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0 CCASIONALLY a  chance observation jump-starts 
a whole  field  of science. The discovery  of  im- 

mune tolerance and the recognition of  self and non- 
self  is such an event. It  started with a 1944 letter from 
a cattle breeder in Maryland to  the University  of Wis- 
consin immunogenetics laboratory, reporting  a curious 
pair of  twin  calves, unusual in having different fathers. 
RAY OWEN, a postdoctoral fellow in the laboratory and 
already interested in blood groups of cattle twins, 
thought they  would provide an interesting  opportunity 
for blood group analysis, so blood samples were sent 
to him. 

In  the thirties and forties, the genetics of blood cell 
antigens was an active field for investigation. It was then 
a  popular view among geneticists that antigens, because 
of their simple inheritance, might be immediate gene 
products. For this reason, they might provide an insight 
into the  nature of that maddeningly elusive entity, the 
gene.  In pursuit of  this  possibility,  new blood types  were 
actively sought in various species, including Homo supi- 
ens and Bos taurus. By the early  1940s, 40 different anti- 
genic specificities had  been identified in cattle. 

The world leader in cattle blood groups was the im- 
munogenetics laboratory at  the University  of  Wisconsin, 
founded by  L. J. COLE and M. R. IRWIN (OWEN  1989). 
There was sometimes uncertainty about paternity in cat- 
tle, and when valuable animals were  involved, that could 
be an  important economic issue. Breeders and  breed 
associations welcomed blood groups as a foolproof way 
of identifjmg sires. The immunogenetics laboratory 
provided valuable information  and  the  breed associa- 
tions provided financial support, vitally important in 
those pre-NIH/NSF days. It was a win-win situation. 

The events that  led  to  the  letter involved a Guernsey 
cow with  twin  calves. She had  been properly mated to 
a Guernsey bull, but shortly afterward a lustful Hereford 
escaped from a  neighboring  area and got  into  the act. 
The color patterns of the calves  showed  clearly that  the 
twins had  different fathers. Blood  analysis revealed that 
the COW carried  (among many others)  antigen G. The 
Guernsey bull had  antigens S and X2, while the  Here- 
ford bull had R and 1’. 
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The big surprise came with the calves. They had  iden- 
tical blood groups. This could not be explained by their 
being identical twins, for they  were of different sexes 
to say nothing of having different fathers. Furthermore, 
each twin had antigens from the  mother  and from both 
sires, G S X2 R 1’. Why should nonidentical twins be 
identical for these blood groups (and for several oth- 
ers)? How could a calf inherit blood groups from both 
fathers? 

RAY OWEN soon did  a differential hemolysis,  destroy- 
ing cells of certain genotypes, and thereby demon- 
strated  that each twin indeed  had two kinds of red 
blood cells. One cell  type was G S X2 and the  other was 
R 1’, which made genetic sense. RAY was familiar with 
the peculiar uterine anatomy of cattle, which  facilitates 
cross-connections between the extra-embryonic blood 
vessels  of the twins (LILLIE  1916). These anastomoses 
provide a ready opportunity for exchange of blood be- 
tween the two embryos. 

RAY, with  his rural background, had  long known 
about “freemartins.” These are frequently found when 
a female calf  is born twin to a male. Such a female 
develops into  a sterile, intersex-like adult, totally  useless 
to breeders and dairy farmers. Long before, LILLIE 
(1916) had  demonstrated  the  union of circulatory sys- 
tems  of  twin cattle embryos and postulated that  hor- 
mones from the male suppressed the  normal sexual 
development of his sister. The blood group  admixture 
showed that  more  than  hormones were exchanged. 

The study was soon extended to a large number of 
twins, and most of the time  they  were found to share 
identical blood groups (OWEN  1945).  There were no 
regular proportions of the two types  of  cells, but what- 
ever the  proportion, it was similar in both twins. Thus, 
the vessels must be broadly connected so that  the blood 
cells of the twins are thoroughly mixed. Are embryonic 
germ cells exchanged? Possibly  yes, but  one twin sired 
20 progeny yet failed to transmit those antigens that  he 
had  gotten from his  co-twin. Thus,  the mixing of blood 
cells did  not, at least in this  case, extend to any mixing 
of germ cells. RAY’S most spectacular example was a set 
of cattle quintuplets  born  on  a farm in  Nebraska (OWEN 




