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ABSTRACT

Genetic stability versus somaclonal variation waglged in one-year old tissue culture regeneratigdegplants by
using SSR and ISSR molecular markers. Fifty oli@atp including mother plant were used in this gtudJ tree
and NeigborNet analysis grouped the studied plamtthree distinct groups, which were supported by&ans
clustering and Evanno test. AMOVA and Gst analysesaled significant molecular difference amongséhéhree
genetic groups. STRUCTURE analysis showed genatiability both within and among these groups. The
regenerated plants differed in allelic compositiamd allele frequency. The somaclonal variants atgtdimay be
used in further hybridization and olive breedingpgram.
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INTRODUCTION

The genulea belongs to the Oleaceae family, which comprisggr@pmately 30 genera with 600 speci€ks.
europaeal. the Mediterranean olive tree, is the only spediultivated for oil extraction and table consuomt
which accounts more than 3000 of cultivars. Manthese cultivars might be just different landrastesnmed from
the same original genetic stock or different naweiketies derived from the same original geneticls{1].

Cultivated olive is an ancient plant species andoissidered as one of the most important tree spegies of the
Mediterranean basin, representing not only the @@%he olive groves of the world but also the 90#4he olive

world production [2]. Only Spain, Italy, and Greqmeduced around 75% of the world’s olive oil, dadether with
Turkey and Tunisia are the five largest producethé world. The world production and consumpti@mdl of olive

oil in the last 30 years have increased signifigaahd will continue, considering the recent intnotlon of its

cultivation in Japan, USA, Australia, China, SoAtherica and South Africa [1].

Micropropagation of woody plants and fruit cropsistitutes a major success in the commercial apjicaf in
vitro cultures. An important aspect to be considenen deriving perennial plants from micropropamais the
maintenance of genetic integrity with regard to thether plant. In this regard, somaclonal variati@s been
reported at different levels (morphological, cytgital, cytochemical, biochemical, and molecular) in
micropropagated plants. The economic consequenserséclonal variation among regenerated plantadgsneous

in fruit crops and woody plants, because they h&weg life cycles. In consequence, the behavior of
micropropagated plants should be assessed aftetdhg juvenile stage in field conditions [3].
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Somaclonal variation has been studied extensivelfdrbaceous plants, whereas few studies have ddcos
temperate perennial fruit crops. Somaclonal vammais the occurrence of genetic variants amongéeigenerated
plants of a single subculture derived framvitro procedures and developmental genetic changes atoing

several sub-culturing among the regenerated pjdhti is also called tissue or culture-inducediation [5, 6].

Studies on somaclonal variation are important fercontrol and possible suppression with the ainprofiucing

genetically identical plants, and for its use aed to produce genetic variability, which will drla breeders the
genetic improvement. Identification of possible smhonal variants at an early stage of developneenery useful

for quality control in plant tissue culture, trapsgc plant production and in the introduction ofiaats [7-9].

Many strategies can be used to evaluate plant igesgticture fromin vitro derived plant clones, including
cytogenetic analysis and isoenzyme markers ancerdiift DNA molecular markers, but most of them have
limitations. Various molecular markers includingstréction fragment length polymorphism (RFLP), ramd
amplified polymorphic DNA (RAPD), amplified fragmenlength polymorphism (AFLP), inter simple sequenc
repeats (ISSR) and simple sequence repeats (SSR) I0] have been used in somaclonal and genitérsity
analyses.

The present study considers genetic analysis ofyeae old, field grown regenerated plants of olodtivar cv.
Kroneiki for genetic stability versus induced sofoaal variation by using SSR and ISSR molecularkeia.

MATERIALS AND METHODS

Propagation of microshoots

Actively growing shoots of olive (cv. Kroneiki) weicollected from one-year-old greenhouse growntpldreaves
were removed and sterilized with bleach (20%) fanif, then rinsed three times in sterile distillgdter. Apical
buds of sterile shoots were removed and shoots watrénto the single nod segments. Uni-nodal segsneh
sterilized shoots oDlea europeal. (cv. Kroneiki) were cultured in DKW [11] mediusupplemented with 2-
isopentenyl adenine (4 mblThe pH was adjusted to 5.8 before agar additimhautoclaving. Cultures were kept
at 23+2 °C and 16h photoperiod. After 60 daysyitro shoots (4 -5 nods) raised from explants, they wees for
rooting experiences.

Ex vitro rooting and acclimatization

In vitro shoots that were grown on DKW with hormone mediuerentreated by dipping the base of microshoots in
the IBA (500 mg 1) for 15 min and then the explants were directiysferred to the jiffy pots. Shoots were kept in
a transparent box. Thirty days after treatmentgtleand number of roots were measured.

Genetic variability analysis

Five randomly selected leaves of 49 shoots (Nt 49) as well as mother plant (No.50) were usadDiNA
extraction and molecular analysis. Genomic DNA wzsacted using CTAB activated charcoal protoc@][The
quality of extracted DNA was examined by running0o8% agarose gel.

Ten ISSR primers; (CA)7GT, (AGC)5GG, (GA)9A, (GTRC(CA)7AT, (GA)9C, UBC807, UBC810, UBC811
and UBC834 commercialized by UBC (the UniversityBoitish Columbia) and Five SSR primers, OeUA-DCA-3
OeUA-DCA-9, OeUA-DCA-11, UD099-011, and UDO99-43[14] were used.

SSR and ISSR PCR reactions were performed inid 28lume containing 10 mM Tris-HCI buffer at pH8) mM
KCI; 1.5 mM MgCI2; 0.2 mM of each dNTP (Bioron, Gaainy); 20 ng genomic DNA and 1 U @hg DNA
polymerase (Bioron,Germany); Qu of a single primer for ISSR and 0.2 uM of fordand reverse primers for
SSR reactions.

The amplificationsreactions for ISSR- PCR were performed in Teclheemocycler (Germany) with the following
program: 5 min initial denaturation step 94°C, 36les of 30 S at 94°C; 1 min at 50°C and 1min &Ci2The
reaction was completed by final extension step ®fiii at 72°C. The SSR-PCR reaction was carriedvath a
denaturation at 94°C for 5 min, 35 cycles of 948€20 s, the annealing temperature 50 °C for 3ds72°C for 30
s and final extension at 72°C for 7 min.

The amplification products were visualized by rumnion 2.5% agarose gel, followed by the ethidiurontide
staining. The fragment size was estimated by usihf0 bp molecular size ladder (Fermentas, Germany)
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Data analyses

ISSR and SSR bands obtained were treated as lihargcters and coded accordingly (presence = g&nabs= 0).
Nei's genetic distance was determined among ttaiestipopulations and used for clustering [15, E@}. grouping
of the plant specimens, Neighbor Joining (NJ) ertsg and NeighborNet methods were performed af€rtimes
bootstrapping [15]. Similarly, principal co-ordieaanalysis (PCoA), and multidimentional scaling ($)[)17] were
performed. We used PAST ver. 2.17 [18], DARwin \&(2012) and Splits Tree4 ver. 4 (2013) prograrasewsed
for these analyses.

Two methods were used to determine populationifsteton and genetic fragmentation. First we perfed

Evanno method for identifying the proper numberkof19]. For this we did model-based clustering tsing

STRUCTURE ver. 2.3 [20]. The Markov chain Monte IGagimulation was run 20 times for each valu&kdR—6)

for 106 iterations, after a burn-in period of°18ll other parameters were set at their defaulues Data were
scored with dominant markers and analysis followiing method suggested by Falush et al. [20]. STRURH

Harvester web site [21] was used to perform Evaeabbased onkK value.

Second, we performed K-Means clustering as don€enoDive ver. 2. (2013). In the K-means clusterittg
optimal clustering is the one with the smallest antoof variation within clusters. This is calculditby using the
within-clusters sum of squares. The minimizationtloé within-groups sum of squares that is used -Nldans
clustering is, in the context of a hierarchical AMA, equivalent to minimizing the among-populationghin-

groups sum of squares, SSDAP/WG [22].

We used two summary statistics to present K-Mednstaring, 1- pseudo-F [23] and 2- Bayesian Infaiom
Criterion (BIC) [24]. The clustering with the higétevalue for pseudo-F is regarded to provide ttst fie while
clustering with the lowest value for BIC is regadde provide the best fit [22].

Significant genetic difference among the genetisugs obtained after K-Means clustering and Evamst tas
determined by different methods: 1- AMOVA (Analysié molecular variance) test (with 1000 permutagjoas
performed in GenAlex 6.4 [25], and 2- MeGst analysis of GenoDive ver.2 (2013) which wagimally written by
Meirmans and Van Tienderen [26]. 3- G'ST est =ddatized measure of genetic differentiation [27 ®_est =
Jost measure of differentiation [28].

RESULTS

All primers produced reproducible bands and fina@lgombined data matrix of 86 X 50 was formed father
analysis. NJ tree and NeighborNet network prodsiedar results (Figures 1 and 2).

In NJ tree 3 major clusters were formed. Thirteimeoplants formed the first major cluster. Thedangs were
scattered in 2 sub-clusters. Twenty olive plantsnfd the second major cluster and showed a highgred of
genetic similarity to the plants of the first cleistThese trees were scattered in 3 sub-clusters.

Seventeen olive plants comprised the third majester. They were placed with some distance fronother olive
plants due to genetic difference. The mother plplatnt No. 50) was placed along with plants nund&and 49 in
a separate sub-cluster.

Scattering of these olive trees in different subigts, indicated their genetic difference which aia® supported by
NeighborNet network (Figure 2). In this networkapti numbers 47 and 48 differed genetically fromdtieer plants

as they had a longer length branch in the netwbt&ined. The mother plant (No. 50) was placed clog#ant No.

46. The plants that were placed in the second nddimter of NJ tree (plant numbers 1-20, and 23f@fhed a

distinct group in the NeighborNet plot and werecplh far from the other two groups. However, thdsatp also

showed genetic variability among each other anghatpd 3 sub-groups identified by NJ tree in thegan cluster.
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Figure 1. NJ tree of olive plants. No : 1-49 regenated shoots, No 50: mother plant
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Figure 2. NeigborNet diagram of olive shoots
Numbers are according to figure 1

Due to close genetic affinity of the regeneratadeoplants and close proximity revealed by NJ argigNborNet
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trees/diagrams, we used non-metric MDS analysisiwtries to find similarities among the studiedeit$ by using
Proximities.

The data for MDS analyses are called proximitigexiities indicate the overall similarity or digsiarity of the

objects under investigation. An MDS program looks d spatial configuration of the objects, so that distances
between the objects match their proximities asetjoas possible [29]. The MDS plot is presentedrigure 3. It

showed details of genetic similarity versus diffeses of the studied olive plants. This plot reveafgnetic
difference between plant No. 47 and 48. It showsd that plant numbers 39 and 45 are geneticaffgrént from

the others, as they are placed close to each atitefar from the other studied plants.

Figure 3. MDS plot of olive plants
Numbers are according to figure 1
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The MDS plot clearly showed two subgroups amongpthat numbers 1-20 that were placed close to edwdr in
both NJ and NeighborNet diagram. Therefore we laageod level of genetic variability among the mersl this
cluster. This plot also revealed the presence gewnetiability among plants placed in the other tgroups formed
by NJ and network trees. Therefore, more detaifédrination about genetic differences of the stugitghts is
provided by MDS plot.

Both Evanno test (Figure 4) and K-Means cluste(iraple 1) revealed that the studied plants areebgtbuped in
2 or 3 genetic groups. It produced the highestevalupseudo-F (9.199) for k = 2, while produced ltwest value
of Bayesian Information Criterion (307.493) for B=
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Figure 4. Evanno test plot

DeltaK = mean(|L"(K)|) / sd(L(K))
3.0r

2.5+

2.0r

Delta K

151

1.0

0.5+

3.0 3.5 4.0 4.5 5.0 5.5 6.0
K

Table 1. K-Means clustering result for k = 2- 5

k SSD(T) SSD(AC) SSD(WC) r-squared pseudo-F BIC Rho

2*  479.14 77.057 402.083 0.161 9.199 307.657 0.255
3& 479.14 108.534 370.606 0.227 6.882 307.493 0.267
4 479.14 131.177 347.963 0.274 5.78 308.253 0.285
5 479.14 151.353 327.787 0.316 5.195 309.178 0.298

* Best clustering according to Calinski & Harabaggeudo-F: k = 2
& Best clustering according to Bayesian Informatiriterion: k = 3

In the next step, based on groupings obtained fsowious analyses, we performed AMOVA and Gst asesd\to
indicate significant molecular difference among thlants of these groups. The results revealed aifisignt
difference among the 3 groups (p = 0.01). It alsonsed that about 78% of total genetic variabilitgwrred among

3 groups, while about 21% of genetic variabilitycored within the studied groups. This result shihvaegood
degree of genetic diversity among olive plants enayal. Similarly, Gst analysis, produced Gst vaiué.21
(fixation index), Gst = 0.21 (Hedrick, standardized fixation indexji@h est = 0.06 (Jost, differentiation index) that
were all significant (p = 0.01) among the studiéanp groups. All these results indicated genetifedéntiation
among the groups identified by NJ and network ssesdy

Bayesian model based STRUCTURE plot obtained (Ei§)revealed allelic similarities versus differes@among
the studied plants. It grouped olive plants in lal composition groups but also revealed withnoup allelic

variability. For example, it showed close affintigtween plant numbers 33 and 34, that were alagpgbtogether
in NJ and network trees, but it also showed thasehplants differ in their allelic composition fdiently colored
segments) and allele frequency (different propartbeach colored segment). Plant numbers 1-2Cagwed allelic

forms (green colored segments) that differed froendther studied olive regenerated plants.

An interesting result was obtained when we lookethether plant (No. 50). It showed the presencalboéllelic
forms present in the other regenerated plantsyaiirily contained blue colored segment. Plantsshatved genetic
similarity to the mother plant were plant numbets 22, 36, 38, 40, and 46 (they also containedjh lavel of blue
colored segment). However, they had other all@ienk too (other colored segments). It is also @sting to note
that some of the regenerated plants had lost this ¢olored segment (allelic forms) possibly duesdanaclonal
variation.
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Figure 5. STRUCTURE plot of olive data
Numbers are according to figure 1
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DISCUSSION

The present study showed the occurrence of higletgenariability within tissue culture regeneratad/e plants.
These changes often arise as a manifestation géegiic influence or changes in the genome of diffeéating
vegetative cells and are expected to generateegddnits carrying interesting heritable traits [8].

Four important variables influence the inducedafaility discussed, these are: Genotype, explagirgrcultivation
period and the cultural condition in which the audtis made [30].

Variations induced may be manifested as cytologabalormalities, frequent qualitative and quanti@aphenotypic
mutation, sequence change, gene activation andcgig [9, 31]. In our study, we investigated SSRI 48SR
variability that represents change on sequenceatep8 TRUCTURE analysis clearly revealed change¢kdrtype
of sequences and their frequency among the stydéeds. Absence of sequences that were preseheimbther
plants in some of the regenerated plants indicates of these sequences due to somaclonal variddidierent
genomes respond differently to the stress-inducaation, which indicate that somaclonal variatialso has
genotypic components [3].The differences in gensttibility are related to differences in genetikezap, because
some components of the plant genome may becomahl@sturing the culture process, for example tipetiéve
DNA sequences, which can differ in quality and gitgietween plant species [3]. Both SSR an ISSRigrs used
in the present study deals with repetitive sequeacel therefore genetic variations observed maglaged to such
changes in the cultivaigenome. However, other genomic cryptic changed) asgoint mutations, transpositional
events, such as the activation of transposable egltan putative silencing of genes and a high frequeof
methylation pattern variation among single-copyusggtes, play a role in somaclonal variation as [8gll

CONCLUSION

The present investigation shows that regenerated plants are not completely true to type of thettrer plant
used and we have extensive genetic difference arnfwng. These genetically different olive plants banused in
further hybridization and breeding program in olive
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