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An Exploration of the Rapid Polymerase Chain Reaction Method and Its Application in Forensic Science
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Abstract Objective To establish a rapid polymerase chain reaction (PCR) cycling protocol , so as to help shorten amplification time and improve
generating short tandem repeats profiles and working efficiency. Methods DNA extracted from the common samples were amplified with the opti-
mized PCR method and cycling protocol using AmpFLSTR® Identifiler® Plus PCR Amplification Kits and the fast PCR enzyme filtrated from seven
fast PCR enzyme. The genotyping results were then validated and discussed. Results  The developed PCR method , using filtrated fast PCR enzyme,
shortened the time from 3 h of standard procedure to 24 min , and the genotyping results were in accord with the results generated by standard proce-
dure. Conclusion We successfully amplified the STR loci of several routine forensic specimens using the established rapid cycling protocol. Rapid
thermal cycling conditions can significantly improve the rate of DNA profiling. Moreover , unbalanced amplification of the loci , which may occur using
commercial kits as single primer concentration cannot be adjusted , now can be overcame with the established system.

Key words forensic medicine; rapid polymerase chain reaction; multiplex short tandem repeat

YRR DNA K IR B AN IR A (AAKRSTR 438, B FE REFTE 10~12 he TR G

G R PN, 2 (30 MU — SR B R AT
TEBER AR B[R] 5L 22 A Uk R LA 0 25 1,
F )My PR AL & AT IRIA SESEAIE S R R
FHIEdE . HAT, A VYR UGN AL BR4245 DNA 42
B e i A2 A BB 42 7 1) (short tandem repeat,
STR)Y™ 4 | HL UK ARG 45 , e 43R4 0 Y A Bl Y

ELTR  HE A AP L4 (81202384) ; 19/ a5 FESEARMIRL.
4% (2012JB012)

PEBR A #£:(1990 ), 2, WL W5 Ak

EE1EE . X# , E-mail : liuchaogaj@21cn.com

Y75 B #3:2014-07-05

P 4 tH R AR 18] -

Tt 5 2 W (polymerase chain reaction, PCR) — &7
B3 h Ay, s R Y YR A 5 1 — A PR ok
Felo ACRAENG LIS R E— D AR B o B T
W IEAG: 56 10 LB, i v V2 R A 06 ) 80, T R AR A
AL MRV X T I8Pk B9 2R 2T+ E Y W B
P EARER ), A LA HEAT PCRY 4R HEE
Hle

Pk PCR ik T838 PCR A T A U, 75 £
UE PCR SR S 1 S8 B8R AN DR ELBE R T T L 7
FEJL N 1] A 58 O AR 23 B HE L ARk B
#PCR EE 3 J7 W3 AT TR - BRAG T
HCHE RN AT A A S R PSR S B



- 932 -

FPEBERR AN H 4348

P 3 DNA R4 LA S PR TR T 8% 1 PCR
P BAS A R, A PCR B AR AE I BE 2 v R
R FH R AT BE . PR PCR 5 AR 78 4% 3 K 4] DNA
FZR KL R DNA B AH SCAIF 7T 15 v 3 o i B 207
ARSCLL YT BE DNA 256 % % ) STR Z 494
TR R b Bl A 4 L T —E
P A R AR P T HTF 24 min B
TSI, W AR T E RS B T TR) , A N LR B
BHIFBE T T PCR ™ 4 A B4R AE T A1)

1 #M#E7EE

L1 FEAR

50 153 To KA PR I Il o LR A 5 — B B2
Bt , 84 3 Z2 Bk A4 (il AT A 10 63 L AR A& 10 63
WEYR AT A 10 07 MEVR AR 2 10 FE MG A1 10 17
Bk T A T BRSO A ERTF 100 Gk k
BHES0)) AL IE S E it
1.2 FEEGH A

SpeedSTAR® HS DNA [if ( H A< TaKaRa A F] ),
KAPA2G™ Pt PCR & £ (32 [ Kapa Biosystems 2%
A, QTAGEN Pt PCR i 71| £ F1 M48 QIAGEN®K
& (L E QIAGEN A FH] ) , PyroStart™ Fast PCR Mas-
ter Mix (2x ) (JI1 & K Fermentas 2\ 5] ) , FastStart Taq
DNA fif§ , dNTPack ( { [ Roche Applied Science 2
A) ), PfuUltra 1T Fusion HS DNA fif§ ( € [H Agilent 2y
F] ), Fast HiFidelity PCR 271 & (TIANGEN 22 H] ) ,
AmpFLSTR® Identifiler® Plus 57 £ A1 ABI 3130XL
WAL BT (£ [E Applied Biosystems 23 F] ) , £ H i
K (f[E] Merck 23 H] ) , Mastercycler pro Eppendorf®#
I (18 [ Eppendorf 23 7] ) , SpeedCycler2 #44/F 3
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HON AN 3R ALY A, AT LARE— A A
e 7 F AR R R AR - (1) TaKaRa
10 wL PCR ¥ 34 {A £ . Fast Buffer 1 (10x, %54 30
mmol/L MgClz) 1 p L, Identifiler primer mix 2 w1,
SpeedSTAR® HS DNA fif (5 U/wL)0.1 wL, dNTP Mix-
ture (2.5 mmol/L each) 0.8 wL, K 7K 5.1 pL, A
DNA 1 pL.(2)QIAGEN 10 wL PCR ¥ 814 % . QIA-
GEN Fast Cycling PCR Master Mix 5 w L, Identifiler
primer mix 2 wL, KK 2 wL, B DNA 1 pL. (3)
Roche 10 wL PCR " 1 f& % : PCR reaction buffer
(10x, %A 20 mmol/L MgClz) 1 wL, Identifiler primer
mix 2 w L, FastStart Taq DNA fif (5 U/wL) 0.2 nL,
MgCl,(25 mmol/L)0.4 wL, PCR Grade Nucleotide Mix
0.2 pL, K#7K 5.2 wL, BiHz DNA 1 plL.(4)KAPA 10
wL PCR ¥ 4 {K 2 : 5xKAPA2G Buffer A (%4 20
mmol/L. MgCl,)2 wL, dNTP Mix (10 mmol/L each)0.2
L, Identifiler primer mix 2 L, KAPA2G Fast DNA it
(5 U/L)02 wL, KHi/K 4.6 wL, Bk DNA 1 wL.
(5) Aglient 10 pL PCR " 544K £ : 10xPfuUltra 11 re-
action buffer 1 wL, dNTP mix (25 mmol/L each)0.2
L, Identifiler primer mix 2 wL, PfuUltra I fusion HS
DNA i 0.2 wL, K 7K 5.6 pL, BiHR DNA 1 wL.(6)
TIANGEN 10 wL PCR #" #4 1A % . 5xFast HiFidelity
PCR Buffer 2 L, Identifiler primer mix 2 L, Fast
HiFidelity fiff 0.4 L, KK 4.6 pL, AR DNA 1 pL.
(7) Fermentas 10 pL PCR ¥ 34 4& 5 : PyroStart™ Fast
PCR Master Mix(2x)5 L, Identifiler primer mix 2 pL,
KE 7K 2 pL, BiHz DNA 1 pL.
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AmpFlSTR® Identifiler® Plus Primer Mix, fF Master-
cycler pro Eppendorf® A 7L SpeedCycler2 # 4
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Fig.2 Classification of the three fast PCR enzyme for the final selection
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Tab.1 Classification results of the fast PCR and the standard procedure

Detection rate Number of samples

Type of sample Sample size
(%) of the same profiling
Blood sample of volunteer 50 100 50
Blood on cloth in case 10 100 10
Blood on swab in case 10 100 10
Mouth-swab in case 10 100 10
Saliva on cloth in case 10 100 10
Saliva on swab in case 10 100 10
Bones in case 7 100 7
Tooth in case 7 100 7
Hair in case 100 5
Semen in case 5 100 5
Touch DNA samples in case 10 100 10
Total 134 100 134

S 2% R SRR B DNA W 8 21 8l i
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WALT TaKaRa 23 7 (PR il , (HAED $ I 8] 4 50 22
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MG, Vs i e 45 2% | i TaKaRa 23 ] () PRkt g 78
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Fig.3 Classification results of the final fast PCR with DNA extracted from different types of samples using AmpFLSTR Identifiler plus

PCR amplification kits and the fast PCR enzyme of TaKaRa
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Tab.2 Experimental results of sensitivity tests
DNA concentration Numbers of Numbers of The loss rate of Nonspecific
(ng/pl) alleles expected alleles in reality alleles (%) amplification (%)
0.032 169 88 479 3.1
0.063 169 115 31.9 3.1
0.125 169 151 10.6 1
0.250 169 169 0 0
0.500 169 169 0 0
0.750 169 169 0 0
1 169 169 0 0

The nonspecific amplification (%) :sixteen loci multiplied by six DNA samples was divided by the number of loci with non-

specific amplification. The loss rate of alleles (%) : the numbers of alleles expected was divided by the numbers of alleles in

reality """,

P3G A5 50 R 1 h 55 30 min P IS A AR FERR AE T AL 134 Oy AN F AR S AL, 2E AT —
R Z S G, Wem ARXT . P SC s iR 28T SO RIS GO I P Sk , 2R 15 R 4F 2 LRSI

Xt TaKaRa 23 ) DU BEHEAT T IREEDLAL,

BRAPAT B F LR Y S R R Y AR AR 20

TY B EEECN 24 min FOPIIR R T A RE B E RUGHE o X BEL— 1 B b TR —

FIRERF o

PN S 5 UK, PCR M RIS R —BURE , I v 1
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Fig.5 Classification results of the sample for five repeat
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Fig.6 The scatter diagram of the average peak height of different concentration in all loci of the sample for five repeat
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