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Genetica. —■ Phosphoglucomutase polymorphism in seven Lepi- 
doptera species. N ota di L u c ia n o  B u l l i n i  (,), R o s s e l l a  C ia n c h i  n, 
G iu se p p e  N a s c e t t i  n  e L u ig i  R e n n a  <*>, ' p resentata (,,) dal Socio 
G. M o n t a l e n t i .

RIASSUNTO. — Vengono descritti polimorfismi per la fosfoglucomutasi (PGM) in sette 
specie di Lepidotteri: B rithys paneratii, Apopestes spectrum, E ilem a cantala, E ilem a lurideola, 
Phragmatobia fuliginosa, D yxauses fa m u la  e Maniola ju rlina . La genetica formale dei varianti 
PGM è sta ta  studiata in Ph. fu lig inosa  e in M . ju r tin a . I risultati dim ostrano la presenza in 
entram be le specie di vari alleli codominanti di un singolo gene Pgm. Anche nelle altre cinque 
specie, in cui i dati genetici m ancano o sono solo parziali, le frequenze dei fenotipi elettro- 
foretici osservati sono in buon accordo con l’ipotesi di un singolo gene Pgm  con vari alleli 
codominanti. Ogni allele PGM determ ina un pattern elettroforetico monobanda; un pattern 
b ibanda è presente, invece, negli etorozigoti. In tu tte  e sette le specie studiate le popolazioni 
sono risultate polimorfe per 2-6 alleli. In  M . ju r tin a  sono stati esam inati campioni aventi 
diversa origine geografica (Svizzera, Ita lia  settentrionale e centrale). Benché in tu tte le popo
lazioni di questa specie da noi saggiate Pallele PgmP sia risultato sempre il più frequente, 
nell’area studiata le frequenze alleliche appaiono notevolmente differenziate. In  particolare 
le frequenze alleliche nella popolazione di Prom enthoux (Svizzera) differiscono significativa
mente da quelle delle popolazioni italiane saggiate. In  base ai dati in nostro possesso il poli
morfismo per la  fosfoglucomutasi in M . ju r tin a  non risulta geneticamente associato con il 
numero delle macchie ocellari delle ali posteriori.

I n t r o d u c t io n

The m arked im provem ent in recent years of techniques for protein sepa
ration has led to the discovery of num erous new polym orphism s in a large 
variety of organisms. R ather surprisingly very little is known about isozyme 
variation in butterflies and moths, in spite of the exceptional im portance of 
this m aterial in research fields as different as genetics, evolutionary biology, 
systematics, ecology, ethology and applied entomology.

In  the present paper we present the evidence for polym orphism s invol
ving phosphoglucom utase (PGM) in seven Lepidoptera species: Brithys p a n 
eratii, Apopestes spectrum , Dyxauses fa m u la , Phragmatobia f uliginosa, E ilem a  
caniola, E ilem a lurideola and M aniola ju rtina . This enzyme catalyzes the 
reversible transfer between glucose 1-phosphate and glucose 6-phosphate, 
and it has an im portant role in carbohydrate metabolism.

if)  Istituto di Genetica e Centro di Genetica Evoluzionistica del CNR, Città U niver
sitaria, Roma.

(**) Nella seduta del 13 dicembre 1975.
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E l e c t r o p h o r e t ic  t e c h n iq u e s

T he electrophoretic separation of the PGM variants was done in starch- 
gel utilizing, with m inor modifications, the m ethod described by Spencer 
et al. [ 1]. For each individual examined a small piece of filter paper (W hat
m an No. 3) of about 5X3 m m  was im pregnated with the insect hom ogenate 
(obtained by grinding the thorax  in 0.01 ml of the gel buffer) and inserted 
in starch-gel. This was perform ed in plexiglas trays (0.4 X io  X 20 cm) with 
a gel composed of 10 per cent starch dissolved in 1 : 10 dilution of the maleic 
acid-Tris-EDTA-M gCl2 buffer at pH =  7.4 as described in the original tech
nique. H orizontal starch-gel electrophoresis was carried out at +  5 °C at 
4 V /cm  for 14 hr or 9 V /cm  for 4 hr. The gel was sliced and developed for 
PGM as described by Spencer et al. [1], with the modification th a t the deve
loping solution was solidified by agar at a final concentration of 0.8 per cent. 
The PGM patterns appear after about 30-45 m inutes of incubation at 37 °C 
in the dark.

The following evidences support the conclusion tha t the bands shown in 
Plates I and II really represent PGM  activity:

1) if glucose I-phosphate is omitted from the reaction m ixture, none 
of the bands develops;

2) if glucose 6-phosphate dehydrogenase in om itted from the reaction 
m ixture, only m inor bands appear presum ably due to endogenous G6PD 
present in the homogenate;

3) if NAD P or PM S is om itted from the reaction m ixture, no bands 
develop.

R e s u l t s  a n d  c o n c l u s io n s

The formal genetics of the PGM variants was studied in Phragmatobia 
fu lig inosa  and in M aniola ju rtina . The results indicated the occurrence, in 
both species, of various codom inant alleles of a single gene Pgm. In  the other 
species, for which the formal genetics data were lacking or incomplete, the 
observed frequencies of the various electrophoretic phenotypes were in 
agreem ent with the hypothesis of a single gene Pgm  with various codom inant 
alleles.

In  all the species exam ined every PGM allele determines a single-band 
electrophoretic pattern. A double-band phenotype is shown by the hetero
zygotes. A  sim ilar pattern  can be also produced by an artificial m ixture of 
approxim ately  equal am ounts of homogenates from two specimens, respec
tively hom ozygotes for two different alleles.

The distribution of the PGM alleles in the populations studied are reported 
below (I).

(1) The various PGM alleles are nam ed with capital letters in order of increasing 
electrophoretic m obility (e.g. Pgm x , PgmB , Pgm c , etc.).
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B rithys pancratii Cyr. (Noctuidae, Hadeninae).

The material examined consisted of samples collected during 1975 at 
Marina di Pescia Romana, s.l. (Viterbo). This population was polymorphic 
for two PGM alleles, showing the following frequencies: P gm K =  0.0759; 
P gm f — 0.9241 (Table I).

T a b l e  I

D istribution o f the PGM phenotypes in a sample o f I $8 Brithys pancratii 
fro m  M arina d i Pescia Romana, s.l. (Viterbo').

Phenotypes Prevalence Absolute frequencies

% Observed Expected (*>

A .............................. 0 .63 I 0.91

A B .......................... 13.92 22 22.18

B .............................. 85-44 135 134.91

T o t a l s ..................... 99-99 158 158.00

(*) Expected from a Hardy-Weinberg equilibrium involving two codominant alleles.

l P g m ± =  7-59 ± 1-49
Estimates of gene frequencies | p g mB =  92.41

100.00

Apopestes spectrum  Esp. (Noctuidae, Am phipyrinae).

The electrophoretic study was carried out on a population sample from 
Canino, m. 230 (Viterbo), collected in February 1974. This material was 
polymorphic for five PGM alleles, the most frequent (Pgm c) showing inter
mediate electrophoretic mobility. The distribution of the PGM alleles in this 
population is reported in Table II. The phenotypes AB, AC, BC, C, CD and 
CE are represented in PI. I, fig. 1.

E ilem a caniola Hbn. (A rctiidae , Lithosiinae).

The population sample tested, collected at Olgiata, m 100 (Rome) in 
June 1975) was polymorphic for three PGM alleles showing the following 
frequencies: Pgm K =  0.0294; P gm f =  0.9228; Pgmc =  0.0478 (Table III). 
The phenotypes AB, B and BC are represented in PI. I, fig. 2.
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T a b l e  II

Distribution o f the PGM phenotypes in  a sample o f 151 Apopestes spectrum
fro m  Canino , m 230 (Viterbo).

Phenotypes Prevalence
%

Absolute frequencies

Observed Expected (*>

A .............................. __ _ 0-37

A B .......................... i - 32 2 0 .40

AC ................. . . 8.61 13 13.66

A D .......................... — — 0.15

A E .......................... — — 0.05

B .............................. — — 0 . 11

BC .......................... 3-97 6 7.28

BD . . . . . . — — 0.08

BE .......................... — — 0.03

C .............................. 83-44 126 125.21

CD . . ................. 1.99 3 2-73

CE .......................... 0 .66 I 0.91

D .............................. — — 0.01

D E .......................... — — 0.01

E .............................. — — 0.002

Totals . ................. 99.99 G ì I5I.OO

(*) Expected from a Hardy-Weinberg equilibrium involving five codominant alleles.

P g m A  =  4 . 9 7  ± 1.25
P gm B =  2.65 d= 0 .92
P gm c =  91.06 ± 1 . 6 4  
PgmP — 0 .99  ± 0 .5 7
Pgm E =  0.33 ±  0.33

Estimates of gene frequencies
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T a b l e  III

D istribution o f the PGM phenotypes in a sample o f I j 6  Eilem a camola 
fro m  Olgiata, m 100 {Rome).

Phenotypes Prevalence
Absolute frequencies

0//o
Observed Expected (* }

A ..............................
AB . . . . . . . 5.88 8

0.12

7-38
AC ' .......................... — — 0.38
B .............................. 84.56 ID 115.81
BC .......................... 9 .56 13 12.00
C .............................. — — 0.31

T o t a l s ..................... 100.00 136 136.00

(*) Expected from a H ardy-W einberg equilibrium  involving three codom inant alleles.

Estim ates of gene frequencies

PgmA 
PgmB 
Pgm c

2.94 1-02
92.28  i  I.Ó2 
4-78 ± I . 29 . 

100.00

E ilem a lurideola Zincken {Arctiidae, Lithosiinae).

The m aterial exam ined consisted of samples collected in Ju ly  1975 at 
C am erata Nuova, m 900 (Rome). A t least four PGM alleles were observed 
(some of which with a very sim ilar electrophoretic mobility), showing the 
following frequencies: P gm A =  0.0215; PgmA — o. 1129; PgmP =  0.0269; 
PgmP — 0.8387 (Table IV). The phenotypes AD, BD, CD and D are repre
sented in PI. II, fig. I .

Phragmatobia f uliginosa L. (.Arctiidae , Arctiinae').

The population sam ple tested was collected at Olgiata, m 100 (Rome) 
in June 1975. The distribution of the PGM alleles in this m aterial is reported 
in Table V.

D yxauses fa m u la  Frr. {Ctenuchidae—Am atidae= Syntomidae) .

Also this species was collected at Olgiata, m 100 (Rome) in June 1975. 
The sam ple tested was found polym orphic for two PGM alleles, showing the 
following frequencies: Pgm A =  0.9612; PgmA — 0.0388 (Table VI).



L. B u llin i ed ALTRI, Phosphoglucomutase polymorphism , ecc. 819

T a b l e  IV
D istribution o f the PGM phenotypes in  a sample o f 93 Eilema lurideola 

fro m  Camerata N uova , m  900 (.Rome).

Phenotypes Prevalence
%

Absolute frequencies

Observed Expected (*>

A .............................. .— . _ 0 .04
A B .......................... 2.15 2 0.45
AC .......................... — — 0. II
AD .......................... 2.15 2 3.35
B .............................. 2.15 2 1 .19
BC .......................... — ■— 0.56
BD . . . . . . . 16.13 15 17.61
C .............................. ■— — 0.07
CD . . . . . . . 5-38 5 4.19
D .............................. 72.04 67 65.42

T o t a l s ...................... 100.00 93 92.99

(*) Expected from a Hardy-Weinberg equilibrium involving four codominant alleles.

ÌPgm a =  2.15 zb I • 06
Pgm b =  11.29 ± 2.32 
Pgm c =  2 .69 4 : 1 .18 
PgmP =  83.87 ± 2 .70  

100.00

T a b l e  V

Distribution o f the PGM phenotypes in  a sample o f Q2 Phragmatobia fuliginosa
fro m  Olgiata, m  100 (Rome).

Phenotypes Prevalence Absolute frequencies

%/O
Observed Expected (*)

A .............................. 2.17 2 1.09
A B .......................... 16.30 G 17.39
AC .......................... 1 .09 I 0.43
B . . . . . . . . 77.17 71 % .5 7
BC .......................... 3 .26 3 3.48
C . . . . . . . . — — 0.04

T o t a l s ...................... 99-99 92 92.00

(*) Expected from a Hardy-Weinberg equilibrium involving three codominant alleles.
/ Pgm^ =  10.87 ± 2 .2 9

Estimates of gene frequencies ) P g n B =  86.96 zb 2.48
I P g m ^  =  2.17 ± 1.07

\  100.00

57. — RENDICONTI 1975, Voi. LIX, fase. 6.
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T a b l e  VI

Distribution o f the PGM phenotypes in  a sample o f 116 Dixauses famula 
fro m  Olgiata, m 100 (Rome').

Phenotypes Prevalence
%

Absolute frequencies

Observed Expected

A .............................. 93.10 108 107.17

A B .......................... 6.03 7 8.65

B .............................. 0 .86 I 0.17

Totals ...................... 99.99 116 115.99

(*) Expected from a Hardy-Weinberg equilibrium involving two codominant alleles.

IPgmA =  96.12  
PgmB =  3 .88 ± 1 . 2 7

100.00

T a b l e  VII

D istribution o f PGM alleles in  population samples o f Maniola jurtina 
fro m  Ita ly  and Switzerland.

Geographical Origin Number
PGM Allele frequencies

tested
PgmA PgmB

!
1 Pgmc Pgm° PgrnP PgmF

Campagnano, m 300 
( R o m e ) ...................... 301 0.0100 0.0631 0.3156 0.6013 0.0066 0.0033

San Polo dei Cavalieri, 
m 800 (Rome) . . . 18 0.0278 0.0556 0.2500 0.6667 — —

Gellere, m 350 (Viterbo) 69 0.0072 0.0725 0.3478 0.5580 0.0145 —

Amatrice, m 900 (Rieti) 24 — 0.0625 0.3750 0.5208 0.0417 —

Ville di Fano, m 900 
(L’Aquila) . . . . . 371 0.0081 0.0606 0.3693 0.5580 0.0027 — .

Selva di Pregno, m 600 
(V erona)...................... 76 0.0132 0.0592 0.3289 0.5855 — 0.0132

Promenthoux, m 400 
(Lake of Geneva) 51 — — 0.1275 0.8431 0.0294 —



L. BulLINI ed ALTRI -  Phosphoglucomutase 
polymorphism, ecc. - 1  PLA TE I.

Acc. Lincei -  Rend. d. CL di Sc. fis.,
mat. e nat. -  Vol. LIX.

A
+

o r i g i n
A C BC CD CE AB

Fig. I. -  Photograph of the phosphoglucomutase zymograms of Apopestes spectrum  showing 
the following electrophoretic phenotypes: AB, AC, BC, C, CD and CE.

1  .

0 n 9 i n  B BC B AB BC B B ,4B B

Fig. 2. -  Photograph of the phosphoglucomutase zymograms of E ilem a camola showing 
the following electrophoretic phenotypes: AB, B and BC.
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Fig. i . -  Photograph of the phosphoglucomutase zymograms of E ilem a lurideola showing 
the following electrophoretic phenotypes: AD, BD, CD and D.

Fig. 2. -  Photograph of the phosphoglucomutase zymograms of M aniola ju r tin a  showing 
the following electrophoretic phenotypes: AD, BC, BD, C, CD, D, D E  and  D F.
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M aniola ju r tin a  L. (2) (Satyriclae, Satyrinae).

The m aterial exam ined consisted of samples from seven populations 
having different geographical origins (Switzerland, northern and central Italy). 
All the seven populations were polym orphic for three to six alleles, the most 
frequent being in all samples PgmP. T he phenotypes AD, BC, BD, C, CD, 
D, D E  and D F  are represented in PL II, fig. 2. The distribution of the PGM 
alleles in the seven population samples tested is reported in T able V II. The 
allele frequencies appear to be fairly differentiated over the area considered 
(m inor differences between some localities can be attributed to sam pling 
errors). It is to be noted th a t rem arkable differences in the PG M  allele 
frequencies seem to exist between M aniola ju r tin a  populations living respe
ctively north and south of the Alps. This appears confirmed by prelim inary  
data  obtained on small sam ples of this species from A ustria and Germ any.

According to our data  phosphoglucom utase polym orphism  is not gene
tically associated with the hind-wing spotting.
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