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Abstract

Ficus sycomorus L. (Moraceae) as a Mediterranean crop suffers from problematic genotyping identification. It i
considered as a local natural resource, is threatened with extinction. Genetic diversity and relationships among its
genotypes s fundamentally important in its improvement. Thereby, its conservation and genetic characterization is
requested. Molecular characterization of 16 F. sycomorus L. genotypes has been assessed using simple sequence
repeat (SSR) and inters simple sequence repeat (ISSR) markers. Data revealed that the selected 14 SSR loci
produced 32 alleles of which 18 (56.250%) were polymomhic. Whereas, the 11 selected ISSR primers produced 74
bands of which 43 (58.108%) were polymorphic. Cluster analysis of combined SSR and ISSR data together suggests
that the 16 studied F. sycomorus genotypes are grouped in two main clusters, based on the estimated percent
disagreement values (PDV). Based upon combined SSR and ISSR markers together, the current investigation

suggests low genetic variation within studied F. sycomorus L. genotypes.
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Introduction

Ficus sycomorus L. (Moraceae) named sycamore fig
or the fig-muberry and it has been cultivated since
ancient times. Its genotyping identification has little
attention in literature especially in our country Syria.
Today, many available molecular PCR-based DNA
markers such as: Random amplified polymorphic
DNA (RAPD), inter simple sequence repeat (ISSR),
inter-retrotranspos on-amplified polymorphism
(IRAP), amplified fragment length polymorphism
(AFLP) and simple sequence repeat (SSR) have been
successfully employed for different  crops
genotyping. Simple sequence repeat (SSR) among
them becomes one of the most effective markers in
phylogenetic relationship studies of many plant crops
due to its highly specify and polymorphic along
whole genome. Consequently, it exhibited a
privileged position in plant breeding and
improvement  programs. It is  known as
microsatellites, consisting of tandem arranged repeats
of short DNA motifs (mono, di, tri or tetra
nucleotides; 1-6 bp in length). Earlier, it successfully
employed for the first time by Tautz and Renz [1] in
prokaryotic and eukaryotic genomes researches [2-3].
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It has been demonstrated that F. carica L. genotyping
has been extensively reported in many investigations
using different molecular markers eg.SSR [4-18];
ISSR[7, 19-21]; RAPD [7, 12, 22] and AFLP [10].

It worth noting that genetic diversity in Ficus genus
mainly focused in F. carica species [18] and little
less in other related Ficus species like, F. insipida
[4], F. citrifolia and F. eximia[23], F. tikoua [7], F.
hirta [15], F. palmata [21] and F. virens [24] species.
However, F. sycomorus species genetically is poorly
investigated. In this respect, Ahmed et al. [25] used
SSR markers and Saleh [26] used RAPD and IRAP
markers for the same destination. More recently,
Saleh [27] used Directed Anplification of
Minisatellite-region DNA (DAMD) marker for the
same porpuse.

Thereby, the current study aimed to sutdy genetic
diversity of F. sycomorus L. species based on SSR
microsatellites and ISSR markers.

Material and Methods

Plant Sampling and DNA Extraction

Leaves samples of sixteen F. sycomorus genotypes
were collected from coastal regions of Syria at
different altitudes (Table 1). For each genotype, 5-10
leaves were harvested and bulked as representative
for each genotype. Samples collection has been
performed in autumn as previously described by

© Sakun Publishing House (SPH): IJPLS

Saleh [26].
*

ﬁ&aak:u

*ublishing House




Research Article
CODEN (USA): IJPLCP

Saleh, 10(5): May, 2019:6224-6235]
ISSN: 0976-7126

Total genomic DNA of each genotype has been
performed by a CTAB (cetyltrimethylammonium
bromide) protocol as described by Doyle and Doyle
[28]. Concentration of DNA was measured by DNA
fluorimeter and kept at —80°C until use.
SSR and ISSR Assays
Twenty-four microsatellite loci were employed to
detect genetic diversity among 16 genotypes of F.
sycomorus species. Due to its importance and
efficacy in genetic studies, it was successfully
employed worldwide. Whereas, eleven ISSR primers
designed by University of British Columbia (UBC)
were tested for the same purpose.SSR and ISSR
amplification PCR reaction was performed in 25 pL
reaction final volume containing 1X PCR buffer, 2
mM MgCl,, 0.25 mM dNTPs, 25 pmol primer, 1.5 U
of Tag DNA polymerase and 50 ng template DNA.
PCR amplification was performed in a T-gradient
thermal cycler (Bio-Rad; T-Gradient). It was
programmed to 40 and 35 cycles for SSR and ISSR
markers, respectively after an initial denaturation
cycle for 4 min at 94°C. Each cycle consisted of a
denaturation step for 1 min at 94°C, an annealing step
for 2 min at Tm varied according to each examined
primer (Table 2), and an extension step at 72°C for 2
min, followed by extension cycle for 7 min at 72°C in
the final cycle. PCR products were then separated on
a 2.5 and 1.8% ethidium bromide-stained agarose gel
(Bio-Rad) in 0.5X TBE buffer, for SSR and ISSR
markers, respectively. Electrophoresis was performed
for 25 h at 75 V and visualized with a UV
transilluminator. For estimation molecular weight of
SSR loci and ISSR bands size, a VC 100bp Plus
DNA Ladder (Vivantis) ladder standard was used.
SSR and ISSR Data Analysis
The presence or absence of each size class was
scored as 1 or 0, respectively. The percent
disagreement values (PDV) found were used to
generate a matrix via the Unweighted Pair Group
Mean Arithmetic average (UPGMA) using Statistica
program [29]. Then the previous matrix was used to
estimate genetic similarity [30]. Polymorphic
information content (PIC) value was estimated for
each SSR loci and ISSR primer according to the
formula:

PIC = 1 — Z(Pij)’
Where Pij is the frequency of the ith pattem revealed
by the jth primer summed across all pattems revealed
by the primers [31].
Results and Discussion
Twenty-four SSR loci previousely employed for
molecular characterization of other Ficus species
were employed to investigate genetic relationships

among 16 F. sycomorus genotypes. Data showed
that, 10 out of the 24 SSR tested loci were
monomorphic with 1 (LMFC14, LMFC22, LMFC25,
LMFC28, LMFC30, LMFC37 and MFC8) or 2
(LMFC19, LMFC34a and LMFC35) allele(s)/SSR
loci. Thereby, 14 SSR loci were finaly used for
estimation DNA variation among the studied 16
genotypes. Data showed that total alleles detected by
using the later 14 SSR loci, ranged between 2-3
alleles with an average of 2.3 alleles/SSR loci (Table
3). Whereas, polymormphic alleles ranged between 1-2
alleles with an average of 1.4 alleles/SSR loci (Table
3). Figure 1 shows DNA polymomphism pattems
obtained by LMFC30 (a) and LMFC36 (b) SSR
loci.

As for ISSR marker, 11 ISSR primers were tested
and gave a toltal bands number ranged between 3-10
with an average of 6.727 bands/primer (Table 3).
Whereas, polymormhic bands ranged between 1-7
bands with an average of 3.909 bands/primer (Table
3). Figure 2 shows DNA polymomphism pattems
obtained by UBC834 (a) and UBC856 (b) ISSR
primers.

In the current study, fourteen selected SSR loci and
eleven ISSR primers were finally employed for
genetic diversity investigation among 16 F.
sycomorus genotypes. SSR marker produced 32 of
which 19 (56.250%) alleles were polymorphic with
mean PIC of 0.106. As for ISSR, this marker
produced 74 bands of which 43 (58.108%) were
polymorphic with mean PIC of 0.165 (Table 3).

Saleh [26] reported 352 bands, of which 252
(71.59%) with PIC of 0.215 and 178 bands, of which
151 (84.83%) were polymormphic with PIC of 0.299
using RAPD and IRAP markers, respectively among
10 F. sycomorusgenotypes.

Recent observations however, reported that total
bands ranged between 4-19 bands with a mean
average of 8.083 bands/ primer. Whereas,
polymorphic bands ranged between 2-19 bands with
a mean average of 6.042 bands/ primer among the
same 16 F. sycomorus L. genotypes using DAMD
marker [27]. The previous study revealed 194 bands
of which 145 (74.742 %) were polymormphic with PIC
mean average of 0.219 using 24 DAMD primers [27].
In the current study, some of tested SSR loci
successfully characterized some F. sycomorus
genotypes (Table 4). In this regards, LMFC21,
LMFC23, LMFC26 F, LMFC27 and MFC2
characterized F. sycomorusll genotype;LMFC13,
LMFC21, LMFC23, LMFC24, LMFC27, LMFCA40,
MFC1, MFC2 and MFC6 characterized F.
sycomorusl4  genotype. Whereas, LMFC20,
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LMFC38, LMFC40 and MFC6 characterized F.
sycomorusl15 genotype (Table 4).

As for ISSR, some primers were specific for given
genotypes (Table 4). In this respect, 4 ISSR primers
(UBC813, UBC836, UBC857 and UBCS873)
characterized F.sycomorus 14, 3 ISSR primers
(UBC817, UBC836 and UBCB889) characterized F.
sycomorus15,3 ISSR primers (UBC813, 817,
UBC836 and UBC889) characterized F. sycomorusl,
3 ISSR primers (UBC836, 857 and UBCB873)
characterized F. sycomorusll and UBCB859 ISSR
characterized F. sycomorus5 genotype.

Percent Disagreement Values (PDV) generated by
the 14 SSR loci and 11 ISSR primers combination
data using UPGMA routine in statistical program,
ranged between 0.02-0.35 with a mean average of
0.15 (Table 5).

SSR and ISSR data were combined together to create
a matrixes used for determination of genetic
similarity among genotypes (Table 6). Thereby,
established dendrogram based on SSR and ISSR data
combination revealed that studied genotypes were
clustered into two main groups (Figure 3). The first
group involves F. sycomorusl4 and F. sycomoruslb
that were closed with PDV of 0.15 (similarity 0.90)
(Tables 5 and 6). Whereas, the second one was
divided into two subgroups, the first subgroup
involves 9 genotypes (F. sycomorusl, 2, 3,4,5,6, 9,
10 and 11); of which F. sycomorus2 and F.
sycomorus3 were the most closed genotypes with the
lowest PDV of 0.02 and the highest genetic similarity
value of 0.99; followed by F. sycomorus9 and F.
sycomorusl0 with PDV of 0.03 (similarity 0.98)
(Tables 5 and 6). Whereas, the second subgroup
involves 5 genotypes (F. sycomorus?, 8, 12, 13 and
16). Of which F. sycomorusl?2 and F. sycomorusl6
were genetically closed genotypes with PDV of 0.04
(similarity 0.97) (Tables 5 and 6). Otherwise, F.
sycomorusl3 and F. sycomorusl4 were genetically
the farthest genotypes by showing the highest PDV
of 0.35 followed by F. sycomorusl4 and F.
sycomorus16 with PDV of 0.34 from the PDV mean
average of 0.15.

In the current study, cluster analysis revealed that the
16 F. sycomorus genotypes were divided in two
clusters based on SSR and ISSR data combination.
These data were coherent with previous finding
reported by Saleh [26] based on RAPD and IRAP
data combination and ako with the recent findings
reported by Saleh [27] based on DAMD marker.
Previously, Ahmed et al. [25]applied SSR marker to
screen pollination pattern and gene flow in the
African fig F. sycomorus. The previous study

revealednewly loci presented in F. sycomorus and a
single locus originally developed in F. carica. In this
regards, 12 loci were polymorphic when tested in
between 8 and 79 Namibian F. sycomorus samples.
Where, three of the new F. sycomorus loci were
polymorphic in cultivars of the edible fig F. carica
suggesting that the selection of these loci will be
potential for population investigations in other fig
species. Whereas, Rout and Aparajita [20]reported
116 as a total bands number of which 106 (91.3%)
were polymorphic using 21 ISSR primers among 23
Ficus accessions. Whereas, Javed et al. [21]reported
a total bands number of 29 of which 22 (75.9%)
bands were polymorphic. Indeed, total bands number
ranged between 5-7 bands with an average of 5.8
bands/primer; whereas, polymorphic bands number
ranged between 3-6 with an average of 4.4
bands/primer among 25 Pakistan F. palmata
genotypes using 5 ISSR primers.

Vignes et al. [4]reported SSR marker to identify F.
insipida species. The previous study revealed that 11
out tested 13 SSR PC combinations produced 1-6
alleles with an average of 3.3 alleles/locus. Indeed,
Bandelj et al. [5]reported 65 alleles as a total in F.
carica L. collected from the northem Adriatic coast
using 15 SSR PC combinations.

Achtak et al. [6]reported 85 alleles and alleles
nurber ranged between 3-9 with an average of 5
alleles/locus among 75 Moroccan fig (F.
carica L.)accessions using 17 SSR PC combinations.
Moreover, Ikegami et al. [7]reported 13 ISSR, 19
RAPD, and 13 SSR primers application for genetic
diversity of 18 accessions belonging to European
and Asian fig (F. carica L.). The previous study
revealed 258 fragments detected with all markers
types. Moreover, mean genetic similarity was
recorded to be 0.787, 0.717, and 0.749 for ISSR,
RAPD and SSR markers, respectively. Indeed,
polymorphism level (P%) was 97.41% for
ISSR + RAPD together and 90.18% for SSR.

Oukabli et al. [8]reported genetic diversity among 75
Moroccan fig (F. carica L.) accessions using 17 SSR
PCcombinations. The previous study revealed 25
alleles with an average of 6 alleles/locus. Whereas,
Nazareno et al. [23]reported genetic diversity in
BrazilianF. citrifolia and F. eximia species using SSR
marker. The previous study revealed that 12 out 15
SSR PC combinations successfully discriminate the
two species. Moreover, SSR markers produced 11
polymorphic loci along 60 tested individualk for each
species (F. citrifolia and F. eximia). Indeed, SSR
markers produced 4-15 alleles/locus and 2-12
alleles/locus for F. citrifolia and F. eximia species,
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respectively. Whereas, Baraket et al. [10]reported
351 (342 were polymomhic) and 57 (57 were
polymorphic) alleles were detected using AFLP and
SSR markers, respectively. Indeed, PIC value was
recorded to be 0.94 for SSR marker in Tunisian fig
(F. carica L.). Moreover, Saddoud et al. [9]reported
39 alleles and that alleles/locus number ranged
between 5-8 with an average of 6.5 alleles/locus.
Indeed, PIC value ranged between 0.67 to 0.85 with
an average of 0.79 among 18 Tunisian fig (F. carica
L) cultivarsusing 6 SSR PCs combinations.
Moreover,

Caliskan et al. [12]reported that alleles/locus number
ranged between 3-12 with an average of 6.8
alleles/locus. Whereas, RAPD marker produced 68
bands as total of which 55 bands were polymorphic
among 76 Turkish fig (F. carica L.) accessions using
10 SSR PC combinations and 7 RAPD primers.
Basheer-Salimiaet al. [22]reported cenetic diversity
amona 9 Palestinian fia (F. carica L.) aenotypes
using 9 RAPD primers. The previous study revealed
57 total bands. of which 40 bands (70.2%) were
polymorphic. Indeed, total bands number ranged
between 3-9 with an average of 6.33 bands/primer;
whereas, polymomhic bands number ranaed between
3-7 with an average of 4.44 bands/primer. Whereas,
Essid et al. [14]reported genetic diversity among 20
Tunisian accessions of fig (F. carica L.) using 13
SSR PC combinations. The previous study revealed
37 alleles in total and that alleles/loucs number
ranged between 2-6 with an average of 2.85
alleles/loucs. Moreover,

Zheng et al. [15]reported application of 16 SSR PC
combinations forscreening genetic diversity among 4
populations of F. hirta. The previous study revealed
that 9 out the 16 tested SSR PC combinations
produced polymorphic pattern. Indeed, alleles/locus
number ranged between 2-15.

Ferraraa et al. [16] reported genetic diversity among
24 Italian F. carica L. genotypes using SSR marker.
The previous study revealed that 39 SSR PCs
combinations produced 191 alleles in total of which
142 alleles (74.3%) were polymorphic. Indeed, total
nurber of alleles/locus ranged between 1-9 and
polymorphic number of 0-9 and the PIC value ranged
between 0.07-0.91. Whereas, zhang et al.
[17]reported genetic diversity among 3 Chines F.
tikoua populations using 14 SSR PC combinations.
The previous study revealed 14 polymorphic loci
with alleles number ranged between 3-16 in total and
between 1-11 within populations.

Recently, Teoman et al. [18]reported a total of 82
alleles and that the number of alleles/locus ranged

between 2-7 with PIC value ranged between 0.42-
0.98 among 47 Turkish F. carica L. genotypes using
SSR marker. Whereas, Fu et al. [24]reported total
alleles number ranged between 3-17 among 85
Chines F. virens samples belonged to 3 populations
using 15 SSR PC combinations.

Abou-Ellail et al. [13]reported 51 alleles in total of
which 15 (29.4%) were polymorphic. Indeed, total
alelles ranged between 2-15 and polymorphic alelles
ranged between 0-13 among 7 F. carica L. cultivars
using 6 SSR PC combinations. Whereas, Belttar et al.
[32]reported 25 polymormphic alleles with an average
of 1.6 allele/SSR loci with PIC of 0.69 were
generated among 89 fig (F. carica L) genotypes
collected from Algeria and Turkey using 16 SSR loci.
The previous study showed that two populations out
of studied genotypes displayed low diversity between
the Algerian and Turkish genotypes.

More recently, Aljane and Essid [33]reported 119
total bands of which 95 bands (79.83%) were
polymorphic using 11 RAPD primers. Whereas, 13
SSR loci produced 37 total alleles, and total alleles
ranged between 2-6 alleles with an average of 2.85
allele/SSR loci among 30 Tunisian fig (F. carica L.)
cultivars using RAPD and SSR markers.

In the current study, the main average of PIC was
0.106 and 0.165 for SSR and ISSR, respectively was
lower than that reported by the other studies
mentioned herein. This could explain by the narrow
genetic variation among studied F. sycomorus L.
genotypes. This observation was in agreement with
recent finding reported by Aljane and Essid
[33Jamong 39 Tunisian fig (F. carica L.) cultivars
using RAPD and SSR markers. The weak genetic
diversity observed in the current study could be
related to the allelic variation among the different F.
sycomorus tree types through a complex pollination
mechanism, involving the symbiotic relationships
between the F. sycomorus tree and its pollinator and
dynamic mutation-recombination operation. This
observation was coherent with Ganopoulos et al.
[34]in Ficussp.

Conclusion

In conclusion, SSR and ISSR DNA-PCR based
markers have been employed to investigate
phylogenetic relationships among 16 genotypes of F.
sycomorus species. Cluster analysis based on SSR
and ISSR data combination revealed that the studied
genotypes were grouped in two main clusters.
Moreover, relationships between genetic structure
and their geographical distribution was not clear
suggesting genetic material exchange among
different sites sampling.  This observation was

© Sakun Publishing House (SPH): IJPLS ;“"“«1
A~ —

Sakuum

Publishing House



Research Article
CODEN (USA): IJPLCP

Saleh, 10(5): May, 2019:6224-6235]

ISSN: 0976-7126

coherent with recent finding in Tunisian fig (F.
carica L) using RAPD and SSR markers. Based
upon combined SSR and ISSR markers together, the

current

investigation suggests narrow genetic

variation within studied F. sycomorus L. genotypes.
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Table 1: Description of the studied F. sycomorus in the current study

Genotype code Original site Altitude (m) Annual rainfall (mm)) References
F.sycomor 1 Lattakia 4.5 650-700 [26]
F. sycomor 2 Lattakia 6.5 650-700 Current study
F. sycomor 3 Lattakia 6.3 650-700 [26]
F. sycomor 4 Lattakia 6.5 650-700 Current study
F. sycomor 5 Lattakia 5 650-700 Current study
F. sycomor 6 Lattakia 5 650-700 Current study
F. sycomor 7 Lattakia 5 650-700 Current study
F. sycomor 8 Lattakia 5 650-700 Current study
F. sycomor 9 Lattakia 4 650-700 Current study
F. sycomor 10 Lattakia 6.3 650-700 [26]

F. sycomor 11 Lattakia 5 650-700 Current study
F. sycomor 12 Jableh 11.8 650-700 [26]

F. sycomor 13 Banyas 10 700-750 [26]

F. sycomor 14 Banyas 220 ~850 [26]

F. sycomor 15 Banyas 12 700-750 Current study
F. sycomor 16 Banyas 250 ~850 [26]

o
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Table?: S5E and ISSE tested primers in the corrent investigation in terms of

primers sequence and annealing temperafure (“C).

Primer name Primar saquances 3 10 37 (F) Primer sequances 5 1o 37 (B Ta{*C]
S5R
LMFC13 CCTCTTICTCTCTCTTAATTTT TITATCAAACDCACTEATIC 58
LMFC14 CAAAACTCACACCAATAATE | TAATCTGCAAAAAGATGACTA 58
LMFC1S | COGAGAAAGATTTAGAATTIG | ATTCCAGAGACGAAAGHTCT il
LMFC12 | CTTATGAAAACTCGOTAGAALG | AATGAATGGAAATGATCTIC il
LLMFCID | ATGCAGGCTTAGATAGAAAT | ACAATATAAAAAGAAATATCA | A0
LMFZI1 ATGTCAAAACACCAGITITA | AAGAATAGAAAATTTRAAAAAL| 4]
LMFZIY | ATCACGATATAGGTGTTITAAT | AGACTTIGTAATTTTGATTCCT il
LMFZI3 | TITOGTGTCTAACGATCAAAAA | CTOCCATCTOCAACTOCATC il
LMFCZ24 | ACTICTICATATTIGGTATAGE | TICATAAACTGETCTAAAAGA il
LMFC2S | GATTCTGATTAAAGGGTATIT | GOTTICCAAATCTAAAGTAAC il
LMFC26F | ATGTTATAGTIGAGTGAGGATAA | AAATAGTGGATCTIGCATGT il
LMFZIT | ATTTCTTCAACTITIGTAATGA | CCTTTTGTCTACATATACT 58
LMFCIR TEATTCCTTTTACTIGTAGATT | AAGACATTIGAGACATACCAG 58
LMFC3] TIGTCOCOGTITCTTATACAAT TCTTITTAGGCAGATGTTAG il
LMFC34z | GTTACAAAGTACAGGTAAGCA | GTATIGGATCTIGATTATGTTT il
LMFC35 CTCAACCOCACCATTITAAD AGCTCTTIGTIGETTCGATT il
LMFC36 GACTCCTACACCATCAAAGE CTICACGTIGTICCTGTIGT 58
LMFC3T AAGTACATCTICACCATIGA | ATTAAACTCTTCATICATCAGT 58
LMFC3E CTCAACGTOOGTACTAACTA | CTAAGGAATAAAAGGAGAAAAL | 58
LMFC4] TETCAGTAGTICOOCTEEAGA COOGCATCTCTATTATTTIGAC 58
MFC1 CTAGACTGAAAAAACATIGE | TCAGATICAAAGGAAATGAG 58
MFZ2 GCTICOGATGETGCTCITA TOGGAGACTITIGTICAAT ]
MFCH AGGCTACTICAGTGCTACA GOCATAAGTAATAAARADT 52
MFCR GTGGOGTOGTCTCTAATAAT | TATICTATGCTGTCTTATGTCA 52
I53R
UBCZR13 CTCTCTCTCTCTCTCTT 5
UBCE1TY CACACACACACACACAA 52
UBCR34 AGAGAGAGAGAGAGAGYT 5
UBCR3b AGAGAGAGAGAGAGAGTA 52
UBCR4] GAGAGAGAGAGAGAGAYT 55
UBCRSS ACACACACACACATACYT 55
UBCRS ACACACACACACACACYA 55
UBCZRSTY ACACACACACACACACYG 55
UBCERSY TGTIGTGTGTGTGTGTGRTE 54
UBCZRTS GACAGACAGACAGACA 52
UBCRRY DEDACACACACACACAD 52
Single letter sbbr=vizions for mixsd-bass positons: Y ={C, T, E={A, &) znd I = {nm )
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Table 3;5elected. SSE and ISSE primers, total number of amplified fragments,
number of polymorphic fragments, proportion of pelymorphic fragments and FIC

values.
+|

55F. loci Total allale: Polymorphic allalas P (%) PIC
LWFC13 2 1 5 0.052
LNFC13 3 2 56667 0.023
LNFCID 2 1 5 0.052
LNFC21 2 1 5 0080
LWFC213 2 1 5 0050
LWFC24 3 2 56667 0.183
LNWFCISF 2 1 5 0.052
LNFC2T 2 1 50 0.13%
LWFC38 3 2 G667 0.132
LWFC3E 3 2 56667 0.07
LLFC4D 2 1 5 0.173
KMFC1 2 1 5 0.105
MFC2 2 1 50 0.13%
WMFCS 2 1 5 0080

Total 32 18

Avveraga 213186 1.286 54.762 0.106
ISEF. primx Tots bands  Polymorphic bands P PIC
TUECEL3 bl 5 56667 0.174
UECELT & 2 33.333 0.03%
TUECE34 2 4 5 0.183
TUECE3S B ] 75 0.242
TUECE4D 3 1 33.333 0.154
UECHES3 & 3 50 0.121
UECESE & 3 50 0.238
UECEIT 5 4 B0 0.187
TUECE:D 3 1 33.333 0.03%
TUECET3 10 7 T 0.275
UECEED 10 ] &0 0.145

Tabled: S5E amd ISR specific primers characterized tested F. guoomierns genotypes.

55K loci  MWallsles detactsd  Bpecific allslss Gemotypes
LMFC13 p 1 F. pcomorl4
LMFCIS 3 1 F. pxomors & 16
LMFCID p 1 F. sacomorl 5
LMFC2I1 1 1 F. nwomorld & 14
LMFCI3 b 1 F. peomorld & 14
LMFC24 3 1 F. pacomorl4
LMFCIE F b 1 F. sycomord]
LMFCIT P 1 F. swomerd, 11 & 14
LMFC36 b 1 F peomord & 13
LMFC3E 3 1 F. scomorl s
LuIFC4D P 1 F pxomord, 5, 14 & 15
MFC1 p 1 F. scomorl4
NFC2 1 1 F. womord, 11 & 14
MFCE 2 1 F. pwomorid & 15
ISEF. Primers W bands detected  Bpecific bands Gemotypes
TUECEIL3 o 1 F swcomor] 512,14 & 16
TECELT § 1 F. swomorl ¥
TECES B 1 F. spcomor2 3,011, 14 & 15
TECE4D 4 1 F. sycomorl
TUBCEST 4 1 F swcomord, 7, 13, 11, 14 & 14
TECED 3 1 F. sncomord & 5
TUEBCET3 10 1 F. sycomord 3,8,11 &14
TECEED g 1 F. nucomorl ¥

—
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Table 5: Percent disazreanent values (FDV) among the 16 tested F. sycomarnsFS) senotypes vielded by S55R+155R combination data

Genotype F51 FE1 FE53 F34 FEF Fi6 F57T FER F30 FB10 FS511 F511 FE513 F514 F515 FS16
F5l 000
Fi2 013 000
F:3 013 002 000
F&4 020 008 00 000
F:3 015 006 006 005 0.00
Fié 015 006 006 007 004 000
F&7 024 016 016 011 012 014 Q.00
F:R 024 01F 018 013 014 014 00F 0.0D
F:0 012 012 014 015 016 016 €13 013 Q.00
F31p 019 013 015 012 015 @15 012 012 003 000
Fill 010 012 012 @17 012 012 0323 023 015 016 00D
F512 021 017 Q17 @10 @13 €13 010 010 ©¢1% 015 O0X! 00D
F5l13 024 022 022 015 018 01F 013 011 €23 020 026 005 0.00
F514 021 0192 0192 025 021 021 ©¢31 020 024 026 016 030 035 000
Fil3 012 013 013 020 017 015 024 025 OU1F 019 ©01R Q26 031 015 00D
Fs1g 023 021 019 014 017 017 €12 €14 0322 019 025 004 007 034 030 0.00

Table fi: Meiand Lisimilarity index amons the 16 tested F. syoomarus(F5) senatypes vielded by S5R+I55E combination data.

Cenptyps F51 F51 F33 F34 FE5 F56& F57T FRR F30 F510 FEI1 F512 F513 FE14 FBl3 F516
F3l 1.0
F52 021 1.0
F&3 091 0520 100
F34 086 024 024 1.00
F35 0B 098 006 D06 1.00
F56 080 098 096 095 007 100
o) 085 0B8F OQBF 0901 000 O0B0 1.00
F&R 0B3 OB OB 0By OBRD QB0 004 100
Fag 088 0921 ¢%0 (38 OBE OB 090 000 100
Fi10 087 090 080 090 030 080 050 0920 098 1.00
Fill 093 Q252 022 O0BR 051 0921 OB OB 0B 0B 10D
Fil2 085 ©0BT QBT 091 OB OO0 0901 021 OBS OBRE OB4 100
F&l3 083 085 Q83 QB8 OB6 OB6 OB O0O1 QB2 034 OB 095 1.00
F:5l4 087 O3B QB QB2 OB OB6 072 070 OB4 0B 090 O07F 075 10D
F515 087 Q0921 o091 OB ORE OB 0B85 OBl 087 086 ORE OB 077 090 100
Falé 083 OB4 OB5 OBRRE OBRS OBY OO0 OBR OB OB OBl 097 004 076 077 1.00
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Fig. LDNA polymorphim profile in the 16 tested F. gieomems gmotypes ob tain ed
by LMFC3M (g)and LMFC36 (b) S5R lod. M: A VC 1Hibp Plus DNA Ladder

Nixanms) ladder standard.
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Figl: DNApolyvaorphivm profile in the 16 tested F. spoomiomms gmotypes ob tain ed
by UB(CE34 {a) and UBCES6(b) ISEE primers. AL A VC 100bp Flus DNA Ladder
Vixanms) ladder standard.
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Fig. 3. Cluster analyss of the 16 tested F. pueomorns genofypes vielded by SSR+IS5E
combination data based om percent disagresment values (FDV)
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