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1.1 RIEHE

BELh i AB i F ok H RHBE AR e Rk bt
PR SR T LR KA K AR b . 9
SEAGFR RS} 28.5 °C, 433 F4HEK 8:00 1 17:
00 FEME YR, Forh 4y £ e IR E g H | i £ 5 M 1
Hio SGHRJEI N 10 hRIEA 14 hOGHR . LR %
28 IR R F S e L By 2l IR ST
FEIREE R AT B S e PR B R R ) -
1.2 BS&aBEENVIRREMLRER
1.2.1 R A5 B il

F 4 NCBI s H AL 1 5 2 4 taz cDNA FE[H
IR I a3 7 1 I 7/ R 1 1 I 7/ O
CTGGTCCAAAGGTAACTGTATG; 75 ¥ R:
GCTGGACATTCTTCCAGATG. FlEserTo %
pGEM-T#if . Karflide & H i i BER ok,
PRl P 0 (ThermoFisher Scientific, 36 [E )£k
AL R, I DNA glifb i) & [ RARA bR (b
O BRE A I A R Bk, FE T 0.1%
DEPC 7K . il SP6 RNA Polymerase 2{ T7 RNA
Polymerase (Promega, 3¢ [ )& M= (DIG)FRic
[ RNA Jz SCEGE SCHRER  RNA FE SR ROWAR R AT »
1 uL SP6 m T7 RNA Polymerase, 0.5 uL RNase
Inhibitor(40 U) ,2 uL 10xDIG Mix, 2 uL DTT(100
mmol/L) ,4 uL 5xTranscription buffer, £& 14 {k JFifi
DNA 1 pg,RNase free K#ME % 20 pl,37 °C PCRAX
BEE 2 h, LRI A SR AR, , A SRS N 1 L
RNase-free DNAase,37 °C PCRAUIEE 15 min 1145
DNA ## . 4R J5 il A 2.2 uL RNase-free LiCl
(5 mol/L) 140 pL Y TE/K ZBEE(VKHWS ) ,—20 °C
HZ/D4hPIERNA, #R)5 4 °C 13 000 r/min 5.0
30 min, 2% [, FH 75% LBHEEYE, 4 °C 13 000 r/min
B0 15 min, 25 13 TR ERAE G XT 10 min, i
Ji 1] RNA JTHE F 1 30 uL DEPC 7K %, B 1 L iF
A7 HE VKA I HG 52 B P |, 9 H NanoDrop 2 000 I &
RNAVREE /A7 T-80 °CH
122 AR BHl %

15 S0 (i LR 8UR B BT
&), LRI AL B F 4% 2 % B % (4% PFA)
VS WAE A5 T 2 24 he 7 B AUBE T 5
fig SR M2 L BR 2 IREE RS KA T PBS
PE3 WK, BK 10 min, ALK, —H K

REFRREA 2B W I T 65 cCIR M40 . ] Leica
XY R ML TSI B U R R 7 pm,
1.2.3 Yl Bfi g

W2 A U R 2 — W R B IR R K .
i PBST & 0K, m] 4120 3% i1 20 pL 1% 10 pg/
mL 25 FHEf K,37 °CiH 1k 3 min, 258 H WAZ TR
ZHZ A H S, ffi FH PBST EE Ve B G , A 5x
SSC H1 -1 15 min, 55 °CHiZ4 22 3.5 ho [0 &5k B
RN 40 WL GEMRIE A 5 ng/uL A3, B
b Eg 2xSSC IR & HhE T R S PR EE 65 °Cad ik
(10~12h). f#iJH 65 °Cf/)2xSSCT H10.1xSSCT %
VRS PR B B R J R 210, /D = i
PBST e A8k, 1% B S 10 E 1 h, 7
40 pL FH 3F PRGBS 000 £ () BT b 3 2 Bt
K-APZE 5, ZIRIZ &M & 2 h, i FE & PBS #f
PRI, BB , AP Buffer 2 Uk 30 min, [/ 3% A |
{40 uL BCIP-NBT {2 {0 7 75 S 5 4510 T 2 (2
1~12 h, E BRI e B, B d s, ib
i PBST VLS, 12k 10 min, FEAZEIE/K FPIR VAL
U R B RN K B R ITHA R
1.3 FF CRISPR/Cas9 ¥ % taz 32Tk

FE UCSC 08 i I A 1 BE L5 1 taz FE A (1) 5
2 DNA J¥51 (GenelD: 30526). 4 CRISPR/
Cas9 FE K] 4 5 ¥ 55 1% 71 X 3 (http : //genome-asia.
ucsc.edu/) 16 £ 5 K] wi B 9 40 5 . A A HiScribe
T7 High Yield RNA Synthesis Kit (NEB,
cat#B2050) ¥ 17 & 4h % 53¢ , IF F RNA Clean &
Concentrator Kit (Zymo Research, cat#R1017) 4[i
1635153 sgRNA . ¥ sgRNA (50 pg) Fil Cas9 & [
(Genescript, cat#Z03389-50) ik & 5 H T i 4,
Cas9 8 H ) TAEWEE A 1 pg/ul, B4~ WG 1 4
WM 1.4 nL. BEETES S 2RI A R i ) B BE
Il ) 5% 28 AT IR T R AR ARG G i R A A
14 GREREEE

X} 48 hpf B fa i fR G EAT AR e et
R B 28 3 0.6 mmol/L JFR [ 551 ( 24 4 44 : Ethyl 3-
Aminobenzoate methanesulfonata, cat#886862, %
o MRS FD RIS , T 4% PFA 1 4 °C [ & i 2 .
FH 5 0.1% Tween-20 [ PBST i U IR i 3 U 4 Ik
10 min. 38 33 VKPS R AL FE 8 min, LA N 41 i i 18
%M. PBST i 1% 30 min J , JH phallodin-TRITC
[ cat#40734ES75, B X AW R 8 ( 1) I
AR A 317 WL 2h 2 4% £5 20 min, PBST
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HWE 30 min J5 o, L 9K O WK B R R
[cat#E675011-0010, 4= T A=) T 82 ( L) ey A5
FRONE] 1B A FELZS Leica SPS OGR4
M.
1.5 BEBSRLEaEINEES S

FIHPER Y xt 3 A B fa it 74 ik
Y0, BELD 280 R AURRIVEFS , 1] 4% PFA [
ER/D 24 h, SRJT I PBS I VEAIA 30 min, 2545
ZRWEE W . 5 & 1% Tween20 [ TBST
FEULFE 30 min, i f AR SR B2 B G 5 SR 5 1= 1
1E V(3% H,0,) : V(1% KOH)=1: 9% i b, Tl
PR W 25 f AR R B 0 58 8 1% IR LI AL =
iR B G , & 1% 95 E 2009 1% KOH ¥ i i
TR g e o, B a2 Hm B BE AT URSE . PE R
g1 gL fa J5 1Y) fa 0 F T SR L) B 9 43 B S0
TR G T AT AR A ), ORI R B LA
HAP WL, BBRZRINALUS  HESHE
SR b R 50% HimaE T E A
1.6 HIBESH

I H Image J /17 Lsh & K E S it

R

KL
Caudal fin

Skeletal muscle

A4
Muscle fiber

It A B 2 L S (8 £ bR e iR R on o
Grapdhpad 6.0 3K {4 HE47 ¢ K 56, P<0.05 Feom i 3
2SR

2 R 550

21 taz:BEEMRES

X324 I 30 d(30 dpf) A BE S K+ 3517 )
FRAL 258, WLEE taz B TR IR G & 1 A1
o ZER RN, RS KT 412, taz I
mRNA FEHFE LR 2F 4 855 B LN 8 45 1
LG 4 ik, AR AL T mRE. R
T2 T taz FEIAENLIR L E P (R 3236, X
WUAI H 20 Fr AT R AR, W% taz PR TE L
JREF e AL (R T ) . S5 5R BoR , taz 3
[K ) mRNA 55 5 7 LT 4 v 3R 90 o W b 1)
BImE AR L, BG5S R FHURST 40 1y I,
M AW PAS SR TGS . SRR taz 3t
) mRNA ¥REFFENLEF e L 2P Y Rk L B A
BH S A7 AR S b, R R T AL R LET 4 1 o
DB LRS- 178

(b)

(a) REELHLUIN L raz S IR IR A4 A A SE B4 M S SCHREH A, n=3 5 (b) JEEEZH ST LD 28T raz K PR 5L 2 52 Y XE SCHREH A

ZE, n=3,

(a) In situ hybridization of caudal fin and skeletal muscle tissue with anti-sense probe; (b) The hybridization with the sense probe of taz;

Sample size for experimental group and control are 3.

EhR 1
Plate |
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In situ hybridization for zaz in skeletal muscle and caudal fin tissue
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2.2 7 CRISPR/Cas9 ¥ R E W D & taz B
gy

TERE S0 | faz B AEAT 4 AP, Rk
DI IR taz () FE DI RE , 7656 — A1 ik X 2 £ 4
M, 20 bp 1Y HE )T 5 (K 1a) o I
CRISPR/Cas9 £ A , I 3KA5 T taz RAEK taz”
g5 R R FE R A T R AR B i 2 > B
FERRAZRISAY 38 5 X LU B A 76ORD S8 AR (R B
40 (1) taz 5L B & L0 7 5 (K] 1b) |, B A= 7 B
A taz FE DR TF 5 S bis 262 DA HERR o T 28 A8 4K
(1) taz B P4 B TR AL E RN 2 bp J5 L KB
T I XRAS A SR 1 dm i PE iy 2 1k, AR IR
il 17 BRI UE A B F, 5 B AR R Ab
LA R E3 G, 83 AR F R,
foff P AR 24 At AR BORE [ 4, 28 PCR U 7 | L X
EF LA, HIHERNF 226 mRNLE
PARFAA MR

23 WOt BEEARTENEKEZ TN

X B A= TR taz” & AR 2455 48 h
(48 hpf) .72 hpf } 3 J #9414k & B sE17 %8
(R ) o F & 3, 48 hpfisf, B A= B BE 4 44
R 2 BARANE AR 5 taz R RTE
R ERMBEART EFTAYE . F 72 hpf,
taz" B0 R AN MLTF LR 3G 0, AR B i A7y /> F B A A
BEOhf, BED Rk H 23 H M, CIE M il 2
Mt taz " AR RVER L /N T B AR R AL &)y £ ] g
AR AR R IRIE o X taz (0 A SR I R4 7
geit IRl ARt Ze (B 2) o % b o8 AR 44 S B
A RUBE T £ % AN TR I AR R R A
v AT AR R T 1A H BB S i B
225 AN N2 HIE 2= 4 Ak taz 34 W 2 /N T BF A
RUBE L (P<0.01) . S55RKH  fEBE DM taz
FN A G, B D K kB Z 2N H, 20
KEBRZENIES

| ~
| s

\ Start cc;aﬁﬁ\‘ S

.

\ T
CCCCGATGCCCTTGGAGGTGACATGGCCCTTCCCACAATGCCCC
CGCCTGGGCTGGAGAATATCCAGCCGAGTGGTCATGGGA.......

WT taz gene product

gRNA target site

(+2 bp) taz gene product

PAM sequence

...... ACTCGGCTGGATATTCTTACAGATACAGGCGGGGGCATTGTGGG......
Sequence alignment of taz protein products

Initiation methionine

WTtaz MPLEVTWPFPQCPRLGWRISSRVVMGMVGSYSYLWT...... (262aa)
(+2)taz  MPLEVTWPFPQCPRLYL ( *) (17aa)

ok K ok K K kK K Kk K Kk KKk K kX

(@) raz G5 S TR FLAL AL, E1-EB4 23 5N taz ZEIN B9 4 SN BT, ATG W 0R B -, 21 (0 T 3 2 DX B0k 2 P9 il R L P 91 5
(b) taz RANRRIRLAT TR 91 J taz F878 i S T ) G FE R 791 3 MUK It iy HH T 2 PR 5 o (00T 5 DAy 2 DR R 5 R DX e 2 AR AR A L 1 (0

R34 R b TG SRR B AT L G B A R

(a) taz gene structure and gene knockout target site, E1-E4 are the 4 exons of taz gene respectively, ATG is the start codon, the red

underlined area is the gene knockout target sequence; (b) The nucleotide sequence of taz” and the amino acid sequence encoded by taz”, the

green base is the change of the target region base after gene knockout, and the amino acid underlined in red is the amino acid whose encoding

is terminated prematurely after nonsense mutation.

1 CRISPR/Cas9 #J3E iY taz B E REHKE
Fig. 1 taz mutant type constructed by CRISPR/Cas9

http://www.shhydxxb.com
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3-month
female 72 hpf 48 hpf

3-month
male

(a) (b)

(a) TpA: FUBE D f0 2% 75 AN [ I A SE R P, n=20; (b) taz B85 0 5 B RIS W12 PR, n=20. 48 hpf, 72 hpfAr K 100 pm; 3 A s FR
A1 ems
(a) The whole observations of wild-type zebrafish at different stages of development, #=20; (b) The whole observation of taz” at different
development stages, n=20. Scale bar: 48 hpf and 72 hpfare 100 um, 3-month are 1 cm.

BRI AZEAREAW 5EFERRD AN EE

Plate I Whole observation of faz” and WT zebrafish in different development stages

0.5r — taz’- 04r N ok
| -==WT ®3k - WT -y
%n 0.4 sk g 03l
i 2 03¢ = sk
g 82202t
£ = 02Ff =
2 2
2ol *% @ 01F
0 14 2H 3A 47 0 1A 2H 3H 44
5§ 6] Time fisA] Time
47 , 10 ¢ /
- faz" —e— laz™ sk sk
3l - WT - e . 08+ =WT
L2 L2
= 2 L
2B, s 0
ﬁ‘q—) r kK ﬁ_g 04 oo,
=) |
& 1t 2
0.2+
0 1A 21 3A 4H 0 1 2H 3 47
fif 6] Time 8] Time

*P<0.05;**P<0.01;***P<0.001 .
2ty REGMFERDSENEKELZ
Fig.2 Growth curve of faz mutant and WT zebrafish
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2.4 ta; BEREF NSRS 5

FIFH LSl & PR R 28 20K X B A8 B A
taz 3 By 1 (48 hpf) HEATRAR DO YL tr . SR K
P, 5B RUBE S A0 A LL , az (LA 4EHES B
B A (I 3a) o JILEF 4k G 653 81 & 3R taz " WILEF 4
() WL 3h B K B2 AH H B A R B AR e . E— b
X Y A Y T 58 AR AR BE I A 28 50 R I IE FH 4%
PFA [E 7 , 47 WA PRI o3 Hr o ZE LR £F 4
H, LB 1 s Ebnic B AL B AL T HAR B HAl 2
[ (H-H) . X Wlsh& K (B H-H BE &) #£47
Gt oy b, 45 R BoR B AR RUBE D Y taz 45 Rk
PR AL HE S taz” 09 H-H K 5 4 (1.12+0.03) pm, 1fij
B A R EE Hy 48 H-H 4 347 (0.59+0.01) pm, 156 B4
taz" W WLEh & A K W R T A A (& 3b) .
SER R, taz BAT VT WLEF4E o fR i RE T, 9 H
Z 5N E A £ ris
25 ta;BREBREZMANEELZE

X 3 A& ) taz” B B A RUBE I A T AR AR
U 25 R OR | taz HE S /NVE TR S /INVETE
LR A2 B I H B Ak, HLAS Ak F2 B R 0L B & A8 £k
(Kl 4a) ., (HASERME, AH LB AEREE S 6, taz”
(B8 5 /N E AR 5 /B R B AR A . (R
53 B B L] B IR OCHE I, B L] & 9

JILET 4 D

Muscle fiber

Wsh&E A

F-actin

WT

25 pm 25 um

W&
LR F-actin

Myoseptum /
A

taz’"

25 um 25 um
| I——

(& 4b) o 7E taz", JLF- BT B9RE S /N8R AE
W /NT ) — L B R A TR RE S /M o taz RIS
ANEA BN T B AR BBE D R kS N 2
KU, raz FE P RAZ K5 /N IS 5 /N1
PR EEAR S, LTR] A4 B 52 31— 5 B2

3 ihe

B HOLE S 2RI, 2Ok A B B L RE Y
PR IN R Z— o ORI A i ATP S JILER
A PR AL RE R, X0 T BB NLAY DU REZE R =
KHEL . NI taz FERERE D - H #E UL B
AP e U0 R U 2 5, e B raz FE DA R BE 5
i F A ILET 2 b oA R SR A, B S LA 4k o
(9 raz 2 P 32 B3R 0K T LN w1l (Al ) £
NS Y AN VA e 13102 B 4 9 D i B X 1
P 4 o B P OL B R 22 B B E
ATP 1 AR Sy SRR Tl I e % il 4 45 Bl R
taz , 16 BT £ B s ILET 46 b 1 %2 07 5 taz A 1)
IIRE—E. VLW taz 7E-B B WLEF4E p ATP 5 20
it i SRR It R 4 F BT o BRI LA, A
5T K I, taz EBE S 0 R 578 5, L] B 1k
FERZAE /N, UL raz SE IR BE D 1) B A AUR
s AR

H-H7 ] (i B
Length of H-H/um

WT taz’
(b)

(a) BE SRR TOEYL O, 21 (4 YL TR IRFRC R ML 2R 115 (b) WL 1 FEESE T, n=10; %+ P<0.001

(a) Whole immunofluorescence stain for actin, the red color marked the actin stained by phalloidin; (b) Statistical analysis for the width of

actin, n=10; ***P<0.001.

B3 e fBFERSENFERIIEQLELNT

Fig.3 F-actin staining analysis of muscle fibers in zaz” and WT zebrafish
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Hid > "Eﬂ
| \ [ )'i‘ |
PO Y (('
I BRG]
S AR Y
50 pm k.
AR
WT {50 um ‘[J_‘Al\ ‘[\
1
5(|)_p,m
(b)
YN ﬁﬁé il
= ﬁg e 15t
—— T, &E?S) 1.0
N EE’EE
%E‘) 0.5
g ’ WS e RS/
Epipleural bone Epineural bone
(©)

(a) BELh AR (R B i e (7R IR, SR S48 7 20 BB 5 /N RUIK S /i 5 SR SRR R A LR (8 5 (b) RSP 1Y
taz” B WT BESL (0885 /N KSR (o) RS/ AR S /NE BB n=3, *P<0.05.

(a) The whole bone stain of taz”~ and WT zebrafish. The black arrows indicate epineural bones and epipleural bones respectively; The black

solid line indicates the whole length of intermuscular bone; (b) The single epineural bones and epipleural bones sequence from tail to head
from taz”" and WT zebrafish isolated in vitro; (c¢) The mean length of epineural bones and epipleural bones in taz”” and WT,n=3, *P<0.05.
4 ta MEFERDEEEFRLEBRARNEFF

Fig. 4 Whole Alizarin stain and single intermuscular bone sequence in faz” and WT zebrafish

Taz VA5 — PR « RS54 R i 19 5 1
S BBEIE OB T TR R OB
(Cardiolipin, CL)/&—FlF¢ 5 ML b R85 Ng , A
Bl 2 15 2R A P ) 1E R 45 4, fR E ATP 1Y
A O TE taz R /N BB B LR VR Y
C2C12 AN A Z v, LA A 53k 37 5 i, 2 1
taz X WLAHFEL o AL BT AR S T W
taz FE[H 5 5E 55t 5 LR B B9 AR G, F T 2%

e € T LY 8 117 K T 052 T

SR BE T 101 48 hpf I3 LT 4k i) A8 4k, 4%
IR, taz " RS WLET 4k AH G [R] sk 359 %) 57 A4 Y
W AN, UL taz 25 T 5 5 11 JLEF 4E 10 7 1k

http://www.shhydxxb.com

535 . ARG R R, a1 az
HHEEmERIL, W EER) AFSER .
WK 1) JH A AL 1 ULEF 45 %) D fig B2 L/
R Y INA RV E iR N R VA P U2 =N )
K B (H-H A 8] 09K R ) R i i L sh 28
Wi fe S SR K, Lad AR AL BRI
taz P WLBN &R A BE W 2838 o B raz RAZ
J& , WLEh 8 F W 4 e 1 2 AW o taz fEAL G BT
O A T ZRLIR ATP & B BT B
Wiz 3l 3= 22 5 WLEF 4 e 4 | i ILET 2 0 4
ZLNIBRE FK A ATP B RE 5ok 58 L8 & B
R sh'> . FERES farp | taz SR 5 S BUW LN
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BRI, 5 LRI B ATP & T R
Jei 18 B ILER FR 1 K i ATP B RE B 020, L sh
HHMB 2B 0A L A, AR
taz HE R GEAL e, v LR Ak T A 4 JOL 1) - )
TR, R W] raz BN W25 BE 0 L
MRE . B2 SCET R BN , taz BN EBE S
JULRR A ek o SCHR R 1T JUILTA] 5 JUL PR 45 2 241
LUk k> B taz W] R E ik 45 LR Y
ack S K INCREgiby 4=

L 7R BE S A taz”, IEXS taz BEAT AR
KRG 08T, KB taz FE B BRK , BAR AN 2%
SR I SR, (B2 B D AR K
508 taz FEINRAL 5 5N 8 BB
Barth ZE G4k, B AR/ O HIURE K H IR
G AEBE A0 taz FE DR 5 T R A 1
KR M T R KRR A S Barth 25
HAE R — 5, UL raz £ BE T f0h 2 5]
Barth ZE G iR AL

i b AR VR R R A BT T taz
e N7 B 5t R R ML S b B
(LA IR taz FEPIEBE S Y I HEU R 3R
KA LU e, T RRRTE U LT G A T35
AT A taz BRRTEAENR, KB taz IR 57 5 1
BE £ rp e 5| Barth Z8 5 iER A, H 2552 Wi L
SE AR . WETEERANG e — 2L T i 1az Bk
PTE A0 e rp A D BE S (I BB AR A

UE RPN SR

S 3k
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Effects of the loss of rafazzin on growth and muscle fiber contraction in
zebrafish

CHE Jinyuan'?, HU Cunjie'*, WANG Qi"?, 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, Shanghai 201306, China)

Abstract: Fish skeletal muscle is rich in mitochondria, especially in red muscle fibers. Mitochondria play
an important role in maintaining the contraction of fish skeletal muscle. Tafazzin (taz) gene, as an
important gene for the synthesis of mitochondrial-specific phospholipid cardiolipin, plays a key role in the
production of mitochondrial ATP. Through in situ hybridization of zebrafish muscle tissue sections, the
results showed the faz gene was expressed in zebrafish skeletal muscle, and specifically expressed in the I
zone of myofibrils. The faz” mutant was further constructed in zebrafish by CRISPR/Cas9 technology, and
it was found that after faz deletion, the body length, weight, body width, and height of taz” were
significantly smaller than wild-type zebrafish (P<0.05). It shows that mutation of faz gene lead to growth
and developmental delay in zebrafish. The fluorescence staining of 48 hpf embryos showed that the muscle
fibers from the faz” mutant was looser than WT. Statistical analysis of F-actin length showed that the H-H
length of taz” was(1.12+0.03)um, while the wild-type zebrafish H-H length was(0.59+0.01)um, indicating that
the length of actin was significantly longer (P<0.05). Whole Alizarin stain of zebrafish showed the length
of intermuscular bones became smaller in faz” than WT. The above results indicate that taz affects the
growth, actin contraction and ossification of intermuscular bones.

Key words: fafazzin gene; zebrafish; skeletal muscle; F-actin; intermuscular bone
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