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Abstract

Sox7 and Sox18 are members of the F-subgroup of Sox transcription factors family and are mostly
expressed in endothelial compartments. In humans, dominant mutationsin Sox18 are the underlying cause of
the severe hypotrichosislymphedema-telangiectasia disorder. However little is known about which
vasculogenic processes Sox7 and Sox18 regulate in vivo. We cloned the orthologs of Sox7 and Sox18 in
zebrafish, analysed their expression pattern and performed functional analyses. Both genes are expressed in
the lateral plate mesoderm during somitogenesis. At later stages, Sox18 is expressed in all axial vessels
whereas Sox7 expression is preferentially restricted to the dorsal aorta. Knockdown of Sox7 or Sox18 alone
by a morpholino strategy failed to reveal any phenotype. In contrast, blocking the two genes ssmultaneously
led to embryos displaying dysmor phogenesis of the proximal aorta and arteriovenous shunts, all of which can
account for the lack of circulation observed in the trunk and tail. Gene expression analyses performed with
gener al endothelial markersin double morphants revealed that Sox7 and Sox18 are dispensable for the initial
positioning of the major trunk vessels. In contrast, expression of the artery-specific EphB2A marker and of
the venous marker Flt4 was substantially altered, indicating that Sox7 and Sox18 are specifically required
together for arterial-venous differentiation. Parler de SHH, VEGF
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Introduction

Vasculogenesis is the procesgdefnovo blood vessel formation that involves migration alifferentiation
of precursors of endothelial cells, in responsktal cues (such as growth factors and extracelhkzrix) (Risau,
1997). In angiogenesis, new blood vessels spraunh fpre-existing ones and further remodelled to fonature
blood vessels (Flamme et al., 1997). In zebrafshjn other species, blood vessel development isxguisite
process that requires genetic interactions betwsmreral signalling molecules, ligands, tyrosineaketype
receptors and their downstream effectors (Weinsgf02a). A wealth of information concerning kegy@rs of the
VEGF pathway or molecules involved in vessel guadais now available (Bielenberg and Klagsbrun, 2@gishi
and Klagsbrun, 2004; Torres-Vazquez et al., 206wever, aside members of the Ets family (Pattersod
Patient, 2006; Pham et al., 2007), very few traicnmn factors have been shown to participate irodloessel
development.

Members of the SRY-related high mobility group bSox) superfamily encode transcription factors
involved in developmental processes. Sox proteined bthe heptameric consensus sequence 5'-
(A/IT)(AIT)CCA(A/T)G-3'via their HMG domain. To datehe vertebrat&x family comprises about 26 genes that
can be classified into 7 subgroups (A-G) basedegiuance similarity (Bowles et al., 2008px7, Sox18 andSox 17
belong to the F-subgroup and have been implicateshdothelial pathologies (Downes and Koopman, 20Gsui
et al., 2006; Sakamoto et al., 2007).

Several recessive and dominant mutations in 38 gene are the underlying cause of the severe human
hypotrichosis-lymphedema-telangiectasia disordeichvis characterized by chronic edema at the extiesnand
abnormal dilation of capillary and arterioles (rtn et al., 2003). In the mutarstgged (Ra) mice, which display
defective cardiovascular and hair follicle formatianutations in the transactivation domain of So¥d&d the
protein to act in a dominant-negative manner (Pgratial., 2000b). As mice null for Sox18 have oalynild coat
defect but no developmental vascular-associatedqtiiee (Pennisi et al., 2000a), it was suggestatittiere is a
functional redundancy amongst some Sox proteims fte same subgroup, that can account for the phigshotype
observed in these mice. In pathological situatioowédwver, the Sox18 null mice presentreduced tumor
vascularization and subsequent growth, suggesthrg tnterfering with Sox18 function impairs tumoral
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angiogenesis and growth (Young et al., 2006). Tdle of Sox18 in angiogenesis is further supportgdiie
observation that Sox18 is detected in granulatissuée during wound healing in adult mice (Darbyket 2001).
During mouse embryogenesB&yx18 expression can be observed in endothelial celldard vessels, in the heart
and in the mesenchyme underlying the vibrissae patdge hair follicle (Pennisi et al., 2000b). Inman, as in
mouse,Sox18 expression is not restricted to embryonic develapnand can be detected in coronary atherosclerotic
lesions (Garcia-Ramirez et al., 2005). Studies las® shown that Sox18 is essential for the expess VCAM-

1 (vascular cell adhesion molecule-1) and interadth the muscle and endothelial transcription dad¥lEF2C
(Hosking et al., 2001; Hosking et al., 2004).

The physiological function of Sox7 has been lessudwented. During mouse developmesix7 expression is
mainly detected within cells of the developing vdature such as the small branching vessels amgdsorhitic
vessels, but also in the heart, lung and gut (Trakasl., 2001).

The mechanism underlying Sox7 and Sox18 functiomtha vasculature remains to be elucidated. In fishra
although blood circulation is established earlysgpee oxygen diffusion allows embryos showing intpot
vasculogenic defects to survive for a long periédime (up to 4 days post-fertilization), therelacilitating the
characterization of the phenotype (Weinstein, 200Bbthis report, we therefore used the zebrafisha valuable
model for analysing the role of Sox7 and Sox18ascular development.

Results
Cloning of the zebrafish Sox7 and Sox18 genes

In the process of decrypting the roleSmk7 and $x18 genes in zebrafish vasculogenesis, we searched
the zebrafish orthologs by mining EST and genomaitaldases. We amplified tt8x7 and Sox18 cDNAS by
RT-PCR on mRNAs ranging from 2 hpf to 31 hpf. Tgredicted amino acid sequences indicate that zshraf
Sox18 (XP_694383) and Sox7 (AY423014) present etsmdy 61 and 73 % identity over their entire sence
with their human orthologs with a nearly perfechservation in the HMG box (Fig. 1A). [#Bex18 and Dr-
Sox7 are the true orthologs of the human genes ashiiiegenetic tree clearly shows that the zebrafishl8
and Sox7 proteins fit into the Sox18 and Sox7 cladgspectively (Fig. 1B). Moreover synteny occuesween
the zebrafish and the human chromosomal regionsohiag theSox18 and Sox7 genes. Indeed, the zebrafish
Sox18 gene, located on chromosome 23, is directlycadjto thetcea? gene like its human counterpart
which is located on chromosome 20. Similarly, %7 and HsSox7 locus on chromosome 20 and 8,
respectively share the same gene organisaimtY (PinX1, Q96KT1 andMTMR9) (data not shown).

Sox7 and Sox18 have overlapping and distinct expression patternsin the endothelial compartment

We next assessefbx7 and Sox18 expression during zebrafish embryogenesis. Whalentin situ
hybridizations performed on zebrafish embryos tiedint stages of development showed no expressiSox7
and Sox18 before the end of gastrulation (data not showBo)7 and Sox18 transcripts are first detected at bud
stage and are located in bilateral stripes in thetguior lateral plate mesoderm (Figs. 2A, A,F).riDy
somitogenesis, these expression domains extendj aken posterior part of the lateral mesoderm wreea
signal corresponding to the anterior lateral plaiesoderm also starts to appearSox7 and Sox18-stained
embryos (Figs. 2A, B,G). During these early sta§es]8 transcripts are expressed at lower levels Smid. At
18 hpf (hours post-fertilizationgox7 and Sox18 transcripts are found in the head and in the pnpsive axial
vessels that start to coalesce and differentiatieeamidline to generate the dorsal aorta and xfe aein (Figs.
2A, C,H). At 24 hpf, by the time circulation staih zebrafishSox7 andSox18 are expressed in the head vessels
(Figs. 2A, D,l). In addition, two discrete stripesrresponding to th&ox7 riboprobe are detected in the
hindbrain. A signal corresponding to both geneslsse seen more posteriorly, in the vasculaturdéeftrtunk and
tail: in the axial vessels, in the forming intergtenvessels and in the intermediate cell mass (JC®loser
inspection of the staining reveals tlsak18 expression can be detected in the dorsal aortanatied axial vein
(Fig. 2A, J). In contrasSox7 expression is rather restricted to the dorsakaairthat stage (Fig. 2A, E). As, in
zebrafish, the posterior lateral plate mesoderntritiutes notably to the formation of the vasculad ¢he blood
lineages, we next wanted to define more preciselyhich compartmerfiox7 andSox18 are expressed. We then
performed double fluorescemh situ hybridizations withFIkl and Scl riboprobes, that respectively mark
endothelial cells and hemangioblasts, on wild-tgp®#ryos at 18 somite stage, at a time point whepeilations
of cells expressing markers for different lineabase already spatially migrated and are clearl§irdjsishable
(Brown et al., 2000; Gering et al., 1998). Transeesections from double-stained embryos showed3that
perfectly colocalizes witlFlk1" cells in two subpopulations of cells. One domairfrki'/Sox7" expressing cells
is located in the presumptive dorsal aorta (1 @ BB) These cells no longer expré&sk (compare sections in L
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and O) and are totally committed to an endothéditd. The other domain consists in two bilaterdtpes (2 in
Fig. 2B) that still expres&cl and that are located above the endoderm. Theshgzabf cells most likely
correspond to precursors of endothelial cells thi#dtlater contribute to the formation of the axiatin. Below
the dorsal aorta, in a region corresponding tol@ (arrows in O,P) there is a population Sfi-expressing
cells that do not expresox7. These cells will be committed to the blood lineaQouble staining with 8ox18
specific riboprobe showed similar results (datastaiwn). From these experiments, we can therefomelade
that Sox7 andSox18 are solely expressed in the endothelial compartieethat stage.

Inhibition of Sox7 and Sox18 leadsto alack of circulation in thetrunk and tail

BecauseSox7 and Sox18 are expressed in the lateral plate mesoderm amdiththe axial vessels, we
wondered whether they might have a role in vasanegis or angiogenesis. We therefore used the MO
antisense knockdown approach to uncover possilfiecdein the vasculature caused by Sox 7 and Sox 18
interference. We decided to use morpholinos dedignetargetSox7 or Sox18 ATG and inhibit translation
(MO1sox7, MO1s0x18). Efficacy of these MO was confirmed . These wangected either alone or in
combination in fertilized eggs and the phenotypalyared at 28 hpf, after the onset of circulatiomg{Fe 3). No
change between control and injected embryos wasredd with morpholino knockdown of eith&x7 or
Sox18. In contrast, combined dosesMD1Sox7 andMO1S0x18 at 4ng each resulted in a consistent phenotype,
in which the embryos looked overtly normal but ihigh circulation in the trunk and tail was nevetabsished.
Circulation within the head vessels was not affé@ed the heart appeared to beat normally. Theilaiion
defect eventually resulted in pericardial oedema-dt dpf and these embryos died shortly thereaftbe
phenotype is very penetrant as approximately 95%hefdouble morphants suffer from a lack of cirtiola
(Fig. 3, A). Control embryos, injected with 5-basessmatchSox7 andSox18 morpholinos had normal blood cell
circulation within the axial vessels, intersomitiessels and the dorsal anastamosing longitudiredel® The
lack of circulation in the trunk and tail of Sox®/&88 knockdown embryos was clearly demonstrated by
performing a microangiography analysis in which ingected a fluorescent dye into the sinus venodus o
Sox7/Sox18 morphants and, as controlSmf7/mut/Sox18mut morphants at 48 hpf (Fig. 3, B).

The specificity of the phenotype was further canéd by the injection of another set of morpholinmse that
targets the second exon-intron junction of SoMbgplSox7) and whose effectiveness was confirmed by RT-
PCR (data not shown) and one translational Sox1éphadino MO2Sox18). When both were simultaneously
injected, they produced a similar absence of blaarlilation phenotype (Fig.3, A).

Inhibition of Sox7 and Sox18 affects arterial-venousidentity

As a first step toward understanding the phenotypserved following inhibition ofox7 and Sox18,
we performed microinjections into theg(flil:EGFP)** transgenic line that driveeGFP expression into
endothelial cells and their angioblasts precurgbesvson and Weinstein, 2002). Carrying out knockdow
experiments in th@g(flil:EGFP)" line shows that thele novo formation of the main head and axial vessels,
and of the segmental arteries was largely unaffieictehe double morphants in comparison with thatdntrol
embryos at 28 hpf (Fig. 3, C). In order to elutédhe cellular basis of the vascular defect, we aralyzed the
expression of several known markers of endothdlférentiation by whole mounn situ on 28 hpf control and
doubleSox7/Sox18 MO-injected embryos at a regular dose (4ng) (Fidd). These included the general markers
of endothelial cell§lil, FIkl, some endothelium-specific receptor tyrosine lésaarkers such asel and
Tie2, and hRT and VEGF that are specifically expressed in the dorsal wélthe aorta and in the somites,
respectively (Brown et al., 2000; Liang et al., 200iao et al., 1997; Lyons et al., 1998; Szetalgt2002). The
in situ experiments revealed a slight diminutionFdk1l expression at 28 hpf in the double morphants while
expression of the other genes was not affectedséltiata suggest that initial migration of angidisl@secursors
correctly occurred and that the trunk vessels alsEemormally. To test whether the phenotypic effeatid
reflect a lack of proper specification of the erdial cells we then stainesbx7/Sox18 MO-injected embryos
with riboprobes corresponding to the arterial marfkphB2a and to the venous markétt4 (Lawson et al.,
2001). (Fig. 3,B). These experiments showed & @eimpic expression &flt4 in the dorsal aorta, in addition to
its normal restricted expression in the axial vainhat stage. Furthermore, a slight, but reprddecireduction
of EphB2a signal was also observed in the dorsal aorta aphant embryos. As the venous state is the “défault
state during artery-venous specification, artegigdression oFlIt4 is normally downregulated at 24 hpf to allow
the dorsal aorta to fully acquire arterial charesties (Lawson et al., 2001). This is not the cis8ox7/Sox18
morphant embryos. These data strongly suggesabitation ofSox7 andSox18 prevents primary vessels to fully
acquire arterial identity. In a attempt to explathy the blood does not circulate into the caudat pf the
embryos, we then carefully checked vessels formatid Sox7/Sox18 morphants into aTg(flil:EGFP)
background. Closer inspection of 48hBbx7/Sox18-injected embryos revealed dysmorphogenesis of the
proximal aorta, at the level where the two paigdral dorsal aortae fuse into a single tube @®.1,K) (Isogai
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et al., 2001). Furthermore, histological sectioagfqrmed through the trunk &x7/Sox18 morphants at 48 hpf
also revealed some abnormalities in the morpholmigthe main axial vessels (Fig. 4C, J,L). In tloatcol
sections, the dorsal aorta and the axial vein lavays clearly distinguishable. In contrast, in mwapt embryos,
demarcations between the artery and the vein asdypdefined, resulting, at some levels of the kaxis, in
arteriovenous shunts (as shown in panel L). Thesglmogenetic defects explain the lack of circulatio the
trunk and tail. Taken together, these data stroeghgest that Sox7 and Sox18 are required for pragerial
identity and seem necessary to allow primary vedsetlisplay clear arteriovenous demarcations.

Hematopoeitic precursors ar e not affected in Sox7/Sox18 mor phants

Since Sox7 and Sox18 are expressed in the lateral plate mesoderm Bt samitogenesis stages, in the region
where vessels, primitive hematopoietic stem celig] pronephric development occurs, we wanted tdyver
whether there was no contribution of an other ljgeto the phenotype observed in double morphantyesb

To test whether the blood lineage was affectech& rmorphants, we examined the expression of twodblo
markers:Scl/Tall, a marker of hemangioblast aGdtal, which is a typical marker for erythroid differétton,

at 9 and 18 somite stage (Detrich et al., 1995jn@eat al., 1998) (Figure 5). At 9 somite stage,fauend that
the pattern ofScl expression in the anterior and posterior latetatepmesoderm was normal in morphants.
Similarly, hybridization to probes f&l andGatal at 18 somite stage indicated that abolitiois@€7/Sox18 has

no effect on the expression &l andGatal, which extends along the entire axis in the pasteegion. These
data suggested that formation of the hematopgietcursors is unaffected. Finaliy, situ hybridization results
with the pronephric duct marké&ax2.1 (Majumdar et al., 2000) showed no abnormal changgox7/Sox18-
28hpf injected embryos (data not shown).

Discussion

To gain insights into the function &x7 andSox18 in blood vessel development, we have examined
the expression and the functionSmx7 andSox18 in zebrafish embryogenesis. Both of these genes alened
and functionally blocked by a morpholino-based Kawwn strategy. We showed th&bx7 and Sox18
transcripts are detected as bilateral mesodermjpéstduring somitogenesis. At later stad&s18 is expressed
in all axial vessels where&psx7 is mostly located in the dorsal aorta and in @®11 That restricted expression
pattern in the vascular compartment is somewhailaino the expression dox7 andSox18 in other species,
pointed by expression experiments performed in pficenan, and Xenopus (Fawcett and Klymkowsky, 2004;
Pennisi et al., 2000b). Howevégx7 and Sox18 transcripts are also found in the heart of mica denopus but
were not revealed by our work in zebrafish embryldst discrepancy is further intriguing as a reaepbort has
described a partial inhibition of cardiogenesis Xenopus embryos co-injected witBox7 and Sox18
morpholinos, supporting the idea that the heartesgion is functionally relevant in other speciésang et al.,
2005). Furthermore, abolition 86x7 andSox18 in zebrafish did not reveal any heart-specificrgitgpe but led
instead to an interesting vascular-associated pigea@s double morphant embryos lack circulatiothéentrunk
and tail. Cardiac contractility and size appearetd normal and no difference in the signal of artaspecific
Cmcl2 riboprobe could be detected on 28 hpf doulephant embryos (data not shown). Taken togethér a
consistent with the expression pattern of Sox7 $md8, these data suggest that the lack of circulatemmot
be linked to a heart defect.

Similarly to the mild phenotype observed $0x7 morphants in Xenopus embryos or $0x18 null mice,
injection of a Sox7 or a Sox18 morpholino sepayaledl to no apparent defect on embryogenesis, stigge
functional compensation by closely related fact@ar data, showing clear overlap in the expressibhoth
Sox7 andSox18 in the lateral mesoderm and then in the dorsdahawas a first indication that they may act in a
redundant fashion. We confirmed functional reduregaby showing that knockdown of bo8ox7 and Sox18
affects artery-vein identity and blocks blood cletion in the trunk. Recently, murine Sox18 hasrbshown to
act redundantly with Sox17, another factor of theubgroup of Sox proteins. In addition to its weaibwn
expression in endodermal cel®x17 is transiently expressed in some endothelial éeltee developing mouse
embryos, and Sox17"-Sox18" mutant mice display reduced postnatal neovasealioh and early
cardiovascular defects (Matsui et al., 2006; Sakaned al., 2007). In zebrafish, it seems unlikdipttsuch
redundancy occurs &0x17 expression is restricted to endodermal cells aasl fever been reported in the
vasculature (Alexander and Stainier, 1999). Moreoaéthough previous studies performed in Xenopad h
initially showed that surgical removal of the endod affects the formation of functional vasculassals
(Vokes and Krieg, 2002), experiments recently madbe zebrafistCasanova endodermless embryos (Kikuchi
et al., 2001) that lack gut tube and do not expaessmarkers of endoderm differentiation, cleatpwed that
the endoderm is dispensable for vascular diffeatioti (Jin et al., 2005)
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Similar lack of circulation phenotype is found irany other mutant or morphant embryos describedago f
many of which have impaired Shh, VEGF or Notch allyng (Brown et al., 2000; Lawson et al., 2002).
Reasons for a failure to establish blood circutattan be multiple and can either result from abrbrearly
endothelial development or from improper formatardifferentiation of immature vascular tubes. &bmafish,
vessel development commences with the apparitionoaimon precursors of angioblasts and hematopoietic
stem cells during gastrulation (Vogeli et al., 2D0Buring somitogenesis, these cells are locatetthénlateral
plate mesoderm and migrate toward the midline whillopting either a vascular or a hematopoietic fate
(Davidson and Zon, 2004; Thisse and Zon, 2002)e@ht waves of migration are involved in these aiyit
differentiation processes (Jin et al., 2005). leséngly, some lineage-tracing studies also sugtest the
angioblasts are already specified before the 8tsostage to adopt either an arterial or venoustityg(Childs et
al., 2002; Zhong et al., 2001). From the 18 somsiitge, the arterial and venous angioblasts stamadtesce at
the midline and undergo subsequent remodelling differentiation to form distinct tubes at 26 somitage.
Shortly thereafter (around ~24 hpf), mature vasculedes lumenize allowing the establishment of the
circulation. Intersomitic vessels will eventuallgwklop by angiogenic sprouting from the main axedsels.
Whole mountin situ experiments performed with general endothelialk@@ on 28 hpfSox7/Sox18 double
morphant embryos have indicated that dorsal aaxia) vein and intersomitic vessels developmemisectly
initiated. Primary vascular tubes are presentair tproper location, and express several markaoswk to
denote blood vessels morphogenesis, suchllkds Flil, VEGF, Tiel and Tie2. This implies that there is no
significant defect in early angioblasts differetitia, proliferation and migration, nor in the caadence of these
cells at the midline.

Instead, the main axial vessels probably remain fooctional as a consequence of a lack of properial-
venous identity, as revealed by the decrease irexpeession of the arterial markEphB2a and the ectopic
expression of the venous markdt4 in the aorta. These data suggest that Sox7 anti8Soxction together to
induce terminal differentiation of arterial progems and to repress the venous fate, by downreggl&tit4
expression in the DA at 24hpf. WI8px18, which is also expressed in the vein at all stetigeted, does not
downregulateFIt4 in that compartment is an intriguing question. Kusible explanation is that arterial
endothelial cells express additional signals neosgser Sox18 to downregulatdt4 expression. Interestingly,
although Sox7/Sox18 morphants fail to fully expres&phB2A, they still exhibit expression of other arterial
markers such &dsRT andNotch5 (unpublished observation). This indicates thahalgh both genes are required
for a specific step during arterial differentiatiome arteriovenous differentiation can still aceuthe double
morphants.

Sox7/Sox18 morphant embryos exhibit strong dysmorphogenesthefproximal aorta and have poorly defined
arterial-venous demarcations in a more distal megithere are strong similarities between &m7/Sox18
morphants and the muta@ridlock, in which trunk but not head circulation is affedt(Zhong et al., 2000).
Screening of thé&ridlock mutants by chemical compounds now show that oypeession of VEGF is sufficient
to suppress th&ridlock phenotype (Hong et al., 2006; Peterson et al.4R0@utants of the VEGF pathway
itself often display lack of circulation, poorlyrfoed dorsal aorta, reduc&gphB2a expression and A-V shunts
(Covassin et al., 2006; Lawson et al., 2002; Naseviet al., 2000; Ober et al., 2004). Whet@erdlock
expression is downstream or independent of Notghadiing is still under debate in the literaturewever it is
now clear that Notch signalling is also a primeyplain arterial development (Lamont and Childs, @0Dorres-
Vazquez et al., 2003). Similarly, Shh is proverbéthe master regulator at the top of the casdsatddads to
correct arterial-venous differentiation (Gering dratient, 2005; Lawson et al., 2002). In light af cesults, we
can therefore hypothesize tl#ix7 and/orSox18 may have an effect on arterial differentiationdnying within
the Shh-VEGF-Notch regulatory cascade. It wouldbbgreat interest, in future studies, to explore ¢fenetic
interactions betweeBox7 andSox18 and these signalling pathways.
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Material and M ethods

Cloning of Sox7 and Sox18 orthologues from zebr afish

Sox7 and Sox18 partial cDNAs were cloned by twandsuof PCR performed on a pool of cDNAs rangingrfro
2 hpf to 31 hpf. The primers used for Sox18 arigalifon are BP448 and BP449 for the first PCR fo#d by a
nested PCR with BP479 and BP480, giving rise tagrient of 502 pb in the coding region. The primessd
for Sox7 amplification are BP458 and BP459 for finst PCR followed by a nested PCR with BP481 and
BP482, giving rise to a fragment of 805 pb in theing part of the gene. These two fragments weaneetl into
a pGEMT-easy vector (Invitrogen) and used as tetafta preparing labelled antisense RNA probesguBece
of the primers used in this study are the follayin

BP448: ATGAATATATCTGAGTCTAGTTGC

BP449: TTATCCTGTAATGCAGGCGCTGTA

BP479: CAGTTCTCAGCCCAGCCAGGTTGC

BP480: CCGGCTCCACTCGCTTCATCTTCT

BP458: CATGGCGGCTCTGATAAGTGCG

BP459: TGGCGTTTATGAAATGCTGTAGTTG

BP481: GTGGAGGAAGCCGAGCGTCTGC

BP482: AAGCCGGCGTTACCTGGATGTGTC

Zebrafish maintenance
Embryos were collected, raised at 28°C under standaoratory conditions, and staged as descriedriel
et al., 1995).

M or pholino sequences and injections

The Sox7 and Sox18 morpholinos were designed by Geols and are complementary to the 5’'sequence nea
the translation start or to splice junctions. Thegiquences are as follow:

MO1 Sox7: AATACGCACTTATCAGAGCCGCCAT

MOspl Sox7: CAACGTTAAAATCTTACCAAGCATC

MO1 Sox18: CAGATATATTCATTCCAGCAAGACC

MO2 Sox18: ACACGATTAAAGCAAGCTGTTGTCT

Five-base mismatch MOlmut Sox7 (AATAGGCAGTTATGAGAGGCGCGAT), MOlmut Sox18
(CACATATATTGATTGCACCAACACC) or standard control M@ere used as controls.

They were dissolved in 1x Danieau buffer at 2mM amdroinjected at the 1-2 cell stage at concerutnati
ranging from 1ng to 4ng per egg, either alone onlwoed. Analyses were done on embryos injected 2vith of
each morpholino.

Injected embryos were then grown in the presend®@i3% 1-phenyl-2-thiourea until the desired stdiged
overnight in 4% PFA and stored in 100% methanal use.

Plasmids and probes

Antisense riboprobes were made by transcribinglized cDNA clones with SP6, T7, or T3
polymerase using digoxigenin labeling mix (Rochegaading manufacturer’s instructions.
They were subsequently purified on NucAway spinuoois (Ambion) and ethanol-precipitated.

Microangiography analysis
For microangiography analysis, isolectinB4 (MolecuProbes) was dissolved atdg#ul in 0.3x Danieau and
microinjected into the sinus venosus as previodshkcribed (Isogai et al., 2001).

Wholemount in situ hybridizations, sectioning and imaging

Single wholemounin situ hybridizations were carried out as described withor modifications (Thisse et al.,
1993). For fluorescerih situ hybridization, the different antisense riboprobmese labelled with digoxygenin
labeling mix (Roche) or DNP-11-UTP ribonucleotidg®che). Hybridizations were subsequently performed
using the TSAI Plus system kit from Perkin EIm@&riefly, after permeabilisation, hybridization améshes, 28
hpf embryos were blocked in TNT buffer with 0.5%08king Reagent and then incubated with a peroxidase
conjugated anti-FITC preabsorbed antibody (1:20f)) dimple flurorescenin situ. The green color was
developed with tyramide-FITC. For double situ hybridizations, revelation was sequential: fitbie green
color was developed with tyramide-FITC. Then, afterctivation of the first antibody with J@,, the embryos
were incubated with peroxidase-conjugated anti-[pi@absorbed antibody (1:200) and the red color was
developed with tyramide-Cy3. Embryos were themesively washed in TNT buffer.
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Following fluorescent wholemountin situ hybridization analyses, embryos were refixed in 1%
paraformaldehyde, embedded in low-melting agarosecat at 15Qum on a Campden Instruments vibratome.
Transverse sections at the level of the trunk viecebated in TO-PRO-3 iodide solution and pictunese
taken by using a Leica TCS SP2 inverted confocsérlamicroscope (Leica Microsystems, Germany). For
multicolor imaging, FITC, Cy3, and TO-PRO-3® iodidere visualized by using an excitation wavelengjth
488 nm, 543 nm and 633 nm respectively. The adiprsivas set up to avoid any cross-talk of the ghre
fluorescence emissions. Captured images were &pas TIFF format files and further processedgigidobe
Photoshop and lllustrator CS2 for figure mounting.

To perform histological sections, MO-injected endwywere dehydrated, embedded into JB-4 plastia resi
(Polysciences, Inc.), and sectioned at (@@ on a Leica microtome. Sections were countermsthiwith
hematoxylin-eosin following standard procedures
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Figurelegends

Figure 1: Alignment of vertebrate Sox7 and Sox18 peptidic sequences and phylogenetic tree.

A. Residues identical in all proteins are shadegeltow and those conserved in just some of thenshagled in
blue. Similar aa are shaded in green. The HMG ibaxdicated by a line. The accession numberstier
sequences are as follow Dr-Sox7 (AY423014) Hs-SEXP_113627), Mm- Sox7 (NP_035576), XI- Sox7
(D83649), Dr-Sox18 (XP_694383 with one modificat@inposition 193 where D is replaced by A), Gg-$ox1
(NP_989640), Hs-Sox18 (NP_060889), Mm- Sox18 (AABIH Rn-Sox18 (NP_001019952). DOmanio
Rerio, Hs :Homo sapiens. Mm : Mus Musculus, Xl : Xenopus laevis, Rn :Rattus Norvegicus, Gg :Gallus gallus.

B. Phylogenetic tree of the vertebrate Sox7 and Spxa&ins.

Figure 2: Spatio-temporal distribution of the zebrafish Sox7 and Sox18 transcripts from bud stageto

28hpf.

A. A,F: Posterior views of bud stage embryos indicatingt Box7 and Sox18 are expressed in stripes
corresponding to the LPMB,G: Expression ofox7 and Sox18 in the LPM persists throughout somitogenesis.
Staining occurs at the anterior and the postergotspof 5 somite embryo€,H: At 18 somite stage, a signal
corresponding tdSox7 and Sox18 is seen in the presumptive axial vesséls. At 24 hpf, Sox7 is mostly
expressed in the DA, the head vessels, the ICM iantivo stripes located in the hindbrain. Prefemnti
expression 0$ox7 in the dorsal aorta is confirmed in the close-iggwof the midtrunk vasculature showngEn

I: Sox18 transcripts can be detected in the head vascalathie ICM, the dorsal aorta and the axial véin.
Close-up view of the trunk showiripx18 expression in both axial vessels at 24 hpf.

Lateral (C,D,E,H,I,J) or dorsal views (B,G). Embsyare shown with anterior to the left. The develeptal
stage is indicated in each panel. DA: dorsal aoftd; axial vein; NC: notochord ; LPM : lateral péat
mesoderm; ICM: intermediate cell mass

B. Double fluorescence for the vascular markékl and Sox7 on wild-type embryos at 18 somite stage.
Confocal views of transverse vibratome sectionsastiat Sox7” positive cells totally overlap witRIk1" cells.
Double staining ofsicl andSox7 show a population of SeSox7 cells located in the presumptive ICM (arrow in
P).M andP are merged views counterstained with Topro3 (blue)

Figure 3: Knockdown of Sox7 together with Sox18 leadsto a loss of circulation in the trunk and tail.

A. Targeting bothSox7 and Sox18 using different sets of morpholinos prevents trgitkulation in morphants.
Sox7 or Sox18 knockdown alone shows no effect.

B. Microangiography analyses to assess the fundtioegrity of the vasculature of 48 hpf control) @nd
Sox7/Sox18 morphants (b). The main axial vessels of doubtapimant embryos show no uptake of the
fluorescent dye whereas circulation in the heatbtsaffected.

C. Normal Flil expression inSox7/Sox18 knockdown embryos reveals no vascular apparergcten the
posterior vasculature (compare a and b, and ¢ pat28 hpf.

Figure 4: Sox7/Sox18 morphants display abnormal arterial-venous specification and arteriovenous shunts.

All embryos are at 28hpf, except as notadLateral views of the trunk and tail are shownhwanterior to the
left. As evidenced by whole mouimnt situ with specific riboprobes, no significant differenin the vasculogenic
expression oFlil, Tiel, Tie2, hRT and in the somitic expression BEGF is observed between control embryos
and Sox7/Sox18 double morphants. There is a mild decreaddkt expression at that particular stage but not at
earlier time points (data not showB) In situ staining with the venous-specific marlgt4 shows an expansion
of the labeling (A-D) while the domain corresporglio the artery-specific mark&phrinB2a is reduced (E-H).
C,D,G,H are confocal images of transverse sectibfisorescent embryos labelled by doubiesitu.

C. 48 hpf Tg(flil:EGFP)’* control fishes show well differentiated proximalri@o (arrow inl) whereas
morphants display dysmorphogenesis at the leveravtiee paired lateral dorsal aortae normally fused a
single tube (arrowheads k). (L) Hematoxylin-eosin stained sections reveal artemous shunts in the trunk
region in Sox7/Sox18 morphants. NC= notochord; Rirsal aorta; AV=axial vein; OV=otic vesicles.

Figure 5: Sox7 and Sox18 are not involved in molecular pathways leading to the commitment of
mesoder m to a blood fate

At early stages, formation of hematopoietic precigsappeared unaffected, as evident from norSahl
expression in the posterior LPM at 9 somite stagkfeom normalGatal andScl expression at 18 somite stage
in Sox7/Sox18 morphants.
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Figure 3
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Figure 4
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Figure 5
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