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Abstract

Inter simple sequence repeat markers were used to assess the genetic diversity and population
genetic structure in 12 populations of Nothapodytes nimmoniana from Western Ghats of India.
A total of 16 selected primers produced 103 discernible bands, with 76 (73.7%) being poly-
morphic. The Nei’s gene diversity (h) ranged from 0.1166 to 0.2124, with an average of
0.1518 at the population level and 0.2965 at the species level indicating high genetic diversity.
The Shannon’s index (/) was estimated to be 0.2189 within populations (range 0.1703—0.2947)
and 0.4352 at the species level. The analysis of molecular variance showed that the genetic
variation was found mainly within populations (73%), but variance among populations was
only 27% and its value, ®@pr = 0.271, P < 0.001, implied that high genetic differentiation
among populations. In addition, Nei’s differentiation coefficient (Gsr) was found to be high
(0.4882) and the gene flow (V) was low (0.5242), confirming the high population genetic
differentiation. The unweighted pair-group method using arithmetic average clustering elicited
similar results. Based on this, we propose conservation strategy for this plant species.

Keywords: anti-cancer; camptothecin; genetic differentiation; genetic diversity;
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Introduction erosion of diversity and a means to design effective conser-
vation strategies for rare taxa (Neel and Ellstrand, 2003).

Over the long term, the ability of a population to respond  Information on genetic diversity pattern of economically

adaptively to environmental changes depends on the level
of genetic variability or diversity that it contains (Ayala and
Kiger, 1984). Understanding the relative importance of
processes that structure diversity within and among popu-
lations can provide both a means to assess future risk of
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important, rare and threatened plant species is a prime
concern to develop strategies for sustainable harvesting
of secondary metabolites and, where appropriate, reintro-
duction to its natural habitat (Neel and Cummings, 2003).
Nothapodytes nimmoniana Graham (Icacinaceae) syn.
Mappia foetida Miers is one such threatened species
having great medicinal value.

Nothapodytes nimmoniana, commonly known as
‘stinking tree’, is a medium-sized tree distributed in
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the evergreen, semi-evergreen and deciduous forests
of Western Ghats of India, North East India, Srilanka,
Myanmar and Thailand (Hombegowda et al., 2002). It is
a rich source of anti-cancer alkaloids camptothecin
(CPT) and 9-methoxy CPT (9-mCPT) (Govindachari and
Viswanathan, 1972). CPT is regarded as one of the most
promising anti-cancer drugs of the 21st century (Li and
Adair, 1994). It is shown to be effective in the complete
remission of lungs, breast (Takeuchi et al., 1991) and
uterine cervical cancers (Potmesil, 1994). Its primary cel-
lular target is topoisomerase I, and the anti-tumour
activity is attributed to the inhibition of topoisomerase I
(Hsiang et al., 1985). Irinotecan and Topotecan, two
water-soluble derivatives of CPT, have been approved
by the FDA of the USA for treating colorectal and ovarian
cancers (Vladu, 2000). In recent years, because of the
enormous demand for the chemical worldwide, there
has been an indiscriminate felling of N. nimmoniana
from Western Ghats. In fact, it is estimated that in the
last decade alone, there has been at least a 20% decline
in the population leading to the red listing of the species
as vulnerable (Ved, 1997; Ravikumar and Ved, 2000).
The species is now confined only to the remnant of
forest pockets. Thus, an understanding of the genetic
diversity and structure of N. nimmoniana is important
for developing effective conservation strategies for this
species in Western Ghats of India, which has not been
investigated so far.

DNA markers are able to detect the genetic variation
beyond coding loci and to provide broader information
on the amount of genetic variation and the genetic diver-
gence among populations (Winter and Kahl, 1995). Dom-
inantly expressed multilocus DNA markers such as inter
simple sequence repeat (ISSR) have been successfully
used to provide valuable information about the genetic
diversity and structure of natural plant populations
including medicinal plants (Souza and Lovato, 2010; Wu
et al., 2010). It amplifies DNA sequence between the
two adjacent, inversely oriented repeats of microsatellites
(Zietkiewicz et al., 1994). In comparison with molecular
assays such as amplified fragment length polymorphism
(AFLP) and restriction fragment length polymorphism,
ISSR is cost-efficient, overcomes hazards of radioactivity
and requires lesser amounts of DNA (25-50 ng). Further-
more, ISSR markers have higher reproducibility than
random amplified polymorphic DNAs (RAPDs) (Meyer
et al., 1993; Fang et al., 1997), are more informative,
(Nagaoka and Ogihara, 1997), require no prior sequence
information and hence were the choice markers for this
study. This study consists of exploration and collection
of N. nimmoniana from Western Ghats of India, map-
ping its distribution using DIVA GIS software (Hijmans
et al., 2005) and analysing its population genetic diversity
and genetic structure using ISSR markers.
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Materials and methods
Exploration and collection

An extensive floristic survey was conducted to collect N.
nimmoniana from Western Ghats of India. The study
area covered four states of South India, namely Kerala,
Tamil Nadu, Karnataka and Maharashtra and 12 popu-
lations. The geographic location data (latitude, longitude
and altitude) for 57 accessions from the 12 populations of
N. nimmoniana were collected using global positioning
system. The latitudes of the collection sites ranged from
09°34/39.2" to 16°48'26.0" and the altitudes ranged from
243m (Charmadi Ghat, Karnataka) to 2169m (Ooty,
Tamil Naduw). Details of the accessions collected and ana-
lysed were given in Table 1. DIVA GIS software was used
to map geographical distribution of the species (Fig. 1.

DNA extraction and ISSR-PCR analysis

Total genomic DNA was isolated from the fresh leaves
(0.5g) of N. nimmoniana using modified cetyltrimethyl
ammonium bromide method (Doyle and Doyle, 1987).
Quantity and quality of the DNA samples were estimated
by comparing band intensities on a 0.8% agarose gel and
using a spectrophotometer. The components of the ISSR-
PCR were optimized with varying concentrations of tem-
plate DNA, dNTPs, Taq DNA polymerase and annealing
temperature. The reaction was performed in a volume
of 10 ul containing 50 ng template DNA, 0.5mM dNTPs
(Chromous Biotech, Bangalore, India), 0.15U Taq
DNA polymerase (Chromous Biotech), 0.5mM ISSR pri-
mers of UBC set # 9 (The Michael Smith Laboratories,
University of British Columbia, Vancouver, BC, Canada)
and 1X PCR buffer (10mM Tris—HCI, pH 8.3, 50 mM
KCl, 3mM MgCly) (Merck, Darmstadt, Germany). A total
of 16 reproducible primers were selected from 100
ISSR primers for this study (Table 2). A control PCR
tube containing all components but no genomic DNA
was run with each primer to check any contamination.
The reactions were carried out in a DNA thermocycler
(Eppendorf, Hamburg, Germany). The PCR program
consisted of an initial denaturation step of 94°C for 4 min,
followed by 34 cycles at 94°C for 1 min, 45 s at the specific
annealing temperature of each primer (45-69°C), 72°C for
1min, and a final extension at 72°C for 8min and a hold
temperature of 4°C at the end. After amplification, the reac-
tion products were subjected to electrophoresis in 1.5%
agarose gels in 1 X Tris Acetate EDTA (40 mM Tris-acetate,
1 mM EDTA, pH 8.3) buffer stained with 5 pg/ml ethidium
bromide and photographed under UV light with the help
of a gel documentation system (Bio-Rad, Hercules, CA,
USA). A 1kb molecular ladder was used as a marker to
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Table 1.
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Details of N. nimmoniana populations taken for inter simple sequence repeat analysis

Latitude (N) and

Approximate

Population code Locality longitude (E) Altitude (m) population size Sample size

SR Sirsi, Karnataka N: 14°41/'45.3" 531-668 55 4
E: 74°54'55.5"

CM Chickamagalur, Karnataka N: 13°25'50.5" 1401-1615 135 12
E: 75°45'01.1"

CO Coorg, Karnataka N: 12°08'037.1" 780-1109 113 10
E: 75°55'048"

AG Agumbe, Karnataka N: 13°29'51.3" 249-637 83 4
E: 75°04'55.4"

CG Charmadi Ghat, Karnataka N: 13°07'06.4" 243-920 15 2
E: 75°30014.7"

T Jambotty, Karnataka N: 15°43/15.4" 748-852 33 3
E: 74°22/93.9"

AB Amboli, Maharashtra N: 15°52/20.2" 713-738 43 3
E: 73°56'43.6"

KP Kolhapur, Maharashtra N: 16°53/40.8" 360-784 55 4
E: 73°46'77.4"

KT Kalpetta, Kerala N: 11°35/24.9" 828-1099 15 4
E: 76°06'13.7"

1D Idukki, Kerala N: 09°44'54.9" 869-1187 35 6
E: 77°08'13.1"

oT Ooty, Tamil Nadu N: 11°27'36.9" 2092-2169 34 4
E: 76°36'59.1"

KD Kodaikanal, Tamil Nadu N: 10°14/79.5" 2046-2160 44 2
E: 77°31'59.7"

know the size of the fragments. All the PCR results were
tested for reproducibility at least three times. Bands that
did not show fidelity were eliminated.

Data analysis

Amplified fragments for the 16 ISSR primers, which were
reproducible and consistent in performance, were scored
for band presence (1) or absence (0) and a binary quali-
tative data matrix was constructed. Percentage of poly-
morphic bands (PPB) was calculated by dividing the
number of polymorphic bands by the total number of
bands surveyed. The binary matrix was used to determine
the genetic diversity, genetic differentiation and gene flow
using the program PopGene 32 version 1.31 (Yeh et al.,
1999). Genetic diversity within and among populations
was measured by the PPB, effective number of alleles
(1), observed number of alleles (72,), Nei’s (1973) gene
diversity () and Shannon’s information index (/). At the
specieswide level, total genetic diversity (7y), genetic
diversity within populations (Hs) and Nei’s coefficient of
genetic differentiation among populations (Gsr = (Hy —
Hs)/Hy) were calculated. Corresponding estimates of
gene flow (Vy), i.e. the average number of migrants per
generation exchanged among populations, was calculated
using the formula N, = 0.5(1 — Gsp)/Gsr (Nei, 1978).
Analysis of Molecular Variance (AMOVA) (Excoffier et al.,
1992) was performed to calculate the partitioning of
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genetic variance among and within population using Gen-
AlEx version 6.41 (Peakall and Smouse, 2006). The permu-
tation number for significance testing was set to 999 for all
the analysis. Given that the above estimation of allele fre-
quencies from dominant markers requires the assumption

© 2011 Googlelfl .
Data:S10, NOAA, U'S. Navy¥NGA /GEBCO £)

Fig. 1. Geographical distribution map of N. nimmoniana.
A colour version of this figure can be found online at
journals.cambridge.org/pgr.


https://doi.org/10.1017/S1479262111000803

Genetic diversity in Nothapodytes nimmoniana

509

Table 2. Inter simple sequence repeat primers used for PCR amplification of N. nimmoniana and total number of amplified
fragments generated from 57 individuals®

Total no. No. of polymorphic Polymorphic
UBC primer set # 9 Primer sequence (5" — 37) of bands bands bands (%)
822 TCT CTC TCT CTC TCT CA 4 3 75
827 ACA CAC ACA CAC ACA CG 5 4 80
834 AGA GAG AGA GAG AGA GYT 8 4 50
844 CTC TCT CTC TCT CTC TRC 4 1 25
845 CTC TCT CTC TCT CTC TRG 6 5 83.3
854 TCT CTC TCT CTC TCT CRG 10 7 70
857 ACA CAC ACA CAC ACA CYG 9 6 66.6
866 CTC CTC CTC CTC CTC CTC 7 7 100
873 GAC AGA CAG ACA GAC A 5 3 60
874 CCCTCCCTCCCTCCCT 5 3 60
876 GAT AGA TAG ACA GAC A 7 6 85.7
881 GGG TGG GGT GGG GTG 8 8 100
887 DVD TCT CTC TCT CTC TC 5 4 80
895 AGA GTT GGT AGC TCT TGATC 8 6 75
902 CTC GT GT GT GT GT GT GT GT 4 3 75
906 CCA CCA CCA CCA CCA 8 6 75

UBC, University of British Colombia.
Y, (C,T; D, A GT;V, (A CG;R, (A G).

of the Hardy—Weinberg equilibrium. For elucidating the
relationship between the populations, unweighted pair-
group method with arithmetic averages dendrogram was
constructed based on Nei’s (1978) unbiased genetic diver-
sity. Bootstrap analysis of 1000 replicates was used to assess
the statistical support of each branch by using the TFPGA
program version 1.3 (Miller, 1997).

Results
Exploration and collection of N. nimmoniana

A total of 12 distinct populations of N. nimmoniana were
located and 57 representation accessions were collected
during our exploration and collection missions along
the Western Ghats of India. It has been observed that
the distribution of the population was discontinuous
and the number of individuals in most of the populations
was few. Due to the anthropogenic activities and unsus-
tainable harvesting of CPT, most of the trees were cut.
The flowering time varied from June to January and
ripened fruits were available from October to June in
the different populations of Western Ghats. This variation
in flowering and fruiting time is due to different agrocli-
matic conditions prevalent along the Western Ghats.

Genetic diversity

Using the 16 ISSR-University of British Colombia (UBC)

primers that showed the best resolution in the
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amplification profiles, 103 clearly identifiable bands were
obtained from 57 accessions of 12 populations from four
states. Of these, 76 (73.7%) bands were polymorphic and
remaining 27 (26.2%) were monomorphic bands. But, at
the population level, the PPB ranged from 28.16 to
48.54%, with an average of 35.84% (Table 3). Each primer
yielded four to ten bands with an average of 6.44
bands per primer. The sizes of bands ranged from 350
to 2000bp (Fig. 2). From UBC 866 and UBC 881, 100%
polymorphic bands were recorded. Since ISSR markers are
dominant, each band represents the phenotype at a single
biallelic locus. The ISSR primers identified in this study will
be used for further genetic analysis of N. nimmoniana.

Assuming the Hardy—Weinberg equilibrium, the aver-
age Nei's (1973) gene diversity (b) ranged from 0.1166
(+£0.1872) to 0.2124 (*£0.2334), with an average of
0.1518 (£0.0246) at the population level and 0.2965
(£0.0419) at the species level. Shannon’s index ()
ranged from 0.1703 (*£0.2733) to 0.2947 (£0.3184),
with an average of 0.2189 at the population level and
0.4352 (*£0.2829) at the species level. Among the 12
populations, CM population exhibited the highest level
of genetic diversity (PPB = 48.54%, h = 0.2124 and
1= 0.2947), whereas CG population showed the lowest
variability (PPB = 28.16%, b = 0.1166 and = 0.1703).
The genetic diversity of populations from high to low
ranked as follows: CM > CO > ID > KP > AG > SR >
KT > OT >JT > KD > AB > CG. The
were also obtained by observing the number of alleles
(n,) and effective number of alleles (72.) (Table 3).
When calculated across the populations, the 7, and 7.
values equalled 1.7379 and 1.5410, respectively.

same results
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Table 3. Genetic variability parameters of N. nimmoniana based on inter simple sequence repeat markers
Shannon’s Percentage
Observed no. Effective no. Nei’s diversity information of polymorphic
S. no. Population of alleles (n,) of alleles (ne) index (h) index (/) loci (% PPB)
1 SR 1.34 £ 0.047 1.25 £ 0.037 0.1401 £ 0.02 0.2035 = 0.029 33.98
2 CM 1.49 = 0.050 1.38 £ 0.042 0.2052 £ 0.22 0.2947 = 0.031 48.54
3 CcO 1.48 = 0.049 1.40 = 0.045 0.2124 = 0.023 0.3016 = 0.032 47.57
4 AG 1.36 £0.048 1.30 = 0.042 0.1607 £ 0.022 0.2288 £ 0.031 35.92
5 CG 1.28 = 0.045 1.20 £ 0.032 0.1166 £ 0.018 0.1703 = 0.027 28.16
6 JT 1.32 £ 0.046 1.24 £0.037 0.1326 £ 0.02 0.1924 = 0.028 32.04
7 AB 1.29 = 0.045 1.24 £ 0.039 0.1293 £ 0.020 0.1845 = 0.029 29.13
8 KP 1.37 £0.048 1.29 = 0.041 0.1571 £ 0.021 0.2259 £ 0.030 36.89
9 KT 1.34 = 0.048 1.25 £0.037 0.1385 £ 0.02 0.2018 = 0.029 33.98
10 ID 1.41 = 0.049 1.29 £ 0.038 0.1642 £ 0.020 0.2398 = 0.03 40.78
11 oT 1.32 £ 0.047 1.24 £ 0.038 0.1356 * 0.021 0.1959 = 0.029 32.04
12 KD 1.31 £0.046 1.23 £ 0.033 0.1287 £ 0.019 0.1879 £ 0.028 31.07
Mean 1.37 £ 0.02 1.28 = 0.018 0.1518 = 0.009 0.2189 = 0.012 35.84
Species level 1.7379 = 0.044 1.5410 = 0.039 0.2997 £ 0.020 0.4352 £ 0.028 73.79

Population genetic structure

Across the 12 populations of N. nimmoniana surveyed
for ISSR variation, Nei’s estimator of population substruc-
ture (Gsp) indicated a fairly high level of population
differentiation (Ggr = 0.4882). These Ggsr values trans-
lated into correspondingly low levels of gene flow
(N, with 0.5242 migrants exchanged between popu-
lations (on average) in each generation. The AMOVA
also revealed highly significant genetic differences
among the 12 populations of N. nimmoniana (Table
S1, available online only at http://journals.cambridge.
org). The analysis revealed that a larger part of
the genetic variation exists within the populations
(73%) than among the populations (27%) (Ppr = 0.271,
P <0.00D). The dendrogram obtained wusing the
UPGMA algorithm based on Nei's (1978) genetic
distance is presented in Fig. 3. The analysis of groupings
showed the formation of two groups, one comprising the

samples of the SR, CM, CO, AG, CG and JT, and the other
the populations of AB, KP, KT, ID, OT and KD. As
observed by the mean values of similarity, the popu-
lations of AB and KP were genetically close related,
while populations CG and ID were more distantly related.
Genetic distances between the populations ranged from
0.0252 (between AB and KP) to 0.3230 (between CG and
ID), and the Nei’s genetic identity ranged from 0.7240 to
0.9751 (Table S2, available online only at http://journals.
cambridge.org).

Discussion

Threatened medicinal plant species have become
the focus of world attention, because they represent a
vanishing and decreasing flora in need of protection
and conservation and their role as an essential commo-

dity for health care cannot be neglected (Kala, 2005).
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Fig. 3. UPGMA dendrogram illustrating the genetic relationships among 12 populations of N. nimmoniana, based on Nei’s
(1978) unbiased genetic diversity. Numbers on branches indicate bootstrap values from 1000 replicates.

Scientific approaches for conservation and utilization of
plant resources require accurate assessment of the
amount and distribution of genetic variation within
and among populations (Shah et al.,, 2008). Several
aspects of conservation biology, such as loss of genetic
diversity and restoration of threatened populations, can
only be addressed by detailed population genetics
studies (Hamrick and Godt, 1989). A species without
enough genetic diversity is thought to be unable to
cope with changing environments and demographic
fluctuations, both in the short and long term (Reisch
et al., 2003).

This study clearly showed that relatively high level of
genetic variation (PPB = 73.7%; b = 0.3001; I= 0.4353)
exists among N. nimmoniana. Similar result was
reported in Rheum tanguticum, an endangered perennial
medicinal herb in China, (b =0.2689 and I= 0.4163)
using ISSR markers (Hu et al., 2010). Rare and endange-
red species are generally known to have low genetic
variability. However, some endangered species also
showed high levels of genetic variation even within
extremely narrow distributions such as Apterosperma
oblate (b =0.275) (Su et al., 2008) and Heptacodium
miconioides (h = 0.2469) (Jin and Li, 2007), both were
assessed by ISSR markers.

Restricted gene flow and genetic drift might
have influenced the extent of differentiation among
N. nimmoniana populations. The Ggp-derived N,
value of 0.4709 is indicative of restricted gene flow
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among natural populations, and this value is actually
below the level (V,, = 1) needed to counteract genetic
drift (Slatkin, 1993). Equivalently the high Ggr value of
0.515 (Gsy > 0.15) also implied the rapid genetic differ-
entiation among the populations. The high genetic
differentiation was also confirmed with the AMOVA
(Ppr = 0.271). Similar results were obtained in Dysosma
pleiantha, a threatened medicinal plant, (AMOVA:
&g = 0.500; Nei's genetic diversity: Gsr = 0.465) by
using ISSR markers (Zong et al., 2008). The data on
genetic structure of N. nimmoniana obtained in this
study showed that the among-population differentiation
coefficients (Ppr = 0.271and Gsr = 0.4882) were almost
similar to, but a little higher than, the perennial endan-
gered plants (Dsr = 0.290 and Gspr = 0.3585) (Hu et al.,
2010). The result was in contrary to the earlier report
on higher genetic variance (69.55%) among the popu-
lations than that within the populations (30.45%) of
N. nimmoniana of Taiwan as assessed by AFLP mar-
kers (Qiuying et al., 2005). The reason for the contra-
diction between these two studies might be the
entirely different geographical populations investigated.

It is widely accepted that genetic diversity and popu-
lation genetic structure are influenced by factors such
as historical events, breeding system, genetic drift and
natural selection (Barrett, 1992). Nothapodytes nimmoni-
ana propagates naturally by seeds. Seed germination in
natural habitat is very less and due to the lack of appro-
priate germination conditions and hard seed-coat. In a
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study conducted for seed germination behaviour of
N. nimmoniana in our laboratory, the recalcitrant behav-
iour of this seed was revealed as they showed a
tendency to lose viability quickly at room temperature
(data not shown). The low seed germination percentage
might be one of the reasons for discontinuous and
restricted distribution of this species. It was observed
that very less flowering and fruit setting in some of the
years (Sharma et al., 2010), may be due to physiological
reasons, might also be contributed to the vulnerable
status of this species. It is important to note that the
species is polygamous in nature (Hombegowda et al.,
2002) and is reported to be self-pollinated (26.7%)
along with the widely observed cross-pollination (Sharma
et al., 2010). It is obvious that self-pollination will reduce
the genetic diversity among the populations and will lead
to homozygosity. But it has been observed that transition
of one sex type to another every year in some of the
physically disturbed individuals of N. nimmoniana
resulted in ‘sex lability’ (Sharma et al., 2010). Some of the
polygamous individuals, which produced male, female
and bisexual flowers during the first year, were reported
to become male in the second year and the female
individuals changed to polygamous. But male trees
remained male across the years. This phenomenon of
rotation of sexes has got great significance for genetic
diversity of this species on the special context of self-
pollination. It is believed that the ‘sex lability’ may reduce
the risk of erosion of genetic diversity developed due to
self-pollination.

The size of populations has a great effect on the long-
term persistence of a species. A population with large
number of individuals is proposed to have more genetic
diversity, which increases their ability to adapt to chang-
ing environmental conditions (Vrijenhoek et al., 1985).
On the other hand, reduction in population size usually
results in loss of genetic diversity and allelic richness,
inbreeding and increased extinction risk (Frankham
et al., 2002). In this study, the populations of CM and
CO showed relatively more number of individuals and
high population abundance than the other populations,
which indicated that the agroclimatic conditions preva-
lent in these regions are the most favourable for this
species. Due to the enormous demand for the CPT
worldwide, habitat destruction of N. nimmoniana has
been increased. During our survey along the Western
Ghats, we could observe a drastic decrease in the
number of wild populations and individuals of the
species. Its habitat has been extremely threatened,
mainly by overcollection, and its distribution has been
reduced to a very restricted area. The consequent
reductions in its distribution and population size may
have promoted genetic differentiation among isolated
populations (Ellstrand and Elam, 1993).
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Implication for conservation and sustainable
utilization

Knowledge of genetic variation within and among popu-
lations provides essential information in the formulation
of appropriate management strategies for conservation
(Francisco-Ortega et al., 2000). As this study revealed,
the high population differentiation and discontinuous dis-
tribution along with sharply decreasing numbers of popu-
lations and individuals remain a serious threat to N.
nimmoniana. Our findings would provide ample genetic
information for developing conservation strategies and
sustainable harvesting of this important medicinal plant.
Conservation goals may be achieved by protection of all
extant populations, ex situ conservation of seeds and re-
introduction of saplings to its natural populations as well
in new sites. To increase an artificial gene flow among
populations, we propose to collect the seeds from different
populations and exchange the saplings among the popu-
lations. Translocation and establishment of new popu-
lations are frequently used to curtail the extinction risk of
rare plant species (Holl and Hayes, 2006). For those popu-
lations with high levels of genetic variation and abundance
such as CM and CO, we suggest that their habitats be
protected and overexploitation be forbidden. Promoting
domestication and cultivation of this species is necessary
to satisfy market demand and protecting the wild
resource. We have observed that N. nimmoniana could
be successfully grown as an intercrop in coffee and carda-
mom plantations. We also suggest to adapt non-destructive
harvesting of CPT without cutting the entire tree as we
proposed earlier (Kavitha et al., 2010). Our results
indicate the existence of high genetic diversity among
N. nimmoniana populations of Western Ghats along
with high population differentiation, which enlighten the
necessity to adapt conservation strategies and sustainable
exploitation.

References

Ayala FJ and Kiger JA (1984) Modern Genetics. 2nd edn. Menlo
Park, CA: Benjamin/Cummings.

Barrett SCH (1992) Genetics of weed invasions. In: Jain SK and
Botsford LW (eds) Applied Population Biology. Dordrecht:
Kluwer Academic Publishers, pp. 91-119.

Doyle JJ and Doyle JL (1987) A rapid DNA isolation procedure
for small quantities of fresh leaf tissue. Phytochemical
Bulletin 19: 11-15.

Ellstrand NC and Elam DR (1993) Population genetic conse-
quences of small population size: implications for plant
conservation. Annual Review of Ecology and Systematics
24: 217-242.

Excoffier L, Smouse PE and Quattro JM (1992) Analysis of mol-
ecular variance inferred from metric distances among DNA


https://doi.org/10.1017/S1479262111000803

Genetic diversity in Nothapodytes nimmoniana

haplotypes: applications to human mitochondrial DNA
restriction data. Genetics 131: 479—491.

Fang DQ, Roose ML, Krueger RR and Federici CT (1997) Finger-
printing trifoliate orange germplasm accessions with iso-
zymes, RFLPs and inter-simple sequence repeat markers.
Theoretical and Applied Genetics 95: 211-219.

Francisco-Ortega J, Santos-Guerra A, Kim SC and Crawford DJ
(2000) Plant genetic diversity in the Canary Islands: a con-
servation perspective. American Journal of Botany 87:
909-919.

Frankham R, Ballou JD and Briscoe DA (2002) Introduction to
Conservation Genetics. Cambridge: Cambridge University
Press, p. 617.

Govindachari TR and Viswanathan N (1972) Alkaloids of
Mappia foetida. Phytochemistry 11: 3529—3531.

Hamrick JL and Godt MJW (1989) Allozyme diversity in plant
species. In: Brown AHD, Clegg MT, Kahler AL and Weir
BS (eds) Plant Population Genetics, Breeding and Genetic
Resources. Sunderland, MA: Sinauer Associates, pp. 43—63.

Hijmans RJ, Guarino L, Jarvis A, O'Brien R, Mathur P, Bussink C,
Cruz M, Barrantes I and Rojas E (2005) DIVA-GIS version
5.2. manual Available at http://www.diva-gis

Holl KD and Hayes GF (2006) Challenges to introducing and
managing disturbance regimes for Holocarpha macrade-
nia, an endangered annual grassland forb. Conservation
Biology 20: 1121-1131.

Hombegowda HC, Vasudeva R, Georgi PM, Shaanker RU and
Ganeshaiah KN (2002) Breeding types in Nothapodytes
nimmoniana Graham. Current Science 83: 1077-1078.

Hsiang YH, Hertzberg R, Hecht S and Liu LF (1985) Camptothe-
cin induces protein-linked DNA breaks via mammalian
DNA topoisomerase 1. Journal of Biological Chemistry
260: 14873-14878.

Hu Y, Wang L, Xie X, Yang J, Li Y and Zhang H (2010) Genetic
diversity of wild populations of Rheum tanguticum ende-
mic to China as revealed by ISSR analysis. Biochemical
Systematics and Ecology 38: 264—274.

Jin Z and Li J (2007) Genetic differentiation in endangered Hep-
tacodium miconioides Rehd. based on ISSR polymorphism
and implications for its conservation. Forest Ecology and
Management 245: 130—-1306.

Kala CP (2005) Indigenous uses, population density, and con-
servation of threatened medicinal plants in protected
areas of the Indian Himalayas. Conservation Biology 19:
368-378.

Kavitha P, Kumar TV, Rajasekharan PE, Kareem VKA and Rao
VK (2010) Camptothecin and 9-methoxy camptothecin,
anti-cancer alkaloids in Nothapodytes nimmoniana from
Western Ghats, India. Journal of Medicinal and Aromatic
Plant Science 32: 129—132.

Li SY and Adair KT (1994) Camptotheca acuminata Decaisne XI
SHU 3@%6 (Chinese Happy tree) a promising anti-tumor
and anti-viral tree for the 21st century. Nacogdoches,
TX: The Tucker Center College of Forestry, Stephen
F. Austin State University.

Meyer W, Mitchell TG, Freedman EZ and Vilgays R (1993)
Hybridization probes for conventional DNA fingerprinting
used as single primers in the polymerase chain reaction
to distinguish strains of Cryptococcus neoformans. Journal
of Clinical Microbiology 31: 2274—2280.

Miller MP (1997) A Windows Program for the Analysis of Allo-
zyme and Molecular Population Genetic Data (TFPGA).
Flagstaff, AZ: Department of Biological Sciences, Northern
Arizona University.

https://doi.org/10.1017/51479262111000803 Published online by Cambridge University Press

513

Nagaoka T and Ogihara Y (1997) Applicability of inter-simple
sequence repeat polymorphisms in wheat for use as
DNA markers in comparison to RFLP and RAPD markers.
Theoretical and Applied Genetics 94: 597—-602.

Neel MC and Cummings MP (2003) Effective of conservation
targets in capturing genetic diversity. Conservation Biology
17: 219-229.

Neel MC and Ellstrand NC (2003) Conservation of genetic diver-
sity in the endangered plant Eriogonum ovalifolium var.
vineum (Polygonaceae). Conservation Genetics 4: 337—-352.

Nei M (1973) Analysis of gene diversity in subdivided popu-
lations. Proceedings of the National Academy of Sciences
USA 70: 3321-3323.

Nei M (1978) Estimation of average heterozygosity and genetic
distance from a small number of individuals. Genetics 89:
583-590.

Peakall R and Smouse PE (2006) GENALEX 6: genetic analysis in
Excel. Population genetic software for teaching and
research. Molecular Ecology Notes 6: 288—295.

Potmesil M (1994) Camptothecin: from bench research to hospi-
tal wards. Cancer Research 54: 1431-1439.

Qiuying Y, Xiu ZY, Jucai C, Yuan CI, Chang YH and Tsai CT
(2005) Population genetic variation of Nothapodytes foetida
(Wight) Sleumer in Taiwan base on amplified fragment-
length polymorphism. Journal of the Chinese Society for
Horticultural Science 51: 283—293.

Ravikumar and Ved DK (2000) I/lustrated Field Guide to 100 Red
Listed Medicinal Plants of Conservation Concern in
Southern India. Bangalore: FRLHT, pp. 261-263.

Reisch C, Poschold P and Wingender R (2003) Genetic variation
in Saxifraga paniculata Mill. (Saxifragaceae): molecular
evidence for glacial relict endemism in central Europe.
Biological Journal of the Linnean Society 80: 11-21.

Shah A, Li DZ, Gao LM, Li HT and Moller M (2008) Genetic
diversity within and among populations of the endangered
species Taxus fauna (Taxaceae) from Pakistan and impli-
cation of its conservation. Biochemical Systematics and
Ecology 36: 183—193.

Sharma MV, Shaanker RU, Vasudeva R and Shivanna KR (2010)
Functional dioecy in Nothapodytes nimmoniana, a disty-
lous species in the Western Ghats. Current Science 99:
1444—-1449.

Slatkin M (1993) Isolation by distance in equilibrium and non-
equilibrium populations. Evolution 47: 264—279.

Souza HAV and Lovato MB (2010) Genetic diversity and
structure of the critically endangered tree Dimorphandra
wilsonii and of the widespread in the Brazilian Cerrado
Dimorphandra mollis: implications for conservation.
Biochemical Systematics and Ecology 38: 49—56.

Su YJ, Zan QJ, Wang T, Ying ZM and Ye HG (2008) High ISSR
variation in 24 surviving individuals of Apterosperma
oblata (Theaceae) endemic to China. Biochemical Systema-
tics and Ecology 36: 619-625.

Takeuchi S, Dobashi K, Fujimoto S, Tanaka K, Suzuki M, Terashima
Y, Hasumi K, Akiya K, Negishi Y and Tamaya T (1991) A late
phase II study of CPT-11 in gynecologic cancers. Research
groups of CPT-11 in gynecologic cancers. Japanese Journal
of Cancer and Chemotherapy 18: 1681-1689.

Ved DK (1997) Trade in medicinal plants: the state of our
ignorance. Amruth 1: 2—8.

Vladu B (2000) 7- and 10-Substituted camptothecins: dependence
of topoisomerase I-DNA cleavable complex formation and
stability on the 7- and 10-substituents. Molecular Pharma-
cology 57: 243-251.


https://doi.org/10.1017/S1479262111000803

514

Vrijenhoek RC, Douglas ME and Meffe GK (1985) Conservation
genetics of endangered fish populations in Arizona.
Science 229: 400—402.

Winter P and Kahl G (1995) Molecular marker technologies for
plant improvement. World Journal of Microbiology and
Biotechnology 11: 438—448.

Wu YG, Guo QS, He JC, Lin YF, Luo LJ and Liu GD (2010)
Genetic diversity analysis among and within populations
of Pogostemon cablin from China with ISSR and
SRAP markers. Biochemical Systematics and Ecology 38:
63-72.

https://doi.org/10.1017/51479262111000803 Published online by Cambridge University Press

V. K. Abdul Kareem et al.

Yeh FC, Yang RC and Boyle T (1999) POPGENE, version 1.31.
Microsoft windows based freeware for population genetic
analysis. Available at http://www.ualberta.ca/ ~ fyeh/fyeh

Zietkiewicz E, Rafalski A and Labuda D (1994) Genomic
fingerprinting by simple sequence repeat (SSR)-anchored
polymerase chain reaction amplification. Genomics 20:
176-183.

Zong M, Liu HL, Qiu YX, Yang SZ, Zhao MS and Fu CX (2008)
Genetic diversity and geographic differentiation in the
threatened species Dysosma pleiantha in China as revealed
by ISSR analysis. Biochemical Genetics 46: 108—196.


https://doi.org/10.1017/S1479262111000803

