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ABSTRACT

Transgenic plants occupy an important place in modern agriculture in many countries. The global area under genetically modi-
fied crops continues to increase each year and currently exceeds 200 million hectares. Increasing attention in the scientific
data is devoted to assessing the potential environmental consequences of cultivating transgenic plants. Particular concern is
associated with the possible effects of insecticidal proteins on non-target fauna and on microbial communities of the rhizo-
sphere and phyllosphere. Another important issue is the escape of transgenes into the environment, which may occur through
the uncontrolled introduction of seeds of transgenic crops into hiocenoses, as well as through cross-pollination between
transgenic plants and non-transgenic varieties of the same species or related plant species. The emergence and spread of
spontaneous hybrids of transgenic varieties have been monitored by several researchers over multiple years of experiments;
however, conducting long-term studies of these processes remains problematic. In this context, naturally transgenic plants,
which originated in nature as a result of genetic transformation hundreds of thousands to millions of years ago, may serve as
an interesting model for studying the evolutionary fate of transgenes, both under stabilizing selection in their favor and in its
absence. Recent studies have expanded the list of naturally transgenic plants. It currently includes more than two hundred.
Of particular interest in this context are genera in which the diversity of natural transgene sequences has been studied in
detail across a large number of species, ecotypes, and populations. These include Nicotiana, Camellia, Arachis, Vaccinium,
Cuscuta, Ipomoea, and several others. Within representatives of these genera, different evolutionary trajectories of natural
transgenes can be observed. Some transgenes remain intact and expressed, leading to the emergence of new biosynthetic
pathways in plants. Others gradually lose their integrity, accumulate point mutations, and over time undergo more substantial
rearrangements, up to complete elimination. Such trends have been reported for certain genes in species belonging to the
genera Nicotiana, Camellia, Arachis, and Vaccinium. Taken together, these findings suggest that in the absence of selective
pressure favoring traits controlled by transgenes, plants not only accumulate point mutations but may also gradually eliminate
transgenes.
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AHHOTALLUA

TpaHcreHHble pacTeHMs 3aHMMalOT BaXKHOE MeCTO B COBPEMEHHOM CENIbCKOM X03AWCTBE MHOMMX CTpaH. lloceBHble nioLla-
IV TOL TEeHHO-WUHXEHEePHO-MOAUPULMPOBaHHBIMA KyNbTypaMu YBESMYMBAKOTCA FOA OT rofa M HblHE COCTaBnsioT bonee
200 mnH ra. B HayuHoM nuTepaTtype BCE 60JibLUe BHAMaHUA YAENSAOT OLEHKEe BO3MOMXKHbIX IKOSIOMMYECKUX MOCeACTBUI BO3-
[eNblBaHMsA TpaHCTeHHbIX pacTeHnin. HanbonbLuyto 06ecroKoeHHOCTb BbI3bIBalOT BOMPOCHI, CBA3aHHbIE C BO3MOXHOCTbIO 1€i-
CTBMS| MHCEKTULMAHBIX 6ENIKOB Ha HeueneByto hayHy U coobLLecTBa MUKPOOPraHU3MoB pusochepsbl U guanocdepsl, a Tak-
e npobieMbl YTEYKM TPAHCrEHOB B OKPYKAMOLLYK Cpefly BCneAcTBUE BECKOHTPOSIbHOrO MOoMafaHusi CEMSIH TPAHCreHHbIX
KynbTyp B OMOLIEHO3bI M BCNEACTBUE MEPEONbINEHNS TPAHCTEHHBIX PACTEHWI C HETPAHCreHHbIMW COpPTaMu TOrO e BUAA
UMW NpefCTaBUTENIAMU POLCTBEHHBIX BUAOB PacTeHWA. MOHWUTOPUHI BO3HUKHOBEHWUS| M PacmpPOCTPaHEHUs! CMOHTaHHbIX -
OpMaoB TpaHCreHHbIX COPTOB Obln UCCNefoBaH PAAOM aBTOPOB B TEYEHWE HECKOJNIbKWX T 3KCMepUMEHTa, 0JHaKO MpoBe-
[eHue bonee AOMrOCPOYHBIX UCCeA0BaHWI NpobieMaTyHo. B 3Toi CBA3M NpMPOAHO-TPaHCreHHble PacTeHWs, BO3HUKLUME
B NpMUpoJe B pesynbTaTe reHeTUYECKON TpaHChOpMaLMM COTHM ThICAY — MUJIMOHBI JIET Ha3af, MoryT BbICTyMaTb MHTEPECHON
MOZENbI0 3BOSIOLMOHHOM Cyabbbl TPaHCreHOB B Cilydae CTabunmsupyrowero otbopa B UX Nonb3y U B OTCYTCTBME TaKOBOrO.
WccnepnoBanus nocnefHux neT NO3BOSIAAM PacLUMPUTb CMMCOK MPUPOLHO-TPAHCTEHHbIX pacTeHuid. Celivac OH HacuuTbIBa-
et bonee aByxcoT. Ocobblii MHTEpPEC B KOHTEKCTE AaHHOM NpobneMbl NpeacTaBMAT pofa, B KOTOPbIX Haubonee feTasnbHO
OLeHeHo pa3Hoobpasue NocneAoBaTeNIbHOCTEN NPUPOAHBIX TPAHCTEHOB Y O0MbLLOro KONMYecTBa BUAOB, 3KOTUMOB, NOMYyNs-
umii. K Hum otHocsates Nicotiana, Camellia, Arachis, Vaccinium, Cuscuta, Ipomoea n HekoTopble apyrue. Y npeacraButeneil
AaHHbIX POLIOB MOXHO NPOCNEANUTb Pa3fIMYHbIE 3BOMIOLIMOHHbIE CYAbObI MPUPOLHbLIX TPAHCTEHOB. YacTb U3 HUX OCTAETCA UH-
TaKTHOW, 3KCNpeccUpyeTcsl, NPUBOAA K NOABMIEHUIO Y PacTeHWUIA HOBbIX BUOCMHTETMYECKUX NyTeid. [lpyras yacTb TepsieT CBOK
MHTAKTHOCTb, HaKanIMBaeT TOYKOBLIE MyTaLMK, a CO BPEMEHeM NpeTeprneBaeT bosee CyLLeCTBEHHbIE NEPECTPOIKM, BMIOTb
[0 MOSTHOM 3NMMUHaLMK. TaKue TeHLEHLMM OTMeYeHbl AJ1s1 HEKOTOpLIX FeHOB Y BUAOB B npeaenax pogos Nicotiana, Camellia,
Arachis, Vaccinium. 3T1 faHHble B COBOKYMHOCTU HaBOASAT Ha MbIC/b, YTO B OTCYTCTBME CEJIEKTMBHOIO 0T60pa B Mosib3y npu-
3HAKOB, KOHTPONIMPYEMBIX TPaHCreHaMM, pacTeHne He TOIbKO HaKamnjMBaeT TOYKOBLIE MyTaLWW, HO M NbITaeTcs U3baBUTLCS
OT TPaAHCreHOB.
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INTRODUCTION

Transgenic plants have become a significant as-
pect of modern global agriculture, as demonstrated by
the annual increase in the area dedicated to genetically
modified (GM) crops, which now exceeds 200 million hec-
tares"? (Fig. 1). Transgenic plants (GMOs) can help solve
global problems because they have a number of signifi-
cant advantages over traditional varieties and hybrids,
including: resistance to pests and diseases, resistance
to herbicides, increased yield and stability, improved
nutritional and consumer qualities, resistance to abiotic
stress. This large-scale shift to biotechnological solu-
tions has led the scientific community to focus not only
on productivity but also on a thorough evaluation of po-
tential environmental impacts. Key areas of concern in-
clude: 1) the effects of plant-produced insecticidal pro-
teins on non-target organisms, such as beneficial insects
and microorganisms in the rhizosphere and phyllosphere;
2) the risk of uncontrolled transgene spread in the environ-
ment. This can happen through mechanical seed dispersal
outside of agroecosystems and through cross-pollination
between GM, traditional varieties, and their wild relatives,
posing a threat of genetic contamination to natural popula-
tions [1]. The consequences of such flow can be evaluated
by examining natural GMOs plants whose ancestors under-
went Agrobacterium-mediated transformation hundreds of
thousands or even millions of years ago. Let's look at this
topic in more detail.

GENE FLOW IS A KEY ECOLOGICAL RISK
OF GMO CULTIVATION

One of the key environmental risks associated with GM
crops is transgene escape (also known as “gene flow” or
“genetic pollution”)—the uncontrolled spread of genetically
engineered traits from intended crops into natural ecosys-
tems or traditional farmland. The main causes of transgene
escape can be categorized into two broad groups: biological
mechanisms and agronomic/anthropogenic factors. Biologi-
cal mechanisms include cross-pollination (via pollen) and the
dispersal of vegetative parts and seeds [2-4]. The riskiest
scenario involves cross-breeding with wild relatives [3, 4].
If the region where the GM crop is grown contains wild or
weedy relatives capable of cross-breeding, the transgene
can “escape” into the wild population [4—6]. Agronomic and
anthropogenic causes, including errors and accidents, in-
volve mistakes occurring at various stages of agricultural
production and regulatory violations. The consequences of

! Agbiolnvestor GM Monitor Report [Internet]. 2025. Available from: https://
gm.agbioinvestor.com (Accessed 01.12.2025).

Z|SAAA. GM Approval Database [Internet]. 2025. Available from: https://
www.isaaa.org/gmapprovaldatabase/default.asp (Accessed 01.12.2025).
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transgene escape include the emergence of hybrids with in-
creased resistance, which can become difficult-to-eradicate
weeds, a reduction in the genetic diversity of wild ancestors
of cultivated plants, and changes in competitive relationships
between species [1].

All of the above highlights the importance of conduct-
ing monitoring studies and developing strategies to prevent
transgene leakage. However, current research is limited
to only a few years of observation. In 2015, we proposed
a model, based on naturally transgenic plants, for studying
the delayed risks of GMO cultivation [7]. A substantial body
of evidence has since accumulated, allowing us to revisit this
topic.

NATURALLY TRANSGENIC PLANTS

The term “naturally transgenic plants” refers to plants
that have acquired foreign genes from a species other
than their direct ancestors through a natural, horizontal
gene transfer (HGT) process, without human intervention.
The most famous and well-documented examples of natu-
rally transgenic plants are species that were transformed by
Agrobacterium/Rhizobium, the very same bacterium that sci-
entists use as a tool to create transgenic plants in the lab [8].
Hundreds of species of naturally transgenic plants are cur-
rently known, and it is generally accepted that traces of
Agrobacterium/Rhizobium—mediated transformation (called
cT-DNA, cellular T-DNA) exist in the genomes of seven per-
cent of dicotyledons [9-11]. The rapid development of next-
generation sequencing and bioinformatics methods enables
large-scale genome sequencing of various species within
specific genera, providing invaluable data for assessing the
diversity of natural transgenes. This analysis can be used to
track the fate of natural transgenes in evolutionarily related
plant groups [12-15].

EVOLUTIONARY FATE OF NATURAL
TRANSGENES

Research conducted by our group shows that transgenes
integrated into plant genomes millions or hundreds of thou-
sands of years ago can follow varying evolutionary paths.
Our analysis reveals that most natural transgenes accumu-
late mutations that render them nonfunctional, leading to
their gradual deletion. In contrast, some natural transgenes
persist under stabilizing selection, resulting in groups of spe-
cies that retain functional transgenes [16—18].

Now, let's examine specific examples of natural trans-
genes with different evolutionary outcomes.

In a study by Bogomaz et al. [17], 23 species of the
genus Arachis were characterized, with some species rep-
resented by various forms. Within this genus, virtually all
studied accessions contained in their genomes at least
one intact copy of a gene homologous to the cucumopine
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Fig. 1. Area under genetically modified crops (a) and countries cultivating them (highlighted in yellow) (b) (based on data from ISAAA).
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Fig. 2. Biosynthetic reactions of cucumopine and agropine (based on data from [19]).

Puc. 2. Peakumm cuHTe3a KyKyMonuHa 1 arponuHa (no Matepuanam [19]).

synthase gene. This gene catalyzes the production of cu-
cumopine (Fig. 2), a low-molecular-weight compound uti-
lized by some bacteria for nutrition. Additionally, fragments
of genes were identified in some peanut genomes, whose
Agrobacterium homologs encode enzymes involved in the
sequential synthesis of mannopine and agropine. Notably,
none of the species retained all three genes, and none of

https://doi.org/10]

the detected fragments were intact. In 14 species, the genes
encoding the mannopine-agropine synthetase enzymes were
completely absent. It can be inferred that the cucumopine
synthase gene was preserved under the influence of stabi-
lizing selection, while the genes for other opines lost their
significance for the ancestor of peanuts and were gradually
eliminated.

/816/ecogenb9777?
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Another interesting example involves representatives
of the genus Vaccinium [18]. Among the 22 species stu-
died within this genus and its related species, damaged co-
pies of the transgene were predominant only in V. oxycoc-
cos. In the other species, the transgenes remained intact.
The mutations in the damaged gene consisted of extensive
deletions. This suggests that the species may have activated
mechanisms to eliminate foreign DNA.

More extensive studies were conducted on plants from
the Nicotiana and Camellia genera.

In the genus Nicotiana, eight distinct types of cellular
T-DNA were analyzed (inside Tomentosae section they were
named TA, TB, TC, TD, TE; in Noctiflorae section they are gT,
NnT-DNAT, NnT-DNA) [12-14]. Attempts to trace their phylo-
genetic relationships during speciation revealed that cultiva-
ted tobacco did not inherit all copies of T-DNA from a single
ancestral genome. One T-DNA (TC) was completely lost.

In addition to TC, TE also experienced chromosomal rear-
rangements throughout its evolution [14].

Within the genus Camellia, 12 variants of cellular T-DNA
have been described. The most ancient of these are TA
and TD. Phylogenetic studies suggest that the ancestral form
that gave rise to the sections Thea, Tuberculatae, Longipedi-
cellatae, and Calpandria lost TD. The stages of occurrence of
deletions within TA were reconstructed based on a compara-
tive analysis of the TA insertion in C. fangchengensis and the
majority of representatives of the Thea section. Modern TAs
do not contain intact genes; however, the mutation pattern
indicates that species from the Thea section and C. fangchen-
gensis diverged from an intact sequence, subsequently ac-
cumulating point mutations, followed by an inversion and two
deletions of TA fragments in C. fangchengensis.

Together, these data suggest that the plant eliminates
non-functional sequences while preserving intact genes that
confer a selective advantage.

CONCLUSION

Similar consequences cannot be ruled out for transgenic
plants created by humans, especially given their uncontrolled
spread in the environment. Brassica napus, Medicago sativa,
and Agrostis stolonifera warrant particular attention in this
context, as all three crops are found in the wild worldwide.
Transgenic lines resistant to herbicides have been developed
from each of these species. When exposed to a selective
agent, transgenic forms and their hybrids gain an advantage
over non-herbicide-tolerant plants [1].

Consequently, monitoring is essential to prevent ad-
verse developments. In recent years, new information has
emerged regarding the spread of transgenes through cross-
pollination within a species and interspecific hybridization.
Although interspecific hybridization occurs infrequently, it can
have significant consequences for the fixation of transgenes
within new genome [7]. The history of naturally occurring
transgenic plants shows that unwanted transgenes can be
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eliminated from populations by removing the influence of
the selective agent. This can be accomplished by abandoning
the use of pesticides to which specific GMOs are resistant in
favor of other pesticides to which the escaped GMOs are not
resistant.
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[0MOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBsTopa. T.B. MatBeeBa — onpefeneHne KoHLUeNLWK, Npose-
[eHNe UCCNefoBaHus; HanucaHue YepHOBMKA PYKOMWCK; MepecMoTp
1 pefaKTpoBaHue pyKonucu. ABTop 0fobpun pykonucs (Bepcuio Ans
nybnmMKaLmMm), a TaKKe COrnacuica HecTu OTBETCTBEHHOCTb 3a BCe
aCneKThbl HacTosLLel paboThl, rapaHTMpys Haanexallee paccMoTpeHue
1 peLLeHne BOMPOCOB, CBA3aHHbLIX C TOYHOCTbIO M [0BPOCOBECTHOCTBID
noboit eé vactu.

WUcTouHuku dmHaHcupoBahus. Pabota BbinonHeHa npy nopnepxke Poc-
CMICKOr0 Hay4Horo doHaa, rpaHT 25-26-00123.

PackpbiTve MHTepecoB. ABTOp 3asBfseT 00 OTCYTCTBUM OTHOLLEHW,
LesTeNbHOCTY W VHTEPECOB 3a NOCNejH1e TpW roAa, CBA3aHHbIX C TPETbUMM
JmLaMy (KOMMEPYECKUMI 1 HEKOMMEPYECKUMY OpraHn3aLmsamMm), MHTepe-
Cbl KOTOPbIX MOTYT ObiTb 3aTPOHYTLI COLEPXKaHVEM CTaTby.
OpuruHanbHocTb. [py NpoBeeHWM 1CCNeoBaHKA 1 CO3LaHNN HACTOALLIEN
CTaTbW aBTOPLI He WCMOJb30BaNM paHee MonydeHHsle W onybaMKoBaHHbIE
CBefleHVs (BaHHble, TEKCT, uantocTpauwmm). [ocTyn K AaHHbIM. Bce AaHHble,
nosly4eHHble B HAaCTOSILLLEEM UCCMIelOBaHWM, MpeACTaBeHb! B CTaTbe.
[eHepaTUBHBIN MCKYCCTBEHHbIA MHTEJUIEKT. [lpy CO3[aHNM HacTosLLen
CTaTb¥l TEXHOMOTWM FeHEePaTUBHOTO UCKYCCTBEHHOrO WHTENNEKTa He uc-
nonb30Banu.
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PaccMoTpeHue u peleH3npoBakme. HacTosluas paboTa noaaHa B xypHan
B MHWUMATMBHOM MOPAAKE M paccMoTpeHa no obblYHoM mpoLienype. B pe-
LieH3VPOBaHWM Y4aCTBOBANM OfMH BHELLHWIA PELIEH3EHT, YeH peaKLMoH-
HOM KONMIErMM U Hay4HbIN PefaKTop U3MaHus.

REFERENCES

1. Matveeva TV. On the impact of GMOs on species diversity.
http://www.rokson.nw.ru/ru/councils/ecology/school_science/gmo
(accessed 10.10.2025).

2. Beckie HJ, Warwick SI, Nair H, Seguin-Swartz G. Gene flow in com-
mercial fields of herbicide-re-sistant canola (Brassica napus). Ecol Appl.
2003;13(5):1276~1294. doi: 10.1890/02-5231

3. Bing DJ, Downey RK, Rakow GFW. Hybridizations among Brassica
napus, B. rapa and B. juncea and their two weedy relatives B. nigra and
Sinapis arvensis under open pollination conditions in the field. Plant Breed.
1996;115(6):470—473. doi: 10.1111/].1439-0523.1996.th00959.x

4. Sohn S-I, Thamilarasan SK, Pandian S, et al. Interspecific hybridiza-
tion of transgenic Brassica napus and Brassica rapa—an overview. Genes.
2022;13(8):1442. doi: 10.3390/genes13081442

5. Warwick SI, Legyre A, Simard M-J, James T. Do escaped trans-
genes persist in nature? The case of an herbicide resistance transgene
in a weedy Brassica rapa population. Mol Ecol. 2008;17(5):1387-1395.
doi: 10.1111/j.1365-294X.2007.03567 x

6. Warwick SI, Simard M-J, Legere A, et al. Hybridization between transgenic
Brassica napus L. and its wild relatives: Brassica rapa L., Raphanus raphanis-
trum L., Sinapis arvensis L., and Erucastrum gallicum (Willd.) 0.E. Schulz.
Theor Appl Genet. 2003;107:528-539. doi: 10.1007/s00122-003-1278-0

7. Matveeva TV. Naturally transgenic plants as a model for the
study of delayed environmental risks of cultivation of GMOs. Ecologi-
cal genetics. 2015;13(2):118-126. doi: 10.17816/ecogen132118-126
EDN: TYRKIL

8. White FF, Garfinkel DJ, Huffman GA, et al. Sequences homologous
to Agrobacterium rhizogenes T-DNA in the genomes of uninfected plants.
Nature. 1983;301:348-350. doi: 10.1038/301348a0

9. Matveeva TV, Otten L. Widespread occurrence of natural genetic trans-
formation of plants by Agrobacterium. Plant Mol Biol. 2019;101:415-437.
doi: 10.1007/s11103-019-00913-y

AUTHOR INFO

Tatiana V. Matveeva, Dr. Sci. (Biology), Professor;

address: 7-9 Universitetskaya Emb, Saint Petersburg, 199034,
Russia; ORCID: 0000-0001-8569-6665; eLibrary SPIN: 3877-6598;
e-mail: radishlet@gmail.com

Tom 24,N°1, 2026

https://doi.org/1017816/ecogent97772

3KonoruyecKas reHeTuKa
Ecological genetics

Duckneimep. 31a cTaTbs NybnvKyeTcs B TOM BUAE, B KaKOM OHa bbina
npeAcTaBneHa aBTopaMu. ABTOPbI HECYT MOMHYI0 OTBETCTBEHHOCTb 3a CO-
LepXaHvie 1 CTWIb pyKomwcy.

10. Matveeva TV. New naturally transgenic plants: 2020 update.
Biol Commun. 2021;66(1):36—46. doi: 10.21638/spbu03.2021.105

11. Shaposhnikov AD, Matveeva TV. The description of new naturally trans-
genic plants made it possible to estimate the time intervals of horizontal gene
transfer from agrobacteria to plants. Ecological genetics. 2026;24(1):15-28.
In Press. doi: 10.17816/ecogen693516

12. Chen K, Dorlhac de Borne F, Sierro N, et al. Organization of the
TC and TE cellular T-DNA regions in Nicotiana otophora and functional
analysis of three diverged TE-6b genes. Plant J. 2018;94(2):274-287.
doi: 10.1111/tp}.13853

13. Chen K, Otten L. Natural Agrobacterium transformants: recent re-
sults and some theoretical considerations. Front Plant Sci. 2017;8:016.
doi: 10.3389/fpls.2017.01600

14. Khafizova GV, Sierro N, Ivanov NV, et al. Nicotiana noctiflora hook.
Genome contains two cellular T-DNAs with functional genes. Plants.
2023;12(22):3787. doi: 10.3390/plants12223787

15. Chen K, Zhurbenko P, Danilov L, et al. Conservation of an Agrobacterium
cT-DNA insert in Camellia section Thea reveals the ancient origin of tea
plants from a genetically modified ancestor. Front Plant Sci. 2022;13:997762.
doi: 10.3389/fpls.2022.997762

16. Chen K, Liu H, Blevins T, et al. Extensive natural Agrobacterium-
induced transformation in the genus Camellia. Planta. 2023;258(4):81.
doi: 10.1007/s00425-023-04234-9

17. Bogomaz 0D, Bemova VD, Mirgorodskii NA, Matveeva TV. Evolution-
ary fate of the opine synthesis genes in the Arachis L. genomes. Biology.
2024;13(8):601. doi: 10.3390/biology 13080601

18. Zhidkin R, Zhurbenko P, Bogomaz O, et al. Biodiversity of rolB/C-like
natural transgene in the genus Vaccinium L. and its application for phyloge-
netic studies. Int J Mol Sci. 2023;24:6932. doi: 10.3390/ijms24086932

19. Matveeva T, Otten L. Opine biosynthesis in naturally trans-
genic plants: Genes and products. Phytochemistry. 2021;189:112813.
doi: 10.1016/j.phytochem.2021.112813

0b ABTOPE

MareeeBa TaTbsHa BanepbeBHa, A-p 61os. Hayk, npodeccop;
afpec: Poccus, 199034, CaHkT-NeTepbypr, YH1BEpcUTETCKas Hab.,
A. 7-9; ORCID: 0000-0001-8569-6665; eLibrary SPIN: 3877-6598;
e-mail: radishlet@gmail.com



https://orcid.org/0000-0001-8569-6665
https://www.elibrary.ru/author_profile.asp?spin=3877-6598
mailto:radishlet@gmail.com
https://orcid.org/0000-0001-8569-6665
https://www.elibrary.ru/author_profile.asp?spin=3877-6598
mailto:radishlet@gmail.com
http://www.rokson.nw.ru/ru/councils/ecology/school_science/gmo
https://doi.org/10.1890/02-5231
https://doi.org/10.1111/j.1439-0523.1996.tb00959.x
https://doi.org/10.3390/genes13081442
https://doi.org/10.1111/j.1365-294X.2007.03567.x
https://doi.org/10.1007/s00122-003-1278-0
https://elibrary.ru/tyrkil
https://doi.org/10.17816/ecogen693516
https://doi.org/10.3390/plants12223787
https://doi.org/10.3389/fpls.2022.997762
https://doi.org/10.1007/s00425-023-04234-9
https://doi.org/10.3390/biology13080601
https://doi.org/10.3390/ijms24086932
https://doi.org/10.1016/j.phytochem.2021.112813

	Naturally Transgenic Plants as a Model for Studying Delayed Environmental Risks of GMO Cultivation: New Evidence and Generalizations

	Abstract

	To cite this article



	Природно-трансгенные растения как модель изучения отсроченных экологических рисков возделывания ГМО: новые факты и обобщения

	Аннотация

	Как цитировать


	Introduction

	Gene flow is a key ecological risk of GMO cultivation

	Naturally transgenic plants

	Evolutionary fate of natural transgenes

	Conclusion

	Additional Info

	Дополнительная информация

	Author Info

	Об авторе

	References





