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Abstract

Avocado (Persea americana Mill.), a member of the family Lauraceae, is widely recognised as a health-
promoting fruit due to its high content of monounsaturated and polyunsaturated fats, which help lower LDL
cholesterol levels. Although avocados were introduced to Sri Lanka nearly 200 years ago, the local avocado
accessions remain largely uncharacterised. The present study was conducted to characterise 15 avocado
accessions maintained in the ex-situ germplasm collection at the Fruit Research and Development Institute,
Horana, using both molecular and morphological markers. Molecular characterisation was performed using
four avocado-specific Short Sequence Repeat (SSR) markers. A total of 20 distinct amplification fragments
were detected, with each locus showing four to six alleles. A dendrogram was constructed using a binary
matrix of SSR data in NTSYS-pc 2.10e software, followed by cluster analysis using the unweighted pair group
method with arithmetic mean (UPGMA). Results revealed that the avocado accessions were grouped into
five distinct clusters. Morphological characterisation was conducted using 15 qualitative morphological traits
based on the descriptors developed by the International Plant Genetic Resources Institute (IPGRI). The
Shannon-Weiner diversity index ranged from 0.2449 for leaf shape to 1.459 for tree shape, indicating varying
levels of phenotypic diversity. This inaugural approach of molecular and morphological characterisation of
selected avocado accessions in Sri Lanka provides valuable insights into their genetic diversity, supporting
effective germplasm management, breeding programmes, and conservation efforts.
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Introduction

Avocado (Persea americana Mill.), an evergreen species of the Lauraceae family, is valued for its nutritionally
rich fruit, which is high in monounsaturated and polyunsaturated fats, essential vitamins, minerals, fiber, and
antioxidants (DoA). Although native to southern Mexico (Bhuyan, 2019), avocado has been cultivated in Sri
Lanka for centuries (FAO), predominantly in home gardens and small-scale orchards. Despite its nutritional
and economic significance, sufficient studies on the genetic diversity and morphological variation of local
avocado accessions remain largely uncharacterized. Morphological characterization based on descriptors for
Avocado (Persea spp.) published by the International Plant Genetic Resources (IPGRI), provides essential
information on phenotypic traits. However, these traits can be significantly influenced by environmental
conditions, limiting their reliability in genetic assessments. To address this, the present study combined both
morphological and molecular characterisation using species-specific Simple Sequence Repeat (SSR) markers
to enhance the accuracy of genetic diversity assessments. All local accessions conserved in the ex-situ
germplasm at the Fruit Research and Development Institute (FRDI) in Horana were analysed to identify
genetically distinct and agronomically superior genotypes to support germplasm conservation, future
breeding programmes, and the sustainable improvement of avocado cultivation in Sri Lanka.

Materials and Methods
Planting materials

A total of 15 Sri Lankan avocado accessions were selected for this study. All accessions were obtained from
the ex-situ germplasm maintained at the Fruit Research and Development Institute at Horana, Sri Lanka,
based on their availability. The selected accessions were; X2, X21, NG1, GP1, KAs, HA1, D1, MUy, TTy, Y1, GLy,
BR1, RCy, P1, and BWh.

Morphological characterization

A total of 18 qualitative morphological characteristics were initially recorded for the 15 selected accessions
according to the descriptors for avocado published by the IPGRI (1995). However, only 15 characteristics were
considered in the subsequent analysis, as three characteristics, leaf base shape, crotch angle of main branches,
and crotch angle of leaf petiole were monomorphic across all accessions. All of the considered morphological
characteristics were overall tree and leaf characteristics. The inflorescence characteristics were excluded from
the analysis because not all of the accessions were flowering, and fruit data could not be collected due to the
off-season.

The recorded values for each selected morphological characteristic were subjected to further analysis using
the Shannon-Weiner Diversity Index. These values were calculated by considering the natural log value of
the proportion of the frequency of each characteristic among the accessions.

Molecular characterization

Isolation of DNA and SSR analysis

Genomic DNA was extracted from young avocado leaves using the modified CTAB method with slight

modifications to the protocol described by Hormaza (2002). The extracted DNA was then diluted in 40 pL of
nuclease-free water and stored at -20°C.
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Four species-specific SSR markers (Table 1) were selected based on their high polymorphism as reported by
Sharon et al. (1997) and Ashworth et al. (2003). PCR amplifications were performed in 12.5 pyL volume
containing 6.25 uL of 5X GoTaq® Green Master Mix (Promega Corporation), 4.75 uL of nuclease-free water,
0.5 uL of 10 uM forward and reverse primers of each microsatellite marker, and 0.5 uL of 50 ng template DNA
from each accession. Reactions were carried out on a thermal cycler (LifeECO Thermal Cycler Bioer) using
the following temperature profile: initial denaturation at 95°C for 05 min followed by 30 cycles of
denaturation at 95°C for 1 min, annealing for 1 min at respective temperatures for each primer (Table 1),
extension at 72°C, with final extension at 72°C for 7 min. The PCR products were analysed using agarose gel
electrophoresis. A 2.5% agarose gel in 0.5x TBE buffer was used for markers AVD001, AVD006, and AVAG22,
while a 3% agarose gel in 1x TBE buffer was used for AVAGO05. Electrophoresis was conducted at 50V for 80
min. The optimal annealing temperatures for each primer were determined.

Table 1: Selected SSR Markers of Avocado used in this study

SSR Annealing Expected
No Reference Primer sequences Rep.eat Temperature size range
marker motif
(°C) (bp)
1 AVDO00 Ashworth F:5-GITTCC AAGCGA (CD12 56 226
1 etal, CTC ACGAG-3
(2003) R:5- GAT TCC ATG CTG
AATTGC CG -3’
2 AVD Ashworth F:5- GGG AGA GATGTA (TC)9 314
006 etal, TTG AGC A-3’ 52
(2003) R:5- ACT TGG TCG TAG
ATT GTA AAT -3
3 AVAG Sharon F: 5- GGA TCT GAT GTG (AG)10 57 94-122
05 etal, (1997) TGG GGG AG -3
R: 5- CCT GTC GGA AAA
GACTAT GCG-3¥
4 AVAG Sharon et F:5-GAT CATCAA GTC (GA)15 57 104-124

22 al,, (1997) CTC CTT GG -3’
R: 5'- GAT CTC ATA GTC
CAA ATA ATGC -3

Data analysis

The total number of alleles was determined for each SSR locus, with putative alleles identified based on their
estimated fragment size in base pairs. Genetic diversity was estimated using the following statistics: number
of alleles per locus, observed heterozygosity (Ho), and expected heterozygosity (He =1 - ) pi?), where pi is the
frequency of the i allele (Nei, 1973).

Genetic relationships among the selected accessions were calculated using the UPGMA cluster analysis of the
similarity matrix obtained from the binary matrices for each marker with the SAHN program of the NTSYSpc
2.10e software.
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Results
Morphological characterization
Based on the Descriptors for avocado (Persea spp.) published by the IPGRI (1995), 15 qualitative tree and leaf

characteristics were recorded for each accession. Based on the values obtained for each descriptor, the
Shannon-Weiner Diversity Index was calculated for each trait.

BW1_ Upper surface T'I'l_Under surface

Figure 1: Observations of some of the morphological traits: a) Tree shape of X2 accession. b) Leaf shape of 14 accessions.
c) Pubescence of leaf upper surface of BW1 accession. d) Pubescence of leaf under surface of TT1 accession
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Figure 2: Shannon’s diversity index for each morphological trait
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Molecular characterisation

From the agarose gel electrophoresis of the PCR products for each SSR marker, 20 DNA fragments were
observed in total. The markers AVD006 and AVAGO05 each revealed four alleles, while AVD001 and AVAG22
each exhibited six alleles (Table 2).

Table 2: Expected heterozygosity of all selected SSR markers

SSR Number of alleles Range of allele Expected heterozygosity (He)
marker frequencies

AVDO001 06 0.067-0.167 0.8067

AVDO006 04 0.167-0.333 0.7311

AVAGO05 04 0.067-0.4 0.6844

AVAG22 06 0.033-0.267 0.7333

Average Expected Heterozygosity (He) 0.738875

A dendrogram was constructed based on the UPGMA analysis using the similarity matrix generated from

the binary matrices of the four SSR markers.
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Figure 3: Dendrogram of the 15 Sri Lankan avocado accessions based on the UPGMA analysis Based on the constructed
dendrogram, 05 major clusters of the accessions could be identified. The largest cluster contained 04 accessions: NGi,

HA1, GP1, and Dx.
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Discussion

Shannon’s diversity index values for the morphological traits ranged from 0.2449 for leaf shape to 1.4595 for
tree shape. The Shannon diversity index has been widely used in population genetics studies. With this index,
lower values indicate lower variations among the accessions for a given trait, while higher values reflect
higher diversity (Nolan and Callahan, 2006). Therefore, the tree shape of the accessions varied greatly, while
the leaf shapes indicate minimal variation. Other traits, such as leaf texture (1.2681) and anise smell (1.0096),
also exhibited relatively higher variations among the accessions as they had values larger than 1.0 for
Shannon’s diversity index. The accessions expressing greater variation in tree shape indicate greater
adaptation and structural integrity, and highly varied leaf texture indicates pest and disease resistance, water
use efficiency, while higher variations in anise smell indicate biochemical diversity, which is useful in
determining the breeding potential of local accessions (Konwar, 2025).

In the present study, the number of alleles per locus ranged from 04-06, whereas a total of 143-130 bands were
observed in a study done for avocado accessions in Cuba using 16 SSR markers by Ramirez et. al, (2005). The
difference in the results obtained in our study and previous studies could be due to the number and levels of
polymorphism of the used markers, the selected sample size, and the diversity of the selected germplasm.
The size range of the alleles for each marker was within the expected size ranges (bp) as seen in Table 1. The
average expected heterozygosity of the present study was 0.7389, according to Table 2. This value is greater
than 0.65, the value obtained by Juma et al., (2020), thereby indicating a greater genetic diversity in the local
germplasm or different levels of polymorphisms in the SSR markers selected. The expected heterozygosity
for each microsatellite marker was greater than 0.5, which indicated their effectiveness in differentiating the
selected accessions.

Expected and observed heterozygosity, and Shannon’s diversity index are indicators of the range of genetic
diversity within a population (Juma et al., 2020). This diversity analysis at the intra-population level indicates
a great genetic diversity among the accessions. According to the constructed dendrogram as seen in Figure 3,
these accessions can be predicted into 05 major clusters. Selection of distantly related accessions for future
breeding purposes can be done by using this dendrogram. By crossing genetically distant accessions as
parental lines, maximized genetic variability of offspring can be obtained (Wiirschum, 2023). All the selected
markers in the present study were polymorphic for the selected Sri Lankan avocado accessions, indicating
their repeatability in future studies regarding avocado.

Conclusion

The 15 selected Sri Lankan avocado accessions showed considerable morphological diversity, according to
Shannon'’s diversity index, which revealed high variations in traits such as tree shape and leaf texture. The
local accessions showed higher genetic diversity among the germplasm with a mean expected heterozygosity
of 0.7389. The 04 SSR markers of the present study demonstrated effective polymorphism with high expected
heterozygosity. UPGMA clustering grouped the local accessions into five major clusters, indicating the
genetic relationships among them.
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