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Sticky corn (Zea mays L.) is the main crop grown in the highlands in Vietnam, where drought conditions 
are prevalent and soil quality is poor. Anthocyanins are secondary products that help cells retain water 
under unbalanced osmotic pressure conditions. The genes of the Myb family involved in anthocyanin 
biosynthesis in maize, including the Booster (B) and Leaf colour (Lc) genes. In this work, an increase in 
anthocyanin content related to the expression levels of the genes encoding B and Lc transcription 
factors in maize has been analyzed. During drought stress conditions, the anthocyanin content of organs 
such as leaves, stems and sheaths, roots of two local sticky maize cultivars BS and NH in all tended to 
increase after 3 or 5 days under drought stress and decreased after 9 days of drought and the NH 
variety had higher anthocyanin content than BS (P <0.05). Anthocyanin content and the damage rate 
were correlated very close correlation, correlation coefficient R ranging from 0.82 to 0.99. The 
transcription levels of the B and Lc in cultivar BS1 and NH increased after three- and five-day of the 
drought treatment  and decreased after nine-day of the drought treatment. Transcription levels of the B, 
LC genes in the NH cultivar were higher than compare to the BS1. Change in transcription levels of B, 
and Lc genes increased anthocyanin content and improved drought tolerance in maize. Levels of B, and 
Lc genes could be used as molecular markers for selection and breeding of drought tolerant maize.  
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INTRODUCTION 

In Vietnam, maize is the most important 
cereal crop (after rice) cultivated by the farmers of 
the midlands and northern mountainous regions 
and is the main crop of the ethnic minority in the 
highlands (General Statistics Vietnam, 2019). In 
recent years, maize production in Vietnam has 
increased due to the introduction of hybrid maize 
with high yield; however, local sticky maize 
varieties with low productivity are falling out of 
favour. Thus, many rare and valuable varieties are 
being lost, although the seed quality of these 
varieties is high and their drought tolerance is 
suitable for the cultivation conditions of sloping 

land in mountainous regions. Therefore, the 
selection of maize varieties with high drought-
tolerance for conservation of genetic resources 
and creating materials for crossbreeding is 
essential. 

Anthocyanin, a type of cellular pigment, is a 
secondary product of metabolism. Anthocyanins 
belong to the flavonoid group, appearing in all 
parts of plants with red, burgundy, purple, and 
dark green colours (Gould et la. 2009; Park et 
al.2016; Khoo et al. 2017). In addition to creating 
attractive colours beneficial for protection and 
pollination, anthocyanins are powerful 
antioxidants, helping cells retain water under 
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osmotic pressure imbalance. This function is 
attributed to their ability for scavenging and 
disabling the most active ROS (reactive oxygen 
species) at a rate four times higher than those of 
vitamins E and C (Khoo et al. 2017; Winkel-
Shirley, 2002; Kongpichitchoke et al. 2015). 
Anthocyanins are considered as a marker of 
extremely stressful conditions, cardiovascular 
diseases and contribute to the mechanism 
restricting negative effects ((Khoo et al. 2017; Liu 
et al. 2016; Jia et al. 2020). Currently, researchers 
are focused on identifying markers for drought 
tolerance traits in crop plants, including the 
anthocyanin pigment. 

Expression of genes encoding enzymes 
involved in anthocyanin maize biosynthesis 
requires the presence of the transcription factors 
Myeloblastosis (Myb), basic helix-loop-helix 
(bHLH) or Myc, and WD40 families, called TFs-
transcription factors. The plant kingdom contains 
more than 100 genes belonging to Myb and Myc 
families (Xu et al. 2015; Albert et al. 2014; Zhao et 
al. 2019). The genes of the Myb family involved in 
anthocyanin biosynthesis in maize, including the 
genes C1 (Coloured Aleurone 1), P1 (Purple), and 
Pl (Purple leaf), have been extensively studied. 
The studied genes of the Myc family (or bHLH) 
include B (Booster), R (Red colour), Sn (Scutellar 
node), and Lc (Leaf colour). The sequences of 
these genes are quite similar to others of the 
same family (Petroni et al. 2014). The B gene is 
located on chromosome 2 (2S), the R gene is on 
chromosome 10 (10L), and the Lc and Sn genes 
are on chromosome 10 (far from the R locus 
about 2cM). The B locus (or b1) consists of alleles 
B-I, B-Peru, and B-Bolivia. Depending on the 
maize cultivar, there may be one or all of these 
genes (Li et al. 2007). The proteins of Myb family 
were also found in Arabidopsis thaliana (AtTT8) 
(Xu et al. 2013) and Oryza sativa (OsRa-c) 
(Castellarin et al. 2007). They activate structural 
genes such as CHS, CHI, F3H, DFR, ANS, and 
Bz, of which three genes CHS, DFR, and F3H are 
considered key in anthocyanin biosynthesis. An 
increase in anthocyanin content has been noted 
through the expression of the genes encoding C1, 
R, B and Lc transcription factors in maize (Li et al. 
2007; Ray et al. 2003; Flachowsky et al. 2010; 
Song et al. 2013; Riaz et al. 2019).This study 
presents the analytical results of expression levels 
of two genes encoding transcription factors B and 
Lc, which alter anthocyanin accumulation of two 
local Vietnamese sticky maize varieties under 
drought stress conditions. 
  

MATERIALS AND METHODS 
Two Vietnamese local maize cultivars Bac 

Son 1 (BS1) and Na Hao (NH) provided by Dan 
Phuong Maize Research Institute, Hanoi, Vietnam 
used as research material  

 
Rapid assessment of drought tolerance of 

maize cultivars  
Maize seeds were sown into pots containing 

sand and humus (ratio 1:1), and each pot had 30 
young plants with three pots per variety. The 
experiments were performed in triplicate. Initially, 
the plants were supplied with sufficient amounts of 
water. When the maize plants had three leaves, 
they were treated by artificial drought to assess 
the drought tolerance of the varieties by 
determining the damage rate (%). The formula 
used for determining the rate of damage (%) is as 
follows: 

%100
)(








cN

bN
a

o

 
Where a: the damage rate; b: damage value 

at each level; c: damage value of the highest 
level; N0: the number of plants of each damage 
level; and N: total number of treated plants. 
Values: the number of dead plants with value 3; 
the number of wilted plants with value 1; the 
number of unaffected plants with value 0. 

Total anthocyanin content determination  
Determination of total anthocyanin content by 

the pH-differential method according to Luis 
(2001). Two dilutions of the sample, one with 
potassium chloride buffer, pH 1.0, and the other 
with sodium acetate buffer, pH 4.5, were 
prepared, diluted using the previously determined 
dilution factor, and then equilibrated for 15 min to 
measure the absorbance of each dilution at the 
λvis-max and at 700 nm (to correct for haze), 
against a blank cell filled with distilled water. The 
absorbance of the diluted sample (A) was 
calculated using the following formula: 

A = (Amax.pH 1,0 – A700nm.pH 1,0) - (Amax.pH 4,5 – 
A700nm.pH 4,5) 

The anthocyanin pigment concentration in the 
original sample was calculated using the following 
formula (mg L-1): 

𝑎 =
𝐴 𝑥 𝑀𝑊 𝑥 𝐷𝐹 𝑥 𝑉

𝜀 𝑥 𝑙
 

Where A is the absorbance, MW is the 
molecular weight (449.2), DF is the dilution factor 
(for example, if a 0.2 ml sample was diluted to 3 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Khoo%20HE%5BAuthor%5D&cauthor=true&cauthor_uid=28970777
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ml, DF = 15), and ε is the molar absorptivity (= 
26900); l is the path length of the cuvette (1 cm) 

The total anthocyanin pigment content was 
calculated using the following formula: 

%100
10)100(

%
2





wm

a
nanthocyani

 
Where m is the weight of fresh powdered 

plant material (g), and w is the material moisture 
(%.). 

Extracting total RNA and the RT-PCR method 
Total RNA was extracted from young maize 

stems using Trizol solution. Primers were 
designed based on nucleotide sequences on 
GenBank (b1 gene with code NM_ 001112236, Lc 
gene with code NM- 001111869, Actin house-
keeping gene with code NM_ 001155179) and 
synthesised by Invitrogen. The primer sequences 
and the sizes of the expected cDNA fragments 
are presented in Table 1. The components of 

PCR consisted of 12.5 l Master mix 2X, 1.5 l F 

primer (10 pmol l-1), 1.5 l R primer (10 pmol l-

1), 2 l cDNA (100 ng l-1), and 7.5 l sterilized 
deionized water. 

The RT-PCR reaction for the Lc gene was 
carried out in two stages: (1) the RT stage to 
synthesize cDNA from total RNA with Oligo(dT)18 
primer following the guidelines of the Fermentas 
manufacturer; (2) The PCR conditions were as 
follows: 4 min at 94°C, 30 cycles of 30 seconds at 
94°C, 1 min at 60°C, 1 min 30 s at 72°C, and a 
final extension for 10 min at 72°C.  

The RT-PCR reactions for B and Act genes 
were carried out in two stages: (1) the RT stage to 
synthesize cDNA from total RNA with Oligo(dT)18 
primer following the guidelines of the Fermentas 
manufacturer; (2) The PCR conditions were as 
follows: 4 min at 94°C, 30 cycles of 30 seconds at 
94°C, 1 min at 58°C, 1 min 30 s at 72°C, and a 
final extension for 10 min at 72°C. PCR products 
were identified by 1.0% agarose gel 
electrophoresis. 

Real time RT-PCR method 
Designed primers for real time RT-PCR were 

based on isolated cDNA sequences and 
synthesized by the Invitrogen manufacturer. The 
primer sequences are presented in Table 3. The 
components of real-time RT-PCR reaction 

included 12.5 l master mix 2X, 0.5 l F primer 

(10 pmol l-1), 0.5 l R primer (10 pmol l-1), 2 l 

cDNA (500 ng l-1), and 4.5 l sterilized deionized 
water. The reactions were performed using the 
real-time PCR machine manufactured by Roche 
(LightCycle 480). The results of real-time PCR 
were analysed according the 2-Ct method of 
Livak (Livak and Schmittgen, 2001). 

Data analysis  
Statistical data were analyzed using the 

Statistical Package for the Social Sciences 
(SPSS) software and measured by Duncan’s test 
at P <0.05. 

 
Table 1: The nucleotide sequences of the primer pairs used in the PCR and real time RT-PCR 

 
No. Prime name Sequence (5’- 3’) Product size (bp) 

The prime sequences and the size of the expected cDNA fragments 

1 LcF1/LcR1 
CGCCGCCGACGCCTCAA 

801 
GCTGCCCCTTCACCGCTTCC 

2 BF1/BR1 
AGCCGCGAGGAGCATCAACTG 

822 
TAGCGGCTGCACGTCCATTTCCTC 

The primer sequences and the size of the cDNA fragments for real time RT- PCR 

1 LcF2/LcR2 
CGAAACGATAGCCTACCTCAAG 

270 
GCACGTCCTTGTCCGAG 

2 BF2/BR2 
GTCCATTTCAAGCACTCAACG 

262 
GTAGGTCATGCAGATCACGTAG 

3 ActF/ActR 
AAGTACCCGATTGAGCATGG 

257 
TCATAGATTGGAACCGTGTGG 
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RESULTS  

The rate of damage to two maize cultivars, BS 
and NH in drought conditions 

In maize, there are two periods sensitive to 
drought conditions: the seedling and flowering 
periods. Therefore, we rapidly assessed the 
drought tolerance of maize varieties at the 
seedling stage under artificial drought conditions 
through the rate of damage. In drought stress 
conditions, evapotranspiration exceeds water 
uptake, which leads to a reduced amount of water 
in cells. At this time, the lack of tension often 
causes stoma closing, reducing photosynthetic 
activity and damaging all organs of the plants. 
Each variety will have different responses to 
drought to reduce or avoid damage. The results 
showed that both two maize cultivars BS1 and NH 
were adverse effects from drought stress, and the 
rate of damage increased over drought stress 
time. After 3 days of drought-treated, cultivars 
began being affected and young leaves curled. 
After 5 days of drought treatment, the level of 
damage increased markedly. Especially, after 9 
days, all cultivars were wilted, and the number of 
dead plants was inflated. Maize cultivar BS1 had 
a high rate of damage (after 3 days: 11.11%, after 
5 days: 30.56%, and after 9 days: 68.06%). Maize 
cultivar NH had a low rate of damage, especially 
at 7 days in drought conditions (after 3 days: 
5.56%, after 5 days: 11.11%, and after 9 days: 
44.44%). 

Total anthocyanin content of two local sticky 
maize cultivars BS and NH under non-
treatment and drought stress conditions 

Total anthocyanin content of the leaves, 
stems and sheaths, roots of two local sticky maize 
cultivars BS and NH under non-treatment and 
drought stress conditions was showed in Table 2. 
Table 4 showed that in both local sticky maize 
cultivars BS1 and NH, the anthocyanin content of 
stems and sheaths were highest, followed by 
leaves and lowest in roots (Figure 1). The 
anthocyanin content of organs such as leaves, 
stems and sheaths, roots of two local sticky maize 
cultivars BS1 and NH in all tended to increase 
after 3 or 5 days under drought stress and 
decreased after 9 days of drought. During drought 
stress conditions, after 3, 5, 9 days of drought- 
treated the NH variety all had higher anthocyanin 
content than BS (P <0.05) (Figure 1). 

Analysis of transcriptional levels of B and Lc 
genes in the seedling stage by Real-time PCR 

In maize, the bHLH family responsible for 
anthocyanin biosynthesis is small and in each 
maize cultivar includes the 4 genes of this gene 
family, this is B, R, Lc, and Sn. Locus B consists 
of B-I, B-Peru, and B-Bolivia alleles. In each 
maize cultivar, there is one of these four genes. In 
order to study the molecular basis of resistance to 
drought conditions more deeply, mRNA of the 
most (NH) and least (BS1) drought-tolerant maize 
varieties were used as sense strands for the RT-
PCR reaction to cloning B and Actin gene 
segments. These sequences were determined 
and submitted to GenBank with codes KF835722, 
KF835723, and KF970708. 

Comparison of transcription levels of B and Lc 
genes at the artificial drought-treatment thresholds 
between LH (the most drought-tolerant maize 
cultivar) with BS1 (lowest drought-tolerant maize 
cultivar) was performed by real-time RT-PCR 
analysis. The total concentration and purity of 
RNA of the samples were confirmed to perform 
the reverse transcription reaction with Oligo 
(dT)18 primers. Real-time RT-PCR was used to 
determine the level of transcription of two genes 
through the number of synthesized cDNA 
products. 

Transcriptional levels of the B gene in the 
seedling stage 

Protein B has an acidic amino-rich region in 
front of the bHLH region. Its N-terminus and the 
central region are essential for the activation of 
transcription of B protein. Its C-terminus contains 
the bHLH structure, which is the attachment point 
to DNA. In order to reveal the role of the B gene 
on changing anthocyanin content under drought 
conditions in local sticky maize, its transcription 
level was quantified by real-time RT-PCR in the 
good drought tolerant variety (NH) and the poor 
drought tolerant variety (BS1) in the artificial 
drought study. With two specific primer pairs of 
Actin reference gene and B gene isolated in the 
NH and BS1 cultivars, the results of the real-time 
RT-PCR reaction are shown in Table 3 and Figure 
2. From the results obtained, an increasing or 
decreasing amount of mRNA of the B gene was 
calculated according to the method of Livak (Livak 
and Schmittgen, 2001). 

As shown in Table 3 and Figure 2, for the BS1 
cultivar, the transcription levels of the B gene 
were low (Ct ≈ 40); increased at two thresholds 
after three- and five-day treatment to 1.19-folds 
and 1.21-folds higher than before treatment, 
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respectively; reduced after nine-day treatment 
only by 0.76-fold; increased at thresholds after 
three- and five-day treatment by 1.19- and 1.28-
folds higher than the control; and were reduced 
after nine-day treatment only by 0.72-fold. For the 
NH cultivar, transcription levels of the B gene 
were higher than that in BS1 (Ct values from 
36.75 to 40.04); increased at two thresholds after 
three- and five-day treatment by 2.28- and 8.51-
folds higher than before treatment, respectively; 
reduced after nine-day treatment by only 1.54-
folds; increased at two thresholds after three- and 
five-day treatment by 2.71- and 4.32-folds higher 
than the control, respectively; and reduced after 
nine-day treatment only by 2.50-folds. Also, the 
results shown validate the specificity of the Actin 
gene (ActF, ActR) and B gene primers (BF2, BR2) 
used in the real-time RT-PCR reactions. In this 
study, the transcription levels of the B gene in 
treated corn stalks were low and might have 
similarities to the B - Peru gene. 

Transcriptional levels of the Lc gene in the 
seedling stage 

Currently, there are many studies on the Lc 
gene, especially in maize anthocyanin 
biosynthesis and other plants. In our study, its 
transcription level was also quantified by real-time 
RT-PCR to reveal its role (besides the B gene) in 
changing anthocyanin content under drought 
conditions. With two specific primer pairs 
designed from the Actin reference gene and Lc 
gene isolated in NH and BS1 cultivars, the results 
of the real-time RT-PCR reaction are shown in 
Table 4 and Figure 3.  

As shown in Table 4 and Figure 3, for the BS1 

cultivar, transcription levels of Lc gene had Ct 
values from 31.69 to 32.61, increased at two 
thresholds after three- and five-day treatment by 
1.68- and 2.08-folds higher than before treatment, 
respectively; reduced after nine-day treatment 
(only 1.26 folds); increased at thresholds after 
three- and five-day treatment by 1.77- and 2.10-
folds higher than the control, respectively; and 
reduced after nine-day treatment (1.40 folds). For 
the NH cultivar, the transcription levels of the Lc 
gene were higher than in BS1 (Ct values from 
29.65 to 30.26), increased at two thresholds after 
three-and five-day treatment by 2.99- and 3.63-
folds higher than before treatment, respectively; 
increased after nine-day treatment (4.66-folds); 
increased at two thresholds after three and five-
day treatment by 2.28- and 18.90-folds higher 
than the control, respectively; and reduced after 
nine-day treatment (only 3.36-folds). The results 
also validated the specificity of the Actin gene 
(ActF, ActR) and Lc gene primers (BF2, BR2) 
used in the real-time RT-PCR reactions. 

Thus, there were differences in transcription 
levels of the B and Lc gene in the most and least 
drought-tolerant maize varieties. However, the Ct 
values of the B gene were higher than that of the 
Lc gene. This demonstrated that the amount of 
mRNA of the Lc gene was much greater than that 
of the B gene, and the Lc gene had greater 
activity. Hence, the Lc gene in maize could be 
used as a powerful genetic marker for increasing 
anthocyanin synthesis and could be used in other 
plants to improve drought tolerance to create 
beneficial foods for consumer health and with 
economic potential. 

 

 
Figure 1: Total anthocyanin content comparison chart  (mg L-1) of the leaves, stems and sheaths, 

roots of two local sticky maize cultivars BS and NH under non-treatment and drought stress 
conditions 
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Figure 2: The expression pattern of the B gene in NH and BS1 cultivars as determined by qRT-

PCR. Actin gene (257 bp) was used as the reference gene A: non-treatment; B: 3 days compared with 
non-treatment; C: 3 days compared with control; D: 5 days compared with non-treatment; E: 5 days 
compared with control;    F: 9 days compared with non-treatment; G: 9 days compared with control. 

 

 
Figure 3: The expression pattern of the Lc gene in NH and BS1 cultivars as determined by qRT-
PCR. Actin gene (257 bp) was used as the reference gene.A: non-treatment; B: 3 days compared with 

non-treatment; C: 3 days compared with control; D: 5 days compared with non-treatment; E: 5 days 
compared with control;   F: 9 days compared with non-treatment; G: 9 days compared with control. 

 
Table 2: Total anthocyanin content (mg L-1) of the leaves, stems and sheaths, roots of two local 

sticky maize cultivars BS and NH under non-treatment and drought stress conditions 
 

The organs 
 of plants 

Cultivars Non-treatment 
After 3 days of 

drought- 
treated 

After 5 days of 
drought- treated 

After 9 days of 
drought- 
treated 

Leaves 
BS 0.079a ± 0.003 0.090a ± 0.007 0.085a ± 0.006 0.076a ± 0.001 

NH 0.174b ± 0.007 0.250b ± 0.004 0.250b ± 0.003 0.222b ± 0.003 

Stems and 
 sheaths 

BS 0.394c ± 0.007 0.523c ± 0.009 0.486c ± 0.006 0.356c ± 0.004 

NH 0.435c ± 0.048 0.786d ± 0.011 0.930d ± 0.006 0.726d ± 0.002 

Roots 
BS 0.070d ± 0.005 0.079e ± 0.009 0.078e ± 0.003 0.069e ± 0.002 

NH 0.088d ± 0.001 0.128f ± 0.012 0.128e ± 0.004 0.126f ± 0.002 

Different letters in the same column indicate significant differences as measured by Duncan’s test. at P 
<0.05. The symbol ±represents the standard deviation. 



Nhan et al.                              Analysis of anthocyanin content and B, and Lc gene expression in maize 

 

    Bioscience Research, 2021 volume 18(3): 2170-2182                                                2176 

 

Table 3: The transcription levels of B gene in sticky maize cultivars NH and BS1 through artificial drought- treated days 
 
 

Drought- treated days Ct[B/BS1] Ct[Act] 
R= 2 -Ct 

Compared with non-treatment 
 (Folds) 

R= 2 -Ct 

Compared with the control 
 (Folds) 

Cultivar BS1 

Non-treatment 40.03a ± 0.04 30.65a ± 0.03 1 - 

After 3 days of 
drought-treated 

Control 40.02a ± 0.04 30.63a ± 0.02 - - 

Experiments 39.99a ± 0.04 30.85b ± 0.02 1.19 1.19 

After 5 days of 
drought-treated 

Control 40.01a ± 0.02 30.54a ± 0.01 - - 

Experiments 40.03a ± 0.31 30.90b ± 0.01 1.21 1.28 

After 9 days of 
drought-treated 

Control 39.95a ± 0.05 30.63a ± 0.03 - - 

Experiments 39.99a ± 0.01 30.52a ± 0.12 0.76 0.72 

Cultivar NH 

Non-treatment 40.04e ± 0.05 31.01d ± 0.06 1 - 

After 3 days of 
drought-treated 

Control 40.02e ± 0.04 30.77b ± 0.01 - - 

Experiments 38.70b ±  0.06 30.90c ± 0.03 2.28 2.71 

After 5 days of 
drought-treated 

Control 39.01c ± 0.02 31.05d ± 0.03 - - 

Experiments 36.75a ± 0.03 30.90c ± 0.01 8.51 4.32 

After 9 days of 
drought-treated 

Control 40.01e ± 0.01 30.35a ± 0.01 - - 

Experiments 39.22d ± 0.03 30.91c ± 0.02 1.54 2.5 

 
Different letters in the same column indicate significant differences as measured by Duncan’s test. at P <0.05. The symbol ± represents the 

standard error. 
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Table 4: The transcription levels of Lc gene in sticky maize cultivars BS1 and NH through artificial drought- treated days 
 

Drought- treated days Ct[B/BS1] Ct[Act] 
R= 2 -Ct 

Compared with non-treatment 
(Folds) 

R= 2 -Ct 

Compared with the control 
(Folds) 

Cultivar BS1 

Non-treatment 31.92b±0.00 30.45a±0.00 1 - 

After 3 days of 
drought- treated 

Control 32.18c±0.00 30.64b±0.00 - - 

Experiments 31.78ab±0.01 31.07c±0.01 1.68 1.77 

After 5 days of 
drought- treated 

Control 32.08c±0.01 30.62b±0.02 - - 

Experiments 31.69a±0.01 31.25d±0.01 2.08 2.10 

After 9 days of 
drought- treated 

Control 32.61d±0.00 30.97c±0.01 - - 

Experiments 31.74a±0.00 30.61b±0.01 1.26 1.40 

Cultivar NH 

Non-treatment 30.60d±0.02 29.56a±0.01 1 - 

After 3 days of 
drought- treated 

Control 30.82e±0.01 30.17b±0.01 - - 

Experiments 30.32c±0.01 30.86f±0.03 2.99 2.28 

After 5 days of 
drought- treated 

Control 34.20f±0.03 30.78e±0.00 - - 

Experiments 29.93b±0.02 30.75d±0.01 3.63 18.90 

After 9 days of 
drought- treated 

Control 30.95f±0.03 30.26c±0.02 - - 

Experiments 29.69a±0.02 30.87f±0.01 4.66 3.66 

 
Different letters in the same column indicate significant differences as measured by Duncan’s test. At P <0.05. The symbol ± represents the 

standard error. 
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Table 5: The correlation between the fluctuation of anthocyanin content and the damage rate of 
two cultivars BS and NH 

 

Cultivar 
Correlation coefficient (R) 

Leaves Stems and sheaths Roots 

BS1 0.99 0.80 0.94 

NH 0.98 0.82 0.92 

 
DISCUSSION 

Along with this research approach, Moeini 
Alishah et al. (2006) studied the effect of drought 
on the growth and development of basil and found 
that the drought level increase resulted in 
significantly decreased plant height, stem 
diameter, and the number of leaves and leaf 
areas compared to the controls. In previous 
research, the results showed the tight correlation 
between the fluctuation of anthocyanin content 
and drought tolerance ability in each cultivar 
(through the rate of damage at each treatment 
threshold). While the rate of damage and the 
drought treatment time increasing together, maize 
cells also needed greater anthocyanin 
accumulation to withstand stress caused by lack 
of water. Drought conditions were conducive to 
the formation of red anthocyanin pigment due to 
the reduced absorption of nitrates. The previous 
data also showed that anthocyanin in leaves has 
been correlated with resistance to biotic and 
abiotic agents, including fungi, herbivores and 
cold (Gould et al. 2009; Huang et al. 2012; Fan et 
al. 2016). Cirillo et al. (2021) studied the effects of 
anthocyanins on plant physiology and 
morphogenesis, and their implications on drought 
stress tolerance, they used transgenic tobacco 
plants, which over-accumulated anthocyanins in 
all tissues. These plants showed an altered 
phenotype in terms of leaf gas exchanges, leaf 
morphology, anatomy and metabolic profile, which 
conferred them with a higher drought tolerance 
compared to the wild-type plants. These results 
provide important insights for understanding the 
functional reason for anthocyanin accumulation in 
plants under stress. Thus, anthocyanin pigments 
are used as phenotypic markers and are a great 
tool for studying tissue-specific molecular genetics 
and biochemistry processes.  

This maize drought tolerance in the young 
phase was similar to the results observed in other 
plants. Ray et al. (2003) used real-time RT-PCR 
to study the effects of three regulatory genes in 
anthocyanin biosynthesis including Lc, B- Peru, 
and C1 isolated from maize in alfalfa (Medicago 
sativa). The results showed that the transcription 

level of the Lc gene had a positive correlation with 
the anthocyanin content under conditions of 
strong light intensity and low temperature. 
Meanwhile, plants carrying the B-Peru and C1 
genes were not changed in phenotype although 
these two genes were still expressed at a 
detectable level (Ray et al., 2003). The b1 gene in 
maize includes the three alleles B-Peru, B-Bolivia, 
and B-I. Research shows that each allele is 
expressed differently in each type of tissue. The 
B-I allele was expressed in most parts of the plant 
but not in embryos and seeds. In contrast, the B-
Peru allele was strongly expressed in seeds 
(Olsen, 2007). In this study, the low transcription 
level of the B gene in the stem and leaf sheath of 
young maize may be similar to the B-Peru gene. 
Thus, the results of real-time PCR showed that 
changes of anthocyanin content and the 
transcription levels of the B gene in NH and BS1 
maize cultivars were both increased in the artificial 
drought from day 1 to 5 and decreased on drought 
day 9. 

Normally, the B-Bolivia gene is also highly 
expressed in seeds but was reduced by 40% 
compared to that in B-Peru and possibly in some 
other tissues. However, if the B-Bolivia allele was 
from the father gamete, it was not expressed in 
seeds; contrarily, if it was from the father gamete, 
the seeds had different colours despite the 
homologous genotype. In terms of molecular 
characteristics, B-Peru and B-Bolivia alleles have 
the same upstream region of 530 bp in length, but 
they are different in nucleotide sequence (this 
sequence is similar to the retrotransposons). B-
Peru has 534 bp repeated three times while B-
Bolivia has only repeated 464 bp. Therefore, it 
can be hypothesized that the expression of B-
Bolivia may be affected by adjacent repeated 
retrotransposons. On the other hand, experiments 
showed that endosperm carrying three copies of 
B-Bolivia did not synthesize anthocyanins much 
more than when there were two copies (Selinger 
and Chandler, 2001). This result suggests that 
differences in transcription levels of this gene do 
not lead to differences in anthocyanin content and 
imply that B-Bolivia is a recessive gene. With the 
B-I allele, the presence of several proteins is 

http://www.ncbi.nlm.nih.gov/pubmed?term=Selinger%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=11244116
http://www.ncbi.nlm.nih.gov/pubmed?term=Selinger%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=11244116
http://www.ncbi.nlm.nih.gov/pubmed?term=Chandler%20VL%5BAuthor%5D&cauthor=true&cauthor_uid=11244116
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involved in forming a multi-ring structure that 
activates transcription. This structure is made of a 
repeating sequence preceding gene of 100 kb 
(Martin and Zhang, 2005). This is also similar to 
other loci that have proven complexity in gene 
expression regulation (Vernimmen et al. 2007). To 
fully understand the regulatory mechanisms of the 
b1 locus, identifying other proteins that interact 
physically with this protein is essential and should 
be the focus of further studies. Transgenic 
experiments analysing the contribution of each 
region to b1 expression will provide information 
about their functions and physical interaction in 
general. 

The Lc gene regulating anthocyanin synthesis 
in maize was firstly expressed in tobacco and 
Arabidopsis as determined by Ray et al. (2003). 
The authors found that the transgenic tobacco 
lines displayed a bright red pigment in the corolla 
and anther. The transgenic Arabidopsis lines had 
the higher anthocyanin content in the leaves, 
stems, sepals, and pistil than the control. Li et al. 
(2008) obtained transgenic Lc tobacco plants and 
produced T2 seeds. These results showed that the 
Lc gene activated the expression of the CHS 
structure gene at a high level and its products did 
not cause male sterility. While in transgenic rice, 
abnormalities of male gametophytes and seeds 
caused male sterility. Flachowsky et al. (2010) 
transferred the maize Lc gene into apple trees 
(Malus domestica cv. 'Holsteiner Cox'). Real-time 
PCR results showed that Lc gene expression 
increased resistance to apple scab and fire blight 
in the transgenic plants, but no expression in the 
control. Transcription levels of the structural 
genes PAL, CHS, FHT, DFR, LAR, ANS, and 
ANR also increased compared to the control 
although the transgenic plants only contained one 
or two copies of the Lc gene. These trees 
decreased in size, lateral bud orientation, growth 
of tufts, shoot diameter, and abnormal leaves. 
This phenotype is directly or indirectly affected by 
auxin transport in transgenic plants (Flachowsky 
et al. 2010). Data of Fan et al. (2016) showed that 
the expression of the Lc gene alone is sufficient to 
trigger the accumulation of anthocyanin in a 
variety of cell types including fiber cells in cotton 
with the participation of light signaling. These data 
also showed that the expression of Lc in 
transgenic cotton plants provides a tool to 
engineer cotton color and insect resistance (Fan 
et al. 2016). Bovy et al. (2002) analysed the 
expression of Lc and C1 genes transferred into 
tomato plants by using real-time PCR with the 
Taqman fluorescent agent of Taqman. The results 

showed that the number of plants expressing both 
genes was more than that of plants with a single 
gene (Lc or C1), and the amount of flavonoids in 
transgenic plants also increased by 60 times. The 
authors continued to conduct a real-time RT-PCR 
reaction with the fluorescent substance SYBR-
Green to examine the effects of Lc and C1 on the 
expression of genes involved in flavonoid 
synthesis (Bovy et al. 2002). From their results, 
the overexpression of the Lc and C1 genes in 
maize resulted in induction of all structural genes 
involved in anthocyanin biosynthesis in transgenic 
tomato plants, and these two genes were more 
highly expressed in the fruit than in the leaf. 
Wherease, the Lc gene from maize determines 
amount of anthocyanin pigmentation in petunia 
and lisianthus plants and is the target for plant 
pigment engineering (Schwinn et al. 2014). The 
Lc gene significantly also enhanced the amount of 
anthocyanin in all other green plant tissues, 
including the roots, sepals, and veins of petals. 
The use of the Lc gene in maize as a strong 
marker gene to increase anthocyanin synthesis is 
also being explored in some other plant species. 
This is the scientific basis for producing foods 
beneficial for consumer health and creating plants 
with high stress-resistance ability, benefiting 
farmers. 

Along with this research approach to seek 
molecular marker, Masao Oshima et al. (2019) 
first focused on the leaf sheath, as it is an organ in 
which it is easy to detect pigmentation and which 
can accumulate anthocyanins with little negative 
influence on photosynthesis (Oshima et al. 2019). 
Next, they developed a leaf sheath–specific 
promoter by using an expression profile database 
of rice (Akasaka et al. 2018). Then, by 
simultaneously introducing three genes: 
the DFR and maize C1/Myb genes driven by the 
CaMV 35S promoter and the OsB2/bHLH gene 
driven by a leaf sheath–specific promoter into the 
rice genome, they conferred anthocyanin 
pigmentation of the target organ (leaf sheath) in 
various japonica and indica rice genotypes. The 
three genes introduction strategy will be ideal for 
the introduction of a dominant visible marker trait 
that can be used as a positive or negative 
selectable marker to overcome the limitations in 
rice breeding. 

Under drought stress, the proteins B and Lc 
activate structural genes such as CHS, DFR, and 
F3H are considered key in anthocyanin 
biosynthesis. Anthocyanin accumulation increases 
the drought tolerance of maize. Investigate the 
correlation between the fluctuation of anthocyanin 
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content and drought tolerance ability of two maize 
cultivar BS1 and NH in the thresholds of drought- 
stress showed that anthocyanin content and the 
damage rate of two cultivars BS1 and NH were 
correlated quite high, correlation coefficient R 
ranging from 0.82 to 0.99. Leaves and roots have 
a much higher correlation coefficient than Stems 
and sheaths (Table 5). Thus, while the rate of 
damage and the drought treatment time 
increasing together, maize cells also needed 
greater anthocyanin accumulation to withstand 
stress caused by lack of water. Drought conditions 
are conducive to the formation of red anthocyanin 
pigment due to the reduced absorption of nitrates. 
Now, anthocyanin pigments are used as 
phenotypic markers in maize selection and 
breeding. 

CONCLUSION 
In conclusion, two local corn cultivars BS1 

and NH have different response levels to drought 
conditions. NH has drought tolerance and 
anthocyanin content higher than BS1. The 
transcription levels of the B gene in the BS1 
cultivar increased after three- and five-day of the 
drought treatment (1.19- and 1.28-folds higher 
than the control, respectively). For the NH cultivar, 
transcription levels were higher than in the BS1, 
increased after three- and five-day of the drought 
treatment (2.71- and 4.32-folds higher than the 
control, respectively). The transcription levels of 
the Lc gene in the BS1 cultivar increased after 
three- and five-day treatment (1.77- and 2.10-
folds higher than the control, respectively). For the 
NH cultivar, transcription levels of the Lc gene 
were higher than those in BS1, increased after 
three- and five-day treatment (2.28- and 18.90-
folds higher than control). These results have 
proved that changes in transcription levels of B, 
and Lc genes increased anthocyanin content and 
improved drought tolerance in maize. 
Transcription levels of B, and Lc genes could be 
used as molecular markers for the selection and 
breeding of drought-tolerant maize. 
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