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ABSTRACT The two taxa of the genus Afgekia, namely Afgekia sericea and A. mahidolae are endemic to
Thailand. The former species is widely distributed in northeastern Thailand, while the latter has been found
only in western Thailand. We previously reported on morphological and cytological data and proposed that
these two taxa resulted from allopatric speciation of an ancestral species in different geographical populations.
This work provides further characterization of the relationships between them at the DNA level.
According to RAPD data, A. sericea and A. mahidolae exhibited a high value of genetic distance (D= 0.55).
Furthermore, the nucleotide sequences of the internal transcribed spacer of nuclear ribosomal DNA (nrDNA
ITS1 and ITS2) and the chloroplast rbcL gene of the two taxa were compared. For the ITS regions, the
sequence divergence of these spacers between the taxa was very high. This indicated that these two species
are probably not recently diverged. For the partial nucleotide sequence of rbcL gene, both the divergence at
the nucleotide and amino acid level were higher than expected (5.6% for nucleotide, 5.1% for amino acid).
These data are likely to reflect the evolutionary process which led to the present patterns of phenotypic and

genetic variation between the two taxa.
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INTRODUCTION

The genus Afgekia was proposed by WG Craib in
1927 when he first discovered Afgekia sericea Craib in
northeastern Thailand. Then, in 1972 Burtt and
Chermsirivathana found the second species, A.
mahidolae in western Thailand*. Moreover, Adinobotrys
filipes was revised by Geesink? and he placed it in the
genus Afgekia. Atpresenttime, the genus Afgekiais still
a small genus consisting of these three species.
Prathepha and Baimai® reported that A. sericea and A.
mahidolae are likely to be allied species. Inaddition, the
first two species are morphologically similar while the
other species are quite remote from them. These two
species are wild, woody climbers with showy
inflorescence. A. sericea and A. mahidolae differ in a
large number of characters, most of which pertain to
differences in floral structures.® Until now, these two
taxa have been reported only in Thailand.

Rabinowitz* recognized that species exhibiting the
most vulnerable form of rarity are characterized by a
narrow geographic range, high specificity to habitat,
and low population densities. The two taxa of interest

of the genus Afgekia are species that fit this form of
rarity. For A. mahidolae, the rarity is indicated by its
endemic distribution in western Thailand, its habitat is
restricted to limestone soils and its low population
densities.® A. sericeais not characterized by specificity
to habitat, but it has low population densities due to
deforestation in northeastern Thailand. Based on this
evidence, this species could be recognized as a rare
species.® These two species are diploid (2x=16) with
similar chromosome characteristics.®*® Molecular
evolution studies of the two taxa have not been reported.
Thus, this study is the first preliminary molecular
research on this genus.

Molecular markers and molecular sequences
contain useful information about evolutionary
history.”® Recently, the use of random amplified
polymorphic DNAs (RAPDs) has become popular. The
arbitrarily primed polymerase chain reaction (or RAPD)
amplifies anonymous fragments of DNA from any
genome.®° Thesize distribution ofamplified fragments
variesamong species. However, closely related species
have similar fragment distribution, while distantly
related ones are more divergent.'* Thus, RAPD bands



14

(fragments) distribution contain considerable
phylogenetic information.# The internal transcribed
spacer (ITS) of nuclear ribosomal DNA (nrDNA) have
beenwidely used to resolve phylogenetic relationships
formany planttaxa.’®*® The ITS has several advantages
that make it ideal to sequence for phylogenetic analysis
of congeneric species such as its rate of evolution is
appropriate for studies at the species levels, and it is
phylogenetically interpretable, ie, the sequences are
relatively easy to align because there tends to be very
little length variation at the generic levels in flowering
plants. The ITS are also quite variable among closely
related species of animals.*®

Inaddition, analysis of chloroplast DNA (cpDNA)
sequence variation represents one of the most powerful
tools used by scientists to infer phylogenetic
relationships of plants.22 An effective effort has
emerged to produce adetailed phylogeny of flowering
plants based on sequences of the chloroplast-encoded
large subunitof ribulose-1,5-bisphosphate carboxylase
(rbeL).” The sequences of the rbcL gene have been used
toreconstruct the phylogeny of plants.?? Since the rbcL
geneexistsinasingle copy in the chloroplast genome,
it is not necessary to be concerned about intragenic
recombination and inappropriate comparisonsamong
paralogous loci.?® Based on the comparative sequence
of rbcL, Kaess and Wink?* provided interesting
information on the relation among the Papilionoideae.

In this study we describe the genetic relationships
between of A. sericea and A. mahidolae by using RAPD
data and nucleotide sequence analysis of the internal
transcribed spacer regions and rbcL gene.

MATERIALS AND METHODS

Plant Materials

The plant materials used in this study were collected
from natural habitats. Nine individuals were sampled
per species from one population in Chaiyaphum
province northeastern Thailand, for A. sericea and
Kanchanaburi, western Thailand for A. mahidolae.
Voucher specimens were deposited in a greenhouse of
Mahasarakham University.

Total DNA Extraction

DNA was isolated from fresh leaves according to
the CTAB method of Doyle and Doyle.* DNA was
isolated from nine individuals plants of each species.

RAPD analysis

The DNA samples were used for random
amplification according to Prathephaand Baimai.® Nine
random 10-mer primers (OPAS-03,04,05,06, 07, 09,
10, 12 and 19) shown in Table 1 were used for the
experiment. The 18 plants examined of the two taxa
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Table 1. Sequences of random primers used in RAPD
analysis of A. sericea and A. mahidolae.

Code Sequence (5' to 3')
OPAS-03 ACGGTTCCAC
OPAS-04 GTCTITGGGCA
OPAS-05 GTCACCTGCT
OPAS-06 GGCGCGITAG
OPAS-07 GACGAGCAGG
OPAS-09 TGGAGTCCCC
OPAS-10 CCCGTICTACC
OPAS-12 TGACCAGGCA
OPAS-19 TGACAGCCCC

yielded 83 bands. These scored bands were strong and
reproducible.

Analysis of RAPD Data

The presence / absence of bands was recorded in
binary (0,1) form. Genetic relationships between the
two taxa was determined by using the index of genetic
distance (D), (D=1-S). Svalueswere obtained by using
a method based on the theory of Nei and Li.?*® This
method involved estimating the fraction of (shared
fragments (S) between the two taxa, using the formula:
S=2m_/(m_ +m),wherem isthenumberofRAPD
bands shared by the two taxa and m_and m, represent
the total number of RAPD bands present in each taxon.
S can take any value between 0 and 1, with 0 meaning
that no common bands exist, and 1 meaning that all
bandsare identical between these two taxa. Inaddition,
S value was calculated for each primer and mean S
value obtained from the average over all primers.

Amplification of ITS1 and ITS2 Regions

The complete ITS regions was amplified using ITS
primers designed by Mummenhoff et al*” as shown in
Fig 1. Amplifications were performed in a volume of
50 ml containing 10 mM Tris-HCI (pH 9.0), 50 mM KCl
and 0.1% Triton®x-100, 1.5 mM MgCl,,40 mM each of
dNTPs, 10 mM of each primer, and approximately 150
nggenomic DNA, and 1 U of Tag polymerase (Promega).
Amplification was performed ina Hybaid thermal cycler,
using the following parameters: 94°C for 3min, followed
by 35 cyclesof94°Cfor 1 min, 55°C for 1 min,and 72°C
for 2 min.

Amplification of rbcL Gene

Primers for the rbcL gene were used in this study
according to Kaess and Wink.?* The primer pairs are:
rbcLN, 5" ATG TCACCACAAACAGAAACT AAAGC
3"andrbcLR,5 TATCCATTG CTGGGAATT CAAATT
TG 3’. Primer pairs used for PCR flank the beginning
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Fig 1. Schematic diagram of the repeated unit of 18S, 5.8S and
26Snuclear ribosomal DNA showing the internal tran-
scribed spacer (ITS) regions. The positions of primers
used for DNA amplification and sequencing of the ITS1
and ITS2 regions are indicated by arrows. Primer sequence
are as follows:

18F: 5 GGA AGG AGA AGT CGT AAC AAG G 3’
58F. 5 CTT CTG GCC GAG GGC ACG TC
5.8R: 5 GCT ACG TTC TTC ATC GAT GC
25R: 5" TCC TCC GCT TAT TGA TAT GC

w w w

and the end of the rbcL gene.The PCR reaction mixture
contained approximately 150 ng of total DNA, 20
picomoles primer pairs rbcL-N/rbcL-R, 1.5mM MgCl,,
100mM dNTPs, and 2 Units Taq polymerase (Promega).
PCR cycle parameters were set as follows after an initial
denaturation step for 3 min at 94°C: denaturation of
template DNA for 1 min at 94°C, primer annealing for
1minat45°C, primer extensionfor 2 minat 72°C. After
35 cycles a final extension step of 5 min at 72°C was
added to allow completion of unfinished strands. Ten
microliters of PCR products of ITS 1 and 2 regionsand
rbcL gene were checked for successful amplification
and quantified by agarose gel electrophoresis at 75 V
for2hinal.4% agarose (FMC) gel using 0.5x TBE as
the gel buffer.

Sequencing Protocol
The PCR products were purified prior to sequencing
using QlAquick Gel extraction kit (Qiagen). Direct
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sequencing was performed in both directions from the
double-stranded DNA fragment using the amplification
primers. The Tag Dye Terminator Cycle Sequencing kit
(Applied Biosystems) was used as recommended by the
manufacturer. The PCR productswere analyzed onan
ABI 737Aautosequencer. For each taxon, forward and
reverse sequencing reactions were performed for
sequence confirmation.

Sequence Analysis

Nucleotide sequences of the PCR products were
aligned with each other and sequence from other
species for the beginningand theend of ITS1and 2 and
the rbcL gene fragment using the Clustal W computer
program (Figs 3-4).2 GC or AT content was manually
calculated. The rbcL genes were translated to amino
acid sequence using the plant plastid code and aligned
using Clustal W (Figs 5-6).

ResuLts

RAPD analysis

Nine random primers used in this experiment
illustrated that the two taxa could be distinguished by
RAPD markers. The RAPD markers generated by some
primersare showninFig 2a-d. These primersgenerated
from 7 to 14 bands, ranging from 0.35t0 3.2 kb in size.
Either monomorphic or species-specific bands were
found between the two taxa. For example, two species-
specific bands, OPAS03-950 bp and OPAS03-1200 bp
were produced by the OPASO3 primer providing marker
bandsfor A. sericeaand A. mahidolae, respectively (Fig
2a). Genetic distance (D) between these two species
varied from 0.67 to 0.36 operated by OPAS10 and
OPAS12, respectively. Theaverage genetic distance of
the two species was 0.55.
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Fig 2. RAPD band profiles of A. sericea (AS) and A. mahidolae (AM) generated by primers OPAS03, a; and OPAS04, b; OPASO07,
c; OPAS19, d. M = molecular size market (1 kb ladder, Promega).
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Sequence Analysis of ITS Regions

Aligned ITS1 and ITS2 sequences of the two taxa
areshowninFigs 3-4. Sequences from adjacent coding
regions including the 5.8S rDNA were also obtained
from this study (data not shown). The complete ITS
sequences of A. sericea and A. mahidolae were nearly
the same length, 311t0319bpinITS1and213to0 224
bpinITS2, respectively. The length of ITS1 of the two
taxa were larger than the species of the subfamily
Papilionoideae that were reported by Kaessand Wink.
However, the length observed for ITS2 sequences of A.
mahidolae falls well within the range reported for other
species of Papilionoideae (219-224 bp),** while the
length of ITS2 of A. sericea is shorter than the given
range. The nucleotide sequences data reported in this
study have been deposited with the GenBank Data
Library with accession number AF 378104-378107.

Nucleotide composition ofthe ITS1 was50.8% G+C,
for A. sericea and 54.4 % for A. mahidolae. The two
sequences had 54.3% identity. Meanwhile, little
nucleotide variation was found within each taxon. A
reporton legumes by Kaessand Wink?* indicated that
the ITS regions of legumes showed little nucleotide
variation. Aligned ITS1 sequences between the two
taxaresulted in 128 variable characters including 120
nucleotide substitutions and 8 insertions and/or
deletions (Fig 3). The transition/transversion ratio was
0.63.

The ITS2 sequence showed less variation between
thetwo taxathan ITS1. For nucleotide dataof ITS2, the
sequence identity between the two taxa was 71.9%.
Nucleotide composition was 47% G+C for A. sericea,
and 50% G+C for A. mahidolae. The pairwise alignment
of ITS2 region resulted in 49 variable characters (38
nucleotide substitutions and 11 insertions and/or
deletions) (Fig 4). The transition/transversion ratio
was 1.4. Based on this study, ITS1 sequences are more
variable. Generally, the ITS1 sequences were difficult
to resolve unambiguously. These regions were highly
G+Crrich, resulting in compression and multiple bases
at each position.?

rbcL Gene — Sequence Divergence and Nucleotide
Site Variation

The rbcL gene of the two taxa was about 1.4 kb in
size, but only 834 nucleotides were read for A. sericea
and A. mahidolae (Fig 5). The sequence divergence
between the two taxawas 5.6% . Alignment of all 834
bp of rbcL sequence resulted in 6 classes of nucleotide
substitution and required gaps for 2 nucleotides . Most
transitions were T to A (or a reciprocal change).
Nucleotide substitution includes 11 transitions (TS)
and 36 transversions (TV).Thus, the transition/
transversion ratio was 0.31. Sequence divergence of
the two taxa was compared to that of two legumes,
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Millettia japonicaand Tephrosiagrandiflora. The sequence
divergence was 7.9% and 11.6%, respectively, for A.
sericea, and 9.2% and 11.6%, respectively, for A.
mahidolae. Sequence variation was very little within the
nine examined plants of each taxon.

When the nucleotide sequences of the rbcl genes of
the two taxa were translated to amino acid sequence
by inferring from the typical rbcL protein of the two
legumes and an outgroup species, Tectona grandis, the
first codon of the two nucleotide sequences was GTT,
which encodesvaline (V). Consequently, the nucleotide
sequence obtained from this study gave a protein
containing 278 amino acids (Fig 6). Since nucleotide
substitution occurred in the rbcL gene of the two taxa,
this can lead to either different amino acids or same
amino acids (silent mutation). The two rbcL proteins
of the two taxa shared most amino acid sequence (s)
(264 out of 278 or 95%). In addition, amino acid
sequence divergence was also observed in comparing
the proteins among species used as a reference in this
study. The partial sequences of the rbcL genes of the
two taxa has been deposited in GenBank with accession
numbers AF 378793 and AF 378794.

DiscussioN

We previously reported that the rare Thai plant
species Afgekia sericea and A. mahidolae were closely
related species. In our previous studies, geographical,
morphological and cytological evidence suggest that
A. sericea and A. mahidolae arose as a result of allelic
changes and/or chromosomal rearrangements in
allopatric populations of the ancestral species.® Hence,
the results obtained from this study will have
contributed to of our understanding of speciation and
evolutionary relationships in these two species.

In the present study, RAPD fragments that are
polymorphic between these two species could be used
as RAPD markers to distinguish the two species. The
markers can be used as genetic markers for species
identification. Thesizesof ITS1and ITS2 regions of A.
sericeaand A. mahidolae reported here are complete ITS
sequences (with combined length of 524 bp for A.
sericeaand 543 bp for A. mahidolae). The ITS sequence
of the genus Afgekia was longer than other species of
the Papilionoideae which were reported by Kaess and
Wink (ca. 460 bp).**

Although the internal transcribed spacers are
thought to be important in post-transcriptional
processing.? In this study, this region has been shown
to be very useful for resolving phylogenetic relationships
within plant genera. The percentage of sequence
divergence in the internal transcribed spacers 1 and 2
(ITS1and 2) between the two taxa was very high, while
the nucleotide sequences also showed little variation
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among examined plants of each taxon. Thissuggested
thatA. sericeaand A. mahidolae have not recently diverged
or they have mutated very rapidly. Sequence variation
of these spacers between the two taxa occurred not
only by base substitution butalso by afew insertionand
deletion events. The base substitution appeared to be
congruentbased onthealigned data. Since nucleotide
sequence divergence was high, the ITS sequences
divergence of the two taxa may reflect the evolutionary
forces (such as mutation and natural selection) that
generated divergence in the process of plant speciation
from their common ancestor.

The entire rbcL sequence of plant in this subfamily
is1420bpinlength. Thelength of nucleotide sequences
of rbcL gene reported here were 834 bp, with a
divergence of 5.6% (all changes) between the two
species. Inaddition, amino acid sequence divergence
is about 5.1%. Kaess and Wink?* reported that all
plants of Papilionoideae studied have no changes
(deletions and/or insertions, or inversions of
nucleotides) on rbcL sequence. The results from this
study contradict that previous study. However,
divergence of rbcL sequence in chloroplast DNA has
been reported within plants in the genus Fagopyrum.?

The additional molecular data obtained from this
study will provide a foundation for future studies on
genome evolution within the genus Afgekia.
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