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Analysis of the Sequence Variants in GJB2 Gene Whole Coding
Region for Patients and Their Pedigrees with Nonsyndromic
Hearing Loss Detected by Screening of Newborns
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Abstract To find deafness-causing mutations in GJB2 gene and explore the clinical manifestation of
deafness of compound variants in GJB2 gene, the sequence variants in GJB2 gene whole coding region were

analyzed for patients and their pedigrees with inherited nonsyndromic hearing loss detected by hearing screening of
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newborns in Wenzhou. Genomic DNA extracted from peripheral blood of 21 probands and their 57 family members
was used in this study. The whole coding sequence of GJB2 gene was amplified by polymerase chain reaction (PCR).
For the amplified products, 235delC mutation was screened by restriction fragment length polymorphism (RFLP),
then GJB2 sequence variations were determined by DNA sequencing, and the resultant GJB2 variants were further
evaluated by bioinformatics analysis. The results demonstrated that the deafness-causing mutations in GJB2 gene
were identified in 7 of the 21 pedigrees with nonsyndromic hearing loss, including the types of 235delC homozygote
and 299-300delAT+109G>A compound heterozygote. In other 2 pedigrees, compound variants in GJB2 gene were
found, which were probably pathologic, including 79G>A+109G>A+341A>G compound heterozygote and 79G>A
homozygote+558G>A heterozygote, respectively. However, the results showed that compound heterozygote or
compound homozygote 79G>A+341A>G, compound heterozygote 235delC+79G>A generally had not enough
deafness-causing eftect. The results proved that compound variants in GJB2 gene were frequently seen in patients
with nonsyndromic hearing loss. Whether some variants in GJB2 gene could cause deafness significantly depended

on genetic heterogeneity. Sometimes, polymorphisms might cause deafness when they were multiply combined.

Environmental factors and genetic background may contribute to the clinical manifestation of deafness.
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J% % 2 PE(restriction fragment length polymorphism,
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511 bpF1266 bp. ¢.235delCZEAE T Fdpa T VI A5
TR, ai o SR LT 14571 N 777 bp, 24 HERAE
341, 2054777 bp. 511 bp k266 bp.
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Connexin-deafness = 71 25 & AW ST I AW M5E B 7 M
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235delC(12/42)428.57%, 79G>A(12/42)428.57%,
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Table 1 Distribution of GJB2 gene variations and amino acid changes of probands

B PRI AR e
Gene variations*

AR

Amino acid changes

BIELFEN )

Number of proband (types of genotype)

Polymorphisms

¢.79G>A heterozygote

¢.79G>A heterozygote+c.341 A>G heterozygote

¢.79G>A homozygote+c.341 A>G homozygote

¢.608T>C heterozygote

¢.79G>A heterozygote+c.341 A>G heterozygote+c.608T>C

heterozygote

¢.79G>A homozygote+c.341 A>G heterozygote+c.368C>A

heterozygote
¢.109G>A heterozygote
Pathogenic mutations

¢.235delC homozygote

¢.109G>A heterozygote+c.299del AT heterozygote
Changes with unknown relation to disease

¢.79G>A heterozygote+c.109G>A heterozygote+c.341A>G

heterozygote

¢.79G>A homozygote+c.558G>A heterozygote

p.V27I
p.V2714+p.E114G

p.V271+p.E114G

p.1203T

p.V271+p.E114G+p.1203T

p.V27I+p.E114G+p.T123N

p.V371

Frameshift mutation

p.V37I+frameshift mutation

p.V27I+p.V371+p.E114G

P.V27L4p.T186T

1 (heterozygote)
3 (compound heterozygote)

1 (compound homozygote)

2 (heterozygote)

1 (compound heterozygote)

1 (compound variant)

1 (heterozygote)

6 (homozygote)

1 (compound heterozygote)

1 (compound heterozygote)

1 (compound variant)

# 7 MA: Connexin-deafness & T &5 & ANWF S M AE WS B K R MW
*Classified according to Connexin-deafness mainpage, combined with bioinformatics and pedigree analysis of this study.
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341A>G(8/42)419.05%, 608T>C(3/42)47.14%,
109G>A(3/42) 47.14%, 299del AT(1/42)%2.38%,
368C>A(1/42)42.38%, 558G>A(1/42)42.38%.
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RUTE23 N 2R 40 1 28 h (1 28 FE R AR~ Pk &R 2(CT)
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A%, SIFTHy Mt 7k, 1203 T4 X 5878 Ay #0475 1 52 4%,
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QN KFR W, GIB2FER KA B0 5842 R nT fig
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26+ 19, 211 ZR L B R 43 B 2 S R 2 L I ), 3L
R R19. 211052, BEEA235delC2li & H&, O4
RO A BE AMEALRER #5373, 514K 6.
7. 10, 13942 REHY Ky235delCHEAT . LA _E6A
K Z I1235del Cizt AL Y75 & 8 4 (044 B M (autosomal
recessive, AR)it /%, {H X R 611)235delCH; 17 # B ok
S H 2, A #5101 18235delC24 & S E AT BE . K
R 155G 1E & 109G>A+299del AT, i 2 h24 81U
fr G 246 88, 8L AR IN109G>AZ% &
FIBESE1299del ATA &, FF & AR L . K R105L5%
235delC 5+109G>A%% &, X FR 158} 55235delCHt
H+299del ATZ4 45, BN BURAL i A 2546, (1
HIVJRRMEE . FRICUEE SR RSBEERFE N
79G>AZEG+341A>GAlG, HEE IFAH&, 2L TR
WA ORI, K ZR3SEUF A SLC26A43E R E1E
BB ERAR, MEN79G>A45+341A>G4li &
N2 BMAER . K RACUEHTIG>AL 5+558G>A
2% A, A0 I BESET9G>ALR H+558G>A% & OF A
H&, A IR558G>AM B & M. K R8LIUEH

H 2 H109G>A+299-300del AT 4 24 4 5 5 (

79G>A+109G>A+341A>G = B H S 44 =1

R2 GIBR2ERREBRERTMAGEBFRTRHRAEANEELER
Table 2 The heredity in pedigrees with GJB2 gene pathologic mutations or possible pathologic variants

£ SR FE Y ALK PR T (e T ) RESREED AL (R L)
Pedigrees Genotypes of proband Genotypes of father (phenotypes*) Genotypes of mather (phenotypes™*)
4 79G>A homozygote, 79G>A heterozygote, 341A>G 79G>A heterozygote, 235delC
558G>A heterozygote heterozygote heterozygote, 558G>A heterozygote
235delC heterozygote, 79G>A 235delC heterozygote, 79G>A
6 235delC homozygote .
heterozygote heterozygote (hearing loss)
235delC heterozygote, 79G>A
7 235delC homozygote 235delC heterozygote
heterozygote
79G>A heterozygote,
79G>A homozygote, 341A>G
8 109G>A heterozygote, 109G>A heterozygote
homozygote
341A>G heterozygote
235delC heterozygote, 109G>A
10 235delC homozygote 235delC heterozygote
heterozygote
235delC heterozygote, 79G>A
13 235delC homozygote 235delC heterozygote
heterozygote
s 109G>A heterozygote, 79G>A heterozygote, 109G>A 79G>A heterozygote, 235delC
299delAT heterozygote heterozygote, 341A>G heterozygote heterozygote, 299del AT heterozygote
19 235delC homozygote 235delC homozygote (hearing loss) 235delC homozygote (hearing loss)
21 235delC homozygote 235delC homozygote (hearing loss) 235delC homozygote (hearing loss)
FRBURTE W B I .

*The phenotype without an illustration was normal.
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235%-| 235", 797~
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8

1

235+/+
Pedigree 19

* oA FE B R R D1 2357 235delCAR4; 2357 235delCAli4

o0
1 10 | 11 12 13 1516 17 A8 19 520
5+/7 5+/+ 235*/7 9+/, é &5#’ 79+~
s 1 %
11

9 10 11
Pedlgree6

12 13 14 15 16 17218

235", 79" 235+

1. 2
235+/+ 23’5_.‘-/., ---------- 55.5“\-/.4“.;35+/+
79+, 341+~ L*
1 22
23 5+/+
Pedigree 21

37977 T9G>AZ4 Gy, 3417 341A>G 4 Fr o

*The member illustrated with genotype; 235"": 235delC heterozygote; 235"*: 235delC homozygote; 79": 79G>A heterozygote; 341"": 341A>G

heterozygote.

Bl RERERZREEARRAEEE

Fig.1 The representative pedigrees and genotypes of deafness related family members

M 1 2 3 4 5 6 7 8

750 bp
500 bp
250 bp

M: marker JDL2000; 1~3: X 245 5%E. BEoE.
11~13: KRB PR SBUFE; 14~15: FKR19BEE,

SEAEH 40 K RO 5~T: K ARTE. BEE. SEiFE#; 8~100 K R10R
SEIFR 16~17: K R2103E

10 11 12 13 14 15 16 17

777 bp
511 bp
266 bp

S BESR. SRR
FEUEF .

M: marker of DL2000; 1~3: the father, mother and proband of pedigree 4; 4: the proband of pedigree 6; 5~7: the father, mother and proband of pedigree 7;

8~10: the father, mother and proband of pedigree 10; 11~13: the father, mother and proband of pedigree 13; 14~15: the mother and proband of pedigree

19; 16~17: the father and proband of pedigree 21.

B2 KREMFEAGIB2EEPCRAEZ

% Apa 188 5 TR A #8 5E AL FL ik B

Fig.2 GJB2 gene PCR products of representative subjects digested by Apa I and analyzed by agarose gel electrophoresis
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234 236

GCTATGGGCC-TGCAGCTGATCTTTCG

230

il

YoM e.235delCAlifr 53747, DAL ISR (1 AR

240 250

All of the results were ¢.235delC homozygotes, represented by the result of one of the probands.

El3 &6, 7. 10, 13, 19, 21%IiEEMGIB2EEPCRA=HN 7 E
Fig.3 Sequencing for GJB2 gene PCR products of the probands of pedigree 6, 7, 10, 13, 19 and 21

(A)

109
+

ATTATGATCCTCMBTTGTGGCTGCAAA
100 110 120

299300

CCTACCGGAGACGAG AAAAAAAGAAG
290 300 310

A/MV\A/\/\AMMNW

A:¢.299-300del AT 75 58742; B: ¢.109G>AZ A R AL
A: ¢.299-300delAT heterozygote; B: c.109G>A heterozygote.

El4 RRI5EIEHRIGIB2EEPCRE=YINFE
Fig.4 Sequencing for GJB2 gene PCR product of the proband of pedigree 15
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i ) 2 o ) B B T, GUB2EE N RAR I, AR
FIEIAE N AR EL IR IR 52 B 5, 53U i
PEH . PR EgE A IE R B GUB2JE R B i L
(1) 548 #3235delC. AHFFTE IR, 211K & 1 GJB2
FEDRUR AR BUR AR T AT B BUR B R AN K R, I
O Z RCUEE THIL N235delCLli 5305, 1K &
SEUE 12 A 109G>A+299-300del AT 45 2445 5 4%,
HARANFRUEE T RESUR. 2101 581E# +,
REME 12 0 GIB2 AL %1 11133.33%, 15— M
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i, 0 K R4 R RTIG>A+341A>GH A %
Al e B SR RO A B SURE, T9G>A
A 3ALA>GHLI G 43 0 Ay BEVE (1) 58AR T, H
Z HARE NN, T9G>AR A A 341A>GH % A s
79G>A+341A>GH & A &3 2 & 08, [ 4
R IH, 79G>A+341A>G 1] fig 5| kL W 5 A7 4k 28 G Ak
RVE D A B, 79G>A+341A>GH] fiE
oh2d, HoATE AR L2 EEEL 7MW
7RI, F 1, H79G>A+341A>GHE 5 4 4l A ()
BERGEZHHARAZEME. HRIBIE R
3R H)TIGAH4IASGH Gai G IAE L 2 &
P, DR A AN UR8E2H 28 B 9 R B, 1% 46 IE 5 SLC26A4
FEIEAE 1 8 B R, Dl H K R8BESE A FE N
79G>A+341A>GH GaliG, HAHE. K11, ¥
c.79G>AZ4 L +¢.109G>A 24 &5 +¢.34 1 A>G 24 & 1H
FKAREERALN, KK c.109G>A Jy Connexin-
deafness 1= T T &Il 43 (BRI B0 5848, 1 HA E %
W1c.79G>AZ% £+¢.109G>AZ% Gr+c.341A>GH: & 5
FEEAT RS B DAHEN % = 52 5 53 A8 AT v] A 30
AL 2N, K RASAUE B TIG>ALL G5+558G>AZ4 4,
HHAREETIG> ARG +558G> A A HAHF . 5848
i 11558G>A7FConnexin-deafness = T 1 & I i,
RULE ] N A0 d5 8 SCHRAT B f T, 41524 T e A B
A=

HAr, BN O 2 S HF IS W (1 5T
FRAEPT AT GRS il N B DT AR LI A R I
H B LR FR, R IWWARIE . A TR B A=
LT A I ) EE B2 0 R R RS W 4 L, 1dE— DB
FAILR R0 AR R R 588 AT 4 b X i B =X T
B &R AR . HAr, X T GJIB2EE R 5 R B
IR I T B 1) 1), T R W g 2R
DA B9 aok R R B PR L 1) AF A 2, E T2 LT )
i 2 RN BE P2 W e AT )2 T R 2 1, e AT 2 i
HAC FI2 W, DUSUR e GIB298 7% - g W i i

TR
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D300 B AR REAT RN BN TRE AHAE AT
AR5 A2 J LT g 0 7 A0 B2 W A B TR A B T
GJB2IE N 5 R IR R FIIRAWEIL, X T8 H
FERIHLIE LU I R HE R 2 W7 5 5 30 0 1 A7 S 24
Mo
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