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Abstract

MOHSENI, Z., I. BERNOUSI, B. A. MANDOULAKANI and R. DARVISHZADEH, 2015. Genetic diversity
in Papaver bracteatum and Papaver somniferum populations revealed by ISSR markers. Bulg. J. Agric. Sci., 21:
485493

Inter-simple sequence repeat (ISSR) markers were used to assess genetic diversity and structure of two populations of Pa-
paver bracteatum and one population of Papaver somniferum. Fifteen ISSR primers amplified 135 lociwhich 117 (86.6%) were
polymorphic. The genetic diversity estimated by Shannon’s information index (I) was 0.283 and 0.1 for P. bracteatum and P.
somniferum, respectively. Eighty-three (61%) fragments were found to be useful as species-specific markers and 52 fragments
were conserved between two species. Analysis of molecular variance (AMOVA) showed that the genetic variation mostly
allocated to among species (64%). UPGMA clustering algorithm differentiated and classified studied genotypes and popula-
tions in three distinct groups. The result of the present study indicated a wide range of variation in the phenetic relationship
among P. bracteatum and P. somniferum. Also, species-specific bands generated could be used to develop the species-specific

sequence characterized amplified region (SCAR) markers.
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Introduction

Genus Papaver, containing the highest level of botanical
and phytochemical variability, has embraced many species
with numerous subspecies and varieties, yields approximately
170 alkaloids from 13 important alkaloid groups (Madadi et al.,
2009). Many of them have considerable pharmaceutical values.
Morphine, codeine, thebaine, narcotine and papaverine are the
most important alkaloids produced by the plants of this species
and are exploited by the pharmaceutical industry as analgesics,
antitussives and anti-spasmodic (Levy and Milo, 1998).

Papaver bracteatum Lindl (diploid, 2n=14) is perennial
and an out-crossing species with gametophytic self-incom-
patibility (Goldblatt, 1974). It is one of the three species be-
longing to the section Oxytona; two other perennial species
P. orientale and P. pseudo-orientale of this section are close-
ly related to P. bracteatum (Milo et al., 1998). P. bracteatum
is naturally distributed in high altitudes from 1500 to 2500 m.
The species is found in three distinct areas: Alborz mountains
in north of Tehran, in the Iranian Kurdistan and on the North-

ern slope of the Caucasus (Goldblatt, 1974). P. somniferum
(Opium poppy), 2n=22, is affiliated to the section Mecones
and is considered to be a predominantly self-pollinating spe-
cies (Hammer and Fritsch, 1977). Although the diversity cen-
ter of the opium poppy is identified as the near east and mid-
dle Asia, the plant can be successfully grown in such diverse
areas as most parts of Europe, Asia, north and east Africa,
south America and Australia (Singh, 1982).

The pharmaceutical utilization of medicinal and aromatic
plants (MAPs) is strictly connected with the content of their
active substances, which in turn depends on their genetic po-
tential and the climatic conditions. Various populations of
MAPs make stocks for pharmaceutical drugs with differen-
tial quality; and knowledge about its variability and quality
is necessary for thoughtful use, conservation, and/or protec-
tion of genetic diversity, and also the existence of substantial
variations in the available gene pool of a species is necessary
for any successful breeding program (Dusek et al., 2010). The
accurate estimation of genetic diversity can be invaluable
in the selection of diverse parental combinations to gener-
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ate segregating progenies with maximum genetic variability.
Heterosis has been reported in P. somniferum for agronomic
and chemical characteristics (Sip et al., 1977). Heterotic ef-
fects can be used in a breeding program aimed at increasing
the thebaine yield. P. bracteatum is suited for the production
of hybrids because of the very large quantities of seeds that
are produced in each capsule (Milo et al., 1998).

Genetic diversity among individuals or populations can
be determined using morphological and molecular markers.
Phenotypic characters have limitations since they are influ-
enced by environmental factors and the developmental stage
of the plant. In contrast, molecular markers, based on DNA
sequence polymorphisms, are independent of environmen-
tal conditions and show higher levels of polymorphism (Do-
mayti et al., 2011). In the recent decades, a number of PCR-
based DNA markers, such as RAPD (random amplified poly-
morphic DNA, ISSR (inter-simple sequence repeat), AFLP
(amplified fragments length polymorphism) and SSR (simple
sequence repeat) have been widely used to investigate the ge-
netic structure of a population (Esselman et al., 1999). Among
various molecular marker tools, ISSRs have been widely
used for population genetic studies of various plant species,
including several medicinal plants (Li and Jin, 2008). ISSR
primers of repeat motifs (microsatellites) that are abundant
and dispersed throughout genomes anchored either at 5° or
3’ end with one or a few specific nucleotides and amplify the
sequences between the two microsatellite loci (Zietkiewicz
et al., 1994). Because of higher annealing temperature and
longer sequence of ISSR primers, they can yield reliable and
reproducible bands than RAPDs (Qian et al., 2001), and the
cost of the analyses is relatively lower than that of some other
markers such as RFLP, SSR and AFLPs (Wang et al., 2008).
There are a few reports on the use of molecular markers in P.
bracteatum and P. somniferum. Acharya et al. (2009) evalu-
ated genetic diversity of the 24 germplasm of P. somniferum
using RAPD and ISSR markers and reported 62.52% poly-
morphism. AFLP markers was performed on 40 accessions
of P. somniferum and two other control genera (P. bractea-
tum and P. setigerum) from a commercial breeding collection
held in Tasmania and Australia. In this study the percentage
of polymorphism is significantly low within these commer-

cial breeding lines, reflecting narrow genetic diversity of the
population (Saunders et al., 2001). Also, relationships among
53 accessions belonging to 3 important Oxyfona species, i.e.
P. bracteatum Lindl., P. orientale L. and P. pseudo-orientale
have been studied using 19 different morphological charac-
ters, one chemical character and 15 RAPD primers. A total
of 81 bands generated by 15 successful RAPD-PCR reactions
and polymorphism rate were approximately 85% (Parmaks
and Ozcan, 2010).

In the present study, the genetic diversity within and
among natural populations of P. bracteatum and P. somnifer-
um sampled from Iran were assessed using ISSR markers to
partition the genetic variation within and among populations,
and provide basic information for conservation and breeding
of this medicinal plant.

Materials and Methods

Plant materials and cultivation aspects

Two populations of P. bracteatum and one population of
P. somniferum originated from Iran were used in the current
study (Table 1). Twenty individuals were randomly selected
from each population. Various treatments were applied to de-
termine the suitable soil type, moisture and temperature for
seed germination and growth. The germination rate was in-
fluenced by temperature. Temperature between 22-25°C in-
creased the rate of germination. Also soil type affected the
germination rate as germination rate and speed were much
higher in light soil. A higher germination percentage was ob-
tained in peat moss soil with minerals. Humidity of 60% and
photoperiod of 16/8 h light/ dark were applied.

Chromosomal analysis

Cytogenetic analysis was performed to determine the
ploidy levels of the P. bracteatum and separate the individu-
als of this species from P. orientale and P. pseudo-oriantale
(P. bracteatum, P. orientale and P. pseudo-oriantale are out-
crossing, and the seeds with different ploidy levels may be
found on a single plant of P. bracteatum). Chromosome ob-
servation was carried out by aceto-orcein method (La Cour,
1941). Collected root tips were pretreated with a 0.002 M

Table 1

Location of three populations used in this study
Name ‘ Location Latitude (E) ‘ Longitude (N)
Papver bracteatum (Popl) Salmas 44.75° 38.18°
Papver bracteatum (Pop2) Alborz mountain 51.09° 35.956°
Papaver somniferum Turkey 35.40° 39.10°
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aqueous solution of 8-hydroxyquinoline for 5h and fixed in
Carney’s solution at 4°C for 24h. The root tips were washed
and hydrolyzed in 1 N hydrochloric acid. Chromosomes were
stained with aceto-orceinand counted in squash preparation.
The 5 different karyotype asymmetry parameters including
difference of relative length of chromosome (DRL) (Alishah
and Omidi, 2008), total form percentage of karyotype (%TF)
(Huziwara, 1962), relative length of short chromosome (%S)
(Alishah and Omidi, 2008), intrachromosomal asymme-
try index (A,) (Romero Zarco, 1986) and interchromosomal
asymmetry index (*) (Romero Zarco, 1986) were measured.

DNA extraction and ISSR amplification

Total DNA was isolated from the leaves of 4-weeks-old
seedlings according to the CTAB (Doyle and Doyle, 1990)
method with slight modifications. DNA was quantified using
spectrophotometer and electrophoresis on 0.8% (w/v) agarose
gel. ISSR reactions were done in a volume of 20 pl containing
40 ng of genomic DNA, 1X PCR buffer (10mMTris-HCL,
50mM KCL, PH=8.3), 1.5 mM MgCl,, 0.2 uM dNTP, 0.5U
Taq polymerase and 10 pmol primer. Amplification of genom-
ic DNA was done on 96-well Eppendorf Mastercycler Gra-
dient (Type 5331, Eppendorf AG, Hamburg, Germany) and
commenced with 4 min at 94°C, followed by 35 cycles of 40
s at 94°C, 40s annealing at 53°C and 2 min extension at 72°C,
and a final extension cycle of 5 min at 72°C.Aftercompletion
of the PCR, 5ul of formamide dyes (98% formamide, 10Mm
EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol)
were added to the amplified products and were resolved elec-
trophoretically on 1.8% (w/v) agarose gels run at 65 V for 3
h in 0.5xTBE buffer visualized by staining with ethidium
bromide (1.0 ug ml')and photographed under UV light using
a Gel-Doc image analysis system (Gel Logic 212 PRO, USA).
The amplicon size was determined by comparison with the
ladder (O’GeneRuler™ DNA ladder, Fermentas Co.)

Data analysis

The ISSR band profiles were scored for presence (1) or
absence (0) for each DNA sample, excluding smeared and
weak bands. Fragments of the same molecular weight were
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considered as the same locus. The binary data matrix was
analyzed using GenAlEx Version 6.4 (Peakall and Smouse,
2010). Number of loci, percentage of polymorphic loci, num-
ber of alleles or loci with a frequency higher or equal to 5%,
number of private loci or alleles, number of less common loci
with frequency lower or equal to 25% and 50%, mean of ex-
pected heterozygosity (He), number of effective alleles (Ne)
and Shannon’s information index (I) were used to quantify
genetic diversity of each population. Analysis of molecu-
lar variance (AMOVA) was conducted to calculate variance
components among and within populations. Cluster analysis
using Jaccard similarity coefficients and UPGMA algorithm
were used to depict the genetic relationship among individu-
als. The cophenetic correlation coefficient between the ma-
trix of genetic similarity and the matrix of cophenetic values
were computed and the significance of cophenetic correla-
tion was tested by using the Mantel matrix correspondence
test. All these computations were implemented in NTSY Spc
2.02 (Rohlf, 2000). The confidence of clustering in the den-
drogram was evaluated through bootstrap analysis using the
program Winboot (Yap and Nelson, 1996) with 1000 permu-
tations. Principal coordinate analysis (PCoA) was performed
using NTSYSpc software to highlight the resolving power
of the ordination. A genetic distance matric was established
between populations using Nei genetic distance coefficient
(Nei, 1978) in GenAlex 6.41 (Peakall and Smous, 2010).

Results

Cytogenetic analysis

Cytogenetic analysis was performed for two purposes: de-
termination the ploidy levels of the species and separation of
the collected seeds of P. bracteatum from P. orientale and
P. pseudo-oriantale. Chromosome analysis revealed that two
species are diploid but the basic chromosome number var-
ied between two species. The basic chromosome number
in P. bracteatum and P. somniferum wereX=7 (2n=2x=14)
and X=11 (2n=2x=22), respectively (Figure 1).According to
asymmetry indices and in comparison to P. bracteatum, P.
somniferum represented the low value of TF% and %S and
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Fig. 1. Somatic chromosomes

Somatic chromosomes of the representative species of Papaver showing varying chromosome number.
A:Papaver bracteatum (2n=14); B. Papaver somniferum (2n=22)
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the high value of DRL, A and A, (Table 2). Hence, it might be
concluded that P. somniferum is evolutionary more advanced
than P. bracteatum.

ISSR polymorphism

A total number of forty ISSR primers were screened using
a few DNA samples and fifteen ISSR primers produced clear
and reproducible bands, were selected for amplifying sixty
DNA samples. These fifteen primers generated a total of 135
bands ranging from 3 (UBCS18) to 12 (UBC834 and UBC855)
with an average of 9 bands per primer. Of the 135 bands pro-
duced, 117 (86.6%) were polymorphic. The number of poly-

Table 2

morphic bands detected per primer ranged from 1 (UBC849)
to 12 (UBC885), with an average of 7.8. The band sizes of
amplified products were found between 200 bpto 3 kbp. The
highest size difference (300 to 3000 bp) between the amplified
products was obtained with the primers UBC855, UBC857 and
UBCS836, while lowest size difference (400 to 1000 bp) was
obtained with primer UBCS818. The He for 135 amplified loci
were between 0.036(UBC849) and 0.412(UBC857) with an av-
erage of 0.311. Gelelectrophoresis pattern obtained using prim-
ersUBC836 and UBC857 are illustrated in Figures 2 and 3.
The oligonucleotide sequences of primers and the resultant
multiple band patterns are summarized in Table 3.

Karyotype asymmetry parameters in studied Papaver species

Species %S DRL

Al . 2n

5.84
34

1.76
34

P.bracteatum
P.somniferum

14
22
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Fig. 2. PCR amplification products

PCR amplification products obtained with ISSR primer UBC836 in P. bracteatum,
lanes 1-20: individuals of P. bracteatum, lane M: 1000bp DNA ladder
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Fig. 3. PCR amplification products

PCR amplification products obtained with ISSR Primer UBC857 in P. somniferum,
lanes 1-20: individuals of P. somniferum. Lane M: 1000bp DNA ladder
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Table 3

Sequence and characteristics of the used ISSR primers in this study
Primer | Sequence | Tm (°C) | TB' PB’ PPB* | BS(bp | He Ne r
UBCSIS8 (CA)G 53 3 2 67 400-1000 0.281 1.489 0.408
UBC849 (GT),CG 53 4 1 25 500-1500 0.036 1.042 0.068
UBC 840 (GA)YT 53 8 8 100 500-2000 0.408 1.748 0.591
UBC 825 (AC),T 53 6 6 100 500-2000 0.373 1.619 0.557
UBC 848 (CA)RG 50 11 10 91 500-3000 0.278 1.435 0.434
UBC 885 HBH(AG)7 53 12 12 100 300-3000 0.384 1.652 0.570
UBC 857 (AC),YG 51 11 11 100 300-3000 0.412 1.723 0.6
UBC 816 (CA),T 53 11 8 73 400-2000 0.225 1.343 0.351
UBC 834 (AG)YT 53 12 10 83 300-2000 0.242 1.367 0.384
UBC 836 (AG),YA 53 8 4 50 300-3000 0.189 1.316 0.281
Al2 GACC 52 9 5 56 500-2000 0.171 1.264 0.267
A7 (AG),,T 53 11 11 100 200-1500 0.403 1.718 0.589
Al3 (GT),CC 52 11 11 100 500-2000 0.371 1.640 0.552
438 (AC),G 52 11 11 100 500-3000 0.346 1.571 0.523
Al4 (CA)JAC 53 7 7 100 700-3000 0.368 1.661 0.540
Total - - 135 117 - - - - -
Mean - - 9 7.8 83 - 0.311 1.525 0.467

! total bands, number of polymorphic bands, *percentage of polymorphic bands, *band size,
S mean of expected hetrosigosity, ‘number of effective alleles, Shannon’s information index.
R= purine (A/G), Y= pyrimidine (C/T), H=A, C, Tnot G, B=C, G, T not A

Eighty-three fragments were found to be useful as spe-
cies-specific markers and fifty-twofragments were conserved
between two species. A number of fifty-one positive specific
markers were scored for the presence of unique bands for the
P. bracteatum, while a number of thirty-two positive specific
markers were scored for the presence of unique bands for the
P. somniferum (Table 4). Primer UBC818 did not generate any
specific marker for both species. The highest number of species-
specific markers was generated by primer UBC848for P. brac-
teatum and primers UBC 816 and UBC834 for P. somniferum.

Genetic diversity parameters among all sixty individuals
containing two populations of P. bracteatum and one popu-
lation of P. somniferum are listed in Table 3. The analysis of
data showed that the percentage of polymorphic band ranged
from 25 to 100 with a mean value of 86.67. The overall Shan-
non’s index (I) was 0.467. Also, genetic diversity variables
were assessed among two species. A summary of the genetic
data for each species is given in Table 5. The percentage of
polymorphic loci varied between two species. P. bractaetum
exhibited the high level of polymorphism (49.63%), where-
as P. somniferum presented the low level of that (16.67%).
Differences in the He and I were also significant among two
species. The characteristics of amplified ISSR loci as well
as genetic diversity parameters were also measured for two

populations of P. bracteatum (Table 6). No consequential dif-
ferences were found between two populations in view of the
calculated parameters.

ANOVA analysis based on three populations and two spe-
cies using ISSR data indicated that 64% of the genetic varia-
tion is attributed to differences among species. Genetic dif-
ferences among populations (14%) were lower than within
populations (21%). Pair wise comparisons of genetic differ-
entiation (dg ) showed that genetic differences among two
species (®g,=0.81, P<0.01) were more significant than ge-
netic differences between two populations of P. bracteatum
(@,=0.352, P<0.01).

Genetic relationships among populations

In order to estimate the genetic similarity among the indi-
viduals, the similarity matrix was computed using Jacquard
similarity coefficient. The obtained matrix showed that coef-
ficient of similarity values ranges from 0.247 to 0.973, aver-
aging 0.595. The smallest similarity value (0.247) between
two species suggested the high divergence between P. brac-
teatum and P. somniferum and the maximum similarity value
(0.97) was scored between two individuals of P. somniferum.
The UPGMA dendrogram using ISSR loci clustered the pop-
ulations into the three groups (Figure 4). Population 1 from P.
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Table 4
Species-specific markers in P. bracteatum and P. somniferum resulting from fifteen different ISSR primers

Papaver bracteatum Papaver somniferum
Primer AF' CONF? SM3 AF CONF SM
UBCRI18 3 3 0 3 3 0
UBC849 4 3 1 4 3 0
UBC 840 8 2 6 8 2 0
UBC 825 6 4 0 4 2
UBC 848 11 3 7 11 3 1
UBC 885 12 3 5 12 3 4
UBC 857 11 8 1 11 8 2
UBC 816 11 3 3 11 3 5
UBC 834 12 3 4 12 3 5
UBC 836 8 5 3 8 5 0
Al2 9 5 3 9 5 1
A7 11 1 5 11 1 5
Al3 11 3 5 11 3 3
438 11 2 5 11 2 4
CA,AC 7 4 3 7 4 0
Total 135 52 51 135 52 32

'Amplified Fragments, 2Conserved Fragments, *Specific Marker

Table 5
Characteristics of amplified ISSR loci in Papaver bracteatum and Papaver somniferum

Species P. somniferum ‘ P. bracteatum
Number of loci 84 102
Percentage of polymorphic loci (%) 16.30 49.63
Number of loci with frequency of >5% 84 102
Number of less common loci (<25%) 0 0
Number of less common loci (<50%) 0 0
Number of private loci 32 51
Mean of heterozygosity (He) 0.069+0.014 0.192+0.018
Number of effective alleles (Ne) 1.127+0.024 1.336+0.033
Shannon’s information index (I) 0.1+0.020 0.283+0.026

Table 6
Characteristics of amplified ISSR loci in two populations of Papaver bracteatum

Populations P. bracteatum (Popl) ‘ P. bracteatum (Pop2)
Number of loci 98 93
Percentage of polymorphic loci (%) 51.96% 47.06
Number of loci with frequency of >5% 98 93

Number of less common loci (£25%) 0 0

Number of less common loci (<50%) 0 0

Mean of heterozygosity (He) 0.203+0.021 0.187+0.021
Number of Effective Alleles(Ne) 1.352+40.038 1.334:+0.040
Shannon’s Information Index (I) 0.299+0.030 0.272+0.030
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bracteatum was in group I, group II contained population 2
of P. bracteatum and P. somniferum was in group I11. Group I
and group II were more closely related to each other than with
of group III. The high bootstrap values in the forks of major
clusters revealed high confidence level in the UPGMA clus-
tering. The comparison of Jacquard similarity matrix with
the matrix of cophenetic values of ISSR dendrogram using
the Mantel test suggested that data in the Jacquard’s similar-
ity matrix was represented very well by the UPGMA dendro-
gram (r=0.99).

The result of PCoA analysis was comparable to the clus-
ter analysis. Sixty genotypes formed three clusters in PCoA
analysis (Figure 5). In PCoA, individuals with similar de-
scriptions were gathered into the same cluster and were hav-
ing high internal (within cluster) homogeneity and high ex-
ternal (between clusters) heterogeneity. The first two PCoA
accounted for 48.57% and 9.58% of the total variance, re-
spectively. Genetic distances among three populations were
also estimated according to Nei’s genetic distance. Similar to

039

P. bracteaium (Popl)

020 4

P. sommiferun

PCo0A2(9.58%) o001

-0.184

P. bracteatum (Pep2) | |

j Ir[l.llﬁ j T j [I.Il5 T j ' 046
PCoAL(48.75%)

Fig. 5. Two-dimensional plot
Two-dimensional plot of the genetic relationship among 60
individual of Papave rsomniferum and Papaver bracteatum
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Fig. 4. UPGMA dendrogram

UPGMA dendrogram generated using 135 ISSR loci, the bootstrap values from 1000 replicates are given on the main forks.
P.bl: Population 1 of Papaver bracteatum, P.b2: Population 2 of P. bracteatum, P.s: P. somniferum
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what was found by UPGMA cluster and PCoA analysis, the
most two closely related populations were two populations
of P. bracteatum with the highest similarity index of 8§9%.
On the other hand, low similarity index (50%) was obtained
between two species.

Discussion

DNA based markers provide precise information on ge-
netic diversity because of the independence of the confound-
ing effects of environmental factors (Powell et al., 1995). Be-
cause ISSR markers have a better reproducibility and a much
greater number of total polymorphic and discriminate frag-
ments than RAPDs (Mattioni et al., 2000) and lower relative
costs compared with RFLP (Yang et al., 1996), are of easier
detection and at lower costs than AFLPs (Tian et al.,2008),
and simpler to use than the SSR technique (Triest,2006) and
may offer considerable variation among species (Wolf and
Liston,1998), ISSR markers are increasingly applied since
2000 (Tian et al., 2008; Wang et al., 2008). Clearly, ISSR is
one of the powerful approaches for the assessment of genetic
variation among populations, especially for species in which
no molecular genetic information was previously available.
Here, we demonstrated that ISSR is highly efficient for the
determination of genetic variations among selected popula-
tions of P. somniferum and P .bracteatum. In the current in-
vestigation, fifteen ISSR primers were used for fingerprint-
ing and estimating genetic diversity of two populations of
P. bracteatum and one population of P. somniferum. Using
these primers, 135 discernible DNA fragments were generat-
ed with 117 polymorphic ones. High polymorphism (86.6%)
revealed in the present study suggested that ISSR markers
were polymorphic enough to detect the genetic diversity of
selected populations at the DNA level. The overall I was rela-
tively high, indicating that a relatively great genetic diversity
lies in the Papaver populations. The high percentage of poly-
morphism is common for ISSR amplified products. Other
workers obtained similar results in other medicinal plants:
61.53% in Jatrophacurcas (Mittal and Dubey, 2010), 67% for
some medicinal plants in Sinai (Domyati et al., 2011), 97% in
Coptischinensis (Shi et al., 2008) and 97.2% in Ochreinau-
clea missions (Chandrika and Ravishankar, 2009). Hamrick
et al. (1991) stated that several factors affect genetic diversity
level in a given species. Geographic range is strongly associ-
ated with the levels of genetic diversity. Generally endemic
species have lower genetic diversity than widespread species.
Other factors such as breeding systems, vegetative reproduc-
tion, and dispersal pattern and sample size also significantly
influence the genetic diversity of a species. The percentage
of polymorphic loci, I and Ne for P. bracteatum was superior

to those of P. somniferum. The reason for their differences
might be due to the breeding system of two species. P. brac-
teatum is an out-crossing species but P. somniferum is a self-
pollinating species. Acharya and Sharma (2009) showed that
P. somniferum genotypes have low genetic diversity. Also
high polymorphism rate (85%) detected among 53 accessions
belonging to 3 important Oxyfona species, i.e. P. bracteatum
Lindl., P. orientale L., and P. pseudo-orientale.

The higher proportion of genetic variation (64%) and sig-
nificant @ (0.81) among two species showed divergence be-
tween two species. The relatively high @ between two popu-
lations of P. bracteatum is probably due to geographical dis-
tance. In addition to, genetic variation within populations was
relatively higher than among populations, it may arise from
out-crossing nature of P. bracteatum. The pollinators of this
species are small insects (Goldblatt, 1974). The transfer of pol-
len by insects between the different individuals may increase
the possibility of sexual recombination and subsequently in-
crease within-population genetic diversity (Shi et al., 2008).
Also the UPGMA dendrogram showed that plants from differ-
ent geographical regions were distributed in different groups.
Even in the case of P. bracteatum, two accessions from Iran
were not grouped together. Therefore the correlation between
geographic distance and genetic diversity was concluded.

Conclusion

In conclusion, all ISSR primers used could produce poly-
morphic markers to discriminate and identify the different
genotypes. Two important findings have emerged from the
present study. First, a wide range of variation is indicated in the
phenetic relationship among P. bracteatum and P. somniferum.
Second, species-specific bands were detected. The sequence
information in these bands can be used to develop the species-
specific SCAR markers. These bands confirm the presence of
microsatellites, whose sequences are complimentary to that of
the primers. These microsatellites can be used to develop STS
(sequence tagged site) maps. Such maps which will be neces-
sary to locate genes that impart alkaloids in two species.
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