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Chapter 5
Sago Palm Genetic Resource Diversity 
in Indonesia

Barahima Abbas

Abstract Information of genetic diversity is very important in supporting the 
implementation of genetic resource conservation and plant breeding. This study 
aims to determine the genetic diversity of 11 sago palm accessions that have been 
collected by the Sago Research Consortium (SRC), University of Papua (UNIPA). 
Methods of research were divided into three steps. Step 1 was DNA extraction by 
using Geneaid DNA plant Mini Kit. Step 2 was PCR amplification fragments DNA 
by using KAPA2G Robust HotStart polymerases and performed by using Bio-Rad 
PCR instrument. Step 3 was purified and sequenced DNA by Macrogen Inc. Seoul, 
Korea. Data analyses were performed by using a MEGA6.06 software. Morphological 
characteristics in the rosette stage of 11 sago palm accessions were divided into 4 
phenotypes only, and several accessions showed the same phenotypes. Based on 
atp6-2 gene markers, the 11 sago palm accessions had a different genetic character-
istic among the others. Genetic distances among 11 sago palm accessions were in 
the range among 0.22 and 3.01 with an average 1.21 pairwise distant. Phylogenetic 
construction showed that the genetic relationship of 11 sago palm accessions was 
clustered into 6 groups. The accession numbers SP001 and SP002 are in group 1, 
the accession numbers SP003 and SP011 group 2, the accession numbers SP005 
and SP007 group 3, the accession number SP009 group 4, the accession numbers 
SP008 and SP010 group 5, and the accession numbers SP004 and SP006 group 6. 
Nucleotide sequence alignments of mitochondrial atp6-2 gene and introns were dif-
ferent from each other in 11 accessions.

5.1  Introduction

Indonesia has the largest area of sago plantings and sago forests, as well as the rich-
est genetic diversity of the palm. World sago plantations and sago forests were esti-
mated at 2 million ha, with 1 million ha located in Indonesia (Flach 1983). 
Kertopermono (1996) reported a more extensive area of sago palm in Indonesia 
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totaling 1,528,917  ha, with 1,406,469  in Papua, 45,540  in Sulawesi, 41,949  in 
Maluku, 31,872 in Sumatra, 2795 in Kalimantan, and 292 ha in West Java. Sago 
palms in Indonesia are unevenly distributed, as is their genetic diversity. Flach 
(1983) estimated the diversity of sago as being higher in Papua than elsewhere in the 
country.

Plant characters such as morphology, protein, and deoxyribonucleic acid (DNA) 
can be used as markers to ascertain the diversity of sago palms. Morphology and 
protein characters are insufficient as indicators to reveal genetic diversity because 
they are influenced by the environment. DNA markers are not influenced by the 
environment and therefore are used to establish genetic diversity. Determining the 
genetic diversity of sago palm populations in Indonesia has focused on diversity 
based on DNA markers of the nuclear, chloroplast, and mitochondrial genomes. 
DNA markers used for the analysis are as follows: random amplified polymorphism 
DNA (RAPD), the expression of specific genes (waxy gene) in the nucleus genome, 
chloroplast simple sequence repeat (cpSSR) in the chloroplast genome, and the 
expression of functional genes (gene atp6) in the mitochondrial genome.

5.2  Genetic Diversity of Sago Palm Based on the Nuclear 
Genome

5.2.1  RAPD Markers

A total of 100 sago palm samples were collected from 6 locations (Papua, Maluku, 
Sulawesi, Kalimantan, Java, and Sumatra) and 9 populations (Jayapura, Serui, 
Manokwari, Sorong, Maluku, Palopo, Pontianak, Bogor, and Selat Panjang) of sago 
palm centers in several parts of Indonesia.

Polymorphisms of RAPD amplification fragments using 10 RAPD primers and 
performed with PCR tools resulted in 86 polymorphic fragments and 2–7 genotype 
numbers per population (Abbas et  al. 2009). High numbers of RAPD polymor-
phisms and genotypes were found in this observation. These results were similar to 
the genetic diversity of sago palm found in an earlier study by Ehara et al. (2003), 
which used RAPD markers employing a small number of individual sago palm 
samples from Indonesia and Malaysia.

Numbers of fragmented DNA bands were amplified from each primer and exhib-
ited a range of 6–12 polymorphic bands per primer; no monomorphic DNA band 
was observed. The average number of polymorphic DNA bands was calculated to 
be 9 per primer. Primer P17 resulted in the highest numbers of polymorphic DNA 
bands produced, 12, whereas primers OPA04 and P06 produced the lowest numbers 
of polymorphic DNA bands, 6 per primer. The size of DNA bands produced by 10 
primer sets had a range of 150–1800 bp (base pairs). Overall primers in this analysis 
were suitable to study sago palm genetics (Abbas et al. 2009). A previous observa-
tion of this involved assaying more than 100 RAPD primers sets.
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The genetic diversity of sago palm populations from six Indonesia locations is 
presented in Table 5.1. The average number of individuals (RIP) of each population 
is 2–18, the number of polymorphic sites (S) is 16–86, the mean pairwise differ-
ences (π) is 10.8333–30.6457, and genotype diversity (Ĥ) equals 1. Variant diversity 
of genotype (VĤ) is 0.0026–0.5000, and the percentage of polymorphic loci (P) is 
18.6047–98.8372. The highest values of S, π, and P are in Papua, meaning that the 
sago palms there are the most diverse. The H value of all samples overall in Papua 
is 1.000, meaning all samples are different. The highest VĤ value is from Java 
(Table 5.1) because samples from that location were the fewest in number and dif-
ferent from each other.

5.2.2  Waxy Gene Markers

A total of a 100 samples of sago palm were collected from Jayapura, Serui, 
Manokwari, Sorong, Maluku, Palopo, Pontianak, Bogor, and Selat Panjang popula-
tions of sago palm in Indonesia. A total of 8 polymorphic alleles and 14 genotypes 
of Wx genes were observed in the sago palm genome. Alleles ranging from 100 to 
700 bp were detected on agarose gels (Abbas and Ehara 2012). Polymorphism lev-
els detected in sago palm were similar to those found in the wheat (Triticum aesti-
vum L.) genome by Shariflou and Sharp (1999), using a Wx gene (Sun1) primer. 
Also, Wx gene variations observed in the sago palm genome were similar to those 
found by Boggini et al. (2001) in the wheat genome. Using single nucleotide geno-
typing of the Wx gene, high polymorphism in barley was reported by Domon et al. 
(2004) as well as in rice by Bao et al. (2002) and Tran et al. (2011), using the mic-
rosatellite marker for Wx genes.

The distribution of genotypes of sago palm showed that the populations possess-
ing a specific genotype are found in Serui in Papua and in the population of Palopo 
in Sulawesi. This indicates that both Papua and Sulawesi are the origin of sago palm 
variation because of the existence of specific genotypes in their populations; both 

Table 5.1 Genetic diversity of sago palm based on 86 polymorphic loci from 10 RAPD loci

Location Papua Ambon Sulawesi Kalimantan Java Sumatra

∑ population 4 1 1 1 1 1
RIP 16 3 4 18 2 7
S 86 29 21 77 16 62
G 66 3 4 18 2 7
Ĥ 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
VĤ 0.0026 0.2722 0.1768 0.0185 0.5000 0.0764
π 30.6457 19.3333 10.8333 25.2941 16.0000 27.9048
P 98.8372 33.7209 24.4186 89.5349 18.6047 72.0930

RIP average individual number per population, S polymorphic site number, G genotype numbers, Ĥ 
genotype diversity, VĤ variation of genotype diversity, π mean pairwise differences, P percentage 
of polymorphic alleles
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locations are, therefore, considered to be the original sources of sago palm germ-
plasm in Indonesia. Papua exhibited the largest genotype numbers existing in their 
population based on Wx gene markers; therefore, it is considered to be the center of 
sago palm genetic diversity in Indonesia.

The genetic diversity of sago palm samples from several areas in Indonesia was 
calculated. The values of S, G, Ĥ, VĤ, π, and P, based on 8 alleles and 14 genotypes 
of Wx gene markers in a total of 100 sago palm samples, all showed variations, 
except in the samples from Java (Table 5.2). The samples reflect sago palm varia-
tions in several of the locations. The Wx gene is one of the genes active in the starch 
biosynthesis process, especially for synthesizing amylose in plants such as the sago 
palm, which produce starch. Variations of Wx genes as found in the sago palm 
genome indicate variations in the quality and quantity of starch produced. Ehara 
et al. (2005) reported that sago palm stems produced 28–710 kg of starch; Yamamoto 
et al. (2005) reported that starch production per trunk varied among varieties. Local 
people experienced in working with sago palms report that the quality of starch 
varied in terms of color and the quality of pappeda, a type of porridge made from it.

The quality and the quantity of starch may be affected by the genes that regulate 
the starch biosynthesis process, among them the Wx gene. Larkin and Park (2003) 
found that the Wx gene is one of the many genes that play a part in starch synthesis 
in the endosperm of rice. Furthermore, Wanchana et al. (2003) found two alleles of 
the Wx gene (Wxa and Wxb) that regulated the enhancement of the protein and 
amylose contents of the starch. The lack of a Wx allele in wheat significantly 
decreased amylose production (Sharma et al. 2002). Epstein et al. (2002) reported 
that recombinant inbred lines (RILs) of wheat, which have three Wx genes in their 
genome, produced better-quality starch in comparison with wheat RILs which do 
not contain three Wx genes.

Table 5.2 Genetic diversity of the Wx genes based on 8 polymorphic alleles and 14 genotypes

Location Papua Ambon Sulawesi Kalimantan Java Sumatra

∑ population 4 1 1 1 1 1
RIP 16 3 4 18 2 7
S 7 2 5 5 0 4
G 11 3 4 6 1 5
Ĥ 0.8163 1.0000 1.0000 0.7190 0.0000 0.8571
VĤ 0.0285 0.2722 0.1768 0.0933 0.0000 0.1371
π 1.1543 1.3333 2.8333 1.1569 0.0000 1.4286
P 87.5 25.0 62.5 62.5 0.00 50.0

RIP average individual number per population, S polymorphic site number, G genotype numbers, Ĥ 
genotype diversity, VĤ variation of genotype diversity, π mean pairwise differences, P percentage 
of polymorphic alleles
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5.3  Genetic Diversity of Sago Palm Based on the Chloroplast 
Genome

Polymorphism of cpDNA Primers rpl1671, NTCP21, and NTCP22 resulted in 
PCR products of 100 samples. No polymorphisms were detected on three of the 
agarose gels, but SNF analysis using fluorescence primers showed polymorphisms 
on 97 of the samples. The nucleotide detections clearly appeared in each individual 
sample. Primer pairs of rpl1671-FAM produced four alleles in the size range 147–
406 bp, primer pairs of NTCP21-HEX produced five alleles in the size range of 
76–406 bp, and primer pairs of NTCP22-NED produced two alleles in the range of 
75–160 bp. In a previous study, primer pairs of NTCP21 and NTCP22 also detected 
polymorphism alleles in potato (Bryan et al. 1999).

Haplotype Identification and Composition In the three cpDNA loci (rpl1671, 
NTCP21, and NTCP22) of sago palm, there were observed 10 haplotypes and 11 
alleles in the populations of sago palm (data not shown). Haplotypes H01 and H02 
were located in two cpDNA loci, and haplotypes H03–H10 were located in three 
cpDNA loci. Haplotypes H01, H02, H07, and H09 were found spread into two or 
more populations (Abbas et  al. 2010). Only small individual sago palms were 
moved from a certain population to others because only four of ten haplotypes were 
shared in two or more populations, which indicated that only four haplotypes of 
sago palm were estimated to migrate in many ways. In related studies using cpDNA, 
markers were also reported in refugial populations of Scots pine (Pinus sylvestris 
L.) and silver fir (Abies alba Mill.) (Provan et al. 1998; Vendramin et al. 1999).

Haplotype H05 was found only in the population from Palopo, Sulawesi, with a 
0.25 frequency, and haplotype H10 was found only in the Jayapura population of 
Pontianak, Kalimantan, with a 0.06 frequency. Haplotypes H04, H06, and H08 were 
only found in the Jayapura population with 0.04, 0.04, and 0.12 frequencies, respec-
tively. Haplotype H03 was found only in the Serui population with a 0.04 frequency, 
so that we found four specific haplotypes in Papua (Abbas et al. 2010). In these 
observations, we found six specific haplotypes which were distributed in Papua, 
Sulawesi, and Kalimantan. Specific haplotype phenomena have also found in alys-
sum flowers (Alyssum spp.) by Mengoni et al. (2003) and in cypress (Cunninghamia 
spp.) by Hwang et al. (2003). Specific haplotypes within populations indicate that 
they should be the origin of diversity, but we cannot state that the populations of 
sago palm are diverse because they also have a haplotype with a shared overall 
population (H07).

Sago palm populations in Papua (Jayapura and Serui), Sulawesi (Palopo), and 
Kalimantan (Pontianak) which possess specific haplotypes could be the origin of 
sago palm diversity. The magnitude of haplotype numbers can be used as one of 
several indicators to indicate the center of diversity. Vendramin et al. (1999) and 
Mengoni et al. (2003) reported that high numbers of haplotypes indicated a high 
level of variation. The presence of a widespread common haplotype indicates a 
major ancient population (Provan et al. 2001). Papua could be the origin and center 
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of sago palm diversity because it has the highest specific haplotypes and the highest 
numbers of haplotypes, as well as the existence of wild types. Haplotypes described 
in this study must have existed in the distant past because cpDNA markers exhibit 
highly conservative sequences (Provan et al. 2001), very low mutation rates which 
range from 3.2 ×  10−5 to 7.9 × 10−5 (Provan et al. 1999), and no recombinant DNA 
(Ishikawa et al. 1992; Provan et al. 2001) and are uniparentally inherited (Savolainen 
et al. 1995; Viard et al. 2001). The highest numbers of haplotypes indicate the high-
est variation as occurred in populations of Abies alba Mill. (Vendramin et al. 1999). 
Mengoni et al. (2003) documented that the differentiation of chloroplast haplotypes 
in a population reflected genetic entity. Other reports were similar to our observa-
tion; Flach (1983, 1997) documented that Papua had the highest sago palm diversity 
based on morphological characters and the largest wild stands. Based on the diver-
sity and extensive wild stands, Papua should be considered as the center of diversity 
(Flach 1997). In Papua, the highest sago palm variety based on morphological char-
acters and environmental adaptability is recognized (Yamamoto et al. 2005).

Genetic Diversity The genetic diversity of sago palm within Indonesia shows that 
Papua has the highest values of haplotype numbers, polymorphic sites numbers, and 
percentages of haplotype polymorphisms. Java has the highest mean pairwise dif-
ferences (Table 5.3). Haplotype diversity values (HE) among individuals were rela-
tively higher than the overall populations. The HE value of 1 indicates that no 
haplotype sharing was found in the sample (single haplotype) or samples were dif-
ferent from the others such as occurred in Java. These features probably occurred 
because the sample sizes were very limited and the sampling criteria in the popula-
tion were based on phenotypic differences. In a previous study of sago palm using 
RAPD markers, a high variance in individuals and a high level of sago palm diver-
sity were observed by Ehara et al. (2003) and were also observed using AFLP by 
Celiz et al. (2004). In related cases, gene pool variations were also recorded in indi-
vidual Scots pines (Pinus sylvestris L.) within woodlands (Provan et al. 1998).

Table 5.3 Genetic diversity based on 10 haplotypes and 11 polymorphic alleles

Location
Genetic variability
No. of populations RIP ∑H S π HE P

Papua 4 16 8 9 0.9216 0.4544 81.8182
Maluku 1 3 2 1 0.6667 0.6667 9.0909
Sulawesi 1 4 2 1 0.5000 0.5000 18.1818
Kalimantan 1 17 3 2 0.6029 0.5221 27.2727
Java 1 2 2 1 1.0000 1.0000 9.0909
Sumatra 1 7 2 1 0.2857 0.2857 9.0909

RIP average individual number per population, ∑H haplotype number, S polymorphic site number, 
HE haplotype diversity, π mean pairwise differences, P percentage of haplotype polymorphic
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5.4  Genetic Diversity of Sago Palm Based 
on the Mitochondrial Genome

Sago palms used in this study were derived from several regions in Papua with the 
materials collected by the Sago Research Consortium, University of Papua (SRC, 
UNIPA). DNA extraction followed the procedures of the Plant Genomic DNA Mini 
Kit (Geneaid 2012). The design of atp6-2 primer sequences was based on Duminil 
et al. (2002), and the primers were synthesized by the Genetika Science Company. 
The primer sequences used for analyses of mitochondrial genetic diversity were 
forward 5′ GCA TCA TTC AAG TAA ATA CA 3′ and reverse 5′ GTG AAG CTG 
TCT GGA GGG 3′.

Variation of mtDNA Amplification of mitochondrial DNA (mtDNA) by using a 
primer pair of mitochondrial atp6-2 genes and their introns from the 11 accessions 
sago palm was successfully carried out. The sizes of the nucleotide sequences of mt 
atp6-2 genes and their introns were detected in the accessions SP001, SP002, and 
SP003 to SP011 in 829, 825, 772, 651, 855, 640, 680, 690, 629, 728, and 651 bp, 
respectively. The mt atp6-2 gene and their introns from the 11 sago palm accession 
genomes had high polymorphism with many different nucleotides (Abbas et  al. 
2015). The phenomenon observed in 11 sago palm accessions resembles those of 
pine trees which showed a high level of diversity in the mitochondrial genome (Wu 
et al. 1998). The high levels of nucleotide diversity of mt atp6-2 genes in the 11 sago 
palm accessions indicate that they were all different. Touzet and Delph (2009) 
reported that gynodioecious plants have high nucleotide diversity and form many 
haplotypes; otherwise hermaphrodite and dioecious species have low nucleotide 
diversity. Furthermore, Uwai et  al. (2006) reported intraspecies variation in the 
mitochondrial cox3 genes of the seaweed Undaria pinnatifida.

Genetic distances of sago palm accessions were calculated at 0.22–3.01 with an 
average of 1.21. The 11 sago palm accessions showed a significant difference in the 
level of genetic distance (data not showed). Phylogenetic construction to demon-
strate the genetic relationships of the 11 sago palm accessions showed that the 
accessions were clustered into six groups. Group 1 consists of accession numbers 
SP001 and SP002; group 2, SP003 and SP011; group 3, SP005 and SP007; group 4, 
SP009; group 5, SP008 and SP010; and group 6, SP004 and SP006 (Fig.  5.1). 
Groups are based on the level of mitochondrial nucleotide polymorphisms of the 11 
accessions, in particular genes that encode atp6-2 and their introns. Accessions 
which have a highly similar genetic value formed the same group in an adjacent 
phylogenetic branch. Differentiation hypothetically occurred over a long time 
period because mt markers are maternally inherited and have a low mutation rate. 
Plant mitochondrial genomes possess a low mutation rate, little compactness, large 
size, and highly rearranged structure (Darracq et  al. 2011). Furthermore, it was 
reported that the mt genomes of plants have a mechanism of base excision repair 
pathway (Boesch et al. 2009) so that the nucleotide structure is very conservative. 
Phylogenetic construction of the 11 sago palm accessions was relatively inclined to 
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form many groups because the high level of mt atp6-2 gene polymorphisms. High 
polymorphisms of the atp6-2 gene in sago palm may be caused by silent segrega-
tion. That phenomenon resembles the mitochondrial atp6 genes which occur in 
bladder campion, Silene vulgaris (Barr et al. 2007). Furthermore, Barr et al. (2007) 
also reported that the polymorphism levels of certain genes were variable in plant 
mitochondrial genomes.

5.5  Conclusions

Based on the observations, facts, and analytical review of the genetic diversity of 
sago palm resources in Indonesia, the following conclusions can be made:

 1. Molecular markers of sago palm resources in Indonesia show a high variation 
based on the RAPD polymorphism level and genetic diversity calculations.

 2. Wx genes in sago palm are related to starch production variation. Variations of 
Wx genes in sago palm show a high polymorphism level, with 14 genotypes, 
high heterozygous value, and high diversity.

 3. Sago palm resources in Indonesia are variable based on cpDNA markers, with 
ten haplotypes found along with high diversity.

 4. Based on atp6-2 gene markers, the sago palm accessions showed different 
genetic characteristics.

Fig. 5.1 Genetic relationship of sago palm accessions
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 5. Sago palm dispersal in Indonesia was not thwarted by distance and geographic 
isolation.

 6. Vernacular names of sago palms given by local people were not related to genetic 
characters based on RAPD, Wx genes in the nucleolus genome, cpDNA in the 
chloroplast genome, and atp6-2 in the mitochondrial genome, neither within a 
population nor among populations.

 7. The center of sago palm diversity in Indonesia is proposed as Papua, while the 
source of diversity is proposed in addition in Sulawesi and Kalimantan, also 
based on haplotype distribution of cpDNA markers.
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