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SUMMARY 

 
Efforts are needed to develop wheat cultivars that are adapted to tropical 

agroecology in Indonesia. This study is aimed to identify transgressive segregants 
of six F2 populations and to determine its relationship to the degree of adaptation in 
Indonesia. The study was conducted from April to December of 2017 at the 

experimental field of the Indonesian Ornamental Crops Research Institute, Cipanas, 
Cianjur, West Java, Indonesia. The evaluation of the six F2 populations 

(Guri1/Selayar, Guri2/Selayar, Guri3/Selayar, HP1744/Selayar, Jarissa/Selayar, 
and Vee/Selayar) and seven parental lines (Guri 1, Guri 2, Guri 3, HP1744, Jarissa, 
Vee, and Selayar) was performed using an augmented, randomized complete block 

design with three replications for parental lines. The experiment consisted of two 
sets (except F2 Guri1/Selayar and Guri3/Selayar populations), and each set 

contained three blocks with each block contained 13 plots (7 lines and 6 F2 
populations). Observations were made based on the seed weight per plant in all F2 
individuals and 10 sample plants per replication of the parental lines. Results 

showed that F2 populations of HP1744/Selayar, Jarissa/Selayar, and Vee/Selayar 
had higher CGV values compared to other populations. The highest transgressive 

index was found in HP1744/Selayar and the lowest in Guri2/Selayar populations. All 
the populations have transgressive segregation of more than 50% of the total 

population for both directions. The number of individual classified as adapted and 
highly adapted in each of F2 population were as follows: 8 and 3 individuals on 
Guri1/Selayar, 3 and 2 individuals on Guri2/Selayar, 11 and 6 individuals on 

Guri3/Selayar, 7 and 3 individuals on HP1744/Selayar, 16 and 8 individuals on 
Jarissa/Selayar, and 4 and 3 individuals on Vee/Selayar. Those individuals that 
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belong to the adapted and highly adapted group were the transgressive segregants. 
This showed that transgressive segregation selection increased the adaptability of 

selected genotypes in wheat. 
 

Keywords: Adaptation group, seed weight per plant, transgressive index 

 
Key findings: The transgressive index can be used to estimate transgressive 

segregation in F2 population. Transgressive segregation selection will increase the 
adaptability of selected wheat genotypes. 
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INTRODUCTION 

 
Wheat is one of the most consumed 

cereals in the world, including 
Indonesia. It is widely used in the food 
and feed industry in Indonesia so the 

demand for wheat tends to increase 
each year and is fulfilled through 

imports. Wheat imports in 2016, 
2017, and 2018 respectively were 
10.5 million tons, 11.4 million tons, 

and 10.09 million tons with a value of 
2.4 million USD, 2.6 million USD, and 

2.5 million USD, respectively (BPS, 
2019). Efforts to partly meet 
increasing demand is carried out by 

planting wheat in Indonesia. Wheat 
cultivars that have been released are 

Selayar, Nias, Dewata, Timor, Guri 1, 
Guri 2, Guri 3, Guri 4, Guri 5, Guri 6 
Unand, and Guri 6 Agritan which are 

all from introduction. These varieties 
are still used as breeding lines in the 

origin countries. Sumarno and Mejaya 
(2016) stated that the average wheat 
production varied from 0.97 t/ha to 8 

t/ha in wheat producing countries. 
Erythrina and Zaini (2016) explained 

that wheat production in Indonesia 
were 2.9-4.8 t/ha in high land and 1 -

2.5 t/ha in medium land. 
To be able to cope up with the 

production, wheat originating from 

subtropical regions must be able to 

adapt in tropical agroecology which 
has higher temperature and humidity. 

Indonesia has an average temperature 
of 27 °C with rainfall ranging from 800 
to 2800 mm per year (Marpaung, 

2010; Purwantara, 2015). The 
adaptability of wheat can be improved 

by developing tropical wheat cultivars 
through hybridization. Hybridization is 
a technique that develops new 

genotypes by combining the 
characteristics of the parental lines. 

Hybridization in self-pollinating crops 
such as wheat will produce the highest 
segregation in the F2 generation. 

Segregation of alleles in the F2 
generation may results in segregants 

with phenotypic values exceeding the 
two parents. This phenomenon is 
known as transgressive segregation. 

Rieseberg et al. (2003) and Kagawa 
and Takimoto (2019) reported that 

transgressive segregation resulted in 
individuals with a higher level of 
adaptation than their parents. 

This transgressive segregants 
can be identified from the F2 

generation, as individuals with 
phenotypes that are superior to their 

parents. The phenomenon of 
transgressive segregation is not only 
found in wheat but also in other plants 
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including lentils (Chahota et al., 
2007), barley (Kuczyńska et al., 

2007), pigeonpea (Ajay et al., 2014), 
mung beans (Jambormias et al., 

2015), tomatoes (Rodríguez et al., 
2005), peanuts (Shreyaet al., 2017), 
and cotton (Anusha et al., 2019). 

DeVicente and Tanksley (1993) stated 
that transgressive segregation in 

interspecific tomato crossing is caused 
by over-dominance. Yadav et al. 
(1998) reported that crosses that 

have a high SCA effect have the 
potential to produce transgressive 

segregation in wheat. Mao et al. 
(2011) reported that transgressive 
segregants of rice plants can occur 

due to the action of epistasis and 
complementary genes. Koide et al. 

(2019) reported that in rice plants, 
transgressive segregation for flowering 

age was obtained from the crossing of 
parents with a small different 
flowering age with a high additive 

variance. 
The number of transgressive 

segregants of a segregating 
population can be estimated from the 
distance of the phenotypes of both 

parents (Kuczyńska et al., 2007). 
Stelkens and Seehausen (2009) 

reported that there is a real positive 
correlation between genetic distance 
and transgressive frequency. In this 

study, we compared the estimation of 
the number of transgressive 

segregants based on the transgressive 
index with the results of the 
identification of transgressive 

segregants in the six F2 populations. 
Selection of adapted individuals 

to an agroecology can be done in a 
population of the F2 generation. In 
wheat, the adaptability of F2 

generations in tropical agroecology 
can be seen from its ability to produce 

seeds. High grain weight per plant 
indicates that the segregant is 

adaptive to tropical agro-ecological 
conditions. Altuhaish et al. (2014) 

reported that wheat adapted in the 
tropical environment was able to 

produce grain weights per plant of 
5.26 to 16.18 g. Tropical wheat 
assembly through hybridization has 

not been widely reported in Indonesia. 
Natawijaya (2012) has carried out 

several crosses of introduced wheat 
and produced several F2 populations. 
Furthermore, Wardani et al. (2015) 

conducted a pedigree selection of the 
F2 population of Selayar and Rabe 

crosses to form the F3 family. The 
results showed that the seed weight 
per plant had high heritability so that 

it could increase the average seed 
weight per plant in the F3 population. 

The use of transgressive segregation 
on mung beans in Indonesia has been 

reported by Jambormias et al. (2015). 
However, there are no reports on the 
use of transgressive segregation 

selection in producing new wheat 
varieties. Therefore, this study is 

important to identify the transgressive 
segregants in the F2 generation and to 
evaluate the relationship between the 

transgressive segregants and its 
adaptability in the tropical 

environments. 
 
 

MATERIALS AND METHODS 
 

This study was conducted from April to 
December of 2017 at the experimental 
field of the Indonesian Ornamental 

Crops Research Institute, Cipanas 
Cianjur Regency, West Java Province, 

Indonesia (at a 1100 m above sea 
level). The soil type was Andosol. The 
minimum, maximum, and average 

temperatures during the study were 
14.5 °C, 27.8 °C, and 22 °C. (BMKG, 

2018). The evaluation of the six F2 
populations (Guri1/Selayar, 
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Guri2/Selayar, Guri3/Selayar, 
HP1744/Selayar, Jarissa/Selayar, and 

Vee/Selayar) and seven parental lines 
(Guri 1, Guri 2, Guri 3, HP1744, 

Jarissa, Vee, and Selayar) was 
conducted using an augmented, 
randomized complete block design 

with three replications for the parental 
lines. The number of living plants for 

each F2 population was below 100. 
Thus, the second planted lines was 
done without F2 Guri1/Selayar and 

Guri2/Selayar because they had no 
seed anymore. Therefore, the 

experiment consisted of two sets, 
except for F2 of Guri1/Selayar and 
Guri2/Selayar populations, and the 

difference between the two sets lied in 
planting time, i.e., the second set was 

planted 21 days after planting the first 
set. Each set contained 3 blocks with 

each block contained 13 plots, each 
measuring 5 x 1 m. The plot of 
parental lines and the six F2 

populations were randomly assigned 
to each block. Plant spacing was 30 

cm x 20 cm so that each plot contains 
75 plants. Each F2 population had 450 
individual plants in the two sets if they 

germinated and lived until harvest. 
Each plant in the F2 population plot 

was observed, while in the parent plot 
only 10 sample plants were observed. 
Observations were made on the 

character of grain weight per plant. 
Other materials used were 

manure, inorganic fertilizer (Urea, 
SP36, KCl), and Furadan 3G. Fertilizer 
was applied twice, the first application 

was at the age of 10 DAP (days after 
planting) with a dose of 150 kg/ha 

urea, 200 kg/ha SP36, and 100 kg/ha 
KCl. The second fertilizer was applied 
at 30 DAP by giving 150 kg/ha Urea. 

Plant maintenance was carried out in 
the form of fertilizing, watering, and 

controlling pests and diseases. 

Application of pesticides was based on 
symptoms in the field. Harvesting was 

done when the plants were at 80% 
yellow and the seeds were hard. 

 
 
Data Analysis 

 
The combined data analysis was 

performed on both sets of 
experiments. Observational data were 
adjusted according to Petersen (1994) 

and followed by data analysis using 
least squared means (LS means). 

 
1. Mean of seed weight per plant 

 

( ) =  , 
 
X= observed data,  

n=individual number 
 

2. Coefficient of genetic variance  
 

(CGV) =  x 100% . 

 
(Singh and Chaudhary, 1985). 
 

, 

 

, 

 

, 

 

where  phenotypic variance, 

 = environment variance,  = 

genetic variance,  = parent 1 

variance, and = parent 2 variance 
(Allard, 1999). 

 
3. Transgressive index (Koide et al., 

2019) 
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TI = , 

 
 

 
where TI = transgressive index, F2 

max = the highest grain weight per 
plant in the F2 population, F2 min = 
the lowest grain weight per plant in 

the F2 population, P1 − P2 = difference 
between the two parental lines. 

 
4. Adaptation grouping 

 

Evaluation and adaptation was carried 
out by grouping individuals in each 

population based on grain weight per 
plant. The grouping was made 
following Walpole (1982) and 

Sastrosoemarjo et al. (2005) as 
follows (Table 1). 

 

∆P = , 

 
where ∆P = difference among 

group for variable grain weight per 

plant, b = highest grain weight, a = 
lowest grain weight, and n = number 

of adaptation groups. 
 

5. Classifications of transgressive 
segregants  
 

According to Rieseberg et al. (2003), 
the transgressive segregants are 

individuals with phenotype values 
higher than the best parent and those 
with phenotype values smaller than 

the lowest parent. Regarding 
adaptability determination, individuals 

classified as transgressive segregants 
were only those with phenotype value 
greater than the best parent, or 

positive transgressive segregants, 
while the rest were classified as non-

transgressive ones. The classification 
was done for each F2 population. 

 
 

RESULTS AND DISCUSSION 
 
The grain weight per plant is an 

important character in cereal crops 
such as wheat. This character reflects 

the ability of plants to accumulate 
photosynthates during their growth 
and development phases. Therefore, 

this character becomes a target trait 
in wheat breeding programs. Grain 

weights per plant of the parental lines 
are presented in Table 2. 

The level of variability in a 

segregating population depends on the 
difference between the parental lines 

on the trait of interest. Table 2 
showed that all the parental lines of 

the F2 population have the same grain 
weight, except for parental lines of the 
F2 Jarissa/Selayar populations. The 

parental lines Guri1, Guri2, Guri3, and 
Selayar are national cultivars with a 

mean yield of 5.8, 5.6, 3.5, and 2.95 
t/ha, respectively (MOA 2003, 2013). 
The parental lines HP1744, Jarissa, 

and Vee were introduced genotypes, 
HP1744 and Vee came from CIMMYT 

collections, while Jarissa was from 
Slovakia. 
Jarissa was known as Is-Jarissa in its 

original country. In this study, Jarissa 
had a flowering time of 117 DAP and a 

longer maturity days of 168 DAP 
compared to other parents. Similar 
results were reported by Altuhaish et 

al. (2014) that Jarissa has the longest 
flowering time and maturity days 

among other genotypes. Zubaidi et al. 
(2018) stated that plants that are late 
in entering the generative phase have 

low yields. In this study, Jarissa began 
flowering at the end of August 2017 

and harvested in mid-November 2017. 
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Table 1. Grouping of genotypes through evaluation and adaptation (Walpole, 1982; 
Sastrosoemarjo et al., 2005). 

Score  Adaptation group Class grouping 

1 Not adapted  x < ∆P + a 

2 Less adapted ∆P + a ≤ x < (∆P + a) + ∆P 

3 Moderately adapted (∆P + a) + ∆P ≤ x < (∆P + a) + 2 ∆P 

4 Adapted (∆P + a) + 2 ∆P ≤ x < (∆P + a) + 3 ∆P  

5 Highly adapted x ≥ (∆P + a) + 3 ∆P 

∆P = difference among group for variable grain weight per plant, a = lowest grain weight, x = 
observed value 

 

Table 2. Grain weight per plant of parental lines of six F2 wheat populations. 

F2 populations P1 (g) P2 (g) P-value 

Guri1/Selayar 23.44 22.78 0.88 

Guri2/Selayara 28.45 13.40 0.28 

Guri3/Selayara 23.17 13.40 0.05 

HP1744/Selayar 23.15 22.78 0.92 

Jarissa/Selayar 03.74 22.78 0.03* 

Vee/Selayar 20.90 22.78 0.70 

The grain weight data shown was corrected according to Petersen (1994); a = only in one set P1 = 
female parent; P2 = male parent; * = significantly different between P1 and P2 based on  0.05 paired 

t-test. 

 

BMKG (2018) reported that rainfall in 
August and November was 83 (low 
category) and 624 mm (very high 

category). The maximum temperature 
in August was 27.2 °C. This showed 

that Jarissa was exposed to high 
temperatures at the beginning of 
flowering and high rainfall at the time 

of grain filling until maturity. Rain 
causes lower light intensity needed for 

the photosynthesis process, resulting 
in lower photosynthate accumulated in 
the grain and they become small 

grain. Therefore, Jarissa in this study 
had low grain weight per plant (3.74 

g). This genotype entered the 
generative phase when other 
genotypes have entered the harvest 

phase. Jarissa faced high 
temperatures at the beginning of 

flowering and high intensity rain 
during grain filling and harvesting 
(BMKG 2018). These factors caused 

the grain weight per plant to be very 

low. On the other hand, it reported 
that Jarissa planted in several 
locations in West Sumatra Province 

with elevation of >900 m above sea 
level produced seed weight per plant 

up to 23.1 g (Chaniago et al., 2014). 
The F2 populations of HP1744/Selayar, 
Vee/Selayar, and Jarissa/Selayar had 

a wide distribution of flowering time 
and maturity days than others. 

Hybridization of self-pollinating 
plants resulted in segregation and 
recombination starting from the F2 

generation. This segregation can be 
seen from the wide distribution of 

grain weight per plant from individuals 
in each cross combination. The F2 
populations of HP/Selayar, 

Jarissa/Selayar, and Vee/Selayar have 
wide grain weight intervals than the 

others (Table 3). The CGV values of 
these populations were relatively high 
(>60%). Besides those populations, 

Guri1/Selayar had also high CGV
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Table 3. Grain weight per plant and coefficient of genetic variance (CGV) of six F2 
wheat populations. 

F2 Populations N  Range (g) Mean (g) CGV (%) 

Guri1/Selayar  97 −11.27–63.54 15.11 ± 14.06  73.70 

Guri2/Selayar  81 −1.25–57.31 13.12 ± 12.60  0.00 

Guri3/Selayar  56  1.06–62.42 27.00 ± 16.50  47.61 

HP1744/Selayar 170 −13.09–99.78 20.84 ± 22.16  92.42 

Jarissa/Selayar 160 −12.69–92.09 26.52 ± 21.50  75.09 

Vee/Selayar 218 −12.89–171.01 23.10 ± 30.65 126.71 

The grain weight data shown were corrected according to Petersen (1994); N = total living plants. 
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Figure 1. Relationship of P1 − P2 differences and transgressive index in the six F2 
wheat populations. 

 

values. Selection can be made in 
these populations to improve the grain 
weight per plant. The CGV showed the 

amount of genetic variability that 
occurs in a population. The parental 

lines HP1744, Jarissa, and Vee were 
introduced wheat lines that have 

different genetic backgrounds so that 
the crossing involving these parental 
lines can increase the variability of the 

segregating populations. The 
adaptation of HP1744, Jarissa, and 

Vee in Indonesia was thought to 
increase variations in several loci so 
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hybridization with Selayar produces 
segregation with a higher level of 

variability. In contrast, the F2 
population of Guri1/Selayar, 

Guri2/Selayar, Guri3/Selayar had a 
narrow distribution of grain weight per 
plant compared to other populations 

(Table 3). The genetic variability of 
these populations ranged from 0.00% 

to 73.70%.  
The wide distribution of grain 

weight per plant in the F2 population 

resulted in segregants that have 
extreme phenotypic values compared 

to both parents. This phenomenon is 
known as transgressive segregation 
(Chang et al., 1973; Rieseberg et al., 

2003). Anusha et al. (2019) stated 
that hybridization causes the 

accumulation of genes in the same 
direction giving rise to a phenotype 

that exceeds its parents. 
The approach that can be used 

to estimate transgressive segregation 

in F2 population is the transgressive 
index. The transgressive index is 

estimated as the proportion of the 
difference in grain weight per plant in 
the F2 population to the difference 

between the two parents. The 
transgressive index for the six F2 

populations ranges from 3.89 to 
305.05 (Table 4). The F2 population of 
HP1744/Selayar had the highest 

transgressive index. This was due to 
the small difference in grain weight 

per plant of the two parental lines 
(0.37) and the wide distribution of the 
F2 individuals (112.87). The grain 

weight distribution of F2 genotypes 
was also supported by the high CGV 

value (Table 3). The smaller the value 
of the difference in the parents, the 
greater the transgressive index 

(Figure 1). Koide et al. (2019) stated 
that the greater the value of the 

transgressive index, the greater the 

chance of getting transgressive 
segregation in the F2 population. 

Transgressive segregants are a 
collection of individuals that come 

from two directions, those with 
phenotype values higher than the best 
parent and those with phenotype 

values smaller than the lowest parent. 
The F2 populations of HP1744/Selayar, 

Vee/Selayar, and Guri1/Selayar have 
the most transgressive segregants 
compared to the other three 

populations. The first two populations 
were crossses of national wheat 

cultivars (Selayar) with introduced 
wheat lines. However, the introduced 
parents have the same seed weight 

per plant as Selayar according to 
Table 2. Rieseberg et al. (1999) 

predicted that the more similar 
phenotype of parents, the greater the 

likelihood of transgressive segregation 
will be observed in F2. Transgressive 
segregation analysis on F2 helps 

determine potential populations to be 
selected at the start of a generation 

and reduces population size in later 
generations (Bharathi and Reddy, 
2019). 

The transgressive indexes in the 
F2 population of HP1744/Selayar, 

Guri1/Selayar, and Vee/Selayar were 
higher compared to others (Table 4). 
In line with this, these three 

populations had a high proportion of 
transgressive segregants, i.e., 

98.24%, 97.94%, and 97.71%, 
respectively (Table 5). The F2 
population of Guri3/Selayar, 

Jarissa/Selayar, and Guri2/Selayar 
had a lower transgressive index (Table 

4), as well as a lower proportion of 
transgressive segregants, i.e., 
71.43%, 56.88%, and 76.54% (Table 

5). Based on these data, the more 
transgressive index, the more 

transgressive segregant (Figure 2).  
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Figure 2. Relationship of transgressive index and total transgressive segregant (%) 
in six F2 wheat populations. 

 
 

Table 4. Transgressive index of grain weight per plant in six F2 wheat populations. 

F2 populations F2 max − F2 min (g) Parental difference (g) Transgressive index 

Guri1/Selayar  74.81  0.66 113.35 

Guri2/Selayar  58.56 15.05  3.89 

Guri3/Selayar  61.36  9.77  6.28 

HP1744/Selayar 112.87  0.37 305.05 

Jarissa/Selayar 104.78 19.04  5.50 

Vee/Selayar 183.90  1.88  97.82 

The grain weight data shown were corrected according to Petersen (1994). 

 

 
 

 

 

 

 



Putri et al. (2020) 

515 

 

Table 5. Transgressive segregants of grain weight per plant in six F2 wheat 
populations. 

F2 Populations N 

Grain weight of 
parents 

Number of 
transgressive segregants 

 
 
 

Low 
parent 
(LP) 

High 
parent 
(HP) 

Less 
than 
LP 

Greater than 
HP 

Total (%) Greater than 
HP (%) 

Guri1/Selayar 97 22.78 23.44  74   21  95 (97.94) 21.65 

Guri2/Selayar 81 13.40 28.45  51  11  62 (76.54) 13.58 

Guri3/Selayar 56 13.40 23.17  13  27  40 (71.43) 48.21 

HP1744/Selayar 170 22.78 23.15  91  76  167 (98.24) 44.71 

Jarissa/Selayar 160 03.74 22.78  13  78  91 (56.88) 48.75 

Vee/Selayar 218 20.90 22.78 113 100  213 (97.71) 45.87 

The grain weight data shown were corrected according to Petersen (1994), N = no. of plants. 

 

The populations of 
Guri3/Selayar and Jarissa/Selayar 

were not in line with the theory of 
Koide et al. (2019), which mentioned 

that these two populations should 
have more transgressive segregants. 
The low number of transgressive 

segregants in the Guri3/Selayar 
population was likely caused by the 

small number of living segregants that 
cannot yet represent the true of its 
potential transgressive segregation. 

The F2 Jarissa/Selayar population 
tended to have long maturity days like 

its parent, Jarissa. They faced heat 
stress at the flowering stage and high 
rainfall at the grain filling periods. 

These conditions were not optimum 
for pollination. Besides, the 

photosynthetic processes for 
assimilate accumulation to the grain 
were disturbed. Therefore, only a 

small number of segregants had grain 
weight per plant exceeding their best 

parent, Selayar. The F2 Jarissa/Selayar 
population has less number of 
transgressive segregants than other 

populations. The phenotypic values of 
its parental lines on grain weight per 

plant were significantly different. It 
means that there was a large 
difference between Jarissa and 

Selayar. This condition was thought 
causing the total percentage of 

transgressive segregants (56.88%) 
were not as much as other populations 

whose parental lines have a smaller 
difference in their phenotypic values.  

The percentage of transgressive 

segregants higher than the high 
parent (positive direction) was more 

than 40% in four F2 populations, 
namely, Guri3/Selayar, 
HP1744/Selayar, Jarissa/Selayar, and 

Vee/Selayar (Table 5). This was due 
to the small phenotypic difference 

between the parental lines which 
caused more segregants with a 
phenotypic value higher than the best 

parents. They were putative 
transgressive segregants. However, 

the heterozygote could not be 
distinguished from the homozygote 
segregants. For practical breeding, 

planting all of the 40% transgressive 
segregants in the next generation may 

not be efficient because it needs high 
cost and place for maintaining, so 
selection on the F2 putative 

transgressive segregants should be 
done but not strict. 

The phenotypic value in F2 

generation can be overexpressed by 
its gene action, like epistasis. Amin 
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(2013) found three types of epistatic 
gene actions that controlled some 

agronomic characters of wheat, i.e., 
additive × additive, additive × 

dominance, and dominance × 
dominance. Characters controlled by 
epistasis could show a decreasing 

value in the next generation. 
Jambormias (2014) who worked with 

mungbean reported that the families 
with the best performance that have 
been uniform in the previous 

generation, behaved poorly in the next 
generation because of the emergence 

of epistatic recessive homozygotes. 
This was the reason why the selection 
on the F2 putative transgressive 

segregants population should be not 
strict, i.e. 20%–30%. These putative-

transgressive segregants need to be 
verified in the next F2.3 generation by 

plant-to-row plantings. Some of them 
may not have a higher mean than 
their best parent in F2.3 family 

generation and the rest may still 
consistently higher. It will be expected 

that the transgressive segregants, 
which were consistently have higher 
mean with low variability, are 

homozygous. These homozygous 
transgressive segregants will support 

the acceleration of breeding improved 
wheat cultivars. 

Transgressive segregation 

generated from a biparental cross is 
influenced by several factors, including 

the phenotypic dissimilarity among the 
parental lines used. Rieseberg et al. 
(1999) predicted that the frequency of 

transgression will be positively 
correlated with genetic divergence of 

the parental lines. On the other hand, 
Fabrizius et al. (1998) reported that 
no correlation were observed between 

genetic distance and numbers of 
transgressive segregants in wheat 

intraspesific crosses. The F2 
populations of Guri2/Selayar and 

HP1744/Selayar have parents which 
were not significantly different in grain 

weight per plant (Table 2). Koide et al. 
(2019) stated that transgressive 

segregation is not directly influenced 
by the genetic differences of the 
parents but more of the similarity of 

the phenotype. 
The probability of the 

occurrence of transgressive 
segregation cannot be separated from 
the role of gene action controlling the 

trait. Genetic studies related to 
transgressive segregation have also 

been carried out. Xu et al. (1998) 
reported that complementary gene 
action is responsible for the 

occurrence of transgressive 
segregation in intraspecific crosses. 

Others reported that the additive gene 
action and the small differences 

between the two parents increase the 
chances of getting a transgressive 
segregation (Kuczyńska et al., 2007; 

Chahota et al., 2007). In addition to 
the over-dominant and epistatic gene 

actions as causes of transgressive 
segregation, the main cause of 
transgressive segregation is the action 

of complementary genes (Rieseberg et 
al., 1999; Koide et al., 2019). 

The development of wheat in 
Indonesia is an effort to adapt wheat 
in the tropics. One of the limiting 

factors is high temperature. High 
temperature stress affects physiology, 

biochemistry, growth, and 
development and in the end resulted 
in lower yield (Akter and Islam, 2017). 

Recent studies showed that for every 
1 °C increase in temperature will 

reduce wheat yield up to 4.1%–6.4% 
(Asseng et al., 2015, Liu et al., 2016). 
High temperature interferes with 

translocation from the source to sink 
and also reduce pollen viability 

(Altuhaish et al., 2014). High 
temperature stress after the anthesis 
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phase can suppress grain set and 
grain size (Nuttall et al., 2017). 

Adaptive plants in tropical 
environments are shown by their 

ability to produce high grain yield.  
Table 6 shows the number of 

individual plants in the adaptation 

group of each F2 population. Each 
group had a mean value of grain 

weight per plant. The LSD (least 
significant difference) test was applied 
to compare the mean value of each 

group to both their parents. The result 
showed that there were groups with 

significantly higher or lower mean 
than their parents. The groups with 
statistically higher mean than their 

high parent must consist of several or 
all segregants with a high value of 

grain weight per plant because they 
could increase the mean values of the 

group. Adapted and highly adapted 
groups in all F2 populations have mean 

values better than the high parent. 
The number of adapted and highly 

adapted individuals was different 
among groups. These explained that 
we could identify individual segregants 

in these groups with higher grain 
weight per plant than their parents. 

The focus of this study was to 
evaluate each F2 population into 
adaptation groups. For the next 

discussions, the term 'transgressive 
segregation' will refer to explain the 

‘positive’ transgressive segregation 
(greater than the highest parent). 
Adaptation groups of the F2 population 

aimed to obtain preliminary 
information about segregants that can 

be selected and develop in the tropical 
wheat breeding program.

Table 6. Individual adaptation grouping in six F2 wheat populations based on grain 

weight per plant. 

Adaptation groups 
F2 Guri1/Selayar F2 Guri2/Selayar F2 Guri3/Selayar 

N Mean n Mean n Mean 

Not adapted 14 −1.97b 42  04.10b 13  07.06b 

Less adapted 54 10.16b 23 14.96 16 18.90 

Moderately adapted 18  25.42 11 28.89 10  31.25a 

Adapted  8 38.89a  3  39.23a 11  42.28a 

Highly adapted  3 58.52a  2  55.71a  6  56.73a 

Parental lines       

P1  23.44  28.45  23.17 

P2  22.78  13.40  13.40 

 
F2 HP1744/Selayar F2 Jarissa / Selayar F2Vee/Selayar 

N Mean n Mean n Mean 

Not adapted 59  −2.70b 26  01.16b 123  03.27b 

Less adapted 57 21.37 76 17.64  78  37.67a 

Moderately adapted 44  40.42a 34  38.39a  10  77.12a 

Adapted  7  60.87a 16  56.23a  4 116.97a 

Highly adapted  3  93.13a  8  83.38a  3 152.09a 

Parental lines       

P1  23.15  03.74  20.90 

P2  22.78  22.78  22.78 

The mean grain weight data shown were corrected according to Petersen (1994); parental with bold 
attribute was the higher parent; n = number of individual plants; a, b = significantly higher or lower 
than the high parent, respectively, based on the LSD test at  0.05. 
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Figure 3. Distribution of transgressive segregants in adaptation groups of six F2 
wheat populations. positive transgressive segregants (segregants which are 

greater than the highest parent),  others (all segregants which are lower than the 

highest parent). 
 

 Figure 3 shows the distribution 
of the positive transgressive 
segregants of each F2 population 

adaptation group. Crossing Selayar 

with introduced parent genotypes 
(HP1744, Jarissa, and Vee) resulted in 
a high number of positive 

transgressive segregants than others. 
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We predicted that introduced 
genotypes have new allele 

combinations to Selayar (a national 
variety) due to their segregants were 

more able to survive in the tropical 
environment. All individual segregants 
in the adaptive and highly adaptive 

groups were positive transgressive 
segregants with different numbers 

among the populations. 
The different distributions of the 

transgressive segregation among the 

adaptation groups in these three F2 
populations were thought to be caused 

by the variation of alleles controlling 
adaptation contributed by the parents 
involved. Rieseberg et al. (2003) 

stated that individuals having only 
positive alleles or negative alleles from 

both parents will have an extreme 
appearance. This indicated that highly 

adaptive individuals inherited alleles 
with a direct positive influence from 
their parents. Therefore, it can be 

explained that transgressive 
segregation plays a role in plant 

adaptation. Rieseberg et al. (2003) 
stated that transgressive segregation 
was a fast and large mechanism in 

evolution because hybridization 
produces a combination of genes and 

alleles that have been tested through 
selection. 

Adapted and highly adapted 

individual wheat plants were 
promising to be developed in 

Indonesia. Figure 3 shows that all 
individuals classified as adapted or 
highly adapted were transgressive 

segregants. These results supported 
the studies made by Rieseberg et al. 

(2003) and Kagawa and Takimoto 
(2019) that transgressive segregation 
selection resulted in individuals with a 

higher level of adaptation. There were 
8 and 3 individuals of Guri1/Selayar 

classified as adaptive and highly 
adaptive. In other F2 populations, the 

number of adaptive and highly 
adaptive individual plants were as 

follows: 3 and 2 individuals on 
Guri2/Selayar, 11 and 6 individuals on 

Guri3/Selayar, 7 and 3 individuals on 
HP1744/Selayar, 16 and 8 individuals 
on Jarissa/Selayar, and 4 and 3 

individuals on Vee/Selayar. These 
individuals should be plant-to-row 

spaced planted in F2.3 generation to 
examine which of them will be 
transgressive segregant lines, i.e. 

have greater grain weight per plant 
than their highest parent and have low 

variance which shows that no, or 
minimum, segregation because they 
have homozygote for all, or almost all, 

loci. 
 

 
CONCLUSION 

 
The F2 populations of HP1744/Selayar, 
Jarissa/Selayar, and Vee/Selayar have 

a high value of coefficient genetic of 
variance (CGV) compared to other 

populations. Populations that have the 
highest to lowest transgressive index 
successively were the F2 population of 

HP1744/Selayar, Guri1/Selayar, 
Vee/Selayar, Guri3/Selayar, 

Jarissa/Selayar, and Guri2/Selayar. All 
populations have transgressive 
segregants of more than 50% of the 

total individuals in each population. 
The number of individuals classified as 

adapted and highly adapted in each of 
F2 population were as follows: 8 and 3 
individuals on Guri1/Selayar, 3 and 2 

individuals on Guri2/Selayar, 11 and 6 
individuals on Guri3/Selayar, 7 and 3 

individuals on HP1744/Selayar, 16 and 
8 individuals on Jarissa/Selayar, and 4 
and 3 individuals on Vee/Selayar. All 

individuals that were classified into 
adapted and highly adapted groups 

were transgressive segregants which 
means that transgressive segregation 
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selection will increase the adaptability 
of selected wheat genotypes. 

Segregants classified into adaptive 
and highly adaptive could be 

continued to F2.3 generation to verify 
whether these segregants still have a 
high grain weight per plant with low 

variability. 
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