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C. M. BHAVISHYA : Coorg mandarin, a GI-tagged crop native to Kodagu district of Karnataka, is renowned
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for its rich flavor resulting from a fine balance of sugars and acids, along with good
keeping quality. Coorg mandarin being polyembryonic, most orchards consist of
seedling-origin trees, hinting at inherent genetic diversity in the region. To assess this
(E, Vi s Wiy - diversity, 11 SSR markers were used on 49 Coorg mandarin accessions. Among these,
CMS4 and TAA33 exhibited higher polymorphism (0.604 and 0.492), while TAA41,
CAC23 and TAAS52 exhibited moderate PIC (0.25-0.5). Amplified product sizes ranged
from 80 to 300 bp, with CAC19 and TAA1S5 showing the broadest amplification.
Shannon’s Information Index (I) ranged from 0.000 to 0.686, highest for TAA33 (0.686)
and CMS4 (0.680). Genetic distances between accessions varied from 0.00 to 0.90.

Close genetic similarity (0.00) was observed between Kottageri and Kattemadu; also,
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.. Sulugod and Kuttandi, which suggests the clonal origin or recent divergence. The
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experiment and design highest divergence (0.90) was seen between Kanoor and Srimangala. A dendrogram

constructed using Nei’s genetic distance matrix and UPGMA clustering revealed two
Corresponding Author : major clusters. The clones Kanoor and Srimangala were out grouped indicating a
C. M. BHAVISHYA unique genetic identity, possibly from geographic isolation or ecological adaptation.
Other clusters comprising Boikeri, Perur, Sulugod and Kuttandi reflected low
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divergence and were closely related which may indicate shared regional gene pool

and similar environmental conditions.

Keywords : Gl-tagged, SSR markers, Nei's genetic distance, Coorg mandarin

India. Coorg mandarins are known to be grown in hilly
areas and elevation of up to 1700 m in Coorg region
and spread in other parts of Western Ghats such as
Waynad, Palni and Sevroy hills, Hassan and
Chikkamagalur areas (Tripathi and Karunakaran,
2013). Coorg mandarin is grown in a multi-tier
cropping system as an intercrop with coffee and
pepper. This cropping system has proved efficient with
higher land use efficiency. In 2013 and 2014 the Coorg
mandarin was cultivated in an area of 1,569 hectares

THE mandarins (Citrus reticulata Blanco), are one
of the core citrus taxa. The exact location of origin
of mandarins is unknown, it is believed to be a native
of south eastern Asia and the Philippines and might
have evolved in a region including Vietnam, South
China and Japan. It is one of the important citrus fruits
that is grown in India. There are three distinct ecotypes
of mandarin in India, the Nagpur mandarins, the Coorg
mandarins and the Khasi mandarins (Tripathi, 2023).
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The Coorg mandarin (Citrus reticulata Blanco) is a
famous ecotype of mandarin grown in the
agro-ecology of the region over a century in South

with a production of 39,225 tonnes (Bopanna et al.,
2016). Later on, there is decline in the area and
production of Coorg mandarin and reached to all time
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low in year 2000 (Tripathi and Karunakaran, 2013).
The exact data of area and production in Coorg
mandarin is not available at the present scenario.

By the 1980s, the orange crop in the Coorg district of
Karnataka was primarily affected due to an outbreak
of greening disease, commonly referred to as citrus
decline. This issue has brought down the cultivation
of the crop to a larger extent. When the problem
persisted, the only remedy was to go for mass
destruction of the crop and replant new saplings. Mass
destruction was carried out by the growers but the
replacement rate was very poor (Hemanthkumar,
2001). The other reason contributing to the decline in
the area of cultivation is the difficulty in managing
the crop alongside Coffee, which is a major
commercial crop in the district of Kodagu. The lower
market price, shortage of quality planting material,
infestation of Loranthus (Partially parasitic plant),
fruit drop followed by a lengthy list of pest and
diseases caused by various organisms are the main
reasons for the sharp decline in the Coorg mandarin
production in the region over years. Genetically
superior, disease-free propagating material is the
foundation stone for a successful scientific citrus
cultivation. In order to pursue the possibility of
identifying and selecting superior clones, targeted
surveys can be a continued process in the traditional
growing regions to exploit the existing potential.

A way to access the genetic diversity in a population
is by the use of markers. Markers are any trait of an
organism can be identified with confidence and
relative ease. There are different types of markers viz.,
morphological, biochemical and DNA based
molecular markers (Genetic marker). A genetic marker
is a gene or DNA sequence with a known location on
a chromosome and associated with a particular gene
or trait (Al-Samarai and Al-Kazaz, 2015). Over the
last few decades, the use of molecular markers to
identify polymorphism at the DNA level has been
increasingly important in plant biotechnology and
genetic research. Among the different DNA based
markers such as, restriction fragment length
polymorphisms (RFLPs), random amplified
polymorphic DNAs (RAPDs), amplified fragment

length polymorphisms (AFLPs), simple sequence
repeats (SSRs), sequence-tagged sites (STSs) etc.,
SSRs are the most widely used markers for the
diversity studies. The simple sequence repeats (SSR)
markers are highly reproducible due to their primer
length and the high stringency achieved by the
annealing temperature and provides highly
polymorphic finger prints (Kumar ef al., 2021). The
clones or accessions selected through targeted surveys
if subjected to molecular characterization, will give
us the idea about the existing diversity of the crop
and hence this study was conducted with an objective
to assess the genetic diversity of Coorg mandarin
clones using SSR markers.

MATERIAL AND METHODS

The leaf samples from Coorg mandarin (Citrus
reticulata Blanco) clones (Table 1) were collected and
the genomic DNA was isolated using CTAB method
(Doyle and Doyle, 1987) with slight modifications.
Young and healthy leaves (2 g) which were collected
from the field were cleaned and crushed using the
tissue lyser by adding 900 pL of pre-warmed 1.5 per
cent (W/V) CTAB buffer. The samples were incubated
for 60 min. at 65 °C in a water bath and centrifuged
for 10 minutes at 12000 RPM. The supernatant was
transferred into another Eppendorf tube where equal

TaBLE 1

List of Coorg mandarin accessions collected
from Kodagu district

Name of the
accession

Name of the
accession

Kottageri 3 Ponnapsanthe 6

Kottageri 4 Ponnapsanthe 7

Sulugod 1 Arecad 3
Sulugod 3 Arecad 4
Sulugod 4 Ammangala 3
Sulugod 5 Ammangala 4
Sulugod 6 Nanjarayapatna 2
Sulugod 7 Perur 2

Sulugod 8 Perur 3

Sulugod 10 Perur 5
Devanoor Kattemadu 1

Continued....
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TasLE 1 Continued....

Name of the Name of the
accession accession
Srimangala Kattemadu 2
Kanoor Kattemadu 3
Sirangalli 4 Konankatte 1
Mallur 1 Konankatte 3
Mallur 2 Konankatte 4
Mallur 4 Konankatte 5
Kuttandi 1 Rajapura 1
Kuttandi 2 Rajapura 2
Boikeri Rajapura 3
Mayamudi 1 Rajapura 4
Mayamudi 2 Rajapura 5
Ponnapsanthe 2 Nittur 1
Ponnapsanthe 3 Nittur 2

Ponnapsanthe 5

volume of chloroform: Isoamyl alcohol mixture (24:1
v/v) was added and mixed by inversion. It was then
centrifuged at 12000 RPM at 4 °C for 10 minutes.
This step was repeated twice to ensure removal of
protein contaminants. The supernatant was transferred
to a new tube. Equal volume of ice cold isopropanol
was added and mixed gently by inversion and then

kept in the freezer (-20 °C) overnight for precipitation.
The next day, the samples were centrifuged at 12000
RPM for 10 minutes. The pellet was washed with 50-
100 uL of 70 per cent ethanol and again centrifuged
for 10 minutes. The DNA pellet was air dried for 4-5
hours after removing the supernatant. According to
the size of the DNA pellet, 30 to 200 uL of TE buffer
(pH 8) was added to dissolve the DNA and kept in
freezer at -20 °C for further use.

A total of 12 SSR primer pairs (Table 2) were used
for the PCR reaction. Each reaction was set up in a
final volume of 10pL. Takara master mix (2X)
(Taq DNA polymerase, dNTPs (0.4 mM each at 1x
concentration), 1.5-2.0 mMMgCl,, reaction buffer,
stabilizers and loading/tracking dyes) of 5.0 uL,
forward and reverse primer each of 0.5 pL, 1.0 uL of
Template DNA (10-50 ng/pL) and 3 pL of nuclease
free water was used in the reaction. Annealing
temperature (Table 2) was standardized for each
primer using gradient PCR. Out of the 12 primers used
in the study, only 11 primers showed amplification
and hence those were considered for further data
analysis.

The PCR product size data obtained in base pairs (bp)
was used for all the statistical analysis. Observed

TABLE 2

List of SSR primers and their annealing temperature

TAA1S (Aleza et al., 2009) GAAAGGGTTACTTGACCAGGC CTTCCCAGCTGCACAAGC 54.1
TAA41 (Haque et al., 2022) AGGTCTACATTGGCATTGTC ACATGCAGTGCTATAATGAATG 51.6
TAA33 (Barkley et al., 2006) GGTACTGATAGTACTGCGGCG GCTAATCGCTACGTCTTCGC 54.1
TAAS2 (Kacar et al., 2013) GATCTTGACTGAACTTAAAG ATGTATTGTGTTGATAACG 41.4
TAA45 (Kacar et al., 2013) GCACCTTTTATACCTGACTCGG TTCAGCATTTGAGTTGGTTACG 54.6
TAA 27 (Barkley et al., 2006) GGA TGAAAAATG CTC AAAATG GAG GGAAAG CCCTAATCT CA 50.4
TAA3 (Barkley et al., 2006) AGAGAAGAAACATTTGCGGAGC GAGATGGGACTTGGTTCACACG 53.2
CAC23 (Haque et al., 2022) GGTGATGCTGCTACTGATGC CAATTGTGAATTTGTGATTCCG 52.6
CACI19 (Kacar et al., 2013) ACAACCTTCAACAAAACCTAGG AAGACTTGGTGCGACAGG 49.7
CMS4 (Barkley et al., 2006) CCTCAAACCTTCTTCCAATCC CTGTAAAGTACATGCATGTTGG 42.9
ATCO09 (Kacar et al., 2013) TTCCTTATGTAATTGCTCTTTG TGTGAGTGTTTGTGCGTGTG 50.6
ACO1 TTTGACATCAACATAAAACAAGAAA TTTTAAAATCCCTGACCAGA -
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heterozygosity (Ho), the expected heterozygosity
(He), and the polymorphic information content (PIC)
were calculated using R 2.0 version software. The
cultivars were grouped by cluster analysis using the
Unweighted Pair Group Method with Arithmetic
Average (UPGMA) algorithm.

RESsuLTS AND DiscussioNn

Genetic Diversity Analysis in Coorg Mandarin
Clones Using SSR Markers

Atotal of 11 SSR (Simple Sequence Repeat) markers
data was used to assess the genetic diversity among
the selected populations of Coorg mandarin
(Table 1). The summary of the characteristics of the
primers used in this study, including the number of
alleles per locus and the Polymorphic Information
Content (PIC), are presented in Table 3.

The higher allelic variation was observed at CAC23
(Fig. 1), which exhibited 3 alleles, indicates a higher
degree of polymorphism at this locus. The loci such
as TAA1S, TAAS2, TAA45, TAA 27 and TAA3
displayed only 2 alleles, reflecting relatively lower
variability. Ample studies have been done in various
citrus species to study the genetic diversity using SSR

markers and it was noted that, the genetic relationships
and diversity of 51 accessions of sour orange (Citrus
aurantium) and their relatives using seventeen SSR
primers produced a mean of 1.4 allele per marker
(Polat et al., 2012). When 12 SSR primers were used
to study the genetic variation among 56 accessions
(G1~G56) of Citrus in Iran. The lower number of
alleles was observed on CAGG9 locus with 2 alleles
and the higher number of alleles was observed in
TAA41 locus with 8 alleles (Jannati et al., 2019).

The Polymorphic Information Content (PIC), a
measure of the informativeness of a marker, varied
from 0.079 (TAA3) to 0.604 (CMS4). Markers with
PIC values greater than 0.5 (e.g., CMS4 and TAA33)
are considered highly informative, while those with
values between 0.25 and 0.5 (e.g., TAA41, CAC23,
TAAS52) are moderately informative. Markers with
values less than 0.25 (e.g., TAA3, CAC19) are less
informative and may contribute less to the assessment
of genetic variation. Overall, the mean PIC value
across all loci was indicative of moderate
informativeness of the SSR markers used in this study.
Similarly, Kaur et al. (2022) have reported, the
Polymorphism information content values ranging
from 0.13 (CIBE 5156) to 0.73 (CCSM 40), with an

TABLE 3

Characteristics of SSR primers used for the diversity study

Primer Amplified Number of bands I;gé(};rn;?ﬁ};:
code product . . content

range (bp) Total Polymorphic Monomorphic (PIC) value
TAA1S 200-300 1 0 1 0.193
TAA41 100-220 2 1 1 0.388
TAA33 80-220 2 1 1 0.492
TAAS2 150-250 1 0 1 0.265
TAA45 150-250 1 0 1 0.193
TAA 27 80-150 1 0 1 0.366
TAA3 100-200 1 0 1 0.079
CAC23 180-280 3 2 1 0.307
CAC19 150-300 2 1 1 0.135
CMS4 100-250 2 1 1 0.604
ATC09 80-220 2 1 1 0.352
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Fig. 2 : Dendrogram showing the genetic relationships among 20 populations based on Nei’s genetic
distance, constructed using the UPGMA method

(The vertical scale represents genetic distance, with shorter distances indicating greater genetic similarity)

average value of 0.45 across all genotypes of
mandarins grown in different countries. In another
study by Munankarmi et al. (2023), the PIC value
ranged from 0.497 with primer TAA 27 to 0.802 with
primer TAA 41 with an average value of 0.662, which
were used to characterize genetic diversity of forty-
five Citrus accessions collected from National Citrus
Research Program (NCRP), Dhankuta and Kathmandu
valley.

The amplified product size range across primers varied
from 80 bp to 300 bp. The widest amplification range
was observed with CAC19 (150 to 300 bp) and TAA1S5
(200 to 300 bp), suggesting a broader binding region
or possible repeat variation at those loci. In terms of
loci amplification, the total number of loci per primer
ranged from 1 to 3. Most primers (e.g., TAAIS,
TAAS2, TAA4S, TAA 27, TAA3) amplified only a
single monomorphic locus, indicating a lack of visible
variation across the samples for those loci.

Moderate levels of polymorphism were detected in
primers such as TAA41, TAA33, CAC19, CMS4 and
ATCO09, each producing two bands, with one being
polymorphic and the other monomorphic. These
primers contributed to identifying variability across
the population set and enhanced the overall

effectiveness of the marker used in the study.
Conversely, primers such as TAA15, TAAS52, TAA4S5,
TAA 27 and TAA3 produced exclusively
monomorphic bands, offering limited utility in
detecting allelic differences among individuals. While
these loci may be conserved or fixed across the
sampled populations, they contribute little to the
assessment of intra-population variation.

Overall, out of the total 18 loci amplified across all
primers, 7 loci were polymorphic, while 11 were
monomorphic. The average number of polymorphic
loci per primer was 0.73, indicates a relatively low
but notable level of genetic variability detectable by
the SSR markers in this study. In a genetic diversity
analysis of 46 mandarins grown in different countries
by Kaur ef al. (2022) showed that, out of 110 SSR
markers, 64 polymorphic markers amplified a total
of 155 alleles. Similarly, in a study conducted by
Rohini et al. (2020), thirty-eight accessions of
C. jambhiri were characterized using 17 SSR markers.
A total of 60 loci were generated, of which all the 60
were polymorphic (100%). These findings highlight
the varying degrees of effectiveness among SSR
primers in revealing polymorphism. Primers such as
CAC23, CMS4 and TAA33 were more effective in
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detecting genetic variation, whereas primers like
TAAI1S5 and TAA3 were less informative due to the
absence of polymorphic bands. This variability
underscores the importance of carefully selecting
highly polymorphic and informative SSR markers for
robust genetic diversity assessments.

Genetic Diversity Parameters Across SSR Loci

Several standard diversity indices were calculated,
including the number of individuals genotyped (N),
observed number of alleles (Na), effective number of
alleles (Ne), Shannon’s Information Index (1),
observed heterozygosity (Ho), expected
heterozygosity (He) and unbiased expected
heterozygosity (uHe) and are represented in Table 4.

The number of individuals (N) genotyped per locus
ranged from 39 (TAA 27) to 49 (TAA33), reflecting
minor differences due to potential amplification
success or missing data across samples due to
non-amplification of certain accessions. The observed
number of alleles (Na) per locus ranged from 1 to 3.
Six loci (TAA1S5, TAAS2, TAA45, TAA 27, TAA3)
exhibited only one allele (Na = 1), indicates a
monomorphic nature and thus contributes no allelic
variation to the genetic analysis. CAC23 showed the

highest allelic richness with three alleles (Na = 3),
followed by several loci (TAA41, TAA33, CACI19,
CMS4, ATCO09) that revealed two alleles, which
indicates polymorphism at these loci. The effective
number of alleles (Ne), which accounts for both the
number and frequency of alleles, ranged from 1.000
to 1.970. Notably, TAA33 (Ne = 1.970) and CMS4
(Ne = 1.948) showed the highest values, suggesting a
more even allele distribution and higher diversity at
these loci. In contrast, the monomorphic loci had an
Ne of 1.000, indicates a lack of allele frequency
variation.

Shannon’s Information Index (I), a measure of genetic
diversity that incorporates both richness and evenness
of alleles, ranged from 0.000 to 0.686, with the highest
values again observed at TAA33 (0.686) and CMS4
(0.680). The expected heterozygosity (He), which
measures the probability that two randomly selected
alleles are different in the population, varied
significantly across loci, ranging from 0.000 (TAAL1S,
TAAS52, TAA45, TAA 27, TAA3) to a maximum of
0.837 (CMS4) (Table 4). A zero value for ‘He’
suggests complete homozygosity at those loci,
indicates either a strong fixation of alleles or limited
variability within the populations at those markers.

TABLE 4

Genetic diversity parameters based on SSR primers studied in 49 Coorg mandarin accessions

Locus N Na Ne I Ho He uHe
TAA1S 44 1.000 1.000 0.000 0.000 0.000 0.000
TAA41 43 2.000 1.259 0.359 0.140 0.206 0.208
TAA33 49 2.000 1.970 0.686 0.796 0.493 0.498
TAAS2 42 1.000 1.000 0.000 0.000 0.000 0.000
TAA45 44 1.000 1.000 0.000 0.000 0.000 0.000
TAA 27 39 1.000 1.000 0.000 0.000 0.000 0.000
TAA3 47 1.000 1.000 0.000 0.000 0.000 0.000
CAC23 46 3.000 1.274 0.423 0.196 0.215 0.217
CACI19 48 2.000 1.110 0.205 0.104 0.099 0.100
CMS4 43 2.000 1.948 0.680 0.837 0.487 0.492
ATCO09 47 2.000 1.421 0.473 0.362 0.296 0.299

N- total no. of observations; Na- no. of different alleles; Ne- no. of effective alleles; I- Shannon’s information index;
He- expected heterozygosity; uHe- unbiased heterozygosity
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In contrast, observed heterozygosity (Ho), which
reflects the actual proportion of heterozygotes in the
population, ranged from 0.000 to 0.493, with the
highest observed at TAA33 and CMS4 (Table 4).
Interestingly, some loci such as TAA41 and CAC23
showed Ho values higher than their corresponding He
values, which could suggest an excess of
heterozygosity possibly due to non-random mating,
selection, or sampling effects.

In support of the present findings on the molecular
characterization of Coorg mandarin, a study conducted
by Munakarmi et al. (2023) on various citrus species
in Nepal reported that, the Observed Heterozygosity
(Ho) ranged from 0.460 to 0.794 and the Expected
Heterozygosity (He) also ranged from 0.460 to 0.794.
Additionally, Shannon’s Information Index (I) varied
between 0.677 and 1.678, indicates considerable
genetic diversity among the studied accessions. In
wood apple (Limonia acidissima) being in the same
family of citrus that is rutaceae showed moderate gene
diversity (0.226 £ 0.007) and Shannon’s information
index (0.369 &+ 0.009) in the species (Lata et al., 2024).

These results highlight substantial variation in the
informativeness of the SSR markers used in this study.
TAA33 and CMS4 emerged as the most informative
loci, exhibits the highest diversity indices across all
parameters. The inclusion of such markers is crucial
in accurately capturing the genetic variation within
and among populations.

Pairwise Genetic Distance among Coorg Mandarin
Accessions

To assess the genetic divergence, the forty-nine
accessions were grouped into 19 populations based
on the site of collection and Nei’s genetic distance
was calculated based on SSR marker data for those
nineteen populations. The results of pairwise
population matrix (Table 5) provides an estimate of
the genetic distance between each pair of population
group, that reflects how genetically similar or distinct
they are from one another.

The genetic distance values in the matrix ranged from
0.00 to 0.90, which indicates considerable variability
among the accessions. The lowest genetic distance
(0.00) was observed between several pairs of
accessions, including Kottageri and Kattemadu; also

Sulugod and Kuttandi, that suggests a very close
genetic relationship or possible clonal origin. In
contrast, the highest genetic distance (0.90) was
observed between Kanoor and Srimangala, which
reflects a substantial degree of genetic divergence.
Further, the Kanoor is distantly related to all other
clones in the present study, indicating the possibility
of mutation leading to distinct loci compared to others.

A number of accession pairs showed very low genetic
distance values (< 0.05) (Table 5), such as:

- Kottageri and Sulugod (0.01)

- Sulugod and Kuttandi (0.00)

- Boikeri and Sulugod (0.01)

- Kattemadu and Kuttandi (0.01)
- Rajapura and Mallur (0.01)

These low values suggest a high degree of genetic
similarity, possibly due to shared ancestry, gene flow,
or limited geographical separation. Such closely
related accessions may represent selections from the
same population or clonal propagation from a common
ancestor.

On the other hand, accessions like Kanoor were
consistently more genetically distant from the others.
For example:

- Kanoor and Srimangala (0.90)
- Kanoor and Mallur (0.58)
- Kanoor and Kattemadu (0.49)

These high values suggest that, Kanoor represents a
genetically distinct lineage, which may have evolved
in relative isolation or originated from a different gene
pool. Such distinct genotypes could be valuable for
broadening the genetic base in breeding programmes.

The moderate to high genetic distances observed in
many comparisons support the notion that the Coorg
mandarin population is not genetically uniform, but
rather exhibits structured diversity across geographic
locations. This diversity can be utilized for selective
breeding, conservation planning and genetic resource
management. The Nei’s genetic distance matrix
reveals a complex pattern of relatedness among Coorg
mandarin accessions, with both closely related clusters
and highly divergent genotypes. This analysis
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highlights the presence of genetic substructure within
the population. It also supports the potential for genetic
improvement through the selection of diverse and
complementary parental lines.

The genetic distance varies with the marker used,
species and population within the species. This can
be supported by various studies conducted by
researchers across wide range of crops. For example,
low Nei’s genetic distance (0.31) among ten genotypes
of wood-apple trees which is of the same family as of
citrus (rutaceae) sampled from two Indian states,
Madhya Pradesh (Ratlam, Indore) and Gujarat
(Vadodara) were recorded in a study conducted by
Lata et al. (2024). Here it can be noticed that the
genetic distance between genotypes could be as low
as 0.31 even though they were sampled from two
different states. Another study in which the Nei’s
genetic distances were calculated for Khasi mandarin
(Citrus reticulata Blanco) in Meghalaya using 11
polymorphic SSR locus, revealed varying genetic
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relationships among locations, with a minimum
distance of 0.038 between Umsohme and Sokhwai and
a maximum distance of 1.418 between Sokhwai and
Umta (Kar et al., 2024). The analysis of Nei’s genetic
distance between siam and keprok citrus populations
showed genetic distance value of 0.419, where thirty-
seven mandarin genotypes consists of 7 siam cultivars,
28 keprok cultivars and 2 cultivars derived from their
hybridization, were subjected to genetic diversity
analysis using 20 SSR markers (Nugroho et al., 2025).

Genetic Relationship among Populations Based on
Nei’s Genetic Distance

A dendrogram was constructed using Nei’s genetic
distance matrix and the Unweighted Pair Group
Method with Arithmetic Mean (UPGMA) clustering
algorithm (Fig. 2). This analysis provides insights into
the extent of genetic similarity and divergence across
the populations based on multilocus allele frequency
data.

24 25 26 27 28 29 30

40 41 42 43 44 45 46 47 48 49

SSR Primer — CAC23

5 26 27 28 29 30 31 32

SSR Primer — CMS4

Plate 1 : The Gel documentation of the SSR Primer CAC23 and CMS4 used in the study
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The dendrogram revealed several well-defined
clusters. Notably, Kanoor was out grouped and it was
related to Srimangala and others vary distantly.
Whereas the other clones were very closely related.
The low height at which these populations join and
indicate a minimal genetic differentiation, which
influenced by geographic proximity or recent common
ancestry. Their early branching pattern, relative to the
rest of the populations, also implies a unique genetic
identity that may result from prolonged isolation or
habitat specificity.

The clones such as Arecad and Nanjarayapatna,
Devanoor and Sirangalli, Nittur, Ponnapsanthe and
Ammangala. Mallur, Mayamudi, Konankatte and
Rajapura were placed in related small clusters
indicating their genetic similarity at SSR loci probed
in the current study:.

A second prominent cluster comprises Boikeri, Perur,
Sulugod and Kuttandi, which exhibit low levels of
genetic divergence and form a sub-group. The close
genetic proximity among these populations could be
attributed to share the ecological conditions, or limited
barriers to dispersal. Their clustering pattern indicates
that, they may form part of a genetically homogeneous
regional group.

Populations such as Kattemadu, Kottageri and
Kuttandi are also closely related, as reflected in their
shallow inter-branch distances. This further supports
the presence of regional genetic similarity within this
subset, possibly due to overlapping habitats or recent
gene exchange.

These groupings may reflect intermediate
evolutionary histories, where some gene flow occurs
but is limited by ecological or geographical
constraints. Interestingly, the clustering pattern shows
that, Kanoor and Srimangala, despite being very
similar to each other and are genetically more distant
from the remaining populations. This is evidenced by
their separation from other groups at a relatively
higher height on the dendrogram. Overall, the
dendrogram highlights clear genetic structuring
among the sampled populations.

In a phylogenetic analysis of Indonesia’s mandarin
genotypes using SSR markers clearly revealed
separation between siam and keprok group. Since
there was no clear differentiation of citrus genotypes
by geographic origin, the clustering pattern observed
in a study was based on the genetic background
variation (Nugroho et al., 2025). Clustering based on
UPGMA algorithm for morphological data were
analyzed at population level, revealed two major
clusters, where all the populations of Upper Assam
districts were in the same cluster with the original
stock (control population) in a study conducted for
the identification of genetic diversity among mutant
lemon and mandarin varieties using different
molecular markers (Akhtar et al., 2024).

This study inferred that, among the 11 primers used
for genetic diversity assessment in Coorg mandarin
clones, only CMS4 and TAA33 were identified as
highly informative and other primers were either
moderately or less informative. Genetic distance
values ranged from 0.00 to 0.90, reflecting
considerable variation among accessions. Very close
genetic relationships (0.00) were observed between
accessions such as Kottageri and Kattemadu; also
Sulugod and Kuttandi, which suggests potential clonal
origin or recent divergence. The highest genetic
distance (0.90) was recorded between Kanoor and
Srimangala, which indicates significant genetic
divergence. A dendrogram generated using Nei’s
genetic distance matrix and the UPGMA clustering
method revealed several distinct clusters. One well-
defined cluster consisted of Kanoor and Srimangala,
suggesting a unique genetic identity potentially due
to geographic isolation or specific ecological
adaptation. Another major cluster included Boikeri,
Perur, Sulugod and Kuttandi, indicates low genetic
divergence and a likely shared regional gene pool,
possibly due to similar ecological conditions and
limited dispersal barriers. Overall, it can be said that,
more number of SSR primers has to be employed to
further analyze the genetic diversity present in Coorg
mandarin.
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