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THE PROBLEM

Five translocations involving the third and the fourth chromosomes
have been described in previous papers (DoBzrANSKY 1929a, 19302). In
each of these translocations, a section of the third chromosome was found
to be broken and reattached to the fourth chromosome. The lengths of the
broken off sections of the third chromosome were determined by cytologi-
cal observations and were found to be different in each of the transloca-
tions. The lengths of the same sectionswere determined also by genetic meth-
ods and expressed in units of the map-distance. A cytological map of the
third chromosome was constructed. The cytological map indicates the lo-
cation of the observed points of breakage as seen in the chromosome under
the microscope. The comparison of the cytological map with the regular
genetic map of the same chromosome revealed two facts. First, the linear
order of the genes is the same in both maps, and, second, the relative dis-
tances between the genes on the cytological map are in some cases much
longer, and in other cases much shorter than suggested by the genetic map.
The genes located in the middle region of the third chromsome are repre-
sented by the genetic map as lying too close to each other, while the rela-
tive distances between the genes lying in the ends of the chromosome are
exaggerated by the genetic map. This discrepancy is apparently due to the
lower frequency of crossing over per unit of the absolute distance at the
middle of the length of the chromosome, as compared with its frequency at
the ends of the chromosome.
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630 T. DOBZHANSKY

The main purpose of the present work was to secure data for the con-
struction of a cytological map of the second chromosome of Drosophila
melanogaster. Furthermore, the phenomenon of translocation presents
unique opportunities for the study of the mechanism of conjugation, cross-
ing over, and reduction of chromosomes. Accumulation of data bearing on
these questions is very desirable. Attention is, therefore, paid also to this
side of the problem.

The work was done at the CALIFORNIA INSTITUTE OF TECHNOLOGY, in
Pasadena. The author wishes to express his obligations to Doctors T. H.
MozrcaN and A. H. STURTEVANT for their advice and criticism.

ORIGIN OF THE TRANSLOCATIONS

The first translocation described in the literature (Bripces 1923), and
certain translocations found since then (STERN 1926, STURTEVANT and
DoszraNnsky 1930), appeared spontaneously. More recently it was dis-
covered by MULLER (1928) that the frequency of translocations rises very
considerably in the progeny of flies treated by X-rays. The discovery of
MuLLER has made it practicable to attempt to get at will translocations
involving any two of the chromosomes.

Since the basic object of the present work was to secure information
concerning the cytological map of the second chromosome of Drosophila,
the experiment was planned primarily for obtaining translocations in-
volving the second and the fourth chromosomes. For the purpose just
stated such translocations are superior to those involving the second and
any other chromosome. An attachment of even a very small section of the
second chromosome to the very small fourth chromosome may be expected
to produce cytologically visible changes in the length of the fourth chro-
mosome. The addition of a section of the same size to any of the other
chromosomes, which are much longer than the fourth, may be cytologi-
cally invisible.

The usual method of finding translocations is based on the appearance of
an apparent linkage of genes located in chromosomes involved in translo-
cations (this method is described in detail by MULLER and ALTENBURG
1930, and DoBzuaNskY 1930a). Young wild-type males (from the “Ore-
gon” stock) were treated by X-rays. The dosage was as follows: 50 kv
peak, 5 ma, duration 60 minutes, distance 16 cm from the anticathode, 1
mm aluminum filter. Irradiated males were crossed in individual cultures

e C, pr
to untreated females having the constitution — v? 1, In the

ey a1 dp b p.c pasy

! These females are homozygous for the fourth-chromosome gene eyeless (¢,). One of their
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F; generation wild-type males were selected, and backcrossed in individual

Cy pr .
cultures to o, v? females. These wild-type males, ac-
ey @1d,bp.cp.sp

. . . . . € adybp.cpsy,
cording to their pedigree, have the constitution - n that
is, they received an untreated fourth chromosome carrying e,, and an un-
treated second chromosome carrying a; d, b $. ¢ p. s, from their mothers,
and a treated fourth chromosome and a treated second chromosome carry-
ing the wild-type allelomorphs of the genes just mentioned from their
fathers.

In an experiment arranged in the fashion just described it is possible to
discover only those translocations which involve the treated second,

fourth, and Y-chromosomes. If no translocations involving these chromo-

TaBLE 1
«  Cultures showing linkage of genes located in different chromosomes.
I T " = SEP E Ay o S pSpE R
Progeny of the cross — IX— Q
ey a1 dp b prc Py Sp ey, a1 dp + b prc P sp

WILD- “dp b adp b Cy pr | MINUTE | 01 dp b
CULTURE [TRANSLO-| TYPE i or z Pz p: ¢ Cpx Cy Cy v Cy Pr ey Pr & Dz Sp
NUMBER | CATION P Py
| efFa|e|d|e|F|eiF|e|d|e|P|le|{f|e]a|e|T
6575 | a 41 4 2| 40 71 S ... 6] 5].
7781 | b 13 91 .. 41 218114 .. [..].. .. |15} 81.
718 | ¢ 1117 .. 81 6f 8111 (.. [..]..]..[18] 5].
7691 | d 121 9 ol A3 T2 )L 16) 5.
6304 | A 91..1 9 4]..1 3. 91..b 911 ..} 7
6370 | B 6(..1 4] 6]..] 5. ATl 2400001
7617 | C 261..133114 21 . 220 ..1321274..126
7513 | D 221..|16] 7 13]. 1. 1714 .. {11
7628 | E 15]..119]13 9. 191..116112]..[15
7681 | F 16..111} 9 71. 25 . (12417 413 L]
7831 | G 10;..} 8| 8|..] 4}. BRI - AR 2 G % (R I A8 R I IR (RN -
7810 | H 91..1 81 6(..]1 6]. 29(..120 8|..(11}.. v 2(..1..{13
7832 | I 4..] 5] 2 1{. 9]..1101 9{..| 6]..
77148 | T 29(..127{19 1. 221..116(23(..|23

second chromosomes carries the dominant gene Curly (C,), the recessive purple (#,), and the in-

verted sections Cr1 1. and Cni R (not shown in the above given formula) which prevent most

crossing over in the second chromosome. The other second chromosome carries the recessive

genes aristaless (a:), dumpy (dy), black (5), purple (3,), curved (c), plexus (p.) and speck (sp).
I am greatly obliged to Doctor H. J. MULLER who kindly placed this stock at my disposal.
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somes occur, sixteen classes of offspring are expected in the next genera-
tion (the first sixteen classes shown in table 1). If a translocation involving
the second and the fourth chromosomes takes place, only eight classes of
offspring appear, since the other eight classes, representing the recombina-
tions of the second- and the fourth-chromosome characters, must be either
inviable or possess visible external abnormalities. Likewise, if a transloca-
tion involving the second and the Y-chromosome occurs (that is, if a sec-
tion of the second chromosome becomes attached to the Y-chromosome),
eight classes of offspring representing the recombinations of sex and the
second-chromosome characters may be expected to be missing or visibly
abnormal.

Out of 551 cultures, 412 cultures gave the normal result (that is, free re-
combination of sex, the second- and thé fourth-chromosome characters),
125 cultures were sterile, 4 cultures (numbers 6575, 7781, 7718, 7691, see
table 1) gave no recombination of the fourth-chromosome and the second
chromosome characters, and 10 cultures (the rest of the cultures shown in
table 1) gave no recombination of sex and the second-chromosome char-
acters.

Wild-type males from each of the four cultures, which gave no recom-
bination of ¢, and the second-chromosome characters, were crossed separ-

e C, -
ately to — v ?
ey ardybp.cp.s,

fourth-chromosome and the second-chromosome characters persisted in
the next generation, confirming the presence of translocations involving
chromosomes IT and IV. By repeating this mating in each generation, four
lines were established, which were designated as translocation II-1Va, II-
IVb, II-IVc, and IT-1Vd respectively (see table 1).

Wild-type males from each of the ten cultures which gave no recombina-
tion of sex and the second-chromosome characters were crossed to homo-
zygous a; b ¢ s, females. Mostly wild-type males and a; b ¢ s, females were
produced. Translocations involving chromosomes II and Y are, therefore,
present in these cultures. By mating wild-type males to a; b ¢ s, females in
each generation, ten separate strains were established, which were desig-
nated as translocation II—Y A, B, C, D, E, F, G, H, I, J respectively (see
table 1).

The present paper gives an account of the results of the investigation of
the translocations involving chromosomes II and IV. Those involving
chromosomes II and Y have been briefly described (DoBzHANSKY 1930b)
and will be described in more detail later.

females. The apparent linkage of the
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LOCI AT WHICH THE SECOND CHROMOSOME IS
BROKEN IN TRANSLOCATIONS

The apparent linkage of genes located in the second and in the fourth
chromosomes may be explained on four different assumptions. First, both
chromosomes involved in a translocation may fuse together to form one
compound chromosome. Second, a section of the second chromosome may
become broken off, and reattached to the fourth chromosome. Third, a
section of the fourth chromosome may be broken off, and attached to the
second chromosome. Fourth, both the second and the fourth chromosomes
may be broken each into two fragments, and the four resulting fragments
may reunite in a new way, to form two ““new’’ chromosomes. If the first as-
sumption is true, the genes of the second and of the fourth linkage groups
lie in the same chromosome, and the linkage observed in translocationsis a
real linkage. If the second, the third, or the fourth assumption is true, we
are dealing with an apparent linkage; for in these cases gametes carrying
recombinations of the genes belonging to the second and to the fourth link-
age groups may be formed, but these gametes must carry either a dupli-
cation or a deficiency for a section of one of the chromosomes involved in
the translocation, and may, therefore, give rise to inviable zygotes.

The first assumption may be considered very improbable. The fusion of
the second and the fourth chromosomes would result in the formation of a
chromosome having two spindle-fibre attachments (each of the chromo-
somes fused contributing one attachment). No translocations leading to
formation of chromosomes having none or more than one spindle-fibre at-
tachment are described in the literature, and one may suppose that, at
least in Drosophila, such chromosomes are unable to behave normally at
mitosis, and are, therefore, eliminated.

The third assumption is also improbable. If a section of the fourth chro-
mosome is attached to the second chromosome, some gametes carrying a
duplication or a deficiency for this section must be formed in flies carrying
translocations. Since individuals having a deficiency or a duplication for
the whole fourth chromosome are known to be viable and distinct in ap-
pearance from normal flies (BRIDGES 1921), one may suppose that gametes
carrying a duplication or a deficiency for a part of the fourth chromosome
will give rise to viable zygotes. Hence, some recombination of the second-
and the fourth-chromosome characters would appear in the progeny of
such translocations. No such recombination-classes are, however, found.
This evidence is, of course, not entirely conclusive, because hypo- or
hyperploidy for a section of a chromosome may in some cases be more del-

GeENETICS 16: N 1931
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eterious than hypo- or hyperploidy for the whole of this chromosome (in-
trachromosomal unbalance, MULLER 1930a).

There remain, therefore, the second and the fourth assumptions, the
former being apparently more probable than the latter since a breakage
of the fourth chromosome has never been demonstrated.

The locus of attachment of the fourth chromosome to the second (which
is also the locus at which the second chromosome was broken) may be de-
termined by a linkage experiment. Indeed, if a female fly carrying a trans-
location is heterozygous for a second-chromosome gene ¢, and for a fourth-
chromosome gene &, the frequency of recombination of ¢ and & indicates
the distance between @ and the locus of breakage. (For a more detailed
discussion of this method of determination of the locus of breakage see
DoszaaNsSKY 1930a).

Wild-type males from each of the cultures in which II-IV translo-
cations were found (see table 1) were crossed to homozygous e, a; d, b-
Pr € P 5p females. In F, wild-type females were selected and backcrossed
toe, a:d, b p, ¢ p. s, males. These wild-type females have the constitution

+ &
e, a1d,bp.c p. sy,
and for the recessive genes indicated (the second chromosome involved in
the translocation is represented by a broken line). The results of this back-
cross are presented in tables 5-8 (see Appendix). The calculated crossing-
over values for each of the four translocations studied are presented in
table 2.

As shown in table 2, in each of the four translocations the fourth-chromo-
some gene e, seems to occupy a different locus among the second-chromo-
some genes. That is to say, in each of the translocations the second chro-
mosome has been broken at a different locus. In b-translocation the break-
age took place in the a;-d, interval, in c-translocation in the d,-b interval,
in a-translocation in the p,-c interval, and in d-translocation in the c—p.
interval. The position of these genes, as well as of the breakage points, on
the genetic map of the second chromosome is shown in diagram 2.

An examination of table 2 shows, furthermore, that the frequency of
crossing over in the same interval may be very different in different trans-
locations. In order to get a standard of comparison for the crossing-over
values observed in the translocations, a control experiment was under-
taken. Wild-type “Oregon” males were crossed to e, a1 d, b p. ¢ p. s, fe-
males, and wild-type females which appeared in F; were backcrossed to
ey, a1 d, b p, ¢ p: s, males. Two thousand one hundred ten flies were ob-

, that is, they are heterozygous for the translocation
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tained in the next generation; the crossing-over values observed in these
counts are presented in table 2. '

TABLE 2

Crossing-over values for the intervals studied in the second chromosome.

Translocation a

Interval ardy dp-b b—pr Dty ey—C P 2:~Sp

Value 10.6 30.75 8.6 1.75 0.1 4.8 3.75
Translocation b

Interval arey ey—dp dy-b b—pr prc P P25

Value 0.2 0.06 0.8 0.5 19.4 26.6 8.4
Translocation ¢

Interval ar-dy dy—ey e;~b b-p- prc Pz Pi—Sp

Value 0.3 0.1 9.5 6.1 26.4 30.3 6.9
Translocation d

Interval ardy b b-py P c—ey ey—pz —Sp

Value 13.7 32.5 9.2 13.7 9.3 0.7 2.6

Control experiment
Interval ardy dyb b-p, —C P P—Sp
Value 13.6 31.0 8.5 21.3 23.8 7.1

In a- and in d-translocation the frequency of crossing over is strongly re-
duced in all intervals lying to the right of the gene p, (see table 3), and is
normal, or even slightly increased, in all intervals lying to the left of p,. In

TaBLE 3

Differences between the crossing-over values observed in the translocations and those observed in the
conirol experiment.

INTERVAL

TRANSLOCATION

b

[

LIMB OF THE
CHROMOSOME

ar-dp -3.0 —13.3 -13.3 +0.
dy-b —-0.2 —-30.2 —21.4 +1.5 Left
b-p- +0.1 —8.0 —2.4 +0.7
- -19.5 -1.9 +5.1 -7.6
o~ —19.0 +2.8 +6.5 -13.8 Right
Pesp -3.3 +1.3 -0.2 —4.5

b- and in c-translocation crossing over is scarce to the left of p,, but it is
normal to the right of p,. It is known, however, that in a- and in d-translo-
cation the second chromosome is broken to the right of p,, and in b- and

GENETICS 168
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in c-translocations the breakage occured to the left of p,. That is to say, the
reduction of the frequency of crossing over to the right or to the left of the
prlocus is a function of the location of the breakage-point in respect to
this gene. The strongest relative reduction of crossing over takes place in or
at the interval in which the breakage-point lies (in the p,-c interval in a-
translocation, in the ¢-p. interval in d-translocation). However in all four
cases studied, the reduction of crossing over extends to the locus of p,, but
not beyond that locus. One may suppose that some point lying at or close
to the p.-locus is responsible for this phenomenon.

The behavior of the translocations under discussion is quite parallel to
that of the ITI-IV translocations (DoBzHANSKY 19292, 1930a). It has been
shown there that crossing over is reduced in the whole limb of the V-
shaped third chromosome in which the locus of breakage lies, but remains
normal in the opposite limb. The point dividing the two limbs is the locus
of the spindle-fibre attachment. One may suppose by analogy that the
locus of p,, dividing the second chromosome into two genetical “limbs” of
approximately equal length (see diagram 2), lies at or close to the spindle-
fibre attachment. This supposition is substantiated by independent evi-
dence from several sources. BRIDGES and MorcaN (1923), studying the
distribution of the double crossovers in the second chromosome, came to
the conclusion that the attachment of the spindle fibre is located in the
region of the genes black or purple. STURTEVANT (in press) came to the
same conclusion on the basisof the study of the effects of the inverted sec-
tions of the second chromosome. STURTEVANT and DoBzHANSKY (1930, in
press) found that the spindle fibre is probably attached at a point lying
about 0.2 of a map-unit to the right of the gene Bristle (which is located
0.2 of a map-unit to the right of p,). Finally, this was demonstrated ge-
netically and cytologically on the basis of the study of II-Y translocations
(a preliminary account, DoBzuANSKY 1930b). One may conclude that the
genes p, and B; are located in the chromosome close to the attachment of
the spindle fibre.

The results of the study of crossing over in the second chromosome of
the translocations (tables 2, 5-8) show that in all four cases studied the
broken-off fragment of the second chromosome is attached to the fourth
chromosome by its broken end, and not by its free end. The following rea-
soning shows how this conclusion is arrived at. Suppose the chromosome
abcdefgh, having the spindle fibre attached at %, is broken between the loci
of the genes ¢ and d. The fragment abc is attached to another chromo-
some (symbolized by M, and, of course, having its own spindle fibre) by
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its free end (the @ end). An individual heterozygous for this translocation
must be represented thus:

Mabe defgh
E al b/ C, dl el fl gl hr

Simple crossing over between the fragment ebc and the normal chromo-
some a’ b ¢’ d’' ¢’ f’ g’ k' leads to formation of chromosomes having two
spindle fibres (chromosome M a b ¢’ d’ ¢’ f' g’ k') and having no spindle
fibre (chromosome a’ b’ ¢). Such chromosomes presumably are inviable,
and, therefore, no simple crossing over between the fragment abc and the
normal chromosome can be recovered. If, however, the fragment abc is
attached by its broken end, so that an abcM chromosome is formed, simple
crossing over between the fragment and the normal chromosome gives
gametes which must produce viable zygotes. As shown in tables 5-8,
simple crossing over occurs between the breakage point and both ends of
the second chromosome in all translocations.

HOMOZYGOUS TRANSLOCATIONS

The above description dealt with the behavior of translocations in
heterozygous form. Individuals heterozygous for the translocations must
have, and, as will be shown below, do have, one normal second chromosome,
one normal free fourth chromosome, and one second chromosome broken
into two fragments, the shorter of which is attached to the other fourth
chromosome. Individuals homozygous for the translocations must have
no normal second or fourth chromosomes, but must have two pairs of
“new’’ chromosomes. One of the “new’” ones represents a fragment of the
chromosome II attached to IV, and the other represents the remaining
fragment of II retaining its spindle fibre.

As shown by MULLER and ALTENBURG (1930) and by DOBZHANSKY
(1929b, 1930a), most of the translocations are, for some not yet exactly
known reason, lethal when homozygous, or individuals homozygous for
translocations are abnormal in appearance, sterile, and have low viability.
Individuals heterozygous for translocations are in most cases quite normal
in appearance and fully viable.

Flies were obtained which were heterozygous for the a-, b-, ¢,- and d-
translocations respectively, and which carried in their normal (unbroken)
second chromosome the dominant genes Curly and Lobe (L), and the
crossover suppressors Cy p and Cygr. Such flies, heterozygous for the
same translocation, were mated to each other. Any wild-type individual
appearing in the next generation must be homozygous for the respective

GeneTICS 16: N 1931
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translocation. In case the homozygous translocation is fully viable, a
ratio 2 C, L:1 wild-type must be expected.

It was shown by this method that a-translocation apparently is always
lethal when homozygous. In c- and in d-translocation homozygous indi-
viduals appear very rarely (less than 3 percent of the expected frequency).
They are very weak, their wings usually do not unfold (in c-translocation)
or are filled with liquid (in d-translocation), and they die soon after emer-
gence. Both sexes presumably are completely sterile, although it is diffi-
cult to ascertain this point since they usually die before they mate. Only
b-translocation is viable when homozygous, normal in appearance, and
fully fertile in both sexes. It is, however, less vigorous than wild-type flies,
since instead of the expected ratio 2 C, L:1 wild-type a ratio approaching
3:1 is obtained.

The death of the individuals homozygous for c- and, especially, d-
translocation takes place mostly in later stages of development. This is
shown by the fact that the cytological study of the fully grown larvae
from the mating translocation Xtranslocation revealed the presence of
many individuals homozygous for the translocations (see below).

NON-DISJUNCTION OF THE SECTIONS OF THE SECOND CHROMOSOME

A convincing proof of the presence of breakage in the second chromo-
some in translocations is provided by the phenomenon of non-disjunction
of sections of this chromosome.

Individuals were obtained (see table 8) which were heterozygous for
d-translocation,and which carried the genes p, and s, in the fragment of the
second chromosome attached to the fourth, and the genes a; and d, in the
other fragment of the second chromosome remaining free. The consti-
tution of these individuals is represented in the upper part of diagram 1.
At gametogenesis such individuals may produce six kinds of gametes,
shown in diagram 1. At the reduction division, both fragments of the
second chromosome involved in the translocation may pass to the same
pole, the normal second chromosome going to the opposite pole. Gametes
1 and 2 (diagram 1) are formed in this way. Either fragment of the second
chromosome may pass, however, to the same pole of the spindle together
with the normal second chromosome. Gametes 3 to 6 are formed in this
case.

If an individual of the constitution represented in diagram 1 is crossed
to flies free from translocations, only gametes 1 and 2 give rise to viable
zygotes. Gametes 4 and 6 produce zygotes carrying a duplication for a
section of the second chromosome, while gametes 3 and 5 give rise to zy-
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gotes deficient for a section of the same chromosome. Individuals possess-
ing a deficiency or a duplication for a section of a chromosome are usually
abnormal in appearance, and may be identified. No such individuals were,
however, found in the progeny of d-translocation crossed to wild-type
flies. Hence, these gametes either are not produced at all, or else give rise
to inviable zygotes.

]aldg 'm
§ }

2 Adb Er?c prsp €x

i i
i
N 1

Di1acram 1.—Six kinds of gametes which may be produced in a fly heterozygous for d-trans-
location. Second chromosome—black, fourth chromosome white. Spindle fibres are indicated by
dotted lines. 1 and 2—regular gametes, 3-6 non-disjunctional gametes. 3 and 5 gametes carrying
a deficiency for a section of the second chromosome,4 and 6—gametes carrying a duplication for a
section of the second chromosome.

This alternative may be decided by mating two individuals heterozy-
gous for the same translocation to each other. Each parent in this case
may be supposed to produce the six kinds of gametes shown in diagram 1.
If gamete 3 from one parent meets gamete 4 from the other parent, a
viable zygote is produced, since these gametes are complementary to each
other (deficiency is neutralized by the corresponding duplication). A
viable zygote is also produced if gamete 5 meets gamete 6. As shown in
table 4 the results of mating two individuals heterozygous for the translo-
cation and having the constitution

ad, +%p.s, Y

X
a1 dp b prc pasy €y Cy p- €y

must be the following:1 wild-type:3 C,:1 C, p. €y :1 p. 5,:1 a; ¢, (pro-

GeNETICS 16: N 1931
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vided all six kinds of gametes are produced in equal number). If the frag-
ment of the second chromosome retaining its own spindle fibre (the a; d,

TaBLE 4
ey ey
ardp +p.5p +
Mating _ea— — X == =
ardybprcpesp €y Cypr ey
(6] 2 3 @ ©) (6)
a; Iey le,, |g”
dp
a1 ar ar ar |ai
dp dp dp dp |dp
b b b
+ey PT P" | Pr
bz 4 4 +ev +ev c
Sp 2 F2Y 2 b= b=
Sp S |Sp Sp S»
Homo-
Zygous Wild-
¢)) translo- type dies dies dies dies
e cation
(1) (2) ) 4 5 (6)
) Cy Cy pr ey dies dies dies dies
Cy ey )] (8) © (10) 11) (12)
3
ey dies dies dies P: Sp dies dies
— (13) (14) (15) (16) an (18)
@
e
Cy pr dies dies Cy dies dies dies
19 (20 21) (22) (23) (29)
(3)
ey dies dies dies dies dies a1 dp
(25) (26) @27) (28) (29) (30)
— ©
_ dies dies dies dies Cy dies
Cupr ey (31 (32) (33) (34) (35 (36)

fragment, diagram 1) always passes to the opposite pole from the normal
second chromosome at the reduction division, no gametes 5 and 6 will be
produced. In this case the expected ratio is L wild-type:2C,:1Cy p, e,:1
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p= Sp. If no non-disjunction takes place the expected ratio is 1 wild-type:
1C,:1C, p, ey, (compare table 4). The results obtained in the experiment
are:

wild- Homozygous
type C, Cyp.ey, p.5s, aid, translocation
Observed 225 459 182 236 . 3
Expected 2204 4408 2204 2204

(1:2:1:1)
It may be concluded that in d-translocation gametes 1, 2, 3 and 4 are
formed in approximately equal numbers, and gametes 5 and 6 are very
seldom if ever formed. That is to say, the fragment of the second chromo-
some attached to the fourth is distributed at random with respect to the
normal second chromosome at the reduction division. The deviation from
the expected ratio is due, probably, to the lower viability of the ¢,-carry-
ing class.

Similar experiments were performed also for a-, b- and c-translocation.
Individuals heterozygous for a-translocation and having the constitution:

a; dp + & % + b

a1dy b prcps sy €y Cy pr €y
were mated together. The expected ratios in this case are (compare table 4)
2 wild-type:3C,:1 C, p, ¢,:1 a; d, (in case all six kinds of gametes are pro-
duced), or 2 wild-type:2 C,:1 C, p; ¢, (in case gametes 5 and 6 are not pro-

duced), or 1 wild-type:1C,:1 C, p, e, (in case no non-disjunction takes
place). The results obtained are:

Wild-type C, C, pre, ard,

Observed 891 863 375
Expected 851.6 851.6 425.8
@2:2:1

One may conclude that in a-translocation the fragment of the second chro-
mosome attached to the fourth is independent of the normal second chro-
mosome at the reduction division, but no non-disjunction of the fragment
of the second chromosome retaining its own spindle fibre takes place.

Individuals heterozygous for c-translocation and having the constitu-
tion

+% bp.chp.ss % + %
a1 d, b prch.sp ey ey

were crossed to each other. Here the expected ratio is 5 wild-type:le,:1 b-
Generics 16: N 1931
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pr ¢ P2 5p (in case all six kinds of gametes are formed), or 4 wild-type:1 e,
(in case the fragment of the second chromosome retaining its own spindle
fibre undergoes no non-disjunction), or 2 wild-type:1 e, (if no non-disjunc-
tion takes place). The observed ratio is:

Wwild- Homozygous

type- ey b p.c p. s, translocation
Observed 975 224 .. 5
Expected 959.2 239.8

(4:1)

It follows that in c-translocation the fragment of the second chromosome
attached to the fourth is independent of the normal second chromosome at
the reduction division, but the fragment of the second chromosome re-
taining its spindle fibre does not undergo non-disjunction.

In b-translocation, individuals carrying a duplication for a section of the
second chromosome survive under certain conditions. If 2 male heterozy-
gous for b-translocation and heterozygousfore, a;d, b p, ¢ p. s, is crossed to
e,a1d,b p.c p.s,females (free from translocation) only wild-type and e, a;
dy b p. ¢ P, s, offspring are produced. Here individuals carrying the duplica-
tion do not survive, presumably because of the decrease of viability pro-
duced by the second-chromosome recessivegenes just indicated. If, however,
the same males are crossed to a;b s, females (free from translocations),
some individuals carrying a duplication survive. In a cross of the nature
just indicated there were obtained:

Wild-type ar b s, b s, (duplication)
768 713 315

The b s, individuals are, evidently, carrying a duplication for a section of
the second chromosome including the gene aristaless (they have two doses
of a;, but the manifestation of a; is nearly completely suppressed by its
normal allelomorph). These individuals are different in appearance from
normal flies. They have short and plump bodies, the dorsal surface of the
abdomen is flattened, the eyes are strongly convex, the wings are expanded
and curved (sometimes resembling the mutation curved), the scutellar
bristles are often erect (this character is, probably, due to incomplete sup-
pression of a;), their development is slow, they have low viability, and are
sterile in both sexes. As shown above, in b-translocation the second chro-
mosome is broken between the genes a; and d,, and the fragment carrying a;
is attached to the fourth chromosome. The b s, individuals just described
carry, therefore, a duplication for a section of the second chromosome in-
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cluding a;, but not including d, or any other second-chromosome gene lo-
cated to the right of 4.
Individuals heterozygous for b-translocation and having the constitution
+ % ¢ Pz Sp % + &
a d? b PT 4 Pz Sp €y Cv Pr €y
were mated together. This cross may give the following results. The ratio
3 wild-type:3 C,:1 C, p- €,:1 ¢ p. s, must be produced if both fragments
of the second chromosome involved in the translocation are distributed at
random (it has to be taken into account that in b-translocation the indi-
viduals homozygous for the translocation survive, compare table 4). If
only the fragment of the second chromosome attached to the fourth under-
goes non-disjunction, a ratio 3 wild-type:2 C,:1 C, p, ¢, is expected. If no
non-disjunction takes place the ratio 2 wild-type:1 C,:1 C, p, ¢, is ex-
pected. The results of the experiment are:

Wild-type C, Cyprey ¢ p. s, Duplication

Observed 976 761 448 .. 83
Expected 1092 729 364
3:2:1)

The agreement of the observed results with the expectation here is less
close than was obtained in other translocations. This may be due, first,
to the lower viability of the homozygous translocation as compared with
heterozygous (this produces a decrease of the wild-type class), and, second,
to the not quite random distribution of the fragment of the second chro-
mosome attached to the fourth at the reduction division (this produces an
increase of the C, 9, ¢, class). It is certain in any case that no non-disjunc-
tion of the fragment of the second chromosome retaining its own spindle
fibre takes place in b-translocation.

The data presented in this chapter show, therefore, that in all four II-IV
translocations studied the section of the second chromosome retaining its
own spindle fibre always goes to the opposite pole from the normal second
chromosome at the reduction division. On the other hand, the section of
the second chromosome attached to the fourth is distributed at random in
respect to the normal second (except, possibly, in b-translocation). These
results might give rise to a supposition that the disjunction of chromo-
somes at the reduction division is determined simply by their spindle
fibres, that is, that the points of the attachment of the homologous spindle
fibres always pass to the opposite poles at the reduction division.

Facts are known that disprove this supposition. In translocations in-
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volving chromosomes IIT and IV (DoBzrANSKY 1930a), the general na-
ture of which is very similar to that of the II-IV translocations described
here, the fragment of the third chromosome attached to the fourth is not
distributed at random inrespect to the normal third chromosome,but passes
to the opposite pole from it at the reduction division more frequently than
it passes to the same pole. On the other hand, the section of the third chro-
mosome retaining its own spindle fibre sometimes passes to the same pole
with the normal third chromosome. MULLER (1930b) described a translo-
cation involving a transfer of a rather short section of the third chromo-
some onto the second chromosome. As shown by MULLER, the section of
the third chromosome attached to the second usually passes to the opposite
pole from the normal third chromosome at the reduction division. The sec-
tion of the third chromosome retaining its own spindle fibre in MULLER’S
case does not undergo non-disjunction.

There exist reasons for supposing that one of the factors determining
the disjunction of sections of chromosomes involved in translocations is
the relative lengths of these sections. The influence of the spindle fibres is
a phenomenon of rather secondary importance. STURTEVANT and Dos-
zHANSKY (1930, also data in press) and KARPECHENKO (unpublished) have
shown that in translocations in which the second and the third chromo-
somes have exchanged sections the length of which equals approxi-
mately one-half of the length of either chromosome, all four resulting frag-
ments undergo non-disjunction equally frequently. The influence of the
spindle fibres in these cases seems to be nil. If, however, the exchanged
sections are not equal in length, the shorter sections undergo non-disjunc-
tion more frequently than the longer sections. As soon as the difference in
the relative length of the exchanged sections becomes great enough, the
longer sections do not undergo non-disjunction at all, and the shorter sec-
tions are distributed more or less at random in respect to their homologues.

In II-1IV translocations described in this paper the sections of the second
chromosome transposed onto the fourth chromosome are mostly shorter
than the'sections of the third chromosome involved in the III-IV transloca-
tions referred to above. This fact may, at least partly, account for the dif-
ference in behavior between the II-IV and the ITI-IV translocations

CYTOLOGY OF THE TRANSLOCATIONS

Two methods were applied for the study of the chromosomes in the
translocations, namely the investigation of the odgonial divisions in
ovaries of freshly hatched adult females, and of the cell divisions in the
nerve-ganglia of larvae. For the investigation of the odgonial divisions,
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ovaries of females heterozygous for the translocations were fixed succes-
sively in strong Flemming’s fluid (1 hour) and in 1 percent solution of
chromic acid (20-24 hours). The 5u thick sections were stained in iron
haematoxylin. For the investigation of the nerve-cell divisions males and
females heterozygous for the translocations and for the gene C, were
mated together. One-half of the individuals in the progeny of this mating
are heterozygous for the translocation, one-quarter may be homozygous
for the translocation, and one-quarter die in early stages of development
because of the lethal effect of the gene lying in the C, chromosome. The
nerve ganglia of larvae appearing in these cultures were dissected and
fixed in strong Navashin’s fluid. The 7u sections were stained in gentian-
violet (gentian-violet-KKI-clove oil method).

The chromosomes do not appear the same in the o6gonial divisions
(plate 1, figures 1-12) and in the nerve-cell divisions (plate 1, figures 13-18,
plate 2 figures 19-32). The obgonial chromosomes are rather short and
thick, exhibit a strong tendency toward somatic pairing, and the constric-
tions are usually not very strongly pronounced. The chromosomes in the
nerve-cells are considerably longer and more slender than the obgonial
chromosomes and lie far apart from each other, somatic pairing being as a
rule rather weak. The chromosomes frequently are bent, and the different
parts of the same chromosome frequently lie in different planes. The con-
strictions are usually strongly pronounced. Sometimes certain of the con-
strictions are so strong that the chromosome seems to be broken into
fragments connected by a very slender thread (the second chromosome in
figure 13, the X chromosome in figure 20, the third chromosome in figure
26). Because of these differences in the appearance of the chromosomes in
the o6gonial and the nerve-cells, obgonial divisions and nerve-cell divisions
were studied in each of the translocations. The results obtained by both
methods are in agreement with each other.

The chromosomes of individuals heterozygous for the translocations are
shown in figures 1-19 and 21-30. All chromosomal plates contain a more
or less short rod-shaped chromosome which is absent in the chromosomal
plate of normal Drosophila melanogaster. This ‘“new” chromosome repre-
sents, evidently, the section of the second chromosome attached to the
fourth chromosome. The compound nature of this rod-shaped chromosome
is in some cases marked by the presence of a constriction dividing the body
of this chromosome into two parts (figures 5, 13, 15-17, 21-25, 27, 29-31).
One of these parts, usually lying closer to the center of the plate than the
other part, is equal in size to the free fourth chromosome present in the
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EXPLANATIONS OF PLATES 1 AND 2

The drawings represent the chromosomes of flies carrying the translocations. Figures 1-12 are
obgonial metaphase plates, Figures 13-32 are divisions of the neurocytes of the larval ganglia.
Figures 1-15, 17-19, 21, 23-27, 29-31 contain two X chromosomes (females). Figures 16, 20, 22,
28, 32 contain one X chromosome and one Y chromosome (males). All the drawings are done at
the level of the work-table, with the aid of camera lucida. The magnification is Zeiss objective
120 (1.5), and comp. oc. 30.

Piate 1

Ficures 1-5, a-translocation (heterozygous), figure 6, b-translocation (heterozygous),
figures 7-9, c-translocation (heterozygous), figures 10-12, d-translocation (heterozygous),
figures 13-15, a-translocation (heterozygous), figures 16-18, b-translocation (heterozygous).






648 T. DOBZHANSKY

PraTE 2

FIGURE 19, b-translocation (heterozygous), figure 20, b-translocation (homozygous), figures
21-24, c-translocation (heterozygous), figures 25-30, d-translocation (heterozygous), figures
31-32, d-translocation (homozygous).

In all figures X=the X chromosome; Y=the Y chromosome; s=the second chromosome
having one limb shorter than the other; II=the normal second chromosome; ITI=the third
chromosomes. The second and the third chromosomes are marked only in those figures in which
the shortening of one of the second chromosomes is clearly visible. The small round chromosomes
(unmarked) are the fourth chromosomes, and the very short rod-shaped chromosomes (also un-
marked) are the fourth chromosomes with a fragment of the second chromosome attached to them.
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same plate. This is, probably, the fourth chromosome to which the frag-
ment of the second chromosome is attached.

Most of the chromosomal plates studied contain only one free fourth
chromosome (the small round autosome), instead of the two present in the
chromosomal plates in normal flies. This is to be expected, since the other
fourth chromosome is included in the “new’’ rod-shaped chromosome. The
appearance of the few individuals possessing the “new’” rod-shaped chro-
mosome together with two free fourth chromosomes (figures 15 and 23) is
due to the non-disjunction of the fourth chromosomes. This explanation
was tested genetically in the ITI-IV translocations, which are very similar
in nature to the II-IV translocations described here, and was found to be
valid (DoBzHANSKY 1930a).

In a- and in d-translocation (figures 1-5, 10-15, 25-30) the pair of the
shorter V-shaped autosomes consists of two partners of unequal length.
One of these partners (marked in figures by the sign II) has both limbs
equal in length, like the autosomes of normal flies. The other partner
(marked s) has one limb shorter than the other limb. It is obvious from in-
spection of the figures that the difference in length between the two limbs
of the unequal-armed chromosome is in most cases a little smaller than the
length of the “new” rod-shaped chromosome. The unequal-armed chro-
mosome is, evidently, the second chromosome minus a section which has
been transposed onto the fourth chromosome.

In b- and in c-translocations (figures 6-9, 16-19, 21-24) no unequal-
armed chromosome can be identified with certainty. This is due to the
fact that the section of the second chromosome transposed onto the fourth
chromosome is very short in these translocations, and its loss does not pro-
duce an appreciable shortening of the rather long second chromosome. The
addition of the same section to the very small fourth chromosome is, how-
ever, visible. The longer pair of the V-shaped autosomes (III), which are
the genetic third chromosomes, is normal in all plates studied in all trans-
locations. The same holds for the two X chromosomes in females (x, figures
1-15, 17-19, 21, 23-27, 29-31), and for the X-Y pair in males (figures 16,
20, 22, 28, 32).

Individuals homozygous for translocations (figures 20, 31, 32) have two
“new” rdd-shaped chromosomes, and no free fourth chromosome. In homo-
zygous d-translocation both shorter V-shaped autosomes are unequal
armed (s, figures 31, 32).

The cytological evidence is, thus, in agreement with the interpretation
of the genetic behavior of the translocations given in foregoing sections of
this paper.
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The lengths of the broken off sections of the second chromosome are
both genetically and cytologically different in different translocations. In
a-translocation the second chromosome is broken to the left of the locus of
the gene ¢ (see figure 2). The section of the second chromosome attached to
the fourth contains, therefore, the genes from ¢ to s,. The length of this
section equals more than 35 map-units. Since the whole right limb of the
second chromosome (that is, the distance between the gene p, and the right
end of the chromosome) is about 55 map-units long, the section which is
broken off in a-translocation represents in any case more than one-half of

.'92.03949596.079899.00_9uo
r [ HEY R4 I N L

a dp d b prBicn ¢ px Sp

Dracram 2.—The genetic and the cytological maps of the second chromosome. Letters below
the line representing the genetic map of the second chromosome indicate the location of certain
of the genes of the second linkage group. Letters in the circles indicate the loci of the breaks ob-
served in translocations on the genetic and the cytological maps respectively. Sf-—the spindle
fibre.

the length of the limb. Cytologically, however, its length is obviously less
than one-half of the length of one limb of the shorter V-shaped autosome
(figures 1-5,13-15). In d-translocation the second chromosome is broken to
the left of the gene p,. The broken-off section carries, therefore, the genes
from p. to s,, and is much shorter than the section broken off in a-translo-
cation. Cytologically a- and d-translocations are nearly indistinguishable,
although a careful comparison shows that the rod-shaped chromosome is a
little shorter in d-translocation than in a-translocation.

In both a- and d-translocation the second chromosome is broken be-
tween the subterminal constriction (which lies at about one-third of the
limb-length from the end of the chromosome) and the spindle fibre, much
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closer to the former than to the latter. The position of the locus of the
break in respect to the subterminal constriction is very clearly visible in
figure 30. The rod-shaped chromosome in this figure has two constrictions.
One of these constrictions separates the fourth chromosome from the sec-
tion of the second chromosome attached to it. The second constriction is
probably homologous to the subterminal constriction in the normal second
chromosome.

In b- and in c-translocations the second chromosome is broken to the
left and to the right of the gene d, respectively. The genetic determination
of the length of the broken-off sections is very inaccurate in these translo-
cations, due to the strong reduction of crossing over in the second chromo-
some. Nevertheless, one may take it for granted that in b-translocation
the broken-off section is less than 13 units long, and in c-translocation its
length is more than 13 but less than 30 map-units. That is to say, in c-
translocation the length of the broken-off section equals at least one-fifth
of the limb-length, and in b-translocation is equal to one-fifth or less than
one-fifth of the limb length. Cytologically b-translocation (figures 6, 16-20)
and c-translocation (figures 7-9, 21-24) are scarcely distinguishable from
each other. The “new’”’ rod-shaped chromosome in these translocations is
only from twice to three times longer than the diameter of the free fourth
chromosome. The length of the broken-off section of the second chromo-
some is, therefore, shorter than one-fifth of the length of the limb of the
normal second chromosome.

A comparison of the relative genetic and cytological lengths of the sec-
tions of the second chromosomes involved in the II-IV translocations
studied is presented in diagram 2. The discrepancy between the genetic
and the cytological determinations of the relative lengths of these sections
is so striking that the evidence derived from the study of these transloca-
tions, if taken alone, might make one doubt whether the arrangement of
genes on the genetic map of the second chromosome is the same as their
arrangement within the second chromosome seen under the microscope. A
more complete cytological map of the second chromosome, constructed on
the basis of the study of II-IV, II-Y and II-III translocations (see DoB-
ZHANSKY 1930b), shows, however, that the sequence of genes on the ge-
netic and the cytological mapsis undoubtedly the same. The discrepancies
between the genetic and the cytological maps are, as shown in the paper
just referred to, due to the lower frequency of crossing over per unit of the
absolute distance in the region around the spindle-fibre attachment and at
the ends of the second chromosome, as compared with its frequency in the
regions lying in the middle of either limb. These alternating regional dif-
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ferences in the frequency of crossing over are, probably, responsible for the
great genetic length of the d,-b and c-p. intervals which, as our data show,
are very short cytologically.

A further evidence in favor of this interpretation of the discrepancies
between the genetic and the cytological maps of the second chromosome
was recently obtained by Doctor H. REDFIELD (unpublished). According
to Doctor REDFIELD’S data the map of the second chromosome constructed
on the basis of a study of crossing over in triploid females is generally inter-
mediate between the regular genetic map and the cytological map. It has
been shown by REDFIELD (1930) that the map of the third chromosome of
Drosophila melanogaster constructed on the basis of triploid crossing over
is also intermediate between the genetic map and the cytological map.

SUMMARY

1. Four translocations involving the second and the fourth chromosomes
were found in the progeny of males treated by X-rays. Flies heterozygous
for the translocations are normal in appearance and in viability. The trans-
locations manifest themselves by producing an apparent linkage of genes
belonging to the second and to the fourth linkage groups.

2. In each of the translocations a section of the second chromosome be-
came broken off and reattached to the fourth chromosome. In one of the
translocations the breakage took place to the left of the locus of the gene ¢,
in the second to the left of d,, in the third to the right of d,, and in the
fourth to the left of p..

3. The frequency of crossing over in translocationsis strongly decreased
in the limb of the second chromosome in which the breakage took place,
and remains normal in the opposite limb. The point dividing the two limbs
of the second chromosome, which is the point of the attachment of the
spindle fibre, is located near the gene 2,.

4. One of the translocations survives in homozygous form and the
homozygote is normal'in appearance and fertile. Two of the translocations
studied seldom survive in homozygous condition, and one never survives.

5. In individuals heterozygous for translocations the section of the
second chromosome attached to the fourth chromosome is distributed in-
dependently of the normal second chromosome at the reduction division.
The section of the second chromosome retaining its own spindle fibre
always passes to the opposite pole from the normal second chromosome.

6. One of the translocations studied produces a viable duplication. In-
dividuals carrying the duplication have two normal second chromosomes
plus a section of the second chromosome containing the locus of the gene
Grwgtics 16: N 1931 '
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a;, but not of d, or any other genes located to the right of d,. Such individ-
uals are abnormal in appearance and sterile.

7. A cytological investigation of flies heterozygous for the translocations
revealed the presence in their chromosomal plates of a ‘“new” rod-shaped
chromosome. This chromosome is composed of one of the fourth chromo-
somes with a section of the second chromosome attached. Usually only one
free fourth chromosome is present in the chromosomal plates studied, and
one of the shorter V-shaped autosomes has one limb shorter than the other
limb.

8. In homozygous translocations two ‘“new” rod-shaped chromosomes,
two unequal-armed V-shaped autosomes, and no free fourth chromosome
are found.

9. The relative lengths of the sections of the second chromosome in-
volved in translocations were determined both genetically and cytologically.
Rather striking discrepancies between these determinations are apparent.

10. These discrepancies are, presumably, due to variations in the fre-
quency of crossing over per unit of the absolute distance in the different
regions of the second chromosome.
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APPENDIX TABLES 5-8

TABLE §
Translocation a.

- 1 2344256 7
— dpbprc Py .
ey, a1dybd pr cp,spgxeyalp brctesr S

635

CLASSES OF THBE OFFSPRING NUMBER OBSERVED CLASSES OF THE OFFSPRING NUMBER OBSERVED
{Wild-type 665 3 {b 17
a1dpb prcpaspey 267 *“ladp pre paspey 8
Total non-crossovers - 932 2 f bp, 10
*\adpc prspey 3
o 119 2.6 bprcey 4
dpb prC puspey 51 - T a1dp prsp 17
2 aidy 297 2.7 bprcpsey 9
bprcpaspey 222 >Naidp s, 7
3ladst 55 3,4 Pr 5
PrChrSpey 71 ardpbc pyspey 1
4 ardy b pr 6 3.7 Prcfﬁzey 2
CPsSpey 7 >Naidpbsy 2
S5 a1dyb prey 1 6,7 pa 1
6 a1dpbprcey 33
b= Sp 30 Total double crossovers 125
7 ardpbprcpoey 18
Sp 26 12 s{dp Prepsspey 1
' arb 1
Total single crossovers 936 1,2,4 a:bp, 1
2,3,6 bposy 1
L dp 6 2,4,6 bp,p.sp 1
"“larb prcpospey 8 2,4,7 bprs, 1
1,3 dpb 5 2,5,6 aidsc 1
AL PrC Pz Sp 3
1.6l%0e5» 5 Total triple crossovers 7
*\dpb prcey 3
1. {ese 8 Grand total 2000
Y \dpb prcprey 1
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TABLE 6
Translocation b.

- 1492 34567

& 4, ) ¢ 2% 5 Q Xeyardpb prc pz 5,
CLASSES OF THE OFFSPRING NUMBER OBSERVED CLASSES OF THE OFFSPRING NUMBER OBSERVED

{Wild—type 448 1,5 dpb pre, 1
a1dpb prcpospey 272 3,6 bpre 1
3,4(° 1
Total non-crossovers 720 *HNadpprc prspey 1
4,5 p, 1
1 { ay 1 5.6l¢ 21
dpb precpaspey 1 *“laidp b pr puspey 10
2a1¢ 1 76 P 4
3 aidyey 1 *|aidpb prspey 1
bprcpssp 9 P 3
4 ardpbey 1 "\ a1dpb prespey 2

brepzsp 2

5 a1dpbprey 113
¢ P Sp 143 Total double crossovers 46

6 a1dpbprcey 127
Pz Sp 240 4,5,6 aidybcey 1

7 a1dpbprc ey 30
Sp 86 Total triple crossovers 1
Total single crossovers 755 Grand total 1522
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TaBLE 7
Translocation c.

- 124934567

Q@ Xeyardpb prc prspd.

e, a1 dp bprcpr Sp
CLASSES OF THE OFPSPRING NUMBER OBSERVED CLASSES OF THE OFFSPRING NUMBER OBSERVED
{Wild—type 571 3 502 33
a1dpb prc prspey 228 "“ladpc pasuey 6
36 bprc 11
Total non-crossovers 799 - *Tloidppesoey 12
3,7 aidpspey 1
1 a 3 45 Pr 28
dpbprcprspey 1 *Tlardpbeprspey 7
ardy 2 pre 5
2 bprcpssp 1 4,6 a1dpb P, spey 6
jla dpey 59 5.6l¢ 14
bpechzspey 34 "“laidp b pr po5p 47
ardpbe, 23 5.7 cP: 4
DrC Pz Sp 35 g dﬁbPrSpey 8
5 a1dpb prey, 278 6.7 Pr 11
¢ Pz Sp 96 *\ardpbprcspey 3
a1dpb prcey 112
DuSp 385 ° Total double crossovers 204
7{azdpbp,.cp, ey 38
Sp 89 3,4,5 ardy prey 1
3,4,6 bpsp 3
Total single crossovers 1156 3560% dpcey 13
P\ b pr P Sp 32
1,5 dpbprey 1 456 Pr e Sp 11
1,6 aip:sp 1 * T \ardpbcey 10
b 5
'Tledpprcpaspey i Total triple crossovers 70
Grand total 2229
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TABLE 8

Translocation d.
123454967

Q Xeya1dpb prc pospd.

e 01 dyp b Pr € Pz Sp
CLASSES OF TRE OFFSPRING NUMBER OBSERVED CLABSES OF THE OFFSPRING NUMBER OBSERVED
Wild-type 439 2,7 a1dy sp 10
a1dpbprcprspey 181 bprcpse, 1
?r 6
Total non-crossovers 620 - T aidpbe prspey 1
3,5 prc 2
1 ap 95 3,7 (ndpbs‘p 1
dpbPrchsp 50 3,6 p,ce,, 1
2 aldp 207 4 7
bprchespey 156 "\a1dpb p, P spey 21
39 dpb 49 cey 2
PrChsspey 44 P a1dpb by prsp 1
4 a1dpd pr 33
CP.5pey 24 Total double crossovers 165
sladybprc 16
DPzSney 15 1,2,3 aib 1
ardpbprcey 1 12 4{a;bp,- 1
Pz Sp 1 P\ dpc pespey 2
7 a1dpb prcpoey 13 1,3,4 a1 p, 1
Sp 15 173';5 atPrC 1
1,3,7 dpbsp 1
Total single crossovers 719 1,4,5 { aic 1
dpb prprspey 4
1.2 Qb prcpzspey 7 2,3,4 a1dp 1
' dp 15 245 a1dpc 23
1 3labrcPzsney 11 PNl pr paspey 35
dyb 7 aidpbe 4
3,4,5
1,4 Qicp:Spey 4 Prp:Spey 3
dpb 17, 8
1,5 d,bp, 2
{ aps s,, 1 Total triple crossovers 78
dobprcey 1
1,7 aisp 1 dpc 1
{ 8 12,4, S{aszrpzs,,e,, 1
tardpprepaspey 2 1,3,4,5,dpbc 2
2 4{ u
*ardpc prspey 8 Total quadruple crossovers 4
b pre 4
a; dp P Spey 6 Grand total 1586
b preey 2
azd, Dz Sp i




