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SUMMARY
Information on the gene effects governing the inheritance of traits is very important
for crop breeding and germplasm management. The objective of this study was to
estimate genetic effects for total anthocyanin content in the tassel of small-ear
waxy corn. Six generations (P1, P2, F1, F2, BC11, and BC12) were developed from two
crosses of small-ear waxy corn (TB1 × TW1 and TC1 × TB3). TB1 and TB3 had
purple tassels, and TW1 and TC1 had green tassels. All generations of each cross
were evaluated under field conditions in the rainy season of 2017 and the dry
season of 2017/2018. Season, generation, and their (S × G) interaction had
significant effects in TB1 × TW1 and TC1 × TB3. For both crosses, generation had
the largest effect on the total variance followed by season and S × G interaction. A
three-parameter model was adequate for estimating genetic effects. Additive gene
effects were significant for controlling the inheritance of total anthocyanin
concentration in tassels. The significant additive effect suggested that selection for
anthocyanin content in early generations will be effective, and hybrid combinations
obtained from superior parental lines with unrelated genetic backgrounds may be
an effective option to increase anthocyanin concentration in the tassels of small-ear
waxy corn.
Keywords: Zea mays L., floral corn, phytochemicals, generation mean analysis,
three-parameter model
Key findings: Additive gene effects were significant in controlling anthocyanin
concentration in the tassel. Corn tassels with high anthocyanin concentration can be
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developed by creating a large population of waxy corn germplasm and improving
this germplasm through phenotypic mass selection, recurrent selection, or pedigree
selection for tassels with high anthocyanin concentration. Superior lines can be
improved from these improved populations to develop hybrid combinations.
Manuscript received: December 20, 2019; Decision on manuscript: January 15, 2020; Accepted: January 28, 2020.
© Society for the Advancement of Breeding Research in Asia and Oceania (SABRAO) 2020

Communicating Editor: Dr. Samrin Gul

INTRODUCTION

some varieties, causing the coloration
of tissues. Anthocyanins in waxy and
small-ear waxy corn tassels are purple
and exhibit high genetic variability
(Duangpapeng et al., 2019). Purple
waxy corn tassels have high levels of
anthocyanins and antioxidants and
have therefore been proposed to be
used as low-cost raw material for
agroindustrial
applications
(Duangpapeng
et
al.,
2018).
Moreover, the compounds extracted
from ground corn tassel have the
potential to be used as an ingredient
in
dietary
supplement
products
(Mohsen and Ammar, 2009; Žilić et
al., 2014). A purified compound called
“Tasselin A” plays a vital role in
inhibiting melanin production. This
compound is used in skin-whitening
products (Wille and Berhow, 2011).
Given
that
the
polysaccharide,
saponin, and flavonoid compounds
extracted from dry corn tassel inhibit
gastric cancer cells in vitro, they may
have potential uses as ingredients for
natural
medicinal
compound
development (Wang et al., 2014).
The
landraces
and
openpollinated varieties of small-ear waxy
corn have been cultivated in many
countries in East and Southeast Asia.
A high number of ears per plant, good
eating quality, broad adaptability,
disease
resistance,
and
high
uniformity are important characters
for small-ear waxy corn breeding
(Lertrat
and
Thongnarin,
2008;

Anthocyanins are a class of phenolic
phytochemicals that are naturally
occurring and synthesized via the
flavonoid pathway in plant tissues.
These compounds are pigments with a
range of red, orange, purple, and blue
colors depending on pH values and
chemical structure. Anthocyanin is
found in many food sources, such as
fruits and vegetables, which are wellknown
as
rich
sources
of
phytochemicals
and
antioxidant
agents (Tsuda, 2012; Zhu, 2018).
Purple corn and its coproducts
including cobs, silk, and husks, have
been reported to be a good source of
anthocyanins (Simla et al., 2016;
Nawaz et al., 2018). Anthocyanins
extracted from corn coproducts have
many health benefits, such as
reducing the risk of cancer (Jing et al.,
2008;
Long
et
al.,
2013;
Thiraphatthanavong et al., 2014;
Mazewski et al., 2017; Intuyod et al.,
2018), regulating blood pressure
(Finkel et al., 2013), protecting
against neuronal cell death, enhancing
memory (Kirisattayakul et al., 2017),
and controlling obesity (Chaiittianan et
al., 2017).
The tassel is the male flower of
corn, and after pollination it is
normally not harvested in corn grain
production
systems.
Anthocyanins
accumulate in the vacuoles of tassel
cells (Irani and Grotewold, 2005) in
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Kesornkeaw et al., 2009). In addition
to agronomic traits, pigmented tassels
and other coproducts may be useful
for adding value to new varieties. The
genetic
enhancement
of
tassel
pigmentation through conventional
phenotypic selection may be an
effective
method
to
enhance
anthocyanin levels in tassel. A better
understanding of the role of gene
effects on anthocyanin accumulation
in the tassel is important for the
success of genetic improvement.
Generation mean analysis has
been used to estimate the effects of
genes on polygenic traits, such as
yield (Rahman and Saad, 2000;
Rashwan, 2010; Rao et al., 2017),
quality traits (Ramli et al., 2016;
Srinivas and Bhadru, 2015), biotic and
abiotic stress (Carson, 2001; Naveed
et al., 2009; Kere et al., 2013), and
morphophysiological
characters
(Sharma et al., 2013; Cao et al.,
2016; Uzokwe et al., 2017; Sun et al.,
2019) in many crops. It can be used
to determine the relative contributions
of additive, dominant, and epistatic
gene effects (Mather and Jinks, 1982)
to the expression of a trait.
To the best of our knowledge,
no report on gene effects on
anthocyanin concentration in corn
tassel is available in the literature.
Therefore, the objective of the present
study was to determine the gene
effects
controlling
anthocyanin
concentration in the tassel in two
crosses of small-ear waxy corn. The
information
obtained
here
will
facilitate planning and guide corn
breeders seeking to develop small-ear
waxy corn with increased levels of
anthocyanins in the tassel.

MATERIALS AND METHODS
Plant materials and experimental
design
Four inbred lines of small-ear waxy
corn were developed through five/six
generations of inbreeding. The inbred
lines TB1, TB3, TC1, and TW1 were
used to generate six populations
derived from each of the two crosses
(Table 1). TB1 and TB3 are sister lines
with high anthocyanin content in their
tassels, and TC1 and TW1 are
agronomically superior lines with low
anthocyanin content. Two F1-hybrids
were generated from the cross
between TB1 (P1, high anthocyanin
levels) and TW1 (P2, low anthocyanin
levels) and the cross between TC1 (P1,
low anthocyanin levels) and TB3 (P2,
high anthocyanin levels) in the rainy
season of 2016. These F1 hybrids were
then self-pollinated to generate F2
populations, and individuals in the F1
populations were back-crossed to both
parental lines to generate backcross
generations (BC11 and BC12) in the dry
season of 2016/2017.
Six generations (P1, P2, F1, F2,
BC11, and BC12) from each cross were
evaluated in a randomized complete
block design with four replications for
two seasons in the 2017 rainy season
2017 and 2017/2018 dry season at
the Vegetable Research Station, Khon
Kaen University, Thailand. The data
for solar radiation, temperature,
relative humidity, and rainfall of two
seasons are presented in Figure 1.
Plot sizes were varied in
accordance with the segregation levels
of the generations as follows. Singlerow plots were used for parental lines
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Table 1. Descriptions of the tassels of small-ear waxy corn inbred lines.
Parental
lines
TB1 (P1)

Cross
1

TW1 (P2)
2

TC1 (P1)
TB3 (P2)

Pedigree

Phenotype

[(TB × KND-S1) × TLKF1]-1-S6
[(101L × TLK) ×
101LAB]-1-S6
[(TB × TLK) × KND] ×
8Y-1-S6
[(TB × KND-S1) × TLKF1]-3-S5

High anthocyanin content, purple-green glumes, and
red-purple anthers
Low anthocyanin content, green glumes, and green
anthers
Low anthocyanin content, green glumes, and pink
anthers
High anthocyanin content, purple-green glumes, and
dark-purple anthers

Tasseling stage

40

a

Tasseling stage

b

35

25

Average temperature (ºC)

-2

-1

Solar radiation (MJ m day )

30

20

15

10

5

Rainy 2017
Dry 2017/2018

30
25
20
15
10
Rainy 2017
Dry 2017/2018

5

0

0
0

10

20

30

100

40

50

60

Tasseling stage

90

70

0

10

20

30

40

50

60

80

c

Tasseling stage
Rainy 2017
Dry 2017/2018

70

70

d

Rainfall (mm day )

70

60

-1

Relative humidity (%)

80

60
50
40
30

50
40
30
20

20
Rainy 2017
Dry 2017/2018

10

10

0

0
0

10

20

30

40

50

60

70

0

Day after planting

10

20

30

40

50

60

70

Day after planting

Figure 1. Solar radiation (a), average temperature (b), relative humidity, (c) and
daily rainfall (d) during crop growth at the Vegetable Research Station, Khon Kaen
University in the rainy season of 2017 and the dry season of 2017/2018.

33

Duangpapeng et al. (2020)

and F1 hybrids (non segregating).
Two-row plots were used for backcross
generations (segregating), and sixrow plots were used for the F2
generation (highly segregating). All
plots were 5 m in length, and the crop
was planted with a spacing of 80 cm
between rows and 25 cm between
plants within rows. The plots were
managed to avoid environmental
drought,
water
logging,
weeds,
diseases, and insects in accordance
with
the
Thailand
agricultural
recommendations (Worrajinda et al.,
2013).
Conventional
tillage
was
practiced for soil preparation, and
raised beds were constructed through
rotary strip tillage technique to
provide an optimum environment for
germination. The seeds were planted
at the rate of three seeds per hill.
Corn seedlings were thinned to a
single plant per hill at 14 days after
planting. Fertilizer (15 N–15 P–15 K)
was applied during soil preparation at
the rate of 171 kg h−1. In addition, the
15–15–15
formula
fertilizer
was
applied at the rate of 93.75 kg h−1
plus urea (46–0–0) at the rate of
93.75 kg h−1 at 14 days after planting,
and 125 kg h−1 15–15–15 fertilizer
plus 62.50 kg h−1 urea was applied at
30 days after planting. The crop was
irrigated using a minisprinkler system
to avoid drought stress. Pesticides
were applied to obtain optimum
growth and yield in both seasons.
Sample
preparation
anthocyanin measurement

tassels per plot were collected for
backcross generations, and 30 tassels
per plot were collected for the F2
generation. The individual tassels in
each generation were cut into small
pieces, dipped in liquid nitrogen, and
freeze-dried. Each tassel was ground
into powder and sieved through a 40mesh screen.
Anthocyanin
extraction
was
performed
on
individual
tassels
following the method of Yang et al.
(2008). Briefly, 10 mL of acidified
methanol solution (1% citric acid in
80% methanol) was added to 0.5 g of
ground sample, mixed, and incubated
at 4 °C for 24 h. Then, the sample
was centrifuged at 5,000 rpm for 15
min. The supernatant was filtered
through Whatman No.1 filter paper.
The final volume was adjusted to 10
mL with extraction solvent and stored
at −20 °C until analysis.
Total anthocyanin content (TAC)
was
measured
using
the
pH
differential
method
(Giusti
and
Wrolstad, 2001). Each appropriately
diluted extract was divided and mixed
with pH 1.0 or 4.5 buffers and
incubated for 15 min in the dark. A
UV–vis spectrophotometer was used
to measure absorbance at 510 and
700 nm. TAC was calculated using the
following equation:
TAC (mg/L) = (A × MW × DF ×
1,000)/(ɛ × 1)
where A is the absorbance difference
of the diluted sample and was
calculated from A = (A510 − A700)pH1.0 −
(A510 − A700)pH4.5, MW is molecular
weight of cyanidin-3-glucoside (449.2
g mol-1), DF is the dilution factor,
1,000 is the conversion factor from
gram to milligram, and ɛ is the molar
absorptivity
of
26,900
M−1cm−1.
Anthocyanin levels were calculated as

and

Whole tassels were harvested on the
first day of pollen shed (Duangpapeng
et al., 2018). Five tassels were
harvested
in
each
plot
for
nonsegregating generations, including
parental lines and F1 hybrids. Ten
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microgram
cyanidin-3-glucoside
equivalent per gram of dry weight (µg
CGE g−1 DW).

Yijkl = Si + Bj(i) + Gk + pik + µik(l) + ɛijk
where Yijkl is the response variable for
plant l in generation k in replication j
and season i; Si is the effect of season
i; Bj(i) is the effect of replication j
nested in season i; Gk is the effect of
generation k; pik is the interaction
between season i and generation k;
µik(l) is the effect of a plant nested in
generation and season; and ɛijl is the
random residual term. All effects were
fitted as fixed effects except for the
environmental interaction pik and µik(l).
The full linear mixed model with
homogeneous variances was fitted to
identify outliers. The presence of
outliers was tested by applying
Bonferroni correction at the 2% level
of significance to the Studentized
residuals. No data points met this
criterion. Thus, no outliers were
removed. Eight models containing all
fixed effects but with different
combinations of the random effects
and in heterogeneity/homogeneity in
the residual variance (V(ɛijkl) = σ2eI vs.
V(ɛijkl) = σ2e(i)I) were evaluated. The
best fitting model was selected in
accordance with the lowest value for
the Bayesian information criterion
(BIC) (Schwarz, 1978). The selected
model was then fitted in SAS software
to test for fixed effects and to obtain
the best linear unbiased estimators for
each generation. All analyses were
done using the MIXED procedure in
SAS 9.4 software (SAS Institute, Cary,
NC, USA).
The estimation of the genetic
parameters was performed by using a
weighted least squares procedure,
where the weight was the inverse of
the square standard error (se2) for
each generation (Mather and Jinks,
1982). The test for model selection
(two-, three-, and four-parameter
model)
was
conducted
with

Statistical analysis
The data for the anthocyanin content
of all samples in each treatment,
including
three
repeated
measurements on corn tassels, were
used in the statistical analysis. The
combined
analysis
of
variance
(ANOVA) across two seasons was
performed (Gomez and Gomez, 1984)
using Statistix10 software program
(Analytical Software, Tallahassee, FL,
USA). The statistical model was as
follows:
Yijk = m + Bi + Sj + Gk + SGjk + eij +
eijk
where Yijk is mean of the parameter
that responds to season j in
generation k and block i, m is an
overall mean, Bi is the block effect, Sj
is the season effect, Gk is the
generation
effect,
SGjk
is
the
interaction effect between season and
generation, eij is the season error
effect, and eijk is the pooled error
effect.
Variance was partitioned into
components by taking the percentages
of the sum of squares calculated
through the weighted variance of each
component compared with the total
variance. Least significant difference
(LSD) was used to compare means at
the P ≤ 0.05 level. The results are
presented as mean ± standard error (SE).
Generation mean analysis
Data were separately analyzed for
each cross by fitting the fixed effects
linear model
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Table 2. Mean squares for TAC in the tassel of six generations of two small-ear
waxy corn crosses evaluated across two seasons.
Source of variance
Season (S)
Rep. within S (a)
Generation (G)
S×G
Pooled error (b)
C.V. (a) (%)
C.V. (b) (%)

d.f.
1
6
5
5
30

TB1 × TW1
4,467,579** (22.1)
3,936 (0.1)
2,599,302** (64.4)
508,645** (12.6)
5,292 (0.8)
9.4
10.9

TC1 × TB3
26,090,000** (38.6)
2,970 (0.0)
6,235,361** (46.1)
1,986,519** (14.7)
12,033 (0.5)
3.9
7.8

d.f. = degree of freedom, C.V. = coefficient of variation across all treatments, ** = Significant at P ≤ 0.01 level.
The number in the parentheses is the percentage of the sum of the squares.

a joint scaling test by adding the
genetic parameters one by one to the
model and testing for adequacy by
examining the reduction in the
residual sum of squares using the χ2
test (Table 4). The model that resulted
in no reduction in the residual sum of
squares
was
deemed
adequate
(Cavalli, 1952; Lynch and Walsh,
1998). The goodness of fit test was
performed by assuming that the
product of the square difference
between the observed and expected
means and its corresponding weight
followed a χ2 distribution with the
degrees of freedom equal to the
number of generations (n) minus the
number of parameters (p) to be
estimated (Mather and Jinks, 1982).
In this study, Gamble’s (1962)
notation was used to define gene
effects, i.e., m is the mean, a is
additive effects, d is dominance
effects, aa is additive-by-additive
epistatic effects, ad is additive-bydominance epistatic effects, and dd is
dominance-by-dominance
epistatic
effects.

content in tassels. In hybrid seed
production, two inbred parents are
grown side-by-side, and the tassels of
the female parent are normally
removed to prevent pollination by the
female parent. The removed tassels
are normally discarded as waste. The
seed production system might be
more effective if the tassel is used as
a coproduct to produce anthocyanins.
In this study, the high parent in each
cross had the highest anthocyanin
content across seasons. Therefore, the
high parent can be used as the female
parent in seed production. Under
optimal conditions, harvesting tassels
from commercially produced grain is
also possible because corn tassels
normally produce pollen in excess of
what is required for the complete
pollination of a field. Therefore, hybrid
seed production would be a good
option for the utilization of corn
tassels as coproducts for anthocyanin
production.
Anthocyanin variation analysis
The effects of season, generation, and
season by generation (S × G)
interaction on TAC were statistically
significant (P ≤ 0.01) for both crosses
(Table 2). Generation had the largest

RESULTS AND DISCUSSION
The information obtained in this study
is important for the breeding of smallear waxy corn for high anthocyanin
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4000
3500

Rainy 2017
Dry 2017/2018

2,151.7 a

TAC (µg CGE g-1 DW)

3000
2500
2000
970.8 a
1500
677.2 b
1000
360.6 b
500
0

TB1×TW1

TC1×TB3

Figure 2. Means of each season for TAC in the tassel of small-ear waxy corn
evaluated in the rainy season 2017 and the dry season 2017/2018. Different letters
within a cross indicate significant differences at P ≤ 0.05 level as determined by the
least significant difference (LSD). Data are expressed as the mean ± standard
error.
effect on TAC in TB1 × TW1 followed
by season and S × G interaction with
the percentages of 64.4%, 22.1%,
and 12.6%, respectively. Similarly,
the proportions of total variance in
TC1 × TB3 were mainly explained by
generation followed by season with
the percentages of 46.1% and 38.6%,
respectively,
whereas
S
×
G
interaction
had
the
smallest
contribution, accounting for 14.7% of
the total variance. The results for two
crosses suggested that generation was
the main cause of variation in TAC.
High variation in TAC due to
generation is expected because the
parents in each cross had contrasting
TAC values.
The moderate proportions of the
total
variance
and
significant
difference between seasons in both
crosses
indicated
that
growing
seasons
are
also
important
to
determining anthocyanin content in

the tassels of small-ear waxy corn.
Growing small-ear waxy corn in the
dry season resulted in the highest
anthocyanin content with 970.8 and
2,151.7 µg CGE g−1 DW for TB1 ×
TW1 and TC1 × TB3, respectively.
Moreover, TAC for TC1 × TB3 in the
dry season was three times higher
than that in the rainy season (Figure
2).
Environmental factors, including
solar radiation, temperature, and
nitrogen level, are important for
regulating anthocyanin accumulation
in plants (Gu et al., 2019). In this
study, high temperature, high relative
humidity, and high daily rainfall in the
rainy season may result in lower
anthocyanin level (Figure 1). In
general, high anthocyanin level is
promoted by low temperature. Higher
anthocyanin
level
in
the
cold
environment during the dry season
agreed with this theory. Moreover, the
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results
were
consistent
with
observations
on
anthocyanin
accumulation in corn cobs (Khampas
et
al.,
2015)
and
anthocyanin
biosynthesis in apples (Ban et al.,
2007; Xie et al., 2012). In addition to
temperature, nitrogen level plays an
important
role
in
anthocyanin
accumulation. Low nitrogen levels
increase anthocyanin accumulation,
whereas high nitrogen supply can
reduce it (Wang et al., 2018; Gu et
al., 2019). In this study, nitrogen
fertilizer was applied to the crop at the
most
optimum
level,
and
the
difference in nitrogen application
between two seasons was expected to
be not significant. Therefore, different
environmental conditions might be the
main cause of lower anthocyanin
content in the rainy season.
Means for the anthocyanin
content of six generations of TB1 ×
TW1 indicated that TB1 (recurrent
parent) had the highest TAC of
1,646.4 µg CGE g−1 DW. The F1
generation of TB1 × TW1 had a mean
TAC of 718.8 µg CGE g−1 DW, which
was 14.7% lower than that of the midparent. The F2 generation was a highly
segregating population, and the mean
value
of
this
generation
was
significantly lower than that of its
corresponding F1 generations. The
reductions in anthocyanin content in
the F2 generation were 24.0% and
35.2% lower than those in the F1
generation
and
midparent,
respectively. The mean value for TAC
in both backcross generations was
intermediate between F1 and the
recurrent parent. However, the mean
TAC
values
in
the
backcross
generation to the high parent was
15.2% higher than that in the F1
generation (Table 3).
In TC1 × TB3, significant
differences in anthocyanin content

were observed among generations,
and TB3 had the highest anthocyanin
content of 2,601.2 µg CGE g−1 DW.
The mean TAC of the F1 generation
was not different from that of the
midparent. The mean TAC of the F2
generation was also not different from
that of the F1 generation. The mean
TAC of the backcross generations of
TC1 × TB3 were in a similar pattern of
those of TB1 and TW1. Both
backcrosses
were
intermediate
between F1 and the recurrent parent
(Table 3).
Estimation of genetic components
Models with increasing numbers of
gene effects were evaluated starting
with additive only (m, a), dominance
only (m, d), additive + dominance (m,
a, d), additive + dominance + additive
by additive (m, a, d, aa), additive +
dominance + additive by dominance
(m, a, d, ad), and additive +
dominance
+
dominance
by
dominance
(m,
a,
d,
dd)
as
summarized in Table 4. All models,
except for the dominance-only model,
were effective for explaining genetic
effects for both crosses. The additive
model was significant, whereas the
dominance model was nonsignificant.
The results for both simple models
indicated that additive gene effects
were
important
for
anthocyanin
inheritance in the tassel for both TB1
× TW1 and TC1 × TB3.
The additive + dominance
model was selected as the model that
can best explain gene effects because
it was the simplest model that was
sufficient to explain the data and
described additive and dominance
effects. The χ2 test (df = 3) was not
significant for both TB1 × TW1 and
TC1 × TB3, indicating that the threeparameter (m, a, d) model adequately
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Table 3. Observed means and expected means for TAC in the tassel for the six generations of two small-ear waxy
corn crosses.
Generations
P1
P2
F1
F2
BC11
BC12
MP

TB1×TW1
Observed
Expected
1,646.4 ± 865.8 a
1,624.1 ± 252.1
38.2 ± 24.5 f
53.2 ± 252.4
718.8 ± 359.2 c
717.5 ± 252.1
546.0 ± 569.9 d
546.0 ± 244.6
847.2 ± 661.6 b
842.7 ± 247.6
197.7 ± 218.4 e
205.7 ± 247.6
842.3
838.7

TC1×TB3
Observed
90.5 ± 59.4 e
2,601.2 ± 1,623.3 a
1,299.7 ± 927.9 c
1,263.5 ± 1,143.1 c
1,059.7 ± 920.2 d
2,172.2 ± 1,184.6 b
1,345.9

Expected
126.1 ± 494.4
2,561.2 ± 494.4
1,294.2 ± 494.4
1,264.7 ± 480.2
1,067.1 ± 486.0
2,166.3 ± 486.0
1,343.7

P1; Parental line 1, P2; Parental line 2, F1; First filial generation of crosses, F2; Second filial generation of crosses, BC11; First backcross generation with
parental line 1, BC12; First backcross generation with parental line 2 and MP; mid-parent value. Data are expressed as the mean ± standard error (µg
CGE g−1 DW) of four replicates. Means with different letters in the same column indicate significant differences at P ≤ 0.05 level, as determined by the
least significant difference (LSD).

Table 4. Estimates of gene effects with their standard errors and goodness of fit test for TAC in the tassel of two
small-ear waxy corn crosses.
Crosses

TB1×TW1

Model

Mean (m)

Additive (a)

Dominance (d)

Additive ×
additive (aa)

1
2
3
4

662.0 ± 72.3*
750.6 ± 396.3
749.9 ± 115.1*
257.1 ± 260.4

755.1 ± 112.9*
755.0 ± 113.3*
754.9 ± 80.3*

−211.0 ± 734.8
−209.9 ± 213.5
417.9 ± 349.6

560.3 ± 281.3

5

749.8 ± 134.2*

785.6 ± 148.3*

−209.9 ± 248.9

-

754.9 ± 43.2*

−1,107.2 ±
223.3*

6
1

1,414.1 ± 75.2*

2

1,407.9 ± 617.8
1,407.9 ±
137.6*

3
TC1×TB3

838.7 ± 48.5*

4
5
6

1,512.4 ± 532.7
1,407.9 ±
165.0*
1,343.7 ±
152.2*

−1,193.3
117.4*
−1,193.3
135.5*
−1,193.3
164.2*
−1,217.6
182.2*
−1,193.3
135.6*

±

±
±
±
±

Additive ×
dominance
(ad)
−297.2 ±
653.5

Dominance ×
dominance
(dd)
-

Goodness-of-fit
test
df
χ2
4
2.02 ns
4
24.09**
3
1.53 ns
2
0.51 ns

-

2

1.38 ns

2

0.15 ns

-

-

985.9 ±
228.5*

-

-

-

4

0.57 ns

14.8 ± 1145.6

-

-

-

4

15.23**

14.8 ± 255.2

-

-

-

3

0.57 ns

−118.3 ± 714.8

−118.8 ±
575.2

-

-

2

0.56 ns

14.8 ± 306.0

-

236.7 ± 803.8

-

2

0.54 ns

664.9 ± 701.1

-

-

-714.4 ± 717.4

2

0.38 ns

ns, non-significant, *,** significant at P ≤ 0.05 and 0.01 level, respectively.
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Figure 3. Relationships between the observed means and expected means
predicted by the additive + dominance model for TAC in the tassels of six
generations.
explained the gene effects for TAC.
The results were in agreement with
the inheritance of anthocyanin in
purple eggplant (Sabolu et al., 2014).
Moreover, the expected means for
TAC using this model were highly
related to the observed mean values.
The regression coefficients
were
2
significant for TB1 × TW1 (r = 1.00)
and TC1 × TB3 (r2 = 0.99) (Figure 3).
The estimates of genetic effects
were significantly (P ≤ 0.05) different
from zero for the mean and additive
effects, whereas the estimates were
not significant for dominance effects in
both crosses. Given that dominance
effects were not significant and
epistatic effects were not considered
in the best-fit model, we concluded
that both of these genetic effects had
very little impact on the inheritance of
TAC in tassels. The significance of the
mean component “(m)” indicates that
anthocyanin content in tassels is
quantitatively inherited (Kere et al.,
2013). Additive gene effects were the
major component of the inheritance
for TAC in corn tassel. The significant

additive gene effect for anthocyanin
content in this study was in agreement
with a previous report on red table
grape (Liang et al., 2011), black and
violet pepper (Stommel et al., 2014),
purple red-leafed rapeseed (Dai et al.,
2016), and purple corn cob (Harakotr
et al., 2016).
In this case, recessive sun-red
alleles or the pl gene is the major
gene controlling the anthocyanin
biosynthesis pathway in corn plants.
Light plays an important role in the
activation of the pl gene to induce
anthocyanin
pigmentation
in
vegetative and floral organs (Cone et
al., 1993). Anthocyanins accumulate
in the vacuoles of tassel tissues, and
their level is closely related to purple
color expression in the tassel (Irani
and Grotewold, 2005). Therefore,
phenotypic selection through simple
methods, such as mass selection,
simple
recurrent
selection,
and
pedigree selection, may be effective
for the improvement of small-ear
waxy corn for high anthocyanins in
tassel.
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In addition, additive gene effect
had a positive sign in TB1 × TW1 and
a negative sign in TC1 × TB3. The
difference in signs did not have
genetic consequences because it
merely reflected which parent (donor
or recipient) had high anthocyanin
content. The results indicated that
parental lines with high TAC influenced
the expression of anthocyanins in
tassels. Hybrids with high anthocyanin
content may be obtained from the
crosses of inbred lines with high
anthocyanin content and different
genetic backgrounds.
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