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Monitoring and Analysis of Genetically Modified
Ingredients of Imported Foods by PCR

Hee-Yun Kim*, Yong-Chjun Park, Hye-Lim Ro, Jun-IL Jo, Eun-Jung Kim, Hae-Sun Nam,
Jin-Kyung Lee, Jin-Ha Lee, Yoon-Sook Kang', and Jong-Ook Le¢’
Testing and Analysis Team Gyeongin Regional KFDA,
'"Food Microbiology Team, KFDA,
*Food Contaminants Team, KFDA

Abstract Genetically modified (GM) ingredients found in imported raw materials and processed foods were monitored
in the province Gyeongin in Korea. The analysis was performed according to “Testing methods for genetically modified
foods of food standards and specifications™ established in Korea. We received 120 items from the Gyeongin Regional
KFDA. Only two of the 120 items analyzed in the samples, were contaminated with GM ingredients. However, we could
not analyze the internal standard gene from 12 processed foods. We found that the extracted total DNA of the above 12
samples were extracted and found to be degraded. The total DNA contained a very small fragment of less than 300 base
pair. Therefore, it seems that the total DNA is not large enough to serve as the template DNA for PCR analysis.
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NEH W FAANRTAERAAH (002, 6)0 ke
o, 74ers) aoksle obel g 2Ek(0)

T dEFANES Ae A2 30008 T= ke
olS Hske] F4)7](DAS05-2, Daesungatron, Seoul, Korea)=

A 243 AL BAAFEE ARSI oju FA Al o
FS mad F 9l dEEEY 49 1% sodium dodecyl sulfate

(Sigma Co., St. Louise, MO, USAY§HeA] MAlse] Az & A

/T FEIHe] B ANEE Y4AREs] e A8 &

B 55°C AFN A s WA st AV EARIE ol8dte

- SUAA Ge YRS BAE o) gt #EE)
o

Mr oo 2 oy
to b Fz
N

GAzte]l 222 QIAGEN Plant Maxi kit(Qiagen, Hilden,
Germany) %=+ QIAGEN Plant Mini kit(Qiagen, Hilden, Ger-
many)YE AHE-SIEo T Z]EAQ] WS AzAbe] Wl o]
Asilar, v @AlelA dxe AHES souLe] TE 9%
H(pH 8.0y 7F3k & 4oCollA] 12~24717F AAISHHAA $hle] =
o] 0|2 DNA AE Jadog AMENT. 258 $HxE B
24 7I(Ultrospec  2100pro, Amersham Biosciences, Cambridge,
Englandys AMg-dte] &3 2 ¢=& 418 & polymerase
chain reaction(PCR)S 9|3+ F8-5Az= A3}

Table 1. The primers used in this study

bl akeks] 2] Al 38 A 5 E(2006)

PCR =7 ¥ HMII¥SE

B o oAl AR Nippon generH(Toyama, Japan)oll A A&
= primer$} TaKaRa Tag™ polymerase(Takara, Shiga, Japan)&
AHg-3le] PCR(GeneAmp PCR system 9700, Applied Biosystems,
CA, USAYE AN WARRAAR AHE 79 5 32
lectin AR}, ©551= SSlIb(starch synthase) 845 o433
th11,12). AL 9138 FAA2E 358 ZRRE 2 NOS HY
YolEE olgalgen, BE TEAHAE F& RRS, S5
o] 7% BU1, GA21, T25, E176, MON810Z AFS-SFSATH(13-
16)(Table 1). PCRS 918 wh-gale] Z71 Table 20 A= o]
oM, PCR £71& 95°CoA 1087F WRAIske] 3 Ze) mAdo)
oJoluiA] gk &, 95°Cel 3027 WA, 60°CellA] 3027 A,
72°Co)A 3027 A e AE 408) WREAIZITE o) 72°Ce)
A 787 ARL §a, FREW 405 fAES DS
PCR AHES] =elodB = 1.5% agarose A(LO3, Kyoto, TAKARA,
Japan)l 7] BEF ethidium bromide(Sigma-Aldrich, Buchs,
Germany)® G4 5 W9l {55 Il

PE =t

AIZHEfo w2 22 genomic DNAS| size pattern

229 431209 £5(0.D.260/0.D.280y 0.90-2.10, FE&5
= 252,080 pg/mLE AlEHEE w) TeksA FEE9d0h e
T oEsaE 9w Ee] A FEE fdAE 20kbp ©]
A} 27|17} FEEQA olof vlste] ThEAEe] FEE fHA
= 500bp olekE vl e A7R vehde FFig e
3

& 2= 9ot}

g0 T AR

1l

ZFZRTMA] PCR FEoRo| 584 2Y
Target materials Primer set Pre(.ﬁCted FEE el 27 ‘Z‘\‘ BelA, %%’ko] FdAEE
Sl T EE SEgriE fE fxe] o] SuEd Agells
Soybean Leln02-5/Leln02-3" 118 bp PCRE &3 28 eAATe] AMgo] Brlzaltt el AER
RRS 01-5/RRS 01-3" 121 bp HE] 228 4817477 PCRY FRGAAE AME 2 5 IEA
SSIIb 1-57/8STib 1-3" 151 bp I 7RsAe 18] glete] WA R S90S #1T PCRE
Btl1 3-5'/Bt11 3-3 127 bp AR ZFY BS lee FAA, SEFRL A stach
Maize GA21 3-5/GA21 3-37 133 bp synthase® <@ dlsls ssip F12E TEFTFE SRS A
T25 1-53YT25 1-3% 149 bp NE fee AR D ssllh FARE ko] HAARAR(11,13)E
Bt176 2-5'/Bt176 2-3% 100 bp PCRS Saslgit) o|2XHE] Z2F2be] Jec AA7F 118 bp, sslib
M810 2-5/M810 2-3% 113 bp SRR 151 bp7k Bl PCR 4 A4 /75 Elsiinh Ul
) P3581-5/P3581-3" 101 bp A 547 PCR AHEo] FRIFA] @& Z-folE AEERE
Soybean & Maize NOS ter 2-5/NOS ter 2-3” 151 bp $AAE A 2Z3] PCRS 13 F7k2 AAlalln 2 A3
Dinternal standard gene. 37 37, £55F 8 2 FeeaEgAE 1 5 & 14
“Structural gene. (10%)el e WAASAAE g & F glo] AEses &
“Sereening gene A WA FA27 S8 A5e] S5e] caulifiower
Table 2. Composition of PCR reaction solution
Components Stock solution Final concentration Volume (nl/reaction)
DNA polymerase 5U/ul 0.625U 0.125
Buffer 10 x 1 x 2.5
MeCl, 25 mM 1.5 mM 1.5
dNTPs 2.5mM 200 uM 2
Primers 25 pM, each 0.5 1M (each) 0.5
Template DNA 20 ng/uL. 50ng 25
DW Added to make the final volume of 25 ulL 15.875
Total volume 25
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Fig. 1. Agarose gel electrophoresis patterns of extracted total
DNA. Lane S: A-HindI1l, 1, 2: processed foods, 3-6: raw materials,
7-10: semi-processed raw materials.

Positive control _ Sample f _ Sample 2

123 4 S 56 7 8 910 1112

o

151bp
1216 Ny
i“8bp%‘

101bp

Fig. 2. Agarose gel electrophoresis patterns of PCR products
using lectin, 35S promoter, NOS terminator and RRS primer for
detection of soy. Lane S: 100 bp ladder, 1, 5, and 9: lectin primer, 2,
6. and 10: 35S promoter primer, 3, 7, and [1: NOS terminator
primer, 4, 8, and 12: RRS.

mosaic virusZFE Feist 358 ZERE] 2 Agrobacterium tume-
JaciensZHE FEE NOS HIP|Uo|EE o] &3lo] S-4x =T
A57F fEodEAE AEsILle 23 PCRES AAEIH)
(11,17-19). 2572 AL 358 Z=RE 2 NOS Hujyolgr}t 7
=HE #HFHoR 33 PCRE 73] RRS Adz7t #olw

Negative control
Positive control

Sample 1 Sample 2

123 456 87 8 9101112

Fig. 3. Agarose gel electrophoresis patterns of PCR products
using SSIIb, 35S promoter and NOS terminator primer for
detection of maize. Theses samples were not detected PCR product
of 35S promoter gene (101 bp) and NOS terminator gene (151bp) for
first screening of genetically modified ingredients. Lane S: 100 bp
ladder, 1, 4, 7, and 10: SSlIb primer, 2, 5, 8, and 11: 35S promoter
primer, 3, 6, 9, and 12: NOS terminator primer.

Ik

o) daled HER WY TH20). SPTFe AT 358
E] E= NOS E{rjvlelel7} A A8l ghsto] 32k PCR

l = T o
(13,14,1621). A A =F A2 AE O] @3t By

M

TR L RS MRS AR FREEsde 275, W
ThEAE 3, THEAE 34T 64T F Ve AE 17(Fig. 2), ¥
U S 8 RAE 4 T 1 T F 27100 AEHo
1.7%9) 4282 YeplotkTable 3). ZEF A& 2718 2R
FRAPNET <) RRS(round-ready soybean)’} 3 o= &
¥l TR EY] A AR Hel HEEA ol AR
g AR gEron, FEEA ) gelsE A3 g Ee
TEFESTEAME et S ERlEth vt SRR
(B4 15, WAE 31%, RS 203 0lkE A

Table 3. Analysis of genetically modified ingredients from imported foods in Gyeongin province from september to December of 2004

Results
Sample Processed condition
Subtotal Detected Not detected Not analysed
Raw materials 27 0 27 0
Soybean Semi-processed food 3 0 3 0
Processed foods 34 1 30 3
Subtotal 64 1 60 3
Raw materials i 0 1 0
Maize Semi-processed food 31 0 31 0
Processed foods 20 0 12 8
Subtotal 52 0 44 8
Raw materials 0 0 0 0
Semi-processed food 0 0 0 0
Soybean and maize Processed foods 4 " 2 1
Subtotal 4 ! 2 I
Total 120 2 106 12

"Detected sample: processed food containing isolated soy protein (2.88%), corn starch (46.95%) and others.



2

UT

Al O
ready soybean “J&2 &<l o

=
NEFEE 1) ek,
S ARe) AT A4, 3
Aok 2T e
FeE A7 o)
At 2T ASR 17, B

U}L

~

P

ojf —

R
ot i ol
lo 2 4

<,
fijo

hs)

e 2
A%
e

w7
4o ¥
J}o
)

L

ofi
2

FFN
2
ol
2

il

4
=
S
o _

AN

L

=,

i

& o

.410
S

N

kO

0045 9URE 1287 742l

JIEHED B fhd

th E
= o
il
&
fins
s
e
(i,

T vk e SRl g
SHFBiL, GA21, 125, E176, Mon810)E Eetshs 7heal&e
1A ot ial” T RE 3, SRS 87, 7
W S4TlEE 17 E F DOAE WA AAE S
 glo] /Wgo oz IR =AU FAH LT R] Sl
AR 27 TEAESEAE PHEL AL, AAtes AR
o] A R SEFARE xPehe AFe® IRIHAY, F
=8 FAE P B4 daf =7 17} 300bp ©lskz Hwt

Ho} PCREZ o83 ¥4 A FHHAAZ Ageldle 38
S gk Aow derEr)
2 3

—

. Grasser CS, Fraley RT.

. Dunwel JM. Novel food products from genetically modified crop

plants: method and future prospects. Int. J. Food Sci. Technol.
33:205-213 (1998)

. Dunwell JM. Transgenic crops: the next generation, or an exam-

ple of 2020 vision. Ann. Bot. 84: 269-277 (1999)
Genetically engineering
improvement. Science 244: 1293-1299 (1998)

plants for crop

.KFDA. What is the GM Foods? Korea Food and Drug Adminis-

tration, Seoul, Korea. pp. 8-12. (2001)

5.

6.

~J

20.

21.

. KFDA. Guideline for Detection Method of GM Foods.

. Matsuoka T, Kawashima Y, Akiyama H,

A 5 % (2006)

KFDA. GM Foods and Safety Management. Korea Food and
Drug Administration, Seoul, Korea. pp. 14-16. (2002)

KFDA. Revision of standard and specification of foods, KFDA’s
Notification No. 2005-3. Korea Food and Drug Administration,
Seoul, Korea (2005)

.KFDA. Guidelines regarding review of safety assessment data for

genetically modified foods and food additives, KFDA’s Notifica-
tion N0.1999-46. Korea Food and Drug Administration, Seoul,
Korea (1999)

.KFDA. Standard and Specification of GM Foods Labeling,

KFDA’s Notification No 2000-43. Korea Food and Drug Admin-
istration, Seoul, Korea (2000)

. KFDA. Revision of Standard and specification of GM foods

labeling, KFDA’s Notification No 2001-43. Korea Food and Drug
Administration, Seoul, Korea (2001)

Korea
Food and Drug Administration, Seoul, Korea. pp. 7-13. (2002)

. Meyer R. Development and application of DNA analytical meth-

ods for the detection of GMO's in food. Food Control 10: 391-
399 (1999)

.Heo MS, Kim JH, Park SH, Woo GJ, Kim HY. Detection of

genetically modified maize safety-approved in korea using PCR.
Korean J. Food Sci. Technol. 35: 1033-1038 (2003)

. Markus L, Brodmann P, Pietsch K, Pauwels J, Anklam E. IUPAC

collaborative trial study of a method to detect genetically modi-
{ied soy beans and maize in dried powder. J. AOAC Int. 82: 923-
928 (1999)

. Matsuoka T, Kawashima Y, Akiyama 1, Hiura H, Goda Y,

Kusakabe Y, Isshiki K, Toyoda M, Hino A. A method of detect-
ing recombinant DNAs from four lines of genetically modified
maize. J. Food Hyg. Soc. Japan 41: 137-143 (2000)

Miura H, Goda Y,
Sebata T, Isshiki K, Toyoda M, Hino A. A detection method for
recombinant DNA from genetically modified soybeans and pro-
cessed foods containing them. J. Food Hyg. Soc. Japan 40: 149-
157 (1999)

.Matuoka T, Kuribara H, Takubo K, Akiyama H, Miura H, Goda

Y, Kusakabe Y, Isshiki K, Toyoda M, Hino A. Detection of
recombinant DNA segments introduced to genetically modified
maize (Zea mays). J. Agric. Food Chem. 50: 2100-2109 (2002)

. Wurz A, Bluth A, Zeltz P, Pfeifer C, Willmund R. Quantitative

analysis ol genetically modified organism (GMO) in processed
food by PCR-based methods. Food Control 10: 385-389 (1999)

. Rolf M. Development and application of DNA analytical methods

for the detection of GMOs in foods. Food Control 10: 391-399
(1999)

. Vollenhofer S, Burg K, Schmidt J, Kroath H. Genetically modi-

fied organism in food-screeing and specific detection by poly-
merase chain reaction. J. Agric. Food Chem. 47: 5038-5043
(1999)

Kim HJ, Park SH, Kim HY. Study for detection of glyphosate
tolerant soybean using PCR. Korean J. Food Sci. Technol. 33:
521-524 (2001)

Heo MS, Kim JH, Park SH, Woo GJ, Kim HY. Detection of
genetically modified maize safety-approved in Korea using PCR.
Korean J. Food Sci. Technol. 35: 1033-1038(2003)



