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4. Conclusion 

No publications were identified as relevant for the molecular characterisation, food/feed and 

environmental safety of the authorised GM cotton within the scope of the authorisations for the 

defined time period. No safety concerns have been identified for the authorised cotton by this 

literature search exercise. 
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Appendix 1. Detailed search syntaxes for the authorised GM cotton events 

Web of Science Core collection 
 

Set Search query Results 

Event 

#1 

TS=(DAS24236* OR DAS-24236 OR DAS-24236-5 OR 281-

24-236 OR DAS21023* OR DAS-21023 OR DAS-21Ø23-5 OR 

DAS-21-circle-divide-23-5 OR DAS-21empty set23-5 OR 3006-

210-23 OR 281-24-236x3006-210-23 OR DAS-24236-5xDAS-

21Ø23-5 OR DAS-24236-5xDAS-21-circle-divide-23-5 OR 

DAS-24236-5xDAS-21empty-set23-5 OR *281x3006* OR 

WideStrike* OR MXB-13)  

55 

Stack  

#2 

TS=(DAS-24236-5xDAS-21Ø23-5xMON-88913-8 OR DAS-

24236-5xDAS-21-circle-divide-23-5xMON-88913-8 OR DAS-

24236-5xDAS-21empty-set23-5xMON-88913-8 OR 281-24-

236x3006-210-23xMON88913 OR *281x3006x88913* OR 

*281x3006xMON*) 

0 

#3 #1 OR #2 55 

Proteins 

#4 

TS=((cry1f OR cry-1f OR cryif OR "cry-if" OR Cry1-f OR Cry-

1-f OR (phosphinothricin AND (acetyltransferase OR acetyl-

transferase)) OR (pat AND phosphinothricin) OR cry1Ac OR 

Cry1-Ac OR cry1a-c OR cryiAc OR Cryi-Ac OR cryia-c OR 

(cry AND (1Ac or 1-Ac or iAc or i-Ac))) AND (Streptomyces 

OR viridochromogenes OR Bacillus OR thuringiensis OR bt OR 

cotton OR gossypium OR hirsutum OR (((herbicid* AND 

(genetic* NEAR/3  (modif* or engineer*))) OR GMHT) AND 

(crop OR plant OR food OR feed)) OR gmo OR gmos OR lmo 

OR lmos OR gm OR ge OR stack))  

2612 

Traits 

#5 

TS=((lepidopter* OR bollworm* OR pectinophora OR 

gossypiella OR corn-earworm* OR sorghum-headworm* OR 

helicoverpa OR armigera OR tobacco-budworm* OR heliothis 

OR virescens OR glufosinate* OR gluphosinate* OR (liberty* 

AND herbicid*)) AND (toler* OR resist* OR protec*) AND 

(cotton OR gossypium OR hirsutum) AND (gmo OR gmos OR 

lmo OR lmos OR living-modified OR transgen* OR GMHT OR 

((GM OR GE OR genetic*) NEAR/3 (modif* OR transform* 

OR manipulat* OR engineer* OR stack)))) 

1254 

#6 #3 OR #4 OR #5 3320 

Reporting 

Period #7 

PY=(2021-2100)  3,804,690 

Final 

Results 

 #8 

#6 AND #7 162 

CAB Abstracts 
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Set Search query Results 

Event 

#1 

TS=(DAS24236* OR DAS-24236 OR DAS-24236-5 OR 281-

24-236 OR DAS21023* OR DAS-21023 OR DAS-21Ø23-5 OR 

DAS-21<o>23-5 OR 3006-210-23 OR 281-24-236x3006-210-23 

OR DAS-24236-5xDAS-21Ø23-5 OR DAS-24236-5xDAS-

21<o>23-5 OR *281x3006* OR WideStrike* OR MXB-13)  

57 

Stack #2 TS=(DAS-24236-5xDAS-21Ø23-5xMON-88913-8 OR DAS-

24236-5xDAS-21<o>23-5xMON-88913-8 OR 281-24-

236x3006-210-23xMON88913 OR *281x3006x88913* OR 

*281x3006xMON*) 

0 

#3 #1 OR #2 57 

Proteins 

#4 

TS=((cry1f OR cry-1f OR cryif OR "cry-if" OR Cry1-f OR Cry-

1-f OR (phosphinothricin AND (acetyltransferase OR acetyl-

transferase)) OR (pat AND phosphinothricin) OR cry1Ac OR 

Cry1-Ac OR cry1a-c OR cryiAc OR Cryi-Ac OR cryia-c OR 

(cry AND (1Ac or 1-Ac or iAc or i-Ac))) AND (Streptomyces 

OR viridochromogenes OR Bacillus OR thuringiensis OR bt OR 

cotton OR gossypium OR hirsutum OR (((herbicid* AND 

(genetic* NEAR/3  (modif* or engineer*))) OR GMHT) AND 

(crop OR plant OR food OR feed)) OR lmo OR lmos OR ge OR 

"genetically engineered foods" OR stack))  

2703 

Traits 

#5 

TS=((lepidopter* OR bollworm* OR pectinophora OR 

gossypiella OR corn-earworm* OR sorghum-headworm* OR 

helicoverpa OR armigera OR tobacco-budworm* OR heliothis 

OR virescens OR glufosinate* OR gluphosinate* OR (liberty* 

AND herbicid*)) AND (toler* OR resist* OR protec*) AND 

(cotton OR gossypium OR hirsutum) AND (GMHT OR 

transgen* OR engineer* OR lmo or lmos OR ge OR manipulat* 

OR transform* OR stack OR "genetically engineered foods")) 

1808 

#6 #3 OR #4 OR #5 3967 

Reporting 

Period #7 

PY=(2021-2100) 

(also limited to articles added on or since the date of the prior 

PMEM search ran on July 6, 2021) 

544,088 

Final 

Results 

#8 

#6 AND #7 167 
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MEDLINE 
 

Set Search query Results 

Event 

#1 

TS=(DAS24236* OR DAS-24236 OR DAS-24236-5 OR 281-

24-236 OR DAS21023* OR DAS-21023 OR DAS-21Ø23-5 OR 

3006-210-23 OR 281-24-236x3006-210-23 OR DAS-24236-

5xDAS-21Ø23-5 OR *281x3006* OR WideStrike* OR MXB-

13)  

19 

Stack #2 TS=(DAS-24236-5xDAS-21Ø23-5xMON-88913-8 OR 281-24-

236x3006-210-23xMON88913 OR *281x3006x88913* OR 

*281x3006xMON*) 

0 

#3 #1 OR #2 19 

Proteins 

#4 

TS=((cry1f OR cry-1f OR cryif OR "cry-if" OR Cry1-f OR Cry-

1-f OR (phosphinothricin AND (acetyltransferase OR acetyl-

transferase)) OR (pat AND phosphinothricin) OR cry1Ac OR 

Cry1-Ac OR cry1a-c OR cryiAc OR Cryi-Ac OR cryia-c OR 

(cry AND (1Ac or 1-Ac or iAc or i-Ac))) AND (Streptomyces 

OR viridochromogenes OR Bacillus OR thuringiensis OR bt OR 

cotton OR gossypium OR hirsutum OR (((herbicid* AND 

(genetic* NEAR/3  (modif* or engineer*))) OR GMHT) AND 

(crop OR plant OR food OR feed)) OR lmo OR lmos OR ge OR 

"Food, Genetically Modified" OR stack))  

1534 

Traits 

#5 

TS=((lepidopter* OR bollworm* OR pectinophora OR 

gossypiella OR corn-earworm* OR sorghum-headworm* OR 

helicoverpa OR armigera OR tobacco-budworm* OR heliothis 

OR virescens OR glufosinate* OR gluphosinate* OR (liberty* 

AND herbicid*)) AND (toler* OR resist* OR protec*) AND 

(cotton OR gossypium OR hirsutum) AND (GMHT OR 

transgen* OR engineer* OR lmo or lmos OR ge OR manipulat* 

OR transform* OR stack OR "Food, Genetically Modified")) 

390 

#6 #3 OR #4 OR #5 1741 

Reporting 

Period #7 

PY=(2021-2100)  

(also limited to articles added on or since the date of the prior 

PMEM search ran on July 6, 2021) 

1,721,924 

Final 

Results 

#8 

#6 AND #7 88 
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Europe PMC 

(“DAS-24236-5xDAS-21Ø23-5xMON-88913-8” OR “281-24-236x3006-210-

23xMON88913” OR 281x3006x88913 OR 281x3006xMON OR DAS24236 OR “DAS-

24236” OR “281-24-236” OR DAS21023 OR “DAS-21023” OR DAS21Ø23 OR “DAS-

21Ø23” OR “3006-210-23” OR “281-24-236x3006-210-23” OR “DAS-24236-5xDAS-21Ø23-

5” OR 281x3006 OR WideStrike) AND (FIRST_PDATE:[2021-01-01 TO 2022-12-31]) AND 

(FIRST_IDATE:[2021-07-06 TO 2022-12-31]) 

 

= 5 results 
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 Appendix 3. New entries retrieved by the performed searches to literature databases for 

the authorised GM cotton within the indicated search period (excluding 

duplicates retrieved by the previous searches conducted in 2021) 

 

Aguirre LA, Hernandez-Juarez A, Cerna E, Flores M, Frias GA and Ochoa YM, 2021. 

Diversity, Abundance, and Effect of Genetically Modified Maize on Nontarget 

Predators in Sinaloa, Mexico. Journal of Entomological Science 56, 541-555. 

10.18474/jes20-84 

Ahmad JN, Majeed D, Arshad M, Malik MA, Ali A, Nadeem S and Ahmad SJN, 2021. Effect 

of methyl jasmonate on bt cotton (gossipium hirsutam L.) gene expression and mortality 

of pink boll worm (pectinophora gossypiella). JAPS, Journal of Animal and Plant 

Sciences 31, 1728-1738. 10.36899/japs.2021.6.0375 

Ahmad SF, Gulzar A, Tariq M and Asad MJ, 2021. Field Evolved Resistance in Earias vittella 

(Lepidoptera: Noctuidae) From Punjab, Pakistan Against Commercial Formulations of 

Bacillus thuringiensis kurstaki. Journal of Economic Entomology 114, 2204-2213. 

10.1093/jee/toab137 

Ahmad SJN, Dilawar M, Abid A, Muhammad S, Zubair A, Mujahid M and Ahmad JN, 2021. 

Effect of natural high temperature and flooding conditions on Cry1Ac gene expression 

in different transgenic Bt cotton (Gossypium hirsutum L.) cultivars. Pakistan Journal of 

Botany 53, 127-134. 10.30848/pjb2021-1(38) 

Amin MR, Oh SD, Park SY, Ha K, Kang S, Park JH, Kim M, Eun CU, Kim YK and Suh SJ, 

2022. The effect of thioredoxin-gene-expressed transgenic soybean on associated non-

target insects and arachnids. Plant Biotechnology Reports 16, 79-90. 10.1007/s11816-

021-00724-y 

Ankesh P, Reena Y, Sanoj K, Anil K, Priya S, Ankita Y and Indraneel S, 2021. Expression of 

the entomotoxic Cocculus hirsutus trypsin inhibitor (ChTI) gene in transgenic chickpea 

enhances its underlying resistance against the infestation of Helicoverpa armigera and 

Spodoptera litura. Plant Cell, Tissue and Organ Culture 146, 41-56. 10.1007/s11240-

021-02041-2 

Araujo GVd, Albrecht AJP, Albrecht LP, Carvalho HWPd, Migliavacca RA and Silva AFM, 

2021. Effect of glyphosate and glufosinate on nutritional content and agronomic 

performance of maize possessing cp4epsps and pat transgenes. Australian Journal of 

Crop Science 15, 773-779. 10.21475/ajcs.21.15.05.p3193 

Arends B, Reisig DD, Gundry S, Huseth AS, Reay-Jones FPF, Greene JK and Kennedy GG, 

2021. Effectiveness of the natural resistance management refuge for Bt-cotton is 

dominated by local abundance of soybean and maize. Scientific Reports 11. 

10.1038/s41598-021-97123-8 

Asif M, Siddiqui HA, Naqvi RZ, Amin I, Asad S, Mukhtar Z, Bashir A and Mansoor S, 2021. 

Development of event-specific detection method for identification of insect resistant 

NIBGE-1601 cotton harboring double gene Cry1Ac-Cry2Ab construct. Scientific 

Reports 11. 10.1038/s41598-021-82798-w 

Avand-Faghih A, Sheikhigarjan A, Bagheri A, Siyahooei MA and Famil M, 2021. Damage 

control of Helicoverpa armigera on tomato by plant volatiles-based attract and kill 

approach. Applied Entomology and Phytopathology 89, fa75-fa94. 

10.22092/jaep.2020.351194.1363 

Banazeer A, Afzal MBS, Hassan S, Ijaz M, Shad SA and Serrao JE, 2022. Status of insecticide 

resistance in Plutella xylostella (Linnaeus) (Lepidoptera: Plutellidae) from 1997 to 

2019: cross-resistance, genetics, biological costs, underlying mechanisms, and 
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implications for management. Phytoparasitica 50, 465-485. 10.1007/s12600-021-

00959-z 

Benowitz KM, Allan CW, Degain BA, Li XC, Fabrick JA, Tabashnik BE, Carriere Y and 

Matzkin LM, 2022. Novel genetic basis of resistance to Bt toxin Cry1Ac in Helicoverpa 

zea. Genetics 221. 10.1093/genetics/iyac037 

Bhullar HS and Gill RS, 2021. Ovipositional preference of tobacco caterpillar, Spodoptera 

litura (Fabricius), to different transgenic Bt cotton cultivars. Agricultural Research 

Journal 58, 808-813. 10.5958/2395-146x.2021.00115.0 

Calafiori MH, Santos Morgan Bd, Souza Buck Gd and Walter JS, 2021. Helicoverpa armigera 

(Hubner, 1805) growth on corn (Zea mays) leaves treated with chitin 

Desenvolvimento de Helicoverpa armigera(Hubner,1805) em folhas de milho, Zea mays, 

TRATADAS COM QUITINASubmissao sem titulo. Ecossistema 41, 75-84.  

Calvin W, Yang F, Brown SA, Catchot AL, Crow WD, Cook DR, Gore J, Kurtz R, Lorenz GM, 

Seiter NJ, Stewart SD, Towles T and Kerns DL, 2021. Development of Economic 

Thresholds Toward Bollworm (Lepidoptera: Noctuidae), Management in Bt Cotton, and 

Assessment of the Benefits From Treating Bt Cotton With Insecticide. Journal of 

Economic Entomology 114, 2493-2504. 10.1093/jee/toab173 

Chen B, Zhang Y, Sun ZW, Liu ZW, Zhang DM, Yang J, Wang GI, Wu JH, Ke HF, Meng CS, 

Wu LZ, Yan YY, Cui YR, Li ZK, Wu LQ, Zhang GY, Wang XF and Ma ZY, 2021. 

Tissue-specific expression of GhnsLTPs identified via GWAS sophisticatedly 

coordinates disease and insect resistance by regulating metabolic flux redirection in 

cotton. Plant Journal 107, 831-846. 10.1111/tpj.15349 

Chen DQ, Moar WJ, Jerga A, Gowda A, Milligan JS, Bretsynder EC, Rydel TJ, Baum JA, 

Semeao A, Fu XR, Guzov V, Gabbert K, Head GP and Haas JA, 2021. Bacillus 

thuringiensis chimeric proteins Cry1A.2 and Cry1B.2 to control soybean lepidopteran 

pests: New domain combinations enhance insecticidal spectrum of activity and novel 

receptor contributions. Plos One 16. 10.1371/journal.pone.0249150 

Chen YT, Liu ZX, Regniere J, Vasseur L, Lin J, Huang SG, Ke FS, Chen SP, Li JY, Huang JL, 

Gurr GM, You MS and You SJ, 2021. Large-scale genome-wide study reveals climate 

adaptive variability in a cosmopolitan pest. Nature Communications 12. 

10.1038/s41467-021-27510-2 

Chen K, Hu SL and Jiang Y, 2022. Effects of Nitrogen Fertilizer on the Bt Protein Content in 

Transgenic Rice and Nitrogen Metabolism Mechanism. Journal of Plant Growth 

Regulation 41, 2375-2385. 10.1007/s00344-021-10451-x 

Chen ZK, Sun Y, Wang CL, Song LY, Li B, Qin L, Cai YC, Zhou DH, Ouyang LJ, Zhu CL, 

He HH and Peng XS, 2022. Evaluation of Chilo suppressalis resistance and analysis of 

CRY1C expression in transgenic rice. Agronomy Journal 114, 915-926. 

10.1002/agj2.21014 

Cheng QL, Yu XY, Xiong ZX, Wan ZH, Li YX, Ma WH, Tan WF, Liu MM and Shea KJ, 

2022. Abiotic Synthetic Antibodies to Target a Specific Protein Domain and Inhibit Its 

Function. Acs Applied Materials & Interfaces 14, 19178-19191. 

10.1021/acsami.2c02287 

Corbisier P, Buttinger G, Savini C, Sacco MG, Gatto F and Emons H, 2022. Expression of GM 

content in mass fraction from digital PCR data. Food control 133, 108626. 

10.1016/j.foodcont.2021.108626 

Cui ZJ, Wang Y, Zhu YQ, Zhang X, Feng XP and Ieee, 2021. Terahertz Biosensing All-

Dielectric Metasurface for Bacillus Thuringiensis Cry1Ac Protein Sensing. 46th 

International Conference on Infrared, Millimeter and Terahertz Waves (IRMMW-THz), 

Electr Network. 10.1109/IRMMW-THz50926.2021.9566936 
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Cui ZJ, Wang Y, Shi YQ, Zhu YQ, Zhang DC, Hong ZQ and Feng XP, 2022. Significant 

sensing performance of an all-silicon terahertz metasurface chip for Bacillus 

thuringiensis Cry1Ac protein. Photonics Research 10, 740-746. 10.1364/prj.450017 

Dahi HF, Salman AMA and Bedawi AMA, 2021. The entomocidal crystal proteins Cry1Ac and 

Cry2Ab and their relationship to physiological responses in Egyptian cotton leafworm, 

Spodoptera littoralis (Boisd.). Egyptian Academic Journal of Biological Sciences: 

Toxicology and Pest Control 13, 183-200. 10.21608/eajbsf.2021.210633 

Darwich CMH, Chrzanowski MM, Bernatowicz PP, Polanska MA, Joachimiak E and Bebas P, 

2022. Molecular oscillator affects susceptibility of caterpillars to insecticides: studies 

on the Egyptian cotton leaf worm-Spodoptera littoralis (Lepidoptera: Noctuidae). 

Insects 13. 10.3390/insects13050488 

de Moura SM, Freitas EO, Ribeiro TP, Paes-de-Melo B, Arraes FBM, Macedo LLP, Paixao 

JFR, Lourenco-Tessutti IT, Artico S, Valenca DD, Silva MCM, de Oliveira AC, Alves-

Ferreira M and Grossi-de-Sa MF, 2022. Discovery and functional characterization of 

novel cotton promoters with potential application to pest control. Plant Cell Reports 41, 

1589-1601. 10.1007/s00299-022-02880-z 

De Souza MWR, Soares MA, Serrao JE, Dos Santos MM, De Abreu CM and Da Costa MR, 

2022. Spodoptera frugiperda (Noctuidae) fed on transgenic maize can transfer Bt 

proteins to Podisus nigrispinus (Pentatomidae). Scientia Agricola 79. 10.1590/1678-

992x-2021-0044 

Deguenon JM, Dhammi A, Ponnusamy L, Travanty NV, Cave G, Lawrie R, Mott D, Reisig D, 

Kurtz R and Roe RM, 2021. Bacterial microbiota of field-collected Helicoverpa zea 

(Lepidoptera: Noctuidae) from transgenic Bt and non-Bt cotton. Microorganisms 9. 

10.3390/microorganisms9040878 

Deole S, Padakipatil S, Sandhya SR, Nanote A, Jadhav M, Bihani P, Parimi S, Zehr U, 

Narendran M and Char BR, 2021. Development of marker-free insect resistant 

transgenic okra (Abelmoschus esculentus L. Moench) expressing the cry1Ac gene and 

identification of vector backbone-free events. Physiology and Molecular Biology of 

Plants 27, 2379-2387. 10.1007/s12298-021-01074-3 

Dessoky ES, Ismail RM, Elarabi NI, Abdelhadi AA and Abdallah NA, 2021. Improvement of 

sugarcane for borer resistance using Agrobacterium mediated transformation of cry1Ac 

gene. GM Crops and Food: Biotechnology in Agriculture and the Food Chain 12, 47-

56. 10.1080/21645698.2020.1809318 

Dong S, He KL, Guan LJ, Shi QY, Wu JW, Feng JG, Yang WC and Shi XG, 2022. Construction 

and Characterization of a Single-Chain Variable Fragment (scFv) for the Detection of 

Cry1Ab and Cry1Ac Toxins from the Anti-Cry1Ab Monoclonal Antibody. Food 

Analytical Methods 15, 1321-1330. 10.1007/s12161-021-02223-w 

Dorman SJ, Hopperstad KA, Reich BJ, Kennedy G and Huseth AS, 2021. Soybeans as a non-

Bt refuge for Helicoverpa zea in maize-cotton agroecosystems. Agriculture Ecosystems 

& Environment 322. 10.1016/j.agee.2021.107642 

Dorman SJ, Hopperstad KA, Reich BJ, Majumder S, Kennedy G, Reisig DD, Greene JK, Reay-

Jones FP, Collins G, Bacheler JS and Huseth AS, 2021. Landscape-level variation in Bt 

crops predict Helicoverpa zea (Lepidoptera: Noctuidae) resistance in cotton 

agroecosystems. Pest Management Science 77, 5454-5462. 10.1002/ps.6585 

Dorman SJ, Kudenov MW, Lytle AJ, Griffith EH and Huseth AS, 2021. Computer vision for 

detecting field-evolved lepidopteran resistance to Bt maize. Pest Management Science 

77, 5236-5245. 10.1002/ps.6566 

Endo H, 2022. Molecular and Kinetic Models for Pore Formation of Bacillus thuringiensis Cry 

Toxin. Toxins 14. 10.3390/toxins14070433 
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Tabashnik BE, 2021. CRISPR-mediated mutations in the ABC transporter gene ABCA2 

confer pink bollworm resistance to Bt toxin Cry2Ab. Scientific Reports 11. 
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Fang GQ, Zhang Q, Chen XE, Cao YH, Wang YH, Qi MM, Wu NN, Qian LS, Zhu CX, Huang 

YP and Zhan S, 2021. The draft genome of the Asian corn borer yields insights into 

ecological adaptation of a devastating maize pest. Insect Biochemistry and Molecular 
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Figueiredo CS, Zara FJ and Desiderio JA, 2022. Effect of the Cry1, Cry2 and Vip3 protein 

combinations on the control of Anticarsia gemmatalis (Erebidae) and Chrysodeixis 

includens (Noctuidae) Lepidoptera. International Journal of Pest Management 68, 175-
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Franz L, Raming K and Nauen R, 2022. Recombinant Expression of ABCC2 Variants Confirms 

the Importance of Mutations in Extracellular Loop 4 for Cry1F Resistance in Fall 

Armyworm. Toxins 14. 10.3390/toxins14020157 

Freitas LM, Souza BHS, Eghrari K, Nascimento AM and Brito AH, Effect of Bt zygosity in 

transgenic maize hybrids to the non-target pest Dalbulus maidis. Journal of Pest Science. 
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