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Abstract

Phanera sirindhorniae, an endemic species to the Mekong Basin’s upper northeastern region in
Thailand, is notable for its therapeutic properties in alleviating pain and discomfort. The objective of this
study was to assess the genetic diversity of P. sirindhorniae derived from four natural sources, specifically
Sakon Nakhon, Nakhon Phanom, Bueng Kan and Mukdahan provinces, utilizing Inter-Simple Sequence
Repeat (ISSR) markers. A total of 51 samples were analyzed, and 10 primers exhibited distinct, robust
amplified fragments and polymorphism. The amplified fragment sizes ranged from 170 to 1,300 base pairs,
identifying a total of 113 amplified fragments, of which 107 (94.69 %) displayed polymorphism.
Polymorphic information content (PIC) values spanned between 0.112 and 0.429, while Nei’s gene
diversity ranged from 0.2088 + 0.2184 to 0.2994 + 0.1912. Assessment of genetic diversity within and
among populations revealed the total genetic diversity (Ht = 0.3443 + 0.0225) and the genetic diversity
within populations (Hs = 0.2617 £ 0.0161). The variability among populations (Gst = 0.2401) indicated a
significant degree of gene flow (Nm = 1.580). The Analysis of Molecular Variance (AMOVA) results
supported this, with 74 % of genetic differentiation occurring within populations and 26 % among
populations. Using the Neighbor-Joining (NJ) generated from Nei’s genetic distance-based clustering
analysis, Dendrogram construction successfully classified 2 distinct groups. The analysis revealed that
P. sirindhorniae from Nakhon Phanom, and Bueng Kan constituted 1 group, whereas P. sirindhorniae
from Mukdahan, and Sakon Nakhon formed another. These findings provide essential data for developing
genetic conservation initiatives for this valuable genetic resource.

Keywords: Genetic diversity, ISSR, Mekong Basin of Thailand, Phanera sirindhorniae

Introduction

Phanera sirindhorniae K. & S. S. Larsen, Nord. J.Bot (Synonym: Bauhinia sirindhorniae),
a dicotyledonous plant of the Fabaceae family is an endemic tendril-bearing liana native to the Mekong
Basin's upper northeastern region of Thailand. Typically, this plant thrives in direct sunlight and open-air
conditions, growing along the edges of dry evergreen or mixed forests [1]. P. sirindhorniae flowers have
been designated as the official provincial flower by the authorities of Bueng Kan Province. Beyond its
ornamental value, P. sirindhorniae possesses medicinal properties; Thai practitioners have traditionally
used infusions made from boiled leaves, stems and roots to alleviate muscular pain, maintain the nervous
system and prevent hypertension and diabetes [2,3].

P. sirindhorniae contains 18 significant constituents in its stems and roots, including various types of
cyanoglucosides, flavans, flavanones, flavanonols, flavones, chalcones, chromones, chromone glucosides,
triterpenoids, steroid glucosides, phenolic compounds and lignan glycosides. These glycosides exhibit
strong antioxidant activity [4]. Additionally, the crude extract from P. sirindhorniae roots, stems, leaves
and flowers demonstrate substantial antimicrobial activity against pathogens such as Aeromonas hydrophila
[51, Bacillus subtilis [1], Staphylococcus aureus [1] and Streptococcus agalactiae [6].

A primary conservation goal is to preserve species’ evolutionary potential in the face of environmental
changes, which necessitates accurate genetic structure analysis and understanding of genetic diversity
distribution patterns [7-11]. DNA markers have become an indispensable tool for investigating genetic
relationships among plants through the analysis of DNA sequences and allele compositions. Inter-simple
Sequence Repeat (ISSR) is a PCR-based DNA marker technique that uses a single primer containing core
sequences of simple sequence repeats (SSR), with selective nucleotides located at the 3' or 5' end into the
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non-repeat adjacent regions. This design enables the amplification of DNA fragments between closely
proximate SSRs, facilitating the examination of polymorphisms at multiple locations rapidly, easily and
affordably [12-14]. ISSR techniques have been applied to studies of various endemic plant species within
the Fabaceae family, such as Astragalus cyclophyllon [15], Hedysarum theinum [16] and Humboldtia
brunonis [17], as well as other endemic plant species like Hertia cheirifolia [18], Rhabdosciadium aucheri
[19] and Rhynchostylis retusa [20].

In 2015, based on an assessment by the Herbarium Office using the 2001 IUCN criteria,
P. sirindhorniae was categorized as an endangered plant [21,22]. This classification highlights the potential
decline in the plant’s genetic diversity and underscores the importance of its preservation. Molecular
markers have thus been employed to examine genetic diversity among P. sirindhorniae populations, aiming
to support conservation efforts and inform the management of P. sirindhorniae's diversity for sustained
viability.

Materials and methods

Plant assessment and collection

Young leaves of P. sirindhorniae were collected from wild populations, ensuring a minimum distance
of 0.5 km between sampled plants in 4 distinct areas. A total of 51 samples were obtained, comprising 13
samples from Sakon Nakhon Province’s Phu Phan National Park, 10 samples from Mukdahan Province’s
Dong Bang Yi Arboretum, 13 samples from Phu Langka National Park in Nakhon Phanom Province and
15 samples from Bueng Kan Province’s Phu Wua Wildlife Sanctuary (Table 1 and Figure 1).

Table 1 The locations of the P. sirindhorniae genotypes that were collected in the Mekong Basin of
Thailand.

Mean annual Mean annual

Area Latitude Longitude Alz:;de rainfall temperature
(mm) O
Sakon Nakhon (Phuphan) 16°50'42.23"N  103°54'58.16"E 200 - 567 1,213.0 25.25
Mukdahan (Dongbangaee) 16°24'15.25"N  104°34'35.40" E 160 1,587.0 26.90
Nakhon Phanom (Phu Langka) 17°59'5.28"N 104°0824.15"E 563 2,178.1 25.50
Bueng Kan (Phuwua) 18°14'47.26"N 103°57'41.99"E 160 - 448 1,544.6 26.00
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Figure 1 The collecting locations for the P. sirindhorniae L. accessions.
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DNA isolation

Following Doyle and Doyle [23] methodology, DNA was extracted from P. Sirindhorniae’s young
leaves using the cetyltrimethylammonium bromide (CTAB) method. Notably, no liquid nitrogen was used
when the leaves were crushed into a buffer. A spectrophotometer (Genova nano 737-501, Jenway, United
Kingdom) was then used to measure the concentration and purity of the extracted DNA. Using a 1X TBE
buffer concentration and an agarose gel with a 1 % concentration, the isolated DNA was then
electrophoresed and stained with ethidium bromide. A 100 bp DNA ladder was used as a standard marker
to view the electrophoresed gel under ultraviolet light after electrophoresis (Figure 2).

L S1 S2 S3 M1 M2 M3 N1 N2 N3 B1 B2 B3 L

Figure 2 Evaluation of DNA quality utilizing 1 % (w/v) agarose gels in a 1 % Tris-Borate-EDTA (TBE)
buffer. Lane L = standard DNA ladder, S = Sakon Nakorn, M = Mukdahan, N = Nakhon Phanom and
B = Bueng Kan.

ISSR amplification

In this study, cross-genera transferability primers were identified, derived from the Bauhinia 13 ISSR
[24] (Table 2). The PCR reaction involved mixing 10 ng of pooled DNA (10 ng/mL DNA (20 pL) from all
samples used as the template for the PCR reaction. The reaction mixture was made up of 0.5 ng of ISSR
Primer, 1X HOT FIREPoI® Blend Master Mix (Solis Biodyne, Estonia), and 10 ng of pooled DNA. The
reaction mixture’s final volume was adjusted to 10 pLL with DI water. The solution was subjected to PCR
(G-storm, GS482, England) under the following PCR conditions: Step 1: Pre-Denature at 95 °C for 15 min
for 1 cycle, Step 2: 40 cycles of denature step at 95 °C for 20 s. The annealing step can be selected
at 50 - 60 °C for 30 s and the extension step at 72 °C for 30 s. The final extension step was performed
at 72 °C for 5 min for 1 cycle. By electrophoresis on a 2 % agarose gel with a 1x concentration of TBE
buffer and ethidium bromide dye, the resultant DNA products were examined. The gel was then inspected
with a common 100 bp DNA ladder under ultraviolet light. For further examination, the primers that could
amplify DNA and produce a clear, robust band were chosen.

Table 2 Primers employed to evaluate genetic variation among 4 P. sirindhorniae populations including
Polymorphism information content (PIC), Resolving power (RP).

Primer  Sequence ’?:nl;;a;:l(l:g) Sli)zaen (()if(ll’)(;)R - Number of DITIA bands ' PIC _P
otal Monomorphic  Polymorphic

1ISPH (AG)sT 50 170 - 900 10 0 10 0.429  10.706
2ISPH (AG)sG 60 210-550 9 4 5 0.112  16.549
3ISPH (GA)T 50 300 - 800 9 0 9 0359 12.784
4ISPH (CA)A 55 200 - 900 11 1 10 0.397  14.000
SISPH (CA)G 55 200 - 950 13 1 12 0.439 14.392
6ISPH (TC)sC 50 370 - 600 4 0 4 0.245  5.647
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Primer  Sequence ?:;;a:llég) S:)ilen?lf (I;);:)R - Number of DI.\IA bands | pIC .
otal Monomorphic  Polymorphic

7ISPH (AG)sYT 50 220 - 1,300 17 0 17 0.403  16.039

8ISPH  (AG)YC 50 180 - 790 14 0 14 0.445  16.392

9ISPH  (AG):YA 55 210-900 15 0 15 0.437 14.235

I1ISPH  (CT)sRC 55 220 - 700 11 0 11 0397 14.745

Data analysis

A binary system was employed to represent the collected data comprehensively, assigning a value of
1 for band presence and 0 for band absence. The Polymorphism Information Content (PIC) was calculated
to evaluate the efficacy of each ISSR marker using the formula: PIC = 2fi (1 — fi), where fi represents the
frequency of the amplified allele for a locus, and 1 — fi represents the null allele’s frequency [25].
Additionally, the resolving power (Rp) of each marker was assessed using the formula Rp = > Ib, where Ib
=(1-2*(0.5-p)), and p refers to the proportion of individuals exhibiting a band, indicating the ISSR markers'
ability to differentiate among the population [26]. To evaluate the effectiveness of each allele position, the
Observed number of alleles (Na), effective number of alleles (Ne), genetic diversity (Nei’s gene diversity,
h) and Shannon's information index (I) were calculated using Popgene version 1.32 [27]. Using Analysis
of Molecular Variation (AMOVA), the ISSR patterns were examined to find variation between and within
the 4 studied groups. While using the GEN ALEX version 6.5 program, Principal Coordinate Analysis
(PCoA) was used to evaluate the relationships between groups [28]. Utilizing MEGA 11, a Neighbor-
Joining (NJ) dendrogram was created utilizing the matrix of Nei’s genetic distance.

Results and discussion

ISSR polymorphism

The sustenance of genetic variation is a prerequisite for both the survival of populations and the
evolutionary progression of species [29,30]. Although conventional phenotypic traits have been utilized to
evaluate plant diversity, their inconsistent expression across varying environmental conditions may
constrain their effectiveness. To address this limitation, DNA markers have been employed to investigate
genetic diversity in the Bauhinia species, including RAPD [29], ISSR [31] and SSR [32], among others.
This study represents the inaugural investigation into the natural population relationships of
P. sirindhorniae in Thailand. By examining ISSR microsatellites, which disclose information regarding
repetitive base sequences, the genetic relationships among P. sirindhorniae populations were elucidated,
offering insights into the conservation management of this rare endemic plant species in the Mekong River
Basin.

In the present research, 13 transferability primers were assessed to ascertain their capacity to generate
distinct and robust bands. The findings revealed that 10 primers, specifically primers 1, 2, 3,4,5,6,7, 8,9
and 11, yielded 113 amplified fragments with sizes ranging from 170 to 1,300 base pairs. Among these,
107 fragments were identified as polymorphic, constituting 94.69 % of the total. Primer 7 exhibited the
highest polymorphism percentage at 94.69 %, generating approximately 17 amplified fragments ranging
from 220 to 1,300 base pairs in size. Conversely, Primer 6 displayed the lowest polymorphism percentage
at 3.54 %, producing a mere 4 amplified fragments within the range of 300 to 800 base pairs in size. The
polymorphic information content (PIC) values of the primers spanned from 0.112 to 0.445, with an average
value of 0.366. The agarose gel electrophoresis images depicting the PCR fragments were displayed
(Figure 3). Additionally, the resolving power fluctuated from 5.647 for Primer 6 to 16.549 for Primer 2,
with an average resolving power of 13.55 (Table 2).
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Figure 3 51 samples of P. sirindhorniae were amplified by PCR using the 8ISPH [(AG)8YC] Primer. Lane
L = Standard DNA ladder, S = Sakon Nakorn, M = Mukdahan, N = Nakhon Phanom, B = Bueng Kan and
A = Phanera aureifolia and Phanera penicilliloba.

Generally, endemic plant species exhibit less genetic variation than their more widespread
counterparts. The geographical distribution of endemic plants is restricted to specific regions, allowing
them to adapt to the unique characteristics of their respective habitats [34,35]. In a study exploring the
diversity of P. sirindhorniae, Inter-Simple Sequence Repeats (ISSR) were employed as the dominant
marker. The Polymorphic Information Content (PIC) values ranged between 0 and 0.5 [36]. This
investigation reported a mean PIC value of 0.366, signifying a moderate to high degree of polymorphism.
A higher PIC value implies an increased likelihood that 2 randomly selected samples will exhibit substantial
differences [37].

The Rp value was utilized to assess the capacity of the ISSR marker to differentiate between
organisms [26,38]. For P. sirindhorniae, the mean Rp value was 13.55, demonstrating consistency between
the PIC and Rp values. Comparable genetic diversity was observed for P. sirindhorniae at the species level,
with moderate genetic diversity (I =0.513, h =0.346). This is analogous to other species, such as Satureja
rechingeri (1= 0.52, h = 0.35) [39], Bauhinia variegata (1= 0.5611) [32] and Dalbergia nigra (1=0.53, h
=0.35) [40].

Genetic diversity examination of P. sirindhorniae

This investigation sought to explore the genetic diversity of P. sirindhorniae populations across 4
distinct regions, namely Mukdahan, Sakon Nakhon, Nakhon Phanom and Bueng Kan. The percentage of
alleles present in polymorphic loci differed among populations, with the lowest observed in Mukdahan at
53.98 % and the highest in Nakhon Phanom at 80.53 %. The observed number of alleles (Na) ranged from
1.540 to 1.805, with an average of 1.708, while the effective number of alleles (Ne) varied from 1.377 to
1.529, with an average of 1.462. The Shannon’s information index (I) ranged from 0.304 to 0.441 and Nei’s
gene diversity (h) ranged from 0.209 to 0.300. The Mukdahan population exhibited the lowest values for
these indices (I =0.304 and h =0.209), whereas Nakhon Phanom demonstrated the highest genetic diversity
(I =0.441 and h = 0.300). Furthermore, increased genetic diversity was observed at the species level (I =
0.531 and h = 0.346) (Table 3).
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Table 3 Genetic diversity comparison among 4 of P. sirindhorniae accessions based on ISSR markers,
including number of accessions of alleles (Na), number of effective alleles (Ne), Nei’s genetic diversity (h)
and Shannon’s information of polymorphic loci index (I).

Population name Na Ne h I
Sakon Nakhon 1.6991 £0.4607 1.4184+0.3894 0.2405+0.2025 0.3587 +0.2826
Mukdahan 1.5398 £0.5006  1.3766 +£0.4151  0.2088 +£0.2184  0.3044 + 0.3079
Nakhon Phanom 1.8053 £0.3977  1.5286+0.3789  0.2994 +0.1912  0.4413 £ 0.2622
Bueng Kan 1.7876 £0.4108  1.5235+0.3717 0.2979+£0.1920  0.4378 £ 0.2669

The cumulative genetic diversity of P. sirindhorniae populations was assessed to be 0.344 + 0.023
(Ht) at the population level and 0.262 £ 0.016 (Hs) within the population. The variability among populations
(Gst) was determined to be 0.240 (Table 4), in line with the AMOVA analysis, indicating that 26 % of the
variance was attributable to genetic differences between populations (PhiPt = 0.2568, p < 0.001), while the
remaining 74 % was ascribed to intra-population variance (Table 5). The gene transfer (Nm) across
populations was 1.580 (Table 4). The ISSR analysis outcomes revealed significant genetic divergence
among the populations with a Gst value of 0.5, signifying an equal distribution of genetic diversity both
among and within populations [41,42]. A moderate degree of genetic differentiation was observed among
the 4 P. sirindhorniae, as evidenced by a Gst of 0.24. Nm and Gst serve as crucial parameters for
determining the genetic structure of a single species’ population. Furthermore, an Nm value exceeding 1
implies that populations maintain genetic connections over time, while an Nm value below 1 signifies
genetic divergence among populations [43,44]. An Nm value greater than 1 indicates the persistence of
genetic connections between populations over time, while a value below 1 denotes genetic divergence
among populations [35]. An Nm of 1.580 signifies considerable genetic exchange among the populations
of this specific species, which mitigates the effects of genetic drift and minimizes genetic differentiation
among populations on their structure. Gene flow is generally attributed to pollen dispersal and geographical
factors [45,46]. P. sirindhorniae, a climbing vine species can freely grow along the treetops at the edge of
the Sakon Nakhon basin, situated on the Khorat Plateau and separated by the Phu Phan Uplift [47].
Consequently, P. sirindhorniae may be distributed along the mountain ranges of Phu Phan (Sakon Nakhon),
Phu Langka (Nakhon Phanom) and Phu Wua (Bueng Kan). Alternatively, human-mediated gene transfer
could contribute to its distribution, as P. sirindhorniae is a medicinal plant with analgesic properties,
commonly cultivated and propagated during migration. Moreover, a comprehensive examination of the
relationships among populations was conducted through principal coordinate analysis (PCoA), accounting
for 46.47 % of the total variation. The initial principal coordinate (PCol) was taken into account for 19.20
% of the total variance, while the subsequent principal coordinates, PCo2 and PCo3, contributed 18.11 %
and 8.96 % to the variance, respectively (Figure 4). The Principal Coordinate Analysis (PCoA) effectively
depicted the interrelationships among populations, producing results that aligned with the Neighbor-Joining
(NJ) dendrogram generated from Nei’s genetic distance-based clustering analysis (Figure 5). Both of these
analyses exhibited similar distribution patterns, suggesting that P. sirindhorniae populations from Nakhon
Phanom and Bueng Kan provinces formed a discrete group, distinct from the populations in Mukdahan and
Sakon Nakhon provinces. At the regional scale, the highest degree of similarity (0.9098) was observed
between Nakhon Phanom and Bueng Kan, whereas the lowest degree of similarity (0.8141) was detected
between Mukdahan and Nakhon Phanom. This was determined through the analysis of Nei’s unbiased
genetic identity in the pairwise population matrix (Table 6), with values spanned from 0.8 to 0.9. Indices
exceeding 0.8 suggest a limited genetic base [48].

Table 4 Nei’s analysis of genetic diversity of 4 populations.

Ht Hs Gst Nm

0.3443 + 0.0225° 0.2617 £0.0161° 0.2401 1.580
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Figure 4 Principal Coordinate Analysis of P. sirindhorniae populations.

Table 5 AMOVA data for P. sirindhorniae accessions, including sum of squares (SS), mean squares (MS),
estimated variations (Est. Var), percentage of genetic variation (%).

|
° .
Source df SS MS Est. Var. %o PhiPT (rand > data)
Among pops 3 240.857 80.286 5.159 26
Within pops 47 701.849 14.933 14.933 74
Total 50 942.706 20.092 100 0.2568 0.001
0.11
Sakon Nakhaon
0.01
0.17
Mukdahan
0,04
Nakhon Phanom
0.04 0,14
Bueng Kan

_

0,050

Figure 5 Neighbor-joining (NJ) dendrogram based on Nei’s genetic distance.

Table 6 Nei’s (1978) unbiased measures of genetic distance (below diagonal) and identity (above diagonal)
between four populations of P. sirindhorniae.

Population Sakon Nakhon Mukdahan Nakhon Phanom Bueng Kan
Sakon Nakhon 0.8654 0.9043 0.8711
Mukdahan 0.1445 0.8141 0.8230
Nakhon Phanom 0.1006 0.2056 - 0.9098
Bueng Kan 0.1380 0.1948 0.0944 -
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Conclusions

An examination of the genetic diversity of P. sirindhorniae across 4 populations in the upper
northeastern region of Thailand, employing Inter Simple Sequence Repeat (ISSR) analysis. The population
structure analysis identified 2 distinct groups: Group 1, encompassing populations from, Nakhon Phanom,
and Bueng Kan provinces, and Group 2, comprising populations from Mukdahan, and Sakon Nakhon
province. The populations from Bueng Kan and Nakhon Phanom were determined to be the most
genetically similar. To further elucidate P. Sirindhorniae’s genetic diversity, it is recommended that DNA
barcode sequencing be conducted in future studies. This approach would yield more comprehensive
information, which could prove advantageous for conservation management initiatives.
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