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ABSTRACT

The paper deals with the karyotype analysis of four species and varieties of Anthurium, viz.
A. glaziovii Hook.; A. andraeanum Linden var. I; 4. andraeanwm Linden var. ‘roseum’;
and A. andraeanum Linden var. ‘rhodochlorum’. In all the varieties of 4. andraeanum a dis-
tinct phenotypic difference is markedly present.

The rormal number in all of them has been found to be 2n = 30. In addition to the normal
numbers variations have also been observed, which involve both structural and numerical al-
terations in the chromosome complement.

The karyotypes of all the species show a gross similarity with slight structural differences.
In all of them three pairs-of chromosomes are provided with secondary constrictions and a very
long type with secondary constriction is represented. Primary constrictions are located gene-
rally in the submedian position.

In A. glaziovii and two varieties of 4. andraeanum the occurrence of accessory chromosomes
without any constriction has been observed and the question of their accessory and chromoso-
mal nature has been discussed. The different populations of the same species have been found to
differ with respect to the occurrence of these accessories.

The successful participation of structurally or numerically altered nuclei in the formation of
new individuals through vegetative reproduction is stressed. The occurrence of different aneu-
ploid numbers and varying distribution of accessory chromosomes have been thought to be due to
regular occurrence of abnormalities in chromosome behaviour.

INTRODUCTION

The members of Aroideae have provided important materials for eyto-
logical study in recent years, especially because of the chromosome behaviour
noted in them (Sharma and Das 1954; Pfitzer 1957a, b). Though the family
consists of a large number of genera yet only a few of them have so far been
investigated and Anthurium is one of them (vide Darlington and Wylie 1955).
Interesting observations have been made by previous authors on some of its
species (Pfitzer 1957b; Mookerjea 1955).

Mookerjea (1955) investigated eight different species and varieties of
Anthurium and noted considerable alterations in the chromosome comple-
ments of the somatic cells. Both numerical and structural variations were
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noted. But in all cases, where pollen mother cells could be studied, meiosis
was found to be regular with clear bivalent formation. The importance of
somatic alterations in speciation had been pointed out by this author. Re-
cently Pfitzer (1957b) studied a few other species of Anthurium and demon-
strated the presence of ‘B’ chromosomes in them. Their accessory nature was
specially worked out from their behaviour on the spindle during division.
Mookerjea (1955) in her investigation did not find any ‘B’ chromosomes in
the individuals studied by her from India.

In view of the interesting observations made by previous authors it was
thought that researches in other species too may prove to be fruitful. The
study of not only the uninvestigated ones but even of individuals, collected
from different areas of the explored species too, is necessary specially in view
of the report of ‘B’ chromosomes in certain populations. It is likely that
populations may differ with respect to ‘B’ chromosomes present in them.
In the present investigation four different species and varieties of Anthurium
have been included of which a different population of 4. glaziovii was studied
by Mookerjea (1955). It will be noted in the following text that in this
population of A. glaziovii and in two other species ‘B’ chromosomes have
been found. Their behaviour as well as karyotype analysis form the main
theme of this paper.

MATERIALS AND METHODS
Materials :

The materials for the present investigation include four species and
varieties of Anthurium, viz.

1. A. glaziovii Hook.

2. A. andraeanum Linden var. T,

3. A. andraeanum Linden var. ‘roseum’.

4, A. andraeanum Linden var. ‘rhodochlorum’.

The plants for the present study have been collected from the local
nursery as potted plants and kept in a greenhouse. Healthy roots have
been secured in abundance by gently tilting the pot and carefully removing the
soil from it.

Methods :

For the study of somatic chromosomes, temporary orcein squash method
has been found to be very suitable. For this, trials with various pretreating
chemicals have been given. Paradichlorobenzene (Sharma and Mookerjea
1955) has been seen to be very effective in scattering the chromosomes but
aesculin (Sharma and Sarkar 1955) in combination with paradichlorobenzene
proved very suitable for both scattering and clarification of chromosome
structure,
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Healthy young root tips have been pretreated in a mixture of saturated
solutions of paradichlorobenzene and aesculin for two hours in cold (16°-18° ()
and stained in two per cent aceto-orcein and N.HCl mixture (¢ : 1) by gently
heating over a flame for a few seconds. Subsequently smearing has been done
in one per cent aceto-orcein solution, applying a uniform pressure over the cover-
glip. After proper sealing, the slides could be kept as such for some days.
Smeared preparations after inverting in tertiary butyl alcohol have been made
permanent by giving a second change in butyl alecohol and subsequently
mounting in euparol.

For somatic chromosomes 24 p.m. has been found to be the peak period
of division.

Figures have been drawn at a table magnification of approximately X
2,900 using an Olympus compensating eyepiece of X 20 and 1-3 apochromatic
objective with an aplanatic condenser. Photomicrographs were taken at
different magnifications and suitably enlarged. In the figures, the chromo-
somes with secondary constrictions have been drawn by outlines only and ‘B’
chromosomes are dotted.

OBSERVATIONS

The normal chromosome number of the four species and varieties of
Anthurium undertaken in the present investigation' shows 2n = 30. In addi-
tion to the normal number, variations have been found to occur invol-
ving numerical and structural alterations.

In A. glaziovii, A. andracanum var. ‘voseum’ and A. andraesnum var.
‘thodochlorum’, presence of ‘B’ chromosomes in the form of one or two frag-
mentary accessory chromosomes has been observed. No definite region
within the root-tip tissue could have been located, to have their preferential
distribution. They have been found to be present both in the normal and in
the variation numbers. Even within the early prometaphase they have
been clearly observed and have been found to remain within the spindle during
division. Normal karyotype remained unchanged along with the presence of
these chromosomes. However, identical karyotypes have been noticed
where these fragmentary ‘B’ chromosomes are not represented. The length
of the fragment ranges from 1 p to 1-4 p.

Chromosomes of the different species and varieties are comparatively
long and size difference though present is not very marked. In all of them
three pairs of chromosomes are provided with secondary constrictions and only
one type of very long chromosome with secondary constriction is represented.
Chromosomes have primary constrictions mostly submedian to nearly
subterminal in position and a few are with median primary constrictions.
The length of the chromosomes has been found to range from 2-8 p to 7-7 p.
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1. A. glaziovii Hook.

Leaves large, radical, lanceolate, entire with slightly wavy margin, mid-
vein grooved and strong with prominent veins; spadix fleshy about 3/4” in
diameter, brownish violet with stiff protruding stigmatic heads.

The normal somatic complement of the species has been found to show
2n = 30 (Fig. 1). Chromosomes are mostly long to medium-sized and size
difference is not marked (Fig..1a). A slow gradation of the types is notice-
able. On the basis of length the chromosomes may be represented by the
following groups:

1. Eleven pairs of long chromosomes.
1. Four pairs of medium-sized chromosomes,
IIT. One small accessory fragment,

Secondary constrictions have been observed in three pairs. The length
of the chromosomes has been found to range within 3-9 u to 6-7 p.

The detailed karyotype may be represented by the following types of
chromosomes:

Type A—Represented by two pairs of chromosomes. One pair is com-
paratively longer than the other. The chromosome is charac-
terized by having two constrictions, one primary and the other
secondary. One of the constrictions is nearly median and the
other nearly subterminal at the end of the short arm (57 u to
66 p).

Type B—Consists of one pair of chromosomes with two constrictions,
one primary and the other secondary situated at the two ends,
one of the terminal segments being larger than the other (49 ).

Type C—Represents one pair of very long chromosomes with subterminal
primary constrictions (6-7 u).

Type D—Three pairs of long chromosomes with nearly median primary
constrictions (5:4 p to 57 ).

Type E—Comprises of five pairs of long to medium-sized chromosomes

with submedian primary constrictions. The position of sub-
median constriction is variable (3-9 u to 4-9 w).

Type ¥—Consists of two pairs of nearly long to medium-sized chromo-
somes with nearly submedian primary constrictions (46 p to
4-8 u).

Type G—Represents one pair of medium-sized chromosomes with nearly
median primary constrictions (4-3 p).

Type ‘B '—The ‘B’ chromosome is about 1-4 ;long having no constriction
in it.
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Fies. 1 and la. Anthurium glaziovii Hook, : Normal soms tic metaphase showing 2n = 30 chro-
mosomes and one accessory fragment and idiogram respectively.

Fias. 2and 3. A. glaziovic Hook.: Variation somatic metaphase plate showing 16 and 22
chromosomes respectively.

In addition to the normal karyotype described above structural altera-
tions of chromosomes otherwise showing the normal number have been
observed. Variation in numbers showing 16 and 22 (Figs. 2 and 3) chro-
mosomes have been recorded.
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2. A. andraeanum Linden var. I

Leaves cordate, entire, acuminate, slightly leathery, situated at the
end of a slender uniformly thick stalk, 6” to 10" long; spathe foliaceous,
whitish nearly cordate with undulated margin ; spadix slender, pinkish violet,
4” to 5" long.

The normal somatic chromosome number has been found to be 2n = 30
(Fig. 4). Size difference though not marked is present within the complement
(Fig. 4a). No ‘B’ chromosome has been observed in this species. On the
basis of length, the following three groups are recognizable:

I. Eight pairs of long chromosomes.
II. Four pairs of medium-sized chromosomes.
IIT. Three pairs of nearly medium-sized chromosomes.

Three pairs of chromosomes are characterized by having secondary
constrictions in them. The length of the chromosomes has been found to
range within 3-2 u to 7-5 u.

The details of the karyotype including length and positions of primary
and secondary constrictions are described below:

Type A—Comparable to ‘Type A’ of the previous species and repre-

sented by one pair, of length 7-5 p.

Type B—One pair, identical to ‘Type B’ of the previous species, of
length 5-7 p.

Type C—Consists of one pair of medium-sized chromosomes with two
constrictions, one primary and the other secondary, both
located in nearly submedian positions. The three segments of
the chromosome are nearly equal (4-3 p).

Type D—Comparable to ‘Type D’ of the previous species. Represented
by .six pairs with length ranging from 5-7 u to 6-3 n. Positions
of the submedian constrictions are at variable distances.

Type E—Consists of three pairs, nearly comparable to ‘E type’ of the
previous species and one pair nearly short. The length of the
chromosomes ranges from 3-7 p to 45 p.

Type F—Consists of three pairs of nearly medium to short chromosomes

with submedian primary constrictions. The length of this type
ranges from 3-2 p to 3-5 p.

In addition to the normal karyotype described above structural altera-
tions otherwise showing the normal number have also been observed.
3. A. andraeanum Linden var. ‘roseum’

Leaves cordate, nearly orbicular, entire, 4” to 6” in diameter, acute to
slightly acuminate, more or less leathery ; petiole slender, uniform, graceful,
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with deep rose spathe and pink spadix on dark stalk; spathe nearly orbicular
with undulated margin.
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Fres. 4 and 4a. Anthurium andraeanum Linden var. I: Normal somatic metaphase showing
30 chromosomes and idiogram respectively.

Fres. 5 and 5a. 4. andreeanuwm Linden var. ‘roseum’: Normal somatic metaphase showing
2n==30 chromosomes with one accessory fragment and idiogram respectively.
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The normal number of this variety has been found to be 2n = 30 (Fig. 5).
Chromosomes show a graded nature (Fig. 5a) and on the basis of length they
may be represented by the following groups:

I. Two pairs of very long chromosomes.
I1. Eight pairs of long chromosomes.
III. Four pairs of medium-sized chromosomes.
IV. One pair of nearly short chromosomes.

Secondary constrictions have been recorded in six pairs and the length of
the chromosomes has been found to range from 3-3 u to 7-7 u.  One small ‘B’
chromosome has been observed in this species, 1-20 u long and devoid of any
constriction.

The detailed karyotype is represented by the following types of chromo-

somes :

Type A—Comparable to ‘Type A’ of the two species described before,
but the distal end of the short arm is comparatively longer.
The type is represented by one pair, 77 p in length.

Type B—Represents a pair of long chromosomes with two constrictions,
one primary and the other secondary. One of the constrictions
is submedian and the other submedian in the opposite arm
(57 u).

Type C—Identical to ‘Type C’ of 4. andracanum described before,
consists of one pair, of 44 x in length.

Type D—Comparable to the ‘D’ type described before, but comparatively
longer, 7-4 pn in length and represented by one pair only.

Type E—Comparable to ‘E’ type of the previous species and size differ-
ence within the type is present. Three pairs of chromosomes
are represented in the complement. The length ranges from
40 p to 50 p.

Type F—=Similar to the ‘¥’ type described before, but comparatively
longer. There are four pairs of chromosomes within the com-
plement and the length ranges between 46 n and 37 p.

Type G—Medium-sized chromosomes with nearly median primary con-
strictions. Represented by one pair of 4-4 ux length.

Type H—One pair of nearly short chromosomes with median primary
constrictions, 3-3 u long.

Type I—Comprises of two pairs of medium to nearly short chromosomes
with submedian primary constrictions. The length ranges from
35 uto 39 u.

Type‘B’—Represents a small acoessory type of chromosome devoid of
any constriction, 0-35 p in length.
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4. A. andraesnum Linden var. ‘rhodochlorum’

Leaves fairly large, broadly hastate, entire, acute, leathery, 8” to 14" long,
situated at the end of a long petiole; petiole slightly swollen at the region
adjoining the lamina ; spathe foliaceous of salmon coral colour.

The normal number of this variety shows 30 chromosomes in the somatic
tissue (Fig. 6). Chromosomes are mostly medium-sized and size difference
though not very marked is present within the complement (Fig. 6a). On the
basis of length the chromosomes may be divided into the following three
groups:

I. Two pairs of long chromosomes.
II. Four pairs of medium-sized chromosomes.
111. Nine pairs of nearly short chromosomes.

Secondary constrictions have been recorded in three pairs. The length
of the chromosomes has been found to range from 3-3 p to 6-5 p, except a
pair of characteristic small accessory type of chromosomes.

The detailed karyotype is described below:

Type A—Represents one pair of chromosomes identical to ‘A’ type
described before. The length of the chromosome has been
found to be 63 p.

Type B—Identical to the ‘B’ types described before. Represented by
one pair of 4-7 p in length.

Type C—Nearly comparable to the ‘C’ type described in the last variety,
congists of one pair, of 40 p in length. The constriction
regions are well separated.

Type D—One pair is represented in the complement and comparable fo
the ‘D’ types described before, of 6:5 p in length.

Type E—Represented by two pairs of medium-sized chromosomes
comparable to the ‘E’ types described before. The length
ranges from 43 p to 5-0 u.

Type F—The complement contains three pairs of this type of chromo-
somes, characterized by submedian primary constriction.
The chromosomes are medium to nearly short. The length
ranges from 3-9 p to 4:3 p.

Type G—Represented by one pair nearly comparable to ‘(:’ types
described before. The length of this pair of chromosomes is
37 p.

Type H—Consists of three pairs of nearly short chromosomes with
submedian primary constrictions. The length ranges from 3-5 p
to 3-7 p.
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Type T—The complement possesses two pairs of this type of chromo-
some of 3-3 i to 3-5 p in length. This type is characterized
by submedian primary constriction.
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Fias, 6-8, Anthuriwm endraeanum Linden var. ‘rhodochlorum’.

I1gs, 6 and 6a. Normal somatic metaphase showing 30 chromosomes with 2 fragments aud
idiogram respectively.

Fies, 7and 8. Variation somatic metaphase plates showing 14 and 16 chromosomes res-
pectively.
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Nomatic prophase, metaphase and anaphase each with an aecessory ehronasome,

30).

Antharim glaziorii (2n

Photomicrographs 1 to 3.
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Type ‘B’—The complement contains a pair of accessory chromosomes of
1:0 p in length. The chromosome is devoid of any con-
striction.

In addition to the normal number described above, structural alterations
of chromosomes otherwise showing the normal number have also been recorded.
Variation numbers showing 14 and 16 chromosomes (Figs. 7 and 8) have been
noted in a large number of dividing cells. In both of these variation numbers
the accessory type of chromosome has been observed.

DiscrssioN

Of the species investigated and reported in the present paper, accessory
chromosomes, in addition to the normal complement, have been found in three
of them. In A. glaziovii the occurrence of accessory chromosomes in the
populations studied by the author is in contrast to the absence of any such
chromosomes studied by Mookerjea (1955). It is evident that in this species
populations differ with respect to presence or absence of such accessory chromo-
somes in them. The biotypes differing from one another with respect to the
presence or absence of accessories have also been noted here in A. andrae-
anum. In the type designated as var. ‘roseum’ accessories are present in
contrast to their absence in var. I. It may be noted that these biotypes
differ not only with regard to accessories but the karyotype of the normal
complement too shows difference, indicating the importance of structural
alteration of chromosome in evolution. Associated with these structural
changes the types differ with respect to certain external morphological charac-
ters. This difference mainly involves the leaf and spathe character as men-
tioned in the text. '

As it is very difficult to obtain regular flowering in the plains of Bengal,
meiosis could not be studied. Otherwise it would have been interesting to
note the behaviour of the accessories in the germinal line. Pfitzer (1957a, b)
studied the structure and behaviour of ‘B’ chromosomes in A. magnificum
and A. crystallinum, along with other species of Araceae. He noted the
persistence of ‘B’ chromosomes in the meiotic cells and their behaviour in
asgociation with bivalents.

However, the structure of ‘B’ chromosomes, as reported by Pfitzer in the
species studied by him, differs considerably from the accessory chromosomes in
the three species reported here. In the photomicrographs, presented by
Pfitzer, ‘B’ chromosomes appear to have distinct constrictions in contrast to
the absence of any in the accessory chromosomes noted here.

The accessory chromosomes observed here resemble fragments in the
sense that no distinet constrictions could be found in them. But even then
their regular presence in the mitotic figures, within the spindle, suggests their

6
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chromosomal instead of fragmentary nature. Their presence on the spindle
has been confirmed from paraffin sections of untreated and chromic formalin-
fixed materials. It appears that because of their extremely small size it is
difficult to bring out the constriction gaps. Their absence in some of the cells
of the same tissue su ggests their erratic behaviour on the spindle thus allowing
either lagging or nondisjunction or rather movement to one pole en bioc.
This is due possibly to the defective centromere. The presence of one or two
accessory chromosomes in some cells can be accounted for in the same way.

The signiticance of accessory chromosomes in the population is not fully
known. Their presence, however, may be an indication of their selective
nature. These accessory chromosomes appear brightly stained even in
Feulgen preparations throughout the divisional cyecle, suggesting their hete-
rochromatic nature.

It may be noted that though all the four species and varieties studied
here show clear thirty chromosomes, other different chromosome numbers
have been reported as well. In the absence of any effective method of sexual
reproduction, such aneuploid types can originate out of the variant nuclei of
the somatic tissue entering into the formation of the daughter shoots. Such
variant nuclei differing from the normal in number and structure of chromo-
somes have been found in most of the species of Anthurium and the origin of
such numerical variations seems to be through nondisjunction as noted in the
species of Anthurium andraeanum var. ‘thodochlorum’.
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