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OVEREXPRESSION OF GMCHS7 IN SOYBEAN LEADS TO 
REDUCED PIGMENTATION IN HILUM OF TRANSGENIC SEEDS
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Abstract
GmCHS7 gen was cloned and transferred to DT22 soybean plants by agrobacterial vector. Transgenic plants were 
selected based on their resistance to ammonium glufosinate conferred by the bar gene which is co-expressed in the 
T-DNA. �e presence of transgene in surviving plants were further con�rmed by using PCR. Transgenic plants 
showed no morphological di�erence from DT22 variety except for hilum color which ranges from white to brown in 
the seeds of transgenic plants compared to black or imperfect black in that of DT22 plants. �e results showed that 
overexpression of GmCHS7 gene lead to a decreased in pigmentation of the hilum in the seeds of soybean plants.
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INTRODUCTION
Soybean [Glycine max (L.) Merr.], native to East 
Asia, is the most widely grown grain legume in the 
world. Its seeds are widely used as the major sources 

of vegetable oils and plant protein (Hartman et al., 
2011). �e plant grows annually with erected, bushy 
stem, reaching the height of 50 - 120 cm when fully 
mature. Soybean seeds contain eight essential amino 
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acids which could not be synthesized by human body 
(Carpenter et al., 2002). Soybean plays an important 
role in feeding the world. �e protein and lipid-rich 
soybean seeds can be processed in many ways to 
produce a wide range of products including: vegetable 
oil, soybean meal, soy milk, soy �our, soy protein, soy 
sauce, tofu as well as other non-food products. �e 
estimated soybean seed productivity in the world in 
2017/2018 market year was around 338.57 million 
metric ton. �ree countries: Brazil, Argentina and 
the U.S. produced a total of over 277 million metric 
ton which is more than 82% of the world’s soybean 
production (USDA, 2018). 
In Vietnam, soybean production has dropped 
markedly in recent years due to low yield and the 
decline in growing area as farmers switch to more 
pro�table crops. �e total soybean productivity of 
Vietnam has decreased almost 50% from 0.3 million 
ton in 2005 to 0.16 million ton in 2016. Nevertheless, 
soybean research has received substantial attention. 
Many new varieties have been released over the last 
decades and have been well received by famers. �ey 
include: DT84, AK03, AK05, AK06, VX9-2, VX9-3,
DT93, V74, TL57, DN42, D96-02, DT90, D140, 
D9804, DT96, DT2000, DT26 for the North (Pham, 
2015) and: HL25, MTD176, HL92, G87-5, OMON 
25-20, OMDN 16-4, OMDN 22-11, OMDN 21-75, 
OMDN 16-5-2, VDN 1, TN12, Bông Trắng and CM 60 
for the South (Mai et al., 2012). So far, all commercial 
Vietnamese soybean varieties have been selected for 
yellow seed coat with the exception of DT2008DB 
variety which was selected from Co60-mutated 
collection for black seed coat (Nguyen et al., 2016). 
Soybean genetic engineering for herbicide resistance 
(Nguyen et al., 2013a), drought tolerance (Nguyen 
et al., 2013b, Nguyen et al., 2013c), insect resistance 
(Tran et al., 2013), disease resistance (Nguyen et al., 
2016) and nutrient improvement (Pham et al., 2016) 
were also carried out albeit with limited resources 
compared to soybean research in the world. 
Soybean seed coat color varies widely between 
varieties, ranging from: yellow, green, brown, black, 
to bicolor. Darker seeds such as black or brown 
ones usually accumulate more �avonoids and 
anthocyanins, a rich source of antioxidants, within 
the epidermal layer of the seed coat compared with 
lighter color seeds of most commonly grown varieties 
(Dixon and Summer, 2003). On the other hand, 
most commercial soybean varieties have yellow seed 
coat due to the preference of major processors and 
consumers. 
�e inheritance of soybean seed coat color is 
moderately complex and controlled by multi-loci 
with at least �ve genetic loci (I, R, T, W1 and O) 

which are involved in �avonoid-based pigmentation 
pathway (Palmer et al., 2004; Yang et al., 2010). I, R, 
and T are involved in the biosynthesis of the pigments 
while O and W1 only a�ect the pigmentation under 
the background of these recessive alleles (i r or i t) 
(Palmer et al., 2004). W1 locus only in�uences seed 
colors under iRt background with W1 allele leading 
to imperfect black and w1 allele leading to bu� colors. 
O locus gives brown color seeds while recessive o 
allele under irT background gives red-brown seed 
coat (Palmer et al., 2004). In addition, green soybean 
seed is controlled by combinations of G, d1 and d2 
loci (Woodworth, 1921; Guiamet and Giannibelli, 
1996; Reese and Boerma, 1989). 
In soybean, chalcone synthase family is encoded by 
9 genes, namely GmCHS1 to GmCHS9. Although 
the role of chalcone synthase genes in di�erent 
plant tissues are not fully characterized, the roles of 
GmCHS genes in soybean seed coat pigmentation 
have been revealed. While some GmCHS genes 
encode enzymes for �avonoid biosynthesis, GmCHS1, 
GmCHS3, GmCHS4, GmCHS7 and GmCHS8 involve 
in the silencing of chalcone synthase genes. GmCHS1, 
GmCHS3 and GmCHS4 are located on chromosome 
number 8 with their perfect inverted repeat 
structures (Todd et al., 1996). Once transcribed, 
the complementary RNA products pair, creating 
material for post transcriptional gene silencing. In 
turn, GmCHS7 and GmCHS8 serve as templates for 
secondary siRNA production (Tuteja et al., 2009). 
In this study, it was demonstrated for the �rst time 
that overexpression of GmCHS7 caused signi�cant 
reduction of pigmentation in transgenic seeds. 

MATERIALS AND METHODS

Plant materials
DT22 soybean seeds were originally provided by 
Legume Research Center of Food and Field Crop 
Research Center. �e cultivar was selected from 
mutagenized F1 hybrid seeds of the cross (DT95 
˟ DT12) by the center and was registered as a new 
cultivar in January 19th, 2006 (No.219 QD/BNN-
KHCN). DT22 variety is characterized by white 
�owers, yellow seed coat and dark brown (imperfect 
black) hilum. 

Transgenic plant selection
Transgenic plants which survived in vitro selection 
were transplanted to soil pots and sprayed with 
Basta (�nal glufosinate concentration of 100 mg/L) 
a�er 1 week. Basta resistant plants were screened by 
PCR using primers for bar gene and 35S:GmCHS7 
overexpression construct. 
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Hilum color scoring
Seeds of transgenic plants were scored visually for 
color changes. Hilum color were measured by ImageJ 
for an area of 302 unit surrounding the hilum of 
representative DT22 and transgenic seeds.

Time and place of the study
Cloning, transformation and phenotyping were 
carried out from 2012 to 2016 at the Agricultural 
Genetics Institute in Hanoi, Vietnam. In silico analysis 
was carried out in 2018. 

RESULTS AND DISCUSSION
GmCHS7 (Gene ID: 100782897) is on chromosome 1 
and 2688 nucleotides in length. Its sequence consists 
of two exons and one intron, the �rst exon having 
178 nucleotides from position 798 to position 975 
[+798,+975] from the start codon, and the second 
992 nucleotides [+1421,+2412]. �e full coding 
sequence of GmCHS7 was ampli�ed and cloned into 
pZY101 vector under control of 35S promoter. �e 
35S:GmCHS7 construct was introduced into DT22 
using the cotyledonary node method as previously 
described (Zeng et al., 2004).

Con�rmation of transgenic plants by PCR
In addition to glufosinate application, PCR was 

carried out to con�rm the presence of bar gene and 
the GmCHS7 overexpression construct in transgenic 
plants. PCR product of bar gene was only observed in 
transgenic plants but not in DT22 (Figure 1). 

Figure 1. Transgenic plant con�rmed by the PCR of 
bar gene with bar_F and bar_R primers 

giving a product of ~800 bp

Regarding GmCHS7 expression cassette, its coding 
sequence was cloned behind 35S promoter and TEV 
enhancer; and terminated by 35S PolyA as showed in 
Figure 2. To distinguish the insertion from endogenous 
GmCHS7, forward primer was designed in the 35S 
promoter region (35S_F). Together with GmCHS7_R 
primer, 35S_F ampli�es a 1,368 bp product spanning 
across di�erent parts of the cassette (Figure 2). 

Figure 2. GmCHS7 overexpression cassette

PCR showed that some transgenic lines carried the 
overexpression cassette with the ampli�ed product of 
under 1,500 bp (Figure 3). Other lines like CHS7-1
and CHS7-2 were negative although they were 

positive for bar gene. Such cases are not desirable 
though not uncommon since A. tumefaciens does not 
always transfer T-DNA completely. 

Figure 3. Transgenic plants con�rmed by the PCR of GmCHS7 with 35S_F and GmCHS7_R primers. 
M: 1 kb ladder; -: H2O; +: Plasmid control; DT22: Wildtype; CHS7-1 to CHS-10: Transgenic plants
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Resistance to glufosinate-containing herbicide by 
transgenic plants
Glufosinate resistance conferred by phosphinothricin 
acetyl transferase, which is encoded by bar gene, 
was used as the selection marker for transgenic 

soybean plants. Since glufosinate was included 
in media during plant regeneration in vitro, only 
transgenic plants expressing bar gene should survive 
to transplantation step. 

Figure 4. Con�rmation of resistance to glufosinate in transgenic plants a�er 5 days of Basta application. 
DT22 – Basta: Control with no spray; DT22 + Basta: Control sprayed with Basta; 

Transgenics + Basta: Transgenic plants sprayed with Basta

Figure 4 showed further con�rmation of transgenic 
plants’ resistance to herbicide Basta which contain 
ammonium glufosinate as the main active ingredient. 
5 days a�er herbicide application, all non-transgenic 
DT22 plants wilted and died o� while transgenic 
plants grew normally as non-treated DT22 plants.
Transgenic plants grew comparably with DT22 with 
no signi�cant morphological di�erence that could be 

detected visually. However, hilum color of transgenic 
seeds was visually brighter than that of DT22 (Figure 5).
Hilum color is one of traits used to distinguish 
between varieties. According to the United States 
Department of Agriculture (USDA), hilum color 
ranges from white/yellow/clear to black. On this 
USDA scale, GmCHS7 overexpression transformed 
DT22 from D (imperfect black) to B (bu�).

Figure 5. Reference soybean hilum color (USDA, 2016) and appearance of DT22 and transgenic seeds CHS7-3 
and CHS7-4. A: White/yellow/clear; B: Bu�; C: Brown; D: Imperfect black; E: Black. 

Yellow ring with 8 dots in the bottom right corner seed showed area measured by ImageJ

DT22
– Basta

DT22
+ Basta

Transgenics
+ Basta

DT22

A B C D E

CHS7-3 CHS7-4
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Measurements by ImageJ so�ware con�rmed that 
hilum of GmCHS7 overexpressing seeds were clearly 
brighter than that of DT22. On the intensity scale 
were 0 being complete black and 255 being white, 
darkest areas of DT22 hilum scored 82 - 84 while that 
of transgenic seeds scored 126 or higher (Table 1). 
Mean scores of DT22 seed hilum were also lower (134 
- 143) than those of transgenic (163 - 179). In addition 
to GmCHS7, other genes were overexpressed in DT22 
by our group including: GmGLP1, GmMYB, and a 
number of Bt genes in DT22 using the pZY101 vector. 
However, none of those transgenic lines resulted in 
brighter hila as in the case of GmCHS7.

Table 1. Hilum color intensity of transgenic 
and parental seeds measured by ImageJ

Area Mean Min Max
DT22 302 142.805 82 186
DT22 302 134.305 84 182
CHS7-3 302 178.851 146 221
CHS7-3 302 173.983 135 220
CHS7-3 302 162.911 126 219
CHS7-3 302 172.560 128 211
CHS7-4 302 171.924 138 197
CHS7-4 302 163.209 133 201
CHS7-4 302 172.152 149 214
CHS7-4 302 170.334 144 227
Black reference   0 0 0
White reference   255 255 255

�e result showed that GmCHS7 overexpression led 
to decrease pigmentation of hilum color in transgenic 
seeds. Previous studies have already linked GmCHS7 
and GmCHS8 to post transcriptional gene silencing 
mechanism where they provide templates for siRNA 
synthesis by RNA dependent RNA polymerase (Tuteja 
et al., 2009). �erefore, an overexpression of GmCHS7 
would result in more abundance of RNA template for 
siRNA production. �is in turn would lead to stronger 
suppression of �avonoid biosynthesis pathway and 
lower anthocyanin deposition in seed coat. 

CONCLUSIONS
GmCHS7 gene was cloned into overexpression 
cassette and transformed into a Vietnamese soybean 
variety - DT22. Resulting GmCHS7-overexpressed 
plants produced seeds with signi�cantly brighter 
hilum color compared to wildtype. �is is the �rst 
report of GmCHS7 overexpression in soybean and it 
rea�rms the role of GmCHS7 in post transcriptional 
gene silencing which determines soybean seed color. 
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EFFECT OF FERTILIZER AND MULCHING MATERIALS ON GROWTH 
AND YIELD OF SESAME VARIETY VD11 IN NGHE AN PROVINCE

Le Kha Tuong*1, Nguyen Trong Dung1

Abstract
Sesame is one of three important crops in the crop rotation system in Nghe An, including spring groundnut, summer 
sesame and winter crops. However, in recent years, climate change in the central provinces has been seriously a�ecting 
this cropping system. Among a�ecting factors, high temperature and prolonged drought are the main causes of decline 
on productivity and economic e�ect in sesame production in Nghe An province. So applying of appropriate mulching 
materials and variety is an important technique to reduce evapotranspiration and high temperature in soil to maintain 
growth and stability of sesame plants in climate change conditions. �e results showed that application of appropriate 
fertilizer and mulching materials simultaneously produces a �lm that reduces temperature, increases the soil moisture 
in hot dry conditions. �ereby, it increased the plant height, number of nodes per stem and reduced the bacterial wilt, 
and increased dump resistance and limited yield losses. �erefore, in the condition of climate change in Nghe An, 
application of fertilizer 40 kg N + 120 kg P2O5 + 80 kg K2O + 200 kg lime combined with black nylon muching of 110 
kg/ha is the optimal solution to increase sesame productivity by more than 20% compared to the control.
Keywords: Fertilizer, Mulching materials, Nghe An, temperature, sesame


