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Evaluation of genetic diversity of durum wheat (Triticum durum desf.) genotypes using 

inter-simple sequence repeat (ISSR) and caat box-derived polymorphism (CBDP) 

markers. - Genetika, Vol 52, No.3, 895-909. 

Evaluation of genetic diversity is the key principal for plant breeding, providing an 

opportunity to discover novel characters and alleles for breeders. In the present study, 

69 durum wheat genotypes were investigated for genetic diversity using several CAAT 

box-derived polymorphism (CBDP) and inter-simple sequence repeat (ISSR) markers. 

Twelve CBDP and sixteen ISSR primers amplified a total of 115 and 160 polymorphic 

fragments with a mean of 9.58 and 10 fragments per primer, respectively. CBDP 

primers showed the higher mean values for informativeness parameters such as 

polymorphic information content (PIC), resolving power (Rp) and marker index (MI) in 

comparison with ISSR primers. The results of analysis of molecular variance 

(AMOVA) indicated that the highest proportion of genetic variance referred within 

populations. Furthermore, CBDP primers indicated high values for all genetic 

parameters. Besides, the highest values of genetic parameters including number of 
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observed (Na) and effective alleles (Ne), Shannon’s information index (I) and Nei’s 

gene diversity (He) were estimated for Iranian durum wheat landraces. Cluster analysis 

based on each molecular technique classified all durum wheat genotypes into three 

main groups, so that the results of principal coordinate analysis (PCoA) supported the 

grouping patterns. As a result, the grouping pattern observed by ISSR primers was 

clearer than CBDP primers and grouped all samples based on their origins. However, 

Mantel’s coefficient correlation test illustrated the higher positive correlation (0.54) 

between both marker techniques. Hence, the use of these markers in combination with 

each other to evaluate the genetic diversity is recommended. 

Keywords: Genetic variability, DNA-based markers, PCoA, molecular analysis 

of variance, durum wheat 

 

INTRODUCTION 

Among cereal crops, durum wheat (Triticum durum Desf.) well growing in the 

Mediterranean region and other semi-arid areas of the world and providing carbohydrates, 

dietary proteins, fiber, calcium, zinc, fats and energy (BOUKID et al., 2019). This cereal is an 

allotetraploid species (2n=4x=28) with the genomic constitution of AABB, comprising the full 

diploid complement of chromosomes from T. urartu Thum. ex Ghandilyan (A genome) and Ae. 

speltoides Tausch (putative B genome) (KILIAN et al., 2007; HAIDER et al., 2013).  

Assessment of genetic diversity due to discovering new alleles or genes in the natural 

populations and old varieties maximize the efficiency of breeding programs and also offers new 

scenarios in order to discover the key genes and improves varieties with desirable traits (POUR-

ABOUGHADAREH et al., 2017b). Investigation of genetic diversity in durum wheat has a long 

history and up to now numerous studies reported the high level of agro-morphological and 

molecular variability among this germplasm (TESFAYE et al., 1991; AUTRIQUE et al., 1996; 

SOLEIMANI et al., 2002; MEDINI et al., 2005; MEKLICHE et al., 2013; POUR-SIAHBIDI et al., 2013; 

ETMINAN et al., 2016; BALOCH et al., 2017; ETMINAN et al., 2017; ETMINAN et al., 2019). Of 

these, molecular markers are key tools to study the genetic diversity and analysis of population 

structure. These genomic tools have successfully been used to dissect the genetic architect and 

population structure in many plants (TREBBI et al., 2011; MORADKHANI et al., 2015; 

MWADZINGENI et al., 2017; POUR-ABOUGHADAREH et al., 2017a; ETMINAN et al., 2019; QADERI 

et al., 2019).  

Among the dominant molecular markers, inter simple sequence repeat (ISSR) has been 

used to detect genetic diversity in many plants. ISSR indicates highly sensitive to detect 

polymorphisms and has a great efficiency to describe intra and inter specific levels of variation 

(ZIETKIEWICZ et al., 1997). In the past decade, numerous molecular marker techniques have been 

developed for the assessment of molecular variability and population structure analysis. Gene-

targeted marker techniques recently have become as an ideal and useful system in the genetic 

diversity assays. CATT box-derived polymorphism (CBDP) is known as the novel molecular 

marker, which has been developed based on the short conserved region of CAAT box promoter. 

The CAAT box region has a conserved sequence, GGCCAATCT, and located upstream of the 

start codon of eukaryote genes (SINGH et al., 2014). Due to several benefits such as repeatability, 

high polymorphism and low cost of these markers have successfully been applied in genetic 
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diversity studies in the wide range of plant species (HEIKRUJAM et al., 2015; TOMAR and MALIK, 

2016; TIWARI et al., 2016; ETMINAN et al., 2018; ETMINAN et al., 2019).  

Although using any marker technique depend on genetic materials, available equipment 

technical expertise and available research funding (COLLARD and MACKILL, 2009), the 

comparison of molecular marker techniques revealed that each marker has advantages and 

disadvantages. This study aimed to evaluate genetic diversity in set of durum wheat genotypes 

using ISSR and CBDP markers. 

 

MATERIALS AND METHODS 

Plant material and DNA extraction 

A total of 69 durum wheat genotypes including 40 Iranian landraces (LR) and 29 

breeding lines (BL) provided by the International Centre for Agricultural Research in the Dry 

Areas (ICARDA) and Ilam University Genebank (IUGB) were evaluated in the present study 

(Table 1). Five seeds from each genotype were planted in the greenhouse and after early seedling 

growth and development, total genomic DNA was extracted from freshly leaves based on CTAB 

protocol (DOYLE and DOYLE, 1987). 

 

Table 1. List of the durum wheat analyzed, their origin, genebank code, and pedigree. 

No. Gene bank code Type Origin No. Genebank code Type Origin 

1 *IUGB-00038 LR Iran 36 M141994 BL ICARDA 

2 IUGB-00268 LR Iran 37 M141995 BL ICARDA 

3 IUGB-00517 LR Iran 38 M142005 BL ICARDA 

4 IUGB-00520 LR Iran 39 M142017 BL ICARDA 

5 IUGB-00522 LR Iran 40 M142025 BL ICARDA 

6 IUGB-00531 LR Iran 41 M142038 BL ICARDA 

7 IUGB-00543 LR Iran 42 M142045 BL ICARDA 

8 IUGB-00651 LR Iran 43 M142069 BL ICARDA 

9 IUGB-00658 LR Iran 44 M142070 BL ICARDA 

10 IUGB-00663 LR Iran 45 Chesit-1252 BL ICARDA 

11 IUGB-00770 LR Iran 46 Berkmen-469 BL ICARDA 

12 IUGB-00912 LR Iran 47 Eminbey BL ICARDA 

13 IUGB-01673 LR Iran 48 Kunduru 414-

44 

BL ICARDA 

14 IUGB-01677 LR Iran 49 KC_643 LR Iran 

15 IUGB-01859 LR Iran 50 KC_659 LR Iran 

16 IUGB-01692 LR Iran 51 KC.911 LR Iran 

17 IUGB-01731 LR Iran 52 KC.981 LR Iran 

18 IUGB-01688 LR Iran 53 KC.1033 LR Iran 

19 IUGB-00332 LR Iran 54 KC.1047 LR Iran 

20 46198 BL ICARDA 55 KC_2887 LR Iran 
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21 46172 BL ICARDA 56 KC_3296 LR Iran 

22 46112 BL ICARDA 57 KC_3399 LR Iran 

23 46078 BL ICARDA 58 KC_3632 LR Iran 

24 46061 BL ICARDA 59 TN_12598 LR Iran 

25 
SORA/2*PLATA-12/3/SORA/2* 
PLATA-12//SOMAT-3/4/AJAI 

BL 

ICARDA 

60 

KC_678 
LR 

Iran 

26 
SOMAT-4/INTER-8/4/GODRIN/ 
GUTROS//DUKEM/3/THKNE 

BL 
ICARDA 

61 
KC.874 

LR 
Iran 

27 
NUS/SULA//5*NUS/4/SULA/ 
RBCE-2/3/HUI//CIT71/CII*2/5/AR 

BL 
ICARDA 

62 
KC.963 

LR 
Iran 

28 
CNDO/VEE//CELTA/3/PATA-2/6/  

ARAM-7//CREX/ALLA/5/ENTE/MEXI 

BL 
ICARDA 

63 
KC_1298 

LR 
Iran 

29 
USDA595/3/D67.3/RABI//CRA/4/ALO/5/HUI/ 

YAV-1/6/ARDENTE/7/HUI/YAV79/8/ 

BL 
ICARDA 

64 
KC_1648 

LR 
Iran 

30 
AJAIA-12/F3LOCAL(SEL.ETHIO.135.85)// 
PLATA-13/3/PLATA-6/GREEN 

BL 
ICARDA 

65 
KC_3296 

LR 
Iran 

31 

TOPDY-18/FOCHA-

1//ALTAR84/3/AJAIA12/F3LOCAL- 
(SEL.ETHIO.135.85)//PLATA-13/4/SOMAT-3/ 

BL 

ICARDA 

66 

TN_12736 
LR 

Iran 

32 

GREEN-22RASCON-
37/4/MAGH72/RUFO//ALG86/ 

RU/3/PLATA-16/5/PORTO-3*2/6/ARMENT// 

SRN -3/NIGRIS-4/3/CANELO-9.1 

BL 

ICARDA 

67 

Saji 
LR 

Iran 

33 M84859 BL ICARDA 68 Zardak LR Iran 

34 M141979 BL ICARDA 69 Sardari LR Iran 

35 M141982 BL ICARDA     

* Ilam University Genebank 

LR: Iranian landrace, BL: breeding line 

 

 

Genotyping assays  

For CBDP analysis, a set of twelve primers were designed based on SINGH et al. (2014) 

(Table 2). Each 20 μl amplification reaction consisted of 2 μl template DNA from each sample, 2 

μl of each primer, 6 μl double distilled water and 10 μl master mix 2XPCR. The PCR reaction 

was carried out as follows: an initial denaturation step at 94°C for 5 min, followed by 45 cycles 

of denaturation at 94°C for 45 s, primer annealing at 56 °C for 45 s and primer elongation at 

72°C for 90 s; the final extension at 72°C was held for 10 min. PCR products were visualized on 

a 1.5% agarose gel, stained with Safe View II and finally photographed under UV light. 

For ISSR analysis, 16 primers were used and their sequences are shown in Table 2. The 

PCR amplifications were consisted of 25 µl volume including 1.2 µL of each primer, 2 µl of 

isolated DNA from each genotype, 12.5 double distilled water and 9.3 μl master mix 2XPCR. 

Amplifications were run as follows: 94ºC for 4 min, followed by 30 cycles of denaturation at 

94ºC for 30 seconds, primer annealing at 34-45ºC (varied for each primer) for 45 seconds and 
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primer elongation at 72ºC for 2 min. The final extension was 7 min at 72ºC. PCR products 

visualization was performed as described for genotyping with CBDP markers. 

 

Table 2. CAAT box-derived polymorphism (CBDP) and inter-simple sequence repeat (ISSR) primers and 

their amplification results generated in the 69 durum wheat genotypes. 

Primer Sequence Ta (◦C) TAB NPB PPB PIC Rp MI 

CBDP1 TGAGCACGATCCAATAGC 50 10 10 100 0.46 12.60 4.59 

CBDP2 TGAGCACGATCCAATAAT 50 9 9 100 0.45 11.79 4.06 

CBDP3 TGAGCACGATCCAATACC 50 9 9 100 0.46 11.42 4.17 

CBDP4 TGAGCACGATCCAATAAG 50 10 10 100 0.49 10.98 4.95 

CBDP5 TGAGCACGATCCAATCTA 50 9 9 100 0.49 7.73 4.41 

CBDP6 TGAGCACGATCCAATCGA 50 12 12 100 0.50 12.31 5.99 

CBDP7 TGAGCACGATCCAATGAT 50 9 9 100 0.48 8.75 4.49 

CBDP8 TGAGCACGATCCAATGTT 50 10 10 100 0.49 9.94 4.99 

CBDP9 TGAGCACGATCCAATATA 50 11 11 100 0.48 9.24 5.36 

CBDP10 TGAGCACGATCCAATGAG 50 9 9 100 0.48 7.53 4.38 

CBDP11 TGAGCACGATCCAATGCG 50 9 9 100 0.48 7.47 4.37 

CBDP12 TGAGCACGATCCAATTGA 50 8 8 100 0.46 5.73 3.68 

Mean 9.58 9.58 100 0.48 9.62 4.62 

ISSR1 DBDACACACACACACACA  12 11 92 0.41 7.68 4.61 

ISSR2 GACAGACAGACAGACA  10 10 100 0.44 6.69 4.45 

ISSR3 AGAGAGAGAGAGAGAGYT  9 9 100 0.46 6.46 4.14 

ISSR4 ACACACACACACACACC  11 11 100 0.44 7.24 4.85 

ISSR5 GAGAGAGAGAGAGAGARC  11 10 92 0.40 6.69 4.05 

ISSR6 CTCTCTCTCTCTCTCTG  11 11 100 0.36 5.21 3.98 

ISSR7 CACACACACACACACAG  8 8 100 0.39 4.34 3.16 

ISSR8 ACACACACACACACACYA  9 9 100 0.40 5.04 3.63 

ISSR9 GTGTGTGTGTGTGTGTYG  9 9 100 0.35 4.14 3.19 

ISSR10 GAGAGAGAGAGAGAGAYC  10 10 100 0.42 6.14 4.25 

ISSR11 AGAGAGAGAGAGAGAGT  11 11 100 0.44 7.39 4.90 

ISSR12 ACACACACACACACACYG  7 7 100 0.44 4.75 3.13 

ISSR13 CTCTCTCTCTCTCTCTRC  9 9 100 0.46 6.60 4.18 

ISSR14 CACACACACACACACARG  15 15 100 0.44 9.85 6.61 

ISSR15 TGTGTGTGTGTGTGTGRC  11 11 100 0.45 7.56 4.96 

ISSR16 TCTCTCTCTCTCTCTCG  10 9 100 0.40 6.23 3.69 

Mean 10.19 10 99 0.42 6.38 4.24 

Ta, temperature annealing; TAB, total amplified bands; NPB, number of polymorphic; PPB, percentage of 

polymorphism; PIC, polymorphism information content; Rp, resolving power; MI, marker index 

D: A+G+T and B: C+G+T 
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Data analysis 

Based on the presence and absence of the bands, all PCR products were coded as 0 and 1, 

respectively. To determine efficiency of used primers, three important informativeness indices 

including polymorphism information content (PIC), resolving power (Rp) and marker index (MI) 

were calculated as described by ANDERSON et al. (1993), PREVOST and WILKINSON et al. (1999) 

and VARSHNEY et al. (2007) respectively. To partitioning the genetic diversity between and 

within populations, analysis of molecular variance (AMOVA) was performed using GenAlEx 

package (PEAKALL and SMOUSE, 2006). Furthermore, several genetic indices such as the number 

of observed (Na) and effective alleles (Ne), Shannon’s information index (I), Nei’s gene 

diversity (He) and percentage of polymorphic loci (PPL) were estimated for each group using 

GenAlEx software. Cluster analysis was computed based on the genetic distance matrix to 

grouping of the tested durum wheat genotypes using DARwin software ver. 6.0.13 (PERRIER et 

al., 2016). To demonstrate distribution of accessions a principal coordinate Analysis (PCoA) was 

done in GenAlEx software. The Mantel’s test was done to estimate the correlation between two 

marker system using XLSTAT package (Addisonsoft XLSTAT, Paris).  

 

RESULTS 

CBDP and ISSR polymorphism 

A total of 115 bands were amplified from 12 CBDP primers, which all of fragments 

were polymorphic (Table 2). The total polymorphic bands ranged from 8 (CBDP12) to 12 

(CBDP9) with a mean of 9.85. The PIC values varied between 0.46 and 0.50 with an average of 

0.48. All primers had PIC values greater than 0.45, suggesting that the used primers are able to 

detecting the genetic variation in the investigated durum wheat genotypes. The Rp value of the 

12 primers varied between 5.73 (CBDP12) and 12.60 (CBDP1) with a mean of 9.62. The lowest 

and highest value of MI was recorded for CBDP12 (3.68) and CBDP6 (5.99), respectively. 

In ISSR analysis, all tested primers produced a total of 163 bands, out of which 160 

(98%) were polymorphic (Table 2). The average number of polymorphic bands was 10, and it 

varied between 7 (ISSR12) and 15 (ISSR14) with a mean of 10. The PIC values ranged from 

0.35 (ISSR9) to 0.46 (ISSR3 and ISSR13) with a mean of 0.42. The Rp value of the 15 primers 

with a mean of 6.38 varied between 4.75 (ISSR12) and 9.85 (ISSR14). The highest value of MI 

was observed for ISSR14 (6.61), while the lowest value related to ISSR12 (3.13). 

 

Analysis of molecular variance (AMOVA) and genetic diversity analysis  

The genetic variation structure between and within studied durum wheat populations, 

AMOVA was computed. In CBDP analysis, a significant difference within populations was 

observed. The portion of genetic variance between populations and within populations were 19 

and 81%, respectively (Table 3). On the other hand, a significant variation was indicated within 

and between the studied populations for ISSR marker. The portion of genetic variance for 

between and within populations was 38 and 62%, respectively.  

A summary of the estimated genetic variation indices based on CBDP and ISSR markers 

is presented in Table 4. Based on CBDP data, mean values of Na, Ne, I and He were 1.85, 1.55, 

0.47 and 0.32, respectively. Also the average of PPL was 91.30%. As a result, the highest values 

for all genetic indices were recorded for Iranian landraces population. On the other hand, the 
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results based on ISSR revealed that the average of all indices was lower than CBDP primers. 

Iranian landraces showed the higher values for Na, I and PPL compared with breeding lines. 

However, the highest value of I index was higher for breeding line population. Both studied 

populations showed a same amount of He index.  

 
Table 3. Analysis of molecular variance (AMOVA) in durum wheat populations. 

Source of variation 

CBDP  ISSR  

Between 
populations 

Within 
populations 

 
Between 
populations 

Within 
populations 

 

df 1 67  1 67  

SS 171.31 1270.63  411.43 1252.36  
MS 171.31 18.96  411.43 18.69  

Est.Var 4.49 18.96  11.58 18.69  
Var 19% 81%  38% 62%  

SS, sum of squares; MS, mean squares; Est. Var, estimated variance components; Var, total variance 

 

 

Table 4. Estimated genetic variation parameters for different durum wheat populations using CBDP and 

ISSR primers 

Marker Species Na Ne I He PPL 

C
B

D
P

 

Iranian 

landraces 1.95 ± 0.02 1.63 ± 0.02 0.53 ± 0.01 0.36 ± 0.01 96.52% 

Breeding lines 1.74 ± 0.06 1.45 ± 0.06 0.41 ± 0.01 0.27 ± 0.02 86.09% 

Mean 1.84 ± 0.29 1.54 ± 0.03 0.47 ± 0.01 0.31 ± 0.01 91.30% 

IS
S

R
 

Iranian 

landraces 1.68 ± 0.06 1.33 ± 0.03 0.32 ± 0.02 0.20 ± 0.01 83.73% 

Breeding lines 1.39 ± 0.07 1.33 ± 0.02 0.31 ± 0.02 0.20 ± 0.01 69.28% 

Mean 1.53 ± 0.04 1.33 ± 0.02 0.31 ± 0.01 0.20 ± 0.01 76.51% 

Na, Ne, I, He and PPL indicate number of observed alleles, observed number of alleles, Shannon’s information index, 

Nei’s gene diversity, and percentage of polymorphic loci 

 

Genetic relationships among studied durum wheat genotypes 

In CBDP analysis, the pairwise genetic distance coefficients ranged from 0.06 to 0.85 

with a mean of 0.52 among the 69 durum wheat genotypes. The highest genetic distance was 

observed between two genotypes from Iranian landrace and breeding line, while the minimum 

distance was estimated for two genotypes from Iranian landraces population (distance 

coefficients not shown). A hierarchical cluster analysis was computed based on the neighbour-

joining (NJ) method to categorise the studied durum wheat genotypes. The results showed that 

all studied genotypes were grouped into three main clusters (Figure 1). Cluster I comprised of 

two subclusters (SCI and SCII), which SCI comprised of 27 breeding lines and two Iranian 

landraces. The second subcluster (CSII) consisted of 20 Iranian landraces and three breeding 

lines. The second and third main clusters (CII and CIII) embraced remain Iranian landraces. The 

genetic distance coefficients estimated by ISSR data ranged from 0.16 to 0.94 with a mean of 

0.63. The maximum genetic distance was estimated two samples from Iranian landrace (No. 56) 
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and breeding line (No. 31), while the minimum distance was estimated between two Iranian 

landraces (No. 50 and No. 54) (distance coefficient not shown). Indeed, this similarity or 

dissimilarity may be referring the different genetic background of investigated samples. The 

hierarchical cluster pattern based on ISSR data indicated that all durum wheat genotypes 

separated into three main clusters. As shown in Figure 2, 19 Iranian landraces along with 10 

breeding lines fell in the first cluster (CI), 19 Iranian landraces and 19 breeding lines placed in 

the second cluster (CII), and one genotype form each population together fell the third cluster 

(CIII).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Hierarchical dendrogram created with a neighbor-joining clustering algorithm from the distance 

coefficient matrix among 69 durum wheat genotypes using CBDP markers. Red and black lines 

indicate Iranian landraces (LR) and breeding lines (BL), respectively. Black line indicates the cut-

off line. 
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To confirm of clustering results, the principal coordinate analysis (PCoA) was computed 

based on the CBDP and ISSR data. Based on CBDP data, the first two PCs jointly accounted for 

56.28% of the total variation (PC1 = 43.71% and PC2 = 12.57%) and all the durum wheat 

genotypes were clustered into three distinct groups (Figure 3A). The first (GI) and second (GII) 

groups uniformly consisted of indefinite Iranian landraces and breeding lines, while the third 

group (GIII) included of some samples from Iranian landraces and breeding lines. On the other 

hand, the results of PCoA analysis based on ISSR marker showed a clear grouping pattern for 

durum wheat genotypes. The two first PCs accounted for 37.71 and 11.07% of the total genetic 

variation. All studied genotypes clearly were classified in two groups; the first group consisted of 

Iranian landraces (GI) and the second comprised all breeding lines (GII) (Figure 3B).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Hierarchical dendrogram created with a neighbor-joining clustering algorithm from the distance 

coefficient matrix among 69 durum wheat genotypes using ISSR markers. Red and black lines 

indicate Iranian landraces (LR) and breeding lines (BL), respectively. Black line indicates the cut-

off line. 
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Figure 3. Biplot derived from the PCoA of the 69 durum wheat genotypes using (A) CBDP and (B) ISSR 

markers. Green and red squares indicate Iranian landraces and breeding lines, respectively. 

 

DISCUSSION 

Evaluation of genetic diversity is one of the important principal for plant breeding, 

providing a source variability to discover novel characters and alleles for breeders. It has been 

proven the use of molecular markers is an efficient method to detect genetic diversity. Although, 

numerous studies have previously been done regarding evaluation of the genetic diversity in 

durum wheat germplasm using different molecular markers (HENKRAR et al., 2016; KABBAJ et 

al., 2017; ETMINAN et al., 2017; MARZARIO et al., 2018; ETMINAN et al., 2019; SALIM et al., 

2019), here we evaluated the genetic diversity among 69 durum wheat germplasm using CBDP 

markers and also compared the efficiency of this marker with ISSR. Our results using two types 
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of molecular marker suggested the presence of a high level of polymorphism and showed a 

considerable level of diversity in studied durum wheat genotypes which is in agreement with 

those reported by ETMINAN et al. (2016 and 2018), KABBAJ et al. (2017), SALIM et al. (2019). In 

the present study, we also compared the marker informativeness parameters to determine 

whether CBDP and ISSR markers can be effectively used for identification molecular variability 

in durum wheat germplasm. Both molecular markers detected the high level of polymorphism at 

both between and within population levels, indicating that these markers could be used to 

germplasm identification and genetic diversity assessment in the durum wheat.  

Among informativeness parameters, PIC, Rp and MI provide a worthwhile measure in 

determination of efficiency of molecular markers in genetic analyses (POUR-ABOUGHADAREH et 

al., 2018). Evidently, the CBDP marker detected more polymorphic rate compared to ISSR 

markers (Table 2). Indeed, CBDP primers indicated higher values for informativeness 

parameters such as PIC, Rp and MI compared to ISSR primers. CBDP marker showed the 

greater PIC value than ISSR. Furthermore, the averages of Rp and MI parameters for CBDP 

primers were estimated, which they were higher than ISSRs. These results showed the good 

efficiency of CBDP technique to display level of polymorphism in the studied durum wheat 

genotypes. These results were confirmed by ETMINAN et al. (2016 and 2018a), POUR-

ABOUGHADAREH et al. (2018) and QADERI et al. (2019), who reported that gene-targeted markers 

such as CBDP and start codon targeted polymorphism (SCoT) were more useful for the detection 

of higher level of diversity and structure analysis compared to molecular marker techniques such 

as RAPD and ISSR. 

In the current study, significant variation was observed between and within durum wheat 

populations based on ISSR and CBDP markers. Both systems indicated the higher portion of 

genetic variation within populations than between them, and the portion of estimated variation 

by CBDP was higher than ISSR (81% vs. 62%) (Table 3). From viewpoint of the genetic 

variation parameters, CBDP marker showed greater mean values for all genetic parameters (Na, 

Ne, I, H and PPL) compared to ISSR (Table 4), suggesting that this marker has a good ability to 

represent of genetic variation between different populations. However, each marker indicated a 

different result in identification of populations with high level of diversity. Based on CBDP 

marker, Iranian landraces showed the maximum values for all parameters, while based on ISSR 

data this population only showed greater values for Na and I parameters. This finding 

demonstrated Iranian durum wheat germplasm has can be recognized as a source of variability, 

hence this germplasm may carry useful genes and even alleles can respond well to different 

environmental stresses. 

Although both marker techniques equally showed the extent of diversity; we anticipate 

that the amount of detected genetic variation is different, because each system targets different 

regions of the genome. In the present study, cluster analysis indicated two different grouping 

patterns of studied durum wheat genotypes. Discordance between dendrograms rendered by 

ISSR and CBDP could be explained by the different nature of each system, level of 

polymorphism, the number of detected loci, and region coverage of genome by each markers 

(SOUFRAMANIEN and GOPALAKRISHNA, 2004). However, as shown in Figures 1 and 2, ISSR 

markers have clearly grouped all genotypes than CBDP markers. In this regard, our results are in 

contrast with other studied which reported that CBDP markers have a high efficiency in the 
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grouping of materials based on their constitutions (ETMINAN et al., 2019).  Furthermore, the 

results obtained by PCoA analysis supported the grouping patterns of studied landraces and 

breeding lines, so that the biplot rendered by two first PCs form ISSR markers considerably were 

able to separate Iranian landraces from breeding lines (Figure 3). However, Mantel’s coefficient 

correlation test indicated a strong and positive correlation (0.54) between CDDP and ISSR 

matrices, suggesting a consistent correlation between genetic distances from both marker 

techniques. Indeed, this association may be attributed to similarity in DNA sequence between the 

CBDP and ISSR primers. 

CONCLUSIONS 

The present study has provided evaluation of the genetic diversity of mini core collection 

of durum wheat genotype including a set of Iranian landraces as well as a set of breeding lines. 

Our results have provided the new insight into the molecular variability in the Iranian landraces 

using two types of DNA-based markers.  Furthermore, our findings demonstrated that CBDP is a 

useful molecular technique to determine of genetic diversity and polymorphism in mini core 

collection of durum wheat germplasm. However, this technique shows a low efficiency in 

grouping of the studied genotypes compared to the ISSR technique.  
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Izvod 

Procena genetičkog diverziteta je ključni princip oplemenjivanja biljaka koji omogućava 

oplemenjivačima da  otkriju nova svojstva i allele. U ovom radu ispitivano je 69 genotipova 

durum pšenice pomoću CBDP i ISSR markera. Pomoću 12 CBDP i 16 ISSR prajmera 

amplifikovano je 115, odnosno 160 polimorfnih fragmenata sa prosečno 9.58, odnosno 10 

fragmenata po prajmeru. CBDP prajmeri su pokazali veće srednje vrednosti za parametre 

informativnosti kao što su PIC, rezoluciona snaga (Rp) i indeks markera (MI) u poređenju sa 

ISSR prajmerima. Rezultati analize molekularne varijanse (AMOVA) pokazali su da je najveći 

udeo genetičke varijanse bio unutar populacija. Pored toga,  CBDP prajmeri su ukazali na visoke 

vrednosti za sve genetičke parametre. Pored toga, za iranske vrste durum pšenice procenjene su 

najviše vrednosti genetičkih parametara, uključujući broj posmatranih (Na) i efektivnih alela 

(Ne), Šenon-ov indeks informacija (I) i Nei-jev diveryitet gena (He). Klaster analiza zasnovana 

na svakoj molekularnoj tehnici klasifikovala je sve genotipove durum pšenice u tri glavne grupe, 

tako da su rezultati glavne koordinatne analize (PCoA) podržali načine  grupisanja. Kao rezultat, 

način grupisanja na osnovu ISSR prajmera bio je jasniji od CBDP prajmera i grupisao je sve 

uzorke na osnovu njihovog porekla. Međutim, Mantelov test koeficijenta korelacije ilustrovao je 

veću pozitivnu korelaciju (0,54) između obe tehnike markera. Stoga se preporučuje upotreba 

ovih markera u kombinaciji jednih sa drugima za procenu genetičkog diverziteta. 
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