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ABSTRACT

The localization of phenolic compounds in tubers of transgenic potatoes overexpressing
enzymes of the flavonoid synthesis pathway, i.e. chalcone synthase (CHS), chalcone isomerase
{CHI) and dihydroflavonol dehydrogenase (DFR)., was examined by fluorescence microscopy.
The study revealed the presence of flavonoids (anthocyanins) in cell vacuoles, mainly in the
peridermis. A relatively higher concentration of anthocyanin compounds was observed in the tissue
of transgenic potato tubers, revealing the expression of chalcone synthase (C118). The increased
content of flavonoids in transgenic potate tubers may affect their agrotechnical traits and may
increase the nutritive value of the tubers.
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INTRODUCTION

Chalcone synthase (CHS), chalcone isomerase {CHI) and dihydrotlavonol
dehydrogenase (DFR) play key roles in the synthesis of flavonowds. Over-
expression of these enzymes was obtained by the genetic modification of
potato plants using petunia and barley genes. The studies of Stobiecki et al.
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(2003) cmploying liquid chromatography/mass spectromelry revealed elevated
concentrations of pelargonine and pelunidine in transgenic potato tubers of the
plants, indicating the overexpression of CHI and DFR.

A higher concentration of anthocyanins affects the nutritive value and dietetic
propertics of potatocs, and also influences the agrotechnical properties of
transgenic plants, 1.e. increased resistance 1o pathogens, thermal stress and other
phenomena (Kong et al.. 2003). Phenolic compounds can be visualized under
fluorescence microscopy (lbrahim and Barron, 1989). In UV light, flavonoids
located in cell vacuoles exhibit fluorescence and tight absorption is related (o the
conductance of subsirates and metabolites in the tissue of the plant (Havsteen,
2002).

The aim of the study was to determine, using microscopic methaods, the
localization and degrec of concentration of cellular structures containing
polyphenolic compounds in the tissue of (ransgenic plants overexpressing
enzymes of the flavonoid synthesis pathway as well as eventnally, to visualize the
differences between the tissues of transgenic potato tubers of the 3 studied lines
and of the traditional line of potaloes.

MATERIAL AND METHODS

The study material included the potato tubers of transgenic Solanim tuberosum
L. cv Desiree. These tubers were compared with thosc of non-transgenic plants of
the same variety. The following transgenic lines of potato were cultivated at the
[nstitute of Biochemistry and Molccular Biology of Wroctaw University: CHS:
overexpression of chalcone synthase deriving from barley; CHI: overexpression
of chalcone isomerase coming from petunia; DFR: over-cxpression of
dihydrotlavonol dehydrogenase originating in the petunia. From about 4 kg batch
of potatocs of cach line, tubers of medium size and typical shape were selected
for microscopic studies. “Free-hand™ cross-sections of fresh potato tubers werc
cut with a razor blade and placed in water or 20% glyccerol and observed under
a bright field or fluorescence microscopy. An Olympus Provis microscope
was equipped with a U-MNU narrow-band filter cube and a D/E/TR triple-band
filter cube (Olympus) with cxcitation filter/barrier filter (nm) 360-370/>420 and
390-410, 490-505, 560-585/450-475, 515-545 and 605-680, respectively.

RESULTS AND DISCUSSION

“Free-hand” scctions of potato tuber peridermis ol control and transformed
plants were studied under bright field and fluorescence microscopy. The studics
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Figures 1-5. Light or fluorescence microscopy of “free hand™-sections of potato tuber peridermis (control
plants). 1. Bright field microscopy reveals yellow (double arrowhead) or pink (arrowhead) spherical bodies
within peridermal (asterisk) cells. Pink vacuolar content is marked (arrow). Bar = 50 um. 2. Fluorescence
microscopy (D/F/TR filter cube) of the section from Figure 2 reveals red fluorescence of vacuolar content
(arrow) and spherical bodies (double arrowhead). Bar =50 pm. 3. Sections treated with 1% ammonia.
Notice blue (arrowhead) or pink (arrow) spherical bodies. Bar = 25 pm. 4. Vacuolar content is orange
(arrow) under section treatment with 3% ammonia. Bar = 50 pm. 5. Sections treated with 1% acetic acid.
Vacuolar content is pink (arrows). Bar = 50 um
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Figures 6-9. Red autofluorescence of vacuolar content (arrows) - D/F/TR cube. 6. CHS. 7. CHL
8. DFR plant sections. Bars = 50 pm. 9. Blue autofluorescence of corky layer (especially cell walls
- double arrowhead) and blue or violet autofluorescence of vacuolar content of peridermal cells
(arrow and arrowhead respectively). Control plants - U-MNU cube. Bar = 100 um



KOSIERADZKA L ET AL. 91

revealed that one to three peridermal cell layers contained yellow or pink
spherical bodies (Figure 1). Some of the largest pink bodies became blue under
treatment with 1% ammonia (Figure 3). On the other hand, 3% ammonia treatment
resulted in an orange vacuolar content (Figure 4). The bright pink vacuolar content
(Figure 1) became intensively pink (Figure 5) under 1% acetic acid treatment. The
bodies and vacuoles therefore contamn phenolics, including anthocyanidins. UV
irradtation (U-MNU f{ilter cube) resulted in blue autoftuorescence of corky cell
walls and blue or violet autofluorescence of the vacuolar content of the rest of
the peridermal cells. Violet autofluorescence of the vacuolar content indicated the
presence of anthocyanidins. The intensity of vacuolar content autofluorescence
was, however, rather weak (Figure 9), Much more intensive red autofluorescence
of anthocyanidins contained in vacuoles was achieved under violet, blue and
green irradiation (D/F/TR filter cube - Figures 2, 6, 7, and 8). The etfectiveness
of a triple band pass filter (Zeiss, Chroma Technology) between blue and green
fluorcscence of (un)lignified cell walls was demonsiraied by Rudall and Caddick
(1994). Using “free hand” sections permitted only crude comparisons between
the autofluorescence of controls (Figure 2) and transformed plants (Figures 6-
8). Nevertheless, 1t appears that CHS plants often possessed 3-4 peridermal cell
layers that gave intensive red autofluorescence of their vacuolar contents (Figure
6), whereas control (Figure 2), CHI and DFR plants had only 2-3 layers (Figures 7
and 8). Increased concentrations of cell structures containing flavonoids were not
found in tuber parenchyma (below the peridermis) of the transgenic potatoes.

CONCLUSIONS

Microscopic examination of the tissues of transgenic potato tubers overexpressing
the enzymes CHS, CHH and DFR showed the presence of phenolics in the vacuoles
of cells located in the peridermal cell tayer. Flavonoids were found in the periderm
of tubers of both transgenic and non-transgeme potatoes. Thus, genetic modification
did not influence the localization of polyphenolics in the tubers. A relatively higher
concentration of phenolic compounds was tound in the tissue of transgenic potato
tubers. Due to the localization of cellular structures (vacuoles) containing phenolic
compounds in the peridermis of the tubers. the inclusion of such potatoes into the
dict may be beneficial for the consumer only under the condition that the tubers are
consumed as a whole, that is, without the removal of peridermis.
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STRESZCZENIE

Bulwy transgenicznych ziemniakow jake Zredd zwiazkéw fenolowych. Lokalizacja antecyjandw
w perydermie

Lokalizacje zwiazkow fenolowych w bulwach transgenicznych ziemniakdw wykazujacych
nadekspresje enzymow szlaku syntezy flawonoidow izomerazy chalkonu (CHI), syntazy chalkonu
{CHS) i dehydrogenazy dihydreflawonolu (DFR) badano metody mikroskopii fluorescencying.
Wykuzano obecnoié flavonoidow {antocyjandw) w wakuolach kemérek ziokalizowanych glownie
w warstwie perydermy. Stosunkowo wigksza zawarto$¢ zwiazkow fenolowyeh stwierdzona
w tkance bulw ziemniakdw transgenicznych wykazujaeych ckspresje syntazy chalkonu (CHS).
Zwigkszona zawarto§¢ flavonoidéw w bulwach transgenicznych ziemniakéw moze wplywaé na
cechy agrotechniczne, ale przede wszystkim podnosié wartos¢ odzywceza bulw,



