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Abstract 
 

 Mitochondrial DNA is an organelle found in plants and animals that play a role in the 

formation of energy. NADH and ATP are forms of chemical energy which resulting by plants and 

animals for their growth and development.  The genes that play a role in the biosynthesis of NADH 

and ATP sequentially are the nad and atp genes. Gent nad and atp are inherited maternally so it is 

very conservative. The aims of work are evaluated genetic characteristic of sago palm accessions 

based on nad-2 gene.  Methods of research were DNA extraction by using Geneaid DNA plant mini 

Kit, PCR amplification fragments DNA by using KAPA 2G Robust Hotstar polymerases and 

perform by using Biorad PCR instrument, purifying and sequencing DNA by Macrogen Inc. Seoul, 

Korea. Data analyses were perform by using MEGA 6 software. Morphological characteristics in the 

russet stages of sago palm accessions were divided into four phenotypic and several accessions show 

phenotypically the same. Based on nad-2 gene was shown that the sago palm accessions have the 

same genetic constitution among the others.  Phylogenetic constructions of sago palm accession and 

other related plant based on nad-2 gene markers were described that sago palm closer to the coconut 

and date palm and then following others plant producing large amount carbohydrates.   

 

Keywords: Sago palm accession, molecular assessment, mitochondria, nad-2 gene marker, 

phylogenetic 

Introduction 

 Sago palm is belong to the family of Palmae, genus of Metroxylon, and species of 

Metroxylon sagu which has the ability to accumulate high quantities of carbohydrates in their stem. 

The ability of sago palm to produce carbohydrates is higher than other starch-producing plants. 

Karim et al. (2008) reported that sago starch production was 3 to 4 times higher than rice, maize or 

wheat production and 17 times higher than cassava production. Bujang (2008) reported that the yield 

potential of sago palm in Malaysia is reached 25 tons starch ha-1 year-1.  The dried starch produced 

by sago palm was reported between 200 - 400 kg tree-1 (Dewi et al., 2016).  Sago palm encountered 

in Sentani, Papua, Indonesia with local names Para, Panne, Yebha, Wanny sequentially have average 

production capability of 674 kg, 576 kg, 512 kg, 491 kg per tree (Yamamoto, 2011). Sago palm 

productivity in Papua is annually reaches 49 tons starch ha-1 (Abbas, 2015; Abbas, 2017). This is 

makes sago palm an important commodities that needs to be developed for fulfilling the food and 

energy needs of the world population. 

 Generally plants store their genetic information in the nucleus and organelle genomes, 

namely chloroplasts and mitochondria. Some mechanisms such as deletion, inversion, translocation, 

and transposition that can occur naturally or induced, can lead to the replacement or change of 



Paper presented at the 13th International Sago Symposium, Kuching Sarawak, Malaysia, 2-6 Oktober 2017 
 

nucleotide bases in DNA sequences.  That mechanism does not necessarily alter the phenotype of 

plants so that the use of morphological markers is limited. The presence of DNA markers that 

directly integrate with the genetic system more reflects the true state of the genome. 

Mitochondrial (mt) genomes are organelles that have DNA in a circular shape and maternally 

inherited (Castro et al., 1998) with a size around 222 to 773 kb for angiosperm (Kitazaki and Kubo, 

2010). The composition of mt genome was not influenced by the presence of crosses pollination. 

Changes mitochondrial DNAs (mtDNA) in the plant genome were reported that caused by the 

evolution in a long time, approximately 10,000 to100,000 years (Mower et al., 2007). Pervaiz et al 

(2015) reported that the mt genome among Prunus species have a high conservative level.  Genetic 

differentiation occurs in very small amounts in the maternal inherited marker such as mtDNA and 

cpDNA markers (Petit et al., 2005).  Based on a high conservative level of mtDNA that is made used 

as a marker to determine the level of genetic diversity of organisms. Molecular marker used in this 

research is a molecular markers associated with nad2 gene in the mt genome to evaluate the genetic 

arrangement of sago palm accessions that have been collected by sago research consortium (SRC) in 

the experimental field of University of Papua (UNIPA).  Molecular marker associated with the 

expression of certain genes such as nad2 is interesting because it is known variations of the genes 

that encode certain characters.  

 

Materials and Methods 

1. Plant Materials 

Sago palm used in the study was derived from several regions in Papua that has been 

collected by the SRC UNIPA. Leaf samples were taken from eleven accessions of sago palm in a 

growth russet stage. Accession name is not based on its local name because it is confusing. The 

Accession names are SP001, SP002, SP003, SP004, SP005, SP006, SP007, SP008, SP009, SP010, 

and SP011. Young leaf samples of eleven sago palm accessions were preserved using silica gel in a 

zip lock plastic.  The sago palm sample were used this study the same as were used Abbas et al. 

(2015). 

 

2. DNA Extraction 

DNA extraction is done by following the procedure of Plant Genomic DNA Mini Kit, 

available in the www.geneaid.com. The outlines of DNA extraction using Geneaid protocols are 

tissue dissociation, lysis, DNA binding, wash, and DNA elution. Tissue dissociation was done by 

grind the dried sample to a fine powder.  As much as 20 mg fine powder of the sample were transfer 

to a 1.5 ml micro centrifuge tube, then following step 2, step 3, step 4, and step 5 in the protocols. 

The genomic DNAs were extract it is stored at -20 °C freezer until ready used. 

 

3. PCR and Sequencing 

Design of nad-2 primer sequences was used in this study it is adopted from Duminil et al. 

(2002) and synthesize by Genetica Science Company.  The Primer sequences were used for analyses 

of mitochondrial genetic arrangement which associated nad-2 gene that were follows Forward 5’ 

TTC ATA TAG AAT CCA TGT CC 3’and reverse 5’ CTA TTT GTT CTT CGC CGC TT 3’.  PCR 

mixtures and cycles condition were followed by 25 ml total volume that contains: 1 x PCR buffer 

contained 1.5 mM MgCl 2 (KAPA 2G Robust HotStart), 10 mM dNTP mix, 10 μM of forward and 

reverse primer, 1 x KAPA Enhancer, 0.5 U KAPA 2G Robust Hotstar polymerases and 10 ng 

genomic DNA. PCR cycles condition is as follows: initial denaturation for 15 second at 94°C, 

Followed by 30 cycles of denaturation for 30 second at 94°C, annealing for 30 second at 50°C, for 

45 second extension at 72°C (Abbas et al. 2015). PCR amplification fragments were separated on 

1% agarose gels by electrophoresis, staining was done using Ethidium Bromide and visualization by 

using UV illumination apparatus. Sequencing and purification of DNA PCR product were performed 

by Macrogen Inc., Seoul, Korea. 
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4. Data Analysis  

Morphological data were observed visually and determined of the color based on the Color 

Chart Azalea Society of America. Data sequencing results were analyzed using Mega6 software 

(Tamura et al., 2013). Alignments of DNA sequences were performed by using ClustalW. Pairwise 

distance analyses were conducted using the Maximum Likelihood Composite models (Tamura et al., 

2004). Phylogenetic construction of sago palm accession and other related plant producing starch 

based on nad-2 gene was calculated by using Mega 6 software statistical method.  

 

 

Results and Discussions 

 

1. Morphological Characteristic  

The morphological characteristics of 11 samples used in this study were identified by Abbas 

et al. (2015) as follow: sago palm accessions that were used as samples are divided into four groups 

(Table 1 and Figure 1). Group one is the accession number SP002, SP008, SP009, and SP010 with 

spineless type and their spear leaf, young leaves, and young petioles have strong purplish red color 

(RHS67A). The morphological appearance is presented in Figure 1A. Group two is the accession 

number SP003, SP004, SP005, SP006, and SP007 with spineless type and their spear leaf, young 

leaves and petioles has strong light yellowish green color (RHS142A) the morphological appearance 

is presented in Figure 1B. Groups three is accession number SP001 with spiny type and their spear 

leaf, young leaves and petioles colored RHS67A which the morphological appearance is presented in 

Figure 1C. Groups four is accession number SP011 with spiny type and their spear leaf, young leaves 

and petioles colored RHS142A which the morphological appearance is presented in Figure 1D. 

Given the number of accessions that have been collected are still few and morphological 

observations were performed it is still limited to the russet stages so that accession is only formed 

four groups. People around Sentani lake, Papua, Indonesia are mention that there are 21 types of 

sago palm.  Furthermore, reporting by scientist that sago palm encounter around Sentani lake in 

Jayapura, Indonesia was found 15 types (Yamamoto et al. 2005). 

 

Table 1. Morphological characteristic in the russet stages of sago palm accessions from Papua, 

Indonesia were identified by Abbas et al. 2015 
No Accession  Morphological characteristic 

  Spine type Spear 

Color 

Young Leaf 

Color 

Leaf color 

 

Young 

Petiole Color 

Petiole 

1 SP001 Spiny RHS67A RHS67A RHS142A RHS67A RHS154A 

2 SP002 Spineless RHS67A RHS67A RHS142A RHS67A RHS142A 

3 SP003 Spineless RHS142A RHS150C RHS142A Strips 154B & 

153D 

Strips RHS150C 

& RHS33D 

4 SP004 Spineless RHS142A RHS150C RHS142A 150C 142A 

5 SP005 Spineless RHS142A RHS150C RHS142A 150C 142A 

6 SP006 Spineless RHS142A RHS150C RHS142A Strips 154B & 

153D 

Strips RHS150C 

& RHS33D 

7 SP007 Spineless RHS142A RHS150C RHS142A RHS67A 154A 

8 SP008 Spineless RHS67A RHS67A RHS142A RHS67A 154A 

9 SP009 Spineless RHS67A RHS67A RHS142A RHS67A 154A 

10 SP010 Spineless RHS67A RHS67A RHS142A RHS67A 154A 

11 SP011 Spiny RHS142A RHS150C RHS142A RHS154A 154A 

Notes: RHS67A is strong purplish red, RHS142A is strong yellowish green, RHS154A is vivid yellowish green, 

RHS150C is brilliant yellowish green, RHS33D is Moderate yellowish pink, RHS154B is brilliant yellowish green, 

RHS153D is strong yellow 
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Figure 1. Morphological characteristic in the russet stages of eleven sago palm accessions.  A types 

are accession SP002, SP008, SP009, and SP010; B types are accessions SP003, SP004, SP005, 

SP006, SP007; C types are accessions SP001; and D types are accessions SP011.  Photographs 

were documented by Abbas et al. 2015.  
 

2. Genetic Characteristic Based on nad-2 gene Markers  

 Amplification of mtDNA by using a primer pair of mitochondrial nad-2 gene from the 11 

accessions sago palm has been successfully carried out.  Sequence alignment of 11 sago palm 

accessions were resulting eight accessions that have precise of nucleotide sequences and three 

accessions that have less precise of nucleotide sequences.  Accessions that have less precise of their 

nucleotide sequences are SP009, SP010, and SP011, it may be caused by DNA contamination.  Sago 

palm accessions that have precise of nucleotide sequences of eight accessions is SP001, SP002, 

SP003, SP004, SP005, SP006, SP007, and SP008. Nucleotide sequences of 8 sago palm accessions 

based on nad-2 gene markers have been registered in the GenBank with registration number: 

KY849956, KY849957, KY849958, KY849959, KY849960, KY849961, KY849962 respectively.   

 Nucleotide sequences based on nad-2 gene of sago palm accessions were presented in Table 

1. Nucleotide arrangements of sago palm accession number SP001, SP002, SP003, SP004, SP005, 

SP006, SP007, and SP008 were detected no differences among others according to their nucleotide 

sequences.  This cases hypothetically caused by conservative of mitochondrial mechanism in sago 

palm that it is following to another common crops. Plant mitochondrial genome possesses a low 

mutation rate, a little compactness, large size, and high rearrange structure (Darracq et al., 2011). 

Furthermore, it was reported that mt genome of plants have a mechanism of base excision repair 

pathway (Boestch et al., 2009) so that the nucleotide structure is very conservative, even though 

morphologically different. Morphological differences were probably controlled by multigenic 

function which associated in the nucleus and mitochondrial genome. Genes associated with 

mitochondrial genome were generally known their functional as energy regulation in biological 

metabolism. Chen et al. (2017) reported that the mitochondria is responsible as primary source of 

cellular energy for growth, development, and reproduction of organism.   
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Table 1. DNA Sequences of mitochondrial genome associated with nad-2 gene of 8 

            sago palm accessions 
Accession SP001 (1304 bp) Accession SP002 (1304 bp) 

1 tccgaaccgc aggagatagt tgcccatcat acggctcacc aacttcactt gcctctaagg 

 61 ggggctcgct ccgggcaggt tcggatcact tacaatacac ggctctacga aggggttagg 

      121 agcgttttca agatgattct ttctttgtcg agacgaaaaa ggaacccatt ttttcgactg 
      181 gaaaatggga gtctgttttg tctactttat ccatccccct ctatcaaaat gatcaaaaag 

      241 gaaggtgagc ttgcttctta ttcccgtgtt tgatcttttc catctctgcc ccgcttccat 

      301 gtgggcagag acccctgtag agaatgaaga ggggccaagg atcttcctct caagagtgct 
      361 tctcgaggct ccactctctc ccctgaataa gtaaggctcc gttagcctgg gctgagatgg 

      421 ggataaggag tcaggattga agcccccaac gttctgccag acactggaca ggggttagct 

      481 ctgtaaatgt gtagagccaa gtgtagtgtg gtgtagtagt aggcacttct aggccccttc 
      541 ccggctactg gatcactcca gtgcttcggg tactacggac cctctgccat ccattgcagc 

      601 agagccgttt catgagcggg ggggctaagc gcagttcttt gaatcaaacg ttgaatgaaa 
      661 tcgaaatcga ttctttttta gatatccgga tagatggatg gatctatctt tctattcata 

      721 tatattttgc aagaagcccc aaatccttga tttggccagg aaacaaagca ctgctttggg 

      781 cccaggaagc gaagggaatg agctcggctg cttctcctcc acacttcttt atttctccgt 
      841 gcccgttccg catgcgcttc gcgcgccatt ggcgctttgc tctcctctta tttcttcatt 

      901 ggacggttcg gatggacttc gccgttcttt cccaacgaaa atggaaaggg ctgtatcaca 

      961 tcgagatgtc gattcgtttt ccgccccaaa tgagatgggg aattagtcac ctctgtccct 
     1021 tcatctttct gaattgaatc gaggcccggc ccggctcgcg tcgttccaac aaccgacggg 

     1081 gagcacctca gtatacgatc gcgcgcagta actgggagtc ctattacacc ggcggccaac 

     1141 ttccattcac caaacccagg ttcatctcgt gtagtgattg tggactcgta caaggatatg 
     1201 gagtcgacgg ttgatgtatc agactcgacc ctgtctttcg tagcatgcat tcccatccgt 

     1261 gtcgcaactg attcggtaag ctacgtgtcc ggtgcacgga aaac 

1 tccgaaccgc aggagatagt tgcccatcat acggctcacc aacttcactt gcctctaagg 

       61 ggggctcgct ccgggcaggt tcggatcact tacaatacac ggctctacga aggggttagg 

      121 agcgttttca agatgattct ttctttgtcg agacgaaaaa ggaacccatt ttttcgactg 
      181 gaaaatggga gtctgttttg tctactttat ccatccccct ctatcaaaat gatcaaaaag 

      241 gaaggtgagc ttgcttctta ttcccgtgtt tgatcttttc catctctgcc ccgcttccat 

      301 gtgggcagag acccctgtag agaatgaaga ggggccaagg atcttcctct caagagtgct 
      361 tctcgaggct ccactctctc ccctgaataa gtaaggctcc gttagcctgg gctgagatgg 

      421 ggataaggag tcaggattga agcccccaac gttctgccag acactggaca ggggttagct 

      481 ctgtaaatgt gtagagccaa gtgtagtgtg gtgtagtagt aggcacttct aggccccttc 
      541 ccggctactg gatcactcca gtgcttcggg tactacggac cctctgccat ccattgcagc 

      601 agagccgttt catgagcggg ggggctaagc gcagttcttt gaatcaaacg ttgaatgaaa 
      661 tcgaaatcga ttctttttta gatatccgga tagatggatg gatctatctt tctattcata 

      721 tatattttgc aagaagcccc aaatccttga tttggccagg aaacaaagca ctgctttggg 

      781 cccaggaagc gaagggaatg agctcggctg cttctcctcc acacttcttt atttctccgt 
      841 gcccgttccg catgcgcttc gcgcgccatt ggcgctttgc tctcctctta tttcttcatt 

      901 ggacggttcg gatggacttc gccgttcttt cccaacgaaa atggaaaggg ctgtatcaca 

      961 tcgagatgtc gattcgtttt ccgccccaaa tgagatgggg aattagtcac ctctgtccct 
     1021 tcatctttct gaattgaatc gaggcccggc ccggctcgcg tcgttccaac aaccgacggg 

     1081 gagcacctca gtatacgatc gcgcgcagta actgggagtc ctattacacc ggcggccaac 

     1141 ttccattcac caaacccagg ttcatctcgt gtagtgattg tggactcgta caaggatatg 
     1201 gagtcgacgg ttgatgtatc agactcgacc ctgtctttcg tagcatgcat tcccatccgt 

     1261 gtcgcaactg attcggtaag ctacgtgtcc ggtgcacgga aaac 

Accession SP003 (1304 bp) Accession  SP004 (1304 bp) 
1 tccgaaccgc aggagatagt tgcccatcat acggctcacc aacttcactt gcctctaagg 

       61 ggggctcgct ccgggcaggt tcggatcact tacaatacac ggctctacga aggggttagg 

      121 agcgttttca agatgattct ttctttgtcg agacgaaaaa ggaacccatt ttttcgactg 

      181 gaaaatggga gtctgttttg tctactttat ccatccccct ctatcaaaat gatcaaaaag 
      241 gaaggtgagc ttgcttctta ttcccgtgtt tgatcttttc catctctgcc ccgcttccat 

      301 gtgggcagag acccctgtag agaatgaaga ggggccaagg atcttcctct caagagtgct 

      361 tctcgaggct ccactctctc ccctgaataa gtaaggctcc gttagcctgg gctgagatgg 
      421 ggataaggag tcaggattga agcccccaac gttctgccag acactggaca ggggttagct 

      481 ctgtaaatgt gtagagccaa gtgtagtgtg gtgtagtagt aggcacttct aggccccttc 

      541 ccggctactg gatcactcca gtgcttcggg tactacggac cctctgccat ccattgcagc 
      601 agagccgttt catgagcggg ggggctaagc gcagttcttt gaatcaaacg ttgaatgaaa 

      661 tcgaaatcga ttctttttta gatatccgga tagatggatg gatctatctt tctattcata 

      721 tatattttgc aagaagcccc aaatccttga tttggccagg aaacaaagca ctgctttggg 
      781 cccaggaagc gaagggaatg agctcggctg cttctcctcc acacttcttt atttctccgt 

      841 gcccgttccg catgcgcttc gcgcgccatt ggcgctttgc tctcctctta tttcttcatt 

      901 ggacggttcg gatggacttc gccgttcttt cccaacgaaa atggaaaggg ctgtatcaca 
      961 tcgagatgtc gattcgtttt ccgccccaaa tgagatgggg aattagtcac ctctgtccct 

     1021 tcatctttct gaattgaatc gaggcccggc ccggctcgcg tcgttccaac aaccgacggg 

     1081 gagcacctca gtatacgatc gcgcgcagta actgggagtc ctattacacc ggcggccaac 
     1141 ttccattcac caaacccagg ttcatctcgt gtagtgattg tggactcgta caaggatatg 

     1201 gagtcgacgg ttgatgtatc agactcgacc ctgtctttcg tagcatgcat tcccatccgt 

     1261 gtcgcaactg attcggtaag ctacgtgtcc ggtgcacgga aaac 

1 tccgaaccgc aggagatagt tgcccatcat acggctcacc aacttcactt gcctctaagg 
       61 ggggctcgct ccgggcaggt tcggatcact tacaatacac ggctctacga aggggttagg 

      121 agcgttttca agatgattct ttctttgtcg agacgaaaaa ggaacccatt ttttcgactg 

      181 gaaaatggga gtctgttttg tctactttat ccatccccct ctatcaaaat gatcaaaaag 
      241 gaaggtgagc ttgcttctta ttcccgtgtt tgatcttttc catctctgcc ccgcttccat 

      301 gtgggcagag acccctgtag agaatgaaga ggggccaagg atcttcctct caagagtgct 

      361 tctcgaggct ccactctctc ccctgaataa gtaaggctcc gttagcctgg gctgagatgg 
      421 ggataaggag tcaggattga agcccccaac gttctgccag acactggaca ggggttagct 

      481 ctgtaaatgt gtagagccaa gtgtagtgtg gtgtagtagt aggcacttct aggccccttc 

      541 ccggctactg gatcactcca gtgcttcggg tactacggac cctctgccat ccattgcagc 
      601 agagccgttt catgagcggg ggggctaagc gcagttcttt gaatcaaacg ttgaatgaaa 

      661 tcgaaatcga ttctttttta gatatccgga tagatggatg gatctatctt tctattcata 

      721 tatattttgc aagaagcccc aaatccttga tttggccagg aaacaaagca ctgctttggg 
      781 cccaggaagc gaagggaatg agctcggctg cttctcctcc acacttcttt atttctccgt 

      841 gcccgttccg catgcgcttc gcgcgccatt ggcgctttgc tctcctctta tttcttcatt 

      901 ggacggttcg gatggacttc gccgttcttt cccaacgaaa atggaaaggg ctgtatcaca 
      961 tcgagatgtc gattcgtttt ccgccccaaa tgagatgggg aattagtcac ctctgtccct 

     1021 tcatctttct gaattgaatc gaggcccggc ccggctcgcg tcgttccaac aaccgacggg 

     1081 gagcacctca gtatacgatc gcgcgcagta actgggagtc ctattacacc ggcggccaac 
     1141 ttccattcac caaacccagg ttcatctcgt gtagtgattg tggactcgta caaggatatg 

     1201 gagtcgacgg ttgatgtatc agactcgacc ctgtctttcg tagcatgcat tcccatccgt 

     1261 gtcgcaactg attcggtaag ctacgtgtcc ggtgcacgga aaac 

Accession SP005 (1304 bp) Accession SP006 (1304 bp) 

1 tccgaaccgc aggagatagt tgcccatcat acggctcacc aacttcactt gcctctaagg 

       61 ggggctcgct ccgggcaggt tcggatcact tacaatacac ggctctacga aggggttagg 
      121 agcgttttca agatgattct ttctttgtcg agacgaaaaa ggaacccatt ttttcgactg 

      181 gaaaatggga gtctgttttg tctactttat ccatccccct ctatcaaaat gatcaaaaag 

      241 gaaggtgagc ttgcttctta ttcccgtgtt tgatcttttc catctctgcc ccgcttccat 
      301 gtgggcagag acccctgtag agaatgaaga ggggccaagg atcttcctct caagagtgct 

      361 tctcgaggct ccactctctc ccctgaataa gtaaggctcc gttagcctgg gctgagatgg 

      421 ggataaggag tcaggattga agcccccaac gttctgccag acactggaca ggggttagct 
      481 ctgtaaatgt gtagagccaa gtgtagtgtg gtgtagtagt aggcacttct aggccccttc 

      541 ccggctactg gatcactcca gtgcttcggg tactacggac cctctgccat ccattgcagc 

      601 agagccgttt catgagcggg ggggctaagc gcagttcttt gaatcaaacg ttgaatgaaa 
      661 tcgaaatcga ttctttttta gatatccgga tagatggatg gatctatctt tctattcata 

      721 tatattttgc aagaagcccc aaatccttga tttggccagg aaacaaagca ctgctttggg 

      781 cccaggaagc gaagggaatg agctcggctg cttctcctcc acacttcttt atttctccgt 
      841 gcccgttccg catgcgcttc gcgcgccatt ggcgctttgc tctcctctta tttcttcatt 

      901 ggacggttcg gatggacttc gccgttcttt cccaacgaaa atggaaaggg ctgtatcaca 

      961 tcgagatgtc gattcgtttt ccgccccaaa tgagatgggg aattagtcac ctctgtccct 

     1021 tcatctttct gaattgaatc gaggcccggc ccggctcgcg tcgttccaac aaccgacggg 

     1081 gagcacctca gtatacgatc gcgcgcagta actgggagtc ctattacacc ggcggccaac 

     1141 ttccattcac caaacccagg ttcatctcgt gtagtgattg tggactcgta caaggatatg 
     1201 gagtcgacgg ttgatgtatc agactcgacc ctgtctttcg tagcatgcat tcccatccgt 

     1261 gtcgcaactg attcggtaag ctacgtgtcc ggtgcacgga aaac 

1 tccgaaccgc aggagatagt tgcccatcat acggctcacc aacttcactt gcctctaagg 

       61 ggggctcgct ccgggcaggt tcggatcact tacaatacac ggctctacga aggggttagg 
      121 agcgttttca agatgattct ttctttgtcg agacgaaaaa ggaacccatt ttttcgactg 

      181 gaaaatggga gtctgttttg tctactttat ccatccccct ctatcaaaat gatcaaaaag 

      241 gaaggtgagc ttgcttctta ttcccgtgtt tgatcttttc catctctgcc ccgcttccat 
      301 gtgggcagag acccctgtag agaatgaaga ggggccaagg atcttcctct caagagtgct 

      361 tctcgaggct ccactctctc ccctgaataa gtaaggctcc gttagcctgg gctgagatgg 

      421 ggataaggag tcaggattga agcccccaac gttctgccag acactggaca ggggttagct 
      481 ctgtaaatgt gtagagccaa gtgtagtgtg gtgtagtagt aggcacttct aggccccttc 

      541 ccggctactg gatcactcca gtgcttcggg tactacggac cctctgccat ccattgcagc 

      601 agagccgttt catgagcggg ggggctaagc gcagttcttt gaatcaaacg ttgaatgaaa 
      661 tcgaaatcga ttctttttta gatatccgga tagatggatg gatctatctt tctattcata 

      721 tatattttgc aagaagcccc aaatccttga tttggccagg aaacaaagca ctgctttggg 

      781 cccaggaagc gaagggaatg agctcggctg cttctcctcc acacttcttt atttctccgt 
      841 gcccgttccg catgcgcttc gcgcgccatt ggcgctttgc tctcctctta tttcttcatt 

      901 ggacggttcg gatggacttc gccgttcttt cccaacgaaa atggaaaggg ctgtatcaca 

      961 tcgagatgtc gattcgtttt ccgccccaaa tgagatgggg aattagtcac ctctgtccct 

     1021 tcatctttct gaattgaatc gaggcccggc ccggctcgcg tcgttccaac aaccgacggg 

     1081 gagcacctca gtatacgatc gcgcgcagta actgggagtc ctattacacc ggcggccaac 

     1141 ttccattcac caaacccagg ttcatctcgt gtagtgattg tggactcgta caaggatatg 
     1201 gagttgacgg ttgatgtatc agactcgacc ctgtctttcg tagcatgcat tcccatccgt 

     1261 gtcgcaactg attcggtaag ctacgtgtcc ggtgcacgga aaac 
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Accession SP008 (1304 bp) Accession SP009 (1304 bp) 

1 tccgaaccgc aggagatagt tgcccatcat acggctcacc aacttcactt gcctctaagg 

 61 ggggctcgct ccgggcaggt tcggatcact tacaatacac ggctctacga aggggttagg 

 121 agcgttttca agatgattct ttctttgtcg agacgaaaaa ggaacccatt ttttcgactg 
 181 gaaaatggga gtctgttttg tctactttat ccatccccct ctatcaaaat gatcaaaaag 

 241 gaaggtgagc ttgcttctta ttcccgtgtt tgatcttttc catctctgcc ccgcttccat 

 301 gtgggcagag acccctgtag agaatgaaga ggggccaagg atcttcctct caagagtgct 
 361 tctcgaggct ccactctctc ccctgaataa gtaaggctcc gttagcctgg gctgagatgg 

 421 ggataaggag tcaggattga agcccccaac gttctgccag acactggaca ggggttagct 

 481 ctgtaaatgt gtagagccaa gtgtagtgtg gtgtagtagt aggcacttct aggccccttc 
 541 ccggctactg gatcactcca gtgcttcggg tactacggac cctctgccat ccattgcagc 

 601 agagccgttt catgagcggg ggggctaagc gcagttcttt gaatcaaacg ttgaatgaaa 

 661 tcgaaatcga ttctttttta gatatccgga tagatggatg gatctatctt tctattcata 
721 tatattttgc aagaagcccc aaatccttga tttggccagg aaacaaagca ctgctttggg 

781 cccaggaagc gaagggaatg agctcggctg cttctcctcc acacttcttt atttctccgt 
841 gcccgttccg catgcgcttc gcgcgccatt ggcgctttgc tctcctctta tttcttcatt 

901 ggacggttcg gatggacttc gccgttcttt cccaacgaaa atggaaaggg ctgtatcaca 

961 tcgagatgtc gattcgtttt ccgccccaaa tgagatgggg aattagtcac ctctgtccct 
1021 tcatctttct gaattgaatc gaggcccggc ccggctcgcg tcgttccaac aaccgacggg 

1081 gagcacctca gtatacgatc gcgcgcagta actgggagtc ctattacacc ggcggccaac 

1141 ttccattcac caaacccagg ttcatctcgt gtagtgattg tggactcgta caaggatatg 
1201 gagttgacgg ttgatgtatc agactcgacc ctgtctttcg tagcatgcat tcccatccgt 

1261 gtcgcaactg attcggtaag ctacgtgtcc ggtgcacgga aaac 

 

1 tccgaaccgc aggagatagt tgcccatcat acggctcacc aacttcactt gcctctaagg 

       61 ggggctcgct ccgggcaggt tcggatcact tacaatacac ggctctacga aggggttagg 

      121 agcgttttca agatgattct ttctttgtcg agacgaaaaa ggaacccatt ttttcgactg 
      181 gaaaatggga gtctgttttg tctactttat ccatccccct ctatcaaaat gatcaaaaag 

      241 gaaggtgagc ttgcttctta ttcccgtgtt tgatcttttc catctctgcc ccgcttccat 

      301 gtgggcagag acccctgtag agaatgaaga ggggccaagg atcttcctct caagagtgct 
      361 tctcgaggct ccactctctc ccctgaataa gtaaggctcc gttagcctgg gctgagatgg 

      421 ggataaggag tcaggattga agcccccaac gttctgccag acactggaca ggggttagct 

      481 ctgtaaatgt gtagagccaa gtgtagtgtg gtgtagtagt aggcacttct aggccccttc 
      541 ccggctactg gatcactcca gtgcttcggg tactacggac cctctgccat ccattgcagc 

      601 agagccgttt catgagcggg ggggctaagc gcagttcttt gaatcaaacg ttgaatgaaa 

      661 tcgaaatcga ttctttttta gatatccgga tagatggatg gatctatctt tctattcata 
      721 tatattttgc aagaagcccc aaatccttga tttggccagg aaacaaagca ctgctttggg 

      781 cccaggaagc gaagggaatg agctcggctg cttctcctcc acacttcttt atttctccgt 
      841 gcccgttccg catgcgcttc gcgcgccatt ggcgctttgc tctcctctta tttcttcatt 

      901 ggacggttcg gatggacttc gccgttcttt cccaacgaaa atggaaaggg ctgtatcaca 

      961 tcgagatgtc gattcgtttt ccgccccaaa tgagatgggg aattagtcac ctctgtccct 
     1021 tcatctttct gaattgaatc gaggcccggc ccggctcgcg tcgttccaac aaccgacggg 

     1081 gagcacctca gtatacgatc gcgcgcagta actgggagtc ctattacacc ggcggccaac 

     1141 ttccattcac caaacccagg ttcatctcgt gtagtgattg tggactcgta caaggatatg 
     1201 gagttgacgg ttgatgtatc agactcgacc ctgtctttcg tagcatgcat tcccatccgt 

     1261 gtcgcaactg attcggtaag ctacgtgtcc ggtgcacgga aaac 

 

 

 

3. Genetic Distances and Phylogenetic Construction Based on nad-2 gene 

 Genetic distance of sago palm and others related plant based on nad-2 gene markers were 

performed by blasting method and using Mega 6 software.  Pairwise differences of sago palm 

accession and others related plant were presented in the Table 2.  The genetic distances among sago 

palm accession were calculated no differences based on nad-2 gene markers, but differences among 

others related plant which producing a large amount of starch.  Otherwise, it was reported that among 

sago palm accessions were calculated different by using atp6-2 gene marker (Abbas et al., 2015).  

The use of different molecular markers might resulted different result, even though in the same plant 

genome object. Touzet and Delph (2009) reported that mitochondrial cytochrome b (cob) and 

cytochrome oxidase (cox1) was very little until no difference in mitochondrial nucleotide sequences 

in the hermaphrhroditic and dioecious species, whereas gynodioecious species found many 

haplotypes based on mitochondrial DNA which means there are many differences in the arrangement 

of mitochondrial DNA. Sago palm is a hermaphroditic plant that it might cause their mitochondrial 

DNA sequence no differences among accessions based on nad-2 gene marker.  Barr et al. (2007) was 

reported that the mitochondrial plant is possessing low substitution rates and no recombination   

 Phylogenetic construction of sago palm and others related plant based on nad-2 gene markers 

showed that the phylogenetic divided into three major cluster.  Sago palm, coconut, and date palm in 

is being in the same cluster into cluster 1.  All of sago palm accessions are being in the same sub 

cluster in the cluster 1, not separated to the other brunch of phylogenetic.  Cereal plants that was 

known produce a lot of carbohydrates such as wheat, rice, and corn are being in the position of 

cluster 2 and Flowering plants are being in the cluster 3 (Figure 2).  In the previous studies of sago 

palm were reported that sago palm in the forest and in the semi cultivated have high diversity and 

divided into several clusters based on molecular marker of Waxy gen marker (Abbas et al., 2007; 

Abbas and Ehara 2012), RAPD marker (Abbas et al. 2009; Abbas et al., 2017; Abbas, 2017).  Sago 

palm accessions were in the same clusters of palm family that producing large amount of 

carbohydrates and other clusters are cereal plant and flowering plant. nad-2 gene might related to 

energy resources for accumulating starch in the stain part of plant.  The NAD and NADP pyridine 

nucleotide pools were known play critical roles for regulating energy-producing in the catabolic 

process (Blacker and Duchen, 2016). 

 

 

 



Paper presented at the 13th International Sago Symposium, Kuching Sarawak, Malaysia, 2-6 Oktober 2017 
 

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

17
18

19
20

21
22

23
24

25
26

27
28

29
30

31
32

33
34

35
36

37
38

39
40

41
42

43
44

45
46

47
48

49
50

51

K
Y

849955 M
etroxylon sagu-1 

K
Y

849955 M
etroxylon sagu-2 

0.00

K
Y

849957 M
etroxylon sagu-3

0.00
0.00

K
Y

849958 M
etroxylon sagu-4

0.00
0.00

0.00

K
Y

849959 M
etroxylona sagu-5

0.00
0.00

0.00
0.00

K
Y

849960 M
etroxylon sagu-6

0.00
0.00

0.00
0.00

0.00

K
Y

849961 M
etroxylon sagu-7

0.00
0.00

0.00
0.00

0.00
0.00

K
Y

849956 M
etroxylon sagu-8

0.00
0.00

0.00
0.00

0.00
0.00

0.00

K
X028885.1_C

ocos_nucifera
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

JN
375330.1_P

hoenix_dactylifera
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.00

JN
120789.1_Ferrocalam

us_rim
osivaginus

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.02
0.03

JQ
235171.1_Ferrocalam

us_rim
osivaginus

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.02
0.03

0.00

G
U

985444.1_Triticum
_aestivum

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

E
U

365401.1_B
am

busa_oldham
ii

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.02
0.03

0.00
0.00

0.00

A
P

017301.1_H
ordeum

_vulgare
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.00

0.00
0.00

0.00

A
P

017300.1_H
ordeum

_vulgare
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.00

0.00
0.00

0.00
0.00

JX999996.1_Lolium
_perenne

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

0.00
0.00

0.00
0.00

LC
107875.1_S

accharum
_officinarum

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

0.00
0.00

0.00
0.00

0.00

A
P

013107.1_A
egilops_speltoides

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

A
P

013106.1_Triticum
_tim

opheevii
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

E
U

534409.1_Triticum
_aestivum

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

A
P

008982.1_Triticum
_aestivum

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

D
Q

984518.1_S
orghum

_bicolor
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.00

0.00
0.00

0.00
0.01

0.01
0.01

0.00
0.00

0.00
0.00

0.00

K
U

176938.1_O
ryza_m

inuta
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.00

0.00
0.01

0.00
0.01

0.01
0.01

0.00
0.01

0.01
0.01

0.01
0.01

A
P

017386.1_O
ryza_sativa_Indica

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.00

A
P

012528.1_O
ryza_rufipogon

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.00

0.00

JN
861112.1_O

ryza_sativa_Indica
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.00
0.00

0.00

JN
861111.1_O

ryza_sativa_Indica
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.00
0.00

0.00
0.00

JF281154.1_O
ryza_sativa_Indica

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

JF281153.1_O
ryza_sativa_Indica

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00

A
P

011077.1_O
ryza_sativa_Indica

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.00

A
P

011076.1_O
ryza_rufipogon

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

B
A

000029.3_O
ryza_sativa

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

D
Q

167400.1_O
ryza_sativa

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

D
Q

167807.1_O
ryza_sativa

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

D
Q

167399.1_O
ryza_sativa

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

A
P

014957.1_O
ryza_sativa

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

A
P

003280.2_O
ryza_sativa

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

A
P

012527.1_O
ryza

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

H
G

670306.1_Triticum
_aestivum

0.04
0.04

0.04
0.04

0.04
0.04

0.04
0.04

0.04
0.04

0.02
0.02

0.02
0.02

0.02
0.02

0.02
0.02

0.02
0.02

0.02
0.02

0.02
0.02

0.02
0.02

0.02
0.02

0.02
0.02

0.02
0.02

0.02
0.02

0.02
0.02

0.02
0.02

0.02

Y
14434.1_Triticum

_aestivum
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.02

D
Q

984517.1_Tripsacum
_dactyloides

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

0.00
0.00

0.00
0.00

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.02

0.00

D
Q

645538.1_Zea_perennis
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.00

0.00
0.00

0.00
0.01

0.01
0.01

0.00
0.00

0.00
0.00

0.00
0.00

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.02
0.01

0.00

D
Q

645537.1_Zea_luxurians
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.00

0.00
0.00

0.00
0.01

0.01
0.01

0.00
0.00

0.00
0.00

0.00
0.00

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.02
0.01

0.00
0.00

D
Q

490951.2_Zea_m
ays

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

0.00
0.00

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.02

0.01
0.00

0.00
0.00

D
Q

645539.1_Zea_m
ays_subsp

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

0.00
0.00

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.02

0.01
0.00

0.00
0.00

0.00

D
Q

645536.1_Zea_m
ays

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

0.00
0.00

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.02

0.01
0.00

0.00
0.00

0.00
0.00

D
Q

490952.1_Zea_m
ays_subsp

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

0.00
0.00

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.02

0.01
0.00

0.00
0.00

0.00
0.00

0.00

N
C

_007982.1_Zea_m
ays_subsp.

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

0.00
0.00

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.02

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.00

K
Y

018916.1_Zea_m
ays

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.03
0.03

0.00
0.00

0.00
0.00

0.01
0.01

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.01

0.01
0.02

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

K
X363631.1_S

cheuchzeria_sp.
0.10

0.10
0.10

0.10
0.10

0.10
0.10

0.10
0.10

0.10
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.14
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12
0.12

0.12

K
C

208619.1_B
utom

us_um
bellatus

0.13
0.13

0.13
0.13

0.13
0.13

0.13
0.13

0.14
0.14

0.15
0.15

0.15
0.15

0.15
0.15

0.15
0.15

0.15
0.15

0.15
0.15

0.15
0.15
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0.15
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0.15
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Table 2. Genetic distance of sago palm accessions and related other plant producing carbohydrate 
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Figure 2.  Phylogenetic construction of sago palm accessions and other plant producing carbohydrate 

based on nad-2 markers  
 

Conclusions 

 

 Morphological characteristics in the russet stages of sago palm accessions were divided into 

four phenotypic and several accessions show phenotypically the same. Based on nad-2 gene was 

shown that the sago palm accessions have the same genetic constitution among the others.  This 

assessments show that morphological phenotypic were not correlated with genetic arrangement of 

sago palm accession based on nad-2 gene.  Phylogenetic constructions of sago palm accession and 

other related plant based on nad-2 gene markers were described that sago palm closer to the coconut 

and date palm and then following others plant producing large amount carbohydrates.   

 

 

 

 



Paper presented at the 13th International Sago Symposium, Kuching Sarawak, Malaysia, 2-6 Oktober 2017 
 

Acknowledgements 

 

We are grateful to the management of the MP3EI project with SPPK No. 089/SP2H/LT/ 

DRPM/IV/2017 from DRPM Directorate General of Strengthen Research and Development 

(DGSRD) Indonesia for providing financial support in fiscal year 2017.  Thanks also to all who 

contributed and reviewed this work.  

 

References 

Abbas, B. 2017.  Sago palm Genetic resources diversity in Indonesia.  In Ehara et al. (eds) Sago 

Palm: Multiple Contributions to Food Security and Sustainable Livelihoods. Springer 

Singapore. 290 p. DOI 10.1007/978-981-10-5269-9. 

Abbas, B. 2017. Dimensions of Development Sago Commodities in the Perspective Local Resource-

Based Development. Scientific Oration that presented at the Open Senate Meeting in the 

framework of Graduation of Master Program, Bachelor and Diploma, University of Papua. 

Manokwari, 60p (in Indonesian language). 

Abbas, B., M. Dailami, B. Santoso, Munarti. 2017.  Assessment Genetic Variation and Relationship 

of Sago Palm (Metroxylon sagu Rottb.) in Indonesia Based on Specific Expression Gene (Wx 

genes) Markers.  African Journal of Plant Science Vol. 6(12):314-320. 

Abbas, B., F.H. Listyorini, Munarti. 2015.  Genetic diversity of eleven sago palm accessions from 

SRC’s Germplasm Based on Mitochondrial atp-6-2 gene and intron.  The 12th International Sago 

Symposium, Rikkyo University, Tokyo, Japan, 15-17th, September, 2015 

Abbas, B. 2015.  Sago commodity as a pillar of food sovereignty that needs to be managed and 

developed wisely as well as sustainably for community welfare. Scientific Oration for 

inauguration of Professor in the University of Papua, Manokwari (in Indonesian Language). 

Abba, B. and H. Ehara.  2012. Assessment Genetic Variation and Relationship of Sago Palm 

(Metroxylon sagu Rottb.) in Indonesia Based on Specific Expression Gene (Wx genes) 

Markers.  African Journal of Plant Science Vol. 6(12):314-320. 

Abbas,B., M. H. Bintoro, Sudarsono, M. Surahman, H.Ehara.  2009.  Genetic relationship of sago 

palm (Metroxylon Sagu Rottb.) in Indonesia based on RAPD markers.  Journal of Biological 

Diversity Vol. 10(4):168-174 

Abbas, B., M.H. Bintoro, M. Surahman, H. Ehara, and Sudarsono. 2007. Genetic diversity of sago 

palm in Indonesia based on genes encoding starch biosynthesis (Waxy genes).  Proceeding of 

the 9th International sago Symposium in Philippines. July 19-21, 2007 

Blacker, T.S and M.R. Duchen. 2016. Investigating mitochondrial redox state using NADH and 

NADPH autoflourescene.  Free Radical Biology and Medicine, 100:53-65  

Barr, C.M., S.R. Keller, P.K. Ingvarsson, D.B. Sloan, D.R. Taylor.  2007.  Variatiaon in mutation 

rate and polymorphism among mitochondrial gene of Silene vulgaris. Mol.Biol. Evol. 

24(8)1783-1791. 

Boesch, P., N. Ibrahim, F. Paulus, A. Cosset, V. Tarasenko, A. Dietrich.  2009.  Plant mitochondria 

possess a short-patch base excision DNA repair pathway.  Nucleic Acids Research 37(17): 

5690-5700. 

Bujang, K.B. 2008. Potential of bioenergy from the Sago industries in Malaysia. Biotechnology 14: 

8p 

Castro, J.A., A. Picornel, M. Ramon.  1998.  Mitochondrial DNA: a tool for population genetic 

studies.  Internal Microbial Vol. 1:327-332 

Chen Z, N. Zhao, S. Li, C.E. Grover, H.Nie, J.F. Wendel and J. Hua. 2017.  Plant Mitochon-drial 

Genome Evolution and Cytoplasmic Male Sterility, Critical Reviews in Plant Sciences, 36:1, 

55-69, DOI:10.1080/07352689.2017.132776 



Paper presented at the 13th International Sago Symposium, Kuching Sarawak, Malaysia, 2-6 Oktober 2017 
 

Dewi, R.K., M.H. Bintoro, Sudrajat.  2016.  Karakter morfologi dan potensi produksi beberapa 

aksesi sagu (Metroxylon spp.) di Kabupaten Sorong Selatan, Papua Barat.  J. Agron. Indonesia 

44:91-97. 

Darracq, A., J.S. Varre, L.M. Drouard, A. Courseaux, V. Castric, P.S. Laprade, S. Oztas, P. Lenoble, 

B. Barbe, P Touzet. 2011. Struktural and content diversity of mitochondrial genome in beet: 

A comparative genomic analysis.  Genom Biol. Evol. 3:723-736 

Duminil, J., M.H. Pomonge, R.J. Petit.  2002.  A set of 35 consensus primer pairs amplifying genes 

and introns of plant mitochondrial DNA.  Molecular Ecology Notes 2:428-430 

Karim, A.A., A. Pei-Lang Tie, D.M.A. Manan, I.S.M. Zaidul. 2008. Starch from the Sago 

(Metroxylon sagu) Palm tree-properties, prospects and challenges as a source for food and 

other uses. Comprehensive Reviews in Food Science and Food Safety 7:215-228. 

Kitazaki, K and T. Kubo.  2010.  Cost of Having the Largest Mitochondrial Genome: Evolutionary 

Mechanism of Plant Mitochondrial Genome.  Journal of Botany, Vol. 2010:1-12, 

http://dx.doi.org/10.1155/2010/620137 

Mower, J.P., P. Tauzet, J. Gummow, L.F. Delph, J.D. Palmer.  2007.  Extensive variation in 

synonymous substitution rates in mitochondrial genes of seed plants.  BMC Evolutionary 

Biology Vol. 7:135  

Pervaiz, T., X. Sun, Y. Zhang, R. Tao, J. Zhang, 2015.  Association between chloroplast and 

mitochondrial DNA sequences in Chinese Prunus genotypes (Prunus persica, Prunus 

domestica, and Prunus avium).  BMC Plant Biology. Vol 15(4): 

Petit, R.J., J. Duminil, S. Fineschi, A. Hampe, D. Salvini, G.G. Vendramin.  2005.  Comparative 

organization of chloroplast, mitochondrial, and nuclear diversity in plant populations.  

Molecular Ecology 14:689-701  

Tamura K, Stecher G, Peterson D, Filipski A, and Kumar S. 2013.  Evolution:30 2725-2729. 

Tamura K., Nei M., and Kumar S. 2004. Prospects for inferring very large phylogenies by using the 

neighbor-joining method. Proceedings of the National Academy of Sciences (USA) 101:11030-

11035. 

Touzet P., L.F. Delph.  2009.  The effect of breeding system on polymorphism in mitochondrial 

genes of sine.  Genetics 181:631-664 

Yamamoto Y, Yoshida T, Miyazaki A, Jong FS, Pasolon YB, Matanubun H (2005). Biodiversity and 

productivity of several sago palm varieties in Indonesia. in Sago Palm Development and 

Utilization.   Proceeding of The Eight International Sago Symposium. Pp. 35 – 40. Held in 

August 4 – 6, 2005 in Jayapura, Indonesia.   

Yamamoto, Y. 2011.  State of the art sago research in Asia Pacific.  Proceeding of the 10th 

International Sago Symposium. Held in Oktober 29-30, 2011, Bogor, Indonesia  

 

 

 

 

 
 

http://dx.doi.org/10.1155/2010/620137



