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ABSTRACT - Epiphytic orchids have been considered an interesting model for plant development and
may have unusua features related to the hormona control of shoot and root growth. In the present
experiment we have studied two genotypes of CatasetumfimbriatumLindl. (Orchidaceae) with an inverse
pattern of shoot and root dry matter accumulation. Whereas the CFC1 genotype directs 60% of dry matter
towards the shoot system, this same amount is directed towards the root system in the CFC4 genotype.
Differences in the endogenous content of cytokinins, IAA and ABA, as well as differences in IAA
conjugation and oxidation in shoots and roots were observed in the two genotypes. These differences
were correlated with their dry matter partitioning patterns. Thus, the genotype that directed 60% of dry
matter towards the root system showed a 20-fold higher auxin accumulation in those organs, while the
one that accumulated 60% of dry matter in the shoots showed a 10-fold higher cytokinin accumulation in
this plant part. Based on the well established information about auxin and cytokinin biosynthesis,
conjugation, oxidation, transport, and effect on organ growth, we have presented an integrative working
hypothesis to interpret the data obtained in this study. This working hypothesis may also account for the
understanding of the complex relationships involving the hormona control of the relative growth of
shoots and roots in other plant models.
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high performance liquid chromatography; IAA, indole-3-acetic acid; iP, isopentenyladenine; Z, -zedtin.
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DIFERENCASNA PARTICAO DE MATERIA SECA ENTRE OSCAULES
E RAIZESEM DOISGENOTIPOS CONTRASTANTES DE ORQUIDEASE
SUA RELACAO COM OSNIVEISENDOGENOS DE AUXINAS,
CITOCININASE ACIDO ABSCISICO

RESUMO - As orquidess epifitas sdo consideradas model os interessantes de desenvolvimento vegetal e
possivelmente possuem caracteristicas incomuns relacionadas ao controle hormonal do crescimento de
caules e raizes. No presente experimento, estudaram-se dois gendtipos de Catasetum fimbriatum Lindl.
(Orchidaceae) com padrbes inversos de acumulacdo de matéria seca nos caules e nas raizes. Enquanto o
gendtipo CFC1 direcionou 60% de sua matéria seca para 0 sistema caulinar, essa mesma quantidade foi
direcionada para o sistema radicular no genétipo CFC4. Foram observadas diferencas significativas no
nivel enddgeno de citocininas, AIA e ABA, assm como na conjugacdo e degradacdo oxidativa de AIA
nos caules e nas raizes dos dois gendtipos. Essas diferencas tiveram uma boa correlacdo com os padrfes
de particdo de matéria seca. Desse modo, 0 gendtipo que direcionou 60% da matéria seca para as raizes
mostrou uma acumulacéo de auxina 20 vezes maior nesses 0rgaos, ao passo  que aquele que acumulou
60% da matéria seca nos caules mostrou uma acumulacéo de citocininas dez vezes maior nessas partes do
vegetal. Com base em estudos bem estabelecidos na literatura sobre a biossintese, conjugacdo, oxidacgo,
transporte e efeitos de auxina e citocininas, elaborou-se uma hipétese integrativa para a interpretagdo dos
resultados obtidos no presente experimento. Essa hipGtese podera também contribuir para um melhor
entendimento das complexas interrelacbes envolvendo o controle hormonal do crescimento relativo dos
caules e raizes em outros model os vegetais.

TERMOS ADICIONAIS PARA INDEXACAO: culturain vitro, desenvolvimento, epifitas, horménios
vegetais, orquideas

INTRODUCTION

Epiphytes have been considered as an
interesting model for plant development and
metabolic studies. In some extreme cases,
epiphytic species can be represented by both
shootless orchids (e.g. Campylocentrum) and
rootless bromeliads (e.g. Tillandsia) (Peres et al.,
1997). Among the epiphytic orchids, Catasetum
fimbriatum has been shown to be suitable for
physiological and biochemical experiments. It can
be easily propagated through in vitro root tip
culture (Kerbauy, 1984) alowing production of
genetically uniform plants. Taking advantage of its
genetic uniformity and the in vitro culture
controlled environment, micropropagated
Catasetum plants have been used for the study of
sugars (Vaz et al., 1998), hormones (Peres et al.,
1999) and nitrogen metabolism (Mgerowicz et al.,
2000). The regeneration of Catasetum plants from
root tips involves an uncommon root-to-shoot

meristem conversion (Kraus and Monteiro, 1989),
which proved to be a novel and exclusive model
for organogenetic competence studies (Calli and
Kerbauy, 1993; Kerbauy and Colli, 1997; Peres
and Kerbauy, 1999).

Shoot and root organs have coordinated
and complementary functions in plant development.
Catasetum shoot and root development presents
some features that are not found in traditional plant
models. Catasetum shoots are storage-like organs,
named pseudobulbs, and therefore they are
thought to be strong sinks. As many others
epiphytic orchids, Catasetum has agravitropic,
green and photosynthetic roots, which under
certain conditions, may function as an assmilate
source for negatively the whole plant. Furthermore,
Catasetum has also negative geotropic roots that
form trash-baskets used to capture litter and other
organic debris (Benzing, 1996). In light of the fact
that sink relationships and relative growth of
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shoots and roots may be controlled by hormones
(Klee and Estele, 1991; Davies, 1995), it would be
interesting to use Catasetum for such studies.
However, as Catasetum is a non-domesticated
allogamous plant, its seedlings are extremely
variable and may not be suitable for use in
controlled physiological experiments. To overcome
this problem a good approach would be the
selection of experimental plant material from
single clones (Burr & Tinus, 1996).

The am of this work was to investigate
whether the differences in dry matter partitioning
between shoots and roots of Catasetum fimbriatum
could be explained by the endogenous hormone
levels of these organs, considering the effects of
hormones in shoot and root growth. Thus, in the
present work we evauated the shoot and root
growth differences in two contrasting clones of C.
fimbriatum and the endogenous levels of 1AA,
ABA and cytokininsin these organs.

MATERIALSAND METHODS

Plant Material

Seedlings of Catasetum fimbriatum
(Morren) Lindl. were asymbiotically obtained
(Calli and Kerbauy, 1993) and micropropagated
through either root tip segments (Kerbauy, 1984)
or etiolated shoot segments induced in the dark
(Kerbauy et al, 1995). Plant populations
micropropagated from each isolated seedling
consisted of genetically homogenous genotypes of
C. fimbriatum named CFC1, CFC2, ... CFCn,
which have been maintained in our lab since 1993.
Both methods of micropropagation used are based
on direct plant regeneration, i. e. without calus
dtage, in hormone free-media and using meristematic
explants, so as to ensure the genetic integrity of
these genotypes. Two genotypes, CFC1 and CFC4,
presented remarkable differences related to their
shoot and root growths (Table 1), and therefore were
chosen for the present study. Vacin and Went (1949)
modified medium without hormones (Peres et al.,
1999; Peres and Kerbauy, 1999) was used for plantlet
incubation in dl treatments. Erlenmeyer flasks were

filled with 80 mL of culture medium, and 9 to 15
explants were inoculated in each one. Cultures were
maintained at 25 + 2 °C with 16 h fluorescent light
(Dayhight) at 40 mmol m? s%. Shoots (pseudobul bs +
leaves) and roots fresh and dry matter were
determined a the beginning of the experiment and
after 60" day of incubation; each treatment consisted
of three replicates For dry maiter measurements
shoots and roots were dried separately for 48 h a 60
°C, and then weighed. For hormond anaysis, plants
cultiveted in basa medium for 60 days dso had their
shoots and roots separated.

TABLE 1 - Dry matter partitioning of two
genotypes of C. fimbriatum at the beginning of the
experiment and after a 60-day growth period*.

Beginning dry weight (mg)
Ratio
Genotypes Shoot Root Totd Shoot per
Totd
CFC1 3.6+0.5a 2.1+0.3a 5.7+0.7a 0.63+0.02a
CFC4 1.9+0.2b 2.9+0.3a 4.8+0.3a 0.41+0.03b
After 60 days dry weight (mg)
Ratio
Genotypes Shoot Root Total
Shoot per Total

CFC1 13.8+1.4a 10.2+1.2a 24.1+2.5a 0.58+0.01a

CFC4 7.9+0.8b 13.0+1.4a 20.9+1.5a 0.39+0.04b

*Plants were incubated on a modified Vacin and Went
(1949) supplied with NO;™ and NH," at 2:3 ratio (6 mM
of total nitrogen). Each value represents the mean + SE
(n = 27). Mean values followed vertically by the same
letter are not significant at P < 0.05 by Student’s t-test.

Endogenous levels of auxins (free and
conjugated), abscisc acid and cytokinins

The endogenous hormonal levels were
measured using 1 g of fresh tissue. The IAA, ABA,
Z, [9R]Z, iP and [9R]iP quantification was based
on an indirect ELISA with previous purification of
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the extracts in reverse-phase HPLC as described
previously (Peres et al., 1997; Zaffari et al.,
1998). This method allowed the determination of
the three hormonal classes in the same extract.
For determination of conjugated auxins, their
corresponding HPL C fractions were submitted to
alkaline hydrolysis (7M NaOH at 100 °C under
N, for 3 h). After adjusting the pH to 2.5 with
HCI, the resulting free-lAA was extracted with
ether three times. The fractions with ether were
reduced to dryness in a Speed-Vac concentrator
and then methylated with ethereal diazomethane.
The measurements of the resulting free-lAA
were carried out by ELISA with anti-IAA
antibodies as previoudy described (Peres et al.,
1997).

Enzymatic oxidation of IAA

For each extract, 1-2 g (FW) plant tissue
were ground in 1 mL of cold ultrapure water
(milliQd) as described by Sdeh (1981). The
homogenate was centrifuged (30,000 x g, 30 min)
and then activated charcoal was added to the
resulting supernatant. After clearing, the filtered
supernatant was used as the enzyme source. The
whole procedure was performed at 4 °C. For the
enzymatic destruction of IAA, 0.5 mL of the crude
enzyme preparation was added to a mix of 1 mL
acetate buffer (0.2 M) pH 3.5, 1 mL MnCl, (0.2
mM), 1 mL 24-dichlorophenol (0.2 mM), 1 mL
IAA (0.2 mM), and 0.5 mL ultra-pure water. The
tubes were incubated in water bath at 35 °C for 80
min. After these procedures, three fractions of 0.3
mL were collected and the reactions were
terminated by the addition of 1 mL of modified
Salkowski reagent (Gordon and Weber, 1951). The
color was alowed to develop at room temperature
for 1 h, and the absorbance was measured at 530
nm. The enzyme activity was expressed as nmol of
IAA destroyed per hour per ng of protein in the
extract. Protein was determined according to
Bradford (1976) and BSA was used as the
standard.

Statigtical analysis

Hormone levels and IAA enzymatic
destruction were measured four times in each
treatment and standard errors were caculated. The
dry and fresh matter were measured in 3 flasks per
treatment with 9 plants each. From these
parameters, the Student’s t-test was performed and
comparisons between means were made.

RESULTS

Growth and dry matter partitioning in CFC1
and CFC4 genotypes

Although CFC1 and CFC4 plants have
been produced and maintained in vitro under the
same nutritional and environmental conditions,
these genotypes showed significant differences in
shoots dry matter accumulation from the beginning
of the experiment, reflecting their genetic
differences (Table 1). Initid dry matter
accumulation in shoots of CFC1 was higher than
in CFC4 and perssted for during 60 days of
incubation. In spite of greater shoot growth in the
CFC1 genotype, dry matter values obtained for
CFC1 and CFC4 plants as a whole (shoot + root)
were not significantly different, suggesting the
involvement of compensatory process.  This
compensatory process could be the root growth, for
which CFC4 genotype had the greatest valuesin all
measurements, although the difference was not
significant. Thus, the prominent differences
observed in shoot/total ratio between the two
genotypes (Table 1) seem to be determined by the
tendency of the CFC1 genotype to direct
assmilates mainly towards the shoot system and
CFC4 genotype towards the root.

Endogenous hormones in shoot and root of
CFC1 and CFC4 genotypes

Remarkable differences in endogenous
levels of IIA, ABA and CKs were observed
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between the two C. fimbriatum genotypes (Fig. 1).
Comparing the two genotypes, it seems quite clear
that CFC1 and CFC4 have inverse tendencies
regarding IAA and Cks accumulation (Fig. 1).
Whereas CFC1 shoot Cks leve is significantly (P
< 0.001) higher than in CFC4 shoots, the CFC4
root IAA content is significantly (P < 0.001) higher
than in CFC1 roots (Fig. 1). The CFC1 genotype
aso presented increased IAA contents in the
shoots and higher Cks contents in the roots when
compared to the corresponding CFC4 parts (Fig 1).
As regards the ABA levels, dthough CFC4
shoots presented a higher ABA content than those
of CFCl1 roots did not show a significant
difference (Fig. 1).

The most prominent differences in
hormone contents between the two genotypes,
which potentially could explain differences in
shoot and root growth (Table 1), seems to be the
Cks content in CFC1 shoots and the IAA leve in
CFC4 roots.

From the results shown in Figure 2, it can
be seen that the high total Cks levd of CFC1
shoots was largely due to free-base cytokinins (iP
and Z). As a rule, the roots of both genotypes
presented small amounts of all measured Cks,
when compared to shoots. It is interesting to
highlight that the CFC1l genotype presented
increased levels of al cytokinins measured in
shoots and roots, except for the [9R]Z in shoots
and iP in roots, which were not significantly
higher than the corresponding CFC4 levels.

Auxin metabolisn in the CFC1 and CFC4
genotypes

Taking into account the differences found
in IAA contents in CFC1 and CFC4 genotypes
(Fig. 1), we addressed the question of whether
these differences could be explained by auxin
catabolism. According to the results reported in
Table 2 it can be seen that the genotypes presented
sgnificant differences in the capacity for 1AA
oxidation but not for IAA conjugation. Moreover,
the two mechanisms that may account for auxin
inactivation were always higher in shoots than in

roots for both genotypes (Table 2). As regards
IAA oxidation capecity, the CFC4 genotype
presented enhanced values in shoots and roots. The
higher values if IAA oxidation shown by CFC4
were coincident with both lower and higher free-
IAA contents in its shoots and roots, respectively
(Table 2 and Fig. 1), which suggests that this
mechanism is not necessarily linked to free auxin
levels in this case. Considering the auxin
conjugation capacity, we could not find significant
differences between the genotypes. However, the
auxin conjugation capacity presented an inverse
correlation (r = - 0,60) with free-lAA contents in
shoots and roots of both genotypes. Thus, it is
likely that lower IAA conjugation in CFC4 roots
is responsible, at least in part, for the high free -
IAA is responsible, a least in part, for the high
free-|AA levels detected in this organ (Fig. 1).
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FIGURE 1 - IAA, Cks, and ABA contents in shoots
and roots of C. fimbriatum genotypes CFC1 (closed
bars) and CFC4 (open bars). Plants were cultured for
60 days on a modified Vacin and Went medium. Each
column represents the mean £ SE (n = 4). FW =
fresh weight. *, **, *** denote differences significant
at the P = 0.05 (*), 0.01 (**) and 0.001 (***) levels
(Student’s t-test), of contrasts between CFC1 and
CFC4 genotypes; ns = non significant; Cks = iP +
[9R]iP + Z + [9R]Z.
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TABLE 2 - IAA conjugation and enzymatic
oxidation in shoots and roots of two C. fimbriatum
genotypes.

Shoots
Genotypes IAA oxidized IAA conjugated
CFC1 3.99+0.05 b 3.87+0.72 a
CFC4 18.9+0.55a 2.14+0.39 a
Roots
Genotypes IAA oxidized IAA conjugated
CFC1 1.85+0.63 b 0.62+0.13 a
CFC4 8.57+0.25 a 0.031+0.00 a

Each value represents the mean = SE (n = 4). |AA oxidized
was measured as nmol of IAA destroyed per hour per ng of
protein. |AA conjugated was measured as nmol of released
free IAA (after alkaline hydrolysis) per g of fresh tissue. Mean
values followed vertically by the same letter are not significant
at P <0.05 by Student’ st-test.
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FIGURE 2 - iP, [9R]iP, Z, and [9R]Z content in shoots
and roots of C. fimbriatum genotypes CFC1 (closed bars)
and CFC4 (open bars). Otherwise asin Fig. 1.

FIGURE 3 - A hypothesis which might account for the
relationship between dry matter partitioning and
endogenous hormonal levels ( and IAA metabolism) in
two C. fimbriatum genotypes. Cytokinin metabolism
was not considered in the present study. Hatched, solid,
and interrupted arrows represent, respectively, hormone
synthesis, transport/inactivation, and action. The
symbols for cytokinins (Cks) and auxin (IAA), as well
as, auxin conjugation (Conj.) and oxidation (Oxi) were
represented by characters with proportional lengths to
the dosages presented in Figures 1, 2 and Table 2. The
central scale represents the percentage of dry weight (%
DW) accumulated by each genotype (Table 1). Note that
in CFC1, 60 % of DW is concentrated in shoots and that
this same value is directed to the roots in the CFC4
genotype. The interactions represented in the figure are
described in the text.

DISCUSSION

Two C. fimbriatum genotypes with
inverse patterns of dry matter accumulation were
studied. Whereas CFC1 genotype directed about
60% of its dry matter to shoots, CFC4 directed the
same proportion towards the roots. Moreover,
remarkable differences were observed in the
endogenous content of CKs, IAA and ABA, as
well as, in IAA metabolism in shoots and roots of
these two genotypes, which can be well correlated
with the differences in the dry matter partitioning .
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Pants with a somewhat elevated CK or
IAA could present an imbalance between shoot
and root growth. An example of this situation can
be observed in transgenic plants expressing the
Agrobacterium tumefaciens ipt gene, which present
an enhanced Ck biosynthesis, and, in consequence,
a high shoot formation and root initiation
inhibition (Medford et al., 1989). Conversdy,
transgenic plants expressing A. tumefaciens auxin
biosynthetic genes (iaaM and iaaH) tended to
present substantial root initiation and lateral shoot
formation inhibition (Klee et al, 1987).
Arabidopsis mutants with high cytokinin or auxin
accumulation (Chaudhury et al., 1993; Boerjan et
al., 1995) aso corroborate the assumption that
these two hormone classes determine relative
growth regulation of shoots and roots. A similar
tendency was observed when the endogenous
auxin and cytokinin levels were measured in
Campylocentrum burchelli plants, a shootless
orchid, and Tillandsia recurvata, a bromeliad with
an extremely reduced root system (Peres et al.,
1997).

The enhanced ABA levelsin plant tissues
induced through several type of stress, may also
change the shoot/root ratio by inhibiting shoot
growth more than root growth (Saab et al., 1990;
Sharp et al., 1994). Through this perspective the
highest ABA level found in CFC4 shoots may
possbly be relaed to their poor shoot
development. Under natural conditions, epiphytic
orchids aeria roots are permanently exposed to
dry air, presenting an expressive root mass and
relative high ABA levels (Peres et al., 1997). A
requirement of ABA accumulation for the
maintenance of root elongation under a low water
potential condition was found by Sharp et al.
(1994). However, under high water availability, high
ABA levels could inhibit root growth (Pilet and
Saugy, 1987). In the present study the diminished
ABA content found in roots of both genotypes, which
arecultivated in vitro under high weter availability,
could not be correlated with dry matter accumulation
in those organs.

The overwhelming amount of evidences
indicates that variation in the level of any hormone
may affects the levels of others hormones (Saleh,
1981; Li et al, 1994, Zhang et al., 1995
Grossmann et al., 1996; Coenen and Lomax,
1997). In intact organs these interactions could be
even more complex due to correlative processes.
Thus, a hormone produced in a given organ could
be transported to other plant parts where it
stimulates growth, providing sites for biosynthesis,
conjugation, oxidation, or transport of other
hormones.

Based on information concerning auxin
and cytokinin biosynthesis, conjugation, oxidation,
transport and effects on organ growth (Davies,
1995; McGaw and Burch, 1995; Normanly, 1997;
Jones and Schreiber, 1997) an attempt to interpret
the results of the present study using an integrative
work hypothesis (Fig. 3). It is postulated that roots
are the main gites for cytokinin biosynthesis and
exportation towards shoots, where they may
promote growth. Conversely, shoots are considered
as the main site for auxin biosynthesis, which may
be inactivated by conjugation and/or oxidation, as
well as exported towards roots. Shoot-derived
auxin may promote root initiation and growth and
may aso suffer the effects of inactivation
mechanism in roots.

This working hypothesis links amounts
of Cks in CFC1 roots and shoots (Fig. 1; Fig. 3)
with its increased shoot growth (Table 1; Fig. 3).
Furthermore, well developed shoots of CFC1 may
contribute to IAA accumulation in these organs
(Fig. 1; Fig. 3). The relatively low auxin content of
CFC1 roots seems to be correlated with the poor
development of these organs (Table 1; Fig. 3) and
may be a consequence of various auxin
inactivation mechanisms found in both shoot and
root of this genotype (Table 2; Fig. 3).

Contrarily, the CFC4 genotype presented
substantialy lower root and shoot Cks levels (Fig.
1; Fig. 3), concomitantly with diminished shoot
growth (Table 1; Fig. 3) and shoot auxin
accumulation (Fig. 1; Fig 3). Thelow [AA leve in
CFC4 shoots may adso be a consequence of
inactivation processes in this organ (Table 2; Fig.
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3). Although CFC4 seems to have a high capacity
for auxin oxidation in roots, its conjugation
capacity has been shown to be very low (Table 2;
Fig. 3). Therefore, it could be assumed that the low
CFC4 root auxin conjugation contributes to a
higher free IAA accumulation at these organs (Fig.
1; Fig. 3), leading to prominent growth (Table 1;
Fig. 3). However, we cannot rule out the possibility
of an elevated IAA biosynthesis in CFC4 roots. As
epiphytic orchid roots have some shoot features, €.
g. chlorophyll accumulation and negative
geotropism (Benzing, 1996), it is not unredistic to
suggest that they may aso have a considerable
auxin biosynthetic capacity. De novo auxin
biosynthesis in isolated roots of maize (Feldman,
1980; Ribaut et al., 1993) and Arabidopsis (Mller et
al., 1998) has been documented. We reported earlier
that isolated Catasetum roots accumulated both free
and conjugated IAA, suggesting de novo auxin
synthess rather than a hydrolyss of preexisting
conjugated forms (Peres and Kerbauy, 1999).

The low level of Cks accumulated in
CFCA4 roots suggests a reduction in Ck synthesis or
its inactivation by glysoside-conjugation (McGaw
and Burch, 1995) or oxidation (Hare and Van
Staden, 1994; Jones and Schreiber, 1997). Previous
studies with excised C. fimbriatum roots pointed to
a decrease of CFC4 Cks biosynthetic capacity
when compared with CFC1 genotype (Peres and
Kerbauy, 1999). According to these authors, after
10 days of in vitro culture the isolated roots of
CFC4 and CFC1 accumulated, respectively, c.a
200 and 500 nmol Kg*' (FW) of total cytokinins,
with the riboside forms ([9R]Z and [9R]iP) as the
main cytokinins accumulated (Peres and Kerbauy,
1999). Cytokinin ribosides have been considered
transport forms (Letham and Palni, 1983), and
their enhancement in cultured root segments was
ascribed to an interruption in the trandocation to
shoots (Van Staden and Smith, 1978). The
hydrolysis of these root-exported Cks ribosides in
shoots could account for the high base-free Cks
levels in shoot and their low levesin roots of
CFCl1 (Fig. 2). However, the CFC4 genotype
presented relatively low levels of both ribosides
and base-free Cks either in shoots and roots (Fig.

2). These results reinforce the hypothesis that the
CFC4 genotype exhibits a reduced Ck biosynthetic
capacity, rather than a higher Ck inactivation.
Considering the integrative work hypothesis shown
in Figure 3, the putative occurrence of reduced
Ck biosynthesisin CFC4 roots may be sufficient to
cause the other features presented by this genotype.
In fact, one may expect that a genotype with a
deficiency in root cytokinin production also may
have alower shoot growth and thus low shoot IAA
production. To confirm the working hypothesis
presented in Figure 3, further studies are necessary
to assess parameters such as hormone transport,
turn over and sensitivity in CFC1 and CFC4 shoots
and roots.

In summary, the major findings reported
here suggest that: (a) the CFC1 genotype tendency
to direct dry matter towards shoots may be a
consequence of its high Cks production by roots,
which may account for shoot growth and its auxin
production; (b) the inverse pattern of the CFC4
genotype, i. e, dry matter accumulation in roots,
may be a consequence of the poor Cks production
in thisorgan and consequently lower shoot growth
and shoot-derived auxin production; (c) the high
free IAA accumulation in CFC4 roots may be due
to their relative low I1AA conjugation capacity
and/or their high auxin biosynthesis. An
interesting approach to test these suggestions
with Catasetum as well as with other models
presenting differences in dry matter partitioning,
should be to determine the pattern of expression
of genes involved in Cks and auxin metabolism
in shoots and roots. The recent isolation of genes
for cytokinin conjugation (Martin et al., 1999),
hydrolysis (Kristoffersen et al., 2000) and
oxidation (Houba-Hérin et al., 1999), as well as,
genes for auxin conjugation (Szerszen et al.,
1994) and hydrolysis (Bartel and Fink, 1995)
will provide futures implementation of such
anapproach.
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