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THE PROBLEM

Drosophila pseudoobscuras presents considerable interest
25 an object fof the study of a number of genetic problems, especially
those connected with hybrid sterility and methods of race and species
formation. As shovn by Lancefield (1929), this species contains two
races, race A and race B, which produce, when crossed, sterile male
and fertile female hybrids. The two races are indistinguishable exter-
nelly, but differ in a number of physiological characteristics (Shapiro
. 1932, Poulson 1934, Dobzhansky 1935). I have shown in a previous work
(Tan 1935a,b) that the gene arrangement in the chromosoﬁes of the two
races is somewhat different, there being four inverted sections in the
chromosomes of the hybrid.

An analysis of the cause of the sterility of the hybrids
in this case (Dobzhansky and Boche 1933, Dobszhansky 19%33,b, 19%4a,
1936) has shown that it iskdue to interéction of genetic factors rather
than chromosome incompatibility between the two races. Lancefield (1929)
and Koller (l95§§ found that the facltors responsible for the sterility
of hybrids are locatad in the X-chromosome. Dobzhansky has further
demongtrated that some of these factors are also present in the autosomes.

As a basis for these studies 1t is necessary to work out
the genetic and the cytological maps of Drosophils pseudoobscura chromo-
somes. Bspeclally, when the question of the distribution of the ster-
ility factors in the chromosomes of the two races ig raised, and their
relation to interrscial distinction in the chromosome structure is to
be settled, such information is essential.

With ﬁhe above aim in view, the present investigation is

undertaken,
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MATERTALS AND METHODS

Drosophila pseudoobscura Frolowa ig a species native in
the Pacific Coasf of North Americe, which has for a long time been cor~
fused with the Furopean Drosophila obscura Fallen; its description under
this name can be found in Sturteveni's monograph of the genus Drosophila
(Sturtévant 1921). Frolowa and Astauroff (1929) have shown the two forms
to be really distinct species, and have given the name pseudoobscurs for
our object. Lancefield (1929) observed that the species pseudoobscura
congsists of two races, called A and B, which produce sterile hybrids when
crossed. Tan (1935) and Koller (1938) found the two races to be different
in gene arrangement - they differ in four inversions in as many chromo-
somes. Moreover, strains of the same race consisting of four different
geographic regions may also differ in gene arrsngement, and so it becomes
necessary for the purposes of this work to use always a definite stendard
strain, Race A strain from Georgetown, Texas, was chosen.

The procedure adopted in breeding this species consists
of keeping the flies to be crossed for three days in a vial, in which
a small chip of food is placed, before transferring to a half pint cul-
ture bottle containing food. For linkage experiments all culiures were
raised in an incubator at 25°C, for it was shown by Plough (1917) in
Drosophila melanogaster that the amount of crossing over veries with
temperature, though such effect has not yet been reported in our species.
The apparatus used, such as incubator, etherizer, culture bottles, and
the formula of food, were essentially the same as described by Bridges
(1932). The counts from a bottle were continued for 12 to 14 days after
the first day of hatching but not until the appearance of the succeeding

generation.,



A1) mutant stocks of race A Droscphila pseudoobscura kept
-in this laboratory were used for the purpose of congtructing the genetic
maps. Some of them were sent here from the Genetic Laboratory of
Edinburgh University, Scotland, through the kindness of Doctor P. Koller,
to whom the author wishes to express his indebtedness. In the course
of the investigation a few new mutants were discovered by the author
and some of them proved rather valuable beczuse of their favorable loca-
tions. Professor Sturtevant also kindly let me use sbme of the new mut-
ants ke had found.

In constructing genetic maps, the distance between two
nearest genes was determined by the percentage of crossing over between
them. In a few cases where a big gap lies between two adjacent genes,
the determination based on direct crossover values might not be accurate
enough on account of double crossovers which have escaped detection.

In order to establish the cytological maps, twenty two
translocations involving different chromosomes (exclusive of X chromo-
some), were obteined with the aid of X-ray. Deteils regarding the
origin of these transioccations will be described later. TFor each transg-
location parallel genetic and cytological analysis was carried out.
Genetic analysis of translocations consisted of testing for (1) viability
end fertility of dupiication and deficiency heterozygotes (2) viability
of homozygous translocations, and (3) location of the breakage points.
Translocations that give rise to viable hyperploid or hypoploid zygotes
are more useful than those which do not; for in former cases tests for
duplicating fragments usually give a more accurate information as to the
whereazbouts of the breakage loci than the crossing over tests do. Espec-

islly since there were not enough numbers of known genes properly distributed



in the autosomes of the species, the determination of the breakage
pdints by measns ofvcomparing the crossover valués in a translocation
and that in the control was rather limited in value.

Individual salivary gland chromosomes can be identified
in ahy nucleus, once one is acquainted with their distinctive charac-
teristics. The correspondence between the respective chromosomes in
the salivery gland cells and their counterparts among the linkage groups
known in the species was previously established (Tan, 1935) by studyh
ing the inverted sections in the different chromosomes. Since each
strand converging to the chromocenter represents the conjugated homodo-
gous chromosomes in gtructural homozygotes, and in case of heterozy-
gotes (inversion, translocastion, etc.) the section containing similar
loeci are paired, forcing the chromosomes to formFometimes vel'y complex
geometrical configurationg, the breakage points of different chromo-
some aberrations were determined in the salivary gland cell of the
hybrid larvee between standsrd strain and a particular translocation
stock concerned. In cases of Y-translocations, only male hybrid larveae
were heterozygous for translocationsz, snd therefore only male larvae
were selected for cybtological study. As to the rest, the work was
done mostly in female hybrids, éince male hybrids were decidedly
inferior to female for that purpose.,

The aceto-carmine smear method for studying the salivary
gland chromosomes has been applied as described by Painter (1934a,b).
There are, however, a few points of improvements which may.bé mentioned
here. Larvae selected for salivary chromosome study should not only

be old, about ready to pupelbe, but also they must be well fed. As
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goon as a good meny larvae hatched in culbture bottles, parent flies
were removed, S0 as to prevent them from laying too many eggs, which
would eventualiy hateh out to share the food. When the larvae were
partly grown (about 7 days), about 1/8 cake of Fleishmann's yeast

was put in on the surface of the food in each bottle. The culture bot-
tles were then kept at loﬁ temperature, about 15° — 18°C, until the
larvae becanme big enough to dissect. According to the advice of

Drs. Bridges and Schultz,‘the digsection of the larvae and the fixation
of the glands were made at a low temperature. For this purpose, a
depresaion slide wag supported by a paraffin mold on the two opposite
edges of a rectangular copling jar, which could be filled with ice
blocks. Tne thick slide was about half immersed in the ice water.

The staining solution and the normal saline were chilled too..The lar-
vae were transferred from culture bottle to the hollow depression of
the slide. Dissection was performed on the cooled smooth surface of
the slide. Glands were transferred by the tip of a needle to a small
syracuge dish containing chilled staining solution. After the glands
were left there for about 15 to 20 minutes, they were mounted up,
usually 2 or 3 pairs on one slide, smashed gently and sealed up with
paraffinmsstic. Third, how to convert a temporary mount to a permanent
one. Temporary mounts of salivary gland chromosomes could usually
stay good for about a week. Drawings were made during that interval.
In order to oreserve desirable figures permenently, a simple technique
was developed following the suggestion of Doctor Bridges to change
temporary mounts into permenent ones. It consisted of scraping off

the wax sealing by means of a knife and then dipping the slide with
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he cover glassvon into 95% alcohol. Allow them to stay there over
night. The cover glass usually came off on the next day. 1f they
failed to do ss, they could be easily teased off by putting two fingers
at one edge of the cover to keep it from moving and using a fine forcep
with the other hand to wedge the edge of the cover up., The tissue
may édhere to the surface of elther slide or cover glass or both.

The detached slide and cover slip were then returned to 95% alcohol
in separate vessels for lb minutes before being mounted up with eupral.
Not infrequently in the process of conversion from temporary to perman-
ent mount, the smeared tissue might fell off from either the glide

or cover, and get lost. Following the advice of Doctor H. Bauer,

clean slides, on which tissues were going to be mounted, should first
be smeared with a very thin film of 45% albumin solution and allowed
to dry completely before using. When glands were mounted on such slides,
they always got stuck on the surface of ﬁhe slide, and hardly ever
fell off in the process of changing to permanent mounts.

All drawings with two excentiong were made under the

objective 120 snd oculsr 10 Zeiss, with the gid of a camera lucida,

The two exceptional ones, figures 26 and 27 were made at a even higher
magnification, objective 90 and ocular 20, for demonstrating the pre-
cise nature of a non-reciprocal translocation. The figures are of
twoAkindé. Figures showing the composite maps of the three autosomes
wefe copied froﬁ Dobzhansky and Tan (1936). All others were original
drawings made from individual preperations of hybrid larvee. Since

it rarely happens that a chromosome is clear in all its parts, in
mogt drawings the‘bahding was represented only in the clear sections,

the remaining sections being represented by dotted contour lines.
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As an aid for description, Dobzhansky and Tan (1936),
following the example of Bridges (1935) in Drosophila melenogaster,
sﬁbdivided the‘chromosomes of pseudoobscura into one hundred arbitrary
Seétions, numbering them congecutively from the spindle fiber to the
free ehd in each chromosome. The same numbering is adopted here. The
breakage points of various translocations, which were determined by
gtudying the homology of salivary chromosomes of heterozygous trans-—
Ylocations, are indicated in those composite maps by lines above.
Hence, the limits and nature of each translocation can easily be found
at a glance simply by reading the sequence of the numbered section
in the compogite map.

No attempt was made to detect the precise point of break-
age in every translocation with respect to the faint bands. There
were, however, a few cases, which, as will be pointed out later, do

clearly demonstrate the exact loci of breakage.

GENETIC MAPS

Introduction

The phenomenon of linkage of genetic factorg was discov-
cred in sweet pea (Lathyrus odoratus) by Bateson erd Punnet (1908,
1911) who named i£ "oametic correlation® and spoke about "coupling"”
and "repulsion' of genes., The term linkage and the idea that this
phenomenon 1s due to the location of linked penes in the same chromo-
some were proposed by Morgan (191la,b). Sturtevant (1913, 1915) ,
uging the degree of linkage as a measure of the distance between the

loci of the genes in a chromosome, has demonstrated that genes are
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arranged in a linear geries and has constructed the first genetie
mab of chromosomes (in Drosophila melanogaster).

The evidence for the theory of the linear order of genes,
as well as the theory of genetic map'conétruction hag been adequately
discussed by Sturtevant (1915, 1919), Muller (1918), Morgan and Bridges
(1919) and others, and need not be presented here. Althougﬂmost work
of mapping the chromosomes has been done in Drosophila melanogaster,
genetic maps are known at‘present also for maize (Emerson, Beadle
and Fraser 1935), for several other species of Drosophila, and for
a number of other organisms (Lathyrus, Pisum, Phorbitis, Gellus, Mus,
Lepus and others). The fundamental principles of linkage proved to
be alike for all thesé formsg, and are probably universally valid.

One of the major requirements for producing an accurate
genetic map is the possession of a large number of mutant genes in
the linkage group in gquestion. In Drosophila pseudoobscura the first
mutant was reported by Sturtevant (1921). Metz (1916) reported three
mutants. Lancefield (1919, 1922) gave an account of a very extensive
series of sex-linked mutations in the same species. According to
Morgen, Sturtevant and Bridges (1925) four aﬁtosomal groups of genes
were also reported by Lancefield with 4, 8, 1, and 2 recognized loci
respectively. These, together with the sex-linked group, made thé total
number of linkage groups 5, which equal to the haploid chromogome
number of the species. In spite of the fact that the autosomal link-
age groups reported by Lancefield were imperfect, some of his mubants
have been found to be the same as some of the ones described below.

For this reason,‘thé numbering of II and IIT linkage groups still follow



the system of Lancefield. The numbering of the IV linkage group is
justified on the basis of cytological evidence, which shows that he
répresentative(gené of this group is located in the rod-shaped chromo-
some and not in the chromosome now designated as the fifth, in which
no gene is reported here. Whether Lancefield's 4th and 5th linkage
groups corresponds to mine remains to be seen, because no mutant gene
so far discovered in the 4th linkage group is certainly identical with

any gene of elther 4th or 5th group of Lancefield.

Descriotion and Localization of Mutant Genes

Since the present investigation is confined to the suto-
somes of Drosophila pseudoobscura, only the autosomal mutants will be
described below. In each chromosome mutants will be presented in an

order more or less according to the time of their discovery.

The Second Chromosome

Bare (Ba)

Bare is dominant and homozygous when lethai. It was

discovered by Professor A, H. Sturtevent (D.I.S. No. 1, p.41) in race
A. It is characterized by the shortening of the macrocheatae. It was
first showm by Doctor Shultz to be independent of all but the second
chromosome of Lancefield. The character can be easily distinguished
from the normal, and the viability and productivity of the heterozygous
flieg are excellent. Recently, Professor Sturtevant and the author
héve noticed that flies in the Bare stock may occasioﬁally breed true,

showing that homozygous Bare flies may sometimes be viable.
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Smoky (Sm)

Smoky, another dominant gene in this chromosome, was
found by MissKBeefs (D.I1.8. No. 1, p. 41) in race B. The mutant gene
causes the thickening and branching,df wing veing, especially the
second longitudinal vein., The minimum expression is the formation of
small delta-like structure at the distal end of the second longitud.-
inal vein; It is invariably lethal when homozygous. The mutant has
been easily transferred ffom race B to race A standard strain. By
crossing to Bare and backcrogsing the Fl Bare Smoky flies to wild
typé, it was found thet Smoky is linked with Bare and the two are
gitnated quite far away from each other, for the crogsing over fre-
quency was found to be more then 40%. Since the region between Bare
and Smoky is long enough for double crossing over to occur freely, and
since a double crossover could not be detected in a two point cross,
the region must be longer than 40 units. The determination of the
distance hag, therefore, to wait uwntil mutations will be obtained at
intermediate loei. A Bare Smoky stock was established for the tests
and localization of new genes in this chromosome. |

glass (gl) and its interaction with orange (or)

Glass was discovered by Crew and Lamy (1935) . It is
a recessive. The eye is reduced in size and surrounded by a smooth
colorless rim. The irregular shape of the eye facets in the central
area and numerous hairs pointing in all directions give the eye an
appearance of extreme roughness. Th#pigment in the central space
appears to be greatly reduced in amount and leaveé only a pinkish or
reddish hue. The chéracter can be easily recognized wilth naked eye.

The viability and fertility are about as good in wild type.
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Crew and Lamy (1935) reported that glass gave free recom-
bination with purple and short4,representatives of the third and fourth
linkage groups; With Stubble, a representative of second. autosome,
glass was found linked and observed to give about 47% of recombination.
Since at the time when glass was introduced into this laboratory, the
relafions between the linkage groups short4 and Stubby of Crew and
Lamy and those of Bare-Smoky and Curly of this laboratory were not
known, glass was immediatély crossed to Bare-Smoky (second chromosome)
end Curly (fourth chromosome), the third chromosome being represented
by purple of Crew and Lamy needs not to be tested here. When Fq Curly
males were backcrossed to glass females, first counts of Fo flies gave
25 Curly, 17 wild, 9 glass and 3 Curly glass flies. This indicates
that glass is not located in the fourth chromosome. The result of
backcross of Bare-Smoky males To glass females, however, gave only two
kinds of flies, 80 glass and 21 Bare-Smoky. Hence, it may be concluded
that glass must be located in the second chromosome. Since glass was

found linked with Bare-Smoky, a full count of flies were made in a

single culture of cross between Jngg X gldd to find the approx-

Sm Ba
imate location of glass in relation to Bare and Smoky. The figure

given in table 1 gave

Table 1. Nature of the cross: Er—?;~J§L99 X gloe
m Ba
SINELS Crossoverd double C.0.
Non~crogsovers lst region 2nd region 1, 2 ‘
gl Sm-Ba. Sm-gl  Ba  Sm-Ba-gl + Ba-gl Sm total

90 164 52 137 T 56 20 20 546
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crossing over values of 42.0% between Bare and Smoky, 18.9% between
Bare and glass, and 46.3 between Smoky and glass. Since the smallest
number of flieé were represented by Bare-glass and Smoky classes, which
must be double cfoss—overs, the sequence of the three genes in the
chromosome must be Smoky-Bare-glass, Bare being nearer to glass than

to Sﬁoky. A stock of Smoky-Bare-glass was then established.

As pointed out above, glass eyes are usually light reddish
in color. However, in pufe glass culture, occasionally some glass
flies were found to be light gray in color. Then such flies were
mated to wild type, all Fq individuals were of wild type. Among 164

F, flies, (Table 2) 43 were not glass but orange in eye color.

Table 2. Nature of the cross: &L QLgo x- &L OL ov
+ + +  +
wild orange glass (light red) glass (light gray)
Observed 164 43 34 13
Expected 141 48 48 16

Of 47 glass flies could be segregated into two classes, 34 light red
and 13 light gray in approximately 3 to 1 ratio. The result can be
explained on the assumption that glass with light gray color was due
to the interactioﬁ of genes glass and orange. The appearance of glass
orange flies in class stock might either be due to contamination or
to a recurrent mutation of the locus orangé in the original glassvstock.
Since the history of the stock was not very clear, it could not be
ascertained which was the'actual cause.

That glass with light gray color is due to the interaction

of the genes glass and orange was confirmed by the results of following
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A

A1l F, progeny was

appeared Tour type

the cross: &L too x &L Tso
+ or + or

wild orange glass (light red) glass (light gray)
Observed 308 68 65 12
Expected 257 B4 84 28
color and glass with light gray color, 1o imately 9:5:5: 1 ratio,
In geparate tests, where glass with light red color flies were mated

to wild type, only the two parental types appeared in Fo in the ratio

of about 3 to 1 (Table 4). The last and most conclusive test was when
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wild glass (11

235 5L
215 71
light gray glass flieg were mated to orange, 211 F, flies were orange.

bithorax {(bi)

Bithorax was reported by Crew and Lemy (D.I.S. No. 1,

p. 41) as en avnbosomal recessive mutant, causing an enlargement of
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n extreme cases, the balencers may take the form of

sk and visbility

is low. Sometimes the character may overlep normal. Bi
were mated to Bare Curly, and ¥y Bare Curly males were backcrossed

3 o

to bithorsx females. The Fy fly counts, as shown in table 5, demonstrate
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Teble 5. Nabture of the cross: £h... o0 x bige

Ba Oy Bi Cy pi Ba Cy
15 18 23 20 2

that bithorax glves free recombination with Curly bul not wlil

11

indicating that bithorax belongs to the second chromeosome. Some of

bithorax flies listed in table b appeared like wild type. Since Bare

-

bithorax flles were entirely abgent, these wild type flies must act.

uslly be bithorax overlapping the normal. A cross of H= bl 5 ' T I G sk Keie)
a

was algo nade. Table 8 shows that Bare and bithorax had crossed over

Table 6. HNature of the cross: ExWngg X vigg
Ba

Hon=crossovers CTrossover

bi Ba + bi Ba total

145 135 21 7 308

28 times in 308 individuals, the per cent of crossing over being 2.08%.
Since Curly waes found independesnt of bithorax, charscter Curly was
entirely neglected in this count, In order to find out which side

of Bare bilthorex lles, a four point linksge experiment involving lthe
genes Smoky, Bere, glass and bithorax was plamned. As the backcrossges

2

in this experiment would regulre bithorex glass flies, it was necessary

first to egteblish a blthorax glass stock, To attein this aim, bithorax
females were crossed Lo glass males, HEre

or heterozygosity of glas
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Smogone

Oreange eye color mubant was originally 4 by Lencefield
and later described by Crew end Lamy {19%4). It is recessive and cam
not be distingo the gex-linked vermillicn sye color, The

is ez le even in ther eye
colors., The vis productivity of the sutant fly are as good
ms in normal,

ourple {(or)

Purple, another reces

sive eye color mubant, was

found by

Crew and Lemy (1922). It is 2 translucent color ranging from yellowish
brovn to chestnut. In case of meles, the testiculer shesth appears
colorless. Vhen it is combinsd with orsnge, it becomes greyish white
in eolor., Crew snd I (19%4) reported three diffevent sllels of the
ourple locus, whose colorstion differs from each other in rather slight

degree. hNowevar, they con be distinguished one from another ren each
is separetsly combined with vermilliion. The percentage of crossing over
#
batween ourple and orange was reporied by Crew and Lemy ('34) to be 47.2.
Beute (Sc)

Scute, a2 dominent gene causing the zbgence of most bristles
on the thorex snd the head, was zlso reporied by Crew and Lawy (1934).
The homozygous forme of Scube can be sssily distinguished from the
hetersygotes by the rough eyes and the absence of some microchactae,
Horveover, both homozygous and hedsrvozypous Scube flies do not show any
Jowering of viability or productivity. According to Crev and Lemy (1934)
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orange and ourple, esch of vwhich
gives about 5% of crossin

tiom end 1ts clesr cubl expression, Scute has proved Lo be an extremely
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valuapble mubsnt in this group. The combine
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sregent the third chromosoms for standard tegts of various kinds,

crossveinless {(ov)

Crossveinless was reported by Crew and Lamy (D.I.9, Wo. 1,
n. 41) =5 an subogomzl recessive, vhich causes the zbsence of the pos—
terior crosavein. The snterior crossvein may elther be sbhsent or incom-

-

The mutant is essily distingoishable, 1F the wing is not damaged.

Tte viebility is gbout normel; so is its productivity.

Lemy thet crossvelnliess

ave 10% of recombinstion with the sutosomal-chort, which, 235 will be

&

&)
<

described later, 1s locsted in the Curly linksge group, the suthor started

yom ) .. . +
Table 12, MNature of the cross: o

cv  Ba~Cy Ba=-cv GOy Ba cv-0y wild Ba-cv-Cy
25 18 18 42 B4 &5 A5 29

s Ccross betwesen
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expectation, that crossveinless ¢

both Bere snd Curly, second and fourth respechively.

In the meantime Ly counts of the reciorocal cross, =8 shown in table 13

indicate 46,2% of recombination between Curly and crossvel

o
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Table 15. HNeture of the cross: —— "j;oo X ovod
uy

Non—-Crossovers CroSgSovers totbel
Culture Ho, v Gy oy Gy &

1 34 46 31 38 15

in the ldizht of the result of the o
indevendent zssortument of Curly snd crossveinless rather than possible
e of the two gene with long distance apsrt.

So far 1t hazs been showvn thet crossveinless ls located

neither in the fourth chromosome 28 reported by Crew and Lamy nor in

] -

the second

o

chromosone. Since 1

peey

e

in the third or in the fifth chromosome. Crossveinless

to. Curly orange Scute

and reciprocelly backerosged Lo crogssveinless. Fly counts of this mats

v
e

L

show only 4 kinds of flies present, 36 Cy cv, 98 cv, 52 Cy S¢

The presence of Curly crossveinless recombination flies at rendom and

‘va

the entire asbsence of Scute crossveinless flieg ind
lessg is definitely linked In the or S¢ pr group. The reclorocsl cross,
shovn in tzble 14, geve 45.7% of recombination between Scute and

m - w o C’\ S 5
Teble 14, Nesture of the cross: =L 28 _on X pyod

+ cv
Non—~2rossovers CYOSSOVers
5S¢ oV Se ov 4 total

o, Cv + Cv
1 8z b3 78
4

< 2%
38 2E 8

Cv +
45 &5
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iz an sutosomel gene, 1t may lie elther

iicates that crossvein-
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apd crossvelnlsss, vhirh indicsztes thet the locus of crossveinless is

awvar from Seulbe,

Ls has been shown by Crew end Lemy (1834), Scute gave szbout
257 crossing over with either orenge or purple. BSince crossveinless geve
£5.7% of crossing over vith Seute, crossveinliess must lie at one of the
extrene ends of tThe third chromosome. Before the tests conld be mede
en or procy stock mast be ralsed, By the time vhen the stock weg vendy,
znother third chromogome dominsnt gene, Jagged, wes found. Conssiuently,
z four point cross, invoelving orsnge, purple, crosgveinless and Jagged,

"! it PR

wes carried out Lo localize both crossveinless and Jegged, Ag the resultl

-,

has bearing also on the new mutant, Jagged, 1t see cis more desirsble o

discuss that after the description of the latter. Suffice 1t here to

Jegged wing is a dominant mutation which wes recently found
by the guthor. Ususlly, only the inner margin of the wing becomes noiched.
In extreme caseg, the whole wing may become gitrap-like and hesr notches
seared

on all mergins. Three such flies, two females and one male, o

A

in one of these cultures (No. 4 of Table 7) of the cross betvween

13, A gingle Bare Jagzed femazle and a sin

<

G

o

ER e P
scember, 1956. FRach

g, but both matings
failed to produce eny offsvring.  Fortunsbely, = single Smoky Bare Jagged

female obltained on December 28 wag successfully crossed to 3 wild tyope



males. The fly counts of the cross iz shown in tsble 15, The fact that

Teble 15. WHature of the cross: ——t Jagg X + G
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(65
fo

2
Sm-Bz Sm Ba 4+  Sm-Bz Sm Ba 4+  SmeBa Sm Ba 4+ Sr-Ba Sm RBa +

i1 " 8 8 4 1 7 15 5 5 416 10 5 9 11

approximately helf of the offsoring were Jagged, and that they were ecuanlly

digtributed asmong the two sexes indicstes that The multant an aubtogonal

gous in comnstitution. Since Jagged flies occurred in Fo ecually frecusnt
o t
in combination with the two non-crossover classes, Jagged ssenms not Lo

be linked with the Smoky Bare group. This was soon confirmed by several

(]

o .
subsecuent crosses between =& o Ea WlJuﬂ@ end bi gl ¢¢
g g
45 shown in table 16,
3 2 & T
Table 16. Noture of the cross: =22 W_B“ J8 g5 x bi gl g9
bl gl +
Culture Ho. Sm-Ba-Ja bi-gl bi=gl-Js Sm--Ba

20 6 8 18

(o

To tesgt for the viability of the flies homozyvgous for
Jagged wing, Jagged files were crossed to wild type, and in Fy flies

heterozveous for Jagged were selected and intercroszsed, There sppearsd

in ¥y 131 Jagged flies against 892 wild type. The result can be explained,
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am shown in table 17, on the besis of 231 ratlo, vhich indicates that

Table 17. HNeture of the cross: Qﬁ@g K =G
-

o
CI e
Al ratio 172.3 59,7

Txpected on the
bazls of Z2:1 ratic 5 77

homozygous Jagged flies do not sxist. Indeed, when Jagged f

ides

pee!
0]
=3
[}

nbred even for seversl generztions, they never bred true.

[

fota

Ls hes already been showm in table 18, Jegged is not linked

in the Smolky Bare group. Jagged flies were then mated to or or cv and
Hhe rhe

in J tgY, representatives of third snd, fourth linkage grouce ressectlively,

In each case, Ja flies were selected in ¥y snd reciprocally hackerossed

-

“bo thelr respective multiolé recessives. The result of backeross to

maltisle recessive femoles would lmwediately show whether or not Je is

sreicular group; if wositive, the counts of the bacl

¥
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cross to the recessive meles would locslize the new gene in relstion to

- N k4 b - ooy e mt e ] ¢ H - ER ] P I PR
other genes in the zane group, Trbles 15 o roshax the fly counts
4
ENP I 2 AR VR T o ]
1 LYoy 210G Ta DT .
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o [ AR AT *
7 5 S

: Jo - e .
e Croggl e - D s ’s;g“ e

— - - - A ———
Cultvre Fo. Ja in-i-tgv Jominej-to? +

1 17 11 15 21

4 19 18 14 13
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1. The mutant flies can not be

& gex~linke

e

pene csusing the shori—

wiich wes de
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of the fourth snd fif

:

to denote the pex-linked

one, originally known =as

or S

3 were indented

2

bd®. Trom a cross between or bd* =nd or sibs, three or or

-

speared to have their fourth lopgitudinal veins slightly shortene

Rwi e ]

pt orange purple

By mating them to their wild Type ribs, a good many abr

flies of both sex were obbained. Since =11 abrupt flies had orange purple
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et have origineted in or pr stock. Vhen or ab pr

flies were meter to incomplete (in), 21l F, individuals were wild type,
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ing, the seter becsme more pronounced and at same lime bred true.
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- yvield 2 total of 1312 flies, from which crossover value between or and
Sc end that between Sc¢ end pr are celculeted to be 2.06% and %.12%
respectively. When these values are compared with the corresponding
values, 22.8% and 24.7%, from the control (the counts of the latter

ere shown in table 69), it is appsrent that the frequency of crogsing

Teble 69. QL.5C O oo x or pr &7
+ .

Non-crogsovers single crossovers double c.o.
Reg.l Reg.2 1,2
or-Sc-nr  + or. _Sc=pr __or-=S¢c pr ___or-or Sc total
45 75 1o 17 17 R3 5 5 2086

over ig greally reduced in both reglong. Since the amount of reductlion

anpears to be proportionally grester in the first region than in the

Fage

)

seccnd region, the breslt in the third chremosome probably lies to the
right of the locus Scute.

Having learned from above that crossing over in the whole
third chromosome is considerably reduced by the presence of II-IIT C
tranglocation, the author, using the gene orange as the marker of the
brezk in the third chromosome,'made the cross»of tranglocation femalesg
heterozygous for Sm p ps in the second chromosome and or in the third
chromosome to the multiple recessive males. The result of the méting
ig shown in table 70. A comparison of the calculated crossover values
from this experiment, being 46.1% between Sm end p, 30% between p and
or and 1%.9% between or and ps, and the corresponding values celculated
from the data of the control as shown in teble 71 (41.1% between Sm and
p and 37.6% between p end ps, or being located in a separate chromosome

assorts independently with any combinstion of second chromosome genes)
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Table 71. QE‘N.S_@:E.;.ES_ 99 X p ps I

Non—-crosgovers single crossovers double c. o.
‘ ‘ Reg. 1 ; Reg. & Reg, 1,2
Cult. Sm p ps + D DS Sm Sm oo s D Sm ps
_EQJ or -+ or =+ or + __or + or. * _or 4+ or + _or + total

1 21 17 50 46 13 19 24 35 13 18 36 22 16 13 14 15 372

2 i11- 10 18 20 8 10 13

]
R

2 5 12 11 8 & 2 8 170

B2 27 68 66 21 29 37 58 22 23 48 B33 24 15 16 23 542

shows that the region beltween p and ps ig scmewhat reduced and the region
between Sm and p remaing uneffected. The fact that or recombines with

p in 30.2% and with ps in only 7.9% indicates that the break lies much

closer to ps than to p
Genetically between p and ps lies an intermediate gene,

gl. A cross =111 C 99 X na gl &9 was made with the aim of deter-

- na Sm Ba gl _

mining the bresk of the translocation in relation to gl, narrow being
agsocisted with an inversion in the third chromosome is used as the
merker for the third chromogome break. As calculsted from table 72,
linkage values between Sm and Ba, between Bs and gl, end between gl and
na are 44.2%, 30.2% and 7.9% respectively. The normel frequency of
crossing over (table 1) is 42.0% between Sm and Ba and 18.9% between
Ba snd gl. It seems strange that in the region Ba-gl the experimental
value ig even higher than that in the control. Nevertheless, Judged
from na-gl crossover value, it is obvious that the break must lie £0 
the right of gl. Since the break in the second chromosome lies to the

left of ps, it may be safely concluded then that the brezkage point

should lie somevhere between gl and ps, the two being 18 units apart.



T TI-IIT C
Table 72. —£~E£~Zizui~ﬁx9 X gl nadd

T | | | - triple
Non~crossovers _single crogsovers o . Bouble crossovers _  grogsovers
reg., 1 reg. 2 rep, 3 1,2 1,3 2.3 1.82.3
cult. - .
No, + Sm-Ba-gl-na  Sm Be-gl-na  Sm-Be gl-na  Sm-Be-gl na Swegl-na Ba Sm-na Ba-gl Sm-Ba-na gl Sm-gl Be-na  total
1 25 11 18 22 5 11 2 2 5 4 2 2 11 1 0 108
2 8 7 8 7 3 2 0 P 0 1 0 0 0 0 0 0 33
3 9 8 7 15 19 5 1 1 2 4 0 1 1 0 0 0 71
4 12 5 7 7 3 6 1 1 4 2 1 0 0 1 0 0 50

52 29 38 51 &0 R4 4 . 6 11 11

3 3 p 2 1 0] 287

...7&8-
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Test for wviability of II-ITI C homozygous translocation
was made by intercrossing translocation meles and females heterozygous
for Sm or Sc. If homozygous translocation individual were viable, the
above mating should produce an appreciable number of wild type individu-~
2ls. The fact that no such flies appeafed in the‘test cross, indicates

'definitely that homozmygous II-IIT C translocation individuals are not
viable, ILiven if a few such flies do turn out as it would be shown later
in II«III A and B, they could very probably be flies resulting from
double crogsovers.

The galivary chromosome configuration of heterozygous fransﬂxxﬂhON
II-IIT C is shown in fig. 21. Second chromosome is broken about the
middle of section 59, and third chromosome is broken between sections
69 end 70. The short broken off piece.from the second is attached to
the basal part of the third, which in exchenge gives the excised long
gection to the second.

From the study of translocation ¥-II C, ps is loceted in
sectioné 80 to 682. Since the frequency of crogsing over between the
breek and ps in II-IIT C is 1%.9%, the locus,.g§; presumablynlies very
close to the terminal end of the éecond chromosome. The locus of gi,

. £t
apparently must lie to the right of section 58,
As it has already been shown in Y-IIT B translbcation,

) . ri SH— . .
the locus Scute lies to the i&ft of section 72. The break of II-III C,
now located between sections 69 and 70 therefore, lies a few sections

¥l W :
to the 2t of Scute. This may slso account for the genetic result given

sbove that crossover frequency is more reduced in the region between or

and Sc than that between 3¢ and pr.
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T I11-TV B, ©

Of three translocatlions that involve third and fourth
chromogomes, two are'reéiprocalv These are ITI-IV B and IIT-IV C.
Heterozygous translocation males carrying the gene orange in the non-
trested chromosome were meted to gr Cy females. The result of counts

in the two cases, as shown in table 73, gives in each cage even more

Toble 75, LLLL=IV 60 x or Cy ¢o
or .
+ Cy or Cy or
Q o Q o o] g Q (s

-

L —

Teenr

ITT-IV B 46 46 41 50 32 31 27 42

ITI-TV C 22 27 37 26 26 27 22 22

translocation flies than 'normelg!, indiceting that heterozygous trans-
locations are completely viable.
Judged from the results of creosses I IIr-IV 0@ X or pr &9

or Sc pr

and E_ll;:lﬁgg X na in J ¢, which are summerized in tebles 74 and 75
na in j

Table 74, LILI=IV go x or Pr Q9

or S¢ nr
+
ITI-IV B 103 oL L.
TII-TV C 429 324

Teble 75, L I=IVs6 x na in j oo

ne in j
+  na in i
I1I-IV B 75 55

ITT-IV C 110 58
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respectively, heteroploid flies do not exist in either of the two trans-
locations.

Genetic test for the break in the third chromosome wes
attempted by making the mating I III-1V 2@ X or pr ¢¢, the results of

or Sc¢ pr
which are presented in table 76 for III-IV B and teble 77 for III-IV C.

Table 76, LILLZIVE oo x op pr go

or Sc opr
Non-crossovers _single crossovers double c.o.
Cult. Reg, 1 " Reg. 2 1, 2
No. .+ or-Sc—or or Sc-pr or-S¢  or Sc  or-nr tot.
1 109 85 1 1 14 13 0 0 223
2 58 68 0 0 11 17 0 0 154
3 110 108 0 0 19 18 0 0. 255
4 55 60 0 0 6 g 0 0 130
5 65 58 1 0 17 14 0 0 155
397 379 2 1 67 71 0 0 917
Table 77. I-lll:;y;g.gg X or pr 9¢
or Se¢ pr
Non—~crossovers gingle crossovers double c.0.
Cult. : Reg.l Reg.2 1,8
No. +  or-Sc-pr or ©ODCc-pr  or-Sc  pr SC  or-pr tot.
1 65 46 0 0 15 14 0 0 140
2 85 104 0 1 24, 21 0 0 245
3 72 58 2 3 18 22 10 176
4 83 54 0 0 27 21 0 3 188
515 262 o 4 ga 78 1 3 749

The calculated crossover values in the two casges as well asg those in

the control (cf. teble 69) are given in table 78.
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Table 78. Comperison of crossover value in
‘ the third chromogome

Reg.l, or/Sc Reg.2, Sc/pr

T T1I-IV B 0.5 . 15.5%
T-I1I-IV C 1.33 22.2%
Control 22.8 24..7%

A comparison of these values shows & remarksble reduction
in the frequency of crossovers in the‘region between or and Sc in both
ITI-IV B gnd ITI-IV G, indicating that the break in the third chromo-
some lies in this region in either case. The fact that linkage between
Sc end pr is greater in ITI-IV B, 15.,1%, than in III-IV C, 22.2%, sug-
gests the possibility that the bresk is farther away from the gene Scute
in the latter than in the former.

Using na as a crossover reducer to mark the break in the

T I11-IV

third chromogome, -
na in j

99 were mated in na in j ¢9, The results of

gseparate crosses for the two translocations are summerized in tables 79

Table 79. i—lll:$E~§'gg X na in j J¢
na in j

Cult.

2% 4 pain-j na in-j nain j na-j in tot.
1 90 B4 56 44 5 8 5 6 246
2 99 46 36 32 20 7 2 4 248
5 6% 45 20 3 8 6 1 5 179

o520 145 98 107 A 21 8 15 67

and 80 respectively. The data from the control are shown in tzable 8l.

Frequency of crossing over between in and j is 11.2% in III-IV B and 2.4%



in ITI-IV C.

~80m

Table 80, L III=IV C 0o % na in j ¢

na in Jj
Cult. Non~crogsovers Crogssovers tob.
No, + na-in-j na-in j
1 95 56 3 3 185
2 100 89 1 0 190
193 145 4 3 345
Teble 81. Y 99 X na in joo
na-in j
Non—Ccrossovers - Crogsovers
Cult. + in j in i .

No. + na + na + na +  na total
1 75 47 60 47 186 9 1l1.. 6 271
2 85 48 54 73 16 10 13 8 307
3 57 42 51 56 14 8 9 7 244

554 341 75 54 822

A comparison of these values with the value obtained from

the control, 15.5%, shows that the bresk in the fourth chromosowe is far

away from the spindle attachment in III-IV B and neer to it in III-TIV C.

To repeat the same kind of experiments as above,

I ILI=IV

na or in j e

were mated to na or in J dF, and the results are shown in tables 82 and 83

Teble 82, L 1il=IV3B 29 X na or j in d¢

na or i in

Non~crogsovers Single crossovers

double c.C.

Cult. - Reg. 1 Reg. 2 1,2
No. + na-or—-j-in TNa-0r J—ihi Na&—0r—j i1 No—0r~in _ J GLot.
1 33 41 28 23 8 6 ‘8 S5 148
P2 62 68 32 21 5 15 11 6 227
102 109 60 44 11 21 17 11 375
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Table 8%, L 111-IV C

- 092 X na or j in &¢
na or Jj in

- Cult.No. + na-cr-j-in in  total
1 155 100 0 255
2 i 54 60 1 115
209 160 -1 390

for III-IV B and IIT-IV C respectively. That in the control is shown

in table 84. There appeared in IIT-IV B six crossovers between na and

Table 84, Eéggﬁiiﬁ_l 99 X na or in j J¢

Non-crossovers Crossovers
+ __dn-j _ in __j _ _ ‘total
91 89 18 11 207

or. Since this number is negligibly small, they were left out of con-

siderstion in the calculation of linkage values. 1in and j are now found

to give 6.0% crogsing over in ITI-IV B, but the result as a whole seens

consistent with that obtalned from I_lil;ngg 09 X na in j 99, Concern—
ne in j

. : . ~T1 e saa -
ing the result of the mating -;l;~l$ug; 09 X na or in jod¢, in which no
na or in J

orange and narrow crossover wag obtained, there was only one fly repre-
senting the crogsover between in and j. That the crossing over in the
regilons between in, j and the break is almost entirely suppressed indicates
that the break in the fourth chromogome in IIT-IV C lies very close to
the regions in and j, orobably between them.

In addition to the above experiments, ITII-IV B and C were

tested for the linkage of the genes near to the free end. For this

T .
DUTDOSE, ,.QL;EELﬁ?LJ_ 2¢ were mated to na or tg5 J¢, The results, as
na or tg? Cy
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'shovn in tables 85 and 86 for ITI-IV B and III-IV C respectively, are

Table 85, —t L=V B
' na or tcr5 Cy

Q2 X na or b@O Cy d¢

Cult. _ Non-crossovers Single crossovers Double c.0.
— T Reg. L~ 68, O T oo
No. - + na-or-tg —Cy na-or  bg 5—U“' na—or»tggCyﬁa—or— Cy td total
ST == R R L L S L A e L L I I s
16l 61 0 1 2 8 2 2 123
4 70 72 -0 2 4 3 0 2 153
131 133 0 3 6 11 2 .4 290

T P, A3 o . 1B . e B s M. i

Toble 86, L LLI-1V G QR X ma or tgg ga

ns_or t?ngv .
NOH—CTOSSOVG? ll'lg € _crossovers Doubl C O —
Cﬁlt. + na—or—ugJCJ ﬁﬁfvgg nzggg;%;ﬁ“fﬁ ﬁﬂ“v#%}v“ tot.
Q. - -
1 56 35 26 42 9 153 8 5 202
2 26 28 o7 17 6 3 0 0 107
82 653 653 59 15 16 8 309

in perfect agreement with thogse from other testis. Frecguency of crossing

ovér between the bresk and gg? ig 43,9% in ITI-TV C and only 3.1% in
ITII-IV B, indicating that the break lies much closer o the locus Eg?
in ITI~IV B than in III-IV C, WYorsover, the linkage values between
Eg? and Cy are 9.6 in III-IV B and 13.6% in ITI-IV C, showing more
reduction in the former then in the latter. The frequency of crossing
over between §g5 and Cy is 17.0%.1in the control, as calculated from the

data given in table 87.

Tsble 87, 2&.0r 25 Cy 90 X na or tgd ¢
. +

Nongc ssovers Cro%sovers

0
tgo-Cy + g Cy total
2B 94 17 28 229




Genetic tests for the viability of homozygous ITI-IV trans-
locations were also made. The plan of the test was essentlally the same
as described for testing TI-IIT translocations. T ITI-IV heterozygous
for Oy or Sc pr were mated to each other. In ITI-IV B, about 1/4 of
the progeny was wild type, which represents the homozygous translocation
individvals. These wild type individuals are normal in appearance.

Some of such males were mated to na or in j females. The salivary gland
chromogome figures of the hybrid larvae show éttachment‘of the third
chronogsome head to the base of the fourth, and of head of the fourth
chromosome to the base of the third. Genetically, when the hybrid males

were mated to na or in J females, only wild type and na or in j individu-:

als were obtained, as showm in table 88, oroving definitely that ITI-IV B

Table 88, LitI=IV B 90 x na or in j o9
na or in j

Culture + na or in j
No. 2 g N T

1 30 56 35 30

2 8 10 15 13

homogzygous translocation indivi&uals are viaﬁle. This has rendered it
possible to keep ITI-IV B translocation in homogzygousg condition.

But in the case IIT-IV C, no wild type flies were obtained
from the test cross, indicating that ITI-IV € homozygous translocation
is not viable.

The typical salivary gland chromosome configuration, show-
ing a reciprocal translocatlon, ig shown in fig. 28 for III-IV B. The

(=}

third chromosome is broken just below section 68, and the excised piece
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is transferred to the broken end of the fourth, which lies between
sections 94 and 95. The piece transferred from the fourth to the third
includes 95 to the free end, .
The figﬁre (fig. 28) observed in III-IV C translocation,
however, shows that breaks in both third and fourth chromosomes lie
close to chromocenter. The third chromosome 1s broken in section 66,
and the fourth in section 88. Comparisons of the cytological and the

ent agreement. That the break in the third

t

genetié data show a consils
chromosome 13 nearer to spindle gttachment in ITI-TV C than in ITII~-IV B
explaing well why the frequency of crossing over between Sc and or is
higher in the former bthan in the latter. Similar correlation also holds
for the breaks in the fourth chromogsome. The fact that the fourth chro-
mosome 1is broken in section 86 in III-IV C, almost completely suppressing
the crossover between in and j, gives strong support to the conclusion‘
reached from the study of Y-IV trenslocation that the loci jaunty and
incomplete 1lie to the right and leff of section 86 respectively. That
crossing over is counsiderably reduced between the break and gg? in ITI-IV B,
in which the break lies closer to free end, furnishes énother evidence

that Lgs and Cy are located in the opposite end of the chromogome from

in and j. Finally;Ias indicated by the higher‘frequency of crossing

over between the break and Cy than between the break and ggf) the locus

Cy lies to the right of tg°.

. Non-reciorocal itranslocationsg

Tn non-reciprocal or "simple" translocations, a section
of one chromosome (the donor) is attached to another chromosome (the

recipient), but the section of the recipient is transferred onto the



donor. Among twenty-two translocations, three translocations are appar-
ently simple ones. In two of them, designated II-IIT A and II-IIT B,

a sechbion of third'chromosome is excised, and intercalated into the

second chromosome. In the third, ITI-IV A, a section excised from third
chromogome has been intercalated into the fourth chromogome. The follow-
ing is a description of the results of genetic and cytological analysis

of these cases, Since ITI-IIT A and II-ITI B involve same two chromosomes,
they are treated together.

T IT-ITT A and B

Then II-ITII A and II-III B translocation males heterozygous
for or were mated to p or femeles, more wild type flies were produced
than orange flies (table 89), indicating that the heterozygous translo-

. . T
cations are at least as viable as the mormals'. When II=IIT maleg were
p or

Table 89. I II-11T so x P or 2@
or

. emise

-+ oy
g & g
T-IT-I1I A 118 114 84 73

T II~-TII B 75 76 91 76

mated to p or females a few p and or flies were produced in each case,

(table 90), suggesting that the duplications and deficiencies are viable.

Table 90, L II-IIT go
D or

X
L]
o]
iz}
10
40O

+ p-or p or

T IT-IIT A 249 154 13 3

T II-I1I B 98 81 7 4
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The exact nature of the duplicating fragments was not quite clear, until

the result of four separate crosses of E=IIL__ 9¢ X or pr 9o for each
‘ ‘ or 3¢ pr

translocation (table 91) gave a congsiderable number of or and Sc »r

individuals in each case. S¢ pr flies are normal in appearsnce and

T IT-ITT
91, FwmilZms . 93 X O] T C
Table of 86 pr &G or pr 99

+ or-Sc-pr or _ Sc-pr

T I7-ITT A - 351 254 94 210

T II-IIT B 229 211 64 187

appear in almost equal number as 'mormala' (or Sc pr). In both cases,
or flies, having minute bristles and someﬁhat defectiﬁe wings, are ab-
normal in appearance, and the number of such flies was not as large as
of 8¢ pr individuals. The above facts raise a strong presumption that
S¢ pr flies are duplications and or flies the deficiencies. In both
cases, apperently, the duplicating fragment suppresses the expression

of the gene, orange.

. II-II ,
The result of reciprocal crosses, AL-LIT 02 X or pr &¢
or 5S¢ pr

as summarized in tables 22 and 93, shows an unequal freguency of or and

Table 92, L II=LIT A 2@ X or pr d¢

— or Sc pr
Non-crossovers Single crogsovers = double c,.0.

Cult. Rego 1 Reg, R l, 2

No. _+  or-Sc-or or Sec-pr or-=S¢c pr 5S¢ or-pr tot.
1 79 56 553 65 37 26 18 13 345
2 45 22 11 42 15 9 13 2 159
3 64 25 28 27 22 17 15 4 208
4 o7 34 37 69 25 24 15 3 304

285 137 129 201 99 76 61 _22 1010
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Teble 93, L II-IIL B 0@ X or pr J¢

or S5¢ or _ ~
Non-—-crossovers Single crossovers double ¢.o.
Cult. ( Reg. L Reg. 2 1, 2
No. +  or-Sc-or or. Sce-nr  or-Sc  or Sc _or-unr tot.
1 43 30 21 4l 18 17 9 4 183
o 38 29 14 33 o5 15 14 4 168
5 43 37 38 %4 b 235 15 9 11 210
4 34 45 24 27 13 16 10 7. 176
5 52 53 36 42 . 27T 7 16 11 204
8 53 35 25 41 21 12 7 3 197
261 209 158 218 125 82 65 40 1158

Sc pr flies, the latter being almost twice as.frequent as the former.
Woreover, if calculated on the basis of figures given in these tables,
the crossover values in the first region, i.e. between or and Sc, are
40.9% for II-IIT A and 41.5% for II-IIL B, and for the second regionm,
i.e. between Sc¢ and pr, 25.5% for II-IIL A and 27.0% for II-IIL B
respecbively. These values, especlially in the first region, when com-
pared with the control data (cf. table 89), show a great increase.

This phenomenon may now be interpreted as due to the fact that there
were a high number of duplication and deficiency flies imvolved. Since
these translocations are now defiﬁitely knomm to give viable duplications,
and since under such circumstances the crossover values could hardly be
trusted for test of the break in the third chromosome, attention is now
paid to find the extent of the duplicating fragments in the two cases
by another method., For this reason, cytological analysis was taken up

first,
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Investigations of salivary gland chromosomes revesl in both
IT-ITT A end IT~-IIT B the intercalation of a short piece from third
chromosome into the second chromosome. The deleted regions in the third
chromospme are not the same in the two cages, bul they overlap each
other. But in the second chromosome, the locus at which inserted piece
lieé is different in II-IIT A and IT-IIT B. Although the salivary glands
were digsected from the larvae of the crosses between heterozygous trans-
location meles and normal females, no'good figures showing heterozygbus
translocatlons have ever been observed. All the satisfactory figures
obtained were of duplication flies. BEfforts were repeatedly made to
obtain heterozygous translocations, bul they were not successful. The
cause for thét is unknown. It might be possible that duplication larvae
are more vigorous than the translocation ones; though this has not been
definitely proven.

In any event, duplication figures showing the pairing of
_the ingerted piece with its homologue have been observed, and they gave
the clue for establishing what part of the third chromosome is inserted
into the second chromosome. Such pairing was, however, rare in ITI-TIT A,
the reasoh for which will be made clear later,

Figs. % and 28 show where in tﬁe third chromosome a section
is deleted and where it is iHSerted in the second chromosome in IT-ITT A

24

and II-IITI B respectively. In fig. #& a buckle is formed in the middle
region of the second chromosome. This buckle reoresents the intercalated
piece, and it can be homologized with the sections 84 and 85 of the

third chromosome. 4#ctual pairing of the parts have never been observed,
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because of the fact that the transferred piece is small and inserted

into a region in the second chromosome quite far away from the chromocenter,
near which its homologue lies. Of a good many figures observed,vfig. 24,
though not showing actual pairing, is about the best that can be obtained.

Fig. 25 shows the duplication of II-IIT B, Unlike II-IIT A,
intercalation in the second chromosome here occurs almost at the spindle
attachment reglon. Partial pairing of the trensposed piecemand its
homologue has been frequently observed. It is shown in this figure that
the two strands of the second chromosome fail to pair in a part of its
length, but pair very near to: the chromocenter. One of the two strands
is attached to the chromocenter, one band after the paired region, and
the other is continued with the extra piece»which goes to the chromo-
center region also. Th@ inserted oilece in II-TIYXI B, also including
the characteristic section 65, seems to differ from II-IIT A by contain-
ing a part of section 66 instead of section 64,

Figures 26 and R7 show the second chromosome of a fly
heterozygous for the duplication of ITI-TIT A at a higher magnification
than other drawings. One strand of the second chromosome is broken,
and the section of the third cbromosome is intercalated., The parts of
IT above and bhelow the breakage sometimes opair nearly completely with
the inserted duplication forming a characteristic buckle. The two figures
show exactly the same parts of the second chromosome and the same inserted
plece, though they were obtained from glends of two different larvae,
and - the chromogsome in fig. 27 is much more distended. Sections No. 43

to 62 and 63 to 81l belong to the second and third chromosonmes respectively.
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Only sections 52 and 53 of the second chromogome are shown in these figures,

The duplicéting fragment of the third chromosome, which includes the sec-
tiong 64 and 65 and Small parts from the section 63 and 66, is intercalated
in an inverted order into the section 52 of the second chromosome, between
he twq light bands "QY and "RY indicated by arrows. Band P is a charac-

teristic very heavy one and is found paired in both figures. Bands S

oo

are algo paired in fig. 26 but not in fig. 27, in which, howeﬁer, they
stand out distinctly as two’homologous‘ ands in an unpaired condition.
‘Between the two heavy bands there lie the two light‘ones " and "RY,
Q can he geen in fig. 27 almogt paired and R, though not found paired
in either figure, could be clearly homologized in both caées. It has
been seen paired in other figures. The two figures agree that the inser-
tion point in the second chromosome is between Q and R, and no visible
band in the second chromosome is lost. In other words, the second chromo-
some has received alsection ffom the third chromosome but hag not lost
even a single'light band in exchange. This evidence apparently fulfills
the condition necessary for a demonsgtration of a simple translocation.
The bearing of this finding on the probiem of existence and origin of
simple translocations will be discussed later,

Purther investigation of salivary gland chromosomes in
IT-TIT B hybrid larvae has led to fhe discovery of another translocation,
which was not detected geneticelly., TFig. 28 shows two things, namely,
the partial pairing of the duplicating piece with its homologue near the
chromocenter, and a translocation between the second and the fifitth chro-
mocenter near the free end. The two strands of the second chromosome are

paired only in a 1little region at the middle., In the basal region, one
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-strand is apparently longer than the other, and the longer bears the
inserted pilece which partly pairs with its homologue in the third chromo-
some. It seems clear from the picture that the intercalsted piece from
the third consiste of section 65 and a part of section 66. A careful
analyéis further shows that the inserted plece is notldirectly attached
to the chromocenter but to a light band not far from it. Since this

band has no homologue in the "paired" portion of the third chromosome,

it may be presumed to be the last band of the second chromosome before
the chromocenter. The same condition is also shown in fig. 25.

One of the unpaired gtrands of the second chromosone at
the free end ends abruptly in sectioﬁ 56, and the other strand, including
the free end, is partly paired with its homologue which is united to the
fifth chromosome. The section excised from ﬁhe second and - transferred
to the fifth chrowosomes includes the region from the distal part of
section 56 to the free end. It may be noticed in both figure 28 and 29
that the piece is not united to the very tip of the fifth chromosome.
Instead, a very.small,piece involving only faint region is cut off from
the tip. Where does this piece go caﬁ not be identified. It may either
atbach to the broken end of the second or simply get lost,

Both genetic and cytological data agree that the dupli-
cating fragments in II-IIT A end II-IIT B overlap each other, suppressing
the gene or, which can, therefore, be located in the regioh common ﬁo
both of them, namely section 65. When Bc pr duplication flies were inter-
crossed, they proved not only completely fertile themselves, but also

produced viable homozygous duplications, as indicated by proportion of
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different classes of flies shown in table 94. But when flies deficient

401 jor
Teble 94, or _Sc pr ¢ Xor Sc _pr dd
or Dr or or

Sc-pr pr  or=SC-pr  Orepr

T II-TIIT A 105 48 18

1NN

T II-III B 128 41 34 4

for or were intercrossed (table 95), they produced only or end or pr

+SC +p]i +SC L +p1"
Table 95.____ 99 X . e
or or or or
or Or=pr
T IT-IIT A 164 59
T II-ITIT B 128 42

offspring. The absence of wild type flies indicates the inviability of
the homozygous deficiencieg, Incidemﬂally, it may be mentionsd that
homozygous translocations of both Ii—III A and IT-ITT B were found to be
inviable,

T II-ITT A and T II-III B duplicabtions were also tested
for the recessive gene abrupt, which genstically is about 9 units to the

right from or. The results of the tests are summarized in table 98,

Table 96, =i g6 % or ob pr o9
or 2b or

+  or-azb-pr or  ab-pr

T IT-IIT A 105 33 92 8

T IT-IIT B 32 R4 48 8
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nd show that wbboebaves like pr but not like or, indicating that the
icating fragment of either II-TIT A

locus ab is not included in the dug
in translocations

or of II-IJI Ba
Since the gene or hes been shown to 1i

IT-TIT A and II-TIT B within the short inserted sections, which does not

cross over with the third chromoscome, or wag used as the marker of the break
the locusg of the break in the second

ver velve in ITI-IIT A

2y
S350

in the third chromosone in tests for
s of the test crosses are given in tables 97 and 98 for II-IIT A

The resu
The caleulsted cros
2 Py end 41.5% between

and 1I-ITI B respectively.
&

or, % between or and

1 between or and Sm, 40.3% between
dues in

Sm and o&
is 3.
these ve

is 30.7% between

nd ps, end thet in II-III B
and 20.5% between p end ps.
those from the control given previou

A comparison of
sly (ef. table 71)

je
Sy

]P.

SL and D, en
th 4
reak st the second chromogsonme

eparate cases

ere 1t posgible to conclude that the b

ig neer to locus pink in IT-TIT A and between spindle fiber end Sm in
» of crogs p end ps in II-IIT B is

The reduction overs between
viaeble gecond chromosgome

I1-IIT BE.
will be shown later, to the presence of a
suppresses the gene pe

saingt the geneg

tegted aga

b;_g_and_ggv

due, &8
cment wklch

duplicating fra
II-IIT A was furthexr

The dete given in table 92, chowing no crosgovers in the firgt and second

T
I L1111 2 00 X or bi p ps IF

90
9 or bl D ps

Table
N Single crosgovers
Cult, Non-crossovers — Reg.l Log.c RegB
_No. 4+ or—bi-p-p N or-bi-p w8 total
1 118 95 0 0 45 57 315
2 64 19 0 0 42 41 226
Tlsr 174 0 0 87 98 54l

18e.




Table 97. 3.-7%*?&?-:«1—-#;?9 X or D 0eddF

. triplé
Non-—-crogsovers single crogsovers - . Qouble crogsovers crogsovers
reg. reg. 2 reg, 3 1,82 1,3 _ 84D 1,2:,3
cult. + Smeor-p-ps Sm or-p-ps Sm-or p-ps  Sm-Or-p pS Sm-p-ps Or Sm-ps or-0n Sm-0r-ps Sm-p or-ps  totsl
No, ’ '
1 38 13 5 13 0 0 8 23 0 0 111 0 0 0 110
2 9 4 3 7 o o0 5 8 0 0 3 7 0 0 0 44
3 40 14 4 12 0 0 12 18 0 1 8 11 0 o 0 11e
4 30 18 8 12 0 0 8 27 0 0 8 8 0 0 1 118
115 49 18 44 0 0 31 74 0 1 18 37 0 0 1 388

~%0L-
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‘Table 98. ~ga-gr-5-og %9

triple
Non~crossovers gsingle crogsovers double crossovers Crossovers
reg. 1 _reg. 2 reg, 3 1.2 1.3 253 1,2,3
cult. + or-Sm-p-ps r Sp—-p-08 or-Sm P-Dps or-Sm-p ps  or-p=ps Sm or-ps Sm-p or-Sm-ps D or=p Sm=Dg total
No.
1 27 23 0 0 22 21 4 14 2 0 1 0 2 1 2 0 J119
2 13 2 1 0 0 5 1 4 20 8 0 1 1 0 0

3

@]
(@]
a0
P
(@]
O
(]

s

28
1%

28

151

~HOT



=108

on but 42 0% between p and ps, suggest uhat the break in the second
chromo some lieg probably to the left of the locus bithorax.

Finally, the Elcce ex CWsed iromﬁseconé and trensferred to

the £ifth chromosome wes tested for recessive genes, The regullts of the

crosgeg shown in tebles 100, 101 and 102 suffice to show that the dupli-

ating fragment, cytoleogically including sections from 58 to 82, covers

Teble 100, L ILIIL B 50 % o ps or oo

S o M o1 o} e e e e
+ P=PS-or p=0r
34 40 9

Teble 101. I~EE:lll~§ ¢ X o or ps bl ¢¢
3 » or ps bi '

_x p-or=pg-bi p-or-bi

57 30 18

Tebie 102. LT II-IIT B 66 x nas bi gl 99

=+ bi-gl bi
30 42 10
the loci ps end gl. The duplicetion flies ere sbnormal in sppesrance,

chiaracterized by rough eyes and shorter wings. When mated, they vere
found to be sterile.

Since Y-II C duplicating fragment suppresses only the
locus ps, gl cen be located somewhere from the middle of section 56 to the
middle of section 59. Judged from the amount of crossing over that takeé
place between the bresk end gl in IT-IIT C, the locus gl probably lies

clegse to the break of II-IIT B.
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T III=IV A
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Translocation ITI-IV-4 is the only observed

non-reciprocal tren nslocation between the third and fourth chromogome,
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When I-JL-deé meles vere meted to or Cy f

offspring, =s shown in teble 103, indicates

Table 103, _'E._._I,I.I:;&A og x 2L E’X 0Q
or + or +

+ Ey‘m_ or Cy or
g Q o e & 9 é

¥

87 41 3l 49 21 30 20 41

trenslocation individuals of both sexes. However, a single mating,
ITT-IV A &g orod 2 E 21 Curly F14 . . the A o
dF X or @9 produced 5 abnormel Curly flies among the total of

or Cy
346 (table 104), indicating the presence df duplication individusls. When

Table 104, L ILI=IV A 66 x or oo

or Gy
+ or=Cy or Gy
185 156 0 5

ITI-IV A s e o . NP
=== mzles were meted or pr femeles, the resullt shown in teble 105,

25

or Sc pr
Table 105, L ILI=IV A 56 x or pr g9
o or_Sc pr
+ or—Sc—~p pr-S¢  Sc  or-Sc
381 382 46 15 6

representing fly counts in four independent cultures, geve 46 pr Sc abnormal

flies, which may be presumed to represent duplications. There were also

Sc normal flies, the cesuse for their appeerance

pregsent 15 S¢ end 6 or Sc
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being unkrown. The reciprocal crogs as shown in table 108 produced 13

£

Table 106, LAII=IV A on x or or oo
' or_Sc pr - _
Non-crogsovers Single croggovers double ¢.o.
Cult. Reg.l Reg.2 1, 2
__Noe — + or~Sc-or or Se-upr or—Sc  pr 3¢ _or-pr total
i 104 83 0 5 3 5 0 1 201
2 126 97 0o 1 1 5 0 O 228
3 103 1086 0 7 3 3 0 0 eee
B33 286 0 13 7 11 0 1 651
abnormel Sc¢ pr flies snd no or flies, indicating that crossing over is

completely suppresgsed in this region. For the second region, namely
between Sec and pr, crossing over amounts.only to 2.9%, showing congider-
eble reduction as compared with the control. Sc pr flies were repeatedly
teéted and found to be completely sterile. Homozygous transglocation
individuale were found to bé inviable.

The genetic tests of the fourth chromosomes involved in

the trenslocation show (tables 107 end 108) that the genes ip and j are

Toble 107. L ILI=IV A 99 x na in i 99

na or j
—e na in j
? g Q g
R4 51 20 35
Table 108. Enlll:;l_é 29 X na or in jod

Non—crossovers
+ N Qr=—in-j

100 91
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‘not included in the duplicating fragment, snd that.the lcocus of the brezk-—
age is so close to in and _j that no crogsovers are produced.

Fig. 20 shows the heterozygous III-IV A translocation. A
plece of the third chrpmosome from section 64 to section 70 ig deleted
and intercelated into section 86 of the fourth chromosome. The fact
that this trensferred piece of the third includes the region common with
the duplication in IT-TIT A and II-IIT B, gives further support to the
idea that the locue for or is localized in section 65. The considerable

Fs

length of the deleted plece may account for the sterility of duplications

ty of deficiencies.
Fig. Bl showé the combination of ITI-IV A duplication and
'rarrow® inversion. This was observed in larve of the cross, lll:lyféu7
na or in J
¢d X ma or in J ¢9. It may be noticed in the figure that the part of
the third chromosome from section 64 to section 87 is represented in
triplicate. Beyond section 67, the chromogome is bifurceted, s single
_ .
strand above, representing the inverted strand, and a strand of normal
gecguence below. The 'narrow?® inversion starts at middle of section 70,
but the ITI-IV A duplication rung a little over that point, thus the twe
‘overiapping each other in a very smell region. Since ITI-IV A duplication
does not suppress\gg; and neither does ¥-ITT B duplication, the gene
narrow must be located- gomevhere in sections 71 or 72, within the inversion,
Having learned that ITI-IV A duplication is considerébly
longer than “that of either II-TIT A or II-IIT B on the right side, the
author made the following méting& to find the genetic length of the

duplication. In the cross of LLI=IV & pa1e
or eb pr

m

to or zb pr femeles



{teble 109), three pr duplication flies were not abrupt, indicating thet

Table 109, LLILI=IV L 90 % or ab or o -
or_eb pr

+ or~ab-n pr

70 2e 3

the locus azb is suppresged by the duplicating fragment, cerrying ite

. - 1 .. v
wild allel. In the cross of LII=IV A poles M B8 DL fepgles (table
na or in J Bl

110), 8 Bl duplication flies appesred. However, these Bl flies, showing

Table 110, LIII=IV A 5o x OF 5C OF o9
ns or ;j in Bl

Cu%g?re + Bl or or—Bl
1 31l B9 (4%) 32 3
2 54 74 (4%) 37 1

x « duplications

less extreme "bladeness! than normel heterozygous Blade flies, may be
accounted for by supposing thalb they carry two wild allels snd one BL
gene. This facl suggests that the duplication covers the locus Bl.

Fihally, in the cross _lll:£¥;§gnmales to or Sc Ja femeles (table 111),
na or in j

Table 111, —2ilIzIV A 55 % or 8¢ Ja
' na or in j

+ - or
Ts Sc Ja Sc

22 (3%) 16 26 31

x - duplications
three observed Ja duplicetions showed more extreme "joggedness" than
heterozygous Ja, indicating that the locus of the gene da is not included
in the duplicating fragment. Since Ja is not suppressed in Y-III B dupli-

cotion either, 1t seems very probeble that it lies in section 71 or section 72.



Trenglocations that involve more than two chromosomes

Y-ITI-IV A, B

Cultures No. 79 and 38 (Table 50) show linkage of the genes
located in third and fourth chromosomeé, indiceting that trenslocations
involving these chromosomes are present. However, one may notice that
in the wild type and Bare élasses the males zre more frecuent than feﬁales,
end in the or Cy and Bs or Cy classes femsles are more frequent than
males. This led to the suspicion that not III-IV but Y-ITI-IV translocations a
are involved, and that the few wild type end Bg femeles and or Cy snd Ba
or Cy males are deficlenclies and duplications respectively. To prove that,
wild type males from these cultures were crossed to or Cy females. The

results are shown in table 112. Again the majority of wild type and

Table 112, L=tLIzlV ¢o x or Cy oo
or

+ Cy or or-Cv
@ d g 9 9 4 2 d

Y-IIr-zva O 19 2 11 28 11 16 6

Y-I17-Iv B 1 9 1 6 3 1 5 0

&

Cy classes are males, and or Oy classes are mostly females. An experiment

presented in teble 113 shows the same result,

Table 115. w ¢ X or QQ
or Cy
+ or—C or C
g o 9) 22 o Q o §—za

Y-ITI-IV £ 31 222 238 173 O O O 1

Y-ITI-IV B 5 82 75 38 0 1 0 O
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On the suppogition that the deficienciesg and duplications
may cover some of the third chromosome genes, the meles and females
heterozygous for T-Y-ITI-IV A and B and for or Sc pr were back-crossed

to or pr females and males respectively (tables 114, 115, 118). The

TTIT-I
Table 114, +=til=iV 5o % or pr 99
or Sc_or
+ or 5S¢ _or
Y-ITT-IV A 289 ‘ 379

Y-III-IV B 51 307 277 219

Table 115. zi;ll:ly;ﬁ=gg X or pr &¢

or Sc¢ pr
Non-cresgsovers Single croggovers Double c.0.
Cult. Reg.l Reg.8 1, 2
No. + or-Sc-pr or Sc-pr  or-SC  pr 5S¢ or-pr total
1 28 38 20 13 26 5 3 5 138
2 6 10 5 2 5 5 o o0 51
3 23 25 8 3 14 8 1 3 83
4 17 25 17 9 g 8 1 3 89
5 26 39 19 13 24 11 1 3 146
110 157 69 40 76 . 35 6 14 487

Table 116, L=LLI=IVB oo x or pr oo

or SC pr
Cult. Non-crogsovers Single crosgovers Double C.0.
No ) lie‘gol -R*e_gog l’ 2
: +  or-Sc-pr or Sc-pr or-sc  pr Sc  or-pr tot.
1 40 79 12 1 12 7 0 0 151
2 10 24 1 0 3 0 0 0 38
5 9 20 5 0 13 0 o 0 49
4 4 7 0 0 7 0 0 0 18
o 2 18 1 35 7 0 0 256

63 13
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results show that none of the third chromosome gene tested is involved
in the duplications or deficlencies. Moreover, the frequency of cross-
ing over in the third chromosome 1s normel in Y-IIT-IV A; while in
Y-III-IV B it is reduced (7,9% between or and Sc and 16.4% bétween Sc
end pr). Similar tests were arranged for the fourth chromosome (table

117); again neither of the genes tested (incomplete and jaunty) showed

Table 117, X=III=IV 99 x na in j og

na in j
+ nag-—-in-j
I e g 0 3
Y-ITI-IV A 31 86 90 29
Y-ITI-IV B 25 44 127 20

behevior indicating thet these loci are not included in the duplications
and deficiencies. [Finally, the test with the fourth chromosome gene
tangled5 (tables 118, 119, 120) was successful, since in both translocations
it is suppressed in duplicetion individuals, and menifests itself in

deficiencies.

Teble 118, X=LII=IV A 5o » na 165 oo

na tg° Cy
+ na-tg5~0y ne=Cy
Q a Q o} Q ad
9 30 38 2 6 12

Table 119, X=III-IV B ¢ x pa tg5 Cye9
: na in j

+ na tg?
Q J ?

Qi
40
Q

0] 19 20 2 6 0
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na-in i
+ 3
e 9__:0&_._&
44 81 8 0

Further.stﬁdyiof these two translocations was carried
through with the aid of the cytological method. The salivery gland
chromogome configuration for Y-IIT-IV A ig shown in fig. 32, It shows
that the part of the fourth chromosome including sections from 97 on
to the free end‘is attached to the chromocenter. The part of the
chromocemter‘to which this éection of the fourth chromogome 1s attached
is associated with the spindle attachment of the third chronosome.’

In the light‘of the genetic date given above, the probsble feature of
this translocation may be that each arm of V-ghaped Y-chromosome receives
a transferred piece, one from the fourth chromogome including from sec-
tions S7 on to the free end, and the cther from the third chromosome
including a part of its heterochromatic region.

Fig. 33 represents the heterczygous Y-III-IV B translio-
cation. The third chromosome is broken; and the basal part is attached
to the chromocenter. The major part of the third from section 64 to
the free end is attached at the junction of sections 93 and 94 in the
fourth chromosome, The piece of the fourth chromosome involving section
94-92 does not unite with the broken end of the third, but is atiached
indeocendently to the chromocenter. In another larve, a AUplication
for the broken off section of the fourith chromosome is‘found as shown
in fig. 34. The duplicating fragment is attsched to the chromocenter.
The simple interpretation of ﬁhe gitvation in this translocztion, there-

fore, is that a long piece of the third chromosome is transferred to
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the fourth, a section of which in turn is attached to the Y. Probably
Y has also lost @ section which ig united with the broken end of the
third chromosome near the chromocenter region, bu£ this has not been
established directly. Anyway, the cybtologicel analysis seems to fit
the interpretation of the genétic results given shove, namely that the

femeles with tilted wings and minute bristles represent deficiencies.

Y-TIT-TV B

=== males were mated to p or tg5 females, or
na or in j

Indeed, when

Y-ITI-IV B

e in J males were mated to na tgs Cy females (tables 119 and 120),

some §g5 females with tilted wing and minuvte bristles were produced.
Duplicationsg and deficiencies in both Y-IIJ1-IV A and Y-III-IV B have

been proven to be fertile.

I II-IX1-IV
This is a translocation which involves three long auto-
somes. Ag shown by the results of the crosses given in tables 121 and

122, these translocations produce viable duplication for or. They have

Table 121, L II=III-IV A g0 % or oo

Ba_or Cv
+ Ba-or-Cy Be~Cvy
o Il 2 3 Q &
34 24 60 43 10

Table 122, L II=IIT=IV A 60 x o or tg5 oo

D or tgé
Cultr
Uﬁo?re + p-or~tg? p—tg?
1 ' 136 109 41

2 ' 32 34 6




minute bristles end rough eyes. When tested, they were proved sterile.
In the salivary gland chromcsomes of this heterozygous

trenslocstion, a comﬁlicated configuration has been observed. Fig. 35

shows all that can be reported for this translocation. A long piece

of the second chromosgome from section 51 on is translocated teo sgection

9% of the fourth chromosome. A long piece of the third chromosome

from section 66 on to the free end is transferred to section 44 of

the second chromosome. The besal portion of the third chromosome,

though not clear in the figdre, nrobably receives sections 47 and 48,

which are psired with their homologues, from the second chromosome and

free end from the fourth chromosome. As shown by the loop region of

the fourth chromosome, a part of it can be homologized with sections

92 and 93, indicating an intra-chromosomsl translocation in the fourth

chromosome., Since this translocation is too complicated and has proven

not of much use for constructing cybtological maps, it was not sbtempled

to work out details of various bresksg. However, the duplication Ba Cy

and p @gs flies shown in table 121 and 122 probably represent the dupli-

‘.—l-

cabion of the whole rebuilt chromosome, consisting of the third chromo-

-

some basal end (including the locus or), sections 47 and 48 of the second

chromosome, and the free end of the fourth chromosome.

T YeIT-TII-IV A

As shomm in teble 50, strain No. 8 gave almost exclusively
wild type males and Be or Cy femsles, indicating a tranglocation involv-
ing Y, second, third and fourth chromosomes. Further results of tests

(teble 123) suggested that duplications or deficiencies are not viable.
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Table 123, L X=II=III-IV g5 % 5 o 4% 0o

p or tg® © i
. . p-or-tg
. Q [ol ) Q [od

Heterozygous trsnslocations seem, however, to be completely viable.
Salivary chromosomes of this translocation have been
studied and found to involve very complicated rearrangements. The details
heve not been worked out. An outline sketch of one figure is shown
in fig. 38. It can be interpreted so that the second chromosome is
broken into three pieces, the short free end is transferred to the fourth
chromosome, a long middle section is intercalated into the third chromo-
some, and the basal portion seems to receive a long inverted segment
from the Fourth chromosome. The very tin of the fourth chromosoms is
removed,.anc probably united to Y. The purpose of presenting this Sketch
is merely Lo show that individuals heterozygous for such an enormous

amount of chromosome rearrangement can still he completely viable and

fertile.

In view of the irregular distribution of different classes
of offspring obtained from the strain No. 174 as shown in table 50,

salivary chromosome configuration was immediately examined. TFig. 37

#he

is one of two wnusually clear pictures which were found for this hetero-

zygous translocation. A very long second chromosome strand is trans-
ferred to about section 67 of the third chromosome. The section of the
Jh mverfecfoldel‘ -

thirdj @onba;a&ag—i e r@gwon from section 68 to 774 is transferred 4m
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éﬁ#é?%§§=6?§€r‘to section 96 of the fourth chromosome. A short fourtt
chrowosome piece is transferred to the fifth chromosome. Since the genetic
data (table 124) indicate that Y—chromosome is involved in this trans—
location, it seems reasonable to assume that a piece of Y-chromogsome is

trensferred to the broken basal region of the second chromosome.

Table 124, IX=LI-TIT=TV-V A 50 x 3 or tg® ole)
D or tgd -
.+ pmor—tp®  _p-or g2
Q (s3 é)‘ _ el 0 & Q s
2 65 80 13 1 31 5 21
The results presented in table 124 show a number of dif-

ferent exceptional classes of flies. In the light of the cytological
observations, the ihterpretation of the respective classes of individuals
might be as follows: wild type females may represent non-disjunction
(XXY), o or vgg males may rvepresent the other non-disjumctional class

(X0}, » or males may be XO bearing a dUWlLth]Oﬂ for the transferred

£ the fourth chromosowe, which suppresses ﬁgg. tg” males may

e
®
i—j
cr
o

revresent deficiencies for the part of the fourth., p or females may
represent XXY with a deficiency for the section of the fourth. The above

interpretation may be entirely wrong. Nevertheless, 1t cannot be doubted

that the locus of the wild allel of §Q3 Ais located in the broken off
part of the fourth chrowmogome which is transferrsed to the fifth.

Interracial Inversions

In two previous papers (Ten 1935a, b) the author reported

that the two raceg of Drogophila pseudoobscura differ in four long in-

verted sections, one each in the left limb of X-chromosome, right limb
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of X-chromosome, second chromogome and third chromosome, snd in two

constantly unpaired regions in the left limb of X-chromosome. Since

f~ie

the publication of the above, the two very short unpaired reglons in

the left limb of X-chromosome, which were once sugpected to be inver-

oaired in the hybrids. of the two

&

siong too, have actually been observed
races by Dobzhansky and Ten (1936).

Figures 38 and 39 show 1nt@r.10l21 inversions of the
second chromosome. The lower limit of the inverted section lies in the
intersection between section 51 and section 52 (fig. 38) and the upper
limit is within section 56 (fig. 39). That gene Ba can not be transg-
ferred from race A to race B (unpublished data of Sturtevant and
Dobzhanslky) can be accounted for by the fact that the locus Ba lies
within the inverted SPctloq, as has been indirectly demonstrated in
IT-III A translocation.

Figures 40 and 41 illustrate the interracial inversion
in the third chromosome. The upper limit is showm (fig. 40) to lie
within section 78 and the lower limit near the intersection between
section 70 and section 71 (fig. 41). The study of Y-IIT A and Y-IIT B
translocations has demonstrated that the locl Sc and pr lie in a region
from sectlon 73 to 78, vhich is almost entirely included in the inter-
v explain very well the fact that genes Sc
and »r can not be easily tfansferred from rece A to race B. On the
other hend, gene or, which has been located in sectlon 65, can be trans-

ferred from one race bto the other very easily.
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Congtruction of Cytological Mans

The previous section has preSehted the evidences upon which
various genes are located in the salivary chromosomes. Fig. 42 shows
the composite pictures of the second, third and fourth chromosomes of
Drogophila pseudoobscura, and the variocus breaks observed in the trans-
locations studied are indicated by the lines above. Below each chromo-
some are shown the COTrespoﬁding genetic maps which represent the spatial

relations of the genes in ﬁerms of the crossover units.
. very Iitfte

In the second chromosome Sm, giving almést—so crossing
over with the break of T II-III B, probably lies weey close to the
spindle attachment. Judged from the fact that the bresk of T II-IIT A
does not reduce the frequency of crossing over in the region between
pink and bithorax on one hand and pauciseta_on the other, the gene loci
for both bi and p may be localized to the‘right of the break of
T IT-IIT A. Gene gl, being suppressed by the duplicating fragment of
T II—III(V) B and not by that of Y-IT C, must be located somewhere
between sections 57 and 60. The gene ps, being covered by no other du-
plicating fragment than Y-IT C, lies, consequently, closest to the free
end of the second chromosome.

TIa the third chromosome the gene or has been localized
within a narrow region of section 65, which is in common for duplications
IT-IIT A, TI-IIT B end IIT-IV A. Genes Bl and ab, being suppressed by
ITT-IV A duplication bub not by that of either II-III A or II-III B,
are located somewhere between sections 66 and 70. Since Ja is not
covered by either Y-IIT B or ITIT-IV A duplicating fragments, it must

lie in sections 71 or 72. BSc and pr, which are included in the duplicating
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ragment of Y-ITIT B, but not that of Y-IIT A, mey be located somevhere

h

from spchoas 75 to 78. The knowm locus nearvest to the free end of the
third chromosome is cv, which is included in Y¥-III A duplicating fragment.
Comperatively few genes‘are knovm in the fourth chromosome.
Near the spindle attachment is the gene in. The gene, j, being covered
by ¥-IV D duplication, is located in sections 86 to 88. Since the locus
ygS is covered by the duplicating fragments of Y-ITI-IV A and Y-IT-ITI1-~
IV-Y A, it must 1lie to the right of section 96. The loci for genes Oy

and Ro, known to lie to the right of tg5, may be located very near to

the free end of the fourth chromosonme,

DISCUSSION

AL comparison of genetic and cytological meps of the auto-
somes of Drosophila pseudoobscura, shown in fig. 42, reveals several
interesting facts which seem to agree fairly well with the generaliza-
tions resulting from study of the metaphase chromosome maps of Droso-
ohila melanogaster by Painter and Muller (Painter and Muller 1929,
Painter 1931, Muller end Painter 1932) and by Dobzhensky (1929a,b, 1930z,b,
19312, 19%2b,c,d), and of the salivary chromosome maps of the X and
third chromosome of the same species recently established by Painter
(19342, 1935). In both melanogaster end pseudoobscura, the linear seri-
ation of genes has been found identical in the genetic and the cytologi-
cal maps., This corroborates the hypothesis of the linesr arrangement
of genes within the chromosomes which was advocated by ﬂorgén and by
Sturtevant, =nd which has been one of the main working hypotheses in

penetics.
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It has been found in Drosophila melanogaster, in both
metaphase and salivery chromosome maps, that the relative distance between
genes in the genebic and cytological maps appear to be widely different.

The genes lying near the gpindle attachment are relatively much farther

‘_I .

apart on the cytological then on the genetic map. For geneg lying in

the middle off chromogome the reverse is observed. Such discrepancy is

-

due to the variable frecuency of crosszing over per unit length in the

<

different parts of the chromosomes.

in the

(._.‘u

As shown in fig. 42, the positions of the loc
three autosomes of Drosophilas pssudoobscura seem, in general, to corres-—
pond to crosgover values of the genetilc maps. It should be taken into
account, however, that in most instances we have been able to place
genes only within general limits of several sections, and that we know
nothing, at present, regarding the distribution within these limits,

Of the three chromosomes, the map of the third presents
sone evidence thal crossing over occurs less frequently in the spindle
fiber region than near the free end. In the salivary gland chromosome,

the locus Scute 1s about equidistant between the loci of orange and

!‘J .

crossveinless. On the genetic map, however, Scute is 28.8 unibs apart

s apparently due

e

from orange but 39.6 units from crossveinless. This
to the higher frequency of crossging over in the region bebtween Sc and
cv than between Sc¢ and or.

In regard to the second and fourth chrowmosomes, the evi-
dence 1s less conclusive, partly due to the presence of long gaps between
the loci of Smoky end bithorax in the second chromosome, and between

the loci incomplete and jaunty in the fourth chromosome. Still, genes
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Piﬁk end bithorax in the second chromosome appear to lie relatively
farther to the right in the salivery chromogsome than in the crossover

mep, indicating that the frecuency of crossing over, in terms of the

cytological map, is higher in the region between bithorax and the free
end than between bithorax and the spindle attachment. The same explane-
tion may also be apnlicable to the fact that the cytological location
o z . . . ”
off the gene tg” in the fourth chromogsome is relatively farther to the
right from its position in the corresponding genetic map,

A survey of breakage points in those translocations in
the three sutosomes presents an interesting picture. The frequency

o

of brezks is not necessarily proportional to the length of a chromoscme.
hecording to Muller and Altenburg (1930) and Patterson, Stone, Bedichek
and Suche (1934), the freaquency of breakages due to the X-ray treatment
is roughly proportional to the length of a chromosome. This is true
with the V-ghsped Y-chromosome of Drosophila pseudoobscura, which takes
part in the translocations more frequently than sny autosomes. Buth
among the three autosomes, the third chromosome is shortest and yet
more breaks were observed in this than in other two autosomes. Here,
nrobably, a different factor is inveolved. According to the unnublished
data of Sturtevant and Dobzhansky, inversions are found most frequently
in the third chromosome in the different strains of Drosophila psendo-
obscura and Drosophila miranda, Dobszhansky and Tan (%935, 1936) have
found that the third chromosome underwent maximum changés between the
two species. All sources of data seem to indicate that the third chro-
mosome 1 ﬁore gusceptible to breakages than the other two autoéomes.

Asguming that the corigin of the different kinds of chromosome rearrange-

ments, such as inversions, intra-chromosomal translocations, inter-



1romosomal translocations, deletions, etc., involve a similar mechanism,
we mey be led to believe that there is a definite inherent property in
the third chromosome that rendered it more easgily breaksable,

In an sttempt to explain the distribution of a majority
of breaks in the gpindle attachment region of these chromosomes in
induced II-I1IT and ITI-1V tranélocations in Dresophila melanogaster,
Patterson, et al (1934) and Painter (1935) suggested thet the physical

ol

besis Tor the exchanges of chromosomes is the close: contact or proximity
of the parts of chromogomes involved during or immediately sfter radiation.
Since the spindle fiber regions of chromosomes are supposed to be closest
to. each other in mature spermatozoa, which are the main source of frans-
locations obtained by X-ray, the Chapcns of exchanges taking place in
these reglons ghould be better than in the regions away from them.

This is true in third chromosome of Drosophila pseudoobscura as shown

in fig. 42, in which more breaks are located near the chromocenter than
in the free end regilon and the middle reglon combined. In the second

and fourth chromogomes, however, such relation does not seem to exist.

As a2 matter of fact, three of the four Y-II translocations involve break-
ages within sections 48 and 49, close to the middle of the second chromo-
gome, and four oul bf five Y-IV trenslocations have breakages within

the sections 91 to 94 in the Louwtn chromogone, far away from the spindle
attachment. These observations suggest on one hand thet it is not.always
that majority of bréaks fall in the chromocenter region, =nd on the other

hand that there may exist a definite relation bebtween parts of particular

chromosomes at the time when chromosome rearrvangements are induced,



Probably, at the time when sperms are irradiated, the chromosomes may
form a more or less regular pattern, so that exchanges would occur mostly
in the regions where chromosomes come in contact. Such contacts may

be in the spindle fiber regions, middle regions or free end regions,
depending on the arrangement of the chromosomes in the pattern.

On bthe supposition that the loci of exchanges in chro-
mosomes are due to proximity of contacts in the mature spermatozmoa, a
longer chromosome should be subject to alterations more freguently than
shorter chromosomes. It is possible and probable that the high frequency
of breaks in the third chromosome is due to the formation of loops, for
indeed the wide occurrence of inversions in nature and presence of an
inversion and three excisions among the 22 translocations obtained by
irradiation furnish some evidence that ioop formation is highly char-—

e
acteristic of sthird chromosome.

Translocations and inversions modify the order of the
genes in the chromosome, produce new linkage relations, end alter the
mode of irheritance of the genetic factors located in the chromosomes
involved. They need not, however, affect either the number or the kind
of the.genetic factors, and therefore indivi&uﬁl heterozygous or homoz—
ygous for these chromosone resrrengements should be ﬁormal in apoear-
ance and in viability. These theoretical expectations are, however,
not elweys realized in both Drosophila melenogasgter and Drogophil
Pgeudoobscura, The firgt translocation discovered in Drosophila melano-
gaster (Bridges 1923, Bridges and Morgan 1923) wpoduces in heterozygous

condition a dominant effect on the eye color and is lethal when
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homozygous. Muller (1928a) found that a majority of induced transloca-

tiong are inviable in homozygous condition, Muller's findings were

corroborated by observetions of Muller and Altenburg (1950), Dobzhansky

(1929b, 19302, 1931la, 1932a), Dobzhansky and Sturtevent (1931), Oliver

(1232) and many others. Although some translocations are viable and
131

normal in sppearsnce in homozygous condition (Dobzhanslky 1929a, 1931a),

xcepvion rather than the rule. Not infrecuently transloca-

ct
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tions preduce visible external effeobg (Muller 1930, Burksrt 1931).
nted out in previoug secticns, individuals heterozy-—
ous for translocations are mostly fully viable and fertile in Droso-
phile pseudoobscurs, regardless of the number of chromosomes involved.
This 1s partly because the technicue used for obtaining franslocations
would tend to eliminate the inviable or poorly viable heterozygous
translocations. Bbt in only one case, namely T ITT-IV B, hdmozygous

translocations are viable and normal in appearance.

‘_Io

The viability and fertility of heterogygous duplications

and deficisncies denends primarily on the length of the pilece involved.
Duplications for more than half of the length of a chromosone, such

as ¥-IT A, Y-IT B and Y-IT D, are non-vieble. Deficiencies ere, in
general, inviasble, except for a very smell section. These observations
seem to sgree with these on Drosophila melsnogaster.

The behavior of heteroploids may also vary with dirTer—
cnt regions of a chromogome. In the third chromosome of Droscpghila
ogeudocbgeura, T IT-IIT A snd T IT-IIT B duplicating pleces, covering
vindle ettochment in the normsl chro-

the gectiors lying close te the g

mogome, ere visble end fertile in both helteroznygous end homozygous
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condition, the corresponding deficiencies sre however vieble snd fertile
only in heterozygous condition. Tlies carrying the dupliceting piece

of T ¥Y-IIT A, vhich includes the free eud of the third chromogone, are

LN 4

teronygous condition, end moveover they sre sterile,

The deficiencies sre non-visble, Since *he lengths of these duplicating
fregnents are epproximetely the same, there may be a difference between

the pert of chromosome nesr spindle attochment snd that near the free
end with respect to the visbility and fertility in duplication and
deficlency.

It is, however, interesting to note that heterozygous

leficiencies for even go short = plece of the third chromosome as ¥Y-IIT 4

are lethel in pgeudocbscurs, end yelt in Drogophila mivends meles with-
stend a deficiency for the whole of 7% not, only without epperent harm,

Fal

but evern without much modification of the morphological end physiolcg-
ical cheracteristics (Dobzhensky znd Ten 19%6). Since the X# and III
sre pertly homologous and both include the region of Y-III A translocation,

the posgible ewplenation would seem to be, &g pointed out by Dobzhensky

and Ten (1936), that, despite their ap

£y

and pseuvdocbgcura sre very differeont in thelr

Following the

[
o8

liscovery by Muller of the inductlon of

[_J.

chromogomel rearrangemente by X-rays, o lsrge number of translocations
were described in Drososhila melsnogester, end o mejority of these vere
interpreted to be simple ones (Muller 1930, Dobzhangky 19%1b). But after
the intreduction of the study of szlivary gland chfomosomes, this inter-

pretation was proved to be erroneous, since most of the presumed simple



%ranslocatigné vere found to involve an exchange of very short sections
of one chromosome for relatively long sections of other chromosome.
Indeed, if a very short cection conbtaining no loci of known genes is
tramsférred from one chromogome to snother, the translocation in which

such

™M

transfer has taken place mey eppesr Lo be & simple one; both when
gtudied genectically and vhen studied cytologicelly in mete hase plete
chromoéomes. Thig fact has led gome authors to assume fhat &1l trang-—
locetions ere reciprocal, snd no gimple transglocations occur. The three
cases of non-reciprocal translocations degcribed in the previous section,
especielly T II-TIL A, vhich has been very cerefully studied cytologically,

show thig extreme opinion to be erroneous likewise, though these casges

are like the usual reciprocal trenslocations, in that they do not involve

unions except at breakasge points. How such a tranglocation which involvesg
two breakafe points in one chromosome and only one in the other cen occur

ig not known, though Kossikov and Muller (1935) geve a hyocothetical

scheme for it.

,_,
f=d

Comparison of genetic meps of the chromogsomes of differ
species hag been possible in very few caseg only due to the extreme
leboriousness of this method. The best examples are Drosophile welano-
gaster and Drosophils gimuleng which were fourd to differ in a long
inversion in the third chromecsome (Sturtevent snd Plunkett 1926,
Sturtevant 1929). Recently these species were reinvestigated with the
sid of the salivary glend chromosome method, with the result that some

winor alterations of the gene slignment were detected besides the third

chromosome inversion (Pateu 1935, Kerkis 19%36). The genetic maps of



the two gpecies zre in perfect egreement with their cytological abnor-

Metz (1916) and Lencefield (1922) have ;iiﬁéuggested that
one erm of V-ghaped X-chromosome of Drosophila pseudoobscura corresponds
to part of the rod shaped X-chromosome of such species as Drosophils
melanogaster. Koller (1932b) further suggested that the other arm of the

V—ghaped X corresponds to a portion of one of the sutosomes in those

as melenogaster) with & rod-ghaped ¥-chromosome. WNore
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recently Crew and Lemy (1935) sttempted to homologize part or the whole

of the second chromosome (third chromosome of Crew and Lamy) of Drosophila
pseudoobgcura to the left arm of the V-shaped third chromosome of melsno-

gagter, and fourth chromesome of pseudoobscura to the right arm of V-

second of melenogaster. In view of the facts thal relatively

few genes are now knowil in Drogophile pseudoobscurs and that the two

species sre nolt crossaeble to effect direct tesgt, it seens to the author
thet attempts to establish the homology of genetic msps of the two species
are rather hazardous. Nevertheless, it is possible that e part of the
third chromosome of Drogophila melsnogester is homologous to a pert of
the second chromogome of Drogophils pseudoobscura. This guess 1s besed
upon the evidence that most of the known genes found in the latter, such
a8 p, gl end bi, produce similsr externsl effects as genes reported in
the former. The gene Smoky of pseudoobgcura snd the gene delta of
melanogaster resemble each other phenotypically, and asre perhaps homolo-
goug. Bare of pseudoobscura and Stubble of melanogaster, both being

L

dominant end affecting the shortening of mscrochaete, mey likewisge be
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the some. However, the secuence of these genes is not the same in the
two species. Like the chromosome differences between Drosophila pseudo-
obscura and Drosophile miranda the change in secuence of genes mey be
due to a number of eltersbions within the chromosome, guch as inversions

or intra-chromogomel trenslocations,

th
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iistribution of sterility fsactors in

. .

terms of cybtological maps, it is interesting

%
<

to note thel the parts of
chromogome carrying inberracisl inversiocons are likely to contain numerous

> powerful sterlility genes. Using testis size as an index of the degree

o1
of the departure from the normal structure of the testis leading to

sterility, Dobzhanéky (19%6) has showm that there exist in each of the
X—chromosome, the seocond chromosome and the third chromosomé of Droso-
phila pseudoobscura more than one genebtic fachbor causing the sterility
of the interrscisl hybrids. Moreover, he found that the psrt of second
chromosome carrying the gene Bare and the part of the third chromosome
cerrying the gene purple are more effective in producing sterility as
compared with the part of the sécond carrying the gene Smoky and the
part of the third carrying the gene orange. Since it is now known in
the cytological meps that genes Bare and purple definitely lie within
the interrscisl inversions of the second and third chromosomes respec—
tively, and that the genes Smoky and orange, lying close to the spindle
attzchment in their respective chromosomes, sre located quite fer aﬁay

from the inverted regions, the relation between interracisl inversions

and increeging effectiveness of glerility factors becomes appsrent,



In so far ag the direct causation of hybrid sterility
by interrscisl invergions is concerned, it hag been dirvectly and indi-
1ys 1t has been shown by Dobzhangky (19%6)

het the fourth chromosome plays a part in ceusing the sterility of the

hybrids, despite the fact that this chromosome is similer ir arrsnge—

=N
ct

Indirectly, sgain hag been ghown by Dobzhansky (19334,
1934a) that the doubling of the chromogome complement in the interracial
hybrids in Drosophils pseudoobscura does not lead to an increase in the
frecuency of chromogome pairing et meicsisg, nor to regtoration of fertil-

indicating that sterility here is not due to difference in gross

L.l .

ity,
chromogome gtructure.

£

To account for the reletion of varte of chromogomes sssoci-

gted with interrscisl inversiong and the incressing effectiveness of

roducing sterility, two explenations seem to be possible. Tirst, since
most crossing over in the nyh 1d eccur in the reglon between spindle

attachment end the lower limit of inversion, the resulting part of

chromosome incluvding inverted region ig in most cages corsidershly longer

then that without it. As & congecuence, the increzsing effectivenesgs
of producing sterility in the hybrids on the port of Bz region end pr

region is due to the length of chromogome section involved rather th

the presence of inversion. Second, the possibility that sterility is

£z

somehow indirectly commected with these interraciel inversions is also
not exciuded. The gene nutetions that cause sterility might have been

2

in some manner connected in thelr origins with the origin of the inversions,
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.just as some mutebions, or position effects, are comnected with translo-

cations and inversions.

. SUMMARY
1. ‘The genetic maps of the thfee autosores of Drogophila pseudo-
obscuré,are chown in figure 42.

A. The second chromosome is 92.2 uanits long, and the
sequence of genes is.Smoky, bithorex, pink, Dare,
gless end peuciseta,

B. The third chromosome is 68.4 units long, and the
gequence of genes is orsnge, Blade, abrupt,

Jegged, Scute, purple and crossveinless.

C. The fourth chromosome 1g 69.2 units long, end the
sequence of geneg is incomplete, jaunty, tengled, Curly
and Roﬁgﬁ.

2. Twenty-two translocations have been obtained with the aid of
X-rey. They involve different combinations of chromosomes, exclusive

of the X-chromosone, as follows:

Frecquency of Translocation Natufe of Translocation
4 Y-IT traznslocetions
2 Y-IIT n
5 Y-1Y n
3 II-11% "
3 ITI-IV n

2 y-ITI-Iv v



Treauency of Tranglocation Nature of Translocaticn
1 IT-IIL-IV translocation
1 Y-I1-TIT-1V "
1 Y-T1-1T1-TV-y "

3. Most of the translocations that involve the Y-chromosome give

-

viable individualg heterozygous for duplications. They were tested
for the suppreSQ1on of genes; this method ig very efficient for the

loc li%?Jion of genes on'the cytological maps.

4. Two of the ITI-ITI trarnslocaztions and one of the III—IV trang-
locations =sre non-reciprocal, fh@V‘lPVOlVe excisions of pieces of the
third chromosome near the spindle attachment, including the gene orange.
The excised pilece 1g intercaleted into the second chromosome in the
cage of the TI-IIT trenslocationg, and into the fourth chromogome in
the case of the IIT-IV translocetion. Since the duplicetion flies in
all the ebove three cases guppress the gene orange, the locus for it

s been determined to lie within the limite of a few bands in section
65 of the third chromogome.

5. In reciprocal tfanslocations, the heteropleid flies carrying
dupiication for a section of one chromosonme fnce rily carry also a
deficiency fTor a section of snother chromosome. Such flies cre com-

cletely inviable in 211 cases studied. The genetic tests for breazks

g

ere, therefore, are limited only to crossing over experiments.

6. In only one cage, nenely T III-IV B, individuals homozygous
for the translocation are viable, fertile; and normal in appearsnce,
7. The salivery chromosome configurstiong of all heterozygous

tranglocations were studied for the determination of the exact nature



of the translocaetions and of the points of breaskage.
8. By combinin' the genetic data and cytological dete for 22 trans-—
locations, the salivery chromosome meps of the three sutosomes are estab-

th the varioug breasks of trsnslocstion

[

!

lished, &5 shovn in fipurve 42, w

ndicated by the lines above.

!.J-

9. Due to the irreguler digtribution of bresks and genes zlong
the genetic maps, most genes are located in the salivary chromosomes
only within general limits of several sections.

10. Comparisong of genetic and ceytological maps of Drosovhils pseu-—
doobgcura have egtablighed the following facte:

A, Thet the genes are arranged in a linear sequence.

B. t the morphological positions of the loci in the
three avtosomes roughly correspond te crossover values
on the genetic maps.

C. That the lengths of the galivary chromosomes are fairly
proportional to the lengths of the genetic maps.

D, That the genes lying nesr the spindle attachment ore
reletively mweh farther apart in terms of the cytolo-
gical than in terme of the genetic map.

F. That warts of the second and the third chromosome

which are more effective in producing sterility in
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A/B hybrids are loca

interracisl inversions.
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Figure l.-— Frow & larva hehcrozygous for trenslocstion Y-IT A

Figureg 2 and 3., From two cells of a larva heterozygous for
translocation ¥Y-IT B



&
\ 2 '
Lo Ny é
Nof W o 192 %
IV
«‘\\\\:?yk A '

6 %

Z

K
" i,
5 45\,_/_\\\:"‘9

Figures 4 and 5.-- From two diffqrent larvae heterozygous for trenslocation Y-IT I
Figure 6.-— From a larva heterozygous for translocstion Y-IT C

Figures 7 and 8.-— From a single cell of a larva heterozygous for
tranglocation Y-IT C



Figure 9.— From a larva hetercazygous for translocation Y-III A

Figures 10 and 1l.-- From two separate cells of a larva heterozygous for ™
translocation Y-III B
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Figure 12.—- From a larve heterozygous for translocation Y-IV &

Figure 13.-— From & larva heterozygous for trasnslocstion Y-IV B
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Figures 14 and 15.-- From two sepafate cells of a larva heterozygous for
translocation Y-IV C



Figures 16-18.—— From larvae heterozygous for translocation Y~IV B

¢l
W

Figures 19 and 20.— From two sepsrste larvee heterozygous for translocation ¥-IV
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Figure 21l.-— From a larva heterozygous for translocation ITI-ITIT
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Figure R8.—~ From a larva hgperploid for IT _IIT B translocation and
heterozygous for II-V part.

Figure 29.-~ From a larva heterozygous for II-ITII-(V) translocation,
showing exchanges between II and V chromosomes.
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Figure 30.-- From a larva heterozygous for translocation III-IV A

Figure 31.-~ From a larva hyperploid for trenslocation III-IV A and
“heterozygous for 'Arrowhead' inversion.



Figure 3R2.~— From a larva heterozygous for translocation Y-ILI-IV



Figure 33,-— From a larva heteroszygous for translocation Y-ITI-IV B.

Figure 34.,-~- From a larva hyperploid for translocation Y-III-IV B, showing
g triplicate piece of the fourth chromosome attached to
- the Y-chromosome at chromocenter,



Figure 35.-~ From a larva heterozygous for translocation II-III-IV A.
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Figure 36.—— An outline sketch drewn from a larva heteroszygous
for translocetion Y-II-TTI-IV A.
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37 g F'rom

a

larva heterozygous

for translocation Y-IT-ITI-TV-V
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Figures 38 and 39.-~ From larvae of A/B hybrids, showing -interracisl
inversion in the second chromogome.

f

Figures 40 and 41 .- Frow lurvee of A/F rybrdids shoving interracial
inversion in the third chromosome.
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Figure 42,—I1I- A cytological mep of euchromatic
morphology as this appears in sallivary glands.

area of the second chromcsome showing the typical

ITI- A cytologicel mep of euchromatic area of the third chromosome showing the typlcal

morphology as thils appears in salivaery glands.

TV
morphology ag this eppears in salivery glands.

‘The crossover seale of genetic map ig shown below each chromosome and

breakege points are marked by the lines sbove thegbhromosomes.

The dotted lines above the chromosomes represent 1limits of excisions.
The solid lines sbove the chromogomes represent limits of inversions.

2 cytological map of euchromatic area of the fourth chromosome showing the typical

translocation



