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Abstract 
Cultivated tea belongs to the genus Camellia and consists of three species each with specific plant types viz. 
China, Assam and Cambod type. High flavour / quality is known to be a unique character of these tea clones. In 
this work, an attempt is made to explore the genetic variation of clones grown in Darjeeling area. Amplified 
Fragment Length Polymorphism (AFLP) analysis of 29 tea clones reveals a high degree of polymorphism in 
genomes of different clones. Cluster analysis exhibits a dendrogram that closely matches with earlier clonal 
grouping based on morphological characters. A total of 677 bands were amplified using 8 +2/+3nt primer pair 
combinations, of which 469 were polymorphic bands in a set of 29 tea clones, where as out of 174 bands 129 
bands were polymorphic in another set of 50 tea clones by using four +3/+4nt primer pair combinations. The 
extent of genetic relatedness between the clones was found to be 70% using both +2/+3 primer pair 
combinations and +3/+4 primer pair combinations. The similarity index ranged from 0.712 to 0.815 within 
China type population, from 0.711 to 0.800 among Cambod type and 0.716 between to 0.778 among Assam type 
population using +2/+3 primer pair combinations. The high similarity figure (0.697– 0.869) suggests that the tea 
clones have a narrow gene pool within the genus Camellia. 
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INTRODUCTION INTRODUCTION 
Tea made from Camellia sinensis (O) Kuntze, leaves is 
one of the popular beverages consumed worldwide. Tea 
was discovered more than 2000 years ago in China, but 
is naturally distributed in the whole Asian monsoon 
regions (Banerjee, 1992). Due to its high economic 
importance extensive collections of tea plants have 
been made and numerous studies devoted to its botany 
and taxonomy have been conducted (Sealy, 1958). 
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Cultivated tea belonging to the genus Camellia and 
consists of three species each with specific plant types 
viz. Camellia sinensis - China type, Camellia assamica 
-Assam type and Camellia assamica lasiocalyx -
Cambod type (Wight, 1962). The classifications of 
these cultivars was initially proposed by Sealy(1958), 
based on leaf characteristics. This classification was 

revised by Wight (1962) on the basis morphological 
characters such as leaf size, leaf shape, length of pistil 
and flower sizes have been used for classification of tea 
plants (Takeda and Toyao, 1980). Based on this, a bush 
with small leaves, resistant to cold are characterized as 
China type, while Assam types are tall with large 
leaves (Sealy, 1958) and Cambod is intermediate 
between the China and Assam type (Kingdom-word 
1950; Robert et al., 1958). Sometimes, however, 
chemical compounds contained in the leaves of the tea 
plants are also used for the classification (Nagata and 
Sakai, 1984). Cultivated tea belonging to the genus Camellia and 
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However, tea is highly heterogeneous and all the above 
taxa freely interbreed resulting in a cline extending 
from extreme China type to those of Assam origin 
(Wight, 1959). Cultivated tea is largely based on highly 
yielding clones from vegetatively propagated materials 
(Wood and Barua, 1958). This wide spread cultivation 
of clonal tea can diminish genetic diversity if care is 
not taken to use clones of disparate origin (Wood and 
Barua, 1958). 
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A few gene banks for tea germplasm conservation have 
been established, though most have not been 
rationalized and are not based on optimized collection 
strategies. Since the tea germplasm conservation and 
documentation is critical for future sustainability of tea 
industry, there is a need to rationalize the collections. 
 
As there is no genetic isolation among the taxa of tea 
(C. sinensis, C assamica and C. assamica lasiocalyx), 
clinical variation in morphological traits are exhibited 
by most of the tea clones. Therefore new techniques 
that facilitate the characterization of tea clones are 
required. DNA fingerprinting techniques such as RFLP, 
RAPD and AFLP can help rationalize/characterise the 
germplasm collections (Sobral and Honeycutt, 1993; 
Volis et al., 2001). Genetic analysis using RFLP has 
already been employed in genotyping Japanese tea 
cultivars (Matsumoto et al., 1994) but variation was 
limited due to low number of loci investigated. 
Moreover, the RFLP technique requires a large amount 
of pure DNA, is time consuming and is technically 
demanding. Wachira et al. (1995) used RAPD 
techniques to find the genetic relationship of tea clones.  
AFLP is a robust, highly reproducible (Vos et al., 1995; 
Jones et al., 1997) and reliable PCR based method that 
allows inspection of large portion of genome and is 
preferred over other PCR based techniques for its 
application of wide genome coverage. AFLP is also a 
powerful, reliable, stable and rapid assay with potential 
application in genome mapping, DNA fingerprinting 
and marker assisted breeding (Thomas et al., 1995). 
Polymerase chain reaction in this method is more 
reproducible through use of restriction sites-specific 
adaptors and adaptor-specific primers with a variable 
number of selective nucleotides under stringent 
amplification conditions. AFLP are also useful in 
detection of polymorphism between closely related 
genotypes (Joshi et al., 1999). 
 
Here, we use AFLP for authentic characterization of tea. 
Along with characterization of tea  clones, our aim is 
also to find out the differences of banding patterns of 
AFLPs using +2/+3 nucleotide and +3/+4 nucleotide 
primer pair combinations.  

MATERIALS AND METHODS 

Plant materials and isolation of genomic 
DNA 
Two leaves and a bud stage leaves were plucked from 
different tea clones and were stored at –80oC till the 
experiment. Leaves were collected in two sets. In one 
set leaves were collected separately for 29 tea clones 
and in another set leaves were collected for 50 tea 
clones. Leaves for all experimental tea clones were 
collected from the same tea garden, viz. Ging Tea 

Estate, Darjeeling. 200 mg of young tea leaves were 
used for genomic DNA isolation. The CTAB 
(Cetyltrimethylammonium Bromide) method of Sul and 
Korban (1996), as described by Orozco-Castillo et al, 
(1994) was employed to extract DNA.  

Morphological data 
Tea leaves collected from Darjeeling were classified 
and characterized morphologically by Tea Research 
Association (TRA); Darjeeling. Ranking was given for 
each trait on the basis of data provided by TRA (Table 
3).  

PCR for AFLP 
29 individuals of Camellia (14 clones are Assam type, 
10 clones are China type and 5 clones are Cambod type) 
for +2/+3 nucleotide primer pair combinations and 50 
improved variety of tea clones for +3/+4 nucleotide 
primer pair combinations were analyzed in the present 
study. AFLP analysis was carried out using AFLP 
analysis system II kit (GIBCO-BRL).  

Digestion of DNA 

DNA(250ng) was digested at 37°C for 1h using 1U 
EcoRI, 1U MseI and 10μl 5X restriction-ligation buffer 
(50 mM TRIS-acetate, 50mM magnesium acetate, 
250mM potassium acetate, 25mM DTT and 0.25mg/ml 
BSA) in a final volume of 50μl, 10μl of digested DNA 
was run on a 1.5% agarose gel to check for complete 
digestion.  

Adaptor ligation 

Adaptor ligation was achieved by adding 5pmol EcoRI-
adaptor, 50pmol MseI adaptor, 0.96μl 10mM ATP, 1U 
T4-DNA ligase, 0.8μl of 10X restriction-ligation buffer 
and sterile H2O to the double-digested DNA sample (60 
μl final volume) and incubating for 2h at 20°C  

Pre-amplification 

The ligated DNA was diluted 10 times for pre-
amplification. Pre-amplification of prepared template 
was performed with primers complementary to the core 
of the adaptor sequences. Thus, 5μl of DNA (digested 
and ligated) was mixed with pre-amplification primer 
mix of the kit and 1U Taq DNA polymerase (GIBCO-
BRL), in a final volume of 25μl. The PCR reaction was 
performed in a Perkin Elmer-9600 thermal cycler 
(Perkin Elmer, USA) using the following temperature 
profile for 30 cycles:  
    Denaturation: 94oC  -   30s 
    Annealing: 60oC    - 30s  
    Elongation: 72oC   -  60s 
10μl of this pre-amplified DNA was checked on 1% 
agarose gel where a smear (0.2 kb) was visible.                             
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End labeling 

Only EcoRI compatible primers were labeled. 
Sufficient primers was prepared for 10 selective 
amplifications by combining 3.5μl γ[33p]ATP (1.11 X 
1014 Bq/mmol), 4.5μl of 10X T4 kinase buffer (250mM 
TRIS-Cl, pH 7.5, 100mM MgCl2, 5mM DTT, 5mM 
spermidine), 25μl EcoR1 (plus three selective 
nucleotides) primer as supplied in kit, 0.9μl T4 kinase 
(10 units/ml) and 11μl H2O (final volume 45μl). 
Samples were incubated at 37°C for 30min and then 
heated to 70°C for 10 min to stop the reaction.  

Selective PCR amplifications 

The 50-fold diluted pre-amplified PCR products were 
used as template for selective amplification. Selective 
restriction fragment amplification was performed with 
a γ[33p]ATP labelled EcoRI+3 primer and an unlabelled 
MseI + 3/4 primer.  The cycle profile ensured optimal 
primer selectivity Table 1 [Supplementary data]. The PCR 
product was mixed with 20ml formamide loading 
buffer and denatured by incubation for 3 min at 90°C 
followed by immediate cooling in ice. PCR products 
were run in 6% acrylamide gel at 80 Watt for 30 min. 
Gels were exposed to X-ray film for about 4–7 days. 

Data Scoring Analysis 
DNA bands were assumed to indicate a genetic locus 
presuming that marker alleles from different loci do not 
co-migrate and that each locus can be treated as a two-
allele system and was scored as 1 (presence) or 0 
(absence) for each sample (Lynch and Milligan, 1994). 
Collected data were organized as matrixes composed of 
ones and zeros at each locus. For each individual plant 
the number of bands was counted, and for each variety 
the total and average number of bands and the number 
of loci (total, fixed, and polymorphic) was calculated. 
Jaccard’s coefficient method (1908) was used to 
construct genetic similarity matrix. The resulting 
dissimilarity matrix was subjected to hierarchical 
cluster analysis using Unweighted Pair Group Method 
and Arithmatic Average (UPGMA) of the NTSYS-pc 
v-1.80 software (Rohlf, 1992). Marker Index (MI) was 
calculated according to Lanteri et al. (2004).  

RESULTS AND DISCUSSION 

Standardization of Genomic DNA 
An average of 20μg DNA was obtained from 200mg of 
frozen leaves. Different stages of leaves (viz. young, 
middle and mature stage leaves) were taken for 
extraction. More amount of DNA was found to be 
extracted from young leaves (Two leaves and a bud 
stage). The quality of DNA was also found to be good 

in young leaves. The additional step used in this 
method is phenol/chloroform purification method.  

Amplified Fragment length polymorphism 
(AFLP) pattern 
 Screening and selection of primer combinations which 
detect maximum genetic variation is vital to establish 
dependable genetic relationships among genotypes. The 
efficiency of 8 AFLP primer combinations were 
compared based on number of polymorphic fragments, 
marker index, number of genotypes identified, number 
of distinctive fragments and correlation of pairwise 
genetic similarity coefficients calculated from data of 
each primer combination and combined data of all 
primer combinations.  
 
It was observed that satisfactory resolution of bands 
was obtained from 5µl of reaction product loaded in 
6% polyacrylamide gel. On using +0 selective 
nucleotide primers in pre-selective amplifications and 
+2/+3 nucleotide primer pair combinations in selective 
amplifications larger number of bands was observed 
where as in +1 nucleotide primers in pre-selective 
amplifications and +3/+4 nucleotide primer pair 
combinations in selective amplifications less number of 
bands were seen. 8 AFLP primer pair combinations 
having +2/+3 selective nucleotide produce at least 677 
polymorphic bands falling in the size range of 50 to 
300bp. Of these 469 bands that were scored as clearly 
polymorphic. Several faint bands, difficult to interpret 
were also present. On an average of 58.6 (69.27%) 
polymorphic bands were scored per primer pair 
combinations (Table 2 [Supplementary data]). 
 
Fig. 1 [Supplementary data] shows part of AFLP profiles of 
29 tea clones obtained with primer combination EacMcta.  
The number of polymorphic fragments amplified by 
individual primer pair used ranged from 19 (with 
primer pair EtaMcta) to 82 (with primer pair EatMctt, 
Table 2). Marker Index (M.I.) was highest (3.31) for 
primer pair EaaMcaa and lowest for EatMctt. Although, a 
primer combination superior for all parameters was not 
identified, primer combinations EaaMcaa, EagMcta, 
EtcMcac and EacMcta were superior for most of the 
parameters considered. Using +3/+4 nucleotide primer 
pair combinations, a total of 174 bands were generated, 
of which 129 bands are polymorphic with an average of 
74%. Fig. 2 [Supplementary data] shows a part of AFLP 
profiles with primer combination EaccMcagt.  Some of 
the polymorphic bands are indicated by arrow (→). 
Some strong AFLP monomorphic bands are observed 
in AFLP pattern in all figures. Few clonal specific 
AFLP markers were also observed (Table 3). 
 
We observe more number of polymorphic bands when 
using +2/+3 primer combination than +3/+4 primer 
combination. This has earlier been reported by Mackill 
et. al, 1996. The larger number of bands increases the 
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difficulty of scoring, but is expected to produce large 
number of polymorphic markers per primer 
combination. The larger number of bands generated 
from the AFLP fingerprints highlights the complexity 
of the tea genome.  There is an almost linear correlation 
between the number of the amplified fragments and the 
genome size (Vos and Kuiper, 1997). In other way the 
lesser the banding patterns make easy to trace the 
clonal specific markers. We did not observe any 
significant difference in degree of polymorphisms 
among tea clones using +2/+3 and +3/+4 primer pair 
combinations. Polymorphic percentage for +2/+3 
primer pair combinations was observed to be 69.27 
where as for the +3/+4 primer pair combinations it was 
74%.  
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In our AFLP study with tea clones, a high mean value 
(58%) of polymorphic fragments per primer pair 
combination is seen. This mean value is less when 
compared to that obtained by Paul et al. (1997). In their 
study, 15 polymorphic fragments were obtained per 
primer pair. This discrepancy may have arisen from the 
different number of primers and combinations  assayed 
in the two studies (Fuentes et al., 1999). 
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in the two studies (Fuentes et al., 1999). 
  
It is earlier  reported that the selectivity of the amplified 
product is lost with increase in nucleotide base 
extension of the primer used in AFLP (Vos et al, 1995).  
The greater number of bands in +2/+3 primers makes it 
difficult to identify the clonal specific marker. AFLP 
analysis using +3/+4 bases extension with primer 
combination allows us to identify few clonal specific 
markers. These markers provide useful information for 

characterizing and identifying specific tea 
clone from the wide germplasm.  
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clone from the wide germplasm.  
  
Some clone specific markers have been 
observed with resemblance to specific 
physiochemical characteristics of tea clones. 
Song et al., (2000) suggested that for breeding 
plants belonging to narrow gene pool, a 
polymorphic marker represents a separate 
character. Though, all the tea clones remain in 
a narrow gene pool, diversity may occur due 
to a small change in quantitative attributes.  
From Table 3 (physiochemical data as 
reported by TRA, Tea research Association; 
Darjeeling), it is clear that AV2 clone is the 
clone with multi-quality characteristics such 
as resistant to drought, high flavor and high 
production. So any molecular marker(s) from 
this variety could be a useful marker for 
screening the most commercially viable tea 
clone from a wide variety of improved tea 
clones.  A potential and unique band (marker 
4) generated from AV2 genome using primer 
pair combination of EagMcta can be a useful 
marker to screen better tea clones. This could 

be of commercial benefit for tea cultivators. Likewise, 
the band (marker 15) produced from clone HV39, T253 
and TV14 can be a potential marker for high yield tea 
clones. From the data (Table 3) it is seen that TV 
(Tokdah Valley) varieties are more resistant to pest and 
diseases. So any band (such as marker 1, 16 and 17) 
could be defined as the potential markers for pest and 
disease resistant clones.  These markers could be useful 
to screen varieties for heterogeneous breeding for 
producing improved and quality tea clones. 
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could be defined as the potential markers for pest and 
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to screen varieties for heterogeneous breeding for 
producing improved and quality tea clones. 

Figure 3: Dendrogram obtained from AFLPs generated from 8 primer pair 
combinations. 

Dendrogram analysis Dendrogram analysis 
Jaccard’s similarity coefficient (Jaccard, 1908) was 
used to estimate the genetic relationship among tea 
clones, as the choice of the genetic distance is crucial 
for determining the level of relatedness between 
cultivars (Table 4). This matching coefficient has been 
suggested as a measure of relatedness assuming that the 
presence or absence of a discrete character in two or 
more genotypes results from the same genetic changes 
(Skroch and Nienhuis, 1995).  
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(Skroch and Nienhuis, 1995).  
  
Polymorphic bands from pair samples were scored for 
determining Jaccard’s matching coefficient. The 
similarity matrix (table 4) based on proportion of 
sharing fragments was used to show the relationships 
between and within three tea genotype populations. The 
results show that coefficient of genetic similarity 
among the tea genotypes ranges from 0.697 to 0.869. 
The similarity index ranged from 0.712 between clone 
HV39 and P312 to 0.815 between AV2 and B777 
within China type population, from 0.711 between 
TV25 and T25 to 0.800 between TB 9 and T25 among 

Polymorphic bands from pair samples were scored for 
determining Jaccard’s matching coefficient. The 
similarity matrix (table 4) based on proportion of 
sharing fragments was used to show the relationships 
between and within three tea genotype populations. The 
results show that coefficient of genetic similarity 
among the tea genotypes ranges from 0.697 to 0.869. 
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TV25 and T25 to 0.800 between TB 9 and T25 among 
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Cambod type and 0.716 between P1404 and BT 15/263 
to 0.778 between K1/1 and B668 among Assam type 
population. 
 
The high similarity figure (0.697 – 0.869) suggests that 
the tea clones have a narrow gene pool within the genus 
Camellia. The range of similarity index that provides 
an indication on the extent of hybridization leading to 
the development of each clone was (0.697 – 0.815) in 
China type, (0.712 – 0.844) in Cambod type and (0.699 
– 0.869) in Assam type. Hierarchical cluster analysis 
for developing dendrogram, based on UPGMA method 
and Jaccard’s distance (1-Sj, where Sj is described as 
Jaccard’s similarity coefficient) using the NTSYS-pc 
statistical package, was performed in order to examine 
the relationship between the tea clones. The 
dendrogram (Fig. 3) clearly divided the genotypes into 
3 groups- each group containing plants that are 
conventionally-assigned to Assam type, China type and 
Cambod type tea clones on the basis of their 
morphological characters. China and Assam types show 
their similarity among themselves at above 76% and 
the Cambod group was separated from other two 
groups having similarity at above 68%. Among the 
China group cluster the clones were divided into three 
major clusters; B7/1A/76, B777, HV39, T253, B157 
and P1258 made one cluster at 25% genetic distance 
level, RR17/144, AV2, B9/3/76, T78 and P312 made 
another one at 24% and TV1, T383 and RR4/5 
clustered into one group. A separate group composed of 
Assam type tea clone T246 and T135 was 
distinguishable from other 3 clusters. 
 
Dendrogram was developed for AFLPs generated from 
+2/+3 bases extension with primer combination, based 
on the UPGMA (Unweighed pair group method with 
arithmetic mean) method and Jaccard’s distance. The 
efficiency of the UPGMA in estimating genetic 
relationship between varieties was corroborated by co-
phenic correlation coefficients, which indicates that the 
distortion degree in the relationship of the estimated 
similarity was minimal (Fig 3).  
 
 Our results of classification conform with the 
classification on the basis of biomolecular marker 
(Magoma et al., 2000) and RAPD markers (Wachira et 
al., 1995).  
 
It was interesting to note that the clones T246 and T135 
conventionally assigned (on the basis of morphological 
characters) to the Assam group, appeared, from our 
DNA fingerprinting studies, to be separated from the 3 
clusters representing the China, Assam and Cambod 
types. Paul et al. (1997) reported a similarity level 
above 70% among tea clones of Indian and Kenyan 
origin. From studies on lilac Marsolais et al. (1993) 
have shown that similarity coefficient of about 50% is 
indicative of inter-specific hybrid origin. Two clones 
appear to have originated from inter-specific 

hybridization within the genus Camellia. Among all 
plants belonging to different types, the similarity level 
is found to be above 68%.  
 
Our finding show that, regardless of morphological 
grouping, similarity level among tea genotypes ranged 
from 70% to 92%. This suggests that the clones 
represent intra- as well as inter-specific hybridization. 
Wight (1959), on the basis of his morphological 
parameter studies, has earlier suggested on the 
occurrence of inter and intra specific hybridization as a 
source of present day tea clones. 
 
The wide range in similarity index values suggests that 
the Assam group has originated from extensive 
hybridization within the genus Camellia.  
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