
Abstract An efficient in vitro propagation method using
enhanced axillary branching cultures produced plants
from nodal explants of three mature, elite tea clones:
diploid UPASI 26 and UPASI 27 (2n=2x=30) represent-
ing Camellia sinensis (China type) and triploid UPASI 3
(2n=3x=45) representing C. assamica ssp. assamica (As-
sam-India type). The genetic fidelity of the micropropa-
gated plants of these three tea clones was assessed by an-
alysing their nuclear, mitochondrial (mt), and chloroplast
(cp) genomes using multiple molecular DNA markers. A
total of 465, 446 and 462 genetic loci were produced
with RFLP, RAPD and ISSR fingerprinting in the micro-
propagated plants and the corresponding mother plant of
C. sinensis clone U (UPASI) 26, and C. assamica ssp.
assamica clones U3 and U27, respectively. RFLP finger-
printing was performed using six restriction endonucle-
ase digests and 14 mt and cp gene probes in 84 enzyme-
probe combinations. For PCR fingerprinting, 50 RAPD
and SSR primers were used for amplifications. The mi-
cropropagated plants of both the U3 and U27 clones re-
vealed complete stability in the 462 and 446 genetic loci
analysed. In comparison, 36 (7.7%) of the 465 loci were
polymorphic among micropropagated plants of the U26
clone. The observed polymorphic loci were not restricted
to a particular genome (nuclear or organellar), although a
relatively low (7.43%) level of polymorphism was ob-
served in the nuclear as compared to the mt genome
(16.3%). ISSR fingerprinting (12.8%) detected more
polymorphic loci than RAPD fingerprinting (4.28%). No

polymorphism was observed in the cp genome of the mi-
cropropagated plants of the three tea clones. The rigor-
ous screening of nuclear and two organellar genomes has
demonstrated, for the first time, subtle genetic variation
at the DNA sequence level in organized meristem-
derived micropropagated plants of tea. Clearly, this is an-
other example demonstrating that organized meristem
cultures are not always genetically true-to-type. The ge-
nomic changes in tea clones are genotype dependent
rather than culture condition dependent.
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Introduction

Tea is one of the most important beverages in the world
(Charles 1981) and is a major cash crop in a number of
developing countries, including India (Wachira et al.
1995; Akula and Dodd 1998). India is the largest produc-
er of tea, and after Sri Lanka and China, it is the third
largest exporter of tea in the world (Anonymous 2000).
Although the cultivated teas have been taxonomically
classified as Camellia sinensis (L) O. Kuntz, C. assami-
ca ssp. assamica (Masters) Wight and C. assamica ssp.
lasiocalyx (Planch Ms) –being endemic to China, Assam
(India) and the Indo-China regions of Southeast Asia, re-
spectively – they are also commonly referred to as China
type, Assam type and Southern or Cambod type, respec-
tively, of C. sinensis (L.) O. Kuntz (Barua 1965). The
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cultivated tea species are self-sterile, allogamous diplo-
ids (2n=2x=30). The spontaneous occurrence of triploid,
tetraploid and hexaploid cytotypes have also been report-
ed (Ellis 1995). The outbreeding nature coupled with fre-
quent spontaneous hybridization that takes place be-
tween different types of tea has resulted in highly hetero-
geneous hybrid plants extending from the ‘China type’ to
the ‘Assam type’. The hybridization is so extreme that
the existence of a basic archetypical taxon is often debat-
ed (Barua 1965; Banerjee 1992). At the present time
commercial plantations around the world consist mostly
of hybrid clones between C. assamica and C. sinensis –
popularly known as ‘Indian hybrid tea’ (Singh 1979).
However, hybrids at many places are still generally re-
ferred to as Assam, China or Cambod type depending
upon their morphological proximity to the main taxon
(Banerjee 1992).

To avoid the extensive genetic non-uniformity result-
ing from seed propagation and, consequently, dilution
of a quality product from a particular clone, tea clones
are traditionally multiplied by cuttings and grafting
(Satyanarayana et al. 1992; Prakash et al. 1999). An al-
ternative method that has come into operation lately is in
vitro micropropagation of organized meristem cultures
of nodal/shoot-tip explants and somatic embryogenesis
(Raj Kumar and Ayyappan 1992; Wachira and Ogada
1995; Akula and Dodd 1998). In tea, in vitro culture is
considered to be the most effective method for mass
clonal multiplication.

The detection of subtle somaclonal variation at phe-
notypic, cytological, biochemical and molecular levels
among micropropagated plants in many taxa (Armstrong
and Phillips 1988; Amberger et al. 1992; Rani et al.
1995, 2000, 2001; Damasco et al. 1996; Fourre et al.
1997; Rani and Raina 1998a, b, 2000, 2002; Rival et al.
1998; Gimenez et al. 2001; Rahman and Rajora 2001)
has, however, brought into question the validity of the
concept that complete genetic stability is retained in
plants derived through organized meristem cultures (see
Rani and Raina 2000, 2002). The occurrence of cryptic
genetic defects arising via somaclonal variation in the re-
generants can seriously limit the broader utility of micro-
propagation systems (Rani et al. 1995, 2000, 2001; Rani
and Raina 1998a, b, 2000, 2002). Therefore, it is impor-
tant to first establish the suitability of a particular micro-
propagation protocol developed for a particular clone
with respect to the production of genetically identical
and stable plants before it is released for commercial
purposes. No such efforts have yet been made for tissue
culture-derived plants of tea clones.

During the last few years, various molecular DNA
markers which screen nuclear and organellar genomes
have been profitably utilized for the fast and unambigu-
ous assessment of the genetic fidelity of micropropagat-
ed plants (see Rani and Raina 2000, 2002). In the inves-
tigation reported here, we analysed micropropagated
plants of three elite tea clones – UPASI 3 (U3) and
UPASI 27 (U27), representing C. assamica ssp. assami-
ca, and UPASI 26 (U26), representing C. sinensis – us-

ing RFLPs of both the mitochondrial (mt) and chloro-
plast (cp) genomes and RAPD and ISSR fingerprinting
of the nuclear genome.

Materials and methods

Production of micropropagated plants

Efficient protocols for micropropagation through enhanced axil-
lary branching cultures were established in tea clones U3
(2n=3x=45) and U27 (2n=2x=30) representing Camellia assamica
ssp. assamica and in U26 (2n=2x=30) representing C. sinensis.
Clone U3 is a high yielder with an excellent spread and dense
plucking table, but it is susceptible to drought (Venkataramani and
Sharma 1967), while U27 is a drought-hardy and moderate- to
high-yielding clone. U26 is both a high-yielding and drought-tol-
erant diploid clone (Sharma and Satyanarayana 1989).

Nodal segments having dormant axillary primordia collected
from aperiodic shoots (obtained from mother bushes sprayed with
1% zinc sulphate and 50 mg/l carbendazim) served as the source of
explants. The explants were washed with running tap water for
10 min, surface sterilized with 1% sodium hypochlorite (w/v) and
washed with sterile Millipore water before being treated with 0.1%
HgCl2 for 7 min, then rinsed thoroughly with sterile distilled water.
They were then cultured on half-strength MS medium (Murashige
and Skoog 1962) medium for initial establishment. After 2 months,
explants were transferred to a rapid multiplication medium contain-
ing half-strength MS salts with 5 mg/l BA and 160 mg/l adenine
sulphate. A 2-month incubation period with 15-day subculture inter-
vals was sufficient to achieve a multiplication ratio of 1:15. The
multiple shoots were tiny and rosette in nature. For further elonga-
tion, these were excised and cultured onto a half-strength MS medi-
um supplemented with 5 mg/l BA and 5 mg/l GA3. Within 45 days,
the multiple shoots were 5–8 cm long. For rooting, elongated shoots
were transferred to a quarter-strength MS medium fortified with
3 mg/l IBA and incubated under dark conditions. About 90% of the
rooting was achieved within 4 weeks. The well-rooted microshoots
were transferred to pots containing loamy soil and sand (1:1, v/v)
and the pH adjusted to 5.0. The plantlets were hardened in a green-
house before they were transferred to field conditions.

DNA isolation, restriction endonuclease digestion 
and Southern blotting

Total DNA was isolated from fresh leaves of 14 enhanced axillary
branching-derived plants of each of three tea clones (U3, U26,
U27) according to the procedure of Porebski et al. (1997). For
each micropropagated plant (randomly selected from a particular
batch of approximately 100 plants), DNA was extracted separately
approximately 3 months after their growth in the greenhouse. For
each of the three tea clones, DNA was also extracted separately
(leaves excised from multiple positions and bulked) from a single
mature mother plant that served as the explant source and five ra-
mets derived from the mother ortet.

Total DNA was separately digested with six restriction endo-
nucleases (HindIII, DraI, BamHI, EcoRI, EcoRV, XbaI) according
to the manufacturer’s instructions (Boehringer Mannheim, Germa-
ny) and fractionated by 0.85% agarose gel electrophoresis (AGE)
in 1× TAE buffer (Maniatis et al. 1982). Lambda DNA digested
with HindIII was included on each gel to provide size standards.
After AGE, the DNA was blotted onto a nylon membrane (Hy-
bond N+, Amersham Pharmacia Biotech, UK) by the alkaline
transfer method (Reed and Mann 1985).

DNA probing

A detailed description of the mt and cp probes used in the present
study are given in Table 1. The gel-purified DNA probes were dena-
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tured and chemically labelled (overnight at 37°C) with fluorescein-
11-dUTP (Amersham Pharmacia Biotech) in the presence of exonu-
clease-free Klenow enzyme, random monomer primers and a fluo-
rescein nucleotide mix. The genomic DNA fragments that hybrid-
ized to the probe were detected enzymatically according to the man-
ufacturer’s (Amersham Pharmacia) protocols. A few anomalous
bands, wherever observed, were not considered in the data analysis.

RAPD fingerprinting

A total of 25 arbitrary, 10-mer primers (Operon Technologies,
USA) from kits A, C and K were used for the PCR amplification of
DNA extracted from the mother and micropropagated plants. Each
25 µl of reaction volume contained 10 mM Tris-HCl (pH 9.0),
50 mM KCl, 2.5 mM MgCl2 (Sigma, St. Louis, Mo.), 0.1 mM
dNTPs (Promega, Madision, Wis.), 0.1% Triton X-100 (Sigma),
200 nM primer, 25 ng DNA template and 1 U Taq DNA polymer-
ase (Promega). The reaction mix was overlaid with an equal vol-
ume of mineral oil (Sigma). DNA amplification was performed in a
Perkin Elmer Cetus Thermal-cycler programmed for 45 cycles as
described in Raina et al. (2001).

ISSR fingerprinting

Twenty-five SSR primers (University of British Columbia Bio-
technology Laboratory, Vancouver, Canada) randomly selected
from primer set 9 were used for PCR amplification. These primers
were mostly 16–17 mer. The amplifications were carried out in
10 mM Tris-HCl (pH 9.0), 50 mM KCl, 1.5 mM MgCl2 (Sigma),
0.1 mM dNTPs (Promega), 0.1% Triton X-100 (Amersham
Pharmacia Biotech), 2% formamide (Sigma), 200 nM primer, 1 U
Taq DNA polymerase (Promega) and 5 ng genomic DNA. The re-
action mix (25 µl) was overlaid with an equal volume of mineral
oil (Sigma), and PCR was performed in a Perkin Elmer Cetus 480

Thermal-cycler. Initial denaturation was for 7 min at 94°C, fol-
lowed by 45 cycles of 30 s at 94°C, 45 s at a calculated annealing
temperature (based on the Wallace rule; Thein and Wallace 1986),
2 min at 72°C and a final 7 min extension at 72°C.

The amplification products in both cases were size separated
by standard horizontal electrophoresis on 1.4% agarose (Amers-
ham Pharmacia Biotech) gels and stained with ethidium bromide.
PCR reactions were repeated at least twice to establish reproduc-
ibility of the results.

Results and discussion

RFLP fingerprinting

Mitochondrial genome

Fifty-four enzyme (DraI, BamHI, HindIII, EcoRV,
EcoRI and XbaI)–probe (atpA, nad3, rrn18, rrn26, orf25,
cob, coxI, coxII and coxIII) combinations produced a to-
tal of 86, 85 and 85 bands in the mother and micropropa-
gated plants of C. sinensis clone U26, and C. assamica
ssp. assamica clones U3 and U27, respectively (Table 2).
The number of bands produced by a single enzyme-
probe combination ranged from one (DraI + atpA) to
five (HindIII + rrn26) in U26. The hybridized fragments
ranged in size from 0.7 kb(HindIII + cob) to 23.1 kb
(HindIII + rrn26) in U27 and U26, respectively. Four
(DraI, BamHI, EcoRV and EcoRI) of the six analysed re-
striction endonucleases in combination with mt gene
probes cob, nad3, rrn18 and rrn26 revealed 14 polymor-

Table 1 Mitochondrial (mt) and chloroplast (cp) DNA probes used in the present study

Probe Genes Origin of sequence

Mitochondrial

Cytochrome oxidase genes
coxI Cytochrome c oxidase subunit Oenothera
coxII Cytochrome c oxidase subunit Pea
coxIII Cytochrome c oxidase subunit Oenothera
cob Apocytochrome b Wheat

Ribosomal RNA genes
rrn18 18S ribosomal RNA gene Wheat
rrn26 26S ribosomal RNA gene Wheat

NADH genes
nad3 NADH dehydrogenase subunit 3 Wheat

ATP synthase gene
atpA Subunit A of the ATPase complex Pea

Membrane binding protein gene
orf25 Open reading frame 25 Wheat

Chloroplast
Ba5 Part of tRNI, tRNA, 23S rRNA, 4.5S and 5S rRNA and tRNN and spacer Tobacco

region in between these genes
B25-Ba4 Part of rpoC, rps2, atp1, atpH, atpF, atpA, tRNR, tRNG and spacer region Tobacco

in between these genes
B18-11a Part of trnl, 16 S, trnv and spacer regions in between these genes Tobacco 
Ba1 Part of PsbF, PsbE, trnw, trnP, Rpl33, rps 18, rpl20, rps 22, psbB, PsbH, Tobacco

Pet B, rpoA, rpl14 and spacer regions in between these genes
B29–22c Part of rbcL gene Tobacco
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phic bands among the micropropagated plants of U26
with a polymorphism frequency of 16.3% (Tables2, 3;
Fig. 1a–d); the remaining 72 bands were commonly
shared between the mother and micropropagated plants.
In comparison, C. assamica ssp. assamica clones U3 and
U27 were devoid of polymorphic hybridized fragments,
and all 85 bands were monomorphic among the mother
and micropropagated plants of both clones (Table 2).
Probing of DNA samples of the five ramets and the
mother ortet of each of the three analysed tea clones with
DraI, BamHI and EcoRI in combination with probes
cob, nad3 and rrn26 gave identical profiles, indicating
that the observed variation in the micropropagated plants
of C. sinensis clone U26 was not due to any residual het-
erozygosity in the explant source but was induced by the
cultural conditions. Both differences (Shimron-Abarba-

nell and Brieman 1991; Shirzadegan et al. 1991; Hart-
mann et al. 1992; De Verno et al. 1994; Rani et al. 2000)
as well as complete uniformity (Shenoy and Vasil 1992;
Rani and Raina 1998b) in mt DNA RFLPs between the
mother and meristem-culture derived micropropagated
plants have been observed in various plant taxa. 

Chloroplast genome

Thirty combinations of six restriction enzymes (DraI,
BamHI, HindIII, EcoRI, EcoRV, XbaI) and five cp DNA
probes (B29–22c, Ba1, B18–11a, Ba5 and Ba25-Ba4)
produced 83 monomorphic bands each in the mother and
micropropagated plants of all three clones (Table 2). The
number and size of the hybridized bands ranged from

Table 2 RAPD, ISSR and RFLP fingerprinting of nuclear and organelle genomes of the mother plant and micropropagated plants of C.
assamica ssp. assamica (U3, U27) and C. sinensis (U26) clones

Source Clone U3 Clone U27 Clone U26

Total no. Total no. Total no. Number of Percentage 
of locia of locia of loci polymorphic loci polymorphism 

Nuclear genome
RAPD markers (25 primers) 159 183 187 8 4.28
ISSR markers (25 primers) 119 111 109 14 12.8

Total 278 294 296 22 7.43

Mitochondrial genome
RFLP markers 85 85 86 14 16.3 
(54 enzyme-probe combinations)

Chloroplast genome
RFLP markers 83 83 83
(30 enzyme-probe combinations)

Total 168 168 169 14 8.28

Grand total 446 462 465 36 7.74

aAll monomorphic

Table 3 Polymorphic RFLP,
RAPD and ISSR markers
among the mother plant and
micropropagated plants of
Camellia sinensis clone U26

Probe/primer Restriction Number Size range Number of Number of 
enzyme of bands (kb) monomorphic polymorphic 

bands bands

Mitochondrial gene probes
cob BamHI 2 5.0–5.5 2
cob DraI 2 2.0–4.1 2
nad 3 EcoRI 2 1.5–9.0 1 1
rrn 26 BamHI 3 6.1–19.7 1 2
rrn 18 EcoRV 3 5.5–23.1 1 2
rrn 26 EcoRV 4 3.3–23.1 2 2
nad3 EcoRV 4 2.3–10.2 1 3

RAPD primers
OPA 07 9 0.55–1.54 5 4
OPK 03 6 0.59–1.62 4 2
OPC 04 4 0.65–1.52 2 2

SSR primers
UBC 844 4 0.92–1.3 1 3
UBC 859 7 0.99–1.23 1 6
UBC 845 7 0.72–1.16 3 4
UBC 848 7 0.63–1.41 6 1
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one (DraI + B29-22c) to six (EcoRI + Ba5) and from
0.7 kb to 23.1 kb (EcoRI + Ba5), respectively. The cp
genome has been found to remain stable under in vitro
conditions (Karp 1991; Rani et al. 2000) in most plant
species.

RAPD fingerprinting

Of the 30 primers initially screened, 25 produced clear
and scorable amplification products in the three tea clones.
Clones U3, U26 and U27 micropropagated plants, and the
corresponding mother plant produced a total of 159, 187
and 183 bands with an average frequency of 6.36, 7.48
and 7.32 bands per primer, respectively. The number of

bands produced by a single primer ranged from 1
(OPA13) to 15 (OPC02). The amplified products ranged
in size from 380 bp (OPA07) to 3,990 bp (OPC04). All
159 and 183 amplification products in U3 and U27, re-
spectively, were found to be monomorphic across the mi-
cropropagated plants and corresponding mother plant
(Table 2). In U26, of the 187 bands, eight (4.28%) were
polymorphic. The polymorphic amplification products were

Fig. 1 BamHI (a, d), DraI (b) and EcoRI (c) restriction fragments
that hybridized to mt gene probes cob (a, b), nad3 (c) and rrn26
(d) in the field-grown mother plant (lane 1) and enhanced axillary
branching-derived plants (remaining lanes) of Camellia sinensis
clone U26

Fig. 2 Gel electrophoresis of amplification products in the field-
grown mother plant (lane 1) and enhanced axillary branching-
derived plants (remaining lanes) of C. sinensis clone U26 with
RAPD and SSR primers OPA 07(a), OPK 03 (b), UBC 844 (c),
UBC 859 (d) and UBC 845 (e)



produced by primers OPA07, OPC04 and OPK03
(Tables 2, 3; Fig. 2a, b). The RAPD fingerprints of five
primers (OPA07, OPA13, OPC02, OPC04 and OPK03)
did not reveal any variation in the five naturally growing
ramets and the mother ortet of each of the three analysed
tea clones. RAPD markers have been shown to detect so-
maclonal variation among micropropagated plants of Cof-
fea arabica (Rani et al. 2000), Populus deltoides clones
(L34 and G3) (Rani et al. 1995, 2001), banana (Damasco
et al. 1996; Gimenez et al. 2001), Picea glauca (Isabel et
al. 1996) and oil palm (Rival et al. 1998). In contrast,
RAPD markers have indicated the maintenance of genetic
integrity among meristem culture-derived plants in Picea
mariana (Isabel et al. 1993), P. abies (Fourre et al. 1997),
date palm (Javouhey et al. 2000), Eucalyptus tereticornis
and E. camaldulensis (Rani and Raina 1998b), Picea del-
toides clones (D121, G48 and S7C15) (Rani et al. 2001)
and several other plant species (see Rani and Raina 2000,
2002).

ISSR fingerprinting

Twenty five SSR primers including di-, tri- and tetranu-
cleotide repeat motifs were individually used to amplify
DNA from the mother and micropropagated plants of the
three tea clones. A total of 119, 109 and 111 amplifica-
tion products with a size range of 430 bp (UBC 834) to
3,085 bp (UBC 808) were scored in the U3, U26 and
U27 clones, respectively. Out of the 109 bands scored in
U26, 14 (12.84%) bands generated by primers UBC 844,
UBC 845, UBC 848 and UBC 859 were observed to be
polymorphic between the mother and a few micropropa-
gated plants of U26 (Tables 2, 3; Fig. 2c-e). The remain-
ing 95 bands in U26, and all 119 and 111 bands produced
in the U3 and U27 clones, respectively were found to be
monomorphic among the analysed plants (Table 2). Five
SSR primers (UBC 844, UBC 845, UBC 848, UBC 859
and UBC 876) produced identical amplification products
among the five ramets and the mother ortet of each of
the three tea clones. ISSR fingerprinting has been previ-
ously found to be useful for detecting somaclonal varia-
tion among micropropagated plants of Achillea species
(Wallner et al. 1996) and coffee (Rani et al. 2000). The
amplification of relatively robust and distinct bands by
the dinucleotide repeat motifs in tea is in line with previ-
ous observations made in conifers (Tsumura et al. 1996),
wheat (Nagaoka and Ogihara 1997) and coffee (Rani et
al. 2000). The tea genomes also seem to be abundantly
rich in dinucleotide repeat motifs like (CT)n and (TG)n,
which could serve as useful markers for the detection of
genetic polymorphism.

Our comprehensive study has explicitly revealed that
the enhanced axillary branching-derived plants of U3
and U27 tea clones are genetically true-to-type; all of the
446 and 462 genetic loci, respectively, originating from
the nuclear, mt and cp genomes remained unchanged un-
der the cultural conditions described herein. Such was,
however, not the case with the U26 clone, wherein 36

(7.74% of the total) out of 465 genetic loci were found to
be polymorphic. This clearly indicates that complete ge-
netic fidelity is lacking among the regenerants. The ob-
served polymorphism, which was limited to the nuclear
and mt genomes, was relatively low (7.43%) in the for-
mer compared to the latter genome (16.3%). Similar ob-
servations have been reported in somatic embryo-derived
plants of Coffea arabica, wherein the level of somaclonal
variation in the mt genome (41%) was much higher than
in the nuclear genome (4.38%) (Rani et al. 2000). Modifi-
cations in the mt genome during in vitro culture might
arise through rearrangements, homologous recombination
and selective amplification, all of which take place most-
ly at non-coding hyper-variable regions (Shirzadegan et
al. 1991). Of the two PCR-based assays used to screen
the nuclear genome, ISSR markers, as in Coffea arabica
(Rani et al. 2000), were more effective in detecting poly-
morphism among the micropropagated plants of the U26
clone.

Various factors, such as the in vitro process and its
duration, auxin-to-cytokinin concentration and their ratio
(hormone balance), other nutritional conditions and in vit-
ro stress, all known to induce somaclonal variation, were
exactly the same during the culture of micropropagated
plants in these three tea clones. Hence, in the light of
complete genomic stability in C. assamica ssp. assamica
clones U3 and U27 versus somaclonal variation in C.
sinensis clone U26 under the same set of conditions, it
can be inferred that it is the genetic constitution in each
clone which determined the stability/variability of the
micropropagated plants under the given cultural condi-
tions. It would appear that C. sinensis is inherently un-
stable under in vitro conditions and/or more prone to in
vitro-induced stress leading to somaclonal variation.
Similar results have been obtained in micropropagated
plants of eucalypts and poplars: using the same micro-
propagation protocol, somaclonal variation was detected
in micropropagated plants of Eucalyptus tereticornis,
while micropropagated plants of E. camaldulensis were
found to be genetically stable (see Rani and Raina
1998b). Similarly, micropropagated plants of two (L34,
G3) out of five clones (L34, G3, G48, D121, S7C15) of
Populus deltoides exhibited profound somaclonal varia-
tion (Rani et al. 1995, 2001). A species/genotype-specif-
ic response to genetic stability/instability in tissue cul-
ture conditions is not uncommon and has been reported in
many other plant taxa as well (Zehr et al. 1987; Mohmand
and Nabors 1990; see Rani and Raina 2000, 2002).

Whether the genetic changes observed in the present
study influence traits of interest or not remains to be seen,
but what does matter most is that, of the two most impor-
tant tea species, C. sinensis has been found to be prone to
genomic changes in the given micropropagation protocol,
leading to the conclusion that investigators have to pro-
ceed with caution when micropropagating clones of the
China type. The results of the present study in conjunc-
tion with earlier reports (Armstrong and Phillips 1988;
Shimron-Abarbanell and Breiman 1991; Amberger et al.
1992; Kawata et al. 1995; Rani et al. 1995, 2000, 2001;
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Damasco et al. 1996; Franzone et al. 1996; Isabel et al.
1996; Kaeppler et al. 1998; Rani and Raina 1998a, b,
2000, 2002; Rival et al. 1998; Gimenez et al. 2001;
Rahman and Rajora 2001) has convincingly emphasized
that plants derived even through organized meristem cul-
ture may not always be genetically true-to-type. Further,
the present comprehensive analysis indicates that two im-
portant tea clones, U3 and U27, exhibit complete stability
during in vitro propagation through enhanced axillary
branching culture method, and therefore, in the context of
the commercial production of micropropagated plants by
this method, no significant differences with respect to tis-
sue culture-induced genetic variation are to be expected.
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