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Genetic variability of two groups of palms composed with four progenies selected in BRT10 improved
populations resulting from successive self-fertilizations of two parents LM2T and LM10T was studied
using four polymorphic microsatellites DNA markers of Elaeis guineensis Jacq. The molecular
variability of those progenies was analyzed and genetic diversity of each group of palms was deduced.
The results of analysis of molecular variance revealed that 59.68% of variance can be explained by
palms within each progeny, while 31.24% of total variance was partitioned between the two groups of
palms. The program selection of self-fertilizations has created a distinct molecular structure within
BRT10 improved populations resulting from LM2T and LM10T. Molecular analysis showed that the
partitioning of variance in this breeding program was higher among palms within each progeny than
among the two groups of palms. Only the exploitation of molecular data revealed the truly diversified
progeny. The use of molecular data analysis in support with agro-morphological assessment should
improve the cross performance while maintaining the genetic variation for further progress in

subsequent selection cycles.

Key words: Selection, oil palm, molecular variability, BRT10 population.

INTRODUCTION

Reciprocal recurrent selection (RRS) was proposed by
Comstock et al. (1949) as a cyclical method for simulta-
neous improvement of two groups of populations.
Following this proposal, Meunier and Gascon (1972)
adapted in Céte d'lvoire a RRS program for oil palm
breeding. In this program, completed by a program of
self-fertilization, two complementary sets of populations A
and B were used as a basis for oil palm breeding. The A
group characterized by production of small number of big
bunch is composed of DELI populations coming from
various geographical origins. The B group characterized
by production of big number of small bunch is composed
of population from several geographical origins in which
BRT10 population was the most used. The primary goal

*Corresponding author. E-mail: desire_allou@yahoo.fr. Tel:
(225) 07 57 12 31.

of RRS is to improve the cross performance between the
two complementary populations while maintaining the
genetic variation for further progress in subsequent
selection cycles. The program of self-fertilization accom-
panying the RRS process has for objective a better know-
ledge of the material and possibly a classic selection
beginning by self-fertilization. The program of self-fertili-
zation permits the elimination of some parents chosen
after test of progenies but holders of flaws. The main
population of BRT10 was initially composed of 79 oil
palm trees and was demonstrated to possess a limited
genetic variability (Meunier, 1969; Adon, 1995). After two
program of selection, the BRT10 improved population
was more restricted (Cao, 1995). It was finally composed
of progenies resulting from successive self-fertilization of
two parents (LM2T and LM10T) among 79 oil palm trees
which composed the initial parents’ population.

Genetic variability assessment based on agro-
morphological information which has been widely used in
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Table 1. List of microsatellites used for PCR amplification of some oil palm ADN samples.

Microsatellite primers of oil palm Specification

Primer Code Hybridization temperature (°C) Allele average size (pb)
mEgCIR3362 Eg3362 52 151
mEgCIR3785 Eg3785 52 284
mEgCIR3546 Eg3546 52 286
mEgCIR3543 Eg3543 52 232

the oil palm evaluation is no longer sufficient. Therefore,
assessment of genetic variability within BRT10 improved
parent populations was limited. Microsatellites (i.e.,
SSRs) are becoming the markers of choice for genetic
diversity studies in a wide range of living organisms
(Gupta and Varshney, 2000). The availability and
abundance of Simple Sequence Repeats (SSR) markers
throughout the oil palm genome, their polymorphic
nature, codominance, and polymerase chain reaction
(PCR)-based assay make SSRs useful in detecting real
genetic variability (Billotte et al., 2001).

The aim of this study was to estimate genetic variability
based on molecular information within BRT10 improved
population after two cycles of selection. Analysis of mole-
cular variance (AMOVA) was performed to detect
molecular variability.

MATERIALS AND METHODS
BRT10 improved material

Four progenies (LM9344, LM10129, LM12011 and LM12030) resul-
ting from successive self-fertilization of two parents (LM2T and
LM10T) were identified to be the better population representing
BRT10 improved material. A first group of palms (LM2TSFSF)
resulting from successive self-fertilization of LM2T was composed
of progenies LM9344 and LM10129. A second group of palms
(LM10TSFSF) resulting from successive self-fertilization of LM10T
was composed of progenies LM12011 and LM12030. Molecular
analysis was performed on a total of 18 oil palm trees selected
among the better bunch producer: namely 9 palms identified within
LM2TSFSF group of palms and 9 palms identified within
LM10TSFSF groups of palms.

DNA extraction and SSR procedure

Total genomic DNA was extracted from young leaves of 1-week-old
by using modified cetyl trimethyl ammonium bromide (CTAB)
method (Murry and Thompson, 1980) according to Rusterucci et al.
(2000). DNA preparations were quantified by comparing fluores-
cence intensities of ethidium bromide stained samples to standards
DNA (1, 0.50, 0.25 and 0.10 pg) on 0.8% agarose gels. DNA
amplifications were performed according to Billotte et al. (2001) in a
Biometra UNO Il thermal cycler (Whatman Company) with 25 pL
reaction volume. SSR reaction contained 5 pL (5 ng) genomic DNA,
2 uL forward primer (1 pmol pL™), 2 pL reverse primer (1 pmol uL°
1), 0.25 uL MgCl (25 mM), 2.5 pL reaction buffer (10 x), 2 uL dNTPs
(50 mM), 1 pL Tag DNA polymerase (10U pL™") and 10.25 pL
ddH,O. PCR reaction conditions consisted of 5 min at 94°C for
initial denaturation, followed by 35 cycles of polymerization reac-
tion. Each reaction consist in a denaturation step of 30 s at 94°C,

an annealing step of 1 min at 52°C, a polymerization step of 1 min
at 72°C, followed by a final polymerization step of 8 min at 72°C. A
total of 4 primer pairs published by Billotte et al. (2005) (Table 1)
were used for PCR amplifications. An equal volume of formamide
loading buffer was added and samples were denatured at 94°C for
3 min. 1 pL of each sample was loaded on to a 25 cm, 6%w/v dena-
turing polyacrylamide gel according to Creste et al. (2001). The
fragment sizes were compared to a 50 to 350 bp standard ladder
(MWG Biotech AG, Ebersberg, Germany).

Molecular data scoring

DNA fragments generated by SSR procedure were scored manually
as binary data with presence “1” and absence “0,” based on the
SSR pattern amplified by each primer combination. Each column of
the resulting binary (0/1) matrix represented one allele of the cor-
responding SSR locus were achieved by computer using Microsoft
Office Excel (2003).

Statistical analysis

Genetic variability assessment based on molecular information was
calculated by Genetix v4.05 as number of polymorphic loci, average
number of alleles per locus, and expected mean heterozygosity.
Analysis of molecular variance (AMOVA) (Excoffier et al., 1992)
was performed by Arlequin (Schneider et al., 2000) to detect diffe-
rences in the distribution of multilocus genotypes with respect to the
following patterns of variation: between group of palms, among
progeny within group, and among palms within progeny. The
sources of variation include two groups of palms (i.e., LM2TSFSF
and LM10TSFSF), 4 progenies (i.e., LM9344, LM10129 from LM2T
self-fertilization, and LM12011, LM12030 from LM10T self-fertili-
zation) and 18 selected palms that represent total sample of BRT10
improved population. AMOVA was performed to evaluate variation
in multilocus genotypes between and within the two groups of
palms. The statistics tests of this analysis are composites of the
expected mean squares associated with each source of variation.
The AMOVA statistical model used was based on the formula:

Yiig) =Y + n+ k) + big) + Wikig)

Where Yiij = included value between 0 and 1 for j allele from i palm
from k progeny from | group, r = effect of | group which variance is
r?, ay = effect of k progeny from | group which variance is a2, by
= effect of i palm from k progeny from | group which variance is b%,
wikig= effect of j locus from i palm from k progeny from | group witch
variance is c®.

RESULTS AND DISCUSSION

In BRT10 improved population, the 4 loci revealed a total
of 10 alleles, varying from 1 to 4 alleles per locus with an
average of alleles varying from 1.75 to 3 alleles per locus
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Table 2. Numbers of allele and expected heterozygoty detected by four microsatellite marker in BRT10 improved population.

Number of alleles Expected
Group Progeny Eg3543 | Eg3362 | Eg3785 | Eg3546 | Mean | heterozygosity (%)
LM2TSFSF LM9344 3 1 1 1 1.5 14.50
LM10129 2 2 1 1 1.5 23.44
LM10TSFSFE LM12011 4 2 - 3 3 55.56
LM12030 2 2 - 2 2 38.89
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Figure 1. A model DNA fingerprint of the 18 samples used for evaluation of molecular variability after two 2 cycles of

RRS based on microsatellite data.

Table 3. Analysis of molecular variance for the BRT10 improved population sampled from two groups of palms
(LM2TSFSF and LM10TSFSF) after two cycle of selection program over 4 SSR loci.

Sum of Variance Percentage
Source of variation d.f. squares components of variation
Among groups 1 9.111 0.40159 Va 31.24
Among progenies within group 2 3.506 0.11671 Vb 9.08
Among palms within progenies 32 24.550 0.76719 Vc 59.68
Total 35 37.167 1.28549

Fixation indices. FSC: 0.13204, FST: 0.40320, FCT: 0.31240.

(Table 2). Respectively, 7 and 9 different alleles were
detected in LM2TSFSF and LM10TSFSF group of palms
(Figure 1). One allele (Eg3785_283 pb) was unique in
LM2TSFSF group and 3 alleles (Eg3543_263 pb,
Eg3546_200 and Eg3546_300) were specific in
LM10TSFSF group. There was a large difference for ex-
pected heterozygosity between the two groups of palms.
Expected mean heterozygosity was 20.68% for
LM2TSFSF group and 59.88% for LM10TSFSF group.
Analysis of molecular variance revealed significant
differentiation of alleles among BRT10 improved popula-
tions (FST = 0.40320, Pr = 0.0001). When molecular
structure among palms was tested, the greatest percen-

tage of variation was observed among pairs of palms
within progeny (Table 3). Under AMOVA, 59.68% of the
variance can be explained by palms within progeny, while
31.24% of total variance was partitioned between
LM2TSFSF and LM10TSFSF groups. The amount of
variation found among progeny within group of palms
was the smallest (9.08%) of the three sources of varia-
tion. More genetic variation was observed for individual
oil palm tree within progeny than for progeny within group
of palms when determining molecular structure in BRT10
improved population germplasm.

After 2 cycle of selection, phenotypical variability
observed in BRT10 improved population was practically



remained low for the character related to bunch number
(Bakoume et al., 2001). Those authors have proposed
the introduction of Yocoboue material, in the selection
program, to improve the genetic variability of B group.
However, low phenotypical variability was also observed
in Yocoboue wild population (Bakoume, 1999) and even
in certain families of clones (Soh et al., 2003). The use of
molecular data showed strong genetic variability in
BRT10 selected population. Allelic variability was stron-
ger in LM10TSFSF group than in LM2TSFSF group.
Using molecular data in support of oil palm genetic
selection remain an effective means to evaluate the real
genetic variability among the improved material. Indeed,
the oil palm selector can imperatively control the impact
of self-fertilization effect due to agro-morphological
assessment of genetic variability in order to reduce, in a
very significant way, all risks related to the weakness of
genetic variability in the selected populations. The
genetic originalities of certain progenies resulting from
self-fertilization of LM2T and LM10T were exploited for
the 2" cycle of RRS by Gascon et al. (1988) and this
originality can nowadays be confirmed by the molecular
data analysis. Even if strong phenotypical variability was
not observed in improved population of BRT10, it is not
exclusive due to genotypic variability. In fact, effects of
environment can bring error to genetic diversity judg-
ments. The exploitation of molecular data in support of
the agro-morphological data can reveal that the diversi-
fication of BRT10 improved population is due to a distinct
molecular structure within and between progenies and in
particular between certain plants within progenies.

Conclusion

RRS program has created a distinct molecular structure
within and between LM2TSFSF and LM10TSFSF
genotypes of BRT10 improved populations. Molecular
analyses of oil palm tree in Cote d’lvoire show that the
partitioning of variance in the breeding program of BRT10
material is higher among plants within progenies than
among progenies within group of palms. Certain proge-
nitor lines were highly variable. Some of that variation
can be explained by the allele variability among plants
within progenies. This repartitioning of the variance can
be exploited by molecular studies even if phenotypic
studies show a decrease in variance of BRT10 population
over time.
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