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Polymerase chain reaction (PCR) primers were
prepared to amplify the DNA fragment between the
genomic DNA sequence adjacent to the 5′-integration
site of Roundup Ready® (RR) soybeans neighboring
the transgene and the parts of the coding region of the
transgene, together with the primer set for the inter-
nal host gene, the �’ subunit of �-conglycinin storage
protein gene (Cong gene). Using the primers for the
transgene and Cong gene, the DNA fragments were
amplified from the individual genomic DNAs prepared
from 72 samples of RR soybean isolated from imported
soybean seeds labeled “not segregated.” Although the
frequency of alterations of the nucleotide sequences in

both the transgene and Cong gene were almost the
same, the mutations that caused alterations to the
amino acid sequence were more highly repressed in
the transgene than in the Cong gene. In the nucleotide
sequence upstream of the coding region of the
transgene, the number of alterations of the nucleotide
in the proximal promoter region was smaller than that
in the further upstream region, suggesting that the
mutants missing or being weak glyphosate-tolerance
by an alteration of the critical nucleotide sequences in
the promoter or coding region might be discarded ar-
tificially. It is supposed that the selective bias on the
transgene might be extremely high, which indicates
that the nucleotide sequence of the transgene might
be stable and maintained in inbred RR soybean lines.
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INTRODUCTION

It has been suspected that the transgene might
be a “hot spot” for mutations in the genetically modi-
fied (GM) organisms, but current research into com-
mercially important GM crops has not yet indicated
if this suspicion is correct. It is true that some re-
ports showed instability of the transgenes caused by
rearrangements of transforming DNA in regenerated
calli and plantlets just after transformation.1,2) How-
ever, such instability should be prevented to estab-
lish commercial GM cultivars. The transgenes should
also be inherited correctly and in a stable and pre-
dictable manner over successive generations. Field
trial experiments showed a stable inheritance of the
phenotype in the progeny of GM crops, and in other
experiments the stability of the transgenes in indi-
vidual plants of the progeny of GM crops were found
using a Southern blot analysis.3–5) These results sug-
gested that recombination or rearrangement of the
transgenes required to drastically alter their struc-
ture did not occur, or occurred to only a limited ex-
tent, in the progeny of GM crops. However, the al-
teration, substitution or deletion of transgenes at the
nucleotide sequence level has not yet been investi-
gated in individual plants of the progeny of GM
crops.

We isolated and identified the genomic sequence
adjacent to the 5′-integration site of the transgene of
Roundup Ready® (RR) soybeans.6) Using this se-
quence, we prepared the primer pair amplified for
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the proximal insertion region, the cauliflower mo-
saic virus 35S promoter (designated as 35S pro-
moter) and part of the petunia chloroplast transit
peptide (CTP) gene in the RR soybean. We also con-
structed the primers for the promoter and coding
regions of the soybean α’ subunit of β conglycinin
storage protein genes (designated Cong genes be-
low)7,8) as controls of the internal host gene. β
conglycinin is a major component of seed storage
proteins in the soybean (up to 30% of total seed pro-
tein) and is composed of three subunits: α, α’ and β.
Their high expression ensures the synthesis and ac-
cumulation of storage protein and affects the nutri-
tive quality of seed crops. As such, these genes might
have been maintained by breeders. Using the prim-
ers for the transgene and internal gene, DNA frag-
ments were amplified with the genomic DNA pre-
pared from 72 individual RR soybeans isolated from
batches of imported soybeans with an “unsegre-
gated” label from U.S.A. that had been sampled by
the quarantine station of the Ministry of Health,
Welfare and Labor (MHWL). The nucleotide se-
quences of the amplified DNA fragments using these
primer pairs were determined, and the mutation rates
of the nucleotide and deduced amino acid sequences
in the transgene were analyzed in comparison with
the internal Cong genes.

MATERIALS AND METHODS

Preparation of Genomic DNA from Soybean and
Identification of the RR Soybean —–—  Soybean
(Glycine max) seeds imported from U.S.A. labeled
as “not segregated” and sampled by the quarantine
station of the MHLW were used in this study. The
genomic DNAs were prepared from individual seeds
of several sampled batches using a modified CTAB
method.9) In order to identify which genomic DNA
preparations were derived from individual RR soy-
bean seeds, the genomic DNAs were subjected to a
qualitative PCR using the primers for the nucleotide
sequences of the 35S promoter and 5-enol-pyruvyl-
shikimate-3 phosphate synthase (EPSPS) gene.9)

PCR Amplification of the Genomic DNA Pre-
pared from RR Soybeans —–—  In order to isolate
the DNA fragments that corresponded to the proxi-
mal insertion region-35S promoter-CTP (accession
number I07318), the primer pair of CHM1, 5′-
ACTGAAAAATTCAGAACCTTGTGC-3′, and
CTP-R, 5′-TTCAAAACCAACATAGAATTTGC-
TG-3′, was prepared. The other pair, C-1, 5′-

GCTGATCAGGATCGCCGCGTC-3′, and C-2R,
5′-GAATGGACGTGGCTGCTCACC-3′, was pre-
pared to isolate the fragments that corresponded to
the proximal promoter and coding region of the Cong
gene (accession number M13759). A DNA extract
(4 µl) of 100 ng prepared above was added to a re-
action mixture that consisted of 1 × LA-PCR buffer
(TaKaRa Bio Inc., Shiga, Japan), 2.5 mM MgCl2,
0.25 mM dNTP and 0.5 µM of the primers. The mix-
ture was made up to a total volume of 20 µl with
water, and the equal volume of mineral oil was added
on the mixture. The tubes of the reaction mixture
were set on the PCR machine (MiniCycler™, MJ
Japan Ltd., Tokyo, Japan) and incubated at 98°C for
1 min, after which the temperature was lowered to
92°C. The cap of the tube was opened and 0.25 units
(1 µl) of LA Taq DNA polymerase (TaKaRa Bio Inc.)
were added to the bottom of the reaction mixture
using a pipette. The cap was closed and PCR pro-
ceeded for 35 cycles of denaturing at 92°C for 30 sec,
annealing at 52°C for 45 sec and extension at 72°C
for 1 min. Following this, the mixture was incubated
at 72°C for 10 min, and then cooled at 4°C. PCR
products were separated by 1.5% agarose gel elec-
trophoresis and the DNA fragments were subcloned
into the Bluescript SK+ plasmid. T7 and T3 primers
were used to determine the double strand nucleotide
sequences using LI-COR 4000 (Aloka Co., Ltd.,
Tokyo, Japan) or ABI PRISM™ 310 Genetic Ana-
lyzer (Applied Biosystems Japan Ltd., Tokyo, Ja-
pan).

RESULTS AND DISCUSSION

It has been suspected that the transgene(s) in-
troduced into GM organisms are unstable and vari-
able compared to the internal host genes. However,
the neutral theory of molecular evolution10) tells us
that the rate of mutation, such as point mutations of
nucleotide sequences, must occur equally in the
whole genome of all organisms. As a result, elite
organisms will be selected and prosper against en-
vironmental pressure. If the natural theory is appli-
cable to GM crops, the rate of mutation of the
transgene should be the same as that of internal host
genes. However, the rate of substitutions and dele-
tions of nucleotide and amino acid sequences of the
transgene has not been investigated in detail. Here,
the frequency of mutations of the transgenes and the
internal host gene, Cong gene, was investigated in
the individual genomes of 72 RR soybeans by de-
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termination of the nucleotide sequences of PCR
amplified DNA fragments using the primer pairs,
CHM1 and CTP-R for the transgene and C-1 and C-
2R for Cong genes. Nucleotide sequences of 68, 15
and 50 of amplified DNA fragments for the
transgene, Cong-1 gene and Cong-2 gene, respec-
tively, were determined by double strand sequences
(Fig. 1). The lengths of the determined sequences
cut from the proximal region of the primer sites were
572 bp for the transgene, 604 bp for the Cong-1 gene
and 617 bp for the Cong-2 gene (Table 1). Point mu-
tations and deletions of 34 and 37 for the fragments
derived from the transgene and Cong genes, respec-
tively, were identified (Fig. 1). In total, we deter-
mined the nucleotide sequences of 38896 bps (68
fragments × 572 bps) and 39910 bps (15 fragments
× 604 bps + 50 fragments × 617 bps) for the
transgene and Cong genes, respectively. This showed
that one mutation was found per 1144 bps in the
transgene and 1079 bps in the Cong genes (Table 1).
These results indicated that the mutation rate of the
transgene was almost the same as that of the Cong
genes. The amino acid sequences of the coding re-
gion of the transgene and Cong genes, 41 amino acids
and 97 or 96 amino acids, respectively, were encoded

in the fragments. Although only four amino acid
substitutions were found in the transgene, 25 substi-
tutions were found in the Cong proteins (Fig. 1). This
showed that the substitution of amino acids was
found per 697 and 250 amino acid sequences en-
coded in the transgene and Cong genes, respectively
(Table 1). Despite almost the same chance to cause
base substitutions between the transgene and Cong
genes, amino acid substitutions were repressed in
the transgene compared to those in the Cong genes.
The repression of the substitution in the amino acid
sequences was because the mutations in the nucle-
otide sequence of the coding region of the transgene
occurred in the third letters of the codons. If the
amino acid sequences of the transgene changed,
some of the substitutions would result in a loss of
the functions of the transit peptide, CTP. This would
lead to a loss of the most important phenotype,
glyphosate-tolerance. The loss of this phenotype
would mean the loss of the superiority of RR soy-
beans to non-GM soybeans. Thus, during the devel-
opment, maintenance and seed production of RR
soybean lines, the highest selection pressure should
be placed on preventing the loss of the glyphosate-
tolerant phenotype. It is thought that the amino acid

Fig. 1. Point Mutations and Deletions at the Proximal Promoter and Coding Regions of the Transgene and Cong Genes in Individual RR
Soybeans

Among the 68 and 65 nucleotide sequences that could be determined by double strands, 34 and 37 differences could be observed in the transgene and
Cong gene, respectively. The number in parentheses indicates the sample number of the individual RR soybeans in which substitutions or deletions of the
nucleotide sequences were found. The arrowed upper letters, A, G, C and T, are nucleotides that were substituted to the lower letters. Nucleotides changed
to N are point deletions. The lower parts under the coding regions (CTP and ORF) show the substitution of deduced amino acid sequences. The symbols
at the upper side of the 35S promoter show the position of the cis-elements and CAAT- and TATA-boxes. The region with the open line and double
arrowheads is the putative promoter region, while the closed line with double arrowheads indicates the upstream region of the promoter of the transgene.
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sequence of the transgene might be tend to be more
stable but less change than other genes.

An objection could be raised that the transgene
is a new gene, which was introduced into the soy-
bean genome about a decade ago.3) However, Cong
genes are old internal host genes that exist in the
elite soybean inbred line(s) established several de-
cades ago. Alterations of nucleotide and amino acid
sequences have accumulated in Cong genes of the
inbred lines, which were introduced into the origi-
nal glyphosate-tolerant soybean by a backcross dur-
ing breeding to develop the Roundup Ready® soy-
bean. Cong proteins are storage proteins in soybean
seeds and some of the alterations in the amino acid
sequences do not cause lethal mutations. As such,
alterations might have accumulated in the soybean
genome (Fig. 1). The above results should be con-
firmed by future experiments to investigate the mu-
tation rate in the transgene after several decades.

It is remarkable that the alteration of the nucle-
otide sequences of the promoter region of the Cong-
1 gene might be reduced in comparison with the
coding region of the Cong-1 gene and the promoter
region of the Cong-2 gene (Fig. 1). This reduction
might prevent the loss of promoter activity in the
Cong-1 gene, which suggests that expression of the
Cong-1 gene might be required to produce Cong-1
protein as a storage protein in soybean seeds, even
if several amino acid sequences of Cong-1 protein
have been altered. Therefore, selection pressure by
breeders might be placed on the promoter region,
and not on the coding region, of the Cong-1 gene,
whereas it might be placed equally on both regions
of the Cong-2 gene. When the nucleotide sequence
of the soybean genomic DNA and 35S promoter re-

gion was divided into the proximal promoter region
(shown by the open line with double arrowheads in
Fig. 1) and its upstream region (closed line with
double arrowheads in Fig. 1), the number of muta-
tion points in each region was found to be completely
different (12 in about 255 bps and 25 in about
210 bps for the proximal and upstream regions, re-
spectively). That is, the nucleotide sequence of the
proximal promoter region was less mutated and more
stable than the 5′ upstream region. The transgene in
the original glyphosate-tolerant soybean should have
a homologous nucleotide sequence. Divergence of
the nucleotide sequences was detected in the prog-
eny of the RR soybean. The 35S promoter is the most
popular and common promoter to drive transgenes
in transgenic plants because its expression is very
high, but it is less tissue or organ specific in many
plant species.11) Several cis-elements important for
its expression have been revealed.12) These include
as-113) and the GT-114) and GATA motifs.15) All these
elements were located in the proximal promoter re-
gion (see Fig. 1). If the point mutation occurred in
the cis-element that included the essential boxes for
transcription factors, e.g., CAAT and TATA, it should
stop or reduce promoter activity, which would re-
sult in a loss or reduction of the glyphosate-tolerant
phenotype. Therefore, breeders should continually
select highly tolerant line(s) during the reproduc-
tion of seeds to keep the nucleotide sequence of the
important region of the 35S promoter. Although the
region noticed here was a homologous nucleotide
sequence to the original, the speed and rate of muta-
tions were different between the proximal promoter
and its upstream regions. Selective pressure (artifi-
cial inbreeding bias) from the developer and pro-

Table 1. Frequency of the Nucleotide and Amino Acid Sequences of the Transgene and Cong Gene in Individual RR Soybeans

Number of Number of Total number Total number Average length of
confirmed nucleotide nucleotide of nucleotide of mutation appearance of the mutation

sequences sequences (bp) sequences (bp) points (bp/one mutation)

Mutation on the nucleotide sequence

Transgene 68 572 38896 34 1144

Cong-1 gene 15 604
39910 37 1079

Cong-2 gene 50 617

Number of Number of Total number Total number Average length of the
confirmed nucleotide deduced amino of amino of amino acid appearance of the mutation

sequences acid sequences acid sequence substitutions (amino acids/one substitution)

Mutation on the amino acid sequence

Transgene 68 41 2788 4 697

Cong-1 gene 15 97
6255 25 250

Cong-2 gene 50 96



201No. 2

ducer of the seeds might lead to the nucleotide se-
quence of the important region for strong promoter
activity being kept and not as greatly mutated than
the upstream region of the promoter. This might en-
sure a high expression of the transgene, and perhaps
result in phenotypes derived from it, glyphosate tol-
erance being kept and maintained as in the Roundup
Ready® soybeans that are commercially superior to
non-GM soybeans.
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