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MsxC EEHEH D& ERMNANNLEFHER

BRI, Fem'”, GAF ", HEh”

(1. IR KRB SEUR L 48 5 R B MBS0 S, [ 2013065 2. RIFIFER Y K FHF E R R S5
R, B 201306 )

O LR E T A S R LA A P VR Hox JENZEIR AL , MsxC (muscle segment homeobox C)
B P IR A Tt LI R BT — 2 RO o O 13— 2D RS MsaC DR AE L] 8 B B4 1, A1)
JiI CRISPR/ Cas9 &K i 45 A , G 57 58 H £ MoxC BEDR 4 45 58 (A (MsxC™™) o S5 R 55 B A R BE 1 #1141
FC, MsxC™ BT 0 R A B =5 /IVE R =5 /N P X 46 51 15% LA b, 25 S A0 Sl 35, o 9 =358 4 UL i o 2 0 1
Y i 22 S5 s Misxe ™ k- e AU FULLIRR ] BT F0 UL L A A, EL B TR L, A 30 9 2 S ) 4 5 Msw 7 58
ASPALT LI FUH R, BT B, LWL AU R 8, R PR LA AU O 2. 22% (P < 0. 01 ), I K T HE Hij 48
AL FIE R 0.97% (P <0.05) o X W], MsxC i PR 2R BESZ M 1 JILIA) 0 AT B2, )k 52 o 1 ol LR

i)

hESES: So17 XEkFREE: A

JULTE] ) SRR JILTE] /N8 UL, A5 T AL TE] B
i e LR 45 4 LUt o LI A A A
TR, JUH R RS FL A 2R 5 3 i 17
TEMUEL A, 4 H A< 88 6 ( Anguilla japonica) ' | fi
( Hypophthalmichthys molitrix ) | 8 ( Aristichthys
nobilis )™, i S 1)
amblycephala) ' Bt I #4 ( Danio rerio) * % Jl
[ 1 A A TE 0 2R W 5 B B B, T B 5 f41
WL R ( Cyprinus carpio ) f4 L IH] 58] 546 I 1] 75
k55 32 ~53 d(days post fertilization, dpf) 7!
S UL A AL ] 7 43 ~ 55 dpf ™ J - At
] 35 ~ 62 dpf . N[k O 3 A £ 26 g A
F S JULIE) A0 ) T8 FSCHRT () A ] 25 - 72 85 Y il Uk Y
e ndsE L o DA 3 1 AR B A s
g3 750 i k£ A DK B, A H A B B B
( Monopterus albus) ", JJL[F) ] A 3k 35 1) F& 554k v
B A, I JILE] S T 18R] B 5 i DK o R e LA
B LA K

MsxC ( muscle segment homeobox C) FE K Jg T

( Megalobrama

15 H#A: 2020-05-26 f&E BHE: 2021-09-08
EEUH: BRARFEEEH LI H (31872546)

S BT 6 MsxC; JJURIA; JDAL; CRISPR/Cas9

Hox SRR, B, K5 B EAEE
A S I D O L3S s = R N )
(distallessgene) FEfbA: K/ T4 3L M 215 b -
[ FERR AR AR . R4, MsaC 25T RES:
5 i K WLI) TR S 38 4 i AR A F et
W] BHIRIG R T P, MsxC [ T 1ERN 414155 %
IRAN, AL AT ik, TR 45 LA
(9T IR S 35 d FFUA BIHL)E 62 d 4
Ml MsxC 5L Z2 3k 5 MRS 32 d TFIARATT
B RIE TFIG T R B RIS 45 47 K, W] MsaC
SRR i) 12 () 55 JUL ) 0 T T ) A O, 42 %
MsxC T 65 15 J5 i UL Ia) 090 A 1 iy 30
AR g B, A S Msws (9 5] 98 5 X
msh FE57 R 5B UL A AH 20 i v #5423k, 7E AL
O A B AR P A T AR, S ARE rR IR 2 A
5 DX IR H UL A REL 40 A JR T b i 14, A
MsxC 7T RE S JULARMO2E B, T ) 13 52 i JUL ) o
AR,

At 55 # H CRISPR/Cas9 A, i £ #i bR

TEF R PeRIT (1994—) 2 WL WFFE A W07 [0 2 B A% o E-mail :874501609@ qq. com

BIS1E# . 5 ¥, E-mail ; blbao@ shou. edu. cn
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MsxC AR AFPE i MsxC 2[5 JAL K, 4 MsxC
S Xk B B e AL 18] 3R A0 R AL A 7 AR5, SR 5T
MsxC 3 PR JILIRL R B P 1R

BRI

1.1 ##

FiT T AB R B AR TUBE D #0155 T iR R
PR SR RBIN 14 h B2 10 howg, KR
h 26 ~28 C, BEEy thoE 4R MERELL 9] 10 1 #4758
B 7= DF, pT3TS-nCas9 Jii ki ¥ H NIH Shawn
Burgess SCI 1 B4 SCU I AF A BRI ER
FENUIMC I LS E o
1.2 7i&

1.2.1 CRISPR/Cas9 5Pt 1 MsxC FL R

£ UCSC 248 A ) BE 1 £ MsxC R

F:[KH 2 DNA J#31 ( Gene ID: 30526) il MsxC N &

T SNBSS AR R . MR CRISPR/
Cas9 FEPH Gt He A BT exonl J7 51, 45 [
BRI R AR BT BB A7 5 S RN b AR
PgEE T7 J5 ¥, ¥E A7 R Z S5 I sgRNA & 42
W HIE N IR 18 519, Oligo2 4y S [ 51 ) 32
TP MseC B 5 UL FE 1, F)FH HiScribe T7
High Yield RNA Synthesis Kit (NEB /A #]) #4744
ApEESE 1 F RNA Clean & Concentrator Kit( Zymo
Research 7\ ) ) 4lifk$15 sgRNA

Bt T3 i i pT3TS-nCas9n (7 330 bp) i@ i
Xba 1 (NEB),37 C,2 h §g¥], iz &M, =
J& 1 PCR Purification Kit ( QIA-/A ] ) #E47 [l £
AL ) ORI A B, 22 B mMessage mMachine T3
TranscriptionKit( Thermo Fisher ) {& A 156 B 45 347
KA 5 S, 8 RNA 4l 4k i % & ( Zymo
Research ) X (&GN s 7= ) A7 alifk 1n Wi

&1 gRNA #FFIREESESIYFT]

Tab.1 gRNA target sequences and genotyping primer sequences

ElE E2N

Primer

SIMFSI(5'-3") JitkeS
Sequence(5'-3") Usage

TGTAATACGACTCACTATA GAAGGGCCACTCTCCCAAGAA

MsC-Target-Oligol GGGTTTTAGAGCTAGAAATAGC AR

Oligo2 AAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACG -
GACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAAC

MsxC-F TGGAAGTTTATAGCTGCGAGTG L 43

MsxC-R GTCCGTGAGCTTGTTCTGTCTG S 53900

T T RIZ PSR 1)

Notes: The underlined sequence is the target gene sequence.

¥ seRNA il Cas9 mRNA — 2 ¥ 5 51 B 2 A
L 240 i 39 04 R i v, $% 4 S B 0 25 ~ 50 pg
sgRNA Fl1 150 ~ 300 pg Cas9 mRNA [ tL TR A,
BRI S R 0. 14 nL,

ISR IR & 2 24 h )5, Fms L AR vk 35
F3IE NG B9 DNA, I ) JE K 7 B 51 #) MsxC-F Fil
MsxC-R(ZR 1) 34 £ & @B #E £ HY DNA 751,
30 2 B R FEL Y R S A A R Dk A T 3 PR
AR B DGR RY F R A TR A8 AR
13 F SR BANE kA I, K15 2 A RO R
&Ry PCR ¥ % # 8| pGEMT-EASY 5 [ 25
TR IFEE A RS2 25 o 3 3k BRI T T 5
FEBUTORL, LI MsxC-R A 9300 7 5 | 9735 18 Mk 2% ]
MR
1.2.2 fEyefa

MEE YIS SR 15] o MsxC™ 2878

TRFN AB BpA R 3 H Ik At 45 10 JB, Zad 4% £
RHEET 4 °C e, &t JOR K Fn TBST 2
Ve KRS EAE 1% KOH A Jf3 i1 1%
H,0,, 58t MRS BR L. H 1% B8 BN
LN ALE, B 1% KOH 35 ks, % hn 1% 95
R ® . 5a F KOH/ HiR G ks
FEE €5, 76 1A X B R L A L IR
MsxC” 1 AB BUBETh £t 29 ~ 33 L3586 5 /NE AN
Wk = /N AR 6 ~ 10 LT 88 5 /v, B £ 10
Ko
1.2.3 AYIFAH.E Jefa

B MsxC™ B b 40 F1 AB BFA RIBE T 3 H ik
W45 10 B 4% Z R EET 4 CREE %
&, R A Lt 5 KR A g, 1 x
PBS {2k 15 min, ¥ 3 IR, P44 IRE HLA B
VIR R, B B 25 fa L PR 1 7K SF W 1 U0 7 L VR
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WriE ) 7 AT Y o W L HL E e fa
FEB AR T LSS F0 BRI 2R 4T AH [R5 67 55 1 A1
1) 200 155
1.2.4  pKERYI R Fitey 2 ik

I MsxC™ "l AB RUBE T £ 3 F % i .45 10
B, FH 4% PFA [E5E37%. 0.01 mol/L PBS 3%
10 min Ji5 , 5CJ5 2 20% BERE T 12 h 30% LEAH
VW12 h AT OCT 23 2 h, e &b i AG
I OCT JF & T - 80 CUKFAAE . EEHYI L
LA BT U] A, B S BT - 80 CukAR
fo

H 1 mL PBST j F 3 F vk 3 Wk, Bk 5
min, 5% L1113 (PBST Bt ) % i £ 7] 15 min,
TEhERIC £ L —$T Skeletal Muscle Myosin i/
F59 (sc-32732 HRP) ,4 Cuk4AHIEE 12 h, %k
T PBST $E 3 ¥k, BK S min, (IR S B —
Pt HRP prid i FHt/M L 1gG (H + L) 1,37 “C
H 30 min, f§ PBST %l FiEVE 3 K, Bk 5
min, DAB I} 4387 & (20 x ) #4708, S isds
NREH R, I 8 AH R R LT WL A
1.2.5  Fdlaortr

JITA A B T RRAR A8 A 14 00 it 25 4 ] image
JIRMEHEAT . A BRI GE it 2% 22 5 R H SPSS
21 BB R 2 U7 22 43 B ( One-Way ANOVA) 5( ¢
K, P <0.05 WA W E ST 525

2 4k

2.1 FJH CRISPR/Cas9 FINHEH T E MsxC
ERRTMER

sgRNA 8 i 457 T MsxC 3L 15— AN i
F(Exonl) E[El1(a) ], it E kit 1
RIS 4 (MsxC-F Fl MsxC-R) , 9" 38 Fr BE K JF
324 bp, BHNE HIKELI & B, {3 41 PCR 7™
Y B 2 AN, 6 IR IIR IR Y PCR P=940A 1 4
BERANZY 345 bp B A= RUIE(H

ST BE Tt MsxC KL R 5878 5 & B 2
DIeibriy ¥y SEF A RS8Rk F o %40 & F,
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BEE 0 AT 5 2 0T B 404 r Tk AR I, 15 3 28
F0) e ARSI S 7R A 5 A, BB o 3 2 5
RIFE A, B AR BCEE P 4, B 4048 H ok 7
SIPTIERI R 4y e RE IR A AR 3 AR RO R 5
BF RSB 1(b) ], ARE2 bp, AK,
TBANAE L TIOR3 4l A 2 AR B T £8, MswC™ [ ]
1(c),(d)],
2.2 MsxCRETIEEERALERI TG

Fb A MsxC™ FIVEF A= 78 BE o 01 5§, £ A9 AL ] o
TEA A Yo SR W AR AE 22 5%, UL R
JULTR) ), MisC™ B35 £ 54 JUIL ) o A B A= 750 ) g A
R CEIN-1.2 ) 1 KT 350 UL T) i < 3 e 22 5 (&
fR-3.4) o 4, MsxC™ FBFRES 29 ~ 33 LT B
S /INEAR RO 34 LU B A A 4616, 8% (P <0.001) |
15.5% (P <0.01) .36.6% (P <0.001) 34.4%
(P<0.001) fl1 24.8% (P <0.01) , 2% 5 4% i 2%
[ 2(a) ] MsxC” RBHBE 29 ~33 WLAT Ik = /M
WRVK - 2y Fb B A 7 4 26, 9% (P < 0.001)
16.6% (P <0.01) .28.1% (P <0.01) .22. 6%
(P<0.01)F117.5% (P <0.001), 22 5} i 2%
(Bl 2(b)], MfEin B, 258 8, M
MsxC” YRTF565 6 ~ 10 AILYT§ES /v 5 BF A4 G i
FrERIE2(c) ],
2.3 MsxC”" ZRIT{R AN 18] BB JE Bl B LB R 2R
&‘

A LG IFE 8 BE 2 1, MsxC™™ 58 788 PR 4% T 5 1 30
AN VB T A A LR 58 407 79 P JUL 400 o 650 2t 2 B
W (EIN-6.7) , St T R B E 2 R
[El3(a),P <0.05]; MsxC" 58 A5 PR Y8 T 5 i 5
ALK LA 4 HES) (B RR-5 R D)
P 20 M (&I AR-8.9) o HLAR MsxC™ 5875
AR 2 TS A BT T A A UL ¥ 7 A [] T AR L 4
FELES e L B AR R /D (IR RR-10 .11 ) , 28 S d b 3
[E3(b),P<0.001]; MsxC” 5225 {4 R ) ILEF
AEHES) (EIN-S SR @) 55 A= U] I i s (&
Ji-12 13 ), R 02 e FLRE B 7 8
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gRNA Cas9

o 3/
o= 5’

¢ ¥
g, | [Exon1l | | |Exon2|
,// o

5'--:GAAGGGCCACTCTCCCAAGAAGG: - 3’
(a) MsxCEFmBREEARE

Schematic of MsxC knockout targets

TTTACAAGGGCCACTCTCCCACTAGAAGGAAAACTACAGGAGCGCAAAAGCGCGGACAAA +2 bp

COPEEEEEREE e ee e Ceee e ee e e e e e ee e e e e ee e e e ee e rr
TTTACAAGGGCCACTCTCCCA--AGAAGGAAAACTACAGGAGCGCAAAAGCGCGGACAAA

(b) FRASMAE B RS T TN Fr4i R

Sequencing results of molecular cloning of mutant F, spliced tail

285 315 345 375 405
2 700
1 800
900
0
sz 344.97
ht 2 509
(c) BFA#Ii& K344, 97 bpl&fd
Wild-type peak and 344.97 bp peak value
300 330 360 390
1 500
1 000
500
0
sz 346. 95
ht 1003

(d) MsxC/ RAZ I )2 346. 95 bpldfE
MsxC/~ mutant peak and 346.95 bp peak value

sz I FEIR/N  bps bt W
sz. amplification product size,bp; ht. Peak height.
1 CRISPR/Cas9 &SRS & MsxC EEE K
Fig.1 CRISPR/Cas9-mediated MsxC knockout in zebrafish

=} g =}
5 5000 = 5 5000 mAB 5 5000 mAB
g foaad = mMsxC/~ E e ki3 mMsxC/~ % = MsxC”/
& 4000 ~ 2 4000 2 4000
Q
— sokk —~ —
5 3000 i 25 3000 5 3000
23 o« L3 2 ©E
2y 2000 2y 2000 BB 2000
=3 = =
© 1000 g 1000 © 1000
E . . E .
E ren29 ren30 ren3l ren32 ren33 E rep29 rep30 rep3l rep32 rep33 E ren29 ren30 ren3l ren32 ren33

(a) (b) (c)

(a) 5529 ~33 PLWHE = /AR BELLES: (b) 55 29 ~33 LW Ik 5/MVERBE AL (¢) 55 6 ~ 10 LW EES /Mg K BE LU = + P <0.01,
# % % P <0.001,
(a) Comparisons of the lengths of epineurals between the 29th and 33th sarcomeres; (b) Comparisons of the lengths of epipleurals between
the 29th and 33th sarcomeres; ( c¢) Comparisons of the lengths of epineurals between the 6th and 10th sarcomeres; * = P <0.01,
* # % P <0.001.

B2 MsxC” %4 RIS o fLiE 4K B bE 3

Fig.2 Comparison of the lengths of intermuscular bones between MsxC”~ and wild-type zebrafish
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600

400

200

YA i & Number of cells

AB MsxC/~
(a) HKTRIEAHL Top part of the trunk

200 Skk

150

100

50

¥ E Number of cells

AB MsxC™/~
(b) B#P Tail

(a) JETAERTERALAR R AR F WL BT 15 (b) AR AR E A BT 1L + P <0.05, * = * P <0.001,

(a) Comparison of fast muscle cells counts in identical area in the top part of trunk; (b) Comparison of fast muscle cells counts in identical

area in the tail part. * P <0.05 , * % % P <0.001I.

B3 MsxC™FEFLRBD QAR LR

Fig.3 Comparison of the number of white muscle cells between MsxC”~ and wild-type zebrafish

2.4 MsxC” REUR L ALEFR L

LT U SRR AT S R 4L ALK S /R, MsxC™
B (ERR-5 B i @) 21 LK 38 BH I 34 in (
W14 ~17) o THELT LT R o A A A UL PR T AR
(I, % B MsxC™™ 2 78 U J2 3 20 L T AL o L
9.08% , Lo HF A= TR BE B #4802, 22% , 25 S

15

10

NG
Proportion of red muscle/%

AB MsxC/~
(a) B Tail

FE4(a),P<0.01], MsxC” 4R T 5E A &5 AL
(E -5 2R @) 2o L BUEm (B RR-18 ~
21) o MG, MsxC™ 58 78 (R YR T 5 17 3B 07
I AR 5 B 6. 35% , BB AR R BE D A 4 R
0.94% ZERAFE[E4(b),P>0.05] .

AN IRy
Proportion of red muscle/%
S

AB MsxC/~
(b) YXF-HTEBHL Top part of the trunk

(a) AR FS9 HUARLL SRS IR L s (b) SR TSERTARAL FS9 HUALLIIFRIC RN L5 # * P <0.01,

(a) Comparison of F59 antibody slow muscle labeled area in the tail; (b) Comparison of F59 antibody slow muscle labeled area in the top

part of the trunk; * * P < 0.01.

B4 MsxCTMFERBDETNER LR

Fig.4 Comparison of red muscle area between MsxC”~ and wild-type zebrafish

3 ihe

3.1 MsxC ZERLIE R B P 9 4E

A A CRISPR/Cas9 i [K] 4 55 H7 R, 75 MsxC
FEPIER A A7 B PIE AT 2 bp BYBREE, T3
MsxC Rty 5e7 . Jfilid B 285 3 4l & R 2B
. MsxC™ ) LS MsxC™ RIIE F BE 2 £ )L ]
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HIBES R IAESE A0 RS, MsxC™ (¥ JJL A )
P B OB AR T R 1 £ W3 A L, T EL A 0T
FERE S B . MsvC HE[R Y Th g Bl 2k 3 50
Lyt A LI F) 7 S, X KPR B ) £
R BZHE N S ILRRI 0 K B A . e
Hh, MsxC £ RILTE] A0 1 A 22 T2 0K g e [ o 4 BR
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BETh A it & B MsaC 1 3381 B0 -5 1 T i v A
WA ARSI ST 45 SR S2, MsxC Ty 5276 B 15 £y
(4 LD SRR Rt i v & T VR o
3.2 MsxCERMINEE HBIER

Fbdss MsxC™ FI1IE & BE 40 0 00 UL AL 41 i
ML RG22 5 , B MsxC™ YR T B R 3B KA L AL B
Jo B U200 P e s 2L, HE S i A ELRL , R i)
S B g W S5 T £ LD AR 2, Misx €™ 21 LT
BEAE Y BRE A g T B S R T R 22 S i
R IR B I MsxC 5L H 520 JILZT 24 550 LA
FRMPWLEL LI o3 A1 o MsxC AR LA 53735 [7) 5
ST, B 5NN LT ™ o 1EE s MBS
i, ¥k B MsxC 32 B AE LT AT Sk BB AL
BN W R BE A8 MaxC LR AT DL Y
WA LIG R F o MsxC IE [ P45 L, B o] el
2T, FBH MsxC 78 3 LA LAY 2 fb 2 2 v
FEER . oAb, iR BRI MsxC 3L 2 58 5 fa 1y
FIURIZEIU 3k . MsxC 8% FEE LR L
ek R mfrfE 22 S, T HE R 2E 71
Ko
3.3 HLERIFLRR S MsxC B3 KMIANE B BIE 0

IF5E A WLTET SR T L St 4 A SR s £ 2
(AR AN UL 25, G ol £ 24 1% JUL T ol 300 7 AR A
RS WLEHIE A U ST 4l
AL KL s & E B, VLR £ 4
Jya, WL B s s b, fEM R PR
Hh LPR Y 7 o 3 A L)) S 4, DA i H: Ui
TAEREFF IR R PR B L B KA ™ . e
G, A [l i vk 7 2 a2, L R) SRR B P A
@220 o Rk, WL TED SR F) JE T R 4 32 Wi ik o 7
HLAE S = A B P ) B 5 . SR )R T
ST AU, 32 B AR 5 TR S, PR, BE
el MsxC JER T BERE A R ), e 3B i 1 LRI &1
L Bl & AR A8 Ak, 0 UL ) il B 4 4 i f 4
2308 A JUL PR A A AN B S UL ) ) B A
A AR, HEMAEBE D MsxC B 251
REHLR SR EEAS 2, T3 802 3 i 72 v ILEF 4k 1)
BIUBE 758 B T B T AL ) 58 B 1Y) B i 1 UL
[l B LR S R

B2, R AT CRISPR/Cas9 %t [H 4 4 #5 £
AR T BED 0 MsxC LR RGN, B IK
RIR MisxC 2R 53 M) B # AL Pa] o) 600 A L ) 4
Ao RGNS G H— LGN LT ]

S LR RTE BB — 5 (SR

S 2k

(1]

B, Ss0E, A, . RG-S AU RIB A L
LI, K, 2007, 31(5) ; 145-152.

LYU Y P, BAOB L, JIANG Y, et al. Comparative analysis
of intermuscular bones in lower teleosts [ J ]. Journal of
Fisheries of China, 2007, 31(5) . 145-152.

RO, FNE, B, S HASSEILE /N B
WRELT]. BRI, 2014, 23(6) : 810-813.
YAO W J, GONG X L, LYU Y P, et al. The ossificational
process of the intermuscular bones in Anguilla japonical J].
Journal of Shanghai Ocean University, 2014, 23 (6) : 810-
813.

FpepAL, sk, S, S5 BENLR/INVE LT B IR
[J]. 3hreids, 2008, 43(6) . 88-96.

KE Z H, ZHANG W, JIANG Y, et al. Developmental

gl

morphology of the intermuscular bone in Hypophthalmichthys
molitrix[ J]. Chinese Journal of Zoology, 2008, 43(6) ; 88-
96.

wEA, BAUR, W, 4. JUR R LSRRI 2R L
BRI R EETE[]. B R0, 2006, 15(4) -
425429,

DONG Z J, HUANG D Z, LI L J, et al. Preliminary study
on intermuscular bones of several cultured cyprinids [ J].
Journal of Shanghai Fisheries University, 2006, 15 (4) .
425-429.

KT, BBRLL, MR e, 5. Bk JRHA L
[ B STar[I]. KR, 2017, 36(5) : 596-600.
GUAN N N, NIE C H, CHEN Y L, et al. Morphological
characteristics of intermuscular bones in  gynogenetic
population of bluntnose black bream  Megalobrama
amblycephala[ J]. Fisheries Science, 2017, 36 (5): 596-
600.

BIRD N C, MABEE P M. Developmental morphology of the
axial skeleton of the zebrafish, Danio rerio ( Ostariophysi:
Cyprinidae) [ J]. Developmental Dynamics, 2003, 228(3) :
337-357.

BT, R, MinsE, . KR ELILR/NE E 1
WA LJ]. B REMR, 2014, 23(1) ; 58-63.

LYU Y P, ZHOU C C, YANG L M, et al. Ossification
pattern of the intermuscular bone in Cyprinus carpio var. color
[J]. Journal of Shanghai Ocean University, 2014, 23(1) .
58-63.

BE, BRI, SRS dE, S IR EILE/NE A AT AR
(1], RMBEEPERAAA, 2012, 21(4) : 549-553.

LYU Y P, CHEN J, BAO B L, et al. The ossificational
process of the intermuscular bones in Hemibarbus labeo[ J].
Journal of Shanghai Ocean University, 2012, 21 (4) . 549-
553.

SRLL, BRiE, BRI, & AE A UE B AR

http: //www. shhydxxb. com



334 o\ w7 ok % ¥ R 31 %

AWFFELT]. KA, 2018, 42(1) : 131-137. regulating the growth of zebrafish ( Danio rerio) [ J]. Journal
NIE C H, CHEN Z X, DAL C ], et al. Ossification patterns of Shanghai Ocean University, 2021,30(4) :573-580.

of intermuscular bones in different fish species [ J]. Acta (157  #hoeas. 2R/ B Ao =X 0 L 48 B Al 2615 5 45
Hydrobiologica Sinica, 2018, 42(1); 131-137. WP D], . FEETE R, 2014,

[10] BOUZAFFOUR M, DUFOURCQ P, LECAUDEY V, et al. YAO W J. Comparison of the intermuscular bone ossification
Fgf and Sdf-1 pathways interact during zebrafish fin pattern in fishes and the molecular control of intermuscular
regeneration| J |. PLoS One, 2009, 4(6) ; e5824. bone development [ D ]. Shanghai: Shanghai Ocean

[11] LYUY P, YAO W J, CHEN J, et al. Newly identified gene University. 2014.
muscle segment homeobox C may play a role in intermuscular [16] M54, REARIR. HINFHR A E 8 KRG MNIE S HH S %
bone development of Hemibarbus labeo [ J]. Genetics and FRAELT]. BhWFRk, 1994, 40(2) ; 198-199, 227-228.
Molecular Research, 2015, 14(3) . 11324-11334. LIN X W, XIONG Q M. Morphological and histological

[12] NOSE A, ISSHIKI T, TAKEICHI M. Regional specification characteristics of skeletal system of Neosalanx oligodontis
of muscle progenitors in Drosophila; the role of the msh Chen[J]. Current Zoology, 1994,40 (2) . 198-199, 227-
homeobox gene [ J]. Development, 1998, 125 (2) . 215- 228.

223. [17] DANOS N, STAAB K L. Can mechanical forces be responsible

[13] VARSHNEY G K, CARRINGTON B, PEI W H, et al. A for novel bone development and evolution in fishes? [J].
high-throughput functional genomics workflow based on Journal of Applied Ichthyology, 2010, 26(2) : 156-161.
CRISPR/Cas9-mediated targeted mutagenesis in zebrafish [18] HhRge, FFAER, B, 5. @IS LE W B ok @
[J]. Nature Protocols, 2016, 11(12) : 2357-2375. [J]. gl Blef, 2012, 40(4) ; 234-235, 240.

[14] @&, ¥ WA4H, PENGLEE RACHIT, . Bt £ nos2a %:[H MA L X, DONG Z J, SUS Y, et al. Advances in research
AR ITEEE R (). i v R 27 31, 2021,30 (4 ) on fish intermuscular bone [ J ]. Jiangsu Journal of
573-580. Agricultural Sciences, 2012, 40(4) . 234-235, 240.

GAO L,HUANG Y J,PENGLEE R, et al. Role of nos2a in

Role of MsxC gene in the development of intermuscular bones and axial
muscle in zebrafish

PANG Tianshu'*, CHE Jinyuan'?, FAN Chunxin'*, BAO Baolong'"

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University , Shanghai 201306, China; 2. National Demonstration Center for Experimental Fisheries Science Education, Shanghai
Ocean University, Shanghai 201306, China)

Abstract; Intermuscular bones (IBs) exist in the intermuscular septums of some species of teleosts. MsxC
(muscle segment homeobox C) gene, a member of Hox gene family, was postulated to potentially play a role
during the development of intermuscular bone in Hemibarbus labeo. In this study, we deleted MsxC gene in
zebrafish genome by CRISPR/Cas9 technology to create the MsxC”" strain. Compared with wild-type
zebrafish, MsxC”" zebrafish had shorter IBs in rear part of body, where both epineurals and epipleurals were
shortened by more than 15% on average. However, there was no significant difference in the length of IBs in
the anterior part of trunk. We also found less fast muscle fibers nearby septum in MsxC”" zebrafish, especially
in rear part of body. On the contrary, more slow muscle fibers were found in MsxC”" zebrafish. Compared
with wild type, the area of slow muscle in rear part of MsxC”" zebrafish was increased by 2.22% (P <0.01),
whereas the area of trunk anterior part was increased by 0.97% (P <0.05). All these results suggested that
the deletion of MsxC gene affected both the formation of IBs and the development of axial muscle.

Key words: zebrafish; MsxC; intermuscular bone; axial muscle; CRISPR/Cas9
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12 MsxC™ 554 A TG 2 i 30 JUL AT 0 b 5 34 BRE2h A0 SR 52 A0 A ULTRD % B 55 B 2t VT W/ L 5 675 v DA A i
H.E JeaxfLl; 8-9.5 AL E B H. E @itk ; 10-11.5 P @F S 1K H. E Qe @x) L, 12-13. 3 H W H E Q@i
14 ~17. ZLJIFRICEE [ FS9 PR R INLAARCA L s 18 ~21. ZLIARICEE [T FS9 HTAIK T HE T ARAL L A ARICXT L 5 len. ZEAIE S /)N
B ren. AT IEES /NG 5 rep. AIIRKS /A

1-2. Comparison of zebrafish tail intermuscular bones between MsxC”~ and wild-type group; 3<4; Comparison of zebrafish anterior trunk
intermuscular bones between MsxC”~ and wild-type group; 5. Schematic of zebrafish severing; 6-7. Comparison of cross-sectional H. E
staining at (I) position in 5; 8-9. Comparison of vertical-sectional H. E staining at () position in 5; 10-11. Comparison of cross-sectional H.
E staining at (@) position in 5; 12-13. Comparison of vertical-sectional H. E. staining at ) position in 5; 14-17. Comparison of slow muscle
marker protein F59 antibody labeled tail muscle; 18-21. Comparison of slow muscle marker protein F59 antibody labeled anterior trunk

muscle; len. epineurals on left side; ren. epineurals on right side; rep. epipleurals on right side.
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Plate Comparison of MsxC”~ and wild-type zebrafish intermuscular bone and axial muscle
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