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Comparison of FQ-PCR and IMSA for Detecting Exogenous Genes in Genetically
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Abstract: In order to compare the sensitivity and specificity between real-time fluorescent quantitative PCR ( FQ-PCR) and
isothermal multiple self-matching-initiated amplification (IMSA) detecting exogenous gene ( CaMV35S, NOS, EPSPS) of ge-
netically modified soymilk. The sensitivity of plasmids which were constructed with CaMV35S, NOS and EPSPS gene between
FQ-PCR and IMSA were compared. The genetically modified soymilk was made at a ratio of 0. 50% , 0. 10% , 0.05% and
0.01% to compare sample detection sensitivity and specificity between FQ-PCR and IMSA. The results showed that the plas-
mid sensitivity of CaMV35S, NOS and EPSPS gene in genetically modified soymilk detected by IMSA were 31.01, 31.01,
3.10 cps* L' respectively. And the plasmid sensitivity of the three genes detected by FQ-PCR was 31. 01 cps+pL™". The
sample sensitivity of CaMV35S, NOS and EPSPS gene in genetically modified soymilk detected by IMSA were 0.05% ,
0.05% , 0.01% respectively. And the sample sensitivity of the three genes detected by FQ-PCR was 0. 1%. False positive of
NOS in DP305423 and CaMV35S, EPSPS in MON87701 by FQ-PCR. It indicated that the sensitivity and specificity of IMSA
on detecting exogenous gene ( CaMV35S, NOS, EPSPS) of genetically modified soymilk was much better than FQ-PCR.
Keywords: FQ-PCR; IMSA; Soymilk; Exogenous genes; Sensitivity; Specificity
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INHAs M PRHGES & 5L 005 7 i e BE R, T A
PRGN 7 i 1) e AR TR %) P A B AT A% IR A
B T4, 38 A L DA P 9 A1 U DNA 4345 ) 3l
T INRESE AL T 3 A B R
WIS 3h S AL AR AL ik B 35S )3 3h 1 (35S
promoter from cauliflower mosaic virus, CaMV35S) (i
ZE TR RO A B L H X 1| F (terminator of nop-
aline synthase gene, NOS) 2T RE R RS -
M2 — 3 — B iR & M 3 A ( 5-enolpyruvylshkimate 3-
phosphate synthase gene, EPSPS) ") | 5 % 5L A 4%
R G I 32 B X DL 3 AT ry A .

FQ-PCR (R FHAE# )iz , )& 22 A 1) R K
o AR S PR 00 0 A I i, (H G A vy HL
B R B AR ARG T D TR EE AR, SIS A 2L
FRGHES T IMSA JE VAR B 4 I  IR A% TR 1 1
FAR, R ESF IR (60 ~ 65°C) J5 4 T #4791
N, HR W EIZE T h DA, H R R DL SRS S 1 52
Bz o HETIE R WLE AL FQ-PCR 15 IM-
SA For R ARt e DR 7 o AR S DR ) R 5 R
PERYAHOCHRIE , A< BF 53 30 2k 3K P Ao 7 2 A 00 2 5 )
HMREED ( CaMV35S  NOS (EPSPS) , %t H R 5
RS T FOAL, R e B R G A W A T AR A
TR S o

1 #R57S

1.1 #

5L K TR ME S GTS 40-3-2, MON8978S |
DP305423 , DP356043 . A5547-127 . MON87701 5 9
EREIR G (BaIl 1 5) S0 TNl R A D BB
AR F] 5 A A B PR 20 P2 GRS F )T M R A
PR AT R 7] 52 x Tag PCR MasterMix I [ K AR
AR (AEat) B BR A 5 Bst A A buffer It 5
AP AP H AR (db50) A BR 2 7] 5 NanoDrop 2000
R G E T QuantStudio 6 Flex SE A} 5% % &E

H PCR &4 H Thermo Scientific, H: %% 3 K K
SRR MR UL 1
F1 HEBERXERERIMNEER

Table 1 Exogenous genes in genetically modified

soybean standard

J¥*5 Number Bk Name  CaMV35S CP4-EPSPS NOS
1 GTS 40-3-2 + + +
2 MON89788 - + -
3 DP305423 - - -
4 DP356043 - - -
5 A5547-127 + - -
6 MON87701 - - -

C o+ FORBEIRIEN - T FORAE IR

“ +7 indicates that the gene is carried, “ -7 indicates that the

gene is not carried.

L2 Fi&

1.2.1 26414 B RGIFTETE, A 3 51k
FR/KAE 20°C IR0 10 h, 3k 10 min J5 #E17 B,
PR B L5 100°C 2 s 10 min, ]S 4
B 1L M, 10 min RIS LA NS5

1.2.2 245% DNA B SPHES] ] mL
U5F 2 mL B0, A 600 WL SN EERIEIR S,
—20°C i & 10 min, 10 000 remin "B S min, % I
W, MA 1 mL JoK & B, bR & R, 10 000
remin~ B0 2 min, 3 EVE, 4K EE B BT 5 min, IF
B 10 min, i )N R A YR A FRA R Y
47 35 PR A R BB B B2 4 DNA R Ry 50
pL, —20°C {7,

1.2.3 3l#egikit 546 & FQ-PCR 5151 HF
e BRI O S5 A 36 A e A7 ol bR o SN/T
1202 —2010""") | IMSA 2| ¥y i Primer Explorer V4
LB Z G FaES (R 2) , A TAEY T
() et A PR w5 o

®2 5¥MF7

Table 2 Primer sequence

PCR 27 AU 519 SIFFFI(S" —3")
PCR type Target gene Primer Primer sequence(5'—3")
FQ-PCR CaMV35S CaMV35S-F CGACAGTGGTCCCAAAGA
CaMV35S-R AAGACGTGGTTGGAACGTCTTC
CaMV35S-P TGGACCCCCACCCACGAGGAGCATC
EPSPS EPSPS-F CCGACGCCGATCACCTA
EPSPS-R GATGCCGGGCGTGTTGAG
EPSPS-P CCGCGTGCCGATGGCCTCCGCA
NOS NOS-F ATCGTTCAAACATTTGGCA
NOS-R ATTGCGGGACTCTAATCATA
NOS-P CATCGCAAGACCGGCAACAGG
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PCR 28%! AL 5% FIFHI(S —3")
PCR type Target gene Primer Primer sequence(5'—3")
Lectin Lectin-F CCTCCTCGGGAAAGTTACAA
Lectin-R GGGCATAGAAGGTGAAGTT
Lectin-P CCCTCGTCTCTTGGTCGCGCCCTCT
IMSA CaMV35S CaMV35S-DsF TCCTTTATCGCAATGATGGCCCAGCTATCTGTCACTTTAT

AroA-CP4-EPSPS

CP4-EPSPS

NOS

Lectin

CaMV35S-FIT
CaMV358-SteF
CaMV35S-SteR
CaMV35S-RIT
CaMV35S-DsR

EPSPS-1-DsF

EPSPS-1-FIT

EPSPS-1-SteF

EPSPS-1-SteR

EPSPS-1-RIT

EPSPS-1-DsR

EPSPS-2-DsF

EPSPS-2-FIT

EPSPS-2-SteF

EPSPS-2-SteR

EPSPS-2-RIT

EPSPS-2-DsR

NOS-DsF
NOS-FIT
NOS-SteF
NOS-SteR
NOS-RIT
NOS-DsR
EPSPS-2-DsF
EPSPS-2-FIT

EPSPS-2-SteF
EPSPS-2-SteR

EPSPS-2-RIT

EPSPS-2-DsR

ATCTTTGGGACCACTGTCGGCGTGGAAAAGGAAGGTGGC
TCCTTTATCGCAATGATGGC
GAGGAGCATCGTGGAAAAAG
GCCGACAGTGGTCCCAAAGATGTGGAGATATCACATCAATCC
GAGGAGCATCGTGGAAAAAGGATAGTGGGATTGTGCGTC
TACCAACACCATCAATGAGTTATCAACACTGGTAAGG
GAGCCTCAGGAGCAAGGAGTCTACCAACACCATCAATGA
TACCAACACCATCAATGA
TCGGTAACGCTGCAACTGG
GACTCCTTGCTCCTGAGGCTCCAAGACCCATAGTCAAAC
TCGGTAACGCTGCAACTGGCACCAATGAAAGTGCTAT
GAGACCGCCGAACATGAACAAATCCTCTGGCCTTTC
ACGTCCTCGCCTTCCAGAAGGTCCCGGCGACAAGTCGATCT
GAGACCGCCGAACATGAA
CCAGGATCCGTAAGGAAG
CCTTCTGGAAGGCGAGGACGTAGGCCGCCATTGCCGACGCCA
CCAGGATCCGTAAGGAAGCATTGCCGAAATCGAGCGG
GCTTAACGTAATTCAACAGGTTCAAACATTTGGCAAT

GCTTAACGTAATTCAACAG
CGCGATAGAAAACAAAATAT
GGGTTTTTATGATTAGAGTCGATAATTTATCCTAGTTTG
CGCGATAGAAAACAAAATATCCCTCGACAGATGACACCG
GGGTGCCGTTTTCGTCAACCGCCGAAGCAACCAAACATG
CTTTGTCCCAAATGTGGATGGGACCTCCTCGGGAAAGTTAC
GGGTGCCGTTTTCGTCAACC
CTTCGCCGCTTCCTTCAAC
CCATCCACATTTGGGACAAAGGCAAGCCTTTTTGTGTCAGG
CTTCGCCGCTTCCTTCAACGTGGCTTAGTGTCAATTGGTG

1.2.4 FQ-PCR ¥ ¥ & &

1 QuantStudio 6 Flex

128 FiAT, AR ZR .2 x Tag PCR MasterMix 12. 5
pL, 51#7 (10 wmol <L ™") %% 0.5 plL, #aliK 6 pl,f
M5 pl; B4 F:95°C 10 min, 95°C 15 s.60°C
1 min 40 MEFR,

1.2.5 IMSA ¥ ¥R % 7F QuantStudio 6 Flex {7 I
HHT, FUWAA 2 110 x ThermoPol 2% w1 (200 mmol - L~
Tris - HCI pHS. 8 .20 mmol-L ™" MgSO, 100 mmol -L ™'
KCL.100 mmol - L' (NH,),S0, 1% TritonX-100)
2.5 wL,10 mmol-L ™" dNTPs 4 pL,5 mol-L ™" 3205
5 wL,150 mmol + L ™' B4 1 wl,8 U-pl™" Bst B4
fiti 1 wl,10 wmol-L~" DsF/DsR 0.5 pl,40 wmol - L~

FIT/RIT 1 wL,20 pmol-L~" SteF/SteR 1 plL, #4fi/k
7 wL, Bt 2 wl; W 454:63°C 1 h,
1.2.6 FQ-PCR L& IMSA #i| 4% % Yo 4% 5-#7

(1) ok RAE R 59 b #8538 76 NCBI rh £y
FREE L K P 41 . CaMV35S ( GenBank ; KJ608131. 1)
NOS ( GenBank: AJ007624.1 ), CP4-EPSPS ( Gen-
Bank: AF464183.1 ), AroA-CP4-EPSPS ( GenBank:
JNA00383. 1) , >y T 7 {8 o A R BH0RE B 6T L o 45 3 A
B A R 300 bp, AR T A T8 ( ) Bedy
FBRA F A O TR, BRI T8 i, R EE R
100 ng- L ™" ARG A SR H5 LR ok s DA =
[ R E (ng-wl™") x107°/(324.5 x 2 x JFki K
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) 1 x6.023 x 107, Jf-Hf B i B A S 4 189 A A, 7%
P14 kL P ULy ) A2 3,10 x 10°,3. 10 x 107,
3.10 x10*,3. 10 x 10°,3. 10 x 10*,31.01,3. 10 cps-pul. ™",
BRPEXT BB 2K o DL 645 DL ZUAY DNA A A A
W4T FQ-PCR 5 IMSA (G, 4K 5 2 I
52, O A ARG 7532k 1) JoA, R AU

(2) B RS LU R B L
(GTS 40-3-2) 5 3k i Fe P G 05 44 Lo ) 1 A7 6 B35 1R
FE, A543 518 0. 50% ,0. 10% ,0.05% ,0.01% , 4
HUCEEP 2H DNA, B 200 ng 7 R #i4k , il i FQ-PCR
5 IMSA #: CaMV35S . NOS 5 EPSPS J3:[H , [\ i
R P 5 LR Lectin /520 2 BRIEIR, M09 3 1K
AT, A ARSI 5 ik A i R U
1.2.7 FQ-PCR 5 IMSA #%m) 45 F M b ik 54 %
e R DRI it DR 2 20 ) P 8 2 3 9 42 B DNA fE
I BON, BAR i 200 ng, 73 5 FQ-PCR 5
IMSA {77 A CaMV35S . NOS . EPSPS J: K LA M
PIEIEA Lectin, RS0 3 IRE ., 40T PRl 7 1%
RZE R . ARl SR R X 3 MR R 1 pF
7R B4 A 25 S FQ-PCR 3 14 7= 1y i 1 = T2k

A 6.000.000

5.500.000
5.000.000
4.500.000
4.000.000

B 6.000.000

<1 3.000.000}-

Py TR (L) ey A R RIEAT I 204
2 HREHH

2.1 REFEKRN

2.1.1 Jma ZHE B 1 A, FQ-PCR 1
CaMV35S NOS L) Jz EPSPS 5|4kl B2 A 3. 10 x
10° ~31.01 cps- L ™" B FORLIG Ct /N T 36, R 48
e N BRI YA S5 4G 36 A e AT Mk bR o SN/T
1202 - 2010, W] ) & & FH ¥, ¥ B FQ-PCR [
CaMV35S NOS UL J. EPSPS 5| %) () Jit ki R 85 -k
31.01 cps-pL ™", FHIE 2 AT%0, IMSA ) CaMV35S 5
NOS 5Ky A 3. 10 x 10° ~31.01 cps-pl. ™" fY
AFRE JEORE Y H WIS 1E] /N 60 min, 7] 34058 SRy BHAE ,
B IMSA (1) CaMV35S 5 NOS 7| ¥y i Jio ki R 553
31.01 cps-pl ™" s [FIBE AT 1 EPSPS 5|4 i) J5k: R 4
JERENSIRE 3. 10 eps-pL ™" WX 51 ¥ T ES Y
(AroA 5 CP4-EPSPS ) 18 & i i, 1 911 55 3 95
EPSPS W51 53 #6472 SRR, & 306 3 e
SR R A HAEIAE 31,01 cps- pl ™' IR &
I G I g T EPSPS 514 0K R 5% .

5.500.000
5.000.000
4.500.000
4.000.000
=]
o 3.500.0001

2.500.000
2.000.000
1.500.000
1.000.000

500.000

0

& Cycle

T T T T T T T T TS Y T RO N S N M
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

&R Cycle

[&] rhg 184 i 2 22 B AR YA 3. 10 x 10%,3.10 x 10°,3. 10 x 10*,3. 10 x 103 ,3. 10 x 107 ,31. 01,3. 10 cps - L = A4 K6 I A5 A v

. 3:500.000(
A 3.000.0001
<, 500,000}
2.000.000}-
1.500.000}
1.000.000-
500.000F
(
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
&R Cycle
6.000.000
5.500.000 |
5.000.000 |
4.500.000 |
4.000.000
é 3.500.000|-
< 3.000.000}
2.500.000
2.000.000 |
1.500.000 |
1.000.000 |
500.000{-
0
. T,

The amplification curve from left to right in the figure represents the template concentration of 3. 10 x 10¢,3. 10 x 10°,3. 10 x 10*,3. 10

x10°,3.10 x10%,31. 01 and 3. 10 cps- L', The same below.
1
Fig. 1

FQ-PCR #ifl] CaMV35S(A) .NOS(B) .EPSPS(C) £ R KA R 8 E
Plasmid sensitivity for CaMV35S(A) .NOS(B) .EPSPS(C) gene detection by FQ-PCR
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A

5.500.000 [~ 5.500.000
5.000.000 [~ 5.000.000
4.500.000 4.500.000
4.000.000 - 4.000.000
3.500.000 |~ 3.500.000 -
= 3.000.000 [~ 3.000.000
A= 2.500.000 F 2.500.000
< 2.000.000 [~ 2.000.000
1.500.000 1.500.000
1.000.000 |~ 1.000.000 -
500.000 500.000

0 0

-500.00 & -500.00

L L L L L L L L L L 1 L L
510 15 20 25 30 35 40 45 50 55 50 510
4
JE¥E Cycle
c

5.500.0001
5.000.000
4.500.000
4.000.000
3.500.000
3.000.000
2.500.000

ARn

2.000.000+
1.500.000
1.000.000

500.000

0

-500.00

; ll() ]IS 2‘0 2‘5 3‘0 3‘5 110 4‘5 5‘0 5‘5 50
&R Cycle
2 IMSA #il CaMV35S(A) NOS(B) .EPSPS(C) EE MR R E
Fig.2 Plasmid sensitivity for CaMV35S(A) .NOS(B) .EPSPS(C) gene detection by IMSA
2.1.2 H&mIHZE HERERD DNA ANFEF CaMV35S .NOS . EPSPS [/ FE iy DNA R 4 fF % -k

JiURE DNA, B T A B8 A KR HAYSE X PCR Y
R SFPEY 3G 38 BT LA, TS IBCEE I 41 DNA Y5
FErp ] fE 25k BN PCR 4 8 A 3R, T T
AN DA b R U A RG0S | ) R A
FEMTE 2R AR, 3 3 n I, FQ-PCR AEfZ 46 I %)

0.10% ,IMSA BEREKL I 2 () CaMV35S  NOS ,EPSPS
1 AR 43 9k 0. 05% ,0.05% ,0.01% , 5 5 ki
R R IX N 7E T IMSA 8 CaMV35S 5 NOS 514
AL RBUE T FQ-PCR, 5 HH IMSA B & F46: 0
YR R

%3 IMSA 5 FQ-PCR X Z{isMEE F M4 R
Table 3 Detection results of exogenous genes in soymilk by IMSA and FQ-PCR

oy b4 B IMSA. H U I [ - 24 (] FQ-PCR B BOF- 24 1H

R pa IMSA threshold time average/min FQ-PCR Ct average
Number Sample name

CaMV35S NOS EPSPS Lectin CaMV35S NOS EPSPS Lectin

1 100 % %% 3 K G475 7.3 13.0 12.5 9.6 21.3 22.9 23.1 23.4

2 0. 50% & 5L PH G 474 10. 1 25.4 16.9 10.2 30.5 32.8 33.1 23.4

3 0. 10% %% 3L K G475 14.2 34.6 20.4 10.5 34.3 34.3 35.3 23.2

4 0. 05% FE KN 5.4 18.9 41.6 24.7 10.3 \ \ \ 23.6

5 0. 01% ¥ 51 G 474 - - 24.9 9.5 \ \ \ 23.3

6 AERE RN E 1) - - - 10.5 \ \ \ 23.4

“ =7 FIR IR RIR T 60 min, “\" FIRIEIHECRT 40, T,

“ =7 indicates that the threshold time is more than 60 min, “\”indicates that the Ct is more than 40. The same below.

2.2 IMSA 5 FQ-PCR Hy45 7L &

Hi1Z% 4 W1, IMSA 5 FQ-PCR i B —EL A 45
40 DP356043 [ NOS L) Kz MON87701 [ CaMV35S

5 EPSPS . 524" W=y s e A TAEY TR (E

1) e A BRI, 8K J5 6 45 2R 530 5 9 ik 17
blast [EXT 341, B 8 R AE R e 38 7= 1, 0y
FPH AR EAT blast FLXT, 45 R an5% 5 FiaR, DP356043
() NOS 4347 ) Ay ity 25 147 2t 421 40 il 1 R 2 1 1
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FAHELP , MONST7701 1) EPSPS 434 7= 4 g K o —
AN RFNEE 040 LK, MON8T701 (1) CaM V35S H~
&0 T AR TR TR T Tl 1) 30 2 BE TN o e B 1
HESE DP305423 K i A7 (e i 22 R 15 4%, 51 FQ-PCR
[y NOS 519y AE4F 57 PEY 5 s MONBT701 77 1F—Be

WIRFER 5 FQ-PCR 1) EPSPS 5|94 JLZ4A L, 51
AR ST 1 5 T MON87701 (1) CaMV35S 5141t
AR MR E AW, AR T — LRk, [#
BFCUERH T IMSA (e MR T FQ-PCR,

%4 IMSA 5 FQ-PCR %$% £ El 5 i E J5MNRE F H#ll 245 R
Table 4 Detection results of exogenous genes in genetically modified soybean standard by IMSA and FQ-PCR

. - IMSA 3 e B 1]~ 25 (. FQ-PCR fHFF - 4 {H
i e IMSA threshold time average/min FQ-PCR Ct average
Number Sample name
CaMV35S NOS EPSPS Lectin CaMV35S NOS EPSPS Lectin
1 GTS 40-3-2 13.3 18.5 16.7 9.8 24.5 23.3 27.4 23.0
2 MON89788 - 20. 1 - 10.5 \ 27.5 \ 22.9
3 DP305423 - - - 9.6 \ \ \ 23.2
4 DP356043 - - - 10.0 \ 37.2 \ 23.0
5 A5547-127 15.6 - - 9.9 22.5 \ \ 23.6
6 MON87701 - - - 9.5 37.4 \ 38.3 23.3
%5 FQ-PCR ¥ =Ml fF &R
Table 5 Sequencing results of amplification products by FQ-PCR
b BUIEDN Y147 Wy 2 i S A BEH JFHITESE R B AL
Number Target gene Amplification product gene Gene ID Position of the sequence in its gene/bp
1 CaMV35S T A I W PR T i XM_022038091. 1 303 ~433
2 NOS i B 3o S AL AR A XM_025699757. 1 785 ~902
3 EPSPS RERHEH NR_146298 379 ~490
s o on Sy FQ-PCR M U5 A LT U7 231 4

FER G N T A 4 (1 o 2 o 0 4 BRI A
A FH 2 6358 43 200 M s IR , 5 B0 TR R O 40
WY 201 R T A R TR AR UM B, S i
PCR A5G 3 PR R o0 1) R . R EWFoR 45 R 3=
1,0.6 VA SRINEERERS UTIE IR ™, A i a6
el FH S5 A B A 3 5 I P B TR R, v B DA K
afi A5 2 B W 148 T S ks, EINAF A PCRAZINAR
MR .

TE2E $ 50 F 51 5 % 30 EPSPS {71F CP4-EPSPS
Y5 AroA-CP4-EPSPS Wi #5451, P25 AU AT 83% 14 AH
RLE , SLATS—h e S B8 3 4G 0 A 15 4 2 o3 43 e
FLPH = EPSPS SEPH s il Ao PR e AR 156 8
THME EPSPS 35519, I ¥ M E 519 & IR,
PRI FB] , 45 SR A A5 2R R A, A R AU
J5 % FQ-PCR 5 1 M9,

FQ-PCR A 13 S /34 PCR 3 2 rh 9 G5
SHYAR AL, BERSARAGAE S 1 DNA BB & b A0 /2 2
S HRI R A5 H R R PCR H R 29 1/ 100 £, A

VAR — 2R PO IREE, B SEmt e R ek 5 R U
F AR R AR E B 1 K
A R it BRI PR 5 2. A A (1.5
~2.5 h); 3. ARZ N ZE vl AE S EUR BRI, nER 5 1L
1 [R5 5 5 U5 DNA #5557 (ANTP [k B2 i I 40
SRR AN B & @A D & TS

i%[zyzﬂ

o

IMSA $ AR A £ 2y 63°C Ay T S8 PCR 3~
i FLF R A R S M R R R ) B T A X
R 6 518 Y I ROV AL R C EMEES R Y
TSR HE 2 AT AT , HA R R &
RS S i 48R T DR R AR A T AR
bR 1 RABRE S o, 75 AR BC RS IR
VAR A 3% 3 A DG 152 S5 3t 2. 5|9 iseit &2
7% 3. W B R, ME DL EAT IR 22 R [n] i v [ A

25-26
T

55 FQ-PCR L IMSA H AT LI 4. 1. IMSA
AN EEAE DI () A8 1 52 M ask A vy, DR 0k 2 7 i (]
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