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Hydroxycinnamoylputrescines are not causally involved in the
tuberization process in potato plants
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The possible role of hydroxycinnamoylputrescines in the tuberization process of
potato plants was studied using in vitro tuberization systems. Minitubers in shoot
cultures of Solanum tuberosum ssp. andigena and S. tuberosum ssp. tuberosum were
obtained in vitro within 3 weeks of dark incubation after increasing the sucrose
conceniration in the Murashige-Skoog (T. Murashige and F. Skoog. 1962. Physiol.
Plant. 15: 473-497.) medium (without hormoenes) from 60 to 240 mM. both in the
presence and absence of benzylaminopurine (BAP). Feruloyiputrescine (FP) and
caffeoylputrescine (CP) increased with tuberization. with a sharp maximum at day 9
in the shoot. but only when the medium contained BAP. When inhibitors of phenyl-
alanine ammonia-lyase (PAL) and of polyamine bicsynthesis were added to the
medium containing BAP, the levels of FP and CP were reduced to values lower than
those observed in the absence of BAP, but there was no significant effect on the
number and dry weight of tubers formed. Addition of BAP without increasing the
sucrose content aiso resutted in CP and FP accumulation. but failed to induce
tuberization of the cultures. Experiments with in vitro stolon culures and leaf
cuttings also supported the conclusion that CP and FP accumulated as a response to
the application of BAP, without having any effect on optimal tuberization. These
results indicate that the increase of hydroxycinnamoylputrescines during tuber forma-
tion is unlikely to be causally involved in the tuberization process in potato plants.
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uted in the plant kingdom. They have been suggested to

Introduction

Tuberization of potato piants is a complex physiological
process, in which tubers are formed on underground
shoots, the stolons (Ewing 1987, Vreugdenhil and
Struik 1989). The first sign of tuberization after tuber
induction and tuber initiation is a swelling of the sub-
apical region of the stolon tip. In vitro tuberization
systems have proven to be useful tools in the analysis of
this process (Ewing 1985, Tovar et al. 1985).
Hydroxycinnamic acid amides (HCAs) are conju-
gates of hydroxycinnamic acids (such as caffeic acid,
ferulic acid, p-coumaric acid) and amines (such as pu-
trescine, spermidine, spermine) and are widely distrib-
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have possible functions in several plant developmental
processes (Martin-Tanguy 1985, Flores et al. 1989, Bur-
tin et al. 1990}.

It was inferred that HCAs might be causally involved
in the tuberization process of potato plants {Paynot et
al. 1983, Martin-Tanguy 1985). In their experiments
these authors used the potato hybrid SDA,, which
forms tubers only in short days. In stolons of leaf cut-
tings, basic HCAs (p-coumaroylputrescine, caffeoyipu-
trescine, feruloylputrescine and traces of caffeoylsper-
midine) were shown to accumulate paraliel to the for-
mation of tubers. Under short day conditions, levels of
basic HCAs in the tuberizing stolons were about 0.02
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umol (g fresh weight)™', whereas in the leaves of these
cuttings and in nontuberizing stolons of cuttings cul-
tured under long day conditions levels remained iow, at
about 0.002 wmol (g fresh weight) ™' (data also compiled
in Tab. 1).

In field grown plants of Solanum tuberosum ssp. tu-
berosum cv. Astrid we have shown (Leubner-Metzger
and Amrhein 1992); (data also in Tab. 1) that leveis of
CP, FP, pCP and DFP were below 0.02 pmol (g dry
weight)™' in all organs and that no accumulation of
these compounds in tuberizing stolon tips was observed
as described by Paynot et al. (1983).

In the present paper we have examined hydroxycin-
namoylputrescines in in vitro tuberization systems of
potato plants. We have tested the hypothesis of Paynot
et al. (1983) using in vitro minituber cultures, in vitro
stolon cultures and leaf cuttings in combination with
inhibitors of PAL (AOPP, APEP. AIP) aad of polya-
mine biosynthesis (DFMA, DFMO), which were ex-
pected to block HCA accumulation. AOPP and APEP
have been introduced as potent inhibitors of PAL, and
especially AOPP has been widely used to block phenyl-
propanoid synthesis in vivo {Amrhein 1986, Laber et al.
1986). Recently AIP has been shown to be a potent
inhibitor of PAL from buckwheat and other sources,
both in vitro and in vivo (Zoii and Amrhein 1992).

Abbreviations — AIP, 2-aminoindan 2-phosphonic acid; AOPP,
a-aminooxy-f-phenylpropionic acid; APEP, (1-amino-2-phen-
ylethyl)-phosphonic acid; BAP, benzylaminopurine; CP, caffe-
oylputrescine; pCP, p-coumaroylputrescine; DFMA, a-difluo-
romethylarginine; DFMO, a-difluoromethylornithine; DFP,
diferuloylputrescine; FP, feruloylputrescine; HCAs, hydroxy-
cinnamic acid amides; MS, Murashige and Skoog (1962);
NAA, 1-naphthyl acetic acid; PAL, phenylalanine ammonia-
lyase.

Materials and methods
Chemicals

p-Coumaroylputrescine (pCP), feruloylputrescine (FP)
and diferuloylputrescine (DFP) were a gift from Dr E.
Ebert (Ciba-Geigy Ltd, Basel, Switzerland). Caffeoyl-
putrescine (CP) was a gift from Merck, Darmstadt,
Germany. The patatin-cDNA-clone pcT58 was kindly
provided by Prof. L. Willmitzer {Institut fiir Genbiol-
ogische Forschung, Berlin, Germany), and AIP by DrJ.
Zon (Technical University, Wroclaw, Poland). All other
chemicals were of analytical or HPLC grade.

Plant material

Solanum tuberosum L. ssp. tuberosum cv. Astrid, Car-
ola and Indira, were grown in the experimental field of
the Ruhr-University Bochum {Germany). Sprouted tu-
bers were planted in soil in April. Plants were harvested
between June and September. Sterile plantlets of these
cultivars and of the two clones 482W and 283W of the
wild potato S. tuberosum L. ssp. andigena (Juz. et Buk.)
Hawkes were cultivated as described below.
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In vitro minituber cuiture

Using a 3-step organ culture system {Tovar et al. 1985),
minitubers of S. tberosum ssp. tuberasum cultivars and
of 5. mberosum ssp. andigena clones were obtained in
vitro.

Step 1: Sterile plantlets were cultivated in 0.5-] glass
vessels containing 80 ml MS-medium with 1% (w/v)
Bacto-agar, 60 mM sucrose and 5.4 nM NAA. Long day
culture conditions were: 16 h photoperiod, 80 umol m™*
s7', 20°C. After 4 weeks, single-node cuttings were tak-
en for vegetative propagation.

Step 2: Three single-node cuttings from each plantlet
were cultivated in 100-ml Erlenmeyer flasks containing
10 ml hquid MS-medium with 60 mM sucrose and with-
out hormones. Long day culture condition were: 16 h
photoperiod, 200 umol m™ s™!, 20°C. shaking at 60
rpm. After 4 weeks. a green shoot culture had devel-
oped.

Step 3: For induction of in vitro minitubers the shoot
culture medium was replaced by a hormone-free MS-
medium with the sucrose concentration increased to 240
mM. After 34 weeks incubation in the dark with shak-
ing at 20°C. minitubers had been formed. Cultures were
harvested at intervals of a few days, divided into shoot.
minitubers, and root, and lyophilized.

Leaf cuttings

Cuttings (Ewing 1985} were taken from tuberized po-
tato plants S. rtuberosum ssp. tuberosum cv. Astrid
grown in the field. Only the 5th and 6th leaves from the
top were used. Cuttings consisted of a single leaf, its
node with the axillary bud and some of the internode
below. For experiments, internodes of the leaf cuttings
were placed into small, non-transparent vessels contain-
ing 15 ml 1/10 strength Hoagland-solution (Wilson et al.
1978). In addition, either 22 pM BAP or 10 puM methyl
jasmonate were applied, but not in the control. The
axillary bud was covered with aluminum foil, whereas
the leaf was illuminated. Culture conditions were 8 h
photoperiod, 350 pmol m™2s™', temperature: day 25°C.
night 13°C. Axillary buds developed into tubers within
two weeks of incubation.

In vitro stolon culture

Isolated stolons from lateral shoots of tubers of S. fuber-
osum ssp. tuberosum cv. Indira were incubated in the
dark in MS-medium containing 180 mM sucrose and
either 22 uM BAP or 170 uM coumarin, or no further
addition, according to the method of Palmer and Smith
(1969, 1970).

Extraction and HPLC of HCAs and free polyamines

Extraction and HPLC analysis of HCAs and free polya-
mines were performed as described elsewhere
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{Leubner-Metzger and Amrhein 1992), HCAs accord-
ing to the procedure of Wyss-Benz et al. (1988) and free
polyamines according to Flores and Galston (1982) and
Smith and Davies (1985, 1987).

Northern blot analysis of patatin-specific mRNA

Total RNA from shoots of in vitro minituber cultures
was extracted according ta Eckes et al. (1986) at various
times during the dark incubation. A radioactively la-
belled 700 bp-patatin-cDNA-fragment was obtained by
restriction of the patatin-cDNA-clone pcT58 (Rosahl et
al. 1986a.b) with EcoRI and HindIIl. RNA-agarose-gel
electrophoresis and Northern-blot anatysis were carried
out as described by Sambrook et al. (1989).

Results

Total levels of HCAs and free polyamines in in vitro
minituber cultures

The clone 482W of the wild potato S. ruberosum ssp.
andigena was chosen for the experiments, because it
forms tubers only in short days. Because of the long day
incubation conditions in step 1 and 2 of the organ cul-
ture system, plantlets developed in a non-induced state
at the beginning of step 3.

Under the inductive conditions of step 3, minitubers
of §. tuberosum ssp. andigena 482W were obtained in
vitro. The following series were performed, with differ-
ent supplements to the culture medium in step 3: MS-
medium with 240 mM sucrose (control); addition of
either 10 uM AIP (+AIP); or 22 uM BAP (+BAP); or
a combination of both (+ BAP+AIP). Addition of BAP
to the medium increased the number of obtained mini-
tubers to up to 130% (7.7 per culture) compared to the
5.9 tubers per cuiture in the control (100%), but BAP
was, in principle, not required for tuber formation. In
the series +BAP+AIP this enhancing effect of BAP
was partially reduced to 6.5 per culture (110%). Neither
BAP nor AIP had a significant effect on the average dry
weight of a minituber.

In all series, first swellings of axillary buds were vis-
ible at about day 9 after transfer to 240 mM sucrose.
Additionally, patatin-mRNA became detectable at this
day in the series +BAP. The expression of patatin, the
main potato storage protein, is normally restricted to
tubers (Park et al. 1985, Rosahl et al. 1986a,b). As
patatin-mRNA was not detectable before visual swelling
occurred, its determination did not provide an advan-
tage in the recognition of the early steps of tuberization.

Figure 1 shows the changes in the total levels of CP
and FP in the shoot cultures during minituber formation
in the dark incubation period. In the +BAP series, the
levels of CP and FP began to rise 2 to 3 days after
transfer of the cultures to 240 mM sucrose and reached
a sharp maximum on day 9. At this maximum, coinci-
dent with the time of tuber initiation, CP and FP had
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increased 30-fold and 4-fold, respectively. The levels of
CP and FP then decreased, but rose again at the end of
the dark incubation period (Fig. 1, Tab. 1). In all other
series, minituber formation occurred without significaat
changes in the levels of CP. In the control series, mini-
tubers were formed in parallel to a slow, continuous
increase in the FP-level (Fig. 1, Tab. 1). This increase
was totally blocked by the addition of 10 uM AIP,
without any infiuence on tuber formation. In the series
+BAP+AIP, the inhibitor blocked the biosynthesis of
FP partiaily, and that of CP totally, without any influ-
ence on tuber formation (Fig. 1).

DFP was detected only at low levels. The pattern of
its changes was the same as that found for CP and FP.
There was also a maximum at day 9, but only in the
series with 22 pM BAP (Tab. 1). pCP and p-coumaroyi-
spermidine were detected only in the series +BAP.
Their levels remained constant during the entire period
of dark incubation, pCP at 0.01 umol (g dry weight)~'
only in shoots and p-coumaroylspermidine at 0.1 pmol
(g dry weight) ™! in all organs.

0,4 T
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Fig. 1. Total endogenous levels of feruloylputrescine (FP; up-
per panel) and caffeoylputrescine (CP; lower panel) in pmol (g
dry weight) ™! during the dark incubation period of the in vitro
minituber cultures of S. tberosum ssp. andigena 482W. Series
with 240 mM sucrose in the MS-medium: no addition {control)
g. FP: O, CP}, addition of 22 uM BAP (+BAP) (@. FP;

. CP), additon of 22 pM BAP and 16 uM AIP
(+BAP+AIP) (A,FP; A,CP), addition of 10 pM AIP
{+AIP) (@, FP; ., CP). The arrow at day 9 marks the time
when first swellings of axillary buds were visible in all series
and patatin-mRNA became detectable in the series +BAP.
Results are expressed as means £sp (n = 5).
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Similar results were obtained with organ cultures of
the S. tuberosum ssp. tuberosum cultivars Carola {Tab.
1) and Astrid. Other inhibitors of PAL (R-APEP, §-
AQOPP) as well as of polyamine biosynthesis (DFMA,
DFMO), applied in 10 uM concentration either alone or
in combination, produced a suppression of HCA levels
comparabie to AIP but had, likewise, no influence on
the formation of in vitro minitubers.

These results demonstrate that the increase in the
sucrose content of the MS-medium from 60 to 240 mM
was fully sufficient for optimal formation of in vitro
minitubers. The application of exogenous hormones
such as BAP was clearly not required. Accumulation of
CP and FP during early tuberization was observed ex-
clusively when BAP was present in the medium and
therefore represents a response to the hormone inde-
pendent of tuber formation. Suppression of the accumu-
lation of FP and CP by application of suitable inhibitors
of their biosynthesis did not affect the formation of in
vitro minitubers. These results therefore indicate that

hydroxycinnamoylputrescines are not causally involved
in the tuberization process in potato plants.

Shoot cultures of S. nberosum ssp. andigena 482W
contained total levels of free polyamines of 1.7 pmol (g
dry weight)™ putrescine and about 0.7 pmol (g dry
weight)~! of both spermidine and spermine at the begin-
ning of the dark incubation period. Within 1 to 2 weeks
these levels decreased to values below 0.1 umol (g dry
weight)™! in all series (Tab. 1).

HCA accumulation as a response to BAP in in vitro minituber
cultures

Figure 2 shows the tissue-specific accumulation of HCA
as a response to the application of BAP. The hormone
caused the accumulation of CP and FP only in the
shoot. Only the shoot was responsible for the maximum
at day 9, and therefore for the pattern of the changes. In
roots, there was only a slow and continuous increase of
FP and a very slight increase in CP levels up to the end

Tab. 1. Comparison of the endogenous levels of caffeoylputrescine {CP), feruloylputrescine {(FP), diferuioylputrescine (DFP).
free putrescine (Put) and free spermidine (Spd) in field grown potato plants (data of G. Leubner-Metzger and N. Amrhein 1992)
and in leaf cuttings of S. tuberosum ssp. tuberosum cv. Astrid. in in vitro stolon cultures of S. tuberosum ssp. ruherosum ov. Indira,
and in in vitro minituber cultures of S. tuberosum ssp. muberosum cv. Carola and of 5. wuberosum ssp. andigena 482W (this work).
Data on the levels of basic HCAs (CP, FP, pCP and traces of caffeoylspermidine) in leaf cuttings of the F -potato hybrid SDA, are

from Paynot et al. (1983). ND. Not determined.

Experimental

Levels of HCAs and free polyamines.

system umol (g dry weight)!
cp FP DFP Put Spd
Field grown plants cv. Astrid
unthickened stolon tips 0.007 0.001 0.001 2.6 34
thickened stolon tips 0.013 0.004 0.001 1.2 2.4
young tubers <0.5 ¢cm 0.017 0.007 0.001 .8 1.5
voung tubers .52 cm 0.008 0.005 0.000 0.9 1.1
Leaf cuttings cv. Astrid
(in nutrient solution)
tuberizing axillary buds (without BAP) 0.000 0.020 0.001 ND ND
tuberizing axillary buds {with 22 uM BAP) 0.130 0.570 0.090 ND ND
In vitro stolon culture cv. Indira
untuberized culture {without BAP) 0.017 0.195 ND ND ND
tuberized culture (with 22 uM BAP) 0.072 0.477 ND ND ND
In vitro minituber culture cv. Carola
culture day 32 (without BAP) 0.100 0.264 ND ND ND
culture day 32 (with 22 uM BAP) 1.926 1.432 ND ND ND
In vitro minituber culture ssp. andigena 482W
culture day 0 1.007 0.067 0.006 1.7 0.7
culture day 9 (without BAP) 0.018 0.154 0.013 0.4 .1
culture day 9 (with 22 pM BAP) 0.19% 0.288 0.029 0.8 .3
culture day 27 (without BAP) 0.018 0.257 0.006 0.1 (0.0
culture day 27 (with 22 pM BAP) 0.111 0.351 0.010 0.1 0.0

Leaf cuttings of the F-potato hybrid SDA,
tuberized stolons (short day)
untuberized stolons (long day)

Total levels of basic HCAs
(CP, FP, pCP, traces of caffeoylspermidine),

umol (g fresh weight)™'

0.020
0.002
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Fig. 2. Tissue-specific accumulation of HCAs as a response to
the application of BAP. Endogenous levels of feruloylputres-
cine (FP. upper panel) and caffeoylputrescine {CP: lower
panel) in pmol (g dry weight)™' during the dark incubation
period of the in vitro minituber cultures of 8. tuberosum ssp.
andigena 482W. Series with 240 mM sucrose and 22 pM BAP
added to the MS-medium (+BAP). Levels in shoot (@, FP;
O. CP). minitubers (& . FP; A, CP) and root (B. FP; O, CP)
are shown. Means *sD (n=35). Arrow as in Fig. 1.

of the dark incubation period. This FP accumulation in
roots is independent of the application of BAP, and was
also found in the roots of the control series. Application
of 10 uM AIP inhibited the increase of CP levels in all
cases. and abolished the FP increase in the roots. The
accumulation of FP in the shoot as a response to the
application of BAP was partially inhibited by 10 uM
AIP. The maximum at day 9 was reduced and shifted to
day 12. In all cases, no accumulation of CP, FP, pCP or
DFP was measured in in vitro minitubers.

Figure 3 shows the effect of 9 days preincubation of
shoot cultures with 10 pM AIP in the light. This treat-
ment resulted in low levels of CP and FP during the
entire following dark incubation period in the presence
of BAP. The formation of in vitro minitubers was not
affected by this procedure.

Incubation of shoot cultures in the dark without in-
creasing the sucrose concentration of the MS-medium,
never resulted in tuberization, regardless of the applica-
tion of BAP. Addition of 22 uM BAP to a series with 60
mM sucrose caused a 12-fold increase in CP and a 7-fold
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increase in FP at the end of the dark incubation as
compared to the control without BAP. In this case, CP-
and FP-accumulation clearly occurred as a response to
the application of BAP, without the formation of in
vitro minitubers.

HCA accumulation as a response to BAP in cuttings and in in
vitro stolen cultures

In control experiments with leaf cuttings from S. ruber-
osum ssp. tuberosum cv. Astrid, tubers at the end of
stolons were formed from the axillary buds. While this
work was in progress, jasmonates (for review, see Par-
thier 1990) were reported to induce tuberization (Yosh-
ihara et al. 1989.) Addition of either 22 uM BAP or 10
wM methyl jasmonate to the Hoagland nutrient solution
caused the formation of sessile tubers, which represent
the strongest degree of tuberization (Ewing 1985).
When BAP was added, a 290-fold FP, 30-fold CP- and
20-fold DFP-accumulation was observed after 6 days in
the young axillary buds during tuberization (Tab. 1).
Levels of the 3 HCAs were at least 10-fold lower in the
axillary buds of the control, in the tubers which had
developed after two weeks, and in leaves and stems at
any time. In both, in vitro minituber cultures and leaf
cuttings, BAP increased the levels of CP, FP and DFP,
but this increase was not a prerequisite for tuberization.
For in vitro stoloa cultures (Palmer and Smith 1969,
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Fig. 3. Effect of 9 days preincubation of shoot cultures in the
light with MS-medium containing 60 mM sucrose and 10 uM
AIP. Endogenous levels of feruloylputrescine (FP; upper
panel) and caffeoylputrescine (CP; lower panel) in umol (g dry
weight) ™’ of the in vitro minituber cultures of 5. mberosum ssp.
andigena 482W . Dark incubation with 240 mM sucrose, 22 pM
BAP and 10 uM AIP applied to the MS-medium starting at day
Q. Total levels (A, FP; A, CP) and levels in shoot {@, FP;
O, CP), minitubers (¢, FP; {, CP) and root (M, FP; (0, CP)
are shown. Means *sp (n = 5). Arrow as in Fig. 1.
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1970) of S. tuberosum ssp. tberosum cv. Indira, in-
creasing the sucrose concentration of the MS-medium
was not sufficient for tuberization. Ia this system, appli-
cation of either BAP or coumarin (Stailknecht and
Farnsworth 1982) was necessary. After 5 weeks of dark
incubation, CP had accumulated 4-fold and FP 15-fold
in tuberized cultures, but only when BAP was added
(Tab. 1}.

In all other cases CP-levels remained low, whereas
FP-levels increased 5-fold, regardless of whether the
culture was tuberized (addition of coumarin) or not {no
addition). Comparabie to our resuits with in vitro mini-
tuber cultures and ieaf cuttings, CP accumulated in in
vitro stolon cultures solely as a response to BAP appli-
cation, while FP accumulation was promoted by the
addition of BAP.

Discussion

Table 1 compares the endogenous tevels of the hydroxy-
cinnamoyiputrescines CP, FP and DFP, and of the free
polyamines putrescine and spermidine, in field grown
potato plants (Leubner-Metzger and Amrhein 1992),
with corresponding values in leaf cuttings, in in vitro
stolon cultures and in in vitro minituber cultures (this
communication} as well as with the levels of basic HCAs
in leaf cuttings of the F-potato hybrid SDA, {Paynot et
al. 1983). In contrast to the hypothesis of Paynot et al.
(1983), our results clearly indicate that HCAs are un-
likely to be causally involved in the tuberization process
of potato plants.

We have shown that in field grown potato plants
(Leubner-Metzger and Amrhein 1992), HCAs do not
accumulate in tuberizing stolon tips. Levels of CP, FP,
pCP and DFP remain at least 5-fold below the values
found in tuberizing stolons of SDA cuttings by Paynot
et al. (1983} (Tab. 1). In contrast to our dry weight
based values, Paynot et al. (1983) based their HCA
levels on fresh weight. For comparing HCA levels, we
therefore coasidered a water content of about 85% for
leaves and of 80 to 85% for stolons and tubers.

1n our experiments with teaf cuttings and tuberization
systems, HCA accumuiation occurred solely in response
to the application of BAP (Tab. 1). In in vitro minituber
cultures, it was exclusively the sucrose concentration
that determined tuberization. Application of BAP
caused the accumulation of CP and FP in the shoot,
regardiess of tuberization. At the high sucrose concen-
tration, addition of BAP had no further effect on tuber
formation.

As in stolon tips of field grown potato piants, levels of
free polyamines decreased in in vitro minituber cultures
during the formation of tubers (Tab. 1).

Our observation that hydroxycinnamoylputrescines
accumulate in response to hormone application in the in
vitro tuberization systems is in agreement with results
obtained in other systems. Martin-Tanguy et al. (1988)
have described the accumulation of FP, CP, free putres-
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cine and free spermidine in in vitro cuitivated tobacco
leaf explants as a response to the application of 2.4-D
and/or BAP. Likewise, root formation in response to
auxin application was accompanied by the accumulation
of hydroxycinnamoylputrescines (Burtin et al. 1990).
As a reaction to auxin application, free polyamines
accumulate in tuber explants of Helianthus tuberosus
(Evans and Malmberg 1989), and the content of free
putrescine of tobacco calius cultures was found to de-
pend on the concentration of NAA in the medium (Pa-
lazon et al. 1987). Free putrescine accumulates in coty-
ledons of Cucumis sativus upon cytokinin application
(Suresh et al. 1978, Walker et al. 1988). Wyss-Benz et
al. {1989, 1990) measured FP- and CP-accumulation in
stem explants of tobacco species. They observed a cor-
relation between FP-accumulation and the formation of
cortical callus, and between CP-accumulation and in
vitro flower formation, which they explained as a reac-
tion to the distribution of endogenous auxin and cytoki-
nin during the development of the explants. Using the
same inhibitors that we have used, they showed that CP
and FP are not involved in growth and floral bud forma-
tion of tobacco stem explants.

The inhibitors of PAL and of polyamine biosynthesis
effectively suppressed the CP and FP accumulation
caused by BAP in the in vitro minituber cultures, while
they did not affect tuberization. These results indicate
that the correlation between HCA-accumulation and
tuber formation in some tuberization systems, or after
application of BAP, does not reflect a causal relation-
ship in this developmental process.

Recently, Yoshihara et al. (1989) isclated the jasmo-
nate derivative tuberonic acid and its glycoside as nat-
ural tuber inducing substances from potato leaves. Sev-
eral other jasmonate derivatives, such as methyl jasmo-
nate, were shown to induce tuberization in a bicassay at
concentrations of 10 yM (Koda and Okazawa 1988,
Koda et al. 1988, Yoshihara et al. 1989). [n our work., 10
wM methy! jasmonate, added to the Hoagland nutrient
solution in the potato leaf cutting system, increased the
tuberization of the axillary buds by causing sessile tu-
bers, but without concomitant HCA accumulation. This
again rules out HCAs as endogencus regulators of the
tuberization of potato plants.
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