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G-Band Patterns as Chromosomal  Markers, and 
Wild Sheep (Ovis) 

Hola rc t i c  wild  sheep are re fe rab le  to  four  groups  on  
t he  bas is  of t h e i r  morpho log ica l  ~, b e h a v i o r a l  2, an d  
c h r o m o s o m a l  cha rac t e r s  3. A 2 n  of 54 cha rac t e r i zed  
E u r o p e a n  a n d  Asia t ic  mouf lon  sheep r a n g i n g  f rom t h e  
M e d i t e r r a n e a n  to  n o r t h w e s t e r n  I r an .  Ur ia l  sheep f rom 
n o r t h e a s t e r n  I r an ,  T u r k m e n  SSR,  T a d z h i k  SSR,  an d  
A f g h a n i s t a n  possess 2 n  = 583, 5. The  a r k h a r / a r g a l i  g roup  
f rom the  U S S R  a n d  Mongol ia  h a v e  2 n  = 563,4. F ina l ly ,  
N o r t h  A m e r i c a n  B i g h o r n  a n d  ]3all sheep, of t h e  subgenus  
Pachyceros, h a v e  2 n  ~ 546,7. This  l a t t e r  g roup  inc ludes  
Ovis nivicola f rom n o r t h e a s t e r n  Siberia,  a species as ye t  
u n s t u d i e d  cytological ly .  

The  k a r y o t y p e  of 2 n  = 58 sheep con t a in s  1 pa i r  of 
b i a r m e d  au tosomes ,  54 ac rocen t r i c  au tosomes ,  a large 
ac rocen t r i c  X a n d  a smal l  b i a r m e d  Y chromosome.  The  
2 n  = 56 a n d  2 n  = 54 k a r y o t y p e s  inc lude  2 and  3 pa i rs  of 
b i a r m e d  an tosomes ,  respect ively ,  w i t h  co r re spond ing  
r educ t ions  in t he  n u m b e r  of ac rocen t r ics  t h o u g h t  to  be  due  
to  R o b e r t s o n i a n  t r an s loca t i ons  be tween  ac rocen t r i c  
ch romosomes .  I n  B ov idae  t h i s  process  p roceeded  f rom a 
p r i m i t i v e l y  h igh  c h r o m o s o m e  n u m b e r  (2n  = 58 in  sheep) 
to  a de r ived  lower  2 n  ~ The  co r respondence  of der ived  
d ip lo id  n u m b e r s  (2n  = 54) in N o r t h  A m e r i c a n  wild sheep 
a n d  in wi ld  mouf lon  sheep f rom wes t e rn  E u r a s i a  t h u s  
raises t he  ques t ion  of c h r o m o s o m a l  homologies  in these  
wide ly  s e p a r a t e d  t a x a  t h a t  are  no t  reso lvab le  b y  ana lys i s  
of m i to t i c  chromosomes .  

The  a v a i l a b i l i t y  of new t echn iques  for  d e m o n s t r a t i n g  
specific b a n d s  w i t h i n  m a m m a l i a n  ch romosomes  offers for 

the Interpretation of Chromosomal  Evolution in 

t he  f i rs t  t i m e  a s imple  m e a n s  of i den t i fy ing  homologous  
pa i rs  w i t h i n  a k a r y o t y p e  on  the  basis  of m o r p h o l o g y  s-11. 
These  m e t h o d s  for d e m o n s t r a t i n g  Q-, C- a n d  G - b a n d s  all  
y ie ld  r ep roduc ib le  c r i te r ia  for i den t i fy ing  i n d i v i d u a l  
ch ro mo s o mes  a n d  recogniz ing  homologous  pa i rs  in  m a n  
a n d  o the r  m a m m a l s .  

Th i s  r e p o r t  descr ibes  t h e  mi to t i c  ch romosomes  an d  
G - b a n d  p a t t e r n s  of 2 n  ~ 54 a n d  2 n  = 58 wild sheep of 
severa l  d i f fe ren t  New a n d  Old W o r l d  t a x a  a n d  meiosis  
an d  G - b a n d  p a t t e r n s  of t h e i r  hybr ids .  

Materials and methods. The  fol lowing spec imens  were 
ana lyzed :  1. dese r t  b i g h o r n  (Ovis canadensis mexicana 
Merr iam),  2 males  f rom t h e  iKofa Moun ta ins ,  s o u t h  of 
Quar tz i t e ,  Ar izona ;  2. E u r o p e a n  mouf lon  (0. musimon 
Schreber) ,  2 females  f rom s tock  o r ig ina t ing  in Corsica;  
3. Asia t ic  mouf lon  (O. orientalis Gmelin) ,  1 male  f rom nea r  
Tehran ,  I r a n  (35 ~ 41'  N;  51 ~ 34' E) ;  4. Ur ia l  sheep (O. 
vignei Blyth) ,  1 male  f rom n o r t h w e s t e r n  l r a n  (37 ~ 20'  N ;  
56 ~ 07' E) ;  5. h y b r i d  sheep (O. musimon •  canadensis 
canadensis Shaw),  1 F 1 ma le  a n d  1 F 2 ma le ;  t h e  0.  
canadensis p a r e n t a l  s tock  were c a p t u r e d  in n o r t h w e s t e r n  
Mon tana .  

Mi to t ic  ch ro mo s o mes  were ana lyzed  f rom sk in  biopsies  
g rown in t i ssues  cu l tu re  b y  Dr. T. C. H s u ,  M. D. A n d e r s o n  
Hosp i ta l ,  Hous ton ,  Texas.  G - b a n d  p r e p a r a t i o n s  were 
m a d e  b y  t h e  t e c h n i q u e  of SEABRIGHT 11 w i t h  s u b s e q u e n t  
Giemsa  s t a in ing  a t  p H  7.0. Meiot ic  ana lys i s  of t h e  F2 
h y b r i d  was pe r fo rmed  b y  t h e  m e t h o d  of MEREDITH 12. 

Results. Ovis canadensis mexicana h a d  a 2n = 54 a n d  t h e  
k a r y o t y p e  c o n t a i n e d  3 pa i r s  of b i a r m e d  a n d  23 pa i rs  of 
ac rocen t r i c  au tosomes ,  a large ac rocen t r i c  X a n d  a 
m i n u t e  b i a r m e d  Y c h r o m o s o m e  (Figure  1). C o m p a r i s o n  of 
G - b a n d s  p e r m i t t e d  accu ra t e  p a i r i n g  of t h e  6 b i a r m e d  
chromosomes ,  wh ich  are i l l u s t r a t ed  in F igu re  2. G -b an d s  
also appea red  in ce r t a in  ac rocen t r i c  au tosomes .  The  
larges t  acroeentr ic ,  cons idered  t h e  X c h r o m o s o m e  b y  m o s t  
au thors ,  d id  n o t  ex h i b i t  d i s t i nc t  b a n d s ;  t h e  Y chromo-  
some also lacked  d i s t inc t ive  bands .  P rev ious  r epor t s  of 
2n ~ 54 in b i g h o r n  sheep s were based  on  spec imens  of 
O. canadensis f rom t h e  cen t r a l  R o c k y  Moun ta ins .  T h e  
presence  of a n  iden t ica l  k a r y o t y p e  in our  new spec imens  
f rom t h e  s o u t h e r n  edge of t h e  species r ange  suggests  t h a t  
b igho rns  m a y  be  found  to e x h i b i t  c h r o m o s o m a l  homo-  
genei ty .  

The  2n = 54 k a r y o t y p e  an d  G - b a n d  p a t t e r n  of t h e  
b i a r m e d  au tosomes  f rom Ovis musimon an d  I r a n i a n  O. 
orientalis were iden t ica l  to  those  of O. canadensis mexicana. 

Fig. 1. Karyotype and G-bands of a male Ovis canadansis mexicana 
(2n = 54). 

Fig. 2. Schematic representation of G-bands of the biarmed autosomes 
from 2 n = 54 Old and New World wild sheep. 
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I n  con t ras t ,  t h e  k a r y o t y p e  of Ovis  v igne i  (2n = 58) 
c o n t a i n e d  on ly  1 pa i r  of b i a r m e d  au tosomes  (see above) ;  
t h e  G-bands  of th i s  pa i r  were iden t i ca l  and  co r responded  
to  those  of t he  l a rges t  pa i r  in  2n = 54 sheep. 

B o t h  t he  F 1 a n d  F~ (Figure 3) O. m u s i m o n  • O. canadens i s  
h y b r i d s  h a d  a 2n = 54 and  k a r y o t y p e s  a n d  G - b a n d s  in  t h e  
b i a r m e d  au tosomes  i nd i s t i ngu i shab l e  f rom those  of O. 
m u s i m o n  a n d  0. oriental is .  

Counts  of 45 meiot ic  sp reads  in d iak ines is  f rom t h e  F~ 
h y b r i d  revea led  27 b i v a l e n t s  inc lud ing  3 large b i v a l e n t s  
t h a t  c o n s t i t u t e d  t he  3 pa i rs  of b i a r m e d  ch romosomes  a n d  
a sex b i v a l e n t  (Figure 4). 

D i s c u s s i o n .  The  presence  of iden t i ca l  G b a n d  p a t t e r n s  in  
b o t h  m e m b e r s  o5 t he  3 b i a r m e d  c h r o m o s o m e  pai rs  of F~ 
a n d  F~ E u r o p e a n  m o u f l o n •  h y b r i d s  s t rong ly  
suggests  t h a t  these  ch romosomes  of 2n = 54 Asia t ic  a n d  
N o r t h  A m e r i c a n  sheep are s t r u c t u r a l l y  homologous .  The  
homology  of these  ch romosomes  in t he  F~ h y b r i d  is also 

Fig. 3. Karyotype and G-bands of a 0. musimon • O. canadensis F~ 
male (2n = 54). 

s u b s t a n t i a t e d  b y  n o r m a l  b i v a l e n t  f o r m a t i o n  in meiosis.  
Mu l t i v a l en t s  an d  un iva len t s ,  wh ich  Would be  a n t i c i p a t e d  
if mouf lon  a n d  b i g h o r n  k a r y o t y p e s  h a d  exper ienced  
r a n d o m  t r an s l o ca t i o n s  b e t w een  d i f fe ren t  ac rocen t r ic  
au tosomes  to a t t a i n  grossly s imi la r  2n = 54 ka ryo types ,  
were n o t  observed .  T h e  homology  of ch ro mo s o mes  com- 
pr i s ing  t h e  b i a r m e d  group  is f u r t h e r  s u p p o r t e d  b y  G- 
b a n d  s imi lar i t ies  in  2n = 54 E u r o p e a n  an d  Asia t ic  mouf lon  
an d  t h e  A m e r i c a n  deser t  sheep.  

Two a l t e rn a t i v e s  m a y  a c c o u n t  for these  obse rva t ions .  
The  first ,  monophy le t i c ,  a l t e r n a t i v e  hypo thes i zes  t h a t  all  
2n = 54 sheep evo lved  f rom a single c o m m o n  ances to r  
v ia  R o b e r t s o n i a n  cen t r i c  fus ions  f rom 2n ~ 58 to  2n = 56 
an d  f ina l ly  2n = 54. The  second, po lyphyle t i c ,  a l t e r n a t i v e  
pos tu l a t e s  t h a t  t h e  G - b a n d  homology  e x h i b i t e d  in As ian  
an d  N o r t h  A m e r i c a n  2n = 54 sheep m a y  s t em f rom 
i n d e p e n d e n t l y  occurr ing  cent r ic  fus ions  t h a t  i nvo lved  t h e  
same c h r o m o s o m e  pairs .  Such  n o n - r a n d o m  fusions t lave 
been  r e p e a t e d l y  obse rved  in h u m a n  popu la t ions ,  a n d  in 
u n r e l a t e d  famil ies  a c c o u n t  for cases of t r a n s l o c a t i o n s  
D-D an d  D-G group  ch ro mo s o mes  13,1a. Such  c o n v e r g e n t  
evo lu t ion  a t  t h e  c h r o m o s o m a l  level  is, if conf i rmed  for 
wild  sheep popula t ions ,  of g rea t  t heo re t i ca l  in te res t .  

T h e  m o n o p h y l e t i c  a l t e r n a t i v e  would  i m p l y  t h a t  Old 
W o r l d  mouf lons  a n d  New W o r l d  b igho rns  are b o t h  der ived  
f rom ur ia l  sheep in an  ear ly  r a d i a t i o n  of Ovis  f rom Middle  
Asia  15. Mouflons  sp read  wes tward  t h r o u g h  t h e  Nea r  E a s t  
to  E u r o p e  an d  p e r h a p s  Africa,  whereas  t h e  s tock  t h a t  
u l t i m a t e l y  gave  rise to  b i g h o r n s  sp read  ea s twa rd  across 
the  Be r ing  land  br idge  in t h e  Mid-P le i s tocene  a n d  r eached  
wes t e rn  N o r t h  Amer i ca  16. T h e  or ig ina l  connec t ion  b e t w e e n  
these  n o w  widely  s epa ra t ed  species m u s t  t h e n  h a v e  been  
ob l i t e r a t ed  b y  e x t i n c t i o n  of 2n = 54 sheep across Middle  
a n d  Cen t ra l  Asia, an d  t h e i r  r e p l a c e m e n t  b y  2n = 56 
a r k h a r / a r g a l i  sheep  t h a t  evo lved  more  r ecen t ly  f rom t h e  
ances t r a l  ur ia l  stock.  

Ch ro mo s o ma l  convergence  would  imp ly  t h a t  E u r o p e a n  
an d  Asia t ic  mouf lons  were der ived  f rom an  ances t r a l  u r ia l  
p o p u l a t i o n  i so la ted  somewhere  in t h e  Nea r  E a s t  or 
Europe ,  in  wh ich  cent r ic  fusions r e su l t ed  e v a n t u a l l y  in  t h e  
p re sen t  2n = 54 popula t ions .  I n d e p e n d e n t l y ,  an d  p r o b a b l y  
earlier,  a n o t h e r  ances t r a l  ur ia l  p o p u l a t i o n  w a s  i so la ted  
somewhere  to  t h e  east,  in  Middle  or Cent ra l  Asia. Centr ic  
fus ion re su l t ed  in a sheep w i t h  2n = 56 which  e v e n t u a l l y  
gave rise to  m o d e r n  a rkhar / a rga l i ,  b u t  wh ich  in t u r n  was  
t h e  source for t h e  a m p h i - B e r i n g i a n  p o p u l a t i o n s  2. These  
ances t r a l  2n = 56 sheep, m i g r a t i n g  e a s t w a r d  across t h e  
Be r ing  l and  br idge,  b e c a m e  iso la ted  f rom Cent ra l  As ian  
2n = 56 sheep, a n d  t h r o u g h  a d d i t i o n a l  cen t r i c  fusion,  
deve loped  in to  m o d e r n  Dal l  a n d  b i g h o r n  sheep.  Fo r  t h e  
k a r y o t y p e  of these  N o r t h  A m e r i c a n  2n ~ 54 sheep to  be  
s t r u c t u r a l l y  homologous  to t h a t  of 2n = 54 mouf lon  sheep 
requi res  t h a t  t he re  be  a h i g h  p r o b a b i l i t y  of fus ions  
occur r ing  b e t w e e n  specific ac rocen t r i c  chromosomes .  

A f u r t h e r  t e s t  of these  a l t e r n a t i v e  h y p o t h e s e s  wil l  
requi re  compar i son  of o the r  cha rac t e r s  of wild  sheep, in  
pa r t i cu la r ,  morpho logy ,  i m m u n o l o g y  a n d  p r o t e i n  bio-  
c h e m i s t r y  1~. 

B b l B O ~ b l .  XpoMocoMbI H F-noJIocbl anKHX 6apaHoB --3 
l-laneapi<THKa H Heap~T~Ka 6blai~ Li3yqanbl. EBpone~cKn~ 
Ovis musimon ( 2 n =  54) 14 A3gaTCI<II~ O. orientalis ( 2 n =  54) 

Fig. 4. Diakinesis in a O. musimon • O. canadensis F 2 male with 27 
bivalents. The arrow identifies the sex bivalent. 

1~ F. I-IECHT and W. J. KIMBERLING, Am. J. human Genet. 23, 361 
(1971). 

14 j .  L. HAMERTON, Cytogenetics 7, 260 (1968). 
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14Me:IH KapHoTmlSI H F-nOJIOCbI Tpex nap ;iBe-nJieqH~iX ayT0- 
COM O~HHaKOBBI~ H 3THMH CeBepo-AMepllKaHOrO O. canadensis 
mexicana (2n : 54) B O. musimon • O. canadensis aPl H aP~ rH6pl4)Ib! 
FOMOJIOFH KOTOpb~e COCTaBJIfIJIH Tpvl Hapb!/IBe-nJ~eqHb~X ayTO- 
COM 6BIJIH JIeFKO OHO3HaBaHHbI H 6blJIH Hepa3YIHqHMbIe. ld3y- 

qeun0 Me~ocrlc B aP e r~Cp~)Ie IlOr~aaano 27 6n~aaeHTb~X. 
~BOJItOUHOHH0e 3HaqeHHe FOM0YlOFIIqeCKHblX ~IBe-HJIeqHbIX B 
6apaHax aepe3 FoJ~ap~THK 6b~0 06cy)K~enn0. 
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Effet con id iog~ne  s6 lect i f  de la t h y m i n e  c h e z  un m u t a n t  {{ s e r i n e l e s s ,  de Neurospora  crassa 

Les m u t a n t s  <~serineless~> (s6rine-1 e t - 2 )  de Neurospora 
crassa ont  un blocage de synth6se  an niveau de la t rans-  
amina t ion  du pr6curseur  3 - p h o s p h o h y d r o x y p y r u v a t e ;  ils 
ne p e u v e n t  donc croi t re  qu ' en  pr6sence de s6rine ou de son 
pr4curseur  amin6 en C 2, la glycine i, 2. Nous avions cepen- 
d a n t  observ6 que ces m u t a n t s  sont  deaky~L c 'es t  ~ dire 
croissent  f a ib lement  sur milieu min imal  a. Le peu de 
s6rine-glycine synth6t is6  dans  ces condi t ions  doi t  6tre in- 
corpor6 dans  les protCines et  les prCcurseurs pur iques  et  
pyr imid iques  des acides nuclCiques, r6pondan t  ainsi  aux 
besoins immCdiats  d ' u n  m i n i m u m  de croissance v6g6ta- 
rive. En  effet, un 16ger mycClium se dCveloppe en pro-  
fondeur  dans  le milieu synthCtique minimal  l iquide et  ce 
n ' e s t  que sur la zone amaincie  du m~me milieu agaris6, au 
h a u t  des tubes  de cultures,  que nous pouvions  observer  de 
rares groupes  de conidies peu pigmentCes ( induct ion par  
a f famement ) .  

La  s6rine ne fonc t ionne  pas  seu lement  en t a n t  que 
molCcule entiSre mais  aussi c o m m e  donat r ice  de groupe C~ 
act if  pour  la m6thy la t ion  du prCcurseur py r imid ique  
phosphory l6  (dUMP) en acide thymidy l ique~;  elle joue 
donc  un r61e cr i t ique dans  la synthgse  de l 'acide dCsoxy- 
r ibonucl6ique (ADN) et  pa r  consCquent  la division nu- 
clCaire. Or, chez N. crassa, la ques t ion  s 'es t  pos6e de la re- 
la t ion ent re  divis ions nuclCaires et  conidiogen~se s; un cer- 
t a in  nombre  de figures de mi tose  ava ien t  6t6 observCes 
darts les cha ine t tes  proconidiennes ,  ce que conf i rme une 
nouvelle  6tude (en cours avec le Dr. M. CORTAT), basCe sur 
la dCtection des fuseaux mi to t iques .  I1 dev ien t  doric im- 
p o r t a n t  de pr6ciser le degr6 de re la t ion ent re  ces mitoses  
proconid iennes  e t  le besoin pr~visible d ' n n e  synth~se ac- 
crue d ' A D N  et, pa r  donsCquent, de ses prCcurseurs cri- 
t iques,  qu 'el les  do iven t  entra tner .  

Effets conidiog~nes versus plasmogbnes de pr6curseurs nuci6iques 
ehez le mutant ser-1 de Neurospora crassa eultiv6 7 j ~ 25 ~ 

ComplCments au milieu 
minimal WM liquide 
(pH 7,0) 

Effets 

Poids sec Nombre spCeifique de 
total ( rag)  eonidies (UO & 660 rim) 

II nous est  apparu  que le m u t a n t  sCrine-1, amen6 en 
milieu minimal  ~ n ' inves t i r  le peu de sCrine synth6t is6e 
qu ' en  croissance vCgCtative, pour ra i t  rCpondre ~ un ap p o r t  
supplCmentaire  de son <~produit de luxe, ,  la thymine ,  pa r  
la rCaction: davan t age  d ' A D N  ~-~ mi toses  suppl6menta i res  
-+ conidiogen~se sur mycClium res t re int .  Le correspon-  
d a n t  pyr imid ique  amCthyl6 de la thymine ,  l 'uracile,  devra i t  
pa r  cont re  res te r  ineffectif.  Les rCsultats prCliminaires 
a y a n t  r @ o n d u  pos i t i vemen t  aux prCvisions, nous avons  
dCcid6 de les pr6senter  ici c o m m e  base pour  une inves t iga-  
t ion b iochimique  plus ponssCe. 

Le m u t a n t  <~serineless~> ser-1 (H 605a, No 118 du FGSC, 
Arcata ,  Calif., USA) a ~t6 cultiv6 en milieu syn th6 t ique  
min imal  t iquide de WESTERGAARD et MITCItELL ~ (WM), 
distr ibu6 5, ra ison de 50 ml  dans  des f lacons P y r e x  de 
250 ml. La D, L-s6rine, la t h y m i n e  et  l 'uracile (puriss., Cal- 
biochem) on t  6t6 st6rilis6s avec le milieu don t  le p H  a 6t6 
ajust6 ~ la valeur  7,0. L ' inocula t ion  a 6t6 r6alis6e avec 4 
gout tes  d 'une  16gCre suspension aqueuse de conidies du 
m u t a n t  r6colt6es au hau t  des tubes  de cul tures  sur milieu 
WM agaris6. Les myc61ia ont  6t6 r6colt6s apr6s 7 jours 
d ' i ncuba t ion  s 25~ en semi-obscurit6.  Les 6ventuelles 
conidies form6es ont  6t6 s6par6es et  mises en suspension 
par  ag i ta t ion  des myc61ia dans  de t 'eau distillCe alcoolis6e 

30% et  c o n t e n a n t  0,01% du moui l lan t  Tween  80; leur 
n o m b r e a  6t6 estim6 par  mesure  de densi t6 op t ique  
600 n m  en volume connu.  Les t aux  sp6cifiques de conidia- 
t ion  ont  6t6 calcul6s en unit6s op t iques  (UO) rappor t6es  
au g de mycClium sec  de la cul ture co r respondan te ;  les 
valeurs  fournies on t  6t6 corrig6es par  r ap p o r t  ~ celles des 
cul tures t6moins  sur milieu minimal ,  consid6rCes comme 
nulles par  l ' absence  de conidies en surface, v6rifi6e au 
microscope. Les poids  secs des myc61ia on t  6t6 mesur6s 
poids  co n s t an t  (sur.~ilicagel) aprCs dess ica t ion  ~ 95 ~ 

Nos r6sultats ,  grqup6s duns le Tableau,  m o n t r e n t  b ien 
qu ' s  dose suff isante  (10 ~M), la s6rine exerce un double  
effet  de res t i tu t ion ;  plasmogCne et  conidiog~ne, r a m e n a n t  
ainsi  le m u t a n t  ~ un aspec t  comparab le  /~ celui du t y p e  
sauvage sur milieu minimal .  I1 est  c e p e n d a n t  s ignif icat if  
q u ' e n  concen t ra t ion  subop t ima le  (10-~M), la s6rine n ' e s t  
p r a t i q u e m e n t  plus inves t ie  qu ' en  mat6r ie l  v6g6tat i f  prio-  
r i ta i re  et  que le m u t a n t  ser-1 se co mp o r t e  ainsi,  duns ces 
condi t ions ,  en m u t a n t  oligo- voire aconidien.  

-- 23 0 a 
Uracile 10-eM 25 240 
Thymine 10-2M 28 10 800 
SCrine 10-eM 194 2 450 
SCrine 10-~M 107 320 

Petits areas conidiens IatCraux dCduits. 
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