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[ E] B8y @ar—Fa Rk SLPrigEsR i 3 -4 Bi4E S0 (polymerase chain reaction, PCR) B 15 475 31 FH T 7= AU A - iR
FIFRE S . ik A8 1 2510080 5 S I A BR Tl P VTS FOKT B9 51, 5 FOK1 B PCR 338 S i A 22 b, DTS e Ay
HI PCR ™), 44K Z v FOKL B4 P& BT 38— IR SOz 142 22 4319 LU B e s A P 45 B, I T T I0 R Rk &t
TR i 5 it (methylenetetrahydrofolate reductase, MTHFR) A | CO77T 845N 55 10404 . 5 3R : FOK1 il die 18 S v AR 2R E0 M|
PCR 41 ; 7E TaKaRa WA R H1,0.5 U FOKT BERT 524 V) #1<0.1 WL 578 BBV S RTY 8=y, B8 , A A FOK1
B I RMR B PR SS S . FOKL BV 75 92 S FH T MTHER CO77T B F R . 8538 « A5 1 2B EE , 58 sl 1 A
Bi7 1E PCR 15 4% , AN 5400 5 S0 5 2 g, AN AT 38 T LA PCR 4™ 38 Sk Bl 1) P B2 Wl e 40 M7, S AT 732 i T T b M A%
Ry BA I W S22 B A PCR 15 4.
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Controlling carryover PCR contamination based on FOK1 enzyme system and its
application in prenatal diagnosis

Wu Jiangping , Huang Huan", Qu Lin, Yao Weiyin
Obstetrics Department ,the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: To establish an effective and practical method to solve the problem of polymerase chain reaction (PCR)
contamination and used it for prenatal diagnosis of folic acid utilization capability. Methods: By adding recognition sequence of a
restriction enzyme FOKI at the 5" end of one PCR primer, carryover PCR contamination was controlled by adding FOK1 enzyme in
PCR reaction mixture which contained the contamination from the last PCR products. Effects of the amount of FOK1 enzymatic on
amplification efficiency, components in PCR reaction mixture and the most amounts of contamination which can be controlled were
investigated. A mutation of C677T in MTHFR gene was analyzed. Results: A best reaction system provided by FOKI enzyme
specification inhibited PCR amplification. In TaKaRa reaction system, 0.5 U of FOK1 enzyme could completely control the
contamination of less than 0.1 L of last amplification products and did not affect the amplification. Otherwise , false positive results
were obtained by adding the contamination without FOK1 enzyme. The developed method was successfully applied to the analysis of
MTHFR C677T by sequencing. Conclusion: This method is effective and convenient. The reactions of enzyme digestion and
amplification were completed in an unclosed tube. Subsequent sequencing reaction is not affected by the method. The method can not
only be used in prenatal diagnosis based on PCR amplification, but also widely applied to control PCR amplification in all the fields
involved in nucleic acid amplification.
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R4 W% SV (polymerase chain reaction, PCR)
S BA SRR YRR, S BOLEA 515 G iy ik
A AR B Y5 Yl AT S U PH PS5 SR . PCR X
R, R BEAFAE LR V5 YL IR - ok [ At IR Y
DNA, 3k [ 5250 b4 R 5 41 o Y DNA 45 [
PCR 7 ¥ 5 D1 K (— My 1x10" 5 Dl/uL) | it
155 T PCR A £S5 DL AR B, T AR i i 1) PCR
FETE G AT R R FH S S . R — P S A —
R PCR 414 79, % I T PCR 5 L& 4312 W
fifi FH PCR 647 e 72 03 I3t ad A v B & HR B K i)
R (ARG 2 R IR P i H— B B
G ) T B 15 Yl 5 A S PRI, A 1 T X A S B0
SEG AR VAT E VAL B . B HGE T — 2k
FH T B 1k PCR V5 e 4 FEIxX S8 5 i v, bR W g
DNA 1 AL i (Uracil-DNA glycosylase, UNG) J5 2%
Bz A, XA A dUTP 33, e 5 3 mir i
FH UNG Kb nT [ 28 X5 94 1 PCR =9 , T AN R fi
FE R4 DNA B R dUTP) , 2R 5 #0 K% Bl , 7
WATY GO . B TEY 3 HdUTPERR T
dTTP, 3R 5 kAN B 1T s DU - B T (o ks
I, gy 2 Y AR S i

R % 8 T —Fh LT FOK 1 149387 PCR B 15 Y
KRR, FOK1 J&—Fp 1T S BIRR G VTG, 7E55 11k
PCR — 4559y A 11 S Y Py U e 60 0 S e SR ) 7
AL I HE ) PCR =0 8 A 11 S g - a4z
o 45 LIRPCR =1 AT —IK PCR B AR &R Hp
B, 32 FHRE S 1S DI AE S B TA 33 S AR 2R il
PR R T A R OB R TCE 55 |2 & k1 7
Pat RIS, SRR ) DN A B AZ 520
IR FNB 1 PCR 5 YA H

M ER A B = 58 L A B AR DG, T 3
PO S MR I8 ) B (methylenetetrahydrofolate reduc-
tate, MTHFR) J& P PR AR v (%) SC B PRl , — FLIZ
{1 S FEE PR MTHFR 2 8 [ OGHE i kAR S, &
i ZE S M LA B R R RE T, DR AT 0 BT iR
FRHRE S HEAT AL, b e A FI R . A
WFFEH EE ST BT PCR B 5 i, N FH 7= A2 it
PR BB 7 %) 35 12 D0 P Al o
1 #RFTE
1.1 A

FOK1 %R N VI BE I Tag DNA B4 (K34 Ta-

KaRa 2y 7] ) 5 ML & 35 R 2H DNA 2B R 45 (79 52 Tian-
gen/z}ﬁj ) ;AxyProTM PCR Cleanup Kit (B 2 B kA

Y ARG BRAHE]) 3 ANTP IR 5 %) (K i% TaKaRa 2\ F
5w s TR BE (Biowest A W], 2, i Y1TO A F
1% ) s IRAL CBE (Promega 28 7], JE[H ) 5 32500 B il 3
il FH K B 5 B K, AR R 4t

R EH B LA (21R #, Beckman 2 7],
%[ ) ; &5 HL U (Power PAC1000, BIO-RAD /3 7,
FH) ; BRI (GeneGenius , Syngene 23 F]
YL[E) ; PCR P (PTC-225 A1, MJ Research /A &),
F) 5 il FERDGIEN E {X (Gene Spell , NaKa In-
strument/z}ﬁj , H 213) o

514 H L Invitrogen 23 7] & B, T 48 PAGE 46
16, 46 KT 99%., 519111 H Primer Premier 5 4K
1, R AR AR MTHFR 25 FI7E NCBI 2%
JF 51 4 5 4 NG_013351.1, 4" 34 1F 17 5| ¥ 5" - AG-
GATGTGAAGGAGAAGGTGTCTGCGGGA -3' , 4" 14
K518 5 -AGGACGGTGCGGTGAGAGTG-3", R &I
RARIC AL g N T I A B FOK1 ) i R 50 971
(GGATG) , 9" $% i Bt K 224 204 bp.,

12 7%
1.2.1 Fdadh e RE L DNA R

FHECZE A A8 E 1L 2 mL A Na, - EDTA HUEEE
BT 4 CHREF, SPURCEE ) A bR AR, A0 BL0.3 mLL,
FH M 7 5L R 41 DNA $2 U R e 42 U DNA, F- LA TE 2%
WK A, S5 F DNA Bk 35 One-drop 43
FEIEFE AN i HR 5 e 4l %8, DL TE G2 wp i i B 24k
JiE 4 20~100 ng/pL. A58 48 B8 e 10 B 22 51 2541t
i, 2 B Rl
1.2.2 4 FOKI Bgbpfs b B A7 5 Bb9 4 &

G T o TR R 250, IR
ZEAKW T IR RER 10 umol/Lo 4714 HlR 70 P R4
TRATFRES L NS BE RT BEANEERIZIHR S o 50 L
PCRAKZR WA : AU DNA BN, ANTP 1A
(0.2 mmol/L) , 1E [w] 5 | A 7] 5 |9 (45 0.4 pumol/L) ,
TaKaRa Taq DNA % & i} (1.25 U) , 1 XPCR Buffer,
MgClL (1.5 mmol/L) o 1 ¥ 2 B 25 78 4 - 94 CAZ Pk
3 min, 2R 5 PAE B 35 % (94 °C 25 s, 60 C 25 s,
72°C155s), /5T 72 CET min, PCRIYHFET
2% BN ARERE IS 1 HL Uk A&

1.5 mL = =508, F AxyPro™ PCR Clean-
up Kit X =91 4lidk , #4 PCR =R 3 5 A
%77 & P (%) Buffer PCR-A, ¥ PCR P2 148 A4
Binding Buffer FAEMZ [ , KR S IR RS 0= 3 2500
FHEA W ALY, 5CE 2 min, (IR A 5 K
FAr M, 12 000 g B0 1 min, I 57 R E N
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. I EAE I 700 WL Buffer W2, 12 000 g £
O 1 min, FFRERE N, FFINA 400 wL Buffer
W2, 12 000 g &0 1 min, FFRHERAE NRIE, KRG
P FEAE #E A2 BN T 1.5 mL B0 45, BCE 2 min,
] W B P 0 40 L 25 B8 7oK, P2 R FRE 1 min,
12 000 r/min &> 1 min, 1.5 mL 2508 A &
A 4ifk A9 H A DNA FBE, i One-drop 2866 BE A3
EHUREE &
123 By 38— XA

PIF 50 pL PCRAK R B3 : WTaKaRa SOV AR :
& FOK1 B§YI07 5 8 DNA 4l 4k 7= 9y , NTP 1R4
(0.2 mmol/L) , IE[a]5 |9 IS 7] 5 [ (0.4 pumol/L) , Ta-
KaRa Tag DNA B4 (1.25 U), Tris-HC1(10 mmol/L,
pH 8.3),MgCL (1.5 mmol/L) , KC1(50 mmol/L),0.5 U
1) FOK1 YA 0.01% BSA ; @QFOK1 il S WAK £
& FOK1 Y] 5 55 19 DNA 44k 7= 9y, ANTP R4
(0.2 mmol/L.) , 1E )5 A1 17]5 14 (0.4 wmol/L.) , Ta-
KaRa Tag DNA B4 (1.25 U), Tris-HCI(10 mmol/L,
pH 7.5) ,MgCL (1.0 mmol/L) , DTT (10 mmol/L) , NaCl
(50 mmol/L) , i& f& 1Y FOK 1 NI F10.01% BSA
1.2.4 & okFenl 5547

2% B BE W L VK BRI AG SRS T - 26 B 5 T 5
il = 2 I g e o 2 S R R 2701 AN
VKA B 285 1, F IR AR K 1 L Y A3
o BRSNS ARG L 1 IR A5, AL
FEALo FTIFH KA YR, X E 150 V 5 min” . 4]
MR ORAE SR 25 R . A — SR A AR Shi% Sanger T
¥ (R BB A B AR R AT HE A 5w

2 & R

2.1 PCR 5 % 7 49495 2 FOK1 Bbnsk & 4%

J TV FOK1 BB 15 YR & |, 7E TaKaRa U
RZTIMA T 59 7 B, BVl & A B U S 514
o i AN TR & (1,0.1,0.01,0.001 pL) i) PCR A
B, Z 5 FOK TR 15 AR R A RE(E 1) . inA
1 L & A UL B 1S 74, FOK il o 55 3K
SR, LT R HTEE S GKIE 4) B2 MA<
0.1 pL & A WYL S P 34 7=y, FOK1 g n] DL SZ 3t
St YIE] R (JKIE 1~3) , NI S BgUIAL
RIS Y B B in A R bE AS E DDA ) A AR
IF, 43 AT LIRS #6477, 973 - Y i B (UK B 5) o
VKB 4 FN 5 58 BE 25 558K, AT LAACh FOKT BRI
XA PCRY MR R A . 7540, 17 T 1

1~5 PGE AR R 544 F A A FOKT X B8 S 56 (9K
1 11~15),
22 REIB AR & xS BEny 3 5L R0 %00

1E TaKaRa SV AR 2 , FOK1 B 7] DL 58 4 £ <
0.1 pL. PCR ¥ 84 7= 9 11975 4% , {H )& FOK1 g 15
H TR I I SR A E SOV AR R A5 TaKaRa KW AR 5
BCAY AL, R T8 FOKT gk B e AR V16 1, Rl
HEL T FOKI B AR R (1), VKiE 6~10 8
P3G UL T IZAR R BAR AT DUARIE FOK B A1
U150 (B PCR Y8 A7 I, 80 19 R e, A
A ST B PSPk

1 2 3 4 5 6 7

8§ 9 10 11 12 13 14 15

204 bp

TaKaRa W & & H i A FOK1 [i#§4] 0.001 wL(JKiE 1) ,0.01 pL
(Jk3E 2) 0.1 pLOAKIE 3) 1 wL(JkIHE 4) & A BEUI L i 14 =),
B A S WU 5 AR (JKIE 5) 5 FOK1 B UBAR 22 HPILA FOK T
10.001 pLOGKIE 6) .0.01 wWL(JkiE 7) .0.1 pL(JKIE 8) (1 wL(JkiE
9) A BN T 35 78, KA & I s SR (JKIE 10) ; Ta-
KaRa [ B A& & AN FOKT i34 0.001 wL(JKIE 11) .0.01 wL(IK
1E12).0.1 pLGJKIE 13) (1 wLOIKIE 14) & BN 28 1),
KA TEIIOL S AR (UK IE 15) o

E1 FOK1EYIs &%
Figure 1 Investigation of FOK1 digestion efficiency

2.3 FOK1 A NZ 3Bk 69 % h

TE FOK1 M AR ZE , AT HIA T 0.01 pL
PCR ™Y A5 (#12), 24 FOK1 BRI IMAE<0.5 U
(VKB 1A 2) B R FRPEAE S5 B, hi=0.5 U (JKiE
3R, TEFAEE S, UL 0.5 U i) FOK1 i 2 1%
THBRIZ W25 % PCR M P& SE 1) PCR 15 4 (— i
/NF0.01 wL) o FOK1 R V5 444k 2 a] FT45 LA
PCRY 30 T H -2 AR,

2.4 FOK| Bgdnly 7 4 ik A2 7= A1 5 Wy e BR A L AR
P & i )

TEA], TR IR 0 AR F T 28, 22 A R 1Y
TR o N, S PN A f B A R 7
FEBP A AE A R 0 [R] B S R T SR,
SRR ZE T A2 T 3 AR AN R 1 i 2
I ERANE B, PR 0kt v 3 ek 32 PRAG 0 v 1 5 2
1) S R Ti——MTHER i (1) 3 R 2 5 PR % R i
MR AN SRR G IE R B . R EAFFEIE S 4210 MTHFR
COTTT J&: 75 578 Xof I R 43 A it 1 75 SR AN TR , th 2
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1 2 3 4

204 bp—

FOKT {m A% 43531127 0.125 U Pk 1) ,0.25 U(JkiE 2) .0.5 U
(Wi 3) 1 Uk 4) .
E2 FOK1#IMNEXEYI R
Figure 2 The effect of adding amounts of FOK1 on diges-

tion efficiency

TR 2 SR LB AL U R PR A i
P IR IRAL L 5 B RGN, 37 8 7™ 0 o 245 53 05 O
ANEFAETY CC R 25 1978 B CT i e 45 21 (1A
3), UEHIZ T 1 HAT S I , ANl ) v A

A 20 30
TCTGCGGGAG l(j CGATTTC

B 20 30
TCTGCGG6GG6GAGTCGATTTC

AW B I oA,

3 FOK1 &1/ i5 3% A T MTHFR C677T #& il Y

Sanger il FF 25 R
Figure 3 Sanger sequencing results of samples on site of
MTHFR C677T by using FOK1 digestion to pre-

vent PCR contamination
303 i

PCR $ AR & —Fp FH TR Y 1947 DNA R Bt
W) F AP E R, o KR SUE RE R i DNA K
BRI o DRI, e BOAZ AN 1) 25 S5 AR 45 2]
TTZ RO, G ", 7 PCR 38 v, o 34
ST RAPRE R R A TR AT RO (HX R
o R AR RO BE T, (A — EUBCR A R B il 5
Yo AR/ (A= A A AR ), A N — ki
PCR HBUEBHAYE . BFIIL, b7 1E PCR V5 4% — B2 MY
UNGE i) IS [N N 5 e e il
PCR 15 YL BT A m , B FH PR 4 N YTl FOKL 1
A B ST A PCR 514, 5 HoAd T 89 B 41
PENYITG—AE , FOKT HA AL 72K (HiR

S A SRR X FRA R (B T, DRI S A B
5 bp(El 4) , UIEIAL s AR A 55— 9~13 bp 75 [l
N — A A BE g 32 2 DL SR A 5045 A 31 DNA
b A SERT RS A R R IR, MRIDIIF DNAGE, 78
PCR ", BCIE A9BSR AR AN & A B DI s, 1 &
BEVI 2 B 51 P09 18 i PCR B BC& A, IR e Y™
BEHTINA FOK Bl PTAE & 1) PCR 4 i £ i 1)
HS Y B, T FOK1 BEAE PCR 4 B4R AT LA iR
K, H L E AWMLY 38, RS UIH Y 8
IR, O 2 TP AL, 25 5 R, PCR 4 4%
15 YL REAE R 1 FOK BigtAR R LA R, i FOK1
AN 252 ELIE R PCRY 1S . 32 0.5 U FOK fif§
RPAIXF0.1 WL PCR 434 7= W75 Y it A T A 300 4
BTt 52 40 25 1 WL PCRY =y i35 4, , R
SIRMZ T N A PR R — i SIE 06 %5 1) PCR V5
TR ZIRBIAARE .

5'...GGATG(N),"... 3’
3'...CCTAC(N) . .. 5
El4 FOK1BHIIRRIGLS
Figure 4 Recognition sites of FOK1 enzyme

K B2z WF o0 R W, I R 5 A 28 X6 5l AR X ke
Z g R e [ B o 2 IUE ) LR R
[7] 760 22 s 1 i X 2 L i f 5, s AR L A=
BB L4 M 22 A8 B R QLR GAE A RAPEO
s R I LA N 2 I R A RE ), A0 G B T v 1
FE R CH RER A A SR R AR A
it A A R m A Ky S S0 4% L 2 £6f L9 F 14 )
AU P R v BRI, Xt il 45 BEp= AR #5475 . MTHFR
it oA i R A T A DG BV il 2l TT A e [ 2 o
ot 2R )T B, AL A S-SR U A R, 2 5
AT B K A% AT PR A W03E %, — HL g A G i 5L TR
MTHFR $E (5 b 5G5S & AR AR S, i Ce77T '
MTHFR [t 17 P FEARG B (AN TR A 5, 10-3F7 H 2 g
S TR D A3 i, 25 S 3 LA g i R A
FREST, FALE e R AE AR AR R 5 i 22 1A
R RS AT L AR Bk, R D fa R H
TR AT fEH A MR 2 i T EUN AR
PR, 2P i it IR A o R 1 o L AR R AR R
751 2 A R T AR LT TP AR R B12 B Y
B A PEAC R FE R, BT 7 PR B ELA B
HRAE A A s AL A5, BIEA T 3 AL 4G, 76 IE A 1Y)
i () 70 305 70 i ) R . AR5 SRy s i 4t
T —F AT AR5 PCR 15 4% 0 71 , ZECRIE DN 7 HERf
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RS T L i R G2 7 S M gt T K 2y s
HT FOK1 A Z 1 PCR Bii5 4L 72 Ik 7 UNG
FeARGIA dUTP BT ATTP $205 1 0 5 v A 4 1 e
W3, & — B B P A BT 11 PCR V5 YL A8 732, T3
T-LA PCR Y14 g Stk 0912 Wi s 126 20 A A 43 A
bR T 0] FHF =g Wrdnss , 5] )z Mo n 1 2 Wi
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