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ABSTRACT

Recurrent cycles of inbreeding (self or sib crosses) 
have been commonly used in conventional breeding 
to produce highly homozygous lines in a range of 
crop species. Thirty-two Simple Sequence Repeat 
(SSR) markers were involved in assessing the 
homozygosity of 23 oil palm Single Seed Descent 
(SSD) programmes which involved 509 parents. 
From the complete genotype data, there were 21 
dura parental palms which were assessed as more 
than 90% homozygous and only one tenera palm 
which was  more than 90% homozygous using 
32 markers.  The tenera palm was from Ekona 
breeding material (restricted origin) and from a self 
cross. Genotypic identification allows the prediction 
of palms and/or progenies which could be used to 
produce uniform commercial planting material and 
exploit heterosis. The homozygosity estimates were 
from a sample of 29 SSR markers (out of the 32 SSR 
markers used in this study) and were positively 
correlated (R2= 0.85; p<0.001) with the results 
from a sample of 107 SSR markers. This strongly 
suggests that the sample of 32 SSR markers used 
in this study would provide a reliable estimate of 
homozygosity.

ABSTRAK

Kitaran penginbredan secara berulang  
(penyendirian atau kacukan sib) telah biasa 
digunakan dalam biak baka konvensional  untuk 
menghasilkan barisan amat homozigus untuk 
pelbagai spesies tanaman. Tiga puluh dua 
penanda Ulangan Jujukan Ringkas (SSR) telah 
digunakan untuk menilai kehomozigusan bagi 23 
program Penurunan Biji Benih Tunggal (SSD) 
sawit yang melibatkan 509 induk. Dari data 
genotip yang lengkap, sebanyak 21 induk sawit 
dura telah dikenal pasti mempunyai peratusan 
homozigusiti melebihi 90% manakala hanya 

sebatang pokok tenera mempunyai peratusan 
yang sama berdasar penggunaan 32 penanda. 
Pokok tenera tersebut adalah daripada bahan 
biak baka Ekona (populasi biak baka sumber 
terhad) dan daripada kacukan penyendirian. 
Pengenalpastian genotip membolehkan ramalan 
terhadap pokok sawit dan/atau progeni yang 
boleh diguna untuk menghasilkan bahan tanaman 
komersial yang seragam serta mengeksploitasikan 
heterosis. Anggaran kehomozigusan daripada 
sampel melibatkan 29 penanda SSR (daripada 
32 penanda SSR yang digunakan dalam kajian 
ini) dan menunjukkan korelasi positif (R2= 0.85; 
p<0.001) dengan keputusan daripada sampel 
yang melibatkan 107 penanda SSR. Keputusan 
ini mencadangkan bahawa sampel 32 penanda 
SSR yang digunakan dalam kajian ini berupaya 
memberikan anggaran yang boleh diterima pakai 
tentang homozigusan.

Keywords: SSR, Single Seed Descent, oil palm, 
homozygosity.

INTRODUCTION

Breeders are trying to produce distinct, uniform 
and stable planting material by exploiting 
heterosis (Jones, 1917). Homozygous lines can 
be obtained by various methods, for example by 
recurrent cycles of inbreeding and doubled haploid 
production. Recurrent cycles of inbreeding are 
used in conventional breeding to produce highly 
homozygous lines. The principle being exploited 
in this approach is a simple one; the overall level 
of heterozygosity halves in each generation of 
self-fertilisation. Single Seed Descent (SSD) is a 
frequently used breeding strategy to generate 
homozygous lines and is especially popular 
in annual crops. Here, one seed per plant per 
generation is selected and used to produce seed 
for the next generation until acceptable levels of 
homozygosity are achieved (Morrison and Evans, 
1988). Given a typical juvenile period of three to 
five years for oil palm, this approach would require 
repeated rounds of continuous self-pollination over 
15- 25 years in order to obtain suitable homozygous 
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material. This strategy would also require parallel 
production of homozygous dura (female) and pisifera 
(male) lines, if the commercial material generated 
is to exhibit the favoured tenera phenotype. In 
addition to the three to five years typically required 
for oil palm to flower and set seed, it can take 
another 5-10 years of progeny testing to select good 
homozygous parental combinations. In addition, 
the selection process requires large areas of land 
and is very time-consuming. 

The production of doubled haploid parents 
usually involves a two-step process: first the pro-
duction of haploid plants and second doubling the 
chromosome number of the haploids to generate 
homozygous doubled haploids. A great advantage 
of this method is that it produces 100% homozy-
gosity in one step. Unfortunately oil palm has 
proved recalcitrant to common haploid produc-
tion systems (Sitorus, 2008). One attractive option 
would be to accelerate the SSD strategy through the 
pre-selection of ancestral parents that are in them-
selves highly homozygous. In this way the number 
of selfed generations required to reach acceptable 
levels of homozygosity could be substantially re-
duced. Alternatively markers could be used to se-
lect highly homozygous lines among SSD popula-
tions in early generations. This article reports the 
homozygosity identification of the oil palm paren-
tal palms used in Sumatra Bioscience (SumBio) SSD 
programmes.

EXPERIMENTAL METHOD

Plant Material

In total, 509 parental palms used in SumBio 
SSD populations were examined to identify their 
homozygosity level. In an earlier study, 140 palms 
were genotyped in a genetic diversity study using 
107 Simple Sequence Repeat (SSR) markers (Wen-
ing et al., 2010).

Molecular Marker Analysis

DNA was extracted from leaf material using the 
methods described in Wening et al. (2010), the SSR-
PCR protocols used are described in Wening (2010). 
The samples were genotyped using 32 SSR mark-
ers (two markers per oil palm chromosome); 31 of 
these were taken from Billotte et al. (2005). 

Data Analysis 

Observed homozygosity was calculated for 
each palm and parental palms within an SSD pro-
gramme analysed. Observed homozygosity = 100% 
- (Ho); Ho=observed heterozygosity. (Ho) is the 
number of heterozygous genotypes divided by the 

total number of genotypes (Hartl, 1988). The cor-
relation of homozygosity determined by 29 SSR 
and 107 SSR was generated by simple linear regres-
sion using GenStat version 13.3.0.5165 (Payne et al., 
2010).

RESULTS AND DISCUSSION

From the complete genotyping data using 32 SSR 
markers, there were 21 dura palms (progenies 
BL11510 and BL11518) and only one tenera palm 
(BL12413/86-09) which exhibited more than 90% 
homozygosity (Table 1). It is not surprising that the 
dura progenies exhibit high levels of homozygosity 
because they originated from Deli dura material, 
which theoretically has a narrow genetic base and 
they have been progressed to the F3 generation. 
Only one tenera palm which had more than 90% 
homozygosity and was of Ekona origin, and was 
found among an F2 generation of SSD. The SSD 
population which produced palms identified as 
highly homozygous may be selected for accelerated 
production of highly homozygous lines.

Table 2 shows that SSD programme 010 has the 
highest mean homozygosity with low standard de-
viation, i.e. all of the palms in the programme will 
need a similar time to achieve homozygosity from  
recurrent selfing. SSD programme 0003G2 has a 
high variation for homozygosity values between 
palms. The tenera palm which has the highest level 
of homozygosity in the population is BL12413/86-
09 (Table 1); the data suggest that acquiring highly 
homozygous lines from this population will take 
longer. However, breeders have greater capacity 
to generate a genetically diverse range of near ho-
mozygous parental lines when there is higher ge-
netic variation within a SSD programme.

Genetic diversity analysis can exploit either 
mapped markers or unmapped markers. Brantes-
tam et al. (2004) were strong advocates of the use 
of mapped SSR markers because they provide an 
assessment of genetic diversity variation in relation 
to different specific genomic regions,  and to ensure 
representative and broad genome coverage (Karp 
et al., 1996). For these reasons and laboratory capac-
ity constraints, the genotyping performance in this 
article for assessing homozygosity used 32 mapped 
SSR markers with two markers per chromosome of 
oil palm (Billotte et al., 2005). Besides the location 
of the markers in the genome, the accuracy of the 
homozygosity level is dependent on the number of 
markers used in the analysis. From the genotyping 
data of a previous study (Wening et al., 2010), it was 
found that a correlation of the homozygosity of 140 
lines used in the study determined by 29 SSR mark-
ers (which were used in this study) and 107 SSR 
markers is high (R2=0.85; p<0.001).The number of 
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TABLE 1. LIST OF PARENTAL PALMS OF SINGLE SEED DESCENT (SSD) POPULATION WHICH HAVE MORE 
THAN 90% HOMOZYGOSITY WITH 32 SIMPLE SEQUENCE REPEAT (SSR) MARKERS

No. Palm ID SSD pedigree level Homozygosity level (%) Fruit type

1 BL11510/91-13 F3 96.875 Dura

2 BL11510/91-15 F3 96.875 Dura

3 BL11518/83-08 F3 96.875 Dura

4 BL11518/83-12 F3 96.875 Dura

5 BL11510/72-07 F3 96.875 Dura

6 BL11510/72-08 F3 96.875 Dura

7 BL11510/72-15 F3 96.875 Dura

8 BL11510/91-03 F3 93.75 Dura

9 BL11510/91-14 F3 93.75 Dura

10 BL11510/94-01 F3 93.75 Dura

11 BL11510/94-04 F3 93.75 Dura

12 BL11510/94-15 F3 93.75 Dura

13 BL11518/83-15 F3 93.75 Dura

14 BL11510/72-10 F3 93.75 Dura

15 BL11518/74-07 F3 93.75 Dura

16 BL11510/91-04 F3 90.625 Dura

17 BL11510/91-06 F3 90.625 Dura

18 BL11510/91-07 F3 90.625 Dura

19 BL11510/94-02 F3 90.625 Dura

20 BL11518/83-11 F3 90.625 Dura

21 BL11518/74-13 F3 90.625 Dura

22 BL12413/86-09 F2 90.625 Tenera

markers used in the present work is however still 
relatively high compared to that used elsewhere in 
similar studies (Perera et al., 2000; Abdullah et al., 
2008). To the best of the author’s knowledge, this 
article is the first report of the application of mo-
lecular markers to assess homozygosity levels in oil 
palm SSD programmes.

CONCLUSION

The SSR marker analysis of SumBio’s SSD 
programmes revealed  21 dura parental palms 
which were more than 90% homozygous and 
only one tenera palm  which was  more than 90% 
homozygous using the 32 SSR markers. The results 
of this analysis will allow SumBio’s breeders to 
understand the variation in homozygosity both 
between SSD programmes and within programmes 
(between individual palms/genotypes).  Using 
this information, breeders may decide how many 
generations of selfing are optimal for their purposes 
and to identify specific genotypes for accelerated 
inbreeding.  The latter approach of selecting 
relatively homozygous palms for accelerated 

selfing, to produce near homozygous parental lines, 
is not in line with the SSD philosophy of delaying 
selection until homozygosity has been achieved.  
However, oil palm breeders are working with 
a long generation perennial crop where the real 
objective is to make commercial breeding progress 
within the minimum time-frame (using resources 
of land and finance as efficiently as possible).  
Accelerated selfing of selected genotypes, to 
achieve near homozygosity, will result in the faster 
production of genetically uniform material for 
commercial testing. Thus, there is the potential 
for breeders to deliver new improved commercial 
planting materials to the oil palm industry faster.
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TABLE 2. HOMOZYGOSITY LEVEL OF PARENTAL PALMS IN EACH SINGLE SEED DESCENT (SSD) 
PROGRAMME

SSD 
Programme

Pedigree 
level

Number of 
markers

Homozygosity (%)

Average
Standard 
deviation

Maximum Minimum

10 F3 30 92.3 3.4 96.9 87.1

11 F3 32 89.7 4.2 96.9 83.9

008 F3 32 72.1 6.9 87.5 59.4

003G2 F1 32 71.7 10.4 90.6 35.5

019 F1 32 69.4 6.8 84.4 59.4

017G2 F1 31 67.4 7.5 79.3 54.8

021 F2 32 66.2 8.3 74.2 56.3

017G1 F1 31 65.0 5.8 75.0 56.3

021 F2 32 64.1 8.8 84.4 53.1

007 F1 32 60.2 5.4 68.8 50.0

021 F2 32 60.1 10.3 78.1 43.8

017G2 F1 32 58.9 10.6 74.2 40.6

013 F1 31 58.4 16.6 75.0 24.1

17G2 F1 32 52.1 6.0 59.4 41.9

012 F1 32 51.0 7.7 68.8 37.5

001 F1 32 46.7 5.1 56.3 38.7

014 F1 32 37.4 4.5 43.8 29.0

009 F1 32 37.1 4.1 43.8 31.3

005 F1 31 33.5 1.6 35.5 29.0

022 F1 32 30.9 4.0 38.7 23.3

016 F1 32 29.6 3.9 35.5 21.9

015 F1 32 28.8 6.0 43.3 22.6

002 F1 30 28.3 4.8 37.5 18.8

003G1 F1 29 27.4 8.1 38.7 13.3

006 F1 30 27.0 6.1 41.9 13.3

004 F1 30 22.1 3.9 30.0 15.6

018 F1 32 17.2 2.9 21.9 12.5

Note: Number of parental palms per SSD programme analysed is variable.
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