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Abstract

Selection- and conservation-based breeding
programs require the study of genetic diversity. In
this study, a collection of durum wheat consisting
of 90 rainfed genotypes was subjected to the
analysis of genetic diversity and population
structure based on polymorphisms obtained from
the Start Codon Targeted (SCoT) marker system.
Outof26initial primerstested, 15 primers produced
scorable polymorphism and were therefore,
selected for further analyses. On average, 11.27
polymorphic fragments were observed for each
primer per reaction. Polymorphism Information
Content (PIC) ranged from 0.10 to 0.32 per locus
with an average of 0.23 per primer. Resolving
power (Rp) was varied from 0.98 to 5.80. The
structure analysis classified the assessed
population into 3 subpopulations. Besides, the
Neighbor-Joining phylogenetic tree and Principal
Coordinate Analysis separated genotypes into 3
and 5 distinct clusters. The Analysis of Molecular
Variance (AMOVA) revealed high intra-population
diversity. The gene flow index (Nm) indicated a
relatively small probability of gene flow between
the studied subsets. The Nei's gene diversity
(n), Shannon’s information index (I), and allele
distribution statistics revealed that the individuals
of subpopulation-2 had a significant capacity for
genetic diversity. In conclusion, the studied SCoT
primers had a high discriminating power and
therefore, were efficient for evaluating genetic
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diversity in the durum wheat. The results of this
study revealed the existence of a significant
genetic diversity between the studied genotypes.
Besides, the individuals of subpopulation-2 had a
notable level of genetic diversity that can be used
for various breeding purposes.

Key words: Gene flow, Inter-population
differentiation,  Neighbor-Joining  algorithm,
Principal Coordinate Analysis.

INTRODUCTION

Durum wheat (Triticum turgidum L. subsp. durum)
is a remarkable species of cereal family that has a
high economic value. Durum is the raw material of
semolina and some other local products (Romano et
al., 2021). The worldwide demand for durum wheat is
gradually increasing, and statistics show that universal
production of durum wheat in the 2016-2017 season
reached 40.7 m t (Beres ef al., 2020). In Iran, wheat
is cultivated under irrigated and rainfed conditions. In
addition, approximately two-thirds of the area under
wheat cultivation is devoted to rainfed cultivation.
However, it accounts for one-third of wheat production
(Mohammadi and Amri, 2013).

Genetic diversity is an essential element of selection-
based genetic and breeding programs (Sharma et al.,
2021). Preliminary studies of diversity were mainly
based on morpho-physiological traits and protein
markers (Khang et al., 2021). However, they were not
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entirely successful due to environmental influences.
With the advent of DNA molecular markers, they have
become an essential tool in studying genetic diversity
as they are not affected by environmental factors
(Nadeem et al., 2018).

There are many reports for genotyping durum
wheat and other wild and cultivated wheat using
high throughput DNA markers (Lotti et al., 2000;
Soleimani et al., 2002; Medini et al., 2005; Karaca,
2008).

The Start codon target polymorphism (SCoT) is a
simple but powerful DNA marking method proposed
by Collard and Mackill (2008). In this method, primers
which are the fundamental component of the PCR
reaction are designed based on a short conserved region
near the ATG translation initiation codon in plant genes
in both DNA strands.

Heidari et al. (2017) screened a set of 17 durum
wheat genotypes using 14 SCoT markers and reported
that the primers generated 99 polymorphic bands with
an average of 7.07 bands per primer. The values of
Marker Index (MI) and Polymorphism Information
Content (PIC) indicated that SCoT markers had
a high efficiency in detecting genetic variation in
durum wheat. In another study, Etminan ef al. (2016)
investigated genetic variation among 43 durum wheat
genotypes using six SCoT markers. Based on the levels

of polymorphisms, they concluded that the SCoT
marker system was a valuable tool for the detection of
variation among durum wheat genotypes.

Genetic erosion due to severe cultivation of modified
cultivars, as well as consecutive breeding cycles, has
narrowed the genetic background of the cultivated
genotypes. As a result, the remaining diversity in the
gene pool may be insufficient for future breeding
programs. Hence, the continuous evaluation of the
genetic diversity of the current plant germplasm is
necessary for breeding-based programs. Therefore, the
present paper aimed to study the diversity and genetic
structure of a population of rainfed durum wheat
comprising of 90 genotypes using SCoT marker-based
polymorphism.

MATERIALS AND METHODS

Plant materials and DNA extraction

In this study, a collection consisting of 90 rainfed
durum wheat genotypes maintained at Kermanshah
Dryland Research Center, Iran, was investigated (Table
1). This collection contains an important part of the
rainfed durum wheat genotypes stored in the center,
which performed well in various experiments. The
CTAB method suggested by Murray and Thompson
(1980) was used to extract the genomic DNA followed
by a quality test over a 1% agarose gel.

Table 1. Name, code, and the origin of the 90 genotypes of rainfed durum wheat used in the study.

Genotype Name/Code Origin Genotype Name/Code Origin
1 Conoman . O ot a1z RITIRIOTOS 0%V Gyr
G2 CDOSIIY000295-099Y-020M- cimmyT  G13 SRSSOIVD0SIBS-09OV-OTIM- - civmy T
G3 (omoavon oV oyt o1e CORSIOTRITO9VONM Gy
o COSSBUISOWCII Gy o COSISUONISIRLON Gy
G5 Sovomomvon CoVURM cmwvt ete  SRISURINTESO%VHM cmyr
S8 Coovos LoVt omwvT a1 e oo M cye
ST (Remoovon o UM oyt e1s  SOPCISTONESOSOVONIN Gimyr
8 (awoovas o oM oyt ete SO OOV Gmyr
G9 om0 teS 0OV OTOM- cimmyT  Gao  SDSSOIYO0B0ST-099Y-0IM- cimy T
G10  SUSroeg 1OV v gpq EDSSOBEO0 STT-099Y02IM - civmy
Gt COSSOZY000ISZFGY-0B- gy gpp  CDSSOSBOODOTSSY-OMAAY- vy
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Table 1 (continued). Name, code, and the origin of the 90 genotypes of rainfed durum wheat used in the study.

Genotype Name/Code Origin Genotype Name/Code Origin
G23 g}la_SO%OGYOOBZGS-44Y-OM-5Y- CIMMYT  G51 2:\?3?08888010118-0998-099% CIMMYT
G2T  GMAYAMDY DT CIMMYT 685 ooy noamtav-oy - CIMMYT
G2 GMYAMDY T CIMMYT 656 goovnogmarvoy - CIMMYT
G20 Gy o PO oMMYT 657 ooy nsemdov-oy - CIMMYT
G2 Sy aNov0B o CIMMYT GE0  gooloemeviy . CIMMYT
G o oMoavon o CIMMYT GBT ooy aem tovay . CIMMYT
G graoav0B o CIMMYT 662 ooy agm vy . CIMMYT
G0 SYOMOIV0B " CIMMYT GS7 ooy noenrav.oy . CIMMYT
GA0 gy 0T CIMMYT 688 ooy ncomapv.oy . CIMMYT
Gaa 22?:08388010038-0998-099% CIMMYT G72 gé\élﬁsggggzc\)z'&(()QQTOPB CIMMYT
GI5  domoy 0T CIMMYT 673 goqvnconsov.oy . CIMMYT
46 géﬂ_gsosamoogs-oggs-oggv- CIMMYT  G74 gg%i?g:Jéﬁ%ﬂfﬁJgTopB- CIMMYT
Ga7 $¥§$OSBO1OOQS-OQQB-099Y- CIMMYT G75 gggi_Sggggg%Oﬁg{OQQTOPB- CIMMYT
G50 CMSS08B01011S-099B-099Y- CIMMYT G78 CMSS09Y01204T-099TOPB- CIMMYT

30B-0Y 099Y-099B-92Y-0Y
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Table 1 (continued). Name, code, and the origin of the 90 genotypes of rainfed durum wheat used in the study.

Genotype Name/Code Origin Genotype Name/Code Origin
CMSS09Y01205T-099TOPB- CMSS09Y01209T-099TOPB-
G79 099Y-099B-26Y-0Y CIMMYT  G85 099Y-099B-155Y-0Y CIMMYT
IRD2010-11-003-OMAR-OMAR-
GB)  aSSOOYOTZ0STOOTOPET  CiMMYT  G8s OSAR-OSAR- Iran
OSAR-1SAR
CMSS09Y01205T-099TOPB- )
G81 099Y-099B-65Y-0Y CIMMYT G87 Saji Iran
CMSS09Y01205T-099TOPB-
G82 L CIMMYT G88 Zahab Iran
CMSS09Y01205T-099TOPB- \
G83 oidEally CIMMYT  G89 SRN-1/KILL/2*FOLTA-1 CIMMYT
G84 CMSS09Y01205T-099TOPB- vy Goo Imren Turkey

099Y-099B-89Y-0Y

CIMMYT: The International Maize and Wheat Improvement Center.

Genotyping

In this study, we used 15 SCoT primers, previously
developed by Collard and Mackill (2008) (Table 2). The
PCR was performed in a volume of 20 pl, consisting of
2 ul template DNA (25 ng L"), 12.6 ul double distilled
water, 2 ul 1X buffer, 1.5 ulMgCl, (50 mM), 0.4 ul INTP
(10 mM), 1.2 pl primer, 0.3 ul Tag DNA Polymerase.
The PCR reaction program was set as follows: an initial
denaturation for 5 min at 94 °C, followed by 45 cycles
comprising of denaturation (94 °C for 45 s); a variable
melting temperature (from 52 - 60 °C for 45 s for each
primer presented in Table 2); primer elongation for 90
s at 72 °C; and a final extension for 10 min at 72 °C.
The PCR products were then electrophoresed on a 1.5%
agarose gel and the gel images were prepared after
staining under UV light.

Data analysis

First, the information obtained on the gels was converted
into zero (absence) and one (presence) to form a data
matrix. Then, some genetic parameters were estimated
based on the obtained data matrix. These were total
amplified fragments (TAB), the number of polymorphic
bands (NPB), and the percentage of polymorphic
bands (PPB). The Polymorphic Information Content
(PIC) was calculated as PIC=1-} p?, where p, is the
ith allele frequency (Serrote et al., 2020). The Marker
Index (MI) criterion was calculated as MI=PICxEMR,
where EMR (Effective Multiplex Ratio) was defined
as EMR=nxf8 where f=NPBX(NPB/TAB) (Kumar and
Agrawal, 2019). The resolving power (Rp) of markers
was estimated as RP:ZIb, where 1,=)'1-(2%]0.5-p|)
where p is the proportion of genotypes containing
the band (1) (Kumar and Agrawal, 2019). The genetic
variability estimates such as the effective number of

alleles (Ne), Shannon’s Information Index (I), Nei’s
gene diversity (h), the gene flow criterion (Nm), and
diversity among subpopulations (Gst) were determined
with POPGENE software (Negisho et al., 2021). The
principal coordinate analysis (PCoA) and Molecular
Analysis of Variance (AMOVA) were performed
using the GenAlex 6.5 software (Peakall and Smouse,
2012). The subpopulations of genetically similar
individuals were recognized using the STRUCTURE
software (version 2.3.4). The resulting data were then
transferred into the Structure Harvester software (Earl
and vonHoldt, 2012) to detect the optimal number
of subpopulations according to Evanno et al. (2005).
In addition, genotypes were clustered based on the
neighbor-joining method and Jaccard’s distance matrix
using MEGA 6.0 software.

RESULTS

Polymorphism and discriminating power of the
SCoT markers

PCR amplification profiles, produced by four typical
SCoT primers (SCoT02, SCoT21, SCoT24, and
SCoT26), were shown in Figure 1. Also, Table 2
presents all data regarding polymorphism obtained,
as well as discriminating power statistics calculated
for each SCoT primer. A total of 8317 amplicons
were obtained, with 554.5 amplicons per primer.
Generally, a total of 169 polymorphic bands (PB)
were obtained. On average, each primer had 11.27
PB. The lowest and highest number of PB were
found for primers SCoT21 and SCoT26, respectively.
Average Polymorphic Information Content (PIC)
values over loci were varied from 0.10 (SCoT07) to
0.32 (SCoT21) with an average of 0.23 per primer.
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Table 2. Name, sequences, melting temperature, discriminating power statistics, and the polymorphisms obtained from 15
SCoT primers on the 90 genotypes of rainfed durum wheat.

Primer Sequence (5'—3'") Tm TAB NPB  PPB% PIC Ml EMR Rp

SCoT01 CAACAATGGCTACCACCA 491 10 10 100 0.13 0.87 6.67 1.62
SCoT02 CAACAATGGCTACCACCC 53.7 10 10 100 022 147 6.67 3.13
SCoT03 CAACAATGGCTACCACCG 53.7 15 15 100 0.27 4.05 15.00 5.71
SCoT04 CAACAATGGCTACCACCT 491 12 12 100 024 230 9.60 3.58
SCoT05 CAACAATGGCTACCACGA 491 12 11 91.67 0.30 2.18 8.07 4.60
SCoT07 CAACAATGGCTACCACGG 53.7 12 9 75 0.10 0.38 5.40 0.98
SCoT08 CAACAATGGCTACCACGT 491 11 9 81.82 0.27 119 540 3.53
SCoT09 CAACAATGGCTACCAGCA 49.1 13 13 100 029 327 1127 522
SCoT11  AAGCAATGGCTACCACCA 491 12 9 75 0.20 0.81 540 2.47

SCoT12 ACGACATGGCGACCAACG 514 10 10 100 0.21 140 6.67 2.60
SCoT14 ACGACATGGCGACCACCG 56 13 11 84.62 024 169 8.07 3.60
SCoT15 ACGACATGGCGACCGCGA 56 15 15 100 0.14 210 15.00 2.73

SCoT21 CACCATGGCTACCACCAT 53.7 9 8 88.89 032 120 4.27 3.73
SCoT24 CCATGGCTACCACCGCCA 565 11 11 100 0.21 1.69 8.07 3.20
SCoT26 ACAATGGCTACCACCATC 491 16 16 100 026 4.44 17.07 5.80
Mean 12.07 11.27 93.13 023 194 8.84 3.50

Tm: Melting temperature, TAB: Total amplified bands, NPB: The number of polymorphic bands, PPB: Percentage of
polymorphic bands, Ne: The number of effective alleles, h: Nei's gene diversity, I: Shannon’s information index, PIC: The
average polymorphism information content values for each primer, MIl: Marker index, Rp: Resolving power.
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Figure 1. Amplification profile of some SCoT primers in 90 rainfed durum wheat genotypes used in the study: A, B, C, and D:
show the PCR amplification induced by SCoT02, SCoT21, SCoT24, and SCoT26 primers.
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Marker Index (MI) fluctuated from 0.38 (SCoT07) to
4.44 (SCoT26) with an average of 1.94. The average
effective multiplex ratio (EMR) value was calculated
to be 8.84, ranging from 4.27 for SCoT21 to 17.07 for
SCoT26. The highest and lowest Resolving power (Rp)
index were observed for SCoT26 (5.80) and SCoT07
(0.98), respectively, with an average of 3.50.

Classification of primers based on their Rp and PIC
values presented in Table 2 revealed that SCoT03,
SCoT04, SCoTO05, SCoT08, SCoT09, SCoTl4,
SCoT21, and SCoT26 markers performed well in
both statistics unlike the other group, which had low
values for both measurements. i.e., SCoT01, SCoT07,
SCoT15.

Structure and cluster analyses
First, the value of AK (likelihood values of partitioning)

300

was plotted against the different values of K (the
number of subpopulations) to find the maximum value
of AK (Figure 2). From Figure 2, the value of AK
was at its maximum with 3 subpopulations (K=3).
Accordingly, the genotypes were divided into three
groups containing 31, 53, and 6 members, respectively
(Figure 3). Most of the genotypes introduced from
CIMMYT were categorized in groups 1 and 2, while
Zahab and Imren genotypes were clustered together in
the third group (Figure 3).

The lowest genetic distance (Jaccard coefficient)
was observed between G71 and G73 (0.09) whereas
G1 and G51 with 0.72 had the highest distance (Figure
4). Therefore, it can be concluded that the primers used
had good potential for calculating genetic distances
as well as discovering associations between durum

== The Optimal number of populations

— ¢
()
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N

Figure 2. The optimal number of subpopulations of the 90 genotypes of rainfed durum wheat based on molecular data

obtained from 15 SCoT primers.
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Figure 3. Population structure of the 90 genotypes of rainfed durum wheat based on Bayesian model obtained from 15 SCoT

primers polymorphism.
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genotypes. Neighbor-joining cluster analysis separated
the 90 durum wheat genotypes into three clusters
(Figure 4). The third cluster was further classified into
clusters 3-1 and 3-2. Cluster 1 consisted of G51, G37,
and G42 genotypes with different banding patterns
compared to other genotypes.

The first to third principal coordinates (PCoA)
accounted for 26.68, 11.88, and 5.91 percent of the
total variation (Figure 5). As shown in Figure 5, the 90
durum genotypes were separated into five groups.

Genetic diversity among subpopulations

Criteria for the diversity of the three identified
subpopulations have been listed in Table 3. The
subpopulations had a percentage of polymorphic loci
(PPL) of 65.75, 89.50, and 41.44%, respectively.

"]
e
-
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Subpopulation-2 had the highest number of different
alleles (Na=1.87) compared to the lowest Na (1.13)
as showed by subpopulation-3. The highest number
of effective alleles belonged to subpopulation-2
(1.31), whereas subpopulation-3 with 1.27 had the
lowest value. Also, Shannon’s Information Index
values were found to be 0.28, 0.32, and 0.23 for the
subpopulations, respectively. The Fixation index (Fst)
values were found to be 0.4951, 0.5323, and 0.0389
for subpopulations 1 to 3, respectively. Similarly, Table
3 shows that the h values were 0.18, 0.20, and 0.19,
respectively. From the results, it can be deduced that
genotypes grouped in subpopulation-2 had the utmost
genetic dissimilarity than other subpopulations, while
genotypes in subpopulation-3 had a higher genetic
similarity.
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Figure 4. Cluster analysis of the 90 genotypes of rainfed durum wheat according to the Neighbor-joining method and Jaccard’s
distance coefficient obtained from 15 SCoT primers polymorphism.
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Figure 5. Principal coordinate analysis based on polymorphisms obtained from 15 SCoT primers on the 90 genotypes of

rainfed durum wheat.

Table 3. Summary of genetic variation statistics for the three subpopulations of rainfed durum wheat genotypes estimated

using 15 SCoT markers.

Subpopulation Size PPL% Na Ne I h Fst

1 31 65.75 1.5+0.06 1.28+0.02 0.28+0.02 0.18+0.01 0.4951
2 53 89.50 1.87+0.03 1.31+0.02 0.32+0.02 0.2+0.01 0.5323
3 6 41.44 1.13+0.06 1.27+0.03 0.23+0.02 0.16+0.01 0.0389

PPL%: The percentage of polymorphic loci, Na: The number of different alleles, Ne: The number of effective alleles, I:
Shannon’s Information index, h: Nei's gene diversity, F .. Fixation index.

The distribution statistics of alleles in the three
subpopulations resulting from the STRUCTURE
analysis was estimated (Data not shown). According to
the results, the number of different bands ranged from
130 for subpopulation-3 to 176 for Subpopulation-2.
There were 5 and 21 bands unique to subpopulation-1
and subpopulation-2, respectively, whereas no unique
band was found for subpopulation-3. Also, the
maximum number of different bands with a frequency
of>5% was found for subpopulation-2. Generally, no
locally common bands were found in 50% or fewer
populations. Besides, subpopulation-3 had the lowest
mean diversity (0.157) whereas subpopulation-2 had
the highest one (0.2).

Based on the AMOVA, variation within the
populations accounted for 85% of the total variation
(P<0.001). In contrast, the variation between the
populations accounted for only 15% of the total

variation. Therefore, most of the amplicons had useful
information for identifying subgroups (Table 4).
Besides, Table 4 shows that the Gst and Nm values
were 0.22 and 1.75, respectively.

DISCUSSION

Investigation of genetic diversity among rainfed wheat
genotypes is an effective strategy to identify unique
populations with specific applications for use in short-
term and long-term purposes of plant breeding. Results
of this study suggested that the SCoT marker system,
with an average polymorphism of 93.13%, was able
to detect a significant level of genetic diversity among
rainfed durum wheat genotypes. The percentage of
polymorphisms observed in this study was significantly
higher compared to that reported by Karaca (2008) for
ISSR and RAPD primers.
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Table 4. Analysis of molecular variance of the three subpopulations of rainfed durum wheat based on molecular data obtained

from 15 SCoT primers.

c df SS MS Est. Var. Variation (%) Gst Nm  Phi P(rand>=data)
Among Pops 2  187.788  93.894 3.192 15

Within Pops 87 1543.645 17.743 17.743 85

Total 89 1731.433 20.935 100 0.22 1.75 0.152 0.001

df: Degree of freedom, SS: Sum of squares, MS: Means of squares, Est. Var: Estimated variance components, Gst: Inter-

population differentiation, Nm: Estimate of gene flow.

Parameters such as PIC have been usually used to
evaluate the informative potential of SCoT markers
(Heidari et al., 2017). In this work, the PIC values
were low to moderate. Despite some consistencies, the
PIC values were lower compared to those reported by
Heidari et al. (2017) and Etminan et al. (2016). This
difference could not be due to the number of alleles
amplified by SCoT primers because the primers used
in this study, which were similar to the primers used
by Heidari et al. (2017) and Etminan et al. (2016)
amplified the same number of alleles. Therefore,
the discrepancy can be due to the difference in the
frequency of alleles for each locus which in turn was
due to differences in genotypes and population size.
Also, in this research, the population size was much
larger (90 genotypes) compared to the populations
studied by Heidari et al. (2017) and Etminan et al.
(2016) (17 and 43 genotypes, respectively). As shown
by Iles et al. (2003) the larger the population, the more
accurate the estimate of allele frequency. Accordingly,
our calculation of allele frequencies for each locus
may be closer to reality resulting in more reliable PIC
values.

MI, EMR, and Rp values have been used to evaluate
the discriminatory power of different molecular marker
systems (Amom et al., 2020). In this study, the average
values obtained for MI, EMR, and Rp were equal to
1.94, 8.84, and 3.5, respectively. These results were
consistent with those reported by Etminan et al. (2016).
Also, the Rp values were higher compared to the report
of Heidari et al. (2017). The scatter chart of markers
based on their PIC and Rp values identified a group
of markers including SCoT03, SCoT04, SCoTO05,
SCoT08, SCoT09, SCoT14, SCoT21, and SCoT26
that performed well in both statistics. Therefore, these
primers should be considered in future molecular
studies on durum wheat. In contrast, SCoT01, SCoT07,
and SCoT15 had low values for both criteria.

In this study, the classification of genotypes using
PCoA (Figure 5) was consistent with that in the
neighbor-joining (NJ) phylogenetic tree (Figure 4), and

123

the structure analysis pattern (Figure 3) with G42, G51,
and G37 separated from the remaining populations.
Nevertheless, there were some inconsistencies. As
shown in the three above figures, some individuals with
the same structure (Figure 3) have been classified into
different clusters by NJ (Figure 4) and PCoA. (Figure 5).
Such differences can be attributed to the mathematical
model used in the above three grouping methods. The
mathematical model used by STRUCTURE software
was designed to sort individuals into Hardy—Weinberg
populations  while the neighbor-joining clustering
is a distance-based technique and uses the star
decomposition method.

In this study, the AMOVA revealed that the estimated
variance (Est. Var) within populations was 5.6 times
the estimated variance among populations (Table 4).
Also, the inter-population differentiation (Gst) value
was assessed to be 0.22, indicating that 22% of the total
genetic variability was among the three subpopulations
while 88% of the total genetic variability was within
subpopulations. Therefore, the results obtained from
AMOVA and the estimation of Gst were consistent.
Also, the Gst criterion was greater than 0.15 showing
that there was a relatively high genetic distinction
between subpopulations (Nei, 1973). Fixation index
(Fg,) shows the degree of gene differentiation among
populations in terms of allele frequencies. When F is
less than 0.05 then the genetic differentiation is small
while, an F_ between 0.05 to 0.15 shows a moderate
genetic differentiation. In addition, when F  is 0.15
to 0.25 then the genetic differentiation is large and
an F greater than 0.25 shows a very large genetic
differentiation (Meirmans and Hedrick, 2011). Hence,
sub-populations 1 and 2, (with F_ values of 0.4951,
and 0.5323, respectively) had a very large genetic
differentiation whereas, the genetic differentiation of
sub-population 3 was small. (F_,=0. 0389).

Nei (h) and Shannon (I) genetic diversity indices
are among the most appropriate genetic parameters
that have been used in various studies to determine
the diversity and distinction among and within
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subpopulations. High values of these parameters
indicate high genetic diversity. h measures the average
genetic diversity per locus. In other word, it is the
probability that, at a single locus, any two alleles,
chosen at random from the population, are different
to each other. Therefore, the average h over all loci is
an estimate of the extent of genetic variability in the
population (Hennink and Zeven, 1990). Accordingly,
similar to that revealed by the F coefficient, sub-
populations 2, 1 and 3 with h index of 0.2, 0.18, and
0.16 showed the highest genetic diversity, respectively
(Table 3). Moreover, in the present study, the gene flow
(Nm) among subpopulations was recorded to be 1.75,
which indicates a relatively small probability of gene
flow between the studied subsets. As demonstrated
by Varvio et al. (1986) The Nm index is defined
as the number of migrants per subpopulation in
one generation and values higher than one indicate
minor genetic differentiation among subpopulations.
Furthermore, allele distribution statistics showed that
subpopulation-2 had the highest number of different
bands (176), the highest number of unique bands
(21), the maximum number of different bands with
a frequency of>5%, and the highest mean diversity
(0.2) compared to the two other subpopulations. These
results indicated that the individuals of subpopulation-2
had a significant level of genetic diversity that can be
used for various breeding purposes. Also, the high
values of the percentage of polymorphic loci (89.5%),
a notable number of different alleles (1.87), and the
highest number of effective alleles (1.31) parameters
confirmed this conclusion. In agreement with our
findings, Jlassi et al. (2021) using SSR; Shaygan et
al. (2021) using CBDP and ISSR; Alemu et al. (2020)
using SNP marker techniques reported a notable
amount of genetic diversity in durum genotypes.

CONCLUSIONS
According to the results, the informativeness
parameters showed an appropriate level of

discriminating power of the SCoT primers. Therefore,
the amplification fragments of this marker have high
efficiency for the analysis of genetic diversity among
durum wheat germplasm. Results also showed a
remarkable level of genetic diversity among studied
durum wheat genotypes. The AMOVA revealed that
intra-population diversity was responsible for the
highest genetic variations, while inter-population
differentiation accounted for only 15% of total genetic
variations suggesting that genotypes had a wide genetic
differentiation. The Nei’s gene diversity, Shannon’s
information index, and allele distribution statistics

revealed that the individuals of subpopulation-2 had
a considerable level of diversity that can be used for
various breeding purposes.
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