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Effect of PCR instrument performance on assay results
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ABSTRACT: Objective To evaluate the effect of the instrument performance on PCR results. Methods The
amplification experiments were carried out on different PCR instruments of different manufacturers by selecting
specific gene fragments and artificially adjusting the setting temperature of the PCR instrument to investigate the
effect of temperature accuracy on the temperature accuracy of PCR instrument, the samples were placed at locations
where temperature differences might occur on the instrument for amplification to explore the temperature uniformity
of PCR instrument; and the effect of constant temperature time (hold-time) on the amplification results was also
investigated. Results When the overall temperature of the reaction program was adjusted up or down by 1-2 °C,
there was a significant difference in the Ct values of the weakly positive samples detected by the PCR instrument.
When the temperature was not set at the required time, the amplification results were significantly different, and even
caused amplification failure. Conclusion The result shows that laboratories should ensure the quality of the test
results through PCR calibration and quality control of the testing process.
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A W% SV (polymerase chain reaction, PCR)JZ A
R 3 FAEWE B R Z — o AE Sy —FhiE AR,
Hoeg it 2R gt RS 2 AR RN, B
MFER Y% . AR BRI . S YRR R . R A
ML PERTZWIEES L, T PCR B AN 25 5 it A 50
%, HAMRZHEE ", ik, Sl R Eh
NGRS k. BREE L N S AU IE . ARBIET E SR
% PCR B 45 A B P BB R 45 R g 5 g U1 0201,

ATFFEE LR AT 4. ARAISH PCR X, Xf
PCR {SCH BE fi 22 . TRLBE 3 5 MR PCR A4 1 1L B6F 1)
(hold-time) A TAF 5T /3B, U2 N PCR AL HEFIRN
IR TR, B R AT S S BT .

1 RS

1.1 FREMR

AL F ok MONSG63 Fn i 4y o [ s 1 0y o -5 0 o
5T B (Institutefor Reference Materials and Measurements,
IRMM)]; # H 1fi ¥ K % #F 55 (Enterohemorrhagic E. coli,
EHEC) DNA A 5t (£ 8 25 Sk e FFEBE )
12 w5

B BN E K MON863 51 4 #4 41 : MON863-F |
MONB863-R. MONS863-P(_Fifg A= T A=) T REH A e 55 A R
NFD); RS PCR (droplet digital PCR, ddPCR),
Supermix for Probes (no Dutp). ddPCR Droplet Generation
Oil. ddPCR Droplet Reader Oil(3 [E BIO-RAD A #l); 4
J:H4H DNA X5 £(QIAGEN DNeasy Blood & Tissue Kit,
195 69504). PromegaGoTaq Mix i & (1% 5 M7438).
e T R R Be (IR AN BT B R FR A DD 4
B StxI FE A A BRI £(52 5 JB10103N, Al A MRk it
AR FD .
13 X 2|

7500FAST SEH 225 PCR AL, 3730ABI I3 {X (3
ABI A H)); CFX96™ Real-Time System., QX200™ Droplet
Digital PCR £ %: (3 [E BIO-RAD 23 #)); 11 24 W14 446
NanoDrop 2000 #% & & 11 & {¥ (3% E Thermo Fisher
Scientific 23 #]); DHZ-DA ¥ 1% E IR %5 M B S 5256
&% ABR/AH]); Applied Biosystems Veriti Thermal Cycler
(96-Well, 0.2 mL). EppendorfAG 22331 Hamburg (96-Well,
0.2 mL), BIOER Life ECO (96-Well, 0.2 mL) . Roche 480
+ Roche A #)).

1.4 LWHE
1.4.1 PCRABURZ A B0 R

SISy e gl B 2 R P2 IR SN/T 1196—2018 (%%
FE R RS R I A 3 Do BIIIRE LR LR 1,

®1 SIIREHIERE

Table 1 Selection of primer and probes

Eq 52l
MONS863-F 5’-gtaggatcggaaagcttggtac-3’
MONS863-R 5’-tgttacggcctaaatgetgaact-3’
MONS863-P 5’-tggaacacccatccgaacaagtagggtea -3’

fdi F MONS63 JFiki DNA #¢J& fy 8x10° copies/uL, 5
MONRS63 JFiki DNA SRH 10 A0 R A6 Bt 2 5000 vk
0.8 copies/pL,

B ARAS H R 0.8copies/uL A AL DNA 1 RAE
SASIRE &, £ B AR A BITRAIG 1A 0.5 °C, JHE 1
H12 °C(ATF 3 BRI B -1, —0.5, +1, +2 °C)HEAT30R,
WA 7 A P47, i 7500FAST SEH]%¢5% PCR XA
CFX96™ Real-Time System 2 5% # [FIHIRK, BI#EH 2
AN T LA S ] B A T TR A P D 3
1.42 PCRABUREH—HH eI HF R

B ARAS R EE 0.8 copies/uL i Fik: DNA 15 W AE
SRR IR ff, R ST A T B BEIE R 25 S
BAIE N Al, A4, A7, A10, Al2, D1, D7, DI2,
E4. E10. H1, H4, H7. H10, HI12(JL & 1), f#F 7500FAST
S5 5 PCRAY Fl CFX96™ Real-Time System {X 2% /] i #F
A7 I B 3 — P

1 2 3 4 5 6 17 8 9 10 11 12
N JORON NOROACEGNON IO
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Fig.l Sample placement map

1.43 PCR BUIEI8 B 8] 18 £ 84 B i #F 5,

i I F 254 DNA, >R QIAGEN DNeasy Blood
& Tissue Kit &, JRIGENIRNLAIZ! DNA, kR
N R R 5 A (AR 95 °C 5 min, ZEME: 95°C 305,
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1Bk 55°C 30s, $EMH: 72 °C 30 s, ZZEM: 10 min, £ 29
BT

1€ PCR (UMl L A2, FIfiE kA i T PCRPEREAR
W R BESR, L E LS 1] (hold-time) 5 T8 35 i 7] AR — B %)
T80, SN T 36 F 15 U B A] (hold-time) % 47 4 455 5 (1) 52 ),
4> % %} Applied Biosystems Veriti Thermal Cycler .
Eppendorf AG 22331 Hamburg fl BIOER LifeECO 3
PCR A5 38 Kk -FE A3 A28 B8 ) 18 R 5 E] (hold-time)
Lﬁéﬁiﬂra‘]m, Syl JREE R 30, 28, 25, 20, 15s, Bifll
E I B 5] (hold-time) AN & FYAE L o Wi LA BRHL 5 P
N R P ARAT 47 38 25 R UEA TN 7 40 BT o K A5 20 0 25
RGEMFH T BLAST X, B2 mA 5L AL,
YA 3G T 0 A v

BT & FEARCENLA A DNA BEWNSHE 3 &
PCR {¥f) A1, A4, A7, A10. Al12, D1, D7, D12, E4,
E10. H1. H4, H7. H10, H12 FLOGHEATY 14, FLO s
ST IR A E L — 3K, WLIE 1.

2 HER5HH

2.1 PCR {{GREEHMEEZMAHR

SIS R R, Y IR 5T A FH A A R ik B 4 v
T 22X PCR §™ SRR B S M AN B 8 o (L o | IR
FERBHTET, MR 2EXT PCR 3R A . i, 7e{i%
e BERE SR B ) SRR R Y, % MONB63 Jiiki DNA R
10 M5 E B E N 0.8 copies/ul, MmHhREZ
0.999, ¥ HAEE K 104%, ﬁﬂﬁwﬂwﬁﬁﬂ%ﬁﬁ&ﬁ%éﬁ@é
PESER, DRIk, VEHGZ M KA A e B K. L
BN BAPERE M, % B SN/T 1196—2018 %m%ﬂ@%ﬁiﬁf?
WAL ¢ PCR A, SEARRITEEMZE T /Y Ct #4770
MG, SR WA 2~5,

X 7500FAST X405, 24 5 Py B U400 B 8
1°C, AR 0.5, 1 °CH, 7500FAST {3 #4655 BH
PEREA CHEAFAE B 2R, UL Y 7500FAST U #R %
AR, 55 BRPEREAKR I Ct (B2 BRI o Fn vEFE IR
MR 1 CCEPRER 1 °C, F5PHMEREAIIN H, A H R AL,
FHAE AR Z B, (AR5 BHEARAKI Ct {EX@J%
T B 55 BH PR AR A 048 DU — 2 YE Rl N B 7500FAST1>(%§
B4R B AR AR AL 5 G R SRR 2 5, (L 4 55 FH AR AR 1Y
P DUBRAR B A Ife P, 7S00FAST {875 B3R B 4 1R
AL, 59 BHPERE AR R R Sz B,
CFX96™ Real-Time System HFFTHYSZH 45, '?Jtl_éim
Fefbl o AR FHA - BECHr el 8 36 9 R B . AT St
LR R BOFIYL A% (Roche 480)32 50 )5, % T | ARk A AR
(R S48 SR S B b AR

R 2 T500FAST {{E=REREMNR CtE
Table 2 Ct values of the temperature control accuracy test for
7500FAST instrument

A BE 3 /°C n X £s F P
+1 7 35.07+£0.50
-1 7 36.23+£0.45
23.31 <0.01
-0.5 7 36.91+0.39
0 3 35.74+0.21

T OOREARRG x IR s ARIEZE, FREE R, P<0.05 U3%
A WFEEZE S P<0.01 REAMBETEZESR, T,

3  7500FAST ({RImRAERMMNK Ct EZELRERM
Table 3 Multiple variability comparison of Ct values for the
7500FAST instrument temperature control accuracy test

FARIE B R #% /°C

H R PR B oC
+1 -1 0.5 0
+1 / A A A
-1 H / A J
0.5 A A / A
0 A G A /

T A FORARIEEE 2 AT F s, A REmER, <k
INTC N 2 S < FOR T

R4 CFX96 (LEITEERIEMR CtE
Table 4 Ct values of the temperature control accuracy test for
CFX96 instrument

A BE 3 /°C n X £5 F P
+1 7 33.39+0.71
+2 7 31.41+£0.36
73.99 <0.01
-1 7 31.85+0.21
0 3 35.71+£0.31

FS5 CFX96 (UFITREMMENR Ct BZEHRESN
Table 5 Multiple variability comparison of Ct values for the
CFX96 instrument temperature control accuracy test

He AL R 4% /°C
AR BE JE 8% /°C
+1 +2 -1 0
+1 / el el el
+2 e} / & el
-1 i J / H
0 H H H /
2.2 qPCR UREH—MZ AR
6 JLfHi 7500FAST HEATHR B H— it pY 45

BAKE, Al CtES HAN BA A, HI2 IRZ .
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VEBHARAL AL, H12 5 A B AH L] BRAE AR IR 25 5
BT EERE: A1, A4, A7, A10. A12 1, Al B Ct{E#x
K, A7 Rz, HABALEANE; D1, D7, DI2 #, D7 i Ct {8
f%/N, D1, DI2 #if; E4. E10 i Ct {EiAHiE, HS D7 1y
Ct {HtLAHT; H1, H4, H7, H10, HI2 ", H12 ) Ct i
K, HI IRz, HABOCLEAIT . &5 U8B T AR A P 0] 7 B
TR TG AL E T REE 385

YNk F: A1, DI, HI #1, Al By Ct{EH K, D1,
H1 #if; A4 B4 . H4 1, A4 ) Ct{E I K, E4 \H4 #Hif; A7,
D7. H7 H1, A7 1y Ct{f K, D7. H7 #HiT; A10, E10, H10
W, A10 1Y Ct{if K, E10, HI10 AHiT; A12, D12, HI2 1,
HI2 By Ct ik, Al2. DI2 ik, BiBANKE 3
NEAL, HrfLey Ct EA AR, RO EALE (A)
FEM Y CEMEFHAh 2 M & D ¥R, AL

B (A)RBE 5 HA O B P REAFE 225

LI PR R, EIREYSPE U, 7500FAST 5
CFX96 11 2 i 45 S5 251825, 7500FAST A H[a]
T B TSI s, CFX96 HRAi 45 T Jr iR BE vl fe 5 3
AL EAAAE2E 5, HARAHEBR BARLE 22 50 X 2 Fhix
£ A S A B, RN AR R FLA B A AT 1
BRI 25 5 o AE S0 v R R AR A A 5 B AR R R o7
B, WO PTE A R R
2.3 L& PCR {UIEERERERIF AR

A AR AR K- SE A3 AN B (1 1 3 5[] (hold-time)
4 —JH%% 4 30.28.25.20 .15 s A}, Applied Biosystems Veriti
Thermal Cycler. Eppendorf AG 22331 Hamburg., BIOER
LifeECO M 45 R L3R 7,

6 7500FAST BB —44R (n=15)
Table 6 Temperature homogeneity results of 7500Fast (n=15)

fL0z A Ct Ct F¥HE Ct bt 22 Ct XS R I 22/ %
Al Sample 1 32.96349
A4 Sample 2 32.30735
A7 Sample 3 32.52597
A10 Sample 4 32.30677
Al2 Sample 5 32.1631
D1 Sample 6 32.15128
D7 Sample 7 31.872
D12 Sample 8 32.16901 32.2594 0.2750 0.85
E4 Sample 9 32.09758
E10 Sample 10 31.97586
HI Sample 11 32.14878
H4 Sample 12 32.06777
H7 Sample 13 32.12734
H10 Sample 14 32.42754
H12 Sample 15 32.58734
#7 PCR{UERMERESERLER
Table 7 Results of hold-time deviation experiment for PCR instrument
PCR {5 30s 28's 25 20s 15s
Applied Biosystems Veriti Thermal Cycler EH IEH 1EHR ER Eﬁ/l\};;j@fg
Eppendorf AG 22331 Hamburg 1E# 1IE# EH $/l\¥,ll;;tjgfg 1IEH
BIOER LifeECO AL A R R A T EH FAUAT AT AR AR

FEDR I 45 g4
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LI B ] g 22 52 B A 5T Hh 8 T A &5l PCR, SE%%
HFF 7 00 JEL AR k| SE B[R] A A b ) R R4 A 30,28
25, 20, 15 s IWHEY LG LM SR, I Hilad
XG0 H bR R BOH TN Y, A A O RS I A, A
i $ 7% fE IR A 1] (hold-time) X M 45 S f 52 . MR 7 &
i}, BIOER LifeECO %15 PCR X 7E“ 5 P18 K -GE 73 A 45
R ARG E R B 1] (hold-time) FE— A7 & 25 s WP EL & H B
YL R SRS T 20,15 s B PR 1 S2 6 e ik,
o F 2, MU E AR R ] (hold-time) B B /N 1%
FEAH, BNt AR HERRAERR T, A e . IR K SR
NiA 30 s, SEBR A 28, 25, 20, 15 s i, BPSEBRIZKE
7 e [E YR A ] (hold-time) e ik AN B FE HEoR, 2R M ARk |
TR K % S A AR S B0 A R v 1 SR Wl U S I, T R
JIG S B SR AR RS (B 224> LA 1 I [ 5 A4
BER), HEE T AR S T B S AR I (AN AR 5
/I, AL R BURE, WAAEER. BT PHM 2 &
Wk, B TR R] (hold-time) TR %5 25 1 20 s Hif i i
R I 1 2R WP O o £ S G T 68 FH I 3 Fhi 45, Applied
Biosystems Veriti Thermal Cycler it T3P F i o

B DL B SRR g iR, mT LIS, PCR A A 18 TR 1]
(hold-time) i & {5 S BB =22 1] 22 3:f K 2 X R i 47 14 25
RMFE A R, 2 SEP s R, g
SR SR E R 255 K, 75 278 J5 42 PCR S2 5t
A2 HP 3 2 A A A R S E] (hold-time) e A T M2

3 Hit51Tie

L F ORI R B B 586, X PCR AU
i 255 W Y LI 0 98 25 L B R, 224 5y R I IR A S e
U oL o O A Py O € TR L VAN ) R 5 4
IR R 22 4 +1 °CH, AT AR R AT T AHIR] DNA
e Ct {l, 7500FAST . CFX96 #{ I Misisb, (HEL M4
I 24 J Iy R R R B (22 K2 °CHF, AR F AR B
27 T AR DNA WEERY Ct fH, HU{U#$CHEFR DNA 37
B, A7 LEATSRBEAS 55 PHEREAS, (A Ct A B ARk Y
SRR IR A 22 -1 °C, SEE6 v ¥ K L 2% 2 REAG: i
55 BHEREAS

ANTRISCRSE (I B A0 )Xo 00 8 o 2 P i R A 22
5t TEARBFFEH 7500FAST E CFX96 #& IR B 4T, (HA
WAL SR RS AT, o S 0 R TR v i AT
EARCHEFM R TS RFi &, AL 2 33 °Cli
Zeit, Xty A R A R, A S A e 2 55 P PR R AR
ANRERT H 14 7 T R

P OE AT O, 3R O S R 1 HARMELYT PCR 354
AW, X TR S B B b, D0 BE i 22 1T BB 5
P BH 4 5 SRy i AR, 30 an B i R SeES EEAR IR A I, JAR

PCR SR B R ZE KK, 6 7] 6E T30 BH AR S A A 5
AP E O . DRI, 256 % N BT PCR AW i fLatk
AT R A RS e RN IA) A 2 {ESE M A2 B 25 ] PCR 345 A T
IR, RRBSHI2ER, FHit, SFRERZE, BEL
KB R B R UERE G4 5 IG FUE, T
A RV SR IR . R R A SR I e ] S
A, FRIT IR Y R A RN K, (RIZZE IR IR T
Z IR

FE SNt 25 L TR X S My T, TG S B R v K
(IR0 & R I LS5 38, SO AR A TR AL 1 YL 3
HAHB S

W —J5 T, E 1] (hold-time) J7 T 4 52 B 45 5 @R,
PCR ¥ %8 A48 1R} ] (hold-time )i 5 1 5 52 B8 =22 ] fiw 22
RS XIRR S B 5 SRR e M A R g, R
PG SI AR R B, S & A LA T, A
M ECELI AR M P, 7R (35 0 ) A S 7 1 3 st )
(hold-time) 5 TP I8 T8 S X6 47 34 25 SR (4 2 i

B35 LA _EWFSE A 1e, $R N S0 5 0 38 2o A I Ao AR
e, B R B R KU, BRI S SR R, o,
XoF F B AR A RIFLIRIAS Y 51 i s, e S0 Hp R
BRI ST o VA el 1K VA W A 6 138 9 D S E S WA
P AT W A R 22 XU, T DA S 6 kT 358 B R
¥, BIFE G5 ) 7 A U B A 22 1) L 152 2 55 PR M X R AL
WEI 3 25 5L, 4 SRR I I O 5, TR RE TSR
B Xt FE sl 555 B2 %o B ) ARG 00 e R 11 I 9 1
M ARG XU, o FEUR, X 1E A ] (hold-time) 7 THI 1 52
Wi, G I S 3 2 T B G TE PCR AU 41 4 v 4 3R 6k 17]
(hold-time) Z 4, N 1% 2 ik (6 5 A% vEAA 25 31 K,
T AL f5 2% PCR SE46 50 78 v i o) A 15 IR BT 1] (hold-time)
SR TAME o B, X TR 92 56 %, PCR AN B A HE AN
WA Es T oEE, &E, R E Y PCR
{SGHATAS HERTEA RN, A5 2R ) S 56 2 R A 7 G B S 30
ZHTHIA PCR AN RS E (LRI | SGIR  FEASE)
Tk, 2B AE3AS PCR (URHEIE B )R, N UEf TR eSS
SAIA . RN BB R BT 25 80, 454 PCR A H %
L, A FUHIRT PCR S 7515 2 A 2R o A B
FE PCR S PALHE T A

SE Mk

[1] ARFRAL, FFPHE, TKIR4:. PCR HARLERSMGA: Wie sh iz FI). &
a4 ), 2021, (9): 187-188.
ZOU YH, YANG DN, ZHANG X]J. The use of PCR technology in food
microbiological testing [J]. Chin Food Saf Magaz, 2021, (9): 187—188.

[2] #HARE, £ AR, BREL, 45 RAEEHEASNHORTEL o T T Uk
PR HEIZ, 2020, 23(1): 130-133.
LI SB, WANG ZQ, SHAO H, et al. Application of polymerase chain
reaction in the field of drug quality control [J]. China Pharm, 2020, 23(1):



%5 18 3]

PETF X, 4% PCR ASCHE RE XA I 45 SR £ 52 )

7205

(3]

(4]

(3]

[6]

(7]

(8]

[91

[10]

[11]

[12]

[13]

130-133.

TR, XIEEAH. 5% PCR FHIMISCHARD]. hEAEY S5 T4E

Y12, 2021, 37(7): 890-899.

ZHANG YX, LIU ZY. Fluorescence PCR amplification related technology

[J]. Chin J Biochem Mol Biol, 2021, 37(7): 890-899.

TORE, BV, VAIERL. BT PCR LRI R L AR SR (9]
HEfREE, 2021, 33(2): 255-264.

HUANG J, LIANG TB, XU HY. Research progress of application of

digital PCR in biological detection [J]. Chin Bull Life Sci, 2021, 33(2):

255-264.

WIE, EIE5E, WD, %, 5T DNA R rgshiikK ™ i

WF 5% k& [JJOL). 7K 7= Rt 2%: 1-14. [2021-09-15].

16378/j.cnki.1003-1111.20104

HUANG Y, WANG ZL, PAN HB, et al. Recent advances on adulteration

ESVES S
https://doi.org/10.

of fishery animal products basedon DNA detection: A review [J]. Fish Sci:
1-14.[2021-09-15]. https://doi.org/10.16378/j.cnki.1003-1111.20104
SRR, YK, B, AEBUF PCR BORAES YRS W (L
JHER]. s EFit)E, 2021, 42(2): 102-106.

GUO HW, ZHAO XY, LI HW, et al. Progress on application of digital
PCR in animal disease diagnosis [J]. Prog Vet Med, 2021, 42(2): 102-106.
ROCCHIGIANI AM, TILOCCA MG, PORTANTI O, et al. Development
of a digital RT-PCR method for absolute quantification of bluetongue virus
in field samples [J]. Front Vet Sci, 2020, 7: 170.

WEI WC, DONG SH, ZHEN JC, et al. Development of a droplet digital
PCR for detection and quantification of porcine epidemic diarrhea virus
[J]. J Vet Diag Invest, 2020, 32(4): 572-576.

THOMAS L, HELGA R, SIEGRID S, et al. Transmission studies of the
newly described apple chlorotic fruit spot viroid using a combined
RT-qPCR and droplet digital PCR approach [J]. Arch Virol, 2020, 165(11):
1-7.

AANBR, EHE, IOR, & REHHEL
HHREEAR, 2018, 39(5): 659-662.

YU SL, WANG Z, SHEN W1J et al. Temperature calibration system for
PCR instrument [J]. Acta Metrol Sin, 2018, 39(5): 659-662.

FALU, e, WG, AF. IYOENE PCR SEHE A BUE Tk
IS, BRI, RGEEF, 2021, 6(1): 38-40.

ZI LY, LAN XY, HUANG SJ, et al. Thee stablishment and discussion of

ST B A HE R S [T]

real-time fluorescence qualitative PCR laboratory quality control methods
[J]. Syst Med, 2021, 6(1): 38-40.

FEr . DOBSEE R PCR VAU J8s A%
P E P RS 1, 2021, 27(3): 134-135.

CUI FR. Analysis on quality control effect of flu virus nucleic acid

PRI AR S ]

detection by fluorescence real-time quantitative PCR [J]. China Med
Device Inf, 2021, 27(3): 134-135.

AR, B, AR ST BE PCR AR
YRR, 2012, 25(8): 1069-1071.

LI LL, ZHAO H, BAI DT. Analysis of the key points of real-time

AREZ AT

fluorescence quantitative PCR product quality standards [J]. Chin J Biol,

[14]

[15]

[16]

[17]

(18]

[19]

[20]

2012, 25(8): 1069-1071.

P, B, AT, YOtE R PCR AT HEES R R R
L[], i, 2020, 47(1): 2-6.

LIANG W, LUO C, SHENG SY. Analysis and control of influencing
factors inthe calibration of real-time PCR instrument [J]. Shanghai Meas
Test, 2020, 47(1): 2-6.

WRE. BRI EDOL RT-PCR
66-67.

HUANG MZ. Quality control of fluorescent RT-PCR in veterinary
laboratories [J]. Graziery Vet Sci, 2019, (16): 66-67.
B, OBV, SR SR B AB R BT SE )]

27(3): 18-22.
MAO H, ZHAO XT. Study of temperature detection device for

B hI]. HEREE, 2019, (16):

. HLE—&1E, 2021,

polymerase chain reaction system [J]. Mechatronics, 2021, 27(3): 18-22.
FREEE, B, XSGR, 45, PCRORA MR RON) SOREE RFE A S5 50
WEFEGAHT]. AGRBAR S 12185, 2009, 1: 31-34.

CHENG YX, WEI Y, LIU BL, et al. Experimental study and analysis on
temperature characteristics of PCR processor [J]. Instrum Technol Sens,
2009, 1: 31-34.

FRILET, B, BHAL 5. PCR IRERHESIIRHITE ST Az dnfh
2R, 2008, 6(6): 52-56.

CHENG YX, WEI Y, LU XY, et al. Experimental study and analysis on
temperature characteristics of PCR performance [J]. Life Sci Instrum,
2008, 6(6): 52-56.

UK, =L JOtER PCR (XL
JT A4 2013, 34(2): 113-115.
ZHENG WD, YUAN SW. Edge effect and experiment error of

LN G LR IRIE ). BE

fluorescence quantitative PCR instrument [J]. Chin Med Equip J, 2013,
34(2): 113-115.

SPAN M, VERBLAKT M, HENDRIKX T. Thermocycler calibration and
analytical assay validation [J]. PCR Technol, 2013. DOI: 10.1201/

b14930-13

CGrithdt: % m FH)

(E=TER

MER, B, SRIEW, TERR
B EAZEEANTFRAR

E-mail: taoyf@cnas.org.cn

EEE, ML, SRIREM, FTEHAR
FEALEERNREEE R L EIAF
HEMR.

E-mail: 30674272@qq.com



