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Expression Patterns of CaMV 35S Promoter-GUS in
Transgenic Potatoes and Their Clonal Progenies
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Two potato (Selanum tuberosum 1.) cultivars were transformed by Agrobacterium tumefaciens
harboring cauliflower mosaic virus (CaMV) 355 promoter and p-glucuronidase (GUS) gene.
Expression patterns of the CaMV 35S promoter according to tissue types and deveplopmental
stages, and genetic stability of GUS gene were investigated in the clonal progenies of transgenic
potatoes. Kanamycin-resistant shoot emerged from tuber disc after 4 weeks of culture, and
root was induced 6 weeks after culture on the selection medium. Shooting frequency of cvs.
Superior and Dejima were 43% and 27%, respectively. Mature transformants and their clonal
progenies showed no phenotypical abnormality. GUS activity was expressed primarily at parench-
ymatous cells of phloem tissue around the vascular cambium in the stem and root, and higher
activity was found at the apical meristem of shoot, root and adventious shoot bud. GUS activity
was higher at tubers of young explants than af stored tubers. These facts indicate that expression
level of the CaMV 35S promoter differred according to tissue types and developmental stages
of the organs. The GUS gene was stably inherited to each clonal progeny and normally expressed.
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Potato (Solanum tuberosum 1.) has been regenera-
ted from the callus of various explants (Lam, 1975;
Binding et al., 1978) and mesophyll protoplasts (She-
pard and Totten, 19/7) However, the regeneration
efficiency of potato was relatively low, and a wide
range of phenotypic and chromosomal variation has
been reported among regenerated potatoes (Sree-Ra-
mulu et al, 1985; Sree-Ramulu, 1986). In spite of its
low regeneration capacity, production of transgenic
potatogs by Agrobacterium-mediated transformation
has been possible in Furopean cultivars (Horsch er
al., 1985; Rogers et al., 1986).

In gene transfer studies on potato as well as other
plants, because the cauliflower mosaic virus 35S pro-
moter is constitutively transcribed in transgenic plant
cells (Odell er al., 1985), it is often used to express
selectable marker genes or other useful genes. Recent
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research reported that three functional upstream fra-
gments located between —343 and —46 were respon-
sible for the high transcriptional activity of CaMV
35S promoter (Fang er al., 1989; Odell et al., 1988).
However, it was showed that the expression of fusion
genes directed by CaMV 35S promoter was the hi-
ghest in the actively dividing tissue such as vascular
cambium (Jefferson er al., 1987, Williamson et al.,
1989). It was also reported that the expression of
the chloramphenicol acetyl transferase (CAT) gene
directed by CaMV 358 promoter was strong at the
S phase in the transformed tobacco protoplasts (Na-
gata et al, 1987).

In this study, we produced morphologically nor-
mal transgenic potatoes, and investigated the expres-
sion patterns of CaMV 355-GUS gene according to
tissue types and developmental stages.
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MATERIALS AND METHODS
Plant material and reagents

Two potato (Solanum tuberosum L.) cultivars, Su-
perior and Dejima, were obtained from Alpine Expe-
riment Staion, Rural Development Administration,
Hoengye, Korea. After these potatoes had been stored
at 4C for about 1 month, they were used as a culture
explant. Restriction enzymes and random primer
DNA labelling kit were purchased from Promega
and used according to manufacturer’s specifications.
o-’P dCTP was obtained from New England Nuc-
lear, and 5-bromo-chloro-indolyl-B-D-glucuronide
(X-gluc) and p-nitrophenyl-p-D-glucuronic acid
(pPNPG) were purchased from Jersey Lab Supply and
Sigma, respectively.

Transformation and growth of Agrobacterium

pLS201 described previously (Lee and Sung, 1992)
was transformed to Agrobacterium by freeze-thaw me-
thod (Hofgen and Willmitzer, 1988), and used for
potato transformation. A. tumefaciens PC2760 (Hoe-
kema e al.,, 1983) was cultured in a YEP medium
(10 g/L. bacto-tryptone, 10 g/L yeast extract, and 5
g/L NaCl, pH 72) at 28C.

Potato transformation and regeneration

Tuber discs of potato were transformed and rege-
nerated as described by Lee and Sung (1992) except
for the change of the shoot induction medium and
propagation of transgenic plants in a liquid medium.
The co-culture medium for dgrobacterium infection
contained the MS salts (Murashige and Skoog, 1962),
0.5 mg/L nicotinic acid, 0.5 mg/I. pyridoxine-HCl,
1 mg/L. thiamine-HCl, 100 mg/I. myo-inositol, 30
g/L sucrose, 8 g/L agar, 0.6 mg/L. indole-3-acetic acid,
1.1 mg/L zeatin, pH 5.9, and was supplemented with
tobocco eell suspension culture. One week after co-
culture, explants were placed onto the shoot induc-
tion medium (the same composition of the co-culture
medium containing 50 pug/mL kanamycin and 500
ug/mL carbenicillin). Induced shoots were cut and
transferred on the root induction medium (MS basal
medium, 50 pg/ml. kanamycin and 500 pg/ml. car-
benicillin). Regenerated plantlets were transferred in
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the liquid medium containing MS salts, 30 g/L suc-
rose, 100 mg/L. myo-inositol, 0.01 mg/L. GA; 0.5
mg/L kinetin, 50 pyg/mL kanamycin and 300 ug/mL
carbenicillin, and shaked with 80 rpm for 2 weeks.
The regenerated plants were hardened and grew to
whole plants in the pots.

Investigation of GUS expression by histological
analysis

To investigate the expression pattern of CaMV 35§
promoter in the various tissues of transgenic potato,
histological analysis was done according to Jefferson
(1987) using X-gluc as a substrate. Leal, petal, stamen
and pistil were immersed into in situ assay solution
[100 mM sodium phosphate (pH 7.0), 5 mM potas-
sium ferricyanide, 5 mM potassium ferrocyanide, 0.3
% X-gluc, and 0.5% Triton X-100] for-24 h at 26T,
and then washed with 70% ethanol, and observed
under a stereoscopic Microscope.

GUS spectrophotometric assay

Protein extraction and GUS spectrophotometric
assay from the various organs of transgenic potatoes
were performed as described by Lee and Sung (1992).

Extraction of genomic DNA and DNA gel blot

Genomic DNA was isolated from leaves and tu-
bers using the method described by Murray and
Thompson (1980). Ten microgram of genomic DNA
was digested with PstI or HindIll, seperated by elect-
rophoresis on a 0.8% agarose gel, and transferred
to a nylon membrane in 20X SSC. The membrane
was prehybridized at 65C in hybridization solution
[5X SSC, 10X Denhardt’s solution, 0.5% SDS and
100 pg/mL denatured salmon sperm DNAJ for 3
h, and hybridized in the same solution containing
GUS probes for 16 h. Filters were washed two times
at 65C for 30 min each with 2X SSC and 0.5% SDS,
two times for 30 min each with 02X SSC and 0.5%
SDS, and exposed at —70C for 5 d. For the probe,
the 4.4 kb HindIll fragment containing the GUS co-
ding region was secperated from pLS201 (Lee and
Sung, 1992) by gel electrophoresis, ¢luted, and ra-
dioactively labeled by random priming method (Fei-
nberg and Vogelstein, 1983).
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Fig. 1. Various stages during potato transformation on the selective medium and maturing process of transformed plant.
A, tuber disc 3 weeks after incubation with Agrobacterium. Shoot primordia emerged from the green protuberance (bar=2
mm). B, shoots appeared from tuber discs after 4 to 5 week culture (bar=2 cm). C, shoot excised from disc as in (B)
and subcultured on the root induction medium (bar=1 cm). D, rapid shooting and rooting formation occurred at the
liquid culture (bar=2 cm). E, hardened transgenic potato obtained from the in v,itro cultures. F, transgenic plants after

15 week culture at green house.

RESULTS AND DISCUSSION

Potato transformation and induction of clonal
progenies

Green protuberances from tuber discs transformed
with binary vector appeared after 10 to 14 d after
culture on the selection medium (Fig. 1A), and shoot
primordia were formed 3 weeks after culture (Fig.
1B). Procedure for the potato transformation used
in this experiment shortened the period for shoot
mmduction by 3 weeks when compared with that in
the previous report (Lee and Sung, 1992). This result
indicates that use of nurse culture and modification
of the shoot induction medium improved the efficic-
ncy of the Agrobacterium-mediated transformation.
Shoots were cut and placed onto the root induction
medivm. Roots were formed one week after culture
in the root induction medium (Fig. 1C). Regenerated

plants were propagated in a liquid medivm for 10
to 14 d (Fig. 1D), and then hardened and grown
to whole plants in pots (Fig. 1E). After 15 weeks,
tubers were harvested from these plants (Fig. 1F).
Tubers of transgenic potatoes were sowed and obser-
ved the morphological varances in their clonal pro-
genis. Shoot from the second clonal progeny was
not different from that of wild type plant (Fig. 2A),
showing that morphological changes did not occur
during regeneration (Fig. 2).

We also examined the differences between two cu-
Itivars during the induction of shoot and root. Shoots
in cvs. Superior and Dejima were formed after 4
and 5 weeks, respectively. But rooting frequency of
Superior was 3.6 times higher than that of Dejima
(Table 1). These results demonstrated that Superior
was more suitable for gene transfer than Dejima.
The culture period for the production of shoot from
tuber discs in the European cultivars, Desiree and
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Fig. 2. Morphological view of second clonal progenies of the transformed potatoes. A, comparison of morphology of wild-
type (WT) with transformed (TF) plants. B, C and D, the progenies of transgenic plants were vigorous, phenotypically

normal and produced a good crop of tubers (bar=1 cm).

Table 1. Shooting and rooting efficiency of potato tuber
discs in cv. Superior and cv. Degjima on the shoot and
root induction medium containing 50 pg/ml. kanamycin

Shooting frequency (%)Y Rooting frequency (%)

Cultiver (No. of shoots/ No. of roots/

No. of discs) No. of discs)
Superior 429 (66/154) 30.5 (47/154)
Dejima 272 (52/191) 84 (16/191)

“Shooting frequency was counted after & week culture. “Rooting
frequency was counted after 10 week culture.

Bintje was 4 weeks, and shooting frequency was 20%
in the kanamycin-containing medium (Sheerman
and Bevan, 1988). In addition, polyploidy appeared
in the transgenic potatoes (Sheerman and Bevan,
1988; Stickema et al., 1988). In our result, the period
for shoot induction of Superior and Dejima was si-
milar to the European cultivars (Sheerman and Be-
van, 1988), while their shooting frequency was higher
than that of European cultivars to 43% and 27%,
respectively (Table 1). These results indicated that
the transformation method used in this experiment
was satisfactory and very useful

Expression pattern of CaMV 355 promoter in
different tissue type

We had previously performed the histological ana-
lysis in transformed calluses and stem, root and mic-
rotuber of transgenic potatoes (Lee and Sung, 1992),
and examined here in detail the localization of GUS
activity in various tissues of the second clonal pro-
geny of the transformed potato. In stem, GUS was
highly expressed in vascular cambium, especially in
parenchyma cells of phloem and xylem, but weakly
detected in cortex and epidermis (Fig. 3A, B and
). GUS activity was high in phloemn parenchyma
cells around the vascular cambium of petiole (Fig.
3D and E). Apical meristem of shoot showed extre-
mely high activity (Fig. 4G), while leaf, sepal and
petal contained high activity in veins (Fig. 4A, B
and C). GUS activity was high in immature flower
bud (Fig. 4D) and stigma of mature pistil (Fig. 4E),
but weak in filament of mature stamen (Fig. 4F).
In the underground part, actively growing regions
such as root apical meristem (Fig. 5A), phloem pare-
nchyma cells around cambivm contained high GUS
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Fig. 3. Histochemical localization of GUS in the stem and petiole of second clonal progeny of the transgenic potato.
A, transverse section of stem (bar=04 mm). B, magnification of the vascular bundle of the stem (bar=0.3 mm). C, longitudi-
nal section of stem (bar=0.3 mm). D, transverse section of petiole (bar=04 mm). E, magnification of the vascular bundle
of the petiole (bar=0.1 mm). Abbreviations: C, collenchyma; Co, cortex; E, epidermis; Ep, external phloem; Ip, internal
phloem; P, phloem; Pi, pith; Ve, vascular cambium; Vp, vascular parenchyma; X, xylem; Xv, xylem vessel

activity.

The pattern of GUS expression in rhizome was
very similar to that in stem, but the expression level
was lower than that in stem (Fig. 3A, B, C and Fig.
5B). In adventitious shoot or its primordium, GUS
activity was the highest owing to their active cell
division (Fig. 5C and D). Also, GUS activity in tubers
on rest appeared around the vascular ring (Fig. 5E),
but existed around all parts in the tubers of the sced-

ling (Fig. 5F).

Several points could be summarized from the his-
tological GUS assay as follows. 1) Actively dividing
cells of shoot, rhizome and root, specifically phloem
parenchyma cells, had high GUS activity. 2) Veins
of leaf, sepal and carpel had also high GUS activity.
3) GUS expression in the apical meristem and adve-
ntitious shoot primordium was very high. 4) Tubers
of young plants had higher GUS expression level
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Fig. 4. Histochemical localization of GUS in the leaf and floral parts of second clonal progeny of the transgenic potato.
A, leaf (bar=3 mm). B, sepal (bar=12 mm). C, mamre flower (bar=2 mm). D, longitudinal section of immature flower
bud (bar=3 mm). E, pistil (bar=0.8 mm). F, stamen (bar=2 mm). G, longitudinal section of apical region of stem (bar=2.5
mum). Abbreviations: A, anther; Am, apical merstem; C, cambium; F, filament; Is, immature stamen; Mr, midrib; My,

midvein; O, ovule; S, stigma.

in comparison with those on rest.

It was reported that the expression pattern of
CaMV 35S promoter-GUS or-CAT gene depended
on the division capacity of cells (Jefferson er al., 1987;
Williamson e al., 1989). Jefferson et al. (1987) sugges-
ted that the difference of expression according to
tissue types was due to the difference in the metabolic
activity of each cell. In all tissues that we examined,
there was a good correlation between higher GUS
activity driven by the CaMV 35S promoter and cell
division capacity. Our data suggest that CaMV 35S

promoter activity might be located to actively divi-
ding tissues such as meristem and vascular cambium
of shoot and root in the transgenic potatoes. Also
the data that GUS activity was higher in tubers of
young plant than the mature tubers on rest explained
that CaMV 35S promoter depend on the developme-
ntal stage as well as the tissue type.

GUS activity at different organs

The protein extracts from the upper, middle and
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Fig. 5. Histochemical localization of GUS in the underground parts of second clonal progeny of the transgenic potato.
A, toot (bar=1.5 mm). B, transverse section of rhizome (bar=0.5 mm). C, transverse section of rhizome with adventitious
shoot (bar=1.2 mm). D, longitudinal section of adventitious shoot bud (bar=1 mm). E, section of tubers stored at 4C

for one month after harvest (bar=3 c¢m). F, section of tubers o
shoot; Asp, adventitious shoot primordium; C, cambium; Co,

pith; Mr, maturation region; Vr, vascular ring.

Table 2. GUS activity in different stages of leaves in trans-
genic potatoes (cv. Superior)

Young leafl Expanded leaf  Maturc leal
No“ (5-20X10-25)  (25-40X 35-55y  (45-50X60-70)
mm min mm
1 1391+ 1.27 26.76+ 107 2549+ 4.02
2 13.68+ 1.23 25641 1.34 1811+ 2.68
3 39.24+ 3.67 9847+ 825 5401+ 385
4 36.08%£3.20 3598£ 195 772+ 008

Mean 2573+ 5.36 4671+ 150 2633 8.59

GUS activity was expressed as nmole p-nitrophenol-min~'-mg
prolein~', “Each transgenic plant was grown in green house.
*Size of the leaves.

lower leaves were used for spectrophotometric GUS
assay (Table 2). From this assay, it was showed that
the leaves of middle part had higher activity than
those of upper and lower parts. This result concurred

f young plants (bar=2 cm). Abbreviations: As, adventitious
cortex; E. epidermis; Er, elongation region; P, phloem; Pi,

with the views that GUS protein has been persisted
for a long time (Jefferson er al,1986), and accumula-
ted within tissue (Hensgens et al., 1992). The GUS
activity in leaf, stem, root and tuber of mature plants
was assyed with pNPG as a substrate. When GUS
activity per protein content was measured, it was
identified that GUS was expressed highly in the or-
der of leaf, stem, root and tuber (Table 3). Difference
of GUS activity among these organs may be due
to the distribution and proportions of tissue types.

GUS expression in clonal progenies

To find out if GUS gene of transgenic plants was
transmitted to the next generations, genomic DNAs
from the second and the third generations of T-7
and T-8 lines were southern hybridized. In the se-
cond generation of T-7 and T-8 line, 1.9 kb PsI frag-
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Table 3. GUS activity in different organs of transgenic po-
tatoes (cv. Superior)

NoJs Leaf Stem Root Tuber
Wild-type 0782006 0224003 000£00 00000
T7 63312 683+03 63006 272%£07
T8 30010 641139 46706 28112
T10 857£12 1163+03 773%x15 359%08
T11 84.1+31 222+04 242104 39017
Mean 680+£95 677f167 528199 326X25

GUS activity was expressed as nmole p-nitrophenol-
min~'+mg protein~!. “Each transformed plant was grown
in green house, and T7-T11 are the progeny lines of the
transgenic potato plants.

Fig. 6. Southeru blot analysis of genomic DNA extracted
from the second clonal progeny of the transgenic potato.
Restriction enzyme (PstrI) digestion patterns (A) and corres-
ponding blot hybridized to GUS-probe (B). Lane M, lam-
bda DNA digested with HindIIl. Lane 1, T-7 line mber.
Lane 2, T-7 line leaf. Lane 3, wild type leaf. Lane 4, T-
8 line tuber, Lane 5, T-8 line leafl Arrow head represents
GUS gene.

ment of GUS coding region was positively detected
(Fig. 6). In their third generation, 44 kb Hindlll frag-
ment of GUS coding region was dectectd (Fig. 7).
From genomic DNA gel blot, it was demonstrated
that GUS gene was inherited stably to their proge-
nies.

In conclusion, we certified CaMV 35S promoter
was expressed differently according to tissue types
and developmental stages. And it was identified that
GUS gene was stably inherited to the clonal proge-
nies of potato.
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Fig. 7. Southern blot analysis of genomic DNA extracted
from the third clonal progeny of the transgenic polato.
Restriction enzyme (HindIID) digestion patterns (A) and
corresponding blot hybridized to GUS-probe (B). Lane M,
lambda DNA digested with HindIIl. Lane 1, wild type leaf.
Lane 2, T-7 line leaf. Lane 3, T-7 line tber. Lane 4, T-
8 line leaf. Lane 5, T-8 line tuber. Lane 6 and 7 are one
and five copy reconstruction of 44 kb DNA containing
GUS coding region, respectively. Arrow head represents
GUS gene.
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