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1| FH CRISPR/Cas9%% KB fRdynclh 15 X & 52 M

MOGHZERELE
gAY BREES OB W K B O

(8 EHORZE M B A L2 B 2 B, i 200040; 258 BRS80S WE50 08, iR 200040;
ORI R 2 B A 5 0 TR 2 R AR 5 0 T 2 0B S TSI =, 1 200032)

WE @3 /& 4 (cytoplasmic dynein) AV 2 A 4N &4 LA E G F AWK, Rudhi
N =B AN Fh & R 5% B AP 2 IR 69 AT sy, E45 & G — 4K 1(dynein 1 heavy chain 1,
DYNCIH1)Zdynein £ &R 945 s 2 #), 2T BT R X EANE 2 G K F BAYZ BAT MR A 69 &
A GEBWIEF . ZHRIE F CRISPR/Cas9ik B 4 B R £ 52 D) & F stdynclhl 3B #4738k,
Frdynclhl R TR 5 46 K R & Tg(HuC:mCherry, FLK1:eGFP)$} X, %3 % A R XAF L AR B Z
BENRL &R, RRLETRT, dnclhl 2o RERL 8 X FREARN L EXLAR R, ™
dynclhl %4 RE s L & s E5 AL F 22 = 23046, dynclhl KB &L 2 ZDynclhl & & R4
EHHP LT, FHATIK, A2 @088 RER Y, F3HhdE FELEFSH, T 2H/E5~6
d(days post fertilization, dpf)Ft1=. ZHF A F| A CRISPR/CasOH AR MR I £ T dynclhl LB 346 52
& A Adynclhl R E B ARAEIFE X 6915 58 3% R o F W& 848 ZAEF 6948 £ 4T T 7 2sh.

887 dynclhl; 323 % ; CRISPR/Cas9; 72 A 44 F 7%

Significant Influence on Nervous System Development in
dynclhl-knockout Zebrafish Via CRISPR/Cas9 Technology

Qian Ting'?, Chen Xiangjun'?*, Deng Bo'?, Zhang Xiang'?, Wang Xu®
('Department of Neurology Huashan Hospital, Fudan University, Shanghai 200040, China; *Neuroscience Research Center of Huashan
Hospital, Fudan University, Shanghai 200040, China; *Key Laboratory of Metabolism and Molecular Medicine, Ministry of Education
Department of Biochemistry and Molecular Biology, School of Basic Medical Sciences, Fudan University, Shanghai 200032, China)

Abstract In nervous system, cytoplasmic dynein is an important motor protein complex, which is respon-
sible for the axonal retrograde transportation. Dynein complex drives the movement of cargos from the synapse
along the axon and back to the cell body. As the core component of dynein complex, the dimer of heavy chain
(DYNCI1HI1) is highly conserved and has housekeeping functions. Mutants in dynclhl may result in many kinds of
neurodegeneration diseases. This study generated and verified a heterozygous dynclhi-knockout zebrafish model

by using CRISPR/Cas9 genome-editing technology, then outcrossed the heterozygous dyncihi-knockout zebrafish
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with wild-type and transgenic zebrafish (Tg[HuC:mCherry; FLKI:eGFP]) in order to obtain a stable heterozygous

dynclhl-knockout line. The results showed that there was no detectable difference in development between the

heterozygous dynclhl-knockout and wild-type zebrafish, but the morphogenesis in homozygous dyncihi-knockout

zebrafish was greatly affected, and the expression of gene and protein was decreased significantly. Homozygous

dynclhl-knockout zebrafish had less neurons in spinal cord and abnormal blood vessels on the dorsal side. Finally,

the homozygous dyncihi-knockout larves died at 5-6 dpf (days post fertilization).
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41 i 5 71 55 1 (cytoplasmic dynein) & & A2
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dynclhl; zebrafish; CRISPR/Cas9; abnormal nervous system development

D1, FIHIDNA A A& &2 ] B8 &k A2 FIHEIE, 51
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AT e () 4 FHEO200,

AHIF 57 48 HI CRISPR/Cas9%& K 4 i 57 K, %%
Bt Hy ftdyncl hIFE 211 e Th e 81 v g RNAYE F
BEAT P, FENL T dyncThIJE R G R BT Tyt ) . EL A
dynclh 1L PR 58 A8 Bt 1 £ 5 B A2 R BE 1 £ 28 il
LA E BIANEL, WEGidync Il HE BRI BE 6 A K
asiing- a8
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1.1
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L)Lt i 0N S e S AR SR Al IR DL i TR SRS
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TEFRHERLE SO RIS RGP A, IR TR 7= T
PRUEIIE3EE TR D, BERE IR LA I 3000, R
P AT RFIE X 73 K BB B .

1.12 ¥ Cas9 mRNAEIE FikipGH-T7-zCas9,
R A 2 g RN A IA JFTRL 1)1 22 280 /ApMD18-T

1.2 7%

1.2.1 gRNA¥efs &A% T 5|4kt {ECRISPR/
CasOF AT 5% T W 34 ZiFiT (http://zifit. partners.org/
ZiFiT/ChoiceMenu.aspx)~ A5 5 LA T & v 223K 1)
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DRl i, 3455 GG A3 i3 Mgk
NGG(PAM X)) {120/ B8 F= Ay gRNAF #E A 17 5% 12
P41 (2)H% 3 7 51 S dyne Th I3 N 41 P 9 LA, %
PARAN G 7 AN T 5 NS TR FF, fek
FIAR R KL DR ) 132 AE 5% imRINA IE A 89 91 1) 4 H,
B e HE DR AR O 280 % 5 B)RE AT 5 B SR I gRNA
B AT 1B 3 7 31 70\ Ensembl(http://asia.ensembl.
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A8 IR T A B, R gRNAE 78 I SE AT 1 (off-
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Hll; (5)IE PEgRNARE AL w5 IR i £1300~400 bpf ¥
FIAE AR, v vk R DN 5 AR e 5145 i R BT
gRNAREAT pii 55 A7 [A]U8 1H: 4 v 149 I 7 31 (off-target
site), 5 Bt AL 258 5 1), Tk R RAR S E 5 14
122 gRNAFA AL K5 U SERL R
RHIRE G495 °CIR K, FARIE 2 500, P 4% FAE B AR
B AT B M K dii(atas gtFltaaaac)(¥) /N i BEDNA, &
FERE B 1 N DIREBbs T4 AL 1) FkipMDI18-T
BEARY) O, Ak, PRECT RN, 3 24 A E
Wi H1 ) ve %, 41 4 gRNAETE TR pT7-gRNA
123 #9454 mgRNAFCas9 mRNA (1)
#%gRNA. 5T 7-F: 5-GAA ATT AAT ACG ACT
CAC TAT A-3'Ftracr-R: 5'-GAA ATT AAT ACG ACT
CAC TAT A-3', DAL 4T 1) gRN A TR Ay AR ik
ATPCR, HAZIMWPCR™ ), 1 FIMAXIscript T7ia5]
& (Thermofisher A R AT AN 5%, 3% I IEWE BE IR
FEL VKA 2 H 104575 )5, 18 FimirVana miRNA Isolation
157 & (Thermofisher 24 w)JEAT [0, 43 3 AJ BEAT &2
Tl S I gRNAJR . (2)%] £ Cas9 mRNA. if
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FI AT B S 1 Cas9 mRNAJHI -

124 S#EH4&F0srL & FgRNA L Cas9
mRNATE ATV 5 21 540 i 393 1) A= 04 B 5 £ 52 K O
W TSR gRNAKE 425~30 ng/ul, Cas9 mRNA
W JE H250~350 ng/ul, BERSZ R OV S 1~2 nL. B
— B[R AT S (R R A S 0 A

1.2.5 AMgRNAZCR  HU3Z K524 h(hours post
fertilization, hpf)[1)£8 1 43 S PO G O RE 4L ik i
F10M, 2 R BUIE R 4IDNA, I 1 B4 1 8 48
HOEIWPCRY M. KR B ZRHPCR ™). PCR™

YR SEAR, B0 6 B 21 £ gRN AFEAT 557 BT
(10000 Ve ] kg T 4 ) B — U, T S VR i S AL A
AT R BRI S BRI B S U, DU) R Aff E iXgRNAF
e, AT DL B D fdyne Th1 LRI 5848, LR 45 e ik
(10 7 55 A AELIS 5 g RNATE IR AR (3R . Ak, B
a] A T74% . N D) B 1(T7 endonuclease 1, T7E1)
it U] S 56 ) 20 K M gRNA S 7576 m R FH, HLkoD
B4~ BPCR™“#)5 uL, M AT7E1 Buffer 1.1 pL,
ddH,0 4.4 pL, 95 °CJZ W5 min. £§ H 48 % 2 =il
J&, IIA0.5 uL T7E1R, 37 °CJ V30 min, SZZIIA
DNA Loading Bufferit %J, 65 °C7# 10 minfi A T7E1
Wi, 2% B IEE e I WU UK A T D) &5 K. TTRZIR A 1)
it AT R0 ) BN 5 A DNA T 471, 3 il WU e%
DNAIW 24, HL ki 7] & BLERPCR H 111 7= #) (expected
product) 5k AMEI A% o DRI, a0 S B AG S 4
PCR™ ) FBLUK I HY 3 22 45417, W] Bk gRNASEAT 5
BT H BT 984S . TTELRE ) 525 AN A2 1 A 3 P 41
SRR R UE, (H AT 296 1V I, PCR™4) Haik
1 2 21 B SR AR TR0 3 B A A 58 1A mT g itk 5 K
R ) s 24 2k KRR AN, I T7E 1) 52 56 4 7
Ji P B A

12.6 hikA TikAbdynclhl R EHF0L & FO
BE I ] 9% 420 BN, R4k fa b B AR R Rk £
(dyncIh I ZRA8, 14 2IFUIRNG . 24 hpf)s, BEALPEELO
KOG, TR ZHDNA, PCRY 1 . 2= Hy[ai .
A 5618 I T7E 18 ) S48 ) 075 H PCR ™ 141 2 455 1)
BE Ly fh, FRIEM P A AR AR W R A . A AT
1B AL SEAR AR O 1 55 B AR 7R R B 5 TR BE 1 6 A A,
KEWFRFL, TR A ) 184% S I F L3
1.2.7 FRAFAEZ EAE Bdynclhl 22 AR % st By @ A
7 KFIBE D i 1~2 H, B4 muy RN, 25
KZLDNA, FI % 5 51 WIPCRY 14 J5 47 Bk FEL vk, (7]
WCPCR™ W TTE i ) S 56 40 W A AL J&, PCR™ )
LIERAL . PRTCRE, 28I A R B4 1 AR S
ARAY,

T WU AT i ldyne Th 1S DR ) S HE RS B (R F 1 2% 4
FAR (dyneIhI" )i fh, 55 B A Y T i 55 TR B B £ 0%
PRAMAZ IR, B R A 2RI R AT f
52 1t A IF3dync Th 58 D . ¥F34Rdynclhl™
WE f0 55 k£ AT, 3K Bdynclh1 2l 45 98 28 BT 1 6,
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BRI -

(dynclhI™"); WS 05 9 Yekmid Wdync Ih 11 A
A, WIRT SR AT 58 ehric dyncIh ™ BE T fa

1.2.8 qRT-PCRARM AR £ X FIL ik
3 dpf(days post fertilization). 4 dpf. 5 dpffl6 dpf]
dynclhl™BE 5yt Fdynclh 1™ PE 40 K54, 43 i3
IS RNA, 300 4% S AR 1) 5000 5 5% e DNA - B4 B
HyfadynclhI3ER . FPZE 40 H A id 2 DK hue ) 18 B4
A bR id HE Hlisl, S -actin ¥4 1) )5 1/3 40
Wit TqQRT-PCRI (1), LB A [H I Wldynclhl
TEdynclhl™ Bt 2k e AR 0 Je 5 JLATAH AR
MR RIEE O, BAFERBRAINEIL, EE
SEE2IK 6

1.2.9 Western blot52 340 & & R A2t & 4>
A3 dpf. 4 dpf. 5 dpf 16 dpfifidynclhl™ Fl
dynclhI™ BT Uy 8 %5255, $& U B H, BCATR it
SE VA EWRE . 1 FDynclhl & A 4 T RHK,
#1530 kDa, 524 %% Dynclhl4: K HT{A(AP-1-12345),
B-Actindit 44 b N 2(66009-1-Ig), ik $3%~8% TAK
T3 #1l )2 (Thermofisher /A w]), Hi-mark Tl 4 & [ Jit 43
T bR HE(LC5699, Thermofisher/t ). 45 [ i
VKCRHI150 Vo 70 min; # K16 VL 16 h, —Pi.
YR PR LR AR A BT BT AR T IR K
fE, LADynclhl A B 18 /B-Actin &K &2 AR 4 LEAE S 1wk
Dynclh1AHXS FiL Ko

1210 ke WS dpfifidynclhl” Fidynclhl™
BEThfa, PBSTIEVE, 4% % 3 W4 °CId 2 [l i o i
FIACTA24T 4 (Genetex)EAT LA e 8, ik $ i
INELEPEIEIICyY3, IR PR ZE KR, DAPI A%, i
AL AL

1211 2mE WRAFERE W B dynclhI™,
dynclhI™ Fdynclhl Bt T fa Jk i & 78 4k, FIE3/
Tricaine(0.168 g/L)FRIE 4 2 OF I 1) IR i, B3 T-2%
IS4 R IR BE, Olympusfift i) W B 4 . P24 iy
KL 30 5% F Olympus FV 12007806 35 58 220458 5k
s . B AL Image T
1.3 HFEVEBERFITFEDH

S0 K5 F GraphPad Prism 6.0%0 4493 #7, 4541
Bl ge vt 2 R M U5 22 93 B (Two-Way ANOVA)
AT S, P<0.01 04 B G2 %

2 %R
2.1 gRNAZBALRIRIE R FRIE R

R P gRNAYE TF 223K, AR IE 75 e £ T
TEdynclhI5E 40 5544 A6 W1 B A e 5104 R
gRNAKE 7 f1(3R2). P N gRNAE {7 50 AH BE A7
BT, BT T X gRNAZ AL %52 514, gR-F: 5'-
GAG CAG AAA CAG CAC CAA CA-3', gR-R: 5-ACT
GCA GCT GGT TCA GGA AT-3', =K J& 41587 bp,
AJ 3 I PCR™ W) A ) B 5 40 58 AR A Ol A1 A
gRNABEAT fURF e PRI, BRI — A 5 1#gRNARE AT
RA15 bpEE HI751: 5'-GGA TAA AAT GGC TCC-
3. [FREJT IR I %8 5 514, ID-F: 5'-CAT GCC
AGT ACC GTA TCA TCA C-3', ID-R: 5'-TGA TGC
ACT GAG GGC TTA TG-3", - T-HERR 76 e 0 AT fE

2800 P U, B A 2 gRNARE AT 5 )7 51 1)
Tk TR (E).
2.2 gRNAURAEN

AR 28 S0 G S TRIFOBRE 5 £ JUR Jifs 16 i 4

#1 ZEHFRT-PCR5|4
Table 1 qRT-PCR primers of genes

CIEZE S S

Primer name Primer sequence

dynclhl-F 5'-TCA CAC TAG GGG ACC AGG AC-3'
dynclhl-R 5'-GAG ACG GAG CTG GAA CTC AC-3'
huc-F 5'-CGG TCA GAA GCC ACT AGG AG-3'
huc-R 5'-AGA GCT GCC ACA GGA CACTT-3'
isl-F 5'-GCG AAT TTG CCT TAC AGA GC-3'
isl-R 5'-TGC GAT GAC AGA GAG GTC AC-3'
actin-F 5'-ACT CAG GAT GCG GAAACT GG-3'

actin-R

5'-AGG GCAAAG TGG TAAACG CT-3'
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2 dynclhl gRNASEGL S BZEERFS
Table 2 Sequences of the dynclhl gRNA targetsites oligo

SRR A TR Feai*

Oligo name Oligo sequence

1# oligo s 5'-ata GGA TAA AAT GGC TCC GTC AGg t-3'
1# oligo As 5'-taa aac CTG ACG GAG CCA TTT TAT C-3'
2# oligo s 5'-ata GGA GAA GAA GAT TGC GGA GCg t-3’
2# oligo As 5'-taa aac GCT CCG CAA TCT TCT TCT C-3'

*: ata. gtflltaaaac b B PEA . B ITDNA/N B Bt 5 pMD18-TH AR AR A I, PZCDNA R BU R PE A 45 7, TE R4l
Jk o
*: ata, gt and taaaac are sticky ends. Modified DNA strands mixed with pMD18-T vector, and join at their sticky ends to form a

recombinant plasmid.

N 1#gRNA targetsite )

TCTAATACGACTCACTATAG G ATAAAATG GC TCCG TCAGIGTTTTAGAGC T4
|

[ f [ f
](\ Il "\ /\ qn H

AoAA I / / l [ f }‘"

| w-/\i I /'a"w'“‘“'u i MV

ATV ALARAY YV |

] ,\\ { H\ ; | ] ;l:. & j \ \ /] “ J ‘ ‘/{ ( “ S8

2#gRNA targetsite
TCTRATACCRC eI T I Ti[ECGacAAcCAARGATTECO GG CeTTTTAEREE Ta

il

T HE A 53 SIARAC I gRNA R STk (ST 554
Frames mark the targetsites in the gRNA expression plasmids respectively.
E1 gRNAFRIZFRALNF
Fig.1 Sequencing graph of gRNA expression plasmids

f, B N4IDNA, PCR“IINF AL, 1#eRNART 2.3 SRIGTEEIREMdynclh I 5 &

2HgRNAYIA 2, RIS W H R AN =, J3 il
21 013%H118%(EI12A) . 4 1#gRNAFI2#gRNA%1:1
BA 5, 5Cas9 mRNATRAJHAT IR, MUk sk
gRNABE AT s BT 447 5728 7= A= (#12B), H.gRNAZL
HYeE 1, 2034%, TTELNE D) S5 A IR E B gRNA
HR(E2C), BRI AT RS, 2 SR
S ECR NG, Be IR AT H TR 1k A ) st AE
FEAZ FIFOBE 15 1 B i AN/ T-605%

F15E 1 £ 28 i 16 5 IR b ml st 4% ) dyne 1h1 5%
[RIGEAR, 43 53] kg F DRI 20 i 2 2 1/ Bl (A2 1) FHFE R 21
B RANTRIE (A I dync 1T h1 5375 (KI4A) .

A2V IR2 IR, ANI FCHE DA B 12 AE 1) 7% A,

REXTdync Ih IEEARFE TR FE ML/ IN, AERAANTRE,
%ﬁ):ﬁﬂmﬂl%ﬂ:%&ﬁ% AL 45 2 gt 2
2415 55 2 R (leucine, L)IF) % 15 - 58 A8 fl 26 11 %5 5
¥, MRS B R PR AL, DhREE R, NI SEER
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(A) 1#gRNA targetsite 2#gRNA targetsite

(B)
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Tim \ |
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\ \‘\ ‘H ”H“ “‘ h ‘\\ | w\ ‘n" i | ““ il
J;LJH S MH“I JJ “ m‘ﬂ ”butlll H m‘/

I,
| ‘!H \

,\‘ il i 1000
u\m 50
\,‘u ‘ 500

Expected
product

100

|
T (RTIT TSI P
H‘M‘ \“ “H“ il Al ”W "u“ Hvl‘\ \
I l\\‘” I M\w“\
TR ‘
H“ AN

“‘I
| ‘\“““‘m
R

A, B: JEHZIDNAKIPCR™ )M 7 . WT A B 42 1 gRNA KA 5 BT SL; 1#gRNAL 2#gRNA: 73 5l 0 5, gRNABEAT £ 1RAIG 17 Ju i
MIX A 1 #gRNAFI2HgRNAR A G WA, LB, C: TTEINGD) S . W BFAE AP 40 I iR ZE X 41 DN AW PCR =4 TTE LG ) S 56 &5
xR MIX/Jéﬂ#gRNA%m#gRNA/Eé S A S R R G B P 4 DN AT PCRF= ) 2 TTE NG VI S5 50 25 AL Wi S 0T by AR JS g TTE L BY U= A 11
A,B: sequencing graphs of PCR product. WT: sequencing of wild-type zebrafish embryos, sole peak; 1#gRNA, 2#gRNA: micro-injected zebrafish
embryos existing low overlapping peaks respectively; MIX: micro-injected embryos by mixing 1#gRNA and 2#gRNA, existing overlapping peaks.
C: T7E1 cleavage assay. WT: PCR product of wild-type zebrafish embryos’ genomic DNA; MIX: PCR product of micro-injected zebrafish by mixing
1#gRNA and 2#gRNA embryos’ genomic DNA. Arrowheads indicate extra eletrophoretic lanes from mismatching DNA base pairs cleaved by T7E1.
E2 i F R TTE1ES YRR MgRNAME AR
Fig.2 Sequencing and T7E1 cleavage assay to detect the modification in the PCR product

Hw il [itihie
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Off-targetesite
...... T EEEEEEEE T R R e R ew m w W R W A|sosmomommomomEEmomomEwE
CAACATTAAAGSG ATC TTTTA|G G T A4 &4 & T G GCTCC|TTG G TGTTTCTTAA

SRNAE AL FLAL A PCR™ I, W P s HERR AL RL o
Sequencing PCR product of the potential gRNA off-targetsite, and the sole peak indicates the possibility of off-target is excluded.
El3 gRNAMEHERR
Fig.3 Excluding the gRNA off-target



B =5E: I CRISPR/CasOF R it SRdyne Th I 2L N i 5 5 B S 2 R 493

FE R BR I H (B4B) . BT AT 9T ik T 44
BRI (P dyne Th1 538 BE Ty fa gk 22404, H 23k
g L F3Rdync Ih 1 BE 1 fh

B da g AL IF3fRdync lh I BE Sy N AL, 77 R
(NG o BT dyne Th 1B T, 380 ik W 7 3% 28 Al
Jy 1% thdyne L h 175t B #1(JEl4C) .
24 AERTWMS &dynclhl. huckislEERKiE
KRG

L4 3 dpf. 4 dpf. 5 dpf. 6 dpfffidynclhl™ i
dynclhI""BE G ftidynclhl . huc K isBERIZTE KN, 5
T4 dpf, 455 BE Dt ) dynclhIFE TR, Fl 28 4
M b 3 Plhuc. 18 B i 28 20 i b i 3 PRl ik 7K
S #1452 7] W dyne T BE 1 £ 47 . 3% B AR (P<0.01).
dynclhl™ BE Ty [{AS R 2 1R) H (1728 PR 308 AR
1 TE 48 1 27 3 L(P>0.05). 4 dpfitdynclhl 3 ik &
T, %5 18 A3 dpfif 55 K ek = BR % 5 il dync Il |
huc  isIBE R ZE 5 S5 AKOT AR YE T, 1 e XA
IR IK LT TR 1) 40 i £ it /D> T B R R OA 1 1)
U BE(BELS), Ll sz a6 Hhowl 2 31 16 B 0P 22 40 i 2L
Yk 2> DL KL IR 0 L IR 155

(A) 2#gRNA targetsite

2.5 AARTHLD&Dynclhl E B RKFEREN

HHLEN25453 dpf. 4 dpf. 5 dpffil6 dpfifidynclhl™
Mdynclh I BT 5y £4 3 55 H, Western blot=E 56 & 3,
73 dpfitf, 2l & 5 48 $t 1 fDynclh1/K V- 13 i %
IS, B 5 B AR B W] 6 25 7 74 dpfAlS dpfit,
Dynclhl /K F3E— 30 R [, B8 AR R BT 5 fa A5 10 3%
PE LK 6AFIEI6B); 16 dpfitf, DynclhlJEA 25
FIE(E6CHIEI6D). ARl HHBE T R R R R
Tk RN 5 A L [R) i p 1), RN B fa R IG R E
PR, ok A HABEA ) mRNA (maternal mRNA)X H &
HHEEMAEM . E R Wdyncl bl 5t bRy i 2|
fIDync1hl Jymaternal mRNAKIA, HF-dynclhl 4l
£ SAR B T A B ANBEF A Dyne Lh 1 AT J 824 72,
Bifi 5 B 0] FR) 442, Dyne Th 1AK% A F 2550 fi#, 6 dpf
I EEAR T W RESR )R TR, ki dynelhl” 5 Hy fa
AT . 4 GrqRT-PCREZIG 45 L, Uk W i 5% ke 2
S TR DN B B HERS L, dynclhI™ By A0 IR
H1EH I Dync1h1 #5 B PR H K, dynel h IR D) -
2.6 dynclhl REWMBEHELE

T 2 W S dyne Ih 198 7% B By 0 F1 T A= R B 1y

1#gRNA targetsite

AGGTGCAGTAACCCCAGCTCCAGCTCCGCAATCTTCTTCTCUACTGACGGAGCCATTTTATCCCCATCACCATC WT
AGGTGC-- === mmmmmm e GCAATCTTCTTCTCCACTGACGGAGCCATTTTATCCCCATCCCCATC A21 bp
AGGTGCAGTAACCCCAGCTCCAGCTCCGCAATCTTCTTCTCCACTG- - - - - AGCCATTTTATCCCCATCCCCATC A4 bp
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Fig.4 Generating hereditary dynclhl mutant zebrafish model
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The expression of -Actin as the reference; expression of target-gene presented as 2/; n=5, ***P<(.001 compared with wild-type zebrafish.
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Fig.5 Expression of dynclhl, huc and isl in dync1h1”~and wild-type zebrafish
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A: Western blot analyzing Dycnlhl protein levels of wild-type (WT) and dynclhl™” (—/-) zebrafish in different stages, arrowhead indicates the Dynclhl; B:

the bar chart of Dync1h1/B-Actin; n=25; ns: no significant; **P<0.01 compared with wild-type zebrafish; C: Western blot analyzing Dync1h1 protein levels of
dynclhI™ zebrafish in different stages, arrowhead indicates the Dync1hl; D: the bar chart of Dynclh1/B-Actin. ****P<(.0001.
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Fig.6 Dynclhl protein levels in wild-type and dynclhl” zebrafish

fh, LA RN, dynclhl™ PE 5 36 TG W 8 5w
dynclhl” Bt 5 {165 hptk B B i%, L2 KT
I S B A AR T A0 1:5~7 h; 65 hpf, W HL ISk
TRER (0 ATTE A L Sk/h, HR/N . R8s
R, DK S 2987 hpflis, dynclhl™ BEfa !
PUVLA RN B, G R B i, A8 K, Bk
B BN [B) AN W7 D0 25 4 dpfif, R WL AR 7 5~6 dpf,

dynclhl™ Bt e HET-(147).
2.7 dynclhI"HEEHMEMHMRENERE

i PO 2L 58 £ 0 0B U 5 1 o 46 40 i A
L4 R I, 65 hpf dynclhl™ B Dyt FF a6 BB A K
B R, R 2 A R R N A AR E B A
T W] W A4k 2978 hpflis, dynclhl™ Bt B £ 4 B i
i, Mt A B g i b I H o AV EL(EI8A), 15 3 ifi



B stk FHCRISPR/Cas9H: R EiFrdync I h I R B 52 md L A 25K G 495

(A)
65 hpf
88 hpf
96 hpf
105 hpf
(B)
88 hpf
105 hpf
(D) —
E
Z 300
8
Qo
5
el
o
>~
[sa]
(F) 0.8
£ 0.6
g
204
o
£
5002
-
0

o8 83

A: BE AL KT e IR, sb: MAEE STk OO #5Jk: L = B B: KBEBARmALE. C: BHMILAKE. D. E. F: It
158 hpfFI87 hpflH B A= RU(WT) Sdyncl hi ™ (—/-) Bt S5 % . HRER EATFI87 hpfir) Sk T 4 22 AT L LLggil, **+*P<0.000 1; G: %) 2t
HACKIINS dpfit) BF 2 E A dync Th T BE S LY ; ACTA: FRid ILAI(ZL(1); DAPT: brid 4 A% (8 ()

A: general observation of zebrafish; e: eye; sb: swimming bladder; arrowhead: pericardial cavity; arrow: head; *: tail. B: pigment range. C: muscle
development of tail. D,E,F: ***%#P<(.000 1 compared the head length and eye diameter of wild-type (WT) with dynclhi™~ (—/-) zebrafish in 58 hpf
and 87 hpf, and pigment range of head in 87 hpf; G: immunofluorescence staining, shows spinal muscle of wild-type and dynclhl™ zebrafish in 5 dpf;
ACTA: mark muscle (red); DAPI: mark cell nucleus (blue).
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Fig.7 Comparing the differences between the dynclhl™ and wild-type zebrafish
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Fig.8 Development of neurons in spinal cord and blood vessel endothelium in zebrafish
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