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[Abstract] Objective: This study aims to identify the molecular etiology of two non-syndromic hearing loss families, and to use
zebrafish to analyze the function of WFSI on the occurrence of hearing loss. Methods: By using targeted capture sequencing
technology, exon sequencing analysis was performed on two families to identify candidate pathogenic genes. The function of human
WEFS1 gene and the homology of WFS1 gene between zebrafish and human were analyzed by bioinformatics. The temporal and spatial
expression characteristics of zebrafish wfsla and wfs1b were analyzed by whole-embryo in situ hybridization and quantitative PCR.
Results: Exon sequencing and co-segregation analysis of two families suggested that the heterozygous mutation of the WFSI ¢.2036~
2038delAGG (p.680delE) and ¢.1957C>T(p.653R> ¢ )was the molecular pathogenesis basis of the pedigree JSNY-021 and JSNY-033,
respectively. Quantitative PCR and whole-embryo in situ hybridization results showed that zebrafish wisla and wis1b showed different
spatio-temporal expression characteristics at different embryonic development stages. Bioinformatics analysis suggested that wfs 1b had
a closer evolutionary distance and higher homology with human WFS1. Conclusion: This study confirmed that the molecular etiology of
two autosomal dominant non - syndrome hearing loss families are WFS1 mutations, which expanded the gene mutation spectrum of
hereditary hearing loss. The expression of wfsla/wfslb in the embryonic development of the zebrafish model has obvious spatio -
temporal specificity. Wfs1b is the direct homologous gene of human WES1. The results of this study not only provide support for the
molecular diagnosis of hearing loss , but also lay a foundation for further study on the mutagenesis mechanism of WFS1.
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PIAMPAEERR , T 43 R 255 AiE 8 B3 (syndromic hear-
ing loss, SHL) FI B 25 & 1FE Y H- 22 (non - syndromic
hearing loss, NSHL)2 2, H:rft NSHL DA H- 352 A ME—4iE
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Xof HEECHE e i UL 5 H AR DGR S8 B, 44 3
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GeneTool #XF 1T PCR Y™ #5149, 51 9% 51 W%
1o PCR 14 7 1y 28 By Wl 5 s L UK %5 7€ )5, ABI
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Table 1 PCR primers for the two suspected variants of WFS1 gene
BIL/ R FIWFHI(5'—3") B JGRE(°C) PR (bp)
WFS1_021 ¥ TCGTGCTGTTCTGCTGGTTCT 58.5 414
i TGCCCACGGTAATCTCAAACT
WFS1_033 3 GTCTGTAGTGTGCCCCTGCT 57.7 678

T GATGGTGCTGAACTCGATGA

sembl.org/73 1| 3K BN (Homo sapiens) . /N B (Mus
musculus) . K 5 (Rattus norvegicus) Jii (Felis catus) |
4 (Bos taurus) . 2 (Equus caballus) . B 4% (Otolemur
garnettii) .\ f(Octodon degus) . JK F (Cavia por-
cellus) .9 (Oryctolagus cuniculus) .3 (Gallus gallus)
FIAEIMTE (African clawed frog ) i) WFS1 25 ¥ 51,
FIH CLC Sequence Viewer 6.1 314 X%F WFS1 28 4 #f
Frt e o i
1.2.2 35 & wislawfslb A K 5 A WFS1 A F 65 F
IR 5T By A TR

M http://asia.ensembl.org/3k HUN WFST Fl1EE
i whsla, wis1h & 19 2 31 7P 51, KL CLC Se-
quence Viewer 6.1 FPFHEAT 781 HUXT, IF A R 458
HEARA, DLAMAT L3 whsla wis1h 2 11 5 N WEFST 2
FHASEJEME . W STRING (https : //string-db.org/ ) X
WS AR IRE AR EAE B 10707
123 ZEPCRYM S & KRR AE B4 whsla,
wis1b A B mRNA F£ ik K-F & E AL

i 4E 2 hpf,3~4 hpf.5.25 hpf. 16.5 hpf.36 hpf,
48 hpf .60 hpf .72 hpf FIZZAE 5 7 d(7 dpf) 39~
5 AR B B IR JIG 2% SO MO (BAIA 15 2%) , TRIzol
AR RNA 8 5 %00 RNA BT AR BE )5
i S L cDNA . AL BE T 1 whs1a HE [Fl mRNA J741)
(XM_690160.9) . wfslb %E [ mRNA J¥ %1 (XM_
679418.7) , Fl i GeneTool #X {1 4 HLE i PCR 514,
wisla [fif:5'-TCTGGGGGAATCATTGGTGTT-3";
Ji:5'- CCGAAGCAGAACCACAGAGAA-3';wfslb I
Ui :5'-GGAAGGGGTAGCAGGGGATGA-3"; Fiif:5'-
AGGGCGCTAATCCACTGCATG-3", Dk ik 9 4~
WA cDNA AR, 5E 5 PCR A I AN 7] & & I 3
wfsla wfs1b 3 mRNA F3A7KF K21k
124 sty & AR RAL SR

¢ H8 Thisse 557 1Y 7 WA #EAT WISH 5245 . $2HL
B 0 JJ if BL RNA S S 18 cDNA- AT BE S £
wisla, wfslb 3& [H mRNA 731, %115 5 i wisla,
wisIb ZE[N B PCR Y859, whsla L Ji7 5'-CGTTTT-
GACAGTTACCGTTTC-3', T i 5’ -GTAATACGACT-

CACTATAGGGCACATGACC-TACC-CACGTTAA-3',

I3 0 T7 )5 8 F )7 %1 . wislb 15" -CGT-
CAATC-TTCTACCAGTCTT-3', Fi#5' -GTAATACG-
ACTCACTATAGGGCAAATAGGAAATGGACAAAAC
30 RINZBd IR T7 Ja 805751 . LA cDNA iR,
PCR 3" W4 BE £ £8 wis1a A1 wis1b 3L P F- B, P21 ks
439128 550 bp F1687 bpo P& I 4lifb)s AE N
S RNA BREF A B

FIFHT7 RNA (RGN S &, RN S B
SCRNAFREF o ARSI S OB AR R 524 DNA 5.0 pLs
5xEE % Pk 2.0 pL; DTT(0.1mol/L) 1.0 pL; DIG-
RNA FRICTR A (10x) 1.0 wL; RNAsein 0.5 wL;T7
RNA % 40 (20 U/pL) 0.5 pl. 729 4 44k 15 3
DIG-wfsla Fll DIG-wfs1b JZ X RNA #4841,

W 4 BE T 212 hpf . 3~4 hpf.5.25 hpf . 16.5 hpf .,
36 hpf .48 hpf.60 hpf.72 hpf F17 dpfF 9 4> i 3 14 i
645 300, Z2 IR B EE[E 3 , BB FE KI5 —20 CIRAF 55
o EAZ3855 1 REEE T A IXPBST YL 2 &
H RS, K IR RS 68 SCZA i iP iZ4 38 1 h, 8k
Ja A wisla . wis1b JE A ;2 X mRNA #8515, 68 CH%
L. B2 KRR ZRIE S, A anti-DIG-AP
5 wisla wislb 5K 2 X mRNA 541 455 i . 5
3 K 1xPBST 3k £ AR 4565 TR, #15m A BCIP/
NBT U 0, TERAL B flde ™ 4 8

2 # R

2.1 REFREARGIEFET LGN ITLER
2ANH S Z JSNY-021 F1 JSNY-033 i) 2 i 5
17 SO e ik L (B 1A) . RARFTA &
BT 12 A A 438 45 2 B0 Ay XU P 3] R T
TR BT FRYE 12 808 & 2 AR LR AR
RIHAR REAELIT &0, ) 322 LIRS T 745
KR FEEB), b G Rk 2 70 &
R K EABNR, TA FEE RGP 3RS Al
Z AR
22 WFSI AR RESHE A ERRN
A 1) A7 AR 45 SR a0 2% 2 Ir s, JSNY-021 Al
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JSNY - 033 43 il A& il WFS1 % A ¢.2036~
2038del AGG (p.680delE ) F1 c.1957C>T (p.653R>C) 1Y
% & 2% 7% | Phylop . Mutation Taster, PROVEAN #I
SIFT 4 Fh 58 A8 A7 & 1 43 B A0 1F O 45 AR i 2
AR LR BORPE S AR o sl 3o B A i 45 2R R
JSNY-021 F1JSNY-033 H1, WFST 3 [H] ¢.2036~2038
delAGG (p.680delE) Fl ¢.1957C>T (p.653R>C ) 575 L
A B (8 2A) | T AE 235 19 1F 5 A% IR
FR B RAS I 2 WFSTIE R Y bk 2 s Ml ge Ay, 7
2% B SMART U i) WFS1 25 14 A9 25 #4 38
p.680delE 28 72 kb T~ 9% & M 1Y 55 9 A~ 5 X, 1Ml
p.653R>C N 4bFAH T B AR H Yy g X (K 2B) . CLC
Sequence Viewer 6.1 84X} 2 A~ g 358 2o 28 242 19 4
PR SFYE Bt 2 7R, WEFST R 1 p.653R Hll p.680FE
TEAE YA AR b s BE AR ST (E12C) 6
23 A/ 6 WFS1/wis] & & 5 7 89 ) b bk
BE M5 sk

L] NCBI, ZRASHBE L £ wis1a Fll wis1h JEH LA
WEFST A 7 g i 1 2 1 o2 24 25 1R 7 41, FIHH CLC
Sequence Viewer 3 {44 5 & £ wisla  wis1b 2 )7
G115 N WFS1E PN HET LU, 455 R BES
wisla®E T4 K R 1061 N IERR , M wis1b 5 1
JPo 4R 895 AR , Je A B2 N WEST 2R

(890 IEMR ) , 2[RV HEXHIL R /R BE T 11 wis 1b 2K
¥ 55 AN WFST 2 H 540 (9 [FIEE L wisla B
(FE3A) o iE—20Hg 8 1Y) 2R 58 AR A b /s B 2 £
wis1b 5 A\ WEFS1 iy iE 25 33 (8138 ) o

FIHI STRING TEZ A4 53 B N WFS1 2 1 )
g, 25 s WRS1E I E N OB A AT, B2
5 ATF6 Fl EIF2AK3 #H B 1E F T 1 2 fig 58 B (&
3C), 1M ATF6 Fl EIF2AK3 7 £ i PN J5 o9 1o 384 52 1o He
KAEFEZIEE, il W WFS1 25 76 20 i ]
At J2 B 55 P J5 DO 17 3R I A G, 33K R SR SRR Y
HMIFTE WEST 3R 1 D REFL A T Seht
24 st & wislafe wislb 2 B £ AE 5 R F A F B
BRGRRTF R A

T AT wisla 1 wis 1h 3% R ) 23 ik i =
AHIF T PR BE T G & B AR Y 2 hpf 3~
4 hpf.5.25 hpf.16.5 hpf.36 hpf.48 hpf.60 hpf.72 hpf
7 dpf 9O ML T T 1 PCR 0T, S5 IR,
BE 5 £ wis1a B KRR IR & B 54991 (2 hpf~16.5 hpf)
FIRAPARAK , 2 36 hpf B ik KA B 2 TH i 9F
AR5 Ra e (I FRIRIK T T whs I LR FE ARG & B
(2 hpf~5.25 hpf) BRI FHO B8 9 238K, &
£ 16.5 hpf J5 ik A B E EMIF 4R — @ iRk K
F(E4).
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Figure 1 Pedigrees of families (JSNY-021,JSNY-033)and pure-tone audiograms of 2 probands
®2 WAIRRMWFSIERRERGEERN
Table 2 The mutations and pathogenicity prediction of WFS1 gene in two families
P& IR EEAR RARRA FILFRINA  Phylop 43" Mutation Taster PROVEAN(3F43)"  SIFT ¥4
JSNY-021 ¢.2036~2038delAGG  #&HGEE  p.680delE N/A DC — —
JSNY-033 ¢.1957C>T R p.653R>C 1.107 DC Deleterious (-3.501) 0.98

a: {3 A -14 7 CRAESE) £ 6 73 (PR5F) s b BIPERIFAE MBS0 ZR A H A, S B -1.3 55 s ¢ IPERIN 073 C ) 2 143 (T

), 43 FUE M 0.05 43 DC : Disease-causing (BUR AT HE) .
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A WFS1:¢.1957C > T(p.653R>C) WEST:¢.2036_2038del AGG(p.680delk)

-TATGTGTAC/CGCTCAGAG- -CGCCTGGAAGGAGACCAACAT-Wild
-TATGTGTACTGCTCAGAG- -CGCCTGGA - - - AGACCAACAT-Mutant

E]
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low complexity transmembrane Te rrlon

200
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H
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(o T Tl T I o
p.653R p.680E
A:WFST FEH ¢.2036~2038del AGG (p. 680delE) Fl ¢.1957C>T (p.653R>C) S AR I 45 Je s B . 2 Fh 9 A8 (57 151 (K 26, P 45 My Bl 7 5 C . 2 Fh o A8 of
AR

E2 WFS1ERFERZETH DNA FIIE . & A SEMIEE LR R TFIES T
Figure 2 Sanger sequencing, protein domain localization and conservation analysis results of the WFS1 gene mutations of

the two families
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50
0 T | i ¥ |
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corsenaior [Tl ot ] hll [Tl il || I\ [ \H{ﬂ 0T Tl \mﬂnﬂ el ﬂnnﬂmﬂl'lﬂm T T \m R

zebraﬁshJ b
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Conservation
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Human
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A BEE 8 whisla wis1b 5 A WFST[RIJ8 X ;B BEE i wisla wis1h 5 A\ WEFST RGEHEAAS ; C: FELR 4R STRING Fiil WFS1 & I fE,
El3 BIDf wisla,wislb 5 A WFS1 BB LB R WFS1 & B ThREFR il 43 47

Figure 3 Homologous comparison of zebrafish wfsla, wfslb and human WFS1, and function analysis of WFS1 protein
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2.5 WISH A& 58 Ty & 9 A i B wisla, wislb & B
mRNA 64 B % KA

BEh AR b3 9/~ Y] 4 R AR O WISH 32460
wisla BEPR I 25 63K, 5 R« wisla HE R 2R RE
IRPERRIE  AEBE ) R AG 2~5.25 hpf B SUA
55 ORI PERYF IR, EE 16.5 hpf Y, wisla HE K 3
B A A BT, AL AR R MR b &
X KT 2 36~60 hpf I, FIKKF 5T F4EfF
T (181 5) o 117 wis 1h A& DS 52 S5 I I8 A BRI 55
K, TEBE D1 2~5.25 hpf B 2 35 K S, iR 18
PE 2B ERIE, T616.5 hpfHEE S ARG, wislb
B 2 RGN BT A 4Py a] L3R
ik 48~60 hpf B HH wis1h I R 7E LR 2e 21 4 N HE
WrE AN R G h WAL . K7 %72 hpf
PR , wis 1h BEIRPEZAE 5 I sk (K1 6)
34 it

PR B B AL e i, HATE 2
1150 25 NSHL ARG I BUR L5, 5ElE 1 90 2
ANFH R AR S IA], Herh LA 35 A e R
NSHL 3 [A (http : //hereditaryhearingloss.org) **' , - £
RFEEREIA TR IR BEE B — I PR
NGS (next generation sequencing) i) & J& ) H.AF H.#%
BT R RO BRI S 1 st e P H 2 B T T A 4
AR, ARG L f A Y B2 panel - V3 &
B (At A ) FE ) 181 H A AHSCHE A Y
SN DX T Y, 22— R IV E S DE AR
Y5 B2ES T L 2> ADNSHL 5 5 %58 1 WFS1
H P ¢.2036~2038delAGG (p.680delE) F1 ¢.1957C>T
(p.653R>C) 978 5 B F HA R B R A G

)
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Figure 4 Temporal expression of wfsla(A) and wfslb(B)

in different developmental stages of zebrafish

embryos

ANEWFSTEEFIAT 8 MNE T, 2
fE e

1 AMEFTCH
, Gt 890 A2 FEMR 2H A5 K 4 11 wolframin.,

R AR N BT A RO SR A, 455 94 X
BA SRR AR E R 3. wolframin FEAE
o ST/ s = i A B A DT ) R Y S e o4
P JSI0 TRT PA D SRR A A O TR A A
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Figure 5 Expression of wfsla during embryonic development of zebrafish detected by WISH
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Figure 6 Expression of wfslb during embryonic development of zebrafish detected by WISH
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