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Abstract 

Background: The drought environment occurs frequently due to the unpredictable future climate change, and 
drought has a direct negative impact on crops, such as yield reduction. Drought events are random, frequent, and 
persistent. Molecular breeding can be used to create drought‑tolerant food crops, but the safety of genetically 
modified (GM) plants must be demonstrated before they can be adopted. In this research, the environmental risk of 
drought‑tolerant GM rice was explored by assessing phenotype and gene flow. Drought resistance genes CaMsrB2 
inserted HV8 and HV23 were used as GM rice to analyze the possibility of various agricultural traits and gene flow 
along with non‑GM rice.

Results: When the traits 1000‑grain weight, grain length/width, and yield, were compared with GM rice and non‑GM 
rice, all agricultural traits of GM rice and non‑GM rice were the same. In addition, when the germination rate, vivipa‑
rous germination rate, pulling strength, and bending strength were compared to analyze the possibility of weediness, 
all characteristic values of GM rice and non‑GM rice were the same. Protein, amylose, and moisture, the major nutri‑
tional elements of rice, were also the same.

Conclusions: The results of this research are that GM rice and non‑GM rice were the same in all major agricultural 
traits except for the newly assigned characteristics, and no gene mobility occurred. Therefore, GM rice can be used as 
a means to solve the food problem in response to the unpredictable era of climate change in the future.
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Background
Drought is a major constraint factor in rice production 
across Asia and sub-Saharan Africa. Continued drought 
in regions or countries that depend on rainfall for irri-
gation results in a decrease in rice production [1]. The 
drought index, which includes the frequency, duration, 
severity, scale, and the risk of drought in South Korea, is 
expected to increase significantly in the future [2]. There-
fore, it is important not only to establish an irrigation 

system, but also to secure a drought-tolerant genetic 
resource through the expansion of the fundamental plant 
gene pool in Korea.

Traditional and molecular breeding methods can be 
used to create drought-tolerant varieties. Molecular 
breeding has become popular for its economic and effi-
ciency advantages in facilitating the insertion of foreign 
genes, short gene fixation period, and the establishment 
of a strong phenotype [3]. However, the lack of under-
standing of the potential effects of genetic modification 
of food crops on the human body and environment has 
prompted many regulatory limits on molecular breed-
ing [4]. Risk assessments are required to determine the 
toxicity of insertion proteins, the potential for allergies, 
comparative assessments of nutrients and metabolites, 
environmental emissions, the potential for weediness, 
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natural survival, reproductive capacity, and molecular 
biological characterization of the insertion, location, and 
expression of the introduced genes [5]. In addition, sev-
eral environmental groups are currently concerned about 
unwanted environmental and ecological changes due 
to the development of GM crops [6]. It is believed that 
one of the causes of ecosystem destruction is that from 
GM crop to non-GM crop, superweeding plants will be 
born due to introgression of gene flow and transgenes 
due to pollen. However, many studies have already dem-
onstrated that hybridization does not occur and gene 
flow does not occur between GM plants and non-GM 
plants [7, 8]. As a result of these studies, the diversity of 
GM crops has increased, and GM crops that meet the 
needs of consumers are continuously being developed in 
response to the rapidly changing climate change [9]. Nev-
ertheless, citizens’ anxiety about GM crops still exists, 
and it is urgent to establish environmental risk assess-
ment standards and frame that can alleviate these con-
cerns [10].

Environmental risk and molecular biological charac-
teristics must be assessed over broad areas because bio-
logical activity varies widely with varying environmental 
conditions [11]. The Korean government has designated 
risk assessment agencies to evaluate the long-term safety 
of GM organisms (GMOs).

Field research should be based on collecting informa-
tion about the environment in which the research is con-
ducted. Environmentally influenced phenotypic data are 
meaningless for comparisons of absolute values in differ-
ent environments [12]. Therefore, recording and analyz-
ing environmental figures can be used not only for this 
study, but also as data that provide the scientific justifica-
tion and experimental validity of additional studies with 
similar research purposes.

In this study, we compared the agronomic characteris-
tics of the parent and transgenic plants to assess the effect 
of the environment on morphogenetic variations other 
than the foreign gene effect. Weediness potential was 
assessed by performing shattering, viviparous measure-
ment, and survivability tests in the natural environment. 
Studies included natural cold treatment germination rate 
measurement and horizontal and vertical gene transfer 
tests. The results can be used as a basis for the prepara-
tion of big data for environmental safety assessments of 
other GM rice varieties with similar reproductive mecha-
nisms. In this study, to analyze that GM rice and non-GM 
rice are not different, evaluation of agricultural traits and 
weeding potential were performed. In addition, various 
analysis items used in this study can be used as important 
items to evaluate the stability of GM plants in the future.

Materials and methods
Plant materials
The HV8 and HV23 varieties carry a CaMsrB2 gene 
insertion that functions as a defense regulator against 
oxidative stress in Ilmi (Oryza sativa spp. japonica cv. 
Ilmi) [13, 14]. HV8 and HV23 used in this research were 
obtained from Oh et  al. [13, 15]. The parent plant Ilmi 
and five testing rice cultivars (Oryza sativa L.) such as 
Samgang, Beakjinju, Junam, Nagdong, and Ilpum were 
obtained from Prof. Kyung-Min Kim at Plant Molecu-
lar Breeding laboratory (Kyungpook National University 
in Korea) and cultured in the GM fields of Kyungpook 
National University at Gunwi in Korea (36°6′41.54″N, 
128°38′26.17″E).

Environmental data collection
This experiment was conducted in the GM field (4700  m2, 
36° 6′46.13 “N, 128° 38′25.21 "E) in Gunwi, Korea. Plants 
were planted at 30 × 15 cm planting distance. The ferti-
lizer consisted of N–P2O5–K2O (9.04.5–5.7   kg10a−1) 
according to the rice standard culture method of the 
Rural Development Administration.

The daily mean temperature, relative humidity, and 
rainfall were recorded through the agricultural mete-
orological observation system of the rural development 
administration of Korea, and wind direction and speed 
were measured at 30-min intervals using the wind direc-
tion anemometer located in the GM field. A drought field 
was constructed to measure the difference in weediness 
potential and agronomic characteristics as it relates to 
the expression of the CaMsrB2 gene and the cultivation 
environment. The drought field was constructed with 
sloped silt 2 m high and saturated watering from the floor 
to a height of 1  m. Soil moisture was monitored using 
a soil environment meter (DECAGON, Em50, USA), 
and in the event of a decrease in soil moisture due to 
the atmospheric environment, proper soil moisture was 
restored using drip irrigation. The degree of experimental 
error due to natural environment stress was measured. 
Environmental data from the drought field (Additional 
file  1: Fig. S1) increased data reliability. An irrigation 
meter was installed in the drought field by the develop-
ment of the irrigation system, and irrigation amounts 
were compared from the time of rice transplantation to 
harvest (146  days). Irrigation field irrigation flows were 
measured to be 106,100   m3 (75.7 × 8.0 × 1.2 × 146  days) 
and 13,012  m3 for the drought field.

Agronomic characteristics
We measured culm length, panicle length, tiller num-
ber on yellow ripe stage, and recorded heading date 
based on a rate of 50% heading plants per line. Seed 
traits of length, width, and thickness were measured 
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three times for 50 seeds per line using a vernier caliper 
(MITUTOYO, CD-15CP, Japan). The 1000-grain weight 
was measured three times by 1000 seeds, counted using 
an auto grain counter (Multi auto counter, WAVER, 
Japan), and weighed using an electronic scale (OHAUS, 
ARD120). Near-infrared spectroscopy (Kett, AN-820, 
Japan) was used to analyze the contents of amylose, 
protein, and moisture in brown and milled rice.

Germination rate was measured three times for 50 
seeds per line. After incubation at 50  °C for 5  days to 
break dormancy, incubate at 28 °C for 15 days, and the 
appearance of shoots or roots of 2  mm or more was 
recorded as germination.

Assessment of weediness potential
The shattering property, viviparous germination, and 
germination are such phenotypes. Shattering is falling 
of a seed falling from a panicle spike. Shattering prop-
erties that are too strong increase the loss of yields and 
increase the number of seeds lost on land. In other 
words, the possibility of unintended natural release 
also increases. Cultivated rice has moderately weak-
ened these shattering properties through long-term 
traditional breeding or short-term molecular breeding 
[16]. However, when natural hybridization occurs in a 
gene pool with high heterozygosity, or if foreign genes 
are inserted by molecular breeding methods, pheno-
typic changes can occur. This experiment compared 
the shattering properties between testing varieties to 
look for differences in gene flow probability. The pri-
mary branch of panicle 50 days after heading was sam-
pled to maintain a water content of 12–15%. Using a 
strain gauge (IMADA, DPS-5, Japan), pulling strength 
was measured parallel to the branch axis, and bend-
ing strength was measured by applying a force in the 
vertical direction. We measured 20 seeds per panicle, 
the branches were divided into four parts by location, 
and the intensity of 5 seeds per part was measured. The 
viviparous property is also a phenotypic characteristic 
of wild rice. Viviparous seeds germinate in the spike 
that is not shattered by continuous rainfall, lack of sun-
shine, and high relative humidity between the yellow 
ripe stage and full ripe period. This feature is an advan-
tage in abnormal climatic phenomena, but results in a 
decreased yield due to nutrient loss and tissue changes 
in embryos and endosperm. In order to measure vivipa-
rous germination, samples were collected three times 
every 15 days starting 50  days after heading from the 
tested varieties and covered with cotton wool and 
watered and incubated in trays (36× 26× 12 cm) kept in 
the dark at 25 °C. Viviparous germination was recorded 
15 days after treatment.

Survivability in the natural environment
Natural cold treatment seed viability tests were con-
ducted to measure survivability in the natural environ-
ment of host plant Ilmi and GM plant HV. Three repeat 
test groups of 100 grains pretreated for 5 days in a 50 °C 
incubator are wintered at 4 depths (surface, 10, 20, and 
30  cm) in the soil for 150  days from November of the 
previous year to March of the examination year. The 
peeled seeds are immersed in distilled water at 40 ℃ for 
1 h. After immersion, it is cut longitudinally through the 
center of the embryonic axis and immersed in triphenyl 
tetrazolium chloride solution in the concentration of 
0.25% and incubated at 35  °C for 1  h [17]. Seed vitality 
was determined by observing the degree and morphology 
of the embryo [18].

Environmental release hazard screening
HV lines contain a gene encoding phosphinothricin 
acetyltransferase (PAT), making them resistant to the 
herbicide glufosinate ammonium [19]. In this experi-
ment, a horizontal gene transfer test was performed 
using a SeedChek® LL (7800019, ROMER, USA) contain-
ing a specific antibody binding to this protein. The leaves 
of 24 weeds were collected at 10-m intervals up to 30 m 
around the GMO field, and ground in 0.5  ml distilled. 
SeedChek® LL was immersed in the sample mixture to 
check whether the test line and control line were stained. 
To confirm vertical gene transfer, Ilmi was planted in 8 
directions around the HV23 group and grown for a year, 
and the degree of transfer of the inserted gene by pollen 
was measured. Ilmi seeds arranged in 8 directions were 
harvested and grown in a glass greenhouse. Genetic 
transfer was measured by recording the surviving plants 
after treatment with 0.25% of a glufosinate ammonium-
based herbicide (Bayer, Basta, Germany) in the three-leaf 
stage [20].

Data preprocessing and analysis
All experimental data were analyzed using SPSS (IBM, 
IBM SPSS Statistics 25, USA). All raw data were preproc-
essed by removing outliers using a box plot and Dixon 
Q test. Processed data of 8 pedigrees in the same envi-
ronment are grouped at a significance level of 5% using 
DMRT (Duncan multiple range test). Ilmi and HV lines 
were analyzed using independent t-tests to test pheno-
typic plasticity in different environments.

Results
Comparison of agronomic characteristics
The agronomic characteristics of GM strains HV8 and 
HV23, and parent plant Ilmi were measured in drought 
and irrigation fields. The heading date showed no 
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significant difference results in all experimental groups 
except that HV8 and HV23 in the 2019 drought condition 
were delayed by 4 and 5  days compared to Ilmi. Culm 
length showed no significant difference in all experi-
mental groups except that HV23 increased by an average 
of 5.2  cm compared to Ilmi under irrigation conditions 
in 2019. Under drought conditions, the tiller number 
increased in 2018 and 2019 in the HV8 and HV23 versus 
Ilmi, and the maximum average tiller number increased 
by 1.1. The average yields of HV8 and HV23 were higher 
than Ilmi in the irrigation environment, but there was no 
significant difference after the post hoc analysis of eight 
pedigrees. The most notable change was the increased 
yield of HV8 and HV23 under drought conditions, which 
not only produced higher yields versus Ilmi across both 

study years, but also increased the maximum average 
yield by 84.7% in 2018 (Additional file 1: Table S1).

The 1000-grain weights did not significantly differ 
between Ilmi, HV8, and HV23 at 19.7 ± 0.06, 19.6 ± 0.35, 
and 20.2 ± 0.06 g under irrigation conditions in 2018. The 
same result was seen in all experimental groups (Addi-
tional file 1: Table S2). Phenotypic plasticity, which repre-
sents phenotype variation according to the environment, 
was not observed in 1000-grain weights of HV8 in 2018 
or HV23 in 2019 (Fig. 1a, b). Regression analysis of 1000-
grain weight and volumetric water content showed posi-
tive trends and increasing slopes from HV8 to Ilmi and 
HV23.

DMRT showed no significant difference between 
the Ilmi and HV lines in grain shape traits like length, 

Fig. 1 Regression analysis plot for weediness testing of GM (HV8 and HV23) and non‑GM (Ilmi) rice in 2018 and 2019. Regression analysis of the a 
1000‑grain weight in 2018, b 1000‑grain weight in 2019, c length‑to‑width ratio in 2018, d length‑to‑width ratio in 2019, e seed protein content in 
2018, f seed protein content in 2019, g germination rate in 2018, h germination rate in 2019, i pulling strength in 2018, j pulling strength in 2019, k 
bending strength in 2018, l bending strength in 2019, m viviparous germination rate in 2018, n viviparous germination rate in 2019



Page 5 of 12Jeon et al. Environ Sci Eur           (2021) 33:73  

width, thickness, and length-to-width ratio (Additional 
file  1: Table  S3). HV8 showed no phenotypic plastic-
ity for the length-to-width ratio in 2018 and HV23 in 
2019. In 2018, HV23 showed a significant difference at 
the 10% level, although the threshold for significance 
for this study was 5% (Fig.  2). Regression analysis of 
length-to-width ratio and volumetric water content 
showed increasing trends and greater absolute values of 
the slope from HV23 to HV8 and Ilmi (Fig. 1c, d).

Nutrient content was compared and analyzed in 
brown rice of GM rice and non-GM rice (Additional 
file 1: Table S4). In the irrigation field in 2018 and 2019, 
the nutrient content of both GM rice and non-GM rice 
was the same. Also, the protein, amylose, and moisture 

of GM rice and non-GM rice grown in drought field 
were the same (Fig. 3).

The content of amylose, protein, and moisture were 
analyzed in milled rice of GM rice and non-GM rice 
(Additional file  1: Table  S5). When the nutrient con-
tent of milled rice was compared between GM rice and 
non-GM rice, it was the same in both irrigation field 
and drought field (Fig.  1e, f ). In average time to ger-
mination, there was no significant difference between 
Ilmi and HV lines were recorded in all experimen-
tal groups. In all experimental groups except HV23 
under irrigation conditions in 2018 and 2019, the HV 
lines demonstrated a greater average number of days 
to germination than Ilmi. Under irrigation conditions 
in 2018, HV8 had a higher germination rate than Ilmi, 

Fig. 2 Comparison of a 1000‑grain weights in 2018, b 1000‑grain weights in 2019, c grain length/width rate in 2018, d grain length/width rate in 
2019, e yield in 2018, f yield in 2019 of GM (HV8 and HV23) and non‑GM (Ilmi) rice in different environments
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but all other experimental groups did not record sig-
nificant differences between Ilmi and HV lines (Addi-
tional file 1: Table S6). As a result of regression analysis 

of the germination rate and volumetric water content, 
the two values are positively correlated in the HV 
lines, a negative trend in Ilmi, and increasing absolute 

Fig. 3 Analysis of weediness potential in GM (HV8 and HV23) and non‑GM (Ilmi) rice in different environments. a germination rate in 2018, b 
germination rate in 2019, c viviparous germination rate in 2018, d viviparous germination rate in 2019, e pulling strength in 2018, f pulling strength 
in 2019, g bending strength in 2018, h bending strength in 2019
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values of the slope were recorded in HV8, HV23, and 
Ilmi (Fig. 1g, h).

Assessment of weediness potential
Weediness potential can be an indicator of how much the 
genetic material of rice spreads in various environments. 
In 2018, the pulling strength (gf ) of Ilmi, HV8, and HV23 
in the irrigation field was 130.6 ± 18.5, 110.7 ± 21.4, 
128.4 ± 15.8  gf, respectively, and the bending strength 
(gf ) was 25.4 ± 5.8, 18.9 ± 9.2, 30.9 ± 8.6  gf, respectively. 
Pulling and bending strength in the irrigation field were 
the same for HV line, GM rice and Ilmi, non-GM rice, 
without significant difference. In the drought field, the 
pulling strengths (gf ) of Ilmi, HV8, and HV23 were 
110.7 ± 19.8, 107.2 ± 20.6, 125.5 ± 16.2  gf, respectively, 
and the bending strength (gf ) was 25.5 ± 6.6, 18.4 ± 10.9, 
and 30.8 ± 9.4  gf, respectively. In the drought field, the 
pulling strength and bending strength of GM rice and 
non-GM rice were the same (Fig.  3). In 2019, the pull-
ing strength (gf ) of Ilmi, HV8, and HV23 in the irriga-
tion field was 128.1 ± 18.7, 113.0 ± 22.8, 131.3 ± 18.3  gf, 
respectively, and the bending strength (gf ) was 28.3 ± 6.9, 
23.7 ± 9.4, 31.7 ± 8.6  gf, respectively. Pulling and bend-
ing strength in the irrigation field were the same for HV 

line, GM rice and Ilmi, non-GM rice, without significant 
difference. In the drought field, the pulling strength (gf ) 
of Ilmi, HV8, and HV23 were 108.8 ± 17.9, 105.1 ± 19.2, 
127.1 ± 18.7  gf, respectively, and the bending strength 
(gf ) was 25.7 ± 9.3, 20.2 ± 8.2, and 29.3 ± 8.4  gf, respec-
tively. In the drought field, the pulling strength and bend-
ing strength of GM rice and non-GM rice were the same 
(Additional file  1: Table  S7). As a result of regression 
analysis of pulling strength and volumetric water content, 
the two values are negatively tendency, and greater abso-
lute values of the slope were recorded in the order of Ilmi, 
HV8, and HV23 (Fig. 1i, j). Also, as a result of regression 
analysis of bending strength and volumetric water con-
tent, the two values are positively tendency, and greater 
absolute values of the slope were recorded in the order of 
HV8, Ilmi, and HV23 (Fig. 1k, m).

The average spikelets/panicle data of all experimental 
groups did not show a significant difference between 
the Ilmi and HV lines. The viviparous germination rate 
data of all experimental groups did not show a signifi-
cant difference between the Ilmi and HV lines (Addi-
tional file 1: Table S8). The phenotypic plasticity of the 
viviparous germination rate, according to the environ-
ment in HV23, was none or less than that of Ilmi and 

Fig. 4 Compare brown rice and milled rice protein, amylose, and moisture contents of GM (HV8 and HV23) and non‑GM (Ilmi) rice in different 
environments. a Comparative analysis of protein, amylose, moisture content in Brown rice in 2018. b Comparative analysis of protein, amylose, 
moisture content in Brown rice in 2019. c Comparative analysis of protein, amylose, and moisture content in Milled rice in 2018. d Comparative 
analysis of protein, amylose, and moisture content in Milled rice in 2019
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HV8 (Fig.  4). As a result of regression analysis of the 
viviparous germination rate and volumetric water con-
tent, the two values are positively tendency, and greater 
absolute values of the slope were recorded in the order 
of HV8, Ilmi, and HV23 (Fig. 1n, l).

Survivability in the natural environment
The viability of natural cold treatment germination test 
was 0% in all experimental groups, which means that 

the GM rice is very unlikely to survive in the next year 
natural cold treatment (Additional file 1: Table S9).

Environmental release hazard screening
In the samples of heterogeneous plants collected at 24 
places within 30 m around the GM filed, no gene trans-
fer of bar gene was found (Fig. 5a, b and Additional file 1: 
Table S10). As a result of the vertical gene transfer test, 
no gene transfer by the bar gene was found in all experi-
mental groups, after treatment with herbicides, the 

Fig. 5 Gene flow analysis of GM rice. a Horizontal gene transfer test with the use of bar gene targeting lateral flow device. b vertical gene transfer 
test with the use of herbicide resistance test
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result of the follow-up test of the appearance change of 
the experimental group. Two days after herbicide treat-
ment, the color of the leaves changed from dark green to 
light green, and Ilmi gradually died. On the 3rd day, the 
leaves became narrow. On the fourth day, the color of the 
leaves turned brown and became worse by 7 days. There 
is no noticeable difference in direction. After the second 
herbicide treatment, Ilmi rapidly began to wither with 
100% withering in all directions on day 10. On the other 
hand, HV23 did not affect herbicide treatment (Fig. 5 and 
Additional file 1: Table S11).

Discussion
The expression of unintentional phenotypes of GM plants 
and their impact on the environment are of common 
interest to the public and researchers. In this experiment, 
a great deal of effort was made to objectify the pheno-
types expressed by 8 pedigrees in the same place (agricul-
tural environment and surrounding natural environment) 
for 2 years. The world regulates and thoroughly man-
ages GM crops through environmental risk assessment 
(ERA) developed to reduce anxiety about GM crops [21]. 
Although many GM crops have been safely grown and 
commercially available for more than 25 years now, there 
are still numerous concerns and negative comments 
[22]. Only laboratory research results have limitations in 
resolving the anxiety of environmental groups, and the 
results of conducting research in a practical environment 
through field experiments should be supported [23].

Environmental data were collected to analyze the envi-
ronment for the gene transfer test of GM rice and the 
growth environment of all testing varieties, including 
GM rice. The error of gene transfer test caused by pol-
len infertility is very low because of the continuous high-
temperature environment of more than 8  h and more 
than 35 ℃, which is likely to cause infertility in rice, did 
not occur for two consecutive years in this experiment. 
In daytime 16  h temperature at 37.5 ℃ and night tem-
perature at 25 ℃, wind velocity above 1.5  m/s induces 
pollen desiccating, causing a rapid decrease in fertil-
ity [24]. In the GMO field, the daytime temperature in 
2018 and 2019 never exceeded 37.5 ℃, so it is unlikely 
that the infertility rate would increase due to the wind. 
In the drought field constructed in this study, agricultural 
traits of GM rice and non-GM rice were compared and 
analyzed while maintaining only the minimum soil mois-
ture required for rice growth. We confirmed that only 
12.3% of irrigation flows in the drought field were from 
the drip irrigation versus the irrigation field. Rice fertil-
ity reaches a peak with daytime average temperatures of 
30 ℃ on the heading date. When it is exposed to temper-
atures over 35 ℃ for more than 8 h, anther vitality begins 
to drop [25]. At this time, high relative humidity reduces 

the pollen dispersion ratio and the possibility of pollina-
tion. The daily mean temperature in this study peaked at 
30.1, 29.0 ℃ average, 23.0 ± 4.6 ℃, 23.2 ± 3.6 ℃ relative 
humidity, the average of 81.8 ± 8.7%, and 85.2 ± 6.1%. 
These characteristics represent a normal growth envi-
ronment with a low possibility of infertility due to tem-
perature and relative humidity. The highest rainfall was 
68 and 79 mm per hour, but it was far less than the heavy 
rain warning level of 142 mm. Wind direction and wind 
speed are for measuring gene mobility by pollen in the 
vertical gene transfer test field (Additional file 1: Fig. S1). 
The wind speed (Additional file 1: Fig. S2) is the highest 
wind speed of 4.4 m/s and 4.3 m/s. The highest frequency 
of wind direction was 15.6% in the east-northeast wind 
in 2018 and 16.4% in the east wind in 2019. The results 
showed no significant difference between 2018 and 2019, 
with no environmental conditions that could cause pol-
len infertility.

The volumetric water content of the drought tolerance 
measurement greenhouse in 2018 and 2019 was 0.22 
and 0.37   m3/m3, and the irrigation field recorded 0.44 
and 0.42  m3/m3, so it is unlikely that water stress caused 
a delay in heading date. The minimum temperature of 
drought tolerance measurement greenhouse is 21.3 and 
26.9 ℃ in 2018 and 2019, which does not correspond to 
the low temperature which delays the heading date in 
rice [26]. The water in the silt has a net positive suction 
head from the water surface to a height of about 1000 cm 
by capillary action and a uniform hydraulic conductivity 
of 1 ×  10−5 up to 100 cm [27]. This phenomenon causes 
spontaneous irrigation, satisfies the minimum soil mois-
ture required for the growth of rice, and creates a drought 
environment [28].

The expression of CaMsrB2 promotes the reverse reac-
tion of reactive oxygen species production by drought 
stress to prevent oxidative stress, reduce protein and 
nucleic acid degradation, and lipid and membrane dam-
age [29]. This enables normal growth and development 
even under drought stress, lowering the infertility rate of 
spikelets caused by drought stress [30, 31]. In this experi-
ment, the tiller number recorded a significant difference 
between the Ilmi and HV lines in drought environments 
(Additional file 1: Table S1). There was no statistically sig-
nificant difference shown by DMRT using 8 pedigrees, 
but the average spikelet/panicle values were higher in the 
HV lines than in Ilmi (Additional file  1: Table  S8). This 
phenomenon can cause a significant difference in yield in 
a drought environment.

National regulations require the prevention of GMOs 
being released by humans or the environment until the 
safety of the biological and food products produced 
by genetic engineering has been scientifically proven. 
Therefore, verifying the spreading power of GMOs is an 
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important task in environmental safety assessments. As 
a result of continued genetic variation and natural selec-
tion, wild rice has a favorable phenotype for gene spread 
[32].

In general, the 1000-grain weight does not signifi-
cantly decrease until the soil moisture content drops 
to 25%. Water stress increases the content of unfilled 
grains, but does not cause a significant change in the 
weight of a single seed. DMRT of 8 pedigrees for 1000-
grain weight showed no significant difference between 
Ilmi and HV lines for two consecutive years in all envi-
ronments, so HV lines are expected to have less reduc-
tion in 1000-grain weight due to water stress compared 
to Ilmi (Fig.  1). The length-to-width ratio is a physi-
cal shape characteristic related to 1000-grain weight. 
DMRT of 8 pedigrees for the length-to-width ratio 
showed no significant difference between the Ilmi and 
HV lines, so there was no change in grain shape char-
acteristics as a result of the insertion gene.. Changes 
in rice quality due to water stress during the ripening 
period are generally expressed by increasing protein 
content, decreasing amylose content, and decreasing 
moisture content [33]. The change in nutrient contents 
recorded the same pattern as the result of the previous 
proof concept experiment in a drought environment, 
which means that sufficient water stress treatment was 
performed. The significant difference in protein con-
tent between Ilmi and HV lines is expected to be due 
to the reduction of oxidized methionine by the CaM-
srB2 gene [13]. The increase in the number of non-ger-
minated seeds due to changes in the germination trait 
has a great influence on the yield reduction. However, 
in all experimental groups, HV lines did not record a 
significant difference in germination percentage for two 
consecutive years compared to Ilmi. Therefore, it can 
be expected that the inserted gene site of HV lines does 
not affect the gene locus related to germination. The 
strong shattering habit of rice means that it has great 
weediness potential. In this experiment, HV8 showed 
weaker bending strength than Ilmi, especially in a 
drought environment. This result not only increases 
the likelihood of unintentional gene release due to seed 
shattering in the natural environment, but also causes 
a decrease in yield. The increase of viviparous germi-
nation is explained by the weakening of dormancy and 
early ripening. Yield decreases when inert material is 
removed by meteorological disasters such as the rainy 
season and typhoons and becomes viviparous with high 
moisture and temperature. In this experiment, DMRT 
were performed for viviparous germination of 8 pedi-
grees, and no significant difference was found between 
Ilmi and HV lines. In the natural cold treatment ger-
mination test, which verifies survivability in the natural 

environment, the samples of all experimental groups 
did not record viability enough to ensure hastening of 
germination. These results explain that GM rice seeds 
introduced into nature due to unintentional release are 
highly likely to be culled due to the nature of the Korean 
season, which undergoes wintering after harvest.

Sometimes in GM crops, unintentional traits are 
expressed by exon site cleavage caused by the location of 
the foreign gene insertion[34]. Even if the foreign gene 
insertion occurs in an intron, the intron may serve as a 
regulator of gene expression [35]. Therefore, a continu-
ous phenotype monitoring system has been used to raise 
awareness of safe GM crops. As a result of the horizontal 
gene transfer test, no intercross occurred within a 30 m 
radius from the GM plants isolation field. Hybridiza-
tion by pollen did not occur in the vertical gene transfer 
test, which is expected to be due to the low probability of 
natural crossing of rice [36]. Through all the data in this 
experiment, it was possible to prove that there was no 
difference in phenotypic characteristics between GM rice 
and host plant except for intentional changes in a trait, 
and the risk of environmental release was very low.

Conclusions
Through the environmental risk assessment of HV8 
and HV23 of GM rice with the drought resistance gene 
inserted, the effects of GM rice on humans and the envi-
ronment were confirmed through objective indicators. 
Environmental data were accumulated by recording 
wind direction, wind speed, precipitation, daily aver-
age temperature, and relative humidity of the entire GM 
planting area. A system was established to maintain envi-
ronmental conditions in a dry-resistant test greenhouse, 
and based on this, the degree of error in the experiment 
due to extreme environments was limited. The expres-
sion of unintended traits was detected through the 
comparison of various phenotypes, and the degree of 
intentional expression was evaluated. The target trait, 
yield, was 88.9 ± 3.1  kg/10a for Ilmi in drought condi-
tions in 2018. However, HV8 was 164.2 ± 4.1  kg/10a, 
which is 84.7% higher than that of Ilmi. In drought con-
ditions in 2019, Ilmi was 122.0 ± 2.8  kg/10a, and HV23 
was 172.7 ± 7.1 kg/10a, which was 41.6% higher for HV23 
than Ilmi. There was no gene mobility of GM rice due 
to intentional or unintentional release, as verified by the 
natural environment viability and gene mobility tests.
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