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Abstract 

 

Currently, drought stress has been known as a critical abiotic factors limiting crop production around the world. Several 

genes associated with water stresses, including codA gene encoded for choline oxidase, have been characterized and 

transferred to several important crops to enhance the tolerance to drought stress.  Therefore, in this study, codA gene under 

the regulation of a drought inducible promoter-rd29A was introduced into soybean using the Agrobacterium-mediated 

method. The presence of codA gene in transgenic soybeans was confirmed by PCR and Southern hybridization. Under 

drought stress treatments, transgenic soybeans showed an enhanced seedling growth and plant biomass as compared to non-

transformed soybeans. Moreover, the contents of glycine betaine and free proline, two major organic osmolytes as well as 

peroxidase activity were found increased in codA transgenic soybean. The malondialdehyde content in transformed 

soybeans decreased by less than 50% relative to control soybean plants under drought stress conditions. This is the first 

report on the utilization of the codA gene to improve drought tolerance in soybeans. 
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Introduction 
 

Soybean [Glycine max (L.)] is one the most important 

food and feed crops cultivated worldwide, accounting for 

71% of world protein meal consumption and 

approximately 61% of global vegetable oil production 

(Soystat, 2017). Similar to other  important crops, 

soybean production  is threatened by various abiotic 

stresses (Phang et al., 2008), in which drought has been 

considered the most critical stress for soybean production 

(Lenssen, 2012). Therefore, the improvement of drought 

tolerant capacity of soybean cultivars is being attracted 

for sustainable soybean production. Among various 

approaches used, application of genetic engineering has 

been known as an efficient and potential technology to 

develop abiotic stress-tolerant plant species. 

Glycine betaine (GB) has been known as a 

particularly effective compound for protecting plants from 

osmotic stresses (Murata et al., 1992). This compound 

stabilizes bioactivity and structures of a range of enzymes 

and  complex proteins in plant cells under stresses  

(Papageorgiou & Murata, 1995). Chen & Murata (2008) 

showed that under different abiotic stresses, the GB 

application helped to improve the plant growth and 

survival rate. The tolerant abilities to different abiotic 

stresses, such as salt, cold, and drought can be seen in 

plants genetically engineered with biosynthetic GB genes 

or transcription factors (Hayashi et al., 1997; Alia et al., 

1998a; Alia et al., 1998b; Sakamoto &Murata, 2000; 

Sulpice et al., 2003; Amanda et al., 2014 ). 

Of several important genes related to the GB 

biosynthesis pathway, the codA gene encoded for choline 

oxidase has been characterized and utilized for production 

of transgenic plant species to tolerate with environmental 

stresses. Transgenic Arabidopsis plants overexpressed the 

codA gene driven by the 35S promoter produced the high 

GB content and promoted the tolerant abilities to salt, hot 

and cold stresses (Hayashi et al., 1997; Alia et al., 1998b, 

Sakamoto et al., 2000). Such improvement in abiotic stress 

tolerance were found in transgenic tobacco and rice with 

overexpression of  codA (Kathuria et al., 2009; Jingjiang et 

al., 2013). The increased GB accumulation coupled with 

the improvement in  salt and water deficit  tolerance was 

observed in codA transgenic alfalfa (Li et al., 2014). 

Genetic engineering of soybeans for drought tolerant 

improvement has been reported in several publications.  

According to Li et al., (2017), transgenic soybean plants 

overexpressing GmFDL19 gene were found to grow 

better in salt and drought conditions. Overexpression of 

the gene encoded for betaine aldehyde dehydrogenase 

(BADH) showed the increased tolerance of soybeans to 

water deficiency (Qin et al., 2017). In addition, drought 

tolerance was confirmed in transgenic soybeans that 

overexpress the AtABF3 gene (Kim et al., 2018). 

However, there have been no report utilizing the codA 

gene for the drought tolerance in soybeans and neither of 

the previous studies employed inducible promoter to 

express the transgenes in this plant species. In this study, 

the plant expression vector harbouring codA gene 

regulated by the stress-inducible rd29A promoter was 

constructed and transformed into soybeans using 

Agrobacterium-mediated method. The integration of codA 

into transgenic soybean plants was confirmed by Southern 

blots. In addition, the effects of codA expression on 

seedling and plant growth under water deficient condition 

were analysed. Biochemical index, including GB, proline 

content, malondialdehyde (MDA) and peroxidase (POD) 

activity in transgenic soybeans was also analysed under 

drought stress conditions. 
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Materials and Methods 

 

Trasngenic vector construction and soybean 

transformation: Soybean cultivar DT22 (Vietnam 

national cultivar) was provided by The Legumes Research 

and Development Center, Vietnam Academy of 

Agricultural Science. The codA nucleotide sequence of 

Arthrobacter globiformis from GenBank (SEQ ID NO: 

AY304485) was used for codon optimization for the 

expression in plants. Sequences for the transit peptide and 

a c-myc tag were added to the codon-optimized codA 

gene (Text supplemental data S1). The whole nucleotide 

sequence of targeted fragment was synthesized by Epoch 

Life Science Inc. (Missouri City, Texas, USA) and 

inserted into the binary vector pIBTII regulated by a 

water stress-inducible promoter rd29A. The designed 

transgenic vector was mobilized into Agrobacterium 

tumefaciens C58/pGV2206 (IPK, Gatersleben, Germany) 

for plant transformation. We used an improved 

Agrobacterium-mediated cotyledon node transformation 

procedure from previous report (Margie et al., 2004). 

Transgenic soybeans were screened and identified using 

the leaf painting method with a solution containing 250 

mg/mL phosphothricin and 0.1% Tween-20 (Zhang et al., 

1999). Transgenic plants were maintained in the 

greenhouse with a 16-h light/8-h dark photoperiods. 
 

Genomic extraction and PCR analysis: The transgenic 

soybean leaves was used for genomic DNA extraction 

with the improved CTAB protocol (Dellaporta et al., 

1983). Total genomic DNA and specific primers for the 

codA gene (codA_F: 5’ GTGTTGCAGTTGGATCGTTG; 

codA_R: 5’ CCCTACACCTGGAGAGTCAA) or bar 

gene (bar_F: 5’ AAACCCACGTCATGCCAGTT; bar_R: 

5’ GACAAGCACGGTCAACTTCC) were used to 

identify putative transgenic plants.  PCR conditions 

consisted of an initial denaturation at 94°C for 5 min, 

followed by 30 cycles of 20 sec at 94°C, 30 sec at 53°C, 1 

min at 72°C, and ended with an extension step of 5 min at 

72°C. Then, obtained PCR products were run on a 0.8% 

agarose gel stained with ethidium bromide and captured 

on UV transilluminator  
 

Southern hybridization analysis: Purified genomic 

DNA of putative transgenic soybeans was digested by 

EcoRI restriction enzyme that has only one cutting site in 

the T-DNA region. The treated DNA was fragmented by 

1.0% agarose gel electrophoresis and then transferred to a 

hybridization nylon membrane (Zeta-Probe® GT, Bio-

Rad, Hercules, CA, USA). DNA was fixed on the nylon 

membrane uising UV cross-linking. A 500 bp PCR 

fragment, amplified using primers of the codA gene 

(codA-F: 5'- TCCAACAGGCGTAGCATTGT-3'; codA-

R: 5'- AGGCCGTCTTCAGTAGGAGT-3'), was used as 

the probe for hybridization. The random Primer Labelling 

Kit (Prime-It® RmT, Stratagene, La Jolla, CA, USA) was 

utilized to generate the labelled 32P probes followed 

manufacturer's protocol. Hybridization and membrane 

washing was performed in an oven at 65°C using the 

procedure from Zeta-Probe® GT manufacturer (Bio-Rad, 

Hercules, CA, USA). 

 

Seed germination under stress conditions: Seeds of T3 

generation were sterilized under chlorine gas (Di et al., 

1996) and planted on Murashige  and Skoog basal medium 

with B5 vitamins solidified with 2.5 g/l phytagel added 

different concentrations of PEG 8000 (0, 10%, 15%). The 

culture plates were placed at 26°C with a 16 h light and 8 h 

dark photoperiods. Root length and seedling height were 

recorded after 12 days on the treatment media. 

 

Drought stress treatments: The T3 progenies, derived 

from four independent transgenic plants, were individually 

grown in soil pots (115 x 85 x 105 mm), screened by a 

herbicide-resistant test and used to study drought stress 

following the procedure by Wright & Lenssen (2013). 

Briefly, T3 transgenic soybeans at the V3 stage (with three 

leaves) were grown in the environmental chamber set at 30-

33°C and humidity of 60%. For control conditions, T3 and 

wild-type soybeans were grown and well-watered in the 

other chamber at 28°C and humidity of 80%. Both root and 

stem weights of the tested soybean plants were recorded on 

the 9th day of the stress treatment. 

 

Biochemical analysis: Leaves from treated and non-treated 

plants were analysed for GB, MDA, free proline content, 

and antioxidant enzyme POD activity. Accumulated 

glycine betaine was determined using a previous protocol 

(Grieve & Grattan, 1983). The contents of MDA, free 

proline, and POD activity were determined as described by 

Chen & Zhang (2016). The crude protein measurement was 

conducted as described by Bradford (1976). 

 

Data analysis: The data were analysed using SPSS 

software. The mean value and standard deviation (SD) 

were calculated from three experimental replicates.  The 

responses of transgenic and wild-type lines were 

compared using t-test at p-value ≤0.05. 

 

Results 
 

Plant transformation and confirmation of transgene 

integration: We generated 23 independent transgenic 

events from three transformation experiments utilizing 

our improved Agrobacterium-mediated cotyledon node 

transformation procedure (Table S1). The presence of 

codA and bar genes was confirmed by herbicide leaf 

painting and PCR with specific primers (Fig. S1). To 

estimate the numbers of transgene loci and copy in the 

transgenic soybeans, we randomly selected four 

independent transgenic events for Southern blot analysis. 

The Southern blot result utilized the codA partial open-

reading frame as a probe and revealed one or two 

hybridization bands (Fig. 1). This indicates the single 

insertion of the codA gene in events D3, D4, and D7 and 

two copies in the event D2. The identical insertion pattern 

of transgenic plants D3 and D4 indicated that these two 

plants may be generated from the same independent 

event. These four transgenic lines were grown and self-

pollinated under greenhouse conditions to propagate seeds 

for further analysis. Under greenhouse conditions, 

transgenic and non-transgenic soybean plants exhibited no 

difference in plant morphology. 
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Table S1. Soybean transformation and confirmation of transgene integration. 

Transformation 

No. 

Infected 

cotyledons 

Shoot 

induction 

Formed 

shoots 

Rooted plants on 

selection medium 

PPT 

resistance 

CodA and bar 

positive 

Confirmed by 

Southern Blot 

Expt 1 723 545 28 18 6 6 
 

Expt 2 815 621 39 18 7 7 
 

Expt 3 722 562 41 16 4 4 
 

Expt 4 765 497 32 17 6 6 
 

Total 3025 2225 140 69 23 23 4/4 

No infection 100 100 0 0 0 0 0 

 

 
 

 
 

Fig. S1. Gel electrophoresis of the PCR product using specific 

primers for codA and bar genes. (WT) non transgenic wild-type 

soybeans; (P) positive control; (M) 1kb DNA ladder. 
 

Soybean germination under the drought conditions: 
Seed germination and seedling establishment considered 

as critical stages for plant growth and development are 

specifically sensitive to water limitation conditions 

(Ahmad et al., 2008; Li et al., 2014). Therefore, 

transgenic soybeans at T3 generation were evaluated in 

artificial drought conditions by supplementing 10% or 

15% PEG 8000 into nutrient medium. On the 5th day on 

the control medium, no significant difference in the length 

of seedling was found in both codA expression, and the 

control soybean plants (Fig. 2a). All seeds showed good 

germination with seedling lengths of approximately 5 cm. 

By contrast, on treatment with 10% PEG 8000, non-

transgenic soybean plants exhibited a significant 

reduction in seedling length (less than 4 cm), while 

transgenic soybean lines maintained normal seedling 

growth (Fig. 2b). Under higher stress conditions (15% 

PEG 8000), soybean growth was inhibited, resulting in 

dramatic decreases in the seedling lengths for both 

transgenic and wild-type plants. However, transgenic 

soybeans maintained a faster growth rate and showed 

significantly longer seedlings than non-transgenic plants 

did. The obtained results demonstrate that the ectopic 

codA gene expression improved the tolerance of soybean 

seedling growth against drought stress. 

 

 
 
Fig. 1. Southern blot analysis of soybean transgenic lines. D2-

D7: Transgenic lines; (-) non-transgenic wild-type line; P. 

positive control (binary vector pIBTII-Rd29a-TPCodA). 

Text supplemental data S1. The codA fragment used for synthesis by Epoch Life Science Inc.  

ATGGCACAAATTAACAACATGGCACAAGGGATACAAACCCTTAATCCCAATTCCAATTTCCATAAACCCCAAGTTCCTA

AATCTTCAAGTTTTCTTGTTTTTGGATCTAAAAAACTGAAAAATTCAGCAAATTCTATGTTGGTTTTGAAAAAAGATTCA

ATTTTTATGCAAAAGTTTTGTTCCTTTAGGATTTCAGCATCAGTGGCTACAGCCTGCATGCACATCGATAATATTGAAAA

TCTTAGTGACAGAGAGTTCGACTACATTGTTGTTGGAGGTGGTTCAGCTGGAGCTGCAGTGGCTGCACGTCTTTCTGAA

GATCCTGCAGTTAGTGTTGCCTTGGTTGAAGCCGGACCTGATGACAGAGGGGTGCCAGAGGTGTTGCAGTTGGATCGTT

GGATGGAATTGCTTGAATCTGGATACGATTGGGATTATCCAATAGAACCACAAGAGAATGGCAATAGTTTTATGAGGC

ATGCACGTGCTAAAGTCATGGGCGGTTGTTCTTCACATAACAGTTGCATTGCATTCTGGGCCCCAAGGGAGGATTTGGA

TGAGTGGGAAGCAAAATATGGTGCTACTGGCTGGAATGCTGAGGCTGCATGGCCTCTTTACAAAAGGCTTGAAACTAA

CGAAGATGCAGGACCAGATGCTCCACATCACGGAGATTCAGGGCCTGTCCACTTGATGAATGTGCCACCTAAAGATCC

AACAGGCGTAGCATTGTTGGATGCATGCGAACAGGCCGGCATTCCTAGAGCCAAGTTTAATACCGGCACAACAGTCGT

TAATGGAGCCAACTTCTTTCAGATTAATAGAAGGGCTGACGGGACAAGGTCATCTTCAAGTGTCTCATATATCCATCCA

ATCGTCGAGCAAGAAAACTTTACTTTGTTGACTGGTCTTAGGGCACGTCAACTTGTTTTCGACGCTGATAGACGTTGCA

CTGGGGTTGATATAGTCGACTCTGCCTTTGGACATACACATAGGCTTACAGCTAGAAACGAAGTCGTACTTTCTACTGG

TGCAATTGATACACCAAAGTTGCTTATGTTGTCTGGAATCGGGCCTGCAGCACACCTTGCTGAACATGGAATCGAGGTG

TTGGTTGACTCTCCAGGTGTAGGGGAACACCTTCAAGATCACCCTGAAGGAGTTGTCCAGTTCGAGGCTAAACAACCAA

TGGTCGCCGAATCAACCCAATGGTGGGAGATCGGTATCTTTACTCCTACTGAAGACGGCCTTGATAGGCCAGACCTTAT

GATGCATTACGGTTCAGTCCCTTTCGATATGAATACTTTGAGACATGGGTATCCTACAACTGAGAATGGATTCTCATTG

ACCCCTAATGTTACACATGCCAGGTCTAGGGGTACTGTGAGACTTAGAAGTAGGGACTTTAGAGACAAGCCTATGGTTG

ATCCTAGATATTTCACCGACCCAGAAGGCCACGATATGAGAGTAATGGTGGCAGGTATTAGAAAGGCTAGAGAGATTG

CAGCTCAACCTGCTATGGCTGAATGGACCGGTAGAGAGCTTTCACCAGGAGTTGAGGCCCAAACCGATGAAGAATTGC

AGGATTATATTCGTAAGACTCATAACACCGTTTACCACCCTGTGGGTACCGTGAGAATGGGCGCTGTGGAAGACGAGA

TGAGTCCACTTGATCCTGAATTGAGAGTGAAAGGAGTGACAGGACTTAGGGTCGCAGATGCTTCAGTGATGCCTGAAC

ATGTAACAGTTAACCCTAATATCACCGTGATGATGATAGGTGAGCGTTGTGCTGATTTGATTAGATCAGCTAGAGCAGG

GGAGACTACCACCGCTGATGCTGAACTTTCTGCAGCTTTGGCACAGAAACTCATCTCAGAAGAGGATCTGAATTGA 

The red shaded characters indicate nucleotide sequences of transit peptide of the Rubisco small subunit of tobacco 

The yellow shaded characters indicate c-myc tag nucleotide sequences for the detection of recombinant codA 
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Fig. 2. Seed germination and seedling growth under drought stress 

treatments. (a) Germination of soybeans in MS medium (upper) 

and induced-drought medium with 10% PEG8000 (middle), 15% 

PEG8000 (lower) on the 12th days; (b) soybean seed lengths in 

different germination treatments. D2-D7: Transgenic soybean 

events; (WT) non-transgenic wild-type; Values denoted by 

different letters are significantly different at p<0.05. 

 

 
 

 
 
Fig. 3. Soybean growth and biomass production under drought 

stress conditions. (a) Soybean plants on the 9th day under water 

stress conditions (upper) and the leaflet phenotype (lower); (b) 

soybean fresh weight under well-watered and drought stress 

treatments; D2-D7: Transgenic soybean events; (WT) non-

transgenic wild-type soybeans; Values denoted by different letters 

are significantly different at p<0.05. 
 

Soybean growth under water deficiency: To evaluate 

soybean growth and development under drought stress, T3 

seeds of codA expression soybeans and non-transformed 

soybeans were planted individually in a pot and tested by 

leaf painting for herbicide resistance. At the V2 stage, 

soybean plants were exposed to different water available 

treatments in a growth chamber. Under a well-watered 

treatment condition, transgenic and wild-type soybean 

plants showed no difference in plant morphology (data 

not shown). In contrast, under water deficient conditions, 

the growth rate of wild-type soybean plants was decreased 

significantly compared to transgenic ones (Fig. 3a). On 

the 9th day under drought stress, non-transgenic soybeans 

showed severe symptoms, including yellow, dry and 

withered leaves, while although reduction in plant growth 

rate was occurred, no severe leaf damage was found in 

transgenic plants (Fig. 3a). In water stress conditions, the 

biomass production of non-transgenic soybeans was 

reduced by half (2.56 g) compared to that under well-

watered conditions (6.32 g). The biomass reduction was 

also observed in all transgenic soybeans under water 

deficiency (Fig. 3b). However, transgenic soybeans 

maintained a growth rate and showed obviously higher 

biomass than non-transgenic plants. 

(a) 
(a) 

(b) (b) 
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Fig. 4. Biochemical analysis of soybean leaves under drought stress. (a) Glycine betaine content. (b) Proline content. (c) MDA 

content. (d) POD activity. D2-D7: Transgenic soybean events; (WT) non-transgenic wild-type soybeans; Values denoted by different 

letters are significantly different at p<0.05. 
 

Biochemical index of soybean leaves under drought 

stress: The increases in GB and proline accumulation 

were reported in several plant species under drought, 

salt or extreme temperatures (Bohnert et al., 1995; Park 

et al., 2007; Li et al., 2014; Zheng et al., 2017). To 

evaluate whether the inducible expression of the codA 

gene increased the accumulation of these two 

substances, the proline and GB contents in the soybean 

leaves at 9 days under stress conditions was measured 

(Fig. 4ab). The analysis result showed higher contents 

of GB and proline in all transgenic soybean leaves 

compared to those in non-transgenic wild-type leaves. 

In particular, the GB content varied from 34.1 to 39.5 

g/mg dry weight (DW) in transgenic soybeans, while 

the GB content for wild-type soybeans was only 13.7 

g/mg DW. The proline content was 102.9 g/g FW in 

non-transgenic wild-type leaves and increased to up to 

219.6 g/g fresh weight (FW) in transgenic soybeans 

expressing the codA gene. 

MDA, a chemical indicator negatively contributes to 

stress tolerance in plants (Hessini et al., 2009; Zheng et 

al., 2017). To test the oxidative damage on the membrane 

stability of the soybean lines, we measured the MDA 

contents of soybean leaves after drought stress (Fig. 4c). 

Our data displayed an obviously lower MDA content in 

all codA expression soybean lines than in control 

soybeans. Under drought conditions, the MDA content of 

wild-type leaves was 1.234 nmol/g FW, while the MDA 

content of transgenic soybeans decreased from 0.702 to 

0.454 nmol/g FW. These results indicated that codA 

transgenic soybeans exhibited less severe oxidative 

damage than non-transgenic plants did. 

The activity of POD is known as an indicator of the 

tolerance of soybean varieties against water stress (Zoz et 

al., 2013). Thus, we determined the activity of POD in 

soybean leaves after drought stress (Fig. 4d). The 

activities of POD were found to be higher in all transgenic 

soybeans than in non-transgenic ones. The transgenic line 

D2 exhibited the highest activity of POD (8.402 U/g 

DW). This result is highly consistent with the MDA data, 

in which the lowest MDA content was observed in 

transgenic line D2. 
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Discussion 
 

In this study, the plant codon-optimized codA gene 

under driven by rd29A promoter was introduced into 

soybeans. PCR and Southern blot results confirmed the 

presence of codA in transgenic soybeans.  The transgenic 

soybeans exhibited a faster growth rate as well as greater 

biomass production compared to non-transgenic soybeans 

at water deficit conditions. In addition, the accumulation 

of GB, proline and the activity of POD were consistent 

with previous reports for the overexpression of the codA 

gene in some plant species (Park et al., 2004; Ahmad et 

al., 2008; Cheng et al., 2013). 

Of various GB biosynthetic genes, the codA gene 

encoding for choline oxidase has a function in conversion 

choline into betaine  in the GB biosynthesis pathway 

(Deshnium et al., 1995). The transgenic plant of several 

species expressed the codA gene showed an improved 

tolerance to various abiotic stresses. For example, codA-

transgenic Arabidopsis showed GB accumulation in 

chloroplasts and significant freezing tolerance (Sakamoto et 

al., 2000). The increased GB accumulation in transgenic 

tomato plants protected reproductive organs under chilling 

stress  (Park et al., 2004). In our study, GB accumulation in 

codA-transgenic soybeans was higher than in non-transgenic 

soybeans under drought stress. Higher GB contents may 

reduce the water loss of transgenic soybeans and maintain 

vegetative growth leading to the higher biomass production 

of transgenic soybean plants. The codA-transgenic potatoes 

also performed similar responses under drought conditions 

(Ahmad et al., 2008). Moreover, the improved salt tolerance 

were found  in  the transgenic tobacco or potatoes and alfalfa 

overexpressing  the codA gene under controlled by the stress-

inducible rd29A or SWPA2 promoter, respectively 

(Jingjiang et al., 2013; Ahmad et al., 2008; Li et al., 2014). 

Therefore, further research needs to be conducted to evaluate 

the responses of codA-transgenic soybeans to other 

environmental stress conditions. 

In addition to glycine betaine, free proline was also 

accumulated in plants under environmental stresses 

(Hayat et al., 2012). The overexpression of genes related 

to the proline biosynthesis pathway in transgenic plants 

exhibited higher free proline content as well as higher 

drought stress tolerance (Yamada et al., 2005; Gubiš et 

al., 2007; Zheng et al., 2017). Moreover, the increase in 

free proline content was also found in ectopic codA-

transgenic alfalfa during a water deficit (Li et al., 2014). 

Consistently, in our study, ectopic codA-transgenic 

soybeans showed increased free proline content as well as 

GB accumulation under water limitation conditions. At 9 

days after drought treatment, the free proline content in 

transgenic soybeans was 1.5- to 2 fold increase compared 

to non-transformed soybean plants. Similarly, the free 

proline content increased by up 2-fold in transgenic 

alfalfa with codA or EDT1 under drought conditions (Li et 

al., 2014; Zheng et al., 2017). However, the  proline 

content increased by less than 20% in transgenic soybeans 

that overexpressed the betaine aldehyde dehydrogenase 

(BADH) gene (Qin et al., 2017). Again, our study 

supported the importance of the codA gene in the drought 

tolerance of soybeans. 

The increased MDA, an unsaturated fatty acid  

peroxidation production was considered as an indicator of 

cell membrane damage (Hessini et al., 2009). In addition 

to MDA content, the POD activity is known as an index 

of tolerance of soybean genotypes against water 

deficiency. The increase in POD activity was related to 

the greater tolerance of soybean varieties to drought 

conditions (Zoz et al., 2013). In this study, ectopic codA-

transgenic soybeans exhibited obviously lower MDA 

contents and higher POD activity than wild-type soybeans 

under drought conditions, indicating less oxidative 

damage to the cell membranes of transgenic plants. In 

BADH-transgenic soybeans, MDA content decreased by 

as much as 13% compared to non-transgenic wild-type 

soybeans under drought conditions; in contrast, POD 

activity increased up to 7% (Qin et al., 2017). In this 

study, POD activity of transgenic plants increased up to 4-

fold compared to non-transgenic control soybeans, while 

MDA decreased by half. The greater changes in MDA 

and POD may be due to the roles of the codA gene and 

rd29A promoter in transgenic soybeans. 

In conclusion, we successfully introduced the codA 

gene regulated by the rd29A promoter into soybeans 

using the Agrobacterium-mediated method. Transgenic 

soybeans showed the faster growth rate and improved 

biomass production compared to non-trasgenic soybeans 

under drought conditions. The drought stress tolerance of 

codA-transgenic soybeans resulted from the increase in 

glycine betaine accumulation as well as higher proline 

content. Our study highlights the potential for utilizing the 

codA gene and rd29A promoter to improve drought 

tolerance in soybeans and other important crops. 
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