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Abstract

Pyrenacantha volubilis Wight. is a dioecious liana occurring in small, clustered populations. The species had no
documented use until the recent past, when it was identified to be a source of a highly traded anti-cancer drug —
camptothecin. In the present study, we examine the genetic diversity of 12 fragmented natural populations of P.
volubilis using morphological and molecular traits. Twelve polymorphic Inter Simple Sequence Repeat (ISSR)
primers and 29 agromorphological traits were used to discriminate the populations using UPGMA and NJ tree
algorithms respectively. The ISSR amplicon profile had 133 distinct bands. The maximum number of amplicons
were produced by UBC 844 (20 bands) and the average polymorphism was 80.07 per cent. The dendrograms
obtained based on molecular and agro-morphological data are in close congruence. The Thiruvananthapuram
population stood apart in both the analyses as a discrete outgroup: perhaps a consequence of local adaptation.
Substantial genetic diversity exists among populations. This could be tapped in domestication, which is the only
way forward for the long-term survival of this species. We also report for the first time a standardized method for

extraction of genomic DNA from the leaves of P. volubilis.
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1. Introduction

Pyrenacantha volubilis Wight. (Icacinaceae) is a newly identified source of camptothecin (CPT), a highly
valued anti-cancer molecule (Ramesha et al. 2013). P. volubilis is a highly branched and twining dioecious liana,
which occurs in small, clustered populations across Sri Lanka, Indo-China, Hainan and India. In India, it has been
reported from the peninsular states of Maharashtra, Karnataka, Kerala, Tamil Nadu and Andhra Pradesh (Pullaiah
and Chennaiah 1997; Kumar et al. 2001; Sasidharan and Renu 2013). Due to the absence of any documented local
knowledge on its use, it has been a ‘blind spot’ to most botanists and natural history experts (Wandersee and
Schussler 1999; Ramachandran and Vasudeva 2020). Many of the distribution reports are historical and recent
surveys have concluded that the species has been extirpated from most part of its historical distribution. The
present distribution of the species in India is only from a few patches in Tamil Nadu and Kerala states of India
(Ramachandran 2017). Despite its rarity, disjunct distribution, presence of several threats as well as commercial
potential, the IUCN has not evaluated the species for its conservation status (Shaanker et al. 2008; Ved et al.
2016). Domestication of this plant has only been initiated since the past few years (Ramachandran and Vasudeva
2020). Only limited literature is available on the utilitarian value of P. volubilis (Ramachandran 2020;

Ramachandran et al. 2021).

The knowledge on this species is plagued with several lacunae, the most prominent being the Wallacean and
Prestonian shortfalls (Lomolino 2004; Cardoso et al. 2011). We assume that the P. volubilis populations are native
to peninsular India. Historical records by Fischer (1917), Pate (1917) and Fischer (1921) report the presence of P.
volubilis in Nellore district, the then Presidency of Madras and Annamalai hills of Coimbatore district. Lack of

knowledge on any utility for P. volubilis until Ramesha et al. (2013) and a complete absence of ethnobotanical
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knowledge (Ramachandran and Vasudeva 2020) are indicative that P. volubilis might not have been introduced

for any particular use during the past.

The present study was conducted with the objective of dissecting the genetic diversity in the fragmented
natural populations of P. volubilis. Amplicon profiles using ISSR primers and data on agro-morphological traits
were employed for the purpose. This paper standardizes for the first time, the DNA extraction protocol from P.

volubilis.

2. Materials and methods

2.1 Plant material and the study area

The leaf samples for the experiment on molecular genetic diversity of P. volubilis were collected through
extensive field visits throughout the distribution range of the species, in Tamil Nadu and Kerala states of India
(Figure 1, Table 1). Bulked leaf samples from the 12 natural populations, viz. Thiruvananthapuram,
Vallathirakkottai, Sendirakillai, Otteri, Karukkai, Pondi, Puthupattu, Mangalam, Kizhoor, Villiampakkam,
Pazhaiyasivaram and Walajabad, were collected in such a manner that the sample represented individuals from
different parts of each population. Due to the unique growth habit of the plant, individual plant identity could not
be maintained in the collections. The laboratory work and analysis of molecular genetic diversity was conducted
at the College of Forestry - Vellanikkara, Kerala Agricultural University, Thrissur, Kerala, India from September
2019 to May 2020. The data agro-morphological data was acquired from the gene bank for the species established

at College of Forestry-Sirsi, University of Agricultural Sciences-Dharwad, Karnataka, India.

2.2 Data on agro-morphological traits

Data on 29 independent agro-morphological traits of the 12 natural populations of P. volubilis were used
for this study (Supplementary material: S1). The data included morphological (fruit, seed, leaf), seedling growth
and camptothecin yield traits. Qualitative traits were converted to a nominal scale. These traits were the shape,
texture, margin of leaf and the type of leaf tip. The quantitative traits included the length, width and weight of
fruits and seeds, pulp weight, leaf length: leaf width, leaf area, petiole length, petiole diameter at leaf base,
diameter of fruit-bearing stem segment, number of frutescence per random 50 cm of fruit bearing stem segments,
number of fruits per infructescence, ground diameter, shoot length, internodal length, number of leaves, number
of branches and air-dry weights of root, stem, leaf of two-year old seedlings, and camptothecin content of root,

stem and whole seeds. The morphological and seedling growth data were averaged for a minimum of five plants
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from each population. The camptothecin (yield) traits were taken as an average of three fruiting individuals from

each population.

2.3 Extraction of genomic DNA and thermal amplification

DNA extraction was done by modifying the CTAB protocol by Rogers and Benedich (1994). Phenol:
Chloroform: Isoamyl alcohol (25:24:1) treatment was done as per Vandrey and Stutz (1973) to reduce protein
contamination. The quality of DNA thus obtained was checked by electrophoresing (horizontal electrophoresis
unit — BioRad, USA) in 0.8% agarose gel (in 1x TBE buffer), stained with ethidium bromide. The purity and

quantity of the DNA were estimated using a Nano Drop Spectrophotometer (Jenway — Genova Nano).

Sixteen ISSR primers reported to produce consistent, discernible and reproducible bands in Nothapodytes
nimmoniana, another camptothecin producing plant from the region belonging to family Icacinaceae (Kareem et
al. 2011) were attempted (Table 2). The reaction mixture consisted of template DNA (2 uL - 100 nguL!), Emerald
Amp GT PCR (Takara) master mix (5 pL), ISSR (Sigma-Aldrich) primer (1.5 uL - 5 uM) and nuclease-free water
(1.5 uL). Once all the other PCR conditions were standardized, the annealing temperature was refined by running
gradient PCR from 38°C to 58°C. The PCR conditions were programmed and saved in the thermal cycler

(Eppendort AG22331).

Thermal cycling programme had a hotstart at 94°C for 4 minutes, followed by 35 cycles each comprising
denaturation at 94°C for 45 s, annealing at the primer specific temperature for 1 minute and primer extension at
72°C for for 2 minutes. This was followed by the final extension at 72°C for 8§ min and the samples were
maintained at 4 °C. The PCR products have been electrophoresed in 1.6 % agarose gel along with ProxiO 100 bp

DNA Ladder Plus (SRL) gel profiles were documented.

2.4 Hierarchical cluster analysis

The twelve natural populations were grouped into classes by taking amplification profiles of the 12 ISSR
primers (4 out of the 16 ISSR primers did not amplify) as surrogates for the genotype. The presence-absence of
an amplicon at a locus was represented using the 1-0 format. The cluster dendrograms were created using
Unweighted Pair Group Method with Arithmetic mean (UPGMA) of NTSYSpc v.-2.02i (Rohlf, 1993). The

similarity was computed using the Jaccard’s similarity coefficient (J) algorithm of the SimQual programme.

The dendrogram thus obtained was compared with the data on independent agro-morphological traits of the

populations. This was used as a surrogate of the phenotype for hierarchical cluster analysis. For the analysis, the
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qualitative and quantitative data were transformed into 0-1 range. The single linkage, Euclidean distance model
of Neighbour Joining (NJ) tree algorithm in Minitab v. 17.0 software was used to explain the phenotypic variation

in agro-morphological characteristics. The phenotypic data were used for the purpose of comparison.

3. Results and discussion

3.1 Standardization of DNA extraction protocol

Due to better storability (up to 2.5 months under refrigerated conditions) and reduced presence of
polyphenols, mature leaves were preferred over young and tender leaves for the genomic DNA extraction from
P.volubilis. The use of phenol: chloroform: isoamyl alcohol (25:24:1) mixture was effective in minimizing protein
contamination in the DNA as was observed by Vandrey and Stutz (1973) in Euglena gracilis. The DNA extracted
from all the populations was free from RNA and protein contamination, having OD2so280 values of 1.8-2.0. The

range of DNA yield was between 303.91 and 884.05 ng uL".

3.2 Primer screening

Of the 16 ISSR primers attempted (Table 2), 12 primers have generated polymorphic and reproducible
bands. Primers UBC 822, UBC 857, UBC 873 and UBC 895 have not yielded any band across varying annealing
temperatures (Table 2). Molecular genetic diversity assessment was therefore done with 12 ISSR primers viz.
UBC 827, UBC 834, UBC 844, UBC 845, UBC 854, UBC 866, UBC 874, UBC 876, UBC 881, UBC 887, UBC
902 and UBC 906. Kareem et al. (2011) employed the same 16 ISSR primers to unravel the genetic diversity in
Nothapodytes nimmoniana, and was able to get amplification using all the primers. On the other hand, out of the
16 ISSR primers used to understand the molecular level genetic diversity of Juniperus phoenicea, only three

amplified to produce scorable bands (Meloni et al. 2006).

3.3 ISSR primer analysis of P. volubilis

The 12 ISSR primers have yielded three to twenty bands (Table 3) and a total of 133 distinct bands were
retrieved from the amplicon profile (Figure 2). The maximum number of amplicons were produced by UBC 844
(20 bands) and the lowest by UBC 881 (three bands). The remaining primers generated 7 (UBC 876), 9 (UBC
834, UBC 906), 10 (UBC 874, UBC 887, UBC 902), 11 (UBC 866), 12 (UBC 827), 14 (UBC 854) and 18 (UBC
845) bands each. The number of polymorphic bands varied from three bands for primers UBC 876 and UBC 881
to 19 bands for primer UBC 844. The minimum percentage polymorphism was for UBC 876 (42.86 %) followed

by UBC 834 (44.44 %). All bands were polymorphic for three primers viz. UBC 866, UBC 881 and UBC 887,
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which had 100 per cent polymorphism. This includes primer UBC 881, which produced the lowest number of
bands (three). The primer that generated the maximum number (20) of bands, i.e. UBC 844, had 19 polymorphic

bands, resulting in 95 per cent polymorphism. The average polymorphism was 80.07 per cent.

Based on the banding pattern, among the 12 primers used in the experiment 10 were markers for 10 out
of the 12 populations of P. volubilis (Table 4). Polymorphic primers UBC 876 and UBC 902 were not helpful in
discriminating P. volubilis populations. The ten markers, which produced unique bands can help to identify all
the populations studied, except for populations Pondi and Mangalam. Primer UBC 827 was the most helpful in
discriminating P. volubilis populations because its amplicon profile provides unique bands for Vallathirakkottai
and Thiruvananthapuram and an absence of a single specific band each for Pazhaiyasivaram and Kizhoor
populations. Thus, this single marker helps in discerning four (one-third) of the twelve populations of P. volubilis
considered for this study. Similarly, the only Kerala population of P. volubilis sampled for this experiment i.e.,
Thiruvananthapuram can be differentiated easily based on the amplification profile of primer UBC 881. Although

this primer produced only three bands, one out of these is unique to the Thiruvananthapuram population.

In a study on the genetic diversity of Nothapodytes nimmoniana, 73.7 per cent polymorphism (76 out of
103 distinct bands) was observed using the same 16 primers (Table 3) as used in the present study (Kareem et al.
2011). Genetic diversity of 12 Ethiopian populations of the dioecious tree Hagenia abyssinica was assessed using
eight ISSR primers. Jaccard’s similarity coefficient ranged between 0.53 and 0.66, and 81 per cent of the 104
scorable bands were polymorphic (Feyissa et al. 2007). Similar to these studies, the present study on P. volubilis
reports a high level of percentage polymorphism, which is an indication of high genetic diversity among the 12

populations considered in the study.

Mediterranean populations of Juniperus phoenicea were subjected to genetic diversity assessment using
16 ISSR primers. Out of these, only three amplified and produced reproducible, polymorphic bands with 45 per
cent polymorphism (Meloni et al. 2006). When compared with mapping information of the populations, the results
of that study revealed that gene flow was curtailed by geographic isolation. Nine populations of the endangered
plant Emmenopterys henryi endemic to China were subjected to ISSR marker analysis by Li and Jin (2007). The
low level of genetic diversity among the populations was identified using the information on the percentage
polymorphic loci (22.56 per cent). The poor genetic diversity has been attributed to specific evolutionary
processes and anthropogenic drivers like landscape fragmentation and the resultant isolation of populations.

Taking hints from such studies, the conservation implication of the results on P. volubilis is quite alarming.
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Although not characterized by low genetic diversity as yet, the large-scale fragmentation (Ramachandran and
Vasudeva 2020) of the landscape where P. volubilis grows naturally could eventually lead to an irreversible

pauperization of genetic diversity of this potential cash crop.

3.4 Cluster analysis based on molecular data and agro-morphological traits

The genetic relationship between the various populations has been investigated using the ISSR amplicon
profile. The P. volubilis populations were classified into seven distinct classes based on the amplicon profiles
(Figure 3). The per cent similarities ranged from 68 to 80. A cut off value based on similarity coefficients was not
assigned as the 12 primers were able to amplify only an infinitesimally small portion of the possibly complex
genome of P. volubilis. As the genomic representation is too little, a cut off value could bias the results. The only
population from Kerala i.e., Thiruvananthapuram formed an outgroup showing the highest dissimilarity (32 per

cent) with the P. volubilis populations from Tamil Nadu. The clusters followed a North-South gradient.

Based on agro-morphological traits, the 12 populations were clearly discriminated into eight major
clusters (Figure 4). The single P. volubilis population from Kerala (Thiruvananthapuram) clustered as an outgroup

of the 11 populations from Tamil Nadu state.

The dendrograms obtained based on molecular and agro-morphological data are in close congruence.
The results are also in line with the clinal variations reported for fruit, seed, leaf, seedling and yield traits of P.
volubilis (Ramachandran and Vasudeva 2020) across latitudinal gradients and geographical proximity of seed
sources. The Thiruvananthapuram population stood apart in both the analyses as a discrete outgroup. There is a
possibility that the Tamil Nadu populations could have developed a separate spectrum of adaptive traits for the
drier and warmer Tamil Nadu agro-ecological conditions compared to the more humid conditions of Kerala. The
resultant divergence in the gene pools could have been developed due to several years of competition, natural
selection and survival of the fittest. Local adaptation could be the causal agent for the out-grouping of
Thiruvananthapuram population (Kawecki and Ebert 2004). Such variations have been observed in Populus
tremula (Ingvarsson and Bernhardsson 2020), Arabidopsis lyrata (Hamala and Savolainen 2019), Holcus lanatus

(Macel et al. 2007) and Lotus corniculatus (Macel et al. 2007).

The anthropogenic fragmentation of landscapes where P. volubilis grows, over the very recent geological
past could have played some role in controlling gene flow over short distances. This could explain the diversity
among the Tamil Nadu populations of P. volubilis. The subtle gradations in climatic, edaphic and biotic variables

contribute to such variations both at the genotypic as well as phenotypic level (Savolainen et al. 2007). In the
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present study, the clustering of the Tamil Nadu populations of P. volubilis based on both molecular data (surrogate
for genotype) and agro-morphological data (surrogate of phenotype) is on similar lines. The Kanchipuram cluster
(Walajabad, Pazhaiyasivaram, Villiampakkam populations), the Pondicherry cluster (Pondi, Puthupattu
populations), Cuddallore-Chettinad cluster (Otteri, Karukkai, Sendirakillai populations) and the southern Tamil
Nadu-Tiruchirappalli cluster (Vallathirakkottai) were clearly identifiable. However, populations from Mangalam
and Kizhoor clustered as exceptions. Adaptative radiation of populations to environmental gradient as observed
in clines has been elaborated in the seminal paper by Barton (1999). Evidences of the same are available from
common garden studies in annual ‘teosintes’, a wild relative of Zea mays (Fustier et al. 2019). Collignon et al.
(2002) and Kremer et al. (2002) attribute the lion-share of variation in adaptive traits to selection in recent times

through comparison of molecular and quantitative trait data.

In conclusion, genetic diversity assessment of P. volubilis points to high genetic diversity, the full
potential of which must be tapped for domestication. In the near future, the effects of landscape fragmentation
and other anthropogenic deterrents to gene flow are likely to show an impact on the genetic architecture of
populations. This could engender the natural populations of P. volubilis through reduced reproductive fitness or
adaptive traits resulting from the breeding of closely related individuals. Reduction in genetic diversity is likely
to be lethal to populations of a dioecious plants such as P. volubilis in which cross-pollination is the only option.
Variations in environmental variables, geographical isolation and human-induced factors could be the major

determinants for the genetic divergence.
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Figure 3

Hierarchical UPGMA dendrogram based on molecular (ISSR amplicon) data of 12 populations of P.
volubilis from Kerala and Tamil Nadu
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Figure 4



Hierarchical Neighbour Joining (NJ) tree clustering based on agro-morphological data of 12 populations
of P. volubilis from Kerala and Tamil Nadu
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