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Abstract

Key message Genetic diversity of Monoon tirunelvel-

iense is reported here from India to facilitate its con-

servation and to take up such studies for conserving

threatened plants from different parts of the world.

Abstract As endemic and threatened species are suscep-

tible to loss of genetic variation due to stochastic factors,

investigation was carried out to assess genetic diversity of

Monoon tirunelveliense (Annonaceae), which is a steno

endemic and a critically endangered species from the Kal-

akkad-Mundanthurai Tiger Reserve in India, using inter-

simple sequence repeats (ISSRs). Thirty-five samples col-

lected from seven populations were screened by 34 primers,

wherein 11 primers produced 65 clear and reproducible

bands that included 43.08 % of polymorphic bands (PPB),

at the rate of 1–6 bands population-1 and 5.90 bands

primer-1. Nei’s genetic diversity (H) was 0.1428, on an

average. Analysis of Shannon information index (I) showed

0.2120, on an average, and total genetic diversity (HT) was

moderate with 0.2651 and genetic diversity within popula-

tions (HS) was a low of 0.1428. Proportion of total diversity

among populations (GST) was 0.4613. Gene flow among

populations (Nm) was 0.5839 individuals generation-1

indicating a low migration rate among populations. Mantel

test showed no significant correlation among genetic

differentiation and geographical distance (r = 0.489,

p = 0.007). Phylogenetic relationship among Monoon

species using rbcL and matK gene sequences derived by

combined Bayesian analysis is given. Besides conserving all

the existing populations, matured fruits should be collected

and sown in debris-free soil to increase the percentage of

seed germination as seeds are highly vulnerable to the attack

of termites and microbial decay. Seeds from genetic diver-

sity-rich Populations 2 and 3 are recommended for propa-

gation to increase the extent and occurrence of the species.

Keywords Kalakkad-Mundanthurai tiger reserve � ISSR �
RbcL � MatK � Bayesian analysis � Conservation

Introduction

The relative importance of stochastic factors such as dis-

tribution among regions, habitat fragmentation, and/or

population isolation, populations, individuals within pop-

ulations, genetic drift, mating system, mutation, gene flow

and natural selection varies among species and ecological

groups. Therefore, contribution of these factors which vary

from a few to more determines total genetic variation of a

species. During the course of time, loss of genetic variation

of the species leads to reduction in adaptability over

changing environments and increases susceptibility to any

kind of pressures including disease, pest and stress. In such

cases, species with small population readily prone to local

extinction compared to species with larger populations

(Ellstrand and Elam 1993). Thus, assessment of genetic

variability becomes imperative to formulate conservation

practices (Gonzalez-Astorga and Castillo-Campos 2004) to

define ideal appropriate units for in situ conservation and to
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develop effective sample collection strategies for ex situ

conservation (Hogbin and Peakall 1999), especially to

restore threatened populations (Hamrick and Godt 1996).

Considering the longer SSR-based primers and its advan-

tages, inter-simple sequence repeat (ISSR)s, which enable

higher-stringency amplifications (Wolfe et al. 1998), are

widely used (Wang 2004). The ISSRs which are hyper-

variable and dominant in molecular nature have the

capacity to detect variability among allied or clonal indi-

viduals (Esselman et al. 1999). The primer sequences of the

ISSRs are longer than RAPD primers and they can repro-

duce reliable bands even at higher annealing temperature

(Culley and Wolfe 2001) and never require any kind of

prior knowledge to target sequences (Fang and Roose

1997). Xue et al. (2012) analyzed sequences of three

chloroplast markers of matK, rbcL and trnL-F in the genus

of Polyalthia (Annonaceae) and resurrected the genus of

Monoon with 56 species, wherein 21 species are distributed

in Malaysia, 9 in Philippines, 5 each in India and Indone-

sia, 4 in Vietnam, 3 in Australia, 2 each in Thailand and Sri

Lanka and 1 each in India and Sri Lanka, China, Japan,

Papua New Guinea and Cambodia. Out of the five species

reported from India, M. tirunelveliense (M.B. Viswan. and

Manik.) B. Xue and R.M.K. Saunders, described by Vi-

swanathan and Manikandan (2001), is a steno endemic and

critically endangered species distributed in the Kalakkad-

Mundanthurai Tiger Reserve (KMTR) in India. Therefore,

ISSR, rbcL and matK markers were used to investigate M.

tirunelveliense (1) to assess the relationship between the

factors and genetic variations within and among popula-

tions; (2) to derive phylogenetic relationship among the

Monoon species; (3) to select superior germ plasm mate-

rials from the genetic diversity-rich populations; and (4) to

compare with similar endemic and threatened taxa to

suggest suitable conditions for seed germination to increase

both the individuals and populations.

Methods

Plant material

M. tirunelveliense is a lofty tree species that grows up to

25 m high. Samples of fresh, tender leaf tissues of 35

plants from seven natural populations in the KMTR

(Fig. 1) were collected in vials and stored at 4 �C until

DNA extraction (Fig. 1). Authentic voucher herbarium

specimens (MBV, CR and PSK 1401–1407) were prepared

for each population and deposited in the Herbarium of the

Centre for Research and Development of Siddha-Ayurveda

Medicines (CRDSAM), Department of Plant Science,

Bharathidasan University, Tiruchirappalli, Tamil Nadu,

India, for future reference.

DNA extraction

Total genomic DNA was extracted following the modified

CTAB method (Doyle 1991) from fresh leaf material

(200 mg) which was ground with liquid nitrogen, trans-

ferred to a 1.5 ml Eppendorf tube holding 600 ll preheated

2 % CTAB extraction buffer containing 0.2 % mercap-

toethanol and incubated at 60 �C for 60 min. Subsequently,

a mixture of 600 ll cold chloroform: isoamylalchohol

(24:1, v/v) was added, shaken gently for 3 min and spin

down at 10,000 rpm for 10 min at room temperature. The

supernatant thus collected was transferred into a new tube,

mixed with 2/3 volume of ice-cold isopropanol, centrifuged

at 12,000 rpm for 5 min, washed in 70 % ethanol and dried

using hair dryer. The pellet of DNA thus recovered was re-

suspended in 100 ll 1X TAE buffer, purified using spin

column (Chromous Biotech, Bengaluru, India) and checked

on 1.0 % agarose gel for quality and quantity.

ISSR amplification

For polymerase chain reaction (PCR) amplification, pro-

tocol of Wolfe et al. (1998) was performed with some

modifications. After an initial screening of 34 (UBC-ISSR)

primers from Chromous Biotech, 11 primers, each being

17–18 nucleotides in length, were selected for further

analysis to record maximum genetic variation within and

among populations of the species. Reactions were carried

out in a total volume of 20 ll, comprising 10 ll Taq pre-

mix of Exprime Taq Premix (GeNet Bio, Chennai, India),

4 ll molecular biology grade water, 3 ll (ll/5 pmol) pri-

mer and 3 ll template (ll/50–100 ng) DNA. The PCR was

performed with 96-well Thermal Cycler of Eppendorf Pro

S, Hamburg, Germany, under the following conditions:

5 min at 94 �C, followed by 40 cycles of 1 min at 94 �C,

1 min annealing at 45–55 �C, and 2 min extension at

72 �C, and, a final extension cycle of 8 min at 72 �C.

Amplified products were separated by electrophoresis on

1.5 % agarose gel buffered with 1X TAE and ethidium

bromide. Fragment sizes were estimated based on 1 kb and

100 bp DNA ladders (Hi-Media, Mumbai, India) as size

markers. To check the absence of contamination, DNA was

replaced by water and performed experiment alongside of

the every PCR amplification. DNA fragments were iden-

tified by image analysis software for gel documentation

system (AlphaImager� EP Gel Documentation System).

Sequencing of chloroplast gene markers

The primers used for sequencing 2 chloroplast DNA

regions by amplification were: forward–TAT CTT AGC

GCC ATT CCG AGTA and reverse–CGC GGA TAA

TTT CAT TAC CTT C (Hasebe et al. 1994) to rbcL
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(ribulose-1,5-bisphosphate carboxylase/oxygenase large

subunit); and, forward–ATT TGC GAT CTA TTC ATT

CAA T and reverse–TGA GAT TCC GCA GGT CAT T

(Manos and Steel 1997) to matK (maturase K gene). The

PCR reactions were performed in a 60 ll total volume,

containing 30 ll of Exprime Taq Premix (GeNet Bio,

Chennai, India), 12 ll molecular biology grade water,

4.5 ll each forward and reverse primers (ll/5 pmol) and

9 ll template (ll/50–100 ng) DNA. Amplifications were

performed by an initial denaturation at 94 �C for 3 min,

35 cycles at 94 �C for 30 s, annealing at 58 �C for 30 s,

extension at 72 �C for 1 min, and an additional final

extension at 72 �C for 5 min. The PCR products were

separated on 1.2 % agarose gel and the purified PCR

products were sequenced with the original amplification

primers using the BigDye Terminator Cycle Sequencing

Ready Reaction Kit and Genetic Analyzer Model No.

ABI 3500, Life Technologies, USA.

Fig. 1 Geographical position of

seven natural populations of M.

tirunelveliense in the KMTR
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Data analysis

The ISSR bands were scored as presence and absence by

applying binary characters and the resultant data matrix

was analyzed using POPGENE v. 1.31 (Yeh et al. 1999) to

estimate two genetic diversity parameters–the percentage

of polymorphic band (PPB) and the expected heterozy-

gosity (H-). Total gene diversity (HT), and the coefficient

of gene differentiation (GST) were measured following

Nei’s (1973). The genetic diversity (I) and genetic distance

(D) among the populations were computed along with

Nei’s (1972). Shannon information index was calculated by

HO = -
P

pilog2 pi (Lewontin, 1972), wherein pi is the

frequency of a given ISSR fragment. Total diversity (Hsp)

was measured by Shannon information index of phenotypic

diversity and mean intra-population diversity (Hpop). Then,

the proportion of diversity between the populations was

calculated as (Hsp-Hpop)/Hsp. Gene flow (Nm) was esti-

mated using Wright’s (1931) formula [Nm = (1-FST)/

4FST, where FST, the standardized variance among popu-

lations is considered equivalent to GST, estimated by par-

titioning of the total gene diversity (Nei 1977)]. Tools for

Population Genetic Analysis (Miller 1997) were applied in

Mantel test (computing 1,000 permutations) to estimate

correlations between geographical distances (km) and

genetic distances among the populations. Unweighted pair-

group method with arithmetic mean (UPGMA) dendro-

gram constructed based on Nei’s (1972). Total phenotypic

variance among the individuals within populations and

among populations was estimated by analyzing the input

files created by GenAlex 6.5 version (Peakall and Smouse

2012) and used for the analysis of molecular variance

(AMOVA). On the basis of Nei’s genetic distance values

using software (XLSTAT 2013), Multidimensional Scaling

Analysis (MDS) and Principal Coordinate Analysis

(PCoA) were derived.

A Bayesian analysis with the software STRUCTURE

(Pritchard et al. 2000) was applied to understand the rela-

tionships among populations, identify the number of

genetic pools, assign individuals to population and identify

migrants and admixed individuals. Several runs were car-

ried out with default sampling parameters (burn-

in = 5,000, the number of Markov-Chain Monte Carlo

(MCMC) runs after burn-in = 5,000, using the admixture

model and allele frequencies correlates). K was calculated

by Evanno et al. (2005).

MEGA5 was used to align gene sequences and manual

adjustments were performed to insert gaps for improving

alignments (Tamura et al. 2011). Maximum Parsimony

(MP) analyses of gene sequences of rbcL and matK

were performed to 23 Monoon species by combined

Bayesian analyses using MrBayes3.2 (Ronquist et al.

2012). The parameters of settings applied were: sampling

frequency = 100; temp = 0.1; burn-in = 1,000 and the

number of MCMC generations = 25,000.

Results

ISSR polymorphism and genetic diversity

Thirty-four ISSR primers were screened. At the end, 11

primers chosen for analysis produced a total of 65 clear and

reproducible bands ranging in size from 300 to 2,000 bp

(an average of 5.90 bands primer-1). Among the 65 bands,

28 bands (43.08 %) were polymorphic at species level. The

PPB ranged from 10.71 (Population 6) to 64.29 (Population

2) with an average of 38.78 %. Population 2 and 3 had

higher PPB value than the rest of the populations. Nei’s

genetic diversity (H) was estimated to be 0.1428, on an

average, at the population level, ranging from 0.0444

(Population 6) to 0.2384 (Population 2). Shannon infor-

mation index (I) was 0.2120, on an average, at the popu-

lation level, varying from 0.0648 (Population 6) to 0.3517

(Population 2). All the populations showed significant

differences where the highest level of variability was

recorded to Population 2 and the lowest level to Population

6. Total genetic diversity (HT) was a moderate of 0.2651

(Table 1).

Genetic differentiation

The Bayesian STRUCTURE analyses showed seven pop-

ulations of M. tirunelveliense in two genetic pools, with

migrants and admixed individuals. Genetic diversity within

populations (HS) was a low of 0.1428. Genetic identities

between populations varied from 0.7409 to 0.8976. Pro-

portion of total diversity among populations (GST) was

higher being 0.4613. Gene flow among populations (Nm)

was 0.5839 individuals generation-1.

Genetic relationships

Mantel test showed no significant correlation among

genetic differentiation and geographical distance

(r = 0.489, P = 0.007) for which separating distances

were a meager of about 6.5 km only (Table 2; Fig. 2). The

analysis of molecular variance (AMOVA) showed

P \ 0.01 significance (Table 3).

Multidimensional scaling (MDS) analysis clearly sepa-

rated seven populations into two clusters comprising Pop-

ulations 1, 4, 3 and 2 under cluster-I within 0.148 to 0.263

in dimension 1 and -0.019 to -0.093 in dimension 2, and

Populations 5, 6 and 7 under cluster-II within 0.063 to

0.160 in dimension 1 and 0.025 to 127 in dimension 2.

Thus, the use of a geographic pictorial representation of
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data using MDS also has clarified the genetic distance

among population. The PCoA provided additional sup-

portive evidence for the highly structured nature of the

populations (Fig. 3). The percentage of variance accumu-

lated on the two axes was 43.68 % (F1 = 30.12 %,

F2 = 13.56 %).

Sequences of chloroplast markers

The phylogram constructed using MrBayes for the

sequences of rbcL and matK gene revealed a close affinity

among the Indian species (Fig. 4).

Discussion

Genetic structure and differentiation

Low levels of genetic diversity within populations and rel-

atively high levels of genetic differentiation among popu-

lations in M. tirunelveliense could be due to inbreeding,

genetic drift and genetic isolation of the populations as

postulated by Hogbin and Peakall (1999). Ellstrand and

Elam (1993) stated that genetic structure and its differenti-

ation increase due to the influence of genetic drift in small

Fig. 2 Geographical distance (km) and genetic distance (D) depicting

affinity among seven populations in M. tirunelveliense

Table 1 Polymorphism and genetic diversity produced by 11 ISSR primers in M. tirunelveliense

Pr Sequence

(50-30)
Tm B/Pr PB/Pr Pop. ID No. Ind. PPB Ao (SD) Ae (SD) H (SD) I (SD)

807 (AG)8T 50.4 4 1 Pop.1 24 42.86 1.1111 (0.3203) 1.1978 (0.2812) 0.1285 (0.1648) 0.2021 (0.2491)

809 (AG)8G 52.8 6 2 Pop.2 46 64.29 1.6429 (0.4880) 1.4205 (0.4047) 0.2384 (0.2118) 0.3517 (0.2977)

810 (GA)8T 50.4 7 3 Pop.3 18 50.00 1.5000 (0.5092) 1.3453 (0.3993) 0.1969 (0.2117) 0.2834 (0.3038)

813 (CT)8T 50.4 8 6 Pop.4 19 42.86 1.4286 (0.5040) 1.2584 (0.3458) 0.1553 (0.1920) 0.2335 (0.2820)

815 (CA)8G 52.8 6 4 Pop.5 10 17.86 1.1786 (0.3900) 1.1263 (0.2758) 0.0740 (0.1616) 0.1080 (0.2359)

817 (CA)8A 50.4 5 2 Pop.6 24 10.71 1.1071 (0.3150) 1.0758 (0.2227) 0.0444 (0.1305) 0.0648 (0.1905)

822 (TC)8A 50.4 6 2 Pop.7 30 42.86 1.4286 (0.5040) 1.2772 (0.3689) 0.1621 (0.2004) 0.2408 (0.2910)

825 (AC)8T 50.4 6 2

829 (TG)8C 52.8 5 2 Mean 38.78 1.3424 (0.4329) 1.2430 (0.3283) 0.1428 (0.1818) 0.2120 (0.2642)

840 (GA)8T 52.6 5 2

850 (GT)8C 54.8 7 2

Total 65 28 171

B Bands, PB polymorphic bands, Pop. Population, No. Ind. number of individuals, PPB percentage of polymorphic bands, Pr primer, Tm

Annealing temperature, Ao number of alleles per locus, Ae effective number of alleles per locus, h Nei’s genetic diversity (assuming Hardy–

Weinberg equilibrium), I Shannon’s information index, SD standard deviation

Table 2 Nei’s (1972) original

measures of genetic identity

(above diagonal) and genetic

distance (below diagonal)

Population ID Pop.1 Pop.2 Pop.3 Pop.4 Pop.5 Pop.6 Pop.7

Pop.1 – 0.8815 0.7941 0.7591 0.8794 0.8495 0.8623

Pop.2 0.1261 – 0.8461 0.7635 0.8943 0.8486 0.8856

Pop.3 0.2306 0.1671 – 0.8047 0.8282 0.8976 0.8586

Pop.4 0.2757 0.2698 0.2173 – 0.7737 0.7409 0.8130

Pop.5 0.1285 0.1117 0.1885 0.2566 – 0.8797 0.8250

Pop.6 0.1361 0.1642 0.1080 0.2999 0.1282 – 0.8461

Pop.7 0.1482 0.1215 0.1524 0.2070 0.1924 0.1671 –
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and isolated populations. The greater role played by genetic

drift shows an absence of correlation between the (small and

isolated) populations and geographic distances. This is a

revelation in Monoon tirunelveliense. Further, the condition

has been aggravated by the loss of genetic variability over

the period due to reduced seedling establishment (Fischer

and Matthies 1998). Hamrick et al. (1992) reported more

variation in woody species than other life forms such as

endemics have 25 % of the value for the widespread species

and 39 and 29 % of the values for the narrowly and

regionally distributed species, respectively. Further, they

had a mean within population diversity (HS) such as 49 % of

the widespread species and 56 % of the value for regional

species. Among endemic species, species with gravity,

gravity-attached and wind-dispersed seeds have less genetic

diversity. The research findings in M. tirunelveliense more or

less corroborate Hamrick et al. (1992) findings but some of

the interesting deviations such as less total genetic diversity

(HT) -0.2651 (reported value of 0.283), mean within pop-

ulation diversity (HS) -0.1428 (reported value of 0.253),

more genetic diversity within populations -0.489 (reported

value of 0.45) when correlated with geographic range (r),

and higher total diversity among populations (GST) -0.4613

(the reported values of 0.076 for gymnosperms and 0.084 for

angiosperms) are recorded. The findings in M. tirunelvel-

iense (Table 3) agree with the hypothesis of Hamrick et al.

(1992) and Austerlitz et al. (2000) that woody species mostly

tend to have high levels of variation within natural popula-

tions and less structure between populations. The Bayesian

structure analyses showed seven populations of M. tirunel-

veliense in two genetic pools, with migrants and admixed

individuals. Populations 6 and 7 share the same genetic pool

as they are very closely located (\2 km) geographically on

the river side. The remaining 5 populations are geographi-

cally close to each other (\6.5 km), wherein Populations 2

and 3 are so close (Table 2; Fig. 2). Hamrick and Godt

(1996) reported that selfing with gravity-attached seed dis-

persal ones have an average of 0.533 (GST) but in M. tirun-

elveliense it is less with 0.4613. More or less similar value of

0.340 was reported by Ratnayake et al. (2006) in Polyalthia

korinti. This observation supports the hypothesis and con-

cludes that species of Monoon and Polyalthia are animal-

pollinated and have mixed breeding systems. The reason

could be due to the restricted occurrence of the populations

within a particular geographic locality. More so, the recor-

ded value falls in between narrow (0.512) and widespread

(0.446) selfing species in respect of breeding system and

geographic range. Genetic variation is low in restrictedly

distributed geographical species and widespread congeners

have more genetic variation (Gitzendanner and Soltis 2000).

In Monoon tirunelveliense, gene flow (Nm) of 0.5839 indi-

viduals generation-1 could be due to its steno endemic dis-

tribution within the northern part of the KMTR. Earlier

findings by Schemske et al. (1994) and Alvarez-Buylla et al.

(1996) state that tropical endemic trees are vulnerable to

forest fragmentation because of their low densities, complex

demographic dynamics, high genetic differentiation

(q C 1), and self-incompatibility systems. Also, tropical

Fig. 3 Principal coordinate analysis (PCoA) among seven popula-

tions of Monoon tirunelveliense

Table 3 Analyses of molecular

variance (AMOVA) among

seven populations of Monoon

tirunelveliense

Source of variation Degrees of

freedom

Sum of

squares

Variance of

components

Variation

(%)

P value

Dominant ISSR data

Among

populations

01 021.062 0.000 000 \0.01

Among

individuals

18 037.458 0.150 003 \0.01

Within

individuals

30 087.000 0.430 097 \0.01

Total 49 145.520 0.445 100
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forest fragmentation is likely to decrease gene flow, increase

inbreeding and therefore produce a high differentiation

among remnant populations (Alvarez-Buylla et al. 1996).

The findings in M. tirunelveliense also agree with these

findings. Further, low levels of polymorphism in M. tirun-

elveliense may be attributed largely to inbreeding nature

within populations. M. tirunelveliense is a protogyny and

insect-pollinated species, thereby it promotes xenogamous

pollination. However, insect-dispersed pollens in close

proximities and gravity-disseminated seeds in the natural

habitats never facilitate to extend natural populations to

longer distances. Ashton (1969) investigated the claim that

frequent occurrence of inbreeding which is caused by the

low population density in tropical rain forests has acceler-

ated species diversification. In Monoon tirunelveliense, low

level of genetic variation could also be due to a low genetic

drift amongst the seven populations distributed in between

932 and 1503 m MSL. Because of the impact of rains and

floods, the geographical distances among populations vary

from a minimum of 1 km to a maximum of 6.5 km (Table 2;

Fig. 2).

Doyle and Le Thomas (1996, 1997a, b) have utilized

morphological characters of flowers (van Heusden 1992)

and pollen, fruits and seeds (van Setten and Koek-Noorman

1992) of Annonaceae for Cladistic analyses. Doyle et al.

(2000) provided a comparison of morphological and

molecular data. Couvreur et al. (2011) analyzed concate-

nating data of 93 of the 112 genera of Annonaceae using

seven plastid markers and reported four main groups. Mols

et al. (2004a, b) combined matK, rbcl and trnl-F sequence

data of Polyalthia species and showed five distinct clades

after analyses by maximum parsimony (MP), maximum

likelihood (ML) and Bayesian method. Similar analyses by

Saunders et al. (2011) recognized 123 Annonaceae species

under four clades and restored the Madagascan endemic

genus Fenerivia. Xue et al. (2011) analyzed 123 Annona-

ceae species, reported four clades and reestablished the

genus Marsypopetalum with five species. Chaowasku et al.

(2012) characterized and segregated Hubera, an allied to

Miliusa, from Polyalthia on the basis of molecular phy-

logenetics using seven plastid markers (rbcL exon, trnL

intron, trnL-F spacer, matK exon, ndhF exon, psbA-trnH

spacer, ycf1 exon), pollen morphology (light microscopy,

scanning electron microscopy and transmission electron

microscopy) and macromorphology (base of leaf, its vena-

tion and domatia, position of inflorescence, pollen

Fig. 4 Combined Bayesian

analyses of rbcL and matK gene

sequences of 23 Monoon

species and an out group of

Cinnamomum camphora (50 %

majority-rule consensus and

0.47 posterior probabilities)
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infratectum, number of ovules per ovary, seed raphe and

endosperm ruminations). Xue et al. (2012) reported 126

Annonaceae species under three clades wherein clade two

species are characterized by eucamptodromous leaf vena-

tion. In the present study, rbcL and matK gene sequences of

22 Monoon species were collected from Genbank, com-

bined with that of the sequences of M. tirunelveliense and

analyzed for phylogenetic relationship (Table 4; Fig. 4).

The findings strongly agree with that of Xue et al. (2012),

place M. tirunelveliense in the clade II and reveal more

affinity to Indian and Sri Lankan species on one hand and

Malaysian species of Monoon cupulare and another Phil-

ippines species of Monoon oblongifolium on other hand.

Further, the genetic diversity of M. tirunelveliense was

compared with two species of Annonaceae and four other

threatened species belonging to different families (Table 5).

Potentials of conservation

The primary objective in nature conservation is to preserve

evolutionary potential of the species by maintaining as

much genetic diversity as possible. Low intra-population

genetic variation with relatively high spatial differentiation

is a biological and evolutionary characteristic of Monoon

species (Ratnayake et al. 2006). Hamrick and Godt (1996)

suggested that five strategically placed population should

be sufficient enough to maintain 99 % of the total genetic

diversity. But, Deshpande et al. (2001), who recorded an

average genetic diversity among populations in Symplocos

laurina as 53.7 %, recommended conservation of more

populations to maintain genetic diversity within a species.

As M. tirunelveliense is represented only by seven extant

populations in the northern part of the KMTR, it is

Table 4 rbcL and matK gene

sequences of 23 Monoon

species

Taxon Voucher Genbank accession No. References

rbcl matK

Monoon

tirunelveliense

BDUT 1402 KF887447.1 KF887448.1 Viswanathan et al.

(2014)

Monoon

erianthoides

Madani Leopold 35041 (L) JX227900.1 JX227875.1 Xue et al. (2012)

Monoon sympetalum J.J. Vermeulen 454 (L) JX227906.1 JX227881.1 Xue et al. (2012)

Monoon michaelii J. Wells 15 (HKU) JX227905.1 JX227880.1 Xue et al. (2012)

Monoon laui Zhexian Li 4208 (IBSC) JX227904.1 JX227879.1 Xue et al. (2012)

Monoon klemmei A.D.E. Elmer 12644 (L) JX227903.1 JX227878.1 Xue et al. (2012)

Monoon kingii J.S. Burley & al. 1333 (NY) JX227902.1 JX227877.1 Xue et al. (2012)

Monoon hypogaeum Wiart 78832 (KEP) JX227901.1 JX227876.1 Xue et al. (2012)

Monoon cupulare P. Sangkhachand 464 (L) JX227899.1 JX227874.1 Xue et al. (2012)

Monoon borneense K.H. Ng YK2007-07

(SING)

JX227898.1 JX227873.1 Xue et al. (2012)

Monoon australe A. Ford 4697 (HKU) JX227897.1 JX227872.1 Xue et al. (2012)

Monoon

oblongifolium

WP2A0446 GQ248677.1 GQ248183.1 Hollingsworth et al.

(2009)

Monoon longifolium Ratnayake, R.M.C.S. 3/04

(HKU)

EU522346.1 EU522235.1 Su et al. (2008)

Monoon coffeoides Ratnayake, R.M.C.S. 1/03

(HKU)

EU522288.1 EU522233.1 Su et al. (2008)

Monoon

xanthopetalum

Ridsdale DV-S-5107 (L) AY319041.1 AY518792.1 Mols et al. (2004)

Monoon congestum Ridsdale DV-S-5105 (L) AY319019.1 AY518790.1 Mols et al. (2004)

Monoon paradoxum Kessler & Arifin PK 2746

(L)

AY318975.1 AY518789.1 Mols et al. (2004)

Monoon

membranifolium

Kessler PK 3198 (L) AY318974.1 AY518788.1 Mols et al. (2004)

Monoon fuscum Kessler PK 3222 (L) AY318973.1 AY518787.1 Mols et al. (2004)

Monoon viride Chalermglin 440214-3 (L) AY319040.1 AY518784.1 Mols et al. (2004)

Monoon

sclerophyllum

Hort. Bot. Bog. XX-D-82

(L)

AY319033.1 AY518783.1 Mols et al. (2004)

Monoon cf. glabrum Rastini 224 (L) AY319032.1 AY518782.1 Mols et al. (2004)

Monoon lateriflorum Hort. Bot. Bog. XII-B-VII-

37 (L)

AY319024.1 AY518781.1 Mols et al. (2004)

444 Trees (2015) 29:437–447

123



imperative to conserve all for preserving existing varia-

tions of the species. Being a montane species, it is deterrent

to any change in the existing environmental conditions.

Matured fruits are highly vulnerable to termites and

microbial decay. Therefore, seeds should be freed from

debris or collected on time and sown in debris-free soil.

This timely intervention by humans is of paramount

importance. For propagation, seeds of genetic diversity-

rich Populations 2 and 3 are recommended. These con-

servation measures will certainly increase both the indi-

viduals and populations of the species and facilitate to

extend its occurrence and range of distribution.
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