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by nondisjunction. 

In the course of screening a popula- 
tion of brook trout for use in intra- 

genic recombination studies (1) at the 
locus specifying the B subunit of the 

ubiquitous system of lactate dehydro- 
genase (LDH) in trout (2), a male 
showed a zymogram pattern that in- 
dicated trisomy for three LDH-B 

alleles-genotype BB'B". Breeding and 

cytogenetic analyses of this male con- 
firmed the trisomy and indicated that 

it probably arose through 'a spontane- 
ous centric fusion of two acrocentric 
or telocentric chromosomes, followed 

by nondisjunction. 
Starch gel electrophoresis of eye 

tissue (2) permits unambiguous de- 

tection of all genotypes for the LDH-B 
locus. This is so because gene dosage 
effects, as well as allelic differences, 
are reflected in differentially stained 
homo- and heterotetramers of unique 
electrophoretic mobility formed from 

the A and B subunits specified by the 

LDH-A and LDH-B loci (Fig. 1). 
The breeding results for the parental 

generation in which the trisomic male 

was found- (family M290), for two 

families produced by this male (0-37 
and 0-38), and for families produced 

by two heterozygous male sibs (0-39 
and 0-40) are presented in Table 1. 

The trisomic male arose in a family in 
which the proportions of offspring 
indicate the expected segregation of 
LDH-B alleles, if the trisomic offspring 
is excluded. 

The trisomic male was testcrossed to 

two females of BB genotype to give the 
families 0-37 and 0-38. In each family 
the ratio of six offspring genotypes fit 

that expected if there had been random 
assortment of three chromosomes into 

equal numbers of functional n and 
n + 1 gametes. Moreover, the data 
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ing AaB' and A3B" heterotetramers. 

Two B'B" male sibs from family 
M290 were testcrossed to BB females 
to produce the families 0-39 and 0-40 
(Table 1); the ratios of offspring in 
both families are close to the 1: 1 

rout of expected for offspring of disomic 

ryotype heterozygotes. Also, one female and 

icentric three male sibs of the B'B" genotype 
or telo- from family M290 were used in other 
allowed Ccrosses (1); all four produced results 

expected of normal disomic segrega- 
tion. Thus, no unusual genetic results 

geneous were recorded from six normal siblings 
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i:: - A to Robertsonian variation or centric 
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that of the male parent. Three BBB' 
individuals had a modal count of 85 
chromosomes with 16 metacentrics, a 
total of 101 arms. Two cytological 
classes (with 100 and 101 arms, re- 
spectively) appeared among BB" di- 
somics. All had modal counts of 84 
chromosomes, but one group had 16 
metacentrics and the other had 17 
metacentrics. All other disomics had 
100 arms with a modal count of 84 
chromosomes (16 metacentrics and 68 
acrocentrics). 

The cytological and zymogram anal- 

yses show that the extra metacentric 
possessed by the original trisomic of 
genotype BB'B" was not an isochro- 
mosome. An isochromosome would 
have resulted in only one extra arm, 
and the ratios of genotypes and of 
disomics to trisomics among the prog- 
eny would have departed significantly 
from equality. If the extra metacentric 
were a trisomic isochromosome, the 
original male with three different alleles 
would have been tetrasomic for the 
chromosome bearing the LDH-B locus. 
Rather, the data indicate that the meta- 
centric arose from centric fusion 
(Robertsonian translocation) of two 
acrocentric chromosomes, one of which 
carried the LDH-B locus. It is likely 
that the other acrocentric involved in 
the centric fusion was the chromosome 
carrying the LDH-A locus, because 
pseudolinkage of LDH-A and LDH-B 
alleles occurs among males of trout 
species and their hybrids and is cor- 
related with centric fusion and fission 
(2, 3). If this hypothesis is correct, the 
trisomic chromosome set also possessed 
three doses of the LDH-A gene, be- 
cause the noimal complement of chro- 
mosomes was present in addition to the 
extra metacentric. In some zymograms 
the A4 band appears heavier in tri- 
somics than in disomics. However, the 
lack of allelic differences for the 
LDH-A locus in the BB'B" trisomic 
made definitive analysis impossible. 

The extra metacentric probably car- 
ried the B" allele. The one chromo- 
some count made on a BB'B" offspring 
from family 0-37 showed 102 arms, in- 
cluding an extra metacentric; two BB" 
disomic offspring had an extra meta- 
centric, while the extra chromosome in 
three BBB' progeny was an acrocentric. 
Also, all BB' offspring had 100 arms, 
whereas BB" offspring had cells with 
101 and 102 ;arms as well. If B" was 
carried on the extra metacentric, the 
BB" disomics with the normal 84 
chromosomes and no extra chromo- 
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Table 1. Breeding results from matings of brook trout of various LDH-B locus genotypes. 

Parental 
arFamilyenotyps Number of offspring with genotype: of Family genotypes P of 

X2 

V c BB BB' BB" B'B" BBB' BBB" BB'B" 

M290 BB" BB' 7 9 16 12 1 > .20 

0-37 BB BB'B": 6 10 11 13 5 11 <.50 

0-38 BB BB'B"* 7 7 12 12 5 9 < .50 

0-39 BB B'B" 41 36 >.50 

0-40 BB B'B" 121 113 >.50 

* Original trisomic. 

some arms must have resulted from 
fission of the metacentric, followed by 
segregation of the B" acrocentric to 
one gamete and the B and B' acro- 
centrics to the other. The latter would 
give rise to BBB' offspring with one 
extra arm; three such offspring were 
found. The failure to find disomics for 
LDH-B with an extra acrocentric (pre- 
sumably 'bearing the LDH-A locus) 
may represent some univalent loss dur- 
ing parental gamete formation or may 
be simply the result of sample size. 
Unfortunately, we did not obtain data, 
such as cytological analysis of the 
BBB" progeny, that would have shown 
whether the metacentric carried the B" 
allele. 

The equal numbers of the six geno- 
types and of disomics and trisomics 
among the progeny of the male tri- 
somic suggest that meiosis in this male 
must have been precise. The meta- 
centric bearing the B" allele probably 

Fig. 2. Karyotype of a centric-fusion 
trisomic male brook trout. Two extra 
arms as a metacentric are at the end of 
the second line (2n = 85 with 17 meta- 
centrics; fundamental arm number = 
102). A satellite pair of chromosomes is 
in the third line. 

formed a bivalent and a univalent 

randomly. Disjunction of the bivalent 
members plus random segregation and 
regular inclusion of the univalent in 
meiotic products must then have oc- 
curred. It is possible that other gametic 
combinations are produced but are 
lethal. 

We had hoped to identify a specific 
chromosome as the bearer of the 
LDH-B locus and its linkage group. 
This was not possible because of the 
relative lack of differences among the 
68 acrocentric chromosomes in a nor- 
mal array (Fig. 2). New staining tech- 

niques may make such identification 

possible. We showed that aneuploidy 
can be superimposed on the Robert- 
sonian variation extant in species of 
Salmonidae and that it can be recog- 
nized when it involves chromosomes 
carrying alleles for biochemical traits 
with distinguishable genotypes. 

Two additional points should be 
made. In most other animals, including 
humans, even partial trisomy is usually 
deleterious (6). In contrast, neither 
differences in size and viability nor 
abnormalities in phenotype or meiotic 
segregation were associated with tri- 
somy in these fish. Second, it has been 
proposed that salmonids are ancient 
tetraploids. Recurrent trisomy may have 
been one mechanism for gradually at- 
taining polyploidy and for creating a 
duplicated genome on which the selec- 
tive processes of evolution could act 
(7). Many lines of evidence point to 
the importance of the flexible ge- 
nomes of these fishes in evolution and 
in our understanding of evolutionary 
processes. 
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nsects. and Konopka and Benzer (8) showed 
t they have that free-running periods in Drosophila 

exhibit classical Mendelian character- 
ts with dif- istics and have further localized the 

suggested mutant gene or genes affecting period 
length to a very short segment of the 
X chromosome. These mutant stocks 
were developed by using the mutagen 
ethyl methanesulfonate. It is likely that 
flies with varying period lengths also 
occur in nature. Maintenance of 24- 
hour periods in natural populations 
implies selection against other periods. 
In this report we discuss the selectabil- 
ity of wild and laboratory-reared pop- 
ullations of Drosophila for early and 
late eclosion. 

Selection lines for early and late 
eclosions from the pupae case were 

developed by using laboratory and wild 

populations of Drosophila melanogaster. 
The laboratory population was of the 

Oregon-R strain (Ore-R) isolated in 
1925 by D. E. Lancefield (9) and ob- 
tained from A. Yanders (Michigan 

d late eclo- State University) in 1966. The wild 
nelanogaster 
atory-reared population (W2) was collected at the 
ie values on beginning of this study (September 
ges eclosing 1971) in Walla Walla, Washington. 
n and block The selection schedule consisted of 
percentages three consecutive 4-hour collection 

locks of the 
The mean blocks (periods) beginning 6 hours be- 
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tained from A. Yanders (Michigan 

d late eclo- State University) in 1966. The wild 
nelanogaster 
atory-reared population (W2) was collected at the 
ie values on beginning of this study (September 
ges eclosing 1971) in Walla Walla, Washington. 
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Flies eclosing in blocks I and 3 were 
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used as breeding stock for successive 
generations of the early and late lines, 
respectively. Block 2 flies were counted 
and discarded. All flies were reared in 
31-g shell vials containing 10 cm' of 
media and maintained at 25?C in a 
cycle of 12 hours of light followed by 
12 hours of darkness (LD 12: 12). 

If selection pressures have been 
altered by laboratory rearing, one might 
expect differences in (i) the initial 
eclosion band shape and (ii) the re- 
sponses to artificial selection when lab- 
oratory-reared flies were compared to 
wild-caught flies. No difference was 
seen in the initial eclosion band (Table 
1, P> .975 by X" analysis). The col- 
lection blocks were broad (4 hours), 
and shorter blocks (1 hour) might have 
shown a subtle difference. On the other 
hand, selection for early and late eclo- 
sion did demonstrate striking differences 
in variability of the two parent strains 
(P < .01 by sign test). This is true for 
comparisons of both early and late 
eclosion. In both cases the laboratory 
strain showed greater variability, a re- 
sult suggesting a relaxation of selection 
pressures (Fig. 1). 

These results are, in one respect, 
counterintuitive. Forty-seven years of 
laboratory culturing have no doubt sub- 
jected the Ore-R strain to considerable 
inbreeding, which reduces genetic vari- 

ability (10). In addition, selective pres- 
sures different from those in which the 

species has developed tend to truncate 
gene distribution. One might, then, ex- 
pect laboratory rearing to reduce ge- 
netic variability unless selective pres- 
sures in natural conditions are even 
more limiting than the forces of in- 
breeding and artificial (laboratory) 
selection. 

Pittendrigh (11) suggested that hu- 
midity levels in nature are effective in 

selecting for eclosion times. Eclosion 
in D. psetudoobscttra is more limited to 

early dawn. when humidity is highest, 
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Table 1. Eclosion of unselected (generation 
1) laboratory (Ore-R) and wild (W2) popu- 
lations of Drosophila imelanogaster in three 
consecutive 4-hour collection blocks. Dawn 
of the LD 12 : 12 cycle occurred 2 hours into 
block 2 (N, number of flies eclosing). 

Eclosion in strain 
Collec- 

tion Ore-R W2 
block 

N % N % 

1 73 11.2 43 10.8 

2 503 77.3 310 77.5 

3 76 11.6 47 11.8 
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Selection for Circadian Eclosion Time in 

Drosophila melanogaster 

Abstract. Early and late eclosion strains were developed fromI Drosophila 
melanogaster cultures. The Oregon-R parent strains (isolated in 1925) showed 
significantly miore selectability than the W2 parent strain collected at the begin- 
ning of this study (1971). This is consistent with the hypothesis that the selective 

advantage of circadian behaviors is reduced in laboratory conditions. 
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