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Studies on the bar series of Drosophila have, until the present time, been 
carried out entirely on flies of normal diploid chromosome constitution. 
The phenomena of polyploidy and heteroploidy make possible an investi- 
gation of the expression of the bar gene and its allelomorphs in flies having 
an aberrant chromosome complex. 

As a result of occasional failure of the X chromosomes to disjoin during 
maturation of the egg, individuals having three X chromosomes and the 
normal complement of autosomes may be produced. These individuals, 
known as superfemales, are of extremely low viability, and die a t  various 
stages of development, rarely attaining maturity (LI 1927). 

L. V. MORGAN (1922) isolated a yellow stock in which the X chromo- 
somes of the female appeared to be permanently attached. In  addition to 
the attached X chromosomes, a Y from the father was present. It was 
found that occasionally the X’s disjoin, giving normal diploid daughters in 
which one X comes from the mother, the other from the father. 

When double-yellow attached-X females (9) are mated to normal 
males, a small percentage of superfemales may be expected among the prog- 
eny. Furthermore, as the result of infrequent disjunction of the X’s, nor- 
mal diploid females are produced. Since these two classes of flies differ only 
in the presence or absence of an extra X chromosome, a comparison of the 
two affords an excellent medium for a study of the effect of a supernumer- 
ary X chromosome on the expression of any character. 

EXPERIMENTAL PROCEDURE 

Three members of the bar series were studied: (1) bar (B); (2) double- 
bar (BB); ( 3 )  infra-bar (Bi). 

Bar series. The flies on which facet counts were made were obtained 
in an experiment of HERSH, KARRER, and LOOMIS (1930) on the possible 
effect of supersonic vibrations on mutation rate. In  the experiment ct f B 
males were inbred with ŷ y females for eight generations. The males were 

1 This investigation was carried out at the Biological Laboratory of WESTERN RESERVE UN- 
VERSITY. The author wishes to acknowledge his indebtedness to DR. A. H. HERSH for suggesting 
the problem, as well as for his interest and unstinting co-operation throughout the course of the 
work. He also wishes to thank DR. C. R. PLUNKETT for many helpful suggestions in the hterpre- 
tation of the data. 
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then subjected to treatment of 285,000 vibrations per second and mated 
to 5 females in pair matings. 

Among the progeny of these flies were 290 superfemales, and 30 heter- 
ozygous females resulting from disjunction of the X chromosomes. Facet 
counts were made on these two classes, and also on a number of super- 
females obtained from control matings in the experiment. The frequency 
distribution in the different progeny classes is given in table 1. 

Double-bar series. f BB males were inbred with females for six 
generations. As in the bar series, pair matings were used throughout the 
experiment (see table 1). 

Infra-bar series. f 23% males were inbred with y^y females for four genera- 
tions. Pair matings were used in the experiment (see table l). 

Temperature control. In all the experiments the flies were raised at  
25°C. In the bar series, several times in the course of the experiment, the 
temperature rose to 28°C for short intervals, but never fell below 25°C. 
In the BB and Bi series the average fluctuation was f0.5"C. On a few 
occasions and for very short periods, the temperature varied as much as 2°C. 

In all the experiments a 1 percent banana-agar me- 
dium in8 dram vials was used. The food was inoculated with a small amount 
of yeast foam. The parent flies were permitted to lay eggs over a 6 to 7 
day period, and then transferred to fresh vials. Two or three broods were 
obtained from each set of parents. The progeny were examined and count- 
ed every third day over a 10 to 15 day period after emergence of the first 
fly from the pupa case. The superfemales are easily recognized by a num- 
ber of definite and constant characteristics (BRIDGES 1922). The disjunc- 
tional females, on the other hand, are quite normal in appearance, but may 
be identified by the gray body color and heterozygous eye. 

In the BB series, facet counts were made directly, using 
a binocular dissecting microscope with 10 Xeyepiece and 24" objective. 
In the B and Bi series dissections of the cornea were made, following a 
modification of the procedure of R. K. HERSH (1924) and STURTEVANT 
(1925). The flies were placed in a 5 percent solution of KOH for 24-48 
hours for clearing. The cornea was then removed by fine needles and 
mounted in water upon a slide. Three or four radial incisions were made in 
order to flatten the somewhat convex surface. The cornea was then pro- 
jected on a Bausch and Lomb projecting apparatus and the facets counted. 
Error was minimized by blocking out each facet as counted. The facet 
counts were checked by making recounts of 12 eyes in each series, a few 
days after the initial counts. In all cases the error was found to be slightly 
less than 1 percent. 

* The facet counts in the bar series were made by Miss EDITH I. SCRIBNER, who has kindly 

Culture medium. 

Facet counts.2 

consented to publication of the data in this paper. 
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Temperature variations have already been considered. They occurred 
quite a t  random, and did not appear to be of such magnitude as to obscure 
any marked effect on facet number. 

No effort was made to control the number of eggs laid per vial. Consider- 
ing the length of the egg-laying period a crowded condition no doubt 
prevailed. This condition, however, was constant in all the experiments. 
LUCE (1931) has shown that crowding markedly reduced facet number in 
Bi. Whether crowding might act differentially in diplo- and triplo-X flies 
is unknown. 

EXPERIMENTAL DATA 

In table 1 the progeny results are summarized. The last column of the 
table gives the data of DOBZHANSKY (1928) on the effect of temperature 
on production of superfemales. These data are for 24.SoC, a temperature 
comparable with the one used in the present experiment. In  DOBZHANSKY'S 
experiments sooty males were mated to r̂ y females. 

TABLE 1 
Table showing frequency distribution of individuds in progeny. 

DATA OF 

24.5"C 
B BERIEB BB SERIES B' SERIES DOBZIUNBKP AT 

females 
f males 
Superfemales 
Yellow males 
Disjunctional females 
Total 
Percent superfemales 
Percent disjunction 

12,189 
13,598 

290 
28 
30 

26,135 
1.11 
0.22 

19,054 
17,184 

21 
21 
22 

36,302 
0.053 
0.12 

4,625 
5,261 

61 
1 
2* 

9,950 
0.61 
0.03 

3,262 
3,645 

101 
1 
2 

7,011 
1.4 
0.04 

*These two females were inbred to f B d  brothers in order to obtain a sufficient number of 
diploid heterozygous females for facet counts. 

It is apparent that large differences in relative numbers of superfemales, 
and also in the frequency of disjunction of X chromosomes, occur in the 
three series. These differences may be explained by the fact that the system 
of inbreeding used was designed primarily to render the flies of any one 
series isogenic with each other. It did not eliminate genetic differences be- 
tween members of different series to any appreciable extent. It is likewise 
necessary to consider possible direct effects of the different bar allelo- 
morphs on viability and disjunction. These allelomorphs are known to 
affect viability in different degree. 

When the production rate of superfemales in the different series is com- 
pared with DOBZHANSKY'S data, there is, in general, considerable disparity. 
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His data, however, are in fairly close agreement with the results on the bar 
series. As regards disjunction rate, DOBZHANSKY'S data accord well with 
the data in the infra-bar series. These comparisons, however, have little 
meaning due to the genetic heterogeneity of the flies in the two experi- 
ments. 

In  table 2 are summarized the essential statistics on facet number in the 
three series, together with their standard errors. 

TABLE 2 
Summary of data on facet number. 

Bi B' BE BE 
SUPER 9 HET. 9 SUPER 9 HET. 9 

Mean facet number 558.5 475.0 70.8 44.4 
k12.1 k11.7 5 2 . 7  +.1.1 

Standard deviation 85.5 82.5 11.2 8.1 
5 8 . 6  f 8 . 3  +1.9 kO.8 

Coefficient of variability 15.3 17.4 15.8 18.4 

Number of flies 50 50 17 53 

B 
SUPER 9 

550.8 
k 4 . 3  

78.3 
k 3 . 1  

14.2 

327 

B 
IDIT. 9 

395.3 
518.8 

90.0 
513.2 

22.8 

23 

In each of the three series, a supernumerary X chromosome produces a 
significant increase in facet number, taking the diplo-X heterozygous 
female as base of reference. The percentage increase, however, differs for 
the three bar allelomorphs. It is 16.7 percent for Bi, 39.4 percent for B,  
and 59.2 percent for BB. However, as the table shows, the order of ab- 
solute increase in facet number as affected by a supernumerary X chromo- 
some is B > Bi > BB. 

DISCUSSION 

The simplest and most apparent interpretation of the increase in facet 
number produced by an additional X chromosome, would be that in 
the triplo-X fly there are present two wild-type allelomorphs of bar, 
as compared with one such allelomorph in the diploid heterozygous fe- 
male. If we look upon the wild-type allelomorph of bar as a differential for 
facet production, the increase in facet number is to be expected. Evidence, 
however, has been adduced (BRIDGES 1917, STURTEVANT 1925) that the 
normal allelomorph of bar plays no part in facet production. STURTEVANT 
has suggested the possibility that no normal allelomorph of bar exists. 
In either of these cases the data require an alternative explanation. The 
wild-type eye is the resultant of the interaction of a number of genes dis- 
tributed throughout the chromosomes. Some of these genes may well have 
their loci in the X chromosome (HERSH 1929). From this standpoint of 
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genic balance, the eye which is produced is the somatic expression of a 
balance among the effects of these genes, some having positive and others 
negative effects on facet production. If in the X chromosome the internal 
balance is such that the net tendency is in the plus direction facets are 
added. Conversely if minus modifiers preponderate, facet number is re- 
duced. From the data here cited it appears that the balance of modifiers in 
the X chromosomes of the stocks investigated favor facet production. 

How does this interpretation relate itself to other studies on facet num- 
ber? All studies on members of the bar series have shown that males have 
somewhat larger eyes than the homozygous females. In considering the 
effect of the addition of an X chromosome it is necessary that we use the 
heterozygous and not the homozygous female as base of reference. The 
reason for this is at  once apparent. The bar gene and its allelomorphs are 
powerful inhibitors of facet production. The presence of two bar genes in 
the female as against one in the male easily obscures whatever effect the 
additional X chromosome in the female might have on facet production. 
Females heterozygous for any allelomorph of the bar series always have 
much larger eyes than males having the same allelomorph. Here then the 
only differential is an additional X chromosome in the female, and the re- 
sults are explained by a preponderance of plus modifiers in this chromo- 
some. 

The data available on the wild-type eye, however, are somewhat con- 
flicting. R. K. HERSH (1924) in a study over a range of temperatures found 
that the wild-type eye is very slightly larger in the male than in the female 
at  all temperatures studied. STURTEVANT (1925), on the other hand, ob- 
served that at  25°C the female eye is significantly larger than the male 
eye. The data of KRAFKA (1920) are extremely meager but interesting in- 
sofar as they may be used to corroborate the results of either of the above 
investigators. If KRAFKA’S experiments are taken singly, his one experi- 
ment, in which a sufficient number of flies was used, is in accord with R. K. 
HERSH. However, when all data at  one temperature are grouped they con- 
firm STURTEVANT. 

The discrepancies in the data on the wild-type eye are not readily at- 
tributable to error on the part of any of the investigators. In all experi- 
ments the flies were inbred for a number of generations. The technique in 
facet counting was such as to give a high order of precision to the counts. 
The differences no doubt arise from genetic differences in the stocks used. 
The disparity in the data is suggestive of the possibility of a reversal in 
sexual dimorphism. ZELENY (1921) has shown that there is a marked reduc- 
tion in sexual dimorphism in bar resulting from selection. KRAFKA’S data 
(1920) on BB indicate further that sexual dimorphism is a function of 
external factors. In  the experiments there is a progressive decrease in 
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sexual dimorphism of the eye with increase in temperature, and a possible 
reversal between 29°C and 31OC. 

The interpretation of the results presented in this paper, namely-that 
an additional X chromosome increases facet number because in the X 
chromosome the plus modifiers of facet number predominate- is conso- 
nant with all existing data on the bar series. The conflicting data on the 
wild-type eye, when compared with the condition in the bar series, indicate 
that we may be dealing with two totally or partially different systems of 
eye modifiers in the X chromosomes. The one system is stable as evidenced 
by the consistency of all data on the bar series which show that the eye 
of the heterozygous bar female is considerably larger than the male. This 
system may, as seems probable, consist of a single plus modifier acting 
directly on the bar system, and appears to be a constant feature of all 
stocks investigated. The second system is labile, due, presumably, to the 
fact that it consists of a number of minor modifiers mutating a t  random 
either in a plus or minus direction, and appears to act on the general facet- 
producing mechanism. This second system accounts for the disparity in 
the results of the investigators on facet number in the wild-type eye. 

SUMMARY 

1.  The effect on facet number of a supernumerary wild-type X chromo- 
some is reported for three members of the bar series, namely, bar, double- 
bar, and infra-bar. The facet number in superfemales, having two wild- 
type X chromosomes and 'one X chromosome carrying bar or one of its 
allelomorphs, is compared with the facet number in normal diploid flies 
heterozygous for the same allelomorph. 

2. In each of the three series, a supernumerary wild-type X chromosome 
increases facet number markedly. 

3 .  The results are interpreted in terms of genic balance. I n  the X chro- 
mosome plus modifiers of facet number predominate, thereby increasing 
facet production. 
4. This conclusion is tested by comparing males showing one of the bar 

allelomorphs with females heterozygous for the same allelomorph, and in 
all cases the interpretation is tenable. 

5 .  With respect to sexual dimorphism in the wild-type, the data are 
conflicting, indicating that we are dealing with different systems of facet 
number modifiers in the wild-type stocks and in bar and its allelomorphs. 
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