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ABSTRACT. Amplified fragment length polymorphism markers 
were used to assess genetic diversity in 10 male sterile wheat crop 
lines (hetero-cytoplasm with the same nucleus) in relation to a restorer 
wheat line. These male sterile lines were evaluated using 64 amplified 
fragment length polymorphism primer combinations, and 13 primers 
produced polymorphic bands, generating a total 682 fragments. Of the 
682 fragments, 113 were polymorphic. The polymorphic information 
content and marker index values demonstrated the utility of the primer 
combinations used in the present study. Unweighted pair group method 
with arithmetic mean and principal coordinate analysis of the genotypic 
data revealed clustering of accessions based on genetic relationships, 
and accessions were separated into 2 groups with their restorer line. 
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Jaccard’s similarity coefficient values suggested good variability among 
the male sterile lines, indicating their utility in breeding programs. The 
fallouts of analysis of molecular variance showed large within-group 
population variation, accounting for 77% of variation, while among-
group comparison accounted for 23% of the total molecular variation, 
which was statistically significant. The molecular diversity observed 
in this study will be useful for selecting appropriate accessions for 
plant improvement and hybridization through molecular-breeding 
approaches and for developing suitable conservation strategies.
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INTRODUCTION

As 1 of the 3 major cereal crops in the world, wheat is very important in food security 
and economic development. To meet the demand for the development of high-yielding and 
stress-resistant wheat cultivars, the genetic base of this crop must be increased. Improved 
wheat productivity through breeding platforms is based on the availability of genetic variabil-
ity in elite wheat material. Variability in the bread wheat gene pool is grossly insufficient for 
addressing current and future breeding objectives. Parental selection is the most important step 
in the development of new cultivars. Efficient identification of superior hybrid combinations 
is a fundamental issue in wheat-breeding programs (Gowda et al., 2010). The efficiency of 
hybrid-breeding programs may be significantly enhanced if superior crosses can be predicted 
before field evaluation. The advancement of molecular techniques and biometric methods has 
allowed for the development of unique procedures for evaluating genetic variability. Analysis 
of genetic distance is a supplementary tool that is commonly used in breeding programs and 
is an important link between conservation and use of available genetic resources. Among the 
methods used to quantify genetic distances are morphological and molecular markers as well 
as pedigree information (Yadav et al., 2007). Hybridization of wheat in breeding involves the 
selection of diverse genotypes depending on whether the end product is a pure line or a hybrid 
variety. In this regime, efforts have also been made to predict the probability of developing 
superior genotypes from a cross by measuring genetic similarity or genetic distance between 
the parents, as the latter can be used to assess expected genetic variances in different sets of 
segregating progenies derived from different crosses. Knowledge of the genetic diversity ar-
rays within breeding line population can improve the efficiency of gain through selection. The 
allopolyploid nature of bread wheat enables the introgression of genes from wild species by 
the recombination of homologous chromosomes (Valkoun, 2001). Wild relatives and related 
species can be successfully crossed with bread wheat (Arzani et al., 2000). Wild relative genes 
can be introgressed in cultivated wheat through recombination of homologous chromosomes, 
and undesirable gene linkages can be broken by repeated backcrossing to cultivated wheat. 
Interspecific crosses between tetraploid wheat and Aegilops species, as their close relatives, 
are useful for introducing desirable characters into bread wheat.

DNA-based molecular markers are useful both for quantifying genetic diversity within 
plant species and for detecting and characterizing closely related genotypes (Jasieniuk and Max-
well, 2001). Polymorphisms or DNA sequence differences are commonly analyzed to evaluate 
genetic similarity between and within populations of accessions (Lee, 1995). Several types of 
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molecular markers are available; however, amplified fragment length polymorphism (AFLP) 
markers show several advantages, such as reproducibility, high levels of polymorphism that can 
be detected in a single reaction, the genome-wide distribution of markers, and no need for prior 
DNA sequence information compared with other DNA-based markers (Vos et al., 1995). AFLP 
analysis involves selective amplification of a subset of restriction enzyme-digested DNA frag-
ments to generate a unique fingerprint of a particular genome (Mueller and Wolfenbarger, 1999). 
AFLP has been widely used to discriminate between different accessions of a number of plants 
species, including the common wheat Triticum aestivum L. (Almanza-Pinzón et al., 2003).

In this study, we determined the level of genetic variability and diversity among a sam-
ple of male sterile lines of wheat accessions using AFLP markers at the Key Laboratory of Crop 
Heterosis of Shaanxi Province, Northwest Agricultural & Forest University, Yangling, China. 

MATERIAL AND METHODS

In this study, male sterile lines [ms(K)-77(2), ms(V)-77(2), ms(Ven)-77(2), ms(B)-
77(2), ms(S)-77(2)] were divided into 2 groups based on their fertile maintainer line [A-90-110 
and A-8222] of common wheat (T. aestivum); all lines contained hetero-cytoplasm with the same 
nucleus (Table 1). These sterile lines were derived from recurrent backcross after 20 generations. 
The seeds were soaked in water for 6 h, after which the sprouted wheat seeds were grown in plas-
tic pots over a period of 3 weeks at room temperature using stander agronomic culture practices.

Table 1. Wheat accessions (cytoplasmic male sterile and their fertile maintainer lines).

Sr. No.	                      Wheat accessions	 Type	 Fertility status	 Group

	 Code name	 Male sterile lines			 

1	 K-90-110	 ms(K)-77(2)	 Aegilops kotschyi	 S-line	
2	 V-90-110	 ms(V)-77(2)	 Aegilops variabilis	 S-line	 I
3	 Ven-90-110 	 ms(Ven)-77(2)	 Aegilops ventricosa	 S-line	 Maintainer line
4	 B-90-110	 ms(B)-77(2)	 Aegilops bicornis	 S-line	 A-90-110
5	 S-90-110	 ms(S)-77(2)	 Triticum spelta	 S-line	
6	 A-90-110	          --	 Triticum aestivum	 F-line	
7	 K-8222	 ms(K)-77(2)	 Aegilops kotschyi	 S-line	
8	 V-8222	 ms(V)-77(2)	 Aegilops variabilis	 S-line	 II
9	 Ven-8222	 ms(Ven)-77(2)	 Aegilops ventricosa	 S-line	 Maintainer line
10	 B-8222	 ms(B)-77(2)	 Aegilops bicornis	 S-line	 A-8222
11	 S-8222	 ms(S)-77(2)	 Triticum spelta	 S-line	
12	 A-8222	          --	 Triticum aestivum	 F-line	

Wheat accessions are divided into two groups (Group I and Group II) based on their fertile maintainer line, Aegilops.

DNA isolation

First, 0.5 g fresh leaf material was harvested from 3-week-old seedlings from 
each line. DNA isolation was carried out using the method described by Doyle and Doyle 
(1990), with some modifications. Leaf material in extraction buffer (100 mM Tris-HCl, pH 
8.0, 20 mM EDTA, pH 8.0, 1.4 M NaCl, 2% (w/v) CTAB, 1% (w/v) polyvinylpyrrolidone 
and 2% b-mercaptoethanol) was ground in liquid nitrogen and then incubated at 65°C for 
60 min. Purification steps were carried out once with phenol:chloroform:isoamylalcohol 
(25:24:1) and twice with chloroform:isoamylalcohol (24:1). RNA was digested by RNase 
enzyme and incubated at 37°C for 30 min. The DNA was pelleted using ice cold anhydrous 
ethanol and 1/10th volume 3 M CH3COONa and then incubated at -70°C for 60 min be-
fore centrifugation at 12,000 rpm for 15 min at 4°C. This was followed by a 70% ethanol 
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wash; the pellets were air-dried and resuspended in 0.2 mL 1X Tris-EDTA buffer, pH 8.0. 
The recovered DNA was quantified fluorometrically on a 1.5% agarose gel using ethidium 
bromide staining.

AFLP marker

The AFLP marker (Vos et al., 1995) as modified by Pillay and Myers (1999) was used. 
All 64 primers were used to examine genetic diversity (Table 2). Next, 200 g DNA was digested 
with EcoRI and MseRI (Thermo Scientific, Waltham, MA, USA) at 37°C for 5 h and 8°C for 
4 h. The digested samples were incubated at 70°C for 15 min to inactivate the restriction endo-
nucleases. EcoRI and MseRI adapters were ligated to the digested DNA samples to produce a 
template DNA for amplification. Pre-amplification was carried out using the primers E00 and 
M00 and 1 mL of each resonant selective nucleotide (Table 3) in a thermo-cycler for 32 cycles 
set at 94°C denaturation for 30 s, 56°C annealing for 45 s, and 72°C extension for 2 min. Initial 
denaturation was conducted at 94°C for 2 min and the final extension was conducted at 72°C for 
10 min. The amplification products were diluted 20-fold in TE buffer and stored at -20°C. Selec-
tive AFLP was conducted using 1 mL of each EcoRI and MseI primers, 5 mL diluted polymerase 
chain reaction (PCR) products from the pre-amplification, 3 mL ddH2O, and 10 mL master mix. 

Table 2. Primer combinations (64) of AFLP markers.

E1/M1	 E1/M2	 E1/M3	 E1/M4	 E1/M5	 E1/M6	 E1/M7	 E1/M8

E2/M1	 E2/M2	 E2/M3	 E2/M4	 E2/M5	 E2/M6	 E2/M7	 E2/M8
E3/M1	 E3/M2	 E3/M3	 E3/M4	 E3/M5	 E3/M6	 E3/M7	 E3/M8
E4/M1	 E4/M2	 E4/M3	 E4/M4	 E4/M5	 E4/M6	 E4/M7	 E4/M8
E5/M1	 E5/M2	 E5/M3	 E5/M4	 E5/M5	 E5/M6	 E5/M7	 E5/M8
E6/M1	 E6/M2	 E6/M3	 E6/M4	 E6/M5	 E6/M6	 E6/M7	 E6/M8
E7/M1	 E7/M2	 E7/M3	 E7/M4	 E7/M5	 E7/M6	 E7/M7	 E7/M8
E8/M1	 E8/M2	 E8/M3	 E8/M4	 E8/M5	 E8/M6	 E8/M7	 E8/M8

Table 3. Amplified fragment length polymorphism primer sequence.

Code	 Primer sequence

EAF	 5'-CTC GTA GAC TGC GTA CC-3'
EAR	 5'-AAT TGG TAC GCA GTC TAC-3'
MAF	 5'-GAC GAT GAG TCC TGA G-3'
MAR	 5'-TAC TCA GGA CTC AT-3'
E00 (pre-amplifier primer)	 5'-GTA GAC TGC GTA CCA ATTC A-3'
M00 (pre-amplifier primer)	 5'-GAC GAT GAG TCC TGA GTAA C-3'
E01	 5'-GTA GAC TGC GTA CCA ATTC AAC-3'
E02	 5'-GTA GAC TGC GTA CCA ATTC AAG-3'
E03	 5'-GTA GAC TGC GTA CCA ATTC ACA-3'
E04	 5'-GTA GAC TGC GTA CCA ATTC ACT-3'
E05	 5'-GTA GAC TGC GTA CCA ATTC ACC-3'
E06	 5'-GTA GAC TGC GTA CCA ATTC ACG-3'
E07	 5'-GTA GAC TGC GTA CCA ATTC AGC-3'
E08	 5'-GTA GAC TGC GTA CCA ATTC AGG-3'
M01	 5'-GAC GAT GAG TCC TGA GTAA CAA-3'
M02	 5'-GAC GAT GAG TCC TGA GTAA CAC-3'
M03	 5'-GAC GAT GAG TCC TGA GTAA CAG-3'
M04	 5'-GAC GAT GAG TCC TGA GTAA CAT-3'
M05	 5'-GAC GAT GAG TCC TGA GTAA CTA-3'
M06	 5'-GAC GAT GAG TCC TGA GTAA CTC-3'
M07	 5'-GAC GAT GAG TCC TGA GTAA CTG-3'
M08	 5'-GAC GAT GAG TCC TGA GTAA CTT-3'
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PIC = 1 - Σ(Pi) 2,

The following protocol was used for PCR amplification: 1 cycle at 94°C for 30 s, 65°C 
for 30 s, and 72°C for 60 s; followed by 15 cycles of touchdown PCR in which the annealing 
temperature was decreased by 0.7°C every cycle until a touchdown annealing temperature of 
56°C was reached. Once this temperature was reached, another 20 cycles were conducted as 
described above for pre-amplification and the products were rapidly cooled on ice.

The products were analyzed by electrophoresis on a 6% (w/v) denaturing polyacryl-
amide gel. The gel was run at constant power (50 W). The gel was silver-stained (Creste et al., 
2001). Bands showing clear polymorphisms were scored visually as present (1) or absent (0). 

Statistical analysis

To evaluate genetic diversity for the construction of a dendrogram, gels were scored in 
binary format, where the presence of a band was scored as 1 and its absence as 0. The binary 
data were used to compute pairwise similarity coefficients (Jaccard, 1908) and the similarity 
matrix obtained was subjected to cluster analysis using the unweighted pair-group method 
with arithmetic average (UPGMA) algorithm on NTSYS-PC, version 1.70 (Rohlf, 1992).

The binary data matrix was subjected to principal coordinate analysis (PCoA) using 
GenAlEx 6.1 (Peakall and Smouse, 2006). The degree of genetic similarity was determined 
using the Nei’s formula (Nei and Li, 1979).

Allelic polymorphic information content (PIC) was calculated using the following 
formula:

where Pi is the proportion of the population carrying the ith allele, calculated for each mic-
rosatellite locus (Botstein et al., 1980). Marker index (MI) was calculated using the formula 
described by Powell et al. (1996). MI = PIC x proportion of polymorphic bands. Population 
genetic analysis was performed using the model for dominant markers with diploid individu-
als using POPGENE version 1.32 (Yeh et al., 1999) to calculate the effective number of alleles 
per locus (NE), Nei’s gene diversity (h), unbiased diversity (uh) (Nei, 1973), and Shannon’s 
information index (I) (Lewontin, 1972).

Analysis of molecular variance (AMOVA)

The percentage of molecular variance among 10 accessions (male sterile lines) based 
on their restorer fertile lines (90-110 and 8222) and different population groups was assessed 
using GENALEX 6 (Peakall and Smouse, 2006). The statistical significance of variances was 
tested by determining the random permutations with the number of permutations set at 9999.

RESULTS 

All 64 primer-pair combinations were tested and 13 primer pairs were selected to as-
say 5 hybrids and their restorer lines (A-90-110 and A-8222) from each of the 2 groups for 
AFLP marker analysis. A total of 682 scorable bands were detected after selective PCR ampli-
fication with all primer combinations (Table 4). The bands ranged in size from 50 to 2000 bp. 
These primer pairs produced 113 polymorphic bands; the results support that the AFLP marker 
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system is efficient for genetic diversity analysis (Wu et al., 2000).

Table 4. Marker attribution for different AFLP primer combinations.

Sr. No.	 AFLP primer	 Total No. of 	 No. of polymorphic	 Polymorphic 	 Polymorphic	 Marker
	 combination	 amplified	 bands	 bands (%)	 information	 index
		  bands			   content

  1	 E1/M1	   60	   11	 18.333	 0.332	 3.649
  2	 E1/M2	   66	   10	 15.152	 0.324	 3.239
  3	 E1/M3	   39	   16	 41.026	 0.239	 3.832
  4	 E1/M4	   31	   14	 45.161	 0.215	 3.009
  5	 E1/M5	   63	    4	   6.349	 0.361	 1.443
  6	 E1/M6	   33	   12	 36.364	 0.248	 2.970
  7	 E1/M8	  111	    3	   2.703	 0.470	 1.410
  8	 E3/M2	   48	   10	 20.833	 0.350	 3.504
  9	 E4/M6	   18	    4	 22.222	 0.467	 1.869
10	 E5/M4	   90	    7	   7.778	 0.392	 2.744
11	 E6/M8	   47	    5	 10.638	 0.359	 1.793
12	 E7/M1	   39	    7	 17.949	 0.407	 2.849
13	 E7/M5	   37	   10	 27.027	 0.262	 2.619
Total		  682	 113	 		

Figure 1. Neighbor joining tree of wheat accessions. Dendrogram tree divided the wheat accessions into 2 groups 
according to their restorer line.

The AFLP marker dendrogram showing genetic relationships from UPGMA clus-
ter analysis revealed 2 major groups corresponding to their maintainer lines (A-90-110 and 
A-8222) (Figure 1). This study demonstrated that AFLP is a very sensitive technique for de-
tecting markers in genetic studies of wheat crops. The banding patterns attained using AFLP 
were found to be highly reproducible when the same sample DNA was used in independent 
experiments (Pillay and Myers, 1999). Silver staining was used in this study because silver-
stained AFLP gels are thought to produce a larger number of better-defined bands than phos-
phorous-32-labeled gels (Cho et al., 1996). 
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Figure 2. Principal coordinate analysis (PCoA) of wheat accessions. The PCoA plot divided wheat accessions into 
2 groups based on their maintainer fertile line.

A similar structure was revealed by the PCoA. The analyzed specimens formed 2 
main groups - I and II, as shown in Figure 2. Two PCoA plots were generated based on the first 
and second eigenvectors. The figure based on these eigenvectors revealed 2 distinct groups of 
male sterile lines divided based on their restorer fertile lines, accounting for 28.82% on PC1 
and 24.64% on PC2 of the total variation.

Table 5. Genetic diversity of wheat accessions based on AFLP markers.

Sr. No.	 AFLP marker	 No. of effective	 Shannon’s	 Genetic	 Unbiased genetic
	 primer combination	 alleles	 information index	 diversity	 diversity

  1	 E1/M1	 1.298	 0.295	 0.191	 0.229
  2	 E1/M2	 1.351	 0.351	 0.227	 0.272
  3	 E1/M3	 1.273	 0.266	 0.173	 0.207
  4	 E1/M4	 1.258	 0.268	 0.171	 0.205
  5	 E1/M5	 1.431	 0.407	 0.267	 0.320
  6	 E1/M6	 1.315	 0.308	 0.200	 0.240
  7	 E1/M8	 1.459	 0.381	 0.261	 0.313
  8	 E3/M2	 1.268	 0.291	 0.183	 0.220
  9	 E4/M6	 1.257	 0.254	 0.164	 0.197
10	 E5/M4	 1.333	 0.320	 0.209	 0.251
11	 E6/M8	 1.328	 0.314	 0.206	 0.247
12	 E7/M1	 1.300	 0.324	 0.205	 0.245
13	 E7/M5	 1.288	 0.285	 0.185	 0.222

The 13 AFLP marker primer combinations used generated a total of 682 bands, of which 
113 (16.56%) were polymorphic among the 12 genotypes analyzed. The PIC values of differ-
ent primer combinations ranged from 0.215 (primer pair E1/M4) to 0.470 (primer pair E1/M8), 
while MI values were between 1.41 (primer pair E1/M8) and 3.832 (primer pair E1/M3).

The mean NE varied from 1.257 to 1.459, I ranged from 0.254 to 0.407, h varied from 
0.164 to 0.267, and uh from 0.197 to 0.320 in AFLP marker combinations (Table 5). 
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Table 6. Mean genetic diversity of wheat accessions based on AFLP markers.

Group	 AFLP marker	 No. of effective	 Shannon’s information	 Genetic	 Unbiased genetic
	 primer combination	 alleles	 index	 diversity	 diversity

  1	           Mean	 1.310	 0.300	 0.195	 0.234
  2	           Mean	 1.328	 0.322	 0.209	 0.251
Total 	           Mean	 1.319	 0.311	 0.202	 0.243

Table 7. Analysis of molecular variance (AMOVA) results of wheat accessions.

Source	 d.f.	 SS	 MS	 Est. var.	 % Var.	 P value

Among group	   1	   80.667	 80.667	       8.694**	   23%	 0.010
Within group	 10	 285.000	 28.500	     28.500**	   77%	
Total	 11	 365.667	 	 37.194	 100%	

**Significant difference at 1% level.

Figure 3. Analysis of molecular variance (AMOVA) of wheat accessions. Molecular analysis divided wheat 
accessions into 2 groups.

The total mean values (group I and group II) of NE, I, h, and uh were 1.319, 0.311, 0.202, 
and 0.243, respectively (Table 6).

AMOVA was partitioned, and the total AFLP variation in within- and among-accession 
components is summarized in Table 7. AMOVA showed that 77% of the total variation was pres-
ent in the within-group population and 23% among the 2 group accessions (Figure 3).

DISCUSSION

Effectual utilization of the genetic potential in the germplasm collections requires an 
understanding of the genetic diversity present in the collected material. Knowledge regarding 
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plant trait variability and the association of specific traits with hybridization not only facili-
tates breeding programs but also helps to design future germplasm collections. Molecular data 
have played a vital role in understanding the genetic relationships among various plants and 
have led to new genetic classifications that often conflict with traditional taxonomy (Jobst 
et al., 1998). Genotypes provide valuable information for improving breeding programs and 
germplasm resource management (Roldán-Ruiz, 2001). The primary aim of this study was to 
identify supplementary and valid molecular markers suitable for examining genetic diversity 
in order to assess genetic relationships in 10 male sterile lines of wheat. The goal was to obtain 
useful molecular data regarding the local gene pool. Wheat genotypes have been analyzed 
using different DNA marker systems and have identified genetic diversity or similarity levels 
within a specific group of genotypes (Eujay et al., 2001). 

AFLP marker analysis is useful for identifying polymorphic molecular markers in this 
population complex, and a total of 113 polymorphic AFLP fragments were obtained from 13 
primer combinations in this study. A low level of polymorphism has been observed in wheat 
(Reif et al., 2005). The low level of polymorphism was reported to be an average of 10 alleles per 
locus in emmer wheat (Fahima et al., 1998). Cluster analysis was based on Jaccard’s similarity 
estimates (Jaccard, 1908). Using different DNA marker systems, wheat genotypes from the same 
origin have been analyzed, revealing genetic diversity or similarity levels within a specific group 
of genotypes (Eujay et al., 2001). Hybrid wheat line V-90-110 (group I) and K-8222 (Group II) 
showed the largest differences among the materials studied (Figure 1). Wheat male sterile lines 
were equally dispersed with their maintainer fertile line (A-90-110 and A-8222) in each group. 
The arrangement of male sterile lines on the dendrogram can be explained by affinity in pedi-
gree, as in the case of pairs V-90-110 vs A-90-110 and K-8222 vs A-8222. The bootstrap proce-
dure performed on binary data indicated that V-90-110 and K-8222 significantly differed from 
other lines. Population variability is related to reproduction methods. This has been observed in 
numerous species and supports the positive association between the amount of outcrossing and 
genetic variation. In general, autogamous species show greater differences among, rather than 
within, populations (Charlesworth and Charlesworth, 1995).

PCoA is a multivariate approach for grouping based on similarity coefficients or 
variance-covariance among traits. This method provides information regarding differentiation 
among major groups, while cluster analysis provides higher resolution among closely related 
populations. PCoA based on Gower’s similarity coefficient (Gower, 1966) revealed relation-
ships among the accessions in 2-dimensional spaces. PCoA revealed a similar structure. The 
analyzed specimens formed 2 main groups, I and II, as shown in Figure 2, and 2 PCoA plots 
were generated based on the first-second eigenvectors. The figure based on this eigenvec-
tors revealed 2 distinct groups into which the male sterile lines were divided based on their 
restorer fertile lines, accounting for 28.82% in PC1 and 24.64% in PC2 of the total variation. 
The AFLP marker method appears to be more effective for generating genotype-specific bands 
(Degani et al., 2001). Pre-digesting the template DNA before the PCR resulted in broadening 
the level of detected polymorphisms (Riede et al., 1994), suggesting that the presented method 
is auspicious for effective cultivar identification. The PCoA plot agreed well with the results of 
UPGMA cluster analysis. In contrast, the genetic relationships among hybrid-related popula-
tions were better visualized by PCoA.

The 13 AFLP marker primer combinations used generated a total of 682 bands, of 
which 113 (16.56%) were polymorphic among the 12 genotypes examined. PIC values for 
different primer combinations ranged from 0.215 to 0.470. The lowest and the highest PIC 
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values were observed for primers E1/M4 and E1/M8, respectively. PIC values and MI were 
nearly the same as those published by Manifesto et al. (2001) in wheat. PIC values were 
very similar to the primer combinations used, and thus higher MI values were detected for 
combinations presenting a higher number of polymorphic bands. The combination producing 
the largest number of polymorphic bands (16 bands) was E1/M3 (MI value was 3.832), while 
the combination producing the lowest number of polymorphic bands (3 bands) was E1/M8 (MI 
value was 1.410). The polymorphic bands (113 bands) obtained using all primer combinations 
demonstrated that AFLP analysis can be used to detect genetic variability present in these 
wheat genotypes. Corbellini et al. (2002) reported that when 40 wheat genotypes from Central 
and Southern Europe were examined using 5 AFLP primer combinations, an average of 40 
polymorphic bands per primer combination, and a total of 200 polymorphic bands were 
obtained. Slightly lower levels of polymorphism have been detected in wheat, such as the 
59% determined by Almanza-Pinzón et al. (2003) and the 47% reported by Roy et al. (2004). 
Marker attributes such as PIC and MI have been used in several studies to assess AFLP markers 
for genetic diversity analysis (Leelambika et al., 2010). These studies have found that AFLP 
markers are efficient for detecting genetic variability in wheat. Diversity analysis can be used 
to decode genetic relationships and is useful for efficiently managing germplasms (Al-Doss et 
al., 2011). The environment has no effect on molecular diversity and can be estimated by DNA 
obtained from germplasm at any growth stage (Tatikonda et al., 2009).

Nei’s gene diversities (h) varied from 0.164 to 0.267, unbiased (uh) diversity from 
0.197 to 0.320, and Shannon’s indices (I) ranged from 0.254 to 0.407. Additionally, the val-
ues for h and I showed a similar trend. The mean effective alleles (NE) varied from 1.257 to 
1.459. Among the 13 AFLP marker primer combinations, E1/M5 showed the highest genetic 
variation and E4/M6 showed the lowest genetic variation. The total mean values (group I 
and group II) of NE, I, h, and uh were found to be 1.319, 0.311, 0.202, and 0.243, respec-
tively. Shannon’s information index agreed with the results of Xie et al. (2010). Shannon’s 
information index was calculated to provide a relative estimate of the degree of variation 
within genotypes (Lewontin, 1972).

AMOVA was used to determine the total AFLP variation into within- and among-
accession components (Table 7). AMOVA revealed that 77% of the total variation was ex-
tant within the group population and 23% among the 2 group’s accessions (Figure 3). The 
results exhibited significant variation among and within the group population. Variation 
within accessions (77%) due to the male sterile lines (hetero-cytoplasm with same nucleus) 
was determined after a number of recurrent backcrosses and the variability among the 2 
groups because of their restorer lines (A-90-110 and A-8222). These results agree with those 
of Zhao et al. (2010).

CONCLUSIONS

Thirteen AFLP marker primer combinations used to study 10 hybrid male sterile 
lines (hetero-cytoplasm with the same nucleus) of wheat were used to separate genotypes, 
yielding 682 bands, of which 113 were polymorphic (16.4%). The average number of 
polymorphic bands per AFLP primer combination was 8.69 and the size of AFLP frag-
ments generated by different primer combinations ranged from 50 to 1000 bp. Among all 
primer combinations, E1/M4 showed the highest percentage of polymorphism (45.16%), 
while E1/M8 showed the lowest percentage of polymorphism (2.70%). The highest un-
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biased genetic diversity (0.32) was observed for the primer combination E1/M5 and the 
lowest (0.197) by E4/M6.

Therefore, these markers were useful for evaluating genetic diversity among and 
within species. An advantage of AFLP markers in the study of conservation genetics is that the 
primers developed for one species are relevant to related taxa. The magnitude and pattern of 
genetic variation observed in this study will be useful for germplasm supervision and planning 
of effective-breeding programs.
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