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INTRODUCTION

The first known translocation in Drosophila was the “Pale” transloca-
tion found by Bripces (1919, 1923) in which a piece from the end of the
right arm of the second chromosome, including the genes from plexus to
speck, had become attached to the side of the third chromosome near the
locus of ebony. This, and a few other translocations found by BRIDGES,
occurred spontaneously, that is, in a fly which had not been subjected to
irradiation. Following the discovery by MULLER (1928a, 1928b) and WEIN-
sTEIN (1928) that the frequency of translocations in Drosophila could be
markedly increased through the agency of X-rays, a number of papers
(DoBzHANSKY 1929a, 1929b, 1930a, MULLER and PAINTER 1929, PAINTER
and MULLER 1929, MULLER and ALTENBURG 1930) have appeared present-
ing the frequency and the cytological and genetical characteristics of trans-
locations.

In the published cases of translocations induced by X-ray treatment the
broken-off piece of chromosome involved in the translocation was an end
or terminal portion. However, DoBzuANsKY (1930b) found two translo-
cations in which a piece had been taken from the middle region of the sec-
ond chromosome and had become permanently attached to the Y chromo-
some. He designated these as translocations G and H respectively. Doctor
DoBzHANSKY was so kind as to turn over his translocation G to the pres-
ent author for analysis and this paper reports the results obtained. I wish

1 This paper reports research conducted at the CALIFORNIA INSTITUTE OF TECHNOLOGY.
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here to express my sincere appreciation to Professors DoBzHANSKY and
STURTEVANT for advice and suggestions so freely given during the course
of this investigation.

ORIGIN OF TRANSLOCATION

The translocation, with which this paper is concerned, was produced by
irradiation with X-rays. Wild-type Oregon males were rayed for 60 min-
utes with a current of 5 m.a. and a potential of 50 k.v. at a distance of 16
centimeters from the target (for details see papers by DoBzZHANSKY) and

mated to - Cotpet 4 %% females. (C,-Curly, p,-purple, a -arista-

a1dp+ 0 prc P.Sp ey
less, d,-dumpy, b-black, c-curved, p.-plexus, s,-speck are all second chro-
mosome factors, and e,-eyeless is a gene located in the small fourth chro-
mosome. The “C,p,”” chromosome carries inversions that suppress nearly

++ +4+ + +4+ +

all crossing over.) Among the F, offspring, ~— males
a1 d, b p, ¢ PSp €y

were selected and individually crossed to Rl O o il e L females.

a1 d, + b p, ¢ poS, €
One of the F, cultures gave the following progeny:

Females Males
Wild type 0 10
ey : 0 8
a—dp—b—pr—Cc—Ppr—$p 8 0
G—dp—b—pr—c—p.—5p &y 4 0
Cy 0 15
Cy—pr 16 0
Cyey 0 21
Cy—prey 11 0
a1—dp—b—c—ps—sp 0 5

Only 8 of the 16 expected classes appeared, and the data show a coup-
ling or linkage between the irradiated second chromosome, carrying no re-
cessive genes, and the treated Y chromosome. These aberrant results were
interpreted as the consequence of a translocation involving the second and
Y chromosomes. Further analyses proved the correctness of this interpre-
tation and showed that a small piece from near the middle of the second
chromosome, including the locus of ., had become fastened to the Y chro-
mosome. The third chromosome was tested and found to be free from the
translocation. Some of the wild-type F. males were again mated to
+ +C, +p + + +
a dp + b p, ¢ P. S,
(disregarding C, flies) were found:

females and among the ensuing F; offspring

GENETICS 16: S 1931



492 MARCUS M. RHOADES

wild-type males 290
a1 —dp—b—c—p,—sp males 30
& —dp—b—pr—c—p,—sp males 4
G—dp—b—pr—c—p.—sp females 2355

Assuming that the hypothesis of a II-Y translocation is correct, the 30
a-05-b-c-ps-s, and the 4 a;-d,-b-p,-c-p,-s, males are unexpected classes
whose origin can be explained by the types of gametes formed in the mat-
urations divisions. Let the constitution of the males carrying the translo-
cation be diagrammatically designated as follows:

X Tt <+ + + + i

Y t I1al dp b pr ¢ px__Sp

From the maturation divisions in the male 4 types of gametes are possible
(their frequencies being equal only if assortment is random). They are

) x 2) Y \

[1al d,o Ban < pxsp e+ + _+ + +

+
) R 4) X T
| | + 4 + _+ Il al do b opr ¢ pxsp

Since C, flies are disregarded, the eggs may all be considered as having the
same genetic constitution, that is,

X

11 &, dp b Pr € Pz Sy

Sperm from classes 1 and 2 give rise to regular or expected types of off-
spring. Sperm from class 4 will produce males, carrying a duplication for
a portion of the second chromosome, which show the recessive characters
a1d,b ¢ p. s, but not p, since their Y chromosome carries the normal alle-
lomorph or p,in the attached piece, and 1 normal allelomorph is dominant
over 2 recessive genes. The 30 a;d, b ¢ p. s, males were of this constitution.
A check was afforded by crossing duplication males from similar cultures to
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a1d,b prc pss,females. Only a;:d, b p, ¢ p.sp, daughtersand a,d, b ¢ p. s,
sons should be produced (excepting occasional cases of non-disjunction
where sperm carrying both a paternal X and a paternal Y chromosome are
formed). Such was found to be the case.

Thed a;d, b p- ¢ po s, males could result if sperm carrying neither an X
or Y fertilized an X bearing egg. Such males would be of XO constitution
as they would lack a Y chromosome. They should be sterile, since the pres-
ence of a Y in the male Drosophila is necessary for fertility. Although
these 4 males were not tested similar males from other cultures were
tested for fertility and no offspring were ever obtained.

Sperm of class 3 would produce daughters showing only the recessive
character purple eye. They would, however, carry a deficient second
chromosome and the absence of this class of females among several thou-
sand flies is taken to indicate that the deficiency is lethal although the
duplication gives rise to viable and fertile flies of both sexes.

EFFECT OF TRANSLOCATION ON CROSSING OVER IN THE SECOND CHROMOSOME

Since the translocation involved the second and Y chromosomes it was
possible to study the effect of the translocation on crossing over in the sec-
ond chromosome only in attached-X females (females which are XXY in
constitution but whose 2 X chromosomes are attached to a single spindle
fiber and, therefore, always pass to the same pole). To secure the desired
stock the following breeding procedure was followed. Attached-X females
carrying the dominant gene C, and the recessive gene p, in one of the sec-
ond chromosomes and the recessive factors a; d, b p, ¢ p, s, in the other
were mated to wild-type males carrying the translocation. Diagrammatic-
ally the procedure was as follows:

D et Crvpor v + o X : e + 3 P
*
Y  Nd dpebec my Y____flhl_dp_b_pr_:_mp.
(Although the attached-X-’s were homozygous for the factor forked (f)

only second-chromosome factors will be listed.) The F, wild-type daugh-
ters were of

b‘ [+ _+ 4 ¥ +_ +

L \ iy by o px_sp.

GENETICS 165 S 1931
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constitution and were mated with normal males homozygous for the 7 re-
cessive second-chromosome genes. The data from these crosses are present-
ed in tables 1 and 2 but the summarized crossover values are given below:

Percents of crassing Percents of crossing
Region over in females with aver in control series Differcnce
translocation
1ai—dp 1.9 10.0 - 8.1
2d,—b 4.8 29.0 —~24.2
3b—p,* 0.0 8.9 ~ 8.9
4 p—c 24.6 20.0 + 4.6
Sc~p. 24.1 21.1 + 3.0
6 po—sp 6.7 5.1 + 1.6

* Crossing over in region 3 calculated from females only.

Certain classes of females in table 1 and certain classes of males in table
2 are listed as arising from non-disjunctional gametes. Failure of the at-
tached-X'’s and the Y (carrying the deleted piece of the second chromo-
some) to pass to opposite poles in the heterotypic meiotic division in fe-
males carrying the translocation would result in (1) eggs with both the
attached-X pair and the Y and (2) eggs with neither the attached-X pair
or the Y. Fertilization of class 1 eggs by sperm with a normal Y would pre-
sumably yield females with 2 Y chromosomes, one with a piece of the sec-
ond chromosome, and an attached-X pair, although no direct evidence of
their constitution exists. Fertilization of class 2 eggs by X-bearing sperm
would give XO males, which would be purple eyed, since the normal alle-
lomorph is in that piece of the second chromosome attached to the missing
Y. Several of the supposed XO males were tested for fertility and invaria-
bly found to be sterile. DoBzHANSKY (1930a and in press) in his analyses of
8 different translocations found similar exceptional males. He had an addi-
tional check upon their XO constitution as he crossed translocation females
with attached-X chromosomes to normal males whose X chromosomes
carried the recessive factor bobbed (b0). Since the normal allelomorph of
bobbed is located in the Y chromosome, XY males are not-bobbed in ap-
pearance while XO males are bobbed as well as sterile. In this experiment
the sterility of the purple-eyed males was considered adequate evidence
as to their XO constitution.

The data show crossing over to be greatly reduced in the left arm of the
second chromosome, the greatest proportional reduction being in the b—p,
region, which included the portion involved in the translocation, where no
crossing over took place. Regions 1 and 2 also showed a marked reduction
in the amount of crossing over. The amount of crossing over in the right
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limb of the second chromosome is consistently higher in all 3 regions than
the control. This agrees with the results found by DoBzEANSKY (1929, in
press and unpublished data), whose data usually show in II-IV, III-IV
and II-Y translocations an increase in crossing over in those limbs of the
second and third chromosomes which were not concerned in the transloca-
tion.

CROSSING OVER IN FEMALES CARRYING THE DUPLICATION

The above data show that in females carrying the translocation there is
a great reduction in the amount of crossing over taking place in the left
arm of the second chromosome. It is, perhaps, instructive to consider the
causal agents of this reduction in crossing over. Among the several possi-
bilities are (1) that an inversion in the linear order of the genes occurred at
the time the translocation was produced; (2) that an injury of some kind
to the chromosome prevents or inhibits normal pairing and crossing over;
(3) a mechanical interference or hindrance to normal synapsis resulting
from the formation of rings or chains during the prophases of the matura-
tion divisions; or (4) an effect produced by a combination of factors. For-
tunately, it was possible to study the effect of the duplicated portion of the
second chromosome on crossing over between 2 normal second chromo-
somes since females carrying the duplication were both viable and fertile.
Some light might, therefore, be gained on the cause of the decrease in cross-
ing over when a translocation is involved. From an appropriate series of

crosses, attached-X females were obtained that had the following consti-
tution

X‘X Hi + + + + o o

Y § Halclgb'o,rc pi_sp

They were mated to normal males homozygous for the 7 recessive second-
chromosome factors. The data from this type of cross are given in tables
4 and 5. The summarized percentages of recombination are listed below

with the percentages found for the same regions in the translocation and
control series.

GEeNETICS 16: S 1931
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Region Duplication Control Difference Translocation Control Differences
ol Yol ¢ Pt F ot

1a—d, 10.8 10.0 +0.8 1.9 10.0 — 8.1
2d,—b 21.8 29.0 —7.2 4.8 29.0 —24.2
3b—p, 2.0* 8.9 —6.9 0.0% 8.9 — 8.9
4 p,—c 20.0* 20.0 0.0 24.6 20.0 + 4.6
Sc—p: 21.7 21.1 +0.6 24.1 21.1 + 3.0
6 p:—sp 6.0 5.1 +0.9 6.7 5.1 + 1.6

* Calculated from female offspring only.

The unusual feature of the duplication data is that although crossing over
in the right limb is almost exactly of the same order as in the control there
is a decided and significant decrease in region 3, which is in the left arm, a
proportionately smaller decrease in region 2, and an approximately normal
amount of crossing over in region 1. It might reasonably be inferred from
these data that at least a portion of the decrease in crossing over in females
carrying the translocation is caused by the disturbing influence of that por-
tion of the second chromosome attached to the Y, since a plausible ex-
planation of the effect of the duplicated piece on crossing over between 2
normal second chromosomes is that it pairs with them, the presence of the
Y mechanically interfering with normal synapsis. It logically follows that
the greatest disturbance would be expected in that region of the chromo-
some including the duplicated piece with a progressive decrease in effect
proceeding away from the duplicated portion. Actually this was realized,
since crossing over was normal in region 1, but was greatly decreased in re-
gion 3 with an intermediate value in region 2. That the duplicated piece
had little or no effect on crossing over in the right arm of the second chro-
mosome is shown by the very close agreement in values with the control.

It would seem that if the reduction in crossing over is caused by the
pairing of the duplicated piece with the normal second chromosomes that
the distribution of the Y with respect to the attached-X pair might be
such that the frequency of non-disjunction (where both the attached-X
pair and the Y go to the same pole in the reduction division) would be in-
creased. However, the low frequency of non-disjunctional gametes from
females with the duplication indicates that the attached-X pair and the Y
nearly always pass to opposite poles. It is apparent, therefore, that the
distribution of the Y and the sex chromosomes proceeds in an approximate-
ly normal manner even though the reduction in crossing over in the left
arm of the second chromosome may be caused by the pairing of the du-
plicated piece with the second chromosomes. The calculated percentage of
non-disjunction is not greater than 3 percent in duplication females. It is
impossible to calculate the true amount of non-disjunction since some un-
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tested flies might be due either to certain crossovers or to non-disjunction.
But the inclusion of all doubtful cases does not give a percentage of non-
disjunction greater than 3.

GENETICAL DETERMINATION OF SIZE OF DUPLICATED PIECE

Since duplication flies, that is, flies carrying the piece of the second on
the Y in addition to 2 normal seconds, were viable it was possible to deter-
mine which genes were included in the duplicated piece by the following
scheme. For example, to ascertain whether the locus of rolled wing (r;)
was included, wild-type males carrying the translocation but with the re-
cessive genes black () and rolled (r;) in their normal second chromosomes
were mated with & 7, females. The regular offspring would consist of b 7,
daughters and wild-type sons. Duplication sons would be either b, if 7; is
included in the extra piece, or b 7;, if #; is not included. A recessive factor
such as black (b), known to be not included in the duplicated piece was
used in testing all loci, except for hooked (%), to facilitate the detection of
duplication males. In the case of hooked the absence of hooked males was
taken to mean that this locus was included in the duplication. The follow-
ing genes, located near the p, locus, were tested and are listed below with
their current map positions, as determined by BRIDGES:

Locus Map position Determination
Black (b) 48.5 Not included in duplicated piece
Scraggly (ra*) 51.0 Not included in duplicated piece
Hooked (k1) 53.9 Included in duplicated piece
Purple (p,) 54.5 Included in duplicated piece
Light () 55.0 Included in duplicated piece
Rolled (7)) 55.1 Not included in duplicated piece
Thick (¢x) 55.3 Not included in duplicated piece
Cinnabar (¢,) 57.5 Not included in duplicated piece

Three genes, hooked, purple and light (an allelomorph of pink-wing)
were found to be included in that portion from the middle of the second
chromosome which is attached to the Y. Genetically the minimum distance
included is 1.1 map units and the maximum distance is 4.1 map units. The
position of the spindle-fiber attachment is known to be approximately 0.5
of a map unit to the right of purple. Therefore the rightmost end of the
translocated section must lie very close to the insertion point of the spindle
fiber. The mutant Bristle, whose locus at 54.7 apparently lies in the trans-
located section, offered difficulties in testing, on account of its dominance,
and positive inclusion has not yet been proven.

Cytological examination of ganglion cells from male larvae carrying the
GENETICS 16: S 1931
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translocation failed to disclose any discrepancy in length between the two
second chromosomes, one of which had a deficiency while the other was
normal. ’

SUMMARY

1. From a male which was treated with X-rays a translocation was se-
cured that involved the second and Y chromosomes.

2. Analyses showed that a small piece had been removed from near the
middle of the second chromosome, including the loci of the genes hooked
(A1), purple (p.), and light (I,) and had become attached to the Y chromo-
some. The minimum map distance of the translocated piece is 1.1 units
while the maximum length is 4.1 map units.

3. Cytological examination failed to show a discrepancy in length be-
tween the two second chromosomes, one of which was normal and the
other deficient for the translocated piece.

4, Studies of crossing over in females carrying the translocation showed
a great reduction in the left arm of the second chromosome and slightly
higher values than the control in the right limb.

5. Studies of crossing over in females carrying the extra piece of the
second attached to the Y in addition to two normal seconds (that is, du-
plication females) showed a significant reduction in the left limb of the sec-
ond chromosome and approximately normal percentages for the right limb.
The greatest reduction in crossing over was in region 3, which includes the
piece involved in the translocation, with a proportionately lesser decrease
in region 2, while region 1 showed about the same amount of crossing over
as the control.

6. It is suggested that the Y carried by the translocated piece may in-
terfere with synapsis of the second chromosomes, and possibly may ac-
count for a portion of the reduction in crossing over in translocation fe-
males, since in duplication females there is a decreased amount of crossing
over in the left limb of the second chromosome.
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TasLe 1
Translocation data.
Crossing over in altacked-X females carrying the translocation.

b + + ¢ + _+ 4 X ol do borc org
Y_jnl_dg_Lpr_c__pup_x Y Naddp bhorc prg

FEMALES ONLY

O=aidp b prc pesp 449
0=Wild 8 (non-disjunction)
1=d, b prc Pz 5p 8
2=b prc ps Sp 28
4=0;d, b p, 201
d=¢ p, sp 2 (non-disjunction)
S=aq dp b prc 206
S=1p:5p 2 (non-disjunction)
6=a1dp b prc ps 43
6=a;dpbc ps 3 (non-disjunction)
1—-4=d, b p, 3
1-5=dy b pr ¢ 4
1—6=dp b prc p- 2
2—4=b p, 3
2-4=p 1 (non-disjunction)
2-5=b p,c 8
2-6=b p, ¢ P 5
4-5=a1dpd P, p: 5» 16
4-6=a1dp b prsp 11
56=ai1dpb pyc sp 2

1-4-5=dp b p p: p
1-5-6=dp b p. ¢ sp
2-5-6=b p,c sp
4-5-6=a1dy b p, p»

e

Total 1010
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TABLE 2
Translocation data.
Crossing over in attached-X females carrying the translocation.

@ + + 0+ + + 3+ p.4 d ox 5

MALES ONLY

0=wild 386 1-5=dpbe¢ 2
O=ai1dpbc pz s 289 1-5=a; p= sp 1
O=a;dp b prc pzsp 4 24=p 4
(X0) 2-4=a;dyc P 5p 9
1= 15 2-5=bc¢ 4
1=dybc p: sp 3 2-5=a1dy Pz 5p 6
2=a;dp 21 2-6=aq;dp sp 2
2=bc¢ p:5p 22 26="bcp: 4
4=a;dp b 141 4-5=a1dpb p: 5p 9
d=c p, sp 179 4-5=¢ 19
S=aidpbc 143 4-6=c p. 10
S=p: 5p 171 4-6=a;dp b sp 7
S=ardpbprc 1 S-6=a;dpbc s, 9
(X0) 5-6=px 1
6=ardpbcp. 30 1-5-6=dpbcsp 1
6=s, 37 2-4-5=b p: 5p 2
1-2=4d, 1 24-S=ardyc 3
1-4=a;¢ p: 5p 3 : 4-5~6=c s, 3

1-4=d, b 1
Total 1545

GENETICS 16; S 1931
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TaBrE 3

Control data.
Crossing over in attached-X females carrying 2 normal second chromosomes and a normal Y.

D++++++:

X = adldpborc pxsp

x .
Y \u bor ¢ pxsp Y So]dphggpxg
MALES AND FEMALES

0= 436 2-6=a1dyp sp 18
O=a1dp b pr ¢ Pz $p 312 2-6=b pr ¢ pr 17
l=a, 58 34=a1dpbc pssp 9
1=dp b prc pz 5p 63 3-4=p, 13
2=a;d, 189 3S5=a1dp b ps 5p 16
2=b p,c ps Sp 193 3-5=p,¢ 21
3=a1dp b 52 36=a1dpb s, 8
3=?r6171 Sp 55 3_6=Pr0?2 5
4=a1dy b p, 111 4-5=a1dp b Py Pz S» 17
d=cp, s, 119 4-5=¢ 23
S=aidp b p,c 110 4-6=a1dp b P, 5p 3
S=p. sp 138 4-6=c¢ p, 10
6=ardp b prc p- 18 56=0a1dp b prCsp 0
6=s, 29 5-6=p, 2
1-2=a1b pr ¢ Pz 5p 8 1-2-4=a; b p, 1
1-2=d, 5 1-2-4=dp ¢ Pz 5p 1
1-3=a1 prc pz 5p 4 1-2-5=a; b p, ¢ 1
1-3=d, b 5 1-2-6=a1 b prc p= 1
1-34=a; p, 2
14=a1c p; s 17 1-34=d,bc p: sp 1
1-4=d,b p, 18 1-3-5=dp b p: 5 1
1-3-6=dp b sp 1
1-5=ai p, 5p 28 1-4-5=dp b p; p= Sp 1
1-5=dp b p, ¢ 18 14-6=aic p: 2
1-4-6=dy b p, sp 1
1-6=aq; sp 3 2-3-4=b ¢ p: sp 1
2-34=aidy p» 3
2-3=a1dp prc P:r 5p 4 2-3-5=aidp pr ¢ 4
2-3=b 9 2-3-6=ai1dp pr ¢ = 2
2-4-5=a;dp¢ 7
2°4=dl dp ¢ P: Sp 45 2-4-5=b Pr Dz Sp 3
2-4=5 p, 68 24-6=ar1dp ¢ 3
. 34-5=mdybec 1
2-5=a1d, p: $p 61 4-5-6=c¢ sp 1
2-5=b p, ¢ 60 1-34-5=a; p; Pz 5p 1
1-2-4-5=dp ¢ 1
1

1-3-4-5=d, b ¢ p,

2439
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TABLE 4
Duplication data.

Crossing over in attached-X females carrying 2 normal second chromosomes and the translocation
Y chromosome.

X ¥t 4+ ¥ ¥ X

al_dp b prc.  pxsp

h A %dd? bP_rc pasp ¥ Y degherggx#

2

MALES ONLY
0=wild 259 P2-4=a;dp ¢ Pz S» 16
O=a;dpbc p.sp 120 ?2-4=) 17
O=ardpb prc Pz sp 1
xX0) 2-5=aidp p= Sp 24
2-5=b¢ 27
l=a; 36
1=dpbc p; 5p 7 2-6=a; dp 5p 5
2-6=b ¢ p« 8
2=aidp 52
2=bc ps Sp 67 ?4-5=a;dp b pz 5p 7
2=bpe ¢ Ppu Sp 1 P4-5=¢ 6
(X0)
4-5=a1dp b pr Pz Sp 2
3=pr¢ pssp 1 (X0)

(X0) P4-6=0,dp b 5p 2
Pd=q;dp b 70 P4-6=c¢ ps 4
Ph=c p, 5p 55

d=a;dp b P, 1 5-6=a1dp bc sy 1
(X0)
Pl1-2-4=a b 1
S=aidpbec 55
S5=p. 5 78 P14-5=gq; ¢ 1
6=a1dp b ¢ p: 10 ?14-6=a;¢ p- 2
6=s, 23
1-2=a1b¢ p: 5p 1 ?P2-4-S=a;dp ¢ 1
1-2=d, 1 ?2-4-6=>b p. sp 3
Pl4d=aic Pz 5p 8 2-5-6=aidp ¢ p= 1
Pl-4=d, b 6 P24-5-6=>b p. 1
1-5=a; pz sp 22
1-5=d, b¢ 9 _—
1-6=a; s, 4 Total 1017
1-6=dp b ¢ p= 1

It is impossible to tell crossovers in region 3 from those in region 4 in the male offspring except
in cases of non-disjunction.

GENETICS 16: S 1931



504 MARCUS M. RHOADES

TaBLE 5
Duplication data.

Crossing over in altached-X females carrying 2 normal second chromosomes and the translocation
Y chromosome.

E + + ¥ 4 ¢ X

X

ddpbgﬁg pr_sp

+
Y S ddp 4 or ¢ px_sp. Y \ o dp b prc px sp
FEMALES ONLY
0= 249 2-6=a;dp 5p 6
O=qa;dp b prc Pz 5p 116 2—6=b p,c p: 3
V=a1dp b ¢ ps sp 4 t34=a1dpbc P 5p 2
13-S=01dp b Pz 5p 4
=g 46
1=d, b pr ¢ pxsp 25 13-6=aidp b 5p 1
2=a;1d, 63 4-5=a1dp b pr pz 5p
2=b P, ¢ Pr Sy 68 4-5=c 9
*-S=a1dp b p. 5p 1
t3=a1dy b 6
3=p,c pz5p 2 4-6=01dp b pr 5p 3
4-6=c¢ p, 3
d=a;dp b pr 56
4=¢ Pz 5p 65 5-6=a; dpbprCSp 2
S=a1dy b prc 49 1-24=a; b p, 1
S=p;sp 78
1-2-5=a; b pr ¢ 1
6=a1dp b p:C P 6 1-2-5=d, p: sp 2
6=sp 20
1-3-4=a; p, 1
1-2=a1b pr ¢ pz 5p 0 t1-3-4=d, b ¢ p. sp 1
1-2=d, 1
1-4-5=dp b pr p: Sp 1
14=qa1¢ pz 5p 8 1-4-6=dp b p: sp 1
1-4=4, b p- 8 '
1-5-6=dp b prc sp 1
1-5=u Pz Sp 5
1-5=dp b prc 8 2-4-5=aidy ¢ 3
1-6=a;sp 4 2-4-6=b 9. 5, 1
1-6=dy b pr ¢ = 5 2-4-6=ai1dp ¢ P 1
t2-3=b 1 12-3-6=b s, 1
2-4=qa;dp ¢ Pz Sp 8 1-24-5=a1 b p, p= 5p
2-4=b p, 22 12-3-4-5=a1dy pr P2 55 1
2-5=a1dy Pz 5p 13 Total 1014
2-5=bp: ¢ 21

* non-disjunction.
T not tested for non-disjunction.



