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[Abstract]| Objective: On the basis of previous systematic investigation on a Chinese pedigree with dominantly inherited auditory
neuropathy, we aims to further search the deafness-causing genes (mutations) involved in this family. Methods: Whole-exome se—
quencing was conducted in three affected members and one spouse to determine the candidate genes related to the pedigree, and
cosegregation analysis was performed on other members of the family. Finally, fifty normal-hearing individuals acting as controls were
recruited for candidate variant detection. Results: A total of 41 variations were identified by whole-exome sequencing analysis. These
variations were verified in the kernal pedigree members and 2 normal-hearing individuals by PCR-Sanger sequencing. The results
showed that there was only ALOX15B gene co-segregated with the phenotype of the family. This gene mutation, however, was also de—
tected in 2 of 50 normal-hearing individuals, which excluded the causative effect of ALOX15B mutation in this family. Conclusion:
Whole-exome sequencing combined with Sanger sequencing does not reveal novel gene mutation in this family, which excludes the
causative effects of Indels or mutations in coding sequence.
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Figure 1 Family pedigree with auditory neuropathy

12 F#*
1.2.1 AR DNA #l&

U [ R R B O 3R FR B A A K i 25
5 mL,EDTA $ut, H I R 4 DNA 48 5070 &
(b RAR A AL BB A BRA ) B2 BCAk Jo i v i
DNA, 7S IR & U0 . DNA 2 5858
TIIEAT 2 B A4l A, PR AF T -20 CHRH .

IR DR AZREAR 9 ), Hoh B 3E 7 B, IE#
BCAHs 2 4515 53 BT I3 i N 50 i A A i 50T IR
1.22  ASF2F 4 5o

ZAEAC T AR R IR HIBF T O S8 i, REBCE BRI
1.2.2.1 %K/ % 3 A& Solexa M 5>

P4 B DR R (3618 E A1 R
), B AE 15~20 wg FE 4] DNA FfHLFT W7 5L
500 bp e A B R B, 7E R BeM i A i 4 Ak
il 2 Z2 A8 SCE , OS2 A& G DNA R B S
NimbleGen .t #1774 58 . ¥ &85 & E£ 507 IX
W DNA F BEPEE T ok ,LM-PCR £ 9319, $4
Ja B Bk R R, ST I SRR A 0T
EHLIF (Mumina HiSeq 2000) ,

1222 ¥R B I AWAZ & F O

I Solexa M J7 45 2 58 R A A 1Y J5 45 B0 ds | 78
PEAT AL A5 AR B ER TR | aod 8 4 Sk 7 4] AR T
A RERREA TS P AR BRI S, AT AR 1R B
2o, RS O A B 5 S AL
XF, 4R — b BSR4 O 78 R 3L A
20 DXCBFE LT 5 BE S, AT B A DXl ) 5 e 5
TR 43 A7 P78 5 B 1 3 — P 53t \SNPs/InDels 415
BN 2% B B | 1 BE SNPs/InDels ; 76 I 35 i
b, 454 DFNA % 309 H- 22 B0 2k H 9 15 8 % %%
AN B RIS R N X IR A A s AT HE A
ISR it 7 o o A i1 73 v N
1.2.3 1%k 3 % K B 49 Sanger M 5

A LA DU S 6 s 1) i 15 800 i R B 58 A8 o7
M, 1E http://www.ncbi.nih.gov/_I- 2% 1) 2| K 17 3 A ¥
51, R FH Gene Tool 3RA4: X A A BE 2 AR #1751 4
Bt (AW 40 XF5190) A 51 ) L 4E
R PRI By A7 R w5 i

LAKE[H 20 DNA S84 ,PCR 434 H i) DNA Jv
Bt, PCR K& Hy 25 wl, 3% PCR Master



95 37 B 8 M S 5E X BV, A5 S (0 PR R AT T 220 K R AR AN I T LI A AT (D],

2017 # 8 H

At ER R M (AR RR) ,2017,37(08) : 1029-1032, 1050 . 1031 -

Mix(x2) . DNA 4 5" %5 F1 3" 3 PCR 514 .ddH0.,
SR E5AF 194 CCHIAEYE 5 min, 94 CAEE 30 s,42~52 °C
2k 30,72 CHEH 40 s,34~40 DGR, 72 CH4E
fit 10 min, >R S 3 PCR %4744 B PCR 774 5
pL, 75 2.0% B I5 W5 & e vk, 100 bp 1Y DNA
FRICHAT P %

PCR F=¥) 4 4lifb )5 , 3% At 5t A K356 R iy
ARA AT E, WP 452585 hitp//www.ncbi.
nlm.nih.gov/BLAST B AL AR A H X, HEA T 2R
AN A5 R

2 & R

2.1 shRFAmFLER

K H Nimblegen (1) HD2 its X} 3 il #2351 1 441
TCAH 3E AT A0 b - LA A B 5 e 0 D 4 B S
2% A RN ALY He X, A5 5] B bR AR AL 7
[X 3 SNPs/InDels %45 %, 5 %6, 4% 3 4] 35 19 SNPs
o 2875 43 ) 5 1E H it BRI SNPs AT X, SIBR S
PN TG G GEAB A p, T L 3 )RR I ) A 3k
SNPs s R A E 4 4E ; M5, i 5 NCBI dbSNP,
Hapmap8 SNP #4fa ) | T AL R 41 iF4) | 28 2 i1 &)
PEAT SNPs 5 28 48 7 15 19 EL X, 51 5% B 1 SNPs B &
A5 TE R 3 49 BRI A% % SNPs 1k 2€ A5 4
P g s ), B EAT 3 )R E SNPs 51 28 A8 5048 122 1)
P, B9 3] 3 B3 1 41 AV TE S R AR S A
S AEHE— 2L A A BRI
22 &R B K 549 Sanger M

MO R RIAER 3489 NFIZK R AT ) IE %
2 NHEAT 41 A ik B2 B R AR C 548 1 PCR 47
14 F Sanger M J7, 25 5 W w « B FOXD4L1 ,PRKD1
I ALOX15B b, Hi4y 38 ML S AFE S K
FHFRAWI R Do KB, FOXDALL
K PRKD1 2878 7€ 1E H X% B8 () 7 51 ot A6 51, Fy
U 72 A ALOX15B 1 8 h 5K & B 28 1 20 ik
(E2),

B, X 50 IR B 580 BRI T ) 1E 5N
DNA FEARJEFT ALOX15B 3 [H] i 1o B 38 28 A8 v 14
) PCR ¥ 34, W&y 43 )5 o, 2 B0 i
6 0 3 5 9 491 41 A ) B9 ALOX15B Bl 3 48 5 (&
2C), T HERR T ALOX15B RAF 55 & B8 £ R
FHOCHE

3 i

AR AN Jr T R 2 AT T R AP B, H i3k

B G G G G B Cc C C I
C 90
G G G G B C C C I

A:FRBUB2, TG C>T 278 B . Co BF T Je 1 4407 J11EH %t
B IDL C>T 28742,
2 ALOX15B £[H 7942797 i millF 4R
Figure 2 Partial sequence chromatograms of ALOX15B
gene from a family spouse

R AE AN B i1 HTIE H 25 52 2[5 A b2
1T, 184 O A B0 AH G SR R g e b, S IR AR
AN 17> FHLHIZEE T R4 iy Sl

2003 4, Varga SE 5 7EXT 4 A Bk R 25 & F A
AN R R FATHRGERT BB & B B3R R A ]
HHF] OTOF 2 [H F ., OTOF i T4 Y 4 fA& 2p22-23
X, 7% 48 ANA T, G i 4 7 28 filh % 32 B 11 otofer-
lin, 584 ZAFAE T HIRN BN, 7 W, 0TOF & 11~
XF A B A M D e EL A R R TR BRI R
1) 5 748 ] 3 R PR DY B A B 15, T3 AN R
IR R B, A A R R [ e K AN 2240
L5 0 B0 SR

2006 4F-, Delmaghani 554238 T 4 4Bk 25
HAEEL AN PRI R &, fEH D 1 DR PRI F]
DFNB59 & K 161C—T i X 52748 (T541), 75 3 %K
PRGN B 3% 5 R 1 547C—T 485 L5878 (R183W)
DFNB59 i T4 o {k 2¢31.1-q31.3, & 7 MM E T,
Gl 352 A2 HE R 41 L) B 1 Pejvakin, J&5 # 1
HUR Corti 7  BEE M 28717 40 g LA BT = T s A5 A
% (R A | OSSR AR ) IR 2 2 3
Ak, BRTCUEYE, DFNBS9 R48 4 S 8 Btk 4i &
TERI AR LR G AR AL AN A1, 38 Rl 515 DLAM B 20 i 6
F Ry A S M T 2 D B PR i E T R S S
Z RIS,

1999 4 \DeJonghe?s " SE7E Charcot-Marie-Tooth



- 1032 - 5]

woEOR XK

537 B4 8 W
2017 4 8 H

I (SUFR st A M I 12 3l R 289 , HSMIN ) £ AN X &
BEPRERATHEBEEAZET (myelin protein zero,
MPZ) FE A /) Tyr124Met R72E . ZJ5 , Starr 55 58 12
XF 1/~ HSMN £ AN K R 15> F it s ib 55 & 91,
MPZ F& [N 19 145 i 22 A e & £ T 5 L& &
(Tyr145Ser), W UL MPZ & 1 5% &1EA AN A
K BOR LA %Ak P 58 A8 T i g MR E i 28 4 i
DL B v kX A B i R T o 425 2T 2 1 R R BB 2 T P b
40 T 25 VB i I B AR IE S

AFEANRERIEN , E BRSOk 2 A RE T 54>
AR BRI AELE S IE R AN R R 02
Hrp A 2 KR EZPUESS H DIAPH3 2 5
UTR & PRSP GCHERAE (c.~172G>A ,c.~173C>
T)Fr s>, Bl DIAPH3 J2iz2 4 sa B — 5 1 ist
&t AN AH 5G9 350 56 [ . DIAPH3 i T 3¢ 4 4k
13q21.2, & 29 DMAMET, 4% 2 F diaphanous
H o XF R TRL FfF 58 & R, diaphanous-2 85 FH X B i
I S 22 S SR 5 PR B, SO S
550 B4 il )5 TR 2, DIAPH3 %54 5'UTR
X GC HE By BE PR ST 1Y 7 40 W] 05 i B R A 2 5% i
[X 46k 5725 T fE R T DIAPH3 3 PR s 3 1 1 1 4%
G, F B mRNA J 8 (A 3R 5k #E 1 W] 6E 38 i %
DAL 200 i 5 ke %) T4 5 T T O R I R A

Bk LR H AN, Wang & OHRIATE 1 4~ AN B0k
96 B G I 21 mtDNA 12SrRNA T1095C R 74F . #x
I, IR TE E B RE TR T E SR
FeH AIFM1 2848 i S8 X- @i kbt AN, If 76—
AHA AN FBRE rpoR I 381 122 356 DR 465 v R 118 Al L2
A5 R ATFMI ] 682 BR OTOF LLAMEY S 1 4~ UL
AN B HEA

FERTIRFSE A S5 3 D R R H
AAEBEAT T mtDNA 12SrRNA .OTOF \MPZ .DFNB59
K DIAPH3 JEH (4 790 73 0, HERR T iR %1 AN
HR IR R AR RE R TG,
AHFFER SN B FHMTFEAR , 455415 82550
Pl PCR-Sanger M J7 , 5 RAEIZ K F AN B & AN
KA BN A R s As, FEMHERR TR & th &5k
I F SNPs % Indels 2% A9 ] B, 2 B AT FEAS A
FE, % AN K FR PAETERR B G i X 528 K¢ Indels
PAAMI 52 A8 B 2K, Gn ik PR ity DX R B i 2 o ik —
AT A B AR R R R R4 L

(5530 ]

[1] Wang Q, Gu R, Han D, et al. Familial auditory neuropa-

(2]

[3]

[4]

[5]

[6]

[10]

[11]

[12]

[13]

thy[J]. Laryngoscope,2003,113(9):1623-1629
Manchaiah VKC, Zhao F, Danesh AA, et al. The genetic
basis of auditory neuropathy spectrum disorder (ANSD)
[J]. Int J Pediatr Otorhinolaryngol ,2011,75(2):151-158
Schoen CJ, Emery SB, Thorne MC, et al. Increased activ-
ity of Diaphanous homolog3(DIAPH3)/ diaphanous causes
hearing defects in humans with auditory neuropathy and
in Drosophila[J]. Proc Natl Acad Sci USA,2010,107
(30):13396-13401

Sanchez-Martinez A,Benito-Orejas JI,Tellerfa-Orriols JJ,
et al. Autosomal dominant auditory neuropathy and vari-
ant DIAPH3 (c.-173C>T)[J]. Acta Otorrinolaringol Esp,
2016, 68(3):183-185

Varga R, Kelley PM, Keats BJ, et al. Non-syndromic re-
cessive auditory neuropathy is the result of mutations in
otoferlin (OTOF) gene[J]. ] Med Genet,2003,40(1): 45-50
Al-Wardy NM, Al-Kindi MN, Al-Khabouri MJ, et al. A
novel missense mutation in the C2C domain of otoferlin
causes profound hearing impairment in an Omani family
with auditory neuropathy[J]. Saudi Med J,2016,37
(10): 1068-1075

Zong L, Guan ], Ealy M, et al. Mutations in apoptosis-in-
ducing factor cause X-linked recessive auditory neuropa-
thy spectrum disorder[J]. J Med Genet,2015,52(8):
523-531

Starr A, Michalewski HJ, Zeng FG, et al. Pathology and
physiology of auditory neuropathy with a novel mutation
in the MPZ gene (Tyrl45—Ser)[J]. Brain,2003,126
(Pt7): 1604-1619

Delmaghani S, Delcastillo FJ, Michel V, et al. Mutations
in the gene encoding pejvakin, a newly identified protein
of the afferent auditory pathway, cause DFNB59 auditory
neuropathy[J ]. Nat Genet,2006,38(7): 770-778

Wang Q, Li R, Zhao H, et al. Clinical and molecular
characterization of a Chinese patient with auditory neu-
ropathy associated with mitochondrial 12S rRNA T1095C
mutation[J]. Am J] Med Genet A,2005,133A(1):27-30
Xing G, Cao X, Tian H, et al. Clinical and genetic fea-
tures in a Chinese pedigree with autosomal dominant au-
ditory neuropathy[J]. ORL J Otorhinolaryngol,2007,69
(2): 131-136

w0, JROEHT, BB, SF. W G ik P gt A T A
2293 OTOF [ 7€ 75 i v [J]. I PR - 5 AR e 3k 350 0
Z%34,2007,21(16):735-737

JEOWA, B U BREDEE, SF. UL 6 ik P gt A 1 T A
28995 MPZ B 750 53 Br ()], B 5t R R 2 4R (A A
Bh2= 1) ,2008,28(9):1113-1115

(F#% 1050 )



1050 -

Moot

=R K

537 B4 8 W
2017 4 8 H

[10]

duction, 2015,30(1): 170-178

Nelson SM, Klein BM, Arce JC. Comparison of antimiille-
rian hormone levels and antral follicle count as predictor
of ovarian response to controlled ovarian stimulation in
good-prognosis patients at individual fertility clinics in
two multicenter trials [J]. Fertil Steril,2015,103(4):
923-930

Knez J, Kovacic B, Medved M, et al. What is the value of
anti-Miillerian hormone in predicting the response to o-
varian stimulation with GnRH agonist and antagonist
protocols[J ]. Reprod Biol Endocrinol ,2015,13(1): 58
Aghssa MM, Tarafdari AM, Tehraninejad ES, et al. Opti-
mal cutoff value of basal anti-mullerian hormone in irani-
an infertile women for prediction of ovarian hyper-stimu-
lation syndrome and poor response to stimulation[J]. Re-
prod Health,2015,12(1): 1-8

Salmassi A, Mettler L, Hedderich J, et al. Cut-off levels
of anti-mullerian hormone for the prediction of ovarian
response, in vitro fertilization outcome and ovarian hyper-
stimulation syndrome[J]. Int J Fertil Steril,2015,9(2): 157
Smith V, Osianlis T, Vollenhoven B. Prevention of ovari-
an hyperstimulation syndrome: A Review[]]. Obstet Gy-
necol Int,2015,2015:514159

Fiedler K, Ezcurra D. Predicting and preventing ovarian
hyperstimulation syndrome (OHSS): the need for individ-
ualized not standardized treatment[]]. Reprod Biol En-

[11]

[12]

[13]

docrinol ,2012,10(1): 32

Chen CD, Chen SU, Yang YS. Prevention and manage-
ment of ovarian hyperstimulation syndrome[]J]. Best Pract
Res Clini Obstet Gynaecol ,2012,26(6): 817-827
Shmorgun D, Claman P. The diagnosis and management
of ovarian hyperstimulation syndrome[]J]. JOGC,2011,
33(11): 11561162

Ocal P,Sahmay S,Cetin M, et al. Serum anti- Miillerian
hormone and antral follicle count as predictive markers of
OHSS in ART cycles[J] . J Assist Reprod Genet,2011,28
(12) : 1197-1203

Broer S L, Dolleman M, Opmeer B C, et al. AMH and
AFC as predictors of excessive response in controlled o-
varian hyperstimulation: a meta-analysis[J]. Hum Re-
prod Update,2011,17(1): 46-54

Lee TH, Liu CH, Huang CC, et al. Serum anti-Miillerian
hormone and estradiol levels as predictors of ovarian hy-
perstimulation syndrome in assisted reproduction technol-
ogy cycles[J]. Hum Reprod,2008,23(1): 160-167
Nardo Luciano G, Gelbaya Tarek A, Wilkinson Hannah,et
al.Circulating basal anti- Mii llerian hormone levels as
predictor of ovarian response in women undergoing ovari-
an stimulation for in vitro fertilization [J] . Fertil Ster-
il, 2009,92(5): 1586-1593

[WFmHH#A] 2016-07-29

(k3% 1032 )

[14]

[15]

[16]

[17]

[18]

T U AR S T A e I S A M T 2
Jii DENBS9 5 K751 23 4 [J]. i PR H- o A Wi S 250 5p 7
Z=3,2008,22(19):880-882

FEUBLL, MRAEAR, EORETE, A5 Y 0 s L PR T A
L2 IR A0 16 BT A TR 58 AR 0 A [ ], e PR T S R Sk
TR AR ,2012,26(10):455-458

Zhang QJ.Han B,Lan L.et al. High frequency of OTOF
mutations in Chinese infants with congenital auditory
neuropathy spectrum disorder[J]. Clin Genet,2016,90
(3):238-246

Collin RW]J, Kalay E, Oostrik J, et al. Involvement of
DFNB59 mutations in autosomal recessive nonsyndromic
hearing impairment[J]. Hum Mutat,2007,28(7):718-723
Ebermann I, Walger M, Scholl HP, et al. Truncating mu-
tation of the DFNB59 gene causes cochlear hearing im-

pairment and central vestibular dysfunction[J]. Hum Mu-

tat,2007,28(6):571-577

[19]

(21]

[22]

DeJonghe P, Timmerman V, Ceuterick C, et al. The
Thr124Met mutation in the peripheral myelin protein zero
(MPZ) gene is associated with a clinically distinct Char-
cot-Marie-Tooth phenotype [J]. Brain,1999,122 (Pt2):
281-290
Bonfils P, Avan P, Londero A, et al. Progressive heredi-
tary deafness with predominant inner hair cell loss [J].
Am J Otol, 1991,12(3):203-206
Starr A, Isaacson B, Michalewski HJ, et al. A dominantly
inherited progressive deafness affecting distal auditory
nerve and hair cells[J]. J Assoc Res Otolaryngol,2004,5
(4):411-426
Hotulainen P, Llano O, Smirnov S, et al. Defining mecha-
nisms of actin polymerization and depolymerization during
dendritic spine morphogenesis[J]. J Cell Biol,2009,185
(2):323-339

[WFEBHA] 2017-02-13





