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Abstract

Quantitative karyotypic analysis in five taxa of Aloe (taxa -1, 2, 3 and 4 with 2n=14 but taxon-5 with
2n=4X=28) revealed differences in chromosome length, total chromatin length (TCL) and total frequency
(TF%). The identified chromosome pairs were I, II, IV, V, VI, VII in taxon-1; I, I, IV, V, VI, VII in'taxon-2;
1, 111, V, VI in taxon-3; I, I, IV, V, VI, VII in taxon-4 and II, IV, V, VI, VII, IX, X, X1, XIII, XIV in taxon-
5. Unidentified chromosomes were allocated to different morphological classes based on probabilistic
inferences. Only the sub median (Sm) and sub terminal (St) chromosomes were observed. The proposed
standard karyotype were 3M™'+1S,'843S,*" for taxon-1, ILS43M*438,™ for taxon-2, 2L*'%+
IMU1S, 57428, %57 for taxon-3, 3L IM'S438,’™ for taxon-4 and 3M*'+5S,**'+68,%" for taxon-5

Keywords: Karyotype, Aloe.

INTRODUCTION

Aloe (Aloaceae) with approximately 300 species is
native to Africa, Madagascar and Arabia. Most
species are diploid (2n=14), although a few are
tetraploid and one is hexaploid (Brandham, 1971).
Almost all the Aloaceae members are reported to
have the bimodal karyotype and at the same time
large heterozygous translocation have been found in

natural populations (Brandham, 1976).

The highest degree of karyotypic orthoselection is

found to occur in the African family Aloaceae.

Although the basic karyotype is uniform in the
family, major structural changes to the chromosomes
are reported due to Robertsonian fusions, large
translocations and other types of interchanges
(Brandham, 1974; Riley and Majumdar, 1979).
These were shown to occur in collected plants
(Brandham, 1976) and also have been produced in
cultivated Aloaceae by inbreeding the heterozygotes
(Brandham, 1983). So a good number of cytological
works have been done on Aloe by several workers

such as Sato (1937, 1942), Marshak (1934) and
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ding quantitative karyotypic variation in five

MATERIALS AND METHODS

Five taxa of Aloe L. (taxon-1,2,3.4 and 5) were
collected from the Medicinal Garden, Natore and
also from the Botanical Rajshahi
University and were transplanted in carthen plots.

Garden,

For karyotypic study, the root tips were collected at
about 11.00-11.30 am during the months of
December 1o February, The young root tips (I-1.5
cm) were cut by a clean blade and treated with
0,002M 8-hydroxyquinoline in vials for 3-3.5 hour
at 4°C. The treated root tips were thoroughly
washed by distilled water and were fixed in 1:3
aceto-alcohol for 48 hours at room temperature
and then preserved in 70% ethanol at 4°C in
refrigerator. Staining of root tip chromosomes was
done by haematoxylin method. Temporary slides
using (0.5% acetocarmine) were examined under a

compound microscope with 40X16 magnification

and chromosomes were  measured from
photomicrographs, Chromosomes were classified

according to Levan ef al. (1964) as

e 1596 <X <= large chromosome (L),
e 11.58<X <1595 =medium (M),
o 7.20<X <1557 = relatively short (S;) and

e <X <7.19= short chromosome (S).
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al. (1983) with some modification. The standard
karyolype proposed for five taxa of Aloe were
derived on the basis of centromeric formula, range
and average chromatin length per chromosome. The
total frequency (TF%) was calculated using the
formula of Huziwara (1962). In case of chromosome
morphology, uniformity regarding degree of
contraction of chromosomes in the studied three
cells were determined by comparing haploid total
length of all the chromosomes in each cell of cach
taxa and standardized haploid length for three cells
and chromosomes distribution in both of them were
determined. The process was repeated for each of
the three cells under study. The similarity and
homogeneity of the distribution of chromosomal
morphology in three cells were tested by using a
contingency table incorporating chromosome length
and arm ratio classes. The nonsignificant X values
indicated the chromosome to be homogenous for

the frequency of haploid length and arm ratio

classes.

In case of chromosome identification, the three
points representing the haploid homologues of each
chromosome should cluster closely and such cluster
must contain one point from each studied cells (A,
B, C). For each of the identified groups
(chromosomes) of different cells, the mean (i),
standard error (SE) and coefficient of variation
percentage (CV%) were determined for length and
arm ratio using the diploid values. The chromosomal

groups of three points indicated the numbers of

“distinet individually identifiable chromosomes in

each taxa. On the other hand, the groups of seven
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from each other but identifiable from the rest.

RESULTS AND DISCUSSION

Chromosome morphology

The karvotype analvsis of five taxa of Aloe revealed
that all the taxa had x=7 and confirmed to be 2n=14
in diploid types (taxa-1.2.3 and 4) and 2n=4X=28 in
fetraploid types (taxon-5).
found by Fedorov (1969), Moore (1973) and Sapre
(1978).

Similar results were

Representative complements at desirable stage of
contraction are shown in Figs. 1-5. Lengths and arm
ratios of the respective chromosome complements of
the five taxa plotted on separate scatter diagrams are
shown in Figs. 6-10. Homologous chromosomes

were circled on the scatter diagram,

The chromosomes of haploid complements were
numbered in decreasing order of length and
increasing order of arm ratio within the same length
(Rhoades,
differed and the differences were observed regarding

1955). Morphology of chromosomes

chromosome length, total chromatin length (TCL),
centrometic  position and chromosome type in both

the taxa of Alve.

Quantitative method was applied to develop a
standard

chromosome complements of the five taxa were

karyotype. Comparison  between

made based on the distribution of identified
chromosomes. The chromosomes may not always
have the same total length (Sindhu er al, 1982)
because of variation from cell to cell and differences
due to fixation. Major changes regarding
morphology of the chromosomes are associated with
the cell division process (Wilson and Morrison,

1973).

Figures 1-5: Metaphase plates (Ca 640x) used for quantitative karyotype analysis in five taxa of Aloe.
1. Taxon-1, 2. Taxon-2, 3. Taxon-3, 4. Taxon-4 and 5. Taxon-5.
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This sort of investigation is important for
understanding  the
interrelationship and evolutionary trends (Bhatt and
Dasgupta, 1976; Mehra and Choda, 1978; Feden,

1980).

generic  or  species

Chromosome identification

Corresponding  chromosomes  in  different
complements were determined through grouping

technique applied to combined scatter diagram for

the three haploid complements involving 21

chromosome for taxon-1, 2, 3 and 4, and 42
chromosomes for taxon-5 and these are given in

Figures 11-15.

Each point in scatter diagram represented the

chromosome in particular  haploid

specific a
complement. Three different symbols A, B, C
represented the studied cells and numbering 1-7
(taxon-1,2,3,4) and 1-14 (Taxa-5) for the individual
chromosome. The numbers of identified
chromosomes were found to be 6 in taxa-1 and 4,
and 4 in taxa-3. All of the chromosomes were
identifiable in taxa-2 and ten chromosomes were
identified in taxa-5. The mean values of identified
chromosomes among five taxa were found to be
highest (19.89 [Im) in taxa-2 and lowest (2.82 [Im)
in taxa-5. Mean values for identified chromosomes
with standard error and CV% are given in Tables 1-
6 and ideograms of five taxa are given in Figures

16-20.

Unidentified chromosomes and their allocation

All chromosomes in three haploid components were
classified in different morphological categories on
the basis of total length and arm ratio within

the length classes. The class interval 4.375um for
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length was chosen arbitrarily and the range for arm
ratio as recommended by Kutarekar and Wanjari

(1983)

superimposed on the scatter diagram of the haploid

were used,  This classification  was
complements as a grid of length and arm ratio

classes.

Standard length was used in plotting which resulted
in vertical displacement of the points in the
combined scatter diagram. The mean of the groups
of identified chromosomes in the scatter diagram did
not change as a result of standardization. The
unidentified chromosomes were distributed to the
various morphological classes using probabilistic

inferences on:

a. the frequency of chromosomes in a given
cell per haploid set,
b. occurrence of points in the combined scatter

diagram and

o

the examination of the original total length

and arm ratio of the chromosomes.

All the 7 and 14 haploid chromosome complements
were numbered in decreasing order of total length
and increasing order of arm ratio within each length
classes following the convention of Rhoades

(1955). These numbers were used as the

identification of each chromosome. The allocations
of unidentified chromosomes of each taxon are

given in Tables 7-11.

Chromosome frequency in a given class per haploid
set (L=Large, M=Medium, S,=Relatively short and
S;=Short). The symbol for the identified
chromosomes were placed using the mean values

for length and arm ratio, and for unidentified
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Data regarding chromosome morphology, i.e. chromatin length (TCL), TF% and chromosome

length, arm ratio, relative length, TCL%, TF%, type. But there was no variation in centromeric
position and chromosome types were recorded position in the four diploid taxa, which represented
(Table 12). Morphological features of the proposed always 4 sub-terminal (St) and 3 sub-median (Sm)
standard karyotypic formula of the five taxa of Aloe pairs of chromosomes. On the other hand, the
are summarized in Table 13. The chromosomes of tetraploid taxa represented 8 sub-terminal (St) and 6
the five taxa in the present investigation were found sub-median (Sm) pairs of chromosome, which is

to differ from each other regarding length, total exactly double to the diploid ones.
an.
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considered as most advanced type. Based on other

parameter (morphology. St, TF%) taxon-4 was
found also to show its less advanceness while taxon-
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Figures 11-15: Combimed scatter
diagram of the 14 (fourteen) haploid
chromosome values from each of the
three cells of Aloe. (Group boundaries
drawn around those chromosomes
were recognizably homologous from
cach of three cells. 11. Taxon-1, 12.
Taxon-2, 13. Taxon-3, 14. Taxon-4
and 15. Taxon-%).
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Figures 16-20: Ideograms of identified chromosomes in taxon-1 (16), taxon-2 (17), taxon-3 (18),
taxon-4 (19) and taxon-5 (20) of Aloe.
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On the other hand, TF% is considered for indicating
the primitive and advanced nature. Taxon-4 and |
showed the highest TI% (22.64% and 21.28%) and
from this point of view they may be considered as
the less advanced type. Taxon-5 showed the lowest
TH% (19.20%) and it may be considered as the most
advanced type.

Taxon-5 which have been found to show 2n=4X~28
chromosomes and considered as the tetraploid. But
it did not show such morphologically zygous
characters as polyploddy indicates. From that point
of view, this taxon-5 may be treated as allotetraploid
and might have originated by natural crossing of two

Table 1. Haploid complement length and chromosome
distribution in five taxa of Aloe.

Haplowd total comploment
longth (um) in five o of  pegn SUdard
Taxa Aloe of three different = ot CV%
mctaphase plates (X)
Acell Beell Ceell

x' valve

(+ SE)

I 6054 6052 6001 6036 0.142 0406 0001014

2 8402 8435 K3E) M07 0124 0256 0.000549

I ORM 22 N2 224 0009 0020 0.0000324

4 %723 K721 8716 8720 0017 0034 0.0000099

5 10880 10859 10884 10884 0021 0034 00000125

Warl ef af

or more Aloe species, Polyploidy in the Aloe has
been attributed 1o hybridization (Snoad, 1951,
Brandham, 1971).

The structural changes of chromosomes have
played an important role in evolution of Aloe
species but studying their karyotype in the present
study it may be mentioned that the structural
changes did not change the karyotype in such
significant
karyotypic study also indicates that chromosome

repattering coupled with gene mutations and that

manner. However, the present

have played a major role in the evolution and

speciation of the genus Aloe.

Table 2. Mcan length and arm ratio of the identified
chromosome in taxon-1 of Aloe.

" O

[N~ g

i 8 E B g Total chromosome Avet railo

' § g E é length

X +SE CV% X +SE CV%

I St 1328 0.128 167 456 0.147 558
n St 1251 0194 269 . 39 0111 403
m St 11.57 0073 1.09 482  0.091 330

v Sm 423 0066 2.72 226 0.149 1140
v Sm 411 0043 184 1.63 0027 289

vi Sm 375 000 0.00 ‘ 2.00 0.00 0.00

Table 3. Mean length and arm ratio of the identified

Table 4. Mean length and arm ratio of the identified

chromosome in taxon-2 of Aloe. chromosome in taxon-3 of Aloe.
-4 Total chromosome E = Total chromosome :
E s Jength Arm ratio 2g % length Arm ratio
g © § g o
e X S8 Cv% X 1S Cv% "ag X +38 €™ X +SE CV%
z 4
i St 1989 0160 » 47 0108 in
| St 1607 0246 266 4.9 0.087 3.06
n St 1584 0425 464 534 0174 565
m S 154 o010 1122 361 0137 65 U St 1467 0163 192 45 00% 343
1w St 1475 0425 49 645 0098 263
v Sm 674 0146 3176 248 .D.IGS 730 m Sm 730 0343 8 W4 259 0054 364
vi Sm 637 0083 226 213 009 645
VI Sm  S11 0332 1129 198 0641 560 v Sm 3536 0040 132 243 0027 194

'
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Table 5. Mean length and arm ratio of the identified Table 6. Mcan length and arm ratio of the identified

chromosome in taxon-4 of Aloe. chromosome in taxon-5 of Aloe.

o Total chromosome : - Total chromosome .

o = o E

!‘; g g length Arm ratio gv : g length Arm ratio

E 3| E

"SE E X +SE CV% X 4+SE Cv% X 4SE CV% X  +SE CV%

]

ot é

1 St 1817 0365 348 4.16 0167 696 1 St 1176 0349 514 494 0076 264
n St 1125 0075 116 621 0047 131

n St 1806 0120 LIS 330 0085 451 m St 1063 0073 120 465 0040 149

St 1050 0071 131 50 0.050 151

m St 1589 0113 123 392 0083 366
St 1010 0084 145 548 0054 172

Sm 421 0159 656 237 0128 935

] Sa 370 0038 178 196 0030 265
v Sm 5.80 0287 858 231 0015 869 Vil  Sm 355 0087 425 72 0024 247
IX Sm 313 000 000 233 000 000

X Sm 28 000 000 200 000 000

v Sm 595 0263 767 1.85 0.130 1218

S5 S <

Vi Sm 547 0123 392 199 0003 024

Table 7. Allocation of unidentified chromosomes in taxon- 1 of Aloe.

: : z
2 ° § n .9' “?”B -g_ﬁg 5 n " "co'-‘ = S =»
) o o 2 = : o
£ g e EE BeRs Sac Sen gEE 3 SE SE
e o 3 = 2 e2a 822%° 5 E® = 2 S — 2 ]
= S Hioid "o-a-oog"’:o =3 S o T o
- 2% 85 FE< §E8 C84 838E SE . E EE
: £ © BEp gy %8t ies E§ i 95
g: & E ok g S a 2 _g 98. =35 =35 E o 2 o
— = ° o
3.01<Y<7.0 0 0 0 0 0
Large (L) 1596X  Ysicvzo 0 0 0 0 0
5 3.01<Y<7.0 9 30 2(Sy) 1(St) 3
Medium (M) 11.58<X<IS95 g =210 0 P o o ° LIS LILII(S)
Relatively 3.01<Y<70 3 1.0 1(St) 0 1
Bat(s) | S Yisivan ¢ 0 0 0 0 0 V(sY) V(SY)
3.01<Y<7.0 0 0 0 0 0
Short(Sy)  28ISXST19 g oy 9 30 3(Sm) ° 3 V.VLVI(Sm) V. VLVI(Sm)
21 70 6.0 1.0 70
Table 8. Allocation of unidentified chromosomes in taxon-2 of Aloe.
L o
g " 5 &
8 n 8 ‘E E_ B = “6 " " k= &
o L S = [ ; o o e ° 9 c
£ S e2 EF= 2%z §EE 3§ 2% 5% 3
3 §8 Bt 33% §§F sif i4F EE i 35
@* o ~Eg= o E b= a
& - § g Jalzly EE T8 PR s 3%
& G o
3.01<Y<7.0 4 133 1(St) 0 1 ) )
Large (L) 159X 5iys0 0 0 0 0 0
s 3.01<Y<70 8 267 3(S1) 0 3
Medium (M)  11.58<X<15.95 151<Y<3.0 0 0 0 0 0 TLILIV(SY) TLIILIV(SY)
Relatively St 3.01<Y<7.0 0 0 0 0 0
short (S;) i SIS sisyss0 0 0 0 0 0
Short s . 3.01<Y<7.0 0 0 0 0 0
(S2) 281<X<7.19 1.51<Y<3.0 9 3.0 3(Sm) 0 3 V.VLVISm) V,VLVIi(Sm)
21 7.0 70 0 70

-41-



Bari et al.

Table 9. Allocation of unidentified chromosomes in taxon-3 of Alve.
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Table 10.  Allocation of unidentified chromosomes in taxon-4 of Aloe.
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Allocation of unidentified chromosomes in taxon-5 of Aloe.

Table 11.
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Table 12. Analysis of length, arm ratio, relative length, TCL%, TF%, centromeric position and chromosome type in five

taxa of Aloe.
Taxa Characlers | 1l 11 v v Vi Vil
Long arm length (um) 10.89 9.95 9.69 9.58 293 2.55 2.50
E Short arm length (pm) 2.40 2.56 1.94 1.99 1.30 1.56 1.25
g Total arm length (um) 13.28 12,51 11.63 11.57 423 4.11 3.75
-g g § Arm ratio 4.56 3.90 5.01 4.82 226 1.63 2.00
K § T | Relative chromosome length (um) 10000 94.20 87.58 87.12 31.85 30.95 28.24
'*n:; TCL% 21.74 20.48 19.04 18.94 6.93 6.73 6.14
§ Centromeric position St St St St Sm Sm Sm
Chromo-some type M M M S S; S Sz
. Long arm length (um) 5SS 01 1277 4.80 4.33 3.39
% Short arm length (um) 3.34 2.50 3.34 1.98 1.94 2.04 1.72
_g Total arm length (um) 18.89 15.84 15.34 14.75 6.74 6.37 5.11
2 g 3 Arm ratio 4.97 5.34 3.61 6.45 2.48 2.13 1.98
E § = Relative chromosome length (um)  100.00 83.85 81.21 78.08 35.68 33.72 27.05
g TCL% 22.75 19.08 18.47 17.76 8.12 7.67 6.15
al\l: Centromeric position St St St St Sm Sm Sm
) Chromo-some type L M M M S, S, S,
Long arm length (um) 15.60 12.70 12.01 11.80 5.26 3.80 3.65
- Biet s fength (i) 3.23 271 2.66 271 2.04 1.56 1.67
_g Total arm length (jum) 18.83 16.07 14.67 14.51 7.30 5.36 5.31
y g 2 Arm ratio 5.00 4.94 4.53 4.43 2.59 243 229
E § B R lative chromosome length (um)  100.00 85.34 7791 77.06 38.77 28.41 28.20
% TCL% 22.95 19.59 17.89 17.68 8.90 6.86 6.47
§ Centromeric position St St St St Sm Sm Sm
Chromo-some type L L M M S S; S,
Long arm length (um) 14.63 13.85 14.79 12.66 3.86 4.05 3.65
-;E Short arm length (um) 3.54 421 3.10 3.23 2.09 1.75 1.83
% Total arm length (um) 18.17 18.06 17.89 15.89 5.95 5.80 5.47
?é g 9 Arm ratio 4.16 330 4.80 3.92 1.85 231 1.99
B 8% R elative chwomosome length (um)  100.00 9939 9846 87.45 32.75 31.92 30.10
g TCL% 20.83 20.70 20.50 18.22 6.82 6.65 6.27
é Centromeric position St St St St Sm Sm Sm
Chromo-some type L L L M S, S, S,
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Continued Table 12.
Taxa Charscters | L o hE At ae i AV e A0 (T | e BRI ‘EES 4 B85 0 | £ 411 5, 1)
Long arm length (um) 1062 978 9.66 969 875 894 854 778 296 245 224 243 219 188
0
g Short arm length (um) 167 198 208 156 188 156 156 188 125 125 130 1.04 094 094
]
E Total arm length (um) 1229 11.76 1174 1125 1063 1050 1010 9.66 421 370 355 347 313 282
T Arm ratio 638 494 472 621 465 573 548 417 237 196 172 238 233 200
[+
[}
Eg Relative chromosome 100,00 9567 95.52 91.54 8649 8544 8218 78.60 34.26 2929 28.89 2823 2547 2295
& length (um)
= TCL% 11.29 1081 10.79 1034 9.77 965 938 888 387 340 326 319 288 259
o
I | Centromeric position St St St St St St St St Sm Sm Sm Sm Sm Sm
&
S| Chromosometype M M M S§ § § & & 8 S & & 80§
Table 13.  Proposed standard karyotypic formula in five taxa of Aloe.
Total no. of Total no. of Proposed
Chy some types )
N f the ;,‘;::I :; ‘:d identified unidentified i typ standard Proposed karyotypic
amt:x‘; ‘: chromosome per  chromosome per karyopype of formula
e haploid set haploidst. L M S, S, total haploid set
Taxon-1 n=7 6 1 0= 53001703 3Sm+4St IMP41S, '5435,35"
Taxon -2 n=7 7 0 I - U8 oi0ia 13 3Sm+4St IL'S43M™'438,5"
Taxon -3 n= 4 3 A e ) 3Sm+4St 2LB4IM™4 18, 5428,
Taxon -4 n= 6 1 3 1 500 53 3Sm+4St 3LSHIMS43s, 5
Taxon-5  n=I4 10 4 0 2 345" 176 6Sm+8St 3IMPH458, 468,55
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