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Abstract

Gene flow from transgenic crops to conventional cultivars or wild relatives is a major environmental and economic
concern in many countries. South Korea is one of the major importer of transgenic crops for food and feed, although
commercial cultivation of transgenic crops is not yet allowed in this country. This study evaluated gene flow from

the herbicide glyphosate- and glufosinate-resistant transgenic soybean (Glycine max) to five non-transgenic soybean
cultivars and three accessions of wild soybean (Glycine soja). Field trials were conducted over 2 years, and gene flow
was monitored up to 10 m distance from the pollen source. The results indicated that the detectable rate of gene flow
from transgenic to conventional soybeans varied between 0 and 0.049% in both 2014 and 2015 field trials, while no
hybrids were detected among wild soybean progenies. The highest rate of gene flow was found in the progenies of
the Bert cultivar, which exhibited the longest period of flowering synchronization between the pollen donor and the
recipient. In addition, overall gene flow rates declined with increased distance from the transgenic soybean plot. Gene
flow was observed up to 3 m and 8 m from the transgenic soybean plot in 2014 and 2015, respectively. Our results
may be useful for developing measures to prevent gene flow from transgenic soybean.
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Introduction

Commercially available transgenic soybeans are mostly
resistant to glyphosate or glufosinate. Glyphosate is a
broad spectrum non-selective herbicide that inhibits the
synthesis of aromatic amino acids in plants. The expres-
sion of the EPSPS enzyme from Agrobacterium strain
CP4 (CP4 EPSPS) confers glyphosate resistance in plants
[1]. Glufosinate is also a broad spectrum non-selective
herbicide that inhibits glutamine synthetase. The expres-
sion of the bar gene from Streptomyces hygroscopicus can
confer glufosinate resistance in plants [2].
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and indicate if changes were made.

In 2017, worldwide transgenic soybean (Glycine max
(L.) Merr.) cultivation areas reached 94.1 million ha
[3]. Although cultivation of transgenic crops is not yet
allowed in South Korea, large amounts of transgenic
crops are imported for food and feed; in 2018, South
Korea imported 1.0 million tons of transgenic soybeans
[4]. In addition, various transgenic soybeans have been
developed and their performance has been tested in
experimental fields in South Korea [5-9].

Both cultivated soybean and wild soybean (Glycine
soja Siebold and Zucc.) belong to the subgenus Soja, and
the latter is considered a progenitor of the former [10].
Soybean originated from China and the center of diver-
sity extends to Korea, Japan, and the Far East region of
Russia [11]. Although soybean self-fertilizes and its pol-
lination occurs before the flower opens [12], interspecific
hybridization between soybean and wild soybean has
been reported [13].
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Crop-to-crop gene flow is an important economic con-
cern. The gene flow from transgenic to non-transgenic
conventional soybean has been studied mainly for deter-
mining isolated distance and gene flow rate. The studies
conducted in Brazil, China, and Japan reported that gene
flow rate is less than 1.0%, and gene flow can occur up to
10 m from the transgenic pollen source [14—16].

Gene flow from transgenic to wild soybean is a major
environmental concern for countries, including Korea,
Japan, China, and far eastern Russia, which are centers
of origin and diversity of soybean [17]. Gene flow from
transgenic soybean to wild soybean was investigated in
Japan and was reported that the maximum rate of natural
hybridization was also less than 1.0% [18, 19].

Recently, Lee et al. [20] reported a field study on gene
flow from transgenic vitamin A fortified soybean to non-
transgenic soybean in South Korea. However, this study
investigated the gene flow only up to 2.7 m from the pol-
len source. Studies regarding gene flow from transgenic
soybean to wild soybean under field conditions have not
been reported in South Korea. The present study was
conducted to determine gene flow rates from glypho-
sate- and glufosinate-resistant transgenic soybeans to
five commercial soybean cultivars and three accessions of
wild soybeans in South Korea.

Materials and methods

Plant materials

A transgenic line (Bert-4-3) of soybean (G. max) was
developed from the cultivar ‘Bert’ (a non-transgenic con-
trol), to consist of 5-enolpyruvylshikimate-3-phosphate
synthase (EPSPS) gene from the Agrobacterium tumefa-
ciens strain CP4. Its expression is under the control of the
cauliflower mosaic virus 35S promoter and nos termina-
tor. The transgenic line has the bar gene for glufosinate
resistance as a selection marker. Therefore, this trans-
genic soybean is resistant to both glyphosate and glu-
fosinate. Seeds of this transgenic soybean and Bert were
provided by one of the authors (YS Chung).

We used wild soybeans, a non-transgenic control line,
and commercial soybean cultivars as pollen recipients.
Three accessions (IT236798, 1T236816, and 1T241179)
of wild soybean (G. soja) seeds were obtained from the
National Agrobiodiversity Center, South Korea. Seeds of
four commercial soybean cultivars; ‘Daepung, ‘Daewon,
‘Hwangkeum, and ‘Taekwang, were provided by Chun-
gcheongbuk-do Agricultural Research and Extension
Services, South Korea.

The cultivars Daewon and Daepung are classified as
Group VI maturity and Hwangkeum and Taekwang are
classified as Group V maturity [21]. These four cultivars
have determinate growth habits [22]. The cultivar Bert is
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classified as Group I maturity in the U.S. and exhibits an
indeterminate growth habit [23].

Field experiments

Field experiments were conducted over 2 years in an
experimental field at the Korea Research Institute of Bio-
science and Biotechnology (KRIBB), Cheongju, Chun-
gcheongbuk-do, Korea (36°43'N, 127°26’E; elevation,
35 m).

In May 2014, we established a 10 x 10 m plot of trans-
genic soybean with wild soybean and five 2 x 10 m non-
transgenic soybean plots with 10 rows mulched with
black plastic films (Fig. 1a). On 17 April 2014, seeds of
three wild soybean accessions (IT236798, 1T236816, and
IT241179) were sown in a greenhouse. Twenty seedlings
per accession were transplanted after 4 weeks of growth
on 16 May 2014. Seeds of transgenic and non-transgenic
soybeans were sown on 26 May 2014 in a greenhouse. On
10 June 2014, 140 transgenic soybean seedlings and 40
seedlings for each non-transgenic soybean cultivar were
transplanted into the plots with a 50-cm spacing.

Ten plants were randomly selected and the flowering
period was monitored for each soybean and wild soybean
line. The days that the first open flower appeared and the
last flower disappeared were recorded for each plant. The
days leading to flowering were calculated as the period
from sowing up to the day the first open flower appeared.
Flowering date was considered as the date when 40-50%
of the monitored plants had begun to flower. Days lead-
ing to flowering were calculated; the seeds of Bert and
wild soybean IT236816 were harvested in September, and
Daepung, Daewon, Hwankeum, Taekwang, I1T236798,
and IT241179 were harvested in October. Approval for
the field trial was obtained from the Rural Development
Administration (Approval number: 2014-012).

In May 2015, we established a 10 x 10 m transgenic
soybean plot with 10 rows, five 2 x 10 m non-transgenic
soybean plots with 10 rows, and a 7 x 10.5 m transgenic
soybean-wild soybean plot with seven rows (Fig. 1b);
each row was mulched with black plastic films. Seeds of
transgenic, non-transgenic, and wild soybean were sown
in a greenhouse on 27 May 2015. On 10 June 2015, 200
transgenic soybean seedlings were transplanted in the
central plot and 40 non-transgenic soybean seedlings per
cultivar were transplanted on the right section. On the
left side from the central plot, transgenic soybean (110
seedlings) and wild soybean (10 seedlings per accession)
seedlings were transplanted on the same date. Both soy-
bean and wild soybean seedlings were planted at 50-cm
spacing; flowering periods were monitored as described
above. Seeds of Bert and wild soybeans were harvested
in September and Daepung, Daewon, Hwangkeum, and
Taekwang were harvested in October. Insecticides were
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Fig. 1 Experimental designs of the field trial conducted in (a) 2014 and (b) 2015. In 2014, three accessions of wild soybeans, 17236798 (diamonds),
[T236816 (triangles), and 1241179 (squares), were planted alternately with transgenic soybean (filled circles). Non-transgenic control (Bert) and four
commercial cultivars were planted on the right side of the transgenic soybean plots. In 2015, three accessions of wild soybeans were alternately
planted on the left side of the central transgenic soybean plot

not used in both trials. Approval for the field trial was
obtained from the Rural Development Administration
(Approval number: 2015-003).

Hybrid detection

Resistance to glufosinate was tested to screen hybrid
seedlings. Seed number was tallied using an automatic
seed counter (Aidex Co., Japan) and 200 seeds of non-
transgenic soybean cultivars and 300 seeds of wild soy-
beans were placed in a plastic tray (52x36x9 cm)
containing commercial potting soil in a greenhouse. We
measured seed germination rates to estimate the num-
ber of evaluated progenies. Germination rates (%) were
determined by counting the number of germinated
seedlings from non-transgenic soybean seeds (10 repli-
cations) and wild soybean seeds (20 replications). Glu-
fosinate (Basta; Bayer) was applied at a concentration
of 3 ml/L using a garden sprayer when non-transgenic

soybean plants reached the three-leaf stage and wild soy-
bean plants reached the four-leaf-stage.

Leaf samples of seedlings that survived after glufosinate
application were collected and the presence of transgene
was confirmed using PCR. Genomic DNA was extracted
using a FastDNA kit (MP bio., USA). A pair of primers;
Lectin F (5-ATCCGACGATGGATTTCTTG-3") and
Lectin R (5-GGCGGCATTATAGGTAACGA-3’), were
designed to amplify the 217-bp lectin gene. EPSPS F (5-
GATCTCCCACCGGTCCTTCA-3) and EPSPS R (5~
CGCCATCGATGATCCAGGTG-3") were designed to
amplify EPSPS (158 bp). All primers were synthesized by
Bioneer (Daejeon, Korea).

PCR was conducted to amplify lectin, with a final vol-
ume of 50 pL that contained: 2 puL of gDNA, 25 pL of
AccuPower® PCR Master Mix (Bioneer, Korea), 19 pL
of distilled water (Bioneer, Korea), and 2 pL of 10 pmol
for each primer. Conditions for amplification included:
an initial denaturation at 95 °C for 3 min, 35 cycles of
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denaturation at 95 °C for 30 s, annealing at 59 °C for
30 s, and extension at 72 °C for 30 s; followed by a final
extension at 72 °C for 5 min. PCR was conducted for the
amplification of EPSPS with a final volume of 50 pL that
contained: 1 uL of gDNA, 25 uL of AccuPower® PCR
Master Mix (Bioneer, Korea), 19 uL of distilled water
(Bioneer, Korea), and 2.5 pL of 10 pmol for each primer.
Conditions for amplification included: an initial dena-
turation at 94 °C for 3 min, 35 cycles of denaturation at
94 °C for 30 s, annealing at 60 °C for 30 s, and extension
at 72 °C for 50 s; followed by a final extension at 72 °C
for 5 min. Transgenic soybean was used as the positive
control and distilled water was used as the negative con-
trol. The gene flow rates were calculated as the percent-
ages of the number of hybrids per number of evaluated
progenies.

Results
In 2014, transgenic soybean plants flowered for 54 days
between 27 June and 20 August (Table 1). The synchroni-
zation times of flowering Bert, was the longest (54 days).
Daepung, Daewon, Hwangkeum, and Taekwang began to
flower 5, 5, 11, and 19 days later than transgenic soybean,
respectively. The flowering periods of these four cultivars
partially overlapped with those of transgenic soybean.
Seeds of wild soybeans were sown 5 weeks earlier than
those of transgenic soybeans, resulting in two accessions
of wild soybeans; 1T236798 and 1T241179, flowering 19
and 10 days earlier than transgenic soybeans, respec-
tively. However, 1T236816 flowered 17 days later than
transgenic soybean and flowering periods of this acces-
sion and transgenic soybean partially overlapped.

In 2015, transgenic soybean plants flowered for 52 days
between 20 June and 11 August (Table 1). Bert flowered
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1 day earlier than transgenic soybean and ceased to
flower on 26 August. Daepung, Daewon, Hwangkeum,
and Taekwang began to flower 13, 18, 19, and 23 days
later than transgenic soybean, respectively. Flowering
periods of transgenic and wild soybeans did not over-
lap at all in 2015 when the seeds of wild soybeans were
sown on the same date (27 May) as transgenic soybean.
1T236798, 1T236816, and 1T241179 began to flower 58,
60, and 60 days later than transgenic soybeans and their
flowering periods were 30, 21, and 21 days, respectively.
In 2014, 51,055 progenies of non-transgenic soybeans
were assessed to identify hybrids (Table 2). Germina-
tion rates of Bert, Daepung, Daewon, Hwangkeum,
and Taekwang in 2014 were 93.7, 89.4, 75.4, 90.3, and
88.7%, respectively. The overall gene flow rate of Bert
was 0.037%; greater than the rates of Daepung (0.009%),
Hwangkeum (0.007%), and Taekwang (0.012%), while
hybrids were not found in Daewon. Gene flow was
observed within 3 m from the transgenic soybean plot.
The greatest gene flow rate was observed for Taekwang at
a2 m distance (0.145%) from the transgenic soybean plot.
Overall, eight hybrids were found out of 51,055 progenies
in 2014 (gene flow rate: 0.016%). PCR analysis showed
the presence of 158-bp EPSPS gene fragment in samples.
In 2015, 31,796 progenies of non-transgenic soybeans
were assessed to locate hybrids (Table 3). Germination
rates of Bert, Daepung, Daewon, Hwangkeum, and Taek-
wang were 91.2, 79.9, 53.8, 49.7, and 56.9%, respectively.
The overall gene flow rates of Bert were 0.049%; greater
than those of Daepung (0.009%). Hybrids were not
found for Daewon, Hwangkeum, and Taekwang. Hybrid
progenies were observed up to 8 m from the transgenic
soybean plot. The highest gene flow rate was observed
for Bert at 1 m distance (0.120%) from the transgenic

Table 1 Flowering of transgenic soybean, five cultivars of conventional soybeans, and three accessions of wild soybeans

Soybean/wild 2014 2015

soybean
First flowering Final flowering Flowering First flowering Final flowering Flowering
date (month- date (month- synchronization date (month- date (month- synchronization
date) date) times (days) date) date) times (days)

Transgenic 6-27 8-20 - 6-20 8-11 -

Bert 6-26 9-1 54 6-19 8-26 52

Daepung 7-2 8-20 49 7-3 8-26 39

Daewon 7-2 9-4 49 7-8 9-9 34

Hwangkeum 7-8 8-20 43 7-9 8-26 33

Taekwang 7-16 8-20 35 7-13 8-26 29

1236796 6-8 9-12 54 8-17 9-16 0

[T236816 7-14 9-12 37 8-19 9-9 0

T241179 6-17 9-12 54 8-19 9-9 0

In 2014, transgenic and conventional soybeans were sown on 26 May, and wild soybeans were sown on 17 April. In 2015, both soybeans and wild soybeans were sown

on 27 May
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Table 2 Rates of gene flow from transgenic to five cultivars of non-transgenic soybean at a range of distance in 2014

Distance Bert Daepung Daewon Hwangkeum Taekwang Pooled data
from transgenic plot

(m)

1 2/1504 (0.133) 0/1088 0/549 1/1594 (0.063) 0/979 3/5714 (0.053)
2 2/1522 (0.131) 0/1090 0/235 0/1347 1/690 (0.145) 3/4884 (0.061)
3 1/1255 (0.080) 1/1295 (0.077) 0/311 0/1791 0/941 2/5593 (0.036)
4 0/1613 0/1237 0/502 0/1583 0/881 0/5816

5 0/1298 0/1164 0/404 0/1479 0/1006 0/5351

6 0/1485 0/1189 0/367 0/1236 0/892 0/5169

7 0/1548 0/673 0/80 0/1514 0/736 0/4551

8 0/1596 0/1195 0/406 0/1292 0/806 0/5295

9 0/699 0/1049 0/489 0/1284 0/505 0/4026

10 0/1060 0/883 0/424 0/1312 0/977 0/4656

Total 5/13,580 (0.037) 1/10,863 (0.009) 0/3767 1/14,432 (0.007) 1/8413(0.012) 8/51,055 (0.016)

Values are the number of PCR-positive progenies/number of evaluated progenies. Numbers in parentheses are the gene flow rates (%)

Table 3 Rates of gene flow from transgenic to five cultivars of non-transgenic soybean at a range of distance in 2015

Distance Bert Daepung Daewon Hwangkeum Taekwang Pooled data
from transgenic plot

(m)

1 2/1663 (0.120) 0/1116 0/30 0/497 0/51 2/3357 (0.060)
2 1/1659 (0.060) 171310 (0.076) 0/81 0/492 0/88 2/3630 (0.055)
3 0/1556 0/1282 0/204 0/474 0/252 0/3768

4 1/1531 (0.065) 0/1183 0/82 0/573 0/146 1/3515 (0.028)
5 0/1335 0/1131 0/199 0/355 0/187 0/3207

6 0/1265 0/1100 0/294 0/513 0/257 0/3429

7 1/1152 (0.087) 0/889 0/123 0/476 0/135 1/2775 (0.036)
8 1/1036 (0.097) 0/1064 0/122 0/488 0/247 1/2957 (0.034)
9 0/964 0/1230 0/245 0/449 0/178 0/3066

10 0/202 0/834 0/390 0/425 0/241 0/2092

Total 6/12,363 (0.049) 1/11,139 (0.009) 0/1770 0/4742 0/1782 7/31,796 (0.022)

Values are the number of PCR-positive progenies/number of evaluated progenies. Numbers in parentheses are the gene flow rates (%)

soybean plot. Overall, seven hybrids were found among
31,796 progenies in 2015 (gene flow rate: 0.022%).

The rates of gene flow from transgenic to non-trans-
genic control Bert obtained from both 2014 and 2015
field trials were pooled (Fig. 2). Overall gene flow rates
decreased when the distance from the transgenic soy-
bean plot increased and the highest gene flow rate was
estimated as 0.208% at a 0 m distance, indicating a nega-
tive correlation between gene flow rate and distance.

In total, 152,504 seeds were harvested from wild soy-
bean plants in 2014 (Table 4). Germination rates of
IT236798, 1T236816, and 1T241179 seeds were 40.7, 47.7,
and 45.3%, respectively. No hybrids were found among
68,168 progenies of wild soybean that were evaluated. In
2015, the number of harvested seeds and the germination

rates were lower compared to the seeds collected in 2014.
In total, 44,091 seeds were harvested and the germina-
tion rates of 1T236798, 1T236816, and 1T241179 seeds
were 23.6, 14.1, and 18.0%, respectively (Table 4). In
2015, no hybrids were found among 7452 progenies that
were evaluated.

Discussion

In both 2014 and 2015, the overall rate of gene flow from
the herbicide resistant transgenic soybean to the non-
transgenic conventional soybean was 0.02%. Among the
conventional cultivars, hybrids were not found in Dae-
won for both years and were not found for Hwangkeum
and Taekwang in 2015. This may partially result from
the late flowering period of those cultivars compared to
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Fig. 2 Rates of gene flow from herbicide resistant transgenic
soybean to non-transgenic control (Bert) at various distances from
the transgenic soybean plot. Each data point represents the gene
flow rate calculated from the pooled data of Bert for 2 years of field
tests

transgenic soybean. Bert belongs to Maturity Group I
in the US; however, Hwangkeum and Taekwang belong
to Maturity Group V (148-155 days to mature), and
Daewon and Daepung belong to Maturity Group VI
(156-163 days to mature) in Korea [21].

The low number of evaluated progenies, resulting
from the low number of harvested seeds and low ger-
mination rate, may have also affected the absence of
hybrids. Owing to the low gene flow rate of soybean, it
can be difficult to find hybrid progenies when an insuf-
ficient number of plants is examined. For Daepung,
only one hybrid among 10,863 and 11,139 evaluated
progenies was found for both years. Hwangkeum and
Taekwang also had only one hybrid among 14,432 and
8413 from evaluated progenies in 2014. Therefore, the
number of evaluated progenies for Daewon (3767 and
1770 in 2014 and 2015, respectively), and Hwangkeum
(4742) and Taekwang (1782) in 2015, may not have
been adequate to detect gene flow. This is supported
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by a 4-year study of gene flow from glyphosate resist-
ant transgenic soybean to conventional soybean by
Yoshimura et al. [14]. Their results were affected by the
number of evaluated progenies in each year. Gene flow
rates (0.068%) in 2001 were observable due to the high
number of evaluated progenies (40,904) compared to
0% outcrossing in 2003 (4941 progenies).

Crop-to-crop gene flow has been studied to deter-
mine isolation distances from transgenic to conven-
tional crop fields. In the present study, gene flow from
transgenic to conventional soybean was observed up
to 3 m in 2014 and 8 m in 2015. Yoshimura et al. [14]
reported that the gene flow occurred up to 7 m dis-
tance from glyphosate resistant transgenic soybean;
however, this distance varied yearly. In Brazil, gene flow
was found up to 10 m from glyphosate resistant trans-
genic soybean to a non-transgenic control variety [15].
Huang et al. [16] observed that gene flow occurred up
to 15 m from glyphosate resistant transgenic soybean
to a conventional soybean variety. Therefore, the results
of our study fell within the ranges of distances reported
by other studies.

The highest gene flow rate found in the present study
was 0.14% at a 2 m distance from the transgenic soy-
bean plot. When the gene flow rate of the non-trans-
genic control (Bert) was plotted against distance, the
highest rate was estimated as 0.21%. This result is com-
parable to the result of Yoshimura et al. [14], in which
the highest gene flow rate was 0.19%, while Abud et al.
[15] and Huang et al. [16] reported 0.73% and 0.93% as
the highest gene flow rates, respectively.

Wind is not considered a contributing factor for the
outcrossing of soybean. Through a wind tunnel experi-
ment, Yoshimura et al. [24] showed that soybean pol-
len is not dispersed by wind. Outcrossing of soybean
is largely caused by insect pollinators; mostly by honey
bees, Apis mellifera (Hymenoptera: Apidae) [25-28]. In
addition, Gill and O’Neal [29] found that the flower-vis-
iting flies; such as syrphids (Diptera: Syrphidae), were

Table 4 Rates (%) of gene flow from transgenic soybean to three accessions of wild soybeans in 2014 and 2015

Year Wild soybean Total number of harvested Number of evaluated Number of progenies Gene flow
accession seeds progenies with transgenes rate (%)
2014 [T236798 42,852 17,126 0 0
[T236816 57,238 27,276 0 0
[T241179 52414 23,766 0 0
Total 152,504 68,168 0 0
2015 [T236798 6045 1424 0 0
[T236816 21,009 2964 0 0
[T241179 17,037 3064 0 0
Total 44,091 7452 0 0
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among the most abundant pollinators in soybean fields
and Milfont et al. [28] reported solitary bees (Hyme-
noptera: Megachilidae), thrips (Thysanoptera: Thripi-
dae), and lepidopteran species were found near soybean
flowers. In the present study, we also observed pol-
linators during the course of the field trials, including:
honey bees, solitary bees, syrphids, thrips, and cabbage
white butterfly, Pieris rapae (Lepidoptera: Pieridae)
on soybean flowers; however, their activities were not
quantified.

Our study did not observe hybrid progenies between
transgenic soybean and wild soybean. In our study, the
flowering periods of transgenic and wild soybean were
synchronized in 2014; however, they were not synchro-
nized in 2015. In addition, poor seed production of the
wild soybean accessions in 2015 reduced the number
of evaluated progenies. This difference in experimental
design and low number of evaluated progenies may have
affected the results of our study. Dorokhov et al. [30]
also reported that hybrid progenies between glyphosate
resistant transgenic soybean and wild soybean were not
obtained in their study for two growing seasons. Mizu-
guti et al. [31] first reported gene flow from transgenic
soybean to wild soybean under field conditions. In their
following report, 38 progenies were found out of 204,881
evaluating progenies [19]. It was suggested that synchro-
nization of the flowering period between transgenic soy-
bean and wild soybean, the number of insect pollinators,
and distance are three important factors that affect gene
flow rates from soybean to wild soybean [32].

Introgression of herbicide resistant traits from trans-
genic soybean into wild soybean may hinder weed man-
agement with herbicides [17]. However, Goto et al. [33]
suggested that gene flow from imported transgenic soy-
bean to wild soybean populations is unlikely. Spillage of
soybean seeds along transportation routes does not fre-
quently occur in Japan and soybean is not a self-sustain-
ing plant in nature. They also indicated that imported
soybean and wild soybean should be geographically
and temporally overlapped for outcrossing; outcrossing
rate between the two species are also very low. In South
Korea, transgenic soybean has been mostly imported for
oil crushing. The monitoring for the unintended environ-
mental release of transgenic soybean from 2009 to 2018
found only 2 soybean plants near a feed company in 2011,
indicating that soybean is not a competitive plant [34].

We detected that the gene flow rate from glyphosate
and glufosinate resistant transgenic soybean to five non-
transgenic cultivars ranged from 0 to 0.049%, depend-
ing on the difference in flowering synchronization times
between the pollen donor and recipient, during 2 years of
field trials. We also observed that gene flow occurred up
to 3 m and 8 m from the transgenic soybean plot in 2014
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and 2015, respectively. However, no hybrids were found
in the progenies of three wild soybean accessions. Our
results may be useful for developing measures to prevent
gene flow from transgenic soybean.
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