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ABSTRACT

Iran itself has a well-documented history of olive (Olea europaea L.) growing dating back more than two thousand
years. This country also contains a large variety of unknown olive cultivars. Morphological studies based on the
method prepared by the EU RESGEN CT96/97 project, coordinated by the International Olive Oil Council (10C)
revealed that there are some homonymous in the main Iranian olive cultivars. Analysis of endocarp characteristics,
which displays the most robust features, reveals a considerable degree of intra-cultivar variation within
traditionally recognized Iranian cultivars. Based on the analysis carried out so far, the 10 traditional cultivars
studied have been reclassified into 27 cultivars. Homonyms and mislabeling was clearly observed in 5 of 10 studied
cultivars by morphological traits contain: Khormazeitoon, Rwoghani, Shengeh, Dakal and Golooleh. To evaluate
the accuracy of the new morphological classification, the morphological classification examined the genetic
diversity of these cultivars using 17 RAPD primers. The data analyzed using Dice similarity coefficient and the
WPGMA clustering method. 4 of 17 primers (OPC 08, 15, 19, 20) produced high polymorphic bands that able to
classify some new cultivars. As a conclusion, Molecular results proved the accuracy of the new morphological
classification in some cultivars.

Keywords. RAPD, Olea europaea, Khormazeitoon, Rwoghani, Shengeh, Dakal, Golgol@orphologic and
molecular

INTRODUCTION

Olive (Olea europaea L.) is a plant that adapted properly to the varialimates of Iran from cold and mild
elevations of Zagros and Alborz mountains to ddedert of Yazd. The genetic variation in most spigeplants
shows erosive process during the time. Howeveretignothing like genetic erosive in olives andsithe key of
severe adaptation power of olive to various envirental situations [2].
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In addition to high adaptation power, binary usémjeand canned) and many medical benefits vathdt the under
grown field of olive from 90000 hectares to 6000@&gtares in 2014 that scheduled in Iran developmplants (The
report of development olive cultivation in Iran #I' five-year plan, Olive office, agricultural minig}. The
increase needs about 150,000,000 olive transplardduct. This plan is performing while there arenga
obscurities of classification of olives type indrand it causes that one type of olive has severales (synonyms)
and/or several types of olives classified only witie name (homonyms). This global problem has texsuh used
more than 1200 types of well-known olives in theridavere labeled with 3000 various names [6]. Ftinge
information of gardens re-labeling of imported ugts, doing inaccurate labeling during the repitiiun and
specially using nonstandard morphological attribitave caused these obscurities [5,7,10].

An important issue in identification of cultivaryg lmorphological methods is the use of featuresivergthe least
effects from the environmental factors. Today tse of molecular markers based on DNA are able ¢pae a
chance of direct comparing and determination ofegienindependent from environmental effects. Being
Independence of environmental effects and plaraw/ir levels have caused the markers to be usefutally for
specific classification and source finding [4,8].

Although nowadays many do not trust on RAPD markérare are some evidence that this marker carsétilu
For instance one of the considerable researchdshdm been done by RAPD [1,11] on the classificatid
population of Iranian Taodar wheat in which theligbof RAPD in investigation of genetic variatidmas been
proved. In that research after floristic investigatand determining protein finger printing of tegsopulations, 100
chosen populations were classified in 7 florestmugs by RAPD while these 7 groups showed 6 grypsroteins
finger printing in maximum. RAPD markers determiribdt 85-90% of these population belong to a bigog¢pic
group that almost have no polymorphism. These fbjouls are distributed in six cold regions of thestvand North
West of Iran which have some different environmecdiaracteristic and they have created six protiiger prints
under these minor environmental conditions. ButL®® of populations belonged to a little genotygicup that are
scattered in ultra-cool microclimates in those gpbd cold regions. In fact RAPD managed distingunigtbetween
the populations of cold regions and ultra-cool oegi

In this research we have studied the classificatifohO types of Iranian olives by considering thhewe mentioned
Items at first step by using morphological properthen molecular RAPD markers.

MATERIALSAND METHODS

Plant material: In this study the trees which were classified1lidh common traditional groups (tablel) were
collected from different northern regions of Iran.

Morphological studies. morphological study of olives types were perfornaedording to 10C (International Olive
Council) and instruction presented by seed & plzertification and registration institute (2007-2D0Binally 32
morphological properties were recorded for 10 typkbanian olive and were analyzed by SPSS sofivtble 2
and 3). Cluster analysis and PCA classificatiorubing of all properties (quantitative and qualitatdf fruit and
core) didn't show a good separation among sampiegrinvestigation. In next step in order to detagmwhich
groups of properties (quantitative or qualitativid important role in classification of these typesother word
with which types of properties cluster analysesehewmplete accordance with morphological clasdificawere
done with various properties

In investigating all these dendrograms it was destrated that the cluster analyses by using quakitatroperties of
fruit and core are so power full in separating t/frem each other.

Molecular studies: after morphological investigation and classifioatiof types, 54 trees were chosen among 10
studied types for molecular study.

DNA extraction: the samples of DNA were extractgbptimizing the Kang & Yang (2004) methods[9].

Polymerase Chain Reaction (PCR): After investigptine results of previous researches [14] amongt8 &f
RAPD primer (A, B, C) group C of Operon Company gthhad shown better polymorphism were selected.
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PCR temperature program was done by optimizingténeperature program of Samagial. article (2004) in
Touchgne gradient thermal cycler. with 5 min foinpary denature at a temperature of°@4 36 cycle consist of
1min at 94C, 1 min at 38C, 2 min at 72C and 10 minutes of final extension at temperatirg’C add 25ul PCR
reactive for final volume (primer 0.4 pm, Taq DNAlpmerase 1.25 u, DNA 0.4 ng Mgd.5 mM, dNTPs 0.2 mM,
PCR buffer 1x)

PCR products electrophoresis: electrophoresis vaa dvith PCR products on both 2% agarose gel and 6%
polyacrylamide gel because of the low number oflgawlymorphism in agarose gel.

The analyses were done by 2.02 version of NTsyisvacé. In order to have best dendrogram and siityilaratrix
different calculating was done by methods of sintifamatrix and clustering method. Two cases wenpartant in
choosing the best dendrogram: 1.The correlatioffficant 2. The most accordance of produced dendmgwith
new morphological classification so the best metlbccalculating the similarity matrix by Dice methand
dendrogram resulted from cluster analyses wastseldy WPGMA.

RESULTS

Morphological results: Homonyms and mislabeling was clearly observed iof 30 studied cultivars contain:
Khormazeitoon, Rwoghani, Shengeh, Dakal and Golodiew classification of these cultivars shownahlé 1 is
confirmed by Spanish experts[3]. As it is illusgdtin figure 1, for instance, in Khormazeitoon eliént
morphological traits are obvious. Based on morpgichl study 10 traditional cultivars are split2é new cultivars
(table 1).

Molecular results: Using 17 RAPD primers gave a total of 144 repradec DNA fragments on 6%
polyacrylamide gel. The data were analyzed usingEDs$imilarity coefficient and the WPGMA clusteringethod.

4 of 17 primers (OPC 08, 15, 19, 20) produced Ipiglymorphic bands that able to classify some neltweus. 17-

primer dendrogeram with Coffenetic Corelation =0ad 4-primer dendrogeram with Coffenetic Coretatr 0.84

are presented in figure 2 and 3.

Table 1- traditional and new classification and labeling of Iranian olive cultivars based on standard morphological traits

Traditional classification New classification and Iabghng bgsed ON | Abbreviation code of Replications (trees)
standard morphological traits

Zard Zard z 322, 372,1109,1157

Fishomi Fishomi F 255,293, 294, 297, 1051,1052

Khormazeitoon Khormazeitoonl Khol 1128,1130, 1133
Khormazeitoonl| Kholl 1148
Khormazeitoonlll Kholll 299
KhormazeitoonlV KholV 402

Mari Mari M 341,368,397

Rwoghani Rwoghanil , Rwoghanil’ RI, RI 10471, 3211
Rwoghani Il G, Rwoghani Il fadak RIl G, RIl fadak 2091IG , 13(9) Il fadak
Rwoghani Il RII 112,119
Rwoghani IV RIV 330,331

Shenge Shengeh SHI 128,109
Shengeh SHII 1082,109
Shengeh Il SHIlI 452,1115
Shengeh IV SHIV 1098
Shengeh V SHV 1083, 1086
Shengeh VI SHVI 1102

Daka Dakal | Dkl 283,28!
Dakal Il Dkll 281C

Khara Khara Kha 352,356

Dezfool Dezfool Dz 287,291

Golooleh Golooleh | Gl 303, 317
Golooleh Il Gll 387,391
Golooleh I Glll 374,50:
Golooleh Iv GIV 497
Golooleh V GV 1117,1160
Golooleh VI GVI 316
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Fig. 1- four distinguished new cultivar s of Khormazeitoon based on mor phological traits

Table 2a- Morphological fruit profilein different new cultivar of Khormazeitoon Fruit

Acc. Code | F-shape | F-symA | F-pmtd | F-apex | F-base | F-nipple | PIlt | Sit | L&t
KH-I 2 3(2) 3(2) 2 1 2 12 2 3
KH-II 2(1) 3(2) 3 2 1 2 12 | 2 3
KH-III 2 3 3 2 1 2 2 2 3
KH-IV 2 1 2 2 1 1 1 1 3

Table 2b- Morphological fruit profilein different new cultivar of Khormazeitoon Stone

Acc.Code | Sshape | SsymA | SsymB | Spmtd | Sapex | Sbase | Surf | Groove | Dgroove | Top
KH-I 3 3 2 3 2 2 3 2(1) 2 2
KH-II 2(3) 2 1 3 2 2 3 2 2 2
KH-II 3 2 2 3 1 1 3 2 2 2
KH-V 3 2 1 2 2 1 2 2 2 2
Table 3- Abbreviation

Fruit Stone

F-shape = Fruit Shape S-shape = Sone Shape

F-symA = Fruit Symmetry A S-symA = Sone Symmetry A

F-pmtd = Fruit Position of maximum transverse diameter | S-symB = Stone Symmetry B

F-apex = Fruit apex S-pmtd = Stone Position of maximum transver se diameter

F-base = Fruit Base S-apex = Stone Apex

F-nipple = Fruit Nipple S-base = Stone Base

Plt = Presence of lenticels S-urf = Stone Surface

St = Szeof Lenticels Groove = Number of grooves

Lst = Location of start of colour change Dgroove = Distribution of the grooves

Top = Apex Termination
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Fig.2- Dendrogeram of all cultivar based on 17 RAPD primers (Dice WPGMA, R= 0.93)
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Fig.3- Dendrogeram of all cultivar based on 4 selected RAPD primers (Dicee WPGMA, R= 0.87)
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DISCUSSION

According to new morphological classification weecked molecular-derived dendrograms. We expected
replications of every new cultivar grouped togetbemwere located nearer. In order to present désussion on
the ability of 17-primer dendrogeram and 4-primendrogeram to classify new cultivars together, theyshowed

in table 4. There are two interesting case, firshémi 297 has at least similarity to other Fishieplications (37%
similarity in 17-primer dendrogeram and 49% siniflain 4-primer dendrogeram). Second case is Gelodll 502

is really far from all cultivars of the researct®® dissimilarity in 17-primer dendrogeram and 100&similarity

in 4-primer dendrogeram).

On previous study of our research team which isqaldn NIGEB, Iran [12] Ninety two accessions bgjimg to 10
main (old) olive cultivars were screened by 13 wsatellite markers revealing high genetic varigpitioth within
and between cultivars. The existence of homonynmymorsyms, or mislabeling as well as intra cultivar
polymorphism was revealed by allele differencesvben accessions of the same denomination. The ghamo
showed variability among as well as between sonftevars, but most accessions with the same gemarices were
grouped together.

The dendrogeram of SSR study (not shown here)rigpaced with our dendrogerams (figure 4) which ardgtain
shared cultivars in both study in table 5.

Table 4- Comparing the ability of every dendrogeram on classification new cultivar stogether

Abbreviation of Dendrogram based on Dendrogram based on
new naming 17 RAPD primers 4 selected RAPD primers
VA ?ﬁ;ﬁfﬂ:g’f&%ﬂz sair;e”g:i%llj)ped together 2 of 4 replications are grouped together (80%aiity)
F Every two replications are grouped together All 6 replications are grouped together
(min.67-max.88% similarity) (min.75-max.- 92% similarity)
Khol AII‘3 replications are _grpup_ed together )
(min.75-max.- 83% similarity)
Kholl Not enough replication Not enough replication
Kholll Not enough replication Not enough replication
KholV Not enough replication Not enough replication
M 2 of 3 replications are grouped together All 3 replications are grouped together
(88%similarity) (min.70-max.- 90% similarity)
Rl RI 2 replications are grouped together 2 replications are grouped together
’ (85%similarity) (75%similarity)
RIl G, Rl fadak | 2 replications are separated 2 replications are separated
RIN 2 replications are grouped together 2 replications are grouped together
(86%similarity) (89%similarity)
RIV 2 replications are separa 2 replications are separa
SHI ) 2 repli(_:at_ion_s are grouped together
(72%similarity)
SHII - 2 replications are separated
SHIII - 2 replications are separated
SHIV Not enough replicatic Not enough replicatic
SHV ) 2 replications are grouped together
(73%similarity)
SHVI Not enough replication Not enough replication
DKI 2 replications are grouped together h
(84%similarity)
DKkII Although Not enough replication but Il is located from | -
Kha 2 replications are separated (28;%22?23223)“6 grouped together
Dz 2 replications are separated (252;%22?,?1til|gﬂfy)are grouped together

Parra-Lobatcet al. (2012) studied 32 olive Spanish cultivars by usimgrphological traits and 5 RAPD markers.
Results showed all the cultivars could be iderdifizy a combination of three primers (OPF-6, OPAx8] OPK-
16); the resulting dendrogram, using the Unweigltaid group method with arithmetic mean clusterdhgprithm,
depicted the pattern of relationships between dleal[Extremadura cultivars and the cultivars froeographically
connected regions. This analysis showed a comelatietween most of the minor local cultivars ané th
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geographical origin. They found that there was ppaaent clustering according to morphological $rait fruit use
of olive cultivars when these parameters were aseahalysis criteria[13].
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Fig.4- Dendrogeram of shared cultivarswith SSR study [12] based on 4 selected RAPD primers (DiceeWPGMA, R=0.84)

Table 5- Comparing the ability of RAPD or SSR dendr ogarm on classification new cultivar stogether

Abbreviation of new labeling

Dendrogram based on 4 selected
RAPD primersin current study

Dendrogram based on SSR primersof
Noor mohammadi et al.2007

z 73% similarity 96% similarity

F 75% similarity 94% similarity

RIl to RIII 72% similarity 48% similarity
RIl 2 replications are grouped together 2 replications are grouped together

(88%similarity)

(91%similarity)

SH 111082 to SH VI 11C

20% similarity

100% similarity

SH 111082 to SH IV 10¢

20% similarity

80% similarity

SHV 1086 to SHV 1083

78% similarity

96% similarity

Dkl to DKII 73% similarity 96% similarity
G Distributed Distributed
CONCLUSION

As it is provided our research in table 4, 5 andr&bhobatoet al. (2012) research, it is important to achieve
appropriate primers that have more linkage to setemorphological traits. In the other hand, agplgt of primers
can cause confusing because some primers don't haye relationship to selected morphological traits.
Inappropriate primers only resulting in distributiavhiten replications of a cultivar. 4 of 17 primdOPC 08, 15,
19, 20) produced high polymorphic bands that ablelassify some new cultivars. As a conclusion, édalar
results proved the accuracy of the new morpholdgieasification in some cultivars.

82
Scholars Research Library



Nargess Abdali et al Annals of Biological Research, 2014, 5 (3):76-83

REFERENCES

[1] Alavi, S.M., Fakhre Tabatabai, S.M., Khoshkholgim&j N. and Shahriari, M., 2th national Biotechnglog
conference, Iran2000, 208-218 (in persian).

[2] Angiolillo, A., Mencuccini, M. and Baldani, LTAG, 1999., 98:411- 421.

[3] Ataei, S., Hosseini- Mazinani, M., Sadeghi, A., Bleigi, M. and Ferdowsipur, M., International Syrsipon on
oliver growing, Izmir / Turkiye, 27 Sep.-2 Oct".%2004, GG113

[4] Bautista, rocio., crespillo, remedies., CanovagnEisco and Gonzalo claros, MEyphytica, 31 May 2002,
129: 33-41.

[5] Bertini , D.G .V., Standing Committee on AgricukuiMelbourne, Australia960.

[6] Bartolini, G., Masseri, C. and Prevost, Bcta Horticulturae, 1993, 356:116-118.

[7] Connell, J.H., Eds.. university of California , Biwn of Agriculture and Naturnal Resource,Oakland
,CA,USA . Publication1994, 3353,1-9.

[8] Gonzalo claros, M., Crespillo, Remedios., Aguilarand Canovas, Francis C.MEuphytica, 16 March2000,
116: 131-142.

[9] Kang, T.J. and Yang, M.SBMC Biotechnol, 2004, 4: 20.

[10] Macdonald, L., The olive Journal of the Department of Agriculture of Victoria, 1915, 12:154-503

[11]11. Mohebalipour Nasser , Aharizad Saeid , Mokhthtajid and Zareh Nasser.Food, Agriculture and
Environment, 2011, 9 (3&4): 345-347.

[12]Noormohammadi, Zahra., Hosseini-Mazinani, Mehdryjillo, Isabel, Rallo, Luis., Belaj, Angjelinand
Sadeghizadeh, Majid Hortscience, 2007, 42(7):1545-1550.

[13]Parra-Lobato, M.C., Delgado-Martinez F.J. and Godimenez M.C.Genetics and Molecular Research,
2012, 11 (3): 2401-2411.

[L4]Samaee, S.M., shobbar, Z.S., ashrafi, H., Hos$&&#&zinani, M. and sheidai, M.]SHS Acta Horticulturae,
2004, 623.

83
Scholars Research Library



