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A GENETIC AND CYTOLOGICAL ANALY SIS OF A TANDEM DUPLICATICN
AND ITS INCLUDED LOCI IN DROSPHILA MELANOGASTER

I+ The Star and Asteroid ILoci.

Introduction

In general the action of a gene appears to be either
unaffected by a substitution in a neighboring gene in the same
chromosome of one allele by another, or, at least, not to be
affected in a way other than would occur if the replacemment
were made in the opposite chromosome. On the other hand, if
8 gene is brought into a new genetic enviromment as a result
of a chromocsomal rearrangement occurring near it, then it
sometimes happens that the effect of that gene 1s altered,
without, and this has been proved in some instances, a change

in the gene itself.

The former statement can perhaps be reconciled with
the latter as a result of studies of the two closely linked
loci, Star and asteroid, in the second chromosome of D.
melanogaster. For, as will be shown, the results constitute
an important exception to the former statement; they show that
a mutant at one of these loci acts differently according to
whether the replacement of an asllele at the other locus is
made In the same or in the opposite chromosome, other conditions
.being constant. The existence of such a relationship suggests
that position effects, associated with certain types of
chromosomal rearrangements, may be phenomena restricted to

regions which show a similar relationship.



I. The Star and Asterold Locli.

The Star Locus

Star is a dominant mutant at 1.3 in the second
chromosome. Some twelve spontaneous occurrences have been
recorded (Drosophilaklnformation Service: 9). In What
follows, the symbol, S, refers to Star-l, which was found by
Bridges and analyzed by Bridges and Morgan (1919), and Stern
and Bridges (1926). S / + has a slightly reduced eye with
irregularly shaped facets and disarranged facet hairs;
infrequently, 1t may overlap wild-type. A photograph of a
type nearly if not indistinguishable from S / + is shown in
Fig. 2. S/ S is lethal. By itself, S is probably without
2 detectable effect on the wing venation; however, in
combination with net or plexys, it partially suppresses the
extra venation characteristic for those mutants, while in
combination with Hairless, i1t enhances the interruption in

certain wing veins characteristic for that mutant.

Bridges (1936) has reported that S is apparently normal
in the salivary gland chromosomes. J3ince the locus of 2 1is
now known to lie in the region of the 21 E 1-2 doublet, S has
been reexamined, as have also two other alleles, 82 and SR,
paying particular attention to this region. No visible

disturbance was found associated with any of these alleles.

The Asteroid Locus

At least four recessive, rough-eyed mutants have been



found in the left end of the second chromosome, which,
ooposite S, elther further reduce the size of the eye and
increase 1ts roughened appearance or produce lethality.
Evidence to be presented shows that at least three of these
are at a separate locus very close to the right of S. This
new locus has been given the name, asteroid (ast)}, because
of its similarities with the S locus. When used speciflcally,
the symbol, ast, refers to asterold-l. Two alleles, ast and
ast4, have been studied in most detall. The symbol, astz,
refers to a possible allele of this series, but 1t has not
been excluded that it 1s a recessive allele of S. Ast® and
ast3 both arose in, and have not been separated from, the

Curly inversion chromosome.

A rough, arblitrary system of grading has been adopted
to represent the eye effect in the varlous possible combinations
of the ast alleles and S. The results are shown in Table 1,
Wild-type 1s taken as Grade 1, and increasing numbers indicate
decreasing size and increasing roughness of the eye. Grade 2
has a very slight roughening. Grade 3 typifies S/ + . An
example of Grade 5 1s shown in Fig. 5; Grade 6 is based on a
type similar to that shown in Fig. 7; and Grade 8 is shown in
Fig. 3. Grades shown in parenthesis in Table 1., indicate

the approximate extent of varlability around the chosen grade.

It is also lmportant to consider qualitative differences

which dlstinguish members of the ast serles of alleles.



Table 1.

A Hough Grading of Eyes of Combinatlons
of +, S, and ast alleles.

+ +
(see text for desciption.)
+ +* i 3
1 “ gaps at the tips of longitudinal
veins.
+ ast4 ‘s
““extensive losses in longitudinal
veins.
ast4 1 1
(1-5) %
+ ast
ast 1 \ ( g ) 5%
(1-2 1-5) % (17
) + eu:xt:5
astd 1 2 5] 5
(2-3) (5=6) (5=6) o
+ ast
2
ast 1 3 6 5 5
‘ (3-5) (6=7) (5-6) (5-6)
?-sterile 8 +
+ 3 g % g % 7 lethel lethal
(2-3) | (3-6) (6-8) | (7-8)

viabilit
ST AM




Ast and ast%, in the combinations with themselves
or with S, have an effect on the wing venation. S + / + ast4
and ast / ast frequently show a loss of the tips of any or
all of veins, L2 - L5, similar to that shown in Fig. 7.
S + / + gat shows extensive interruption of these velns as
can be seen in Fig. 3. All combinations involving ast or ast?
have, in general, good viability and fertility; although S + /
+ ast usually hatches with wild-type, its chances forksurvival
are greatly reduced under unfavorable culture conditlons.
Ast® and astd are more similar to eaﬁh other than to ast or
ast% in their general effect; they do not affect the wing
venation, they are more constant in expression, and they
show peculiar lethal effects with S. S + / + ast? is always
lethal although ast? / ast? is viable (but sterile in the
female). S + / + astd has a viability of around 40% as
compared with wild-type, but after emergence it has a better
survival than S + / + ast, presumably due to the absence of

a wing effecte.

The possibility that modifiers at other loci are a
complicating factor in the phenotypic expressions discussed
above has been excluded rather rigorously for ast and to

some extent for astz, astd, and ast?,

Ast arose either from + or 8 but the latter is
improbable. Ast2 and astd probably arose in a normal
Curly inversion chromosome. Astd appeared as a single

ast® ho / al 8 ho male smong approximately 15,700 (€y)



offspring of al ast ho / ast females mated to al S ho / Cy
males ( al = aristaiess, O;O ; ho = heldout, 4.,0). A
similar experiment conducted at 30° C. produced an allele,
closely resembling ast4, but whose origin was not associated
with crossing over in the al - ho region. Here the total
number of offspring in which ast4 could be detected was only
1,513. Unfortunately, this possible reoccurrence of ast? was
lost before fully tested. It 1s unlikely that ast mutates

to ast4iwith an appreciable frequency, for many cases which
resembied such a mutation have been found in other experiments
and have proved, on testing, to be the result of the normal
variability of ast. It should also be added that homozygous
ast females have produced no reversions of ast to wild-type
in over 80,000 offspring in which reversion could be detected
had it occurred.

The 8salivary gland chromosomes show no evidence for
chromogomal rcarrangement accompanying aat, astQ; astd or ast.
They have usually been examined opposite a normal chromosome
as well as homozygous; ast has also been examined carefully
in unpaired chromosomes. Throughout this analysis, as with
the S alleles, special attention was paid to the region of
the 21 E 1-2 doublet which probably includes the ast locus,

as well as the S locus.

The Evidence for an Asterbid Locus
Preliminary linkage data placed ast near if not at the S

locus. Extensive data summarized in Table 2., represent part



1.

2.

Se

4,

5.

Inversions

Mating Heterozygous in
Parental ¢
al S + ho
T T EsEF 0% al ast ho d
" @ ¥ al S ho g unknown
Cy
net + S + + dpcl , In(1l)dl=49,
+ al + ast ho + + In(2R)Cy, and
2 in ca % 99
x In(2L)Cy, ast® o In(3L+3R)P.
na‘t+8‘++dpclgﬂ |
¥ ¥ asteho + + In(1)dl-49
2 and 1in ca 29Q
x In(2L)Cy, ast s In(31I4+3R)P.
al S + ho ++9'
¥+ ast® + dp cl In(1)dl=-49,
In(3LR)sepe.

X al est ho

+ 82 + In(2L0t o
atzrm-ﬁ{'z%* In(1)d1-49,

In{2R)Cy, and
()gyggn

al 8 ho d in ca
* Ty, E3°€ In(3LR)sep.

Total®

51,106

2 x 15,367

2 x 7,664

o

17,334

"Wild-type"
Crossovers #¥#

4
(3, ho)

15
(12, al dp cl)

2 (dp ecl)

1 (ho)

v
(4, al2In(2L)t

Frequency

0.01%

0.046%

0.01%

- -

0.04%

* The total number of offspring, based on the most viable class, in which st ast+

could be detected.
#The number and constitution of those fully tested is indicated in parenthesis.

Pable 2 + The frequency of "wild-type" crossovers between Star and asteroid.



of the evidence that the ast locus 1s close to the right of
S. Fifteen established "wild-type" crossovers between S
and ast were recovered from S + / + ast females, in Matings
1. and 2., Table 2. Three such crossovers were obtained
from S + / + ast? females in Matings 3. and 4. Four were
recovered from S° + / + ast® females in Mating 5. A
- consideration of the strategic marker genes used in these
matings and the composition of the "+" crossovers with respect
to those markers shows that in every case the results are
consistent with the assumption that the ast locus is to the
right of S. The region to the left of S (1.3) was marked by
al (0.0) and / or net (net, 0.0-). The closest mutant to
the right of ast was ho (4.0); in Mating 5., the closest
"marker" to the rlght of ast was the left break point of
In(2L)Cy which is closer to ast then ho, as can be seen in
Fig. 8, from cytological evidence. The mutants, dp (dumpy,
13.0) and ¢l (clot, 16.5), were used in some cases. The
alternated use of many marker genes close to the left and
right of S and ast served to minimize the possibility that
any of the "+" crossovers were due to contamination or that
they represented reversions which were agssociated by chance
alone with crossing over.

Although testcrosses were not employed in Table 2., the
genetic composition of most of the "+" types was determined
by obtaining them in the homozygous condition or by testing

them to the marker mutants. In addition, some of the "+" types



were tested against all of the ast alleles, to S, and to
deficiencies for S. There was no evidence from those tests
which contradicts the assumption that the "+" crossovers
carry a normal allele of S and a normel allele of ast.

The frequency of "+" crossovers obtained in Table 2.
varied between 0.01 - 0.046%. The higher frequencies were
undoubtedly due mainly to the use of females which were
heterozygous for inversions in some or all of the chromosome
arms other than 2L; namely, X, 22: 3L, and 3R. It is sufficient
to note here that such a procedure is known to give a sig-
nificant increase in crossing over in the al ~ ast region,
and, in general, -that the increase ls probably related
‘directly to the number of inversions used and to their
effectiveness in reducing crossing over in other arms. Where
known, the exact inversion set-up in any one experiment has
been specified in Table 2. and other similar tables.

A salivary gland chromosome analysis of two of the
"4 tvpes from Mating 2., as well as the two cases from
Mating 3., failed to show any departure from normal. In the
case of Mating 5., four "+" types were apparently normal
cytologically with respect to the S region and carried In(2L)t,
as expected on the basis that they represent crossovers
between 3° and ast.

Technical difficulties arising from the association of
SR and ast® with In(2L)t and In(2L)Cy, respectively, prevented

a study of their cdpssing over relationships with respect to



ast, ast%, or S. However, the results of Mating 5. would
indicate that S° is probably an allele of S and not a
dominant allele of ast; similarly, is probably an allele of

S and not a dominant allele of ast; similarly, ast® is an
allele of ast rather than a recessive allele of S. It should
be noted that in Matling 5. there is a complicaetion due to the
presence in the parental female of the two closely overlapping
inversions, In(2L)t and in(EL)Cy; however, there was llttle
or:‘éecrease in the al - ast recombination valuwe, which was
2.6%, or actually higher than the standard value, 1.3%,
presumably due to inversions in other arms.

At first, attempts to recover a crossover complementary
to "+" types having S and ast, or S and a3f4, in the same
chromosome falled. These experiments presented in Table 3.,
Matings 6. and 7., were conducted on the assumptlion that S
ast / + + and S ast? / + + would resemble phenotypically
3+ / + ast and S + / + ast?, respectlvely, or that they would
be at least more extreme than S+ / + + . In Mating 8., use
was made of a suppressor of 8§, Dp-3 (see Pﬁrt IT.), in the
parental male on the basis that it might permit the survival
and detection of any types more extreme than S ast¥. o
complementary types were detected, however, in these'experiments
among a total of 11,141 offspringe.

From independent experiments on the Star Duplication,
Dp~S, described in detail in Part II.), a stock was available
whose composition, with respect to the duplication was:

( S ast)( + ast) ; this notation indicates that the reglons
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Mating

net + 8 + + dp cl Q

+ al + ast ho + +

net 8 +

+ dp ¢l

x al ho d

¥ F gapd O + T

net + s <+

x al ho ¢

+ dp cl Q

+ al + ast ho + +

x al Dp=S ho J

+ al (S ast)(+ ast) ho + +

net + + asv

al (S ast)(+ ast) ho + +

+ dp cl

x 8l ho d

ot gpt4

+ dp cl

@

Q

x al ho 9,net d, & net ho d

al (S ast)(+ ast) ho + +

T+ ¥

+ dp cl

Q

x al ho ¢, net &, & net ho o

Inversions
(see Table 2.)

In(1)dl-49,
In(2R)Cy,

In(3L)P,In(3R)C.

In(1l) dl -4s,

& in some

as in 6.

In(l)dl-49,
T(2;3)Me,
In{3LR)sepe.

In(1l)dl-49,

T T(2;3)Me, -
& in eca e

In(3LR)8epe

Total S ast/+ +, or
Progeny

3,008

2,914

6,222

4,864

1,631

6,667

8,390

S astd/+ +*
0
0
0
3 (2,
al S ast dp

2 (1,

al S ast dp cl)

3 (al

S ast4 dp cl)

2 (1,

al 8 + dp cl)

Freqe.

0.06%

0.1%

0.05%

%¥aplthough these types may have oceurred in Matings 6, 7, and 8, they were only

detected in Matings 9 and 10.

Table 3.

The recovery of S ast and 8 ast?.



in parentheses are duplicated In tandem, direct order in the
same chromosome and that the left region contains S and ast
while the right section contains 3% and ast. In as much as
( s ast)({ + ast) / + is "wild-type," this duplication
suggested an indirect way of obtaining S ast and S ast?, By
mating females of composition, (S ast)( + ast) / ast and

(S ast)( + ast) / ast%, to S™ astt males, Matings 9. and 10.
Table 3., a few "S / +" phenotypes were recovered among
otherwise normal-eyed offspring.

Upon further testing of some of these " 8 / +" types,
they proved to be S ast / + + in the case of Mating 9., and
S ast4 / + + for those from Mating 10. Their origin may be
visualized in the following manner, which assumes that
unequal crossing involving the left region of the duplication
has occured between the S and ast loecil, or possibly between
ast and the break‘point of the duplication for the origin of

S aste

( 8 ast )}( + ast ) or ( S ast )( + ast )
+ asat o+ a3t4:

As a "control" one substantiated case of S ast™ was
récovered from (S ast)( + ast) / + females, Mating 11. The
frequency here is omitted because of classification difficulties
arising from the presence of the third chromosome dominant,
Hairless, which was used in this experiment only and which
slightly suppresses the " 8 / +" type of eye. Therefore some

of the desired types riay have been missed.
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Although S ast / + + and S ast? / + + are phenotypically
indistinguishable from S + / + + , their true composition was
revealed by extracting from S ast / + + or S ast® / + +
females as a result of crossing over, an unchanged ast and
an unchanged ast4, respectively. This was done for each of
three separate occurrences of S ast derived from Mating 9.,
and for each of two separate occurrences of S5 ast? derived

from lating 10. The results are summarized in Table 4.

It is also interesting to note that an unchanged ast
was recovered from a S ast type,derived from Mating 9., by
a procedure shown in llating 15., Table 4., analogous to the
method by which S ast was originally recovered. Its origin

may be visualized as follows:

( + ast ){ + ast )
'S ast ‘

Here the derived product, ' ast, carries the normal allele
of S which was originally presen% in the left section of Dp-S.
The results of the latter experiment indicate again that

no unexpected complications have arisen in using Dp~S to
obtain the S ast and 3 ast4 crossovers. Nevertheless, it

is desirable to obtain those crossovers without the use of

the duplication, if possible.

A practical solution to this problem was reached
by making use of the fact that S ast4 / + ast has a
sufficiently larger eye (Fige. 7) than S + / + ast (Fig. 3)

to make feasible an attempt to recover S asf4 in the Fy of a



Mating Inversions Total "agt" or al - ast *J
(see Table 2.) | Progeny® ["ast4" types | Freq. Recombination
12 al S ast dp cl Q . ]
F ¥+ + F +
o s T(2;3)Me. 2 x 2,304 1 0.02% —~—-
x In{(2L)Cy, al” ast” d (ast dp el)
15. 48l S ast + dp el o
netr ¥+ + ho + + In(1)al-49,
x al ast ho d . Dp(2;3) = 2 x 1,254 1 (net 0.03% 3.9%
& In(2L)Cy, al? ast® & T(2;3)Me. ast dp cl) (48/1,254)
l4, + 2] S ast + d.pc:!.9
net + + + nho + +
3 as in 13. 2 x 340 1 (net 0.1% ——
x In(2L)Cy, 212 ast® o ast dp cl) .
15. net + Sast  dp cl ¢ |
+ al(+ ast)(+ ast)ho In(l)dl-49,
o 3 In(1)AN, 2 x 996 1 (a1 0.05% -
x In(2L)Cy, al® ast® ¢ T(2;3)Me. ast dp cl)
16. + al 8 ast* + Q “
net + + +  ho as in 13. 2 x 1,844 2 (net 0.05% 3%
2 3 ast4, 1) (68/1,8486)
x In(2})Cy, al® ast® o
e + 8l S ast? +dpel, ,
'net ¥ + + ho + + as in 13. 2 x 910 2 (net 0.1% 6.0%
o 3 astd dpel) (56/912)
x In(2L)Cy, al” ast”
* Calculated from most viable class, asts/ + .
| 13,504 7 0.05% 4.3 + 0.3 %

Table 4. The Recovery of ast and ast? from 8 ast and S ast4, respectively.



11

cross of S + / + ast? females to ast males. The experiment
was carried out by mating al S ho / ast? dp cl females to

al ast ho males. This experiment is identical with that

shown in Mating 4., Table 2., where it was desirable to
include only the "+" crossovers. Total counts were not made
and no ablemplt was made to recover all of the "+" types that
may have occurred, but one case of the latter was obtalned
which had the composition: St astt ho. Three complementary
crosgsovers having S and ast? in the seme chromosome were
detected and had the expected composition: al S ast4 ho™

(not tested for dp and c¢l). They proved to'be indistinguishable
from the S ast? types recovered indirectly by the use of Dp-3S;
i.e., further testing showed that opposite ast each of the
three cases gave a significantly larger eye than S + / + ast.
It should also be noted that several cases were found which
resembled S ast4/ + ast but which proved on testing to have
been the result of the normal variability of S + / + ast.

The frequency of S ast4 crossovers from Mating 4. can
be roughly estimated from the fact that, although totai counts
were not made, 83 &l ast crossovers were recorded. The
proportion of the total crossovers between S and ast?¢ to
the total crossovers between al and ast4 may be estimated
as 3% ( 3 /86 )« As will be seen in the next section this
result agrees well with calculations of a similar proportion

from other datae.



12

From Mating 4., the single "+" crossover was tested
against one of the complementary, S ast4, crossovers obtained
from the same experiment. In thls cruclal test the "+"
crossover behaved exactly like S* ast™ in the sense that over
8 ast% the eye was indistinuishable from S ast* / + +. This
result also held for similar tests of "+" crossovers obtained
from S + / + ast (Mating 2.) or S + / + ast?® females (Mating 3.)
when either of such crossovers was tested opposite the S ast

and S ast% crossovers recovered by the use of Dp-S.

The behavior of S ast in all combinations tried is
not sufficiently disfinct from S ast? to make practicable an
attempt to recover it directly from S + / + ast females.
Moreover, there is little necessity for such a direct recovery

since S ast? has been obtained by an analogous procedure.

No attempt was made to recover RZ &st5 from 3% + /
+ astd. Techniecal difficultics also prevented the posasible

recovery of S astd by the Dp-S method.

It is assumed without proof that ast, ast4, and astd
are allelic to each other. This is consistent with the
origin of ast% from ast, the linkege relations of ast and

ast® to S and the linkage relations of ast3 to S2.

All matings in Tables 2., 3., and 4. with the exception
of Mating 5, employed only one parental female per culture.
An analysis of the date shows that there 1s no significant

evidence for grouping of eitvher type of crossover, which permits
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the conclusion that crossing over between S and ast occurs
at the same time as normal crossiné;&r

The Map Distance Between Star and Asteroid

Inspection of Tables 2., 3., and 4. shows that a‘total
of 38 crossovers between the Star and asteroid loci have
been established. MNuch of the data was obtained from females
heterozygous [for lunversions ( or translocatlon) 1ln some or
all of the other chromosome arms, since such females show an
increase in the frequency of crossovers between S and ast.
On the assumption that this increase is roughly proportional
to a concomitant increase in the al - ast region the proportion
of crossovers between al and ast which occur between S and
ast has been calculated for those cases where data is

available.

A summary of Matings 13., 16., and 17., Table 4. gives
a value of 3% ( & /v172) for this proportion. This is
consistent, considering the small numbers involved, with a
value of 1% ( 2x0.01 / 1.8 ) obtained from Mating 1.,
' Table 2., where the al - ast recombination was 1.8% (112 /
6,202 ) or slightly higher than the standard al ~ S of 1.3%.
As already described =a value.of 3% for this same proportion‘
wag found in Mating 4. A rough estimate therefore of the
map distance from S to ast i3 1-3% of 1.3% or 0.0l - 0.04
standard map units. The lower value would be more nearly

correct if the presence of inversions in other arms results



14

in a relatively greater increase in the S - ast distance then

in the al - ast region as a wholee.

Matings 9., 10., 11l., and 15. are more difficult to
analyze for frequency data since they are complicated by
the presence of Dp~S. On the other hand the results are
valuable for an analysis of unequal crossing over in Dp-S

heterozygotes, which is presented in Part IT.

No systematic study has been made of the effect of
single, or combinations of, inversions, heterozygous in
other chromosome arms, on crossing over ln the sl -ast region.
The aim has simply been to introduce into each mating as many
inversions as was practicable at the time. They were chosen
for thelr probable effectiveness in reducing crossing over
in the arms involved, and, for the most part, only those were
chosen which could be easily followed genetically with the
use of markers; in no case did these markers interfere with

critical classificationse.

An indication of the effectiveness of the inversion
method is given from a sumary of Matings 13., 16., and 17.,
Table 4., which used identical inversions in other arms.
Here the al ~ ast recombination was 4.3%, with a standard
deviation of 0.3%; this is an increase of three times the
standard value. In those ssme matings, the total frequency
of crossing over between S and ast was 0.1% or between

three to ten times what was estimated as the standard value.
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The partiocular inversion conditions in those matings, whiech
may be assumed responsible for the observed increase, were
the presence, heterozygous, of In(1)dl-49, cm®; and Dp(2;3)
T(2:3)Molre. The effectiveness of In(1)dl-49 in decreasing
crossing over in the X was shown by Sturtevant and Beadle
(1936) who estimated that the frequency of non-crossover
X-tetrads in XXY .females, heterozygous for the inversion,
was 70%. The effectiveness of T(2;3)Me, or its duplication
derivative, may be best judged by Whitblnghlll's analysls
(Drosophila Information Service: 9) of the salivary gland
chromosomes, which showed an inversion in 2R, and super-
imposed on In(3L)Payne five more breaks throughout the
third chromosome whose distribution and reunion accomplished
a rather thorough shuffling of the contents of 5} the tip of
2R was carried in an undetermined way in heterochromatin of
3. Dp(2;3)T(2;3)Me has a normal second chromosome and is
therefore essentially a multiple inversion complex in the
third; the duplication for the tip of 2R is“ " -~ fertile

and practically wild-type.

With standard sequence presumably present in all
chromosomes the effect of high temperature (30 C.) on
crossing over in the al - ho region was negligible;
the observed frequency was 3.6 + 0.5% as compared with a
map distance of 4.0%. The effect of temperature in

combination with inversions was not studied.
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Position Effect "ithout Demonstrable Aberration

¢ combinations,

With the use of the S ast and S ast
obtained from Matings 4., 9., and 10., certain phenotypic
comparisons which are equal on a gquantitative genetic basls
have been made; namely, (1) S ast / + + vs. 8+ / + ast; .
(2) Sastd/++ vs. S+ /+ast®; and (3) Sast/+ ast?
vs. 8 ast® / + ast . Most striking is the difference between
S ast / + + (Fig. 2.) and S+ / + ast (Fig. 3.). Whereas,
the former has normal wings and a rough eye slightly smaller
than normal, the latter has large sections of the longitudinal
veins missing and an extremely small eye with many of the
facets fused. Less striking, but equally significant, 1s
the difference between S ast® / + + (Fig. 4.) and S + / + ast®
(Figs 5.). Here S agt? / + + , like S ast / + + , is pheno~
Lypically lndistingulshable from S ast® / + + ; while 8 + /

+ ast4

usually has a smaller eye and occasionally interruptions
at the tips of the longitudinal veins; the latter effect is

- not shown in Fig. 5.

The examples shbwn in Fig. 2 - 7. were raised at the
same time under similar conditions, namelmigoom temperature
and in uncrowded cultures. A typical female of each type
was3 chosen from the first few days' hatch from each type
of culture. An important qualitative difference in comparisons
(1) and (2), not apparent from Fig. 2 - 5., makes unnecessary
a rigid control of environmental conditions to establish the
existence of a position effect ln these two cases. Thus,

4
when S and ast or ast are on the same chromosome with normal



Fig. 1. Wild-type femsale.



Fige 2« 8 ast / + + females

Fige 3¢ S + / % ast female,



Fig. 4. 8 ast® / + + female.

Figs 5. 8§ + / + H.H-t4 femals.



Flg. 6. S ast /' + ast"g" female.

Fig. 7« 8 ast? / + a st female.
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alleles in the other, the phenotype 1ls quite constant, as it

is in S astt / + +, and has never been observed to overlap

the smaller-eyed types. On the other hand, when S and ast

or ast4 are on opposite chromosomes, the phenotype 1s variable,
depending, as was pointed out before, chiefly on envirommental
conditions. The extent of that varlability in terms of

arbitrary grades is shown in Table 1l.

% (Fig.6.)

One comparison (3) remains: S ast / + ast
probably has significantly larger eyes, in general, than
S ast4 / + aat (Fige«7.)« Alao, the wing veins show much
less tendency to be broken in the former than in the latter.
Since both types are variable, however, it would be desirable

here to have messurements, and more rigid control of conditions

than was used.

The above differences observed in comparisons (1) and

(2) hold whether or not the normal chromosome there used
was one of the wild-type crossovers bétween S and ast or
between S and asté, or Wagngbtained from unrelated stocks
wild-type with respect to these two loci. NMaterial close

to the left and to the right of S ast and S ast4; as well

as other regions, has been replaced by unrelated material
without altering the characteristics of 8 ast or 3 ast4

in any way. Moreoﬁer, comparison (2) was also made with
the use of S ast? and its "+" complement, each freshly

derived from one experiment (Mating 4.) in which they were

recovered directly from S + / + ast? females. In this
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criticsl case, the existence of a position effect exactly
similar to that described above for comparison (2) was

established.

Beyond doubt, the obsgerved differences in comparisons
(1), (2), and probably in (3) are dme to the way in which
S and ast or S and ast4 are distributed with respect to each
other in the two chromosomes. Moreover, as heas slready been
pointed out, an analysis of the salivary gland chromosomes
has shown no evidence for a visible disturbance}associated
with 8, ast, ast4. S ast, or S ast4. The existence of a
positionteffecb without the complication of chromosomal
rearrangement should prove an important simplification for

the study of the mechanism of position effect.

Another way of expressing the observed position
effects at the S and ast loci is that 3 and ast act
phenotypically as alleles when they are in opposite
chromosomes; when they are in the same chromosome the
intensifying of S by ast, or vice versa, disappesrs. In
practice, this haes been the basis of the difficulty in

deriving the S ast and 3 ast4 combinations.
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A Genetic and Cytological Survey of the Tip of Chromosome 2L

Before inquiring as to the location of S and asteroid
in the salivary gland chromosomes it will be useful to survey
what is known about the general region in which these loci lie.
The first four map units of the left end of the second
chromosome are known tc include nine mutant characters of
which all but one, telegraph, are still in existence. The
linkage relationships and phenotypes of aristaless, dachsous,
expanded, Star and telegraph have been given by Stern and

Bridges (1926).

Agenetic map of the region under consideration is
shown in the top line of Fig. 8. The following 1s a brief
description (after Bridges) of some of the characters;
omitting Star and asteroid, which have already been described,
and Suppressor of 3Star, which will be given special treatment
elsewhere:

al - aristaless. 2- 0.0. Aristae greatly reduced; posterior

scutellars erect and divergent. RKl.

ds - dachsouse. 2- 0.3. Wings blunt and broad with crossveins

closer; legs and abdomen chunky; slight dominance of

crossvein effects RK1l

exX - expanded. 2- O.l. Wings wlde and broad; eye somewhat

reduced and roughish; body size large. RK2
ho - heldout. 2- 4.0. Wings held at right angles to body. RK1

net - nete 2~ 0.0-. Wings have a heavy network of extra velns;

semi~-dominant extra vein parallel to L5 near crossvein:
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Fige 8. A correlation of the linkage map with the
salivary gland chromosome structure for the extreme

left end of the second chromosome.
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partially suppressed by Star; usually completely
suppressed by homozygous ast and S / ast.

shr - shrunken. 2- 2.3f. Body smaller and narrower, dark.

Overlaps wild-type.

Chromosomal aberrations which have enabled the corre-
lation of some of these characters with salivary gland
structure were obtalined by X~radlation of wild-type males
with a dosage of 3,000 r-units; these males were mated to

al ast ho females with the results shown in Table 5.

The breaks points of these aberrations where they occur
in the left end of the second chromosome, are indicsasted in
Fige. 8. The drawing of this part of the chromosome is a
composite one designed to show all bands that haﬁe been
clearly seen in well stretched preparations of this region.

It is labeled to correspond with Bridges! 1935 map.

The following 1s a description of those changqﬂ shown
in Table 5. which were analyzed and found to be accompanied
by an aberration:

Df(2)al - Deficiency (2) aristaless. Df / + is an extreme

Minute with rough eyes, slight ex-~ and ds- like effects
and normal aristae. Deficient for al, ex and ds;

but not for net or S. Df / al has aristae completely
missing. BSallvary analysis shows loss from just before

21 C 1-2 doublet to Just before 21 D 1-2 doublet.

Df(2)81 - Deficiency (2) Star-l. Df / + has slightly smaller
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Table 5.

Results from X-rayed (3,000 r-units) wild-type J x al ast ho %.

Total offspring: approx. 18,000,

: Anslyzed
Changes Unanalyzed# Associated Total
Resembling with "Point
Aberrations# Mutations"
Df In T
Aristaless 5 1 1 © 0 7
Star 5 5 1 0 1 13
Asteroid 4 0 p 1 17 S5=6
Heldout 9 0O 1 0 0 10
Delta 3 - - - - 3
Notch 13 - - - - 13
Plum 2 - - - - 2

% Sterile, died or discarded
%#% In= inversion; Dfﬁdeficiendes; T=translocation.

See text for description.
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slightly rough eye, usually less extreme than 3 / + ;
bristles normal; viability and fertility good.
Df / ast is somewhat less extreme than S + / + ast,
and more like S ast / + +. Deficient for ds, S and
ast; but not for net, al, ex, shr, ho. Salivary
analysis shows break follows medium 21 C 3 and just
preceding heavy 22 A 3.

Df(2)82 -~ Deficiency (2)Ster-2. Phenotypic effects like

Df-8l. Deficlient for S, aat, shr; but not for net; al,
ex, ds or ho. Salivary analysis shows breaks following
81 D 1-2 doublet and following 22 B 1-2 doublet.

DF(2)83 =« Deficiency (2)3tar-3. Phenotypic effects like

Df(2)Sl. Defieient for S and ast; but not for net,

al, ex, ds, shr or ho. 3Salivary analysis shows loss
probably extending from just to the right of 21D1-2

doublet to just before the 22 A 1-2 doublet.

Df(2)82 - Deficiency (Z)Star-z. Phenotypic effects like
Df(2)sl / +, except Df / + is slight "ex" type.
Deficient for ex, ds, S, and ast; but not for net, al,
shr or ho. Sallvary analysis shows breaks just after
21 C 1-2 doublet and after heavy 22 A 3.

Df(2) sg - Deficiency (2)Star~3. Df / + resembles Df(2)S1 / +.

Deficient for ds, 3, ast, and shr; but not for net, al,
ex or ho. Salivary analysis shows breaks following

medium 21 C 3 and following 22 B 1-2 doublet.

In(2LR)alV - Inversion (2LR) aristaless-variegated. alV / al is

similar to homozjgous al but "+" in XXY 9. al’ / Df(2)al
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is viable, with aristaec frequently but not always
absent. alV / a1V 1s lethal. Salivary analysis shows
left break probably just precedes 21 C 1-2 doublet,
right break in heterochromatin of 2R therefore probably

an inversion across the spindle fiber.

En(2) ho-Inversion (2) heldout. In / ho is exactly like

homozygous ho. In acts phenotypically like wild-type
opposite Df(2)385, S or ast. In / In has smaller eye
with anterior indentation; wings reduced to tiny

stubs ( In/vg is "+"). Fertile in ¢ but J lacks geni-
talia and anal apparatus; testea are oval (unattached?),

and contain mature sperm.

T (2;3) sb Translocation (2;3) Ster - Lewis. sL / + resembles

T(2;4)

S/ +; sk /ast is 1ike S+ / + ast; L / 8, sL /
Df(2)82, and Sk / St are lethal. Salivary analysis
shows three breaks: following 21 El-2 doublet; 3
heterochromatin; and before 88 E 1-2 doublet. The
new arrangement 1s presumably: tip of 2L to 22E;

3 het. to 88D; 3 het. through to 3L tip. 3R tip to
88D; 21 E through to spindle attachment of 2 and
normal ZR.

astV - Translocation (2;4) asteroid - variegated.

astV / + 48 M astV / ast and ast’ / S resemble but
are more variasble than ast / ast and S + / + ast,
respectively. Df(2)S3 / astV is lethal. ast' / ci = ci.
The varliegated asterold-like effect is completely
suppressed in the XXY 9. Duplication and deficiency
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types are viable., Salivary analysis shows break just
following the 21 E 1-2 doublet and a break in hetero-

chromatin of chromosome 4.

In additlon to these aberrations, use was also made of
a translocation, T(Y;2)21%, kindly supplied by Dr. Schultz.
This translocation proved particularly valuvable in the
eytological location of Star. It involves, as shown by
Schultz (unpublished), a reciprocal exchange between the Y
chromosome and the tip of the second chromosome, which 1is

broken just to the left of the 21 E 1-2 doublet (see Fig. 8.)

With the above materiel it is now possible to locate
with scme degree of precision some of the muténts at the
extreme left end of the second chromosome. The results are
diagrammed in Fig. 8 and a description of them follows:

-~ aristaless and expanded --

The probable location of al (0.0) is the 21 C 1-2
doublet region, based, in particular, on a comparison of
Df-al with Df-34. It is also likely that the extreme linute
effect of Df-al is due to its deficiency for this doublet
since Df-34 does not show this effect. The locus of ex (0.1)
is very close to aristaless in the region of the medium
gtaining band, 21 C 3.

-~ dachsqus -

Althougl the data from Df~al, DI-32, and DI=-33 would
seem to indicate that ds is located to the right of 21 C 3
and to the left of the heavy 21 D 1-2 doublet, the results
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are somewhat ambiguous in view of preliminary studles of a S

deficiency, Df-36, which was obtained in another X-radiation

experiment and which apparently has a loss extending from

the right of the 21 D 1-2 doublet to just after the 22 B 1-2

doublet (Fig. 8.). Yet unlike Df-S2 and Df-83, Df-S6 acts

as though it were a deficlency for ds. This discrepancy if

it exists, may have its explanation in a position effect or

mutation at ds in Df-S6. It has not been excluded, therefore,

that the locus of ds is not included in the 21 D 1~2 doublet.
-~ shrunken and heldout -«

The locus of shr (2.31) lies in the region from the
right of 22 A 3 to the left of 22 B 4 . It is likely that
the locus of ho (4.0) is in the neighborhood of 22 E on the
basis of a probable position effect in that region in In(2)ho.

-~ NeL =~

The location of net presented difficulties at first.
Df-al / net had a slight net effect while all of the S
deflclencles were normal opposité net. In order to avoild
the known complication of enhancement of net / + by Minute
deficiencies of the Df-al type, and the possible suppression
of net by the 3 effect of the S deflclencles, a dupllication
for the left end of the second chromosome was used. It was
derived from T(2;4)b of Dobzhansky and extends from the tip
of the chromosome to after the dumpy locus (13.0). As used
it carried net, and will be referred to as Dp, net. Flies
of composition: Dp, net / Df-al / net; end Dp, net / Df-34 /

net; had normal venation. On the other hand when deficiencies
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from T(2;4) astV and T(Y;2)21E, were used, flies of composition:
Dp, net / Df(2;4)T(2;4)astV / net; and dp, net / Df(Y;2)T(Y;2)21E/
net showed typlcal net venation. Since the latter deficienciles
involve a loss of the entire tip extending to section 21 E,

the above results show that the locus of net 1s to the left

of 21 C 1-2 and, therefore, probably to the left of aristaless.

From unpublished data of Bridges it is known that net
is to the left of S but its locus was only roughly determined
as 0.5° « A reexamination of the locus of net was made but
the results were negative with respect to whether net is
to the left or to the right of al. Thus, on the basis that
it is to the right of al, no crossovers were obtained bebtwecn
the locus of al and net among 90 tested crossovers between
2l and S. Again, on the basis that net i1s to the left of
al there were no crossovers between net and al among 10 tested
crossovers between net and S. However, when these results
are combined With deficliency evidence they may be taken as
indicating that net is probably close to the left of aristaless.

-~ 3tar --

The smallest S deflciency that has been obtained
directly is Df-S3. The 1ocus‘of S therefore lies to the
right of the heavy 21 D 1-2 doublet and to the left of the
22 A 1-2 doublet. This region is also missing in the other

S deficiencies as can be seen in Fig. 8.

From experiments which are described in detail in
Part II., it is known that the S locus 1s included in Dp-S5,
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whose break points occur just after 21 D 1-2 and just after
21 E 1-2 as shown in Fig. 8. Hence the S locus lies in the
region bounded by those break points. This fact justifies
the assumption that all of the deficilenciles which have been
described above and which are known to resemble S rather

closely are, indeed, deficiencles for S.

A much more precise location can be made with the
use of T(Y;2)21E and T(2;4) astV, which have already been
described. It can be seen in Fig. 8. that the former has
its break point in the second chromosome just to the left of
the 21 E 1-2 doublet while the latter has its bresk point
just to the right of that doublet. Df(Y;2)T(Y;2)21E / +
is a strong Minute with slightly rough eyes and resembles
Df-al / + . Df(Y¥;2)T(Y;2)21E / S has a much rougher eye
which is smaller than 3 / + but which'exactly resembles the
eye of Df(2;4)T(2;4)astV / + « The latter deficiency over
S is lethal; apparently it includes the 3 locus while the
former does not. That this was true was shown in a more
refined way by combining the two translocations to give:
Df(2;4)T(2;4)astV; Dp(Y;2)T(¥;2)21E., or Df-S-der. This
derivative has a deficiency for the 21 E 1-2 doublet, a
duplication for part of the Y chromosome and a deficiency
for heterodhromatin of the fourth chromosome. Df=-S-der./ +
has slightly roughened, slightly smaller eyes than + ;
Df-3-der. is lethal opposite 8., Again, as with the other
S deficiencies, Df-S-der. / ast has a slightly larger eye
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than 8 + / + ast. In other lesao diagnostic combinations,
guch as opposite ast® or E-8, it behaves exactly like S and

other 8 deficlencies.

It is important to note here explicitly that Df-S-der.
is derived from T(Y;2)21E, which has no detectable departure
from normal when opposite S or ast; and from T(2;4)astV
which likewise acts normal when thé variegation is suppressed
by an extra Y chromosome. Now it has been determined that
the presence of an extra Y does not change the phenotypic
characteristics of Df=3=der.; thus 1t may be assumed that
those charactertistics are attrivutable mainly to deficiency
and not to position effects. S is therefore located in the
21 E 1«2 doublet region of the salivary gland chromosomes.

-= gsteroid --

Since the larger S deficiencies are deficient for shr
they almost certainly are deficient for ast as well. loreover,
all of the S deficiencies obtained, including Df-S-der.,
act essentially alike, when tested to ast; 1. e., they
resemble S ast more than they do S astt or S ast®. This
suggests that even the smallest of them, Df-S-der., may
include the ast locus. It also should be pointed out, though,
that opposite a normal chromosome all of the deficiencies
are more variable in their expression than are either S

ast*t, S ast, or S ast?.

More satisfactory evidence that ast is included Withiﬁ”

the confines of the 21 E 1-2 doublet has come from a study of
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Dp=-S. Phenotypic studies (Part II.) show that Dp-3S, as
oricinally obtained, acts as thouch it carries ast¥ in the
left section and ast in the risht section. Assuming from this
that the section present twiea in Dp-S includes the locus of
ast, then, since ast 1s to the right of S and since the

duplicated section does not extend beyond 21 E 1-2, the ast

locus must be included with S in the 21 E 1l-2 doublet.

A check on this location of ast can be derived from
other svidence, to be presented, walch can be taken as excluding
the presence of an ast locus to the right of the 21 % 1-2
doublet.

~=- Suppressor of Star -~

Suppressor of Star, Su-S, found by Curry, acts as a
dominant suporessor of S and as a dominant partial suppressor
of homozygous astS, A reinvestigation of Su-S has shown that

-

it is not the result of point mutation but rather that 1is

o

effect 1z probably attributable to the double deficiency
derivative, In(2L)Cyt, with which 1t was associated at the
time its effect was first detected. This was shown by
deriving, anew, In(2L)Cyt, from a mating of In(2L)Cy, dpg /
In(2L)t females mated to S dp / Cy males. It was detected
by 1ts sunpressing effect on S. The complementary or double
duplication derivative was also detected by 1ts domlnant
enhancement of 8. A cytological analysis of In(2L)Cyt,

made by Bridges snd Li (1936), showed the presence of a defilency
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for 22 D 3 and all of section 34 A. There 13 some evldence,
of a preliminary nature, that the suppression of S in Su-S
i1s directly attributable to the deficiency for the 22 D.
Thus, two translocations have been obtained, from X-radiation
of ast males, in each of which the 22 D region is brought
close to heterochromatin of the third chromosome and in each
case the translocation over S shows a partial suppression of
the S + / + ast effect. Presumably, therefore, the 22 D

region may show changes resembling Su-~S.

Whether or not the mutant, Enhancer of Star (E-S),
locus, 2- 6% , found by Bridges (Drosophila Information
Service: 9), 1s also due to a change in the 22 D 3 region
is not known. Existing stocks of E-S that have been examined
cytologically show the presence of the Curly inversion and
not the double duplicéation derivative, complementary to
In(2L)Cyts which has a slight dominant enhancing effect on
S as noted above but which is by no means as extreme as that

of Fnhancer of Star.

E-S / S has 2 small eye similar to that shown in Fig.
7; E-S / ast® and E-S / ast® have only slightly roughened eyes;
but E-S / ast and E-S / ast® have eyes which are slightly
smaller and rougher than S/ + . The reletive specificity
of E~-S,in Bnhancing strongly S, ast, and astg, was shown by
the fact that it had little or no such effect on other rough-

eyed mutants which were tested in the heterozygous condition.
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Those mutants tested in that fashion included: echinus, facet,
split, roughexz, and uneven, in the X chromosome; morula,
roughish, rolled, rubroad, and sceabrous, in 2; and rough and

roughoid, in 3.
X-ray Induced Changes at the Star and Asteroid Loeci

A description has already been given of a translocation
derived from X-radiation of "+" males and having an effect like
S ast’. This translocation, T(é;a)SL, is closely similar, from
the standpoint of origin and phenotypic effects, to the Star
translocation of Muller (1929), analyzed in the salivary gland
chromogomes by Bridges and Li (1935). In both instances, one
of the breaks occurs just to the right of the 21 E 1-2 doublet.
T(z;s)astv also arose from "+" as a result of X-radiation
and hes one of its breaks just following the 21 E doublet; it,
however behaves as a variegated, asteroid-like change, the
variegation presumaﬁly being induced in the doublet region by
heterochromatin of chromosome 4. That not all rearrangements
having a bresk Jjust following this doublet need give an
effect on the S and ast loci, is shown by the case of In(1l)ho,
which acts exaetly like s* ast’ in several combinations

already noted.

From X-rayed al ast ho/ net ast dp cl males mated to
S / Cy, E-S females, two instances of reverse "mutation" of
ast to ast* were detected; both of these howevér were found to

gssociated with s rearrsngement which, like those above, had
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one of its bresks just following the 21 E doublet which in
each case was translocated to euchromatin of other regions.
These two aberrations sre also indicated in Fig. 8., as

In(2L)ast’" > rvl

is known to have a break Just following the 21 E doublet

and T(2;3)ast Another aberration, Dp-S,

and slthough it arose spontaneously from ast its effects,

as shown in Part II., indicate that the left section of the
duplication acts as though it carries a reversion of ast to
ast’. The fact that no spontaneous instances of reversion

of this type were found in over 80,000 offspring in which it
might have been detected, and the fact that no reversions

were obtained,from X-radisation of ast,which were not associated
with an eberration, strongly suggests that the reverted effect

rva
l, In(2L)ast” , and Dp-S is due to & position

in T(Z;Z)astrv
offect rather than to mutation. On this basis, it can be
seen that the ast locus must lie in the 21 E doublet (or to
the left of it) since it is this doublet and not the material
to the right of it which has undergone resrrangement in all

three instances.

- ™wo breaks are known to occur just to the left of the
21 E 1-2 doublet in the aberrationms, T(Y;2)21 E and T(2;3)Dp~S,
As has been noted, the former has no detectable effect on the
originally present s® ast’, and the latter appears also, from
studies presented in Part II., to have no effect on the S and
a3t loci in the right doublet of Dp~S but rather an effect
on those loci in the left section of the duplication.
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Discussion

A plausible interpretation of many of the observed
phenomena at the Star and asterold locl can be made in terms
of a naturally occurring repeat in the chromosome. The
starting point of this interpretation rests on the finding
that the two loci are probably included in the 21 E 1-2
doublet structure of the sallvary gland chromosomes. The
possibility that such structures might repreéént instances
of duplication of a single band was first pointed out by
Bridges (1935) from purely cytological considerations. It
is interesting to note that Bridges chose the 21 E 1-2
doublet or "capsule!" as a characteristic example of the

two-band type of repeat.

That such doublet structures probably involve two
discrete bands was shown experimentally by Bridges (1936)
in an analysis of the spontaneous second chromosome deficiency,
Notopleural. 1In this case, the break points of the deficiency
occurred between the halves of two doublets. Bridges
(Drogophila Information Service: 9) has reported other
instances, chiefly spontaneous, where breaks have separated
the two halves of a doublet. Similarly, Metz (1937) has
analyzed a series of small deficiencies in the salivary

gland chromosomes of Scilara ocellaris, some of which involve

a loss of only one band of a doublet structure. MNetz (1938)

also holds to the view that doublets have arisen by duplication

of single bands and that some of the single band deflciencies,
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which occur commonly in Sciara stocks, are either the original
unduplicated band condition or are the result of secondary
loss from s duplication which has already become established

in nature,

The two discs, present in capsules of the 21 E type,
are homologous to the extent that they psir tightly with one
another in the same chromosome, giving the sppearance of a
shell of chromatic material enclosing an achromatic center.
The 21 E doublet may, therefore, be considered as divisible
into two separate, end homologous discs, and as such it
provides a cytological basis for predicting the existence,

genetically, of two similar and ad jacent loci.

An analysis of mutants which are included in the 21
E capsule has shown that this sort of genetic situation does
exist. Thus, ast has been shown to be at & separate locus
very close to the right of S by an estimated distance of
0.01 - 0.04 map unit. Moreover, the essential similarity
between the 3 and ast mutant types is reflected in a number of
ways. The property of reducing the size of the eye and of
casusing, at the same time, facet disturbances which result in
a roughened appearance, is shared by mutants at each locus.
A tendency to cause an interruption in the wing veins can be
detected in S as well as in asg'and asté. A high degree of

similerity in action for S and astl'isx guggested by the strong
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shown to be relatively specific for these loci. Again, when

S is in one chromosome and any of the ast mutants is in the
other, there is a strong reduction in the size of the eye as
compared to S ast’ / + + / Ast is not behaving here like a
typical non-allelic intensifier of Star, such as Enhancer of
Star; for, when S and ast or S and ast4 are in the same
chromosome with normal alleles in the other, the result is
indistinguishable from 3 ast / = + « Moreover, this position
effect was not, as far as could be determined from an analysis
of the salivary gland chromosomes, the result of a cytological

alteration of the chromosome.

Now the possibility that s position effect of the above
type might exist was tested by Sturtevant (1928) with the use
of the dominant mutants, Delta and Hairless, three units spart
in the third chromosome. No position effect, however, was
found, and at that time the only position effect that had been
demonstréted remained the Bar case, although still other
possibilities were tested. Sturtevant concluded “that the
association of the two elements in double-bar is much more
intimate than the association between identical locl in
homologous chromosomes, snd that theSposition effect' perhaps
rests on something more than mere cléseness together."

It would now gppesr that the "something more" is the

Bssential similarity in those elements.
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As a result of the cytological finding of luller,
et al., (1936) and Sridges (1936) that Bar is a duplication,
the position erfect demonstrated by Sturtevant (1925) may
now be stated as depending on the way in which four, rather
than two, homologous sections are distributed between the two
homologa; thus equal distributicen of the four doses of the
Bar region results in a larger eye than when three doses are
in one homolog and the fourth in the other. The position
effect, here, would appear to extend over a distance as great
as the length of the triplicated region,measured from one
point in the most distal section to the same point in the
most proximal section, or a distance, perhaps of 13~14 bands.
This is remarkable in view of the fact that other rearrangements,
involving exchanges occurring between euchromatic segments of
the chromosomes only, and which seem to have position effects
on known loci, do not show this spreading effect but rather

a position effect within a band or so of the break point.

The impression is gained that the spreading effect
observed in the Bar case is somehow related to the close
juxtaposition of identical regions. On this basis, there
is a striking analogy with the position effect observed at
the S and ast loci, since these, too, appear to be homologous
to a certain extent. To go further, the probdble position
effects at the S and ast loci observed in a study of

one of

rearrangemants,havingAtheir breaks just to the right of these

two loci, can be considered as a secondary effect on a
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position effect which exists normally in the chromosomes.
From a broader standpoint, position effect may be confined
only to repeat regions of the chromosomes, the most frequent
typre of which are the doublet structures or two-band repeats.
In general it may be predicted that such regions will act,

in a physiological sense, as units, but, in a genetic sense,
as though they were made up of discrete loci which show

position effects with one another.

Recently, Muller (1941) and also Schultz, unpublished,
have suggeatcd that position effect may somehow be related
tghghenomenon of somatic palring. Muller notes that the
forces of somatic pairing "acting between unlike genes,
should tend to deform them, and this deformation might well
afifect the nature and the quantity of the gene products which
they form." Its seems more plausible from the above
considerations that it is the similar, or "repeat" genes
which m&Yngfected in that way rather than the unlike ones.
This would permit a more precise statement of the rossitle
significance for position effect of somatic pairing; namely,
that the synaptic forces, by governing the degree of
association of the repeat genes, are capable of moiﬁiying

the extent to which the gene products of each member of the

repeat interact with one another.
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II. The Star Duplication
Introduction

Changes at the Bar "locus" in the X-chromosome occur
with a measurable frequency among the progeny of females
homozygous for the dominant small-eyed type, Bar. Two types
of changes were noted by Zeleny (1921); namely, a reversion
of Bar to normal and a change to a form with more extreme
eye reduction than Bar, called ultra-Bar, now referred to as
Double~Bar. Unequal crossing over was shown by Sturtevant
(1925) to be the mechanism responsible for these changes;
reverted Bar, on this basis, could be thought of as a
deficiency for the Bar gene while the complementary, Double-Bar

type was considered as a duplication for the Bar gene.

The salivary gland chromosomes of Bar were investigated
by Mullcr, ¢t al., (1936) and Bridges (1936), who showed,
independently, that Bar was a tandem duplication in direct order
for a short section of the X~chromosome, composed, according
to Bridges' analysis, of about 6 bands. Double-Bar, Bridges
found, had this section thrice repeated, whereas, the reverted

type had the banding of a normal chromosome.

Another instance of & tandem duplication being associated
with a dominant change is that of Hairwy Wing, Hw, which was

analyzed, cytologically, by Demerec (19392) and Rapoport (1940).
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They found a duplication for three discs near the tip of the
X-chromosome; Rapoport noted that Hw was possibly an example
of a reverse, rather than a direct, repeat. Rapoport was
unablc to domonstrate unequal crossing over in homosygous

Hw flemales, in over 33,000 offspring examined.

A third case of spontaneous tandem duplication was
reported in a preliminary note (Lewis, 1941). This duplication
includes two known loci, Star and asterold, and is referred
to as the Star Duplication, Dp-S. Changes, due to unequal
crossing over and analogous to those occurring in the Bar
duplication, could be derived from homozygous Dp~S females.
loreover, unequal crossing over could be detected in females
heterozygous for Dp-S. The analysis has been greatly
facilitated by the use of markers at the Star and asteroid
loci and a relatively high frequency of unequal crossing
over could be obtained by the procedure, noted in Part I.,
of introducing into the female many inversions in other

cnromosome armse

More recently, Schultz (Xorgan, Schultz, and Curry,
1941) has shown that the dominant, Confluens, change 1s
a tandem duplication for the Notch region of the X-chromosome.
In this case, also, it was possible to vary the genetic
composition of the duplication as a result of unequal crossing

over occurring in females heterozygous for Confluens.
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The Origin and Nature of Dp=3

In a search for reversions of ast, 48,945 offspring
were raised from a mating of al ast ho / ast females to al S ho/
Cy, E~S males. Actually the total number of offspring in
which reversion could be detected 1s higher due to the reduced
viability of the non-Curly class (63% as compared to the Curly
class); a corrected estimate gives an approximate total‘of
78,000. The total frequency of crossing-over between al and
ho was 5.2% (34716,874). Yo substantiasted case of reversion of
a3t to wlld-type was recovered in thilis experiment. However,
it did yield a single normal-eyed, heldout individual, whose
genetic composition was shown to be Dp-S ho / al S ho. The
origin of Dp~S was therefore assoclated with crossing over in

the al - ho region.

An analysis of the salivary gland chromosomes shows
that Dp~S is a tandem duplication in direct order for a
section of four bands extending from 21 D 3 to just after the
21 E 1-2 doublet. A more complete description of the
cytological picture will be deferred to a later section.

The phenotypic effects of Dp-S are "flexible" in the
sense that by varying its genetic composition with respect
to the Star and asteroid loci, the resﬁltant phenotype 1s
changed. It will therefore be convenient to anticipate the
evidence for its genetic composition, which has still to be
presented, and assign to Dp-S, as originally obtained, the

more restrictive notation: ( ST ast )( S ast ), or simply
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( + ast)z, which indicates the presence of two sections in
tandem duplication having identical composition at least with
respect to the Star and asterold locl.. The symbol, mes,is
reserved for indicating the presence of the duplication

without regard to its genetic make-up.

Tlhen ( + ast)eis opposite ast, astz, ast®, or ast4, the
combination is "wild-type." When it is opposite S, 2, or
deficiencies for 3, 1t acts as a suppressor of the rough eye
effect although occasionally the eye is very slightly rough
and possibly slightly smaller. The best diagnostic combination
is ( + ast)y / S E~-S; here the eye is larger than in
+ / ° ©-3S but suppression 1s not complete, the eye being
rougher than S / + and closely similar to ast / + E-S. This
result is consistent with other evidence to be presented that
( + ast)2 acts as though it carried one dose of ast and a
normel allele of asteroid instead of two doses of ast as
indicated and as 1ts origin from homozygous ast would suggest.
In this connection it would be desirable to know the effect
of ( + ast)2 over & deficiency for, and only for, the region -
present twice in the duplication. An approximation to this
ideal situation can be realized by & comparison of two of the
Star deficiencies, which were described in Part I; namely,
va-Sa whilch involves such a loss but in addition a loss of
four or five bands to the right of the 21 E 1-2 doublet; and
Df-S~der. on the other hand which is essentially a loss of the
21 El~2 doublet only. "hen either of these deficlencies 1is

opposite ( + ast) the result is the same; the eye is normal or
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only slightly roughened. Agaln the result might be compared
with + / ast which is usually normeal but which occasionally
shows a slight roughening of the eye. The eye of homozygous
( + ast)2 is normal; the wings may be normal or they may
occasionally show a slight extra vein parallel to the fifth
longitudinal vein near the posterior cross vein. It 1is
difficult to exclude the presence of modifiers which may
cause or contribute to this wing effect, but there is good
reason to believe that the tendency to show extra veins is

a property of the duplication itself; e. g., in the presence
of some of the Minute bristle types, ( + ast ), / + may

show the extra vein effect as well as branches at the tips of

the longitudinal veins.
The Right Section of Dp-~S

The genetic composition of Dp-S has been deduced from
a study of unequal crossing over in females heterozygous rfor
the duplication. From ( + ast )2‘/ S + females a total of
258 tested "ast" types were recovered in Matings 18., 19.,
and 20., Table 6. Thc grcaet majority of these are to be
interpreted as the extraction of S ast from the right section
of ( + ast )2 as the result of crossing over occuring in the
region between the break point of the duplication and the
locus of S. 7Using a more extended and arbitrary notation this
result may be visulized as follows:

&0-.04-003;31:-‘)(oc.o+ooagtoo)
(eoeeJes + )




Inversions

Total Magth
Mating Heterozygous . 36
in Papenial © Progeny? rypes Freqg.
18. + al ( + ast)( + ast) ho + + 0 )
net + S+ + do cl In{(1)d1-49, p
% in some 2 x 976 8 (ast ho) 0..4%
x al S ho/Cy, E-S & | In(3L+3R)P
19. + ( + ast)( + ast) ho + + ’
net S + + dp ¢l 7 as in 18. 2 x 9.156 64 0+55%
? L 2
x In(2L)Cy, ast2 d (57, Eg? ast
(1, ast ho)
20« as 1in 19. as in 18. e 190 .
(net ast ho)
2. (ast ho}
21. al + ( -+ as‘b}( + ast) ho + +9 i
* ds + + + dpel | Unknown 8,000 15 (ast ho)  [0.16%
. (2,43 ast ho)
x al ast ho d i (a1 ast ho)

4 .
'fgalculated number cf offspring inhich ast could be detected.
*“Genetlc composition in parenthesls and in most cases dﬁermined by progeny tests.

Table 6.

278

(272)

0.16 = 0.4

The Extraction of Asteroid from the Right Section of Dp=S.
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The "new" type was detected on the basis that it acts exactly
like ast. The frequency of this class was 0.36% (72 / 2x10,132)
in Matings 18. and 19., where the females carried inversions in

some of the other chromosone arms.

That the duplicetion was no longer present in the great
ma jority of the "ast" types was shown by a cytological analysis
of 83 of them recovered from Mating 20. In Mating 18. it was
also possible to detect a complementary crossover having
S ast™ inserted into the right section of the duplication; over
S the resultant phenotype was inseparable from S / + but a
cytological analysis demonstrated the presence of Dp(2)3.

This type occurred with a frequency of 0.3% (6 / 2x974 ) and

its composition may be written ( + ast)( S + ).

Results similar to those shown above were obtained
when unequal crossing over was followed in ( + ast)y / +
females, Mating 21.,Table 6. Here ast was recovered from the
right section of the duplication in 13 cases; or with a
frequency of 0.16%. This reduced frequency is probably due
in part to the fact that few if any of the females in Mating 21.
were heterozygous for inversions in other chromosome arms.
Although it was not possible to detect a complementary crossover
to ast in the F, of this meting, one case of ( + ast)( + + )

was found among 13 F. (al) crossovers between al and ho which

1
were tested against S° E~-S; unlike ( + ast)z, ( + ast)( + +)

results in complete suppression of the 82 E-3S effect.

To swmmarize, the right section of Dpnshwas ahown to
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carry a normal allele of S and the recessive, ast. This is
consistent with the origin of Dp-S from homozygous ast. In
Dp-S / + females the frequency of unequal croasing over where
the right section of the dupliéation and the normal chromosome
were involved varied between 0.3 - 0.72% for the region from
the breuak point of the duplication to the locus of 3. The
lower value may be taken as the standard value. The higher

value represents an almost two~fold increase, attrituable

N probably to the inversion set-up used; but as will be seen

later an even greater increase was obtained.
The Left Sectlon of Dp-S

To turn to a study of the left section of Dp-S it
has already been shown in Partl, Table 4., Mating 15. (more
complete details are given in Table 7.), that st could be
extracted from the left section as the result of crossing
over, occurring in ( + ast)2 / 3 ast Cemales, between the S
locus in the left section and the break poinf of the dupli-~

cation; diagrammaticallyi

(**e*toeggt**)(****+**ast**)

"";S"&S'b"

In this case the detected product was 3" ast and a consideration
of the marker genes used shows that the left and not the right
section of Dp-S was involved in crossing over. Whether or

not the accompanying ast was derived from the left section

of the duplication or from the normal chromosome obviously
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cannot be determined in this experiment.

A crossover complementary to that described above
would result in the insertion of S into the left section of
the duplication. It was eérly recognized that ( S ast)( + ast)
might for practicable purposes be indistinguishable in its
action from ast, itself. For this reason 83 of the "ast"
types obtzined in Mating 22. were examined cytologically for
the presence of Dp-3; only two were found which showed the
presence of Dp-S, the remainder were normal as expected on
the basis that they arose from croséing over in the right
section of the duplication. Evidently the two rare cases
had the composition desired: ( S ast)( + ast) or ( S + )( + ast),

whose origin, in this experiment, may be indicated as follows:

(""+'ast")(""+’ast")

OOQQS..{..I

Again, whether or not the crossover occurred between 8§ and

ast or to the right of ast is difficult to tell from this
experiment alone but there are other reasons to be presented
which indicate that the more probable constitution is

( Sast )( + ast ) and not ( S+ )( + ast ). An estimate of
the freguency of crossing over between the S locus in the

left asection of the duplication aniiﬁreak point gives a value
of 0.02% ( 2x2 / 83 x 0.36%) which is of the order of magnitude
of the distance between S and ast. Actually the new type,

( 8 aét)( + ast), did prove to be nearly if not inseparable,

phenotypically, from ast. That it actually contained S in

the left section was shown by extracting it from the duplication
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in three different experlments which have already been reported
in Part I., Table 3., Matings 9., 10., and 1l. It is useful
here to summarize the results as follows (The number which

were fully tested for the indicated composition 1s shown in

parenthesis.):
Mating 11l.

(..c-S..astll)(.-..+.-ast.-) S ast+ (l)

l'..+0. + .o

Mating 9.

(....S..ast..)(....+.-ast--) S ast (5)

seeosesTeeBSten

Mating 10.
(ooooSco&St")(‘"'+"a3t..) S a8t4 (5)

....+¢.ast4..

It will now be recalled that thils was the method by which the
combinations, S ast and S ast4, were first obtained. Nating 11.,
served here as a control in showing that a typical S ast™t type

could also be extracted.

On the other hand the extraction of ast from the left
section of the duplication or the insertion of ast” into that
section has not been detected, at least, in an unequivocal
waye. It is important therefore to examine what the chances
were for the recovery of ast from the left section. The
recovery of ast had it occurred could have been detected among
the tested sample of 271 "ast" types which arose among the

offspring from Matings 18+, 19., 20., and 21., Table 6; that
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is, with respect to the marker genes used they would have
appeared as "complementary" to the only type recovered. Now
it wag determined cytologileally, as already mentioned, that
two out of 83 "ast'" types tested in one of these experiments
represented crossovers vetween the locus of S in the left
section and the break point of the duplication. One may
guess therefore that roughly six or seven ( 2x271 / 83 ) such
crossovers in the latter region were recovered, part of which,
at least, were presumably crossovers between S and ast. Hence
the number of flies examined has been too small to make 1t
very probable that ast would have been recovered Ifrom the
left section even if the frequency of crossing over between
ast and the break point was of the order of magnitude of
the frequency of crossing over between S and aste It is
likely from Matings 10., and 1l., that the former frequency
is lower than the latter since four tested crossover between
S and the break point all occurred between 8 and ast, and not
to the right of ast. |

Because of this negative result, it might be assumed
"that the failure to detect the extraction of the ast locus
from the left section of Dp~S in some of the experiments
given above was not due to its close proximity to the break
point but rather to the representation of that locus by an
allele which was being extracted with an appreciable
frequency but which could not be detected 1in those experlments.
This would, of course, require an additional assumption that

at the time of origin of Dp~S a mutation at the ast locus in
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the left section had occurred. That the first assumption 1s
unnecessary is shown by reference again to Matings 9.,10.,

and 1ll., where the value and lmportance of the results lay

in their being independent of just such an assumption. Those
results indicate clearly that in every case where S was
recovered from the left sectlon of the duplication the
crossover could consistently be interpreted as having occurred
between the S and ast loci. It may,however,be useful to point
out that there is some support from phenotyplc considerations
for supposing that the left section contains ast™ and not Ast.
but just as astt was not recovered in Matings 9., and 10., it
was not recovered in an experiment shown in Table 7., Mating 2;.,
which was especlally designed to detect it in the Fy had it
occurred. In this case, ( + ast¥?)( + ast ) / net ast dp cl
females were mated to net S dp ¢l / Cy males and a search was
made for 8 / + types in the Fl’ Total counts were not made,
Lut 198 "net" crossovers between the net locus znd the locus
of ast in the left section of Dp-S were recorded; their
frequency was 1l.4% (63/4,442). Since no S / + types were
recovered the value of postulating a nmutation from ast to

ast™ ceases to exist for all practical purposes. In other
words, there is no genetic data’which contradicts the assumption

that ast and not a mutation thereof is present in the left

section of Dp-S.

It has been tacitly assumed in the above discussion that
the ast locus is actually inecluded in Dp-S but the evidence

for this has remained indirect and is based chiefly on
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cytological evidence,and phenotyplc considerations which have
yet to ve taken up in detail.

To summarize, the left section of Dp-S, as originally
obtained, was shown to contain a normal allele of S which
again 13 consistent with an origin from homozygous ast, and
with the notation ( + ast )2. But it was not possible to
determine whether the left section carried the recessive,
ast; presumably, the locus of ast is too close to the break
point for it to be extracted with an appreciable frequency.

Into the left section of ( + ast ) S could be inserted

o9
and subsequently could be extracted unchanged. Since the
derivative, ( S ast)( + ast), resembled ast, itself, and
could only be detected cytologically, it was included among
the "ast" crogsovers obtained in Matings 18., 19., and 20.,
Table 6., which were interpreted as having involved the

right section of Dp-S. However, the frequency with which

( 8 ast)( + ast) arose in those matings was so low, estimated
at 0.01% that it does not seriously affect the frequency of

crossovers in the right section, nor the main conclusions,

from those matings.

Unequal Crossing over in Dp-S Heterozygotes
It would would be desirable to compare in a quanti-
tative way the left and right sections of Dp~3 with respect
to the frequency of unequal crossing over within a region of
those sections which could be specified with known loci.
Prom deficiency data presented in Part I., Fig. 8.,it is
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known that the loci of net, al, ex, and probably ds lie
outside the duplicated region of Dp-8; that is, to the left
of the 21 E & band. Apparently, only the S and ast loci are
included in Dp-S. They are so close together, however, that
it would be Impracticable to obtain sufficient data for a

comparlson such as that indicaled above.

On the other hand, some indication of the ce¢ffeet of
Dp-S, when heterozygous, on crossing over in the al - S region
can be obtained from Matings 18., 22., and é%., shown in Table
7. Here it was possible to measure, simultaneously in eﬁch
experiment, the frequency of crossing over between the al locus
and the S locus in the left section of Dp~S as well as the
- the frequency in the region from S in the left section to S
in the right section of the duplication. It will be convenient
to refer to these as the al =~ Sl and the S7 -~ So regions,
respectively. How then does the éum of these two regions, or.
the al -~ So region, measured in terms of crossover frequency,
comparc with the map distence botwecen al and S under similar
inversion conditions but in the absence of Dp-S. The answer
to this can be obbained from a comparison of the results of
Mating éé., Table 7., with the average of the results from
Matings 13., 16., and 17., Table 4., Part IZ. |

15
In Mating 28., the origin of one of the crossover types

in the al -~ Sl region may be indicated as follows:



Mating inversions| mgotay” Crossover Region™™ % %
Progeny al=Sq S1-So al-84! 87=-52 | aj-S
15, al (+ ast)(+ ast) o (In{1)d1-49;
-+ g ast In(1l)AM, & 22, 22,
3 T(2;5)Me. 2x095 al(+ast)2o aste. 2eR 2.2 4.4
x In(2L)Cy, al1® ast®d (I, al ast
dp cl) ]
8. a8l (+ ast)(+ ast)ho Q In(1)d1-49
+ S+ + & in some J 17, 8,
In(3I4+3R)P 2x976 (+ ast)2. ast. l.7 0.7 2.5
x a1l S ho/Cy,E=8 J 6

(+ast)zS+).

02, + (+ ast)(+ + ) + Q In(l)dl-égﬂ
al g+ ho T {In(3LR)CxD. 6,
2x1,057 20, al ST astT.| 1.9 0.8 247
x al 8 ho/Cy, E=S & al(+ast)g. 1T,

(+ast) (S+).

23. + (+ast)(+ast) + +
net ast dp el |In(1)d1-49.

2x4,442 63, | mm—-- led |  =-- —_—
x net ast dp ¢l o net (+ast)o.

*
In Matings 15 and 23., the calculated total is twice the (+ ast)z/ ast class; 1in lMatings 18
and 22, it is twice the non-Cy class.

**See text for description. 1In Mating 23, the net - astl region may be considered as identi
cal with the al - Sq region. ,

Table 7. The frequency of crossing over in the al - S region in Dp-S heterozygotes.
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al (....+..ast.)(u...+. -ELS"C.) ho

( + ast )2 ho
+ vseeSs.ast.

The frequency of this type was 1.2% (22/ 2x995); the complementary
croagover, al S ast, was not recorded since it fell into the
poorly viable S ast / + ast5 class of offspring. The best
estimate of the total frequency of crossing over in the al = Sl
region is therefore 2.3% (22/ 995). In the same experiment

it was also possible to detect a crossover bgtween the S locus
in the left section and the break point of the duplicatione.

This had the cﬁmposition, al ast, and occurred with a frequency
of 0.05% (1/ 2x996); it was convenient %o note the occurrence
of this type in studles on the left sectlion of Dp-3S where 1t
had special significance. The complementary crossover to the
latter is ( S ast)( + ast) ho,but if it occurred in the offspring
of Mating 23., it must have been included in the phenotypically
indistinguishable ast ho class, which resulted from crossing
over in the region between the break point and the S locus

in the right section of Dp-S. Now the fregquency of the "ast" ho
types in Hating 15., was 1.29% (22/ 2x995) and it follows that
the total frequency of crossing over in the Sl‘" S5 region

is 2.3% (22/ 995), or the same as that observed in the sanme

xperiment for the al - 37 region. Thus, the total frequency
in the al -uSg region is 4.4% under the particular conditions
used in Mating 15. This high valve is presumably due to the
presence in that mating of In(1)d1-49, In(1)AM, and T(2;3)le,

which were hetervaygous in the parsntal female.
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The above result may be compared with the average of the
results from latings 13., 16., and 17., in which the parental
females did not carry Dp-S and were heterozygous rfor In(l)dl-49
aggi%i%g5)Me; it is likely that the inversion conditions here
are only slightly less efficient than they are in Mating 15.

In the former matings the average total frequency of crossing over
between al and S was 4.2% (167/4,022) which is in good agree~
ment with 4.4% for the al -~ Sg region as measured in the

latter mating. Apparently, taen, the heterozygous presence of
Dp~S does not aporeciably affect the total amount of crossing
over in the al - S region of a normal chromosome, at least

under the particular inversion conditions used.

The problem of how the crossovers between al and Sg
in Dp~S heterozygotes, are distributed with respect to the
left and right section of Dp-S can be attacked indirectly
by calculating the ratlo of the al - Sl region to the Sl ~ 3
region in terms of genetic length. A summary of Matings 15.,
18., and 22., Table 7., gives a value of 59 : 22 + 3X31 (in
terms of absolute numbers of crossovers in each region) or
le6 ¢ 1 for that ratio. Considering the fact that the
al = Sl region is known to be longer cytologically than the
Sl ~ Sp reglon, it seems safe to conclude that the frequency
of unequal crossing over involving the left section of Dp~S
is the same as that for the right section in females which
are heterozygous for the duplication. It is important to note,

though, that thils concluslon 1s based on an assumption, which
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may not be justified, that differences in inversion conditions
in Matings 15., 18., and 22., have had a negligible effect on
the calculation of the above ratio. Again, whether or not

the observed ratio would obtain in the absence of inversions

in other arms is not known. I it be assumed that the ds locus
is close, genetically, to the left end of the duplicated
section, as it appears to be cytologically, then the theoretical
al - Sy ¢ 89 - Sy ratio may be estimated as 1.3 ¢ Le3 = 0.3

or le3 : 1, which is in good agreement with the observed value.

The Possipbility of Sister Strand Crossing over in
Dp~S Heterozygotes
The apparent removal of the ast locus from the right

section of Dp-3 wilthout association with crossing over in the
al - ho region has been observed in a total of 5 cases from
heterozygous Dp-S females, distributed among Matings 19., 20.,
and 21., Table 6., and Mating 22, Table 7. Each case occurred
in a single culture; four out of five of the culturggi%ad over
100 offspring which were derived from a single parental female.
The fifth culture was from i*151133‘.:r1g 22+, which had two parental
females and which produced only 72 flies in that culture.
Tt is quite possible that the net S ast™ dp cl type in
Mating 22., and the al ast ho case in lating 21 were the result
of contamination; this explanation probably does not apply
to the three cases obtained from Matings 19., and 20. Here

it was established that each of the three cases arose as
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net+ ast ho dp+ o1t / In(2L)Cy, ast® individusls and in each
case 1t was shown that the ast ho type was apparently normai in
the salivary gland chromosomes. The frequency of these types
may be estimated as 1.6% ( 5/ 309 ) of the total number of cases
of removal of ast from the right section of Dp-3. This frequency
1s about what would be expected if these types répresent double
crogsovers within the region from net (or al) to S and if there
is no interference in that region. BPBut a coincidence close to
one in an interval which in these experiments was probably not
over 3 units ls so unlikely that the possibility is open that
the rare types are the result of unequal crossing over involving

gsister strands of Dp-S.

An experiment was designed to detect the possible
occurrence of sister strand crossing in females having Dp-3
in one homolog and one of the large S deficiencies in the other.,
Females of composition, In(1)dl-49 / In(1)AM ; a1l ( + ast ), ho
P(2;3)Me / Df(2)S4 ; In(3LR)CxD, were mated to In(2L)Cy, a12 ast3
meles and & search was made for ast / aS‘b5 types in the Fl; none
were found however in over 2300 offépring (based on the ( « ast)z /
ast5 class ). The sbsence, in the homologous chromosome, of
the section present twice in Dp-S does not appear to induce

sister strand crossing over in Dp~S with an appreciable frequency.

The Phenotypes of Dp-3 Derivatives
In unequal crossing over studies of Dp-3 heteroszygotes,

it was shown that the genetic composition of ( + ast )2 could'be
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varied by introducing S Into the left or right section of the
duplication, or by replacing ast in the right section with ast+.
Many other substitutions are theoretically possible. Thus,

using the 6 combinations, gt ast+, S ast™ s 3 ast, S ast4, + ast,
and + ast4, there are 36 possible ways of varying the composition
of Dp-S, making use of this materiél only. Actually, however,

it has not been feasible to vary the composition of the ast

locus in the left section so that the possible ways of varying
that section are reduced to 2; this leaves only 12 combinations
which can be obtained relatively easily. All but two of these,
(+ ast)(+ asté) and (S ast)(+ ast&), have been synthesized.

The combinations may be divided into Group I., all members of
which were derived originally from (+ ast)e‘by substitutions

in the right section; and Group II., all members of which were
originally derived from (S ast)(+ ast). The members of these

groups are as follows:

Group Ie. Group II.
le ((+ast )( + + ) | 6. ( Sast )( + + )
2 ( + ast )( + ast ) 7e¢ ( S ast }( + ast )
3. (( +ast )( S + ) 8. ( S ast )( 8 + )
4. ( + ast )( 8 ast ) 9¢ ( S ast )( S ast )
5. ( + ast )( S ast®) 10. ( S ast )( S ast?)

As has already been noted, (+ ast)( ++ ) / 8% E-8

may be compered with S* ast™/ + + E-8; while (+ ast)(+ ast) /
$° E-S is similar in effect on the eye to S’ ast™/ + ast E-S ;

similarly, (+ ast)(S + ) / S° E-S acts like ST ast’/ S + E-S.
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Members 3., 4., and 5., of Group I. have been found to be not
only indistié%ishable from each other, phenotypilcally, but
also from S+ ast+ in all combinations which have been triled,
including tests to S ast+, S ast, S asté, and deficiencies

for the region present twice in Dp-S. All members of group I.
look normal in the homezygous condition, at least with respect
to the eye; l. and 2. occasionally show the extra vein effect
as already described. The effects of every member of Group I.
can consistently be interpreted as indicating that the left
section acts as though it carries S+ast+ instead of st ast,
that the right section acts in each case according to the
indicated composition, and that the two sections act independently

of each other.

The effects of each member of Group II. are such as
would be expected if each carried only the composition of the
right section; thus, 6. acts like st ast+; 7., like st ast;

8., like S ast+; 9¢, like S ast; and 10., like S ast4. These
conclusions are based on tests of each membef of Group II. to

+, 8, ast, asté, S ast, 3 ast4 and E-S. Tests to S deficiencies
were not made. No apparent position effects could be

demonstrated for any of the following comparisons: (8 ast)(S + )/
ast vs. (8 ast)(+ ast)? (8 ast)(S ast) / ast vs. (S ast)(+ ast)/
S ast ; and (S ast)(S asté) / ast vs. (S ast)(+ ast) / S estd,
However, the possibility that slight differences may exist in

some or all of these comparisons is still open, since eie

measurements were not made and possible genetic variability was



b6

not adequately controlled.

A comparison of Group I. with Group II. shows that
members 3. and 6. are identical with respect to genetic material;
as far as can be determined they are also identical phenotypically:
€e Sey (+ ast)(s+) / 8 and (S ast)(+ +) / 8, each have a
typical S / + type of eye. On the other hand, there is a
striking difference between the derivatives, 4. and 73 for,
whereas (+ ast)(S ast) / S + looks like S/ +, (S ast)(+ ast) /
S + 1is nearly if not inseparable phenotypically from S + / + ast.
Superficially, the results of the latter comparison might be
interpreted as an instance of position effect extending from
the S and ast locl in one section of Dp-S to thosé loci in the
other section. The results may also be explained on the
simple assumption that there is a "primary" position effect
on the agst locus in the left section of (+ ast)(S ast), causing
it to act like’ast+, by virtue of the rearrangement in Dp-S,
which just follows the 21 E 1-2 doublet of that section.

The latter interpretation 1s more likely for three reasons.
FPirstly, it satisfactorily explains all of the effects observed
for members of Group I. Secondly, two other aberrations, T(2;3)
aster and In(QL)astrvg, have been found which have one of their
breaks just following the 21 E 1-2 doublet, as in the case of
Dp~S, and which act as though the originally present ast had
reverted to ast™ . Finally, it has been demonstrated, as shown

below, that in the case of (+ ast)2 there is no reason to



suppose an additional "secondary" position effect, extending

from the S and ast loeci in one section to those loci in the

other section.

Experimental evidence for the nature of the position
effect in (+ ast)2 has been derived from a study of a trans-
location, T(2;3)Dp~S, obtained from X-radiation of Dp-S maies,
whose composition with respect to the duplication was (+ ast)g.
A salivary gland chromosome analysis shqwed the presence of a
reciprocal translocation, having one of its breaks within the
duplication and just to the left of the 21 E 1-2 doublet of the
right section of Dp-S, and the other break in heterochromatin
of 3R. In the presence of a normal heterochromatin balance,
the phenotypic effects of T(2;3)Dp-S are such as might be
expected if it contained two doses of st ast, just as the
notation, (+ ast)g, would indicatej thus, T(2;3)Dp-S / S is
similar to, although more variable than, homozygous ast.
However, when studied in the XXY female, T(2;3)Dp-S / S has
a nearly normal eye which may be compared wgggi(ifast)g / 8 .
In other words, the effects of (+ ast)2 are the same whether
.the 3 = ast regions are relatively close, as in Dp~S, or are
widely separated, as in T(2;3)Dp~-3. It is likely that the
"primary" position efrfect occurring at the S - ast region of
the left section of (+ ast)2 has been changed in T(2;3)Dp-S
as a result of the rearrangement, and that the change in that
region is to a variegated ast-like effect, which, however, can
be suppressed by an extra Y chromosome. It is &mporﬁant"to

note here that the phenotypic effects of (+ ast), are not.

changed by the addition of a Y chromosome.



Discussion

It is perhaps significant that the origin of Dp=S
was aascciated with crossing over. Tt suggests that the
mechanism of the origin of tandem repeats, in which the
'sequence is in direct order, may be either one of non=-
homologous crossing over or a type of unequal crossing
over occurring Withinarepeat already established in the
species. Thus, assuming that there 1s a small, not
strictly tandem, repeat with a sequence,.J X L M N O P L ¥ Q R.,
then as a result of pairing in an unequal manner, diagrammatically:

e JKLMNOPLMQRS ..
o KLENOPTLMAQR..

the occurrence of crossing over in the L M region would
give rise to a tandem, direct repeat with the sequence,

ee JKLMNOPLMNOPLMAQR «¢ , and a complementary
deficiency type. There is however no obvious indication for
the existence of the origingifgeggat, here postulated, in
the normal region of the salivary gland chromosomes in which
Dp-S lies. There is occasional evidence from studies of
Dp-3, itself, for an assoclaglon of the doublets, 21 D 1-2
and 21 E 1-2, which might be takén as indicating that they
provide the nggsary repeat region; on the otner hand, it

is probably more likely that the association is not real but

the result of the confusion in pairing shown by the two

sections of Dp~S.
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The study of ungqual crossing over in femalesg,
heterozygous for Dp-3, gave no indication for & disturbance
in the total amount of crossing over in the 8l - S region;
furthermore, the distal and proximal sections appear to
undergo crossing over with the common homologous region with
about the same frequency. This suggests that, at melosis,
pairing of those two sections is a t random. <he fact that
there is 1little or no reduction in crossing over in the
al - 3 region in Dp~-S is in sgreement with cytodogical evidence
derived from & study of the salivary gland chromosomes of
heterogygous Dp-S_which shows that failure of pairing in the
S region is very infrequent. Indeed, so complete is this
somatic pairing between the repeat section of Dp-S that in
some instances it appears as‘though it hed the normasl banding.
This lateral pairing, 1f it existed at the time of crossing
over might permit a type of sister strand crossingfver
although involving, perhaps, four strandsat one level. But
if this phenomenon occurs, and there is some evidence which
suggests that it may, it may be difficult to determine whether
crogsing over between sister strands has occurred in the four
strand level, i. e., pairing of the two homologous sections

in the sister strand stage; or in the two strand condition.
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SUMMARY
I.

Two loci, Star and asteroid, in the second chromosome of
D. melanogaster were found to be extremely closely linked with
an estimated standard map distance of 0.01 to 0,04 unit., It
was demonstrated that these two loeci are included in the 21 E 1-2
doublet structure of the salivary gland chromosomes. Not only
do the Star and asteroid mutants affect the eye in & similar
way, but they also show position effects depending on how they
are distributed between the two chromosomes. An interpretstion
of the observed phenomena 1s made in terms of s naturally
occurring repeat in the chromosomes.,

11.

The Ster Duplication is a tandem repeat in direct order
for the four bands, 21 D 3, 4 and 21 E 1~2. It includes the
Star and asteroid loci and with the use of mutants at these
loci &8s markers, it has been possible t0 study unequal crossing
over in femsles heterozygous as well sas homozygous for the
duplication. The genetic composition of the Star Duplication
has been varied in ten distinct ways; the results indicate that
there is probably a pogsition effect exerted on the asteroid
locus in the left section of the duplication causing the
originally present asteroid change to act like & reversion to
normal. It is likely that there is little or no position effect
excrted by the Star .and asteroid loci in one section on those

loci in the other sectione.
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ANOTHER CASE OF UNEQUAL CROSSING-OVER IN
DROSOPHILA MELANOGASTER
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Communicated November 18, 1940

Females homozygous for the sex-linked dominant, Bar, occasionally give
rise to wild-type reversions and to forms with more extreme eye reduction
than Bar., This behavior was shown by Sturtevant! to result from un-

equal crossing-over. The Bar-reverted type was considered to be a de-
ficiency for the Bar gene; while the extreme form, called Ultra-Bar or
Double-Bar, was interpreted as a duplication for that geme. Later,
Wright? suggested that Bar itself had something additional present which
when lost by unequal crossing-over would give back a normal chromosome
(Bar-reverted).

The cytological nature of Bar was cleared up independently by Bridges®*
and Muller, e ol.,* who investigated e salivary gland chiromosomes.
They found Bar to be a tandem duplication, in normal order, for an X-
chromosome section composed, according to Bridges' detailed analysis,
of six bands. Bridges further demonstrated that Bar-reverted had the
identical banding of a normal chromosome, whereas Double-Bar had a
serial triplication for the region present twice in Bar and once in Bar-
reverted.

The second case of a tandem duplication being responsible for a domi-
nant “mutation’ is that of the sex-linked Hairy wing, which Demerec®
has shown is a repetition for a single heavy band near the tip of the X-
chromosome. However, its location in a region of extremely low crossing-
over prevented a study of unequal crossing-over.

This paper is a preliminary report on an autosomal tandem repeat
which was detected as a suppressor of the dominant mutant, Star (S, 2-
1.3). .

An analysis of the salivary gland chromosomes of this suppressing factor,
when homozygous, when closely paired with a normal chromosome and
when present as an unpaired haploid strand, consistently showed the
presence of a tandem duplication in direct order near the left end of the
second chromosome. The section present twice appears to include the
two faint bands, 21 D 4—3, and the heavy, frequently capsulated doublet,
- 21 E 1—2; i.e., a section of at least four bands.

Dp(2)S appeared in a study of changes at the Star locus, a consideration
of which is essential before discussing the properties of this repeat. S/
has roughened, slightly reduced eyes; S/S is always lethal. Star-reces-
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sive (.S") is the name tentatively given to a recessive mutant near if not
at the Star locus. S/S" has smaller, rougher eyes than .S/+4, and may
have gaps at the tips of the wing veins. The compound, S/S, is much
more extreme, having a narrow diamond-shaped eye and extensively in-
terrupted venation.

Bridges has reported that the salivary gland chromosomes of Star
are apparently normal. The same appears to be true for Star-recessive
and also for the dominant Suppressor of Star (Su—S, 2—1.3=) found by
Curry.

The allelic relation between S and 5 is, as yet, ambiguous. From al S
ho/S™ females (al = aristaless, 2—0.0; ko = heldout, 2—4.0), wild-type
“reversions,” which are always heldout crossovers and which are cyto-
logically normal, occur with a frequency of 0.01% (4 : 31, 106); by using
females heterozygous for inversions in all of the other chromosome arms,
their frequency has been stepped up to 0.046% (12:26, 370). Yet, a cross-
over complementary to the reversions has not been detected. The situa-
tion may bc similar to a case, recently reported by Oliver,? of reversions,
associated with crossing-over in one direction, arising from females carry-
ing two alleles of the lozenge eye mutation. For the sake of simplicity, S
and .S” are considered as alleles in this paper.

Dp(2)S arose spontaneously as a single individual among approximately
49,000 offspring of al S #0/S” females individually mated to al S ho/Cy,
E—Smales. The fly had normal aristae, nearly wild-type (Star suppressed)
eyes and heldout wings. Tests showed that the mother had contributed
al*, ho and Dp(2)S, whose origin was therefore associated with crossing-
over. Dp(2)S/+ and Dp(2)S/S” look wild-type. Dp(2)S/Dp(2)S is also
normal except for an occasional slight extra vein near the fifth longitudinal
vein. This wild-type action is in striking contrast to the pronounced phe-
notypic effects of Bar and Hairy wing.

A study of unequal crossing-over in the heterozygous duplication has
shown that the Star locus is included in the repeated sections; i.e., it has
been possible to recover from al Dp(2)S. ho/S females unequal crossover
products which have S inserted into the left (distal) section of the repeat,
and others with S introduced into the right (proximal) region. The latter
occur with a frequency of 0.39, (6:1948) or roughly thirty times as fre-
quently as the former (0.019; or 2:¢a 23,000). In terms of genetic length
this indicates that the .S locus is included in the extreme right portion of
each of the two regions present in duplicate. The original duplication,
since it arose from homozygous S, might be expected to have a .S gene
in each of these positions. Using parentheses to bound the repeated re-
gions, its composition may be written: Dp(2)S = (...85.)(...5.).
That 5" is present in the proximal section has been demonstrated by its
recovery from
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ab (...5(...5) ho
(...8.)

females as S ho cross-overs, whose cytological picture is normal; their
frequency is 0.359, (57:16,568) or approximately that of the complemen-
tary al (...5.)(...S.) class mentioned above. In the two cases where S
was inserted into the left section. the product may be written: (...S.)-
(...8".) ho, and its origin visualized as the result of the following pair-
ing: .
al (...8)(...5.) ho
(...8) '

accompanied by a cross-over between the .S locus and the break point of
the duplication. The complementary crossover is expected in this case
to be al 7, or the removal of 5" from the left section. Yet, although
a total of 243 S ho types have been detected, no cases of al S” have
occurred. This may mean that S is slightly to the right of S, as was sug-
gested, in part, by evidence given above. On this basis, either S is just
outside the duplication or it is so close to the break point that crossing-
over has failed so far to remove it from the left section.

Although the phenotypic effects of the original duplication are con-
sistent with the assumption that one .S and a normal allele of S" are
acting, the origin of Dp(2)S from homozygous S” would seem to indicate
that this action is more likely a position effect. A preferable notation,
for the present, would be Dp(2)S = (...52.)(...5".).

From al (...8?.)(...5.) ho/ |- fcmales, normal S" %o chromosomecs
and al (...S872.)(...5*.) occur with approximately equal frequencies as
expected.

There is genetic evidence, not of a crucial character, that the locus of
net (2—0.3=) is also included in Dp(2)S at the extreme left end of each
section. If this is the case then the total frequency of crossing-over be-
tween the loci of net and Star in heterozygous Dp(2)S is greater when the
distal section is involved (1.49%;) than when the proximal one takes part
(0.7%). As in the experiments previously given, these data are obtained
from females heterozygous for inversions in some of the other chromosome
arms with the result that the normal nei~S distance of 1% is increased to
2%, or more.

From females homozygous for the original duplication whose repeated
sections may be supposed occasionally to pair in an unequal manuer,
diagrammatically,

al (...52)(...5) ho
(...5?)(...8) ’




34 GENETICS: E. B, LEWIS Proc. N. A. 8.

two types of unequal cross-over products have been obtained which,
apart from phenotype, are analogous to the derivatives produced by
homozygous Bar females. The normal chromosome products, correspond-
ing to Bar-reverted, are detected on the basis that they carry §’; their
frequency is 0.25% (9al S” + 5 5 ho:5594). New chromosomes with three
sections in tandem repetition, as is the case with Double-Bar, occur with
approximately the same frequency as the normal types, namely, 0.18%,
(8 al + 3 ho, triplications:6000); their action is to suppress, completely,
S E~S (E-S = Enhancer of Star, 2- 6.=), whereas Dp(2)S (...57?.)
(...5".) only partially suppresses the small rough eye effect seen in .5
E—S/+. The unequal crossover types have been examined in the
salivary gland chromosomes and the analogy with the Bar derivatives
has been found to bold. The homozygous triplication, symbol, 77(2)S,
has slightly bulging eyes with large facets; in addition to occasional slight
extra veins, described for the homozygous Dp(2)S, there is often 4 branch-
ing of the second longitudinal vein. The wing effects are perhaps to be as-
cribed to the locus of net.

Homozygous 77(2)S females have produced S” chromosomes with only
one section present, and also a new ‘“‘dominant’” unequal crossover prod-
uct, which over S” (or S’ has eyes resembling those of homozygous T7-
{2)S. A cytological analysis supports the conclusion that the ‘“‘dominant’
is a repeat of five sections. When homozygous this quintuplication,
symbol, Pn(2)S, is still quite viable and fertile, and has the same effects,
but much more intensified, as homozygous 77(2)S. @n(2).S would corre-
spond to Quadruple-Bar obtained by Rapoport? from attached-X females
homozygous for Double-Bar.

Summary.—1. An autosomal tandem duplication is described, whose
origin was associated with crossing-over.

2. Genetic evidence indicates that the locus of Star and possibly the
net locus are included in each of the duplicate sections.

3. The homozygous duplication gives unegual crossover products
analogous to Bar-reverted and Double-Bar. A repeat of five sections has
been derived from the homozygous triplication.

1 Sturtevant, A. H., Genetics, 10, 117-147 (1925),

z Wright, S., Amer. Nat., 63, 479480 (1929).

3 Bridges, C. B., Science, 83, 210-211 (1936).

4 Muller, et al., C. R. Acad. Sc. USSR, 1 (X), 87-88 (1936).
5 Demerec, M., Genetics, 24, 271-277 (1939).

8 QOliver, C. P., Proc. Nat. Acad. Sci., 26, 452—454 (1940),

7 Rapoport, J. A., Bull. Biol. Méd. Exp., 2, 242-244 (1936).



