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R E S E A R C H  H I G H L I G H T S

Genetic variation and phenotypic
plasticity are key to the evolution of
new traits. A recent study by Susan
Lindquist and colleagues provides
insights into the molecular mecha-
nisms that underlie phenotypic plas-
ticity and shows how the yeast prion
[PSI+] enables cells to tap into their
existing genetic variation to acquire
complex traits in a single step.

[PSI+] is formed as a result of a
conformational change in the trans-
lation termination factor Sup35p.
‘Curing’ Saccharomyces cerevisiae cells
of the prion, which involves growing
them in the presence of guanidine
hydrochloride and which stabilizes
the wild-type Sup35p protein, alters
their survival in different growth con-

ditions and results in a range of phe-
notypes, depending on the genetic
background. Lindquist and co-work-
ers asked how this genetic diversity is
brought about.

They identified three possible
explanations. First, curing cells of
[PSI+] also cures them of all other
prions, so the phenotypic diversity
could result from different strains
losing different prions. Second, ter-
mination of translation is less effi-
cient in strains that carry [PSI+], so
readthrough of stop codons might be
more frequent in these strains, lead-
ing to, for example, translation of
pseudogenes or 3′ UTRs, which freely
acquire genetic variation. Third, pro-
tein aggregation, which accompanies

[PSI+] formation, could affect protein
homeostasis.

To test each hypothesis in turn,
the authors created yeast strains in
which the effects of other prions,
translational readthrough and pro-
tein aggregation were uncoupled
from one another. The results were
clear — most of the phenotypic
diversity arises as a result of [PSI+]-
mediated nonsense suppression.

Outcrossing the [PSI+] strains to
different genetic backgrounds revealed
that the newly acquired traits are
complex. These heritable complex
traits, which can be acquired or lost
in as little as a single generation by
losing [PSI+], can be fixed and main-
tained even in the absence of the
prion. Moreover, a single trait can be
fixed in many ways, by reassortment
of other genetic polymorphisms or
by new mutation, or by a combination
of the two.

The long road from genotype to phenotype
G E N E T I C  VA R I AT I O N

From the human hand to the fly egg, many
anatomical structures acquire their shape
thanks to morphogens — form-generating
substances that are produced from a localized
source and that specify cell identity in a
concentration-dependent way. Although
morphogens were first proposed 35 years
ago, fundamental questions about them
persist. Using the Hedgehog (Hh)
morphogen as a model, three papers
challenge two commonly held assumptions
about how morphogens work — coming up
with some unexpected conclusions.

The first paper investigated how Hh
concentration is sensed by the cell. The Hh
signalling pathway is unlike most others in
that its receptor, Patched (Ptc), is active when
not bound to its ligand, as in this state it
blocks signalling from the transmembrane
protein Smoothened (Smo). Binding of Hh to
Ptc relieves this repression and leads to the
expression of Smo-target genes. In this
deceptively simple interaction, one would
assume that ligand-bound Ptc would
essentially be equivalent to having no Ptc at
all — and that the cell’s measure of ambient
Hh would be governed simply by the amount
of Ptc that remains unliganded. But is this
intuitive model true?

Casali and Struhl entertained the alternative
hypothesis that the ability of a cell to sense
the concentration of Hh depends on the ratio
of bound to unbound Ptc; that is, that the
Hh–Ptc unit might titrate the inhibitory
effect of unbound Ptc on Smo. To distinguish
between the two hypotheses, the authors
expressed a form of Ptc (Ptc∆loop2) that cannot
bind Hh and so constitutively represses Smo
at three distinct expression levels in the fly
wing. They then asked: is the minimum level
of Ptc∆loop2 necessary to shut down Smo the
same, regardless of endogenous Ptc–Hh
levels (in which case the traditional model is
correct), or does it depend on the presence
and amount of the ligand-bound receptor?
Their new model was vindicated when they
saw that low levels of Ptc∆loop2 expression is
sufficient to block the pathway in ptc –/– cells,
but has little or no effect on normal Hh
signalling in otherwise wild-type cells.
Instead, high levels of Ptc∆loop2 expression was
necessary to block Smo activity in the
presence of liganded Ptc, indicating some
form of titration. Although the model relies
on assumptions that remain to be
investigated, it seems that Hh-bound Ptc is
not the same as having no Ptc at all and that
Hh transduction depends on the ratio of
bound to unbound Ptc, rather than the
absolute amount of unbound Ptc.

Two further papers make an unexpected
finding about how the mouse Hh homologue
(sonic hedgehog, Shh) specifies digit identity
along the anterior–posterior (A–P) axis of
the forelimb. If Shh were acting by the book,

then it would pattern the digits by inducing
a linear gradient of Shh responsiveness —
the effect would be strongest in digit 5, the
most posterior digit that is closest to the
morphogen source, and weakest in digit 2.
However, the apparent graded activity of Shh
could also arise if cells varied the time they
were exposed to a constant level of Shh
activity. Two papers report that such a
temporal gradient exists and that it acts 
in conjunction with the canonical spatial
gradient. By genetically marking and
following the fate of cells that express Shh,
Harfe and colleagues show that the temporal
gradient arises because cells that are destined
to form digits spend a variable time in direct
contact with the Shh source before moving
anteriorly. Another paper, by Ahn and Joyner,
followed the cells that respond to Shh and
showed that Shh-responsiveness is not
always linear across the A–P axis, but
changes over time.

Tempting as it is to say that these results
clear up longstanding issues, they are bound
to raise further challenges, not least to
explain how Hh/Shh work in other tissues.

Tanita Casci
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As the authors say,“conceptually,
[PSI+] presents a new framework for
phenotypic plasticity”. The [PSI+]-
based mechanism means that organ-
isms need not ‘wait’ for suitable muta-
tions to occur when the environment
changes; instead, they can draw on
already exisiting, hitherto silent,
genetic variation. Taken together with
the authors’ previous findings that
heat-shock proteins can also reveal
hidden genetic variation, Lindquist
and colleagues prompt us to re-
examine protein folding mecha-
nisms, for they could be unexpectedly
important in translating genotypes
into phenotypes.

Magdalena Skipper
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Models of how DNA is packaged into chromo-
somes in a series of compaction steps have been
around for many years. But, with the exception of
specific loci such as that of β-globin, we had little
knowledge of how higher orders of chromatin
might affect gene distribution and expression, until
now. A recent paper from Wendy Bickmore and col-
leagues provides a global, genome-wide analysis of
the chromatin-fibre structure and its effects on the
genome itself, including its expression and perhaps
its evolution.

The authors’ goal was to map compact and open
chromatin-fibre structures onto the whole human
genome. To achieve this, they digested the chro-
matin with micrococcal nuclease into fragments of
10–30 Kb, on average, which were then separated by
sucrose-gradient sedimentation. Their distribution
in the genome was analysed by hybridization to
metaphase chromosomes using fluorescence in situ
hybridization and, to obtain a greater resolution and
to link to the DNA sequence itself, to genomic
microarrays.

This set of experiments, conceptually simple but
performed on a massive scale, allowed Bickmore and
colleagues to reveal some interesting, and at times
surprising, facts about genomic architecture and its
effects. They found that some, but not all, human
satellite repeats are in compact chromain fibres and
that gene-poor euchromatin is packed in chromatin
fibres with similar levels of compaction to hete-
rochromatin, indicating that there might not be a
simple structural distinction between euchromatin
and heterochromatin, at least at the chromatin-fibre
level. As expected, the most gene-rich chromosomes,
such as 16, 17, 19 and 22, are highly enriched in
open chromatin. But, interestingly, using genomic

microarrays to take a closer look — and in one case,
a chromosome-22q-specific array — the authors
discovered that the transitions between open and
closed chromatin structures along a chromosome
are sharp rather than gradual, suggesting that there
are distinct boundaries.

Although, in general, open chromatin fibres tend
to replicate early, high-resolution analysis on chromo-
some 22q indicates that there is no direct functional
link between replication and this level of chromatin
organization. Neither is there a simple relationship
between gene expression and chromatin-fibre state.
As open chromatin is seen where there is no tran-
scription, transcription cannot itself serve to open up
the chromatin fibres. Because the authors see enrich-
ment of open chromatin fibres in gene-rich domains,
and not just where transcription is active, they pro-
pose that open chromatin fibres might create an envi-
ronment that facilitates transcription, which could
account for the clustering of widely expressed genes
in these regions.

In addition, the authors make an interesting
cytological observation — that domains of open
chromain fibres are physically decondensed in the
nucleus and lie outside chromosome territories.

So, Bickmore and co-workers have given us the
first chromatin-fibre structure map of the human
genome. Having already extracted a wealth of infor-
mation from it, they suggest that it could serve as a
“…framework on which to overlay other epigenetic
information”. They hint at the end of their discussion
that their next goal might be to extend this analysis to
different cell types and species.
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