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ABSTRACT 

Genic variation was surveyed for 20 proteins of Drosophila melanogaster and 
18 proteins of D. pseudoobscura. Analysis was by extraction and one-dimen- 
sional polyacrylamide gel electrophoresis under nondenaturing conditions, fol- 
lowed by staining with Coomassie Brilliant Blue to detect soluble proteins 
present in relatively large amounts (“abundant soluble proteins”). D. melano- 
gaster was polymorphic for 65% of its protein loci and an individual was 
heterozygous for 10% of its loci. The respective figures for D. pseudoobscura 
were 61% and 11%. These estimates of genic variation fall between previously 
published estimates obtained for these species by one-dimensional electropho- 
resis of soluble enzymes and those obtained by two-dimensional electrophoresis 
of solubilized abundant proteins. However, variation for both species could be 
strongly partitioned between loci, on the basis of tissue and stage expression of 
the proteins. The results are discussed with respect to their bearing on the 
possibility that abundant proteins constitute a distinct class of proteins less 
polymorphic than soluble enzymes. 

HE amount of genetic variation in soluble proteins, as revealed by gel T electrophoresis, is almost certainly influenced by the structural and func- 
tional characteristics of the proteins themselves. Using the extensive data 
available for soluble enzymes, correlations have been found between statistics 
such as level of heterozygosity, number of alleles and percentage of loci 
polymorphic, and structural or functional features like enzyme substrate origin 
(GILLESPIE and KOJIMA 1968), direct involvement with glucose metabolism (Ko- 
JIMA, GILLESPIE and TOBARI 1970), regulatory function (JOHNSON 1974), subunit 
aggregation (HARRIS, HOPKINSON and EDWARDS 1977) and subunit size (KOEHN 
and EANES 1978). The discovery of such correlations for soluble enzymes raises 
the question of whether soluble enzymes as a group might show levels of 
variation different from those of other classes of proteins. 

A high-resolution two-dimensional (2d) electrophoresis technique for the 
separation of complex mixtures of proteins has been described relatively re- 
cently by O’FARRELL (1975). In this procedure, proteins are first solubilized from 
cells or tissues in the presence of 9 M urea, a nonionic detergent-Z% Nonidet P- 
40 (NP-40), P-mercaptoethanol, and frequently sodium dodecyl sulfate (SDS). 
The extract is then sequentially fractionated in two different ways-first on the 
Genetics 102: 437-453 November, 1982. 
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basis of charge, by isoelectric focusing in the presence of 9 M urea and 2% NP- 
40, and then on the basis of size by electrophoresis in the presence of 0.1% SDS. 
The technique is frequently assumed to render accessible for genetic analysis a 
large new class of proteins, more or less distinct from soluble enzymes. One 
reason for this is that the solubilizing agents used (urea, NP-40, P-mercaptoeth- 
anol, SDS) may permit recovery of many proteins, such as  those associated with 
membranes (KLOSE and FELLER 1981), which are otherwise virtually insoluble. 
Another reason is that chemical and radiochemical visualization techniques are 
commonly used for proteins on 2d gels (e.g., dyes like Coomassie Blue, or 
autoradiography of isotopically labeled proteins). This strongly biases the sam- 
ple of proteins toward those expressed in high relative amounts in the cells and 
tissues from which they were extracted. These proteins have been termed 
“abundant proteins” (EDWARDS and HOPKINSON 1980), and may not include 
many soluble enzymes [however, see LEIGH BROWN and LANGLEY (1979) and 
RACINE and LANGLEY (1980) for identification of some abundant soluble enzymes 
on 2d gels of Drosophila and mouse tissue extracts]. 

2d electrophoresis has been used to estimate the level of genic variation in 
Drosophila melanogaster (LEIGH BROWN and LANGLEY 1979), Homo sapiens 
(MCCONKEY, TAYLOR and PHAN 1979; WALTON, STYER and GRUENSTEIN 1979; 
SMITH, RACINE and LANGLEY 1980) and Mus musculus (RACINE and LANGLEY 
1980). AQUADRO and AVISE (1981) also report the application of 2d gels, to 
estimation of relative genic divergence between Peromyscus maniculatus and 
several related rodent species. The unvarying result of these studies is that 2d 
electrophoresis gives considerably lower estimates of variation and divergence 
than do analyses of the same organisms using conventional one-dimensional 
(Id) electrophoresis of soluble enzymes (GILLESPIE and LANGLEY 1974; HARRIS, 
HOPKINSON and EDWARDS 1977; BERRY 1977; AQUADRO and AVISE 1981). For 
example, the average expected heterozygosity for approximately 54 loci in a 
population of Drosophila melanogaster surveyed by Zd gels was about 4%, with 
6 (11%) of the loci being polymorphic (LEIGH BROWN and LANGLEY 1979). In 
contrast, Id  gels of soluble enzymes gave 14% average heterozygosity and 48% 
polymorphism for 21 loci in a different population of the same species (GILLESPIE 
and LANGLEY 1974). 

It is not known at present to what extent these differences in estimated 
variation are real; that is, whether they reflect actual differences in genetic 
variability of the proteins sampled by I d  and 2d electrophoresis. Perhaps the 
most obvious alternate possibility, as  noted by the above-mentioned authors in 
the reports of 2d analyses and as  stressed by EDWARDS and HOPKINSON (1980), 
is that there may be a larger proportion of “hidden variation” with 2d than with 
Id  techniques. Such a sensitivity difference might result if there are intrinsic 
differences (such as average amino acid composition) in the proteins sampled, 
or if isoelectric focusing under denaturing conditions (the first dimension of the 
O’FARRELL technique, and the one where allelic variants are normally scored) 
has resolving power intrinsically lower than that of Id  electrophoresis. 

We report here the results of a survey of genic variation in 20 abundant 
soluble proteins of Drosophila melanogaster, and 18 such proteins in D. pseu- 
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doobscura, using conventional Id electrophoresis under nondenaturing condi- 
tions. In addition to providing considerable new data on genic variation in these 
species, the results bear on the above-mentioned questions of differing levels of 
variation in different classes of proteins. This is because our approach has 
allowed us to examine variation in a subset of the abundant proteins that would 
be detected on 2d gels, with the important difference that we have employed an 
independent analytical technique. 

MATERIALS AND METHODS 

The 15 Drosophila melanogaster populations surveyed represent the worldwide distribution of 
this species, over all five continents (Table 1). The four “mainland” populations of Drosophila 
pseudoobscura comprise a subset of those studied by PRAKASH, LEWONTIN and HUBBY (1969). The 
samples were all in the form of isofemale lines isolated directly from the field and maintained in 
the laboratory. 

One-dimensional slab gel electrophoresis of soluble proteins was carried out in a continuous 0.1 
M Tris-borate-EDTA buffer in 5% polyacrylamide gel slabs, as described by PRAKASH, LEWONTIN 
and HUBBY (1969). Upon completion of electrophoresis, gels were stained overnight in 0.04% 
Coomassie Blue R in methano1:acetic acid:water (5:1:5 v/v/v), then destained in the same solvent, 
without the dye, until the background was clear. 

Samples were prepared by grinding in the same Tris-borate-EDTA buffer used in the gel and 
electrode tanks, except that 5% sucrose was included. For whole-body extracts, 10 third-instar 
larvae (collected in the “wandering” stage just before pupation) or 10 adult flies were ground in 50 
pl of the above extraction buffer. For separation of larval hemolymph from larval carcass, 10 third- 
instar larvae were placed in 40 pl of extraction buffer, and the body wall of each larva was carefully 
punctured once with a sharp tungsten needle. The buffer and exuded hemolymph were collected, 
and the larvae washed once with 10 pl of fresh buffer. This 10 pl was collected and added to the 
first 40 pl. This 50-pl sample was considered the ”larval hemolymph” fraction. The carcasses were 
then washed repeatedly with several milliliters of buffer, and finally were ground separately in 50 
pl of fresh extraction buffer. This was the “larval carcass” fraction. All crude extracts were 
centrifuged at 16,M)O X g for 5 min at 4’, and the supernatant was used immediately for electropho- 
resis. 

Up to 22 separate lines were compared per slab gel. Extracts from larvae or adults of Canton S 
were included as standards on each gel. Genetic interpretation of variation in the gel patterns was 
based on two main criteria. First of these was independent variation in a protein band relative to 
the other bands in the profile, suggesting independent genetic control of the band. Mobility variation 
was the most common type of situation here, but several bands also exhibited an occasional “null” 
phenotype where no detectable protein was present in that zone of the profile (see Table 1). 
Secondly, our routine use of pooled samples of individuals from isofemale lines frequently permitted 
us to observe segregating alleles simultaneously in the same extract. Most of the alIeles we have 
described were observed at least once in the form of such internally heterogeneous extracts from 
heterozygous single isofemale lines. 

For the 6 monomorphic loci of the 20 studied, genetic interpretation is more subjective. However, 
it is reasonable to predict that assigning a separate locus to each of the 6 invariant bands is more 
likely to overestimate than to underestimate the number of loci underlying the bands. This would 
tend to bias our estimates of heterozygosity and number of alleles per locus in a downward 
direction. 

To score allele frequencies, each isofemale line was taken to represent a sample of two genomes, 
with a segregating line counted as a single heterozygote. This assumption is realistic, since many of 
the isofemale lines have been maintained in the laboratory for long periods, and loss by random 
genetic drift of some of the rarer alleles present in the original sample is inevitable. None of our 
lines were segregating for more than two alleles, so no difficulties in calculation of allele frequencies 
were encountered as a result of the assumption of a uniform two genomes per line. Expected 
heterozygosities were calculated for each locus as H = 1 - x p ? ,  where p, is the frequency of the 
ith allele. 
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RESULTS 

Figure 1 shows typical gel profiles of native abundant soluble proteins of 
Drosophila melanogaster, obtained under our electrophoretic conditions. A total 
of 20 abundant soluble protein loci were identified for this species, according to 
the criteria discussed under MATERIALS AND METHODS. Eighteen of these 20 
proteins are clearly visible in the three samples shown. Two proteins, 9A and 
12, although they showed independently segregating mobility variation when 
detectable in appropriate material, are not clearly resolved in any of the three 
samples shown. Four proteins-9, 10, 11 and 15-probably correspond to the 
"larval serum proteins" LSP-1 y, LSP-1 p, LSP-1 a and LSP-2, respectively, of 
ROBERTS, WOLFE and AKAM (1977). The putative structural loci for these four 
proteins have been genetically and cytogenetically mapped (ROBERTS and Ev- 
ANS-ROBERTS 1977; AKAM et al. 1978; A K A M ,  ROBERTS and WOLFE 1978). Figure 
2 shows examples of variant alleles for four larval hemolymph proteins of D. 
melanogaster, and illustrates how variation in protein profiles on the gels 
allowed genetic interpretation. Using the same procedures as were used for gel 
profiles in D. melanogaster, 18 loci for abundant soluble proteins were identified 
in larvae of D. pseudoobscura (gels not shown). 

Table 1 gives sample sizes (as number of isofemale lines), allele frequencies 
(assuming two genomes per isofemale line), expected heterozygosities and 
numbers of alleles for the 20 abundant soluble protein loci and 15 populations 
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+ 

S 

t 
FIGURE 2.-Section of slab gel, showing mobility variation for larval hemolymph proteins 9, 10, 

11 and 15 in 7 isofemale lines of Drosophila melanogoster. Note: line segregating for two alleles of 
locus 15(s), co-varying pair of bands for locus 11. and null-allele variant for locus Il(n). 

studied in D. melanogaster. Under our electrophoretic conditions, 13 of the 20 
loci (65%) showed polymorphism (i.e., the most common allele present in a 
frequency of 99% or less in more than one population). Averaged over all 20 
loci, the expected heterozygosity (R = 9.8%) and the numbers of alleles per 
locus (ri  = 2.90) were moderate. Considerable disparity is evident between 
different loci with respect to mean expected heterozygosity (averaged over 
populations). These values ranged from 1% (locus 15A) to 47.8% (locus 11). The 
expected heterozygosities of individual loci were also quite variable between 
populations, as indicated by the large standard error values, sometimes exceed- 
ing the mean. Substantial between-locus variation can also be seen with respect 
to the total number of alleles. Among the 13 polymorphic loci, the total number 
of alleles ranged from 2 to 8, with 10 of the 13 loci having 3 or more alleles. 

The wide range of variability estimates between loci prompted us to look for 
some structural or functional feature of the different proteins that would 
partition the loci into relatively more- and less-variable groups. A comparatively 
simple and readily determined characteristic is the expression of the proteins in 
different tissues and stages. We have described our technique for separating 
hemolymph and carcass fractions from Drosophila larvae (see MATERIALS AND 
METHODS). Because we also used adults for our survey in D. melanogaster, we 
were able to distinguish three classes of proteins that differed in their stage and 
tissue expression, as follows. Proteins recovered in the larval hemolymph 
fraction were simply termed “larval hemolymph proteins”. There were eight of 
these (Figure 1, Table l), seven of which (proteins 5, 7,9,10,11,15 and 16) were 
also detectable in both larval carcass and adults. The larval carcass fraction 
also contained seven proteins (2, 3, 4, 5, 6, 8 and 13) not detectable in larval 
hemolymph, which were termed “larval carcass-unique’’ proteins. These pro- 



DROSOPHILA PROTEIN POLYMORPHISM 445 

teins were also all detectable in adults, especially in adults recently emerged 
from the pupal stage. Finally, there were five adult proteins (7A, 9A, 10A, 10B 
and 15A) that were not detectable in either larval fraction. These were termed 
“adult-unique’’ proteins. 

The results of such partitioning of loci are shown in Table 2. The pattern is 
quite definite. Larval hemolymph proteins are more variable than both larval 
carcass-unqiue and adult-unique proteins, with respect to average number of 
alleles per locus (3.75 vs. 2.29 and 2.40, respectively) and average heterozygosity 
per locus (18.1% vs. 4.3% and 4.2%, respectively). Such a pattern is absent for 
percentages of loci polymorphic (62.5% vs. 57.1% and 80.0%, respectively). These 
last figures appear less anomalous when one notes that many of the adult- 
unique loci are only weakly or sporadically polymorphic, as can be seen by 
inspection of Table 1. 

For purposes of comparison, we have included some data on genic variation 
in 18 abundant soluble proteins in 4 of the 11 “mainland” populations of 
Drosophila pseudoobscura studied by PRAKASH, LEWONTIN and HUBBY (1969). 
The overall data for the unclassified loci are given in Table 3, and for larval 
hemolymph proteins vs. larval carcass-unique proteins in Table 4. Proteins l A ,  
l B ,  2 ,4 ,  5 and 9B were surveyed by us in a total of 55 lines and the figures for 
proteins 7, 8, 10, 12 and 13 in the same four populations were taken from 
LEWONTIN (1974, pp. 132-133). For this composite data we have given only the 
summary statistics with no individual allele frequencies, partly because our 
own sample is relatively small and partly because the data for 5 of the 12 
polymorphic loci had already been published elsewhere (LEWONTIN 1974). 

It is clear that the patterns that emerge are essentially the same as those seen 
with abundant soluble proteins of D. melanogaster. The 18 proteins in D. 
pseudoobscura show moderate-to-high overall heterozygosity (10.9%), average 
number of alleles (2.06), and percentage of loci polymorphic (11/18 = 61%). 
Considerable heterogeneity between loci is seen, and as is shown in Table 4, 
this heterogeneity can be partitioned effectively between larval hemolymph 

TABLE 2 

Proportion of loci polymorphic, average number of alleles and average expected 
heterozygosity for 20 abundant soluble protein loci of Drosophila melanogaster, 

classified according to tissue and stage distribution 

Proportion of loci Average no. of Average heterozy- 
Proteins detectable in No. of loci polymorphic alleles gosity 

Larva: 
Hemolymph” 8 0.625 3.63 0.182 
Carcass (uniqueIb 7 0.571 2.29 0.043 

Total 15 0.600 3.00 0.117 
Adult (unique)‘ 5 0.800 2.40 0.042 

Grand total/mean 20 0.650 2.85 0.098 

Proteins detectable in third instar larval hemolymph. 
Proteins detectable only in carcass fraction of third instar larva (see MATERIALS AND METHODS). 
Proteins detectable only in adult. 
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TABLE 4 

Proportion of loci polymorphic, overage number of alleles and average 
heterozygosity” for abundant soluble protein loci classified according to late 

third-instar tissue distribution in Drosophila pseudoobscura 

447 

Proportion of Average no. of Average hetero- 
Tissue distribution No. of loci loci polymorphic alleles zygosity 

Larval hemolymph’ 10 0.90 2.70 0.182 
Larval carcass-unique‘ 8 0.25 1.25 0.018 

Total/mean 18 0.61 2.06 0.109 

Expected heterozygosity H = 1 - 2 p?,  where p L  is frequency of the ith allele in a population, 

Proteins detectable in larval hemolymph (see RESULTS). 

,=I 
and n is the number of alleles at a locus. 

e Proteins detectable only in larval carcass and not in larval hemolymph (see RESULTS). 

proteins and larval carcass-unique proteins (no data on adults are presented). 
Larval hemolymph proteins are more polymorphic than larval carcass-unique 
proteins in D. pseudoobscura, as well as in D. melanogaster, with respect to 
percentage of loci polymorphic (90% vs. 25%), average number of alleles per 
locus (2.70 vs. 1.25), and average expected heterozygosity per locus (18.2% vs. 
1.8%). 

Another aspect of the observed variation concerns the pattern of allelic 
differentiation between populations of D. melanogaster. A useful statistic for 
measuring such differentiation between populations is Sewall Wright’s Fixation 
Index (FsT). This statistic for a locus is calculated as HT - Rs/HT, where HT is 
the total expected heterozygosity over all populations sampled, calculated from 
the total allele frequencies pl at the locus, and l% is the mean of the individual 
population heterozygosities at the locus. It is sensitive, therefore, to between- 
population differentiation in allele frequency, in terms of the degree of fixation 
of alternate alleles. The statistic takes on a maximum value of 1 when there is 
complete alternate fixation between populations. 

Frequency distributions of FST values are plotted in Figure 3, for 22 soluble 
enzyme loci (data from SINGH, HICKEY and DAVID 1982) and 20 abundant soluble 
protein loci of D. melanogaster. It is clear from these distributions that abundant 
soluble proteins as a group show less differentiation than do soluble enzymes 
between the 9 populations that were sampled for both groups of loci (Figures 
3B and 3C). This is especially clear in the relative membership of what might be 
considered “highly differentiated” loci (FST > 0.2). Only 1 of 20 abundant soluble 
protein loci (5%) fell into this class, compared to 6 of 22 soluble enzyme loci 
(27%). It is worth noting, however, that when the 6 populations examined for 
the first time in the present study (Argentina, Sweden, Ukraine, Central Asia, 
Central Africa and Korea) were included in the calculations, the distribution of 
FST values for abundant soluble protein loci was shifted upward (Figure 3A). 
Enzyme data are not yet available for comparison in these 6 populations. 

Finally, it was noted that abundant soluble proteins of D. melanogaster show 
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FIGURE 3.-Distribution of values of WRIGHT’S Fixation Index (Fsr) over enzyme and abundant 
protein loci of Drosophila melanogoster. (A) 20 abundant soluble protein loci in all 15 populations 
presently studied (see Table 1); (B) 20 abundant soluble protein loci in 9 populations -OTT, HAM, 
MAS, TEX, FRA, WAF, TAI, VIE, AUS (see captions to Table 1 for abbreviations of geographic 
locations); (C) 22 soluble enzyme loci in the same 9 populations as in (B). Calculation of F s ~  
explained in RESULTS. 

a different pattern of latitudinal differentiation from that observed for soluble 
enzymes in this species. The nine populations examined for enzyme variation 
by SINGH, HICKEY and DAVID (1982) were also examined by us. These nine 
populations were grouped into three temperate-tropical “transects”: (i) Ottawa- 
Hamilton-Massachusetts-Texas, (ii) France-West Africa, and (iii) Taiwan-Viet- 
nam. Numerous individual enzyme loci show clines in allele frequency along 
these transects. On a multilocus level, there is a marked tendency toward higher 
mean heterozygosity per locus, higher average number of alleles per locus and 
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higher percentage of loci polymorphic as one proceeds from temperate toward 
tropical latitudes on transects (i) and (ii). Inspection of Table 1 makes it clear 
that such trends were only infrequently observed for abundant soluble proteins 
on the level of allele frequencies at individual loci, and not at all on the level of 
multilocus variability estimates in populations. The absence of latitudinal trends 
for variation estimates in populations held in spite of our extension of transect 
(ii) by the population samples from Sweden and Central Africa and of transect 
(iii) by the sample from Korea. 

DISCUSSION 

The data reported in this paper are of interest from several points of view. 
First, the overall estimates of genic variation at abundant soluble protein loci in 
Drosophila melanogaster and D. pseudoobscura are intermediate between pre- 
vious estimates for (i) soluble enzyme loci using conventional Id electrophoresis 
(for both species), and (ii) solubilized abundant protein loci using 2d electro- 
phoresis (for D. melanogaster) (GILLESPIE and LANGLEY 1974; LEWONTIN 1974; 
LEIGH BROWN and LANGLEY 1979). 

Taken at face value, this result would seem to suggest that the electrophoretic 
technique employed to measure genic variation in abundant proteins signifi- 
cantly affects the results obtained. However, other considerations complicate 
the picture. Foremost among these is the heterogeneity between loci with 
respect to level of polymorphism. In a manner analogous to what has been 
possible with various structural and functional characteristics of soluble en- 
zymes analyzed by Id electrophoresis in a wide range of species (GILLESPIE and 
KOJIMA 1968; KOJIMA, GILLESPIE and TOBARI 1970; JOHNSON 1974; HARRIS, HOP- 
KINSON and EDWARDS 1977; KOEHN and EANES 1978), we have been able to draw 
a correlation between average level of polymorphism per locus and the pattern 
of expression of abundant soluble proteins in different tissues and stages. 
Specifically, the results are consistent with the idea that a small number of 
highly polymorphic hemolymph proteins contribute disproportionately to the 
overall variability, whereas the majority of abundant proteins (exemplified by 
our larval carcass-unique and adult-unique proteins) are, in fact, rather invar- 
iant. 

Although such an interpretation is tempting, it would perhaps be premature 
to extrapolate from our results to the majority of proteins detectable in zd gels. 
Our sample of proteins is quite small (20 as opposed to the hundreds of spots 
frequently surveyed with Zd), and we have no a priori way of deciding whether 
the large number of abundant proteins necessarily excluded from our study 
would confirm the picture seen with the less-variable loci. The answer to this 
question requires further experimental investigation. Surveys like the one we 
have carried out provide data on genic variation in limited subsets of the 
abundant proteins of 2d gels, using independent techniques. The results of 
studies using this approach should yield much useful indirect information to 
help decide whether a new, largely invariant class of loci has been discovered. 

More direct evaluation of the sensitivity of O’FARRELL’S technique to allelic 
variation in protein structure is also highly relevant. Although the capacity of 
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the technique to detect single-charge changes resulting from amino acid substi- 
tution, phosphorylation, carbamylation, etc. is well established (O’FARRELL 1975; 
MILMAN et al. 1976; STEINBERG et al. 1977; ZECHEL 1977; COMINGS 1979), limited 
data exist which suggest that isoelectric focusing in the presence of urea and 
NP-40 (LEIGH BROWN and LANGLEY 1979) or in their absence (RAMSHAW and 
EANES 1978) is relatively insensitive to allelic variation, in comparison to 
conventional Id  electrophoresis. Furthermore, in I d  gels RAMSHAW, COYNE and 
LEWONTIN (1979) were able to separate several pairs of human hemoglobins 
differing by single “charge-equivalent” and even chemically equivalent amino 
acid substitutions, at different places in the molecule. This result seems to 
suggest that tertiary and quaternary structure of proteins may play a significant 
role in the detection of allelic variants using conventional Id  gels. Since these 
levels of structure are thought to be largely, if not completely, disrupted by urea 
and SDS, O’FARRELL’S 2d technique may suffer inherently from a relative lack 
of sensitivity to slight alterations in protein structure. Comparisons of Id  and 
zd sensitivities could include attempts to resolve known variants or to split 
apparently homogeneous electromorph classes using the opposite techniques, 
or parallel estimations of genic variation in unidentified or previously unex- 
amined material, using both techniques. 

Questions about a technique’s sensitivity also must include ease and accuracy 
of interpretation of the primary data obtained. Firstly, the possibility exists that 
slight differences in the positions of protein zones might be more readily seen 
with bands than with spots. This might lead to a conservative tendency in the 
original identification of variants on 2d gels. Secondly, with any electrophoretic 
technique, there is a danger of overestimating the total number of loci if multiple 
bands or spots appear for a single locus. This problem is readily circumvented 
when co-ordinated displacement of pairs or arrays of bands or spots is observed 
in variant patterns (see Figure 2, protein ll), but becomes more serious as  the 
proportion of monomorphic bands or spots in the gel pattern increases. What 
are needed here are estimates of the pervasiveness of this potential source of 
bias for both Id  and 2d gels. 

The second major point of interest in the data concerns the significance of 
the contrasting levels of polymorphism seen for hemolymph proteins vs. larval 
carcass-unique and adult-unique proteins. It is not known which of several 
structural or functional features might be most important in determining this 
contrast. One might suggest that the key distinction is between proteins that 
function in an extracellular milieu (hemolymph proteins) as opposed to an 
intracellular one (larval carcass and adult proteins). Or the distinction might 
concern more specific aspects of function. At least four of the five highly 
polymorphic hemolymph proteins of Drosophila melanogaster are thought to 
be related through a relatively recent gene duplication event (ROBERTS and 
EVANS-ROBERTS 1979), and probably serve similar functions, quite likely as 
storage molecules for amino acids that act as metabolic precursors (MUNN and 
GREVILLE 1969; KINNEAR and THOMPSON 1975). The demands of this type of 
function may exert less selective constraint on exact amino acid sequence than 
perhaps on same more general aspect of protein structure, such as  relative 
proportions of different amino acids or amino acid classes. 
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Whatever the actual causes of the contrasting levels of polymorphism might 
be, similar contrasting patterns, perhaps with a similar basis, have been ob- 
served in other species. For example, KING and WILSON (1975) noted contrasting 
rates of divergence between extracellular and intracellular proteins in anthro- 
poid apes and humans. Using the data supplied by these authors, we have 
calculated the former group of proteins in man to have a mean heterozygosity 
of 12.8%, as compared to the latter group with 6.7%. PALMOUR et al. (1980) 
observed a much lower incidence of electrophoretic variants in erythrocyte 
enzymes compared to serum proteins in a wide variety of primate species. 
JUNEJA et al. (1981) report a similar pattern between loci in the domestic dog. 
Further elucidation of the structural, functional and regulatory properties of 
these contrasting groups of proteins might help in narrowing down hypotheses 
to explain the differences in variability and rates of evolution, and might suggest 
further tests of hypotheses. 

One last observation in this connection concerns the parallel between the 
differences we have observed in estimates of polymorphism between classes of 
abundant soluble proteins, and similar differences observed by others between 
so-called “Group I” and “Group 11” enzymes in D. melanogaster (GILLESPIE and 
LANGLEY 1974). These authors reported, for a single population of this species, 
the following estimates for 10 Group I and 20 Group I1 enzymes, respectively: 
20% and 70% polymorphic loci, average of 1.4 and 2.6 alleles per locus, and mean 
heterozygosities per locus of 4% and 24%. Inspection of Tables 2 and 4 in the 
present paper shows these values to be not very different from those observed 
for our less-variable and more-variable classes of abundant soluble protein loci. 

Thirdly and lastly, we can consider the data from the point of view of pattern 
of geographic differentiation between populations of D. melanogaster. As men- 
tioned in RESULTS, abundant soluble proteins and soluble enzymes show dis- 
tinctly different patterns of allelic differentiation between the same nine pop- 
ulations of this species, in terms of an overall measure of allelic fixation 
(WRIGHT’S FST) and in terms of presence/absence of marked latitudinal clines 
in frequencies of specific alleles. The precise significance of these results for 
the elucidation of the forces underlying molecular polymorphism in these 
populations is not yet clear. However, it seems reasonable to suggest that when 
such contrasts are observed between different sets of loci in the same popula- 
tions, it becomes more difficult to invoke a single, nonspecific cause such as 
random genetic drift (leading to population differentiation) or migration (leading 
to population similarity) as the basis of the geographical pattern. 
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