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INTRODUCTION

Molecular markers are fragments of DNA linked to a 
certain location within the genome. These fragments 
can be used as molecular markers when they differ 
in their DNA sequence in multiple organisms or 
organism lines. These variations in DNA sequence, 
called polymorphisms, can be associated or linked 
with different forms (alleles) of nearby genes which 
may be associated with specific traits (Srivastava 
and Mishra, 2009). The development of cloning 
techniques and subsequently the polymerase chain 
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reaction (PCR) has increased and improved the 
utility of molecular markers. They are now extremely 
useful for identification and authentication of plant 
and animal species. The main advantage is that the 
technology is less affected by age, physiological 
condition of samples and environmental factors 
(Shaw et al., 2002). Molecular markers are also not 
tissue-specific and only a small amount of sample is 
needed for detection at any phase of an organism’s 
development. Any differences in DNA sequences 
near the gene can be used as a marker to locate the 
gene and track the desired results in a breeding 
programme. Molecular markers have been applied 
successfully in many diversity studies, fingerprinting 
analysis and also to localise genes associated with 
traits of interest such as maturity, plant height, and 
disease resistance (Lee et al., 1996; Chelkowski et al., 
2003; Liu et al., 2005; Alwala et al., 2006).

DNA markers can be broadly divided into three 
classes based on the method of their detection: 
hybridisation-based [restriction fragment length 
polymorphism (RFLP)], [single nucleotide 
polymorphism (SNP)]; PCR-based [random 
amplified polymorphic DNA (RAPD)], amplified 
fragment length polymorphism (AFLP), simple 
sequence repeat (SSR) and sequencing-based 
(Gupta et al., 1999; Collard et al., 2005). RFLP and 
RAPD were the first molecular markers to be 
widely used (Grodzicker et al., 1975; Botstein et al., 
1980; Helentjaris et al., 1986; Kiss et al., 1993; Adam-
Blondon et al., 1994). However, the RFLP technique 
is not amenable for automation, is time-consuming, 
laborious, while RAPD markers are unreliable and 
show low reproducibility. 

In recent years, SSR and SNP have gained 
popularity as DNA markers. SSR have been the 
genetic markers of choice for DNA fingerprinting, 

linkage map construction and population genetic 
studies because of their high allelic diversity and 
are usually selectively neutral (Smith et al., 1997). 
SSR are tandem repeats of mono-, di-, tri-, tetra- and 
penta-nucleotides DNA sequences that are widely 
present in the genomes of plants and animals. They 
display high level of genetic variation due to the 
differences in the number of repeat units. Successful 
construction of an oil palm SSR enriched genomic 
library was first reported by Billotte et al. (2001) who 
demonstrated the potential of the SSR markers in 
revealing the genetic relationship of several oil palm 
populations. 

The major constraint of using SSR markers from 
genomic libraries is the high development cost, 
technical difficulty and it can be a time-consuming 
process. In addition, genomic SSR markers may 
not be very useful in identifying genes of interest 
because the markers can correspond to either 
the transcribed region or the non-transcribed 
region of the genome (Zulkifli et al., 2012). As an 

alternative, sequences that code for genes that are 
expressed in the genome have been exploited for 
developing molecular markers. These sequences, 
called expressed sequence tags (EST), have been 
instrumental in developing markers in plants and 
many other organisms (Kota et al., 2001; Kantety et 
al., 2002; Michalek et al., 2002). They are partial or 
complete sequences of complementary DNA (cDNA) 
obtained from mRNA isolated from different tissues 
and therefore represent expressed genes in these 
tissues with putative function. Among the molecular 
markers that can be developed from EST are SNP 
(Rafalski, 2002) and SSR (Varshney et al., 2002). 
The availability of large numbers of EST for many 
important plants species has allowed an inexpensive 
computational approach to the development of SSR 
and SNP markers (Cho et al., 2000; Eujayl et al., 2001; 
Gupta et al., 2003). 

EST can be used to identify candidate genes for 
QTL analysis of adaptive traits. EST-SSR have been 
identified, developed and used for many research 
purposes in a variety of plant species such as grape 
(Scott et al., 2000), sugar-cane (Cordeiro et al., 2001), 
rye (Hackauf and Wehling, 2002), barley (Thiel et 
al., 2003), wheat (Nicot et al., 2004), coffee (Valerie et 
al., 2006) and oil palm (Singh et al., 2008). However, 
the EST-SSR markers have been reported to be less 
polymorphic compared to the SSR markers derived 
from genomic libraries (Eujayl et al., 2002; Rajeev et 
al., 2005; Chabane et al., 2005). On the other hand, 
SSR themselves have some drawbacks which are: a 
lengthy and costly development phase, and have a 
relatively low throughput. Furthermore, there are 
difficulties for automation and data management, 
especially when compared to SNP.

SNP are the smallest observable unit of DNA 
polymorphism which can differentiate individual 
variations detected at the level of a single nucleotide 
base in the genome. SNP markers are also highly 
conserved. Since they occur throughout the 
genome, they represent the most frequent type 
of polymorphism and thus are available in large 
abundance for almost any organism including 
plants. For example, there are around 50 million 
SNP that have been identified in the human genome 
(Sherry et al., 2001) and found approximately every 
kilobase in the genome. SNP markers are biallelic, 
have lower information content than SSR, but are 
more abundant in the genome, are amenable to 
high-throughput methods with lower genotyping 
error rates (Hamblin et al., 2007). SNP as such, offer 
the potential for generating high density genetic 
maps and are also extremely useful for determining 
haplotypes for genes or quantitative trait loci 
(QTL). For plants, SNP are becoming popular for 
construction of genetic linkage maps such as for 
tomato (Shirasawa et al., 2010), cucurbita (Esteras et 
al., 2012) and apple (Laima et al., 2012). 
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Oil palm can be distinguished into two species, 
Elaeis guineensis from Africa and Elaeis oleifera native 
to South America. E. guineensis is well-known as a 
high oil yield planting material while for E.oleifera 
the oil yield is much lower with oil to bunch ratio of 
5% as compared to 25% for E. guineensis. However, 
E. oleifera has potential as a source to improve the 
competitiveness and sustainability of oil palm. E. 
oleifera exhibits a lower annual height increment, 
more resistant to disease, higher carotene content and 
higher level of unsaturated fatty acids compared to E. 
guineensis (Rajanaidu et al., 2000). Direct exploitation 
of E. oleifera would not be economically viable due to 
the low bunch and oil yields. Introgressions between 
E. oleifera and E. guineensis have been made to form 
interspecific hybrids with intermediate values for oil 
yield, iodine value and carotene content (Hardon, 
1969; Rajanaidu et al., 1995; Mohd Din, 2000). The next 
step after forming the interspecific hybrids is to fix 
the genes of interest by development of backcrosses. 
Almost five to six generations of backcrosses to the 
recurrent parent may be required to fix the genes. 
Being a perennial crop (at 10-12 years per breeding 
cycle) it may take quite a long time to achieve the 
final product.  However, molecular DNA technology 
such as marker-assisted selection (MAS) in the oil 
palm breeding programmes will help breeders to 
accelerate the selection process for traits of interest. 
The successful breeding of oil palm largely depends 
on the availability of genetic variability for traits 
of interest. This study utilised SNP from oil palm 
as well as SSR markers (both EST and genomic) to 
screen a backcross two (BC2) interspecific hybrid 
mapping population. The level of polymorphism 
and mode of inheritance revealed by the markers in 
the mapping family were examined.

MATERIALS AND METHODS

Palm Materials and DNA Extraction

A total of 75 backcross palms (BC2) derived from 
the cross 1084/TP51/22.32 x 335/5.2-5/23.96 were 
selected. The female parent, 1084/TP51/22.32, was 
a E. guineensis tenera derived from a cross involving 
the Nigerian tenera palm, T128 and a Serdang pisifera 
palm.  The male parent, 335/5.2-5/23.96, was an 
interspecific backcross (BC1) generated from a 
cross involving the Colombian-based interspecific 
hybrid and the Nigerian tenera palm, T128. Spear 
leaves were harvested from each palm including the 
parental palms for DNA extraction. DNA extraction 
was carried out using the modified CTAB method 
(Dellaporta et al., 1983). 

SSR Analysis 

A total of 515 SSR markers were screened 
for polymorphism on the BC2 population then 
followed by genotyping analysis. All these markers 
were obtained from the MPOB in-house oil palm 
sequence database (GeneThresherTM,  PalmGenes and 
PalmDNABase) and derived from both E. guineensis 
and E. oleifera (Singh et al., 2008; Ting et al., 2010). 
The forward primer was 5’ end-labelled with g-33P 
at 37°C for 1 hr and 30 min using T4 polynucleotide 
kinase. The labelling reactions contained 15 pmoles 
of primer, 0.1 µl of g-33P and 1 U of T4 polynucleotide 
kinase in a total volume of 1.0 µl. The PCR reaction 
consisted of 1 U of Taq polymerase, 1.5 mM MgCl2, 
0.2 µM of each primer, 0.2 mM dNTPs and 10X 
PCR buffer. An aliquot of DNA was diluted to a 
concentration of 50 ng μl-1 and used in the SSR 
analysis. The following PCR programme was used: 
pre-denaturation at 95°C for 1 min, denaturation at 
95°C for 30 s, annealing (temperature depends on 
primer) for 30 s, and extension at 72°C for 30 s. This 
programme was repeated for 35 cycles, followed by 
a final extension at 72°C for 5 min.

The PCR product was mixed with an 
equal volume (10 μl) of formamide dye (0.3% 
bromophenol blue, 0.3% xylene cyanol; 10 mM 
diaminoethanetetra-acetic  acid (EDTA); pH 8.0; 
97.5% deionised formamide) and heated for 3 min 
at 95°C and then rapidly chilled on ice. Five μl of 
the heated sample was run on an acrylamide gel 
at a constant power of 1600V for 3 hr. The gel was 
prepared by mixing 100 ml of 6% polyacrylamide 
(20:1 acrylamide:bisacrylamide) containing 7.5 
M urea and 1 M tris-borate-EDTA (TBE). The 100 
μl of 10% ammonium persulphate and 20 μl of 
tetramethylethylenediamine (TEMED) were also 
added to the gel prior to pouring the mixture to help 
solidify the gel. The gels were vacuum-dried after 
the run for 1 hr, and exposed against X-ray film for 
7-14 days at -80°C. 

SNP Analysis

A total of 4451 SNP markers were obtained 
from the GeneThresherTM oil palm genome sequences 
for genotyping (Leslie et al., 2012). DNA samples 
were diluted to 200 ng µl-1 and then genotyped 
with Infinium HD Assay Ultra by following the 
manufacturer’s protocol (Illumina Inc., USA). The 
DNA samples were at first denatured and neutralised 
to prepare them for amplification. The denatured 
DNA was isothermally amplified in an overnight 
step. The whole-genome amplification uniformly 
increases the amount of the DNA sample by several 
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thousand-fold without introducing large amounts 
of amplification bias. Then, the amplified product 
was fragmented by a controlled enzymatic process. 
After isopropanol precipitation, the fragmented 
DNA was collected by centrifugation at 4oC. This 
was followed by resuspending the precipitated 
DNA in hybridisation buffer. The BeadChip was 
appropriately prepared for hybridisation. Following 
hybridisation, the Illumina iScan was used to scan 
the BeadChip. The data was analysed using the 
Genome Studio software (Illumina Inc., USA).

Data Analysis

The SSR data was scored and coded according 
to Billotte et al. (2005) and Singh et al., (2009) for a 
cross involving two heterozygous parents. The 
SNP data as indicated above was scored directly 
using Genome Studio software (Illumina Inc., 
USA). Chi-square test was performed to determine 
if markers followed the expected Mendelian ratios 
(1:1, 1:2:1 or 1:1:1:1). The chi-square analysis was 
performed using JoinMap version 4.1 at p = 0.05. 
Skewed markers were identified for exclusion from 
subsequent studies.

RESULTS AND DISCUSSIONS

Genotyping Analysis

Currently, molecular markers especially SSR 
and SNP are widely used to identify genomic loci 
associated with traits of interest in an appropriate 
mapping population. These markers are very 
informative and occur abundantly in the genome. 
Appropriate statistical methods have been deve-
loped to determine the association between markers 
and trait of interest. It is important that prior to 
making use of SSR and SNP markers, the inheritance 
of both markers from parents to progenies should be 
evaluated. The mapping population selected for this 
purpose was a BC2 hybrid between E. oleifera and 
E. guineensis. This population showed good variation 

in vegetative traits and fatty acid composition 
among the progenies, which is important for linking 
markers to these quantitative traits. In the SSR 
analysis, a small subset of 12 palms was initially 
used to identify polymorphic markers. Of the 515 
SSR markers screened, 216 (41.9%) were found to be 
polymorphic in the BC2 population. The percentage 
of polymorphic markers in this population was 
higher than that reported for other studies in oil palm 
using other marker systems including RFLP and 
SSR (Singh et al., 2008; 2009). The 216 polymorphic 
markers then were used to genotype the mapping 
population. As the SNP analysis was done using 
the Infinium platform, all palms were genotyped 
simultaneously on the 4451 SNP and the results were 
encouraging. The data analysed was of high quality 
as the call rate observed was above 97%. Of the 4451 
SNP markers, 1919 (43%) were polymorphic. The 
level of polymorphism exhibited by both the SSR 
and SNP markers in the BC2 population was similar. 
All the polymorphic markers were scored either as 
dominant or codominant (Table 1). For both marker 
systems, majority of the polymorphic markers were 
found in the female parent (E. guineensis tenera) as 
shown in Table 1.

Of the 4966 markers tested, 2135 markers (43%) 
were polymorphic in the BC2 population. The 
analysis showed that 25.9% of the polymorphic 
markers were co-dominant and 74.1% markers 
were of dominant nature. Most of the segregating 
dominant markers were inherited from the female 
parent (E. guineensis tenera). The ratio of informative 
markers in the female parent to the male parent is 
2:1. Nevertheless, considering the relatively high 
number of co-dominant markers detected, there are 
sufficient markers for the development of genetic 
linkage map for both parental palms. The results 
indicated that the female E. guineensis parental palm 
was more heterozygous than the backcross one 
(BC1) interspecific hybrid. This was not surprising 
as the BC1 parental palm was derived from the 
Colombian E. oleifera. In fact, Rajinder and Cheah 
(1999) reported that the E. oleifera palm UP1026 
was very homozygous. This was attributed to the 

TABLE 1. RESULTS OBTAINED FROM GENOTYPING OF SIMPLE SEQUENCE REPEAT (SSR) AND SINGLE NUCLEOTIDE 
POLYMORPHISM (SNP) IN A BC2 MAPPING POPULATION

Marker No. of markers 
screened

No. of 
polymorphic 

markers

 Parent genotypes of segregating markers

Dominant
female parent

Dominant male 
parent

Codominant in 
both parent

SSR 515 216 88 67 61

SNP 4 451 1 919 931 497 491

Total 4 966 2 135 1 019 564 552

Percentage                 - 43% 47.7% 26.4% 25.9%
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fact that oleifera palms in South America are found 
in scattered areas which encouraged inbreeding 
resulting in low levels of heterozygosity (Rajanaidu, 
1985). However, the heterozygosity observed in the 
BC1 parental palm was an improvement compared 
to the very low level reported previously (Rajinder 
and Cheah, 1999).

The levels of polymorphism revealed by both 
marker systems was generally high although lower 
than that reported in a previous study using AFLP, 
61.4% (Rajinder and Cheah, 1999). In this study, 
40 SSR markers revealed more than two alleles 
showing their multi-allelic character, which makes 
SSR attractive as DNA markers. SNP, on the other 
hand, are biallelic, where an individual reveals 
two alleles for a particular marker. In this respect, 
the information content per SNP marker is lower 
compared to SSR. It has been estimated that it will 
take approximately five SNP markers to equal the 
information revealed by one SSR marker, meaning 
that ~2000 SNP will be required to equal a 10 cM SSR 
map (Asgar , 2011). In addition, rare alleles exhibited 
by some SSR markers have been associated with 
traits of interest (Chattopadhyay et al., 2008). In SNP, 
rare alleles are not informative in most cases. SNP 
however, are abundant in all genomes and hold more 
promise for generating very high density genetic 
maps. Furthermore, SNP markers are amenable to 
high throughput analysis and have a lower error rate 
compared to SSR markers. In fact, SNP themselves 
may represent the polymorphisms associated with 
the gene of interest under study, thereby enabling 
new applications in molecular breeding (Collard et 
al., 2005; Vroh Bi et al., 2006; Jones et al., 2002). Data 
is also easily compared across laboratories and 
different assay technologies whereas standardisation 
of SSR data across laboratories can be challenging 
due to variation in allele sizing. 

In this study, all the polymorphic SSR primers 
were subsequently genotyped on all 75 individuals of 
the BC2 and the results are presented in Table 2. From 
the 216 polymorphic primers tested, 395 easy to read 
amplification products ranging from 104 to 330 bp 
in size were generated. In the inheritance analysis, 
61 primers tested showed co-dominant segregation 
profile while the rest were dominant.  Figures 1a to 
1c show an example of profiles obtained in the SSR 
analysis. Genotyping of all the polymorphic SNP 
markers generated about 2410 segregating bands, 
which were further analysed using Genome Studio® 

software to determine the segregation profile. 
The segregation profiles observed and scored are 
summarised in Table 2. 

Data from SSR and SNP were divided into five 
files (two for dominant and three for co-dominant). 
The first file contained data for bands segregating 
in the ratio 1:1 present in the female parent but 
absent in the male parent (BC1); the second file also 

segregating in the 1:1 ratio, but present in the male 
parent and absent in the female parent; the third 
file contained data involving bands present in both 
parents and segregating with a 1:2:1 ratio in the 
progeny. The fourth and fifth files also contained data 
present in both parents but with 1:1:1:1 segregation 
profiles.

In general, co-dominant markers are more useful 
than dominant markers due to higher information 
content. A co-dominant molecular marker can 
distinguish homozygous and heterozygous 
genotypes and help determine allele frequencies. 
The co-dominant markers will also allow easy 
comparison and integration of genetic maps 
generated in different studies. In contrast, dominant 
markers are scored on the basis of the presence or 
absence of the band, in which case homozygous and 
heterozygous individuals cannot be distinguished.

The segregating bands obtained were evaluated 
using the chi-square tests for goodness-of-fit to the 
expected segregation ratios based on 5% significance 
level (p<0.05) as shown in Table 3. Of the 2135 
informative markers from both marker systems, 
1871 (87.6%) markers were inherited in the expected 
Mendelian manner. A total of 264 markers (12.4%) 
showed distortion from the expected segregation 
ratios. The small progeny size and viability selection 
that occur on the distorted markers or loci linked 
to the markers are a possible explanation. The 
later phenomenon has been attributed to distorted 
inheritance of alleles due to competition among 
gametes or from abortion of gamete or zygotes 
(Lyttle, 1991). Departures from Mendelian ratios can 
also result from the presence of null alleles (Recee 
et al., 2004). Nevertheless, in hybrids of species or 
subspecies, skewed segregation ratios are common 
(Whitkus, 1998). It is heartening to note that the level 
of distortion was lower than that reported previously 
for oil palm (Rajinder and Cheah, 1999; Singh et al., 
2009). In genetic mapping for quantitative traits, 
Mendelian segregation is the basic assumption of 
genetic linkage maps. Therefore, severely distorted 
markers are usually discarded prior to QTL mapping 
to avoid the unexpected consequences of distorted 
markers on the results. 

Evaluating Fidelity of Controlled Crosses

Large-scale quality control testing also benefits 
from molecular genotyping by using these markers 
to develop genetic fingerprint to trace samples and 
estimate the purity of a population. Contaminants 
can be detected in cases where individuals show 
bands not found in either parents. In this study, 
one such individual was detected as a possible 
contaminant. The palm (No. 261) revealed an 
additional band not found in the parent in 173 (8.1%) 
of the 2135 polymorphic markers examined (Figures 
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Figure 1 (a - c). Autoradiogram of different inheritance profiles obtained in simple sequence repeat (SSR) analysis. 
P1 and P2 refer to parents E. guineensis tenera and BC1, respectively. 

TABLE 2. SEGREGATION OF SIMPLE SEQUENCE REPEAT (SSR) AND SINGLE NUCLEOTIDE POLYMORPHISM (SNP) 
MARKERS OBSERVED IN THE BC2 MAPPING POPULATION

No. of alleles
 Parental genotypes Progeny genotypes Expected 

segregation ratio

No. of segregating 
markers

Female Male 1 2 3 4 SSR SNP

1 Single allele 
(dominant)

       
1:1

88 931

2 Single allele 
(dominant)

1:1 67 497

3 Two alleles 
(codominant)

1:2:1 21 491

4 Three alleles 
(codominant)

1:1:1:1 34 -

5 Four alleles 
(codominant)

1:1:1:1 6 -

(a) Dominant SSR in the female parent

Marker

Marker

Progenies

Progenies

(b) Dominant SSR in the male parent

(c) Co-dominant SSR in both parental palms

Progenies

Marker

P1P2  1    2   3   4   5   6   7   8   9  10 11 12 13 14 15  16 17  18 19  20  21 22 23 24 25 26 27 28  29  30 31 32 33 34 35 36 37

P1 P2  1   2   3    4    5   6   7    8   9  10 11 12  13 14  15 16  17 18  19  20 21 22  23 24 25 26 27  28 29 30 31 32 33 34 35 36 37 38

P1 P2  1   2   3    4    5   6   7    8   9  10 11 12  13 14  15 16  17 18  19 20  21 22  23 24 25  26  27 28 29 30 31  32 33  34 35  36  37 38
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TABLE 3. CHI-SQUARE ANALYSIS FOR GOODNESS-OF-FIT TO THE EXPECTED MENDELIAN SEGREGATION RATIOS

Marker type No. of segregating markers
Chi-square analysis  on Mendelian segregation ratio (p≥0.05)                 

Fit markers Distorted markers

SSR 216 179 37

SNP 1 919 1 692 227

Total 2 135 1 871 (87.6%) 264 (12.4%)

Note:  SSR - simple sequence repeat.  SNP - single nucleotide polymorphism.

(a)

Figure 2 (a-d). Detection of contaminant (marked X) in simple sequence repeat (SSR) (a,b) and single nucleotide polymorphism (SNP) (c,d) 
genotyping analysis. Examples demonstrate that the contaminant had unexpected genotype compared to the parents. P1 and P2 refer to parents 
E. guineensis tenera and BC1, respectively.

2a to 2d). It is important in mapping and QTL 
analysis to remove the contaminant from analysis 
to avoid distortion of data. The contaminant could 
have arisen from pollen contamination of controlled 
crosses, mix-ups or mislabelling at laboratory and 
nursery stages. Pollen contamination has been 
reported to occur in oil palm (Chin, 1995; Singh et 
al., 1999), and other controlled crosses, such as in 
olive (Aurora and Antonio, 2007) and pine (Elliot et 
al., 2006). 

Mapping Population

Apart from efficient DNA marker systems, 
an appropriate segregating populations is also 
important to develop a genetic map for QTL 
analysis. In this study, two different species (E. 
guineensis and E. oleifera) were used to create a 

hybrid population. Subsequently, a selected OG 
hybrid palm was backcrossed to the E. guineensis 
parental palm, giving rise to backcross one (BC1). 
Palm from BC1 was selected to backcross to the 
E. guineensis palm again, giving rise to BC2 progeny 
used in this study. The repeated backcrossing was 
carried out to introgress the desirable E. oleifera 
traits into E. guineensis. At the same time, it creates 
a population segregating for the traits of interest, 
namely vegetative characteristics (e.g. dwarfness) 
and fatty acid composition (FAC) (Hardon, 1969; 
Rajanaidu et al., 1995). In fact, the phenotypic data 
showed that the BC2 population actually showed a 
good variation for both characters which is desirable 
for QTL analysis (data not shown). In interspecific 
backcross programme, several backcross cycles are 
necessary to get a pair of strains that are essentially 
identical at all loci except for the region surrounding 

(a) (b)

(c) (d)

P1 P2 1  2   3   4  X  6   7   8   9 10 11 12 13 14P1 P2 1  2   3   4    X    6  7   8   9
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the gene under selection. Theoretically, by the sixth 
generation of backcrossing, the entire genotype of the 
E. guineensis parent would be recaptured, together 
with the desired traits from E. oleifera. However, with 
markers linked to traits and application of marker 
assisted selection (MAS), the number of cycles could 
be reduced to achieve the same objective.

CONCLUSION

This is one of the first reports revealing the 
inheritance of SNP in combination with SSR 
markers in oil palm. In fact, this is the first attempt 
to evaluate a large number (4966) of markers in an 
interspecific BC2 mapping population segregating 
for vegetative traits and FAC. The polymorphism 
revealed (43%) is considerable and there are 
sufficient numbers of informative markers to 
generate genetic maps for both parental palms. 
In fact, there are sufficient co-dominant markers 
identified to integrate both parental palms. The fact 
that 87.6% of the polymorphic markers, both SNP 
and SSR, are inherited in expected Mendelian ratio 
from parents to offsprings also shows their potential 
for use in developing genetic maps. Furthermore, 
with the ability to detect contaminants in the current 
mapping materials, the SSR and SNP markers are 
also useful in conducting DNA fingerprinting on 
other controlled crosses to ensure the genetic identity 
and purity of crosses in the breeding programmes. 
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