
© 2001 Macmillan Magazines Ltd

HIGHLIGHTS

HIGHLIGHTS ADVISORS

KONRAD BASLER

UNIVERSITY OF ZURICH,
SWITZERLAND

WENDY BICKMORE 

MRC HUMAN GENETICS UNIT,
UK

PEER BORK

EMBL, GERMANY

SEAN B. CARROLL

UNIVERSITY OF WISCONSIN,
USA

ADAM EYRE-WALKER

UNIVERSITY OF SUSSEX, UK

JANE GITSCHIER

UNIVERSITY OF CALIFORNIA,
SAN FRANCISCO, USA

SARAH HAKE

UNIVERSITY OF CALIFORNIA,
BERKELEY, USA

PETER KOOPMAN

UNIVERSITY OF QUEENSLAND,
AUSTRALIA

LEONID KRUGLYAK

FRED HUTCHINSON CANCER
RESEARCH CENTER, USA

GAIL MARTIN

UNIVERSITY OF CALIFORNIA,
SAN FRANCISCO, USA

BARBARA MEYER

UNIVERSITY OF CALIFORNIA,
BERKELEY, USA

TOSHIHIKO SHIROISHI

NATIONAL INSTITUTE OF
GENETICS, JAPAN

KEN WOLFE

UNIVERSITY OF DUBLIN,
IRELAND

RICHARD YOUNG

MASSACHUSETTS INSTITUTE
OF TECHNOLOGY, USA

The eyespots that decorate certain
butterfly wings are a recently evolved
adaptation to deter predators. Their
function is clear, but understanding
how they got there — both develop-
mentally and evolutionarily — is a
trickier matter. Now, Craig Brunetti
and colleagues have found three genes
that are turned on in the concentric
domains that correspond to the future
coloured rings of Bicyclus anynana
eyespots. Their findings indicate how
these genes might contribute to pat-
tern formation and to the spectacular
variation in eyespot colour schemes of
other butterfly species.

To understand how an eyespot is
patterned, Brunetti et al. looked for
proteins that are present at the right
place and at the right time in the
developing pupal wing of B. anynana.
Those that were — encoded by 
the conserved distal-less (Dll),
engrailed/invected (en/inv) and spalt
(sal) genes — had very telling expres-
sion profiles. All three genes are
expressed early on in the centre of the
eyespot field; however, a ring of sal
expression quickly surrounds the cen-
tral focus, which, in turn, is soon
enveloped by an outer ring of en/inv
expression. What makes this pattern
interesting is that the three rings corre-
spond to the three coloured rings of
the adult eyespot of B. anynana, which
comprises a central white spot sur-
rounded by a black then a golden ring
(see picture). Looking at a sponta-
neous mutant, Goldeneye, helped to
define the relationship between the
genes. In Goldeneye, the golden ring
has expanded into the territory 

normally occupied by the black ring,
which is almost lost. As expected, the
expression of en/inv in the developing
Goldeneye eyespot is increased at the
expense of sal, indicating that the two
genes normally antagonize each
other’s expression.

That the three genes are expressed
in other butterfly species with
differently patterned eyespots
reinforces, and broadens, the
model that Dll, En/Inv and
Sal operate alone or in a
combinatorial manner to
determine eyespot rings.
Indeed, although the genes can
have different spatial distribu-
tions in other species, their expres-
sion correlates with specific eyespot
colour schemes.

The authors propose that Dll,
En/Inv and Sal define an intermedi-
ate, regulatory step between the
morphogenetic signal emanating
from the focus of the developing eye-
spot and the pigmentation genes
themselves. Their study shows that the
two tiers of information — the regula-
tory and the pigmentation genes —
are very plastic and can evolve inde-
pendently, so that en/inv expression
alone can specify gold, black or orange
scales, depending on the species.
Refining the model will require
understanding whether the spatial
distribution of regulatory genes
depends on threshold responses to
the morphogen, on cross-regulatory
interactions between genes, or
indeed on both, depending on
the species.
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The butterfly Bicyclus anynana. Wild type, top;
Goldeneye mutant, bottom. Courtesy of Paul
Brakefield, University of Leiden, The Netherlands,
and Craig Brunetti, University of Wisconsin–
Madison, USA. Reproduced with permission 

from Brunetti et al. Current Biology © (2001) 
Elsevier Science.
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