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Analysis of gene mutation in a hereditary hearing loss family associated with vestibular

dysfunction
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[Abstract] Objective:To study the molecular etiology of a hereditary hearing loss family associated with vestibular dysfunction by
analyzing genetic pattern,phenotypic characteristics and pathogenic gene. Methods: Clinical data (medical history,audiological and
vestibular function examination,as well as imaging examination) were collected. By target gene capture and massively parallel
sequencing technologies, 104 species and genes related to hereditary hearing loss and 3 microRNAs in probands of the pathogenic
mutation were screened. Furthermore ,we analyzed the gene coding region sequence of candidate mutations. Results:C.1458C>G (p.
T352S) heterozygous mutations were found in the exon 11 of the COCH gene. 1 ,, II,, 15, Iy, I3 and IV, showed the same
heterozygous mutation. Il ;; and I, showed that the mutation was homozygous for this mutation,which means that there was no co-
segregation , therefore , the possibility of pathogenic mutation in the family could be eliminated. No other mutations were found in the
sequence of all 12 exons of the Il , COCH gene. Conclusion:This family has an autosomal dominant disorder associated with
vestibular dysfunction. However, the initial screening results were not found to be associated with the known deafness genes,including
the COCH gene. Therefore, the molecular etiology of this family may be a new gene mutation.
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FEHBUESE SRR A IE R B2 AE M, (HAE X S JE
IR S 5 E R T RE ) B B AR G 1 3 PR 4L
NZ , {4135 COCH POU3F4 SLC26A4 FIZk ki {k
128 rRNA %5024 COCH A & A& BLEY 4
1A 80R Yok B MG R LR AR S P &
PEHE (DFNA9) T E D) e e fi (Y L[], f8 35 AT
M —Z Y Hl i RE D e AR AR 0 POU3F4 JE A
JEE 1A R B 35 AL PR 25 5 IE R HE B A O 3
,POU3F4 Jt K 28 45 ] 53405 R EAT M7 1 %
P RERERT , 2 X—EBBa k%, i SLC26A4
FER A ] BRI RE KA LR A AE , R R e (0
RBatE s . kA DNA 128 tRNA LR 58728 54
SRR Y EEA O, R R BB R,

B — A0 ¥ $ R (next-generation sequencing
technology, NGS) 19 & B AR E FRILHE It 1787
AR W NGS AR St B B I H
FHOCIE R HEA T H AR XIS T | 255 AH R 1Y)
AW B AT, AT LA 3R HR 3 RT RE A O BOR
KRR ZARF B R, AR5 I RDLAL R E
VB OCHE R A1 8 17 31 3K 50 £ (DeafPan-
elVL.0) , #8 ] i5t AZ PE H 22 AHOC 1Y 104 A FE R (45
COCH ,POU3F4 SLC26A4 F1 2k ki fA& 12S rRNA Kt
)F 3 > microRNA 73F, A TAHOC R AS I i 5

ENGIERIN & S B Y o R e 1) A TP
Z (JSNY-055) , & Rk Al PR R B0 5, B JE Al
FH B0 B A S 3 R A i e S R 0 o K
R VEA T H- B A I A T AL i R
PE— 2%t AT REAR JC A COCH JE M #EAT T 44 i T
Fe 30 B e 44T, LA WA H & s A 43T R

1 XW&MTE

1.1 %

K EAMWSUEH ok [t AR 25— s =
B B S MG 129 1], AR TR FE ATl
T 2013 4F 8 H th ARSI #E17 I/ 4, A58 15 3
M ER R AR B S B Al o, T A F
NGBS TR,
1.2 F&*
121 EARERBER

LGRS , e A R b A T4
(R S R A G R R S SR AR T S | A AR
W% R HEEE 2 RN R s A A ER S
LA e g DR SGEAIERI T2, W )22k
A AR Al E W I | ST TP T BN (audi-

tory brainstem response, ABR) IBERMEAE RS, ¥
BeA R A LR N H R 20 PR CT 4, ATE DI RERS:
ARy PR R i BT 5 8 P

122 HARLER DNA IR

X EF A HRSNEFRIK M 5 mL, Z % 2
F2 (ethylene diamine tetraacetic acid, EDTA)¥i#E, H
LN 4] DNA 10 & (JERURARAE A RHSAT R
AT FEPGERZH DNA, 52 IR & il . 1
SN OGRS AR EEAS I, ORAF- T -20°C
.,

123 BARR MK 5

o7 T 8 1 H- 28 A0 G HE PR A1 i e 91 4 3R 3R
& RGP R AR OCEE R A ER A 7 X A7 HE )
AR R AR LR 1

ARG Kz A v A AL T OREAS R LS
FAHAR  fERT 3~5 pg FERIZH DNA, ) F 3 1 e SR A
A HACK LK 2H DNA BEALI TR 150~200 bp 1
JrBE ATIBN DNA Jr Ba AT iE 52, Rt A, Jf:
¥ L3Sk s A WSS OV (polymerase chain reaction,
PCR) ¥ 4 J5 AT RESR AliAl , i £ 2 5 S0P, SO %
SE ARG DNA Bt GenCap H-#2 & H i 3514
# & (GenCap DeafPanel V1) 74458, ¥ 2eid w4
fAh 7 X S8 DNA Ve K, PCR &7 54 A i il
P ST @Hiseq2000 Al . SR A Hlumina
Hiseq2000 mof i)y £48, FEESEGA HE
HFRHE R ZH DNA BB Be 2 22 3135 A ek i 4%
b, XEEFHEIENE DNA FBOsd &Ky
Brat s 4 FOR sl s P 1) R R 2O R bR
ICHYBRAEIEA T G B Y, I FR T 5 T AR
F I T >98 90 1) DX, X0 B RE AL EE A A MR 2 >
99% , FHEREEA/INT 200X . QB AL HEL . Xof b £Ha
JE i UL 5 H R AR DG Y 28 A8 T R AR AR
R AT BIAA EO0  H R AR R 5 i
dbSNP & R R 38 22 o 189 L S A% IR 22 75 (single
nucleotide polymorphisms, SNP) i &5, L) 45 /)N ] RE 3K
o ) -2 B PR S AR L 5 3 i R B T Bk DR 4 B Al
J b B B ek 1 2 728 67 a5 A B RN 100 N H- 28 R K]
JE A I L R, E— 2D /) T RE 0 Y AR PR 58
TR H R ERIE
1.24 COCH %R & 3)nl %

R Primer5.0 51#35 0 H 844, £FX%F COCH &
Rt X AR 508518, 32 1 10 X554
B T COCH LR 4ty X AN GG Y17 55751, 514 i
JE R RIE G I, PAZE F BT 1 A 41 DNA 1
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Table 1 Target gene for target capture and sequencing

5%

FH#

HE MR

ACTG1 . EYA4 MYO6 ,STRC .ECM1 ,KRT9,CCDC50,GJB2

MYO7A TECTA ,PRPS1 TCOF1,CDH23 GJB3 NF2 TIMMSA |

FGFR3 ,GATA3 CLDN14 GJB6 ,0TOA [ TMC1 ,FGF3 HMX1
CLRN1,GPR98 ,OTOF \TMIE ,FOXI1 ,PABPN1 ,COCH ,GRHL2 |

PAX3 TMPRSS3 FGFR1 ,GRXCR1,COL11A2 HARS PCDH15 TRIOBP,
PROKR2 HGF CRYM KCNQ4.PJVK TRMU ,PROK2 MIR96

DFNA5 LHFPLS5 POU3F4 USH1C .CHD7 DFNB59 DFNB31 MARVELD2

POU4F3 USH1G . FGF8 .LRTOMT ,DIAPH1 MITF RDX USH2A
IL13 .LOXHD1 ,DSPP MYH14 SANS VLGR1,LAMA3 TPRN,
EDN3 MYH9 SLC26A4 WFS1 HOXA2 KCNQ1,EDNRB MYO15,
SLC26A5 \WHRN SIX1 KCNE1 ESPN MYO1A SNAI2 SALI4

SLC17A8 SALL1 ESRRB MYO3A SOX10 ,FLNA MYO15A RPGR -

FREM1 SIX5 EYA1 ALX3 SEC23A

RNRI1
TS1

CO1
H2ZAKEH) microRNA 43 miR-96
miR-182
miR-183

HFAH LR AL

chrM; 601-1680
chrM.7381-7591
chrM; 5881-7500
chr7: 129414532-129414609
chr7; 129410223-129410332
chr7. 129414745-129414854

%2 COCH £ PCR #3854
Table 2 PCR amplification primers of COCH gene

FHH 51WF51(5—3) 0 , Bk
; KE (bp) HREE (°C)

COCH1 FW:GCGAAGGCGGACCTGGAAGT 239 629
RV: GGCTGGGAGCGACAAAGAAACA

COCH23FW. AGCGGGTCGTCTGTGTCCTCT 439  62.6
RV: AACCTTCGCGCCTTCCTCCTC

COCH4 FW.CAGGAATGGTATGGAAGGGTA 350  56.2
RV: CCAGATGGGTAAAGCAGGA

COCH5 FW.AATAGATACAACCTGGCACT 607  62.1
RV: TGTAATAGGGTAATGGTGAT

COCH6 FW.ACTACAATCACCATTACCCTAT 850  57.5
RV: AACTGCCATCGTCATACAA

COCH78FW: AATGGCACTCTGTTGTTATGA 528  51.2
RV: AGGTGATGGATATGCTAATTA

COCH9 FW: CATTTCACCTTTGTCCCTT 1251 62.7
RV: CACCTCCTAGAAGCCTCAC

COCH10 FW: TGAGTAGCACTACCGTTGA 705 587
RV: AGATAAGAGGCAGTCAGCA

COCH11 FW: TTTGGACCTCTAAGTGCAGTG 791 56.1
RV: GATGAGTAGGGCTGCTTTAAC

COCH12 FW: TCCAGAAATTAGTAAGCAGTT 1 179 51.2

RV: GAATTTTTACCATATCCTCAG

A, #E4T COCH 2R 2t X 51114 PCR § 314
PCR W 2 H 50 wL, AL4% . 1xPCR S 28 ot
i, 1.5 mmol/L MgCl,,0.25 mmol/L dNTP,0.2 pmol/L
5'% A1 3' %% PCR 514 ,200~500 ng DNA #&4) ,1 U

Tag DNA AW (PCR WA H 4 TaKaRa
2wl . PCR RN E DNA #A4IE #14Y (PTC-200,
MJ Research 23 ), 2 [ FHEAT | RN 2544 . 94°CHil
5P 5 min; 94°CAEPE 30 s,55~62°CiR k 30 s,72C
FEAH 1 min, 32 PMEFR; 72°CHFEMH 10 min, PCR =
Y4 wWL 78 1.5%3 e W EE LUk, 100 bp DNA
PRI SERE

DAglifk PCR P4l &5 I FeAsidie , >R HDOUB S 52
1k ¥ 7 7 4 (Applied Biosystems 3730, Applied
Biosystems /A A, SE[E)_FF T, DNA MFE5R S
NCBI R 3 2 #i B COCH %t [H (4 5 i JF 5
(NG_008211.2)#E47 Hxt , LA A J& 5 A S8 A8 3 A HY
FPTES

2 7 R

2.1 RFEFAZRIERER

RARENE WA 1,27 72 4045 N, 5523 A,
22 N HHE BB 9 6, B tnl &9,
B ) 22 57, R W iR SR I I 4, A AL
BEZ /A —J7 WA IR R R Y i i st
FERHIE, SRR PR SR AR TS | 5~10%
T AR | A Rz DR, BT A TG
A 0 H e 25 4 ol

B FREE DI T a2, 9 il i
PESWrh DU 2 o IR G (R 3),
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22 BARARFGMERN LR
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b HE A OCHE R 728 S A, 45 R &k L COCH 4
A 11 A5 F FAFTE ¢.1458C>G (p. T3528) 44
GAR R DATA C 05 B A I R AR 5, X
TR A R LK R BUR A A il
—LTER RN,
23 COCH A BN 5 IiE B A 2F 57 m 2 43

YR Z A B A 256 R 09 IE H AR
PEFT COCH %M ¢.1458C>G (p.T3528) i 78 & &
AR (B 2)  ER R T, D O 0 s
AUV, A 5 e E 2 I, AH A A9 COCH 3 A
¢.1458C>G (p.T352S) Wy 2 A58 i I, A,
W Ry 4l F 2848 A IEH 0 10, D) A A A0 AR
5w Yl o A 5 PR O B R ) 35 AL SRR AR, BB AR
REURIER LA T, AN R N AT R
H,HaisFRENERMZETNEH, ZRK

O—
1

ZH I, AL, ¥ COCH ¢.1458C>G (p.T352S)
RAFP Al A AR L rh ¥ R IE
A W% S AEANFE G i e A B PR 354G 10 £
R, E— 20 A o) 2 O DN 28 AR M 2 (huep
//deafnessvariationdatabase.org) J5 & Bl , COCH
c.1458C>G J@ T NI FI 4 i —Fh SNP, TCEUW
P, PR AT DAHERR HOA 205K R BOW = 22 A REE
Syitt— 20 E COCH 3[R 5% 5 R 8o 11 5%
R, ARSI T, 547 T COCH JE[H 43
i XN BY 267 a5 A I A, 435 R 2 I A 5%
AR, R o] LU 2 COCH BRI R 512K R
FRESETST 5 v N
15
BB a s Wl s iz — , KE25
W IE R . 24 T HGE B T R B0R AP
L5 A1 BB 0 A CSE A, COCH 3 A /& |
Robertson 554 1998 4 &IV 1 METTIE D) fig
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Figure 2 Total separation analysis of COCH gene c.1458C>
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DFNA9 B8 HAUR I R R A, F 2RI A
HIREREIR A Y R W R AR AR B AR AL H R, 2
RGN A, T EE D) RE R AS R AN — |, HIFAS
A BEBIBL, COCH R SFERE RN
2EE S AT IR PR T G, el R R
WL, P RIS BT M A W ]
AR B REREIR— M 5 W 4 % [l sk 3, SR
L7 | PR A AR ) — DU 0 AR | AR J% , T e
DIeka AR i E Y REmGR I 2 22k . COCH J: A
3L 2 534 XS, & 12 DHMET, g i 550
FARIRH AR 1 E cochlin, cochlin &—Fh 23 ih iR
F L ELHE 2 A5 . 1 DA KREE AR X
B, WFRN LCCL X3 ;2 A SRR R A5 B E A
B (vWFA) G5 F SRR Y X35, B FT LCCL Bi7E &
B DI RE A 76 N A T vWFA S5H s 7 17
TETFA TR (12, COCH FE PR 7E A 1) Ho b
FIHTEE R ik, 000 TR S IR IER)H B
W AZE AR . maculae FIEHNAEIE . COCH R H1E
PN H-AYFe R0 5 DENAO H& S 2l SR P ~e &
PRAHAT . 835 iy | Tii7 A 1 o 00 1 R e 2 | IR e
M MR BERN A IR YE R 2 UUER M2 4 AR 1k
PR RN 25 B AN R RS 2245
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C CH €.1458C> GlDT3525]h t
H
|
M

FER G AR AR, Lo B A, 29 30% 2545 ) ist
BB H 5 GIB2 SLC26A4 FIZRi{A 128 rRNA
AR, R bR E I R O A DL BRI T
B2, 75NN T0% 0 e B M TE e X, 7
AT — L AL AT . B — R P B A
AR A ] R L e ) H BR800 E SE
FEHEAR R R 20 DNA 19 25048 5 | A0 4% SNPs
BRAE A3 AFNERK (InDels) o H T35 12 Rl >
5 DR 21 DX 3 7, DT P R R e AR 3 RS I 1) o
A AT DI K e H 2 A AR S0 JE R 58 42 (K
PRI L S A — R Y 2 30 i R A T
BB AR 1 AN s G T R R i RE D) BE A
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