View metadata, citation and similar papers at core.ac.uk

-
brought to you by i CORE

provided by Xiamen University Institutional Repository

SR GmS: 10384 LB B
%%: 200326073 ubC

) Ee B
M+ % AR X

B BRI PCRAT I T4 ZE P i 25 5838

Detection of Drug-Resistant Pathogens

with Displacing Probes-Based Real-Time PCR
= B K

FFRFHL: F R B K
o % @m e F
WwXIR X HH: 2006F6 A 298
WX AR 2006 48 A 13 B
FALR T H -

ERMERRER: B F AR



https://core.ac.uk/display/41421638?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

B IR SR B 1 B

L AT AR S, AANAE TR T N AL 58 R IT 5T R
Ko ANAERILEEH ZH R HAAN N AR T TOCR, 21
SCHR LA T AObR W o A N ARG 52 A R SH H I8 S A2 A
AR BT



I TR AL A EBUE 7=

RNGEARTRRET TR AR L AR SCRE . TR
2P AT RCOR B T ) 5 28 1D B i s LA 326 A8 148 SR A0R RBUA
T ATRCKE A AL SR TR A B IR 2> S Vi SCE N
R LE A B, AU 24 018 S Y 2 N AR A TR 2R
A BCHE 25 ST AR BRI B Gt R o PR 25 1 27 18 SCTE AR 3 e I
AR E

RN E T

1. % ), fF AR 5 IS RS

2. ArE C D)

CGEEL AN A5 NAT “ V7D

i
M

(S EEF H 391 T
FPIZEA =P E i

i
M



B g . . eeieeeeeeeereeeereseesensenssnsenssnssnsenssnssnssnssnnnssnnsnnsnnss 1
v TP 3
BT S v eueeeenenresesnsasensnsesessssssnsnsnsesessssssnsnsnssssssssnsnsnsnsnssssssnnes 5
F—F RABRRE LR PCR RERNN AKX EZMATMHRET
...................................................................................................... 11
B T5 G| B eeeeeeeeeeeeeesssesessssssnsnssessssnsassssssssssasassesstasnstenstassensasassesssasassssaes 1
B A B S T 3 e eeeeeeeeeeesnseesnsesessnssssssasessasassssaseiensastasastonsasessasassssassssssases 13
BT AT B B eeeeeeeeesssassessssnsasassssseniesesesesasasaesssssasasassesssasasassssaes 17
§3.1 FEIKIZ] DNA BB FEIU G S B v 17
§3.2 KK EPT HBV il 25 5848 9 6 B e 4t SE i) PCR AR R IR HE ... 18
§3.3 DEHEHARE I PCR AR R IIMEAL oo, 19
§3.4  RICE WARENSZI PCR AR R RIBEE SIS (o 21
§3.5 D E HAREN S PCR IR E EEA S0 e, 22
§3.6 SZI PCR A 50 13 CL A0 A S8BT MLTEFRAS oo 23
§3.7 SEHS PCR Kl 36 f/f HBEAG PHYE I AR Z8id bk e e 697 I I IR AR AS 24
BEITITAS B 18 eeeeeeeeeerencisacisesssasisessssnsassesssssasassssssssssssassesssssssasasssssssssssssssssssssassssses 25
BEFE TR cvuvvrrereresesesinsasiiastsnisesesesssssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssssssas 27
FoE RABHRE IR PCR NEZTEHABERT ......... 35
B T Bl E eeeeeeeeeeeeeeeesessnsassssssssnsassesssssasasassssssnsasassesssssasasasssssnsasassessnsssassesaes 35
i I b By OO 36
B o A B G T eeeeeeeeeeeeeeeeeeesssnssessssesassssssssssasassesssssasasassssssssssassesssssssassssses 40
§3.1 EARA P G D BATH LK ZH DNA [F4REUS B E e, 40
§3.2 FAE V- PU S5 4% 3 B A TR 25 5828 58 't B AR BT S PCR AR R 1 5L FE L. 41
§3.3 WICHE WAREN RF R PE G 28— AT RN o 41
§3.4 DB HAREN LIS PCR AR R RIBUESZIS oo, 42
§3.5 PG E HARE SEIT PCR AR R IR PE SIS oo, 42
§3.6 FICERIREN T PCR AR RALM 123 M3IRFRAS v, 43



»

S EHRIRET % ELAT PCR MG ZAT B =M 25582 .50

B=E %
3

BT GBI st sas bbb s s s R bR e baee 50
TS RIFNTEIE oo sessessessssssssssssssssssessessessesssssssassasss 52
o S B R G T et ses bbb s s e e baen 57
§3.1 He gt =P — 2k 25 a5 WL YT 25 58 A8 A7 R G AR TR oo 57
§3.2 PG ERARER S PCR AT 25 0 B BE Lo, 57
§3.3 DI E HAREN SIS PCR HIHRE R PETZIG oo, 58
§3.4 2 EHAREN 2 F PCR BRA AT =P 25 I 255878 oo 60
§3.5 W E AR L T PCR AR R R EL oo 61
§3.6 PG E HAREF 2 B PCR AR RSEIN KT 8 05 FARA (oo, 62
§3.7 PG E W AREN 2 PCR AR R SEMATIN 118 A3RARA (o, 63
§3.8 FIH ARMS 5|W)5IE 118 73R A I 25 5EAR o, 64
My TJ’ T sttt esas s sas s s s st a st et s a et st s s b bt et e s et astsasatnsan 65



CONTENTS

CONTENTS
ADbstract (In Chinese)....cccciiiiieneeeeiiiiiuniesisicnssssssssssccccsssscnnnnes 1
Abstract (In English)....cccceviiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiinniiciiinnncnnn 3
INtroduction.....coeeiiiieiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiieeieinseeeinneees 5

Chapter I Real-time PCR detection of multiple lamivudine-

resistance mutations in a single tube with displacing probes 11

Section I INtroduction ........eeeeeieeeniinsenieensnensencsnensseesssecsiisiniesisessaissssesssssssacens 11
Section II Materials and Methods.........ccceevvericsverinscnrcsccecceienian 13
Section ITI RESUILS ...cceeiniiiieeiiecisnensninsnenseensnensnnesiisiiisssnessssecsanssssesssessssesssssssasess 17
§3.1 Extraction and quantification of HBV DNA.......c.....cccciiiiinniiniiniieieeieeie 17
§3.2 Principle of real-time PCR detecting lamivudine resistance mutations.......... 18
§3.3 Optimization of real-time PCR detection for different alleles........................ 19
§3.4 Detection SENSIEIVILY tES ....ueeruiiiiiieesiiieeiiieeteeeiteeeteesiee e s e e sebeeenereeenareeenes 21
§3.5 Selectivity level and its dependence on the whole genomic concentration ....22
§3.6 Detection of 50 lamivudine-resistance serum samples ..........cccceeeveerveeveennnnn. 23
§3.7 Detection of 36 HBeAg-positive serum samples ..........ccceeveeeieenieeneenneennnnnn 24
Section IV DiSCUSSION ..ccciiiinnueisiseiinecisnnnsaenssnnsssecssnncssessssesssessssscssessssssssassssssssssssasess 25
REFEIENCES .uueeeurrineisniinieiiniiisiinninnnsnenssnnsssessnnsssesssessssesssnssssesssassssessssssssssssasssssssaass 27

Chapter II Real-time PCR detection of rifampin resistance in Myco-

bacterium tuberculosisin a single tube with displacing probes35

Section I INtroduction ........eeeeeieecniinnensecnsnenninnnenneenneceecseiseeseeseesessscs 35
Section II Materials and Methods 36
Section III RESUILS ....ceeeuiiiiuiiieiisensinnsnensecnnensnicsnensseesssecssseessessssesssessssesssassssenns 40
§3.1 Extraction and quantification of genomic DNA in sputum samples............... 40
§3.2 Principle of real-time PCR detecting rifampin resistance mutations.............. 41
§3.3 Thermal denaturation analysis for displacing probes............cccceevvveeveenreennnnn 41
§3.4 Detection SENSIEIVILY tESt ....uieruiiiriieeriieeiiieeteeeriteeeteesee e e e esereeenebeeeereeenes 42
§3.5 Detection SPECIfICILY teST.....iieriiieiiieiiie ettt 42
§3.6 Detection of 123 Sputum SAMPIES ......ccveevueeeiieriieiiieiieeie e eve e 43
Section IV DiSCUSSION ..cccuiiiieeiiecisecsnnnsnenssecsssenssnecsansssansssessssecssnssssssssassssesssssssasens 44

RETEIEIICES eveeerreerreeeereeeenreeseeceeserssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssnsassssses 46



CONTENTS

Chapter III Multiple real-time PCR Detection of Three Drug-

Resistance in Mycobacterium tuberculosis in a Single Tube

With Displacing Probes ........ccooeeeiccnssvnniccssssnnnnscsssssnssscssssssssees 50
Section I INtroduction ........eeeeeieeeniinsensecninensennsnenseensessssecssessscsssessseessssssscens 50
Section II Materials and Methods.........cceieeeicvvencrsnicssnicssnnicssnnicsssnssssssessensosses 52
Section III RESUILS ...ccueeenuiiiveiiienisnensninsninseensnensnecssessssesssesssseessnssssesssessssessesssnnssns 57

§3.1 Construction of 3 drug-resistance mutations plasmids ............cccecoveeerieniicenie. 57
§3.2 Principle of real-time PCR detecting drug resistance .............ccc.covivieeniiennnnn. 57
§3.3 Detection specificity test of SINGle Probe........cccueevvveeiieiieeiiiiiiie it 58
§3.4 Multiple real-time PCR detection of multi-drug-resistance............ccccoeeveenee. 60
§3.5 Detection sensitivity test of multiple real-time PCR................coccvieiiieiiennn. 61
§3.6 Multiple real-time PCR detection of eight isolates of M. tuberculosis........... 62
§3.7 Detection of 118 sputum Samples .........coccuereriiiiiiiiiiiiiescieecee e 63
§3.8 ARMS ANALYSIS...iciuiiiiiiiiiieiiieiieeie et ettt ettt e tee e et eesbeebeeesbeesaesaseas 64
Section IV DiSCUSSION ..cccuiiirueiiecisecssnnisaenssnseseicssisssansssassssesssssessnssssssssassssssssasssassss 65

RETEIEIICE coveeeeerenereeeerreeeenreeseeceerersessessssssssssssssssssssossssssssssssssssssssssssssssssssssssssssnsassssses 66



S

wm =

AN T B IARE B, L LRSI B AR PR R 8 Va7 L F =2k
(VIR 25 5 A8 1 22 TR 25 250 0 BOFF R AT 5, 26 8898 e B 4R E T TR GC
B GC 5 AR BE R 1) 2 A7 RGO, A7 T ) T 22 SR AT 1 it
TR TR 22 (3 A0S0 PCR R4

PROEAT 2R U B I 9 BT R e I 2558748, % T IR R 2 Wi Fva 7
HATEE R o ARICHSE T T 5 52 PCR S50 [R]INAS I L 375 A A p A7
TERIZAPOK KB 215 TR o T 4 0EFRIc T A [R5 6 5 ] AR Bl e e
BARIRED, W BANSEI PCR R ke FIWrbs A i & T U R AEAT—F HBV
DNA: B4R, rtM204 58457, B AE R rtM204 5848 4/, 1tM204 5845 Fl 1tL180
RASRAR, B4 rtM204 5848 rtL180 SSARNR AT . FeAi 1 82 T Ky A4 2R 1K)
R et e & el i ae Jy, IR HZE R e T 50 4 A&
KIGEM 255842 () HBV ML FR AT 36 iy HBeAg FHPE) HBV ILIE A5 A< IR I o
Rl 25 R WY, F1 DNA W55 SARLE, 20 28 230 H BT g P R 08 R S i PR A
A BN BE S o %07 75 Al DRI AR 2 10° ~10° copies/mL £ HBV, Jf H.AJ
DUASTIN HH 7 R B 1) 7 A 78 DNA HE ) 5% 5878 78 DNA . Y. FH I e 18 f A0 0
KRR BRI PTHK R E HBV AT 5 H (1121

LR AL PTG I 45 4% 43 BOAF RN BT 2540 (R RBURE (R O 1%, IRk 52 3114
WA AT IR PR, — R BRI I T|), AR T IR R IZ B RN TT o B1XF 4 A
JTENGI 25, AR S5 0 BT BIAFAE BT 32 T, AR SCEE ST 1 PN
L5203 BOFF IR 245 AR IR AR 2R -

R G A% O BORT B BRI AR 1T 25 R AR TP R LI RNA - J8 4 g 2k A
(rpoB) A%, #7 T AR PCR [NV H LI FI rpoB A2 O sk AR (R T 9%
ARHIRZR o AEGTHRZ ST BOFF AR FAR -2 Bk TR, 95% K RAR K AEAE rpoB507 47 4%
533 fif 27 ANEBERR YT (81bp) ZMUMIXIH A . R 4 XIFRid T AN 2k
VA PRI B R S B e R T, 7 35 rpoB 81bp MIHR /M DIk, — HFTAS I X 4k 2
T AR R i O AR ET (9GRS IONS 2K, AT BRI AR TR B 1. 527



S

R, AR T LRSI IR 5 N8 DU S5 % 20 B hF B, I H AT AR s AR e vk
I FHAZA R SE I T 9 3 TN DR L 1) 5 A% 23 B RE R RE TR AR 123 09 b AR (1A
Wl SRFRA T 101 4 A EFAETY, 5 4y 526 A7 RURAETAE, 16 4 531 7 UK AERAS,
14y 526 F1 531 A7 i[RI 548 o« A7 Aar I 45 R 2030 1k DNA 0 2 56 40F o

TR ALY (R IR = 2 25K S A% oy B BT 25 AR S PCR K
M7 WP E B e . 52 PCR £ F PCR M54, BExt =Fh 2k 24
PR 3 SRR 2 T I v i WL I HLAR A2 BT R AR I S BT 24 AR
P RCEATRS I o AR RS I T 9 Hy LN DRI Y (R 5 A% o0 R AT A RS SR A AR
118 trbsA, Forp 93 UMb AR AR R AESAR, 8 U brAs e R i 4 225848, 6
UHIRBRAR AL SR RAE, 1 IR bR AR AR O T e R A, 2 AR br A R A
(7 I i e 2 RS MR R A, 8 IR bR AR R 2B Rl N i B 2 . SJBIERN 2t T
BESAR, AT R 45 KBS ARMS 7R R AEA TR

O RS 00 45 A% 53 AP TRT IS 245 A TR A 28 18 ELAT A3 5 (1) R BB BE RN S,
5T AT B H B HARA P, JF HARAERIGE, R, A8 E 4
IR R A R o SRR IEEAL, 40 AR T %0 1 B2 R de S A=
2.

KRB EIRER ST PCR; T2 5842



S

Abstract

This dissertation consists of three parts for describing the application of the
displacing probes to detecting the mutations in hepatitis B virus (HBV) and
Mycobacterium tuberculosis.

The first part describes the establishment of a single-tube, real-time PCR assay
for simultaneous detection of multiple lamivudine-resistance mutations in sera
samples. Effective detection of lamivudine-resistant hepatitis B virus (HBV) is
extremely important for clinical diagnosis and treatment. By using four allele-specific
displacing probes labeled with different fluorophores, a single real-time PCR reaction
can tell whether a sample contains any of the following HBV DNA alleles: wild-type,
rtM204 mutant, mixtures of wild-type and rtM204 mutant, mixtures of rtM204 and
rtL 180 mutant, mixtures of wild-type, rtM204 mutant and rtL 180 mutant. The assay
was evaluated with 50 HBV mutation(s)-containing samples and 36 HBeAg-positive
samples. The results of the real-time PCR assay were consistent with the DNA
sequencing, but at a much highter sensitivity for detecting a mixture of quasispecies.
As low as 10> ~10° copies/ml HBV of all four alleles in pure population and as little as
5% mutant DNA in the presence of wild-type DNA can be detected. Application of
this high throughput assay should enable early diagnosis and better treatment of
lamivudine-resistant HBV.

The second part reports a sensitive single-tube PCR assay that takes less than 3 h
and reliably identifies rifampin-resistant M. tuberculosis in DNA extracted directly
from sputum. Current clinical assays for determining antibiotic susceptibility in M.
tuberculosis require several weeks to be completed due to the slow growth of the
bacilli. Ninety-five percent of mutations associated with rifampin resistance occur in
an 81-bp core region of the bacterial RNA polymerase gene, rpoB. All mutations that
occur within this region result in rifampin resistance. Four different displacing probes

are used in the same reaction, each perfectly complementary to a different target
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sequence within the rpoB gene of rifampin-susceptible bacilli and each labeled with a
differently colored fluorophore. Together, their target sequences encompass the mostly
region of interests. The generation of all four fluorescent colors during PCR
amplification indicates that rifampin-susceptible M. tuberculosis is present. The
presence of any mutation in the core region prevents the binding of one of the
displacing probes, resulting in the absence of one of the four fluorescent colors.
Totally 123 sputum samples infected with tuberculosis was tested. We detected 22
mutation-containing, and the results were consistent with the DNA sequencing. The
use of this rapid assay should enable early detection and treatment of drug-resistant
tuberculosis in clinical settings.

The third part evaluates the feasibility of displacing probes to detect
streptomycin-, isoniazid- and ethambutol-related resistance mutations in DNA extracts
from sputum samples. We studied three genes: rpsl, katG and embB, which are
associated with streptomycin, isoniazid and ethambutol resistance, respectively.
Among 118 sputum samples with tuberculosis, we detected in 8 samples to be
streptomycin-resistant, 6 samples isoniazid-resistant, 1 sample ethambutol-resistant, 2
samples to be mixture of streptomycin- and isoniazid- resistant, and 8 samples to be
mixture of streptomycin-, isoniazid- and ethambutol- resistant. The results of the
real-time PCR assay were consistent with the ARMS assay. This assay is more rapid
and sensitive compared with classic methods. Our method can be used for
high-throughout screening for the mutations of drug resistance in Mycobacterium

tuberculosis.

Keywords: Displacing probes; Real-time PCR; Drug-resistance mutation



haf]

Hil

It

HI

DRI A VA T PR S BT B2 25400, T 2 G e AE B T, 49— 2811 R
L SRR G M R TR 5 5 B A — TR 24 TR T R B P B S X 5k N 3
ATV, TR 2 B 10 FE 5 U B AR, TR 2 i Rt S T A S
§$ 1 MZ5IAR
§1.1 BT

FIN 1935 A58 — ANl 2R 259 ER 2 B BT TR TN 1941 4 8 3% e i
G, PLE AP LLREUR . BT, SN TR 10 RFEIT 200 /il
YU AL N AT S Gl A= 4 5 | A 1 5 P e S T — RAUREAE LS, A
ROHHRCT TEGEE I A ST, BEE DU 25910 2 AR, G0 B 254
FEA T PRI I A 255 H 7 b S N AR T ORI N A e TN 2B AR
P, Aihz UE . 252 mn R RO . EAUE T B0, Eal
IR TITR, FEURAICT E T . YRIT B 2RI 2 5 R I CRR
AN IR (R 1 27 1 AR R 1 A T L s £

AT KT 25 1 A2 AR 40 B DR 3 R I IR P URR I, A AR 2 (kA
i 2450 FSRAF PRI 24 12 G5 o TR 24 P 2 415 41 B0 Syt 1 2 M 2 0 1R 5
RYEABUR, AW S PR Cangitg, ARILED Froe. Harpmstm
PTG N G 0 A AT 24 M HR SRAG IR 24, BRIV BRRS E e T 2) eh A
K M IBURCIRES 1 e A8 R i S2ARAS (R Re e XM A A 15 A0 A1 AS B AR ) 2 R PR A
WARIEE R, T SZIREE T 25 B I g (AR RT3, IXRiont 299 bt 2 s
PRI
$1.2 mEMHE

P 245 1% N AT DA ARG S 2 1R A 9 S 8 IOl LA 19 9 g8 S I e
73, JF HUATLABA S KR T CVEVA R BRI A MR, G S R 1 AR
e A, BEAEBURTELIWIIN) 2N, o3 T 24 PR 100t Bk ™ o

T U 24 1 0, AU LB (HIV) 2552k
& (AZT) 1987 45 [H FDA bk F1i7, 1989 R4 853 HIV fiif 2578 sk



ol &

1995 4F B HKRE (3TC) 1996 AEAE IR N F Hh 5 ORI LB 2 90 75
(HBV) Tif iRk A e 4t hokke i 3~6 A H st P 4G 0 HBV i
Zikk, FREAEH 2 4F 38~66% M BH oA i 2GRk . T 2 M, AN
HIV. HBV G255, LA WA AR oz s (HSV). /KJi-
HORIEZ R (VZV). B4R (CMV) BB R 258k B fRas o1,
7] ol 243 00 4 27 5 A R R B A L TRIAN [R] ) 25 0T e 7 A i 24P, A7 ST 24k
FL2 [ JLR 25 )it 24

§2 THZAHH

A A i AN A8 SR T 24 19 WiE 23X — AN se A AT TR (i T e 30 )11
ok, & SRR I 2IHLHIEAT TR SR 2 PE T R 2
WL R, AEDAS A RHER, 22 N P0E R MGUR
BNV ZATH, AR YIE SRR IR E T, FRES LR T et
SE IR IR 25 o — AN o] LA AT 22 i 24136, % — b 24 1) it 24
PEAR T B B AN [R] i AL A, I R B AR s T TR 2 R
§2.1 HEBWZHHLH" "

AT 2 PE A DL R £ AT 5 M 1. 9P E B S e 2.
RN B SIS AR B B IE s 3. AU EAAMER S 4. PR AR R R L
TR, 5. sE A

N VRTI 24 PE IR AR WL R R BRI A i 24 1 B T Tl e e
(R 2 R vy, I HARAARA,, AT SR IR @ Rr ek o IR PRI 24 10 it A
PUHRIAT L R0 10 1. BRMEIE S . B TS E B e, %
A S e A A B 208 PEAR DG I S i BE R R AR S, A 2k
JHECRT B 5 R AR SUE, IS B RGAEA. WS . Wi NERE,
HI T ANBE VU I LERAT, S 171 5% 00 40 BT 10 1 S 58 A 4 o 4 T ) 3% A T 7
A 24 o IR TR TR FH A AT DR R AR SO 22 O s A, B DR A R T IR R A
A, T F ) 2 IR I 2 R A AR AR . 20 TFZBE BN, e
AR IR ST 25 A DG BT R o A B AR A 3R DR, 40 B R B e A
AT 240 L B T 24 DA o LR A (10 77 A T 24 B0 FR) A 368 R e Js 0 i 245 5 K] )
JE o KIATE LW EE NG AAE I BERE CARIEAR) 7= A i 24 KR DR I 36 A8 Ay fid 24



ol &

PR, T2 R AR K B AR T, DLTORE A 38 B e 1R T AN WRE R 24 5 R A
e BbE
§ 2.2 FREHITZEHLHI

HURIT, 08 RE I 24 1) R A A A 03 2 1 5 PR A S B pla vy, e i o DL A2
G i B L A BRI R AR S TR A IR R dE A R A S A B S
il ml TR A A DG 1 s B TR (I, 40 HIV 139056 5% (HIVRT), HBV
[¥] DNA K41, HSV MRS . H a7 T R A% R0 55 P 5 i 2 2 A0t
TR LA, SR AR T RS UV AT 5 1 S a0 AR b 2 ek
AT T 5 01 i K1 A S5 A 2 ) 5 A S LA P R 1 SR g S e o e i £ P
BELCIEAE BT IR AR SR B R SR I, AEAT LA 253097
(RGP AEAE . EHURTEMIN BARERE T, BP AR, A2 e i 24 55
Pz RRUS A AR, BN 2tk 77 41 Kobayashi S 25U I T E R
LR HRK R E RS 181 HBV JEGEF AR BT T YMDD A2 34K 78701k
W T3k — W e ANTR] 2549 5 5368 8 [ — s 2 L 7 Il DAL 11078 S (7 i AN — 2 A
[ .
§ 3 W2 A A&

TREE NS 2500 7 A i 24 260 2 S 2 S AT 24 R R s 1, BRI, T
2 DR (PR DT i 24 5k A 2 W B AT il e . 20 AR 80 AFAR LK, [ 4k
P E S U E I 2 PO S AT EOR Ol B REAE R — ISR 2
FEATT A R T AT T RS, AT 1 B 250, R 2
TR 25 ALAL T A BN E B, AT 2 R or b B 20 RUHEL DRk
TR 2, JUHOE T AR AR KGR R0 SR A 4, ISR o AT B . 3
HEAT N 293 A I Qe AR B AT I 2 A o 4 IR 8 T I T 259 2B 4

Ak, AGREEST T 2RI DNA 5828 A 25 10 R vk . X485
BT DNA A AR B UIAT S SR I AL B 1% (PCR-RFLP) 434t
HARPO, - JLF DNA 584877 A 10 BB 5 2 25 MK (¥) PCR-SSCP /3 TR,
JET DNA 5845 7726 ) 5 JO0UEE 1) HAPYLL K DHPLC VS A3 MR, 26 T 55 A% 1T
FEIRET JMAC I ASO B /5 2 As 1RO RDB i) s 24 e? 281 Aty 129 300
OMEOR, FET 54 5 8K ARMS-PCRPY MW A, 5 T3 95 5 4 4



ol &

& 90 ) MALDI-TOF-MSPH 2 ¥ £ A, 2& T 9l F# i) Sanger ] /7 P4 |
Minisequencing®®>**'LL J Pyrosequencing®”** 51 - 45 o iR o oK 43 14
I T EOR T EEREAT PCR 15 AL BERAE, 23S B B, 1y H PCR JE Ak 22
AR ) Al KA 3G = 105 e DT 32 JABBE A, ok 11 240 G 23 B AR e LA B
FI T IR RAS i IR e KB o SARARS I AR Hy 1 75 ZEAR D IR 5 AL B B, ok &
THR TR AR (o7 £ 240,

SN 28 SriFsE R ) Y. (Real-time Polymerase Chain Reaction, Real-time PCR)
BRI A S R ke e i SR ol R T, 2 eRee
(03 B (1 5 S 0 AT A PR o A b R4 T SRR, T N T IR OR I A i
JEARIARTIN S AL IR P T2 W 55 A0 2 o 40 BRT PRI 24 0 2 i K] e ot A
SRR

S PCRAY H T DNAZEAR [ HE PR 43 B4 (1) S B A SE PR BRI G )R o 3t
PREFHORIN S, H AT 2E T 58 I PCR I & T bz ac 48 5 2 R 32 2240 46 TagMan 348 £
BHASLC FRETHRET Y 4 AR ARTRE O L R 9ot B R A D2, I ek L
P8R FH 9 1A R S B B S FL IR R A% Sk SE IS AR RS M iy Fie AR o R
FRET AR SR ERET R A AUIH 2B AT BE R 40 B, 55 SR 8 58 B m AT I8 i o)
s FEANRESE AT FIWT . PR, H A AT OG0 B 2 AT AR S S A8 m] L i b e P
Sy B JURRERET o 30 (1) TaqManREH R K B R oy AU BER 15 e, T2 5]
BT MGB 2 TaqMan4% 1 DA SiRe S, (FR IS IN 1 4 vh-4 1 i e 1 DA &%
JRAIRI B F o 3 AR bR N T RE R 2 20 5 T AR T B AR B AL A S, A
RS (T V RN o A S 38 T 1798 ' B B A ) DAL bl A2 SIE B PCRAE R 43
Oy R,

B R W A5 H MBS A% R (DNAD B R ELAMAC O S Il T 52 1]
HAMYSERZ TR . TR I — SR SERITIRINS T Sibrid S H A (BT FRI&6EE
D, TS — 4B TIRIN3 Snbrid 962k (I FREKIERD,  [FI P4 5%
KZAFRRIN3 " wiEAT 3 Can b)), AR 0 5 e . ARAE D0 Re
BB, 50 B EA BRIP4 B A8, SO 5 9O Z AR
SENT, A RURARSOGRE AL, YEOGTE IS K, PR AN 31581
N B AR ET B 10 5 A R B R 1 5 52 AR T 4 Sl 5 0 e ) ke A A



ol &

AACKT, SOCHAR G JOCZ A B T IREF P SRER 23 BT 40 9F, PG [ 26 To
VR KR AR, G AT LUK 25645 5 BRI I 9045 5 1A Ak vl
DUIIE 2 B AR W9 5% SEA% TP IR BE T AL IRPIRES

AT A G G E R ET TAMSE, P RUR AR BT ROV . TERRER SRR
FUAT B AAC R NI, BT 96 B e B 5 P 4 BE 2 IR AN, fALEH
SR8 Fe A HAMASEAER , BRI ' B B R LA AR I IR AR SR 58 A 1 e
J3, 1 HLICARR e AT DA I 1 R 1R R Y A A 22 (R R O S

S TR 43 R 1) S L RT LH iak 22 56 B 4 v 356 R 25 5 4 DG TR ) 258 ' 5 e PR B ke e
AT EARAAL, RN IX L5 B R E e AN IR 1 2 e [, A8 B i 3L I
TR BUR 90 B R ET R 2 1205 5, Tt vl LR 52 PCRI 2
7 AR R G T SRS AR AR (1 R R Y o 5 B AR AT IR N | ik
ol B AR DR SR B AR s AR e PE AN RS N TS PCRIE R 43 2, ] LA
KRR G R AT IS [R], B e A I P A A

Cheng? SRR, R 2 B HR BT AT SE I PCRIE A 43 HLHAT LU R L
AMER: 1y R SRR e R I 4l S HEAR R T2 B TR PUM AR 1)
RS . HIEEAREL th T 1 5 P A BE 2 IRl 1 58 4 HAMRCKT, A7 0645 5% 41 1)
SeA AR, BRI AN VG C (R SERS AR A R 50 B e R AR B AT, T ORAIE T
TR B AR R et e 2 SRETFBEVE AT B o A F 25 A5 7 ik DR 1) 3 DR 43 7
AT LABEUE AR R LG 26 B EREE, 23 Mlbsic AN [F R 2GR ], ol BASEI 2
A IR 43 B o i T B AR T BB R PR I v R B A A 2-3 Bk
R UL I TM{E AES5-65°C 2 1], IEBEnT LALLFdE 2 1240828 . F Tm Utility
WHE R TMIE, DLCERER 85 5 AN TCRCREAR 454 1 Tmif s B2k 5 TmfE 2 451
KT IEBE S5 ANVC OB 45 A PO TmE, 3 Z (R, U R 8 AR s 57
PEdE . 3. Pk, fAifl. SEITPCRAEEDE 73 4 m) LLAE SO ()[Rl JEAT R I, 3
PCR/GALFEAEHRAE D YR, HEAGRR L, S 7R 1-2/N IS (RN 8] P ef vl DAAS 206
MR GRFIWTTE TN 4. PREPEHTESSRE . Bk G 9 B
EERTLATERT AR AR Z 1T, A ) SR A% 17 BRHE 7 41 S 0 B 4 A U0 1) S
Vi, BV EBARE B AR A BUR R IE M, W RAEH v LA RSt
B AN AR BRI bR A 45 R K S A R e o IXAE R R LAY A B i



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

