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Patterns of cellular differentiation may be
generated by the cells, first having their po-
sition specified as in a coordinate system,
and then interpreting this in terms of their
genetic constitution and developmental his-
tory. The coordinate system may be univer-
sal. [The SCI® indicates that this paper has
been cited in over 545 publications since
1969.]
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In the early 1960s, ! had been working
during the summers with Trygve Gustafson
on the cellular basis of sea-urchin morpho-
genesis.! While we were interested in cellu-
lar forces, | was very conscious of the long-
standing Swedish interest in gradients and
regulation of sea-urchin embryo, particular-
ly that of Runnstrom and Horstadius, but |
couldn’t understand how these gradients
could specify pattern or how they were regu-

. lated. In fact, apart from Meryl Rose and
C.H. ‘Waddington, no one thought much
about spatial organization. Cell differentia-
tion and induction were the dominant intet-
ests. 1, however, was primarily concerned
with the ability of the sea-urchin embryo to
develop a spatially normal pattern over an
eight-fold size range. When | got married
and found it difficult to travel to Sweden for

the summers, | chose to work with Gerry
Webster on Hydra regulation as a model. In
order to formulate the problem more for-
mally, | invented the French Flag Problem:
how a line of similar cells could form a pat-
tern such that one-third was blue, one-third
white, and one-third red. | was collaborating
with two theoreticians, Mary Williams and
Michael Apter. Apter was keen on the obvi-
ous solution—number the cells from each

" end, and the cells can thus compute which
" third of the line they are in! For some time, |
" resisted this solution as being too complex -

but suddenly realized that, in more general
terms, if cells knew their position, then a
larger number of pattern problems could be
accounted for. 1 was particularly encour-
aged that it could account for Curt Stern’s
experiments on genetic mosaics in
Drosophila.2

Part of the stimulus for my work was Wad-
dington’s Theoretical Biology Meetings at
Bellagio, and | presented the idea there at
Easter 1968, where it was sympathetically re-
ceived. But at Woods Hole, in the same
year, the reception was rather hostile. How-
ever, | was encouraged, particularly by Syd-
ney Brenner, to write it up fully.

The paper has frequently been cited be-
cause, | hope, it both defined the general
field of pattern formation and provided a
particular conceptual framework. The idea
of positional information is now quite wide-
ly used in developmental biology.3 The most
interesting application is the model for epi-
morphic regulation developed by French,
Bryant, and Bryant,* which suggested that
there is a set of positional values specified in
terms of polar coordinates. They put for-
ward a set of rules for how the system regu-
lates that can explain a wide variety of re-
sults. Our own work has concentrated on po-
sitional information in the chick limb bud.>7
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