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SUMMARY

Mungbean (Vigna radiata) is a nutritionally rich leguminous crop widely consumed in both its whole
and processed forms. Seed coat color affects consumer preference and nutritional value. The objective
of this study sought to investigate the genetic inheritance of seed coat color and anthocyanin content
in mungbean. Qualitative and quantitative genetic analyses for the traits succeeded in using parental
and populations derived from crosses between Kamphaeng Saen 2 (KPS2; green seed) X Jessore
(yellow seed) and KPS2 x LD2016-002 (black seed). The x2 analysis showed seed coat color behaves
as a simple Mendelian trait, with yellow being recessive to green and black dominant over green. The
generation mean analysis suggested the primary influences for anthocyanin concentration in the green
x yellow cross come from a single major gene, while the green x black cross involves additional
genes. Estimates of the number of effective factors in both crosses also pointed to the presence of a
major gene with a strong effect. However, the continuous distribution of anthocyanin content in
segregating populations in both crosses indicates the trait is quantitative in nature, implying the
involvement of multiple genes aside from the major gene primarily controlling pigment accumulation.
These findings are useful for breeding for mungbean seed quality.
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Key findings: Chi-square analysis indicated the yellow seed coat color is recessive to green and has
the control from a single gene, whereas the black seed coat color is dominant over green and also has
a single gene governing it. Generation mean analysis of the green x yellow cross demonstrated
monogenic control of anthocyanin content, while analysis of the green x black cross suggested the
involvement of two or more genes in controlling this trait.
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INTRODUCTION

Mungbean (Vigna radiata [L.] Wilczek) is a
leguminous crop of significant economic
importance in South and Southeast Asia. It has
a worldwide cultivation on more than 7 million
hectares (Somta et al., 2022). Mungbean seed
is popular for its high nutritional value, with
about 20%-25% protein and 60%-65%
carbohydrates (Somta et al, 2022).
Furthermore, mungbean is rich in vitamins,
minerals, antioxidants, and various phenolic
compounds (Ganesan and Xu, 2018; Hou et
al., 2019; Somta et al., 2022) and low in
cholesterol (Zhu et al., 2018). These nutritional
qualities make mungbean one of the healthiest
legume crops.

Most mungbean production usage is for
direct consumption in various savory and
sweet dishes or processed into products, such
as bean sprouts, vermicelli, split beans, and
mungbean flour (Nair and Schreinemachers,
2020). Mungbean is also gaining attention as a
plant-based protein alternative to animal-
derived proteins (Somta et al., 2022). Its
increasing popularity as a health food among
health-conscious consumers and individuals
with dietary restrictions—such as gluten
intolerance—has led to the development of
many mungbean flour-based alternative food
products.

Seed coat color has emerged as an
important trait influencing both the nutritional
value and marketability of mungbean products
(Thakur et al., 2019). Mungbean seeds exhibit
various seed coat colors, such as yellow, glossy
green, green, and black-green being the most
common, albeit most commercial mungbean
cultivars have green seed coats. These seed
coat colors show a close association with
nutritional properties. For instance, black-
seeded mungbeans are typically rich in
anthocyanin content (Hou et al., 2019; Ma et
al., 2021; Mau et al., 2023).

Anthocyanin is an antioxidant providing
health benefits by scavenging free radicals,
activating antioxidant enzymes, and chelating
metal ions (Mattioli et al., 2020; Tena et al.,
2020). Consumer preferences on mungbean
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seed color vary by region: glossy green
mungbeans are desirable in countries like
Australia and India, while vyellow-seeded
mungbeans are a preference in certain parts of
India—especially in West Bengal—as well as in
Bangladesh and Sri Lanka (Oladejo et al.,
2021).

Seed coat color is an influential
characteristic that affects mungbean quality,
consumer demand, and nutritional benefits.
Understanding the genetic basis controlling
seed coat color is essential for breeding
programs aiming to develop mungbean
varieties that meet market preferences and
nutritional standards. Therefore, the objective
of this study sought to investigate the
inheritance pattern of genes controlling seed
coat color and the genetic basis associated
with anthocyanin content in mungbean seeds.

MATERIALS AND METHODS
Plant material

This study used three mungbean accessions,
Kamphaeng Saen 2 (KPS2), Jessore, and
LD2016-002. These accessions are cultivated
mungbeans from Thailand, Bangladesh, and
China, which have green, yellow, and black
seed coats, respectively. Six basic populations
developed: P; (female parent), P, (male
parent), Fi, F2, BC1P1, and BC;P2, which came
from the crosses KPS2 x Jessore and KPS2 x
LD2016-002. In each cross, growing Py, Py,
and F; plants of each population occurred.
Further on, self-pollinating an F; plant
continued to produce F, populations and
backcrossed with 20 plants of each P; and P, to
produce BC;P; and BC;P, populations,
respectively, in a crossing block. The P;
(female parent), P, (male parent), Fi, Fy,
BCiP;, and BC:P, of each cross succeeded in

their growing in an experimental field of
Kasetsart  University, Kamphaeng Saen
Campus, Nakhon Pathom, Thailand. At

maturity, dry seeds and pods of each plant in
the populations reached harvest, followed by
recording the seed color of each plant.



Deesuya et al. (2026)

Anthocyanin content

Anthocyanin content, as determined, followed
procedures described by Mastropasqua et al.
(2020) with minor modifications. Briefly,
mungbean seeds sustained incubation at 65 °C
for 4 h with 1 ml of a solution containing 98%
methanol and 0.24 M HCI before centrifugation
at 12,000 rpm for 10 min at room
temperature. The anthocyanin content
measurement utilized spectrophotometer at
both 530 and 657 nm wavelength.
Subsequently, the anthocyanin content
calculation used the following equations.

Anthocyanin content = As3p — (0.25 X Aes7)
Data analysis

Genetic inheritance of seed coat color in Fy,
BC;P1, and BC;P, populations of each cross
entailed determination by the x? goodness-of-
fit test using the R program 2.14.0 (R
Development Core Team, 2013). Genetic
inheritance detection of anthocyanin content in
each cross engaged the generation mean
analysis by Mather and Jinks (1982). The
means, standard error, and variance
calculations for anthocyanin content of the Py,
P», F1, F2, BC1P1, and BC;P; populations were
successful using the Excel program. The mean
and standard error of all the populations
received testing for the adequacy of the
additive-dominance model using a joint scaling
test (Cavalli, 1952). Genetic effects with a six-
parameter model involving mean (m), additive
(d), dominance (h), additive x additive (i),
additive x dominance (j), and dominance x
dominance (/) attained their estimates using
weighted least squares following Mather and
Jinks (1982). Testing the significance of the
scales and gene effects employed the t-test
(Singh and Chaudhury, 1985). The adequacy
of the additive (m, d, and h effects) model and
non-additive (m, d, h, i, j, and | effects) model
succeeded in their determination by the ¥x?
test. All performed analyses used the R
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program 2.14.0 (R Development Core Team,
2013).

Broad-sense heritability calculation
followed the formula described by Warner
(1952) and Wright (1968) as follows:

=]
I

G
H2 = =2p

[=]
b

Where 0% and 0% are the variances of
genotype and phenotype, respectively.

The variation due to phenotypes (P),
environments (E), and genotypes (G) reached
estimates as follows:

Op = O

Of = (%51 +%52 + 2071)/3
Og — Op — Of

Where 023, 0%, 0%, and 02%; are the
variances of the Py, P2, F1, and F> generations,
respectively.

The number of effective factors (EF)
controlling anthocyanin content employed two
methods of calculation—Method I (Wright,
1968):

(P,— P,)*[1.5—2h(1— h)]
8oz, — 0.25(05, + g5 + 207,)]

EF, =

Where Fi, Py, and P, are generation

means, while %p1, %pz, YF1, and YFz are
variances of anthocyanin in the respective
generations, h = (F1 - P1)/(P2 - P1) and Method
II (Lande, 1981):

(Fi B P:j:
8[of; —0.25(03, + 05, + 203,]]

EF, =

Where “generation means” and “variances”
have the same meaning as in EF; above.
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Table 1. Segregation analysis of seed coat color in six populations derived from the cross between

KPS2 (P1) x Jessore (P3).

Generation Observed number Ratio Expected number 2 p value
Green (G) Yellow (Y) G 1Y Green Yellow

P1 67 0 1 10 67 0 - -

P> 0 78 0 H 0 78 - -

Fi 72 0 1 10 72 0 - -

F2 1,083 362 3 11 1,083.75 361.25 0.0021 0.9637
BC:P; 202 0 1 10 202 0 - -
BC:P2 103 88 1 01 95.5 95.5 1.1780 0.2778
RESULTS Anthocyanin content

Inheritance of seed coat color

In the cross where KPS2 (green seed coat) was
the maternal parent (P1) and Jessore (yellow
seed coat) was the paternal parent (Py), all
plants in the Fi1 and BCiP1 populations
exhibited green seed coats (Table 1 and Figure
1a). This indicates the yellow seed color is a
recessive trait. Segregation of seed coat color
in the F, and BC;P, populations fits the
expected 3:1 (1,083 plants with green seeds:
362 plants with yellow seeds) and 1:1 (103
plants with green seeds and 88 plants with
yellow seeds) ratio, respectively (Table 1),
indicating the yellow seed coat color has the
control of a single recessive gene.

In the cross between KPS2 (green seed
coat) as the maternal parent (P1) and LD2016-
002 (black seed coat) as the paternal parent
(P2), the seed coat color of all the F; and BC;P;
populations was black (Table 2 and Figure 1b).
This signifies the black seed was dominant
over the green seed. In the F, population,
segregation of the seed coat color fits a 3:1
(1,227 plants with black seeds: 392 plants with
green seeds) ratio (Table 2). However,
segregation of the seed coat color in the BC1P;
did not fit the 1:1 (plants with black seeds:
plants with green seeds) ratio (Table 2).
Nonetheless, results of segregation analysis in
F> and BC;P, suggested the black seed coat
color has the control of a single dominant
gene.
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Results of anthocyanin content measurement
in seeds of parents and six basic populations of
the cross KPS2 x Jessore and KPS2 x LD2016-
002 have summaries in Table 3. Among the
three parental mungbean accessions, LD2016-
002 had the highest anthocyanin content,
followed by KPS2 and Jessore, with mean
values of 2.63, 0.70, and 0.24, respectively. In
the cross KPS2 x Jessore, the Fi generation
showed a similar anthocyanin content to KPS2
(Figure 2). The Fz2 population exhibited
transgressive segregation of the anthocyanin
content with ranges of 0.16 to 1.53 and a
mean of 0.63 (Figure 2). The BC;P; population
showed similar segregation of anthocyanin
content to that in the F2 population, ranging
from 0.13 to 1.60, with a mean of 0.67, while
the BCiP, population showed anthocyanin
content ranging from 0.29 to 1.32, with a
mean of 0.53 (Figure 2). Frequency
distribution of the anthocyanin in the F;, BC1P4,
and BC;P, populations all showed continuous
distribution (Figure 2).

In the cross KPS2 x LD2016-002, the
F1 population revealed an intermediate
anthocyanin content between the parents with
a mean of 1.68. The F2 population displayed a
strong transgressive segregation of
anthocyanin content (Figure 3), with a range of
0.33 to 5.22 and a mean of 1.94. The BCiP1
population exhibited anthocyanin content,
ranging from 0.27 to 3.23 with a mean of 0.98.
Most of the BCiP1 plants had anthocyanin
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A B
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BC,P, ;
2 ac, P,

Figure 1. Seed coat color segregation in six populations derived from the crosses KPS2 (P1) x Jessore
(P2) demonstrated that yellow seed coat color is recessive to green (A) and KPS2
(P1) x LD2016-002 (P2) showed that black seed coat color is dominant over green (B), where F;
represents the first filial generation from P; x Py, F» represents the generation obtained by self-
pollination of F1, BC1P1 represents the first backcross generation produced by crossing F; with P4, and
BC1P, represents the first backcross generation produced by crossing F; with P».
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Figure 2. Distribution of anthocyanin content in six generations derived from the cross between KPS2
(green seed coat) and Jessore (yellow seed coat).
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Figure 3. Distribution of anthocyanin content in six generations derived from the cross between KPS2

(green seed coat) and LD2016-002 (black seed coat).

Table 2. Segregation analysis of seed coat color in six populations derived from the cross between

KPS2 (P1) x LD2016-002 (P3).

Generation Observed number Ratio Expected number 2 P value
Green (G) Black (B) G ' B Green Black

P: 67 0 1 : 0 67 0 - -

P2 0 75 0o :1 0 75 - -

F1 0 71 0 01 72 0 - -

F2 392 1,227 1 13 361.25 1,083.75 0.0021 0.9637

BC:P: 139 87 1 01 113 113 11.9650 0.0005

BCiP2 0 227 0 01 0 227 - -

content similar to that of the KPS2. The BC1P2
population exhibited anthocyanin content
ranging from 1.14 to 4.12, with a mean of 2.29
(Figure 3). Most of the BC;P, plants had
anthocyanin content similar to that of the
LD2016-002. Similar to the cross KPS2 x
Jessore, frequency distribution of the
anthocyanin in all the F;, BC:P;, and BC;iP>
populations of the cross KPS2 x LD2016-002
showed continuous distribution (Figure 3). This
suggests that the anthocyanin content is a
quantitative trait.
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Heritability and generation mean analysis

Broad-sense heritability (H?) values calculated
for anthocyanin content in the crosses KPS2 x
Jessore and KPS2 x LD2016-002 were
moderate and nearly the same, being 0.75 and
0.78, respectively (Table 3). This suggests the
anthocyanin content mainly has the control of
genetic factor(s).

Generation mean analysis in the cross
KPS2 x Jessore revealed a simple additive-
dominance model was statistically able to
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Table 3. Mean, standard error (SE), and variance of anthocyanin content in six generations derived
from the cross KPS2 x Jessore and KPS2 x LD2016-002.

x
Generation KPS2 x Jessore

KPS2 x LD2016-002

Mean SE Variance Mean SE Variance

P1 0.70 0.02 0.01 0.70 0.02 0.01
P> 0.24 0.00 0.00 2.63 0.07 0.13
F1 0.77 0.04 0.05 1.68 0.04 0.06
F2 0.63 0.02 0.08 1.94 0.07 0.32
BC1P1 0.67 0.01 0.03 0.98 0.06 0.43
BC:P2 0.53 0.03 0.11 2.29 0.05 0.28
Heritability 0.75 0.78

Table 4. Joint scaling test for anthocyanin content in six generations derived from the cross KPS2 x

Jessore and KPS2 x LD2016-002.

Generations Scaling test Degree of freedom Variance SE t-value P-value
KPS2 x Jessore

A 0.02 182 0 0.05 0.43 0.33"

B 0.06 182 0.01 0.07 0.8 0.21"

C 0.18 286 0.01 0.11 1.67 0.05"
KPS2 x LD2016-002

A -0.42 182 0.02 0.13 -3.27 0.0006**
B 0.57 182 0.02 0.13 2.15 0.0164*
C 1.10 286 0.09 0.3 3.78 0.000**

Table 5. Estimated gene effects for anthocyanin content in six generations derived from the cross

KPS2 x Jessore and KPS2 x LD2016-002.

Genetic parameters

Cross combination

KPS2 x Jessore

KPS2 x LD2016-002

Mean (m) 0.60 1.94
Additive gene effect (d) 0.16 -1.31
Dominant gene effect (h) 0.40 -1.21
Additive x additive gene effect (/) - -1.22
Additive x dominance gene effect () - -0.35
Dominance x dominance gene effect (/) - 1.37
b 3.24 0.00

adequately explain the variation in anthocyanin
content among the generations (Table 4). This
indicates a single gene with additive and
dominance gene effects controls anthocyanin
content in this cross combination. The values
of m, d, and h calculated for anthocyanin
content of this cross were 0.60, 0.16, and 0.4,
respectively (Table 5). Nonetheless, generation
mean analysis in the cross between KPS2 x
LD2016-002 revealed the non-additive
dominance model was able to adequately
explain the variation among the generations
(Table 4). This result signifies the anthocyanin
content in this cross has at least two genes
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controlling it. The values of m, d, h, i, j, and /
calculated for anthocyanin content in this cross
were 1.94, -1.31, -1.21, -1.22, -0.35, and
1.37, respectively (Table 5).

Anthocyanin content factors

The number of effective factors for anthocyanin
content in the cross KPS2 x Jessore by
methods I and II was 0.89 and 0.48,
respectively, while that in the cross KPS2 x
LD2016-002 was 0.6 and 0.6, respectively
(Table 6).
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Table 6. The number of effective factors method I and II for anthocyanin content in the crosses KPS2

x Jessore and KPS2 x LD2016-002.

Effective factors KPS2 x Jessore

KPS2 x LD2016-002

EF1 0.89 0.60

EF2 0.48 0.60

Mean 0.69 0.60

DISCUSSION Quantitative genetic studies by generation
mean analysis and estimation of the number of

Mungbean seed coat color revealed an effective factors analysis showed a single gene

association with anthocyanin contents. This controls quantitative variation of anthocyanin

study investigated genetic control for the seed
coat color in the mungbean. We found the
yellow seed coat color is recessive to green
seed coat color and has the control of a single
gene (Table 1). This finding agrees with
previous results reported by Wang et al.

(2013) and Dhare et al. (2023). However,
because vyellow seed color is recessive,
backcross breeding requires an additional self-
pollination generation to select progenies

expressing this trait.

Researchers also found the black seed
coat color is dominant over the green seed
coat and is very likely being governed by a
single gene (Table 2). Although the
segregation of seed color in the BCiP;y
generation deviated from the expectation of
the monogenic trait. Wang et al. (2013) and
Wang et al. (2024) reported the black seed
coat color in mungbean is a monogenic trait.

In addition to seed coat color, the
study also investigated genetic inheritance of
anthocyanin content in the seed coat.
Continuous distribution of the anthocyanin
content in the seed coat in various populations
derived from the cross green seed x yellow
seed (Figure 2) and green seed x black seed
(Figure 3) suggested this trait is quantitative in
nature, thus having the control of several
genes. Although gene mapping and
transformation demonstrated that the gene
VrMYB90 controls the presence of black color
and anthocyanin biosynthesis in the seed coat
of mungbean, VrMYB3 also emerged to play
important roles in black seed coat and
anthocyanin biosynthesis (Ma et al., 2023;
Wang et al., 2024). In fact, various regulatory
and structural genes contribute to the pathway
of anthocyanin biosynthesis (Liu et al., 2018).
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content in the cross of green seed x vyellow
seed (Tables 5 and 6). These results agree
with results of segregation analysis of the
yellow seed coat color (Table 1). Thus far, the
molecular identity of the gene responsible for
yellow seed coat color in mungbean has not
been explicit.

Generation mean analysis revealed two
or more genes control anthocyanin content in
the cross of green seed x black seed (Table 5),
while the number of effective factors analysis
disclosed a single gene controls the trait in the
same cross (Table 6). Nonetheless, the result
of the number of effective factors analysis in
this cross is in line with the result of
segregation analysis that a single gene controls
the black seed coat color. Recently, the
molecular basis of the gene controlling black
seed coat succeeded in its identification by Ma
et al. (2023) and Wang et al. (2024). These
studies demonstrated that the VrMYB90 gene-
encoding transcription factor MYB90 has an
association with the black seed coat color by
regulating structural genes for anthocyanin
biosynthesis in the seed coat.

CONCLUSIONS

Genetic analyses demonstrated that while seed
coat color in mungbean follows simple
Mendelian inheritance, yellow being recessive
to green and black dominant over green, the
underlying anthocyanin content shows a more
complex pattern. Although a single major gene
primarily regulates anthocyanin levels in the
green X vyellow cross, additional genes
contribute in the green x black cross,
reflecting the polygenic nature of pigment
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accumulation. This apparent contrast is
because anthocyanin is only one component of
a broader pigment system; a major regulatory
gene can switch the pigment pathway on or off
to produce distinct color classes. Meanwhile,
the amount of pigment synthesized is under
the control of multiple structural and
regulatory genes in the flavonoid pathway.
Therefore, despite the simple inheritance of
visible seed color, anthocyanin accumulation
remains quantitatively inherited, generating
continuous variation in pigment concentration
and color intensity. These insights refine our
understanding of seed coat pigmentation and
offer valuable guidance for breeding strategies
and molecular research aimed at improving
seed quality in mungbeans.

ACKNOWLEDGMENTS

This research received funding from Kasetsart
University through the Graduate School Fellowship
Program and the NSRF via the Program Management
Unit for Human Resources and Institutional
Development, Research, and Innovation (Grant
Number B16F640185).

REFERENCES

Brishti F, Yea C, Muhammad K, Fitry MI, Saari N
(2020). Effects of drying techniques on the
physicochemical, functional, thermal,
structural and rheological properties of
mung bean (Vigna radiata) protein isolate

powder. Food Res. Int. 138: 109783.

LL (1952). An analysis of linkage in

quantitative inheritance. In: E.C.R. Reevee,

and C.H. Waddington (Eds.), Quantitative

Inheritance. HMSO, London.

Chen HM, Liu XH (2001). Inheritance of seed color
and luster in mung bean (Vigna radiata).
Agric. Sci. Technol. 2:8-12.

Dhare SL, Patil DK, Gite VK (2023). Genetics of seed
colour and pod colour in green gram (Vigna
radiata L. Wilczek). Biol. Forum.15: 361-
365.

Ganesan K, Xu B (2018). A critical review on
phytochemical profile and health promoting
effects of mung bean (Vigna radiata). Food
Sci. Hum. Well. 7(1): 11-33.

Hou D, Yousaf L, Xue Y, Hu J, Wu J, Hu X, Feng N,
Shen Q (2019). Mung bean (Vigna radiata

Cavalli

696

L.): Bioactive polyphenols, polysaccharides,
peptides, and health benefits. Nutrients
11(6): 1238.

Lambrides CJ, Godwin ID, Lawn RJ, Imrie BC (2004).
Segregation distortion for seed testa color in
mung bean (Vigna radiata L. Wilcek). J.
Hered. 95:532-535.

Lande R (1981). The minimum number of genes
contributing to quantitative variation
between and within populations. Genetics
99: 541-553.

Liu Y, Tikunov Y, Schouten RE, Marcelis LFM, Visser
RGF, Bovy A (2018). Anthocyanin
biosynthesis and degradation mechanisms in
Solanaceous vegetables: A review. Front.
Chem. 6: 52. https://doi.org/10.3389/
fchem.2018.00052.

Ma Y, Ma X, Gao X, Wu W, Zhou B (2021). Light
induced regulation pathway of anthocyanin
biosynthesis in plants. Int. J. Mol. Sci. 22:
11116.

Mastropasqua L, Dipierro N, Paciolla C (2020).
Effects of darkness and light spectra on
nutrients and pigments in radish, soybean,
mung bean and pumpkin  sprouts.
Antioxidants 9(6): 558.
https://doi.org/10.3390/antiox9060558.

Mather K, Jinks JL (1982). Biometrical Genetics.
Chapman and Hall, London.

Mattioli R, Francioso A, Mosca L, Silva P (2020).
Anthocyanins: A comprehensive review of
their chemical properties and health effects
on cardiovascular and neurodegenerative
diseases. Mol. 25: 3809. https://doi.org/
10.3390/molecules25173809.

Mau YS, Ndiwa ASS, Bunga W, Abidin Z, Harini TS,
Oematan SS, Roefaida E, Taloim A, Gadji A,
Risnawati M, Nana RA (2023). Inheritance of
seed coat color and heritability of agronomic
characters of F. population of reciprocal
crosses between Fore Belu and Local Sabu
mung bean varieties. Biodiversitas 24:
2647-2656.

Nair R, Schreinemachers P (2020). Global status and

economic importance of mung bean. In:

R.M. Nair, R. Schafleitner, and S.H. Lee

(Eds.), The Mung bean Genome. Springer

International Publishing, Cham.

AS, Bolaji AO, Okuniyi EO, Gidado RM

(2021). Segregation of genes controlling

seed <coat color in cowpea (Vigna

unguiculata [L] Walp). Genet. Biodiv. J.

5(2): 198-206.

R Development Core Team (2013). R: A Language
and Environment for Statistical Computing.
R Foundation for Statistical Computing,
Vienna.

Oladejo


https://doi.org/10.3389/
https://doi.org/

SABRAO J. Breed. Genet.58 (2) 688-697. http://doi.org/10.54910/sabrao2026.58.2.19

Singh R, Chaudhury B (1985). Biometrical Methods
in Quantitative Genetic Analysis. Kalyani
Pub. New Delhi, India, pp. 102-118.

Somta P, Laosatit K, Yuan X, Chen X (2022). Thirty
years of mung bean genome research:
Where do we stand and what have we
learned? Front. Plant Sci. 13:944721.

Tena N, Martin J, Asuero AG (2020). State of the art
of anthocyanins: Antioxidant activity,
sources, bioavailability, and therapeutic
effect in human health. Antioxidants 9:451.
https://doi.org/10.3390/antiox9050451

Thakur MP, van der Putten WH, Cobben MMP, van
Kleunen M, Geisen S (2019). Microbial
invasions in terrestrial ecosystems. Nat.
Rev. Microbiol. 17: 621-631.

Wang L, Cheng X, Wang S, Liu Y (2013). Inheritance
of several traits in mung bean (Vigna
radiata). Acta Agronomica Sinica. 9:1172-

697

1178. https://doi.org/10.3724/SP.].1006.
2013.01172

Wang Q, Cao H, Wang J, Gu Z, Lin Q, Zhang Z, Zhao
X, Gao W, Zhu H, Yan H, Yan J, Hao Q,
Zhang Y (2024). Fine-mapping and primary
analysis of candidate genes associated with
seed coat color in mung bean (Vigna radiata
L.). J. Integr. Agric. 23(8): 2571-2588.

Warner JN (1952). A method for estimating
heritability. Agron. J. 44: 427-430.

Wright S (1968). Evolution and the Genetics of
Populations: Genetic and Biometric
Foundations, Vol. 1. University of Chicago
Press, Chicago.

Zhu YS, Sun S, Gerald RF (2018). Mung bean
proteins and peptides: Nutritional, functional
and bioactive properties. Food Nutr. Res.
62: 10.29219.


https://doi.org/10.3724/SP.J.1006

