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Abstract

Rapid and reliable identification of olive plants using DNA markers has been attempted in the past
but the selection of polymorphic regions for discrimination at varietal level remained obscure.
Recent sequencing of plastid genome of the olive flaunts high resolution Cp markers for olive DNA
fingerprinting. Using this information, we designed a combination of chloroplast markers to amplify
genes recruited in photosynthesis, ribosomal and NADH energy metabolism for varietal identifi-
cation of olive plants. Concatenated DNA sequences of more than 100 unknown and 10 reference
plants samples were analyzed using various bioinformatics and phylogenetic tools. Conserved
blocks of nucleotide sequences were detected in multiple alignments. Phylogenetic reconstruction
differentiated the unknown plants into various clusters with known varieties. Further narrowing
down of the samples through UPGMA tree clearly separated the plants into Arbosana, Frantoio and
Koroneiki as the major varieties. Multiple alignments of these clusters revealed important variety
specific SNPs including G and T nucleotides at specific positions. Sequence identifying at intra culti-
var level was more than 98.79% while it dropped to 97%, and even to 96% at inter varietal level.
Furthermore, a neighbor net network analysis separated these three clusters, thus validating the
results of UPGMA tree. Over all, out of 100 plants samples, 49 plants were identified that fall into
10 varieties including Arbosana, Carolea, Chetoui, Coratina, Domat, Frantoio, Gemlik, Koroneiki,
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Leccino and Moraiolo. The maximum number of known plants belongs to Frantoio and Gemlik (8
each). The least number of samples was identified from Carolea, Domat and Moraiolo with 2 sam-
ples each. However, 51 plants could not be identified, as plants were not clustered with any of ref-
erence control. Our results have implications in on-farm conservation of olive germplasm and
provision of genuine material for multiplication of authentic varieties. This strategy can be ex-
tended to varietal identification of other plant species.
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1. Introduction

One of the characteristic fruit trees of the Mediterranean area is the evergreen and long-lived olive (Olea euro-
paea L.). It is diploid with 46 chromosomes from the Oleaceae family [1]-[3]. Olive can be as older as 500 years
but over 2000 years older trees are also in record. It is a medium sized tree with grey-green leaves arranged op-
posite to one another. The olive comes from the genus Olea that has 3 subgenera Paniculatea, Olea and Tetrapi-
lus [4]. Olea europaea L. is the only single species that bears edible fruit [5] [6]. The origin of olive is still un-
clear, but the main hypothesis suggests that it originated from the Eastern shores of the Mediterranean [7].

The fruit and oil of olive are of prime importance worldwide. Although 90% of world olive production is used
for oil extraction [8], the consumption of table olives is also growing globally. Today, the olive tree is grown
commercially within latitudes 30° and 45° in both the Northern and Southern hemispheres, where climatic con-
ditions are similar to the Mediterranean basin, with mild winters and warm, dry summers [9] [10]. Pakistan lies
in the belt between 30° - 45° North and South of the equator, hence it is a potential area for olive cultivation. The
suitable areas include Pothwar, Khyber Pakhtunkhwa, Swat, Dir, Malakand, Loralai, Khuzdar and Quetta dis-
tricts etc. Edible oil is the biggest food import item of Pakistan. Pakistan imports olive oil and fruit every year
and huge funds are consumed on their cost. Self-sufficiency in edible can be attained by cultivating olive orc-
hards in the marginal lands (more than 3 million acres; 30% of total land) of Pakistan. Under different projects,
the total olive tree cover is more than 800 ha comprising of 106,048 trees. These plants are at fruiting stage and
some of these plants are giving very good yield. But the biggest problem which is restricting their large scale
propagation is that these olive varieties/plants are unidentified and there is no record which variety/cultivar they
are. Therefore, oil extracted from these plants is mixed and does not get its premium price in the market. Un-
availability of known high yielding and quality oil producing varieties/plants is the biggest hurdle for large scale
propagation of olive in the poor lands of Pakistan. Furthermore, the unavailability of true to type olive nurseries
is also impeding the olive propagation in the potential regions.

The olive’s ancient origin, easy propagation and popularity have resulted in the presence of its numerous cul-
tivars across the world. Several cultivars may have the same name (homonyms), or the same cultivar may be
called by different names (synonyms) in different areas [11]-[13]. Many areas in botany depend on the efficien-
cy to discriminate plant genotypes and calculate the amount of diversity and similarity in a group of genotypes.
This has been done traditionally through morphological and biochemical markers and presently through DNA
markers or DNA fingerprinting [14]. Molecular markers are preferred because they have several advantages
over their alternatives. Like, they are co-dominantly inherited and highly polymorphic. They can be easily visu-
alized and are spread over the whole genome evenly. They are stable, quick, inexpensive and simple to use.
They require small amount of DNA and do not require any pre-info about the genome [15]. The olive gene pools
have also been characterized utilizing the high resolving capacity of the molecular markers. Many researchers
have traced the origin of olive germplasm using different molecular makers like RAPD [16].

An advanced genome screening technique is that of the plastome sequencing or screening the chloroplast
DNA through specific markers. The chloroplasts are inherited maternally in the cultivated olives [17]. The plas-
tidial variability is low in the cultivated olives in contrast to that detected at the subspecies level. The mitochon-
dria and chloroplasts both pass through recurrent mutations but the level of mutations is low as demonstrated by
[18]. Taking advantage of the highly conserved nature of cpDNA, universal primers for the cpDNA introns have
been developed for numerous plant species [19]. Besnard and his colleagues detected 14 polymorphisms in the 3
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chloroplast regions (trnT-L, trnQ-R and matK) in the Olea europaea complex [20].

For this study, the last approach of sequencing of the entire chloroplast genome of the Olea europaea subsp.
europaea cv. Frantoio to identify the polymorphic regions was employed. The resulting availability of the entire
plastome map allowed to evaluate the sequence arrangement of the plastid genome in Olea europaea and to
identify new organellar polymorphisms that could discriminate between cultivated olive varieties [21]. In order
to propagate only the better and high yielding cultivars, there is dire need to screen the cultivated olive plants in
Pakistan to identify variety/cultivar. We can also graft our desired varieties onto the wild plants. This can en-
hance the olive fruit and oil yield in Pakistan. The work of this nature has not been done in Pakistan to date.
Olive growers can name accurately some cultivars with distinguished phenotypic traits. But they confuse while
differentiating the cultivars having similar morphological characters. Due to this problem, certified and good
quality material for the establishment of new olive orchards is not available. Hence rapid and reliable identifica-
tion of unknown olive plants growing at various olive farms through DNA marker is essential. Therefore, the
objective of the present study was to screen unknown and known plants through specific cholorplast DNA
markers for identification of polymorphic regions, identification of unknown cultivars of olive growing at dif-
ferent orchards in Pakistan using DNA markers, and to infer their evolutionary relationship through phylogenet-
ic reconstruction. The results demonstrate that olive genome harbours some very advantageous polymorphic
sites which can be employed for the reliable screening of unknown olive varieties through cultivar specific SNPs.
The evolutionary relationship explored by phylogenetic investigation also helped in identifying the plants. Fi-
nally the neighbor-net network analysis validated the clustering of plants into specific variety.

2. Plant Materials and Methods
2.1. Selection of Materials and Sampling Plan

Information about the olive plants growing at different locations in Pakistan was obtained from National Direc-
tor of the Olive Project, Pakistan Agricultural Research Council, Islamabad, Pakistan. Different areas of Khyber
Pakhtunkhwa province were selected for plant sampling. Each plant was labeled using olive farm name, orchard
number, row number and plant number. After plant labeling, fresh leaf tissue was harvested from the plants. The
samples were stored at —80°C until DNA extraction was performed.

2.2. Sequence Retrieval and Primer Designing

The chloroplast genomes of 8 olive cultivars including Frantoio were retrieved from NCBI database. The ge-
nome sequences were aligned and scanned using MacVector7.2 software [22] and polymorphic markers were
selected. In this case, three chloroplast markers Oe-psbK-psbl-trnS-trnG-trnS-GCU-trnGUCC, Oe-rps8-rpll14-
rps8-rpl14 exon, Oe-ndhF exon-rpl32-rpl32-trnL-1-trnL-UAG were selected. Three pairs of primers were de-
signed for all the selected genes and regions.

2.3. DNA Extraction, PCR Amplification and Sequencing

A total of 110 plant leaf samples were used for DNA extraction using CTAB method [23]. For quality assess-
ment DNA was run on 0.8% agarose gel. The diluted DNA samples were used as a template for PCR amplifica-
tion with three primer pairs. The primer pairs used were named as CP3, CP4 and CP5. The sequence of the CP5
forward primer was 5’-CTGACAATTCATTTCTATTTCTAGA-3’ and reverse primer was
5-CATTATTTATCTATAATTCGTTGGA-3". Their position in cpDNA is 8986 to 9705 and they amplify a
fragment of 720 bp length.

Each PCR reaction (50 pl) contained 10 ng DNA template, 10x reaction buffer, 5 uL. MgCl,, 1 pL dNTPs, 1
uL of each primer, and 0.5 puLL of Tag DNA polymerase (Promega, Madison, W1, USA). The reaction mixtures
were incubated in a thermocycler (Applied Biosystems Inc) for 5 min at 95°C, followed by 36 cycles of 1 min at
94°C (denaturing), 1 minute at the annealing temperature 58°C, and 1 min at 68°C (extension). PCR products
were run on 1.2% agarose gel to view the amplification success. The PCR product was sent to Macrogen (Korea)
for sequencing.

2.4. Sequence Analysis and Multiple Alignments

The sequence files obtained were edited and analyzed with MacVector7.2 program [22]. Blastn was done for
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target identification in NCBI database (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The BioEdit software [24] was
used to trim the sequences to remove the mismatched/flanking regions from both the ends. The ClustalwW mul-
tiple alignment of the sequences was done using BioEdit and MEGAG6 software [24] [25]. The mutations were
detected, recorded and matched with previously available known data of different olive cultivars. Furthermore
sequence identity at intra and inter varietal level was calculated through pairwise alignments. In this way, dif-
ferent olive cultivars were discriminated based on sequences similarities. A dataset was prepared that comprised
100 unknown and 10 known plants marker region sequences to be analyzed with bioinformatics software.

2.5. Phylogenetic Reconstruction

In order to infer the evolutionary relationship among different cultivars, phylogenetic reconstruction using
UPGMA algorithm was done in MEGAG. The data generated was also helpful in cultivar identification.

It is well demonstrated that phylogenetic network could better reveal the evolutionary history including hy-
bridization, recombination and homoplasmy etc. than a tree like structure. Therefore, a neighbor-net network
reconstruction analysis was implemented in SplitTree4 package with default parameters using an uncorrected P
distance method [26].

2.6. Unknown Plant Identification

The results from cultivar specific mutations i.e. SNPs, multiple alignments and phylogenetic reconstruction were
combined and analyzed for plant identification. The identified plants were tabulated and shown graphically in
results section.

3. Results
3.1. The Selected Marker Genes in Olive Plastome Are Polymorphic

Mariottiand his colleagues sequenced entire chloroplast genome of Frantoio cultivar and reported a number of
polymorphic markers [21]. Using this information we set out to find the most variable regions with high resolv-
ing power that can be used to identify the olive plants at variety level. Scanning of the olive chloroplast genome
revealed three polymorphic regions (Supplementary Figure S1). The region 1 coding for the photosystem thy-
lakoid membrane (psb-A) and transfer RNA (trnL) gene is located in the start from 8986 bp to 9705 bp. This re-
gion spans a length of 720 bp. It is the most polymorphic region as it harbors six different types of mutations in-
cluding two SNPs, two indels and two SSRs. The details about these regions are given in Table 1. Similarly, the
region 2 is located between 83112 bp to 83852 bp with a stretch of 740 bp. This region was also quite polymor-
phic and encodes ribosomal protein S (rps). Region 3 is located in the extreme distal portion. This region could
amplify a size of 1334 bp between 101263 bp to 102599 bp. Ribosomal protein S (rpsT) and NADH dehydro-
genase (ndhF) are encoded by these markers genes. Based on this information, three primer pairs CP5, CP4 and
CP3 were designed for the amplification of selected regions 1, 2, and 3, respectively using “primer tool” in
MacVector 7.2 software (Supplementary Table S1).

Initially, PCR amplification followed by sequencing analysis for five known cultivars, Carolea, Gemlik, Do-
mat, Leccino and Moraiolo grown at NARC revealed that CP5 gave the best amplification and sequencing re-
sults in comparison with CP3 and CP4 primers. There were fewer polymorphic sites detected in regions ampli-

Table 1. Mutations detected in the selected polymorphic region of olive plastome. Type and position of mutation are also

mentioned.
Sr. No. Polymorphism type Motif Position
1 SSR T10-11 9072
2 SNP CIT 9463
3 SNP/Indel AITI- 9535
4 Indel TTAGATA/- 9536
5 Indel A4(G)A5/- 9574
6 SSR All-14 9579

3048
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fied using CP3 and CP4 primers. Furthermore the sizes of their products were also longer in comparison with
CP5 (Data not shown). On the other hand, CP5 revealed a number of polymorphic sites. Hence CP5 primer pair
was selected for the amplification of olive samples. Moreover the product size with CP5 was smaller (less than
720 bp) that could be easily amplified which reduced the sequencing cost as well. At least three PCR products
were sequenced for each sample. The sequences were edited using BioEdit program and trimmed in order to
eliminate the errors induced by sequencing procedure and to get the reliable sequence for analysis.

To explore the variability in the upstream regions of chloroplast genes, five reference plants sampled from
NARC were compared with Frantoio sequence of NCBI database. For this purpose a multiple alignment was
generated in BioEdit program. The alignment in Figure 1 shows that the selected region is quite polymorphic. In
a short span of 600 bp, 14 mutations can be identified. These mutations included SNPs and deletion/insertions.
There are two deletions located at 445 bp and 514 bp position, where A is deleted. The most frequent substitu-
tions present are A and G nucleotides. There are specific SNPs in the NARC Carolea including A at position 46,
86, 294 and 296. Similarly another SNP of the nucleotide G is present only in NCBI Frantoio at 238" position.

These mutations seem to be cultivars specific.

NARC Carolea
NARC_Domat
NARC_Gemlik
NARC_Leccino
NARC_Moraiolo
NCBI_Frantoio

NARC _Carolea
NARC Domat
NARC_Gemlik
NARC_Leccino
NARC_Moraiolo
NCBI Frantoio

NARC Carolea
NARC_Domat
NARC_Gemlik
NARC _Leccino
NARC Moraiolo
NCBI_Frantoio

NARC_Carolea
NARC_Domat
NARC_Gemlik
NARC_Leccino
NARC Moraiolo
NCBI_Frantoio

NARC_Carolea
NARC _Domat
NARC_Gemlik
NARC_Leccino
NARC_Moraiolo
NCBI Frantoio

NARC_Carolea
NARC Domat
NARC_Gemlik
NARC_Leccino
NARC_Moraiolo
NCBI_Frantoio

NARC_Carolea
NARC _Domat
NARC_Gemlik
NARC Leccino
NARC_Moraiolo
NCBI_Frantoio

LAGATCTATT CTCTTTTIITT TTITCRARAR RRAARTCRTC TTEEARATTG TETAATECTT ACTCTGARRC TCTTCGTITR
AARGARTCTATT CTCTTTITITT TTTTCAAAAL ARRALTCRTC TTGEAGATIG TGTAATECTT ACTCTEAMALC TCTTCGTITA
AARGARTCTATT CTCTTTITITT TTTTCAAAAL ARRALTCRTC TTGEAGATIG TGTAATECTT ACTCTEAMALC TCTTCGTITA
LAGARTCTATT CTCTTTIITT TTITCRAAAAR ARARAATCATC TTGGAGATTGS TGTRAATECTT ACTCTGARARC TCTTICGTTITA
LAGARTCTATT CTCTTTTTTT TTTITCAARAR AARAATCATC TTGGAGATTS TGTRAATECTT ACTCTGARRC TCTTCGTTTA
AAGRTCTATT CTCTTTIITT TTTTCAAAAL ARRRATCRATC TTGGAGATIC TGTAATECTT ACTCTEAARC TCTTCGTITA

TACCGALGEE ATATTTIITG TTICTCTCIT CATCTTIGER TTCCTATCTA ATGATCCAGE ACGTAATOCT GEACGT GRAARL
TACCGTAGTG ATATTTIITG TTTICTCTCIT CATCTTIGER TTCCTATCTA ATGATCCAGE MCGTAATOCT GEACGTGRARL
TACCGTAGEE ATATTTIITG TTICTCTCTIT CATCTTIGEE TTCCTATCTE ATGATCCAGE AMCGTAATCCT GEACGTGRARA
TACCETAGTG ATATTTTIITE TTICTCTCTIT CATCTTIGGER TTCCTATCTA ATGATCCAGE ACGTARATCCT GEACGTGRAS
TACCGTAGTG ATATTTIITG TTTICTCTCIT CATCTTIGER TTCCTATCTA ATGATCCAGE ACGTAATOCT GEACCT GRS
TACCGTAGTG ATATTTIITG TTICTCTCTT CATCTTIGGEE TTCCTATCTA ATGATCCAGSE ROGTARATCCT GEACGTGARS

LATRRARTCC RARGEETTTT TCCTTGETTA ATTTTCARAT TTTCTTAGEA TTTTATCTAT TCCACACGTT TARCTRARARAT
AATRRARTCC ARRGEETTITT TCCTTGETITA ATTTTCARAT TTTCTTAGEL TTTTATCTAT TCCACARCGTT TRARCTARALT
ARTRRARLTCC RRRGGGETTITT TCCTTGETTA ATTTTCARAT TTTCTTAGEA TTTTATCTAT TCCACACGTT TRRCTRRART
AATRRARLTCC ARAGEETTTT TCCTITGEITA ATTTTCARAT TTTCTTAGEL TTTTATCTAT TCCACARCGETT TARCTARALT
AATRRARTCC ARRGEEETTTT TCCTTEETITA ATTTTCARAAT TTTCTTAGEL TTTTATCTAT TCCACRCGETT TARCTARARLT
AATRRARTCC ARRGEETTITT TCCTITGETITA ATTTTCARAT TTTCTTAGEL TTTTATCTAT TCCACARCGTT TRACTARGAT

TTCARAALATT TGARARAODATAL ATARATAMAAT CARGTCATCE RCGEARCOGE AALD AL REEE ATTCARACCC TCOGGTACEAR
TTCRRALRETT TGRRARRRATAR ATARATARAT CARGTCATCE RCGGARCOGSE RALCASRGGEE ATTCARRCCC TCOGGTRCERA
TTCARAALATT TGRARARRATAR ATARATAAAT CAAGTCATCL RCGGARCOGS AARCASRECEE ATTCARARCCC TCGGTACRRR
TTCRAALATT TGAARRATAR ATARATARAT CAAGTCATCE ACGGARCOGS RARCASRLEE ATTCGARCCC TCGGTRACSRA
TTCARAALRETT TGARRARATARL ATARBATAMAT CARGTCATCE RCGEARCOGE AALCAGRGEE ATTCARACCC TCOGGTACRRR
TTCRRALRATT TGRRRRATAR ATARATARAT CARGTCATCE RCGGARCOGSE RALCASRGGEE ATTCGRARCCC TCOGGTRACERA

TALCTCGTAC ARCEEATTAG CAATCCERCGE CTITAGTCCR CTCRGOCATC TCTCCCARTT GARRARCRCR ATTACTRCCT
TALCTCOGTAC ARCEEATTAG CAATCCGRCGE CTTITAGTCCR CTCRGOCATC TCTCCCARTT GARRRARERCR ATTACTRCCT
TARCTCGTAC AARCEGATTAG CARTCCGRCE CTTTAGTCCR CTCAGCCATC TCTCCCRATT GARRAREARCA ATTARCTRCCT
TALCTCGTAC ARCEEATTAG CAATCCERCGE CTITAGTCCR CTCRAGOCATC TCTCCCALTT GALAAMCLNCL ATTACTRCCT
TRLCTCOGTAC RRCGEATTAG CARTCCGRCGE CTTITAGTCCR CTCRGOCATC TCTCCOCARTT GARRR MR RTTRACTRACCT
TALCTCGTAC ARCGGATTAL CAATCCGRCGE CTITAGTCCR CTCRGOCATC TCTCCCARTT GALRAMCACH ATTACTRCCT

TACARTATRAT GTRAGEACTC TTICTITCTIC TATTCTATAG RGATATACAL ATCRAGGRATT TCTTTTAGAT TAGATAATTA
TACATATRAT GTRARAGEAGTC TTICTITCTC TATTCTATAG RGATATACAL ATCRAGGRATT TCTTTTAGRT TAGATRATTA
TACARTATRAT GTAAGEACTC TTICTITCIC TATTCTATAG RGAT-TACAL ATCAGGRAATT TCTTTTAGAT TAGATAATTA
TACARTATREAT GTARAGEACTC TTICTITCIC TATTCTATAG RGATATACAL ATCREGAATT TCTTTTAGAT TAGATAATTA
TACATATRAT GTAAGGACTC TTICTITCTC TATTCTATAG RGATATACAL ATCAGGRAATT TCTTTTAGRAT TAGATAATTA
TACATATAAT GTARAGEACTC TTICTITCTIC TATTCTATAC AGATATACAA ATCAGERAATT TCTTTTAGAT TAGATLATTR

GATRRAGEAL GGECTCOGARC GAGCCTATAR ATARATARAG BRALBALALLL BASRALRCTT CTTG
GATRRAGCEAL GEECTCGARC GAGCCCTATAR ATAALTARAG RAMDAAAAAL RALRALRCTT CTTT
GATRRAGELD GEECTOEARC GAGCCTATAL ATAL-TARM: RALRARRAAL RORRRRRCTT CTTT
GATRRAGELL GEECTOGARC GAGCCTATAL ATARLATARRG RALDBAARAAL RARRRRRCRET CTTT
GATRRAGEAED GGECTCGARC GAGCCTATAR ATRRATARAG RALDBALAAAL RAZRARRCTT CTTT
GATRAAGELD GEECTCOEAAC GAGCCTATAL ATARLTARAG RALDBRARAAL ROCARCRCAT CTTT

Figure 1. Multiple alignments of the marker region sequences of 5 olive varieties collected from NARC and one sequence of
Frantoio retrieved from NCBI database, using BioEdit software. The shaded regions show the conserved sequences in the
marker region of the chloroplast DNA of these different varieties. The regions that are not shaded exhibit the sites of muta-
tions. These are SNPs and indels. SNPs are substitutions of single nucleotides. The gaps are the indels.
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The above results allow us to infer that upstream region of the olive plastome is highly polymorphic with cul-
tivar specific SNPs. Thus, this region i.e. CP5 primer specific can be used to identify plants at the variety level.

3.2. Phylogenetic Reconstruction Clustered the Unknown with Known Varieties of Olive

After sampling, the leaf material was immediately processed for DNA extraction using CTAB method [23]. A
total of 110 samples were run on agarose gel for quantification. Chloroplast DNA was also present in this ge-
nomic DNA. These DNA samples were labelled and stored at —20°C. As CP5 primer pair was found to be the
most polymorphic that could amplify a very short region of 720 bp containing 6 different mutations; therefore
this primer pair was used to amplify Oe-psbK-psbl and Oe-trnS-trnG-1-4 regions of the plastome DNA of olive.
It was possible to amplify the entire plate of 96 samples in a single PCR reaction. The amplified products were
resolved on agarose gel against 1 kb ladder (Figure 2). The quality and quantity of PCR product was good
enough for sequencing.

Sequencing of all the 110 samples was carried out using the services of MACROGEN Kaorea. Targets samples
were selected using BLAST search. The sequences were edited using BioEdit software [24]. The sequences
were trimmed and aligned. This region contains all the SNPs, indels and SSRs showing polymorphism in dif-
ferent samples.

Based on sequence data, three types of in silico approaches were adopted to identify the unknown olive sam-
ples/sequences. Firstly, comparison of unknown sequences with known sequences through multiple alignments
Secondly, identification of variety specific SNPs, indels and SSRs in unknown plant samples. Thirdly, phyloge-
netic reconstruction of unknown plants with known plants using UPGMA and neighbor-net network analysis. In
order to get the final results about the plant samples identification, these three approaches were combined.

Multiple alignments of all the samples were generated (Supplementary Figure S2). The sequences for all the
samples were highly conserved but different groups of plants with specific mutations were detectable. SNPs,
indels and deletions were found throughout the aligned regions. The conserved region was shaded while the sites
of mutations were not as shown in the Supplementary Figure S2. Though chloroplast like mitochondria is in-
herited from the mother parent only, this is exempted from genetic recombination during meiosis. Even, the
major portion of the CpDNA is conserved, but the sequencing of the whole plastome of olive revealed that mu-
tations such as SNPs, indels and SSRs are present. Some of the mutations are variety specific and this level of
polymorphism is suitable to be used for cultivar identification.

In order to differentiate the unknown plants, phylogenetic reconstruction was carried out for all the samples
including 100 unknown plants samples along with 10 known plants. A circular phylogenetic tree (Figure 3)
demonstrates 17 clusters and 21 branches. Of them, 49 unknown plants clustered with 10 varieties of olive
plants. These clusters include Frantoio and Gemlik (8 plants each), Coratina (5 plants), Arbosana and Chetoui (6
plants each), Carolea, Domat and Moraiolo (2 plants each), Leccino (3 plants) and Koroneiki (7 plants). The

1o >110

Figure 2. PCR product amplified with CP5 primer visualized on agarose
gel. Each fragment is about 720 bp in length. 1—110 indicates samples and
control PCR products These include 100 unknown samples and 10 refer-
ence known samples. “M” denotes marker (1 kb).
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Figure 3. Phylogenetic circular tree of all the 110 olive plants samples. The evolutionary history was inferred using the
UPGMA method. The optimal tree with the sum of branch length = 0.77561405 is shown. The evolutionary distances were
computed using the Kimura 2-parameter method and are in the units of the number of base substitutions per site. The analy-
sis involved 110 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of
523 positions in the final dataset. Evolutionary analyses were conducted in MEGAG6. The clusters with coloured branches
were selected for further validation in two other phylogenetic reconstructions.

reference plants getting the maximum matches of 8 plants were Frantoio and Gemlik (8 each) while the olive
varieties with minimum matches were Carolea, Domat and Moraiolo (2 plants each) (Table 2). The Koroneiki is
found at the basal position while Frantoio is the most recent variety. The rest of samples did not cluster with any
of the reference samples. They clustered together, separately from the known varieties and remained unknown.
They constitute majority of the samples (51).

3.3. Variety Specific SNPs, Indels, SSRs Can Be Detected in Amplified Regions

For zooming in the data were fragmented into smaller sets. For example the 1% set contains the sequences of only
Arbosana, Frantoio and Koroneiki and of the unknown plants in their clusters. A smaller phylogenetic UPGMA
tree was constructed in MEGAG6. Figure 4 demonstrate that all the three clades retained their integrity by the
clustering of the same unknown plants to their reference plants as in the circular tree thus validating the results
obtained from the circular tree. The neighbour-net network better reveals recombination, homoplasmy and evo-
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0.010 0.008 0.006 0.004 0.002 0.000

Figure 4. UPGMA phylogenetic tree showing unknown plants along with their reference plants. Tree was constructed using
MEGAG software. The topology of the tree is as that of the corresponding clusters in the circular tree. The number on the
nodes indicates bootstrap values for 1000 replicates.

Table 2. List of plants identified using multiple alignments and phylogenetic reconstruction.

Sr. No. Known Cultivars No. of identified Plants
1 NARC_Carolea 2
2 NARC_Domat 2
3 NARC_Gemlik 8
4 NARC_Leccino 3
5 NARC_Moraiolo 2
6 Tn_Arbosana 6
7 Tn_Chetoui 6
8 Tn_Coratina 5
9 Tn_Frantoio 8
10 Tn_Koroneiki 7

lutionary relationship than a tree like structure. To further validate our results, the neighbour-net network of the
sequences of three clusters was constructed in SpitsTree4 software (Figure 5). The resulting phylogenetic tree
exhibited the same clusters of reference plants and unknown plants. The tree is clearly differentiated into three
clusters. Though branches are scattered and are at distance in Koroneiki but it is the same cluster. Furthermore
the tree retained the topology as UPGMA tree. So it can be concluded from all the three phylogenetic trees, that
the mutations in the marker regions are variety specific. This marker region is reliable for the identification of
olive varieties.

The multiple alignments of the sequences of marker regions of 16 plants showed a number of different SNPs
at specific positions (Figure 6). Variety specific SNPs are present specifically in the marker region sequences of
Frantoio and its clustered plants at positions 82, 258, 275 and 357 collected from Ternab. Similarly, Koroneiki
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Figure 5. Neighbour-net network constructed with SplitsTree 4. The clusters retained their integrity thus further validating
the corresponding clusters of the circular tree.

and the unknown plants in its cluster taken from Ternab have SNPs at 147, 163 and 221 positions. Similarly,
Arbosana and the unknown plants in this cluster from Ternab have a common SNP at position 163 where T has
substituted. Two deletions are also found at positions 532 and 536.

The unknown plants that have mutations corresponding to their reference plants and on this basis they have
clustered together with a unique reference plant. These can be considered to be that variety sharing similarities
in the chloroplast DNA sequence. This small dataset validated our results.

Over all data show that there are 49 plants differentiated into 10 varieties given as Arbosana, Carolea, Chetoui,
Coratina, Domat, Frantoio, Gemlik, Koroneiki, Leccino and Moraiolo (Figure 7). A total of 188 mutations are
present including SNPs and indels in 110 plants in the region amplified with CP5 marker shown in Supplemen-

tary Figure S2.
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Tn_Arbosona

ACTCTGAARC TCTTCETTTIA TCCCGTRETS ATATTTITTE TTICTCTCIT CATCTTITEGRE TTCCTATCTA ATGATCCRES

Tn 16 ALCTCTGARARC TCTTCETTTIRA TCCCGTRGTG ATATTTITTE ITTICTCICIT CATCTITEGRE TTCCTATCTA ATGATCCRGS
Tn_49 ALCTCTGARARC TCTTCETTTIRA TCCCGTRGTG ATATTTITTE ITTICTCICIT CATCTITEGRE TTCCTATCTA ATGATCCRGS
Tn 70 LCTCTCALALC TCTTCETTTIA TCCCETRETG ATATTTITTE TTICTCTCIT CATCTTTEGR TTCCTATCTA ATCGATCCRES
Tn_31 ACTCTGAARC TCTTCETTTIRA TCCCGTRETS ATATTTITTE TTICTCTCIT CATCTTITEGA TTCCTATCTA ATGATCCRES
Tn Frantoio ACTCTGALAC TCTTCGTTTIA TACCETALTG ATATTTTIITE ITICTCTICTIT CATCTTITEGEA TTCCTATCTA ATEGATCCAGE
Tn_3 LCTCTCLALC TCTTCETTTA TRCCETRETG ATATTTITTE TTICTCTCIT CATCTTTEGR TTCCTATCTA ATCGATCCRES
Tn 63 LCTCTCLALC TCTTCETTTA TRCCETRETG ATATTTITTE TTICTCTCIT CATCTTTEGR TTCCTATCTA ATCGATCCRES
Tn 80 ACTCTGRALAC TCTTCGTTTIA TACCGTAGTG ATATTTITTE TTTICTCTCTT CATCTTTGEA TTCCTATCTA RATEGATCCAGE
Tn_82 ACTCTEALAC TCTTCETTTIA TACCETACTG ATATTTTIITE ITICTCTICTIT CATCTITEGEA TTCCTATCTA ATEGATCCAGE
Tn 85 ACTCTGERALAC TCTTCGTTTIA TACCGTAGTG ATATTTITITE TTICTCTICTT CATCTTITGER TTCCTATCTA RATGATCCAGGE
Tn_Koronekie ACTCTGERALAC TCTTCGTTTA TCCCGRALTG ATATTTITTE TTICTCTCTT CATCTTTEEA TTCCTATCTA RATEROCCAGE
Tn 26 ACTCTGERALAC TCTTCGTTTA TCCCGRAGSGE ATATTTITTE TTTICTCTCTT CATCTTTEEA TTCCTATCTA RATEGROCCAGE
Tn 51 ACTCTGALAC TCTTCGTTTIA TACCGTALTG ATATTTITITE TTICTCTICTT CATCTTTGGA TTCCLATCTA ATGATCCAGGE
Tn 33 LCCCTGALARC CCTTCGTTTIA TCCCGTAGSGE ATATTTITITE TTICTCTCTT CATCTTITGGR TTCCTATCTA ATGAOCCAGGE
Tn 39 ALCCCTGAARC TCTTCETTTIRA TCCCOGTRESSE ATATTTITTE TTICTCTICIT CATCTTITEGRE TTCCTATCTA ATGATCCRES

Tn_Arbosona

LCGTAATCOCT GGACGTGARG AATRARARATCC ARRGEETTTT TCCTTGGTTA ATTTTCRAAT TTTCTTAGEA TTTTATCTAT
LCGTAATCOCT GGACGTGARG AATRARARATCC ARRGEETTTT TCCTTGGTTA ATTTTCRAAT TTTCTTAGEA TTTTATCTAT

¥E_‘l‘g LCGTAATCOCT GEGACGTGAAG AATAARATCC ARRGGETTITT TCCTTGGTTA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT
Tn 70 LCGTAATCOCT GGACGTGRAG RATRRARATCC RARGGETITT TCCTTGGTTA ATTTTCRAAT TTTCTTAGEA TTTTATCTAT
Tn_31 LCGRARTCCT GEACGTGARG RATARRRTCC ARRCEETTTT TCCTTIGETIA ATTTTCARRT TTTCTIAGEA TTTTATCTAT
Tn Frantoio LCGTAATCCT GEACGTGARG RARRRRRTCC ARRGCEETTITT TCCTTIGETIA ATTTTCARART TTTCTIAGEA TTTTATCTAT
Tn_3 LCGTAATCCT GEACGTGARG RATARRRATCC ARRGEETTTT TCCTTIEETIA ATTTTCARRT TTTCTIAGEA TTTTATCTAT
Tn 63 LCGTAATCOCT GEALCGTGARG RATARRRTCC RARGCEETTTT TCCTTIEETIA ATTTTCAART TTTCTTRAGEA TTTTATCTAT
Tn 80 ALCGTAATCCT GEACGTGARG RATARRRTCC AARGEETTTT TCCTTEETIA ATTTTCAART TTTCTTAGEA TTTTATCTAT
Tn_82 ACETAATCOCT GEACGTGRAG ALTAARATCC ARRGEETTITI TCCTTEETTA ATTTTCAAAT TITCTTAGEA TTTTATCTAT
Tn 85 LCGTAATCCT GCALCGTGARG RALARRRRTCC RARGCEETTTT TCCTTIEETIA ATTTTCAART TTTCTTRAGEA TTTTATCTAT
Tn_Koronekie LCGALAOCCE GELCGTGARG RADRRRRTCC RARCEETTTT TCCTTIEETIA ATTTTCRRART TTTCTTIRGEA TTTTATCTAT
Tn_26 LCGRARACCOCS GEGACGTGARG AAARARATCC ARRAGEETTTT TCCTTGGTTA ATTTTCRAAT TTTCTTAGEA TTTTATCTAT
Tn 51 ACGRAACCOCE GEACGTGRAG ALARARATCC ARRGEETTITI TCCTTEETTA ATTTTCAART TITCTTAGEA TTTTATCTAT
Tn 33 ALCGRARACCOCS GEACGTGARG RAARARATCC RARGGETITT TCCTTGGTTA ATTTTCRAAT TTTCTTAGEA TTTTATCTAT
Tn 39 LCGTAACCOCT GGACGTGARG AAARARATCC ARRGEETTTT TCCTTGETTA ATTTTCRARAT TTTCTTAGEA TTTTATCTAT

Tn_Arbosona

TCCRCRCGTT TALCTARRAT TTCRRRARTT TGRARARARAL RTRRATRART CARGCCRATCR RCGGRRCOGE RARGCRCRCEE

Tn 16 TCCACACGIT TAACTAAALT TTCAAARLTT TGARAMARLR AARANTARRT CARGCCATCA ACCCANCCGE AARCREACCE
Tn 49 TCCACACGTT TAACTAAALT TTCAAARLTT TGARAAAAAL ATAANTARRT CARGCCATCA ACCCANCCGE AARCRCACCE
Tn 70 TCCACACGTT TAACTAAALT TTCAMARLTT TGARRAAALL ATAARTARLRT CARGCCATCA ACGGAMCOGE AARGAEAGEE
Tn 31 TCCACACGTT TAACTAAALT TTCAMARLTT TGARRAAALL ATAANTARRT CARGCCATCA ACCEAMCOGE AARGAEAGEE
Tn Frantoio TCCACACGIT TAACTAAGAT TTCAMARLTT TGARRAATAL ATAANTARLT CARGTCATCA ACGEAMCOGE AARGAEAGEE
Tn 3 TCCACACGTT TAACTAAGAT TTCAMBARLTT TGARRAATAL ATAARTARRT CARGTCATCA ACCCAMCCGE AARCACACCE
Tn 63 TCCACACGTT TAACTAAALT TTCAMARLTT TGARRAATAL ATAARTARLRT CARGTCATCA ACGGAMCOGE AARGAEAGEE
Tn 80 TCCACACGTT TAACTAARNT TTCAAARATT TGAAMMATAR ATAANTARRT CAAGTCATCA ACCEAMCCGE ARACACACCE
Tn 82 TCCACACGTT TAACTAMGAT TTCAAARATT TGAARMATAR ATAANTARRT CAAGTCATCA ACCGAMCCGE ARACACACCE
Tn_85 TCCACACGTT TAACTRARLT TTCAMARLTT TGARRAATAL ATAARTARRT CARGTCATCA ACCCAMCCGE AARCACACCE
Tn Koronekie CCCACCCETT TAACTARALT TTCAARALTT TCARAARNAR ALLMAARMAAT CARCCCATCA ACCEARCOCG ARACACACCE
Tn 26 CCCACACGTT TAACTAMAAT TTCAARAATT TGARAMMARL ANAANAALT CARGCCATCA ACCGACCCES ARAACACACCE
Tn 51 CCCACCCGIT TAACTAARAT TTCAARAATT TGARALMARL ARAALTARAT CARGCCATCA ACCCACCCOGE AARCRCACCE
Tn 33 CCCACACGTT TAACTAAMAT TTCAAMNAATT TGALAMMARL ANAANTARAT CARGCCATCA ACCCACCOGE AARCRCACCE
Tn 39 TCCACCCEIT TAACTAAALT TTCAAARLTT TGAAAAAALD AAAANTARLT CARGTCATCA ACCCANCOCE AARCRCACCE

Tn_Arbosona

LATTCGARCCC TCGETACGAL TARCTCETAC ARCGEATTAS CRARTCCERCS CTTTACCOCCR CTCAGCCATC TCTCCCARTT

Tn 16 ATTCGARCOCC TCGGTAOGAR TRACTCGTAC ARCGCATTAG CAATGCGACE CTTTACOCCA CTCAGOCATC TCTCOCRATT
Tn 49 ATTCGARCCC TCGETAOCAR TAACTCETAC ARCGEATTRAG CAATCCGRCE CTTTACCCCA CTCAGCCATC TCTCCCARTT
Tn 70 ATTCGARCCC TCGETAOGAL TRACTCETAC ARCGEATTRG CAATCCERCE CTTTACCCCA CTCAGCCATC TCTCCCARTT
Tn 31 ATTCGARCCC TCGETAOGAL TAACTCETAC ARCGEATTRG CAATCCERCE CTTTACCCCA CTCAGCCATC TCTCCCARTT
Tn Frantoio ATTCGARCCC TCGETAOGAL TAACTCETAC ARCGEATTRAG CAATCCGRCE CTTTACTCCA CTCAGCCATC TCTCCCARTT
Tn 3 ATTCGARCCC TCGETAOGAR TAACTCETAC ARCGEATTRAG CAATCCGRCE CTTTACTCCA CTCAGCCATC TCTCCCARTT
Tn 63 ATTCGAROCC TCGETAOGAL TAACTCETAC ARCGEATTAG CARTCCGRCE CTTTAGTCCE CTCAGCCATC TCTCOCAATT
Tn 80 ATTCGAROCC TCGETAOGAL TAACTCETAC ARCGEATTAG CARTCCGRCE CTTTAGTCCE CTCAGCCATC TCTCOCAATT
Tn 82 ATTCGAROCC TCGETAOGAL TAACTCETAC ARCGEATTAG CARTCCGRCE CTTTAGTCCE CTCAGCCATC TCTCOCAATT
Tn 85 ATTCGAROCC TCGETRAOGAL TAACTCETAC ARCGEATTAG CAMTCCGRCE CTTTAETCCA CTCAGCCATC TCTCOCAATT
Tn Koronekie ATTCGAROCC TCGETRAOGAL TAACTCETAC ARCGEATTAG CAMTCCGRCG CTTTAECCCE CTCAGOCATC TCTCOCRATT
Tn 26 ATTCGARCOCC TCGGTAOGAR TRACTCGTAC ARCGCATTAG CAATGCGACE CTTTACOCCA CTCAGOCATC TCTCOCRATT
Tn 51 ATTCGARCOCC TCGGTAOGAR TRACTCGTAC ARCGCATTAG CAATGCGACE CTTTACOCCA CTCAGOCATC TCTCOCRATT
Tn 33 ATTCGAROCC TCGETRAOGAL TAACTCETAC ARCGEATTG CAMTCCGRCE CTTTAGCCCA CTCAGCCATC TCCCOCRATT
Tn 39 ATTCGARCCC TCGETAOGAR TAACTCETAC ARCGEATTAG CAATCCEACE CTTTACCCCA CTCAGCCATC TCCCCCARTT

Figure 6. Multiple alignment of the sequences of the marker regions generated in BioEdit software. These are the sequences
of the CP5 amplified marker regions of three reference plants (Arbosana, Frantoio and Koroneiki) and the 13 unknown
plants (Tn_16, Tn_49....). Variety specific SNPs can be seen in the unknown and reference plant. The regions that are not
shaded are the sites of SNPs. The shaded regions are the conserved sequences in this region of cpDNA of the olive plants
shown here.
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Figure 7. Graph showing the number of identified and unidentified olive plants on the basis of DNA sequence variations,
multiple alignment and phylogenetic reconstruction. Frantoio and Gemlik revealed maximum matches of 8 each.

3.4. Identification of Olive Plants Using Multiple Alignhments and Phylogenetics

Forty nine unknown plants were identified when a circular UPGMA (Unweighted Pair Group Mean Average)
tree was reconstructed with MEGAG6 (Figure 3). The remaining 51 unknown plants either clustered together or
arranged separately but not with any of the known variety. They remained unidentified. The identified plants are
written against their respective known variety in the Table 3.

Frantoio variety sampled from Ternab was clustered with 8 unknown plants. Gemlik sampled from NARC
also clustered with 8 other unknown plants. It means, those plants that are clustered with Frantoio are all Fran-
toio. This is based on the similarity of the marker region and thus they clustered with their respective varieties.
Five plants found to be Coratina, 6 were clustered with Arbosana, 6 with Chetoui. 2 were Carolea, 2 Domat, 2
clustered with Moraiolo and 3 found to be Leccino. A total of 49 unknown could be identified while the re-
maining 51 remained unidentified (Figure 7). They might also be identified by taking more reference controls.In
order to find the closeness and differentiation at cultivar level, pairwise alignments were generated using Bio-
Edit software to calculate the percent identity. In this connection, three plant cultivars represented in circular
UPGMA tree (Tn_Arbosana, Tn_Frantoio and Tn_Koroneiki) were tested. The similarity is 99.26% - 99.81%
between Tn_Arbosana and samples. It is 99.44% - 99.81% in Tn_Frantoio and its clustered plants. Similarly,
Koroneiki and its samples are 98.17% - 99.16% identical as given in Table 4. It means these are closely related
and represent one cultivar.

But surprisingly, the identity was less than 98% and even reduced to 96% between the different known culti-
vars. Tn_Arbosana and Tn_Frantoiohas 98% identity. Tn_Arbosana and Tn_Koroneikihas 97% and Tn_Frantoio
and Tn_Kaoroneiki has 96% identity. Hence we can infer that 98% identity shows a different cultivar and above
it is the same cultivar or plant.

4. Discussion

Varietal identification of olive plants is very important for further propagation and marketing of olive oil. The
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Table 3. Identified olive varieties and number of plants from Tarnab olive orchard.

Sr. No. Known cultivars Identified unknown plants Sr. No. Known cultivars Identified unknown plants
Tn_Ocl_84 (R7-P5) Tn_Ocl_17 (R2-P12)
1 NARC_Carolea 2 NARC_Domat
Tn_0Oc1_93 (R8-P2) Tn_Ocl1_41 (R4-P8)
Tn_Ocl_65 (R6-P2) Tn_Ocl_10 (R1-P10)
2 NARC_Leccino Tn_Ocl_68 (R6-P5) 7 NARC_Moraiolo
Tn_Oc1_60 (R5-P13)
Tn_Ocl_81 (R7-P2)
Tn_Ocl1_28 (R3-P11) Tn_Ocl1_3 (R1-P3)
Tn_0Oc1_30 (R3-P13) Tn_Ocl_6 (R1-P6)
Tn_Oc1_40 (R4-P7) Tn_Ocl1_21 (R2-P16)
Tn_Ocl_42 (R4-P9) Tn_Ocl_63 (R5-P16)
3 NARC_Gemlik 8 Tn_Frantoio
Tn_Ocl_43 (R4-P10) Tn_Ocl_69 (R6-P6)
Tn_Ocl_47 (R4-P15) Tn_Ocl_80 (R7-P1)
Tn_Ocl_58 (R5-P11) Tn_Ocl_82 (R7-P3)
Tn_Ocl_87 (R7-P9) Tn_Ocl_85 (R7-P6)
Tn_Ocl_8 (R1-P8) Tn_Ocl_9 (R1-P9)
Tn_Ocl_16 (R2-P11) Tn_Ocl_14 (R2-P6)
Tn_Ocl_31 (R3-P14) Tn_Ocl_15 (R2-P9)
4 Tn_Arbosana 9 Tn_Chetoui
Tn_Ocl_49 (R5-P2) Tn_Ocl_53 (R5-P6)
Tn_Ocl_62 (R5-P15) Tn_Ocl_59 (R5-P12)
Tn_Ocl_70 (R6-P7) Tn_Ocl_75 (R6-P12)
Tn_Ocl_26 (R3-P9) Tn_Ocl_7 (R1-P7)
Tn_Ocl_33 (R3-P16) Tn_Ocl_11 (R1-P11)
Tn_Ocl_39 (R4-P6) Tn_Ocl_18 (R2-P13)
5 Tn_Koroneiki Tn_Ocl_51 (R5-P4) 10 Tn_Coratina Tn_Ocl_28 (R3-P11)

Tn_Ocl_89 (R7-P13)
Tn_Ocl_94 (R8-P4)
Tn_Ocl_98 (R8-P8)

Tn_Ocl_78 (R6-P15)

*Tn_Oc_1 (R1-P1) stands for Tarnab Orchard 1, Sample 1 in the Row 1 and Plant number 1.

Table 4. Sequence identity percentage calculated through pairwise alignment of the samples in three clusters of Tn_Arbosana,

Tn_Frantoio and Tn_Koroneiki calculated in BioEdit software.

Tn_Arbosana

Tn_Frantoio

Tn_Koroneiki

Unknown Plant

Sequence ldentity %

Unknown Plant

Sequence Identity %

Unknown Plant

Sequence ldentity %

Tn_16 99.63 Tn_3 99.81 Tn_26 99.16
Tn_49 99.81 Tn_63 99.44 Tn_51 99.08
Tn_70 99.26 Tn_80 99.44 Tn_33 98.79
Tn-31 99.81 Tn_82 99.63 Tn_39 98.17
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majority of the cultivated olive plants present in Pakistan were brought from foreign countries, mostly Afgha-
nistan and their variety name is not known and this is serious problem that the farmers are facing for years. They
can differentiate these plants only by their morphology. They have no idea about the exact variety name or cul-
tivar. As the morphological as well as biochemical parameters have limitations of being not reliable and very
time consuming [27]. Thus it urged to develop a rapid, reliable and cost effective protocol for the accurate iden-
tification through DNA marker, an alternative. Molecular markers can detect DNA polymorphism to discrimi-
nate different cultivars in a very effective way [28].

The chloroplast genome of olive is the best platform for resolving the mixed and unknown plants of olive ex-
actly into their varieties [29]. CpDNA is mostly conserved but has polymorphic regions enough to be used for
this purpose. In this regard, the recent sequencing of the entire chloroplast genome of Frantoio cultivar is a big
landmark. Marrioti and colleagues revealed 40 polymorphic regions in the CoDNA. Recent sequencing of plas-
tid genome of the olive flaunts high resolution Cp markers for olive DNA fingerprinting [21]. Using this infor-
mation, we designed a combination of chloroplast markers to amplify genes recruited in photosynthesis, ribo-
somal and NADH energy metabolism. Concatenated sequence of more than 100 unknown plants and 10 refer-
ence plants samples were analyzed using various bioinformatics and phylogenetic tools.

Scanning of entire chloroplast genome revealed 3 polymorphic regions. Multiple alignments of Frantoio and 5
NARC cultivars exhibited cultivar specific SNPs and deletions insertion that paved the way to extend this work
to identify plants from 100 samples with more reference controls sampled from Ternab. Besnard and colleagues
designed three markers in this region for identification of species or plants [30]. The plastid DNA regions
screened by them showed a higher level of polymorphisms within the genus Olea than the rps16 and trnL-trnF
sequences used in previous study [31]. The trnS-trnG intergenic spacer was the most variable region and was
highly recommended for phylogenetic reconstructions of Oleaceae.

In this study, the marker region sequences of 100 unknown olive plants were analyzed. In order to investigate
the evolutionary relationship, a phylogenetic tree was constructed taking 10 known reference plants. The tree
clearly separated the samples into 10 clusters. These clusters include Arbosana, Carolea, Chetoui, Coratina,
Domat, Frantoio, Gemlik, Koroneiki, Leccino and Moraiolo. This relationship shows that these plants have se-
quences similar to the known plants and might be the same variety. Multiple alignments were generated for the
entire samples. The alignments revealed conservations groups in these plants on the basis of sequence similari-
ties. This dataset was fragmented into smaller groups. Three clusters including Arbosana, Frantoio and Koronei-
ki were put under phylogenetic reconstruction again. There was a clear separation of these clusters along with
unknown plants. This clustering was further validated using a neighbor net network in Splits Tree4 package. In
order to find variety specific SNPs, a multiple alignment for these three clusters was generated. There was an
obvious differentiation into three groups. “A” was specific to Koroneiki, “C” seemed to be preferable SNP for
Frantoio. This is supported by pairwise alignments generated to calculate the percent identity between the sam-
ples of three clusters in circular phylogenetic reconstruction. The similarity is 99.26% - 99.81% between
Tn_Arbosana and samples. It is 99.44% - 99.81% in Tn_Frantoio and its clustered plants. Similarly, Koroneiki
and its samples are 98.17% - 99.16% identical. It means these are closely related and represent one cultivar. But
surprisingly, the identity was less than 98% and even reduced to 96% between the different known cultivars.
Hence we can infer that 98% identity shows a different cultivar and above it is the same cultivar or plant.

Taken together the data from all the approaches allow us to demonstrate that out of 100 plants 49 could be
identified separated into 10 varieties. It is very important to mention that 51 plant samples could not be identi-
fied. They were not clustered into any of the known sequence clade. This means that there exist other varieties in
these orchards for which we do not have any reference genome sequence. There are two solutions to this prob-
lem. First there is need to sequence more known varieties growing in Pakistan or to acquire the DNA of these
varieties from other olive growing countries to be used as reference known genome. Secondly we need to se-
guence another nearby marker to expand gene region. Both the sequences will be joined. This is referred as
concatenation of the sequences. It has more resolving power than a single sequence. Hence both sequences will
be concatenated for alignment and phylogenetic reconstruction. This will generate more sequence diversity to
get plants identified. An alternative strategy is to use nuclear markers (Cos markers) for which already many
olive varieties have been sequenced. The implication of the above study is to identify all the fruit bearing un-
known olive plants. The advent of high throughput genotyping through base calling SNPs has revolutionized the
DNA fingerprinting. It is now possible to sequence the entire genome of the organisms and this technology is
becoming cheaper ever passing day. This can be very practical for plants especially olive to sequence the entire

plastome of all the samples.
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5. Conclusion

In nutshell, our data reveal that the chloroplast genome of olive has polymorphic sites having variety specific
SNPs and indels and they have resolving power to discriminate the olive plants at variety level. The Cp5 primer
used successfully identified 49 varieties out of 100 unknown olive plants through mutations detection by align-
ment of the marker region sequences followed by the phylogenetic reconstruction with different bioinformatics
software. This strategy can be further extended to characterize the olive tree germplasm reliably and efficiently
with low costs which is distributed throughout the country in search of the better varieties. After the better varie-
ties have been identified, this will enhance the olive oil and fruit production in Pakistan by the on-farm preser-
vation and provision of the authentic germplasm to olive growers for the establishment to new olive orchards.
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Figure S1. Polymorphic sites of olive chloroplast genome cv. Frantoio. (Adopted from Mariotti et al. (2010)). The three
marker regions namely CP3, CP4 and CP5 are shown. The different colours indicate the four mono-nucleotide microsatel-
lites (poly-T and poly-G are reported in the external circle, poly-A and poly-C in the internal circle), bar lengths correspond
to the number of repetitions. Arrows indicate polymorphisms (base mutations, microsatellites and indels). The circle reports
the interspersed repeats to the same number corresponds the same repetition. External or internal number position corre-

sponds to the sense or anti-sense sequence direction.

Table S1. Scanning of plastid genome of Frantoio and selection of three polymorphic region for which 3 pairs of primers if

were designed.

S. No Marker Name Sequence (5' to 3') Product Size (bp) Position in CP Genome (bp)

CP3-F CCTTCTCGGAAAAGTATTTTCACA

1 740 83112-83852
CP3-R CATCCTTTGCATTGGAAGAATAGA
CP4-F GCTGAATAGACAGATTCATTGAAA

2 1334 101265-102599
CP4-R CCAGACTCTCTTCACTAAGTGTTA
CP5-F CTGACAATTCATTTCTATTTCTAGA

3 720 8986-9705
CP5-R CATTATTTATCTATAATTCGTTGGA

Amplified length is also given, bold encloses he CP5 primer that was selected for further analysis.
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CICTITTITIT TTITTCAAAAA ARARATCATC
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TIGGALATTG TGTAATGCTT
TIGGAGATTG TGTAATGCTT
TIGGAGATTG TGTRAATGCTT
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TIGGAGATTG TGTRAATGCTT
TIGGAGATTG TGTRAATGCTT
TIGGAGATTG TGTRAATGCTT
TIGGAGATTG TGTRAATGCTT
TIGGAGATTG TGTAATGCTT
TIGGAGATTG TGTAATGCTT
TTIGGAGATTG TGTAATGCTT
TIGGAZATTG TGTAATGCTT
TIGGAGATTG TGTAATGCTT
TIGGAGATTG TGTRAATGCTT
TIGGAGATTG TGTAATGCTT
TIGGAGATTG TGTRAATGCTT
TIGGAGATTG TGTRAATGCTT
TIGGAGATTG TGTAATGCTT
TIGGAGATTG TGTRAATGCTT
TIGGAZATTG TGTAATGCTT
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ACTCTGARRC TCTTCGITTA
ACTCTGARARC TCITCGITTIA
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ACTCTGARARC TCITCGITTIA
ACTCTGARAC TCTTCGITTA
ACTCTGARARC TCITCGITTIA
ACTCTGRAAC TCTTCGITITIA
ACCCTGARRAC TCTTCGITTA
ACTCTGRAARAC TCTTCGITTA
ACTCTGARRC TCTTCGITTA
ACTCTGARRC CCTTCGITTIA
ACTCTGARARC TCITCGITTIA
ACTCTGARRC TCTTCGITTA
ACTCTGARARC TCITCGITTIA
ACTCTGARARC TCITCGITTIA

CICTTTITITT TTTTCRARAA AARRATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITTA
CICTTTITITT TTTTCRARAR RARRATCATC TTGGARATTG TGTAATGCTT ACTCTGARRC TCTTCGITTA
CICTTTITITT TTTTCRARRARA AARRAATCATC TTGGAGATTG TGTAATGCTT ACTCTGARRAC TCTTCGITTA
CICTTTIIITIT TTTTCAARARAA AARARATCATC TTGGARATTG TGTAATGCTT ACTICTIGARAAC TCTICGITTA
CICTTTIIITIT TTTTCAARARARA ARARARATCATC TTGGAGATTG TGTAATGCTT ACTICIGARAAC TCTICGITTA
CICTTTIIITIT TTTTCAARARARA ARARARATCATC TTGGAGATTG TGTAATGCTT ACTICTIGARAC TCTICGITTA
CICTTTIIITIT TTTTCAARAARA AARRATCATC TTGGAGATTG TGTAATGCTT ACCCTIGARARAC CCTICGITTA
CICTTTITITT TTTT-RRARARA RARRATCATC TTGGAGATTG TGTAATGCTT ACTCTGRARRAC TCTCCGITTA
CICTTTIITITT TTTTCRARAR RARRATCATC TTGGARATTG TGTAAGGCTT ACTCTGRARRAC TCTTCGITTA
CICTTTIITITT TTTTCRARAR RARRATCATC TTGGAGATTG TGTAAGGCTT ACCCTGRARRC CCTTCGITTA
CICTTTITITT TTTT-2ARARA RARRATCATC TTGGAGATTG TGTAATGCTT ACTCTGRARRAC TCTTCGITTA
CICTTTIIITIT TTTTCARARARAA AARRATCATC TTGGARATTG GGTAAGGCTT ACICTIGARAAC TCTICGITTA
CICTTTIIITIT TTTTCAARARARA ARARARATCATC TTGGAGATTG TGTAATGCTT ACCCTIGARAC TCTICGITTA
CICTTTITITT TTTTCRARRAA AARRATCATC TTGGARATTG TGTAATGCTT ACTCTGARRAC TCTTCGITTA
CICTTTIIITIT TTTTCAAARAA AARARATCATC TTGGARATTG TGTAATGCTT ACTCTIGARAAC TCTICGITTA
CICTTTITITTIT TITTCRAARAR RAAARRTCATC TTGGARATTG GGTAATGCTT ACTCTGAAAC TCTTICGTTITA
CICTTTITITT TTTTCRARAR RARRATCATC TTGGARATTG TGTAATGCTT ACTCTGARRC TCTTCGITTA
CICTTTIIITIT TTTTCAARARARA ARARARATCATC TTGGAGATTG TGTAATGCTT ACTICIGARAAC TCTICGITTA
CICTTTITITT TTTTCRARAR RARRATCATC TTGGAGATTG TGTAATGCTT ACTCTGARRAC TCTTCGITTA
CICTTTITITT TTTTCRARAR RARRATCATC TTGGAGATTG TGTAATGCTT ACTCTGARRAC TCTTCGITTA
CICTTTIIITIT TTTTCARARAAA AARARATCATC TTGGARATTG TGTAAGGCTT ACTICTIGARAC TCTICGITTA
CICTTTIITITT TTTTCRARAR RARRATCATC TTGGARATTG TGTAAGGCTT ACTCTGRARRAC TCTTCGITTA
CICTTTIIITIT TTTTCAARARARA ARARARATCATC TTGGAGATTG TGTAATGCTT ACTICIGARAAC TCTICGITTA
CICTTTIIITIT TTTTCAARARARA ARARARATCATC TTGGAGATTG TGTAATGCTT ACTICIGARAAC TCTICGITTA
CICITITITIT TITICRAARZR RARARTCATC TIGGAGATTG TGTAATGCTT ACTCIGAAAC TCTICGIITA
CICTTTIIITIT TTTTCAARARARA ARARARATCATC TTGGAGATTG TGTAATGCTT ACTICIGARAAC TCTICGITTA
CICITIITIT TITICRAARAR RAARARTCATC TIGGAGATIG TGTAATGCTT ACTCIGAAAC TCTICGITITA
CICTTTIITITT TTTTCRARAR RARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGRARRAC TCTTCGITTA
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Tn_55 AAGATCTATT
Tn_56 BAAGATCTATT
Tn 57 ARGATCTATT
Tn 58 BAAGATCTATT
Tn 39 ARGATCTATT
Tn 60 BAAGATCTATT
Tn_61 AAGATCTATT
Tn_62 BAAGA-CTATT
Tn_63 AAGATCTATT
Tn_64 AAGATCTATT
Tn 65 ARGATCTATT
Tn 66 BAAGATCTATT
Tn_67 AAGATCTATT
Tn 68 BAAGATCTATT
Tn_69 AAGATCTATT
To_70 AAGATCTATT
Tn_71 AAGATCTATT
Tn_72 AAGATCTATT
Tn 73 AAGATCTATT
Tn 74 BAAGATCTATT
Tn 75 AAGATCTATT
Tn 76 ARGATCTATT
Tn_77 AAGATCTATT
Tn_78 AAGATCTATT
Tn_79 ARGATCTATT
Tn_80 AAGATCTATT
Tn 81 AAGATCTATT
Tn 82 ARGATCTATT
Tn_83 AAGATCTATT
Tn_84 AAGATCTATT
Tn 85 AAGATCTATT
Tn 86 BAAGATCTATT
Tn 87 AAGATCTATT
Tn 88 ARGATCTATT
Tn_89 AAGATCTATT
Tn_%0 AAGATCTATT
Tn_91 ARGATCTATT
Tn_92 AAGATCTATT
Tn 93 AAGATCTATT
Tn 94 ARGATCTATT
Tn 95 AAGATCTATT
Tn 96 ARGATCTATT
Tn_97 ARGATCTATT
Tn_98 AAGATCTATT
Tn_99 ARGATCTATT
Tn_100 AAGATCTATT

NARC Carolea AGATCTATTT
NARC Domat AZGATCTATT
NARC Gemik AAGATCTATT
NARC Leccinoe AAGATCTATT

CTCTITTTTITIT TTITTCARRARARA ARRAATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITTA
CICITTTIIT TITTCARAARA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITITA
CICITITIIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTGARAC TCTTCGITTA
CICITITTIIT TITICARAAA ARARATCATC TTGGAAATTG TGTAAGGCTT ACTCTIGAAAC TCITCGITTA
CICITITIIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTGARAC TCITCGITITA
CICITITTIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTGAAAC TCITCGITTA
CTCTITTTTITIT TTITTCARRARAR ARAAATCATC TTGGARATTG TGTAATGCTT ACTCTGARAC TCTTCGITTA
CICITTTIIT TITTCARAARA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITITA
CTCTITTTTITIT TTITTCARRARARA ARRAATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITTA
CICITTITIIT TITTICARAAA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTITCGITITA
CICITITIIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTGARAC TCITCGITITA
CICITITTIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTGAAAC TCITCGITTA
CICITTTIIT TITTCARAARA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITITA
CICITITTIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTGAAAC TCITCGITTA
CTCTITTTTITIT TTITTCARRARARA ARRAATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITTA
CICITTITIIT TITTICARAAA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTITCGITITA
CTCTITTTTITIT TTITTCARRARARA ARRAATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITTA
CICITTITIIT TITTICARAAA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTITCGITITA
CICITTTIIT TITTCARAARA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITITA
CICITITTIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTGAAAC TCITCGITTA
CICITTTIIT TITTCARAARA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITITA
CICITITTIIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTIGARAAC TCITCGITTA
CTCTITTTTITIT TTITTCARRARARA ARRAATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITTA
CICITTITIIT TITTICARAAA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTITCGITITA
CICITITTIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTGAAAC TCITCGITTA
CICITTITIIT TITTICARAAA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTITCGITITA
CICITTTIIT TITTCARAARA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITITA
CICITITTIIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTIGARAAC TCITCGITTA
CTCTITTTTITIT TTITTCARRARARA ARRAATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITTA
CICITTITIIT TITTICARAAA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTITCGITITA
CICITTTTIIT TITTCARAARA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITITA
CICITITTIIT TITICARARA ARARATCATC TTGGAGATGE GGTAAGGCTT ACTCTGARAAC TCITCGITTA
CICITTTTIIT TITTICARAARA ARARATCATC TTGGARATTG TGTAATGCTT ACTCTGARAC TCTTCGITITA
CICITITTIIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTIGARAAC TCITCGITTA
CTCTITTTTITIT TTITTCARRARARA ARRAATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITTA
CICITTITIIT TITTCARARA ARARATCATC TGGGAGATTG GGTAATGCTT ACCCTGARAC CCTCCGITITA
CICITITTIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTGAAAC TCITCGITTA
CTCTITTTTITIT TITTCAARAARA ARARATCATC TTGGARATTG GGTAAGGCTT ACTCTAARAC TCTTCTTITITA
CICITTTTIIT TITTCARAARA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITITA
CICITITIIT TITICARARAA ARARATCATC TTGGAGATTG TGTAATGCIT ACTCIGARAAC CCICCGITTA
CICITTTTIIT TITTCARAARA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITTA
CICITITIIT TITICARARA ARARATCATC TTGGARATTG GGTAAGGCTT ACTCTIGARAC TCTTCGITITA
CICITITTIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTGAAAC TCITCGITTA
CTCTITTTTITIT TTITTCAARAARA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITTA
CICITITTIT TITICARAAA ARARATCATC TTGGAGATTG TGTAATGCTIT ACTCTGAAAC TCITCGITTA
CTCTITTTTITIT TTTTCAARAARA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGITTA
CICITTTTIIT TITTICARAARA ARARATCATC TTGGARATTG TGTAATGCTT ACTCTGARAC TCTTCGITITA
CTICTTTITTTIT TTTTCAAARA ARAAAATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGTTITA
CICTTTITITTIT TITTCAAARAA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGTITA
CICTTITITIT TITTCRAAARAA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGTIITA

NARC Moraiolo 22GATCTATT CTCTTTTTTT TTTTCAARAR AARRATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGTTTA

Tn_Arbosana BAGATCTATT

Tn_Chetoui ARGATCTATT
Tn_Coratina AAGATCTATT
In_Koroneiki AAGATCTATT

CICTTITITIT TITTCRAAARAA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGTIITA
CICTITITIT TITTCAAAAA ARARATCATC TTGGAGATTG TGTAATGCTT ACTCTGAAAC TCTTCGTITA
CTICTTTITTTIT TTTTCAAARA ARAAAATCATC TTGGAGATTG TGTAATGCTT ACTCTGARAC TCTTCGTTITA
CICITTTTIIT TTTICARARR ARARATCATC TTGGAGATTG TGTRATGCTT ACTCTGARAC TCTTCGITTIA

TIn_Frantoio AAGATCTATT CTCTTTITTTT TTTTCARAARA AAAAATCATC TTGGAGATTG TGTAATGCTT ACTCTGAAAC TCTTCGTTITA

(b)
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TACCGTAGTIG ATATTTITITG TTTCTCTICTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAG
TACCGTAGTG ATATTITITG TTTCTCTICTT CATCTTTIGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAG
TACCGTAGIG ATATTTTITG TTTCICICTIT CATCITIGGA TTCCTATCTIA ATGATCCAGG ACGTAATCCT GGACGTGRAG
TACCGTAGIG ATATTTITITG TTTCICICTT CATCTTIGGA TTCCTATCTIA ATGATCCAGG ACGTARATCCT GGACGIGAAG
TCCCGTAGIG ATATTTTITG TTTCICICTIT CATCITIGGA TTCCTATCTIA ATGACCCAGE ACGARRACCCS GGACGTGRAG
TACCGTAGIG ATATTTTTITG TTTCTICTICTT CATCTITTIGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGARAAG
TACCGTAGIG ATATTTITITG TTTCICICTT CATCTTIGGA TTCCTATCTA ATGATCCAGG ACGTARATCCT GGACGIGAAG
TCCCGTAGTIG ATATTTITITG TTTCTCTICTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAG
TCCCGTAGIG ATATTITITG TTTCICICTT CATCTTIGGA TTCCTATCTIA ATGATCCAGG ACGTAATCCT GGACGIGARAG
TACCGTAGTG ATATTTITITG TTTCTCTCTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAG
TACCGTAGTG ATATTITITG TTTCTCTICTT CATCTTTIGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAG
TCCCGTAGIG ATATTITITG TTICICICTT CATCTITIGGA TTCCTATCTA ATGATCCAGG ACGTARATCCT GGACGTIGAAG
TCCCGTAGIG ATATTTITITG TTTCTCTICTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAG
TCCCGTAGTG ATATTTITITG TTTCTCTICTT CATCTTTIGGA TTCCTATCTA ATGATCCAGG ACGARATCCS GGACGTGARAG
TCCCGTAGIG ATATTTTITG TTTCICICTIT CATCITIGGA TTCCTATCTIA ATGATCCAGG ACGTAATCCT GGACGTGRAG
TCCCGTAGTG ATATTITITG TTTCTCTICTT CATCTTTIGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGARR
TACCGTAGIG ATATTTTITG TTTCICICTIT CATCITIGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGRAG
TCCCGTAGIG ATATTTTTITG TTTCTICTICTT CATCTTTIGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGARAAG
TCCCGTAGIG ATTTITITITG TTICICICTT CATCTITIGGA TTCCTATCTA ATGACCCGGG ACGTRAATCCG GGACGTIGARAG
TACCGTAGEG ATATTTTITG TTTCICICTIT CATCITIGGA TTCCTATCTIA ATGATCCAGG ACGTAATCCT GGACGTGRAG
TACCGTAGIG ATATTTITITG TTTCICICTT CATCTTIGGA TTCCTATCTIA ATGATCCAGG ACGTARATCCT GGACGIGAAG
TCCCGTAGTIG ATATTTITITG TTTCTCTICTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGARATCCS GGACGTGARAG
TCCCGTAGTIG ATATTTITITG TTTCTCTICTT CATCTTTIGGA TTCCTATCTA ATGATCCAGG ACGARAATCCT GGACGTGAAG
TCCCGTAGIG ATATTITITG TTTICICICTT CATCTITIGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGIGARAG
TACCGAAGTG ATATTTITTTG TTTCTCTICTT CATCTTTGGA TTCCTATCTA AGGATCCAGG ACGTAATCCS GGACGTGARR
TCCCGRAGGE ATATTTITITG TTTCTICICTT CATCTTTGGA TTCCTATCTA ATGACCCAGS ACGARACCCS GGACGTGARG
TCCCGTAGEG ATATTTTITG TTTCICICTIT CATCITIGGA TTCCTATCTIA ATGATCCAGG ACGRAATCCT GGACGTGRAG
TACCGTAGTG ATATTTITITG TTTCTCTICTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGARR
TACCGTAGGG ATATTTITTTG TTTCTCTICTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTRATCCT GGACGTGAAG
TCCCGTAGIG ATATTTITTTG TTTCTCTICTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGARR
TCCCGTAGTIG ATATTTITITG TTTCTCTICTT CATCTTTIGGA TTCCTATCTA ATGATCCAGG ACGARAATCCT GGACGTGAAG
TACCGTAGTG ATATTTITITG TTTCTCTICTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAG
TCCCGTAGGS ATATTTITITG TTTCTICTICTT CATCTTTGGA TTCCTATCTA ATGACCCAGS ACGARACCCS GGACGTGARG
TCCCGTAGEG ATATTTTITG TTTCICICTIT CATCITIGGA TTCCTATCTIA ATGATCCAGG ACGARATCCG GGACGTGRAG
TACCGTAGIG ATATTITITG TTTICTICICTT CATCTTIGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAR
ABCCGRAGGE ARATTTITITG TTTCCCCCTC CACCTTTGGA TCCCRATCTA ATGACCCAGS ACGTAACCCS GGACGEGARG
TCCCGRAGTG ATATTTTITG TTTCICICTIT CATCITIGGA TTCCTATCTIA ATGATCCAGG ACGTAATCCT GGACGTGRAG
TCCCGTAGIG ATATTTITITG TTICICICTT CATCTITIGGA TTCCTATICTA ATGATCCAGG ACGTRATCCG GGACGTGARR
TCCCGTAGGE ATATTTITTITG TTTCTCTCTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAACCCT GGACGTGAAG
TCCCGTAGIG ATATTITITG TTTICICICTT CATCTTIGGA TTCCTATCTIA ATGATCCAGG ACGTARATCCT GGACGTGAAR
TACCGTAGIG ATATTTITTTG TTTCTCTICTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAG
TACCGRAGGS ATATTTITITG TTTCTCTICTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGARR
TCCCGTAGTG ATATTITITG TTTCTCTICTT CATCTTTIGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGARR
TCCCGTAGIG ATATTTITITG TTTCTCTCTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAG
TACCGTAGTG ATATTITITG TTTCTCTICTT CATCTTTIGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAG
TCCCGTAGIG ATATTTTITG TTTCCCICTT CATCITIGGA TTCCTATCTIA ATGATCCAGG ACGARRACCCS GGACGTGRAG
TACCGTAGIG ATATTTITITG TTTICICICTT CATCTTIGGA TTCCTATCTA ATGATCCAGG ACGTARATCCT GGACGTGAAR
TCCCGTAGTIG ATATTTITITG TTTCTICICTT CATCTTTIGGA TTCCTATCTA AGGRACCCAGS ACGTAACCCS GGACGTGARR
TCCCGTAGIG ATATTTTITG TTTCICICTIT CATCITIGGA TTCCTATCTIA ATGATCCAGG ACGTAATCCT GGACGTGRAG
TCCCGTAGIG ATATTITITG TTTICICICTT CATCTTIGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGIGARAG
TACCGTAGTG ATATTTITTTG TTTCTICTICTT CATCTTTGGA TTCCAATCTA ATGATCCAGG ACGARACCCS GGACGTGARG
TCCCGTAGIG ATATTITITG TTICICICTT CATCTITIGGA TTCCTATCTA ATGATCCAGG ACGTARATCCT GGACGTIGAAG
TCCCGTAGIG ATATTTITITG TTTCTCTCTT CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAG
TCCCGTAGTIG ATATTTITITG TTTCTCTICTT CATCTTTIGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT GGACGTGAAG
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NARC Carolea
NARC _Domat

NARC_Gemlik
NARC_Leccino

TACCGTIAGGG ATATTITITIG ITICICICIT
TCCCGTAGTG ATATTTTTTG TTTCTCTCTT
TCCCGTAGTG ATATTTTITTG TTTICTICICIT
TCCCGIAGIG ATATTITITIG ITICICICIT
TCCCGIAGIG ATATTITITIG ITICICICIT
TACCGIAGIG ATATTITITIG ITICICICIT
TACCGRAGGGE ATATTTITIG TTTICTICICIT
TACCGIAGIG ATATTITITIG ITICICICIT
TACCGTIAGIG ATATTITITIG ITICICICIT
TCCCGIAGIG ATATTTITIG ITICICICIT
TACCGTAGTG ATATTTITIG TTICICICIT
TCCCGIAGIG ATATTITITIG ITICICICIT
TCCCGTAGTG ATATTTTITTG TTTICTICICIT
TCCCGIAGIG ATATTTITIG ITICICICIT
TACCGTAGTG ATATTTTTTG TTTCTCTCTT
TCCCGIAGIG ATATTITITIG ITICICICIT
TACCGTAGTG ATATTTTITTG TTTICTICICIT
TACCGIAGIG ATATTITITIG ITICICICIT
TCCCGTAGTG ATATTTTTTG TTTCTCTCTT
TCCCGIAGIG ATATTITITIG ITICICICIT
TCCCGTAGTG ATATTTTITTG TTTICTICICIT
TACCGIAGIG ATATTITITIG ITICICICIT
TCCCGTAGTG ATATTTTTTG TTTCTCTCTT
TACCGTIAGIG ATATTITITIG ITICICICIT
TCCCGTAGTG ATATTTTITTG TTTICTICICIT
TACCGIAGIG ATATTITITIG ITICICICIT
TACCGTAGTG ATATTTTTTG TTTCTCTCTT
TACCGTAGTG ATATTTTITTG TTTICTICICIT
TACCGIAGIG ATATTTITIG ITICICICIT
TACCGTAGGG ATATTTITIG TTICTICICIT
TACCGIAGIG ATATTITITIG ITICICICIT
TACCGTAGGG ATATTTTTTG TTTCTCTCTT
TACCGIAGIG ATATTITITIG ITICICICIT
TCCCGTAGTG ATATTTTTTG TTTCTCTCTT
TCCCGIAGIG ATATTITITIG ITICCCCCIT
ACCCGAAGGG ATATTTITIG TTICCCCCIT
TACCGIAGIG ATATTTITIG ITICICICIT
TCCCGRAGGGE ATATTTTTTG TTTCTCTCTT
TACCGAAGGG ATATTITITIG ITICICICIT
TCCCGAAGIG ATATTTITIG ITTICCCCCIT
TACCGIAGIG ATATTITITIG ITICICICIT
TCCCGRAGGG ATATTTTTTG TTTCTCTCTT
TCCCGTAGTG ATATTTTITTG TTTICTICICIT
TCCCGIAGGG ATATTTITIG ITTICCCCCIT
TCCCGIAGIG ATATTITITIG ITICICICIT
TACCGTAGTG ATATTTTTTG TTTCTCTCTT
TACCGRAGGGE ATATTTITTG TTTCTCTICTT
TACCGTAGIG ATATTTITTG TTTCTCTICTIT
TACCGIAGGG ATATTITITIG ITICICICIT
TACCGTAGTG ATATTTTTTG TTTCTCTCTT

NARC Moraiolo TACCGTAGTE ATATTTTTITG TTTCTCICTT

Tn_Arbosana
Tn_Chetoui
Tn_Coratina
Tn_ Koroneiki
Tn_Frantoio

TCCCGTAGTG ATATTITITG TITCICTCTT
TCCCGIAGIG ATATTITITIG ITICICICIT
TACCGTAGTG ATATTTTTTG TITCTCTCTT
TCCCGRAGTG ATATTTTITTG TTTCTCICTT
TACCGTAGTG ATATTTTTITG TITCTCTCTT

CATCTTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGRRACCCT
CATCTTITGGA TTCCTATCTA ATGATCCAGG ACGTARATCCT
CATCTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTITGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTITIGGA TTCCTATCTA ATGATCCAGG ACGTRATCCT
CATCTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTITGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT

GGACGTIGARG
GGRCGTGRRAG
GGACGTGARG
GGRCGTGARR
GGACGTIGARG
GGRCGTIGARG
GGACGTGARL
GGRCGTIGARRG
GGACGTIGARG
GGRCGTIGARG

CATCTITGGA TICCTATCTA ATGATCCAGG ACGTAATCCE GGACGTGAAG

CATCTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTITGGA TTCCTATCTA ATGATCCAGG ACGTARATCCT
CATCTITGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT
CATCTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTITGGA TTCCTATCTA ATGATCCAGG ACGTARATCCT
CATCTITGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT
CATCTTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTITGGA TTCCTATCTA ATGATCCAGG ACGTARATCCT
CATCTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT
CATCTTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTITGGA TTCCTATCTA ATGATCCAGG ACGTARATCCT
CATCTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT
CATCTTITGGA TTCCTATCTA ATGATCCAGG ACGTARATCCT
CATCTITGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTITIGGA TTCCTATCTA ATGATCCAGG ACGTRATCCT
CATCTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT
CATCTITGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT

GGRCGTIGARRG
GGACGTGARAG
GGRCGTIGARG
GGACGTGARAG
GGRCGTIGARRG
GGACGTGARAG
GGRCGTIGARG
GGACGTGARAG
GGACGTIGARG
GGACGTGARAG
GGRCGTIGARRG
GGACGTGARAG
GGACGTIGARG
GGACGTGARAG
GGRCGTIGARRG
GGACGTGRARAG
GGACGTGARAG
GGRCGTIGARG
GGACGTGARL
GGRCGTIGARRG
GGRCGTGRRAG
GGRACGTIGARL

CATCTTTGGA TTCCTATCTA ATGATCCAGG ACGARARTCCE GGACGTGARAG
CATCTTITIGGA TTCCTATCTA ATGATCCAGG ACGAAATCCG GGACGTGARG
CATCTITGGA TTCCTATCTA AGGACCCAGG ACGARAACCCE GGACGTGARA

CATCTITGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT

GGRCGTIGARG

CATCTTITGGA TTCCTATCTA ATGATCCAGG ACGTAACCCE GGACGTGAAR

CATCTTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT

GGACGTGARL

CATCTITGGA TTCCTATCTIA AGGACCCAGG ACGARACCCE GGACGGGARAG

CATCTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT

GGRCGTIGARRG

CATCTTITGGA TTCCTATCTA AGGACCCAGG ACGTAACCCE GGACGTGAAR

CATCTTITGGA TTCCTATCTA ATGATCCAGG ACGTRATCCT

GGACGTGARAG

CATCTITGGA TTCCTATCTIA AGGACCCAGG ACGARARACCCE GGACGTGARAG
CATCTTITIGGA TTCCTATCTA ATGATCCAGG ACGARAATCCG GGACGTGARG

CATCTTITGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT
CATCTTITGGEA TTCCTATCTA ATGATCCAGG ACGTAATCCT
CATCTITGGEA TTCCTATCTA ATGATCCAGG ACGTAATCCT
CATCTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTITGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT
CATCTTTGGR TTCCTATCTA ATGATCCAGE ACGTAATCCT
CATCTITGGA TICCTATCTA ATGATCCAGG ACGTAATCCT
CATCTITIGGA TTCCTATICTA ATGATCCAGG ACGTAATCCT
CATCTTITGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT
CATCTTITGGA TTCCTATCTR ATGACCCAGG ACGRAACCCS
CATCTTITGGA TTCCTATCTA ATGATCCAGG ACGTAATCCT

(d)

GGACGTGRAG
GGACGTGARR
GGACGTGALR
GGRCGTGARR
GGACGTGRAG
GGACGTGARG
GGACGTIGRAG
GGRCGTIGARRG
GGACGTGRAG
GGACGTGRAG
GGACGTGRAG
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ARTARAATCC ARAGGGTTTIT TCCTTGGTTA ATTTTCAAAT TTTCTTAGGA TTTTATCTAT TCCACACGTT TAACTARRAT
AATAARATCC ARAGGGTTTIT TCCITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGIT TAACTAAAAT
ARTARAATCC ARAGGGTTTIT TCCTITGGITA ATTTITCARAAT TTTCTTAGGA TTTTATCTIAT TCCACACGIT TAACTARGAT
BATAARATCC ARAGGGTTTIT TCCTITGGITA ATTTTCAAAT TTTCTTAGGEA TTTTATCTAT TCCACACGIT TRACTAAGAT
BRATAAAATCC ARAGGGTITTIT TCCITGGITA ATTITCAAAT TITCTTAGGA TTITTATCTAT CCCACACGIT TRACTAAGAT
BATRARATCC BAAAGGGTTITT TCCTITGGITA ATTTTCARAAT TTTCTTAGEA TTTTATCTAT TCCACACGTIT TAACTAAGAT
ARTARAATCC ARAGGGTTITIT TCCTITGGITA ATTTITCARAAT TTTCTTAGGA TTTTATCTIAT TCCACACGTT TAACTARGAT
AATAARATCC BAAAGGGTTTIT TCCTITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT CCCACACGIT TAACTARAAT
ARABARATCC ARAGGGTTITT TCCTITGGITA ATTTTCAAAT TTTCTTAGGA TTTTATCTAT TCCACACGIT TRACTARAAT
BARATRARATCC BAAAGGGTTITT TCCTITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGTT TAACTARAAT
ARTARAATCC ARAGGGTTTIT TCCTTGGTTA ATTTTCAAAT TTTCTTAGGA TTTTATCTAT TCCACACGTT TAACTARRAT
BRTARAATCC ARAGGGTTTIT TCCITGGITA ATTTITCARAAT TTTCTTAGGA TTTTATCTIAT TCCACACGIT TAACTARRAT
AATAARAATCC AAAGGGTTTIT TCCTITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGIT TAACTARAAT
ARZBAAATCC ARAGGGTTTIT TCCTTGGITA ATTTTCAAAT TTTCTTAGRA TTTTATCTIAT TCCACACGIT TAACTARRAT
RARBARARATCC ARAGGGTTTIT TCCITGGITA ATTTITCAAAT TITCTTAGGA TITTATCTAT TCCACACGIT TRACTARAAT
ARTARAATCC ARAGGGTTTIT TCCTTGGTTA ATTTTCAAAT TTTCTTAGGA TTTTATCTAT TCCACACGTT TAACTARRAT
AATAARATCC ARAGGGTTTIT TCCITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGIT TAACTAAAAT
ARTARAATCC ARAGGGTTTIT TCCTITGGITA ATTTITCARAAT TTTCTTAGGA TTTTATCTIAT TCCACACGIT TAACTARGAT
BATAARATCC ARAGGGTTTIT TCCTITGGITA ATTTTCAAAT TTTCTTAGGEA TTTTATCTAT TCCACCCGIT TRACTAAGAT
BATAARAATCC ARAGGGTTTIT TCCITGGITA ATTITCAAAT TITCTTAGGA TITTATCTAT TCCACACGIT TRACTAAGAT
ARLBARATCC BAAGGGTTITT TCCTITGGITA ATTTTCARAAT TTTCTTAGREA TTTTATCTAT TCCACACGTIT TAACTAAGAT
BRTARAATCC ARAGGGTTTIT TCCTITGGITA ATTTITCAAAT TTTCTTAGGA TTTTATCTIAT TCCACACGIT TAACTARGAT
ARARARATCC AAAGGGTTTIT TCCTITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGIT TAACTARARAT
BATAAAATCC ARAGGGTTTIT TCCITGGITA ATTITCAAAT TITCTTAGGA TTITTATCTAT TCCACACGIT TRACTARAAT
BARATRARATCC BAAAGGGTTITT TCCTITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGTT TAACTARAAT
ARLARAATCC ARAGGGTTTIT TCCTTGGTTA ATTTTCAAAT TTTCTTAGGA TTTTATCTAT CCCACACGTT TAACTARRAT
AATAARATCC ARAGGGTTTIT TCCITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGIT TAACTAAAAT
BATAARATCC ARAGGGTTTIT TCCITGGITA ATTTTCAAAT TTTCTTAGGA TTTTATCTAT TCCACACGIT TRACTARARAT
ARTARAATCC ARAGGGTTTIT TCCTTGGITA ATTTITCAAAT TTTCTTAGEA TTTTATCTIAT TCCACACGIT TAACTARGAT
BATAAAATCC ARAGGGTTTIT TCCITGGITA ATTITCAAAT TITCTTAGGA TTITTATCTAT TCCACACGIT TRACTARAAT
BARATRARATCC BAAAGGGTTITT TCCTITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGTT TAACTARAAT
AATAARATCC BAAAGGGTTTIT TCCTITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGIT TAACTAAGAT
ARZBAARATCC ARAGGGTTITIT TCCTITGGITA ATTTITCARAAT TTTCTTAGRA TTTTATCTIAT CCCACACGIT TAACTARRAT
BRATARAAATCC ARAGGGTTTIT TCCITGGITA ATTITCAAAT TTITCTTAGGA TTITTATCTAT TCCACACGIT TRACTARAAT
BARALBARATCC BAAGGGTTITT TCCTITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGTIT TAACTARART
ARALBARACCC AAAGGGTTTIT CCCTITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTIT CCCCCCCGIT TAACAARAAT
BRZLBAARATCC ARAGGGTTTIT TCCTITGGITA ATTTITCARAAT TTTCTTAGGA TTTTATCTIAT TCCACACGIT TAACTARRAT
ARABARATCC ARAGGGTTTIT TCCTITGGITA ATTTTCAAAT TTTCTTAGGA TTTTATCTAT TCCACACGIT TRACTARARAT
ARZBAAATCC ARAGGGTTTIT TCCTTGGITA ATTTTCAAAT TTTCTTAGRA TTTTATCTIAT TCCACCCGIT TAACTARRAT
BARATRARATCC BAAAGGGTTITT TCCTITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGTT TAACTARAAT
ARTARAATCC ARAGGGTTTIT TCCTTGGTTA ATTTTCAAAT TTTCTTAGGA TTTTATCTAT TCCACACGTT TAACTARRAT
AATAARAATCC ARAAGGGTTTIT TCCTITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGIT TAACTARAAT
ARTARAATCC ARAGGGTTTIT TCCTITGGITA ATTTTCARAAT TTTCTTAGGA TTTTATCTIAT TCCACACGIT TAACTARRAT
ARTARAATCC BARAGGGTTTIT TCCTTGGITA ATTTITCAAAT TTTCTTAGRA TTTTATCIAT TCCACACGIT TAACTARRBAT
BATAAAATCC ARAGGGTTTIT TCCITGGITA ATTITCAAAT TITCTTAGGA TTITTATCTAT TCCACACGIT TRACTARAAT
AATAARATCC ARAGGGTTTIT TCCITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGIT TAACTAAAAT
BRTARAATCC ARAGGGTTTIT TCCITGGITA ATTTITCARAAT TTTCTTAGGA TTTTATCTIAT TCCACACGIT TAACTARRAT
ARZBAARATCC ARAGGGTTTIT TCCTITGGITA ATTTITCARAAT TTTCTTAGRA TTTTATCTIAT TCCACCCGIT TAACTARRBAT
BATAAAATCC ARAGGGTTTIT TCCITGGITA ATTITCAAAT TITCTTAGGA TTITTATCTAT TCCACACGIT TRACTARAAT
BARATRARATCC BAAAGGGTTITT TCCTITGGITA ATTTTCAAAT TTTCTTAGEA TTTTATCTAT TCCACACGTT TAACTARAAT
ARLARAATCC ARAGGGTTTIT TCCTTGGTTA ATTTTCAAAT TTTCTTAGGA TTTTATCTAT CCCACCCGTIT TAACTARRAT
BRZLBAARATCC ARAGGGTTTIT TCCTITGGITA ATTTITCARAAT TTTCTTAGGA TTTTATCTIAT TCCACACGIT TAACTARGAT
ARABARATCC ARAGGGTTITIT TCCTITGGITA ATTTTCAAAT TTTCTTAGGA TTTTATCTAT TCCACACGIT TRACTARARAT
ARZBAARATCC ARAGGGTTTIT TCCTTGGITA ATTTITCAAAT TTTCTTAGRA TTTTATCTIAT TCCACACGIT TAACTARGAT
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Tn_355 TICRARAATT
Tn_56 TTCAARAATT
Tn_57 TTCAAAAATT
Tn 58 TTCAAAAATT
Tn_59 TTCAAAAATT
Tn 60 TTCAAAAATT
Tn 61 TTCARAAATT
Tn_62 TTCRARAATT
Tn 63 TTCARAAATT
Tn_64 TTCRARAATT
Tn_65 TTCARRAATT
Tn 66 TTCAAAAATT
Tn_67 TTCARRAATT
Tn_68 TTCAAAAATT
Tn 69 TTCAAAAATT
Tn_70 TICRARAATT
Tn 71 TTCAAAAATT
Tn 72 TTCARAAATT
Tn_73 TTCAARAATT
Ton_ 74 TTCAAAAATT
Tn_75 TTCRARAATT
Tn_76 TTCAARAATT
Tn 77 TTCAAAAATT
Tn 78 TTCARAAATT
Tn_ 79 TTCAAAAATT
Tn 80 TTCAAAAATT
Tn_81 TTCRARAATT
Tn_82 TTCARRAATT
Tn_83 TTCAAAAATT
Tn 54 TTCAAAAATT
Tn_85 TICRARAATT
Tn_86 TTCAARAATT
Tn 87 TTCARAAATT
Tn_88 TTCAARAATT
Tn_89 TTCAAAAATT
Tn 90 TTCAAAAATT
Tn_91 TTCAARAATT
Tn 92 TTCAAAAATT
Tn 93 TTCARAAATT
Tn_94 TTCRARAATT
Tn 95 TTCAAAAATT
Tn_9%6 TTCRARAATT
Tn_97 TTCARRAATT
Tn_ 98 TTCAAAAATT
Tn_99 TTCAARAATT
To_ 100 TTCAARAATT

NARC Carolea ITCA222ATT
NARC Domat TTCRAAAATT
NARC Gemhk TITCAa2aaTT
NARC Leccino ITCRRRRATT

TGRARARATAR ATARATARAT CRAGTCATCA ACGGARCCGE ARAGAGAGGG ATTCAAACCC TCGGTACARA
TGARARARAR BARARTARAT CAAGCCATCA ACGGARCCGSE AARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR BRTAARTARAT CAAGCCATCA ACGGARCCGS RAARGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARATAR RTAARTARAT CRAGTCATCA ACGGARCCGG ARAGAGAGGG ATTCRARCCT TCGGTACRRA
TGARARARAR RTAARTARAT CRAAGTCATCA ACGGARCCGS RAARGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARATAR ATAARTARAT CRAGTCATCA ACGGARCCGGE ARAGAGAGGG ATTCAAACCT TCGGTACGRA
TGRARARATAR ATARAATARAT CRAGTCATCA ACGGARCCGGE ARAGAGAGGG ATTCAAACCC TCGGTACARA
TGARARARAR RTAAATARAT CAAGCCATCA ACGGAACCGG AAAGAI‘SEGGG ATTCGRACCC TCGGTACGRA
TGRRARATAR ATARATARAT CRAGTCATCA ACGGARCCGGE ARAGAGAGGG ATTCGAACCC TCGGTACGRA
TGRRARATAR ATRARTRRARAT CRAGCCATCA ACGGARCCGG RARGRGRGGS ATTCGARACCC TCGGTRCGRA
TGARARATAR ATAARTARAT CAAGTCATCA ACGGARCCGS AARGAGAGGS ATTCAARCCC TCGGTACGRA
TGRRARATAR RTAARTARAT CRAGCCATCA ACGGARCCGGE AARGAGAGGG ATTCGAACCC TCGGTACGRA
TGARARATAR RTAARTARAT CAAGCCATCA ACGGARCCGSE RAARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR BRTAARTARAT CRAAGTCATCA ACGGARCCGS AARAGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARATAR RTAARTARAT CRAGTCATCA ACGGARCCGG ARAGAGAGGG ATTCGAACCC TCGGTACGRA
TGRRARALAR RTARATARAT CRAGCCATCA ACGGARCCGGE ARAGAGAGGG ATTCGAACCC TCGGTACGRA
TGRRARARAR BRTAARTARAT CRAGCCATCA ACGGARCCGGE ARAGAGAGGG ATTCGARACCT TCGGTACGRA
TGRRARALAR RTARATARAT CRAGTCATCA ACGGARCCGGE ARAGAGAGGE ATTCGAACCC TCGGTACGRA
TGARARATAR ATAARTARAT CAAGTCATCA ACGGARCCGSE AARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR RTAARTARAT CRAAGTCATCA ACGGARCCGS RAARGAGAGGS ATTCGAACCT TCGGTACGRA
TGARARARAR ATAARTARAT CAAGCCATCA ACGGARCCGS AARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARARAR BRTAARTARAT CAAGCCATCA ACGGARCCGS AARGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARARAR RTAARTARAT CRAAGTCATCA ACGGARCCGGE AARGAGAGGG ATTCGAACCT TCGGTACGRA
TGRRARALAR RTARATARAT CRAGCCATCA ACGGARCCGGE ARAGAGAGGG ATTCGARACCC TCGGTACGRA
TGARARATAR BRTAARTARAT CAAGCCATCA ACGGARCCGS RAARGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARATAR RTAARTARAT CRAGTCATCA ACGGARCCGG ARRAGAGAGGG ATTCGAACCC TCGGTACGRA
TGRRARATAR RTRARTRRAT CRAGTCATCA ACGGARACCGS RARGRGRGGS ATTCGARACCC TCGGTRCGRA
TGARARATAR ARTAARTARAT CAAGTCATCA ACGGARCCGSE RAARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR BRTAARTARAT CAAGCCATCA ACGGARCCGS RAARGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARATAR RTAARTARAT CRAGTCATCA ACGGARCCGG ARRAGAGAGGG ATTCGAACCC TCGGTACGRA
TGRRARATAR ATARATARAT CRAGTCATCA ACGGARCCGGE ARAGAGAGGG ATTCGAACCC TCGGTACGRA
TGARARATAR ATAARTARAT CAAGTCATCA ACGGACCCGE AARGAGAGGS ATTCAAACCC TCGGTACARA
TGRARARATAR ATARATARAT CRAGTCATCA ACGGARCCGGE ARAGAGAGGG ATTCAAACCC TCGGTACARA
TGARARATAR ATAARTARAT CAAGCC-TCA ACGGACCCGE AARGAGAGG- ATTCGAACCC TCGGTACGRA
TGARARARAR BRARARTARAC CAAGCCATCA ACGGACCCGS AARGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARARAR RTAARTARAT CRAGCCACCA CCGGACCCGGE ARAGAGAGGG ATTCCAACCT TCGGTACRRA
TGARARATAR RTAARTARAT CAAGCCATCA ACGGARCCGS AARGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARARAR RTAARRARAT CRAGCCATCA CCGGACCCGGE AARRAGAGGG ATTCRACCCC CCGGTICCRRA
TGRARARATAR ATARATARAT CRAGTCATCA ACGGARCCGGE ARAGAGAGGG ATTCAAACCC TCGGICCGRA
TGRRARATAR RTRARTRARRAC CRAGCCCTCA CCGGACCCGG RARGRGAGGS ATTCGAACCC TCGGTACGRA
TGRRARATAR RTAARTARAT CRAGCCATCA ACGGARCCGGE ARAGAGAGGG ATTCGAACCT TCGGTRCGRA
TGRRARATAR RTRARTRARAT CRAGTCATCAR ACGGARACCGS RARRRARGGS ATTCRARCCC TCGGTRCRRA
TGARARATAR RTAARTARAT CAAGTCATCA ACGGARCCGSE AARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR BRTAARTARAT CRAAGCC-TCA ACGGACCCGSE AARAGAGAGGS ATTCGAACCT TCGGTACGRA
TGARARATAR ATAARTARAT CAAGTCATCA ACGGACCCGE AARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARARAR BRTAARTARAT CRAAGCCATCA ACGGACCCGSE AARAGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARATAR ATAARTARAT CRAGTCATCA ACGGARCCGG ARRRBRAAGGEG ATTCAAACCT TCGGTACGRA
TGARARATAR RTAARTARAT CAAGTCATCA ACGGARCCGSE RAARAGAGAGGS ATTCAAARCCT TCGGTACGRA
TGRARARATAR RTAARTARAT CRAGTCATCA ACGGARCCGG AARGAGAGGS ATTCLARCCC TCGGTACRRA
TGRRARATAR ATARATARAT CRAGTCATCA ACGGARCCGGE ARAGAGAGGG ATTCGAACCC TCGGTARCGRA

NARC Moraiolo TTCAAARATT TGAAARATAR ATAARATAAAT CAAGTCATCRA ACGGAACCGG ARAGAGAGGE ATTCARACCC TCGGTACARR

In_Arbsana TICARARATT
Tn_Chetoui TTCRARAATT
Tn_Coratina TTCARRAATT
Tn Koroneiki TTICARARAATT
Tn_Frantoio TTCAARAATT

TGRRARALAR RTARATARAT CRAGCCATCA ACGGARCCGGE ARAGAGAGGG ATTCGAACCC TCGGTACGRA
TGLARARLAR ATRAAATRAART CARGTCATCAR ACGGAACCGE ARAGAGRGGG ATTCGRACCC TCGGTACGARR
TGLARARTAR ATRAAMTRAART CARGCCATCR ACGGAACCGS ALAGAGRAGGG ATTCGRACCC TCGGTACGRR
TGARARARAR BRARARRARAT CAAGCCATCA ACGGARCCGS RARAGAGAGGS ATTCGAACCT TCGGTACGRA
TGLARARTAR ATAAXTRAART CARGTCATCAR ACGGAACCGS ALAGAGAGGG ATTCGARACCE TCGGTACGARAR
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TICAAAAATT TGAAARATAA ATAAATARAT CAAGTICATCA ACGGAACCGG AAAGAGAGGGE ATTCARACCC TCGGTACRAR
TTCARAAATT TGARARATAR ATAAATARRT CAAGTCATCAR ACGGRACCGG RAAGRGAGGG ATTCARACCC TCGGTACRRR
TTCARRAATT TGARARATAR ATRAATARAT CRAAGTCATCAR ACGGRACCGG RARGRGAGGG ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARARAL ATRAATARAT CRAGCCATCR ACGGACCCGE RRARGRGAGGGE ATTCGRACCT TCGGTACGRR
TTCARRAATT TGARARARAL ATRAATARAT CRAGCCATCR ACGGACCCGEE RARGRGAGGG ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARATAR ATAAATARRT CAAGTCATCAR ACGGRACCGS RAAGRGAGGGE ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARATAR ATRAATARAT CRAGCCATCAR ACGGRACCGG RARGRGAGGG ATTCGRACCC TCGGTACGRA
TTCARRAATT TGARARARAL ATRAATARAT CAAGCCATCAR ACGGRACCGGE RARGRGAGGG ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARARAL ATAAATARAT CRAAGCCATCR ACGGRACCGG AARGRGAGGG ATTCGRACCC TCGGTACGRR
TICARRAATT TGARARATAR ATRAATARAT CRAAGTCATCR ACGGRACCGEE RARGRGAGGGE ATTCRRACCC TCGGTACRRR
TTCARRAATT TGARARATAR ATAAATARRT CAAGCCATCA ACGGRACCGSE RAAGAGAGGGE ATTCGRACCC TCGGTACGRA
TICAAAAATT TGAAAAARAA ATAAATARAT CAAGCCATCA ACGGAACCGG AAAGAGAGGGE ATTCGARACCC TCGGTACGAR
TTCARAAATT TGARARATAR ATAAATARRT CAAGCCATCAR ACGGRACCGG RAAGRAGAGGGE ATTCGRACCC TCGGTACGRA
TTCARRAATT TGARARARAL ATRAATARAT CAAGCCATCAR ACGGRACCGGE RARGRGAGGG ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARARAL ATRAATARAT CRAGCCATCR ACGGRACCGE RARGRGAGGGE ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARARAL RARAATARAT CRAGCCATCR ACGGRACCGESE RARGRGAGGGE ATTCGRACCC TCGGTACGRR
TICAAAAATT TGAAAAATAA ATAAATARAT CAAGTICATCA ACGGAACCGG AAAGAGAGGGE ATTCARACCC TCGGTACGAR
TTCARAAATT TGARARATAR ATAAATARRT CAAGCCATCAR ACGGRACCGG RAAGRAGAGGGE ATTCGRACCC TCGGTACGRA
TTCARRAATT TGARARATARL ATRAATARAT CRAAGCCATCAR ACGGRACCGG RARGRGAGGG ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARATAR ATRAAATARAT CRAAGTCATCAR ACGGRACCGG RARGRGAGGG ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARATAR ATRAARTARAT CRAAGTCATCAR ACGGRACCGESE RARGRGAGGG ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARARAR ATARATARRT CAAGCCATCAR ACGGRACCGS RAAGRGAGGGE ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARARRAD RARAARARRT CRAGCCATCAR ACGGACCCGG RRAAGRGAGGG ATTCGRACCC TCGGTACGRA
TTCARAAATT TGARARARAR RARARARARRT CAAGCCCTCAR ACGGACCCGG RAAGRGAGGGE ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARATAR ATRAATARAT CAAGTCATCR ACGGRACCGG RARGRGAGGG ATTCRRACCC TCGGTACRRR
TTCRRRAATT TGARARARAL RARDARARRT CRAAGCCATCR ACGGACCCGEE RARGRGAGGE ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARARAR RARARAARRT CAAGCCATCAR ACGGACCCGG RAAGRGAGGG ATTCGRACCC TCGGTACGRA
TICAAAAATT TGAAARATAA ATAAATARAT CAAGTICATCA ACGGAACCGG AAAGAGAGGGE ATTCARACCC TCGGTACRAR
TTCARRARATT TGARARATAR ATRAATARAT CAAGCCATCR ACGGAACCGE RARGRGAGGGE ATTCGRACCC TCGGTACGRA
TTCARRAATT TGARARATAR ATAAATAART CAAGTCATCA ACGGRACCGSG RAAGRGAGGG ATTCARACCC TCGGTACARA
TTCARRAATT TGARARARAD ATRAATARRT CRAGCCATCAR ACGGRACCGG RAAGRGAGGG ATTCGRACCC TCGGTACGRA
TTCARAAATT TGARARARAR ATAAATARRT CAAGCCATCAR ACGGACCCGG RAAGRGAGGGE ATTCGRACCC TCGGTACGRA
TTCARRAATT TGARARARARL RARAATARAT CAAGCCATCAR ACGGACCCGE RARGRGAGGG ATTCGRACCC TCGGTACGRR
TICAAAARATT TGAAAAARAA ATAAATARAT CAAGCCATCA ACGGACCCGG AAAGAGAGGGE ATTCGARACCC TCGGTACGRAR
TTCARRAATT TGARARATAR ATAAATAART CAAGTCATCAR ACGGRACCGG RAAGRGAGGG ATTCARACCC TCGGTACARA
TTCARRAATT TGARARARAR RARAARARRA RAAGCCCCCC CCGGCCCCGE RAGARGAGGGE AGTCGARCCCC CCCCCCCRRA
TTCARRAATT TGARARARRAL ATRAATARRT CRAGTCATCAR ACGGRACCGSG RAAGRGAGGG ATTCGRACCC TCGGTACGRA
TICARRAATT TGARARATAR ATRARTARAT CRAGTCATCAR ACGGRACCGESE RARGRGAGGG ATTCRRACCC TCGGTACRRR
TICAAAAATT TGAAAAARAA AAAAATARAT CAAGTICATCA ACGGAACCGG AAAGAGAGGGE ATTCGRACCC TCGGTACGAR
TICARRAATT TGARARATAR ATRAATARAT CRAAGTCATCR ACGGRACCGE RARGRGAGGGE ATTCRRACCC TCGGTACRRR
TTCARRAATT TGARARATAR ATAAATAART CAAGTCATCA ACGGRACCGG RAAGRGAGGG ATTCARACCC TCGGTACGRA
TTCARRAATT TGARARATAR ATRAATARRT CRAGTCATCAR ACGGRACCGG RAAGRGAGGG ATTCARACCC TCGGTACRRR
TICARRAATT TGARARATAR ATRAATARAT CRAGTCATCAR ACGGRACCGESE RARGRGAGGG ATTCRRACCC TCGGTACRRR
TTCARRAATT TGARARARAL ATRAATARAT CAAGCCATCAR ACGGRACCGGE RARGRGAGGG ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARARAL ATRAATARAT CRAGCCATCR ACGGRACCGEE RARGRGAGGGE ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARARAR RARAATARRT CAAGCCATCAR ACGGACCCGG RAAGRGAGGGE ATTCGRACCC TCGGTACGRA
TTCARRAATT TGARARATAR ATAAATARAT CRAAGTCATCAR ACGGRACCGG RARGRGAGGG ATTCRRACCC TCGGTACRRR
TTCARAAATT TGARARATAR ATAAATARART CAAGTCATCAR ACGGRACCGSG RAAGRGAGGGE ATTCARACCC TCGGTACRRR
TTCARRAATT TGARARARAL ATRAATARAT CAAGCCATCR ACGGRACCGGE RARGRGAGGG ATTCGRACCC TCGGTACGRR
TICAAAARATT TGAAAAARAA AAAAARARAT CAAGCCATCA ACGGACCCGG AAAGAGAGGGE ATTCGAACCC TCGGTACGRAR
TTCARRAATT TGARARARAR RARAATARRT CAAGCCATCAR ACGGACCCGSG RAAGRGAGGGE ATTCGRACCC TCGGTACGRR
TTCARRAATT TGARARATAR ATAAATAART CAAGTCATCA ACGGRACCGG RAAGAGAGGGE ATTCGRACCC TCGGTACGRA
TTCARRAATT TGARARARAL ATRAATARRT CRAGCCATCAR ACGGRACCGG RAAGRGAGGG ATTCGRACCC TCGGTACGRA
TICARRAATT TGARARATAR ATRARTARAT CRAGCCATCR ACGGRACCGESE RARGRGAGGG ATTCGRACCC TCGGTACGRR
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Tn 55 TICRARAATT
Tn_56 TTCRARAATT
Tn_57 TTCAARAATT
Tn_358 TTCAARAATT
Tn_ 5 TICRARAATT
Tn_60 TTCRARAATT
Tn_61 TTCARRAATT
Tn_62 TTCAARAATT
Tn_63 TTCRARAATT
Tn_64 TTCAARAATT
Tn_65 TTCAARAATT
Tn_66 TTCAAAAATT
Tn_67 TTCRARAATT
Tn_68 TTCARRAATT
Tn_69 TTCAARAATT
To_ 70 TTCAAAAATT
Tn_71 TTCRARAATT
Tn_72 TTCARRAATT
Tn_73 TTCAAAAATT
Tn 74 TTCAAAAATT
Tn_75 TTCAARAATT
Tn_76 TTCAARAATT
Tn_77 TTCAAAAATT
Tn 78 TTCAAAAATT
Tn_79 TTCARRAATT
Tn_80 TTCAARAATT
Tn_81 TTCAAAAATT
Tn 82 TTCAAAAATT
Tn 83 TTCARAAATT
Tn_84 TICRARAATT
Tn_85 TTCRARAATT
Tn_86 TTCARRAATT
Tn 87 TTCARAAATT
Tn_88 TTCRARAATT
Tn_89 TTCAARAATT
Tn_90 TTCAARAATT
Tn 91 TICRARAATT
Tn_92 TTCRARAATT
Tn_93 TTCARRAATT
Tn_94 TTCAARAATT
Tn_95 TICRARAATT
Tn_9%6 TTCRARAATT
Tn_97 TTCARRAATT
Tn_ 98 TTCAAAAATT
Tn_99 TTCRARAATT
Tn_100 TTCAARAATT

NARC Carolea TTCRAAAATT
NARC Domat TTICRRAARATT
NARC Gemlik TTCcaaaaaTT
NARC lLeccino TICRRRAATT

TGRARARATAR ATARATARAT CRAGTCATCA ACGGARCCGE ARAGAGAGGG ATTCAAACCC TCGGTACARA
TGRRARALAR BRRARARTRARAT CRAGCCATCR ACGGARCCGS RARGRGRGGS ATTCGRACCC TCGGTRCGRA
TGARARATAR ATAARTARAT CAAGCCATCA ACGGARCCGSE AARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR RTAARTARAT CRAAGTCATCA ACGGARCCGSE AARGAGAGGS ATTCAARCCT TCGGTACRRA
TGRRARALAR RTARATARAT CRAGTCATCA ACGGARCCGGE ARAGAGAGGG ATTCGAACCC TCGGTACGRA
TGARARATAR ATAARTARAT CAAGTCATCA ACGGARCCGS AARAGAGAGGS ATTCAAARCCC TCGGTACGRA
TGARARATAR RTAARTARAT CAAGTCATCA ACGGARCCGSE RAARGAGAGGS ATTCAARCCC TCGGTACRRA
TGARARARAR BRTAARTARAT CABGCCATCA ACGGAACCGEG AAAGAFBGGG ATTCGRACCC TCGGTACGRA
TGRRARATAR RTRARTRRARAT CRAGTCATCA ACGGARCCGS RARGRGRGGS ATTCGARACCC TCGGTRCGRA
TGARARATAR ATAARTARAT CAAGCCATCA ACGGARCCGSE AARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR RTAARTARAT CRAAGTCATCA ACGGARCCGS AARAGAGAGGS ATTCAAACCT TCGGTACGRA
TGARARATAR RTAARTARAT CAAGCCATCA ACGGARCCGS RAARGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARATAR ATRARTRRARAT CRAGCCATCA ACGGARCCGG RARGRGRGGS ATTCGAACCC TCGGTRCGRA
TGARARATAR ARTAARTARAT CAAGTCATCA ACGGARCCGSE RAARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR RTAARTARAT CRAAGTCATCA ACGGARCCGS RAARGAGAGGS ATTCGAACCT TCGGTACGRA
TGARARARAR BRTAARTARAT CAAGCCATCA ACGGARCCGSE AARGAGAGGS ATTCGAACCT TCGGTACGRA
TGARARARAR ATAARTARAT CAAGCCATCA ACGGARCCGS AARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARARLAR BRTAARTARAT CAAGTCATCA ACGGARCCGSE RAARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR RTAARTARAT CRAAGTCATCA ACGGARCCGS RAARGAGAGGS ATTCGAACCT TCGGTACGRA
TGRARARATAR RTAARTARAT CRAGTCATCA ACGGARCCGG AARGAGAGGG ATTCGAACCT TCGGTACGRA
TGARARARAR ATAARTARAT CAAGCCATCA ACGGARCCGSE RAARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARARAR BRTAARTARAT CAAGCCATCA ACGGARCCGS AARGAGAGGS ATTCGAACCT TCGGTACGRA
TGARARARAR BRTAARTARAT CRAAGTCATCA ACGGARCCGS AARAGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARARAR BRTAARTARAT CRAGCCATCA ACGGARCCGGE ARAGAGAGGG ATTCGAACCT TCGGTACGRA
TGARARATAR RTAARTARAT CAAGCCATCA ACGGARCCGSE RAARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR BRTAARTARAT CRAAGTCATCA ACGGARCCGS AARAGAGAGGS ATTCGAACCT TCGGTACGRA
TGARARATAR BRTAARTARAT CRAAGTCATCA ACGGARCCGS AARAGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARATAR RTAARTARAT CRAGTCATCA ACGGARCCGG ARAGAGAGGG ATTCGAACCT TCGGTACGRA
TGRARARATAR ATARATARAT CRAGCCATCA ACGGARCCGGE ARAGAGAGGG ATTCGAACCC TCGGTACGRA
TGRRARATAR ATARATARAT CRAGTCATCA ACGGARCCGGE ARAGAGAGGG ATTCGAACCC TCGGTACGRA
TGARARATAR ATAARTARAT CAAGTCATCA ACGGARCCGS AARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR RTAARTARAT CAAGTCATCA ACGGACCCGSE AARGAGAGGS ATTCAARCCC TCGGTACRRA
TGRARARATAR ATARATARAT CRAGTCATCA ACGGARCCGGE ARAGAGAGGG ATTCAAACCC TCGGTARCARA
TGRARARATAR RTRARTRARRAT CRAGCC-TCA ACGGACCCGG RARGRGRAGG- ATTCGAACCC TCGGTACGRA
TGARARARAR BARARTARAC CAAGCCATCA ACGGACCCGSE AARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARARAR BRTAARTARAT CAAGCCACCA CCGGACCCGSE AARGAGAGGS ATTCCAACCC TCGGTACRRA
TGRARARATAR ATARATARAT CRAGCCATCA ACGGARCCGGE ARAGAGAGGG ATTCGARACCC TCGGTACGRA
TGRRARALAR RTRARRRRART CRAGCCATCA CCGGACCCGG RARRRGRAGGG ATTCRACCCC CCGGTCCRRA
TGARARATAR RTAARTARAT CAAGTCATCA ACGGARCCGS AARGAGAGGG ATTCAARCCC TCGGTCCGRA
TGARARATAR BRTAARTARAC CAAGCCCTCA CCGGACCCGSE AARAGAGAGGS ATTCGAACCT TCGGTACGRA
TGRARARATAR ATARATARAT CRAGCCATCA ACGGARCCGGE ARAGAGAGGG ATTCGAACCC TCGGTACGRA
TGARARATAR ATAARTARAT CAAGTCATCA ACGGARCCGS AARRBARGGS ATTCAAACCC TCGGTACARA
TGARARATAR RTAARTARAT CAAGTCATCA ACGGARCCGSE AARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR BRTAARTARAT CRAAGCC-TCA ACGGACCCGSE AARAGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARATAR RTRARTRARRAT CRAGTCATCA ACGGACCCGE RARGRGRAGGS ATTCGRACCC TCGGTRCGRA
TGARARARAR ATAARTARAT CAAGCCATCA ACGGACCCGE AARGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR RTAARTARAT CRAAGTCATCA ACGGARCCGS RARRBAAGGES ATTCAARCCT TCGGTACGRA
TGRARARATAR ATARATARAT CRAGTCATCA ACGGARCCGGE ARAGAGAGGG ATTCAAACCC TCGGTACGRA
TGARARATAR ATAARTARAT CAAGTCATCA ACGGARCCGS AARAGAGAGGS ATTCAAARCCC TCGGTACARA
TGARARATAR RTAARTARAT CAAGTCATCA ACGGARCCGSE AARGAGAGGS ATTCGAACCC TCGGTACGRA

NARC Moraiolo TTCAAAAATT TGAAARATAA ATAAATAAAT CAAGTCATCA ACGGAACCGG AAAGAGAGGS ATTCARACCC TCGGTACARR

In_Arbsana TICRARAATT
Tn_Chetoui TTCRARAATT

Tn_Coratina TTCAARAATT
Tn Koroneiki TTCARAAATT
Tn_Frantoio TTCRARAATT

TGRRARALAR RTARATARAT CRAGCCATCA ACGGARCCGG ARAGAGAGGG ATTCGARACCC TCGGTACGRA
TGARARARAR ATAARTARAT CAAGTCATCA ACGGARCCGS RAARAGAGAGGS ATTCGAACCC TCGGTACGRA
TGARARATAR RTAARTARAT CRAAGCCATCA ACGGARCCGSE RAARGAGAGGS ATTCGAACCT TCGGTACGRA
TGARARARAR BRARARRARAT CAAGCCATCA ACGGARCCGS RARAGAGAGGS ATTCGAACCT TCGGTACGRA
TGRRARATAR ATRARTRRARAT CRAGTCATCA ACGGARCCGG RARGRAGRGGS ATTCGAACCC TCGGTRACGRA
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TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGTCCA CTCAGCCATC TCTICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGCCCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGTCCA CTCAGCCATC TCTCCCAATT GARARAGARA -TTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RRCGGATTAG CAATCCGACG CTTTAGTCCA CTCAGCCATC TCTCCCARATT GAARRAGA-A ATTACTRCCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGTCCA CTCAGCCATC TCTICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTITAGCCCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACRACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGTCCA CTCAGCCATC TCTICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTITAGCCCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCRACG CTTTAGTICCA CTCAGCCATC TCTCCCAATT GARARAAAMAA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGCCCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGCCCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CRAATCCGACG CTTTAGTCCA CTCAGCCATC TCICCCAATT GARARAGARA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGCCCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCAACG CTTITAGICCA CTCAGCCATC TCICCCAATT GARARAGAZA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCCCCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTITAGICCA CTCAGCCATC TCICCCAATT GARARARALA ATTACTACCT
ARACACCTCA BACGAAGRAG ARACCCCCCG CCTTTGCCCC CCCGCCCCCC CCCCCCACCT ARARARAGARA ARGACCCCCT
ARACTCGTAC BACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CRAATCCGACG CTTTAGTCCA CTCAGCCATC TCTICCCAATT GARARAGARA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTITAGCCCA CTCAGCCATC TCCCCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGTCCA CTCAGCCATC TCTICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGTCCA CTCAGCCATC TCTICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGTCCA CTCAGCCATC TCTICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTITAGICCA CTCAGCCATC TCICCCAATT GARARAGAZA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCRACG CTTTAGCCCA CTCAGCCATC TCTICCCAATT GARARARAMLA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGCCCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGCCCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCAATT GARARAGAGA ATTACTACCT
TAACTCGTAC BACGGATTAG CAATCCGACG CTTTAGTCCA CTCAGCCATC TCTICCCAATT GARARAGARA ATTACTACCT
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Tn_58
Tn_39
Tn_60
Tn_61
Tn_62
Tn_63
Tn_64
Tn_65
Tun_66
Tn_67
Tn_68
Tn_69
Tun_70
Tn_71
Tn_72
Tn 73
Tn_74
Tn_75
Tun_76
Tn_77
Tn 78
Tun_79
Tn_80
Tn_81
Tn_82
Tn 83
Tn_84
Tn_85
Tn_86
Tn_87
Tn_88
Tn_89
Tun_90
Tn 91
Tn 92
Tn 93
Tn_94
Tn 95
Tn_9%6
Tn 97
Tn_98
Tn_99
Tn_100
NARC Carolea
NARC Domat
NARC_ Gemlik
NARC _Leccine

TARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGCCCA CTCAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGCCCA CTCAGCCATC TCICCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCRATT
TRACTCGTAC RRACGGATTAG CAATCCGACG CTTTAGICCA CTCAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCRATT
TARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCTCCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGCCCA CTCAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAACTCGTAC ARCGGATTAG CAATCCGACG CTTTAGTCCA CTCAGCCATC TCTCCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CRAATCCGACG CTTTAGICCA CTCAGCCATC TCICCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAARCTCGTAC RACGGATTAG CRATCCAACG CTTTAGICCA CTCAGCCATC TCICCCARATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAACTCGTAC RACGGATTAC CAACCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCRATT
ABRACTCGTAC RACGGATTAG CRATCCAACC CTTTATCCCA CTCACCCATC TCICCCRATT
TAARCTCGTAC RACGGATTAG CRATCCAACG CTTTAGICCA CTCAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCRATT
TARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCARATT
AAARCTCGTAC RACGGATTAG CRAACCCRACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCRATT
TRACTCGTAC RRACGGATTAG CAATCCGACG CTTTAGICCA CTCAGCCATC TCICCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGTICCA CTCAGCCATC TCTCCCRATT

NARC_Moraiolo TAACTCGTAC AACGGATTAG CAATCCGACG CTTTAGTCCA CTCAGCCATC TCTCCCAATT

Tn_Arbosana
Tn_Chetoui
Tn Coratina
Tn_Koroneiki
Tn_Frantoio

TARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGCCCA CTCAGCCATC TCICCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTCAGCCATC TCICCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCRATT
TAACTCGTAC RACGGATTAG CAATCCGACG CTTTAGCCCA CTCAGCCATC TCTCCCRATT
TAARCTCGTAC RACGGATTAG CRATCCGACG CTTTAGICCA CTICAGCCATC TCICCCARATT

@

GARARMGAGH ATTACTACCT
GARARRGRGH ATTACTARCCT
GARARRGRGH ATTACTARCCT
GARARMGAGH ATTACTACCT
GARARMGAGH ATTACTACCT
GRRRRRARIR RTTACTACCT
GARARRGRGH ATTACTARCCT
GARARMGAGH ATTACTACCT
GARARAGAGH ATTACTARCCT
GARARMGAGH ATTACTACCT
GARARRGRGH ATTACTARCCT
GARARMGAGH ATTACTACCT
GARARRGRGH ATTACTARCCT
GARARMGAGH ATTACTACCT
GARARRGRGH ATTACTARCCT
GARARRGRGH ATTACTARCCT
GARARRGRGH ATTACTARCCT
GARARMGAGH ATTACTACCT
GARARMGAGH ATTACTACCT
GARARRGRGH ATTACTARCCT
GARARRGRGH ATTACTARCCT
GARARRGRGH ATTACTARCCT
GARARMGAGH ATTACTACCT
GARARRGRGH ATTACTARCCT
GRARRRGAGR ATTACTACCT
GARARRGRGH ATTACTARCCT
GARARMGAGH ATTACTACCT
GRBARRGAGR ATTACTACCT
GARARDADAL ATTACTACCT
GARARRGRAGH ATTACTARCCT
GARARDARAN ATTACTACCT
GARARMGAGH ATTACTACCT
GARARMGAGH ATTACARCCT
GARARRGRGH ATTACTARCCT
GARRARRARAN ATTACTRACCT
GARARMGAGH ATTACTACCT
GARARDARAN ATTACTCCCT
GARARDARAN ATTACTACCT
GARARRGRGH ATTACTARCCT
GARARMGAGH ATTACTACCT
GARRARRARAN ATTACTRACCT
GARARMGAGH ATTACTACCT
GARARRGRGH ATTACTARCCT
GARARRGRGH ATTACTARCCT
GARARRGRGH ATTACTARCCT
GARARMGAGH ATTACTACCT
GRBARRGAGR ATTACTACCT
GARARMGAGH ATTACTACCT
GARARRGRAGH ATTACTRCCT
GRARARLGAGE ATTACTACCT
GARARMGAGH ATTACTACCT
GARARMGAGH ATTACTACCT
GARARRGRGH ATTACTARCCT
GARARRGRGH ATTACTARCCT
GARARMGAGH ATTACTACCT
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TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT
TACATEZTRRT
TACATATARAT
TACATATARAT
TACATEZTRRT
TACATATARAT
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TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT
TACATATAAT
TACATATARAT
TACATATARAT
TACATATAAT
TACATATARAT
TACATATARG
TACATATRRT
TACATATARAT
TACATATARAT
TACATATRRT
TACATATARAT
TACATATARAT
TACATATRRT
TACATATARAT
TACATATARAT
TACATATRRT

GTAAGGAGTIC TTTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTIC TTTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTC TTTICTITCTIC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGCC TTTICTITCTIC TATICTATAG AGATATACAR ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGCC TTICTITCTIC TATICTATAG AGATATACAR ATCAGGAATT TCTITTAGAT TAGATAATTA
GTARGGRAGTIC TTTCITICIC TATTICTATAG AGATATACAR ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTIC TTTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTIC TTTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTARGGRAGTIC TTTCITICIC TATTICTATAG AGATATACAR ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGTIC TTTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGTIC TTTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAARGGGGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT CCTTTTAGAT TRAGATAATTA
GTAAGGAGTC TTTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGTIC TTTICTITCTIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGCC TTICTITCTIC TATICTATAG AGATATACAR ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTC TTICTITC-C TATTCTATAG AGAT-TACAA ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGTIC TTTICTITCTIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTIC TTTICTITCTIC TATICTATAG AGATATACAR ATCAGGAATT TCTITTALAT TAZATAATTA
GTAAGGAGTC TTTCITICIC TATTCTATAG AGATATACAR ATCAGGRAATT TCTTTTAGAT TAGATARATTA
GTAAGGAGTIC TTTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTIC TTTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTC TTTCITTICCC TATTCTATAG AGATATACAR ATCAGGRAATT TCTTITTAGAT TAGATARATTA
GTAAGGAGTIC TTTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTIC TTTICTITCTIC TATICTATAG AGATATACARA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGCC TTTCITICIC TATTICTATAG AGAT-TACAR ATCAGGRAATT TCTTITTAGAT TAGATARATTA
GTAAGGAGCC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGCC TTICTITCTIC TATICTATAG AGATATACAR ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGRAGTIC TTTCITICIC TATTCTATAG AGATATACAR ATCAGGRAATT TCTTITTAAART TAGATARATTA

CCCTTARRAD RARGGEGAGGC CCICTITITCCT TCCCCICICG AGAGAGARAR ACAGRRRATT TCTTTCATGT AGRRATATAT

TACATATARAT
TACATEZTRRT
TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT
TACATATARAT

GTAAGGAGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTARGGRAGTIC TTTCITICIC TATTICTATAG AGATATACAR ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAARGGAGCC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGTC TTTICTITCTIC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTALAT TAGATAATTA
GTAAGGAGTIC TTTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTIC TTTICTITCTIC TATICTATAG AGATATACARA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAARGGAGCC TTICTITC-C TATTCTATAG AGAT-TACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGTIC TTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTALAT TAGATAATTA

TACATATAAG GTRAGGAGIC TTICTTICIC TATTICTATAG AGAT-TACAA ATCAGGAATT TCTTTTAZAT TAGA-AATTA

TACATATARAT
TACATATARAT
TACATATARAT
TACATATRRT
TACATATARAT
TACATATARAT
TACATATRRT

GTAAGGAGTIC TTTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTIC TTTICTITCTIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGCC TTICTITCTIC TATICTATAG AGATATACAR ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTC TTTCTITTICTC TATTCTATAG AGATATACAR ATCAGGRAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGTC TTICTITCTC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TRAGATAATTA
GTAAGGAGTIC TTTICTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTAGAT TAGATAATTA
GTAAGGAGTC TTTCTITTICTC TATTCTATAG AGATATACAR ATCAGGRAATT TCTTTTAGAT TAGATAATTA
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TII_SE TACATATAAT GTAAGGAGCC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAGAT TAGATAATTA
TI]_S-.-‘I TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
TII_SS TACATATAAT GTAAGGAGIC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAAAT TAGATAATTA
TII_Sg TACATATAAT GTAAGGAGCC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAGAT TAGATAATTA
Tll_fl"} TACATATAAT GTAAGGAGIC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAGAT TAGATAATTA
Tll_ﬁl TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTARAT TAGATAATTA
Tll_ﬁz TACATATAAT GTAAGGAGIC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAGAT TAGATAATTA
Tll_ﬁ3 TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tll_ﬁf-l- TACATATAAT GTAAGGAGIC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAGAT TAGATAATTA
Tn_ﬁS TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tll_ﬁﬁ TACATATAAT GTAAGGAGCC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAGAT TAGATAATTA
Tll_ﬁ'-.-‘I TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tll_ﬁa TACATATAAT GTAAGGAGIC TTTCTITCIC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tn_ﬁg TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
TII_?U TACATATAAT GTAAGGAGCC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAGAT TAGATARATTA
Tll_-.-’l TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tll_-.-’z TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tll_-.-’:! TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
TII_?"-I- TACATATAAT GTAAGGAGIC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTITTTAGAT TAGATAATTA
TI]_?S TACATATAAT GTAAGGAGIC TTTICTITICIC T-TTCTATAG AGAT-TACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tll_-.-’ﬁ TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tll_-.-"-.-" TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
TII_?S TACATATAAT GTAAGGAGIC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAGAT TAGATAATTA
Tll_-.-’g TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
TII_S']‘ TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
TII_S]. TACATATAAT GTAAGGAGIC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAGAT TAGATAATTA
TII_SZ TACATATAAT GTAAGGAGIC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAGAT TAGATAATTA
Tll_83 TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tll_84 TACATATAAT GTAAGGAGIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
TII_SS TACATATAAT GTAAGGAGIC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAGAT TAGATAATTA
TII_SE TACATATAAT GTAAGGAGIC TTTCTITCIC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TAGATAATTA
TI]_S-.-‘I TACATATAAG GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
TI]_SB TACATATAAT GTAAGGAGCC TTTCTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tn_89 TACATATAAT GTAAGGAGCC TTICITICIC TATTCTATAG AGAT-TACAR ATCAGGAATT TCITTTAGAT TAGATAATTA
Tll_gﬂ' TACATATAAG GTAAGGAGCC TTTICTTICIC TATTCTATAG AGA-ATACAR ATCAGGAATT TCTTTTARAT ARGATAATTA
Tll_gl TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tn_92 TCCATATAAT GTAAGGAGIC TTTICTTICIC TATTCTATAR AGATATCCAR ATCAGGAATT TCTTTTARAT TRAAATAATTA
TII_93 TACATATAAT GTAAGGAGIC TTICITICIC TATTCTATAG AGATATACAR ATCAGGAATT TCITTTAGAT TAGATAATTA
Tll_94 TACATATAAT GTAAGGAGCC TTTCTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tn_95 TACATATAAT GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
Tll_gﬁ TACATATAAG GTAAGGAGTIC TTTICTTICIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTARAT TALATAATTA

Tn 97 TACATATAAT
Tn_98 TACATATAAT
Tn_99 TACATATAAT
To_100 TACATATAAT
NARC Carolea TACATATEAT
NARC Domat TACATATAAT
NARC Gemlik TACATATAAT
NARC _lLeccino TACATATAAT
NARC Moraiolo TACATATART
Tn_Arbosana  TACATATAAT
Tn_Chetoui TACATATAAT
Tn_Coratina TACATATAAT
Tn Koroneiki TACATATAAT
Tn_Frantoio TACATATAAT

GTAAGGAGTIC TITCTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTTAGAT TAGATAATTA
GTAAGGAGCC TITCTITCIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGCC TITCTTITICIC TATICTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGTC TITCTITCIC TATTCTATAG AGAT-TACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGTIC TITCTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTTAGAT TAGATAATTA
GTAAGGAGTC TTITCTITCIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGTC TITCTITCIC TATTCTATAG AGAT-TACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGTC TITCTITCIC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTRAGGAGIC TITCTTTICTIC TATTCTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGTC TTITCTITCIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGTC TTITCTITCIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGTIC TITCTITCIC TATICTATAG AGATATACAA ATCAGGAATT TCTITTTAGAT TAGATAATTA
GTAAGGAGCC TITCTITICIC TATICTATAG AGATATACAA ATCAGGAATT TCTTTTAGAT TAGATAATTA
GTAAGGAGTC TITCTITCIC TATTCTATAG AGATATACAR ATCAGGAATT TCTTTTAGAT TAGATAATTA

U]
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GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRARGGAR GGGCTCGARAC
GATRARGGAR GGGCTCGARAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRARGGAR GGGCTCGARAC
GATRARGGAR GGGCTCGARAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRARGGAR GGGCTCGARAC
GATRARGGAR GGGCTCGAAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRARGGAR GGGCTCGARAC
GATRARGGAR GGGCTCGALC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRARGGAG GGGCTCGAAC
GATRAAGGAR GGGCTCGAAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRARGGAR GGGCTCGARAC
GATRAAGGAR GGGCTCGAAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRARGGAR GGGCTCGARAC
GATRAAGGAR GGGCTCGAAC
GATRAAGGAR GGGCTCGAAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRAAGGAR GGGCTCGAAC
GATRAAGGAR GGGCTCGAAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
BRATRGAMGAG GCCCCCCCCC
GATRRAGGAR GGGCTCGRAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRAAGGAR GGGCTCGAAC
GATRRRGGAR GGGCTCGRAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRAAGGAR GGGCTCGAAC
GATRRAGGADL GGGCTCGRAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC
GATRAAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARAC

GAGCCTATAR ATARATALDLG ARDRARALDD AAGARRACTT
GAGCCTATAR ATRRATARDLG ARARARAADA ARGRAARACTT
GAGCCTATAR ATRRATARDLG ARARARAARA ARGRAAGACTT
GAGCCTATAR ATRRATARDLG ARARARAARA ARGRAAGACAT
GAGCCTATAR ATARATALDLG ARDRARADDA AAGARGAT-T

CITTGGGTIG
CTTTGGGTTIG
CITTT-———
CITTT-———
CITIG————

GAGCCTATAR ATRRAATARAG BARRARARAR RAGRAGCTICITITIG-—--—---
GAGCCTATAR ATRRAATARAG BARRARARAR RAGRAGCTTICITITIG—--—---
GAGCCTATAR ATRRAATARAG BARRARARAR AGGAGGCTICIIT-———-—-—--—

GAGCCTATAR ATARATALGG ARDRARALDD AAGARGACTT

GAGCCTATAR ATRRATARDLG ARARARARRA ARGRAAGACTT
GAGCCTATAR ATARATAALG ARARARAARA ARAGAAGACTT
GAGCCTATAR ATARATALDLG ARDRARALDD AAGARGACAT
GAGCCTATAR ATRRATARDLG ARARARAARA ARGRAAGACAT
GAGCCTATAR ATRRATARDLG ARARARAARA ARGRAAGATAT
GAGCCTATAR ATARATALLG ADARARAANA ARAGARGACTT
GAGCCTATAR ATARATALDLG ARDRARALDD AARARRACTT
GAGCCTATAR ATRRATARDLG ARARARAARA ARGRAAGACAT
GAGCCTTTAR ATRRATARDLG ARARARARARA AGGAGGCCTT
GAGCCTATAR ATARATALGG ARDRARALDD AGGARGACTT

GAGCCTATAR ATRRATARDLG ARARARAARA ARGRAAGACAT
GAGCCTATAR ATRRATARDLG ARBARARAARA ARGRAAGACAT
GAGCCTATAR ATARATALDLG ARDRARALDD RAGARGACTT
GAGCCTATAR ATARATALDLG ARDRARALDD AARARRACTT
GAGCCTATAR ATRRATARDLG ARARARAADRA A-GRAAGA-AT
GAGCCTATAR ATRRATARDLG ARARARAARA ARARARACAT
GAGCCTATAR ATARATALDG ARDRARALDD RAAARL-CTT
GAGCCTATAR ATARATALDLG ARARARALDD AAGARGACAT
GAGCCTATAR ATARATALDLG ARDRARALDD AARARRACTT
GAGCCTATAR ATRRATARDLG ARARARAARA ARGRAAGACAT
GAGCCTATAR ATARATALDLG ARDRARALDD AAGARGACAT
GAGCCTATAR ATARATALDLG ARDRARALDD AAGARGACAT
GAGCCTATAR ATARATALDLG ARDRARALDD AAGARGACAT
GAGCCTATAR ATRRATARDLG ARARARAARA ARARARAAART
CCCCCACCAR ATRAATTARDLD ADORARADDA AAAARRATCT
GAGCCTATARZ ATARATRAAAG BAARAARAAR ARRARRAT-T
GAGCCTATAR ATARATALDLG ARDRARALDD AARARRACTT
GAGCCTATAR ATRARATARDLG ARARARAARA ARARARACAT
GAGCCTATAR ATARATALDLG ARDRARALDD AARARRACTT
GRGCCTATARL ATRALATRRAG BRAADRADARGE RRRRRAACTT
GAGCCTATAR ATARATALDLG ARDRARALDD AARARRACTT
GAGCCTATAR ATRRATARDLG ARARARAARA ARARARACTT
GAGCCTATAR ATARATALDLG ARDRARALDD AAGARGACAT
GRGCCTATAL ATRALATRAAG BRARADRADARA ARGADGACAT
GAGCCTATAR ATARATALDLG ARARARALDD AAGARGACAT
GAGCCTATAR ATRRATARDLG ARBARARAARA ARARARACTT
GAGCCTATAR ATAR-TALRDG ARDRARALDD RARARRACTT
GAGCCTATAR ATRRATARLG GRARARAARA ARGRAAGACAT
GAGCCTATAR ATARATALDLG ARDRARALDA RAGARGACTT
GAGCCTATAR ATRRATARGGE ARARARAARA ARARARACAT
GAGCCTATAR ATARATALDLG ARDRARALDD AAGARGACAT
GAGCCTATAR ATRRATARDLG ARARARAARA ARGRAAGACAT
GAGCCTATAR ATARATALDLG ARDRARALDD AAGARGACAT
GAGCCTATAR ATRRATARDLG ARBARARAADRA ARAGRAARACAT

(m)

CTTTGIGTG—
TTITTGGGTIG

TTTTGGGTGG
TITITITII-
CTTITGGGTGGE
TTITTGGGTIG
CTTTGIGTG—
CITTGGGTIG
CTTITGGGTIG
CITTGIGTIG
TTTTGIGTIG

TTTTGGGTTIG
TTTTGGGTA-

CTTTGGGTGG
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Tn_56
Tn_57
Tn_58
Tn_59
Tn_60
Tn_61
Tn_ 62
Tn_63
Tn_64
Tun_65
Tn_66
Tn_67
Tn_68
Tn_69
Tn_70
Tn_71
Tn_72
Tn_73
Tn 74
Tn_75
Tn_76
Tun_77
Tn_78
Tn_ 79
Tn_80
Tn 81
Tn_82
Tn_83
Tn 84
Tn_85
Tn_86
Tn_87
Tn_88
Tn_89
Tn_ 90
Tn_ 91
Tn_92
Tn_93
Tn_9%4
Tn 95
Tn 96
Tn 97
Tn_98
Tn_99
Tun_100
NARC_Carolea
NARC Domat
NARC_Gemlik
NARC Leccino

GATARRGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARC
GATRARGGAR GGGCTCAAMC
GATARAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGAAC
GATARRGGAR GGGCTCGAAC
GATAARGGAR GGGCTCGARC
GATRARGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGAAC
GATARAGGAR GGGCTCGAAC
GATAARGGAR GGGCTCGARC
GATARRGGAR GGGCTCGAAC
GATAARGGAR GGGCTCGARC
GATRARGGAR GGGCTCGAAC
GATRARGGRR GGGCTCGARAC
GATRARGGAR GGGCTCGAAC
GATARRGGAR GGGCTCGAAC
GATAARGGAR GGGCTCGARC
GATRARGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARC
GATRARGGAR GGGCTCGAAC
GATARAGGAR GGGCTCGAAC
GATARRGGAR GGGCTCGAAC
GATARRGGAR GGGCTCGAAC
GATAARGGAR GGGCTCGARC
GATRARGGAR GGGCTCGAAC
GATRARGGRR GGGCTCGARAC
GATARRGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARC
GATRARGGAR GGGCTCGAAC
GATARAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGAAC
GATARRGGAR GGGCTCGAAC
GATAAGGGAG GGGCTCCARAC
GATRARGGAR GGGCTCGAAC
AATRARGGRAR GGGCTCRARC
GATRARGGAR GGGCTCGAAC
GATARRGGAR GGGCTCGAAC
GATAARGGAR GGGCTCGARC
RATRARGGAR GGGCTCRARRAC
GATAARGGAR GGGCTCGARC
GATRARGGAR GGGCTCGAAC
GATRARGGRR GGGCTCGARAC
GATRARGGAR GGGCTCGAAC
GATARRGGAR GGGCTCGAAC
GATAARGGAR GGGCTCGARC
GATARRGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGARC

GAGCCTATAR ATRARTRARG ARARRRAARADRD BRGARGACAT
GAGCCTATAR ATRARTRARG AARARARARD BRAGARGATAT
GAGCCTATAR ATRARTRAARG ARRARARARD BARARAACTT
GAGCCTATAR ATRARTRARG AARRAARALD BRAGARGACAT
GAGCCTATAR ATRARTRAARG AARARARARD BRRARARAACTT
GAGCCTATAR ATRARTRARG ARARAAARADRD DRADDAAC-—
GAGCCTATAR ATRARTRARG ARRARARARD BAGARGATTC
GAGCCTATAR ATRARTRAARG AARARARARD BARAGARGACAT
GAGCCTATAR ATRARTRAARG AARARARARD BRAGARGACTT
GAGCCTATAR ATRARTRAARG AARARARARD BRRARARAACAT
GAGCCTATAR ATRARTRARG AARRAARALRD BRAGALGACAT
GAGCCTATAR ATRARTARAARG ARARARARARD BRAGARGACAT
GAGCCTATAR ATRARTRARG ARARAADRADRD BRAADAAT-T
GAGCCTATAR ATRARTARAARG ARARARARARD BRAGARGACAT
GAGCCTATAR ATRARTRAARG AARARARARD AGGARGACTT
GAGCCTATAR ATRARTRARG ARARARARARD BGGARGACTT
GAGCCTATAR ATRARTRAARG GARARARARD BRAGARGACAT
GAGCCTATAR ATRARTRARG ARRARAARADRD BRGARGACAET
GAGCCTATAR ATRARTARARG ARRARARARD BRAGARGACAT
GAGCCTATAR ATRARTRAARG AARARARARD BARAGARGACAT
GAGCCTATAR ATRARTARAARG AARARARARD BRGARGACTT
GAGCCTATAR ATRARTRAARG ARRARARARD BAGARGA-AT
GAGCCTATAR ATRAATRAGE ARRRAARALRD BGEGA-GACAT
GAGCCTATAR ATRARTRARG ARRRRARADRD BRGARGACAT
GAGCCTATAR ATRARTRARG ARRAAARADRD BRGADGACAET
GAGCCTATAR ATRARTRARG ARRARARARD BRARRLACTT
GAGCCTATAR ATRARTRAARG AARARARARD BARAGARGACAT
GAGCCTATAR ATRARTRAARG RARARARARD BRAGARGACAT
GAGCCTATAR ATRARTRARG ARRARARARD BRGARRACAT
GAGCCTATAR ATRARTRARG AARARARARD BRGARGACAT
GAGCCTATAR ATRARTRARG AARARARARD BRRARARAACAT
GAGCCTATAR ATRAATRARG AARRAARALRD BRAAMAACTT
GAGCCTATAR ATRARTRAARG AARARARARD BRRARARGACAT
GAGCCTATAR ATRARTRAGE ARRARAARARD BEGARGACTT
GAGCCTATAR ATRARTRARR RARRARARARD BTRAARRATCC
GAGCCTATAR ATRARTRAARG ARRARARARD BAAGARGACAT
GACCCTATAR ATRARTRAARR AARARARARD BRRARAACTT
GAGCCTATAR ATRARTRARG AARARARARD BRRARARAACAT
GAGCCTATAR ATRARTRARG ARRAADRADRD BRADDGATAT
GAGCCTATAR ATRATTRAGE ARRRARARARD BGGA-GACTT
GAGCCTATAR ATRARTRARG RARARAARADRD BRADDDACTT
GAGCCTATAR ATRARTRARG ARRARARARD BGGARGACTT
GAGCCTATAR ATRARTRAARG AARARARARD BRRARARAACAT
GAGCCTATAR ATRARTRAARG RAARARARARD BRAGARGACAT
GAGCCTATAR ATRARTRAARG AARARARARD BARAGARGACTT
GAGCCTATAR ATRARTRARG RRARARADRADRD BRAGARRACTT
GAGCCTATAR ATRARTRARG ARRARARARD BRAAARDACTT
GAGCCTATAR ATRA-TRARG ARARRRARARD BRAARAACTT
GAGCCTATAR ATRARTARAARG AARARARARD BRRARDACRET

NARC_Moraiolo GATAAAGGAR GGGCTCGAAC GAGCCTATAA ATAAATAAAG AAAAARAARAARA AARAAAACTT

Tn_Arbosana
Tn_Chetoui
Tn_Coratina
ITn_ Koroneiki
Tn_Frantoio

GATARAGGAR GGGCTCGAAC
GATRARGGAR GGGCTCGAAC
GATARRGGAR GGGCTCGAAC
GATAARGGAR GGGCTCGARC
GATRARGGAR GGGCTCGAAC

GAGCCTATAR ATRARTRARG AARRAARALD BRAGARGACAT
GAGCCTATAR ATRARTRARG AARARARARD AGGARGACTT
GAGCCTATAR ATRARTRARG ARARARADRADRD BRAGARGACTT
GAGCCTATAR ATRARTRAGE ARRARARARD BGGARGACTT
GAGCCTATAR ATRARTRAARG ARRARARARD BAGARGACTT

(n)

Figure S2. Alignment of 10 reference and 100 unknown plants marker region sequences.

TTTTGTGITG
TCIIGGGGTA

CITTGIGITG
CTTIGGGITG
CITTGIG———

TITTGGGIT-
CITTGGGT G-
CITIGIG——

CITIGIGIT-
CTTIGGGTA-
CTTITGIGIT-
CTTITGGGTT-
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