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Abstract. The genus Phlogacanthus Nees belongs to the family Acanthaceae and is represented by herbs or shrubs species. The present
work shows detailed karyomorphological studies in two species, Phlogacanthus quadrangularis (Hook.) Heine and Phlogacanthus guttatus
Nees. Both the species grow as undergrowth vegetation. The conservation status of both the species are yet to be determined. The somatic
chromosome counts of both the mentioned species are available for the ﬁrst time, 2n = 40 for P. quadrangularis and 2n = 34 for
P. guttatus. The karyomorphological observations showed that both plant species show dominance of sub-telocentric chromosomes with a
few metacentric chromosomes. P. quadrangularis have telocentric chromosomes which is absent in the other species. The range of length of
chromosomes in P. quadrangularis is from 0.340 lm to 1.32 lm and that of P. guttatus is from 0.560 lm to 1.878 lm. The karyotype type
of the two species are classiﬁed as 3B type. But the dispersion index (DI) value of both the species are different. P. guttatus shows higher
value of DI than P. quadrangularis. Higher the DI value more specialized is the karyotype. By comparing the chromosome length, size, DI
value and idiogram of both the species, it is concluded that the karyotype of P. guttatus is more asymmetric and advanced than karyotype of
P. quadrangularis. The karyomorphological ﬁndings of the present study will aid in determining the importance and utility, ex-situ
conservation, protection, preservation and regeneration of germplasm.
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Introduction
The genus Phlogacanthus Nees is represented by members
having thryse, thrysiod panicle or cyme inﬂorescence. Two
members of this taxon, Phlogacanthus quadrangularis
(Hook.) Heine and Phlogacanthus guttatus Nees have been
selected for detailed karyomorphological studies. The habit
of the plant species P. quadrangularis is a small perennial
shrub and P. guttatus is a perennial undershrub.
The P. quadrangularis is distinguished by the presence of
pubescent, pinkish corolla, curved and widened at mouth
with glabrous capsule (Kanjilal et al. 1939). This species has
been reported as rare in Brahmaputra valley of Assam and its
IUCN status is not yet evaluated (Baishya 1999). It is
available in Lakhimpur and Dima Hasao districts of Assam
(Barooah and Ahmed 2014). P. guttatus possesses white and
bilabiate corolla with terminal inﬂorescence (Kanjilal et al.
1939). This species is common in western Assam (Barooah
and Ahmed 2014).

Like many other large and predominant families of
ﬂowering plants, Acanthaceae has not been studied elaborately with regard to cytological aspect (Daniel 2000). Different
species
under
the
family
has
been
karyomorphlogically evaluated by different authors in south,
central and north India but no literature is available from
northeast India on cytological details of the genus under
study. The genus Cystacanthus that was established by
Anderson have been merged with Phlogacanthus and
P. quadrangularis is regarded as a species under the genus
Phlogacanthus with P. asperulus (Lodd.) Nees as a synonym
(Dutta et al. 2016).
Assam is represented by species, varieties, ecotypes, that
have been cytogenetically less evaluated. Thirty species of
Phlogacanthus is found in the Indo-Malaya region (Deb
1983). Nine species of the genus Phlogacanthus is available in Assam, but only three has been studied cytologically (Boro and Das 2019). The chromosome counts of
the three different species of Phlogacanthus, namely
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P. thrysiﬂorus Nees, P. curviﬂorus (Wall.) Nees and P.
jenkinsii C. B. Clarke reveals 2n=40, respectively (Boro
and Das 2019). Thus, detailed karyomorphology of the two
species namely, P. quadrangularis and P. guttatus have
been undertaken.

Materials and methods
The plant saplings of P. quadrangularis have been collected
from Nambor Reserve Forest, Golaghat-Karbi Anglong
border, Assam during March to April 2019. P. guttatus was
collected from, Kamrup (metro) district, Assam during the
month of April 2019. The plant species were authenticated
by herbarium repositories at Botanical Survey of India (BSI),
Shillong, Meghalaya. Both the species were grown and
maintained in experimental garden of Handique Girls’ College, Guwahati.
The roots for experimentation were collected between
7.25 am to 7.45 am which were pretreated with aqueous
saturated solution of p-dicholorobenzene for 45 min at
4°C±2°C. These roots were ﬁxed in Carnoy’s ﬂuid I (one
part glacial acetic acid and three parts absolute ethyl alcohol,
v/v) for 6 h at room temperature. Root tips were then stored
in 70% ethanol. Hydrolysis was done by incubating the roots
at 0.1 N HCl at 60°C for 7–10 min. Then, washed twice
with distilled water and kept at 45% acetic acid. Then, the
roots were transferred to 2% aceto-carmine or 2% acetoorcein stain and heated gently over a spirit lamp. Roots were
kept in the stain for 1 h 45 min which were later transferred
onto the slides. Root tips were taken and slides were then
prepared by squash technique, observed under a microscope.
Good metaphase stages were selected after observing under
oil immersion (10 x 100x). Images were taken by N-400 M
trinocular microscope (Lawrence and Mayo with Lynx 9 MP
CMOS camera) with image analysing system (ﬁgures 1a and
2a) using 9.0 ScopeImage software for measuring. The
parameters that were considered for karyomorphological
study were length of short arm (s), length of long arm (l),
total length (h), arm ratio (R), relative chromosome length,
radius (r), volume (pr2h), TF% (Huziwara 1962) and centromeric position (Levan et al 1964). The camera lucida
diagrams (ﬁgures 1b and 2b); karyotype (ﬁgures 1c and 2c);
idiogram (ﬁgures 1d and 2d) have been drawn and karyotype table has been prepared (table 1) for the two species.
Also, centromeric gradient (CG), coefﬁcient of variation for
chromosome length (CV) and dispersion index (DI) were
calculated according to Lavania and Srivastava (1992)
(table 2). On the basis of the length, the chromosomes were
categorized into the following types as per karyomorphological study in three species of Phlogacanthus Nees of
Assam (Boro and Das 2019): type A, chromosomes length
2.7 lm and above; type B, chromosomes length from
2.1–2.699 lm; type C, chromosomes length between
1.5–2.099 lm; type D, chromosomes length from

0.9–1.499 lm; type E, chromosomes having length from
0.3–0.899 lm.
The cytological parameters that are used to prepare the
karyotype tables (tables 1&2) are calculated using the following formulas. The arm ratio (R), relative chromosome
length (Khosla and Sobti 1985) and TF% (Huziwara 1962)
were calculated for the summary table (table 1). The CG,
(CV) for chromosome length and DI were also calculated
according to Lavania and Srivastava (1992) for table 2 (SD,
standard deviation).
R¼

Length of the long arm ðlÞ
Length of the short arm ðsÞ

Relative chromosome length
Length of the individual chromosome
 100
¼
Total chromatin length of the diploid set
Total sum of short arm length
 100
TF% ¼
Total sum of the chromosome length
Centromeric gradient ðCGÞ
Length of median short arm
¼
 100
length of median chromosome
Coefficient of variation ðCVÞ for chromosome length
SD
¼
 100
mean
CG  CV
DI ¼
100

Results
The mitotic metaphase in the above mentioned two species
have been obtained by following the original methodology
devised by Sharma and Sharma (1980). The pretreatment
and staining period were standardized for both the species.
The mitotic chromosome counts for P. quadrangularis is
2n= 40 and P. guttatus is 2n=34. There are 10 metacentric,
26 sub-telocentric and four telocentric chromosomes in
P. quadrangularis whereas P. guttatus has 12 metacentric
and 22 sub-telocentric chromosomes. It is also noted that
sub-metacentric chromosomes are absent in P. quadrangularis. P. guttatus does not possess both sub-metacentric and
telocentric chromosomes. The P. quadrangularis shows six
D-type chromosomes and 34 E-type chromosomes; whereas
P. guttatus comprises of four C-type chromosomes, 14
D-type chromosomes and 16 E-type chromosomes. A-type
and B-type chromosomes are absent in both the species.
C-type chromosomes are absent in P. quadrangularis. There
are four telocentric chromosomes which are E-type in
P. quadrangularis having length 0.34 lm.
The radius of these four chromosomes is 0.17 lm. All 26
sub-telocentric chromosomes of P. quadrangularis are
E-type showing length ranging from 0.467 to 0.752 lm and
radius from 0.23 to 0.25 lm. There are four E-type
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Figure 1. Illustrations for karyomorphological work in P. quadrangularis (Hook.) Heine. (a) Microphotograph of somatic chromosomes at
metaphase stage (109 1009 oil immersion); (b) Camera lucida diagram (109 1009 magniﬁcation); (c) Karyotype and (d) idiogram.

Figure 2. Illustrations for karyomorphological work in Phlogacanthus guttatus Nees. (a) Microphotograph of somatic chromosomes at
metaphase stage (109 1009 oil immersion); (b) camera lucida diagram (109 1009 magniﬁcation); (c) karyotype and (d) idiogram.

chromosomes that are metacentric in this species that ranges
from 0.769 to 0.86 lm and radius 0.25 lm. All D-type
chromosomes are metacentric showing radius 0.25 lm and
length between 0.992 and 1.32 lm.

All chromosomes of P. guttatus have radius 0.25 lm. It
has been observed that P. guttatus possesses 16 E-type
chromosomes where all are sub-telocentric. The length
varies from 0.56 to 0.84 lm. There are six D-type
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Taxa

34
6.61±0.012
33.75±0.064
0.99–6.52
0.11–0.368
0.25
0.56–1.87
34

1.66–5.56

29
5.09±0.009
27.18±0.039
0.17–0.25 0.003–0.259 1–?
0.34–1.32
40

1.25–4.85

Table 2. Additional parameters for measure of symmetry vs
asymmetry in two species of Phlogacanthus Nees.

Taxa
P. quadrangularis Hook.
(Heine)
P. guttatus Nees

Karyotype
type

CG

CV

DI

3B

15.39 37.02 5.7

3B

20.16 37.63 7.58

chromosomes which are sub-telocentric, length ranging
between 0.992 and 1.043 lm. This species shows eight
metacentric chromosomes which are D-type having length
between 1.120 and 1.338 lm, four metacentric chromosomes where all are C-type having length ranging from
1.538 to 1.878 lm. In P. guttatus, the value for the total
length and total volume are 33.754±0.064 lm and
6.612±0.012 lm3 which is larger than that of P. quadrangularis 27.18±0.0397 lm and 5.09±0.009 lm3, respectively (table 1). The TF% calculated for P. quadrangularis is
29 and that of P. guttatus is 34 (table1). The type of karyotype, classiﬁed according to Stebbins (1971) is 3B type for
both P. quadrangularis and P. guttatus (table 1). Therefore,
to compare the degree of symmetry vs asymmetry of the two
studied species, three additional parameters were calculated
according to Lavania and Srivastava (1992) (table 2). These
are CG, CV and DI. The CG and CV values calculated for
P. guttatus are 20.16 and 37.63, respectively, which are
higher than the P. quadrangularis which are CG=15.4 and
CV = 37.02. The DI value for the P. quadrangularis is 5.7
and P. guttatus is 7.58, which is higher than the former.

Discussions

P. quadrangularis
Hook. (Heine)
P guttatus Nees

Type of
chromosomes
TF%
Total genomic
volume
chromosome ± SE
Total genomic
chromosome
length±SE
Volume
Arm ratio
(lm3) (pr2h)
(R)
Radius
(lm)
Relative
length (lm)
(r) (lm)
Total
length
(lm) (h)
Chromosome
number (2n)

Range of chromosomes
Table 1. Summary of karyotype analysis in two species of Phlogacanthus Nees.

A0 ? B0 ? C0 m10 ? sm0
? D6 ? E34
? st26 ? t4
A0 ? B0 ? C4 m12 ? sm0
? D14 ? E16
? st22 ? t0
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The present investigation is the ﬁrst attempt on karyomorphological study of P. quadrangularis and P. guttatus. The
karyotype of both the species is asymmetric type, as both
comprises of a large number of sub-telocentric chromosomes
(Stebbins 1971). The TF% is not nearly 50, thus this suggest
that both species have asymmetrical karyotypes. The
somatic chromosome count of the taxon P. quadrangularis
reported in this study is 2n=40, and is alike to the earlier
reports (Boro and Das 2019) from Assam in P. thrysiﬂorus
Nees, P. curviﬂorus (Wall.) Nees and P. jenkinsii C.B. Clarke
as 2n=40. It is to be noted that herbaceous families with
mainly tropical distribution such as Acanthaceae reveals a
series of basic numbers as high as those found in temperate
and tropical woody plants, and also, the entire family and
genera may be uniform in chromosome number (Stebbins
1971). Nevertheless, the P. guttatus have somatic counts
2n=34 which reveals less chromosome number than
P. quadrangularis. It is well established that the general
karyotype reveals evolutionary trend towards increasing
asymmetry and decreasing chromosome number and is also
accompanied by morphological and ecological changes
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(Stebbins 1971; Nabis 2007). Variability in chromosome
number may be due to the addition and loss of repetitive
DNA sequences in a genome’s micro and macro environments during evolution and gets stabilized through gradual
selection (Das et al. 1998; Nabis 2007).
It has been observed that P. quadrangularis and P. guttatus have 3B-type of karyotype (Stebbins 1971). To ﬁnd the
minute differences in their asymmetry, the CG, CV and DI
values were calculated. The CG, CV and DI value of
P. quadrangularis is lower than that of P. guttatus. The
higher the DI value more specialized is the karyotype (Lavania
and Srivastava 1992). The chromosomes in P. guttatus species
are greater in length and larger in volume signifying
advancement in karyo-evolutionary line and therefore genome
of this species is also more specialized.
The habitat of both the species show herbaceous texture
and they are evergreen perennial plants which grow in different forests types of Assam. But P. quadrangularis is small
shrub and P. guttatus is a small undershrub. The telocentric
chromosomes in P. quadrangularis shows that the genome
has undergone some structural modiﬁcation, may be due to
phylogenetic changes occurring in the length of the chromosomes that causes shortening in the size of one of the
arms leading to the change of the centromeric position as
well as reduction in the total length of the chromosomes
(Nabis 2007). The differences in karyotype in different
species may be due to pericentric inversion and unequal
translocations (Stebbins 1971). Therefore, it is concluded
that differences in chromosomes in the two species of
Phlogacanthus Nees may have occurred due to minor
changes of chromosomal repatterning or changes in genes or
gene complexes, which are responsible for genetic variability (Nabis 2007).
The chromosome study of P. quadrangularis and P. guttatus reveal that karyotype is asymmetric because of the
presence of a large number of sub-telocentric chromosomes
with few metacentric chromosomes. Therefore, both the
species have karyomorphological features similar to the
species of the genus Phlogacanthus.
Thus, to understand the relationship of the taxon Phlogacanthus Nees with other taxonomic groups a detailed
karyomorphological study was undertaken. It is also an
established fact that karyomorphological studies help in
identiﬁcation of genetic lines, varieties, species which are
related to morphological variants within the taxon adapted in
different eco-climatic regions. It would also help in developing conservation strategies by establishing germplasm
bank concerned with these genetic resources and will
Corresponding editor: MANOJ PRASAD
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determine the importance and utility, ex-situ conservation,
protection, preservation and regeneration of germplasm of
these plants (Das 2018).
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