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Abstract The construct inserted in YieldGard� MON810

maize, produced by Monsanto, contains the CaMV 35S

promoter, the hsp70 intron of maize, the cryI(A)b gene for

resistance to lepidopterans and the NOS terminator. In a

previous work a truncation event at the 30 end of the

cryI(A)b gene leading to the complete loss of the NOS

terminator was demonstrated. The 30 maize genome junc-

tion region was isolated in the same experiment not

showing any homology with known sequences. The aim of

the experiments here reported was therefore to isolate and

characterize a larger portion of the 30 integration junction

from genomic DNA of two commercial MON810 maize

lines. Specific primers were designed on the 30 integration

junction sequence for the amplification of a 476 bp frag-

ment downstream of the sequence previously detected.

In silico analysis identified the whole isolated 30 genomic

region as a gene putatively coding for the HECT E3

ubiquitin ligase. RT-PCR performed in this region pro-

duced cDNA variants of different length. In silico

translation of these transcripts identified 2 and 18 putative

additional aminoacids in different variants, all derived

from the adjacent host genomic sequences, added to the

truncated CRY1A protein. These putative recombinant

proteins did not show homology with any known protein

domains. Our data gave new insights on the genomic

organization of MON810 in the YieldGard� maize and

confirmed the previous suggestion that the integration in

the genome of maize caused a complex recombination

event without, apparently, interfering with the activity of

the partial CRY1A endotoxin and both the vigor and yield

of the YieldGard� maize.
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Introduction

In modern plant transformation biotechniques, one of most

relevant putative sources of uncertainty and unpredict-

ability in the production of new transgenic crop plants is

the vector integration site. In fact, the transgene insertion

site cannot be predetermined (Pawlowski and Somers

1996, 1998; Tinland 1996; Somers and Makarevitch 2004;

Tzfira et al. 2004). For this reason, transgenes may be

inserted in functional genomic regions, disrupting the

structure and/or altering the regulation patterns of genes

from the plant host genome. Results obtained from large-

scale T-DNA tagging experiments in Arabidopsis thaliana

(Szabados et al. 2002; Alonso et al. 2003; Forsbach et al.

2003; Qin et al. 2003) and Oryza sativa (Jeong et al. 2002,

2006; Chen et al. 2003; Sha et al. 2004; Zhang et al. 2007)

showed a non-random distribution of T-DNA insertion

sites, more frequent in genic sequences endowed with

different functions such as metabolism, signal transduction

and transcription, disease processes and defence mecha-

nisms, intracellular traffic. Experiments in other organisms,

namely the legume Medicago truncatula (Scholte et al.

EMBL Accession #: AM749995; AM749996; AM749997;

AM749998; AM750007.AM749999; AM750000; AM750001;

AM750002; AM750003; AM750004; AM750005; AM750006.
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2002), barley (Salvo-Garrido et al. 2004), potato and

tobacco (Koncz et al. 1989; Lindsey et al. 1993) also

suggested that T-DNA insertion occurred generally into

coding sequences. Particle bombardment is another plant

transformation technique broadly applied in genetically

modified plants production. Many studies have shown that it

normally creates extremely complex insertion events with

the presence of multiple copies of intact or fragmented

transgene DNA (Maqbool and Christou 1999; Kohli et al.

1999, 2003; Fu et al. 2000; Mehlo et al. 2000; Svitashev

et al. 2000; Svitashev and Somers 2001, 2002; Breitler

et al. 2002; Loc et al. 2002; Vain et al. 2002). However it

should be stressed that genome rearrangements also often

occur in non transgenic maize plants and have been thor-

oughly studied by several authors (see for instance Dunning

Hotopp et al. 2007; Morgante et al. 2005; Brunner et al.

2005). In many instances whole loci have been spontane-

ously modified also due to the high amount of mobile

elements in maize genome. So even in commercially

approved genetically modified cultivars, selected for single

insertion events, genome rearrangements and the presence

of foreign DNA sequences have been detected (Fitch et al.

1992; Windels et al. 2001; Hernandez et al. 2003).

The interest for the analysis of the junction regions in

transgenic plants is also due to their event-specific nature, a

critical feature for the GM products traceability.

The Zea mays event MON810 (US 2004/0180373 A1,

16 September 2004), commercialized by Monsanto with

the trade name YieldGard�, is one of the major maize GM

products approved for commercialization in the European

Union. It contains a transgene cassette carrying the cauli-

flower mosaic virus 35S promoter, the hsp70 intron and the

cryIA(b) gene for resistance to lepidopterans, particularly

the European corn borer. The first report by Monsanto

suggested the presence in MON810 of a unique transgene

element of 3.6 kb corresponding to a truncated version of

the cryIA(b) gene inserted into the maize genome. Further

studies (Hernandez et al. 2003) confirmed the truncation

event of cryIA(b) gene between positions 2235 and 2571,

with the complete loss of the NOS terminator.

The aim of our work was: (i) the isolation and identifi-

cation of the 30 transgene junction region in the MON810

maize genome to precisely characterize the genomic

organization at this locus and (ii) the study of its tran-

scriptional activity to investigate if the truncation of the

expression cassette (Hernandez et al. 2003) could eventu-

ally determine read-through transcription of the plant

genomic region downstream the truncated cry sequence.

For these purposes, two MON810 maize lines, PR33P67

and Elgina and the corresponding isogenic untrasformed

lines, respectively PR33P66 and Cecilia, were used and a

genome walking approach was applied to isolate the maize

genomic sequences flanking the 30 site of the MON810

event integration locus. Furthermore we performed a

detailed in silico analysis of the isolated sequences for

structure and function predictions. PCR experiments were

finally carried out to confirm in silico predictions.

Materials and methods

Plant materials and DNA extraction

Seeds from PR33P67 and Elgina MON810 maize lines

(Piooneer Hi-Bred), and their untransformed parent lines,

respectively PR33P66 and Cecilia (www.oecd.org/

dataoecd/1/48/33999570.PDF), were kindly provided by

Dr. G. Monastra (Istituto Nazionale di Ricerca per gli

Alimenti e la Nutrizione, I.N.R.A.N., Rome, Italy). Seeds

were sown on a soil-vermiculite mixture and grown in a

greenhouse at 24 ± 1�C T, under long day light conditions

for 2 weeks after germination. DNA was extracted from

frozen leaves of each germinated plant as described in

Bogani et al. (1995).

Isolation of 30 junction flanking sequence

30 plant-vector junction sequence was isolated by Genome-

WalkerTM technique (Siebert et al. 1995). Enzymes,

adapters and adapters primers (AP1, AP2) were provided by

GenomeWalker Universal KitTM (Clontech, BD Biosci-

ence, Becton, Dickinson and Co., Europe). Specific primers

were designed on the sequence identified by Hernandez

et al. (2003) and deposited in GenBank with the Accession

# AF490398, using Primer 3 program (Rozen and Skaletsky

2000). Primer sequences are listed in Table 1. A first PCR

amplification was performed with the adapter-specific pri-

mer AP1 and MONGW1fwd. The nested PCR amplification

was then performed using the adapter-specific primer AP2

and MONGW2fwd primer, using as template 1 ll of 1:50

dilution of the first amplification reaction, according to the

manufacturer’s instructions. The PCR product was then

ligated in the TOPO-TA cloning vector (pCR2.1-TOPO�,

Invitrogen), and cloned into E. coli competent cells.

Sequencing of inserts (both strands from three clones) was

done by MWG-Biotech, Münich (www.mwg-biotech.com).

The sequence obtained appeared in the EMBL databank

under the Accession #: AM749995; AM749996;

AM749997; AM749998; AM750007.

PCR conditions

Conventional PCR reactions were performed in a final

volume of 25 ll, containing 100 ng genomic DNA as

template, 5 lmol dNTPs, 10 pmol of each primer

(Table 2), 1U Taq DNA polymerase (Amersham Biosci-

ences, Italy), 1.5 mM MgCl2 and 19 PCR buffer
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(Amersham). PCR was carried out in a PTC-100TM P

Thermal Cycler (MJ Research, INC.) with the following

cycling parameters: 95�C for 10 min, 30 cycles at 95�C for

1 min, T annealing (Ta) for 1 min and 72�C for different

extension times depending on the fragment size, followed

by a final extension at 72�C for 8 min. Ta and extension

times are reported in Table 2.

RNA isolation and purification

Leaves from 15-days old plants were harvested and

immediately frozen in liquid nitrogen prior RNA isolation.

500 mg of fresh tissue were then homogenized with a

pestle and mortar and suspended in the extraction buffer

provided by the Plant RNA extraction kit (Macherey–

Nagel, M-Medical, Italy) following instructions of the

protocol supplied. RNA obtained was treated with 0.1 U/ll

RNase DNase I free (Roche Diagnostics, Italy) overnight at

37�C. Total RNA was then precipitated with 0.1 V LiCl

4 M and 3 V absolute ethanol, washed twice in 70% eth-

anol and resuspended in sterile distilled water. RNA was

then spectrophotometrically quantified at 260 nm and

stored at -80�C until further use. To check for DNA

contamination, 1 lg total RNA was used as template in a

PCR amplification reaction.

Reverse-transcription PCR

cDNAs were reverse transcribed from 1 lg total RNA from

MON810 and isogenic untransformed maize lines

according to the First Strand cDNA Synthesis Kit for

RT-PCR (AMV) (Roche). Primers used for retrotranscrip-

tion reaction were HECTupREV, or HECTupREV2 or

HECTupREV3 as reverse primers (Table 2; Fig. 4). The

same reverse primers were then used in combination with

CRYfwd as forward in cDNA PCR amplification. PCR

fragments obtained were cut out from the agarose gel,

purified using the PCR purification kit (Qiagen, Italy),

ligated in pCR�2.1 TOPO-TA kit (Invitrogen) and

sequenced as described above. Sequence obtained were

deposited in the EMBL databank with the following

Accession #: AM749999; AM750000; AM750001;

AM750002; AM750003; AM750004; AM750005;

AM750006.

Computational data

Sequence comparison and alignment were performed by

ClustalW (Thompson et al. 1994). Homology search

analysis was done by using the BLAST algorithm (Altschul

et al. 1990), (BLASTN version 2.2.15, Oct-15-2006)

against Z. mays Plant Genome Database (http://www.

plantgdb.org/ZmGDB/index.php) for DNA sequences,

and against SWISSPROT (release of Jan-15-2008) (http://

expasy.org/sprot/), PROSITE (Hulo et al. 2006), (release

20.25 of Jan-17-2008) (http://expasy.org/prosite/), and

SMART version 5.1 (Schultz et al. 1998; Letunic et al.

2006) (http://smart.embl-heidelberg.de/index2.cgi) dat-

abases, for aminoacid sequences. Putative coding regions

Table 1 Primers used for PCR amplification of DNA and cDNA fragments

Primer Sequence Primer position with respect

to 30 junction site (+1)

Localization within BAC

clone ZMMBBc0409B05

CRYfwd TCT TCA CGT CCA GCA ATC AG -570/-550 –

30GENrev TTC TCA CGT CCA GCA ATC AG +231/+251 130143/130123

HECTupRev TTT GAG GTG AGC CTT GCC GAT G +1992/+2012 131903/131883

HECTupRev2 ATT TGT GAG GGA AGG TGT CG +1245/+1265 131157/131137

HECTupRev3 TTT GGG AAG GAA AAG GTA TC +656/+676 130567/130547

HECTExfwd TCA ATC ATC AAA GCA TCA TCG -826/-806 129056/129076

MONGW1fwd CTA CTT GTA CCA GAA GAT CGA TGA GTC -254/-227 –

MONGW2fwd ATA CCA ATC CTA CTA GAC TGG CTG AG +467/+493 130358/130384

Table 2 Primer pairs and PCR

conditions
Primer pair Annealing

temperature (�C)

Extension

time

Expected fragment

size (bp)

1 CRYfwd/ HECTupRev 54 30 2587

2 CRYfwd/ HECTupRev2 54 20 1835

3 CRYfwd/ HECTupRev3 54 103000 1246

4 HECTEXfwd/30GENrev 56 103000 1086

5 HECTEXfwd/

HECTupREV3

56 20 1502

Plant Mol Biol

123

http://www.plantgdb.org/ZmGDB/index.php
http://www.plantgdb.org/ZmGDB/index.php
http://expasy.org/sprot/
http://expasy.org/sprot/
http://expasy.org/prosite/
http://smart.embl-heidelberg.de/index2.cgi


search was performed using GETORF software from

EMBOSS GUI on-line suite (release of November 2002)

(Rice et al. 2000), and TWINSCAN software (Korf et al.

2001) (http://mblab.wustl.edu/query.html). Splice site pre-

diction analysis was performed with NetPlantGene Server

(release of November 2003), a software producing neural

network prediction of splice sites in Arabidopsis thaliana

DNA (http://www.cbs.dtu.dk/services/NetPGene/).

Results

Isolation and molecular characterization

of the 30 junction flanking region

Hernandez et al. (2003) identified a 1222 bp fragment

(AF490398) spanning the 30 junction region in MON810

maize, composed by the last 633 bp of the truncated

cryIA(b) gene and 598 bp corresponding to plant junction

DNA. This sequence did not show significant identity with

any known plant DNA sequences. To further characterize

the 30 insertion site of MON810 transgenic maize, we

analyzed a 345 bp junction flanking region downstream of

the previously isolated one. For this aim the genome

walking technique was applied using two different primer

pairs. Primers were anchored, respectively, one to the cry-

IA(b) gene (MONGW1fwd) and the other to the annotated

AF490398 30 junction (MONGW2fwd) (see Sect. ‘Materi-

als and methods’). The nested 476 bp long PCR product,

amplified from PR33P67 and Elgina transgenic lines

genomic DNA, were cloned and sequenced. No fragments

were obtained from isogenic untrasformed lines. The iso-

lated 476 bp fragment was shown to overlap with the last

130 base pairs of the known 30 junction region and to extend

downstream of it for further 345 base pairs. Sequence

alignment showed, moreover, a lower identity between the

two sequences from nucleotide position 100 to 130 (Fig. 1).

The whole isolated 943 bp plant DNA fragment (345 bp

isolated in this work and the annotated 598 bp), flanking

the 30 end of MON810 insert was then used as query in the

search of homology against the Z. mays Plant Genome

Database using the BLASTN program. Search results

showed a 99% identity with the chromosome 5 BAC clone

ZMMBBc0409B05 (Zm-BAC gi:110625153; Accession #

AC185641) from nucleotide positions 129935 to 130834.

To confirm the identity of the isolated sequence, one for-

ward primer annealing within the cryIA(b) gene and three

different reverse primers annealing in different position

with the sequence of the BAC clone ZMMBBc0409B05,

were used to amplify in transgenic lines the corresponding

regions. PCR experiments with the following primer

Fig. 1 Sequence alignment between the 476 bp fragment obtained

through PCR amplification with the AP2 and MONGW2fw primer

pair, and the annotated maize MON810 30 flanking sequence

(AF490398)
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combinations, respectively CRYfwd/HECTupREV (1),

CRYfwd/HECTupREV2 (2) and CRYfwd/HECTupREV3

(3) (Fig. 2), produced the amplification of products of

expected length, respectively 2,585, 1,835, 1,246 bp on

PR33P67 and Elgina genomic DNA, no amplified bands

being detected in isogenic untransformed lines. All three

PCR fragments were cloned and sequenced. Alignments

shown in Supplement A confirmed the identity with chro-

mosome 5 BAC clone ZMMBBc0409B05.

In silico analysis of the structure of the 30 insertion site

The in silico 30–50 translation of the 943 bp fragment

produced a sequence of 314 aminoacids. Homology search

(BLASTp) against SWISSPROT database showed a good

level of identity (81%) with a putative HECT ubiquitin

ligase from Oryza sativa (Accession # Q6YU89) (Supple-

ment B). To determine the general structure of the putative

gene in the maize genome we analysed a 9.2 Kbp portion

from the BAC clone ZMMBBc0409B05 encompassing the

region from 124972 to 134148, containing the 943 bp

fragment, with the GETORF software from EMBOSS GUI

and TWINSCAN softwares (see Sect. ‘Materials and

methods’). Results obtained with the two programmes were

in agreement and evidenced 17 putative exons (Fig. 2a)

coding for a 1711 aminoacid sequence showing 82%

identity with the O. sativa HECT E3 ubiquitin ligase

(Supplement B). The putative gene structure was partially

confirmed by splice-site analysis with NetPlantGene Ser-

ver, recognizing 13 out of 17 potential exon–intron

junctions, and 7 out of 17 potential intron–exon junctions

with a confidence level ranging from 0.74 to 1.00

(Table 3). Finally, the search for the presence of protein

domains in PROSITE (Hulo et al. 2006) and SMART

(Schultz et al. 1998; Letunic et al. 2006) databases

revealed the presence of the HECT domain at the carboxyl

terminus (bold letters in Supplement B). Our data therefore

suggested, as shown in Fig. 2b, that the MON810 transgene

cassette is inserted in the genome of maize beside exon 8

of a putative HECT gene not reported so far, to our

knowledge, in Z. mays.

Characterization of the 30 undisrupted site in isogenic

untrasformed maize

PCR reactions performed on DNA extracted from

PR33P66 and Cecilia maize isogenic lines using HECT-

EXfwd/30GENrev primer pair led to the amplification of a

single DNA fragment. No bands were obtained in MON810

transgenic lines. The PCR product was cloned and

sequenced, and the alignment between this sequence and

Z. mays Plant Genome Database identified a 1,086 bp

region (Fig. 2a) identical to the BAC clone

ZMMBBc0409B05 from nucleotide position 129056 to

131908 (Fig. 3). The alignment evidenced 100% identity

between the fragment and the region comprising the last

289 bp of exon 8, the 742 bp of intron 8, and the first

55 bp of exon 9 of the predicted HECT protein ligase gene.

Sequence comparison between undisrupted site from iso-

genic maize and MON810 30 flanking region, showed that

the insertion of MON810 expression cassette occurred

within the exon 8 of the putative maize HECT E3 ligase

gene, and that the insertion event caused rearrangements

also at the first 44 bp of MON810 30 flanking region

(Figs. 2b and 3).

Analysis of the expression of the 30 junction region

The analysis of the expression of the 30 MON810-maize

genome junction was performed by extracting total RNA

Fig. 2 (a) Scheme for the structure of the putative HECT E3

ubiquitin-ligase gene of maize, within the BAC clone

ZMMBBc0409B05 from nucleotides 124972 to 134148. Numbers

refer to exons of the putative HECT gene; (b) insertion site of

MON810 vector in the maize genome (black box: CaMV35S

promoter; dotted box: hsp70 intron; light grey arrow: cryIA(b)

truncated gene; dark grey arrow: truncated exon 8 of putative HECT

E3 ubiquitin-ligase gene). Arrows indicate the direction of transcrip-

tion for both the MON810 insert and the endogenous putative maize

HECT gene. PCR fragments obtained in this study with the

corresponding forward and reverse primers are shown by black bars
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from transgenic tissues. Total RNA was then retrotran-

scribed in three different retrotranscription reactions using

respectively HECTupREV, HECTupREV2 and HECTu-

pREV3 as reverse primers as described in Sect. ‘Materials

and methods’. The resulting cDNAs were then used for

PCR amplifications. PCR reactions were performed with

CRYfwd as forward primer, and with the same reverse

primers used in retrotranscription reactions. The amplifi-

cation of cDNA with CRYfwd/HECTupREV (1),

CRYfwd/HECTupREV2 (2) and CRYfwd/HECTupREV3

(3) primers combinations led to the production of a series

of fragments with different lengths suggesting the synthesis

of different RNA variants. As shown in Table 4, the use of

primer combination 3 produced only one fragment of the

same length both when cDNA or genomic DNA (gDNA)

were used as templates. Primer combination 2 gave four

cDNA fragments, one of which had the same length when

gDNA and cDNA were amplified. The other three were all

different and shorter. Finally, primer combination 1 gave

three amplification products all showing smaller sizes than

the fragment obtained in gDNA amplification; the lack of

this fragment in cDNA amplification may be due to PCR

competition with shorter cDNA molecules. All cDNA-PCR

products extracted from the agarose gel and purified were

ligated in the pCR2.1-TOPO� vector (Invitrogen), cloned

in E. coli competent cells and sequenced.

Sequencing of each different insert (both strands from

three different E. coli clones) always showed 100% iden-

tity with 569 bp of cryI(A)b gene while the remaining

region of different length matched with chromosome 5

BAC clone ZMMBBc0409B05. Shorter cDNA products

evidenced deletions located in different positions along the

sequence but all within the maize plant flanking region

(Table 4; Fig. 4; Supplement C). When analyzed with the

NetPlantGene Server for splice-site prediction (see

sect. ‘Materials and methods’), deletion events were found

to be similar to spurious exon–intron or intron–exon

junctions (Table 5). The in silico translation of different

RNA variants in all fragments lacking the specific deletion

from nucleotide 5 to nucleotide 102 showed two putative

additional aminoacids downstream of the truncated

CryI(A)b protein with a stop codon encompassing nucle-

otide positions 576, 577 and 578 (corresponding to

nucleotide positions 280–282 in SEQ ID NO:4 Monsanto

Patent US2004/0180373 A1, Pub. Date sp. 16, 2004)

(http://www.agbios.com/). On the other hand, mRNA

variants showing the deletion from nucleotide 5 to 102,

showed 18 putative additional aminoacids added to the

truncated CryI(A) protein (Table 4; Fig. 5). The other

deletions identified were all localized downstream of the

termination codon and would not influence the putative

recombinant ORFs.

Discussion

In the last 10 years there has been a growing interest in the

detailed analysis of the molecular structure of transgenic

loci in GM crops in order to develop markers for trace-

ability of crops and derived products. In several instances

Fig. 3 Comparison of undisrupted site sequence from isogenic

untransformed maize lines and MON810 30 flanking region from

transgenic ones obtained in this study, and the BAC clone

ZMMBBc0409B05 sequence from nucleotides 129056 to 130195
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the molecular characterization of commercial transgenic

crops showed the presence of vector fragments and modi-

fications of the insertion site in the host genome. (Wilson

et al. 2006; Fitch et al. 1992). Moreover Roundup Ready�

Soybean 40-3-2 showed an intact copy of the CP4 EPSPS

transgene followed by a 254 bp CP4 EPSPS fragment

(Windels et al. 2001). In this case the transcription of the

transgene locus gave rise to four distinct mRNA variants,

probably generated by unknown post-transcriptional

mechanisms. All these RNA variants coded for putative

CP4 EPSPS fusion proteins, each with a redundancy of at

least 56 aminoacids from CP4 EPSPS at the N-terminus,

and a further region of 24 aminoacids derived from the host

genome flanking sequence (Rang et al. 2005).

As mentioned before, in MON810 maize the 30 junction

region, isolated by Hernandez et al. (2003), showed a

Table 4 Length (bp) of the sequenced PCR and RT-PCR fragments obtained with the same primer pairs

Primer pairs gDNA amplified

fragment (bp)

cDNA amplified

fragment (bp)

Deletion nucleotide positions

5–102 643–882 643–905 1070–1161 1415–1975 1416–1550

3 CRYfwd/HECTupREV3 1246 1246 -

2 CRYfwd/HECTupREV2 1835 1835 - - - -

1572 - - + -

1497 + + - -

1405 + + - +

1 CRYfwd/HECTupREV 2587 2120 - + - + - +

2022 + + - + - +

1688 + + - - + -

Positions of deletions, obtained from the comparison of the cDNA and gDNA corresponding sequences, are indicated respectively to the 30

transgene junction site, considered as nucleotide position 0

+/-, presence/absence of deletion event

Fig. 4 Scheme for the

MON810 30 insertion site. PCR

fragments obtained from both

genomic DNA (gDNA, black

bars) and RNA (cDNA, grey

bars), with the primer pair used

are shown. Black box:

CaMV35S promoter; dotted

box: hsp70 intron; light grey

arrow: cryIA(b) truncated gene;

dark gray arrow: truncated exon

8 of the putative HECT E3

ubiquitin-ligase gene

Table 5 Identification of deletion events in mRNA variants as exon–intron/intron–exon junctions by NetPlantGene server for splice-site

prediction

Deletion Donor splice sites Acceptor splice sites

Confidence Exon–intron Confidence Intron–exon

5–102 0.74 AGGACTTTCG^GTAGCCTTCT 1.00 CCTTTGGCAG^TACTAGTGCT

643–882 0.98 ACGTTCTCAG^AGACAGTATT

1070–1161 1.00 TAACACCAAG^GTTGGAACTA

1415–1975 0.96 TGGAAAAGAA^GTATGTACAT

1416–1550 0.85 TCCAGGTGAG^AGAGAGAGAA
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truncation event of cryIA(b) gene between positions 2,235

and 2,571, with the complete loss of the NOS terminator.

Furthermore these authors were unable to amplify in non-

transgenic maize the undisrupted insertion site using

primers designed in the 30 junction, and in the 50 junction

(AF090447), this latter being 88% homologous with LTR

sequences of the Z. mays 22 kDa alpha zein gene cluster

(Holck et al. 2002). These results suggested that the inte-

gration of the MON810 vector has probably caused a

complex recombination event.

To further characterize the 30 insertion site of MON810

in the genome of maize, in our work a 2 Kbp region

downstream the MON810 truncated cassette was analysed

in PR33P67 and Elgina transgenic lines, and compared

with the corresponding control site in isogenic untrans-

formed PR33P66 and Cecilia. For this purpose we

sequenced 345 additional bp in the flanking region down-

stream of that previously isolated by Hernandez et al.

(2003). In silico analysis against the Z. mays database of

the whole 30 genomic sequences (345 bp isolated in this

work and the annotated 598 bp) showed a 99% identity

with positions 129,935–130,834 of a maize chromosome 5

BAC clone. This sequence did not show any identity with

the 50 annotated junction (Holck et al. 2002), thus sug-

gesting that the two MON810 flanking regions do not

belong to the same DNA locus. On the other hand, the

same sequence showed an 82% identity with O. sativa

locus coding for a putative HECT E3 ubiquitin ligase. E3

ubiquitin ligase proteins are important regulators of dif-

ferent physiological processes both in animals and plants,

involving all aspects of the life cycle including cell divi-

sion, embryogenesis, photomorphogenesis, senescence,

disease resistance and hormone responses (Hellmann and

Estelle 2002; Vierstra 2003; Downes et al. 2003). To our

knowledge, no HECT E3 ligase gene has been so far

identified in the genome of Z. mays. Our analysis allowed

to localize this gene in the chromosome 5 BAC clone

ZMMBBc0409B05. The search for protein domains in

PROSITE and SMART databases revealed the presence of

a HECT domain in the deduced aminoacid sequence. Thus,

the characterization of the 30 insertion site in MON810

maize transgenic lines suggested that the transformation

process may have involved the truncation of the 30 end of

putative HECT endogenous gene leading to the partial loss

Fig. 5 Protein sequence

alignment of in silico translated

PCR Rev3-a, Rev2-a,b,c,d, Rev-

a,b,c fragments, amplified from

cDNA respectively with

CRYfwd/HECTupREV3,

CRYfwd/HECTupREV2,

CRYfwd/HECTupREV primer

combinations and aminoacid

sequence, deduced from

in silico translation of the

annotated AF490398 30

junction region
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off the inserted fragment and to a deletion of adjacent

genomic sequences without, apparently, interfering with

the activity of the partial CRY1A endotoxin and both the

vigor and yield of the YieldGard� maize. Further experi-

ments were then carried out on the expression of the

analysed sequences using forward primers on the cry1A(b)

gene and reverse primers on the genomic region down-

stream of the 30 vector end. The experiments showed the

synthesis, due to the known loss of the NOS terminator, of

fusion RNA variants coding for putative CRY fusion pro-

tein showing 2 or 18 putative additional aminoacids,

composed of the 30 end of truncated cry1A(b) gene and the

putative HECT 30 sequences transcribed in antisense ori-

entation. Different transcripts showed a series of deletions

some of which in common to all observed RNAs (Fig. 4;

Table 4). The mRNA rearrangements observed could be

probably due to the presence of spurious exon–intron and

intron–exon junctions as evidenced by results reported in

Table 5. In silico translation of putative fusion RNAs did

not show significant identities with known protein

domains. Our data however are partially consistent with

Monsanto’s Patent US 2004/0180373 A1 (Pub. Date sp. 16,

2004) where Monsanto claimed that the first nine nucleo-

tides of the 30 flanking plant DNA immediately adjacent to

the cry1A(b) truncation event coded for two aminoacids

and a stop codon. Taken together, our data, while sug-

gesting the insertion of the transgenic sequence in a

putative HECT gene, show the transcription of new fusion

RNAs, a result similar to that obtained by Rang and et al.

(2005) in Roundup Ready� Soybean 40-3-2.
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