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[ Abstract]  Objective To study the detailed process and mechanism of glycogen storage disease (GSD) type 0
using a zebrafish disease model established by CRISPR/Cas9 gene editing technology. Methods  Target sites were
determined for gysl and gys2. After gene editing, homozygous mutants were screened. The expression levels of gysl and
gys2 were quantified with qPCR at early developmental and adult stages. Glycogen accumulation was assessed by periodic
acid-Schiff staining. Results Homozygous F, gysl and gys2 genes with two effective mutation types were successfully

obtained. Homozygous gys1™~ F, had a delay in early embryonic development and died within 48 hpf, whereas homozygous
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gys2”" developed normally. Gene expression analyses of gysl and gys2 in wildtype zebrafish showed that their expression

levels decreased first and then increased during early developmental stages (0~ 125 hpf) with the highest expression at the

fertilized egg stage. At the adult stage, gysl was highly expressed in heart and muscle tissues, while gys2 was highly

expressed in the liver. Glycogen staining showed no significant glycogen accumulation in the heart or muscle of gys1™ or in

the liver of gys2”~ compared with the corresponding wildtype tissues. Conclusions

The phenotypes of gysl and gys2

knockout zebrafish models were similar to those of mouse models, but there were some differences. In the Gysl knockout

mouse model, most F, homozygotes die. Among gysl knockout zebrafish, gys1”~ homozygous F, developed normally,

whereas F; generated by self-crossing did not survive. The model of gysl and gys2 knockout in zebrafish provides materials

for further study on the pathogenesis of human GSD type 0.
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Table 1 Information of target sites and detecting primer sequences

& fRIFFN(5"-37) ElEZE22:N
Gene Target sequence Primer name

SIYIFHI(5°-3")

Primer sequence

PCR ¥ (bp)
PCR product

T7E1 I8 (bp)

Product digest

gysl-F TCCTTATGACAAGAACTCTGTTTCC
gysl GGGCTTCACGGCCTGGTCTC o . 489 184+301
aysl-R CTGATTGCACGGTCCTCCC
gys2-F TGCCTGAGTGACAGTATATTGGTT
gys2  GGAACCTGGACCGCTGGAAG 480 149+331
22-R GGAGATTTATCAGTGCAGGAGGAA
%2 qRT-PCR 3|95
Table 2 Primer sequences for qRT-PCR
FEH GlE/ER S FIMFSI(5"-3") PCR 74 (bp)
Gene Primer name Primer sequence PCR product
] gys1-F GATTGCATGGGAGGTCGCTA s
& gs1-R AATGGTTCTCCTGAGTGCCG
) gys2-F ATATCATGACCGAGAGGCCA 13
an 22-R GGAAGTGAGCAACTACATTG
. B-actin—F ATGGATGAGGAAATCGCTG
B-actin 140

B-actin—R

ATGCCAACCATCACTCCCTG
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Note. (a-b), The gene structures of gysl and gys2 and the sequences and locations of the target sites. The red box indicates the Cas9 protein recognized

PAM ( protospacer adjacent motif) region. (c-d), The alignment of amino acid sequences of GYS1 and GYS2 between human, mouse, and zebrafish.

Figure 1 Schematic diagram of target sites of gysl and gys2 and the sequence

alignment of GYS1 and GYS2 between human, mouse and zebrafish
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Note.(a) , The assay of knockout efficiency for gysl by T7TE1 enzyme digestion.(b) , The assay of knockout for gys1 by Sanger sequencing. (c¢) ,
The assay of knockout efficiency for gys2 by T7El enzyme digestion. (d), The assay of knockout for gys2 by Sanger sequencing. The boxes
indicate the target sites and PAM sites, respectively.

Figure 2 Gene knockout of gysl and gys2 assayed with T7E1 digestion and Sanger sequencing in zebrafish
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© 0
o I 0022 o I 70322
o I - U . 1c0n
1{’:; N 124 " 32}':2 I 14saa
ove! ] 1342 o I 1542
+10 bp +4,419,+17 bp

gyst ————
+3.2pp ———1 12482

. (a) [ TTEL BEUIEEIGIE gys1 F, 248 ; (b) : TTEL BEUIEGHRLE gys2 F, 28 F; (c-d) :Sanger TUFEERM gys1 Fl gys2 RAFZERL,; (e-
£) :gysl Hl gys2 IR SAL AL LAY BURT EE /R R
B3 BT gysl Fl gys2 874K F, FF, ik F 58 A 2 )
Note.(a), T7EL screening of gysl F heterozygotes.(b) , T7E1 screening of gys2 F, heterozygotes. (c-d) , The mutation type of gysl and gys2
detected by Sanger sequencing. (e-f) , The schematic diagrams showing the truncated proteins of two mutation type of gysl and gys2 genes.
Figure 3 Screening of heterozygous F, and homozygous F, of gysl and gys2 and the representation of mutation type and

truncated protein sequences
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R3 gyl M gys2 AFIZEHAL F, A H R I 50 04
Table 3 Chi-square test of different genotypes of gysl and gys2 F,

FEH FEH A iy A= Y IE g T IYE L KIrE PE
Gene Genotype Wild type Heterozygote Homozygote  Separation ratio  Chi-square value P value
-7 bp 24 57 27 1:2.4:1.1 0.50 0.7788
gysl
+13,-2 bp 17 36 15 1:2.1:0.9 0.35 0. 8394
-4 bp 18 47 19 1:2.6:1.1 1.21 0. 5461
gys2
+4,+19,+17 bp 32 55 25 1:1.7:0.8 0.91 0. 6344
(a) gusIFAS SRR IR AL T $O R e i (b) gsIT SR AR R HOR 2 i
Statistics of dead embryos of gys” progeny Statistics of survival embryos of gysl”- progeny
3 60 - gy“-/- é 150 —o gys]'/'
= £ -8 -
g 4o E 2 100
® o <
13 "z
R3S & g
£ 5 201 @ & 5o
it 5 o
2 H g
£ =
3 1 £ o
Z "0 % 10 15 20 25 30 35 40 45 30 2 0 5 10 15 20 25 30 35 40 45 50
gk
S5 NI 5 SRR
hpf (hours prf‘;srt' fertilization) hpf (hours post fertilization)

10.33h 11.66 h

WT

(©)

9h 10h ,
.
10 10/0
16h 19h

gysl

WT

gysl

H: (a) :0~48 hpf M) gys1 7" F; A WT JRIGAET-HOESE1T; (b) 10 ~ 48 hpf WIH] gys1 ™~ Fy 1 WT IR IR 7716 S
Giit; (c) :0~24 hpf W] Fy 1 WT IRJIG & B WL,

B4 gyl 4G+ F, LHFRF, R
Note.(a) , The statistics of dead embryos of gys1™~ F; and WT during the period from 0 to 48 hpf. (b), The number of
survival embryos of gys1 ™~ F; and WT during the period from 0 to 48 hpf. (¢), Observation of embryonic development of

F; and WT during 0~24 hpf.

Figure 4 Phenotypic analysis of gys1™~ F, and their offspring F,
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Figure 5 The expression pattern of gysl (a)and gys2 (b) during early developmental stages
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H: (a-b)  ACAEET A RUBE Dy 40 RR 22 gys] Fil gys2 JERIFEARIL; (¢) 28t PAS Ye o LA BT AR TS gys1 ™~ il gys2 ™~ AR PO IE LA
HUTFHL T E RIS DL, 2L GRS RN AL
6 gysl TN gys2 F K78 B A 70 ol s 2H SRR B 28 AR PR 4 B S e 8,
Note. (a-b), The expression pattern of gysl and gys2 in different adult tissues of WT zebrafish. (c¢), The comparison of glycogen storage in heart,
muscle and liver tissues between WT and mutants of gys1™~ and gys2™~ through PAS staining. The red asterisk indicates glycogen storage.
Figure 6 Expression pattern of gysl and gys2 in different adult tissues of WT zebrafish and PAS

staining of different mutant tissues
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