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Abstract Safflower (Carthamus tinctorious L.) is valued as
a source of high quality vegetable oil. 20 ISSR primers were
used to assess the genetic diversity of 18 accessions of
safflower collected from different geographical regions of
Iran. The ISSR primers combinations revealed 57.6 % poly-
morphism, among 338 genetic loci amplified from the
accessions. The sum of effective number of alleles and
observed number of alleles were 29.76 and 36.77, respec-
tively. To understand genetic relationships among these
cultivars, Jacquards’ similarity coefficient and UPGMA
clustering algorithm were applied to the ISSR marker data
set. ISSR markers grouped accessions into two main clusters
and four sub clusters. Also, the principal coordinate analysis
(PCoA) supported the cluster analysis results. The results
showed these genotypes have high genetic diversity, and can
be used for alternative safflower breeding program.

Keywords Carthamus tinctorius L. - Genetic diversity -
PCoA and ISSR

Introduction

Safflower (Carthamus tinctorius L. 2n=2x=24), is a mem-
ber of the family Asteraceae. It is an annual and predomi-
nantly self-pollinated species and it is one of the world’s
oldest oil seed crops (Sehgal et al. 2009). It is believed to
have been domesticated somewhere in the Fertile Crescent
region over 4,000 years ago (Knowles and Ashri 1995). On
the basis of morphological variability existing in C.
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tinctorius, Knowles (1969) proposed seven ‘centers of sim-
ilarity’ (the Far East, India-Pakistan, the Middle East, Egypt,
Sudan, Ethiopia and Europe). Safflower lines native to each
‘center’ are remarkably similar in height, branching, spines,
flower color and head size; however, consistent morpholog-
ical differences are maintained between the centers
(Chapman and Burke 2007).

Most of the genetic diversity that local and traditional
varieties posses is being lost currently, so evaluation on the
genetic diversity of safflower accessions available in differ-
ent geographical regions will help to provide valuable in-
formation on the conservation and ultization of safflower
germplasm (Yang et al. 2007). In Iran, research efforts have
been undertaken to diversify the farming systems and the
government is encouraging the cultivation of various oilseed
crops, including safflower (Mohammadi and Pourdad
2009). In the past few years, the area under safflower culti-
vation has increased to 15,000 ha, mostly under rain-fed
conditions (Mohammadi and Pourdad 2009). An analysis of
the variability would be of great value in planning a suc-
cessful breeding program (Mary and Gopalan 2006).

There is a range of molecular methods available to study
genetic diversity. Amplified fragment length polymorphism
(AFLP), isozymes, simple sequence repeats (SSR), random
amplified microsatellite polymorphisms (RAMP), random
amplified polymorphic DNA (RAPD) and inter simple se-
quence repeats (ISSR) have all been used to determine genetic
diversity in plant populations (Wang et al. 1994; Godwin et al.
1997; Hollngsworth et al. 1998; Blair et al. 1999; Amsellem et
al. 2000; Mengoni et al. 2000). Microsatellites or simple
sequence repeats are tandemly repeated mono-, di-, tri-,
tetra- or pentanucleotide units (Sehgal et al. 2009).

Inter-simple sequence repeats (ISSR) PCR using primers
based on di-, tetr- or penta-nucleotide repeats have now
become a routine among the researchers (Zietkiewicz et al.
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1994). For its advantages of simple procedure, low-cost,
good stability and high reproducibility, ISSR markers has
been successfully used in genetic mapping (Casaoli et al.
2001; Cekic et al. 2001; Tanyolac 2003), germplasm iden-
tification (Nagaoka and Ogihara 1997; Potter et al. 2002)
and genetic diversity analysis (Ash et al. 2003; Wu et al.
2005). Until now, few studies have been carried on the
genetic variations of C. tinctorius L. using ISSR markers
(Amiri et al. 2001; Guo et al. 2003). The objectives of the
presented research here are to asses of genetic variability of
Iranian landrace of safflower and to study their genetic
relationships using ISSR markers.

Materials and methods

The collection of promising genotypes for different purpo-
ses was planted in 2011 at the Experimental Station of the
Faculty of Agriculture of Ferdowsi University of Mashhad.
Experiment was laid out in a randomized complete block
design. In every block, there were three rows and in each
row 25 seeds were sown. Each row was 3.5 m long, and the
path between rows was 50 cm. The names of the 18 cultivars
investigated are given in Table 1.

DNA extraction

Genomic DNA was extracted from young leaves following the
cetyl tri methyl ammonium (CTAB) procedure described by

Saghai-Maroof et al. (1984). Extracted DNA concentration
was quantified by using the NanoDrop spectrophotometer
and qualified using agarose gel electrophoresis.

ISSR analysis

Twenty ISSR primers, (4 of them were 5’ anchored and
16 primers were 3’ anchored), were used for the PCR.
Each 25 pl reaction volume contained 10 mM Tris-HCI
(pH 9.0), 50 mM KCI, 2.5 mM MgCl,, 0.24 mM
dNTPs, 0.1 % gelatin, 2 % formamide, 5 pM primer,
0.5 U Taq polymerase (Fermentas), and 20 ng of ge-
nomic DNA.

The amplified products were separated on 1.4 % agarose
gels and stained with ethidium bromide. Images were photo-
graphed, captured by Gel Doc 2000TM (Bio-Rad, USA).
Amplified products were scored for the presence (1) or
absence (0) of bands and binary matrices were assembled
for the ISSR markers. The binary matrices were subjected to
statistical analyses using NTSYS-pc software version 2.1
(Rohlf 2000).

Data analysis

Jacquard’s similarity coefficient was employed to compute
pairwise genetic similarities. Similarity matrix was used for
the cluster analysis and construction of dendrogram using
unweighted pair-group method (UPGMA) (Sneath and

Table 1 Accessions of safflow-

er used in this study, their origin No. Abbreviation Collection area Origin
and collection areas
1 IR1 Gholestan province-gorgan (local 1) Iran
2 IR2 Gholestan province-gorgan (local 3) Iran
3 1IR3 Gholestan province-gorgan (local 2) Iran
4 IR 4 Khorasan razavi province-mashhad (local 2) Iran
5 RS Khorasan razavi province-mashhad (local 1) Iran
6 IR 6 Khorasan razavi province-mashhad (local 3) Iran
7 IR 7 Isfahan province-isfahan (local 4) Iran
8 IR 8 Isfahan province-isfahan (local 1) Iran
9 IR9 Isfahan province-isfahan (local 2) Iran
10 IR 10 Isfahan province-isfahan (local 3) Iran
11 IR 11 Ghuilan province-rasht(118) Iran
12 IR 12 Ghuilan province-rasht (127) Iran
13 IR 13 East azarbaijan-marand Iran
14 IR 14 IL111 Iran
15 IR 15 Markazi province-arak Iran
16 IR 16 Fars province-darab Iran
17 IR 17 Fars province-darab (DAR4) Iran
18 IR18 PI-537598-tehran province Iran
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Table 2 The 20 ISSR primers

used for genetic diversity analy- Primer No. Primer sequence Na Ne H I P % P

sis of safflower accessions. Ob-

served number of alleles (Na), 1 5-BDB(TCC)5-3' 1.7500 1.3791 0.2402 0.3715 12 75.00

Effective number of alleles (Ne), 2 5-HVH(TCC) 5-3' 1.7500 1.5280 0.3012 0.4404 12 75.00

Nei’s (1973) gene diversity (h), 3 5"-DBD(AC) 7-3' 1.8750 15057 03065  0.4628 14 87.50

Shannon’s Information index (I).

P, number of polymorphic loci 4 5'- (TCC) 5RY-3' 1.9333 1.4527 0.2699 0.4143 14 93.33
5 5-VHVG(TG) 7-3' 1.6667 1.2948 0.1908 0.3013 8 66.67
6 5'- (AG) 8YC-3' 2.0000 1.7226 0.4015 0.5842 18 100.00
7 5'- (AC) 8YG-3' 2.0000 1.7226 0.4015 0.5842 18 100.00
8 5'- (AG) 8T-3' 1.8571 1.5055 0.2993 0.4505 12 85.71
9 5'- (AG) 8C-3' 1.7647 1.3367 0.2119 0.3325 13 76.47
10 5'- (GA) 8T-3' 1.7059 1.4457 0.2590 0.3857 12 70.59
11 5'- (GA) 8C-3' 1.8095 1.4586 0.2793 0.4226 17 80.95
12 5'- (CT) 8G-3' 1.8667 1.5280 0.3039 0.4540 13 86.67
13 5'- (CA) 8G-3' 1.7647 1.5749 0.3183 0.4597 13 76.47
14 5'- (TC) 8C-3' 2.0000 1.5520 0.3291 0.5000 18 100.00
15 5'- (TC) 8G-3' 1.7143 1.3294 0.2088 0.3252 10 71.43
16 5'- (AC) 8C-3' 1.9048 1.6003 0.3396 0.4997 19 90.48
17 5'- (TG) 8G-3' 1.9375 1.6153 0.3554 0.5251 15 93.75
18 5'- (AG) 8YT-3' 1.8889 1.4057 0.2523 0.3941 16 88.89
19 5'- (GA) 8YC-3' 1.7500 1.4760 0.2793 0.4158 15 75.00

R=A/T, Y=G/C, B=T/G/C, 20 5'- (CT) 8RG -3’ 1.8333 1.3338 0.2136 0.3390 15 83.33

D=A/T/G, H=A/T/C, V=3A/G/C

Sokal 1973). Genotypic data were analyzed using
POPGENE (Yeh et al. 1999) and GenAlex (Peakall and
Smouse 2007) to calculate the observed number of alleles,
effective number of alleles, observed heterozygosity,
expected heterozygosity.

For individual primer/primer combination, observed
number of alleles (Na), number of polymorphic bands (P)
and percentage polymorphism (%P) were calculated using
POPGENE software ver 32. Effective number of all four
individual primer combination (P), determines the ability of
a marker system on per assay basis to distinguish num-
ber of individuals primer combination (Belaj et al.
2003), was calculated as Ae=1/(1—h)=1/2pi 2 Where,
pi is frequency of the i allele in a locus and h=1-Xpi
2th is heterozygosity in a locus. The Shannon’s

Fig. 1 ISSR amplification
profile for primer 2 on
Carthamus tinctorius
accessions. Numbers represent
the accessions according to
Table 1. M: 1 kb DNA ladder

diversity index for each primer combination was calcu-
lated as H p=—)pi log p, where p is the frequency of a
given band in a regional accession.

Result and discussion

Twenty ISSR primers (Table 2) produced 338 bands (Fig. 1)
across the 18 accessions, of which 284 were polymorphic
(Table 2). The number of amplified fragments varied from
8 (primer number 5) to 19 (primer number 16) across the
genotypes. The average polymorphic bands per primer were
14.2. The percentage of polymorphism for primers ranged
from 66 to 100, with an average polymorphism percent of
83.8 (Table 2).
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Fig. 2 Dendrogram of ISSR analysis on 18 accessions of safflower based on Jacquard similarity coefficient, using the Unweight Pair-Group

Method

The genetic similarity values varied from 0.427 for IR11
versus IR 14 to 0.71 for IR 3 and IR 4 (Fig. 2). A dendro-
gram based on UPGMA analysis with ISSR data is pre-
sented in Fig. 2. According to dendrogram, genotypes were
separated into two main clusters and further within four
subclusters. Sub clusters one (I) included khorasan razavi
and golestan province accessions (IR1, IR2, IR3, IR4, IRS,
IR6), while sub cluster two (I) included guilan and Isfahan
provine accessions (IR7, IR8 and IR 9) (Fig. 2). Other
accessions form two others sub clusters. Genetic relationship
among 18 accessions was also visualized by performing
principle coordinate analysis (PCoA) based on ISSR data
(Fig. 3). The first two Eigen values accounted for 61.98 %
of variation observed in the genotypes. Two-dimensional plot
generated from PCoA also supported the clustering pattern of
UPGMA dendrogram (Fig. 3).

Our data indicated that ISSR technology can detect con-
siderable polymorphisms (76.4 %) in our genotypes, sug-
gesting that it will be useful in safflower germplasm
characterization and fingerprinting purposes. This study
provides fundamental evidence that ISSR marker is a

Fig. 3 Principle coordinate

simple, informative, reproducible and suitable approach to
evaluation of molecular diversity and phylogenetic relation-
ships in safflower. Various measures of genetic variation are
presented in the Table 2. The number of alleles observed
across ISSR primers studied varied from 1.6 (primer 5) to 2
(primers 6, 7, 14) (Table 2). This measure provides comple-
mentary information to that of polymorphism. Nei’s gene
diversity (H) values showed overall 19.08 % to 40.15 %
heterozygosity. Similarly, the Shannon’s information indices
(I) were 0.30 to 0.58, show a gene diversity measurement
with an average of 0.4+0.08 (Table 2) which indicate the
high polymorphism across the loci in Iranian safflowers.
The cluster analysis based on ISSR data showed that
there was a considerable agreement between geographic
origin and their genomic similarities. Similar results were
obtained in the study by Arzani and Rezaei (2011).
Similarities in genotypes grouped in the same cluster could
also appear because of participating a common lineage,
convergent evolution and selection of superior genotypes
by farmers. All of C. tinctorius genotypes were placed in
cluster II with most of Isfahan, markazi and fars province.

Principal Coordinates

analysis for 20 ISSR primers
applied on 18 safflower
accessions. Numbers represent
the accessions according to
Table 1

Coord. 2
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This could show the close relationship of these accessions.
This could be due to the exchange of plant materials across
the regions during the safflower cultivation. Some aspects of
interrelation among materials studied that were not recog-
nizable by cluster, revealed by the principal coordinate
analysis (PCOA). Sum of the first three PCOs could be
represented most of (66.1 %) the total variation in the
original dimensions. Therefore, this result demonstrates
proper distribution of ISSR markers through entire genome
and confirms the results of cluster analysis. Also the result
showed these genotypes have high genetic diversity, thus,
for success in safflower breeding programs use to recom-
mended Iranian safflower local.
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