View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

R RIS: 10384 SRE B
222, 21620060153320 UDC

B R
Mot o% o X

EF LAY PCR BY 95 A4S 352 AR/ 53

Study on Real-Time PCR-Based Approaches for

Multiple Targets Detection

w K E

TP RL: TR B HR
+ b £ AR ApnFs5sTaNF
WXL AH: 2004 A 8
WX EFFE ] 20004 A B
FAT T B HA: 20004 A A

BRRRETE:
PP 5] A


https://core.ac.uk/display/41422429?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BXEFEFAILIREEE A

ANEAZ AR SGEANAE TITAE P T, JOL5E TSR « AN
TEWSCBEET ZH A NSUER A D2 R R IWETUSR, S48 30 DU 24
J7 A WIEbR ], AT VAR RSN I T TR EA AT 9T AL A AR 2l GRATO D

W4, RSN ) UL (4D
RS, TS C ) U (41D SIS M%),
7 ) G, (R D 5 B L e 21

Tt NI = A RK, RATIEIE IR, mf IAMER 3 B O

PN (BE4):
¥ H H



ENXEFMIEEERERF A

AN TR Ch A N RILRNE 2207 50 AT S 7010 ) 5
R T BRI R L2 0 1830, I 1) £ A T B LR @ MR A E A 18 SC (
FRACTRRAN L TR, A VF 2R A 1 SCRE SR 11K 2 T A 0 e A i 12 4
TN =1 N N D =<9 T N 22 (VA7 a1 AN B A R 0 B S A7
FE AT HHE PRI AT R 2R, B 25 A8 SO RS R B G tH IR, R FH R E
25 B B e 5 A B I A 18 5L

AEERLR S JE T

( ) LRI AR 2=
0 B, R EIEH EIREEL

( ) 2. ARE, WG BRI

CELERL EAHNTS 5 NAT “ V7 8RIH FAHN N2 RE AR SOV 2
DB RFREZE RS E AR, REE T TR RE R S
ST AR SO A TFEAL IR S0 SEA RS 1), BRI A TF#A47 18
3, BE A IR

SHERE N RE AR, T

Sﬁ



HEx

RXE 1
RUHE 2
U] 5
§ 1 SCHEY PCR 5k 5

§ 2 SZAT PCR % SMA& M 7

§3 IEXHIIRE 8
SE ik 9
F—En ZEESKRTHERBBEARBNHAR 15
F—E ZRASKEIEEEABTF/\HSEESREEENR ... 17
£—% 518 17
FZT MRFNAEE 18
F=T HER 22

§ 3.1 MCPC #& & [#) it 22

§ 3.2 PRSI PCR Kl F H bR 8 23

§ 3.3 PO ERRICHEREN S5 XU S bR ic R e I He g 24

§ 3.4 MCPC & &gt T 25

§ 3.5 118 1 FARFR AN MCPC & R I PEAN 28

FOT e 29
SEk 31
$F"EF Taqg DNA BEBEERY 5'—3'ZERIMIEE T I T W B IR
G4 35
£—% 518 35
FTT MRFNAE 36
e 39




H

§3.1 Taq Mg 5'FMIIEEHEPEXT LIS PCR AERE T 9 GA5 5 (M e 39
§ 3.2 Taq W 5'AMNIIIEPEXT 9 e XU B AR5 i 40
§ 3.3 TREFITARIC I FE L AR K IL BN Tag BEME D) B F 50 ... 42
§ 3.4 PRSP R K ILBIN Tag BElE VB 520 .........44
§ 3.5 FOGRUE B ARSI IR PP HUXS Taq WENEVI IR RIS ... 45

§ 3.6 AN 5K (1) 4514 DL IR EE R 2% Tag BRI I 0 ....48

$ 3.7 BHERSOERUEE B BB SN PCR AG I 4 &R 48

EMT g 50

S 3k 51
H=E ZHARFRIEFEART p-SREQER S MRTAIHRT 54
-1 58 54
ETA MRS E 56
=T ER 60

§ 3.1 MCPC /R R M 60

§ 3.2 PR B HARE R 1 63

§ 3.3 BAHESZIN POR Ryl 5 i o7 64

§ 3.4 MCPC o {4 & 1) g 7. 64

§ 3.5 MCPC il 1A = (1) R EUE 66

§ 3.6 IEpRbR AT I 67

T iFie 70

S & wk 73
FED REBEBHESTRABHAR 77
E—E JUME RIS TR 2 S HTEY LA o 78
#£—1 518 78
T MRANAEE 79
BET HR 82

§ 3.1 JUMH FH IR e FH TR h Ze 73 T K nTAT PR B 5 . 82

§ 3. 2 SEI PCR 3B K 38 SARET M MR I AT A R BT e 86

II



H

§ 3.3 BURECH TR A il 2 23 Mk R IR LU 89

EWT Wie 90
SEH 94
EE URSFERRSHBBELEZAT P HEREEZHRT
i 97
-1 318 97
EZW MRFAE 98
=TGR 106

§ 3.1 B-dsrpifE B I v [ W L5 AR SR ) AL g 106

§ 3.2 N LA 7S 22 20 B 2% 8% PRET AR AL 11 BE ) ... 107

§ 3.3 PR SIIN PCR A 5 AR I E AT VR R IR AL e 112

§ 3.4 RN EHR L AIAS [FIGRAETA I AN 5 X 3 1 58 AR 113

§ 3.5 R AN TAG PR A MR 1 70 v AR, HS (9 2% 45 LU BV B oo 115

§3.6 ZEZ (LN PCR 1A F A F I Z T K R AT T e 116

§ 3.7 ZHZ O MIAR R BRI R A 119

§ 3.8 I RARA A 121

EmY itie 123

S E 3k 127
KX HBFES 129
HBTAEERZRIEX 130

28751 132

I



CONTENTS

CONTENTS
Abstract (In Chinese) 1
Abstract (In English) 2
Introduction 5
§1 Overview of Real-time PCR 5
§2 Multiple Targets Detection by Real-Time PCR 7
§3 The Purpose of This Dissertation 8
References 9

Part I Development and Application of Multicolor Combinational

Probe Coding Technology 15

Chapter I Identification of 8 Foodborne Pathogens by Multicolor

Combinational Probe Coding Technology in a Single Real-time PCR

17

Section I Introduction 17
Section [I Materials and Methods 18
Section I1I Results 22
§3.1 Design of the MCPC Assay 22
§3.2 Uniplex Real-time PCR 23

§3.3 Single-Fluorophore-Labeled Probes vs. Dual-Fluorophore-Labeled

Probes 24
§3.4 Establishment of MCPC Assay 25
§3.5 Validation of MCPC Assay with a Blind Test of 118 Samples.......cecuuee. 28
Section IV Discussion 29
References 31

Chapter II Characterization of the 5' to 3' Nuclease Activity of

v



CONTENTS

Thermus Aquaticus DNA Polymerase on Fluorogenic Double-

Staranded Probes 35
Section [ Introduction 35
Section II Materials and Methods 36
Section III Results 39

§3.1 Contribution of 5'-Exonuclease Activity to Nonspecific Background

Fluorescence during Real-time PCR 39
§3.2 Effect of the 5'-Exonuclease Activity of Tag DNA Polymerase on

Displacing Probes 40

§3.3 Effect of the Presence of the Fluorophores and Quenchers on the

Cleavage Efficiency of Tag DNA Polymerase 42

§3.4 Effect of Types of the Fluorophores and Quenchers on the Cleavage
Efficiency of Tag DNA Polymerase 44

§3.5 Effect of Probe Sequence on the Cleavage Efficiency of Taqg DNA

Polymerase 45

§3.6 Effect of Alternative 5'-Terminal Structure and Environmental Factors

on the Cleavage Efficiency of Taq DNA Polymerase 48
§3.7 Real-time PCR Detection Using Improved Dispacing Probes................. 48
Section [V Discussion 50
References 51

Chapter III Multiple B-Thalassemia Mutations Detection by

Multicolor Combinational Probe Coding Technology in a Single

Real-Time PCR ... 54
Section [ Introduction 54
Section II Materials and Methods 56
Section III Results 60

§3.1 Design of the MCPC Assay 60
§3.2 Specificity of Displacing Probes 63

v



CONTENTS

§3.3 Establishment of Uniplex Real-Time PCR 64
§3.4 Establishment of MCPC Assay 64
§3.5 Detection Sensitivity of MCPC Assay 66

§3.6 Validation of MCPC Assay with a Blind Test of Clinical Samples......... 67

Section IV Discussion 70
References 73
Part II Development of Probe Melting Curve Analysis 77

Chapter I Comparison of Several Commonly Used Fiuorogenic

Probes for Melting Curve Analysis 78
Section [ Introduction 78
Section II Materials and methods 79
Section III Results 82

§3.1 Feasibility Study of Several Commonly Used Fluorogenic Probes for

Melting Curve Analysis 82

§3.2 Establishment of Real-Time PCR Assay with Melting Curve Analysis.86
§3.3 Comparison of Each Probe for Homogenous Melting Curve Analysis..89

Section IV Discussion 90

References 94

Chapter Il Muitiple p-Thalassemia Mutations Detection by Probe

Melting Curve Analysis 97
Section I Introduction 97
Section II Materials and Methods 98
Section III Results 106

§3.1 Construction of Mutant Plasmids with B-Thalassemia Mutations......... 106
§3.2 Melting Curve Analysis with Shared-Stem Molecular Beacons and

Different Synthetic Targets 107

§3.3 Establishment of Uniplex Real-Time PCR Assay with Melting Curve

Analysis 112

VI



CONTENTS

§3.4 Detection of Mutations in Different Regions with Probes Labeled with

the Same Fluorophor 113

§3.5 Selectivity of Shared-Stem Molecular Beacons Melting Curve Analysis

for Detecting Mixed Alleles 115

§3.6 Establishment of Multiplex Real-Time PCR Assays with Melting Curve

Analysis 116

§3.7 Analytical Sensitivity of Multiplex Detection Assay 119

§3.8 Validation of the Assays with a Blind Test of Clinical Samples............. 121

Section IV Discussion 123
References 127
English abbreviation index 129
Publications 130
Acknowledgement 132

Vil



S

ME

VRN Z BRI HAR, SEI PCR BRLRATPRIE ., i, R R, W)
ERAEILR, O N T 7 A AU A . SR, 32 H R
S PCR AR 1) YT E A H (PR, 5K PCR A7 AEAG TN 75 5/ (1) ) 2
HECALE BRSSP U 22 AN FE R 81 o BRI AN ) L, AR SO0 SEI PCR 2240
MEAFETT T, WFFE A T BN 2 AL S IR AT GBS BOR IR 98 SR
fipt B R BT BRI o

Fwkay, R T 2 OHEGREMSEIR, IFHEE T izu AR T 248N
AN 2 SRALKT I AT AT VE o AEZIR Y5 — 5, DL R erili 800 oAl X 42,
A IR 73 TR AR R IR, R 22 (0 21 5 R G 65 DR T T+ ) Ubb B v 20w
VR RTRU S BT A S AR A4 2 mT LHEGf IR0 )\ Rh e Ve S0w s e —Fh, AA
PRodE . W, S R AL SR TR, PRSI T OO RURE B R PR T
% Taq DNA ZEG W) 5'— 3R IR AN S 11 (K 52w S LA, O 22 (4L A 2R T 4
P12 M RAR R IAT B2kt 95 =%, LA B-BRER 1 3k DA 22 b 542 Dy 6 il
X%, IS5 HAND RPN B R FHOR, 12 OA S IR %
AT 2P GA RIS, A FL S N P SEIUNE 5 Fofr e 3 AL B i 22 1 42
(RIRTIUAT 21 Fofr i PR R4 ) 70 7

FERGy, KRR TR R I TR . 2 SO T, 2 AR
DML GILSERY PCR ZHERINIA 71 TR AR, H AT E B A e LR I
i 2 OO Ty Z2 BRI BREE . DI, 29—, HhREH
27 HOAuH HB9OCIRE I T il th Ze 20 A (0 al AT, ERBCA IR AT F T M it il 25
IR ISR A IE AL R 2 AR IR BT R 0 3E & F T e 0 A i) 9 G AR
Bto S E, U B-BRER RN 2 M RAN IR R, B 5 T R TR bR
it HH 30 A 22 PR S AR NI BE Sy FFAEREAERS b, AR R L B-HHh e ST 1M
KA, HIL T WEZHL ORARIMARR, ST X EE W 15 5 p-
b r B I AL RS I AT B PR 93 7R

REE: SN PCR; 2SR S EOR, JaM MLt p-HurpifEstim

1



ABSTRACT

ABSTRACT

Real-time PCR has become a powerful tool for quantitative and qualitative
nucleic acids analysis, and has been broadly applied in the scientific, medical, and
diagnostic communities. However, the number of targets that can be detected in a
single real-time PCR is limited to four or five due to the limited number of channels
in a real-time PCR apparatus. To address this issue, this dissertation focuses on the
development of new real-time PCR strategies for multiple targets detection. It consists
of two parts. The first part is the development of a novel multiplexing strategy called
multicolor combinational probe coding technology, and the second part is the
development of the probe melting curve analysis.

In the first part, a new strategy that significantly increases the number of targets
identifiable in a single real-time PCR was developed. The strategy, termed multicolor
combinational probe coding (MCPC) technology, uses fluorophore combinations in
addition to single fluorophores to label probes. The combination rule allows n types of
fluorophores to label N= C,'+C,> +... +C,"= 2"-1 different probes in a combinational
manner. Thus, up to 15 probes can be labeled using 4 different fluorophores, and 15
targets can be detected on a 4-color real-time PCR machine. The feasibility of MCPC
technology was tested by identifying multiple targets or detecting multiple mutations.

In chapter one of this part, the feasibility of MCPC technology was tested by
identifying 8 foodborne pathogens in a single real-time PCR. With MCPC, 8 pairs of
species-specific tagged primers, 1 pair of universal primers, and 8 single-labeled or
mix-labeled molecular beacon probes were included in a single reaction tube. As
demonstrated by both proof-of-principle experiments and blind test of 118 samples,
all 8 foodbrone pathogens targeted were accurately identified and distinguished from
other pathogens using MCPC technology.

In chapter two, the effect of 5' to 3' nuclease activity of Tag DNA polymerase on
displacing probes was studied in order for MCPC technology to detect multiple

mutations. Using both kinetic studies and matrix-assisted laser desorption ionization



ABSTRACT

time-of-flight mass spectrometry, we comprehensively examined the 5'-nuclease
activity of Taq DNA polymerase on fluorogenic displacing probes of varied structures.
We observed that displacing probes with unstable 5'-terminal could be hydrolyzed,
and the major cleavage was the removal of the 5'-terminal fluorophore-labeled
nucleotide. These observations can serve as guidance for better design of displacing
probes with reduced or eliminated background for real-time PCR detection.

In chapter three, the concept of MCPC technology was extended to multiplex
mutations detection in a single gene, and this was exampled by detecting the five
common Chinese -thalassemia mutations and an internal control in a single real-time
PCR. By coupling MCPC technology and Homo-Tag Assisted Non-Dimer System
(HANDS), 3 pairs of specific tagged primers, 1 universal primer, and 6 single-labeled
or mix-labeled displacing probes were included in a single reaction tube. Totally 21
genotypes including wild-type, heterozygous, homozygous and compound
heterozygous were covered by this assay. The specificity of the assay was 100% when
tested against 129 normal, 98 carriers, and 12 patients. Accurate results could be
acquired with genomic DNA ranging from 100 ng to 10 pg per reaction. The assay
provides a rapid, accurate, and sensitive means for detecting multiple B-thalassemia
mutations.

In the second part, a new probe melting curve analysis strategy was developed.
While multiplex PCR by both probe color and melting temperature (T,,) could greatly
expand the power of real-time PCR analysis for multiple targets detection, the
existing fluorogenic probes for this aim are inherently limited in combining color
multiplexing and T,, multiplexing. Thus, in the first chapter, a variety of fluorogenic
probes were evaluated regarding their potentials in melting curve analysis. The result
showed that nearly all probes studied could be used for melting curve analysis.
Particularly interesting finding was that the self-quenching probes and shared-stem
molecular beacons, which were never used for melting curve analysis before, were
found to be comparable with the FRET probe. Shared-stem molecular beacons were
advantageous in their high signal to noise ratio, narrow melting peak, and more
important, in their flexibility of combining color multiplexing and T, multiplexing. In
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ABSTRACT

the second chapter, a new probe melting analysis strategy was established by taking
advantage of the shared-stem molecular beacons. The significance of this strategy was
that several mutations could be detected by a single probe, thus more mutations could
be detected by several differently labeled probes in one reaction. For a
proof-of-principle study, more than 15 mutations of B-globin gene were detected
through the new probe melting curve strategy. The specificity of the multiplex assays
was 100% for the detection of 118 clinical samples. Accurate results could be
acquired with genomic DNA ranging from 50 ng to 5 pg per reaction. We concluded
that the new probe melting curve analysis strategy provided a rapid, accurate,

sensitive, low-cost, and high-throughput means for detecting multiple mutations.

Keywords: Real-time PCR; Multicolor Combinational Probe Coding Technology;

Melting curve analysis; B-thalassemia
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