Available online awww.scholarsresearchlibrary.com

volog;

KQ’ ()
© v
) (]
g o
Scholars Research Scholars Research Library A g

¢ N

Annals of Biological Research, 2013, 4 (3):64-72 .
Library

(http://scholarsresearchlibrary.com/archive.html)

ISSN 0976-1233
CODEN (USA): ABRNBW

Assessment of genetic diversity on populations diree satureja species in Iran
using ISSR markers

M. Kameli®, S. M. Hesamzadeh HejaZi and M. Ebadi*

!islamic Azad University of Damghan, Iran
“Research Institute of Forests and Rangelands (Bliotelogy department), Tehran- Iran

ABSTRACT

As we know, Savory herb is one of the most impbrteadicinal plants of Iran that belongs to Lamiagdamily
which about 284 species have been identified imibrdd. Iran, as one of the most important repasés of Savory
germplasm in the world, has about 16 species afr8gt genus. Because of so many useful medicimgegpties of
Savory, this plant has been considered in manyntesteidies. In this study, 10 different populatiohshree species
(Satureja rechingeri, S. khuzistanica and S. spi@y related to the different area of llam, Lorestand Gilan
provinces have been presented. In order to evaltia@egenetic diversity in Satureja genus, the Irsémple
Sequence Repeats method (ISSR) was exploited pampllations. After screening of 10 ISSR primersétprimers
that produced clear and reproducible fragments waakected for further analysis. The three primezsgrated 19
bands ranging in size from 450 to 1700 bp, corresliog to an average of 6.3 bands per primer. Acdddahree
anchored primers amplified a total of 19 bands ofitwhich 100 % were polymorphic among 49 individual
Polymorphic information content (PIC value) randgedm 0.22 to 0.36 and marker index (MI) ranged frbrh to
2.88 per primer. The primer UBC820 had the higheBE (0.36) and MI (2.88) values. A maximum genetic
similarity value of 0.99 was observed between patpuis 5 (S. rechingeri) and 8 (S. khuzistanicad arminimum
similarity value of 0.57 was observed between patparis 6 (S. rechingeri) and 10 (S. spicigera). Thean
coefficient of gene differentiation (Gst) was 0.42flicating that 72% of the genetic diversity ced within the
population. Clustering analysis using WARD algamitlbased on Nei's Unbiased Measures of Geneticrtista
classified the Satureja populations into four magooups. The PCOA data confirmed the results dfteling. The
results of this study revealed that ISSR markeutdcbe efficiently used for genetic differentiatiointhe Satureja
accessions. The primer UBC820 is useful to deteaifca high level of polymorphism and it can beduseguide
future breeding studies and management of Satgyeqjas.

Keywords: Genetic diversity, ISSR MarkerSatureja

INTRODUCTION

Saturejais a genus of aromatic plants of the family Lamee (the mint family). The genus has been a subject
much discussion among taxonomists and is variotielgted. In Flora Europaea, Heywood & Richardsad] [2
recognized 5 genera in the region includ®glamintha, Acinos, Clinopodium, Micromerdand Satureja. In the
Flora of USSR [39],China [24], Turkey [8] and Iraai[36] a similar classification was adopted coesith to some
specific genera which were included on the basigeafgraphical distributiorSaturejain its narrow concept is a

64
Scholars Research Library



S. M. Hesamzadeh Hejazt al Annals of Biological Research, 2013, 4 (3):64-72

genus comprising 30 species, mainly distributedViediterranean Region but also extended to Iran@iian
phytogeographical regiorsaturejabelongs to the tribe Mentheae within the subfarhigpetoideae and includes
about 284 species in the world[30].This genus [geasented in Iranian flora by 16 species, nine bictv are
endemic for the countnB( macrosiphonigS. bachtiarica ,S. rechingeri ,S. isophylla S. patana ,S. sahendica ,S.
khuzistanica ,S. intermedia and S. edmpif@l].There are about 30 species called savogésyhich summer
savory and winter savory are the most importantutiivation. Saturejaspecies are native to warm temperate
regions and may be annual or perennial. They areglowing herbs and subshrubs, reaching height45ef
50 cm.The leaves are 1 to 3 cm long, with flowensning in whorls on the stem, white to pale pinklet. Both
summer savory and winter savory are used to fléamd. The former is preferred by cooks but as aruahis only
available in summer, winter savory is an evergrperennial. Certain organic chemicals are derivedhfthese
species, which are useful to humans. They havdlysuell known, and will be used by native inhalsita as spice,
medicinal plant or source of essential oils. Mewatiproperties and a large variety of specimenth@species
increase the importance of diversity studies is tfénus. Within th&aturejagenus the genetic diversity has been
dealt with using morphological characters[17],[B)] Enzyme electrophoresis [1],[2],[19] chlorogila®NA
restriction site analysis [7] and molecular mark€éRAPD, SAMPL and AFLP) [15],[16],[18],[4].[5],[6]
,[40].Molecular markers offer a powerful means nélgzing genetic diversity and relationships. Amanglecular
markers, the inter simple sequence repeats (ISIsR® been successfully applied in many crop spgdgs[29],
[34], [44], [13]. ISSRs have proved to be usefupopulation genetic studies [3], [9], [42], [45h fact, PCR was
used to amplify the sequence of DNA between tworosiatellites using two types of primers: the unamet one
consists of a simple microsatellite sequence wisafemanchored primers are added with extra nudkoin the 3'-
or the 5'-end of a microsatellite sequence. Ousairere to specify genetic diversftyr investigation of differences
or resemblances within and among different popaoitetifrom different geographical regions and clattgir
phylogenic relationship in order to establish bieggprograms. In this paper, we have applied tlf&R$echnique
in 10 populations of three different species usingnchored and anchored primers.

MATERIALS AND METHODS

Plant materials and DNA extraction

10 populations (49 individuals) of three specieSaturejagenus were collected from Research Institute oé$to
and Rangelands (Table 1). Total DNA was extractechfyoung leaves following the modified sodium dode
sulfate (SDS) method [14]. Approximately 0.5 graves was ground to a fine powder in a mortar witgjidl
nitrogen and then transferred to a 2 ml Eppendudré ffilled with 900ul of extraction buffer(100 mM Tris -HCI, 50
mM EDTA , 1M NacCl, 0.2% mercaptoethanol and 1.5%PP¥fter being incubated at €5 the homogenate was
mixed with 130 pl SDS 10%(w/v) and incubate thegkes at 65C for 15-20 minutes and mix every 5 min and
then add 30@l Sodium acetate and centrifuge for 10 min at D1G0n and transfer supernatant into a labeled new
tube and add 0.25 volume LiCl , mixed thoroughlyitnyersion, incubate sample on ice for 10 min drge for

10 min, at 12000rpm and transfer the supernataiotnew tube and add 0.7 volume cold isopropialcohol 70%
and mixed few minutes, centrifuge for 12 min, adQ@pm, dissolved pellets in 2p0TE (10:1)buffer and then 2
ul RNase A solution (100 mg/ml) were added, and ahiwell and incubate at 3C for 1h. The homogenate was
then extracted with 300 pl of phenol/chloroforméstyl alcohol (25:24:1) and was centrifuged at 18,49 for 12
min, The supernatant was transferred into a newl Zlear-colored tube and were added equal volume of
isoamylalcohol /chloroform and mixed well, incubatmple on ice for 5 min, centrifuge for 10 min13000 rpm,
transfer the supernatant in to new tube and addeddlume Sodium acetate and 2 volume chilled alts@thanol
and incubate sample on ice for 1h,and then cegtifor 10 min at 14000 rpm. Discard the supernaadtwere
added 30Qul of 70 % ethanol into each tube and washed thketpdlhen centrifuge for 3 min. at 14000 rpm and
discard the supernatant and The pellet was drie&nnEppendorf Vacfuge™ (Eppendorf North America,
Hauppauge, NY, USA) at 37°C for 15 min. Re-suspedpellet in 250-30@1 of TE (10:0.1)buffer and was stored
at -80C.

DNA quantity and quality

Purified DNA was quantified using a NanoDrop® ND008pectrophotometer (NanoDrop Technologies, Inc.,
Wilmington, DE, USA) to measure the DNA concentratand the absorbance ratio (A260/A280). A puresarf
DNA has the ratio at 1.8 and is relatively freenfrprotein contamination. The purified total DNA wasalified by
0.8 % agarose gel electrophoresis and the DNA ssmnwpeére diluted to 5ng/ul and stored at -20 °C.
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Primers
Primers were purchased in lyophilized form from TMBOLBIOL-Germany 10 ISSR primers were tested irsthi
research (Table 2).

ISSR assay

A total of 10 primers were tested to amplify DNAdammong them, three primers with considerable pohainism
and reproducibility were selected for further as&yTable 2). PCR were performed in 50 pl voluraesisted of
1X PCR buffer, ImM MgCI2, 0.2 mM each of dNTPs, @Bl primer, 2.5U of Tag DNA polymerase (Qiagen-
Germany), 5 % formamide and 15 ng of template DN#plification was performed in a Eppendorf Mastetey
gradient Thermal Cycler under the following coratits: 5 min at 95°C for 1 cycle, followed by 60 9&%C, 60 s at
35C, 38C or 43C (Depending on the primer), and 2 min at 72°C4forcycles, and 10 min at 72°C for a final
extension. Amplification products were separated @nagarose gels run at 50 V in 1 x TAE, visualikgdtaining
with ethidium bromide, and photographed ultravidigtit. Molecular weights were estimated using 8 bp DNA
ladder.

Table 1- Geographical Characteristics of Sampled Rmlations of three species oBatureja genus used in the study

population Code Species Main Place of collection Code Number of Samples
Pop! S. rechinge(1) llam - Howeian to Nasriar 15 5
Pop2 S. rechingefR) llam - Zarrin Abad 16 5
Pop3 S. rechingeB3) llam, Mehran(1) 30 5
Pop¢ S. rechinger(4) llam, Mehran(2 22 5
Pop5 S. rechinger{5) llam, Mehran(3) 24 5
Popt S. rechinger(6 ) unknowr 25 5
Pop7 S. khuzistanicél) Lorestan Poldokhtar - Andimeshk 13 5
Pop8 S. khuzistanic§2) Lorestan Poldokhtar - Paalm 14 4
Pop9 S. spicigerg1) Gillan -Rudbar 32 5
Pop10 S. spicigerg2) Gillan -Rudbar-Ganjeh 35 5

Table 2- ISSR primer with their sequences and anndiag temperature (TM) (R=A/G, Y=C/T)

No. Primer Code Sequence(5'-3") Annealing Temps(C)
1 UBC808 (AG)8 C 48
2 UBC 820 (GT8cC 43
3 UBC 844 (CT)8 RC 38
4 UBC 801 (AT)8 T 30
5 UBC 802 (AT)8 G 32
6 UBC 803 (AT)8C 32
7 UBC 804 (TA)B A 30
8 UBC 805 (TA)8C 32
9 UBC 806 (TA)B G 32
10  UBC807 (AG)8 YT 35

Data analysis

Marker indices were calculated for the ISSR markierscharacterize the capacity of each primer tcedet
polymorphic loci among the populations and indidtiu As such, the marker index was the sum of the
polymorphism information content (PIC) values orefage heterozygosity for all the selected markevdyxred by
a particular primer. The PIC value was calculateohg the formula PICi=2Pi (1-Pi), as proposed bydan-Ruiz
[37], where PICi is the PIC of the marker i, Pthe frequency of the amplified allele (band presant (1-Pi) is the
frequency of the null allele. And the other was Ml.was calculated as the product of two functiddsC and EMR
(Effective Multiplex Ratio). EMR of a primer is deéd as "the product of the fraction of polymorplaci and the
number of polymorphic loci for an individual ass§®8]. Only reproducible and clear bands in thdicagions were
considered as potential polymorphic markers. Thia ddtained by scoring the presence (1) or absébicef
amplified fragments from the ISSR and assembleaddata matrix. POPGENE software 1.31 [43] and Gex{35]
were utilized to generate the single populatioregeequencies and the grouped population geneédremes as well
as Nei's (1972) [31] genetic distances matrix betvéhe populations from the 0, 1, data matrix. Taésults of
distance matrix used to construct a (Ward) phenogier the 10 populations using JMP software [38lscA

66
Scholars Research Library



S. M. Hesamzadeh Hejazt al Annals of Biological Research, 2013, 4 (3):64-72

observed number of alleles (na); Number of effectalleles (ne); Nei's (1973) [32] genetic diversihdex;
Shannon's Information index (I); the total Hetegasity (Ht); the Expected Heterozygosity within papulations
(Hs); the coefficient of genetic differentiation gt} and estimate of gene flow from Gst (Nm) weralygred with
POPGENE and GenAlex software's. The ISSR data sdsgcted to a hierarchical analysis of molecutaiance
(AMOVA), as described by Excoffier [11]. The anatysf AMOVA was performed using GenALEx software.
GenAlex was also used to calculate a Principal Gioates Analysis (PCOA) that plots the relationshgtween
distance matrix elements based on their first twogpal coordinates.

RESULTS

ISSR is an efficient, cost effective method for gigpe identification and assessment of genetidicglships among
the populations. For present investigation 10 pajorhs obtained from three different species weyaed using
ISSR primers. Three selected ISSR primers ampldi¢dtal of 19 scorable bands ranging in size fa&@ to 1700
bp, corresponding to an average of 6.3 bands perepr(Table 3 and Fig 1). The highest number ofdsawas
scored forS. spicigera(2) of which 73.68 % were polymorphic, followed By rechingeri(5) with 52.63 %
polymorphic bands. The least polymorphism (31.5W4$ observed i8. rechingeril and 6).

Table 3- ISSR primers successfully used in this sy and the number of total and polymorphic bands amlified in 10 populations
with Polymorphism information content (PIC) and marker index (Ml)values. Y=C/T,R=A/G

Ml PIC Percentage of Number of polymorphic Band amplitude The total number of| Sequence primer
polymorphisn band: produce! band: (5-3)
1.1 0.22 10C 5 45(-130( 5 (AG)sYT | UBCB801
2.88| 0.36 100 8 600-1700 8 (GT)C | UBC820
1.86| 0.31 100 6 500-1500 6 (CT)RC | UBC844
1.95| 0.296 Mean 19 19 Total
Table 4- Overall genetic variability across all thepopulations. Nm = estimate of gene flow from Gs.g., Nm=0.5 (1 -
Gst)/Gst.
Locus Observed Effective No. Nei's gene Shannorfrimation Ht Hs Gst Nm
No. of alleles of alleles Diversity (h) index (1)
Loc807-1 2 1.0471 0.0449 0.1095 0.0441 0.0349 2071.9092
Loc807-2 2 1.044 0.0422 0.1040 0.0413 0.0378 0.08632951
Loc807-3 2 1.8523 0.4601 0.6527 0.4617 0.2332 @®494.5105
Loc807-4 2 1.695 0.4100 0.6003 0.4136 0.2943 0.28852331
Loc807-5 2 1.1373 0.1207 0.2393 0.1185 0.0465 ®60D.3229
Loc844-1 2 1.599 0.3746 0.5619 0.3755 0.3191 0.15@28282
Loc844-2 2 1.6096 0.3787 0.5664 0.3737 0.1773 @529.4517
Loc844-3 2 1.9597 0.4897 0.6828 0.4927 0.2806 (430.6613
Loc844-4 2 1.4743 0.3217 0.5024 0.3169 0.1148 (.63D.2841
Loc844-5 2 1.0902 0.0828 0.1782 0.0861 0.0799 (@078.4252
Loc844-6 2 1.2029 0.1687 0.3094 0.17 0.1424  0.16255769
Loc82(-1 2 1.101: 0.091¢ 0.193¢ 0.090: 0.065¢ 0.274¢ 1.319:
Loc820-2 2 1.6864 0.4070 0.5971 0.4072 0.0909 @776.1436
Loc820-3 2 1.9307 0.4821 0.6751 0.4863 0.2457 @494.5105
Loc82(-4 2 1.878" 0.467: 0.660¢ 0.46¢ 0.23¢ 0.490¢ 0.519:
Loc820-5 2 1.7067 0.4141 0.6046 0.4091 0.2937 @.282.2722
Loc820-6 2 1.6295 0.3863 0.5747 0.3813 0.2327 (.389.7831
Loc82(-7 2 1.963: 0.490¢ 0.683" 0.491 0.2957 0.397¢ 0.756¢
Loc820-8 2 1.1929 0.1617 0.2996 0.1588 0.1061 @®@331.0070
Mean 2 1.5158 0.305 0.4629 0.3046 0.1753 0.4246 0.6777
Std 0 0.3402 0.1676 0.213 0.0283 0.0102

Polymorphic information content (PIC value) randexin 0.22 to 0.36 and marker index (MI) ranged fribrh to
2.88 per primer. The primer UBC820 had the hight& (0.36) and MI (2.88) values (Table 3). The toteean
values of gene diversity (h) and Shannon's Infoionaindex (1) of the 49 individuals of different polations for
three ISSR markers determined were 0.305+ 0.160at@8+ 0.213 respectively (Table 4). The highesamvalue

of h and | of the 49 individuals was found for UBDBISSR marker (0.38+0.15 and 0.57+0.19). Among 10
populations, just P10S( spicigera had the highest values of h and | (0.27£0.19 @4®+0.27) for three ISSR
markers. The mean value of effective alleles, Shatmindex , genetic diversity, total Heterozygps{tt),
Expected Heterozygosity within subpopulations (Hshefficient of genetic differentiation (Gst) aedtimate of
gene flow from Gst (Nm) based on ISSR data wer26l,.6.463 , 0.305, 0.305, 0.175, 0.425 and 0.63Bewively,
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while UBC820-7 locus showed the highest numberffefcve alleles (1.963), Shannon’s index (0.68fgnetic
diversity value (0.491), Total Heterozygosity (A3@nd Expected Heterozygosity (0.296) (Table & amount of
gene flow among 19 scorable bands, estimated as=Nn5(1 -Gst)/Gst was found to be ranges from (61#3
6.4252 (Table 4).

Table 5- Nei's Original Measures of Genetic Identit and Genetic distance. Nei's genetic identity (alve diagonal) and genetic distance
(below diagonal).

Population 1 2 3 4 5 6 7 8 9 10
1 0 0.9091 0.8544 0.8703 0.8497 0.8474 0.8561 6.818.7309 0.6909
2 0.0953 0 0.9735 0.9346 0.8881 0.9098 0.923 0.81827183 0.7301
3 0.1573 0.0269 0 0.9706 0.9474 0.9522 0.9234 6.88R.7865 0.7002
4 0.139 0.0676 0.0298 0 0.9689 0.9234 0.8839 0.89917344 0.7108
5 0.162¢ 0.118¢ 0.05¢ 0.031¢ 0 0.92¢ 0.899¢ 0.992! 0.903¢ 0.763:
6 0.1656 0.0945 0.049 0.0797 0.079 0 0.9206 0.873806@ 0.5736
7 0.1554 0.0801 0.0797 0.1234 0.1056 0.0828 0 8.850.8161 0.7745
8 0.199¢ 0.205¢ 0.124¢ 0.106: 0.007¢ 0.135¢ 0.153¢ 0 0.932: 0.709:
9 0.3135 0.3309 0.2402 0.3087 0.1012 0.2155 0.2083703 0 0.7088
10 0.3698 0.3145 0.3565 0.3413 0.270R.5558 0.2555 0.3438 0.3442 0

primer 820
primer
by — g 807
ladder p popil
100bp
ladder
100 bp
primer 224"-'&’ 45 46
807
popid
ladder
ladder 100bp
100 bp

Figure 1- ISSR marker profiles of some of the 10 paulations (49 individuals) ofSatureja species generated by primers UBC820, UBC807
and UBC844 in 1% agarose gel. Lane (L): 100bp DNAdtder.
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Nei’'s [33] unbiased genetic identity and genetistaiice for ISSR data determined among3atirejapopulations
are given in Table 5. The value of genetic identiyied from 0.574 betweed spicigeré2) andS. rechingel6) to
0.992 betweess. rechingei(5) andS. khuzistanicg2).

Table 6- Analysis of molecular variance (AMOVA) for10 populations of differentSatureja species based on ISSR markers.

Degrees of Sum of squared Mean Variance Percentage of
Sources freedom (SSD)deviations square components variance
(df MSD P
Among populations 9 53.712 5.698** 0.795 28%
Within population 39 80.¢ 2.074* 2.07¢ 2%
Total 48 134.612 2.869 100%
popl
pop2
pop3 ::::]
pop4
pop6
pop7
pop5
] —
pop8
pop9
popl0
%
_ —X—
distance x> 2.41

Figure 2- Dendrogram constructed from Nei’'s unbiase genetic distance matrix among 10 populations, citered with the Ward method
(r=0.96) based on ISSR data.

Principal Coordinates

¢ pop2
*9pBba
* pOplO . p0p7’ p0p3

& pop5 & popo
& pop8

Coord. 2

| pop9

Coord. 1

Figure 3- Scatter plot of 10 populations for the fist two PCO analyses
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The mean coefficient of gene differentiation (Gs8s 0.425, indicating that 72% of the genetic diitgrresided
within the populations. Clustering analysis usindRD algorithm based on Nei's Unbiased Measuresefefic
distance, classified th8aturejapopulations into four major groups. The cophenetioelation of Ward tree was
about (r = 0.96). The rate of genetic affinitiesl aelatedness of the three taxa under consideratonalso be
observed between the 10 populations (Fig. 2). Thusters, one consisting &. spicigergGillan —Rudbar) and the
other consisting of the same spectesspicigera(Gillan -Rudbar-Ganjeh) from nearby areas can bseoved
separately.

The ISSR data were subjected to a hierarchicalaisabf molecular variance (AMOVA), as describedexgoffier
[11].The results of AMOVA analysis showed that 2886d 72 % of genetic diversity resided between aitkin
the populations respectively and genetic variadamong and within populations were significantLéd level
(Table 6 and Fig 2).

PCOA analysis of ISSR data showed that the finrgeHactors comprised about 95.40% of total vagamben the
first, second and third axis comprised about 62,aBd 6% of total variance respectively. Ward degdam
clustering of ISSR data produced similar resultgpsuted by PCOA ordination plot (Figures 2 and 3).

The results of this study revealed that ISSR markewuld be efficiently used for genetic differetiba of the
Saturejaaccessions. The primer UBC820 is useful to dairati a high level of polymorphism and it can bedito
guide future breeding studies and manageme8atirejagermplasm.

DISCUSSION

Genetic variation is a basic requirement for plargeding, whereas a high genetic variation is ne:dédiegenetic
improvement of plants. Exploration and evaluatidrdiversity among and within populations would bfegoeat

significance for in situ conservation aBaturejaspecies breeding programs. In recent years, igemetrkers are
increasingly used for the study of genetic divgrdiloreover, the polymorphism determined by thesekers is
one of the valuable parameters for study of popratand understanding of their genetic differendds high

reproducibility of ISSR markers may be because sifigi longer primers and higher annealing tempegatiian

those used for RAPD. Based on its unique chargd@&R technique can detect more genetic loci ibaayme and
has higher stability than RAPD [45]. Our work i€ thirst application of this method to character@za to evaluate
the genetic diversity within and among so8&urejaspecies.

The Savory landraces constitutes a rich sourcdaafiversity and their conservation and utilizatimyuires that
their genetic structure is well characterized andeustood. DNA fingerprinting is a routine methadptoyed to
study the extent of genetic diversity across afgermplasm or cultivars and group them into sfiecategories.
Comparative studies iBaturejaspecies involving RAPD, AFLP, and SAMPL markerteyss were used by very
limited researchers [16], [18]. The discriminatpewer of DNA markers used as tool to charactetiesSatureja
genus is very important because they can be usedsess the genetic diversity among $la¢urejaspecies and
populations.

The analyses were conducted using four individaals one bulk of each population. Bulk analysesuaeful to
obtain information on genetic variability betweeiffatent populations [26]. ISSR fingerprints wereeyiously
amplified, with more or less success, in animal kigther plants using different approaches.

Among 10 ISSR primers surveyed acrossShturejaspecies only three primers with considerable polghism

and reproducibility were selected for further as@y(Table 1 and Figure 1). Hadiaet, al. detected 83 % of
polymorphism in 28 accessions 8aturejahortensis L., collected from different parts cdrirwith RAPDs [15].
Hadian,et al. also reported phylogenetic relationships andetierdiversity of different Irania®aturejaspecies
using AFLP and SAMPL markers [16], [18]. In bothnker systems, all accessions were grouped accotditiggir

species with high bootstrap values.

In this study the mean level of polymorphism reedaby ISSR (100 %) is higher than RAPD (83%) and.AF
(48.05 %) or SAMPL (42.57 %) methods. ISSR primgeserated 6 to 14 bands with average of 8.5 baads p
populations. The distribution of different microsidite sequences in different populations determithe possibility

of using this method for DNA fingerprinting. Comam of PIC values for three primers (a paramesspaiated
with the discriminating power of markers) indicatbat the range of PIC values was from 0.22 (UBJ80670.36
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(UBCB820). Primer (GTg) C proved to be the best one due to the sharpridss matterns and the high number of
polymorphic markers provided.

The experimental results of this study will provielddence for the reliability and usefulness of RS®arkers, to
estimate genetic diversity within and between ratBatureja populations. The average amount of total
heterozygosity that was calculated in this studg alanost high (0.3046+0.028) (Table 4) and the nvedwe of Hs
(Nei’'s genetic diversity within subpopulations) aife mean coefficient of gene differentiation (Qat}his study
were (0.1753+0.01) and 0.4246 respectively. Oualteshowed that based on the Shannon’s informatidax,
genetic diversity irS. spicigerg?2) is higher than the others (0.27+0.19) and thas. rechingeri1) had the lower
one (0.12+0.19).

Cluster analysis was carried out on marker prdjilitata based on ISSR. The results based on adbife marker
profiles broadly grouped the 10 populations intorfolusters. The high similarity among r@chingeripopulations
was noticed in ISSR analysis indicating that thespulations are closely related except Pop5. Theempaof sub
clustering of the cluster, which included 10 popiolas correctly, grouped the species except onenatishing with
initial identification of populations. There wa®sk relationship between some of the populatioed irsthis study;
presumably they might have been collected fromlaimdcations. Probably, one of the reasons of mishing in
cluster grouping is hybridization between two spscinclusion of genotypes bred for specific obyjes like yield
and quality parameters over different geograpHmedtion resulting in narrowing of genetic base #mel marker
system used could be the reason for clustering ofdke cultivars or populations in one cluster.

In ISSR analysis, thBaturejagenotypes were grouped into four sub clustersalenge sufficient amount of diversity
within the cluster.

When compared to RAPD, another multi-loci and P@Read method (AFLP and SAMPL) [15], ISSR
amplifications gave more markers and showed a hitgwel of polymorphism betweeBaturejaspecies. So the
results indicated that ISSR could be a better toah RAPD, AFLP and SAMPL markers for diversitydigs in
Saturejaspecies.

These observations are in agreement with manyeguwstiowing the higher reproducibility and efficigrad ISSR
markers [12], [22], [25], [27], [40]. This studymfirms the superiority and usefulness of ISSR dMeLP, SAMPL
and RAPD to survey oBaturejaspecies. ISSR technique is also more economieel tther molecular marker
fingerprinting methods (RAPD, RFLP, AFLP, SSCP &R3. Also ISSR fingerprints appeared to be a usafual
quick molecular tool to solve the problems of marplgical identification and individual charactetiwan of
Saturejaspecies. ISSR fingerprints clearly distinguisheldttad tested species. They allowed identificatioont
genus level to geographical species level and altbte separate populations and individuals of Hmaesspecies
with different chemical compounds (data not shown).

ISSR-PCR gave complete, very reliable, reproductdné highly polymorphic fingerprints within and angp
populations ofSaturejaspecies. ISSR amplifications also open new aneraesting possibilities in th8atureja
genus characterization field. In the future, the 0§ ISSR should be enlarged, for example, 1) tolysgenetic
relationships among more species and genera toaremesults with all the previous data, 2) to tremagement of
species collections especially for identificati@®),to screen quickly the most abundant SSR motiferder to
develop microsatellite markers.

Acknowledgments
The authors are grateful to the biotechnology depamt for providing of facilities and the reseaioBtitute of
forests and rangelands (RIFR) in Iran for finansigbport.

REFERENCES

[1]F. Attar, N. Einollahi, E. Keyhani and J. KeyligActa Hort. (ISHS)2006 723:215-220.
[2]L. Arzi, J. Keyhani, E. Keyhanicta horticulturag201Q No: 853.

[3]S. Barth, A.E. Melchinger and T.H. Lubberstedyl. Ecol, 2002 11:495-505.

[4]C. Brauchler, H., Meimberg, T., Abele and G. Hed'axon, 2005 54 (3): 639-650.
[5]C. Braichler, H., Meimberg and G. Heubgxon, 2006 55 (4): 977-981 (5).

71
Scholars Research Library



S. M. Hesamzadeh Hejazt al Annals of Biological Research, 2013, 4 (3):64-72

[6]C. Brauchler, O. Ryding and G. Heul¥jlidenowig 2008,38: 363-4.

[7]P. D. Cantino and S. Wagstalftittonia, 1998 50(1): pp.63-70.

[8]P. H. Davis Edinburgh 1982

[9]E. J. Esselman, J. Q. Li, D. J. Crawford, J.Lindiss and A.D. andWolf&col, 1999 8:443-451.

[10]T. Dirmenci, E. Bndar, G. Deniz, T. arabaci, E. martin, Z. JamZaak J Bot, 201Q 34 :159-170

[11]L. Excoffier, P.E. Smouse, J.M. Quattfdenetics1992 131:479-491.

[12]M. Z. Galvan,B. Bornet, P. Balatti and M. Bréwacd,Euphytica, 2003132: 297-301.

[13]S. Ghariani, N. Trifi-Farah, M. Chakroun, S.aMhali and M. MarrakchiGenet. Resour. Crop EvpP003 50:
809 — 815.

[14]D. Goldenberger, I. Perschil, M. Ritzler andl Altwegg, Genome Res,1995 4: 368-370.

[15]J. Hadian, S.M.F. Tabatabaei, M.R. NaghaviJamzad, and T. Ramak-Masou®ci. Hortic, 2008 115: 196-
202.

[16]J. Hadian, S.M.F. Tabatabaei, M.R. NaghaviJ@mzad, and T. Ramak-Masourithesis submitted for the
degree of Ph.D.in Horticultural Sciences, Universif Tehran-lran2008

[17]J. Hadian , H. Mirjalili M, R. Kanani M, A. Sahnia ,P. GanjipoorChem.Biodiver2011, 8(5):902-15.

[18]J. Hadian, A. Azizi, M. Fakhr Tabatabaei, M.Naghavi, Z.Jamzad, W. Friedt,Planta Med
,201Q76(16): 1927-1933.

[19]J. Hadian, S. Nejad Ebrahimi and P. Salkfdustrial Crops and Product201032(1):62-69.

[20] V. H. Heywood, and I. B. K. Richardson, LalatPages 126-192. In: T. G. Tutin et. al. editéiimra
Europaeagl972 Vol. 3.

[21]Z. Jam ZadResearch Institute of Forests and Rangelagd86 171 Pages.

[22] S. P. Joshi, V. S. Gupta, R. K. Aggarwal, PR&anjekar, and D. S. Brafheor. Appl. Genet200Q 100: 1311-
1320.

[23]M. Kasyani Aval, S. R. Tabaei-Aghdaei, F. Skfd, A. A. Jafari and S. A. Eftekhalynnals of Biological
Research2012 3 (2):975-978.

[24] H. W. Li, and I. C. Hedge, Lamiaceae, pp. ®32n: Z. Y. Wu and P. H. Raven co-chairs of edtor
committee Flora of Ching 1994 vol. 17.

[25]B. Liu, and J.F. WendeMol. Ecol. Notes.2001, 1: 205-208.

[26]Y. Loarce, R. Gallego, E. Ferrdtuphytica 1996 88: 107-115.

[27]R. Manimekalai, P. Nagarajan, and P.M. Kumagighteenth Annual Congress of the PG2R806 pp. 16-17.
[28]D. Milbourne, R. Meyer,J.E. Bradshaw,E. Baikd,Bonar, J. Provan,W. Powell, R. Waudynl Breed 1997, 3
:127-136

[29]S. Moreno, J.P.Martin and J.M.Ort2uphytica, 1998 101: 117 — 125.

[30]K. Nixon, diversity of life .org (DOL), cornelliniversity,2006 from http://www.Plantsystematics.org.

[31]M. Nei, Am. Nat, 1972 106:283—-292.

[32] M. Nei, Proc Natl Acad Sci USA973 70:3321-3323

[33] M. Nei, Genetics]1987 83: 583-590.

[34]l. Pasakinskiene ,C.M. Griffiths, A.J.E. BettgnA.J.E., V. Paplauskiene and M.W. Humphrelseor. Appli.
Genet, 200Q 100: 384 — 390.

[35]R. Peakall and P.E. smousAustralian National University, Canberra, Australi006 Genalex 6.5: genetic
analysis in Excel.

[36]K.H. RechingerFlora Iranica, Academische Druck-u. Verlagsanstalt, Gra982 no. 150: 532-551. —
[37]1.Roldan-RuizMol. Breed.200Q 6:125-134.

[38]SAS, SAS Institute Inc, Cary, NC 27513, US®96

[39]B.K. Shishkin, (editor)Botanical Institute of the Academy of SciencéiefUSSR. 1954 vol. 21.

[40]B. TanyolacGenet. Resour. Crop. EX0Q03 50: 611-614.

[41]J. Trusty, R.G. Olmstead, D.J. Bogler, A. SantGuerra and J. Francisco-Orte§gstematic Botan004 29
(3): 702-713.

[42]A.D. Wolfe, and A. ListonChapman and Hall, New York998 pp. 43-86.

[43] F.C. Yeh, R.C.B.Yang, B.J. Timothy, Z.H. YeydaJ.X. Mao,Molecular Biology and Biotechnology Centre,
University of Alberta, Canada997.

[44]S. Zehdi, M. rifi, A. Ould Mohamed Salem, Ah®uma and M. Marrakchd. Genet. Breed2002 56: 77 — 83.
[45]E. Zietkiewicz, A. Rafalski, and D. Labu@@enomics1994 20:176-183.

72
Scholars Research Library



