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Fig. 1 The number of transcripts (genes) that were up-
or down-regulated significantly (log, ratio>1 or log, ratio
< -1) , with a 95% confidence interval
MZoep vs wt: The expression level change between MZoep and wt; sqt
vs wt: The expression level change between squint mRNA-injected

embryos and wt. [[]: Decrease; B Increase.
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Fig. 2 Molecular function of annotated transcripts of
MZoep embryos
The outer cycle indicates the transcripts that were up-regulated
significantly (log, ratio>1 or log, ratio<—1); the inner cycles indicates the
transcripts that were down-regulated significantly (log, ratio>1 or log,
ratio<-1). [ : Signal transducer activity; []: Antioxidant activity; ll:
Translation regulator activity; ll: Enzyme regulator activity; ll: Motor
activity; ll: Catalytic activity; [J: Binding; [: Transporter activity; [J:

Structural molecular activity; B: Transcription regulator activity.
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Fig. 3 Molecular function of annotated transcripts of

squint mRNA-injected embryos
The outer cycle indicates the transcripts that were up-regulated
significantly (log, ratio>1 or log, ratio<-1); the inner cycles indicates the
transcripts that were down-regulated significantly (log, ratio>1 or log,
ratio<—1). [@: Catalytic activity; [J: Signal transducer activity; H:
Transcription regulator activity; B: Transporter activity; l: Motor
activity; [: Structural molecular activity;[]: Binding; [: Translation
regulator activity; [J: Enzyme regulator activity; l: Chemoattractant
activity.
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Table 1 List of transcription factor genes which were

down-regulated significantly (log, ratio>1 or log, ratio<

—1) in squint-overexpressing embryos

NO Affymetrix probe identity Annotated gene names
1 Dr.11698.1.S1 _at tfap2c
2 Dr.1691.12.51 at sox3

3 Dr.12624.1.S1 a at irx1b

4 Dr.12825.1.A1 at six7

5 Dr.19888.1.S1_at ved

6 Dr.4926.1.S1 _at pbx4

7 Dr.10428.1.S1_at irf7

8 Dr.4845.1.A1 at mycn

9 Dr.4845.2.51 at mycy
10 Dr.6769.1.A1 at creb3l3
11 Dr.20010.8.A1 at sox3
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Table 2 List of transcription factor genes that were up-regulated significantly (log, ratio>1 or log, ratio<-1)

in squint-overexpressing embryos

NO.  Affymetrix probe identity Annotated gene names NO.  Affymetrix probe identity Annotated gene names
1 Dr.20027.1.S1 at nlzl 14 Dr.289.1.S1 a at gsc
2 Dr.12603.1.S1_at irc7 15 Dr.364.1.S1 at thxla
3 Dr.20143.1.S1 at her3 16 Dr.483.1.51 at Sfoxa2
4 Dr.25055.1.A1_s_at lhxla 17 Dr.546.1.S1_at vsx2
5 Dr.25405.1.A1 at sox19b 18 Dr.5771.1.S1 at otx1
6 Dr.7103.1.S1_at 1d3 19  Dr.587.1.S1 at Joxb1.2
7 Dr1307.1.81 at foxa3 20 Dr82822S1 a at ire3a.
8 Dr.1468.1.S1_at nil 21 DrAffx.1.67.S1_at emxl
9 Dr.15719.1.S1 at foxcla 22 Dr.13964.3.A1 at Si:ch211-260g14.3
10 Dr.1680.1.S1_at meis3 23 Dr.16048.1.S1_at 7g¢:55680
11 Dr.18302.1.81 at 0g9% 24 Dr.7710.1.Al at 28¢:92106
12 Dr.224.1.S1 at thx6 25  Dr.24992.1.A1 at 7g¢:92774
13 Dr277.1.81 at lhxlb 26  Dr.9243.1.Al at 280:92434

Table 3 List of transcription factor genes that were down-regulated significantly (log, ratio>1 or log, ratio<-1) in
MZoep mutant embryos

NO.  Affymetrix probe identity Annotated gene names NO.  Affymetrix probe identity Annotated gene names
1 Dr.12386.1.S1_x_at LOC565864; msgnl 16  Dr.483.1.S1 at Joxa2
2 Dr.1462.1.S1 at herl 17 Dr.590.1.S1 at Sfoxd3
3 Dr.25055.1.A1_s_at thxla 18  Dr.8084.1.S1 at bon
4 Dr.19467.1.A1 at hes6 19 Dr.8202.2.S1 a at pitx2a
5 Dr.352.1.S1_at Jlh 20 Dr.8301.1.S1_a at hsf1
6 Dr.3696.1.S1 _at her7 21 Dr.8301.4.S1 a at hsf1
7 Dr.8162.1.S1 at mespa 22 Dr.8282.2.S1 a at irvda
8 Dr.8197.1.S1 at atoh2b 23 Dr.10326.1.S1_at Junb
9 Dr.1307.1.S1 _at Jfoxa3 24 Dr.14771.2.S1_at Joxo3a

10 Dr.1468.1.S1_at nitl 25 .Dr.2401.1.A1 at usf2

11 Dr.15719.1.S1 _at Joxcla 26  Dr.1630.1.S1_at g1f2h2

12 Dr.18302.1.S1_at 0g9x 27 Dr.7710.1.A1 at 7gc:92106

13 Dr.224.1.S1 at thx6, 28  Dr.12595.1.S1 at hsf2

14 Dr.289.1.S1 a at gsc 29  Dr.20342.1.S1 at zgc:55543
15  Dr.364.1.S1 at thxla 30 Dr.5284.1.S1 at taf7

Table 4 List of transcription factor genes that were up-regulated significantly (log, ratio>1 or log, ratio<—1) in
MZoep mutant embryos

NO.  Affymetrix probe identity Annotated gene names NO.  Affymetrix probe identity Annotated gene names
1 Dr.10723.1.S1 _at thrl 16  Dr.15663.1.S1 at cebpg
2 Dr.11727.1.S1_at esr2a 17 Dr.14.1.S1_at pouc
3 Dr.1216.1.A1_at alf7b 18 Dr.145.1.S1_at dlx6a
4 Dr.12603.1.S1 at irx7 19 Dr.15714.1.51 at hoxd9a
5 Dr.13338.1.S1 _at ghxl 20  Dr.16024.1.A1_at thpl2
6 Dr.1691.10.S1_at her8a 21 Dr.16111.1.S1_at sdccag33
7 Dr.18462.1.A1 _at irx4b 22 Dr.179.1.82_at thx16
8 Dr.25210.1.S1_at arnillb 23 Dr.19893.1.S1_at znf503
9 Dr.4597.1.S1 _at mail 24 Dr.20969.1.S1_at Sfoxil
10 Dr.4845.2.51 at mycn 25 Dr.21063.1.A1_at bapxl
11 Dr.546.1.S1 at vsx2 26 Dr.23455.1.S1 at pax7
12 Dr.57.1.S1_at pous0 27 Dr.24779.1.51 at msxb
13 Dr.7608.2.S1 at Jjun 28 Dr.25775.1.S1 at irvda
14 Dr.7815.1.S1 at snap25a 29 Dr.284.2.A1 a at otx1
15  Dr.12836.2.A1 at id2b 30  Dr.356.1.S1_at gata2
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Continued
NO.  Affymetrix probe identity Annotated gene names NO.  Affymetrix probe identity Annotated gene names
31 Dr.454.1.S1 at thra 51 Dr.7758.1.A1 at 7gc:76986
32 Dr.463.1.S1 _at her5 52 Dr.15279.1.81 s at trpcdapb
33 Dr.558.1.S1 at vsxl 53 Dr.13012.1.S1 at nfkb2
34 Dr.12986.1.A1 at fos 54 Dr.15437.1.S1 at 7gc:56325
35 Dr.5736.1.S1 at hoxdI2a 55 Dr.16631.1.A1 at zge:101119
36 Dr.616.1.S1 at six3a 56 Dr.16669.1.S1 at zgc:65854
37 Dr.8070.1.S1 at dbxla 57 Dr.16743.1.A1 at 7gc:65895
38 Dr.8215.1.A1 at sox2la 58 Dr.17623.1.S1 at zgc:63854
39 Dr.8231.1.S1 at thx20 59 Dr.20994.1.S1 s at meis4.la
40 Dr.8232.1.S1 at hey2 60 Dr.2313.1.S1 at 2gc:56067
41 Dr.1031.1.S1 at zge: 110158 61 Dr.24992.1.A1 at 7gc:92774
42 Dr.12836.1.S1 _at 1d2b 62 Dr.4845.2.51 at zgc:85706
43 Dr.13964.1.S1 at si:ch211-260g14.3 63 Dr.7608.2.S1 at 7gc:65863
44 Dr.15418.1.S1 at wu:fc23f06 64 Dr.9243.1.A1 at zgc:92434
45 Dr.15539.1.A1 at zge:111879 65 Dr.599.1.S1 at ldb2
46 Dr.16499.1.A1 at zge: 113038 66 Dr.8118.1.A1 at otp
47 Dr.19969.1.S1 at LOC407678 67 Dr.8167.2.51 at srf
48 Dr.20140.1.A1 at zge: 111879 68 Dr.8325.1.S1 at mxix2
49 Dr.5645.1.S1 at si:dkey-12h9.10 69 Dr.9994.1.A1 at Lhx8
50 Dr.7345.1.S1 at zge: 113424, LOC554876
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Table 5 The intersection of transcripts that were up-
regulated significantly (log, ratio>1 or log, ratio<-1) in
MZoep mutant embryos

and were down-regulated

significantly (log, ratio>1 or log, ratio<-1) in squint-

overexpressing embryos

NO. Affymetrix probe identity Gene symbol or gene title

1 Dr.16873.1.A1_at

2 Dr.24000.1.A1 at

3 Dr.25497.1.S1_at szl

4 Dr.26461.1.S1_at 7gc:63947

5 Dr.4845.1.A1_at mycn

6 Dr.4845.2.S1 at mycn

7 Dr.4932.1.S1_at anxad

8 Dr.568.1.S1 at bmp2b

9 Dr.7919.1.S1_at bambi

10 Dr.822.1.S3 _at cxcll2a

11 Dr.9976.1.S1_at klf2b
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Table 6 The intersection of transcripts that were up-regulated significantly (log, ratio>1 or log, ratio<-1) in squint-

overexpressing embryos and were down-regulated significantly (log, ratio>1 or log, ratio<—1) in MZoep mutant embryos

NO.  Affymetrix probe identity =~ Gene symbol or gene title NO.  Affymetrix probe identity =~ Gene symbol or gene title

1 Dr.1137.1.A1 at CDNA clone IMAGE:7403183 15 Dr.289.1.S1 a at gsc

2 Dr.11380.1.A1 at 16  Dr.364.1.S1 at lhxla

3 Drl307.1.S1 at foxa3 17  Dr3827.1.A1 at LOC557315

4 Dr.13384.1.S1 _at chd 18 Dr.389.1.S1 at wnit5h

5 Dr.1468.1.S1_at nil 19  Dr483.1.S1 at Soxa2

6 Dr.15719.1.S1 at foxcla 20  Dr.609.1.S1 at pcdh8

7 Dr.17776.1.A1 at tphll 21 Dr.6501.1.S1 at sb:cb825

8 Dr.18302.1.S1 at 0g9x 22 Dr.7710.1.A1 at 7gc:92106

9 Dr.18614.1.A1 at transcribed locus 23 Dr.8056.1.S1 at dkk1

10 Dr.19144.1.Al at p4ha2 24 Dr.8208.1.S1 at lefiyl

11 Dr224.1SI at thx6 25  Dr82822Sl1 a at ir3a
zgc:55423

12 Dr.23570.1.A1 at wu:fb13b10 26 Dr.9304.1.S1 _at LOC554932
LOC558854

13 Dr.24443.1.A1 at lhxla 27  DrAffx.1.2.S1 at bhik

14 Dr25055.1.A1 s at lhxla

Table 7 The intersection of transcripts that were down-regulated significantly (log, ratio>1 or log, ratio<—1) in

MZoep mutant embryos and were down-regulated

significantly (log, ratio>1 or log, ratio<-1)
overexpressing embryos

in squint-

NO. Affymetrix probe identity
1 Dr.11130.1.A1 at
2 Dr.11708.1.S1 at
3 Dr.12425.1.S1 at
4 Dr.12425.1.81 x_at
5 Dr.13267.1.A1 at
6 Dr.14115.1.S1 at
7 Dr.15438.1.A1 at
8 Dr.18080.1.S1_at
9 Dr.19412.1.A1 at
10 Dr.20648.1.A1 at
11 Dr.21961.1.A1 at
12 Dr.22471.1.A1 at
13 Dr.24708.1.A1 at
14 Dr.25140.2.S1 at
15 Dr.25140.2.S1 a at
16 Dr.25140.2.81 x_at
17 Dr.25291.1.S1 at
18 Dr.25322.1.S1 at
19 Dr.26107.1.A1 at
20 Dr.26197.1.S1 _at
21 Dr.26197.2.A1 at
22 Dr.263.2.S1 _at
23 Dr.2646.1.A1 at
24 Dr.4128.1.A1 _at
25 Dr.4198.1.S1 at
26 Dr.4260.1.A1 at
27 Dr.5322.1.S1 at
28 Dr.6286.1.A1 at
29 Dr.6913.1.S1 at
30 Dr.7731.1.A1 at
31 Dr.8110.1.S1 at

Gene symbol or gene title

zgc:101559
7gc:55580
7gc:92533
7gc:92533
Transcribed locus
Transcribed locus
7gc:63657

dedaf
Transcribed locus
Transcribed locus
wu:fc87gl11
wu:fe38h02
transcribed locus
icn

cn

icn

D93 mRNA, 3'UTR, partial sequence

lin7¢

Transcribed locus, weakly similar to XP_001059414.1 PREDICTED
Transcribed locus, weakly similar to XP_001059414.1 PREDICTED

plasticin
wu:fb13b04
LOC557079
mhe lufa

Transcribed locus, weakly similar to XP 319290.2 ENSANGP00000012286

LOC555790
Transcribed locus
cl2o0rf2

bmp7
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Table 8 The intersection of transcripts that were up-regulated significantly (log, ratio>1 or log, ratio<—1) in MZoep

mutant embryos and were up-regulated significantly (log, ratio>1 or log, ratio<—1) in squint-overexpressing embryos

NO.

O 0 N N A W N~

OB A DA D R DR DA W W W W W W W W W W RN R NN RN N = o s e s e e
— © © 0 9 0 BE L0 S S0 0090 E OO0 =SS0 OO0 0GR ORN =S Va0 U A WR — O

Affymetrix probe identity

Dr.10341.1.S1_at
Dr.10562.1.A1 at
Dr.10623.1.A1 at

Dr.11176.1.A1 s at
Dr.11469.1.A1 a at
Dr.11847.1.S1_s_at

Dr.12259.1.S1 at
Dr.12341.1.A1 at
Dr.12399.1.S1 at
Dr.12603.1.S1 at

Dr.12731.2.A1 x_at

Dr.13137.1.A1 _at
Dr.13157.1.A1 _at
Dr.13585.1.A1 at
Dr.13964.3.A1 _at
Dr.13985.1.A1 at
Dr.14244.1.S1 at
Dr.14488.1.A1 at
Dr.14713.1.A1 _at
Dr.14821.1.A1 at
Dr.15045.1.S1_at
Dr.1519.1.S1 at
Dr.15592.1.A1 at
Dr.15729.1.81 at
Dr.15984.1.S1 _at
Dr.16696.1.51_at
Dr.16698.1.A1_at
Dr.168.1.A1 at
Dr.17145.1.S1_at
Dr.17225.1.81 at
Dr.17242.1.A1 _at
Dr.17260.1.A1 _at
Dr.17305.1.A1 _at
Dr.17450.1.A1 _at

Dr.17665.3.S1_a_at

Dr.1991.1.A1_at

Dr.20108.1.81 a at

Dr.20924.1.S1 at
Dr.21562.1.A1 at
Dr.22187.1.A1 at
Dr.22945.1.S1_at
Dr.24062.1.A1 at
Dr.24992.1.A1 _at
Dr.25341.1.A1 at
Dr.25498.1.S1_at
Dr.25673.1.S1 at
Dr.25748.1.A1 _at
Dr.26111.1.Al at
Dr.26317.1.Al at
Dr.2919.1.S1 at

Dr.3373.1.S1_at

Gene symbol or gene title

fzd9

olfm2

fzd9

aanat 1

Hypothetical protein LOC554817
notchla

bigd

Transcribed locus

mstl

irx7

Transcribed locus, weakly similar to NP_663446.1
Transcribed locus

Transcribed locus

si:ch211-260g14.3

7gc:55863
Transcribed locus
Transcribed locus
ketd12.1
zgc:112262

rab6a LOC554520
LOC555637

DnaJ (Hsp40) homolog, subfamily A, member 3A hypothetical protein LOC55486725
zgc:112426
LOC556629
LOC564598
wu:fj12e10

7gc:76924

LOC572584

Similar to F-box protein 15 LOC556635 LOC566970
7gc:63663

Hypothetical protein FLJ11011-like (H. sapiens)
7gc:66417

qars

7gc:55889

dlg5s

Transcribed locus, weakly similar to XP_418469.1 PREDICTED: similar to zinc finger protein 27
7gc:56445

wu:fj42c06

7gc:92774

7gc:63631

bzwl

cde25

Transcribed locus
Transcribed locus
wu:fb40b03
coll8al
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Continued
NO. Affymetrix probe identity Gene symbol or gene title
52 Dr.3730.1.A1_at zgc:86909
53 Dr.3746.1.A1 _a_at zge:110840
54 Dr.3785.1.S1_at
55 Dr.4367.1.A1_at wu:fc38g09
56 Dr.546.1.S1_at vsx2
57 Dr.5477.1.S1_at ptma
58 Dr.5802.1.S1 at Similar to LR8 protein LOC563410
59 Dr.6007.1.S1_at cdhl
60 Dr.610.2.S1_at Similar to Heat shock protein HSP 90-alpha (HSP 8) DKEY-241L7.8
61 Dr.6424.1.A1_at
62 Dr.6680.1.S1_at zgc:55587
63 Dr.6789.1.A1 _at wu:fjS9h01
64 Dr.6948.1.A1 at
65 Dr.7822.1.A1 at atpbap2
66 Dr.79.1.Al _at sb:cb382
67 Dr.8587.1.A2_at igfbp 1
68 Dr.9237.1.A1_at wu:fc19a02
69 Dr.9240.1.A1 _at Transcribed locus, weakly similar to XP_001058034.1 PREDICTED
70 Dr.9243.1.A1_at zgc:92434
71 DrAffx.1.13.S1 _at ankrd6
72 DrAffx.1.20.S1_at zge: 113947
73 DrAffx.1.33.S1 at zgc:91787

(log, ratio<—1) I e s AT AT 31 A2 —FERY, WK
8, HIILIXMILR AT REMIMERE & . A 4552 Nodal {5
SRR SOt E A, RGO, Xl
BED ) ZRIEAE T — R A T PR T, 7E—EK)
JuFE A, R Nodal {5 5 5 R alisy, XUEREHER
LR ISR RS, HJE, 24 Nodal {55 4 55 5L
IS T G LB — s e I, AL
N T HERF IR AT 2, A ISR D59 40 T3
BPHPIRS LT, XL 2 AH B b o 59 B i,
KRNI — Rl B ARSI TIRE, MZoep FRAMIE
Nodal 155 58 @R FEA, & T — Ml i /E K
SR, ERXMER T, RSB Y
Nodal {55 5 #8738 i N ik — S5 ol, 2 T 17
fRE S AT IR IS A g Tk 2D A S0 IS HRE D
BOAUE. 2SRRI 52 (1) H T3 1T G A2 DR RS b AN o
ITT A LA A7 AE.
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signaling organizes the oral-aboral axis of the sea urchin embryo.

Identification of Nodal-regulated Genes in Zebrafish Embryos®

SUN Zhi-Hui”, MENG An-Ming
(Laboratory of Developmental Biology and Protein Science Laboratory of The Ministry of Education,
Department of Biological Sciences and Biotechnology, Tsinghua University, Beijing 100084, China)

Abstract Nodal signals play important roles in mesendoderm induction, establishment of left-right asymmetry
and anteroposterior patterning of the neuroectoderm during vertebrate embryogenesis. It is aimed at identifying
Nodal-regulated genes in zebrafish embryos, particularly those encoding transcription factors. A (Affymetrix)
genechip analysis was performed using RNAs derived from embryos injected with squint mRNA, MZoep mutant
embryos that are deficient in Nodal signaling, and wildtype embryos at the 30% epiboly stage. Transcripts (genes)
with at least two-fold changes in expression level between wildtype and the other samples were identified. In squint
mRNA-injected embryos, 265 transcripts show an increased expression level and 111 have a decreased expression
level; in MZoep embryos, the expression of 1 495 transcripts increases while 550 transcripts express at a decreased
level. Furthermore, overexpression of squint causes increased expression of 26 and decreased expression of 11
annotated transcription factor genes; in MZoep embryos, the number of transcription factor genes showing an
increase and decrease of expression are 69 and 30, respectively. These results would provide useful information for
further studying mechanisms and biological functions of Nodal signal transduction.

Key words zebrafish, embryos, Nodal, genechip, transcription factor

*This work was supported by a grant from The National Natural Science Foundation of China (30570197).
**Corresponding author . Tel: 86-10-62772257, Fax: 86-10-62794401, E-mail: sunzh03@mails.tsinghua.edu.cn
Received: November 22,2006  Accepted: January 8, 2007



