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B:AE%./ #/9.#52:1%.U+.#,.+(,U72+#/9.7 #(BI7G(/7:2#4a# 4%: U# &%: 1#(2U#/:#U.BTEQ. #/9 #/(
+.2.<H]9.a(, H#, +%(/T2##
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(6'&178'8&18%&.,16'1%I&! (B0B!%#10&!.&1%86'1#G1%I1&!%#%8(!,6:8;,&818".&#G!%I&!;1
>8(6,8%6'7! %I&! /$%8'%! (6'&! :%68%%$:H! S#1! VBBHCRAHEY 8! ##.(#'8(!
8'%68,68:18786":%\(G28BIM(G20B Q1% &E0818&!78& &18%&, HINI&IHZHS:!

068968 1#G!/$UB' B O818::8X&, 1961#$ 7T &:%&1'10(#%!8::8X:H!
|

27 NI&'1%I&!.81,68.1;1& #%X;&I#G196IE6'&: 1K', 1%61&! #$0(&!/$%8106'&:1#0%86'&, !

OX!. 1#:: §19%1&1:6'7 (&/$%8'%!G6: 1 ZICHBLB.%& 16[&, HI &1#0:&1>&,1,&G&.%:16'>8(>&!
G#1/8%6#18'8'8(X:&,!,6GG&18&'%! 7&'&I&R;1&::64';8%4%&1":H!
|

VZ J1%I61,!;81%! 86/8%! $',&1:%8',6'7! %I&! 7&'&%6.! :8%I08X! 61 O16.1! %|&:&! %I1&&!
78&'&:181&!16'>#(>&,B!8',18%! ,&.6;1&16'7!6':81%6.$(81!O16.1!81&! %I&61! #O':%188/!
78'&19%8178%:HISH#11%I6:| B16G& & WOH! B;;1#8.1 & 10&.&!,&>&(#;8)INIFT
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NI&!G61:%!;81%!#G!/ X 1S6UR: B%6#!78'&18%&6G6.18'%60#,6&:1%#! #'BB&H:8;;&818".&!
#G!:1#%&6":16'1%I&!:6'7 (FB&68'Y65%&  F#5%&HM2U#/9.#U:: 4% #A;/(2/#5YiBYo& B #
+,- “OU6'&HB'T7(&!/$%8' WY& H2UB%&' A O&1&!I7&'&18%&, I0X1#$1!(80#18%#1X!$:6'7TINIKQA
%&.I'HHTXEK AV (., 7(Yo<tm#V ./9:U<#&: #&:,19. #. TEY(2(/7:2#(4:;1#/9.7 #B Z@HR(1(6'&!
08:1;$0(6:1&,!6'1k"%&&, ! &%! 8(HBH3*UP108:118&.&6>&,18:!18!1&%&1#[ X 7#$:!(6'&! G1#/|LCAF!
k< V(. 7(Yo<#m#V.I9: U<t &: #728&: A(IT:2# (044 .2.,(/7:2 #&# (#</(4% #TIHBT$L&!*V!
18:&'%:1%1&! (#.8(6[8%6# 1#QIRBBY6#18',178'&18(!,8%8!80#$%! %I&! &' #78&'#$:1: 1H%&6'":
8',16'G#1/8%6#'180#$%!%I&!'8%6>&!;1#%&6":16:1;18:&'%&,16'1%80(&!*H

J((1%1&:&!(6'&:1: #S(,. #:%6%$%&! 7 E&IBS68'%H!Q8.111&:;8.%6>&!/$%8%6#' (&8, :1%6#!
81 ;1&/8%$1&! :%t;! ##'1 &81(X! 6 %I&! #,6 &' .&! 18&:$(%6'7! 61 %l&H#1X! Yt B! #'
A#,$.8,<# B #,& L 1#%E&6 HINI&YANI6:'&>8&1%I&(&::1:%6/((1; 1#,$.&,!8:16%1.8'10&!,&%&.%&,!
0XIC'"6%$!eX016,6[8%6#'18::8X106%I18!; 1#08&! . #/;(&/& %81 X IKHBRIRIHO: 12#9. , #4: /#
(%7 .Ut 2# .+ O #2Un5%&H8A; | (2/#<(AE%ZH

N#! #G61/1%1&!80:&" &I #G! 7&' &!;1#,$.%! KI&1&! %1&! ;1#%&6'Z! 6' %l &:&! /$%8'%: B! :#/&
HX.(#8(18" | ##.(#'8(18'%60#,6&:18786":%!%I&!; 1#%&6": 1#G16'%&1&:%!0&1&! 7&'&18%&,HINIE
8&GG6.6&' . X108:1,8%81/6'&,#'18!" &: % &1'1=(#%!Kk =Z!8::8X H!"#/ & HTOIEIB( :#1$: &, 1#'18'!
Cl$# TS($#1&:.8'.&!8::8XIKCSZ!I%¢#!(#.8(6[&!%I&!;1#%&6'":H!
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N5& UBK(B'%0%-$3%."-("ABT84'3A.07 (QBI&S3-$(*.-%0 (A)(+10%"#BE) %" #$5W6-%R0%)(
~($7.0($7%0(0F(

NI1&!/$%8%6#'16:!6',6.8%&,!1#'1%1&! 7&'#/6.11&;1&:&'%8%6# ' 1#G!&8.117&'&H!

5%&%(18',! 5%&4A"O&1&! #0%86'&,! $:6'7! NIKQM &' #'$.(&8:&! : X:%&IMHV(/.,7(%<# (2U#
V./I9:U<#&: #&:;,19.,#U./(TZ6'1 %I &! (8OHH 8V16:181(6'&!8>86(80(&!#'| LCAF!,8%808:&B!%I&!:#6'%!

klf2ais* mutant

exon 1 exon 2 exon 3
1

TATTTCCACA CGGCGCAGAAGGAAAAATGCTGGGA

9pb deletion 24pb after ATG and insertion of

Native protein: 380aa (43kDa)

Predicted mutant: 29aa

Putative second form Cshort versionE: 347 amino acids (39kDa)

klf2bi9> mutant

exon 1 exon 2 exon 3
1

GCGTGGAC GCTTTACCTTGCCTTTTGCCTTCGATTTC

28pb deletion containing ATG
Native protein : 363 amino acids (41kDa)

egrils4 mutant

exon 1 exon 2
1

CCCGTCCTAAACCTCTCAGG

Point mutation A> C
Native protein: 511aa (55kDa)
Predicted mutant : 137aa

1$%8%6#'11&:$(%&,'G1#/!Q”"m!%1&8%/& 'YH!

C'G#1/8%6#'180#$%!%I&!/#(&.$(81!10&671%!#G!&8.1'1&:;&.%6>&![&01BG6:I!;1#%&6'H

634*%E(_3$./%(\Z(3-)(,-. 9" $ (‘YA %-#%0("A(9"$%.-0(:BY6'%0$(0$&.). %) (.-($7.0(

=3-80# .9

51#%&6''8/& E#(&.$(811'&671%!] m'6;1#%!1&G&1&
\(G28IK@ +2B44M98 PKICY
\(G28!"® VM98 JUSVEW

\(G20 +*B2IM98 }131QY!

&71% WWB*INI98 520UWR2
\(G+Ik;1&>6#$:1'8/&\(G+#8Z +VBUMOS JTUWI
\(G*Y1k;18>6#$:1'8/& \(G+0BM(C +UB]M98 }19S"2 |
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EB'%3=4*0%(34"&$($7%("9$.$.13"A(1%4'3A.07(9"'$%.-(*EB Y0
Z%0$%"-([*"$(30087?

EQUWI%'.=%-$3*(9"#%)& '%($" (5%$(1%4'3A.07(9"$%(-(*203$%0
C'I#1,&11%#1 78%! & HST11/8%& 168 (1#G! TH##, |b$8(6%X!8', 1 %6#1#0%86'!'6/&BB(HI! B! C!
#:96/6[&,! 8! ;1#%&6' &RY18.%66#' ; 1#9%6# #(H! NI&! /&%I#, $:&,! ;1&>6#%:(X! 6' %I&! (80! O8:1'
1&;1#,$.60(&16'/X!18',:18',1,6,'#%61016'71:8%6:GX6'7118&:$(%:H
!

CH*HAEZ6.&!#G!%I&I&R%18.9%6#1(X:6:10$GG&1
N#! /8R6/6[&! %1&! &GG6.6& X! #G! %I&! ; 19%9b8.EHEFB! 6'! ;81%6.$(81! OX! ;18&>&'%6'7! :8/;(&!
&718,8%6#B!;1#%6&6' 8771&78%64#'18',1%#18'18".81%I18&61! :#($06(6%XB! C! G61:%!%16&,!8',!.
>816#$:| &R%18.%6#'10$GG&L: #//# (X! $:&,!6' (B0#18%#16&:1 O#1(,06,&!K%I&! (B%! 6:18>86(
NSO(&IZH! NI&! #//#18;;1 #8.116'1%I&! [&018G6:I! GB&(,! 6'>#(>&:! %I&! $:&! #G! ,&%&17E& %:! (6)
"# 63/, #,8.X(1:$(GB%ED " ZI%#!:#($06(6[&!%I&); 1#%&6':10&GH1&1%]&): & 8 1 TBARHIETRYH!
Q6! 6:1#&IH#G 1 %I&! [#:%! #//H8' 11&(;CH(1:$1G8.%8' BH]1#%8&6' &R%18.B8F1 ?H! &%! 8(HB!
23*+ZHI1&8B!8L.IS#% 1IBBE VBB B(:H#//# (X18,,&,19%#!(X:6:10$GG&1B!6%! #/:8968:/06%1%I&!
1#%8&.6'8%68! 6'%8&18.%6#" B! 1&:$(%6'7! 6' 8! PGHOGKLS',! #($06(6[8%6BHH,63/!
&HRX.I#(8%&! k9aFZB6(&! :8(%! :$1G8 BB Y185 &, | G#1! %I&! ;$16G6.8%@BIDEGE.!
1#%8&6':1 K 8'7! 2H! &%! 8(HB! 23*+ZH! C%! 6:1 #%86'&,! 6'%6#! %I1&! #//#1;1#%&6' (X:6:! 03GG&1
0$GG&1Z!06%I!8!:/8((!;&1.8'%87&! #@DGHHRIOISH(! #$B(,! 0&! $:&,! %ott! 1&;(8.&! INNH!
J(%I#$7116%!18:18116 718 11>#(8%6 (6HRABITKI%618'1%16:1(8%%6&1BI6%!08: L I#O'1%6#10&! (&::1; 1# &!
#R6,8%6#'18',1(&::1$:%80(&H!M'(6M&! ONNB!6%!,16>&:1%18!188.%64#' GH#1O8GIDAA! #/;(8%66#
@P"FIE6. 1#F8(#16/&%&1!m:&11: E8'$8(BIE6. 1#F8(BIKKFZH!

! J1.18#% 1#,6L/#(&.$(&! 1&(;:!,6:1$;%6'T%I&IX,1#7&' O#', :10&%0&&" O8%&1! /#(&.$Y8L$16/,8616'7! %I&Y¥%806(6%X! #G!
1#(&.$(&:TEM&!; 1#%&6'1%I &!: #($% 08B O&BM&'6'719HM&, 1#;1#06.! &G G &Ho
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634*%£1Y /%' % D('A($7%(). AAY%'%-$(*20.0(4&AAY%'0($960$%) ($"("9$.=.196($7% (9" $UB (*20.0("Al
194'3A.07(%=4'?"0

(
51#%# . #( =3GG&1.#/;# &'%8:
GIGEB<(*?@.0 AC5D
TKX:6:,&1G#1/&\W!/6'16'TAC5J!(X:6:!10$GG&11#' W3/EIN16EF(!;eYHW
TJ,,6%6#'#G!*11"90$GG& 1! *W3/EIN8F(!
TI&8&'8%$16'7!: % &YMK/6" |W %t 3H2W,!"#,6%/!,&#RX.1#(8%&
*IN5+3 |
8,,16//&,68%&(XI0&G#1&!$;84%&8:&!6'1606%#1!.# M%8
]
Ut!"9"10($&!0$GG&1
2W3/E!%18®F(
*3,1"9" |
3H32,101#/#;1&'#(10($& !
V3,17(X.&1#();eUH4
8,,16//1&,68%&(X!0&G#1&!$M&/B3/E!IONN!
HI('%3(*?0.0 8,,/UE!$1&8!6"6,&!AC5J!10$GG&1
:8/&!1;1#%# .#(18:1G#110$G G 11*Z !
KI(, @%'#39$'@%$73-"*(*?0!10 UV/E*EIN167eF(B!;e!UM4
f8,#C(A(2/9(HW(,, 7% W< (<#&, B #rG:2# SH*17(X.&1#(
7. 3<#% 4> 3H3WL1T&1.8;%#R%I8"#(
Te#/#7&'6[& 106%I!8!/6.1#G$7&!; &I$HEB (184/6R! | *1"9" |
.8'10&!:6;&%%6'7!&8:6(XB!8,,!%I&!09EGH1£6!
8',10#6(!W!/6'0&%0&&"&8.1
T&B8ME&'8%$16'7!:Y%&YK/6'|W %A
SlE3%==*.(*?0.0(4&AA%' 3B2WEIN16:!;e!UB4
(Following the advice of Dr Benjamin Vitre, CRBM D | +3,17(X.&1#(
CNRS, Montpellier) +1"9" 11
Te#/#7&'6[&!$'%6(1%I1&!/6R!.8'10&!;6;&%%6'7! & 31, T&1.8,%H#R%618'#(
TI&8H&'8%$16'7!: % &YMK/6" |W %t 3BV,101#/#;1&'#( 10($&
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CH*HBZ(&!;18;818%6#)!&/01X#:1,&.1#164#'8%6'7!8' .| &X#(M6'7):9H&;:
JVBHA1;GBIH9%!8((1&/01X#:118>&118%. 18, HINIS:BI%I&611&77:1&((BI%I&LI#16# BLI#$(, 108! L&/H#>&, b
0&..1#16# 8%6#'1.#$(,10&!, # &I0OXIBK/8%6.11&/#>8(1$:6'T51#'8:&1&' [X/&IKAH.1&ZB!8!/8'$8 (!
#:818%6#'1 08:1'&>&1%I&(&:! ;1&G&11&,! $:6'7! 8! ;861! #GNBHT RLB6(XIHB:&,! %I&
&R%18.UBE 18>8 '%6'WI&B/8T6'TIH#G!; 1#%6&6H
+41;GRIOLXH: L IHS(,18(:#10&!, &XH#H(M&,H!IC', & &/BN (817&!8/#$'%!#G (6.8 %86'&,!

6'%6#1%61 & X#(MIO6((!,6:%#1%!108",1:8%%&1'1/6718%6#'18',1/8X!/8:M!; 1#% 8 SKHES! B9 1 & %
8(HB!238VZ

JH%I&116/;#1%8 46" W6##! #6,& 11861 & #6861 &1>8%6HUB!: I#$S(,|0&H::60(&!1%#!
M&&:;! %I1&! ,&'8%$1EK:6:&R%18.% IBYU# 1T 3% G&O! ,8X:! 8G%&1! G8:%! G1&&[6'7H! e#0&>&1E
&718,8%6# 1 #GIUBR(&: 'K6H&H!%18'":.16;%6#'! G8.%%6#1: | # (DB WRIRL H&ZB(1&8, XoOH#!
8X:18G%&11:%#187&HINHIM&E;!18;1#,$.6B/(6R;8948B(,108!;18;81&,|G1&1B',| ;1#%&6':!
13141 &:%&1'1=(#%#%1&!:8/&! 8XH
!
EFEP60$%'-([*"$("9$.=.13$."¢
a%I&1!;818/8&%8A(H#H1&b$EN&. 68(18% & YEBH' 8'10&IH#; %6/6[&, 167 &Y6!8I TH#, 11& #($Y66#']
#1%I816//$#0(#%: HI
#

CH2H8Z!b$8'%6%X#G!; 1#%&6": 1 (#8,& H#'17&(:
K#8,6'7! %##! [$.11; 1#%&BHS$(,! (&8,!%#! :67'8(! :8%$18%6#'! 6'! O&:%&1'"! O(#%:B! X&%! %##! (6
;1#,$.&:10&8M!:67'8(:6L#/;81&,!1%11&&!/&%1#,:19%0#1/&8:$1&!; 1#%&6' . #'. &' %18%6#"16'#1,& 1!
%#!G6',!18!1&(680(&!/&%I#,19%018%!78>&!/&18'18..$18%&!&:%6/8%6#'1#G!%I1&!b$8'%8% X! C!(#8, 4

eWLHE, /. 72# (6% . #11&:;#',:! %#F8#;;&1108:&,!;1#%&6' 8::8X!08:&, ! #'1 Yd% 18,6%06#'8(!
K#01X!8::8XB!&R.&;%!06.6'.1#'6'6.!8.6,!6:!1$:&,H!5&;%6,&:!.#'%86'6'71%11&&!#1!/#1&!8/6'#!8.6,!
1&:6,$&:!11&8.%!06%I!.$;16.16#':|KF$2SZ! %#! G#1/18! #(#1&,! .1&(8%&! #/;(&RH! FH184$. %! #G!
1&8.%6#' G1#/!18" &R.&::1#G! $1&8B! 06$1&%B! 1&8.%:!1 06%l! .#;;&1! %#! G#1/!8! (671%! O($&! ¥
%&%18,&'%8%&! #/;(&R! %I8%! 80:#10:! 8%! WU3! '/H! NI&! 6'%&":6%X! #G! %I&! #(#1! ;1#,9.
;1#,#1%6#'8(1%#!%1&!'$/0& 11 #G!;&;%6,&!0#',:1;:81%6.6;8%6'7!6'1 %I &! 14888 6HHHE
,X'8/6.118'7&! 11.8;80(&! #G!/&8:$16'7!;1#%&6" .#'.&'%18%6#" ! #G! BHW<7</K! %#! *HW/7</KH!
m'(6M&! #%1&1! /&%l#,:! 8>86(80(&B! %1&! =FJ! 51#%&6'! J::8X! 6:! .#/;8%60(&! O6%I! :8/;(&:! %l
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#'%86'1$;!1%#!W,!:$1G8.%8'%:!k,&%&17&'%:ZH!C'!8,,6%6#' B! %| BRI 98K O& ; #',!
1#1&!$'6G#1/(X1%#!,6 GG &1&'%!; 1#%&6":1%18'1%I1&!=18,GAB Y AYEH K. #<B7.2/7&7BHU(/(>
!
W:A(<<7.# Ua# fe,(U&:,U># E,:[.72# (dF#/8::6&! =16((68'%! =($&! KRWBSBY! 6'%&18.%:!
&(&.%1#:%8%6.8((X! OPFHBH&'%(X! O6%I! %I&! 8/8'# . 810#RX(! 71#$;:! #G! ; 1#%&BIIK!
G#1/8%6#' 1 #G! %I &TMR6&6' #/;(&R!:%806(6[&:! %1&!'&78%6>&(X!.1817&,!8'6#'6.| GH#L/'#G! %I&
X&!;1#,$.6'71%1&! 0($&! #(#SLH! KF168(! &%! S(ENIGIVES:$(%:! 61 8! 1:&.%18(! :16G %! G1#/! %I&!
1&,,6:1<01#0O"\G#1/1#G!%I&! X&!K308'.&!/BR6/$/'18%!+UW!'/Z!1%#!%I &!0($&!IGHL/'#G1%I&!, X &!
k80:#108'.&! /8R6/$/! 8%! U*3!'/ZH! NI&! ,6GG&1&".&! 0&%O&&" %1&! %O#! GH1/:I #G! %I&! , X&! |
71&8%&:%!8%!W]W!'/B!#;%6/8(108>&(&'7%I!.1#:&"1%#!/8M&!%I &!/&8:$1&/&'Y%H!C%!6:!(&::!: &€
%I8'1=FJ1%#!,&%&17&'%:&P&!6""1%I&! (X:6:!0$CGG&1H!
[
c(2:8,:E# E,:[.72# L'h[# A.(<;,.A.2] ) %I6:1 ,&>6.&! /&8:$1&:! %I&! 80:#108'.&! #G! /86'(X!
%1X;%#;18'8",1;1&'X(8(8'6'&!8/6'#18.6,:B!8',1&:%6/8%&:1%#!%1&!8>&187&!G1&b$&" X!#G %1 &:&!
8/6'#! 8.6,:! 6':6,&! %I&! ;1#%&6' /6RH! F#"&b$&'%(XB! %ILEBEFR/&'%! #G! ;1#%E&6'!
H#'.&'%18%6#'16:B!$:$8((XI#GG!IG1#/1=18,G#1,1#11=FJ!/&8:$1&/&'%:!10X!8!G8.%#11#G!1%O#!#1!
C%!6:!1>&1X!:&"6%6>&!%#!6'%&1G&1& . &!G1#/18!'$/0&11#G! . #/#$',:B!6".($,6'7!,&%&17&'%:H
!

CH2HMZIO(#.M6' 7! :#($%b#'
M'G8I16&,! I6(M! #11'H .8'1 0&!,6($%&,! 6' 5=INO&&'I 3H*,! 8:1 0(#.M6'7! :#($%6#"H! ="J! 6:!
7&'&18((X!$:&,'/06%1!06#%6'18",18'%6; I1#:;1#; 1#%&6'18'%60#,6&:H!C%!6: 1#'&!; 1#%&6'B!:#!(&::|G#.
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Materials and Methods

Zebrafish accession gene numbers
kif2a: ENSDARG00000042667
kif2b: ENSDARG0000004432
egrl:ENSDARGO00000037421
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fitl: ENSDARG00000019371

Zebrafish husbandry, fish strains and embryo treatments

The zebrafish (Danio rerio) lines used in the experiments were the followildgtype AB,
Tg(egrf®® - from ZIRC, received as an heterozygous line ; Tg(Kfpa generated in
VermotOs lab using TALEN technology, published in Steed et al. 2017 ; T§{kigbnerated
in VermotOs lab using TALEN technology (further infornmatielow), Tg(flt£**°°% - from
ZIRC, received as an heterozygous line, Tg(R& or cup mutants from ZIRC, Tg(t>)
or vald tepes, gatal mutant, from ZIRC, Tg(tnPt%a or silent heart (sih) mutant from
StainierOs lab (Sehnert et al. 2002). TEgéﬂI4FPJb‘°: UAS:kaede) (Herwig et al. 2001) from
Markus AffolterOs lab (Biozemtrum, Basel) and Tg(flk1:mCherry) (Bertrand et al., 2010),

Embryos were staged according to hours (hpf) and days postfertilization (dpf). They were
incubated at 28.5;C in 0.3% Danieau medium supplemented 5h after birth with 0.003% (wt/vol)
1-phenyt2-thiourea (PTU) (Sigma Aldrich) to inhibit pigment formation. 2dbrafish strains

were maintained at the IGBMC fish facility under standard husbandry conditions (14h light/10h
dark cycle). The Animal Experimentation Committee of the Institutional Review Board of
IGBMC approved all animal experiments performed in pinggect.

kif2d% mutant line Mutant described in Steed et al. 2017. The INDEL generated using TALEN
technology leads to premature stop codon in the protein. A second ATG could be a putative
proteincoding start site, this site will be conservedli2a® mutant. Its effective presence and
cellular activity have still to be proved.

kif20%° mutant line Tg(KIf2b'%) line was generated in the same way as Tg(EffRausing
TALEN system. A TALEN pair (left and right arms: 50GGACATGGCTTTAGY and
50AACGTTTGCAAACCAG3O) were designed to target exon 1 of the kif2b gene and injected
into single cell wildtype (AB) first cell. We identified the alleles generated and confirmed that
potential targeting events could be transmitted through the germlma-byossing the FO fish

with AB animals and sequencing genomic DNA from pools of 6 F1 embryos. We After
screening the first generation, we focused on a -2Rpition mutation (50
GGACATGGCTTTACCTTGCCTTTTGCCRO) leading to a premature stop codon in kif2b
transcript. Studies were performed from F4 fish and later generations, and on transgenic lines
resulting of oufcrossings. A PChased genotyping strategy was established using the
following primers to identify the wildype and mutant alleles, the length the deletion
allowing their visualization directly on a 3%garose DNA gel: forward 50
GGAAAGCGCGTATATTTGGA30, reverse 50AAGTAGGAAATGCAAGTGT-30 and
sequencing forward primer 58GAGCGCACTGTGCCTTATAS3O.

lsa64 1sa64

egr™"mutant line Egr mutant comefom Stemple line (ZIRC), adult males were treated
with ENU. It contains a C>T point mutation in the exon 2 of the gene leading to a premature
stop codon in the predicted translation product. Studies on Tg{&ylihe were realizedafter
cleaning to btain a stable line on F4 fish and later generations, following -cubssing to
transgenic lines of interest. Genotyping was performed by sequencing of the PCR product
generated with the following primers: forwardSOATCCTACACAGGCCGTTTCAG30,
reverse BCACTGGGATATGTTGATGAGGAG30, and sequenced with the primer 50
TGGTTGAGAAGTTAGGGCCAGAG3O0.
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KIf2a%, kif2b%° andegr1®*®*fish were viable and kept as homozygous fish to be able to work
with maternal zygotic embryos in this study. Double mutant likl€stkif2b, egrtklf2a) came
from crossings between single mutant lines and following genotyping.

Flt1 5% mutant line FIt1°****mutant comes from Stemple line (ZIRC), adult males were
treated with ENU. It contains a T>G point mutation in the o the gene, which in theory
leads to a stop codon preventing to form both soluble and membrane flt1 forms (

Studies on Tg(flt1**%) line were realized from F4 fish and later generations, following out
crossing to transgenic lines of interest. Genotgwas performed by sequencing of the PCR
product generated with the following primers: forward for PCR and genotyping: 50
TTAGGCTGAAGGATGGGATG-30, reverse 5IGGTCCTCTTTGAACAACCA3O.

Genotyping

Genotyping of adult fish was performed three months &ftén on genomic DNA extracted
from a small piece of the caudal fin lysed at 55;C in 100!IL of Six$s buffer (L0mM Tris

HCI pH8, 200mM NaCl, 10mM EDTA, 0.5% SDS and 100 !g/mL Proteinase K), and then
purified using isopropanol/70%thanol. Genotyping afmbryos was either realized on whole
embryos (after live imaging or ISH) or from dissected tails (before immunofluorescence), lysed
in 50'L of 50mM NaOH at 95;C for 10min. Lysis reaction was stopped with 10!'L -H(SI

pH8. 1IL used for PCR reaction.

In Situ Hybridization (ISH)

ISH assay was performed as in Thisse (2008) using the followingearge probes:

klf2a probe: obtained by PCR amplification of the plasmid IRBOp991B0734D, provided by
RPDZ, Berlin, using forward primer: BOAGGCGACTACAGAATGCA-30 and reverse
primer: 5(TAATACGACTCACTATAGGGAGTGAC. Transcription with T7 polymerase.

Klf2b probe: obtained by PCR amplification of the plasmid #1343 pEB, provided by

Mrs Cecile Otten, Seyfried group), 640pb fragment amplified with reverse itner
CTACGGTCCGGTGATAGGCATG3O and forward primer-50
AGCATTTAGGTGACACTATAGTCACAGGTGTCTCTTCATGTGCAG3O. Transcription

by SP6 polymerase.

Egrl probe: from pBSK plasmid, PCR amplification using forward primer: 50
ATGACCCGTGAGTCAGTAA3O and reverse primer: 50
ATTAACCCTCACTAAAGGGACTTGGTGCCCTGAGTTCTGAT3O. Transcription using

T3 polymerase.

FItl probe: from a partial cDNA fully sequenced ordered at Science Biosource
(IRCYp5023H065D, 9038840 IMAGE ID), pCRHEOPO plasmid, linearized by NCOI (NEB).
Transcription usmg SP6 polymerase.

Wnt9b probe: forward primer: BFRATTGCCCTCTGCATCCTTE30 and reverse primer: 50
TGACATTCAACGTGACAGCA-30

To optimize the imaging of the heart after staining, in certain cases the embryos were made
more transparent using fructose. Asfibath in 45%ructose solution (Efructose, Sigma, ref
F0127) containing 1/100-Thioglycerol (Sigma M6145) was performed for 15 min followed
by a second bath in 90%uctose solution from 30min to 1 hours depending the stage of the
embryo. Imaging wagerformed using a Leica M165 macroscope with a TrueChrome Metrics
(Tucsen) with a Leica 1.0X objective (10450028).
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High throughput dissection of 48hpfhearts _

Heats were dissected frokif2a%:klf2b%, Tg(egrf*®y and Tg(kif2¥?) lines in background
Fli:lifeact-eGFP; flk:nlsmcherry and respective control embryos at the desired stage (48hfp)
using highthroughput extraction technique, optimized from Lombardo et al. (2015) protocol.
Hearts were separated mechanically by pipetting up and down a ba@therhbryos in culture
medium (-15 Leibovitz, 10% FCS 9150.25mM CaCl2 800mg/L glucose50microg/mL
penicillin, 0.05mg/mL streptomycin), medium prepared fresh for each experiment. Hearts were
then separated from debris after passages on two diffidters: first purification though a
100um nylon cell stainer (Falcon, 352360), and further collection on-sepagation filter
30um (Miltenyi Biotech). After centrifugation 10 min at 2.5g, culture medium was replaced by
cold FACS medium(PBS with 2%kFetal Calf Serum 9150, 1% Penicilline/streptavidine, 1mM
EDTA) and final filtration was performed with tip strainers (40um) (SciencewareAiBel
flowmi tip strainers)

development

Fluorescenceactivated cell sorting (FACS)

Further separation of endodaal cells from the other cardiac cell types was achieved directly
after heart extraction by FACS. FACSAria Fusion (BD Biosciences) device was used. Cells
were sorted on a FIT@ detector and flow cell passed through 70ni0zzle.

Sorted cdb were collectd at 4;C in PBS9,5uL cold PBS + 0,24uL RNAsin and immediate
freezing in dried ice of 1000 cedamples for mMRNA sequencing assay; or 50uL cold PBS for
the samples directly treated aftertsng with the transposase fAilf ACseq assay.

mRNA-sequencing

1000 endocardial cells were collected in 9.4 uL HB&se free supplemented with 0,24uL
RNAsin and immediately frozen after FACS sorting in dried ice and storé&Di. cDNA
transcription was performed usi@pntech SMARTSeq v4 Ultra Low Input RNA KitPaired

end 100 bp reads for control and experimental samples were generated with Illumina Hiseq
4000. RNAseq raw sequencing data from zebrafish were trimmed and aligned to zebrafish
genome version GRCz10/danRer10, with the tophat algofitarsion 2.1.1(Kim et al., 2013)

and the use of-h2-very-sensitiveE paramat Samtools (version 0.1.1Q)i et al., 2009)were

used for data filtering and file format conversion while thed¢q count\{ersion 0.5.4p3.)
(Anders et al., 2015)lgorithm was applied to assign aligned reads to exong tise following
command line ChtsempuntBs noEm intersectiornonemptyE. Differentially expressed genes
were identified with the use tiie DESeq R packag@nders and Huber 201,0and genes with

fold change cubff 1.5 and P<=0.05 werconsidered to be differentially expressed (DEGS).
Heatmaps that were constructed to depict DEGs or selected genes were generated with
R/Bioconductor.

ATAC -sequencing

After FACS sorting, cells harvested in PBS were treated according to Buenrostro et al. (2015)
protocol. Transposition reaction and purification were directly performed the day of cell
collection, DNA resuspended in Buffer EB from the MinElutevkits stored at20;C upon
further treatment. Custom Nextera PCR Primer were used during PCR amplification to label
the samples. Library quality control was done using Bioanalyser, a ptigficstep was
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performed usindMiniELute Qiagen kit and size sepacat on Agencourt AMPure XP beads
(A63882, Beckman Coulter, Inc) to remove PCR Nextera primers.

Sequencing was performed on one lane on lllumina HiSeq 4000 sequereiteyaNHS2x50
millions basedor control and mutantBowtie2 algorithm (version 2.1)Q(Langmead and
Salzberg 20123nd G-very-sensitiveE parameter were used for aligning ATs&q data to the
zebrafish genome version GRCz10/dariReiSamtools (version 0.1.1Q)i et al., 2009)were

used for data filtering and file format conversion. Duplicate reads were removed before peak
calling. The MACS2 (version 2.1.0) algthm (Zhang et al., 2008)as used for ATAGeq

peak identification with default-palue XEO05. All .bam files were convied to bedgraphs with
genomeCoverageBed and MACS2 bdgdiff command was used in order to identify differential
enrichment in the accessible regions between control and mutants, with default options. Gene
annotation (100 kB upstream and 10kB downstream ftenids) and genomic distribution of
accessible regions identified by MAZ%/as performed with bedtod®uinlan and Hall 2010)

Gene ontology, pathway and network analysis

Gene ontology and pathway analysis of the differenteiyressed gendsom RNA-seqgand
ATAC-seq was perfoned with DAVID knowledgebasgHuang da et al., 2009Huang da et

al., 2009) and Ingenity Pathway Analysis software (IPA, Ingenuity” Systems,
www.ingenuity.com) with the default settings. Only pathways and biological processes with p
value <=0.05 were considered to be significantly enriched.

Network construction
CytoscapdShannon et al., 2002nd Metascapé€Tripathi et al., 2015)vere used for network
construction.

Motif analysis . )
Motif analysis for ATAGseq peaks was perfoed with OfindMotifsGenome.plftom
HOMER softwargHeinz et al., 2010)

Digital genomic footprinting for ATAC -Sequencing

To attainsufficient sequencing depth to perform digital genomic footprinting (DGF) on ATAC
Seq data produced in this work, aligned bam files were merged asirigads merge (version
1.3.1)(Li et al., 2009) following sorting via samtools merge and subsequently indexed using
samtools index. DGF was

performed using dnase_footprints of the Wellington igBe package (version 0.2(Rjper et

al., 2013)on total merged ATAC peaks using as a parameter to enable ATAC mode,
resulting in coordinate shift 50 and 30 by +45hg, respectively. Motif overrepresentation
and average proélanalyses were performed witinase_average_profile.py okthVellington
pyDNase packag@iper et al., 2013)on WT-only footprints versus all mutant footprints and
vice-versa. Brefly, motif bootstrapping was performed in Yéhly and mutantenly footprints
using HOMER motifs corresponding to de novo found motifs found in WAO mutants
specific footprints.

qPCR
Whole hearts where extracted as explained previously. RNAexteacted directly after heart
collection inside RNA lysis buffer from Quick RNA micprep (Zymo kit, R1050). Around
1mg of each RNA mix was used to synthetized cDNA using SuperScript VILO kit (Invitrogen,
ref: 11754050) in 20uL final volume according the manufacturerOs instructioRsoducts
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were amplified in a reaime PCR reaction with Light Cycler 4&eatTime PCR System
(Roche) using a UPL Probes Master mix (Roche) accotditite manufacturerOs instructions.

Sequence of primer pairs were alkdw's:

LEE Forward primer Reverse primer
egrl |agtttgatcaccttgctggag ggtgaaacggcctgtgtaag
fltl agtcacgtccacccacaatc gccaactgtcagaactccaac
gatab |ggacgccagggaactctac acacggcaggtcatccag
has2 |agcatccctgttcaactaacg gctgaccgctttatcacatct
kif2a | ccgtctatttccacattttcg tccagttcatccttccacct
kif2b | cgtggacatggctttacctt ttgtgctcctcaatcttcca
sox17 |caacccacagttctggtcaa ccccaaaagagagacagtgc
tbx20 | gacttatgctggagatgaagagact |tgcagtgaacgctgaacc
wnt9b | cttattgccctctgcatect gaggctcgcgacctgtaa
polr2d-2 | aacgcaagtgggagatgtg agcgtctctgegttctcaa

Valve imaging

Embryos were incubated withmM BODIPY-FL C5-ceramide (Molecular Probes from
ThermoFischer, D3521) overnight and then anesthetized with 0.02% Tricasne (Sigma Aldrich,
SaintLouis, USA) solution anevere mounted on Petri dishes embedded in 0.7% low melting
point (LMP) agarose (Sigma Aldrichljo visualize the valve shape and to observe their motion,
confocal imaging was performed on a Leica SP8 confocal microscope. Images were acquired
with a lowrmagnfication water immersion objective (Leica HCX IRAPO L, 25X, N.A. 0.95).
For fourdimensional imaging, time series were acquired at a random time in the cardiac cycle
at 35fps for 3 s. The optical plane was moved 2 mm betweendbetinns until the whole

AVC was acquiredAVC area was visually defined as (8teed et al., 20167 he number of

cells within each AVC was analyzed using Imaagtware (Bitplane).

AVC photoconversion

Photoconversion was performed at 48 hpf and follppamaging experiments were performed

at 98 hpf using the protocallescribed in Chow et al., 2018 (Jove Paper). Briefly,
Tg(flila:Gal4FF; UAS:Kaede) embryonic hearts were induced to stop beating by treating
embryos with 50 mM 2;Butanedione monoxime (BDM) (Sigma Aldrich), a myosin inhibitor,

for 510 minutes. They werda¢én mounted in 0.7% low meltifgpint agarose supplemented

with 50mM BDM to inhibit heart contraction for the duration of the photoconversion procedure.
48hpt ventricular cells were selected using the Region of Interest tool and exposed to 405 nm
light (400 Hz, 25% laser powetsing the FRAP module on a SP8 confocal microscope and a
Leica HCX IRAPO L, 25, NA0.95 water immersion objective. For each selected region, one
pre-bleach frame was acquired, followed EB6dleach pulses with acquisition to coreaede

protein in the illuminated region from its green to red form.-#ack of the photoconverted

heart was then acquired in the standard confocal mode to record the starting point of each
experiment. Embryos were then carefully removed from the agarsisg a glass suction
pipette, washed in fish water, and then placed in fresh fish water containing 0.003 % PTU.
Heart contraction soon resumes, and the fish are allowed to develop normally at 28.5 jC under
standard conditions until the secdimdepointof interest (98hpf).
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:&D$&' & H! 9N X'%l&:6:! 6:! ;&1GH#1/&,! $:6'7! 8,8:%&1! ;16/&1:! (BBE,! OX! 8! 5FAI
8/;(6G6.8%6#'|: %&BIOI6(&!%1&!6'6%68(1/8%& 1 6SUHLLBI R (18,8, 1#'1%]&!: &b $&.6'7!
6':%1%$/&'%! 6:1 9°JH! NI6:! 8'8(XMB1I$:&,! Y#&%&1/6'&! 7(#08(! &R;1&::6# (&>&(:! #G! &8.I!
9%18'":.16;%B!6,&'%6G X! &R#':B16'%1#18",1/8;1%1&6 1! OHE 1883 (:#0&! $:&,! %#! b$8' %6 G X!
8(%&1'8%6>&!:;(8.6'7H

C%!16:1;#::60(&IV%HHEHIA%! 6GG&1&'%!:#:$(8%6#  HGIANIS' |GH1 IBRBIKBSS. &
#(X! %I&! /&:&'T&L! AN! #:$(8%64#'H! IANT&D! :1#%# #(! ;:&1/6%:! 8' &'16.1/&'%! HEK(!
#(X8,8'X(8%&, Ik HDZ!%1816;%: 1#G1%1&!%18":.16:%#/&B!OI6.111&; 1 SPRBG 1961 818 %6 1&!
9%18":.16;%#/&H!=X1%8178%6'7/ANIB!:&b$&.6'7!,&;%I16:16/;1#>&,18:11& #$1.&:181&!,&,6.8%&.,
%ot %I&! :&b$&.6'TI#G! #,6'71 7& &:HINI6:/BM&:! 6,8'%6GX6'7! 181&!>8168'%:! 8", (#O! &R;1&::¢
IANI1%18":. 16;%:188: BAMBCLR. M#17%%0H4 #;<. UHT2#/9T <#/9.<T<#/#</;Uat+.2 #.TE, .<<7:24E,
(QUH&T2UHUT&E..,.2/7(%Yoa#. TE, . <<.Utt+.2.<HA.I1. 28A;/(2/<#(QUH#B:2/,:%<"
|
!
8;,72+#Aat/9.<T<F#)#9(G.#&T,</#1:,5.U#:2#/9 #U.G.%:EA. 2RE&IHNITIRG . </T+(/ #/9.#
U7,.BIE+./<#:&H#S%& (HT2HMBER(, U7 (%o#B.%%<"#_9.#:E/TAT (I7:24:&#/9 HE,I:B:%H# L(<H#(#%:
E,:B.<<#(2U#/9.#8&T,</#,.<%I<#:4/(T2.UH#1., #2:/#/:/(%Yoa#t <(/7<8&aT2+"#].#U.BTU.U#/HE. & /
L_LVI.M#B:;E%. UH#/ #A@CM#(<<(aF#197BO#L., #t.(<7. UH/HTAEY%.A. A WD #(2(Yoa<7<#
&9 U/ (HE(, #8419 HE(E. #197BOH1 7% 004 <. 2/# RA(FK, BRUHE (/#:&#/9T<#BI(E/. #
17%%#4 HE, <. 2/ U#/9 #1: 5#, (%7 U#(4:;/#]9.# W) gH(<<(at(2U#/9.#.TE., 7.2B.U#UT&&TB; %/7
|
|

™Vvam



EEF Y9$.=.13%."-("ABX7TEBLS7")((

(1;818((&(%0#!%1&! 7&'&18%68" AT G 288'%60#, 6BANO(E/. #-#:2#/97<#/9.<7<#A(2;RIE/
%16&, %41 %6/6[&!8!FIC5B:E8MBI&! #//8&1.68(18'9RKS2!8'%60#,XIKE& 1. MIE6((6;#182Z!8
8! 1#/& T8,&! #(X.(#8(! 8'%6N (G28! k'%V2]3ZH! NI&! 86/! 08:! %#! ,&%&1/6'881&D0!
%18':.16;%6#'8(1%81 7 BY6&HG

Ji1;18:8'%&,10&G#1&BIFIC5!6:18!;#08&1G$ (/& B WOHB XBELH/&! #..$;8'.XI0X!
1#%8&6":1KI6:%6#'&:18',19618":.16;%66#'| GBHKSOR>E 1 B! %I & 1#6#.#(! .H5,0886! %16.MX! %o#!
&AL, & 11 %641 78%) 18HSI8A:H#/;(8%68.!8' !, 89686 (&, !: 1#9%# #(!G1#/191H! Q616'6! N1#/:#SM6!
KEBRB(8'.M! #G! C//$#O6#(#7X! 8',1 Q:67& &%6.:B! S1&60$17Z! 6:1 8>86(80(&! 6' %I1&! E8%&168(
E&%I#,:1;81%HINI6:!;81%! O6((1;1&:& %! %I&! ;#6'%:1016.1118>&! 1&0$61&,!8! ;8.6 G6.1#;%6/6[8%
%1&!;1&(6/6'81X! $6:1#0%86'&, 18" 1&' #$'%&1&,!6::$&:H
!

EERGTS$.=.13$."-(0$%90
J1;81%6.$(8118%%8& '%64#'108:1;86, #1%18:&!, 6GG&1&'%!;#6'%:)

CCH*}8R16%X#G!/8%E168(
“#1M6'7106%I1(6>6'718'6/8(:18",I'#1.&((:16'. $(%$1&! #:%6%$%&:18!1G61:%!.18((&'7&I %ot #>& 1 4],
"&I&&,) Yo#!8..&::1%H). | 1#/8%6'16' &SEME7&I[&018G6:11&/01X#:BIOI6.1181&!:$11#S' &, 10X!8!
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20min (10 on / 100ff)
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#'6.8%8&,1.11#/8%6'10& 18! (#8,&,1:&11(8'&KG 1#/1233BIGA&/O L X#: ZH!
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1- incubation with secondary anti-rabbit HRP antibody (1:5000)

130

100

70
HC—> 55

LC-> 35
25
2- incubation with primary anti-KLF2/KlIf2a antibodies (1:1000)

130

100
70
HC—> 55
35
25
Lc->
H3K4—>1
3- incubation with primary anti-H3K4 antibody (1:1000)
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