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ME: EARBRH#TENEKECB NN ELZFR, O ZRATHREAA¥HR. 5
MR H % M EAK R EF BT F SN RANHK 4 K CRISPR/Cas9 HA #y H
AERNE@PHFAEFTR—FHAEZ®, BH K. (KRAH CRISPR ZA L&A B
HAMNKRAERE A B EGARINEETE, ANEATHEAGEHH L. AU
B aRe KR FRREBERELAN K b oM H# R#THEE, FAERRREHATT
AMBEL, UWHESH ZHAREN KR EGEE ZM A, A WREF DB 25
PR AEEE. RERRFFRARBESE,

KR %,
FEISHES:Q789; S917.4

ARSI AR, FESh ) ARG ALK T
s ¥ 1] (Arthropoda), A7 M ZS#EE I 7 T Fp1,
wATEEE . WA R AR AES RS, AAE
AN . AU ERME ., g i 2
SEANBRBUG S E AW EZRIE, 2K
FE Y P S A, 2018 AR HH UK DS 57 5 7
A K SR R E 51 56.3% . [RIA, MR DI H
AN RGN E LR E, EIETERE K
REEEZEM . ETUREBEWRT . A8
M, AIREHEA Y BARTERA

ARk, Bl R IR R TR R
ok 2 DB ALE B s, BRic Ak
4 WG (Crassostrea gigas). WF 3 i Ul (Patinopecten
yessoensis). SR YR (Nautilus pompilius) . & 73 12
(Lanistes nyassanus). X B (Octopus bimaculoi-
des) S JL A DL ) S DR A Bl 2 B, Sl i B DL
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FR 5t 1 B DR R . i IR e R e 4 R A 2 P 1) il
T 5L DR 20 1 R o B HEAT DD E, I A R AR
DNA i iE 5, IS8t 2 @bk . /M DNA
TSR A, 2 I R 4 4B Y i R
WM. EAER, FENgER AR AR, JUH
JE BT — 0 IE K 4 B R %% CRISPR A it , A
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AR DR 2R, SR gn i H R © FE AR Rl 2
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44 T4, e SERGRIERORTE DS RN kR 5 e 637

7 BEAR AT ) 223 0A %k DL A3 [ i 4 12
RIS HEAT B, IO DL S A4 Dy BE 2k (N AL F 5T
HEEGHRREEDIZE | B TR s iS5

1 RGBSR % e S A i 2

1.1 $HEALERES (zinc finger nuclease, ZFN) AR

BT R TR Tl AR 2 B — AU TR g R
1996 4F, Kim Z&1 gD SF 4 il 5 BRI 9 D) il
Fok I Blti#e s, ARG EA B HBIFE IR A
VIl ZFN, JH)a TR HESE R g it . xR
A B B 2 1 40 ) DNA U H
B3R 45 A, dEad Fok 1 AR VIS XT DNA
KEESEATOIH], Po AR 2L . AT ZFN AR,
B ZFh Y /N (Mus musculus) . ¥ (Sus
scrofa). 4 (Bos taurus). BEE . (Danio rerio). *
W8 (Drosophila melanogaster). #)FJI¥ (Arabidopsis
thaliana). K (Zea mays) S5 Fh i SZ 8L T 3% K 2
WM HJE, ZFN FOR WA —SE W] R A R AT
I ZFN AR SERERR 8 R AR B P 5, R
B ORI 3 B, PRt ZFN Y0 g
WEEEZ IR TR AR, JEARE M TR T
My P ZEN O BB, G RO AR, X
[ AR SRR FE b BRI T I B AR A HE) N H
1.2 HKERHIEEF Y YZELES (transcrip-
tion activator-like effector nuclease, TALEN)

SN

B SRV DR RN A R Bl B R 2 3 ok
T 5B TR Y A SRS PR U0 ) (transerip-
tion activator-like effector, TALE), TALE & [ 7

ik T

expression

interference

PAUN B, WF58 % R TALE 24X ZFN
MY BEFE TR 4, DT ORE AE 1 5 AR IR g 4 R
TALEN £ R 59, 5 ZFN 4 R #f It , TALEN
AT PUE i TALE #5412 PUN AT AL P51,
TERR A, S e BB R, L, H
i #0354 o R TALEN 2 AR — B, {3k
bR I T 5 b A 0 0 B DR G e, G TR T B
(Saccharomyces cerevisiae). 75 W 2 KT 2k H (Caen-
orhabditis elegans). /N, BESf0 . B, BRHRE,

1.3 HEMEERREREZEEZE RS (clustered

regularly interspaced short palindromic repeats,
CRISPR) A

B R A (i) B e [l SC FE R A1) /A O B
(CRISPR/Cas) &4t i - LT KIn AT & ) S i &=
Gl R AE VR 22 A0 RN T 41 R & BLX Rl R
BFEAE, BREEH A RN BRI RE B A 2
CRISPR ", MIM7EA ARG 8 AR BT, AT LLIE
it RNA 5|5 1A% R )5 SRk 5 1) DNA BUEE
EF B AR 8 H Y. CRISPR/Cas £ 4t H PiHE />
FRE, B CRISPR Fll Cas ¥ B2, CRISPR J2&48 AL
TR AE T 1 Bl B R () B 1% e [l SC R P 8, Ly
CRISPR 3t A Ji Fl tracrRNA 3: A, Cas 4% IR il H]
CRISPR HHCEE . MRHE RS Cas & H AR AN
YE %% %, CRISPR/Cas £ 4t H i 2>}y # 2 6 Y
(I~IV, B 1), BT M. VA, X3k
REWEIREF R 2 W IR A 58 2R
Voo VIR, 5k R G0 0 A% R i Hh e — 19 8 11 4
(4N Cas9. Casl2. Cas13)"™", 20124F, Jinek %5
TEARSNZ G B T Cas9 &% 2 5 7] LL7E AL RNA
(tracrRNA F1 crRNA) 5| 5 T # [7] U) %] DNA 35k,
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T UKIER] T CRISPR/Cas9 R Su A k3 K 4 4 T HL
P RENE . 2013 4F 2 MR AR AR UFSE T A T
1 J55 1Y) CRISPR/Cas9 BB = R HLHE 1T A S 40 L 1)
ST N A RIS T N T
MERER

H A8 IR A L I HI9E il B ) /) CRISPR
A YGif# 2 CRISPR/Cas9 #%t. CRISPR/Cas9 H:K %
25 h sgRNA Fl Cas9 WiEBAT4 %, Hir sgRNA
) 5" 20 nt 195175 SHUFH E AN, FOFH] 5%
WA PAM (NGG) 3751 ; Cas9 2 154 HNH Fl
RuvC W~ N DTG Z5 A 380, 73 5 U)#15 sgRNA H.
FNECXT R B A PAM (NGG) FOF51, M
JE B DNA WU4EWT 24 (8] 2)™', 5 ZFN 1 TALEN
FARAEL, CRISPR/Cas9 H7 A 1 #8557 51 H i 2
A PAM IR, W] DMEH TAEMT 5-N20-NGG
f) DNA F£51), 1 PAM 751 16 35 P 41w A 4 A3 A

Cas9 nuclease

TRE, EANLRIENA 5 12.7 bp HH—
A~ PAM JEFIM, K CRISPR/Cas9 A JLF- 15
TR AR, ST AR A S PR e
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BUNRE I A, HARiit sgRNA Rie], H
A A 24 sgRNA, PRI A8 S T £
2 ISP
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UL 5 T Y BT NI A
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414 T, A5 SRR BORTE DL i ik 5 R 639

k7T Z . 2013 4F Hwang% Bk A
CRISPR/Cas9 % 4t fE 1 X 3l ) Bt 1 1 v S B2 [
ik, IR B R . E RTBE
BERGEEARC IR T K E I Reirsr, i
T 2B R R RPN A A A K R
Bl v 5 PR g R HOR WA B 1T Y, i
Li 5552 ) 36 1A g 4 42 R X e % % 4 1 (Oreo-
chromis niloticus) B dmrtl | foxI2 S5-I R 1T ribE,
IR PR 5L 5 AR s Zhang 265 38 i i Bk 75 #0
i (Pelteobagrus fulvidraco) I mstna FEH )55 &
PR AER R R, 24, BN gmiEROR T
T 20 ZRUK 7 IR Sh ) RS HE R R g, Horbd
TR H UL P AR 3 i T

2.1 fERE

Jt J& 44 (Gastropoda) J& F AR 4 1] A 28
ZW— W, WA WIE . AR, D
MM RZ . BRI TR ) T BT
R 2 0T 5% B9 28 . 2015 47, Perry 25045 i
WEST, B Cas9 mRNA | sgRNA FI4MJE AR T
e [R5 2 KV SR (Crepidula fornicata) % K&
gpeh, B SN S HE ) mCherry 6 45 B
KVGHESHRE B-catenin F&FELAT S AL, A RCR
R 1% G 5 5 09 A R 0] DL i 98 56 4 B p-
catenin FeTEMR IR & B il B R IBE M . X2
T URAE DL 2I o ) DAL 0 R AR Ry A 7 4/ U
P A, WIESE T CRISPR/Cas9 44 AR 7E DL iy
AT

Abe %55 F| Fl CRISPR/Cas9 + AR X} i 7K M 5
12 (Lymnaea stagnalis) ) Lsdial & < i 47 @ B
I3k F R AR Al Gk iR a R A B Lsdial
HE DRI 2R T 1) 7 K M S MR MR 50 e 7 7 1) PR A T AR
REENE, XEERMIEL T Lsdial &S5
FE EKMESC AR IR SR E IT W] o 7E45 D (Lottia goshi-
mai) H', Huan %5 F) 8 03 S Cas9 & H A
sgRNA IR A Wid ik 245 DU AZAEIR T, XTEFBAHG
HEH Calaxin #HATEER, 7007 T EEF R G Gy 1)
KA, K 30%~80% YA HUR B 2T B4 J Fliz
e HERAK, £ Calaxin FERXFAE N4 Y £F £
KR MEEE, [ B D2 v gk 17 5 [ g
WG TE Gy W] LA LR AR 4L . Huang® P F1 H
TALEN & K Zh % 12 A [n] 24 48 4 S0 8011 nodal
FED, AT A S GO S T R R R G T
IR BB, SRS HEAT R . Bk,
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T HURAEI Y, 455K SR nodal 5 [ ) 5845
HH 50%, ZEAFFE AL 1~22 bp (4 A /K
Coelho S5 SR AL 25 L%, 4 Cas9 FE A1 gRNA
S ABEHE WFIR (Biomphalaria glabrata) IR 40
MiFE, XF BgAIF JE R4 4 A0 7 347 i B,
T T IL R RS, BgAIF 3R 1 5 Sk AR =ik
KT R 73%, B & BB J5 B 40 T 2 1l
W Bt (Schistosoma mansoni) ¥R G BT 5S , 31X
2 D28 491 0] P 2 L 1 R AT i B e B 26 1Y)
fikiA

22 kEH

3k JE 2§ (Cephalopoda) 2 ARSI TR EE 4
BEHE, AT, MHE RS, SRR IN
GARIF AR B, H R S W A T GE
Crawford 4 | IR 7 5 W (Doryteuthis pealeii)
#1377 CRISPR/Cas9 F: N g A . T 2%
K O B A JE H AR BR5e, A e i S ek R T
S, BRCAEF BT TR BY T SeAE IR e I i i b
M, SRJG A DS E, Y] b H Cas9 8
F 1 sgRNA 1% EZ K580, MmSEELT TDO
FHE A RERR, RBRECRMT 90%; FR G 5 IR
W5 R IOk 4 b Y (R T TE LI O, IESE T
TDO RN B A ZE & B CEZ . MRt
FEI 2 IR G A8 S RSB IR A OGS A Rl AR
5 R EUE 30 min N (AR 2 h) dRBEERCR
B o
23 WFEH

WFE4 (Bivalvia) 438 KA, K=,
DEOARTETEIR KT . SIE AL RIS, R
FEHSZRG U H A XN, AR T 2 A S
FRAERMERE . H 0BT S I R 4 B I 5 (A A
W A BT ARIE o Yu AR R GE A R A, K
Cas9 5 fil sgRNA A Z K452 4500, 435
XoF LR AE e B MSTN 1 Twise $EAT R, 25 R 10
IR 18.2%~26.7% FHEE 4 L ke AR BE I 58748, SRABE
HJg 1~24 bp BIHR A /RS . BES Li 496 Cas9
mRNA Fll sgRNATR & Y35 B A WG Z K00, X
KAt LR (T 524 CeMLCE 3R il
I B PR G 8RS i PR R AT AT . 45 R R
Ui B AR 5 sgRNA/Cas9 mRNA TR & 91 19 v 5t 571
EHEYIA L, 24 sgRNA/Cas9 mRNA T 5t e B Ky
1 000 ng/pL B, ZRAERBCEATHETH 2 90%;  [7] T S
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640 KopE OE R 46 %

RS sgRNAM BT LR AT FHAR50H ¢,
BEXF R TR A 73T A9 4 4% sgRNA T, 2 4%
sgRNA i 3 %R K 0, F5 48 2 2553 51 A 80% Al
90%; [F] s v 5 2 2% G 80 45 i 1Y) sgRNA B
A DL &l L A R A 28 AR AR T 15%. A,
CgMLCE ¥:H B IG ., Go 2 LA R G L B
P AZAN, T A LR ST UL 2R Ge 34 ok
. Li %™ R CRISPR/Cas9F; A Xt 4 15
CgSmhe FERPEATRERR , & P4 R B T 45 504 RS
QUaity sz 24, HHEPIB AR A s, Ul
CgSmhe FEPRTER AT M40 dt ILEF 2 AL 40 28 v A 15
HEAEH

3 iiES5kEE

HE DR G e R B4 1 BRT S h R JR AF 5% g
g %5 HAr DNA JP O PR gl , LAgbT Ak an sl
LA T AIAPLH . CRISPR/Cas9 % A i 25 i i
OB YSE Y N 7 O i AR W o S P
SR g, TR H g AR B &
FEARD =2 S R IAS T T M O . BT
B AR AR & AR K P S ) S R T REF 9%
L5 R A BT R 354G 0 RO ZS BT LIE , FEER
GrAR AR BT T 7 TH O U T R
TERIRAEYEMEARZ —, EFgwEE ARG HE
WK B R AR e E Feoat . B,
ZHARAE RN KPR T I, LT
CRISPR/Cas9 $ AR 78 DU 25 5 K G 8 vh (%) Wl 47 1
g DS S R R« DI RE AR BT B AL TR D vA A
FF 5T LI o L HEi DL 2SI P g AR F 9 oAb T
BB, AERTE I VF 2 ) AR AR

] A 255 R S5 PR A 3o % % D122 H
g, JHOE R Ty, T BESE H Al 29
SEH G A AR AE DL iz N R B R L A
FIFFVAT, 5 A0 ) R dae A R A T R % 1
H AT A B, BT A6 SUBT I8 AR G 40
JiL R R L ZE LB AR S T %, A DI
BT 1 R A S R AR T Rk
ZAG IR IR (E AR SR T O
PN RN FERE LA S LA R AE PP ST i 280, wh i
IR o sk JE 2 32 A5 I 4% A A Y
GRoE, B0 A A 0 e S AR ME A T T, a5
ZUAE Bl A Ty B e e A RETE ST s M AGE2EZ HG
G AR /N, R R, T R R Y
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TS B ZAE I h A e R AR, HOWSE
FKPBE Fm ek, RATEHKEZRImA
ARG DS A ERTBR T E K SR o A
ARAF S gl A A oh oAl DU o ol oK RE 3R
PRI F, KRBT 56D G 4 R A 3
. Wb 4, mak. Mg\ T dn
CRISPR/Cas9) 3% 3% J7 12 & H Aif I 38 3k X G 0t 5%
AN FH F B T I 174 B Pk K

DU A R S Sy, XN — R ]
PABRAMEE R i B ORI A 52 M, ER X R (9 i
T oZAG IR AT I D e, 3 O S R AR T
T, ST R AR IR R . Bl
HoAhsh®yrh, i i g ook 26 7 ik 8
HLEEFLIE | AR RE ek | e B B A 2 T R4k
AR o 1B 7 vk Ry A R DU 2L PR G 4 3 26
PRSI T O, (H X H R A — e ]
RO L, 5] A R A 1 3 K Ty I R SR [0 %
LR R S S e s 7S N DY 3 19
A HAKTE ZKE B0 N #F 1k sgRNA Fll Cas9 2 [,
TR AT 35 PR G e o 3K B R e DL S R
mRNA Fl sgRNA 5 3l , MM SEITE D1 23245 B
N B R 2 3k sgRNA Fl Cas9 I 1 H B D1 ZSHF
g B A RS S E S s s, K s
NG I DA DL 28 Hp ) e TR RIS, (UHE K45
il T EF-1a )8 s FREWS IR s AMEJE ) GFP 1E
HWAIR NG T R AR IR, A DI/ RNA S 3+
(5 38 R WLARGE o PR LT & DL S 3% mRNA
F/IN RNA Ji 272 T 88 i 3 £ 4 4 oo (3 1 4 R
R ZR AR R B ) 2 — o

B 25 5 R 4 R B Rl B, — 2B
R ABUER I G R R GEAWHR L, ALK S
BERSHET LR GBI N, 5026
FEH2E L REDTR . B RSP RS EA
T R A R

(3 7 BA A U 52 Fr sl A2 B Al 25 8 &)

2 Hk (References):

[1] Rosenberg G. A new critical estimate of named species-
level diversity of the recent Mollusca[J]. American
Malacological Bulletin, 2014, 32(2): 308-322.

[2] FAO. The state of world fisheries and aquaculture
2020[M]. Rome: FAO, 2020.

[3] Zhang G F, Fang X D, Guo X M, et al. The oyster gen-

R E K224 F 7/ sponsored by China Society of Fisheries


http://dx.doi.org/10.4003/006.032.0204
http://dx.doi.org/10.4003/006.032.0204
http://dx.doi.org/10.4003/006.032.0204
http://dx.doi.org/10.4003/006.032.0204
https://www.china-fishery.cn

4 1

T, A5 SRR BORTE DL i ik 5 R 641

[10]

[11]

[12]

[13]

[14]

[15]

ome reveals stress adaptation and complexity of shell
formation[J]. Nature, 2012, 490(7418): 49-54.

Wang S, Zhang J B, Jiao W Q, ef al. Scallop genome
provides insights into evolution of bilaterian karyotype
and development[J]. Nature Ecology & Evolution, 2017,
1(5): 120.

Zhang Y, Mao F, Mu H W, et al. The genome of
Nautilus pompilius illuminates eye evolution and biom-
ineralization[J].
5(7): 927-938.

Sun J, Mu H W, Ip J C H, et al. Signatures of diver-

Nature Ecology & Evolution, 2021,

gence, invasiveness, and terrestrialization revealed by
four apple snail genomes[J]. Molecular Biology and
Evolution, 2019, 36(7): 1507-1520.

Albertin C B, Simakov O, Mitros T, et al. The octopus
genome and the evolution of cephalopod neural and mor-
phological novelties[J]. Nature, 2015, 524(7564): 220-
224,

Yang Z H, Zhang L L, Hu J J, et al. The evo - devo of
molluscs: insights from a genomic perspective[J]. Evolu-
tion & Development, 2020, 22(6): 409-424.

Hsu P D, Lander E S, Zhang F. Development and applic-
ations of CRISPR-Cas9 for genome engineering[J]. Cell,
2014, 157(6): 1262-1278.

Kozovska Z, Rajcaniova S, Munteanu P, ef al. CRISPR:
history and perspectives to the future[J]. Biomedicine &
Pharmacotherapy, 2021, 141: 111917.

Yang Z T, Yu Y P, Tay Y X, et al. Genome editing and
its applications in  genetic improvement in
aquaculture[J]. Reviews in Aquaculture, 2022, 14: 178-
191.

Zhang F. Development of CRISPR-Cas systems for gen-
ome editing and beyond[J]. Quarterly Reviews of Bio-
physics, 2019, 52: €6.

Kim Y G, Cha J, Chandrasegaran S. Hybrid restriction
enzymes: zinc finger fusions to Fok I cleavage
domain[J]. Proceedings of the National Academy of Sci-
ences of the United States of America, 1996, 93(3): 1156-
1160.

Gaj T, Gersbach C A, Barbas C F. ZFN, TALEN, and
CRISPR/Cas-based methods for genome engineering[J].
Trends in Biotechnology, 2013, 31: 397-405.

Bogdanove A J, Voytas D F. TAl effectors: customiz-

able proteins for DNA targeting[J]. Science, 2011,

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

333(6051): 1843-1846.

Munoz Bodnar A, Bernal A, Szurek B, et al. Tell me a
tale of TALESs[J]. Molecular Biotechnology, 2013, 53(2):
228-235.

Wright D A, Li T, Yang B, et al. TALEN-mediated gen-
ome editing: prospects and perspectives[J]. Biochemical
Journal, 2014, 462(1): 15-24.

Ishino Y, Shinagawa H, Makino K, et al. Nucleotide
sequence of the Iap gene, responsible for alkaline phos-
phatase Isozyme conversion in Escherichia coli, and
identification of the gene product[J]. Journal of Bacteri-
ology, 1987, 169(12): 5429-5433.

Mohanraju P, Makarova K S, Zetsche B, et al. Diverse
evolutionary roots and mechanistic variations of the
CRISPR-Cas systems[J]. Science, 2016, 353(6299):
aad5147.

Jinek M, Chylinski K, Fonfara I, ef al. A programmable
dual-RNA-guided DNA endonuclease in adaptive bac-
terial immunity[J]. Science, 2012, 337(6096): 816-821.
Cong L, Ran F A, Cox D, et al. Multiplex genome engin-
eering using CRISPR/Cas systems[J]. Science, 2013,
339(6121): 819-823.

Mali P, Yang L H, Esvelt K M, et al. RNA-guided
human genome engineering via Cas9[J]. Science, 2013,
339(6121): 823-826.

Cho S W, Kim S, Kim J M, et al. Targeted genome
engineering in human cells with the Cas9 RNA-guided
endonuclease[J].
230-232.

Hou Z G, Zhang Y, Propson N E, et al. Efficient gen-

Nature Biotechnology, 2013, 31(3):

ome engineering in human pluripotent stem cells using
Cas9 from Neisseria meningitidis[J]. Proceedings of the
National Academy of Sciences of the United States of
America, 2013, 110(39): 15644-15649.

Barrangou R, Horvath P. A decade of discovery:
CRISPR functions and applications[J]. Nature Microbio-
logy, 2017, 2(7): 17092.

Pickar-Oliver A, Gersbach C A. The next generation of
CRISPR-Cas technologies and applications[J]. Nature
Reviews Molecular Cell Biology, 2019, 20(8): 490-507.
Zhang D Q, Zhang Z Y, Unver T, et al. CRISPR/Cas: a
powerful tool for gene function study and crop improve-
ment[J]. Journal of Advanced Research, 2021, 29: 207-
221.

https://www.china-fishery.cn


http://dx.doi.org/10.1038/nature11413
http://dx.doi.org/10.1093/molbev/msz084
http://dx.doi.org/10.1093/molbev/msz084
http://dx.doi.org/10.1038/nature14668
http://dx.doi.org/10.1016/j.cell.2014.05.010
http://dx.doi.org/10.1017/S0033583519000052
http://dx.doi.org/10.1017/S0033583519000052
http://dx.doi.org/10.1017/S0033583519000052
http://dx.doi.org/10.1073/pnas.93.3.1156
http://dx.doi.org/10.1073/pnas.93.3.1156
http://dx.doi.org/10.1073/pnas.93.3.1156
http://dx.doi.org/10.1016/j.tibtech.2013.04.004
http://dx.doi.org/10.1126/science.1204094
http://dx.doi.org/10.1007/s12033-012-9619-3
http://dx.doi.org/10.1042/BJ20140295
http://dx.doi.org/10.1042/BJ20140295
http://dx.doi.org/10.1128/jb.169.12.5429-5433.1987
http://dx.doi.org/10.1128/jb.169.12.5429-5433.1987
http://dx.doi.org/10.1128/jb.169.12.5429-5433.1987
http://dx.doi.org/10.1126/science.aad5147
http://dx.doi.org/10.1126/science.1225829
http://dx.doi.org/10.1126/science.1231143
http://dx.doi.org/10.1126/science.1232033
http://dx.doi.org/10.1038/nbt.2507
http://dx.doi.org/10.1073/pnas.1313587110
http://dx.doi.org/10.1073/pnas.1313587110
http://dx.doi.org/10.1073/pnas.1313587110
http://dx.doi.org/10.1038/nmicrobiol.2017.92
http://dx.doi.org/10.1038/nmicrobiol.2017.92
http://dx.doi.org/10.1038/nmicrobiol.2017.92
http://dx.doi.org/10.1038/s41580-019-0131-5
http://dx.doi.org/10.1038/s41580-019-0131-5
http://dx.doi.org/10.1016/j.jare.2020.10.003
http://dx.doi.org/10.1038/nature11413
http://dx.doi.org/10.1093/molbev/msz084
http://dx.doi.org/10.1093/molbev/msz084
http://dx.doi.org/10.1038/nature14668
http://dx.doi.org/10.1016/j.cell.2014.05.010
http://dx.doi.org/10.1017/S0033583519000052
http://dx.doi.org/10.1017/S0033583519000052
http://dx.doi.org/10.1017/S0033583519000052
http://dx.doi.org/10.1073/pnas.93.3.1156
http://dx.doi.org/10.1073/pnas.93.3.1156
http://dx.doi.org/10.1073/pnas.93.3.1156
http://dx.doi.org/10.1016/j.tibtech.2013.04.004
http://dx.doi.org/10.1126/science.1204094
http://dx.doi.org/10.1007/s12033-012-9619-3
http://dx.doi.org/10.1042/BJ20140295
http://dx.doi.org/10.1042/BJ20140295
http://dx.doi.org/10.1128/jb.169.12.5429-5433.1987
http://dx.doi.org/10.1128/jb.169.12.5429-5433.1987
http://dx.doi.org/10.1128/jb.169.12.5429-5433.1987
http://dx.doi.org/10.1126/science.aad5147
http://dx.doi.org/10.1126/science.1225829
http://dx.doi.org/10.1126/science.1231143
http://dx.doi.org/10.1126/science.1232033
http://dx.doi.org/10.1038/nbt.2507
http://dx.doi.org/10.1073/pnas.1313587110
http://dx.doi.org/10.1073/pnas.1313587110
http://dx.doi.org/10.1073/pnas.1313587110
http://dx.doi.org/10.1038/nmicrobiol.2017.92
http://dx.doi.org/10.1038/nmicrobiol.2017.92
http://dx.doi.org/10.1038/nmicrobiol.2017.92
http://dx.doi.org/10.1038/s41580-019-0131-5
http://dx.doi.org/10.1038/s41580-019-0131-5
http://dx.doi.org/10.1016/j.jare.2020.10.003
https://www.china-fishery.cn

642

Koo R

46 &

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

Moradpour M, Abdulah S N A. CRISPR/dCas9 plat-
forms in plants: strategies and applications beyond gen-
ome editing[J]. Plant Biotechnology Journal, 2020,
18(1): 32-44.

Knott G J, Doudna J A. CRISPR-Cas guides the future
of genetic engineering[J]. Science, 2018, 361(6405): 866-
869.

Hwang W'Y, Fu Y F, Reyon D, et al. Efficient genome
editing in zebrafish using a CRISPR-Cas system[J].
Nature Biotechnology, 2013, 31(3): 227-229.

Lu J G, Fang W Y, Huang J R, ef al. The application of
genome editing technology in fish[J]. Marine Life Sci-
ence & Technology, 2021, 3(3): 326-346.

Li M H, Yang H H, Li M R, et al. Antagonistic roles of
Dmrtl and FoxI2 in sex differentiation via estrogen pro-
duction in tilapia as demonstrated by TALENSs[J]. Endo-
crinology, 2013, 154(12): 4814-4825.

Zhang X C, Wang F, Dong Z J, et al. A new strain of
yellow catfish carrying genome edited myostatin alleles
exhibits double muscling phenotype with hyperplasia[J].
Aquaculture, 2020, 523: 735187.

Perry K J, Henry J Q. CRISPR/Cas9-mediated genome
modification in the mollusc, Crepidula fornicata[J].
Genesis, 2015, 53(2): 237-244.

Abe M, Kuroda R. The development of CRISPR for a
mollusc establishes the formin Lsdial as the long-sought
gene for snail dextral/sinistral coiling[J]. Development,
2019, 146(9): dev175976.

Huan P, Cui M L, Wang Q, et al. CRISPR/Cas9-medi-

ated mutagenesis reveals the roles of calaxin in gastro-

https://www.china-fishery.cn

[37]

[38]

[39]

[40]

[41]

[42]

[43]

pod larval cilia[J]. Gene, 2021, 787: 145640.

Huang J F, You W W, Xu Z W, et al. An effective
microinjection method and TALEN-mediated genome
editing in Pacific abalone[J]. Marine Biotechnology,
2019, 21(4): 441-447.

Coelho F S, Rodpai R, Miller A, et al. Diminished
adherence of Biomphalaria glabrata embryonic cell line
to sporocysts of Schistosoma mansoni following pro-
grammed knockout of the allograft inflammatory
factor[J]. Parasites & Vectors, 2020, 13(1): 511.
Crawford K, Quiroz J F D, Koenig K M, et al. Highly
efficient knockout of a squid pigmentation gene[J]. Cur-
rent Biology, 2020, 30(17): 3484-3490.

Yu H, Li H J, Li Q, ef al. Targeted gene disruption in
Pacific oyster based on CRISPR/Cas9 ribonucleoprotein
complexes[J]. Marine Biotechnology, 2019, 21(3): 301-
309.

Li HJ, Yu H, Du S J, et al. RISPR/Cas9 mediated high
efficiency knockout of myosin essential light chain gene
in the Pacific oyster (Crassostrea gigas)[J]. Marine Bio-
technology, 2021, 23(2): 215-224.

LiHJ, YuH, Li Q. Striated myosin heavy chain gene is
a crucial regulator of larval myogenesis in the Pacific
oyster Crassostrea gigas[J]. International Journal of Bio-
logical Macromolecules, 2021, 179: 388-397.

Yue C Y, Yu H, Li H J, et al. The endogenous EF-1a
promoter is highly active in driving gene overexpression
in developing embryos of the Pacific oyster Crassostrea

gigas[J]. Aquaculture, 2020, 522: 735134.

R E K224 F 7/ sponsored by China Society of Fisheries


http://dx.doi.org/10.1111/pbi.13232
http://dx.doi.org/10.1126/science.aat5011
http://dx.doi.org/10.1038/nbt.2501
http://dx.doi.org/10.1210/en.2013-1451
http://dx.doi.org/10.1210/en.2013-1451
http://dx.doi.org/10.1016/j.aquaculture.2020.735187
http://dx.doi.org/10.1002/dvg.22843
http://dx.doi.org/10.1242/dev.175976
http://dx.doi.org/10.1016/j.gene.2021.145640
http://dx.doi.org/10.1007/s10126-019-09901-1
http://dx.doi.org/10.1016/j.cub.2020.06.099
http://dx.doi.org/10.1016/j.cub.2020.06.099
http://dx.doi.org/10.1007/s10126-019-09885-y
http://dx.doi.org/10.1007/s10126-020-10016-1
http://dx.doi.org/10.1007/s10126-020-10016-1
http://dx.doi.org/10.1007/s10126-020-10016-1
http://dx.doi.org/10.1016/j.ijbiomac.2021.03.022
http://dx.doi.org/10.1016/j.ijbiomac.2021.03.022
http://dx.doi.org/10.1016/j.ijbiomac.2021.03.022
http://dx.doi.org/10.1016/j.aquaculture.2020.735134
http://dx.doi.org/10.1111/pbi.13232
http://dx.doi.org/10.1126/science.aat5011
http://dx.doi.org/10.1038/nbt.2501
http://dx.doi.org/10.1210/en.2013-1451
http://dx.doi.org/10.1210/en.2013-1451
http://dx.doi.org/10.1016/j.aquaculture.2020.735187
http://dx.doi.org/10.1002/dvg.22843
http://dx.doi.org/10.1242/dev.175976
http://dx.doi.org/10.1111/pbi.13232
http://dx.doi.org/10.1126/science.aat5011
http://dx.doi.org/10.1038/nbt.2501
http://dx.doi.org/10.1210/en.2013-1451
http://dx.doi.org/10.1210/en.2013-1451
http://dx.doi.org/10.1016/j.aquaculture.2020.735187
http://dx.doi.org/10.1002/dvg.22843
http://dx.doi.org/10.1242/dev.175976
http://dx.doi.org/10.1016/j.gene.2021.145640
http://dx.doi.org/10.1007/s10126-019-09901-1
http://dx.doi.org/10.1016/j.cub.2020.06.099
http://dx.doi.org/10.1016/j.cub.2020.06.099
http://dx.doi.org/10.1007/s10126-019-09885-y
http://dx.doi.org/10.1007/s10126-020-10016-1
http://dx.doi.org/10.1007/s10126-020-10016-1
http://dx.doi.org/10.1007/s10126-020-10016-1
http://dx.doi.org/10.1016/j.ijbiomac.2021.03.022
http://dx.doi.org/10.1016/j.ijbiomac.2021.03.022
http://dx.doi.org/10.1016/j.ijbiomac.2021.03.022
http://dx.doi.org/10.1016/j.aquaculture.2020.735134
http://dx.doi.org/10.1016/j.gene.2021.145640
http://dx.doi.org/10.1007/s10126-019-09901-1
http://dx.doi.org/10.1016/j.cub.2020.06.099
http://dx.doi.org/10.1016/j.cub.2020.06.099
http://dx.doi.org/10.1007/s10126-019-09885-y
http://dx.doi.org/10.1007/s10126-020-10016-1
http://dx.doi.org/10.1007/s10126-020-10016-1
http://dx.doi.org/10.1007/s10126-020-10016-1
http://dx.doi.org/10.1016/j.ijbiomac.2021.03.022
http://dx.doi.org/10.1016/j.ijbiomac.2021.03.022
http://dx.doi.org/10.1016/j.ijbiomac.2021.03.022
http://dx.doi.org/10.1016/j.aquaculture.2020.735134
https://www.china-fishery.cn

4 T o, % FEEGBEEARTE SRR kRS R 643

Application advances and prospects of genome editing in molluscs

YUHong *, LIUXin', LIQi"
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2. Laboratory for Marine Fisheries Science and Food Production Processes,
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Abstract: Genome editing is an important means of genetic modification of organisms. It has been widely used in
a broad spectrum of fields, such as functional genomics, animal model generation, genetic improvement of anim-
als and plants, and gene therapy. In recent years, the emergence of CRISPR/Cas9 technology has sparked a revolu-
tion in biological research. Efficient, accurate and low-cost CRISPR technology has become a useful tool to
explore gene functions and elucidate life phenomena, and its application in molluscs is expanding rapidly. In this
review, we introduced the developmental course and working mechanisms of gene editing technology, and its
application and prospects in molluscs, which might promote further application of genome editing in more mol-
luscan researches, and provide information for identification of gene functions, determining genes related to eco-
nomic trait, and genetic improvement.
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