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Summary. From 1976 to 1978 nine aphid species were 
investigated electrophoretlcally. A low degree of  polymor- 
phism was found. Only 5 o f  the species were polymor- 
phic, and only at most in 3 enzyme systems out of  19. 
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Introduction 

In comparison with other subjects genetic investigations 
on aphid populations are rare, although aphids are of  great 
importance as agricultural and horticultural pests. Fur- 
thermore aphids are an interesting subject for evolution- 
ary and population genetic studies due to their use of  
parthenogenetic propagation, and their use of  a multi- 
plicity of  host plants. 

Recent publications have been mainly concerned with 
the interaction of  esterase activity and resistance to orga- 
nophosphorus insecticides in Myzus persicae (Sulzer) 
(Baker 1977; Beranek 1974; Beranek and Berry 1974; Be- 
ranek and Oppernoorth 1977; Needham and Sawacki 
1971; Sudderuddin 1973). Blackmann and Takada (1977) 
and Blackmann et al. (1978) described a chromosomal 
polymorphism including a translocation between auto- 
somes 1 and 3. Translocation heterozygotes were shown 
to occur in samples collected from all over the world. 

Results of  investigations considering evolutionary and 
population genetic aspects have been published by Baker 
(1977, 1978, 1979), Tomiuk et al. (1979), W6hrmann et 
al. (1978) and Wool et al. (1978). Baker (1977) and Wool 
et al. (1978) reported of  variations in electrophoretic 
mobility of  two esterase loci in Myzus persicae and found 
also differences in the activity of  these enzymes in the 
same species. 

In this publication the degree of  the enzyme polymor- 

phism of  nine species will be given. 19 enzyme systems 
were attempted with a maximum of 18 successes for one 
species, and a lesser number for other species. Staining of  
14 other enzymes has been attempted, with success in 
only 4 cases: due to the small sample size these results are 
not included in this report. 

Materials and Methods 

The aphids investigated were collected in the South-West of Ger- 
many, mainly in the vicinity of Tiibingen. From 1976 to 1978 
samples from different hosts, localities and at different dates were 
collected at random in avoidance to take one sample from only 
one clone. Starch gel electrophoresis was used to determine en- 
zyme mobility patterns, using a modified version of the method of 
Ayala et al. (1972). The following enzyme systems were investi- 
gated: malate dehydrogenase (MDH), phosphoglucomutase (PGM), 
a-glycerophosphate dehydrogenase (a-GPDH), malic enzyme 
(ME), glucose-phosphate isomerase (PGI), aldolase (ALD), hexoki- 
nase (HK), isocitrate dehydrogenase (IDH), 6-phosphoglueonate 
dehydrogenase (6-PGDH), leucin amino peptidase (LAP), alkaline 
phosphatase (APH), catalase (KAT), glyeeraldehyde-3-phosphate 
dehydrogenase (G-3-PDH), glucose-6-phosphate dehydrogenase 
(G-6-PDH), esterase (EST), sorbitol dehydrogenase (SDH), fructo- 
kinase (FK), acid phosphatase (ACPH) and fumarase (FUM). 

Results and Discussion 

Experimental results are listed in Tables 1 and 2. The 
number of  individuals investigated ranged from 18 in the 
smallest to 5000 in the largest samples. The number of  
loci found in each system is shown, and those which are 
polymorphic are indicated. In contrast to the accepted 
defmition, a locus is described as polymorphic only if 
more than one allele could be demonstrated. So far it has 
not been possible to carry out a genetic analysis by cross- 
ing individuals with different enzyme patterns. Therefore 
two groups of  enzyme data are under consideration. First- 
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ly, e n z y m e  p o l y m o r p h i s m  cou ld  be  de t ec t ed  b y  e lectro-  

phores i s  b u t  w i t h o u t  m o r e  gene t ic  i n f o r m a t i o n  the  poly-  

m o r p h i s m  cou ld  n o t  be  exp la ined  w i t h o u t  d o u b t .  This  

g roup  involves  Aphis fabae and  Acyrthosiphon pisum. 
Thus ,  n o  g e n o t y p e  f r equenc ies  and  average he t e rozygos i t y  

are ca lcu la ted .  Second ly ,  the  gene t ic  b e h a v i o u r  o f  loci  can  

be  d e t e r m i n e d  b y  ana logy  w i t h  w o r k  o n  Drosophila and  

o t h e r  species.  The re  is n o  p r o b l e m  in a sys t em involving 

2 alleles whe re  all 3 possible  g e n o t y p e s  are found .  Fur-  

t h e r m o r e ,  i f  a p a t t e r n  cons is t s  o f  t w o  b a n d s  and  these  

occur  in  all individuals ,  each  b a n d  is p r o b a b l y  d e t e r m i n e d  

b y  one  locus:  i t  is i m p r o b a b l e  t ha t ,  in  the  case o f  holo-  

cycl ic  p r o p a g a t i o n ,  one  or  several p o p u l a t i o n s  cons is t  ex- 

T a b l e  1. The total number of loci (a) and the number of poly- 
morphic loci (b) of enzyme systems found in the samples of size 
n of Macrosiphum rosae and Aphis fabae 

Enzyme M. rosae A. fabae 

a b n a b n 

MDH 2 1 5000 2 - 541 
PGM 2 1 5000 2 - 189 
a-GPDH 1 - 5000 1 - 541 
ME 1 - 5000 , 1 - 541 
PGI 1 - 5000 1 - 189 
ALD 1 - 1000 1 - 352 
HK 2 - 150 2 1 126 
FK 1 - 150 1 - 126 
IDH 2 - 200 2 - 88 
6-PDGH 1 - 120 1 - 88 
LAP - - - 2 - 88 
APH 1 - 120 1 - 352 
KAT 1 - 80 1 - 66 
G-3-PDH 1 - 200 1 - 40 
G-6-PDH 1 - 200 1 - 40 
Est - - - 3 1 402 
ACPH 1 - 160 1 - 88 
F U M  1 - 120 1 - 88 

clusively o f  he t e rozygo tes .  The  average da ta  f rom 1976 to  

1978 and  f r o m  all locali t ies o f  Macrosiphum rosae, Aphis 
sambuci and  a th i rd  species are given in Table  3. The  aver- 

age he te rozygos i t i e s  o f  all three  species agree and  w i t h i n  

these  species on ly  a value o f  0 ,04  could  be f o u n d  approxi -  

mate ly .  However ,  Acyrthosiphon pisum is the  m o s t  poly-  

m o r p h i c  o f  the  species inves t igated ,  w i t h  3 p o l y m o r p h i c  

loci  o u t  o f  a t o t a l  o f  6 loci.  Macrosiphum euphorbiae, 
Aphis pomi, Rhodobium porosum and Macrosiphum fune- 
stum showed  n o  p o l y m o r p h i s m .  In to ta l  10 o u t  o f  

111 loci  ( a b o u t  9%) are p o l y m o r p h i c .  Even  in the  case o f  

an ove re s t ima t ion  o f  the  n u m b e r  o f  loci,  th is  is a very  low 

percen tage  in c o m p a r i s o n  to m o s t  o t h e r  subjec ts  wh ich  

have been  inves t iga ted  so far (Nevo  1978) .  This  resul t  is in 

ag reemen t  w i th  those  pub l i shed  b y  Wool  et  al. (1978) ,  

who  f o u n d  p o l y m o r p h i s m  on ly  in the  esterase sys tem in 

Myzus persicae; t hey  inves t iga ted  11 e n z y m e  systems.  

I t  m a y  be  argued t h a t  pa r thenogenes i s  leads to  m o n o -  

m o r p h i s m  caused  b y  select ion.  However ,  S u o m o l a i n e n  et  

al. ( 1 9 7 6 )  pub l i shed  da ta  f rom inves t igat ions  o n  some ex- 

clusively p a r t h e n o g e n e t i c  insects ,  w h i c h  d e m o n s t r a t e  a 

very h igh  degree o f  p o l y m o r p h i s m  w i t h i n  and  b e t w e e n  

popu la t ions .  In the  case o f  Otiorrhynchus scaber t he  au- 

t ho r s  f o u n d  11 o u t  o f  a to t a l  o f  20,  and  in Adoxus obscu- 
rus  5 o u t  o f  16 loci  to  be p o l y m o r p h i c .  This  genet ic  vari- 

abi l i ty  is exp la ined  as be ing  es tab l i shed  b y  m u t a t i o n s  and  

be ing  s to red  dur ing  the  evo lu t ion  o f  the  p a r t h e n o g e n e t i c  

species. H e b e r t  ( 1 9 7 4 )  f o u n d  p o l y m o r p h i s m  in Daphnia 
magna in esterase,  mal ic  e n z y m e  a n d  alkal ine phospha t a se .  

The  p r o p o r t i o n  o f  p o l y m o r p h i c  loci  in  3 na tu ra l  popula -  

t ions  o f  the  cycl ical ly p a r t h e n o g e n e t i c  species Simoce- 
phalus serrulatus was descr ibed by  S m i t h  and  Fraze r  

( 1 9 7 6 )  to  be  b e t w e e n  33 and  60%; t hey  inves t iga ted  

16 loci.  

Mos t  o f  the  aph id  species cons ide red  in th i s  pape r  are 

holocycl ic .  A p a r t h e n o g e n e t i c  phase,  w i t h  the  chance  o f  

s t rong d i f fe rent ia l  se lec t ion o f  ce r t a in  geno types ,  is fol- 

T a b l e  2. The total number of loci (a) and the number of polymorphic loci (b) of enzyme systems found in samples of size n in Macrosip- 
hum euphorbiae, Macrosiphum funestum, Aphis pomi, Aphis sambuci, Acyrthosiphon pisum and a species on rosa which is probably 
Wahlgreniella nervata (tentative identification) 

Enzyme M. euphorbiae M. funestum A. pomi A. sambuci A. pisum R. porosum W. nervata 

a b n a b n a b n a b n a b n a b n a b n 

MDH 2 - 432 2 - 20 2 - 2228 
PGM 2 - 432 2 - 20 2 -  1852 
t~-GPDH 1 - 432 1 - 20 1 - 2228 
ME 1 - 432 1 - 20 1 - 2228 
PGI 1 - 432 1 - 20 1 - 100 
ALD 1 - 432 1 - 100 
HK 2 - 438 
IDH 2 - 2228 
6-PGDH 
LAP 

2 - 61 2 I 43 2 - 50 2 1 274 
2 1 61 2 - 46 2 - 51 2 1 274 
1 - 39 1 1 24 1 - 47 1 - 274 
1 - 41 1 - 35 1 - 57 1 - 221 
1 - 61 1 1 46 1 - 41 1 - 221 
1 - 18 1 - 41 1 - 221 

1 - 2 0  

2 - 39 
1 - 44 
2 - 36 

2 - 53 
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Table 3. The allele frequencies of MDH (slow (s) and fast (f)) and of PGM (slow (s), inter- 
mediate 0) and fast (f) and the average heterozygosities of the samples of Macrosiphum 
rosae, Aphis sambuei and probably Wahlgreniella nervata from 1976 to 1978. The number 
of all investigated loci is listed 

Species MDH PGM Loci Average 
heterozygosity 

s f s i f 

M. rosae 0.432 0.567 0.02 0.77 0.21 20 0.044 
A. sambuci - - 0.367 - 0.633 9 0.037 
Ir nervata 0.351 0.649 0.340 0.437 0.223 10 0.037 

lowed by sexual reproduction with the possibility of re- 
arrangement of the genetic material. Macrosiphum eu- 
phorbiae, and the other species in favorable natural condi- 
tions, show anholocyclic reproduction. There is no ob- 
vious difference, however, between the degree of poly- 
morphism in these 2 groups. It therefore seems that par- 
thenogenesis per se cannot be solely responsible for the 
low degree of enzyme polymorphism in aphid popula- 
tions. 
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