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Abstract: Cotton is an important fiber crop, and its seeds are used as feed for dairy
cattle. Crop biotechnology has been used to improve agronomic traits and quality in
the agricultural industry. The frequent unintentional release of LM cotton into the environ-
ment in South Korea is attributed to the increased application of living modified (LM)
cotton in food, feed, and processing industries. To identify and monitor the LM cotton, a
method for detecting the approved LM cotton in South Korea is required. In this study,
we developed a method for the simultaneous detection of four LM cotton varieties,
MON757 MON88702, COT67B, and GHB811. The genetic information of each LM event
was obtained from the European Commission-Joint Research Centre and Animal and
Plant Quarantine Agency. We designed event-specific primers to develop a multiplex PCR
method for LM cotton and confirmed the specific amplification. Using specificity assay,
random reference material (RM) mixture analysis and limit of detection (LOD), we verified
the accuracy and specificity of the multiplex PCR method. Our results demonstrate that
the method enabled the detection of each event and validation of the specificity using
other LM RMs. The efficiency of multiplex PCR was further verified using a random RM
mixture. Based on the LOD, the method identified 25 ng of template DNA in a single
reaction. In summary, we developed a multiplex PCR method for simultaneous detection
of four LM cotton varieties, for possible application in LM volunteer analysis.
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M B organisms; LMO)7F A =] 9{ck, 22 LM 2HEo] Ajuf w
Ao} BibgE AESE S7F FA0 glom, =8 40 A=

7|5 Wsiel ol =ste o2l Zolglo] AlgF 97 Q1 L, T, 7hs el Hake] LM 2 Al A2 W AlA
£ o] gton o5 SE5h7] fIet shute] digte s ¢ 297]=toll A oF 19 9%t haof] © ~E}(ISAAA2019).E—
o} ggekS o8t AP B =A (Living modified 5|, LM H2}(Gossypium hirsutum) 2] Al -2 F A3} A
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v} |21 0] oF 799%5 2|5k Qlom et S4HE7T
ofl Al WA (H3}e] FAh) Atm ©]-§-9] F7IE Wi A=§
LM H3}o] Z=¢lo] S718taL QIEH(KBCH 2021). 22 54
M55 -3-8-2 99t =A| AH]| A (International Service for
the Acquisition of Agri-biotech Applications; ISAAA) <] H.
Jof mp= Weko] =9 Aui=re] LM We} A EEL 1
0] 98% 2 7MY EAL F(95%), A= (94%), OF=ME L}
(90.5%), B2t (84%)°] HE Sl glom 11 4K+ mjd
Z7Fekal QIth(ISAAA 2019).

LM 3} GHB811-2 Pseudomonas fluorescens -2l hppdPF
W336 ARl S e Al x2A A AR zm-
2mepeps TS YHAA S| EA|O|E A ZA ol 23}
S 2 E R QQct EQFU| YS9 Bacillus thuringiensis
F CryS1Aa2 THAS HAAIZ] MONS8702+= HHA|
& W} o Fol H4S 2= oHIER T HE} ofF<l
Orius majusculus, Frankliniella fusca, Tetranychus urticae, Lygus
lineolaris®l] TH Ial/d A7+ F1Y =] AT (Cervantes et al.
2019; Huseth et al. 2020; Kim et al. 2021). LM H3} COT67B
°F MON757 o|HIE= AlAIELe} EATE S| A 73t B.
thuringiensis 2| CrylAb TS WA 7| QAR of
Zoll gt A& 2=tk

O A& 24 Aol B4 ARk HI-E, s
Urjo = ookt ZARIT 2okl 4 PCR
ZHo| 8= QT (Ali et al. 2014). LMO
SHM T FAIAEY o] s
T A= F= A H A o H] ol %
MO2| o[HIE HA | FAIHEH] 2§
P Y] LMO BAIAEE A
SN =R &4, T, W3] 7hsd,
7k Fofl ATH(NIE 2020a). LM Hs}
=4 ] 7iEh A% MON88701, DAS-81910-
7, COT102, T304-40-2 E3tot= 47 o[HIE FAIHEH
(Eum et al. 2019)2 7H&o}3 21, MONS31, MON1598S,
MONS88913, GHB614, LLCOTTON2S5, MON1445 67} o4l
E FA18EH (Jo et al. 2016)2 7HE5HL o1 7|9 GHB119,
281-30065 F-7}5to] 87l o|HIEE 18] PCR YO & H
A 5 = 1889 FAAEH (Kim et al. 2019)S 7HE
Sto] LMO 2H ey By E ol &85l Q.

B AFoAEe 2l 509 LM HE} 4% o[HIE (MON
757, MON88702, COT67B, GHB811)°l| tgt o|HIE Eo]

N
ooy
() HJS.‘l
[l 0)!:” _l>.
— o]
m %lF

[¢]
un
.

ETSY
b9
oy
M o 4o
|

o

7

lo e
—EEI

S

|o
o Hu
Jo
i
-

g
ol
4z
1o

=l
o>
re
rid

2 1l rlo Mo XL
ﬂlﬂ
b x

TEELL

lt

=
4

0% C‘Q\:

gﬂd (o]

rio i

416 ©2021. Korean Society of Environmental Biology.

20l FABEWL AAsHgon] Solz shel 9 P2y

et

A
EFE7 (Reference material; RM) 284 & £
(Limit of Detection; LOD) 42 53] 5AIH=Y
A5t olHof i E LM 3t SAAEHS
g AV} LMO A8 RUE =
Toll 82 ZlolH A& Ho H AE AR

g 2= 98 Ao g AR ELh

o e
N

oy, A2
>

=

H

ik

Of

1L BEEE2X UDNAFE

2 Aol A AR LM HSF RM GHB811, MON88702,
COT67B= “HAAHAFA=ZA] =717 olF Tl oot ¥
' (oI5t LMOR) THILA] Al6-29%°] whet LMO Hdw
2l 9 47 FA=TE Algtol Ato] E-8sht.
it vj=9] RM 4718 9 LMO 7 Al A RM A4
o] FTE MON7572 =4/ 7HHE d71- 4% H
St Als 7R T 471 E9S SRS plasmid FE
9] RM?! synbiocon= ZHSIITE T2+ FH 2] Wat RM
2 A4} ¥ Libex NP968 (Tianlong, China)< AH8-5to] 7
= DNA (genomic DNA; gDNA)’g: FEoIoh 5 AF
AAH= Tianlong AFH2] A& gDNA & B T2 EZo|| o}
2t g5ttt 11 9] Aol A8 Bl Y (non-LM) HI}
3 LM H3F RM2 FHAAE Y] Bf F9 RMO 2 H
FEoto] AHE-oF3IT. 5% gDNAT Nano-drop ND2000
(Thermo scientific, USA) & & & s0ng uL™' =2 3]
et PCREMS 17| —20°Co] Hst3iH.

2, Zgto| &7

NCBI GenBanko| Al FAIHE PCR FAHEZ LR A
&2 W3l WAHFHA}F Alcohol Dehydrogenase C (Adh C,
GenBank accession no. AF403365) 9714 €S &K 5}
primers AJAISFIT Z42Ee] LM W8} &k QG-3%F 7 E
et Alw F2ke] EolA <l 3 primer AAE $I5HA
Hel92] TEdTAH (Joint Research Centre-European
Commission; JRC-EC) ¢} FHFAPH G2 o+ “AFA
A3 2987 ol AAE LMO PCR AAMH 2] primer

AHE Zskerh B primere= GHFO| 2 E (Daejeon,



Korea) ]l €]=|5}o] 97951912 10 pmole yL™' = 3]431
5] AH8-5FAT}H (Table 1).

3. Polymerase chain reaction

SAHE PCR BHEH 24J-2 BioFACT™ 2 X Lamp Taq
PCR Pre-Mix (Biofact, Korea) 15 pLoﬂ 100ng®] gDNA, 27t
9] primer+ HE 55X 033 y.MO] HEE H7t 3 FF 30
uL FO7t B 5 32 SH5E 76T Synbiocon @
B ] MON757 plasmid RM< H3} Al 2715 g5t
0.0002ng L' FE& ARESFATE PCR 22 95°C S
] (denaturation) 12], 33 cycle®] 95°C 30% ¥4, 59°C
30_% 4 @{(annealing), 72°C 30% 417 (elongation) 7| =
FA2 B2 5 2T AFE 72°C 1087 13] F3ohGirt
(Proplex PCR system, Applied Biosystems, USA). PCR ¥H-&-
2.5% OPZFR 2AA 135V 258 X102 H7|9F

oP & Chemi-Doc™ XRS* (BioRad, USA) 2 °]0|X| & &)
SHICk BAE poR2 5 240 WEE Gl
E (Daejeon, Korea)©ll 2]=|5to] 7|4 <E

%3—'? AHIE 21519t (data not shown).

142 59

4. S0|E Bl AEA AT

A LM W3} EAAEH ] Eolg AZS 9J5l] 3
Z£9] non-LM &} RMT} 1159 LM H3} RMS ©0]-8&5
o FAI% ot B HAd (4F) 2 7L
gl -?rﬂﬂﬁﬂ+(11+) 42 LM W3 RMS ©]-§
st} Az F FAHE PCR T2 AE-S S+t PCR
HH5-0] 1 F 7% DNA ¥F2 400ngo 2 F53 F9 5
DNA<= non-LM &} gDNAE H7Fohodct. A= 7
ks E/\P & —4 AE&%H (Limit of Detection; LOD) &4
£ 100nguL ™" 5
54 5to] FH]

A& PCRAUE S 595

ESTe

ogl

g_L

1 Ae] 7 9

Table 1. Reference materials used in this study

Type

Confidence Certified value Uncertainty
level (%) (gKg™) (gKg™

CRM (or RM)
developer

Cat. No.

Event name

No.

Development of multiplex PCR method for LM cotton

Plasmid

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

NIE

N/A
N/A
N/A

MON757

1

Monsanto

MON88702
COT67B

2
3

Syngenta
IRMM
AOCS

P U, .

0
0
0.5
4
1
0
4
10
2
7
0

1000
<0.8
>0.05
<1

>991
100
>999.99
>991
>978
>996
>985
>999.99
100

5
N/A
95

5
N/A
N

5
95
95

5
N/A

AOCS
AOCS
AOCS
IRMM
AOCS
AOCS
AOCS
AOCS
AOCS
AOCS

ERM-BF422b

0804-A2
0306-A3
1012-A
0113-A2
ERM-BF429c
0306-E3
0804-B2
0804-C2
0804-D2
0906-D2
1108-A6

Non-LM cotton (MON 1445, MON 88701, MON531, MON 15985, MON88913)

Non-LM cotton (LLCotton25 and GHB614)
Non-LM cotton (COT102)

GHB811
MON88701
T304-40
LLCOTTON25
MON1445
MON531
MON15985
MON88913
GHB614
GHB119

4
5
6
7
8
9

10

12
3

14

15

1

http://www.koseb.org

Powder

M

N/A
N/A

IRMM

ERM-BF428c
ERM-BF422b

1012-C2

16

Powder
-14-+7 Powder

N/A

979
>993

IRMM
AOCS

281/3006 (281-24-236 x 3006-210-23)

COoT102

17
18

417




| I
Korean J. Environ. Biol. 39(4) : 415-422 (2021)

Al @4 9 DNAE 2T RMY SHO|tH(Wu et al.
2019). LMO®2] RM-2 ZA| powder FHI2t DNA JEiZ
Bro Z7Ee] RM2 89 BEEA S5 A4 (Institute
for Reference Material and Measurement; IRMM) ¢} 0]=-5-
2| 2}5}3] (American Oil Chemists’ Society; AOCS) £+ &
=4 471 B A 1S HETE=4 (Certified Reference
Materials)= 7H&ste] 555t LMO 7HdAIA = 44
2 o]-§= $I8F LMO 51 AAF o= A] LMO® ol uket
RMZ 8 T3 AAP | ol AlEska glok & Aol A
+ S LMO 824 o] deto s FRESLo
W AE9 7ide] et RM2 4718 2 LMO WA
0] dx= StHSHHT. E7T AUt S9EH MON7S7

[e]

=
e

H A7IAEE 0|83 plasmid BEHC] synbiocon 22 7
Asto] ALgstATh 22 IRMMOAE 3E9] LM 245
MONS810, DP-98140-6, NK603ZF LM & DP-356043-5 ©Hll
Eof| thgt plasmid DNAE 7I'#sto] RMO 2 Al55kal QL
t}, B 3o A& plasmid DNAZ AlZHE MON757 DNA
(SF4Kbp) 2] FEE A WE Alm 271 (¢F2.5Gbp)E 1L
2fsto] thE 3F-9] powder FHIS] RM H7F (100 ng yL™)
o] Hl#St S 0.0002 ng uL™'E 5 DNAR AHE5}HS)
o SAAEY Aol 7P 8% 849 RM2 FY
gk 9 3RS AR8Ste] PCR A RS Ffoh= o] 9
Aol RMO| s A Este] FU’t F ] % DNA
£ o]&sto] 42 stofof FARRE S5 HFr o HEE o
< 4 Utk 2 Ao)A % gDNA RMY} synbiocon B E<]
plasmid DNA RM= &3}5to] ARgotg] om zhzho] Bt
T2 ALHoto] ARSI Ay {ARE SE AEE
geleh o= AUSIH. Eot 2 Ao A ARG HHE LM |
3t3F 9 LM W3t 1152 IRMM 2 AOCSZ ¢ gHH 5}
of /fE FAAEN S Bolk Aol &85k

o
rE
|m
rlr
N,

N
2
117
T
R
l_n
ins

(]
2
)
o

lo
-
>
=,
alis

ol

25l &2, WS} F, 7hse), dEuE i o= S
¥t (Jo et al. 2016; Shin et al. 2016; Eum et al. 2019; Kim et
al. 2019; Choi et al. 2020; Kim et al. 2020; Park et al. 2020).
o AolA= LM W3} 4] tiet RS Ak}
of EIFAA B FH F71MEe Eskgon o] F Bt

418 ©2021. Korean Society of Environmental Biology.

(A) LB RB

—I—{ histoneAt | Zmspsps K Ph4a748 H—

GHBE11R_JV —» « GHBSIIR P4

RB

B) LB
—I-{ ACT2 )(crymb| NOS )-I—

COT&7BR_JV —» « COT67BR_P3

(

(C) LB RB

—I-{ T35 | cnpsisa2 |(P-Hspsl2 H—

MONB8702L_P2 —» <« MONSE/OZL_JV

(D)

LB RE

—I-{ P-e358 )(cry:Ac\ NOS H—

MONTSTR_JV —» 4 MON7STR_P4

Fig. 1. Schematic diagrams of transgene cassettes and PCR prim-
ers for four LM cottons. Transgene cassettes and primer-bind-
ing positions of GHB811 (A), COT67B (B), MON88702 (C), and
MON757 (D) are illustrated. The bold lines represent the flanking
regions of cotton genome. (RB: Right border; LB: Left border; JV:
vector-binding primer; P: cotton genome-binding primer; gray
pentagon: Promoter; Open Square: coding gene; gray square: 3
terminator). Arrow indicates primer-binding region.

gom ofg 29| o|HE FolZ]

(Fig. 1). ZYZ}t9] primer= LM 3AIHES 7S 21t &
HE ARdolIA BolA oz FEE= ZE SAsHTH(NIE
2019, 2020a). U AE PCRETH of2} FA|HE PCR &
AT ZiEO A primer dimer®] ®A]= H]E©]24 PCR A4
=9 THS WA | Sl Zatolm AAGA A REEA]
=] ojof 5HH A7 O] primer AF&, cold start PCR, A
B89 PCR &4 A& primer dimere 722 (Brownie
etal. 1997). & Aol A= primer /42 7 dimer7} 4 5]
A 55 ZAFSH] 15 EThermoFisherol A Al8-6h=
Multiple Primer Analyzers ©]-8-5t] o2 Z&9] primer
£ BA5l1 A719F 22 PCR 5 ME2] 7] zlo|7}
100bp W]l £33t primer A|EE AA53 01 o] F o]
&5t FAHE PCRAAS 4okl B9t Hdoh= &F
o] TF o|9ofl= ¥FHo] LojubA] L E 4 59

primerE ARE-SHo] H| 502 FH-5 W63,

q primers AASHTH

=13
=2

3. LM H2}t 4F FAIHE PCR?

F2 o] x3to g AAH meto|o] AEZ LM Wt 4%
o] SAAE PCRAY 27} 2.5% o= =2 27|50
] MON757 (151bp), MON88702 (239 bp), COT67B (334
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bp), GHB811 (429 bp) OJHIE Eo]& FZo] P&ttt < <
(lanes 1~S in Fig. 2). ZYZt9] 525 PCR HHE= GHlol2 % S %
HEo| olFste] A7|HDL BT AT} g oHlEL] g |8 |
A G Y-S 215 TH(data not shown). 7HEH A HAEH § i §
o] PCR 5= W= 37]E |4 151bpollA] T 429bp 2 9 S 1S i’
7t o]lEM 22 W=o] 7] Zpoli= 100bp R 2.5% 2 |E |z
MR B3] el RsIisict ALAY % 2 e 1§ |&
AlAE PCR A9 primer HEE 0.1~0.5 uM©|™ DNA o 3 £ 3
copy U F2A Brste] o] whet sEi 2 Asto] SR 2. 13_|%.
A3} (Markoulatos et al. 2002). T3+ o]d H A A g g g ? g g (_g g % g
L e} 58 A ARG 5% i 01 51 5812222 |22|5¢8
primer ‘555 2#|oto] PCR 2712 ST (Jo et al.
2016). 54 J’ 1—4' IRt EEO] primer= TAIHE S8 =
o 4 9l hel AF 598 WA 1] FAAE PCR 0s | o | - v o
489 052 Aot R4t B AelAE o] e R
T EAAE A Hopde nestuat BY B (033
uM)©] primerS o850 GAVG BE o] AR 7
= s AHE e stk %
s § Elg & =
4. 50|= 25 Y LAY RM T2 £ .8 3885|3088
e FARERE FHARA LMo A8 = ¢ EE|G8|86 |88 8¢
Helq 28 LMO OJAINA AAEAC] g8d Aol 5138 182(285 3 g
o}, A2 e LM w NAZH o] of2] o]flES o 2|5 E E els 23 g S8
Q437 P ESL Al G| Sold o FERL el £ |28|G¢2 EG =228
A 51187] Sistel ZE e U] B4 5 RME ol 85 g HIEREEIE L
of Bol= 7% AFS SAsHtk 1 2 352 non-LM 8 FolokR o ok Fx
Hsket 1159 LM WSt o[ E Q] gDNAE 0|83 A7 =
Z pCROIA FANZZA WAL (Adh C)FF ZEH] £
T eiA] RE RMOIA SREE WS THEE 5 919 I L P
T} (lanes 6~19 in Fig. 2). T2tA] oo 7t LM W3} & g ? il &I § ,% ;‘ ;' ;' ;'
A% PCR I 4%0] LM W3lo] Eojxos ukss 3l 2 155122188 B8 55
% sjelstalct | € 15%/88/282/88/23
[0}
A 4% LM WsE SAEE o] hak 7pae] S £
D% ZFNAE B0l Thsaa] 2] 99 15% 3
9] RM DNA £ ?}'(random mlx) o] &8sl A|A5H9IT 6 g &}
%) 20 RM ETE, 452 37} RM EFZ B0 217} 5 ¢
o] Eo]49] o[HIE ZE MT 2 81913t 2= 9J9Irh(Fig, 3). S| . | 3%
) 5 LMO oMIES] A2 S BATS 1) o) | £ |29 5
e S| mujEo R 59w 1, fEo] Esde] et N sB B 8 g =
2 AEAR §EEE LMO E35F 2716k Itk (NIE 2 85 8 S S %
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M 12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19

0.5(Kb) =+ == -
el = -
s -

01—+

e e e e e e AdR C

Fig. 2. Establishment of LM cotton multiplex PCR method and verification of specificity. Agarose gel image obtained via multiplex PCR
for cotton genomic DNA (lane 1, MON757; lane 2, MON88702; lane 3, COT67B; lane 4, GHB811; lane 5, mixed 4 RMs; lane 6, non-LM
cotton (0804-A2); lane 7 non-LM cotton (0306-A3); lane 8, non-LM cotton (1012-A); lane 9, MON88701; lane 10, T304-40; lane 11, LL-
COTTONZ25; lane 12, MON1445; lane 13, MON531; lane 14, MON15985; lane 15, MON88913; lane 16, GHB614; lane 17 GHB119; lane 18,
281/3006; lane 19, COT102). M represents 100 bp marker. Cotton endogenous gene (Adh C) was used as the PCR control.

GHBSII | - + + + + + + + +
COT67B | - + + + + + + + +
MONS8702 | = + + + + * ¥ + &
MON757 | = + + + + + + + +
—
0.5(Kb) *> /=== - et _—— -— - p—
0.3 ~ . -— —— :-h:— & b
— p— - — e —
0.1 =

Fig. 3. Efficiency testing of cotton multiplex PCR using random RM DNA mixture. Lane 1: non-LM cotton DNA; lanes 2-16: random mix
tures of LM cotton RM. M denotes a 100 bp marker.

100 50 25 125 66 31 16 08 04 02(mgul™

M
0.5(Kb) |
03 -

01~ -

Fig. 4. Limit of Detection (LOD) of LM cotton multiplex PCR. LOD of four cotton multiplex PCR was validated. Four mixed cotton RM
DNAs were diluted with distilled water to obtain the indicated concentrations (100, 50, 25, 12.5, 6.6, 3.1, 1.6, 0.8, 0.4, 0.2ng uL™"). M rep-
resents 100 bp marker.

2020b). ©JH LM H3} FA|HE PCR BATH-2 A o] 7Fs3lloF St (Bum et al. 2019). 7N E LM H3} &
Ao oA o2 FE% LM H3e| o[HE FEAof ALE- A% PCRH S| LOD 4 915l 471 o[HIE ] RM< o
= Zolu, o]2|et 7Hde] S rlE 292 83t 54 A 3] 49 (serial dilution) 2 & 100, 50, 25, 12.5, 6.6, 3.1, 1.6,
AE PCREANY 88 A52 &FF o A% 7HHE 0.8,0.4,02ng uL™' HE 2 545t} 814 % 3% DNA
7t 28 7E LMO9| R4 ofl 2§ 7S ol £ o] g3t FAIHE PCRE gt A} oyt 2 A

719514 25 ng L™ BT AE0] 75513 (Fig.

FaE-o H=E -
>. WEWA B3 4). PCR 7|5Fe] LMO AE7|&2 Al=2] AJeiet ol ¢
LMO #5184 RU e Az % 49 5 ot & Alslol =2 s HASH ] m2of thefet LM 429
oA &85/ E LM Heh FAHEH O] AL Al AE7|eol FE= AL ik ool 7 LM H3} 45

=9] it F, ol wet Sue] DNAZE PCR 2 et SAHEHES B2 AR 51 DNA A=

420 ©2021. Korean Society of Environmental Biology.



Heks Fatt AR AER T 7159 AARE A
: 2 59 2oolA 594 4t 4

FENZ17] flall EEE oA et Ul AE, Abs, 7t
AlFol 525 (LM) B3] ARgo] F7gtol| wfat
740 2] LM W3] H|o| =4 §-& F3F F7okal k.
LMO ZYHH AGof| A =3H LM Hshs HA 5] $lst
of S £ F2AH LM HEke] AEH sido] dasict
B Ao A= LM WS MON757, MON88792, COT67B,
GHBS11 4%2 W& SAHEHS 7dstsict. ojdl
Eof tigt 44 AH= {5 JRCO FHFAPH G H o] A
TR LM HEke] SAHEH NS
[e]

o
Y
il
o
ol
o
ol
oL,

ot ol o i

= 1_]. o =
Ark. Sole A4, 749 BeEd ToE 24, AT
BA4S Balo] BAAE] Amel Solx e HZaA
<3}

Al A0 A= 25ng2] PEFe] 3 DNAR T3] 24
AEo| VeIt AR M0 R 4% ¥

Bl sAR fedog AHAHHY NIE-HAA
-2020-06, NIE-HA A2021-06 A L& Hro} ~38519)
SYrtt
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