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Abstract

Coconut (Cocos nucifera L.) is an agricultural commodity that is very prospective to be developed in Indonesia and other tropical
countries, but its development is constrained by various factors. This study aimed to determine the genetic identity, as well as
diversity and relationships of native coconut germplasm from South Kalimantan, Indonesia, using a cpDNA (matK) marker. The
results show that this germplasm has a low-level genetic diversity, 1% = 0.0258. However, the phylogenetic analysis revealed that
native coconut germplasms from this region have separated into different clades, two for Maximum Likelihood and three for
Neighbor-Joining, where Genjah Kuning 3 has closely related to an outgroup. Thus, this information is important as a fundamental
reference in developing new high-yielding coconut in the future.

Keywords: Coconut; genetic diversity; breeding program; cpDNA.
Abbreviations: matK _ Maturase K; ML _ Maximum Likelihood; NJ _ Neighbor-Joining.

Introduction

Coconut (Cocos nucifera L.) is one of the most prospective
commodities in Indonesia and other tropical countries. It
corresponds to the high world market demand for these
commodities and their derivative products, such as coconut
meat, water, coconut oil, coconut shells, and coconut fiber
(DGNED, 2017). For example, in Indonesia, until the second
quarter of 2020, the coconut exports were recorded at 988.3
thousand tons or worth USD 519.2 million. It records to have
increased by 16% and 17% compared to the same period in
the previous year (DGP, 2020). In 2019, specifically for
coconut derivatives or processed products, Indonesia's
export value reached USD 2.17 billion, consisting of
processed coconut meat of USD 663.8 million, coconut shells
of USD 209.6 million, coconut water USD 35.3 million, and
coconut fiber USD 12.6 million (Trademap, 2021).
Taxonomically, coconut is the single species that belong to
the Cocos genera and presents two varieties: tall
(var. typica) and dwarf (var. nana) (Azevedo et al., 2018,
Geethanjali et al., 2017). The tall varieties are outcrossing,
and the dwarfs are mostly autogamous (Geethanjali et al.,
2017). Based on the color forms, the dwarf variety of this
germplasm can be divided into three subvarieties, i.e., green
dwarf, red dwarf, and yellow dwarf. Furthermore, the red
dwarf can be divided into two phenotypically distinct types,
namely Malayan and Cameroon (Azevedo et al., 2018).

In South Kalimantan, one of the largest coconut-producing
areas in Indonesia, there is a native coconut cultivar with
unique characteristics, namely Genjah Salak (Figure 1).
Generally, this coconut is characterized by small fruits,
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slender stems, relatively short leaves, fast flowering, and
mostly self-pollinating. Plants can flower at the age of 1.5
years and initially harvest for three years. Fruit production
per stem can reach 80-120 fruit/tree/year (Anggreany,
2020). However, this coconut has not been characterized in
depth and utilized optimally in breeding programs.
Nowadays, the coconut breeding program is directed not
only to the number of fruits per plant or their production
but also in increasing the albumen content, sensorial
characteristics, and resistance to pests, diseases, and
drought. In this case, one of the breeding strategies is
intervarietal hybrids crossing between dwarf x tall coconuts
varieties. Generally, these present hybrids show heterosis
for fruits production, earliness, resistance to pests and
diseases, number of leaves, and stem girth (Azevedo et al.,
2018). From 1950 to 1993, more than 400 hybrids were
developed worldwide under established coconut
improvement programs using various breeding strategies.
There were also instances were ‘accidental’ ones due to
natural out-crossing were identified and selected by the
farmers (Batugal et al., 2009).

In line with the development of high-yielding coconut seeds,
selection and genetic characterization of germplasm are
necessary. According to Acquaah (2012), genetic
characterization is an urgent step in plant breeding
programs. Rios (2015) also stated that an in-depth study of
the genetic status of germplasm is the key to success in
breeding efforts, especially the development of new
superior cultivars in the future. Especially in South



Kalimantan, genetic characterization and evaluation of
coconut germplasm have not been widely carried out
(Nazari 2011), unlike in other areas, such as Java, Bali, and
Sulawesi (Mahayu and Taryono, 2019).

In addition, genetic characterization of the coconut
germplasm was many carried out by morphological and
agronomic markers (Geethanjali et al.,, 2017). Even these
markers are strongly influenced by environmental factors.
Besides, it takes a long time because the observations are
conducted until the plants are mature (Mursyidin and
Khairullah, 2020). Several molecular markers have been
applied to characterize coconut plants, such as RAPD
(Kandoliya et al., 2018, Masumbuko et al., 2014, Rajesh et
al., 2014), SSR, or microsatellites (Geethanjali et al., 2017,
Loiola et al., 2016, Mahayu and Taryono, 2019, Rasam et al.,
2016, Wu et al., 2019), and other DNA fingerprinting
markers (Azevedo et al., 2018, Rajesh et al., 2015). However,
these markers also have limitations, such as the analysis
results being very subjective and relatively unstable.
Currently, DNA barcoding is one option of molecular
technique for analyzing the genetic diversity and
relationship of germplasm (Hollingsworth et al., 2011, Kress,
2017). In general, this technique utilizes standardized short
DNA sequences, such as chloroplast DNA which has a simple
structure, high genetic stability, and uniparentally.
Consequently, the analysis process becomes faster and more
accurate (Galimberti et al., 2014). According to Singh et al.
(2017), these markers also have the advantage of
determining the diversity and relationship status of
germplasm that has a very close relationship, such as
coconuts.

This study aimed to determine the genetic identity, diversity,
and relationships of native coconut germplasm in South
Kalimantan, Indonesia, using a cpDNA (matK) marker. The
results of this study are usable as a fundamental reference in
developing new high-yielding coconuts in the future.

Results

Genetic diversity and sequence characteristics

The matK sequence of native coconuts shows different
lengths, ranging from 844 to 863 bp. However, the BLAST
results (Table 3) showed and validated that all matK
sequences of this germplasm with a percent identity of 100.
In this case, Genjah Kuning 1 has the highest query cover of
100% with the GenBank database. Further analysis shows
that three polymorphism events are present in this
sequence (Fig 3, Table 4), and all represent substitution-
transversion mutation (Table 5). As a result, this Indonesian
germplasm has a low genetic diversity, n% = 0.0258 (Table
4). Following Table 4, the matK gene of local coconut has a
GC content of 33.30%. According to Table 4, a specific
mutation of coconut was found on Genjah Kuning
2 (introduction cultivar), where the Thymine (T) changed
with Cytosine (C) in the second nucleotide position. A similar
change (from T to C) also occurred in two coconut cultivars,
namely Dalam Kalumpang and Genjah Entok Super, at the
nucleotide position of 862 bases.

Genetic relationship

Based on the matK sequence, the coconut germplasms
natively from the South Kalimantan, Indonesia, have
separated into different clades, two for Maximum Likelihood
(Fig 4) and three for Neighbor-Joining (Fig 5). Specifically for
Neighbor-Joining, Genjah Kuning 3 has separated from the
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most coconut germplasm and has closely related to an
outgroup (Fig 5).

Discussion

Identification and characterization, including determination
of genetic diversity and relationship, are the main activities
in supporting coconut development in the future. In this
study, we used the cpDNA (matK) marker to determine the
genetic identity, diversity, and relationship of thus
germplasm from the South Kalimantan, Indonesia.
Conceptually, maturase K (matK) is a chloroplast intron-
encoded gene with unique characteristics. This gene is
characterized by various lengths, both in the complete and
partial regions. The total sequence of this gene is reported
as 1,536 bp length (Mustafa et al., 2018). Thakar et al. (2016)
also reported that the chloroplast matK gene contains about
1,500 bp. In this study, the partial sequence of matK of local
coconuts shows different lengths, ranging from 844-862 bp.
These length differences of matK genes are also reported by
several researchers, for example, Tosh et al.(2016) in
Angiosperms with 830 bp—857 bp length, as well as Li
et al. (2012) in Ficus, Caprar et al. (2017) in tomato, Habib et
al. (2017) in Tetrastigma, Immanissa et al. (2020) in cacao,
Suriani et al. (2021) in Zanthoxylum, and Mursyidin et al.
(2021) in local rice landraces (Oryza sativa L.).

According to Chen and Shiau (2015), the differences in
length of matK genes are due to separate base substitution
and single nucleotide insertions-deletions (indels) events. In
this case, only three polymorphic sites are shown in this
sequence (Table 4), and all represent substitution-
transversion mutation (Table 5). In Anoectochilus, Chen and
Shiau (2015) reported 11-23 SNP found in the matK region.
In concept, matK is a plant intron-encoded protein located in
the large single-copy regions of the chloroplast genome with
a relatively high mutation rate (Barthet et al., 2020, Kar et
al., 2015). However, the mode and tempo of matK evolution
are distinct from other chloroplast genes. Kar et al. (2015)
reported substitution rate in matK is three times higher than
the large subunit of Rubisco (rbcL) and six-fold higher at the
amino acid substitution rate, establishing it as a fast- or
rapidly-evolving gene.

In addition to the high substitution rate, matK also displays
varying numbers and sizes of indels, and most have been
found in multiples of three, conserving the reading frame.
However, the presence of indels found in some plant
families raises the question, of whether a gene with such a
feature can maintain stable protein structure and function
(Kar et al., 2015).

Due to the low level of polymorphism (SNP) found in this
region, only three sites (Table 4), the matK sequence of local
coconuts are very high conserved. Consequently, this
germplasm has a low-level genetic diversity, 1% = 0.0258.
According to Gao et al. (2017), low-level genetic diversity is
influenced by several factors, such as a founder effect,
natural selection, and inbreeding. For plant breeding,
genetic diversity is urgent, particularly in developing new
cultivars with desired traits (Govindaraj et al., 2015).

In general, genetic diversity in cpDNA, including matK, is
caused by a single nucleotide mutation that occurs over a
very long period (Suriani et al., 2021). Consequently, it
provides a high phylogenetic signal for resolving
evolutionary relationships among plants at all taxonomic
levels (Kar et al., 2015). In other words, as a fast-evolving



Table 1. List of local coconut (C. nucfera L.) germplasm used in this study.

Dalam Tall Barito Kuala, South Kalimantan 0OK086747 847
Dalam Hijau Kalumpang Tall Hulu Sungai Selatan, South Kalimantan 0K086748 860
Genjah Entok Super* Dwarf Hulu Sungai Selatan, South Kalimantan 0OK086749 856
Genjah Kuning 1 Dwarf Banjarbaru, South Kalimantan 0OK086750 844
Genjah Kuning 2 Dwarf Barito Kuala, South Kalimantan 0OK086751 850
Genjah Kuning 3 Dwarf Tanah Laut, South Kalimantan 0OK086752 856
Genjah Salak 1 Dwarf Banjarbaru, South Kalimantan 0K086753 858
Genjah Salak 2 Dwarf Banjar, South Kalimantan 0OK086754 847
Genjah Salak 3 Dwarf Barito Kuala, South Kalimantan 0K086755 859
Genjah Wulung Dwarf Barito Kuala, South Kalimantan 0OK086756 859
Anonymous** Dwarf Taiwan KF285453.1 863

Notes: *Introduction; “An outgroup, obtained from GenBank

Fig 1. Morphological characteristics of Genjah Salak, a native coconut of South Kalimantan, Indonesia (Adopted from Anggreany,
2020).

Table 2. The matK primers were used in this study.

matK Forward CGTACAGTACTTTTGTGTTTACGAG 48 900
Reverse ACCCAGTCCATCTGGAAATCTTGGTTC
Source: Le et al. (2020).

HsE et

Fig 2. Maps of sampling locations (South Kalimantan, Indonesia), where the native coconut (C. nucfera L.) germplasm was collected
and used in this study. See Table 1 for details.
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Table 3. The BLAST results of matK sequences of native coconut (C. nucifera L.) germplasm from South Kalimantan, Indonesia.

Local name Max Total Query B Per. Acc. Acc.
Score Score Cover Value Identity Length Num.
(%) (%)
Dalam 1559 1559 99 0 100.00 1795 HG969989.1
Dalam Hijau Kalumpang 1581 1581 99 0 100.00 1795 HG969989.1
Genjah Entok Super 1580 1580 99 0 100.00 1795 HG969989.1
Genjah Kuning 1 1559 1559 100 0 100.00 1795 HG969989.1
Genjah Kuning 2 1563 1563 99 0 100.00 1795 HG969989.1
Genjah Kuning 2 1581 1581 99 0 100.00 1795 HG969989.1
Genjah Salak 1 1581 1581 99 0 100.00 1795 HG969989.1
Genjah Salak 2 1559 1559 99 0 100.00 1795 HG969989.1
Genjah Salak 3 1581 1581 99 0 100.00 1795 HG969989.1
Genjah Wulung 1581 1581 99 0 100.00 1795 HG969989.1
1 10 20 30 40 50 60 70 80 90 100 110 120 130

Gen jah_Kuning_1 TTTTGTGTTTACGAGCCARAGTTCTAGCACACGARAATCGARGTATATACTTTATTCGATACARACTCTGTTTTTTTGAGGATCCACTGTGATARTGAGARAGATTTCTACATATCCGACCARATCGATC
Genjah_Salak_1 TTTTGTGTTTACGAGCCARAGTTCTAGCACACGARAATCGARGTATATACTTTATTCGATACARACTCTGTTTTTTTGAGGATCCACTGTGATARTGAGARAGATTTCTACATATCCGACCARATCGATC

Gen jah_Salak_2 TTTTGTGTTTACGAGCCARAGTTCTAGCACACGARRATCGARGTATATACTTTATTCGATACARACTCTGTTTTTTTGAGGATCCACTGTGATARTGAGARAGATTTCTACATATCCGACCARATCGATC
Dalan TTTTGTGTTTACGAGCCAAAGTTCTAGCACACGARRATCGARGTATATACTTTATTCGATACARACTCTGTTTTTTTGAGGATCCACTGTGATARTGAGARAGATTTCTACATATCCGACCARATCGATC

Gen jah_Salak_3 TTTTGTGTTTACGAGCCARAGTTCTAGCACACGARRATCGARGTATATACTTTATTCGATACARACTCTGTTTTTTTGAGGATCCACTGTGATARTGAGARAGATTTCTACATATCCGACCARATCGATC
Dalan_Mulung TTTTGTGTTTACGAGCCARAGTTCTAGCACACGARAATCGARGTATATACTTTATTCGATACARACTCTETTTTTTTGAGGATCCACTGTGATARTGAGARAGATTTCTACATATCCGACCARATCGATC
Genjah_Kuning.2 TCTTGTGTTTACGAGCCARAGTTCTAGCACACGARAATCGARGTATATACTTTATTCGATACARACTCTETTTTTTTGAGGATCCACTGTGATAATGAGARAGATTTCTACATATCCGACCARATCGATC
Anonynous  TTTTATGTTTACGAGCCARAGT TCTAGCACACGARRATCGARGTATATACTTTATTCGATACARACTCTGTTTTTTTGAGGATCCACTGTGATARTGAGARAGATTTCTACATATCCGACCARATCGATC

Gen jah_Entok_Super TTTTGTGTTTACGAGCCARAGTTCTAGCACACGARAATCGARGTATATACTTTATTCGATACARACTCTETTTTTTTGAGGATCCACTGTGATARTGAGARAGATTTCTACATATCCGACCARATCGATC
Dalan_Hi jau_Kalunpan TTTTGTGTTTACGAGCCARAGTTCTAGCACACGARAATCGARGTATATACTTTATTCGATACARACTCTGTTTTTTTGAGGATCCACTGTGATARTGAGARAGATTTCTACATATCCGACCARATCGATC
Consensus  TLTTgTGTTTACGAGCCARAGTTCTAGCACACGARRATCGARGTATATACTTTATTCGATACARACTCTGTTTTTTTGAGGATCCACTGTGATARTGAGARAGATTTCTACATATCCGACCARATCGATC

131 140 150 160 170 180 190 200 210 220 230 240 250 260

Genjah_Kuning.1 AARTARTATCGCARTCTGATARATTGGTCCAGATCGGCTTACTARTAGGATGCCCCGATACGGTACARARTTTAGCTTTAGACARTGATCCARTAAGAGGARTARCTGGGACTCTGGTATCGARTTTTTTA
Gen jah_Salak_1 AATARTATCGCARTCTGATARRTTGGTCCAGATCGGCTTACTARTAGGATGCCCCGATACGGTACARARTTTAGCTTTAGACARTGATCCARTARGAGGARTARCTGEGACTCTGGTATCGARTTTTTTA

Gen jah_Salak_2 AATARTATCGCARTCTGATARATTGGTCCAGATCGGCTTACTARTAGGATGCCCCGATACGGTACARARTTTAGCTTTAGACAATGATCCARTARGAGGARTARCTGGGACTCTGGTATCGARTTTTTTA
alan AATARTATCGCARTCTGATAARTTGGTCCAGATCGGCTTACTARTAGGATGCCCCGATACGGTACARARTTTAGCTTTAGACAATGATCCARTARGAGGARTARCTGGGACTCTGGTATCGARTTTTTTA

Gen jah_Salak_3 RAATARTATCGCARTCTGATARRTTGGTCCAGATCGGCTTACTARTAGGATGCCCCGATACGGTACARARTTTAGCTTTAGACARTGATCCARTARGAGGARTARCTGGGACTCTGGTATCGARTTTTTTA
Dalan_Mulung AATAATATCGCAATCTGATARATTGGTCCAGATCGGCTTACTAATAGGATGCCCCGATACGGTACARAATTTAGCTTTAGACARTGATCCARTARGAGGAATARCTGGGACTCTGGTATCGARTTTTTTA

Gen jah_Kuning_2 AATARTATCGCAATCTGATARATTGGTCCAGATCGGCTTACTAATAGGATGCCCCGATACGGTACARAATTTAGCTTTAGACARTGATCCARTARGAGGARTARCTGGGACTCTGGTATCGARTTTTTTA
Anonynous  ARTARTATCGCAATCTGATARATTGGTCCAGATCGGECTTACTAATAGGATGCCCCGATACGGTACARARTTTAGCTTTAGACARTGATCCARTARGAGGAATARCTGGGACTCTGGTATCGARTTTTTTA

Gen jah_Entok_Super ARTARTATCGCARTCTGATARATTGGTCCAGATCGGCTTACTAATAGGATGCCCCGATACGGTACARARTTTAGCTTTAGACAARTGATCCARTARGAGGARTARCTGGGACTCTGGTATCGARTTTTTTA
Dalan_Hi jau_Kalunpan RATARTATCGCARTCTGATARATTGGTCCAGATCGGCTTACTARTAGGATGCCCCGATACGGTACARARTTTAGCTTTAGACARTGATCCARTARGAGGARTARCTGGGACTCTGGTATCGARTTTTTTA
Consensus  ARTARTATCGCAATCTGATARATTGGTCCAGATCGECTTACTAATAGGATGCCCCGATACGGTACARARTTTAGCTTTAGACARTGATCCARTARGAGGARTARCTGEGACTCTGGTATCGARTTTTTTA

261 270 280 290 300 310 320 330 340 350 360 370 380 390

Genjah_Kuning_1 ATAACAGTATCTAT TCTCTAGCATTTGATTCCTTACCGCCGAAGGATTTATTAGTACACT C AGCTTGATAATTGGTT CTGT
Gen jah_Salak_1 ATARCAGTATCTATTAGAAATGARTTCTCTAGCATTTGATTCCTTACCGCCGARGGATTTATTAGTACACTTGARAGATARCCTAGARAATAGARAGAACAGCTTGATARTTGETTTATATGGATCCTGT
Genjah_Salak_2 ATARCAGTATCTATTAGARATGARTTCTCTAGCATTTGATTCCTTACCGCCGARGGAT TTATTAGTACACTTGARAGATARCCTAGAAAATAGARAGAACAGCTTGATAATTGGTTTATATGGATCCTGT

Dalan ATARCAGTATCTATTAGARATGARTTCTCTAGCATTTGATTCCTTACCGCCGAAGGATTTATTAGTACACTTGARAGATARCCTAGAARATAGARAGAACAGCTTGATAATTGETTTATATGGATCCTET

Gen jah_Salak_3 ATARCAGTATCTATTAGAAATGAATTCTCTAGCATTTGATTCCTTACCGCCGARGGATTTATTAGTACACTTGARAGATARCCTAGARAATAGARAGAACAGCTTGATARTTGETTTATATGGATCCTGT
Dalan_Mulung ATARCAGTATCTATTAGARATGARTTCTCTAGCATTTGATTCCTTACCGCCGARGGATTTATTAGTACACT TGARAGATARCC TAGAARATAGARAGARCAGCTTGATAATTGGTTTATATGGATCCTGT

Gen jah_Kuning_2 ATAACAGTATCTATTAGARATGARTTCTCTAGCATTTGATTCCTTACCGCCGAAGGATTTATTAGTACACT TGARAGATARCC TAGARRRTAGARAGARCAGCTTGATAATTGGTTTATATGGATCCTGT
Anonynous  ATAACAGTATCTATTAGARATGARTTCTCTAGCATTTGATTCCTTACCGCCGAAGGATTTATTAGTACACTTGARAGATARCC TAGAARATAGARAGARCAGCTTGATAATTGGTTTATATGGATCCTET

Gen jah_Entok_Super ATARCAGTATCTATTAGARATGARTTCTCTAGCATTTGATTCCTTACCGCCGAAGGATTTATTAGTACACTTGARAGATARCCTAGAARATAGARAGAACAGCTTGATAATTGGTTTATATGGATCCTGT
Dalan_Hi jau_Kalunpan ATARCAGTATCTATTAGARATGAATTCTCTAGCATTTGATTCCTTACCGCCGARGGATTTATTAGTACACTTGARAGATARCCTAGARRATAGARAGAACAGCTTGATARTTGGTTTATATGGATCCTGT
Consensus  ATAACAGTATCTATTAGARATGARTTCTCTAGCATTTGATTCCTTACCGCCGAAGGATTTATTAGTACACTTGARAGATARCCTAGAARATAGARAGARCAGCTTGATAATTGGTTTATATGGATCCTGT

391 400 a10 420 430 dd0 450 460 470 480 430 500 510 5200

Gen jah_Kuning_1 ACGGTTGAGACCARARGTGARAATAATATTGCCAGAAATTGACARGATGACATTTCCATTTCTTCATCAGARGATGAGTCCCCTTTGARACCAGARTTGCTTTTCCTTGATATCGARCATAATGCATGAAR
Gen jah_Salak_1 ACGGTTGAGACCARARGTGARRATARTATTGCCAGAART TGACARGATGACATTTCCATTTCTTCATCAGARGATGAGTCCCCTTTGARACCAGAATTGCTTTTCCTTGATATCGARCATARTGCATGAA
Genjah_Salak_2 ACGGTTGAGACCARAAGTGARRATAATATTGCCAGAAATTGACARGATGACATTTCCATTTCTTCATCAGARGATGAGTCCCCTTTGARACCAGAATTGCTTTTCCTTGATATCGARCATAATGCATGAA

Dalan ACGGTTGAGACCARARGTGARRATAATATTGCCAGAARTTGACARGATGACATTTCCATTTCTTCATCAGARGATGAGTCCCCTTTGARRCCAGAATTGCTTTTCCTTGATATCGARCATAATGCATGAR

Gen jah_Salak_3 ACGGTTGAGACCARAAGTGARRATAATATTGCCAGAAATTGACARGATGACATTTCCATTTCTTCATCAGARGATGAGTCCCCTTTGARRCCAGAATTGCTTTTCCTTGATATCGARCATAATGCATGAA
Dalan_Hulung ACGGTTGAGACCARARGTGARAATAATATTGCCAGARATTGACARGATGACATTTCCATTTCTTCATCAGARGATGAGTCCCCTTTGARACCAGAATTGCTTTTCCTTGATATCGARCATAATGCATGAAR

Gen jah_Kuning_2 ACGGTTGAGACCARARGTGARRATAATATTGCCAGARATTGACARGATGACATTTCCATTTCTTCATCAGARGATGAGTCCCCTTTGARACCAGARTTGCTTTTCCTTGATATCGARCATAATGCATGAR
Anonynous  ACGGTTGAGACCARARGTGARRATAATATTGCCAGAART TGACARGATGACATTTCCATTTCTTCATCAGARGATGAGTCCCCTTTGARACCAGARTTGCTTTTCCTTGATATCGARCATAATGCATGAA

Gen jah_Ent.ok_Super ACGGTTGAGACCARARGTGARAATAATATTGCCAGAARATTGACARGATGACATTTCCATTTCTTCATCAGARGATGAGTCCCCTTTGARACCAGAATTGCTTTTCCTTGATATCGARCATAATGCATGAR
Dalan_Hi jau_Kaluwpan ACGGTTGAGACCARARGTGARRATARTATTGCCAGAART TGACARGATGACATTTCCATTTCTTCATCAGARGATGAGTCCCCTTTGARACCAGAATTGCTTTTCCTTGATATCGARCATARTGCATGAA
Consensus  ACGGTTGAGACCAARAGTGARAATAATATTGCCAGARATTGACARGATGACATTTCCATTTCTTCATCAGAAGATGAGTCCCCTTTGARACCAGARTTGCTTTTCCTTGATATCGARCATAATGCATGAR

521 530 540 550 560 570 580 590 600 610 620 630 640 650

Gen jah_Kuning_1 GGGATCCTTGARGARCCATAGEGTCTTC TACGGCGCACTAC TCTATTTTICE TCGCTC T TAATC

Gen jah_Salak_1 GGGATCCTTGAAGARCCATAGGGTCTTCTGARRATAATTACGGCGCACTACTATARGATGTTCTATTTTICCATAGARATGTGT TCGCTCARGARARGCTCCAGARGATGTTARTCGTARATAAGARGAT

Gen jah_Salak_2 GGEGATCCTTGAAGARCCATAGGGTCTTCTGARRATAATTACGGCGCACTACTATARGATGTTCTATTTTTCCATAGARATETGTTCGCTCARGARARGCTCCAGARGATGTTARTCGTARATAAGRAAGAT

alan  GGGATCCTTGARGARCCATAGGGTCTTCTGARAATARTTACGGCGCACTACTATARGATGTTCTATTTTTCCATAGARATGTGTTCGC TCARGARARGC TCCAGARGATGTTARTCGTARATARGARGAT

Gen jah_Salak_3 GGGATCCTTGAAGARCCATAGGGTCTTCTGARRATAATTACGGCGCACTACTATARGATGTTCTATTTTICCATAGARATGTGT TCGCTCARGARARGCTCCAGARGATGTTARTCGTARATAAGARGAT

Dalan_Wulung GGGATCCTTGRAGAACCATAGEGTCTTCTGARRATARTTACGGCGCACTACTATARGATGTTCTATTTTTCCATAGARATGTGT TCGCTCARGARARGCTCCAGARGATGT TARTCGTARATARGARGAT

Gen jah_Kuning.2 GGGATCCTTGAAGAACCATAGEGTCTTCTGARARTAATTACGGCGCACTACTATARGATGTTCTATTTTTCCATAGARATGTGTTCGC TCARGARARGCTCCAGARGATGTTARTCGTARATARGARGAT

Anonynous  GEGATCCTTGAAGARCCATAGEGTCTTCTGARRATAAT TACGGCGCACTACTATARGATGTTCTATTTTTCCATAGARATETRT TCGCTCARGARARGCTCCAGARGATGTTARTCGTARATAAGAAGAT

Gen jah_Entok_Super  GGGATCCTTGARGARCCATAGGGTCTTCTGARARTARTTACGGCRCACTACTATARGATGTTCTATTTTTCCATAGARATGTGTTCRC TCARGARARGE TCCAGARGATGTTARTCGTARATARGARGAT

Dalan_Hi jau_Kalunpan GGGATCCTTGAAGARCCATAGGGTCTTCTGARRATARTTACGGCGCACTACTATARGATGTTCTATTTTTCCATAGARATGTGT TCGCTCARGARARGCTCCAGARGATGT TARTCGTARATARGARGAT
[

GEGATCCTTGARGARCCATAGEGTCTTC TACGGCGCACTAC TCTATTTTICE TCGCTC TCC TARTC
651 660 670 680 690 700 10 720 730 740 790 760 70 780
Gen jah_Kuning_1 TGTTTACGARGARARACTARTACARATTCGCATTCAGATACATARGAAT ! TTTTATTTTCTTT TATTC TATTCCAATTAT

Gen jah_Salak_1 TGTTTACGARGARARRCTAATACARATTCGCATTCAGATACATARGAAT TATATGGGARCCGARATAGTCTTTTATTTTCTTTTGARARRARARTAGAATTATTCGGAGTARTARGACTATTCCARTTAT

Gen jah_Salak_2 TGTTTACGARGARARACTARTACAAATTCGCATTCAGATACATARGARTTATATGGGAARCCGARATAGTCTTTTATTTTCTTTTGAARRARRARTAGAATTATTCGGAGTARTAAGACTATTCCARTTAT
Dalan TGTTTACGARGARARACTAATACARATTCGCATTCAGATACATARGAATTATATGGGAACCGARATAGTCTTTTATTTTCTTTTGARARAARARTAGAATTATTCGGAGTAATARGACTATTCCARTTAT

Gen jah_Salak_3 TGTTTACGARGARARRCTAATACARATTCGCATTCAGATACATARGAAT TATATGGGARCCGARATAGTCTTTTATTTTCTTTTGARARRARARTAGARTTATTCGGAGTARTRARGACTATTCCARTTAT
Dalan_Mulung TGTTTACGARGARRARACTAATACARATTCGCATTCAGATACATARGAATTATATGGGARCCGARATAGTCTTTTATTTTCTTTTGARARRARARTAGAATTATTCGGAGTARTARGACTATTCCARTTAT
Genjah_Kuning.2 TGTTTACGARGARARACTAATACARATTCGCATTCAGATACATARGAAT TATATGGGARCCGARATAGTCTTTTATTTTCTTTTGAAAARARARTAGAAT TATTCGGAGTARTARGACTATTCCARTTAT
Anonynous  TGTTTACGARGARRRACTAATACARATTCGCATTCAGATACATARGAATTATATGGGARCCGARATAGTCTTTTATTTTCTTTTGARARRARARTAGAAT TATTCGGAGTARTARGACTATTCCARTTAT

Gen jah_Entok_Super TGTTTACGAAGARAAACTAATACARATTCGCATTCAGATACATARGAATTATATGGGARCCGARATAGTCTTTTATTTTCTTTTGARARRARAATAGAATTATTCGGAGTARTARGACTATTCCAATTAT

Dalan_Hi jau_Kalunpan TGTTTACGARGARARRCTAATACARATTCGCATTCAGATACATARGAAT TATATGGGARCCGARATAGTCTTTTATTTTCTTTTGARARRARARTAGAATTATTCGGAGTARTARGACTATTCCARTTAT
Consensus  TGTTTACGAAGAAARACTAATACARATTCGCATTCAGATACATAAGAAT ) TTTITATTTITCTTT TATTC TATTCCARTTAT

781 790 800 810 820 830 840 850 860863

Genjah_Kuning.1 GATATTCGTGAAGARAGAATCGCARTARATGTARAGARGGARCATCTTGGATCCAGCATTGARGGATTTGARCCARGATTTTC
Gen jah_Salak_1 GATATTCGTGAAGARRGARTCGCARTARATGTARAGARGGARCATCTTGGATCCAGCATTGARGGATTTGAACCARGRTTTTC

Gen jah_Salak_2 GATATTCGTGAAGAAAGAATCGCAATARATGTAARGARGGARCATCTTGGATCCAGCATTGARGGATTTGARCCARGATTTTC
Dalan GATATTCGTGARGARRGARTCGCARTARATGTARAGARGGARCATCTTGGATCCAGCATTGARGGATTTGARCCARGRTTTTC

Gen jah_Salak_3 GATATTCGTGAAGAAAGAATCGCAATARATGTAARGARGGARCATCTTGGATCCAGCATTGARGGATTTGARCCARGATTTTC
Dalan_Mulung GATATTCGTGAAGARRGARTCGCARTARATGTARRGARGGARCATCTTGGATCCAGCATTGARGGATTTGARCCARGATTTTC

Gen jah_Kuning_2 GATATTCGTGARGARAGARTCGCARTARATGTARAGARGGARCATCTTGGATCCAGCAT TGARGGATTTGARCCARGATTTTC
Anonynous  GATATTCGTGARGARAGARTCGCARTARATGTARAGARGGARCATCTTGGATCCAGCATTGARGGATTTGARCCARGATTTTC

Gen jah_Entok_Super GATATTCGTGARGAARGARTCGCARTARATGTARRGARGGARCATCTTGGATCCAGCATTGARGGATTTGARCCARGATTTCC
Dalan_Hi jau_Kalunpan GATATTCGTGAAGARRGARTCGCARTARATGTARAGARGGARCATCTTGGATCCAGCATTGARGGATTTGAACCARGRTTTCC
Consensus  GATATTCGTGARGARAGARTCGCARTARATGTARAGARGGARCATCTTGGATCCAGCATTGARGGATTTGAACCARGATTTEL

Fig 3. Multiple alighments of matK sequence of the native coconut (C. nucfera L.) germplasm showing three mutational events (see
Table 5 for details).

Table 4. Genetic information of matK sequences of native coconut (C. nucifera L.) germplasm from South Kalimantan, Indonesia.

Parameter matK
Range of sequence length (bp) 844-863
Number of polymorphic sites (S) 3
Maximum Likelihood Value (InL) -1215.080
Transition/Transversion (Ti/Tv) bias value (R) 235967.41
GC content (%) 33.30
Nucleotide diversity (%) 0.0258
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Fig 4. Genetic relationship among coconut (C. nucifera L.) germplasm natively from South Kalimantan, Indonesia, generated by
Maximum Likelihood (ML) with a bootstrapping of 1,000 replicates. Notes: Introduction; An outgroup, obtained from GenBank.

Table 5. Polymorphic sites found on matK sequences of native coconut (C. nucifera L.) germplasm from South Kalimantan,
Indonesia.

Cultivar Nucleotide Position
2° 5° 862°
Dalam - G -
Dalam Hijau Kalumpang - G C
Genjah Entok Super* - - C
Genjah Kuning 1 - - -
Genjah Kuning 2 C G -
Genjah Kuning 3 - - -
Genjah Salak 1 - G -
Genjah Salak 2 - G -
Genjah Salak 3 - G -
Genjah Wulung - G -
Anonymous** - - -
Consensus T A T

Notes: *Introduction; **Outgroup; Substitution-transversion.
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Fig 5. Genetic relationship among coconut (C. nucifera L.) germplasm natively from South Kalimantan, Indonesia, generated by
Neighbor-Joining (NJ) with a bootstrapping of 1,000 replicates. Notes: Introduction; An outgroup, obtained from GenBank.

gene, matK is provide enough revenues for evolutionary many informative traits in regions that do not have excessive
analysis at the family level and below (Kar et al., 2015). In variability nor excessive conserved sequence and can be
phylogenetic analysis, phylogenetically informative traits are aligned to determine evolutionary relationships from the
those which are variable and not the product of homoplasy species to the divisional or even higher taxonomic levels.

(parallel evolution). However, these traits are not so variable In this study, although the native coconut germplasms from
that alignment between specific taxonomic levels can be the South Kalimantan, Indonesia, have separated into
accomplished. According to Kar et al. (2015), matK provides different clades, two for Maximum Likelihood (Fig. 3) and
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three for Neighbor-Joining (Fig 4), this germplasm cannot
differentiate precisely. It is strongly related to the low
mutation rate that occurs in the matK sequence used.
However, using both approaches (ML and NJ), the outgroup
sample is separated from the samples studied. Referring to
Wilberg (2015), the outgroup is of primary importance
samples in phylogenetic analyses because it can be affecting
ingroup relationships and, in placing the root, polarizing
characters. In this case, following the NJ method, Genjah
Kuning 3 has closely related to an outgroup (Fig 4).

Materials and Methods

Plant materials

A total of eleven samples of native coconut (C. nucifera L.)
germplasm comprised of ten from the South Kalimantan,
Indonesia, collected by a purposive sampling method (Fig 2)
and one as an outgroup (obtained from GenBank) were used
in this study. The list of all coconut samples and their origins
were presented in Table 1.

Molecular assay

The DNAs of coconuts were extracted from young leaf
samples using a commercial DNA extraction kit (Geneaid
Biotech Ltd., Taiwan). These genetic materials were then
quantified by a NanoVue of UV-VIS spectrophotometer (GE
Healthcare, UK) and amplified using the matK primers (Table
2). Amplification was done with a total volume of 25 uL,
consisting of 22 uL MyTaq HS Red Mix PCR (Bioline, UK), 2.0
puL (10 uM) primer forward and reversed, and 1 pL (10x
diluted containing ca. ten ng DNA) template. This reaction
was employed by a SimpliAMP Thermocycler PCR (Applied
Biosystem, USA) and programmed by following conditions:
initial denaturation of 94°C for 4 min; denaturation of 94°C
for 30 sec, annealing (48°C, 30 sec); extension (72°C, 1 min);
and final extension (72°C, 7 min) (Mursyidin et al., 2021).
The amplified DNA fragments were then separated by 1.5%
agarose gel with a 1X TBE buffer solution, stained with a
FluoroVue dye (SMOBIO Technolgy, Taiwan), and observed
by UV transilluminator. The amplified DNA was then purified
and sequenced bidirectionally using the Sanger method by
the 1st Base Ltd., Malaysia. All sequences of matK genes of
coconuts were stored in GenBank with accession numbers
shown in Table 1.

Data analysis

The matK sequences of each native coconuts were checked
refined manually and assembled using the MEGA-X software
(Kumar et al., 2018). Before further analysis, all sequences
were aligned using Clustal Omega and traced with BLAST
(Sievers and Higgins, 2018). The genetic divergences were
calculated using Kimura 2-Parameter (K2) distances (Kumar
et al., 2018). The phylogenetic analysis was carried out using
two methods, i.e., Maximum Likelihood (ML) and Neighbor-
Joining (NJ). The bootstrap analysis evaluated the
phylogenetic trees or phylograms with 1,000 replicates
(Lemey et al., 2009).

Conclusion

While the native coconut germplasm from the South
Kalimantan, Indonesia has a low-level genetic diversity, n% =
0.0258, information on its relationship is valuable in
supporting the development of new coconut cultivars with
desired traits in the future. In addition, the application of

other cpDNA markers, such as rbcL, is highly recommended
to further verify the genetic diversity and relationship of this
coconut germplasm.
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