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Abstract. Wheat (Triticum aestivum L.) is one of the most important food staples in Iran. Understanding genetic variability among 
the assortment of Iranian wheat is important for breeding. The aim of this work was to characterize the twenty three wheat cultivars 
using morphological and AFLP-based molecular data that recommended for various regions of Iran. All morphological traits were 
statistically significant among different genotypes and Cluster analysis based on ward's method, categorized the cultivars into four 
groups. Of the approximately 445 detected AFLP markers, only 28.53% were polymorphic. Polymorphic information content (PIC 
value) calculated to assess the informativeness of each marker ranged from 0.29 to 0.71. Genetic distances among the 23 cultivars 
ranged from 0.21 to 0.77, the mean distance being 0.48. Three groups were obtained by using the cluster analysis based on ward's 
method. Both methods (Morphology and AFLP) found a wide range in genetic diversity. In general, the diversity estimates from 
AFLP analysis was positively correlated with the diversity estimated by morphologic traits. These results indicate that genetic 
variability in Iranian bread wheat cultivar seems to have been maintained quite constant throughout the breeding process over the 
last decade. The results indicate that these tools may be used to protect intellectual property and for breeding and selection 
programs. 
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Introduction 
 
It is vital for plant breeding programmes to have sufficient 
diversity available to allow for the production of new varie-
ties that are aimed towards the improvement of crop pro-
ductivity and able to withstand damage from biotic and 
abiotic factors. In this respect, efforts have also been made to 
predict the prospects of developing superior genotypes from 
a cross by the measurement of a genetic similarity (GS) or 
genetic distance (GD) between the parents, since the later 
can be used as an estimation of expected genetic variances in 
different sets of segregating progenies derived, from differ-
ent crosses. Wheat is used mainly for human consumption 
and supports nearly 35% of the world population (Schuster 
et al. 2009). Although Iran is not as yet self-sufficient in 
wheat (Triticum aestivum) production and depends on im-
portation to supply its domestic requirements, wheat has al-
ready become an important crop. In addition to continuous 
investments in conventional breeding methods, the better 
understanding of the current and expanded genetic diversity 
and biotechnological tools should be considered for raising 
the yield frontier in wheat. Iran, as a developing country has 
less share in global wheat production. Its consumption is in-
creasing day by day due to ever increasing population. 
Characterization of accessions for important traits will facili-
tate efficient synthesis of breeding populations that are de-
signed to accomplish specific objectives (Berdahl et al. 1999). 
Morphological features are indicative of genotypes but are 
represented by only a few loci because there is not a large 
enough number of a character available. Moreover, they can 
also be affected by environmental factors and growth prac-
tices. Several types of molecular markers have been em-
ployed to evaluate genetic diversity in wheat, such as ran-
dom amplified polymorphic DNA (RAPD) (Joshi and 
Nguyen, 1993), restriction fragment-length polymorphism 
(RFLP) (Siedler et al. 1994, Kim and Ward 2000), amplified 
fragment-length polymorphism (AFLP) (Soleimani et al. 

2002, Altintaş et al. 2008), sequence tagged-site (STS) (Chen 
et al. 1994) and inter-simple sequence repeat (ISSR) (Zhu et 
al. 2011) and simple sequence repeat (SSR) markers (Röder et 
al. 1998; Schuster et al. 2009). The efficiency of polymor-
phism detection by amplified fragment length polymor-
phism (AFLP) in wheat is high compared with that of other 
available marker systems (Soleimani et al. 2002, Tuberosa et 
al. 2002, Almanza-Pinzon et al. 2003), as the AFLP technique 
combines the reliability of RFLP with the power of poly-
merase chain reaction (PCR) to amplify many restriction 
fragments simultaneously (Vos et al. 1995). The main objec-
tives of the present study were to characterize phenotypic 
and molecular variation in the collection of Iranian tradi-
tional accessions and to detect groups of similar and specific 
morphological types. 
 
 
Materials and Methods 
 

Plant materials and field evaluation 
Twenty three wheat (Triticum aestivum L.) cultivars were chosen for 
study based on their reputed differences in grain yield performance 
under irrigated conditions. The cultivars names are presented in Ta-
ble 1. Experiments were conducted at experimental field of agricul-
tural research station of Gerizeh, in Kurdistan province (Northwest 
of Iran) in 2009-2010. Seeds were hand drilled and each genotype 
was sown in three rows of 2.0 m, with row to row distance of 0.30 m. 
The experiment was laid out in randomized complete block design 
(RCBD) with three replications. Plots were irrigated at tillering, join-
ing, flowering and grain filling stage. Fertilizer was applied before 
sowing (50 kg ha-1 N and 30 kg ha-1 P) and at stem elongation (50 kg 
ha-1 N). The total dry weight and grain yield (g/m2) were measured 
by harvesting each plot at crop maturity. Six plants were randomly 
chosen from each plot to measure the other yields components traits. 
 

DNA isolation and AFLP analysis 
Genomic DNA was isolated from 10 days old seedlings. The isola-
tion was carried out using 200 mg of ten individual plants of each 
genotype by a slight modification of CTAB methods (Torres et al. 
1993, the volumes were adjusted so that the purification can be per-
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formed in 1.5 ml microcentrifuge tubes, also the extraction buffer 
contained 2% CTAB instead 1% CTAB) and pooled for each geno-
types. The DNA final concentration was determined by agarose-gel 
electrophoresis using known concentration of uncut λ DNA as stan-
dard. Five hundred nanograms of genomic DNA of each accession 
were digested simultaneously with 10 units each of MseI and Pst1 
(Fermentase, Germany) at 37°C for 4 h. Following digestion, Pst1 
and MseI adapters (Cinagene, Iran) were ligated to restricted frag-
ments at 20°C for 2 h and digested fragments were preamplified us-
ing 20 cycles of 94°C for 30 s, 60°C for 1 min and 72°C for 1 min ac-
cording to the manufacturer’s instructions. The sequence of oligonu-
cleotides adapters and primers used in this study are presented in 
Table 2. Selective amplification was then performed according to the 
manufacturer’s instructions (Cinagene, Iran). 3.75 μl of diluted prese-
lective PCR products were used as DNA templates for selective am-
plifications. The PCR selective amplifications were carried out in the 
same manner as PCR preamplifications. For selective amplification, 
the following cycle profile was used: 2 min at 94°C, 10 cycles: 30 s at 
94°C, 30 s at 63°C (touchdown 1°C per cycle to 54°C), 2 min at 72°C 
and 23 cycles: 30 s at 94°C, 30 s at 54°C, 2 min at 72°C. All amplifica-
tions were performed in a BioRad thermocycler (BioRad Laborato-
ries Inc., Hercules, CA, USA). Amplification reaction products were 
separated on a 6% denaturing polyacrylamide gel in a 50 cm Sequi-
Gen GT Sequencing Cell gel apparatus (BioRad Laboratories Inc., 
Hercules, CA, USA). The amplified fragments were detected by sil-
ver staining. The resulting gels were scored manually. The average 
polymorphic information content (PIC) was calculated according to 
Botstein et al. (1980) for each primer combination. Cluster analysis 
based on complete linkage algorithm using Jaccard’s coefficient, 
were performed using the NTSYS-pc version 2.01 software. 
 
 

Table 1.  Name of 23 Iranian bread wheat cultivars  
used in this study. 

 

Number Cultivar name Number Cultivar name 
1 Marvdasht 13 Alamot 
2 Kavir 14 Ghods 
3 Golestan 15 Chamran 
4 Azar2 16 Alvand 
5 Roshan/BC/S 17 Omid 
6 Rashid 18 Tajan 
7 Sholeh 19 Shiraz 
8 Roshan/BC/W 20 Bezostaya 
9 Zarin 21 Gasiard 
10 Mahdavi 22 Roshan 
11 Falat 23 Olaf 
12 Shirodi   

 

Results  
 

AFLP polymorphisms and genetic distance 
Twelve AFLP primer combinations were used to character-
ize 23 bread wheat cultivars. Out of total 445 amplicons, 127 
(28.5%) were polymorphic, averaging 10 total bands and 
29.09% polymorphic bands per primer combinations (Table 
3). The polymorphism information content (PIC) value of 
different primer combinations ranged between “0.29 to 0.71” 
(Table 3). The lowest and the highest PIC values were re-
corded for primer P-at/Mcg and P-cg/Mcg, respectively. 
The average genetic distance (GD), based on Fst values 
among 23 cultivars was 0.42, ranging from 0.21 to 0.77. Ac-
cording to the constructed trees, bread wheat cultivars fell 
into three major categories. The first cluster includes the 
spring type cultivars that usually grown in north and south 
of Iran under irrigated condition. The second cluster, which 
contains the winter type cultivars that used for dryland con-
dition in the west and north-west of Iran. Third cluster, with 
remaining other spring types that normally grown in irri-
gated fields in Mediterranean region like as west, northwest 
and central part of Iran (Fig. 1). 
 

Morphological diversity 
Variance analysis of the traits showed that there existed a 
significant difference among the genotypes under study 
with respect to all traits (results not shown). The values of 
broad sense heritability, genotypic and phenotypic coeffi-
cient of variation, genetic advance and environmental vari-
ance values of the traits under study showed that how much 
of the variety available among the phenotypes of the sam-
ples (Table 4). Obviously, if the heritability of a trait is high, 
we can apply selection to improve that trait. The amount of 
heritability for yield was 0.258. Most probably, high geno-
typic and phenotypic variance for this trait has led to calcu-
lating its heritability more than its actual value. Yield is a 
polygenetic trait and many genes are involved in it, and 
since environment has a considerable share and heritability 
of this trait is usually low (Muhammad & Konak 2005, 
Baghizadeh et al. 2003). Therefore, in order to improve this 
trait, breeders have to study traits related to that with high 
heritability and those in which environmental effects and 
genotype × environment interaction effects  are less obvious.  

 
 

Table 2.  Oligonucleotide sequences used in the AFLP analysis. 
 

Name  Oligonucleotide Sequence 
Adapters   

PstI Forward adapter 5/ CTC GTA GAC TGC GTA CAT GCA 3/ 
 Reverse adapter 5/ TGT ACG CAG TCT AC 3/ 

MseI Forward adapter 5/ GAC GAT GAG TCC TGA G 3/ 
 Reverse adapter 5/ TAC TCA GGA CTC AT 3/ 
Non-selective primers   
 PstI-00 5/ GAC TGC GTA CAT GCA G 3/ 
 MseI-00 5/ GAT GAG TCC TGA GTA A 3/ 
Selective primers   
 PstI-AC 5/ GAC TGC GTA CAT GCA G AC 3/ 
 PstI-AT 5/ GAC TGC GTA CAT GCA G AT 3/ 
 PstI-CG 5/ GAC TGC GTA CAT GCA G CG 3/ 
 PstI-CT 5/ GAC TGC GTA CAT GCA G CT 3/ 
 MseI-CG 5/ GAT GAG TCC TGA GTA A CG 3/ 
 MseI-TG 5/ GAT GAG TCC TGA GTA A TG 3/ 
 MseI-AT 5/ GAT GAG TCC TGA GTA A AT 3/ 
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Table 3.  Characteristics of the amplification products obtained with 12 AFLP primer pairs  
used to analyze the genetic diversity of wheat cultivars. 

 

No. Primer 
Combination 

Total number of 
amplification products 

Number of 
polymorphic bands 

Percent 
of polymorphism PIC value 

1 P-ac/Mcg 30 10 33 0.44 
2 P-ac/M-tg 40 8 20 0.32 
3 P-ac/M-at 41 8 19.5 0.30 
4 P-at/Mcg 37 11 29.7 0.46 
5 P-at/M-tg 32 6 18.75 0.29 
6 P-at/M-at 29 5 17.25 0.31 
7 P-cg/Mcg 34 13 38 0.71 
8 P-cg/M-tg 42 12 28 0.62 
9 P-cg/M-at 27 16 59.25 0.69 
10 P-ct/Mcg 50 14 28 0.47 
11 P-ct/M-tg 44 12 27 0.35 
12 P-ct/M-at 39 12 30.7 0.42 

 
 

 
 

Figure 1.  Tree diagram of 23 genotypes based on AFLP data  
using hierarchical cluster analysis (ward’s method). 

 
 

Table 4.  Analysis of genotypic and phenotypic coefficient of variation, 
 environmental variance and broad sense heritability for the studied traits in wheat cultivars. 

 

 h2bs 
Genetic 

Advance 
Genotypic 

CV% 
Phenotypic 

CV% 
Environmental 

Variance 
Plant Height 0.443 14.85 13.1 19.68 147.25 

Biomass 0.152 1.81 3.8 9.71 28.62 
No. of seeds/plant 0.633 14.68 28.57 35.9 46.4 

Harvest Index 0.88 0.267 0.33 0.35 0.01 
1000-seeds weight 0.40 4.751 9.4 14.9 20.31 
Seed yield (g/m2) 0.258 36.69 13.71 26.9 3518.06 

 
 

 
 

Figure 2.  Tree diagram of 23 genotypes based on six agronomical traits studied  
using hierarchical cluster analysis (ward’s method). 

 
 
 
 

Although the highest broad sense heritability in this experi-
ment was that of harvest index (0.88) and number of seeds 
per spike (0.633). Broad sense heritability of plant height and 

1000-seed weights was relatively high (Table 4). Cluster 
analysis, according to the morphological traits using the 
Ward method, was used to classify all the genotypes into 
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four groups. In this classification, the spring type genotypes 
with high yield were placed in one group (Fig. 2). The winter 
type genotypes with relatively high yield potential were 
grouped in second cluster. The third cluster included three 
genotypes (Alamot, Ghods and Roshan) and remaining 
genotypes that were the low yielding genotypes with high 
level of drought tolerance were grouped in fourth cluster 
(Fig. 2). 
 
 
Discussion 
 
Traditional plant breeding utilizes natural variation present 
in germplasm for crop improvement. However, repeated use 
of germplasm lines with better yield and quality led to nar-
rowing genetic base of modern cultivars (Ullah 2008, 2009). 
The knowledge about the genetic relationships of genotypes 
provides useful information to address breeding pro-
grammes and germplasm resource management (Eivazi et 
al. 2008). In this study, phenotypic data analysis of the bread 
wheat genotypes was coupled with molecular analyses 
(AFLP) to investigate the genetic relationships among 23 
Iranian bread wheat genotypes. AFLP showed a high level 
of polymorphism and a high number of clearly amplified 
bands. A high level of polymorphism is in accordance with 
the research of Altintas et al. (2008), Eivazi et al. (2008) and 
Shoaib & Arabi (2006). The relationship observed using mo-
lecular markers may provide information on the history and 
biology of cultivars, but it does not necessarily reflect what 
may be observed with respect to agronomic traits (Metais et 
al. 2000).Previous studies have shown that the measure-
ments of genetic divergence obtained from morpho-
agronomical traits are not completely similar to AFLP-based 
results (Altintas et al. 2008).The genotypes showed diverse 
phenotypic characteristics and distinct AFLP patterns. The 
range of genetic distance based on AFLP was on average 
higher than phenotypic data, which may reflect the influence 
of the environment on the performances of the materials. 
The polymorphisms produced by AFLP markers in anony-
mous regions are randomly distributed over the whole ge-
nome. The differences between phenotypic traits and AFLP 
profiles are the result of different gene expression of func-
tional genomic regions controlling various traits. Therefore, 
the DNA markers and phenotypic data will not necessarily 
yield closely matching results (Eivazi et al. 2008, Vollmann et 
al. 2005). Semagn (2002) suggested two reasons for low cor-
relation between DNA markers and morphological data: (a) 
DNA markers cover a larger proportion of the genome, in-
cluding coding and noncoding regions, than the morpho-
logical markers, and (b) DNA markers are less subjected to 
artificial selection compared with morphological markers. 
Martinez et al. (2005) believed that the correspondence be-
tween different methods might be improved by analyzing 
more morphological characters and AFLP markers. In pre-
sent study, the correlation between the genetic distances ob-
tained with AFLP and morphological traits, indicating that 
there is a strong multi-locus association between molecular 
and morphological traits in these cultivars. Thus, AFLP 
markers were good indicators of morphological divergence. 
Limited evaluation of bread wheat genotypes in this study 
led to the identification of genetic variation, which exists in 

the accessions. It is expected that when such diverse geno-
types are involved in breeding programs, as a result of re-
shuffling of the alleles due to recombination, there are better 
chances for the appearance of transgressive segregation with 
beneficial traits that can be selected to extract high yielding 
lines with desirable trait combination. Further, large amount 
of genetic variation which exists between wheat genotypes 
can be used efficiently for gene tagging and genome map-
ping of crosses to introgress the favorable traits such as high 
yield potential, disease and insect resistance into the culti-
vated genotypes. 
 
 
Conclusion 
 
In conclusion, any one of these methods might be used to 
study genetic diversity and genotype grouping, but each ap-
proach would give different information. The choices of ge-
netic diversity analysis methods depend largely upon the 
scope and the tools available to the researcher. Compared 
with molecular markers, the strong environmental evidence 
on phenotypic characteristics makes these traits relatively 
less reliable and inefficient for precise discrimination of 
closely related genotypes and analysis of their genetic rela-
tionships. However, phenotypic traits are useful for prelimi-
nary, fast, simple and inexpensive genotype identification 
and can be used as a general approach for assessing genetic 
diversity among different cultivars (Marti et al. 2007, Eivazi 
et al. 2008). Our results suggest that molecular approaches 
along with morphological study may be used to evaluate 
genetic diversity and assess the genetic relationships be-
tween bread wheat genotypes with high accuracy. Therefore, 
the classification obtained for these Iranian wheat genotypes, 
based on morphological traits and molecular markers will be 
a useful tool to Iranian breeders to plan crosses for positive 
agronomic characters by choosing genotypes with appropri-
ate diversity. 
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