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induced in the dumpy study: an olv/ol, an lv/ol, and an lv/v.

None of these transmitted either of the induced mutations, although
bilateral mosaics have been known which transmit both phenotypes
(Carlson, 1959). Therefore it was assumed that the mosaics in the
present study were instances of coincidental induction of two
mutations of different types on opposite strands of the DNA, and

they were counted as two separate mutations. Support for this idea

is given by the fact that the frequency of induction of the bilaterals
(3/9618 = .03%) is roughly equal to the square of the frequency of

induction of somatic mosaics (1.5%).

The alternative hypothesis is that a single mutation may produce
different effects on the two sides of a mosaic fly simply by being
present in different tissues on each side. No evidence is presented

in the present study relevant to this hypothesis.

3. Assessments of the mutagen
In the sex-linked lethal study, we found it would be possible to
raise the probability of finding a mosaic lethal if one examined the

F3 generations originating from Fl's with at least one daughter

a
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showing a complete lethal. (See Table 15.) This may just be a te

of the effectiveness of our injection technique.

In the dumpy study, we examined this question further by
changing the dosage so as to produce an Fl with a comparatively low

incidence of visible mutations. This had no effect on the F2 results.

(See Table 17.)



The hypothesis of mutagen strength does not explain why in
the sex-linked lethal study, the mosaic lethal F3 sets derived from
an Fl1 who also produced a complete lethal should have a hLigher
proportion of lethality. One explanation for this would be an
association between the stage of meiosis of the sperm and the number
of mutated replicas of its DNA which are eventually made, before
the egg is fertilized. That is, a complete lethal may be an extreme

case of a mosaic lethal with a high proportion of mutant tissue.

4, Tissue distribution of mutations

One of the questions the visible study was intended to answer
was whether the proportion of mutations seen in the soma of the Fl
was inversely related to the proportion in its gonad as revealed by

an examination of the F2. This question is given a negative answer

in Table 18.

This result means that there seems to be no constant proportion
of Fl nuclei mutant, a result born out by Lee, Sega and Bishop (1970),
Jenkins (1967) and the present work. (See Figure 3). The only
distinguishing characteristic of the distribution of amounts of
mosaicism in the gonad in either study is the skewing toward lower
proportions, entirely attributable to spontaneous mutations. The
somatic tissue distribution does have a normal distribution around
50%, but that is to be anticipated since our ranking of phenotypes
from 1 - 7 was based on experience, that is, presumably an impression

of the average appearance of a dumpy mutation and the degree from
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which mutant flies tend to deviate from it.

The only data on amount of mosaicism which is sufficiently
extensive for analysis is the gonadal distribution in the sex-linked
lethal study. It will be recalled that according to the theories
of Freese, an error of incorporation or replication would give rise
to a normal distribution of mosaicism with a mean of one-half or
one-fourth. The impression given by the randomness of the present
distribution, and by the fact that the average degree of mosaicism
in this large study is lower than those found from other studies
(41% in the sex-linked lethal study, 347% in the dumpy study,
compared with Southin's 447 (dumpy), Lee's 51% (yellow)
and Jenkin's 56% (dumpy) is that many mechanisms are working at once.
It would also be possible that mutation of a gene is not a discrete
event, and that genes are present in many copies, with a repair
system which acts to verify the copying only at certain times, e.g.
meiosis, (Lee, Sega, and Alford, 1967) However, some explanatiop
would still be necessary for those so-called '"replicating instabil-
ities" which persist beyond the F1 (Alderson, 1965; Mathew, 19643
Nasim and Auerbach, 1968; Ondrej, 1969). We ourselves have never
found a frequency of replicating instability with our mutagen which
was distinguishable from the spontaneous occurrence of dumpy
mutations. One F2 mosaic, an lv, was found to transmit in the
present study: this among some 50,000 flies examined in the F2,

a frequency of 2 X 10-5, compared with the spontaneous value of
3.3 X 10_4 of spontaneous dumpy, one-fourth of which (8 X 10—5)

would be expected to transmit (Jenkins, 1967).
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Conclusions

It would seem sensible to interpret the occurrence of somatic
and gonadal mosaicism as the resultant of many processes: 1, A
repair system not entirely predictable; 2. A mutation which can
have pleiotropic effects, depending on an unknown mechanism;
3. A pattern of early embryogenesis, in which cells are partitioned
between soma and gonad in an unknown way; 4. A locus which may be
mutated by many processes; 5. A eukaryotic chromosome whose
composition may be complex (e.g., multi-stranded); 6. A mechanism
of mutagenesis which may involve effects at different times; and
7. The occurrence of occasional "lethal hits" and "pseudocompletes'

to produce completes in early broods.

The fact that two different methods of estimating gonadal

complete/gonadal mosaic mutations agree on the ratio is therefore

surprising.
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Table 1.

Mating schemes for the two studies.
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Number Mating done

Information gained by examining progeny

Sex-linked lethal study

Pl 123 wild-type males,
injected and mated
to "Basc" females.

F1 2532 heterozygous females
individually mated
to Basc males.

F2 48331 heterozygous females
from F2 non-lethals
mated individually
to Basc males.,

50 heterozygous
females from F2
lethals mated indiv-
idually to Basc males.

Visible study

Pl 263 wild-type males
injected and mated
to ed ov cl females.

F1 4319 heterozygous males
mated individually
to ed ov cl virgin
females.

F1 96 dumpy visibly mutant
males and females
individually mated
to ed ov cl females
and males,

None.

Complete lethal gonads of Fl1 females
revealed. (= "F2 lethals")

Mosaic lethal gonads of Fl1 females
revealed. (= "F3 lethals")

Complete lethality confirmed.

Fl somatic mutations observed.

Completely and mosaically mutant F1
gonads revealed. Mutants spontaneously
arising in this generation are also seen.

Fl completely and mosaically mutant
gonads revealed.
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Table 2.

Distribution of numbers of F2 females mated.
Sex-linked lethal study.
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Vials in set From F2 "Non-
lethal" cultures

25 1309
24 70
23 54
22 44
21 48
20 48
19 46
18 48
17 34
16 46
15 38
14 39
13 54
12 33
11 29
10 41
9 42
8 44
7 32
6 29
5 30
4 23
3 27
2 25
1 19

TOTALS 2252

From F2
"Doub tful"
cultures

2
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From F2
"Semi~-lethal"
cultures
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Total F2
females
mated

1333
74
56
45
50
49
49
48
35
47
38
42
56
38
34
45
46
46
36
34
36
26
29
27
21

2340
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Table 3.

Progeny obtained in sex-linked lethal study.
See Materials and Methods section for
classification scheme.

* Only 50 females from F2 lethals were mated
(See Materials and Methods.)

*% 7,47 if corrected for the occurrence of
spontaneous lethals. (See .Table 5.)

*%% 2,87 1if corrected for the occurrence of
spontaneous lethals. (See Table 5.)

41



Classification

Lethal

Doubtful

Semi-lethal

Non-lethal

Sterile

Progeny from Fl cross

number

191%*
45
43

2253

2532

per cent

7.5%%

1.8

1.7

89.0

100.0

Progeny from F2 cross

number

1397

2058

133

35669

8074

47,331

per cent

3.0%%%

4.3

0.3
75.4

17.0

100.0

42



Table 4. Fl mosaic gonads, as revealed by examination
of the F3. Sex-linked lethal study.

Those categories considered to be
mosaic lethal. (See Results
section.)
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Total Fl females whose
female offspring were
mated to produce an F2

Fl females, none of
whose offspring were
fertile

F1 females 1 - 14 of
whose female offspring
were fertile (i.e. pro-
duced 15 offspring)

F1 females, 15 or more
of whose female off-
spring were fertile

F1 females, 15 or more
of whose offspring
contained a lethal

Fl females, some of
whose offspring
contained a complete
lethal (Fl gonad was
mosaic)

F2 non-lethal

2252

36

468

1749

10

211

F2 doubtful F2 semilethal Total

45 43 2340
0 0 36
40 9 517
5 34 1788
17 3 30
7 18 200
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Table 5.

40,257

Computation of spontaneous lethal rate.
Sex-linked lethal study.

Average for g.through 2=73=-12.5
n n 6

1
Of the ;7 = 72, 12.5 were assumed to be
induced lethals, and 59.5 spontaneous.

9.5 _ .15% was used as the rate for

spontaneous occurrence of lethals.
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Proportion of
progeny con-
taining a lethal

1
n

B3 lo =1V} =R 3 lw BN

1
i

Number of
cases

72

22

20

12

11
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Table 6,

Mosaic and complete mutations induced.
Specific visible study.

* "Tegted" means, yielding sufficient
progeny for a determination.

** There were therefore no true com-
pletes induced in this study.
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Somatic completes
Somatic mosaics
Somatic wild-types

which transmitted a
mutation

Total

Mutations
induced

91

108

Mutations
tested*

42

55

Mutations
transmitted

O**

12

21



Table 7.

Induced mutations by phenotype. Specific
visible study. 'olv', "lv", etc. are

abbreviations for ngélv", "dplvr . etc.

"Insufficient progeny' in this case means
fewer than 15.
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Type Total
olv 38
1iv 26
ol 25
ov 3
o 12
v 4
108
Totals

olv + ov = 41

v +v =30
ol +o =237

Transmitted

complete or mosaic mutant
somatic somatic somatic

complete mosaic

0 7
0 2
0 3
0 0
0 0
0 0
0 12

38
28
34

+

Transmitted +

somatic
complete

Insufficient progeny

somatic somatic

mosaic

15

8

10

complete

somatic
mosaic

12

9
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Table 8.

F2 progeny of Fl not visibly mutant.
Specific visible study.
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Information on the Fl soma

Fl1 flies somatically mutant

F1 flies somatically wild-type

Information on the F1

gonad

Vials with
wild-type

Vials with
wild-type

Vials with
wild~type

Vials with
wild-type

no mutants
flies

no mutants
flies

no mutants
flies

no mutants
flies

Sterile vials

and at least 15

and 10 - 14

and 7 ~ 9

and 1 - 6

Vials with some mutants

99

9519
9618

2085

474

257

1194

309

4328

1.0%

99.0%
100.0%

48.27

11.07%

5.9%

27.67%
7.1%

0.2%
100.07%
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Table 9. Mutations induced in both studies. Classi-
fication according to Southin (1966).

* In addition, there were in the sex-linked
lethal study 175 F1 females which produced
progeny in numbers insufficient for
classification of their gonads; in the
specific visible study there were 2234 such
non-mutant Fl males, and 34 such mutant Fl
males and females. See Table 8. Bilateral
mosaics, of which there were three, were
counted once for each mosaic side, since
each side presumably corresponded to a
separate mutation.

*% According to Lee (1970), only 75% of his
mutants occurred in disks which were examined
in the present study. Thus the actual number
of somatic mutant, gonadal wild-type should
be 50 x 4/3 = 66, and the somatic + should
be 2064.




gonad
gonad

gonad

gonad
gonad

gonad

gonad
gonad

gonad

+, soma
+, soma

+, soma

mosaic,
mosaic,

mosaic,

mutant,
mutant,

mutant,

+
mosaic

mutant

soma +
soma mosaic

soma mutant

soma +
soma mosaic

soma mutant

Sex-linked lethal study Specific visible study

1925%

249

208

2130

12

2085 **
< 46

4
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Table 10, Mutation rates for both studies.

* Corrected for spontaneous mutations,

** 141 = 99 observed Fl somatic
mutants + 42( = 0.44% x 9618 gonadal
mutants expected in the original
population of 9618).
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Fl1 gonads mutant

Fl soma alone mutant

F1 gonad alone mutant

Fl soma and gonad mutant

Transmission rate for Fl
somatic mutations

Total induced mutation rate

Sex-linked lethals

457
2357 = 19.47%

19.47%

Visibles

21 ;
2150 = 1.0%

99 ;
9618 = 1.0%

—-—9 -/
2094 = .44%

12 . 26.1%

141 1.5%%%

5




Table 11.

Mosaic:Complete Mutation Ratios.
Both studies.

* Not corrected for spontaneous
mutations, since no estimate was
made of the complete spontaneous
mutation frequency.
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Sex-linked lethal study

Gonadal mosaic _ 249
Gonadal complete ~ 208
dumpy study

Gonadal mosaic _ 12
Gonadal complete 9

Somatic mosaic

O
ool

Somatic complete

1.20%*

1.33*

11.88%*

Frequency of
completes

208 _ .
,535 8.2%

5151 - 0.4%

95

9618 1.0%

Frequency of

mosaics

249
2532

9.7%

0.6%

0.1%
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Table 12,

Production of lethal and sterile cultures

by F2 females according to the classification
of the culture from which they came. Sex-
linked lethal study.
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Per cent of Per cent of
F2 in this F2 in this
category which category which
No. F3 No. F3 contained a had sterile
Lethals Steriles lethal offspring
F2 Doubtful 147 120 36.8 30.0
F2 Semi-Lethal 251 194 27.8 21.5
F2 Non-Lethal 999 7760 2,2 16.9

TOTAL 1397 8074 - -




Table 13.

F3 lethals correlated with the order in
which their mothers hatched.

(For example, of the 2252 first-hatching
heterozygous females from vials which were
to be classified as F2 non-lethals, 57
gave use to cultures classified as F3
lethals.)



F3 lethals correlated with the order in which their mothers hatched.

F2 F2 F2
Hatching Non-lethals gave Semi-lethals gave Dout
Order lethals out of fraction lethals out of fraction lethals ¢
1 57 2253 .0253 15 43 .357 11
2 44 2224 .0199 15 43 .357 14
3 44 2209 .0199 11 43 .262 10
4 45 2182 .0206 13 43 .310 10
5 49 2159 .0227 12 43 .286 14
6 43 2129 .0202 9 43 214 13
7 52 2100 .0248 9 40 .225 8
8 39 2068 .0188 9 40 .225 9
9 39 2024 .0188 10 40 .250 11
10 56 1982 .0282 13 39 .333 7
11 36 1941 .0185 13 37 .351 7
12 40 1912 .0209 5 36 .139 6
13 49 1879 .0261 8 35 .228 4
14 41 1825 .0225 11 34 .324 4
15 46 1786 .0258 7 33 .212 3
16 37 1748 .0212 12 33 .364 3
17 44 1702 .0258 10 33 .303 3
18 33 1668 .0199 11 33 .333 2
19 28 1620 .0173 13 33 .394 2
20 32 1574 .0203 12 30 .400 2
21 35 1526 .0229 11 29 .379 2
22 48 1477 .0325 8 29 .276 0
23 19 1433 .0132 7 28 .250 1
24 23 1379 .0167 3 26 .115 0
25 30 1309 .0229 4 22 .182 1



hatched.

3 gave

fraction

.357
.357
.262
.310
.286

214
.225
.225
.250
.333

.351
.139
.228
.324
.212

.364
.303
.333
.394
.400

.379
.276
.250
.115
.182

F2

Doubtfuls gave

lethals

11
14
10
10
14

NN WW WO

HOMHON

out of

45
43
41
39
36

30
27
23
21
18

16
12
8
7
5

WLWwwhru

NN NDW

fraction

<244
.326
<244
.256
.389

<433
.296
.391
.524
.389

lethals

83
73
65
68
75

65
69
57
60
76

56
51
61
56
56

52
57
46
43
46

48
48
27
26
35

Totals
out of

2340
2319
2292
2263
2237

2201
2167
2131
2085
2039

1994
1960
1922
1866
1824

1786
1739
1704
1656
1607

1558
1508
1463
1407
1333

fraction

.0355
0315
.0284
.0300
.0335

.0295
.0318
.0267
.0288
.0373

.0281
.0260
0317
.0300
.0307

.0291
.0328
.0270
.0260
.0286

.0308
.0318
.0184
.0185
.0262

fraction
for group

.02 (1-5)

.02 (6-10)

.02 (11-15)

.02 (16-20)

.02 (21-25)
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Table 14.

Analysis of sterile F3 cultures by
hatching order of the F2 parent.
linked lethal study.

Sex~-
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F2 Hatching

Order Steriles out of fraction
1 427 2340 .182
2 435 2319 .188 2077
3 405 2292 177 1-5 = {7457 - -181
4 420 2263 .186
5 390 2237 .174
6 379 2201 .172
7 403 2167 .186 1867
8 368 2131 .173 6-10 = 75g53 = 176
9 357 2085 171
10 360 2039 177
11 344 1994 172
12 334 1960 .170 1597
13 334 1922 174 11-15 = 9566 .167
1 299 1866 .160
15 286 1824 .157
16 298 1786 .167
17 273 1739 .157
18 286 1704 .168 16-20 = 1383 _ 1¢a
19 265 1656 .160 8492
20 261 1607 .162
21 253 1558 .162
22 253 1508 .168
23 223 1463 .152 21-25 = 1149 _ 153
24 204 1407 .145 7269

25 216 1333 .154




e
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Table 15.

Effects of excluding the descendants
of P1 flies presumably unaffected by
the mutagen.

* corrected for spontaneous lethals.
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Sex-linked lethal study

When the F2 contained
a complete lethal

When the F2 contained
no lethal

When the F2 contained
a semi-lethal (but no
lethal)

Proportion of F3 sets
classified as mosaic
lethal*

159

1680 - .095

11
30 = .030

13 _ 130

1
99

Amount of mosaic

tissue in
lethals

the

.437

.299

.382
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Table 16.

67

Analysis of mutation frequencies by
fertility rate of F1 flies. The F1l flies
were divided into two categories. High
Fertility flies yielded a relatively high
number of fertile F2 cultures; Low
Fertility flies yielded a low number of
fertile F2 cultures. Specific visible
study.



High Fertility Group

Fertility
P1

Fl1 (total)
Fl fertile males
Fl infertile males

Fl sterile males

Production of mutations

Somatic mutations from Fl
Number
Per cent
Gonadal mutations from F2
(includes somatic mutations
which transmitted the
mutation)

Number

Per cent of fertile F1

157
4191
1029

463

173

47

1.1%

9/1065

0.8%

Low Fertility Group

106
5427
466
352

1309

48

0.9%

12/497

2,47
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Table 17. Analysis of mutation rates according to

dosage of mutagen applied. Specific
visible study.
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P1

F1

F1

F1

F1

Fl

F1

F1

(total)
males mated
sterile
infertile
fertile
soma mutant
number
per cent
gonad mutant
number

per cent fertile F1

70

High Dosage Group Low Dosage Group
(about 3 mg./ml.) (1.25 mg./ml.)
133 130
3751 5867
1463 2329
460 1022
336 479
702 852
57 40
1.6% 0.7%
11 11
1.6% 1.3%




Table 18.

Analysis of relation of Fl somatic
phenotype to transmission of an Fl
somatic mutation. Specific visible
study. Average phenotype was com-
puted by adding the number of
phenotype points for all flies
assigned according to the scheme
given in Materials and Methods.

Standard deviation = 0.22 P > 0.50
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Average phenotype

N

Transmitted
mutation

.458

21

Transmitted +

.565

46
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Figure 1.

Structure of the mutagen.

/13



7



Figure 2.

The dumpy locus. The figure shows the relative
positions of the mutations affecting wing and

thorax.

See Lindsley and Grell (1968) for a complete
explanation of the abbreviations.

= oblique
lethal

= vortex
cm = comma
h = humpylike

o
1
v

(Drawing courtesy of Dr. E. A. Carlson.)
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Figure 3a.

Figure 3b.

Gonadal Mosaicism Sex-linked lethal study.*
Average mosaicism was 40.7%.

*Corrected for spontaneous mutations.

Somatic mosaicism. Specific visible study.
Average mutant phenotype 55.5%.
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NUMBER OF FLIES

257
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