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Abstract; As the development of breeding technology, the transgenic crops of single-character were not
able to meet the demands of modern agriculture, and the stacked transgenic plants that combine different
characters have gradually raised the public’s attention. Based on the literature review, some detection
methods of stacked transgenic plants were introduced. The first detection technology was based on the
protein, including lateral flow strip detection technique and ELISA detection technology; the second one
was based on nucleic acid detection technology, including PCR detection technology, gene-chip
technology, isothermal amplification technology and next-generation sequencing technology. In addition,
the traceability technology of genetically modified crops and their products was also introduced. The
results indicated that the transgenic detection technology was gradually developing to high throughput,
high accuracy and high sensitivity and some new detection technologies had appeared and developed; the
integration of computer technology and information technology would contribute to the traceability system
building ; the developing trend of the traceability technology would inevitably need to combine a variety of
information technologies in order to integrate the advantages of them.
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F1 2010 5£2 2015 FHESEKREEREMHFHERR

1 SAMREERENRT RAGR

1.1 SAMREEEEYRREZRARK

DA B — PR A R TR AR 4 o B DR B 5 TR
AR B, 78 2010—2015 4 [A], 42 Bk HL A
1y %) Foloope T AR 5 B 32 A b ) A, R [ i R A
VW b T BRAE XS 2, TR AR R R R B S BE
PE R K R fr (32 1) 70770 BA, O
el Z ook, A EREEEEY C NN
& et . 24 R B RAE Y 7E I JLAE & R
By A, i ge it Bk 2009 4 56 E R
BORFIW. S5 VG FF P AR5 11 AN E RN E A
PR 5% B DY) B BT Mg 2. 87 x 107 hm*, 4§
ISAAA i1, 2013 4 42 3R e 3 D5 41 9y b A 1
35 1.73 x10° hm®, % 2012 4EHE K 3% , g &
TR 26t 5 DXL AR 0 A v T R o 4 S B R TR AR ) el L T
1 27% , 2945 4.7 x 10" hm*, 2014 4E & & PRk 5%
HE R VR W) b T BR RE S 1S, 4 BROF R TET AR 2 3k
5140 J7 hm? 38K 24 9% |, o5 % 3% D4R 4y FioA i R
BCLL T IR 28% o 2015 4, A Bk 5 A PR 5% B TR AR
Wy 1 bR T RS2 S 850 5 hm® A HL 2014 AR K T
14% , 29 (5 4 BR 5 3 D315 4 FoAs 1 AL 17377,
2010 “F &G E T HA 8 Fhopn Y g il 5L P Y 5%
HCEKAEY), 8L 3 R IR & & UL,
e B DR o Tl R v, O R B DR A 1
P B ARG I, &2 PR R AR i iR G 2R
W24k

Tab.1 Planting conditions of genetically modified crops in China and globe from 2010 to 2015

My o [ oA 1 B 4 o [ o e 1 ) Hh [l A T B/ hm? S ER R L/ hm?
2010 6 itk A N NS 7 3.50 x 10° 1. 480 x 10®
2011 6 AL AN 4555 3.90 x 10° 1. 600 x 10®
2012 6 WA A 4 % 4.00 x 10° 1.703 x 10®
2013 6 AL AR H %55 4.20 x 10° 1.753 x 10*
2014 6 itk A NI NNEE 7R 3.90 x 10° 1.815 x 10*
2015 6 itk A NI NNEE 7R 3.70 x 10° 1.797 x 10®
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WM AR R OLT R g — BRI P A R
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FT A 50 A 4% 3 19 % 4 3740 2 T B4 52 00
[

(3) M B AR I o D ) A2 5 PR
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HB W, AREDCRGR R BT
LT 0 5% 2 DI AR P 2 22 45 B RT i AL B 2RI
I R BRAF BRI 5 2 AR A D SR AR 2R 55 31 1Y
Ao A YL VR PR B T HORACH) L 2 PR B
B B A T A RS JREE PR S
DAY 2k R AR, e A 2 IR TR 15 A TR AE Y
HEAE X 3 J5H . B 2RAY % 2045 52 5 TR AR
N —AB AR BEAT PR o I X R R bR A 2 DR AR
Y2 A R o O 4 AR B> FREAE PR |
X EC AT (PRBE 2 AR A R O vk S SRR
O3 TR AR DA 32 A 0 4 A SM R DR i s B L 3R
IBHIRRAE P X EE 2 T JU) U2 4 IR S T ) 45 A0 iR
WA 5 2 R AE Yy R AT F B, A5 AR I B AL
Bio XF T 03 FHRAEZ W HTO , LA 1A B A =
D0 2 R A T BRI 22 4 B2 W DA L B R S SRR D I
EREM

18 3 73 A A TR] ) GO0 T 55 D 1 B ™ il B
ASJE LA K BOR, T L B e B DR AR ) JC 2 52 5
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B L8 [ R L BGER, 0 A ZOR ELE M i A L
] % R I, BOR AR XS SEAR (32 2) 705 A AR
S VR B L DA W 2 A PRV 2E A7 53 HH G E T
e PR A3 B T A% B 6 A A IR e S
DIPEI M i o B, 23 1 S A MR e S AR Wy 2 &
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Tab.2 Comparison of policies on genetically modified crops in major countries of the world

. IE:
Ik

ESE] ey I H A I B
ST frte e e et frt fr
%L e L s it e e
s frte e o o e e
1 5255 fr fte i e e 51
HP=AL i k5 fie it fie i3t e k1 NI Ak

2 EEMREEREYRSREUNKEAR

Xt T 5 i DA B EL = it ARSI B2 R, H TR
BALTTHTESR MR, B B SR # T
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IH A, £ 45 4 98 1K 40K I 12 R FI ELISA £ ] 452
AR5 75— FE I TR AL HOK , A% PCR 4G
R B A HOR SF LY B AR AR 4
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2.1 ETEARMEUKEAR

A AT LA G 2o G S IR R DR 3 kY B 1 R E
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K B SN IR AS K R R K Y T AR R
PR SRR FURISUA S H B B (BUED 5 5 PR 25
0 I IS S ST B S A W AR A A5
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R, P AU AE AL ™ o FAGAN 451 P Al [ 1] i
55 v fi FH G iR AR AR TE S B T B o R 7R A 5 K
A

B 2 1 AR 25 RGN 5 Y 0 L 4 A TR AG
AR, — M S ~ 10 min FLREGE A BRI LR, &
8 ke B S — i S e 1 AR 2% HOBE A I — b H A9 25 A1
Jot, Je i U R A B R B A, ELAS I R R A
&, 49 0.15% 2,
2.1.2 ELISA fill# A

Fif 3EG £, 922 W R AG: 0 A I B R ((Enzyme linked
immunosorbent assay, ELISA ) A% Ji7 3 2 % P I 5l &
PO Tl 351 AH 280 0K 3% 0 HE 25 5, 42 2 R AR A (U
S H BT AR ST ) R bR BT SB[ A 2R
PR T 1T ER BT R BN, I AR 5 R B
L, AR s SN B B R R E AT E M EE
B o WANG 48 7 T4 PAT 2 (1 4 BB M
Y22 B B BT AR HE ST 1 XU e O Tl BBC A 5 3 B O 1
(Sandwich ELISA) , Jf-ffi H1iZ 7 vk M sE 1 5 > e Ak
DA HO AR AN 2 A R 5% Sk AR AE 5 Rh i v PAT 28
& i o 6 B 4 i A A Bl R s R R
F1 5T A S b o 2 R B 8 B R, P A - PR -
T B B A B2 I, 8 N7 1 T 4 T IR O 5 BRI SE 72k
(ELISA) , 33X Fift 77 1% RE % DR 3 X0 % i DA 47 e oK o
Btl FikHE H AT R

ELISA AR B0 mUR BRAR ] 55 S ol R
JIE T AN B TR, A 0 e 80 A A J0 vh piy F d )
R AR Z 7 (H ELISA AR H
B, 32 B R IAE X SRR DA e R, B
TR« e R AR AR 7™ i b 1 A 2 W S5 B P ) ) S
AT A Y H A RE R LT A
AR TR B 4 1 ol ) 5 28 o R B 5 2 O AR PR
O EE AR, D2 A I TR 7 R 3 A T s
R AR AR DNA R BERS € 23k, WA BE N
AR,
2.2 ETHBHKUKEAR

BT R WA I B AL 46 PCR A I B AR L
B HOR SRR HOR R AR AR
2.2.1 PCR £ A

B4 5% 2L 2 W ( Polymerase chain reaction,
PCR) J& — R {A S B2 5 180, §7 19 ¢ € DNA 7 BEiy
J7 kb bl R A A TG T B AR E B 5
PEDRSITE 1 I s A = o2 VA3 E I N 3 o TR A
PCR kil 2 7€ PCR Ayl ik K05 PCR AN 1)
i SR

Z T PCR & 7E % i PCR (9 3% Rt b 3 17 ok
(Y, i 3 7E— > PCR WA 2 o A 22 %0 e 5 4 5 |

Y1, UL Z 4> DNA KR Bl [5] — Bk 9 A [6) X 04 1 2
ASHI R B, RASHMI % fifi i %2 o5 5 % & PCR
FORXS 9 Fofr L 4L 1 1) B B2 A B DRURR AE R AT A I, G
thZ & M PCR &l i /9 LOD 35 8] 0. 1% . Bk
ST LR TR I S AR AR 4 B A
Rl X 42, LA Z 8 PCR 51 ¥y it Jr vk o H i, & 7
Z & PCR f KR

FE i PCR G A R AG AR & v GMO B 43
o HiE# PCR K4 AR 5 AL 55 56 4 Pk it
PCR ( QC-PCR ) #1152 i} 2% )% & & PCR ( Real-time
PCR ), HOLCK %" 1 DAS59122. LY038,
MON88017 \MIR604 1 3272 5 Fift i I [ F K AE R ik
B X G WA T — R A K 2 E
QC-PCR #f AR, % i R fii & H & JE & . REONA
AU RITE T ORGSR e Ok 5E B PCR R
BB S o b RS U A% 3 PR R OK 3272 1 A R AR S
A SO RS2 6 2 i PCR 7 ARG 0 T 5
B EL K T ASS547 — 127, F %k RS i 1B v
JESE R AT T VAN

7 PCR(APCR) 2 Jir 4F ok 9 5| i 51 40 JF i 3
TR 1 — Bl o M M (R AR S A AT BER o i
AR SN AL BRASEARHE AT F0 B, 43 T 1) K o ok 57 1Y S g
BT A RS RN FROT Y A BB Ay L R R
PEAT PCR 38 52 I, 9 16 45 o 5 X A5 4> SN 2 1) %6
A5 S AT G2 40 M, i it DNA $5 D14
AR I TR L KRS LL62 & R AMIEIH A A
BOFKAEZL 41 DNA (1 3 %t 25 0y 501 1T T 80
PCR A I A 25, F 57 7 RS o 2 B A4 00 v o

Wil PCR HREH A — S, EXx S 2R E
PRI 2% 0 52 ), SCfB A I 45 RO o, 25 1 B PR ME S
[CERERE A U B =7 G o A P O]
PCR #1471 etk , B L T — 2638 1) PCR R,
w, ZdF PCR EAG 1544 B A] | B AR A A R 42 8 210%
SEAAE T QC-PCR T i T 5 BLRHUR T w5 5 9
FE PCR AR Mar RS & MR &
LG BN (ST o N = I R o 2 =T
A e PCR MER L B L, AT LSS B
daxf R

A BA#E PCR A5 I £ R 75 B 58 8 £ . XU
SE R — A T B IR A PCR MR %7 kR
FHBE LR E I R B, K S i 1 o ik BX 20 20 7% 19 /S 1R
Uig, 5 R T 36T PCR BEAR M Y 0 (425 B AR Bk
2 RCRAT R AR 4 50 Bl . SHANG 2552 J
T B 42, KA PCR A EL AR 20 #r T 5 Fl it
R APk s B 13 R0 BRI 9 VDG, O 3Rk 15 T
YIS . ZHU 25050/ FU 25 L GA21 ik
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FEER . A MR S IR L™ oA I -5 9 D R AT 5 S 121

XFE I HTRCF POR G 32 x5 2598 T L 7
PR BB FLRE S 0k AT PR A, 25 SR SR WY, AR PR
H0.5% ,BUENE R 0. 1% i AT PCR A £ AR
Xof 7 Fof e B DR ok R R AT R, AG: N 45 SR 3R W AR
PR G0 A5 B 5 4 S P i i 20 5 7 =X TE B 2 i B
[y ;L CaMV35s Ji 3l 7 Fl NOS 2 1k 7 Sy 43 7 4
M, Fl 80 % PCR % R 4> #r MON810, MON863 |
TC1507 , MIR604 ., MIR162, GA21, T25, NK603 Fi
Bt176 9 Fift e Kk Pl 2ok A o 2 1 FH O 125 9 o e L 4
REW ZTT AR E R 0. 1%
2.2.2 BERGE AR EAR

N8 e ) 2 i AR 1 3 1 2% S AT AR T oK
8, BRIV FH 0 P 210 68 A2 IR AR BT X R SR 14 A% TR
FEOVHEAT A SR ™ o B AR A A T
VEYIAS DN BB PSS R, 9 A R Z08 e Xk 4 i i 3k B
IKAE AT R G E K ST R, 25 R R W] %08 A
AE X B kDA Wy A Do ME B R A
NISHIZAWA 25! LU 5 DR 3 S5 1 2R 858 XU V£ Ay
B $2 , O 1 ] A FEAG I 77 125, fdt Y8 BRGS0 R X 41
RIFF ATHI 3 P 7 U AT T 400 BAL 451 A1) J
FEPRUES Fr HOR A By 6 Fh L B P K A & (Bl
Bt176 .GA21 \MON810 ,NK603 . T25) ,,

HBiT, 56 PSS R B BRI RS 2N T2 0, %2
FIR ] A9 32 PR 2Ky A 2 A B B 5 X AR
B A5 S IEAT RS EAIE b B 73 B 5 7 22 4 i Ak
ik
2.2.3 SRR

L5 P 14 (Isothermal amplification ) J2& 47 8 7 i
PRFE BN I B RS 1T L PCR AR . SR Y44 i
RRE A T AN T 28 B2 2 Ak, 137 By fin #5268 H ]
R o N E TR S (DR B NIRRT i
¥ 1 ( Loop mediated isothermal amplification,
LAMP ). %% B # ¥ # ( Strand displacement
amplification, SDA ) | fif fig W #< #i ¥ 55 i 9 1
( Helicase-dependent amplification, HDA ) ¢

A G AR I HOAR G R R 51 E 6 Ay
S DI 51 W) A — B AT BE ) DNA G, 7
T 3G A% T AR R S L R A D S L O B
SHEN 4552 Jif e i P 4 5 468 I 5 44 325 o0 6 D) 2%
SRR AEFIOKR Y cryl A RN, 67 5 MR & A 2R
HWA eryl A FER ) B Ak, @ T 15 A5 Ok o
Hr LAMP A1 PCR 2 FhECAR Y D o A< HT BATE R A 5
S G FOR T T AR T — € M BF ST E i, HUANG
S E R AR YRR T R S
2K MONS863,

SDA & —F ik T W {2 S 1 /Y DNA 4 5045 i

HIER o HIEAR R G A 45 — Pl B ) 1 A% R o U0 1
—FhH A B s M DNA R AL B X 5 9.
dNTP D) K45 BE B F M 280, HIEA RS
T2 PR A DNA B L A= Bl i iy il V)02 05 19 B 1Y
DNA Ji Bt \SDA fi§3F 3 BB ™,

HDA 7 1) J5 2 - 56 At i€ il i T AUBE DNA
PR SELEE DNA 2558 1 (SSB) SEiMR aE 45 5,
ol B B A F PR EER A SRR M N IR ;s B e 5]
Y 5B 45, 7E DNA R4 ML N9 38, 841
dsDNA 7= #5 /F R IE W #E A F — & 9 17,
ZAHRADNIK 2“5 i+ §F 5% 2 W1 HDA 1 56 fiE % 1fi
WMo & T S E 0.5% 1y K OE K
linesMONS10,NK603 F1 Btl1 () & &, 2 f f 21
L CaMV35S NOS 5 CP4 — EPSPS 3 #h &) J5 3 K F1
PR LN Lectin (R G 8648 Z ) H I B, %
T4 XSRS Y, # L R AR R il it HDA g5 ik
X PR U RT3 R & D R A 0 A S5 D A
AT, X 25 R AT R PR 2 A

W R, AT LRI 3 PR P R/ A
e, 5% PCR AHEb, LAMP H & £f 5 5w R
TIORE VR I R[] e TR T B ™ A DN 6 S5
AT il S R T LAMP PR R E RS
B, B8y A4 BE e iF AE 300 bp LA, K BE K T 500 bp
()7 20 7 1 D) 258 TR B A BB AT K BE DNA (19~
W, LAMP fy T H R 805t , R L 25 5 DR 32 3 s
i e AR BH T 2 A A 7 W i LS L e LR
BB AL 521y PCR £ K . SDA R 1948
ROEYTYERCR &, RN R )4, H bR L AR 15 min
P 109 ~ 1010157 . SDA 4775 1 it [ & : SDA
PR IE— T AE SDA JF 3 Hh f B 77 A — 6K ]
(B ORUEE 772 1), 3K (45 FH R Dk 9 Rz ) SDA 7 1 7
YIRF SR E B R I 5 . SDA 77 ) 1) P g A SR
WA T A e 9 D) 1R B 5 a8 g i, R
SDA =W ARTT e L T oo e . M sk vk &,
WA AN HDA F U A RN (] A [
ZBAR K BstDNA 5 A i, 1% B i = i R N 47
P BRI B0 45 2 — P o A, 5 A R
P38 H2 AR A L, HDA 2 —Ff 21 1F 5 21 7 15 IR T F
FTIRBE o B 5 AR 7 HDA (9 B 5 2 H R F %
FR MR, B R A B A TE LAY
845 5 T Y W H o
2.2.4 SEARIFHEA

% — AL 7 $7 R ( Next-generation sequencing,
NGS) , S0y 5y 3 f 0 3 52 AR, H g D 22 0 A
PR s T AR R AR G i PR 2L A R AR S
AT B SK B PRI A 2D SR AT B 4 )
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FIA B, AT 3R 45 78 91 i 5 0 FF 45 5. FRITSCH
SE L T R R R 15 3 4 P Ok PCR, 4%
Bk B AR R B3 4k 92 0 PCRE Ji bk
., WAHLER 257 F) FI45 — AR5 5 AR 2 Br 1 1K
S LA o TIT A R R K R AN R R R A A T
LA P o 00 9 4 B0 e R 2L 43 BT T MR R TR i 4
s

S — PRI R B AR A I 5 R R SR L R
AR A7 L B A AT UK Ly -, 3 AT
LAY HT 2285 1R 3 DR 4L, B 408 A e 22 135 1K 5 TR 201 ) 91
B 4 M TR R X R, % AR R AT T 2
AR5 A i DR 4L B PR A 7 A B R T R e R
B, S R B SO W N
2.3 HprMEA

YUK AR G AW F R ERARGE G N T
Bt R R O T A SR P R S A . L
N ANFE 12 G0k ) B 58 DA 53 B BOR AR AR W A - PR
By YL BT DL B b A W 4T R B 1 BT TR
E L REE Y BB (MS) S 45 I A 4 K bR
F9 I 1, 306 2o X 98 K SR 4 % T A 44 , £ 2 Ak
o P 0 KR D 2 T T AR 5 52 R =2 i i S M A
I S B0 I 1) A gy A R A S — e
FREMEBARMLE G B LW TR B AR,
TP 290 K TR 2 4 5 A R 4 R B A T R A 1
23 R ELELA B W % 1 40 0K ORE T, ELAG 4 1
FRI R PERE

FIRT, 448K £ AR BT 46 90 /0 - Be i DNA =
RNA 23, 6 F U0 T 5% 5 R £ i v A7 78 1R/ A B
A ARG A AG I AR o T 3 2 S PR o
JRAY DU 5 K g AT A I A AR K R S AT A
Frie— B WRSE . B4R X S 1 R IR Ab TR SR, B
A TIZ T R ARG D L3k 6 7 4 R BB 65 v
R BRA 9 a0 78 Ry S 0k HE R PE B T RS
AT (9 A A, DR I PR A A 0 P 0 ik LA R
1 AT

3 EAMREERMENERTmBIREEAR

W1 2 45 ( Traceability system ) J& 76 7= i fik i 2%
A R 7 ) 2% RO S AE R EAT 10 A A Y B
REORRE RS L H R AR R B AL B )
AE f% PR A7 25 A i) 2 7 A= R) ) J5URE B T B
B AT A A ] S A BT R B A S
T, FH IR R R 7 o B A A R R G
JE I8 ERAR T i (CELAE B RS ) AT % A4S B
B O AR 7= 23008 1 2 ad 7 ) 19 R 48, A B T o i 4%
RO B e AT R E AR IR AR R OE

Ak T A Y BE BUA 4 2 9 U R G A AE A /0 )
EEA WU AR T AT 3R T K L T
K BEAGE A0 W) BE 378, R A 7 3015 3|
TH R — A BLAS R, Jo ik 92 30 4 0 7
U5 — M AE 9 5 R 8 v 0l 25 S B AR R AR R AN [A] 1Y
M AR H SRS AEAE 5 15 U T AT 2% L3 B (]
Ko BB g A A A
3.1 MEBERMEAR

P11 M (Internet of things ) KA &) i i 3 £ B
B SRR A, N S 01 TR 1) 2B L AT AN RN 7 |4 BRE A
REMPOCH A S, S H M LS Gk, S0l T4
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