
1

Oil Palm Bulletin 67 (November 2013) p. 1-4.

Genetic Diversity of Commercial Oil Palm Seed 
Production Parents

Sri Wening*; Michael J Wilkinson**; Happyka Fillianti*; Jajan Djuhjana*; 
Brian P Forster‡; Stephen P C Nelson* and Peter D S Caligari‡

*  Sumatra Bioscience, PT PP London Sumatra Indonesia Tbk, Jl 
Jend. Ahmad Yani No. 2, Medan 20111, North Sumatra, Indo-
nesia.

 E-mail: happyka.fillianti@sumatrabioscience.com

** IBERS, Aberystwyth University, Aberystwyth, United King-
dom.

‡  BioHybrids International Ltd., P. O. Box 2411, Earley, Reading 
RG6 5FY, United Kingdom.

ABSTRACT

A genetic diversity analysis was performed on 2039 
dura seed palms and 25 pisifera pollen parents 
using eight Simple Sequence Repeat (SSR) mark-
ers. The heterozygosity of the pisifera germplasm 
(mostly AVROS) was higher than the Deli dura 
seed palms. Variation was found in heterozygo-
sity among the Deli dura progenies, selected for 
seed production. As expected, there was increased 
homozygosity in the dura material with each gen-
eration of selfing. Graphical genotyping was carried 
out to assist the genetic diversity analysis to identify 
candidate heterotic loci. In the screening of highly 
homozygous palms, there were 26 dura parental 
palms which were homozygous at 16 SSR marker 
loci used, which involved eight different unlinked 
markers in the first screening, followed by another 
eight  different unlinked markers in the second 
screening. 

ABSTRAK

Satu kajian mengenai keluasan genetik telah dijalan-
kan ke atas 2039 pokok dura dan 25 pokok pisifera 
menggunakan lapan penanda molekul jujukan beru-
lang ringkas (SSR). Kadar heterozigositi bagi germ-
plasma pisifera (kebanyakannya adalah AVROS) 
didapati lebih tinggi berbanding pokok dura. Vari-
asi juga telah didapati wujud dalam heterozigositi di 
antara progeni dura yang terpilih bagi penghasilan 
biji benih. Seperti jangkaan, kadar homozigositi ber-
tambah dari generasi ke generasi  bagi bahan tana-
man kacukan sendiri dura. Gambaran genotip telah 
dibina bagi membantu analisis keluasan genetik 
dalam mengenalpasti lokus heterotik. Dalam imba-
san ke atas pokok berhomozigositi tinggi, terdapat 
26 induk dura yang homozigus pada 16 lokus pen-
anda SSR yang digunakan, yang mana melibatkan 

lapan penanda tidak berkait yang berbeza pada imba-
san pertama, diikuti dengan lapan lagi penanda yang 
tidak berkait dengan yang lain pada imbasan kedua. 

Keywords: oil palm, genetic diversity, SSR, graphi-
cal genotyping.
  

INTRODUCTION

Oil palm (Elaeis guineensis Jacq.) is an important oil 
crop because of its high oil yield per hectare and 
the wide range of end-user products (Van Gelder, 
2004). The long life cycle of oil palm limits progeny 
selection and thus any accelerated breeding strat-
egy would be valuable. There are many breeding 
strategies in progress to achieve higher yields of oil 
palm all of which rely on the germplasm availabili-
ty. To exploit the germplasm and to understand the 
scope for improvement, genetic diversity analysis 
of oil palm germplasm is essential. Genetic diver-
sity studies of elite material will provide an under-
standing of: 1) the genetic variability among the 
elite material, 2) the impact of the selection carried 
out, and 3) genotypic-based strategies for crop im-
provement.
 

Simple Sequence Repeat (SSR) markers have 
been used widely for genetic diversity analysis  be-
cause they are highly polymorphic, co-dominant, 
easy to use and they have the potential for auto-
mation (Rakoczy-Trojanowska and Bolibok, 2004). 
Here, a genetic diversity analysis of Sumatra Bio-
science’s (SumBio) commercial oil palm seed pro-
duction parents has been carried out using mapped 
SSR. Mapped markers were used to provide an as-
sessment of genetic diversity in relation to different 
specific genomic regions and to ensure representa-
tive and broad genome coverage (Karp et al., 1996), 
with the objectives of assessing locus homozygo-
sity and to consider the value of this information to 
commercial oil palm breeding.

EXPERIMENTAL METHOD

Plant Materials

In total, 2039 dura seed palms and 25 pisifera pol-
len parents (parental palms used for commercial 
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oil palm seed production) were used in genetic di-
versity analysis. All dura seed palms were derived 
from Deli dura material, while the pisifera pollen 
parents were derived from either AVROS, AVROS 
derived, Congo or Cameroon material.

Molecular Marker Analysis

DNA was extracted from leaf material using 
the methods described by Wening (2010). The SSR-
PCR protocols used were also described by Wening 
(2010). Selection of the most homozygous dura seed 
palms was carried out using a two-step screen-
ing strategy. The first step used eight unlinked 
SSR markers. The palms found to be homozygous 
across all eight initial markers were subjected to 
a second screen using a further eight unlinked 
SSR markers. The combination of first and second 
steps provided one marker for each of the 16 oil 
palm chromosomes. The 16 SSR markers (data not 
shown) were obtained from Billotte et al. (2005).

Data Analysis
  
The genotyping data generated from the dura 

seed palms and pisifera pollen parental palms were 
analysed in the initial screen using eight unlinked 
SSR markers (Billotte et al., 2005). Genotypic data 
were used to calculate observed heterozygosity 
(Ho) and unbiased expected heterozygosity (UHe) 
using GenAlEx version 6. 1. (Peakall and Smouse, 
2006). 

The genetic variability of dura seed palms was 
analysed by graphical genotyping using the soft-
ware package, Flapjack-version 0. 08.09.05.(Milne et 
al., 2010).

RESULTS AND DISCUSSION

Due to different pedigree histories of commercial 
parental palms, it is estimated that different 
individuals display very different overall levels 
of heterozygosity. A comprehensive survey was 
performed to assess the level of heterozygosity by 
using eight unlinked SSR.  The use of a small number 
of markers limits the accuracy of any estimate of 
overall heterozygosity of an individual. However, 
it is valuable as a preliminary screen to identify 
candidate homozygous parents for subsequent 
verification using larger numbers of markers, 
and in identification of groups of related palms 
that share similarly low levels of heterozygosity, 
in combination with pedigree information. The 
survey revealed that a considerable variance in the 
level of observed heterozygosity was present, with 
dura seed palms exhibiting a mean heterozygosity 
of 0.340 ± 0.016 compared with 0.540 ± 0.043 for 
pisifera pollen parents. The difference may be 

explained by their different origins and selection 
histories (Wening, 2010). However, it should be 
recognised that only a few and limited proportion 
of the pisifera germplasm was sampled and so data 
presented here may be unrepresentative.

The genetic diversity among the dura seed 
palms was first evaluated based on unbiased ex-
pected heterozygosity level per progeny (Figure 
1). Caution should be excercised when interpret-
ing such data because the number of palms per 
progeny was not the same. There were also some 
missing data because of failed PCR, which could be 
taken as being indicative of null alleles, although 
in no case the segregation of such candidate null 
alleles matched. Mendelian expectations (data 
not shown). Considerable variability in heterozy-
gosity levels was found among the progenies of 
dura seed palms. As expected, the heterozygosity 
level of progenies obtained from selfing was lower 
compared with progenies from crossing. Progeny 
BL11512 (selfed progeny of BL1227/35-28) was 
used as a model for progeny resulting from selfing. 
The homozygosity of progeny BL1227 was lower 
than progeny BL11512 (as expected) and statisti-
cally conformed with Mendelian expectation of a 
halving of heterozygosity (data not shown). Thus, 
there is no indication of a systematic bias (such as 
genetic drive or gametic selection) among markers 
used in the study (Wening, 2010). For pisifera pollen 
parents, it was not able to compare genetic diver-
sity among progenies since most of progenies were 
represented by a single palm. Instead, genetic di-
versity of each individual was compared based on 
observed heterozygosity (Ho) (data is not shown).

Graphical genotyping was also deployed to sur-
vey the genetic diversity of the parental palms. In 
the graph, variability at each locus for each sam-
ple can be observed easily. Each row represents the 
variability present in a genotype/sample and each 
column represents the variability at each locus for 
all genotypes analysed, with the loci ordered ac-
cording to their mapped location. Each SSR allele 
for each locus is represented by a colour (Figures 2a 
and 2b). Due to the high number of samples ana-
lysed, only a part of the data is presented in Fig-
ure 2a. There was variation between progenies in 
the overall degree of heterozygosity across the first 
eight SSR loci.  For example, commercial dura prog-
eny BL11519 exhibited extremely low levels of het-
erozygosity, in contrast to that seen in BL1123 and 
even more so among the pisifera pollen parents. 
There were no pisifera palms homozygous/het-
erozygous for all of the markers in Step 1 (Figures 
2a and 2b).  The information of the allelic diversity 
presented by graphical genotyping allows identifi-
cation of potential heterotic allele combinations of 
dura and pisifera crossing.
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Figure 1. Average of unbiased expected heterozygosity (UHe) of dura seed palm progenies.  

2a                                                                                       2b

Figure 2. (a) A part of graphical genotyping of commercial oil palm seed production parents for loci (a) until (h) (mEgCIR3213, 
mEgCIR3298, mEgCIR0894, mEgCIR3546, mEgCIR2887, mEgCIR3400, mEgCIR3538, mEgCIR0783) and (b) zoom out of selected 
graphical genotyping regions (pisifera pollen parents,  BL1159 and BL1123), showed by the arrow.
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To identify highly homozygous palms, there is 
a prerequisite need for a cheap and rapid system. 
For conventional SSR-PCR, there is a need to screen 
large numbers of palms to identify those that are 
homozygous, and the wish to use large numbers of 
loci to have a better assessment of  heterozygosity. 
The strategy explored here was based on a hierar-
chical two-step screening process, each involving 
the use of two different sets of eight unlinked SSR 
markers which collectively covered all 16 chromo-
somes of oil palm. These markers were used to 
determine the heterozygosity of loci across the ge-
nome. The results showed that the palms exhibiting 
the highest level of homozygosity in the first screen 
were more likely to also be highly homozygous in 
the second screen provided that homozygosity at 
most loci arose from a shared descent rather than 
other causes (e.g. homozygosity after outcrossing, 
selection, founder effects). Then the most homozy-
gous palms identified in the screening could be 
characterised further by using larger numbers of 
markers. The most homozygous genotypes were 
from progenies known to feature one or more 
rounds of selfing, suggesting that selfing accounts 
for the majority of homozygous loci. There were 26 
homozygous palms for all 16 SSR markers used in 
the both screens (1.3% out of 1981 palms analysed). 
They were all from progenies that featured self-
ing in their immediate pedigrees. The hierarchical 
screening for the most homozygous palms may 
be cost-effective and may provide a rapid means 
of identifying the most homozygous palms in the 
dura seed palms. For pisifera pollen parents, num-
bers are sufficiently low so that many loci could be 
deployed directly to identify the most homozygous 
genotypes.

Highly homozygous parental palms are needed 
by breeders as parental palms to produce mate-
rial which will produce distinct, uniform and sta-
ble planting material and for heterosis exploitation 
(Jones, 1917). The diversity of a progeny provides 
important information for breeders, because the 
variation is needed to gain high probability of im-
provement.

CONCLUSION

SumBio pisifera pollen parents had a lower level of 
homozygosity compared to the dura seed palms. 
Variability in the level of homozygosity existed 
among the dura progenies and among dura and 
pisifera. The level of homozygosity for each palm 
could be easily observed by graphical genotyp-
ing. In the screening to find homozygous dura seed 
palms using two set of markers, the result showed 
that the palms exhibiting the highest level of ho-
mozygosity in the first screen were more likely to 
also be highly homozygous in the second screen. 

There were 26 dura seed palms that were highly 
homozygous (1.3% of the 1981 palms analysed) for 
the 16 SSR markers used in the analysis.

ACKNOWLEDGEMENT

The article is published with the permission of the 
Board of PT PP London Sumatra Indonesia Tbk. 
The authors are grateful for the assistance of all 
staff of the Breeding Department, Genomics Labo-
ratory and Seed Production Unit at Bah Lias Re-
search Station, Indonesia.

REFERENCES

BILLOTTE, N; MARSEILLAC, N; RISTERUCCI, A 
M; ADON, B; BROTTIER, P; BAURENS, F C, SIN-
GH, R; HERRÁN, A; ASMADY, H;  BILLOT, C; AM-
BLARD, P; DURRAND-GASSELIN, T; COURTOIS, 
B;, ASMONO, D; CHEAH, S C; ROHDE, W; RIT-
TER, E and CHARRIER, A (2005). Microsatellite-
based high density linkage map in oil palm (Elaeis 
guineensis Jacq.). Theoretical and Applied Genetics, 
110: 754-765.

JONES, D F (1917). Dominance of linked factors as 
a means of accounting for heterosis. Genetics, 2: 466-
479.

KARP, A; SEBERG, O and BUIATTI, M (1996). Mo-
lecular techniques in the assessment of botanical 
diversity. Annals of Botany, 78: 143-149.

MILNE, I; SHAW, P; STEPHEN, G; BAYER, M; 
CARDLE, L; THOMAS, W T B; FLAVELL, A  J and 
MARSHALL, D (2010). Flapjack–graphical geno-
type visualization. Bioinformatics, 26: 3133-3134.

PEAKALL, R and SMOUSE, P E (2006). GENALEX 
6: genetic analysis in Excel. Population genetic soft-
ware for teaching and research. Molecular Ecology 
Notes. p.  288-295.

RAKOCZY-TROJANOWSKA, M and BOLIBOK, H 
(2004). Characteristics and a comparison of three 
classes of microsatellite-based markers and their 
application in plants. Cellular & Molecular Biology 
Letters, 9: 221 - 238.

VAN GELDER, J  W (2004). Greasypalms: European 
Buyers of Indonesian Palm Oil, Castricum, Friends of 
the Earth.

WENING, S (2010). The Molecular Diversity of Oil 
Palm (Elaeis guineensis Jacq.). Ph.D thesis, Aberyst-
wyth University.


