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Abstract

The anthocyanin gene encoding flavonoid 3'5'-
hydroxylase(F3,5H) was normally expressed in Ni-
cotiana tobacco (Xanthi) plants cocultivated with
Agrobacterium tumefaciens LBA4404 carrying egg
plant flavonoid 3'5'-hydroxylase ¢DNA. Northern
blot analysis showed the normal expression of F3',
5'H gene from transgenic plants. Here we found
the phenotypic differences between transgenic
plants and wild-type plants. The petal shape of
transgenic plants showed more round shape and
around petal tube area was compared to that of
wild-type tobacco plants. And the petal color of
transgenic plants was much lighter than that of
wild-type tobacco plants.

Introduction

Anthocyanins are soluble pigments existing in the
petal, leaf, and stem of plants. Synthesis of an-
thocyanin in the petal is undoubtedly intended to at-
tract pollinators, whereas anthocyanin synthesis in se-
eds and fruits may aid in seed dispersal(Holton and
Cornish, 1995). Anthocyanins and other flavonoids
can also be important as feeding deterrents and as
protection against damage from UV irradiation
(Toguri et al, 1993). Blue and violet flowers gen-
erally contain derivatives of delphinidin, and red
and pink flowers generally contain derivatives of
cyanidin or pelargonidin. Differences in hy-
droxylation patterns of these three major classes of
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anthocyanidins are controlled by the cytochrome p
450 enzymes, flavonoid 3'-hydroxylase(F3H) and 3',5'-
hydroxylase (F3',5'H). F3',5'H can also convert dihy-
drokaempferol and dihydroquercetin to
dihydromyricetin(Menting et al., 1994; Toguri et al,
1993). In particular, hydroxyl group incorporation at
the 3!, 5' position of the flavonoid B-ring gives rise to
flavonoids that, with further enzymic modifications,
form purple anthocyanidins(Figure 1). To und-
erstand the biosynthesis of delphinidin-3-glucoside
in terms of molecular biology and biochemistry(Goto
et al, 1982), we are extensively studying the path-
way. We report here the molecular biology of F3',
5'H gene in transgenic Nicotiana tobaccum plants and
phenotypic differences of flower in terms of color
and shape.

Materials and Methods

Plant materials

Nicotiana tabacum(cv. Xanthi) seeds were soaked
in a 70% ethanol solution for 1 min and sterilized
the surface in a 2% sodium hypochlorite solution for
15 mins, washed with sterilized distilled water three
times. The seedling plants were subcultured every
week in MS (Murashige and Skoog, 1962) solidified
medium without plant growth regulators under the
continuous flourescent light (3,000 Lux) at 25C.

Construction of F3',5'H gene in pBI121
pBS SK- carrying egg plant F3'.5'H ¢cDNA was

digested by BamHI and Kpnl restriction enzymes.
The 1.7 kb insert was subcloned into pUC18 (BamHI/
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Figure 1. Anthocyanin biosynthesis pathway.

Cyanidin-3-glucoside

Delphinidine-3-glucoside

Enzymes involved in the synthesis of anthocyanidin 3-glucosides are indicated as follows: F3H, flavanone 3-hydroxylase; F3'H,
flavonoid 3-hydroxylase; F3'5'H, flavonoid 3'5-hydroxylase; DFR, dihydroflavonol 4-reductase; 3GT, UDP-glucose; flavonoid 3-
O-glucosyltransferase. Further modifications of cyanidin and delphinidin-3-glucosides are possible depending on the genotype.

Kpnl), which is called pYB3. And then, Xbal/Sacl
fragment of pYB3 was eluted and inserted into cor-
responding site of pBI121 (Jefferson et al, 1987)

(Figure 2).
Transformation of A. tumefaciens into Nicotiana tabacum

The tobacco leaves were cut into 25 mm’ sections,
and then the sections were cocultured with Agro-
bacterium tumefaciens in liquid MS medium (MS medi-
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Figure 2. Construction of binary vector pYB4. A:Apal, B:
BamHI, D : Sphl, E: EcoRl, F: Sspl, H: Hindlll, K: Kpnl, M:
Smal, O :Xhol, P: Pstl, R: EcoRV, S: Sacl, X: Xbal U : Poul

um, 2.0mg/L NAA, and 0.5mg/L BAP) for 3 days
(An et al., 1988). The Agrobacterium cells were wash-
ed out with sterilized liquid MS medium, and then
transformed tobacco cells were selected and re-
generated into shoots on solidified shoot re-
generation medium (MS medium, 1mg/L BAP,
100mg/L kanamycin, 100mg/L cefotaxime and
500mg/L carbenicillin). Shoots were transferred to
root induction medium (hormone free).

Identification of transgenic plants by polymerase chain
reaction(PCR)

Two specific oligonucleotides derived from nptll
gene were used as primers for PCR. One primer(5-
GAGGCTATTCGGCTATGACTG-3') is located in the
position from 201 to 221 of the nptll gene, and the
other primer(5-ATCGGGAGCGGCGATACCGTA-3")
from 900 to 880 (Beck et al., 1982). Genomic DNA
from transgenic seedlings was isolated and amplified
by the modified procedure of Edwards et al. (1991).
PCR reaction was carried out in 20 uL solution con-
taining 2 uyL of 10 x buffer, 1 uL of 2.5 mM dNTP, 5
units of Taq polymerase and 50 pM of each oli-
gonucleotide primer. PCR was performed in a ther-
mal cycler(Takara) for 30 cycles, with each cycle con-
sisting of 94°C for 1 min to denature the template,
60C for 30 sec to anneal primer and 72C for 1 min
for polymerization. Prior to cycles, the samples were
heated at 95C for 10 min for denaturation and at
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the end of cycles, samples were incubated at 72C for
10 min and kept at 4C prior to agarose gel analysis.

Northern blot analysis

Total RNAs were isolated from transgenic plants
by the guanidine thiocyanate-CsCl purification
method according to Maniatis et al. (1989). Poly (A)'
mRNAs were isolated by two cycles of oligo (dT) cel-
lulose affinity chromatography. Total mRNAs were
denatured and subjected to eletrophoresis in a for-
maldehyde 1.2% agarose gel and transferred to Hy-
bond-N nylon membranes by capillary blotting ac-
cording to the manufacturer's protocol. RNA was
quantified spectrophotometricallX before loading. Hy-
bridization was done with *P -labelled F3'5'H
c¢DNA as a probe.

Results and Discussion

Transformation of F3',5'H gene into Nicotiana tabacum
plants.

pYB 4 plasmids were transformed into Agro-
bacterium tumefaciens LBA 4404. About 1.2kb length
band was identified from Agrobacterium tumefaciens
which carried pYB 4 plasmids. Agrobacterium tumefa-
ciens was infected into wounding sites of leaf tissue
of Nicotiana tobaccum plants. Transgenic plants were
selected on shoot induction media with antibiotics
(An et al, 1988). After 5 weeks, approximately 60%
of infected leaves generated shoots at wounding
sites and some shoots reached 1.2 cm in height(data
not shown). They were transferred on root induction
media and after two weeks roots were formed(data
not shown).
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Figure 3. Identification of transgenic plants by polymerase
chain reaction (PCR) for nptll gene. Lane 1: DNA ladder
marker, lane 2: non-transgenic plant, lane 3: positive con-
trol, lane 4-10: transgenic plant.

Identification of transgenic plants through PCR and
Northern hybridization.

Genomic DNA was isolated from individual
transgenic plants and used as template for PCR.
Two specific sequences from nptll gene were used as
primers. The PCR products were electrophoresed on
1% agarose gel. It showed that the 700 bp PCR frag-
ment was observed from nptll gene as a positive
control(lane 3 of Figure 3) and transgenic plants
(lanes 4-10 of Figure 3), whereas a expected frag-
ment was not observed from a negative control(lane
2 of Figure 3) which is a wild-type Nicotiana tabacum
plant. All transgenic plants that we observed on this
study carried nptll gene(lanes 4, 5, 6, 7, 8, 9 and 10
of Figure 3). It suggested that nptll gene was stably
integrated into Nicotiana tabacum genomic DNA
(Bakkeren et al, 1989). We also confirmed that
transformed F3'.5'H gene was integrated into plant
genome by northern hybridization. Two micrograms
of mRNA from different tissues of transgenic plant
were isolated and used in northern analysis for F3',
5'H gene expression. About 1.2kb band was iden-
tified from transgenic plants from tissues(Figure 4).
The level of F3',5'H gene expression was higher in
petal and stem tissue whereas it was low in leaf tis-
sue. In general, F3',5'H gene expression was not ob-
served from petals of wild-type plants such as to-
bacco, Chrysanthemum, and petunia by northern hy-
bridization because of the low frequency of gene ex-
pression. In Chrysanthemum F3'.5'H gene expression
was observed by PCR (Master's thesis by Sunyoung
Park). In Gentiana triflora, full length cDNA clone of
flavonoid 3,5 hydroxylase was cloned from petals
and recombinant gentian F3,5H was expressed in the
yeast expression system. But in this system only
biochemical aspects for substrate specificity which it
have a broad substrate specificity was observed

Figure 4. Northern hybridization of transgenic plants. Lane
Lleaf, lane 2:petal, lane 3:stem, lane 4:petals of non
transgenic plants
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(Tanaka et al., 1996). Therefore, we confirmed that
both nptll gene and F3'5'H gene was stably in-
tegrated into plant genome and attempted further ex-
periment.

Flower phenotypes and color patterns produced by
transgenic plants

In the previous figure(Figure 4), we presented an
evidence which indicates that excess mRNA of in-
tegrated F3',5'H gene was expressed relative to the
endogenous F3',5'H mRNA. Therefore, flower pheno-
types and color pattern in transgenic plants was
observed(Figure 5). The transgenic plants showed
many differences in their petals(Table 1).

Table 1. Phenotypic differences between wild-type (non-
transgenic plant) and transgenic plants

Wild-type Transgenic plant
Petal Shape Sharp Round
Petal Color Pink Light purple,
Light pink
Blooming period 10 days 6 days

The petal shape of transgenic plants showed
more round shape and around petal tube area com-
pared to that of wild-type tobacco plants. And the
blooming period of transgenic plants were shorter
than that of wild-type plants. One distinctive effect
was that the flower pigmentation varies from com-
pletely colored flowers(E of Figure 5; no visible ef-
fect), reduced pigmentation pattern to very thin pink-
ish flowers(B, C, and D of Figure 5). This is an unex-

E

Figure 5. Phenotypic difference between wild-type plant
and transgenic plants. A: wild-type plant, B,CD and E:
Transgenic plants

pected result compared to the result by Krol van der
et al. (1988) whom got pigmentation patterns with
colored rings and sectors by insertion of antisense
chalcone synthase gene.

Acknowledgement

This work was supported by Non-directed
Research Fund (01-D-0563), Korea Research Foun-
dation, 1996

References

An G, Ebert P, Mitra A, HA S (1988) Binary vectors. Plant
Molecular Biology Manual, Kluer Academic Publishers, A
3:1-19.

Bakkeren G, Koukolokova-Nicola Z, Grimsley N, Hohn B
(1989) Recovery of Agrobacterium tumefaciens T-DNA
molecules from whole plants early after transfer. Cell 57:
847-857.

Beck E, Ludwig G, Averswald EA, Reiss B, Schaller H (1982)
Nucleotide sequence and exact localization of the neo-
mycin phosphotransferase gene from transposon Tnb5.
Gene 19: 327-336.

Edwards K, Johnstone C, Thompson C (1991) A simple and
rapid method for the preparation of plant genomic DNA
for PCR analysis. Nucleic Acids Res 19: 1349.

Goto T, Kondo T, Tamura H, Imagawa H, Lino A, Takeda
K (1982) Structure of gentiodelphinidin, an acylated an-
thocyanin isolated from Gentiana makinoi, that is stable in
dilute aqueous solution. Tetrahedr Lett 23: 3695-3698.

Holton TA, Cornish EC (1995) Genetics and Biochemistry of
anthocyanin biosynthesis. Plant Cell 7: 1071-1083.

Jefferson R, Kavanagh T, Bevan M (1987) GUS fusions: beta-
glucuronidase as a sensitive and versatile gene fusion
marker in higher plants. EMBO ] 6: 3901-3907.

Krol van der AR, Lenting PE, Veenstra J, van der Meer IM,
Gerats AGM, Mol JNM, Stuitje AR (1988) An antisense
chalcone synthase gene in transgenic plants inhibits flow-
er pigmentation. Nature 333: 866-869.

Maniatis T, Sambrook J, Fritsch EF (1989) Molecular Cloning:
A Laboratory Manual

Martin C, Gerats T (1993) Control of pigment biosynthesis
genes during petal development. Plant Cell 5: 1253-1264.

Menting JGT, Scopes RK, Strevenson TW (1994) Charact-
erization of flavonoid 3'5-Hydroxylase in microsomal
membrane fraction of Petunia hybrida Flowers. Plant Phy-
siol 106: 633-642.

Murashige T, Skoog F (1962) A revised medium for a rapid
growth and bioassay with tobacco tissue cultures. Physiol
Plant 15: 473-497.

Park SY (1997) Molecular characterization and identification
of anthocyanin biosynthetic genes from higher plants.
Master's thesis. Sangmyung University

Tanaka Y, Yonekura K, Fukuchi-Mizutani M, Fukui Y,
Fujiwara H, Toshihiko A, Kusumi T (1996) Molecular
and biochemical characterization of three anthocyanin syn-
thetic enzymes from Gentiana triflora. Plant Cell Physiol
37: 711-716.

Toguri T, Umemoto N, Kobayashi O, Ohtani T (1993) Ac-
tivation of anthocyanin synthesis genes by white light in
egg plant hypocotyl tissues, and identification of an in-
ducible P-450 cDNA. Plant Mol Biol 23: 933-946.



