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Abstract

TONK, F. A., M. TOSUN, E. ILKER, D. ISTIPLILER and O. TATAR, 2014. Evaluation and comparison of ISSR 
and RAPD markers for assessment of genetic diversity in triticale genotypes. Bulg. J. Agric. Sci., 20: 1413-1420

Assessments of genetic diversity in a gene pool facilitate effective selection and shorten the breeding time. Two PCR-
based marker approaches, Inter-simple sequence repeat (ISSR) and Random amplified polymorphic DNA (RAPD) were used 
to evaluate genetic diversity of 16 triticale genotypes grown in Turkey and relative efficiencies of the marker systems were 
compared. From 28 and 21 primers were utilized in ISSR and RAPD markers, respectively. Effective multiplex ratio (EMR), 
marker index (MI), resolving power (Rp) and polymorphic information content (PIC) of the primers were calculated for the 
two marker systems and all the parameters examined found to be higher in ISSR system. The Mantel test revealed a highly 
significant correlation (r = 0.74) between the Jaccard’s similarity matrices of RAPD and ISSR. The most remarkable result of 
the current study is that cluster analysis on ISSR and RAPD data clearly discriminated the genotypes in terms of their growth 
habit and origin, respectively and triticale genotypes were clustered from two different points of view and both of clustering 
provides consistent results of their qualifications. On the basis of results of this study, it can be concluded that in future study 
of genetic diversity like here especially in breeding programs of triticale genotypes, more than one marker systems should be 
used for higher genetic resolution of the genome.
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Introduction

Triticale (xTriticosecale Wittmack) is a self-pollinated 
crop derived from a synthetic hybrid made by crossing of 
wheat and rye (Secale cereale). Tetraploid wheat (Triticum 
durum L.) has been used as a parent to obtained hexaploid 
triticale that is commonly used. When hexaploid wheat (T. 
aestivum L.) contained the genes not found or rarely found 
in T. durum, octoploid triticale has been made using hexa-
ploid wheat as female parent. Compared to the other cere-
als, triticale is able to resist same abiotic stresses related to 
climatic (drought, extreme temperatures, etc.) and soil con-
ditions (extreme pH levels, salinity, trace elements deficien-
cy or toxicity, etc.) and thus has advantages to produce high 
yield under marginal land conditions (Mergoum et al., 2004). 
According to the Food and Agriculture Organization (FAO), 
triticale production was made in 3.7 million ha area in 36 
countries across the world in 2012. The primary producers 
of triticale are Belarus, Chine, France, Germany and Poland 

(FAOSTAT, 2012). It is used as grain, silage and forage crop 
in animal feeding (Myer and Lozano del Rio, 2004) and in 
making of variety of breads, cookies, biscuits and cakes etc. 
in food uses (Pena, 2004).  

Even though wheat and rye are still sometimes utilised 
as genetic resources of triticale, an immediate and a major 
gene pool for triticale improvement is available triticale va-
rieties and germplasm (Kuleung et al., 2006). Thus, having 
information about genetic diversity of this gene pool would 
facilitate effective parent selection and shorten the breeding 
time. DNA-based molecular markers play an essential role to 
identify genetic diversity in plants and have some advantages 
in contrast with morphological markers and pedigree meth-
od. Because of detecting of variation at the DNA level, they 
are not influenced environmental factors. Knowledge of ped-
igree information of studies genotypes is not necessary and 
number of markers does not have limitation. RAPD (Ran-
dom amplified polymorphic DNA) markers, which depends 
on random amplification of DNA with short primers (Wil-
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liams et al., 1990), and ISSR (Inter-simple sequence repeat) 
markers that amplify the inter-SSR sequences of different 
sizes  (Zietkiewicz et al., 1994) are useful PCR (Polymerase 
chain reaction) techniques for estimating the genetic diversi-
ty in plants. Both markers are widely used for genetic diver-
sity studies in many species such as wheat (Liu et al., 1999; 
Sofalian et al., 2008), barley (Tanyolaç, 2003), cotton (Rana 
et al., 2006), triticale (Sözen, 2010), Turkish oregano (Tonk 
et al., 2010) and St. John’s work (Tonk et al., 2011).  Though 
both spring and winter varieties of triticale are grown in Tur-
key, there is limited number of studies investigated the ge-
netic diversity of the varieties. Therefore, our objectives in 
this study were to evaluate genetic diversity of some triticale 
genotypes grown in Turkey and to compare relative efficien-
cies of ISSR and RAPD markers in respect to applicability in 
genetic diversity researches of triticale genotypes.    

Materials and Methods

Plant materials and DNA extraction
Triticale genotypes used in this study are listed in Table 1 

with their origins and pedigrees. First ten genotypes of triti-
cale were obtained from CIMMYT (International Maize and 
Wheat Improvement Center) in the past years and selected 
as superior genotypes in respect to yield in field trials. Seeds 
of Focus, Mikham-2002, Tatlıcak-97 and Melez-2001 were 
provided from Bahri Dağdaş International Agricultural Re-
search Institute, Konya and the seeds of Tacettinbey and Ege 

Yıldızı were obtained from Çukurova University, Faculty of 
Agriculture, Adana and Aegean Agricultural Research In-
stitute, Izmir, respectively. The varieties of Focus, Mikham-
2002, Tatlıcak-97 and Melez-2001 have winter growth habit 
while other genotypes have spring growth habit. The seeds 
of each genotype were sown in small pots and grown under 
controlled conditions for DNA extraction. Genomic DNA 
from young leaves of each genotype was isolated by DNA 
mini-extraction from fresh leaf tissue (Doyle and Doyle 
1987). Isolated DNA was treated with RNAse and Protein-
ase K in order to remove RNA and protein. Quantification of 
the DNA concentration was done using Biophotometer (Ep-
pendorf) at absorbencies of 260 and 280 nm. Dilutions that 
gave 4 ng/μl for ISSR and 5 ng/μl for RAPD analyses were 
calculated from the absorbance measured at 260 nm.

ISSR and RAPD analyses
ISSR analysis was carried out in a total reaction volume 

of 15 μl containing 20 ng genomik DNA, 80 µM dNTP, 0.2 
mM primer (University of British Columbia), 1x Taq poly-
merase reaction buffer (100 mM Tris-HCL, pH: 8.3, 500 mM 
KCL, 15 mM MgCl2 and 0.01% gelatin), 1 unit of Taq DNA 
polymerase (Sigma). PCR amplification was performed in in-
itial denaturation for 2 min at 96°C, 35 cycles each consisting 
of 1 min at 94°C, 1 min at 50-56°C, 2 min at 72°C, and final 
extension for 5 min at 72°C. 

In RAPD analysis, polymerase chain reactions (PCR) 
were performed in 15 μl reaction mixture that containing 25 

Table 1 
Triticale lines and varieties used in this study, with origin and pedigree
Genotypes Origin Pedigree
9 CIMMYT KER-6/FARAS-1//BULL-2/3/ERİZO-11/YOGUI-3
18 CIMMYT POLLMER-4/5/TAPIR-YOGUI-1//*2MUSK/3/ 
33 CIMMYT YOGUI- 3/ERİZO-11//ONA-2//POOS-1-2
805 CIMMYT POLLMER-2.1.1
815 CIMMYT DAHBI/COATI-1//ASAD/FAHAD
829 CIMMYT STIR-22-1/NIMIR-3/6/IA-T/M2A//PI3/BG1/5/…
835 CIMMYT POLLMER-2.2.1*2//FARAS/CMH84.4414
Eronga-83 CIMMYT DRIRA//KISS/ARM
Juanillo CIMMYT DRIRA//KISS/ARM
Beaguelita CIMMYT BGL/3/BGL//ITA/LEO-T
Focus Turkey Unavailable
Mikham-2002 Turkey BDMT-19/JGS1 BDKT910036-3F4BD-0BD
Tacettinbey Turkey Unavailable
Tatlıcak-97 Turkey Unavailable
Ege Yıldızı Turkey Unavailable
Melez-2001 Turkey GT-AD-1/91//CWT1988/79/10 BDKT910018-3F4BD-0BD
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ng DNA template, 1x Taq polymerase reaction buffer (100 
mM Tris-HCl, pH: 8.3, 500 mM KCl, 15 mM MgCl2 and 
0.01% gelatin), 100 mM each dNTP, 15 ng primer (Operon 
Technologies, USA), and 1 unit of Taq DNA polymerase (Sig-
ma). PCR program consisted of initial denaturation for 30 s at 
94°C, followed by 35 cycles of 25 s at 94°C, 45 s at 35°C, 1 min 
at 72°C, and final extension for 5 min at 72°C. Both ISSR and 
RAPD amplifications were performed in Eppendorf Master-
cycler Gradient (Eppendorf, Hamburg, Germany). ISSR and 
RAPD products were separated by with 1x TAE buffered gel 
electrophoresis in 1.5% and 1.8% (w/v) agarose, respectively. 
Then, the gels were stained with ethidium bromide and visu-
alized under UV transillumination (Bio-Vision 1000). λDNA 
double digest (HindIII/EcoRI) was used as molecular weight 
marker.

Data scoring and analysis
ISSR and RAPD bands were scored for their presence (1) 

or absence (0) across 16 triticale genotypes. For each primer 
used in RAPD and ISSR analyses, the total number of bands 
scored, the number of polymorphic bands and the percent-
age of polymorphism were determined. By making a pair 
wise comparison between all genotypes using the Simqual 
module of NTSYS-pc software version 2.01e (Rohlf, 1998), 
genetic distances based on the Jaccard coefficient (Jaccard, 
1908) were calculated. The distance coefficients obtained 
were used to construct dendrograms using UPGMA (the 
unweighted pair group method with arithmetic averages) em-
ploying the SAHN (sequential, agglomerative, hierarchical, 
and nested clustering) algorithm in same software package. 
The goodness of fit of the clustering to the basic data matrix, 
the cophenetic correlation coefficient was calculated using 
the normalized Mantel statistics Z test (Mantel, 1967) via 
the COPH and MXCOMP procedures of NTSYS-pc version 
2.01e (Rohlf, 1998). 

Effective multiplex ratio (EMR) and marker index (MI) 
for both marker systems were calculated in order to mea-
sure the usefulness of the marker system according to Pow-
ell et al. (1996). The multiplex ratio (MR) was estimated by 
dividing the total number of bands amplified by the total 
number of assays. The effective multiplex ratio (EMR) is 
the number of polymorphic fragments detected per assay. 
Using the formula of Roldán-Ruiz et al., (2000), polymor-
phic information content (PIC) or heterozygosity (H) was 
calculated: PIC = 2fi (1-fi), where fi is the frequency of the 
amplified allele. Average heterozygosity (Hav) is estimat-
ed by taking the average of PIC values obtained for all the 
markers. Marker index (MI) was calculated by multiplying 
the average heterozygosity (Hav) with EMR (Powell et al., 
1996).

Resolving power (Rp) which shows the ability of the 
most informative primers to differentiate between the gen-
otypes was assessed according to Prevost and Wilkinson, 
(1999) using:

Rp = ∑ Ib

where Ib is the band informativeness with Ib = 1 - [2 x (0.5-p)] 
and where p is the proportion of clones containing the band. 
The resolving power is based on the distribution of detected 
bands within the sampled genotypes. All the statistical analy-
ses were performed for the results of both marker systems.

Results

Polymorphism detected by ISSR and RAPD markers
In ISSR analysis of triticale genotypes, used ISSR prim-

ers, total number (n) and number of polymorphic bands (np), 
percentage of polymorphic bands (%P) of ISSR primers are 
shown in Table 2. Twenty eight ISSR primers amplified a to-
tal 244 scorable fragments with average 8.71 bands per prim-
er (MR). In these fragments, 134 (55%) bands were observed 
as polymorphic. The number of the polymorphic bands (np) 
yielded by ISSR primers changed from 1 (ISSR 817, 827, 850 
and 851) to 12 (ISSR 824). The percentage of polymorphism 
(P %) across the triticale varieties and lines ranged from 
11.11% (ISSR 851) to 85.71% (ISSR 824) with the average 
polymorphism of 53.80% per primer.     

Table 3 gives RAPD primers used in the study, their se-
quences, total number (n) and number of polymorphic bands 
(np), percentage of polymorphic bands (% P). The 21 arbi-
trary 10-mer primers yielded a total of 145 scorable frag-
ments (an average of 6.90 bands per primer, MR), of which 
70 (50%) were found to be polymorphic. The number of the 
polymorphic bands (np) generated by each used RAPD prim-
ers ranged from 1 (OPB-13 and OPC-04) to 11 (OPF-12). The 
percent of polymorphism (P%) changed from 16.67% (OPB-
13) to 81.82% (OPC-07) with average 41.28% polymorphism. 
Any polymorphic band was not observed in the five of the 
RAPD primers (OPB-11, OPC-01, OPC-05, OPC-06 and 
OPC-08). 

Genetic relationships and cluster analysis
The Jaccard’s similarity matrix was calculated for both 

ISSR and RAPD data. Genetic similarity (GS) obtained from 
ISSR data across the 16 triticale genotypes varied from 0.65 
(835 vs. Mikham-2002) to 0.93 (Juanillo vs. Beaguelita). In 
the case of RAPD, GS ranged from 0.73 (829 vs. Focus) to 
0.97 (18 vs. 805). The average GS values of triticale geno-
types were found 0.77 and 0.83 for ISSR and RAPD mark-
ers, respectively. UPGMA cluster analyses by using genetic 
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similarities obtained from ISSR and RAPD data are shown in 
Figure 1 and Figure 2, respectively. The genotypes clustered 
similarly with little differences in the both dendrograms. In 
ISSR dendrogram, the genotypes grouped in two main clus-
ters, the first of which consisted of two subclusters (Figure 
1). The first subcluster included the lines and varieties origi-
nated from CIMMYT while the other involved two variet-
ies (Tacettinbey and Ege Yıldızı) originated from Turkey. In 
addition, the lines and varieties grouped in the first cluster 
have spring growth habit. However, the varieties grouped in 

the second cluster have winter growth habit and originated 
from Turkey. In RAPD dendrogram (Figure 2), the major dif-
ference is that all varieties originated from Turkey grouped 
in same cluster except the variety Focus. This variety was 
separately placed in the dendrogram. Similarly, the lines and 
varieties from CIMMYT were grouped in a same cluster in 
RAPD dendrogram. The Mantel test revealed that the Jac-
card similarity matrices of ISSR and RAPD markers were 
always significantly correlated with the respective dendro-
grams (goodness of fit: Z = 0.88, P = 0.001 and Z = 0.83, P = 

Table 2 
Total number (n) and number of polymorphic bands (np), percentage of polymorphism (%P), main values of 
proportion of accessions containing band (mp), main values of band informativeness (mIb), resolving power (Rp) and 
polymorphic information content (PIC) of ISSR primers among the triticale genotypes
ISSR Primer Sequence n np %P mp mIb Rp PIC
ISSR 807 (AG)8T 12 6 50.00 0.29 0.42 2.50 0.30
ISSR 808 (AG)8C 7 2 28.57 0.50 0.38 0.75 0.31
ISSR 811 (GA)8C 7 4 57.14 0.66 0.31 1.25 0.23
ISSR 814 (CT)8A 5 3 60.00 0.56 0.38 1.50 0.30
ISSR 815 (CT)8G 10 6 60.00 0.33 0.54 3.25 0.39
ISSR 817 (CA)8A 3 1 33.33 0.44 0.88 0.88 0.49
ISSR 818 (CA)8G 7 3 42.86 0.29 0.58 1.75 0.38
ISSR 822 (TC)8A 11 5 45.45 0.46 0.48 2.38 0.32
ISSR 824 (TC)8G 14 12 85.71 0.55 0.50 6.00 0.35
ISSR 827 (AC)8G 2 1 50.00 0.41 0.38 0.38 0.31
ISSR 830 (TG)8G 4 3 75.00 0.41 0.42 1.25 0.32
ISSR 834 (AG)8YT 7 2 28.57 0.44 0.25 0.50 0.21
ISSR 835 (AG)8YC 16 8 50.00 0.41 0.53 4.25 0.36
ISSR 836 (AG)8YA 3 2 66.67 0.41 0.81 1.63 0.47
ISSR 840 (GA)8YT 13 5 38.46 0.16 0.48 2.38 0.35
ISSR 841 (GA)8YC 12 6 50.00 0.22 0.42 2.50 0.31
ISSR 842 (GA)8YG 3 2 66.67 0.33 0.88 1.75 0.49
ISSR 843 (CT)8RA 9 7 77.78 0.57 0.38 2.50 0.28
ISSR 844 (CT)8RC 9 4 44.44 0.56 0.31 1.25 0.25
ISSR 845 (CT)8RG 12 9 75.00 0.30 0.53 4.75 0.36
ISSR 846 (CA)8RT 11 6 54.55 0.48 0.46 2.75 0.35
ISSR 847 (CA)8RC 10 5 50.00 0.67 0.38 2.25 0.27
ISSR 848 (CA)8RG 15 11 73.33 0.49 0.47 5.13 0.31
ISSR 849 (GT)8YA 10 7 70.00 0.41 0.59 4.13 0.37
ISSR 850 (GT)8YC 5 1 20.00 0.81 0.38 0.38 0.31
ISSR 851 (GT)8YG 9 1 11.11 0.94 0.13 0.13 0.12
ISSR 854 (TC)8RG 6 5 83.33 0.60 0.60 3.00 0.40
ISSR 859 (TG)8RC 12 7 58.33 0.41 0.47 4.25 0.36
Total 244 134
Average   8.71MR 4.79EMR 53.80   0.48 2.34 0.33

 *R = A, G; Y = C, T
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0.001 for ISSR and RAPD, respectively). Also, the correla-
tions between the ISSR and RAPD matrices were high level 
(Z = 0.74, P = 0.001).

Resolving power, polymorphic information content and 
marker index

The main values of proportion of the genotypes contain-
ing band (mp), main values of band informativeness (mIb), 
resolving power (Rp) and polymorphic information content 
(PIC) of each ISSR and RAPD primer are presented in Table 
2 and Table 3, respectively. The mp and mIb values in RAPD 
varied from 0.06 to 0.88 and from 0.13 to 0.75 while same pa-
rameters in ISSR changed from 0.16 to 0.94 and from 0.13 to 
0.88, respectively. In ISSR primers, the resolving power val-
ues varied from 0.13 for ISSR 851 to 6.00 for ISSR 824 with 
average 2.34. PIC values of the primers changed from 0.12 
for ISSR 851 to 0.49 for ISSR 817 and ISSR 842. The average 
PIC value was identified 0.33. The effective multiplex ratios 

(EMR) and marker index (MI) of ISSR analysis was detected 
4.79 and 1.58, respectively.       

The resolving power (Rp) of the RAPD primers ranged 
from 0.13 for OPC-04 to 4.63 for OPF-12 (Table 3). The val-
ue of 1.94 was detected for average resolving power of all 
primers. The polymorphic information content (PIC) value 
of RAPD primers varied from 0.12 for OPB-14 and OPC-04 
to 0.47 for OPC-02 with an average of 0.28. For RAPD analy-
sis in triticale genotypes, effective multiplex ratios (EMR) 
were estimated at 3.33, while marker index (MI) was identi-
fied 1.23. 

Discussion

In this study, we investigated genetic diversity of some 
triticale genotypes grown in Turkey using two different 
marker systems and compared relative efficiencies of them in 
assessing the levels of genetic diversity among the genotypes. 

Table 3 
Total number (n) and number of polymorphic bands (np), percentage of polymorphism (%P), main values of 
proportion of accessions containing band (mp), main values of band informativeness (mIb), resolving power (Rp) and 
polymorphic information content (PIC) of RAPD primers among the triticale genotypes
RAPD Primer Sequence n np %P mp mIb Rp PIC
OPA-04 5’-AATCGGGCTG-3’ 5 3 60.00 0.42 0.25 0.75 0.21
OPA-20 5’-GTTGCGATCC-3’ 11 4 36.36 0.31 0.38 1.50 0.27
OPB-02 5’-TGATCCCTGG-3’ 11 7 63.64 0.63 0.46 3.25 0.30
OPB-08 5’-GTCCACACGG-3’ 13 3 23.08 0.35 0.63 1.88 0.41
OPB-11 5’-GTAGACCCGT-3’ 2 0 - - - - -
OPB-12 5’-CCTTGACGCA-3’ 10 8 80.00 0.42 0.50 4.00 0.36
OPB-13 5’-TTCCCCCGCT-3’ 6 1 16.67 0.88 0.25 0.25 0.22
OPB-14 5’-TCCGCTCTGG-3’ 4 3 75.00 0.65 0.13 0.38 0.12
OPB-16 5’-TTTGCCCGGA-3’ 5 3 60.00 0.75 0.42 1.25 0.28
OPB-20 5’-GGACCCTTAC-3’ 4 2 50.00 0.84 0.31 0.63 0.26
OPC-01 5’-TTCGAGCCAG-3’ 3 0 - - - - -
OPC-02 5’-GTGAGGCGTC-3’ 3 2 66.67 0.63 0.75 1.50 0.47
OPC-03 5’-GGGGGTCTTT-3’ 11 4 36.36 0.30 0.53 2.13 0.33
OPC-04 5’-CCGCATCTAC-3’ 5 1 20.00 0.06 0.13 0.13 0.12
OPC-05 5’-GATGACCGCC-3’ 1 0 - - - - -
OPC-06 5’-GAACGGACTC-3’ 7 0 - - - - -
OPC-07 5’-GTCCCGACGA-3’ 11 9 81.82 0.54 0.47 4.25 0.31
OPC-08 5’-TGGACCGGTG-3’ 3 0 - - - - -
OPF-08 5’-GGGATATCGG-3’ 7 5 71.43 0.63 0.75 3.75 0.42
OPF-12 5’-ACGGTACCAG-3’ 16 11 68.75 0.60 0.42 4.63 0.28
OPF-19 5’-CCTCTAGACC-3’ 7 4 57.14 0.69 0.19 0.75 0.16
Total 145 70
Average   6.90MR 3.33EMR 41.28   0.41 1.94 0.28
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Fig. 2. The UPGMA dendrogram computed using genetic distance matrix based on RAPD data

Fig. 1. The UPGMA dendrogram computed using genetic distance matrix based on ISSR data



Evaluation and Comparison of Issr and Rapd Markers for Assessment of Genetic Diversity in Triticale ... 1419

This is the first research used ISSR and RAPD markers to-
gether to analyse the genetic diversity in triticale. There are 
a great number of studies used ISSR and RAPD techniques 
in different species and some of them reported efficiency of 
ISSR, while the others recommended RAPD markers. Hou 
et al. (2005) analyzed ISSR and RAPD diversity in a barley 
germplasm from western China and compared genetic di-
versity between selected accessions of the barley landraces 
and its wild relatives. In another study, efficiency of ISSR 
and RAPD were measured to access genetic variation in 
Vigna umbellate (Muthusamy et al., 2008).

In comparison of ISSR and RAPD marker efficiency in 
terms of multiplex ratio (MR) or the average number of frag-
ments amplified per assay it was revealed that MR of ISSR 
was higher than that of RAPD. The percentage of polymor-
phism in ISSR was more than that of RAPD (Table 1 and 
Table 2). Similar results were reported by Patra et al. (2011) 
who recommended ISSR in respect to higher polymorphism 
and number of band in Piper betle. However, Guasmi et al. 
(2012) found that RAPD markers were superior to ISSR 
markers in the capacity of revealing more informative bands 
in a single amplification in Hordeum vulgare. 

The effective multiplex ratio (EMR), which is an impor-
tant comparison scale, found to be higher in ISSR system. 
The marker index (MI) may be used to evaluate overall util-
ity of a marker system (Powell et al., 1996). The results have 
shown that ISSR have higher MI in comparison to RAPD 
in triticale genotypes. This is result from the higher EMR 
and average heterozygosity (Hav) of ISSR system. Our re-
sults corroborates those from other studies of Bombyx mori 
(Nagaraju et al., 2001), Mangifera indica (Srivastava et al., 
2012) and Moringa oleifera (Saini et al., 2013) in which the 
EMR and MI values of ISSR was higher than those of the 
RAPD. The mp correlates strongly with the ability to distin-
guish between genotypes and mIb represents the measure-
ment of closeness of a band to be present in 50% of the geno-
types under the study. ISSR markers indicated higher values 
of mp and mIb compared to RAPD markers which indicates 
more effective of them in triticale genotypes. 

The resolving power (Rp) is another method used to 
measure the ability of primers or techniques to distinguish 
between genotypes (Prevost and Wilkinson, 1999). The Rp 
values of ISSR primers were observed to be greater than 
that of RAPD primers of which evidence could be showed 
the average Rp values of two marker systems. Similar re-
sults were obtained in comparative analysis of ISSR and 
RAPD markers reported by Gupta et al. (2008) in Jatropha 
curcas L. and Safavi et al. (2010) in Carthamus tinctorius 
L. The polymorphic information content (PIC) value rang-
es from zero for monomorphic markers to 0.5 for markers 

that are present in 50% of the plants and absent in the other 
50% (Roldán-Ruiz et al., 2000). It was understood clearly 
from average PIC values of ISSR and RAPD, ISSR mark-
ers exhibited higher level of polymorphism. This result was 
in agreement with Hou et al. (2005), Safavi et al. (2010) 
and Saini et al. (2013) who found higher average PIC value 
in ISSR compared to RAPD. However, Muthusamy et al. 
(2008) stated higher average PIC value in RAPD in com-
parison with ISSR.

Conclusion

In this study, spring and winter growth habit of triticale 
genotypes were used and they were exactly discriminated 
in ISSR dendrograms. In RAPD dendrogram, the genotypes 
were separated according to their origins. This difference is 
very important result of our study and it is more likely to 
result from different target regions of ISSR and RAPD mark-
ers in the genome. Different marker systems, which survey 
different region of genome, exhibit polymorphism only of 
DNA region targeted and this could lead to clustering of the 
genotypes differently. Different clustering of genotypes us-
ing ISSR and RAPD polymorphism were previously reported 
from Gupta et al. (2008), Patra et al. (2011), Srivastava et al. 
(2012) in several plant species.

In conclusion, the ISSR technique seems to be convenient 
tool for genetic diversity of triticale genotypes compared to 
RAPD technique. It differs not only in amount of polymor-
phism detected but also in underlying comparison scales. 
However, the results of both techniques are slightly differ-
ent in comparison of efficiency of markers. Here, the triticale 
genotypes were clustered from two different points of view 
and both of clustering provides consistent results of their 
qualifications. On the basis of results of this study, it can be 
concluded that in future study of genetic diversity like here 
especially in breeding programs of triticale genotypes, more 
than one marker systems should be used for higher genetic 
resolution of the genome.
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