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® O, BRET, 0 &7, A
festig'

(L. BRI R BHGRIE AR BRI GBI PG, B 2013065 2. BpIRAE R /K™ iS58 U5 % 6 -5 R
A ME LT E, Lilg 2013065 3. EIEIERSY KRR R R LR A2 R, B 2013065 4. BRI
SRR Wl SRS AR, EER K2 48824)

®,ORKRAET, EHY,

= @ NURE R R AL DY pygma FI pygmb S IATE D L BORARLRL, X N PYGM K&K 278 2
A EIEFURE V 7 (glycogen storage disease type V,GSD V) Byl 5% HA T E 2 X, FIFH CRISPR/Cas9 £ AR A3
FERR T BE It pygma FI pygmb FE R, 4 51 3545 pygma' TR pygma T Bl 4l 4 58 A8 1A, LR
pygmb " H pygmb TP WRR Al £ AR AR 3 WURR Ay R R Y 4 ( periodic acid Schiff stain) 52 5 R
pygma” F pygmb™™ i 4 J 78 VA RIIL A 41470 H B S A R R AR . PP AE UBE L £ 1S S A 7 N I
PLJ 12 A it 2 pygma 1 pygmb FERZRIK /34T 8w, pygma 1 pygmb F1 & B B B ik B AHL, M 24
hpf 3| 125 hpf, BRI Rk SUA R EFHEH H pygmb (19 FFHIEEE KT pygma 1 EFHIEEE . FERMAY 12 4>
M pygma Fl pygmb RAEDEILAHL PG B FRIK, pygma 72N AL P 323k e, FURO O A
JRALZR s pygmb FECOHE G IR AE 3 A Rk, FEL RN AR h A 8 (HER R | TR, DM
pygma” Fl pygmb” AR EA GSD'V 4 LA I I EAAY SRERAE | 205 A58 i 2 7 Ry E— A BT I

AE (9 R BERR AN AL A 2G4y 0 e 2506 7 SR B S e 500
KR PE A JURBEOCHERR I ;s BEISUCRUE V R SRR POy

hESES: S917 XERRER: A

Bl U — Pl 71 2 WY 5, 1 Sl 4141
HRAE DA A B O P T RE R A, X T A
TGl e R LA AR Y O DR R 1k
(glycogen phosphorylase, GP) J4ff s 7 fiff o) 72 o
R BIR  l , 32 BEAE FH JoR W K A i 1 - 1 7 2
B, AR TTT 2 T S -l T S e W, 4 228 Ao i A it
FEFEAC I N IR , 724 A6 00, PR R 2k A Fy
BRI 26, 77 AR K i = W R IR ( adenosine
triphosphate, ATP) ">y HLIA 8 (kK H g i i
VSRR AR — TP R 7 T H RS, s AR
S IR PR 25 Ay 1 [] ) ST B2 T ) — SR A4k
I B8 A D RE 45 A0 S8, A0 45 AL B B IR 25
Sl AL SN 22 SRR IR AL W PR AL I TR AR, B
SRR AL Bl 2 A 3 FhOw &Y, B Y (liver-type
glycogen phosphorylase, PYGL) . fisi & ( brain-type

i A 2019-05-12 &E B 2020-03-13

glycogen phosphorylase, PYGB) I Jl 5 B J5 ik i
1 W ( muscle-type
PYGM) !,
¥V FRE ( glycogen storage disease, GSD)
JE— A A e A RS 5 R e,
BB R SR B JUL RS R0 R o DA S
BB ARE AR 22680, Horp 1 VI, VIR IX B LA
RS AR R 32, TV AR VIRL AL A 41 2152 62K
E, GSDV RN 4 McArdle R, 200 9 505
J DR UL BB T R AL Bl PYGM. i = 5 B0kl i
Rt BB LET 4 0 200 1 3 B I A A ik
s B AN KL AR A b AT A
SULES AR JILLLER PR RN S0 17 B T RE 22 0 1) 3%
RS HBAT MeArdle [GAG AR U T e = 1t
M, LTS 52 30 11 B0 o R0 JFE 6 S5 40k e

glycogen  phosphorylase,

ELWB: LiliRAPoRZ R E PR A 10T H (15410723300)
EE®IT: B (1993 —) & WA, IHF 07 6 R T AE )% . E-mail 11554011563 @ qq. com

BEEE . 3%, E-mail ; jfren@ shou. edu. cn
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A S

ST (1 b X T A AR A B
M r2E It R TR RAEEE X, H
T, NOGALES-GADEA 25" 3 3o 44 #45 5 A5 {37 45,
(1) Pygm (R50X) B A /N BRI P, 3t /) B A P
JE i R AL S BEIR , B A HE T MeArdle FGH
ZINERRE IR 5 44l 45 8725 i /)N BT A S 6 St s LA o
AR R BB AT R 2 S A B R 4 A %
AR /INERGE B RE AR 22, 1A P B v DR IR I OEE
X ELFAE 5 A2 MeArdle FoJi i FHIE—31" .

B4 ( Danio rerio) PR HLAT A5 58 JH 11 5
PRI RGBSR AR, CAK
NBRAR IS 15 2 TR B A W F o i T S A X 2
Yo AR, BEE k) iz N TSR
RUR SRR Z5 i e F-6 , AR/ DR Z G B9 5
—FhE B S BRA  MeArdle FGHE L
SR PYGM FEBE Hy ta rh Ay 2 ARl IR 35 A, 43 31
J& pygma i pygmb , H 4 fi5% (1 & H 5 A JE PYGM
FEEMPIME R 90% LU I, R BE S £ McArdle
FCIpAB 7R AT 5 /) B A 780 114 R A 1L, 1HL X
A REAFAE 22 3. A CRISPR/ Cas9 7 A & 2 #4
T B 0 pygma Fl pygmb S5 SR, KAL)
BT UE 52 € 28 A LA T FRURE AL PR At 2R LAY
BRERAE BT (S, A Y RRURE 1)
S HERE TEANAIL RN 24490 07 36 2 3 77 SR w4 1%
SEREHE o

U RPRS ik

1.1 #5557

By AR BUBE S th AB gl R B B E R B A
e S AL AE Y2 T B S -5 . gRNA i
L AE SR 1 B 2 T BT RE A AE A3 G
DHS o (R #K I B RARAACRHE (JE50) A IRA A5
eRNA RN 553055 B MAXIscript ® T7 in Vitro
Transcription Kit ( AM1314) lJ H Ambion 2\ &];
Cas9 %E [ NILS-Cas9-NLS ( Z03389-100) g [ 4 1f
MRk 2y 7] s DNA Clean & Concentrator ® -5
(D4014) g H Zymo Research 7\ #]; Phusion ®
High-Fidelity PCR Master Mix ( MO531L) 1 T7
Endonuclease [ ( MO302L) ) § NEB A &2 x
EasyTaq ® PCR SuperMix for PAGE ( AS112) It H
Jemt 4 0 A W) BORA R 7] 5 TRIzol (15596-
018) Wy H Invitrogen 24 ;3 S e & 1K | &

http: //www. shhydxxb. com

PrimeScript™ RT reagent Kit with gDNA FEraser
(RRO47A) lJ § TaKaRa 4\ 7] ; LightCycler ® 480
SYBR Green | Master ( Roche, 04887352001 ) %/
LightCycler ® 480 II ( Roche ) 5Z B3¢ f: i€ 7 PCR
ARG A X R A R PAS e 8 000 &
(G1281) Wy AL R FAEYFHA R AW
1.2 7k
121 SRR dRNA 4

M Ensembl % #% &£ ( http://asia. ensembl.
org/index. html) JRAGFE Ly £ pygma F1 pygmb KEH
HIFF, pygma B4 E 20 DT, pygmb Bk
AL 21 MAME T #E RO E PR AL T4
VT I % R AN BT A, Gl zifie B9
(http ;//zifit. partners. org/ZiFiT/ ) 28 $R# f1, §8 5
FPai s NCBI [ 3t 55 3 15 £ 58 X 20 Jy 91 ik 47
BLAST ( https://blast. nchi. nlm. nih. gov/Blast.
cgi) HOXF, 5 HE RO RR AL

I T7 J& )75 L 5 gRNA, 23 51 #)
pygma LiiF5|%): TAATACGACTCACTATA GGACT
GGCTGCCTACGGTTA GTTTTAGAGCTAGAAATAGC,
pygmb 54 TAATACGACTCACTATA GGTCG
CGGACGGTGTGCGCCGTTTTAGAGCTAGAAATAG
C ORI HE P 51)) AT e FH 51 4.5 -
AAAAAAAGCACCGACTCGGTGCCAC-3' §" 1 ¢RNA
ok, SR JE A PCR P4 S AR, MR S e s 5
A% gRNA
1.2.2 9l Sl o SR DR BB i 7 14

I, AT RAR GG T . BEHUE R R AT
AP AT A= B AB il R B Bt MERES 10 2, B
SRR B R R D B S R 4 DNA R 5 B R
B |0 (32 1) P H38AT PCR ™7y, JF ik =4 T A
WA R A RIHEATIN Y . AT A SR PCR 724
Fe g —2, WA IZGEA R ali G 1, H R JIG AT L
ERRTAT R

LU, X8 520K B FEA T 08 S0 S G 00 s LA g
BRaf A TESTIR Cas9 3 F BTEEE O 800 ng/
L, gRNA Jii 9 &y 100 ng/wlL, VE45 5504 1
nL, KR RABAPEXT IR G BT 28. 5 CHEg%
Farh e AT R AL, JF & B4Rk . ST E 2 dpf
(days post fertilization ) f{J ik i (5 MR BR/%E, 3
) AT MR BRI 1 A A P OIA SO
pL 50 mmol/L. NaOH,95 “C Jin# 10 min, i ie &
i Em A MAYR%; A 5 wl pH 8.0,1 mol/L




134 WSRO RICTBUAE VBB O B AR A A A e R A A3 A 13

Tris-HC1,10 000 r/min, &.0» 5 min, I RIHEE
4. a1 pral G| Wik T PCR 718, PCR
MR FRALFE 2.0 wl DNA 54, 1.0 pl. EiE5149,
1.0 pl FiE19,8.5 pl ddH,0,12.5 pl 2 x
EasyTaq ® PCR SuperMix for PAGE, PCR J% i #
J¥:94 °C 3 min;94 °C 30 5,60 °C 305,72 C 40 s,
433 AMEFF:72 C 5 min,

AT TTEL B0 R0 5 2k AT DR R %
KL . H5 PCR =¥y gt4T TTEL BEUIAI , 3157

SEP AR BRI

E:(l_/1_7b+c )><100 (1)
a+b+c

K E N G R, % 5.0 RV IT LK%
P IRBEAE, b A e 73351 YD I B Kk & 19 K BE
{H.

R B O)RII 1) PCR 7= 450 , 25 i Bk B 2
B R BT S DLt A 0 OB R B B Y
A RIEAR IR IR 2R A

x1 BIFENSIMFEIER

Tab.1 Information of target sites and detecting primer sequences

FEH HAT(5'3") ElL/2) K
Gene Target Site(5'-3") Primers Length/bp
F. CTTTAGAACTTTCCACAGGCAT
pygma GGACTGGCTGCCTACGGTTA R. TGCTACAGTATCAATGGTAATG 394
pygmb GGTCGCGGACGGTGTGCGCC F: TGACGGACCAAGAGAAGAGGA 444

R: GCAGTCTTCCGAACCACAAGT

1.2.3 2l &5 R ik B 3R o3 by

KV Fy i A5 AT S i B A X
WA B A= BU RSP S HRAT F ORI HEAT L PR 98748
KAWL, F, A& 2R RABRA, ff F KK
Ja , BRSSO A, #5417 PCR 47 34 1) 4y
T7TE1 [V, WP 2 i PCR ;=9 4k 5 17
TA el , 5 F, $kik S e AT I , 00
FEPRIRASRAL

AR RAZ T F, 2857 B0 B N AL,
PAFAFRALKEAIN ¥, o X F, i 5 65 4 i
LD, [R) 5 PR 4 8 R0 5 A0 0 5 %, 64T PCR 9
A=Y TTEL BEYIRN . PCR 7=y U1 X1 1
AR Z A 5 PCR 729 R 1% 1 1) A 14 R
WT s AZ ALl 5 ¥, il it PCR 7400 17 e v 471
Foxd, i F, i WT s G =281k, F, aif 5%
ASARET AARSE N S H-AT By EEERAY
1.2.4  pygma F1 pygmb 44 58728 (R0 R R B
LA

i# 3 PAS e fa 5 (periodic acid Schiff stain)
LD S e 20 2 rp i ARG O o 0 o) Wi 4 B A
A pygma™ il pygmb” i £ (O ERL A 2L,
PRFRIT B 10% 1 R i1 5 W [0 24 h 5 AT
WA WY o PAS G020 BR i BRI ) & 4
ULHIERE, Je@d e, 7RG WA T W8It
C(EhGe

1.2.5 pygma F1 pygmb TEAS[R] & F B 23 F0 A% A1
ENEEEEAGIESIN

X pygma F1 pygmb J P AE A ] 2 75 1)
HAAN AN [F] ZH SRR KA TR, eI
Lt 15 NIRRT A1 0 (1-cell) ,4 21
Ha 4] (4-cell) ,16 4T (16-cell) ,1 k ZHAEHI(1 k-
cell) , BRI (sphere stage ) , I JE#A (shield stage ) ,
FEZEH (bud stage) ,12 hpf( hours post-fertilization,
hpf) , 24 hpf, 36 hpf, 48 hpf, 60 hpf, 72 hpf, 100
hpf 1125 hpf ], BN EIRAG IR 3 20 4 )2 T
52 I AR Bt ) 12 DL, 550 0
JIE( heart ) | JJL A ( muscle ) | Bz fik ('skin) | J4 I
(slpeen) fii (brain) (&8 (gill) i (intestine) | i
(kidney) B E (ovary ) K5 8 (testis) (HR G (eye)
FFIE (liver) , B ANHAI 3 DAY FEE , B
A FEAR R AT TRIzol 3552 HUE RNA,

{4 i PrimeScript™ RT reagent Kit with gDNA
Eraser {77 & #E17 5 RNA S35 5%, 4075 cDNA ; fifi
JH NCBI 7E 26 #2 /7 ( https ://www. nchi. nlm. nih.
gov/tools/primer-blast/) & it pygma F1 pygmb
qRT-PCR 5|¥) (#£ 2) , i % & SYBR/Green #lI
LightCycler ® 480 1 SERF 9O E | PCR R4
P9 R, LABE LS B-actin JERAE R N
SNFIE L 2 7 S R A ek,
B4 Graphpad prism 5 2R

http: //www. shhydxxb. com
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2 4k

2.1 pygma 1 pygmb F B 7 5 53t R bR 38 =
any

1E pygma BB 55 4 MAME+ Bt 1 AN IE
4 5 (&l 1a) , 78 pygmb FEHF S 1 MR+ 1
Bt 1A RS (B 1b) R BE S £a pygma Fil
pygmb LR A% HE [ ¥ 515 /N pygm DL A
PYGM H: N gmih 2 1 e AN AT AR AME S b o 45
R, PYGM 2 FH7E AR /N EURIRE L) fa g B R
SF(HE L), BED 1 Pygma 5 /N FUFI A2 PYGM
BB S AR ER 2 93% , 3 Ty £ Pygmb /)N
FUFIAZE PYGM & AR 92%

&2 qRT-PCR 5|5
Tab.2 Primer sequences for qRT-PCR

P 51 K
Gene Primer Length/bp
F:ATGCTGATGCACCACGACAG
pygma 179

R:TCACGGGCATACTGGGAGAT

- F.GATTAACAGACGTCATATGG .
pygm R:CATGTGAGCCAACGATGCAG

et F.ATGGATGAGGAAATCGCTG 140
B-actin R:ATGCCAACCATCACTCCCTG

2.2 F, EGHEREERBRRER

X OS5 BOR GG Fy A R
FUBRRCR AT T TTE BEYIAGIN . MR8 WU - B
ol R BEAE, MU A KGR AR pygma K2 3
VAT S R AR 0 3l Ry 42. 9% (51, 4% Fil
54.3% (&l 2a) ;pygmb JEH 3 41 V-47 52560 14w B
BORAHHM11.3% 5.5% F115.5% (& 2b) . ¥
Fitg U1 BT N1 PCR = e AT I Y, % BAE HE A5
BT B L5 B 0 B 4, 3 R S TR 4 A 2D
(Bl 2c,d),
2.3 EFERKRAESRETEF, HiFiE

RASAAL I ¥y itk G R 5 B A B A 2E 3R A
JE R F, AEREAE KN, i TTEL F )4
Tk ARG F Fi o 752 & pygma F, ik %]
31 B4 5F (18 3a) 75 54 |2 pygmb F, Hijfit s
22 a1 (K 3b), F, JeGFA 4 PCR ™
Yy TA 5 B I 7 R, pygma T2 2 Fh A
RABHRAL (K] 3¢ ) ,pygmb WHHE H 2 AR5
AR (] 3d)

I3 Ks pygma WP S AE AL ( — 11 bp
+14 bp) 1 pygmb Wi 5E AL A (+ 1 bp Fl

http: //www. shhydxxb. com

-2 bp)F, WG F,o 18 F, KE2 DR,
X LB AT I R R S, XS F, MRS R B
BH TG AT, HARIE D B R H R 3

pygma 0 pygmb 3 PRI KA AR S 1 2

FR%CH 842, pygma™ HIWFHZRAE SR . — 11 bp
F1 + 14 bp 73 5 gt 09 2 FERR 1 BE ol 151 Fi 218,
pygmb” BRI ZRAE AR . + 1 bp Hl -2 bp4y B4
5 2 SE PR B Ry 126 #1125,

=3 pygma T pygmb REEEE F, MEEE S5
Tab.3 Statistics on the number of different

genotypes of pygma and pygmb F,

K R AR JEF 4G TF
Gene Genotype  Wild Type Heterozygote Homozygote
—11 bp 14 25 15
'gma
ne +14 bp 8 19 9
+1 bp 12 47 26
pygmb
-2 bp 16 11 9

2.4 45FF, REEKRF, REHH

S AT H, pygma Fll pygmb W Fh 28 78 2
R F, 4y FreE KA B p R R %
B, pygma” Fl pygmb” F, H3ZGHRF, BB IEH
TSR

FIF PAS i B e €3 X BF A= 7Y pygma™ Fl
pygmb” BTy f0 JIEFTL PR 20 20 o b D A T
R, 45 3 R 5 B A AR EL AR, pygma™ I
pygmb” F U UE AL PA) 4127 F H BB G5 A R 2R
B -

2.5 pygma 1 pygmb B A& B B HA R 1B FARK
B AR RIKIE

Xof P A RUBE T 8 15 AL % 7 B 0k
12 A2 pygma I pygmb FEN Rk #E 47 5E iy
Mro HIAE BRI HE KRS R BN
pygma Fl pygmb B t6 I & F W BrRik i =
18l pygma £ 24 hpf HiJLTF-AZEKIK, pygmb KiEH
W2 YR 5 9] (shield stage) JF iR 363k ; M 24
hpf 2| 125 hpf, PIEER ik i Sk R I (1
4a, b), H pygmb () L FHIEE KT pygma 1) LT+
WEJE , pygmb W55 5T pygma,

BE I i o g0 2] 3 R A BT 245 SR R 7
Ky 12 AS2HZ Y, pygma Rl pygmb RAE/DETL
PHAPHYIRIRIK, pygma TERE D LY 42
Bk A iy, U RO WD B SR 4127, FERR I s
AR (& 4e) spygmb FEOHE G L BRAE X 3 42
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exon1 exon2 exon3 exon6 exon7 exon14 exon17 exon19
L | 1] Il | (| Ll
) T L) T U | LI
5-UTR exond exon5 exon15 3-UTR
GGACTGGCTGCCTACGGTTATGG|

(a)

exon! exon2 exon3 exoné exon15  exon18 exon20
5-UTR exond exon17? 3UTR

[CCTBGCGCACACCGTCCGCGACT

(b)

(a) pygma %&

Human-PYGM
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb

Human-PYGM
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb

Human-PYGM
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb

180
180
180
180

Human-PYGM
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb

Human-PYGM
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb

Human-PYGM
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb

Human-PYGM
Mouse-PYGM DW
Zebrafish-Pygma PW
Zebrafish-Pygmb

Human-PYGM
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb

300
300
300
300

Human-PYGM
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb

Human-PYGM
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb

Human-PYGM
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb

Hhk g hkkkkkRkkkk Rk kRk sk ok kkhhk ok KRRk kAR KRR ARk Rk kR kkk

420
420
420
420

540
540
540
540

600
600
600
600

Human-PYGM A
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb

Human-PYGM
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb A

Human-PYGM
Mouse-PYGM
Zebrafish-Pygma
Zebrafish-Pygmb

Human-PYGM AI
Mouse-PYGM KI
Zebrafish-Pygma IK
Zebrafish-Pygmb SR

842
842
842
842

(c)

720
720
720
720

780
780
780
780

S5 B A SN P AR s (b) pygmb BRI 251y B FERUR S s 07 AL s (o) A28 D RURIBE S i 2 [i]
PYGM Z5 4 7 5 AL EE X o 2068 5 HEZ /R Cas 45 IR 5] 1Y PAM ( protospacer adjacent motif) [X .

(a) The gene structure of pygma and the sequence and location of the target site; (b) The gene structure of pygmb and the sequence and

location of the target site; (c¢)The alignment of amino acid sequences of PYGM between human, mouse, and zebrafish. The red box indicates

the Cas9 protein recognized PAM region.

E1 BIS & pygma f pygmb BRI REERHHEBSF BT
Fig.1 Schematic diagram of target sites of pygma and pygmb and

the sequence alignment of PYGM between human, mouse and zebrafish

http: //www. shhydxxb. com
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— W v
300 « = - G -
200 -
100

R /% 42.9 51.4 54.3

Knockout efficiency (a)
H¥RALA Target site PAM

c'lIIGG..CIGGCIGCC;’.CGG,r
0

/ \(\

pugicEicl
Control group

A
Injection group

(c)

1:|I|c(.|c.1c:

Control group

500
400

300
200
100
FRER AR /% 1.3 55 15.b
Knockout efficiency (b)

PAM H¥RPLfR Target site

ICCTIGGCGCACACCGTCCGCG ACCIATTTGG
r

Injection group

(a) TTEL FFYIERI pygma FEHGHRACE; (b) TTEL BFYNERHN pygmb FEHAHRACE; (¢) Sanger W T 450 pygma £ IH 4
W1 (d) Sanger WP LKL pygmb JEF FdE IR Y JrHEH ) IRAE 7RI G A Cas RPN LR
(a) The gene editing efficiency of pygma detected by T7El enzyme digestion; (b) The gene editing efficiency of pygmb detected by T7E1

enzyme digestion; (c¢) The gene editing of pygma detected by Sanger sequencing; (d) The gene editing of pygmb detected by Sanger

sequencing; The bases in the black boxes indicate the target sites and PAM sites, respectively.
E 2 pEDf pygma 0 pygmb FEERIER T7EL EgiJ)4 70 Sanger & &4
Fig.2 Gene editing of pygma and pygmb was detected with T7E1

digestion and Sanger sequencing in zebrafish

LRI, TR A b 33k & J dm s TENLA
HA A FRIE HRTE RS BAR(E 4d)
3 1hig

W D ARV 2 — 2H Bk PRI AR, B PR A8
SECH AL W D e A AR SC Tt BB , £85I ) M
UL RE B B 4K 1T 5 | & 22 2 B 52 3R AR R 9%
Mo 1928 4F I ARIE" ™, K R AE 1/20 000 ~
1743 000" s A4 ol [ Wty 14 AN [l , R 2R 31
(RS BUE SR O 2 ad 16 BT LLEHS L
P 5 RN ERFR A URE S ARAE , 32 S0 45 11
BBV RVRD VIRL S, v LV B Ry i DL
1951 4FE 548 2= £ 4= Brian McArdle ¥ ¥R 18 B
JEARUE V BB , PR IG5t R g MeArdle [
9, 120 2 LY B R AL T PYGM 5 TR 98 7% 3 30
(97 T, AT RS N A KR T IR N

http: //www. shhydxxb. com

TR RAFHRIE ;724 A 1 O il 147 Do R
AR 39 N AWML ANE T 1 f1 17 J& PYGM
IR Y 9708 B0 A X 8, 50% A 5878 S 4l LR
Hrp e 148C > TGHE FRN p. RS0X) j& R Z 4t
FENBEHEH WA 248, o i 5 A8 N HERY LE i)
ik 31% ~819% ",
BNYPPIRAERLXT T M 16 A B2 g B
BT E TR B A ELEE L, ERBR
e &2 I A SR K McArdle 55 3 1550, 1995
TR G A R BT % A — A sh i
T ST S M A 2 RS TR
B B A . NOGALES-GADEA 25110170 ojf e i
McArdle [R5 W94 A7 s i Pygm (RS0X)
AR, B oA 2 T 55 — 4~ A T McArdle
RS RL  JAE A AR R A 1 4 = 95 o A 7Y
FRARGT ML T AN iy 2 B0 0l T LR TP



11 iy

18, 25 W IR ARUAE VB BRE S f 50p BE Y A 7 S LR B A7 17

B AR 2 S 0 5 AR TR X 5 A A 1) /) BRUASE 25

AN T NP ) e Y, L e M e ke 1 5
AR PR PRI X o

PRE T i A AR B SR S B R iR

B U] IR ARSI, ©E Oy B4

Ml 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19
600 bp
5004%—

il

M1 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Ml 37 38 39 40 4] 42 43 44 45 46 47 48 49 50 51 32
(a)
pyama GCCTCCCTTGGACTGGCTGCCTACGGTTAT GGCATCCGE wT
Mutation 1 GCCTCCGCAT-GACATC-mmmeeeeeees’ T CATCCGC -11 bp (+1,-1,-11 bp)
Mutation2 GCCTCCCTTGGACTGGCTTGGACTGGGACTGGCTGGCTGCCTAC——GGCATCCGC +14 bp (#20,-6 bp)
(c)

P R R e e L L F U
WT 842aa
eyome ) 15122

oy I/ 21522
(e)

(a) TTE1 RV L pygma 1 ¥, 22 4F; (b) TTEL I BE pygmb 19 F, 224F; (c) Sanger T #0E pygma 1) F,
(e) pygma S/ KL R ImA A0 2R 115 (F) pygmb 58748 e IR 4 i 4 e

ZEAFHI s (d) Sanger P FHIRE pygmb 1) F, Je & FoeA5 24 m ;
=

FHAETEY AR EZEAX Y. Lk,
PESy A5 2 I T N S R T Ay s A 2y
Yok . CRISPR/Cas9 %k [H % #H 25 4t H Air nl A
T2 RN g, C /e K sh Y h it ok
EPRRR SRR e |

34 5 6 7 8 91011 12 13 14 1516 17 18 19

1000 bp

Ml 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
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Construction and phenotypic analysis of zebrafish disease model of glycogen
storage disease type V

HUANG Jiao'** , HUO Jingian'*”, LIU Jiao'**, ZU Yao'?’, ZHANG Qinghua'*”, LI Weiming®, REN
Jianfeng'

(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, Shanghat 201306, China; 3. National Demonstration Center for Experimental Fisheries
Science Education, Shanghai Ocean University, Shanghai 201306, China; 4. Department of Fisheries and Wildlife, Michigan
State University, East Lansing 48824, USA)

Abstract: It is of great significance to study the human glycogen storage disease type V. (GSDV ) caused by
PYGM mutation through constructing zebrafish mutants of muscle glycogen phosphorylase gene pygma and
pygmb. Two homozygous mutants were successfully obtained using CRISPR/Cas9 genome editing technique.
The periodic acid Schiff staining experiment showed that there was obvious glycogen storage in the muscle and
heart of pygma”™ and pygmb”™ compared with those of wild type (WT). The expression analysis of pygma and
pygmb genes in WT at 15 early developmental stages and 12 adult tissues demonstrated that: the expression
pattern of pygma and pygmb was similar at early stages, the expression of pygma and pygmb showed an overall
upward trend and the increase of pygmb was greater than that of pygma from 24 hpf to 125 hpf. In the 12
tissues tested, pygma and pygmb were expressed only in a few tissues. pygma was mostly expressed in muscle
tissue, followed by heart and skin; pygmb was highly expressed in heart, brain and eyes, and also expressed
in muscle but at relatively lower level. Zebrafish pygma”™ and pygmb”” mutants have the typical characters of
GSDV with glycogen accumulation in muscle. The establishment of the zebrafish disease model provides a basis
for further research on the pathogenesis, mechanism and drug screening for treatment of glycogen storage
disease.

Key words: zebrafish; muscle-type glycogen phosphorylase; glycogen storage disease type V; gene

knockout ; disease model
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Plate Glycogen accumulation in myocytes and myocardia of pygma” and pygmb™”
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