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INTRODUCT I ON

Drosovhila algonguin Sturt. and Dobz. (1936) is one of the

American specles of Drosophila included in the affinis group.
That is, it 18 one of the six different species into which the

old Drosophila affinis Sturt. (1916) has been divided (Sturte-

vant and Dobzhansky, 1936). The members of the affinis group

apnear to be close relatives of the western American Drosophila

pseudoobscura Frol., which has within recent years proved to

be of considerable value in cytological and genetic studies of
wild ponulations and has given basis for speculation concerning
the course of evolution within a Drosophila species and between
species (review in Dobzhansky, 1939). The members of the affinis
group as well promise to be useful in extending our knowledge

of the nature of the relationships of forms of Drosophila found!
in nature, and it is with this in mind that a study of the cyto-

logy and genetics of one of these species --D. algonguin-- has

been undertaken. In ad&ition, the research has been extended
to include an investigation of certain cases of species hybridi-
zation in the affinis group.

The known distribution of Drosophila algonguin is given

on the map of figure 1. The distribution of this species over-
laps the distributions of three of the other affinis group specles:

D. narragansett, which has been found within a rather narrow

strip of territory from Woods Hole to %Wooster; D. affinis, which

occurs in addition in nlaces south and east of the localities

from which D. algonguin has been obBained; and D. athabasca sub-

sp. manican, which has been found southeast of the distributlon

area of D. algonjuin (Great Smoky Lountsins of North Caroline)

but occurs mainly north and west of this region. In Texas the
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Figure 1.—Distribution map for Drosophila algonquin. The black circles represent places
from which strains of this fly were studied as to chromosome structure and variation. The circles
with X’s in them represent places from which Drosophila algonguin has been collected but from
which no strains were available for this study.



distribution area of Drosophila algonquin overlaps that of D.

pseudoobscura. The three remaining affinis group forms are ap-

parently isolated geogravhically from D. algonquin: D. athabasca

subsp. athabasca occurs in the northwestern United States, wes-
tern Canada, and southern A laska; D. azteca has been found with-
in a small area in northern California, but occurs principally

in MexXico and Central Zmerica; D. seminole has been found in

a rather restricted area in southern 4Alabama.



CHROMOSOMES OF DROSOPHILA ALGONQUI N

The study of the chromosomes of this species has been accomp-
lished through the use of aceto-carmine smears of the ganglia
and salivary glands of larvae. Both permanent and temporary
preparations were used. The first salivary gland preparations,
and most of those from which the Standard chromosome drawings
(Plate I) were made, were permanent ones, prepared after the
alcohol vapor method of Bridges (1937). In the investigation
of the various strains of the species for chromosomal aberrations,
where a large number of slides needed to be made, it was found
sufficient to use temporary preparations, which, aside from belng
temporary, have seemed aquite as satisfactory for general analy-
8is as permanent ones. All drawings of these chromosomes have

been made with the aid of a camera lucida.

Structure of the chromosomes

Drosophila algonaguin has five pairs of chromosomes (Sturte-

vant and Dobzhansky, 1936). Seen at metaphase in the glant gang-
lion cells of the female larva these apnear ag a pair of large
V-shaped X-chromosomes, a palr of V-shaped autosomes (except
when seguence B- 3 is present, see helow), two palrs of J-shaped
autosomes --the smaller one with an almost terminal spindle at-
tachment--, and a pair of dot-like autosomes (Plate I). In the

male the Y-chromosome is J-shaped. In the salivary gland cells

*Most of the subgect matter of this section has already been
presented in publication (Miller, 1939). Figures 1, 2, 3, 4,

and 6 and Plate I are taken from the published paper.
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of the larva the nucleus contains seven long and one very short
euchromatic strands extending outward from the caromocenter (Plate
i P

The correspondence between the strands seen in the salivary
gland cells and the metanhase chromosomes, although not securely
established, 1s suggested by a number of facts. Two of the strands
apnear paler and thinner in preparations made from male larvae
than in those from females. It is concluded that these repre-
sent the arms of the X-chromosome, which, since it is haploid
in males and diploid in females, and since homologous chromo-
somes are generally paired very closely in salivary gland cells,
might be expected to ap»oear thinner in males than in females.
According to Rauer (1936) the chromocenter of the salivary gland
nucleus of Drosophila consists of the fused heterochromatic re-
gions of all the chromosomes. If the chromocenter is broken,
due to pressure applied on the coverslip of the salivary gland
preparation, it seems to have a tendency to cleave along lines
separaﬁing the different chromosomes. Asgssuming this to be true,
through observation of a large number of salivary gland cells
in which the chromocenter has been broken, one can get an impres-
sion of how the various euchromatic strands are attached to hetero-

chromatic masses to form the chromosomes. In Drosophila algon-

guin the longest of the autosomal strands is very frequently

seen entirely separate from the rest of ths strands, with a suall
mass of rather compact heterochromatin adhering to its base.

It is concluded that this asgociation represents a caromosome,
one arm of which is wholly heterochromatic, and this chromosome
--designated the A-chromosome-- is identified with the short,

almost telocentric chromosome of the metapnase plate. Two of

the other strands are often seen attached to each other through



a small amount of heterochromatine. This association is called
the B-chromosome. The two remaining long euchromatic strands

are also frequently seen together. However, these arms are se-
parated by considerably more heterochromatin than are the arms

of the B-chromosome, and the mass of heterochromatin is often
either broken in two or is incompletely detached from the rest

of the chromocenter. This is called the C-chromosome. The i-
dentification of the B- and C-chromosomes with metaphase chromo-
somes 1is based on the presence in the B-chromosome of an inver-
sion involving both arms, correlated with an altered shape of

one of the metavhase chromosomes ~-the V-shaped autosome (see
below). The metaphase chromosome undergoing this change of shape
is called the B-chromosome. The remaining large metaphase chromo-
some is called the C-chromosome. The very small euchromatic

mass of the salivary gland nucleus apoears to be independent

of the rest of the strands and most probably represents the dot-
like chromosome seen at metaphase --called the D-chromosome.

The drawings of the salivary gland chromosomes represented
in Plate I are composites of a number of camera lucida drawings
which seemed to depict the chromosome strands reasonably well.
No attempt, however, has besn made to record all the fine, scar-
cely visible bands in these chromosomes, it being considered
sufficient for the pur-oses at hand to note the relative posi-
tions of the most prominent ones. Consequently, one need not
conclude that regions represented on these maps as devoid of
bands are actually homogeneous and without specilal structure.
For convenience in studying these euchromatic limbs the chromo-
some comnlement has been divided arbitrarily into 100 numbered
sections, after the manner of Bridges (1935). Wherever it was

possible without making two adjacent sections too different in



size a rather prominent band or group of bands was used as a
section boundary. In the short 1limb of the X-chromosome and

in the long 1limb of C there aosnears to be a region having a strong
affinity for heterochromatin. The result is that in each of

these strands the basal section --section 21 in the X, 81 in

C-- usually 1s attached at both ends to the chromocenter. Each
case 1s represented in the map of Plate I as a section separate
from the rest of its arm with heterochromatin adhering to the
Sseparated ends. It would seem likely that these represent ac-
tual insertions of heterochromatin into euchromatic arms.

The micleolus of the salivary gland nucleus appears in a
number of figures in association with the short arm of the X-
chromosome. In some especlally clear figures the euchromatic
vart of the short arm of the X was separated quite completely
from the chromocenter --very little if any heterochromatin ad-
hered to it-- but was attached to the mucleolus by thin strands
of rather lightly staining material. This association would
seem to be similar to that described for the X-chromosome of

Drosophila melanogaster by Kaufmann (1938).

Variation in the chromosomes

The study of the salivary gland chromosomes of a mumber
of species of Drosophila has shown that the chromosome band pat-
tern has a tendency to vary within the species. The nature of
this variation is easily deduced from the configurations obtalined
in individuals heterozygous for pattern, and such differences
as have been found ap»Hear to be due to inversions of sections
of chromosomes. An investigation of the chromosomes of D. al-

gonquin has shown a considerable degree of this sort of variatlon

within this speciles.
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Various strains of D. algonguin from places shown in the

distribution map (fig. 1) were available for chromosome study.
Each strain consisted of the descendants of a single female fly
captured in the wild. 4n examlnation of the salivary gland chromo-
somes of individuals from the various strains has shown one of
the gene arrangements to be present in all the localities from
which collections were made --though not in all the strains.
This arrangement has been arbitrarily chosen as the Standard
Sequence. The nature of the arrangements present in each of
the available strains --and in a few wild males-- was lrnvesti-
gated by mating flies from it to individuals of the Standard
tyve and then examining the salivary gland chromosomes of the
offspring larvae. If a strain contained a seqguence different
from the Standard, the char:acter of the difference was studied
through the pairing configuration achieved by the homologous
chromosomes in the salivary gland nuclel.

No sequence hesides Standard was found for the long arm
of the X-chromosome. 1In the short arm of the X a sequence dif-
fering from Standard by a single inversion was found. The limits
of this inversion were determined to be in sections 27 and 34.
This new sequence was c¢alled X-1, and the configuration foundin
the salivary gland nucleus of a Standard/X-1 heterozygote 1is
shown in figure 2A. Sequence X-1 occurred in streins from Bel-
fast and Twin Mountain (near Franconia Notch).

Bwo sequences besides Standard occur in the A-chromosome.
One of them --called A-1l-- differs from Btandard by a single
inversion the limits of which are in sections 44 and 48 (figure
2B) . Sequence A-1l has been found in strains from the followlng

localities (named from northeast to southwest): Twin liountain,



of individuals heterozygous

sions. A. Standard/X-1. B. Standard/A-1 C. Standard/

in the salivary chromosomes

for the Standard sequence a

A-2.



%oods Hole, South Amherst, Meriden, Derby (near lieriden), Varna
(near Ithaca), Ithaca, Chautauqua, and Wooster. The other se-
quence --A-2-- differs from Standard by two overlapping inver-
sions (figure 2C). A structural heterozygote of the constitu-
tion A-1/A-2 exhibits a single loop configuration, so that iﬁ
seems that one of the inversions whereby A4-2 differs from Stan-
dard is identical with the inversion differentiating A-1 from
Standard. This éuSpicion is confirmed through an inspection

of the limits of these inversions. The inversion overlapping
the A=l inversion in A-2 has breakage points in secticns 43 and
46. Sequence A4-2 has been found to occur in Belfast, Gray, Twin
Vountain, 7Woods Hole and Derby.

It has been pointed out (Sturtevant and Dobzhansky, 1936a;
Dobzhansky and Sturtevant, 1938) that sequences differing by
overlapning inversions are of particular interest because of
the insight they give into the probable phylogeny of the chromo-
gsome. It has been explained that the most probable relationship
of two such sequences is throuzh a third sequence differkng from
each of the former by a single inversion. That is, although
one may not he able to tell which sequence arose first in the
phylogeny of the chromosome, the conclusion seems most reason-
able that one of the two arran ements did not arise directly
from the other, but rather arose after the other had been changed
through a single inversion; or, perhaps, the intermecdiate sequence
came first and by a process of two imversions gave rise to the
sequences in question. Now, given two chromosome arrangements
differing by overlap»-ing inversions, it 1s possible to hypothe-
g8ize the intermediate sequence. In the case of the A-chromosomne

sequences Standard and A-2, however, sequence A-l1 represents

such an intermediate sa~uence. The probable relationship of



these three sesuences is diagrammed in figure 3.

Three gene arrangemsnts other than 3tandard have been found
in the B-chromosome. One of them --3-1l-- involves an inversion
in the long arm of B with break points in sections 59 and 68
(figure 4A) . Sequence B-i is found at Gray and Toods Hole.
Another is B-2, which differs from Stamdard by an inversion in
the short arm of B (figure 4B). This sequence (inversion limits
in sections 70 and 76) has besn fourd only in one of the strains
from "oods Hole. Since the inversions that differentiate sequences
B-1 and B-2 from Standard are pressumably quite indepencent, se-
parable through crossing-over, a name has not been adopted for
the B-chromosome arrangement differing from Standard by both
the B-1 and B-2 imversions, suci: a sequence wnen encountered
merely being considered to be a combination of sequences B-1
and B-2.

Sequence B-3 differs from 3tandard by two overlapping in-
versions one of which includzs the sgspindle attachment --and all
the heterochromatic region of the chromosome as well. The spindle
attachment inversion nas break noints in section 57 of the long
arm of B and in section 75 of the short arm, and the inversion
that overlaps it has limits in sections 64 and 72. The hypothe-
tical gequence intermediate between Standard and 3-3 (as A-1
is intermediate hetween Standard and A -2, above) should differ
from 3tandard by the spindle-attachment inversion alone. 3Such
a seguence has not been found. The supnosed relationship of
sequences Standard, Hvnothetical, and B-3 in the B-chromosome
is diagrammed in figure 3. Sequence B-3 1s quite wldespread,
oceurring in the following localities: Belfast, Gray, Valmorin,
Twin Yountain, Gale “iver (near Franconia Notch), Woods Hole,

South Apherst, leriden, Derby, Varna, and ‘‘ooster.
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Figure 3. Diagram showing the most probable rela-
tionship of gene arrangements differing by overlap-
ping inversions. Such a difference involves four
breakage points. It seems likely that the rearrange-
ment has occurred in two steps, two breakages result-
ing in one of the inversions at one time, two more
breakages resulting in the other inversion at a later
time. This process seems especlilally likely to have
taken place if in addition to the two seguences in
question the hypothetical intermediate arrangement

is found in nature. This is the case with the se-

gquences found in the D. algonguin A-chromosome, to

which the labels on the left pertain. The spindle
attachment of this chromosome is represented by the
dot between A and B. The labels at the right per-
tain to the B-chromosome of algonquin. The spindle
attachment of this chromosome is represented by the

dot between T© and F.
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The B-chromosome of sequence B-3 has the length relation-
ship of its two arms considerably different from that of the
Standard P-chromosome. The long arm an-cars longer; the short

-

oy

v

arm shorter, by virtue of the fact that the long arm gains
the svindle attachment inversion more than half the length of
the short arm (euchromatic) --the part proximal to the breakage
point in section 75-- in return for the shiort section proxi. al
to the break »noint in 57. Such a difference seems to be reflec-
ted in the metavhase chromosomes of the ganglion cells in that
with the voresence of sequence B-3 there apnears in the metaphase
groun a J-shaped chromosome not otherwise nresent. 3turtevant
and Dobzhansky (1936) describe the metanhase chromosome group

of D. algonsuin as containing no V-ghaped autosome. It is most

likely that tﬁ?individuals examined b’ these workers contained
the E-cbromosaﬁe sequence B-3 =nd not the Standard. Netaphase
vplate drawings for individuals howmozyrous and heterozygous for
sequence B-3 are shown in figures 4D and 4% rasspectively.

An individual heterozygous for an inversion across the spindle
attachment may bz expected to give rise to a mumber of inviable
offsoring due to crossing-over in the region of the inversion,
which should result in a duonlication and deficiency in the cross-
over »oroduct chromosomes (Sturtevant and Beadle, 1936). Thus,

a sequence arising in a wild population through an inversion
across the spindle attachment might be exptected to be at a dis-
advantage in the face of natural selection, since heterozygotes
for it and the prevaliling sequence are rendered partially sterile.
However, if the spindle attachment inversion is overlapped by
another inversion, heterozygotes for this nesw sequence and the
orizinal one might be expected to be at less of an evolutionary

disadvantage than the above mentioned heterozygotes, since cross-



Ficure 4—Inversion configurations. A. Standard/B-1 B. Standard/B-2 C. Standard/B-3.
The chromosome may be considered to be continuous through heterochromatin between sections
69 and 56, although in this particular figure the heterochromatin connection is broken. D.
Ganglion cell metaphase plate from an individual homozygous for sequence B-3. Compare the
shape of the B chromosome here with that of the B chromosome in the metaphase plate shown
in Plate 1. E. Ganglion cell metaphase plate from a Standard/B-3 individual, showing the two
kinds of B chromosome. The scale of micra for this figure pertains only to the salivary chromo-
some drawings. The ganglion cell chromosomes are drawn on a slightly larger scale.
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ing-over in the region overlaonnsed by the two inversions (since
one incluides the svindle attachment) results in products that
are not distributed to egh pronuclei (Sturtevant and Beadle,
1936); trat is, crossing-over in the region of the spindle at-
tachment inversion is virtually reduced. Such is the relation-

shiv of the Drosophila alconguin B-chromosome sequences Standard

and B-3; each differs from the other by an inversion including
the spindle attachment and an overlzpoing inversion. Ap-arently
Standard and B-3 are at little disadvantage in the presence of
each other, since this study shows that they exist together in

a considerable number of places. According to the above reason-
ing, a comblnation of Standard and the B-chromosome Hypothetical
seqguence (differing from Standard by the svindle attachment in-
version alone) might be =xpected to be attended with greater
disadvantage. But according to the theor: of overlap ing inver-
gsions, Standard and Hyvnothetical must have existed together at
one ti'e. Thus, in spite of the aprarent disadvantage, it seems
that Standard arose from Hyvothetical and persisted or that Hypo-
thetical arose from Standard and remained long enough to give
rise to B-3. The suvn»nosition that this evolutionary step is
dif“icult 1is sup-orted by the fact that until now, as far as

the author is aware, no inversion across the spindle attachment
had been foudd in wild populations of Droso»hila, al though such
chromosomal aberrations have been derived by X-rays ("eucentric
invergions' of Catcheside, 1938). (According to a personal com-
munication of Professor Th. Dobzhansky, a spindle attachment

inversion apvarently exists within Drosophila duucani.)

The spindle attachment inversion (inversion of Hypothetical

with respect to Standard) overlaps the inversion of sequence

B-2. Thus, Standard forms a sequence intermediate between B=3



812<——>STA NDARD <———>HYPOTHETICAL«——> B-3

B-1 oR B-1 OR B-1

. A. Diagram showing the inversions with

regpect to Standard in the B-chromosome of D. al-
gonquin. The broken lines connect the limits of
the inversions. B. Probable phylogeny of the B-

chromosome, based on overlapping inversions.
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and Hypothetical on the one hand and B-2 on the other. The in-
version overlap ing the spindle attachment inversion overlaps

as well the inversion of sequence B-1l. However, the spindle
attachment inversion itself is independent of the B-1 inversion.
Conseguently B-l may be considered to be separated from B-3 In
point of time by Hypothetical at least, but possible by Standard,
or even B-2 as well, since the inversions that differentiagte
gach of thesec sequences from Hypothetical are quite independent
of that by which B-1l differs from Hypothetical. The diagrams

of figure 5 may serve to make the matter of probable phylogenies
in the B-chromosome clear.

In the C-chromosome there have been found two arrangements
besides Standard. One of them differs from Standard by an in-
version in the long arm of C extending from section 82 to the
boundary of sections 88 and 89 (figure 6A). This sequence --
called C-l-- has been fourd in Belfast, Gray, Twin Mountain,
and South Amherst. Tuae other non-Standard sequence differs from
Standard by an imversion in the short arm with one breakage point
at the 95-96 boundary and the other quite close to the tip in
gection 99. 1In structural heterozygotes of the Standard/C-2
type the short region distal to the inversion is generally not
valred in the salivary gland cells, and the configuration nas
been illustrated from one of thne usual figures (figures 6B and
6C) .

The distribution of the gene sequences described above 1is
given in Table I, as well as the total number of strains examined.
Since the known distribution of the species follow rougaly a
line running northeast-southwest, the place names have been listed

as they come from northeast to soutiawest. The ilmpression may
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Ficure g—Inversion configurations. A. Standard/C-1 B. and C. Standard/C-2, the same
configuration at two different foci. This configuration is typical for this inversion heterozygote.
Sometimes the last two discs of section gg pair completely.



Table I
Locality

Belfast

Gray

Valmorin
Franconia Notch
(Twin Mountain,
Gale River)
Woods Hole
South Amherst
Meriden (Derby)
Ithaca (Varna)
Chaut augqua
Wooster
Wichita Falls
Austin (Aldrich)

San Antonio

Strains

1

2

1

5

5

1

3

5

6

2 13 males

0 1l male
14 males

5

Sequences

X-1,

Kl
A-1,
A=1,
A=l
A=1

Al
none
none

none

besides Standard

A-2, B=-3, C-1, C-2

B-1, B-3, C~1

A-1, A-2,
A-2, B"'l,
B-3, C-1
A-2, B=3

B=-3

8'39 C-1,

B"‘ 2 9 B"B
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be gotten that chromosome arrangement in D. algonsuin is more

variable in the northeast than inthe southwest, although the
numbers of wild individuals studied is rather too small to al=-
low for generalizations of this sort. A4 any rate the uniform-
1ty of the Texas population of the species is striking. In the
fall of 1938 there were examined 39 strains from Aldrich, and
In none of these was a gene sequence besides Standard found.

It was suggested (Miller, 1939) that the population from which
these strains originated might have been the result of an intro-

duction of a few D. algonguin individuals from the north. In

the fall of 1939 there were received and studied four more Ald-
rich strains and flies from two new Texas Llocalities --Wichita
Falls and San Antonio. In none of these was a non-Standard se-
quence found . In view of the contin:ed occurrence of Standard

D. algonguln at Aldrich amd the finding of this svecies at Wichita

Falls and San Antonlo, the suggestion that D. algonguin was arti-

ficially introduced into Texas seems now rather implausible.

A study of D. algonguin from the territory between the Texas

region and the remaining localities in which the species has
been found should prove most interesting in view of the apparent
homogeneity of the Texas population and the marked heterogenelty

found in the species elsewhere.

Comparison of the chromosomes with those of bther species

The salivary gland chromosomes of some of the other members

of the affinis group have been studied: those of Drosophila azteca

(Dobzhansky and Sokolov, 1939), D. athabasca (Wovitski, unpub.),

and D. affinis (Paul, unpub.). In addition, the existence of

certain interspecific hybrids between affinis group members has

made 1t possible to make direct comparisons between the chromo-
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somes of some of these closely related species (Bauer and Dob-
zhansky, 1937; and see below).

In the salivary gland rmucleus of each of the affinis group
species studied there apnear to be seven long euchromatic strands
and one very snort one. (This now seems to be true of D. azteca,
since the recent discovery in this species of a chromosome arm
not included in the maps of Dobzhansiky and Sokolov, 1939). An
examination of the drawings of these chromosomes, aupplemented
by some observations on the chromosomes themselves, shows that,
although in general the gene arrangem=nts chosen as Standard
for each of these species have lit#le recognizable similarity
to each other, a few points of likuness suggest themselves.

For exampnle, in each of these species one of the arms of the
{-chromosome is very long and contains a slightly bulging sub-
terminal region devold of darkly staining bands --depicted in

the D. algonguin map in section 20, in the D. azteca map of Dob-

zhansky and Sokolov (1l9%9) in section 23. ¥hether or not such
apoarently similar regions are actually homologous is difficult
to determine in this way. However, such observations may serve
to direct one's attention to nossible homologles when methods
hetter suited to testing homology are available --such as inter-

specific hybrid chromosome study (see below). In D. algonguin,

D. athabasca, and in D. azteca, but apparently not in D. affinis,

one of the autosome arms is very long, being of about the same
order of length as the long arm of the X. In all four of these
svecles two of the autosome arms are quite constantly attached
to each other through a small amount of heterochromatin --the

B-chromosome of D. algonzuin, and of D, azteca. A rather con-

stant feature of the short arm of this chromosome among these
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specles 1s a vattern of bulges and constrictions near the tip

--shown in sections 78, 79, and 80 of the D. algonguin map, and

in sections 89, 90, and 91 of the D. azbteca map. The pattern

of section 91 of the long arm of the C-chromosome of D. algonguin

as well as the characteristic terminal flare of this limb is
found in a chromosome arm of comparable length in each of the
other species studied --for example, the unillustrated limb of
D. azteca (Dobzhansky and Sokolov, 1839). 4lso, the short arm

of the C-chromosome of D. algsoncuin hes en gprerent homclogue

in each of these species in that the pattern of its distal region
anpears to be nearly duplicated in a chromosome strand of each

of them --com»nare section 99 of the D. algonguin map with section

99 of the map of the C-chromosome of D. azteca. Finally, the
fifth chromos-me seems ~uite similar in the different affinis
group specles gtudied, so that it might well be suspected of
being homologous throughout.

Fortunately, it has been found possihle to cross D. algon-

quin to another affinis group species, D. athabasca. (A general

account of this hybrid is given below , see Interspecific Hybrids.)
A number of observati-ns ha ve been made on the salivary gland
chromosomes of hybrid larvae. Although hybrids are quite viable
and annarently robust, the salivary glands of even the best of
thege larvae seem to be smaller then is generally tae case for
either sweciles, ard the chromosomes in turn are small and slender
and not well fitted for examination. The salivary gland nucleus
of hybrid larvae has the apoearance of a mase of cciled strands,
most of them, if not all, unnairad. However, there may be an
assocliation of what may be taizen for homologous strands in cases
even where no intinate synapsis has taken nlace, the homologues

being coiled loosely about each other with their bases arising
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from the chromocenter rather close together. In the salivary

glands of both D. algonguin and D. athabasca it is rather a com-

mon occurrence for definitely homologous regions to fail to syn-
avse, although pairing is the general rule. This tendency 1is
evidently characteristic of hybrids in that certailn sim:lar re-
gions of the chromosomes have been found both in the paired and
unnaired conditions and still other regions ti:at seesm to be alike
have never heen Ssen palred.

The drawings of figure 7 have been made from preparations

of salivary glands of larvae from the cross D. algonguin (Aldrich)

females times D. athabasca (Grays River, Wyoming) males. These

devict regions that wevre found paired or sufficiently apnosed

so that homology might be considered likely. It 1s not meant

to be impnlied that these represent the only casss of such exten-
sive homology between the chromosome sets, it being quite probable
that further study will show mors instances and wili give a bet-
ter idea of tne nature of the differences betwe=zn the chromosomes
of the two s»neciss. No instances of synapsis have baen observed
between the X-chromosomes of these species. Neither has any

been foind between the s-chromos-me of D. algon~uin and its sup-

posed homologue in D, athabasca. The long arm of the B-caromo-

some has been found to be pairzd with a strand of siwilar length
only near the base in part of ssction 56 (figure TA). The short
arm, however, scems to be more completely similar in the two
specles in that pairing has been found near the base, in the
middle, and towards the tip (figures 7B, -C, and -D). The basal
pection of the long arm of the C-chromosome pairs with a similar

region in D. athabasca (figure 7Z). Towards the tip of thnis

chromosome arm ther= is also synapsis. However, a polnt of dif-

ference exists here in that the prominent dark terminal band
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Figure 7. Examples of pairing or close approxi-

mation of the chromosomes of D. algonguin and D.

athabasca as seen in the salivary glands of hybrids.
A. Base of the long arm of the B-chromosome. B.
Base of the short arm of the B-caromosome. C.
Central region of the short Llimb of B. D. Tip

of the short limb of B. =. Rase of the long arm

of the C-chromosome. F. Tip of the long arm of

C. The athabasca homologue hzs a heavy terminal
band avparently not »resent in the algonguin caromo-
some. G. Short limb of the C-chromosome. H. D-

CNromos dme .
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of the D. athabasca chromosome seems not to be present in the

D. algonguin homologue (figure TF). An example of such a ter-

minal difference hetween otherwise homologous chromosomes has
been pointed out by Kikkawa (1938) within the species D. anana-
gsae. Also, Metz (1935) has shown that such terminal differen-
ces occur in the chromosomes of Sciara, where minute variations
in chromosome structure are rather common. vhether the present
case indicates a duvlication or deficiency in one specles with
respect to the other or some otherkind of difference cannot be
determined from the evidence at hand. Tne short arm of the G-

chromosome of D. algonguin finds an almost entire homologue in

D. athabasca. It is been seen pair=d from witiin section 94

to the distal end with but two small regions of incouplete syn-
avsis intervening (figure TG). The small D-chromosome has been
seen naired throughout (figure TH) .

The analysis of the salivary gland chromosomes of hybrids
as a method for determining the extent of chromosome difference
between species has been made in a mumber of cases in Drosophila:

in the D. osaudoobscura race aybrid (Tan, 1935; Koller, 1936),

the pseudoobscura/miranda hybrid by Dobzhansky and Tan (1936),

the melanogaster/simulans hybrid (Patau, 1935; Kerkis, 1936;

Horton, 1939), the athabasca/ azteca hybrid by Bauer and Dobzhan-

sky (1937), and the D. virilis subspecies hybrid (Hughes, 1939).

Varying deggrees of determinable difference have been found be-
tween the chromosomes entering into these combinations, from

a few inversions to many imversions and small translocations.

In the athabasca/ algonquin hybrid the available evidence allows
for very little to be concluded as to the nature of the changes
that have taken place between the chromosomes of these species.

Probably due to the added difficulty of pairing that would be
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expected to attermd such a rearrangement, not even an example
of homologous regioms inverted with respect to each other aas
bezn found in this hybrid. However, that considerable change
has taken nlace between the chromosome arrangements of the strains
used in deriving the hybrid, probsasbly involving many inversions,
seems likely from the aonarent differences in band pattern be-
tween the s»necies, as well as from the high degree of failure
of synansis in nybrids. For the vresent it secms most profit-
able to concentrate attention on those regions that have remained
sigilar to the cxtent of being able to pair in hybrids. Such
regions are dmonstrable only in the shortest chromosome arms
of these svpecies.

Of much interest in connection with a comparison of the

chromosomes of D. algongquin with those of closely related species

is an analysis of the salivary gland chromos>mes of another hy-

brid --that involving D. athabasca and D. azteca. A preliminary

.account of these chromosom=8 has been published by Bauer and
Dobzhansky (1937), but the writer is indebted to Prof. Th. Dob-
zhansky for further information on chromos me palring in this
hybrid. The nature of the salivary chromosomes seems to be quite
similar to that of the ones found in the above mentioned &algon-

quin/athabasca hybrid. That is, the salivary gland nucleus gene-

rally consists of a mass of colled, unvaired strands the relation-
shin of which bo each other is difficult to make out. However,
a few instances of homology have been found. Here, as well as

between D. athabasca and . algonguin,homologies are most easily

demonstrable hetween the shortest chromosome arms. Instances
of pairing have been found in both arms of the B-chromosome,

in the C-chromosome, and in the small, dot-like D-chromos me.
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Particularly striking is the almost comvlete homology of the

C-chromosome of D. azteca with the strand in D. athabasca which

has heen found to be largely homologous to the short arm of the

C of D. algonguin. Also, the D-chromosome of D. azteca seems

likely to be entirely homologous to the small chromosome of D.
athabasca, which seems in turn homologous to the D-chromosome

of D. algonguin.

On the basis of these observations a rnumber of tentative
conclusions as to the comparative structure of the chromosomes

of D. algonguin, D. athabasca, and D. azt=ca may be made. The

same number of euchromatic sirands existg in all three species,
and the relative lengths of these arms apoear so similar in them
that it may be concluded that no mejor interchange between arms,
uncomnensated for, has occurred between the specles. However,
the salivary gland chromosome patterns of these species seem

to differ considerably =--although possibly less than has been
concluded on the basis of impressions of dissimilarity and fail-
ure of rnairing in hybrids. That the occurrence of inversions

in the chromosomes 1s largely resnonsible for the interspecific
vattern differences seems very likely on the basis of the fact
that intra-specific variastion in chromosome sequence has been

found to be due to this mechanism in D. algonguin , D. athabasca

(Novitski, unpub.), and D. azteca (Dobzhansky and Sokolov, 1939).
The nossibility that translocations have also taken place is

not to be =xcluded, though the amount of rearrangement accomplishea
in this way 1s probably small. Dobzhansky and Tan (1936) have
noted a few instances of interchanges between chromosomes in

the pseudoobscura/miranda hybrid, though these have been called

into question by MacKnight (1939) .

One might supvosgse that in the evolution of these species
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the patterns of those regions found alike in each specles were

the original ones --at least for all but the most priritive species
in case two of them are descended from the other one. Consequently,
any intraspecific variation on this pattern could be considered

likely to be a recent development. In D. algongquin the Standard

sequence of the short arm of the C-chromosome is one that 1is

largely identical with a chromosome arrangement in D. athabasca

and in D. azteca. However, the C-8 irmversion apparently effects
a rearrangement witinin this chromosome that has not occurred
intersoecifically, and for this reason the C-2 sequence might
be concluded to he a more recent develovment in the specles than

Standard.

The salivary gland chromosomes of Drosophila algonguin bear

little resemblance to those of species outside the affinis group,
Judging from the published drawings of the chromosomes of D.

melanogaster (Bridges, 1935), D. vpseudoobscura and D. miranda

(Dobzhansky and Tan, 1936; Tan, 1937), and D. virilis (Hughes,

1939) . Aside from the absence of special similarity in band

pattern, these chromosomes differ from those of D. algonguin

in that in each of these sets ther:z are but six euchromatic arms
--five long ones and one very short-- instead of the eigat found
in zach of the affinis group swnecies so far investigated. In-
deed, six salivary gland chromosome arms seems to be character-
istic of every Drosoohils speciesin which these chrowos »mes have
been studied (except D. duncani, according to Prof. Th. Dobzhan-
sky), aside from the members of the affinis group.
It is of interest to speculate as to how a ciange in the

number of euchromatic chromosome limbs could be achiev:d in na-

ture. Assuming that euchromatin is rearranged, not created or

lost, two methods suggest themselves. A chromos» me may be thoug:it
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of as acquiring, or losing, euch omatic material in an arm other
wise heterochromatic --neglecting the possibility &f its being

a telocentric chromosome-- through (1) a translocastion or (2)

an inversion across the spindle attachiment. That ig, a chromo-
zome may undergo a change in the amount of euchromatin in one

of its arms either througn this arm's entering into an exchange
with another chromosome or with the other arm of the same caromo-
some. In sithsr case, unlesg the translocation were nonrecip-
rocal or the inversion terminal, one would expect a terminal

mass of heterochromatin to accompany the production of a new

arm. MNoreover, the loss of a euchromatic arm would require a
nonrecinrocal translocation or a terminal inver&ion, and unless
the nonterminal breakage point occurred just at the boundary

of het=erochromatin and suchromatin, an interstitial mass of hetero-
chromatin should result. (See figure 8.) It is not possible

at »resent to say in which direction the process would be the
more difficult. Chromosomal changes that seem terminal have
bzen renorted in Drosophila (for example, the terminal irnversion

of D. ananassae, Kaufmann, 1936). Interstitial chromosome arm

gegments that zppoear to have heterochromatin properties have
been reported in Drosonhila in a number of casss, of which the

D. algonquin instance --short arm of X, long arim of C-- is one

(also, the Y-chromosome of D. miranda, KacKnight, 1939; sugges-

tions that such segments occur in the ¥ of D. melanogaster, Kauf-

mann, 193%9). The the ends of chromosomes consist of heterochro-
matin has seem=d likely to a number of workers on the basis of
the non-snecific attractions of the tivs of the salivary gland
arms --resulting in occasional attachments of ends to each other

and to the chromocenter (for example, the allegations of Prokof-

yeva-Selgovskaya, 1939) . However, no large terminal mass of
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Figure 8. Schemes whereby a chromosome could either
acquire a euchromatic arm or lose one, thereby increas-
ing or decreasing the number of salivary strands of
the species. In each case euchromatin is designated
by a narrow line, heterochromatin by a thick, irregu-
lar one, the spindle attachment by a circle. The dot-
ted lines connect points of transfer. A. Acguisition
of a new euctaromatic arm through translocation. Be.
Acguisition of such an arm through a spindle attach-
ment inversion. C. Lossg of a euchromatic arm through
translocation. D. Loss of a euchromatic arm through

g gpindle attachament inversion.
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heterochromatin has bexzn observed in Drosophila. What the fate
of such an arrangement would be --for instance, whether or not
the terminal inert material would he lost readily-- is difficult
to say.

Both mechanisms suggested --translocation and dpindle attach-
ment lnversion-- might be expected to be attended with some dis-
advantage in establishment in a population (Sturtevant and Beadie,
1936) . However, the succesgful establishment of a spindle at-
tachment inversion in nature has evidently taken »nlace within

D. algonguin, as described above. An example of an intraspeci-

fic translocation has been reported by White (1l940) in a speciss
of grasshopver. As mentloned above, Dobzhansky and Tan (1936)

have noted the chromosomes of D. pseudoobscura and D. miranda

to differ by several small translocations. Sturtevant (in press)

has made a com»arison of the mutants of D. affinis with those

of a number of species outside the affinis group, particularly

D. »nseudoobscura and D. melanogaster. A study of the linksge

relationshioe 1n these species has 1l=d to the conclusion that
no major translocation of genetic material from one chromosome
to another --s3s would be evidenced by a difference of linkage
relationshins of apparently homologous genes-- has taken place

betwenn the eight-euchromatin-armed snecies D. affinis and some

of those having only 8ix --that D. pseudoobscura and D. melano-

gaster were not differentiated by interarm exchanges had already
heen concluded by Sturtevant and Tan (1937) in a similar study.
Tnis evidence would szem to favor the theory of transformation

by spindle attachment inversions rather than by translocations.



MUTANLS OF DRO3SOPHILA ALGONJUIN

Descriptions of the mutants

All mutations so far discovered in this species are reces-
sive characters. %ach of those that has been retained for gene-
tic study has very good expression --very little if any overlap-
wing of the normal phenotyve-- and reasonably good viability
and fertility.

Two sex-linked mutants are known in D. algonguin --dusky

(dy) and swollen tarsi (swt). The effect of dusky (The mutants
dusky and rough -see helow- were discovered in this species by
Dr. A. H. Sturtevant) 1is to reduce the size of the wings so that
they scarcely cover the abdomen and to give them a decidedly
dark texture. This is, the phenotype is very similar to that

of the sex-linked mutant dusky of D. melanogaster and of other

species (Morgan, Bridges, and Sturtevant, 1925). The effect

of swollen tarsi, as the name implies, is principally a distor-
tion of the legs. The leg segments have zn inflated appearance,
particularly noticeable in the tarsus. This mutant also affects
the wings, making them somewhat shorter and broader than in the
wild tyoe fly. There seems to be a considerable lethal effect
accompanylng swollen tarsi under certain conditions, Jjudging
from the vrovortion of such flies gotten in the linkage experi-
ments (Table V). There also seems to be some reduction of the
fertility of females showing this character.

InD. algonguin there are four autosomal mutants --rough

(ro), cinnabar (cm), droop (dr), and brown (bw). Flies of the
rough type have compound eyes in which an irregular arrangement

of the facets and halrs produces a decidedly uneven surface tex-
ture. In addition, eyes of this type occasionally contain dark
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areas of various sizes, apnafently due to erupted ommatidia.
These spots are particularly noticeable when the character oc-
curs in combination with the bright eye color cinnabar. The
presence of black erupted areas on the eye has been noted in

the case of the D. melanogaster character roughoid (Morgan, Brid-

ges, and Sturtevant, 1925).

In Drosophila algoncuin one bright red eye mutant has been

found. This character is particularly striking in flies that
have just emerged. As the adul%s become old, the eye color dar-
kens sgomewhat, so that in flies several days after hatching the
mutant is not so easy to distinguish from wild type. In addi-
tion to the compound eye character flies of this kind have color=-
lesg ocelli. Within Drosophila species there occur four bright
red eye mutants which are often indistinguishable in appearance
--vermilion, cinnabar, scarlet, and cardinal. However, it has
been discovered that the first two differ from each other and
from the others in the reactions they give in transplantations
of imaginal eye discs (Beadle and E-hrussi, 1936). Vermilion
and cinnabar eye discs are both altered in the direction of wild
tyve »nigmentation when transplanted into hosts that are neither
vermilion nor cinnabar. Moreover, vermilion eye discs become
wild type when transplanted into cinnabar hosts. It has been
concluded that each of these two mutant types is due to the lack
of a diffusible substance which hosts of the proper type can

furnish --in the case of vermilion the vermilion plus hormone,

in the case of cinnabar the cinnabar plus hormone. A technique

for determining whether or not flies of a given mutant type pro-
duce either or both of these hormones has been daveloped by Beadle

end Law (1938). This consists of feeding crushed pupae of the

tyve to be tested to D. melanogaster vermilion brown and cinna-
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bar brown larvae. If the type in question is neither vermilion
nor cinnabar -- by virture of producing both the v _plus and
cn plus substances --, both the vermilion brown and cinnabar
brown flies will develop eyes altered from the usual pale pink
color to a brownish or brown pigmentation. If the type is
clnnabar, the change will be effected in the vermilion brown
flies, but not in the cinnabar brown ones; if vermilion, the
transformation will take p lace in neither kinmd of test flies.
Thus, a bright red eye mutant of zny species of Drosophila can
he identified as vermilion, cinnabar, or something else on the
basis of what kinds of substances are produced in its develop=

ment. In D. algonguin the mutant of this type has been identi-

fied as cinnabar on the grounds that pupae of this character
--chosen at a time when eye pigmentation was just beginning to

become apparent-- when fed to D. melanogaster larvae of the v

bw and cn bw kinds, caused Vv_bw eyes to be altered to brown but

did not effect cn bw eyes. Wild type D. algonguin pupae of the

gsame age caused brown »nigmentation to anpzar in the eyes of both

kinds of test flies. That is, the D. algonquin mutant differs

from wild tyne in not producing the cinnabar plus substance,

though the vermilion »nlus hormone is produced.

A third autosomal mutant in D. algonguin is droop. Flies

of this tyve have‘wings that are soméwhat shorter and broader
than normal. In addition, the texture of the wings has a thin,
shiny apnearance. Usually, though not always, the wings are
concave underneath so that the edges hang below the normal level
of the wings at rest. A similar effect has been described for

the mutant curved of D. melanogaster (Morgan, Bridges, and Stur-

tevant, 1925). However, in the D. algonguin mutant the wings

are not divergent and uplifted, as they are in éurved.
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The mutant brown causes the eyes to have a dull, dark brown-
1sh apnearance. The dark movable fleck on the compound eye charac-
teristic of wild type is missing, amd the eye seems to be rather
translucent. A microscopic examination of the ommatidia saow
less of an agsregation of the dark pigment granules in the dis-
tal regions than is true of wild tyne, and one might conclude
that the translucent apnearance is due to the fact that light
may thus enter the ommatidia laterally as well as througa the
distal 2nds. The ocelli of this type are colorless, and the
testes, which are bright orange in wild type, are unpigmeh$ed
here. A combination of brown with the above described cinnabar
causes the eyes to be of a pale yellowish color which darkens
to brown as the flies mature --just as the cinnabar eye itself
darkens with age to necarly wild type. The ocelli and testes
here are also colorless. Examination of the ommatidia shows
the distal regions to contain a number of yellow pigment granules
which seem to be scluble in hot water. The presence of such
granules 1is not characteristic of the bron mutant of D. melano-
gaster. (Ths writer is indebted to Dr. J. Schultz for this in-

formation.) In addition, the D. algonguin brown mutant secems

to be associated with a semi-lethal effect, as became evident
in teste made to determine its linkage relations (see Tables

1T, III, and IV).

Linkage relationships

The lin“age relationshins of the autosomal mutants of D.
algonguin have been studied through making matings of all the
possible combinations of these mutants and examining the F, gene-

ration flies for double homozygous individuals. Due to the oc=-
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currence of no crossing-over in the male in Drosophila one ex-
pects that two genes that are linked will not be found together
in the homozygous conditions in the Fs of a cross into which
they entered separztely. On the basis of this expectation the
oresence of a double homozygote in the Fy of such a cross is
evidence that the genes concerned are not linked. From this

sort of evidence it has bszsen concluded that the D. algonguin

putants rough, cinnabar, and droop are not linked to each other
--that is, they form three separate linkage "groups". Similarly
it was discovered that brown is linked to neither rough nor cin-
nabar. However, the F, generation of the cross between brown
and droovn contained no brown droop individuals (Table II) (the
absence of this class 1s not in itself strong evidence for lin-
kage in this case, since it might be supwosed that the double
homozygote would be inviable, judging from the apparent delete-

rious effect of brown alone). Since D. algonguin has but four

autosomes --one of them very small, and since two of these --
containing the linkage groups of rough and cinnabar-- were shown
not to contain brown, it was thought likely that brown was linked
to droop, assuming it unlikely that any of the genes were located
in the very small chromosome. Another test on this possibility
was made. A brown droop stock was derived from individuals of
subsequent generations and a cross was made between b¥own droop
and wild type. Fl males were then backcrossed to brown droop
females. If the genes resnonsible for these characters were
linked, such a backeross should yield only individuals of the
narental types, no recombinations. The results of this experi-
ment --the absence of the recombination classes (Table III)--

confirm the suspiclion that brown and droop are linked. Thus,

the known D. algonquin mutants arrange themselves into four lin-



Table IT1. F, of a cross between droop and brown.

wild type dr bw dr bw
122 pxs) = 0

total = 185

Table III. Progeny of the cross bwdrQ X bwér/+ + o

wild type bw dr dr bw
L5 67 0 0

total = 201

Table IV. Degree of linkage of droop and brown.
A. Progeny of the cross Dbw/drQ x bw dr Q2

bw dr bw dr wild type
50 186 34 88
total = 358

recombinations = 122
% recombinations = 34.08

B. Progeny of the cross bw dr/++Q X bw dr o7

bw dr wild type bw ar

87 152 33 42
total = 314
recombinations = 75

% recombinations = 23.09



Table V. Degree of linkage of dusky and swollen tarsi.
K F2 males of the cross QXQ X swt O

swt d dy swt wild type
78 '2%0 97 215

total = 590
recombinations = 312
% recombinations = 52.88
B. F, males of the cross wild type @ % dy swt O

27
dy swt wild type %%1 %@E
118 22

total = 595
recombinations = 255

42.86

% recombinations
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kage systems: (1) the sex linked mutants dusky and swollen tarsi,
(2) rough, (3) cinnabar, anmd (4) droop and brown.

Degrees of linkage between droop and brown and between dusky
and swollen tarsi were dstermined as percentages of recombinations
from both counling and repulsion data (tables IV and V). In
both instances the values for recombination gotten by the two
methods were ap-reciably different. This has been interpreted
as heing due to the disadvantage with respect to wild type ex-
hibited by the mutants concerned, 8ince in each case tthe higher
recombination value was gotten when one of the recombination
classes was wild type. BSwollen tarsi and brown seemed to car-

ry rather definite lethal effects.

Allocation of the mutants to the chromosomes

It has heen desired to find out to which chromosouw:s of

D. algonguin --as observed in the salivary glamd-- the known

genes should be ascigned. A method for determining this was
made availahle through the presence in this species of cytologil-
cally observabhe landmarks the inheritance of which could be
studied --namely, the inversions vwhereby the chromoss-me sequen-
ces differ.

A stock of D. alzonquin homozygous for rough, cinnaber,

and droo~ was made up --ecach of the three autosomal linkage
"grouos" meing thus represented. Cytologically, the stock seemed
to carry throughout the Standard seguence in the A-chronosme

and the B-2 sequence in the B-chromoscme. Individuals of this
stoclkz were mated to wild tyne flies of the Woods Hole strain
7.8b, waich was determined to contain the A-2 sequence in the
A-chromosome and the B-1, B-2, and Standard seguences in the

B-chromosome, but hot the B-3 arrangement. Consequently, the
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progeny of this cross were expected to be heterozygous for gene
Seruence in the A- and B-chromosomes and to be heterozygous for
mutants in three different autosomes. liales of this generation
were then backerossed to rough, cinnabar, droop femsles. In
the absence of crossing-over in the males, it would be expected
that the mutant tvoe proreny of this cross would be homozygous
wilth roes»2ct to strain for the entire chrouiosomes carrying the
genss exnressed. Consequently, since two of the autosomes were
marked by inversions, homozygosis or heterozyzosis could be de-
termined for them cytological y and the »nresence or absernce of
g=nes in these chromosomes ‘etected. Thus, for example, if such
a mutant individual could be Tound to be neterozygous for chromo-
zome sequence 1n the A-chromosoie, then it could be concluded
that the gene resoonsihle for the mutant was not carried in that
chromosome. Similarly, a gzne could bz 'xclud-d from the B-chromo-
some, or from both the A- and B-chromosomes. However, if a mu-
tant individual is found to be homozygous for sequence in the
A-chromosome, one might coneclude either that the gene expressed
is contained in the A-caromosome or that the A-chromosome car-
ri=s none of the genes renrcsented in the nmultiple mutant stock.
The latter condition seems unlikely on thz basis of the small
likelihood that any of the tiree linkage "zroups” is to be al-
located to the small D-chromosome. Similarly, thus, one should

2 able to assligne a gene to the B-chromosome, or two genes to
the A- =znd B-chromosomes together. Determinations of homozygo-
sis or heterozygosis for ciromosome sequence in the A- and B-
carozos xmzs Wers made for a number of mutant backeross indivi-
duals by mating them to flies of the wild type strain and examin-

ing the salivary glands of their offspring, heterozygosis --and

consequently exclusion of the gens, or enes, of the mutant type



FPigure 9. Demonstration that a gene "a" is located

in chromosome II, not in chromosomes III nor IV, of

a Drosophlla snecles in which each of the autosomes,
except the very small one, is assumed to contain a

gene --designated by the small letters "a", "b", and
"e", revresented on the chromosomes as cross lines.

The first cross is made between a multiple mutant stock
a,b,c and a wild type stock differing from it by in-
versions in chromosomes II and III --shown as curved
broken lines. A male offspring is backcrossed to the
mutént stock. TFrom the crogeny of this cross an in-
dividual exhibiting only gene "a" is mated to an in-
dividual of the wild type stock. Ixamination of the
salivary glands of the offspring show all of them to

be heterozygous for sequence in II, half heterozygous

and half homozygous in III.
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from the chromosome so determin:d-- besing assumed if part of

the larvae were heterozygous and part homozygous in elther or
both chromosomes, hsmozygosis being considered likely --and con-
sequently a tentative assignment of the gene or genes to the
chromosome or caromosomes so determin d-- 1if seven or more of
the larvae showed heterozygosis for chromosome seguence (the
chance that a heterozygous individual would have seven offspring
of one kind in a backcross being 1 in 128). An outline of the
method is given in figure 9.

Conclusions as to the allocation of the genes of D. algon-
aquin could he drawn frqm two mutant individuals. One rough droop
male »rovzsd to be homozygous for both the A- and B-chrowmos:mes.
Thus, it seemed likely that rourh and droop were located in the
A- and B-charomosomes. A droo> male showed hirself to be nomo-
zygous for the A-chromos-me, heterozygous for the B. Conscquently,
droon seemed to be contained in the A-chromosome, not in the
3, and from the coristitution of the preceding individual, rough
may be concluded to be carried in the B-chromosome. 3y exclu-
gion, cinnabar should be assigned to the C-chromosome. In con-
firmation of these conclusions, a cinnebar female was found hetero-
zygous for A and B, thus excluding cinnabar from A and B; a rough
cinnabar female wasg determinnd to be heterozygous for the A-chromo-
some, thus excluding both roush 2nd cinnabar from A; a droop
femals was found heterozygous for B, thus excluding droo- from
B. In summary, the following gene-chromosome relations se=m

to exist in D. algonquin: A-chromosome --8roop and brown, B-cihromo-

some --rough, C-chromosome --cinnahar (excluding, of course,

the =ossibility that one of thesse "groups” should bz assigned

W

to D.

The mutant cinnsbar, as described above, 1is one that can
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be identified in other swecies. Consequently, from the alloca-

tion of this mutant to the C-chromosome of D. algonyuin it can

be concluded thnat the C-chromos »me of this species 1s at least

in »art homologous to cnromosome III of D. pseudoobscura and

to the right limb of chromosome II of D. melanogaster, since

a gene with the properties of cinnabar has been located in these

nositions in these species (orange of D. pseudoobscura has been

determined to be cinnabar through the transplantation experiments

of Tan and TPoulson -1937-).
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INTERS PECIFIC HYBRIDS

The algonjuln/athsbasca hybrid

Certain matings between Drosonhila algonguin females and

D. athabasca males have been found to yield prorseny (unpublished

data of Dr. A. H. Sturtevant and results of the writer). These
offs»ring, though guite normal in general appearance, nave seemed

gufficiently different from D. algonguln to raise the susplclon

that ther were hvbfids and not the result of non-virginity.

The suvvosition that hybrids could he got:en between these two

]

gnecies has Ye~n confirmed in that a cross between rough D. al-

gonguin females and D. athabasca (Grays River, Wyoming) males

wave offs-ring that were wild tyne with respect to eye character.
Continuied interspecific matings have shown that hybridiza-

tion betwe=zn D. algonguin and D. athabasca is rather difficult

to obtain. Indeed, the cross athabasca females times algonquin
males has failed so far to vield hybrids at all. An investiga-
tion of intersnecific insemination frequency has been made.

In this experiment it has be=n the practice to mate at a time
about ten females of one species to as many males of the other.
These flies were then kept together for ten or eleven days.
After this time the females were disse cted and whether or not
any of them had been inseminated Jcterminel by observing micro-
scopical'ly the vresence or absence of sperms in the seminal re-
centacles. As a check on nogssible non-virginity only mutant
tyne females have besn used in these crosses, the mutants belng
ones that have been determined to be recessive in hybrids as

well a8 in the pure sosecies. Insemination data from matings

yielding matroclinous mutant offspring have been discarded.

A summary of intersvecific insemination data derived from crosses



Table VI. Interspecific insemination, between D. algonguin and
D. athabasca.

D. algonuin@ A D. athabascad® D. athabasca?& D algonquj.noa

droop X vermilion 3/53 vermilion X droop 0/ 104
droop X cinnabar* 0/54 vermilion X cinn. 0/36
cinn. X vermilion 0/25 vermilion X Aldrich 0/19

cinn. X Sundance,Wy. 0/12
0/159

3/144

= 2.08%

* mahican
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between algonguin and athabasca is presented in Table VI. Ap-
varently not all cases in which insemination occurs yield pro-
geny. None of the three instances of insemination of droop fe-
males by vermilion males was accompanied =y the occurrence of
hybrids. The nature of this fallure of inseminated females to
produce offspring is not known, whether due to inhibition of
egg-laving or to high mortality of hybrids at early stages or
to some other cause. A case in which a much higher frequency
of intersnecific insemination is attended with low hybrid pro-

duction is thatinvolving D. affinis females and D. athabasca

males. This has been investigated in greater detail, as des-

cribed below.

Algonguin/athabasca hybrids have been derived principally

from a series of grou» matings. In each of these crosses five

D. algontuin females were kevnt with five D. athabasca males for

about a month, and longer than this if hybrids were being pro-

duced. The D. algonaguin females contained various mutants and

combinations of mutants, and a number of strains of D. athabas-
ca were employed. Out of 342 such crosses 13 yilelded hybrids.
A record of these successful matings is given in Table VII (the
crosses to which cross-numbers have been given). In the case

of each of the D. algonguin mutants --cinnabar, droop, rough,

and dusky, and the D. athabasca mutant vermilion the character

was su»mnressed completely in the hybrids, thus indicating the
presence of the wild type al elomorphs of these genes in both
Svpecies.

The algonquin/athabasca hybrids appear to be quite viable

and robust. However, the size of families gotten from interspeci-
fic crosses 1s considerably smaller than those general ly gotten

within D. algonguin, even from pair matings. Neither sex seems




Table VII. D. algonquin?n D. athabasca 0. Crosses yielding
hybrids.

cross progeny

gross number  males females  total
rough X Grays River T71l.1 4 3 7
Aldrichx Sundance 0 1 s
cinn. X vermilion 3 0 1
cinn. ¥ vermilion 3 4 T
cinn. x Grays River 7T1.1 # 6 41 36 77
cinn. X Grays River 71.1 # 16 21 27 48
cinn. x Grays River T71l.2 # 13 32 33 65
cinn. x vermilion # 4 1 0 1
cinn. X vermilion # 20 3 8 11
cinn. X vermilion # 21 14 9 2%
droop x Grays River 71.2 # 10 16 8 24
droop Xx Grays River Tl.2 # 23 13 11 24
rough X Grays River Tl.1 # 12 6 34 40
rough x Grays River T7l.1 # 105 0 8 1
rough x Grays River 71.2 # 19 18 52 50
rough x Gravina # T1 i i <
dusky x Gravina # 141 4 9 13

178 217 385
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to have any obvious abnormalities. The hybrid totals given in
Table VII show that there have been gotten altogetner fewer males
than females --173 to 217. However, this aberration of the sex
ratio seems to depend on the data derived from two of the crosses

involving rough D. algonquin females --Table VII, crosses #12

and #19, from which there were gotten a total of 24 males and
67 females. Disregarding these figures, the hybrid totals are
154 males and 150 females. It is possible that the disparity

of male and female hybrids derived from the D. algonguin rough

females 1s due to 'n otherwise undetected sex-linked lethal for
which each of these females was heterozygous.

In general annearance the algonguin/athabasca hybrids are

very similar to D. algonguin, though in a few respects they show

the influence of D. athabasca. D. athabasca is a considerably

darker form than D. algonguin and hybrids between these two speclies

have a tendency to darken with age more completely than algon-
quin, though orobably not as much so as athabasca. In athabasca
the wings are slightly longer and narrower relative to the body
gize than in algonguin, and a tendency in this direction has
been observed in hybrids.

D. athabasca appears to differ clearly from D. algonguin

in the size of the sex comb. D. athabasca males have small sex

combs usually consisting of four teeth, while the D. aigonquin

sex ~ombs are quite large, consisting of from six to ten teeth.

(Ac~ording to Sturtevant and Dobzhansky -1936b- D. athabasca

has four sex comb teeth, D. algonquin from eight to ten. The

writer has observed a few D. athabasca sex combs with but three

teeth -Gravina- and some with five -vermilion~, and counts made

on D. algonguin males have shown there to be individuals with

8ix and seven teeth per sex comb -cinnabar (figure 10A) and rough-).
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Figure 10. Histograms representing sex comb teeth counts

in D. algonguin, D. athabasca, hybrids, and males of

the backecross of hybrid females to D. algongquin. The

abscissa classes represent nmumbers of teeth in the sex
comb on the right prothoracic leg. The number at the
top of each column is the number of individuals in the
class. A. The histogram at the left applies to atha-
bagca vermilion males, the one on the right to algon-

quin cinnabar males. B. Hybrids involving the algon-

gquin cn strain. C. Backcross males, the algonguin
strain being c¢n. D. Part of the males of "C" derived
from hybrids containing athabasca v. E. The types

constituting the backcross males of "D".
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Some counts of sex comb testh are presented as histograms in
figure 10. Figure 10A shows the existence in the athabasca ver-
milion strain of males having four or five teeth per sex comb
(right prothoracic leg) and of individuals varying in sex comb
teeth number from 6 through 9 in the algongquin cinnabar strain.
Figure 10B showg sex comb teeth number to vary from 5 through

8 in a mumber of hybrid males in which the D. algonsuin parent

was of the cinnabar strain. According to Castle et al (19006)

the number of tseth in the sex comb in Drosophila melanogaster

is quite variable --ranging from 7 to l4--, depending to a con-
siderable extent on the culture conditions. That Bhere are gene-~
tic factors concerned in the varigbility has been shown by Hoge

(1915) who succeeded in isolatihg lines of D. melanogaster with

high and low mean sexXx comb teeth numbers. It is likely that

in D. algonguin arnd in D. athabasca the number of teeth of the

gsex comb devends in its variability on factors of the sort that

overate in D. melanogaster, although a study of this matter has

not been made in these sovecies. In view of this possibility,
it is difficult at »resent to evaluate the significance of the

difference in sex comb teeth number between D. algonguin and

the algonguin/athsbasca hybrids.

The algonnuin/athabaséa males are qg}te sterile. An exami-
nation of hjbrid testes has shown them t&ge somewhat smaller
than those of either species, though the spiral shape common
to the testes of these species is retained as much as possible.
The rest of the genitalia szem to be normal, An investigation
of hybrid testls structure has been made through a study of aceto-
carmine smears. S»Hermatogenesis secems to be i.paired to the
extent that no spermatozoa are produced. Scattered through the

smears there were seen grouns of rather small cells with large



Figure 11l. Structures found in the testes of hybrids.

A. Spermatogonia in algonguin/athabasca testes. The

one at the top has two nucleoli. B. "Spermatocytes"

in algonguin/athabasca testes. C. "Spermatocyte" in

an affinis/athabasca testis. D. Part of a giant syn-

citial mass found in the affinis/athabasca testes.

This body measured about 100 micra across and contalned

37 "nuclei”.
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nuclei, some of which contained two nucleoli. These were inter-
nreted to be the spermatogonia (figure 11A). In addition, the
testes contained grouns of considérably larger cells, of the

order of sizz of the »rimary svermatocytes of normal testes.
Thege cells contained a varisble number of irregular, darkly
staining masses, usually quite vacuolated (figure 1l1B). It seems
likely that these cells are spermatocytes in which the normal
maturation divisions have been obstructed and that the dark masses
are chromosomes or groups of chromosomes which have formed pyk-
notic vseudo-nuclei. Dobzhansky (193%4) has described as the final

stage in spermatogenesis 1 Drosophila pseudoobscurag race hybrids

of the weak B female times weak A male cross the formation of
irregular clumps of chromosomzs within the spermatocyte body.

The algonjuin/athabasca females are fertile and have been

backerossed successfully to D. algonguin males. These matings

--made as palr matings, each lasting about a month-- have suc-
ceeded in somewhat less than half the attempts --46 out of 128.

Some attempts at backcrossing hybrid females to D. athabasca

males have been made, but none has been succzgsful so far. In
Table VIII are presented the results of backcrosses of algonguin/

athabasca females to D. algonquin males. In each case the back-

cross was made to the algonguin mutant strain involved in the
interspecific cross; consequently the progeny were both mutant
and wild tyve. 1In cross #21 the athabasca sex-linked mutant
vermilion was used, so among the backcross offspring there were
some vermilion males. 1In this instance it was relatively easy
to distinguish vermilion and cinnabar individuals since vermi-
lion was much more extreme in -xpréssion than cinnabar. The
mimber of progeny pver backcross was addireciably less than the

usual number gotten from interspecific matings, though, of course,



Table VIII.

Progeny of algonguin/athabasca females backcrossed
to D. algonnuin males.

T o4l X

totals

progeny
humber males females
fams. = mub . 4 mut . totals
1 522 382 =2 50 194
3 1L 7; 9 ) 19
10 202 222 26 233 91
1 17 1 1 3
2 1 2 3
16 460 32 612 552 194
1204412 907 1535 1317 504
X ¥ cn
3 o7+ oal o5 a7k a7 170
males females
29523 37812 67428
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since the interspecific crosses were made as group matings, 1t
was nevar certailn whether more than one female was participating
in a single cross. The mean family size in interspecific mat-
ings was 25.1, that gotten in backcrosses 14.4. There was a
genersl tendency towards the production of fewer backcross males
than females. Lancefield (1929) observed deviations from the

1:1 sex ratio ih backecross orogenies of the D. pseudoobscura

race hybrids. 1In additlon, there were a number of backcross
individuals, both males ard females, that were definltely abnor-
mal in general apvearance --having such abnormalitiesg as rough
eyes, missing or reduced bristles, wings neld out or up, abnor-
mal abdomen, though none of these has been found to occur in
the hybrids themselves. Some of the abnormal males were found
to have small misshanen testes as well., An estimate of the fre-
dquency of these aberrant individuals has been included in Table
VYIII (the numbers written as underlined exponents being the num-
bers of abnormal individuals found in the various classes).
Presumably these abnormalities occur as the result of a state,

t

or states of "unbalance" accompanying certain combinations ofhhe
algonouin and athabasca chromosomes. However, in these crosses
the chromosomes were not sufficiently marked to make it possible
to determine the nature of the chromosomal conditions on which
the neculiarities d=pended.

Among backcross males there was even greater variation in
the nmimber of sex comb testh than was found in hybrids. A few
backerose males had sex combs consisting of only four teeth,
and individuals with 5 or 6 teeth seemed relatively more frequent
than among the hybrids (fig. 10C). In the cross involving atha-
basca vermilion, where it was nossible to distinguish in the

backcross those males bearing the athabasca X-chromosome, there
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was a marked tendency for backcross males with the athabasca
X to have sex combs with few teeth (fig. 10E), and the total
sex comb teeth frequency distribution among backeross males of
this combination seemed to be sor-ewhat bimodal on this account

(fig. 10D). It is suggested, thus, that the D. athabasca X-chr omo-

somz has &n influence in reducing the number of sex comb teeth
in bhackecross males, thus causing there to appear in the backcross
(to algonagulin) irdividuals with smaller sex combs than were found
among the hybrids --where the males carried the algonguin X.

An inspection of Table VIII shovs that in the case where such
individuals could be detected, males carrying the athabasca X-
chromosome were less frequent than tzose having the algonguin

X --24 to 52 (cen/v #21 timos cn). It would seem from tnis that

the D. athsbasca X-chromosome has a deleterious effect in combi-

nation with algongquin cytonlasm and chromosomes. However, a
nossible unfavorable influence of the vermilion gene in tals
case must not be discounted. Dobzhansky (1937) has shown that

certain D. vnseudoobscura mutants of ordinarily cood viabhility

have seml-iethal eff=cts in backcross individuals of race hybrids.
It may well be that reduction of sex comb teeth numbsr among
certaln backeross males 1s gymptomatic of general decrease of
viebility. At any rate, a bhetter xnowledge of the influence

of "»hysical condition" on sex comb tzeth number needs to be
gotten hefore the genetic imoortance of data such as these can

be evaluat«d properly.

The affinis/athabasca hybrid

As was the case between D. algonquin and D. athabasca a

number of crosses between wild type D. affinis females and D.

athabasca m-les ylelded offspring. To investigate the possibi-



Table IX. Hybrids derived from the cross D. affinis % X
D._athabasca @&

cross progeny
affinis athabasca males females totals
cut veinlet X Sundance, Wy. 1 ct vnltx 2 3
white X Sundance, Vy. 1 1
pinkish, X Sundance, Wy. 1 1
tiny bristle
rugose X vermilion 1. 1
net x Sundance, Wy. 1 gynandromorph 1
rugose X vermilion 1 1 2
3 T o g

¥ pox- Qocked. gg%g»
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lity that this combination occasionally forms hybrids further
intersvecific matinss were made using mutant D. affinis females.
Thes~ crosses have given wild type offspring --though in very

small rumbers-- indicating the existence of affinis/athabasca

hybrids (Table IX).
An investigation of intersnecific insemination between D.

affinis and D. athabasca has he=n made. The method employed

in this experiment was the same as that described above for the

aleonquin/athabasca intersvecific insemination study. The re-

sults are nresented in Table X. In view of the rarzsness of species
hybrids in this instance it is surprising that imberspecific
insemination was found to be so frequent, at any rate in the

cross D. affinis females times D. athabasca males. A further

discussion of this vnhenomenon is »resented below in the next
section. Hybrids have not heen gotten at all from the cross

D. athabasca females times D. affinis Mfales.

The affinis/athabasca hybrids seem to be 7uite viable, al-

though they have been obtained only in small numbers. These
hybrids annear to be more darkly »igment<d than D. affinis, which

is a lighter form than D. athabasca. Nelther sex has heen de-

monstrated to bz fertile. The ovari=s of the females, however,
apnear to he ~uite normal, and eggs are deposited. An examina-
tion of the testes of one of the males has been made in an aceto-
carmine gmesar. No spermstozoa were found. A few sSpermatogonie-
lik%e cells were seen. In one region of the smear there were
found a few large cells of the size of spermatocytes. In oneof
them there occurred an irrezular array of rather distinct chromo-
somes, a »narently mors than the dinloid number, taough it was

not vossible to count them accurately (fig. 11C). However, the

most striking feature of these testes wes the presence of a num-



Table X. Interspecific insemination, between D. affinis amnd
D. athabasca.

D. affinisQ A D. athabasca® D. athabasca@ XD. affinisQ’

rugose X vermilion 55/82 vermilion X rugose 0/102
rugose X cinnabar*  34/54 ecinnabar* X rugose 0O/24
rugose X Sund.,Wy. 8/10 vermilion x Viet.B, 1/15
Texas
98/146 vermilion X Gtlnbg.,11/19
Tenn.

= 67.12%

vermilion X Balt.B, 2/19
Md.

—

14/179
= 7082%

* mahican
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ber of very large round bodies contzining irregular, vacuolated
chromatin masses quite similar to those found in the "spermato-

cytes” of the algonquin/athabasca hybrids, as described above.

Kost of these gilant structures werc apnarently broken in the
orocess of smearing and the "nuclei" from them scattered about,
but one such body was found more or less intact (fig. 11D).
This was found to measure about 100 micra in diameter and to
contain 37 chromatin masses. Prof. Th. Dobzhansky informs me
that similar giant structures are to be found in the testés of

athabasca’azteca hybrids. This phenomensn might be compared

as well to the abnormal multi~lication of nuclei taking »nlace

in the "svermatocytes" of the D. pseudoohscura race hybrids of

the cross strong B females timzs strong A males (Dobzhansky,

1934) .

The

a P
e 4

finis/athabasca isolation mzchanisa

The data of Table X show that insemination takes place be-

tween Drosophila affinis and D. athabasca in both directions.

Between affinis rugose females and a&thabasca males mating was
rather frequent in the ten day period allowed --taking place

in more than two-thirds of the cases. Yet hybrids between these
species have been but rarely produced, and then in only small
numbers (Table IX). Several explanations of this apnarent fail-
ure of insemlnated females to produce offspring may be offered:
(1) egeg-laying of these females is for some reason inhibited,
(2) mortality of hybrids is very high at early stages =--in the
embryonic period or in early larvae, (3) spermatozoa of one species
are lnactivated to the extent that they usually cannot effect
fertilization of the eggs of the other species. The latter al-

ternative may be divided into two parts: (a) inactivation of
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sperms takes place in the génital tract of the female --after

they arrive in the seminal receptacles-- or (b) the sperms are
able to enter the eggs but inactivation generally takes place

soon after penetration so tihat embryonic development isn't in-
ltiated.

A mumber of D. affinis females that had been kept with D.

athabasca males for ten days were isolated individually into
vials containing fly food. After three days these females vere
dissected and it was determined which of them had bsen insemi-
nated. From the food of females found to be inseminated it was
vossible to collect a number of eggs --130 altogether. None
of the eggs had hatched, The eggs were kept two days longer
and observed again. Still none of the eggs had’hatohed, and
microscopic exXamination of some of them aftert he chiorion nad
been removed showed disintegration to be taking vlace --aggrega-
tion of the yolk into large globular masses and concentratiogéf
the opaque material of the egg towards the center, leaving the
ends relatively transvarent. It was concluded from th&s that
interspecifically inseminated females of tunis sort do lay eggs,
but that the eggs in general do not hatch.

It was next desired to xnow the extent of embryonic develop-
ment in these eggs. After a suggestion of Dr. D. ¥. Poulson
it was decided to stain eggs of interspecifically inseminated
females with fuchsin-sulfurous acid according to the Feulgen
technique and examine them whole for embryonic structures. D.

affinis rugose females that had been kept with D. athabasca ver-

milion males for ten days were isolated and allowed to lay eggs
over a three hour period at 25 degrees. At the end of this time
eggs laid by females determined to have been inseminated were

fixed in formol-alcohol-acetic acid (5:15:1), the chorions hav-
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ing been removed and the vitelline membranes punctured with a
very fine ne=dle after the manner of Poulson (1937). As a con-

trol eggs laid by D. affinis rugose females known to have been

inseminated by males of their own strain were prepared in the
same way. According to a schedule suggested by Dr. Poulson both
kinds of eg~s were stained and mounted whole for examination.

The eggs laid by the affinis females inseminated by males of
thelr own species were found to contain many muiclei. In most

of these the blastoderm stage had beesn re:zched --that ig, 1in
these cases the eggsurface was lined by many nuclel between which
cell membranes had formed or were forming, and in the interior

a mumber of nuclel were suspended in the yolk in protoplasmic

islands, as described in the case of the D. melanogaster embryo

by Poulson (1937). In the eggs of the interspecifically insemi-
nated females, however, no nuclei were seen at all. Although
eggs obviously svolling had been rejected before fixation, some
of these eggs seemed to show the beginnings of disintegration.
Koreover, barring disintegration, it should have been possible
to finmd in these eggs at least the ococyte nucleus, even though
fertilization might not have taken »nlace. It was concluded that
these eggs had probably besn laild towards the beginning of the
egg laying period and, since development in them had proceeded
either not at all or only a little, they had nad tiuze to spoil.

Eggs lald by D. affinis rugose females inseminated by D.

athabasca vermilion males were next collected amd fixed within
an hour after laying. 3Since there seemed to be the possibility
that these eggs were being laid without fertilization, it was
planned to pay warticular attention to the region in which matu-

ration 18 su»nhosed to take nlace in Drosophila. Huettner (1924)

has described maturation in the Drosophila meianogaster egg .
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According to him the oocyte nucleus comes to lie in a relatively
clear protonlasmic region at the dorsdlsurface of the egg sbout

a third of the length of the egg from the micropylar end. In
eggs ready for fertilization this nucleus has advanced to the
first metanhase of melosis, and presumably the remainder of the
maturation »rocess does not take place unless stimulated to do

so by the act of fertilization. Thus, unfertilized Drosophila
eggs might be expected to contain the first maturation spindle
with the chromosomes at metaphase and no other miclear structures.
An sxamination of the eggs of the interspecifically inseminated

D. affinis females showed there to be a number of kinds of con-~

figurations in the region of maturation, though no sperms nor
evidence of cleavage wer:s seen in these egss. Although a spindle
with chromosomes moBe or less at metaphase was seen in one in-
stance, there were found cases in which there were two, and even
three, nuclei or groups of chromosomes. The number of chnromo-
somes 1in these grouns could not be determined with certainty,

but it seemed to be variable. It apweared from this that the
egge of intersvecifically inseminated females were not fertilized,
but that somehlow maturation had nroceeded bevond the first meta-
phase. It was realized, however, that sperm heads, being very
small, could easily have bezn overlooked in thesz eggs.

A mumber of eggs laid by D. affinis rugose virgin females

were gotten during the first hour after laying, and preparations
of these eggs were examined. That apoeared to be the same sorts
of phenomzna found in the "intersnecific" eggs described above
were observed here --irregular groups of chromosomes and nuclei.
In some instances two spindles were observed --in one of these
one of the spindles was tripolar. It was conclud=d that in D.

affinis eggs maturation proceeds without the influence of ferti-
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lization, though probably attended with some abnormalities.

On the basis of these ob-.ervations eggs laid by D. affinis fe-

males inseminat=d by D. athabasca males have seemed to be not

egsentially different from eggs known to be unfertilized. 1In
figure 12A is presented a drawing of the region of maturation
in an eg~ laid by a virgin D. affinis female, showing two spin-
dles., In 12B is shown a comparable region in an egg of an atha-
basca inseminated affinis female, containing three irpegular
bodies. The orientation of these structures in these eggs has
prohably been altered somewhat in the process of mounting the
2grs .,

Of the explanations offered above for the phenomenon of
failure of interspecific insemination to result in offspring
the third se=ms to be the most reasonable --that the D. atha-
basca sperms are inactivated. Some evidence seems to favor the
suggestion that the sperms are inactivated in the seminal recep-

taclngs of the D. affinis females rather than witnln the eggse.

Cbservations of D. athabasca sperms in D. affinis seminal recep-

tacles have suggested a sort of inhibition of these sperms.

In determining whether or not a Drosophila female nas been in-
seminated the vagina and assocliated structurcs are dissected

out in fly Ringer's Solution and the preparation examined micro-
sconically as quickly as nossible, the presence or absence of
soerms in the recentacles being observed directly. If the in-
semination has been intraspecific, the ventral receptacle is
usually found to contain a number of rapidly moving sperms, al-
though the mobility of these sperms is subject to some variation.
In cases where D. affinis females have been inseminated by D.
athabasca males the imoression nas beesn gotten that there is

less activity of sperms in the receptacle than is charactzristic
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Figure 12. Structures found in D. affinis eggs stalned

w#ith fuchsin-sulfurous acid (whole mounts). 4. Egg
devosited by a virgin femals, showing two spindles
in the region of maturation. B. Egg laid by a female

inseminated by a D. athabascsg male, showing three darkly

staining bodies in the maturation reglon, probably
the nroducts of meiotic divisions. The small figures
show the positio-ns of the objects with respect to the

whole eggs.



45

when the insemination has been intraspecific. Occasionally the
Sperms ap-ear to e guite motionless. That the inactivation

of D. athabasca sperm in the gsnital tract of D. affinis females

is not always comnlete would have to be conce@&ed on the basis
of the fact that some interspecific hybrids have been produced.
The innibition of spermatozoa of one species in the genital tract
of another species has been reported in birds and in mammals,
althousgh not, so far as the writer is aware, in insects. 5Sere-
brovsky (193%5) has renorted the inactivation of sperm of the
domestic fowl and of the goose in the genital tract of the duck.
Yochem (1929) observed that in the case of the rat/guinea pig
combination the inactivation and removal of sperms wass much core
rapid after an insemination that was interspeciflc than after
an intraspecific one.

Dobzhansky (1937) has discussed the various means by which
the free interbreeding of separate forms in nature ap-ears to
be prevented. To thes: phenomena nas been apdlisd the general
term "isolating mechanisms". Examples of such mechanisms are:
geographical isolation and ecolo;ical isolation, in eithner of
which circumstances hybridization between two forms is prevented
due to the fact that individuals of the different kinds do not
meet; sexual isolation, which depends on the "disinc lination"
of individuals of separate kinds to interbreed; mechanical iéo-
lation, which consists of a block to interspecific mating due
to incongruence of the genitalia of the two species; inviability
of hybrids; and hybrid sterility. Between D. affinis and D.
athabasca sexual isolation is incomplete; especially between
affinis females and athabasca males mating has been found to
take »lace with an ap»oreciable freguency. However, hybridiza-

tion --the production of adult offspring from this cross-- takes
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place hut rarely under these conditions. The reason for this

phenomenan s=ems to lie in an inactivation of D. athabasca sperms

—_—

to the extent that fertilization of D. affinis eggs is generally
not effected. Thus, in the case of these two species a further
isolating mechanism --which might be termed "physiological'--
annears to overate to prevent the production of hybrids even

when intersnecific insemination becomes Hossible.
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SUMMARY

A study has been made of the structure and variation of

the salivary gland chromosomes of Drosophila algonguin. Des-

Crivntions and drawings of these chromosomes are includ<=d. The
chromosomes of this species are compared with those of other
snecies of Drosopalila. A direct comparison of the caromosomes

of D. algonguin with those of D. athabasca has been possible

in hybrids.

Descrintions are given of the mutants found in D. algonguin.

4.

Association of these mutants into linkage groups has been deter-

I.Jo

mined, and a tentative allocation of thesge linkage groups to
the chromosomes has bezsn made.

An acnount of the hybrid between D. algonguin and D. atha-

basca is presented. Hybrid males are sterile, and a brief note
on svermatogenesis in these'males is included. Hybrid females
are fertile and have been backerossed successfully to D. algon-

quin. An account of hybridization betwzen D. affinis and D.

athabasca 1s given, including notes on spermatogenesis 1in tiis
nybrid. An investigation has been mace of the failure to pro-

duce offsvoring of D. affinis females inseminated by D. athabasca

males. Since the eggs lald by tiese Temales seem not to be fer-
tilized, the reason for lack of hybridization has been atiribu-~
ted to inactivation of soerms, constituting a "ohysiological”

isolation mechanism between these species.
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