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Turing ““T'he Chemical Basis of Morphogenesis”
(MR DEFELR) [CXERFSHNES

Hydra is something like a sca-anemone but lives in fresh water and has from about five
to ten tentacles. A part of a Hydra cut off from the rest will rearrange itself so as to form a
complete new organism. At one stage of this proceeding the organism has reached the form
of a tube open at the head end and closed at the other end. The external diameter 1s some-
what greater ar the head end than over the rest of the tube. The whole still has circular
symmetry. Atasomewhat later stage the symmetry has gone to the extentthatan appropriate
stain will bring out & number of patches on the widened head end. These patches arise at
the points where the tentacles are subsequently to appear (Child 1941, p. 101 and ligure 30).
According to morphogen theory it 15 natural to supposce that reacuions, similar to those
which were considered in connection with the ring of tissue, take place in the widened head
end, leading to a similar breakdown of symmetry. The situation 15 more complicated than
the case of the thin isolated ring, for the portion of the Hydra concerned is neither isolated
nor very thin. Itis not unreasonable to suppose that this head region is the only one in which
the chemical conditions are such as to give instability. But substances produced in this
region are still free to diffuse through the surrounding region of lesser activity. There is
no great difficulty in extending the mathematics to cover this peint in particular cases.
But if the active region is too wide the system no longer approximates the behaviour of a
thin ring and one can no longer expect the tentacles to form a single whaorl, This also cannot
be considered in detail in the present paper.
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A.Gierer & H. Meinhardt [2& 5
ERSBEEBROETILAERXR (1972)

A(xt): FEHEEF (activator)
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MacWilliams Model (1982)
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ISIBEDE) F1Z (Ni, Suzuki, T. in JDE 2006)
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Gierer-Meinhardt
E7)LDE R

“The Algorithmic Beauty of
Sea Shells”

Hans Meinhardt & 19954F

3.1 The coupling between the oscillators by diffusion 45

Ty ~
Posini® Position

Figure 3.4. Stripes parallel to the direction of growth (perpendicular to the growing edge). This
pattern indicates a nearly synchronous oscillation of pigment production. (a) Pattern formation
by the interaction of an autocatalytic activator (top) and its antagonist, an inhibitor (bottom).
Oscillations occur since the inhibitor has a longer time constant (lower decay rate) than the
activator. High diffusion of the activator enforces a near-synchronization between neighbouring
cells. Nevertheless, a substantial phase difference can accumulate between distant cells. (b) The
resulting pattern in a space-time plot analogous to that formed on shells. Activator concentration
is indicated by the density of the dots. (c) Pattern on the shell of Amoria dampieria; [S34].
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1990 &, Castets, Dulos, Boissonade & U De Kepper
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T T A ph(a:)—da:

Az(0,t) = Az(4,t) =0 (t > 0)
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BEER, MFENZTNOEERF, HIFHEF,
PIUMIEF#HREZZEL-TTJ/L (Meinhardt 1993)

da nrp(as; + po,,)
Y = DayDay — py + q 1
ot hp
o Dy Ahpg —vyghp + pgpar + 01y
da prp(az + po,.)
T — Do Aago—
ot S 'LLTaT_l_hT(l + fia%)(l + cagy)
Ohr nrp(a? + po,)
—— = Dy Ah h
ot g ) T+(1 + ma%)(l + JaH)_I_plT
dp

o DpAp — ppp + ppar + po,
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