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ABSTRACT Objective: CRISPR/Cas9 system has been widely used in reverse genetics of zebrafish, but it often takes longer time to
observe and screen phenotype of mutant genes in F1 of mutant fish lines. LHX9, the LIM homeobox gene, is widely expressed in
urogenital ridges in early embryonic stage. In LHX9 knockout mice, somatic cells of the genital ridge fail to proliferate, leading to
disturbence of gonads formation. In this study, four sgRNAs were designed to target the LHX9 gene in VASA transgenic zebrafish by a
new CRISPR/Cas9 gene editing technique to rapidly observe the effect of LHX9 knockout in the gonad development of zebrafish.
Methods: Four 20bp sgRNAs targeting exon 3 of zebrafish LHX9 gene were designed. These sgRNAs were obtained by non-cloning in
vitro transcription. The mixture of four sgRNAs were injected into VASA transgenic zebrafish embryos at single cell stage together with
Cas9 nuclease. The mutation types and mutation proportions were identified by PCR and sequencing. The development of gonads in
zebrafish with LHX9 gene defect was observed by fluorescence microscopy in VASA transgenic zebrafish. Results: Four sgRNAs
targeting Exon 3 could successfully edit the LHX9 gene of zebrafish. The knockout efficiency was as high as 82%, and Sanger
sequencing revealed 10 different types of shifting mutations. In a VASA transgenic zebrafish, it was found that the proliferation and
migration of primordial germ cells were affected if LHX9 gene was disturbed. Conclusions: CRISPR/Cas9 technology based on four
sgRNA injections can rapidly produce FO zebrafish with mutant phenotype and has potential application . The knockout of LHX9 gene
affect the proliferation and migration of primordial germ cells, suggesting its role in the early development of gonads in zebrafish.
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CRISPR/Cas9 % 4t (clustered regularly interspaced palin-
dromic repeat CRISPR/Cas9) A] )5 (i F T 5 T fa IR i ) 2k
(K G, FEBE Sy 1Y S st B AR g 2 1 T2 N,
{2 iy SRR/ SRS HAD S A v ) SR TR T R AR HEE A
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TS, DA BOR AR R A DI 8 , I AR AT LIMAE FO AR
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T , & B AY R HEH LHXO AYFEH 5780, SRTT, 2477 [ P
AhEEEXTF LHXO 2R R 7 T A58 i AN AR, I
B I iE AT LHX9 9 DY REWF 5% o A 5% 1F 2 A 5 1
Cas9/CRISPR F K il 5k 4% AR 7 VASA § 3 PH () B T £ vt
LHX9 JERFEF TR, VASA I PR Ry A [ 4 il 50 A 5 400 i
(PGC)RYARICEEF, 3@ GFP 9 H AR IH, W] LIS A 5
M D GERRIERR A& & . I HLAE FOfRIAZEE] T LHX9
S5 DR R o3 14 B0 e ik U R 7 T 1 SRR

LAk i

1.1 KIeHr#t
L1 SRIeEhY ARTRFSETE BT aE U R EE B O S8 5
EHRE D ARFE RO E RS SR A VASA F 3 RIBE ) # Rh i
FEXG, 28 5 CHEASE IR BEE S B . VASA §7 5L B
It R R B AR Y
112 FERAF il PCRIAH G ( ESAUE YR A TR
257 ), DNA FiE BT & (L RARAALRHE A A, T-easy
WAIREEZR S (Promega /3 F] ), MAXIscript® Kit (Ambion),
mirVana® miRNA Isolation Kit (Ambion),EnGen® Cas9 #%fig
fiff NLS, S. pyogenes(NEB),
12 EWFHE
1.2.1 it M %& LHX9 EF AR 0 sgRNA 5 F 2R
FHVUTF B B8 5 s BE RS 20 A, Hirh 5" 3w hy
GG ; EARH &1 3" w3 M B PAM X, 23R4 NGG
(N AR ) o 1F SCREER s S 1 3 PTe B o o H0A A8
PP AESE ) CDS XYY 2/3 K BAE ATG 2 )5, (B2
ANELERE— M1 b

AR SRR S ETE LHXO BEH M =S4 8T 1, B
N AR/

aatttcacgtgcacccgetttttatatgttaaacgtatttgttaatgacatactaaatgttttcatcaa
tctatgtttgattgtaaatggtgtgtgctgttccagAAGGTTCTCCGTGCAGAGATGTGCCCGCTGCCA
CCTCGGCATATCCGCTTCGGAAATGGTGATGCGCGCCAGGGACTCCGTGTACCATCTGAGCTGCTTCAC
CTGCACCACATGCAACAAAACACTGACCACGGGTGACCATTTCGGCATGAAAGACAACTTGGTTTACTG
CCGGGTTCACTTTGAGACCCTTATTCAGGGAGAGTATCACCCTCAATTAAACTACGCTGAATTAGCGGC
CAAAGGCGGAGGGCTTGCGCTGCCTTACTTCAATGGCACCGGCACGGTGCAGAAAGGAAGGCCACGAAA
GAGGAAGAGTCCGGCGATGGGGATTGACATCGGCTCTTACAGCTCAGgtgagatgtcaatttacagetg
ctcagtggcgttgctcaccatttattttggtttatttctgagtgttecgtgttegttttgttagegga-

B | P4 sgRNA BBy i B E,
Fig.1 Locations of four sgRNA target sites

Note: The yellow part is the target sequence, the blue part is the PAM region, and the grey part is the primer sequence verified by PCR.

The upper case is the exon region, and the lower case is the intron region.

FRAE BT AL S5 1 DU S5 5 1 oligo JF 41 LA M — 2% L
[ AP Rev sgRNA scaffold 41, FEil 4Nk 1.
1.2.2 sgRNA ByfksMERFIEUL MR IE 2015 4, Varshney™
VB, il i PCR OV, R AR SE Ry Jy 20 Ak

A PSR MRS M SRR TR AP . X PCR = A7 IRTIAC
FIH Ambion 723 ] #) MAXIscript® Kit i85 &b 17K o1 % 5%,
R P FH IR A B9 mirVana® miRNA Isolation Kit 27 &
HEFT DS, 31455 A1 0 2% sgRNA IR G4 .
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& 1 M2 oligo 5|¥1F 5 LA K Rev sgRNA scaffold F 71

Table 1 Four oligo sequences and Rev sgRNA scaffold sequences

Oligo Sequence
Oligol TAATACGACTCACTATAGGAAATGGTGATGCGCGCCAGTTTTAGAGCTAGAAATAGC
Oligo2 TAATACGACTCACTATAGGTCAGTGTTTTGTTGCATGGTTTTAGAGCTAGAAATAGC
Oligo3 TAATACGACTCACTATAGGTGATACTCTCCCTGAATAGTTTTAGAGCTAGAAATAGC
Oligo4 TAATACGACTCACTATAGGCACCGGCACGGTGCAGAAGTTTTAGAGCTAGAAATAGC
Rev AAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTC
sgRNA TAGCTCTAAAAC

Note: The underlined part is T7 promoter sequence, the thickened part is target site sequence, and the remaining part is complementary sequence with Rev

sgRNA scaffold. Rev sgRNA stands for the Rev sgRNA scaffold sequence.

123 FANBRUFHIRB FORMDSE 4 cas9 HRIEH
5 4 % sgRNA VR G WHL RIS 5] VASA B FERIEE T 10 ) L2
MURE R, BAR S R N B IRHE sgRNAJR-A 4 100 pg,
cas9 %G 30 nM, BT sgRNA [ 48hdf 1 22 ARSI
Bt DNA, F|H 81 4% 5-AATTTCACGTGCACCCGCTT-3',5'"
TCCGCTAACAAAACGAACACG-3' #4T PCR JJEIE , H44
PCR /*¥Ji% A\ pGEM-T-easy /A JEAT TA FepERIIE.

124 FO LHX9 EE MM EMREMNE T ML
LHXO 3 B s B o A BE T f PR R 2 B 2, BUE B & 6dpf
ELVE ST sgRNA (W BE S 0 7E 530 WA TSR AL, R4t
sgRNA [ VASA 55K BE 5 10 kXt TR

2 &R

2.1 RRINHAEE LHX9 EF BRI FO RS &

BV S 1y 48hpf (19 IR JIG 2 I DNA 347 PCR I, Xf
PCR =Yy #4700y, W5 45 A -2 fiR , 22 453 it
LHX9 J:[H sgRNA [IRIG 1, A 18 S A7 di bt I 0 1
TP L0, i o LUK 82%, Uk BH FO FR ARG 7 I3 4 sgRNA 2
JE A 4

#% I3k PCR 7=##% A\ pGEM-T-casy & iF4T TA s,
DA e BAARGE AR o I 5 R B -3 s, BT 11
TR ARZEA 10 FpoS AR, HX B g8 AR AL 2300 B B i
AR RAE, FEORFRE N SEREW, Hh, 5%
sgRNA(Oligo 1)74: T 5 HrgAR A 55 = 4% sgRNA(Oligo 3)j™
A 6 RN, AT ILES = 4% sgRNA [ REBRRCR B o
2.2 LHX9 EE I BEMELFERT VASA HE R MDA HIRE S
A )Pk

B 50k LHXO [ sgRNA By 6dpf B BE T 0 7555 6 ik
flgE A TER, RIS R 2 DR A T AN R AR L, S
U A Bt SR A R B AN o7 BB B S, TR R RERS, N
Bl -4 fis, T RWIIAG & F 0 AERE AN AR A T A A PR AE
FEUSTF ARG, T ELJCRIMFSE & % 80 LHXO PR TE/ N U IG5
BRI PR AR BEIE AR T2 43045 , T L 1% 45 SRR LHXO R 7E R
WBE T ARG R A S AN ) R TR & B b R T
MVERT

3 Vg

ATFFEA HIHT ) CRISPR/Cas9 JEA SfHH A, 1813 X0f B

|§| 2 FO ﬁ 48hpfifo5€| HIHA PCR W E
Fig.2 PCR Sequencing Map of 48hpf Zebrafish Embryos in FO Generation

Note: Figure A is the control group without sgRNA injection, and figure B
is the sequencing map of the experimental group with sgRNA injection of
LHX9 gene. The arrow shows the bimodal position. The box is marked as

the designed target area.

At JYR I TR S 0 4 X e — S A 1) sgRNA, JE DL 7=/
BEPH A BRARONE , SE AR FO AR 54l F2 AR A L I
PRI, ARYEAH R ST HE , X WOBTY CRISPR/Cas9 & [K 474
AR D SR TT 35 90%LA |, 72 A LT 58 24 h i iy 22780
HEWERAARE (IR R <17%)0, AR ZEKR A gRNA
AAE T Y R ZE AR [R] R T REAY SNP L BUAE A 4 437 45 5%
BIYIL T A 2 P A AN R AR [ 80 . AT I, RV REAS 0 ) 5]
e B JERIRE 2 T 800 B 4> D AR AY 5507 L
M REPRACRY . SEGM BT —2% sgRNA S TFTHEA L, 3X
FJ7 208 FO AR # A4 (null phenotype )43 4li& F2 AR, 1HH
BARV DA RIS F2 4G R REGE AR FAR, fEXT AR
A1) RE S PR A T 18 H A B T2 B A 5% o ARITURI 5% il e
FIFZS A, X VASA #E3E R BE Dt /15 T LHX9 935 A i
B, LASRFT LHXO 5 A Sl 5 BT 2 fa PR & T B2
WHFLSh W R MR & B T b T A H A L) 4 Ak i RE R
J IR FE S L R T SRY L AR T, Mg I % &
S, IR 5P A MR R LR T
FHR B, 8= SRY FEH A, WG & 8 W4 1) e 1Ak 5 )
froe, A RS SRR A BT M EZH SRY,SF1,
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W C(CARATGGTGATCIGCGCCHGOACTCCGTGTACCATCTGAGCTG
[111 [ |
A5 CGGAAATGGTGATGCGC--—-GGACTCCGTGTACCATCTGAGCTG

WT  ECARATGETGATCOGCGOCAGGCACTCCGTGTACCATCTGAGCT
3 1 [ LT
A8 GGAMTGGTGATGC-—-—-- ~GACTCCGTGTACCATCTGAGCT

wr  (CCARRTGGIGATGCGUGICARGGACTCCGTGTACCATCTGAGCT
[ LTI 1
A15 (GGAA-—————-—-—= —AGGGACTCCGTGTACCATCTGAGCT

WT COCTI==ATTCAGCGAGACTATCACICTCAATTAAACTACGCT
A2 CCCTTTAATTGAGGGAGAGTATCACCCTCAATTASACTACGCT
WT -CCCTTATTCAGGGAGAGTATCACGCTCAATTAAACTACGCT
A2 ;CC(L--:\.CT:[i‘CGGA(‘}AGfATCACCC‘TC:\-\TT:\_-\ACTACGCT
wT CCCTIATTCAGCCAGACTATCACOCTCAATTAAACTACGCTGA

\
A2 CCCT--TTCAGGGAGAGTATCACCCTCAATTAAACTACGCTGA

wWT CCCTAE—————— —TCAGGGAGAGTATCACICTCAATTA
1 . \ LT
A15  CCCTTATGGGATACTCTCCCCCCCAGGGAGAGTATCACCCTCAATTA

wr  CCCTATTCAGGGAGA-——GTATCACCLTCAATTAAACTACGCTGAA
Sl . [T1111 [ \
A8 CACTT-—--—- TGAGACCCTTATCACCCTCAATTAAACTACGCTGAA

WT  CCCTIATTCAGGGAGAGTATCACCTCAATTAAACTACGCT
[111 111 [ [

A8 CCCTT————- AGAGTATCACCCTCAATTAAACTACGCT

B 3 F0 RExEHN TA RIENFER
Fig.3 TA cloning and sequencing of FO

Note: A is the mutation type at oligol target site and B is the mutation type at oligo3 target site. WT indicated that in the control group without sgRNA

injection of LHX9 gene, A was the base number changed compared with the control group, and the box marked the target site.

A N B
N N\
\

4 FERRAEE 6d B VASA HEREB G BRAEME,
Fig.4 Fluorescence Imaging of Zebrafish at 6dpf

Note: A was fluorescence imaging of VASA transgenic zebrafish in control group, and yellow arrow indicated the location of PGCs in control group.

B is the fluorescence imaging results of VASA transgenic zebrafish in the experimental group. It was found that the location of germ cells changed

significantly compared with the control group.

SOX9M4E i LHX9 24 LIM [a] P55 % 5 K5~ H R
HNHDIREE RS S THARENRE , LML T T
FEP ORI BAT BRA . AR , 2000 4, birk 457/
JRRG 7 U A A PR A SR TR R B T LHXO Sz A
T i A L 0 M A IR PR A SRS AL I i — 20 U B
LHX9 nl 452 [ i A 5N 1 (SF-1) Y335 s 78 R LHXO B
ANER P, PERR AR 2 I ) L TR R AT , B/ BT BR AT A B A
FOMEPEALIOCE R i B N RV R 5 P E AR
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TR, i T B- IR AL, Al CxerTb IREIHI Ky
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8 SR LA A T AN MRS o 25 S BEAE birk®EEAE /N BUA Py Xt
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LHXO 35 PR i 5% 119 /0 BRUAR P9 3 T804 W05 381 J 0 2 L 200 A
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BT, LT AT AT DASHEI , A SR LHXO (K 5l Bk p B 2 £
BRAR SR M B G S, I R R BRI R TET Y Cxer7b 32440k
A s B R AR B AN H R A B GE  MLA, JRULG A 5 A0
L8 B8t 5 0 i e DA e A B 2 A RS TR A
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