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RREE S RATES SR E PCR 7555 MILL R

kAR EFWY WA #EE £0 FEE TRE'
aH° kRp"

1 PEEEZLGESH dbat 100081

2 hERM AR A B RS AT 6 100193

B OE: (TR F40R2RE_XFHIMWER, ERIMWIALRELI] A ETRENHMER.
4+ F38 1L E R ot Bl ik M Fe BT A G AR IR, AN 2R @R R SRR
Z0h A RAG R, B b, 223398 R 5 PCR A2zt 52400 . 9 2 44 3% B 2 40 A S EAT M iR AR IR A ,
B8 TR KPR MR 4 g P FLan A = W 25 A . [ B 8 VAR 570 238 B 69 4 45 44T 5 PCR
T3 MB A, Al RERERT I FERRBELAL. [FE] sFTIRE 52 PCR 314p, &
JA & 3% (touch down) PCR ik A4 7 i& 7 iR KURJZ (Tn); 15 A A A B4 2 AR AT C68001 #h(E A 44
BAZEAE R AKR)ARL DNA UEARR B RS FOATAENE RAERCGREL . MEfF45), #
ZAE 514 PCR 7 ik 69808 R BT A 6 AP WL B B (AP A & KA 2308 £ A1 A% K Rev.1.
Z o HATH C68001 F= AN5. & 5 AT H C68202. 8|4 4% 5 HATH C68681 Fo il 5 AT H C68226)
MBAER, BZ AR 514 PCR 7 ikt4s . [£R]) PiASIMAE 53-63°C 4K B thdw, Ha
ey mAER KIRE R 60 °C, AMAZRMBRMLIL T, 1| T/ 3 T3] WA NHEERG, &
10" ng/uL; £AR 25455, &£ 107 ng/ul. dFAIBMBEHEKR, 1 5. 354530k
MELEAIE T A MRS RS, HARR25; M2F5. 35, 4555 55| Ml AN SRR
B. A THFHEERE, 2 545 T m4FFHESE, TAMNI AL OFoBFAFFEET, i
TR AR R T REEFUHOEIEATALNE TR, mAERKEA. LB
H AR O BATE 3 A 4dr . (4548 2 551 A3 R A 4649 PCR 7 i 8 E . 45 1 RAF,
E A T A 45 A R B Ak SRS BT

KT FHHATE, 714, PCR, #AM, HFFHH
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Comparison on of different PCR methods for Mycobacterium bovis
specific genes

ZHANG Chun-Yan®' QIN Yu-Ming®' BIAN Zeng-Jie'! XU Zhong-Qing' NIU Kai'
XU Guan-Long' DING Jia-Bo' XIN Ting? ZHU Liang-Quan"’

1 China Institute of Veterinary Drug Control, Bejing 100081, China
2 Institute of Animal Sciences, Chinese Academy of Agricultural Sciences, Bejing 100193, China

Abstract: [Background] Bovine tuberculosis is a second-class animal disease in China, and it was listed
as a legally reported animal disease by Word Organisation for Animal Health (OIE). Cattle are mainly
infected by aerosols produced by respiratory secretions and coughs in Mycobacterium bovis-infected
cattle; people are mainly infected with meat or milk from diseased cattle that have not been treated with
high temperature. Therefore, the rapid detection of suspected diseased milk or slaughter tissue samples by
pathogen PCR detection can minimize the economic loss of dairy farming industry, which is of great
significance. [Objective] To study and determine the suitable PCR amplification primers and parameters
of Mycobacterium bovis, providing reference for rapid and accurate diagnosis of Bovine tuberculosis.
[Methods] For the five pairs of PCR primers reported, the appropriate annealing temperature (T,,) was
determined by touch down PCR; to determine the sensitivity of PCR methods with different primers, we
used the genomic DNA of the Mycobacterium bovis C68001 strain (the domestic strain for bovine
tuberculin production) and the artificial liquid with different bacterial contents in simulate clinical samples
(Iymph nodes, lungs, and milk); and then 6 common bacteria infecting bovines (B. abortus 2308, B.
melitensis Rev.1, M. bovis C68001 and ANS5, M. avium C68202, M. paratuberculosis C68681 and M.
intracellulare) were used to determine the specificity. [Results] All primers contained the target band at
53-63 °C, and the best suitable T, was 60 °C. The primers No. 1 and No. 3 had the highest sensitivity
detecting nucleic acid of C68001, reaching 107" ng/uL; followed by No. 2 and No.5, up to 107 ng/uL. For
artificially simulated infection samples, primers No. 1, 3, and 4 were most sensitive to detection in lymph
nodes and lungs, followed by No. 2; and primers No. 2, No. 3, No. 4, and No. 5 were the most sensitive to
milk samples. For specificity tests, primers 2 and 5 have better specificity which can detect significant M.
bovis specific bands. It is weak when detecting M. avium that do not normally cause bovine tuberculosis
but interfere with immunological diagnosis, and it had no bands in brucella, M. bovis, M. paratuberculosis
and M. intracellulare. [Conclusion] The PCR method with primer No. 2 had the best sensitivity and
specificity, so it is suitable for rapid and accurate diagnosis of bovine tuberculosis.

Keywords: Mycobacterium bovis, Primer, PCR, Sensitivity, Specificity

25 195 (bovine  tuberculosis) g Z H K 1
SPPERR BT IR ALK (20122020 47)°16 FPLSERTIG
(14 ] N EE R Sh e 2 — , JRIELKG 515 — 2584
e, A B 1A 4148 (Word Organisation for
Animal Health, OTEKf HA Sy 125 i 4 B S
G5 LU T . i . 2RSSR E Y
BT P AR PR AE B A0 25 715 A REAE 1) — b 3 B
P A 2B AL et 21 2 T B R 45 BT
AR o BT R GLG E , HpEt AT LA
JEPALHE NTEN RIS . TERE IR

b Ao BORE T RS X o BT T — Bk Ik B
99.95%, & A B — e XA B, (HI
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U IUAE A 0T D0 1 4= A A5 A% 0 1 WA T
SEUET TR BRI AR AR R R R R — HR
TR M, AR I 1 TR R A
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KRR E ATl = 2P — R T AN B 2 Ay
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TR 2 B AR S ROV | TFN-y BRI Fn e 4 4
WIS —RIEFHTAEYFeEiE A, R
B BRREER . PCR k. BIHATHIE, AR
s DA SRR A e W i LA 451
Z (purified protein derivatives, PPD)ZEZS ., {Hi%
JrFAFEAR 2 W, BRAGIRET (72 by, FEXH] K
P G K B By s Ah I AFFE RS A TR T
P, W AR S RS A AR A s
BRI e, (AR RS IR AL
K, M HEEFRE R (ISR — gz 3 HL
). e, EARRHEIIRRIZH R4

EAER, BEE T AW BRI R e DL S 2%
FFRE SRR AT IR T 91 A A T B A BER , JE ) 3
PRI 3 R4 7 35 % 3 RSO T8 1) 265 0 8 B IS T 2
ERATREIIBAR T2 T, 2003 4, FAhocsl
3 B4 B w R 55140, 7ERl—iR JOREF [FE
PR RR LR ZH DNA,, — IR YRR 25 12 0 BOFF I
A= G B 5 AR A% S RO TR X 5T, B T AR 4
(R, FRSEEIRE] 100%, REUE N 10 ng/F .
2007 4, 2 IR 2R A S T A PR Rk
[ BCSP-31K B[R FI4F 7B 23S rRNA BE[H
BT IFG BT WX 4 4 8 2 A 6 T TR AN A 23 R
FFRRT AR SEPES |9, 237, 1 PCR W] ES R AN 45 5
DA BRI EUAR B 7 v, 2013 4R, SRR
MYCGEN 5| ¥l PR 25 ik, 47454 1 030 bp
B H R, RS B R AR R T MTC
(mycobacterium tuberculosis complex)#f . 2016 4F,
AR 2P A T BT A ST S R X A A
PES 19, R T ARSI AR o3 ROFF B A% R (1) PCR
Ik, BHEA R R RUg R S, AT T EERL
FEAHIKGI . 2019 4F, Barandiaran 2521454351
PCR J5 I RN B 43 B8 BSR4l T 266 (342
A A RU AT, 455 7R PCR Jidi i) R
(82.9%) i T4 TR 73 B 15 IR 10 RAUE (79.9%), MiFh
IR RS JLSFAR TR, UESE PCR AT LUIAE S — Rk
DR B4 A= B A3 AT BT ) PRAR: 3 o

TEASSRA TR, BRI R G5 AR I B

BALYLIR, A RO R S A R
ARSI IR s NI F- 2 1 B R 28 mr iR A R
b i P et R, X R ER 2 A e
JE& SEHARE S TR AT IR R12, AT B )
HEr-myal, 28, BAdEs EsmAt AR
Mo BT, RGN TATI: . IR . %
ARk E PPD RIGMR VIS IS, 8 e
PCR #4445, X T K BIR L sl /b
Wi FRFEMLFL b A T e e R, B LE R

AT CARGE R 5 X518, s AT
BRI TR IR BN T BB I PR AR (IR B 285 | i O
) B G b T AR R S, B O
b AR T A 2 bR o 12 DR 2 45 A% s 4 It
5.
1 RS E
1.1 w4

O RAT R ANS (B bR A 4500 R A T
BR) BT C68001 ([ N 445 A4% B 2 Ak 72 T
BR). SH WA RS TR 2308 R, ERE K
B Rev.l #k. BT C68202 #k. MMM
C68226 ¥k . FIIL5Z BT HIIT-V (C68681)Hk,
Py el v B 2 T SR T E L AR I

AR ORI &, Qiagen A ] ; AHEEIEA
HERBGAFN G, RARAEYFARGIR A A RN,
FHEAEYPRHA R PreTag mix, TaKaRa 23
Ay KEMEABUE TSA, Oxoid 2AH]; AIREME
FRUEXT RS, 2 AR W) RS E BT . NanoDrop
N &AL, Thermo /A ],

A HAREA, AR REF AT, 284
WG, WA

I ECHE TR AL . KRR IR AR (TSA) I A
o ] B 2 MR T
1.2 SI¥IE8K

AR 1 hg |y g4 v R B
1.3 EERMEET)HHRE

KA B2 DNAStar 374 5 %5149
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Table 1 Primers used in this study
GlEYE e HUAER GIE BN 751 PHKE  SHEHK
Primers No. Target gene Primers name Sequences (5'—3") Sizes (bp) References
1 Mycgen Mycgen-F AGAGTTTGATCCTGGCTCAG 1 030 [10]
Mycgen-R TGCACACAGGCCACAAGGGA
2 I1S6110 1S6110-F GGATCCTGCGAGCGTAGGCG 323 [11]
1S6110-R CATCAGCCGCGTCCACGC
3 23S rRNA 23S rRna-F GCGAACGCGGAACAGGCTAAAC 838 [9]
23S rRna-R AGCTTATCCCCCGCCGTCTCA
4 o antigen gene MT-F TTCCTACCAGCGAGCTGCCG 500 [8]
MT-R CCCCAGTACTCCCAGCTGTGC
5 1S6110 IS-F CGGAGACGGTGCGTAAGTGG 1 000 [8]
IS-R GATGGACCGCCAGGGCTTGC

T, B HIR KIRBEVEE; SR RAIFER PCR 47
4. PCR FWAKRZ (20 uL): Ak 1 pL, b, FiiFs
Y1(10 pmol/L)4% 1 pL, ddH,O 7 pL, 2xTaq mix
(0.1 U/uL) 10 puL. PCR i Z&f%F: 95 °C 5 min; 95 °C
30's,53-63 °C (BEFRREFS 1 °C) 30 s; 72 °C 1 min,
34 YRGS ; 72 °C 10 min; 4 °C {54, 4 PCR 45
R BURff 2 1 BT AR TR
1.4 HURMIRIE
141 HEZBR/NMONEHE

(1) W . I B4 B
C68001 FRvA T HikR A 0.3 mL & A BE KR, %
RRNL LR 2 M ICEEFR R, 37 °C ¥igR
1A AU RS K TR kIR 45 4% T 9% HLAE
K45, F S mL AEHEKPET, 80 °C K KiH
2h, £ P RN TR 3 21 B ORI G e I A HE
g, I R

(2) H/MEGMRERGE . ] PBS KA IR M FE IR
ke 107, 107°......107"° ng/uL, BATEXS IR K
ddH,O, #&HE 1.3 FRISANEE T BN 5T
PCR, i€ AR5 14 PCR 7k A% IR fie /NG
142 ATLEBIERERR/DMONEHE

(1) A A DL e 4 2R A (Il 10 /34K B2 28%)
K B H3E ) C68001 T MR YR 2K B s e I
W5 3L ODgoo fH, B2 LW IRW B, 76 B %
10° CFU/mL, #RJ5 /1 PBS #4T 10<f5 LR, 1R
WA I A S/ B 25 418151592, (100 pL)H,
AT 10 uL W BRI, Bl 43 ) A 2R

PERGAT SR U IR 5 -1 T PCR A, 444 1.3 3K
FRI3E H. T #-1F PCR, #7514 PCR J5i%f
YL AL 1) e/ NN

(2) N TBIUSEGL A ARG I (1) e
BURPE TR, MRS HIIMAZE] | mL 2fR4-15,
B 10 uL W B, SR80 43 I A S
BUR | S BUZ IR f5 64 T PCR RGN, kHis 1.3 $7i15
[AIE . T 547 PCR, #E AN 514 PCR J5 x4
W AR 1) B/ MG o
1.5 frRMRIe
1.5.1 E&RIE TR RAZERHREL

BT TE C68001 #k 2F AT ANS k.
BRI C68202 Bk | LN 43 AT I C68226 HEFN
RS54 R BT C68681 RiHE 1.4.1 ki i rRE 75+
PR . RS CTE 2308 Bk, RS G
Rev.1 #R4rHIFERNR SR EE 3R AR (TSA), 37 °C
K7t 3d )5, FSmLAFERKYET, 80°C KIBK
T 2h, FRE 140 5 HERBULRR
1.5.2 PCR /531

$2 1.3 FRIFA9IE B T 2647 PCR, 43515 3R B
PRAZIR A RGN, B AH R 45 7R KB ddHLO X RR,
PIBfE PCR Jy ik iR Sk

2 FR55%

2.1 BEHIRKEE T.8HE
o5t B 2E A DNAStar 23745, 5 %51

YIH T YEFEIE 53-63 °C Z[a], 7EMIE RN B &R

BERLEE, HIGFRRETSE 1 °C, DL C68001 %R Mkt
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JE1T PCR #7348, 25 EI/R, 5 X5I7E 53-63 °C
RJGERFINREY HH BRAR (E 1), ZREFIE, &
F£ 60 °CHER 5 X 51 W0 e fER SR B, IF 857 PCR
F 4542 95 °C 5 min; 95 °C 30's, 60 °C 30's, 72 °C
1 min, 30 YAE¥F; 72 °C 10 min; 4 °C {#FF.
2.2 BRI
221 WEZERH /)OS

FEBUE T IE C68001 #AZ 2, F NanoDrop
FZBRIN R A HHk >4 33.3 ng/ul, FH PBS ¥ 4% 1R

A
bp 12345678 9101INM bp

1030

SRZAZS
oo
SSSSE8S
SS

bp 12345678 910IINM bp

323

bp M 1234567891011 N bp

1234567 89I101INM

500

bp 12345678 910[INM bp

1000

E1 AESHMNRARERFHE

Figure 1 Determination of annealing temperature of
different primers

FE: N: BHMEXTER; M: DNA 4 FJfiiidrifE DL2000; 1-11:
RAGRBESTBIA 53, 54, 55, 56, 57, 58. 59, 60. 61. 62,
63°C.A: 1 554915 B: 25549 C: 3554; D: 4°55]
Y E: 55519,

Note: N: Negative control (ddH,O); M: DL2000 DNA Marker;
1-11: The annealing temperature is 53, 54, 55, 56, 57, 58, 59, 60,

61, 62 or 63 °C. A: Primers number 1; B: Primers number 2; C:
Primers number 3; D: Primers number 4; E: Primers number 5.

MBZE 10° ng/uL, RIFMIKIET 1045 HLRRE
WeBEAR YR R 107, 1074.....10 " ng/uL, HcHE 2.1 7
SLIR PCR RN 55453 34T PCR, #EARFS 1)
PCR J5 15 (1 e/ IMZ R RGN £

M PCR Z5RENSHE (K] 2), 151 3 S5195%f
C68001 JE[HZH AN R AU ferds, 1% 107 ng/ul
SEEHEARAR R YO 2 S5 5 S5, WL
iBE] 107 ng/ul; 4 S51YA LIAG H /) 107 ng/ul
AR

A
bp 1 2 3 4 5 6 7 8 M bp
1030

B
bp 1 2 3 4 5 6 7 8 M bp
323

c

bp 1 2 3 4 5 6 7 8 M bp

B2 AESI3T 4 E R AU

Figure 2  Sensitivity of different primers to bacterial
nucleic acids

IF: M: DNA 4> F AR DL2000; 1-8: BRI LK N
107, 107, 107, 107°, 1077, 107*, 107, 10" ng/uL. A: 1
S5%; B: 2551¥; C: 35519; D: 45519 E: 5%
519

Note: M: DL2000 DNA Marker; 1-8: The concentration of DNA
is 107, 107, 107, 107, 107, 1075, 10~ or 107" ng/uL. A:
Primers number 1; B: Primers number 2; C: Primers number 3; D:
Primers number 4; E: Primers number 5.
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(1) N TR LR 4 SURE AR (il /96 B 285 ) A6
WMo K KE G C68001 THIE M E ODeoo fH, Hi5E
Hwlh ke, MERmRE 16 50k E 2
25x10° CFU/mL, Jf] PBS ¥ B#iFi B 2 10° CFU/mL
FEARKIEAT 10xM5 LR RE, B 10 pL 5 B R AK
YRS E e U Ak £ 235 40 41 513 (100 uL)

A
bp 1

1030

2 3 4 5

6 7 8 M bp

bp 1 2 3 4 5

6 7 8 M b

bp 1 2 3 4 5
838

6 7 8 M bp

bp

500

bp 1 2 3 4 5
1 000

6 7 8 M bp

100
B3 AESIYXEHES C68001 #%ES Ry NS R

Figure 3 Sensitivity of different primers to detection of
C68001 nucleic acid in lung

d: M: DNA 4r-FismbrdE DL1000; 1-8: RRHBEIKUCH
105, 107, 10°, 10°, 10%, 10°, 10°, 10'4~/mL.A: 1 S3|41;
B: 255[¥; C: 355|¥; D: 4 55|%; E: 555]49.
Note: M: DL1000 DNA Marker; 1-8: The CFU of bacteria is 10,
107, 106, 105, 104, 103, 10 or 10" CFU/mL. A: Primers number 1;
B: Primers number 2; C: Primers number 3; D: Primers number 4,
E: Primers number 5.

PEWUZ IR I 24T PCR KGN, DT 8 3 AN (] 51 9
PCR J5 1% 20 2 rp 2 1 e /N U o (1D 3 FITEET 4)
GEREIR: 15 35 4 55 PNk B2 R il
H A S AR BT (C 6800 1) o A6l R 0 I 5, 35 2]
10 A~ /mL £ E ALK R k& 2 551
Y, ATk 100 DNE/mL; 5 551 R HUE
54 (i

A

bp 1 2 3 4 5

6 7 8 M bp

1000
700
500
400
300
200
100

B4 FEISIYIxHELEF C68001 #XEL A M BRELE
Figure 4 Sensitivity of different primers to detection of
C68001 nucleic acid in lymph nodes

IF: M: DNA 4 FFiiAniE DL1000; 1-8: HRIKREMKIK N
105, 107, 10°, 10°, 10*, 10°, 10°, 10'4~/mL.A: 1 S3|¥);
B: 2 55#¥); C: 3 55|4; D: 4 5514; E: 5554
Note: N: M: DL1000 DNA Marker; 1-8: The CFU of bacteria is
10°%, 107, 10°%, 10°, 10%, 10°, 10> or 10" CFU/mL. A: Primers
number 1; B: Primers number 2; C: Primers number 3; D:
Primers number 4; E: Primers number 5.

1000
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(2) N THSURYAREAKI . K 1.4.2 (1)
s e A5 MR BE R TR 20 5B 10 L, AR A Bl A
# 1 mL 2s4- 0, BRI 21T PCR A,
WEANFESIY) PCR 7kt A= A ik fue/ NG
(K 5), 45 RB/R 25, 35, 4585 SHIRA
T RE th A= Z5 A% T (C68001) 4Gl 7 Al s 5 7T
PLEE] 10 ANPE/mL; 155 Y0k gk i) R s 4
%, HA 10°4NH/mL.

A
bp 1

2 3 4 5

6 7 8 M bp
2000
1000
750
500
250
100

bp

323

bp 1 2 3 4 5

6 7 8 M bp

2000
1 000
838 750
500
250
100
D
bp bp
2 000
1000
s
250
100
E
bp bp
2 000
1 000
750 1 000
500
250
100

5 AESIHx A TR R 85 1)

Figure 5 Sensitivity of different primers to detection of
C68001 nucleic acid in milk samples

T: M: DNA 437 BriipriE DL2000; 1-8: BRI
10%, 107, 10°, 10°, 10*, 10°. 10°, 10'4~/mL. A: 1 53|41;
B: 255|¥); C: 35514; D: 4551¥; E: 5554
Note: N: M: DL2000 DNA Marker; 1-8: The CFU of bacteria is
10%, 107, 10°, 10°, 10%, 10°, 10°, 10" CFU/mL. A: Primers number
1; B: Primers number 2; C: Primers number 3; D: Primers
number 4; E: Primers number 5.

2.3 FERMIRE

FHAFIA 6 [RTE 2308 Bk . SERIE TR Rev.1
B, AT (C68001) ., 443 BT (ANS), &
ST (C68202) . Rl A5 1% B TR (C6868 1) Fl il
N3 BCFF TR (C68226) A% IR #EA 74 S A, ]
ddH,O 1ENFAMEXT R, S5RBR(E 6) 2 5/ 55

A
bp 1 2 3 4 5 6 7 8 M bp

2000
1 030— %50000
500
250
100

bp
2000
1000
750
500

bp 1 2 3 4 5 6 7 8 M bp

100

6 SRR

Figure 6 Detection of primer specificity

TE: 1 ARG IR 2308; 2: FRGERE Rev.l; 3: 44
BT C68001; 4: “FOMATE ANS; 5. & MRATE C68202;
6: RIS ET R Co8681; 7: MINTEUATE C68226;5 8: [
PESTER; M: DNA 43-Fjfis DL2000. A: 1 5514; B: 2 54|
¥ C: 3551¥; D: 4551¥; E: 55319

Note: 1: Brucella abortus 2308; 2: Brucella melitensis Rev.1; 3:
Mycobacterium bovis C68001; 4: Mycobacterium bovis ANS; 5:
Mycobacterium avium C68202; 6: Mycobaterium paratuberculosis
C68681; 7: Mycobacterium intracellulare C68226; 8: Negative
control (ddH,0); M: DNA DL2000 Marker. A: Primers number 1;

B: Primers number 2; C: Primers number 3; D: Primers number 4;
E: Primers number 5.
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S R SRR R R K R SR AU, S B S
OISR RN, SATE IR . RIS B
FRE N BT BN, T8 AT I — A 23
JEGLAE, FTLAIX 2 X551 a] 2R B 0 SO TR A
W 015, 35 4 5519 540 & RS HA
5 P BATF R R AR BRI, BT ARG AR
Z54% PCR A5 14
3 WikE%R
3.1 HEZmREFENNEE Y

AR REEERSEE SR EE AR
(Mycobacterium tuberculosis complex, MTC)H 4~
ORI S R R — Rk | ke A F Rt
I L5 R0 it U 2 A 25 A AR A A, T FL K
JE A A% R VAL v iR ) SR AR L SRS S WY
REAUDDL fB skt v, 3 g il A 25 41 56 21 2R i
ELZ5 B RHE S b2 5 32 ] PCR #5112, J2&: B 118k
Yub RN AT B JE1T o FLI PCR it F i
B b il 2 75 2 5 B oMl 2L it 2 g 25 4
REXER,
3.2 5|¥IREI PCR FARXHE, AESIHIE
RN RTFRERES

ABIFFERS 5 Rl 195 iz A B TR
DA RN AU I PRAEAS (I . R 5 70 2F %)
BRI , R 3 S5 | YITERZ IR N TR A
HOUR R, T HARS 1, (R R S22
2 SH YU T 3 5, (HRES R, KR
RGERTRATIR S |« IR RAEAR | e BEAE LB PPD 1%
WIEeWiIG, R 2 5519 R RO S0
PCR 51k, A ImRA- G5 0m I PR HERR 2 W,
R A% R ) BUSIERT IR E) 0.1 fg, I IARBHAUREAT]
K 10 N E/mL, FUCEAT RIFAN TR . 1Ak,
51 PR KR & PCR W S H0 5, 12 AR
PRSI . SRR TITN 63 °C 2 53 °C
(IR BE R BE [ PCR A TH 1S, 45251 5 X5 [y 3478
BRIz IR JOR ARG R 3, R 4
1B, Gi— T 51rR JOREE

33 HEMEPCRIBEEENSH

R AR S DR 2R A 1 A P R R A R 5
5 LAl AT 1 ] 5 1 AU DA R TR AR =2 [ 1) 78 S 1
P AT R LI 2 2 4 R W R A
FFE R A DNA: &4 0SSk &k
FFH C68202 (E# 5| EZ5%) . ML/ R iA
-V (FELIRARIGE ) 458 B AT I H37TRV
WR(FE SR AL ). BN R S, LA
W rb V5 YL i A £ [C T DNA, F LABEZE K AE 9 B
PEXFIE, PCR W RFL 1. 3. 4 S5 ABHT
BB R, 2. 5 S5 AU A AT B
K& B AT BRI R 1, S8 AR 9% B4 X
A BERIR BERIRE S UEA TS, T 2E 25 A — e 4
Oy ROFF DR s 5 1% ST IR 5 R L 8 S BOFF T — A
g xF A AREOR o R — HLSE L AE 45 1 R 4 41
DNA H14: PCR 3 i b ps S 7, B AT ) S 2F
S5
34 RPEERPCRENZ—FEESHY

1989 4F3: [ %% Hance Z£"M 2 vkiz A PCR 1]
Kl 1-100 fg Zifb Z54% 0 BOFF IR DNA, PR H
R TR AN 25 RN 2006 4, XELE
SISy 1) PCR AT 203046 50 pg & 250 fg 4F4>
KiATH DNA; 2016 4E, Zhang 25U V7 12404084
FHZE PCR ZUE W LIFE R H] 15 pg DNA, f§
Sk 100% o AN FE I L H1 7Y 2 55 [ H1(1S6110 4 A
P41 e B A% R BRI e e v, 18 E) 0.1 fg.
P, 1S6110 i A 7o 4515 4 WA i &2 A
() — I R LR TESS o0 KO T 2 G RE P AR TEA
I i ey DU, i 7 AT 1 B At B b
AAEAERY, eah, BRIV R —JE AR AT, A
WA Beol P st 25, W 2 S5k
55519,
3.5 PCR WNMRIZREZMH. BEEREEERE
AP N ER K

TEAD FRASSLIRE AR, T8 IR 118 F5e KO A 7 T4
B SR S RN RE TR A IR AR . i T 45 % 5
ROAFRIBEIRE , JR T & ki, RRE RIME s P b4l
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BUEARFNFE R 3 SR 2%, VFZHE M AETE Tag DNA
RAEBHNRY, WTREEA KA IER 5P DNA #
Mose 352 ik, SRIBGE X4 w6t i R br A
HEATALIR, KBRH AT, /AT DNA R
AT REHL BRI Ok, RS AN R N TS
YL R AR BEAIA . 2016 4E, Fell 5P R REERE:
$& WU 2F LT A SR AS v 1 A o BOHE T AT
PCR i, B 1386 B B RICR o A 56 IR iR
R IR A AT AL RR PRI, ZER AT H
T2 TR 4 2 R 4] $R B ) e SR U R I, LA
AT 40 mg/mL VSR, JFiEAT 37 °C W HE
2 h i RE  FERRICHIRE AL RR B, TS X LR
12 000 r/min &.L» Imin, PkFF FJZFLIEEIHITIL
5, HWAREAFRCR . A, SRS REER LR
FEAY T S Ak B Sh A% IR AR IR 52 58 U2 2L IR 4
WRCR BT
3.6 EKEE BT ISR IR E 24

FEVS DA [V FE TR A T I RABEHAE A PCR
I, A5 KR 2 B W B, RIS
R MR B TR RFEAS TG H 45, AR B s B i
v o BN, X BB SR IRAS B 1R
PEA G, B AR o3 BOFE T TR V% A [T AR B 3 0k | 5
WORL . S5 . JESOIR, FEWRIASEE TR 5 T8 Ak
ProbR B T DR R AR 2 S AR s A b ok
RAEFULIE, TEUS NS B 2 R i 7
AN WHER AT
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