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Molecular Markers for Analysis of Genetics Diversity

and Detection of Oil Palm Hybrid Tenera
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ABSTRACT

The genetic diversity studies and shell type analysis of oil palm are achieved by molecular
marker. Thirteen SSR markers loci were selected to be able to distinct 10 oil palm populations, Deli
Dura, AVROS, Yangambi, Nigeria, Calabar, Ghana, Ekona, DAMI, Tanzania and La Me. The
results showed that male parent oil palm, La Me has the most genetical differentiation from other
male and female parent populations, followed by Calabar, Nigeria, Tanzania and Ghana. Among
male parent oil palms, AVROS has the most genetic similarity to female parent, Deli Dura followed
by DAMI. In addition, the new SSR markers were reselected for investigating the genetic diversity
of Deli Dura populations as well as the progenies derived from inter-specific hybridization between
Elaeis guineensis and E.oleifera. The obtained data are efficient to differentiate all oil palm
populations. Moreover, the primers mEgCIR3428, mEgCIR3519 and mEgCIR0874, were sufficient
to be used as markers in identifying Surat Thani 1-8 oil palm varieties. For analysis of oil palm shell
type, the MADS-box gene of 129 samples included 3 shell types, Dura, Pisifera and Tenera from 10
distinct oil palm populations were sequenced and performed multiple nucleotides alignment. The
SNPs that can differentiate the oil palm shell type in each population were discovered as follow,
SNP, (T/C) in Ekona Ghana Calabar and Nigeria, SNP_ . (A/T) in Tanzania Yangambi, SNP_
(C/G) in DAMI, SNP (C/A) in La Me and AVROS, SNP

A

(C/G) in Tanzania. The obtained

LaAv Tan

data of SNPs loci were used to generate 4 sets of primers and probes for accurately and rapidly
determining oil palm shell type with real-time PCR as well as primer for general PCR. These
markers are very applicable for quality control of Tenera oil palm seedling production for reducing
or eliminating Dura contamination, and distinguishing the female and male parent genotype

efficiently.
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Table 1 Size and number of alleles per locus (Primer) and actual heterozygosity of oil palm Deli
Dura, different male parent populations, DOA’s recommended oil palm varieties (Surat Thani 1-8)
of 246, 151 and 74 plants, respectively. The samples were amplified with 13 SSR primers.

No Primer Size of alleles (Base pair) No. of Heterozygosity
alleles
1 mEgCIR007 118, 120, 122, 124, 126, 128 , 130 7 0.13
2 mEgCIR017 112, 114, 118, 134, 140 5 0.09
3~ mEgCIR080 191, 195, 197, 199, 201, 203, 205, 207, 209 , 211 10 0.09
4  mEgCIR342 157,159, 165, 167, 169, 171 , 181 7 0.11
5  mEgCIR364 167,171, 175, 183, 185, 187, 197 7 0.26
6  mEgCIR364 134, 136, 144, 146, 148 , 154 6 0.16
7 mEgCIR369 164, 166, 172, 174 , 182 5 0.10
8  mEgCIR087 215,217,221, 231, 235, 237, 239, 247, 249, 255 257 11 0.14
9  mEgCIR221 100, 112, 114, 116, 118, 120, 124, 128 , 130 9 0.25
10 mEgCIR257 71, 87, 89, 93, 103, 105 , 107 7 0.26
11  mEgCIR351 216,222, 232, 234, 240, 242 , 250 7 0.23
12 mEgCIR359 146, 152, 154, 162, 168, 172 , 174 7 0.05
13 mEgCIR375 230, 238, 246, 250, 256, 258 , 262 7 0.19
Total 95

Table 2 Size and number of alleles per locus and actual heterozygosity of 96 plants from Deli Dura
female parent. The breeding materials were collected in the area of Surat Thani oil palm Research
Center. The data were derived by 19 SSR primers respectively.

No. Primer Size of alleles (Base pair) No. of alleles Heterozygosity
1 mEgCIR0246 261, 265, 291 3 0.55
2 mEgCIR0280 214,246 2 0.49
3 mEgCIR0445 352,362,366 3 0.47
4 mEgCIR0521 131, 137 2 0.23
5 mEgCIR2332 220, 236 2 0.34
6 mEgCIR3286 120, 130, 138 3 0.19
7 mEgCIR3298 110, 130, 146 3 0.45
8 mEgCIR3311 100, 108 2 0.67
9 mEgCIR3383 185, 199 2 0.38
10 mEgCIR3402 193, 215 2 0.18
11 mEgCIR3555 237,259 2 0.26
12 mEgCIR3653 118,122 2 0.29
13 mEgCIR3655 181, 191 2 0.36
14 mEgCIR3668 117, 141 2 0.36
15 mEgCIR3684 90, 94, 106 2 0.32
16 mEgCIR3691 174, 184, 188 3 0.38
17 mEgCIR3705 166, 176 2 0.25
18 mEgCIR3813 160, 168 2 0.45
19 mEgCIR3869 130, 140, 144 3 0.50

Total 44
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Table 3 Summary of alleles size and allele numbers obtained from 471 oil palm samples
in 10 population types. The samples were amplified with 13 SSR primers.

Alleles size | Female parent male parent

Primer

(Base pair) Deli Dura AVROSl Carabar I Dami | Ekona I Ghana I La Me | Nigeria | Tansania Yangambi
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Figure 1 The genetic relationship of 151 samples from 9 distinct male parent populations included
4 samples of Deli Dura female parent, use as breeding materials. The dendrogram was generated by
similarity matrix data of 13 SSR primers.
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Figure 2 Multiple sequence alignment of oil palm MADS-box gene in three shell types (Dura,
Pisifera, Tenera) of 10 distinct oil palm populations. The five polymorphic SNPs position
were identified as follow, SNP. ; a nucleotide “C” in Deli and Tanzania dura is substituted with
nucleotide “G” in Tanzania pisifera, SNP,, ; a nucleotide “C” in Deli and DAMI dura is
substituted with nucleotide “G” in DAMI pisifera, SNP_ .. ;
Nigeria, Ghana and Calabar dura is substituted with nucleotide “C” in Ekona, Nigeria, Ghana and
Calabar Pisifera, SNP, . ;anucleotide “A” in Deli, Tanzania and Yangambi dura is substituted with

nucleotide “T” in Tanzania and Yangambi Pisifera, SNP, .. ; a nucleotide “C” in Deli, La Me and

Tanzania-10

CACTTTCTGCAANCGCCGAAATGGACTGCTGAAGAAAGCTTATGAGTTGT
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AVROS dura is substituted with nucleotide “A” in La Me and AVROS Pisifera.
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M ol Y /\“
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X »
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Figure 3 The electropherogram of MADS-box gene sequences of each SNP position showed
a nucleotide substitution (black arrow) between dura and pisifera oil palm, (a) SNP, (C/G); (b)
SNP,, (C/G); (c) SNP, . (T/C); (d) SNP ., (A/T); (e), SNP_,, (C/A). Two electropherogram
peaks at the same position were observed in tenera sequences.
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Table 4 Summary of 5 SNPs positions for genotyping oil palm shell type. Data were generated

from nucleotide sequences of MADS-box gene from 10 oil palm populations, total 129 plant

samples.
Fruit No. of
Type SNP_. SNP,, SNP. s SNP,,. SNP .,  reference
Type  samples
Deli Dura Dura 6 C C T A C
Dami Dura 3 G T A C
Pisif This
1s1er 3 G G T A C study
Tenera 3 G C/G T A C
Ekona Dura 3 G C T A C
.. This
Pisifer 3 G C C A C study
Tenera 4 G C T/C A C
Ghana Dura 4 G C T A C
Pisif This
1s1er 4 G C C A C study
Tenera 3 G C T/C A C
La Me Dura 13 G C T A C
Pisif This
1s1er 13 G C T A A study
Tenera 11 G C T A C/A
Nigeria Dura 3 G C T A C
- Singh et
Pisifer
3 G ¢ ¢ A ¢ al. 2013
Tenera 3 G C T/C A C
Tansania Dura 4 C C T A C 1.Singh
etal.
Pisifer 4 G C T T C 2013
2 1 2. ThiS
Tenera 4 C/IG C T A/T C study
Yangambi Dura 3 G C T A C
.. This
Pisifer 3 G C T T C study
Tenera 2 G C T A/T C
AVROS Dura 4 G C T A C
Pisif This
1sier 4 G C T A A study
Tenera 4 G C T A C/A
Calabar Dura 5 G C T A C
Pisif This
1sier 5 G C C A C study
Tenera 5 G C T/C A C
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ATG GGT AGA GGA AAG ATT GAG ATC AAG AGG ATC (C/G)AG AAC

M G R G K I E I K R I Q/E N
ACC ACA AGC CGG CAG GTLC ACT TIE TGC AAA (C/G)GC CGA AAT
T T N R Q A% T F c K R/G R N

GGA CTG C(T/C)G AAG AA(A/T) GCT TAT GAG TTG TCT GTC eTT TGT
G L L/P K K/N A Y E L S \Y L c

GAT G(C/A)T GAG
D A/D E

Figure 4 The nucleotide sequence encoded MADS-box gene was translated to peptide sequence.
A nucleotide substitution (highlighted in gray) in each codon results in amino acid change
(highlighted in yellow) which related to oil palm dura and pisifera shell type, as follows;

Dura; (C)AG = Q (Glutamine), (C)GC =R (Argimine), C(T)G =L (Leucine), AA(A) =K (Lysine), G(C)T = A (Alanine)
Pisifera; (G)AG = E (Glutamic acid), (G)GC = G (Glycine), C(C)G = P (Proline), AA(T) = N (Asparagines),

G(A)T = D (Aspartic acid)
(a)
X 5 - @0

Female Dura Male Pisifera Tenera

(b)
SNPTaYa (A/T)
Forward primer 5'-GCCGGCAGGTCACTTTCT-3'
Reverse primer 5'-GGAGAAGACAATAAGGGCAACCT-3'
Hybridization probe (A) FAM-5'-CTCATAAGCATTCTTC-Q- (MGB) -3
Hybridization probe (T) VIC-5'-CAACTCATAAGCTTTCTTC-Q- (MGB)-3'

SNPy.av (C/BR)

Forward primer 5'-GCCGGCAGGTCACTTTCT-3'

Reverse primer 5'-CCGGCTGGAGAAGACAATAAGG-3'

Hybridization probe (A) FAM-5'-CTTTGTGATGATGAGGTT-Q- (MGB)-3'
Hybridization probe (C) VIC-5'-CTTTGTGATGCTGAGGTT-Q- (MGB)-3'

SNPpy (C/G)

Forward primer 5'-AGCCGGCAGGTCACTTTC-3'

Reverse primer 5'-GGAGAAGACAATAAGGGCAACCT-3'

Hybridization probe (C) FAM-5'-CATTTCGGCCTTTGCA-Q- (MGB)-3"
Hybridization probe (G) VIC-5'-CATTTCGGCGTTTGCA-Q- (MGB)-3'

SNPgyee (T/C)

Forward primer 5'-GCCGGCAGGTCACTTTCT-3'

Reverse primer 5'-GGAGAAGACAATAAGGGCAACCT-3'

Hybridization probe (C) FAM-5'-TGGACTGCCGAAGAA-Q- (MGB) -3
Hybridization probe (T) VIC-5'-AAATGGACTGCTGAAGAA-Q- (MGB)-3'

Figure 5 Probes and primers used in SNP genotyping analysis for determining oil palm shell type.
(a) Showed the shell type of commercial hybrid tenera (Thin) derived from cross between female
dura (Thick) and male pisifera (no shell). (b) Two specific hybridization probes were designed from
polymorphic nucleotide of each SNP position (highlighted in yellow). The probe was separately
labeled by fluorescent dye FAM" or VIC” color at the 5° end. Quencher (Q) and Minor Groove
binder (MGB) were incorporated at the 3° end of all probes.
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Figure 7 The detection of oil palm shell types by allelic specific primers. (a) The primer Mut218-
D-F1/R1 gave the positive amplification (200 bp) in DAMI dura and DAMI tenera, while primer
Mut218-P-F1/R gave the positive amplification (276 bp) in DAMI pisifera and DAMI tenera. (b)
The primer Mutl06-D-F3/R1 gave the positive amplification (172 bp) in Tanzania dura and
Tanzania tenera, while primer Mut106-P-F1/R gave the positive amplification (264 bp) in Tanzania
pisifera and Tanzania tenera.
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