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C O G I T A T I O N E S  

Ammotragus lervia: P r o g e n i t o r  of the  D o m e s t i c a t e d  S h e e p  o r  S p e c i a l i z e d  O f f s h o o t  
of C a p r i n e  E v o l u t i o n ?  

In  a r ecen t  a r t ic le  in  th i s  journa l ,  NADLER, HOFFMANN 
a n d  WOOLF 1 p o s t u l a t e  on  t h e  bas is  of c h r o m o s o m a l  
c h a r a c t e r s  t h a t  t he  ' t rue  sheep '  l ineage (genus Ovis) a n d  
t h e  ' t r ue  goa t '  l ineage (genus Capra) diverged  f i rs t  w i t h  
t he  ' t rue  sheep '  l ineage t h e n  evo lv ing  ' t h r o u g h  an  in te r -  
media te ,  aoudad- l ike  form' .  B e h a v i o u r a l  s tudies  h a v e  also 
resu l ted  in cons ider ing  t h a t  t h e  aoudad ,  Ammotragus 
lervia, also v a r i o u s l y  k n o w n  as t he  B a r b a r y  Sheep a n d  
t he  B a r b a r y  goat ,  is close to  t he  ances to r  of t he  m o d e r n  
sheep2. CURTAIN 3 ci tes s tud ies  on t he  p r i m a r y  s t r u c t u r e  
of haemog lob in  C f rom Ammotragus lervia as sugges t ing  
' a  close r e l a t i onsh ip  b e t w e e n  Ammotragus a n d  t he  d i rec t  
ances to r s  of t h e  domes t i c  sheep,  t h e  f - c h a i n s  of t i le A a n d  
B h a e m o g l o b i n s  of t h e  l a t t e r  h a v i n g  ar isen  b y  dup l i ca t i on  
a n d  m u t a t i o n  of t h e  fC-gene of t h e  former ' .  

I n  t h e  course of r ev iewing  l i t e r a tu re  on  t he  b iochemica l  
p o l y m o r p h i s m s  of d o m e s t i c a t e d  species 4 we h a v e  n o t e d  
t h a t  t he  b iochemica l  d a t a - a t  p r e s en t  ava i l ab le  do n o t  
s u p p o r t  t he  idea t h a t  A.  lervia is p a r t i c u l a r l y  close to  t h e  
domes t i c  sheep Ovis aries. D a t a  ava i l ab le  on  t he  a m i n o  
acid sequence  of va r ious  h a e m o g l o b i n  cha ins  f rom repre-  
s e n t a t i v e s  of t h e  gene ra  Ovis, Capra a n d  Ammotragus 
are s u m m a r i z e d  : 

The ~-chains. The  e -cha in  locus is dup l i ca ted  (I~ a n d  
II~) in  b o t h  A.  lervia a n d  t h e  domes t i c  goa t  Capra hircus, 
b u t  n o t  in t he  domes t i c  sheep O. aries 5, 6, a l t h o u g h  m a n y  
b reeds  of domes t i c  sheep h a v e  been  su rveyed  for h a e m o -  
g lobin  h e t e r o g e n e i t y  a n d  genet ic  p o l y m o r p h i s m  7. T h e  
domes t i c  goa t  I~- a n d  I L - c h a i n s  differ  b y  4 amino  acids. 
Ammotragus I~- a n d  I L - c h a i n s  differ  b y  3 amino  acids. 
Yet ,  domes t i c  goa t  I~ and  Ammolragus I~ differ  b y  on ly  
1 a m i n o  acid, a c o n s e r v a t i v e  r e p l a c e m e n t  of t h r e o n i n e  
for serine. Similar ly ,  goa t  II~ and  Ammotragus II~ differ 
b y  no  more  t h a n  1 a m i n o  acid subs t i t u t i on .  The  un-  
dup l i ca t ed  e -cha in  of domes t i c  sheep h a e m o g l o b i n  differs 
b y  2 a m i n o  acids  f rom I ,  of Ammotragus,  whereas  I~ of 
t h e  domes t i c  goa t  is exac t ly  i n t e r m e d i a t e  be t w een  t h e  2, 
d i f fer ing b y  1 a m i n o  acid f rom each. A difference of t h i s  
smal l  m a g n i t u d e  is n o t  s ign i f ican t  (and, as m e n t i o n e d  
later ,  A.  lervia f c  differs  b y  2 a m i n o  acids  f rom C. hircus 
f c  a n d  b y  1 a m i n o  acid f rom O. aries fie) b u t  t i le s imi la r i ty  
in sequence  b e t w e e n  dup l i ca t ed  e - c h a i n s  in  domes t i c  
goa t  and  Ammo/ragus lervia is s ignif icant~.  

The f-chains. There  are  suff ic ient  differences in  t h e  
p r i m a r y  s t r u c t u r e  of va r ious  species-specific and  gene-  
t ica l ly  p o l y m o r p h i c  f - c h a i n s  to  al low useful  compar i son ,  
bes t  d o n e ' b y  t he  squa re  m a t r i x  p a t t e r n  of differences  s, 
t h o u g h  t he  or ig ina l  pape r s  a n d  a more  r ecen t  source  6 
ha s  been  used for t h e  ac tua l  n u m b e r  of amino  acid dif- 
ferences  (Table).  

The  t o t a l  n u m b e r  of d i f ferences  f rom o the r  t i -chains is 
g r e a t e s t  for Ovis aries lib v a r i a n t  a n d  for Ammotragus  
lervia fiB, 39 differences  each,  and  leas t  for Ovis musimon 
liB, on ly  18. Are  t he  compar i son  of t o t a l  differences be tween  
t h e  va r ious  species s t a t i s t i c a l l y  s ign i f ican t  ? Us ing  t h e  g 2 
goodness-of- f i t  one - sample  tes t" ,  a n d  cor rec t ing  for cont i -  
nu i ty ,  t h e  Z ~ = 11.95 (6 degrees  of f reedom) in t e s t i ng  t he  
nu l l  hypo thes i s  t h a t  t h e  t o t a l  d i f ferences  do no t  differ  sig- 
n i f i can t ly  f rom the  expec t ed  ave rage  difference 28.57 ; t h i s  
fails to  be  s t a t i s t i ca l ly  s ign i f i can t  (p a p p r o x i m a t e l y  equa l s  
0.07). However ,  SIEGEL 9 r e c o m m e n d s  us ing  t he  more  pow- 
erful  K o l m o g o r o v - S m i r n o v  one-sample  test .  Fo r  t h e  o rder  
of t i -chains g iven  in t h e  a b o v e  compar i son  t he  m a x i m a l  
di f ference IFo(X)-S~oo(X)I = 0.0543, wh ich  is s t a t i s t i ca l ly  
s ign i f i can t  a t  t he  0.01 level  where  t he  m a x i m a l  di f ference 
m u s t  be  g rea te r  t h a n  1 .63/ (200)1/3= 0.0408. The  Z * 
t e s t  can  be m a d e  more  power fu l  b y  t e s t i ng  aga ins t  specific 
a l t e r n a t i v e  hypo theses ,  e.g., t h e  a l t e r n a t i v e  h y p o t h e s i s  
t h a t  t he  t o t a l  d ive rgence  of Ammotragus liB, 39, is signifi-  
c a n t l y  g rea te r  t h a n  t he  t o t a l  d i v e r g e n c e  of O. musimon 
liB, 18, for  wh ich  aga in s t  the  ave rage  of 28.57 a n d  cor- 
r ec t ing  % r  c o n t i n u i t y  )~2 = 7.00 (1 degree  of f reedom),  
s ign i f i can t  a t  p < 0.01. Therefore ,  as i t  has  t h e  leas t  
n u m b e r  of t o t a l  d i f ferences  in compar i son  w i t h  o t h e r  
t i-chains,  mouf lon  fib is m u c h  more  l ike ly  to be closer to  a 
h y p o t h e t i c a l  ances t r a l  ov ine -cap r ine  ti-chai n t h a n  is 
a o u d a d  fiB, wh ich  is a long  w i t h  sheep fib the  m o s t  d iver-  
gent .  

The fie-chains. Ammotragus lervia is un ique  a m o n g  all 
suf f ic ien t ly  s tud ied  ov ines  a n d  capr ines  in t h a t  some 
ind iv idua l s  of A.  lervia syn thes ize  a t/C-like cha in  con-  
t i n u o u s l y  as adul ts ,  w i t h o u t  t he  r e q u i r e m e n t  of severe  
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tiB Sheep ~* Sheep fib Mouflon fie Goat tia Goat ti" Goat tiB Aoudad 

Sheep (Ovis aries) lib 
Sheep (Ovis aries) tiA 
Mouflon (Ovis musimon) lib 
Goat (Capra hircus) tie 
Goat (Capra hircus) ti~' 
Goat (Capra hircus) tip 
A0udad (A mmotragus lervia) tiB 

5 6 7 8 6 
2 3 4 5 7 
0 1 2 3 5 
1 0 3 4 6 
2 3 0 1 7 
3 4 1 0 8 
5 6 7 8 0 

Total differences 39 28 18 23 24 29 39 
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anaemia  or o ther  hypox ic  stress,  the  unusual  tiC-like chain  
called fie(,a). Other  individuals  of A.  lervia synthes ize  a 
typ ica l  ovine-capr ine  fie chain which  differs b y  e ight  
amino  acids f rom A.  lervia fic'n~)~0. Otherwise,  t he  evolu- 
t ion  of C- type chains  is re la t ive ly  conservat ive ,  for 
A.  lervia tic differs by  only 2 amino acids f rom C. hircus 
tic and  by  only 1 amino acid f rom O. aries and  O. musi-  
mon ficu. A nothe r  r emarkab le  feature  of A.  lervia fl ct"~) 
is t h a t  the  middle  of the  chain,  t ryp t i c  pep t ides  T-9 and  
T-10, conta in  4 amino  acid subs t i tu t ions  no t  found  in 
o the r  fie chains  b u t  shared  in the  sequence of the  foetal  
chain,  y, of sheep and  goats.  

Accordingly,  t he  haemoglob in  d a t a  suggest  t h a t  A. 
lervia is no closer to  Ovis t h a n  to  Capra; indeed,  t he  
na tu re  of the  e-chain  dupl ica t ion  indicates  t h a t  there  is 
more  in comm on  be tween  A.  lervia and C. hircus t h a n  
be tween  A.  lervia and  O. aries. However ,  especially wi th  
the  unusual  fle(.a) chain and  the  to ta l  of 39 differences 
be tw een  A.  lervia flu and other /~-chains ,  it  m igh t  be bes t  
to  regard  the  aoudad  as d is t inc t  f rom b o t h  Ovis and  
Capra, perhaps  represen t ing  an early offshoot  f rom the  
ovine-capr ine  s tock which  has re ta ined  some pr imi t ive  
charac te r s  bu t  has  also evolved some unique ly  specialized 
ones. 

Such a posi t ion would no t  be incompat ib le  wi th  the  
zoogeographic informat ion,  for Ammotragus lervia occurs 
in a res t r ic ted  p a r t  of no r the rn  Africa, d i s t inc t  f rom ' the  
g rea t  arc '  of Ovis in Euras ia  and  Nor th  America  ~2. The 
d is t inc tness  of dmmotragus is shown by  its failure to  
produce  viable hybr ids  wi th  e i ther  domest ic  goats  or 
domes t ic  sheep, a l though  deve lopmen t  of d .  lervia • C. 
hircus foetuses proceeds  to  te rm,  whereas  A.  lervia• 
aries fails to be conceived13 

In  con t ras t  to  suggest ions t h a t  Ammotragus lervia is 
close to  progeni tors  of t he  domes t ic  sheep, discussions of 
d a t a  for b o t h  b iochemical  4 and  ch romosomal  ~ charac te rs  
suggest  the  mouflon,  Ovis musimon, as a be t t e r  candida te .  
As CLARK 15 says, ' t he  B a r b a r y  sheep (Ammotragus) . . . .  
for reasons i t  would  be in te res t ing  to  have  res ta ted ,  is 
excluded f rom any  pa r t  in the  ances t ry  of African domest ic  
sheep ' .  

Summary .  D a t a  on haemoglob in  do no t  suppor t  sug- 
gest ions t h a t  the  aoudad  Ammotragus lervia is close to  a 
hypo the t i ca l  ances tor  to  t he  genus Ovis in general  or to  
t h e  domes t i ca t ed  sheep Ovis aries in par t icular .  A m m o -  
tragus haemoglobin  is more  like t h a t  f rom the  domes t ic  
goat  Capra hircus t h a n  t h a t  f rom the  domest ic  sheep 
Ovis aries, but  also shows some unique character is t ics ,  
pe rhaps  more  special ized t h a n  pr imi t ive .  
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P R O  E X P E R I M E N T I  S 

A Method for Dist inct ion Between  R N A  and D N A  in Aldehyde  and Osrninrntetroxide-f ixed 
Elec tron  M i c r o s c o p i c  A u t o r a d i o g r a p h s  1 

His tochemica l  procedures  in e lectron microscopy usu- 
ally require  a special f ixat ion or o ther  t r e a t m e n t  of the  
t issue prior  to embedding .  If  an inves t iga t ion  wi th  t issue 
f ixed and  embedded  according to a rout ine  procedure  is 
in progress  and one wishes to  per form a h is tochemica l  
react ion,  t he  f ixat ion,  embedding ,  and  preceeding ex- 
pe r imen t s  have  to  be repeated .  This is especially t ime-  
consuming  wi th  electron microscopic au torad iography ,  
as the  exposi t ion t ime  of the  au to rad iographs  ranges f rom 
weeks to  several  months .  

The presen t  paper  shows t h a t  the  so-called ' regressive 
s ta in ing  m e t h o d '  descr ibed b y  BERNARD 2 for the  dis t inc-  
t ion of R N A  and  DNA on a ldehyde- f ixed  t issue can also 
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Processing and staining of autoradiographs for conventional contrast and RNA-DNA differentiation 

Solution Time of treatment for 

Conventional contrast RNA-DNA differentiation 

1V[icrodol -X- (Kodak) 5 min 5 min 
Dist. water a few see a few see 
Na-thiosulfate (3%) no longer than 3 rain no longer than 3 rain 
Dist. water (room temp.) 3 • 10 rain 3 x 10 rain 
Dist. water 37 ~ 30 rain 30 min 
Acetic acid 37 ~ 15 min 4% up to 20 rain, up to 8% 
Dist. water (room temp.) 3 • 5 min 3 • 5 min 
Uraniumacetate 2,5% in dist. water 6 rain none 
Lead citrate s 3 min 3 min 


