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SPECIAL ARTICLES 
THE BAR "GENE" A DUPLICATION 

THE nature of the B a r  gene has been the subject of 
extensive investigation and speculation since February, 
1913, when Ticel found this reduced-eye mutant a s  a 
single male i n  the progeny of normal-eyed parents. 
The eye-reduotion behaves as  a sex-linked dominant, 
with a locus a t  67.0, and has been one of the most im- 
portant of all the sex-linked characters of D. melalzo-
gaster. A remarkable peculiarity of the mutant is that 
occasionally the homozygous stock gives rise to a fly 
indistinguishable in appearance and genetic behavior 
from wild-type.2 More rarely the stock give's rise to 
a n  even more extreme reduction in eye-size, a type 
which was called Ultra-Bar by Zeleny," who found it. 

Sturtevant and Morgan4 and Sturtevant5 found that 
these two-way changes were the result of a novel type 
of "'unequal" crossing-over, by which the two genes 
originally present in the two parental chromosomes 
both emerged in the same chromosome (Bar-double) 
while the other resultant chromosome was without B a r  
(Bar-reverted). The from Bar to 
was considered t o  be a single gene duplication, while 
the converse change, from Bar  to Bar-reverted, corre- 
sponds to a one-gene deficiency. Since the Bar-re- 
verted proved to be the 
normal unmutabd wild-type, the gene present in  B a r  
and lost in Bar-reverted must 
to a new addition or  one-gene d ~ p l i c a t i o n . ~  

Sturtevant" found the unexpected "lation that two 
B a r  genes in  the same chromosome (BB/B+) gave a 
greater reduction in the size of the B a r  eye than did 
two Bar genes in 'pposite chromosomes (B/B)7 an 
intensification of action which he formulated as  a 
"position effect." Dobzhanslry7 interpreted his allelic 
Baroid mutant a s  a position effect due to the substi- 
tution of material a t  o r  near the Bar-locus (in the 
normal X)  by material translocated from the right 
limb of chromosome 2, and the reduction i n  the B a r  
eye to the interaction between a gene in the X chromo-
some and the duplication. 

A to 'Iear UP Some the puzzles as the 
origin and behavior of 13ar was offered by the salivary 
chromosomes. Study of the banding in a stock of B a r  
(forked Bar )  showed that an extra, short section of 
bands is present in  excess of the norma1 com~lemcnt, 
forming a duplication. The insertion point of this 
duplication is in  the bulbous "turnip" segment, not f a r  
from the basal end of the X.8 
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The exact point of the insertion is ambiguous, for  a 
reason which will appear below. The normal X in this 
region (see revised map in Fig. 1 )  shows i n  sub-sec- 
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tion 16A a heavy which in well-stretched chro-
mosomes, o r  y i th  c e h i n  fixations, is a clear doublet, 
usually with the halves united in  a capsule, but ocm- 
sionally completely separate. This is  followed by a 
very faint dotted line, which can be seen only in  the 
mostfavorable conditions. Next follows a fairly weak 
line which is distinctly in texture, with the 
separate dots loosely connected across the of the 
chromosome. Next follows closely a still fainter, dif- 
fuse, continuous-textured doublet, with the doubleness 
generally appearing a s  mere broadening. The last line 
of sub-section 16A is again a very faint dotted singlet. 
Sub-section 16B star ts  with a sharply discontinuous 
line of fairly heavy dots or vesicles and is a line very 
easy to recognize. The greatest width of the bulbous 
segment 16A is at the two fairly weak bands, while 
very sharp change in size occurs at the transition 
from 1 5 F  to 16A. 

In the chromosome the condition may be de-
scribed observationally as the repetition of 
16A, with the exception of the final very faint dotted 
line. But  the whole region of this bulb has undergone 
changes in the Bar ~hromosomeas follows: the 
of the bulbous segment is more pronounced and its 
size is increased; the banding is  more diswntinuous by 
being broken into bloclrs and vesicles, and the r e g -  
larity of ,synapsisis disturbed by oblique junctions. 
~ hin B~~the heavy doublet following the last faint ~~ , 
dotted line of 15F is more segmented than normal and 
more rarely shows its doubleness clearly. This ten-
dency is more pronounced i n  the heavy broken line of 
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the repeat seriation to the right. All the lines of the 
repeat seriation to the right differ from the corre-
sponding lines of the initial seriation by being some- 
what less intense, more broken, more diffuse and more 
confused in their synapsis relations. 

I n  a forked non-Bar stock recently derived from the 
above forked B a r  stock by breeding from the rare Bar- 
reversions, the banding was found to be precisely iden- 
tical with that of unrelated normals as f a r  a s  could be 
observed in excellent permanent preparations of well- 
stretched chromosomes. 

I n  a forked Bar-double stock, similarly derived from 
the same f B stock by breeding from the very rare  
"Ultra-Bar" type of eye, i t  was found that the extra 
section observed in B a r  was present still again, giving 
a thrice-repeated seriation in direct sequence. The 
changes differentiating B a r  from normal were carried 
further in Bar-double, as  follows: The size and puffi- 
ness of the bulbous regions was still greater, as  well as  
the blockiness of the banding and irregularity and 
obliqueness of the synapses. These disturbances were 
greatest in  the middle one of the three seriations. 

These findings enable the B a r  ('gene" to be reinter- 
preted a s  a section of inserted genes-a duplication. 
The production of Bar-double and of Bar-reverted is 
seen to be the insertion of this extra section twice, or 
conversely, its total loss-both presumably by a process 
of unequal crossing-over. That the section of bands 
should behave as a unit in  this process is perhaps ac- 
counted f o r  by the observation of oblique synapsis, 
especially frequent in  Bar-double, where presumably 
one entire sequence synapses with another of a differ- 
ent position in  the series of three. The oblique syn- 
apses were even more frequent in  BB/B+, where one 
series in  B+ has a choice of three series in  BB, appar- 
ently usually synapsing with one or the other end 
series. 

According to this interpretation the source of the 
duplication is the material directly adjacent to the 
repeat. But  whether the point of insertion preceded 
the heavy doublet of 1 6 A l  or  the very faint final 
singlet of 16A5, can not be determined. I f  Bar  is 
itself a repeat, a reason is thereby provided f o r  its 
unique behavior of giving rise to  Bar-double and Bar- 
reverted by oblique synapsis. Perhaps half of the 
Bar-reversions carry the original serics and the other 
half the subsequent repeat restored to its original 
position. 

On this interpretation, the "position effectv-the re-
inforcement of the action of one Bar  gene by another 
in direct sequence next to it-has a visible cytological 
accompaniment in the increased size and puffiness, and 
the change in the character of the banding of both 
series in Bar  as  compared with normal and of all 
three series in Bar-double as compared to B a r  itself. 

P a r t  of this is presumably due to the ('rounding-up" 
tendency of the synaptic attraction along the chromo- 
some in addition to the oblique attractions and the 
straight-across attractions. 

The Bar-eye reduction is thus seen to be inter-
pretable as the effect of increasing the action of cer-
tain genes by doubling or  triplicating their number-a 
genic balance effect. But  "position effects" are  never 
excluded when duplications or other rearrangements 
are  present, either in  the wedging further apar t  of 
genes normally closer, o r  by the interaction with new 
neighbors. The respective shares attributable in  the 
total effect to the genic-balance change and to the 
position-effect change seems to be a t  present a matter 
of taste. 

Study of the Baroid translocation apparently shows 
that the break in X comes between the two halves of 
the heavy doublet of 16A1. The break in 2R follows 
directly after the heavy capsular doublet of 48'21. 
Thus a demonstrable basis is laid f o r  Dobzhansky's 
interpretation of the Baroid eye-reduction as  a posi-
tion e f f e ~ t . ~  

The previously reported findings of the presence of 
"repeats" as  a normal part  of the chromosomes of 
D. rnelanogaster, and the suggestion that unequal 
crossing-over is probably the mechanism of production 
of some short repeats, thus have received ample verifi- 
cation by these direct observations on these processes 
in the case of Bar  and its derivatives. 

A NEW METHOD FOR TESTING THE SENSE 

OF SMELL AND FOR THE ESTABLISH- 


MENT OF OLFACTORY VALUES 

OF ODOROUS SUBSTANCES 


INa series of experiments we have found that if 
odors are  injected into the nasal passages in  sufficient 
volume and with sufficient force, they can be recog- 
nized even when the breath is being held, and in papers 
recently published1 two procedures fo r  the examination 
of the sense of smell were described, which are  based 
upon this new principle. 

The apparatus used consists of a wide-mouthed 
bottle, which is closed by a rubber stopper through 
which pass glass inlet and outlet tubes. The end of 
the outlet tube has a rubber connection f o r  the attach- 
ment of a nosepiece, and the rubber connecting tubo is 
closed by a n  ordinary pinchcock. The nosepieces are  
Y shaped, so that  the nosetips a t  the ends of the 
branches of the Y can be inserted into the nostrils. I n  

1Bulletin of the Neurological Institute of New Pork, 
Vol. IV, Nos. 1 and 2, 1935. 


