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RAES WU v 215 8 K R 5 3R AT T 1 SRR AR
ADNAIX 5o 32— 20 A HY BT #8144 Py 98 i o 4
DR AR A 2R Gt He B 1 BEAT AR, A
HA MR R RN AL RIEfRE 7, Horp
e N INAEERAVS o itk Ll o
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1.1 Sz SRR

ARSI BT B AR R ABBE B 1 5 TUBE 5 341
HEZRHED b0, TBH D@ B4 MABL
TU M RGP AT SEie FH #3415 9% T~ 14h:
10 A IR v, FRBE /KR 926—28°C, B R
M5 MR — I L

A S8 B FH VR G H 2 %60 5 H 6% TB AR 1 P 22 3R
5. WERATEFE T Blue water(0.06 gZL#F 5. 0.01 mg/L
ML HEEES) ) T28.5°CalbATHE 7% .
1.2 HS&ARSREERGE

i NCBIFSRA K T 345 2 AL & Ak
A B A B 1 LA B H A 4 2R RN A -seq 2 i
(PRINA255848" " HIPRINA263496" ™). fd il fastq-
dump % {413 B/ fastq SC 1, H:{# F Trimmomatic "'
ITIREE, ZBR 7515514 bp, HAhLRFFERIASEL
81 Ensembl1# 45 FE (release-94) T # 315 BT 1 1 3
20 2% [y 51| 3L (Danio_rerio.GRCz11.dna_sm.
primary_assembly.fa.gz) & i3 3 f(Danio_rerio.
GRCz11.94.gtf). i FIHISAT2" ¥4 J5i #5 )5 11
fastq 30T L B 5L R 4, 4 String Tie ™ 47 3%
ik it 8. i fledgeR™" #E4T 4 4 H) JE H %
1822 503 B, 3% LRI AE 6 HeAhe AN 2 2 (i o
O s BRI SR IE (log,FC>=2) 1 3 K H B A2
. WARNA-seq) H7 45 KBS AT BIVLA = R
ISFER . AF AR 7%, Phlog, FC<=—2 AR ik
LA %A F: K . @i http:/geneontology.org/ **!
ik B2 AT GOThRE '\ 4, & AR 45 A H gg-
plotZ[ZS]ﬁﬁ%\@%ﬂ?o
1.3 AlASREEE LR R TDNATT AU

R 2 RT3 R ST A, SRAS LA v Ik SRR
12 5 D] PR 30 g U 428 X (F PRl R SR A7 135000 bp A2
#1000 bp)fEFE R A H A B AE S . f# Fbedtools
getfasta T H MW EE R0 2 2% 5 51 SCAF rh 3R B H AR X
1 IDNAF . H4EANCORA® (http://ancora.
genereg.net/) i ¥E &, LA90pc 50col WAR#E, 7F ik
D 0 YL P e 2k A TR P i 1 4 X A K 5 )
£&5F JufF(HCNE, Highly conserved noncoding ele-
ments), 3FF— RGPl ) i 425 X LR S3 B WL AT v 3R
pre SN 8

f# FIMEME™" T H (http://meme-suite.org/tools/
meme) " ffDiscriminative mode &y, PAFfE] £ 57 L
PA) e 2% A R D] ) i 1 4% X DNA 25 K 7 471
(Primary sequences), VALK 228 25 BRDGE B [X 35
DNA/E Xt e 751 (Control sequences), THIMAILIAI 32
IRFEIR Al i (RSP DNASEFF . {8 FIMAFFT(https://
www.ebi.ac.uk/ Tools/msa/mafft/)i{TDNAZ [+ %]
bt K2 FE S ARBLEE T4 . 4 ] Tomtom™ T B (http://
meme-suite.org/tools/tomtom), LAJASPAR CORE
(2018) vertebrates” H¥i i 5%, FMIDNAK:F
R S R 2 G A
14 RHEEPCR(QPCR)KIEBFrEERIXIER

HUTBIE B f0 B 0 ME R 255 2, M SRAS LI
By Oy B BEAmeMALL, 2 TRIzol(Ther-
moFisher, 15596026) 15 B 15 1725 B2 B % 2 21 1
RNA. Z[&HiScript III 1st Strand cDNA Synthesis
Kit (VA MEHE, R312-01)1k 71 & 0 PRAS RN A B 3k
cDNA. Plelfa’y NS %} H b JE K 31T qPCRAE X 2
BRI, AR GAHLRE S EAT3IRE R, 519
FEREIEE 1. qPCRX % ChamQ Universal SY-
BR qPCR Master Mix (i ME#%, Q711-02) 15 B i 47,
VAR R N20 pL, KRB A 95°C, 10s; 60°C,
30s; 40/MIEFR . 45 A3 R LA™ k4T 42 B FR R AN
i1t tr, 77 253 B i Tukey HSD % 5 EL AR 56
FEPRIE % AU RIS 2 57
1.5 AEAFRBRERNDE

7 A Tol2 AMEGFP (1 R b i K 27 01 35
s ge = W, L wiEH RS BpTol2-
GT2MP-EGFP i ki ) 45 ¥ i3 47 24038, H1E Tol2 4
45 A N JEB-globin4i 2 1 ¥ 5| (HBB-5"HS 5 il
HBB-3'HS1)™, 7EGata2 3 & F 1 746 A A5 142
Toft . BARAER: 8 1% A) 28 B 2K F R £ s
fi# 8 5 (Ethyl 3-aminobenzoate methanesulfonate,
MS222, sigma, E10521-10G)fREFTURE 5 4 J5 B
fi&, FIDNeasy Blood & Tissue Kit (QIAGEN,
69504)FE HU Bt & fa JE K ZHDNA . {5 H & O/ L1
Phanta (% ME#%, P515-01), Gata2-F/R5| (% 1)LA%E
FADNA N 3 454 $|Gata2 J5 3 T, Vector-
gata-F/R(K 1) 51404 5 UKL & 48, I P (A 4772
15—20 bpfJEZX . HDpn 1 (NEB, #R0176V)iH
2 BRPCR™ W v (0 FURLASEAR, 24 J5 1) FH B Fr Btk
T 50 B i) & (ClonExpress 1 One Step Cloning
Kit, W MER )R D B2 B, AL R R
JFF i, 37°CHE 9% 12h, Al ] w2l B2 ok /N o &t
FIE(RIE, DP107-02)#2 HUsii KipTol2-GT2MP-
EGFP. Lt AR, #E— B & N Ep-
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Tab. 1 PCR Primers

Gl R s 51975 &
Primer name Primer sequence (5'—3') Usage
elfa-gPCR -F  TCAGGACGCTGTAGATTCGC W R

elfa-qPCR -R  CCGCTAGCATTACCCTCC PCR

itgbl1-qPCR-F TGGATCCCTCAGGAGACTGG
itgbl1-qPCR-R GCCGTGCACACGTTTATCTC
obsl1b-qPCR-F AGTGTTACTGTAGAAGAAGCTCC

A
obsl1b-gPCR-RTGTGTGCGTGAATCCTGCTT
2g¢:92429-  GACGCCTTAAAGGGCTGGTC
qPCR-F
zgc:92429-  ATGATCTCCTCTGCTGTGCC
qPCR-R

myh6-qPCR-F CAGCCTGGATGATCTACACCTAC
myh6--qPCR-R GCTGCTGTCCTTCTTGCTACT
mylk4a-gPCR- GGCCTCGCCAGAAAGTATCA

F

mylk4a-gPCR- GTCTCGTTATCGTCGTCCCC
R

Gata2-F CTGCGCTGAATGATGAGTCTCT  Jshite
Gata2-R CTCAAGTGTCCGCGCTTAGAA

dr334-F CATTCGTTTCCCTTCGGCTTATT

dr334-R GCACTGTCACCTTACAACAAGAA

Vector-gata-F  CTAAGCGCGGACACTTGAGCCGC
CACCATGTCTAGAGTGAGCAAGG
GCGA
Vector-gata-R  CTCATCATTCAGCGCAGGGGTCA
GGGCCCAAGTGATC
TTCTTCCCTCTAGTGGTCATAACA
GCAGCTTCAGCTACCTCTCGCACT
GTCACCTTACAACAAG
ACTAGGGGTCAGAAGTAGTTCAT
CAAACTTTCTTCCCTCCCTAAACA
ACAACAATTGCATTCATTTT
CACTAGAGGGAAGAAGATACCTG
TGGAGCTAATGGTCCAAGATGGG
GTCAGGGCCCAAGTG
ACTTCTGACCCCTAGTGGTGTCCA
GAAAAGACCATTAAAGGAATGG
GATCATCATCGATAGAGAAATGT
CGAAGGGAAACGAATGCTGCGCT
GAATGATGAGTCTC
vector-HS-R ~ GTTGTAAGGTGACAGTGCGAGAG
GTAGCTGAAGCTGC

Insulator-F

Insulator-R

Vector-F

Vector-R

vector-HS-F

globinZi % - ¥ 51| ] 5| ¥ Insulator-F/R fl Vector-HS-
F/R (1), 20 4 ¥ GT2MP-EGFP A Tol2 i b 42
PIDNA F B, 5 BRI FH B BERGHE 7 b 7R 0%
B, PR AL R B TURL, 4200 7 % 2 15 BlpTol2-HS-
GT2MP-EGFP it ki fE 4 B % B (Empty vector
control, EVC), EVCiFL/F 5] I ZNCBI(MW
698954).

DL KA DNA AR, F 5140 dr334F/R(GE 1)
PH e 4% X dr334. R E IS & B dr334F
HIH) 5] #vector-HS-F/R (£ 1), F ] & M PCRY 1
HpTol2-HS-GT2MP-EGFPi R 4. i 8 Btk
T vw BN S dr33446 ApTol2-HS-GT2MP-
EGFP i ki (JHBB-5"HS 5444 1 F1IGT2MP 2 ], 13

B RipTol2-dr334:GT2MP-EGFP (i #Rdr334).
1.6 ERUES. TERGITSHR

WA TBEE Ly 11 P 22 P~ A= IR i, ) -2 PR i B
FR B i A v S dr344 50 R A Tol2 54 FE BFmRNA VR &
Y, Rl AEVCRRLVE x50 i vb 2037 5
2 nLIIR AW, HrR RALZ1450 pg, 7 FEBFMRNA
219100 pg. FHJE RGBT Blue water 1
28.5°CHt4TH: 7% . 47T 12 hours post fertilization
(hpf)~ 24 hpf. 36 hpfH148 hpfihvE5H G Y 5% i3t
TR AA IR . 7 S 1% MS222%F IR fify it 47 Ik
P, B FH 1% R 41 4 K (Sigma, M0387-100G) i
SE NG5 B T B FR I, £ BB (Axio Ob-
server Z1, Zeiss) AT . & )5, X HE AR
S A6 % B 8 FH Rk £ fisher.test( ) #E4TFi-
sher kA% 56 (Fisher’s exact test), 1155 345X} v P
J A # H(Odds ratio, OR).

2 £R

21 MERD&ASREREERTEE

284 KIPRINA255848 FIPRINA263496 %
T AR SRS LA, . Oy . B
(A SR A DN 5 - R P 2% P SO0 9 P e e 2E 2,
3 AT 1 IR 4 2R R) JE (R R A 22 S o i, e S 3
LA HeAth 4 47 ik (log, FC>=2) I [Hl . fE5%
A4 RIS 46 5, TEPRINA255848 % 115
2474, HAENA RIS & & T HAbS AN A
21, fEPRINA263496 15 2370 ML ER A L A .
DX P LA A 2 R US4, 3145183 /MIL
P i ik R R TS 22 5 (] 1A) . AT SE X L
MA@ RIEREF S50 EZIhRE, RATELER A
(GO) & b, KIMFHA157 2L (85.8%) 3157
GOVERSE R, & RGOS A7 B i LA M 34 5 R 1Y,
B T, B B AUVIER B (R 22 425, S BEL
AYERE, BB TEEEIE%EE 1B). FERRUTE,
PAIFIER) T 234N WAL R IEXT BRIE A .
2.2 ENNASEREEELFEEFIIEUS
DNAEF#%&

PM 1B Ancorai s FE &R T IR BE L f LA
1o 2 I8 kPR3 e o 4% XA B A BROOR SF oG AR
(HCNE), K244 FE R 845 X R A s Y R A S
T RSF TCHE(FR 2), PR IX LI K] AT GE A7 75 Foh ] 57
[P S AL . @It AR zfin(http://zfin.org/)
FEIBHAR e AR I, B ol S DR R i R A, 48K
ZHIEK A AEAShpfEELN R RIE. AT S
AEAE I DA (R PR <7 O Rk A 4%, FRATT LAZ224 4 i ity 1A
PEIX A28 B bR, L2344 LA 2 ik R R i
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st V4% X B AE 5 B, i FIMEME B Discriminat-
ive mode FyEHEAT LLEL, fESANFE K [itgbll, obslib,
2gc:9242, myh6(Ensembl 103 H LR Amyh71),
mylkda] W) FUEEIR I T — B P B AR AL 1) R 5F
DNAF Bto Fr Bt N8 AL & g H 7 — 20T
6/NDNAZEF (1 2), Fr BeK B2 N292—347 bp(3 3).
2 HIEL X R BLSANDNA F BEF 6 2 8] 6 51 AR AL
FENT78.62%—84.19%. IXEEDNA F BIENLAI m ik
PRI 1) () AR S7 (T 2A), 3o FLmT BEAE TR
R R ERIA B — e Thit. MR H B X Ik(E
B(3 3)7EAncoral i A i), AT LK L X 35 L5
Ancora RSP LA E A (45 AR R), FEnHIhRE
AR A YR . e mPCRE R, X
SANFE [R5 B 1 1 B £ LA R ) RIS S8 0 B v T
HABSANHLR (& 2B), HE—2PI0IIE | s H i 2
Fo XL IR LIRS ANDNA A BT GEXT 51X
SEELRITENLIA s RIS R 2 E FH
2.3 B#DNARE R RIEBEEFENREFRHRIE
Ihge

T IR FIRDNAJE PR 1 s i i Thag, 38
AT EL T 7E LA Hh 34 F % zge-92429 3R E
iE IDNAZE 7 RE X IRAE AT 5 R . B BEAR
B 7 iZFE N L X 15334 bpIDNA F B, 24800 56
iE, 1ZH BUF 31 5 P 5 1 GRCz 1 1A 35 [R] 40 %6} o7
X375 — 5. 4G NfEpTol2-GT2MP-EGFP
[f)Gata2 f/Na 807 1 L, M T i A RIA
35 UKL, %5 kL Ay 44 NpTol2-dr334:GT2MP-
EGFP(/X 3A, fij#rdr334). FATEMKE T A ST

A B
e e AR e AL BdR2

B F BLI) Ak pTol2-HS-GT2MP-EGFP{E Jy 5t i#
(EVC)o 43 Bk W R RLVE 5 21 R LR I TB BT 5
ARG o, FETE12hpf. 24hpf. 36hpffl
48hpfPYAN kB I HAE I 2 WA B AT WSS . K
PUAE B3, 3946 AN [R] Ho ) %) i 27 HE UL PAT 2 21
Rt M55 (B 3B). AN, IR AR N ZOLES
0L, &R R G 30 938396 (1) WA ROLME
F(N); (2) ARME S HEAN A H LR 7 RIS
(NSF); (3) %615 5 B & UL 4 ZURF 7 14 (MF)
(B 3C). Xt &I =R AG AT TH g1t (3R 4
3D), KIAE VYA HA, 73 55 de3 34/ G v] WL %2
F 56 AR (NSF+HMF )R 8 52 6 A (N) Y EE
1511 241 7 1 B 41(Odds ratiofiE F: 1.643—3.881), H.
7E24hpf(P=0.006)F148hpf(P<0.001)F. A % & 2 ¢
THEZER. AL, de3a34H IR IV RS 715 54
(M)A HE LR 745 5 A (N+NSF) I L 1]
By T X IR 2H(0dds ratioVi [#l: 1.311—6.487), HAE
KB G WS N 5, 48hpfis) B M 0 3% i it 2
R(P<0.001). X% B 4334 bpIDNA F7 Bt
AMEA B ok 5 SR R R IA /R A, B H
GigRIINAEERALS T
2.4 DNAEFHEAFENARREXERE TS
X VA=

AT I FIDNAZE 7 7% 1 B, £ 2 AL =R
1 5 R 1) 1 DR 5, ELAE A P 7w 38 7 R E LY
H RIS B D RE, SR AT BEAELE [RI R e kK R 1 5 1%
X dek 4 & R X S L R AL s R IA . AT
id Tomtom(http://meme-suite.org/tools/tomtom) X H

Skeletal muscle tissue development - @

RNA-seq Study 1 RNA-seq Study 2 Skeletal muscle myosin thick filament assembly - o G%r%grﬁber
Skeletal muscle fiber development - @ ® 5
Skeletal muscle contraction - (] ® 10
@ 15

Regulation of skeletal muscle cell proliferation -

WLAERE 781 LA 7% 2 C @2

Muscle gene set 1 /  Muscle gene set 2 Regulation of sequestering of calcium ion -@ B B
Phosphocreatine metabolic process - ° —lg(FDR)
': Myotube differentiation - @
Musculoskeletal movement - @ 10
Muscle system process - @ 5

Muscle structure development .
Muscle cell differentiation @

183 LA e NN
183 muscle highly expressed genes 25 50 75 100
‘EEM% Fold enrichment

1 B i LA e 2B 5 R (A FILIA i R R RGO AEMid 72 = 2R 45 R (B)

Fig. 1 Screening for genes that are highly expressed in muscle (A) and GO biological process enrichment of the high-expression gene of

muscle (B)
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PRDNAFE P HEAT 7 s R 7 45 G A s T . 45 2R AE
motif 2. motif 3fImotif 4412 H K T Xbpl(X-
box binding protein 1) Fitwist2(twist family bHLH
transcription factor 2)[32] . bhlhal5(basic helix-loop- 3 ifip
helix family, member alS)m]\ myod1(myogenic dif- vV
ferentiation 1)[34]\ twist1(twist family bHLH tran-

scription factor 1)""45 2 ALY T J A 56 5 5 R 1

&2 Ancora¥{iEE P A AERILIKBEYMRT THHR D BN ASREER
Tab.2 Muscle highly expressed genes with proximal CNEs in Ancora database

&G (B 4), TPAE 537 91.34e-02 2.16e-
03. 1.71e-03. 1.09e-02F11.64e-02, FE N 1% [X 35
A BRI LI S PR B A, S SRR RIS TR

31 HSallASRAEREIEmDTH
0 S ILPAIE BB 0 2k TR f) 238 TR 5 2 7K 2R

NCBI ZFINKUE P A 15 L
F:HID B B PR A4 TR TR AR o A Tl HIE
Gene ID NCBI accession Gene name Gene description Species Muscle expression in
number ZFIN
ENSDARG00000040985 554050 itghll integrin, beta-like 1 CC &, 0.75—48hpf
ENSDARGO00000077388 606585 obsllb obscurin like cytoskeletal CI, CC 7, 0.75—48hpf
adaptor 1b
ENSDARGO00000030176 445063 zgc:92429 2gc:92429 AM &, 10.22—48hpf
ENSDARGO00000098747 100329748 myh6 myosin heavy chain 6 TR LA R 1 3R I,
0.75—90dpf
ENSDARGO00000091260 566845 mylkda myosin light chain kinase AM, LO, GA NA
family, member 4a
ENSDARG00000014259 30436 eyal EYA transcriptional CI, AM, CC, LO, 7, 0.75—90dpf
coactivator and OL, GA, TN, HS,
phosphatase 1 MM, TR
ENSDARGO00000002582 246222 thx15 T-box transcription AM &, 0.75—90dpf
factor 15
ENSDARGO00000003081 321053 mybphb myosin binding protein =~ AM #&, 10.33—48hpf
Hb
ENSDARGO00000005841 394068 tnni2a.2 troponin I type 2a AM &, 5.25—72hpf
(skeletal, fast), tandem
duplicate 2
ENSDARGO00000013755 58037 actn3a actinin alpha 3a AM %, 0.75—90dpf
ENSDARG00000014976 553696 lims2 LIM and senescent cell ~ GA #&, 10.33—48hpf
antigen-like domains 2
ENSDARGO00000016391 386968 calcocolb calcium binding and TN, AM NA
coiled-coil domain 1b
ENSDARGO00000019342 404273 chrnd cholinergic receptor, AM, LO, OL, TN, A&, 24—90dpf
nicotinic, delta (muscle) TR
ENSDARG00000020890 30441 tmod4 tropomodulin 4 (muscle) AM, GA JULPA SRR e 14 2R 05,
72hpf
ENSDARGO00000026473 404627 six1b SIX homeobox 1b CL AM, CC, LO &, 5.25—72hpf
ENSDARGO00000039304 494168 sixla SIX homeobox la CI #&, 10.33—72hpf
ENSDARGO00000034588 564977 scndab sodium channel, voltage- LO #&, 0.75hpf, 5.25hpf,
gated, type IV, alpha, b 24hpf, 48hpf,
90.0 dpf
ENSDARGO00000035458 494489 atpZall ATPase AM, OL, GA, TN,  75,90dpf
sarcoplasmic/ezqdoplasmi TR
¢ reticulum Ca
transporting 1, like
ENSDARG00000044155 100000492 mafaa v-maf avian CL AM, CC, GA, #&10.33—48hpf
musculoaponeurotic OL, TN, TR
fibrosarcoma oncogene
homolog Aa
ENSDARGO00000053773 606659 vgli2b vestigial-like family CcC %, 10.33—72hpf
member 2b
ENSDARG00000056209 572909 myozla myozenin la cC WL S R Ik
10.33—72hpf
ENSDARGO00000077157 100006620 synpo2b synaptopodin 2b CI #&,10.33—48hpf
ENSDARGO00000095217 393472 zgc:66156 zgc:66156 AM #&,10.33—72hpf
ENSDARG00000096257 100007086 si:ch73-367p23.2 si:ch73-367p23.2 AM NA

¥E: CL. ¥Lffi(Ctenopharyngodon idellus); AM. T JX i (Astyanax mexicanus); CC. #(Cyprinus carpio); LO. B 53 # 8 (Lepisosteus
oculatus); OL. F W (Oryzias latipes); GA. Bifi(Gasterosteus aculeatus); TN. Jil K (Tetraodon nigroviridis); HS. N(Homo sapiens); MM.

/INER(Mus musculus); TR. 216 7R 77 i Takifugu rubripes)
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Fig. 2 Muscle highly expressed genes and proximal conserved DNA sequences
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dr33d Gata2 minipromoter
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\ \
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\ \

1

5'B-globin insulator 3'B-globin insulator
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1 e E\}C dr.334 E\}C dr.334 E\}C dr.334 E\}C dr.334
TR E ARG S B IR e E T
Fig. 3 Structure of eGFP expression reporter plasmids and fluorescence signals in zebrafish embryos
A. dr334F0RL(_) B BRBURL(TF) DO BB X (4544 B. 3K & I B R WL R 1 9 615 5 IR, A7 R=1 mm; C. 4K & I JH3Fh ¢
A5 S HREM R EL, ArR=1 mm; NRER A RNE S, NSEREAIENRFRIEE S, MEREG IR R EROGES; D. 44
RE I 3T G5 5 R RERR I LU, EVCHR RIS S SR FURL IR IEAR; dr34438 31351 dr344 50k IR R i

A. Structure of functional region for dr334 plasmid (up) and control (bottom) plasmids; B. Embryos with muscle specific fluorescent signal

0%

in three developmental stages, Scale bar = 1 mm; C. Embryos with three types of fluorescent signals for four developmental stages; N is no
fluorescence signal, NSF is non-specific fluorescence, and MF is muscle specific fluorescence. Scale bar = 1 mm. D. Embryo counts
proportions upon fluorescence types or four developmental stages. EVC represents empty vector control plasmids were injected in to
embryos; dr344 represents dr344 plasmids were injected

®4 TWASWRAMKRERBER TR

Tab.4 Embryo counts upon fluorescence levels and proportion test between empty vector control and dr334 vector

=
P vs. TR

% N Spis RO A T
s TG SRR Puorescence v Non- Muscle s Non-Muscle™
N NSF MF N NSF MF  pualue 0(‘;‘;?) Afg‘g" P-value O(‘;‘gf, A)Rcalt)i"
12hpf 0 31 2 24 35 24 0.061 09 j;ﬁ%“) 0.493 (0.6313'37121.726)
24hpf 45 26 12 24 31 2l 0.006 R .2729'57524177) 0.051 09 2 49)
36hpf 4526 14 30 24 2 0.152 0838 3251) 0.088 0585 4.655)
48hpf 47 26 10 19 21 36 0.000 (1.834§§.19) 0.000 (2.79{?1%76.267)

N RMLEE R ; NSF. JERE R R 0O RIE; MF*. LA R R E 98 R0E .+ dr334 5% BRZH 192 e (NSF+MF) AR XS T-3E
RN LA EL . **dr334 55065 BEALILRR 52 56 (MP) AR FELA 22 (N+NSF) LA B o PAER H Fisher K5 i 46

Note: N. no fluorescence observed; NSF. fluorescence observed by non-specific tissue expressed; MF*. fluorescence expressed
specifically in muscle. **Odds ratio of Fluorescence (NSF+MF) for dr334 group, compared to Non- Fluorescence (N). ***Odds ratio of
Muscle (MF) for dr334 group, compared to Non-muscle (N+NSF). P-values are from Fisher’s exact test
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MUSCLE HIGHLY EXPRESSED GENES IN ZEBRAFISH
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(1. International Research Center for Marine Biosciences, Ministry of Science and Technology, Shanghai Ocean University,
Shanghai 201306, China; 2. Institute for Marine Biosystem and Neuroscience, International Center for Marine Studies, Shanghai
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Abstract: The related factors to the formation and growth traits of fish muscle are important topics in aquatic biology
and aquaculture research. The expression and regulation of muscle component genes are essential to its tissue function
maintenance and trait control, and the identification of cis- regulatory elements in muscle tissue helps explain the gene-
tic basis of muscle formation. Conserved DNA sequences may be found among cis-regulatory elements, whose regulat-
ing genes have similar expression patterns. To predict the regulatory elements for zebrafish muscle gene expression, we
explored the conservation features for DNA sequences in proximal non-coding regions of muscle highly expressed
genes. By analyzing RNA-seq data of multiple zebrafish tissues from public database, we located muscle highly ex-
pressed genes as targets and lowly expressed genes as control, respectively. The GO enrichment analysis of these highly
expressed genes confirmed their functions associated with muscle development. By discriminative mode of MEME
motif discovery tools and using non-coding region of lowly expressed genes as background, we found five target con-
served DNA regions, including six DNA motifs of the same sequence, around 300 bp in length, close to gene start sites
of five muscle highly expressed genes. Meanwhile, DNA sequences of these five target regions had high pairwise iden-
tities (78.62%—84.19%). The results of qPCR confirmed the remarkably higher expression of these five genes in
muscle than other tissues. We constructed an eGFP expression reporter plasmid containing the tol2 transposon system.
One of the target regions, a 334 bp fragment at upstream of zgc:9242, was cloned into the plasmid at upstream of the
eGFP driven by the base promoter. After the plasmid was injected into zebrafish embryos, a greater proportion of
muscle specific fluorescence was observed in embryos carrying the target DNA fragment than in the control group
(odds ratio=6.487, P=0.000 at 48 hpf), indicating that the 334 bp DNA fragment may enhance muscle gene expression.
Using Tomtom motif comparison tools, we also found the candidate binding sites for Myod and other transcription
factors within DNA motifs. Our findings suggest that the DNA motif cluster fragments might act as transcriptional re-
gulatory elements to specifically enhance zebrafish muscle gene expression. These results can help us better under-
standing the genetic basis for fish muscle gene expression and provide a new strategy for predicting tissue specific cis-
regulatory elements by bioinformatics.
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