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ABSTRACT
Oil palm has a narrow genetic diversity due to intensive selection in breeding. Loss of diversity in breeding 
materials can lead to many consequences, despite uniformity is critical to breeders. The objectives of the 
study are to evaluate the genetic diversity in Deli and AVROS populations, and to determine the levels of 
inbreeding using CIRAD’s Simple Sequence Repeat (SSR) markers. The parental populations evaluated 
were 186 palms from Deli and 188 palms from AVROS progenies sourced from two agencies. Genotyping 
using 32 SSR markers produced 230 alleles among the 17 oil palm progenies. The number of alleles scored 
ranged between 4 to 11. The average number of alleles per locus was 7.1875. The expected heterozygosity 
(He) and observed heterozygosity (Ho) were 0.7063 and 0.5270, respectively. The dendogram revealed 
that the 17 populations were clustered into three main clusters namely Deli dura, AVROS and Ekona 
populations. The two different generations of AVROS resulted in Genting AgTech Sdn Bhd (GAT) AVROS 
had inbreeding coefficient of 0.0336 compared to Department of Agriculture (DOA) Sabah AVROS which 
was -0.0810. The diversity revealed via SSR showed that there are still present of variability in some of the 
progenies.  The inbreeding level can serve as guidance during the inbred lines development.
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INTRODUCTION

The African oil palm (Elaeis guineensis Jacq.) is an oil 
crop that is native to Africa. As the world’s leading 
oil crop, oil palm produces 37% of the total vegetable 
oils and fats from just 18 million hectares, or 6% of 
total agricultural land cultivated with oil crops (Oil 
World, 2016). It yields five to 15 times more oil per 
hectare as compared to rapeseed or soyabean. In 
2012, the estimated global oil palm planted area was 
14.8 million hectares that produced 53.67 million 
tonnes of crude palm oil (CPO). In 2014, the oil palm 
planted area in Malaysia was 5.39 million hectares 
producing 19.67 million tonnes of palm oil. The 
great economic value generated by palm oil export 
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has changed the oil palm from its ornamental status 
to that of a cash crop. In Malaysia, oil yield has 
increased four-fold in the last 50 years, half of this 
being attributable to genetic improvement of the 
planting material (Lee et al., 1990). However, the 
study showed that selection for this improvement 
reduced the coefficient of variation for fruit bunch 
yield by nearly half. Intensive breeding from a 
narrow genetic base is leading to limited variation 
within the elite material, potentially reducing the rate 
of future breeding progress. Efforts to broaden the 
genetic variability of the current oil palm advanced 
breeding populations are crucial to enable the 
breeders to exploit the genetic potentials in order to 
produce planting materials that are high yielding 
with better oil quality and highly tolerance to 
diseases. Musa and Gurmit (2008) has indicated great 
potential for improvement through the introgression 
of selected palms from the MPOB germplasm into the 
advanced dura and tenera lines which reduced palm 
height (Isa et al., 2008) and improved oil yield and 
fruit qualities (Junaidah et al., 2008).

Conventional breeding takes 10 years for 
oil palm improvement due to the fact that it is 
perennial oil crop with a long generation cycle of 
breeding. These lead to slow progress and hamper 
the release of high yielding planting materials. 
However, there are various molecular techniques 
that are available today which provide a powerful 
tool to facilitate crop improvement and selection. 
Molecular markers have been exploited in oil palm 
research over the last two decades in areas such 
as DNA fingerprinting using restriction fragment 
length polymorphism (RFLP) (Cheah et al., 1996). 
In addition, molecular markers are able to detect 
genetic variability (Billotte et al., 2005), genome 
mapping and Quantitative Trait Loci (QTL) detection 
for Marker Assisted Selection (MAS) (Billotte et al., 
2010). Microsatellite marker or Simple Sequence 
Repeat (SSR) is one of the molecular markers that 
are in abundance which is well utilised for genetic 
diversity studies (Norziha et al., 2008; Singh et al., 
2008). It has great advantages over other markers 
systems due to its high polymorphism and wide 
distribution of the loci within the genome (Vignal 
et al., 2002). Besides, SSR is a co-dominant marker 
which is ideal for diversity measurements and is 
highly reproducible through the polymerase chain 
reaction (PCR). Hamblin et al. (2007) reported that 
SSR performed better to assign the inbred lines to 
sub-populations as compared to Single Nucleotide 
Polymorphism (SNP) in their research to evaluate 
the genetic diversity in a set of public maize inbreds. 
Comparisons of using SSR and SNP to reveal genetic 
diversity were discussed for several plant species 
such as maize (Van Inghelandt et al., 2010), rice 
(Singh et al., 2013), grape (Emanuelli et al., 2013) and 
wheat (Ren et al., 2013). These authors suggested 
that between SSR and SNP markers, a considerable 

higher number of SNP marker was required in order 
to have an equivalent discriminating power as the 
SSR marker. They proposed between 7 and 11 times 
more SNP than SSR should be used for analysing 
population structure and genetic diversity. It was 
also found that SSR was able to provide more 
resolution in measuring genetic distance based on 
allele-sharing. 

The Malaysian advanced breeding materials 
particularly the Deli population and AVROS 
population have been subjected to intensive 
selection since the 1930s (Maizura et al., 2009). 
Breeding and selection for crop improvement using 
these populations by breeders had led to narrowed 
genetic diversity as shown by various reports (Lee 
et al., 1990; Hayati et al., 2004; Maizura et al., 2006a). 
The majority of the studies were carried out using 
germplasms and not many focused on advanced 
breeding materials. Besides, no comparison of 
different generations of the same population was 
carried out previously. Thus, an understanding 
on the genetic diversity of the advanced breeding 
populations at the molecular level is of importance 
for breeders to exploit the remaining genetic 
potential for crop improvement. The findings from 
this study could serve as supplementary information 
for the breeders during their crossing design 
enabling more precise decisions on the selection of 
parental materials for seed production and inbred 
line development. Thus, the objectives of the current 
study were: 1) to determine the genetic diversity in 
the advanced breeding materials, Deli and AVROS 
populations, for future breeding and improvement, 
and 2) to determine the levels of inbreeding across 
different generations in AVROS populations.

MATERIAL AND METHODS

Plant Materials

Genting AgTech Sdn Bhd (GAT) germplasm 
materials were provided by the Malaysian Palm Oil 
Board (MPOB) to start GAT seed garden at Johor, 
Malaysia. As part of the collaboration between GAT 
and Department of Agriculture (DOA) Sabah on 
joint marker-assisted breeding programme, GAT 
received germplasm materials from Ulu Dusun 
Agriculture Research Station (UDARS). These DOA 
Sabah materials are planted in GAT Sandakan. The 
oil palm advanced breeding populations in this 
study were parental populations which consisted 
of Deli population, AVROS population and 
Ekona population was used as the control. These 
populations comprised of four AVROS progenies 
(94 palms from DOA Sabah), four Deli progenies (94 
palms from DOA Sabah), and four AVROS progenies 
(94 palms from GAT) and four Deli progenies (92 
palms from GAT) (Figure 1). 
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DNA Extraction

DNA from the frozen green leaf samples were 
extracted using Qiagen Plant DNEasy Kit. The 
total genomic DNA was extracted following the 
manufacturer’s instructions. Information of the 
materials analysed in this study is listed in Table 1. 
The quantity and concentration for the extracted 
DNA was measured using Infinite® 200 Pro 
NanoQuant microplate reader (Tecan, Switzerland). 
The final samples were diluted to a concentration 
of 10 ng μl-1. In order to confirm the suitability of 
DNA for enzymatic reaction, the extracted DNA 
was quality-checked by gel electrophoresis (1.0% 
agarose gel) and restriction enzyme digestion using 
HindIII (New England Biolabs).

SSR Screening for Polymorphism

A total of 74 SSR primers from the CIRAD 
primer collection (http://tropgenedb.cirad.fr/
oilpalm/publications.html) were screened on 16 
sub-samples (consisted of one palm as representative 
from each progeny) for polymorphism. SSR were 
shortlisted according to their positions in each 
linkage group as reported by Billotte et al. (2005) 
and were spread evenly across the 16 linkage 
groups. The PCR amplification was performed in a 
96-well plate (Axygen, USA) with 30 ng of DNA in 
a 10 μl final volume of 1 μl of 10X PCR buffer at the 
concentration of 1X, 0.5 μl of 2.5 mM MgCl2, 0.35 
μl of 350 μM dNTP, 0.2 μl of 1U/reaction Taq DNA 
polymerase, 0.04 μl of 0.1 μM Forward primer and 
0.2 μM Reverse primer mixture, 0.4 μl of 0.1 pmol μl 
M13 dye labelled forward primer, and final volume 
was topped up with 4.51 μl of autoclaved MilliQ 

Ultrapure water. A touchdown PCR programme 
was performed as follows: initial denaturation 
at 94°C for 5 min; 5 cycles at 94°C for 30 s, primer 
melting temperature (Tm) (62°C to 52°C, -2°C per 
cycle) for 1 min, and 72°C for 1 min 30 s; additional 
round of 32 cycles of 94°C for 30 s, 52°C for 1 min, 
and 72°C for 1 min 30 s and a final elongation step at 
72°C for 10 min before being stored at 4°C after the 
PCR amplification was completed.

For post PCR multiplexing, 1.0 μl of PET 
(Applied Biosystems, USA) and 1.0 μl of VIC 
(Applied Biosystems, USA) PCR products 
were pooled together with 10 μl of a mixture of 
GeneScanTM-600 LIZ® (Applied Biosystems, USA) 
and highly deionised Hi-DiTM Formamide (Applied 
Biosystems, USA). The mixture was prepared by 
adding 0.4 μl of size standard GeneScanTM-600 LIZ® 
to 9.6 μl of Hi-DiTM Formamide. The mixture was 
denatured at 94°C for 3 min. The PCR products 
were subjected to capillary electrophoresis and 
detected by the laser system of the ABI 3730xL DNA 
Analyser. The output files from the sequencer were 
visualised using the GeneMapper® 4.1 software 
(Applied Biosystems, USA).

SSR Genotyping and Scoring

A total of 32 CIRAD SSR primers were 
shortlisted for further use in genotyping of all the 
progenies involved in this study. The sequence 
information and expected amplicon sizes for each 
primer is listed in Table 2. The PCR amplification and 
post PCR multiplexing for capillary electrophoresis 
were carried out as described earlier. GeneMapper® 
4.1 software is the latest fragment analysis software 
from Applied Biosystems, USA. The peak detection 

Figure 1. Source of samples and number of palms per progeny from DOA Sabah and GAT for Deli and AVROS populations. A total of 186 samples 
representing Deli populations while AVROS populations consisted of 188 samples. Ten Ekona was included as control.

SSR Markers

Ekona (Control)
(10)

DOA Sabah

Deli

1. UD2003 (24)
2. UD2004 (24)
3. UD2006 (22)
4. UD2041 (24)

1. 1258 (24)
2. 1288 (24)
3. 1407 (24)
4. 1437 (22)

1. TM0006 (20)
2. TM0009 (24)
3. TM0010 (24)
4. TM0014 (24)

1. TM0001 (24)
2. TM0003 (24)
3. TM0004 (22)
4. TM0005 (24)

DeliAVROS AVROS

GAT

Note: 	DOA - Department of Agriculture.
	 GAT - Genting AgTech Sdn Bhd.
	 SSR - Simple Sequence Repeat.
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TABLE 1. INFORMATION ON MATERIALS AND NUMBERS OF PALMS USED

Population Type	 Population ID	 Population information	 No. of palm

(i) Maternal population	 DOA Sabah UD 2003	 UR x JL Deli dura	 24
	 DOA Sabah UD 2004	 UR x UR  Deli dura	 24
	 DOA Sabah UD 2006	 B x B Deli dura	 22
	 DOA Sabah UD 2041	 JL Deli dura	 24
	 GAT TM0006	 MPOB Deli dura	 20
	 GAT TM0009	 MPOB Deli dura	 24
	 GAT TM0010	 MPOB Deli dura	 24
	 GAT TM0014	 MPOB Deli dura	 24
(ii) Paternal population	 DOA Sabah 1258	 3rd Generation AVROS	 24
	 DOA Sabah 1288	 3rd Generation AVROS	 24
	 DOA Sabah 1407	 3rd Generation AVROS	 24
	 DOA Sabah 1437	 3rd Generation AVROS	 22
	 GAT TM0001	 5th Generation AVROS	 24
	 GAT TM0003	 5th Generation AVROS	 24
	 GAT TM0004	 5th Generation AVROS	 22
	 GAT TM0005	 5th Generation AVROS	 24
(iii) Control	 DOA Sabah Ekona	 Ekona	 10

Total			   384

algorithms are optimised for detecting stutter bands 
in the SSR samples. The software enables the user to 
detect polymorphic DNA loci that contain repeated 
nucleotide sequences. The workflow of setting up 
the microsatellite analysis is as described by the 
GeneMapper® Software manual version 4.0.

Genetic Variability Parameters

The genotype scores from the GeneMapper® 
4.1 software was analysed using the PowerMarker 
software version 3.25 (Liu and Muse, 2005) to 
compute allele frequency parameters including 
allele frequency, number of alleles (Na), observed (Ho) 
and expected (He) heterozygosity, and polymorphic 
information content (PIC). The Ho is simply the 
proportion of heterozygous individuals in the 
population. The He is defined as the probability that 
two randomly chosen alleles from the population 
are different (Nei, 1972). The PIC estimation is 
crucial for shortlisting the informative markers for 
parental genotyping.

Genetic Relatedness Analysis

Population structure analysis was performed 
on the 384 samples. The model-based software 
Structure v2.3.4 (Pritchard et al., 2000) was used to 
infer the population structure using a burn-in of 
100 000, run length of 100 000 and a model allowing 
for admixture and correlated allele frequencies. 
Five independent runs yielded consistent results.  
Analysis was performed from K=2 to K=12. The 
mean log likelihood of the data for each given K, 
L(K) was plotted against the K value. The rate of 
change of the likelihood distribution, L’(K) and the 

absolute values of the second order rate change 
of the likelihood distribution, |L”(K)|, for each K 
value were calculated as L’(K)=L(K)-L(K-1) and 
|L”(K)|=|L’(K+1)-L’(K)| respectively (Evanno 
et al., 2005). The L’(K) and |L”(K)| were plotted 
against the K value. These three plots were used to 
determine the number of subpopulations that were 
present among the 384 palms (Evanno et al., 2005). 

The Neighbor-Joining and principal component 
analysis (PCA) were performed using the NTSYSpc 
software version 2.20r (Rohlf, 2005). Individual-
based genetic distance was calculated using the 
Nei distance (Nei, 1972). The similarity between 
all 384 samples was calculated using the SIMINT 
module. The coefficient used in the calculation 
was the Pearson product-moment correlation. 
The similarity matrix generated was used to 
compute eigenvalues and eigenvectors using the 
EIGEN module. The extracted three eigenvectors 
from the similarity matrix were used to plot a two 
dimensional PCA.

The advanced breeding populations were 
redefined based on the above individual-based 
genetic distance analysis. Population-based 
Neighbor-Joining was performed using the 
PowerMarker software version 3.25 (Liu and Muse, 
2005). Population distance was calculated using 
the Nei distance (Nei, 1972). Levels of genetic 
variation within and among populations identified 
by the cluster analysis were estimated from allelic 
frequencies using the analysis of molecular variance, 
AMOVA (Weir and Cockreham, 1984; 1996). The 
software Arlequin version 3.5.1.2 (Excoffier et al., 
2005) performs the AMOVA procedure using SSR 
and standard multi-locus frequency data with 10 000 
permutations. Wright’s F-statistics, i.e. FST which 

Note: 	DOA - Department of Agriculture.
	 GAT - Genting AgTech Sdn Bhd.
	 UD - Ulu Dusun. UR - Ulu Remis. JL - Johor Labis. B - Banting.
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to 11. The average number of alleles per locus was 
7.1875. The mean He and Ho were 0.7063 and 0.5270, 
respectively. The average of PIC value derived from 
the 32 SSR markers was 0.6593. The FIS was 0.2550 
based on all the progenies involved in the study. The 
lower average number of alleles (7.1875) detected 
as compared to Bakoume et al. (2015) probably 
was due to the variation in number of accessions 
samples and the origin of the samples from different 
germplasm collections. Decrease in the average 
number of alleles per locus is a clue to the loss of 
genetic variability in the breeding populations.

The genetic variability for each advanced 
breeding progenies based on each agency was 
further investigated. The allele frequency parameter 
analysis for the AVROS populations from DOA 
Sabah, the AVROS populations from GAT, the 
Deli populations from DOA Sabah and the Deli 
populations from GAT is summarised in Table 3. 
AVROS progenies from DOA Sabah produced a 
total of 133 alleles while those of GAT only had a 

measures the genetic differentiation among all 
populations was generated from the analysis.

Inbreeding Coefficient 

The inbreeding coefficient (FIS) is the probability 
that two homologous alleles present in the same 
individual are identical by descent (Allard, 1960).  It 
can be calculated for each population by comparing 
the He with Ho using the formula as follows:

RESULTS AND DISCUSSION

Genetic Variability Parameters

The 32 CIRAD SSR primers produced a total 
of 230 alleles among the 17 oil palm progenies. The 
number of alleles scored per SSR ranged between 4 

TABLE 2. MICROSATELLITE ID, PRIMER SEQUENCES, ANNUALING TEMPERATURE (TA) AND 
EXPECTED AMPLICON SIZE (ES)

No.	 Microsatellite	 Forward primer	 Reverse primer	 TA 	 ES 
	 ID			   (ºC)	 (bp)

1	 mEgCIR0037	 CCA GTC TGC TAA CCA TCC TAT AC	 TCT CAC TTC CTC CCC ACA TC	 52	 175
2	 mEgCIR0067	 TAC ACA ACC CAT GCA CAT	 AAA AAC ATC CAG AAA TAA AA	 52	 167
3	 mEgCIR0257	 GCA GCT AGT CAC CTG AAC	 GAC GAG ACT GGA AAG ATG	 52	 286
4	 mEgCIR0580	 GCA CCA GCA CTT TCA CAA	 CAA ACC AAT ACC CAA GCT	 52	 212
5	 mEgCIR0588	 GCA AGA TGC AAT GGA GTT CA	 CAA ACC GCA GCA AGT CAG A	 52	 215
6	 mEgCIR0772	 TAT AAT CCA CCC AGC ACA AC	 CCA ATT ATA CAA TCC CAC AAA G	 52	 148
7	 mEgCIR0774	 TGG CCG AGG CAG AAG AAA AT	 GCT TGG TGG GTA AGC TGG ATT ATT	 52	 161
8	 mEgCIR0775	 CAT ATG GCT AAG AAA GCC AAC AGA ATA	 CGT GGT TGT GTA TAG GCT GAT TCT A	 52	 237
9	 mEgCIR0779	 AAT GCA GAC CAA GCT AAT CAT ATA C	 GTT CAG GTG ATG GTG ACT CAG ATA G	 52	 238
10	 mEgCIR0782	 CGT TCA TCC CAC CAC CTT TC	 GCT GCG AGG CCA CTG ATA C	 56	 187
11	 mEgCIR0783	 GAA TGT GGC TGT AAA TGC TGA GTG	 AAG CCG CAT GGA CAA CTC TAG TAA	 58	 296
12	 mEgCIR0788	 ACA TTC CCT CTA TTA TTC TCA C	 GTT TTG TTT GGT ATG CTT GT	 52	 129
13	 mEgCIR0803	 AAG CCA ACT TCA CAG ATA TGT TGA T	 ATG AGC CTA ACA AAG CAC ATT CTA A	 52	 265
14	 mEgCIR0804	 GGA GTT AGT AAG TTA GTG AGA GAG A	 GCG TTG TTT GGA TGA TG	 52	 205
15	 mEgCIR0825	 AGT GAG GTA TGG TTG ATT AGG A	 TAT TGA TAG CAT TTG GGA TTA G	 52	 200
16	 mEgCIR0874	 TCC AGT TGT CGA GTT GTA GT	 ATT ATG GGG TTA TGC TTT CA	 52	 235
17	 mEgCIR1713	 GCT GAA GAT GAA ATT GAT GTA	 TTC AGG TCC ACT TTC ATT TA	 52	 252
18	 mEgCIR2110	 TGT TTT GTT TCG TGC ATG TG	 GGC TGA CAT GCA ACA CTA AC	 52	 154
19	 mEgCIR2212	 CGG TTT TGT CGC ATC TAT G	 GTC GTC AGG GAA CAA CAG T	 52	 125
20	 mEgCIR2215	 GAA CTT GGC GTG TAA CT	 TGG TAG GTC TAT TTG AGA GT	 52	 121
21	 mEgCIR2347	 ATT TTG CAT GTG TTG AGA GC	 CAA CCA ATT GCA CCC TAA AG	 52	 153
22	 mEgCIR2387	 TTG GTG AGC CAT TTG CTA CA	 CCT CCT TCC ACC CCT CTA CT	 52	 243
23	 mEgCIR2414	 CAA TCA TTG GCG AGA GA	 CGT CAC CTT TCA GGA TAT G	 52	 195
24	 mEgCIR2569	 TAG CCG CAC TCC CAC GAA GC	 CCA GAA TCA TCA GAC TCG GAC AG	 56	 229
25	 mEgCIR2595	 TCA AAG AGC CGC ACA ACA AG	 ACT TTG CTG CTT GGT GAC TTA	 52	 184
26	 mEgCIR2600	 GGG GAT GAG TTT GTT TGT TC	 CCT GCT TGG CGA GAT GA	 52	 277
27	 mEgCIR3260	 AGG GCA AGT CAT GTT TC	 TAT AAG GGC GAG GTA TT	 52	 221
28	 mEgCIR3275	 GAA GCC TGA GAC CGC ATA GA	 TTC GGT GAT GAA GAT TGA AG	 52	 146
29	 mEgCIR3310	 ATC ATG GCC GAT CTG TAT TA	 GGA ATG CTG GTC ATG GAA TAT A	 52	 104
30	 mEgCIR3399	 AGC CAA TGA AGG ATA AAG G	 CAA GCT AAA ACC CCT AAT C	 52	 265
31	 mEgCIR3439	 ACT TGT AAA CCC TCT TCT CA	 GTT TCA TTA CTT GGC TTC TG	 52	 247
32	 mEgCIR3557	 ATT CAT TGC CAT TCC CTT CA	 TTG TCC CCT CTG TTC ACT CA	 52	 212

FIS =
  He-Ho

            He 
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total of 106 alleles. An independent t-test conducted 
on number of alleles detected from DOA Sabah and 
GAT showed there was no significant difference. 
Nevertheless, the same set of markers when used 
to genotype the more advanced AVROS progenies 
(GAT) detected 25% less alleles. The number of 
alleles scored per SSR ranged between 3 to 6 and 
2 to 5 for DOA Sabah and GAT, respectively. The 
mean number of alleles per locus was 4.1563 for 
DOA Sabah and 3.3125 alleles/locus for GAT. 
These observations of decreasing values of genetic 
variabilities indicated the loss of genetic diversity 
among the AVROS advanced breeding progenies 
in GAT. The selection process in different research 
stations led to different selection forces being applied 
to the respective AVROS populations. As such, due 
to these selection preferences, different types of 
alleles were favoured according to the objectives of 
each breeding programme for AVROS.

As for the Deli progenies, the total alleles detected 
for DOA Sabah was 109 while for GAT it was 122 
alleles. The higher number of alleles was detected 
in the more advanced Deli progenies (GAT). GAT 
received the Deli populations from MPOB which has 
a wider Deli collection of different sub-populations 
which are known as Breeding Population Restricted 
Origins (BPRO). BPRO became one of the factors 
contributing to this observation while DOA Sabah 
only has a limited collection of Deli populations. The 
initial genetic pool for breeding the Deli populations 
from the two agencies was different and this caused 
the number of alleles detected in them to be different. 
Besides, this could also be explained by the breeding 
strategy carried out in MPOB which went through 
more generations of improvement either through 
selfing of Deli dura or intercrossing of Deli dura from 
different BPRO. The number of alleles detected for 
DOA Sabah ranged from 2 to 5 while for GAT it 
ranged from 2 to 7. The mean number of alleles per 
locus recorded for DOA Sabah and GAT were 3.4063 
and 3.8125 respectively. Though there was a slight 
difference in the range of number of alleles detected 
among the Deli progenies from DOA Sabah and 
GAT, the mean number of alleles detected was close 
to each other. This was due to all of these progenies 
being the descendants of the historical four Deli 
palms established at the Bogor Botanical Garden in 
1848.

Genetic Relatedness Analysis

The distribution of the mean log likelihood 
of K, L (K) from the STRUCTURE v2.3.4 software 
did not show a clear mode for the true number of 
populations in this study (Figure 2a). Commonly, 
once the real K is achieved, L (K) at larger Ks 
plateaus or continues increasing slightly (Figure 2a). 
The difference between successive likelihood values 
of K, L’(K) is shown in Figure 2b. Based on Evanno et 
al. (2005), it has been proven that the absolute values 
of the second order rate of change of the likelihood 
function, |L”(K)| has a mode at the true K for most 
of the situations investigated. Thus, in the current 
study, |L”(K)| was computed and the highest 
value of |L”(K)| was identified at K=2 (Figure 2c). 
The model-based bar plot for the K=2 is shown in 
Figure 3a indicating cluster 1 is AVROS population 
while cluster 2 is Deli population. When K was 
increased to 6, more detailed population structure 
was revealed (Figure 3b). The six clusters consisted 
of GAT D-self, DOA Sabah D-self, DOA Sabah and 
GAT DxD intercrosses, DOA Sabah AVROS, DOA 
Sabah Ekona and GAT AVROS. Even though Ekona 
palms were included in the current study as the 
control, the sample size of 10 palms was rather low 
and this might not give an indicative population 
structure as a whole. Thus, it is advisable to increase 
the number of samples to a similar sample size if the 
Ekona population were to be included as part of the 
diversity study.

The genetic analysis of all the 384 individual 
palms using the Nei distance (Nei, 1972) detected 
three major clusters which were AVROS, Deli and 
Ekona. The three major clusters further branched 
into several sub-clusters (Figure 4). The first 
cluster was branched into two sub-clusters which 
consisted of AVROS of DOA Sabah and GAT. The 
second cluster was further divided into three sub-
clusters which consisted of one illegitimate palm, 
one sub-cluster of inter-crosses of Deli and one 
selfing Deli population from both agencies. The 
third cluster consisted of the Ekona population 
which was the control of the study. A summary 
of the populations contained in each cluster is 
listed in Table 4. This observation corresponded 
with the STRUCTURE result of K=6 as discussed 
earlier.

TABLE 3. SUMMARY OF ALLELE FREQUENCY PARAMETER ANALYSIS

Mean	 DOA Sabah	 GAT

	 AVROS	 Deli	 AVROS	 Deli
Number of alleles, Na	 3 - 6	 2 - 5	 2 - 5	 2 - 7
Expected heterozygosity, He	 0.4128	 0.5544	 0.5648	 0.6399
Observed heterozygosity, Ho	 0.4485	 0.5003	 0.5489	 0.5660
Polymorphic Information content, PIC	 0.3481	 0.4816	 0.4867	 0.4984
Inbreeding coefficient, FIS	 -0.0810	 0.1028	 0.0336	 0.1306

Note: 	DOA - Department of Agriculture.
	 GAT - Genting AgTech Sdn Bhd.
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Figure 2a. Distribution of L (K) indicated once the real K is achieved, L (K) at larger K plateaus or continues increasing slightly.

Figure 2b. Distribution of L' (K) indicated by the difference between successive likelihood values of K.

Figure 2c. Distribution of L’’ (K) indicated by absolute value of second order rate of change of the likelihood function. 
Arrows indicated the K = 2 and K = 6.
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Figure 3b. Model-based ancestry for oil palm advanced breeding populations indicated Cluster 1: GAT D-self, Cluster 2: DOA Sabah D-self, 
Cluster 3: DOA Sabah and GAT DxD, Cluster 4: DOA Sabah AVROS, Cluster 5: DOA Sabah Ekona, Cluster 6: GAT AVROS (K=6).

TABLE 4. SUMMARY OF CLUSTERING OF INDIVIDUAL-BASED 
GENETIC DISTANCE OF NEI 1972

Cluster	 Population	 Sub-cluster	 Population	 Population size

Cluster 1	 AVROS	 1	 DOA Sabah AVROS	 93
		  2	 GAT AVROS	 94
Cluster 2	 Deli	 3	 Illegitimate palm	 1
		  4	 DOA Sabah & GAT Deli: Inter-crossing	 138
		  5	 DOA Sabah & GAT Deli: Selfing	 48
Cluster 3	 Ekona		  DOA Sabah Ekona	 10

Note: 	DOA - Department of Agriculture.  GAT - Genting AgTech Sdn Bhd.

Note: 	DOA - Department of Agriculture.  GAT - Genting AgTech Sdn Bhd.

Figure 3a. Model-based ancestry for oil palm advanced breeding populations indicated Cluster 1 as AVROS while cluster 2 as Deli population (K=2).
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Figure 4. Dendogram based on Neighbor-Joining clustering of individual palms using the genetic distance of Nei 1972.

Association among all the oil palm populations 
were revealed by PCA (Figure 5). The results 
recapitulated the findings from the population 
structure and Neighbor-Joining analyses. Three 
distinct clusters could be observed from the PCA, 
namely AVROS populations, Deli populations and a 

cluster consists of the Ekona control. The advanced 
breeding progenies were redefined based on the 
above individual-based genetic distance analysis 
(Figure 4 and Table 4). The redefined population-based 
distance matrix is as shown in Table 5. Population-
based Neighbor-Joining was performed using the 

Sub-Cluster
1 

Sub-Cluster
2 

Cluster 1 

Cluster 2 

Cluster 3 

Coefficient

1.42 	 1.07	  0.71	  0.36	  0.00

Sub-Cluster
3 
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Figure 5. Principal component analysis (PCA) for all 384 palms using 32 Simple Sequence Repeat (SSR) showed the association 
of three clusters namely AVROS, Deli and Ekona.

PowerMarker software version 3.25 (Liu and Muse, 
2005). Population distance was calculated using the 
Nei distance (Nei, 1972) and was illustrated using 
the TreeViewX software version 0.5.0 (Figure 6). The 
population-based Neighbor-Joining tree resembled 
the individual-based Neighbor-Joining tree.

The distribution of molecular genetic variation 
among populations listed in Table 4 identified 
using the Nei distance analysis was estimated by 
AMOVA. The suspected illegitimate was excluded 
from the AMOVA. Calculation of Wright’s F 
statistics for all polymorphic SSR loci revealed 
that 65.41% of the genetic variation was due to the 
differentiation within populations (Table 6). The 
estimation of variation among populations was 
0.3459 (FST) and this was interpreted as very great 
genetic differentiation according to the classification 
proposed by Wright (1978).

Inbreeding Coefficient (FIS) for Different 
Generations of populations

The FIS for different generations of populations 
are as shown in Table 7. Only the AVROS population 
of DOA Sabah had negative FIS value (FIS = -0.0810) 
indicating the population had prominent deficiency 
of homozygote. The AVROS (GAT), Deli dura 
(DOA Sabah) and Deli dura (GAT) have positive 
FIS values of 0.0336, 0.1028 and 0.1306, respectively 
indicating these populations are more inbred. The 

FIS of AVROS Progeny 1407 (FIS) was -0.1871 while 
AVROS Progeny TM0005 in GAT (selfed progeny) 
was 0.1693 (Table 8).

The descendants from the SP540 tenera palms 
gave rise to AVROS populations, BM119, at the 
Oil Palm Research Station, Banting, Selangor 
(OPRS Banting), Malaysia in 1959. Family BM 119 
consisted of 36 palms including nine pisifera which 
were progeny tested in PT38 planted in 1968 (Lee 
and Yeow, 1985). From OPRS Banting, 10 crosses of 
AVROS (T x T) were distributed to the Department 
of Agriculture, Serdang (DOA, Serdang) (Dr Lee 
Chong Hee, oil palm breeder/ex-General Manager 
of Golden Hope Agrotech Consultancy Sdn Bhd, 
pers. comm., 30 January 2014) and were planted as 
Trial 0.79 in 1965. The Palm Oil Research Institute 
of Malaysia (PORIM) was formed in 1979 and has 
taken over the oil palm genetic materials of DOA 
Serdang (Wahid et al., 2005). Later, PORIM merged 
with PORLA in May 2000 and the new body, the 
Malaysian Palm Oil Board (MPOB) has taken over 
the management of the genetic materials ever since. 

The genetic stock of AVROS population from 
PORIM was given as a set (10 T x T inter-crosses) 
to UDARS, DOA Sabah back in 1979 and were 
planted as Trial 21 in 1980 (Betty Kwan Keng Wah, 
ex-Principal Assistant Director of Research of Ulu 
Dusun, pers. comm., 26 February 2014). Today, 
the AVROS populations of DOA Sabah are at the 
third generation while the AVROS populations of 
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TABLE 5. POPULATION-BASED DISTANCE USING NEI 1972

	 OTU	 A	 B	 C	 D	 E	 F	 G	 H

	 A	 0.0000	  	  	  	  	  	  	  
	 B	 1.7615	 0.0000	  	  	  	  	  	  
	 C	 1.1559	 0.4742	 0.0000	  	  	  	  	  
	 D	 1.1964	 1.1131	 0.9072	 0.0000	  	  	  	  
	 E	 1.0053	 1.2390	 0.6037	 0.5193	 0.0000	  	  	  
	 F	 0.9371	 1.2979	 0.6725	 0.6658	 0.1326	 0.0000	  	  
	 G	 1.2153	 1.4463	 0.8280	 1.0721	 0.4511	 0.4837	 0.0000	  
	 H	 1.0918	 1.8117	 1.0274	 0.7760	 0.3801	 0.3044	 0.5082	 0.0000

A: Cluster3_DOA Sabah_Ekona	 E: Sub-Cluster4_DOA Sabah_Deli
B: Sub-Cluster1_DOA Sabah_AVROS	 F: Sub-Cluster4_GAT_Deli
C: Sub-Cluster2_GAT_AVROS	 G: Sub-Cluster5_DOA Sabah_Deli
D: Sub-Cluster3_DOA Sabah_AVROS	 H: Sub-Cluster5_GAT_Deli

Figure 6. Dendogram based on Neighbor-Joining clustering of re-defined populations using the genetic distance of Nei 1972. 
The population-based Neighbor-Joining tree resembled the individual based Neighbor-Joining tree.

Note: DOA - Department of Agriculture.   GAT - Genting AgTech Sdn Bhd.

Note: DOA - Department of Sabah.   GAT - Genting AgTech Sdn Bhd.

TABLE 6. ANALYSIS OF MOLECULAR VARIANCE (AMOVA) OF FIVE OIL PALM POPULATIONS 
RE-DEFINED USING NEI 1972 DISTANCE LISTED IN Table 4

Source of variation	 d.f	 Sum of squares	 Variance components	 Total variation (%)

Among populations	 4	 2 418.572	 4.24119	 34.59
Within populations	 761	 6 103.087	 8.01983	 65.41

Total	 765	 8 521.659	 12.26101	 -	

Note: FST = 0.3459.  d.f. - degree of freedom.

TABLE 7. SUMMARY OF INBREEDING COEFFICIENT FOR EACH ADVANCE BREEDING POPULATIONS

Population, agency	 Expected 	 Observed	  Inbreeding 
	 heterozygosity, He	 heterozygosity, Ho	 coefficient, FIS

AVROS, DOA Sabah	 0.4128	 0.4485	 -0.0810
AVROS, GAT	 0.5648	 0.5489	 0.0336
Deli dura, DOA Sabah	 0.5544	 0.5003	 0.1028
Deli dura, GAT	 0.6399	 0.5660	 0.1306

TABLE 8. SUMMARY OF INBREEDING COEFFICIENT FOR 3RD (Progeny 1407) and 5TH 
(Progeny TM0005: Selfing) GENERATION OF AVROS

Population, agency	 Expected 	 Observed 	 Inbreeding 		
	 heterozygosity, He	 heterozygosity, Ho	 coefficient, FIS

1407, DOA Sabah	 0.3731	 0.4505	 -0.1871
TM0005, GAT	 0.4603	 0.3919	 0.1693

Sub-Cluster4 GAT Deli

Sub-Cluster5 GAT Deli

Sub-Cluster5 DOA Sabah Deli

Sub-Cluster2 GAT AVROS

Sub-Cluster1 DOA Sabah AVROS

Sub-Cluster3 DOA Sabah AVROS

Cluster3 DOA Sabah EKONA

Sub-Cluster4 DOA Sabah Deli
0.1
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GAT are at fifth generation with the assumption 
that the AVROS progenies given by OPRS Banting 
were the first generation of AVROS (Figure 7). The 
comparison of AVROS at different generations 
of advanced breeding populations indicated that 
AVROS at DOA Sabah which is at third generation 
had a FIS of -0.0810. The negative sign indicated 
deficiency of homozygotes while the AVROS at 
GAT had FIS of 0.0336 indicating the deficiency in 
heterozygotes. The number of generations of in-
breeding and selection pressure applied by the 
breeders had directly affected the inbreeding level 
present in the populations.

Based on personal communications with the 
MPOB’s Senior Research Officer (Noh Ahmad, 
MPOB Kluang, 5 March 2014), the AVROS 
populations in GAT used in the current study 
shared the same ancestor of Progeny 1407 of DOA 
Sabah. Thus, the inbreeding coefficient of Progeny 
1407 against the AVROS progeny in GAT (selfed 
progeny: AVROS Progeny TM0005) was further 
analysed in order to detect the inbreeding level using 
the specific progeny. The FIS for AVROS Progeny 
TM0005 (GAT) was 0.1693 whereas AVROS progeny 
code 1407 (DOA Sabah) was -0.1871. The AVROS 
paternal lines provided by MPOB to GAT had been 
selected and improved through intensive breeding 
programmes. With the aim to develop high yielding 
planting materials, the breeders worked toward 
developing inbred lines for AVROS. After going 
through two cycles of selfing, the selection force on 
traits of interest had led to a reduction in Ho. 

In the current study, the Deli populations from 
GAT have also been developed to a more advanced 
cycle as compared to those from DOA Sabah. Since 
there was no direct ancestors and descendants 
involved in any of the progeny involved in the 
current study, the comparison of inbreeding level 
of Deli populations was done at the populations by 
agency level and did not involve a specific progeny. 
Maizura et al. (2006b) described the screening of 16 
Deli dura inter-crosses (16 DxD crosses) using 10 
EST-SSR markers and found that there were still 
excess in heterozygotes among the populations 
studied. The excess in heterozygotes implicated 
the Deli populations used in her study were highly 
heterozygous and not inbred. This observation was 
contradicted by the finding in the current study 
where the Deli populations in GAT had higher 
inbreeding level (FIS = 0.1306) as compared to the 
Deli populations in DOA Sabah (FIS = 0.1028). 
On the other hand, the inbreeding level reported 
by Bakoume et al. (2015) which involved only 
one population of Deli MPOB indicated a high 
inbreeding level (FIS = 0.5690).

CONCLUSION

Sustainable development of a breeding programme 
depends on having sufficient genetic variability to 
achieve high genetic gains in each selection cycle. 
The genetic variability revealed at the molecular 
level via markers on advanced breeding population, 

Figure 7. Ancestry of AVROS populations in GAT and DOA Sabah. Populations used in the current study were 
sourced from T1TM and UDARS_1407.

Note: DOA - Department of Agriculture.   GAT - Genting AgTech Sdn Bhd.
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Deli and AVROS, showed that even through the 
materials were improved for few generations, 
there are still presence of variability in some of 
the progenies while some of the progenies have 
less variability. Molecular information such as 
genetic variability between populations, inbreeding 
level among the progenies and genetic distance 
provides a better understanding to the breeder 
and can guide them in decision-making during 
the breeding programme planning. Importantly, 
this allows the breeder to focus on developing new 
populations with acceptable broad genetic base 
and adaptability. The utilisation of phenotypic 
assessment coupled with the use of molecular data 
will lead to great improvement in oil palm breeding 
while conserving genetic variability for future 
selection. Inbred line development for AVROS can 
be fast track through identifying the inbreeding 
level between the AVROS progenies that have the 
highest potential to be selected as the parental 
palms for further improvement. As for the less 
inbred progenies, they will maintain the variability 
within and between populations and served as 
the source for future selection. To a commercial oil 
palm research company, sources of diverse genetic 
populations and highly inbred populations are both 
equally important for crop improvement and seed 
production, respectively.
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