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 E: TS ATRRE S A A G BF(Nos2) £ AE KA i /E A, 43 CRISPR/ Cas9 [ 4
A, U T TR B AL nos2a BRI (nos2a ™™ ) BESh 0K R o i W AR K B R B, nos2a ™™
BETh £ 1 B AR AR KB BT nos2a 1E T (nos2a ™) BE T A0 4w, H. nos2a ™ I M 1 MR T 5 2N T[R9 4
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0.718) KHRHEF MRS IR L (P =0.548) i I B E 225 . qPCRAGIN LB, K 8 d i, nos2a ™~ BEh £
HI AR LR ght B mRNA K (P <0.01) B RAK R FFER igfl /) mRNA /K-(P <0.001) #k¢
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IR E KT nos2a ™ BEh a1, DA R45IRRWT, BTyt nos2a WD HIRIC T 8t M A RS2 SIIH) , 1MT ght K
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Ko SHEUN Jefffa T 28. 5 ClHERIEFRAG H AT
B B 5
1.2 nos2a EERRKREM DS AR AME
MINFHE JE R 2 2% v 2% 73 1 (UCSC) B
L1 K B R v O 0 H B S £ nos2a LR (NM _
001104937 ) R BREE AL (R 1) %80 07 T H 2R
4 SANEF b ITT B8589 + $E5UF 51 +
XHEET Y WA BT (R 1) R EE
R PPy Cas9 & MY SRR H 7 91 #E4T PCR
P, P2 5% SR 4R 15 8 M) RNA (gRNA ), Cas9
mRNA [ 5 W 2 pT3ts-nCasOn JFoki 2k Mk o %
SRR, LA AR S VASHNEY 4612 20
K.

A, B 2 Fh RNA (gRNA 100 pg, cas9

mRNA 500 pg) FIIRA 8 B0 ST A 1 401 Y
WA T i 52 OKG O PP R SR O A R
1.4 nL, 3 515 BRI R 20 40% . 408 2 R
WU RS U Bk 2 4% DNA HEFT H 19 ) B PCR
PR (BIPILEE 1) 7= Wy 5 407 I R/
WA 51 (STR) K ™, LUK #F nos2a J7 51
(ARG Bl o BT BT 5 AR R nos2a AT SL
RAZFRL 28% , ik 1 W& AR LA Y
AR B A BIAR AT AE L, 345 24 RAE A
(nos2a™ "), FEMNZRA RAEAAR B S BE J5 AR AP 07
YEH 3 XTI nos2a BY4lA ZEAE RT3 X R 548
i, BT PRAE A MR E T, /Bl g
ALY nos2a GE5 RAFR FR (nos2a ™™ ) DU K HLA
FH IR (L7 S x B K 2R (nos2a ™)

®1 KHRAHK DNA G5

Tab.1 DNA sequences used in the research

Gk S kLl JH#& PR
Primer Sequence Usage Length
Target site GGGCCGCGGATCAGAGGTTT PR
Oligol ##:gfég;%\gii#z;((;;(C;GCCGCGGAICAGA(;Gl ITG £ gRNA 120 bp
Olige2 AAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACG-
GACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAAC
JC-F TGTAAAACGACGGCCAGTATCTTATTGTCAACGGTTCG Exzy Rl 357 bp
JC-R GTGTCTTGGCTGAGCATGTCATCTG
ghl-F GCCTGACCATCGGAAACC qPCR 133 bp
ghl-R AAAGGCAACGGCAGGG
igfl-F GGCAAATCTCCACGATCTCTAC qPCR 198 bp
igfl-R CGGTTTCTCTTGTCTCTCTCAG
B-actin-F AGGTCATCACCATTGGCAAT qPCR 131 bp
B-actin-R GATGTCGACGTCACACTTCAT

1.3 HO&EREN

B nos2a”” BE L4l nos2a ™t BE 4 4% 3
APATE (20 /4 T3 — b T 3% . AT
i HELAR A TE B B 6T (942 10 em, (5 5 cm),
KA B 3 em), 542 K & 25 dph (days post
hatching) i ¥ F 5% 2 K6 (K x 58 x /& =
27 ecm x 17 em x 15 em, KAi 5 7 em) fAlFe, R
| 8:00 FIHEHE 6:00 J3 5 $ M 1 3, B AR R
PRAEA G R 25 55 H 78 2 , JE R 30 min 548
— R AR, BRI 1R,

Ay AFE 5.10.,25 .40 .55 .85 #1125 dph #&: il
SHR S AR R, fFah TREEEA
A TR T I B H 424K 20 dph J5 &R
AIFREMAAS (B W) o 2 A B A i 1) B K ) o
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J o BRUCBRER FI, A5 A E K Y A A 1 TR
(K5I 0.001 ) b2, 7 BE S £ H R SR SEE
FIK 3 R BR 227K 73 Ja s AT PR i f iR
BN, kN R 25 2 B — B AR, TR (E
KT 70 dph B LHREA BRI e Tt , 74 MERE 7> T
PEAT , AHERRAE R0 o
1.4 AARSBESLZERN

JULPARGEI 25 FEAILEE X 3 FE 80 dph Y 5E
I, 206 B K M A, 9 5 0 4095 I Al 7E
H i L B OK oAb, 22 9% VR U0 AL ( Leica
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CM1860, {5 ) X (A SEATHE U], V) 4 H. E J
0S5 BaRS X LR £F 4 %% B A Tl . 7 20 f%
TRAEECT , S REAS B AH [A) A7 B AT 40 B SR S
TERR R IR 175 il K py1E 5 I S FLBE L
HEZE 5 &b, XoF 4 326 70 ] N 19 LT 4E 85 it 017 452
it

YICHE BRI, £5 LB HLEE R 5 2 80 dph
BEDh A, 295 K 20 EAT B e (0 ) BEAT AR
Z 5 U BE L £ T it A B R g Ak o £ A
ATREY] , FRARASHO RO D0 o 48 KO B 8 1) (6] T
AR BT A b A ) T A A ) T AR A ) e
1t Photoshop ¥ FJe #4718 R Geit, P AT L i
Fefe
1.5 c¢DNA 4% % qPCR

FR4IH 8 dph J% 68 dph By BE L fa A F 5
2,2 M TRIzol 5] ( Ambion, 3E[H) Uil 442
BERY TSR IEHZ RNA (8 dph FEA T4 2HZH , 68
dph A2 MS-222 I A0 15 O 20 27) . ]
DNA Jifi £ Fr AL FI 4 DNA J5 85 i RNA i F M-
MLV J5z %% 5 a0 € ( Promega, ¢ [E) 747 4k 3
A BAEA Y cDNA: DL RNA 4, oligo (dT)
FEYTF 72 C RN 5 min, PK¥A 5 min, FEF 42 C
i 1.5 h,

AR WER (ghl) KBRS RAEAKRHF
(lgfl) B mRNA K17 € 400, S 4k
KN B-actin, 75 4 35 H B K £ Y F S+ 0
(NCBI) %k 45 F¢ $2 fit iy 2% 82 77 4], ffi 1] Primer

premier 6 HFi i qPCR 51#1(F 1) . qPCR
i 4% 8 Hieff™ qPCR SYBR® Green Master Mix ( 3]
EZAMFHECA R AW, ) BT, v
%.95 °C,5 min; 40 x (95 °C,10 s;54 °C,30 s),
1.6 HESH

PR AR5 S UL PR £ A 56 R G Bdi DL O
YIME = bpifE2E (Mean = SD) " 7EAEIE I | B 5 #E
B B LA S KA e /M AL % BT
ST TR NMREEE P B o AH OGRS Y HL R o)
Mt e il PEl 3 it Graph Pad 2P 5¢ . B0 1E 254
W1t Shapiro-Wilk 656 ; nos2a ™" Fl nos2a ™~ Bt
] 1) bR AR ST ¢ K (7 ARSI A
Welch £Z1F ) 2 & -H 55 JE (Mann-Whitney ) i 3746
Wikf7, P<0.05, 225 W %; P<0.01, 2254k
B,

2 4

2.1 nos2a EFEFRKHRR

3 3 R I 1) 0 B A% AR, A8 nos2a 7T BE
i RS AE 8L K AR B X nos2a FEP AT
¥ &, CRISPR/Cas9 445 53 nos2a W FH &
A SRS 5 LS A BB Y K 5 SO B AN
H ORI S L0 30 B i 5 R Ry Al 58, I HL
nos2a J 5L Y G 2K, T 2502 R R U i 2 i ¢
1B T4 4 SH -, 1M EZE R4, F B i ik R i
MR H AR (B 1),

Nos2aFE G5 IS, M—% 1(4000 360 380)
Nos2a protein domains Cas9 H5
v 12000
+/+
s O B SR BN Sl 18] o 267 b
exons 1234 5 6 7 8 9 1011 1213 1415161718 19 20 2122 23 24 25 26 8000
P | 6000
WT JE[X] ATGAATCCCAAACCTCTGATCCGCGGCCCATCCAAAATCACACCTTCCCCAGATGA  WT e
WT allele 2000
0 J
RAHR 4 360 380
Targeted allele ATGAATCCCIIMMMMT CTGATCCGCGGCCCATCCARAATCACACCTTCCCCAGATGA A5/ 16000
e
FEEA nos2a
Normal protein [Ell E2I E3 | E4 I E5 352 bp
BHRE
RAREH
Mutated protein | L E2| B3 B4R gms ik
_/

1 CRISPR/Cas9 5| % 1) nos2a BEF R
Fig.1 Mutation of nos2a generated by CRISPR/ Cas9
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2.2 @K EREEN FEMERE A PR 24 R e A, 2 W45 5 (125

Zd FFSE MK R R (B 2) , KB dph) ,nos2a ™" BE S AR H nos2a 7 BET, F 1)
nos2a ™" BECh R R AR S K R AR B AR LR JE(P =0.006) , AR5 B L nos2a ™ BETy f /N
K, XFp2EREREG 2 ~AZ26H g, o (P=0.002),

E 0 ——nos2a”’" g 40 —— nos2a™’~ g 0 -
N
=) e Al *k N PR Al N
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,,-H_-I%' 20 H o 20 i > 20
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10 o 10 B 10
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*%k
- 800 —~ nos2a’ 6000 nos2a-/- 600 —_—
£ 2 ¥ g ]
S -+-nos2a'* < -e- nos2a'* {——} M 1
5 600 2 ,, s
I - IE = 400 *, F 2 400 = —
i 2 BT A ke
¥ > 400 & /s I >
#Ho #Ho B M)
P &2 200 . %S 200
S 200 © =«
< — L ©
E o] 5]
@ = =
0 0 0
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H /R R Dph/d HiEJ5 X% Dph/d FEf Sample
%.P<0.05; % =.P<0.01l.
B2 ERIRPER FRELEN
Fig.2 Body length and mass measurement
2.3 HlAF4EZEXTL i b B T AR A B UL AT 4 R 1 ek B

T 5T nos2a ™ Je nos2a ™t BER AL nos2a ™ BEE Y EALEFILEF 4 Y nos2a
ek m LrZese AL S AT I AR RS AR E 2R (P =0.718,K3),

10
e T
@ﬂ ) L
g g
237 °
£ T 5
L KES 4
L=1 5]
goa
#g 2
=
0
nos2a*’* nos2a”’”
FES Sample
3 NMALEZERR
Fig.3 Comparison of muscle fiber density
2.4 FEFREXL B BB A L X e, nos2a ™ BE i 72 SR A

F O] B2 75 0 W5, nos2a ™~ BE T M KME IBETAGBE M AR K W (P = 0. 548) ek H
HREE nos2a " BELMICTEH (K 4a) o JiHE  (P=0.817) L m B S (P = 0. 548) 4%
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M

Side view

HH

Back view

G R B A (B 4b) o

'S

SR BB TR

Transverse—sectional area

1
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& Sample

of vertebrae/10* um®
[\ w
=

~
5 260 S 240
b ]
w8520 \/ w5220
LSRN ~
§ §_§ 220 é EEE 200
o
[}
?ﬁ%gzoe A ?ﬁrEEmo
£E° 100 %E"’wo
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#EM Sample ®) # 5 Sample

4 FHEBREXL

Fig.4 Comparison of vertebrae development

2.5 ARKHEREXEEREKE

R T KM nos2a ZEAE X BE 5y i A K R
mRNA 7K (14 52 0, 38 5 35 R A 9 6 2 i 4R 4y
XA 22 5 R AT (8 dph) J5 (68 dph ) BiE £ A
AR R PR B 3 Z AR KRR LA (ghl Hn

9g; [ nos2a'*

*k

== nos2a’” _I_' 1

ﬂﬂ_‘gj 2% e
;‘%O k%
=2 Y T
Z% T
2% 4
5

2

0 == il

8 68

4k J5 R# dhp/d
(a)

# P <0.05; % %« P<0.01,

igfIRANTRIEE

igf1) IEATAGIN (P 5) , K R nos2a ™~ B £ 3 [K]
) mRNA 7K -3 3 K T nos2a™* BET, £, 8
dph: P (ghl) <0.01,P (igfl) <0.001;68 dph:
P(ghl) <0.000 1,P(igf1) <0.000 1,

9.5 . =1 nosZa*’*
. — -
-T- == nosZa
2.0 4
g 1.5 ==
o
2100
0.5
0
8 68

§EALJE K3 dhp/d
(b)

B 5 nos2a i SEM DAL KHE mRNA KFETE

Fig.5 Knockout of nos2a reduced the expression of growth hormones in brain

3 g

HATEXT nos2 HYHIFTE 2 48 i T Ho X f 5 &
GEi IR BT LA A K B i A 23
nos2 FELN [ R Rt 22 DL T o8 Ui 2L 3 0 /s BRUAY

5. FIF CRISPR/Cas9 7 AR Fy8: T nl f 2 it
4 1) nos2a FEH4[A 54 (nos2a ™™ ) BE Dt 52
R(E1),

XF nos2a ™™ BETh A ) A2 K B E mRNA K-
PRI RS KL ARME S R B BRRAE 1T 50
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M, K nos2a ™™ BE h 11 5 nos2a ™" Bt h £ ) 4=
KaSEEHBERE 2 MG, HRg sl K
P B (18 2) o AERISEE T, Gh x4 s)
Wb Tt WA Jii TR IUE L PR 45 22 Bl 2 40 #8 F
B S R B B R UL P B A K )
MG X AMAE L3 oA a2 1
2P RS S T IE" A UFSE KB Gh X fa
R K AR I R el g T i A
ifii H. Gh 1 Lef 76 il 0 28 801 % & b 2o P )
VEFIRS . %35 KB, nos2a ™ BE Dy 4111 ghl Fl
igfl 1) mRNA 7K 3% 7 T nos2a ™™ BEh i (]
5), 1% M nos2a ™ BEh fa 1A R B KR ez R
(P 3) il RE S HAR R A K2R R KA 56, I
H MU ERIE T A O RERIE 19 NO 7EAE KR
SRRt 7 T 42 P 5 ok, oA
BARHY ghl F1igfl mRNA 7K nos2a ™~ BEDfh
TE LT S 1 KA B AR SC 500 52 nos2a ™ B
Bt E 2 (K3 f4), %182 nos2 FEHTE
BETh A 2 45 D1 (nos2a Fl nos2b) HL[RIE K
ki K2 LIRS 2 2R ek ) SE A I 2 95 D[]
FIREAATE T REAMEHL ], HIZ AL 7] B JE: nos2a
TREBR A B 5 R NN FMEE & & & E B 578
PR JE R, XTI R g6l . A% S S B A
TR Ze M AR 2 R BIRESE T, A5 T X A
DR ER VR TE B b R 2 AR R DG R T
FIK A E AT IR AR A o WF 9T 8 R R, 2R A
B A KA PR B9 FE ) mRNA JKF-7E 8 dph
F1 64 dph Bf 4 2 K F X REAL, & AR K B
ZE 5N F 2N TR RS 2 S B, RIGIACh
AR P X AR 5 ) — R0 R A
AR A EBIAHEAGE i HE ] mRNA 7K
R W AR A — R R, R A fr
FEA 5 B9 R R 11K P % He gt A it — 2 56
ik

UEAh, MK HE B 08 1 o A (Bl 4b) &,
nos2a”” BEIh f0 7 YRHE B 1 & B AL nos2a " BE
A7 B RS, 1X 5 nos2 FE DR R BR T /N B
W REBRIE " LK nos] IR R TEL/IN R R
B KT T R B e R s A A
ALE AR R A B AR RZ A KRB R WA, &
SR S A S AR AR S Y B I AR G

25 b nos2a (IR B R XTBE S A KPR .
KR R KA KA T 1 mRNA JK 7 S B £
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Role of nos2a in regulating the growth of zebrafish ( Danio rerio)

GAO Lei'”, HUANG Yajuan'?, PENGLEE Rachit'*, YI Xinxin'*, 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, Shanghat 201306, China)

Abstract: To explore the role of inducible nitric oxide synthase (Nos2) in fish growth regulation, we
generated nos2a deficient (nos2a™" ) zebrafish using CRISPR/Cas9 technology for the first time. By
monitoring their growth process, we found the growth trend of nos2a ™~ zebrafish was slower than nos2a
zebrafish, and the adult body size of nos2a ™~ zebrafish was smaller than that of nos2a** zebrafish (P <
0.01) ; the mean length and weight of nos2a ™" zebrafish were 29.53 mm and 512. 8 mg, respectively, that of

nos2a " zebrafish was 26.34 mm and 394.4 mg. Additionally, there was no notable difference in the density

+/+ /-

of muscle fibers (P =0.718) and sectional area of vertebrae (P =0. 548 ) between nos2a ™" and nos2a
zebrafish. Moreover, compared with nos2a " zebrafish at 8 dph (days post hatching), the mRNA level of
growth hormone (ghl, P <0.01) and insulin-like growth factor-1 (igfl, P <0.001) of nos2a ' zebrafish at
8 dph were lower significantly; and it was the same as that at 68 dph: ghl, P <0.000 1; igfl, P <0.000 1.
These findings indicate that the defect of nos2a negatively affected zebrafish growth, and the reduced gene
mRNA level of growth hormone was the potential factor.
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