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s e z i o n e  m
(Botanica, zoologia, fisiologia e patologia)

Genetica. — Phosphoglucomutase (PGM) polymorphism in naturai 
populations of Drosophila melanogaster n . Nota di G i o v a n n i  T r i p p a , 

C l a u d i a  B a r b e r i o , A d a  L o v e r r e  e D o m e n i c o  A r c u d i , presen
t a t a ^  dal Socio G. M o n t a l e n t i .

R iassunto. — È stata  studiata la distribuzione del polimorfismo elettroforetico per la 
fosfoglucomutasi (PGM) in sette popolazioni naturali di Drosophila melanogaster\ i campioni 
sono stati raccolti in Puglia e in Sicilia durante il periodo Settem bre-O ttobre 1971. Le sette 
popolazioni esam inate sono tu tte  polimorfiche per almeno due alleli, Pgm:A e P grrf. Oltre a 
questi due alleli già descritti ne sono stati trovati quattro  nuovi, PgnF , P gnP , P g n f  e Pgm 
L’osservazione che gli stessi alleli, Pgm ^ e PgmB , siano i più frequenti in tu tte le popolazioni 
esam inate viene discussa in relazione all’idea , di una prolungata azione della selezione.

I n t r o d u c t i o n

U ntil recently  genetic polym orphism  was identified m ostly, if not entirely, 
at a m orphologic or clinical or functional level, thus the genetic variations 
which failed to express them selves at such phenotypic levels ra ther far from 
the p rim ary  effect of the gene (that is, the m ajority  of the gene variations) 
went overlooked. M oreover, there was no way of identifying a gene besides 
th a t of finding at least two alternative alleles of th a t gene.

A lthough a m ethod of m easuring the extent of genetic variation was 
lacking in principle , the fact th a t the observed genetic variation was very 
low, gave rise in the long run  to the “ general impression ” th a t genetic poly
m orphism  is a rare  phenom enon.

M oreover, owing to the relatively crude m ethods available for detecting 
the phenotypic variations, the genotypic variations which were identified 
were usually  of such an extent as to m ake it reasonable to believe th a t most, 
if not all, the genetic variations, were selectively relevant: not too m uch room  
was left for the neutra l m utations. Two trends, one em phasizing the im pact 
of the genetic load and the other th a t of the genetic flexibility, developed. 
Though both of them  assum ed th a t the genetic variation was, as a rule, relevant 
for selection, they  arrived at opposite conclusions as far as the extent of the 
genetic variation was concerned.

(*) Supported by a g ran t of the «Consiglio Nazionale delle Ricerche» (CNR). 
(**) Nella seduta del 16 giugno 1972.
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Now th a t the occurrence of a very large genetic variation is out of the 
question (Shaw, 1965; H arris, 1966; Lewontin and H ubby, 1966; O ’ Brien 
and M acIn ty re , 1969; Selander et al., 1970; K ojim a et al., 1970) the debate 
is by no m eans less fierce than  before but the subject of the dispute has 
changed. T here is the tendency, for explaining the m icroevolution, to switch 
from  the old “ naïve panseleotionism  ” (as K im ura and O hta call the old theo
ries) to the panneutralism  of K im ura and O hta (1971) (evolution by genetic 
drift instead than  by selection). T he origin of this radical change of ideas 
m ight be recognized especially in the fact th a t the .bulk of genetic variation 
which is presently  being identified is an electrophoretically detectable vari
ation, th a t is a variation which m ight well be thought to be selectively 
neutral.

There are two possible general approaches for try ing  to evaluate the 
relative relevance of these two factors (selection and genetic drift) in the 
causation and m aintenance of genetic variations: a purely speculative approach 
and an experim ental approach, which could be a direct or an indirect one. 
T he direct approach, consisting in a series of com parisons between the relative 
fitnesses of the relevant genotypes for a suitable num ber of genetic polym or
phisms, is practically  unfeasible both from a technical point of view and at 
the level of in terpretation  of the results (selection or co-selection). The 
indirect and m ost recent approach consists in the search for a series of expected 
consequences of a prolonged action of selection. T hey could be a constancy 
from  year to year of certain gene frequencies in natural populations though 
subm itted to strong genetic drift (bottle neck) every year; a nonrandom ness 
in the d istribution of certain electrophoretic properties (Bulmer, 1971); the 
occurrence of some general rules in the distribution of gene frequencies in 
different natu ra l populations, such as for exam ple th a t the same ailele(s) 
is the m ost common one in every population exam ined (for instance, this has 
been usually  observed in M an). The latter approach has been the one adopted 
in the, present paper.

This com m unication is a com parative study  of electrophoretic phospho- 
glucom utase (PGM ) polym orphism  in seven natu ra l Italian  populations of 
Drosophila melanogaster.

M a t e r i a l s  a n d  M e t h o d s

Sam ples of seven natu ral populations of Drosophila melanogaster, collected 
during Septem ber-O ctober 1971 in Puglia (Otranto, Castellan eta and Corato) 
and in Sicily (R anna, Pedalino, V ittoria and Archi), were exam ined.

The PGM electrophoretic phenotypes of single adult flies were determ ined 
according to the technique of Spencer et al. (1964), adapted by T rippa et al. 
(1970) to single fly homogenates.

Before the PGM phenotype determ ination, all the males were crossed 
with females homozygous for a known Pgm allele.
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R e s u l t s

The Pgm alleles fo u n d  in the present survey.

Fig. I shows besides the three phenotypes PGM  A, PGM  AB and PGM  B 
previously described (Trippa, 1970) four new PGM phenotypes which will 
be thereafter referred to as PGM  AC, PGM  AD, PGM  A E  and PGM  A F  
(T rippa et al., 1972).

# •  '  •  *

*

A AB B AF AE AC AD

Fig. i. -  The phosphoglucom utase patterns of the 
different genotypes observed in the present survey.

+

—  origin

The alleles Cb Pgmc i PgniP and P gm E have been recovered, brought 
to hom ozygosity and m aintained as laboratory  stocks, while the attem pts 
to bring to hom ozygosity the PgnP allele have been unsuccessful (this allele 
is at present m aintained as a T M 2 \PgnP  balanced stock).

No obvious quantita tive differences between the new and the common 
alleles appeared on the visual inspection of the heterozygous variant patterns.

Population data .

T able I shows th a t all the seven populations exam ined are polym orphic 
for at least two alleles, the PgmA and the PgmB.

All the testable populations tu rned  out to be in H ard  y—W  ein b erg equi
librium  for the PgmK and PgnP  alleles.

(1) The frequencies of the PGM phenotypic classes were the expected ones in all the 
progenies of those males tha t turned out to be carriers of new Pgm alleles.
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D is c u s s i o n

Table I shows th a t in all the populations which have been exam ined 
the PgmA allele is the m ost frequent one. However, the frequency of the other 
com m on allele, the Pgm f is so variable th a t the degree of heterozygosity 
ranges from  0.016 to 0.33.

It would be very interesting to ascertain whether or no t the single fre
quencies and the in terpopulation differences are m aintained from year to 
year. I f  it tu rns out th a t this is the case the hypothesis th a t these allelic 
differences are due to selection (or to co-selection) will become extrem ely likely .

T a b l e  I.

The percent frequencies o f alleles and the degree of heterozygosity fo r  the Pgm 
locus in samples of seven natural populations of D rosophila m elanogaster

collected in Southern Italy.

Percent frequencies of alleles

Populations
N um ber 
of tested 

individuals
■]

(1)
PgmA

1

(l)
Pgn? PgnF Pgm* PgnF PgnF

Degree of 
hetero

zygosity

I. Castellaneta . . 213 90.6 8-3 °*7 0 .2 _ 0 .2 0.17

2. O tranto . . . . 296 93-2 5-4 0. 5 0. 8 — — 0.13

3. C o ra to ................. 233 94.4 5.2 0 .2 .... 0 .2 — 0. i i

4. R anna . . . . . 206 94-7 4.1 1.0 0 .2 — — 0.10

5. Pedalino . . . . 162 94.1 5-9 — — — 0. i i

6. V ittoria . . . . 46 79-3 20.7 .. — — — 0.33

7. A r c h i ................. 200 99.2 0 .8 — — — — 0.016

(1) The standard  errors of the frequencies of the PgmA allele (which are practically the 
same as those of the Pgm  ) were for the seven samples: 1 : db 1.38; 2 : 4= 1.03; 3 : dz 1.06; 
4 : dz I . io; 5 : dz 1.31; 6 : dz 4-22; 7 : dz 0.44.

As far as the other alleles are concerned, owing the sm all size of the 
present subsam ples, it is not possible for each of them  to decide if it is a common 
or a yarian t allele. R elevant for this question would be the finding of the same 
allele or pattern  of alleles in the same population (on the basis of a geogra
phical criterion only) after a long period of time.

A  further point concerns the question if the less common alleles, showing 
the sam e electrophoretic behaviour in different populations, do so because
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they  are the sam e alleles or because they  are different alleles with the same 
electrophoretic behaviour.

T he answer to this question can be considered, in a way, a by-product 
of the solution of the previous question. In  fact, if one of the less common 
alleles shows itself as a common allele the most likely explanation is th a t 
it is the sam e in all the tested populations; on the contrary, if it tu rns out 
to be just a variant, it appears likely th a t it is represented by different iso- 
electrophoretic varian t alleles in the different populations.
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