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A survey of the genetic components introduced into approved GM crops
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Abstract Genetic components introduced into approved GM crops are a key subject for safety assessment and provide

a basis for the development of detection methods for GM crops. In order to understand the genetic components in approved

GM crops comprehensively, we screened the genetic vector maps of GM crops that had been approved for commercialization

around the world. A total of 64 varieties from 5 major GM crop species (maize, canola, cotton, soybean, and tomato)

were subjected to analysis. The genetic components included genes, promoters, terminators, and selection marker. This

survey may be useful for researchers who develop GM crops and methods for detecting GM crops.
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Table 1 Information on approved GM crops used for genetic material analysis. The underlined GM crops were approved to import for

commercial purpose in Korea

Crop Event name Number

676/678/680, 3272, 59122, BT10, BT11, BT176, CBH-351, DBT418, DLL25(B16), GA21, LY038,

Maize MIR604, MON802, MON809, MON832, MON863, MON80100, MON88017, MON89034, MS3, MS6, 25
NK603, T14/T25, TC1507, TC-6275

Canola 23-18-17/23-198, GT200, HCN10, HCN92, MS1(B91-4), MS8, OXY-235, PHY14/35, PHY36, 14
RF1(B93-101), RF2(B94-2), RF3, RT73(GT73), T45(HCN28)

Cotton 19-51A, 281-24-236, 3006-210-23, 31807/31808, BXN, COT102, Event-1, LLCotton25, 12
MON531/MON757/MON1076, MON1445/MON1698, 15985, MON88913
A2704-12/A2704-21/A5547-35, AB547-127, G94-1/G94-19/G168, GTS40-3-2, GU262, MON89788,

Soybean 7
W62/W98

Tomato 351N, 1345-4, 5345, 8338, B/DalF, Flavr Savr 6

Total 64
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Table 2 Traits and genes used for approved GM crops (maize and canola). pat: phosphinothricin N-acetyltransferase, cry: delta-endotoxin,
m epsps: 5-enolpyruvylshikimate-3-phosphate synthase, CP4 epsps: 5-enolpyruvylshikimate-3-phosphate synthase, gox: glyphosate oxido-
reductase, pinll: protease inhibitor Il, amy797: thermostable alpha-amylase, bxn: nitrilase, bay TE: thioesterase, cordapA: dihydrodipicoli-
nate synthase gene, dam: DNA adenine methyltransferase, barnase: a major extra-cellular ribonucleas, barstar: specific inhibitor of Barnase

Crop Trait Gene Origin Event name gl:cmu:)reerm?ef
Streptomyces hygroscopicus BT176, CBH-351, DBT418, 7
/ DLL25(B16), MS3, MS6, TC-6275
a
P Streptomyces 676/678/680, 59122, BT10, BT11, 6
viridochromogenes T14/T25, TC1507
Herbicide
. . MON802, MON809, MON832,
tolerance (25) cp4 epsps  Agrobacterium tumefaciens MON80100, MON88017, NK603(2) 7
. MON802, MON809,
gox Ochrobactrum anthropi MON832. MON80100 4
m epsps Zea mays GA21 1
Bacillus thuringiensis BT11, BT176, MON802, 5
cry1Ab MON809, MON80100
Bacillus thuringiensis kurstaki BT10, BT176 2
cry3Bb1 Bacillus thuringiensis MON863, MON88017 2
Maize cry1F Bacillus thuringiensis TC1507, TC-6275 2
cry34Ab1 Bacillus thuringiensis 59122 1
Insect cry35Ab1  Bacillus thuringiensis 59122 1
resistance (19) ) L
crylAc Bacillus thuringiensis DBT418 1
cry9c Bacillus thuringiensis CBH-351 1
cry3A Bacillus thuringiensis MIR604 1
cry1A.105  Bacillus thuringiensis MON89034 1
cry2Ab Bacillus thuringiensis MON89034 1
pinll Solanum tuberosum DBT418 1
Modified amy797E Thermococcales spp. 3272 1
Composition (2)  corgapA Corynebacterium glutamicum LY038 1
- barnase Bacillus amyloliquefaciens MS3, MS6 2
Male Sterility (3) o ]
dam Escherichia coli 676/678/680 1
Streptomyces hygroscopicus PHY14/PHY35, PHY36, RF3,
pat plomyces hygroscop MS8, MS1, RF1, RF2
Herbicide Streptomyces viridohromogenes ~ HCN10, HCN92, T45(HCN28) 3
Tolerance (15)  cp4 epsps  Agrobacterium tumefaciens GT200, RT73(GT73) 2
gox Ochrobactrum anthropi GT200, RT73(GT73) 2
Canola bxn Klebsiella pneumoniae 0OXY-235 1
Fertiity barstar Bacillus amyloliquefaciens RF1, RF3, RF2, PHY14/PHY35, PHY36 5
Restoration
. . ) ) MS8, MS1, PHY36,
Male Sterility barnase Bacillus amyloliquefaciens PHY14/PHY35 4
Modified bay TE  Umbellularia californica 23-18-17/23-198 1
Composition
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Table 3 Traits and genes used for approved GM crops (cotton, soybean, and tomato). pat: phosphinothricin N-acetyltransferas, cry:
delta-endotoxin, CD4 epsps: 5-enolpyruvylshikimate-3-phosphate synthase, bxn: nitrilase, vip3A: VIP3A vegetative insecticidal protein, als:
acetolactate synthase, gm fad2-1: delta(12)-fatty acid dehydrogenase, sam-k: S-adenosylmethionine hydrolase, acc: aminocyclopropane
cyclase synthase, accd: 1-amino-cyclopropane-1-carboxylic acid deaminase, pg: polygalacturonase

Crop Trait Gene Origin Event name Number of
occurrence
pat Streptomyges LLCotton25 1
hygroscopicus
op4 Agrobacterium MON1445/MON1698, MON88913(2) 3
Herbicide epsps tumefaciens
Tolerance (7)
bxn Klebsiella pneumoniae BXN, 31807/31808 2
als Nicotiana tabaccum 19-51A 1
Cotton Bacilus thurinaiensi
acillus thuringiensis
crylF aizawai PS811 281-24-236 1
erviAc Bacillus thuringiensis 3006-210-23, MON15985, 31807/31808, 5
Insect y g Event-1, MON531/MON757/MON1076
Resistance (8) ) o
cry2Ab Bacillus thuringiensis MON15985 1
; Bacillus thuringiensis
vip3A ABS8 COT102 1
Streptomyces A2704-12/A2704-21/A5547-35, 3
/ viridochromogenes A5547-127, GU262
- pa
Herbicide Streptomy(?es W62/W98 1
Tolerance hygroscopicus
Soybean )
cpd Agrobacterium GTS 40-3-2, MON89788 2
epsps tumefaciens
Modified gm fad2-1 Glycine max G94-1/G94-19/G168 1
Composition
sam-k Coliphage T3 351N 1
acc Lycopersicon 1345-4 1
Delayed esculentum
Ripenin
Tomato o accd Pseudomonas 8338 1
chlororaphis
pg Lycopersicon B/DalF, Flavr Savr 2
esculentum
Insect . Lo
Resistance crylAc Bacillus thuringiensis 5345 1
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Table 4 Introduced promoters into approved GM crops (maize and canola). Promoter numbers may be present more than event numbers,
since each event has several cassettes. Some events have multi copy transgenes, but all of them are not included in the table. P-35S:
CaMV 35S promoter, P-GZein: zein gene promoter, P-peroxidase: peroxidase gene root-preferred promoter, P-ubiZm1: Zea mays ubiquitin
gene promoter, P-PPC: phosphoenolpyruvate carboxylase gene promoter, P-CDPK: calcium-dependent protein kinase promoter, P-ract1:
actin | promoter, P-5126del: 512del anther-specific promoter, P-Glb1: globulin1 promoter, P-mt: metallothionein-like gene promoter, P-FMV:
Figwort Mosaic Virus 35S promoter, P-TA29: anther specific promoter Ta29 Promoter

Crop Promoter Origin Event name Number of
occurrence
676/678/680, 59122, BT176, CBH-351(2), DBT418(3), DLL25(B16),
P-35S & Cauliflower MS3, MS6, T14/T25, TC1507, BT10(2), BT11(2), MON809(3), 3
derivatives mosaic virus MON802(3), MON832(2), MON80100(3), MON89034, TC-6275,
NK603, MON863, MON88017
P-ubiZmt & 75 mays 59122, TC1507, TC-6275 3
derivatives
P-ract1 Oryza sativa GA21, NK603, MON88017 3
P-TA29 Nicotiana tabacum MS3, MS6 2
P-GZein Zea mays 3272 1
Maize P-peroxidase Triticum aestivum 59122 1
P-PPC Zea mays BT 176 1
P-CDPK Zea mays BT 176 1
P-5126del Zea mays 676/678/680 1
P-Glb1 Zea mays LY038 1
P-mt Zea mays MIR604 1
P-FMV Figwort MON89034 1
maosaic virus
P-TA29 Nicotiana PHY14/PHY35(2), PHY36(2), MS8, RF3, RF2, RF1, MS1 9
tabacum
P-SsuAra Arabidopsis PHY14/PHY35, PHY36, MS8, RF3, RF2, RF1, MS1 7
thaliana
Canola 5'3.53.& Cauliflower HCN10, HCN92, OXY-235, T45(HCN28) 4
erivatives mosaic virus
P-FMV Figwort GT200(2), RT73(2) 4
mosaic virus
P-napin Brassica rapa 23-18-17/23-198 1
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Table 5 Introduced promoters into approved GM crops (cotton, soybean, and tomato). Promoter numbers may be present more than event
numbers, since each event has several cassettes. Some events have multi copy transgenes, but all of them are not included in the table.
P-35S: CaMV 35S promoter, P-ALS: Acetolactate synthase gene promoter, P-ubiZm1: Zea mays ubiquitin gene promoter, P-Mact2: modified
actin-2 gene promoter, P-FMV: Figwort Mosaic Virus 35S promoter(FMV), P-FMV/TSF1: chimeric promoter containing the elongation factor
EF-1 alpha promoter and FMV 35S promoter, P-35S/ACT8: chimeric promoter containing the act8 gene promoter and CaMV 35S promoter,
P-35S/mas: chimeric promoter containing CaMV 35S promoter and mannopine synthase gene from A. tumefaciens, P-conglycinin: seed

specific beta-conglycinin gene promoter

Crop Promoter Origin Event name Number of
occurrence
P-358 & Cauliflower 31807/31808, BXN, LLCotton25, MON531/MON757/MON1076, 7
derivatives mosaic virus Event-1, MON15985(2)
P-ALS Nicotiana tabacum 19-51A 1
P-ubiZm1 Zea mays 281-24-236, 3006-210-23 2
P-mact2 Arabidopsis thaliana C0T102 1
Cotton P-FMV Figwort mosaic virus MON1445/MON1698 1
Figwort mosaic virus
P-FMV/TSF1 Arabidopsis thaliana MON88913 1
p-355/ACTs  Caulifower mosaic VIfus g3 1
Arabidopsis thaliana
P-35S/mas Caullflower‘mosalc virus - 44007/31808 1
A. tumefaciens
P-35S & Cauliflower A2704-12/A2704-21/A5547-35, A5547-127, GU262, 5
derivatives mosaic virus W62/W98, GTS40-3-2
Soybean  P-conglycinin Glycine max G94-1/G94-19/G168 1
Figwort mosaic virus
P-FMVITSF1 Arabidopsis thaliana MON89788 1
P-358 & . o
o Cauliflower mosaic virus 351N, 1345-4, 5345, B/Da/F, Flavr Savr 5
Tomato  derivatives
P-FMV Figwort mosaic virus 8338 1
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Table 6 Introduced terminators into approved GM crops. Lists all terminators, the organism from which they originated, and how often
they are found in GM crops. The numbers in parenthesis are usage frequencies of terminator in one GM crop. T-nos: nopaline synthase
3'-polyadenylation signal terminator, T-35S: CaMV 35S terminator, T-E9: ribulose-1,5-bisphosphate carboxylase small subunit non-translated
region, T-g7: 3' untranslated region of the TL-DNA gene 7(3'g7) derived from the octopine Ti plasmid of A. tumefaciens, T-pin Il: proteinase
inhibitor Il terminator, T-Tr7: T-DNA transcript number 7 termination signal, T-hsp: heat shock protein 17.3 terminator, T-7S: 3' poly(A)
signal from soybean alpha subunit of the (3-conglycinin gene terminator, T-ORF25: 3' polyadenylation signal from ORF25 of A. tumefaciens,
T-tml: polyadenylation region of tml gene terminator, T-glb1: globulin gene terminator, T-napin: napin terminator, T-ALS: tobacco acetolactate
synthase1 terminator, T-Phaseolin: 3' poly(A) signal from phaseolin gene, T-tml/T-Tr7: tml gene and the transcript 7gene from the octopine-
type Ti plasmid pTiA6

Crop Origin Event name Number of
occurrence
[Maize] BT10(2), BT11(2), CBH-351, GA21, MON802(3), MON809(3),
MON832(2), MON80100(3), MON88017, MS3(2), MS6(2), NK603(2),
T-nos A. tumefaciens MIR604, MONB9034 44
' [Canola] OXY-235, MS1, MS8, RF1, RF2, RF3, PHY14/PHY35(2), PHY36(2)
[Cotton] COT102, LLCotton25, Event-1, MON15985 [Soybean] GTS40-3-2
[Tomato] 1345-4, B/Da/F, 351N
Cauliflower [Maize] 676/678/680, 3272, 59122, BT176(3), CBH-351, T14-125, TC1507
T-35S mosaic virus [Canola] HCN10, HCN92, T45(HCN28) 16
[Soybean] A5547-127, GU262, A2704-12/A2704-21/A5547-35, W62/W98
[Canola] GT200(2), RT73(GT73)(2),
T-E9 Pisum. sativum (pea) [Cotton] MON1445/MON1698, MON88913(2) [Soybean] MON89788 9
[Tomato] 8338
T-g7 A. tumefaciens [Canola] PHY14/PHY35, PHY36, RF3, MS8, MS1, RF1, RF2 7
T-pinll Solanum tuberosum [Maize] 59122(2), DBT418, TC-6275(2), 676/678/680 6
T-Tr7 A. tumefaciens [Maize] DBT418(2), DLL25(B16) 3
T-hsp Triticum aestivum [Maize] MON863,MON88017, MON89034 3
. . [Cotton] MON15985, MON531/MON757/MON1076
T-78 Glycine max [Tomato] 5345 3
: . [Maize] TC1507
T-ORF25 A. tumefaciens [Cotton] 281-24-236, 3006-210-23 3
T-tml A. tumefaciens [Cotton] 31807/31808, BXN 2
T-glb1 Z. mays [Maize] LY038 1
T-napin Brassica rapa [Canola] 23-18-17/23-198 1
T-ALS Nicotiana tabacum [Cotton] 19-51A 1
T-mas A. tumefaciens [Cotton] 31807/31808 1
T-Phaseolin Phaseolus vulgaris [Soybean] G94-1/G94-19/G168 1
T-tml/T-Tr7 A. tumefaciens [Tomato] Flavr Savr 1
et Fo8, AA 2159 4Ust GM Zh=o] dAsAMel et ZofollA Aoz of 7|, il SollA ARt o=
o FAAL HUek ofazutEEE vl %t FAML W o] RojHY AEF AT ] A= oAt AEolA THsEiAH
WS 2AHE 53E ERolA & GA ARRE Alm ARG, A AlzAl WA, sisARA, AR, FEIA 5 ol 543E
53] 2AHE 7hsd] BukE B ks 2 olazEEE R il & Ad GM Az AEE I Ak of MAAA o= AfuliE
of olgt WHoR PAH Holck QUL FATA B 18712014 MRS Al g7k Sl §
Eg 5Q1%E GMOE F 1847)] o[l Ee] o]=11 Qlr} (KBCH 2008).
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Table 7 Selection markers used for the development of approved GM crops. pat: phosphinothricin N-acetyltransferase, m epsps: 5-enolpy-
ruvylshikimate-3-phosphate synthase, CD4 epsps: 5-enolpyruvylshikimate-3-phosphate synthase, bxn: nitrilase, als: acetolactate synthase,
nptll: neomycin phosphotransferase, hpt: Hygromycin phosphotransferase, mpi: Mannosephosphate isomerase, gus: (3-glucuronidase. Marker-
free GM crops were presented with asterisk(*)

Crops
Maize Canola Cotton Soybean Tomato

Marker

676/678/680, TC-6275, MS8, RF1(B93-101),

BT176, BT11, T14/T25, PHY14/PHY35, 281-24-236, ﬁg%ZEZAZC;(LJJA?gi/AS
pat 59122, TC1507, MS3, PHY36, RF2, RF3, 3006-210-23, 547-35 W62/W98

CBH-351, DBT418, T45(HCN28), HCN10, LLCotton25 '

MS6, B16(DLL25) MS1(B91-4)

MON809, MON80100,
cp4 MONB88017, MON802, GT200, RT73(GT73) MON88913 GTS40-3-2
epsps MON832. NK603 MONB89788
m epsps GA21

R 31807/31808, BXN, 351N, 1345-4, 5345,
nptll I\Bﬂgﬁgéggfg » MON863, a?g:\g-;wz&ws, Event-1, MON531/757 8338, B/DalF,
/1076, MON1445/169 FLAVR SAVR

aph4 COT102
mpi MIR604, 3272
bxn 0OXY-235
als 19-51A
gus G94-1/G94-19 /G168

Table 8 Transformation methods used for the development of approved GM crops

Crops Method Microparticle bombardment Agrobacterium mediated Direct DNA transfer
676/678/680, BT176, CHB-351, DBT418,
Maize DLL25(B16), GA21, LY038, MON802, 3272, 59122, MIR604, MON88017, BT10, T14/T25,
MONB809, MON832, MON863, MON80100, = MONB89034, TC-6575 BT11, MS3, MS6
NK603, TC1507
23-18-17/23-198, RF3, GT200, HCN10,
Canola HCN92, OXY-235, PHY14/PHY35, PHY36,
MS8, RT73(GT73), T45(HCN28), MS1(B91-4),
RF1(B93-101), RF2(B94-2)
19-51A, BXN, 281-24-236, 3006-210-23,
31807,31808, COT102, LLCotton25,
Cotton Event-1, MON15985 MON531/MON757/MON1076.
MONB88913, MON1445/MON1698
A2704-12/A2704-21/A5547-35, A5547-127,
Soybean GTS40-3-2, G94-1/G94-19/G168, GU262, MON89788
W62/W98
Tomato 35 1 N, 1345-4, 5345, 8338, B/Da/F, Flavr Savr
AR wol AR E= oy HAAY] A diFEE AEA W 3 AES AEY S ol SR WRE 4okt
TS 9o MFE Felch 22 FE @ A5 VA= 0] Fol & Ao)7e o]l Y= MEE GM HEHRIQ| Adol
23k GM 25 9] A S OM 229 A= diezs 3] a4Hh
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