LR RAG: 10384 g =1 R

5. 21620130154137 ubcC

B R
[ 3 = VA 38

ETZaRstaBi%EARn
EETRENF T

Research on Multicolor Melting Curve Analysis-Based

N

Approaches for Gene Mutations Detection
EB/LF:

B/IFHEFREL  F R B HR

+ L &K AMREFEESTAEMF
WXRIXAA : 2017 F 4 A
WXEFEE : 2017 £ 5 A
FELTEH % A

ERERETIF:

vl A

2017 4E 05 H



BiTRFEFAL IR 14 =R

AN EAW AL R SR A NAE F I $6 38, 0L 58 1) BT 7T 1k
Ko ANAERLEGEHZHHADN NBEER ORI TR, 1
FESCH LAAE = 5 sURAAR B, R SRR (R T RN AL 2
ARFESRTE A7),

FH, iz SN DURAL(4L)
W FUR, RS ( ) WA (D AR EsI =)
B, fE ( ) SEERESE M. GHELU B S NEHE R
R PR A 9 DTN BRI A FR, AR AT BRI W A, AT AAMERE

um
B
e

o)

FIAN (ZE4):
# H H






B IXFEFAIR I EEUE R F A

ANFRETTREERYE (Ao N RN E 22 467 2% 1] 8 47 5K it 70
VR0 S RUE DR BEAME F e A28 5T, I 1R 28 BT B R e HLAMIE 5L
AL CHLFRARR AT HL T WO, SEVF AR SCHEN TR 1
(EPE S C =N AU A NEIFSY RPN 2 b VAT 9 [N o £
{12 SN /1 i 2 VA P C R R IV /i X g vae P e VA M IO A ST
G R, SRAIRCED ., AREN sl Hoe oy s a BE | 2 A0 3.

AR E T

( ) LAFETTRARE R & H B E IR A AR 0,
¥ FOH A, EREH B

( ) 2R, T ER AL

G TE LA EARRAG 5 N 4T EIE BARRL 2% . (R A8 SR
O E TR RE R R EL AR, REE TR AR E LR
S E AR SU N AT AR S I IR AEE 1), BRIA Y
NIAAR S, Bid ) ESRHRAL)

Sﬂ

FIAN (342):
F A H






H %

H X

v PO 1
g v TS 3
g = 5 5
F— BETREEERRI ....oo.cooooeeeeee et 5
B SERIRETERRERR AR s 6
R X vl 3 = 2 O OO 10
= a1 NSO 12
BIE SERMERMEREABTIEZEAENEEE NEERER
BRI ......ooooeeeee e 19
=R = 1= OO 19
L1 HZEHIHEIR oot 19
8.2 HEMD TIBRALAMEIR oo 19
8.3 HZHZWIMIIA ..o 24

B A BT e 29
.1 BRI, FRAET BRI oo 29
8.2 FEDIZH DNA BEHT ..ot 33
8.3 GIMIFHRET HITETT oot 33
&.4 N LA IR 41 il it 2 23 B 25 SRR RAZ I BE T oo 36
8.5 FH SN PCR K FR MG HIZE /BT AR RIS oo, 38
8.6 % HZEILH PCR KR KIS HTIERITET s 38
8.7 LRAR ST RAZRTMEE TR G oo 39
8.8 ZHZERADKINAE R RBIZEF R s 40
SN IRERCIT I e ALl S 2 = 40
.10 IEIRBRASFEI ..o 43

B o AT BB e 43



H %

8.1 LR AN HZF R AR SEIR BT oo 43
8.2 29 FhAELE A AETEH 22 HE R RAL TR AFIZE ..o 45
8.3 N L& HUAIHE T 5 IE R it 2 73 BT 5 SRR T AB T RE 7T oo 45
8.4 FHELI PCR &R SAGMRMZ HT AR R IV s 50
8.5 X HELN PCR KR ISR A TR RITEENL o 50
8.6 LR TRAATINEE T B oo 52
8.7 ZHLZETIRRIE R IR REE ...t 53
8.8 L H L AT IR R FRMIA R LLEL oo 57
8.9 IHRFRA AT KT ..oovooeoeeseceeesee et 58
BEOET TFIE o 61
BETTHR ..o 65
BEE ENMRIGAEEERERITRFIEE .o 73
=< =1 =SOSR 73
=Bl I >/ ¢ S5 1y OO 74
.1 HETERT B ettt 74
8.2 LR H 5 WA TG ..o, 75
8.3 SaNGEr M FFIRUE .ottt 76

B AT R e 77
8.1 MERFEAZL DNA FIFZEUSG TR oo 77
8.2 132 BIH B E R IHT oo 78
8.3 132 | -2 B ARG 5 ST 78
8.4 SANGEr M IGAE .vvveeeeeseeeeeeeee ettt en e 83
BEFGFE BT oo 84
BB oot 88
BUE ZEKFRHBRIMERARR TIERER o M EHE MERERE
OB .......oooveeeeece et 91
= =] = OO 91
B FBIFITTSE oo 92



H %

8.1 AEBFR, RASF G ZH DNA B oo, 92
8.2 GIIIREI BT oo 93
8.3 N LG BUIIHE T B R H 26 23 BT 25 SR A D RAZ I BE I v 94
8.4 HEPUESIE PCR AJE AR I ZR TR R IEEAL oo 95
.5 HH U SRR PR R AT R BUE 5 s 96
8.6 HRFRATUE LI ..coooveeveeeeeeeee e 96
B o d R e 97
8.1 JERKMY a-Hi T TRARKGIAR R IJBTE oo, 97
8.2 N LA BRI B 26 3 BT 25 SRR D FRAZ I BE T 98
8.3 HE U PCR A AR I ZR BT ZRIEEAL s 99
8.4 L H U TR PR F AT R BUE 5 e, 102
8.5 ERFRATUE LI ...coooeeoeeveeeeeeee st 105
BBIOFE BT oo 108
e 20 OO 111

............................................................................................................. 113
=< =1 [OOSR 113
B FBIFITTIE oo 114
8.1 G4 a- ST WRA TR oo, 114
8.2 FEDIZL DNA BB ..o 115
.3 FIIHRET LT oo 116
8.4 N LA RUIRERT 515 R i 2 7 BT 5 S PRI AL T RE DT oo 118
8.5 WBIEIIITI N i 119
.6 HLHE S PCR JUA AR T2 /TR RIEESL oo, 119
8.7 W B LHT PCR KGRI WA R IVEEAL 120
8.8 WE = TR IAR R IR R BUE LS e, 121
8.9 WE = ORBRINMIARPEEIEE L e, 121
8.10 W = O IAT M R 1R A AR AR AE ST 5 121
.11 IRARARASTUE R ..o 122



H %

B oA R s 122
§3.1 - TEABKE A ZR BT e 122
8.2 N LA HUAIHE T 515 R il 2 70 B 5 S PREH AT T AR I RE T oo 124
8.3 HLHE LK PCR AJAMEMZ TR BRIV e 126
8.4 P =00 PCR KSR MR MR R IV oo, 127
85 WE =ORAZRMAE R RBUEEE i, 128
8.6 P O FRABRIMAR RME I TELZL e 130
8.7 WE = TR MR R TR G B RAERMEE T HELE e, 131
8.8 IGRIRATUE AT ..o 133

BOET TFIL oo 139

BETTER ..o 142

FIHEBFRT] oo 147
TEEHABI Z FRATTRILIE oottt 148



CONTENTS

CONTENTS
ADSTFACt (IN ChINESE) ..cvviiieciee et 1
Abstract (in ENGLISN) ..o 3
Chapter I INtrodUCTION..........ccoviiieiic e 5
Section | Gene mutation and gene detection ............covvvveieieiesic it 5
Section Il Probe-based melting curve analysis...........cccccoveviiineiiieii e 6
Section 111 Purpose and contents of this dissertation ...........cc..ccoocvvvvrieneniennnnnn 10
RETEIEINCES ...t e ettt sttt es 12

Chapter 11 Multiple nonsyndromic hearing loss mutations detection

by multicolor melting curve analysis ...........ccoviiiiiniiccicecee 19
Section | INTrOdUCTION ........coviiiiiii e 19
8L.1 Overview 0f Nearing 10SS ........ccviiiiiieiee e 19
81.2 Molecular genetics of hearing 10SS ..........ccoceiiiiiiiiiiie e, 19
81.3 Diagnosis 0f Nearing 0SS ..o, 24
Section Il Material and methods ..., 29
8.1 Construction of wild-type and mutant plasmids..........ccccevceverieieniinieniiennn, 29
8.2 GenomMIC DNA SAMPIES ..o 33
.3 Design of primers and ProbesS .........ccccveeereneie e, 33
8.4 Melting curve analysis of probes and targets.........c.ccooevvveniieieienceen, 36
2.5 Establishment of uniplex real-time PCR aSSay.........cccocvveiiiienenienieinn, 38
8.6 Establishment of multiplex real-time PCR aSSaY........cccccoverereienineeienen, 38
8.7 Detection heteroplasmic mitochondrial mutations ............c.cccooeviiieiennenn 39
8.8 Detection sensitivity of the multipleX assay ..........ccccovevvveninenenieseeee, 40
8.9 Preparation and detection of the reference plasmids ...........cccoceveiieiennnene 40

8.10 Validation of the assays with clinical samples in a double-blind manner .43

SECHION T RESUILS ... 43



CONTENTS

8.1 Experimental design of the nonsyndromic hearing loss detection............... 43
8.2 Construction of 29 plsamids of nonsyndromic hearing 10SS.............ccc........ 45
8.3 Melting curve analysis of probes and targets..........ccccoveverieiienenie s, 45
8.4 Establishment of uniplex real-time PCR @SS58y ........cccccovvriniienenineeieen, 50
8.5 Establishment of multiplex real-time PCR @SSaY.........ccccooererenenineeiene, 50
8.6 Detection heteroplasmic mitochondrial mutations ..............cccceevveienienenn, 52
8.7 Detection sensitivity of the multiplex assay ..........ccoccvvverenieiieniiii i, 53
8.8 Comparsion of througuput of the multiplex assay..........ccoccocvviiiiiviinninnnn, 57

8.9 Validation of the assays with clinical samples in a double-blind manner...58
SECLION TV DISSCUSSION ...vvivieveiei ittt sttt 61

RTINS ...t nnan 65

D=1 1 1= o S SRS 73
SeCtion | INTrOAUCTION ..o 73
Section Il Material and Methods ..o 74

8.1 RESEAICH ODJECES ... . cviiiviiciciciec e 74
8.2 Gene detection of nonsyndromic hearing 10SS.........cccoevvveniieiininiceen, 75
8.3 Comfirmation of Sanger SEQUENCEING........coviiiirerieiee e, 76
SECHION T RESUITS ... 77
8.1 Extraction and quality control of saliva genomic DNA...........ccccocvrivriennn. 77
8.2 Phenotypic analysis of 132 patientS........cccooeerereienenereeee e, 78
8.3 Gene analysis 0f 132 PAtIENTS ......ccoveieeiieieiiereee e s 78
8.4 Comfirmation of Sanger SEQUENCEING........covreriririeieieriese e, 83
SECLION TV DISCUSSION......uviiiiiiiitiitisie e 84
RETEIENCES ... et 88

Chapter 1V Multiple non-deletional a-thalassaemia mutations

detection by multicolor melting curve analysis...........cccccooeniiininnnnn, 91

Section | INtrodUCHION ..o 91

VI



CONTENTS

Section Il Material and mMethods ..., 92
8.1 Plasmids and genomic DNA templates...........coovviieininieneneneseseeee, 92
8.2 Design of primers and ProbesS ..........cccceoeereneiinenieee e 93
8.3 Melting curve analysis of probes and targets.........c.ccoocvvvveiiieninieneeieen, 94
8.4 Establishment of the unipleX MMCA aSSaY .........ccooveieieieneiiniseeeeeeen, 95
8.5 Detection sensitivity of the multiplex MMCA assay...........ccccevevveieiiennnnn, 96

8.6 Validation of the assays with clinical samples in a double-blind manner ...96

SECLION T RESUITS ... 97
8.1 Design of the non-deletional a-thalassaemia mutations detection............... 97
8.2 Melting curve analysis of probes and targets..........cccccovvviiniiienienisnieen, 98
8.3 Establishment of the unipleXx MMCA aSSay .........ccooveriieneniieniseeeeeeen, 99
8.4 Detection sensitivity of the multiplex MMCA aSsay.........c.ccoovvvrivereeennnnn 102

8.5 Validation of the assays with clinical samples in a double-blind manner.105
SECLION TV DISSCUSSION ......vveveiiiciieiiees ettt re s te e e e sae e sre e e 108

R B EINICES ... e ek s 111

Chapter V Multiple o-thalassaemia mutations detection by

multicolor melting curve analysiS..........coccooiiieiiniiine e, 113
Section | INTrodUCTION ..........oiviiiiieece e 113
Section Il Materials and mMethods...........cocooeiiiiiiiiiii e 114

.1 Construction of PlasMids ........cccocereiiiiiiiiiirieee e 114
.2 GenomiC DNA SAMPIES .....ocvoiiiiiieieee e 115
8.3 Design of primers and ProbesS ..o 116
8.4 Melting curve analysis of probes and targets...........ccccvcevvnieninieicienn, 118
8.5 Introduction of internal control............ccocooiiiiiiiciiiee, 119
8.6 Establishment of uniplex real-time PCR @S5aY ........cccccvererinenenesieiennnn 119
8.7 Establishment of multiplex real-time PCR aSsay........c.cccoovviiiniieicnnnnnnn 120
8.8 Detection sensitivity of the multiplex MMCA aSsay...........ccoovvvrivrienennnn. 121
8.9 Reproducibility study of the multiplex MMCA assay .........cccccceevevveennenne. 121
8.10 Lowest variant allele frequency study in mosaic samples..........cc.ccccue..e. 121

VIl



CONTENTS

.11 Clinical validation by using clinical samples in a double-blind manner.122

SECHION T RESUITS ... e 122
8.1 Design of the a-thalassaemia mutations detection............cc.coevvvvrveienenn, 122
8.2 Melting curve analysis of probes and targets...........ccccovevevinininieieienn, 124
8.3 Establishment of uniplex real-time PCR @SSaY .........ccccooervriniiinicieenen 126
8.4 Establishment of multiplex real-time PCR assay..........cccocevvevesivereeniene 127
8.5 Detection sensitivity of the multiplex MMCA aSssay.........cc.coovvrviinniienns 128
8.6 Reproducibility study of the multiplex MMCA assay.........cccccovvviiernninnn 130
8.7 Lowest variant allele frequency study in mosaic samples.........c..cccceevnee. 131

8.8 Clinical validation by using clinical samples in a double-blind manner ...133

SECLION TV DISSCUSION......iiviiiieiieiiesieesieesiesiee e asee s itaenessreesesaneeeseesseesseaseesseenseans 139
RETEIEINCES ...ttt ettt sb e 142
English abbreviation indeX ..o 147
U] o] [ ox=u o] S SRS 148
ACKONWIEAGEMENT ..ot 149

VIl



i

m =

TER—FE AL 3 AH SERT PCR KRR, 2 REH I i i R B LA A8
POE . R rELr. RS, SRR R BAREE R A, Rt A st
ey IRE Bk AR S ST R I o SRTT, EAR AR X G B A (AL
BRAE . B SRAR . N B AR BN SRR SE), B AT M E IR AR T
KFr B R AR R A = GC & &4y BE PCR ¥ 387 ikl . (Rltk, Aig
SRS 2 CRET I A i SR B R TE AN [R) S B DR A S o O s U EAT B 7, B TE S —
AUE B AR I R S &

BTN RIS, HREENE T R RS NN B &R L
LSRR AR IR R, SR RENA T RE AR T H AR R JE . FF
ML H RIS A M POGIRE R AL, BF i T ARSI R B, AN
A IE R L

FoE, ARG A EE AT RN S, #5552 AR A iR th 28 R H
T2 B 2 IR BRI RE g DA K S S M SRR R BE o AR BRI EESL T —
AN VU Y 8 SR AS KM AR 7, SEBL T 0 o B NBE 4 S B0 SE R Y 20 Fh R AR
AR, 18 F FURE DNA REAR AT 294 445 11 PR bk A< X 12 44 28 (1 43 47 12 g AT
IR VEREBEAT REPEAT o S5 IR W], A5 i i 57 1 RAZAG I 4k 2% H AT 100961
HEILE, BEfS T E KK EE 100 po/ R A [R] 5L R 2 (1 AN SR BE R 2H DNA, IF
HLBE PR 23 B 45 3L 5 4 kritk Sanger I 45 5 (10— 2% 4 100%.

B, AR T MR T X SR G M H 2 10 32220 0 R DA R A s
PRIORAR, A8 P B — & g S DU A DY 68 - 2 R I 4 R o0 132 sk T
Hb DX (1 - 2 A R YRR AR AT B TR 4 A . 132 44 H R A AR
R 42 1) (31.8%) , Horb 22 il GIB2 FE[AIZRAR, 16 4 SLC26A4 K&
RIRAR, 4 153545 2R R 3L B m.1555A>G ¥R PE RS . AR A 45 5 R, GIB2
FLA 1 ¢.235delC(15.9%, 21/132) J SLC26A4 F:[H () ¢.919-2A>G(10.6%, 14/132)
DRI Hb DXFR  OR R R RAR

FIUE, ARG A o-th iR ST OB FEXT 5, WD IR 78 2 (R ik h

1



i

LR T Bos GC &8 PCR 1 () R AR KM GE . AT T —N 8
BV RARR F, S 150 A BT 6 ARy AR BRI ot o 2 i i R RAR
A, FEAS ] 700 43 Il AR AR AR 24K 2R B0 23 B P BE A I PR PR BE BEAT RGEVRAN
GERRW], AFPTEALHRE Y ORARIMA R A R EIE, %R
SERLAR 2 1 ngl S B2 A [R] 55 R B g N SRR (K 2 DNA, Jf BRI » M5 R
A B 42257 (RDB) A1 Sanger Il 5 i) 4 Y 45 5 572 4 — 3,

BhE, ol Mo R, AR 2 RS R it ZBORAE
K BE GC &5 PCR 8 B R Fr Bk R RARKT M FE 1. A F N T — X
B ORARIA R, ST TR - H ST ML 4 b 32 2B e Y SR AR A 3 Ao A
Rt 5 2 AR 1) ) sl A R D] 43 B o U — (ARG R R GBS AE 3.5 /N
N 58 PCR 4 MU th 22704, & AT AR E KL 5 gl s ML A [ 5 R L F N
FILAIZH DNA, I H AT DATE RS RS AS @A T 2R 2 596K RAZHIZE . A,
8 1213 B I PRAR AN %48 R IIG IR VEREREAT T RAVEN . 1213 a4 B E £
M R IR, 27N CAHERR R A R AT 55 1K 7 Fh oA Y, HLo3 R 45 AN T
AR — BN 99.3%, i 8 A RA IR A (7 4y HKaalaa A1 1 473
HKaod-a>") LR TG ITEAREE IS aol-o®" SERBIHATX 47 o 1246 R
(PR | 5 T8 Lo B BLAER, TE T o A 2 L s 1 DX (0 485 7 25 0

FERTIZ W

S

<

Reid: HAAZF, ZOREMIAER,; RS, oIt



ABSTRACT

ABSTRACT

As a novel homogeneous real-time PCR, multicolor melting curve analysis is
cost-effective, easy-to-use, accurate, high specificity and sensitivity, therefore it is
widely applied in the detection of genetic diseases, tumor and microbiology. However,
it is mainly focus on the detection of point mutation, it has not been used to detect the
large deletions in the long GC-rich amplicon. To address the issue, the flexibility and
applicability of multicolor melting curve analysis were further studied in this paper by
detection of different types of gene variation.

In chapter one, we firstly introduced the relationship between gene mutation and
human diease and the development of the methods for gene mutation detection. Then,
we systematically introduced the method based probe melting curve analysis,
including its development, characteristics and its suitable fluorescent probes. Finally,
we put forward the purpose, contents and significance of this study.

In chapter two, to study the possibility of detecting multiple genes simultaneously
and the ability of detecting heteroplasmic mutations by using multicolor melting
curve analysis, the MMCA assay contained four PCR reactions was established to
simultaneously genotype the 20 common nonsyndromic hearing loss-related
mutations of four prevalent causative genes in Chinese population. Then we
systematically evaluated both analytical and clinical performance of the MMCA assay
by plasmid DNA templates and 294 clinical samples previously genotyped by Sanger
seguencing. The MMCA assay had a reproducibility of 100%, could detect gDNA of
different genotype as low as 100 pg per reaction, and had an overall accuracy of 100%
when compared with Sanger sequencing.

In chapter three, 132 saliva samples provided by Zhongshan Hospital of Xiamen
were used to detect for 20 mutations of four causative genes in order to investigate the
incidence of nonsyndromic hearing loss and hot-spot mutations in Xiamen area, as

well as the importance and significance of deafness gene detection. The results
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