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Oceanian type  black ra ts  in Hawai i  have  been  repor ted  
by  YOSlDA and TSUCHIYA 1~ DAVIS and BAKER 11 have  
also repor ted  Oceanian t y p e  id iogram in all b lack ra ts  
collected in Texas,  Wash ing ton ,  Puer to  Rico and Mexico. 
The M 2 pair  of those  ra t s  was typica l ly  metacent r ic .  The 
subte locentr ic  M 2 observed in t he  p resen t  mater ia l  has  
never  been  repor ted  in any  locali ty of the  world. As 
descr ibed above, the  subte locent r ic  has  been  der ived f rom 
the  per icent r ic  invers ion of the  me tacen t r i c  M 2 chromo-  

some. Such invers ion seems to have  occurred cons iderably  
more  recent ly  in California (San Lorenzo ?) af ter  the  ra t s  
migra ted  there .  All 5 ra ts  w i th  the  subte locent r ic  M 2 
showed he te rozygous  pai r  consis t ing of subte locentr ic  
and metacen t r ic .  H a v e  the  ra ts  wi th  the  subte locent r ic  
M~ pair  become lethal  ? To solve th is  p rob lem we are now 
breeding  these  ra ts  in our labora tory ,  and the  result  of 
th is  s tudy  will be repor ted  la ter  1~. 

Rdsumd. Dix ra ts  (Rattus rattus) d 'une  colonie califor- 
nienne on t  6t6 examin6s.  Cinq sont  de t y p e  oc6anique. 
Les c inq autres  on t  1 paire  M 2 h6t6romorphe,  form6e 
d ' un  m6tacen t r ique  et  d ' u n  sub-m6tacent r ique ,  ce qui 
impl ique une inversion p6ricentr ique.  Les t ransfer r ines  
sont  du t y p e  oc6anique. 
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Fig. 4. Demonstration of C type serum transferrin by thin layer 
acrylamide gel electrophoresis combine with acrinol pretreatmen t 7. 
Sample Nos. 2, 5, 8: Standard samples, TfC 2. Sample Nos. 1, 3, 4, 
6, 7, 9: Sera of Oceanian type Rattus rattus obtained from California. 
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G-Band Patterns, Chromosomal Homologies, and Evolutionary Relationships Among Wild 
Sheep, Goats, and Aoudads (Mammalia, Artiodactyla) 

The t r ibe  Caprini  (family Bovidae) conta ins  5 genera 1, 2, 
among  which  the  wild sheep (Ovis) and goats  (Capra) are 
mos t  closely re la ted 3. The aoudad  (Ammotragus) of 
N o r t h  Africa shares affinit ies wi th  both,  especially t he  
la t te r  ~, a. Ammotragus, t oge the r  w i th  the  p r imi t ive  
caprine,  Hemitragus, also shares behaviora l  and morpho-  
logical charac ters  wi th  the  t r ibe  Rupicapr ini ,  f rom which 
caprines  p robab ly  evolved a, 4, and  GEIST a pos tu la ted  t h a t  
Ammotragus resembles  the  form ancest ra l  to Ovis, and 
is itself der ived f rom rupicapr ine  ancestors.  Capra 
presumab ly  represents  a separa te  evo lu t ionary  l ineage 
der ived f rom ances t ra l  capr ine  stock. The divergence of 
sheep and goat  l ineages p robab ly  occurred no later  t h a n  
the  early Pleistocene3, 5, con t ra ry  to PAYNE'S 6 hypothes i s  
t h a t  Ovis and  Capra were der ived f rom a single inter-  
breeding caprovine  s tock in late Paleol i thic  t ime.  

Chromosome analyses of these  3 genera d e m o n s t r a t e d  a 
com m on  f u n d a m e n t a l  n u m b e r  ( N F  = 60). All goats,  
b o t h  domes t ic  (Capra hircus) and wild (C. ibex, C. 
/alconeri) have  2n = 60, and  ka ryo types  compr ised  
ent i re ly  of acrocentr ic  autosomes,  a p a t t e r n  cons is ten t  
wi th  t he  pr imi t ive  bovid  chromosome complemen t  
proposed  by  WURSTtgR and BENIRSCHKE 7. Ammotragus 
lervia has a ka ryo type  similar  to  2n : 58 Ovis s. With in  
Ovis, diploid number s  vary ;  the  ka ryo types  observed in 
O. vignei (2n = 58), O. ammon (2n = 56), and in O. 

musimon, O. orientalis, O. canadensis and  0. dalli (2n = 54) 
were pos tu la ted  to be der ived f rom a series of centr ic  
fusions resul t ing in 1, 2, or 3 pairs  of b ia rmed  au tosomes  9. 

A Giemsa-band ing  technique  1~ was f irs t  ut i l ized by  us 
to  evaluate  chromosomal  homologies  of tile b ia rmed  
au tosomes  of wild sheep 11. More recent ly ,  these  G-band  
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Fig. 1. Karyotype of a male Capra aegagrus (2n = 60) from Iran. 
Chromosomes presumed homologous to biarmed pairs I, II, and III  
of 2n = 54 sheep are designated by corresponding Roman numerals. 

l 
I 

Fig. 2. Schematic representation oI G-bands of the 3 biarmed auto- 
somes from 2n = 54 Old and New World wild sheep (from NADLE~ 
et al. 11) compared with homologous chromosome arms from Ammo- 
tragus. 

homologies  h a v e  been  e x t e n d e d  to inc lude  all chromo-  
somes of domes t i c  goats  a n d  sheep (O. aries, 2n = 54); 
each  of the  23 ac rocen t r i c  a u t o s o m a l  pa i r s  of the  sheep 
was m a t c h e d  b y  a n  iden t ica l  goa t  au tosome,  a n d  t he  
a rms  of the  3 b i a r m e d  a u t o s o m a l  pa i rs  of sheep were 
iden t ica l  w i t h  the  r e m a i n i n g  6 acrocent r ics  of t h e  goa t  1~. 
These  G - b a n d  homologies ,  t o g e t h e r  w i t h  meiot ic  pa i r ings  
a n d  G - b a n d  p a t t e r n s  in  F 1 an d  F 2 h y b r i d  sheep  (O. rnusi- 
mort • O. canadensis) ~, conf i rm t h e  R o b e r t s o n i a n  rela-  
t i onsh ip  p o s t u l a t e d  a m o n g  sheep, an d  suggest  t h a t  
2n = 58 is t h e  ances t r a l  k a r y o t y p e  in Ovis. 

The  p re sen t  r epo r t  descr ibes  t h e  G - b a n d  p a t t e r n s  of t he  
wild goat,  Capra aegagrus, A mmotragus lervia, a n d  Ovis 
vignei; compare s  these  p a t t e r n s  w i t h  those  of domes t i c  
goa t  an d  sheep;  a n d  eva lua te s  p a t h w a y s  of c h r o m o s o m a l  
evo lu t i on  a m o n g  these  caprines .  

Materials and methods. T h e  fol lowing spec imens  were 
s t ud i ed :  1. Ammotragus lervia Pallas ,  1 ma le  f rom un-  
k n o w n  loca l i ty  ob t a ined  f rom t h e  H i g h l a n d  P a r k  Zoo, 
P i t t s b u r g h ,  P e n n s y l v a n i a ;  2. Ovis vignei Bly th ,  1 ma le  
f rom n o r t h e a s t e r n  I r a n  (37 ~ 20' N ;  56 ~ 07' E ) ;  3. Capra 
aegagrus Erx leben ,  1 ma le  f rom n o r t h e a s t e r n  I r a n  (37 ~ 20'  
N;  56 ~ 07'  E). 

Chromosomes  were ana lyzed  f rom sk in  biopsies  g rown 
in t i ssue  cu l tu re  b y  Dr. T. C. Hstr,  M. D. A n d e r s o n  Hos-  
pi 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 r y p s i n - G i e m s a  s t a i n i n g  m e t h o d  of SEABRIGHTI0. 

Results. Capra aegagrus d i sp layed  2n = 60 an d  a 
k a r y o t y p e  compr ised  of 29 pa i rs  of ac rocen t r i c  au tosomes ,  
an  acrocen t r ic  X an d  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). Clear ly recognizable  b y  t h e i r  G -b an d s  were 
the  6 ac rocen t r ic  c h r o m o s o m e s  c o m p a r a b l e  to  a n d  
p r e s u m a b l y  homologous  w i t h  t h e  3 b i a r m e d  ch romosomes  
of 2n = 54 wild sheep (pairs I, I I ,  I I I ;  F igure  2) 11 a n d  of 
domes t i c  sheep (pairs 1/3, 2/8, 4/9; EVANS et  a1.12). 
A.  lervia an d  O. vignei h a d  a 2n = 58 a n d  iden t i ca l  
k a r y o t y p e s  c o n t a i n i n g  1 pa i r  of b i a r m e d  a n d  27 pa i r s  of 
ac rocen t r ic  au tosomes ,  a large ac rocen t r i c  X a n d  m i n u t e  
b i a r m e d  Y c h r o m o s o m e  (Figures 3 an d  4). G - b a n d  
p a t t e r n s  of t h e  b i a r m e d  ch romosomes  were iden t i ca l  in  
b o t h  species a n d  were i nd i s t i ngu i shab le  f rom t h e  p a t t e r n  
descr ibed p rev ious ly  for t h e  la rges t  b i a r m e d  au to soma l  
pa i r  (pair  I) of Ovis musimon, O. orientalis, O. canadenesis, 
an d  O. mus imon•  canadensis F 1 a n d  F 2 h y b r i d s  
(Figure 2) zl. A m o n g  t h e  ac rocen t r ic  ch ro mo s o mes  of 
A.  lervia were pa i rs  w i t h  p a t t e r n s  r e sembl ing  those  seen in 
b i a r m e d  pa i r s  I I  a n d  I I I  of 2n = 54 wild (Figure  2) ~ a n d  
domes t i c  sheep 12. G - b a n d  p a t t e r n s  of t h e  ac rocen t r i c  
au tosomes  f rom 0. vignei are  n o t  suf f ic ien t ly  clear  to  a l low 
iden t i f i ca t ion  of t he i r  b i a r m e d  homologues  (pair  I I ,  I I I ) .  
P a t t e r n s  of t h e  ac rocen t r ic  au tosomes  a n d  X chromo-  
somes resemble  those  descr ibed  b y  EVANS et  al. ~e in  
domes t i c  sheep  a n d  goats.  

Discussion. G i e m s a - b a n d i n g  t echn iques  p ro v i d e  d i rec t  
ev idence  for s t r u c t u r a l  homologies  be tween  ch romosomes  
in d i f fe ren t  species of caprines .  The  la rges t  pa i r  of b i a r m e d  
c h r o m o s o m e s  in Ovis aries, O. musimon,  O. orientalis a n d  
O. canadensis is s t r u c t u r a l l y  homologous ,  n o t  on ly  a m o n g  
these  species, b u t  also w i th  the  s ingle b i a r m e d  chromo-  
some pa i r  of O. vignei a n d  w i t h  t h e  s ingle b i a r m e d  pa i r  of 
A mmotragus. Final ly ,  a rms  of t h e  b i a r m e d  au tosomes  can  
be ident i f ied  w i t h  ac rocen t r i c  au tosomes  in t h e  k a r y o t y p e  
of Capra. These  homologies  s u p p o r t  t h e  c o n t e n t i o n  t h a t  
t h e  2n = 60, F N  = 60 k a r y o t y p e  st i l l  found  in Capra is 
ances t r a l  7, a n d  t h a t  t h e  2n = 58, F N  ~ 60 k a r y o t y p e  of 

Fig. 3. Karyotype of a male Ammotragus lcrvia (2n = 58). Roman 
numerals designate biarmed pair I and the aeroeentries presumed 
homologous to biarmed pairs II and III of 2n = 54 Ovis. 

12 H.  J .  ]SVANS, R. A. BUCKLAND a n d  A. T. SUM~ER, C h r o m o s o m a  
42, 3s3 (1973). 
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Ammotragus is de r ived  f rom the  ances t r a l  capr ine  fo rm b y  
one cent r ic  fusion.  F u r t h e r m o r e ,  t he  i d e n t i t y  b e t w e e n  
Ammotragus a n d  Ovis  vignei k a r y o t y p e s  suppor t s  
GEISr a v iew t h a t  a n  A mmotragus-like fo rm was d i rec t ly  
ances t r a l  to  Ovis. Final ly ,  t h e  ch romosoma l  homologies  
in  t he  series  of 1 to  3 b i a r m e d  a u t o s o m a l  pairs  in  Ovis lend 
f u r t h e r  s t r e n g t h  to  t h e  a r g u m e n t  t h a t  Ovis vignei (2n = 58) 
is descended f rom the  ances t r a l  Ovis popu la t ion ,  an d  t h a t  
2n = 54 Ovis are t h e  m o s t  r ecen t ly  evo lved  of wild  sheep ~, n .  

The  fossil  r ecord  ind ica tes  t h a t  Ovis and  Capra h a v e  
been  s epa ra t ed  for  more  t h a n  a mi l l ion  years  4,~. D u r i n g  
t h a t  t ime,  t h e i r  ch romosomes  exh ib i t ed  s t r u c t u r a l  
s tab i l i ty ,  e v o l u t i o n a r y  change  cons i s t ing  mere ly  of 
who le -a rm r ea r r angemen t s .  Morphologica l  ~ a n d  b e h a v -  
iora l  a differences  be tween  sheep and  goats  are t h u s  due  to  
t he  a c c u m u l a t i o n  of gene differences.  The  cy togene t i c  
ev idence  suggests  t h e r e  are  two  m a i n  l ineages  a m o n g  
su rv iv ing  caprines .  S t a r t i n g  f rom a h y p o t h e t i c a l  rupi -  
Calprine-type ances to r  w i th  a p r i m i t i v e  2n = 60, F N  = 60 
k a r y o t y p e ,  one l ineage evo lved  t h r o u g h  a n  i n t e rmed ia t e ,  

aoudad- l ike  fo rm to  the  t r ue  sheep, w i t h  r educ t ions  in 
diploid  n u m b e r ,  I n  t h e  t r ue  goa t  (Capra) l ineage,  m o r p h o -  
logical  d i f f e ren t i a t ion  proceeded  whi le  t h e  k a r y o t y p e  
r e m a i n e d  conse rva t ive ;  in  con t ras t ,  t h e  t h a t  (Hemitragus) 
has  r e m a i n e d  morpholog ica l ly  close to  t h e  h y p o t h e t i c a l  
r up i cap r ine  ances to r  ~ whi le  i ts c h r o m o s o m e  n u m b e r  has  
b e e n  r educed  (2n = 48)L T h e  5 th  m e m b e r  of t h e  t r i b e  
Caprini ,  t h e  b h a r a l  (Pseudois nayaur) h as  a reduced  
ch romosome  n u m b e r  (2n = 54) la b u t  morpho log ica l ly  
exh ib i t s  convergence  t o w a r d  t r ue  s h eep ' ,  3. G -b an d s  in 
Hemitragus a n d  Pseudois m u s t  be s tud ied  to  conf i rm 
t h e i r  ch ro mo s o ma l  r e l a t ionsh ip  to  o the r  capr ines  an d  i t  
will b e  of i n t e r e s t  to  d e t e r m i n e  w h e t h e r  t h e  b i a r m e d  
ch romosomes  of Pseudois are homologous  to those  of 
2n = 54 Ovis. If  so, i t  would  s u p p o r t  t h e  concep t  of 
c o n v e r g e n t  evo lu t i on  a t  t h e  ch ro mo s o ma l  level  9. 

B b l B O ~ M .  Xp0~a0CMbt n F-n0aocm ~mKHX 6apaHos, 
Aqbp~KancKHx rpHB~cTmx 6apaHoB, ~ 6eaoaposmx Ko3no~ 
~ayqan~l. Capra aegctgrus !43 HpaHa n0Kaaa~o 2 n = 6 0 ,  
~apnoT,  n c0~ep>~,T 29 napb~ aKp0ueHT,qecKuX ayT0C0M. 
IIlecTs ~a ar ayToc0M0~ o~naKosm~ c Tp6x nap nse- 
nne~IH~X ayT0C0M y )In~nx 6apanoB n jIoMamHb~x 0BeU 
(2n = 54). Ammotragus ~ervia I40vis vignei (2n = 58) HMeJI~I 
Kap~0T~nb~ ~ F-goaocm nap ~Be-naeq~b~x ayT0C0M Hepa3nR- 
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Fig. 4. Karyotype of a male Ovis vignei (2n = 58). The biarmed 
autosomes conform to the pattern of pair I. 
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E f f e c t s  o f  A b s c i s i c  A c i d  on  P h o t o s y n t h e s i s  o f  P r o t o p l a s t s  f r o m  Petunia hybrhla 

P r o t o p l a s t s  f rom p l a n t s  are su i t ab le  e x p e r i m e n t a l  
ob jec ts  for i nves t i ga t i ons  in  w h i c h  subs t ances  are t a k e n  
up  b y  cells, s ince chemica l s  c an  r e a c h  t h e  cell surface  
di rect ly .  Therefore ,  i t  is c o n v e n i e n t  to  use t h e m  for  
e x p e r i m e n t s  conce rned  w i t h  effects of p h y t o h o r m o n e s  on  
me tabo l i sm.  So far, some work  on  t h e  app l i c a t i o n  of 
a u x i n s  ~-~ ha s  been  descr ibed,  a n d  r ecen t ly  we h a v e  m a d e  
some i nves t i ga t i ons  on  t h e  inf luence  of zea t in  on pho to -  
syn thes i s  a n d  r e sp i r a t ion  of i so la ted  mesophy l l  p ro top l a s t s  
f rom Petunia (KULL and  HOFFMANN, in p r epa ra t i on ) .  

App l i ca t i on  of abscisic acid (ABA) leads to a decrease  of 
p h o t o s y n t h e t i c  r a t e  in  t r e a t e d  leaves,  ve ry  l ike ly  due  to  
s t o m a t a l  closure caused  b y  t h e  p h y t o h o r m o n e * - %  Some 
obse rva t ions  v sugges t  t h a t  mesophy l l  p h o t o s y n t h e s i s  is 
no t  a f fec ted  d i rec t ly .  Recent ly .  i t  was  found  t h a t  in  
i l l u m i n a t e d  a n d  u n i l l u m i n a t e d  d a r k  grown Arena seed- 
l ings  a n d  in  e t io -ch lorop las t s  of t he  same  species, A B A  
reduced  t h e  levels of r i b u l o s e d i p h o s p h a t e  ca rboxy lase  

a c t i v i t y  s. W e  s tud ied  t h e  effect  of A B A  on t h e  pho to -  
syn thes i s  of mesophy l l  p r o t o p l a s t s  f rom Petunia. The  
inf luence  of A B A  on t h e  r e s p i r a t i o n  of these  i so la ted  
p r o t o p l a s t s  was  br ie f ly  i n v e s t i g a t e d  in  connec t ion  w i t h  
our  work  on  zeat in .  
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