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TABLE 1. COMPARISON OF THE INVADER ASSAY-BASED MUTATION SCREENING AND MASSIVELY
PARALLEL DNA SEQUENCING-BASED COMPREHENSIVE SCREENING OF DEAFNESS GENES

Number of Variant Variant
patients with alleles Variant alleles

mutations detected alleles detected

detected by Invader detected by direct

by Invader screening by MPS sequencing
Mutations screening (n=2384) (n=768) (n=768) (n=768)
GJB2:NM_004004:¢235delC:p.L79fs 42 (10.9%) 52 (6.8%) 52 52
GJB2:NM_004004:¢c.109G > A:p. V371 19 (4.9%) 21 (2.7%) 21 21
GJB2:NM_004004:¢.[134G > A; 16 (4.2%) 17 2.2%) 18° 17

408C> Al:p.[G45E; Y136X]

GJB2:NM_004004:¢.427C>T:p.R143W 13 (3.4%)* 13 (1.7%)* 15° 14
GJB2:NM_004004:¢.176_191del16:p.59_64del 9 (2.3%) 10 (1.3%) 10 10
GJB2:NM_004004:¢.257C>G:p.T86R 5 (1.3%) 6 (0.8%) 6 6
GJB2:NM_004004:¢.299_300del:p.100_100del 6 (1.6%) 6 (0.8%) 6 6
SLC26A4:NM_000441:¢.2168A > G:p.H723R 15 3.9%) 20 (2.6%) 20 20
SLC26A4:NM_000441:¢c.1229C > T:p.T410M 4 (1.0%) 6 (0.8%) 6 6
SLC26A4:NM_000441:c.1174A>T:p.N392Y 1 (0.3%) 1 (0.1%) 1 1
SLC26A4:NM_000441:¢.367C>T:p.P123S 1 (0.3%) 1 (0.1%) 1 1
SLC26A4:NM_000441:¢.2162C>T:p. T721M 1 (0.3%) 1 (0.1%) 1 1
SLC26A4:NM_000441:¢c.601-1G > A:Splicing 1 (0.3%) 1 (0.1%) 1 1
SLC26A4:NM_000441:¢.916dupG:p.1305fs 1 (0.3%) 1 (0.1%) 1 1
SLC26A4:NM_000441:c.1648dupT:p.R549fs 1 (0.3%) 1 (0.1%) 1 1
SLC26A4:NM_000441:c.919-2A > G:Splicing 1 (0.3%) 1 (0.1%) 0° 1
CRYM:NM_001888:c.941A >C:p.K314T 1 (0.3%) 1 (0.1%) 1 1
Mitochondria 1555A>G 5 (1.3%) — e —
Mitochondria 3243A>G 8 (2.1%) — — —
Mitochondria 8296A > G 1 (0.3%) —_ — —

8c.427C>T mutation was not detected by Invader screening in one case (reason unknown).
®MPS misgenotyped heterozygous as homozygous mutations in one case each because of the other mutations located in the AmpliSeq

primer region (see details in main text).

c.919-2A > G mutation was located in the region not covered by AmpliSeq primers.

MPS, massively parallel DNA sequencing.
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NR—F k| L RS OFETEEG RN
EATolfER e Ry —7 = —
ERWIBET#RIT) ORROLEETT
27z,

FORER, Wity —7 =P —F AN
TEBRETIE., A _N—F—EIIEEND
BEFEREIZE LT, Ion AmpliSeq O 7
TAw—ORETEEEICEL TEE
BORBLIT1IHAGRDEN ST (K1),
—7 . Ion AmpliSeq D77 A ~—D&kF

13

Hisk/ahotz har NI 7EEFER
B LV SLC26A4 BIGFERDO—EBIZHE
LTk, 77 ) aryThan—shTn
RN TERhotz, oA N
— I EENDEREHAMIZEALT, B
BiEE b r—A X 1Bl b RO,
3 8 4FIDBEFTOFT, 1HDIHA
— X —IEOfFER KRR — 7 = Ak
DERDODTF—EHRROONTTr— A0 H
Sl ZhE, BETFEROEFEETD



.
—

o g WSEDE
— €299 300del

-—

— »  cd2ICT

Amplicon A Amplicon B

¢.299_300del (hetero)

c.427C>T (hetero>homo) .

2 REFEROHEZR 16 (3844 -768 7L IR 1T LIL)

lon AmpliSeq THWA 7543 —03 XKIHECERNEDIHEE., T34 I—DN3FINAT
DFHIENTEY (RPHE), TOHFRELT, ERBERT7LILOADEIRENE S —I T
DITRRILELHH, ATORARERERARLROTHELTLESI T—ALHH M

BomERo2ftth, TSAT—BICEREZHT DEH CTIIHEBEXENILETH D,

HAZ 2N Ton AmpliSeq (2 & % PCR Kt
TIA—EALICHFETHZLICE DD
DTHDLZEN, TOBROBEFHZELVHA
binkigol,
ZOEIBRFBEITIT, ARA~T v HFEESE
ERTHHLOEREHERRERL LT
BEHLTLEI EWVWIRRERD D,
FERMICERORE L LITRZ SRV
B, PCR 7 74 ~—fERICANFET D
BRIZIE, EOTIAv—DT 72
VOB REETOLERNDH DL L
WHELMNERST (B2),

L Laens, iR X > IChRERRED
—ERiImO TEmL, BRREL LTH
WHDILHDREEEZRALTVWLIELS
M (38 4f) *AWTIERTLZ &
DTED, BRICHOEBRZEZ 5

14

TEMRTERLLEEZTND,

Fo, EROA U R—F—ETIIRE
RRICR>TWRWNWH OO, A A AR
BECBOWTHEBENSHRICED N5 #
GFEROMEFS5 AERICEALT,
TagMan genotyping % % F\ Cilt{5 74!
DHEEITI & L HIT, kERy—2 =
Y —DRERDOB AT > 12, HIED 3
8 4 il % R BT HLBHR T 24T o 7o R
TagqMan genotyping £ TR S /-85
FERORE IR ER S — 7 =P —
ERWEHFLWEBLEFEH AT LTY
BRHSNTREY, HRO—FHHZ9 9.
6% Tholz (F2),

EHiT, BEOFRE L LTHEOR
GJB2 &8 LV SLC2644 BxTIZ
BLT, BBEFHEIrOoI—LT L 2AZ



TABLE 2. COMPARISON OF THE TAQMAN ASSAY-BASED MUTATION SCREENING AND MASSIVELY
PARALLEL DNA SEQUENCING-BASED COMPREHENSIVE SCREENING OF DEAFNESS GENES

Number of patients Variant alleles Variant
with mutations detected by alleles
detected by TagMan TagMan detected by

Mutations genotyping (n=384) genotyping (n=768) MPS (n=768)
CDH23:NM_001171930:c.719C > T:p.P240L 15 (3.9%) 18 (2.3%) 18
CDH23:NM_022124:¢c.4762C>T:p.R1588W 6 (1.6%) 6 (0.8%) 6
CDH23:NM_022124:¢.6085C > T:p.R2029W 4 (1.0%) 5(0.7%) 5
CDH23:NM_022124:c.4249C>T:p.R1417TW 1 (0.3%) 2 (0.3%) 2
CDH23:NM_022124:¢.5147A > C:p.Q1716P 2 (0.5%) 2 (0.3%) 2
CDH23:NM_022124:¢.5627G > A:p.S1876N 2 (0.5%) 2 (0.3%) 2
CDH23:NM_022124:¢.5722G > A:p.V1908I 2 (0.5%) 2 (0.3%) 2
CDH23:NM_022124:c.4877A > C:p.D1626A 1 (0.3%) 1 (0.1%) 0*
CDH23:NM_001171933:¢.141T > G:p.N47K 1 (0.3%) 1 (0.1%) 1
CDH23:NM_022124:¢.5131G> A:p.V17111I 1 (0.3%) 1 (0.1%) 1
KCNQ4:NM_004700:¢c.211delC:p.Q71fs 6 (1.6%) 6 (0.8%) o°
MYOI15A:NM_016239:¢.9478C >T:p.L3160F 7 (0.9%) 7 (0.9%) 7
OTOF:NM_194323:¢.3515G > A:p.R1172Q 2 (0.5%) 2 (0.3%) 2
OTOF:NM_194248:¢.1422T > A:p.Y474X 1 (0.3%) 1 (0.1%) 1
SLC26A4:NM00441:¢.2229_2301delGAA 1 (0.3%) 1 (0.1%) o°
SLC26A4:NM_000441:¢.1315G > A:p.G439R 1 (0.3%) 1 (0.1%) 1

%c.4877A > C mutation did not call by variant calling program (low depth).
hese mutations were located in the region not covered by AmpliSeq primers.

# 2 TaqMan genotyping E0HERERER -V TV RADHERDOEE (n=384 4] - 768
F L)

TagMan genotyping FJICK UBRHIN-BEFERLERHEA -V I VRFEICEIYBESNIE
EFEBEDLE, TadMan genotyping ZTREHSMEZEDFEFLTHARMER S -V T VRET
LRBEENTHEY., BBt Aoy —XIEEDHLEA -T=, (Nishio et al., 2015)
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TOEREBRETE TN, —F, BE ERRBINT, EoT, BEFHS
VI U ABETHRHETETELT, Kk WEERREERECHATLE RS2
R =7z —OFREEC, BE KBEZAELTBY., BABREL LTEHR
sa<w N7 ADRBELEToTLTER ThrZexHLMITLBE L,
THDHIZERPALNEZ2ST2FN 26 H (Nishio et al., Genet Test Mol Biomark.
i, o T, WEERY—27 = 2 EIT 2015)
Vo= — 7 o AEEFRREDREE LhLens, METHHUE EFOX
EETHIEDRHOLMNEAeoT72(F3), IBFEEANTH1I00%E NI T L
XY, BERBZESCEEDE HHIERVWED, REFIEOBRRICHE
EFBHFEEL LTAVLRATWES ALY LThHHSICBEREMRT S - L ANET
N— & —% TagMan genotyping i%. E bHHLEEZ LN,
By —r A (P —1k) L HE
LT, SEEBLEHFLVERT B
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TABLE 3. COMPARISON OF THE DIRECT SEQUENCING ANALYSIS OF THE SELECTED GENES
AND MASSIVELY PARALLEL DNA SEQUENCING-BASED COMPREHENSIVE SCREENING

Number of

patients with Variant
nmutations alleles Variant
detected by detected by alleles
direct direct detected
sequencing sequencing by MPS
(n=2384) (n=768) (n=768)
GJB2:NM_004004:¢.95G > A:p.R32H 2 (0.5%) 2 (0.3%) 2
GJB2:NM_004004:c. 1 1G> A:p.G4D 1 (0.3%) 1(0.1%) 1
GJB2:NM_004004:¢.257C > T:p. T86M 0" 0" 1
GJB2:NM_004004:c.511_512insAACG:p.A171fs 4 (1.0%) 4 (0.5%) 4
GJB2NM_004004:¢.595T > C:p.S199P 1 (0.3%) 1 (0.1%) 1
GJB2:NM_004004:¢.558_559ins46:p.E187_ 2 (0.5%) 2 (0.3%) 2
K188delinsEKTVFTVEMIAVSGIX
GJB2:NM_004004:¢.583A > G:p.M 195V 2 (0.5%) 2 (0.3%) 2
GJB2:NM_004004:¢.53C>G:p. T18S 1 (0.3%) 1 (0.1%) 1
GJB2:NM_004004:¢.379C >T:p.R127C 1 (0.3%) 1 (0.1%) 1
GJB2:NM_004004:c.511G> A:p.A171T 0 0* 1
GJB2:NM_004004:¢.334_335del:p.112_112del 1 (0.3%) 1 (0.1%) 1
GJB2:NM_004004:¢.318C > A:p.F106L 1 (0.3%) 1 (0.1%) 1
GJB2:NM_004004:¢.637T > A:p.L213M 1 (0.3%) 1 (0.1%) 1
GJB2:NM_004004:¢.223C>T:p.R75W 1 (0.3%) 1 (0.1%) 1
SLC26A4:NM_000441:c.945T > A:p.Y315X 1 (0.3%) 1(0.1%) 1
SLC26A4:NM_000441:c.2123T > C:p.F708S 1 (0.3%) 1 (0.1%) 1
SLC26A4:NM_000441:c.641A > Gip.Y214C 1 (0.3%) 1(0.1%) 1
SLC26A4:NM_000441:¢.863T > A:p.L288X 2 (0.5%) 2 (0.3%) 2
SLC26A4:NM_000441:¢.1264-2A > G:Splicing 1(0.3%) 1 (0.1%) 1
SLC26A4:NM_000441:¢.918 + 1G> A:Splicing 1 (0.3%) 1 (0.1%) 1
SLC26A4:NM_000441:¢.107_120del13ins16 1 (0.3%) 1 (0.1%) o°
SLC26A4:NM_000441:¢.147C> G:p.S49R 1 (0.3%) 1(0.1%) o°

“These mutations were not detected by direct sequencing in one case each (low signal intensity).

YThese mutations were not detected by MPS (reason unknown).

£33 YUN—ZORHRERMRS—IVTIVROBEROLE (n=3844]-768 7 LJL)

PUOH—ECIYBRHSWBAGFERERER D VT O REICLYRE SN -BEFEED
&, Yo A— 4 TRESNEZEROERFEETARBR -~V T RETERESATEY ., B

EZOREZALTVWSIESBELNELE o=, (Nishio et al., 2015)

(2) ity —7 = v —F -2
VAT LML DZMEOM

(1) OHBHEFTRBRTHWZ3 8 441
ERBICHIRORBER Y —F =P —%
AWicH LWBEF2H A7 22 A
7B O HRER R &L T 6 3 BIET DM
TRIOIRAT AT 2 72,

FORER, FEMIENETNFELH 275
FEEREOERPBRE SN, ZOBFEMH
BERFERZMNBIITROT A NVE —%
Wi L CEROK Y iABEITo T,
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Q=2 Y B RDH DVNIR T TA AT ¥
YU va VEBOERTHSL, @73/
RSN B A T TR (FZE#L
SOER) THDH. @1, 000AT/
LATOT VABEEN 1%L T, @6, 5
00Ty Y —LTOT LAKBEEN1 %L
T. ®EAANL, 2007 Y —ALTO
TVNVBEER 1%L T, ®2 6 941D in
house control DE—7"F v 74— AT
BB RICBNTT LVEEMR
1%LT, OFEEERL LEDLETF
EREN, @BREICHREDH DB &



TABLE 4. PATHOGENIC MUTATION CANDIDATES COMBINED WITH ONE KNOWN PATHOGENIC VARIANT
DETECTED BY THE INVADER ASSAY OR TAQMAN GENOTYPING ASSAY OF THE SAME GENES

Pathogenic mutations
detected by Invader assay
or TagMan genotyping assays

MPS detected mutations found

Gene as heterozygous in the same gene

GJB2 NM_004004:¢.235delC:p.L791s NM_004004:c.511_512insAACG:p.A171fs
GJB2 NM_004004:c.235delC:p.L79fs NM_004004:¢c.511_512insAACG:p.A171fs
GJB2 NM_004004:¢c.235delC:p.L79fs NM_004004:¢c.C257T:p.T86M

GJB2 NM_004004:¢.235delC:p.L79fs NM_004004:¢c.TS95C:p.S199P

GJB2 NM_004004:¢.235delC:p.L7%fs NM_004004:c.558_559ins46:p.E187_K188delins
GJB2 NM_004004:c.C427T:p.R143W NM_004004:c.A583G:p.M195V

GJB2 NM_004004:c.G109A:p.V371 NM_004004:¢.C379T:p.R127C

GJB2 NM_004004:c.C408A:p.Y136X NM_004004:c.558_559ins46:p.E187_K188delins
GJB2 NM_004004:c.C257G:p.T86R NM_004004:¢c.C53G:p.T18S

GJB2 NM_004004:c.176_191del:p.59_64del NM_004004:c.511_512insAACG:p.A171fs
SLC26A4 NM_000441:c.A2168G:p.H723R NM_000441:c.A641G:p.Y214C

SLC26A4 NM_000441:c.A2168G:p.H723R NM_000441:c.T863A:p.L.288X

SLC26A4 NM_000441:c.A2168G:p.H723R NM_000441:c.T863A:p.L288X

SLC26A4 NM_000441:c.A2168G:p.H723R NM_000441:c.T945A:p.Y315X

SLC26A4 NM_000441:c.A2168G:p.H723R NM_000441:c.T2123C:p.F708S

SLC26A4 NM_000441:c.C2162T:p.T721M NM_000441:exon7:c.918+1G>A

SLC26A4 NM_000441:¢.C1229T:p.T410M NM_000441:exonll:c.1264-2A>G)

CDH23 NM_001171930:c.C719T:p.P240L NM_001171930:c.G1282A:p.D428N

CDH23 NM_001171930:c.C719T:p.P240L NM_001171933:¢.2079_2085del:p.693_695del
CDH23 NM_001171930:c.C719T:p.P240L NM_001171933:¢.2265dupT:p.H755fs
CDH23 NM_001171930:c.C719T:p.P240L NM_022124:c.G4672A:p.G1558R

CDH23 NM_022124:c.C4762T:p.R1588W NM_022124:c.G5419A:p.V1807M

CDH23 NM_022124:c.C4762T:p.R1588W NM_001171933:c.G746A:p.R249H

MYOI5A NM_016239:¢.C9478T:p.L3160F NM_016239:c.A9938C:p.H3313P

OTOF NM_194323:¢.G3515A:p.R1172Q NM_194322:¢.G1186A:p.G396R

£4 THEOML (n=3844]-768 7 L)

EFICA o_R—F—%kF -1 TagMan genotyping SBICK UBH S TWVEATOESAREERS:,
HMNEA—EFDORBR L - T ABHICKYBHE I EZES5—DOOEGEFEEEZTT, Kit

RO—VIVREEAVDETEMEORLEAFRETSH S, (Nishio et al., 2015)

BUOHBEZETO2E22HEERTLELD
WWEHEY — 7 o AL ) ERE R
5EEBICERENT 2T o1,

ET. WBOICEZWRON LICER TS
A _—F—yk TagMan genotyping %
Ik ~TrESREE RS LT
TEFICBNTS S =207 LILDER
DEINE Y —7 =T THI LIk
WrEEom EICB L THRET EITo72, 20
R, ~ToBEEREREFICBNTY
SVEDDT VIVICFELGELIELETE
BERETENSENRE (F4), 13—
& —i:% 721% TagMan genotyping {EIZ
LD A~TeERO R SNTES TR
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Ry —I = ABEICEVBI—FOT v
LR SN TFERNIL 3 8 4 Bl 2 4 41
HO, ZhETTH6. 3%DBEED
mERHIREIND, EHIC, FRIZ3 8
4ABIDORMR T — 7 = ZADRFERICE L
THRXBRBEEIT 12, A v _—F—1k
B X TagMan genotyping ¥ D#EHT
BIZEENTVWRWVWH OO, BEIZRAY
ERELTHEOHHEBRTEREZ20
BINBBRHTHZ ENTEE (F5),
P> T, FHERZEDRITH 11
5%REOCZMEDR EXAFFTELZ
BB MNE RS,



TABLE 5. PREVIOUSLY REPORTED PATHOGENIC VARIANTS DETECTED BY MASSIVELY PARALLEL DNA SEQUENCING,
WHicH WERE NOT IDENTIFIED IN THE INVADER AND TAQMAN GENOTYPING ASSAYS

Gene name Reported pathogenic mutation

Reference

Autosomal dominant inheritance mutations

ACTGI NM_001199954:c.A353T:p.K118M
ACTGI NM_001199954:c.GT721A:p.E241K
KCNQ4 NM_004700:¢.C546G:p.F182L
KCNQ4 NM_004700:c.C546G:p.F182L
KCNQ4 NM_004700:c.C546G:p.F182L
MYH9 NM_002473:¢.G2114A:p.R705H
TECTA NM_005422:¢.C5597T:p.T1866M
WFS1 NM_001145853:¢.G1846T:p.A616S
WFS1 NM_001145853:¢.G2185A:p.D729N
WFS1 NM_001145853:¢.G2590A:p.E864K

Zhu et al. (2003)
Morin et al. (2009)

Su et al. (2007)

Su et al. (2007)

Su et al, (2007)

Dong et al. (2005)
Sagong et al. (2010)
Liu er al. (2005)
Doménech et al. (2002)
Eiberg et al. (2006)

Gene name Reported pathogenic mutation

Novel mutation found by MPS

Reference

Autosomal recessive inheritance mutations

CDH23 NM_001171930:c.C805T:p.R269W
MYO7A NM_000260:c.G635A:p.R212H
MYOI5A NM_016239:c.G6731A:p.G2244E
SLC26A4 NM_000441:c. T2228A:p.L743X

NM_001171933:¢.C2407T:p.R803W
NM_000260:¢.G3475A:p.G1159S
NM_016239:¢.6457delG:p.A2153fs
NM_000441:c.C1208A:p.A403D

Oshima er al. (2006)
Weil et al. (1997)
Nal et al. (2007)
Yuan et al. (2009)

Among the autosomal recessive causative genes, only the reported pathogenic variants with other mutation candidates in the same genes

detected by MPS were listed.

%£5 PZHEORL (n=38444-768 7 LJL)

KRR L=V T VREKICEKY RHSWEREFERICEL CRBEOXBBRRZT o2/, BEIC
FHERE L THREDHIHEEFEREZ 200 L YRS EAHEL, ~TOHOZHERL

EHET. ChEETTE 11.5%D2HERLATIETH S, (Nishio et al., 2015)

(3) e —r v r—% W2
Wi 27 2 K 2 R R R 28

DEREIR

(1) DlBmFFRBRTHWZ3 8 44
W Z, AREREFH IR AR TN % £l
L 723 0 0 #iZ Ton Proton ¥ A7 A THE
Mra e L7 EFEMmA/-1, 1204
ERBITH LWEB TR AT A% A
VW72 BES O BENER KB AR F 6 3 BIRF D
M FRRIARAT 21T o 72,

ZORER, AARNEREE BN TR
EHIZH 72 ACTG1. TMPRSSS .
MYO15A . POUSF4 , LRTOMT .
LOXHDI1, PTPRQ & DEEFERY
BEHERAHLABET DH5ENTEL

(Miyagawa et al., 20152 Moteki et al.,
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2015, Ichinose et al., 2015, Moriet al.,
2015, Sakuma et al., 2015),
Eo, FREGIOFEM 72 AR (ZBEE L
THEZITVRE L, TORR,
ACTG1. TMPRSS3JEBNZ B L CTIHEE
HIZBRFEWR A2/ LB, EEWE
ABANIHNEOHEISTH Y | FeEER (B)
[P RS ITE BN TN AT &%
J RN Z < RO b D BB T
ERThHDIZLEBHALNITR-
(Miyagawa et al., 2015%%), Z 15 DfE
BNIRAFEERABEATATEOELBLR
BEl, TNOBEEBEFEELEFOEMNC
W95 REBAEREALINE] OF
BMEEZALNICT D ENTERLD
(Miyagawa et al., 201520) | 5% BIZJE
P E BT ET, FLWELRTFZEY
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BEZMNAFENALNELRDEEZDONS, (Miyagawa in preparation)
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et al., 2015¢°),
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