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Identification of zebrafish shield organizer-specific genes
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(1. School of Life Science, Anhui University, Hefei, 230601, China; 2. State Key Laboratory of
Membrane Biology, Institute of Zoology, Chinese Academy of Sciences, Beijing, 100101 )

[ Abstract] Objective During zebrafish gastrulation, dramatic movements rearrange cells into three germ layers
and contribute to the formation of the shield organizer, which acts as a dorsal signal center to pattern the body axis. Global
identification of shield organizer-specific genes in early gastrulas will be valuable for studying the regulatory cascades during
organizer formation and body axis establishment. Methods Tg(gsc:GFP) transgenic embryos express GFP in the shield
organizer, which is controlled by a 1.8 kb gsc promoter. Flow cytometry technology and RNA deep sequencing analysis
were applied to isolate GFP positive cells from the Tg(gsc:GFP) transgenic embryos and systematically uncover the genes
highly expressed in the dorsal organizer. Subsequently, the expression of shield organizer-specific genes was further con-
firmed by quantitative real-time PCR and whole mount in situ hybridization method during zebrafish embryonic develop-
ment. Results GFP-positive cells exceeding 96% purity were isolated from shield-stage Tg( gsc: GFP) transgenic embryos
and 657 organizer highly expressed genes were identified through RNA deep sequencing analysis. The results of in situ hy-
bridization experiments revealed that a number of genes including KIAA1324 | ripplyl , twist2, isthminl, nme4, zgc174153
and rrbplb were expressed in shield organizer during zebrafish gastrulation. Conclusions The identification of these shield
organizer-specific genes in the current study provides useful clues to explore the zebrafish developmental functions in further
studies.
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TEEHEZN ) R B L R b T i 39102 A Al g 7
TN IRJZIE S B S, B £ IR i A5 1
J5  ABEER T AMILIZ S LA IR AT NS AL R A
iz, WERAEEMRMNNS, FBCT W4
JE-TIRERIER . IR 24 4 b IR 2 A
W2 TANZAEMEA R F IR RERIE BAMNIRZ 4
FEREAMRZ T2 NIR)ZE . TSN AN G 1 [F]
IF, b R 2R R 2 ) A0 S 1) RIS 1 T T 2R B
BT ARSI Y S5 gl 2 TR IR . B R
R R AR G, R D R B F S AL
TEITHE 538 a2 I bkl g & L 1 2610
HAPOAELE, HE DO A S LB 0 R (HT
BRI T AN S h A ZH 2L [R] )8
AL 5 H ] L A0 B G A R TS Rl
JE RS TERIG R R B b A HEIRE, HF5E
], BT 8 IR 5 359 70 W Bmp {5 5 #04h Y
“F, 0 chordin follistatin \noggin 4 , 18 1t F5Pi ok A IE
PRI BMP {55, i HOE i— s 1k BE B ok 95 AR
GEd LI VA
B & 9 IE 15 Wit/ B-catenin J2 Nodal/
Smad2 {5 5 % Y #1 5 ( Dale and Jones 1999) . 7E
Wnt 15 5 8G J5 , B-catenin #E A 40 A% N VE R &%
SRR T RIEEHS . FER D faRia R E & 128
MIHT, B-catenin B C 2 7E 15 00 40 it 1) 4% N FRLUER |
R X B 43 A 2 W G T I 4 T R BR AES
TE ichabod F tokkaebi Bt 552K , B-catenin A~
RETEAN AL N RS , S BURE A REIE B, IR 7 A I
A R AT R AT R BERE wi8a
(E SRS [3-catenin AW 48 TS TE AR 2 o f 5
R RS FEE IR, B-catenin JT R T bozo-
zok .chordin | dkk1 | sqt | cyc HEAETRREERY, H
Hh, Sqt Al Cye J&343E Nodal/Smad2 {5518 4% A% B 4
S R
Nodal 155431 N TGF-B ZKji%— i, 7E Nodal
{558, Nodal fit it 1 AU5Z 1K ALK4 ( ActRIB)
& ALK7, LAK 11 FIZZ 4K ActRIIA B ActRIIB 4%
B A R A5 1 B2 B80T 1 110 2 52 1A ik
WA, IEALHY 1 B 32 (RS2 AR T B R AL Smad2 , T
FEHY Smadd ZHEME G, Smad B G5 AT]
DAHEA AL, 9F H 5 FoxH1 835 Mixer %% 5%
PFa  SERTEY B AR ERE 5" Nodal/
Smad2 5 5 AEX T N IR JE #5508 2 OCH =
(4, 1 ELAE R 875 18 Ak e 2 v 2 AN T

/DI, FE Nodal 5 1 8L 11 RS2 AR iU A P10 72
T A 2R AE R YA 32 1R EGF-CFC KK
Oep( One-eyed pinhead ) &N BELh 8 MZo-
ep ARG | B/ DRGSR AN Oep , INiiE
T RSOV, i HL 28 I 53 B R 2 0 430 oA IR )23
R sqtseye WURAERIRIR AT FLIF A
TEIRIG A & it A v, B PR ) 4 2Ry S 1 e 5K 5
W R ML R W] REAE X A U iU A & 15 E B E
JH. Wnt F1 Nodal {553 % B SR X T W& 1998 LR
WHEE (HE7E R AL R AR, A
SCHETE B A BE B VR R S A B BRI R IR A
BHEANTS Wnt F1 Nodal {5516 14 1) ¢ 2 S AE A Bl
AT AN AR Z I B A S BB A B IR

1 HR5H®

1.1 SEEEY

Sz T FH 3 1 AR B BE H 628 Tuebingen (i
F., Tg(gsc:GFP) L HE 5 1 F 3 £ 6 PR 5%
PR (Z1820, Zebrafish International Resource Cen-
ter) . JIRJIGTE Holtfreter # (0. 05 g/L KCl, 0.1 g/L
CaCl,, 0.2 g/L NaHCO,, 3.5 g/L NaCl, pH 1N
7.0) 1 28. 5CHiFR R AT,
1.2 GFP[REHEHSEE

Tg(gsc: GFP) ¥ 3L PR B 1 0 IR Jif A 4 2 10 i
AP BE IR G, B BRI, SR J5 TG Ca®* 11 Ringer 2% 1R
(116 mmol/L NaCl, 2.9 mmol/L KCI, 5 mmol/L
HEPES, pH 7.2) %= 15 min, PR Ringer 2%
M, I AR AL BRI (%7 0.25% trypsin M 1
mmol/L EDTA [ PBS 2% M1 ) 28. 5C i & , PIMmIR
BFH 200 L AOAE SKIRAT IR , B B4 F R4
WAGC 4T B SR A 4, B S A 1 mol/L Y
CaCl, (U JE A 2 mmol/L) FIG2F L5 ( Lk & Ny
10% ) Ze 1k i, B0 25 B FHE 1% I 2R 10 i
TCWYEL L-15 B3 500 20 i B8 A0 M 1 o 2
TF107, HFeJmimid MoFlo XDP 5 2 (2 57 241 i 43
VEAGHAT GFP FHMEAH Y 73358 915 B 2R M T
1.3 RNA REUERENF

SrEE| ) GFP FHAEZH A (50 J7 2247 ) H Trizol
(15596 - 026, Invitrogen ) — ¥ HEHUE RNA 24 2
pg, 52 BRI A R TR RS
1.4 FFEE RT-PCR ( Semi-quantitative Reverse
Transcription PCR)

FRPEER LA 1 pg B RNA NIEWY, 5 457
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& ReverTra Ace qPCR RT Kit(F0921K,TOYOBO) il
HBE R AG cDNA , SR J5 KRR 5 b i B 56 Ak
17 PCR U4 . PCR W4T 1% BEARHEBE RS HLIK
e Y B-actin ZER A RIRMON NTRS IR, gse FE
H51# K. F,5 -GAGACGACACCGAACCATTT-3” ;
R, 5’ -CCTCTGACGACGACCTTTTC-3" . boz F:H 5|
YH: F,5 -ATACTCACGCAGCTTTTGGG-3" ;R,5’ -
GACTTACTATGCAGGGCAACC-3’ . chd 3 A 5] 9y
J: F,5"- TAGACTGCTGTAAGGAGTGTCCTC-3 " ;
R,5’- CCATGAAGTCCTCTATGCATTCCG-3" , N
B-actin LK 51 ¥ . F,5 - ATGGATGATGAAATT-
GCCGCAC-3 ’; R, 5 ’-ACCATCACCAGAGTCCAT-
CACG-3" ,
1.5 WHERMEE PCR

PIEHE S cDNA S BAR, #H SYBR®  Premix
Ex Taq I1 (RR820A, Takara) X7 & , 4% FE UL B 4578
CFX96 PCR {¥ ( Bio-Rad ) H i 17 2% )t 5C i} 5 2=
PCR, B-actin FEH I FIR MO EE S NE S B, gse A1
chd FE R ASCR BH X R 3 26 S PR 51 90 )% 371 [F)
Lo ien FEHBIH N F,5 -ATGGCTACGTCAGAT-
ACCCAGAAAG-3" ; R, 5°-GCAAAGCATTGTGATA-
CAGGCA-3", ihha 3£ 51K F,5° -AAGCAG-
CAGGACAGCACGGACG-3’ ; R, 5’ -ATCCAGTGAA
GCAATGAGGAATACC-3’ . frzb K GIHI N F,5 -
TACCAAGACCCTGCGAAATGTAACC3 *; R, 5°-
GAGGGATGTTGACCAGAGATGACTT-3" , sli3 KA
5% . F,5 -AGGCTTGTTCGCTCCTCTGC-3 5 R,
5’ -GAAACTTCTTGCCCTTGACCTG-3" , ednra & [H
511 HK. F,5 -GCATCGTGTTTGTGGTGGGAATAG-
3R, 5’ -TTGAGCACTGTAATCCCAACAGACG-3" ,
1.6 FRAEX

AR R4 ) 25 B JEAV 2 A8 S 4V E 5 DL 0
AR SCEEN

2 #R

2.1 Tg(gsc:GFP)BEFARSGEMRREESTNE
EEREREESR

goosecoid (gsc) FEINRy 51K T Bt 1 £ )5 g 4
JVR S 8 JU T DX 3, 2 i P 0 00 v IR S A TR TR
i 1. 8 kb gsc Ji 2 FIKZ)FRIE GFP 1 Tg(gsc: GFP)
FEILINBE D fa IR G, GFP B 5 TR gse JE R AR
(R 2 323K SOl TR E I A A B R AR IR IR
JEANM Y K B I, FATT NSRS IS A A 2

Y, VEANLIN T AR Tg (gse: GFP) % 5 R BE ) iR
G GFP 1y 3Rk B =, 45 R K W, 7E Sphere ] K
Sphere 2 Fii& A Kzl 2] 2f e KRB (K1 A =
E’) ,30% SMu A Tg (gsc: GFP) BE D 11 IR JIf 76 T
SE T T VR 2 A T LI 3] 158 Y (0 5l Rk (K]
1F FIF ) AR R JE B, 7580 b IR 2 i 2 't
THBEMSE (K16 £ H ), ST Ieh i 75 8 41
ZUL A LAY T HAT B W S R S R IR
W) Tg (gsc: GFP) IR BE L IR IRIE & T 8 &
EHTE T HLUP DRI
2.2 RAMASERESSHLERN GFP FH 4R
W EFEME WM Tg (gsc: GFP) 4 3L R BEH £ iR
Ji 5B GFP FHE 40 i ) , Fo AT 2341k i 56 R I 39 i
Jie 5 ) R A 1 e VR I T A B Ry B A L, B
A AT I . B 2A ISR
TR IRIE GFP PR 41 i 45 H AUh 2 A4 IR i 40 it
B 3% oAy, i — 0 M EiBE o Hr R W, 40 e B Y
M GFP BRI T 96% ., chordin (chd) Fl bo-
zozok (boz) JE=BE gsc AN AN BT IR & 45 55 3
BFEN . FATXE = AN AE GFP FHYEZA I GFP
[P0 AT A B 5 A BV IG A AT 4 2 1) 4 L 1Y)
FORPEAT TR, 2 2 = RT-PCR B 45 R 7R,
gsc boz Fl chd TE GFP FAPEZH s v iy 38 W] b & T
GFP BAPEAN L SR 47 73 30 ' 4 i 4, 2R B3 AT]
S3IEE GFP FH P20 BAA S hy ARG 0 JVR I 4
2.3 RELEHMBESREER
g T M TE AR I LD VRIS A VR AR AR R
AT GFP FHAE (GFP™) 41 g, GFP B 4 41 g
(GFP™ ) R #E 47 73 ik & 4R 09 BT A= A4 W6 Jid 240 i
(WT) #2IUE RNA SRS 547 T IRIEIN I, 454
an R0 P 3 B AY Ol 4G, S5 SRRWT T GFP FH 40
JLH AT 928 AN A e s A TS DA LE GFP B 1 4
Jf v 2 A% LA b TS o e i B A RIS A ALAH HE
A1 2004 AIE R A R R (2 AR (B13A) , B
GFP BFV1H: 200 M 1A 7 26 1 B A4 28 VR Jife 2400 A8 A %of
I 657 AN E RIS T GFP FHEARNE T (2 1%
PIE) (I 3A FI3B), 3X 657 ANJEK A 1 2 LR
He T FE G R 57 R I B9 FE A, 40 gse  boz  chd .
Sfloating head (flh) .netl .dickkopf WNT signaling path-
way inhibitor 1b ( dkk1b) | sonic hedgehog a ( shha)
5, FE3CPHI T AE GFP BH:AH M & 4 fe
BRI 20 B, H T AN TS R X S 5L Y 15
FFRB TG, R B K 1) & & ARV # I RE R
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TE:A ~H ARREHHBIS IRR  E ~ H ARREHHEE 9O . A ~ D W ER, sh il 1, E ~ H SH B, A, 1 40HE38 ;8,4 4
Hl 5 C,8 4HMI D, 1000 4iAE I ; E , Sphere 115 F,30% SMI ;G ,50% SMIIH  H, IRIEIA ; T (gse: GFP) FEIERIE S IR IR TE 30% Mz
I RATE T DX A T3 PG 3R 38 , B I A L AR W 5 i e S ek TG
1 Tg(gsc:GFP) ¥ ERBE S0 IR GFP 2L I 25 kil

Note. A, 1-cell stage; B, 4-cell stage; C, 8-cell stage; D 1000-cell stage; E and E’ , Shere stage; F and F’, 30% epiboly stage; G and G’ ,
50% epiboly stage; H and H’ | Shield stage. A to H, bright-field images of living Tg( gsc: GFP) transgenic zebrafish embryos at indicated stages.
E* to H’, fluorescence images of embryos in panels E to H. Embryos in panels A to D were shown in lateral views with the animal pole at the top,
while embryos in panels E to H’ were shown in dorsal views. Note that the expression of GFP is detectable in the pre-organizer region of 30%

epiboly Tg(gsc:GFP) embryos, but becomes much stronger in the dorsal mesoderm at shield stage.
Fig.1 The spatiotemporal expression pattern of GFP in Tg(gsc:GFP) transgenic zebrafish embryos.

WS, AT H— A 20 MM ESERE  IRERYIERTERE D m IR in h ) R IA R, SRR
ik AT P BRI T 5 B, JE g qRT-
PCR AT 50E,, S5 5R W, FH M X B8 (gse 1 boz)
AL, ictacalcin (icn) | indian hedgehog homolog a
(thha) . frizzled-related protein (frzb) .slit homolog 3
(slit3) Fll endothelin receptor type A (ednra) $J7E GFP
BHAE 20 M oA 5 B A (181 3C) . B B &E IR ER
B TEBE S (IR 5 A R K RIK AR 3] T R 5
EEE .
2.4 BRURZHEREHRRIENER

BRI AN % A2 S I 5 IR i Ak P 3R 3K 1 7
2, AT LA VR BRI TE R iR & A R v i s 3R
KENE LT R EEEEEM, BT
I E TR S 5 S Rk i BE Y FRATTE B3k 657
R Z b R T — S R B R H AR

B, KIAA1324 | transcriptional repressor 1 ( ripplyl ) |

twist2 | isthminl | nucleoside diphosphate  kinase 4

(nme4) .zgc174153 F ribosome binding protein 1 hom-
olog b (rrbplb) YJ7E HELh i i i) IR X AT 5 7K
Fih(F4A £ G ), Hp KIAA1324 (K 4A FT A ) |
ripplyl (&l 4B F1 B’ ) .nmed (& 4E) F1 rrbplb ( K
4G) EF R R IR TIRE . BATEHE— LI T
rrbplb 7 2 2F 1] (bud stage) B35, & B rrbplb ¥
RARREBBTHER(EAG ), HEMKk ARG
DY PR R R B TR, PR, X — 45 Rt — 2D IR

T rrbplb TEMRJE M FF 5 3k FRATIE K&, twist2
(K1 4C H1C”) (isthminl (&1 4D #1 D’ ) ) 2gc174153
(F4F) B TG A B AR R K, B R TR
5114 v PN JU 2 2 L P A X
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A 105 B 105 —
pd
o .| R1:56.60% 4 o, ,| R1:0.78% 7
E10%  R2:326% E 10%4 R2: 96.62%
(&) (&) 7
iut S
£103 / £10% )
: 2
_gﬂoz- 5’102_
w W
& 101 g 10
100450 : - 1004= — T T T
10 10" 102 10%® 104 105 100 10" 102 10%® 104 10°
GFP-log Height Comp GFP-log Height Comp
C 26 cycles 30 cycles 34 cycles
H20 WT GFP- GFP+ H20 WT GFP- GFP+ H20 WT GFP- GFP+

gsc

boz

chd

actin

WA, R A MG B Tg (gse: GFP) IRIG/Y 55 GFP FHPE40f, B, i =l 40 M4 4347 & 45 2 A9 GFP HE 41
MIEIZiRE , C, AREFECAYE E B RT-PCR SZEAGI gsc \boz Fl chd 1E GFP FHYEZRM . GFP B 40 M 2 o #4740 1%k

B2 A 3k

B2 JECh A YRG0 10 03 e 2
Note. A: Cells expressing GFP were isolated from enzymatically dispersed Tg( gsc: GFP) embryos. B: The

purity of isolated GFP-positive cells was analyzed by FACS. C. The expression of gsc, boz and chd in isolated

or non-isolated cells was examined by semi-quantitative RT-PCR at different cycle numbers.

Fig.2 Separation and enrichment of cells located in the zebrafish shield organizer.

3 itig

TEEHES YIRS & & L A2 1, Wnt #1 Nodal 157
SRAMEEMNES LA LR, 25 THHES AL
Hh O AT BRI Bl 10 8 57 45 R B Y & G
¥, R THET Nodal {75538 [ U] 76 B¢ 25 £ IR fig o
FHEH R BUIRE , AR IRATE N IF T O Sl i
BFPINEGT T B ATFE IR R0 & B R 4 i 3
DR, Bl )P BE D o I RS R K s 3 o
FIR P IRG D Nodal {55 1) MZoep 5878 {4 ol B
ARG 22 S A R FE A, & T3 2000 S FE A
(#1532 3 Nodal 155 P ") i i 28 LAY SR s,
HBh AR 222 B AR, A 3 E A2 K TG IR & 5
JR 4 30 % IX 380 4 Nodal {5 5 0 95 3 R gl % B0,
i 5 ChIP-chip $2 AR, AT & 87 Jt s ik 530,
Smad2 7] DL&E A TE 679 N3 B ) 8 7 50 o T
X, JE P eIk Y AR, Wt 5 5 16 IR AR 301 &
B SE REATERE AT o AR
Tg(gsc: GFP) 3L IR JE A, RE K E TFEM
JE RSB IR I | A GE X BE L 1 & B A 2
DIREFRAL T IEAE , (HJE X SO JE ) F R I RS

% | Nodal 8¢ Wnt {55 ¥, BT &SI R 5
B 4% Nodal B Wnt {55116 P4 55 B B0 )25 ] el
AR T BT
AW 5 38 3 AL 2SS R BEE N T KI-
AA1324 | ripplyl , twist2 , isthminl , nme4 , zgcl174153,
rrbplb 55 7 A FE R E R 5 235 . Hirp KI4A1324 |
ripplyl .nmed F1 rrbp1b AE H R 5 09 3 35 T IR )&, 1M
twist2 isthminl zgcl74153 b THEME A m KR
K BRI T IRELA G T N IRZ A0, LR E AT
ARESZ I AE R T N IR R R, T RATH
SEREATUXIAR N HE 1] 64 5 PR R AT 1 B e S A, )
REFEFRATTSEE B 1Y 657 A | A IR 2 W& F¢
FRIBMEENAT Fp T RIAE B 5 L0t — P
5 % X #
[ 1] Schier AF, Talbot WS. Molecular genetics of axis formation in
zebrafish [ J]. Annu Rev Genet, 2005, 39 561 -613.
[ 2] Schulte-Merker S, Lee KJ, McMahon AP, et al. The zebrafish
organizer requires chordino [ J]. Nature, 1997, 387. 862 —
863.
[ 3] Wagner DS, Mullins MC. Modulation of BMP activity in dorsal-

ventral pattern formation by the chordin and ogon antagonists

[J]. Dev Biol, 2002, 245. 109 - 123.
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B GFP-

WT

GFP+

B GFP+ VS GFP- mIntersection BGFP+ VS WT

-10 5 0 5 10
Cc Symbol Fold change Fold change Symbol Fold change Fold change
(GFP+/GFP-) (GFP+/WT) (GFP+/GFP-) (GFP+/WT)
syntaxin1b 1054.7 10386.9 rdh8 47.3 78.2
trim35 326.8 220.2 LOC100001785 46.8 46.6
frzb 84.8 61.3 heta 45.8 45.7
slit3 720 59.3 2gc:64051 45.2 9.5
sp7 64.6 2151 wu:fb92b08 442 317
nkx2.2 63.5 61.3 inhbaa 38.9 115.3
zgc:92762 58.6 225 aplp 38.6 38.1
fzd8b 58.2 347 ednra 385 3.7
ihha 55.4 7.4 zgc:158328 38.3 1236
chst11 51.6 84.8 icn 36.9 6.4
D _140 WGFP-  WWT  WGFP+

-
L o N
o o o

N B
o o

Relative gene expression
[=2]
o

o

§© ab‘i“% &

TE AL 239 GFP BRI 20 0 A0 A 43156 £ 7 21 TR FUR SR A i b X6 BB L 76 GFP BEPE A B rp e 6k A DS E (2 A5 RA 1) . 55 GFP BAPER i AH L
5,4 928 A FEHFE GFP BFHYEAIAE o iR ik (L0 XK ) 5 5 A 501k 19 05 A AU AR A0 AR b g , 5 2004 ASFEHFE GFP BHYEAIAE iR ik (&
X)) SR IBAH A, 76 GFP BAEEZNM i 2k B A 657 D (IRFLL O 5L A TR N EAXIE) . B,657 MR L GMA,
C,7E GFP [HM:AN M b 48 5 5w A R 20 AR, JE R A 10 22 S AR 3l RNA JUJF 45 1 RPKM ( Reads Per Kilobases per Millionreads ) i
Eo D, gse Fl boz 1I7E5% g BAERT BB | qQRT-PCR A& icn |ihha frzb slit3 Fl ednra 7 GFP BAYEANML . GFP BFPE I B oA HEAT 4315 1) B A R 41
MRk 225 . B-actin FIFRIBMONFE RIS IR, * P <0.05, * P<0.01, **P<0.001; n=3,

B3 FR 4N B A IR IR R e ik 3 A

Note. A, The number of organizer highly expressed genes (more than 2-fold) in GFP* cells when compared to GFP-cells (red) or non-isolated cells

& & &

2
.\‘\‘{\

(purple) or both (yellow). B, Heat map of 657 genes which are highly expressed in GFP * cells but transcribed at a relatively low level in GFP- cells
and non-isolated cells. C, The top 20 enriched genes in GFP * cells according to RPKM values. D, The expression differences of icn, ihha, frzb slii3
and ednrathese in GFP* , GFP~ and non-isolated cells were validated by qRT-PCR analysis. The expression of gsc and boz was examined as positive
control. The expression of B-actin was used as a reference to normalize the amount of mRNAs in each sample. * P <0.05, " P <0.01, ™P<

0.001; n =3.

Fig.3 Global identification of zebrafish shield organizer expressed genes.
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Note. A, KIAA1324; B, ripplyl ; C, twist2; D, isthminl ; E, nmed; F, zgc174153; G, rrbplb. A, B, C, D, E, F and G, shield-stage

embryos were shown in lateral views with the animal pole at the top; A’ ,

B’, C* and D’ , animal poles in veryical views with the dorsal to

the right. G’ , The expression of rrbplb in bud-stage embryo. Dorsal view with head at the top.

Fig.4 The organizer expressed genes were identified by whole mount in situ hybridization.
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