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Chromosome Replacement in Mixed Populations of Compound-2L; 
Free-2R and Standard Strains of Drosophila melanogaster 
An Example of Unstable Genetic Isolation* 

D.G. Holm, M. Fitz-Earle and C.B. Sharp 
Department of Zoology, University of British Columbia, Vancouver, B. C. (Canada) 

Summary. Crosses between compound-2L; free-2R (free- 
arm) and standard strains of Drosophila melanogaster pro- 
duce two classes of inviable aneuploid hybrids in equal 
proportions: monosomic 2L and trisomic 2L. The lethal 
period for monosomics occurs during embryogenesis while 
the trisomics survive to late pupae. Since the hybrids are 
inviable, standard and free-arm strains within a mixed 
population remain genetically isolated. Genetic isolation 
in the absence of  mating isolation offers an extreme exam- 
pie of unstable equilibrium. Relative fitness data indicate 
that an unstable equilibrium will be established between 
free-arm and standard strains at a ratio of 2.5:1. Indeed, 
in three cage experiments established at initial ratios of 
3:1, free arms to standards, laboratory (Oregon R) or 
native (Okanagan S) standard strains were completely 
replaced in approximately 100 days by free-arm lines de- 
rived either from laboratory or from native genetic back- 
ground. In contrast, one cage established at an initial ratio 
of 4:1 failed to show replacement and for 92 days remain- 
ed at approximately the initial ratio. Subsequent genetic 
analysis of flies removed from this cage identified the 
presence of an anomalous strain through which genetic 
information was transferred reciprocally between the free- 
arm and standard lines. The second chromosomes carried 
by this strain consisted of a free-2R and a standard second 
on the right arm of which was attached a duplication for 
all of  2L. While the origin of the 2L.2R+2L chromosome 
was uncertain, genetic and cytological examinations re- 
vealed that it represented the reciprocal crossover product 
expected from an exchange that generated a F(2R). Ad- 
ditional crosses disclosed that the transmission frequency 
of the asymmetrical pair of  second chromosomes, as well 
as their right-arm crossover products, was disproportion- 
ately in favor of  the short arm. Since unequal transmission 
was invariably greater from female parents, this phenome- 
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non was viewed as further evidence in support of the drag 
hypothesis. 
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Introduction 

The control of insects through genetic techniques has 
emerged during the past few years as an important and 
active area of  pure and applied genetic research. Methods 
that have been investigated embrace the well-tried sterile- 
insect technique, hybrid sterility, inherited semi-sterility, 
cytoplasmic incompatibility and the more genetically 
complex technique of insect population replacement in 
combination with the introduction of  controllable genetic 
factors (Curtis 1968; Bushland 1971; Foster et al. 1972; 
Wagoner et al. 1974; Whitten and Foster 1975; Fitz-Earle 
1976, 1978; Fitz-Earle and Holm 1976; Robinson 1976). 

Principles of the latter approach have been exemplified 
by studies on strains of Drosophila melanogaster bear i~  
compound autosomes (see Holm 1976). Recently, com- 
pound autosomes have also been successfully generated in 
the commercially important sheep blowfly, Lucilia capri- 
na (Foster et al. 1976). Hybrids from crosses between 
compound and standard strains are lethal thereby creat- 
ing, in a mixed population, an unstable equilibrium (Li 
1955). As such, compound lines can be used to displace 
standards. In addition, mutations desirable from man's 
viewpoint may be included in the genome of the com- 
pound strain prior to the displacement of standards. 
This method for insect control has been tested extensively 
with success in laboratory and field cages using D. melano- 
gaster as a model (Childress 1972; Fitz-Earle et al. 1973, 
1975; Cantelo and Childress 1975; McKenzie 1976, 
1977). 
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One major  drawback o f  compound strains is their low 
frequency o f  egg hatch (e.g. 25 percent  or less for D. 
melanogaster); consequently,  there is a low product ion o f  
surviving progeny,  although the lat ter  are as competit ive 
as standards. Recently,  a t tent ion has turned to another 
combinat ion o f  chromosomal  rearrangements that  have 
twice the viabili ty of  compounds,  ye t  retain their 
genetic isolation features. These strains, termed com- 
pound;  free-ann combinations,  were originally generated 
in D. rnelanogaster and characterized by  Grell (1970). 
They include in their  genome a compound left or right 
and, respectively, a pair o f  homologous free right or left 
arms (Figure l b ) .  For  brevity, organisms carrying this 
combinat ion  o f  rearrangements will be referred to as 'free- 
arm'  strains. 

An earlier s tudy on free-arm lines (Fitz-Earle and Holm 
1978) revealed that  egg hatchabil i ty  was approximately 
50 percent  and adult  recovery was approximately  40 per- 
cent that  o f  standards. In addit ion,  free-arm strains were 
shown to be genetically isolated from strains carrying 
standard chromosomes (as well as those bearing com- 
pound autosomes).  Crosses between free-arm and standard 
strains produce two classes o f  inviable aneuploid hybrids 
in equal proport ions:  hybrids  monosomic for 2L and 
hybr ids  tr isomic for 2L. While the monosomic individuals 
die during embryogenesis,  a high propor t ion  o f  the tri- 
somics survive to a late pupal  stage. Preliminary cage com- 
pet i t ion studies between free-arm and standard laboratory 
lines revealed that  some free-arm strains were able to  dis- 
place standards at ratios close to the equilibrium ratio (of  
2 .5 :1)  predicted from fitness data (survival to adults), 
while others  were not.  In addi t ion,  two cages wi th  initial 
ratios o f  3:1 and 4:1,  respectively, free arms to standards, 
were found to be anomalous.  

This paper  describes the genetic tests that  resolved 
these anomalies and reports  on further cage replacement 
experiments  involving free-arm and standard chromo- 
somes derived bo th  from native and from laboratory 
strains. 

2L 2R 
i N , ,  

q J ~  

a 

F(2R) 
- - ~4 ,  

Fig. la  and b. 
F ~ a t i o n  of a eompound-2L; free-2R combination 

b 

a Standard configuration of chromosome 2; b Con- 

Materials and Methods 

Stocks 

The lines of Drosophila melanogaster used in cage studies and 
subsequent genetic analyses are listed in Table 1. Descriptions of 
compound autosomes, free arms and alphanumeric codes have 
been given in previous reports (Holm 1976; Fits-Earle and Holm 
1978) and genetic markers carried by the various strains axe de- 
scribed in Lindsley and Grell (1968). The unmarked, native stan- 
dard strain, +[+ (OK-S), represents the descendents of a single 
mated female, one of a number collected from a remote fruit 
dump in the Summerland area of the Okanagan Valley of British 
Columbia, Canada. All free-arm lines used in this study, including 
the one derived from the OK-S strain, were generated in this labo- 
ratory following procedures outlined by Grell (1970). A line of 
homozygous bw (brown-eyed) flies in which some portion of their 
genetic background contained native +/+ (OK-S) material was re- 
covered by outcrossing +/+ (OK-S) to bw/bw, mating the Ft ' s  and 
recovering the required bw/bw (OK-S) offspring from the F 2 gen- 
eration. 

Cage Experiments 

All cage experiments were conducted in a constant temperature 
(24 +- I~ laboratory. Cages (construction and size) and medium 
(type, quantity and intervals of replacement) have been described 
in previous reports (Fitz-Earle et al. 1975; Fitz-Earle and Holm 
1978). For each of the four cage competitions described, virgin 
females and males of the free-arm and standard lines were aged for 
approximately three days and simultaneously released into cages 

Table 1. Free-arm and standard strains used in the experiments 

Strain Origin 

C(2L)SHI,+;F(2R)VH2,bw/F(2R)VH2, After Grell (1970) 
bw 

C(2L)VT9,In(2L)Cy/+;F(2R)VH 1 ,Pin/ 
F(2R)VH1 ,Pin 

C(2L)VH1 ,lt;F(2R)VH2,bw/F(2R)VH2, 
bw 

C(2L)VT1 ,ho;F(2R)VH2,bw/F (2 R)VH2, 
bw 

C(2L)SH1 ,+;F(2R)VFE10,+(OK-S)/F(2R) 
VFE10,+(OK-S) 

+/+(OK-S) 

bw/bw 
bw/bw(OK-S) 

cn bw/cn bw 
It pk cn/It pk cn 

in(2LR)bw V 1/In(2LR)SM 1 ,Cy 

Df(2L)C' 

In(2LR)A 

Dp(2L;2) 

After Grell (1970) 

After Grell (1970) 

After Grell (1970) 

As shown in Figure 2 

Native Okanagan-S 
wildtype 

Stock 
Okanagan-S back- 

ground 
Stock 
Stock 

Stock (Lindsley and 
Grell 1968) 

Hilliker and Holm 
(1975) 

This paper 

This paper 
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in the initial ratios entered in Table 2. Populations increased with 
overlapping generations. Three weeks following the initial release 
and usually twice weekly thereafter until fixation, a sample of 
approximately 1,000 flies was removed using an aspirator. Flies 
were anaesthetized, classified according to phenotype (brown or 
red eye), counted and then returned to the cage. Fixation was 
defined as achieved when two consecutive samplings revealed ex- 
clusively one phenotype. 

Genetic and Cytological Tests 

Cytological and genetic studies were carried out with flies taken 
from two anomalous cages. Genetic tests, which involved crosses 
between the aforementioned flies and strains listed in Table 1, are 
described in full detail in the Results and Discussion section. Cyto- 
logical preparations of mitotic chromosome figures (at metaphase 
and anaphase) were made from ganglia removed from third-instar 
larvae and squashed using a standard aceto-lacto orcein staining 
technique (Moore 1971). 

Results and Discussion 

Cage Experiments 

3:1 (Cage B, C, Table 2). It might be expected that  the 
success o f  laboratory free-ann strains would be restricted 
at low ratios, especially against native standards. However, 
such a prediction does not appear valid. A previous study, 
in which compound strains were competed with standard 
lines in field cages (Fitz-Earle et al. 1975) revealed that 
successful displacement o f  native standard strains would 
not occur unless the compound-bearing strains carried 
genetic material derived from the native (Okanagan-S) 
population. In the present study, however, under labora- 
tory conditions, displacement o f  the laboratory (Oregon- 
R) standard strain and the native (Okanagan-S) strain was 
equally successful regardless of  the genetic background of  
the free-ann lines. Evidently the native strain had been 
under laboratory conditions too long to maintain its com- 
petitive advantage. In any event, these cage experiments 
have demonstrated that for two different lines, free arms 
are the most effective genetic tools for cage population 
replacement. There were, however, anomalies in two cage 
populations that unfortunately cast some doubt  upon the 
superiority of  the free arm control strategy. 

Cage population competitions revealed that free-arm 
strains were successful in displacing standards at an initial 
ratio o f  3:1 (Table 2). Comparably low ratios were not  
found for compound stains o f  Drosophila melanogaster 
(Fitz-Earle and Holm 1978). When laboratory free-arm 
lines were competed with native standards at 3:1, the free 
arms were successful (Cage A, Table 2), but  when the 
same free-arm flies were matched with laboratory stan- 
dards at the same ratio, the free arms were unsuccessful 
(Fitz-Earle and Holm 1978). In competitions between a 
native free-arm line and either laboratory or native stan- 
dards, there was displacement o f  standards at the ratio o f  

Anomaly 1 

The frequency of  wild-type flies in Cage C (Table 2) re- 
mained essentially constant at 0.996 (i.e. approximately 
four brown-eyed flies were found in each sample o f  1000) 
from day 95 until day 133 when the cage was closed 
down. The length o f  time to reach this stable frequency o f  
0.996 was approximately that to fixation in the other two 
3:1 cages (Cages A, B, Table 2). However, on day 105, 
one female and one male, each with the brown-eye pheno- 
type (putative standards), were withdrawn from Cage C 
and crossed to mates o f  a known free-arm line, namely 

Table 2. Results of cage competitions between free-arm and standard strains 

Cage Strain Initial Fixation of Days of 
free-arm fLxation 

Free-arm Standard Pairs Ratio 

A C(2L)SHI,+;F(2R)VH2,bw/F(2R) +/+(OK-S) 120:40 3:1 Yes 108 
VH2,bw 

B C(2L)SHI,+;F(2R)VFE10,+(OK-S)[ bw/bw 132:44 3:1 Yes 99 
F(2R)VFE10,+(OK-S) 

C C(2L)SHI,+;F(2R)VFE10,+(OK-S)/ bw/bw(OK-S) 75:25 3:1 Yes a 95 (133) a 
F(2R)VFE10,+(OK-S). 

D C(2L)SHI,+;F(2R)VH2,bw/F(2R) +/+(OK-S) 200:50 4:1 No b 92 b 
VH2,bw 

a This cage was shut down on day 133. However, as explain in the text, fixation in favor of the free-arm 
strain probably occurred about day 95 
b Ratio remained relatively constant throughout the 92 day period. The nature of the flies in this cage 
was explored further (see text) 
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C(2L)VHI,lt;  F(2R)VH2,bw/F(2R)VH2,bw. One-half of 
the progeny from these matings had brown eyes, the oth- 
ers had light-brown eyes, revealing that the two flies re- 
moved from the cage indeed carried free arms. From a 
subsequent sample of 1,287, four brown-eyed flies were 
recovered and again test crosses revealed that all four 
phenotypic exceptions carried free arms. Three possible 
explanations for these findings can be considered: (1) a 
spontaneous mutation to brown eye occurred in the previ- 
ously unmarked original free-arm strain, or (2) triploid 
females were produced in which the genetic marker was 
transferred, through crossing over, to the free arm, or (3) 
a free arm was generated spontaneously in the brown- 
marked native, standard strain. While the most likely ex- 
planation cannot be determined at this time, the point of 
interest to emerge from this result is that in large popula- 
tions containing genetically incompatible strains, the lat- 
ter two mechanisms, albeit at low frequencies, can serve 
to transfer genetic information across the reproductive 
barrier. Consequently, the loss of any desirable genes car- 
ried by the invading strain is a distinct possibility. 

Anomaly 2 

The second anomaly, which proved to be the more curi- 
ous, arose in Cage D (Table 2) the data for which was 
previously reported in Fitz-Earle and Holm (1978). In this 
cage the frequency of  brown-eyed flies, indicative of free- 
arm individuals, fluctuated around the initial frequency of 
0.80 (ranging from 0.68 to 0.89). Since all three 3:1 cages 
went to fixation in favour of the free-arm strain, the same 
was certainly expected to occur in this cage as well. How- 
ever, after 92 days there was no indication that f'Lxation 
for either strain was pending. Indeed, the data seemed to 
suggest that an equih"orium had been established at the 
initial ratio of  4:1, that is at a ratio in excess of the 
theoretical equilibrium for free arms against standards. 
Such an equilibrium had never been witnessed in over 160 
previous cage-competition experiments. 

The possibility of a spontaneous occurrence of free 
arms in the native standard strain or the transfer of gene- 
tic markers through triploid females, similar to that sug- 
gested for Cage C (Anomaly 1), was suspected. Therefore, 
15 wild-type males were withdrawn from Cage D (Table 
2) and crossed individually to C(2L)VHI,lt;F(2R)VH2,- 
bw/F(2R)VH2, bw virgin females. Twelve of the 15 crosses 
were fertile in that pupae appeared after seven days in- 
cubation at 25~ Of the twelve fertile matings, four 
produced offspring. Clearly the males of these four crosses 
carried F(2R) chromosomes. Three of the four crosses 
produced, in relatively equal proportions, offspring 
of four phenotypes: red eye (wild type); light-brown 
eyed; light eyed and brown eyed. These classes would 
be expected if the sampled wild-type males carried an un- 

marked compound 2L and F(2R)s heterozygous for 
brown eye. The fourth productive cross gave progeny of 
two phenotypes: light eyed and red (wild type) eyed, No 
progeny with brown eyes or the combined phenotypic 
expression of light and brown eyes were recovered. A 
backcross of phenotypically light-eyed male progeny to 
C(2L)VH1,1 t ;F(2R)VH2,bw/F(2R) VH2,bw females pro- 
duced light and light-brown offspring in equal propor- 
tions. This finding is consistent with the light-eyed parents 
(progeny from the fourth cross) having a compound 2L 
marked with light and free arms heterozygous for brown 
eye. However, a backcross of  the wild-type male progeny 
of the fourth cross to C(2L)VH1 ,lt;F(2R)VH2,bw/F(2R)- 
VH2,bw females gave quite different results. 

This mating would be expected to give, in equal pro- 
portions, offspring of the four phenotypic classes; wild 
type, light-brown eye, brown eye and light eye, if the 
phenotypically wild-type parent (progeny from the fourth 
cross) carried a compound 2L without genetic markers 
and free arms heterozygous for brown. However, the cross 
produced only offspring with light-brown eyes or wild- 
type (red) eyes, and continued to do so for two further 
backcrosses. Upon mating the wild-type male and female 
progeny of the latter cross, a phenotypically wild-type, 
pure-breeding strain was established. 

Since flies from this strain, when crossed to 
C(2L)VHI,lt;F(2R)bw/F(2R)bw, produced phenotypieal- 
ly light-brown as well as wild-type progeny, it was evident 
that it carried a F(2R) chromosome bearing the brown- 
eye marker. However, the genetic results implied that the 
wild allele of brown was carried on a right arm linked to a 
compound 2L. We reasoned that an intact chromosome 
composed of one right and two left arms could arise, 
through recombination, as the reciprocal product in the 
generation of  a free 2R (as shown in Fig. 2). From none 
of our previous crosses designed to generate F(2R) chro- 
mosomes had we recovered the 2L'2R+2L reciprocal pro- 
duct. Admittedly, such crosses were few in number and 
were terminated as soon as two or three F(2R) chromo- 
somes were obtained. Moreover, each new product was 
immediately tested and invariable verified as free arms. 

We therefore assumed that possibly the native stan- 
dard, +/+ (OK-S), strain used in Cage D, had carried a 
second chromosome with a pericentric inversion, the na- 
ture of which was similar to In(2LR)lt m3, as shown in 
Figure 2. The native standard strain may thus have led to 
the formation of a 2L-2R+2L chromosome that would be 
rescued by a F(2R)-bearing sperm. Following this line of 
reasoning, we crossed virgin females from the anomalous 
(A) strain to males bearing standard second chromosomes 
homozygous for the genetic marker brown eye, as well as 
the reciprocal cross. The first of these crosses is described 
in Figure 3. In this cross, crossing over between the homo- 
logous regions of the 2L-2R+2L chromosome and the 
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PARENTS 

RECOMBINANT 

GAMETES 

C ( 2 L ) ~  F(2E) bw . . . . . . .  2L 2R~_. bw ~ ! C~ 

c : : x z ~ - - X - ~ -  2L, g' X ~ : 
~ bw .+ 

t 1 
2L 2R ~ 2L ~ bw 

. . . . . . .  - t__ta._a-  - - - - - - t l ~  ( a ) ~ , 

2R bw bw 
,-rk] ~ - - ...k -r I 

+ ~ a (c) SURVIVING ...... "I ....... -'~ 

PROGENY .4 ,i ~ i (b) -i,, ,--- .... t 
bw bw 

Fig. 2. Model for the formation of the Dp(2L;2)/F(2R) strain. (a) The Dp(2L;2) recombinant chromosome; (b) Dp(2L;2)/F(2R) hetero- 
zygous progeny; (e) Compound-2L;free-2R progeny 

2L 2R + 2L 2L 
. . . . . . . .  . . . . . . . . .  • 

bw 

. ~ _ ! _ ~ _ ~ / ~  ~ ~- (~) 

RECOMBINANT 

GAMETES 

2R bw 

I 
bw 

bw 

o ~ 

2R + 2t 

bw + 
. . . . . . . .  ~ . . . . . .  , -  ( a )  ~ ,  . . . . . . . .  ~ . . . . . . .  (b) 

PROGENY 

bw bw 

Fig. 3. The recovery of structurally acrocentric (pericentric inversion) and metacentric standard chromosomes from a cross between 
Dp(2L;2)/E(2R) heterozygous females and standard males. (a) Standard metaeentric recombinant product; (b) structural acroeentric 

(perieentric inversion) recombinant product 

F(2R) would be expected to yield products each com- 
posed of a 2L and a 2R: a metacentric standard chromo- 
some carrying the brown marker and a structurally acro- 
centric (pericentric inversion) chromosome carrying the 
wild allele for brown (Fig. 3a, b, respectively). 

The reciprocal cross, in which A males had been cross- 
ed to standard females, in contrast, would be expected to 
produce two classes of lethal aneuploid progeny: haplo- 

2L/diplo-2R and triplo-2L/diplo-2R. The latter class, 
which also arises from mating free-arm strains to stan- 
dards, has been shown from earlier studies (Fitz-Earle and 
Holm 1978) to survive to late pupae. The results of the 
reciprocal crosses support the predictions with respect to 
the types of  progeny obtainable from products of  recom- 
bination in A females carrying 2L-2R+2L/F(2R) (Table 
3a, b) and the lack of  offspring from the nonrecombinant 
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Table 3. Genetic tests of the prediction that the anomalous (A) strain carried a 2L.2R+2L 
chromosome 

Parental genotype Number of 

Cross Female Male Crosses Progeny a Mean b 95% b 

bw + Total %bw C,I. 

a A bw/bw 20 452 124 576 80.2 76.1 - 84.0 
b A bw/bw 34 725 188 913 79.5 76.4 - 82.5 
c bw/bw A 36 + + + - - 

+ Survival of progeny to the pupal stage of development 
abw = brown-eyed progeny: putative metacentric standard chromosome 

+ = phenotypically wild-type progeny: putative In(2LR)A (structurally acrocentric) chromo- 
some 
b Mean and 95% confidence intervals recorded in Tables 3 through 5, inclusive, were calculated 
from aresin transformed values of individual results 

products of males from the same strain (Table 3c). 
To verify that the chromosome marked by the reces- 

sive brown-eye mutat ion was a standard metacentric and 
the unmarked chromosome was an acrocentric (analogous 
to In(2LR)lt  m 3) the following tests were made. Females 

carrying the putative metacentric chromosome were 

mated to C(2L)SHI,+,F(2R)bw/F(2R)bw males, bu t  their 
progeny developed only to the pupal stage, as predicted 
by previous results (Fitz-Earle and Holm 1978). Males 
heterozygous for the putative acrocentric chromosome 

were crossed to C(2L)VTI,ho;F(2R)bw/F(2R)bw females, 
and again only pupae were recovered, In contrast, when 
females heterozygous for the putative acrocentric (desig- 
nated as In(2LR)a) were crossed to two different free-arm 
lines (see Table 4, crosses a-c), two classes of progeny 
were recovered: those inheriting a newly-generated free- 
2R chromosome and those inheriting the putative 

2L '2R+2L chromosome, as depicted in Figure 2c and b, 
respectively. Since, as noted above, previous recoveries of 
F(2R) chromosomes from In(2LR)lt ma heterozygotes 

had not included 2L '2R+2L recombinant products, we 
tested In(2LR)lt m 3 over a standard second chromosome 

marked by It pk cn from which a significant fraction of 

the products were identified genetically as 2L '2R+2L 
(cross d in Table 4). 

While this combination of rearranged seconds, that is 
2L.2R+2L/F(2R),  represents a 2;2 translocation, since 
the free 2R has been symbolized previously by GreU 

(1970) as F(2R), we chose to designate such strains 
as Dp(2L;2)/F(2R). Cytologically, this strain should 
posses a chromosome that is 50 percent longer than a 
normal second. Brain squashes, using a standard stain- 
ing technique, reveal this to be the case, as shown in Fig- 

ure 4. 

Table 4. Regeneration of 2L-2R+2L and F(2R) chromosomes as crossover products from In(2LR)A and In(2LR)lt m3 heterozygous 
females 

Cross 
Parental genotype Number of 

Female Male Crosses Progeny Mean % 95% C.I. 

he or bw a +b Total F(2R) 

a In(2LR)A/bw C(2L)SHI,+; 11 218 96 314 69.7 60.8 - 77.8 
F(2R)bw/F(2R)bw 

b In(2LR)A/bw C(2L)VTI,ho; 23 174 84 254 67.4 5 9 . 5  - 74.8 
F(2R)bw/F(2R)bw 

c In(2LR)A/lt pk cn C(2L)VTI,ho; 24 130 63 193 64.2 53.1 - 74.5 
F(2R)bw/F(2R)bw 

d In(2LR)ltm3/lt pk cn C(2L)VTI,ho; 23 99 41 140 77.0 62.1 - 89.1 
F(2R)bw/F(2R)bw 

a Genetic markers he or bw indicate recovery of newly generated F(2R) 
b Wild-type progeny are those who inherit a newly generated 2L-2R+2L chromosome 



D.G. Holm et al.: Genetically isolated strains of Drosophila melanogaster 253 

Fig. 4. Photomicrograph of a stained preparation of mitotic pro- 
metaphase chromosomes in a ganglion cell from a Dp(2L;2)/F(2R) 
heterozygous, third-instar, male larva. In this preparation the Y 
chromosome curves across the distal third of the long 2L.2R+2L 
chromosome and the F(2R) lies in proximity with the X 

Origin of  the Dp( 2L;2)/F( 2R ) Strain 

All Findings to this point clearly implied that Dp(2L;2) 
originated as a recombinant product of In(2LR)lt m 3 or a 
chromosome of almost identical eonf~,uration. Since, as 
previously mentioned, the native (OK-S) strain was de- 
rived from a single native female and since previous cages 
involving this strain had not contained mixed populations 
at apparent stable equih"orium, it seemed questionable 
that the OK-S line contributed the pericentric inversion. 
Nevertheless, we examined, from 40 individuals, 160 sec- 
ond chromosomes for crossing over in the right arm. This 
test failed to identify inversions as did cytological exami- 
nations of polytene chromosomes from a number of third- 
instar larvae. Upon examining polytene squashes from 
larvae of  the Dp(2L;2)/F(2R)bw strain, a distal break in 
2R at band position 60D was identified. This breakpoint 
was identical to that found for In(2LR)lt m 3 as reported 
by Hessler (1958) and confu-med in this laboratory. More- 
over, anaphase figures of  the In(2LR)A chromosome, d- 
erived through recombination between Dp(2L;2) and 
F(2R)bw, revealed an arm length twice that of a metacen- 
tric. 

In addition to cytological tests, we compared the 
phenotype of In(2LR)A to that of In(2LR)lt m3 when 
heterozygous with a large deficiency that includes the 
marker light (It), namely Df(2L)C' (Hilliker and Holm 
1975) and also with In(2LR)bw v 1, a chromosome that 
also expresses a light-mottled phenotype in combination 
with It. Both In(2LR)A and In(2LR)lt m 3 showed reduced 
viability in combination with the deficiency and expressed 
the same short, droopy wing abnormalities. Neither ex- 
pressed a light mottling, although a few progeny in both 

cases showed dark patches on the eye. In combination 
with In(2LR)bw v 1, again viability was reduced and both 
heterozygotes expressed a strong light mottling of  the eye. 

Even though the only In(2LR)lt m 3 stock in this labo- 
ratory is heterozygous for In(2LR)SM5,Cy, a chromo- 
some that carries the dominant Curly-wing marker, and in 
over 10,000 flies sampled from cage D (Table 2) no Curly- 
winged individual was recognized, with the lack of evi- 
dence to the contrary, we must assume that the Dp(2L;2) 
chromosome most likely arose as a contaminant, i.e. from 
an In(2LR)lt m3 chromosome. While it seems that we are 
not dealing with the product of a novel chromosome, 
these findings have been of considerable impact in draw- 
ing attention to a possible mechanism whereby natural 
strains could respond to the invasion of  free-arm lines, 
creating a situation that not only suppresses the attempt 
to displace standard chromosomes, but also adds a new 
dimension for genetic exchange between apparent, gene- 
tically isolated strains. If natural populations did, in fact, 
possess rearranged chromosomes of the nature of  In 
(2LR)lt m3, their selective recovery would be provided 
through the Use of  compound; free-arm strains. 

Nonrandom recovery of reciprocal products of recom- 
bination: The entries in Tables 3 and 4 reveal that the 
structurally dissimilar reciprocal products of  recombina- 
tion, In(2LR)A and the standard metacentric second in 
Table 3, and in Table 4, (2L'2R+2L) and F(2R), are re- 
covered in considerably unequal proportions. From both 
crosses, the recombinant chromosome most frequently re- 
covered (by a factor of  2 to 4) is that in which the right 
arm is shorter by one half the reciprocal products, owing 
to the relocation of 2L. Since the homologous arms (2R) 
giving rise to these products are of  unequal length, single 
or three-strand double exchanges create pairs of  asym- 
metric dyads that segregate to opposite poles at anaphase 
I. Preferential recovery of shorter chromatids from asym- 
metric dyads has been demonstrated in a number of 
studies (Novitski 1951; Zimmering 1955, 1976; Novitski 
and Sandier 1956; Mark and Zimmering 1977). Novitski 
(1951) suggested that 'the cause appears to be nonrandom 
disjunction at the second meiotic division when two struc- 
turally dissimilar chromatids compete for inclusion in the 
functional egg nucleus'. In reference to the products ob- 
tained from crossing over between a pair of X chromo- 
somes of  unequal length, Novitski (1967) pointed out that 
as the chromosomes separate from the crossover con- 
figuration, the longer sister chromatids 'drag' relative to 
the shorter ones. Consequently, the orientation of the 
centromeres can be such that the shorter chromatids oc- 
cupy the more polar positions. Since the products of 
meiosis are arranged linearly, with one of the two outer- 
most destined to be the egg pronucleus, the orientation of  
the exchange products should favour the recovery of  the 
shorter chromatids from the asymmetric dyad. While it is 
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Table 5. Percent recovery of the metaeentric second chromosome from standard crosses in which one of the parents is heterozygous 
either for In(2LR)A or for In(2LR)lt m3 

Cross 
Parental genotype Number of 

Female Male Crosses Progeny 
Mean % 95% 

Total cn bw a cn bw C.I. 

a cn bw/cn bw In(2LR)A/cn bw 28 1775 1016 56.7 53.9 - 59.4 
b In(2LR)A/en bw cn bw/cn bw 29 1069 b 744 70.4 66.8 - 73.8 
c In(2LR)A/cn bw cn bw/cn bw 13 819 b 570 69.0 65.2 - 72.6 
d In(2LR)ltma/cn bw cn bw/cn bw 15 579 b 397 67.7 63.8 - 71.6 

a Standard metacentric second chromosomes with the right arm bearing the proximal recessive marker, cn and the distal marker, bw 
b Included in these progeny were the following double recombinants: Cross b, 8 cn and 5 bw; Cross c, 1 on; and Cross d, 1 cn and 1 bw. 
Progeny testing revealed that all double exchanges flanked the proximal marker, cn, i.e. cn was recovered on the inverted chromosome, bw 
on the standard metacentric 

clear that  the longer chromatids are not  always excluded, 
the 'drag'  hypothesis  serves as a poss~le  explanation for 
the disproport ionate  recoveries witnessed in the present 

study.  
Suppor t  for this poin t  o f  view was obtained b y  ex- 

amining the relative recovery o f  the two meiotic products  
from C(2L) ;F(2R) /F(2R)  males. If  the transmission o f  
sperm carrying C(2L) plus one F(2R)  were significantly 
greater than the transmission of  reciprocal F(2R)  prod- 
ucts,  it  would be reflected as a reduced recovery o f  new- 
ly generated Dp(2L;2) chromosomes. However, from four 
crosses in which males and females carried differentially 
marked C(2L) and F(2R)  chromosomes,  reciprocal prod- 
ucts were recovered in equal numbers. From this we must 
assume that  equal propor t ions  of  the two types o f  sperm 
are available to  fertilize eggs. 

Considering that  reduced recovery o f  the longer 
Dp(2L;2) chromatid may occur owing to causes other 
than 'drag ' ,  reciprocal crosses were made between 
D p ( 2 L 2 ) / F ( 2 R ) b w  and C(2L)VT9,Cy ;F (2R)PIn/F(2R)PIn 
individuals. While our findings reveal that indeed the 
longer chromosome is t ransmit ted by  males less fre- 
quently than is the shorter F(2R)  chromosome (64 per- 
cent or  861 o f  1375 progeny inherited free-2R) the dis- 
propor t ionate  transmission o f  these two chromosomes by  
females is except ional  (as 78 percent  or 541 o f  695 proge- 
ny inheri ted the smaller o f  the two chromosomes).  From 
the lat ter  cross, chromatids arising as products  o f  recom- 
binat ion in 2R would not  be recovered. However, follow- 
hag a single exchange in 2R, the nonexchange F(2R)  
chromat id  would also be included in an asymmetric dyad. 
Consequently,  in keeping with  the 'drag'  hypothesis,  a 
disproport ionate  recovery o f  the nonexchange chromatids 
would also be expected.  Moreover, it  would be expected 
that  similar results would arise from females heterozygous 
for In(2LR)A or  In(2LR)lt  m 3 and a standard, metacentric 
second chromosome when crossed to standard males. 

Again, only  chromatids non-recombinant  (or double re- 
combinant)  for 2R would be recovered. The results o f  
these crosses (Table 5) demonstrate that  although the 
transmission by  heterozygous males o f  the long-armed 
(structurally acrocentric) chromosome is less than 50 per- 
cent, this deviation from the expected 1:1 ratio is unparal- 
leled b y  the bi_ghly disproport ionate recovery o f  the struc- 
turally heterozygous second chromosomes from females. 
Furthermore,  as indicated in the footnote  to Table 5, the 
number o f  double exchanges encompassing the proximal  
marker,  on, suggests that  little or no interference with 
crossing over is experienced between the right arms o f  the 
inversion heterozygote.  Accordingly,  the majori ty o f  the 
nonexchange chromatids recovered would be products  o f  
a tetrad in which recombinat ion took  place in 2R. There- 
fore, we suggest that ,  at least in part,  the 'drag' hypothesis  
serves as a frame o f  reference within which these Findings 
may be explained. 

Acknowledgement 

We thank Dr. Shizu Hayashi for assisting in the identification of 
inversion break-points. 

Literature 

Bushland, R.C. (1971): Sterility principle for insect control: His- 
torical development and recent innovations. In: Sterility Prin- 
ciple for insect control or eradication, pp. 3-14. Vienna: 
I.A.E.A. 

Cantelo, W.W.; Childress, D. (1975): Laboratory and field studies 
with a compound chromosome strain of Drosophila melano- 
gaster. Theor. Appl. Genet. 45, 1-6 

Childress, D. (1972): Changing population structure through the 
use of compound chromosomes. Genetics 72, 183-186 

Curtis, C.F. (1968): Possible use of translocations to fix desirable 
genes in insect pest populations. Nature 218, 368-369 

Fitz-Earle, M. (1976): Insect population control using genetic en- 
gineering. Bull. EntomoL See. Amer. 22, 11-14 



D.G. Holm et al.: Genetically isolated strains of Drosophila melanogaster 255 

Fitz-Earle, M. (1978): Compound autosomes and compound; free- 
arm combinations for the genetic control of insect populations. 
Proe. North Central Branch, Entomol. Soc. Am. (in press) 

Fitz-Earle, M.; Holm, D.G. (1976): The application of compound 
autosomes to insect control including the first experimen~tal 
successes with compound-fragment combinations. Proe. XV In- 
tern. Congr. EntomoL pp. 146-156. Washington, D.C. 

Fitz-Earle, M.; Holm, D.G. (1978): Exploring the potential of 
compound; free-arm combinations of chromosome 2 in Dro- 
sophila melanogaster for insect control and the survival to 
pupae of whole-ann trisomie~ Genetics 89,499-510 

Fitz-Earle, M.; Holm, D.G.; Suzuki, D.T. (1973): Genetic control 
of insect populations I. Cage studies of chromosome replace- 
ment by compound autosomes in Drosophila rnelanogaster. 
Genetics 74, 461-475 

Fitz-Earle, M.; Holm, D.G.; Suzuki, D.T. (1975): Population con- 
trol of caged native fruifflies in the field by compound auto- 
somes and temperature-sensitive mutantg Theor. Appl. Genet. 
46, 25-32 

Foster, G.G.; Whitten, M.J.; Prout, T.; Gill, R. (1972): Chromo- 
some rearrangements for the control of mosquitoes and other 
insect pests. Science 176, 875-880 

Foster, G.G.; Whitten, M.J.; Konowalow, C. (1976): The synthesis 
of compound autosomes in the Australian sheep blowfly Luci- 
lia caprina. Can. J. Genet. Cytol. 18, 169-177 

Grell, E.H. (1970): Distributive pairing: mechanism for segrega- 
tion of compound autosomal chromosomes in oocytes of Dro- 
sophila raelanogaster. Genetics 65, 65-74 

Hessler, A.Y. (1958): V-type position effects at the light locus in 
Drosophila melanogaster. Genetics 43,395-403 

Hilliker, A.J.; Holm, D.G. (1975): Genetic analysis of the proxi- 
mal region of chromosome 2 of Drosophila melanogaster. 1. 
Detachment products of compound autosomes. Genetics 81, 
705-721 

Holm, D.G. (1976): Compound Autosome~ In: Genetics and Biol- 
ogy of Drosophila, VoL lb (eds., Ashburner, M.; Novitski, E.). 
London: Academic Press 

Li, C.C. (1955): The stability of an equilibrium and the average 
fitness of a population. Amer. Nat. 89, 281-296 

Lindsley, D.L.; Grell, E.H. (1968): Genetic variations of Droso- 
phila melanogaster. Carnegie Inst. Wash. Publ. No. 627 

Mark, H.F.L.; Zlmmering, S. (1977): Centromeric effect on the 
degree of nortrandom disjunction in the female Drosophila 
melanogaster. Genetics 86, 121-132 

MeKenzie, J.A. (1976): The release of a compound-chromosome 
stock in a vineyard cellar population of Drosophila melano- 
gaster. Genetics 82, 685-695 

MeKenzie, J.A. (1977): The effect of immigration on genetic con- 
trol. A laboratory study with wild and compound chromosome 
stock of Drosophila rnelanogaster. Theor. Appl. Genet. 49, 
79-83 

Moore, C.M. (1971): Non-homologous pairing in oogonia and 
ganglia of Drosophila melanogaster. Genetica 42, 445-456 

Novitski, E. (1951): Non-random disjunction in Drosophila. Gene- 
ties 36,267-280 

Novitski, E. (1967): Non-random disjunction in Drosophila. Ann. 
Rev. Genet. 1, 71-86 

Novitski, E.; Sandier, L. (1956): Further notes on the nature of 
non-random disjunction in Drosophila melanogaster. Genetics 
41,194-206 

Robinson, A.S. (1976): Progress in the use of chromosomal trans- 
location for the control of insect pests. Biol. Rev. 51, 1-24 

Wagoner, D.E.; McDonald, I.C.; Childress, D. (1974): The present 
status of genetic control mechanism in the housefly Musca 
domestica L. In: The Use of Genetics in Insect Control (eds., 
Pat, R.; Whitten, M.J.), pp. 183-197. Amsterdam: Elsevier 

Whitten, M.J.; Foster, G.G. (1975): Genetical methods of pest 
control. Ann. Rev. Entomol. 20,461-476 

Zimmering, S. (1955): A genetic study of segregation in a trans- 
location heterozygote in Drosophila. Genetics 40, 809-825 

Zlmmering, S. (1976): Genetic and Cytogenetic Aspects of Al- 
tered Segregation Phenomena in Drosophila. In: Genetics and 
Biology of Drosophila, Vol. lb (eds.: Ashburner, M.; Novits- 
ki, E.). London: Academic Press 

Received September 12, 1979 
Accepted January 8, 1980 
Communicated by A. Robertson 

Dr. D.G. Holm 
Mr. C.B. Sharp 
Department of Zoology, 
University of British Columbia, 
2354-6270 University Blvd., 
Vancouver, B.C. (Canada) 
V6T 2A9 

Dr. M. Fitz-Earle 
Department of Biology, Capilano College, 
North Vancouver, B.C. (Canada) 
V7J 3H5 


