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Experimental evidence of the existence of modifier genes of 
the dominant morphological mutant Bare (Ba) in a natural population 
of~Drosopltiltt ~~ill-presented. The effect of these genes is to 
modify the expression of the Ba gene, in Ba I+ heterozygotes, towards 
the wild-type phenotype. It is also demonstrated that these modifiers 
are located on chromosome 0 of this species. Moreover, a luge 
variability in modifier effect among chromosomes 0 of the natural 
population studied, is detected. The eYOiutionary meaning of the 
modifieu is discussed in coonec!...icn wii.h dtnuinaii&;i! e-.~c!utiv~ .. 
canalization and structural genetic variability in natural populations: 

INTRODUCTION 

Population geneticists have made a large effort to study the genetic 
variability existing in natural populations. Chromosome, allozyme and viability 
variations are aspects of genetic Yaiiabiiity w.h.kh h&.-.:: bur. brc:d!y !:!'.!died. On 
the other hand, oomparatively little attention has been devoted to i.he study of 
other types of genetic variability~ Modifier genes are one of these types. Delmed in 
a general way, modifiers are genes that change the phenotypic effects of other 
genes in a quantitative fashion. Modif"Jer genes are important because they are 
often involved in penetrance, expressivity and modification of dominance 
phenomena (Be 1 t and B u r n e t, 1972; Tho m p son and T h o d a ,Y, 
1972), which, in tum, ate connected with the processes of evolution of dominance 
and canalization (S v e d and M a y o, 1970). 
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In this work, experimental evtdence for the existence of modifier genes of 
the dominant morphological mutants Bare of Drosophila subobscura, is presented. 
An attempt to determine distribution of these modifiers in a natural population 
was also carried out. 

MATERIALS AND METHODS 

.Mtuker :rtrai113.. - The ch-cu and Va/Ba strains were used. These strains 
were kindly supplied by Dr. Spedic:h from the University of Tiibingen. 

1be ch-cu strain carries the recessive mutants cherry (ch, bright red eye 
color) and curled (cu. curled wings), both located on chromosome 0 of Drosophila 
!Ubobscura (K o s k e and M a y n a r d - S m i t h, 1954). In addition, this 
strain is homozygous for several aDozymes and 3+4 arrangement, on chromosome 
0. 

The balanced lethal Y11/ Btl strain for chromosome 0 of Drosophila 
!UbobSJCUhl carries the dominant morphological mutants Varicoae (Vaj and /Jqre 
(Ba) (Koske and Maynard- Smith, 1954; Sperlich et al., 
1977). Both markers are lethal in the homozygous condition. Va produces 
irregular thickeninp at the junctions of the wing veins, and Ba reduces variably the 
number of bristles. The Va duomosome carries an inversion complex to suppress 
recombination. The ch and cu mutants are also situated on this chromosome, and 
so the Va/Ba strain is heterozygous for these genes. 

l:rogenic line£. - Chromosomes 0 of a natural population of El Pedroso 
(Santiago, Spain) were isolated by crossing males of this population, individually, 
with females of the ch-cu strain. A sinsle male(+ +leu ch) of the offspring of 

--each-.of~aosses ~mated witllfemalci.-of thcch-cumain. These 
cl'OII3el were -performed to imeatipte the genetic CCIIDposition of each chrom~ 
10me 0 sampled, which wu necessuy for a linkage disequilibrium study to be 
reported ebewhere. During four pnerations dd + + cu ch x 99 cu ch/ cu ch crosses 
were repeated in order to obtain individals with a similar genetic background to 
that of the ch-cu strain. 

Then, the iaogenization process o( 0 chromosomes was performed by 
malting the following crosses with the Va I Ba strain: ddF 99 Va/Ba 

d d V!:f+ X 99 Va/& 
I 

1 1 
dd&/+ X 

! 
9 9 Va/+ 

+I+ 

Finally. with the +I+ offspring of the last cross the corresponding isogenic 
line was establ.imed. 
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All the experiments presented in this paper were carried out on the medium 
described by David (1959) at 190C and 60-70%humidity. 

RESULTS AND DISCUSSION 

In connection with a linkage disequilibrium study between chromosome 
arrangements and allozymes of chromosome 0 of Drosophilil mbobscura, several 
isogenic lines for this chromosome were obtained by crosses with the balanced 
lethal Va/Ba strain (see Materials and Methods). During the isogenization process a 
certain number of individuals which were wild-type for Va and Ba markers, 
appeared amons the offspring of a substantial number of dd+ + / cu ch x 99 Va 1 Ba 
and dd Vaf+ x 99 VajDa crosses (ftrst and second crosses in the isogenization 
procedure, respectively). When the wild-type phenotype of these individuals was 
observed more carefully one was able to verify that, while some of them showed a 
perfect wild-type phenotype for Va and Ba markers, other individuals showed an 
absence of a few bristles. This suggested taht the wild-type phenotypic class could 
correspond to some individuals of the Ba/+ genotype in which the usual variable 
expressivity of Ba would be more displaced towards the wild-type phenotype 
1h.an is costomary. 

It is possible to explain the appearance of these wild-type individuals by 
pOstulating the presence of modifier genes which may attenuate or conceal the Ba 
gene effect in the Ba/+ individuals. These modifiers could originate either from the 
ch-cu strain of form the wild males of the natural population. This latter 
possibility implies that the modifiers would be most probably contained in the 0 
chromosomes, since the remaining chromosomes ofbo1h. ++feu ch and Val+ males 

" -~belong mainly to the eh-cu strain in the former, and to the ch~cu and ¥a/BII 
~rains in the latter. 

In order to check the first possibility, 10 99 Va/Ba = 10 do cu ch/cu ch 
crosses were performed. In each cross, the number of bristles of the parental 
Va/Ba females and of 40 Bajcu ch offspring were counted. ln each individual 
dorsocentral (4) and scutellar (4) bristles were considered. The experiment was 
carried out using a factorial design, in which 4 Va/Ba lines(named 2, 3, 4 and 11) 
and 9 ch-cu lines were used. The results of this experiment are shown in Figure 1. 
In this Figule the results corresponding to different ch-cu lines are pooled, since 
the two way analysis of variance of the mean numbers of bristles of Ba/cu ch 
offspring (Table 1) did not detect statistically significant differences among ch-cu 
lines. In this same analysis, significant differences among Va I Ba lines are not 
detected. On the other hand, the analysis of variance of the mean numbers of 
bristles of parental Val Ba females (Table 2) show significant differences among 
VajDa lines, as can be observed in Figure l. 

In order to detect differences between theBa phenotype m each Va/Ba line 
and the phenotype of Ba/cu ch offspring heterozygotes, the averages of mean 
numbers of bristles of parental Va/Ba females and their IJ4/cu ch offspring for 
each Va/Ba line were compared by means oft-dependent tests. This kind oftest 
was used since a statistically significant correlation (r = 0.50, P < 0.01) was 
detected between the mean numbers of bristles of the parent females and their 
Bajcu ch offspring. These t-dependent tests do not show statistically significant 
differences for the 3 and 4 Va/ Ba lines (t =O.lS,P>O.OS and t=-1.03,P>0.05, 
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respectively). On the other hand, differences are statistically significant for 
the 2 and II Va/Ba lines (t = 4.43, P < 0.01 and t = 4.54, P < O.OI, respectively). 
In these cases, the values corresponding to the Bajcu ch offspring are lower than 
that of their VajDa mothers (Figure 1). These results show that the phenotypic 
effect of the Ba gene is not reduced in heterozygotes with ch-cu chromosomes, 
and, thus, it is not probable that the ch-cu strain is carrying modifiersofthe& 
gene. 

Table I. Analysis of VIITillnce of the mean numbers of bristles of Ba/cu ch 
offspring ( dizta from Figure 1 t 

Source of variation s.s. d.f. M.S. F 

Va/Ba lines 0.54 3 0.18 usNs 
ch-cu lines 1.78 8 0.22 1.69NS 
Fzror 3.03 24 0.13 
Total 5.35 35 

NS"' not sipif'"JCant, P > 0.05 

Table 2. Analysis of wuitmce of the mean numbers of bristles of parental Vaj Ba 
females (data from Figure 1 t 

Source of variation s.s. d.f. M.S. F 
"~-~~-~-~~~~-~ -----~~~~~ 

Ya/& lines 11.73 3 391 8.06++ 
Error 15.53 32 0.48 

~---"' 
Total 27.26 35 

"' 
.·.!<o 
~ 

++ •P<O.Ol 

1he above conclusions Jored us to consider the possibility that the modif""Ier 
senes wen: included in the 0 chromosomes from the natural population. In order 
to. test this hypothesis the foBowing set of crosses was performed for each isogenic 
line (see Materials and Methods). First of all, 3 males of each isogenic line were 
cwssed with 3 Vaj Ba famales. Then 3 Val+ males of the offspring of this cross 
were mated with 3 Va/ Ba females again, and the bristles of 30 Ba/ + and 30 Val Ba 
progeny individuals were counted. The Va/Ba individuals were used as a control, 
since the Ba chromosome is the same in Va/Ba and Ba/+ individuals. Thus, it is 
possible to study the effect of wild 0 chromosomes on Ba expressivity relative to 
that of the same & chromosome in a VajDa individual. In this experiment 12 
bristles for each individual ( 4 dono-centrals and 4 scutellars, as in the previous 
experiment, plus 2 supra-alars and 2 post-alars) were considered. This experi­
ment was carried out individually with two Val Ba lines, one with a high (line 2) 
and the other with a tow (line 3) number of bristles. When it was possible 4 
replicates were performed for each Va I Ba line. 
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Fig. t. A. verages ormean numbers. (With. standard errors) of bristles of 
parental Val .Ba females(A) and .Balcu ch offspring (•) from Yai.Ba x 

cuchlcu ch crosses. 
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Table 3 shows the results obtained in this experiment. In each r"Jllicate the 
difference (D) in mean nuber of bristles between .Ba/+ and Va/.Ba (control) 
individuals was calculated. The mean (D) of these differences was also computed 
for each 0 chromosome (isogenic: line). Values of the two Vaf.Ba lines used were 
pooled, since only in two isogenic lines out of 20, were statistically signiitcant 
differences detected between these two Val .Ba lines (by means of t tests). As can 
be observed in Table 3, D values were positive for all chromosomes 0 studied (with 
the exception of chromosome 57). llowever, in order to obtain the statistical 
sisnifteance of D values, t-dependent tests were performed to compare the 
averages of the mean numbers of bristles of .Ba/+ and Va/&: individuals for each 
chromosome. These t~ependent tests were used, since a statisticaDy significant 
correlation (r = 0.49. P < 0.01) between the mean numbers of bristles of .Ba/+ and 
Yaf.Ba individuals was detected. The t-dependent tests (not indicated in Table 3) 
showed the existeJK:e of statistically significant differences (P < 0.01) in all the 
studied chromosomes (chromosome 57 included). This demon!trates that all wild 
0 chromosomes sampled in the natural population of FJ .Pedroso (with the 
exception of chromosoma 57) carry a significant proportion of modifiers of the Ba 
gene relative to the Val Ba controls. These modifiers are responsible for an increase 
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of the number of bristles in Baf+ heterozygotes, which consequently show a 
phenotype very similar to that of the wil"d-type homozygote. Thus, dominance 
relationships in the Ba locus are also changed by these modifiers. 

Table 3. Modi['II!T effect of wild 0 chromosomes on the expressivity of Ba gene 
measured as D value (difference in metm number of bristles between +/ Ba and 

Va/Ba individuals) 

Ouomosome 
number Ytz/& lines D :terror 
(iaogenic 
line) line3 line 2 

211 3.93 2,04 2,97 2.60 2.60 2.48 2.23 2.69 ±0.23 
34 2.56 4.56 3.56 3.90 2.72 3.46 ±031 

292 3.80 3.80 4.06 3.54 3.30 4.06 1.77 3.48 :t 0.30 
51 2.90 2.73 2,89 3.n 3.86 3.7 2.56 3.05 ±0.16 

193 3.54 3.82 4.~ 3.87 4.01 ±0.27 
35 3..30 1.77 1.97 2.00 1.74 2.08 2.14±0.24 

IM 2.63 3.60 2.46 3.73 3.90 2.10 3.27 2.70 3.05 ±0.23 
132 4.80 2.86 2.46 4.26 3.60 2.57 3.34 3.41 :t 0.33 
136 3.97 3.90 3.67 5.45 4.07 3.47 3.79 4.33 4.08 ±0.22 
220 6.67 5.33 6.74 6.86 5.05 4.46 3.96 4.04 5.39 :t 0.43 
153 3.90 3.17 2.66 4.12 2.13 3.14 2.18 3.04 ±0.29 
57 -0.80 -0.68 -2.00 -1.00 -1.34 -216 -2.03 -3.41 -1.69 ±0.33 

294 1.40 1.80 1.40 0.60 1.87 0.83 1.32 :t 0.21 
141 3.83 2.96 1.37 2.03 1.83 2.40±0.44 
47 3.34 3.66 3.90 2.60 2.23 2.98 2.81 2.80 3.04 ±0.20 

935 5.33 2.47 4.37 3.36 3.80 3.04 2.63 3.57 :t 0.38 
-~rr~-~- -~ ~---y;9C)··1:91 --,;u · t .S9 .. '-1t.it'r -~.24"'-~.64 .. 3:66'~·-2:28 r6:~-·-

785 4.60 4.90 3.36 4.66 4.13 3.47 3.27 2.41 3.85 :t 0.30 
193 3.43 3.73 1.83 3.20 2.37 2.74 2.55 2.84 ±0.25 
'R7 1.84 -0.11 2.13 3.87 2.11 3.67 4.39 2.56 ±0.58 
755 3.60 3.73 2.70 1.59 0.46 1.44 2.25 :t 0.53 
258 .. ,¥f; 4.40 4.25 4.46 3.77 2.33 3.76 4,51 3.93 ±0.29 
7fh '3.44 4.16 2.86 3.96 2.94 2.49 5.53 4.10 3.69 ±0.34 

, , 1he distnbution of the mean differences (0) of the studied wild 0 
chromosomes is graphically depicted in Figure 2. Although the number of studied 
chromosomes is not high, one can observe, in outline, a large variability of 
modifier effects in this sample of chromosomes. This is fully confurned by means 
of an analysis of variance of the D values of chromosomes (Table 4, cluomosome 
57 was removed from this analysis), in which statistically significant differences 
among chromosomes are detected. 

It is not easy to understand the meaning of this large variability of modifier. 
effects found in the 0 chromosomes of the studied natural population. However, 
several experiments by Rende 1 (1959 and 1962) have shown that scutellar 
bristles of Dro!Dphilll melanogaster are submitted to a canalization system which 
contnootes to the stability of the wild-type phenotype. From this point of view, 
the modifiers of the Ba gene may be implicated in the canalization of the genetic 
system of the bristles of Drosophila suobscura. This view is also supported by the 
fact that for the majority of replicates the variance of number of bristles (not 
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indicated in Table 3) of Ba/+ is lower than the nf VajBa. In spite of that Ba/+ 
genotypes show a mean number of bristles higher than that of Val Ba genotypes in 
the majority of replicates. On this basis, the function of the modifieu would not 
be only restricted to the /JQ locus, but could include a wider class of genetic and 
environmental factors disturbing the wild-type phenotype. If this were true, the 
Ba locus would have acted simply as a detector of a modifier genetic system of 
very extensive action. In this sense, Tho m p so n ( 1973; 1975) has shown that 
many modifiers affecting the expression of several venation mutants in Drosophila 
melanogaster act on the character rather than on a specific mutant . 
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Fig. 2. Distribution of modif'ter effects (D, see text for explanation) 
of wild 0 chromosome from an Fl Pedroso population of Drosophila 

aubob$CUTtl. 

Table 4. Analysis of variance of D values of different chromosomes. 

Souri:e of variation S.S. 

Cuomosomes 107.90 
Error 9831 
Total 206.21 

++•P<O.Ol 

d.f. 

21 5.13 
129 0.76 
150 

M.S. F 

6.74++ 

We are still far from knowing how large the effects of these modifier genes 
on evolutionary changes are. Evolution of dominance has been related traditionally 
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with this type of variability, although in different ways. This, P 1 u n k e t t 
(1933) and· M u II e r (1932) independently suggested that dominance could 
arise as a by-product of selection to stabilize a particular character. This argument 
circumvents the criticisms (C h a r I e s w o r t h. 1979; W i r g h t, 1977) of 
Fisher's theory of evolution of dominance (F i s h e r, 1928), based on the fact 
that selective pressure on modifiers, which are mostly represneted in a heterozygo­
te state, is too low to account for the production of dominance (see S v e d and 
M a yo, 1970, for a review). Recnetly, much variability inside allozyme loci has 
been attributed to modifier genes (M c Don aId and A y a I a, 1978; 
Rawls and Lucchesi, 1974; Schwartz, J976; Ward and 
He b e r t, 1972; W i 11 s and N i c hoI s, 1972). Some of the rapid initial 
changes in allozyme fitness may be also attributed to the effect of this modifier 
variability (Font de vi I a and Mendez. 1979). However, it is too soon 
to know whether both types of modif"ters (morphological and allozymic) belong to 
the same or a different class. Further studies on modifier genes, such as the one we 
present here, will be nece51ary to unveil the impoltance of the class of variability 
in natural populations and its degree of incidence in the genome, as a whole. This 
knowledge is of extreme interest for an understanding of the maintenance of 
structural genetic variability which has been found in natural populations so far. 
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I z YO d 

U radu su izneseni eksperimentalni dokazi o postojanju u prirodnim 
populadjama D. subobscurrz gena koji modifikuju dominantni morfoloSki mutant 
&ue (Ba). Efekat toga genaje modiflkacija ekspresije & gena, u &/+ heterozigota 
u pravcu ,divljeg" fenotipa. Pokazano je, takode, da je ovaj modiflkator lociran na 
0 hromozomu. Takode, uocena je velika varijabilnost u modiftkacionom efektu 
medu 0 hromozomima jedinki prirodne poJ.illacije koja je proucavana. U radu je 
diskutovana evoluciona uloga modifikatora u vezi sa evolucijom dominantnosti, 
kanalizacijom i varijabilnoscu struktumih gena u prirodnim populacijama. , 
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