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A Cytogenenie Study ol Seven Tea Clones | Camellia sinensis (L.)
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Fea s vatleme conunmimg ol beverae coming from e
thaoe different vanelies ol species Cudnllie sinensis
The gemis Camellia of which o is o member belongs
o he Gaimly Theacee, b Gordoaeas (Baran, 989,
T mann vaneties of e were gioiged as C sinensis
var. semens (LuiChina ovpel) amd Comellia sinensis
war sz {Masters) (Assam iyped, Then o third type
of s plant was found which was considered as a
Cambaad (Cambodiensis) or souhern form as described
bv Plenchon. This plant did sot differ wuch from the
Assam ivpe plant. Later on, it wis described as
Cowreedlia aesameca sab sp. Josiecalvy (Planchon M5, T1
has been suggesied that the rea might have ansen from
the same bassc genome because most of the species of
the genus  Camellic maintain a  comparable
chrompsomal swreciure and numbers (Table 1) The
colrivaned vanenes contain diplodd chromosome number
Z2o=3{0 bul excepl a seed population in Yietnam showed
tryploi Chromosome consfitation In=0x=45
(Berbaruah, 1971). The wild spesies Cameilia candaiz,
C Lsed and O drrnwadionyis have ||i'|;:||q,;|i|:‘| rhrnmssnme
numbers as like the colnvaed varienes, 2n=30. The
ssangia is & hexaploid having Zn=6x= 9. Exising
wide natoral genetic varishiality present in the bea
populations are due to free hybridization among the lea
apecies amd vaneles {Smgh amd BHezharuah, [DEE:
Simgh and Bera, 1994, Elre wea clones wie selecied o
created wsing the available existing genetic variability in
tea germplasm. There is no scope for further genetic
eviolubion 1o oceur in the clones (asesual reprodocton)
Seeds can be used Tor the creation of evolunoe naturlly
shrough sexual reprodwction, Matural as well as created
genetsc variability  has  been  exploited For  the
devglopment of new vepetalive clones. All the three
varetes of tea (Comellio sinersis) are hghly crosss
poliated and intererossable wathowt any reproduchon
barmer, so the ciisting population 15 a misture of thres
czlegories of tea
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Cultivated g (Causedlie sirensir has becn imainaned
log centurigs, by vegelalive propagation. An pmmense
heterogenety s exisied i the commercial  te
populstions, because of the polymorphic omgim of the
latter. Culfivated tea generally is a mixture of species of
kea Cemellin simersis (L. O Kunize (China typel,
Corellie  atraseics  (Masters) {Assam  ype)  and
Camellia assamicd  sub-gpecies dasfocalve (Planchon
M5.). (Cambod typed, and other species of Camellio,
including thase Fall outside the purview of Thea section.
Most of the cultivated tea of the world are diploid
2n=30 and highly hetercgensous as a result of free
natural hybridization betwesn geographical races during
culivation. Moreover, conlinued development  and
release of cultivated varieties have added 1o the genomic
diversity of commercial tea, There are no senous and
systematic allempts have been made for goning detailed
information about the genomic constilution of cultivated
tea. 5o, the plant breeder urgently needs 1o characienze
the genetic variatien among the available 12 germplasm
an eylological pheromenon o choose o nght clone oo be
used in hybridizanon for the crop improvement. Except
for the few natusal iriploids and polyploids reported by
Berbaharah { 1971}, the culnivared tea phml: = a |;||F|I|_1H;|
with a chromosome number of In = W The
chromosome aumber in l2a was defermined by many
investigators {Bezbaruah, 19715 Rool-lip method was
aenerally wsed for mitouc studies which necessilated
digging up of roots, Te avoid this, Besharuah sdopted
the shoot-tip method for examination of AuEobe
clromosomes i tea and other relared specics whe
necessary modafication and stwmdardizabon. Beeboruah
(1971) made detailed karyotype analysis of M) fea
clones belonging to the three races of tea, en from each
race, a5 well as of plants of o few allied species. The
sumgtic chrompsome number of 30 was commen o sl
the tca clones and planis of the allied species. The
chromosome of tea, os of other Comedfias, v chorr bl
there 15 @ gradation of sioe from the longest o the
showriest. The chromosomes have median to sub-medion
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primary constrcions, o few clones, one or two pirs
of eheomosomes way  have sccondury  consinciions,
Clones belonging 1o e thice races of 12a da mol reveal
vy magor differences in their karyotype, although some
wmer dilferences cxist. However, none ol (the minor
ihiteremees covbd be camelped with nny |11|l:u'pl.1|:|l|:|g|.-|:;|
festure of the planis. Mo imegularities are obaerved in
the mewss of any of (e clones. In many penerd and
specics, the process ol evoluion is acoompanied by
dilferent ypes of karyoiypic changes whereas in others
maphological difference and divergence occur without
any visible change in chromosome morphology. Ths
phenomenaon 15 attributed to cryplic gene mutatkn,

In the present swudy, the genetic vanation is carried out
i saven lea clones on the basis of chromosomal
CONSTiLUaRn,

Muterials and Methods:

Elany mgrerial

Karyotype amalyses in seven cultivated 1ea clones
[(Camellta sinensis (L.} O. Kuntze] were investigated
for their characierization. Seven 1ea cultivars, T78,
T3EY, TVI0 HV IS TeenAlil 77154, TV2D, and UPAST-
26, were used in the present chromosome study, Six
months old 123 cutlings were maintained in the eorthen
poi for the collection and availability of rool tps. Rool
tips were collected by inverting the whole pol and
remaving the pot lrom soil clumps. And then fresh roo
tips of 3 mm size were collecied in distilled waoter with a
scissor from the surfoce of the soil clumps. Rool nps

were eollected in & day light between 10,00 am o 12
M.

Somatic chronosome technigiee

The actively growing apicul meristem part of the rools
were collected between 10-am 1o 12 noon and proper|y
washed in distilled water immediately afier collection.
About 3 mm bong cul apicol ool merisems  were
prereated in satwrated sclution of p-dichlorabenzenes
with @ litthe amount o Aescoline for 3.3 h a1 room
wwmperatere and fixed io a Nxauve chemical, aceic:
ethangl {1:3) for &t least 24 h ar room temperature.
Followang hydrolysis in 3N HC for | b &t soom
lemperalure, the root ips were transferred 1o 45% acelic
acid for 10 min. The root tips were then stained in 25
acelo-oreein by heating the sample over sparit lamp for
few seconds and allowed for 40 minutes o ke the
propes stain by the chromosomes. The lemporary squash
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preparalions were made in 45% acctic acid on greass
[ree shide covered by square cover slips. The slides were
sepled wiih wax 1o provent air pessiralion s the
chromosome preparation. The chromosome karyotypes
from each of the clone were drawn using Camera-
Lucida = the table magnification X 1500 and
phatamicrographs were taken in Lieze microscope l
differant magnificaions  and  suilaibly enlorged  and
analtyzed.

Each of the Karyolype was analyzed by the following
index-

Centromeric index (F %), Towal ceniromeric indey (TF
o, Dhsparity index (DM} and Total Haploid
Chromosome Length {TCL) were calculated according
i Huziwara (1963)

FRmishart prm lengile of the chromotome Wiotal lengin
of the chromosome )X 100

TF% = {rpfal san of shor! arm leagih b aoval sam of the
chromaimne feagile] X100

DI={LCL-SCLM LCL+SCL)X 100

Where LCL = Longest chromosome length & SCL =
Shortlest chromasome length

Results and Disciigsion:

Chromosome morphology in relation (o karyotype and
wiogram

Karyotypes of the chromosomes (2n=30} were proupsd
arhitranly on the basis of their length and position of the
centremere into four types (Type A-D). These are
summarized in Table 2,

Type A: Comparatively long chromosomes (4.2 pm Lo
28 pm} each with two constnclions, primary and
secondary. one of them searly median (nd) and the
wther nearly sub-terminol (05T
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Fig. 1: Photomicrographs of somatic chromosome comipe-
menis im 22ven Led culiivare 'i.hnwirl.g_ =20
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Fig. 2: Karyotype and Idiogrom of seven iea caltivers

Type B: Medium o simall chromosomes (1.8 pm) wilth
median (M} centromeric consiriction.

Type C; Medium sized chromosomes (3,54 pm) with
nearly submedian (nS%) centromenc oo REncion.
T:p'p-: 0 Medivm o small chifarnpsomes i1.24 |.|r|1:|- wilh
nearly suwbtermingl (n5T) centromeric constriction.
The detaibed karyolype analyses of the seven cultivared
vareties of lea wig- TTH, T2EI), Tvid HYID

TeenAl 171654, TYIY, und UPASI-26, were done
aceording 1o Huziwasa [1962)

Caomellia sinensis cv TV

Korvolype formula; Zne 30 = A4 + BS + C4 + D2

Thi= SUHTIEEC |'_1:l|'|1.]'!l||_"IThtr'|'i of the Laxon PoEses ..E. paur af
chrmmaenmes  with  secondary constriction. The
chromosomeas are mediom 10 senall gamed VAMYINE 0
lengih 124 pm — 3,12 pm (Fig. 1.). Totol cenromeric
index (TP, dispority index (O0) and tolal haploid
chromosome length (TCL) are 4512, 4311 ond 64.44
i, l-::xpl.'l:le:I:lr The cimerd luecedi |:|r..1'.1.'|r|g and the

ieogram ol the karyotype was represented in figure 2
[

Caneellia sinensir cv, TTE
Karyouype formula: Zr=20= A + BE+ C5 D3

The somatic complement of the aion posses 3 pair of
chromosomes  wilth  secondary  comstriction.  The
chromosomes are medium to srmall sized varyving 6
length 1.24 pm = 3,75 pm (Fig. 1). Total centremeric
index (TF®%). disparity index (I31) and total hapload
chromosome leagth [TCL) are 37.35, 3030 and 35.36
un, respectively, The camers lucida drawing 2nd the

ideogram of the koryolype was represented in figare 2
F.

Camellia sinensiz cv T383

Karyotype formula; 2n = 30= A2 + BE + O3 + 7

The somatic complement of the taxon posses 4 pairs of
clhromosomes  with  secondary  constriction,  The
clromosomes are medium 1o small sized varying in
length 1.24 pm — 3.75 pm (Fig. 1) Toal centromernic
index (TF%), dispority index (DI} and totzl haplodd
chromosome length (TCL) are 38,25, 5030 and 33.33
pm, respectively. The camera lucida drawing and the

ideogram of the karvolype wos repressnied in fipure 2
G,

Coameldiia sinenpis cv TVID
Karyolype formuola: 2n =30 = A1 + Bo + C5 + [13

The somntic complement of the taxon posses one pair of
chromosomes  with  secondary  conswiction.  The
chromosomes arc medium 0 small sized varying in
lenpth 124 pm = 302 pm (Fig. 1) Total centromenc
index (TF%), disparity index (DI) and 1ol haploid
chromosome length (TCL) are 41 .87, 43,12 and 28 59
pim, respectively, The camera lucida drawing and the

ideogram of the karyoype was represented in figure 2
E

Camellia sineagsin v, Teendli | 701054
Karyotype formula: 2n= 0= A2+ B3 + ChH + D3

The sematic complement of the taxon posses one pair of
chromosomes  with  secondary  consirietion.  The
chromosomes are mediom 1o small sized varying in
lenglh 1.24 pm - 375 pm (Fig. 1} Total cenromenc
index {TF%]. dispa:'n:.- inbex ([0} and total haplaid
chromosome lenpth (TCL) are 4560, 50.30 and 32.06
pm, respectively. The camera lucida drawing and the

ideogram of the karyoiype was repressnied in figure 2
C.

Camellia sinenxis ov, UPASI-26
Karyoiype formala: 2n = 30 = A3 + B& - C5 + D1
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Tuble 2 Salicnt karyotypic Teatures of seven cultivars of Camellia slueisiy

Cullivir Type e, ol Paid Clomosome Fengih (g} o i:r;‘::
Long arm _ Shewl ann Total length
T i sl I.25-0.K7 |.25-1.25 2.50-3,13 (.06 nh Sai
It 5 125123 0.93-1,25 2.1H-2.50 48-50 M
C A 0.62-1.25 0624093 1.24-1 .87 33,15 nSM
i 4 1.62-162 0.42-{1.42 I, dd-] 44 4305 nivl
e | | 47-2.50 0.62-1.25 2.40-175 13.33 nSh Sal+
1 & | H7-2.50 (62062 2493 12 3321 nSM
C 5 0.62-1.25 a2-1.25 I, 2d-2.50 S0-50 i
I 3 1.25-1.25 0.03-0.03 I 1E-2.018 4260 nkd
w1
i A 2 125250 062125 | 47-3.75 3333 nSM Sai+
L} 3 0.93-1.87 (h6X-1.25 1.553.12 42,66 niv
C A B.62-1.25 (.62-1.25 |.24-2.50 S50 il
o 2 1.87-1.87 0.62-0.62 2.49-2 40 24 .89 naT
¥ 1|'1
ls A i 150-250  0.62-0.62 112312 1987  nSM Sau
B G (.93-1.55 0.62-1.25 |.55-2.62 42.66 nhd
i 5 0.62-1.25 0.632-1.25 |.24-2.50 50,00 bl
(] 3 1.25-1.25 0.62-0.62 I.87-1.E7 3315 pSM
TeenAlil 771154
A 3 2.50-2.50 1.25:1.25 3.75-3.75 33.33 nSM Sal+
B 3 0.93-1.87 0.93-1.87 [.37-3.74 50,00 B
[ B 0.62-0.93 0.62-0.93 |.24-1.B6 50,00 %]
] 3 0.53-1.56 0.62-1.25 |.55-2.18 24 48 nh
LTEAS-26
' A K] 0.62-1.25 0.62-1.2% 1.24-2.50 S0.00 M Sar+
B f 1.87-1.87 0.60-0.62 7.48-2 40 24.89 nSM
C 5 0.62-0.93 0.93-1.25 |.55-2. 18 42.7-50 fhd
D 1 1325125 0.62-0.62 1.87-1.87 33.15 nSh
HY 50
A 4 I.25-01.87 [.25-1,25 2.25-3.12 40,06 napl Sai+
B & [.25-1.83 (L62-1.25 1.87-2.50 48-50 [ |
C ] 01.93-0.93 .G2-0.93 1.55-1.87 33181 nS M
] 2 I.45-1,25 0.62-0.62 i.E7-1 .87 33.15 nSM

The somatic complement of the taxon posses three pairs
of chromosomes with secondary constriction. The
chromosomes are mediom o small sized warying in
length 1.24 pm — 2.50 pm (Fig. 1). Todal centromeric
index (TF%), disparity index (DI and total haploid
chromosome length (TCL) are 42.20, 33.68 and 29.39
pm, respectively, The camera lucida drawing and the
ideogram of the karyorype was represented in figure 2
B.

Camellia sinensis cv. HV3%
Earyotype formula: 2Zn=30= Ad + Bo+ (3 + D2

The somatic complement of the taxon posses four pairs
of chromosomes with secondary constriction. The
chromosomes are medium 1o small sized varying in
length 1.55 ym = 3,02 ym (Fig. 1}, Todal cenromeric
index (TF9%), disparity index (DI and tolal haploid
chromosome length {TCL) are 43,51, 43,11 and 62.52
pm, respeciively. The camera lucida drawing and the
ideogram af the karyorype was represented in fgure 2
A

24

In the present investigation, cytological study 15 carmed
oul in seven ea cultivars, TTE, T3R3, TVW30 HV3Y
TeenAlil /154, TYV29, and UPASIE26, for ther
characterization at  the chromosomal level. The
chromosomal analysis in tea has been invesugated with
il view Io gaining insdght into the cylogenelic situation
in these cultivars of Camellia staengis, The taxon
reveals 30 chromosomes in their somatic complements
(Bezbaruah, 1971). The present cbservation strengthens
the concept of numencal uniformity in the chromosome
complement In=3 in cyviclogical investigation. A
distinct simblarity was aoted in general morphology of
chromosome of the investigated seven tea cultivars, The
homogeneity was represented not only in the numerical
pniformity  and  gross  structural  similarities  of
chromosemes, but alze in the significant coincidence of
tal chromatio maoerial  berwesn  the members.
Kuryotypes of the chromosomes (2n = 30} were
grouped arbiranly on the basis of their length and
position of the cenromere inlo four types (A-D)
Centromeric index (F %), 1Mal centromeric index {TF
%), disparily index (DT) and teal haploid chromosome
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'Icnglh (TCLY were caleulated.  Chenmusninics  Weee
founmd 10 be ghoer e weedicm e gize vavied in length
from 124 g g0 .20 . Karyolypes were gradole and
asyiimielric i nature, On the bosis of koryolype
anabysia, varketal distimetion con be macked 1o some
Cxien

The waxa beanng  such  sitiking  resemblince  in
cytologieal  featares,  hoowewver,  differ in detuils of
karvolype features, cspecially with regard 1o the number
of chromosomes with secondary consirictions. The
presence of 3 pairs of nuclealar chromosomes is the
characteristics of C sinensis namely TV-2]3, and TV-25
and TV26 (Roy, 2006). Total chiomosome length
ranged from 1,24 pm w 420 pm in the investigated
cultivars, Other minor differences in many karyotype
ir||'.=-|:||.'.:'ir|gI the nbsence of wariable mumber of a given
chromosome Type constitute chromosomal basis of
fariher intervaricial differentistion in C sinensis. The
disparity index which is significantly high in all the
investigoted cubtivars further indicates hetcrozygous
constitution of the vorielies which have probably anisen
during bong cultivation, selection, and maintenance
through vegetative propagation, The significance of
structural altemations of chromosomes in evolution and
speciation had oficn been underestimated in the past dus
1 over emghasizing the role of mutation in evolution. In
the recent past with the aid of improved chromasome
techniques, it has been possible to work oul the
chromosomal basis of intervarietal and even inler Sirain
chllerences in a number of cruciferous taxa mentionsd
earlier. Very recently similor  important role  of
chrompesmal  oliernations in interspecific and
intervariernl diversification of Trichotonthes have been
emphasized by De Sorkar e al (1987).

Close morphological similarity of the tea chromosomes
suggests that the observed differences in growih and
form of plants of the different races of tea are the results
of mulative changes of the genes as found in Pinus and
Ouercus, where the karyotype s closcly simalar
although they are different species. Karyolype analysces
of different cultivars of tea showed a smooth decrease in
size of chromosome from the loagest to the shortest
Maturally evolved polyploids in tea are very rare. Only a
few nataral rriploids (2n=43) have so far been repored
from Japan, South India (Venkataramani and Sharma,
1974Y. Ackerman (1977), and Berbaruah (1971)
mentioned that the ploidy level in the genus Cameliio
rmanged up 1o hexaploid with In=90 chromosomes.
Mckerman (1977) proposed that segmental allopolyploid
might have ariginated during the course of evolution in

diploid level and continued in the polyploids through
inter-crossing among them, Bezbornuah (1971) reported
that the chromosomes of lea plant were primilive bul
ather classificd them as of advanced status depending
on the symmetry and asymmeiry of chromosomes
respectively. The length of wa chromosomes ranigesd
from 1 24pm 1o 4.20um. The '’ value (ratio of long arm
tov short arm) for all the 15 pairs of chromosomes mr_lgnd
from 1.00 to .91, The chromasomes were classified
mosphologically on  (he basis of relative lengths,
position of the centromere and presence o7 :li_m:n:-: ol
secondury constriction, The meiotic division in Assam
and hybeid tea were regular with |5 bivalents ot
diakinesis and telophase 1 and the scgregation ‘Wi
regular (Bezbaruah 1971). Bezbaburah l.’l'i'?l.ll!?'?ﬁ-'?
ehezrved two satellite pairs of chromosomes in the
complement of C assamice. Lack of predominant
satellites indicated tea as being inherent in low actuviry
of the nucleolus organizer, which restricts the
chromosomes o produce secondary constriclaons.
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