<@ sustainability

Article

Evaluation of Agronomic Performance and Genetic Diversity
Analysis Using Simple Sequence Repeats Markers in Selected

Wheat Lines

Osama Tahir !, Sajid Ali Khan Bangash 1*{9, Muhammad Ibrahim !, Sana Shahab %>*{), Sahir Hameed Khattak (7,
Israr Ud Din 1@, Muhammad Nauman Khan 340, Aqsa Hafeez >, Sana Wahab >, Baber Ali >0, Rania M. Makki ®

and Steve Harakeh 7

check for
updates

Citation: Tahir, O.; Bangash, S.A.K.;
Ibrahim, M.; Shahab, S.; Khattak, S.H.;
Ud Din, I.; Khan, M.N.; Hafeez, A.;
Wahab, S.; Ali, B.; et al. Evaluation of
Agronomic Performance and Genetic
Diversity Analysis Using Simple
Sequence Repeats Markers in
Selected Wheat Lines. Sustainability
2023, 15,293. https://doi.org/
10.3390/5u15010293

Academic Editors: Shri Mohan Jain,
Penna Suprasanna and Sudhir

Sopory

Received: 19 October 2022
Revised: 24 November 2022
Accepted: 8 December 2022
Published: 24 December 2022

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Institute of Biotechnology and Genetic Engineering, The University of Agriculture, Peshawar 25130, Pakistan
Department of Business Administration, College of Business Administration, Princess Nourah bint
Abdulrahman University, P.O. Box 84428, Riyadh 11671, Saudi Arabia

Department of Botany, Islamia College Peshawar, Peshawar 25120, Pakistan

Biology Laboratory, Agriculture University Public School and College for Boys (AUPS & C),

The University of Agriculture Peshawar, Peshawar 25130, Pakistan

Department of Plant Sciences, Quaid-i-Azam University, Islamabad 45320, Pakistan

Department of Biological Sciences, Faculty of Science, King Abdulaziz University (KAU), P.O. Box 80141,
Jeddah 21589, Saudi Arabia

7 King Fahd Medical Research Center, Yousef Abdullatif Jameel Chair of Prophetic Medicine Application,
Faculty of Medicine, King Abdulaziz University, Jeddah 21589, Saudi Arabia

Correspondence: author: sajidbangash@aup.edu.pk (S.A.K.B.); sshahab@pnu.edu.sa (S.S.)

Abstract: Crop improvement is the fundamental goal of plant biologists, and genetic diversity
is the base for the survival of plants in nature. In this study, we evaluated 20 wheat lines for
morphological and genetic diversity using eight simple sequence repeats markers from Wheat
Microsatellite Consortium (WMC). Morphologically, variations were observed among all of the
different wheat lines for the studied trait except for single spike weight. The highest values for
different agronomic traits were recorded for the different wheat lines. The maximum days to heading
were recorded for Borlaug-16 (128.3 & 2.52 days). Similarly, days to maturity were recorded and were
highest in Markaz-19 (182.3 £ 5.13 days), followed by Borlaug-16 (182.0 &= 4.58 days). The highest
plant height was observed for Zincol-16 (122.3 & 2.51 cm), followed by Markaz-19 (120.0 & 14.79 cm)
and Borlaug-16 (119.7 &+ 6.8 cm). The productivity measured by 100-grain weight was highest in
the case of Zincol-16 (84.0 & 7.5 g). In contrast, wheat lines Shahkar, Sehar, and Farid-6 showed the
lowest values for the traits tested. The results of genetic diversity revealed a total number of 16 alleles
at eight SSR markers with an average of 2.00 & 0.534 alleles per locus. Out of eight SSR markers,
one marker (WMC105) was monomorphic, and six were dimorphic, showing two alleles at each
locus. The maximum number of alleles (3) was observed for marker WMC78, in which genotypes
AC and AA were predominantly found in high-yielding lines Borlaug-2016 and Zincol-2016 that
were distantly related to other varieties. Zincol-2016 was also agronomically distinct from the rest
of the 19 wheat lines. The results obtained from this study may be of importance for the scientific
community to further explore the underlying genetic polymorphism associated high yielding varieties
using marker-assisted selection for sustainable agriculture.

Keywords: genotyping; polymorphism; genetic diversity; SSR markers; sustainable agriculture

1. Introduction

Wheat is an essential field crop utilized as the main crop that is consumed world-
wide [1-4]. Wheat accounts for 10% of the value-added in agriculture and 2.2% of the Gross
Domestic Product (GDP) of Pakistan. During 2018-2019, the wheat crop was reported to
be sown in an area of 9.04 million hectares, reporting a decrease of 2% as compared to
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9.22 million hectares during 2017-2018. Production of Wheat was reported to be 27 million
tons during 2019, with an enhancement of 7.3% more as compared to the previous year’s
yield of 25.16 million tons. The yield enhancement contributed to increasing per hectare
yield [5]. During the last few years, wheat has been the main essential food item, and
improvement in its production, quality, and architecture occurred following the Green
Revolution [6]. Successes in wheat breeding are improved and resulted in higher yields due
to tackling the following factors: resistance to diseases [7,8] and tolerance to soil micronu-
trient imbalances [9], resistance to lodging, industrial quality, tolerance to drought [10-12],
acidity, heavy metals [13-17], heat, cold, and salinity [18-23], bio-control [24,25], changes
in grain color, photo-period sensitivity, nitrogen use efficiency, pre and post-harvest [26]
sprouting resistance, and swift grain filling [27].

Seed yield is a complicated quantitative trait; hence, selection based on the perfor-
mance of genotype for seed production was generally not effective. Selection for seed
production by considering physiological and morphological characters as indirect selection
standard is a choice breeding method [28]. The assessment of yield-related characters with
respect to their genetics is essential for the improvement of seed production. Correlation
among quantitative plant characters with their direct and indirect response to seed produc-
tion is of huge importance for the achievement of the selection that is applied during the
breeding methods. However, these characters are more affected by the environment and
genotype due to their quantitative nature [29]. Agro-morphological traits (phenotyping)
are the first step towards line and protection of genetic diversity [30,31]. When investigat-
ing genetic biodiversity, the use of agromorphological diversity gives more complex data
to molecular marker characterization. Morphological criteria such as the structure and
color of seeds, spike density, plant height, glume nature, days to heading and maturity,
1000 seed weight, etc., can be utilized as criteria to evaluate the diversity among the wheat
variation [32,33].

Genetic variation is the base for genetic development. Germplasm diversity infor-
mation has an important impact on crop plant improvement [34-36]. Advanced breeding
recommends that genetic variation in wheat has been narrowing. Narrow genetic diversity
is an issue counteracting adaptation to abiotic stresses [37—40], such as salt [41-43], drought,
heavy metals [44—47] tolerance, and biotic stresses, such as a pest etc. Henceforth, it is im-
portant to broaden the genetic diversity of wheat for future wheat breeding programs [48].
Climate change is one of the important factors that elevate both biotic and abiotic stresses
in plants [49]. Due to continuous climate change events in recent years, wheat breeding pro-
grams have been severely affected, resulting in a loss of adaptability and productivity [50].
The major impact of climate change is on agriculture production due to changes in rain
patterns, floods, droughts, and temperature. Therefore, plant productivity and resistance
to climatic stresses are currently the major topics of interest for sustainable agriculture [35].
To combat climatic stresses, genetic diversity assessment of the existing germplasm is of
prime importance to identify the genetic basis of adaptability and productivity [34].

The molecular marker(s) for the evaluation of genetic diversity evaluation is a very
trendy approach. Wheat scientists investigated genetic variations in wheat using various
DNA markers such as RFLPs [51], AFLPs [52], RAPDs [53], ISSRs [54], and STS [55].
However, some markers have a low level of polymorphism in common wheat, particularly
among cultivars [56]. Simple sequence repeats (SSRs) have been considered the most
effective marker for the genetic variation assessment among the different wheat lines
because of their chromosomal specificity, multiallelic, and even distribution along the
chromosomes [57]. SSR markers are applied mainly for the identification of QTLs [58],
tagging resistance genes [48,59], and confirming the integrity and genetic solidity of gene
bank accessions and marker-assisted pick in wheat [60]. These markers also showed a
high level of polymorphism among diploid species, in the case of tetraploid wheat Aegilops
tauschii and Triticum dicoccoides, the D-genome donor of wheat, and also in hexaploid wheat
varieties [61].
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In wheat, there are many SSR markers accessible that have already been mapped on its
genome [62]. SSR markers are beneficial and befalling to be renowned for countless applica-
tions in wheat breeding because of their high polymorphism level and ease of handling [63].
Microsatellite markers are exploited to evaluate the genetic variety of hexaploid wheat
(Triticum astivum. L) landraces in connection to their geographic source [64]. However,
some limitations associated with SSR markers include a limited number of SSR motifs in the
genome, labor-intensive gel-based assays, limited multiplexing potential, low throughput,
and higher cost [65]. Therefore, genotyping and diversity assessment methods in wheat
lines are now changing to high-throughput SNP genotyping technology, which has the
potential to overcome the limitations associated with conventional SSR genotyping.

Registration and identification of wheat cultivars are mainly based on physiological
and morphological traits. Even if they are useful, they can be affected by environmental
factors. DNA marker is very helpful in providing information about the physiological
and morphological characterization of the different varieties of wheat due to tissue inde-
pendency or ecological effects, plentiful, and cultivar detection early in plant germination.
DNA-based characterization of varieties is also beneficial in providing information related
to genetic erosion [66].

This study was designed to evaluate the morphological diversity of 20 selected wheat
lines. Different agronomic parameters, including days to heading, days to maturity, number
of spikelets per spike, grain yield, etc., were compared among the selected wheat lines. In
addition, molecular variance (allelic polymorphism, genetic diversity, and genetic distance)
among the selected wheat lines was analyzed using eight different SSR DNA markers. The
association between agronomic traits and SSR polymorphism was evaluated to identify
potential loci/alleles for future studies.

2. Materials and Methods
2.1. Experimental Material

The experimental material was comprised of 20 varieties of wheat (Table 1). All the
20 wheat lines used for this study were genetically diverse and are the results of different
breeding experiments for better performance in the local environment. The pedigrees of
the seeds material are given in the table below.

Table 1. List of wheat varieties and their pedigree used for the study.

Wheat Variety Pedigree

Markaz-2019 SOKOLL/ /FRTL/2*PIFED

Borlaug-2016 SOKOLL/3/PASTOR/ /HXL7573/2*BAU

Zincol-2016 OASIS/SKAUZ/ /4*BCN/3/2*PASTOR /4 /T.SPELTA P1348449/5/BACEU
#1/6/WBLL1*2/CHAPIO

Pakistan-13 MSA04MO00552S-040ZTP0Y-040ZTM-040SY-19ZTM-03Y-0B-01D

NARC-2011 OASIS/SKAUZ/ /4*BCN/3/2*PASTOR

NARC-2009 INQALAB 91*2/TUKURU

Wafaq-2001 OPATA/RAYON//KAUZ

Magalla-99 OPATA /BOW’S’

Attahabib INQALAB 91*2/TUKURU

Khatakwal Land race of Southern KPK, Pakistan

Janbaza GEN*2//BUC/FILK/3/BUCHIN

Lalma-13 “PASTOR/3/ALTAR84/AE.SQUARROSA(TAUS)//OPATA(SOKOLL)

Tatara-96 JUP/ALDS??KLTS/3VEES

Punjab-11 SA 42 *2/4CC/INIA//BB/3/INIA /HD832

Pirsabaq-5 CMSS93B007295-23Y-010M-010Y-010M-7Y-1M-0Y

Pirsabaq-13 CS/TH.SC//3*PVN/3/MIRLO/BUC/4/MILAN/5/TILHI

Galaxy-2013 CMHS84.3379/CMH78.578/ /MILAN

Sehar-06 CHILL/2* STAR/4/BOW//BUC/PVN/3/2*VEE#10

Shahkar-13 CMHS84.3379/CMH78.578/ /MILAN

Farid-06 PT’S’/3/TOB/LFN//BB/4/BB/HD-832-5//ON/5/G-V/ALD’S’/ /HPO

2.2. Experimental Design

The current research was carried out at the National Agricultural Research Centre,
Islamabad, to assess morphological and molecular genetic variation in wheat. Sowing was
performed in triplicates during the third week of October using a Randomized Complete
Block Design (RCBD). In order to attain maximum accuracy, the agronomic attempts were
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executed for all genotypes in every replication. The crop was irrigated as per needs. Data
were cured on five randomly selected plants for distinct genotypes in each replication on
the following parameters.

2.3. Parameters under Consideration

Data was cured for the given traits, and their mean was computed. All the parameters
were measured for at least triplicates for each one of the given lines. Days to 50 percent
heading were calculated starting immediately after the sowing date to the emergence of
the spike from the flag leave sheath of half of the plants. The count of days to maturity
was calculated starting at the sowing date and ending at the physiological maturity date
of genotypes. In five (5) randomly selected plants, plant height was measured from the
level of the ground to the top of the spike apart from awns using a measuring rod at plant
maturity. The count of spikelet/spike was calculated for selected spikes for each plot, and
then their average was used for the final analysis. Single spike weight was measured for
each randomly selected spike in a digital balance machine and then averaged for data
analysis. The number of seeds of randomly selected spikes was weighed in grams by
using an electronic balance, and then the mean and SD were then calculated. A sample of
hundred seeds was weighted in grams (g) for each randomly selected plant, and then the
average for data analysis was determined. Seed yield/plant was obtained by weighting
the total seed produced per plant after threshing of each selected plant, and then the mean
was determined.

2.4. DNA Isolation from Leaf Samples

Leaf samples of each genotype were collected, and DNA was extracted from these
samples using a standard protocol. The samples were ground in liquid nitrogen, and the
warmed (65 °C) CTAB buffer (800 uL) was added to each tube, and the resulting mixture
was vortexed thoroughly to homogenize. Tubes were then incubated in a water bath for 1 h
at 65 °C. Chloroform and phenol-isoamyl-alcohol (800 pL) at a ratio of 24:1 were added to
each tube, and the solution was mixed gently by inverting tubes for 2 min.

The samples were centrifuged at 14,000 rpm for 15 min. The supernatant was trans-
ferred to new 1.5 uL Eppendorf tubes. Cold isopropanol (2/3rd volume of supernatant)
was added to each tube and mixed gently. Samples were again centrifuged at 14,000 rpm
for 10 min to pellet DNA. The supernatant was discarded, and the sample was washed
with the help of ethanol (70%). Ethanol was discarded, and the DNA pellets were allowed
to dry at 27 °C for 10 min. The DNA samples were dissolved in 100 uL TE (pH 8.0) and
stored at —20 °C.

2.5. Polymerase Chain Reaction (PCR)

PCR mixture of 25 pL containing 80 ng of DNA template, 1 unit of Taq polymerase,
1.5 mM MgCl,, 0.2 mM dNTPs, and 200 nM primer. Specific regions in DNA were amplified
through Polymerase Chain Reaction using specific primers (Table 2). PCR reaction was
conducted according to specific conditions and standard protocol. PCR profile was three
minutes of denaturing at 94 °C, 43 cycles for 1 min of denaturation at 94 °C, one minute
of annealing at 55 °C, and two minutes of extension at 72 °C. A final extension step was
10 min at 72 °C.

Analyses of amplified products were conducted with 3% agarose electrophoresis gel.
The fragments were run in 0.5X Tris EDTA with 120 V (4 v/cm) and were imaged by the
ethidium bromide staining method. Pictures of bands were taken under UV light.

2.6. SSR Makers

Molecular marker offers a nearly indefinite number of markers to relate distinct geno-
types under a wider collection of environmental settings. Further, they are not linked with
crop growth stages and provide data that can be studied empirically. Interestingly, simple
sequence repeats (SSRs), also renowned as microsatellite markers, are known to be valuable
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for producing contrastive genetic maps, studying genomic polymorphism in dissimilar
germplasms, studying genetic diversity, and supporting genotypic selection [67-70]. Con-
sequently, SSR analysis can perform a vital role in the determination of the alleles relating
to diversity that would be beneficial for plant breeders to exploit and produce new varieties
through genetic diversity.

Table 2. Primer information of SSR markers for genetic diversity of wheat.

Forward Primer Reverse Primer Length Annealing

Marker (5'=3) (5'-3") (bp) (@)
WMC177 AGGGCTCTCTTTAATTCTTGCT GGTCTATCGTAATCCACCTGTA 22 61.7
WMC168 AACACAAAAGATCCAACGACAC CAGTATAGAAGGATTTITGAGAG 22 56.8
WMC167 AGTGGTAATGAGGTGAAAGAAG TCGGTCGTATATGCATGTAAAG 22 61.0
WMC165 CACACTCGCACGATTTTCCTAT TCGGTTACACTGGAAGTGGTCT 22 63.9
WMC153 ATGAGGACTCGAAGCTTGGC CTGAGCTTTTGCGCGTTGAC 20 65.2
WMC150 CATTGATTGAACAGTTGAAGAA CTCAAAGCAACAGAAAAGTAAA 22 58.4
WMC105 AATGTCATGCGTGTAGTAGCCA AAGCGCACTTAACAGAAGAGGG 22 65.1
WMC78 AGTAAATCCTCCCTTCGGCTTC AGCTTCTTTGCTAGTCCGTTGC 22 64.9

In the present study, eight Wheat Microsatellite Consortium (WMC) SSR markers
(Table 2) were used to characterize the 20 wheat varieties. Gene diversity, heterozygosity,
major allele frequency, and the polymorphism information content (PIC) were calculated for
all eight SSR markers. These markers are associated with the various morphological traits
that identify genetic diversity. Francois et al. [71] described that both bread and durum
wheat have huge genetic diversity regarding various morphological traits. Therefore, if
the evaluation of genotypes for genetic diversity during the seed germination process,
genetically diverse genotypes can be recognized at the early growth stages.

2.7. Data Analysis

The data were analyzed using different software as follows.

2.7.1. Statistical Analysis

All the statistical analysis was performed using SPSS software version 23. The data
for all parameters were analyzed for means and standard deviation for all wheat lines.
One-way ANOVA with Post Hoc Tukey’s test (at p-value < 0.05) was performed to analyze
the differences among the different wheat lines. Different shades of red color indicate
significant differences among the different lines.

2.7.2. Phylogenetic Analysis

Genotypes were assigned to each DNA sample based on the gel banding pattern.
Genetic diversity parameters, i.e., the number of observed and effective alleles; observed
and expected heterozygosities; Shannon information index; and allele frequencies were
calculated using POPGENE software [72]. Genetic distance among different combinations
of wheat lines was also calculated from the genotype data. A dendrogram was constructed
from the SSR data to evaluate the phylogenetic relationship among the 20 varieties.

3. Results

The study of agronomic traits is important for identifying high-producing wheat lines.
It also provides the basis for exploring genetic diversity for further supplementation of the
data for selecting high-producing lines with desirable traits. The wheat lines analyzed in
this study showed significant diversity in both their agronomic traits (Table S1) and DNA
markers. Results showing variations in the agronomic traits and genotypes of the 20 wheat
lines are presented in this section.

3.1. Variation in Days to 50% Heading

Days to heading is an important agronomic trait that controls flowering time in wheat.
The result of the current study showed variations in days to 50% heading among the
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different lines. The mean values for days to 50% heading ranged between 114.7 £ 0.58
and 128.3 £ 2.52 (Figure 1A). Different wheat lines showed different values for days to
50% heading.
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Figure 1. Days to 50% heading of 20 different lines. (A) Grey columns indicate the mean of the
number of days to heading. Error bars indicate SD. Mean (+SD) was calculated based on data from
five replicates for each line. (B) Data were analyzed using One-Way ANOVA, pairwise Post Hoc
Tukey’s test at p-value < 0.05. Different shades of red color indicate significant differences among the
different lines.

The lowest value for days to 50% heading was recorded for Shahkar-13 and Farid-06
(114.7 £ 0.58 and 114.7 £ 3.05 days, respectively), which was significantly lower than
Pakistan-13, Khatakwal, Zincol-16, NARC-11, Magalla-99, Markaz-19, NARC-09, Wafaqg-01
and Borloaug-16 (123.7 £ 1.15 to 128.3 & 2.52 days) (Figure 1B). The most prolonged days
to 50% heading was recorded for Borloaug-16 (128.3 & 2.52 days). Breeders prefer the
lines which show early heading; thus, the agronomic trait (days to 50% heading) was more
desirable for wheat lines Shahkar-13 and Farid-06. However, analysis of other desirable
traits is important before the final selection.

3.2. Days to Maturity in Different Wheat Lines

Early crop maturity is a desirable characteristic in agriculture. The current data
revealed significant variations in days to maturity among the 20 studied wheat lines
(Figure 2A). The Farid-06 wheat line showed the lowest number of days needed to reach
maturity (168.3 £ 2.89 days), which was significantly lower than 13 out of 19 lines studied
(Figure 2B). The remaining six lines (Panjab-11, Pirsabaq-05, Pirsabaq-13, Galaxy-13, Sehar-
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06, and Shahkar-13) also showed a lower number of days needed to maturity (ranging
between171.0 & 2.64 to 176.0 & 3.00) similar to Farid-06. Markaz-19 needed the longest time
to reach days to maturity (182.3 & 5.13 days), followed by Bouloaug-16 (182.0 = 4.58 days).
Plant height ranged from 105.7 & 6.8 (Shahkar-13) to 122.3 &+ 2.5 (Zincol-16), which were
significantly different from each other (p < 0.05). Plant height among the rest of the
18 varieties showed no significant differences.
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Figure 2. Days to maturity in 20 different lines. (A) Grey columns indicate the mean of the number of
days to heading. Error bars indicate SD. Mean (+SD) was calculated from five replicates for each line.
(B) Data were analyzed using One-Way ANOVA, pairwise Post Hoc Tukey’s test at p-value < 0.05.
Different shades of red color indicate significant differences among the different lines.

3.3. Number of Spikelets per Spike

Spikelet per spike is one of the essential wheat characteristics which is directly linked
to the grain yield component. There was a significant variation in the number of spikelets
per spike among the 20 wheat lines (Figure 3A). The highest number of spikelets per spike
was recorded for the Borloaug-16 wheat line (31.9 & 1.5), while the lowest number of
spikelets per spike was noted in the case of Farid-06 (21.1 £ 0.2). The value for spikelet per
spike for Borloaug-16 was significantly higher than 14 of the studied lines (p < 0.01 against
2 lines; p < 0.001 against 12 lines) (Figure 3B). In contrast, the lowest number of spikelets
per spike was observed for Farid-06, which was significantly lower as compared to the
11 other lines (Figure 4B). The maximum value for single spike weight was recorded for
Markaz-19 (57.7 £ 8.1 g), while the minimum value for single spike weight was recorded
for Farid-06 (27.9 £ 11.1 g).
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Figure 3. Spikelets per spike in 20 different lines. (A) Grey columns indicate the mean of the
number of days to heading. Error bars indicate SD. Mean (£SD) was calculated from five replicates
for each line. (B) Data were analyzed using One-Way ANOVA, pairwise Post Hoc Tukey’s test at
p-value < 0.05. Different shades of red color indicate significant differences among the different lines.

3.4. Hundred (100) Seeds Weight (g)

The mean of the hundred seeds weight varied among the 20 studied wheat lines and
ranged between (8.4 & 0.8 to 5.8 & 0.7 g). The highest value for mean hundred seeds
weight was recorded for two wheat lines: Zincol-16 (8.4 & 0.8) and NARC-09 (8.1 £ 0.8)
(Figure 4A). These lines showed significantly higher hundred seeds weight in comparison
to Galaxy-13 (5.8 £ 0.30), Pirsabag-13 (5.7 £ 0.5), Shahkar-13 (6.1 =+ 0.7), and Farid-06
(5.8 = 0.7) with lowest hundred seeds weight (Figure 4B).
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Figure 4. One-hundred-grain weight in 20 different lines. (A) Grey columns indicate the mean of the
number of days to heading. Error bars indicate SD. Mean (£SD) was calculated from five replicates
for each line. (B) Data were analyzed using One-Way ANOVA, pairwise Post Hoc Tukey’s test at
p-value < 0.05. Different shades of red color indicate significant differences among the different lines.

3.5. Diversity Assessment of 20 Wheat Lines Using SSR Markers

The genetic diversity among the 20 wheat lines was evaluated using eight SSR markers.
Each of the SSR markers was amplified in each of the 20 wheat lines. Representative
gel pictures showing the amplified bands of four SSR markers in 19 wheat samples are
displayed in Figure 5. Variations were observed in the banding pattern, presence or absence
of bands, band sizes, and the presence of a single band indicating a homozygous allele and
double bands indicating heterozygous alleles among different wheat lines using different
SSR markers. The band sizes ranged from 90 bp (WMC150) to 260 bp (WMC78). The bands
were manually scored and analyzed for allelic variation, allele frequencies, and genetic
distance evaluation.
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Figure 5. Gel showing the amplified gene products in 19 wheat lines. (A-D) representative sampled
products of SSR marker WMC78, WMC105, WMC150, and WMC153, respectively.

The genotypes for each line decoded from the gel pictures are presented in Table 3.
The results showed genotype variations based on the different SSR markers among the
20 wheat lines. Marker WMC105 showed a single genotype for all wheat lines; however, it
did not show any band in two lines (Sehar-6 and Shahkar-13). Similarly, marker WMC168
was missing in two lines, marker WMC153 was missing in four lines, marker WMC165 was
missing in 13 lines, and marker WM167 was missing in 15 out of 20 wheat lines (Table 3).
The remaining markers amplified in all lines.

The diversity of 20 wheat lines assessed through eight SSR markers revealed a total
number of 16 alleles with an average of 2.00 & 0.534 alleles per locus, as presented in
Table 4. One of the SSR markers (WMC105) was monomorphic, while the remaining
showed polymorphism. Out of the seven polymorphic markers, six were dimorphic,
showing two alleles at each locus. The maximum number of alleles (3) was observed for
marker WMC78. Effective numbers of alleles were less than the observed values at each
locus showing the dominance of some alleles over others.

The diversity estimates (Shannon index, observed, and expected heterozygosity)
showed variations among the different SSR markers. The PIC values calculated from the
allele frequency data for the SSR markers in this study showed medium polymorphism
(PIC = 0.342 to 0.403), except WMC153 (PIC = 0.229) (Table 4).

Frequencies of the different alleles at each SSR locus also showed s (Table 5). The
results showed that some of the alleles at each SSR locus were dominant with a high
frequency, while the other alleles were less frequent in the pool. The presence of different
genotypes also varied among wheat lines.
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Table 3. Genotypes of the 20 wheat lines at different SSR markers.

. WMC

Wheat Lines 78 105 150 153 165 167 168 177
Markaz-19 BC AA AA BB AB AB
NARC-2011 BC AA AB BB AB AB AB
NARC-2009 BC AA AA BB AB AB BB
Wafaq-2001 BC AA AA BB AB BB
Punjab-11 BC AA AB BB AA BB AA AB
Borlaug-2016 AC AA AB BB AA AB AB
Pirsabaq-13 cC AA AB BB AB AB AB AB
Janbaza BC AA BB AB AB AA BB
Margalla-99 BC AA AB BB AA BB
Tatara-96 BC AA AB AA AB
Pakistan-13 BC AA AB AB AB AA AB
Lalma-13 BC AA AB AB AA AB
Attahabib BC AA AB AB BB
Farid-06 BC AA BB BB
Galaxy-2013 BC AA BB AB AB BB BB
Khatakwal BC AA BB AB BB AB
Pirsabaq-5 BC AA AB BB AB BB AB
Zincol-2016 AA AA BB BB AB AB
Sehar-06 BC BB AA AB
Shahkar-13 BC BB BB AB AB

Table 4. Diversity parameters at different SSR markers.

Locus Sample Size Na Ne I Ho He PIC
WMC78 20 3 2.292 0.904 0.900 0.578 0.403
WMC105 18 1 1.00 0 0 0 -
WMC150 20 2 1.923 0.673 0.500 0.492 0.365
WMC153 16 2 1.358 0.433 0.312 0.272 0.229
WMC165 7 2 1.849 0.651 0.714 0.494 0.354
WMC167 5 2 1.923 0.673 0.800 0.533 0.365
WMC168 18 2 1.905 0.668 0.444 0.488 0.362
WMC177 20 2 1.781 0.630 0.650 0.450 0.342
Mean 2.00 1.754 0.579 0.586 0.395 0.346
St. Dev 0.534 0.397 0.266 0.189 0.180 0.055

Key: Na = Observed number of alleles; Ne = Effective number of alleles I = Shannon’s Information index;
Ho = observed heterozygosity; He = Expected heterozygosity; PIC=Polymorphism information content.

Table 5. Allele and genotype frequencies at different SSR markers.

Alleles Genotypes
Locus A B C AA AB BB BC  AC  CC

WMC78 0.075 0.425 0.5 1 - - 17 1 1
WMC105 1 - - 18 - - - -
WMC150 0.4 0.6 - 3 10 7 - - -
WMC153 0.1562 0.8438 - - 5 11 - - -
WMC165 0.6429 0.3571 - 2 5 - - - -
WMCl167 0.4 0.6 - - 4 1 - - -
WMC168 0.6111 0.3889 - 7 8 3 - - -
WMC177 0.325 0.675 - - 13 7 - - -

3.6. Genetic Distance

The pairwise genetic distance of the 20 wheat lines is shown in (Figure 6). The
results showed that Sehar 6 was the most genetically distant line from the other lines.
Comparatively, less genetic distance was observed among Pakistan-13, Lalma-13, Tatara-96,
and Panjab-11. Random variations existed among different lines. This has also been shown
in the dendrogram.

The grouping of wheat lines based on Agronomic trait data is presented in Figure 7.
The results showed significant consistencies between the genetic grouping and the grouping
based on agronomic data. Zincol-2016, a high-yielding line, was distinct from all the
remaining 19 lines genetically. This result was further supported by the grouping based
on the agronomic traits. Similarly, Lalma-13 and Tatara-96, genetically close to each other,
were also morphologically similar.
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Figure 6. (A) Genetic distance among the 20 wheat lines. (B) Cluster dendrogram depicting the
phylogenetic relationship among the 20 wheat lines based on eight SSR markers.
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Figure 7. Dendrogram based on Agronomic traits data.
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3.7. Correlation between SSR Markers and Morphological Parameters

The principal component analysis (PCA) indicated 43% variance for component one
and 13% variance for component two. Moreover, the data points were divided into
two main groups. HM showed a higher association with six SSR markers. While other
morphological parameters (DH, SSW, PH, DM, GWS, SPS, and HGW) showed a positive
association with only two markers (WMC105 and WMC153). In contrast, the WMC150
was the most distantly located on the PCA plot showing its negative association with the
studied morphological traits (Figure 8A).

A
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Figure 8. Biplot of PCA and Correlation matrix. (A) PCA analysis (B) Simple correlation performed
among the studied parameters and SSR markers. DH (Days to 50% heading), DM (Days to maturity),
HM (Days heading to maturity), PH (Plant height), SPS (Spikelets per spike), SSW (Single spike
weight), GWS (Grain weight per spike), HGW (100-grain weight).
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In addition, a simple correlation was estimated among the studied SSR markers and
morphological parameters. A strong positive correlation was recorded only for two primers
(WM105 and WM153) with all morphological parameters except with HM. In contrast,
strong negative correction was recorded only in two markers (WMC150 and WMC167)
with all morphological parameters except HM. Other markers showed a weak correlation
with the studied traits (Figure 8B).

4. Discussion

Genetic diversity is critical for the existence of plants in the natural world and crop
yield. Variation in the plant genetic reserves offers the prospect for plant breeders to foster
new and enhanced cultivars with appropriate characteristics, which contain both farmer-
preferred characteristics (large seed, elevated yield potential, etc.) and breeder-preferred
characteristics (photosensitivity, pest, and disease resistance, etc.). Since the inception of
agriculture, natural genetic adaptability has been subjugated within the crop species to
encounter subsistence food necessities [73]. Later, the focus transferred to growing surplus
food for mounting populations. Currently, the focus is on both the quality and yield
aspects of the main food crops to deliver a balanced diet to human beings. With changing
climatic conditions, breeding of the climate robust lines is becoming of utmost importance.
The presence of genetic diversity embodied in the shape of wild species, breeding stocks,
mutant lines, related species, etc., may assist as the source of required alleles and may
support plant breeders in breeding robust climate lines [74].

The vital difference amongst the genotypes for the characteristics implies the existence
of considerable deviations among the genotypes, which are essential to study for both the
qualitative and quantitative characteristics; further, it gives a prospect to plant breeders
for the enhancement of these traits via breeding. Moreover, the existence of genotypic and
phenotypic variability in species is of extreme importance in breeding improved lines and
the start-up of a breeding program [75].

Days to heading, plant height, and flowering time are directly associated with wheat [76].
The current study showed variation in days to heading among different wheat lines. Simi-
larly, variation in days to heading has been reported in 30 wheat landraces in Turkey [77].
However, the days to heading reported in that study were less (67.2 £ 0.99 to 77.0 £ 0.45)
compared to the results of the current study. Days to heading vary between different wheat
varieties; e.g., spring wheat has shown early heading (90 days), while average days to
heading in winter wheat have been reported to be 120 days [78]. The days to heading in the
current study were in accordance with other winter wheat varieties. Days to physiological
maturity also depend on heading time in wheat [79]. A previous study by Hossain et al. [80]
on eight Bangladeshi wheat lines has shown a shorter time (105 & 1.24 to 122 & 3.51 days)
to reach physiological maturity compared to our results. The reason for early maturity in
those lines may be due to the different sowing times (November to December) they used in
their experiments, while in the current study, the sowing was performed in October.

Little variation was observed in the plant height among different varieties in the
current study. Similar variations have been shown in the plant height of Italian and
European wheat lines. Assessment of diversity trend in Italian wheat lines has shown
shorter plant heights (65 £ 1.64 to 120 & 2.56 cm) compared to the current study [81]. In
another study, diversity in Nordic spring wheat lines of Northern Europe has shown plant
heights (113-120 cm) similar to our results [82]. The variation in plant height depends on
several other environmental factors, including different soil types and temperatures [83],
as well as agronomic practices and genetic changes [83,84]. Variation in single spike weight
found in the current study was similar to that reported by Mollasadeghi et al. [85].

Yield is directly linked to grain weight per spike [86]. The differences in grain weight
per spike recorded in the current study may be attributed to the genotype differences, as the
environment was constant for all experiments. Previous studies have shown comparatively
less grain weight per spike in Serbian wheat lines ranging from 1.81 to 2.61 g [87]. The
higher grain weights per spike in our study may be attributed to the different genetics
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and environmental conditions in the current study. Likewise, hundred seed weight also
showed variation among wheat varieties in the current study. Similar results have been
shown by Khan et al. [88], who reported hundred seed weights ranging from 2 to 9 g in
different reciprocal crosses of bread wheat verities from Chitral. Comparatively lighter
hundred seed weights have been reported in Nordic spring wheat lines (3.5 to 4.1 g) [82]
and Saudi wheat lines (3.3 to 4.3 g) [89].

The SSR markers used in the current study revealed significant polymorphism deci-
phered by their PIC values. Conferring to Vaiman et al. [90], loci polymorphism can be
reflected as high, medium, or low if PIC > 0.5, 0.5 > PIC > 0.25, and p < 0.25, respectively.
SSR markers or microsatellite markers are befalling the markers of choice because of higher
reliability as well as an enhanced level of polymorphism [91]. Several alleles were obtained
from the eight SSR markers. All the SSR markers were polymorphic across the varieties
except WMC105. The PIC values calculated from the allele frequency data for the SSR mark-
ers in this study showed medium polymorphism (PIC = 0.342 to 0.403), except WMC153
(PIC = 0.229). The polymorphism of SSR loci distinguished in this work was consistent with
data acquired in some previous research where SSRs represent the highly suitable marker
system in wheat [92] and have been effectively used to characterize the genetic diversity
in complex wheat breeding materials [93]. On the dendrogram, the different wheat lines
made separated groups suggesting distinct and close relations among genotypes.

With the help of SSR markers and phenotypic data, we were able to determine how
potentially the various wheat genotypes used in this study might be used in breeding
programs for future sustainable agricultural production [94]. SSR markers exhibited reason-
able polymorphism in the studied wheat varieties. Further, it was presumed that similarity
in genetic level might cause a biased selection of material in future breeding programs that
will eventually narrow the genetic foundation of the wheat germplasm in the region. Addi-
tional polymorphic wheat SSR markers may be used for proficient screening of germplasm
by overfilling extra regions of the wheat genome. Furthermore, high-throughput SNP
markers with genome-wide coverage may be exploited as a possible source for identifying
uncharacterized QTL [95].

5. Conclusions

Different wheat lines showed differences in their morphological parameters and ge-
netic makeup. Wheat lines Borlaug-16, Zincol-16, and Markaz-19 showed higher values for
different agronomic traits. Shahkar, Sehar, and Farid-6 were comparatively less produc-
tive in their traits. Genotype analysis using eight SSR markers revealed a total number of
16 alleles among different wheat lines. The PIC values suggested medium polymorphism of
the markers used in this study. The alleles identified in the current study need to be further
evaluated at sequencing and expression levels before incorporating them into the breeding
programs for selecting the high-performing wheat lines. The alleles may be associated
with other production traits such as disease resistance, adaptability, climate resilience, etc.
Therefore, a further collection of the required data was important for such studies.

Supplementary Materials: The following supporting information can be downloaded at: https:
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