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ABSTRACT

Iran has arich and diverse pistachio germplasm and thereby the diversity
and number of Iranian pistachio cultivars is unique in the world. In this
study 31 pistachio cultivars and genotypes were characterized by RAPD,
ISSR and SSR markers. The general dendrogram constructed using the
combined data of the three sets of molecular markers was to some extent
similar to those obtained separately with each marker. The overall Principle
coordinate analysis (PCA) based on genetic similarity matrices showed
that the first three eigenvectors accounted for 28.46% of the total molecu-
lar variation. Therefore, the PCA results confirmed the results of cluster
analysis. In SSR population analysis; the four primers produced 11 alleles
among 31 pistachio genotypeswith an average value of 2.75 alleles. 100%
Polymorphism was observed at all of theseloci. Thelow average polymor-
phic information content value 0.4374 indicated the presence of high ge-
netic similarity among genotypes and entails development of additional
polymorphic SSR primersfor effective characterization of Iranian pistachio
cultivars/genotypes. According to the effective multiplex ratio and assay
efficiency index, it was showed that RAPD markerswere the most powerful
to differentiate the genotypesfollowed by | SSR and SSR markers, respec-
tively. © 2010 Trade ScienceInc. - INDIA
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INTRODUCTION

Pistachio (Pistacia vera L.), adeciduous, dioe-
cious, and wind-pollinated tree species, isadiploid (2n
= 30)1332 member of the Anacardiaceae family and
consistsof at least 11 species?®*2, Pigtachio (Pistacia
veral.)istheonly cultivated and commercidly impor-

tant speciesinthegenus Pistacial®®. Pistacia verais
nativeto north Afghanistan, northeast Iran, and central
Asianrepublicd®131518, Among thenut tree crops, pis-
tachio treeranks sixthinworld production behind al-
mond, walnut, Cashew, hazelnut and chestnut!*®. The
mainworld producer isIran with more than 400,000
tonsfollowed by Turkey, USA and Syrid®. Themain
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TABLE 1: List of pistachio cultivarsexamined for genetic TABLE 2: Primersused for the RAPD and I SSR analysis

relatednessusing RAPD, I SSR and SSR mar ker systemsin
thisstudy

Code Sex Genotypes
P1 F Sirizi
P2 F Badami Ravar
P3 F Ghafori Rafsanjan
P4 F Hasan Zadeh
P5 F Ravar No.2
P6 F Gholamrezaei
pP7 F Badami Zarand
P8 F Harati
PO F Behesht Abadi
P10 F Khanjari Ravar
P11 F Ravar No. 3
P12 F Pust Piazi
P13 F Shahpasand
P14 F Mohseni
P15 F Lahijani
P16 F Pust Khormaei
P17 F Ghazvini
P18 F Fandoghi 48
P19 F Javad Aghaei
P20 F Badami Dishkalaghi
P21 M Paye Nar
P22 F Vahedi
P23 F Ohadi
P24 F Shasti
P25 F Khanjari Damghan
P26 F Ebrahimi
P27 F Saiffodini
P28 F Kaleghochi
P29 F Italiael
P30 F Ahmad Agael
P31 F Ravare No.1

nF = female, M = male

cultivars grown in Iran are Ohady, Kaleh ghochi,
AhmadAghai, Badami Zarand, Rezaii and Pust piazit™.
Sincethemid 1980s, genome identification and se-
lection has progressed rapidly with the help of PCR
technol ogy. Among them, RAPD™! has been the most
commonly used method in pistachio cultivars charac-
terization(®1131517.19 . AF|_Ptechniquewas used pre-
vioudy in pistachio to study genetic relationship among
Pistacia species and cultivarg®'217, Recently, SSR
technique hasbeen used to identify 17 pistachio culti-

and number of DNA polymor phicbandsproduced

Total Number of
Primer 5-Fsequence  number of polymorphic
bands bands

NO.398 CAGTGCTCTT 7 4
NO.378 GACAACAGGA 11 6
NO.394  TCACGCAGTT 12 6
NO.400 GCCCTGATAT 8 4
NO.390 TCACTCAGAG 12 8
F CCCACTCACG 14 9
J CCTCACCTGT 5 3
UB1 CCTGGGCTTC 3 2
UB6 CCTGGGCCTA 6 3
UB53 CTCCCTGAGC 6 4
I1SS2 5'-(GA)5GC -3 7 3
ISS3 5'-(GA)5GT -3 9 5
I1SS5 5-(GAA)5 -3 12 5

varsusing their nuts collected from themarketsin the
U.S. andin Europe??, andin another study, SSR mark-
erswereused to analyzefour commercialy important
pistachio rootstocksgrownin Caifornid. Since 1994,
anew molecular marker technique caledinter sequence
repeat (ISSR) has been available®3. Amplificationin
thistechnique does not require genome sequencein-
formation andleadsto multilocusand highly polymor-
phous patterng®-227, Recently, Thismarker technique
has been used to detect DNA polymorphism and ge-
netic diversity inawide pistachio germplasm originat-
ing from seven countriesaccompanied withAFLPand
RAPD markerd*3%518, Theobjectivesof thestudy were
1) to assessgenetic diversity and rel ationshipsamong
someof Iranian pistachio cultivars, 2) to comparethe
threemol ecular marker techniquesinthediscrimination
of pistachio genotypes and 3) to set up and usefirst
ISSR techniqueinpistachio cultivar identificationin Iran.

MATERIALSAND METHODS

Plant materialsand DNA extraction

Inthisstudy leaf samplesof 31 pistachio genotypes
(30 females and 1 male) were collected from the
Raf sanjan Pistachio Germplasm Collectionlocated in
Rafsanjancity, Iran (TABLE 1). Total genomic DNA
wasisolated usingthe cetyltrimethylammonium bromide
(CTAB) method® with minor modifications. DNA
quantity and qudity were estimated both usng an UV
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TABLE 3: Primer sequences, number of putativeallelesand
their sizerangerevealed by 4 applied micr osatellitesin pis-
tachio cultivars(Ahmad et al., 2003)

LociAlleles Allele Annealing

Primer Primer sequence 5'-3' (no) (no) size temp(°C)
s CTICATIACTOTNIR 15 a5
PSS AGAGGGOAACAGGGAGA | 3 131145 55
e SUACECMNSENN & 3 au12ss o
PtmsA2 AAACAGGTGTTCCCGTTCAG 1 2 152164 55

ACCGACAGGATTGGATGATGG

spectrophotometer by measuring absorbenciesat A260
and A280 and 0.8% agarose gel electrophoresis by
comparing bandintensity with . DNA of known con-
centrations. DNA sampleswerediluted to 10ug/ul for
RAPD and ISSR and 20ug/ul for SSR reactions.

RAPD and I SSR reactions

RAPD reactionswere performed according to Wil-
liamset a.[* and | SSR reactionswere doneaccording
to Zietkiewicz et al.*¥ with minor modifications
(TABLE 2). Amplification reactionsin both techniques
weredonein a25ul volume containing 10mM Tris-
HCl, pH 8.0, 50mM KCI, 1.5mM MgCl2, 200uM
each of dATP, dGTP, dCTPand dTTP, 10 pmol of a
given primer, 1 unit of Tag DNA polymerase
(Fermentas, Lithuania) and 10ug of genomic DNA.
PCR amplification were performed in agradient ther-
mal cycler (Eppendorf, Hamburg, Germany). The
RAPD program included 1 cycle of 4 min at 94°C,
followed by 40 cyclesof 45sat 94°C, 1 minat 35°C,
and 2minat 72°C, followed by afina extensionfor 6
minat 72°C.In1SSR, the program included 1 cycle of
4 minat 94°C, followed by 40 cyclesof 45 sat 94°C,
1 minat 42 to 52°C (depending upon primer), and 2
minat 72°C, followed by afina extensionfor 6 min at
72°C.RAPD and ISSR amplification products were
analyzed by gdl dectrophoresisin 1.8% agarosein 1x
TBE buffer, ganed with ethidiumbromideand digitaly
photographed under ultraviolet light. Reproducibility of
the patternswas checked by running thereactionsin
duplicates.

SSR analysis

SSR andyseswereperformed in 25l reaction mix-
turescontaining 20ug/ul genomic DNA, 1x Fermentas
PCR buffer (10mM Tris-HCI, pH 8.0; 50mM KClI,
0.1% (v/v) Triton X-100), 1.5mM MgCl2, 200uM of
eachdNTR, 10 pmol of each primer and 1 U Tag DNA
polymerase (Fermentas, Lithuania). A tota of four previ-
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TABLE 4: Comparison of RAPD, I SSR and SSR marker
systemsin finger printing of 31 pistachio genotypes
Acronym SSR I1SSR RAPD
NP 4 3 10

Primer or primer pairs(no)

Total bands (no.) NB 11 28 84
Bands per assay(no.) NBA 275 93 84
Polymaorphic bands (no.) NPB 11 13 49
AEA (Assay efficiency index) 275 43 5

Monomorphic bands (no) NMB 0 15 35
Pol ymorphism(%) PP 100 46.42 58.33
Effective multiplex ratio EMR 275432 4.9

ously devel oped primers*3 weretested (TABLE 3).
Reactionswere performed using a Touchdown PCR
program of 5 minutes denaturation at 94°C, followed
by 10 cycles of 45 seconds at 94°C, 45 seconds at
63°C, decreasingwith 0.8°C every cycleand 1 minute
at 72°C. Thiswas followed by 25 cycles of 45 sec-
ondsat 94°C, 45 seconds &t primer set annealing tem-
perature, 1 minuteat 72°C and afinal extensontimeof
7 minutesat 72°C. PCR amplification was confirmed
by running 10ul of PCR product on 2% agarose gels.
Then, theamplification productswere detected on 6%
non denaturing polyacrylamidegd sfollowed by ethidium
bromide staining and digitally photographed under ul-
traviolet light.

Data analysis

Theamplified bandsin thethree marker systems
were scored manually as 1 (present) and O (absent).
Only theclearest and strongest reproduci blebandswere
scored and used for cluster analysis. Genetic similari-
ties(GS) between samplesfor thethree methodswere
calculated using the DICE (equivalent to Nel and L)
algorithms, described by Sneath & Sokal?. Based on
the GS matricesdendrogramswere constructed using
the clustering methods of the Unweighted Pair Group
Method of Arithmetic averages (UPGMA). Also Prin-
ciple Coordinate Analysis (PCA) was estimated.
NTSY S-pc. 2.02i* wasused to perform dl theanaly-
ses. To determinethe efficiency of each marker typein
detecting genetic variation, the assay efficiency index,
AEI™2 (AEI = BP/T, where BPisthetotal number of
polymorphic fragments detected and T isthe number
of polymorphic primer pairs), percentage of polymor-
phic (PP) fragmentsand effectivemultiplex ratio (EMR)
wered so calculated®!. EMR isdefined asthe number
of bands(n) analyzed per primer (inRAPD and ISSR)
or primer pairs (in SSR analysis) multiplied by the
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percentage of polymorphicloci.

For population genetic analysisby SSR marker,
POPGENE program® was used to cal cul ate observed
(Ho), expected (He) heterozygosity, and Hardy-
Weinberg equilibrium. The percentage of observed of
heterozygosity was cal cul ated. Average expected theo-
retical heterozygosity from Hardy Weinberg assump-
tionswas ca culated using theformul d*4:

hy=1-H,=1-Y" P?
whereP, astheitsalelefrequency. HET software pack-

agel? was used to estimate Polymorphic information
content (PIC) using theformula.

PIC=1- (Zl::l Pi2 )_ z::llz;(:i:l 2Pi2 PJ'2

where: P, and P arefrequenciesof corresponding dle-
les. Effectivenumber of aleles(n) wascalculated us-
ingtheformuld:

1
e~ n P-2
i=1" 1
this parameter givesanindication of therelativeinflu-
enceof thealldes. The Shannoninformation (1) index

wascdculated using theformula
H'=->" PInP,

j=1 i

=N
whereP=

RESULTSAND DISCUSSION

Theresultsof threemolecular assaysinfingerprint-
ing the 31 pistachio genotypesarepresentedin TABLE
4. InRAPD anaysis, theten selected RAPD primers
amplified atotal of 84 scorable bands, an average of
8.4 bands per primer, of which 50 (59.52%) were poly-
morphic. The number of bands ranged from 3to 14
and the number of polymorphic varied between one
and 9 (average5). Mirzaei et d.* reported 80% poly-
morphism among 22 Iranian cultivarsand wild pista-
chio species. Thedifferencein polymorphism reported
inthe current study and that of Mirzae et d.* could
beattributed to differencesin the tested genotypesand
the sdlected primers. Katsiotiset d .1 obtained 82.41%
polymorphism and 22.11 total and 18.2 polymorphic
bands. Inastudy reported by Golan-Goldhirsh et a.©®
in ng polymorphismsamong 28 M editerranean
Pistacia accessions, twenty seven selected primers
produced 259 tota bands (average 9.59) and 86.1 of
them were polymorphic.

BioTechnology — o

INISSR, according to thereported resultsof Kafkas
et al.[*31519 firgt Six primerswereused and after initial
screening threeout of them primerseventualy sdected
for thefina analysis. atotal of 28 wereamplifiedby 3
primers, an averageof 9.3 bands per primer, of which
13 (46.42%) were polymorphic. Thetota number of
amplified fragmentswas between sevento 12 and the
number of polymorphic fragmentsranged fromthreeto
five. Our results are similar to those of Kafkas et
al 131518 Thisstudy reportsthefirst gpplication of the
ISSR techniquein pistachio characterization of Iranian
cultivars. The | SSR technique produced morerepro-
duciblebandsthan RAPD whichisinaccordancewith
Kafkaset d.[*31518, During the |ISSR screeninginthis
study, good amplification productswere obtained from
primersbased on GA and GAA repeats. But Primers
based on CT and CAA repeats produced few large
separate bands, so these primerswerenot sel ected for
thefina andysis. The present study showed that ISSR-
PCR anadysisisquick, rdiableand produces sufficient
polymorphismsfor large-scae DNA fingerprinting pur-
poses. Thehighest EMR and AEA vauesbelonged to
RAPD marker followed by ISSR and SSR marker,
respectively. Inthisstudy SSR markershad thelowest
number of bands per assay and RAPD markers had
thehighest value. Thehigh valueof theEMR and AEA
for thetwo dominant markers (RAPD and ISSR) isa
very highmultiplex ratio, and highlightsthedigtinctive
nature of these markers. Although the SSR markers
had thelowest values of the EMR and AEA, they had
thehighest level of polymorphism detected in pistachio
cultivars. Thisstate could be attributed to thelowered
number of bands per assay detected by SSR markers.
Thereweredight differencesbetween ISSR and RAPD
inthecomparison of EMR and AEA.

INSSR, four specific SSR primersoriginaly devel -
oped by Ahmad et a.4 wereused for assessing level
of geneticdiversty and rel atedness of tested genotypes.
Totally, thefour primers produced 11 dlelesamong 31
pistachio genotypes (TABLE 3). Thenumber of ampli-
fieddldesper primer varied fromtwofor primer Ptms42
to 3for Ptms 31, Ptms14 and Ptms41, with an average
vaueof 2.75 aleleswhich compared to that of Ahmad
eta.isreatively lower. Thesedifferencescould be
attributed to differencesin genotypesaswdl asthelow-
ered number of SSR primers. However thereported
averagevaueinthisstudy issmilar to that of Ahmad et
a .12, Thesize of theamplification bandsusing differ-
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Figurel: Dendroram of 31 pistachio cultivar sand genotypes
usingtheunweighted pair group method with arithmetic av-
erages(UPGMA). Thedatabaseincluded 84 RAPD, 28 1SSR
and SSR bands

ent microsatel lites gpecific primersranged between 124
bp (Ptms 14) to 263 bp (Ptms41). 100% Polymor-
phismwasobserved at dl of theseloci.

Hardy-Weinberg Equilibrium: Chi square (x?) test
was used to eval uate Hardy-Weinberg equilibriumin
(HWE) 11 dlelesat 41oci. Resultsshowed that Ptms14
and Ptms31loci inthispopul aionwerefoundto bede-
viating fromHWE equilibrium (p<0.05). Themaximum
number of alleles(3dlees) wereobserved at Ptms 14,
Ptms31 and Ptms41, and theminimum number of ale-
les (2 alleles) was observed at Ptms42 locus. How-
ever, thesedeviationsfor eachlocusindicatel ocus-spe-
cficeffectsthat suggest sdlection affecting someof these
loci. It is possible that such deviations from Hardy-
Weinberg equilibrium may result from popul ation sub-
structure and the presenceof null alleles?.

Heter ozygosity

TABLE 5 showsvarious Genetic parameters mea
sured for four microsatellitemarkersintota samplethat
used inthisstudy. TheMaximum val ue of expected het-
erozygosity was0.6192 at Ptmsl4 |ocusand themini-
mum expected heterozygosity, 0.3728 belonged to
PtmsA42 locus. Thehighest and thel owest expected het-
erozygosity belonged to Ptms14 and Ptms42, respec-
tively. Thesetwo loci had themost (3) and theleast (2)
observed number of aleesinthispopulation. In others
words, theloci with moreadllelescontain higher rate of
heterozygosity In thisstudy, Thediscriminative power
of each SSR primer was assessed by cal culating poly-
morphicinformation contents(PIC) usng dldefrequen-
ciesineach polymorphic microsatellitelocus. There-
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Figure?2: Graph of thefir st and second principlecomponents
PC-1and PC-2 of thevariation in the pistachio population
studied

sult showed that theaverage PIC valueswere 0.4374.
The highest and the lowest PIC values belonged to
Ptmsl4.locus and Ptms42 Respectively. PIC values
werepositively correl ated with the number of amplified
alelesper primer. It wasfound that acomparing het-
erozygosity with PIC, dl PIC valueswerelessthanre-
lated heterozygosity. Therefore; it seemsthat thesetwo
parametersareclosely related. Thelow average PIC
value 0.4374 indicated the presence of high genetic
similarity among genotypesand entail sdevel opment of
additiona polymorphic SSR primersfor effective char-
acterization of Iranian pistachio cultivar s/genotypes.
Thisillustrated theinadequacy of theavailable SSR prim-
ersto scan different parts of the genome and to pin-
point geneti ¢ differences between pistachio genotypes.
Hence, awider range of informative SSR primersneed
to bedevel oped for successful fingerprinting. Thestudy
of Shannoninformationindex (I) and PIC alsoindi-
cated that theleast and the most diverseloci are Ptmsl4
and Ptms42, respectively. Theeffectivenumber of dle-
les varied from 1.5793 for PTM 342 to 2.5593 for
PTM S14. These differences between the number of
effectiveand of observed dlelesindicated the presence
of rarealldesthat existinone or afew genotypesand
could beusedfor their identification.
Clustering of pistachio genotypes

Inthisstudy, the pattern of cluster analysisof based
on DICE’s similarity coefficient and UPGMA algorithm
inal maker syssemswereto someextent different and
thereby genotypes placed in different cluster with re-
spect to themaker used. In SSR assay the number of
genotypeswithidentical genetic smilarity which could
not be separated was much more than the other two
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Figure3: Graph of thefirst and second and third principle
componentsPC-1and PC-2 and PC-3 of thevariationin the
pistachio population studied

marker systems. The main reason for this stateisthe
lowered number of primersused inthisstudy compared
toAhmad et al.*Z, But theISSR and RAPD markers
could separatethetested genotypesmoreefficiently. The
generd UPGM A dendrogram congtructed usngthecom-
bined dataof thethree setsof molecular markerswasto
some extent similar to those obtained separately with
eech marker (datanot shown). Therangeof geneticsmi-
larity wasfrom 0.651t0 0.89. Thetested genotypeswere
classified into 9 main clusters. Genetic relationships
among pistachio cultivars. Thefirst cluster divided into
twosub dugters. Inthefirst sub-cluster contained 5 geno-
typesnamely Sirizi (P1), Badami Ravar (P2), Ghafori
Rafsanjan (P3), Hasan Zadeh (P4) and Ravar 3 (P31)
and thesecond sub cluster contained 6 genotypesnamely
Ravar 2 (P5), Gholamrezaal (P6), Badami Zarand (P7),
Harati (P8), Khanjari Ravar (P10) and Behesnt Abadi
(P9). Thesecond dluster cons sted of 2 genotypesnamdy
Mohseni (P14) and Shasti (P24). Thethird cluster con-
tained 3 genotypes namely Lahijani (P15), Khanjari
Damghan (P25) and Vahedi (P22). Thefourth cluster
consisted of one genotype namely Fandoghi 48 (P18).
Thefifth cluster divided into two sub-clusters, thefirst
sub-cluster consisted of 2 genotypesnamely Ravar 3
(P11) and Saiffodini (P27) and the second sub-cluster
consisted of 2 genotypesnamely Post Piazi (P12) and
Ghazvini (P17). Thesixth cluster dividedintotwo sub-
clusters. Thefirst sub-cluster consisted of 5 genotypes
namely Shahpasand (P13), Kae Ghochi (P28), Javad
Aghael (P19), Badami Nishkalaghi (P20) and Ahmad

BioTechnologqy — mm—

TABLE 5: Genetic parameter sfor four microsatdlitemark-
ersintotal samplethat used in thisstudy

Locus Samplesize na ne I He Ho PIC
PTM 342 62 2 1.57930.55330.37280.3548 0.2995
PTMS14 62 3 255931.00750.6192 1 0.5329
PTMS31 62 3 242370.96020.5970 1 0.5021
PTM341 62 3 1.90860.81020.48390.6452 0.4151

Mean 62 2.75002.11770.2045 0.75 0.51820.4374

Thefirst column shows locus name, number of alleles per locus
(Na), effective number of alleles (Ne), Polymorphic informa-
tion content (PIC), Shannon information(l), Expected heter ozy-
gosity (He) and observed heterozygosity (Ho)

Aghaei (P30) and the second sub-cluster contained 2
genotypesof Post Khormaei (P16) and Ohadi9 (P23).
The seventh cluster consisted of one genotype namely
Ebrahimi (P26), and in theeighth cluster contained one
genotype namely Paye Nar (P21) and Italiael (P29)
placedintheninth cluster done(Figurel).

Theoverall Principlecoordinateanalysis (PCA)
based on genetic similarity matriceswereused to visu-
dizethegeneticrdationshipsamong genotypes (Figure
2 and 3). Thefirst three elgenvectors accounted for
28.46% of thetota molecular varigtion. Therefore, PCA
resultsconfirmed theresultsof cluster andlysis. There-
sultsof this study showed that thereisahigh level of
genetic diversity in the studied sampleswhich areex-
pected inview of thedioecioudy and out breeding na-
ture of the cultivated pistachio cultivarsand high level
of heterozygosity dueto the cross-pollinating nature of
the plant established during the evol ution and domesti-
cation processes which have been conserved by the
propagation of clonesthrough vegetative reproduction
Theresults. Thereare several molecular techniquesto
assessgeneticvariability of plant cultivarsandindividu-
as. Reproducibility, cost, speed, and the ability to de-
tect genetic variation between genotypes mainly deter-
minetheir utility ingermplasm characterization. There-
sults presented here showed that RAPD, ISSR and SSR
markersareabletoreved variability between pistachio
genotypes. SSR and | SSR assaysaremorereliablethan
RAPD becauseof their reproducible bands, and ISSR
ispreferred over RAPD.
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