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Vitamin E possesses important nutritional attributes that play various roles in human
disease protection. The most well-known function of this noble compound is that of chain
breaking antioxidant activity that scavenge free radical ions and reduce lipid peroxidation
in membrane systems. Homogentisate geranylgeranyl transferase (HGGT) and
homogentisate phytyl transferase (HPT) that catalyse the first committed step of
tocotrienol and tocopherol biosynthesis, respectively are important in determining plant
vitamin E composition. In Elaeis guineensis, there is high variability in the level of
vitamin E among the germplasm materials from Angolan and Tanzanian origins.
Therefore, the first objective of this study was to determine important sequence variants
in these key vitamin E genes from E. guineensis germplasm materials that can be used
for the development of DNA-based markers. The second objective was to analyse the
effects of the sequence variants on vitamin E content and composition by overexpression
of the HGGT gene and its mutant derivatives in Arabidopsis thaliana. Sequence analysis
reveals no important variants in HPT gene that could be associated with low and high
vitamin E content. However, the analysis reveals four SNPs at positions 193, 2225, 2429
and 6932 in the coding region of the HGGT gene that are associated with the vitamin E
content. SNPs at 193 and 2429 positions lead to non-conservative amino acid changes in
the sequence from Proline (CCT) in low vitamin E to Serine (TCT) in high vitamin E
and from Methionine (ATG) in low to Isoleucine (ATA) in high vitamin E palms,
respectively. SNP markers 193F/413R and 2225F/2429R were developed at these SNP
locations for selection of high and low vitamin E germplasm materials in E. guineensis.
Fourty one germplasm materials with different vitamin E level were screened to validate
these two functional SNP markers using designed PCR-based mismatch primers. The
results showed 100% success of the SNP-based markers in differentiating low and high
vitamin E accessions. Furthermore, single nucleotide mutagenesis was successfully
carried out to generate three cDNA sequence variants (193SNPHGGT, 2429SNPHGGT
and HighSNPHGGT) with one or both SNP variants incorporated into the sequence of
the commercial DxP genotype (LowSNPHGGT). The variant HGGT cDNA sequences
together with the unmodified cDNA were successfully transformed into Arabidopsis



thaliana. The relative expression levels of HGGT in Tz homozygous lines having the
four different constructs separately showed significant (P<0.005) up-regulated
expression compared with untransformed wild type Arabidopsis. However, there was no
significant difference observed in the expression among transgenic Arabidopsis plants
harbouring the different HGGT constructs. This demonstrated that the different variants
of the E. guineensis HGGT gene was expressed at about the same levels in the transgenic
Arabidopsis. HPLC analysis indicates significant increase (p<0.05) in the total
tocotrienol content between wild type and all the four transgenic lines (1.50 — 1.82-fold
increase). Similarly, significant difference (p<0.05) in total tocotrienol was also recorded
within the transgenic lines specifically between the two lines that harboured the two
SNPs changes (HighSNPHGGT) and the one harboring the unmodified gene
(LowSNPHGGT), which showed 1.22-fold increase. According to these results the two
SNP variants introduced into the HGGT sequence of low vitamin E commercial variety
affect the tocotrienol content and composition when analysed by functional
characterization in Arabidopsis thaliana.
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Vitamin E mempunyai ciri nutrisi penting yang memainkan pelbagai peranan dalam
ketahanan penyakit manusia. Fungsi yang paling dikenali bagi sebatian adi ini adalah
aktiviti antioksidan pemutus rantai yang mengaut ion radikal bebas dan mengurangkan
pemperoksidaan lipid dalam sistem membran. Homogentisat geranilgeranil transferase
dan homogentisat fitil transferase yang memangkin langkah berkomitmen pertama
daripada biosintesis tokotrienol dan tokoferol adalah penting dalam menentukan
komposisi vitamin E tumbuhan. Dalam Elaeis guineensis, terdapat variabiliti yang tinggi
dalam paras vitamin E di antara bahan germplasma yang berasal dari Angola dan
Tanzania. Dengan itu, objektif pertama kajian adalah untuk menentukan varian jujukan
penting dalam gen vitamin E utama dari bahan germplasma E. guineensis yang boleh
digunakan untuk pembangunan penanda berasasakan DNA. Objektif kedua adalah untuk
menganalisis kesan varian jujukan keatas kandungan dan komposisi vitamin E melalui
pengekspresan melampau gen HGGT dan mutan yang terhasil darinya dalam
Arabidopsis thaliana. Analysis jujukan mendedahkan tiada varian dengan fungsi yang
penting dalam gen HPT yang boleh dikaitkan dengan kandungan vitamin E yang rendah
dan tinggi. Walau bagaimanapun, analisis mendedahkan empat SNPs pada kedudukan
193, 2225, 2429 dan 6932 dalam kawasan pengekodan gen HGGT yang dikaitkan dengan
kandungan vitamin E. SNPs pada kedudukan 193 dan 2429, masing-masing membawa
kepada perubahan non-konservatif asid amino dalam jujukan dari Prolin (CCT) dalam
vitamin E yang rendah kepada Serine (TCT) dalam vitamin E yang tinggi dan dari
Methionein (ATG) dari yang rendah kepada Isoleusin (ATA) dalam palma yang
bervitamin E tinggi. Penanda SNPs 193F/413R dan 2225F/2429R telah dibangunkan
pada lokasi SNPs untuk pemilihan bahan germplasma vitamin E yang tinggi dan rendah
dalam E.guineensis. Empat puluh satu bahan germplasma dengan paras vitamin E yang
berbeza telah disaring untuk mengesahkan dua penanda SNP fungsional menggunakan
primer berasasakan PCR yang tidak sepadan. Keputusan menunjukkan 100% kejayaan
penanda SNP tersebut dalam membezakan aksesi vitamin E yang rendah dan tinggi.
Tambahan pula, kaedah mutagenesis nukleotida tunggal telah berjaya dilakukan untuk
menjana tiga varian jujukan cDNA (193SNPHGGT, 2429SNPHGGT dan



HighSNPHGGT) dengan satu atau dua varian SNP dimasukkan ke dalam jujukan cDNA
genotip DxP komersial (LowSNPHGGT). Varian jujukan cDNA bersama dengan cDNA
yang tidak diubah suai telah bejaya ditransformkan kedalam Arabidopsis thaliana. Paras
ekspresi relatif HGGT dalam titisan homozigot T3 yang mempunyai empat konstruk
berbeza yang berasingan menunjukkan ekspresi menaik yang ketara (P<0.05) berbanding
Arabidopsis jenis liar yang tidak diubahsuai. Walau bagaimanapun, tiada perbezaan
ketara yang diperhatikan dalam ekspresi antara tumbuhan Arabidopsis transgenik yang
memiliki konstruk HGGT yang berbeza. Ini menunjukkan varian gen HGGT E.
guineensis yang berbeza telah diekspres pada paras yang sama dalam Arabidopsis
transgenik. Analisis HPLC menunjukkan peningkatan yang ketara (P<0.05) dalam
kandungan tokotrienol keseluruhan antara jenis liar dan empat titisan transgenik (1.5-
1.82 kali ganda meningkat). Begitu juga, perbezaan ketara (P<0.05) dalam keseluruhan
tokotrienol juga direkodkan diantara titisan transgenik terutama di antara dua titisan yang
mempunyai dua perubahan SNPs (HighSNPHGGT) dan yang mempunyai gen tidak
diubahsuai (LowSNPHGGT), yang mana menunjukkan peningkatan 1.22 kali ganda.
Berdasarkan penemuan ini, kedua varian SNPs yang dimasukkan kedalam HGGT varieti
komersial dengan vitamin E rendah memberi kesan terhadap kandungan dan komposisi
vitamin E apabila dianalisis melalui pencirian kefungsian dalam Arabidopsis thaliana.
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E/0.256/96), Angola (low vit. E/0.311/271), Tanzania (low
vit. E/0.256/20) and commercial variety (Low) accessions
respectively.

Schematic image showing the 100% identical sequences of
HPT promoters from six different oil palm accessions of E.
guineensis germplasm materials. The nucleotide sequences of
HPT AH1, HPT AH2, HPT AL, HPT DP, HPT TL and HPT
TH are from Angola (high vit. E/0.311/35), Angola (high vit.
E/0.311/166), Angola (low vit. E/0.311/271), commercial
variety (Low), Tanzania (low vit. E/0.256/20), Tanzania (high
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3.18

3.19

3.20

3.21

vit. E/0.256/96), accessions respectively.

Agarose gel electrophoresis analysis of PCR products of
mismatch primers tested on representative Elaeis guineensis
accessions with high and low vitamin E content. (A) Primer set
HG193F/HG413R used in PCR using template DNA from:
Tanzania (0.256/43) of low vitamin E accession (Lanes 1-5),
Angola (0.311/86) of high vitamin E accession (Lanes 6-10)
(B) Primer set HG2225F/HG2429R used in PCR reaction,
Angola (0.311/86) of high vitamin E accession (Lanes 1-5),
Tanzania (0.256/43) of low vitamin E accession (Lanes 6-10).
Lane: L, Gene Ruler DNA ladder 1kb (ThermoScientific)

Agarose gel electrophoresis analysis of PCR products of
mismatch primer 193F/413R tested on fourty one Elaeis
guineensis palms with low (below 1000ppm) and high (above
1000 ppm) vitamin E content. (A) Lanes 1-8 and 9-14 represent
Angola accessions with low and high vitamin E content,
respectively. (B) Lanes 15-22 and 23-27 represent Angola
accessions with low and high vitamin E content, respectively.
(C) Lanes 1-10 and 11-14 represent Tanzania accessions with
low and high vitamin E content, respectively.

Agarose gel electrophoresis analysis of PCR products of
mismatch primer 2225F/2429R tested on fourty one Elaeis
guineensis with low (below 1000 ppm) and high (above 1000
ppm) vitamin E content. (A) Lanes 1-5 and 6-13 Angola
accessions with high and low vitamin E content, respectively.
(B) Lanes 14-19 and 20-27 Angola accessions with high
vitamin E and low vitamin E content, respectively. (C) Lanes
1-4 and 5-14 Tanzania accessions with high and low vitamin E
content, respectively.

Sequence alignment of six (300 bp) fragments of E. guineensis
individuals showing the SNPs at 193 and 413 positions
associated with vitamin E content. Accessions used were
Tanzania high (0.256/96), Angola high (0.311/166), Angola
high (0.311/35), Angola low (0.311/271), Tanzania low
(0.256/20) and Commercial DxP low. Asterisk (*) under the
aligned sequences indicate the conserved region. Highlighted
in yellow are the two SNPs.

Sequence alignment of six (300 bp) fragments of E. guineensis
individuals showing the SNP location at 2225 and 2429
positions associated with vitamin E content. Accessions used
are Tanzania high (0.256/96), Angola high (0.311/166),
Angola high (0.311/35), Angola low (0.311/271), Tanzania
low (0.256/20) and Commercial D x P low. Asterisk (*) under
shows the conserved region, highlighted in Yellow are the
SNPs locations.

Sequence chromatogram results of selected fragment of E.
guineensis individual accessions. Arrows showing the SNP
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3.23

3.24

41

4.2

4.3

4.4

4.5

location at 193 bp position associated with high and low
vitamin E content.

Sequence chromatogram results of selected fragment of E.
guineensis individual accession. Arrows showing the SNP
location at 2429 bp position associated with high and low
vitamin E content.

Schematic image of SignalP v4.1 program analysis showing
the first 35 amino acid in EQHGGT served as plastid transit
peptide with molecular weight of 3943.63 Da. Black arrows
shows the SNP location that change the amino acid from
Proline in low to Serine in high vitamin E accessions

Multiple sequence alignment of the 462 HGGT deduced
amino acid sequences from six Elaeis guineensis accessions.
Highlighted in red is the position where the SNP lead to the
change in amino acid from Proline in low and to Serine in
high vitamin E accessions at 193 position and from
Methionine in low and to Isoleucine in high vitamin E
accessions at 2429 position. Highlighted in yellow is where
the SNP does not change the amino acid as it remains
Tyrosine at 2225 and 6932 positions.

Schematic diagram of pDONR/zeo and its vector elements
(Invitrogen, CA, USA)

Vector map of pB7WG2D.1 destination vector. This is a
Gateway-compatible plant expression vector for functional
analysis of genes in planta. Genes of interest are driven by
constitutive dual T35S promoter (Karimi and Depicker, 2002).

Transformation of pB7WG2D,1 Destination Vector Plasmid
Harboring  different HGGT cDNA. A-E represents
193SNPHGGT, 2429SNPHGGT, HighSNPHGGT,
LowSNPHGGT, and empty vector plasmids respectively. Bar
=1lcm

Agrobacterium-Mediated Transformation of Arabidopsis
Using Floral Dip Method. A, Arabidopsis thaliana seedlings
(10-15 cm) ready for transformation. B, C, D and E show
dipping of the seedlings into Agrobacterium sucrose
suspensions for 5-10 seconds with gentle agitation. F, show pot
covered with transparent plastic sleeves with openings of the
wrappers clipped to maintain the humidity for at least 24 hours.
Bar=1cm

Integrity analysis of total RNA extracted from oil palm
mesocarp tissues at 19 waa by agarose gel electrophoresis. (A)
Total RNA samples before DNAse | treatment, with visible
genomic DNA (Lanes 1, 2, 3, 4) and (B) after DNAse |
treatment and RNA Cleanup (Lanes 1, 2, 3, 4) without genomic
DNA. The 28S and 18S rRNA bands indicate intact RNA.
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4.6

4.7

4.8

4.9

4.10

Isolation of Elaeis guineensis HGGT cDNA from oil palm
mesocarp tissues at 19 waa by PCR. Lanes 1 and 2: the
amplified PCR products of the expected size. L: DNA ladder
(ThermoScientific).

Phylogenetic tree showing relationship between EgHGGT
(DxP)) cDNA and other HGGT cDNA. The tree was generated
using maximum likelihood algorithm with 1000 replicate
bootstrap of Geneious software. The bar indicates the scale for
branch length. The nucleotide sequences homologues are as
follows: Elaeis guineensis HGGT1 (GeneBank accession no.
KP878511.1), EgHGGT2 (GeneBank accession no.
KP878512.1), EQHGGT transcript x1 (GeneBank accession no.
XM 010933929.2), EgHGGT transcript x2 (GeneBank
accession no. XM 008778000.2), Musa acuminita HGGT
variant x1 (GeneBank accession no. XM 18818924.1),
MaHGGT variant x2 (GeneBank accession no. XM
18818925.1), Amborella tricopoda HPT (GeneBank accession
no. XM 020670041.1), Phoenix dactylifera HGGT (GeneBank
accession no. XM 008778000.2), Triticum aestivum HGGT
(GeneBank accession no. AY 222861.1)

Primers for nucleotide replacement in EQHGGT. The EQHGGT
cDNA with the complete coding sequence is shown. The
mutation sites at 91 and 615 positions highlighted in red. The
positions of the primers B; and C; used to introduce the
mutation at position 91 and primers B, and C; used to introduce
the mutations at position 615 highlighted in yellow. The outer
bound primers A and D used for amplifying the entire coding
region also highlighted in yellow. Arrows show the directions
of amplification by the specific primers.

Schematic diagram for site-directed mutagenesis of the HGGT
cDNA at position 91. The mutated site (indicated by the box)
introduced in the oligonucleotide internal primers b, and ci.
Intermediate PCR products AB and CD that overlapped with
each other were first produced by pairing one outer bound
primer with one internal primer with an altered nucleotide.
These PCR products were used as templates to produce the
entire product with the substituted nucleotide by the outer
bound primers a and d.

Agarose gel electrophoresis analysis of the PCR product for
replacing first nucleotide at position 91 in EQHGGT by site-
directed mutagenesis. The primary PCR produced cDNA
segments AB (101 bp) and CD (1288 bp) with primers b, and
c1 carrying the substituted nucleotides of AT instead of GC.
The products were used as template to generate AD products
(A) First fragment AB of 101 bp (B) Second fragment CD of
1288 bp (C) Entire fragment AD of 1389 bp. Lane: L, Gene
Ruler DNA Ladder (ThermoScientific).
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4.12

4.13

4.14

4.15

4.16

A schematic diagram for site-directed mutagenesis of the
HGGT cDNA at position 615. The mutated site (indicated by
the box) introduced in the oligonucleotide internal primers b,
and c.. Intermediate PCR products AB and CD that overlapped
with each other were first produced by pairing one outer bound
primer with one internal primer with an altered nucleotide.
These PCR products were used as templates to produce the
entire product with the substituted nucleotide by the outer
bound primers a and d.

Agarose gel electrophoresis analysis of the PCR product for
replacing second nucleotide at position 615 in oil palm HGGT
by site-directed mutagenesis. The primary PCR produced AB
fragment (629 bp long) and CD fragment (760 bp) with primers
b2 and c; carrying the substituted nucleotides of T/A instead of
C/G. The products were used as template to generate AD
products (A) First Fragment AB of 629 bp (B) Second fragment
CD of 760 bp (C) Entire fragment AD of 1389 bp. Lane: L,
Gene Ruler DNA Ladder (ThermoScientific)

Cloning of mutated HGGT cDNAs for expression in A.
thaliana using Gateway cloning strategies. AttB sites was
introduced by PCR to flank 193SNPHGGT, 2429SNPHGGT,
HighSNPHGGT and LowSNPHGGT. The purified attB-
flanked products cloned into pPDONR™/Zeo. Each confirmed
plasmid was subsequently used in the LR recombination
reaction with destination vector, pPB7WG2D.1 to generate
expression clones. PCR analysis was carried out using
recombinant plasmids purified from the transformed E. coli to
monitor the cloning process. (A) Entry clones plasmids (B)
Expression clones plasmids. (C) Lanes 1, 2, 3 and 4 represent
attB-flanked 193SNPHGGT, 2429SNPHGGT,
HighSNPHGGT and LowSNPHGGT PCR  products
respectively. Lane L Gene Ruler DNA Ladder
(ThermoScientific).

Bacterial colonies harbouring expression clones of mutated
HGGT in pB7WG2D.1 destination vector. A, B, C and D
represent 193SNPHGGT, 2429SNPHGGT, HighSNPHGGT
and LowSNPHGGT constructs respectively. Bar =1 cm

Nucleotide sequences of entry clone of HGGT mutated at 193
position produced by Gateway Cloning. Highlighted in pink is
the successful mutated site for the construct. The attB sites for
Gateway cloning, start and stop codons and gene-specific
primers, are highlighted in cyan, red and yellow respectively.

Nucleotide sequences of entry clone of HGGT mutated at 2429
position produced by Gateway Cloning. Highlighted in pink is
the successful mutated site for the construct. The attB sites for
Gateway cloning, start and stop codons and gene-specific
primers, are highlighted in cyan, red and yellow respectively.
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4.18

4.19

4.20
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4.22

4.23

Nucleotide sequences of entry clone of HGGT mutated at 193
and 2429 positions produced by Gateway Cloning. Highlighted
in pink is the successful mutated site for the construct. The attB
sites for Gateway cloning, start and stop codons and gene-
specific primers, are highlighted in cyan, red and yellow
respectively.

Nucleotide sequences of entry clone of non-mutated HGGT
produced by Gateway Cloning. Highlighted in pink is the
successful mutated site for the construct. The attB sites for
Gateway cloning, start and stop codons and gene-specific
primers, are highlighted in cyan, red and yellow respectively.

Vegetative Growth Phase of Healthy Arabidopsis thaliana
before Transformation. Bars =5 cm

Selection of T1 generation of transgenic Arabidopsis plants by
Basta spraying. A, B, C, D and E represent the surviving plants
from HighSNPHGGT, 193SNPHGGT, 2429SNPHGGT,
LowSNPHGGT construct, T; plants transformed with empty
vector and wild type untransformed lines respectively. White
arrows indicate the healthy transgenic plants. One plant
represents one_independent T, line after two weeks of Basta
selection. Bar =1 cm

Confirmation of putative transgenic Arabidopsis plants
harbouring normal and mutated EgHGGT gene. DNA
extracted from the leaves of independent T transgenic lines
harbouring normal and mutated oil palm HGGT gene and used
in PCR analysis using Elaeis guineensis HGGT-specific
primers (HGT-F; and HGT-R;). Lane: M, Gene ruler DNA
ladder (Thermo Scientific); -Ci: negative control
(untransformed wild type Arabidopsis gDNA); -C,: negative
control (transformed with empty vector). Lanes labeled 1-8 of
gel A, B, C and D show PCR products of eight independent
transgenic lines harbouring HighSNPHGGT, 193SNPHGGT,
2429SNPHGGT and LowSNPHGGT, respectively.

Selection for Ts homozygous lines of Arabidopsis plants
harbouring normal and mutated EQHGGT gene. The T3 plants
were screened using Basta and pots with 100% survival were
chosen. A, B, C, D and E represents T3 homozygous plants
harbouring HighSNPHGGT, 193SNPHGGT, 2429SNPHGGT,
LowSNPHGGT and empty vector construct, respectively. The
picture shows two representative pots for two out of eight
independent transgenic lines that were obtained for each
construct. Bar =5 cm

Total RNAs analyses from randomly selected samples of Ts
homozygous lines by agarose gel electrophoresis. The samples
were analysed on 1% agarose gel at 80 V for 60 minutes. Two
micrograms of RNA were loaded with RNA loading dye. Lanes
1, 2, 3, 4 are samples before DNAse | treatment and Lanes 5,
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4.24

4.25

4.26

4.27

4.28

6, 7, 8 after DNAse | treatment and RNA Cleanup. The 28S
and 18S rRNA bands indicate intact RNA. Genomic DNA was
not visible after DNAse | treatment.

Relative normalized expression of HighSNPHGGT in three
independent T3 homozygous lines (B1-B3). The target gene
was normalized to two reference genes. The value of the
control (untransformed Arabidopsis) was set at 1 and the
relative normalized expression (fold increase) was then
compared to that value. All results are means of three technical
replicates * standard error.

Relative normalized expression of 193SNPHGGT in three
independent T3 homozygous lines (B1-B3). The target gene
was normalized to two reference genes. The value of the
control (untransformed Arabidopsis) was set at 1 and the
relative normalized expression (fold increase) was then
compared to that value. All results are means of three technical
replicates + standard error.

Relative normalized expression of 2429SNPHGGT in three
independent T3 homozygous lines (B1-B3). The target gene
was normalized to two reference genes. The value of the
control (untransformed Arabidopsis) was set at 1 and the
relative normalized expression (fold increase) was then
compared to that value. All results are means of three technical
replicates * standard error.

Relative normalized expression of normal EQHGGT in three
independent T3 homozygous lines (B1-B3). The target gene
was normalized to two reference genes. The value of the
control (untransformed Arabidopsis) was set at 1 and the
relative normalized expression (fold increase) was then
compared to that value. All results are mean of three technical
replicates + standard error.

Comparison of the normalized expression of EgHGGT
(lowSNPHGGT) and its mutant derivatives. The value of the
control_(untransformed Arabidopsis) was calibrated at 1 and
the relative normalized expression (fold increase) was then
compared to that value. All results are the means + SEM of
three homozygous transgenic lines of Tz generation. For the
control, the means were from three wildtype plants. Same letter
alphabets show no significant difference at p < 0.05 using
DMRT.
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CHAPTER 1

INTRODUCTION

The term vitamin E is used to describe eight lipophilic, naturally occurring compounds
that include four tocopherols designated as a-, B-, y- 8- tocopherols and their four
corresponding tocotrienols (Peh et al., 2015). Tocopherols and tocotrienols isomers are
distinguished based on the number and position of the methyl groups on their chromanol
ring. Tocopherols have saturated phytyl tail that differentiates them from tocotrienols,
which possess unsaturated tail containing three double bonds. Tocopherols are important
lipid soluble antioxidants that protect cell membrane from oxidation by reacting with
lipid radicals produced in the lipid peroxidation chain reaction (Hunter and Cahoon,
2007). Like tocopherols, tocotrienols are good antioxidants that tend to guard plant cells
against any biochemical stress especially those arising from the breakdown of
unsaturated fatty acids is the seeds (Das et al., 2005). Compared with tocopherols,
tocotrienols are sparsely studied, but the current research direction is starting to give
more attention to the tocotrienols, the lesser known but more potent antioxidant in
vitamin E. Tocotrienols are believed to possess greater ability than tocopherols in
scavenging free radical ions and reducing peroxidation of lipids in membrane system
(Shahidi et al., 2010). In addition, some studies suggested that tocotrienols have
specialized role in protecting neurons from damage (neurodegradation) (Sen et al., 2006)
and cholesterol reduction properties (Das et al., 2005). Oral consumption of tocotrienols
protects against stroke-associated brain damage in vivo (Khanna et al., 2005). Generally,
most reports on vitamin E have shown that many of the properties in tocotrienols are not
present in tocopherols. Tocotrienols are commercially produced from extracts of rice and
oil palm and can be purchased in different forms (Cahoon et al., 2003).

Crude red palm oil is a unique vegetable oil obtained from the fruits of oil palm tree
(Elaeis guineensis). The only natural oil produces a mixture of different antioxidants and
phytonutrients such as tocopherol/tocotreinol (vitamin E), alpha and beta-carotene (pro-
vitamin A) in high level, phytosterol complex and coenzymes. No other vegetable oil has
this natural combinations of phytonutrients (Corley, 2007). Malaysian Palm Qil Board
(MPOB) has most member of Elaeis guineensis germplasm materials in the whole world
(Zaki et al., 2012). Among the E. guineensis germplasm materials, the Angolan and
Tanzanian materials were observed to have high variability in the level of vitamin E
content ranging from 300 — 1600 ppm, while the level is 500 — 1000 ppm in the
commercial (DxP) variety (Wahid et al., 2005). This variation may arise from the
molecular set up of the genes responsible for the production of vitamin E in the plant.
Thus, it would be interesting to study functional nucleotide variants in the key vitamin E
biosynthetic genes (HGGT and HPT), which catalyses the first committed step of
tocotreinol and tocopherol biosynthesis, respectively.

Identification of potentially functionally important sequence variants in the form of SNPs
or indels as well as functional analysis of HGGT responsible for tocotrienol biosynthesis



and HPT gene responsible for tocopherol biosynthesis in oil palm would be very
valuable. It could help in identifying the sources of vitamin E content variation among
the accessions, and in the production of nutritionally rich palm oil in the long term. Since
such studies have not been done so far, the results obtained will serve as valuable
background information for genetic improvement of the oil palm. The objectives of this
study are:

1)

2)

3)

4)

To determine the sequence variations in homogentisate geranylgeranyl
transferase (HGGT) and homogentisate phytyltransferase (HPT) genes that
differentiates accessions producing high and low vitamin E in Elaeis guineensis
germplasm materials.

To develop SNPs/Indels markers for high and low vitamin E germplasm
materials identification based on potential functional nucleotide variants.

To produce different expression vector constructs by introducing different
combination of variant nucleotides into the HGGT sequence from DxP variety
for functional studies.

To analyse the effects of sequences variant on vitamin E composition and
content by overexpression of the HGGT gene and its mutant derivatives in
transgenic model plant (Arabidopsis thaliana).
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