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FIFH CRISPR/Cas9 £ [F 43 15 AN Ex bR [F] Sk 87 socs1 EEE EH

Rot, X W, 4w
(MR RS, A AR 0 ] Sk 7 38 45 B Pty AR R AN 3B 7 K K 7= Folt O 75 Y B S 0 =
KPR E KRS B RO, B 201306)

WE: WAL @mEEFEEEFWE & A 1 (SOCS1) # B socsla fu socs1b H 4 4 7t
R, FELAHI T H A W R S R 2 RNA (guide RNA, gRNA), & &3 1~2 41
H 49 B 3k 8 fE Je #E4T gRNA Frn Cas9 & & 8y 3R A 0% 4. 3T %k & & PCR # R & 4% K
A W socsla Fn socs1b Wy &35, BTN FF 64 DNAKF L 2 L EFH 0 RE, &K
WHELT % M socsl th REGEF . §5FME AR WD, socsla R & 44 1%
(SOCSl1a™ #usocs1b R4 4 4 (SOCSIb™) H ki 4 kM ¥ B, hii & 8 %% v,
FlERERTFEEAFWBERLE T o E (INF-o) fog o F 6 £ H (L-6) kKX ED
FH g, MEmEBNFIPEEUL-IP) KA XHE T, EHEAAEREE, ST4
AR £, IL-6 fo TNF-a 72 SOCS1a™ Fn SOCSIb™ H sk & Jf e f W Rk M H 4L B %
o A S25 i it CRISPR/Cas9 2 4t fk o W Ik T B 3k %7 socsla #0 socs1b, Kt — % it
socs1 W 1E Rl 4R T — = By #F % L, [F B 5 CRISPR/Cas9 3 [H 4 %8 K 75 7= 78 8 K o
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B A G AR S — TN K DA 2H ARG B
FABH R HOR , Gl %R E B DNA F Bk A7 i
B o AR A5 S TR A K OTRG )
DR 2 R A [T ST I A B S5 00 AR RN TR T A
R W (transcription activator-like effector nuclease,
TALEN) $ R™ 5 848 % iR il (zinc-finger nuclease,
ZFN) $ K", CRISPR/Cas9 Z GifU {5 1 Cas9 #%
i g F1— 1 ] ' gRNA (guide RNA), HFH &k
R ARBAR G TR TR Z R o A
5L SN F (suppressors of cytokine signaling,
SOCS) 2 1 20 iy A= I B 454 BEL Ui 4 Jfd P8 15
e R RERY AMEIE T AT . SOCST AF A SOCS K
Wby — 5, BAT HZ GRS MR AR,
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F& 07 F gy SH2 254938 . 7 F C ¥ SOCS £
A —A 025 B9 N o § 2 (%) SH2 F 25 il Bk, X xf
T SH2 5 18 U6 B A il 12 Bk 0 /&1 2 0 32 KA
ZRELMEMD, 735, SOCSI Hr SH2 4544 ik
4 G ) X (kinase inhibitory region, KIR) %54
YE BRI ER JAK B (JAKS) BUEAL A7 455
J& SOCS 1) il JAKSs ¥ 1 i OC 8 X 3], SOCS1
EAZRETEANAL D, BRBEWRAT, 7]
VL3 3 4 PR Bl 7 R Y 5l A A IR IR T I S T
FEE,

SOCSI & JAK/STAT il # 1Y — > 8 2 61 S it
PP, AT o SH2 5 #3454 B JAK i
AEEEFIERT) TH X AR 2R (Tyr) I JAKSs
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1938 KopE o R 44 45

WM, FEANM A AR L oAk R G g R YT A5 D T
RAREEAEA . SOCSI if i i H SH2 25 #4 4k 2%
G JAK2 G AL 3F, I o 55 A 458 KIR 5 JAKSs
% e TE A AR S D JAK2 R STATS W iR 1L,
AT AE K Z (growth hormone, GH) i {55
FAEMRER, EAPFRE RV, SOCSI 7E /)
(Mus musculus) 33 i K W VF 218 Bl GH 55
s R RN, S, RN BCE A
YA B3 12 Z 3R] 5 SOCS1 & 11 C Iify SOCS
EAEAEH, i JAK A STAT 253 % 2 (i i iz
R BRI JR AU A e s it

SOCS1 I A Jay BRAE HI T 48 #t (1) JAK/STAT
5T, IR R 2305 JAK/STAT 38 1
JBR I 22 RN toll B 32 A4 5 e T A L DR 77 A= 410 1l
YER™ . SOCS1 & T 4w i £k ok 72 rvis 210 b o 4
FIZNA 28 (IL-2, IL-4, IL-12 F1IL-15) freAE,
SOCS!1 REfg 451 F i #5 e J) {5 F il i, fEib
2 s 1 ] SOCST 5 11 bk L A4 f g R e,
H H O LA 28 1) SOCST #1471 #F5E,
A THEL Y, XTHEmZL2EHHESh Y SOCS1
FIZ5 R . FeIRAA BT REEN 0 2 B D

A1 3k i (Megalobrama amblycephala) H F &
PRI L FRBE A AR R AR R A, R
T ) R AT A A SRR i AR
Y% B R 4 CRISPR/Cas9 JH T 4% & socsla FlI
socs1b FE K, XJ A1 3k 5 FH Pk 28 A8 R 0 ik S,
7. socsla Fl socs1h%E PR g b A Sk @ A 7Y B
X AT Sk iy 1) A A R R SE W & HE SR
AR 3 ST R HE— 2R R soes1 3K I REHL
il LA KO AT Sk 6577 3T i 3R 128 PR AL T SR

1 MRS IS

11 EWEHY SR

S5 WAL Sk figy (A K i JUR I D 308 AT Sk i),
YIHCH BRI AT Rl o W
RGN T2 S, IR FE =l (2543)C T
Ak, T B IEERESETS, B 2~3 h K 1R,
It 3% AT Sk By 3] 2% 5 V0K BT B B E T
RNA store {77 /& 1) RNA free B.L &, KIS
SR IUE RNA,

S RNA #2 B 7 Trizol Reagent 14 H Life(3€
) AF]; iR £ TaKaRa RNA PCR Kit (AMV)
Ver.3.0, [ ¥4 5% i Reverse Transcriptase M-MLV
(RNase H-). DNA Ladder Marker 1 pMD 19T 77 [%
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AR [ FAY TR CRiE) AR/AF; HlFenzyme
Mix Il F Thermo /A &, 18S rRNA il H 51 %14 T
ATAEY TR (B) RO AR R T4 DNA %
FEmE 0 TR b S AR ARG R AT BamH |
F1 Xho 1 FRGI4E P VIEGIE A New England Biolabs
(NEB) A H] .

1.2 socsla F socs1b B 5 & <7 14 X Th gE i
J=Rs ki

X 3 45 1) B 3k @5 socsla 1 socs1b e K 47
s B2F T, SR BLAST 76 28 12 5 ot 17 Bl
FEFE A ) L XA . 38 ) Clustal W3R {4 EE 6 43
Hr SOCS1a 1 SOCS1b & H R ¥4 .

1.3 socsla 0 socs1b EBAL 25 480 X2 51 41& 11

H] Ensembl genome browser & 28 1. H. 2% ] N
. AN T 57/3'-dEBHPEIX (untranslated region,
UTR) LA S I 25 3% 1 A & o 38 i 7R 2R F 7
https://crispr.mit.edu 1% T 1 i B 5 R i) 3047 55,
K HE A7 57 B 7 NCBI ¥4 52 £ 47 BLAST, ik
I AT Sk 8 35 PR A v i B — 6 L ) O
() S E AT RCBR o B0 A SR BT A Sl R,
B T7 5 SP6 21 . T7 Ji 3l BRI Sk i o7 1
GG, FHHH 3 ANMERL N GE A; SP6
Bl 1 D) SR B SR AR 5 SR 3 062 GAAL K
TY RN SV AT, ALk ] T7 288
M a8l F o AT AL 20 a3, Hid SRk
GG, AT T7 Rl FIE MR ; KA
B33 Y 3 Bk FE 44 B PAM (protospacer adjacent
motif) X, J£45 NGG, Hrlt N WE=EmR A,

R A 30 AL B i B 2 R RCBR 1Y) PCR R
W51y, 58 PCR 5| WAH I ik 1 10 25 4% -
T B8 BT BTt 5 14, 0 G 0 A 34 K
T 100 bp, H PCR ¥ # /™= ¥ A E 1 500 bp, [F]
I 3 iR W 56 P K A B — AR
1.4 gRNA B F1 Cas9 mRNA B & X

D) S 38 577 19 pMD19-gRNA scaffold J5i kL
AR, LWESIYIR EA T 3. gRNA
SR scaffold AR PRSI 9, N UES 149 ki H 5
¥ transreverse(# 1), PCR ¥ 14 Jz I {& & . HIF
enzyme Mix 25 uL, b5 149745 1 uL(100 pmol/L),
pMD19-gRNA scaffold J5i k. 100 ng, #h7K % 50 L.
SR 4 . 98 °C WiZE M 5 min; 98 °C 28 10 s,
66.4 CiB K 15s, 72 °C ZEAH 22's, 34 PDIEH ;
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12 B, 4. R CRISPR/Cas9 3 K 4 45 57 A Bl B 141 3k f55 socs1 & 2 A 1939

)5 72 C £ 10 min, F] DNA-clean up kit [F] 1
PCR ;=¥ )5, FIH T7 In Vitro Transcription Kit {4
HNFE 5 gRNA, 5 H Post-reaction clean up kit Zfi{k,
MU gRNA, S5t M 58 162 HL DKk A ) gRNA S i JF:
W7 e B . Cas9 mRNA il i pT3TS-nCas9 b &
A%, 18 mMES-SAGE mMACHINE T3 Transcrip-
tion kit %% SRR /ML Sk mRNA, Cas9 mRNAJF
F£T-80 C H T 2L/ A 55

15 BKEZREINEREHFIE F, LS

e 141 K B35 52 K5 B 340 50 R B A SR} B 37 L
#t Cas9 mRNA Fl gRNA B IR 5 18 W7 n 2 214
FESHET R, ISR WG 1~2 AT ST
BEASZREIIESS 1 nL IR A (Cas9 mRNA : gRNA=
9:1, Vi), B R 200 #Z A 0,
(] 30 A 7 55 118 200 HOS2oHG B AR R % BREH

1.6 A RTHEARN

BEBLIE B2 K 5 % & B 48 h (48hpf) HY B 1F:
STROMRRG (15 8%, 3MUAE), FICE AR AT 2k
B 0 i BE PR R IRJIG R ISR 40 ) T 2 )
S A 50 pL 50 mmol/L NaOH (¥ EP &, £
B0, 95 °C ZEYE 10 min, A 5 pL 1 mol/L Tris-
HCl, 5.0 1000 r/min 6 min, {81 A 7 fif 09 1R G 7
FREHR . B VW DNA 1 pL fE ks, SRJE AR
i ¥ BT R 5 ik 4T PCR J5 , 2lifk PCR
Py, TTEL A% R N TGRS I 98 722 B9 88 6,
MR Z : PCR 46 pL. Buffer 1.1 uL. DEPC 7K
8.5 uL, MR EOJE 95 C A 5 ming Sy
IR (95~85 °C, 3s/C; 85~25°C, 5s/C), HE
4°C, &BREHNAREET 16 min, AJFEMA 0.5
uL T7E1 i T 37 °C S )W 40 min, 2% Byt JIE 5 fise
P ORI 3 5 Rl oA AR e R Y AT SR S
Z By R, DAORIE R R A A A7 05 1 280 DA S 4
T e DAL 4 i ) R
1.7 socsla 0 socs1b 3THE F,, 3335 {40 B4 0 1%

AL M5 B A BB Fo ACA fa A Sk 7 (R %
TE 2 75 180T R 5 14 4 £ ) ) TR R/ 1Y T 4
PEAT IR IR, IF R HOR K = 3 H BT IR 8%
T 0 2k $2 KL (R 40 DNA, AR 9 48 s e h i
K51 ¥ 9E4T PCR J&, @ id T7EL MUk 47 5
PRI, e BURRAE 2R ik =4 TAEW) TR (L
) A A7 R W BOR TR BEAT IR, [R] 55 T

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

) 7% 1) By A 7 gy £ D0E 47 7P 81 B XS, R chro-
mas 1 UL 56 L 5 ] 1A ol R AR 2 Y, T 3k
F()%L_\‘%%o

1.8 HSLE

ek AR h 30~50 g PR | socsla 5878
AU socs1b 548 RUA S 5 4% 9 &, 43 il il & 78
50 L (/K A6 B RS v, B T 5 0.2 L JER L vk i
1 9x107 CFU/g B W& /K S PR B TR (derononas hydro-
phila), FEHFH 9 RBH L, SLEIKIE R 28 C,
SR IAETE ST 00 6. 12 h Bk SR A SR e 21 1 Sk 55
WELH 2R (B2 3 2) T TR A P R R AT, 72
J5i—80 C i AF o

1.9 qRT-PCR #3#f

FH TRIzol % fifk v 44 HUHY Az 70 F1 58 A8 1K [41 3k
)7 i 2H 2017 5. RNA, DNase 4 ¥J5 , F Prime
Script RT {7 & ) % 5 i cDNA H¥85, NS A
K FH ) & 18S rRNA(ZR 1), FIFH SYBR Green Pre-
mix Ex Tag £ CFX96 Touch real-time PCR %% J¢: &
TV 3E1T QRT-PCR 44 . 3443 %14 IL-1B-qRT-
F/R, TNF-a-qRT-F/R"" FI IL-6-qRT-F/R"(E 1),
KM ACT B AT A X 2 /L3 0, W 2 )5 1T
BErR RS R -1B A (IL-18). MR IR BT A -
a N ( TNF-a)Fil A 20 A 5 -6 JE ] (IL-6) 3k
225 K e K0 55 1Y 7 5 54T 73 BT . qRT-PCR JIrfs
B - YEAPRME 2 (meantSD) KR .

2 4k

2.1 socsla 0 socslb B9 F 5! & <7 M4 K Th g€ {iL
=% il

X2 345 1 B 3k 5 socsla F soes1b #1477
GIHEXT, 559 WoR A WAL T AIARLLE R A 45%,
{HZHR LRSS AL TR 56%, iz H ClustalW
AT FE X4 B SOCS1a Fil SOCS1b 44 3t ik 7 41
RINHEHIA SOCS ZR L% SH2 3 Fl SOCS %,
Jf H SOCSla 1y SH2 #5 #4355 SOCS1b 2 2 AH
LB R 60%. BRILZ AN, SOCSIs MUK &4
FRIRSE M KIR, H A SR AR A = (B 1),

2.2 gRNA $BL R B9 DR AS T 514901 it

TE https://crispr.mit.edu F T /7 1] % 2| £F & 7
GRS, J57E NCBIEEE (https:/www.
ncbi.nlm.nih.gov/) #£47 BLAST X, Bk 2 Ak
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1940 KoE ¥R 44 %
*x1 ZHAASIMEERFS]
Tab.1 Primers used in this study
5149 731 (5'-3") Fi&
primers sequences usage

SOCS1a-#1-F TAATACGACTCACTATAGGGAGGGTTCTGTGCTCACTGTTTTAGAGCTAGAAATAGC gRNAMR Y 1
SOCS1a-#12-F TAATACGACTCACTATAGGGTCCCATGACTGTAGAGGGTTTTAGAGCTAGAAATAGC gRNAR Y 1
SOCS1b-#E1-F TAATACGACTCACTATAGGCCCTGTGGCGCAACTGTAGTTTTAGAGCTAGAAATAGC gRNAR Y 1
SOCS1b-#E2-F TAATACGACTCACTATAGGAATGTGACCTCATCACCCGTTTTAGAGCTAGAAATAGC gRNAR Y 1
transreverse AAAAAAAGCACCGACTCGGTGCCAC gRNABHR 3 1
SOCSla-mulF TCGCTAAAACGACAGATGAACC ¥E5Y
SOCSla-mulR TGTTGTCCTTTGTAACTCAGCG ¥E5IY
SOCS1a-mu2F GTTTCGATAATCCGTCTGCG ¥E5IY
SOCS1a-mu2R ACAGAACCCTCCCCAGCG ¥E5IY
SOCS1b-mulF CAGAACCATTCATCTATGCTTT KETIY
SOCS1b-mulR CAGGAACGTCCCAAGAGG KESIY
SOCS 1a-qRT-F GGGTCCCATGACTGTAGAGG gRT-PCR
SOCS 1a-qRT-R GGGTTCTGTGCTCACTTGGG gRT-PCR
SOCS 1b-qRT-F GGAATGTGACCTCATCACCC gRT-PCR
SOCS 1b-gRT-R TCAAGTAATTCACAGCCTGGGT gRT-PCR
IL-1B-qRT-F TACGATAAGACCAGCACGAC gRT-PCR
IL-1B-qRT-R TCGGTGATACATACGTGGAC gRT-PCR
TNF-a-qRT-F AAGAAAGTACAACTGGGCTC gRT-PCR
TNF-a-qRT-R TTTTCTAATTTCAAGCCGCC gRT-PCR
IL-6-qRT-F ACAGCAGTATGGGGGAGTTAT gRT-PCR
IL-6-qRT-R TTCATCACGCAGAGTTTTCAC gqRT-PCR
18S-qRT-F ACCGCAGCTAGGAATAATGG gqRT-PCR
18S-qRT-R GGTCGGAACTACGACGGTAT qRT-PCR

fify 5 R A (R E — 57 e, DA B e IR R Al 3 P
A L R D e A e O, AT e BE R G 5 X
BT (K 2)0 RS ARSIkt (& 1),
HEAT ¥ 3 PCR J5 e 15 B B — 45, By Lk A )
RPH PR PR, 0k Y PCR % 2 RA ALY 51 4
%}k SOCS1a-mulF/R, SOCSla-mu2F/R, SOCSIb-
mulF/R, HAEIRR socslb 14 2 ANFE S IR 1 56
HUEAE?/ S
2.3 48 hpf 3L B AIH M 53 17 R R TR
& )

X HEHL ) 48 hpf IR JIf B K 41 DNA #£17 PCR,
P4 e 4 gl AL 5 R AT TTEL B YT R, ff
BIO-RAD Image Lab 2 {F43#r, #4455 19 K
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TWRRAR, IEAR . RAER (%)=RAL AN/
CEF A 7 + R AR AT ), LU X socsla Fll socs1b
ST e, A RIRCRE S K
6 B A SR RE B TTEL B U0 8505 4 v o o 2
SOCS1a-#8 2 ( FFYI&L %K 35% ) S SOCSla-#E 1
(5 B 50 H 20%), T SOCS1b &k 4 45 i (1 #E 5
J& SOCS1b-# 2, [l ) 2L #8292l 25%, SOCS1b-
1B EE VIR 20%(F] 3). N I ) 2 0k P
B #E 55 2 SOCS1a-#11 2 F1 SOCS1b-4E 2,

2.4 socsla F1 socs1b 3TER F, 222 (K B9 i i€
B3 H W O AT B O 0 A1 Sk i 4y £ ik

ArA O, ) B I BY R #E B BG4 DNA,

2 it PCR Y™ 19 J5 19 7 ¥ J5 FH TTEL Bl 17 B 17,
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12 44 RO, SF: I CRISPR/Cas9 4 PF] 4 8 1 A BB 1 3k 857 socs1 B 52 B A

1941

hs SOCS1 MIvAHNQVAADNAVSTAAEPRRRPEPSSSSSSSPAAPARPR
zf SOCSla §IvAHSSVEGNQGIE- - -DRQVSTEASSDVFQS- - - - QRSREAR
ma SOCSla BIvVAHSTVEGNQGTE- - -EPQVSTEPSPAVSQS - - - - QRSRJS
zf SOCS1b WS GLQFRMVHHNDN - - -GHTNAP - - - -PKSAE- - - - - PPE
ma SOCS1b MsGPEFEMVQHNDS. - - DHTVAPQGPAPKPAE. - - . - 3

hs SOCS1 3
zf SOCSla |sazp
ma SOCSla
zf SOCS1b
ma SOCSI1b

hs SOCS1
zfS OCSla =
maS OCSla P
zfS OCS1b
maS OCS1b

hs SOCS1
zfS OCSla
maS OCSla
zfS OCS1b |
maS OCS1b [ax

SOCS box

1 H3L#; (ma) SOCS1a 1 SOCS1b 5 A2 (hs) BT & (zf) B3t KL R EER & F5IAY Lt
Fig. 1 Alignment of (M. amblycephala) (ma) SOCS1a and SOCS1b amino acid sequences with

Homo sapiens (hs) and Danio rerio (zf)

b

—{ 1 |

@
L
(b)

1 4MET exon

B2 $BfrmiksE
Fig.2 Schematic representation of socsl with target site

(a) socsla, (b) socs1b

bp
700
500

250

100

3 T7E1 B85 4 sgRNA £ FiE R

M. DL 2000 marker, 1. Bf2E !, 2.SOCS1a-#E 1, 3.SOCSla-#2, 4.SOCSIb-#l1, 5.SOCSIb-4L 2

Fig.3 T7E1 digestion analysis of indel efficiency
M. DL 2000 marker, 1. wild type, 2. SOCSla-targetl, 3. SOCS1a-target2, 4. SOCS1b-targetl, 5. SOCS1b-target2

S TE 28745 B 6 B B PCR =9 kA0 e o 7 v St 24.48%, ZRARRM (3£ 2),

W intron MM %7f3[X  translated region l L5 target sequence

5B socsla A

AR

SOCSla-#l 2 {4 137 B4hfarh, G 42 BAE AL, Hop kARSI 288, AN

RN R 2R R A B RCR R 30.65%; 98, 5%7&1’5’3%5& Xt soes1b 2745

AUNUE YR

TETESS SOCSIb-L 2 19 143 B4tk , KEL35 R BTN, AP RERERKA 248,

TEAEREAL A AR R BB R AL, RAEFRN  ANSRE, 6 BRARH,

o E K P2 % 2 32 /) sponsored by China Society of Fisheries
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Ko AR

% 2 socsla F socs1b BEF& g F, X Fr Ee X &5

Tab.2 The BLAST of sequence results of socsla and socs1 b mutants
Ry i il /R
name sequences number
SOCS1aWT TATTGGGGTCCCATGACTGTAGAGGAGGCACATCA 95
a#l TATTGGGGTCCCATGACTGTA - - GGAGGCACATCA 2
a#2 TATTGGGGTCCCATGACTGTAG -GGAGGCACATCA 3
a#3 TATTGGGGTCCCATG - - - - TAGAGGAGGCACATCA 15
a#4 TATTGGGGTCCCATGACTGT- -AGGAGGCACATCA 3
a#s TATTGGGGTCCCATGAC- - -AGAGGAGGCACATCA 3
a#6 TATTGGGGTCCCATG - - - ----- AGGAGGCACATCA 2
a#7 TATTGGGGTCCCATGACTG CTAGAGGAGGCACATCA 3
a#8 TATTGGGGTCCCATGACTGTAATGAGGAGGCACATCA 2
a#9 TATTGGGGTCCCATGACTGTAGAACTGAGGAGGCACATCA 4
a#10 TATTGGGGTCCCATGACTGTAGCGGAGGCACATCA 1
a#ll TATTGGGGTCCCATGACTGGAGAGGAGGCACATCA 4
SOCS1bWT CCAGCAGGAATGTGACCTCATCACCCAGGCTG 108
b#1 CCAGCAGGAATGTGACCTCATC- - -CAGGCTG 3
b#2 CCAGCAGGAATGTGACCTCATC- -CCAGGCTG 1
b#3 CCAGCAGGAATGTGACCTCAT- - - -CAGGCTG 4
b#4 CCAGCAGGAATGTGACCTCATC- CCCAGGCTG 2
b#5 CCAGCAGGAATGTGA- CTCATCACCCAGGCTG 14
b#6 CCAGCAGGAATGTGACCTCATGCCACCCAGGCTG 3
b#7 CCAGCAGGAATGTGACCTCATCAAACCCAGGCTG 2
b#8 CCAGCAGGAATGTGACCTCATCAGCCAGGCTG 2
b#9 CCAGCAGGAATGTGACCTCAATACCCAGGCTG 4
7: SOCS1aWT Asocslaf¥F £, a#l~ a#l1 Asocs1aZRZE R ; SOCSIbWT Asocs I bIEF A= 7, b#t1~ b#9 Asocs IbTAER; - FKIRTIIEAI BRI,

ARG SR NGl -T2

Notes: SOCS1aWT is the wild type of socsla, and a#1- a#11 is the mutation type of socsla; SOCS1bWT is the wild type of socs1b, and b#1-b#9 is the
mutant of socs1b; -. represents base deletion, and red represents the inserted sequence of bases

TE socsla KM RASISHRI g | af3 AR FE A
HEmi %L, MFLERF, socsla e GRITZ
6] ACTG # il (8] 4-a), a#3 SRR R IR Z

TF socslb EAZ R, b#S RAZ L MM B R £,
socs1b I FE C B MIBR (B 4-b), RAZIG5]AL G
W AR kAR, HEFERIZE, 2w

SOCS1 454y, BIR T socsla Ml socs1b FE ALK
NI IRE o A T HIE 32 & 24K socsla Fl socs1b &
P13k iy B A AL R B, i qRT-PCR il H 1
PR, SR (WT) fHLE, socsla Flsocs1b
ek w1 B BIR A, socsla 1 3235 & FEAIK 50%,

https://www.china-fishery.cn

socs1b ) 3 ik 5 [ 40%(P<0.05), 2 M filR &
F socsla Fl socs1b mRNA FFIRFRAL (B 4-c, d).

2.5 socsla 1 socs1b B &% B {5 H] 3k &7 4 < 0
IRFANKIER N7 &
X E A I 42 BB 3 AR socsla 3878
& A K (SOCS1a™) #l 35 B socslb 28 78 2% 45 1K
(KEMW)I%%& TRREAR TR, R LL R
T 35 0 B AR A Sk O X AR, SRR, KA
PRAS AR BA 8 K F B A= R (1] 5-a),  HL D4R 5 & A
K I TR A AR (P<0.05)(E 5-b, ), JFH
SOCS1b™7%& 74 #I {A Jiii & A& K 5 F SOCS1a™ %

o E K P2 2 320 sponsored by China Society of Fisheries
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12 B, 4. R CRISPR/Cas9 3 K 4 45 57 A Bl B 141 3k f55 socs1 & 2 A 1943

WT: GGGTCCCATGACTGTAGAGG
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Fig. 4 Results of gene-edited alleles

(a) sequencing peaks of PCR products after socs1a knock-out (a#3); (b) sequencing peaks of PCR products after socs1b knock-out (b#5) (black lines indicate

position of target, arrows represent the mutation site); (c) expression level of socsla mRNA in SOCS1a”and WT by qRT-PCR; (d) expression level of
socs1b mRNA in SOCS1b”and WT by qRT-PCR**’ represents significant difference (P<0.05); WT. wild type, 1. WT, 2. SOCS1a™, 3. SOCS1b™"~
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Fig. 5 General phenotypic abnormality observed in mutations
(a) growth of SOCS1"" and WT at 3 month of age; (b) the body length of SOCS1"” and wild type at 3 months postfertilization; (c) the body weight of
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Fig. 6 Changes of TNF-a, IL-1f and IL-6 gene expression in the liver of blunt snout
bream after knocking out the repetitive gene socsl

(a) effect of TNF-a, IL-1§ and IL-6 expression in liver of knock-out socsla and socslb M. amblycephala under good condition; (b) effect of TNF-a
expression in liver of knock-out socsla and socslb M. amblycephala infected withA. hadrophila; (c) effect of IL-6 expression in liver of knock-out
socsla and socs1b M. amblycephala infected withA. hadrophila; 1. TNF-a, 2. IL-1§, 3. IL-6; *. represents significant difference (P<0.05), columns
marked with different letters are extremely significantly different (P<0.01)
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Knock-out analysis of duplicated socsl using CRISPR/Cas9 in
Megalobrama amblycephala

ZHAO Xinyu, LIUJuan, ZOU Shuming”

(Genetics and Breeding Center for Blunt Snout Bream, Key Laboratory of Freshwater Aquatic Genetic Resources,
Ministry of Agriculture and Rurall Affairs, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In this study, the suppressor of cytokine signaling 1 (SOCS1) genes socsla and socs1b of Megalobrama
amblycephala were used as genetic editing objects, and we screened out appropriate target synthetic guide RNA
(gRNA) by online analysis. According to the mixture injection (gRNA and Cas9 protein) in the 1-2 cell stage
embryos, the results of identifications of socsl expression level by qRT-PCR and gene mutants by sequencing
showed that we successfully established socs1 knock-out mutant. Compared with wild type, the growth perform-
ance and body mass of SOCS1a” and SOCS1b"" were significantly increased, Meanwhile, the expression levels of
inflammatory cytokines TNF-a and IL-6 were significantly increased, while the expression levels of /L-1 were not
changed. After Aeromonas hydrophila injection, in contrast to the wild type, significant increases in levels of /L-6
and TNF-a mRNA were observed in both socsla and socs1b heterozygous mutants. The duplicated socs1 knock-
out blunt snout bream has been successfully obtained by the CRISPR/Cas9 gene editing system, which provides a
basis for further study of the socsl gene. Meanwhile, our experimental results will provide a basis and reference

for the CRISPR/Cas9 gene editing techniques in other aquaculture species.
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