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ABSTRACT 

 

Oil palm (Elaeis guineensis Jacq.) is a perennial crop and one complete cycle of 

selection takes about 10 to 15 years. As such breeding and selection of the crop is slow. 

By developing marker assisted selection for this species, the time needed for breeding 

and selection could be decreased by almost half the time required through conventional 

method. This study involves investigating the genetic relationship between the parental 

palms (dura and pisifera) and the performance of their progenies based on microsatellite 

markers. Nine microsatellite markers were used to screen selected parental palms (15 

parental dura and 4 parental pisifera) and their progenies (16 DxP crosses). Data were 

scored and analysed using Biosys-1 software to calculate the genetic distance values. The 

performance of 16 dura x pisifera progenies was evaluated for quantitative characters 

such as yield components and vegetative characters. Correlation analysis between 

genetic distances and hybrids performance were estimated by simple correlation 

coefficient. The correlation values of genetic distances with hybrid performance were 

non-significant, except for mean nut weight (MNW) and leaf number (LN). However, the 

correlation of genetic distances with these characters is low to be used as predictive 

value. These results indicated that genetic distances based on the microsatellite markers 

in this study may not be useful for predicting hybrid performance.  
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INTRODUCTION 

 

Cultivation of the oil palm (Elaeis guineensis Jacq.) has expanded tremendously in recent 

years and palm oil has established itself as the leading vegetable oil in the world, taking 

over the top position from soybean in 2006 (MPOB, 2007). It is an extensive commercial 

crop demanding large tracts of land for its exploitation.   

 

Knowledge about genetic diversity and genetic relationships among breeding 

materials could be an invaluable aid in crop improvement strategies. The use of 

molecular markers has provided important findings in genetic variability studies. 

Molecular markers can also be applied in predicting progeny performance. In a 
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conventional breeding program, thousands of crosses were made and tested in extensive 

field plots. Genetic distance as measured by molecular data may be useful to predict good 

potential crosses, thus reducing the total number of experimental progenies. 

 

Selection of suitable parents is one of the most important criteria used to allocate 

resources to the most promising crosses and increase the efficiency of breeding programs. 

Since hybrid vigor is contributed by genetic complementation between divergent parents, 

it can be assumed that parents with high genetic distance coefficients have the tendency 

to produce more vigorous hybrids (Gupta and Varshney, 2000).  Parents with higher 

general combining ability and large genetic distance produce hybrids with better yield 

performance (Cox and Murphy, 1990; Diers et al., 1996). Advances in research have 

generated interest in predicting progeny performance using molecular markers. 

 

Microsatellite is one of well-known molecular markers. It is also known as 

Simple Sequence Repeats (SSRs). They have short tandem repeat of DNA sequences (2-6 

bp) and highly polymorphic due to the variation in the number of repeat units. They are 

inherited in codominant fashion and highly heritable. Besides that, they are easy to score 

and can be produced rapidly using PCR technology. Many studies have been reported on 

the use of microstellite markers. For example, microsatellites are widely used for DNA 

fingerprinting, linkage map construction and population genetic studies (Bindu et al. 

2004). Billote et. al. (2005) in collaboration with MPOB have developed a total of 390 

microsatellites in oil palm. 

 

The objective of this study was to investigate the association between genetic 

distance of parental palms revealed by molecular data and the performance of their DxP 

hybrids. For this purpose, simple correlation coefficient as formulated by Pearson was 

used (Ajmone et al., 1998).  It is hoped that the information obtained from this project 

would help the oil palm breeders to efficiently select promising parental palms that have 

higher potential of producing more vigorous hybrids and omit the least potential 

combination for testing. 

 

MATERIALS AND METHODS 

 

Plant Materials 

 

Nineteen parental palms (15 dura and 4 pisifera) and their 16 DxP progenies were used 

in this study (Table 1). The Deli dura materials originated from the Sabah Breeding 

Programme (SPB) were used as female parents. The male parents were the AVROS 

pisifera, the descendents of BM119 from Oil Palm Research Station, Banting, Selangor. 

The dura palms were identified as ‘D’ (D1 – D15) whereas, pisifera palms were 

identified as ‘P’ (P1 – P4).  The 16 progenies were coded as ‘DP’ (DP1 – DP16).  
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Methods 

 

Samples collection 

 

Young leaves of selected parental palms were sampled at MPOB Research Station, 

Kluang, Johore whereas 16 DxP progenies were collected from MPOB Research Station 

Keratong, Pahang. Samples were cut into small pieces, packed in plastic bags, labeled 

and stored in liquid nitrogen during transportation to MPOB Headquarters. These 

samples were stored in -80
o
C until needed.  

 

DNA extraction 

 

Twenty DxP palms were randomly selected per progeny and the total number of palms 

included in the study is 339. DNA extraction was done using GeneTACG (Maxi) Kit 

provided by Amersham Bioscience.  

 

Digestibility test and concentration determination of oil palm DNA 

 

Digestibility test of DNA was carried out using two restriction enzymes, EcoR1 (6 base 

cutter) and HaeIII (4 base cutter). Both digested and undigested DNA was loaded into 

0.8% agarose gel and electrophoresed at 100 V in 1x TAE buffer. The gel was stained in 

ethidium bromide and viewed under UV light. The image was captured using a Polaroid 

camera.  

 

DNA concentration was determined using spectrophotometer. Optical density 

(OD) reading was obtained at wavelength 260 and 280 nm. DNA concentration was 

calculated from OD reading at 260 nm whereas; DNA purity was calculated by the ratio 

of reading obtained at 260 and 280 nm. The ratio of good DNA quality is ranged from 1.8 

to 2.2.  

 

PCR amplification 

 

PCR reaction mixture contains of primer mix (T4 polynucleotide kinase, γ
-33

P-ATP, 

microsatellite primers and kinase buffer), 5 U/µl Taq DNA polymerase, 10mM dNTPs, 

50mM MgCl2, 10x PCR buffer and 1µl of template DNA. For microsatellite analysis, 

DNA template was diluted to final concentration of 50 ng/µl. PCR was performed in a 

Perkin Elmer 9600 thermocycler essentially as described by Billote et al. (2001). The 

PCR amplification was carried out as follows: denaturation at 95
o
C for 30 seconds, 

annealing at 52-65
o
C (depending on the primer used) for 30 seconds, extension at 72

o
C 

for 30 seconds; these steps were repeated for 35 cycles.  

  

Polyacryamide gel electrophoresis (PAGE) and gel scoring 

 

Mixture of final PCR product, bromophenol blue and xylene cyanol were denatured at 

90
o
C. Bromophenol blue and xylene cyanol were used to show migration because they 

give colour to the PCR product. The samples were electrophoresed in 6% PAGE at 1600 
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V for 2-3 hours. The gels were then vacuum dried for one hour and exposed against X-

ray film (Kodak) for 3-4 days at –80
o
C depending on the radioactive signal on the gel. 

  

Microsatellite banding patterns observed in 16 progenies and their parental palms 

were transformed into alleles and loci. Each band within each locus was identified 

according to alphabetical order and beginning with the most anodal migrating band 

designated as allele A, the next band was allele B or otherwise. With microsatellites, one 

can usually identify more than two alleles per locus.  

 

Field evaluation of the DxP progenies 

 

Twenty DxP palms per progeny were used in measurement of quantitative characters 

such as yield components and vegetative characters. Yield data were collected for seven 

years. Oil palm usually starts fruiting about 27 months after field planting. The first fruit 

normally ripen during the third year after field planting (Corley et al. 1976). Thus, yield 

recording only commenced at 36 months (Chia et al. 2001). Each palm was inspected 

every 10 days and any ripe fruit bunch present was harvested and weighted using a 

simple spring balance. The weight of bunches and the number of bunches were recorded 

for each palm. The vegetative measure is a measure of the physiological and vegetative 

performance of a palm. The vegetative data were scored using the method which is non-

destructive and was proposed by Corley and Breure (1981).  

 

Data analysis 

  

For molecular analysis, scorable fragments were transformed to genotypic data and 

arranged as a data matrix. Data were analyzed using Biosys1 computer program to 

generate distance coefficients. Genetic distances among populations were computed 

according to method by Rogers (1972).  

 

Data analysis for field evaluation traits such as simple statistics (minimum, 

maximum and mean) was applied for calculating performance of the progenies. The 

analysis was computed using software of Statistical Analysis System (SAS). Data from 

both genetic distances and progeny performance were used for analysis purposes.  

 

An analysis of correlation was carried out using Pearson’s coefficient to 

determine the correlation level among the microsatellite-based genetic distance and the 

hybrid performance (Ajmone et al. 1998). The analysis was run using the SAS program. 

 

RESULTS AND DISCUSSION 

 

Genetic distances between parental palms 

 

The genetic distance (Rogers’s 1972) between the parental palms included in the study is 

summarized in Table 2. The highest genetic distance was found between palms No. D11 

and P4 with a value of 0.746. On the other hand, lowest genetic distance was detected for 

Palms No. D2 and P1 with a value of 0.444. According to Corley et al. (1992), oil palm 
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parents with greater genetic distance generate more variable offspring. They reported that 

genetic distance can be predicted from the limited ancestral information within breeding 

programmes. 

 

Progeny performance 

 

The performance of the DxP progenies according to yield and its components are shown 

in Table 3. The analysis was done using individual palm data. For example, mean 

performance of the 16 progenies showed that the grand mean was 124.12 kg palm
-1

 yr
-1

, 

8.55 bunches palm
-1

 yr
-1

 and 14.80 kg palm
-1

 yr
-1

 for fresh fruit bunch yield, bunch 

number and average bunch weight, respectively.  

 

Relation of progeny performance with genetic distances 

 

Table 4 shows the results from correlation analyses. There were no correlation between 

genetic distance among parental palms and the performance of the progenies for fresh 

fruit bunch, bunch number and average bunch weight i.e. the genetic distances among 

parental palms are not related with the performance of their progenies. Similar results 

were obtained by Martin et al. (1995) and Barbosa-Neto et al. (1996) in their studies on 

wheat. No significant relationship was found between marker-based genetic distance and 

hybrid performance. Results reported by Cerna et al. (1997) in soybean and Diers et al. 

(1996) in oilseed rape also showed that correlations were not significant and not 

applicable for prediction of performance.  

 

         No association was found for yield components and vegetative characters except 

mean nut weight (MNW) and leaflet number (LN). At p ≤ 0.05, significant negative 

correlation was found for mean nut weight (-0.51). Leaflet number (LN) was negatively 

correlated at p ≤ 0.05 (-0.55). From the results, it is expected that genetic distance with 

higher value would have the lower production of leaves. Even though leaflet number was 

significantly negatively correlated with genetic distance, the value was too low to be 

predictive in estimating progeny performance. As reported by Melchinger et al. (1990), 

inadequate genome coverage and different levels of dominance among hybrids could 

result in the observed low correlation between genetic distance and hybrid performance.  

 

 On the contrary, Arcade et al. (1996) found significant correlations between 

parental genetic distance and hybrid performance in larch. Besides that, Smith et al. 

(1990) observed a significant relationship between parental genetic distance and F1 

performance when the sample size as well as the number of markers used for analysis 

was increased simultaneously. 

 

Poor correlations between genetic distance and performance of the progenies can 

be attributed to inadequate number of marker loci employed in this study. The results 

suggest more markers should be used to increase chances to region that associated with 

the traits concerned. Besides that, other molecular markers such as AFLPs and RAPDs 

which able to cover genome well should also are applied in predicting progeny 

performance. It may be worthy to extent the study and apply more microsatellite markers. 
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Subsequently, it is hoped that the correlation between genetic distance and progeny 

performance will be higher and significant. 

 

Previous studies on predicting progeny performance using genetic markers 

reported similar results. Godshalk et al. (1990) and Dudley et al. (1991) observed weak 

correlations between marker genotype and hybrid performance in maize. Martin et al. 

(1995) found no association between measures of diversity and hybrid performance in 

wheat (Triticum aestivum L.). 

 

 Bernardo (1992) explained that one of the reasons for the poor correlations 

between genetic distance and hybrid performance is lack of linkages between genes 

controlling the trait and the markers used to estimate genetic distance. Several conditions 

for effective prediction of hybrid performance using molecular heterozygosity were 

identified: (1) strong dominance effects, (2) the allele frequencies at individual loci in 

parental inbreds should be negatively correlated, (3) high trait heritability, (4) the narrow 

range variation of average parental allele frequencies, (5) the QTLs must be 30-50% 

linked to molecular markers, and (6) the molecular markers must have less than 20% 

level of unlinked to QTLs. However, microsatellite markers used in the study have not 

been applied in construction of linkage map. Therefore, the status of their linkage to 

QTLs is not known. 

 

CONCLUSION 

 

There is no strong association between genetic distance and yield performance of DxP 

progenies. Significant correlations were found for leaflet number and mean fruit weight 

but the values are too low. Genetic distance among parents as revealed by microsatellite 

markers was found not to be useful in predicting progeny performance of the materials 

used in this study. It is suggested that more markers will be utilized to reveal more 

meaningful results. 
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Code 

No. 

 

Progeny 

No. of 

Palms 

Sampled 

                    

                              Parent                                                                            Grandparent   

  

 

 

 
(A x B) 

Dura 

Dura 

Code 

(C x D) 

Pisifera 

Pisifera 

Code 

 

A                        B 

Dura parent 

 

 

C                      D 

Pisifera parent 

 

PK1179 DP1 19 0.212/ 41 D1 0.174/498 P1 0.82/2360 0.82/2360 0.79/577 0.79/45 

PK1269 DP2 20 0.212/515 D2 0.174/498 P1 0.85/4338 0.85/4338 0.79/577 0.79/45 

PK1291 DP3 20 0.212/ 70 D3 0.174/663 P2 0.82/2054 0.102/8544 0.79/575 0.79/213 

PK1379 DP4 20 0.212/369 D4 0.174/663 P2 0.102/8453 0.3/55 0.79/575 0.79/213 

PK1380 DP5 20 0.212/424 D5 0.174/663 P2 0.102/8453 0.3/55 0.79/575 0.79/213 

PK1381 DP6 20 0.212/482 D6 0.174/663 P2 0.85/4338 0.85/4338 0.79/575 0.79/213 

PK1384 DP7 19 0.212/272 D7 0.174/348 P3 0.102/8453 0.3/55 0.79/22 0.79/213 

PK1387 DP8 20 0.212/648 D8 0.174/348 P3 0.102/8428 0.102/8539 0.79/22 0.79/213 

PK1388 DP9 20 0.212/515 D2 0.174/348 P3 0.85/4338 0.85/4338 0.79/22 0.79/213 

PK1389 DP10 20 0.212/265 D9 0.174/247 P4 0.102/8453 0.3/55 0.79/21 0.79/32.7 

PK1396 DP11 20 0.212/268 D10 0.174/247 P4 0.102/8453 0.3/55 0.79/21 0.79/32.7 

PK1397 DP12 19 0.212/ 26 D11 0.174/247 P4 0.102/8453 0.3/703 0.79/21 0.79/32.7 

PK1399 DP13 19 0.212/645 D12 0.174/498 P1 0.102/8428 0.102/8539 0.79/577 0.79/45 

PK1400 DP14 17 0.212/438 D13 0.174/498 P1 0.82/2360 0.82/2360 0.79/577 0.79/45 

PK1401 DP15 20 0.212/134 D14 0.174/498 P1 0.85/4264 0.85/4264 0.79/577 0.79/45 

PK1403 DP16 16 0.212/481 D15 0.174/498 P1 0.85/4338 0.85/4338 0.79/577 0.79/45 

 Table 1: Number of palms sampled for each progeny code and their pedigree information 
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 Table 2: Genetic distance of parental palms included in the study  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Progeny              Pedigree Genetic distance 

DP1 D1 x P1 0.557 

DP2 D2 x P1 0.444 

DP3 D3 x P2 0.687 

DP4 D4 x P2 0.460 

DP5 D5 x P2 0.587 

DP6 D6 x P2 0.507 

DP7 D7 x P3 0.737 

DP8 D8 x P3 0.587 

DP9 D2 x P3 0.687 

DP10 D9 x P4 0.633 

DP11 D10 x P4 0.683 

DP12 D11 x P4 0.746 

DP13 D12 x P1 0.537 

DP14 D13 x P1 0.507 

DP15 D14 x P1 0.628 

DP16 D15 x P1 0.473 
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Table 3: Progeny mean of 16 DxP progenies for yield components and vegetative 

characters 

Yield component 

(n=16) 

 

Mean  

 

 

Standard Deviation 

 

Fresh fruit bunch (kg palm
-1

yr
-1

) 124.12 33.81 

Bunch number (bunches palm
-1

 yr
-1

) 8.55 2.42 

Average Bunch weight (kg bunch
-1

) 14.80 3.15 

Mean fruit weight (g) 9.72 2.51 

Mean nut weight (g) 1.93 0.60 

Mesocarp to fruit ratio (%) 79.63 4.78 

Kernel to fruit ratio (%)  9.11 2.39 

Shell to fruit ratio (%) 11.27 3.25 

Oil to dry mesocarp ratio (%) 78.58 2.73 

Oil to wet mesocarp ratio (%) 48.35 5.47 

Fruit to bunch ratio (%) 64.48 7.35 

Oil to bunch ratio (%) 24.77 4.13 

Kernel to bunch ratio (kg) 7.62 1.70 

Oil yield (kg) 31.84 9.68 

Kernel yield (kg) 7.62 2.98 

Total oil (kg p
-1

 yr
-1

) 35.65 0.54 

Total economic product (kg p
-1

 yr
-1

) 36.41 10.72 

Frond production (no. p yr
-1

) 26.75 2.90 

Petiole cross-section (cm
2
) 28.84 6.98 

Rachis length (m) 5.60 0.58 

Leaflet length (cm) 96.61 7.96 

Leaflet width (cm) 5.47 0.63 

Leaflet number (no. p yr
-1

) 168.83 12.27 

Palm height (m) 2.35 0.51 

Leaflet area (cm
2
) 10.19 1.75 

Trunk diameter (cm) 0.65 0.07 
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Table 4: Correlation between yield components and vegetative characters measured on 

16 progenies and genetic distance of the parents 

Yield component 

(n=16) 
Coefficient of correlation (r) 

 

Fresh fruit bunch  0.37ns 

Bunch number 0.48ns 

Average Bunch weight  0.00ns 

Mean fruit weight -0.45ns 

Mean nut weight -0.51* 

Mesocarp to fruit ratio  0.24ns 

Kernel to fruit ratio  -0.18ns 

Shell to fruit ratio  -0.26ns 

Oil to dry mesocarp ratio -0.19ns 

Oil to wet mesocarp ratio  -0.04ns 

Fruit to bunch ratio  0.01ns 

Oil to bunch ratio  0.12ns 

Kernel to bunch ratio  -0.14ns 

Oil yield 0.39ns 

Kernel yield 0.11ns 

Total oil  0.36ns 

Total economic product  0.35ns 

Frond production  0.21ns 

Petiole cross-section -0.06ns 

Rachis length 0.06ns 

Leaflet length  -0.18ns 

Leaflet width  0.32ns 

Leaflet number -0.55* 

Palm height  0.39ns 

Leaflet area  -0.02ns 

Trunk diameter  -0.50ns 

Note: 

• Significant at p ≤ 0.05. ns: not significant at p ≤  0.05 


