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hoot elongation is a vital process for
plant development and productivity,
in both ecological and economic con-
texts. Auxin and bioactive gibberellins
(GAs), such as GA,, play critical roles in

the control of elongation,?

along with
environmental and endogenous factors,
including other hormones such as the
brassinosteroids.”> The effect of auxins,
such as indole-3-acetic acid (IAA), is at
least in part mediated by its effect on GA

metabolism,®

since auxin upregulates
biosynthesis genes such as GA 3-oxi-
dase and GA 20-oxidase and downregu-
lates GA catabolism genes such as GA
2-oxidases, leading to elevated levels of
bioactive GA .7 In our recent paper,' we
have provided evidence that this action
of IAA is largely independent of DELLA
proteins, the negative regulators of GA
action,®’ since the auxin effects are still
present in the DELLA-deficient /a cry-s
genotype of pea. This was a crucial issue
to resolve, since like auxin, the DELLAs
also promote GA, synthesis and inhibit
its deactivation. DELLAs are deactivated
by GA, and thereby mediate a feedback
system by which bioactive GA regu-
lates its own level."® However, our recent
results,! in themselves, do not show the
generality of the auxin-GA relationship
across species and phylogenetic groups
or across different tissue types and
responses. Further, they do not touch on
the ecological benefits of the auxin-GA
interaction. These issues are discussed
below as well as the need for the develop-
ment of suitable experimental systems to
allow this process to be examined.
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Generality of the Auxin-GA
Interaction

The strong promotion of bioactive GA
levels by auxin appears to occur widely
across angiosperms. It is present in both
monocots (barley') and broadly across
the dicots (pea,’* Arabidopsis"® and
tobacco'). However, the molecular basis
of the interaction may differ from spe-
cies to species. For example, with respect
to GA, synthesis, the shoot-expressed
GA200x] gene seems to be only margin-
ally upregulated in pea shoots, with the
main effect attributable to the upregu-
lation of Mendel’s GA 3-oxidase gene,
LE>% However, in tobacco GA 20-oxida-
tion is strongly upregulated.”® The reason
for this difference is not clear, although
at least two hypotheses can be suggested.
Firstly, since the two gene families are
closely related members of the 2-oxoglu-
tarate-dependent dioxygenase group of
enzymes, the auxin-GA interaction might
pre-date the evolution of the split into
these two enzyme specificities. Secondly,
this may be a case of convergent evolution
to yield the required effect on GA, levels
because of the evolutionary importance to
regulate elongation.

Developmental Responses

While the work by O’Neill et al!
focused on shoot elongation in pea and
Arabidopsis, the effect of auxin on stimu-
lating GA1 levels is also seen in pea roots,"
pods and seeds.'®" It therefore appears to
be a common regulatory junction between
the auxin and GA pathways. Detailed
these

examination of interactions in

Volume 6 Issue 3



I ———  ARTICLE ADDENDUM

Table 1. Elongation of the upper internode of phenotypically wild-type and the DELLA-deficient
la cry-s mutant of pea seedlings either left intact or decapitated directly below the apical bud

Intact
(em)
Wild-type 1.82£0.13
la cry-s 3.25+0.46

4

Decapitated
(em)
1.29 £ 0.07
3.63£0.54

Elongation was measured over the 48 h period after decapitation. The plants were 12 days old at

the time of decapitation.

DELLA-deficient /a cry-s plants has not
been carried out for all these developmen-
tal processes, so it is not clear if the action
of auxin is independent of DELLA action.
However, in roots the auxin action inhibi-
tor PCIB caused significantly less inhibi-
tion of elongation in /z cry-s plants than in
phenotypically wild type plants, although
this does not distinguish between the
effect of auxin on GA synthesis or an
effect on the GA response pathway.”
Likewise, decapitation did not reduce
the elongation of young expanding inter-
nodes in the DELLA-deficient pea mutant
la cry-s (at this stage of development) as
it does in plants with a wild-type pheno-
type (Table 1, p < 0.01). This presumably
occurs since GA, levels and hence auxin
levels are not important for elongation
in the absence of the growth-inhibiting
DELLA proteins. In pea pods (pericarps)
it appears that it is only the chlorinated
auxin, 4-Cl-TAA, and not IAA, that is

involved in the regulation of GA metabo-
lism genes."” This is suggested to be due to
the ability of 4-CI-IAA, but not IAA, to
inhibit ethylene action.”® The 4-CI-IAA is
thought to be exported from the develop-
ing seed to ensure pod growth is sufficient
to allow seed development.” In /a cry-s
plants parthenocarpic pods of normal size
develop from emasculated flowers show-
ing that DELLA proteins are involved in
pod development.”

A problem with studying plant hor-
mones is how to perturb the system in a
biologically relevant way. This is particu-
larly the case where a hormone shows a
clear optimum level for the control of a
process, as is evident for auxin in stem and
root elongation.* It is well known that
auxin at high concentrations can inhibit
elongation, but such concentrations, and
the resulting internal levels of the applied
compound, are probably unrealistically
high and never encountered naturally. We

suggest it is preferable to deplete auxin
using auxin transport inhibitors,* decapi-
tation'>* or excised segments.' This allows
strong responses to be observed, both to
the depletion and also to the addition of
auxin to the auxin-depleted system. This
may be much more important for work on
auxin than for other hormones (e.g., GA,
brassinosteroids) where distinct optima
do not appear to exist and only saturation
of the response is observed at high physi-
ological concentrations.** The cause of
this difference between auxin and other
hormones is beyond the scope of this
article but may reflect the direct effects
that auxin has on other hormone levels,
especially ethylene.”® A further difficulty
in working with auxin is that unlike other
hormones, clear TAA-deficient mutants,
specifically impaired in IAA biosynthesis,
are unavailable.

Ecological Implications

Removal of the shoot apex has a major
impact on the competitive capability of
plants. This is particularly the case in her-
baceous, mesophyllic, caulescent dicots
where the apical bud is exposed (terminal)
and the plants are competing for space
and light. However, after removal of the
apex, apical dominance is released, allow-
ing the shoot to regenerate. As part of
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Figure 1. Biotic and abiotic removal of shoot apices results in reduced stem growth and conservation of resources for lateral bud outgrowth. This oc-
curs since apex removal reduces auxin levels in young internodes which results in reduced bioactive GA levels and hence elongation.
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this response the plant must redirect its
resources from the elongating shoot that
has been decapitated to the new laterals
that have been released from dormancy or
growth suppression. In pea, for example,
the decapitated internode remaining can
be less than 10% of the fresh weight of
the fully expanded internode (data not
shown). Traditionally, the drop in basip-
etal auxin transport from the shoot apex
has been implicated in the outgrowth of
lateral buds, although this involvement
has been questioned.”

Interactions between auxin and other
signals, including the recently identified
branching hormone, strigolactone, are
still being clarified.® The drop in GA
levels in the decapitated stem, attributable
to reduced auxin content, is a vital com-
ponent in this redistribution of resources,
reducing elongation of the “stump” and
internodes below this that are still elon-
gating (Wolbang and Ross, unpub. data),
thereby freeing up nutrition that presum-
ably can be diverted into the new lateral

shoot(s) (Fig. 1).
Experimental Approaches

With the increasing ease of monitoring
gene expression, it has become common
to base the suggested involvement of a
hormone (i.e., the level of the hormone)
in a particular process on changes in the
expression of hormone synthesis/metabo-
lism genes, rather than measuring the level
of the hormone directly.”**”?® The valid-
ity of this approach has been discussed
in the literature.”” A major problem with
using the expression of metabolism genes
is that most are members of multi-gene
families. Further, the pathways involved
have many steps. Hence, it is hard to infer,
even from comprehensive studies, what
the level of the biologically active member
of the pathway may be. Direct physio-
chemical measurements are frequently the
only way to be certain about the hormone
level, although such methods suffer from
the need for relatively large tissue samples
(at least mg quantities) and therefore may
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not provide a measure in a certain cell
type or even tissue type. Molecular tech-
niques may in future provide this speci-
ficity although the risk of other factors
impinging on the reporter system needs to
be considered, possibly on a case-by-case
basis.

Even where the level of the active hor-
mone is accurately measured it may still be
important to use metabolic studies with
labelled intermediates to understand why
this level has changed. For example, in the
original work on the effect of auxin on
GA, levels' it was not clear if GA, levels
were changed solely because of enhanced
synthesis or by changes to both synthesis
and catabolism. With multi-gene families
involved with both processes and auxin
sometimes regulating members of these
families in opposite directions, metabo-
lism studies are the only easy method for
summing the actions of the gene fam-
ily at the metabolite level, as was done in

O’Neill et al.!
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