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Advance in PCR-derived technologies for plant—derived genetically
modified food
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Abstract: Safety of genetically modified food especially plant—derived genetically modified food are increasingly
becoming attentive focus of the public. Many detection methods have been developed for the detection of
discrimination and safe evaluation of plant—derived genetically modified food. PCR-derived technologies are
sensitive and specific and so have provided rapid,accurate detection methods for plant—derived genetically
modified food. PCR —derived technologies include multiplex PCR,real —time PCR,multiplex real -time PCR,
multiplex nested PCR, multiple PCR-DHPLC. In this review ,these PCR - derived methods should be
summarized in brief.

Key words: plant—derived; genetically modified food; PCR

FE 5 ES . TS207.3 X ERFRIRAD ;A X E % 5:1002-0306(2015)22-0379-06
doi:10.13386/].issn1002-0306.2015.22.070

LK Er i (Genetically Modified Food, GMF) & BT LS G M T EE, DRI Y w4

EH A L DRI A hn AR P 1 Bl R R A i sa . fl
AL BRI HE, RN B 2B iE s &
Wt o AR, B Al AR AP N A B R R R AT
R TR N R e Aa el D 1 I === PN TSP LB SR U
0, P A BRI ORI BT . BUARFE R HR
I S5 = TR St LK 1 il = o T B |4 VS 720 [ (5 s
PEEA BRGNS, AT Al P BT SRl TR

Y75 H #3:2015-03-20

PEVEYT ) 0] @0 e B DRI v 2 R A A ) s el
HAEFE IR, TovER A AR N BEAT 22 A PP AT, A%
J DR W R A A U S0 4 5 LA B A U
o, W A P e R DRl e 3 L R TR A U A
TR I E A KoK KT S KR TESE
Raffaele MZ5ETHIF S AIE 92 26 76 3 I8 KM IR 1%, A6
= (17 N 1SN I SN i S S /R 2 S PSR Ly

EEB N AE%(1979-), B, i+, 83, FF L7 & kR A F IR F 5 R %% 4, E-mail: jghu@hotmail.com,,

EL2TH . BEaAHFEA(31201901); 2 F 3G 2@ EAARA L3 KA (F 4630, #5135 B[201316935 ); T b #F THFH R E SR
TR A (14A180025) ; #8177 A 2L X 7 B (20130857 )5 %6 M 42 Tk Z2 pe i 4= L 277 B (2011BSJJ033) ; #7012 T A 2 B2 & 45 B F #I7 F
B13H%1 57 B (20130NGGO2 ) ; #6 M 42 T b 5 R A 7 26 41 7 2 4 (2014031 ) .

20155 §228 379



J@.‘%:MI}&

Scence and Technology of Food Industry

Jeffrey SEHHST & IR, 78 3 U 10 DK S50 H s i 4 1k
PR 49 e S 2 SR H R AT S S LR, 2R L B
S AE R B 2R3 N ZE TS . DRIk, AT S HE) T ERAR
LRTIUE 97 N 562 K =~ PSR = TR VSV N 5 B S 2 NI = P £
R, SRR AL E A . AR S PCRE;
ARASNBEREAT 5 AT I, HL2¥ Z) = A B BH P 5 08 9 4
28 O, DRI b A0 F R AL A U v sZ ) T BRI AH L
2R & MU (P PCRAT AR H A 8 F 3t DRI £ 5 A% )
H A WAL AR SRR A s e s DAL AR T
PCRATAEFIARUEAT 1R ELL5IA .
1 ZEPCREAR

%2 FPCR (multiplex PCR) M FRE 45 PCR, & Hi1%
Br PCREE A I Jie 1 ok, BIKE 22 4% 51 9 Tl 22 2% AR
DNAVE A TE R — A AR Z& b, 23 59 8 AN W i H
M3 DR B, 8l 2 45 5 1 RN rp - BEAR DN A VR 5 72
R — SR AAC ZS H T B (W) — AR AR AN | H e ]
W7, WEAT R S A I o

FIH 2 EPCRELA 1l 5 (1 5 20, BEAE X AH 4
PR B R R LR B AT e e S e A . X
P Y B ARG 0 R 8 R RRS I, 34 O
3L N B 1 (CaM V35S 3] 71077 Ubiquitin 4 3))
TMLIFMV35S)3 8 T4 (i gk FE R 2% 1B T (WNOS &
PRI00-1Ty Py 9 R DR (oK 5 e 4 2% L DRI 0o TR UL B0 BR
A 3 DRI007 K R SPS L TRl -121 L s 2K 2 SSTTh Jik [R 131, il
S PEP 35 BRI A A7 UL B &5 1 5 BRI TS1, /N 22 Uid A Bk
RIS, 5 2R R 7 P 3% IR (EPSPS 3 [K] 10131 BAR 3%
prltti-a el pATHE LRI o g HEBR A B P iR A 45 51
PLAE 3= PN S I AR S e i DRIV A 7 188 P b (oK & e
A IL RO BN B (1 S BRI ) i 3 A
(GUSHL K NPT K14 1 8 7= 1) by e H 1) 3
PRI BEAT i 12 o

Z HPCRELA R UE 1 1X0.1%~0.9%, i 2 E fr
PR E T 2 55 DRl i 1 A D IR £ IR 22 5k o iz B R ie
FLAT B AR B R S PR B R PEAT AL A . IR EESR,
Z FEPCRET M e AR WP Ko 22 b ke W) P54 2 DR 60,
/E‘T«L j% 7J< %E[IO—IZ]\ 35*[10, 13] /EE )iﬂQ[lO, 4] *H 4;%[15]\ ,J\ %[10, 16]
)\‘EUO'WJ%O
2 EHRHIAEEPCREAR

S 9 0% E B PCR £ R J& 1 3% [E Applied
Biosystems A ] T- 19964 15 sGH Hh, H B JE EPCR
FEHc 0 3 1R e 3 8 W I D% 6 15 5 HE LI S )i
J7 LA B AT 5 5 59 (0 AR A 52 I 43 BT H 10358 DR K35 DL %%
E PRt 5 hn N CU AN S i bR AEAE & BT, SEEILE AR
SRS i B B 5 5 PR 43 B A 0

1St 9 O s mPCREL AR HAT K 0 o2 = 15 v
RABUE TR R )12 N A 4 5 A 55 R £ )
R o AR Py 5 R BRI (oK o A 35 Rk RS20 /N
Uid A J [R]19-21 7RG SPS 24 [P0, GOS 26 A2 55 CpT1 &
]f[ [26—27]\ \]EH %FatA% Ifl [19720]\ I*ZSSIIb% lfl [20,2’%—25]) 5
it R S P DR s T AR ek S S ERE, B8R N IR
FEERL A Bl e v 5 AN USRS IR0 L 40 1) R R S
PE o3I FRIC P26 EE ANFAMIS2) BEAT AT RAL & A
Mo L2 B FEPCRBEAR R =, 7T3A0.01%~

380 0155 %00

Tt R % &

0.1% . FAEE4A A 3k, KiEmk BB 25 8 . %4,
AT FLAT A A 0 B« I A R S O DRI g
P, H T, B R B W YE R e 3 DR R
\2[)’]‘” , @A:E)\-E[ls-zo]‘ ?Hﬂ%[lg—zo]‘ ,J\i[w,zu\ 7J($'E/l[20,22,2()—27]\ jE‘
}K[zo,zyzs]%{_go
3 ZEXMEIXEEPCRIEAR

22 TSI 98 O 2 B PCREE AR S 45 & v fr S R 1
Z FHPCREZ AL vy 8 BRE 1) 512 B 24 56 78 HEPCR 8T
B o TZF AR ARG A0 A i 17 3 3 SIS I 2 e B
PCRAA &R PN 22 4505 S M 5 14, sz B0 e 1k 5 05 1
RE TR0 A T AR (R 5L I8 R Ry o

% TSI 54 Y6 58 S PCRE AR BEWE [A] I BEAT 22 A4S
FF it 22 AR 7 B0 1) v 30 AR I o ) P AR A O e Sk
K1 o AP e A A T R B K], (an T R K PR
ZR 30321 il S R0-321 L % 0B N FE B 4 G P21
SBR[ PN PR IE AL, F Ik SR R S 3 (CaM V35S
Ji B TP FMV35S )5 8)) 72020, i 34 BL IR 2%k
CHUTNOS Jit K123 5 FRRE e 1R 38 8 Cal EPSPS &
Izl [29—32]‘ CTy] A % Izl [29—32]\ PAT% Iil [30—3]]\ BAR% lz[ [30—32])
L5 A5 FE D CAONPTILES [P0 Be v 5 [ . 37 4 i 3k
PR AHIT < /172085 VLK) H AR )T 41, G+C5%5 & %
SRR AT (0 5 1 o, JE e 8 BH P 5 9 ) e
HE AR ST W HH A ]88 7 10 22 75 4, D RH 1R 5
B BRIP4 TR, DRl 1 vy 2R U 5 R e 120321,

% B S 9 56 8 EPCREL A GEM5 52 BL90% LA I
PR 0 G RE DAL RS 20 (RO ARGE  o 12533 A3 B A R s P 4
TR BRI PR AT . BT, 2B RIS KA PR
A R DR AT D, A G TR oK 20321 K 203 RO 0321,

?H:I%B(PI%ZJ\ ﬁ%‘ﬁD(FBSJ\ /J\iﬁlj\ j:E[ﬂ—BZJ\ EH?’{:[BI—I&ZJ% .

4 ZEHFAPCREAR

A PCREGA R HL L SE X SEDNABEL 728 — kP
W, B R N 7 ) v B H A S A D B R 1
) I AR , 58 R PCR G4 55 58— IR N 7= )
JP A5 H AN R, W BE R PCRY ™ BE (7= RE Sy H
Mr=ty. 2 ERXPCREASEL G T M R M3
K PCRFGAE e i M) 2 TEPCRECAR I HTH AR - %
BOR e i A I 22 45 LR Y B .

11 88 GLCPCREL A L REMEAT B FLRIAS I (3
JFH 5 ZCPCR H A K M 4% 55 K] /N 22 (1) SSP1 -TiERF1 4%
[RIPD o JrAE T K 1) 2 85 G PCR B AR FH A )05 7
et R DR RS U FH P P R R Gl N FRRBCL
DR 333410 K ok AR 25 JE A oD, b R 4 S MR S
(EPSPSHE [K]136381 BAR Jik [K] 7381 PAT 3L K197 381 Cry 1 A
(b FERE=8 Cry2 A (b) FERD , Hg 5 FE A (CaM V35S—
CTP 4k & DX 4 JL [R50, EPSPS—NOS 4% A [X da L [K] 1361
NPTITHE KB 15 75356 35 K] (W1 P-35S )3 5 T-PI.NOS &
1B T, B2 A0 e e g 1, dE L RS Y, R
S v A S P A AR HE AR N £ P R B R R g
REYE H1750.005% o Fii 326 15 3] (4 AR 420 YRR e ik TR £
AL AT W ARRBCLAL K BEME I FH TR & & AR R 1Y
v FE A I AN [ RS AR TR] R A R A
PR IER)FHASTE A AH ], DRk, )P 7 5k DR 2 L
AMIERE R R OR S X d e vl 5 | e,



ﬁ.‘%:im}iil

t R K% &

Z 5 LA PCRE: AR G5 3 2o 2D A5 BH M= 45 21
R PE T . M I WASRBCLIEE A, BE0E K 9l 2>
B PESE S, P Al % . 2 L UPCRE A K
A0 PR i R I R A . H R RN T
FEL A Y5 PR 3 B DR B i 5 /N 22191, K 6381 K 7381,
'js“ﬂé|37—39|{{6\; o
5 %EPCR-DHPLCH# A

DHPLC H% AR BRI AR P iy i At il B oK . 2 &
PCR-DHPLCH7 A & A F HPLC 3 A i #1, 7F AR AR P
WA, L2 mPCRELARY B Y AN [F] 4 1 &
KLl Fr B 5 22 vh AR A TR A AR, T DNA Y B AT LK
2 5 0 T R 3 40 1) AT S S e AT IR IR
FHEA

DHPLCH: A S G815 [F] B A A [R5 14 g
B8 PR T L IR A TR AR o FE 13X A iR
LR AE R4S rh 185 2 A5 )P 41 IF) 2 EPCRBOR
X, Aefgak 3wy S BSRE « oy S P« v e | pRa
HERAASIN H 1. N TR 5 E e 3L DR £ 1) 2
PCR-DHPLCHZ A, S 16 Py Y5 3L PR R S P A sk
R BEAT i [ , R T A 3l e Ay 1) A R 2 v A 1)
SR R S o H TR 2 A ] B2 Le )
PHE S Y6 A 3 TR A AR A g BH 2R TR B A i S0 i
Y pH T DR H AR AN 1R 2 2 EEPCRYT 1Y A
IF) ) 80, PCRY Y 5 1R 7= AN s lifb s AN 5 FRL K AN
T Al AT B B AL L 8T, L DHPLCH AR ) 2515
FI] (1) 36 DR H B a8 A G I 58 5 A I 31 7 o Ay
Frraoaa 2 T PCR—DHPLC L AR BE S [w) I K 0 % 177
ANAS TRl 5 A TR R B SR AR DL K 22 4 05 T B
i AR ZR IR B DRl 43 o4,

55 4 48 Bk 12 B VK FH EE , DHPLC 38 A 45 125 %5 52 i
[A]4Y 10~15 min, 53 #F %K 1% . 2 FEPCR-DHPLCH; A
FLA RS = R S . B B L P | £R R AR
Ko H R, A A I N 5 KA 5 4 356 DR
AL FE T KB, K G R R /N T A
6 PCR-ELISAH A

PCR-ELISA % R /& ¥ PCRHZ AR 5 ELISA #H 45 &
I FEAR o &1 R FE DURE 5 MR E B i PCR Y
B PEYy, FEAE AL FIE T ELISA S, 45 Bh i bR bt
AR HEAT [ AH BRI AR 2% A8 58 S 389 = M 10 w2 5
A

FEA P e I TR B I PCR—ELISA R M £ AR A9,
FEAL AR E MR AR o 2 GiPCR-ELISAR A, J&4R
Yo H M IE RS 14, FIUFHPCRY™ B 3RAG 1074, 3t
AT FL KA I, TR 77 )3 B NS, A Ry I RZ A5 4
i, 3T 30 3 P A vk s PR AR I ORI T % 471) s e A )
BH e 7= A s, w2 R M2 A8 4 I 3R AS 1) FE 41 R
A1) < L 9K W PCR 2 4D, $ i 5 58 M 7 4 F1) T
ELISA#EAT 2 BEAG M-S, i3t ((PCR-ELISA R AR A2
T DA S PR R 2R (AT ELIS ARSI 5 oK BH M
il T DNA$E B« %5 0 J5 BEAT PCRY™ 1Y, &% )5 AT %
FEPZS, P PCR-ELISA$5 A/ FI A 57— R B ARk
T B PERI 8774, B S PR 25 ks,
PCR—-ELISA 5 M $2 A o () PCR 452 A 7 3BEAT W1 %

Vol.36,No.22,2015

BE, WA FH 2 I 9% 96 58 T PCRASE A 165 S mp bl Sop:
T B 2H B A B 18 (RPAD MO i 65 7 J22 L Sz phe st
W FEAG IR, R FH PCRILA 5 GUSTH PEAS I (1) 45 & i v
R, PCR-ELISAH AR H I ELISA R AR AT BEAT Un
TN S, AR R Ll a5 v TR FEELISAM, 7 4k
A B2 R IR AR 45199 DAS—ELISASHEL T RS 1 o 5 o

PCR-ELISA B ARIE H 2 M 5o Al . %48
AR LA U S ot SR ARBORE v L EE MR AT e R P
PR R4, H R, B AN 5 SR 5 P 4 I R £
Fllzl!—l @?ﬁ:‘iﬂéﬁS%A@,SZ—SS]\ j:]_\:.;[45—46,48]‘ ?Hﬂ %[45,47]‘ T“b /;I:M—()]\
T il = TS0 A IS 7R FISIAL
7 ZEPCR-EHEHEXEAR

BN AL Tk B A S DL s g Sy KB . A
AL 45 1L K B FEAS B, &5 & AR 8 3 v B gl A R
TR 3 VR R 5 v A s R AR B A Bk, LA R gAY
A3 S EIE , AR YRR v S AL 00 2 ) R R Sy T AR
AN [R) AT 7 28« DR 4328 O VRAH 4 B A

Z EPCR-EBME Bk AR LGB ENZ
FEPCRELA S w43 125 BE ) B A0 2 B UK A AR 6 FH 32
A 38 T RIS DU A 22 P 28 L kit 5 S DR e 4 17
AR RS, ) £ EPCR-F41E kbR
EGERANAT WL 1% AR 5R o6 22 EEPCRAA R BEAT 9
SEASA 5 AUTAS I &5 T T RA , IR G e Ay 0 Fsf [ 195-%61,,
Sk ) 2 YOG PCRECAR i, PCRY™ 1Y 7= 4) JG 75 4f
1, A5 FH 25 AR 4 TT 45 31 Bu AL 88 %2 T PCR -3 JIE B it
T8 VL 3 5 AR B i I 14 Pl 9k PR3, R peY, T
WS T 9 R I #8 FLAT A 1M SR AR e R 5 rp bk
PRI R R FH AR I A oA B A A W Dk B AR i A
#%, 5 Z EPCR-BYNE Ik KRB, fene Wl 532
T RS, — VR N B AT 3k 2 G532k 45 52 1K H 78,

L f: 5t 22 T PCR T g b it s FEL IR B R AH LE, 22
FPCR-TB I Uk 52 AN H i 4 5 e 336 T8 £
T oI = A S e Sl G = = A= T = e )
A BRI L 20 A N AR N B A R B R A
FL DR i A G T K105 K 1% S8
8 H=PCR#ZA

B PCREE A SE I FHPCR I A 45 4 koot 425 8R4
WAL T BEAT T B AL IR LX) SE AR . e R s B
2 W A R i VAR TR V4 R 4 S 2 U Y, e B A v
ZLPCRY™ MG 5, 547 H AR DNABCHR 1) = 3 2 BE 0% K
22 6T T, MR V1555 0 I S 1A AR s oY, s B A v
FIECH BEAT a2 A

I FH 1 5P e L DRl RS I 9 B PCR B
A AL FEFOR HC T PCRECA R im 458 05 1 #U7 PCR 1S
Ao T HFPCRE ARSI TR A I PCR W A4 2R 58
ALy BN EOT 22 51 7 A0 b e sl A K 11 45
Fag, 7 18 7= 4 e v IR 5 DA S AR IR AR 43 A 4 =3k
ATV, BETEEA T 2 BRI, B N BE A% i
FE 53 WO N AR ZR A 23RN X 7 BV A AR AEAS
WL A o g B 2R, TS A B HARDNA AR
o LA R ARSI, S T R 2y AR R SN
TR R 2 SR TR 3 R A 150001, Bk s s AR
A FEAR B A 2D IR AE Al 31— B L Dy K (s A B

20155 §228 381



J@étﬂ@l’&

Scence and Technology of Food Industry

BEAT G 5 FCAS IS AR A% GeAS I 5, Tl
FE A BORBEGS AL ) S I D26 5E BEPCRELARTC A
EE RO it SRBBUEEAR vl

U7 PCRECA RENE RS 0 52 5, 38 T = A% £ b
R ZR H AR S B e B DY H AR S AL o R
3 B AT RAEURE v R S e A B Bl PRI
HEAf L 2 0F A5 Y le HRT, I BOR N 8 R AR
A R R W RS K2 R L R R
9 HZit

AN a2 A T30 08, 1 a2 A A UK,
FE S M N RSB B Ol B 2 A, R AU A R DA
Bl OB b R T ARG . DRI, S N ORS Aff
S« AGE PR ARG I 5 AR SIS AR A2 UV e Sk DK
B 1 2 e I ) XGRS PR PPA S e B P A A
PP A i 2 AT ST AR ) R T S K. PCRATZAE
PR T Rk e R T R EEIL S, B iz
I T A AP e S DAL B A I, o) PR B A 420 U5
L RLDR T i 22 AR AE R OCE YEIAE ] . AR, PCRATT
AR SZ B A B TRy PR S L I A T T ) )R B
P A FE L BRI T AR PR A I N o
AR RHET SN . AR, AR S gk AR AR R
B8 AR EOE 2R Iy 1 IR S BORAE R U A e A
B ARSI R RN S s T R A S A A S DR AR
W BTG, F B ] B it 22 4 W AR AR K st 37 BLUR
FELA IS A ik DR B it 22 A PR AR i TS 380 TR PR #E 5T
SOREEAE . B2, TP R RBUE ARy v
FI A v 3 & TR AE PR AR A S — AR ) A
W T BORs AL A Jm REL ) Y5 e It DRVASE DN 52 A 1) 5 e
FEESR

Sk

[1] Bawa A, Anilakumar K. Genetically modified foods:safety,
risks and public concerns—a review[]J]. Journal of Food Science
and Technology,2013,50(6):1035-1046.

[2] fud, ik 5, F E5n, 5. S b X FPCRE AR £ 44
B A et F a9 B R AR R[] AR E RAXFFR: B4
5 08,2013,28(1):64-70.

[3] B, s AR, ZAL, 55 RN R 2 g 0 2 4 19 A 5 44
HA[)]. ARIALT E 5 ,2008,35(20):3951-3953.

[4] Kramkowska M, Gizelak T,Czyzewska K. Benefits and risks
associated with genetically modified food products[J]. Annals of
Agricultural and Environmental Medicine,2013,20(1):413-419.
[5] Qaim M,Kouser S. Genetically Modified Crops and Food
Security[J]. Plos One,2013,8(6):1-7.

(6] ZAA. & A AR B2 A iR At M H A B[] F
Adh TA2AE,2012,33(5):220-221.

[7] Mazza R,Soave M, Morlacchini M, et al. Assessing the Transfer
of Genetically Modified DNA from Feed to Animal Tissues|[J].
Transgenic Research,2005, 14(5):775-784.

[8] Jeffrey M Smith. Most Offspring Died When Mother Rats Ate
Genetically Engineered Soy. Spilling the Beans[EB/OL]. http://
www. responsibletechnology. org,2005.

[9] MR 28 4k 3k adAh, 27 6p 5. LR S R ey &2 A

382 015z moom

Tt R % &

55 R N Al R 6 o % redk 5 R B F B[], A se At
%,2008,29(11):705-711.

[10] 3K -F-F, %) R 4. % EPCRF sk xF K L35 4 BA %t T
()], A seAt 2 ,2004,25(11):227-230.

[11] SRR, § A &, 4%, %, % TPCRZA N 4% Bar Bt K
BFAG K] B ,2013,34(6):139-142.

[12] 2245, PR 0, % AR, . % TPCRAGI 45 K B A AG 69 45 4
B )]. & seft$,2013,34(6):139-142.

[13] Bk 3L, P AR, M, 5. % EPCRA&M 4538 B 4744
a9 4 B A ()]. A%, 2011,25(3):35-38.

[14] Kim JH,Zhang DB,Kim HY. Detection of sixteen genetically
modified maize events in processed foods using four event —
specific pentaplex PCR systems[J]. Food Control,2014,35(1):
345-353.

[15] Wang XF,Chen XY,Xu JF,et al. Multiplex event—specific
qualitative polymerase chain reaction for detecting three
transgenic rice lines and application of a standard plasmid as a
quantitative reference molecule[]]. Analytical Biochemistry,2014,
464:1-8.

[16] HREAE, %) B ks, 5. % EPCRE MR AT £ AR )
MR A G R[] AP AEL R F F R B AT R, 2004, 32
(9):105-107.

[17] 2%, ik &, RA5 5. £ EPCROMT 7 ik B T A K
FRAE M g m[]). AR A3 ,2006,34(7) - 1297-1299.

[18] B#T 3, §adr, A a5, Aok 6o PR R
RIZZPCRATA)]. R SuATR 5 4 ,2013,34(13):79-83.
[19] Chaouach M,Nab N,Hafsa A, et al. Monitoring of Genetically
Modified Food and Feed in the Tunisian Market Using
Qualitative and Quantitative Real—time PCR[J]. Food Science
and Biotechnology, 2014, 35(1):345-353.

[20] ZAM, H LR, KE,F. BLARKE 2R HERS
b RAF A R AR A T e ek A A A, P E A
WA 5 5 A FHR,2011,27(8):775-782.

[21] Ak, 284, £ T SPDREAF L B A L & 4
OB A P e B A []]. AR kA5 ,2012,40(10) : 5808 -
5810.

[22] MRS, fkok, A4, F . BT AT 3 KR Bk 4] & 4
F B R R K PCRAM 28 R 69 % va]). #3495 52 R ,2013,
23(2):27-31.

[23] ZRE, B4, IR, 4. Tagman-MGB 5% B 3¢ EPCR
E A A K B 2 K MONS63[J]. 24 £3 % ,2012,31(12):
5-8.

[24] RE, FRBR,FR%,F. KM RALFPCRA N 444 A
ZRNK603 % 7 45 7 7 Bah il & R a2 L[] W Rk F 4R,
2013,26(5):1769-1773.

[25] & &, Fherhh, 2= AL, 5. VLSE Rt 32 0 2 B PCRIE A KM 4
A E KMON 88017[J]. ¥4 5 4k,2011,37(11):2117-2121.
[26] ST, fRBE A 248 55 R B RS R 657 L aF itk
PCRAMEZ B4 F kA 5 []]. A3 KB4k ,2010(2):90-93.
[27] Nakamuraa K, Akiyamaa H,Kawano N,et al. Evaluation of
real —time PCR detection methods for detecting rice products
contaminated by rice genetically modified with a CpTI-KDEL-
T-nos transgenic construct[J]. Food Chemistry,2013,141(3):



@étﬂ%&l

t R K% &

2618-2624.

[28] &3k, FRAF, B4R, 5. RIRBEMAY G ST EDF
Mol T R WA R BEJE[]] AR 2 Tk BRI B RAFR,
2014,29(3):7-11.

[29] Fang C, Ping S, Dabing Z, et al. Improved quantification
accuracy for duplex real —time PCR detection of genetically
modified soybean and maize in heat processed foods|[J]. Journal
of Shanghai Normal University (Natural Sciences),2013,42(2):
197-205.

[30] Huber IC, Block A, Sebah D, et al. Development and
Validation of Duplex, Triplex, and Pentaplex Real -Time PCR
Screening Assays for the Detection of Genetically Modified
Organisms in Food and Feed[J]. Journal of Agricultural and Food
Chemistry,2013,61(43):10293-10301.

[31] Cottenet G, Blancpain C, Sonnard V, et al. Development
and validation of a multiplex real —time PCR method to
simultaneously detect 47 targets for the identification of
genetically modified organisms[J]. Analytical and Bioanalytical
Chemistry,2013,405(21):6831-6844.

[32] Dérries HH, Remus I, Gronewald A, et al. Development of a
qualitative, multiplex real-time PCR kit for screening of genetically
modified organisms (GMOs )[J]. Analytical and Bioanalytical
Chemistry,2010,369(6) :2043-2054.

[33] Wang FJ, Zhang XL, Feng JL, et al. Establishment of a
quadruplex real-time PCR for screening of genetically modified
tomatoes[J]. European Food Research and Technology,2014,238
(4):683-690.

[34] Ballari RV,Martin A,Gowda LR. Detection and identification
of genetically modified EE—1 brinjal ( Solanummelongena ) by
single , multiplex and SYBR® real-time PCR[J]. Journal of the
Science of Food and Agriculture,2013,93(2):340-347.

[35] A ikiF, sk X, k3G 3. £ XPCRAM 4 K B /> & a9 #F
). R A5 ,2010,38(19):9991-9992.

[36] TRER4E, B E, Tk, F. =F £ XPCRE A4 33
H R IRE K 2R T Sh]]. Rk A 43 R F I, 2006, 14
(5):752-756.

[37] Ao JX,Li QZ,Gao XJ,et al. A multiplex nested PCR assay
for the simultaneous detection of genetically modified soybean,
maize and rice in highly processed products|[J]. Food Control,
2011,22(10):1617-1623.

[38] HAE, HFE, THM,F. HEAKL B AR
T e 5 APCRE AT, KLk IR
2010, 15(2):93-99.

[39] Kamle S,Kumar A,Bhatnagar RK. Development of multiplex
and construct specific PCR assay for detection of cry2Ab transgene
in genetically modified crops and product[J]. GM Crops,2011,2
(1):74-81.

[40] &%, Z4kAL, #1325, B A PCR-DHPLCH K & i@ & e
AW AL R 2 R[]]. 2 RHS,2012,20(5):40-44.

[41] 2R, 3R . & JAMPCR-DHPLCH A& 45 K B/ X 2 &
HA ] K 2F4,2012,31(6):976-979.

[42] & A, 44, RRAE, 5. % EPCRZADHPLCH #%4n &
Fo P IR E R )] AF 22 & ,2011(2):28-31.

[43] @ A, =RAE, 27,5, % FPCRES TSR EE

Vol.36,No.22,2015

BRI A T ke ()] KR AR F 4R, 2011,31
(4):577-581.
[44] & A, R, & E4h. A % TPCR-DHPLCH % Heik o
M AR E LA F AEHO2-527-15% 2 5 & []]. TR LA R,
2011,25(3):129-134.
[45] Guertler P, Paul V, Albrecht C, et al. Sensitive and highly
specific quantitative real—time PCR and ELISA for recording a
potential transfer of novel DNA and CrylAb protein from feed
into bovine milk[J]. Analytical and Bioanalytical Chemistry,
2009,393(6):1629-1638.
[46] Santiago—Felipe S, Tortajada—Genaro LA, Puchades R, et al.
Recombinase polymerase and enzyme —linked immunosorbent
assay as a DNA amplification—detection strategy for food analysis
[J]. Analytica Chimica Acta,2014,811:81-87.
[47] X 248,35 LA, XM F . 45 ChIFN—y A B b ALK 6
[N P E AT S 5F A FIR,2013,29(5):490-495.
[48] Z A0, F9k Mk B 5. R A R Ea Rk R
ELISA% 7 ik 094747 38 ()], & FHE,2010,35(8):39-43.
[49] BAB A&, B4, TR 05, 5. AR GLH & TAALIRIE Rk &
Sobeik i i FGA Cry L Ab/c IR B 09 #5051 2R )] Hi 524K, 2013,
48(1):59-64.
[50] Vanegas Araujo PN, Blanco Martinez JT, Chaparro—giraldo
A. Expresion de la proteina CrylAc en tejidos de lineas
transgénicas de papa(Solanum tuberosum spp. Andigena) Var.
Diacol capiro[J]. Acta biolégica colombiana,2010,15(2):101-114.
[51] Kyrova V,Ostry V, Laichmannova L, et al. An occurrence of
genetically modified foodstuffs on the Czech food market|]]. Acta
Alimentaria,2010,39(4):387-396.
[52] Ma BL,Subedi K, Evenson L,et al. Evaluation of detection
methods for genetically modified traits in genotypes resistant to
European corn borer and herbicides|]]. Journal of Environmental
Science and Health,2005,40(4 ) :633-644.
[53] Galeano P, Debat CM, Ruibal F, et al. Cross—fertilization
between genetically modified and non—genetically modified maize
crops in Uruguay[J]. Environmental Biosafety Research,2010,9
(3):147-154.
[54] A4, Fade, B4R, F. LA FHRECREMAEY
Hoiml B 44 5 R 422 []]. A Tk, 2014,35(7) :201-204.
[55] Basak S, Ehtesham NZ, Sesikeran B, et al. Detection and
Identification of Transgenic Elements by Fluorescent —PCR -
Based Capillary Gel Electrophoresis in Genetically Modified
Cotton and Soybean|J]. Journal of AOAC International ,2014,97
(1):159-165.
[56] sk AW, XL, AR, 5. #HAKE KM 2 EPCR-£
4 o, R SR M AR BF R[] A e T A ,2011,32(2):
328-333.
[57) BV, B iRl e, 450K k) $ EPCR-LmE
RO E SR e EAT R[] S5 F AL F IR, 2007,
28(8):1458-1463.
[58] Zhou Y, Li Y, Pei X. Determination of genetically modified
soybean by multiplex P CR and CGE with LIF detection [J].
Chromatographia, 2007,66(9 ) : 691-696.
[59] R Mb 5. F) A A% 5L F PCR T Z 4] A % A8 AR T []].
(TH#%388m)

(20155 H20m O3



J@étﬂ@l’&

Scence and Technology of Food Industry

JR T LB K&K 5 SR, 2003, 18(2):125-129.
[24] % B % , 7 WAL, #F N KR G FTREEMADNIL. FE A
M TA2 4 % ,2007,27(9):120-125.

[25] %K%, TE 3, k&, 50 NEE % ARSI 75 & AT
O[N], it R R R B RA MR ,2011,30(2):113-118.
[26] TR —ix , & L or B kok, 5 m W B RE = AR B w ik
MBI e S A B T 1k ,2008,34(4):60-63.

[27] W4k, R A, 5. KNG G Bk fH & SEAE Ea TR T
LR KR F R, 2011,26(1):58-60.

[28] AL, BlsR0RE, Fi%. FR AR TRRS B RRAF
B T L) R, 2005,26(9):372-376.

[29] 5, B4 1, RATE. FRFIEMHERANKG L
BER[). SR kA3 ,2012,40(7) :3976-3979.

[30] sk S, RAEHL, E A4 AR T R F s b S LB
FAAF AT, £ S 5 ALK, 2012,28(3):108-111.

[31] BRAMAT, ThiE R, 50k, 608 WA K89 ) & R R BALTE
Py F AN SRR F FAR: B R FR,2014,19(1):
13-19.

[32] & 4, RATAZ, 345, 5. BRK £ 0 F R G AT
FANEEAIR]]]. K EFE,2009,28(4):196-199.

[33] Al MR 22, A LM, 5. Wik & BB AT b H) & b
BREG BT A[D]. 3 0 0% JE 5 B AR B R AR F R, 2012,25(2):
90-95.

[34] BR AT, R B, ANER G B R AE SR & B & T IR
HEFRBAHR[]]. A A3 ,2008,3: 180-182.

[35] % , T ARG, W R Bk & A ACET R k69 &
HEARALL]T]. o B RS 52 4R, 2013, 13(3) : 115-120.

[36] Liu Z, Dong S, Xu J, et al. Production of cysteine —rich
antimicrobial peptide by digestion of oyster ( Crassostrea gigas)
with alcalase and bromelin[J]. Food Control,2008,19:231-235.
[37] hob , #) 2, T8, 5. v R @ ik th AL Ao ig it T ¥ 4
] K= FE,2013,32(8):447-452.

[38] SLE 2 KR =, 0 PR, FRIER G KRR B &R
& a9 BT A[)] FHA LA, 2013,41(27): 11145-11147.
[39] Umayaparvathia S, Meenakshia S, Vimalraj V. Antioxidant
activity and anticancer effect of bioactive peptide from enzymatic
hydrolysate of oyster (Saccostrea cucullata)[J]. Biomedicine &
Preventive Nutrition,2014,4:343-353.

[40] Dong X P, Zhu B W, Zhao H X. Preparation and in vitro

Tt R % &

antioxidant activity of enzymatic hydrolysates from oyster
(Crassostrea talienwhannensis) meat[J]. International Journal of
Food Science and Technology,2010,45:978-984.

[41] Qian Z J, Jung W K, Byun H G. Protective effect of an
antioxidative peptide purified from gastrointestinal digests of
oyster, Crassostrea gigas against free radical induced DNA
damage[J]. Bioresource Technology,2008,99:3365-3371.

[42] Shiozaki K,Shiozaki M, Masuda J. Identification of oyster—
derived hypotensive peptide acting as angiotensin—I—converting
enzyme inhibitor[J]. Fish Science,2010,76:865-872.

[43] Matsumoto K, Ogikubo A, Yoshino T. Separation and
Purification of Angiotensin [ Converting Enzyme Inhibitory
Peptide in Peptic Hydrolyzate of Oyster[J]. Nippon Shokuhin
Kogyo Gakkaishi, 1999,41(9):589-594.

[44] Suetsuna K. Identification of antihypertensive peptides from
peptic digest of the short-necked clam Tapes philippinarum and
the pearl oyster Pinctada fucata martensii[J]. Fisheries Science,
2002,68:233-235.

[45] Janet C C, Alan J H, Cristian J] M. Use of Proteomics and
Peptidomics Methods in Food Bioactive Peptide Science and
Engineering|J]. Food Engineering Review,2012,4:224-243.

[46] & B 4, A E IR, . R B A B HEK G TR
BR[N] A A, 2013,38(5) :260-264.

[47] #rde, 2 ped, SRk, AT RO MAST RAF T3
2 H AR R []]. RATEH AR F B 25 IRAL,2011,13
(1):162-166.

[48] FRERH T 2 2, M LR, . RALF AR ST AL 7 ik 5 3
Rt JE[]]. &i%,2013,31(7):603-612.

[49] Minkiewicz P, Dziuba J,Darewicz M, et al. Food peptidomics
[J]. Food Technology and Biotechnology,2008,46(1):1-10.

[50] Nagpal R, Behare P, Rana R, et al. Bioactive peptides
derived from milk proteins and their health beneficial potentials:
an update[J]. Food Function,2011,2:18-27.

[51] Panchaud A, Affolter M, Kussmann M. Mass spectrometry for
nutritional peptidomics:how to analyze food bioactives and their
health effects|J]. Journal of Proteomics,2012,75:3546-3559.
[52] Piovesana S,Capriotti A L, Cavaliere C,et al. Peptidome
characterization and bioactivity analysis of donkey milk [J].

Journal of Proteomics,2015,119:21-29.

1141141111111 111111111111 1111111141111 1111111111111 1111111111111 @111 1411111111111 111141141141

(E#:F378W)

starch from debranched waxy sorghum starch:Preparation and
properties[J]. Cereal Chemistry,2004,81(3):404-408.

[20] Chung H J,Liu Q,Lee L,et al. Relationship between the
structure, physicochemical properties and in vitro digestibility of
with  different contents[J]. Food

rice  starches amylose

Hydrocolloids,2011,25:968-975.

[21] Yaoqi Tian, Jinling Zhan, Jianwei Zhao, et al. Preparation of
products rich in slowly digestible starch(SDS) from rice starch
by a dual-retrogradation treatment[J]. Food Hydrocolloids,2013,
31:1-4.

111111111 1111111111111 1111111111111 1111111111411 1141111111 1111111111111 1111111111111 1@

(E#%3837W)

Rk AR FHR,2013,21(12): 1472,

[60] Morisset D, Stebih D, Milavec M, et al. Quantitative analysis
of food and feed samples with droplet digital PCR[J]. Plos One,
2013,8(5):59-65.

[61] Perez Urquiza M, Acatzi Silva Al. Copy number ratios

388 o155 mo0m

determined by two digital polymerase chain reaction systems in
genetically modified grains[J]. Metrologia,2014,51(1):61-66.
[62] &, % &%, Kpeid & £33 PCR#% 3% %2 FPCRZ*
BARRAZ G BN K 2% PN R A BE R AOE 0 AR
P E R 4R ,2009,9(2): 176-186.





