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Developmental biology

A unity of opposites

Ethan Bier

uring development, cells secrete fac-
Dors — referred to as morphogens —

that influence the fates of their neigh-
bours. These morphogens are distributed
across groups of cells in a graded fashion,
eliciting distinct responses depending on
their concentration. Because morphogens
are critical for initiating many patterning
processes, there has been much interest in
how they act at various distances to activate
or suppress gene expression. We know that,
in some cases, morphogens act over short
distances (one to five cells); in others they
influence cell fates over a much longer range
(10-30 cells). Now, Ashe and Levine' (page
427 of this issue) provide the first evidence
that a morphogen known as Short gastrula-
tion (Sog) exerts differenteffectsat shortver-
suslongrange.

Sog is involved in patterning the
dorsal-ventral axis of the early fruitfly
embryo®* at what is known as the blasto-
derm stage, when all cells seem to be mor-
phologically equivalent. It is thought to do
so by opposing the action of another mor-
phogen called Decapentaplegic (Dpp)*?, a
secreted protein®that belongs to the family of
bone-morphogenetic proteins (BMPs). Sog
is expressed in the lateral cells that comprise
the neuroectoderm (which contributes to
formation of the nervous system), whereas
Dpp is expressed in adjacent dorsal cells.
These cells give rise to the dorsal epidermis
and to an extra-embryonic tissue called the
amnioserosa, which forms at the dorsal
extremity of the embryo (Fig. 1a). There is
much evidence to suggest that peak levels of
Dpp signalling specify the presumptive
amnioserosa, whereas lower levels define the
dorsal ectoderm’. Within the lateral neuro-
ectoderm, Sog blocks Dpp signalling, allow-
ing the cells there to follow their default pref-
erence of neural development®® (Fig. 1a).
This action of Sog in early-blastoderm-stage
embryos limits the spread of Dpp signalling
into the neuroectoderm®, by a mechanism
that has been highly conserved during evolu-
tion®®,

How does Sog suppress Dpp signalling
asymmetrically, in the dorsal region of the
embryo (Fig. 1b)? One model is that, in mid-
blastoderm-stage embryos, Sog diffuses dor-
sally from the neuroectoderm and is degrad-
ed by Tolloid (TId) —a metalloprotease that
is expressed only in dorsal cells'. The theory
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goes that, by having a separated source and
sink for Sog, a stable concentration gradient
is created. Accordingly, the concentration of
Sog is highest in cells immediately adjacent
to the neuroectoderm (that is, the dorsal
ectoderm cells) and lower in cells further
from the source of Sog (the amnioserosa
cells). This hypothetical Sog concentration
gradient is imagined, in turn, to generate a
reciprocal gradient of Dpp activity, which is
maximal dorsally (in the amnioserosa) and
lower ventrally (in the dorsal ectoderm).
Consistent with the idea that Sog diffuses
dorsally and antagonizes Dpp signalling, if
expression of the sog gene is reduced, weak
loss-of-function mutants in the Dpp path-
way can be rescued®. Reduced levels of sog
also result in vertical displacement of the
border between the dorsal ectoderm and the
amnioserosa®, consistent with Sog being a
long-range morphogen.

But this model does not explain why sog”
mutants largely lack amnioserosa. Early sog”
embryos do, in fact, have an expanded
primordium for the amnioserosa, but these
amnioserosa cells die prematurely®. Perhaps
cells in the domains that correspond to the
future amnioserosa and dorsal ectoderm
cells need to communicate, to refine and
maintain the distinctions between cells
created by different levels of Dpp signalling.
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Alternatively, Sog might promote the forma-
tion of amnioserosa cells at a distance, as well
as antagonizing Dpp signalling locally (Fig.
1c). The results of Ashe and Levine argue in
favour of thissecond possibility.

Ashe and Levine uncovered a potential
long-range function for Sog by expressing
the sog gene in a stripe along the
anterior—posterior axis. This clever strategy
uncouples the action of Sog from other,
possibly redundant, dorsal-ventral pattern-
ing elements. When the authors examined
expression of a marker for peak Dpp expres-
sion, they found that Sog had two distinct
effects — it suppressed expression of the
Dpp marker near the stripe of Sog expres-
sion, but broadened expression at a distance
from the Sog source. So, Sog seems to exert
opposing effects at short versus long range.

Asheand Levine next used the same strat-
egy to express Sog in mutant embryos with
moderate Dpp signalling in all cells. They
found that the Tld protease is critical for
long-range activation by Sog, yet is not
required for the short-range inhibitory
effect. Consistent with the need for TId
in long-range activation, a membrane-
tethered form of Sog was effective only at
short-range inhibition of Dpp.

The new results raise several questions.
First, is the long-range positive action of Sog
direct, or is it propagated by a relay mecha-
nism? Because the authors could uncouple
long-range activation from short-range
inhibition, the long-range activity is proba-
bly direct. Second, what is the nature of this
activity? Perhaps Sog, or a fragment generat-
ed by Tld cleavage, forms a complex with
Dpp, stimulating its activity. Or maybe a
form of Sog acts directly on Dpp receptors to
promote signalling. Alternatively, Dpp sig-
nalling would be stimulated if Sog inhibited
a BMP-related molecule that normally
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Figure 1 Signalling by Sog. a, Cross-sectional view of an early-blastoderm-stage embryo. Sog is
expressed in lateral cells comprising the neuroectoderm; Dpp and Tld are expressed in dorsal cells
comprising the non-neural ectoderm. Sog prevents Dpp signalling from spreading into the
neuroectoderm by interfering with a positive-feedback loop created by Dpp diffusing and activating
its own expression®. b, A mid-blastoderm-stage embryo, in which Sog signalling subdivides the dorsal
region into a zone of high Dpp signalling (amnioserosa) and a zone of low Dpp signalling (dorsal
ectoderm). The hypothetical Sog concentration gradient is created owing to the source of Sog in the
neuroectoderm (high concentration) and its degradation by Tld in dorsal cells (low concentration).
In this model, Sog only inhibits Dpp signalling. ¢, A mid-blastoderm-stage embryo in which Sog
inhibits Dpp signalling locally and promotes Dpp signalling at long range, based on the results of

Ashe and Levine'.
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