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Article Addendum

The slender phenotype of pea is deficient in DELLA proteins
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The recent cloning of the pea genes LA and CRY has historical
implications, since the combined effect of null mutations in these
genes is the elongated, gibberellin-insensitive “slender” phenotype,
which gave rise to the theory that gibberellins (GAs) are inhibitors
of inhibitors of growth. Interestingly, the duplication event that
produced the second gene (LA or CRY) appears to have occurred
more than 100 mya, and yet the two genes have retained essen-
tially similar functions. They both encode DELLA proteins, which
inhibit growth while at the same time promoting the synthesis of
the growth-promoting hormone, gibberellin (GA). This duality
of function is discussed in the context of recent suggestions that
DELLAs integrate multiple hormone signals, rather than just the
GA signal. We also present new data showing that LA and CRY play
a major role in regulating fruit growth.

Historical Aspects

We recently reported the cloning of the pea genes LA and CRY;
showing that they encode DELLA proteins.! These proteins are
inhibitors of stem elongation, and are destabilised by bioactive
gibberellins (GAs).2 Thus the GAs are promoters of growth because
they are inhibitors of inhibitors of growth, an idea suggested by Percy
Brian in 1957, on the basis of the elongated /z cry-s (“slender”) pea
phenotype. Brian’s perspicacity is now fully vindicated by the charac-
terisation of LA and CRY.

The genes LA and CRY were among the first to be described
as “duplicate ge[les”.4 The concept of duplicate genes originated
soon after the rediscovery of Mendel’s laws of inheritance in the
early 1900s; perhaps the earliest mention is by Shull,? referring to
genes controlling fruit shape in Capsella bursa-pastoris (shepherd’s
purse). The idea that two independent genes might encode a very
similar protein was vindicated much later, during the era of modern
molecular biology, by the discovery of gene families.
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Interestingly, until recently the fate of duplicate genes was consid-
ered to be either loss of one gene or the acquisition of a new role for
one gene.® Clearly, neither scenario has occurred in the case of the
two DELLA-encoding genes from pea.! This would not be surprising
if the duplication that led to LA and CRY had occurred recently, but
phylogenetic analysis suggests it is probably ancient, preceding the
divergence of the lineages leading to pea and Arabidopsis.! Thus
LA and CRY provide an interesting example of duplicate genes that
appear to have persisted with similar roles for considerable time in
evolutionary terms (117-108 million years ago7).

We should add, however, that while the functions of 4 and CRY
are essentially similar in terms of shoot elongation (and in fact, on an
otherwise wild-type background, /z CRY plants are indistinguishable
from LA cry-s plants), the contribution of LA to the inhibition of root
elongation appears to outweigh that of CRY.! Furthermore, we are
still in the process of dissecting out other, possibly differing, effects
of these genes on the overall architecture of the shoot.

DELLAs as Integrators of Multiple Signals?

In addition to the control of elongation growth, another function
performed by both LA and CRY is the regulation of GA biosynthesis
and deactivation.! Both these proteins upregulate the expression of
GA synthesis genes and downregulate the expression of GA deacti-
vation (2-oxidase) genes. In other words, somewhat paradoxically,
DELLA protein activity results in both an accumulation of bioac-
tive GAs and an inhibition of growth. The effect of DELLAs on
GA synthesis gene expression in shoots has been known for some
time,?10 and has now been extended to the roots.! Clearly, this prop-
erty of DELLAs has the potential to link factors affecting DELLA
stability with the regulation of GA biosynthesis, and indeed it is
through this mechanism that GAs regulate their own levels.

Until 2003, the GAs were the only factor thought to affect DELLA
stability. Then Fu and Harberd!! suggested that in Arabidopsis roots
auxin also affects DELLA stability, or at least, that auxin is required for
GA to destabilise DELLAs. Since that time, several papers have impli-
cated other hormones, in particular ethylene and abscisic acid (ABA),
in the regulation of DELLA stability and therefore of DELLA levels;
these latter two hormones are suggested to stabilise the DELLAs.!14
Thus, it has been suggested that DELLA proteins are key integrators
of several hormonal signals, of which GA is only one.

However, this conceptual shift should take into account the
finding that DELLAs are promoters of GA synthesis. The key point
is that factors that affect DELLA stability will also tend to affect
GA accumulation. A stabilisation of DELLAs by ABA, for example,

2008; Vol. 3 Issue 8



DELLA proteins in pea

Emasculated

Self-pollinated

Wild type

la cry-s

Figure 1. Pods of the la cry-s slender mutant elongate strongly even when
emasculated to prevent self-pollination. In contrast, emasculating wild-type
flowers usually results in abscission of the entire flower, before pod elon-
gation, leaving only the peduncle, as shown. If parthenocarpic pods do
develop on the wildtype, they are very small.

might tend to upregulate GA synthesis, especially since DELLAs
appear to directly affect that process.!® Interestingly, however, it is
also suggested that ABA downregulates GA synthesis.!> Determining
the outcome of such “tugs-of-war” between opposing effects will be
central to our understanding of hormone interactions and their role
in plant growth.

It should be noted, however, that at this stage the status of
DELLAs as integrators of multiple signals is not beyond question.
The suggestion that ABA stabilises DELLAs'® has been called into
question by some authors;® see also.!%17 Further, in decapitated pea
stems, applied GA can cause a strong growth response, and by impli-
cation can effectively destabilise DELLAS, even though auxin levels
are dramatically reduced.!® This indicates that in peas auxin might
not be required for DELLA destabilisation.

DELLAs and Reproductive Development

While the DELLA proteins in pea exert major effects on shoot

and root elongation,l’19

(e.g., fruit) is less clearly defined. It has been reported that lz cry-s
4

their role in the growth of other organs

plants show poor seed-set and parthenocarpic pod development.
The reason for the poor seed set is not clear at present, but a
similar phenomenon is known to occur in other DELLA-deficient
mutants.20 Interestingly, however, we have observed that partheno-
carpic pods of slender plants undergo normal elongation (Figs. 1 and
2). In peas, pod length is usually related to the number of seeds in
the pod.?! This relationship also holds in GA-deficient mutants such
as Mendel’s le-1 dwarf and in the extreme dwarf 74-1 mutant, but
not in /a cry-s slender plants (Fig. 2). This clearly shows that DELLA
proteins are also inhibitors of pod elongation and suggests that LA
and CRY are the only DELLAs that control pod elongation in pea.
It also implies that the effect of seed number on pod length
is caused/mediated by bioactive GAs, although genetic studies,
combined with measurements of GA levels in pods, appear to argue
against the idea that seeds directly export GAs into the pods.?>?3
Although the possibility of GA export from seeds into siliques has
been raised yet again recently,>* we consider it more likely that seeds
export a factor such as the auxin 4 CI-IAA, which maintains bioac-
tive GA levels in pods, as suggested previously.”> It is interesting
to note that, compared with the wild type, the elongation of /e-1
pods is essentially normal.?® However, when the pods are grossly
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Figure 2. Pod length plotted against seed number for self-fertilised pods
developing on slender (la cry=s, A), dwarf (le-1, @) and nana (na-1, ¢) plants
from a segregating progeny. The number of pods in each sample were (for
slender, left to right) 9, 3, 5, 3, 3; for dwarf, 14, 25, 15, 7, 2; and for
nana, 65, 19.

GA-deficient, as in the za-I mutant, elongation is substantially
reduced (Fig. 2), although it is not yet known whether this is a direct
effect, or an indirect effect of the small stature and therefore low
assimilate production of 7a-1 plants.

Conclusion

In conclusion, the molecular cloning of LA and CRY opens
the way for further studies on hormone interactions in pea, and
on how these interactions might regulate diverse developmental
phenomena.
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