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F F CRISPR/Cas9 92 BT & thx20 EERTHE R EIEE D7

f MW ES, AR, 1 2

(1. BHpFE R RHEGRIETE AR YR EERBCG BEFE oG, il 2013065 2. L3RRI 7K™ 5T 58 I & -5 1
A ME GRS, Bl 2013065 3. BIREERE KRR E R R R PG, B 201306)

& E: 5RETF TBX20 AEE MY CIEM R &k E g R EXEEA/EM . FIH CRISPR/Cas9 R40
BRI AT BE A0 ba20 RS0 R, TTEL A5 R R Fy miBREET0 42,1 % )T 504 F, 5828 Fs
WALEEER A 36.7 % o F, ZAS R IR B0 E 5 AE Fe 0 .48 hpf, O 5 0K, B DK SRS 1ML, BRAL ST, O Ik 25
FYZETE 33 dpf , O ERTE RS ZARG Y o JEALASCFT qRT-PCR 250 7R, 58K 1 womhe 3K I, amhe FI
myl7 FEIK T RINHE T B bx20 FEARR, 45 R W] 1bx20 24 2B RO NERITE , 46 32 B, iR
AFRFT thx20 1 RIF.CNE R = A B i VR A 8 T 26

4RI : 100205 BEE L ONERE ;s EE Sk CRISPR/Cas9

FE SRS S917 THRFRERE: A
BHEAYI RIS KB, O E 2 & FIE BOF
HATHE DI RE M 28 B =2 — . O JIE L 40 i B L 2 95
TR R 2 0 A R X35, =2 I B A1 e P
[ AL LRI RGOS . O HO ILUZ R
WRZHI R, Bl 5 2 B4 &4 W Hh A
MFREE ML 2 = S5 UL SO R T B, B
ZIE R O E o P 1A B (atrioventricular
canal, AVC) 1y 3, 2 PR UIE I & 4544 1E 5 T8 U
FRED L TEODIRE R R IX— BRI E iR,
Ak (looping ) B B e N B 1B 2 —, O IE
IMER & E o 2 048 AN R X8 &2 4%z 3l
JIr AL 58 B, 1 HLX AN [R] 190 8 32 3l XI5 0
I Js 3 404l 1 IX S S T, 451 2« S [
DX I AT 5 R TR B2 T hRIC DA B 2 Al
T-box Zth 1% s N+ FE 48 B E b HA
FEAY  TBX20 J& T T-box % 53 IR 1 5 % 14 1
B2 — FERR R HLO N & B R o R
B i BE AR SEED  Tha20 XA DIER F
TR FAER A O IR D BB R & 45 T EZEH,
DIER B IR Thx20 Fp2e3kik /NG E7. 5
i Tba20 75 0 PR J2 AL F6 35, E8. 0 ~ 8.5 1EHT

I #s HEA: 2018-05-08 f&[E] HH#A: 2018-11-20

AT 0 KRR AL 0 4 b 35 N
Tbx20 JEHE I S A 0k S 58 R 0 AVC
TR

Thx20 R 1 /INER, SR HH IR G 200E .0 i
KRB SRR RO ME LB S50 el iy O
N, M Z B FHAG IRR K E E8.0 ~9.5, i
B R R AN, 2 E9. 5 LB T
PES 2B Thx20 7E45— 20 X (first heart field
FHF) .0 2 & & PRSI E A . 5
I £t 7 @ % ( morpholino, MO) thx20 , IR i & & 48
hpf AP 2E4RE O 45 25 40 HLICA ) I 2 1Y i =5 43
" TAEBE S i ENU U thx20 58750,
FOOER/NTE 48 hpf B /N T B AR R BE ) £0
JUE , ELAAR R, BRLO K i S BRI SE T
Bt IR TE & B 2 48 hpf, O IF 5 5 3 45 44 3
AT, OB LG DL 2 B 58 A
ML A" BLi D 2= £ 5 KA L A ventrial
myosin heavy chian (vmhe) Fll.U> 574 5 26 15 5
atrial myosin heavy chian ((amhe) [ 3% 35 434 1§ %
AR R 0 30 By 3238 B Bk 3R 1 2 ] cardiac
myosin light chain 2 (emlc2 ) 7EEEA U ERY.Cy ULZH
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Mokt . ik, vmhe .amhe 1 emlc2 A] ISR
IR thx20 S 755 O W 1 5 oAk 1) B B AR A
PR

AHFFE ) CRISPR/Cas9 £ 451", il it
TR BT AR FEAS B T f 1ha20 ZRAF AR NASS
AT LA A 1/4 Al 5 A8 AR, S WL 58 AR {40
LA, 2550 R AR R NG & B 2 48 hpf,
VLI, F K SE S AL, R AL S, o0 IR 45 4 AR
TR & T 2 3 dpf, D MERLAR R 2R 454 .
i thx20 FEASARIAA 3, i — 20 K B bx20 ()RR
SN — S0 U I 5 Rk B AL R, WIRSE
tbx20 F PRIAE I 00 JIE s 58 43 Ak 5T R O O 3
SO LIS T P & 45 1 P AR AR

U BRI

1.1 EHkFEH

2Cas9 FURR PR TIb 50 K2 AR A Bk 727 e 7k
TS, gRNA BRI T 6 5t R 227 1
B2 WF T P RE M AR S = SR AN
DH5q 13K T TIANGEN A 7]
1.2 HMOapkRSFESRY

ARSI i FF AR BE T A 35 AB R FRIH
JKiRN 28.5 C o % BELh 1) BT A7 40 BEES DURLHE
i H AT FRAE AN, ELA% BRI R 3
Pt AH L E #E4T (TACUC 20171009)
1.3 gRNA $®BZigit

F] ] Ensembl ( http://asia. ensembl. org/
index. htmlasia. ensembl. org/index. html) ¥ u} $15
BEH 8 thx20 FE[H ¥ 51, SR )5 A8 ZiFiT (htp://
zifit. partners. org/ZiFiT/) W il b 4y A P ) £ 3%
thx20 HEPH gRNA v 5, FEAR I HE S 33t B R i
Yo BRI R AR 1 R

1 WD bx20 BRBERSIY
Tab.1 Target site and primers of thx20

thx20 ¥R ( 5'-3") 519
tbx20 target site ( 5'to 3" ) Primers
F:GGAGGGTGTTGAAGAGCCAA

CAAAACCTCAGCTCTCTTCC R:TGCCATTGTTGCAAAGCACA

1.4 Cas9 mRNA ¥ gRNA #I|&

Cas9 T H. WP #& 16 h, TIAN prep Rapid
Mini plamid Kit ( TIANGEN ) ‘B3 5ok /2350 &
FHERORL (52 Zb 73 56 06 B T T J5okE i) e B %
260/280 {£) ,15 000 marker( TaKaRa ) 5t Jig ¥ EE IE

http: //www. shhydxxb. com

FEL VKRS JBORE 57 5 . Xbal (NEB) £k ¥4k Cas9 5t
Ki,37 C R 20 min, 1 % 3 fEHE &E I HL UK, 110
V, 30 min, £ £ 4k B % H DNA Clean &
Concentrator'"-5 ( Zymo Research ) 4lifbi 1 & 31T
4k, fx )5 e R mMESSAGE mMACHINE T7 Ultra
(Ambion ) i) G HEAT IR SN 5 . LiCl ZEEDLTE
4lifl Cas9 mRNA , Nanodrop il ¥ & , B 1 pL =
YIEAT r VKA B

gRNA i B P % 14 h, TIAN prep Rapid
Mini plamid Kit ( TTANGEN ) ‘R 3 ik /MR 0 &
T BTRL (55 A0 23 5 B TR DN 5ok 1Y) ke %
260/280 fi) o LA gRNA JFORL g R AR Al F i O
fitg PCR 435 H A9 Fr B, 2% B8 0 588 i Uk 120
V, 30 min, i DNA Clean&Concentrator -5
(Zymo Research) #fifk, tbx20 gRNA PCR 7=4, 4li
A7) fdi il MAXIscript T7 ( Ambion ) 18057 & 47
RO S, LiCl S REULTE 2 24k 1hx20 gRNA ]
W2 % BEREHEBERSHL YK, 150 V, 10 min, K55
H 20 IR
1.5 BRifiEst

SRS AT — R M b, PRI T X e i A
TR TG AL FE L 12 h, Yk H #4777 32 I,
W O, — AR 43 o B AR RS IR 55— 40
T BAES . gRNA ¥R 80 ~ 100 ng/ L, Cas9
mRNA ¥ 400 ng/pl, HE S FIE N 1 nL/H,
TSI A 1 4i SR AR o
1.6 T7E1 &gi#in

IG5 2 48 hpf JFURUCHE,S #—41. B3
LR IGE R A BN 50 wL 50 mmol/L NaOH ,95
°C 10 min, 2% ;95 °C 10 min, 5l 1 mmol/L
Tris HC1,15 000 r/min 20> 5 min, A] T =20 C{%
Fro LSRR L DR 21 0 A, A 1020 51y itk
17 PCR Y MG, AR R QT : i SR 25 L,
N Enzyme mix 12.5 ML\Eﬁm%%l MLJ‘E*&
2 wl.dd H,0 8.5 L.

2% B8 BEEE I FEL 3K, 120 V, 30 min, BE)S
P — 25 PCR 447 TTEL (NEB) D146
W BEYMAR AT R SRR 9.5 pl N
PCR 724 5 wL Buffer 2.1 wL.dd H,0 3.5 L.

FNEZEAT:95 °C 5 min , B FEFEIR 2 %R

¥ TTEL BA H,0 4% 10 145, SRJ5I]KO0.5
pL ARG WM Fik A %R ,37 C,40 min, 2%
JEHL YK, 120 'V, 30 min, T7EL g 4] 45 0 BH P 1)
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PCR 74, JEHL 2 ~ 3 LI HEW) A W) (1A TD)
J Sanger P10 7y i — A 5 kPR 15 R BL 2 o
W R B 1) 1hx20 ¥, BE Hy £ 5% 28 B S X
Fo BGAE RN [RIHE U SR 28 1 o 00 B A RS T, 77 A 1Y
WEIGTESZ A% f5 48 h AT TTEL g1 As i & 14
TE 1bx20 ¥y i farp, G 1 30 e, Hop Ay 11
Fe i) e AR o i A ik . f X s s AR
R, Y RRICER L, TA SRl 543 Hr 3 A
B THRRN TR AR R, T L R Fy B B
PRI A b7 SR £ R R He i, AR S b oy
11/30 =36.7% , HFpEBAER0R
1.7 qRT-PCR %l thx20 REZHEH TiEEER
Rik

B F, NSRS F, 6L 3 dpf $2IAiG
GBI B RNA B A HUVE Ry Xof B, g BEG A St
17 & (TaKaRa PrimeScript™ RT reagent Kit with
¢DNA FEraser) UiH] 458 RNA @i %5 5% 4 cDNA, L)
cDNA Jy H BB G H 0 56 K AT 91, 5L 5
PIW 2.

*& 2 vmhc.amhc 1 myl7 qRT-PCR 5|4

Tab.2 qRT-PCR primers of vimhc, amhc and
myl7 genes

LK Gene 5|#(5’-3") Primers ( 5'to 3" )
i F: TGTGCCTGATCCAGATGAAGAG
vmie R: TGGGGGTGAATGTCAGCTTCC
e F: TCTGGGCTGTTTTGTCTC
amie R: CGCTTCTGTCCTCTTCTTAC
F:GATCAGAACCGGGATGGA
myl7

R: AAGAGGGTGAGGAAGACA

SRR R AT« S SR FR 14w, W&
LightCycler® 480 SYBR Green [ Master 10 plL.
cDNA 2 uL . F/R 544 1 L RNase-free water 6
plo

.95 °C L, 10 s;60 °C,30 s;40 g
o Bactin E N2, BBk DR TE 9872 1R A
AERIBE L PR A . RSt AT R 6 1K,
TR 3 R, J5 27 ek il AT AU
S3A R SPSS R AT B R 7 E RS
IR, B B AETE I’ A GraphPad Prism. 5. 0 %4
ATl
1.8 IS E4R1C RNA SR #HITHRIBEER
I3

s F, NSHAG T, BRI [ E 48 hpf JIR)R,
BY 2 AR R % BB, 4 B AmbionMAXTscript® Kit

12000 G A 20 R G UM 5 ( Digoxigenin ) ARiC IR
FEPATIFAL 25T, FEGSFEANT AR T 4% 2 5
HEEfE 4 C [ € o %5 H 30% .50% \70% Al
100% 1) LM (PBST BCiil) SEATRERE K
AL S min, FEHEE K(10 wg/mL, Roche ) 4bFH
10 min 5, $ RGBT WA S 65 CHEEF 3 h,
IMATRET,65 CHEF 6. 5 K, M & vk
ZIE A FEHUR, 4 CH . 5 =K R
F NBT-BCIP ( Roche ) Y414, )5 , % & 3% I 3L 2T 4k
2 (Sigma) , 7E B (Zeiss) T WEAAA,

2 GRS

2.1 F|F CRISPR/Cas9 fIh#q 35 D fa 1bx20
EEREE

thx20 FEIRJ& T T-box ZHE MBI Z — , fii F 16
SRR LI — D RAR . 10220 3545 8 A1
B, AR gRNA BT — M B 1 -
([ Ta) o FEHE BN B — X R i 51 4, 9
18 R BUR B 499 bp

gRNA Cas9

g,’ I o2 I 5
5 +=+CCCCAAAACCTCAGCTCTCTTCC-=+ 3/
(a)
M wT 1 2 3 M

bp
500
400
300
200

Efficiency 41.6% 36.5% 48.1%

(b)
tbx207/- ATGGAGTACACCACT------ ACCTCAGCTCTCTTCCAG
F ATGGAGTACACCACTACCTCAGCTCTCTTCCAG

10

T
)

(c
(a) thx20 FERGERIE (R R AL B T — bR T |
(b) thx20 F, TTEL FEI455; M. Marker; WT. Bz, 1.2,
303 AUTATSs (o) ha20 Fy YRI5 5 K g
(a) thx20 knockout schematic diagram , the target site is located
on the first exon; (b) T7El assay in thx20 F; M. Marker; WT.
wild type;1, 2 and 3 mean three groups of parallel experiments;
(¢) Sequence analysis in thx20 F,

B 1 CRISPR/Cas9 M SR LD & thx20 EFEFFR
Fig.1 CRISPR/Cas9-mediated thx20

knockout in zebrafish
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JH 28.5 °C B SUK R K TG VESZ RGO, 5]
OIAGTERE A, X — 20 B 52 B0 AT 1 5
HOEHGTEST Cas9 mRNA F1 gRNA , % 5 73351 oy
400 ng/ L #0180 ~ 100 ng/pL,{fﬁT?ﬂ[%j\j 1 nl/
Meo WREST 48 hpf 5, BEHLYCSE 3 4HIIR)G S M
WG —4H, 2 HbR5 1,23, TTEL PG 45
RN 3 A RBRAL AR I3 41.6 % 36. 5% Al
48.1% VP I5 7 R2H42.1 % (EI1b), ¥
MR I VR IR 77 2 ke B R I i L SR 8T 30
Fefa, o BHVESS SR 11 B0 br Fy rh s
R BLE AL R0 N 36.7 % o I 1c g F, B 21
VAR tbx20 w2 £ 2 B AL s B 2 4] S
W], P8 LU XTS5 R B 7R, tha20 RBR £ 52 A 2878
AR R oL R 8 bp,

2.2 BHEE 20 RESHVELXERE

1 F, BRI B 16220 -8 bp S AL 5 #
TS, WSS By 1hx20 S RSRAL . 5 R B
SERGIE 48 h IRIG R, O IO, DK SE R I
AL DHEZSHG AT 53 dpf IRfif v, SRR
B, O R AR S5 1 (B 1-8) o 4t
TR REL, S AR U LE B 2 o5 B VR 6 B0 1

500 pm

WT-like mutation
WT123456 78910123456 78910M b

25% (3 3) Fi & d /R IBEE R

®3 F, REHESt
Tab.3 Count of the F,’s phenotype

R ERRD RN
i The total Normal Mutant 75 <
Mutant
Number number phenotype  phenotype )

of embryos embryos embryos pereentage

1 132 100 32 24.2%

2 165 123 42 25.5%

85 64 21 24.7%

i — 4 3@ i f# F§ myosin, light chain 7,
regulatory (myl7) EGFP #ric.Co JJLAH AL %) 58 7% £ 3%
O NER AL TP IRAZ , 455 B 58 A8 R0 ik
ARG, b S (AR DD ) &

Xf 10 & %R £ A 0 JIE R R HEAT AR, WL ¢
BRI LT 0, MIRTER T 5 dpf THih
FET-, FJEHIX 10 AT TTEL BEUIA I , H
H WT-like FRABUMYA 7 4(2.3.5.6.7.9.10) fifi 1]
I3 &7 % WT . WT-like ,mutant =4 PCR =
PRE T , 25 50 s WT-like 2H rfv 44 g 2% 4 a5 B
A mutant 2 )65k 8 bp (K 2) .

Ref: ATGGAGTACACCTCTTCCC{:AAAACCTCAGCTCTCTTCC|AG

Seql: ATGGAGTACACCACT======== ACCTCAGCTCTCTTCCAG (-8bp)
Seq2: ATGGAGTACACCACT======== ACCTCAGCTCTCTTCCAG (-8bp)
Seqd: ATGGAGTACACCACT======== ACCTCAGCTCTCTTCCAG (-8bp)
Seq4: ATGGAGTACACCACT======== ACCTCAGCTCTCTTCCAG (-8bp)
Seqb: ATGGAGTACACCACT======== ACCTCAGCTCTCTTCCAG (-8bp)
Seq6: ATGGAGTACACCACT======== ACCTCAGCTCTCTTCCAG (-8bp)
Seq7: ATGGAGTACACCACT======== ACCTCAGCTCTCTTCCAG (-8bp)
Seq8: ATGGAGTACACCACT======== ACCTCAGCTCTCTTCCAG (-8bp)

500 Seq9: ATGGAGTACACCACT======== ACCTCAGCTCTCTTCCAG (-8bp)
400
300 SeqlQ: ATGGAGTACACCACT======== ACCTCAGCTCTCTTCCAG (-8bp)
200

5 6

F, SRRNIRIG & & 2 48 hpf 3 dpf 10 RAJGEIRA(1.2.3 4 ML) 51.3 HEFARL;2 4 K5k 5 9 G TTEL BYIEIE ; 6

Sk 7 PR B e 0 P

The phenotype of 10 mutants at 48 hpf and 3 dpf (1,2,3,4 lateral view) ; 1, 3. wild type; 2, 4. mutant; 5. The T7E1 efficiency of single

embryo; 6. single embryo sequence analysis

B2 hx20 REREGEFR XM IGIE
Fig.2 Validation of phenotype and genotype from wild-type and tbx20 mutant zebrafish

2.3 thx20 FAOBERE EEME U

th220 Z5 T NZRAT F,, IR AT 48 hpf,
43 B8 R WG B A B RN 2 S IR AL IR G . Ut
A BE Lt IR JIG 0 B 0 28 O3 AR HEAS 5 B, G I

http: //www. shhydxxb. com

vmhe FEHRAEL S R R IK , amhe 7.0 F5 R IK , mylT
RSO HIE B AR 3 25 R A 8 A0 JUE 190 WL 200 i v
PR FRIK . IRAZRACE R o, 5 B AR T
LU, AR AR ORARIN 2 1b220 ik (EIRRI-2) , %



14 A L5 FITI CRISPR/ Cas9 4 BE L £ 1bx20 F [ 5275 1A K LIy RE 43 5

AR vmhe 37 FIRAEREAOIEH (K RI4) ,
HFREW L2, AR amhe 33K (
JL-6) , PR AR 1O, L0 5 1Y R X5
W B/ 3 T myl7 )50 FE A B A R AR AR
e ol 22 5 (IR -8 ) , FRAEHE A~ O I rp
5, HRARA myl7 F3k 84 PR
2.4  tbx20 1= vmhc .amhe 1 myl7 WK%
20 B 5 TN AT B, , IRIG R & 3
dpf $RBLLEA 7SR Y A RNA B2 AR g 3o B
PN E 8 PCR 45 R 3 Hr s, S AR (1. 00)
FAH, F, S5 58 e 3 A BRI Rk KOF 2 48
fbo FERASMRH comhe R FEik FIH T 191.7%
(P <0.01), G50t 22 5; amhe RIKT T
0.06% (P >0.05) , GGt i12: 28 5 s myl7 JEH 3k
TWT 71.9% (P <0.001) , B 5l L
Kl 3,

3 e

ORI A HE S 1 0.0 I & 0
BE > — 1 TBX20 44y T-box %6 55 [H T %6 1 o
— b, AR LR LGN A 25 F4 AN ) B R 21 s
JEEAERIN  Thx20 FEOWERY FHE FIEE — A0
X (second heart field, SHF) Zb¥F 3k, HAE N
B TR R B R R T

/N, Thx20 0 BEAH 20 L 7 1.0 1Y
U JULEH LR 5o PN FEE S 100 1A R 40 L 558 A vy
Pk, RO HIE R R A TR 465 g R0 I A T B P 8
FRAMRAL A ko R Tha20 HE TN B S 3L
WRRRHET [R) s A B ™ B 11900 38 R B R 4 B R4k
KW Tobx20 B /N BRI I8 H 3 (] B N g
IEE BB DD ENEE AN IER, HRAERA
R HE T SRR IR IS0, 2 A HL A B
(1) 8 RN HE s 2 A1 1 184 40 0 434 b 40 3 G
ML BEAb, AETEE thx20 (1) 5 22 B HS 0
HEFRAL IR, s R SR BEIE R o X St
Kb ba20 F ) e bR 508w, 37 AR O
WEERAL I 5 25 R) B S5 1) A DG 2R B, {HL 1bx20
(E 5 M 30 JOE S =8 434k O T A A O E R A TR
AT B R

ARSI YR CRISPR/Cas9 % BiE I £ thx20
PEATIE IR, I BT AR AR 2l A 28 AR AR, Tl AT
BEOT T AR R DN S A, WS & & & 48
hpf, U AL J b A, K SR8 0L, PR AL S, O R4S

FZARIE 53 dpf, 28728 FE BB BN, O ME L A i 28
ARG 1ZF R 5 /N Tha20 B2 FNEE 8 MO
R 1bx20 W)RAIW) o HETXT 0520 HYHE5E £
BOE LAE G2 2E o JIE AEL 248 Jf TR 1O UL 20 i 34 4
J7 T TR SO IR = 34k 5 e ) F Y A
C A MEE S MO w5 5050 HORTE Fy KF LX)
1bx20 W R AT HEST, I H MO [l $E 2640 X 4%
w s LA LA R, BRSO R A CRISPR/ Cas9
FeAR R 10620 IR RAZ R WA THA
YL 1bx20 S5 FRIFIR T HAE B = b
e

BEL O R vmhe 5 PR 7 A 1 B 1 76 L
i R B NG L B ULER K O A S
(AMHCI) 19235 J5 FR T I8 B0 48 1 i O b5 3
ORI MR SR J S A R T R 16220 B
BRI F, 4liA 5828 Bl Hy fa IR fiG (48 hpf) /B, 0 5 e
SEFIA W) amhe FERFLOIE R IR ZEFRICSE R myl7
M FIRFE A/, O FFEF ) vmhe JEPRFRI8 5 B
HETIAMA R 38 22 570 8, AR AN AR RO R R
#Fik. LU % SETHE D A 1ba20 578 (A BT
RAR TR EF ONEAE R T 2 26 hpf 0] Z B
BB HE B I VR 20 00 S O IR A8 1 7R B ) £
1bx20 ZR7 A I AH 8 i 5 BH S s /b , 2R /NEH
T/NFE AR H I BEAN SR OE A, 3 2 X 58 AR
b 1hx20 13 Fe IR T2, K BT 0 LA A ) 3
T v el 45 58 A% A0 I s 2 TR B SR Y 3R LA
BB R, 4B A LI U s
SR A AT, AT R IVAE 1bx20 FEAF (AR i
FILWRMEE R CRRNE LT, ERS A0
A1 tbx20 FRAR RS SR T LT LA R
LA T B E E R T (2
WA RITAE Z AT AR rp s IR TR B 1 G g IX 3R A
BLA o A ST 38 A8 s A 2% 28 12 6 = 10 T vk,
W 1O I =B BT B, 20 (RS,
HTEENRE RN — P8R 50
FIC SRR s T A5 B

AWFFTAE R 3 ) BE L #4 H F) ] CRISPR/
Cas9 R4, 8 3 i 0 S e AR B Dy R A5 1bx20 F
RIZ A5 1 3, JF 78 58 748 (A v WL ¢ 3100 ik 58 7% 3R
T IR & T 2 48 hpf, O iR, B bk SE A I,
WMESH DRSS HIARTE 53 dpf, 28 748 & R4 4 in
TR ORI AR G5 o 1hx20 BYZRAZFEA T %k
vmhe .amhe Fl myl7 31k, tha20 FE7A5 0 2R 1Y

http: //www. shhydxxb. com
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¥k

28 %

I 5, A — A IRAIRTT 1bx20 KA X FL 1]

thx207~

'

I T 1 A O P R R 5 ) B

thx207~

L
=EN

RE of myl7 mRNA

g

WT thx207~

myl7

# x WA RERIHEZESR P <0.01 , = = =« HHEPIEFMNGITE2ER P <0.001

# s represents statistical significance, P <0.01.

# % % represents highly statistical significance, P <0.001

E 3 qRT-PCR #&il| vimmhc .amhc 1 myl7 7€ thx20 F, RIETHES & (3 dpf) R FRi%
Fig.3 Relative level of vimhc, amhc and myl7 RNA in tbx20 mutant zebrafish (F,, 3 dpf) detected by qRT-PCR
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1710.

Zebrafish tbx20 gene knockout using CRISPR/Cas9 system and its related
functions analysis

ZHU Zhe'*? | HU Peinan"*" | LI Weiming', ZU Yao'*”

(1. International Research Center for Marine Biosciences, Ministry of Science and Technology, Shanghai Ocean University,
Shanghai 201306, China; 2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of
Education, Shanghai Ocean University, Shanghai 201306, China; 3. National Demonstration Center for Experimental Fisheries
Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract; The tbx20 mutated zebrafish line is successfully established by using CRISPR/Cas9 system. The
tbx20 mutagenesis efficiency is about 42.1 % which was evaluated by T7E1 assay in F;. Sequencing analysis
estimated the germline transmission efficiency of tbx20 mutagenesis is 36.7 % in F,. The tbx20 homozygote
mutant showed obvious cardiac phenotypes: the tbx20 mutant displayed pericardial oedema, sinus congestion,
looping abnormal and the cardiac morphology deformation at 48 hpf; all the phenotypes became severer at 3
dpf and tbx20 mutant showed linear heart. In situ hybridization and realtime fluorescence quantitative PCR
results revealed that the expression of vmhc was upregulated, amhc and myl7 in the tbx20 mutants were
downregulated. The tbx20 mutated zebrafish line was successfully produced and was confirmed bx20 affected
heart looping, which established a foundation for future studies on the function of tbx20 gene in early cardiac
chamber differentiation.

Key words: :5x20; zebrafish; cardiac development; chamber differentiation; CRISPR/Cas9
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WT

thx207~

WT

thx207"

it

JCHIEE Fy SALRFRT (IR, Sk 7E) o AR T 48 hpf WT ] WL IE B T8 SR Lo U, T 16220 5 A48 A H o B IO, T fok 2
i, B DRSS AETE 5 3 dpf, SR RTIBEWOMBE , CMERLMURZAR G . A E(2.4.6.8) BRI (1.3.5.7) B R ER ORI ;
WT. HPAERL; V.05 A W0 Fr; VS kS ; PC. O

The phenotype of F, (lateral view, head left). Normal heart could be observed at 48 hpf during embryos development in WT, while the
mutant of tbx20 displayed pericardial cavity oedema, an accumulation of blood cells in the venous sinus and then occurred malformation heart
with looping defects. All the phenotypes became severer at 3 dpf and tbx20 mutant showed linear heart. 2, 4,6, 8 were the partial enlarged
view of 1, 3,5 ,7; WT. wild type; V. ventricle; A. atrium; VS. venous sinus; PC. pericardial cavity

BRI tbx20 REGRFRE
Plate I  Phenotype of thx20

WT

thx207~

¥y RASRMAG KT 2 3 dpf ZOLRIEN(1.2.5 .6 M3 4.7 8 W) . V. LE; A Oh
The phenotype of WT and mutant zebrafish imaged with myl7. EGFP at 3 dpf (1,2,5,6 lateral view;3,4,7,8 ventral view). V. ventricle;
A. atrium

BRI myl7: EGFP 3¢t 22 thx20 RITFREY
Plate I Fluorescence and bright micrographs of WT and thx20 mutant morphology
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thx207"

thx20

vmhc

amhc

myl7

¥, S (R & 5 % 48 hpf JRV 22045 H R ek B (T, 34 1) o WT. BPARRL; tha207 . 4lify 287254
In situ hybridization of target genes in the WT and mutants at 48 hpf ( ventral view with head on the top; ). WT. wild type; tbx20”". mutant
BRI thx20 S o R E B B RIA L AT
Plate I Expression of tbx20, vmhc, amhc and myl7 in WT and tbx20 mutant embryos
at 48 hpf was shown by in situ hybridization
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