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ABSTRACT

A total of 40 oil palms belonging to two species [23 oleifera (Elaeis oleifera HBK. Cortes) and 17 guineensis
(Elaeis guineensis Jacq.)] from four different accessions, developed at Palode, Keralawas analyzed using ten
random primers (39 markers) and eight microsatellite primers (11 markers) for genetic diversity. Similarity
values (utilizing UPGMA method of analysis) between individuals ranged from 0.44 to 1.00, from 0.64 to
1.00 and from 0.48 to 0.98 in RAPD, SSR and RAPD & SSR combined analysis respectively, which indicates
low genetic diversity in the population. A dendrogram derived from UPGMA cluster analysis revealing
two major clusters each for RAPD, SSR and RAPD & SSR combined analysis, at minimum coefficient values
of (0.700-0.750), 0.710 and 0.638 respectively. The dendrogram exhibited different clustering pattern for
RAPD and SSR as the loci covered by the RAPD were different from the loci covered by SSR and coverage
of loci by both DNA markers were comparatively less. During the investigation, a particular RAPD primer,
OPP-8 was identified to differentiate oleifera and guineensis palms based on marker OPP-8.6. This work
provided valuable information and revealed patterns of genetic relationships between important oleifera
and guineensis palms, which can be used in oil palm breeding in inter- and intra-specific hybridization
programmes.
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Introduction

Oil palm (Elaeis sp.) is a perennial diploid (2n=32)
monocotyledon belonging to the family Arecaceae,
subfamily Arecoideae (Cronquist, 1981). Oil Palm
has three accepted species E. guineensis (The African
Oil palm), E. oleifera (The American Oil palm) and E.
odora (Schultes, 1990). Among these only E.
guineensis and E. oleifera are commercially cultivated
(Singh et al., 2021). Africa and South America are the

probable center of origin of E. guineensis and E.
oleifera respectively. At present the palm exists in a
wild, semi-wild and cultivated state in three main
areas of the equatorial tropics: Africa, South-east
Asia and South & Central America (Corley and
Tinker, 2015).

As a crop it has greater acceptance than the other
oleaginous crops of the tropical belt, being by far the
highest oil yielder per unit area (Barcelos et al.,
2015). Unlike traditional oilseeds, the fruit mesocarp
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of oil palm has a good reserve of storage lipids
yielding palm oil; the seed (kernel) yields palm ker-
nel oil. Lipid composition, fatty acid profile and vi-
tamin content (A & E) of oil palm have given the
crop a distinct nutritional status commercially (Ri-
val, 2022). Use of palm oil as biodiesel is also gain-
ing increasing attention (Knothe, 2010). Thus, oil
palm has been introduced recently in India as an ir-
rigated crop and breeding programmes have been
initiated for its improvement (Rao, 2009). But, keep-
ing in view the perennial nature of the crop, assess-
ment of genetic diversity through morphological
markers is not only time consuming, but also can
lead to misleading results owing to environmental
influence(Babu et al., 2021). So, it was realized that,
molecular characterization of the germplasm was
essential to know the extent of genetic diversity ex-
isting among different oil palm germplasm
(Bakoumé et al., 2015; Rival et al., 2001).

In comparison to all the different methods tried
so far, RAPD markers are convenient, requiring
minimal infrastructure and no radioactive materials.
In addition,RAPD markers are suitable for analyz-
ing DNA variation at many loci using small
amounts of tissue (Powell et al., 1996; Williams et al.,
1990). Among different DNA markers Micro-satel-
lites or Simple Sequence Repeats (SSRs) are easier to
use than RFLPs owing to the smaller amount of
DNA required, higher polymorphism and the abil-
ity to automate assays (Gupta et al., 1999; Tautz,
1989). SSR markers can be exchanged between re-
searchers because each locus is defined by the
primer sequences (Nybom, 2004). SSR assays are
more robust than RAPD and more transferable than
AFLPs(Gupta et al., 1996). SSR markers are expected
to have the heterozygosity in comparison to RAPD
and AFLP (Powell et al., 1996; Tautz, 1989). Keeping
the above points in view, RAPD and SSR analysis
were carried out to assess genetic diversity of 40 oil

Table 1. Steps of PCR for RAPD and SSR
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palms (23 oleifera & 17 guineensis palms).
Materials and Methods

The experimental materials comprised of 40 oil
palms (23 oleifera & 17 guineensis palms) from four
different accessions (240D x 281D and 80D x 281D)
for guineensis palms, whereas oleifera-I for oleifera
palms. All of the accessions are indigenously devel-
oped at Regional Agricultural Research Station,
Palode, Kerala (ITPOR). DNA was extracted and
purified from unopened etiolated leaves of each
palm following the protocol of (Jayanthi et al., 2004).

RAPD profiles were generated for all 40 palms by
using the protocol of (Mandal et al., 2004) (Table 1).
Ten random primers (Operon Technologies Inc.,
USA and Sigma- Aldrich, India) were used for this
study (Table 2). PCR amplification was carried out
with 12.5 pl volume of reaction mixture. DNA am-
plifications were performed in a Thermal Cycler (M]
Research Inc., USA) and the conditions for PCR are
given in Table 3. Amplified products were electro-
phoresed on 1.5% agarose gel, documented by UV
gel documentation system and scored as presence or
absence of band (prominent and reproducible
bands) in a binary form (1 for presence and 0 for
absence). Representative photographs of RAPD am-
plifications are provided in Fig. 1.1 (Fig. 1.1a & 1.1b).
Aresult of relative significance in RAPD analysis
was that of primer OPP-8, where band OPP-8.6 dif-
ferentiated Elaeis oleifera from Elaeisguineensis in
presence and absence respectively Fig 2.

SSR profiles were generated for all the 40 palms
by using the protocol of (Jayanthi et al., 2009)(Table-
1). Eight SSR primers were used for the present
study (Table 2.2). PCR amplification was carried out
with 12.5ul volume of reaction mixture. DNA ampli-
fications were performed in a Thermal Cycler (M]
Research Inc., USA) and the conditions for PCR are

Sl.  Process RAPD SSR

No. Temperature Time Temperature Time
1 Initial denaturation 92°C 5 min 95 °C 10 min
2 DNA denaturation 92 °C 1 min 94 °C 1 min
3 Primer annealing 37 °C 1 min 50 - 55 °C 1 min
4 Primer extension 72 °C 2 min 72 °C 1 min
5 Step 2, 3 and 4 repeated for 40 cycles - 44 cycles -

6 Final extension 72 °C 7 min 72 °C 10 min
7 Storage 4°C 4 hours 4°C 4 hours
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Table 2. Reaction mixture for RAPD
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Particulars Actual Quantity/ Concentration Volume added in

Concentration in the final reaction the final reaction
volume mixture (pl)

DNA sample 5ng/ul 10 ng 2

dNTPs 2.5 mM 0.05 mM 0.25

10xbuffer with 1.5 mM MgCl, 1.5 mM TBE (10x) 0.15 mM TBE (1x) 1.25

Taq DNA Polymerase 10U/ ul 0250 0.25

RAPD Primer 5ng/ul 7.5ng 1.5

Sterile Water - - 7.25

TOTAL 12.5

given in Table 3.2. Amplified products were electro-
phoresed on 3% agarose gel, documented by UV gel
documentation system and scored as presence or
absence of band (prominent and reproducible) in a
binary format: 1 for band presence, 0 for absence.
Representative photographs of SSR amplifications
are provided in Fig. 1.2 (Fig. 1.2a & 1.2b).

Fig. 1.1 RAPD banding pattern for 40 palms (23 E. oleifera
and 17 E. guineensis).

Fig. 1.1a. RAPD banding pattern for 40 palms (23 E.
oleifera and 17 E. guineensis) with primer OPP-

Fig 1.1b

RAPD banding pattern for 40 palms (23 E.
oleifera and 17 E. guineensis) with primer
SIGMA-37.

RAPD and SSR data analysis was carried out us-
ing NTSYS-PC software version 1.8(Rohlf, 1993).
Unweighted Paired Group Method with Arithmetic

Table 2.2. Reaction mixture for SSR.

mean (UPGMA) cluster analysis using simple
matching was conducted to get the similarity matrix
and dendrogram Fig 2.1, 2.2 and 2.3 respectively.

Fig 1.2a SSR banding pattern for 40 palms (23 E. oleifera
and 17 E. guineensis) with primer MICRO-172.
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Fig 1.2b SSR banding pattern for 40 palms (23 E. oleifera
and 17 E. guineensis) with primer MICRO-220.

Fig. 1.2 SSR banding pattern for 40 palms23 E. oleifera
and 17 E. guineensis).

*L-LANE NUMBER

*All bands are serially in the order L1-Eco R1 + Hind III
Marker, L2- Eol, L3-Eo02, L4-Eo03, L5-Eo4, L6-Eo5, L7-Eo06,
L8-Eo07, 1L9-E08, L10-E09, L11-E010, L12-Eo11, L13-E012,
L14-Eo013, L15-Eo14, L16-Eo15, L17-Eo16, L18-E017, L19-
Eo18, L19-E018, 1.20-E019, 1.21-E020, L.22-E021, 1L.23-E022,
L.24-E023, L25-Eg34, L.26-E¢37, L27-EQ39, 1.28-Eg40, L29-
Eg44, L30-Eg65, L31-E992, L33-E999, L33-Eg111, L34-
Eg112,1.35-Eg115, L36-Eg117, L37-Eg205, L38-Eg207, L39-
Eg209, L40-Eg211, L41-Eg228.

Particulars Actual Quantity/ Concentration Volume added in

Concentration in the final reaction the final reaction
volume mixture (pl)

DNA sample 5ng/ul 10 ng 2

dNTPs 2.5mM 0.05mM 0.25

10xbuffer with 1.5 mM MgCl, 1.5 mM TBE (10x) 0.15 mM TBE (1x) 1.25

Taq DNA Polymerase 10U/ ul 0250 0.25

Left primer 5ng/ul 7.5ng 1.5

Right primer 5ng/ul 7.5ng 1.5

Sterile Water - - 7.25

TOTAL 12.5
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Fig. 2. Diagram representing RAPD banding pattern for
primer OPP-8.The arrow mark represents BAND
OPP-8.6, which is “1” for all oleifera palms and “0”
for all guineensis palms.

LEGEND

*“0” = Absent; “1” = Present

*L-LANE NUMBER

*L1-Eco R1 + Hind IIT Marker, L2- Eol, L3-Eo2, L4-E03, L5-
Eo4, L6-Eo5, L7-Eo06, L8-Eo7, L9-Eo08, L10-E09, L11-E010,
L12-Eol11, L13-Eo012, L14-E013, L15-E014, L16-Eo015, L17-
Eol6, L18-Eo0l17, L19-Eo018, L.20-E019, L21-E020, L22-Eco R1
+ Hind III Marker, L23-E021, L.24-E022, 1.25-E023, 1.26-
Eg34, 1.27-E¢37, 1.28-Eg39, 1.29-Eg40, 1.30-Eg44, L31-Eg65,
L32-Eg92, L33-Eg99, L34-Eg111, L35-Eg112, L36-Eg115,
L37-Eg117, L38-Eg205, L39-Eg207, L40-Eg209, L41-Eg211,
142-Eg228.

32 33 34 35 36 37 38 39 40 41 42

Results and Discussion

In RAPD analysis 10 selected random primers were
used across the 40 palms (23 oleifera & 17 guineensis
palms) and which showed varying degrees of poly-
morphism. A total no. of 39 reproducible bands was
scored, out of which the number of polymorphic
bands were 34. The average number of bands per
primer was found 3.9 and polymorphic bands per

Table 3. List of RAPD primers
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primer were 3.4. The maximum of 7 bands was
found in case of OPM-6 and minimum of 1 band
were observed in OPP-1 & SIGMA-24.Primers
OPM-6, SIGMA-6, SIGMA-10, SIGMA12 & SIGMA-
37 produced only polymorphic bands, whereas
primers OPP-1 & SIGMA-24 produced only mono-
morphic (non-variable) bands. Primers OPP-8, OPP-
9, SIGMA-13 produced both monomorphic annd
polymorphic bands (each having a single monomor-
phic band). Additionally, primer OPP-8 could be
useful in not only differentiating guineensis from
oleifera, but also in identification of a hybrid involv-
ing the same two parents at an early stage, it being
known that RAPD is a dominant marker. However,
such a statement can only be justified, on the pretext
of same primer being scored for a larger population
of guineensis and oleifera. Nonetheless, several other
researchers have reported similar results (Sreekanth
and Thomas, 2006).

Similarity matrix revealed similarity between in-
dividuals which ranged from 0.44 to 1.00 and with
mean similarity value of 0.73. The maximum simi-
larity (1.00) was found between Eg-211 & Eg-99 (be-
longing to accessions, 80D x 281D & 240D x 281D
respectively). Though unusually high given they
belong to different accessions. Although they have
one parent in common, but it is an exception, consid-
ering them to be more similar in comparison to
palms belonging to the same accessions in guineensis.
The minimum similarity (0.436) was found between
palms Eg-40 & Eo-1 and between Eg-111 & Eo-1,
which is expected i.e. genotypes showing maximum
similarity belongs to related accessions and geno-
types showing minimum similarity belong to differ-
ent accessions, and here it being different species
altogether. This is in agreement with the results of
Mandal et al. (2004). Mandal and coworkers (2004)
carried out RAPD analysis for assessment of genetic

Primer Sequences GC content % Manufacturer
OPM-6 CTGGGCAACT 60 opP
OPP-1 GTAGCACTCC 70 opP
OPP-8 ACATCGCCCA 60 op
OPP-9 GTGGTCCGCA 70 op
SIGMA-6 Custom Designed - SA
SIGMA-10 Custom Designed - SA
SIGMA-12 ACGGCCGACC 80 SA
SIGMA-13 GGACCAGAGC 70 SA
SIGMA-24 GTGGCTAGGT 60 SA
SIGMA-37 ACCGGTGGAG 70 SA
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Table 3.2 List of SSR primers
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Primer NCBIID Sequence of Left Tml  Sequence of Right Tmr Manufacturer
Name Primer Primermr

220  AJ578529 TGTCTACAACAAGCCATGCACC57.88 ATCCAGGAAATCCACCTGGG  56.87 Cco
172 AJ578600 CACCCTTATGCCCATCCAC 55.8  CCTTCTCGAGCTCCTATCCG 56.59 CcO
169 AJ578597 GTGGGTTGGCTTGTTGG 54.37 CGACTCAAAAGCACCTTTCC 54.18 co
179 AJ578590 AAATGAGCCCAATCAAGAGC 53.36 CTCATCAGTCCAACTCATAAGG 52.6 co
177 AJ578592 AAGCAGCTAGCTAGAGAGCG 56.51 TTTGCACCTCCCACCCT 56.82 CcoO
176 AJ578593 GATGCCCATCGATGACAG 53.13 AATTGGAAACTATGCCACCC 53.12 co
182 AJ578587 GGTCATGGTTTGTGCGTCGG 59.25 GTATGCTGCTGCTGCCTCC 58.95 CcO
141 AJ578607 CGTGGGGTCCAAGTGCTCG 61.14 GATGGCATCCACCACCCTCC 60.55 CcO

Legends: OP = Operon; SA = SIGMA-ALDRICH; USA, CO = CUSTOM OLIGONUCLEOTIDES (IDT, USA); Tml = Melting tempera-
ture (°C) of the left primer; Tmr = Melting temperature (°C) of the right primer.Fig. 1.1 RAPD banding pattern for 40 palms (23 E.

oleifera and 17 E. guineensis).

diversity of guineensis germplasm accessions and
observed palms within the same accessions were
comparatively more similar than palms from the
other accessions but for a few exceptions.

Cluster analysis was performed based upon the
similarity matrix using 39 RAPD markers and den-
drogram was developed. At range 0.700-0.750 of
minimum similarity value, the dendrogram differ-
entiated 40 palms into 2 clusters of 23 palms of
oleifera and 17 palms of guineensis each, i.e. clusters
1.1 (at minimum similarity value 0.72) & 1.2 (at
minimum similarity value 0.750). This being as ex-
pected, since the two groups formed belongs to two
different species.

In SSR analysis, 8 SSR primers were used across
the 40 palms (23 oleifera & 17 guineensis palms) and
which showed varying degrees of polymorphism. A
total no. of 11 reproducible bands was scored, out of
which the number of polymorphic bands were 4.
The average number of bands per primer was found
to be 1.375 and the number of polymorphic bands
per primer was 0.5. A maximum of 4 bands were
found in case of MICRO-141 primer and minimum
of 1 band was observed in primers MICRO-169,
MICRO-172, MICRO-176, MICRO-177, MICRO-179,
MICRO-182 and MICRO-220. Out of 8 primers 1
primer produced polymorphic bands and the re-
maining 7 primers produced monomorphic bands.
Based on amplification pattern analysis, all SSRs
seemed to be of single locus, except SSR-141 that
showed putative double locus pattern. All the 7 SSR
primers which did not show any polymorphism
among the palms were having single allele. How-
ever, alleles may not be well-resolved on 3% agarose
gels which wasthe material used in the present in-
vestigation.

Similarity matrix revealed similarity between in-

dividuals which ranged from 0.636 to 1.000 and
with mean similarity value of 0.841. It indicates less
genetic diversity in the 40 palms (23 oleifera & 17
guineensi spalms) under investigation as compared
to RAPD analysis. The minimum similarity (0.636)
was found between “Eo” palms (Eo-1, Eo-2, Eo-3, Eo-
5, Eo-6, Eo-7, Eo-8, Eo-9, Eo-10, Eo-11, Eo-12, Eo-13,
Eo-16, Eo-20, Eo-21 &Eo0-22) respectively with a set
of”Eg”palms (Eg-34, Eg-37, Eg-39, Eg-40, Eg-111, Eg-
112, Eg-115, Eg-205, Eg-211 & Eg-288) each, which is
as per expectations since genotypes showing mini-
mum similarity belongs to different species alto-
gether.

Cluster analysis was then performed based upon
the similarity matrix using 11 SSR markers and den-
drogram was developed. At a minimum coefficient
value of 0.71, the dendrogram differentiated 40
palms into 2 clusters viz. cluster 1.1 having palms
(Eo-1, Eo-2, Eo-3, Eo-5, Eo-6, Eo-7, Eo-8, Eo-9, Eo-10,
Eo-11, Eo-12, Eo-13, Eo-16, Eo-20, Eo-21, Eo-22, E0-23,
Eg-44, Eg-92, Eg-99 &Eg-207) and cluster 1.2 having
palms (Eg-34, Eg-37, Eg-39, Eg-40, Eg-65, Eg-111, Eg-
112, Eg-115, Eg-117, Eg-205, Eg- 209, Eg-211 &Eg-
228).

The above data, although has grouped different
species under different groups, but the minimum
similarity value being 1.000, is probably due to
lower number of loci being covered in the present
investigation.In a similar study, Billotte et al. (2001)
studied genetic diversity on 20 single locus SSR
markers, for a total of 173 alleles over E. guineensis,
E. oleifera and B. odora and observed high level of
genetic diversity. (Billotte et al., 2001) used diverse
accessions collected from different geographical lo-
cations and covered more loci. But as already men-
tioned, all 40 palms collected from two accessions in
case of guineensis and oleifera each and coverage of
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loci is less and therefore diversity observed in the
present study is less as compared to that reported by
Billotte et al. (2001).

Scoring results of RAPD & SSR were combined
and analysis was done. (Yadla et al., 2004) studied
genetic diversity of wild species of safflower (Cartha-
mus tinctorius L.) by combining the scoring results of
RAPD & ISSR. A total of 50 (39 of RAPD and 11 of
SSR)reproducible bands were obtained from 18
primers (10 of RAPD and 8 of SSR), out of which the
number of polymorphic bands were 38 (34 of RAPD
and 4 of SSR). The average number of bands per
primer was found to be 2.78 and polymorphic bands
per primer were 2.11.

The similarity matrix showed values between in-
dividuals ranging from 0.480 to 0.980 and with
mean similarity value of 0.750. The maximum simi-
larity (0.980) was found between Eo-20 &Eo-21, Eg-
34 &Eg-211 and between Eg-115 and Eg-211, (be-
longing to accessions, oleifera-1 &oleifera-11I, 240D x
281D & 80D x 281D, 80D x 281D & 80D x 281D re-
spectively), Eo-20 &Eo-21 and Eg-115 and Eg-211
belong to the same accession. Thus, high similarity
value is as per expectations. But Eg-34 & Eg-211 hav-
ing one parent in common is an exception, consider-
ing it to be more similar in comparison to palms be-
longing to the same accessions in guineensis. The
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minimum similarity (0.480) was found between
palms Eg-40 &Eo-1 and between Eg-111 &Eo-1, as
was in RAPD which is again expected, the palms in
comparison being of different species.

Cluster analysis was performed based on the
similarity matrix using 50 bands and dendrogram
was developed. At a minimum similarity threshold
of ~0.638(approx.), the dendrogram grouped, 40
palms into 2 clusters of 23 palms of oleifera and 17
palms of guineensis each, i.e. clusters 1.1 (at mini-
mum similarity value 0.786) & 1.2 (at minimum
similarity value 0.794). This again being as per ex-
pectations since the two groups formed belongs to
two different species.

Further analysis of the dendrogram reveals that
cluster 1.2 (oleifera cluster) further subdivides into
two major clusters viz. cluster 1.2.1 at minimum
similarity value 0.808 (approx.) having palms Eo-1
to Eo-21 and cluster 1.2.2 at minimum similarity
value 0.820 (approx.) having palms Eo-22 &Eo-23.
On the other hand the cluster 1.1 (guineensis cluster)
subdivides into two major clusters viz. cluster 1.1.1
at minimum similarity value of 0.804 having 15
palms (Eg-34, Eg-37, Eg-39, Eg-40, Eg-44, Eg-65, Eg-
92, Eg-99, Eg-111, Eg-112, Eg-115, Eg-117, Eg-207, Eg-
209, Eg-211) and cluster 1.1.2 at minimum similarity
value of 8.20 having palms Eg-205 &Eg-228.
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Conclusion

This study confirmed that genetic diversity could
successfully be assessed in perennial crops like oil
palm in limited time span by using RAPD and
SSR(Hayati et al., 2004; Sreekanth and Thomas,
2006). In contrast, reliable morphological character-
ization of oil palm requires multi-year data(Babu et
al., 2021). This work provided insight into genetic
relationships of important guineensis & oleifera
palms, which can be used as parent material in oil
palm breeding for guineensis s& oleifera improve-
ment programmes as well as any inter-specific hy-
bridization programme. Therefore, the knowledge
of genetic diversity in combination with yield and
oil quality data would help in searching and pin-
pointing palms as parent material,particularly for
oleifera improvement, where both yield and oil
unsaturation are key breeding objectives (Anony-
mous, 1997). In conclusion, combining data on ge-
netic diversity through SSR & RAPD analysis would
help in selecting specific palms forcrosses that are
likely to exhibit maximum heterosis.
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