
How the mouse 
got its 
zig-zag hair 

O b s e r v i n g the mi rac le o f 
l iv ing , m o v i n g creatures, w e 
are struck by their 
marve l lous ly intricate f o r m 
and co-ord ina ted activity. 

T h e beautiful mark ings o n 
a butterfly's w i n g , the 
dis t inct ive stripes o n a zebra, 
the eye o f an eag le ... 
H o w d o e s s u c h hand iwork , 
so i ncomparab ly m o r e 
detai led than the works o f 
man , c o m e about? H o w 
d o all the bits fit in the r ight 
p lace? 

Gene t i c i s t s d o n ' t have the 
answer . T h e way the 
genes transmit their m e s -

The key to zig-zag growth is 
the bend in the hair — 
which forces the dermal 
papilla off-centre — which 
leads, via a change in 
morphogen pattern, to a 
bend in the opposite 
direction. 

sages is n o w largely k n o w n , 
but the m e c h a n i s m that 
con t ro l s the un fo ld ing o f the 
e m b r y o is a mystery. 

O n e answer — still rather 
cont rovers ia l — is a 
theory first put forward in 
the 1950s by A l a n 
T u r i n g , o n e o f the p ioneers 
o f c o m p u t i n g . H e 
postula ted entit ies ca l led 
' m o r p h o g e n s ' — c h e m i c a l s 
d ispersed in to a r e g i o n 
o f g r o w i n g , undifferentiated 
ce l l s . 

T h e pattern fo rmed by the 
d i f fus ion and mutua l 
reac t ion o f these m o r p h o 
gens provides a template that 
is sensed by the ce l l s , he 
c o n t e n d e d . T h e y differen
tiate — a p i g m e n t e d 
ce l l here , a pla in o n e there 
— a c c o r d i n g to the 
dictates o f that gu id ing 
pattern. 

S o m e 30 years later, 
m o r p h o g e n s remain o n l y a 
theoret ical deduc t ion , just as 
g e n e s o n c e were . T h e 
theory o f gene t ics 
was d e v e l o p e d l o n g before 
the phys ica l reality o f 
genes c o u l d b e 
demonstra ted . 

M o r p h o g e n s are still i n 
l i m b o . W i t h the e x c e p t i o n o f 
the o c c a s i o n a l ' g rowth 

factor ' and s o m e other cand i 
dates, poss ib l e m o r p h o g e n s 
have yet to b e identif ied. 

H o w e v e r , the poss ib i l i ty 
that the reac t ion and 
dif fusion o f m o r p h o g e n s 
play a major ro le in 
the d e v e l o p m e n t o f l iv ing 
th ings is ga in ing increas ing 
accep tance as it exp la ins 
m o r e and m o r e facts — s u c h 
as w h y the underfur o f 
m i c e and rats g r o w s in a z ig
zag. 

T h i s explana t ion b e l o n g s 
to D r Barry N a g o r c k a 
and D r John M o o n e y , o f the 
CSIRO D i v i s i o n o f 
C o m p u t i n g Resea rch . 

It ca l ls for the p re sence o f 
three m o r p h o g e n s 
interact ing in the fo l l i c l e 
b u l b , d i rec t ing the 
ce l l s ' d eve lopmen t . T h e 
interact ion o f the m o r p h o 
gens c a n b e m o d e l l e d 
mathemat ica l ly , and the 
equat ions predic t that 
spec i f ic patterns i n their 
dis t r ibut ion wi l l d e v e l o p . 

In this way, the 
m o r p h o g e n pattern deter
m i n e s both the shape o f the 
hair fibre c ross - sec t ion 
and the geomet r i ca l 
ar rangement o f different c e l l 
types. 

T h e theory predicts that 
dur ing the fo rmat ion o f 
a zig-zag hair the inner part 
o f the fo l l i c l e b u l b (the 
dermal papil la) m o v e s off-
cent re , c aus ing a l o p 
s ided dis tr ibut ion 
o f m o r p h o g e n s . T h i s c a u s e s 
ce l l s o n o n e side o f the 
b u l b to d e v e l o p differently 
f rom ce l l s o n the. other . 

A s a result , the fibre bends 
w h e n it reaches the 
upper part o f the fo l l i c l e . 

T h a t expla ins the 
z ig . A zag fo rms w h e n the 
b e n d i n g fibre, before it 
emerges f rom the 
skin surface, pushes the 
dermal papil la off-centre to 
the oppos i t e s ide o f the 
bu lb . T h e m o r p h o g e n s then 
fo rm a pattern that is a 
mirror i m a g e o f the previous 
o n e , and g ives r ise to a 
fibre that bends the other 
way. W e are s o o n back 
to where w e were before , and 
the z igs and zags keep 
c o m i n g as l o n g as the hair 
g r o w s . 

T h e z ig-zag m e c h a n i s m is 
c l o s e l y related to a 
m e c h a n i s m exp la in ing 
c r i m p in w o o l fibres 
p roposed by D r N a g o r c k a . 
T h e m o r p h o g e n theory 
c a n a lso a c c o u n t for a range 
o f fibre shapes — such as 
k idney-shaped, three- lobed, 
and four - lobed — as w e l l 
as different patterns o f 
ce l l types f o u n d in w o o l . 

D r N a g o r c k a and 
D r M o o n e y are presently 
l o o k i n g at whe the r the 
theory can exp la in h o w hair 
and feather fo l l i c l e s 
appear and d e v e l o p in partic
ular patterns. 

Andrew Bell 

E v i d e n c e for a 

reaction— diffusion system 

as a m e c h a n i s m 

c o n t r o l l i n g m a m m a l i a n 

hair g rowth . B . N . 

N a g o r c k a . Biosystems, 1984 , 

17 ( in press) . 

32 


