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Abstract: Development of mapping populations (MP) of any crop, including wheat, with its high-density 
genetics map is a crucial initial step in breeding programs aimed towards identification of quantitative 
trait loci for complex traits, such as yield. Current study is related to the field observations of hexaploid 
common wheat MP derived from a cross between the cultivars Pamyati Azieva (Russian Federation) and 
Paragon (UK). MP consisted of 98 recombinant inbred lines (RILs). It is the first mapping population to 
be constructed using one of the registered commercial cultivars in Kazakhstan. All 98 RILs were tested for 
four consecutive years (2015-2018) in the field conditions of the Kazakh Research Institute of Agriculture 
and Plant growing (KAZNIIZR). Field study suggests that the MP is a highly suitable genetic resource 
for wheat breeding projects, as the developed RILs showed a wide range of variation in yield related 
traits, including plant height (PH), number of fertile spikes (NFS), number of kernels per spike (NKS), 
and thousand kernel weight (TKW). The analysis of weight of kernels per plant (WKP) indicated that in 
total 40 RILs, including these five RILs: RIL48, RIL36, RIL83, RIL01, and RIL46, outperformed the local 
parent cultivar Pamyati Azieva. They showed averaged best yield values over the indicated period, which is 
highly correlated with PH, NFS, NKS, and TKW, as indicated by the Pearson correlation index. Individuals 
with favorable values for all yield-related traits were identified for their incorporation into the breeding 
studies. The GGE Biplot analysis allowed the separation of four trials to two mega-environments, possibly 
reflecting the amount of precipitation around flowering time and seed maturation time, which are crucial 
phases of wheat plant growth and development. These observations will be used to inform further studies 
related to genetic mapping of quantitative trait loci of yield components in common wheat.
Key words: wheat, recombinant inbred lines, mapping population, yield components, genotype-
environment interaction.

Introduction

Wheat (Triticum aestivum L.) is a member of 
the Poaceae family, comprised of the major cereal 
grains, including maize and rice [1]. Among the food 
crops, wheat is one of the most abundant sources of 
energy and proteins for the world population and its 
increased production is essential for food security of 
our country as well as on the global range. Wheat 
occupies about 17% of the total cropland and contrib-
utes around 35% of the common staple food in many 
countries [2].

Increased demand for wheat at the international 
as well as internal market is requiring improvements 
in Kazakhstani wheat breeding programs. The global 
food market incentivizes Kazakhstan as an important 
producer and exporter of wheat, strengthening its 

position and promoting wheat production [3]. How-
ever, Kazakh wheat production is conducted under 
adverse weather conditions, and therefore, yields are 
lower than in other major wheat producing coun-
tries [4]. In addition, producers seem to face other 
constraints, such as weak infrastructure, remoteness 
from principal markets and a restrictive institutional 
environment [5]. Relative wheat production has been 
declining in the last fifty years, conveying that Ka-
zakh wheat share has not been keeping pace with the 
global wheat production rates. Encouragingly, in the 
last decade, the rate of decline is slowing down, sug-
gesting improvements in the Kazakh wheat produc-
tion [6].

According to the data presented by the Ministry 
of Agriculture of the Republic of Kazakhstan, from 
the 2018 harvest, the total weight was 22.8 million 
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tons, and average yield was 15.1 t/ha. In general, the 
gross harvest of grain exceeds the last year’s level by 
760 thousand tons, or 3%, and the yield has inceased 
by 0.6 t/ha or 4% [7].

The success of wheat growth is also largely de-
pendent on the local breeding projects that focus on 
development of highly productive local cultivars. As 
agronomic traits of new cultivars, such as grain yield 
components, show continuous variation and are con-
trolled by quantitative genes, the analysis of quantita-
tive trait loci (QTL) is of great importance for plant 
breeders. The progress in genetic improvement of 
cereals over the last century was based mainly on the 
use of single genes with relatively clear-cut effects 
on the phenotype. Predicting genetic variances of bi-
parental populations has been a long-standing goal 
for plant breeders. The ability to discriminate among 
crosses with similarly predicted high means, but dif-
ferent levels of genetic variance should improve the 
effectiveness of breeding [8]. Although it is possi-
ble to start breeding programs using only phenotypic 
selection, understanding the number and genomic 
location of genes controlling agronomically impor-
tant traits can enhance the efficiency of selection [9]. 
The most widely used methods for identifying the 
marker-trait associations (QTL analysis) are genetic 
map construction, phenotyping and genotyping with 
the molecular markers, and use of differentiation 
populations [10; 11]. Experimental populations used 
for identifying the QTL in crops are F2, backcrossed 
(BC1F1), recombinant inbred lines (RILs), and dou-
bled haploid (DH) populations. DH populations are 
quicker to produce than RILs when methods to pro-
duce DH are available [12]. However, major disad-. However, major disad-
vantage of DH is that recombination rate is less than 
that of RILs [13]. 

In breeding programs designed to increase grain 
yield, it is particularly important to make selections 
based on components and traits affecting yield. The 
yield components, which develop during ontogen-
esis, are the factors that determine the productivity of 
a wheat crop [14]. The contribution of each of these 
components in estimating the grain yield, though 
influenced by the genetic properties of a particular 
cultivar, can change depending on growth and devel-
opment conditions, in particular under the influence 
of habitat and agronomic factors [15]. The individual 
yield components developed at different growth stag-
es and the conditions prevailing during these stages 
are directly translated into the quantitative param-
eters of these traits. 

Large number of quantitative traits in wheat, in-
cluding kernel yield, flowering time, and resistance 

to various diseases, demonstrate significant variabil-
ity in the manifestation of the genotype – environ-
ment interaction (GEI) [16]. Determining the nature 
of the ecological-genetic interaction or “genotype-
environment” is one of the key tasks, the resolution 
of which is possible through the establishment of the 
mechanisms of inheritance of the genetic components 
of this system. Obviously, the phenotypic manifesta-
tion of quantitative traits depends on both genetic and 
non-genetic components that influence the formation 
of an individual or population genotype. Classical 
studies of quantitative traits assess the genotype-
environment interaction, averaged, taking the action 
of the entire genome into account to a greater extent 
than the genome’s individual loci or QTL [17]. 

As stated above, the development of bi-parental 
mapping populations is essential for the development 
of regional wheat breeding projects. Therefore, as 
part of the international project “ADAPTAWHEAT” 
[18], the genetic map from the cross of Pamyati 
Azieva (Russian cultivar registered in Kazakhstan) x 
Paragon (UK cultivar) was developed. The mapping 
population (MP) consisted of 98 recombinant inbred 
lines (RILs) [19]. As GEI is enormously influential to 
the yield and yield components, it was important to 
test the MP in Kazakhstani field conditions. The aim 
of the study was to evaluate the morphological vari-
ability of RILs in the southeast of the country.

Materials and methods

The subject of the study is a common wheat bi-
parental mapping population (MP) from the cross of 
cultivars Pamyati Azieva (Russian Federation, reg-
istered in Kazakhstan) and Paragon (UK), hereafter 
referred to as Pam x Par. The Pam x Par MP consist-
ed of 98 recombinant inbred lines (RILs) developed 
from F2 generation by single seed descent method 
in greenhouse conditions by using facilities of the 
John Innes Centre (Norwich, UK) from the period 
of 2011-2015 yy. By 2015, 98 RILs were available 
at F8 generation for field trials in Kazakhstan. MP 
along with the parent plants have been grown in the 
experimental station of the Kazakh Research Insti-
tute of Agriculture and Plant growing (KAZNIIZR, 
southeast of Kazakhstan). The station’s GPS coordi-
nates are N 43°13’09” E 76°41’17”, altitude 740 m. 
The cultivar Pamyati Azieva provides a combination 
of drought resistance, resistance to powdery mildew, 
and contains a large number of kernels per spike, 
which ensures high productivity per spike. Paragon 
served both conventional and organic growers well, 
and is recognized as a high bread making cultivar. In 
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addition, Paragon has broad-spectrum disease resist-broad-spectrum disease resist- disease resist-
ance and good straw characteristics. The MP was de-
veloped under the project “ADAPTAWHEAT” [18].  

Ninety-eight RILs (F8 generation) have been 
planted on the field of the KAZNIIZR in two rand-
omized replications in 2015-2018 yy. The rows were 
spaced 15 cm apart and the distance between plants 
within a row was 5 cm. In total, the data for mean val-
ues of eight agronomic traits of the 98 RILs harvested 
in four-year trials was analysed. The studied traits 

included plant height (PH), peduncle length (PL), 
number of fertile spikes (NFS), spikes length (SL), 
number of kernels per spike (NKS), thousand ker-
nels weight (TKW), weight of kernels per main spike 
(WKS), and weight of kernels per plant (WKP). Soil 
in the experimental field is light chestnut (humus 2.0-
2.5%). Annual precipitation at the experimental site 
ranged from 51 to 103 mm during the experiment, 
while the average temperature varied from 23 to 27oC 
(Figure 1).

Figure 1 – Temperature (A) and Precipitation (B) data over the four years (2015-2018 yy.) 
at the KAZNIIZR breeding station

Statistical data analysis. Variability of key yield 
traits was assessed using Statistical Package for the 
Social Sciences Version 16.0 (SPSS software; In-
ternational Business Machines: New York, USA, 
https://www.ibm.com/products/software). The de-
scriptive statistics of all traits was measured during 
the experiment. The correlation analysis was calcu-
lated using GraphPad Prism Version 8.0 (GraphPad 
Software; La Jolla California, USA, https://www.
graphpad.com/). The genotype-environment inter-
action (GEI) analysis was calculated using GenStat 
software Version 19.1 (VSN International, Hemel 
Hempstead: UK, www.vsni.co.uk). 

Results and discussion

Yield performance of the MP. The value of 
WKP ranged from 2.3 g (RIL51) to 5.6 g (RIL48). 
The average WKP for the MP over the four years 
was 3.9±0.7 g and it was slightly less than WKP for 
Pamyati Azieva (4.1 g). In total, 40 out of tested 98 
RILs exceeded the WKP in comparison with the par-
ent cultivar Pamyati Azieva (Figure 2). 

Results suggest that developed MP Pam x Par is 
well adapted to the local environmental conditions. 
RILs with the best yield performance are listed in 

Table 1. The list suggests that those RILs can be suc-
cessfully introduced to further breeding studies in 
south-east of Kazakhstan. 

The WKP data from the Table 1 suggests that 
lines RIL48, RIL36, RIL83, RIL01, and RIL46 
should be selected for extended field trials with larger 
field plots.

The Pearson correlation analysis indicates that 
WKP significantly correlated with PH, NFS, NKS, 
and TKW (Table 2).

As can be seen from the Table 2, the correlation 
indices were positive for all four traits, the analysis 
suggests that most high yielding accessions should 
be tall, with greater NFS, NKS and TKW numbers. 
Since the productivity of the studied population is 
largely dependent on weather conditions, which dif-
fered by year, the yield components were studied 
separately in all four years (2015-2018 yy.). The 
highest average WKP values were registered in 2016 
and 2018. The average yield in 2016 was 4.6 ± 0.13 
grams per spike and 4.3 ± 0.11 grams per plant in 
2018. These results correlate with the amount of pre-
cipitation in July (Figure 1). Since wheat flowering 
and seed maturation occurs in July in south-east of 
Kazakhstan, precipitation in this month plays a cru-
cial role in the final grain yield.
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Figure 2 – The range of averaged WKP over the four years (2015-2018 yy.) in Pam x Par MP.  
Note: Pamyati Azieva – red colour, Paragon – green colour, RILs – blue colour.

Brown colour designates RILs with the highest WKP values

Table 1 – List of RILs that showed best average values over four years (2015-2018) for three studied yield components, WKS, WKP, 
and TKW

RILs WKS (g) RILs WKP (g) RILs TKW (g)
RIL83 1.8 RIL46 5.1 RIL98 33.3
RIL88 1.8 RIL01 5.2 RIL54 34.4
RIL25 1.9 RIL83 5.4 RIL57 34.6
RIL26 1.9 RIL36 5.4 RIL52 34.7
RIL52 1.9 RIL 48 5.6 RIL29 35.4
Pam 1.3 Pam 4.1 Pam 30.6

Paragon 1.7 Paragon 4.3 Paragon 25.7
Max* 1.93 Max* 5.6 Max* 35.4
Min* 0.97 Min* 2.3 Min* 19.6

Mean* 1.47 ± 0.02 Mean* 3.9±0.07 Mean* 28.6 ± 0.29
*Averaged data on bi-parental mapping population

Table 2 – Pearson correlation index for major yield-related traits in 98 RILs of Pam x Par MP

Trait PH NFS NKS WKS WKP TKW
NKS 0.35*** 0.12ns 1.00*** 0.68*** 0.47*** -0.14 ns
WKS 0.60*** 0.03 ns 0.68*** 1.00*** 0.66*** 0.49***
WKP 0.37*** 0.54*** 0.47 *** 0.66*** 1.00*** 0.40***
TKW 0.40*** -0.06 ns -0.14 ns 0.49*** 0.40*** 1.00***

Note: P – values are provided with significance level indicated by the asterisks; * P < 0.05, ** P < 0.001, *** P < 0.0001, ns – not 
significant
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Despite the fact that yield in 2015 and 2018 was 
highest for the MP in the four subsequent years, the 
WKP was not interrelated (0.133). However, in all 
other cases the WKP significantly correlated with 
other trials. This result matches the GGE biplot anal-
ysis that graphically shows the relationship between 
genotypes and environments (Figure 3). 

The genotype main effect and genotype x envi- genotype main effect and genotype x envi-genotype main effect and genotype x envi-
ronment interaction (GGE) Biplot analysis suggests 
that environmental conditions in 2015 and 2016 were 
similar and combined in the first mega-environment 
(ME), and conditions in 2017 and 2018 were pooled 
in the second ME. In addition, the separation of four 
years trials into two mega-environments reflects the 
amount of precipitation in June (Figure 1), which is 
the key month for heading time in the southeast of 
the country.

The GGE Biplot graph (Figure 3) also suggests 
that the most suitable accessions for the first ME 
were RIL11, RIL25, and RIL46, while in the second 
ME – RIL25, RIL36, and RIL26, which match the 
data in the Table 1 well.

Figure 3 – The scatter plot of the GGE Biplot graph 
 for 98 RILs of Pam x Par MP

Figure 4 – The binomial distributions of major yield-related traits averaged over the four years 
 (2015-2018 yy.) in Pam x Par MP. Note: A – plant height, B – number of fertile spikes, C – number of 

kernels per spike, D – thousand kernels weight 
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Variability in the main yield components. The 
Pearson correlation indices suggest that PH, NFS, 
NKS and TKW are major yield components for the 
studied region (Table 2), variation of these four traits 
was observed in the Pam x Par MP. It was found that 
PH ranged from 58.9 cm in RIL51 to 105.5 cm in 
RIL 49 (Figure 4.A). The PH of Pamyati Azieva was 
higher than in Paragon, and most of the RILs were in 
the range of 85 cm to 95 cm (Figure 4, A). The NFS 
ranged from 2.0 in RIL58 to 6.0 in RIL01, and the 
parents of the MP were similar in PH (Figure 4, B). 
However, when the parents were compared for NKS, 
Paragon (59.0) significantly outperformed Pamyati 
Azieva (42.0, P<0.0001) (Figure 4, C), which sug-
gests that UK standard is well suited to use in breed-
ing for PH, one of the important yield components. 
The TKW, another important yield trait, ranged from 
19.6 g in RIL22 to 35.4 g in RIL29 (Figure 4, D). 
In contrast with NKS, in study of TKW, the cultivar 
Pamyati Azieva (30.6 g) showed significantly higher 
value (P<0.0001) than Paragon (25.7 g). 

In overall, the assessment of the range of all four 
yield related components allowed the selection of 
valuable RILs that may play an important role in fu-
ture wheat breeding studies in the region. The study 
allowed the identification of high yield RILs that may 
significantly contribute to the improvement of yield 
in southeast of the country. In addition, the variation 
of the field data can be successfully used in further 
studies related to the identification and genetic map-
ping of quantitative trait loci of yield related traits. 

Conclusion

This study reports the field evaluation of the MP 
(98 RILs of Pam x Par) of common hexaploid wheat 
generated from the collaboration between Kazakh 
and British scientists. This is the first MP to be con-
structed by using one of the registered commercial 
cultivars in Kazakhstan. All 98 RILs were tested 
over the four consecutive years (2015-2018 yy.) at 
the KAZNIIZR breeding station. The fi eld study sug-KAZNIIZR breeding station. The fi eld study sug- breeding station. The field study sug-
gests that the MP is a highly suitable genetic resource 
for wheat breeding projects, as developed RILs show 
a wide range of variation in yield related traits, in-
cluding PH, NFS, NKS and TKW. The analysis of 
WKP indicated that in total 40 RILs outperformed 
the local parent cultivar Pamyati Azieva, including 
those five RILs (RIL48, RIL36, RIL83, RIL01, and 
RIL46) that showed averaged best yield values over 
the four years (2015-2018 yy.). The Pearson correla-
tion index indicated that the average yield over all 
the four years was highly correlated with PH, NFS, 

NKS, and TKW. Individuals with favorable values 
for all yield-related traits were identified for their 
incorporation into the breeding studies. The GGE 
Biplot analysis allowed the separation of four tri-
als to two mega-environments. It was hypothesized 
that the separation reflects the amount of precipita-
tion in flowering and seed maturation times, which 
are crucial phases of wheat plant growth. Finally, all 
obtained observations will be used for further studies 
related to genetic mapping of quantitative trait loci of 
yield components in common wheat.
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