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Increased modern farming of the oil biosynthesis efficient oil palm, Elaeis 
guineensis Jacq., has propelled it to be the world's largest source of edible oil 
today. However, further oil yield improvement by conventional breeding is 
increasingly limited by lengthy time and costs due to long reproductive cycles, 
large plant size and an evaluation period of 10-15 years. Molecular tools which 
allow rapid, large scale evaluation over a short time, independent of plant age, 
will be particularly valuable in the face of such constraints. Towards such a 
goal, the aim of this particular study was to construct a genetic linkage map of 
a high yield oil palm population using DNA markers and to identify Quantitative 
Trait Loci (QTLs) related to oil yield components. This was followed by 
configuration of Quantitative Trait Alleles (QTA) with favourable and 
unfavourable effects on their respective oil yield components. The mapping 
population was a high-yielding Felda breeding cross, coded DA41, represented 
by 118 progeny palms. Besides the genotypic data generated in this study, 
phenotypic data of 21 yield components were available from ongoing field 
trials. The DNA markers employed for genotype data were microsatellites 
(SSR), Amplified Fragment Length Polymorphism (AFLP) and Polymerase 
Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) 
markers. A total 804 segregating marker loci (489 SSRs, 307 AFLPs and 8 
PCR-RFLP) were used for final linkage analysis and map construction. The 
map of DA41 (ARK86D X ML161P) was 2398.8 cM long with 512 marker loci 
(368 SSRs, 135 AFLPs and 9 PCR-RFLPs), at an average 32 markers and a 
range of 15-59 markers per linkage group, and an average map density of 5 
cM. The linkage group length was 77.5 cM to 223 cM, with an average of 150 
cM. Taking the yield components phenotype data on board resulted in the 
detection of 164 QTLs associated with oil yield components. The QTLs had an 
average confidence region of 15.4 cM and no marker interval exceeded 50 cM. 
In the DA41 population, cumulative QTL effects increased in tandem with the 
number of QTL markers, matching the QT+ allele for each of the traits tested. 
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The many QTLs detected per trait suggested that the traits studied are 
polygenic with many genes of individual small effects on independent loci. 
However, the scope of the study did not rule out or rule in epistasis between 
different QTLs affecting a particular trait. Furthermore, several QTLs probably 
also show pleiotropic effects as seen by QTL clustering of inter-related traits on 
almost all the linkage groups, confirming the complexity of the genetic 
architecture of not only oil yield but also its components in the oil palm. The 
overall picture suggests that certain regions of the chromosomes are richer in 
the genes that affect the expression of a particular yield component trait and 
encompass pleiotropic, epistatic and heterotic effects. Hence, it will not be 
surprising if a large proportion of the identified additive effects from QTLs 
actually arise from digenic interactions between loci. For practical applications 
from this work, it will be necessary to test these yield component QTLs in a 
broader array of genetic backgrounds and in different environments. Also, 
more closely linked markers or flanking markers to the QTLs should be sought 
because recombinations between the markers and QTLs can occur when 
transferring the results from one population to another. Clearly, while this study 
has generated results that can be used in initial marker-assisted selection 
(MAS) for oil palm breeding, such as in population selection and enrichment, 
more detailed knowledge of marker-trait association will further contribute to 
more precise applications. 
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Fakulti       : Institut Biosains 
 
 
Peningkatan pertanian secara moden kelapa sawit Elaeis guineensis Jacq 
yang bercekap biosintesis minyak, telah menjadikannya tanaman minyak yang 
paling lumayan di dunia hari ini.  Walau bagaimanapun, hasil kelapa sawit 
secara pembiakan konvensional yang memakan masa dan mahal. Ini 
disebabkan kitaran pembiakan yang panjang, saiz pokok yang besar dan 
tempoh penilaian yang lama (10-15 tahun). Kaedah molekular membolehkan 
penilaian skala besar dalam masa yang singkat tanpa bergantung kepada 
factor umur pokok. Tujuan kajian ini adalah untuk membina peta rangkaian 
genetic kelapa sawit berhasil tinggi dengan menggunakan penanda DNA (asid 
deoksiribonukleik) serta mengenalpasti Lokus Sifat Kuantitatif (QTLs) yang 
berkaitan dengan komponen hasil minyak. Analisis lanjut untuk konfigurasi 
QTA yang mempunyai kesan meningkat/menurun terhadap komponen hasil 
minyak turut diuji. Kacukan Felda DA41 yang berminyak tinggi terpilih bagi uji-
kaji ini, sebanyak 118 pokok. Selain daripada data genotipik yang dihasilkan 
dalam penelitian ini, data fenotipik daripada 21 komponen hasil juga sedia-ada. 
Penanda DNA digunakan untuk data genotipik adalah mikrosatelit (SSR), 
Polimorfisme panjang fragmen teramplifikasi (AFLP) dan Reaksi berantai 
polymerase-Polimorfisme Panjang Berkas Restriksi (PCR-RFLP). Sejumlah 
804 penanda lokus (489 SSRs, 307 AFLPs and 8 PCR-RFLPs) telah 
digunakan untuk analisis rangkaian dan pembinaan peta akhir. Peta DA41 
(ARK86D X ML161P) adalah 2398.8 cM dengan 512 penanda lokus (368 
SSRs, 135 AFLPs and 9 PCR-RFLPs), dengan purata penanda lokus 32 dan 
pada lingkungan penanda lokus 15-59 dalam setiap rangakaian kumpulan, dan 
purata densiti peta adalah 5 cM. Rangakaian kumpulan sepanjang 77.5 cM to 
223 cM, dengan puratanya 150 cM. Sebanyak 164 QTLs yang berkaitan 
dengan komponen hasil minyak telah dikesan. QTLs mempunyai kepastian 
dalam linkungan 15.4 cM dan tiada selang penanda melebihi 50cM. Dalam 
DA41, kesan terkumpul QTL meningkat apabila bilangan penanda QTL padan 
dengan allele QT+ untuk semua sifat yang diuji. Banyak QTLs yang dikesan 
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bagi setiap sifat mengesahkan bahawa sifat yang dikaji memang dikawal oleh 
banyak gen mempunyai kesan individu yang kecil terhadap lokus bebas. 
Walaubagaimanapun, epistasis antara QTLs juga perlu diambil-kira 
menyebabkan hubungan yang lebih komplek antara QTLs dan jumlah ekspresi 
suatu sifat. Malah QTLs mungkin memberi kesan pleiotropic, dimana mereka 
mengawal sifat berkait yang berbeza, walaupun mempunyai kedudukan 
kromosom yang sama/dekat. QTL yang berkelompok sebegini dilihat dalam 
hampir kesemua kromosom , mengesahkan kerumitan seni-bina genetik yang 
mengawal hasil dan komponennya dalam kelapa sawit. Kelompok ini 
menggambarkan kawasan-kawasan tertentu dalam kromosom yang lebih kaya 
dengan gen yang memberi kesan terhadap ekspresi suatu sifat komponen 
tertentu. Kajian ini mengesahkan warisan kompleks pada sifat-sifat komponen 
hasil yang merangkumi kesan pleiotropic, epistatic dan heterotic pada QTLs 
hasil minyak. Oleh itu, tidak mengejutkan jika sebahagian besar kesan 
tambahan QTLs yang dikenalpasti juga disebabkan oleh interaksi digenic 
antara lokus dalam kelapa sawit juga. Lebih banyak eksperimen perlu 
dijalankan menggunakan pokok kelapa sawit yang mempunyai  sumber 
genetik dan persekitaran yang berbeza, bagi menguji QTLs hasil. Selain itu, 
penanda rapat atau penanda pengapit bagi QTL diperlukan dalam kajian 
seterusnya. Ini disebabkan penggabungan semula yang mungkin berlaku 
dalam populasi lain antara penanda dan QTLs. Walaupun kajian ini berjaya 
menjana hasil yang boleh digunakan dalam proses pemilihan berasakan 
penanda (marker-assisted selection, MAS), pengetahuan yang lebih terperinci 
dalam assosiasi penanda-sifat akan meningkatkan penggunaannya. 
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CHAPTER 1 
 
 

AN OVERVIEW 
 

 
1.1 Introduction 
 
 
The oil palm, Elaeis guineensis Jacq., is the world's most productive oil crop 
and has been an important crop for mankind for more than 5000 years (Zeven, 
1967). The cultivation has contributed greatly to the economic development of 
otherwise backward rural areas by providing cash employment and higher 
earnings over the traditional, largely sustenance, agriculture. Palm oil is an 
important export commodity in some of the countries where the crop is grown, 
and is the second largest contributor to Malaysia’s Gross Domestic Product 
(GDP). Besides Malaysia, oil palm cultivation has expanded rapidly in other 
parts of South East Asia, especially Indonesia, and, to a smaller extent, Africa 
and South and Central America.  
 
Although the oil palm is the most productive oil crop, from intrinsic high oil 
yields coupled with breeding and agronomic improvements, the national 
Malaysian yield has stagnated for the past 20 years with fresh fruit bunch (FFB) 
production at ~20t/ha/yr, palm oil at ~4t/ha/yr and palm kernel (KY) ~1.0 t/ha/yr 
(Malaysian Palm Oil Board, 2013). With the rapid expansion of the world 
population particularly in the third world where dietary fat intake is still very low, 
edible oils and fats consumption is likely to increase tremendously, prompting 
increased production. For this to happen, simply expanding the area cultivated 
would be the easiest, but practically difficult for want of land and the 
increasingly strident calls for conservation. For example, in 2010 it was 
estimated that any future expansion in the oil palm area in Malaysia would only 
be to 1.3M ha (Malaysian Prime Minister’s Department, 2010). This leaves the 
only option of increasing yield to solve this problem.  There certainly has been 
yield improvement over, say, the last 50 years – about 70 percent due to 
breeding improvement and 30 percent due to better agronomic practices 
(Rosenquist, 1985; Davidson 1993; Corley and Tinker, 2003). The most 
important single breeding effort for yield improvement was the gain in bunch oil 
content from 16% (in the Dura type of oil palm) to 26% (in the tenera or DxP 
type) following discovery of the shell thickness gene and subsequent universal 
adoption of DxP planting materials (Hardon et al., 1985, 1987). Following the 
advances with the shell gene, further yield gains were made through classical 
breeding for better duras and pisiferas to cross, i.e., with good general 
combining ability (GCA) and specific combining ability (SCA). Oil production as 
high as 14.9 t/ha/year from FFB yield of 45 t/ha/year and oil content of 35 
percent have been recorded in experimental plantings (Rajanaidu and Kushairi, 
2003). These impressive experimental yields are, nevertheless, still below the 
theoretical maximum of 18.2 t/ha/yr oil from 45t FFB (Corley 1983, 1985, 1998).  
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As noted above, classical oil palm breeding is time consuming and costly - due 
to long generation cycles, large plant size and an evaluation period of 10-15 
years. For such crops, the new science of molecular breeding (MB) - using 
molecular markers to facilitate the breeding process (Mohan et al., 1997; Hash 
and Bramel-Cox, 1999; Kumar, 1999) – beckons. Having markers for 
characters with easily detectable phenotypes can simplify the recovery of 
genes of interest linked to the traits, hence the vogue for Marker-Assisted 
Selection (MAS).  MAS generally refers to using molecular markers, near to, or 
flanking, to a gene which effect on the phenotype is of interest, to identify and 
then select for/against the gene (Kumar, 1999). The markers are thus 
signposts for the whereabouts of the gene and indicate the part of the genome 
to manipulate, i.e., where to introduce/remove genes in the crop (Hash and 
Bramel-Cox, 1999; Young, 1999; Mackill, 2003). Once a gene is tagged with a 
marker, pre-selection for the gene (through the marker) can be made in even 
very young seedlings. Only the plants with the marker/trait of interest are 
retained/rejected. Furthermore, MAS can greatly reduce the number of 
breeding cycles by offering greater precision in palm selection in each cycle. 
The key to accelerating oil palm breeding through MAS is genetic linkage 
information, usually presented as linkage maps.  
 
As maybe gathered from the above, oil yield is the most important economic 
trait in oil palm, hence the search for marker(s) for the shell gene which has 
veered most mapping work to tenera x tenera (Mayes et al., 1997; Singh et al., 
2005), dura x tenera (Rhode, 2003; Billotte et al., 2005) and tenera x pisifera 
(Moretzsohn et al., 2000) crosses. However, away from the shell thickness 
hunt, direct higher oil yield in the oil palm (as opposed to more oil from less 
shell), like in most other crops, is a composite trait which final expression is the 
sum of a number of components that result in higher FFB yield and better fruit 
quality traits for oil in the bunch (Sparnaaij et al., 1963). Thus, direct oil yield in 
oil palm is a complex trait under polygenic control, multiplicativly interrelated 
and highly influenced by the environment. Therefore, while a useful first step, 
MAS, based merely on markers for the single gene of shell thickness alone, is 
unlikely to contribute much to oil yield of the crop.  
 
Hence, the main aims of this study are to detect and map QTLs affecting the oil 
yield components in oil palm and in passing, re-assess the interrelationships 
between oil yield and its components. The study was preceded by a survey of 
the genetic variation in existing potential mapping populations to obtain an 
indication of the potential improvement possible through breeding, and to 
identify suitable planting materials for mapping. The availability of reliable 
phenotype data for the traits of interest (oil yield components), from FASSB 
recording, for all selected individual palms in the proposed mapping population, 
was obviously also a key requirement.  Three molecular marker assay systems 
with a slew of advantages – AFLPs, RFLPs and SSRs - were employed to 
genotype the mapping population.  
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1.2 Objectives 
 
 
The objectives of this study were: 

 
i) To select of mapping population and survey the genetic variation of oil 

yield components in the population. 
ii) To identify polymorphic AFLPs, RFLPs and SSRs markers. 
iii) To construct genetic linkage maps for both parental palms, ARK86 and 

ML161 and construct a high density map by integrating both parental 
maps 

iv) To identify markers possibly associated with the quantitative traits 
linked to the oil yield components in oil palm. 

v) To determine the allelic configurations of each QTL and their specific 
effects (positive or negative) on the trait and compute the cumulative 
effects of all the QTL+ alleles for each trait. 
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