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Anaphyllum Schott. is a genus belonging to the family Araceae with two species—Anaphyllum
beddomei Engl. and Anaphyllum wightii Schott. These are unexplored, endemic and threatened
plant species in South Western Ghats striving for their existence with treasures of genes with
medicinal importance. Two variants of Anaphyllum wightii are noticed in the Western Ghats
region throughout Kerala at an altitude of 650 - 1000 meters. Anaphyllum beddomei is observed
only at an altitude of 1200-1500 meters from the Agusthya peaks of the South Western Ghats.
Tribal communities use these plants as food and as antidote to snake bite. Two morphologically
different variants of A. wightii (1-large and 2-small) were noticed in the present study. Morphological
and anatomical variations were studied in A. beddomei and in the two variants of A. wightii. The
Histo-taxonomical and biochemical prospecting envisaged in the present investigation reveal
the important properties of this unexplored endemic and threatened genus and can lay the
foundation for the complete cataloguing and indexing of the targeted species. The ISSR molecular
marker studies indicate that the two variants of A. wightii with different morphologies have difference
in their genetic constitution also.
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INTRODUCTION

The tribal communities (Kani Tribes, Malasars,
Kadars, Pulaiyars, Madhuvars, etc.) use these
plants as food and as an antidote to snake bite.
Leaves of Anaphyllum beddomei form a part of
tribal diet (Ramachandran, 2007). Arun et al.
(2007) reported the use of the corms of
Anaphyllum wightii (keerikizhangu), as an antidote
to snakebite along with some other medicinal
plants. The two species in this genus are
reviewed to be similar in appearance to those in

Genus Anaphyllum Schott. belonging to the family
Araceae, is listed as an endemic and threatened
genus of South India (Nayar, 1984). The species
of the genus Anaphyllum are found in marshes.
They are characterized by pinnate leaves and
twisted spathe for the spadix. Two species in this
genus—Anaphyllum beddomei Engl. and
Anaphyllum wightii Schott. were reported from the
high ranges of south Western Ghats.
1
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Histo-Taxonomical Studies

the genus Anaphyllopsis (Demi, 2000). The
species of this genus were described by

Morphological characterization of the species was
made with the help of stereo zoom microscope
(Optics and 3.0 OMP live imaging). Leaf
arrangement, venation, inflorescence features
and floral characters were recorded.

Sasidharan (2004) and Yadav (1998). In India,
family Araceae is represented by about 25 genera
and 138 species (Karthikeyan et al., 1989) of
which about 31 species belonging to seven
genera are endemic to peninsular India, occurring
mainly in Western Ghats (Ahmedullah and Nayar,

Anatomical features of the leaf, root, petiole,
peduncle and spathe of both species were
studied using fresh specimens. Hand sections
of the leaves, petiole, root, peduncle and spathe,
stained with Safranin (Strittmatter, 1979) were
studied and colour photomicrographs were taken
using the Axiolab Zeiss Automatic System.

1987). Nowadays molecular techniques are
carried out by taxonomists to strengthen their
work. Phylogenetic tools mainly molecular
markers are used for this purpose. ISSR markers
are such molecular markers which are used
widely in taxonomic disputes.

Genomic DNA Isolation and ISSR

The objective of present study was to reveal

Total genomic DNA from the young leaves was
isolated following Murray and Thompson (1980)
method using Cetyltrimethyl Ammonium Bromide
(CTAB). After ethanol precipitation DNA was
resuspended in 100 mL of 1XTE buffer (pH 8.0).
The DNA was quantified spectrophotometrically
by taking the absorbance at 260nm. ISSR assay
was carried out in 25 mL reaction mixture
containing 0.2 mM dNTP’s, 10mM Tris-HCL,1.5
mM MgCl2 50 mM KCl, 0.1%Triton X-100, 1.0 U
Taq DNA polymerase (Finzymes, Helsinki,
Finland),15 pmol primers kit ‘C’(IDT, Coralville,
USA) and 50 ng of genomic DNA. The
amplification was performed in a thermal cycler
(Eppendorf ESP-S). After the initial cycle of 2 min
at 93 0 C, 2 min at 50 to55 0C (annealing
temperature of the primers ranges from 50 to 550C
for the different primers used in this study) and 2
min at 720C. A total of 39 cycles of 1min at 930C,
1min at 50 to 55 0C and 1 min at 72 0C were
performed. The last cycle was performed by 10
min extension at 720C. Reaction mixture wherein
template DNA replaced by distilled water was
used as negative control. Amplified products were

the morphological, floral, biochemical, histological
and genetic features of the different forms of
Anaphyllum that might provide assistance in the
identification and confirmation of the species of
this genus.

MATERIALS AND METHODS
Field Study
Exploration, collection and identification of plant
species were carried out on the basis of
information collected from Calicut University
Herbarium, Kerala Forest Research Institute
Herbarium and with the help of regional and
national floras (Sasidharan, 2004; Yadav, 1998;
Nayar, 1984). Botanical explorations were
conducted and plants were collected from
different regions of the Western Ghats (Ponmudi,
Agusthya peaks, Thenmala, Periyar, and Wynad).
Data on phenology, morphological characters and
distributional patterns of the species were
recorded. Collected samples were propagated
and maintained in the campus garden (Figure 1
A-F).
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Figure 1: A. Anaphyllum Beddomei at Natural Habitat; B. In Garden
C. Anaphyllum wightii 1. at Natural Habitat; D. In Garden
E. Anaphyllum wightii 2. at Natural Habitat; F. In Garden
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Morphological variations were observed and
summarized in Tables 1 and 2. In A. beddomei
matured leaves are net-veined, glabrous with
membraneous sheathing bases and usually
trisect to the rib. The middle segment is deeply
lobed than the lateral ones. Lateral lobes are
linear, oblong with obtuse, acuminate or acute tip
and wavy margin. Spathes are oblong-ovate,
acute or obtuse, 5-7 veined. It is expanded from
the base and not twisted. (Figure 1 – A, B) Spadix
has a short stalk at the base (Figure 2A).
Rhizome is underground and creeping.
Inconspicuous flowers are ebracteate, regular,
hypogynous, and bisexual. Perianth is with 3-4
lobes. Stamen 4, slightly of different size, filaments
flat and anthers are much shorter. Ovary is ovoid,
1-celled and ovule solitary on parietal placentation.
Style is absent and stigma capitate (Figure 2D, G).

resolved in 1.40% agarose gel (1x TBE) followed
by EtBr staining.

Genetic Data Analysis
Amplification with each arbitrary primer was
repeated 3 times and those primers that produced
reproducible and consistent bands were selected
for data generation. Reproducible ISSR products
were scored against the presence or absence of
a fragment. Dice coefficient of similarity defined
as 2a/2a+u, where ‘a’ is the number of positive
matches and ‘u’ the number of non-matches was
computed using the WINDIST software (Yap and
Nelson, 1996). The scored binary matrix was
analyzed using the WINBOOT software (Yap and
Nelson, 1996).

RESULTS AND DISCUSSION
Distribution
Field studies revealed that Anaphyllum wightii

Anaphyllum wightii is observed in two different
forms based on the size and morphological
features.

Schott is distributed in the Western Ghats
throughout Kerala. The two different forms of the
species were observed and collected from

In A. wightii -1 (Broad leaved) the matured
leaves are pinnatisect to or nearly to the midrib.
Leaflets are often narrowed into a definite petiolule
at the base. Apical leaflet is 3-lobed, basal pairs
undivided, linear oblong, reticulate venation
extending up to the margin of the leaf, acuminate,
margin entire or slightly wavy, glabrous, lowest
pair usually the largest. Peduncles are longer than
leaf petiole. Spathe is linear-oblong and twisted.
Spathe is 13- veined, dark violet in colour,
acuminate and shortly convolute at the base.
(Figure 1- C, D). Spadix is without a stalk (Figure
2 B). Flowers are regular, hypogynous and
bisexual. Perianth is with 3 lobes of almost equal
size. Stamens are 4 or 5 with flat filaments and
slightly larger anthers. Ovary is ovoid, 1-celled,
ovule solitary in parietal placentation. Style absent
and stigma capitate (Figure 2-E, H).

different localities of Ponmudi, Agusthya peaks,
Thenmala, Thattekkad, Periyar, and Wynad at an
altitude 650-1200 meters. Plants were observed
growing in groups and singly at cool shady
habitat. Anaphyllum beddomei Engl. was
observed only from the Augusthya peaks at an
altitude above 1200 meters. Density was high at
about 1400-1500 meters.

Morphological Characterization
The species of Anaphyllum are herbaceous plants
having leaves with very long petiole and an
expanded blade. The inflorescence is with more
or less petaloid spathe and the spadix with
densely-packed, sessile, ebracteate flowers.
Spadix is much shorter than the spathe,
cylindrical and without appendages.
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Table 1: Morphological Measurements of Anaphyllum Species
Spathe
Length
(cm)

Peduncle
Length
(cm)

Petiole
Length
(cm)

Leaf
Length
(cm)

Rhizome
Length
(cm)

Root
Length
(cm)

Spadix
Length
(cm)

Spadix Stalk
Length
(cm)

A. beddomei

5.53

46.5

33.66

10.83

9.3

13.5

2.066

0.933

A. wightii 1 (broad)

16.76

105.86

89.36

42.4

5.86

13.56

4.26

No stalk

A. wightii 2 (narrow)

10

103.95

57.95

30

4.45

13.5

3.9

No stalk

Species

Table 2: Morphological Measurements of Anaphyllum Species
Spathe
Breadth
(cm)

Peduncle
Diameter
(cm)

Petiole
Diameter
(cm)

Leaf
Breadth
(cm)

Rhizome
Diameter
(cm)

Root
Diameter
(cm)

Spadix
Diameter
(cm)

Spadix Stalk
Diameter
(cm)

3.833

1.466

1.63

4.83

4.76

1.06

2.4

1.266

A. wightii 1 (broad)

5.8

2.4

3.43

8.1

4.43

1.1

2.73

No stalk

A. wightii 2 (narrow)

4.55

2.95

2.75

3.55

4.85

1.2

2.2

No stalk

Species

A. beddomei

Leaf: Hand sections in the leaflets in A. beddomei
showed the presence of cuticle and
chlorenchymatous hypodermis. The midrib region
had a single large vascular bundle and the lamina
with smaller ones. Vascular bundles are
bicollateral (Figure 3A). In A. wightii-1 (broad
leaved), vascular bundles are conjoint, collateral
and with sclerenchymatous cap at both sides of
the bundle. Many vascular bundles and scattered
air-cavities are observed at the midrib region
(Figure 3B). In the leaflets of A. wightii - 2 (narrow
leaved) only one large bicollateral vascular
bundles is observed at the midrib region of with
sclerenchymatous cap at both sides of the bundle.
Scattered air cavities are also noticed (Figure 3
C)

A. wightii-2 (Narrow leaved) plants are similar
to the former but the leaflets are narrow. Apical
leaflets are 3-lobed and basal pairs undivided,
linear oblong with reticulate veins not extending
up to the margin of the leaflet. Peduncles are
slightly longer than petiole. Spathes linear-oblong,
twisted with about 11-12 veins, pinkish in colour
and acuminate (Figure 1- E, F). Spadix is
without a stalk (Figure 2 C). Rhizome is short
and roots long. Flowers are regular, hypogynous
and bisexual. Perianth is with 3 lobes, 2 large and
1 small. Stamens are 4 - 5 in number. Filaments
were flat and anthers slightly larger. Ovary
ovoid, 1-celled, ovule solitary in parietal
placentation. Style is absent and stigma is capitate

Leaf Petiole: Epidermis with cuticle is distinct in
all. In A. beddomei resin deposition was observed
in the hypodermal cells. Parenchymatous cortex
showed the presence of calcium oxalate crystals,
characteristic of the family. Vascular bundles
arranged in three rings, outer ring of smaller

(Figure 2- F, I).

Histological Features
Hand Sections of the leaf, petiole, spathe,
peduncle, root and rhizome were taken and
observed under the microscope.
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Figure 2: A. A. beddomei - Spadix with a Stalk, B. A. wightii 1 C. A.wightii 2 (Without Stalk)
D. A. beddomei - Flower with 3 Perianth Lobes and 5 Stamens; E. A. wightii 1 - Flowers with
3 Perianth Lobes and 4 Stamens; F. A. wightii 2 - Flowers with 3 Perianthlobes and 4 Stamens;
G. A. beddomei - Flower with 4 Perianth Lobes and 5 Stamens; H. A. wightii 1 - Flowers with
3 Perianth Lobes and 5 Stamens; I. A.wightii 2 - Flowers with 3 Perianth Lobes and 5 Stamens

petiole of A. wightii-1 (broad leaved) and A. wightii2 (narrow leaved) resembled that of A. beddomei
(Figure 3- E, F).

bundles at the hypodermal region, middle and an
inner rings of larger bundles. Scattered air cavities
are found in the cortex. Vascular bundles are
conjoint, collateral with endarch xylem and
sclerenchymatous bundle cap (Figure 3 D). The

Spathe: Similar structures were observed in A.
beddomei and A. wightii (1 and 2-broad leaved
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D - F Petiole Histology
G - I Spathe Histology
J - L Peduncle Histology
M - O Root Histology
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A. A. beddomei;
D. A. beddomei;
G. A. beddomei;
J. A. beddomei;
M. A. beddomei;

B. A. wightii 1;
E. A. wightii 1;
H. A. wightii 1;
K. A. wightii 1;
N. A. wightii 1;

C. A. wightii 2
F. A. wightii 2
I. A. wightii 2
L. A. wightii 2
O. A. wightii 2

and narrow leaved). Many conjoint, collateral
vascular bundles and with sclerenchymatous cap
and scattered air-cavities are observed (Figure
3-G, H, I). Starch grains were present in the cells
of hypodermis. Resin cells in the cortex are also
common.

vascular bundles, outer ring of smaller vascular

Peduncle: Peduncle showed the same vascular
features as that of petioles in all. Three rings of

and cortex region. In A. wightii-1 (broad leaved)

bundles, middle and inner rings of larger and
scattered air cavities were seen in the ground
tissue. Vascular bundles are same as that of
petiole. A large hollow pith is present at the centre.
Starch grains were observed in the hypodermis
and A. wightii-2 (narrow leaved) dark resin cells
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of two subclades which consists of all accessions
of A. beddomei as one sub clade (i) and two
accessions of A. wightii-2 (narrow leaved) (A) and
all accessions of broad leaved A. wightii-1 (B) as
other sub clade (ii) (Tables 3 and 4). The two
morphologic variants of A. wightii plants fall into

are observed in the cortex region. Resin cells
were absent in A. beddomei (Figure 3-J, K, L)
Root : Internal structure of roots in A. beddomei
showed massive starch depositions in the cortex
region particularly in the cells close to the
endodermis. A. wightii-1 (broad leaved) and A.
wightii-2 (narrow leaved) also showed starch
depositions in the cortex cells but not in the cells
close to endodermis. Solid pith was observed in
the centre (Figure 3 – M, N, O).

Figure 4: Dendrogram of Anaphyllum samples

Rhizome: Rhizome of all the three forms showed
common features. Densely packed concentric
starch grains and scattered raphides were
observed in the cells of all. A. beddomei was
characterized by the presence of druses in the
cortical cells.

Genetic Variability
The dendrogram from the ISSR marker study
provides a clear picture of genetic variability
among the types studied (Figure 4). Two main
clades were obtained from the dendrogram. The
second clade (II) is formed by two narrow leaved
accessions of A. wightii. The first clade (I) consists
Table 3: Dice Similarity Matrix of Anaphyllum Samples: Mean = 0.80
AWN(a)

AWN(b)

AWN(c)

AWN(d)

AWB(b)

AWB(c)

AWB(a) AWB(d)

AWB(e)

ABD(a)

ABD(b)

ABD (c)

1.00
0.93

1.00

0.78

0.71

1.00

0.76

0.72

0.95

1.00

0.87

0.80

0.79

0.75

1.00

0.81

0.73

0.74

0.72

0.85

1.00

0.85

0.84

0.76

0.76

0.83

0.85

1.00

0.80

0.72

0.71

0.71

0.82

0.80

0.80

1.00

0.72

0.63

0.72

0.72

0.69

0.73

0.72

0.72

1.00

0.77

0.71

0.70

0.70

0.78

0.76

0.75

0.83

0.79

1.00

0.81

0.74

0.70

0.68

0.81

0.81

0.79

0.89

0.74

0.92

1.00

0.81

0.74

0.70

0.68

0.81

0.81

0.79

0.89

0.74

0.92

1.00

1.00

Note: AWB = Anapyllum wightii - 1 (Large and Broad Leaved); AWN = Anaphyllum wightii - 2 (Small and Narrow Leaved); ABD =
Anaphyllum beddomei
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Table 4: The Primers Used in the Present Investigation With Corresponding Number
of Amplicons Generated
S. No.

ISSR Primer

Sequence 5’—————3’

Total No. of Bands

No. of Polymorphic Bands

1

809

AGAGAGAGAGAGAGAGG

6

4

2

811

GAGAGAGAGAGAGAGAC

8

6

3

817

CACACACACACACACAA

4

3

4

818

CACACACACACACACAA

5

3

5

820

GTGTGTGTGTGTGTGTC

6

4

6

826

ACACACACACACACACC

2

1

7

834

AGAGAGAGAGAGAGAGYT

4

3

8

835

AGAGAGAGAGAGAGAGYC

8

7

9

836

AGAGAGAGAGAGAGAGYA

7

7

10

840

GAGAGAGAGAGAGAGAYT

4

2

11

844

CTCTCTCTCTCTCTCTRC

7

6

12

847

CACACACACACACACARC

7

5

68

51

Total No. of Bands

different clades showing their different genetic
constitution.

endemic, threatened genus of the South Western
Ghats. The observation of two morphologically
different variants for the species Anaphyllum
wightii leads to the investigation of the taxonomic
variability among the species. They also showed
some differences in their floral, anatomical and
biochemical features. The present investigation
can lay a foundation for the complete cataloguing
and indexing of the targeted species. The ISSR
molecular marker study clearly indicates that the
two forms of A. wightii with different morphological
characteristics have difference in their genetic
constitution too. So they could be treated as two
different taxa.

Anaphyllum genus consists of two species A. wightii and A. beddomei. A. beddomei’s unique
morphological features and geographical
distribution (altitude 1200 to 1250 mts.) attributes
to its uniqueness among the genera. But A. wightii
provides a perplexing task to taxonomists with
its varying morphological features. Two varieties
of A. wightii were observed - one with broad leaves
and other narrow leaves. Their geographical
distribution is overlapping, ranging from 650 to
800 mts. As seen in the dendrogram, the two
varieties of A. wightii with different morphologies
have difference in their genetic constitution also.
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