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Oil palm (Elaeis guineensis Jacq.), a monocotyledonous plant belonging to the Arecaceae family, is one
of the most important oil crops in the world. In Nigeria, oil palm has benefited immensely from
conventional breeding efforts resulting in high yields that have been achieved with this breeding
material. However, oil palm breeding is slow and time-consuming due to a breeding cycle of about 10
years. In addition, the process of outcrossing leads to high variation in yield components and vegetative
traits. Although DNA marker technologies offer great possibilities for plant breeding through markerassisted selection, there are so far no reports of its application to oil palm breeding in Nigeria. In this
study, 32 SSR markers were used for the assessment of marker application in an oil palm breeding
population coming from the extensive breeding program at the Nigerian Institute for Oil Palm Research
(NIFOR). Seven SSR markers out of the 32 tested (22%) segregated in the progeny 12 (tenera x Deli
dura). SSR markers mEgCIR0059, mEgCIR1917, mEgCIR3260, mEgCIR3275, mEgCIR3533 and
mEgCIR3557 proved to be fully informative markers following a segregation ratio of 1:1:1:1, while
marker mEgCIR0074 segregated in a 1:1 ratio.
Key words: Oil palm, microsatellite marker, marker-assisted selection, NIFOR.
INTRODUCTION
Oil palm (Elaeis guineensis Jacq.; Arecaceae), a monocotyledonous plant, is one of the most important oil crops

in the world (Low et al., 2008). There are currently two
species assigned to the genus Elaeis: the African oil
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Abbreviations: AVROS, Algemene Verenigung van Rubberplanters ter Oostkust van Sumatra; bp, base pairs; CNRA, Centre
National de Recherche Agronomique; cM, centiMorgan; DF, degree of freedom; IRD, infrared dye; LG, linkage group; NCBI,
National Center for Biotechnology Information; NIFOR, Nigerian Institute for Oil Palm Research; PCR, polymerase chain reaction;
QTL, quantitative trait loci; RPO, red palm oil; SSR, simple sequence repeat.
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palm (E. guineensis) and the South American oil palm
(Elaeis oleifera). The chromosome numbers for E.
guineensis and E. oleifera were determined with
2n=2x=32 (Madon et al., 1998). The African oil palm (E.
guineensis) has three fruit forms differing in their shell
thickness: dura (thick-shell), pisifera (shell-less) and
tenera (thin-shell), which results from a cross between
dura and pisifera (Hartley, 1988). Shell thickness is
controlled by one major co-dominant gene called Sh
(Beirnaert and Vanderweyen, 1941) and plays a major
role in oil yield. In addition, different fruit types (virescens,
albescens, nigrescens and poissoni) are distributed
among the three fruit forms (Corley and Tinker, 2003). Oil
palms allow the production of two distinct kinds of oils from
two different tissues within the fruits: (red) palm oil from the
fruit pulp (mesocarp) around the nut and palm kernel oil
from the kernel (Akapanabiatu et al., 2001; Asemota et al.,
2004). Red palm oil as a saturated fat contains 44%
palmitic acid, 39% oleic acid and smaller percentage of
stearic, linolenic, lauric, myristic and linoleic acid (Burri,
2012; Oguntibeju et al., 2009). In addition, RPO is rich in
provitamin A carotenoids (alpha- and beta-carotene) as
well as vitamin E (both tocopherols and tocotrienols)
(Burri, 2012). Palm kern oil consists mostly of lauric acid,
followed by myristic acid, oleic acid and palmitic acid.
Comparing palm kernel oil from Nigeria (Akapanabiatu et
al., 2001) with palm kernel oil from Malaysia (Kok et al.,
2011), considerable differences in oleic acid and myristic
acid content can be observed. Nigerian palm kern oil
contained 15-19% oleic acid and only 45-48% lauric acid,
whereas the palm kern oil from Malaysia had only 9-12%
oleic acid and 51-53% lauric acid. About 90% of the palm
oil produced is used for food products (Sambanthamurthi
et al., 2000). Although the unrefined red palm oil has a
high nutritional value (provitamin A and vitamin E), the
refined commercial palm oil (color- and odorless) is used
due to its low costs and its high oxidative stability (Burri,
2012; Ong and Goh, 2002; Matthäus, 2007).
In Nigeria, oil palm yield has benefited immensely from
conventional breeding efforts. For example, average
yields from the second cycle planting materials coming
from the Nigerian Institute for Oil Palm Research range
between 20 to 25 tones fresh fruit bunches per hectare
per year in a well-managed plantation (NIFOR, 2008).
However, oil palm breeding is slow and time consuming
due to a breeding cycle of about 10 years. As an
outcrossing crop, high variations in yield components or
vegetative traits are observed in the offspring (NIFOR,
2008). Regarding the long generation time in oil palm
breeding, the possibility of selection at the nursery stage
has often been considered desirable. Exploitation of DNA
marker technologies combining the knowledge from
research in molecular genetics and genomics offers great
possibilities in plant breeding (Collard and Mackill, 2008).
However, there have been no reported cases of its
application in breeding of oil palms in Nigeria, so far
(NIFOR, 2008).

DNA markers can be used to detect the presence of
allelic variation in the genes underlying traits of interest
and have been applied to a range of crop species such
as Flammulina velutipes (Physalacriaceae) (Zhang et al.,
2010), Brassica rapa (Brassicaceae) (Kapoor et al.,
2009), cereals (Gethi et al., 2002; Li et al., 2008;
McCough et al., 2002; Shehata, et al., 2009; Zheng et al.,
2008), Cucumis sativus (Cucurbitaceae) (Hu et al., 2010),
Spartina spp. (Poaceae) (Baisakh et al., 2009), Glycine
max (Fabaceae) (Xia et al., 2007), Nelumbo nucifera
(Nelumbonaceae) (Kubo et al., 2009; Pan et al., 2007). In
oil palm, a set of SSR markers have been developed and
together with AFLP markers have been integrated into a
general genetic map (Billotte et al., 2005). This genetic
map consisted of 944 markers on 16 linkage groups,
corresponding to the expected haploid chromosome
number of oil palm, and covered 1,743 cM. Linkage
group 4 carried the Sh gene responsible for the shell
thickness. The progeny was obtained from a cross
between two heterozygous Elaeis guineensis Jacq.
parents: LM2T (tenera palm belonging to the CNRA La
Mé oil palm breeding program, Ivory coast) and DA10D
(dura palm selected from a Deli population introduced to
Indonesia in the 19th century). QTL for phenotypic traits
regarding fruit variety, yield components and vegetative
growth were localized together with the Sh gene for shell
thickness on this map (Billotte et al., 2010). Additional
genetic maps were constructed by Seng et al. (2011),
Singh et al. (2009) and Ting et al. (2013). In between, the
Sh gene was isolated from E. guineensis (dura [Sh+/Sh+]
and pisifera [Sh-/Sh-] form) and two independent
mutations were identified in the pisifera forms, Congo
AVROS and Nigerian T128, that lead to non-functional
MADS box transcription factors that cannot support the
formation of the shell (Singh et al., 2013a).
Simple sequence repeat markers (SSR), also known as
microsatellites, are particularly interesting for plant
breeding due to the properties of genetic co-dominance,
high reproducibility, multi-allelic variation, easy amplifycation by PCR, and production of results that are easy to
interpret in self-pollinating species (Collard and Mackill,
2008). In addition, the technology is relatively easy to
transfer from one laboratory to the other (Zheng et al.,
2008). In view of the above mentioned advantages, SSR
markers have been used for marker-assisted selection
e.g. in rice (Shen et al., 2001), in sunflower (Tang et al.,
2003) and peach (Sajer et al., 2012). However, in
outbreeding crops like e.g. oil palm, eucalyptus, loblolly
pine, cassava or potato, the identification of the
segregation patterns of the SSRs in the progenies is
challenging. Whereas, in inbred lines, the maximum
number of alleles that can segregate in crosses is two
(van Ooijen, 2011), the number of segregating alleles per
locus in the offspring derived from a cross between two
individuals of an outcrossing species (full-sib) family can
range between one and four. This represents a major
distinction between a progeny of inbred lines and a full-sib
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family. An additional challenge has to be faced if the
parents of the experimental breeding populations are not
available. For mapping markers under these circumstances, the reconstruction of the parental genetic constitution from the observed segregation patterns in the fullsib family is required. Markers that allow this are called
informative markers (van Ooijen, 2011). Markers with
segregation type ab x cd provide information regarding
the genotypes of the parents of the population. In this
case, the four genotypes (ac, ad, bc and bd) can be
considered the complete genotypes in an allogamous fullsib family. In addition, markers with a segregation type ef
x eg also provide complete information regarding the
genotypes of the parents of the population (van Ooijen,
2011). These fully informative markers follow segregation
ratios of 1:1:1:1 as deduced from their banding patterns
and the reports of Lespinasse et al. (2000) and Billotte et
al. (2005).
The objective of this study was to carry out an
assessment of an oil palm breeding population from
NIFOR for its suitability for marker-assisted selection
(MAS) using a new DNA isolation protocol and SSR
markers. The parental material was not available, so that
the genetic constitution had to be derived from the
observed segregation patterns in the progeny. This is the
first of series of experiments undertaken by NIFOR
towards the incorporation of molecular markers into its
breeding programs. SSR markers were chosen for this
study because of the reliable ability to detect polymerphisms among closely related individuals (Shehata et al.,
2009).
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pellet was washed twice with 70% ethanol, air dried at ambient
temperature and re-suspended in 200 µl of TE (10 mM Tris-HCl, pH
8.0; 1 mM EDTA, pH 8.0) and stored at -20°C.
DNA quantification and standardization
The DNA concentrations (ng/μl) and the optical density (OD) ratios
260/280 were calculated by measuring the OD at UV wavelength of
260 and 280 nm using a spectrophotometer (UltrospecTM 2 3100
pro, GE Healthcare Europe GmbH, Freiburg, Germany). The DNA
was then diluted to 50 ng/µl and used for SSR analyses.
SSR analyses
The SSR loci that were used for this study were sequenced and
mapped by Billotte et al. (2005). Sequences for a total of 32 SSR
loci (Table 1) were downloaded from National Center for
Biotechnology Information (NCBI) using the accession numbers
given in Billotte et al. (2005). Due to the special breeding interest in
linkage group 4 because of the presence of the Sh gene as well as
QTLs for yield, bunch components and vegetative traits located on
this linkage group (Billotte et al., 2010), most SSR markers came
from this linkage group. Forward and reverse SSR primers were
designed from the sequences (Table 1) using the online Primer3
version 4 (http://frodo.wi.mit.edu/).
Primer tailing
An M13 tailing procedure (Oetting et al., 1995) was applied for
fluorescence labeling of the PCR amplification products. An M13
tail (5’-TTTCCCAGTCACGACGTT-3’) was added to the 5’-end of all
the designed forward primers. All unlabeled primers were ordered
from Invitrogen and the M13-IRD800 (=DY-781) labeled primer was
ordered from biomers.net (Ulm, Germany).

MATERIALS AND METHODS

PCR amplification

Breeding population

The PCR amplification was performed in a GeneAmp® PCR System
2700 thermal cycler (Applied Biosystems, Darmstadt, Germany).
For the PCR, 4 µl of DNA (50 ng/µl) was mixed with 11 µl master
mix. The master mix contained 0.3 µl dNTPs (10 mM), 8.7 µl H2O,
1.5 µl 10x PCR buffer (for FIREPolTaq polymerase), 0.15 µl M13IRD800 primer (5 pmol/µl) for labeling, 0.05 µl FIREPolTaq
polymerase (5 U/µl), 0.15 µl forward primer (5 pmol/µl) and 0.15 µl
reverse primer (5 pmol/µl). The PCR conditions included an initial
denaturation at 95°C for 5 min, followed by 36 cycles of 95°C for 20
s, 50°C for 20 s and 72°C for 30 s and a final elongation step at
72°C for 5 min.

The oil palm population (progeny 12) used for this study was
derived from the Nigerian Institute for Oil Palm Research
experimental oil palm breeding program (second cycle population)
planted in 1987. Progeny 12 is a cross between 13.386 T (tenera)
and 26.1074 D (Deli dura). Ninety-two (92) individuals of the
population were used for the molecular investigations.
DNA extraction
Genomic DNA was extracted from 92 individuals of progeny 12.
Between 0.15 to 0.2 g of fresh leaf tissue was ground quickly in 800
µl of DNA extraction buffer (100 mM Tris-HCl, pH 8.0; 50 mM
EDTA, pH 8.0; 500 mM NaCl; 5% SDS). The homogenate (buffer
and ground tissue) was transferred into 1.5 ml Eppendorf tube.
Extra 200 µl of DNA extraction buffer was added, mixed well and
centrifuged for 2 min at 10,000 x g (4°C). The supernatant was
collected into another Eppendorf tube and labeled. Then 200 µl of 5
M potassium acetate were added and mixed well. An equal volume
of phenol-chloroform-isoamylalcohol (25:24:1) was added and
mixed very well. The mixture was centrifuged for 5 min at 10,000 x
g (4°C). The supernatant was carefully transferred into another
Eppendorf tube and 800 µl of absolute ethanol was added. To
precipitate the DNA, the mixture was kept on ice for 20 min and
later centrifuged for 5 min at 10,000 x g (4°C). Finally, the DNA

Polyacrylamide gel analysis
The PCR products were mixed with equal volume (15 µl) of loading
buffer (98 ml formamide, 2 ml of 0.5M EDTA pH 8.0 and 37.5 mg
bromophenol blue). This mixture of PCR products and loading
buffer was denatured for 2 min at 94°C and transferred onto ice
before loading 0.5 µl into the well for separation. The PCR products
were separated on 6% denaturing polyacrylamide gels using the
DNA Analyzer Model 4300 (LI-COR Biosciences, NE, USA).
Segregation analyses
The number of alleles that segregated in our study was determined
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Table 1. SSR primer combinations tested in progeny 12 from the NIFOR breeding program. SSR markers were
named according the SSR loci sequenced by Billotte et al. (2005).

Marker name

NCBI accession
number

mEgCIR3275

Product
2
size (bp)

LG

1
Primer sequences (5’-3’)

AJ578630

4

F-GGTGGAAGCTTTTTGTCTGC
R-ATTGAAGAGGGCAGGGTTTT

192

mEgCIR3716

AJ578711

4

F-CAGACATGGCAGCAAAAAGA
R-ATCTTGTCTGGGGGATGTTC

229

mEgCIR3194

AJ578625

4

F-TGGTGGTTGGGAGTGATT
R-TGTTAGTTTGCTAACTTGAAACAGG

262

mEgCIR3413

AJ578665

4

F-GGAAGGAAAGAAGCGAGAGG
R-ACATGTCCATGCTGTTGGAA

255

mEgCIR3286

AJ578633

4

F-ATTTTGGGGTCAGGGTTTGT
R-CAGGTCCATGGGAAAAGAGA

184

mEgCIR3526

AJ578673

4

F-TGACAGAGAGAAAAGGGAGAGG
R-TGGTGTTCATTCTGCTCGTC

216

mEgCIR1917

AJ578575

4

F-GCAATGGAAAGAGCTGGAAG
R-GGTGGATCAGTCGAGCATTT

208

mEgCIR0786

AJ578541

4

F-AGTTCCGTGCACCCACTTAC
R-CAGCAGACAGGGAGCTAACC

266

mEgCIR3439

AJ578670

4

F-TGACAAGCCAACTTGAAAGC
R-GTTGACAACCTGACCAAGCA

248

mEgCIR3232

AJ578627

4

F-CAAGCCCCTTAGCTGCATAC
R-TGGAGGAGCAGCTTTAGCAT

213

mEgCIR3310

AJ578644

4

F-TGGCCGATCTGTATTAACCA
R-AAATTCTGAGCCCATGCCTA

169

mEgCIR3535

AJ578676

4

F-AAAAACAAAAGGTGGGGAAA
R-CCAGCCATTGCCGTATCTAT

199

mEgCIR2423

AJ578598

4

F-ACCCCATGAGGAATTTGGAT
R-TGTGCCCATATGTGTGTGTG

184

mEgCIR1716

AJ578569

4

F-TTTGTGGTAACATGTGGTTGC
R-CCCCTTCCGCATGTAAATTAT

181

mEgCIR3693

AJ578706

4

F-TTGGCCACTTTGAAGAATCC
R-TTTTCTGGTCAGGGTTAGCTG

170

mEgCIR3533

AJ578674

4

F-ACGGTCTATGGCTCTGTCGT
R-ACATGAGGAAAGCGCTAGGA

199

mEgCIR1753

AJ578573

4

F-CGATTCATGAACATTACAAGCA
R-TCCAAGGTGATGGTCTGTGA

189

mEgCIR3769

AJ578723

4

F-TACTTCCTACTGGCCCATGC
R-CGGATAGCTGGTGACATCCT

225

mEgCIR0074

AJ578500

4

F-CGATGATGAGGCTTGTGCTA
R-TGAATGGCTATGACCGTGAA

225

mEgCIR2595

AJ578611

4

F-CAATATCAAAGAGCCGCACA
R-AATGCATCTCTGGTCCTTGC

265
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mEgCIR3705

AJ578709

4

F-AACCATCCACCATGCAGAA
R-TTCCACAATTCCATTCATTCAA

234

mEgCIR3040

AJ578622

4

F-GATCTCTTGTGGGTGCGTTA
R-AGGTCCTCATCCGACTTGTG

228

mEgCIR3477

AJ578671

4

F-TAGCATGCAGACCACACACA
R-ATGCTGGGAAAATCATGCTG

222

mEgCIR0059

AJ578499

4

F-TGCAGGGGATGCTTTTATTT
R-GGCCCTTAATTCCTGCCTTA

189

mEgCIR3775

AJ578724

4

F-ATGTGGGAACTCCTGAAACG
R-TCCTTAGCGGCTTCACTTGT

168

mEgCIR3557

AJ578682

4

F-CATTGCCATTCCCTTCAAGT
R-TCCCCTCTGTTCACTCAAGC

226

mEgCIR0369

AJ578516

3

F-AACCAAGGGGTAGCAAACCT
R-TTTTAATCCCTGCCTGATGC

212

mEgCIR3260

AJ578628

3

F-GGGCAAGTCATGTTTCCTACA
R-TAAGGGCGAGGTATTTCTGC

236

mEgCIR0408

AJ578519

2

F-AGCGCAGTTGCTCGGTATAA
R-CCCTGCAGTGTCCCTCTTTA

163

mEgCIR3683

AJ578703

2

F-CATCAGTAGCTTGAACCTGAAAAA
R-CTGAGGTCTACAGGGCATGTT

190

mEgCIR0874

AJ578558

1

F-TGCTCCAGTTGTCGAGTTGT
R-TTGCAGTTTATTTGGCTACCAG

185

mEgCIR3788

AJ578728

1

F-TGACCAAAGACAGCATGAGC
R-CATGAGCGCAACATCAGACT

194

1

2

Each forward primer contained in addition the M13 tail (TTTCCCAGTCACGACGTT) at the 5’-end. The visible size on the
gel will be 18 bp larger due to the M13 tail.

following the genotype configuration demonstrated by Ritter et al.
(1990), Lespinasse et al. (2000) and Billotte et al. (2005). Alleles
were labeled Ai with i ranging from 0 (null allele = no amplification
product) to 4 in case of four segregation alleles. Patterns for the
individual SSR markers were identified in the full-sib family (Tab. 2).
Chi square tests χ2 = Σ (o-e)2/e, in which o represents the observed
values and e the expected values and P-value calculation were
performed using the statistics functions in Excel to verify if the
observed segregation pattern corresponds to the expected
segregation pattern at p > 0.05. Degrees of freedom were
calculated as the number of categories (patterns) in this population
minus 1.

RESULTS
DNA isolation using the novel DNA protocol
High quality genomic DNA could be extracted from 92
individuals of progeny 12 (tenera x Deli dura) each
showing one major band larger than 23 kilobase (kb) on
an ethidium bromide agarose gel. No visible signs of

degradation of the DNA were detectable (Figure 1).
Estimation of the DNA concentrations showed OD
260/280 ratios ranging between 1.7 and 2.0, supporting
the visual picture. This proved that the developed simplified DNA extraction protocol allows efficient isolation from
oil palm leaves.
SSR analyses in progeny 12 (NIFOR)
From 32 tested primer combinations for SSR markers
coming from four linkage groups (1, 2, 3 and 4), nine
gave reproducible patterns in progeny 12 (13.386 T ×
26.1074 D). Two of these SSR markers (mEgCIR3439
and mEgCIR3535) resulted in monomorphic banding
patterns. However, seven SSR markers out of the 32
tested (22%) segregated in the progeny (Table 2). Their
banding patterns (except for mEgCIR0074) are shown in
Figures 2 and 3. One of the segregating SSR markers
(mECIR3260) belongs to linkage group 3, all other SSR
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Figu
ure 1. Separation of extracted total DNA from
m oil palm leave
es of progeny 12
1 (92 individua
als) for quality control.
c
M: Lam
mbda DNA HindIII
dige
ested (New Eng
gland Biolabs) as
a marker. Five
e microliters of each
e
sample (5
50 ng/µl) extractted with the new
w DNA extraction protocol werre
load
ded on a 1% agarose gel and ru
un for 30 min att 80V. The gel was
w stained with
h ethidium brom
mide.

markers to linka
age group 4 covering the
e whole grou
up.
SSR marker mE
ECIR3275 is the
t closest marker
m
to the Sh
gen
ne. SSR marrker mEgCIR
R1917 showed
d an allele patp
tern
n correspond
ding to a gen
notype config
guration defin
ned
by Ritter et al. (1
1990) for one with four alle
eles segregating
in the
t cross betw
ween heteroz
zygous paren
nts, whereas for
the markers mE
EgCIR0059, mEGCIR3275
m
5, mEgCIR326
60,
mE
EgCIR3275, mEgCIR3533,
m
, and mEgCIR
R3557 the SS
SR
alle
ele patterns can be explained from
f
genotyype
con
nfigurations re
esulting from three alleless segregating
g in
the full-sib crosss (Table 2).
M
Marker
mEgCIR0074 show
wed a segrega
ation ratio of 1:1
corrresponding to
o the segrega
ation of one allele
a
and a null
n
alle
ele in the second parent. Four SSR marke
ers
mEgCIR32
mE
EgCIR0059,
260,
mEgC
CIR3533
a
and
mE
EgCIR3557 sh
howed a disto
orted segrega
ation (p < 0.0
05).
Forr mEgCIR355
57, one allele pattern is miissing indicating
that the combina
ation A1A0 may be selecte
ed against orr is
dele
eterious.
S
Screening
pro
ogeny 12 witth these SSR
R markers also
pro
oved that on
ne individual showed a different SS
SR
pattern as markked by ‘X’ forr SSR marke
er mEgCIR19
917
(Fig
gure 3C). This was supported by data for
mE
EgCIR3275 an
nd mEgCIR0
0059 (data no
ot shown). This
palm tree is not part of this progeny
p
and will
w be exclud
ded
from
m future segrregation anallyses. The re
esults show th
hat
the SSR markerrs developed for Billotte et
e al. (2005) can
c
a used for marker-assist
m
ted
be successfully transferred and
sele
ection in prog
geny 12 of the
e NIFOR bree
eding program
m.

CUSSION
DISC
Due to their long reproductive
e cycles and the time until
traits of the matture tree ca
an be evaluated markerrassisted selection is particularlyy attractive for tree breeding
g
(Kum
mar et al., 20
012; Thavama
anikumar et al., 2013). In
n
outcro
ossing cropss like oil palm the use of
o markers iss
challe
enging as the
e segregation
n patterns ob
bserved in he
e
proge
enies are mo
ore complex than
t
in inbree
eding speciess
(Sew
well and Ne
eale, 2000; van Ooijen, 2011). An
n
additiional challeng
ge has to be
e handled if in a breeding
g
progrram the pare
ents of the progeny
p
are not available
e
anym
more for exam
mple, got lost due
d to diseasses during the
e
long time of cultivvation. In thiss case, the constitution
c
o
of
the parents
p
has to
t be reconsttructed from the observed
d
segre
egation patterrn in the progeny (Billotte
e et al., 2005
5;
Lespiinasse et al., 2000) to allo
ow mapping of
o the markerss
using
g mapping prrograms like JoinMap 4.0
0 (van Ooijen
n
and Voorrips,
V
200
01) and MapQ
QTL 5 (van Ooijen,
O
2004)).
Marke
ers that allow
w this are called
c
informa
ative markerss
(van Ooijen, 2011). In this stud
dy, we showe
ed that for the
e
eny 12 (13.38
86 T x 26.1074 D) of the NIFOR oil palm
m
proge
breed
ding program that this situa
ation could be
e successfullyy
handled by iden
ntifying the segregation patterns fo
or
m
in the progeny and
a
deducting
g
individual SSR markers
from this the gen
netic constituttion of the parents
p
at the
e
locuss (Table 2). The SSR analysis prese
ented for the
e
proge
eny 12 show
wed that the
e number off segregating
g
allele
es per locus in
n this full-sib family
f
ranged
d between one
e
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DF

χ2 value

P value

Table 2. Number of alleles segregating in progeny 12 and the corresponding segregation ratios.

Primer no.

Progeny 12 (Tenera x Deli Dura)
Parents
Segregation
Allelic pattern
P1 P2
ratio

Lg

No Of Alleles
Segregating

mEgCIR0059

4

3

1:1:1:1

3

22.091*

0.0

mEgCIR0074

4

1

1:1

1

1.103

0.294

mEgCIR1917

4

4

1:1:1:1

3

1.515

0.679

mEgCIR3260

3

3

1:1:1:1

3

8.378*

0.039

mEgCIR3275

4

3

1:1:1:1

3

6.205

0.102

mEgCIR3439

4

Monomorph

mEgCIR3533

4

3

1:1:1:1

3

58.910*

0.0

mEgCIR3535

4

Monomorph

mEgCIR3557

4

3

1:1:1:1

3

61.587*

0.0

*Significant at p < 0.05

and four, varying from locus to locus. Six SSR markers
mEgCIR1917,
mEgCIR0059,
mEgCIR3260,
mEgCIR3275, mEgCIR3533 and mEgCIR3557 proved to
be fully informative markers following a segregation ratio
of 1:1:1:1. However, SSR marker mEgCIR0074 belongs
to a genotype configuration where in one parent only one
allele was amplified, the other being a null allele with no
amplification occurring in this parent (Table 2). Such
markers segregate in either 1:1 or 3:1 ratios (Billotte et
al., 2005; Lespinasse et al., 2000). Also, such markers
provide complete information about one of the parents
but no information on the other parent (van Ooijen 2011).
The efficiency of molecular markers lies in the fact that
they can be used as a tool to detect sequence variation
that exist between and within species (Doveri et al.,

2008) and also to identify inbred lines (Shehata et al.,
2009). SSR markers are particularly interesting in this
regard and have been extensively used in oil crops
(Cloutier et al., 2011; Rotondi et al., 2011; Xie et al.,
2012). From the findings observed in the present study,
the SSR markers segregated in the breeding population
with up to four alleles. No immediate reason could be
given why not all the SSR markers, which were used for
the study, produced amplification products other than the
fact that the primers (forward and/ or reverse) did not
anneal due to sequence differences between the
populations. Progeny 12 is quite different from the
population used to develop the markers by Billotte et al.
(2005). However, 22% of the SSR markers were polymorph in the NIFOR population. This is about in the
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Figure 2. SSR
S
marker an
nalyses in progeny 12 using: (A) marker mE
EgCIR3275, (B)) marker mEgC
CIR3533 and (C
C) marker
mEgCIR355
57. M: IRDye® 800 sizing standard 50-700 bp (LI-COR
(
Bioscie
ences) as marke
er. Twenty indivviduals of the se
egregating
population are
a shown, whic
ch represent the
e observed segrregation pattern
ns in the progen
ny (Table 2), resspectively. Samples were
separated on
o a 6% polyacrylamide gel usin
ng a DNA analyyzer 4300.
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Figure 3. SSR
R marker analys
ses in progeny 12
1 individuals ussing (A) markerr mEgCIR0059, (B) marker mEgCIR3260 and (C) marker
mEgCIR1917. ‘X’ represents banding pattern for an individual, which does not belong to the population. M: IRDye® 800 sizing
00 bp (LI-COR Biosciences) ass marker. Twen
nty individuals of
o the segregatin
ng population arre shown, which
h represent
standard 50-70
the observed segregation pa
atterns in the prrogeny (Table 2),
2 respectively.. Samples were
e separated on a 6% polyacryylamide gel
a
4300.
using a DNA analyzer
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range for transferability of SSR markers observed in
other families for example, Rosaceae (Sajer et al., 2012),
where 25% of the tested SSR markers proved on
average to be polymorph in another mapping population.
Segregation distortion describes a phenomenon that
observed genotypic frequencies deviate from the
expected Mendelian frequencies (Sandler and Novitski,
1957). In progeny 12, distortions were observed for some
of the SSR markers at p > 0.05. This was also reported
by Billotte et al. (2005), however, for different markers,
indicating in our case the detection of population-specific
or population dependent distorted markers. In rice, Xu et
al. (1997) investigated segregation distortion of markers
on a large scale with six mapping populations and 1558
markers. A total of 17 chromosomal regions with distorted
markers distributed over all 12 chromosomes were
detected. Marker-assisted selection in distorted regions
can be extremely useful to increase the frequency of the
favorable allele by selecting for recombinants in the
distorted region (Xu et al., 1997). Distorted markers are
usually discarded prior to QTL mapping because
unexpected consequences are feared (Zhan and Xu,
2011; Montoya et al., 2013). However, the former authors
claim that segregation distortion can be actually helpful in
the detection of QTLs (Xu, 2008; Xu and Hu, 2010) and
developed a generalized linear mixed model for segregation distortion analyses (Zhan and Xu, 2011).
The application of molecular markers to the existing
breeding programs at NIFOR has been considered. It is
expected that with molecular markers higher accuracy,
precision and earlier release of improved planting
materials can be achieved within the shortest possible
time when compared with the existing approach that is
based on phenotypic observation. For the successful
application of molecular markers for marker-assisted
selection, high levels of variation should exist in the
chosen breeding population. From the result of this study,
it is clear that the progeny 12 can be used for the
application of markers in crop improvement programs.
The result of this study indicates that SSR markers can
be of great benefit for breeding purposes at NIFOR if fully
exploited. Even with the genome sequence (Singh et al.,
2013b) and several transcriptome resources for fruit
mesocarp maturation and ripening and other traits
available (Bourgis et al., 2011; Tranbarger et al., 2011;
Shearman et al., 2013), traits of interest still need to be
localized on the genome using markers like for example,
SSRs. In addition, breeding programs require markers for
marker-assisted selection. Cost efficiencies of markers in
breeding programs have been estimated for some crops
and proved to be very efficient when integrated at the
right generation into the breeding program (Dreher et al.,
2003; Kuchel et al., 2005; Miah et al., 2013; Morris et al.,
2003; Slater et al., 2013). Progeny 12 (13.386 T x
26.1074 D) was used in this first assessment of SSR
markers for marker-assisted selection in the NIFOR
breeding program. In addition, 14 additional mapping

populations of the same size are available from the
NIFOR breeding program (Okwuagwu 1989, NIFOR
2008). Shared parents in some of these populations will
even allow multi-parent QTL analysis as performed by
Billotte et al. (2010).
This is the first report of successfully applying SSR
markers developed for the cross La Mé x Deli Dura
(Bilotte et al., 2005) to the NIFOR oil palm breeding
program opening the field to future breeding strategies
applying marker-assisted selection.
Conflict of Interests
The author(s) have not declared any conflict of interests.
REFERENCES
Akpanabiatu MI, Ekpa OD, Mauro A, Rizzo R (2001) Nutrient
composition of Nigerian palm kernel from the dura and tenera
varieties of the oil palm (Elaeis guineensis). Food Chem. 72:173-177.
Asemota O, San CT, Shah FH (2004). Isolation of a kernel oleoyl-ACP
thioesterase gene from the oil palm Elaeis guineensis Jacq. Afr. J.
Biotechnol. 3:199-201.
Baisakh N, Subudhi PK, Arumuganathan K, Parco AP, Harrison SH,
Knott CA, Materne MD (2009). Development and interspecific
transferability of genic microsatellite markers in Spartina spp. with
different genome size. Aquat. Bot. 91:262-266.
Beirnaert A, Vanderweyen R (1941). Contribution a l’étude génétique et
biométrique des variétés d’Elaeis guineensis Jacq. Publ. Inst. Nat.
Etude agron. Congo Belge Ser. Sci. 27:1-101.
Billotte N, Jourjon MF, Marseillac N, Berger A, Flori A, Asmady H, Adon
B, Singh R, Nouy B, Potier F, Cheah SC, Rohde W, Ritter E, Courtois
B, Charrier A, Mangin B (2010). QTL detection by multi-parent
linkage mapping in oil palm (Elaeis guineensis Jacq.). Theor. Appl.
Genet. 120:1673-1687.
Billotte N, Marseillac N, Risterucci AM, Adon B, Brottier P, Baurens FC,
Singh R, Herran A, Asmady H, Billotte C, Amblard P, DurandGasselin T, Courtois B, Asmono D, Cheah SC, Rohde W, Ritter E,
Charrier A (2005). Microsatellite-based high density linkage map in oil
palm (Elaeis guineensis Jacq.). Theor. Appl. Genet. 110:754-765.
Bourgis F, Kilaru A, Cao X, Ngando-Ebongue GF, Drira N, Ohlrogge JB,
Arondel V (2011). Comparative transcriptome and metabolite
analysis of oil palm and date palm mesocarp that differ dramatically
in carbon partitioning. Proc. Natl. Acad. Sci. USA 108:12527-12532.
Burri BJ (2012). Evaluating global barriers to the use of red palm oil as
an intervention food to prevent vitamin A deficiency. Compr. Rev.
Food Sci. Food Saf. 11:221-232.
Cloutier S, Ragupathy R, Niu Z, Duguid S (2011). SSR-based linkage
map of flax (Linum usitatissimum L.) and mapping of QTLs underlying
fatty acid composition traits. Mol. Breed. 28:437-451.
Collard BCY, Mackill DJ (2008). Marker-assisted selection: an approach
for precision plant breeding in the twenty-first century. Phil. Trans. R.
Soc. Lond. B 363:557-572.
Corley RHV, Tinker PB (2003). The oil palm. Fourth Edition. Blackwell
Science Ltd, Oxford, U. K.
Doveri S, Lee D, Maheswaran M, Powell W (2008). Molecular markers
– history, features and application. In: Kole C, Abbott AG (Eds)
Principles and Practices of Plant Genomics. Volume 1: Genome
Mapping. Science Publishers, U.S.A.
Dreher K., Khairallah M, Ribaut JM, Morris M (2003). Money matters (I):
costs of field and laboratory procedures associated with conventional
and marker-assisted maize breeding at CIMMYT. Mol. Breed.
11:221-234.
Gethi JG, Labate JA, Lamkey KR, Smith ME, Kresovich S (2002). SSR
variation in important U. S. maize inbred lines. Crop Sci. 42:951-957.
Hartley CWS (1988). The Oil Palm (Elaeis guineensis Jacq.). Third

Ihase et al.

Edition. Longman Scientific and Technical, Longman Group, U. K.
Hu J, Zhou X, Li J (2010). Development of novel EST-SSR markers for
cucumber (Cucumis sativus) and their transferability to related
species. Sci. Hortic. 125(3):534-538.
Kapoor R, Banga SS, Banga SK (2009). A microsatellite (SSR) based
map of Brassica rapa. New Biotechnol. 26:239-243.
Kok S, Ong-Abdullah M, Ee GC, Namasivayam P (2011). Comparison
of nutrient composition in kernel of tenera and clonal materials of oil
palm (Elaeis guineensis Jacq.). Food Chem. 129:1343-1347.
Kubo N, Hirai M, Kaneko A, Tanaka D, Kasumi K (2009). Development
and characterization of simple sequence repeat (SSR) markers in the
water lotus (Nelumbo nucifera). Aquat. Bot. 90:191-194.
Kuchel H, Ye G, Fox R, Jefferies S (2005). Genetic and economic
analysis of a targeted marker-assisted wheat breeding strategy. Mol.
Breed. 16:67-78.
Kumar S, Bink MC, Volz RK, Bus VG, Chagné D (2012). Towards
genomic selection in apple (Malus x domestica Borkh.) breeding
programmes: Prospects, challenges and strategies. Tree Genet.
Genomes 8:1-14.
Lespinasse D, Rodier-Goud M, Grivet L, Leconte A, Legnate H, Seguin
M (2000). A saturated genetic linkage map of rubber tree (Hevea
spp.) based on RFLP, AFLP, microsatellites and isozyme markers.
Theor. Appl. Genet. 100:127-138.
Li L, Wang J, Guo Y, Jiang F, Xu Y, Wang Y, Pan H, Han G, Li R, Li S
(2008). Development of SSR markers from ESTs of gramineous
species and their chromosome location on wheat. Proc. Natl. Acad.
Sci. USA 18:1485-1490.
Low EL, Alias H, Boon S, Shariff EM, Tan CA, Ooi LC, Cheah S, Raha
A, Wan K, Singh R (2008). Oil palm (Elaeis guineensis Jacq.) tissue
culture ESTs: identifying genes associated with callogenesis and
embryogenesis. BMC Plant Biol. 8:62.
Madon M, Clyde MM, Cheah SC (1998). Cytological analysis of Elaeis
guineensis and Elaeis oleifera chromosomes. J. Oil Palm Res. 10:6891.
Matthäus B (2007). Use of palm oil for frying in comparison with other
high-stability oils. Eur. J. Lip. Sci. Technol. 109: 400-409.
McCouch SR, Teytelman L, Xu Y, Lobos KB, Clare K, Walton M, Fu B,
Maghirang R, Li Z, Xing Y, Zhang Q, Kono I, Yano M, Jellstrom R,
DeClerck G, Schneider D, Cartinhour S, Ware D, Stein L (2002).
Development and mapping of 2240 new SSR markers for rice (Oryza
sativa L). DNA Res. 9:199-207.
Miah G, Rafii M, Ismail MR, Puteh AB, Rahim HA, Islam KN, Latif MA
(2013). A review of microsatellite markers and their applications in
rice breeding programs to improve blast disease resistance. Int. J.
Mol. Sci. 14:22499-22528.
Montoya C, Lopes R, Flori A, Cros D, Cuellar T, Summo M, Espeout S,
Rivallan R, Risterucci A-M, Bittencourt D, Zambrano JR, Alarcon G
WH, Villeneuve P, Pina M, Nouy B, Amblard P, Ritter E, Leroy T,
Billotte N (2013). Quantitative trait loci (QTLs) analysis of palm oil
fatty acid composition in an interspecific pseudo-backcross from
Elaeis oleifera (H.B.K.) Cortés and oil palm (Elaeis guineensis Jacq.).
Tree Genet. Genomes 9:1207-1225.
Morris M, Dreher K., Ribaut J-M, Khairallah M (2003). Money matters
(II): costs of maize inbred line conversion schemes at CIMMYT using
conventional and marker-assisted selection. Mol. Breed. 11:235-247.
NIFOR (2008). NIFOR in house research review. Progress report 20012008.
Oetting WS, Lee HK, Flanders DJ, Wiesner GL, Sellers TA, King RA
(1995). Linkage analysis with multiplexed short tandem repeat
polymorphisms using infrared fluorescence and M13 tailed primers.
Genomics 30:450-458.
Oguntibeju OO, Esterhuyse AJ, Truter EJ (2009). Red palm oil:
nutritional, physiological and therapeutic roles in improving human
well-being and quality of life. Br. J. Biomed. Sci. 66:216-222.
Okwuagwu CO (1989). The developments from the comprehensive oil
palm breeding programme of the Nigerian Institute for Oil palm
Research (NIFOR) and future breeding strategy. Paper presented at
Int. Conf. palms and palm products, Nigerian Institute for Oil palm
Research, Benin City, November 21-25.
Ong AS, Goh SH (2002). Palm oil: a healthful and cost-effective dietary
component. Food Nutr. Bull. 23(1):11-22.
Pan L, Quan Z, Li S, Liu H, Huang X, Ke W, Ding Y (2007). Isolation

1539

and characterization of microsatellite markers in the sacred lotus
(Nelumbo nucifera Gaertn.). Mol. Ecol. Notes 7:1054-1056.
Ritter E, Gebhardt C, Salamini F (1990). Estimation of recombination
frequencies and construction of RFLP linkage maps in plants from
crosses between heterozygous parents. Genetics 125:645-654.
Rotondi A, Beghè D, Fabbri A, Ganino T (2011). Olive oil traceability by
means of chemical and sensory analyses: A comparison with SSR
biomolar profiles. Food Chem. 129:1825-1831.
Sajer O, Scorza R, Dardick C, Zhebentyayeva T, Abbott A, Horn R
(2012). Development of sequence-tagged site markers linked to the
pillar growth type in peach (Prunus persica). Plant Breed. 131:186192.
Sambanthamurthi R, Sundram K, Tan YA (2000). Chemistry and
biochemistry of palm oil. Prog. Lipid Res. 39(6):507-558.
Sandler L, Novitski E (1957). Meiotic drive as an evolutionary force. Am.
Nat. 41:105-110.
Sewell MM, Neale DB (2000). Mapping quantitative traits in forrest
trees. In Jain SM, Minocha SC (eds), Molecular biology of woody
plants, Vol. I, Kluwer Academics Publishers, the Netherlands, pp.
407-423.
Seng T-Y, Mohamed Saad SH, Chin C-W, Ting N-C, Singh R, Singh H,
Zaman FQ, Tan S-G, Syed Alwee SSR (2011). Genetic linkage map
of a high yielding FELDA Deli x Yangambi oil palm cross. Plos One
6(11):e26593.
Shehata AI, Al-Ghethar HA, Al-Homaidan AA (2009). Application of
simple sequence repeat (SSR) markers for molecular diversity and
heterozygosity analysis in maize inbred lines. Saudi J. Biol. Sci. 16:
57-62.
Shearman JR, Jantasuriyarat C, Sangsrakru D, Yoocha T, Vannavichit
A, Tragoonrung S, Tangphatsornruang S (2013). Transcriptome
analysis of normal and mantled developing oil palm flower and fruit.
Genomics 101:306-312.
Shen L, Courtois B, McNally KL, Robin S, Li Z (2001). Evaluation of
near-isogenic lines of rice introgressed with QTLs for root depth
through marker-aided selection. Theor. Appl. Genet. 103:75-83.
Slater AT, Cogan NOI, Forster JW (2013). Cost analysis of the
application of marker-assisted selection in potato breeding. Mol.
Breed. 32:299-310.
Singh R, Tan SG, Panandam JM, Rahman RA, Ooi LCL, Low EL,
Sharma M, Jansen J, Cheah S (2009). Mapping quantitative trait loci
(QTLs) for fatty acid composition in an interspecific cross of oil palm.
BMC Plant Biol. 9:114.
Singh R, Low ETL, Ooi LCL, Ong-Abdullah M, Ting NC, Nagappan J,
Nookiah R, Amiruddin MD, Rosli R, Manai MAA, Chan KL, HGamlim
MA, Azizi N, Lakey N, Smith SW, Budiman MA, Hogan M, Bacher B,
Van Brunt A, Wang C, Ordway JM, Sambanthamurthi R, Martienssen
RA (2013a). The oil palm SHELL gene controls oil yield and encodes
a homologue of SEEDSTICK. Nature 500:340-344.
Singh R, Ong-Abdullah M, Low ETL, Manai MAA, Rosli R, Nookiah R,
Ooi LCL, Ooi SE, Chan KL, Halim MA, Azizi N, Nagappan J, Bacher
B, Lakey N, Smith SW, He D, Hogan M, Budiman MA, Lee EK,
DeSalle R, Kudrna D, Goicoechea JL, Wing RA, Wilson RK, Fulton
RS, Ordway JM, Martienssen RA, Sambanthamurthi R (2013b). Oil
palm genome sequence revelas divergence of interfertile species in
old and new world. Nature 500:335-339.
Tang SX, Kishore VK, Knapp SJ (2003). PCR-multiplexes for a
genome-wide framework of simple sequence repeat marker loci in
cultivated sunflower. Theor. Appl. Genet. 107:6-19.
Thavamanikumar S, Southerton SG, Bossinger G, Thumma BR (2013).
Dissection of complex traits in forest trees – opportunities for markerassisted selection. Tree Genet. Genomes 9:627-639.
Ting NC, Jansen J, Nagappan J, Ishak Z, Chin CW, Tan SG, Cheah
SC, Singh R (2013). Identification of QTLs associated with
callogenesis and embryogenesis in oil palm using genetic linkage
maps improved with SSR markers. PLOS 8(1):e53076.
Tranbarger TJ, Dussert S, Joet T, Argout X, Summo M, Champion A,
Cros D, Omore A, Nouy B, Morcillo F (2011). Regulatory
mechanisms underlying oil palm fruit mesocarp maturation, ripening
and functional specialization in lipid and carotenoid metabolism. Plant
Physiol. 156:564-584.
Van Ooijen JW (2004). MapQTL5, software for mapping of quantitative
loci in experimental populations. Kyazma BV. Wageningen,

1540

Afr. J. Biotechnol.

Netherlands.
Van Ooijen JW (2011). Multipoint maximum likelihood mapping in a fullsib family of an outbreeding species. Genet. Res. 93:343-349.
Van Ooijen JW, Voorrips RE (2001). JoinMap 4.0 Software for
calculation of genetic linkage maps. Kyazma BV. Wageningen,
Netherlands.
Xia Z, Tsubokura Y, Hoshi M, Hanawa M, Yano C, Okamura K, Ahmed
TA, Anai T, Watanabe S, Hayashi M, Kawai T, Hossain KG, Masaki
H, Asai K, Yamanaka N, Kubo N, Kadowaki K, Nagamura Y, Yano M,
Sasaki T, Harada K (2007). An integrated high-density linkage map of
soybean with RFLP, SSR, STS, and AFLP markers using a single F2
population. DNA Res. 14:257-269.
Xie D, Han Y, Zeng Y, Chang W, Teng W, Li W (2012). SSR- and SNPrelated QTL underlying linolenic acid and other fatty acid contents in
soybean seeds across multiple environments. Mol. Breed. 30:169179.
Xu S (2008). Quantitative trait locus mapping can benefit from
segregation distortion. Genetics 180:2201-2208.
Xu S, Hu Z (2010). Mapping quantitative trait loci using distorted
markers. Int. J. Plant Genomics 12:1-11.

Xu Y, Zhu L, Xiao J, Huang N, McCouch SR (1997). Chromosomal
regions associated with segregation distortion of molecular markers
in F2, backcrosses, doubled haploid, and recombinant inbred
populations in rice (Oryza sativa L.). Mol. Gen. Genet. 253:535-545.
Zhan H, Xu S (2011). Generalized linear mixed model for segregation
distortion analysis. BMC Genetics 12:97-110.
Zhang R, Hu D, Zhang J, Zuo X, Jiang R, Wang H, Ng TB (2010).
Development and characterization of simple sequence repeat (SSR)
markers for the mushroom Flammulina velutipes. J. Biosci. Bioeng.
110(3):273-275.
Zheng Y, Zhang G, Lin F, Wang Z, Jin G, Yang L, Wang Y, Chen X, Xu
Z, Zhao X, Wang H, Lu J, Lu G, Wu W (2008). Development of
microsatellite markers and construction of genetic map in rice blast
pathogen Magnaporthe grisea. Fungal Genet. Biol. 45:1340-1347.

