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Conclusion
Studying GMOs structure is necessary to develop reliable quantification and detection tests complying with the different regulations, but it also leads to ask fundamental questions about genome fluidity. Many of the mechanisms involved in recombinant DNA integration are similar 
to those underlying genome evolution. Therefore, characterised GMO inserts are a very good model to study the molecular systems involved in DNA rearrangements in general. Furthermore, GMO progenies can be used to compare the evolution of an exogenous DNA insert to 
those of mobile or non mobile genetic elements already present in the plant genome. Lastly, characterising different GMO cultivars produced with the same initial construct should provide information on the effect of the genomic background on the DNA insert stability.

Introduction
Labelling of food and feed containing more than a defined threshold of ingredients derived from authorized GMOs is mandatory in countries such as Europe, Japan, Australia and New Zealand. Reliable GMO identification and quantification methods are needed to comply 
with these regulations. Mostly based on PCR amplification (end point and quantitative real time PCR), GMO detection tests can be specific of recurrent regulatory sequences and genes (screening), construct-specific, or event-specific. Development of such tests requires 
the sequencing and the detailed characterisation of the GMO inserts and their edge-fragments. By contributing to the localization of the preferential integration sites, and by revealing unexpected rearrangements, duplications of genetic elements and/or inserts, these 
analyses show that commercial GMOs are a source of valuable material to study genome fluidity, especially DNA placement, recombination and repair mechanisms.

Why do DNA rearrangements occur ? - In plants, exogenous DNA transfer elicites a wound response which activates nucleases and 
DNA repair enzymes. The transferred DNA is thus, either degraded or used as a substrate for DNA repair, resulting in its potential rearrangement and 
incorporation in the genomic DNA (Takano et al. (1997) Plant J 11: 353-361 ). Furthermore, specific transforming plasmid structure and construct properties 
can enhance recombination events all along the transformation process. Indeed, some genetic elements can act as hotspots and undergo recombination at high 
frequency. It is, for example, the case for the 3’ end of the CaMV 35S promotor -an imperfect palindrome of 19 bp- when it is in conjunction with specific 
flanking sequences derived from transforming plasmid. Illegitimate recombination can also occur in the borders of the Ti plasmid of Agrobacterium 
tumefaciens, especially in the right border which contains an imperfect palindromic sequence of 11 bp. The 3’ end of the nos terminator is also theoretically 
highly prone to recombination (Kohli et al. (1999) Plant J. 17(6): 591-601). Hot spots may lead to tandem transgene repeats with interspersed plant DNA 
sequences in a single genetic locus. Presence of several inserts may also result from multimerisation in the plasmid before transformation or from multiple 
insertions. - In addition to cellular mechanisms controlling the transgene integration, subsequent selection procedures of the GM material may introduce 
further genomic reorganisations (Hernandez et al. (2003) Transgenic Res. 12: 170-189).
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A recombination hotspot in P35S
Two sequences of the 35S CaMV promotor are shown aligned 
in opposite orientations,  representing a possible cruciform 
structure adopted by the 19bp palindromic sequences. The 
arrow indicates the position of a potential crossover – Kohli et 
al. (1999) Plant J. 17(6): 591-601.

(Collonnier et al. (2003) Eur. Food Res. Tech. (submitted))

T25 maize - LibertylinkTM (Bayer)
Tolerance to herbicide glufosinate, Peg-mediated transformation

Construct content : truncated bla gene (bla*), pUC cloning vector (pUC), synthetic pat gene (pat),  CaMV 35S promotor and terminator (P35S, 
T35S).

DNA rearrangement: presence of a second truncated and rearranged P35S on the 5’ end.

Insertion site: the 5’ and 3’ ends of the insert show homologies with Huck retrotransposons.

What are the DNA rearrangements observed in GMOs ? The results presented here in the different frames show that various 
kind of rearrangements occur in GMOs: deletion (Mon810, GA21, Bt176), recombinaison (T25, GTS 40-3-2, Bt176), tandem or inverted repeats (T25, GA21, 
GTS 40-3-2, Bt176)... Moreover, in addition to insert recombinations, rearranged fragments of the insert can also be scattered in the genome (Mon810).

When do they occur ? Rearrangements of transforming DNA have been reported both in direct and indirect transformation. Recombination may 
occur between plasmid molecules before or during the transformation, or between plasmid and genomic DNA during or after the transformation.

Where does the insert go ? Transferred DNA preferential insertion sites include mobile elements such as retrotransposons (T25, Mon810, 
GA21), but also repeated sequences (Bt11 maize insert (Syngenta) is located in a tandem repeated sequence motif (Zimmermann et al. (2000) Lebensm-Wiss u-
Technol 33: 210-216 ; Rønning et al. (2003) Eur. Food Res. Technol. 216: 347-354). Many retrotransposons containing long terminal repeats (LTRs) carry strong 
promotors. Insertions in these regions could then give rise to altered spatial and temporal expression patterns of genes in close proximity. Moreover, defective 
retrotransposons can transpose by the use of trans-acting factors, which could potentially affect the genetic stability of the recombinant DNA insert (Jank and 
Halsberger (2000) Tibtech 18: 326-327).

GTS 40-3-2 soybean (Monsanto)

(Windels et al. (2001) Eur. Food Res. Technol. 213: 107-112)

Tolerance to herbicide glyphosate (Roundup Ready TM), Bombardment
Construct content : CaMV 35S promotor (P35S), N-terminal chloroplast transit peptide (CTP4),  modified epsps gene (CP4EPSPS),  nos terminator (T-nos).

DNA rearrangement: on the 3’end of the insert, presence of a 245bp sequence homologous to CP4 EPSPS and a 534 bp unknown sequence.
Insertion site: the two junction fragments share no homology: some DNA rearrangements or a large target site deletion on the 5’ end of the 

insert.

P-35S    CTP4 CP4EPSPS       T-nos

P-35S    CTP4 CP4EPSPS       T-nos
Sequence observed

Sequence expected
(public data)

Soybean DNA

Soybean DNA

GA21 maize (Monsanto)

DNA rearrangement: duplication of the EPSPS cassette, partial deletion of the P-ract and deletion of T-nos in two different cassettes.
Insertion site: the 3’ end of the insert is flanked by sequences of the pol-polyprotein gene of a PREM2-retrotransposon (public data).

Results obtained : Confirmation of the presence of EPSPS and T-nos (unpublished data, MDO, INRA, Versailles, France). Similar junction between 
tandem repeats of EPSPS cassette (only one single PCR product (208 bp)) (unpublished data, IBMB, CSIC, Barcelona, Spain) .

Sequence expected
(public data)

Tolerance to herbicide glyphosate (Roundup Ready TM), Bombardment
Construct content : rice actin promotor (P-ract), N-terminal chloroplast transit peptide (CTP4),  modified epsps gene (CP4EPSPS),  nos terminator (T-nos).

18,5 Kb
3.4 kb

3  complete cassettes:
P-ract  OTP  mEPSPS  T-nos

1 cassette with P-ract  
partially deleted

1 cassette with 
mEPSPS  partially 

deleted P-ract

Bt176 maize (Syngenta)

(Unpublished data: Lab. MDO INRA, Versailles, France; TEPRAL, Strasbourg, France )

DNA rearrangement: 3 rearranged fragments detected. The first of 118 bp is homologous to P35S and T35S. The second contains a fragment of 
P35S and an unknown sequence of 215 bp, the third contains P35S and the bla gene (deletion of T35S).

Insertion site: at least 3 integration sites for construct 2

Tolerance to herbicide glufosinate, male sterility, insect resistance – Bombardment.
Construct content : CryIA(b) toxin synthesis gene (CryIA(b)), bialaphos resistance gene (bar),  ampicillin resistance gene (bla) + bacterial promoter,  PEPC 

promotor (P-PEPC), PCDK promotor (P-PCDK), CaMV 35S promotor and terminator (P35S, T35S), plasmid replication origin (ORI).

Sequences observed when looking for 
the bar cassette of Construct 2

Sequence expected
(public data)

T-35S        CryIA(b) P-PEPC             P-PCDK CryIA(b) T-35S    bla+bacterial P.     ORI

P-35S    bar  T-35S     bla+bacterial P.        ORI

Construct 1

Construct 2

fragments of P-35S and T-35S fragment of P-35S   

180 bp 215 bp

fragments of P-35S   bar

(Hernandez et al. (2003) Transgenic Res. 12: 179-189; Holck et al. (2002) Eur. Food Res. Tech. 214: 449-453)

Mon810 maize- YieldGardTM (Monsanto)
Resistance to lepidopteran insects, Bombardment

Construct content : CaMV 35S promotor (P35S), CryIA(b) toxin synthetic gene (CryIA(b)), nos terminator (T-nos).

DNA rearrangement: deletion of T-nos in the insert (but Tnos detected in the genome) and deletion of a part of CryIA(b).
Insertion site: the 5’ end of the insert shows homology with LTR sequences of the Z. mays alpha Zein gene cluster. No homology between LTR 

sequences and the 3’ end: rearrangement of the integration site.

Sequence observed

Sequence expected
(public data)

Maize DNA
P-35S hsp70 intron CryIA(b) T-nos

P-35S hsp70 intron Truncated CryIA(b)
Maize DNA

Maize DNA
P35S* pUC18 P35S pat T35S pUC18

bla*

bla*

pUC18 P35S pat T35S

bla*

Sequence observed

Sequence expected
(public data)

(Presence of cloning vector + the 5 
first bp of bla on the 3’ end )

How do they occur ? In higher plants, most rearrangements involve illegitimate recombination during DNA double-strand break repair (DSBR)
(Sargent et al. (1997) Mol. Cell Biol. 17: 267-277). Plasmid junctions are predominantly formed by microhomology dependent illegitimate recombination mainly 
based on single-strand annealing of complementary tails, followed by repair synthesis over the remaining gaps (Kohli et al., 1999). Several other mechanisms can 
also be involved in DNA rearrangement, such as non homologous end joining (rare), or polymerase slipping and template switching sometimes leading to 
deletion (Cf cruciform P35S - green frame).






















































