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fulfilment of the requirements for the degree of Doctor of Philosophy 

 

VITAMIN E PRODUCTION IN AMARANTHUS SP. AND ALLIUM 

PORRUM BY CO-SUPPRESSION OF HOMOGENTISATE 

PHYTYLTRANSFERASE AND TOCOPHEROL CYCLASE GENES 

FROM ELAEIS GUINEENSIS 

 

By 

 

UMAIYAL MUNUSAMY 

August 2013 

 

Chair: Professor Datin Siti Nor Akmar Abdullah, PhD 

Faculty: Agriculture 

 

Vitamin E is a fat-soluble vitamin that consists of four different tocopherol and 

tocotrienol isomers (α, β, γ and δ). Medical evidence suggests that vitamin E 

especially α-tocotrienol protects the cells against cancer, is a strong antioxidant 

and an effective neuroprotector. However, α-tocotrienol can only be found in 

seeds/cereal grain. In this study α-tocotrienol was produced by co-suppression 

of α-tocopherol by silencing the expression of two key vitamin E biosynthetic 

genes, homogentisate phytyltransferase (HPT) and tocopherol cyclase (TC) in 

Amaranthus sp. and Allium porrum leaves by transient transformation.  HPT 

catalyses the condensation of homogentisate (HGA) and phytyl diphosphate 

(PDP). While TC forms the chromanol headgroup of the various tocopherol 

isomers. Gene silencing was performed using short sense conserved gene 
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sequences of HPT and TC isolated from Elaeis guineensis. Through 

bioinformatics analysis, both isolated HPT and TC cDNAs were successfully 

verified to possess similar characteristics of the HPT and TC from other plant 

species. These isolated genes were predicted to encode a protein of 151 and 

207 amino acid residues and they fell under the UbiA superfamily and 

tocopherol_cyc1 superfamily, respectively. Five gene constructs were 

generated p5b5, p5d9, p5f7, p4a11 and p4c9 driven either by the maize 

ubiquitin promoter (Ubi1P) or the Elaeis guineensis leaf-specific promoter 

(LHCB), in pDRB6b expression vector. All five recombinant vector constructs 

were successfully cloned, giving the expected size bands in gel electrophoresis 

analysis. The PCR product of the recombinant vector shared 78% identity with 

HPT from Zea mays (NM001112407.1). While the TC cDNA showed 79% 

identity with Vitis vinifera (XM002281388.2). In addition, plasmid stability in 

the transformed AGL1 showed stability ranging from 40% to 60%, identical to 

pDRB6b vector in AGL1.  Optimised HPLC analysis showed that α-

tocopherol was suppressed with different trend among the constructs (from 

minimum 4% up to 100%) in all transiently transformed plants. The p5f7 

construct (LHCB-Ubi1intron-HPT-NosT) worked best in Allium porrum to 

suppress α-tocopherol in the range 62%-86%. While, p4c9 construct (LHCB-

TC-NosT) showed suppression up to 100% in Amaranthus sp.  The results 

confirmed that the usage of LHCB showed better silencing than UbiP. In 

addition, with the usage of HPT gene, α-tocopherol was suppressed better (up 

to 86%) in Allium porrum than in Amaranthus sp. (75%). However, with TC 

gene the suppression was better in Amaranthus sp. (100%) than Allium porrum 

(57%).  The production of α-tocotrienol was observed upon suppression of α-

http://www.ncbi.nlm.nih.gov/protein/162461713?report=genbank&log$=prottop&blast_rank=1&RID=PJ7ARD2H011
http://www.ncbi.nlm.nih.gov/protein/51949754?report=genbank&log$=prottop&blast_rank=13&RID=J7W5XJ1C016
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tocopherol using all recombinant vector constructs. With HPT gene the level 

of α-tocotrienol production was not dependent but with TC gene it was 

dependent on the level of α-tocopherol suppression. Overall, α-tocotrienol was 

produced more in Allium porrum than in Amaranthus sp. with p5d9 construct 

(Ubi1P-Ubi1intron-HPT-NosT). Thus, Amaranthus sp. and Allium porrum 

which do not accumulate α-tocotrienol naturally had shown to produce α-

tocotrienol after suppression in the α-tocopherol production through transgenic 

manipulation. Finally, Agrobacterium -mediated transformation of 

inflorescence of Amaranthus sp. was carried out through drop by drop 

technique for producing transformed seeds. Nineteen transgenic plants were 

successfully obtained with transformation efficiency from 0.1% up to 2% for 

each constructs. This could serve as a potential system to engineer production 

of α-tocotrienol in transgenic Amaranthus sp. 
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PENGHASILAN VITAMIN E DALAM AMARANTHUS SP. DAN 

ALLIUM PORRUM MELALUI KOSUPRESI GEN 

HOMOGENTISATE PHYTYLTRANSFERASE DAN 

TOCOPHEROL CYCLASE DARI ELAEIS GUINEENSIS 

 

Oleh  

 

UMAIYAL MUNUSAMY 

Ogos 2013 

 

Pengerusi: Professor Datin Siti Nor Akmar Abdullah, PhD 

Fakulti: Pertanian 

 

Vitamin E adalah vitamin larut lemak yang terdiri daripada empat isomer 

tokoferol dan tokotrienol yang berbeza (α, β, γ dan δ). Bukti-bukti 

perubatan menunjukkan bahawa vitamin E terutamanya α-tokotrienol 

melindungi sel-sel terhadap kanser, adalah antioksidan yang kuat dan 

neuroprotector yang berkesan. Walau bagaimanapun, α-tokotrienol hanya 

boleh ditemui dalam biji/bijirin. Dalam kajian ini α-tokotrienol dihasilkan 

oleh penindasan bersama α-tokoferol dengan penyenyapan pengekspresan 

dua gen utama biosintesis vitamin E, homogentisate phytyltransferase 

(HPT) dan tokoferol cyclase (TC) dalam daun Amaranthus sp. dan Allium 

porrum melalui transformasi transien. HPT memangkin penggabungan 

homogentisate (HGA) dan phytyl difosfat (PDP). Manakala TC 
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membentuk kumpulan kepala kromanol untuk pelbagai isomer tokoferol. 

Penyenyapan gen telah dilakukan dengan menggunakan jujukan pendek 

gene HPT dan TC yang terpulihara yang dipencilkan daripada Elaeis 

guineensis. Melalui analisis bioinformatik, kedua-dua cDNAs HPT dan TC 

yang terpencil telah berjaya disahkan mempunyai ciri-ciri yang sama 

dengan HPT dan TC dari spesis tumbuhan yang lain. Gen terpencil telah 

diramalkan mengekod protein 151 dan 207 residu asid amino dan masing 

masing jatuh di bawah superfamili UbiA dan superfamili tocopherol_cyc1. 

Lima vektor konstruk yang telah dibina p5b5, p5d9, p5f7, p4a11 dan p4c9 

adalah didorong sama ada oleh promoter ubiquitin jagung (Ubi1P) atau 

promoter khusus daun Elaeis guineensis (LHCB), dalam vektor 

pengekpresan pDRB6b. Kesemua lima konstruk vektor rekombinan telah 

berjaya diklon, memberi jalur dengan saiz yang dijangkakan dalam analisis 

gel elektroforesis. Produk PCR vektor rekombinan berkongsi identiti 78% 

dengan HPT dari Zea Mays (NM001112407.1). Manakala, TC cDNA 

menunjukkan identiti 79% dengan Vitis vinifera (XM002281388.2). Di 

samping itu, kestabilan plasmid dalam AGL1 yang ditransformkan 

menunjukkan kestabilan dalam lingkungan 40% ke 60%, menyamai dengan 

vektor pDRB6b dalam AGL1. Analisis HPLC yang telah dioptimumkan 

menunjukkan α-tokoferol telah ditindas dengan tren yang berlain diantara 

konstruk (dari minimum 4% sehingga 100%) dalam semua tumbuhan yang 

ditransform secara transien. Konstruk p5f7 (LHCB-Ubi1intron-HPT-NosT) 

paling berkesan dalam Allium porrum untuk menindas α-tokoferol dalam 

lingkungan 62%-86%. Manakala, konstruk p4c9 (LHCB-TC-NosT) 

menunjukkan penindasan sehingga 100% dalam Amaranthus sp. Keputusan 
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ini mengesahkan bahawa penggunaan LHCB menunjukkan penyenyapan 

lebih baik daripada UbiP. Di samping itu, dengan penggunaan gen HPT, α-

tokoferol telah ditindas lebih baik (sehingga 86%) dalam Allium porrum 

berbanding Amaranthus sp. (75%). Walau bagaimanapin dengan gen TC 

kadar penindasan adalah lebih baik dalam Amaranthus sp. (100%) daripada 

Allium porrum (57%).  Penghasilan α-tocotrienol telah diperolehi melalui 

penindasan α-tokoferol menggunakan kesemua konstruk vektor 

rekombinan. Dengan gen HPT, tahap penghasilan α-tocotrienol tidak 

bergantung tetapi dengan gen TC ia adalah bergantung kepada tahap 

penindasan α-tokoferol. Secara keseluruhan, α-tocotrienol dihasilkan lebih 

dalam Allium porrum berbanding Amaranthus sp. dengan konstruk p5d9 

(Ubi1P-Ubi1intron-HPT-NosT). Oleh itu, Amaranthus sp. dan Allium 

porrum yang tidak mengumpul α-tocotrienol secara semulajadi telah 

menunjukan penghasilan α-tocotrienol selepas penindasan dalam 

pengeluaran α-tokoferol melalui manipulasi transgenik. Akhir sekali, 

transformasi pengantaraan Agrobacterium ke atas jambak bunga 

Amaranthus sp. telah dijalankan melalui teknik ‘drop by drop’ untuk 

menghasilkan biji benih tertransform. Sembilan belas tumbuhan transgenik 

telah berjaya diperolehi dengan kecekapan transformasi dari 0.1% hingga 

2% bagi setiap konstruk. Ini boleh di jadikan sebagai satu sistem yang 

berpotensi untuk kejuruteraan pengeluaran α-tocotrienol dalam Amaranthus 

sp. transgenik. 
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resistance cassette, hph: encodes hygromycin phosphotransferase 

enzyme, sgfpS65T: encodes green fluorescent protein, NosT: 

termination sites, CAMV35SP: cauliflower mosaic virus (CaMV) 
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The graph demonstrates the percentage of spectinomycin resistant 

colonies at selected days ([i.e. %spectinomycin resistant= (Spec
r
 

cfu/total cfu) x 100]. All data were subject to normality test and one 

way ANOVA. The data shown are expressed as mean (%) of three 

replicates + SE from three representative experiments. SE indicates 

standard error bar. 
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pDRB5b vector were incubated at 37°C for 16 h. The expression of 

GUS driven by Ubi1P shown by the blue staining was visible only at 

day three, five and seven on the mesophyll cells of a) green 

Amaranthus sp.  b) Allium porrum. Controls plant did not show the 

blue spots. Arrow showed the GUS spot. 
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denotes as not significant (p>0.05) by Duncun test. 
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) of three replicates. + SE from three 
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(nanomol g
-1

) of three replicates + SE from three representative 

experiments. SE indicates standard error bar, same letter denotes as 

being not significant (p>0.05) by Duncun test. 

6.6b HPLC data on α-tocotrienol concentration in leaves on day three, five 

and seven in Allium porrum. The data shown are expressed as mean 

(nanomol g
-1

) of three replicates + SE from three representative 

experiments. SE indicates standard error bar, same letter denotes as 

being not significant (p>0.05) by Duncun test.  
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dicotyledoneae) and Magnoliophyta (Magnolids and Nymphaeceae). 
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7.1 Figure 7.1: Overview of floral dip transformation of Amaranthus sp. 

a) inflorescence ready to be inoculated with AGL1 carrying 

p5b5, p5d9, p5f7, p4a11 and p4c9 (transgenic constructs) 

b) drop-by-drop method was applied 

c) inflorescence was left to become mature until siliques turn 

brown 

d) plant materials undergo drying process 

e) sowing to separate the seeds from dried plant material 

f) harvested Amaranthus sp. seeds 
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r
) and hygromycin sensitive 

(hph
s
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and subsequently sprayed with 150 mg/L hygromycin containing 

0.01% Tween 20 daily for five days. Transformed seedlings showed no 

necrosis on the leaves after the fifth day as they contain a functional 

hph gene (hph
r
), while untransformed seedling (hph

s
) did not survive 

after the third day. 

7.3 T1 progeny seedlings were further tested for hygromycin resistance in 

a leaf disk assay. Yellow spot was detected in a) untransformed plant 

leaves while not detected in b) transformed plant leaves. 
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7.5 Arrows showing a) Flowers arise in a dense inflorescence, 

or flower cluster. (Transgenic Glasshouse, UPM) b) Small bracts 

(modified leaves) will remain as the flower matures into a fruit 

(source: http://www.plantillustrations.org) c) Fruit (seed) (Transgenic 
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CHAPTER 1 

INTRODUCTION 

 

Plants produce a wide range of metabolites that are beneficial to human as 

food, medicines and industrial raw materials (Dudareva and Pichersky, 2008; 

Oksman-Caldentey and Saito, 2005).  Plant-derived vitamins are of great 

interest because of their impact on human health (Asensi-Fabado and Munne-

Bosch, 2010). Even though plant is nature’s best production system (Kishore 

and Shewmaker, 1999), due to the exponential growth in world population 

particularly in developing countries, they may not be able to cater for future 

demand of important nutrients especially the different types of vitamins (Bouis, 

2003a). In order to reduce dietary deficiencies, (Bouis, 2003b), one of the 

strategies that can be applied is through metabolic engineering (Storozhenko et 

al., 2005) can be carried out through over-expressing or silencing of a 

particular gene to channel the  metabolite flux of the biosynthetic pathway or 

via decreasing the amount of a competitive compound (Weckwerth and Fiehn, 

2002). α-tocopherol and α-tocotrienol (component of vitamin E and chemically 

known as tocochromanols) (Horvath et al., 2006a) are produced by two 

metabolic pathways,  the shikimate and non-mevalonate pathways (Collakova 

and DellaPenna, 2001).  In plants, vitamin E plays various roles in plant growth 

and development (Horvath et al., 2006b). While, in human and animals, 

vitamin E can protect membranes from photo oxidation involving several  
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signal transduction pathways (Ren et al., 2011b). In addition, α-tocotrienol is 

considered as a promising anticancer agent due to its potent effects against a 

wide range of cancers, as a cholesterol reducing agent and as a better neuro-

protective agent compared to α-tocopherol (Ling et al., 2012; Viola et al., 

2011a). Given the important functions of α-tocopherol and α-tocotrienol in 

plants, human and animals, in addition to its accumulation in plants, studies on 

its biosynthetic pathways in plants have been actively pursued. These studies 

resulted in the identification of the different enzymes involved in the production 

of α-tocochromanols (Fujita et al., 2009; Abbasi et al., 2007).  

 

α-tocochromanols content can be manipulated either by over-expression or 

silencing of the biosynthetic enzymes homogentisate phytyltransferase (HPT) 

and tocopherol cyclase (TC) (Ren et al., 2011a; Seo et al., 2011). Vitamin E 

engineering involving manipulating expression of HPT and TC gene resulted in 

the changes of α-tocopherol and α-tocotrienol. Homogentisate phytyltransferase 

gene is involved in the condensation of homogentisate (HGA) and phytyl 

diphosphate (PDP) to produce MPBQ (2-methyl-6-phytyl-1, 4-benzoquinol) 

(Collakova and DellaPenna, 2003.) This reaction product is the first 

intermediate for the production of vitamin E and when it is further cyclised and 

methylated by subsequent enzymes in the biosynthetic pathway, other 

tocopherol isoforms are produced (Endrigkeit et al., 2009). Tocopherol cyclase 

is involved in the formation of chromanol headgroup of δ and γ-

tocochromanols (Hunter and Cahoon, 2007). Methylation of δ and γ-

tocopherols by tocopherol methyltransferase produces β and α–tocochromanols.  



© C
OPYRIG

HT U
PM

3 
 

Since, α-tocopherol are synthesised only in the photosynthetic tissues of plants 

(Falk and Munne-Bosch, 2010), while α-tocotrienol accumulation are mainly in 

plant seeds (Abbasi et al., 2007; Tan, 2005; Ajjawi and Shintani, 2004), 

vegetable leaves that contain tocotrienol can be regarded as an extra source of 

this valuable vitamin due to the added nutritional value in the leaves (Matringe 

et al., 2008). Thus far, there is only one report on a successful attempt in 

increasing α-tocotrienol production via metabolic engineering. This was 

achieved by introducing a barley cDNA encoding another enzyme of the 

biosynthetic pathway, homogentisate geranylgeranyl transferase (HGGT) 

resulting in its over-expression in corn seeds (Cahoon et al., 2003). Therefore, 

in the present study, leaves were chosen to manipulate the content of α-

tocochromanols with an Elaeis guineensis HPT and TC gene. The cDNA of the 

HPT gene was isolated from the leaves, and the cDNA of the TC gene was 

isolated previously by another student from the mesocarp tissues. Both genes 

were isolated from Elaeis guineensis since it is the richest source of vitamin E 

(Ebong et al., 1999).  
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1.1  Objectives 

The aim of this study was to produce α-tocotrienol by co-suppression of α-

tocopherol by silencing homogentisate phytyltransferase (HPT) and tocopherol 

cyclase (TC) gene expression using partial genes (gene sequences from 

conserved region) isolated from Elaeis guineensis. 

 

The specific objectives were: 

1. Transient transformation by agroinfiltration and Agrobacterium-mediated    

        transformation of green Amaranthus sp. using partial HPT  

 and TC genes from Elaeis guineensis. 

2. Transient transformation by agroinfiltration of Allium porrum  

using partial HPT and TC genes from Elaeis guineensis. 
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