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Abstract

Ancient wheat and landraces (traditional varieties) are fascinating to the consideration of scientists who are
re-evaluating the healthy and dietary properties attributed to them by popular tradition. Wheat (Triticum durum)
is one of the most significant crops that is grown all over the world. In the present study, 19 landraces were ana-
lyzed for genetic diversity through morphological and SDS-PAGE analysis. The highest coefficient of variance
(18.91%) was found for spike length, and the lowest for days to maturity (1.51%). The genotype Malakand and
Dolram produced a maximum number of seeds (42 and 46 seeds per plant), and the genotypes Dogai and Rasool
Banda were found to be the tallest (73 and 71 cm, respectively). The genotype Kamar Kotki was found to mature
early (165 days) while Doagi was found to mature late (171 days). Spike length was found to be positively correlated
with plant height, leaf width, and leaf length. Leaf width was significant with spike length and the internode dis-
tance. The cluster analysis divided all the genotypes into six sub-clusters where the Asban and the Shekhan were
placed at the extreme of the dendrogram. Based on the total seed storage proteins analysis, 18 (85.71%) bands
were polymorphic while 14.28% bands were found to be monomorphic. Using Ward’s methods, all the genotypes
were divided into two main lineages at 25% Euclidian distance and five sub-clusters at 75% distance. Our findings
have significance for understanding the variations and relationships between various durum wheat genotypes and
could serve as a basis for local elite durum germplasm that has been regionally adapted.
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Introduction & Cai 2019). It has been the main staple in Europe, North

Africa, and Central Asia for 8,000 years, and it is the lead-
Triticum durum (2n=4x=28, with AABB genotype), a ing cereal grain in terms of harvested area and nutrition.
member of the Poaceae family, is an important source of It provides around 19% of the world’s population with
food products like pasta, noodles, and macaroni (Zhang calories and 21% of their protein needs. Only 5% of the
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wheat produced worldwide is tetraploid (durum wheat),
according to a review of the research that is currently
accessible (Niaz et al., 2014).

Durum wheat always gets a more favorable price on the
market than bread wheat, because of its commercial sig-
nificance in the production of bakery goods. It is import-
ant to assess the genetic diversity already present in the
germplasm for the improvement of durum wheat (like
any other crop species) (Khan et al., 2022; Awulachew,
2020). Having the greatest area than any other crop spe-
cies, wheat is grown on more than 240 million hectares.
The bread wheat does exhibit a range of phenological
responses to a wide range of environmental variables
due to the genotype shaped by the polyploidy and vast
genetic variability (Feuillet et al., 2008). Variation among
plant species at the genetic level is an essential part of
any productive breeding program. As a result, genetic
diversity assessment is essential for the efficient use of
genetic resources in breeding programs (Khan et al.,
2015). In addition, in other breeding programs for
wheat improvement, variations in the traits are import-
ant in the field of diversity (Khodadadi et al., 2011). To
choose the best parents, it is crucial to determine the
correlations between genotypes (Ghasemi et al., 2019).
According to Khaled et al., (2015), approaches for iden-
tifying and evaluating the genotypes have evolved from
the examination of various discrete characteristics. The
development of breeding populations and the applica-
tion of selection procedures may benefit from the char-
acterization of wheat genotypes (Aghaee et al., 2010). In
addition, the identification of plant genomes and classi-
fication of the genes responsible for significant features
have been accomplished for the molecular markers study
(Khan et al., 2015). As a result, morphological traits were
successfully utilized to assess the genetic variety in wheat
(EL-Rawy and Youssef, 2016). Therefore, the use of
molecular markers for assessment of the genetic diver-
sity receives much attention from wheat breeders (Salem
et al., 2015).

By application of morphological traits and molecular
markers, wheat genetic diversity has been thoroughly
assessed. Genetic diversity analysis has been effectively
applied to phenotypic identification based on physical
features (Zarkti et al., 2010). Poor polymorphism, poor
heritability, late expression, and the possibility of epi-
static and pleiotropic gene effects are only a few of the
drawbacks of morphological features (Kesralikar et al.,
2017). On the contrary, protein markers are useful tools
for cultivar identification, new variety registration, and
overall crop classification as well as for studying genetic
diversity, which increases the effectiveness of wheat
breeding programs in cultivar development (Varzakas
et al., 2014). Seed storage proteins, for example, reflect

genotypes more accurately and independently of envi-
ronmental effects than do protein markers (Shuaib et al.,
2007). Thus, the present study aimed to assess the genetic
diversity of durum wheat genotypes using different mor-
phological traits and estimation of seed protein polymor-
phism using SDS-PAGE analysis.

Materials and Methods
Plant material

The present research study was conducted at the
Department of Botany, Botanical Garden and Herbarium,
University of Malakand KPK Pakistan, between 2020
and 2021. A total of 19 genotypes of durum wheat
(Triticum durum) were collected from different regions
of Malakand and evaluated for phenotypic and genetic
traits (Table S1). Plants were sown on 15 November
2020 in randomized complete block design (RCBD). In
the field, the row-to-row distance was 45 cm and the row
length was 4 m.

Morphological characterization

During the present study, nine quantitative traits were
recorded. The data obtained from these traits were col-
lected from five guarded plants and their mean value
was used for data analysis. The quantitative traits were
days to germination, days to flowering, days to matu-
rity, plant height, leaf length, leaf width, spike length,
awns length, node distance, and the number of seeds
per plant. Days to germination were recorded from the
date of sowing when the plant was germinated, and the
days were counted. Days to flowering were noted for all
plants in each row from the sowing date when the first
flower was initiated in the germplasm. Days to maturity
were noted when the plants began to turn yellow. Plant
height was recorded when the plant reached maturity
stage. Leaf length was measured from each randomly
selected genotype and measurement was carried out
from the base to the tip of each leaf with the help of a
meter rod. For the width of the leaf, five leaves were ran-
domly selected from each genotype, and measurement
was carried out with the help of a meter rod. For the
length of the spike, five spikes were randomly selected
from each genotype and measurement was carried out
from the base to the tip of each spike with the help of
a scale. Awn lengths were randomly selected from each
genotype and measurement was carried out from the
base to the tip of each awn with the help of a meter rod
scale. Node distance was measured in each line and
their mean value was used for data analysis. Seeds per
plant were counted, and their mean value was used for
statistical packages.
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The seeds of all 19 genotypes were subjected to SDS-
PAGE analysis to determine the genetic diversity among
the studied genotypes. Healthy and mature seeds from
each genotype were finely ground with mortar and pis-
til. About 0.02 g of the powder seeds were transferred
to 1.5 mL Eppendorf tubes. After that, 400-ul protein
extraction buffer (Distilled water 70 mL, Tris 0.60 g, SDS
0.2 g, Urea 30.3 g, 2-Mercaptoethanol 1mL, and pH 8)
was added to each tube. The powder was then homog-
enized at room temperature for 2 min before centrifu-
gation at 13,000 rpms (Revolutions Per Minute) for 15
minutes. About 12.25% polyacrylamide gel was used
to make SDS-PAGE slabs, consisting of two phases of
separation gel and stacking gel. The composition of the
separation gel was: 20% acrylamide with 0.135% N.N-
methylene-acrylamide in 0.15 M Tris-HCI buffer with a
pH of 8.8 and SDS of 0.27%. For polymerization of the
gel, 10% APS (Ammonium per sulfate) and 15 microli-
ters of Tetramethylethylene-diamine (TEMED) were
added to the solution. For the making of the stacking
gel, 0.8% N.N-methylene-bis-acryalmide, 30% acryl-
amide 0.25 Tris (pH of 6.8), 0.2% SDS, 70 pl APS, and 17
ul TEMED were mixed. About 10 ul of the sample solu-
tion was loaded into the well of the stacking gel through
a micropipette. The gel plates were kept in the gel tank
filled with electrode buffer solution (0.025M Tris,
0.129M Glycine, 0.125% SDS). About 100 voltage cur-
rent was applied to get the electrophoretogram. When
the blue line of bromophenol blue reached the bottom
of the gel, the electric current supply was disconnected.
After that, the gel plates were taken out from the assem-
bly and transferred to a plate filled with staining solution
(Distilled water 500 mL, Acetic acid 60 mL, Methanol
440 mL, Coomassie brilliant blue (CBB)* R250 2.25 g)
and gently rotated on a shaker for 2 h. After that, for
de-staining (Distilled water 750 mL, Methanol 220 mL,
and Acetic acid 50 mL), gels were kept in the destining
buffer for several hours overnight till the disappearance
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of the blue color for the gel and protein subunits were
observed (Nisar et al., 2009)

Data analysis

For the estimation of genetic diversity, all the recorded
data of morphological traits obtained from the 19 wheat
genotypes were averaged, and the mean value was sub-
jected to different statistical packages. Basic statistics
(mean, maximum, minimum, standard error, standard
deviation, and CV%) were computed using MS Excel
2016. The correlation coefficient was computed using
SPSS software version 22 and cluster analysis, and the
principal component analysis (PCA) was performed
using PC ORD software version 5 (Wagga Wagga,
Australia). Depending on the presence and absence
of polypeptide protein sub-units, similarity index was
planned for the total possible pairs of different pro-
tein types. Similarly, for total seed storage proteins, the
binary data matrices were analyzed via unweighted pair
group arithmetic average (UPGMA), genetic similarity
analysis, and genetic linkage analysis. For data scoring,
‘1" was used for band presence while null (‘0’) was used
for band absence. The binary data were then subjected
to cluster analysis, A two-way cluster dendrogram was
constructed using PC-ORD software version 5 (Wagga
Wagga, Australia).

Results
Diversity in morphological characterizations

Descriptive statistics (mean, maximum, minimum, stan-
dard error, standard deviation, and coefficient of varia-
tion) of different morphological characters are presented
in Table 1. In the present study, significant variation was
found for most of the morphological traits, the coefficient
of variation percent (CV%) ranged from 1.5 to 18.9%,

Table 1. Descriptive statistics of different quantitative traits used in the present study.

Traits Minimum Maximum Standard Error Standard Deviation CV%
Days to germination 10 14 12.37 0.27 1.16 9.38
Days to flowering 107 114 110.42 0.53 2.29 2.07
Days to maturity 165 171 166.26 0.58 2.51 1.51
Plant height 46.75 73.23 62.84 1.68 7.3 11.62
Leaf length 10 24.75 0.74 3.24 17.90
Spike length 5.75 11.63 0.37 1.63 18.91
Leaf width 0.83 1.38 1.14 0.03 0.15 13.16
Node distance 14.25 19.38 16.69 0.37 1.63 9.77
Awn length 4.63 9.63 715 0.3 1.31 18.32
Number of seed/plant 29 46.25 0.92 4.02 10.58
Italian Journal of Food Science, 2024; 36 (1) 17
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with the highest CV% for spike length (18.91%), awn
length (18.32%), and leaf length (17.90%), whereas the
lowest coefficient of variation percent was recorded for
days to maturity (1.51%) and days to flowering (2.07%).
During the present investigation, a significant level of
variation was observed for day to germination, ranging
from 10 to 14 days with a CV% of 9.38%; the early ger-
minated genotype was Tangi Dara which took 10 days to
germinate, followed by Kolal Derai with 11 days, while
the late germinated genotypes were Malakand and Dogai
which took 14 days to germinate.

For days to flowering, the data ranged from 107 to 114
days with a mean value of 110.42 and a coefficient of
variation percent of 2.07%. The early days to flowering
genotypes were Tangi Dara and Negotal which took 107
days to reach the stage of flowering, followed by Sandai
with 111 days, and 113 days to flowering was observed
in many genotypes, namely, Asbanr Dogai and Rasool
Banda while the late flowering genotype was Rabat
which took 114 days to reach the stage of flowering.

Analysis of variance revealed significant variation for days
to maturity, where the data ranged from 165 to 171 days
with a mean value of 166.26 and coefficient of variation per-
cent of 1.51. The early days to maturity (165) were observed
for genotypes Tangi Dara, Daroo, Kolal Derai Hayaserai,
Negotal, Sarpato and Malakand while the late mature gen-
otypes were Dogai, Rasool, Banda, Dol Ram, and Matta
Swat with 171 days to reach the stage of maturity.

Plant height ranged from 46.75 to 73.23 cm with a mean
value of 62.84 cm and a coefficient of variation percent
of 11.61. The minimum plant height (46.75) cm was
observed for genotype ‘Sheikhano’ followed by Matta
Swat, which had a 55 cm plant height, whereas the tallest
genotype was Dogai, which had a 73.23 c¢cm plant height
followed by Rasool Banda having a plant height of 71.62.

Similarly, leaf length ranged from 10 to 24.75 cm with a
mean of 18.1 ¢cm and a coefficient of variation percent
of 17.90%. The maximum leaf length of 24.75 cm was
recorded for Rabat followed by Asban. The lowest leaf
length (10) cm was recorded for Sarpato and Matta Swat
had a leaf length of 15 cm.

The spike length ranged from 5.75 to 11.63 cm with
a mean of 8.62 and a coefficient of variation percent
of 18.91. The minimum spike length of 5.75 cm was
recorded for Sarpato followed by Sheikhano having a
spike length of 5.87 cm while Jannat Banda had a spike
length of 5.97 c¢cm, whereas the maximum spike length
(11.63) cm was recorded for the Sandai genotype.

The leaf width ranged from 0.83 to 1.38 cm with a mean
of 1.14 c¢m, and a coefficient of variation percent of 13.16,

where the minimum leaf width (0.83) was recorded for
Sarpato and the maximum 1.38 was found for Negotal.

The node distance ranged from 14.25 to 19.38 with a
mean of 16.69, and a coefficient of variation percent of
13.16. The maximum node distance of 19.38 cm was
recorded for Dogai followed by Tan I Dara at 18.62 cm
and the minimum of 14.25 cm was recorded for Sarpato
followed by Sadoo with a node distance of 14.37 cm.

Furthermore, the awn length was recorded with a range
of 4.63 to 9.63 with a mean of 7.15 cm and a coefficient
of variation percent of 18.32. The maximum awn length
of 9.63 cm was recorded for Dogai and Hayaserai and the
minimum of 4.63 cm was found for Sarpato followed by
Malakand having 6.75 cm awn length.

The number of seeds per plant ranged from 29 to 46.25 g
with a mean of 38 g and a coefficient of variation percent
of 10.58. The minimum number of seeds per plant (29)
was recorded for Jannat Banda, followed by Hayaseri
having 34 seeds per plant, while the maximum of 46.25 g
was recorded for Dol ram followed by Asban and Kamar
Kotki, respectively.

Correlation analysis

Correlation analysis was computed for different quantita-
tive parameters using SPSS software version 22 (Table 2).
In the current study, it was found that plant height was
significantly correlated with days to maturity (r = 0.35%),
spike length was significantly correlated with plant height
(r = 0.73**), and leaf length (r = 0.64**) and leaf width
were found to be significantly correlated with leaf length
(r = 0.50%). Node distance was found to be significantly
correlated with plant height (r = 072**) and with spike
length (r = 0.69**).

Cluster analysis

Ward’s method was used for cluster analysis using
PC ORD software ver.6. The cluster dendrogram was
constructed using different quantitative traits. A 25%
Euclidian distance was used to divide all the genotypes
into two lineages, and a 75% Euclidian distance was used
to further subdivide them into six clusters (Figure 1).
Cluster 1 consisted of four genotypes (Asban, Rabat,
Sadai, Tangi dara), Cluster 2 comprised five genotypes
(Daro, Nagotal Shai, Hayseri, Sadoo), sub-cluster 3 had
three genotypes (Dogai, Rasool, Dalram). Cluster 4 con-
sisted of five genotypes (Kamarkotki, Malakand, Kolal
Deri, Sarpato, Matta Swat). Cluster 5 had one genotype
Jannat Banda and the last sub-cluster also had one gen-
otype Shekahnu.
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ltalian Journal of Food Science, 2024, 36 (1)



Evaluation of the durum wheat landrace genetic diversity

Table 2. Correlation coefficient analysis of quantitative traits of durum genotype.

Traits DG DF DM PH LL SPKL Lw NDS AWL NSP
DF 0.10 1

DM 0.17 0.36 1

PH 0.23 0.37 0.35’ 1

LL —0.01 0.13 -0.29 0.35

SPKL 0.11 0.29 0.19 0.73" 0.64" 1

LW 0.04 —0.08 -0.13 0.22 0.50" 0.73" 1

NDS 0.08 0.29 0.28 0.72" 0.42 0.69” 0.32 1

AWL 0.20 0.16 0.26 0.26 0.35° 0.37 0.23 0.37 1

NSP 0.04 —0.05 0.27 0.37° —0.07 0.24 -0.01 0.37 —0.26 1

**Correlation is significant at the 0.01 level
*Correlation is significant at the 0.05 level

Note: DG-Days to germination, DF-Days to flowering, DM-Days to maturity, PH-Plant height, LL-Leaf length, SPKL-Spike length, LW-Leaf width, NDS-

Node distance, AWL-Awn length, NSP-Number of seed .
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Figure 1.

Principal component analysis (PCA)

PCA is helpful for the selection of the best cultivar among
the studied genotypes. Among the studied genotypes, all
the PCs, (PC1, PC2, PC3, and PC4) show 78.08% of the
total variation in the data set (Table 3, Figure 2). To plan
for the utilization of suitable gene pools in crop develop-
ment for specific plant traits, PCA aids in the conserva-
tion and use of genetic resources (Zubair et al., 2007).

In the first principal component, the total variation was
35.08%, and they were associated positively with days to
flowering, while the days to germination, days to matu-
rity, plant height, leaf length, leaf width, nodes distance,
and number of seeds per plant contributed negatively
with the PCI.

Cluster dendrogram of different quantitative traits of durum wheat used in the present study.

Table 3. Principal component study of 19 durum wheat genotypes
collected from the Malakand region for quantitative traits.

Italian Journal of Food Science, 2024; 36 (1)

AXIS PC1 PC2 PC3 PC4
Cumulative variance (%) 35.08 53.93 68.91 78.08
Days to germination -0.13 0.10 0.20 0.84
Days to flowering 0.19 0.01 0.47 0.34
Days to maturity —0.17 0.33 0.47 -0.03
Plant height —0.43 0.09 0.12 —0.13
Leaf length -0.30 0.41 -0.22 -0.06
Spike length —0.47 0.16 -0.09 —0.06
Leaf width -0.29 0.31 —0.36 0.16
Node distance —0.43 0.01 0.06 —-0.18
Awn length —-0.22 0.33 0.36 0.24
Number of seed/plant —-0.21 0.54 -0.27 —-0.08
19
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Figure 2. Scatter plot of quantitative traits of durum wheat genotypes collected from the Malakand region.

The second principal component accounted for a total
variation of 53.93%, and it was found that the days to
germination, days to flowering, days to maturity, plant
height, leaf length and width, length of the awns, and the
number of seeds per plant were found to positively con-
tribute toward PC2.

The overall variation in PC3 was 68.91%, and it was found
that the contribution of leaf length, leaf width, and num-
ber of seeds per plant negatively contributed while days
to flowering, days to maturity, plant height, and awn
length positively contributed in PC3. Similarly, in PC4,
the total variation was 78.08% and the contribution of
different traits like days to germination, days to flow-
ering, leaf width, and awn length was recorded as pos-
itive contributions toward PC4, and plant height, spike
length, node distance, and number of seed per plant was
recorded as negative contribution toward PC4.

In order to determine the degree of genetic variety and
geographic association among the studied genotypes, the
plot generated by the two PCS, PC2 and PC3, showed a
total variation of 78.08%. Separation based on PC2 and
PC3 revealed that the genotypes were found dispersed
throughout each quarter, demonstrating the significant

level of genetic variability in the studied genotypes. The
genotypes under study were found to be scattered, with
the majority of the genotypes grouped in the plot’s center.

Analysis of total seed storage proteins

All the studied genotypes used in morphological charac-
terizations were subjected to SDS-PAGE analysis, where
a significant level of variation was recorded. During the
present study, 21 polypeptide bands were recorded with
molecular weights ranging from 30 to 180 kDa (BLUelf-
Prestained Protein ladder) in the 19 studied wheat geno-
types. It was found that out of these 21 bands, 18 bands
(85.71%) were found to be polymorphic while three
bands (14.28%) were found to be monomorphic bands
(Figures 5A and C). The electrophorogram of the present
studied genotypes is given in Figures 3, 4 and 5C in which
considerable genetic diversity can be observed. During
the present study, patterns of protein sub-units were
studied. Based on the patterns, similarity indices were
calculated among all the studied genotypes, and it was
found that the similarity ranged from 0.33 (33%) to 1.00
(100%) (Table 4). In the present investigation, the min-
imum (33%) similarity among the genotypes was Rasol

20
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Figure 3. Electrophoretic banding pattern of durum wheat genotypes using SDS-PAGE of total seed storage proteins, number-
ing shows Asban, Dogai, Rasool Banda, Sandai, Kamar kotki, Jannat Banda, Hayaseria, Shaai, Sheikhano, Sadoo, M-Molecular
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Figure 4. Electrophoretic banding pattern of durum wheat genotypes using SDS-PAGE of total seed storage proteins, number-
ing shows Tani Dara, Daroo, Kolal Derai, Rabat, Dol ram, Negotai, Matta Swat, Sarpato, Maklakand, M-Molecular marker.

Bnada and Asban, Sandai and Asban, Jannat Banda and
Asban, Hayaseri, and Asban, Matta Swat, and Daroo,
Matta Swat and Kolal Derai, followed by 0.47 (47%) sim-
ilarity found among Jannat Banda and Rasool Banda,
Jannat Banda, and Sandai. On the other side, the max-
imum 1.00 (100 %) similarity level was recorded between

Dolram and Sadoo, Kolal Derai and Daroo, Sarpato, and
Daroo.

A genetic tree based on a protein binary data matrix
divided all the studied wheat genotypes into differ-
ent clusters based on variation present in their protein

Italian Journal of Food Science, 2024; 36 (1)
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Figure 5. Two-way cluster dendrogram of 19 durum genotypes based on total seed proteins. (A) Shows the diversity of bands,
(B) shows the diversity among the genotypes, and (C) shows the presence and absence of bands.

profile. A two-way cluster dendrogram was constructed
and all the genotypes were divided into two main lin-
eages at a Euclidian distance of 25% and sub-divided into
five clusters at a Euclidian distance of 75% where the gen-
otypes Asban and Matta Swat were found to be the most
diverse and were placed at the extreme periphery of the
dendrogram (Figure 5B). The first sub-cluster consists of
four genotypes (Asban Jannat Banda Sadoo and Tan I
Da). The sub-cluster two comprised only one genotype
Dogai, which shows that it was dissimilar from all the
other studied groups and genotypes. The third sub-clus-
ter comprised four genotypes, namely, Rasool Banda,
Sandai Hayaseri, and Shaai. The fourth sub-cluster con-
sists of three genotypes (Kamar Kotki, Sheikhan, and Dol
Ram). The last sub-cluster five has seven genotypes likely

Daroo, Kolal De, Rabat, Negotai, Sarpato, Malakand,
and Matta Swat. Such division of all the studied geno-
types into the same group and different clusters were due
to their similarity and differences level.

Discussion

Morphological characterization is the first step toward
the identification and classification of crop germplasm
because breeding practices mainly depend upon the mag-
nitude of genetic diversity. Morphological feature is the
first step of crop germplasm taxonomy, but the breeding
program mainly depends upon genetic characteristics
(Ghafoor et al., 2002). That is why it is so important to

22
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make proper strategies for the collection and evaluation
of germplasm sources, which are locally used in different
regions of the world and save them from being vanished.
It is the order of the day to investigate the genetic diver-
sity of crop germplasm, explore each aspect of it, and
conserve it for use in future breeding programs. The need
is to improve the maintenance of the present diversity of
different useful crops through characterization and eval-
uation. At present, crop germplasms are the main sources
of genetic diversity, which are used in different breeding
programs throughout the globe by plant breeders for the
development of new cultivars. In the present study, 19
diverse genotypes were collected from different areas of
the Malakand Division of Pakistan and were evaluated
for assessing genetic diversity through morphological
characterization and total seed storage protein using
SDS-PAGE analysis. During the present investigation, a
significant level of variation was observed for most of the
traits such as days to flowering, days to maturity, plant
height, leaf length, node distance, and number of seeds
per plant. Early days to germination were recorded for
genotype Tangi Dara which germinated in 10 days, fol-
lowed by Kolal Derai which took 11 days to germinate,
while the genotypes Malakand and Dogai were found to
be the late germinated genotypes. Days to flowering is
one of the most important traits for plant breeders. In the
present study, the early flowering genotypes were Tangi
Dara and Negotal, which took 107 days to reach the stage
of flowering, while the late flowering genotype was Rabat,
which took 114 days to flowering. Days to maturity is also
one of the important characteristics for plant breeders;
early maturity (165) was observed for genotypes Tangi
Dara, Daroo, Kolal Derai, and Malakand while the gen-
otypes Dogai, Rasool Banda, Dol Ram, Matta Swat were
found to be the genotypes that mature late. Plant height
is one of the most important characteristics, ranging
from 46.75 to 73.23 cm. In the present study, the mini-
mum plant height (46.8 cm) was observed for genotype
Sheikhano while the tallest genotype was Dogai with a
plant height of 73.23 cm. Our study is in close agreement
with Khan et al. (2021), where the authors studied eight
different quantitative traits and found significant varia-
tion for most of the studied parameters. Leaves play an
important role in plant development and growth, which
directly affects the yield of both cereal and fodder plants.
The maximum leaf length (24.75 cm) was recorded for
Rabat and the lowest leaf length (10 cm) was recorded
for Sarpato and Matta Swat had a leaf length of 15 cm.
According to Ahmad et al. (2014), variation in leaf and
other important parameters in different genotypes at
various locations may be also taken to have diversity in
the genetic makeup, mineral nutrients, and different
environments. Maximum green yield can also be due to
larger leaf size which results in the formation of photo-
synthesis process (Amanullah et al., 2004). For flag leaf
area, high heritability and genetic advance estimates have

been reported (Saleem et al. 2016). The node distance
was recorded with the range from 14.25 to 19.38 and a
coefficient of variance of 9.76%. The most important
characteristic of a seed-producing plant is its seed yield
per plant as seed is the edible part with high nutritive
values. A significant level of variation was found for the
number of seeds per plant among the studied genotypes
with a range of 17.25-29. The minimum number of seeds
per plant (29) was recorded for Jannat Banda, followed
by Hayaseri having 34 seeds per plant, while the maxi-
mum of 46.25 g was recorded for Dol ram followed by
Asban and Kamar Kotki, respectively.

Correlation analysis is important for the selection of
traits and breeding methods (Ihsan et al., 2021). Plant
height was found to be significantly correlated with days
to maturity; spike length was significantly correlated
with plant height. The present investigation is compara-
ble with that of Khan et al., 2021, where the contributors
studied different barley genotypes and found a significant
correlation for different morphological traits. The pres-
ent study was comparable to that of El-Rawy (2020) and
Okii, et al., (2014), where the contributor studied differ-
ent morphological traits and found significant correla-
tions among different parameters. These findings agreed
with Feltaous (2019), who found that all wax charac-
teristics examined in various plant parts had a positive
correlation with one another. Malik et al., (2014) found
a significant positive association between peduncle wax
status and leaf blade wax, leaf-sheath wax, and earwax.

In addition, the cluster analysis demonstrated that there
was no correlation between genetic diversity and the
geographic region because samples collected from the
same region were divided into different clusters, whereas
genotypes collected from different regions tended to be
clustered together and were related. In the present study,
all the morphological traits were subjected to cluster
analysis and were classified into two main lineages and
subsequently subdivided into six sub-clusters. Plants
in a given group varied very little from one another but
significantly from plants in other groups. These types
would be employed in the hybridization program to pro-
duce plants with desired characteristics, at least in the
region where the study was conducted. PCA are a reliable
method for handling germplasm collections. The study’s
use of multivariate grouping techniques has applications
for both curators of gene banks and breeders. It is pos-
sible to choose representative lines from specific groups
for a hybridization program with other authorized vari-
eties as well as to remove unidentified lines and geno-
types/accessions from the gene bank that are confusing.
Genetic diversity has been used to categorize agronomic
kinds, and this, combined with biochemical analysis, will
make it easier to manage germplasm and create a core
collection (Ghafoor et al., 2002). Therefore, it is possible
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to group genotypes appropriately by using a variety of
assessment approaches (Bauer et al., 2007; Kraic et al.,
2009). The findings did, however, demonstrate that clus-
ter analysis based on PCA is a more accurate indication
of variations across wheat genotypes than cluster anal-
ysis. The selection of the most effective genotypes can
benefit from an analysis of genetic diversity and the rela-
tionships between various features. To increase the grain
yield of wide durum wheat cultivars or lines, screening
has also been done. However, selection that is only based
on grain production is typically not particularly effective.
As a result, it is crucial to identify and modify the traits
that affect grain yield because doing so improves breed-
ing effectiveness.

SDS-PAGE is one of the most vital tools for the assess-
ment of genetic variation among different crop genotypes
(Ghafoor et al., 2005, Zahoor et al., 2015). SDS-PAGE is
a biochemical procedure that is employed to ascertain
the genetic composition of distinct plants. It has been
shown that genotypes exhibit a wide degree of genetic
divergence. In the present study, a total of 21 polymor-
phic bands were identified and a number of significant
diversities were recorded based on total seed storage
proteins. All the genotypes were sub-classified into dif-
ferent clusters where the genotypes Kamar kotki and
Asbanr were found to be the most diverse genotypes and
were placed at the extreme periphery of the dendrogram
and may be used in the future for breeding practices.
Our study is comparable with that of Thsan et al., (2021)
where the collaborators studied different Oat genotypes
for total seed storage proteins and recorded a total of 13
polymorphic sub-units. Our results are also comparable
with that of Khan et al., (2021) where the authors studied
different barely genotypes for total seed storage proteins
and observed significant diversity. The genetic diversity
estimates based on seed storage protein were the lowest,
according to Fufa et al, (2005), because they were the
main determinants of end-use quality, a strongly selected
characteristic. Considering the foregoing, it is concluded
that seed storage protein profiles may serve as useful
markers for cultivar identification, variety registration,
pedigree analysis, genetic diversity studies, and the classi-
fication of adapted cultivars, enhancing the effectiveness
of wheat breeding programs for cultivar development.

Conclusions

The morphological characterization is useful to identify
the valuable genotypes with desirable quantitative traits
for improving genetic diversity in durum quality and
therefore suggested that these markers could be use-
ful for the traits and grouping of genotypes on the basis
of their origin and performance. Based on the present
study, the genotypes Malakand, Dol ram, and Daroo

Evaluation of the durum wheat landrace genetic diversity

are being recommended to the farmers for future use to
increase crop yield. The marker in the proteomics (SDS-
PAGE) study is the BLUelf-Prestained Protein ladder. A
total of 21 polypeptide bands were recorded with molec-
ular weights ranging from 30 to 180 kDa in the 19 wheat
genotypes, with 18 polymorphic bands (85.71%) and 3
monomorphic bands (14.28%). Based on 2-way cluster
analysis, all the genotypes were divided into two main
lineages where the genotypes Asban and Matta Swat
were found to be the most diverse and were placed at the
extreme periphery of the dendrogram and may be used
in future breeding practices. In the future, the selected
genotypes should be examined in salt-rich areas.
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Supplementary

Table $1. Passport information of studied genotypes (Landraces)
used in the present study.

S. No Name Scientific name Origin

1 Asban Triticum durum KPK Pakistan
2 Dogai Triticum durum KPK Pakistan
3 Rasoool bada Triticum durum KPK Pakistan
4 Sandai Triticum durum KPK Pakistan
5 Kamar kotki Triticum durum KPK Pakistan
6 Jannat Banda Triticum durum KPK Pakistan
7 Sheikhano Triticum durum KPK Pakistan
8 Daroo Triticum durum KPK Pakistan
9 Kolal Derai Triticum durum KPK Pakistan
10 Hayaseria Triticum durum KPK Pakistan
1 Tan i Dara Triticum durum KPK Pakistan
12 Sadoo Triticum durum KPK Pakistan
13 Sha ai Triticum durum KPK Pakistan
14 Rabat Triticum durum KPK Pakistan
15 Dol ram Triticum durum KPK Pakistan
16 Negotal Triticum durum KPK Pakistan
17 Matta swat Triticum durum KPK Pakistan
18 Sarpato Triticum durum KPK Pakistan
19 Malakand Triticum durum KPK Pakistan
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