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Summary The present paper deals with the detailed cytomorphological study of two Aloe species,
viz., Aloe variegata L. and A. zebrina Baker, by studying both root tip mitosis as well as pollen
mitosis. It was clear from our cytomorphological studies that these two Aloe species reﬂect the
bimodal, asymmetrical karyotype retained within other members of the family Xanthorrhoeaceae.
Although both the species were morphologically very similar and had the same diploid chromosome
number, 2n=2x=14(8 L+6S), they could be differentiated by quantitative parameters of their
karyotypes. It was found that both Aloe species contained the diploid (2n=14) somatic chromosome
numbers with one pair of both satellite and secondary constrictions. The total haploid chromosome
length in Aloe variegata and A. zebrina was noted to be 3168.49 μm and 3193.49 μm, respectively,
and the total forma percentage (TF%) was recorded as 17.99 and 17.42, respectively, which reﬂects
the asymmetric nature of the karyotype. The chromosome number (2n=2x=14) analyzed in root tip
mitosis reﬂecting the diploid karyotype of the two species was also correlated to the number noted in
pollen mitosis (n=x=7). These data add to the information about karyosystematics and could support
inter-speciﬁc relationships.
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Aloe Linn., also known as ʻlily of the desertʼ of the family Xanthorrhoeaceae and subfamily
Asphodeloideae (APG III system 2009), is distributed mainly in South Africa, but can also be
found throughout the world with nearly 500 species.
Aloe variegata L. (Partridge Breast Aloe, Tiger Aloe) is classiﬁed as a dwarf aloe, reaching a
height of no more than 250 mm. This smaller Aloe forms rosettes, and is sometimes found solitary
but often grows in clusters of up to ﬁve or six plants. Its leaves are arranged in three ranks of six to
eight leaves each, are upright with a boat-hull shape (lanceolate-deltoid), are about 150–200 mm
long, have a ridge or keel along the lower surface, are without spines or prickles, and have a
distinct gutter down the middle. The leaf margins have tiny blunt white teeth along the entire length
and are a white color that stands out well against the dark green color of the leaf, which also has
short longitudinally-arranged white spots on the upper and lower surfaces that often line up in
horizontal bands, giving this plant the common name of Tiger Aloe (Fig. 1). Flesh-pink to dull red
ﬂowers in a raceme are 35–45 mm long.
Aloe zebrina Baker (Zebra leaf aloe, Spotted aloe) is a large aloe, reaching a height of 780 mm
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Figs. 1–6.
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1–3) A. variegata showing 2n=14 chromosomes (2), pollen mitosis (3) and 4–6) A. zebrina
showing 2n=14 chromosomes (5), pollen mitosis (6). Scale bar (all)=100 μm.

or more. It is variable, compact and succulent. The succulent leaves of Aloe zebrina are densely
clustered into a rosette and have a slightly channeled upper surface. The colour of the leaves varies
greatly but they are usually green and marked with large oblong whitish spots; the margins are
armed with stout, brown-tipped teeth and the leaf tips are dark red to brown. It has pale but striking
red tubular ﬂowers that occur in rather sparse inﬂorescences (Fig. 4).
Ethno-medicinally, Aloe variegata and A. zebrina have important potential uses as reported in
the literature. Cytological studies in Aloe variegata and A. zebrina are mainly restricted to somatic
counts. Though the chromosomes are fairly large [long chromosomes (L) 308.44–383.38 μm and
short chromosomes (S) 84.21–95.19 μm] with clear stainability, most members of the family
Xanthorrhoeaceae have been karyotyped manually. However, such manual karyotyping may yield
erroneous results on cytomorphological studies due to biased judgments. The present paper
documents karyotype analysis by imaging techniques (Das et al. 2010, Fukui and Kakeda 1990)
that allow accurate numerical data to be obtained from chromosome images (Fukui 1988, Ghosh
and Datta 2006), which is advantageous over manual karyotyping.
Materials and methods
A. variegata and A. zebrina were collected from different localities of Eastern India and
maintained in the garden of the Department of Botany, Calcutta University and of Taki
Government College, West Bengal. Voucher specimens were deposited to the Acharya Jagadish
Chandra Bose Indian Botanic Garden, Shibpur, Howrah, West Bengal, India and the accession
number is AM5(1).
Root tips of suitable size measuring 1–1.5 cm in length of two Aloe species were pretreated
with a saturated solution of para-dichlorobenzene (PDB) for 3 h at 16 C and ﬁxed overnight in
Carnoyʼs solution (3 : 1 absolute ethanol–glacial acetic acid). The ﬁxed root tips were stored in 70%
(v/v) ethanol at 4 C until use. For the preparation of slides, each root tip was washed with distilled
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Figs. 7–8.

Karyogram of A. variegata (7) and A. zebrina (8) representing the diploid set of chromosomes.
Scale bar (all)=100 μm.

Table 1.

Karyomorphological characteristics of Aloe variegata L. and Aloe zebrina Baker

Name of
the species

SCN
(2n)

PL
(x)

KF

CP

RLCL
(μm)

RSCL
(μm)

Aloe variegata L.
Aloe zebrina Baker

14
14

2x
2x

6Sm+8St (2SAT)
4Sm+10St (2SAT)

1
1

337.10–383.38
308.44–363.15

84.21–92.46
85.29–95.19

TCL (μm) TF%
3168.49
3193.20

17.99
17.42

VC
62.92
58.87

Abbreviations: SCN, Somatic chromosome number; PL, Ploidy level; KF, Karyotype formula; CP, Chromosome pairs
with secondary constriction; RLCL, Range of long chromosome length; RSCL, Range of short chromosome length;
TCL, Total chromatin length; TF%, Total forma percentage; VC, Coefﬁcient variation in percentage; SAT, Satellite.

water for 5 min and then treated with 1(N) HCl at room temperature for 5 min. This was followed
by staining with a 1% aceto-orcein : 1(N) HCl mixture (9 : 1) for about 1 h and ﬁnally squashed on
clean grease-free slides (Sharma and Sharma 1980).
Karyotypes were described according to the classiﬁcation and nomenclature of Levan et al.
(1964) and karyograms were also presented accordingly (Figs. 7, 8). Karyomorphological data
prepared for this study was based on at least 20 well scattered metaphase plates per ﬁve root tips
per plant species. Suitable somatic plates were photographed with a Dewinter DM 2000
Microscope with an attached camera at 1000 magniﬁcation. Chromosome images were analyzed
with the help of an image analysis software (Biowizard, Version 4.2) and measured from ﬁve plates
(in each species) in pixel unit. Finally, a photoplate karyogram of each species was prepared with
the help of Adobe Photoshop version 7.0 (Ghosh and Datta 2006). Karyotype details of the two
selected Aloe species have been worked out (Das et al. 2010) and presented in Table 1.
Pollen mitosis of these two species was also studied by smearing fresh, unﬁxed anthers with
2% aceto-carmine solution on clean slides (Sharma and Sharma 1980). When the pollens were
examined under a light microscope, viable pollens were deeply stained as compared to non-viable
ones stained weekly.
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Morphological details of chromosomes from haploid karyotype of Aloe variegata L. and
Aloe zebrina Baker

Name of the
species

Chromosome
group

Total length
(μm)

Short arm
(μm)

Centromeric
index

Centromeric
position

Secondary
constriction

Aloe variegata L.

A
B

380.044
375.864
368.608
337.104
91.514
86.206
84.211
355.902
342.270
311.820
308.440
94.868
85.697
85.299

49.368
68.421
50.083
47.443
25.895
22.331
26.316
50.002
63.158
43.834
50.170
26.447
22.484
21.216

12.990
18.203
13.564
14.073
28.296
25.903
31.250
14.049
18.453
14.057
16.266
27.877
26.237
24.872

St
St
St
St
Sm
Sm
Sm
St
St
St
St
Sm
Sm
St

Present

C
Aloe zebrina Baker

A
B
C
D

Present

Abbreviations: Sm, Submedian region; St, Subterminal region.

Results and discussion
Karyomorphological details of A. variegata and A. zebrine, obtained with the help of Image
Analysis software (Biowizard, Version 4.2), are summarized in Table 1. It was also found that
although the karyotypes of A. variegata and A. zebrina were very similar in basic chromosome
number, comprising seven (x=7) chromosomes out of which four were long (L) and three were
short (S), they could be separated mainly based on chromosome number, chromosome length, and
type and absence or presence of satellites (if present, then the number and position) on the
chromosomes.
Karyotype analysis of Aloe variegata
The diploid chromosome number of A. variegata was 2n=2x=14 [8 L+6S] (Fig. 2). The
karyotype was bimodal and asymmetrical with four long (L) and three short (S) pairs of
chromosomes. The length of the long (L) chromosomes ranged from 337.11 to 383.38 μm, and that
of the short (S) ones ranged from 84.21 to 92.46 μm. The total chromatin length was 3168.49 μm
and the total forma percentage (TF%) was 17.99. The karyotypic formula was 2n=2x=14=6Sm+8St
(2SAT), consisting of six submedian region and eight subtelocentric region chromosomes. One pair
each of satellite and secondary constrictions was seen on the long arm of long chromosomes of the
diploid karyotype.
Pollen mitosis in this species also revealed the expected haploid chromosome number, n=7,
and the bimodal chromosome type (Fig. 3). Seven prominent, regular bivalent (II) pairings were
found from pollen mother cells (PMC); four bivalent pairings were larger (L), ranging from 337.10
to 380.04 μm, and three bivalent pairings were shorter (S), ranging from about 84.21 to 91.51 μm.
Karyotype analysis of Aloe zebrina
The somatic chromosome number of A. zebrina was 2n=2x=14 [8 L+6S] (Fig. 5). The
karyotype was also bimodal and asymmetrical, and consisted of four long (L) and three short (S)
pairs of chromosomes. The length of the long chromosomes ranged from 308.44 to 363.15 μm,
while that of the short ones ranged from 85.29 to 95.19 μm. The total chromatin length in this
species was 3193.20 μm and the total forma percentage (TF%) was 17.42. The karyotypic formula
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was 2n=2x=14=4Sm+10St (2SAT), consisting of four submedian region and six subtelocentric
region types of centromeres. One pair each of satellite and secondary constrictions was also found
on the long arm of long chromosomes of the somatic chromosome complements.
Pollen mitosis in this species revealed the expected haploid chromosome number, n=7, and the
bimodal chromosome type (Fig. 6). Seven prominent, regular bivalent (II) pairings were observed
from pollen mother cells (PMC); four bivalent pairings were larger (L), ranging from 43.83 to
63.15 μm, and three bivalent pairings were shorter, ranging from about 21.21 to 26.44 μm.
Chromosomes of all the members of the family Xanthorrhoeaceae under the tribe Aloineae
showed a remarkable similarity and consistency in their extremely bimodal, asymmetric karyotype
(Cutler et al. 1980). The importance of existing clear-cut demarcation into large (L) and small (S)
chromosomes in the karyotype was not clearly understood, probably due to the integrity of the
tribe. Karyotype asymmetry was explained by shifting of the centromeric position from median to
submedian and subterminal region or through differences in relative size between individual
chromosomes.
Cytological studies conﬁrmed that the somatic chromosome number of both A. variegata and
A. zebrina was 2n=2x=14 [8 L+6S] as reported previously. Evidently, it was very clear from the
karyological data that diploid A. zebrina had a typical bimodal, asymmetric karyotype with both the
long and short chromosomes comparatively larger than that of the diploid A. variegata. It should
also be pointed out that somatic chromosome complements of both A. variegata and A. zebrina
possessed two satellites (2SAT) each attached to the long arm of two long chromosomes and one
pair of secondary constrictions (Figs. 2, 5).
Karyotypic differences were observed regarding chromosome length, total chromatin length
(TCL), total frequency percent (TF%), etc. among the types studied. The largest chromosome
lengths of the long (L) and short (S) chromosomes were found to be 383.38 μm and 92.46 μm in A.
variegate, respectively, and 363.15 μm and 95.19 μm in A. zebrine, respectively. The highest total
frequency percent was found to be 17.99 in A. variegata and the lowest was 17.42 in A. zebrina.
Hence, A. zebrina with a greater chromatin length (3193.20 μm) and smaller TF% (17.42) is more
advanced than A. variegata having a smaller total chromatin length (3168.49 μm) and greater TF%
(17.99). Such reduction in chromatin length might be due to the erosion of chromatid parts during
the course of evolution. Moreover, beacause the percentages of coefﬁcient of variation (cv) of the
two Aloe species studied (Table 1) reﬂect an almost similar tendency, these species are closely
related. Asymmetric karyotypes in higher plants are considered to occur in more evolutionarily
advanced taxa (Vij et al. 1980, Vosa 1981, Vijayavalli and Mathew 1990). Therefore, higher
asymmetry is indicative of the advanced nature of the species. Hence, further detailed molecular
cytogenetical studies may shed light on the karyomorphological dissimilarities among the different
species of Aloe Linn.
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