG 

>Oj-Phb 

RRRSRIKFTEEQLNQLEIFYESNRYPDINVREDIADCIDISEARIQVWFQNRRARQRRQQ 

>Bf-260801382 

QRRSRANYSQWQLEELEKAFETTQYPDIFMREALALRLDLIEARVQVWFQNRRAKLRRQL 

>Sp-OTX 

QRRERTTFTRAQLDVLETLFSRTRYPDIFMREEVAMKINLPESRVQVWFKNRRAKCRQQQ 

>Pm-otx 

TRRERTTFTRAQLDVLETLFSKTRYPDIFMREEVALKINLPESRVQVWFKNRRAKCRQQA 

>Ci-gi74136734-otx2 

QRRERTTFTRAQLDILEALFGKTRYPDIFMREEVALKINLPESRVQVWFKNRRAKCRQQV 

>Bf-260831719 

QRRSRTTFTPEQLEELEKAFERTHYPDIYTREELAQRTKLTEARVQVWFSNRRARWRKQQ 

>Bf-260791951 

KRRNRTTFTSFQLEEMERVFQKTHYPDVYMREQLALRADLTEARVQVWFQNRRAKWRKKE 

>Sp-alx1 

KRRNRTTFTSYQLEEMEKVFQRTHYPDVYCREQLALRCDLTEARVQVWFQNRRAKWRKRR 

>Bf-260791955 

KRRNRTTFTSFQLEEMERVFQKTHYPDVYMREQLALRADLTEARVQVWFQNRRAKWRKKE 

>Bf-260796220 

QRRYRTTFTSYQLEELERAFAKTHYPDVFTREELAMRVDLTEARVQVWFQNRRAKWRKRE 

>Sp-arx 

QRRYRTTFTSYQLEELERAFCKTHYPDVFTREELAMRVDLTEARVQVWFQNRRAKWRKRE 

>Ci-gi118343664 

QRRYRTTFSAFQLEELERAFQKTHYPDVFTREELAMRVDLTEARVQVWFQNRRAKWRKRE 

>Bf-260802229 

QRRIRTTFTSAQLKELERVFAETHYPDIYTREELALKIDLTEARVQVWFQNRRAKFRKQE 

>Sp-phox2 

QRRIRTTFTSAQLKELEKAFNETHYPDIYKREELALKTDLTEARVQVWFQNRRAKFRKTE 

>Sp-chx10 

KRRHRTIFTSYQLDELEKSFNEAHYPDVYARELLALKTDLPEDRIQVWFQNRRAKWRKKE 

>Sp-gsc 

KRRHRTIFTEEQLEQLEATFEKTHYPDVMLREELAIKVDLKEERVEVWFKNRRAKWRKQK 

>Lv-gsc 

KRRHRTIFTEEQLEQLEATFEKTHYPDVMLREELAIKVDLKEERVEVWFKNRRAKWRKQK 

>Pm-gsc 
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KRRHRTIFTEEQLEQLEATFEKTHYPDVMLREELAMKVDLKEERVEVWFKNRRAKWRKQK 

>Bf-260831451 

KRRHRTIFTEEQLELLEKTFEKTHYPDVLLREELAMKVELKEERVEVWFKNRRAKWRKQQ 

>Bf-260801388 

RMRVRTNFTSWQLEALERAFETTHYPDIFMREALALRLDLMESRVQVWFQNRRAKWRKQE 

>Bf-260790761 

MRRVRTTFSAEQLKALEDVFKVTHYPDVHTREQLARKTKLPEARVQIWFQNRRAKWRKYE 
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