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Abstract: To create a molecular marker characterization for twenty species of Ficus, eight decamer primers were used to
randomly amplify these species genomic DNA producing a total of 172 distinct polymorphic band patterns. One band was
chosen to be converted into the more robust sequence characterized amplified region (SCAR) marker format to provide a
unique molecular marker characterization for the variety of Ficus hirta. This technique for species identification and char-
acterization provides a morphologically independent test to verify relatedness and provide species information particularly
for cases where such identification was previously untenable such as in the case of morphologically indistinguishable

plant cuttings.
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INTRODUCTION

Having been cultivated in the eastern Mediterranean zone
since 4000 B.C., the fig tree (Ficus spp) has one of the long-
est histories as a fruit tree in human history [1]. Trees of the
Ficus species belong to the family Moracea and can be easily
distinguished by the presence of roots growing from the
branches [2]. In modern times, fig cultivation has spread
throughout the world and in warm temperate climates it con-
stitutes an important cash crop. Fig trees produce an edible
inflorescence known as a syconium (fig), which consists of a
fleshy cup with a small orifice at one end enclosed by inter-
locking scales. Within the fig are hundreds of minute flowers
which, after pollination usually by wasps, develop into tiny
fruit. The fruit is consumed either fresh or preserved (dried
or canned).

In addition to being eaten as a fruit, several studies have
reported that some Ficus species possess medicinal proper-
ties. For example, the leaves of Ficus bengalensis have been
found to reduce the symptoms of ulcers and the aerial roots
have been used to treat gonorrhea [3], and F. carica and F.
pentoniana contain flavonoid alkaloids which are known to
have antioxidant properties [4-5]. Also, the roots of the vari-
ety F. hirta when boiled produce a gel which has been
shown to be an effective antipyretic [6].

As a crop grown for both food consumption and a per-
ceived medicinal value, understanding the relatedness of
different species in the Ficus family could provide insight
into the distribution and evolution of beneficial traits. To
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date such characterizations have been done solely using phe-
notypic characters. As a complement to morphological,
physiological and agronomic traits, all of which are purely
phenotypic, genetic analyses using molecular markers can
provide a phenotypically independent method for cultivar
and clone characterization. Some of the difficulties with
morphological traits include (i) a limited number and low
heritability of phenotypic characters; (ii) difficulty in obtain-
ing an accurate distinction between different cultivars before
plants have attained the adult phase of life; (iii) an inability
to distinguish cultivars from cuttings of in vitro cultured
plants. To overcome these difficulties, a variety of methods
have been used to fingerprint fig cultivars such as isozymes
[7], randomly amplified polymorphic DNA (RAPD) [8-10];
simple sequence repeats [11], and AFLP [12]. Methods such
as RAPD markers can save time and labor costs and only
require a small amount of DNA as compared to other tools
such as RFLP, which require additional steps such as restric-
tion digestion, blotting, and hybridization [13].

To be able to characterize phylogenetic relationships be-
tween various fig species, a more discriminating molecular
method is required which ideally would share the benefits of
RAPD by being inexpensive and not labor intensive. One
such method uses sequence characterized amplified region
(SCAR) markers [14] to amplify unique regions in different
varieties or species. Such a methodology has been success-
fully demonstrated in a characterization of the temperature
dependence of lychee cultivars [15], longan cultivars [16], as
well as in the cut flower Curcuma [17]. By extracting a sin-
gle genetically defined loci, the presence or absence of an
amplified band can be used as a distinguishing unique char-
acter of that species or clade of species. In addition this al-
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lows an immediate scoring of results by checking for the
presence/absence of expected PCR band [18] which can
eliminate the need for sequencing of the amplification prod-
uct thereby decreasing the overall cost of the analysis.

Using HAT-RAPD markers as an initial screen we have
characterized the relatedness of twenty Ficus spp and deter-
mined unique SCAR markers which can distinguish single
lineages of this fruit tree. These characters were then used to
generate a phylogram upon which morphological versus ge-
nomic characters are compared.

MATERIALS AND METHODOLOGY

The twenty Ficus spp used in this study were kindly pro-
vided by the Biology Department, Faculty of Science,
Raschapat Skolnakorn University, Thailand. Young leaf
pieces were used to isolate the total genomic DNA from each
of these species using the cationic hexadecyl trimethyl am-
monium bromide (CTAB) method of [19]. Using this ge-
nomic DNA, PCR amplification was performed using de-
camer primers (Operon Technologies) following the high
annealing temperature rapid amplified polymorphic DNA
(HAT-RAPD) protocol. Briefly, the PCR reaction used a
total volume of 20 pl containing, 10xPCR buffer (Tris-HCI
100 mM, pHS8.3, KCl 500 mM), 100 uM each dNTP
(Promega), 1.5 mM MgCl, (QIAGEN), 0.5 unit of 7Tag DNA
polymerase (QIAGEN), 10 ng of DNA template, and 0.3 uM
10-base primers (Operon Technologies) using eight decamer
primers (Table 1). This 20 pl solution was then amplified in
a Perkin-Elemer thermal cycler (Gene Amp PCR system
2400) using the following cycling profile: 95°C for 2 min-
utes, followed by 35 cycles of denaturing at 95°C for 30 sec-
onds, annealing at 46-55°C for 30 seconds, and extension at
72°C for 45 seconds, followed by a final 5 minutes at 72°C.
This cycling profile has been shown to increase band repro-
ducibility due to the increased annealing temperature which
limits imperfect template matches [20]. After the thermal
cycling program had been completed, the amplification sam-
ples were stored at 4°C prior to a standard agarose gel elec-
trophoresis run.

Photographs from the ethidium bromide stained agarose
gels were used to score the data for the HAT-RAPD analy-
sis. Each DNA fragment amplified by a given primer was
treated as a unit character where the fragments were scored
as either present (1) or absent (0) for each of the primer-
accession combinations. Only bands which were reproduced
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on three separate runs were considered in this analysis and
the presence or absence of each band was scored in a binary
data matrix.

Bands patterns corresponding to known phenotypic traits,
for instance the medicinal properties claimed for the fig,
were then compared against this data matrix to find band
regions to be further examined phylogenetically and ulti-
mately characterized using SCAR markers. A unique band
approximately 400 bp in length presenting in the F. hirta
species was then purified using the QIAquick Gel Extraction
kit (QIAGEN) and ligated into a GEM T-Easy vector
(Promega) using the manufacturers recommended procedure.
In order to check for specificity of the chosen region for
SCAR marker production, this DNA fragment was labeled
with DIG-High prime (Roche Applied Science) following
the manufacturers recommended procedure then used as a
probe to hybridize to HAT-RAPD markers of all Figus spp
using the standard southern blot method. This fragment was
then sequenced by the Bioservice Unit (Thailand) and SCAR
primers were designed containing the original decamer
RAPD primer sequence followed by between six to ten in-
ternal bases as described by Paran and Michelmore [14].
These SCAR primers were then synthesized by the
Bioservice Unit (Thailand). Finally, ethidium bromide
stained agarose gels were formed using the cultivar DNA
amplified with these newly designed SCAR primers.

RESULTS AND DISCUSSION

Using a total of eight different decamer primers to ran-
domly amplify genomic DNA from twenty Ficus species, a
total of 172 distinct polymorphic band profiles were pro-
duced with fragments ranging in size from 200 to 2,500 base
pairs as shown in Table 1. Representative HAT-RAPD pat-
terns for the two primers (OPL05 and OPL17) are shown in
Fig. (1).

SCAR Marker Characterization

As a proof of principle, one variety-specific HAT-RAPD
marker was initially selected for transformation into the
more robust SCAR marker. For the decamer primer OPX09,
one band approximately 400 bp in size which amplified for
the variety F. hirta was initially chosen and then successfully
cloned into the GEM-T Easy vector. All of the fragments
sizes analyzed and checked by EcoRI digestion methods

Table 1. List of Primers and their Sequence Used in HAT-RAPD Analysis, Number of Fragments and the Fragment Size Range
Primer Name | Sequence (5’---3’) | Total Number of Amplified Fragment | Number of Polymorphic Fragment Fragment Size Range (bp.)
1. OPDO08 GTGTGCCCCA 23 23 200-1,500
2. OPG13 CTCTCCGCCA 22 22 200-1,700
3. OPLO5 ACGCAGGCAC 22 22 300-2,500
4. OPL17 AGCCTGAGCC 21 21 350-2,500
5. OPW06 AGGCCCGATG 22 22 300-2,000
6. OPX09 GTGACCGAGT 23 23 200-2,500
7. OPAMI12 TCTCACCGTC 17 17 200-1,500
8. OPAS10 CCCGTCTACC 22 22 300-2,500

Total 172 172 200-2,500
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Fig. (1). Representative HAT-RAPD patterns for 20 Ficus species obtained by amplification with primers OPL17 (a) and OPLO5 (b). The
species listed by lane are: 1) F. microcarpa, 2) F. hispida, 3) F. variegata, 4) F. hirta, 5) F. religiosa, 6) F. fistulosa, 7) F. altissima, 8) F.
tinctoria, 9) F. superba, 10) F. benjamina, 11) F. callosa, 12) F. sp, 13) F. racemosa, 14) F. sp., 15) F. sp., 16) F. sp., 17) F. lacor, 18) F.
sp., 19) F. sp., 20) F. rumphii and the 100 bp DNA ladder marker designated with M.

were similar to the original HAT-RAPD marker in Fig. (2a).

One cloned marker, OPX09 was DIG-labeled for probe
analysis and hybridized to the blotted HAT-RAPD gel. The
hybridization signal corresponded to the expected HAT-
RAPD band, indicating that the cloned marker (OPX09) was
derived from the amplified HAT-RAPD product and there-
fore the initial HAT-RAPD band was not a false positive as
shown in Fig. (2b). Therefore, this cloned marker (OPX09)
was chosen to be converted to a SCAR marker. The cloned
marker (OPX09) was sequenced using the SILVER SE-
QUENCE™ DNA Sequencing System (Promeca). This se-
quence showed neither an open reading frame nor homology
with other known coding sequences Table 2.

Using this sequence, two SCAR primers were developed
where each primer contained the original 10-mer RAPD

primer followed by the next nine internal bases of the ampli-
fied sequence. These SCAR primers are shown in Table 3.
To test the specificity of this SCAR primer pair, the genomic
DNA of the 20 Ficus species were amplified with the primer
pair, and a single band of the same size as the progenitor
RAPD fragment was amplified by SCAR primer pair,
OPX09 Fl395/OPX09 Rl305 in only the chosen species F.
hirta as shown in Fig. (2¢).

Morphological Trait Analysis

The HAT-RAPD markers of the 172 loci were used to
construct a similarity matrix and generate a dendogram
based on cluster analysis using UPGMA method. This den-
dogram (Fig. 3) provided an additional check that the relat-
edness of the twenty Ficus species examine in study roughly
upheld the known morphological relationships. The 20 Ficus
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Fig. (2). PCR-based electrophoretic profiles and hybridization patterns. The Ficus species from left to right correspond to the same twenty
species listed in Fig. (1) and lane M is the 100 bp DNA ladder marker. The numbers on the left of the figures indicate the DNA size markers
in kilobases (kb). (a) HAT-RAPD amplification from genomic DNA using the 10-mer primer OPX09. The HAT-RAPD marker OPX09;4g
specific to F. hirta is indicated by an arrow. (b) Hybridization of the cloned and DIG-labelled HAT-RAPD fragment OPX09;45 (arrow) to a
Southern blot of the HAT-RAPD gel. (¢) SCAR amplification from genomic DNA using 20-mer sequence-specific primer pair
OPX09F1395/OPX09R1395. The unique amplification of a single SCAR marker in lane 4 for the species F. hirta shows that unique species

can be characterized.

species fall into 3 broad morphological groups characterized
as tree, shrub and the erect shrub form. As is shown in Fig.
(3), the three species of Ficus of the “shrub” variety segre-
gate as outgroups with the tree morphologies clustering to-
gether. The important fig species F. hirta chosen to be
SCAR marker characterized is a member of the shrub family
approximately 1-3 meter high with spirally arranged leaf of
the ovate-oblong-lanceolate-obovate form. The erect shrub

species F. microcrapa and F. benjamina Linn. present as 20-
30 meter high erect-shrub morphologies which climb on
other trees, and have thick branches with a spreading bush
and large number of aerial roots arising from the stem.

Within the tree morphology group, the Fig species can be
divided into four main subgroups according to morphology.
These morphologies are indicated on Fig. (3) and show that
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Table2. DNA Sequence of the HAT-RAPD Marker OPX09

5! GTGACCGAGT GGAGCGC%TC GAGACATCAT TGTCAAGTCA TTTACAATAG 50
CACTG GCTCA CCTCGCGCAG CT CTGTAGTA ACAGTTCAGT AAATGTTATC
TTAATGAATA AA TCTCCCGC CAGGCCTTTT ATT GTGGCTT CA AATAAGTA 100
AATTACTTAT TTAGAGGGCG GTCCGGAAAA TAACACCGAA GT T TAT TCAT
CCCTGGAGGA TACGAGCTGT AAGATGCCAG GTCGACGATG TACAAC TTGT 150
GGGACCTCCT ATGCTCGACA T TCTACGGTC CAGCTGCTAC ATGTTGAACA
CAGCTGCTAC CCCTGGAGGA ATGTTGAACA TACAACTTGT GTCCGGAAAA 200
GTCGACGATG GGGACCTCCT TACAACT TGT ATGTTGAACA CAGGCCTTTT
TAATCGGCTA TACAACTTGT TACAAAGCTG TACGAGCTGT CCCGACCGCG 250
ATTAGCCGAT ATGTTGAACA ATGTTTCGAC ATGCTCGACA GGGCTGGCGC
AAGATGCCAG CCCTGGAGGA GTCGACGATG CCCCAACACT AT TGCCCCAT 300
T TCTACGGTC GGGACCTCCT CAGC TGCTAC GGGGTTGTGA TAACGGGGTA
GTGCGGAAGC CGCACCC TGT TGGCCACCAA CAAGGGGAAT GCCGTCTGCA 350
CACGCC TTCG GCGTGGGACA ACCGGTGGTT GTTCC CCT TA CGGCAGACGT
CCC GTCGTGC GAGACGTCCG TGTCCTCGAT GAACTCGGAC TCG GTCAC 398
GGGCAGCACG CTCTGCAGGC ACAGGACGTA CT TGAGCCTG AGCCAGTG 5

Underlined segments show the annealing position of the arbitrary primer (OPX09). Arrows indicate the position of primers for amplifying the sequence-characterized amplified

region (SCAR) markers.

Table 3. Sequence-Specific SCAR Primers Derived from the Cloned HAT-RAPD Fragment of F. hirta
SCAR Primer” 5'to 3’ Sequence” Annealing Temperature (°C)*
OPWO09 Fl34 GTGACCGAGTGGAGCGCGT 72
OPWO09 R134 GTG ACCGAGTCCGAGTTCA 72

"The letters and numbers preceding the F (Forward) and R Reverse) refer to the progenitor primer used (Op : Operon Technologies). The subscript indicates the size of the marker in bp.

"SCAR primers of 19 nucleotides were designed. The underlined sequences represent the original sequence of the progenitor RAPD primer.
‘Optimal annealing temperature.

Fig. (3). Dendrogram illustrating genetic relationships among 20 Ficus spp. Generated using UPGMA cluster analysis from 172 HAT-
RAPD markers. Group 1 consists of a variety of distinct tree morphotypes, group 2 contains 1-3 meter high shrubs with spirally arranged
leaves, and group 3 contains erect shrubs 20-30 meters high which climb other trees and have thick branches with a spreading bush and large
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the molecular marker characterization can nicely distinguish
between the main Ficus morphotypes. Subgroup la consists
of Ficus trees with a large trunk approximately 5-7 meters
high which are epiphytic when young. Ficus trees in sub-
group 1b grow to be 10-15 meters high with a distinctive
heart shaped single leaf. Subgroup lc contains trees 10-25
meters high with oblong-lanceolate-obovate leaves. Sub-
group 1d can present as either a tall shrub or a tree between
0.5-18 meters high with ovate or elongate-ovate leaves.

The eight decamer primers used in this study provide
sufficient distinct banding information to generate a similar-
ity dendogram which upholds the basic morphological
classes presented above. More importantly this banding in-
formation can be obtained inexpensively and rapidly using
basic gel electrophoresis. To further characterize these Ficus
species using SCAR primers, the SCAR marker methodol-
ogy provides a phenotypically independent molecular based
character upon which to classify and detect distinct varieties
of Ficus. As a proof of principle for developing a genomic
characterization for the complete set of fig species, the
SCAR marker described above shows that the Ficus hirta
species can be clearly distinguished using molecular mark-
ers, and that the broad range of generated bands provide am-
ple source sequences to generate additional species or clade
specific SCAR markers.
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