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INTRODUCTION

The variation in the shape of the Y chromosome of Drosophila pseudo-
obscura Frolowa was first observed by Lancerierp (1929). He found that
race A of this species has a J-shaped, and race B a V-shaped Y chromo-
some. This difference in the shape of the Y chromosome remains the only
known ‘“‘morphological”’ differential between the two racesof this species,
which are otherwise distinguished by their behavior in crosses (LANCE-
FIELD, 1. ¢.), and by a number of physiological characteristics (PouLson
1934, DorzuANsKY 1935, BocHE unpublished). DoBzaANSKY and BOCHE
(1933) observed that the shape of the Y chromosome does not remain
constant even within a race; two types of Y chromosomes occur in race A,
and two other types in race B. Further studies, to be reported in the
present paper, have increased the number of the types of Y chromosomes
known in the species up to at least six, and shown that each of these types
occurs in populations inhabiting a distinct geographic area.

MATERIAL AND METHODS

Wild strains of Drosophila pseudoobscura were collected, as far as
possible, throughout the specific range. Flies were captured in traps con-
taining fermenting banana mush; traps were exposed on trees and bushes,
preferably far from human habitations (because of the possibility that flies
are transported from place to place by man). Flies come into the traps,
frequently in great numbers, especially during the evening hours. Usually
more than one strain was isolated from each of the populations thus
obtained. Each strain was derived from a single female fertilized in nature
by one or more males. The strains were designated by the names of the
localities in which their wild ancestors had been collected, and by serial
numbers. Thus, “Seattle-6” is the strain No. 6 from Seattle, Washington.

The writer wishes to acknowledge his obligations to Miss C. V. BEERS,
Miss M. GroscUurTH and Messrs. R. D. Bocug, V. M. EMMEL, M. M. LER-
NER, D. F. Pourson, C. N. RupxiN, A. H. STURTEVANT, and R. C. War-
NER who collected a part of the material.

The shape of the Y chromosome was determined by examining the
spermatogonial metaphase plates. In Drosophila pseudoobscura the sper-
matogonial divisions are numerous enough in the testes of the adult
males to permit a determination of the chromosome group in practically
every specimen. Most of the material was studied in aceto-carmine smear
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preparations, and the remainder in sections fixed in Flemming’s or Benda’s
fluids and stained with iron haematoxylin. Five or more chromosome plates
were examined before the kind of the Y chromosome present in a given
strain was considered established. This was necessary because the differ-
ences between some of the types of Y chromosome (types I and III, and
types IV and V, see below) are relatively small.

The cytological examination was performed as a rule several fly genera-
tions after the strains were brought to the laboratory. In no case was more
than one type of the Y chromosome observed in a single strain (this possi-
bility could not be excluded @ priori, since some of the original females
might have been fertilized in nature by several males possessing Y chro-
mosomes of different types).

CYTOLOGICAL CHARACTERISTICS OF THE TYPES OF Y CHROMOSOME

The Y chromosome of Drosophila pseudoobscura may have a median,
submedian, or subterminal spindle fibre attachment. The two limbs of the
chromosome vary in their absolute and relative lengths; these variations
permit the identification of the following six types of Y chromosomes (a
number of figures showing the types I, IT, IV and V have been published
in DoszranskY and BocHE 1933, DoBzHANSKY 1934 and DARLINGTON
1934. In DoBzHANSKY and BocHE’S paper type IV was referred to as the
““third type”, and type V—‘‘the fourth type”).

Type I (figures 1 and 2). The Y chromosome is V-shaped, the spindle
attachment is submedian. The length of the long limb of the Y is approxi-
mately equal to that of either limb of the X chromosome. The ratio of the
lengths of the two limbs of the Y is about 6:4 or 6:4%. The long limb fre-
quently shows a constriction or a bend somewhat distally from the middle
of its length.

Type IT (figures 3—6). A V-shaped chromosome with a more nearly
median spindle attachment than in type I. The ratio of the two limbs
is 3:4 or 33:4. The longer limb is clearly shorter than either limb of the X.
No constrictions are visible in either arm. Type II can be derived from
type I by a loss of the distal portion of the long limb of the type I, from
the constriction to the end. On this supposition, the longer limb in type
IT is homologous to the shorter limb in type I, and the shorter limb in
type IT is a homolog of a part of the longer limb in type I.

Type IIT (figures 7-9). A markedly unequal armed, V-shaped chro-
mosome. The ratio of the two limbs is approximately 6:3 or 6:23. This
type can be derived from type I by a loss of a portion of the shorter limb.

Type IV (figures 10 and 11). A J-shaped chromosome with a sub-
terminal spindle attachment. The length of the longer limb approaches
that of either limb of the X chromosome, and is greater than that of the
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longest autosome (figure 11 is rather exceptional in this respect). The
longer limb sometimes shows a constriction at about the middle of its
length. '

Type V (figures 12-14). This type can be derived from the type IV by
a loss of a portion of the longer limb. The longer limb in type V is about as
long as the shortest rod-shaped autosome.

Type VI (figures 15-20). A relatively very short chromosome with
a nearly median spindle attachment. The length of either arm is clearly
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F1cures 1-9.—Chromosomes of race B of Drosophila pseudoobscura. Figures 1 and 2—type
I (Lassen-7); Figures 3-6—type II (Seattle-4); Figures 7-9—type III (Sequoia-5). The
scale (10x) is common to figures 1-20.

smaller than that of the shortest rod-shaped autosome. The derivation of
this type is not quite clear. It might conceivably arise from type V by an
inversion transposing the spindle attachment from the subterminal to the
median position.

The strains of Drosophila pseudoobscura are classified as to race on
the basis of genetic tests: the cross B @ X A & gives sterile F; males having
testes much smaller than normal in size, and the ¥, hybrid males from the
cross A @ X B & are sterile but have normal sized testes (LANCEFIELD 1929).
Such tests were performed on all the strains in which the shape of the Y
chromosome was determined. The results show that Y chromosomes of
the types IV, V and VI occur exclusively in males of A race. Similarly, the
types I and IT are found in race B only. Type III was observed in several
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B race strains, and in a single A race strain (Sequoia Park-7). The latter
case deserves some consideration, since it is difficult to see how a Y chro-
mosome of race B could be transferred into race A, or vice versa. Three
possibilities can be suggested: (1) type IIT is the ancestral type of Y
chromosome that has been retained only in some race B strains and in a
single known race A strain; (2) non-disjunction of the sex chromosomes
in an interracial hybrid resulted in an appearance of an XXY female,
and a fertile male carrying the X chromosome of one race and the Y of
the other emerged in its offspring; (3) the Y chromosome of the Sequoia-7
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Ficures 10-20.—Chromosomes of race A. Figures 10 and 11—type IV (Merritt-2); Figures
12-14—type V (The Dalles-5); Figures 15-20—type VI (Cedar City).
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strain belongs to a separate type which is merely superficially similar to
the type III. The third possibility seems most plausible. If this were
established, the number of the known types of Y chromosomes in the
species Drosophila pseudoobscura would be actually seven rather than
six.

GEOGRAPHIC DISTRIBUTION OF THE DIFFERENT TYPES OF
Y CHROMOSOME

The strains that were examined for the type of Y chromosome are
listed below. The number of chromosome plates observed for this purpose
is given in brackets after the name of each strain. Thus, ‘“Vancouver-1
(10)” indicates that ten metaphase plates have been inspected in the
strain No. 1 from Vancouver, British Columbia.
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Tvpe I (Race B)

Vancouver Island: Cowichan Lake-2 (7).

British Columbia: Vancouver-3 (5), Yale-5 (5), Yale-6 (5), Merritt-3
(11), Merritt-4 (3), 150-mile House-5 (5), Quesnel-5 (5).

Washington: Cape Flattery-8 (11), Olympic Mts.-3 (8), Olympic Mts.-5
(7), Olympic Mts.-6 (8), Seattle-2 (12), Seattle-6 (21), LaGrande-4 (10),
Chehalis-3 (7).

Oregon: Newport-5 (18), Reedsport-3 (7), Days Creek-2 (6), Crater
Lake-4 (8), Sisters-9 (9).

California: Klamath-5 (6) Shelter Cove-1 (3), Shelter Cove-6 (7),
Mendocino-1 (18), Dunsmuir-1 (10), Dunsmuir-2 (9), Lassen-4 (5),
Lassen-7 (5), Mammoth Lake-1 (9), Sequoia Park-10 (9), Sequoia-8 (18),
Greenhorn Mts.-6 (9), Greenhorn Mts.-8 (7), Santa Lucia-11 (9).

Type II (Race B)

Vancouver Island: Campbell River-1 (8), Campbell River-3 (10), Camp-
bell River-4 (9), Cowichan Lake-6 (4).

British Columbia: Vancouver-1 (10), Yale-3 (9).

Washington: Cape Flattery-1 (10), Cape Flattery-3 (6), Cape Flattery-7
(5), Olympic Mts.-4 (9), Seattle-4 (23).

Type III (Race B)

California: Mammoth Lake-10 (12), Sequoia Park-4 (7), Sequoia Park-
5 (6), Greenhorn Mts.-3 (10), Kern Canyon-7 (6), Santa Lucia-6 (7),
Nojogui-3 (8), Nojogui-8 (8)

Type ITI (?) (Race A)

California: Sequoia Park-7 (18).

Type IV (Race A)

British Columbia: Yale-5 (7), Pavilion-3 (12), Pavilion-5 (8), Kam-
loops-2 (9), Merritt-2 (5), Lake Okanagan-1 (9).

Washington: Olympic Mts.-2 (14), Seattle-1 (9), Seattle-5 (14), La-
Grande-2 (14), Chehalis-6 (5), Lake Chelan-1 (6), Lake Chelan-2 (5), NE
of The Dalles-6 (8).

Oregon: Sisters-4 (7), Paulina Lake-3 (9), Crater Lake-3 (14).

California: Dunsmuir-4 (8), Lassens-1 (6), Mammoth Lake-2 (5), Mam-
moth Lake-8 (F 10), Greenhorn Mts.-2 (5), Greenhorn-4 (6), Greenhorn-5
(5), Greenhorn-10 (5), Greenhorn-11 (5), Greenhorn-12 (5), Kern Can-
yon-1 (6), Kern-2 (5), Kern-3 (5), Kern-4 (8), Kern-5 (5), Santa Lucia-1
(4), Santa Lucia-2 (6), Santa Lucia-5 (5), Santa Lucia-8 (5), Santa Lucia-
10 (8), Nojogui-2 (7), Nojogui-4 (5), Nojogui-7 (6), Pasadena-1 (4),
Pasadena-2 (7), Pasadena-3 (5), Pasadena-4 (5), San Bernardino Mts.-3
(5), Henshaw Lake-1 (17).
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Type V (Race A)
British Columbia: Lake Okangan-2 (8), Shuswap Lake-1 (5), Shuswap
Lake-3 (9), Arrowhead-5 (5), Nakusp-2 (9), Nakusp-3 (9), Kaslo-3 (13).
Washington: The Dalles-5 (5), Metaline Falls-4 (8).
Idaho: Lake Coeur d’Alene-6 (5), Idaho Falls (10).
Montana: Bitterroot Mts.-1 (6), Bitterroot Mts.-2 (9).

TYPES of Y-CHROMOSOME I
g) /7 DROSOPHILA PSEUDOOBSCURA
WA

oTYPE I
+TYPE 1
oTYPE I
aTYPE K

ATYPE V
*TYPE VI

F16URE 21.—The known geographic distribution of the types of the Y chromosome.
Colorado: Aspen-1 (11), Aspen-2 (6).

Utah: Bryce (9), Zion-1 (10).
Texas: Georgetown (13).

7 Type VI (Race A)
Utak: Cedar City (24).

The above data are summarized in figure 21 in map form. It may be
regarded as established that each type of Y chromosome has a definite
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geographic distribution, albeit in a number of localities more than one
type is encountered in the population. Type I is found almost everywhere
within the area of race B. Type II is restricted to the region around Puget
Sound. Type III is endemic in the Sierra Nevada and the southern Coast
Ranges. Western representatives or race A have the Y chromosome of
type IV, and eastern ones of type V. Types IV and V are encountered to-
gether only in a relatively narrow stretch in British Columbia and on the
lower Columbia River. Type VI is known thus far from a single locality
in southern Utah. Since, however, the characteristics of the population
inhabiting Arizona and New Mexico are as yet unknown (the species
pseudoobscura does occur at least in Arizona, and probably in New
Mexico and in northern Mexico), the distribution of type VI may be
much wider that it appears at present.

INDEPENDENCE OF THE GENETIC CHARACTERISTICS FROM
THE TYPE OF THE Y CHROMOSOME

A number of attempts were made to find a correlation between the type
of the Y chromosome present in a given strain and some other properties
of that strain. Thus far these attempts have been unsuccessful

Hybrids between strains of the same race having different types of Y
chromosome are fertile in both sexes. The F, hybrid males from the in-
terracial crosses are, of course, sterile, but there exist valid reasons for
doubting whether this sterility has anything to do with the Y chromosome
(DoBzuansky 1933). Originally it was deemed probable that the type of
the Y chromosome determines, at least partly, the “strength” of a given
strain. The “strength” of a strain is measured by the degree of the dis-
turbance of the spermatogenesis observed in the hybrids between that
strain and a standard strain of the other race (DoBzHANSKY and BOCHE
1933, DoBzHANSKY 1934). The information now available shows this cor-
relation to be spurious. Indeed, the strains “Texas” and “Shuswap-3" have
the same type of Y chromosome, but the former is the strongest and the
latter is the weakest A race strain known. Shuswap-3 and Chelan-2 are both
very weak A race strains, but they have different types of Y chromosomes.
Similar information is available for race B. As shown above, each type of
Y chromosome occurs in a definite geographic region; variations in
strength likewise involve a geographic element (unpublished data). These
variables are, however, independent. The unpublished data of STURTEVANT
on the geographic distribution of autosomal inverted sections and of the
so-called sex-ratio factors also indicate no correlation with the type of the
Y chromosome.

The lack of influence of the type of the Y chromosome on the genetic
properties of the strain carrying it is not altogether unexpected. The Y
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chromosomes of Drosophila melanogaster and simulans are known to be
practically devoid of genetic factors. It is almost certain that the Y of
pseudoobscura is likewise inert (the XO males are not visibly abnormal
though they are sterile, and the Y chromosome is invisible in the cells of
the larval salivary glands). It is just this peculiarity of the Y as compared
with the rest of the chromosomes that makes the former especially liable
to undergo far reaching alterations without endangering the life of the
organism. It should be pointed out in this connection that racial varia-
bility of the Y chromosome within a species is observed not only in Droso-
phila pseudoobscura but also in Drosophila simulans (STURTEVANT 1929
and He1rz 1933) and in Drosophila caribbea (KAUFMANN, personal com-
munication). The well-known results obtained by STERN in Drosophila
melanogaster are also a case in point.

Our inability to detect any influence of the variations in the Y chromo-
some on the morphological or physiological characteristics of its carrier
does not constitute a conclusive proof of the non-existence of such in-
fluences. Nothing is known about the mechanism of the origin of the racial
variations in the Y chromosome, nor do we know anything about the way
these variations become established in nature. A number of interesting
problems confront us in this field.

DISCUSSION

In accordance with the data presented above, the species Drosophila
pseudoobscura might be subdivided into at least six races having different
shapes of the Y chromosome and different geographic distributions. A re-
view of the literature, even excluding cases of polyploidy and of abnor-
malities observed in single individuals, shows that chromosomal variations
within a species are not uncommon. The first thoroughly established in-
stance of this nature is that of Gallonia candicans (S. NAVASHIN 1912,
1927). Two kinds of individuals are found in this plant: some have two
large satellites on a certain pair of chromosomes, and others have one
chromosome with a large and one with a small satellite. The biotype hav-
ing two small satellites is inviable.

Races having different chromosome numbers are known in the moth
Phragmatobia fuliginosa (SEILER 1917, 1925), the Orthopteron Gryllotalpa
vulgaris (PAYNE 1916, Voinov 1925, pE WINIWARTER 1927), in Viola
kitaibeliana (CLAUSEN 1927), in flax, Linum wusitatissimum (EMME and
SCHEPELJEVA 1927), in Ranunculus acris (SOROKIN 1927), and in Scirpus
palustris (HAkANssON 1929). The classical example of variations in the
chromosome number within a species described by WiLson (1909) in
Metapodius seems to belong to a different category from the above, and
is probably related to cases of the rather mysterious “extra chromosomes’’
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found more recently by Kuwapa, RanporpH and McCLINTOCK in Zea
mays (AvburLov 1933), by Goror in rye (LEwrrsky, MELNIKOV and
Trrova 1932), and by Avpurov and Trrova (1933) in Paspalum sto-
loniferum. The “extra chromosomes” represent either multiplications of
one of the chromosomes of the normal set (Y chromosome in Metapo-
dius), or, as in cases of Zea and rye, they are elements finding no homo-
logs among the normal chromosomes, and appear to be composed of inert
or semi-inert material. The chromosomal variations observed by SEILER
(1922a, b) in Solenobia pineti and irigueirella, by DEDERER (1928) in
Philosamia cynthia, and by THoMSEN (1927) in Aleurodes proletella may
belong to either category.

Racial differences in the visible chromosome morphology have been es-
tablished in Galtonia (NavasHIN, l.c.), in some species of grasshoppers
(CarotHERS 1917, HerLwic 1929, 1933, Kinc 1923), in Beta vulgaris
(Kuzmina 1927), and in Vicia angustifolia (SWESCHNIKOWA 1928, 1929).
Amongst the examples just quoted those of Phragmatobia, Gryllotalpa,
and the grasshoppers are especially interesting since these ““chromosomal
races” seem to have definite geographic distributions.

Differences in the internal structure of the chromosomes are no less
important than those in the visible morphology or in chromosome num-
bers. Rearrangements of the “normal”’ order of genes within the chromo-
somes are known to occur in nature in Datura (BLAKESLEE 1929) and in
Drosophila melanogaster, simulans and pseudoobscura (STURTEVANT 1931,
LaANCcEFIELD 1929, unpublished data of STURTEVANT and TAN). Ring con-
figurations observed at meiosis in interracial hybrids indicate that the
parental races differ in having translocations. Such configurations are
known in Oenothera, Datura, Pisum, Tradescantia, Rosa, Campanula,
Aucuba, and other plants. Configurations described by HEBERER in races
of the Copepod Diaptomus castor (1924) are best interpreted as being due
to translocations. Differences in the chromosome numbers (except poly-
ploidy) and in the visible chromosome morphology imply, in fact, the
existence of internal reconstructions in the chromosomal apparatus.

All these data indicate that the process of race and species formation
may be resolved into at least two components: the genic differentiation
and the differentiation in the chromosome structure. These two compo-
nents seem virtually independent, but the phenomena of position effects
may lead us to a recognition of an ultimate connection between the two.
Tt should, however, be emphasized that the differences between races and
species may be in some cases predominantly genic, and in others pre-
dominantly chromosomal in nature. The probable dual nature of the
phenomenon of hybrid sterility (Doszransky 1934) indicates that, in its
generalized form, the problem of race and species formation is reduced to
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that of the origin of dynamic discontinuities of the living matter, rather
than to that of the origin of one or the other class of specific differences.

SUMMARY

1. The Y chromosome of Drosophila pseudoobscura may have a median,
submedian, or subterminal spindle fibre attachment. The absolute and rel-
ative lengths of the two limbs of the chromosome vary, giving rise to six
cytologically recognizable types of the Y chromosome.

2. Three of the six types are encountered only in race A of the species,
two others only in race B, and one type is found in several B race strains
and in a single A race strain from the same locality.

3. Each of the six types occurs in wild populations inhabiting a definite
geographic area (figure 21).

4. The morphological and physiological properties of a given strain are
apparently not affected by the type of the Y chromosome present in that
strain.
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