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Karyotype analysis in three cultivated varieties (cv.TV23, TV-25 and TV-26) of tea (Camellia sinensis)
has been investigated for their characterization. Cultivated Camellia sinensis form a stable polyploid
series with a basic chromosome number of 15. The majority of the cultivated Camellia species are
diploid (2n=30). The taxa are characterized by a gradate karyotype with median to nearly terminal
medium sized chromosome. The chromosomes varies in.length ranging from 2.1um to 4.2pm.
Microchromosome or B-chromosome is found in TV-25 among the three cultivars. The presence of 3
pairs of nucleolar chromosomes is the characteristics of the two out of three cultivars of C. sinensis

namely TV-23, and TV-25. As many as 5 pairs of such chromosome characterize the cultivar TV-26,
which also has the highest value of total chromatin material. .
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Introduction A
Cultivated tea (Camellia sinensis) has been maintained
for centuries, by vegetative propagation. An immense
heterogeneity is existing in the commercial tea populations,
because of the polymorphic origin of the latter. Cultivated
tea generally is a mixture of species of tea Camellia sinensis
(L) O. Kuntze (China type); Camellia assantica Shneider
(Assam type) and Cammellia assamica sub-species
lasiocalyx (Cambod type), and other species of Camellia,
including those fall outside the purview of Thea section.
Most of the cultivated tea of the world are diploid
2n=30 and highly heterogeneous as a result of free natural
hybridization between geographical races during
cultivation. Moreover, continued development and release
of cultivated varieties have added to the genomic diversity
of commercial tea. A survey of literature clearly indicates
the highly inadequate state of knowledge regarding
cytogenetic situation in tea species and varieties. Except
some stag reports of chromosome number'* no serious
and systematic attempts have been made for gaining
detailed information about the genomic constitution of
cultivated teas.

Camellia sinensis in wild condition is an

evergreen tree attaining a height of 15-25m, but under
cultivation the plants are maintained as amuch branched
shrubby bush, about 0.5 m to 1.6 m in height. Stem
internodes length varies between 2.1 to 6.5 cm. Leaves
evergreen simple, alternate, exstipulate; elliptic, oblong,
serrate, acute at both ends or cuspidate acuminate at apex.
Flowers are solitary, axillary, often in a cluster of 2-4 bisexual,

about 3 cm in diameter, white in colour, bracteate, bracts

.2-3, small. Sepals are 5-6 innumber, unequal orbicular,

glabrous, with membranous ciliate margin. Petals white,
5-6, broadly obovate, slightly coherent at a base, about
1.5 cmlong and 1 cm in diameter. Stamens many in several
whorls, 5-12 of the inner most whorl free, others unite to
form a monadellonous ring, adnate to the base of the petals,
about 1 cm long, yellow in colour. Ovary superior, 3-5
celled with 4-5 pendulous ovules on each cell, styles 3-5,
united upto 2/3" of their length. Fruit a loculicidal capsule,
trigonous, with leathery pericarp. Seeds 1-2 in each cell of
the fruit, 1.5 — 2 cm in diameter, globose or obtusely angled,
pale-brown and smooth.

Recently a detailed and comprehensive survey
of genomic constitution in the existing commercial cultivars
of tea growing in this Northern part of India has been
initiated by so many researchers. The importance of
karyotype study in establishing phylet%relationship and
evolutionary trends is well recognized . With the aid of
improved chromosomie techniques it has been possible to
work out the chromosog;%l basis of intervarietal or even
inter-strain differences . In the present investigation
chromosomal analysis in the somatic chromosome
complement has been undertaken involving three
cultivated varieties of tea to characterize the tea cultivars
on the basis of karyotype analysis.

Materials and Methods

The present investigation deals with some high yielding
clonal varieties of Assam tea developed and released by
Tea Research Association. The clones such as TV-23,
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TV-25, TV-26 are Tocklai released high yielding vegetative
clones considered for chromosome analysis in the present
report.

Somatic chromosome technique: - The actively growing

youngest leaf about 1 cm in length, light green in colour, .

with less epidermal hairs and calcium oxalate crystals were
taken for chromosome studies. The leaf cut into suitable
pieces were pretreated in aqueous saturated solution of
p-dichlorobenzene for 3h at 12°C — 16°C with-an initial
treatment at 0°C—4°C for 10 min, followed by washing in
distilled water. The materials were transferred to a mixture
of propionic acid, chloroform and ethanol in the proportion
of 1:3:6 for fixation and removal of chlorophyll pigments.
Following overnight fixation a part of the material
was stored in 70% ethanol for further studies. Following
pre-treatment and fixation, the materials were warmed to
steaming over a small flame for 10-15 min in a mixture of 1

N'HC1 1 part and 2% orcein in 45% propionic acid 9 parts,

kept as such for 45 min, and then separated small leaf
tissues were squashed on dry grease free and clean slides
in 1% carmine in 45% propionic acid solution. The slides
were made permanent on the following day by detachment
of the cover glass and dehydration in alcohol grades and
mounted in DPX.
Results and Discussion
Somatic chromosome analysis has been made in three
cultivars of Tea. The cultivars TV-23, TV-25, TV-26, consist
of 30 chromosomes in their somatic complements. The
taxa are characterized by a gradate karyotype with median
to nearly terminal medium sized chromosome varying in
length from 2.1pum to 4.2um. Micro-chromosome or B
chromosome is found in cultivar TV-25 only.
Centromeric index (F%), total centromeric index
(TF%), disparity index (DI) and total haploid chromolsome
length (TCL) were calculated as given by Huziwara :

F% =Shortarm length of the chromosome , 4¢

Total length of the chromosome

TF%= Total sum of shortarm lengths ___, 100

Total sum of chromosome lengths -

D =Longestchromosome length (-) shortest chromosome length 100
: Total length of largest and shortest chromosome

On the basis of the position of centromere/
secondary constriction as indicated by their R, ratio, where
R, =(Long arm length/short arm length), and length of the
chromosomes, different chromosome types have been
characterized. For precise determination of centromeric
location and posmon of secondary constriction the method
of Adhlkary has been adopted in general. The
chromosome types encountered in the taxa studied have
been described under the following main groups-
Karyotype Analysis:
Type A: Comparatively long chromosomes (4.2 ymto 2.8
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pum) each with two constrictions, primary and secondary,
one of them nearly median (nM) and the other nearly sub-
terminal (nST).

Type B: Medium to small chromosomes (2.8 um) with
median (M) centromeric constriction.

Type C: Medium sized chromosomes (3.54pum) with nearly
submedian (nSM) centromeric construction.

Type D: Medium to small chromosomes (2.8pm) with nearly
subterminal (nST) centromeric constriction.

Type E: Medium to small chromosomes (2.1 um) with nearly
terminal (nT) centromeric constriction.

The detailed karyotype analysis of the three
cultivated varieties of tea viz-TV-23, TV-25 and TV-26 are
summarized in the Table-1a, b, and c, respectively.
Camellia sinensis cv TV-23
Karyotype formula, 2n=30=A3+B3+C4 + D3 + E2.
The somatic complement of the taxon possesses 3 pair of
chromosomes with secondary constructions (Fig.2). The
chromosomes are medium sized varying in length from
2.8um to 2.1pm, Total centromeric index (TF %), disparity
index (DI) and total haploid chromosome length (TCL) are
51.08,29.41, 39. 90um respectively.

Camellia sinensis cv. TV-25
Karyotype formula, 2n=30=A3 +B5+C2+D2 +E3.

. The.somatic complement.of the taxon possesses 3 pair of

chromcsomes with secondary constrictions (Fig.3). The
chromosomes are median to small sized with nearly terminal
inTengths 2.1um to 3.1um. Total centromeric indix (TF%),
disparity index (DI) and total haploid chromosome length
(TCL) are 38.67 ,20.00, 35.35 um respectively.
Camellia sinensis cv.TV-26
Karyotype formula, 2n=30= A5, B5, C2, D3, EO.
The somatic complement of the taxon posses 5 pair of
chromosomes with secondary constrictions (Fig. 1). The
chromosomes are medium to small chromosome sized
varying in lengths 3.15um to2.8um. Total centromeric index
(TF%), disparity index (DI) and total haploid chromosome
length (TCL) are 37.03, 20.00, 48.3pum respectively.

The chromosomal analysis in tea has been carried
out with a view to gaining insight into the cytogenetic

situation in three cultivars, TV-23, TV-25, and TV-26 of

Camellia sinensis. The taxon reveals 30 chromosomes in
their somatic complements”. The present observation
strengthens the concept of numerical uniformity in the
chromosome complement in so far cytologxcal investigated
diploid members of Camellia sinensis .

A distinct similarity is noted in general

~'morphology of chromosome of the investigated cultivars.

The homogeneity is represented not only in the numerical
uniformity and gross structural similarities of
chromosomes, but also in the significant coincidence of
total chromatin material between the members.



J. Phytol. Res. 19(2) : 203-207, 2006 205

= - . i D c 8 B
Fiz. 1. Photomicrograph showing 2n=30 chromosomes in  Fig. 2a. Showing the karyotype of the Camellia sinensis

€

e somatic complement of Camellia sinensis cv.TV-26. cv. TV-23, 2n=30 (above) and Idiogram of the same (below).

Fig. 2b. Showing the karyotype of the éamellia sinensis
cv. TV-25, 2n=30 (above) and Idiogram of the same (below).

Fi’g.z. Photomicrap showg 2n=30 chromsomes in
the somatic complement of Camellia sinensis cv.TV-23.

Fig.3. Phoomicrgrap showig 2n=30rosos in Fi;. 2c S]ﬁwing e kbtypé of the Camellia sinensis
the somatic complement of Camellia sinensis cv.TV-25. cv. TV-26, 2n=30 (above) and Idiogram of the same (below).
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Table 1a. Salient karyotypic features of Camellia sinensis cv. TV-23.

Type No. of Chromosome fen "% Special
Chromosome Pair| Longarm (um) | Short arm (um) | Total length (um) features
A 3 2.80-2.45 1.050.7 385-315 | 2727-2222 | 'nST ¢
B 3 14-1.05 14-1.05 28-21 000 | M
C .. 4 14 1.05 245 4285 nM
D 3 1.75 1.05 2.80 3750 nSM
E 2 14 07 210 3333 nSM

Karyotype formula: A3 + B3 +C4+d3 + E2,

M-median, nSM-nearly sub-median, nST-nearly sub-terminal, nT-nearly terminal chromosome on the basis of F%; TCL-

total haploid chromatin length; Sat+- satellite chromosome with secondary constriction.
TF%=38.95,D.1.=29.41,and TCL=40.25um.

Table 1b. Salient karyotypic features of Camellia sinensis cv.TV-25.

Type No. of Chromosome length F% Special
] Chromosome Pair|Longarm (um) | Short arm (um) Total length (um) v features
A 3 2.45-1.75 0.7 3.15-2.45 22.22-28.57 | nSTS
B 5 1.05-0.7 1.05-0.7 2.1-1.40 50.00 M
C 2 175 1.4 3.15 44.44 nM
D 2 1.75-1.4 1.05 2.8-245 37.50-42.85 nSM
E 3 1.75-1.4 0.78 24521 28.57 nST
Karyotype formula: A3 +B5 +C2+D2 +E3
TF%=38.67, D..=20.00,and TCL=35.35um.
Tablelc. Salient karyotypic fcgtures of Camellia sinensis cv.TV-26.
Type No. of 7 Chrorﬁosome length F% Special
Chromosome Pair| Longarm (um) | Shortarm (um)| Total length (jm) ¥ : features
A 5 3.15-2.45 1.05-0.7 42-3.15 25.00 nSM sa
B 5 14 140 28 22.22m nST
C 2 214 1.40 3.54 39.54m nSM
D 3 214 1.05 3.19 3291 nSM
E 0] 0

Karyotype formula: A5 + BS + C2 + D3+EQ
TF%=27.03, D. 1. =20.00,and TCL = 48.94um.
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The taxa bearing such striking resemblance in
cytological features, however, differ in details of karyotype
features, especially with regard to the number of
chromosomes with secondary constrictions. The presence
of 3 pairs of nucleolar chromosomes is the characteristics
of the two out of three cultivars of C. sinensis namely TV-
23,and TV-25.

As many as 5 pairs of such chromosome
characterize the cultivar TV-26, which has also the highest
value of total chromatin material. Other minor differences
in many karyotype involving the absence or variable
number of a given chromosome type constitute
chromosomal basis of further intervarietal differentiation
in C. sinensis. The disparity index which is significantly
high in all the investigated cultivars further indicates
heterozygous constitution of the varieties which have
probably arisen during long cultivation, selection, and
maintenance through vegetative propagation.

~ The significance of structural alternations of
chromosomes in evolution and speciation had often been
underestimated in the past due to over emphasizing the
role.of mutation in evolution. In the recent past with the
aid of improved chromosome techniques, it has been
possible to work out the chromosomal basis of intervarietal
and even inter strain differences in anumber of cruciferous
taxa mentioned- earlier. Similar important role of
chromosomal alternations in interspecif ic and intervarietal
diversification of Trzchosanthes have been emphasized
by De Sarkar et al”
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