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X DU&E 7 B fE Y 58 n 3H (event)  H AT
W FH A RS O T R il AR & B B S
& (polymerase chain reaction; PCR) Ry A -
FC &t A2 B TE Y09 SN R R ELRE SR P31 > B
T B MR SR A1 B E Y B R G Fe B 28 57
FF31 (flanking sequence) sxat5|+% - {F R
RO G I 2 T e Mk $E (Lipp et al.
2001) = H Fif 45 Jeg t A A o BBty - a0 B E
JE B A B H [ E (real-time PCR) BN E
B ORI » i — M PCR B2 B 5% & g 22 8
[Z & (multiplex mPCR) & Mt i U5 0% 4T
AR A T 2t EARIR AT - AR IR
1% s 3 g [Z & (Loop mediated isothermal am-
plification; LAMP) ~ #§ iz PCR (digital PCR,;
dPCR) ~ FER{HFHES i (DNA microarray) 25 »
406 5 S T 155 T 3117 B2 - A RS 1 T (Fraiture et
al. 2015) -

EREReNEEEAEY 2 — EXR0
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AL (gene silencing) £ily - WA HSRFENE
14 FL R R 45 A B D 8 (granule bound starch
synthase; GBSS) Ay 5 RNA (antisense RNA)
Fi BRI GI RN R e 5 BHEE AE K
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i % A% (European Commission 2010b) ; 1 #f}
B A% U= 55 & BA sporamin (SPO) B &) 1 »
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(NOS) 44 FrmaiERN > HiEHE HREL
PRIRG H > 3 B 28 L L v R T I B U 1 Y B
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2008) - FEE U S22 AL 2 BRAVE SR
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Bt176 & 1} A 2 ik 0 A% 8 & ERM"-BF411f
(5%) o B s ZEHEE mIE 2-1 Bdnfl T e
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fi5 DNA - 4i{b{&() DNA BEAR[EDARL 40 ul i
F KR ORFR -20CH M 5 (2) B2 H Hosaka
(2004) 2 T YIRS DNA BAEEUTT 3 > B
0.1 g ZBEE B2 500 pL extraction buffer (EB)
4RENR [100 mM Tris-Hel, pH 8.0; 50 mM eth-
ylenediaminetetraacetic acid (EDTA), pH 8.0;
500 mM NacCl; 1.25% sodium dodecyl sulfate
(SDS); 0.2% 2-mercaptoethanol] J& & 1% BARE
W HL 100 pL JE &% £ M E B L ER - FIA
32 uL 5M potassium acetate = Hf [y 10 s > HY
10 pL EJ5 R EL 240 pL ME/KE SR > RTF
i -20°CHE ] - BRASEEAIAG DNA Z5Hf% » 3948
NanoDrop 1000 (NanoDrop Technologies Inc.,
Wilmington, DE, USA) M & &K » FHE &K
100 ng uL™' 5% %8 PCR 43477 -
PCR 555825

Rl PCR 5[ FH] 7y fs 2 1 » H
— ARG 5 EN A AN UGPase 25|
T S5—IHANR 3 fE AU 2 EEE mIH
Z B AIMEET o A B IH A Y
H—MEHH E - B2 UGPase AR FFIIR
% NCBI 441k & £} (GenBank: U20345.1) »
Pk & UGPase KA 7%l » 0] fH UGP-mF (5*-
CTCTGTGGTGGACAAGCTGAGG-
GAAGC-3) Bl UGP-mR (5-GTCTAATCACCT
CTTCCCAATACTTCTTG-3) 5|+ ¥ 1 & 15
F] 161 bp 7 E - EH92 81 AMO04 8 55 5 I -
I3 BRI EL MR B R4 AFE )R RS DNA fiz
B PR 3 I Bl 5 U B SR YR E T B —
F-¥f (Hofvander 2005; Geiger et al. 2012) o
I %1 2 EH-mF (5-TTATTTGGATTGAGAGT-
GAATATGAGAC-3’) 1 EH-mR (5-ATTTACA
ATTGAAACAAGGAGTCATAAG-3) > A4
i 75 2 EHO2 #JEH i JHE — 2 450 bp | B
LA AM-mF (5°-AAATACGTGTCTACAGCCA
TATAAACAG-3’) B AM-mR (5-GTTAAGTA-
ATGAACAAAACGGAGTAAC-3) » 0] I IE 15
F AMO4 #75 IHE — 2 238 bp | BE - A
mlH 2-1 0 MRIBAE B = S il E r & RHERL A
FRRHEAME 7R 5 WERFIEE5T
F#%1 ks 2-1 flanking F1 (5-TCAGACAACCTT
TTAAGATTTTTGGTT-3") Ei2-1 flanking R1

(5-TAAAATCCAGATCCCCCGAATTA-3") »
]I 5% 2-1 BE IR E — 2 357 bp F
Bt - FrASI T BEZAEEBHEMEARAE (878
PR &R > PRIFRY -20CHA -

mPCR 2 FE{&

mPCR 44 7 JESETE & 20 uL > @& 100 ng
H: PR 8% DNA ~ 0.4 uM EH92 3| T-%f ~ 0.4 uM
AMO4 2] T-%f ~ 0.2 uM 2-1 B[ T- % ~ 0.05 uM
UGPase 5|1 ¥f ~ Tag DNA Polymerase 2X Mas-
ter Mix RED (1.5 mM MgCl,) (AMPLIQON,
Odense, Denmark) ; K JER RS % #
77 PCR (C1000 Touch™ Thermal Cycler, Bio-
Rad, Hercules, CA, USA) » {4 B 94°CHi R
5 min e BEELL 94 CEMEREREIE 30 s ~ 62CE T
30 s ~ 7T2CKFE 27 s » 51 37 {EEIR > &i& LA
72Chz 3 7 min {2 4¢1EZJE - PCR H41E ZEY) DL
1.5% B A B A8 o7 B g 0 | BZ > 12 DA ethidium
bromide (EtBr) #{TRERGZE - A HEBHE
Bk (Qsepl00 DNA Analyzer, Bioptic Inc.,
La Cafiada Flintridge, CA, USA) 23 #7H40E H B -
mPCR 88 /J:1\ &

4 mPCR K2 135 0 - TSR &5 2 31 T8
B 6 A A (B2 EHE mME EH92-527-1
AMO04-1020 ~ 2-1 7 ELRAS DNA £2A) » DL
WE/K M EEREAE BRERE 1T 7
MZEITE R E R B g R ER T (Taiwan
Agricultural Research Institute; TART) F& [ 4H -
o B L B4 5; (Taiwan Seed Improvement and
Propagation Station; TSS) ~ tkEEEXN R
%% (Taoyuan District Agricultural Research and
Extension Station; TYDARES) ~ & 5 & B2 # X
K35 (Tainan District Agricultural Research and
Extension Station; TNDAIS) 3 4 {#EE A #/TE
featBs - DUE 4K et #2 PCR £ 25 #E1T PCR
[ FE » Sl B 7 o3 BT 5 -

HR
mPCR E—1% (specificity) 24T

B Tl A F R EREEEMLE K
B 2 UL AU $% 2 H0H dn TH EH92-527-1 B



AMO4-1020 7 0% Bl 100% B % 55 o 12 38 5,
E K % DNA > K& 100% f2 48 5 B 0% f&2
2 F R #E DNA AR > BBk 10% (v/v)
EHO92 Bl AM04 = DNA K7 ; 8878 5,08 2-1 »
RIA3 BIZEEY 2-1 ~ REETE v JE(H 2 SR EC R R A
DNA > Jit 81 10% (v/v) = 2-1 # 74 5 786 DNA
AR A SkEREESREYEEHE
SLIE (DP-305423-1 ~ Bt176) 5 7 838 5, 25 Hy

H DNA - {E B ¥R A - & mPCR ¥ IE &
EH92-527-1 ~ AM04-1020 ~ 2-1 & 3 (#8555
THZ 10% F 2 DNA A » 1] 43 [l 3 i EH92
(450 bp) ~ AMO04 (238 bp) K 2-1 (357 bp) =
HIERE (B 1) HArE B ZAREE DNA
B & T e B 89 2 9 A= B R UGPase (161
bp) | E% o 1A B oK W B0 i T 2 R R
DNA A » Al (E o 5 BEE 4 > 878 mPCR
K H 7 VK BT 8 IR (R 07 R BT O - S54h o
Kb 3 BMASERERRNETRES > 1
mPCR #& 0 75 74 & 75 BE & 57 A [B B IE 0 2R
B REEARD A (1) {# 5 EE L HE 2
10% 51 0% B —EE A 5 (2) 2 B A S 82 i
JERTH 10% Bk A 2 FEEE DR & A (EH92

EH92 AMO04 2-1

M  10% 0% 10% 0% 10% 0%

B AMO04 ~ EH92 81 2-1 - AMO04 1 2-1) ; (3) 3
il B U 8% B HEIE fm T 10% %Eﬁzﬁiz%?tt
38 & 8 (EH92 ~ AMO04 B 2-1) » 484t 10
R A Ryl - alBmas R (l 2A) 1951 &
& B —EE mIH 2 DNA 2 A (lane 1-6) > ]
%%JEE@%‘- {18 1 RS A BT L TH EH92 (450
bp) ~ AMO04 (238 bp) £l 2-1 (357 bp) Z HIEZR
EZ o 1 2 {85 0 H 2 R DR S A (lane
7-9) 813 {EEE mIEF LGRS A (lane
10) > 757 [5] B 5 i HH PR & B9 B0 im0 H AR
B BHFA B8 B AR S A B H A 4
UGPase (161 bp) HAEH E& (lane 1-10) - 455
B AsElEE > mPCR Ml % » ﬁﬁﬁﬁ%ﬂ%ﬁ
EE IR SR A IR A S EE
55 1R R ZZ BN E K §2 DNA Bc & mPCR
gax)il

b e R R R ZE R - AR 2 % Hosa-
ka (2004) FI B B 2R 25 BUE K 8 7E i 7 EH92-
527-1 F AMO04-1020 7 8| 5y R A4 0 ~
VA GIH 2-1 R IR e JE A R <€ £ HLgY 0.1
g %% HU #& [H #8 DNA - %5 HY 45 £ 4% Nanodrop
1000 I & & & &0 B /£ 25-200 ng pL™' > 40

soya maize ddH,O

EH92 (450 bp)
2-1 (357 bp)
AMO04 (238 bp)
UGPase (161 bp)

1. BEESE R AEY B — R K E - S EEA D B R 502 EHO2 ~ AMO04 K 2-1 %5 3 {E#E mIH Z
FER S (FE0) (10%) DNA BEABLIEEL L (0%) DNA FEA - B AR ~ oK. Z DNA FEA - Fi| ] multiplex
polymerase chain reaction (mPCR) » [5] B £ il EH92 (450 bp) ~ AMO04 (238 bp) ~ 2-1 (357 bp) k2 UDP-glucose
pyrophosphorylase (UGPase) (161 bp) 4 {iE# H 25 % -

Fig. 1. The results of specificity test of primers among events and species. The samples of 10% and 0% genetically
modified (GM) potato (EH92-527-1, AM04-1020, 2-1), soybean, and maize were used and four target sequences in-
cluding EH92 (450 bp), AMO04 (238 bp), 2-1 (357 bp), and UDP-glucose pyrophosphorylase (UGPase) (161 bp) were
detected by multiplex polymerase chain reaction (mPCR) simultaneously.
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JREBEA ” multiplex polymerase chain reaction (mPCR) fg HI4E 5 - (A) DLpg
5k [E 5 (B) PrERZE

< HI DNA J5 A EC & mPCR g HI 85K & - ] A

mPCR - [EE#fg I EH92 (450 bp) ~ AMO04 (238 bp) ~2-1 (357 bp) 2 UDP-glucose pyrophosphorylase (UGPase) (161

bp) 4 & HEEH Bt

» 7 Lane 48 DNA &% £ 100 ng °

Fig. 2. The results of mixed samples among genetically modified (GM) potato events. (A) DNA samples extract-
ed by commercial kit. (B) DNA samples using DNA rapid extraction method. Multiplex polymerase chain reaction
(mPCR) was utilized to detect four target sequences simultaneously, including EH92 (450 bp), AM04 (238 bp), 2-1
(357 bp), and UDP-glucose pyrophosphorylase (UGPase) (161 bp). Each lane contained 100 ng DNA.

(Ase0/Asso) #iFE{E 1.6-2.1 Z [ » DNA [/EH
B LB 2 FREER - MG S REE
FH 2 DNA # 1T mPCR 73477 ([ 2B) » &5 5%
37 10% B B T A E 8 5] EH92 (450
bp) - AM04 (238 bp) fz 2-1 (357 bp) HIZH
B 0 10% B—RE A R IR EL DR A B mT A 4
PEER UGPase (161 bp) HIER B (lane 1-6) ;
i 2 TS I 2 SFERBUR G A (EH92 B
AMO4 ~ EH92 #1 2-1 - AMO04 §i1 2-1) B 3 fd#
VIR FELBDR AR o 2 AT W (e A
VA TR — M B R BB 4R MR EL R UGPase
HEE R B (lane 7-10) » R A5 2 mPCR
[ FEWR B T K 25 % DNA /8 - fiEfR &8
Frhl &t -

mPCR ZEEE (sensitivity) F}H
¥ EH92-527-1 ~ AM04-1020 ~ 2-1 = {#i#
VA YA DNA FR A B H g 7 JE AL DNA

A KA FELLARESEC S & 100 ~10 ~4 ~ 1
0.9 0.5 0% & 7 EEEAR » FrAEARERE
DNA J/* mPCR [Z fE$4 & 100 ng » DAEEAH AL
Bz mPCR fg % 2 s (R R PR (limit of de-
tection; LOD) « Bk 737455 (18 3) & 1
EH92-527-1 ~ AM04-1020 ~ 2-1 = #255 L IE 4H
Fig > 72100~ 10~4~1~0.9 & 0.5% B ATNE
R 54 o 1] | B0 o IEZE HEERE (lane
1-5) > HFTA BB ERA RN DNA AR
B2 F N UGPase (161 bp) HAEEH B ﬁﬁ
HAHRNZ IEFERIZE (lane 7-8) HLAEHIEHVEIZ
FIHEMR B S HET L LOD & £ 0.5% -

EHREEXHER
Kl L EAE Bk 73 it mPCR Z &5 »
Hrh EH92 (450 bp) ~AMO04 (238 bp) ~2-1 (357

bp) K UGPase (161 bp) % 4 & H i 7 Fefe )
HFRS (migration time) » 47 FI4Y 5 3.9 ~3.7 ~ 3.1
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(A) EH92 AMO04 2-1
M 100%10% 4% 1% 0.9% 0.5%0% 100%100% CK ddH,O

(B) AMO04 EH92 2-1
M 100%10% 4% 1% 0.9% 0.5% 0% 100%100%CK ddH,O

(C) 2-1 EH92AMO04
M 700%10% 4% 1% 0.9%0.5% 0% 100%100%ddH,O

3. RIEWEFE S E R RAEURIRIR - DL 100% Kz 0% K [E#H5E 708 DNA BC# 100 ~ 10~ 4~ 1~0.9~ 0.5 5 0%
BEA > FMIFALIR O (F:0%) H5$5 % multiplex polymerase chain reaction (mPCR) » [E]HF 45 0] EH92 (450 bp) ~
AMO04 (238 bp) ~ 2-1 (357 bp) K UDP-glucose pyrophosphorylase (UGPase) (161 bp) VU{E HFZF EY o DUEFE HIH
EH92 2 Fef (100%) FIEHRE (0%) DNA FHECAR[EELF] DNA A - #8578 556 AMO4 ~ 2-1 Bl CK 2 DNA £
7By Positive control » ddH,O £ Negative control (A) - DUEFE fHIH AMO04 2 £Lpg (100%) Kz IEELIT (0%) DNA
BN [E L] DNA B A » 855 5 IE EH92 ~ 2-1 B CK 2 DNA 5 4 By Positive control » ddH,O £ Negative
control (B) = DABEIFA fi3H 2-1 7 4 (100%) FeIEESR (0%) DNA FHACRN FELB] DNA BEA » 575 505 EH92 -
AMO04 2 DNA FEA B positive control » ddH,O £ negative control (C) »

Fig. 3. The results of limitation of detection (LOD) among strains. Multiplex polymerase chain reaction (mPCR)
was used to detect four target sequences simultaneously, including EH92 (450 bp), AM04 (238 bp), 2-1 (357 bp), and
UDP-glucose pyrophosphorylase (UGPase) (161 bp) in 100, 10, 4, 1, 0.9, 0.5, and 0% genetically modified (GM), re-
spectively, that contained samples made by 100% and 0% GM containing samples among strains. The results of 100,
10, 4, 1, 0.9, 0.5, and 0% GM containing samples of EH92. 100% AMO04, 2-1 and CK were assigned as the positive
control and ddH,O was assigned as the negative control (A). The result of 100, 10, 4, 1, 0.9, 0.5, and 0% GM contain-
ing samples of AM04. 100% EH92, 2-1 and CK were assigned as the positive control and ddH,O was assigned as the
negative control (B). The results of 100, 10, 4, 1, 0.9, 0.5, and 0% GM containing samples of 2-1. 100% AMO04, EH92
and CK were assigned as the positive control and ddH,O was assigned as the negative control (C).

J2 2.8 min o DL 3 FEETE HIEELEURES 2R 0% JERCL DNA AR B & B IRAH 4L 7 R4
EEEALK mPCR [ JER » A& R ] IHEE  (RIGAH [E 5] 7 % BLUR S % {4 /F mPCR g Ml

#% EH92 (450 bp) ~ AMO04 (238 bp) ~ 2-1 (357  EiFEIEERMENGE R -8 FED - &
bp) Jz UGPase (161 bp) faHllzH5T ([ 4A) ; # i B BE (i 45 L+ ) I e 94 S 5 5 T EHO2
B EHREREME mPCR K ER 71T (450bp) ~ AMO04 (238 bp) Kz 2-1 (357 bp) Z H
B UGPase (161 bp) f HIEH 5% ([ 4B) ; 1% R BEDUR G 85 N4 UGPase (161 bp) H
AEBEF/K (BAEIRSE) ZWMIEES R - E408 B (18 5) > 857 mPCR B A BRGFHB M HE

HEETE (5 (T e ST S 35 (8 4C) - T e

mPCR 5277388 s
BRSBTS - R A R U B B 2k

EY SR KERESL 4 ERE - R P 5t 5 55 T L 3 Y

[ 55 £ S5 51 TH 2 10% A2 DNA B A H2asg i - H 8 R s ek E R E & & A R
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4, 7 HEE A 4% multiplex polymerase chain reaction (mPCR) 7% (i FH B 4HE Bk D45 F < SR ESEAR B
EH92-527-1 ~ AM04-1020 ~ 2-1 #7555 (A) 5 FREERNUE (B0 B#E (Tweff) B) 5 /K + &R (O) -
Fig. 4. Examination of samples after multiplex polymerase chain reaction (mPCR) by using capillary electropho-
resis. The concentration of each sample was 100 ng. The sample was mixed equally with EH92-527-1, AM04-1020
and 2-1 genomic DNA (A). The nongenetically modified (GM) potato (‘Kennebec’) (B). Negative control: deionized
water (C).

F1. EREUE (E00) F$% multiplex polymerase chain reaction (mPCR) B iEilbnst 535 - EHEHE 4 -

Table 1. The blind test of genetically modified (GM) potato using multiplex polymerase chain reaction (mPCR).
Each result contained 4 replications.

EH92 AMO4 2-1
Item 10% 0% 10% 0% 10% 0%
EH92 +7 - - - - -
AMO4 =’ - - - -
2-1 - - - - + -
UGPase + + + + + +

“+: positive results for the four replicates (TARI, TSS, TYDARES, TNDAIS); —: negative results for the four replicates (TARI, TSS,
TYDARES, TNDAIS). UGPase: UDP-glucose pyrophosphorylase; TARI: Taiwan Agricultural Research Institute; TSS: Taiwan
Seed Improvement and Propagation Station; TYDARES: Taoyuan District Agricultural Research and Extension Station; TNDAIS:
Tainan District Agricultural Research and Extension Station.

TERLEY) > FEAE - RN A - 3 mPCR H Al E 5 Th # i 7 A [F & UED)
T EMte 7 A £ Z L Real-time PCR 2K (MARAE ~ £oK ~ KE) Zo kfa ] (Ahn et
#1T > {H Real-time PCR FZ FE{EFH 2 507 ~ £ al. 2008; Kim et al. 2008; Kim et al. 2009) »
PtREMEATEE RS > HERESIGEE  ASAREARILERZN mPCR mHTTE
I S — % PCR o AHEZ Y mPCR 45 5% B 7R v {F B — S JE [5] 168 A% A EHO2 (450
B1—fit PCR & A LLRE R P AT S ESE AL » 810 bp) ~ AMO4 (238 bp) ~ 2-1 (357 bp) 4L 3 {2
mPCR KB —ZEF M6 L > TRER SR EBEELRAZE —MEFIIRE - B2
VECEBLIATIGE - HIRF ERAMEE > R BRFANAEMERFYIZ UGPase (161 bp) Bk
WA BCRAAR M T 0% B R ¥ IRALN > DL %8 PCR ZE A (B2 MG IR
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5, FERMoE () E$52 multiplex polymerase chain reaction (mPCR) Sk EnEE K [E - [EH5 40 EH92
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Fig. 5. The electrophoresis results of the blind test of genetically modified (GM) potato. Multiplex polymerase

chain reaction (mPCR) was used to detect four target sequences simultaneously, including EH92 (450 bp), AM04 (238
bp), 2-1 (357 bp) and UDP-glucose pyrophosphorylase (UGPase) (161 bp).
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Establishment and Application of Multiplex Polymerase
Chain Reaction for Simultaneous Detection of
Transgenic Potatoes

Yuan-Kai Tu', Yu-Wei Feng’, Lit-Fu Chan’, Shu Chen*, Yen-Chun Lin’, and Han-Wei Chen"”

Abstract

Tu, Y. K., Y. W. Feng, L. F. Chan, S. Chen, Y. C. Lin, and H. W. Chen. 2019. Establishment
and application of multiplex polymerase chain reaction for simultaneous detection of
transgenic potatoes. J. Taiwan Agric. Res. 68(1):16-27.

Potato (Solanum tuberosum L.) is known as one of the most important food crops in the world
and has high application in industry and feed. In this study, we present a multiplex polymerase chain
reaction (mPCR) method for simultaneous detection of genetically modified (GM) potatoes. Quadru-
plex PCR assay targeting three event-specific sequences and the taxon-specific endogenous reference
gene (UDP-glucose pyrophosphorylase; UGPase) were established. All potato DNA samples gener-
ated the expected PCR products, and the detection method performed robustly and specifically with
various combinations of mixed GM potato events. The limit of detection (LOD) of each single GM
sample in our mPCR detection assay was 0.5%. Furthermore, a proficiency test returned from four
research sectors also indicated that our detection method had good reproducibility and repeatability.
We also developed a simple, rapid and cost-efficient nucleic acid extraction method coupled with
multiplex PCR and followed capillary electrophoresis. These results suggest that our methods are
suitable for detecting multiplex PCR targets and have the potential for screening unknown genetically
modified potato samples through a simple procedure.

Key words: Potato, mPCR, Detecting method.
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