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Detecting Genetically Modified Soybean by Real-time Quantitative PCR Technique
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Abstract: In this paper, fluorescence-labeled Tagman probes and SYBR dye were chosen to detect the amplified DNA
fragments by PCR. Before special primers and probes were used to amplify the exogenous gene cp4-epsps , the endogenous
gene Lectin was detected to avoid the fake negative result. Then, two quantitative systems were optimized. And the
standard curve of Ct vs. the GM content in the reference materials was generated and a linear regression equation was
obtained to quantify GM soybean. The result showed that fl signal appeared at the 24th cycles in Taqman-
labeled, while nt the 18th cycles in SYBR-labeled. It suggested that a little primer dimmers or other unspecific
amplifications had cumulated before objective product formed in SYBR assay. The correlation coefficient (R?=0.993) of
SYBR assay was lower than that of Taqman ( K2 = 0.999) . Finally, the two quantitative systems were tested respectively by
using known samples with three GM contents. The results indicated that the precision of two systems were high, and the
recurrences of the results were fine. Comparing the two quantitative assays, it has higher delicacy and precision in Tagman
assay. The inferior limit of detection was less than 0.05%, and the Coefficient Variance was up to 0.09% . A very
sensitive quantitative PCR method for the detection of genetically modified (GM) soybean was developed and validated. We
also discussed the difference between Taqman assay and SYBR assay on detecting GMOs, and recommend the Tagman assay
to use in transgenic product detection, especially in GMO food detection.
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AT £ R 52 B 7 0k 5 it PCR B3l 4 R FA 9% 6 4R 4
F YR FIFh 77 ¥ , Taqman X 61 35 & 76 % #L PCR R B & R
sl A — 48 5 ¥ 9 Tagman 264710 #4H, PCR B9 1 —
% DNAEE RAE NI EESTFER, BEAFEEHRRS
PCR #5824 , LA PCR KR BI5 3 ~ 15 PMEIFRRI %
iR AR S, LA 3 ~ 15 18 FF 19 5% ) 1 1 fm it
ARn BIFRHEMRZE R 10 5 026 BE , 5 5 X B Z IO B
B ) JEFR R B ( Ce {8 )5 PCR R 7 4k R #9444 Bk ) 3of
BEAHORERR MNTERER . SYBR Green I %
Hhk 2 A A SYBR 3k 5 I 4% DNA 454 #9454t , #E PCR R
Bk R Him A SYBR %KbYk, SYBR e R tEi B A
DNA W5, R HNE S, MABAES 1 SYBR Yk 4
FAREESHEMBENAES , NTTRIER NE S HH 5 PCR
PV S 2R B AT A A S 2 E & R
1% R FI i) Taqman % X6 $H #7108, /R % SYBR Green [
PORYORAR T T A BF ST o 2% 3C A4 51 SR F 3 P 0 O ik
BEAT R AT, 3F X 3 B, B B R e it
7 ¥, DA S R B X 2 B 7 5 36 SE PR R R A
AR X

1 ME5HE

1.1 ##

HERE RS SR HIH 0.0.1% .0.5% 1% 2% 5% K
# 3 H KT Roundup Ready &t #7E & M H Fluka 247 .

Bk R /E ) 2 B 41 DNA fhi 42 378 & #1 100 bp DNA
Marker ¥ B TaKaRa 7], SYBR Green I 7% Y6 34t 0 F MJ 24
#,UNG (5 U pL™", Tag DNA 3 4 B &% 3L 28 #P ¥ . dNTPs.
MgCl, 1 & Promega 23 Al , 3 AR B 2 0 B ™= 4 #r 4t

MJ Research Opticon 2 %% Y65 fit PCR ¥,

1.2 K&

1.2.1 &% DNA #9#RAmsi  HE0.1 g KEMEK,R
Jii DNA fili $2 3857 & R B R 4 DNA, 3 & 3L vk BE
1.2.2 PCR 3% KEHIFEE Lectin K5 4 5 &
cpd-epsps BB HIT| P FEE4F 751, B TaKaRa 2 7 S M SCHR
[17-18]& Beo

Lectin-P1  5'- CTC TTC CCG AGT GGG TGA GGA -3’

Lectin-P2  5'- CGA TTC CCC AGG TAT GTC GA -3'

cpdepsps-P1  5'-TGA TGT GAT ATC TCC ACT GAC G-3'

cpdepsps-P2  5'-TGT ATC CCT TGA GCC ATG TTG T-3'

cpdepsps-probe 5’ (FAM)-CCC ACT ATC CTT CGC AAG
ACC CT -(TAMRA)-3'

1.2.3 ARAEZH PCRAR KRRk R & 1x PCR
buffer,2.0 mmol L™" MgCL, 0.1 mmol L™ dNTP,0.5 pmol L'
Lectin 3| 47.100 ng pL™'# 4% DNA, Tag DNA R & 8 2 U, in
ddH,0 & 25 pL. ¥ I4BF R 94 CHIAEYE 5 min; 94 CAEH 30
s,62C 3B K 30 5,72°C FE# 30 min, 3% 35 1M EFF ;72°C /T E M 7

mino B 2% B e B 5 JBE el kR W

1.2.4 %£w%%% ¥ PCR AN REIHAZRE 1 x PCR
buffer 4.0 mmol L™" MgClL, \0.2 mmol L™ (dATP,dGTP,dCTP)
0.4 mmol L' dUTP,0.5 pmol L™" primer,0.5 pmol L' Tagman
¥4t (K #F 1 pL SYBR Green ] ).0.5 U UNG §§.2 U Tag DNA
4§ .100 ng DNA 4R, il ddH,0 % 25 pL. MJ Research
Opticon 2 7 5E it PCR X LM H A FH 50C 2 min;95C
10 min;94°C 15 5,60°C 30 s(*F F fi SYBR Green I £ 3l 223 il
72%C 30 s), 34K , 3£ 40 MEF . BNERHEER 3 K, H R
B o B WK (2 B ) e 2 B R & (B ) 3T .

2 HBRESW

2.1 DNAREKFRRE K IREE©A

ZEME A E &0 E, REK DNA £ 0D260/0D280
%% 1.8,DNA Y& BE 7 300 ng pL™"' o PIUR Lectin 2 [ ) & #
PCR 4 3 77 LA fR4E PCR J % A 5 Bk , 38 42 th) 318 A 4 f Ao
iR, AXEEMEEEKT K KR Lectin 2 FH H#HAT T 5E
# PCR ¥, 4R Fr#2 B A9 DNA fB#E A T PCRY 1. A
1 B8R, HREERS>ERHIH 0,0.1%.0.5% 1% 2% 5%
WHERKST, Y M H T 118 bp K PIUR Lectin 2 A H B,
FEHA BT LAY DNA ¥3E & F PCR 34 .

B1 AEHIR Lectin ¥ H i EY PCR &R
Fig.1  The qualitative detection for the
endogenous gene Lectin of soybean
M: DNA marker; 1~6: ¥ 3 & #5514 0.0.1%
0.5% 1% 2% 5% (% W K G AW Lectin 2 H PCR 7410
M: DNA marker; 1-6: PCR products of the
endogenous gene Lectin from the GM soybean
with 0, 0.1%, 0.5%, 1%, 2% , and 5%
transgenic content respectively.

2.2 EM%ENXER PCRERKMEL

#E DNA BUAR 81k 46 7] A9 00 F , 38 el 28 BR 6t (SR t)
YRBE BER TR BESR R KRB, BB C BN, ORI
BERRES, L M ER KRR AR W RS,
HE M BURER . LL 100 ng 1.0% ) GM K& DNA A
AR, 34T Bk 3 BRI RSN, Kb, e (ERH)
e BEEFE 0.4 pmol L™' 0.5 pmol L™' 1 0.6 pmol L™' (0.5 pL.
1 pL1.5 pL)3 AN 7K 5 85 B F K BE 26 % 3 mmol L™' .4 mmol
L' 5 mmol L™" 3 ANk ;B KR BE R & 53 ~ 64C 12 M
Bo 43 (H2)B/R, Taqman #EHEEH 0.5 pmol L' 4
mmol L™ 8585 F 1 60°CiB k i BE fY K BL 5% (4 41 & h A8 B Y
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Ci {H#2 /] ; SYBR Bl 2o 1 yL SYBR.4 mmol L™' $4 3 F 60°C3B KRR RN KA EAHRBN G AR,
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Fig.2  The optimization of the real-time quantitative PCR system

T2 IR ARAE i 42 A0 BT PS4 bL B HA BRI Tagman FEHERNFEEARDAERGIG

LSRRGS BTN 0.0.1%.0.5%1%.2%.5% IFHEHREETER y= -0.22: +5.85, HRXRBHI R =

Bs L FE AT DNA WMH, B LR RN R MER,  0.999;SYBR Green IR i M $4 3 [ X T 47 0 1 78 B 9 4R

BA%E 5219 cpd-epsps 3| MO ER 6 (R F SYBR Green 1) #4750t

HRBEFEY y= -0.28x +6.35; ERKN R =0.9983

FER PCR, HRALBKA B30 ARt &%, AR SRR (H3,E4),
B G, BABRN o, QRFRRE AWREHFRSH T

004 N
aqman P=—0.22x+5.85; R=0.999
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Fig.3 Q and curve of GM soybean labeled by Taqman probe

y=-0.28x+6.35; R*=0.993
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Fig.4 Quantitative detection and standard curve of GM soybean labeled by SYBR dye

A3AE4 BRERETRPCRYMBEF Tagman 5 [ RNHEFIESURR EETUEAMH BRAERS

A A BB HAR K S, T SYBREBE BABHFNR  BRZHNASBSIY_RERHAERRABROFASHR,
ALK S MM, KU SYBR MRS, 1 F SYBR Green MMM MBI HRBEHRWHERER(R =0.98)ET
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0.0

Fluorescence

0.025

FO.75% B EETES ;05 S%IRRRFESF RS, HE
2.5%04 X HAF %o #K DNA, M Taqmen $REF KA
SYBR Rebtik st fT RGN, S M RIMERYRLT 3 P
TREI(ES). BBMUY CGERELD.

0.05

2.50%

0.75%
oo _

——T 7T 7 T T T
10 20 30 40

Cycle

0.025

Fluorescence

Bs Tagqman Kﬂ'ﬁiﬂ SYBR B A WER AT cprepps XRERSNE PCR Y MR

Fig.5 Q for GM

labeled by Tagman probe and SYBR dye respectively
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Table 1

The C¢ value of quantitative detection for GM soybean labeled by Tagqman probe and SYBR dye respectively

HEAXEHESTR (2} a REREE EREK
The percent of GM soybean (%) 1 2 t Standard deviation( SD) V(%)

Taqman $4} ¥ 0.05 32.594 32.653 32.634 32.627 0.030 0.09
Tagman probe assay 0.75  21.159 27.217 26.945 27.107 0.143 0.53
2.5 24.764 24,738 24.892 24.798 0.082 0.33
SYBR Green | vkt 0.05  26.708 27.106 21.159 26.991 0.247 0.92
SYBR dye assay 0.75  23.017 22.782 23.105 22.968 0.167 0.73
2.5 21.184 21.316 21.109 21.203 0.105 0.50

REFEHRAFENRETEARN HELN ¢ ESH
BIARA y = ~0.22x + 5.85 (Tagman) Fl y = - 0.28x +6.35
(SYBRYMRB AR, A BB RHHKEHR K GMO &
B, Tagman $EEH KR W E Y 0.047%0.77% .2.48% ;
SYBR 54 3k 60 By ¥ 39 0.062% .0.83% .2.59% . BARFEH
REFESER BT A4, B Taqman TEHEBZ SYBR
Lok NRER ., RRERTRNEA.

3 Wit

BE A Taqman FEFBRNAD N ERBME S LRER
B, AN ERERT, TRERHE, SRIAFANLR
SERAIE™ ;5 SYBR Green I Jul AW ik, A R M
SEEAKRE KB TR PCR Y FEEMETY
CREAMERMABROTMEERNEEESHRR ERE
BB, PR R ET TERE, M, Tagman
R EERANATHEEREY R EREN.

A€ Taqman #R4H 3R W P, (1 FH 89 31 S FO SR 61 R 4+ 3 i
Wi B o2 H T B8R, R B R SRR
AW DNABR A BBBRYT M, ZERKES. FHBTE
HRABRFERKESH TR AMGINERONMESE
FREREE, BAERBROERE RN ERERT, THiE
&m[zl)q

7E SYBR Green I Bebl3k W sh , Busl 5 BT {0 T & DNA
A ARERE, Q7 R ME; BT 0RR T2 KR

Fil9, 51 R EREFNE SID Rk BE RSN
UEBRERGT MRS EBRAEMHA XETEER
ERRNEREMTRE., BRAEREHEHAAELR
$6L 77 L3R OUEE DNA 185 5 09 # B, 8 X 38 B B B AL AT 48
BEE(Tm) 25> TR WA D _RESF RE
ERFMIEPEIRTBARE.  E4ESRT M. AW
REESREHNEN. BXHER>-SOERENRE,
BT HERGRNRERE, 51 - REFESF T
REUEROEREDRE—EXR, SRR THEENT
EFRMASH HTH RN, TS TNIE~d#,
HEGEERS THSEAERR, AEWREEF ST
HEAX, EMMN T HRW AL

[FiAd , SYBR Green 1 2% 6185 (38 38 4K 8 T XU 4% DNA 89
FRTARSFH, MEET MBEAFARR T, K99 ¥
FURESERTENT MY MRT NEERF, R4
EERSERAER, A, ETERREHORD AN TR
REOWERKETHR, BRI BTLEMNRB L4, —UE
BEFRAYRESNERRNFRERAFRELBEEY
B, YRERVERFAE  LRAAFRNOELET,
FEAR AL AN 2 2 R Pk XY R B 2B b, 7 A SYBR Green [ 3t
B BTN R R IR .

B OB ACAFATEFE AN ZEL KER R
E AMEFEFRAFGLAPRY, Eh—SRTEM,
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