
© 1969 Nature Publishing Group

1214 

Phosphogluconate Dehydrogenase 
Polymorphism in British Wild Rats 
PHOSPHOGLUCONATE dehydrogenase (PGD) has been 
found to be polymorphic in several species, including the 
rat, when studied by starch gel electrophoresis1 • Investi 
gation of this enzyme in the rat revealed three distinct 
electrophoretic phenotypes, giving respectively a slow 
migrating component, the S phenotype, a fast migrating 
co.rnponent, the F type, and the SF phenotype, giving a 
triplet, of electrophoretic bands comprising both tho slow 
and the fast migrating bands, and a.Jso a strongly staining 
band with intermediate mobility•. As in all mammals, 
rat PGD was found to be controlled by an autosoma.J 
gene locus. The S phenotype seemed to be a consequence 
of a homozygous PGD genot,ype, PGDSPGDS. The SF 
and F types, commonly found in wild but not laboratory 
rats, were considered to be the product of genotypes 
P GDFPGDS and PGDFPGDF respectively. Each (pre
sumably .allelic) gene was thought to code for one typo of 
polypeptide subunit (either s or f) and the triplet zyrno
gram in heterozygotes was considered to be the result of 
tho random association in pairs of subunits of these two 
varieties, thus producing three dimeric oligomers: ss, sf 
and ff. The three types of rat PGD were not found to 
differ from each other with respect to optimal pH, Krvr an<l 
stability. 

There is some uncertainty about when Rattus norvegicus, 
the species prevalent in England and Europe at present, 
arose, and how and when it ousted the formerly universal 
Rattus rattus3 • About 1728-1730 has been quoted as 
the time of arrival of Rattus norvegicus in Britain. Al
though this species has been multiplying and evolving 
in the wild, many tame strains have been reared. But 
again, there is a lack of exact data as to origin. Thus the 
Wistar strain, one of the largest and most diversified of 
laboratory strains, was described by Castle• merely as 
"of European origin". The strains reared in captivity 
have clearly been subjected to very different environ
mental stresses from their wild count,crparts, and they 
have different physiological and temperamental character
istics•. In many cases the genetic make -up has been found 
to deviate from that of wild animals. 

Tahle 1. FREQvEXCY O}' PGD PHENOTYPES AND ALLELES IN WILD RATS 

Area 

(1) Preston, Lancashire 
(2) Welsh borders (near 

Shrewsbury) 
(3) Birmingham 
(4) Nottinghnm 
(:, ) Cowbridge, Glamorgan 
(6) Pontypool, Glamorgan 
(7) Laleston, Glamorgan 
(8) Usk, ]\{oumonthshire 
(9) Hersham, Surrey 

(10) Slimfold, Surrey 
(11) Cranleigh, Surrey 

Totals 

No. observed 
l<' SF S 
25 19 2 
45 3 1 

29 5 2 
56 6 
35 
40 14 
17 7 
7 

11 
40 2 
22 

327 56 6 

Incidence 
No. predicted of allele 
F SF s PGDS 

25·9 17·3 2·9 0·25 
44·1 4·7 0·1 0·05 

27·6 7·9 0·6 0·12 
55·3 7·5 0·3 0·06 
35·0 0·00 
40·9 12·2 0·9 0·13 
17·5 O·U 0·5 0·15 

7·0 0·00 
Jl-0 0·00 
40·0 2·0 0·02 
22·0 0·00 

326·3 57·6 5·3 

Rats were trapped from various areas in England and 
Wales (Table I), and we subjected blood haemolysatcs to 
starch gel electrophoresis, at pH 6·8 in a gel containing 
phosphate buffer and stained histochemically for PGD, 
as described before1• Some of the samples were also 
electrophoresed and stained histochemically for glucose 
6-phosphate dehydrogenase, phosphoglucomutaso, phos
phoglucose isomorase, acid phosphatase, adenylatc kinase 
and lactate dehydrogcnase, using established methods", 
but no variation was observed. 

The t hree PGD phenotypes observed are shown in Fig. I. 
The incidence of these three types in the wild rats examined 
is g iven in Table I, along with the frequencies of the two 
alleles PGDS and PGDF, and also the predicted frequencies 
of the heterozygotes and homozygotes, in a population 
with this frequency of the two alleles, as calculated using 
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l ' ig. 1. Rat red cell electrophure tic phenotyves. Slof s 1-3, type SF; 
slot 4, type S; slots 5 a.nd 6, type F . 

the Hardy- Weinberg formulation 6 (based on the assump
tion of random mating). 

L aboratory rats from ten diverse strains were a lso 
t ested, and only the single slow S phenotype was 
observed, indicating the absence of the PGDP allele. 
This finding contrasted sharply with the considerable 
incidence of this allele in wild rats from all the regions 
tested. We do not know whether this indicates some 
evolutionary change that occurred in the wild or laboratory 
rat populations, during the 50-100 years• thought to 
have e lapsed since the straius separated, or whether it is 
the consequence of the fortuitous selection of rats of S 
phenotype when the laboratory strains were established. 

It is worth noting that an analogous, although less 
extreme, situation occurs in humans, whom the PGDA 
allele predominates but PGDC occurs as well in ,·arying 
d egrees 1 • There seems to be no m ethod yet for ascertaining 
whether one or the other of these alleles is decreasing in 
frequency. 

Studies of wild Ratt1ts norvegiciis from other parts of the 
world would be valuable. (Four such samples, originating 
in Austin, Texas, have been examined in this laboratory 
and found to be of F phenotype. ) 
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Is Tay-Sachs Disease Increasing? 
TAY-SACHS disease, caused by a recessive autosomal gene, 
occurs approximately a hundred times more frequently in 
Jews from Central Europe (Ashkenazi) than in those from 
the Mediterranean Basin (Sephardic). Myrianthopoulos and 
Aronson1 proposed that the difference in gene frequency of 
the two populations is a consequence of simple heterozygote 
advantage in the Ashkenazi. Furthermore, they stated 
that this advantage probably arose fifty generations ago 
when there was a mass exodus of Jews after the Roman 
conquest of Jerusalem. The present gene frequencies in 
the two populations were given by Myrianthopoulos 
and Aronson as qAsH=0·0126 and qsEPn=0-0013. This 
corresponds to q2ASH = 0·000158 and q2sEPH= 0·0000017 or 
approximately 158 Tay-Sachs births per million among the 


	Phosphogluconate Dehydrogenase Polymorphism in British Wild Rats

