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are not the expression of the combinations of two 
alleles as was supposed', but involve tlu'ee alleleR. 
The six phenotypeR rmmlting from the three alleles 
are all distinguishable, but only, at present, after the 
haptoglobins have been pttrified, dissociated into 
their component polypeptides by reduction in the 
presence of a denaturant, and separated in acidic 
starch-gels containing 8 M urea. This example of 
intra-species protein differences which are normally 
hidden suggests the need for caution in presuming 
identity of protoins until their complete amino-acid 
sequence has been established. A similar situation 
exists in the mammalian insulins of different species 
which are indist,inguishable by physical methods'. 
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Linkage between Glucose-6-Phosphate 
Dehydrogenase Deficiency and Colour

Blindness 
A LINKAGE investigation has been carried out m 

American Negroes to confirm that doficioncy in 
glucose-6-phosphate dehydrogonase is sex linked 
rather than sex limited' , and, if sex linked, to determ
ine tho recombination fraction (X) bet,ween tho 
loci for deficiency in glucoso .6·phosphate dehydro
genase and colour·blindness; fUrther, through the 
use of linkage, to see if the difference between th() 
oxpression of defioiency in glucos().6'phosphato 
dehydrogenase in N ogroes and Caucasians2 is explic
able on the basis of different genetic loci in the 
different ethnic groups. . 

Among 3,649 American Negro school-boys, 134 
wero found to be colour·blind. One hundred and six of 
these, and their brothers, totalling 238, were screened 
for glucose-6-phosphate dehydrogonaso activity·. 
Both the traits were found in ten families. Of these 
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we wore able to investigate 8. The members of these 
were tested for type and degreo of colour-blindness 
and for quantitative glucose.l).phosphate dehydro
genase activity'. 

There wore 6 families with the deutan type of 
colour-hlindness. In 3 of these the 2 traits were in 
the coupling phase, and in 3 they were in the repul
sion phase in the mother of the probands. The one 
defmite cross·over (Fig. I) occurred in one of the 
latter families. 

There were 2 families with protan type of colour
blindness. The traits were in coupling in one, and in 
repulsion in tho other family. 

The data were analysed by the IBM 7090 computer, 
which is programmed (Renwick, J., and Schulze, J., 
unpublished results) to deal with pedigrees for linkage 
by the method of lod scores' . The flix pedigrees with 
deutan typo of colour-blindness and deficiency in 
glucose-6-phOllphate dehydrogonase, with 30 scorable 
offspring, gavo a maximum likelihood es~imate ~or 
the recombination fraction (X) of 0·05 (FIg. 2) WIth 
90 per cent confidenco limit~ of .0.0.09 and 0'.18. ~ 
small ascortainment correotlOn IS mcluded m thIS 
result. 

In the two families with protan type of colour
blindness and deficiency in glucose.6-phosphate 
dehydrogenase, with only about 8 scorable offspring, 
the probability was, w~th ?' 90 per . cent confidence 
limit, that the recombmatlon fractIOn (X) was less 
than 0·2. 

Linkage between the ~nzyme-deficiency . locus and 
the sex·linked eolour·blInd locus estabhshes that 
glucose-6-phosphate deI;ty~ogenase deficiency is also 
sex linked and not sex hm.ted. 

Comparison betwecn the results . o~ this st~dy and 
similar studies by AdamS and Smlscalc07 m Cau· 
easians provides no evidence for more than one sex
linked glucose-6-phosphate dehydrogenase locus. 

The results are insufficient to support a ono or two 
locus hypothesis for the two types of colour· blindness. 
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