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Morphogen gradient

SHH in chick neural tube FGF8 in mouse limb bud
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(A) Self-enhanced morphogen degradation may prasent a general
means for achieving robustneass.
(B) In the Wg-like class of robust networks, morphogen signaling

represses receptor expression, while receptor stabilizes the mor- % 153 5 é:
phOan. XY}

(C) In the Hh-like class of robust networks morphogen signaling
activates receptor expression, while receptor enhances morphogen
degradation. Both mechanisms thus ensure robustness using the
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Fig. 1 Variable spectrum in facial findings in patients with holopros-
encephaly (HPE). a, Cyclopia with a nose- hkc structure (proboscis)
above the single eye. b, Syn oscis ¢ Proboscis
between separated eyes. d,e JAutosomal dominant (AD)HPE family
14 (see Fig. 2) with two HPE + . rrves (hypotelorism) Jﬂd single-nostril nose (d) and ocular hypo
facial hypoplasia with midline cleft hp 6). 1 q »«D HPF family 2 (see Fig. 2)°': oldest affected daughter with microcephaly, sev
hypotelorism, absence of the nasal bones and midline cleft lip (M), and her mother with a single cantral upper INCIsor ()

Nat Genet. 1996 Nov;14(3):357-60.
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Von Koch's curve, showing the ten fthe closed POIYE
approach infinity, whereas the ;m_zz.n 0.3]91)01'81"0“'
is stable. Arrows denote progressive

J. Morphol. 185. 285- (1985)

Fli{_ 3. Skull of white-tailed deer (Odocoilews virgin
orus) from central Wisconsin, Male with shed antler
wowing complex dorsal cranial sutures, University
Wisconsin Museum No. 6223,
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Fig. 4. Fibrobiast growth factor (Fgf) and bone morphogenetic protein (Bmp) signalling are
integrated through the transcription factor Foxc1, and this integration regulates proliferation of

o [ ]
O Ste O P O ntl n 9 O Ste rlx osteoprogenitor cells in calvarial mesenchyme independently of Noggin and Twist.

Twist, Msx2, Alx4,
Runx2, Foxc Dev Dyn 233:847-852, 2005
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