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INTRODUCTION 

I n  a preliminary report on the behavior of the “reddish” body-color 
character (DEMEREC 1926a) it was suggested that the unusual results 
obtained in different experiments could readily be explained by the 
assumption that reddish mutates frequently to the wild-type. This 
assumption has been made still more probable by the results obtained 
in recent studies on reddish. It is also supported by the work on the 
behavior of the miniature-a wing character (DEMEREC 1926b) and the 
magenta-a eye-color character (DEMEREC 1927a), both of which revert 

* The GALTON AND MENDEL MEMORIAL FUND pays part of cost of tabular matter for this 
article. 
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in the same  way as reddish does. In this  paper an endeavor will be  made 
to give a detailed  account of the  results  obtained  only in  experiments  with 
reddish. The details of the experiments  with  miniature-a  and  magenta-a 
will be  presented in subsequent  papers of the  same series. 

NOMENCLATURE 

To designate a character showing frequent  heritable  changes, the 
terms  “mutable”,  or  “frequently  mutating” will be  used. The process 
of change will be called “mutation”,  and also “reversion”; since in  the 
case of reddish it was  observed that  the change  occurs  only in  one 
direction,  namely  from  reddish  to  wild-type. Thus  the  term  “mutation” 
and its derivatives  are  applied  both  to  the  reversion of a mutant  character 
to the wild-type,  as well as  to  the origin of the  mutant  character  from  the 
wild-type. 

The Greek alphabet  is used to distinguish mutable  from  constant 
allelomorphs. 

The symbol re- o( will be  applied to  the  mutable reddish.  Since  reddish 
is an allelomorph  to yellow, and yellow has been known  longer (METZ 
1916) than reddish the  strictly correct  symbol  for the  mutable  reddish 
would be y‘“”. As a matter of convenience, however, the  shortened 
symbol re-a will be used in this  paper. 

THE ORIGIN OF REDDISH 

The  character called reddish was found twice in  matings  involving 
in both cases the  stock  line, concave, approximated, telescoped. The 
period of seventeen months elapsed  between the first and  the second 
origin. The first  reddish  is mutable;  and will be called reddish-a while 
the second reddish is constant,  and will be called reddish-l.  The second 
reddish  was  found by  Miss  MILDRED S. MOSES,  to whom the  writer  is 
indebted for  permission  to use the  data relating to the origin of reddish-l 
and also for the use of flies bearing that character  in  experiments. 

The origitz of reddish-alpha 

In  experiments  planned  to  test  the effect of centrifugal  force  on  the 
behavior of sex chromosomes, a cross was  made  in which a centrifuged 
yellow vermilion  female was crossed with a sepia  scute short rough male; 
and among  a  total of 104 offspring, a female  was  found which had  several 
extra  veins  on  both wings. To determine  the  inheritance of this  character, 
the offspring of the female were tested  for  two  generations.  When it 
was  found  to  be a dominant  autosomal  character,  a cross was made  to 
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determine the chromosome in which it was located. For that purpose, a 
concave approximated telescoped female was crossed with a sepia 
vermilion branched-veins male; and five of the F1 females were backcrossed 
with concave approximated telescoped males. In  one of the backcrosses, 
half of the males had a reddish body; and in another backcross, among a 
total of 217 flies, one reddish male was found. The remaining three 
backcrosses gave no reddish flies. 

Subsequent tests showed that the extra-veins character was a 
recurrence of branched, the latter having been already described 
(METZ, MOSES and MASON 1923). Reddish flies, therefore, originated 
from the cross between a newly found branched and concave approxi- 
mated telescoped flies. They were found on January 8,1924, in two separate 
matings. In one case, half of the males were reddish; indicating that 
the female parent (P1 ) was heterozygous for the character. It is pos- 
sible that in this case the mutation occurred late in the Pz female, affect- 
ing only a few germ cells, one of which was transmitted to the P1 
female; or that the mutation occurred early in the development 
of the PI female, making it heterozygous for reddish; or that the muta- 
tion affected a few Pz males. In the second mating noted above, where 
only one reddish male was found among 217 flies, the possibility is not 
excluded that i t  came as a contamination from the other mating, 
where many such males were found. It is, however, a t  least as probable 
that it originated as an independent mutation, affecting only a few germ 
cells of the PI female, as that it came as a contamination. 

All reddish flies used in the experiments were progenies of the mating 
which gave half of the males reddish. The single reddish male found in 
the other mating was not used in breeding. 

The origin of reddish-1 
To locate a certain newly found character, which turned out to be 

another allelomorph of branched, Miss M. MOSES made a cross between 
the character in question and concave approximated telescoped flies 
from the stock culture. On June 16, 1925, in one of two backcrosses, 
one reddish male was found among a total of 145 flies. Reddish-1, there- 
fore, originated, similarly to reddish-a, in a backcross involving the 
newly found character branched and concave approximated telescoped. 

Breeding experiments with the original reddish-1 male showed that 
it was heterozygous for the characters concave approximated and teles- 
coped. Since there were no reddish-a flies which could have had a 
GENETICS 13: S 1928 
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similar genetic constitution, a t  that time in  the laboratory. it is uii- 
likely that the first reddish-1 male was a contamination from reddish- 
cr. The results of crosses between reddish-cr and reddish-1, which will 
be discussed later, made the possibility of contamination having oc- 
curred still more improbable. 

Attempts to obtain other reddish mutants 
Both reddish-a and reddish-1, as already stated, originated in matings 

involving branched and concave approximated telescoped characters. 
The character, branched, used in these different crosses, came from un- 
related sources; but the concave approximated telescoped flies were in 
both cases taken from the same stock line. I t  is probable that i t  was due 
to chance that both of the reddish mutations occurred in the progenies 
of crosses where flies from a particular line were used; but there i j  a pos- 
sibility that the line concave, approximated teles~opetl, used i n  both cases. 
was potentially mutable to reddish. To test that possibilitF-, the cross 
between concave approximated telescoped and branched dies was repeated 
seven times; and 215 F, females from these crosses were backcroswi with 
concave approximated telescoped males. Among 16,890 offspring 
of these backcrosses no reddish flies were found. These results indicate 
that if the concave approximated telescoped line mutates to reddish 
at all, the frequency of such mutations is very low. 

DESCRIPTION 

The body, wings, legs, bristles and hairs of the reddish flies are reddish- 
yellow; and contrast with the dark gray color of these parts of the body 
in wild-type Hies, and the yellowish gray color in yellow flies. The color 
of the flies varies with the age and condition of the cultures. Extreme 
variations of reddish and yellow might overlap in color of the body; 
but no case has been observed where reddish and yellow could not be dis- 
tinguished by the color of the hairs and bristles, which is yellowish pray 
in reddish and gray in the yellow flies. 

Reddish-a and reddish-1 can not be distinguished. 

L’AXTIAL M A P  OF THE SEX CHROMOSOME 

Several sex-linked characters were extensively used i n  the experiments 
which will be discussed in this paper. For a better understanding of the 
data the partial map of the X-chromosome given in figure 1 may be use- 
ful. The majority of the characters mentioned in the map have ahead>- 
been described (MET%, MOSES AND MASON 1923). The descriptions 
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of some of them, however, are not yet published, since the characters 
were only recently found by either Dr. C. W. METZ or Miss MILDRED 
S. MOSES, to whom the writer is indebted for the use of the material. 

INHERITANCE OF REDDISH-ALFHA 

Reddish-a was found to be a sex-linked recessive character. The 
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crosses between reddish females and not- 
reddish*males always gave not-reddish fe- 
males a i d  reddish males; and from the mat- 
ings where not-reddish females and reddish 
males were used, all the F, generation was 
not-reddish. 

Allelomorphism to yellow 

If two allelomorphs are recessive to wild- 
type, the F1 generation when they are 
crossed is usually intermediate. It could not 
be of the wild-type, since it is assumed that 
allelomorphs are located in homologous loci, 
and only two of them can be present in the 
usual type of inheritance. Two non-allelo- 
morphic recessive characters on the other 
hand, alwzys give a wild-type F1 generation. 
In  the Fz generation of the crosses between 
two allelomorphs, only parental and F1 

types are expected. Bar in Drosophila meia- 
nuguster (STURTEVANT 1925 ) is the only 
case where two allelomorphs combine in one 
chromosome, and that rarely. It has often 
been pointed out that, in all cases where 
several allelomorphs are known, they affect 
the same character. The difference between 
them is rather quantitative than qualitative; 
therefore the test for allelomorphs should 
show (a) that the R generation from a cross 
between two of them is not of the wild-type; 
(b) that they do not recombine in the Fz 
generation (c) that their position in respect 

to other genes is the same (except in case of such chromosomal abnor- 
GENETICS 1 3  S 1928 
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malities as duplication or inversion), and (d) also that they affect the 
same character. 

When intercrossed, Reddish and yellow fulfill these requirements. 

TABLE 1 
Data from the crosses with “constant” reddish-a. shokdna linkaae relations. 

s e V % u  -- 
2nd 

experi- 
ment 

~ 

1st 2nd 
experi- experi- 
ment ment 
-- 

505 710 

1 8 e y 8 c “ /  

Total 

I”, pedigree number /909;/ 970 

No.of Fzmatings 1 23 6 1 10 14 

978 
__ 

36 

Total 9 1 1972 1 500 1 4 3 4  2790 

I ’  274 

347 
~ 

884 

884 
__ 

7 

12 
- 

24 

25 
__ 

1 1 

1 

19 
-__ 

4 

62 

13 

48 
~ 

49 

151 
__ 

49 162 

. .  
__- 

1 
________ _-_-_ 

. . . .  . .  1 . .  . .  
________- 

. . . .  . . I . .  1 1 

1 2 

772 
~ 

2251 

* In this and the following tables “0” signifies non-crossover classes; “1” classes resulting from 

t The class having re is always placed in column a. 
crossing over in the first region, etc. 
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2 

-_ 
3 

1-3 

FI females were always yellow or nearly so. Since the color of the body 
of the flies vanes with age and environmental conditions, i t  is difficult 
to detect slight differences due to the genetic constitution; and i t  is not 

TABLE 2 
Data from the crosses re/ss y s, v 0 Xs, y so v 3. 

re se v 25 
Se Y 37 

re 984 
se y sc 885 

se r, v . .  
_ _ _ ~  

Y sc 3 

Number of experiments 
Xumber of matings 

+ 
SC 

V 

P 's 

118 
30 
23 

9988 

Total 
Reversions 

32 
184 

349 

re and y ' I  I 11053 
__ 

Reversions 
+ 
V 

v sc 

138 
22 
18 

Total 11231 

1 92 
75 

2-3 1 
.. 

Reversions 

- 
Total 

y and re I I 20870 

possible to determine with certainty if reddish yellow females are not 
lighter than homozygous yellow females. If there is any difference between 
these two types of females it is very slight. 
GENETICS 13: S 1928 
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Soon after its discovery, two lines of reddish-a were isolated: one which 
mutated frequently to wild-type; and one in which reddish-a behaved 
like a constant character. In  the Fz generations from the crosses between 
yellow and “constant” reddish-a, only reddish and >-ellow off spring were 
obtained: as was to be expected, if these two characters were allelomorphs. 
In table 1. 11.347 progeny from such crosses are listed. Table 1 gives 

’r4uLL >3 

0 ’s 

3 ’5 

re and y I 10017 
I 130 

- - _  Reversions __ ~ 

rota1 - 

the data from crosses involving constant reddish-a: and pilose, sepia, 
yellow, scute, gnarled and vermilion, which indicate that reddish-cr 
is located in approximately the same region of the chromosome as yellow. 

Finally both yellow and reddish-a: are similar in effect, as is the case, 
as already stated, with all known allelomorphs belonging to one group. 

This evidence supports the assumption that reddish-a! is an allelomorph 
of yellow 
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3 

0 1 2 Rever- 
sions 

re p i a ,  re p i  ac reac P I  + 
2196 I 1978 31 1 50 17 1 27 150 

~ ~ ~ - ~ _ _ _ _ _ -  

.___----- __-- 

Mutability of reddish-alpha 

There is, however, a line of reddish-a which does not behave like 
the line described in the previous section. When reddish from that 
line is crossed with yellow, F1 females are yellow, as usual; but in the 
Fz generation, in addition to reddish and yellow flies, wild-type flies 
appear in a variable number. If reddish is an allelomorph of yellow, 
as the analysis of the data from table 1 indicates, then these wild-type 
flies are exceptions from the usual behavior of allelomorphs. Or the wild- 
type flies obtained in crosses between reddish-a and yellow might be 
crossovers between these two factors; which would indicate that reddish 
and yellow are not allelomorphs, and that the composition of the FI 
generation in crosses between them was exceptional. 

TABLE 4 
Data jrom the crosses rJpI sc P Xpz so d. 

NVYBlR OF 
EXPFIBIYICNTS 

6 

TOTAL 
NUYBlB OF 

MATING6 

_ _ _ _ ~ -  
75 5207 

TOTAL 

___ 
4449 

In  tables 2, 3 and 4 a summary is given of the data from crosses involv- 
ing reddish-a! and pilose, sepia, yellow, scute and vermilion. From 
table 2, which summarizes crosses between reddish-a and sepia yellow 
scute vermilion, it can be seen that the not-reddish and not-yellow classes 
(listed under the heading of reversions) offer an obstacle to the usual an- 
alysis of the data. As already pointed out in an earlier paper (DEMEKEC 
1926); if all classes are considered together, it  is not possible to locate 
reddish in the region of the chromosome where it belongs. When an an- 
alysis is made in that way, reddish does not fit into the linear arrangement 
of the genes. It is not probable that crossing over is responsible for the 
occurrence of these not-reddish and not-yellow classes; since double 
crossovers between the sepia and scute regions would be required to 
obtain the observed combinations. The distance between sepia and scute 
is about 3 units, which is much too short to allow any double crossovers, 
especially as many as there would be if the not-reddish and not-yellow 
flies were assumed to be double crossovers. The same holds true when the 
data given in tables 3 and 4 are analysed. 

The problem looks much simpler if the analysis is made without the 
( sk \ l  1 t3\ I ? .  1028 
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not-reddish  and not-yellow classes. Then reddish behaves in the  same 
way as in the crosses discussed in the previous chapters;  that is, as an 
allelomorph of yellow. In  that case, however, it  is necessary to account 
for the origin of the not-reddish and not-yellow classes. An examination 
of the  data given in the columns headed “reversions” in tables 2,s and 4, 
reveals that all  these classes have the reddish chromosome, in which the 
wild-type allelomorph has been substituted for reddish. As already  in- 
dicated, crossingover can not  account for that substitution.  The only 
other probable  assumption  is that in  these cases reddish mutated back 
to  the wild-type allelomorph. That assumption would easily account 
for the origin of all the observed classes. If it is assumed that reddish is 
an allelomorph of yellow and  frequently  reverts to wild-type,  then all 

TABLE 5 

Comparison beheen. reddish and zot-reddish classes in uosses with coxstunt and nrrtluble reddish-m. 

l 
l MUTABLE REDDISH 

~~ 

l CONSTANT REDDISH 

CROSS hiot re Not re Reversions I re 1-e 
”“ __ -__ 

Total 
T o t a l  1 Percent 

Total I P Z  Percent  Percent  Total Total Percent 
~- 

4 0 . 2  583 51 .4  48 .6  551 1 .2   51 .6  2203 4 7 . 2  2019 r , p ~ X s , y s , a  %/L=- z3: ti; l::: 

45.2  1 ti 251 223 r , X y o  

____...~ 

r e x p , s ,  
2877 47 .2  52 .8  3214 1 .9  4 6 . 6  4551 51 .5  5024 rvxse  YSeZ’ 

4 3 . 4  4 6 . 4  1911 50.0 2062 

”” ~~~~ ~. . 

wild-type classes from crosses between reddish and sepia yellow scute 
vermilion could be interpreted  as reversions. That would separate  them 
from the remaining classes, and eliminate  all the difficulties otherwise 
encountered  in the explanation of the results. 

If reddish-a! reverts  frequently to  the wild-type  allelomorph, it  ought to 
be expected that, in the experiments involving mutable  reddish-a the 
reddish classes would be in deficiency when compared  with the not-reddish 
classes. Morever, it is to  be expected that  the deficiency would correspond 
to  the number of reversions. Unfortunately  there  is  a differental viability 
between reddish add yellow  flies, which is still more pronounced if pilose 
or sepia and  scute are present. That prevents  a  direct comparison between 
the reddish and not-reddish classes. When, however, the reddish classes 
from the experiments with  mutable reddish are  compared  with the reddish 
classes from  experiments  with  constant reddish (table S), and  both of 
them are compared with the not-reddish classes of the same  experiments, 
it is noticeable that  the  mutable reddish shows a deficit approximately 
equal to  the number of reversions. 
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Constancy of reverted-reddish-alpha 
To test the behavior of the wild-type flies which originated as reversions 

from the mutable reddish-a, 42 wild-type males were mated to sepia 
yellow scute vermilion females. All F1 females were wild-type, and of 
18,811 Fz offspring, none was reddish. These results indicate that the 
mutations in the reddish locus occur in one direction only, namely, 
from reddish to wild-type, and not from wild-type to reddish. 

TABLE 6 

Distribution of reversions among the progenies of single females which females came from a pair mating. 

PEDIQREE NrmRER 

2881 
2882 
2883 
2884 
2885 
2886 
2887 
2888 
2889 
2890 
2891 
2892 
2893 
2894 
2987 
2988 
2989 
2990 

Total 

TOTAL NUbtRER OB FLIES 

101 
153 
95 

118 
156 
118 
136 
136 
33 

199 
115 
115 
125 
135 
103 
112 
55 

123 

2,128 

NUMBER OF REVERBlONS 

3 
0 
1 
1 
3 
1 

12 
0 
3 
5 
4 
1 
1 
0 
2 
3 
5 
3 

48 

PERCENTAGE OF ~ V E F W O N S  

2.97 

1 .os 
.85 

1.92 
.85 

8.82 

9.09 
2.51 
3.48 

.87 

.80 

1.94 
2.68 
9.09 
2.44 

2.26 

. .  

.. 

.. 

INHERITANCE OF REDDISH-1 
Experiments with reddish-1 indicated that i t  is an allelomorph of 

yellow and reddish-a; and also that, unlike reddish-a, i t  does not revert 
to the wild-type. In  crosses between reddish-1 and yellow, all F1 females 
were yellow; and, among 15,103 Fz progenies, nothing but yellow and 
reddish flies was observed. 

TIME OF OCCURRENCE O F  MUTATIONS 

Reversions of reddish-a to the wild-type were observed only. among 
the progenies of females heterozygous for reddish-a. Numerous homozy- 
gous females were tested, and also several homozygous reddish-a stocks 
G E N E n C s  13: s 1928 



were kept ior many generations; but in no case did any change in reddish 
appear Males also always behaved as constant reddish. Numerous 
F1 females from crosses of yellow females by reddish males were examined. 
but none of them were of the wild-type. Reversions to wild-type occurring 
in reddish-a males would also have been noticed in stocks homozygous 
for reddish 

Females heterozygous for mutable reddish-a gave numerous rever- 
sions. L\ll of these reversions affected the whole fly, indicating that the 
mutations occurred a t  the formation of the ova. If mutations occurred 
in somatic cells, it would be expected that mosaics would develop frequent- 
ly. which was not the case Throughout the experiments a close watch 
was kept for reddish and wild-type mosaics, but none was observed. 
If they occur a t  all they must be very rare. This makes negligible the 
hypothesis that the reversions occurred early in the  somatic develop- 
ment. 

If reversions of reddish to wild-type occurred in the oogonial divisions, 
one mutation would affect a group of germ cells, and the result would be 
that the reverted flies would appear in groups. This was not the case 
(table 6). In the low mutating line, usually single wild-type flies were 
obtained from individual females. With increase in the frequency of 
mutations the number of wild-type flies from single females increased 
also. The occurrence of reversions in groups, however, was an exception 
rather than a rule; which makes it improbable that the mutations occurred 
in the oogonial divisions, and points to the maturation division as the 
possible seat of the change. A relation was observed between crossing 
over and the occurrence of mutations, which suggests that both processes 
occurred at  the same time, and supports the assumption that the mutations 
occurred at the maturation divisions. 

In table 4, the data are given from the crosses between mutable reddish-a 
and pilose scute. From these data it can be seen that reddish mutated 
in the females which had in one chromosome reddish-a, and in the other 
chromosome the wild-type allelomorph. From the data given in tables 2 
and 3 ,  it is e\.ident that reddish-a mutated in the females which were 
heterozygous for its allelomorph yellow. The data from table 8 show that 
reddish-a mutated in reddish-a over reddish-1 females. Reddish-a 
therefore mutates a t  the maturation divisions of females having in one 
chromosome mutable reddish-a, and in the other chromosome one of 
its allelomorphs; that is, wild-type, yellow or reddish-1. No mutation 
has been observed in the females homozygous for mutablc reddish-a. 
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PIDIGBEE 
NUTYBBE 

2516 
7 
8 

Total -~ 

Wild-type which originated by a mutation from reddish-a behaves 
like any other wild-type; that is, it  keeps the reddish-a mutating when 
heterozygous with it. This can be seen from the data in table 7 ;  which 

TABLE 7 

The t(’2 data from U. Lross between a reddish-a sepia .female w d  a pilose scute vermilion male. 

1 0 2 3 4 REVEREIONS 

p r a ~ r  p i r ,  a c 8 c ~ 8 s r g 8 c v  pi s e r p v  pia, 8e 8eU Q !  

_-______ ~ ____ _ _ _ _ _ _ _ _ ~  
47 9 13 1 5 3  

102 15 27 1 3 10 1 1  
47 11 13 1 3 5  1 1  

2 2  196 36 53 2 1  11 18 

PEDIQRRE NUlIBER NUMBEE OF 
MAT IN08 

I 

TOTAL 
NUMBER OW PIRQNTAQE 

MAT IN Q S vandr, I Reversions 1 OF 
QTVINQ REVERSION6 

REVER8TONS 

2816 
2817 
2818 
2819 

Total 

2816 
2817 

2819 
2818 

I I 
Offspring of re-a/re-1 females 

10 3 1160 7 0.6 
20 13 2506 24 0 . 9  
1 1 122 1 0.8 
5 2 655 5 0.8 

36 19 4443 37 0.8 
- -___- _______-- 

Offspring of r e - a / y  females 
3 338 . .  

93 7 7 .O 
3 l I ;  324 6 1.8 

29 17 1 3022 30 0.10 

Total 1 .36 I 19 I 3777 -___ __ 43 1.1 
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They indicate that reddish-a mutates with equal frequency when hetero- 
zygous with yellow or with reddish-1. 

FREQUENCY OF REVERSIONS 

About half of the progenies of females in which reddish-a mutates 
to wild-type, carry the reddish-a gene; since, as already mentioned, 
reddish-a can mutate in heterozygous females only. The ratio between 

F R E Q U E N C Y  

- 10 

-5  

-0 
IOW 

2WD 3 R D  4TH 5TH 6 T H  7 T H  
I I I I I I 

FIGGRE 2.-Frequency of reversions of reddish-cu to wild-type, 
immediately after the origin of reddish-a. 

the number of reversions and the number of progenies carrying the 
reddish-a gene would give a measure of the frequency with which red- 
dish-a mutated to the wild-type. Since in many experiments the reddish-a 
and not-reddish-a progeny had not been counted separately (and in 
some experiments it was not possible to separate them), the frequency 
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I 12.4 
1.6 
0 .6  
0.32 
0.043 
0.0 

of reversions throughout this paper is expressed not by the proportion 
between the number of reversions and the number of progeny carrying 
the reddish-a gene, but by the proportion between the number of re- 
versions and the total number of the progeny. Since approximately only 
half of the total number of progeny of heterozygous females was expected 
to carry the reddish-a gene, the “frequency” of reversions as the term is 
used in this paper will amount to about half of the actual frequency. 

Mutability of reddish-alpha ut the time of origin 

The progenies of yellow reddish-a females off er the best material 
for the determination of the frequency with which reddish-a reverts to 
wild-type; since among these progenies all classes, namely, yellow, 

TABLE 9 
Frequency of reversions of reddish-a to zerild-ty#e, immediately after the origin of reddish-a. 

QEENBRATION TOTAL NUMBER OF FLIES NUMBER OF REVERSIONS 

2nd 
3rd 
4th 
5th 
6th 
7th 

241 
9633 
8022 
2147 

11532 
4041 

30 
152 
48 

7 
5 
0 

* Since the reddish gene was present in half of the gametes only and in calculations total 
number of flies was used, the frequency of reversions was about twice as large as given in this 
column. 

reddish-a! and reversions, can easily be distinguished. When reddish-a! 
was found, one of the first crosses made with it was with yellow. The 
same cross was repeated for different purposes through many generations. 
This made i t  possible to determine the frequency with which reddish-a 
reverted in different stages of the experiments. 

Fig. 2 represents the curve and table 9 gives the actual data on the fre- 
quency with which reddish-a mutated to the wild-type during the second 
to seventh generation after i t  was found. At that time the matings were 
made a t  random, without any selection to increase the frequency of 
of reversions. As can be seen from both fig. 2 and table 9 the frequency 
reversions decreased rapidly in succeeding generations; until in the 
seventh generation no reversion was found among 4041 individuals. 
In thesecond generation after the origin of reddish-a, the females het- 
erozygous for reddish-a gave 12.4 percent of reversions; two “gener- 
GENETICS 13: S 1928 



ations later, similar females gave 0.6 percent of reversions; and in the 
sixth generation, among 11,532 off spring, only 5 reversions were observed 

E j e c t  of selection on  the mutability of reddish-a 

The mutable reddish-a! stock was kept up for a long time by back 
crossing reddish-a over sepia yellow scute females with sepia yellow 
scute males. Since there is no double crossing over between sepia, yellow 
and scute, all yellow females from that cross had the genetic constitution of 
their mother. It was therefore possible to perpetuatc the cross by mating 
yellow females with sepia yellow scute males from the same culture. 

nBL% i o  
Effect of selection ox the freqiiency of reaerAio,i, 

. 

QENBRATlON 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Total 

- __ - 
TOTAL NUUBER OF FLIES 1 NUXBER OF REVEBSIOhS PERCENT OF RLV&BI)IONS 
---I____ _____ _ _  - __- 

I 
1 59 1 23 1 3.9 

196 7 3 . 6  
578 6 1.0 
45 

180 
92 

415 
491 
171 
362 
795 
796 

5731 
7625 
5727 
4890 

4 
8 
2 

14 
12 
3 
4 

21 
25 

145 
99 

276 
178 

8.9 
4.4 
2 . 2  
3.4 
2.4 
1.8 
1.1 
2.6 
3.1 
2.5 
1 . 3  
4.8 
3 .6  

I 
28.685 1 827 j Average 2.9 

Pair matings were always used to propagate a line. Since reddish-a 
mutates in heterozygous females only, this was the simplest way to keep 
a reddish-a stock which was certain to be mutating. 

If many pair matings were made from a culture which gave a high 
number of reversions, the number of reversions in the offspring varied 
from zero to as high as, or higher than, in the parent culture. It has 
been shown before that the frequency of reversions decreased rapidly 
if the matings were made a t  random. If, however, the matings were made 
from cultures which gave a high number of reversions, the frequencyof 
reversions did not decrease, but remained more or less constant. That 
can be seen from table 10, which records the results of an experiment 



where selection was carried on for sixteen generations with the purpose 
of increasing the frequency with which reddish-a mutated. During that 
time the line was propagated from the cultures which gave the highest 
number of reversions. By this selection increase in the mutability was 
not attained, but neither did a decrease occur. The mutability in the 
line remained approximately the same. In  individual cultures, the number 
of reversions was as high as 25 percent; but in the totals of different ex- 
periments the mutability rarely exceeded 10 percent. 

A relation was found to exist between the mutability of the parent 
culture and the mutability of the offspring. Offspring of a highly mutable 
culture are likely to give more highly mutable cultures than the offspring 
of a less mutable one (table 11). The increase in the mutability, however, 
does not go behind a certain limit which is between three and five percent. 

___--_ 
?umber 

culturea 
of Percent 

__-- 
5 4.4 
7 6.3 

29 16.8 
22 25.9 
3 15.0 

MUTABILITY OR 
PA" CULTURE 

"NT 
NO. 
of 

cul- 
tura 

2 
1 
6 
7 
2 

0 
lessthan 1 

1-5 
5-10 

more than 10 

-- 
Percent 

-- 
1.8 
0.8 
3.4 
8.2 

10.0 

TABLE 11 
L'ompnrison beheen  the mutability of parents apid offspring. 

.~ - 
DISTRIBUTION OF MUTABILITY IN OFFSPRINQ I 

NO. 
of 

CUI- 
tures 

113 
112 
173 
8S 
20 

cultures 

32 65 
19 10 

__- 
Numbei 

cultures 
Percent of 

-- 
77.9 5 
64.3 15 
37.6 11 
11.8 7 
25.0 1 

__ 

Percent 

4.4 
13.4 
6.4 
8.2 
5.0 - 

1-5 Percent 

Numbei 
of 

tultures 

13 
17 
62 
39 
9 - 

__ 

Percent 

11.5 
15.2 
35.8 
45.9 
45.0 - 

-___ 
5-10 Percent 1 10 Percent 

Constancy of reddish-alpha 
As can be seen from table 11 constant cultures (with no reversions) 

were found among the offspring of highly as well as among the offspring 
of little mutable cultures. This was almost without exception. The 
lack of reversions was probably due in some of the cultures to thesmall 
numbers of individuals; in others, however, i t  was probably caused by the 
constancy of reddish-a. 

Two males were taken from a very mutable culture which gave 16 
reversions out of 97 individuals. They were mated to sepia yellow scute 
females from stock. In the Fz generation from one of the matings, 
among 1307 fies, there was only one reversion; and in the Fz from the 
other mating there were no reversions among 425 flies. Both of the males 
GENETICS 13: S 1928 



came from a highly mutable culture; but offspring of one of them had 
very low mutability, and the offspring of the other was either of very 
low mutability or possibly constant. The number of individuals in this 
experiment was large enough to indicate a difference in mutability between 
the parents and the offspring. 

It is evident from the chart that reddish-a! can become constant or 
nearly so. Three lines originated from a culture which had very low 
mutability and which gave one reversion among 135 individuals. One of 
these lines was discontinued after one Fz generation had been obtained 
in which no reversion was found among 1025 individuals. The other line 

Each generation is represented by a vertical column; 
Numbers in roman type are pedigree numbers of FI generations; while numbers in italic 
indicate FI results: the first number stands for the total number of individuals and 
the second for the number of reversions; 
Stock indicates that the reddish-a was propagated through homozygous cultures; 
When thecross wasnotindicated,thematingswerer,/seysc9 Xseys,$; 
The female is always indicated first in the cross; 

means that a st Y sc fly came from an experiment in which reddish- mutated with 

heYsc*Xre - 3335 1879.1 
re/sey s,Xscy s,'-3336 1273:O 
s.ysc*Xre -3331 1493~1 

re lseyscXseyse*  -3339 1274:O 
relSeYScXssYsc' -3338 67:O 

S C Y  sc'Xr, --3340 251 5 :O 

Total 910I:Z 
-- 

3349 
3350 
3351 
3352 
3353 
3354 
3355 
3356 

1183:O 

f045:O 
1777:O 
1232:O 
678.0 
790:O 

11ot:u 
654:O 
984:O 
284.0 
52J:O 
790:O 
690:O 

11,732:O 

was continued for several generations, and 5308 offspring of females 
heterozygous for reddish-a were examined, none of them being a reversion. 
In these two lines reddish-a behaved as a constant gene in a total of 
6333 individuals. The third line was kept as homozygous reddish-a for 
about eighteen generations. To test its mutability i t  was crossed to sepia 
yellow scute; and further propagated by backcrossing with sepia yellow 
scute males, and through crosses between reddish and sepia yellow scute 
flies. Among 24,823 flies of this line there were only three reversions. 
I t  might be questioned, however, whether these three reversions did not 
originate in a different way to the others, since all three were crossovers in 
the yellow-scute region. It is unlikely that they came into the experiment 
by contamination, since at that time no stock of the same genetic consti- 
tution was in existence in the laboratory. In  any case, the frequency of 



I- w 

NW
M

BE
R 

OP
 

M
A

TI
N

Q
8 

10
 5 1 2 2 1 2 2 1 4 2 5 1 1
 7 49

 

0
)
 

9 
*8

 
8
 '8

 
-
 

--
 

To
ta

l 
R

ev
er

sio
ns

 
0 

1 
2 

R
ev

er
sio

ns
 

To
ta

l 

r
m

d
y

 
+ 

so
 

re
 

1 sryse
 
I sere I 

us
, 

i reac 1 
se

# 
I + 

E~
 

l:ea
nd

u 
I Rev

er
sio

ns
 

45
3 

21
 

4 
20

5 
18

2 
' 

2 
6 

2 
2 

22
 

3 
39

9 
25

 
13

1 
5 

1 
65

 
59

 
1 

. .
 

..
 

2 
1 

..
 

12
7 

1 
9 

1 
..

 
13

 
1 

..
 

..
 

..
 

..
 

1
 

..
 

14
 

1 
22

2 
1
 

2 
86

 
86

 
..

 
1 

1
 

2 
4 

1 
17

6 
5 4 

84
 

5 
2 

47
 

48
 

_
. 

..
 

..
 

86
 

1 
..

 
41

 
42

 
1 

1 
..

 
1 

..
 

. .
 

86
 

..
 

1
5

.
5

 
3 

1
2

7
 

41
 

..
 

1 
..

 
__

 
3 

..
 

69
 

3 
13

8 
5 

..
 

43
 

62
 

4 
1 

1 
1 

6 
1

1
1

2
 

7 
92

 
..

 
..

 
53

 
33

 
1 

..
 

..
 

..
 

1
 

..
 

87
 

1 2 
19

 
1 

1 
12

 
9 

..
 

..
 

..
 

..
 

2 
1 

21
 

3 
21

2 
4 

,.
 

96
 

10
7 

4 
, 

, 
1 

1 
1 

1 
20

9 
2 

1
8

2
 

2 
..

 
37

 
38

 
..

 
1 

..
 

..
 

1 
,.

 
76

 
1 

63
 

2 
1 

51
 

45
 

..
 

..
 

..
 

..
 

3 
1 

96
 

4 
26

8 
7 

1 
97

 
13

9 
..

 
2 

3 
..

 
4 

..
 

23
6 

4 
69

 
..

 
1
 

27
 

22
 

1 
..

 
..

 
..

 
1 

..
 

50
 

1 
75

 
1 

..
 

39
 

43
 

1
 

1 
..

 
..

 
1 

..
 

84
 

1 
42

0 
11

 
1 

15
2 

15
6 

6 
2 

..
 

2 
7 

2 
31

8 
9 

25
42

 
70

 
15

 
11

09
 

11
25

 
22

 
17

 
8 

11
 

62
 

12
 

22
92

 
74

 

~ 
-
 -
 -
 -
 

~ 
__

_ 
_

_
 __

- 
-
-
 
-
_
_
.
-
_
c
_
-
_
_
_
_
 

_
_

 -
 

~ 
-
-
-
-
 

O
ff

sp
rin

g 
of 

yo
un

g 
fe

m
al

es
 

..
 

3 
1 

95
 

..
 

1 
1 

37
 

1
6

4
 

..
 

..
 

18
 

17
 

1 
1 

..
 

T
A
B
L
E
 

12
 

--
 
-
-
 

re
 an

d 
y 

R
ev

er
sio

ns
 

_-
 

Pe
rc

en
ta

ge
 of

 
re

ve
rs

io
n8

 

--
 

m
 s 

PE
D

W
R

EE
 

N
U

M
BE

R
 

12
83

 
12

32
 

12
85

 
12

96
 

12
99

 
13

00
 

13
01

 
15

47
 

16
84

 
16

64
 

17
27

 
17

28
 

17
30

 
17

31
 

17
32

 
17

38
 

16
07

 
16

46
 

T
ot

al
 

85
2 

~ 

25
8 23
 

39
8 

17
9 

17
2 

12
4 

25
0 

17
9 

10
1 40
 

42
 1

 
15

s 
15

9 
50

4 
11

9 
15

9 
73

8 
48

34
 

50
 7 .2 8 11
 1 7 12
 1 2 5 6 3 7 12
 2 2 21
 

15
9 

5.
9 

2.
7 

8.
7 

2 
.o

 
6.

1 .6
 

5.
6 

4.
8 .6

 
2.

0 
12

.5
 

1.
4 

1.
9 

4.
4 

2.
4 

1.
7 

1.
3 

2.
8 

3.
3 



3 T X  M .  UEMEREC 

" 

I 
l 

v, 
j. - 
g 
c* 
I! 

2 

* 

z 
S 
%, 
S, 

. .  .................................... 

- 
J 
9 

.d 

cl 
c: 

v 
3 
ry 
4 

i 

4 ... 
e - 

Y 
._ .rz 5 

z 
E 

W 

d 
bt  

S 
'U 

L 

, 
1 -  
i F  

" 

i 6 
z 5 
F 
5, 
-f 
6 
.2 
z :: 
E 

-+ 

U 

U 

. . _  . . . . .   . .  . . .  . .  . .  . 3 N  

l 
l - 

l 
! -  

l 



1IUTAHLK CHARACTERS 0 1 3 '  I>KOSOPHILA 379 

reversions was so low as to be almost negligible; and reddish-a of that line 
behaved more like a constant than like a mutable character. 

The evidence accumulated from the experiments with mutable minia- 
ture-a character of Drosophila virilis indicated that the mutablity of the 
miniature-a gene was affected by several other genes. It has been found that, 
in the presence of a certain dominant autosomal gene, an almost constant 
miniature-a becomes highly mutable. To determine if the absence of the 
proper modifying factor was responsible for the constancy of reddish-a, 
six crosses were made between reddish-a from the constant line and sepia 
yellow scute flies from the experiments in which reddish-a mutated with 
a high frequency. These crosses are marked with an asterisk on the 
chart. From the results i t  can be seen that the mutability of reddish 
-a was not influenced to any appreciable extent. Among a total of 9101 
flies, only two reversions were obtained (both of which were crossovers in 
the yellow-scute region). This makes it probable that the constancy of 
reddish-a was due to the gene itself rather than to the absence of factors 
which would increase the mutability. 

EFFECT OF THE AGE OF THE FEMALE ON THE FREQUENCY OF MUTATIONS 

In  the course of experiments with mutable reddish-a, i t  has been no- 
ticed that the proportion of reversions was higher among the first hatched 
flies than among the flies which hatched later. This difference in the pro- 
portion of reversions among the early and late hatched offspring could 
be accounted for in two ways. Either the reversions hatched sooner than 
the other classes, or the proportion of reversions was larger in the first 
laid eggs. To determine which of these two possibilities was more probable, 
a comparison was made between the offspring which came from the eggs 
laid by young females, and the offspring from the eggs laid by the same 
females when old. In  several experiments, pairs were kept in one set of cul- 
ture bottles until the first offspring began to hatch, and then they were 
transferred to new culture bottles. Offspring in the first bottles came from 
the eggs laid by the females younger than four weeks, and the offspring 
in the second bottles came from females older than four weeks. The 
summary of the data of eighteen experiments involving 49 females is given 
in table 12, from which it can be seen that, in all except one experiment, 
the percentage of reversion was larger among the offspring of young 
females. When the data of all the experiments are added, the percentage 
of reversions in the offspring of young females is three times the percent- 
age of reversion in the offspring of old females. 
GENETICS 13: S 1928 
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The result of this experiment indicates that the age of the flies influ- 
ences the frequency of mutations of reddish-a to wild-type. I n  old females, 
that frequency is appreciably lower than in the young females. 

CROSSING OVER AND REVERSIONS 

As has been already pointed out in one of the previous chapters, cross- 
ing over can not be responsible for the appearance of reversions in crosses 
with reddish-a. The behavior of reddish can not be compared with the 
behavior of bar in Drosophila melanogaster; where, as has been shown by 
STURTEVANT (1929, the appearance of unexpected wild-type flies was 
always connected with crossing over in the bar region. In  the case of 
reddish-a! (tables 2, 3, 12 and 13) about 87 percent of reversions are non- 
crossovers in the regions adjoining reddish. 

There is, however, a connection between crossing over and reversions 
of reddish-a. An examination of the data given in table 13 reveals a 
marked increase of yellow-scute crossovers in reversion classes as com- 

TABLE 13 

Male offspriizg of se y s, v/re f emales  showing the amount of crossing over in different regions. 

1 re  sc i Y S C V  

+ 
Reversions 

Total -I 
pared with the same crossovers of normal classes. 

-- 
7589 
7230 

195 
146 

50 
88 

1790 
1785 

___ - 

5 

2 
3 

255 
48 
45 

19,232 
_ _  _. 

_ _  - _ _ ~  

The values given in 
;able 13 are directly comparable, since all the data were obtained from 
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the same females. Unequal distribution of crossovers is still more evident 
from the analysis given in table 14, where the data for reddish and rever- 
sion classes of table 13 are brought together. From table 14 it can be seen 

TABLE 14 
Comparison between crossovers occurring in reddish and reversion classes. 

CLAS8E8 
PERCENT OF REVERSION8 

Reddish Reversions 

7589 
195 
52 

1790 

255 
0 

46 
48 

3 . 3  
0.0 

46.9 
2 . 6  

Totals I 9626 I 349 I 3.5 

that among the crossovers in reddish-scute region in 46.9 percent of possi- 
ble cases reddish-a reverted to the wild type. On the other hand, in non- 
crossover class reddish-a reverted in 3.3 percent of possible cases, in the 
sepia-yellow crossover class there were no reversions and in the scute- 
vermilion crossover class the reddish-& reverted in 2.6 percent of possible 
cases. 

From table 14 it could be seen also, that among 9626 reddish-a flies 
there were only 52 (0.54 percent) crossovers in reddish-scute region, while 
among 349 reversions there were 46 (13.2 percent)crossovers in the same 
region. The percentage of yellow-scute crossovers in reddish classes is lower 
than it would be normally expected. That deficiency, however, was probably 
caused by a poor viability of scute flies. An examination of the data 
given in table 13 shows that the scute class was in all except one case 
lower than its reciprocal class. A comparison of crossover percentages 
reveals that the crossing over in reddish-scute region was 24.4 times as 
frequent among reversions as among the normal classes. 

The data presented above indicate that almost one half of the crossovers 
in reddish-scute region were reversions, or, when examined from a different 
angle, they show that the crossing over in reddish-scute region was 24.4 
times as high among the reversions as among the normal classes. The 
observed facts may be accounted for in two ways: (a) by the assumption 
that the total amount of crossing over in reddish-scute region was not 
influenced by the occurrence of reversions but that the reversions occur 
about twelve times as frequently when the crossing over in reddish-scute 
region occurs than when there is no crossingover,or (b) by the assumption 
that whenever the reversion occurs in one out of about thirteen cases 
GEXETICS 13: S 1928 
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lessthan0.5 1 0 .3  
.5-1.0 0 .8  
1-2 1 1 .6  
2-3 2.3 

crossing over in reddish-scute region will occur also, irrespectibe o f  
whether this crossing over would have occured otherwise. According to 
the first assumption, it would be expected that the increase in  iht, frc 
quency of reversions would not change the total amount of crosover\ in  
the reddish-scute region, but would only affect their distribution between 
the reversions and the normal classes. According to the second assump- 
tion, an increase in the amount of reversions would alio rebult I t 1  the in 
crease in the total of reddish-scute crossovers. According to either of the 
assumptions, however, the occurrence of reversions is stimulated with 
the close association of homologous chromosomes in reddish-scute region 
at  the time when crossing over occurs. 

In table 15 the data arc summarized according to the amount of rever- 

TABLI 15 
Compurison beheeiz the frequency ojreoenions aihd the percentirge o j  crorbmg oLer zfi thc rr-ac regzon 

4594 
3103 
1348 
2436 

FREQWNCYOF j ' TOTAL NUMEEK 
AVERAQE REVERSIONS IN 

DlFmRENT EXPERI- 

MENTB. PERCBNT 
OF FLIES 

PERCENT 

PERCENT OF CROSSOVERS IN re-8c BBGION 

1 r eand( /  1 r,andyand 
Reversions 1 classes 1 reversioaq 

13.3 0 6 

9.5 1 0.5 
15.4 j 0 7 

10.7 ' 1 . 1  
6.S ~ 1 . I  
16.5 i 1 1 _ _  

0.7 
0.0 
0 . 6 
P .3 
1.2 
1.8 

sions obtained in different experiments. The results indicate that the 
amount of crossing over among reversions was approximately the same 
in the experiments which had a low frequency of reversions as in those 
in which the frequency was high. On the other hand, there is an indi- 
cation that in the experiments which had a high frequency of reversions 
there was an increase in the total crossing over as well as in the percentage 
of crossing over in the reddish and yellow classes. These findings favor the 
second assumption. 

It is unfortunate that i t  has not been possible to increase the amount 
of reversions much above five percent. The low frequency of reversions 
makes the reversion classes small and so prevents a more detailed analysis 
of the relation between the occurrence of reversions and crossing over in 
the reddish-scute region 

DISCUSSION 

From the evidence obtained in different experiments with reddish-a 
the most fitting explanation for the unusual behavior of that character 
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seemb to be the hypothesis that the gene for reddish-a reverts frequently 
to the gene for the wild-type. Several other hypotheses, which could ex- 
plain the origin of wild-type flies in crosses with reddish-a, fail entirely 
to stand the crucial tests. 

Any hypothesis explaining the behavior of reddish-a would have to 
assume that reddish-a is a sex-linked character and also an allelomorph 
of yellow. There can not be any question as to the validity of the first 
assumption. In  the numerous matings in which reddish was used it never 
failed to show the characteristic behavior of a sex-linked character of 
Drosophila. The assumption of allelomorphism to yellow is well supported 
by: (a) linkage tests, which indicate that reddish-a is located in approxi- 
mately the same region as yellow; (b) F, female progenies from crosses 
between reddish-a and yellow, which are always yellow; (c) Fz results 
from these crosses, where only reddish-a and yellow males were obtained 
if the reddish-a parent used in the cross was from a constant line; and (d) 
by the fact that the reddish-a and yellow affect the same character, as it 
is the case with all known allelomorphs. 

When reddish-a of a “mutable” line is crossed with yellow, all F1 
females are yellow, as expected; but among Fz progenies, in addition to 
yellow and reddish-a flies, a few wild-type individuals appear. The num- 
ber of wild-type flies varies in different cultures from zero to 20 percent. 
I t  is usually low, and rarely reaches above 10 percent. What is the origin 
of these unexpected wild-type flies? In  addition to the hypothesis that 
they are due to the change of the gene for reddish-a to the gene for wild- 
type, is possible that they might be a product of: (a) the variablity of red- 
dish-a; (b) recombination between reddish-a and yellow; (c) the complex 
nature of the reddish-a character; or (d) the abnormal behavior of chromo- 
somes. Let us consider these possibilities in detail. 

(a) If the exceptional wild-type flies were due to the variability of 
reddish-a, i t  would be expected that they would be genetically reddish-a. 
That, however, was not the case. A number of these flies was tested for 
two generations and they gave only wild-type progenies, without any 
reddish-a flies. 

(b) It has been shown by STURTEVANT (1925) that in exceptional cases 
unequal crossing over occiirs in the bar-region of sex chromosome of 
Drosophila melenogester, and results in the recombination of allelomorphs. 
Similar process occuring in the reddish-a region could produce the wild- 
type flies. In  that case, however, i t  would be expected that all wild-type 
flies would be crossovers. Quite the opposite was found, since only about 
GEVPTICP 13: C 1928 
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13 percent of the exceptions were yellow-scute crossovers, and almost 
none were crossovers in the sepia-yellow region. These results eliminate 
the possibility of the wild-type flies originating by unequal crossing over. 

(c) By assuming that the reddish-a character is determined by dupli- 
cate genes a scheme could be devised which would explain the appearance 
of wild-type flies. The abnormally small and variable numbers of the 
wild-type flies could probably be explained by the assumption of differen- 
tial viability. There are, however, other and more serious obstacles to that 
hypothesis. If the reddish-a character were determined by duplicate genes, 
one of them would be undoubtedly sex-linked and an allelomorph of yel- 
low, and the other or others might be either autosomal or sex-linked. 
If any of the genes needed for the expression of the reddish-a character 
were an autosomal recessive, reddish-a would not behave as a sex-linked 
character. If it is assumed, however, that the autosomal gene is a domi- 
nant one, i t  would be expected to segregate freely with the gene in the sex 
chromosome. The expected result would be that the wild-type flies 
would appear among the progeny of heterozygous males as well as among 
the progeny of heterozygous females. That was not the case. Males from 
the cross reddish-a by yellow produced no wild-type flies, while the females 
from the same cross gave wild-type flies. 

There are several reasons which eliminate the possibility oi reddid-a 
being determined by duplicate genes located in the sex chromosome. I t  
might be enough to consider one of them. If it is assumed that reddish-a 
is determined by two sex-linked genes, one of which is an allelomorph of 
yellow, then the wild-type flies observed in crosses between reddish-a and 
yellow, would constitute half of the crossovers between the duplicate 
genes determining reddish-a. I t  has been shown in table 11 that, in an 
experiment carried through sixteen generations, the average frequency of 
wild-type flies was about three percent. That would indicate that the 
other duplicate gene of reddish-a would have to be located about six units 
from yellow. If the wild-type flies were crossovers between the two dupli- 
cate genes it would be expected that all of them would be crossovers in 
the region six units on either side of yellow. The data given in table 1 0  
show that they are not crossovers in the yellow-vermilion region, and also 
indicate that i t  is very unlikely that they are crossovers in the region on 
the other side of yellow. 

(d) In  all experiments, reddish-a showed a strictly sex-linked inheri- 
tance that eliminates the possibility of the unexpected behavior of red- 
dish-a being due to an abnormal action of the autosomes. In  numerou5 
experiments made with reddish-a there was nothing to support the as- 
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sumption that the abnormal behavior of a whole sex-chromosome was 
responsible for the origin of the wild-type flies obtained in crosses with 
reddish-a. In table 16, the data are given which show that the wild-type 

TABLE 16 

Summary of experiments in  which dijerent regions of the original reddish-a chromosome were 
(Solid lime indicates the left-end of the original reddish-a chromosome and the represented. 

broken lime the replaced regions.) 

37,462 

4,549 

1,459 

15,686 

5,580 

4,214 

684 

84 

19 

223 

51 

35 

flies occured in the experiments in which the whole original chromosome 
carrying reddish-a! was present as well as in the crosses in which different 
parts of that chromosome were replaced by the parts from the other sex 
chromosome. From table 16 it could be seen that the small part of red- 
dish-a chromosome located between sepia and scute (about 3 units in 
length) was sufficient to produce the abnormality; and the data discussed 
on page 384 indicate that a gene, rather than a region of the chromosome, 
is responsible for the origin of the wild-type flies. 

Reddish-a was found to mutate in one direction only, namely, from 
reddish-a to wild-type. Tests involving a large number of progenies of 
reverted reddish-a failed to detect any mutation in the opposite direction. 
Moreover, the mutability of reddish-a was found to be limited to a very 
short period of development, which has been located a t  the maturation 
divisions of heterozygous females. No mutation was observed in somatic 
cells, in homozygous females, or in males. What could be the reason for 
that narrowly restricted mutability of the reddish-a gene? Experimental 
evidence does not give as yet any answer to this question. It may be 
possible that the restriction is due to the quality of the gene itself, or i t  
may be also possible that the reddish-a gene is potentially mutable in 
other periods of development, but that the stimulus which produces the 
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immediate change is lacking except at the maturation divisions of heten ,- 
zygous females. I t  has been found that the potentially mutable gene oi 
miniature-a behaves almost as a constant one until it is stimulated to 
mutate by some other gene. Two such genes were isolated; both autosomal 
dominants. Oneof them induces miniature-a to mutate with nigh frequency 
in somatic cells, but does not affect the mutability of germ-cells. 'rhe 
other one induces a high mutability of the germ-cells, not changing appre- 
ciably the mutability of somatic cells. Some condition similar to that 
found in the case of miniature-a would account for the restricted mutabili- 
ty of reddish-a. The attempt, however, to induce somatic mutabilitjr in 
reddish-cr by the gene which stimulates miniature-a to mutate -omatical- 
ly, was not successful. 

Restriction of the mutability of a mutable gene to limited periods in 
the development of the organism is not an unusual condition. IKENO 
(1923) described two recessive characters in Plantago, which when selfed, 
gave regularly a small number of the wild-type individuals. These wild- 
type plants were interpreted as due to reversions occurring at the forma- 
tion of gametes, or in the somatic cells closely preceding the reduction 
division. Mosaic plants, which would be due to mutations during the late 
somatic development, were observed very rarely, if a t  all.  Srnilarly 
IMAI (1925a) found that the cream-colored flower character oi' Pharbitis 
when selfed gave regularly about 6 percent dark colored plants. Variegat 
ed flowers were rarely observed. In a line of Antirrhinum, BNJK (1926) 
obtained regularly about 2 percent crispa plants. Crispa is a dominant 
character and lethal when homozygous. The origin of crispa plants could 
be interpreted as being due to the mutability of the gene for the wild-type 
to the gene for crispa. Since no mosaic plants were observed the mutabili- 
ty in this case was probably limited to maturation divisions. IMAI (1925b) 
described a mutable character in Pharbitis which had the gametic fre- 
quency of mutations of 0.40 percent, and the somatic frequency of 0.17 
percent. In Delphinium (DEMEKEC 1927b) a character is known which 
mutates with high frequency in the early stages of the development of 
plants, and with very high frequency in the late stages of development, 
but does not mutate a t  all or mutates with a very low frequency in the 
intermediate stages. The difference between the mutability oi reddish-a 
and the mutability of the genes just mentioned appears to be only in the 
fact that the period of the mutability of reddish-a is still more limited 
than the period of mutability of these genes. Consequently the difference 
between the mutability of reddish-a and such genes producing variegation 
in plants would be that these genes mutate a t  all stages of the develop- 
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ment, while reddish-a mutates a t  the maturation divisions of heterozygous 
females only. 

An attempt has been made (CHITTENDEN 1927) to explain the behavior 
of variegated pericarp of maize and other similar variegations found in 
plants as due to the plastid inheritance. The reddish-a case, however, is 
distinctly chromosomal in inheritance and any hypothesis to explain the 
observed behavior as being determined by cytoplasm seems to be 
inconceivable. 

SUMMARY 

Reddish-a was found in two sister matings in the backcross involving 
the character branched as well as concave approximated and telescoped. 
In  one of the matings, about one half of the males were reddish; and in 
the other only one reddish male was found. The possibility is not excluded, 
but the probability is low, that the single male came as a contamination 
from the culture which had many reddish males. 

Reddish-1 was found (by Miss M. MOSES) seventeen months later in a 
mating involving the same characters as the one in which reddish-a was 
found. The branched used in the second case had a different origin from 
the branched used in the first case, but the concave approximated tel- 
escoped flies came from the same line. 

To test the possibility that in the concave approximated telescoped 
line mutations to reddish occur frequently; 16,980 offspring of the back- 
crosses involving branched, approximated and telescoped characters were 
examined. No reddish flies were found. 

Both reddish-a and reddish-1 are sex-linked and allelomorphs of yellow. 
In  Fz generations from crosses between reddish-a and yellow, in addi- 

tion to reddish-a and yellow flies, few wild-type ones appear. Experi- 
ments indicate that these wild-type flies are not due to crossingover be- 
tween reddish-a and yellow, that they are not due to the abnormal be- 
havior of chromosomes, nor to the complex genetic nature of reddish-a. 
They are interpreted as being reversions of the gene for reddish-a to the 
gene for wild-type. 

The wild-type flies which originated as reversions from reddish-a are 
genetically constant. 

Reddish-I does not revert to wild-type. 
Reddish-a reverts to wild-type only in females which are heterozygous 

for reddish-a and one of its allelomorphs, namely, wild-type, yellow or 
reddish-1 . No reversions were observed in somatic-cells, in homozygous 
females, or in the males. 
GENETICS 13: 5 1928 
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The frequency of reversions was found to be very variable. It de- 
creased from 12.4 percent in the second generation after the origin of the 
reddish-a, to zero in the seventh generation. 

By using for matings flies from cultures which gave the highest number 
of reversions it has been possible to keep the frequency of reversions for 
sixteen generations a t  about three percent. 

A positive relation was found to exist between the mutability of the 
parent culture and the mutability of the offspring. 

A line was isolated in which reddish-a behaved as an almost constant 
character. 

The age of the female reduces the frequency of reversions. 
It was found that, in the classes which originated by reversions, the 

crossing over in the yellow-scute region was increased 24 times over the 
normal amount. An analysis of the data indicates that the force which 
influences the reddish-a to revert to the wild-type at the same time 
causes the increase in the crossing over in the yellow-scute region. 
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