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Abstract Citrus sinensis (L.) Osbeck (sweet orange) is one of the most important commercially cultivated fruit crops of

Citrus and occupies the second position after mandarins in India. Genetic diversity and inter-relationship among 22

cultivars of C. sinensis were analyzed based on morphological and RAPD markers. A total of 99 bands were generated with

20 RAPD primers, out of which 51 bands were polymorphic (51.83 %). A pair-wise similarity value between cultivars

ranged from 0.48 to 1.00 (avg. 0.77). Moderate levels of polymorphism and high genetic similarity within C. sinensis

suggested that cultivars have a low level of genetic diversity despite having high morphological variability. A dendrogram

generated based on UPGMA separated all the cultivars into two main clusters in which two cultivars, Delta Valencia and

Sweet Orange, showed distinctiveness from the rest of the cultivars. A two-dimensional plot generated from principle

component analysis of RAPD data also supported the clustering pattern of dendrogram. Some primers were able to

generate unique fragments, which can be used for identification of the cultivars. This study indicated the presence of low

genetic diversity within C. sinensis, which could be explained by the fact that much of the phenotypic variation observed

may be because of some somatic mutations.
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Introduction

Citrus (L.) is one of the most economically important fruit

crops of the world, belonging to the subfamily Aurantioi-

deae of the family Rutaceae. It is widely distributed

throughout the tropical and subtropical regions of the world

and believed to have originated in Southeast Asia, partic-

ularly northeast India, the Malayan archipelago, China,

Japan, and Australia [17, 23]. India has an enormous

diversity of Citrus genetic resources, both cultivated and

wild. Citrus occupies the second position in terms of area

(987 ha) and third position in terms of production

(9.64 mt) of fruit crops in India [18].

Among the cultivated species, Citrus sinensis (L.)

Osbeck (sweet orange) is the most important commercial

fruit crop of Citrus and occupies the second position after

mandarins in India. C. sinensis is believed to be a hybrid

between pummelo (Citrus maxima) and mandarin (Citrus

reticulata) [7, 20]. It is a highly polyembryonic species. Its

fruit pulp is used for preparing fresh juice which is rich in

vitamin-C and protein content. The peel of the fruit is used

for making perfume and soaps. Cooking oil is extracted

from its seeds. Juice extracted from its leaves is used to

control several diseases like ulcers, sores, etc. [11].

The genetic diversity of C. sinensis is diminishing rap-

idly because of a number of factors, such as displacement

of the natural gene pool due to selection and introduction

of genotypes suitable for intensive horticulture form-

ing a limited gene pool [2]. There is urgent need to

retain the essential characters of varieties/cultivars and to

S. K. Malik (&) � M. R. Rohini � S. Kumar � R. Choudhary �
D. Pal � R. Chaudhury

Tissue Culture and Cryopreservation Unit, National Bureau

of Plant Genetic Resources (NBPGR), Pusa Campus,

New Delhi 110012, India

e-mail: skm1909@gmail.com; skm@nbpgr.ernet.in

123

Agric Res (October–December 2012) 1(4):317–324

DOI 10.1007/s40003-012-0045-3



characterize and evaluate the existing genotypes to achieve

significant improvement in C. sinensis cultivars.

The use of molecular markers has been a valuable and

precise strategy to identify Citrus species, cultivars and

biotypes and to investigate the genetic diversity of Citrus

species. Molecular marker techniques like RAPD, ISSR,

RFLP, SSR, AFLP and other markers have been used for

germplasm characterization, studies of genetic diversity,

systematics and phylogenetic analysis [24]. Among them,

random amplified polymorphic DNA (RAPD) markers

have been employed most widely for characterization of

plant species [25]. RAPD have gained more attention due

to the simplicity of the procedure, the low cost and the very

small amount of DNA required for analysis. In Citrus,

RAPD markers have been used for cultivar identification,

genetic mapping, genetic diversity assessment and other

breeding programs [1, 3–6, 9, 14, 16, 19, 21]. In the present

study, RAPD and morphological markers have been

applied to characterize indigenous as well as exotic culti-

vars of C. sinensis and to establish genetic relationships

among these cultivars.

Materials and Methods

Plant Material and Sample Collection

A total of 22 cultivars of C. sinensis were collected from

field genebank collection of Regional Research Station,

Punjab Agricultural University, Abohar, Punjab and used

for morphological and molecular studies (Table 1).

A selective sampling strategy was employed, where sam-

ples collected from a single plant of a cultivar was given an

indigenous collection number (IC number) and treated as

an individual accession. Leaf and fruit samples of each

accession were collected for confirmation of taxonomic

identity, characterization and DNA extraction. Detailed

passport information of each accession was recorded in the

NBPGR database.

Morphological Characterization

Morphological characterization of 22 cultivars of C. sin-

ensis was done using descriptors developed for Citrus by

International Plant Genetic Resources Institute (IPGRI),

Rome, Italy (now Bioversity International). Characteriza-

tion data of 43 characters (29 qualitative and 14 quantita-

tive) of leaf, fruit and seed were recorded for the collected

germplasm. All the 43 morphological characters were

converted into bi- and multi-state code. A pair-wise simi-

larity matrix was generated based on simple matching

coefficient method using software NTSYS ver. 2.10e [22].

A cluster analysis was performed using the unweighted pair

group method with arithmetic average (UPGMA) based on

simple matching coefficient in NTSYS software. Principal

component analysis (PCA) was also carried out to study

correlations among the variables and establish relationships

among cultivars using the same software. The two-way

Mantel test [15] for goodness of fit for the UPGMA cluster

was also performed using the same software.

DNA Extraction

Total genomic DNA was extracted from all the 22 cultivars of

C. sinensis through the cetyl tri-methyl ammonium bromide

(CTAB) method [10]. Quantitation of isolated DNA was done

spectrophotometrically and its quality checked by electro-

phoresis on 0.8 % agarose gel.

RAPD-PCR Amplification

The RAPD primers of Operon Technologies Alameda, CA,

USA were used for molecular analysis. A total of 60 primers

Table 1 Citrus sinensis cultivars used for the morphological and

molecular analyses

Cultivars Origin Parentage

Olinda Valencia late USA Selection from Valencia

Jaffa New Zealand Clone of Palestine beledi

tree

Blood red Mediterranean

basin

Unknown

Campbell Valencia USA Selection from Valencia

Vanale Brazil Unknown

Washington navel Brazil Probably selection from

Seleta

Moro Italy Unknown

Rhode red Valencia USA Selection from Valencia

Parent navel Brazil Unknown

Declarbe sweet orange Unknown Unknown

Satgudi India Selection

Malta Mediterranean

basin

Selection

Mosambi Mozambique,

India

Selection

Vaniglia sanguigno Italy Unknown

Sweet orange Italy Selection

Teneriffe Spain Unknown

Temple Jamaica Unknown

Mediterranean sweet

orange

Mediterranean

region

Selection

Seleta Portugal Unknown

Valencia late China Selection from Valencia

Tardiff Italy Unknown

Delta Valencia South Africa Selection from Valencia
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were screened in C. sinensis, of which 20 primers were

selected for final profiling based on banding patterns and

reproducibility. The basic protocol reported by Williams et al.

[25] for RAPD-PCR amplification was followed, in which a

final reaction volume of 20 ll contained 19 Assay buffer,

2.5 mM MgCl2, 0.2 mM of each dNTP, 1U Taq DNA poly-

merase (Life tech, India), 10 pmol RAPD primer and 20 ng of

template DNA. The PCR amplification conditions were as

follows: Initial denaturation step at 94 �C for 4 min followed

by 40 cycles of denaturation at 94 �C for 1 min, annealing at

35 �C for 1 min, and extension at 72 �C for 2 min followed by

final extension at 72 �C for 7 min. Amplification products

were separated by electrophoresis (80 V for 3 h) in 1.5 %

agarose gel containing ethidium bromide (10 mg/ml). A

photographic record was taken under a UV gel documentation

system (Mega Biosystematica, UK).

Data Analysis

Amplified fragments were scored for each accession as

presence (1) or absence (0) of homologous bands on the

basis of size comparison with standard DNA ladder.

Molecular weight of the amplified bands was estimated by

using a 1 Kb DNA ladder (Gibco BRL Life Technologies,

New York, USA) as standard. A pairwise genetic similarity

matrix between cultivars was estimated using Jaccard’s

coefficient and a dendrogram was constructed based on

UPGMA using Software NTSYS ver. 2.01e [22]. The two-

way Mantel test [15] for goodness of fit for the UPGMA

cluster to the binary data and PCA were also performed

using the same software.

Results

Morphological Characterization

The tree is medium sized, profusely branched with elliptic to

ovate leaf lamina and narrowly winged petiole. Fruit shape

varies from spheroid to ellipsoid with rounded or truncated

apex. Most of the fruits have pitted surface texture with either

conspicuous or strongly conspicuous oil glands. C. sinensis

shows mostly seeded cultivars and few cultivars like Jaffa and

Delta Valencia are seedless. Seeded cultivars have 2–18 seeds

with an average of five seeds per fruit. Seeds were clavate in

shape with wrinkled seed surface. Mature seeds were cream to

brown in colour with cream or light yellow-cream cotyledon

and brown chalazal spots. Most of the C. sinensis cultivars are

polyembryonic with two to four embryos. Among the studied

cultivars, Vaniglia sanguigno reported the highest percentage

of polyembryony (70 %) with four embryos per seed.

The only cultivar with 100 % monoembryonic seeds was

Temple.

Pair-wise similarity values among the cultivars of C.

sinensis ranged from 0.18 to 0.64 with an average of

0.39 based on morpho-metric data. A dendrogram gener-

ated based on morpho-metric data grouped all the 22 cul-

tivars into five major clusters (Fig. 1). The first cluster

comprised of the cultivar Washington navel which was the

most distinct from all other clusters and separated with

similarity value of 0.30. A second cluster was comprised of

two cultivars, namely Jaffa and Delta Valencia, which were

closely related with similarity value of 0.52. The third

cluster comprised of only one cultivar, Malta, which was

separated from the fourth cluster with similarity value of

0.32. The fourth cluster was the biggest one comprising 16

cultivars, viz. Mosambi, Declarbe sweet orange, Valencia

late, Parent navel, Mediterranean sweet orange, Teneriffe,

Satgudi, Blood red, Temple, Sweet orange, Rhode red

Valencia, Morro, Vaniglia sanguigno, Tardiff, Vanale, and

Campbell Valencia. Within this cluster the cultivars

Campbell Valencia and Vanale were most similar mor-

phologically showing a similarity value of 0.64. A fifth

cluster comprised of two cultivars, viz. Olinda Valencia

late and Seleta, which were closely related by a similarity

value of 0.44.

Based on Mantel Z statistics [15] the correlation coef-

ficient (r) was estimated as 0.84. A value of 0.84 is con-

sidered a good fit of the UPGMA cluster pattern to the data.

A two-dimensional plot generated from PCA showed five
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Fig. 1 Dendrogram generated based on morphological traits of 22

C. sinensis cultivars using the unweighted pair group method with

arithmetic average (UPGMA)

Agric Res (October–December 2012) 1(4):317–324 319

123



groups which was found to be less similar to the clustering

pattern of the UPGMA dendrogram. In a 2D plot, cultivar

Delta Valencia alone constituted one group whereas in

UPGMA clustering, Delta Valencia and Jaffa were grouped

together in one cluster. Jaffa also formed a separate group

in 2D plot but in the dendrogram it was grouped along with

Delta Valencia. Malta and Washington navel together

constitute one group in the 2D plot, whereas in the den-

drogram they were present in two different clusters. The

analysis gave first ten principal components, which con-

tributed 91.36 % of the total variability of the collected

accessions. The first five principal components accounted

for 70 % of the total variability and the first three

accounted for 53.77 % of the variance, in which maxi-

mum variability was contributed by the first component

(26.85 %) followed by the second component (14.84 %),

and the third component (12.07 %). The first PC was most

highly influenced by characteristics of the fruit morphol-

ogy, viz. fruit weight, fruit length, fruit diameter, fruit rind

thickness and TSS (Table 2). In the second PC, the traits

contributing to the total variability were fruit adherence of

albedo to pulp, leaf apex, leaf lamina shape and petiole

wing width. The third PC was mostly influenced by fruit

shape, leaf length, leaf width, and oil gland size.

Genetic Polymorphism among Cultivars

Twenty primers were selected for the RAPD analysis based

on the reproducibility and banding patterns. PCR amplifi-

cation of the genomic DNA isolated from 22 cultivars of

C. sinensis yielded a total of 99 bands, of which 51 were

polymorphic and 48 were monomorphic (Table 3). Rep-

resentative gel profiles generated using primers OPC-08

and OPG-17 are shown in Fig. 2. The total number of

amplified DNA bands ranged from three to eight, with an

average of five bands per primer. The maximum number of

polymorphic bands (5) was obtained with two primers, i.e.

OPG-08 and OPA-01 and the minimum number (1) was

generated with primer OPT-01. The polymorphism per-

centage ranged from 12.5 (primer OPT-01) to 83.33 %

(OPA-01). Average polymorphism across all the 22 culti-

vars was 51.83 %. Overall size of the PCR amplified

fragments ranged from 300 to 3,000 bp.

Five RAPD primers gave seven unique bands in specific

sweet orange cultivars. These primers produced a specific

DNA fragment which distinguished one cultivar from the

rest. Primer OPB-18 generated two unique bands, one in

Satgudi and another in Tardiff, while primer OPC-08 also

generated two unique bands each for Seleta and Temple.

Each OPO-04, OPG-17 and OPA-12 primers also gener-

ated single fragments in Satgudi (500 bp), Valencia late

(900 bp) and sweet orange (600 bp), respectively.

Genetic Diversity and Relationships

The pair wise similarity values obtained between 22 cul-

tivars of C. sinensis ranged from 0.48 to 1.0. A maximum

Table 2 Eigenvectors of morphological variables explained by the

first three principal components

Traits PC1 PC2 PC3 Mean SD

Fruit shape 1.2556 0.9653 2.188 – –

Fruit base 0.8527 0.6747 0.8541 – –

Fruit apex 1.0050 -2.5711 -1.9157 – –

Fruit colour 0.3905 -0.7748 -2.6671 – –

Adherence of albedo

to pulp

0.1089 2.1354 2.0969 – –

Nature of oil glands 1.2926 -2.0343 2.7404 – –

Oil gland density -0.1170 0.1792 -0.3351 – –

Oil gland size 1.3175 -0.7800 1.9100 – –

Albedo colour 0.1043 -0.0002 -0.5795 – –

Pulp colour 0.2142 0.3790 -1.2273 – –

Pulp firmness -1.1916 0.7850 -0.2665 – –

Juice content 1.6040 -0.0903 -1.6302 – –

Seed shape -3.3331 0.0783 -0.6235 – –

Seed surface -4.0378 -0.7243 0.0108 – –

Seed colour -3.5283 -1.6338 -0.4604 – –

Cotyledon colour -4.0246 -0.4604 -0.3159 – –

Chalazal spot colour -3.8574 -0.8183 0.3892 – –

Seed embryony -3.7246 0.9268 0.3361 – –

Intensity of green

colour

-0.1170 0.1792 -0.3351 – –

Leaf lamina

attachment

0.5696 2.3253 -3.1472 – –

Leaf lamina shape 0.2590 3.1294 -0.6731 – –

Leaf lamina margin -0.7697 -3.2917 1.4873 – –

Leaf apex 0.8941 2.6532 -2.7717 – –

Petiole wing width 0.5696 2.3253 -3.1472 – –

Petiole wing shape 1.7383 -2.5972 -1.2645 – –

Fruit weight 3.2275 -1.4676 -0.046 231.45 36.14

Fruit diameter 3.8789 -1.3272 0.1426 73.94 3.78

Fruit length 3.5309 -1.6249 0.8997 75.93 4.32

Epicarp width 1.0082 -0.3820 0.3959 2.34 0.27

Fruit rind thickness 2.1625 -0.5059 1.7416 5.08 0.62

No. of segments 1.8554 -1.7922 0.8276 11 0.56

Total soluble sugar

(TSS)

2.4093 1.9652 -0.5539 7.90 0.59

No. of seeds -4.1594 -0.4949 0.1761 5.00 1.27

Ten seeds weight -4.1594 -0.5014 0.1743 1.76 0.06

Seed moisture (%) -4.1630 -0.4887 0.1633 37.32 0.80

Leaf lamina length 0.2068 2.8000 2.0826 61.9 0.52

Leaf lamina width -0.3258 3.5558 2.4584 28.1 0.30

Leaf lamina ratio 0.9224 -2.6776 -1.6189 2.25 0.18

Leaf lamina thickness -1.3183 1.9818 2.5039 0.21 0.02

320 Agric Res (October–December 2012) 1(4):317–324

123



similarity value of 1.00 was observed between cultivars

Declarbe sweet orange and Rhode Red Valencia, indicating

that they are most genetically similar, whereas Washington

naval and sweet orange, Delta Valencia and Mosambi, and

Satgudi and Delta Valencia showed the lowest similarity

coefficient value of 0.48. Average similarity across all the

cultivars was 0.77. A dendrogram generated based on the

UPGMA method grouped all the 22 cultivars into two

major clusters (Fig. 3). The first cluster comprised of the

cultivars Delta Valencia and sweet orange. The biggest

formed cluster was the second cluster consisting of the

remaining 20 cultivars. Within this cluster, the cultivars

Declarbe sweet orange and Rhode red Valencia were

genetically most similar, showing 100 % genetic similar-

ity; while Seleta and Vanale cultivars were individually

separated into distinct clades from the rest of the cultivars

with similarity value of 0.79.

Based on Mantel Z statistics [15], the correlation coef-

ficient (r) was estimated as 0.93. A value of r [ 0.90 is

considered a very good fit of the UPGMA cluster pattern to

the data. A 2D plot generated from principle component

analysis (PCA) of RAPD data also supported the clustering

pattern of the UPGMA dendrogram, except Seleta, which

was distinctly separated in the 2D plot, while in the den-

drogram, it was grouped in cluster II. First and second

principal components accounted for 23.18 and 14.35 %,

respectively, of the total variation.

Discussion

Experiments with C. sinensis cultivars have demonstrated

the potential of RAPD markers as a rapid, reproducible and

useful method for distinguishing different cultivars of

C. sinensis and clustering genotypes into different groups.

The moderate level of genetic polymorphism (51.83 %)

was observed among the 22 cultivars of C. sinensis based

on 20 primers. This could be explained by the fact that

somatic mutations are the main source of variability in

cultivars of this species. However, a high level of poly-

morphism (70.13 %) was reported within the naval sweet

orange cultivar based on RAPD markers [8]. In contrast to

these results, Natividade Targon et al. [19] and Novelli

et al. [21] did not observe polymorphisms among the cul-

tivars of C. sinensis based on RAPD and microsatellites

markers.

Pair-wise similarity analysis of 43 morphological char-

acters in the 22 cultivars of C. sinensis revealed that

maximum similarity (0.64) occurred between the cultivars

Campbell Valencia and Vanale, both of which are exotic in

origin and are most similar in terms of qualitative fruit, leaf

and seed characters. Minimum similarity (0.18) was

observed between the cultivars Washington navel and

Mosambi, which may be attributed to their different centres

of origin where they have developed their distinct charac-

ters. Both cultivars are different in fruit characters, as

Table 3 Details of amplified

bands generated in 22 cultivars

of C. sinensis based on 20

RAPD primers

Primer Sequences

(50–30)
Total no.

of amplified bands

No. of

polymorphic bands

Percentage

of polymorphism (%)

OPA-08 GTGACGTAGG 5 3 60.00

OPA-12 TCGGCGATAG 4 3 75.00

OPB-18 CCACAGCAGT 6 4 66.66

OPC-08 TGGACCGGTG 8 4 50.00

OPC-18 TGAGTGGGTG 4 2 50.00

OPG-05 CTGAGACGGA 5 3 60.00

OPG-08 TCACGTCCAC 8 5 62.50

OPG-16 AGCGTCCTCC 3 2 66.66

OPG-17 ACGACCGACA 6 3 50.00

OPM-06 CTGGGCAACT 4 3 75.00

OPM-13 GGTGGTCAAG 4 2 50.00

OPO-06 CCACGGGAAG 4 3 75.00

OPO-12 CAGTGCTGTG 4 2 50.00

OPA-04 AATCGGGCTG 4 0 0.00

OPO-04 AAGTCCGCTC 4 3 75.00

OPA-19 CAAACGTCGG 4 3 75.00

OPT-08 AACGGCGACA 4 0 0.00

OPA-01 GAGGCCCTTC 6 5 83.33

OPQ-18 AGGCTGGGTG 4 0 0.00

OPT-01 GGGCCACTCA 8 1 12.5

Total 99 51 51.51
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Mosambi has an ellipsoid shape with rounded apex while

the Washington naval has spheroid shape with truncated

apex. The average similarity value of 0.39 indicated that

cultivars show moderate to significant variability among

these cultivars with respect to morphological traits. Based

on RAPD markers, a high similarity value of 1.00 was

found between two cultivars, Declarbe sweet orange and

Rhode Red Valencia, showing very close genetic rela-

tionships between them which may be due to their common

origin by mutation. Low genetic similarity (0.48) between

cultivars Washington naval and sweet orange; Delta

Valencia and Mosambi; and Satgudi and Delta Valencia

may be due to different sources of origin of these cultivars.

High genetic similarity (avg. 0.77) was recorded within this

group, which showed a narrow level of genetic diversity

existed within C. sinensis. This was also congruent with a

moderate level of polymorphism that occurred within this

group. Similarly, Fang and Roose [12] also reported low

genetic variation among the cultivars of C. sinensis based

on ISSR markers. This further supports the view that a

majority of C. sinensis cultivars derived from a single

ancestor through somatic mutation [13].

A search for unique bands was made for all the cultivars

tested, in which a total of seven unique bands were gen-

erated in six cultivars by five RAPD primers. In Satgudi, a

maximum of two unique bands were given by primer

Fig. 2 Representative gel profiles of 22 cultivars of C. sinensis based on random amplified polymorphic DNA (RAPD) primers. M represents

1 kb DNA ladder. a OPC-08. b OPG-17
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Fig. 3 Dendrogram generated based on random amplified polymor-

phic DNA (RAPD) data of 22 cultivars of C. sinensis
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OPB-18 (600 bp) and OPO-04 (500 bp). Similarly, unique

bands were generated in Sweet orange, Teneriffe, Seleta,

Valencia late and Temple by RAPD primers. These unique

fragments can be used as a marker for identifica-

tion of these cultivars, which will be useful for future

conservation, maintenance and breeding programmes.

These accessions can also be used for developing the core

collection of C. sinensis germplasm.

The UPGMA dendrogram divided all the cultivars into

five main clusters based on morpho-metric data. The cul-

tivar Washington naval was the most distinct from rest of

the clusters mainly with respect to its fruit and leaf mor-

phology. Jaffa and Delta Valencia were grouped together

due to their similarity in fruit morphology and seedless-

ness. Indigenous cultivars of C. sinensis were clustered

together in one group because of their similarity in most of

the observed traits. A 2D plot showed five groups which

was found less similar to the clustering pattern of UPGMA

dendrogram. In the 2D plot, cultivars such as Delta

Valencia, Jaffa, Malta, Washington navel and Seleta were

found very distinct from rest of the cultivars as all are

exotic and might have originated from different sources.

The UPGMA clustering pattern based on RAPD data also

indicated the genetic relatedness of C. sinensis cultivars by

grouping 20 cultivars out of 22 into a single cluster. This

shows that most of the cultivars of C. sinensis originated

through somatic mutation (bud sports). However, two

cultivars, Delta Valencia and sweet orange, were clearly

separated from the rest of the cultivars and grouped in the

same cluster. This indicated that both cultivars may have

originated from the same genotype.

Comparison of morphological and molecular charac-

terization data is of immense importance to conclude the

extent of genetic diversity present in the set of cultivars.

Although the correlation between the morphological and

RAPD data was low in the analyzed cultivars of Citrus

sinensis, as correlation values were found to be much less

than 0.5, both methods allowed fare groupings of cultivars

based on the analyzed traits. This is clear from the clus-

tering pattern of the cultivars, where UPGMA dendrogram

based on morphological data divided 22 cultivars into five

major clusters whereas the dendrogram based on the RAPD

marker divided them only into two major clusters. This

shows that in spite of the wide phenotypic variations

present within the cultivars they had a very narrow genetic

base. The cultivar Washington Navel, which was mor-

phologically most distinct from other cultivars, showed

maximum genetic similarity with the rest of the cultivars.

In the same way the Delta Valencia which was genetically

most distinct showed some extent of morphological simi-

larity with the cultivar Jaffa.

Based on the PCA of morphological characters, the first

three principal components accounted for 53.77 % of the

variance, in which maximum variation was given by the

first component. Morphological characters, viz. fruit shape,

fruit weight, fruit length, fruit diameter, fruit rind thick-

ness, TSS, adherence of albedo to pulp, leaf apex, leaf

lamina shape, leaf length, leaf width, petiole wing width,

and oil gland size, represent maximum variability revealed

by the first three components which were identified for

developing a minimal descriptor for describing the species.

The moderate level of polymorphisms, in spite of the

high morphological variability, could be explained by the

fact that somatic mutations may be one of the sources of

variability in C. sinensis. These results can be further used

to manipulate genetic determinants of horticulturally

important traits and to characterize the basis of productivity

of C. sinensis cultivars in India. In the present study, RAPD

markers proved to be useful for germplasm characteriza-

tion and diversity analysis in C. sinensis cultivars.
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