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 Introduction

The genus Chlorophytum belongs to the family Aspara-

ceae and comprises about 215 species, six sub-species

and eight varieties. It is considered to be a native of the old
world and is mainly distributed in the tropical and
subtropical regions of Africa, Madagascar, and India
[1,2]. The species of Chlorophytum are well known for
their medicinal use in Ayurvedic and Unani systems. The
root of these species contains a variety of secondary
metabolites like alkaloids, saponins and flavonoids, which
possess various pharmacological uses [3–5]. The root
powder of C. borivilianum, C. attenuatum, and C. tuberosum
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A B S T R A C T

The genus Chlorophytum consists of medicinally important species like Chlorophytum

borivilianum, C. tuberosum and C. attenuatum. Uncontrolled harvest of this plant from wild

habitat due to its high commercial value made the species of this genus be listed in the Red

Data Book of Indian plants as an endangered species. In India, approximately nineteen

species of Chlorophytum are found; out of these, only C. borivilianum is cultivated

commercially. The objective of this study was to measure genetic diversity, population

structure and phylogenetic relationship among the species using Amplified Fragment

Length Polymorphisms (AFLP). Fifteen pairs of primer (out of 64 primer pairs screened)

were used to analyse the genetic diversity in eighteen species of genus

Chlorophytum. Cluster analysis, estimation of the gene flow among the species and of

the phylogeographic distribution of this genus were carried out using an AFLP data matrix.

A high level of genetic diversity was observed on the basis of the percentage of

polymorphic bands (99.91%), Shannon’s information index (0.3592) and Nei’s gene

diversity (0.2085) at species level. Cluster analysis of UPGMA dendrogram, principal

component analysis and Bayesian method analysis resolved these species in three

different clusters, which was supported by morphological information. The Mantel test

(r = 0.4432) revealed a significant positive correlation between genetic and geographic

distances. The collected data have an important implication in the identification,

authentication, and conservation of the species of the genus Chlorophytum.
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 the commercial name in India of ‘Safed musli’. This drug
 known to be very effective for enhancing general body
munity, vigour and strength [6]. Because of this

ommercial importance, the plants are generally harvested
om their wild habitats. These plants have been listed as
n endangered species in the Red Data Book of Indian plants

y the Botanical Survey of India because of their habitat
estruction and uncontrolled harvesting [7].

It is a general ecological concept that for long-term
urvival of species, genetic diversity plays a crucial role by
ssisting plants with adapting to environmental changes.
entification and understanding of genetic diversity in

lant species is an important step for conservation. It is
ery difficult to develop and implement the long-term
onservation plan of the Chlorophytum species because of

e small population size and habitat heterogeneity. This
ight result in limited gene flow leading to higher genetic

ifferentiation among plant populations. Chlorophytum

pecies are very difficult to identify based on morphologi-
al characteristics. The genetic diversity of this medicinally

portant species is largely unknown, but essential to
esigning effective breeding and conservation programs to
ustain natural population [8]. A very limited information
n identification and phylogenetic analysis based on
olecular markers is available [9]. Also, it is highly desired
 authenticate the genus Chlorophytum using genome-

ased approaches before its use as a medicinal plant.
Various molecular markers like Random Amplified

olymorphic DNA (RAPD), Amplified Fragment Length
olymorphism (AFLP), Simple Sequence Repeats (SSR) and
ingle Nucleotide Polymorphism (SNP) were used to study
e genetic diversity at the molecular level in various wild

lant species [10]. Among these markers, AFLP provides
ominant, multilocus and genome wide DNA profile. AFLP

 a cost effective and highly reproducible tool; it does not
equire prior sequence information, making it suitable
r molecular characterization and DNA fingerprinting

[11,12]. The AFLP technique is based on the selective PCR
amplification of restriction fragments from a total digest of
genomic DNA. It provides high genetic polymorphism,
valuable site information, and reveals genetic variations
between individuals.

The objective of this study was to evaluate the genetic
diversity among the genus Chlorophytum accessions
collected from the Indian subcontinent using AFLP
markers. It seems that taxa remain emblematic to higher
altitude geographic locations having higher precipitation
rates, mostly in Western Ghats and in the peninsular
Deccan plateau of India. The species grows in small patches
with limited population. The study aims at contributing to
the identification and discrimination of 18 Chlorophytum

species. It reveals the level of genetic diversity and genetic
structure within species.

2. Materials and methods

2.1. Population sampling

Plant material from 18 different species of genus
Chlorophytum was collected from different locations in
the Indian subcontinent (Fig. 1). A total of 87 samples, 3–5
individuals per species, were collected from different type
localities [6,13]. The plant specimens were maintained in a
germplasm field at the botanical garden of the Department
of Botany, Shivaji University, Kolhapur. The identification
of all species was confirmed by referring to different
prologues, floras and comparing with a typed specimen.
The representative voucher number and GPS location of
specimens is listed in Table 1.

2.2. DNA extraction

Total genomic DNA was extracted using the modified
CTAB method [14], but the high level of secondary

able 1

ampling details of the populations of genus Chlorophytum in the present study.

Species name Accession

numbera

Sample

size

Sampling locality Longitude

(E)

Latitude

(N)

Voucher number

(collection year)

Chlorophytum kolhapurense C1 (A-E) 5 Sutagatti ghat, Karnataka. 16.042208 74.489306 SUK 106 (2012)

Chlorophytum arundinaceum C2 (A-E) 5 Melghats Amravati. 21.399728 77.298472 SUK 109 (2012)

Chlorophytum laxum C3 (A-E) 5 Shivaji university, Kolhapur. 16.673583 74.254194 SUK 105 (2012)

Chlorophytum glaucoides C4 (A-E) 5 Tillari, Kolhapur. 17.939908 73.632758 SUK 111 (2012)

Chlorophytum bharuchae C5 (A-E) 5 Adi Chikkodi, Karnataka. 16.498567 74.351700 ANC 700 (2009)

Chlorophytum belgaumense C6 (A-E) 5 Khanapur, Belgum. 15.680281 74.502631 Chandore 1113 (2010)

Chlorophytum borivilianum C7 (A-E) 5 Kasedi, Poladpur. 17.902167 73.437289 SUK 100 (2011)

Chlorophytum amaniense C8 (A-E) 5 Ornamental plant – – SUK 749 (2009)

Chlorophytum heynei C9 (A-C) 3 Anamalai Hills, Tamil Nadu. – – SUK 713 (2011)

Chlorophytum breviscapum C10 (A-E) 5 Marleshwar, Ratnagiri. 17.056186 73.745858 SUK 108 (2012)

Chlorophytum indicum C11 (A-E) 5 Sultanpeth, Nandi hills, Karnataka. 13.385517 77.667647 SUK 102 (2011)

Chlorophytum gothanense

(Gothane Plateau)

C12 (A-E) 5 Gothane Plateau, Sangali. 17.075706 73.764153 SUK 107 (2012)

Chlorophytum malabaricum C13 (A-E) 5 Nandi Hills, Karnataka. 13.429864 75.756486 SUK 99 (2011)

Chlorophytum glaucum C14 (A-E) 5 Tillari, Kolhapur. 15.778489 74.171792 SUK 110 (2012)

Chlorophytum tuberosum C15 (A-E) 5 Ratnagiri, Maharashtra. 17.005517 73.327647 SUK 101 (2011)

Chlorophytum gothanense

(Kondushi Plateau)

C16 (A-E) 5 Kondushi, Gargoti. 16.211431 73.990014 SUK 103 (2011)

Chlorophytum sharmae C17 (A-E) 5 Munnar, Kerala. 10.083411 77.066697 Adsul 2553 (2013)

Chlorophytum nepalense C18 (A-D) 4 Tengnoupal, Chandel, Manipur. 24.386664 94.143631 SUK 712 (2013)
a Same accession numbers have been presented in dendrogram (Fig. 2) and Principal component analysis (Fig. 4).
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etabolites and phenolic content inhibits the enzymatic
action. The protocol was modified to resolve the problem

 inhibition. Sixty to hundred milligrams of fresh and
ung leaf material was homogenised with 1 mL of an
traction buffer (100 mM tris HCl, 20 mM EDTA, 1.4 M
Cl, 2% CTAB, 1% PVP), 20 mL of proteinase K (50 mg/mL),
d 1% b-mercaptoethanol. The mixture was incubated for
 min at 65 8C and centrifuged at 5000 rpm for 5 min. The
pernatant was transferred into a clean tube, and
enol:chloroform:isoamyl alcohol (25:24:1 v/v/v) were
ded. After gentle mixing, the samples were centrifuged

 12,000 rpm for 10 min, then the supernatant was
nsferred into a new tube and chloroform:octanol

4:1 v/v) were added; the mixture was then centrifuged
 12,000 rpm for 5 min. The DNA in the supernatant was
ecipitated with a 2:3 volume of ice-cold isopropanol and
cubated at �20 8C overnight. The DNA pellet was washed
ing 70% ethanol, air dried and dissolved in a TE buffer.
e quality of the DNA was determined using a 1% agarose
l and quantified with a Biospectrometer (Eppendorf,
A). The final concentration of the DNA samples were
justed to 50 ng/mL. The samples were stored at �20 8C.

. AFLP fingerprinting

AFLP fingerprinting was performed using the protocol
sed on the method described by Paterson et al., with

minor modifications [14,15]. In the present study, non-
radioactive fluorescent dye-labelled primers were used.
Two hundred and fifty nanograms of DNA were digested
using 5 U of EcoRI and 5 U of MseI restriction endonuclease
mixture at 37 8C for 1 h. The reaction was terminated by an
enzyme inactivation at 65 8C for 15 min. The digestion was
checked using 10 mL of digested DNA run on 2% (w/v)
agarose gel. Adapters of EcoRI (1 mL of 5 mM; 50-
CTCGTAGACTGCGTACC-30 and 50-AATTGGTACGCAGTC-
TAC-30) and MseI (1 mL of 50 mM; 50-GACGATGAGTCCT-
GAG-30 and 50-TACTCAGGACTCAT-30) were ligated to the
digested DNA samples using 1 U of T4 DNA ligase. The
ligated product (5 mL of 10 fold diluted) was pre-amplified
using pre-selective EcoRI and MseI primers, in a thermo-
cycler for 20 cycles consisting in denaturation at 94 8C
(30 s), annealing at 56 8C (60 s) and extension at 72 8C
(60 s). The amplified PCR products were checked on a 1%
agarose gel and diluted 50 times, then stored at �20 8C.

Selective AFLP amplification was carried out using eight
florescent labelled EcoRI and eight MseI primers. Sixty-
four primer combinations were screened using DNA
samples of 10 different Chlorophytum species. On the
basis of our results, fifteen primer pairs were selected for
further AFLP analysis (Table 2). The PCR selective
amplification temperature profile used for each cycle
was 30 s at 94 8C, 30 s at 65 8C, and 60 s at 72 8C; it was
followed by 12 cycles of touchdown PCR (for 30 s) in which

Fig. 1. (Colour online.) Sampling location of 18 species of Chlorophytum (Google Maps).
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e annealing temperature decreased by 1 8C at every cycle
ll 56 8C. Further, 23 cycles were carried out as described
bove for pre amplification. The automated fragment
nalysis was performed using a 3500 Genetic analyser

pplied Biosystems) with a GeneScan 600 LIZ size
tandard.

.4. Data acquisition and statistical analyses

Fluorescent labelled AFLP fragment analysis was
erformed by GENEMAPPER 3.7 software. The fragments
anged from 50 to 600 bases with a threshold value higher

an 200 relative fluorescence values (rfu) were consid-
red for the analysis. AFLP data were scored under the
rmat of binary matrices, ‘‘1’’ for presence of a fragment

nd ‘‘0’’ for absence of a fragment. The peaks were checked
anually. For unbiased analysis, both monomorphic and

olymorphic peaks were considered in the matrix. Only
isually distinct and reproducible peaks were considered
r data analysis.

Principal component analysis (PCA) and Unweighted
air Group Method with Arithmetic mean (UPGMA)
lustering analysis were performed with NTSYS-pc v2.10
oftware using Jaccard’s similarity coefficients and SAHN
odule [16,17]. The FST distance and Nei distance matrices
ere calculated in AFLP-SURV v1.0 by performing

000 bootstrap replicates [18]. Shannon’s diversity index
) [19] and Nei’s gene diversity (H) [20] were calculated
sing POPGENE32 version 1.32 assuming a Hardy–
einberg equilibrium [21].
A Bayesian structure analysis was performed on the

ntire data set using Parallel Structure program to test
e genetic admixture across species boundaries [22]. The

ange of genetically distinct clusters (K) was set from 1 to
8. The model was run for 10 independent simulations for
ach K applied with a burn-in length of 100,000 and a run
ngth of 1,000,000 Markov Chain Monte Carlo (MCMC)

eplicates after burn-in [23,24]. The true K was detected
sing the structure harvester program [25]. Permutations
f the most likely results among different runs for each K

were conducted using CLUMPP software by applying a
greedy method [26]. The structure results were visualized
using DISTRUCT program [27].

The geographic distance matrix was calculated using a
geographic distance calculator. The Mantel test was
performed to evaluate the correlation between the genetic
(FST) and the geographic distance matrix using Isolation By
Distance Web Service Version 3.23 [28].

3. Results

In the present study, 87 individuals from 18 Chloro-

phytum species populations were used for AFLP analysis.
Out of the 64 screened primer combinations, 15 primer
combinations were observed to successfully produce
scorable, clear high-intensity, reproducible and relatively
high polymorphic bands (99.22 to 100%) (Table 2). All the
intraspecies accessions of Chlorophytum were found to be
very close and had a very low level of molecular diversity
compared to interspecies accessions on the basis of the
similarity coefficient. Hence, only interspecies relations
between 18 species of Chlorophytum were further consid-
ered. A total of 4782 bands were produced by 15 AFLP
primer combinations having 4778 polymorphic bands
(99.91%). The number of polymorphic loci scores was
found to range from 128 to 470 with the spectrum of
proportion of polymorphic loci from 99.22 to 100% for each
primer pair combined (Table 2). The percentage of
polymorphic bands (PPB), Nei’s gene diversity (H) and
Shannon’s diversity index (I) at the species level were
found to be 99.91%, 0.2085, and 0.3592, respectively.

For all 18 populations of the Chlorophytum species,
pairwise genetic distances were calculated. The genetic
distance between population pairs ranged from 0.5889 to
0.8919. The genetic distance was the highest (0.8919)
between C. laxum and C. borivilianum, while the lowest
(0.5889) was occurring between C. glaucum, and
C. gothanense (Kondushi Plateau). Nei’s genetic distance
between population pairs was varied from 0.2003 and
0.4415 (Table 3). Jaccard’s similarity coefficients among

able 2

ist of selected primer combinations used and details of polymorphism.

Primer pairs Total number

of fragments (TF)

Number of

polymorphic bands (PF)

Percentage of polymorphic

bands (PPB%)

Nei’s gene

diversity (H)

Shannon’s

diversity index (I)

E-ACT/M-CAC 168 168 100 0.2047 0.3510

E-ACT/M-CAG 404 404 100 0.2085 0.3610

E-ACT/M-CTA 396 396 100 0.2302 0.3894

E-ACT/M-CTC 284 284 100 0.1796 0.3184

E-ACT/M-CTG 383 383 100 0.2218 0.3791

E-ACA/M-CAA 159 159 100 0.2064 0.3572

E-ACA/M-CAC 163 163 100 0.1671 0.3000

E-ACA/M-CAG 229 228 99.56 0.1499 0.2800

E-ACA/M-CAT 129 128 99.22 0.1459 0.2728

E-ACC/M-CAC 472 470 99.57 0.2334 0.3939

E-ACC/M-CTC 402 402 100 0.2454 0.4089

E-ACC/M-CTT 359 359 100 0.2216 0.3778

E-AGC/M-CAT 428 428 100 0.2393 0.4023

E-AGC/M-CTG 392 392 100 0.2293 0.3881

E-AGC/M-CTT 414 414 100 0.2444 0.4086

Total 4782 4778 – – –

Average 318.8 318.53 99.91 0.2085 0.3592
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different populations were varied from 0.1164 to 1.00,
which indicated a high level of genetic variation within
18 species. The UPGMA dendrogram was obtained using
SHAN program with Jaccard’s similarity coefficients, and
revealed three major clusters (Fig. 2a). Cluster I was
comprised of two species, namely C. kolhapurense and
C. bharuchae, which were also observed to be morphologi-
cally very similar. Cluster II was the largest group, with
14 species, whereas cluster III had two species, namely
C. laxum and C. tuberosum. This population structure was
tested using a model-based clustering method with
STRUCTURE program. Using a Bayesian statistics, the value
for K = 3 was selected at the highest likelihood value of the
data [LnP(D)] and the maximum DK (Fig. 3). The value of K
suggests that all species fell into three main clusters as in
the dendrogram (Fig. 2b). PCA analysis was performed to
further confirm the clustering pattern and to group the
species obtained from the dendrogram (Fig. 4).

The Mantel test indicated a weak and positive
relationship between geographic and genetic distance
matrices (r = 0.1544; P > 0.05) when all species were
considered in the analysis. This result did not indicate
any significant correlation between genetic differentiation
and geographical distance within this species (Fig. 5). On
the other hand, the Mantel test of the species of cluster II
revealed a significant, positive and strong correlation
(r = 0.4432; P > 0.05). The FST value was observed to be
0.8887 (P < 0.001), indicating species highly isolated from
one another.

4. Discussion

Understanding genetic diversity and correct identifica-
tion is a crucial step for species conservation [29]. The
potential of adaptation and survivability of a species
depends upon assessments of genetic diversity [30]. In the
case of medicinally important and endangered species like
Chlorophytum, the knowledge of genetic diversity and
variation is very important to design effective manage-
ment and conservation strategies. Molecular markers like
AFLP act as significantly reliable tools for identifying
genetic differentiation in plants at the genetic level [15,31–
34]. AFLP is proven to be a very useful and efficient method
for species discrimination and to study the genetic
diversity in Chlorophytum. Since a very limited number
of reports are available on the identification and the
genetic diversity among the genus Chlorophytum using
molecular markers, this study contributes a useful and
robust method to authentication.

In an earlier study, the genetic diversity of 34
C. borivilianum accessions was analysed using the AFLP
marker, which revealed a very low intraspecies genetic
diversity [9]. In the present work, similar results were
observed. The interspecies genetic distance was very high
when compared to intraspecies genetic distance in
18 species of the genus Chlorophytum. The selected 15 pairs
of AFLP markers gave 99.91% polymorphic bands when
tested on 18 Chlorophytum species. It indicated that the
species well diverge from each other, having high genetic
diversity. This must have occurred because of the low rate
of gene flow. The high interspecies genetic diversity andT
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w intraspecies diversity observed indicated that AFLP
arkers can be used for unambiguous species identifica-
on. In the present study, AFLP permits more accurate,
imple and rapid species discrimination compared to
aditional taxonomy-based methods.

UPGMA dendrogram, PCA clustering and Bayesian
ethod analysis produced similarly three different

lusters, i.e. cluster analysis is effective and gives reliable
esults for Chlorophytum species classification. The
pecies in cluster I, C. kolhapurense and C. bharuchae, are
ery similar morphologically, with the same basic
hromosome number (x = 8) [1,35]. These species are
und at relatively close geographic locations and,

ecause of their phenotypic plasticity, are very difficult
o identify based on their morphological characters.
imilarly, a very close relationship between cluster III,

C. tuberosum and C. laxum was observed. These plants also
have the same basic chromosome number (x = 8) and total
chromosome number (2n = 16) [1,35]. The species in
cluster III showed polyploidy, with the same basic
chromosome number (x = 7) but varying in their total
chromosome number (2n = 14 to 84) [6,36,37]. In the
dendrogram, the species in cluster III were grouped
according to their total chromosome number. The species
C. heynei and C. amaniense grouped together and had
similar total chromosome numbers (2n = 14). These
species were also observed to be morphologically very
similar in nature. The species having total chromosome
number (2n = 42) were grouped together, except
C. indicum whose total chromosome number is
2n = 84. According to genetic distance and morphological
data analysis, it was concluded that C. indicum may have

ig. 2. (Colour online.) (a) Unweighted Pair Group Method with Averaged tree of 18 species of genus Chlorophytum based on Jaccard’s coefficient and (b)

enetic relationship among genus Chlorophytum using a Bayesian analysis of the population structure at K = 3; for species accession numbers, refer to Table 1.
Fig. 3. Bayesian structure analysis, values of DK detecting the true value of K for the three groups.
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olved from C. malabaricum. Similarly, C. nepalense

n = 56) may have evolved from C. borivilianum

n = 28) [2,13,38].
The result of Mantel’s test, when considering the

ographic distances between all species, is not signifi-
ntly correlated with the genetic distance, thus does not
pport an isolation by distance pattern [39–41]. On the
her hand, a high value of the FST distance indicates rare
changes of genetic material in these plant species [42]
d less probability of interspecies hybridization. In the
nus Chlorophytum, the mode of seed dispersal is
specialised, which leads to ineffective seed dispersal
curring over long distances, so gene flow through seeds

constrained [43]. This indicates two possibilities

(behavioural reproductive isolation and mainly asexual
reproduction) in the Indian subcontinent [44]. These
factors contribute to the high genetic polymorphism, the
genetic uniformity, the low gene flow, and the weak
correlation between genetic and geographic distances
between the species of the genus Chlorophytum [45,46].
The three distinct clusters obtained by UPGMA dendro-
gram, PCA clustering and Bayesian analysis were strongly
supported by morphological and cytological data. The AFLP
analysis proved to be a reliable method to study genetic
diversity and genetic relationship among the Chlorophytum

species. The Mantel test of the species in cluster III revealed
a significant correlation in genetic and geographic
distances. The result from clustering shows that species
from close regions clustered together. This indicates that
the species in the three clusters evolve separately; there
must have been rare events of hybridization and have very
low gene flow between these clusters.

5. Conclusion

Understanding the genetic diversity at the molecular
level will help to design better conservation strategies for
endangered Chlorophytum species. AFLP markers showed
a high level of polymorphic bands at the interspecies
level compared to the intraspecies level in the genus
Chlorophytum. Thus, all species of the genus Chlorophytum

must be conserved to maintain the total genetic diversity.
The robustness and suitability of AFLP markers makes
them the most reliable molecular ones to identify and
study the genetic relationship among the species of the
genus Chlorophytum. Appropriate identification of Chloro-

phytum species can avoid habitat destruction and exploi-
tation of wild species. The species of the genus
Chlorophytum of the Indian subcontinent showed a very
high genetic diversity, a restricted gene flow and a separate
mode of evolution in the three clusters. The data will
contribute to the screening, the cultivation and the
conservation of the genus Chlorophytum and will be
potentially useful to authenticate medicinal plants.
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