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Analysis on Association between Molecular Evolution of Human GJB2 Gene and
Hereditary Effect with Deafness

Fan Yi IE, Yu Anzhu IE, Yu Yun ZE, Cao Xin zg’ Han Xinhuan 2=

1 Clinical Medical College, Nanjing Medical University, Nanjing, 210029;
2 School of Basic Medical Sciences, Nanjing Medical University, Nanjing, 210029
HCorresponding author: hxinhuan@163.com; PAuthors

Abstract Gap junction protein B2 (GJB2) gene mutations are close associated with the hereditary non-syndromic hearing loss.
Because of their wide mutation types and specific high frequency mutations, it was considered to be an unique deafness gene. In this
research, GJB2 proteins were systematically studied with the means of bioinformatics including molecular phylogeny, conservation,
transmembrane region, three-dimensional structure and missense mutation analysis, and also correlation analysis was carried out by
combining some previous reported experimental results. 166 amino acid fixed sites, two non-conserved regions and 2 sites of conserved
spatial structure were predicted. Association analysis confirmed that high pathogenicity was the occurrence of mutations in the
conserved sites, low probability of pathogenicity happened in non-conservative mutations as well. The mutations in transmembrane
regions with the property of amino acid changing may affect the spatial structure of proteins leading to change the permeability of
membrane channels. This study would provide a theoretical basis for further study of the deafness associating with GJB2 gene
mutations and molecular mechanics of pathogenesis, and also the research ideas have a certain reference value for other diseases.
Keywo rds GJB2 gene, Non-syndromic hearing loss, Molecular evolution, Hereditary effect, Correlation analysis
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Fho TR, ARSCRIHEME BRI
GJIB2 FE[H [ 7 HIBE A FHEAE, 4 & R
P2 S5 A GBI AU, FR1T GIB2 BRI AR S 5 H
B AL RN Z [ R R

14 R 553
1117 Maf R HE GIB2 BARFFIER

AR TR I 17 MM GIB2 FE E P45 B
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Table 1 GJB2 protein sequence information from 17 species

B JTCE AR I TCEE () GIB2 2R 741 K& N 248 DA
4k, 148 226,

1.2 GJIB2 RG KB 4T

M GIB2 [ &Gt B W r] (B 1), TR
VI GIB2 5WNEESII GIB2 SE4 K REUT .
tbAh, 7E 15 P RE ) GIB2. 2 Fhpis)
Vi) GIB2 M AR S WZE GIB2 #HEF4, 4
SHEAT I 2 7 B Heoe 285 SR rpr, FRACLRE (18] e R IR T
FEIIER) > B A 83.6% (189/226) 94.0% (233/248)
F170.7% (159/225) .

AL, LR B HIAE S 21 5 A SR S
AP HIAHEL, ABUEE(E 2), 5 GIB2 R4k
B S5 R 3

1.3 GJIB2 {57 X 4 #r

76 17 MR E) GIB2 Z R8It 2), A
2% GIB2 A 65.93% (149/226) 15 FE TRV It /2 [l &
(1), 23.89% (54/226)1) 2 BRI 2 R (1) LUEL
NI GIB2 74 53k i o 5 45 ri A (40 58 7
b, fERER, N2 GIB2 4 70.35% (159/226) KA

s LULLIEZY i KR e H GenBank &35
Number Name of species used in this research Length Class Order  Accession number
1 A2 human (homo sapiens) 226 M PR AAL87696.1

2 HEM chimpanzee (pan troglodytes) 226 M PR BAK62975.1

3 751 125 242 Sumatran orangutan (pongo abelii) 226 M PR XP_002824091.1
4 ZK K dog (canis lupus familiaris) 226 M CA NP_001184077.1
5 W5H% thesus macaque (macaca mulatta) 226 M PR NP_001038200.1
6 5 horse (equus caballus) 226 M PE XP_001488623.1
7 4% 2f: sheep (Ovis aries) 226 M AR NP_001009780.1
8 4= cattle (Bos taurus) 226 M AR NP_001077106.1
9 i 4E4 B, Chinese hamster (Cricetulus griseus) 226 M RO EGV92232.1

10 ¥ 2 B Norway rat (Rattus norvegicus) 226 M RO NP_001004099.1
11 ZX &, house mouse (Mus musculus) 226 M RO NP_032151.1

12 FI 3£ K B, Domestic guinea pig (Cavia porcellus) 226 M RO NP_001166294.1
13 a5 TUEE Western clawed frog (Xenopus (Silurana) tropicalis) 248 A AN NP_001016984.1
14 MU African clawed frog (Xenopus laevis) 248 A AN NP_001080478.1
15 H % KB common gibbon (Hylobates lar) 226 M PR AAL03975.1

16 Y25 ¥ SE Bornean orangutan (Pongo pygmaeus) 226 M PR AAL03974.1

17 75 #1242 Western gorilla (Gorilla Gorilla) 226 M PR AAL03973.1

M I A PIREAN; PR: RKH; CA: &N H; PE: &l H; AR: 8 H; RO: Wik B; AN R H
Note: M: Mammalian; A: Amphibian; PR: Primates; CA: Carnivore; PE: Perissodactyla; AR: Artiodactyla; RO: Rodentia; AN: Anura
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Figure 1 The phylogenetic tree of GJB2 proteins

Note: The number behind the species name represents the species’
sequence number. The number in the node represents the ancestral
sequence number of this node; No.21 represents the sequence
number of the tree’s mammalian ancestor and No.18 represents the
sequence number of this tree’s amphibian ancestor
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Figure 2 The results of multiple sequence alignment among human,
mammalian and amphian ancestor

Note: S21 represents the sequence number of the tree’s mammalian
ancestor and S18 represents the sequence number of this tree’s
amphibian ancestor; The alignment result among human, S21
and S18 is below the sequences; Result 1 is the multiple
sequence alignment result of 17 species, and Result 2 is the
result of ancestors of the tree’s nodes and human
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Table 2 The degrees of conservation of human GJB2 protein domains and the distribution frequencies of GJIB2 mutation sites

X G S I eyt TRSFE (%) RANL H I3 ATHRE (%)
Number Range Domain Type Degrees of Conservation (%) Frequency (%)
1 1~20 NT ND 85.00 25.0
2 21~40 Ml TD 90.91 22.7
3 41~75 El ND 100.00 229
4 76~98 M2 TD 95.65 47.8
5 99~131 CL ND 78.79 273
6 132~154 M3 TD 95.65 21.7
7 155~192 E2 ND 89.47 28.9
8 193~215 M4 TD 91.30 26.1
9 216~226 CT ND 54.55 0.0
E: ND R ARBS X TD o X
Note: ND: The non-transmembrane domain; TD: The transmembrane domain
1.5 A3 GIB2 H R4 X RA /T

M4 domain
M1 domain

M2 domain <\ a2

NT domain

3 N3 GIB2 A =4E4H
Figure 3 The three-dimensional structure of human GJB2 protein
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Table 3 The pathogenic missense mutations of GJB2 in nonsydromic hearing loss

R it A SR AR B A AR TREAR B AR
Recessive mutation Dominant mutation Unknown mutation
A B C
T8M Y65X K1221 W44S N541
G12v W77R Q124X W44C V84A
K15T W77X R127H R75Q T123N
S19T L79P W133X R143Q E129K
120T Q80X Y136X M163L Y155X
Ww24X Q80P S139N D179N M163V
V27I+E114G Q80R R143W R184Q Al171T
R32C 182M E147K C202F F191L
R32L V84L E147X A197S
R32H S85P R165W
V371 A88S W172X
A40E Loov C174R
A40G L90P P175T
W44X MOI31 VI78A
G45E VI5sM R184W
E47X Y97X R184P
E47K H100Y S199F
Q57X H100L 1203K
C64X E101G N206S
Y65X S113R L214P
F1H
> N Fg
Norway_rat LIMVETPALLVAMHVAYRRHEKKREFMEGEIFNEFEDIEEIKTQRVRIEG
109 site Chinee e LIFVSTPALLVAMVAYRRNEKRRFVEOE EJEFEOTEETTORVRI 20
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M‘!’ ('J[‘IIL‘ LIFI\-’ST:A:_LM:AHH:{AIYY?HEK}'.R}'.FIROEIKTEFKDIEEI&KDK\"IRIED
) bore LIFVSTPALLVAIVAYRRERKRKE FOETRSEFROIEET(JRRVRIZG

125 site

Bl 5 N5 TR GIB2 & [ = 4 == M 45 # Lt

T B AERR RS K 73 509 6L 109 AL A 125

Figure 5 The molecular overlap map of the three-dimensional
structure alignment of human and western clawed frog GJB2 protein
Note: The pillars represenr the sites 109 and 125, respectively

Bl 6 NKE4F, 4, FERMIKE, PoH0 T & T 1
GIB2 I =445 5 ]

Figure 6 The molecular overlap map of the three-dimensional
structure alignment of human, sheep, cattle, Domestic guinea pig,
western clawed frog and African clawed frog GIB2 protein
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Figure 7 Multi-alignment of GJB2 protein sequences from 17 species
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Figure 8 The result of SOSUI analysis in human GJB2 protein
Note: In the transmembrane protein figure, boxes highlight
residues that are pathogenic mutation sites; In the transmembrane
helix figure, hydrophobic residues are black; Neutral hydrophilic
residues are blue; Hydrophilic basic residues are blue bold;
Hydrophilic acidic residues are red bold
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BRI AR E P Re ), LA GIB2 JE[N AR
iR R Z R, —BE R LN REREN T
M Z

ASCF ARG B TR GIB2 7 F it s
fIE5 NSHL B A& N AT T RV T, 4R
B, N2 GIB2 @AM 7B A S BEOR~F M, 4T
HEMLIE 166 /N E FIEIERRAL . GIB2 T
JEE A DX R 57 B i TS X, 5 B X DR < v 1 P
X, Hrr CT g5 IR~ FERAK. P51 109~125 [X
R A SRR AR, PN AR OR 57 XA R R AR B0
PEEE R IMER B FEAIEE 113 AR 123 1
HEMA 2SR G PR A 57, FUNR A AR IX W r
I TR SR R T RE . R AR ARSI X
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@

B SRR R T R ER IR, WNZRA K 2
5 B [ 7E 20 BRI 1 2R 0K B SR I T ) I8
PE. 2 Dai £(2009)%F 2 063 ] NSHL #3#% f &k
AT GIB2 FEDK U It A SURAZHIHE AL, M\ 58 ik
A BURE TS RAR R R E AR 10 PP SRR,
Hif 1 plEE FEREA T W3X AT R143W RAZ,
F 1 BB E R R A Y152X A1 R127H 8438, 41
X, FTRC A 10 s SRR AIAL TR X, H
RAEAE SRR IX (15845 (R32C, S85P, T86R, R143W)H
MU T EIERR IR, TMAE 15 A 2 SRR XY
KRB INECRPER URA, X — 0545 R MIGIE T 47
PR 55 Z I PR 1 A Ll A R S A s B 5 B0
TEAE LR 57 X B0 14 9748 () AT REME R/

WX GIB2 R4k B —4E45#) 2 SOSUI 43
B, X GIB2 bR EA 1t — 2B g, W
TATE UAEN IR H T A28 GIB2 J¥HIE 113 il
5123 ARy MRS IS, FR gk
G2 LVIGHIE . FEXT Z PR F I LERT A, 3RATT R AR
F5 NKM T H LS 738 i (score=96) , 1HH # %
&G — BN ER, X REHM 45
HNEPPEG R R BOEM—. FfE, wERSA
T B LE XS 20 AN AN 4 25 1) 151 (score=93), {H L = 4
SR S5ANEILTFReES, FFEEUN RS
KFZR. R Bgt—PFE 17 GIB2 MAEMER
TR

FAT, X GIB2 Bujm J AL I (R 78 K 2 K I &
P 538 BT iRl o, AiS 014
25 J57(Choi et al., 2009; Ambrosi et al., 2010; 1
rRafiZE 2010; Oshima et al., 2011), M4E& RG4ED)
FRSFINE I UL SRR WARTE . A SR HAYE
B, 6 GIB2 FERMHAT P A RIEIE &R, AL T i
SR VM T FIPE, S &R IR R AT 2 7 51 L
Xy RGURE SEA S 4EG 2 A 8T, 4
S8 T HIPRSF AL s RN X 38 IR X RS AL (X35
D Re AL i (DX 4580) FH B0 RA 3 A AR R A7 G e
3T, SN GIB2 i EUE 1 AR R LA K FRARE
LB PR AL A A ATIEYEE S, R o
At 978 PRI AH A FE SR AL 18T i) SE B
3 MRFI T
3.1 BIEHE R

M ] ] S A P 5 AR A B A (NCBI) ) # 4is
FErh, i http//blast.ncbi.nlm.nih.gov/Blast.cgi £ ]
A3 17 MM GIB2 BB e BN E LR 751
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3.2 GIB2 FHHFFIMAYE B E 2T
3.2.1 ClustalwW £ & 7 51 L3t 434

A ClustalW2 % 14 (www.ebi.al.uk/Tools/mas/
clustalw2) X NI FTH 17 ADNM0FH GIB2 AT
HEAT 22 B 7B L5 (Thompson et al., 1994).
ClustalW #2& H i Fdse) 72 2 Fe o1 bt B, &
T R E, RHABMEEERT . MR FH . Kk
TN FILE T = AN BREAT 2 P I LER . EEXT T,
SN 2P B P b R R R B R R AR S CEAR M
PEBSH PR = A R ETR B0, O RE IR
FEXF 7 B EAT DAL s 98 5 MAsse S5 %5 1R 2% 7 41 FF
46, BA NI F 72 AW Bt Y, B
BIFA BB I A I

3.2.2 GJB2 Hyiktb /i

F MEGAS.0 B A2 1) g NBIFFL I 17 A4 Fd
(1) GIB2 JEALHY, I HAG B A 55 45 55 A A
S5 LA 3k — DAl 70 (Jones et al., 1992; Tamura et
al., 2011). Mega /& H A N ) vz Bk o A ik
Z—, FEARWFF R T Maximum Likelihood 7%

3.2.3 BAMBRX 541t

F SMART (http://smart.embl--heidelberg.de)*
GJB2 HHABATHMIHIIRE /T SMART J2& RE iR
TR R H 1 Jo &5 ) B AE 2 A B e R AR A
(48 A6 38 AT BIF 7 RAE B LE AL (Schultz et al., 1998;
Letunic et al., 2009),

3.2.4 BHRERX 5515501

M1 SOSUI %t GIB2 H H HIE5 X 24T 734,
SOSUI (http://bp.nuap.nagoya-u.ac.jp/sosui) e FH %
JIE A AT R o B 0 L IR R e e 5 A )
B, HAR S TS B R 0 0 =E - 99% A1 97%
(Hirokawam et al., 1998).

3.2.5 BHR =4 RV E 5 =44 LB T

H SWISS-MODEL (http://swissmodel.expasy.org/)
PN FTR 17 2% GIB2 & H P41 73 3 BE4T 1 [F) YA
% (Guex and Peitsch, 1997; Schwede et al., 2003;
Armold et al., 2006). A5, H VMDI1.9 ¥ ff(Board
of Trustees of the University of Illinois and others)%f
Fr B 5 H0 N () = AE S5 BEAT A . B o =4[]
PRSI L) v R B 1 0T = 4 5 R T A LI T
1R, JJFERAE R B o A R 1 SRR A
SR E E B R R, FRRE AR A A B A A
Ay st H TN ) 2 1 T = 44
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T RR A AT 58 OB AL BE L 23 M BA SR ST AR AN E
o B2 B AR A B AR B T AR o BRI
FIHCH 70 BT AN A% SN )M 75 T 25 T 1 HOR SR o #haHT A
AT 5L BEOFERMA IR 2ERIEEE
BE k1A A S A i N 2

Bt
P IR v ) 2R K S RS HT R s (R A A
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