
Tea is a popular healthy beverage all over the
world, with annual world production exceeding
3300 million kg of made tea (Anonymous 2005).
In Sri Lanka, tea is the main agricultural foreign
exchange earner, as more than 90% of the produc-
tion is exported. Genetic diversity estimation in
breeding material is an essential component of any
crop improvement programme. Genetic diversity
can be estimated by using pedigree data (coeffi-
cient of parentage, COP), as well as phenotypic,
biochemical or molecular information (Dilday
1990; Martin et al. 1995; Becelaere et al. 2005;
Alwala et al. 2006). The use of COP is advanta-
geous as it does not require experimental data,
which could be influenced by the environment
and/or the technique used (Gopal and Oyama
2005). Moreover, biochemical and molecular
markers may represent only a small portion of the
genome (Cox et al. 1986) and may not adequately

reflect the diversity among genotypes. Although
COP has been commonly used to analyze genetic
diversity in major crops, so far no reports appeared
on the application of COP in woody perennial
crops, such as tea. In the present study, COP was
used for 3 purposes: (1) to identify the genetic base
of commercial tea cultivars developed by the Tea
Research Institute (TRI) of Sri Lanka, (2) to quan-
tify the contributions of the parental lines used in
the breeding programme, and (3) to assign the
cultivars to genealogically similar groups.
Such information would be extremely valuable to
tea breeders in selecting parents for future cultivar
development programs as well as in exploiting the
available genetic diversity.

Fifty-six cultivars, viz. TRI-bred commercial
tea cultivars and their parental lines, were sub-
jected to the analysis (Table 1). Parental lines were
of 2 origins: introductions from other countries,
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Abstract. An understanding of genetic diversity and relationships among breeding materials is a prerequisite for

crop improvement. Coefficient of parentage (COP) can be used to measure the genetic diversity among genotypes

on the basis of pedigree information. In the present study, COP was estimated for 56 cultivars, including commer-

cial tea cultivars developed by the Tea Research Institute of Sri Lanka and their parental lines. Mean COP of the

56 accessions studied was 0.097 and the value was raised up to 0.272 when non-related pair-wise comparisons

were excluded. A single cultivar (Assam/Cambod introduction) was the nucleus of the commercial cultivars.

Group mean COP of the cultivars derived from Assam/Cambod parentage was 0.17. Thirty-three percent of the

pair-wise comparisons had 0.00 COP, highlighting that many cultivars were unrelated. Within the pedigree, 2 ma-

jor COP clusters were identified: Assam/Cambod open-pollinated half-sib progenies, and full-sib progenies de-

rived from crosses between Assam/Cambod and other parental lines. The elite groups within the pedigree, where

Assam/Cambod parentage was concentrated, were also identified. Information generated in this study should be

useful for effective utilization of available diversity in future breeding programmes as well as for proper conser-

vation of genetic diversity in the adapted germplasm. This is the first report on estimates of genetic diversity based

on COP in a woody perennial crop, such as tea.
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and selections made locally from old seedling tea
populations existing in various tea estates (estate
selections). COP values were calculated manu-
ally, as described by Kempthorne (1969), with
some modifications owing to the allogamous na-
ture of tea (Derren 1995). Accordingly, COP
of a tea genotype with itself was 0.5. In case of
open pollination, the male parents were assumed
to be unique or unrelated to any other parental
lines. Hierarchical clustering was performed on
the COP matrix by PROC CLUSTER (METHOD =
AVERAGE) (SAS 1985), using 1-COP as a mea-
sure of Euclidean distance. Cultivars were as-
signed into disjoint clusters by PROC FASTCLUS

(SAS 1985). Mean COP of clusters was computed
by using the PROC MEANS (SAS 1985).

COP values ranged from 0.00 to 0.75, with an

average of 0.097. The average COP increased up

to 0.272 when the non-related (COP = 0.00) com-

parisons were excluded. COP values were distrib-

uted unequally, skewing towards lower values.

Apparently, only a marginal fraction of the

pair-wise comparisons showed high COP values

(0 in 31%, 0.031 in 2.7%, 0.083 in 22.4%, 0.125 in

28%, 0.156 in 0.5%, 0.250 in 5%, 0.312 in 31%,

0.500 in 2.9%, 0.562 in 0.6%, and 0.750 in 0.1%).

A similar picture has been observed in some other

crops (Alwala et al. 2006; Becelaere et al. 2005;

Dilday 1990; Delannay et al. 1983).

The parental lines that largely contributed to

the commercial cultivars were: the Assam/

Cambod introduction (group mean COP: 0.076),

CY 9 (group mean COP: 0.015), N2 (group mean

COP: 0.012), and DT95 (group mean COP:

0.008). The other 5 parental lines (DN, DT1,

NAY3, and TRI 777) had only marginal contribu-

tions (group mean COP 0.005). A genetic core

built upon a few ancestors and high mean COP

values were reported in major crops (Martin et al.

1991; Delannay et al. 1983).
COP values within different series of TRI

cultivars were: 0.18 in TRI 2000, 0.08 in TRI
3000, and 0.11 in TRI 4000, whereas COP be-
tween the different series were: 0.10 between TRI
2000 and TRI 3000, 0.13 between TRI 2000 and
TRI 4000, and 0.08 between TRI 3000 and TRI
4000, which signifies recurrent use of selected pa-
rental lines. Group mean COP within the TRI 4000
series was lower than the group mean COP be-
tween TRI 2000 and TRI 4000, which was a clear
indication of inbreeding between those 2 series.

Cultivars in cluster A were either estate selec-

tions or their full-sib progenies, whereas those in

cluster B were entirely represented by cultivars de-

rived from Assam/Cambod, i.e. 83% of the

cultivars subjected for analysis (Figure 1). Further,

genealogical distance between clusters A and B,

being almost 0.99, confirms that there had been lit-

tle mix-up between those clusters. Progeny of the

cross between TRI 2023 and TRI 2026 (COP

group B1) was a highly inbred group and the

Assam/Cambod parentage was concentrated more

in B1 than in other COP groups. Sub-clusters in B2

include the bulk of the commercial tea cultivars.

Of those clusters, the most distant COP groups

were B2-4 and B2-7, which represented cultivars

derived from crosses between half-sib progenies

of the Assam/Cambod introduction (i.e. TRI 2000

series), and estate selections (DT 95 and CY 9).

The analysis enabled identification of 3 major

COP groups, which built up the nucleus of the past

TRI breeding programme: (1) Assam/Cambod

open-pollinated progenies, (2) Assam/Cambod in-

bred groups, and (3) progenies derived from

Assam/Cambod crosses with other parental lines.

Genealogical distances estimated within and be-
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Table 1. List of tea cultivars used in the analysis, including their parental lines

Group Cultivar Period of release

Cultivar series
released by TRI
for commercial
cultivation

TRI 2000 TRI 2020, TRI 2023, TRI 2025, TRI 2027, TRI 2022, TRI 2024, TRI
2026

1950s

TRI 3000 TRI 3013, TRI 3017, TRI 3022, TRI 3051, TRI 3073, TRI 3014, TRI
3018, TRI 3025, TRI 3052, TRI 3015, TRI 3019, TRI 3035, TRI
3055, TRI 3016, TRI 3020, TRI 3047, TRI 3072

1980s

TRI 4000 TRI 4004, TRI 4040, TRI 4052, TRI 4061, TRI 4085, TRI 4006, TRI
4042, TRI 4053, TRI 4067, TRI 4014, TRI 4043, TRI 4054, TRI
4075, TRI 4024, TRI 4047, TRI 4055, TRI 4078, TRI 4034, TRI
4049, TRI 4059, TRI 4079

1990s

Parental lines Introductions Assam/Cambod introduction, TRI 62/5, TRI 62/6, TRI 62/9, TRI 777 1840s

Estate selections CY 9, DT 1, N 2, DN, DT 95, NAY 3 1950s



tween the major COP groups facilitate a rational

use of diversity in the tea crop improvement

programme. In addition, the COP values provide

valuable information permitting to achieve

heterosis and to be used along with phenotypic,

biochemical and molecular information, as a com-

posite index of genetic diversity to enhance

the precision.
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Figure 1. Dendogram generated in hierarchical cluster analysis
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