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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 thefirst three eigenvectors accounted for 28.46% of thetotal molecular
variation. Therefore, the PCA results confirmed the results of cluster analy-
sis.InSSR population analysis; thefour primersproduced 11 allelesamong
31 pistachio genotypes with an average value of 2.75 alleles. 100% Poly-
morphism was observed at all of these loci. The low average polymorphic
information content value 0.4374 indicated the presence of high genetic
similarity among genotypes and entails development of additional poly-
morphic SSR primersfor effective characterization of Iranian pistachio cul-
tivarg/genotypes.According to the effective multiplex ratio and assay effi-
ciency index, it was showed that RAPD markers were the most powerful to
differentiate the genotypes followed by ISSR and SSR markers, respec-
tively. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Pistachio (Pistacia vera L.), adeciduous, dioe-
cious, and wind-pollinated tree species, isadiploid
(2n=30)*333 member of theAnacardiaceaefamily and
consistsof at least 11 species®?, Pistachio (Pistacia
veral.)istheonly cultivated and commercidly impor-

tant speciesinthegenus Pistacia®. Pistaciaverais
nativeto north Afghanistan, northeast Iran, and central
Asianrepublicg®%. Among thenut tree crops, pista-
chiotreerankssixthinworld production behindadmond,
walnut, Cashew, hazelnut and chestnut™®. Themain
world producer is Iran with more than 400,000 tons
followed by Turkey, USA and Syrid®. Themain culti-
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TABLE 1: List of pistachio cultivar sexamined for genetic
ralatednessusing RAPD, | SSR and SSR marker systemsin

thisstudy.

Code  Genotypes "Sex Code Genotypes Sex
P1 sirizS F P16 Pust Khormaei F
P2 Badami Rayer F P17 Ghazvini F
P3 Ghafori Rafsanjan F P18 Fandoghi 48 F
P4 Hasan Zadeh F P19 Javad Aghaei F
P5 Ravar No.2 F P20 Badami Dishkalaghi F
P6 Gholamrezagi F P21 PayeNar F
P7 Badami Zarand F P22 Vahedi F
P8 Harati F P23 Ohadi F
P9 Behesht Abadi F P24 Shasti F
P10 Khanjari Ravar F P25 Khanjari Damghan F
P11 Ravar No. 3 F P26 Ebrahimi F
P12 Pust Piazi F P27 Saiffodini F
P13 Shahpasand F P28 Kaleghochi F
P14 Mohseni F P29 ltdiae F
P15 Lahijani P30 Ahmad Ageel

P31 Ravare No.1

F=female; M=male
TABLE 2: Primer sused for theRAPD and | SSR analysisand
number of DNA polymor phic bandsproduced

Total Number of
Pimer Sequence5’-3 number polymorphic
of bads 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
ISS2 5'-(GA)5GC -3'5'- 7 3
ISS3 (GA)5GT -3 9 5
1SS5 5'-(GAA)5 -3’ 12 5

varsgrownin Iran are Ohady, Kal eh ghochi, Ahmad
Aghai, Badami Zarand, Rezaii and Pust piazi!. Since
themid 1980s, genomeidentification and sdection has
progressed rapidly with the help of PCR technol ogy.
Among them, RAPD!? has been the most commonly
used method in pistachio cultivars characteriza-
tionl®1011131519 AF| Ptechniquewas used previoudy
inpistachioto study geneticrelationshipamong Pistacia
speciesand cultivard®1217, Recently, SSR technique
has been used to identify 17 pistachio cultivarsusing
their nuts collected from themarketsintheU.S. andin
Europe¥, andin another study, SSR markerswereused
to analyze four commercially important pistachio
rootstocksgrownin California?. Since 1994, anew
molecular marker techniquecalled inter sequencere-

peat (ISSR) hasbeen available®. Amplificationinthis
technique does not require genome sequenceinforma-
tion andleadsto multilocusand highly polymorphous
patterng?°2731, Recently, Thismarker technique has
been used to detect DNA polymorphism and genetic
diverdty inawide pistachio germplasmoriginatingfrom
seven countries accompanied withAFLPand RAPD
markerd®d. The objectives of the study were (1) to
assessgenetic diversity and rel ationshi psamong some
of Irainian pistachio cultivars, (2) to comparethethree
molecular marker techniquesin the discrimination of
pistachio genotypesand (3) to set up and usefirst ISSR
techniquein pistachio cultivar identificationiniran.

MATERIALSAND METHODS

Plant materialsand dnaextraction

In this study leaf samples of 31 pistachio geno-
types(30femaesand 1 mae) werecollected fromthe
Raf sanjan Pistachio Germplasm Collectionlocated in
Rafsanjan city, Iran (TABLE 1). Total genomic DNA
wasisolated us ngthe cetyltrimethylammonium bromide
(CTAB) method® with minor modifications. DNA
quantity and quality were estimated both usingan UV
spectrophotometer by measuring absorbenciesat A260
and A280 and 0.8% agarose gel electrophoresis by
comparing band intensity with . DNA of known con-
centrations. DNA sampleswerediluted to 10 ng/pl for
RAPD and ISSR and 20 ng/ul for SSR reactions.

RAPD and I SSR reactions

RAPD reactions were performed according to
Williams et al.[? and I SSR reactions were done ac-
cordingto Zietkiewicz et al .*Y with minor modifica-
tions(TABLE 2). Amplification reactionsin both tech-
niquesweredoneina25ulL volumecontaining 10 mM
Tris-HCI, pH 8.0, 50 mM KCI, 1.5 mM MgC,,,
200uM esch of dATR, dGTR, dCTPanddT TR, 10 pmol
of agiven primer, 1 unit of Tag DNA polymerase
(Fermentas, Lithuania) and 10 ng of genomic DNA.
PCR amplification were performed in agradient ther-
mal cyder(Eppendorf, Hamburg, Germany). TheRAPD
programincluded 1 cycleof 4 min at 94°C, followed
by 40 cyclesof 45 sat 94°C, 1 minat 35°C, and 2 min
a 72°C, followed by afina extentionfor 6 minat 72°C.
INISSR, theprogramincluded 1 cycleof 4minat 94°C,
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TABLE 3: Primer sequences, number of putativeallelesand their sizerangerevealed by 4 applied microsatellitesin pistachio

cultivar gl
Primer Primer sequence Loci Alleles Allele  Annealing
5-3 (no.) (no.) size temp(°C)
Ptms14 GGGAAACACAAACATGCAAAGGCCTCTGGAGAACATGGT 1 3 124-132 55
Ptms31 GGAAGCACACACATGCAAACAGAAGAGGGGAACAGGGAGA 1 3 131-145 55
Ptms4l AGAAGAGGGGAACAGGGAGACTGAGGACTGGGCAGAATGT 1 3 241-263 60
Ptims42 AAACAGGTGTTCCCGTTCAGACCGACAGGATTGGATGATGG 1 2 152-164 55

TABEL 4: Comparison of RAPD, ISSR and SSR marker

systemsin finger printing of 31 pistachio genotypes

Acronym SSR ISSR RAPD
NP 4 3 10

Primer or primer pairs(no)

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

Monomorphic bands (no) NMB 0 15 35

Polymorphism(%) PP 100 46.42 58.33
Effective multiplex ratio EMR 275 432 49
followed by 40 cyclesof 45sat 94°C, 1 min at 42 to
52°C(depending upon primer), and 2 minat 72°C, fol-
lowed by afinal extentionfor 6 minat 72°C. RAPD
and ISSR amplification productswere anayzed by gel
electrophoresisin 1.8% agarose in 1x TBE buffer,
stained with ethidium bromide and digitally photo-
graphed under ultraviolet light. Reproducibility of the
patternswas checked by running thereactionsin dupli-
cates.

SSR analysis

SSR analyses were performed in 25ul reaction
mixtures containing 20 ng/ul genomic DNA, 1x
Fermentas PCR buffer (10 mM Tris-HCI, pH 8.0; 50
mM KCl; 0.1% (v/v) Triton X-100), 1.5mM MgC,,,
200uM of each dNTP, 10 pmol of each primer and 1
U Tag DNA polymerase (Fermentas, Lithuania). A to-
tal of four previoudy developed primerg¥ weretested
(TABLE 3). Reactionswere performed using aTouch-
down PCR program of 5 minutesdenaturation at 94°C,
followed by 10 cyclesof 45 secondsat 94°C, 45 sec-
ondsat 63°C, decreasingwith 0.8°C every cycleand 1
minuteat 720C. Thiswasfollowed by 25 cyclesof 45
seconds at 94°C, 45 seconds at primer set annealing
temperature, 1 minute at 72°C and afinal extension
timeof 7 minutesat 72°C. PCR amplification was con-
firmed by running 10ul of PCR product on 2% agarose
gels.Then, Theamplification productswere detected on
6% non denaturing polyacrylamide gelsfollowed by
ethidium bromide staining and digitally photographed
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under ultraviolet 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
cal culated using the DICE (equivalent to Nei and L)
agorithems, described by Sneath and Sokal?!. Based
on the GS matrices dendrogramswere constructed us-
ingthedustering methods of theUnweighted Pair Group
Method of Arithmetic averages (UPGMA). Also Prin-
ciple Coordinate Anaysis (PCA) was estimated.
NTSY S-pc. 2.02iM wasused to performal theanay-
ses. To determinethe efficiency of each marker typein
detecting genetic variation, the assay efficiency index,
AEI™ (AEI=BP/T, where BPisthe total 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 analys s) multiplied by the per-
centage of polymorphicloci.

For population genetic analysis by 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 cal culated using theformulad™: h=1-Hi=1-

s1,p? whereP, astheith dlelefrequency. HET soft-

ware package?!! was used to estimate Polymorphic
information content (PIC) using theformuld®. PIC=1

— (=R - =K'sk 1 2R?P? Where: P, and P are fre-

guenciesof corresponding dlel es. Effective number of
alleles(n)) was calculated using the formula:
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n, - 1/2,p? thisparameter givesanindication of therda
tiveinfluece of theinfluece of thealleles. Theshanon
information (1) index was ca culated using theformula

(Lewontin, 1972) : H'=-3",R In Rwhere R =%.

RESULTSAND DISCUSSION

Theresultsof threemolecular assaysin fingerprint-
ing the 31 pistachio genotypesare presentedin 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.*9 reported 80% poly-
morphism among 22 Iranian cultivarsand wild pista-
chio species. Thedifferencein polymorphism reported
inthe current study and that of Mirzaei et a.** could
beattributed to differencesin the tested genotypesand
thesdlected primers. Katsiotiset d .17 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 total bands (average 9.59) and 86.1 of
them were polymorphic.

In ISSR, according to the reported results of
Kafkaset al.[*, first six primerswere used and after
initial screening threeout of them primerseventualy
selected for thefina analysis. atota of 28 wereampli-
fied by 3 primers, an average of 9.3 bands per primer,
of which 13 (46.42%) were polymorphic. The total
number of amplified fragmentswas between sevento
12 and the number of polymorphic fragmentsranged
from threeto five .our results are similar to those of
Kafkaset a.'f. Thisstudy reportsthefirst gpplication
of the SSR techniquein pistachio characterization of
Iranian cultivars. Thel SSR technique produced more
reproducible bandsthan RAPD whichisinaccordance
withKafkaset a.[M. Duringthe| SSR screeninginthis
study, good amplification productswere obtained from
primersbased on GA and GAA repesats. But Primers
based on CT and CAA repeats produced few large
separate bands, so these primerswerenot selected for
thefinal andysis. The present study showed that ISSR-
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PCR analysisisquick, reliableand produces sufficient
polymorphismsfor large-scae DNA fingerprinting pur-
poses. Thehighest EMR and AEA va uesbelonged to
RAPD marker followed by ISSR and SSR marker,
respectively .Inthisstudy SSR markershad the lowest
number of bands per assay and RAPD markers had
thehighest value. Thehigh vaue of the EMR and AEA
for thetwo dominant markers (RAPD and ISSR) isa
very highmultiplex ratio, and highlightsthedigtinctive
naturetheof 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
inthe comparison of EMR and AEA.

In SSR, four specific SSR primersoriginaly de-
veloped by Ahmad et d 1Y wereused for nglevel
of geneticdiversity and rel atedness of tested genotypes.
Totally, thefour primersproduced 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
etad.Misrelatively lower. Thesedifferencescould be
attributed to differencesin genotypesaswdll asthelow-
ered number of SSR primers. However thereported
averagevaueinthisstudy issmilar tothat of Ahmad et
a 4. Theszeof theamplification bandsusing different
microsatellites specific primersranged between 124 bp
(Ptms 14) to 263 bp (Ptms41). 100% Polymorphism
wasobserved at dl of theseloci.

Hardy-Weinberg Equilibrium:Chi square (x?) test
was used to eval uate Hardy-Weinberg equilibriumin
(HWE) 11 dldesat 41oci. Resultsshowed that Ptms14
and Ptms31loci in this population were found to be
deviating from HWE equilibrium (p<0.05). Themaxi-
mum number of aleles(3dldes) wereobserved a Ptms
14, Ptms31 and Ptms41 and the minimum number of
dleles(2dlees) wasobserved a Ptms42 locus. How-
ever, thesedeviationsfor each locusindicates|ocus-
specific effectsthat suggest sel ection affecting some of
theseloci. Itispossiblethat such deviationsfrom Hardy-
Weinberg equilibrium may result from popul ation sub-
structure and the presence of null aleles?.
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TABLE 5: Genetic parameter sfor four microsatellite marker sin total samplethat used in thisstudy.

L ocus Samplesize Na Ne [ He Ho PIC
PTMS42 62 2 1.5793 0.5533 0.3728 0.3548 0.2995
PTMS14 62 3 2.5593 1.0075 0.6192 1 0.5329
PTMS31 62 3 2.4237 0.9602 0.5970 1 0.5021
PTM$41 62 3 1.9086 0.8102 0.4839 0.6452 0.4151

Mean 62 2.7500 21177 0.2045 0.75 0.5182 0.4374

The first column shows locus name, number of alleles per locus (Na), effective number of alleles(Ne), Polymorphic Information

Content (PIC), Shanon Information(l), Expected heterozygosity (He) and observed heterozygosity Ho).

Heter ozygosity

TABLE 5 showsvarious Genetic parameters mea:
sured for four microsatellitemarkersintota samplethat
used in this study. The Maximum value of expected
heterozygosity was 0.6192.at Ptms14 locus and the
minimum expected heterozygosity, 0.3728 belonged to
Ptms42 |ocus. Thehighest and thelowest expected het-
erozygosity bel onged toPtms14 and Ptms42, respec-
tively. Thesetwo loci had themost (3) and theleast (2)
observed number of dleesinthispopulation. In others
words, theloci with moreallelescontain higher rate of
heterozygosity In thisstudy, The discriminative power
of each SSR primer was assessed by cal culating poly-
morphicinformation contents(PIC) usngdldefrequen-
ciesineach polymorphic microsatellitelocus. There-
sult showed that the average PIC values were
0.4374The highest and thelowest PIC valuesbelonged
to Ptmsl4.locus and Ptms42. Respectively. PIC val -
ueswerepositively correlated with the number of am-
plified allelesper primer. It wasfound that acomparing
heterozygosity with PIC, al PIC valueswerelessthan
related heterozygosity . Therefore; it seemsthat these
two parametersare closely related. Thelow average
PIC value 0.4374 indicated the presence of high ge-
netic similarity among genotypes and entail s devel op-
ment of additiona polymorphic SSR primersfor effec-
tive characterization of Iranian pistachio cultivars/
genotypes.Thisillustrated theinadequacy of the avail-
able SSR primersto scan different partsof the genome
and to pinpoint geneti c differences between pistachio
genotypes. Hence, awider range of informative SSR
primersneed to be devel oped for successful fingerprint-
ing. Thestudy of shanoninformationindex (1) and PIC
aso indicated that theleast and themost diverseloci
are Ptmsl14 and PtmsA42, respectively. Theeffectivenum-
ber of aleles varied from 1.5793 for PTM$42 to
2.5593for PTM S14.These differences between the
number of effectiveand of observed allelesindicated
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the presence of rare alelesthat existin oneor afew
genotypesand could beused for their identification.

Clustering of pistachio genotypes

Inthisstudy, the pattern of cluster analysisof based
on DICE ssmilarity coefficient and UPGMA agorithm
inal maker syssemswereto someextent different and
thereby genotypesplacedin 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
marker systems. Themain reason for thisstateisthe
lowered number of primersused inthisstudy compared
to Ahmad et a.l%. But the|SSR and RAPD markers
could separate thetested genotypes more efficiently.
Thegenera UPGMA dendrogram constructed using
the combined dataof the three setsof molecular mark-
erswasto someextent similar to those obtained sepa-
rately with eech marker (datanot shown). Therange of
genetic similarity wasfrom 0.65 to 0.89. Thetested
genotypeswereclassified into 9 main clusters. Genetic
rel ationshipsamong pistachio cultivars. Thefirst custer
divided into two subclusters. In thefirst sub-cluster
contained 5 genotypesnamey Sirizi (P1), Badami Ravar
(P2), Ghafori Rafsanjan (P3), Hasan Zadeh (P4) and
Ravar 3(P31) and the second subcluster contained 6
genotypes namely Ravar 2(P5), Gholamrezaei (P6),
Badami Zarand(P7), Harati(P8), Khanjari Ravar(P10)
and Behesht Abadi (P9).The second cluster consisted
of 2 genotypesnamely M ohseni(P14) and Shasti(P24)
.The third cluster contained 3 genotypes namely
Lahijani(P15), Khanjari Damghan(P25) and Vahedi
(P22). the fourth cluster consisted of one genotype
namely Fandoghi 48(P18). Thefifth cluster dividedinto
two sub-clusters, thefirst sub-cluster consisted of 2
genotypesnamely Ravar 3(P11) and Saffodini (P27)and
the second sub-cluster consisted of 2 genotypesnamely
Post Piazi(P12) and Ghazvini(P17).Thesixth cluster
dividedinto two sub-clusters. Thefirst sub-cluster con-
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Figurel: Dendroram of 31 pistachio cultivar sand geno-
typesusingtheunweighted pair group method with arith-
metic averages (UPGMA). The database included 84
RAPD, 281SSR, and 11 SSR bands
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Figurel: Dendroram of 31 pistachio cultivar sand geno-
typesusingtheunweighted pair group method with arith-
metic averages (UPGMA). The database included 84
RAPD, 281 SSR, and 11 SSR bands

sisted of 5 genotypes namely Shahpasand(P13), Kae
Ghochi(P28), Javad Aghaei (P19), Badami Nishka aghi
(P20) and Ahmad Aghaei (P30) and the second sub-
cluster contained 2 genotypes of Post Khormae! (P16)
and Ohadi9(P23). The seventh cluster consisted of one
genotypenamely Ebrahimi(P26), andintheeighth clus-
ter contained one genotype namely PayeNar (P21) and
Italiael (P29) placedintheninth cluster done(Fgurel).

Theoverall Principlecoordinate analysis (PCA)
based on genetic smilarity matriceswereused to visu-
dizethe geneticrelationshipsamong genotypes(Figures
2 and 3). Thefirst three eigenvectors accounted for
28.46% of thetotal molecular variation. Therefore, PCA
resultsconfirmed theresultsof cluster analysis. There-
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Figure3: Graph of thefirst and second and third principle
componentsPC-1and PC-2 and PC-3 of thevariationin
thepistachio population studied

sultsof this study showed that thereisahigh level of
genetic diversity in the studied sampleswhich are ex-
pected in view of thedioeciusand outbreeding nature
of thecultivated pistachio cultivarsand highleve of het-
erozygosity dueto the cross-pollinating nature of the
plant established during the evol ution and domestica-
tion processes which have been conserved by the
propagation of clonesthrough vegetativereproduction.
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 ISSR assaysaremorereliablethan
RAPD because of their reproducible bands, and ISSR
ispreferred over RAPD.
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