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IntroductionIntroductionIntroductionIntroductionIntroduction

THE EXISTENCE of biodiversity has prime importance
for the stability of an ecosystem and thus developing
effective strategies for their conservation is the serious
concern of conservation biologists (Singh et al., 2017).
Understanding of the genetic diversity in a species is
also recognized as very crucial for conservation action.
The genetic diversity of any species may appear
spatially structured at different scales, such as
population, sub-population or among neighboring
individuals (Escudero et al., 2003; Thomas et al., 2020)
and can provide important information on the levels of
genetic variation and the partitioning of this variability
within/between populations is important for conservation
planning (Ellis and Burke, 2007). Knowledge of the
genetic diversity can also provide vital information for
plant improvement (Li et al., 2014a).

Vanda thwaitesii Hook.f. and Vanda wightii Rchb.f. are

two vandas amongst the 84 species belonging to the

genus reported worldwide (POWO, 2021). These are

endemic to Southern Western Ghats, India and Sri Lanka

(Sathish Kumar and Suresh Kumar, 1998; Sathish Kumar
et al., 2006) and are endangered mainly due to habitat

loss and fragmentation. Even though V. thwaitesii was

first collected by Thwaites from Sri Lanka in 1898, it

remained elusive for over a century which forced to

declare the species as extinct, in 1981 (Sathish Kumar

and Suresh Kumar, 1998). However, the species was

collected from Silent Valley and Wayanad, Kerala during

1982 to 1997 (Sathish Kumar and Suresh Kumar, 1998)

and later reported from Periyar Tiger Reserve and

Nelliyampathy in Kerala; Coorg, Hassan, and Chikmagalur

districts of Karnataka; and Nilgiri District of Tamil Nadu

(Augustine, 1995; Kumar, 2016; Sankara et al., 2019;

Sathish Kumar and Suresh Kumar, 1998; Sharlef and

Murthy, 2011; Sreekumar et al., 2017). Vanda wightii

Rchb.f. is originally described from Vaulyar and

Palghatcherry in 1849 and Thwaite’s collection from Sri

Lanka (Sathish Kumar et al., 2006) and is supposed to

be extinct as it has not been re-sighted in the wild, ever

since the type collection (Limansela et al., 2002).

However, during 2000-02 period, the species was re-

collected from Dakshina Kannada district of Karnataka;

Kannur and Palakkad district of Kerala (Sathish Kumar

et al., 2006). Both the species are described to have

narrow distribution with restricted numbers and later under

section 38 of the Biological Diversity Act 2002, the

Central Government notified both the species to prohibit/

regulate collection (MOEF, 2009) and invited various

studies on all aspects of the species for holistic

understanding and propagation for the purpose for in situ

and ex situ conservation. As proved effective in a wide

range of plant species including orchids as Calanthe (Qian

et al., 2013), Cattleya (Rodrigues et al., 2015),

Cymbidium (Li et al., 2014; Sembi et al., 2020),

Dendrobium (Bhowmik and Rahman, 2020; Feng et al.,

2013; Gurudeva, 2019), Oeceoclades maculata (Ueno
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Understanding of genetic diversity is very important for the management of conservation in any endangered species. Vanda thwaitesii

Hook.f. and V. wightii Rchb.f. are two notified endangered orchids of Western Ghats, India demanding evaluation of genetic diversity for
conservation action and thus presently, these studies have been carried out. ISSR profile of 20 samples from 15 populations of Vanda

thwaitesii in a spatial separation of 10-286 km from type locality exhibited very low heterozygosity (h=0.083) and reduced gene flow
(Nm=0.01). The populations clustered into 3-4 groups without any correlation between geographic locations of plant distribution. Twenty
eight samples of V. wightii from 15 distinct populations separated by 40-264 km from type locality revealed moderate diversity (h=0.25;
Nm=0.98) but not having correlation with respect to geographical separation. Occurrence of majority of populations in highly fragmented
habitats, low levels of genetic diversity and reduced/negligible gene flow shows the immediate requirement of conserving V. thwaitesii. In
spite of the existence of moderate diversity, distribution of diversity amongst the populations in disturbed forests and inhabited land
necessitate the rehabilitation/reinforcement of V. wightii into protected forests.
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et al., 2015), and Vanda (Lekshmi and Decruse, 2018;

Madhavi and Shankar, 2019; Manners et al., 2013;
Sunita et al., 2021), we used inter simple sequence

repeat (ISSR) markers (Wolfe et al., 1998), to understand

the genetic diversity and structuring of natural populations

of V. wightii and V. thwaitesii from Western Ghats region

of Kerala, Tamil Nadu, and Karnataka. Information on

the genetic diversity and structure of both the species is
lacking and this is the first study using molecular markers

for these species so as to characterize genetic diversity

of their populations.

Material and MethodsMaterial and MethodsMaterial and MethodsMaterial and MethodsMaterial and Methods

Sampling

Populations of V. thwaitesii have distribution in Western
Ghats region of Kerala including Wayanad, Silent

Valley, and Periyar Tiger Reserve (Augustine, 1995;
Sathish Kumar and Suresh Kumar, 1998) and Coorg to
Chikmagalur district in Karnataka (Kumar, 2016;
Sankara et al., 2019; Sharlef and Murthy, 2011). Both
the species have distribution at altitudes 500 to 1060
m in moist deciduous to evergreen forests. Vanda wightii

has fragmented populations existing mainly in Dakshina
Kannada, Kasargod, Kannur, Malappuram, Palakkad,
and Idukki districts in Karnataka and Kerala at 34-1023
m altitudes in deciduous forests (Decruse, 2014;
Sathish Kumar et al., 2006). Adult plants of V. thwaitesii

were collected from the reported localities from Idukki
district of Kerala to Coorg district of Karnataka (Fig. 1)
and V. wightii collected from Idukki to Kasaragod
districts of Kerala (Fig. 1); these were maintained at
field conservatory of JNTBGRI and subjected to genetic
diversity analysis.

Genomic DNA Isolation, ISSR Amplification, and Data

Analysis

A total of 20 plant samples of V. thwaitesii from 15
populations spread over Idukki district of Kerala to Coorg
district of Karnataka with a total map distance of about
366 km (Table 1; Fig. 1) and 28 samples of V. wightii

from 15 populations spread over Idukki to Kasaragod
district of Kerala (Table 2; Fig. 1) were subjected to
genetic diversity analysis using ISSR profiling (Vijayan
and Chatterjee, 2003). Young leaves weighing about
500 mg were collected from each mother plant and the
genomic DNA extracted as per the CTAB method
described elsewhere (Anto et al., 2020; Murray and
Thomson, 1980). The isolated DNA samples obtained

Fig. 1. Map showing populations of Vanda wightii (thick line) and
Vanda thwaitesii (Thin line) subjected to genetic diversity analysis.

Fig. 2. Dendrogram based on the ISSR products derived from 20
samples of V. thwaitesii from 15 populations. PTR, Periyar Tiger
Reserve; IWLS, Idukki Wildlife Sanctuary.
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after ethanol precipitation were re-suspended in 100 µl
1X TE and stored at 20°C for future analysis. The
isolated genomic DNA was used as template for ISSR
assays which was carried out with 10 primers of 17-18
bp for V. thwaitesii and 15 primers of 17-18 bp for V.

thwaitesii (Table 3). The PCR reaction mixture was
prepared to 25 µl volume containing 50 ng of DNA
template, 0.2 mM dNTP mix, 1X reaction buffer, 20
pmol primer, and 1 unit Taq DNA Polymerase
(Finnzymes, India) and double distilled water. The
reaction mixture concentration and PCR conditions were
standardized by trials. The amplification was performed
using Eppendorf Thermocycler with a hot start at 94°C
for 2 min; followed by denaturing at 94°C for 15 sec of
35 cycles each; annealing for 15 sec at 37°C; and
product extension time for 5 min at 72°C. The amplified
products were resolved in agarose gel (1.5%) containing
Ethidium Bromide in a submarine electrophoresis unit
(BioRad Inc.) and visualized under Gel documentation
system (Almeida-Pereira et al., 2017). The products
were scored and used for assaying various genetic
diversity indices. Similarity matrix was developed using

the WINDIST software. The matrix thus generated was
used to prepare dendrogram using the FreeTree
software. Bootstrap method was followed to build a
UPGMA based dendrogram. A total of 1,00,000 tree
repetition count was made to build the most probable
tree. Nei’s gene diversity at population level (h),
Shannon index (I), and expected number of alleles were
calculated to estimate genetic variation levels using
POPGENE program (version 1.31, Yeh et al., 1999).

ResultsResultsResultsResultsResults

Vanda thwaitesii

The 20 plant samples from 7-8 populations spread over
Idukki district of Kerala to Coorg district of Karnataka
covering a total of 334 km map distance did not show
much diversity amongst populations, in ISSR profile.
The 10 ISSR primers generated a total of 56 bands (3-
12 per primer) of which 15 were polymorphic (Table 3).
The dendrogram (Fig. 2) shows that the 20 samples
are distributed in 3-4 clusters. No distinct groups in
relation to either altitude or geographical regions could
be identified. Different populations from Wayanad
appeared in 2 separate clusters (Cluster 4 and 5; Fig.
2) and 2 outliers. However, populations from distant
locations in Coorg, Nilagiri, Periyar Tiger Reserve (PTR),
and Idukki Wildlife sanctuary (IWLS) with 50-286 km
map distance from type locality, clustered together with
a few populations from Wayanad (cluster 3; Fig. 2).
The collections also showed relatively low level of
genetic diversity with Nei’s gene diversity (h)=0.083
and Shannon’s diversity index (I)=0.13 (Table 4). The
mean value of heterozygosity (Ht) observed in the
various accessions of V. thwaitesii was 0.083 and the
mean value of average heterozygosity was 0.01.
Similarly, the heterozygosity values were very less
(0.083) while degree of genetic differentiation (Gst)
showed relatively high value 0.99 (Table 4). The other
diversity measures (Table 4) also showed low values.

Vanda wightii

The 28 plant samples from 15 populations spread over
Idukki to Kasaragod district of Kerala covering a total
384 km map distance showed marginal diversity amongst
V. wightii populations as per ISSR profile. The fifteen
ISSR primers gave a total of 84 bands (3-11 per primer)
of which 27 were polymorphic (Table 3). The 28 samples
were distributed in 3 clusters in addition to 2 collections
as outliers without any distinct group in relation to
geographical separation (Fig. 3). Still, the clusters showed
a regional grouping especially the accessions from south
extreme in Idukki district clustered together along with a
few accessions from other locations with a map distance
of 187-384 km. Among a few sub-populations sampled

Fig. 3. Dendrogram based on the ISSR products derived from 28
samples of V. wightii from 15 populations.
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from Kannur (55347, Srikantapuram) and Kasaragod
(55372, Adhur-pandy), the accessions appeared in the
same or nearest cluster. Besides, accessions from
different locations also appeared in the same cluster
(clusters 2, 4, 5; Fig. 3). The collections showed low
level of genetic diversity with Nei’s gene diversity
(h)=0.25 and Shannon’s diversity index (I)=0.39. The
mean value of heterozygosity (Ht) observed in the various
accessions of V. wightii was 0.25 and the mean value of
average heterozygosity was 0.17. The accessions
showed appreciable Gene flow (Nm) with the value 0.98
(Table 4).

DiscussionDiscussionDiscussionDiscussionDiscussion

Conservation planning, action monitoring, and
evaluation of a species initially require prioritization
through threat assessment and primary data on their
genetic structure (Mace and Lande 1991; Master,

1991; Moran and Kanemoto, 2017). Vanda thwaitesii

and V. wightii are two epiphytic orchids endemic to
Indian Peninsula and Sri Lanka unknown for over 100
years (Sathish Kumar and Suresh Kumar, 1998;
Sathish Kumar et al., 2006) and Government of India
notified these species as endangered preventing
further loss. Studies on holistic understanding and
propagation of these notified species need to be
carried out for conservation purposes. Thus, as part
of a sponsored project supported by DBT, Government
of India, detailed study has been undertaken to analyze
the genetic diversity through ISSR profiling for
conservation implication.

The distribution of both the species is distinct with
altitudinal preferences. Vanda thwaitesii prefers sub-
tropical habitats but V. wightii prefers tropical habitats.
However, both have common occurrence in Idukki
wildlife sanctuary, and still having altitudinal separation.

Table 1. Populations of Vanda thwaitesii subjected to ISSR profiling.

Collection Coordinates Location District Altitude (m) Distance from
number type locality (km)

55391 N11.82964 E75.97631 Mananthavady* Wayanad 732 0

55355 N11.91035 E75.98507 Thirunelli Wayanad 792 10

55354 N11.91035 E75.98507 Thirunelli Wayanad 792 10

55365 N11.83887 E75.91282 Varayal Wayanad 722 12

55362 N11.73577 E75.92968 Vellamunda Wayanad 745 14

55381 N11.73588 E75.93034 Vellamunda Wayanad 742 14

55384 N11.71252 E75.94255 Pulinjal Wayanad 752 15

55382 N11.71853 E75.92245 Banasura hills Wayanad 930 16

55383 N11.6949 E75.93852 Banasura hills Wayanad 852 17

55359 N11.8426 E75.86883 Periya Wayanad 827 17

55356 N11.71355 E75.91922 Banasura hills Wayanad 1001 17

55360 N11.73865 E75.83483 Niravilpuzha Wayanad 742 23

55387 N11.49433 E76.33644 Pandallur Nilagiri 992 50

55387 N11.49433 E76.33644 Pandallur Nilagiri 992 50

55306 N11.46208 E76.4135 Nadugani Nilagiri 881 58

55376 N12.15478 E75.56917 Paithalmala Kannur 489 61

55374 N12.3545 E75.65257 Chettimani Coorg 901 72

55375 N12.37643 E75.56927 Cherambane Coorg 885 78

55389 N9.749731 E76.97291 IWLS Idukki 980 256

55307 N9.482617 E77.14473 PTR Idukki 910 286

IWLS, Idukki Wildlife sanctuary; PTR, Periyar Tiger Reserve; *One type locality.
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The populations of both the species are highly
fragmented. V. thwaitesii having a distribution extant
of about 364 km map distance from Gavi in the South
extreme to Cherambene in the North extreme
possesses very poor genetic heterogeneity (Ht=0.083)
and gene flow (Nm=0.01). It is an indication of poor
genetic base and thus is highly vulnerable to genetic

erosion. Exact reason for reduced heterogeneity
between populations over a distance of about 364 km
is not clear. However, their narrow population in
restricted numbers, in highly fragmented habitats
suggests the existence of inbreeding amongst their
populations. The latter breeding system further
narrows the genetic base and thus adds to the risk of

Table 2.  Populations of Vanda wightii subjected to ISSR profiling.

Collection Coordinates Location District Altitude (m) Distance from
number type locality (km)

55339 N9.77721 E77.06794 Anchuruli Idukki 870 120

55343 N9.7716 E77.07495 Anchuruli Idukki 768 120

55340 N9.75965 E76.98552 Kizhukkanam Idukki 830 119

55341 N9.75319 E76.98264 Kizhukkanam Idukki 813 119

55344 N9.827 E77.01352 Kalvary mount Idukki 1023 112

55303 N10.9941 E76.40357 Kottoppadam Palakkad 95 50

55304 N10.9942 E76.40362 Kottoppadam Palakkad 95 50

55368 N10.9520 E76.40685 Meppara Palakkad 94 48

55318 N10.5366 E76.62093 Pothundy Palakkad 198 40

55316 N10.8262 E76.81771 Walayar* Palakkad 176 0

55371(1) N11.0770 E76.26683 Melattur Malappuram 58 67

55371(2) N11.0770 E76.26683 Melattur Malappuram 58 67

55370 N11.2655 E76.20875 Vadapuram Malappuram 34 83

55302 N12.068 E75.50135 SK Puram Kannur 114 199

55347(1) N12.068 E75.50122 SK Puram Kannur 103 199

55348 N12.0682 E75.51436 SK Puram Kannur 124 198

55346 N12.0235 E75.52561 SK Puram Kannur 16 194

55347(3) N12.068 E75.50122 SK Puram Kannur 103 199

55347(4) N12.068 E75.50122 SK Puram Kannur 103 199

55347(2) N12.068 E75.50122 SK Puram Kannur 103 199

55335 N12.5377 E75.21125 Addur-Pandy Kasargod 209 257

55372(2) N12.5303 E75.21622 Addur-Pandy Kasargod 168 257

55372(5) N12.5303 E75.21622 Addur-Pandy Kasargod 229 258

55372(4) N12.5303 E75.21622 Addur-Pandy Kasargod 180 258

55372(3) N12.5303 E75.21622 Addur-Pandy Kasargod 180 258

55372(1) N12.5303 E75.21622 Addur-Pandy Kasargod 229 258

55334 N12.5367 E75.16068 Poovadka Kasargod 184 262

55333 N12.5367 E75.16068 Karadka Kasargod 183 264

SK Puram, Srikantapuram; *Type locality.
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Table 3. List of primers and their sequence used for ISSR analysis and the output as bands obtained in gel electrophoresis.

ISSR Sequence                       V. wightii                       V. thwaitesii

Number of bands Polymorphic bands Number of bands Polymorphic bands

808 AGAGAGAGAGAGAGAGC* 4 0

815 CTCTCTCTCTCTCTCTG* 5 1

816 CACACACACACACACAA* 5 4

817 CACACACACACACACAA* 5 1

818 CACACACACACACACAG* 5 2

829 TGTGTGTGTGTGTGTGC* 7 7

834 AGAGAGAGAGAGAGAGYT 3 0 4 0

835 AGAGAGAGAGAGAGAGYC 8 4 12 3

836 AGAGAGAGAGAGAGAGYA 5 1 7 1

840 GAGAGAGAGAGAGAGAYT 6 0 5 0

841 GAGAGAGAGAGAGAGAYC 6 0 4 1

843 CTCTCTCTCTCTCTCTRA 4 1 3 0

844 CTCTCTCTCTCTCTCTRC 3 2 3 2

845 CTCTCTCTCTCTCTCTRG** 4 0

847 CACACACACACACACARC 11 3 6 1

848 CACACACACACACACARG 7 1 8 7

Total 84 27 56 15

* Used for V. wightii only; **Used for V. thwaitesii only.

extinction of the plant species. The existence of
genetic diversity is very important for the long-term
survival of a species, because loss of genetic variation
within populations may significantly decrease
adaptability to environmental challenges thus
increasing extinction risk (Izawa et al., 2007). This
extensively happened in V. thwaitesii through extensive
loss of habitats, in the places with ideal climatic
conditions. Vanda wightii populations subjected to
diversity analysis possessed maximum spatial
separation of about 384 km and separated by 40-264

km from type locality. Still, the populations exhibited

only moderate genetic diversity (Ht=0.25) and gene

flow (Nm=0.98). Habitat loss and fragmentation
extensively happened to most of its populations as

their habitats are mostly in middle and low land where

a total loss of forest land occurred. The existence of

present diversity is probably due to inter-breeding,

before geographical isolation.

Generally, widespread species tend to possess higher

genetic diversity than endangered and endemic

species (Chen et al., 2014; Yu et al., 2011). There are

also some case reports of rare or endemic species

having high genetic diversity (Chen et al., 2014;

Gonzalez-astorga and Castillo-campos, 2004). It is

proved through extensive studies on widespread,

endangered or endemic species that abundant genetic

variation and diversity characteristics of a species are

not directly correlated to individual numbers, but

inherited from their ancestors and parents, so that their

seedlings have high genetic diversity at species level

(Yu et al., 2011). Vanda thwaitesii is an endemic

species having populations exhibiting poor variation

in floral and other morphological characters which is

reflected also in the ISSR profi l ing so that

representative samples from 20 populations clustered

together without any correlation between geographic

distances. Still, the Wayanad populations with 10-50

km spatial distance from type locality showed small

variations hence these appeared in different clusters.

Whereas, populations from other localities as Periyar

Tiger Reserve (PTR), Idukki Wildlife sanctuary (IWLS),

Pandallur, and Coorg shared a common cluster along

with a few Wayanad populations. Therefore, the
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Table 4. Genetic diversity estimates of the populations of Vanda thwaitesii and V. wightii.

Diversity indices                               Values

V. wightii V. thwaitesii

Number of assay units (Loci) 15 10

Number of products 84 56

Number of polymorphic loci 27 15

Percentage polymorphic loci 32.15% 26.79%

GS 0.95 0.93

Na (Number of Different Alleles) 1.33 1.27

Ne ( Number of Effective Alleles) 1.24 1.13

H (Nei's  gene diversity) 0.25 0.083

I (Shannon's Information index) 0.39 0.13

Ht 0.25 0.083

Hs 0.17 0.01

Gst 0.34 0.99

Nm 0.98 0.01

Na, observed number of alleles; Ne, effective number of alleles; H, Nei's (1973) gene diversity; I, Shannon's diversity index; Ht, observed
mean heterozygosity; Hs, Mean value of average heterozygosity; Gst, genetic differentiation; and Nm, gene flow.

Wayanad population needs special attention for
conservation implication. As suggested in Calanthe

tsoongiana (Qian et al., 2013), the restricted gene flow
in V. thwaitesii might be due to habitat fragmentation
and reduced population size as a result of
anthropogenic activities. Still, higher number of fruits
and seedlings observed in Wayanad (Unpublished
information) indicates no reproductive problems and
thus the environmental conditions are conducive for
natural seedling recruitment. Thus the species can
evolve further if the genetic diversity from the
fragmented populations is reinforced into protected
forests in nearby localities possessing self-sustaining
populations.

Vanda wightii is also an endemic species now confined
to Western Ghats, India but a moderate genetic
diversity is existing among the fragmented populations
as indicated by the diversity values (Table 3) and
hierarchical cluster (Fig. 3). Small amount of variation
in floral characters among different populations
(Unpublished information) substantiate the diversity
data. The populations in subtropical area at 768-1023
m altitude in Idukki district clustered along with a few
populations in Kasaragod, Kannur, Malappuram, and
Palakkad with 40-264 km spatial distances and 34-198
m altitudes thus showing the absence of any correlation
between geographic locations of its distribution. Even
though not worked out in detail, the sub-populations

sampled from Kannur and Kasargod appeared in
different clusters along with the samples from other
localities showing intra-population variation as well.

Information on the spatial distribution of genetic diversity
is very important for a better understanding of the
relationships between life-history characteristics,
stochastic factors, gene flow, and environmental
influences (Escudero et al., 2003). However, there was
no evidence of the occurrence of isolation by distance
among the locations sampled for both Vanda thwaitesii

and V. wightii which indicated greater genetic similarity
between spatially distant populations. The lack of
correlation between genetic and geographic distances
of sampled populations is probably due to multiple
events of introduction and casual dispersal events,
mediated by human action as suggested in Cirsium

arvense (Guggisberg et al., 2012). According to our
observations, both Vanda thwaitesii and V. wightii

usually occur in disturbed forests, outer margin of
forests receiving ample sunlight and inhabited area but
not deep inside the preserved forests. Therefore, the
absence of correlation between genetic and geographic
distances of both Vanda thwaitesii and V. wightii

populations suggests that the spatial distribution of
genetic diversity of these species seem to be
influenced by their reproductive system and ancient
colonization by seed dispersal through long distances
by wind (Dressler, 1993).
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ConclusionConclusionConclusionConclusionConclusion

Low levels of genetic diversity and reduced/negligible
gene flow in different populations of Vanda thwaitesii

show the immediate requirement for conservations of
this plant species so as to protect it from endangerment.
The existing diversity is much pronounced in Wayanad
and thus those populations in fragmented and inhabited
area need special attention for reinforcement. Vanda

wightii at the same time possessed more diversity in
fragmented forests and its inhabited area necessitates
rehabilitation/reinforcement into suitable protected forest
segments so as to conserve the total diversity in safe
localities.

AcknowledgementAcknowledgementAcknowledgementAcknowledgementAcknowledgement

The Chief Wildlife Warden, Department of Forests and
Wildlife, Government of Kerala is acknowledged for
granting permission for surveying forest of Kerala. The
study was supported by DBT Government of India
through a Research Project No. BT/PR-10457/ BCE/
08/649/2008; 30-07-2010.

ReferencesReferencesReferencesReferencesReferences

Augustine, J. 1995. Kew Records Specimen 59877: http://
w w w . p l a n t s o f t h e w o r l d o n l i n e . o r g / t a x o n /
urn:lsid:ipni.org:names:661086-1).

Almeida-Pereira, C. Santos, S. C. S. Ana Muniz, R. P. Alves, R. B.
Feitosa Alcantara, M. F. Arrigoni-Blank, S. A. V. Carvalho,
and T. S. Costa. 2017. Genetic diversity of native
populations of Croton tetradenius Baill., using ISSR markers.
Genet. Mol. Res., 1616161616: 1-12. https://doi.org/10.4238/
gmr16029602.

Anto, M., M. Angala, P. S. Jothish, K. B. Rameshkumar, P.
Padmesh, and C. Anilkumar. 2020. Population genetic
structure of Garcinia imberti Bourd., an endangered
endemic tree of southern Western Ghats, India. Plant Sci.

Today., 77777: 424-31. https://doi.org/10.14719/pst.2020.7.3.
734 ISSN 2348-1900.

Bhowmik, Tapash Kumar and Md Mahbubur Rahman. 2020. In

vitro seed germination and micropropagation of Dendrobium

chrysotoxum Lindl. (Golden Bow): A highly fragrant orchid
species of Bangladesh J. Orchid Soc. India, 3434343434: 69-77.

Chen, L., F. Chen, S. He, and L. Ma. 2014. High genetic diversity

and small genetic variation among populations of Magnolia

wufengensis (Magnoliaceae), revealed by ISSR and SRAP
markers, Electronic J. Biotechnol., 1717171717: 268-74. https://

doi.org/10.1016/j.ejbt.2014.08.003.

Decruse, S. W. 2014. Extended distribution of Vanda wightii Rchb.f.

an endangered orchid of Western Ghats revealed by

ecological niche modeling. J. Orchid. Soc. India, 2828282828: 15-21.

Dressler, R. L. 1993. Phylogeny and Classification of the Orchid

Family. Dioscorides Press, Portland.

Ellis, J. R. and J. M. Burke. 2007. EST-SSRs as a resource for

population genetic analyses. Heredity, 9999999999: 125-32.

Escudero, A., J. M. Iriondo, and M. E. Torres. 2003. Spatial

analysis of genetic diversity as a tool for plant conservation.

Biol. Conserv., 113113113113113: 351-65.

Feng, S., H. Zhao, J. Lu, J. Liu, B. Shen, and H. Wang. 2013.

Preliminary genetic l inkage maps of Chinese herb
Dendrobium nobile and D. moniliforme. J. Genet., 9292929292: 205-

12.

Gonzalez-Astroga, J. and G. Castillo-Campos. 2004. Genetic

variability of the narrow endemic tree anti-rheaaromatica

Castillo-Campos & Lorence, (Rubiaceae, Guettardeae) in
a Tropical Forest of Mexico. Ann. Bot., 9393939393: 521-28. https://

doi.org/ 10.1093/aob/mch070.

Guggisberg, A. E. Welk, R. Sforza, D. P. Horvath, J. V. Anderson,

M. E. Foley, and L. H. Rieseberg. 2012. Invasion history of

North American Canada thistle, Cirsium arvense. J. Biogeo.,

3939393939: 1919-31.

Gurudeva, M. R. 2019. In vitro seed germination and

developmental morphology of seedlings in Dendrobium

ovatum (L.) Kraenzl. J. Orchid Soc. India, 3333333333: 31-41

Izawa, A., T. Kawahara, and H. Takahashi. 2007. Genetic diversity

of an endangered plant, Cypripedium macranthos var.

rebunense (Orchidaceae): Background genetic research

for future conservation. Conser. Genet., 88888: 1369-76. https:/

/doi.org/10.1007/s10592-007-9287-1.

Kumar, T. S. P. 2016. TSP-APR2016-03-303: Images of Vanda

thwaitesii (Orchidaceae). https://sites.google.com/site/

efloraofindia/species/m—z/o/orchidaceae/vanda/vanda-

thwaitesii.

Lekshmi, S. and S. W. Decruse. 2018. In vitro symbiotic seed

germination of Vanda spathulata (L.) Spreng., a vulnerable

orchid of Western Ghats. J. Orchid Soc. India, 3232323232: 113-19.

Li, X., J. Feng, J. Liang, J. Aaron, H. Cheng, L. Kehu, and S.

Xiaoli. 2014a. Development of Cymbidium ensifolium genic-

SSR markers and their utility in genetic diversity and

population structure analysis in cymbidiums. BMC Genetics,

1515151515: 124.

Li, X., L. Xiang, Y. Wang, J. Luo, C. Wu, C. Sun, and M. Xie.

2014b. Genetic diversity, population structure, pollen

morphology and cross-compatibility among Chinese

cymbidiums. Plant Breed., 133133133133133: 145-52.

Limansenla, B., Y. Kumar, and J. Sharma. 2002. Orchids of India

III. Biodiversity and Status of Vanda Jones ex R.Br. Daya

Publishing House, New Delhi, India.

Mace, G. M. and R. Lande. 1991. Assessing extinction threats:
Towards a re-evaluation of IUCN threatened species
categories. Conserv. Biol., 55555: 148-57.

Madhavi, M. and P. C. Shankar. 2019. Effects of different growth
additives on seed germination of Vanda tessellata (Roxb.)
Hook. ex G. Don- A medicinal orchid. J. Orchid Soc. India,

3333333333: 105-12.

Manners, V., S. Kumaria, and P. Tandon. 2013. SPAR methods
revealed high genetic diversity within populations and high
gene flow of Vanda coerulea Griff. ex Lindl. (Blue Vanda),
an endangered orchid species. Gene, 519519519519519: 91-97.

Master, L. L. 1991. Assessing threats and setting priorities for
conservation. Conserv. Biol., 5 5 5 5 5: 559-63.



DECRUSE ET AL. - ANALYSIS OF GENETIC DIVERSITY2022)

73

MOEF, Ministry of Environment and Forests, Government of India.
2009. The Gazette of India No. 648648648648648: 4. New Delhi, India.

Moran, D. and K. Kanemoto. 2017. Identifying species threat
hotspots from global supply chains. Nat. Ecol. Evol., 11111:
0023. https://doi.org/10.1038/s41559-016-0023.

Murray, M. G. and W. F. Thompson. 1980. Rapid isolation of high
molecular weight plant DNA. Nucleic Acids Res., 88888: 4321-
26. https://doi.org/10.1093/nar/8.19.4321.

POWO. 2021. https://powo.science.kew.org/results?q=
orchidaceae accessed on 25/12/2021.

Qian, X., Q. J. Li, J. J. Lian, C. X. Wang, and M. Tian. 2013. Genetic
diversity of endangered wild Cypripedium japonicum

populations: An AFLP analysis. Chinese J. Ecol., 3232323232: 1445-50.

Rodrigues, J. F., C. Van den Berg, A. G. Abreu, M. Novello, E. A.
Veasey, G. C. X. Oliveira, and S. Koehler. 2015. Species
delimitation of Cattleya coccinea and C. mantiqueirae

(Orchidaceae): Insights from phylogenetic and population
genetics analyses. Plant Syst. Evol., 301301301301301: 1345-59.

Sankara, R. K., K. S. Raja, Deepak Kumar, R. Arun Singh, and K.
B. Gopalakrishna. 2019.     Flora of Peninsular India. http://
peninsula.ces.iisc.ac.in/plants.php?name=Vanda thwaitesii.

Sathish Kumar, C. and P. C. Suresh Kumar. 1998. The
reappearance of Vanda thwaitesii J. D. Hook
(Orchidaceae). Rheedea, 88888: 249-53.

Sathish Kumar, C., P. C. Suresh Kumar, and E. George. 2006.
Rediscovery of Robert Wight’s Vanda wightii Rchb.f.
(Orchidaceae). Rheedea, 16 16 16 16 16: 49-54.

Sembi, Jaspreet K., Promila Pathak, and Jagdeep Verma. 2020.
Regeneration competence of leaf explants in Cymbidium

eburneum Lindl. (Orchidaceae). J. Orchid Soc. India, 3434343434:17-
21.

Sharlef, M. U. and G. V. S. Murthy. 2011. Vanda thwaitesii Hook.
f. Orchidaceae - A first record for Tamil Nadu. J. Orchid

Soc. India, 2525252525: 87-88.

Singh, S. K., M. Sharma, and A. Pandey. 2017. Biodiversity-

Threats and conservation. In: Environmental Sciences &

Engineering Vol. 2: Biodiversity and Conservation (eds. R.

G. Bhola and J. N. Govil) pp. 282-316. Studium Press LLC,

U.S.A.

Sreekumar, V. B., P. Sujanapal, P. A. Jose, K. A. Sreejith, and A.

Raghu. 2017. Ex situ conservation of wild orchids in the

Western Ghats of Kerala, India. KFRI OR125-A, KFRI

Research Report No. 528528528528528. Kerala Forest Research

Institute, Peechi, India. http://docs.kfri.res.in/KFRI-

RR528.pdf.

Sunita, Promila Pathak, and K. C. Mahant. 2021. Green pod culture

of an endangered and medicinally important orchid, Vanda

cristata Wall. ex Lindl. from Himachal Pradesh. J. Orchid

Soc. India, 3535353535: 25-33.

Thomas, Beena, C. Lekha Rani, and Roshin Mariam George.

2020. Genetic variability studies in selected orchid

genotypes. J. Orchid Soc. India, 3434343434: 57-60.

Ueno, S., J. F. Rodrigues, A. Alves-Pereira, and E. A. Veasey.

2015. Genetic variability within and among populations of

an invasive, exotic orchid. AoB PLANTS, 77777: plv077.

doi:10.1093/aobpla/plv077.

Vijayan, K. and S. N. Chatterjee. 2003. ISSR profiling of Indian

cultivars of mulberry (Morus spp.) and its relevance to

breeding programs. Euphytica, 131131131131131: 53-63. https://doi.org/

10.1023/A:1023098908110.

Wolfe, A. D., Q. Y. Xiang, and S. R. Kephart. 1998. Assessing

hybridization in natural populations of Penstemon

(Scrophulariaceae) using hyper variable inter simple

sequence repeat (ISSR) bands. Mol. Ecol., 77777: 1107-25.

Yeh, F. C., R. C. Yang, and T. Boyle. 1999. POPGENE Version

1.32: Microsoft Window-Based Freeware for Population

Genetics Analysis. University of Alberta, Edmonton,

Canada.

Yu, H. H., Z. L.Yang, B. Sun, and R. N. Liu. 2011. Genetic diversity

and relationship of endangered plant Magnolia officinalis

(Magnoliaceae) assessed with ISSR polymorphisms.

Biochem. Syst. Ecol., 3939393939: 71-78. https://doi.org/10.1016/

j.bse.2010.12.003.


