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Abstract

Photosynthetic organisms synthesize the amphipathic antioxidants called tocopherols which are essential components of
the human diet. To increase the a-tocopherol (vitamin E) content, Arabidopsis genes encoding homogentisate
phytyltransferase (HPT) and tocopherol cyclase (7C) were constitutively expressed individually and in combination
(HPT:TC) in tobacco plant by Agrobacterium mediated transformation. The transgene was confirmed by polymerase
chain reaction (PCR), transgene expression was studied by reverse transcriptase (RT)-PCR, integration of the transgene
in the plant genome was confirmed by Southern blot, and a-tocopherol content was quantified using high performance
liquid chromatography (HPLC). The o-tocopherol content in transgenic tobacco plants expressing HPT, TC, and
HPT:TC was increased by 5.4-, 4.0-, and 7.1-fold, respectively, when compared to the wild type (WT). These results

indicate that, the HPT and TC activities are critical for enhancing the vitamin E content in tobacco plants.

Additional key words: Agrobacterium mediated transformation, RT-PCR, Southern blot.

Tocopherols not only perform vital functions in plant
cells but are also essential or beneficial to humans
(collectively known as vitamin E). They protect plant
cells against oxidative and photo-oxidative stresses and
damages (Munne-Bosch and Alegre 2002, Munne-Bosch
and Falk 2003), e.g., by protection of polyunsaturated
fatty acids from lipid peroxidation in the chloroplast
membrane (Hugly and Somerville 1992). Recently, there
is a great interest in manipulating the tocopherol
biosynthetic pathway in plants to convert the less active
tocopherols to the most bioactive a-tocopherol which has
more significant health benefits. The vegetable crops can
be an ideal target for the improvement of tocopherol
composition.

The manipulation of the metabolic pathway by
genetic engineering is often successful if the regulation of
the respective pathway is well characterized. The
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identification of the genes involved in the respective
biosynthetic pathway permits new insights into its
regulation. From the literature, it is clear that two key
enzymes in tocopherol biosynthesis are homogentisate
phytyltransferase (HPT) and tocopherol cyclase (TC)
(Collakova and DellaPenna 2003a,b, Kanwischer et al.
2005). Therefore, we aimed to increase the a-tocopherol
content by overexpressing the genes encoding homo-
gentisate phytyltransferase (HPT) and tocopherol cyclase
(TC) individually and in combination using a model plant
tobacco. We have also investigated the antioxidant
capacities in tobacco leaves of both wild and transgenic
plants.

The full length Arabidopsis HPT cDNA clone
(1.2 kb) (Resource number: PDA 05721 and GenBank
acc. number AT2G18950) was procured from RIKEN,
Ibaraki, Japan. The HPT cDNA was cloned in pDrive

Abbreviations: BAP - benzylaminopurine; CTAB - cetyltrimethylammonium bromide; DPPH - 1,1-diphenyl-2-picrylhydrazyl;
FRAP - ferric reducing antioxidant power; HPLC - high performance liquid chromatography; HPT - homogentisate
phytyltransferase; IAA - indoleacetic acid; MS - Murashige and Skoog; RT-PCR - reverse transcriptase - polymerase chain reaction;
TC - tocopherol cyclase; WT - wild type.
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vector (Qiagen, Hilden, Germany) and subcloned into
pNutKan binary vector and finally the construct was
transformed to Agrobacterium tumefaciens EHA105 by
freeze-thaw method (Hofgen and Willmitzer 1988). The
TC gene construct in pBinAR vector was a gift from
Dr. Peter Dormann, Max-Planck-Institute for Molecular
Plant Physiology, Potsdam-Golm, Germany, and it was
directly transformed to Agrobacterium tumefaciens
EHA105. The Agrobacterium harbouring these two
constructs (HPT and TC) were used for tobacco genetic
transformation.

Pre-cultured tobacco (Nicotiana tabacum L. var.
xanthi) leaves on Murashige and Skoog (MS) medium
with 0.1 mg dm™ indole-3-acetic acid (IAA) + 1 mg dm™
6-benzylaminopurine (BAP) were used for Agrobacterium
mediated genetic transformation. The explants were
infected with Agrobacterium harbouring HPT and TC,
respectively, for 10 min, blotted dry in sterile filter paper
(10 min), explants were transferred to co-cultivation
medium (MS + 0.5 mg dm™ IAA + 2 mg dm” BAP), and
incubated in dark for 3 d. After co-cultivation, the
explants were transferred to selection medium with
0.1 mg dm® IAA + 1 mg dm” BAP + 100 mg dm”
kanamycin + 300 mg dm> carbenicillin for callus
induction and plant regeneration. The explants were
subcultured in the same medium once after 25 d. Later,
the putative transformants were transferred to half-strength
MS medium with 100 mg dm™ kanamycin + 300 mg dm™
carbenicillin for root induction. After the induction of
shoots and roots, the plants were transferred to coir pith
for acclimatization and finally to soil.

DNA was isolated from leaves of putative transgenic
lines by cetyltrimethylammonium bromide (CTAB)
method and the DNA yield was measured using a nano-
photometer (Implen, Munich, Germany) and absorbance
was read at 260 nm. The putative HPT and TC
transformants were confirmed for the presence of
transgene by PCR using HPT and TC specific primers:
HPT forward - CGCGTGGTACCTCGAGTGAGTCTC
TGCTCTCTAGTTCTTC, HPT reverse - CGTCGTGCG
GCCGCCTTCAAAAAAGGTAAC, TC forward - AGC
TGGTACCTATGGAGATACGGAGCTTGATTGTTT,
and TC reverse - GACTTCTAGAGTTACAGACCCGG
TGGCTTGAAGAAA.

Total RNA was isolated from leaves (100 mg) of WT,
and HPT, TC, and HPT:TC transgenic lines by using
Tri Reagent™ (Ambion, Austin, TX, USA). The RT-PCR
was performed as per the instruction given in one step
RT-PCR kit (Qiagen). PCR was performed with HPT and
TC specific primers, and to check the integrity of the
cDNA and normalize the amount of cDNA template in
each reaction, a corresponding 26S rRNA (internal
reference standard) was amplified with specific primers:
26S forward - CACAATGATAGGAAGAGCCGAC and
268 reverse - CAAGGGAACGGGCTTGGCAGAATC.

The T, tobacco plants were analyzed by Southern blot
hybridization for the integration of HPT and TC genes,
respectively. Total genomic DNA was extracted from
young leaves of PCR confirmed plants. Plant genomic
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DNA (5 pg) was digested with Pst I and Not 1 for HPT
(1.2 kb) and Hind 111 and EcoR1 restriction enzymes for
TC (2 kb) at 37 °C for 5 h, separated in 0.8 % (m/v)
agarose gel and blotted on positively charged
nitrocellulose membrane (BioTrace NT, Pall, USA).
Hybridization and detection was done with biotin
labelling and detection kit (Fermentas, Amherst, NY,
USA). The labelling probes, hybridization and washing
the membrane were performed according to the protocol
of Fermentas detection system. The biotin labelled HPT
and 7C gene PCR products were used as a probe.

The leaves of the transgenic plants (1 g) were
grounded with 1 cm® of methanol and used for the HPLC
(Shimadzu, Kyoto, Japan). HPLC system with the
photodiode array detector (PDA) was used for the
quantification of a-tocopherol. The column, Phenomenex
C18 5 m (250 x 4.6 mm), was maintained at 24 °C.
Methanol (HPLC grade) was used as the mobile phase for
the separation. The flow rate was 0.5 cm’ min’, the
sample injection volume was 20 mm®, and the absorbance
was monitored at 292 nm.

Chlorophyll content was determined according to
Chory et al. (1994), ascorbic acid content was quantified
as described by Klein and Perry (1982), and total phenols
were extracted and measured according to Spanos and
Wrolstad (1990). The 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging activity in the tobacco leaf
was determined spectrophotometrically as described by
Gyamfi et al. (1999). Similarly, ferric reducing
antioxidant power (FRAP) assay was performed to
measure the antioxidants or reductants according to
Benzie and Strain (1996) and George ef al. (2004).

Approximately 85 % of the tobacco calli produced
leafy structures or a large number of shoot buds after a
period of 2 weeks in selection medium. The results
presented here are the average of best 10 HPT and TC
independent lines and best 5 HPT:TC independent lines.
The presence of transgenes in T, plants was examined by
PCR amplification (data not shown). Out of 10 HPT
screened, 6 lines revealed the presence of HPT gene and
out of 10 TC lines, 8 were positive for 7C and only
3 lines showed the presence of both HPT and TC genes
out of 5 screened (Fig. 1).

The mRNA expression of HPT and TC genes in
transgenic tobacco plants were investigated by RT-PCR
analysis using total RNA. The appearance of expected
size bands of HPT (1.2 kb), TC (1.4 kb), and HPT:TC
confirmed the expression of respective genes in the
transgenic plants (Fig. 1). These genes did not have the
same expression of respective mMRNA transcripts.
Therefore, the 26S rRNA (500 bp) was used as an
internal standard which was equally amplified from every
cDNA sample suggesting that cDNA synthesis was done
equally from each mRNA sample.

Methanolic extracts of tobacco leaves were subjected
to reverse-phase HPLC to measure the tocopherol
content. The a-tocopherol content increased 5.4-fold in
tobacco leaves of HPT transgenic lines in comparison
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Fig. 1. RT PCR analysis showing mRNA expression pattern of HPT and TC transgenic lines: 4 - lane 1 is a 10 kb DNA ladder,
lane 2 is the wild type expressing only 26SrRNA as an internal reference standard (positive control), /anes 3 to 7 correspond to HPT
transgenic lines 1, 2, 5, 6, and 9; B - lanes 3 to 7 correspond to TC transgenic lines 2, 3, 6, 7, and 8; C - lanes 3 to 5 correspond to

double transgenic HPT:TC transgenic lines 1, 3, and 5.

Table 1. Content of a-tocopherol in transgenic tobacco lines
overexpressing HPT, TC, and HPT:TC genes and increase over
the control.

Gene Line Content [ug g'l(f, m.)] Increase [fold]
Control 2.24 +0.06 -
HPT 1 6.94+0.22 3.1
2 9.85+0.24 4.4
4 11.20 £0.35 5.0
5 10.70 £ 0.17 4.8
6 10.50 £ 0.20 4.7
9 12.09 £0.51 5.4
e 2 6.04 £0.11 2.7
3 6.04+0.11 2.7
6 6.72£0.17 3.0
7 8.96 £ 0.10 4.0
8 8.28 £0.21 3.7
HPT:TC 1 6.04+0.11 2.7
3 7.16 £ 0.09 32
5 15.90 £ 0.36 7.1

with WT control. Similarly, the TC transgenic tobacco
lines showed 4-fold increase in a-tocopherol content in
the leaves. The a-tocopherol content in double transgenic
HPT-TC lines increased by 7.1-fold (Table 1).

The T, lines showing the higher a-tocopherol content
were selected for Southern blot analysis to confirm the
integration of HPT and TC genes in the genome,
respectively. The expected hybridization signal
corresponding to the full-length HPT (1.2 kb) and TC
(2 kb) transgenes were observed as expected. This
provided the evidence of stable integration of complete
HPT, TC, and HPT:TC transgenes in the tobacco plant
genome (Fig. 2).

The total chlorophyll content was measured in the
10-week-old tobacco plants (wild and transgenic) using
fully expanded leaves. Chlorophyll content in the
transgenic tobacco plants were 0.84 pg g’'(fm.) in HPT

lines, 0.86 pg g in TC lines, 0.90 pg g (fm.) in HPT:TC
double transgenic lines, and 0.84 pg g’'(f:m.) in wild type
(Table 2). The transgenic tobacco plants showed
significantly (P < 0.05) higher ascorbic acid content
(1.11-fold in HPT line, 1.16-fold in TC line, and 1.2-fold
in HPT: TC double transgenic line) when compared to the
WT (Table 2). The total phenolic content in the
transgenic and wild lines are given in the Table 2.

The transgenic tobacco leaves indicated better DPPH
radical scavenging activity when compared to the WT
(Table 2). The total antioxidant activity (FRAP) was in
the order : HPT:TC > HPT > TC lines > WT (Table 2).

The present study is an attempt to enhance o-toco-
pherol in tobacco plants by overexpressing Arabidopsis
HPT and TC genes via Agrobacterium mediated genetic
transformation. The reason for variation in a-toco-
pherol content in tobacco lines may be due to difference
in the expression of the transgenes, due to the position
effect, or due to the availability of substrates. There are
two potentially limiting substrates, homogentisic acid
(HGA) derived from prephenate of shikimate pathway
and phytyl-diphosphate (PDP) derived from phytol.
Generally, the tocopherol synthesis is proportional to
chlorophyll content, and under stress, chlorophyll
degradation correlated with decline in tocopherol content,
but still there is a lack of direct evidence for the
incorporation of chlorophyll-derived phytol into toco-
pherols (Rise et al. 1989, Collakova and DellaPenna
2003b). It was proved in the feeding experiments in
soybean and sunflower suspension cultures that toco-
pherol biosynthesis was limited by the availability of
HGA, phytol, and presumably PDP (Caretto et al. 2004,
Karunanandaa et al. 2005).

The activity of TC depends on the immediate
products of HGA and PDP condensation reaction
catalyzed by HPT. These products, 2-methyl-6-phytyl-
1,4-benzoquinone (MPBQ) and 2,3-dimethyl-5-phytyl
benzoquinone (DMPBQ), act as the substrates for TC.
Thus, the co-expression of these genes in plants should
lead to increasing the total pathway flux and so
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Fig. 2. A - Schematic representation of the pNutKan and pBinAR binary vector backbone showing HPT and TC expression cassette
with restriction sites. B, C - Southern blot analysis of transgenic tobacco HPT, TC, and double transgenic HPT:TC tobacco lines:
B - lane 1 is the positive control: PCR product of HPT (1.2 kb) gene, lane 2 is wild tobacco DNA not showing any band, lanes 3, 4,
and 5 show the presence of HPT integration in transgenic tobacco lines 2, 4, and 9. C - lane 1 is the positive control PCR product of
HPT, lane 2 is wild tobacco DNA (negative control), lanes 3, 4, and 5 show the presence of TC integration in lines 6, 7, and 8, and
the lanes 6 and 7 show the integration of HPT (1.2 kb) and 7C (2 kb) in double transgenic HPT:TC lines 1 and 5.

Table 2. Content of chlorophyll, ascorbic acid, total phenolics, DPPH, and FRAP in leaves of wild type and transgenic tobacco plants.

Chlorophyll Ascorbic acid Total phenolics DPPH FRAP

[ng g (fm.)] [ng g (fm.)] [ng g (fm.)] [%] [mmol g"'(d.m.)]
wild 0.838+£0.019° 0.648 +0.010 ¢ 2734+0.15° 2624 +0.621°¢ 2.15+0.19°
HPT 0.841+0.021° 0.721 £0.013 ¢ 2770 £0.30 2 30.89 + 0.487 ° 2.61+030°
TC 0.856 + 0.008 ° 0.756 + 0.001 ® 27.07+0.24*° 30.52+£0.339° 243+40.18°
HPT:TC 0.904 + 0.008 0.784 £ 0.002 ° 28.02+0.10% 37.56 + 0.404 ° 2.99+0.19°

increasing the amount of end products.

Our results are in accordance with the earlier reports
that the transgenic expression of Arabidopsis thaliana
HPT (AtHPT) in Arabidopsis and other host plants
resulted in increased tocopherol content. For tocopherol
biosyn-thesis, this reaction is catalyzed by HPT. Indeed,
transgenic expression of Arabidopsis thaliana HPT
(AtHPT) in Arabidopsis and other host plants resulted in
increased tocopherol content. In Arabidopsis, the total
leaf tocopherol increased up to 4.4-fold (Collakova and
DellaPenna 2003a). Interestingly, the AtHPT expression
in Arabidopsis was surpassed by the environmental
factors, such as high irradiance and nutrient deficiency
which resulted in 18-fold increased leaf tocopherol
content (Collakova and DellaPenna 2003b). This
observation either might indicate that the potential of
AtHPT overexpression was not utilized to its full extent
under non-stressed conditions, or may be due to the
heterologous expression of the genes in tobacco, or due to
factors contributing to tocochromanol flux regulation.
Recently, Chen ef al. (2012) has found that overexpressed
v-tocopherol methyltransferase from Brassica napus
(BnTMT) in soybean under the control of a seed specific
promoter from Arabidopsis fatty acid elongase 1 (FAE I)
resulted in 11.1- and 18.9-fold increase in o- and
B-tocopherols.
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Overexpression of 4-hydroxyphenylpyruvate dioxy-
genase (HPPD) gene targeted to tobacco cytosol or
plastids shows a modest increase of a-tocopherol in seeds
(Falk et al. 2003, 2005). Interestingly, Karunanandaa
et al. (2005) and Rippert et al. (2004) found that
combined expression of HPPD and a prephenate dehydro-
genase or a bifunctional prephenate dehydrogenase led to
the accumulation of substantial tocotrienol suggesting
that PDP was limiting for tocopherol biosynthesis in
plants with high HGA content.

Li et al. (2011) has reported the strategy to improve
tocopherol content by overexpressing the multiple genes
such as HPT and y-tocopherol methyl transferase
(y-TMT) in lettuce (dual transgenic) with 9-fold increase
in tocopherol which is very similar to our results. Lee
et al. (2007) reported the 2.7- and 2.0-fold increase in
a-tocopherol content in lettuce leaves by overexpressing
Arabidopsis HPT and TC. Similarly, Seo et al. (2011)
expressed a HPT homologue (MdHPTI) from apple fruits
in tomato and o-tocopherol content in leaves and fruits
increased up to 3.6- and 1.7-fold, respectively. In the case
of co-expression of two genes (HPT:TMT), Collakova
and DellaPenna (2003a,b) reported nearly 3.2- and
12-fold increase in a-tocopherol content in Arabidopsis
leaves and seeds, respectively. Similarly, the expression



of Arabidopsis TyrA (coding tyrosine amino trans-
aminase) combined with the overexpression of HPPD
resulted in 8-fold increase in a-tocopherol content
(Rippert et al. 2004). Karunanandaa et al. (2005) have
reported 10.4 to 11.5-fold increases in the tocopherol
content in the soybean seeds when co-expressed
Arabidopsis HPPD, HPT, and geranylgeranyldiphos-
phate hydratase (GGH) in Erwinia herbicola seeds. In
plants, tocopherol composition varies between the
different species and tissues within the species (Grusak
and DellaPenna 1999). Usually, leaves accumulate more

a-tocopherol, whereas seeds are rich in y-, B-, and
d-tocopherols.

References

Benzie, L.E.F., Strain, J.J.: The ferric reducing ability of plasma
(FRAP) as a measure of antioxidant power: the FRAP
assay. - Anal. Biochem. 239: 70-76, 1996.

Caretto, S., Bray-Speth, E., Fachechi, C., Gala, R., Zacheo, G.,
Giovinazzo, G.: Enhancement of vitamin E production in
sunflower cell cultures. - Plant Cell Rep. 23: 174-179, 2004.

Chory, J., Reinecke, D., Sim, S., Washburn, T., Brenner, M.: A
role for cytokinins in deetiolation in Arabidopsis. - Plant
Physiol. 104: 339-347, 1994.

Chen, D.F., Zhang, M., Wang, Y.Q., Chen, X.W.: Expression of
y-tocopherol methyltransferase gene from Brassica napus
increased a-tocopherol content in soybean seed. - Biol.
Plant. 56: 131-134, 2012.

Collakova, E., DellaPenna, D.: Homogentisate phytyltransferase
activity is limiting for tocopherol biosynthesis in
Arabidopsis. - Plant Physiol. 131: 632-642, 2003a.

Collakova, E., DellaPenna, D.: The role of homogentisate
phytyltransferase and other tocopherol pathway enzymes in
the regulation of tocopherol synthesis during abiotic stress. -
Plant Physiol. 133: 930-940, 2003b.

Falk, J., Andersen, G., Kernebeck, B., Krupinska, K.:
Constitutive overexpression of barley 4-hydroxyphenyl-
pyruvate dioxygenase in tobacco results in elevation of the
vitamin E content in seeds but not in leaves. - FEBS. Lett.
540: 35-40, 2003.

Falk, J., Brosch, M., Schafer, A., Braun, S., Krupinska, K.:
Characterization of transplastomic tobacco plants with a
plastid localized barley 4-hydroxyphenylpyruvate dioxy-
genase. - J. Plant Physiol. 162: 738-742, 2005.

George, B., Kaur. C., Khurdiya, D.S., Kapoor, H.C.:
Antioxidants in tomato (Lycopersium esculentum) as a
function of genotype. - Food Chem. 84: 45-51, 2004.

Grusak, M.A., DellaPenna, D.: Improving the nutrient
composition of plants to enhance human nutrition and
health. - Annu. Rev. Plant Physiol. Plant mol. Biol. 50: 133-
161, 1999.

Gyamfi, M.A., Yonamine, M., Aniya, Y.. Free radical
scavenging action of medicinal herbs from Ghana
Thonningia sanguinea on experimentally-induced liver
injuries. - Gen. Pharmacol. 32: 661-667, 1999.

Hofgen, R., Willmitzer, L.: Storage of competent cells for
Agrobacterium transformation. - Nucl. Acids Res. 16: 9877,
1988.

Hugly, S., Somerville, C.: A Role for membrane lipid
polyunsaturation in chloroplast biogenesis at low

ENHANCED a-TOCOPHEROL CONTENT IN TOBACCO

The overexpression of Arabidopsis HPT and TC
genes significantly altered the content of chlorophylls and
antioxidants, and activities of antioxidative enzymes in
transgenic tobacco (Marcel et al (2001). UV and
oxidative stress induced accumulation of the phenolic
compounds and flavonoids resulting in increased DPPH
and FRAP which have strong correlation with the
production of ROS scavenging radicals during stress
conditions (Majer et al. 2010).

This study highlights the importance of enhancing
vitamin E content in crop plants in order to meet the
future nutritional challenges.

temperature. - Plant Physiol. 99: 197-202, 1992.

Kanwischer, M., Porfirova, S., Bergmuller, E., Dormann, P.:
Alterations in tocopherol cyclase activity in transgenic and
mutant plants of Arabidopsis affect tocopherol content,
tocopherol composition, and oxidative stress.- Plant Physiol.
137: 713-723, 2005.

Karunanandaa, B., Qi, Q., Hao, M., Baszis, S., Jensen, P.,
Wong, Y.H.H., Jiang, J., Venkatramesh, M., Gruys, K.J.,
Moshiri, F., Post-Beittenmiller, D., Weiss, J.D., Valentin,
H.E.: Metabolically engineered oilseed crops with enhanced
seed tocopherol. - Metabol. Eng. 7: 384-400, 2005.

Klein, B.P., Perry, A.K.: Ascorbic acid and vitamin A activity
in selected vegetables from different geographical areas of
the United States. - J. Food Sci. 47: 941-945, 1982.

Lee, K., Lee, S.M., Park, S.R., Jung, J., Moon, J.K., Cheong,
J.J., Kim, M.: Overexpression of Arabidopsis homogentisate
phytyltransferase or tocopherol cyclase elevates vitamin E
content by increasing y-tocopherol level in lettuce (Lactuca
sativa L.). - Mol. Cells 24: 301-306, 2007.

Li, Y., Wang, G., Hou, R., Zhou, Y., Gong, R., Sun, X., Tang,
K.: Engineering tocopherol biosynthetic pathway in lettuce.
- Biol. Plant. 55: 453-460, 2011.

Majer, P., Stoyanova, S., Hideg, E.: Do leaf total antioxidant
capacities (TAC) reflect specific antioxidant potentials? — A
comparison of TAC and reactive oxygen scavenging in
tobacco leaf extracts. - J. Photochem. Photobiol. B 100: 38-
43, 2010.

Marcel, A K., Jansen, R.E., Noort, V.D., Adillah Tan, M.Y.,
Prinsen, E., Lagrimini, M.L., Thorneley, R.N.F.: Phenol-
oxidizing peroxidases contribute to the protection of plants
from ultraviolet radiation stress. - Plant Physiol. 126: 1012-
1023, 2001.

Munne-Bosch, S., Alegre, L.: The function of tocopherols and
tocotrienols in plants. - Crit. Rev. Plant Sci. 21: 31-57,
2002.

Munne-Bosch, S., Falk, J.: New insights into the function of
tocopherols in plants. - Planta. 218: 323-326, 2003.

Rippert, P., Scimemi, C., Dubald, M., Matringe, M.:
Engineering plant shikimate pathway for production of
tocotrienol and improving herbicide resistance. - Plant
Physiol. 134: 92-100, 2004.

Rise, M., Cojocaru, M., Gottlieb, H.E., Goldschmidt, E.E.:
Accumulation of a-tocopherol in senescing organs as
related to chlorophyll degradation. - Plant Physiol. 89:
1028-1030, 1989.

399



M.C. HARISH et al.

Seo, Y.S., Kim, S.K., Harn, C.H., Kim, W.T.: Ectopic
expression of apple fruit homogentisate phytyltransferase
gene (MdHPT1) increases tocopherol in transgenic tomato
(Solanum lycopersicum cv. Micro-Tom) leaves and fruits. -

400

Phytochemistry 72: 321-329, 2011.

Spanos, G.A., Wrolstad, R.E.: Influence of processing and
storage of the phenolic composition of Thompson seedless
grape juice. - J. Sci. Food Agr. 38: 1565-1571, 1990.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




