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O RN A A (mdh) 5 LA B K A, T LRI R B EY B R R
R G ety e K RE WAL, h % mdh 5 A B Sk 85 b 8 5h f BAE R, 53 LA
CRISPR/Cas9 # A 1t Hl 3k 45 madh 347 # P, 33 Ik 58 2 7 20 RO B 3k 8 A A7 7
9. 4B B, CRISPR/Cas9 7 M sh 5i i F H k8 mdh 3B By Wk, 574 B AL, B
R MEA AN E AN TR A, £ kUREEE R, BT, ARHKEEE L.
GPCR 4 R B R, WUk RN mdh R AFRFRTAEA, Fot, ERBEERS,
b ALk 2 B T RALA % XA H T 5 E MyoG . MyHC I a b R AT % mdh %3 A Ty
THEFW G, T MHCIb 8y %k kK & 8% %M. % %9, CRISPR/Casd ¥ i F
KO EE W ER WRBHE, WAL mdh EEERE TR LWH ARG K, £ LY
WA KRS REREER . X—FRERH ARG KRR R T — R B
A, HAT mdh EEE ARG TR AR,

SHE: B k8, S H Mk CRISPR/Cas9; mdh; fLF 4 &

FESSES: S965.119

J 1) A A e il i R P I R AR L A
1Ry Wl g ST S DR 7 I NTTR e N
JfouF Hod gl R R AT ESY o AR (gene
knock-out) f&—FhE 2L 1Y I )it (B 2AmFE ik, X
FRIFEFRE AR A, HETFZEEFE PR R A
(zinc finger nuclease, ZFNs) ., % 5% 36 T HER0N F
W% R B R (transcription activator-like effector nuc-
lease, TALEN) il CRISPR/Cas9 3 K 2%, CRISPR
JE— MR R DNA SR P56, HEgYIA 5
H BRI EE )P IR, BT Z g
[ B 7 51 B T, 3k S [R] BR Fr 571 S CRISPR A5 4 4
AT IR B FRIC . Cas9 £77E T CRISPR J¥ 51 [}
i, JE—FhAUEE DNA BRRMF, BETE sgRNA (small
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X B ARBI 354 (31272633, 31201760, 31572220): g mi AR F 4 (ZF1206); L g5 &

SCHRFREE: A

guide RNA) 5| 5 T X {7 £ 48 3 ) PAM (proto-
spacer adjacent motif) J3* #1117 U1 I 78 H B i 1)
FNN AT HAW PR ER AR, CRISPR/Cas9 4
YR E H bR 3, AT 22 gRNA 41 7 Hil Cas9
BB YIRISE v DLSE T H AR L N i g, IRk
JTRAME TAEE RN HE R, HATZEAR T R H]
FBE L (Danio rerio), JE % % Ak (Oreochromis
niloticus) %5 3 N &1 . 2515 %™ K| CRISPR/
Cas9 £ R X BE 55 £ hae3 FE HEATRIBR, 2RA8 T
hae3 FERBI 28 G 28K, XK hae3 FEAHY
B £ FUG IR 2H B 1 R o AR A B e 6, AR
XA, LR S A maE A S EUE
TR, ZEEIHEY FIH CRISPR/Cas9 J P fl B H A
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W R % B AR nanos2 A nanos3, LK
K XY AR BRI nanos2 F1 XX A1 g
2 nanos3 34 B AT AN ML B IR , HL AR BE 40 ik 2k
B T SO R R A0 e ) B A

SE R W2 I S (malate dehydrogenase, mdh)
JE LA R A rh S B A EA R I, S LAY
AEREIRA B BRI SC R, B R LU 5 e A
LR RE AR R LA 4E R A K o Guan 55Y 72
539 (Gallus gallus domesticus) "=+ & & 1 & 1) bF
TR, mdh BEDE A K R F Y B
. R E) mdh FTLLBGE LA AT . AUY
meE LA BE AT, LA 4Em AR, 15
Ik T R 14 & WA 5% 5 Gibala 265 ABAIE W mdh 7] L)
Ik 5 0 LA R A R R S LA R i A
Lin %9 & B mdh 765 (Sus) ML A KK B ik &
2 REEMEM . S5, mdh &2 S5HLA L
AERAVA T, TERALRINLAF dErh s 3Rk, 18
Tz i LT A vh R ek, RERS A D JULET 4k 1) 41
RIS, BIR, mdh HeF DR fE i 3150
YA 2 T —EMATSE, (HHAERE A 2 R B
GEHAXBEZ o B, HARTE mdh 7E A Sk )
(Megalobrama amblycephala) W HIVE T, H D ZE X}
HATHE . RIRMEA N A BT RE S J7 T R WFIE

A3k, BRrEf, iR, JREIEH (Cypri-
niformes) # £} (Cyprinidae) #5 J& (Megalobrama),
JE T REBH I . 2 A TP R — ek R
RUmE T, REREROKFEN EE G Z—,
2018 42 [ fi ) £ S IR 5 - R 78 1 e, H
Hh AT Sk B 1 5 B S T A R g, AR TR ETR K SR
A B R A Bl b A A R 2 5E A A
KB KRR LT AT R, Mm%
PTG A B L, U, AR AEIRI fE
PR Ko 73— BIL il IF 58 8 AT 30 F 5T B T R
mdh SILAE KRG AR EUIN KR, ST
REBE TS SR LN T T B A RT3 o AT 3
i i CRISPR/Cas9Fz A Xt A1 3k 7 mdh 47 5 A
S, JPARFRHINEE, XN mdh FE5F BRI
EERL A/ 7R S I il RN ¥ SRS RZIPS
5 KA AR LT FIT K

1 MBS TE
1.1 SCIg#R)
Szus v A RS . IRR B TR
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Al AR A A S 75 35 4% 7 A o B T R A
ARG . ORI IG 2RAN THAE 3K
BIE T L (225 ). kit #irh4 2~3 h
oK 1R, DMRF KT IE R A & &, ik
R EESET:, FFIRIGRE 2 1~2 40 Bt kA7
9. HTHRHCRNA BINLA SR HRE RS, h R
AR, I B AR, ZJET-80 C f}
17, FibRZAR RN B A 3 B FE SR AT
TR ST IR A, IR
TR R AP AR TR B 25 il )R = i BE AT o

1.2 Ak mdh EEF5ELIREM S

F£ NCBI 43 5| iR 15 BE & f6 . %4 (Ctenopha-
ryngodon idella) L\ J¢ N (Homo sapiens) mdh F£ 2
FBR TS, FH BioEdit"™ {4 1 ¥ 51 4b BE7E £k
T EAJ (http://www.bio-soft.net/sms/) X} 13k i . HE
it (NP_956241.2), Hifii (ACC94161.1), A (NP_
005908.1) mdh F& PRI v 2 JE R 7 5 4T FL XS 34T 5
i 1 NCBI 1 () Blastp Xt A [/ 4 Fh mdh 3 K & 3
FRITFNHEAT 53T s (i FHAELR R4 Phyre2 (http://www.
sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index) F
Pymol ZAF TN A Wy mdh B8 (8 11 20454 .

1.3 [Fl3k%; mdh & [X Cas9 $0 Sk IF NS F
HIi- 1

HR A5 Cas9 B 38 20 (] 1) 78 50 A5 3000 ) 3z
(http://zifit.partners.org/ZiFiT/CSquare9Nuclease.aspx)
RN T REFE AL D R BR o e FRAL A, —
7 T BT 5 AN 33 31 (T7 5 SP6) BYZR
T7 JA 87 BRI A s T 2 28 GG, SP6
Ji Bl T BRSO IR R HT 3 AL GAA; Ji—
DT, SRR AT ME— P, LU SRR I B
CZE NVSE T =10 & S LYSUAS T Sr ke e T
CDS [9Hi 2/3 X HAE ATG ZJ5, WrTLIFEN ST
MO T HAL, HRRANEAE 5'-UTR, 3"-UTR

CRISPR/Cas9 # {3 2:
the general formula for CRISPR/Cas9 targets:

PAM

18 bp
77777 PAM
SP6: 5°:GAANNNNNNNNNNNNNNNNN 3’
~
17 bp

1 CRISPR/Cas9 R FR$E s 454
Fig. 1 Structure of CRISPR/Cas9 target
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ARG — o7 b

H BRI SRR IS, T 0 S8 A T A
FP o093 K W UIAG I . FE ST 5 P I T 5
IR R B A ERWES I S S IEE (a,
b) # KT 100 bp H 1 a-b | >100 bp; PCR ¥ 147
Y AN 500 bp;  HL K S5 BL— HL B2,

1.4 gRNA AR SH&

F 4 B Y3 R S 51 52T gRNA A ALY 1
T, H L5190 TT-target-sfd, i T7
JBEhF . HERE S K scaffold 45 5 S 4R,
519 tracr reve 5IWIH AL T AY TR (1)
JBE 0y A BR 28 5 4 8 . gRNA ] £ i 2L pMD19-
gRNA scaffold JFURL (A 5256 % /A7) AR, Hi5l
Yy X} T7-target-sfd, tracr rev £ & {4 E i (HIF
enzyme Mix, NEB)PCR ¥"'34 . 4lifk . AL 4k
18, PCREUSAZ . HIF enzyme Mix 25 uL, | F
5194 1 ul, pMD19-gRNA scaffold [fi7 100 ng
(0.3 uL), DEPC /K 22.7 uL. JZ I 4&fF: 98 °C i
AF P 5 min; 98 C A 30s, 66.4 CiBk 15,
72 °C ZEAH 30, 30 MEFS; dRJE 72 C L 5 min,
PCR 7= 4 2l {3 7] & (DNA-Clean up Kit, Epi-
gentek Group Inc. 3 [H) [FIE 153 = 4l 1) DNA,
28 TT IR AN 54385 £ (mMESSAGE mMACHINE
T7 Ultra Kit, Thermo Fisher, 3¢ [&) #% 5% il & P
gRNA . FH IR b it B 1k A1 NanoDrop 4366
71 (ALLSHENG, ) M7 gRNA FV M o s .

1.5 L% mdh £ FE SRR F) MR E
REY T 18

PR T RUFRRA IS T N THHS, A5 7l
KRG, BT, FIRGRAE R 1~2 40,
¢ B8 — 22 Eb R & JF 1 41 gRNA (100 ng/uL)
Cas9 £ H (900 ng/uL) (NLS-Cas9-NLS Nuclease,
GenCrispr, ), HH 48 h )5, BEMLBEE 25 4~
REIEFICN, BRZIIE, ISR L
21 DNA, PCR " 3 4R 154 i I Fff ifr DNA 751
2 T7# 8% N V) B§ 1 (T7 endonuclease 1, T7EI,
GenCrispr) BV 5, Byt g W 058 M FEL ARG 0 7o 4R
R, M RIS KR S ey Y R AT S B 1Y) R SR 52
Ko WRMG B PR S OARER D 24 t B SEEAL D
WEE I skt e R RO OE R VR
WRZH, S I 4 R IR A 2 K

WAL 90 d 5 X Fo 25 A7 iR 28 748 TR B4 T 32 o
T, BHGRER Fo Bk W4 g, T ok &

R E K7 2: 2 E /) sponsored by China Society of Fisheries

FE R AF o RTTIRZSE R EUE N 41 DNA, K5]
YRR K M RS s , FIH TTEL R4 TR,
25 BN FEC FL VA I 2 AR £y I EA TV A 5%
AR DNA BIINE o [R5 B3 5 A7 L X

1.6 SERTIESE SR PCR (qPCR) 2

T 5% 5 78 A B %) B2 Hh 2% B LR I 3 A4S
TR BIFRBUILA 2041 RNA 54T qPCR 407, B %G,
A TRIzol i 7 & (Invitrogen, ) RIS FEARR
WL 45 RNA, DNase AbFR5,  HIRCH: S5
# (RNA PCR Kit, TaKaRa, H 74) % &% 3 i
cDNA. F|H SYBR Green Premix Ex Taq (TaKaRa,
H A ) £ CFX96 Touch™ real-time PCR %% J: & &
i (BioRad, ZE[E) #17 qPCR Y3 . 5453 51H
mdh-qRT-F/-R. MyoG-qRT-F/-R, MyHC Il a-qRT-
F/-R., MyHCII b-qRT-F/-R F1 18S-qRT-F/-R(¥% 1),
LI 18S rRNA A S BEELH , R C kAT # % &
B, AR 2™, H ¥ AAC, = AC, (treated
gene) — AC,(control), AC, = C,(target gene) —
C, (reference gene)'*", qPCR B 753 %4 FHF 2 (H+
FRifE 22 o HEURIKZE 5 WA MR (K 5
kAT b, MU P<0.05, **U3k P<0.01,

2 4

2.1 [Hk& mdh EEFHIEE M S

W3k 85 mdh FER K 14 189 bp, AT 9 ANk
B, dihd 333 DAL . KA Sk DA
HA DL S N mdh Gt 19 2 551 7 9 R AT H X
g on, WSkt 5 0l 3 AR ) AR P
EwE, WA~ MDH 458, 4511
A TF L] EAE (open reading frame, ORF), H.
ik K I & NAD. Malate 55 D BE 45 & i 5
(¥l 2). Pymol FiIN Ay 2K AL oR, M1k @5 . B
fn | B4 DL M A MDH 25 FH 2 45t 3R %
AL, FEZEER o BEIE RN TCHE A Hh 2 (5] 3).

2.2 [H3k#5 mdh £ & Cas9 FE S FERESF
HIi 1

T SP6 JA 8T, T7 i 8h 7 HEOR SR
UL BHT 2 7, X RE R RIS, P
PAAR W SEE R BT T7 J7 1) BB T o 2 W3 B0t
(T 2RH0 R0 BN T e (1026408 50 0 i 3
104>, BeA ik SCiE Byt A i e Y. NCBI
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x1 ARRPEAEABSIHFT

Tab.1 Primer sequences used in this study

CIEVEA S izl &
primer name primer sequence (5'-3") application
T7-mdh-std TAATACGACTCACTATAGGACCTTGATGCTGCCATCTGTTTTAGAGCTAGAAATAGC gRNAMHY 1Y

tracr rev AAAAAAAGCACCGACTCGGTGCCAC gRNAMHY 1Y

mdh-F TGTCAGGAGATAATGTCAGCAC HEAT Y
mdh-R TTTTACCTTGACGGTCTTCTTG LS Ik
mdh-qRT-F TGGGTTTCTATGGCCGAGCA qPCR
mdh-qRT-R CTCCAGAGAACACGGCTCCA qPCR
MyoG-qRT-F CCTGCAAGGTGTGTAAGCGT gqPCR
MyoG-qRT-R CCTCAAAGGCCTCGTTGACC qPCR
MyHC Il a-qRT-F CCGTCTGGATGAGGCTGAGA gPCR
MyHCTl a-qRT-R GCGTCTCTGTTCCGCTTCAA gqPCR
MyHCTI h-qRT-F GGCGCTCAAAGAGCAAGACT qPCR
MyHC 1l b-qRT-R ATGACGGGCTGATTGCACAG gPCR
18S-qRT-F ACCGCAGCTAGGAATAATGG qPCR
18S-qRT-R GGTCGGAACTACGACGGTAT gqPCR

Wt D. rerio F
#1385 M. amblycephala 3¢
wifh  C. idella
N H. sapiens

PEE . D. rerio
[#13kH5 M. amblycephala |
it C. idella
N H. sapiens

WLt D. rerio

#1385 M. amblycephala
®f  C idella

N H. sapiens

PEE . D. rerio

[#13kf55 M. amblycephala
it C. idella

N H. sapiens

PEE . D. rerio :
[#13kf5 M. amblycephala

it C idella
N H. sapiens

Pt D. rerio

#1385 M. amblycephala
Hifit C.idella

N H. sapiens

IPREEGMEREDLLE:
IPREEGMERKDLLK:

EGLEINDFSREKMDMTARMELNEFEKERIAIBNF LS SES

A TR RS A H RS A AL A

NAD binding site

—— FLBRCERR AN, a/f C i

A ZRES AL
polypeptide binding site

$ ERBRA A

malate binding site

S

lactate/malate dehydrogenase, alpha/beta C-terminal domain

B2 HFk#h. 58, E&RA mdh EERDRERF5 xS
Fig.2 Alignment of M. amblycephala mdh amino acid sequences with D. rerio, C. idella and H. sapiens

(https://Www.ncbi.nlm.nih.gov/) Blast HxH#E 5751,
BJ%ITEEEM\IE A MM 0k J AR A

ABERE 1A AR, TR ¥ F
(IEI 4), #5F504 mdh: GGACCTTGATGCTGC

https://www.china-fishery.cn

CATCT. VLIEH M3k @5 3L 41 DNA it , 51
YT mdh-F/-R(F% 1) 97414 H AR5 S B i DNA 7
G, GRRE R G B IR SO BE BB I HL Uk
SR RIN B — B &, T TS SRR
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3 FkEh, #9&E. E&RA MDH &8 _REHTN

(a) A13kt55, (b) BESf, (c) B, (d) A

Fig. 3 Predicted secondary structure of MDH in M. amblycephala, D. rerio, C. idella and H. sapiens

(a) M. amblycephala, (b) D. rerio, (¢) C. idella, (d) H. sapiens.

mdh

!
—HHY

5@

= JEEBEX UTR B4METF exon — WET  intron
v BESALE  target location

4 Bk# mdh EERRESGE
Fig. 4 Target location of the mdh gene knock-out
system in M. amblycephala

RARHYHETE

2.3 Hk# mdh EEESEMRE Fy mbRRE
RO i

i EIE 90 d J5, XFEEBR Fo EAT I8 5 AR
R, 1o, $EEGENY] DNA, K519
HOHE 5 S B DNA JP SIS, H TTELE§Y), 23
I 5 g L PRSI R 2 AR 457t (181 S) o RIS R4 TV
FESASR DNA INT , VEAESSARARFR A HE 17 51 A8
e 2. FEEgTRY 385 B, LA 112 B
LS EA T RFRBIGEAE , RAEH 29%.

2.4 FRSESAREK: mdh, MyoG. MyHC!| a,
MyHC|| b ERERIES

AL 90 d I, FEATL A IR R 2 A% Ak B o) 2
VI Sk 85 A AT AR R DGR (R A L AT
FRER) A o ARG R s, mR AR AR
B MR IE AR A /N T BN A, P R E R A
KA B, RIAREER mdh SR AT g8 240 i A %
5 0 A K, A P S 5 1 A K A R ke 2 A AR
H (E 6).

ARG A S 8 mdh Fe ML AE K R Y
YEH, 28 id qPCR I 1 Hore 1F % M Sk 5 &%
R AR R LS A kK Rl 3R
BT ALY 2 B F B WLER 4 2K BT MyoG
MyHCla, MyHCI b )RRk . 250 HT KK,

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

Marker 1 2 1 2 1 2 1 2

o g OB 6585'3"
. )

5 PCR 4B
1. PCR P44 2. PCR P4 V) 4«
Fig. 5 Enzyme digestion analysis of PCR products

1. electrophoresis bands of PCR products; 2. electrophoresis bands of

PCR products by enzyme digestion.

*2 Bk mdh EREBRREFLEFTIEL
Tab.2 Changes in target sequence of mdh gene
knock-out mutants of M. amblycephala

BRIEZ S Eysya 2

sequence name sequence (5'-3")
Eysea 2l GGACCTTGATGCTGCCATCT
target sequence
S I FANT 5 AGATGGCAGCATCAAGGTCC
reverse complement
o B AGATGGCAGCATCAAGGTCC
control group
RAFAL AGATGGCCTCGTCACCGTCC
mutant # 1
RAFA2 AGATGGCAGCATCCCGGCCC
mutant # 2
RAFE3 AGATGGCAGCATCCCGGTCC
mutant # 3
RAFA4 AGAGGGCAGCATCAGGGTCC
mutant # 4
RAFARS AGAGGGCAGCATCAGGGTCC
mutant # 5

e A FRERIR RN A

Notes: The red letters indicates the mutation site.

TESRABAT, mdh (FR7KF W TR A (P <
0.05), HAERDIRPEEE mdh 3 FRIEKFHTF
%, MyoG. MyHCIlath g Z &AL (P <0.01), i
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X HEZH
control

_ 60 15 .
= N S
-2 40 E ¥
=) 23
£ 220 = —%‘ 5
2 <0
1 2 1 2
i 4153
groups groups
(b) (¢
_ 8 1.5
£56 £ E
":E > ’I:g >
€5 2305
o e}
0 0.0
1 2 1 2
2H 5 2H 51
groups groups
(d) (e)
& 6 Mk mdh EFE R FRRTk K& xR LE
MEFRBIEL R

(a) X A 5 AR mdh AR LEL,  (b)~ (e) RAR mdh™ 5% I
HAKARMARILE 1 IR, 2. R mdh™; *. P<0.05.
Fig. 6 Phenotype comparison between mdh* and
control group in M. amblycephala

(a) size comparison of mdh™ and control group, (b)-(¢) comparison of
growth-related traits between mdh'" and control group; 1. control group,
2. mdh"; P<0.05,

MyHC 11 b (5555504 & A B 5k (8 7).
3 v

CRISPR/Cas9 & —F i B . PR, a5
N g AR , AHFSE 1 R CRISPR/Cas9 7 ]
LRSI T mdh BRI R, JRIRAE T %
AR Foo ARMFIREEREIR, 75 Fo ', mdh iR
ARFEAE T I R 2R 5 IRAML, #
ok ZEAR A 8 A B A8 /N AR MR R 0
n, HAREAARK AR, (H R AR E M
NHaE, 1§ Fo MR 875 % H [ 223/ 15 19 F,
Jo By AT R JE PR Bast (Ao A5 T RIS
X AR () 254k 22 B mdh 78 A Sk 5 4 2E Ko R e

https://www.china-fishery.cn

Bl 4 control
T aR2Bk mdnt

%k

FHXFRIA
relative expression
=

ek

1 2 3 4
ENEIE-TIS

different genes
&7 [k mdh, MyoG. MyHCI|l a, MyHCI| b #£
AR R Y Rk 3 4R
Fig. 7 qPCR analysis of mdh, MyoG, MyHC'I] a and
MyHCI1I b in the muscle of M. amblycephala
1. mdh, 2. MyoG, 3. MyHC Il a, 4. MyHC 11 b; *. P < 0.05; **. P < 0.01.

EERIEN . PP EE R BR, mdh 784 3k
fifj . BELhfh . Rt e NhARERSY, XWHURE
HIYjRe b HA R IRSTIE . C A 2R 5
FIRTNIAAERK AT ERNERIEL, fFEXERE T,
WL I F FK R MRFs (myogenin. MyoD .
Myf5 1 MRF4) JU R E %L, FENLR & & ol IE s
ERUSS, MyoG J&—FPLPIRE S Bl fr) 85 -
IR0 SR N1, B MyoD. Myf5 R iRk
FEDA, e LA A o Al B rp ok s O TR,
P B ILAN MR A o LA 4, B2 A LN Y
R, CAEREY], MyoG 2342 mdh HEH
B2k, [, mdh XJ{Edt MyoG FER B9k,
PR AR Ik, e mdh 25 R
MyoG WY IE W45 K 7 R AR IR, fENLA R 4K
TS 55 RICH, SR mdh B Rk
AR, FHMyoG BHFRILTRE, WGz,
AT T LA A

TENLA AR R AR T, LT 4R 2 A 25
B AR LA AEACBZR AL ST 5 i AR SR AN ]
WLEF4Enl 20 Ry 425, 1 7 (12 3 E AL TR LAF 4E)
Ma A (P by, Mx A (pa)Ady, b Ak
B, [ a BYNLER 4 rp 000 A QT g Y 3 1 A8
1, WH IR BT MRS, 1 1T b B LET 4 v Y i
FHIMR . MDH 25 58 kil , Ak
WLER 2 (MyHC T a) & B fie i, 7EME I AL LET
4t (MyHC 11 b) iR fik, Z 5L LA P ILEr ek
RURYPR Y, FE k) A AL B LER 2 o 6 7Y A F
GEAE IR B AR /N B (Mus musculus) WA % fif 2T 4
it Rk MyoG J5, EUILPAAC S 1] S AL AR HT T
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R, R AR D B ISR AL AR AR LA S
RUJHAT 518, mdh 5 MyoG WoVE il J&—3hy, %
el 7 = W E R EAE R o RS Sk 6 mdh
SRR R T LT e &, 928 it
qPCR Il 52 T MyoG. MyHCla, MyHCI b i) %
A, RN, TERPREZIRY, BEE mdh
FIRIKFEW)F R, MyoG, MyHCl a ' 35 FRAK,
1M MyHC T b (IR TC B E AL, E—2UEH T A
K685 mdh FE LR R 3R 3K S WLEF 42 AV Ak
7 T B

T, EHESh Y O LR AR R OGS A
CL e A Sk o rp HEAT T 9T, (H R ZEHREE (U
MABAT I FR IR T T DI RE AR AL I, AR S
553 £ CRISPR/Cas9 4% A FE P13k 5 1 4T T mdh
SRR RS, RIS T mdh SR DI REEL I I8
AR, NIRRTy e T O LA AR K B 4T AL
AT T 5T . AR E S, 24N
LR, ST A KA T 2 B 3 L R 4 1
BEARE, —Jrm, AR i a2 IN 4
KEBMIFIGR T —ENMRER, AT HsS
FHLRIAETE; 75—, AT REAAKR
P 1A K AR R R B AL AR I SR, AR
T mdh FEHAEARK PR LE T 5 T 05 2N H

(3 7 B0 A SUT 52 B s A2 B Al 22 o )
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Functional analysis of mdh by CRISPR/Cas9 in blunt snout bream
(Megalobrama amblycephala)

GUO Dandan, ZHENG Guodong, CHEN Jie, ZOU Shuming"

(Genetics and Breeding Center for Blunt Snout Bream, Key Laboratory of Freshwater Aquatic Genetic Resources,
Ministry of Agriculture and Rural Affairs, National Demonstration center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Malate dehydrogenase gene (mdh) is closely associated with muscle growth, regulating muscle fiber
growth and type transformation by influencing skeletal muscle energy metabolism. This study aimed to investigate
the function and role of mdh in Megalobrama amblycephala by using CRISPR/Cas9 to knock-out the mdh and
examining the phenotype and gene expression in the resulting mutants. The findings demonstrated that
CRISPR/Cas9 can effectively knock-out mdh in M. amblycephala, with mutants exhibiting significant phenotypic
differences from the control group. Mutants were notably smaller, with reduced body weight, length, height and
width compared to controls. qPCR results showed that the expression level of mdh in the mutant individuals was
significantly lower than that in the control group. In addition, the expression of MyoG, MyHC Il a decreased signi-
ficantly in mutants with reduced mdh, while MyHC 11 b showed no significant change. All the results suggest that
CRISPR/Cas9 can be used for efficient and rapid gene editing. It also proved that the mdh gene may plays a pro-
moting role in the growth of muscle in M. amblycephala, and the knock-out of mdh will inhibit the growth. The
results of this study provide a certain theoretical value for the study of growth traits, which is conducive to the

rational application of mdh in molecular breeding of M. amblycephala.
Key words: Megalobrama amblycephala; gene knock-out; CRISPR/Cas9; mdh; muscle growth
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