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ABSTRACT
The autonomous behaviour of sex-linked recessive temperature-sensitive

lethal mutants in Drosophila melanogaster could be demonstrated by the pres-

ence of mosaic patches of tissue hemizygous for the mutant created by loss

of a ring X chromosome in cells at the permissive temperature (21,5°C) and
the absence of such patches at the restrictive temperature (29°C). The pres=-
ence of patches at both temperatures indicated that the mutant was non-auto-
nomous, Such non~autonomous behaviour might be attributed to the existence
of a substance capable of diffusing from the wild type tissue to supplement
the mutant tissue.

The exggriments carried out showed that the presence or absence of mosaic
patches could not be directly interpreted as demonstration of autonomous or
non-gutonomous properties of the mutant, Other factors such as the time of
activity of the ts mutant and the type of tissue undergoing ring X loss af-
fected mosaic tissue production, Tﬁereforef the mere presence of mosaic tis-
sue at 299 could not be used as a criterion for the non~autonomous behaviour
of the ts mutants, Hoyeyer, these mutants can be graded according to the de-

gree of autonomy of is lethality after alterations due to X0 survival frequen-

cies, lethal periods, and temperature-sensitive periods.have been placed on
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mosaic frequencies at 29°C. Of the thirteen its mutants studied, six can be
classed as autonbmous lethals, The others are equally autonomous as lethals
but only in speéific tissues, while others do not appear to be as autonomous,

In fact, one of these may be considered non-autonomous.
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INTRODUCTION

The function of a gene is defined as autonomous if the phenotype devel-
oped in a given tissue reflects the genetic constitution of that tissue and
is not influenced by the genotypes of neighbouring cells, Non-autonomous genetic
behaviour. on the other hand, ié indicated when a cellular phenotype does not
correspond to the genétic constitution of the cells which produce it owing to
an influence of genetically different cells (Hadorn 1951), These aspects of
gene function are generally studied in higher organisms by surrounding cells
.or tissue of the genotype gnder investigation with cells of a different geno-
type.

The definition of autonomy implies that phenotypes can be influenced by
the action of substances produced by genes of a different genotype. The exist-
ence of such a substance has been demonstrated by Sussman and Lu (1955) although
the mechanism of its action remains speculative, They showed that a diffusible
substance described earlier by Bonner (1947) as acrasin, produced by the wild

type myxamoeba of the slime mould Dictyostelium discoideum, could pass through

an agar membrane and cause aggregationless mutants to cluster directly opposite
wild type centres of aggregation, However, they found that different; pairwise

combinations of morphogenetically deficient variants, each of which cannot com-



plete the normal developmental sequence in spore formation alone but which
can do so when mixed in pair combinations, cannot complete development when
placed on opposite sides of a membrane, They concluded, therefore, that the
exchange of low weight d;ffusible intermediateé'was not the only requirement
for complete non-autonomous dévelopment of those deficient stocks.

Early studies on the autonomy of various non-léthal and lethal mutants

in Drosophila melanogaster have given ambiguous results, Morgan and Bridges

(1919) showed that, in genergl. the sex and phenotype of thirty different sex-
linked characters in gynandromorphs produced by the occasional elimination of
one of the X chromosomes from a female cleavage nucleus, wére completely auton-
omous in development. Later, Sturtevant (1932), studying mosaics produced by
chromosome elimination caused b& M}l!z-n (see Lindsley and Crell 1968) found
the following exceptions to complete autonomy: 1) the Bar phenotypé at certain
stages of eye development, 2) scute and yellow phenotypes: Wheninssmall. patches
on the cuticle, and 3) the vermilion-eye phenotype., At that time it was also
noted that specific genes affected certain parts of the bédy at specific times
in development, Demeréc (1934) and Ephrussi (193%) studied the autonomy of
cells hemizygous for chromosomal deletions of.various sizes, Using ébarrant

somatic segregation and chromosome elimination to produce spots of tissue
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hemizygous fof the dglétions surrounded by cells carrying the complete seg-
ments, they-arrived at different conclusions., Demerec claimed that the lethal
expression of deletions.was autonomous in development, whereas, Ephrussi recov-
- ered small spots of tissue hemizygous for the deletions and concluded that the
lethal phgnotype of the déletion was suppressible by surrounding wild type
tissue. Stern(1934) corroborated Ephrussi's.conclusiqns when he showed that

a deficienc& lethal was non-autonomous, These interpretations may be ques-
tioned since Ephrussl and Stern did not consider the possibility of the genes
associated with the @eleted segments not being functional in the tissues
studied., Poulspn (1945) and Oster and Sobelé (1956) studied. the autonomous
properties of different sex-~linked 1eth§1s in females carrying»the EEE chrémo-
some which is somatica}ly unstable and frequently lost, They concluded that
autonomous behaviour varied depending on the tissue affected and on the time

- of elimination of the wild type allele. Hannah (1953), using a similar exper-
imental procedure, showed thatithe mutant yellow was slightly non-autonomous,
-The synthesis of cuticular pigmentation was found to be completely autonomous
in the first four abdominal segments.and the thorax and the head, but non-
autonomous in tergites genetically dimorphic for genes affecﬁing pigmentation

- at the junction:of wild type female and yellow male tissue, 3Bristles in the
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border zohe showed complete gradation in colour from yellow (mutant phenotype)
through brown to black (wild phenotype) while in other sections large yellow
sectors were usually autonomous while small patches may not have been so, From
extensive studies on the behaviour of cells carrying different lethals t;ans-
planted - into wild type hosts, Hadorn (1951);has concluded that the phenotypic
behaviour of. the mutants is influenced by the following: 1) phase specificity
of the mutant, referring to the different times in the development of the or-
gan;sm during which the effect of the mutant can be observed, since different
tissues and organs react differently to the lethal constitution; 2) damage due
to primary and secondary (because surroundings are abnormal) effects of the
lethal; 3) penetrance or expressivity of lethal effects as determined‘by geno-
typic milieu, sex, temperature, nutritional conditions, and other environmental
influences, All these studies point to the complex nature of cell to cell
interactions,

Temperature~sensitive (ts) mutants are conditional mutations that survive
at permissive temperatn;es but are lethal at res?rictive temperatures (Epstein
et al. 1963). Analyses of temperature-sensitivity in microorganisms have shown
thermolability to be a property of the protein product of the mutant gene

rather than due to an effect on the actual process of transcription or trans-



lation (Jockusch 1966; Naono and Gros 1967; Sundaram and Fincham 1967). In

those of ﬁicroorganisms have been recovered (Suzuki et al. 1967; Baillie,
Suzuki and Tarasoff 1968; Suzuki 1969). Several of these mptants have been
shown to have delineable temperature-sensitive periods{(TSP)iinidevelopment
during . which exposure of the organisﬁ to restrictive temperatures irrevocably
commits the organism to death (Suzuki an@ Duck 1967; Tarasoff 1968; Suzuki
and Procunier 1969) and an effective lethal phase (LP) when the exposure to
restrictive temperatures during the TSP is phenotypic§;ly manifest in degth.
The coincidence of the LP and TSP of each mutant varied from concomitance to
separation by several days (Suzuki and Procunier 1969).

The present study was undertaken in order to deteét a non-autonomous
temperature-sensitive lethal and to determiné whether the non-autonomy might
xesult from the diffusion of a substance produced by the wild type tissue
which would supplement the deficiency of the mutant tissue at restrictive
temperatures. Recognition of such "sSupplementable" mutants could result in
a bio-assay for the isolation of such a substance with a view to detérmining
the naﬁure.of the genetic activit& of é locus, Furthermore, once autonomy

has been established, survival of cells carrying a is lethal in certain spe-
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cific regions of a wild type'host at restrictive temperafnres could separate
tissues in which the locus is genetically functional from those in which it
is not required,
In order to determine the autonomous behaviour of ts mutants, a scheme
similar to that designed by Hannah (1951) was used. The mitotic instability
of the ring chromosome, gff, in somatic cells (Hinton 1955) is used to generate
patbheé of tissue in which recessive mutants carried on the homologous X tho;
mosome are expressed due to the loss of the carresponding wild type alleles
when the ring X is eliminated., With ?he sex~linked ts lethal mutants at per-
missive temperatures, mosaic patches of tissue should'odcur. However, under
restrictive temperatures, mosaic pafches should be pioduced ogly if the §§
. mutant studied is non-autonomous or is not functional in the tissues observed. -
It was found-that the presence or absence of mosaic patches of tissue was
not governed solely by the autonomous or non-autonomous behaviour respectively
of the ts gene, under restrictive conditions. Other facto:s such as the time
of activity of the ts gene and the time of lo;s of the wild type allele influ-
‘enced the recovery of mosaic tissue, Thus, the detection of mosaic patches,
per se, was not found to be aejéliable'gr;terion of the non-autonomy of sex-

linked ts lethal mutants.



I,

METHODS AND MATERIALS

Establishment of y..ts.. stocks

Sex-linked ts mutants which have been induced in adult Oregon R males

 (Suguki et al. 1967), localized genetically (Suzuki 1969), and shown to give

no survivors at 29°C, were used in this experiment. They wil be referred to
as #non-leaky ts mutants" (leaky mutants.being defined as those giving a few
survivors at 29°C). Some of the chromosomes bearing the ts lethals were

marked with different recessive mutations (see Lindsley and Grell 1968, for

.complete description): y (0.0, yellow body colour), sc (0.0, scute bristle

mutant), cv (13.7. crossveins missing), v(33.0, vermilion eye colour), f (56.7,
forked bristles), car (62'3f carnation eye colou:) in the course of the ge-
netic localizations (Suzuki 1969). 1In the éases in which the ts-bearing X
chromosome did not carry other recessive markers, females heterozygous for

the lethal and an inversion marked with the dominant mutant, Bar, (ts/FM-6
or_§§Z§:§) were mated to males with chromosomes marked with y, sc, cv, v, f
and car. F; females heterozygous for the ts lethal and the multipli-marked

X chromosome were test:crossed at 21,5°C and male progeny carrying the ts
lethai. ¥, and in some instances the other recessive markers, werevisolated.‘

Henceforth, these marked ts-bearing chromosomes will be referred to as y..ts..



Description of stocks tested for temperature-sensitivity

Table Ib

v markers inserted
mutant “into ts stock
chromosome mainténance

E5 y sc cv ,hoquyggus
E7 Y sc homozygous
B9 y sc cv car d
E25 y hqquygous
E27 y s¢ T car. homozygéus
E3H y sc homozygous
EAS5 ¥y sc cv g |
EA6 yscevv d
E76 | y.sc g
B2 | yv J
E88 ysceovy d
E94 ¥¥_sc homoi&gous
X8 y homozygous
mo | y d

61V ES yeov homozygous

EI11 .
| B2 | yev J




Table Ia

General genetic properties of stocks. tested for tempe:ature-sensitivity

. o ] ) 1 viability
mutant | mutagen ~viability index regional at 29°C
L . 21 5°C 29°9¢ - 1oqalization very {slightl not

E5 EMS homo=30.6 |homo=0,0 v=sn v

E7 EMS 1.25 0.0 cv-sn v

E9.. EMS homo=73r?.,homo =0.0 | near cv -

E25 "EMS homo=86.8 homo-0.0 - 'ev=sn v

E27 | _EMS "hqm§535.6 hdﬁo=0,0 ~ cv-sn v

E¥% | EMS | 0.98 0.08 at sn v

E45 | EMS |homo=60,3 |homo=0.0 v-f v

E46 | EMS "I homo=35:6 |homo=0,0 | ccar:l v

E765 | EMS 0.17 0.0 car-1 o

B2 | =EMS 0.77 0.0 at cn, v

"EBB. | EMS | (0.5 0.0 | atuwy v

E94 EMS 0.92 0.0 cv-sn ﬁ;ndt;deté?miﬁed

X8 :Ziféys homo=47,0 |homo=0,0 | right of v o v

M_Q“ Mitomycin| 0,42 0.0 f-car. : v
ewvss| ms | 013 | oo | &f not s

EIII .

Es2 EMS 0.75 0,0 v-uy ' v

1 Viability index = ifequency of ts males I -

frequency of heterozygous (ts/FM-é or M=5) females
In the homozygous ts stocks (homo) the figures represent the average
number of offspring hatching in cultures set up in an identical man-
ner except at different temperatures,

2 Example: v-sn means that the mutant is located betwen y and sn

3 Ma}g§ not fertile at 29°C

4 Homozygous females not fertile at 29°C
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to a balancer stock, FM-6/y, and backcrossing the y..ts../Fl-6 females to

Yeets., males, In cases where homozygous females were sterlile or lethal,

the y..ts.. chromosomes were maintained in males by mating to females carry-

~.int the compound X chromosome, C{(1) RA, marked with y and f, Before the
{

II.

>

presence of non-leaky ts genes, The ts lethals tested and their genetic pro-

N

perties are shown in Tables Ia and Ib (mode of origin, viability indices,

genetic positions, markers on the ts chromosomes).

Determination of autonomy

The unstable ring X chromosome, In (1) x°2, wvc. (referred to as HX?),
was generated by irradiation, with X-rays, of the ring chromosome, R(1)2,

containing the inversion, In (1) w’C (Hinton 1955), The resulting chromo-

some, va. is characterized by variable degrees of instability which produces

gynandromorphs, XO males, and dominant lethals in progeny of,g!?:bearing

females. gf?-bearing males are sterile and the ring is maintained in females

balanced over the In (1) d1-49, v w 12z° chromosome (referred to as d1-49)

contributed by fertile males in the stock, The males also carry the sc8-Y
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chromosome which includes the entire Y‘chromosome and the tip of the X in-
cluding 1(1)J1%, y*, an& sct.

Virgin EZC/Q;:QQ females raised at room temperature and less than 3
days old were mated to y..ts.. males also raised at room temperature, 20
pairs were allowed.to mate and lay eggs for 5 days at 29°C in quarter pint
bottles containing standard Drosophila medium. The same procedure was car=
ried out at 21,5°C, The P, flies were then discarded and the F; flies allowed
to develop at these temperatures.. All viable progeny including those that
adhered to the medium or remained in the pupal cases were counted and clas-
sified. Dead uﬁhgtched pupae were classified in the 299C cultures by dis-
;ecting them to determine the phenotype of the developing imago. Any mor-
phological abnormglitiesiin ihe gzp/x..ts.. females, whether they were stuck
to the medium, dead, or unhatched were noted,

In crosses of EZ?/@!:&? ?x 1;;E§L-[l ¥, primary non-disjunction in
females generated w'C/d1-49/Y females wh}ch are phenotypically similar to
gzp/x..ts.. females, In order to minimize the number of such females erro-
neously classified as gzg/x..ts.., several precautions were taken, Putative
g!? Yeoets.., females were separaﬁed into two.;lasses, those displaying external

mosalcism and those phenotypically wild type. Mosaic females from the 29°C
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cultures were tested intensively in the following manner, Those mosaic for
y and other recessive markers were classified unequivocally as y.,.ts,. mosaics.
Those displaying only y patches of tissue bﬁt having normal female genitalia
were tested to determine whether the g;;gg chromosome was ;pbfact carriedf
If this chromosome was detected, the females were classified as primary excep-
tional females. However, most of these femgles were sterile, They were in-
clude§ in the y..ts., mosaic class if dissection did not reveal the presence
- of colourless Malpighian tubules or testes ?ue to the presence of the w gene,
The majority of X‘mosaic females were gynandromorphs showing mosaicism-of =
‘the external genitalia and therefore were sterile. These were dissected
likewise and classed as products of primary non-disjunction if they had unpig-
mented Malpighian tubules or testes, Otherwise, these were considered to be
Ye.ts.. mosalcs. At 21,5°C mosaic females were classed as y,.ts,.-bearing
females unless patches of w 12z° tissue occurred, All other non-y females
whichvdid not show mosaic patches under a dissection microscope at 25X magni-

fication were, at both temperatures, classed as w'C

-bearing non-mosaics as
regards external characters. Henceforth, females manifesting external mosa-
icism. will be referred to as mosaics while those females bearing the EXQ

chromosome which are not mosaic for external_.phenolypes:uwill . be:calleéd .non-



13
moséics.
Any y..ts.. males that survived at 29°C were mated to C(1) RA/Y females
at room temperature to check their fertilityn' These adults were t:ansferred

to fresh vials and kept at 299 to determine by absence of male F; progeny

whether the ts gene had still been present.

males and to y cv v f/Bs Y y+ males in the same manner as described above to.. :.

measure the survival of non-lethal mosaic and non-mosaic females. They were
?
also mated to»we bbl/BS Y males to measure these frequencies with a non-is
lethal. The latter test should give results comparable to those obtained
with the y..ts.. chromosomes at 29°C. 1In all cases, the classification pro-.
cedure described for the y..ts.,. tests was followed., However; since primary
‘non-disjunctional females cqulq be detected in female progeny by the presence
of the Bar marker in the last two crosses, the precautions in scoring mosaic

and non-mosaic females did not have to be taken. (For a description of all

the mutants and speciai chromosomes used above, see Lindsley and Grell 1968),

IITIy Determination of the frequency of non-disjunction in the w'C stock

Since the gyc/dl-49/x females resulting from primary non-disjunction
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Figure 3

Other crosses made in the investigation of.autonomy

vC

A. Control test of primary non-diSJunction in W' -bearing 99

y gvov f/BSY‘y+ g _ch/al—h9 Q9

21.59C and 29 °C

score w'C/d1-4 9/ Y vt oo VC/y cv.v f % yevv £/d1-49 @3 y cv v £/0 O

primary ) primary

exceptions 4r—””"’/1“‘~‘““--5> exceptions
@ with mosaic patches wild type 99
(mosaic) (non-mosaic)'

B. Controls to determine regular mosaic and non-mosaic frequencies

WC/d1-49 99

21.5°C and 29°C

y sc cv v f car/Y ¢

score gzp/yfsc dv v £ ca§>Q y sc ev v.f car/dl-49 @
“

nosaic non-mosaic

Co.-Test of a non-temperature—sens1t1ve autonomous. lethal

wC/a1-49 99
21.5°C and 29°C

W bbl/BoY & -

score . W C/u vl bb- © w® bbl/d1-49 ¢
(non-mosaic) " g
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Figure 2

Cross carried out for a determination’of the autonomy of éach

temperature~sensitive mutant

yeetse. /Y &8 §  iC/a1-49 @

21,5°C and 29°C

SCOre  Yootse./d1-49 -9 ‘ﬁyc/y..ts.i‘%; Yeots../0 G primary  others
B exceptional

Qs

@@ with y.tissuel!ruicompletely wild type 99
(mosaic) (non-mosaic)
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Figure 1
Crosses made for different aspects of the study

A, Determination of temperature-sensitive lethals

ts/y ¢ x KX/Y @

B. Insertion of markers on the chromosomes carrying the ts lethal

ts/(F¥=6) or (M-5) Q

y sc ev v £ car/Y O

21.5°C

select y sc cv v T ear/ts 9 x/y ¢
| 21, 5°C
/¥ ¢ select y..ts../Y & x FM-6/y 9
21,5°C 21,5°C

select y..ts../Y d x select y,.ts../FM=6 ¢

21.59C

¢. Rétest of markeq stock

Yeotse./Y © /Y 9 select Yeots../Y O x select y..ts../y..ts.. 9

29°C 29°C 21, 59C

no x..ts../ld ; no survivors stock
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mimic yzc/x..ts..'female§, their frequencies of occurrence had to be esti-
mated, In those cases where mosaicism involved tissues affected by w and 1lzS,
these females could be recognized, However, this criterion could only be
applied in eye tissue, not in the cuticular areas where only y could be de-
tected..

The frequencies of y..ts../O exceptional males does not give an indiéa-
tion of the rate of primary non-disjunctional’fema}e production at permissive
temperaturesvsince X0 males are produced at higher frequencies than XXY fe-
males in crosses involving EXE (Hinton 1955). Under restrictive temperatures
these males should not survive,

In order to estimate the rate of primary non-disjunction in females the

results of one of the control crosses for the autonomy tests was used. 1In

the cross invqlving ycvy f/Bs Y y+, the Y-linked Bar marker indicated non-

disjunction. The exceptional females carrying Bar were then tested to esti-~
mate the number resulting from paternal non-disjunction.

Summaries of all the crosses made are shown in Figures 1, 2, and 3.

IV. Determination of temperature-sensitive period and effective lethal phase

Since the assessment of the autonomous or non-autonomous behaviour of a



18

given ts lethal requires knowledge of the time at which temperature affects
the viability of the indiyidual carrying the ts mutant (the temperature sen-
sitive period or TSP) and also of the time at which exposure to the restric-
tive temperature during the TSP manifests itself phenotypically by death
(the lethal period or LP), these periods were determined by the folloﬂing
procedure, Groups of 50 - 100 pairs of flies from each ts stock were placed
in empty'half pint bottles inverted over petri plates containing standard
Drosophila medium and allowed to lay eggs at 21,5°C and 29°C for 1 - 2 hour
periods, Usually, 50 -1100 eggs could be collected with;p such an interval,
These. were maintained at the respective laying temperatures and at successive
twelve hour intervals, a 29°C culture was shifted to 21,5°C (shift down) and
vice‘versa (shift up) for totgl periods as long as 240 hours,

After sufficient time to allow emergence of adults had elapsed; the cul-
‘tures of homozygous ts lethals were examined for the number of adults, for
the presence of pupa cases containing @ead fu}ly pigmented imago, for dead
early pupae, and for dead larva at varioﬁs ;e;elopmenial stages as determined
by examination of mouth parts and tracheal development (Bodenstéin 1950).

The onset of the TSP was indicated by the first culture of a shift down which

showed any evidence of death due to exposure to the restrictive temperature -
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Figure 4

A model of reciprocal shift experiments to determine the

TSP based on results obtained with y E25
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and the end of the TSP was indicated by thé first culture in a shift up which
began to yield viable adults (Figure 4). Since loss of the Hzgsbhromosome
can occur at an& time in development, all possible LP's resulting from the
exposure of a cﬁlture to restrictiQe temperatures at different times were
determined. This was done by noting all the stages at which death occurred
in the shift cultures.

In those stocks in which the ts mutant was maintained in males only,
cultures were examined in a manner similar to that outlined above except that
certain precautions were taken to differentiatg between male and female pro-
genyo, _Fully pigmented pupa were sexed by the presence of sex comb and genital
apparatus, whereas the presence of testis or ovary upon dissection was used
as. the criterion in early unpigmented pupae and third instar larvae. Exten-
sive death in the first and second instar larval stages with the emergence
of the expected number_pf female progeny was assumed to indicate effective
lethal phase in the early instars.

Controls for these shift experimgnts ﬁere carried out using a y sc cv
v f car stock maintained in the males, The procedure described for the Y.

ts,.ﬂstocks was followed in this case also,
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Table II

Number in each class of offspring of the cross: y..ts../}‘dﬁ‘x_EYQ/dl-49 Qe

chromosome

-d1-49 | non-mgsaic .mosaic X0 .| 1°excep-. -
. ‘tested Yeotsde WY ol ¥ i’ d tiona others|total]
. 0 Yo ts. ¥ Veetse ™ ' 14 ' _
al . 835 79 [65stuck |[94stuck [3 206 [1284
y sc cv E5 b 8 3 9 10 - 7
L cl 377 171 10 67 3 99 | 816
al 176l 127 103 22 3 386 2402
y_sc B7 b 17 14 22 9 3 38
c| 726 371 211 86 3 | 267 |1674
a 431 47 30 29 1 62 510
y sc cv E9 v car b 11 2 12 21 - )
c 336 146 134 4dy 5. 41 706
a 956 92 52 4 4 109 | 1221
y-E25 b 12 10 63 152 - 16
' c 546 - 220 166 287 4 78 11355
) a 893 80 18 1 6 163 1161
y sc 27 £ car. b 6 6 14 - - 7
c 895 364 253 149 9 84 |17
a 886 | 51 29 6 9 285 1276
y sc E34 b 9 9 48 104 - 31
c| 750 372 293 | 149 7 | 110 1680
a| 2524 222 71 19 13 383 [3233
¥y sc cv E45 b 2 6 8 11 - 6
o] 4oL 222 150 70 5 73 11014
al 1241 110 8 3 5 302 | 1671
yscevv EW b, 11 20 210 10 - 16
c| 852 36 238 148 15 | 132 1709
a 874 61 Ly 14 1 126 (1120
y sc E76 . bl - 10 8 9 6 - 9
el 656 307 187 70 5 | 49 |1276
al 1153 76 37 (.1 dedd 3 195 | 1465
y BE82 v o] 2 14 25 49 - 25
c 620 . 290. 117 71 12 33 11203
- a| 1542 125 15 1 5 234 | 1922
yscevv E8 b 15 17 14 - - 18
_ C 404 222 179 117 6 116:.1 1134
; a 1423 154 100 3 2 229 | 1913
y ‘sc E94 b 17° 7 13 3 - 6
c 731 254 Zlé 158 - 40 | 1399
a] 2209 194 11 - 15 | 433 | 2865
y X8 v 23 28 30 - 19 | 87
c| 1110 487 303 212 b | 326 | 24l
] a 187 9 - - 2 219
w° bul/BSy b L 6 - - - 3
c 732 219 - - 24 98 | 1073
. a 556 65 86 65 3 136 | 921
yscevvfcar b 6 9 18 13 6 -
c 562 216 210 75 8 | 147 [ 1214
- al 1045 131 96" 106 .8 897 | 2284
y ev v £/35Y y* b 18 13 12 6 1 77
c 623 206 188 98 31 560 | 1708

~at 29°C
at 21,5°C

. Qo ®

unhatched ﬁupa at 29°C
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RESULTS

After a number of y..ts.. mutants were tested for complete lethality at
29°C and survival at 21.5°C, 16 stocks listed in Table I were sélected for =
tests of autonomy. Of theses, 3 were subseqﬁently found to be unsuitable for
further intensive study: y cv v E52 was found to be very leaky (i.e. gave
large number of survivors at 29°C) when outcrossed to the unstable ring stock;
M10 was completely sterile when mated to gyc/gizﬁg females at both 21.5°C and
29°C (at both temperatures, a number of white opaque eggs which usually fe-
present unfertilized eggs or very early embryo§ic death were recovered; this
may be related to the fused wing phenotype of the Z;Mlg-bearing males); th? "
third y..ts.. mutant, 6IV BS EIII, was too poorly fertile to merit investiga-
tion.,

The number of individuals in each of the expected phenotypic classes in
tests of each lethal at 21,.5°C and 29°C, as described in Figure 2, are found
in Table II. From these numbers, the relative viability of females in which

the ts lethal might be unmasked by loss of the va chromosome was indicated

by the ratio of the number of gzg/x..ts.. mosaic and non-mosaic females to

the number of y..ts../dl-49 females at 21.5° and 29°C, respectively, The

degree of leakiness of the ts mutants when outcrossed was estimated by
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Table III

Ratio of the number of HZP-bearing females and exceptional males to ﬁhe

number of y..ts../d1-49 females.

(value referred to as relative viability ratio or RVR).

" ¢hromosome osaianon- _matro-mosaic non- | total
tested ¢* hosaic| X0 ¢ iclin- 9** osaic| @
: & ous @ Sl
¥ sc cv ES 2078 ,0095,..3113 (7004 .078 .091 .169
' — 276 s 178,008 L259 L4290 .688
Yy sc E7 .058 ,072 ,013 .,003 ,058 ,068 ,124

291 ,s511) ,118 o004 .270 486 .756
.087 .13 ,085 ,003 ,086 .13%4. .209
.399 .43s .13l ,019 .389 ,410| .829

y sc cv B9 v car

y E25 054 ,099 .00 ,004 .O054 ,095 .149
«30M 495 526 .007 .286 470 .756
y sc E27 f car 0200 ,090/ ,001] ,007 .0200 ,.086 .,1l0%
0283 407 164 .010 .268 ,382 650
y sc B34 .033 .,056 ,007] .010 ,033 ,052| ,08%
.391 496 ,199 009 375 .871 ,8h6
y sc cv EA5 +@28 ,088, .008 .009 .,028 ,084 ,112

.00 ,089 ,002 ,004 ,004 085 ,091
0279 L451 174 ,018 .,272 426 ,698

y sc cv v E4b

y sc E76 .050, .070, ,016 ,00Y ,047 ,066| ,113
.285 468 ,1070 ,008 ,268 (443 ,711
y E82 v .032| ,066 ,001 ,003 ,031 ,062 ,093

o264 L468) ,115 ,019 .258 443 ,701
.010, .081 ,00Y ,003 .009 .077 .086
0362 449 ,237 .001 .338 424 ,762

y sc ev v E88

'y sc E9k .070 ,108/ .002 ,001 ,067 ,104/ .171
.295 37,216 - L2700 422,692

y X8 .005 088 - .007 .004 .084 ,089

273 .439 ,191 004 ,252 415 666

we bbl/BSY : - - -l .ou8| ,0u8

‘ «299] .299

J117| .005 159 .117| .272
L1340 L0184 L374 L384 ,758
.101| ,008/ ,092| ,125/ ,217
152 ,050| .302 .331| .633

yscevvf car

y ov v £/B5Y y*

[ e = N
TR PP P TP RPN I P PP TR D S

“* not corrected for primary non-disjunction in females
** corrected for primary non-disjunction in females

a at 29¢°C

b at 21,5°C
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the ratio of y..ts../O males to Veots../d1-49 females at the two temperatures,

These ratios will»be.:eferred to as relative Viability ratios or RVR,

RVR were adjusted to eliminate distortion caused by misclassification
of nqp-disjunctional females as EYC/X..ts... Although extensive precautions
were followed to eliminate such misclassification, it could not be eliminated
completeiy. Control tests showed that the ratio of primary exceptional to
regular females was 0,008 at.29°C and 0,050 at 21.5° (Table III). Further-
more, at both 21,5°C and 29°C, half of the exceptional BS females éhowed
mosaicism, thus contributing 0.004 at 29°C and 0.025 at 21,5°C to each of
the mosaic and nqg-mosaic class ratios, These values were used to correct
the ratios of the y..ts.. results,

In all autonomy experiments, females could be unambiguously-classified
as primary non-disjunctional offspring only if they were mosaic for external
tissue since only thosq’displayinglz patches were tested or dis;gcted to
determine the presence of the d1-49 chromosome. Therefore, the ratios of
matroclinous females (Table III) represent only non-disjunstional mosaic
females. The corrections were made in the following manner; ;f the frequepcy

of verified non-disjunctional females in the crosses was greater than 0,004
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Table IV

Ratios of the Relative Viability Ratios of w'C-bearing females

(21.5°c/29°C)

. Ghronosoeme mosaic | non- [total’

 tested ? mosaic | ‘%

- , 2 o
¥ sc cv ES 3.3 47| 4.1
y sc E7 4,81 7.2 | 6.1
y sc ¢cv E9 v car L,5 3.1 4.0
y E25 5.2 5.0 5.1
©y sc E27 £ car | _13.4 L4 6.1
y sc E34 11.4 9.1 | 10.0
y sc cv B45 10.3 5.1 6.4
y sc cv v B46 45,3 5.0 | 7.7
y sc E76 5¢7 6.7 6.3
y E82 v 8.3 72| 7.5
y sc cv v EB8 37.6 5.5 8.9
y sc E94 4,00, b1 41
| X8 _50.41 409 | 7.5
éverage 15,9 546 6.4
¥® bbl/BoY - 62| 6.2
y sc cv v f car 2.4 3.3 2,8
y ev v £/B5Y y* 3.3 2.7 2.9
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or 0,025 at 29°C and 21,59 respegtively, no change.was made. However, if
it was less than this figure, the difference was subiracted from the y..ts..
mosaic RVR. For non—mpsaic females, the established control value kas sube
tracted from the RVR of non-mosaics at both temperatures. An analysis of
variance on the corrected and uncorrected ratios showed that the statistical
distortion of mosaic and non-mosaic values by misclassification of non-dis-'
junctional offspring was negligiﬁle.

These._.corrected mqsaiqAand ppp—moséic values at 21.5°9 (Table III) ﬁere
taken as a ratlo of the respective values at 29°C (Table III). Thus, a value
greater than 1,0 was an indication of decreased viability at 29°C (Tablg Iv).

Similar ratios were calcu;ated ffom the results of non-lethal control
experiments. It can be seen that both classes of HX?-bearing females of the
controls decreased in frequency at 29°C, and that this decrease was of the
same order #o magnitude in both phenotypic classes for both controls (Table
Iv, average ratio = 2.9). This decrease never exceeded the values'obse:ved
in tests of y..ts.. chromosomes, where it varied from 3 - 9 in non-mosaic
.females and 3 - 5% in mosaic_females. These control values may simply re-

flect a decreased viability of females which carry the unstable ring at.29°C.
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Results using. the pp} mutant to obtain mosaic and non-mosaic frequencies
for an autonomous non-temperature-sensitive lethal gave a ratio of uXPAﬁe bb;

to w® bbl/d1—49 of 0,299 at 21,5°C. This was decreased by. 6.3 times to 0,048

at 299C, These frequencies of surviving_gﬁ?/we bb1

females may indicate the
propqrtion of zygotes in which no ring loss had occurred, loss occurred in
tissue in which activity of the locus was not required, or loss occurred in-
ternaily very late. Decreases in viabilities of EYC/X.;ts.. females of sim-
ilar magnitude were found for some its mutants at 299C (Tablg Iv).

Before a closer analysis of the ratlios is made, results indicating the
penetrance of the ts genes will be investiga#ed. Penetrénce of a gene, that
is, the actual phenotypic manifestation of an allele, has been shown to vary
wiﬁh differing environmental and genetic factors so that "Durchbrenner" or
lethal-bearing "escapﬁgs" may‘either survive to tbe adultvstage or die only
at a later effective lethal phase (Hadorn 1951). Upon outcrossing, some of
the ts mutants survived as hemizygous males at 2§°C, indicating that the
lethal phenotype had been affected by genetic modifiers. Therefore, although
all 13 y..ts.. mutant stocks were initially confirmed as complete lethals

at 29°C, viability could be affected by altering the "environmental milieu”
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upon outcrossing to the ring-X stock. Indeed, only two of the thirteen mu-

tants tested (y sc E27 f car and y X8) remained completely lethal upon out-

crossing (Table II). Both y E82 v and y sc cv v E88 gave only one y.Jts..

male (In the case of y E82 v, the male was dead.) in all crosses at 29°C and
so can be classed with those that maintained their temperature-sensitivity.

Another group of mutants showed a very slight leakiness; y E25, y sc E34, y

sc cv A9, y sc cv v E46, and y sc E94 with ratios of XO males to Ve.ts../

dl-49 fgmales varying from:,002 to 0,008 at 29°C, and RVR of 0.142 to 6;526
~at 21.5°C (Table III), A third class appeared to be more strongly affected
by the change in genetic background for the autonomy tests ;bowed.that X0
male survival had increased to givg RVR of 0.013 for y sc E7, 0.085 for y sc
cv E9 v car, and 0.016 for y sc E76 at 29°C, However, the higher RVR for' v
these mutants at 21.5°C indicated that their relative viabilities at the

high temperature were still very low. In all these tests, the X0.males that
did hatch.at 299C either died at eclosion or were stuck to the medium and
therefore were adult lethals, Even in the case of y sc cv E5 where emergence
of X0 males was high, all adults died soon after eclosion., Since all surviv-
ing males lacked a Y chromosome, the presence of the ts gene could ngt be

verified genetically.
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29°C, which could be a measure of the penetrance of the ts gene in a hgw
‘genotype, was correlated with the frequency of females with mosaic patches
at 29°C, a correla@ion test was carried out., The correlation coefficient,
r, measures whether mutually dependent variables x ( the number of XQ Males)
and y. (the number of mosaic females) are related and ranges in value from +1
(which shows perfect positive cofrelation) to -1 (which shows perfect nega-
tive correlation); a Qalue of 0 indicates no correlation., The correlation
coefficlient, r, may also be an index of the closéness of fit of the observed
points (n) to the estimated line of regression, The iarger the absolute
valﬁevof r, the closer the points will fit the line; if r = *1, every point

will be exactly on the line, Also,

v o (%) (3-p) -
A where x and y are the means
j?i(x—i)zzxy-§)4 of the x's and y's

To test a hypothesis of correlation, t-tables can be used since

t = oy

; 1-r/n-2

The correlation coefficient was calculated on the raw data (that is, with the

number .of mosaics as one variable and the number of XO males as the other),
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Table VI

Data collected in the scoring of "shift" cultures of y E25

time of # of ' .
shift. eggs results

down(hr.) laid
: 50 40 live adults

20 50 42 live adults

4y 50 43 live adults.

68 50 45 live adults

92 50 46 live adults

111 L4y 7 live adults, few dead third instar larvae
116 50 30 live adults, few dead third. instar larvae
120 30 all dead third instar larvae

140 86 few live adults, dead third instar larvae,’
152 59 1 dead late pupae, partly eclosed dead adults,
160 . 34 and dead adults

170 30 1l live adult, dead third instar larvae

175 o4 dead third instar larvae, dead early and late
185 50 pupae

188. 50 mostly dead third instar larvae, some dead
190 75 pupae, dead partly eclosed adults, dead adults
~el2 100 mostly dead late pupae

- Death occurred in the culture that had been shifted down after 11}
hours at 29°C, therefore, TSP must begin somtime between 92 and 111
hours, LP extended from third larval instar to adult stage.

time of . “# of T S
shift eggs results
'ugghr,) laid o
50 dead late pupae

20 40 dead late pupae

4y 40 dead late pupae
68 40 dead adults, dead partly eclosed adults, dead
92 32 late pupa

111 40 live adults, dead adults and pupae

116 30 6 1live adults, dead adults and pupae

120 76 19 live adults, dedd adults and pupae

140 35 7 live adults, dead adults and pupae

152 38 6 live adults, dead adults and pupae

160 38 24 1live adults, dead adults and pupae

170 32 22 live adults, dead adults and pupae

175 43 25 live adults, dead adults and pupae

185 39 29-1ive adults, dead adults and pupae

188 30 11 live adults, dead adults

190 39 31 live adults, dead.adults

4 - 212 30 16 live adults, dead adults.
Live adults emerged in the culture that had been shifted up after

111 hours at 21,5°C, therefore, the TSP must have ended Sometime
between 92 and 111 hours.
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Table V

TSP and LP of the different mu%ants tested ;

mutant tested

TSP

LP

@¢: indispensible

vy sc cv E5 dF: 150 hours (pupa) late third instar to adult
: to adult
25 to 70 hours
y _sc E7 " I(first instar larva to first instar larva to adult

third instar larva)

y sc cv E9 v car

-170 to 180 hour
(third instar larva to
late pupa)

prepupa to adult

92 tolll hours
(end of third instar
larva stage)

late third instar to adult

60 to 165 hours
(third instar larva to
mid=-pupa)

third instar larva to late pupa

50 to 80 hours.

y sc E34 (second instar larva to [third instar to adult
third instar larva)
0 to 140 hours

y sc cv E45 (egg to mid-pupa)

second-third larval intermolt to
adult :

y sc cv v E46

0 to 120::hours
(egg to early pupa)

first instar to eclosion

0 to 240 hours

y sc E76 (indispensible) first instar to adult
60 to 140 hours -
y E82 v (third instar larva to

mid-pupa)

second=-third larval intermolt to
eclosion ’

y s¢ cv v E88

80 to 150 hours
(third instar larva to
mid-pupa)

third instar to late pupa

128 to 125 hours

y sc E94 (first instar larva to first and second instar larva,
early pupa) pupa, adult
82 to 97 hours _

y X8 (dQuring late third instar|pupa to adult

ilarva)
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The value of r was 0,330 and of t (11 degrees of freedom) was 1,158, With
11 degrees of freedom, the Yalue of t at the 5% level of significance is
1.796; thus, no statistically significant correlation was indicated in this
analysiss In comparing the RVR of X0 males and mosaic females, r was found
to be 0,593, ihe corresponding value of t (11 degrees of freedom) was 2.444,
while t at the 2.5% level of significance is 2,201. Therefore, at the 2.5%
lefel of significance, the null hypothesis that there is no correlation can
be rejected, meaning that X0 survival is related to viability of mosaics.

Besides the penetrance of the is gene, its TSP and LP might be expected
to.affect the frequency of mosaicism at‘29°C. »The temperature-sensitive
periods and lethal phases of all the mutants studied are shown in Table V.
A sample of the method of scoring for one y..ts.. mutant is given in Téble
VI. It must be pointed out that the determinations of the TSP were very crude
owing to conslderable asynchrony in lérval development. Because of this,

organisms in shift cultures were of different ages and could, therefore,

react to the temperature change in a number of ways.

Although control shift experiments using the non-ts, y sc ev v £ ca:[l

stock. were set up in an attempt to standardize developmental time and rates
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at the two temperatures, these could not be used as stringent controls for
the ts expériments since the rétes of development may vary with each genotype,
However, these conirols did provide a measure of the amount of lethality in
a culturg at different developmental stages that might have resulted from the
temperature change alone, This levéi of lethality was taken into account
when the y..ts.,. shift experimepts were being recorded.

A étgtistical test was uéeé to determine whether there was any correla-
tion between the length of the TSP and the magnitude of the decrease encoun-

tered by the mosaic class due to the temperature difference as measured by

RVR21‘5°C/RVR??°C. The tests sh?wed that there was no correlation atvthe 5%
level of significance,
In addition to the above results, information on three ts ﬁutants was
obtained from the.autonomy and TSP experiments, Red pigment granules were
j

found in the Malpighian tubules of larvae, pupae, and adults, both alive

and dead, of the mutant y sc E27 f car at 29°C, y:sc cv E45 males developing

up to the late pupal stages at 29°C had dark pigment deposits on their dorsal
abdominal surfaces., These abnormalities were definitely associated with the
ts gene since they did not occur at 21,5°C. Also, they did not occur at 29°C

in non-ts individuals which had the other recessive markers., The sexual



34

dimorphic nature of y sc cv E5 (Tarasoff 1968) was confirmed (Table V).
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DISCUSSION

The study of cellular autonomy is of biological interest as a method of
gaining an insight into the nature of cell to cell.interactions. The influ-
ence of one functioning cell on the activity of another is an integral part
of the differentiation and regulation of a multicellular organism., From the
definition of autonomy used in this study, genetlic cell to cell interactions
can be studied by determining whether cells of one genotype can alter the
phenotype of a genotypically different cell, Although such a condition does
not normally arise in a developing individual, such genetically contrived
mosaicé may, ip”?act, mimic states of differential genetic activity in dif;m
ferentiated cells, Thus, studies of autonomy could.paralleluthe;processuofj
differentiation, and whatever information abouﬁ‘genetic interactions between
cells that is gained from thege studies might reveal interactions taki;g.

place during development,

These studies of autonomy involved the analysis of mosaics in which cells

or tissues of one genotype are juxtaposed to genetically different cells,
Thus, 1f a mutant genotype being studied is autonomous and viable, mosaic
patches of mutant tissue will be detectable phenotypically, adjacent to wild

type tissue. The size and location of mosaic tissue may suggest the-devel-

-~
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opmental_time at which genetic activity is initiated gnd repressed and its
tissue épecificiﬁy. In these studies, however, the phenotype_of each mutant
was lethality and therefore chromosomes carryiné the letbal gene were marked
with autonomous visible mutants in order to detect the presence of non-auton-
omous mutant tissue. In such a case the size and location of mosaic tissue
may suggest thé time after which autonomous genetic activity is repressed
and/or tissue in which the lethal gene does not function.

A demonstration of non-autonomous genetic behaviour of a mutant suggests
the presence of a diffusible substance in the wild type tissue which can
modify the phenotype of mutant cells. Thus, the recognition of non-auton-
omous mutants may provide a bio-assay which would permit the isolation of
diffusible féctor(s) produced by the wild type tissues, Characterization of
the requirements of such "supplementablef mutants could ultimately permit
cell culture selection techniques comparable to those used in microorganisms.

These studies of autonomy were facilitated by the use of temperature-

sensitive lethal mutations. Previous studies of autonomy in Drosophila mela-
nogaster involved the use of non-conditional lethal mutations (Demerec 193#;

Ephrussi 1934; Stern 1934; Poulson 1948; and Oster and Sobels 1956).where

the frequencies of mosaic patches in flies heterozygous for the lethal
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mutant were compared.with‘the frequencies of mosaics in non-lethal-bearing
individuals., The ts mutant provides a moie rigid control since mosaic fre-
quencies in flies of the same genotype can be compared at 29°C and 21,5°C,
Genotypic control and the easé of imposition of the selective condition
greatlywenhance'the study of léﬁhallautonqmy.

In addition, in studies of non-ts lethals, it cannot be said definitely
that the mosaic patch of mutant tissue was produced during lethal activity
of the mutant. The mutant patch could'have been produced.after lethai activ-
ity had ceased. Hdwever. the TSP of a ts mutant is the time during which
genetic activity can be altered to result in lethality of the mutation, Thus,
mosaic patch production after exposure of the developing fly to lethal tem-
peratures during its TSP may be the result of non-autonomy; Yet, it must be
remembered that mutant activity will be expressed only in tissue requiring
genetic functioning of that particular locus. So, although by using a ts
mutant, it can be said that lethal genetic activity was being expressed dur-
ing a specificitime interval, this activity results in lethality of certain
tissue éausing death of the whole 1ndividyal. It does not necessarily mean
a small patch of other tissue will be affected by the ts lethal mutant, In

order to say specifically that the mosaic patch was expressing mutant activity,
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knowledge of both TSP and tissue specificity is required. In this respect,
the use of a ts mutant is no more advantageous. However, once autonomy has
been confirmed, the advantages of the ts mutant in further investigations
are numerous,

Turning now to the experiments performed, the technical difficulties in
evaluating the results will be outlined initially, A major probiem arises
because the mere presence of mosaic patches at 29°C does not necessarily in-
dicate non-autonomy of a mutant since other factors may contribute to the
production of mosaic tissue, In the following discussion a number of these
will be considered and it will be determined whether they affect the frequency
of mosalcs scored in these tests,

Mosaic patche; can be produced by abnormal genetic events not involving
actual loss of the tst gene; for example, loss of fragments of the ring-X
chromosome unmasking only certain recessive markers while maintaining the
wild type allele of the locus has been suggested (Singer 1969, personal com-
muﬁication). In the present experiments, it was found that in most cases
where y tissue was detected, other recessive visible markers linked"to_l (§9,
cv, vy f, and ggg) were also expressed.. Thus, if loss of only small fragments

bf the X-chromosome. occurs, it is infrequent and the loss generally involved the
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entire ring-X (including the locus of the §§+ gene). Moreover, since the
final analysis.of the data was made by comparing the relative frequencies of
mosalics at the restrictive and permissive temperatures, this factor should
cancel out if thg rate of loss of y+ was independent of temperé@gxg}' Thus,
generation of mosalc patches through loss of small regions of the ring-X,

I feel, is probably unimportant.

The prdduction of mutant tissue through somatic exchange alsq should not
distort the estimate of autonomy based on the frequency of recovery of mosaics.
Somatic crossing over between the mutant marker and the ts lethal results in
the formation of twin spots, tissue homozygous for the lethal and the mutant
marker, If death of cells homozygous for the ts lethal does not kill the
fly, nonrauionomy of the lethal. could be suggested by éﬁrviving mosaic tissue,
Also, if somatic recombination is indgpendent of temperature, the contribu-
tion t6 mosaic frequencies by somatic crossing over should be similar at both
temperatures, Moreover, since most mitotic crossing over occurs iﬁ proximél
heterochromatin (Ste;n 1936) the marker and the §§‘lethal should remain linked.

The possible distorting effects of a number of other factors have also
been ruled out., The presence of females resulting from primary non-disjunc-

tion and therefore having mosaic patches which do not carry the ts lethal
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was found to be too small to affect the estimated frequencies of lethal mo-
saics. The markers (y, sc, cv, i,.and car) used to identify the mosaic
patches of ts tissue were shown to be autonomous (Sturtevant 1932) at both
temperatures. The number of recessive markers linked to the ts gene would
not affect the relative frequencies at ihe two temperatures unless there was
a drastic and unexpected temperature sensitivity of the markers,

In spite of the elimination of these possibilities, the presence of :
mosaics at 299 does not confirm-the non-autonomy of a ts lethal., Mosaics
could survive if hemizygosis of the y..ts.. chromosome at 29°C took place
after the time that ts gene lethal activity had taﬁen place, Althoﬁgh the
tissue specificity of the mutants was not investigated, the TSP was deter-

mined. It was expected that the longer the TSP, the greater would be the

chances of EZE loss during that interval, Thus, it was anticipated that

there would be a slightly decreased frequehcy of mosaic survival with non-

autonomous mutants and a markedly decreased frequency of mosaic survival with

autonomous mutants of long TSP's at 29°C., Analysis of the results showed

that the length of the TSP and the magnitude of the decrease in the mosaic

-class at 29°C were not. statistically related. This could mean that both non-

autonomous and autonomous mutants were present in the sample. On the other
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Table VIT
- Description of y..ts.. mosalcs surviving at 29°C

y s¢ cv v E46
1. half of sixth abdominal tergite yellow, half of fifth abdominal
) tergite missing
2. eyes vermilion, half of fifth and sixth abdominal tergites yellow,
genlitalia mosaic
3. parts of fifth and sixth abdominal tergites yellow, half of fourth
abdominal .tergite missing
4, half of fifth and sixth abdominal tergites yellow, genitalla mosaic
eyes- partly vermilion
5. fifth and sixth abdominal tergites yellow, genitalia mosaic, fly
ghuzk stuck to medium
6. half of fifth and sixth abdominal tergite yellow, genitalia mosaic
-7. scutellar bristles missing, genitalia mosaic
8. left half of abkdominal tergites yellow, missing scutellar bristles

y sc cv v E88
1. left legs yellow, genitalia mosaics
2, left half of abdominal tergites yellow, genitalia mosaic
3. bhalf of sixth abdominal tergite yellow
4, genitalia mosaic
5. all abdomen yellow except for half of the first, second and third
abdominal tergites
6. 1left half of head yellow, left eye vermilion, fifth and sixth abdo-
minal terglites yellow, genitalia mosaic -
7. left half of abdomen yellow
8. right eye vermilion, right antenna yellow
9. right half of abdominal tergites yellow
10, half of fifth abdominal tergite yellow
11, half of fifth and sixth abdominal tergites yellow
12. half of fifth and-sixth abdominal tergites yellow
13, half of first to fifth abdominal tergites yellow
14, Dbristles on head yellow
15. not described
*only mosaic patch detected on legss could be due to primary excep-
tional female

y X8

1. half of fourth abdomlnal tergite_ yellow

2., half of fourth and fifth abdominal tergites. yellow, genitalia yellow,

" dead

"3+ parts of abdominal tergites yellow, other parts missing, genitalia

abnormal

4, male genital arch, stuck to medium

5. one antenna yellow

6. one wing and half thorax yellow, individual dead

7. parts of head and thorax yellow, individual dead

8. -small patches of tissue all. over the body yellow, dead
9-11. .mosaics stuck and dead, yellow patches all over the body
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hand, it could be argued that all of the mutants are autonomous but are re-
quired only in certain tissues during the TSP; mutant tissue not requiring
activity of the ts gene at this time will survive and yield mosaics, There-
fore, only when it is known 1in which fissue the ts mutant is lethal during
the TSP will the TS? be of great significance in understanding autonomy,
Thus, in these studies, only when total absence of mosaics or. complete ab-
sence of one type of tissue displaying mosaicism is demonstrated, can a mu-
tant definitely be called autonomous. Mutants E46 and E88, which yielded no
mosaic,patcﬁes on the thorax, wings, ana legs (Table VII) at 29°C, are exam-
ples of the latter.

The survival of y..ts.. males at 29°C in some of the tests probably re-
sulted from altered gene expression under different genetic and environmental
conditions, It must be gsked whether such survival might result from a dif-
ferent mechanism such as the loss of the ts mutant by somatic crossing over,
Hinton  (1955) estéblished that X0 males result primarily from early somatic

loss. of the EZ?

chromosome from X/EXE zygotes, Therefore, the occurrence of
a somatic double exchange 1in the earliest stages of cleavage before or at

the time of gzg elimination, could result in replacement of the ts lethal

by its wild type allele, permitting survival of the X0 male., A test for
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such an elimination could not be pgrformed since these males were X0 and
thérefore sterile, Somatic exchange, if it occurs, can be used to account
for the survival of these X0 males at 29°C, but the possibility of the early
occurrence of such an event spanning only the ts locus, followed by gzg:ldss,
is remote since the frequency of mitot;? double crossovers is itself rare

(Stern 1936). Thus, y..ts../0 malessurvival is undoubtedly primarily the

consequence of fggcapee" activity.

Many of the y..ts../O males that did‘hatch at 29°C died immediately or
stuck tq the mediﬁm ahd died shortly thereafter, The weakness of these males
probably resulted from a prolongation of the LP into late pupal and early
adult stages. Five y..ts.. mutants (E46, E88. E27, E82, and X8) that gave
virtually no X0 males did not have LP's in the adult stage{ whereas all of the
others which yielded some XO male "breakthroughs" had LP's extending into the

adult stage. The higher frequency of X0 adult male of y E5 was expected since

of X0 males to the adult stage due to "escapee" activity at 29°C appears to
be enhanced by the presence of a lethal period in adults,
‘Analysis of results showed that higher mosaic frequencies at 29°C were

correlated with X0 "breakthrough” frequencies at 29°C, X0 male survival in
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turnlhas been found to be greatest in those tis mutants with adult lethal per-
iods. Therefore, mosaic frequencies at 29°C are.higher among those mutants
having an adult lethal period., Such results may mean that in some cases the
is gene in the hemizygous mosaic tissue, as in X0 males, is susceptible to
“similar geno£ypic and environmental modifications, Such altered activity
must not be m?sinterpreted as non-autonomous behaviour,

Besides mosalic tissue production at 29°C, which does nof reflect the
autonomous property of the is gene, thé'manipulation of ithe data could affect
estimates of mosaic frequencies., Since the evaluation of the results is based
on the ra#ios of the frequenqy of a particular class to the frequency of sib-
ling In(1) dl-49/(x—chromosome from ?he male) females, and since these‘rela-
tive viability ratios (RVR) were used in furﬁher calculations, it is impor-
tant to establish the validity_of using the frequency of these heterozygotes
as a common denominator, Are discrepancies caused by differential viability
of the In(1) d1-49/(X-chromosome from the male) female at 29°C and 21, 5°C
which might then distort the relative viabilities of tﬁe mosaic class? If
temperature did affect the development of this class, decreased viability
at higher temperatures is expected since it has generally been shown that

the frequency of emergence of adults from cultures kept at higher temperatures
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is much lower than the frequency at optimal temperatures. Parsons (1959) -
dewonstrated such decreased viability by testing the effect of 31°C as com-
pared with 24°C on various wild type stocks and their F1 hybrids, Therefore,
in tﬁe present experiment, the ratios at 29°C would yleld an overestimate of
mosaic viability'and ten? towards elassification of a mutant as nqn—autonomoﬁs.
In fact, the ratios at 29°C of both mosalc and non-mosaic classes were greatly
reduced over that at 21.5°C. Thus, even if the ratio were overestimated at
29°C, decreased viability was indicatgd. If temperature had no effect on
the denominator, then this ratio would ha&e been much smaller. Since it is
of interest to look at the amount of decrease encountered at the higher tem-
perature, it should be kept in mind that the magnitude of the decrease meas-
ured would be minimal by +these criteria., Therefore, even if tempergtg?e did
affect the viability of the In(1) d1-49/(X-chromosome from the male) female,
the inferences drawn from the ratios wogld be conservative but reasonable,
Comparison between RVR of different ts's are a different matter. In
these cases, differences in heterozygote viabilities in each cross would af-
fect the ultimate ratlos compared, Although adequate tests of differential
heterozygote viability in differgnt crosses were not carried out, there are

no compelling reasons for expecting severe differences between the crosses,
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Thus, in the discussion which follows, it will be assumed that viability of
the heterozygote remains relatively constant from experiment to experiment.
Although all y..ts.. mosaic and non-mqsaic frequencies were decreased
at the festrictive temperatures, the total reduction cannot be wholly at-
tributed to the lethal effects of the y..ts.. mosaic patches, It was found

~-bearing mosaics and non-mosaics also underwent an

that non-ts control va
g

approximate three fold reduction at 29°C. The decrease may result from a
reduced viability of flies mosaic for male and female tissue at higher tem-
peratures. This basic level of decrease must be considered when discussing
ts mutant. activity.

In this experiment we are comparing survival of mosaic tissue at 21,5°C
and 299, This includes external as well as internal mosaic tissue. A dif-

ficulty arises in not knowing how representative external mosaicism is of

internal mosaicism. The degree of internal mosaicism which is not detectable

vC_

X

externally can be estimated by looking at the total decrease of all
bearing females at 29°C, The decreased ffeQuency of the mosaic class at

299C represents the lethality incurred by flies mosaic both externally and
internally at 29°C, whereas the decreased numbers in the non-mosaic class re-

flect additional lethality of zygotes which are completely mosalc internally.
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The results of the bh} experiments can also be used as a base level to
measure the total mosaic frequency‘of the is mutants, The frequency of g?
pp?/gf? females recovered is a measure of females wbich are non-mosaic in
both internal and external tissue if it is assumed that loss of bb' activity
results in lethality at any time in any cell, Since Ritossa et, al. (1966)
have shown that the bb locus directs the synthesis of ribosomal RNA, it is
highly probable that this assumption is indeed valid., The ratio between the
two classes 1is abqut 0.30 at 21,5°C, so it can be said that about three times
out of ten, gzc/ppl females have few if any cells in which the ring is lost
in tissue vital for viability. In other words, seven out of ten developing
w'C/ob! females suffered ring loss-in vital tissue and therefore were lethal
‘by control experiments, ié also about 0,30 (ie., three out of ten ring-bearing
females suffergd loss of QZE in external somatic cells), If these mosaics
in the controls can be considered representative of the mosaic females re-
sulting from loss of_gzg in any external tissue (although they are based on
the numbers of females mosaic for the specific markers, ¥, sc, gz, v, f, and
car) and if the numbers seven out of ten are taken to be an estimate of the

frequency of females that undergo any loss of gZE (although it is specifically
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the frequency pertaining to any loss in tissue affected by bb activity), then
bit can be said that external mosaicé represent less than half of all individ-
uals in which the ring~X is lost at some stage.

The results obtained from tests of the autonomous mutant. pg}, also pré-
vide values of the viability ratios against which the ts values may be com-
pared. The dgcreases of themRVR of ﬁhe HX?/EE_DD} females at 29°C cqmpared

to the ratio at 21.5°C (6.3 times) gives a measure of the lethality incurred

by individuals carrying an autonomous lethal and the w’C chromosome at 29¢°C,

This decrease would result from reduced~viability of the gzg-bearing females
at 29°C plus death due to mosaicism for an autonomous non-ts lgfhal. An av-
erage decrease of 6.4 times was found for a}l y..ts../ﬁzs females at 29°C,

a value very similar to the gp} decrease, If pp} is truly autonémous, it

sets an upper limit on viability ratios of autonomous lethal mutants, The

ts mutants that have decreases greater then 6.3 times therefore(musf be auton-
omous; the greater values may result frém an interaction betﬁeen‘the ts and
gZ? chromosomes at 29°C or from a greater 1ethal effect of the gé mutant in

mosaic tissues. This figure will be used as a basis for the classification

of the viability ratios of the ts mutants,

The following mutants ylelded relative ratios of gxg-bearing females
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(21.5°C/29°C) greater than the ratio observed in g!?/ppi_females (6.3) and
therefore were considered to be autonomous: E34 (10.0), E45 (6.4), E46 (7.7),
E82 (7.5), EB8 (8.9), and X8 (7.5).

The greatest decrease of the w'C

-bearing female class was shown by E3M4,
The reduced viability in the mosaic and non-mosaic classes are 11.4 and 9.1
times respectively; so both classes_are reduced equally. It shouldvﬁe pointed
out that the decrease suffered by the non-mosaic éiass in E34 is.the greatest
of all the ts mutants tested (average decrease = 5.6) while the decrease in
the mosaic class is below average (15.9). Since decreases in the non-mosaic
class reflect lethality of internal mosaics, it can be said that E34 is more
effective as a lethal in internal tissue than in external tissue., The very
low frequency of mosaic t};ﬁue is correlated- with a very ;ow frequency of
escapees. X0 survival freqﬁency is 0.007 at 29°C as compared with 0,199 at
21.5°C,

E82, which can also be classed as autonomous, is like g}& in that it
shows the same amount of decrease in both classes (mosaic reduction = 8,3
times, non-mosaic reduction = 7.2 times). But unlike E34, escapee activity

cannot account for the survival of mosaics since X0 flies are inviable at

29°C and no adult lethal period was observed. Since mosaic patches are found
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on all external par?s of the body, it could be speculated that this mutant
is lethalbexclusively ip internal tissue, Such speculation seems reason;ble
when it is noted that the lethality of the non-mosaic class ié greater than
average., If this is true, then ts letgality of EB2 is specific for internal
tissue,

E46 and E88, which have reductions of_the gz?—bearing female class of 7.7
anﬁ 8.9 times, respectivély, have very similar properties, Besides the over-
all reduction of the gzgfhearing female class, the mosaic and non-mosaic
classgs show a similar pattern of decrease: in E46 the mosalc class was re-
duced by a factor of 45,3 times and the non-mosaic class by 5.0 times and in
EB8 the reduction factor for the mosaic class was 37,6 and for the non-mosaic
class, 5.5. Thi; means that bqth are more effective as lethals in externgl
tissue. In both, X0 male survival is negligible (0,001 at 29°C). While the
TSP for E46 is prolonged from egg to early pupal stage, the TSP for E88 was
confined to the third instar to mid-pupal interval. Another striking property
common to both is the complete absence of external mosalic patches on the
thorax, wings and legs, tissues which develop from the wing and leg imaginal
dises. Also, morphological abnormalities in the same tissues and the absence

of parts of these tissues were frequent in non-mosaic and mosaic females,
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?he occurrence of mosaic patches on the scutellum, as indicated by the absence
of scutellar bristles in EA46, may be a result of mutant tissue lethality at
29°C and not gecessarily of scute phenotype manifestation due to the survival
of mutant tissug. Therefore, these genes appear to function autonomously in
cells of the wing and leg discs that will eventually be located on the exter-
nal surface, Whether the similarity between these mutants is fortuitous or
whether they are genetica;ly relaﬁed,cannot be said at this time, However,
they are genetically distinct with respect to map positioé, E46 being';ocated
to the right of car and E88 mapping at wy.

X8 is another autonomous mutaht which is more active in external tissue
(the mosaic class was reduced by'50.4 as compared with the non-mosaic class
reduction of 4.9). Of the 11 mosaic‘adults recovered out of a tqtal of 2865
progeny scored at 29°C, only 3 appeéred to be fully viable, the rest were
poorly viable.(stuck to the medium) or dead, and all had mosaic patches all
over the body. Also, many abnormalities in external morphology were noted
in the gZ?-bearing females} Since it cannqt be disputed that this gene is
autonomous and functional in external tissue, how can the survival of the
few mosaics be explained when there was complete absence of X0 males at 29fC?

wYC loss after the very specific TSP at the end of the third larval instar
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is a reasonable explanation, This assumption is strengthened when it is
noticed that most mosaic patches involved very small areas (Tablg V), the
largest covering half a thorax,

By the standards set with the yp} experiments, E45 is also autonomous,
The decrease in mosalc and. non-mosaic classes at 29°C are 10.3 and 5.1 fespect-
ively, so this lethal appears to be more active ;n external tissue, Thé
very low X0 survival (0,008 at 29°C) and the presence of an adult lethal
period can account for the viability of the mosaics which involve all body
parts. Nothing more can be said about the genetic activity of this ts ex-
cept that the dead y..ts.,. males that developed up to the late pupgl stage
at 29°C had dark pigment deposits on their dorsal abdominal suffaces. This
phenotype is a temperature-sensitive phenomenon, but hoﬁ ;ﬁhis related to
the ts lethal 1is not known,

Reduction of va

-bearing females at 29°C similar in magnitude to that

found with bbl occur in E76 (6.3 times) and E7 (6.1 times). Nothipg excep-
tional was noted from the reéults of E76. quaic and non-mosaic classes were
equally susceptible to 29°C, being reduced by 5.7 and 6,7 times respectively.
The observed escapee activity and tﬁe presence of an adult lethal period ex-

Y.

plainsthe survival of mosaics. This mutant is temperature-sensitive at all
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times so the X0 males that do pupate are all dead at hatching time.

The mutant, E7, is exceptional, It has an unexpected pattern of decrease:
‘the non-mosaic class undergoes a much greater reduction (7.2 times) than does
the mosaic class (4.8 times), Such results can only mean that E7 is most
active in internal tissue. The data a;e made more interesting in light of
the fact that the TSP occurs early in development, between the first and th#rd
instar. More can be said about the genétic activity of E7 but it would all
be conjecture. However, it can definitely be stated that E7 functions auton=-
omously in internal tissue.

Although the survival of the EXF-bearing female with the rest of the
mutants is reduced to a lesser @egreevthan with the ép}, it cannot be said
that these mutants are non-autonomous, E27/w'C females are 5.9 times less
viable at 29°C but its mosaic Elasé:is reduced by 15.5 while its non-mosaic
class is reduced by only 3.7 (N.B., control decrease is about 3.0). Such
data suggest that E27 is autonomous in external tissue but non-functional or
non-autpqpmous in internal tissue. Although some individuals recovered had
mosaic patches all over the body at 29°C, these mosaics were either dead or
nearly dead (stuck to the medium) at the time of eclosion, It is interesting

to note that like E45, this mutant has a temperature-sensitive phenotype -
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red pigment granules in the Malpighian tubules in individuals developing at
29¢°C,

The mosaic and non-mosaic classes with E25 are reduced to a similar ex-.
tent at 29°C (5;3 and 5,0 respectively) to give a total.reduction of the
gX?-bearing fema}e of 5.1, This pattern of decrease is reminiscent of those
shown by E34 and E82 except the degree of viability 25 greater at 29°Q in
this case. Mosaic §grvival does not reflect X0 breakthroﬁgh éctivity which
is negligible in this case.(0.004 at 29°C as compared with 0,526 at 21.5°C).
The. very limited TSP of about tﬁenty hours at the end of the third larval instar
may account.for survival of females with mosa;cvpatches if gZE loss occurs
after this period. If this were so, relatively small patches of tissue should
be mosaic, However, viable mosaics involving more than half the whole organ-
ism are recovered, Theiefore. it can be'afgued that like E34, E25 is auton-
omous and more active in internal tissue, biat unlike @39 and E82, its period.
of activity is short-lived so that its lethal-inflicting ability is curtailed,

The sexually dimorphic ts mutant, E y has a TSP from 150 hours to the
adult stage in males and continuously in females., Decreases in viability of

E5 were not much greater than those found in the controls, as might be ex-

pected since the male TSP occurs very late in development with a LP exclu-
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sively in the late pupal and adult stage. It.is interesting to note that the
pattern of genetic activity of E5 ip hemizygous tissués,reflected the male
pattern even when it was sufrounded by female tissue. Therefore, with respect
to sexually dimorphic temperature-sensitive activify, E5 is autonomous,

0f all mutants'studied, @29 appears to be the mggt non-autonomous, This
ts mutant has equal @écreases of 4,0 in the mosaic class and 4,1 in the non-
mosalc class. External mosaicism was detected throughout the body, The de-
creased magnitude of lethality cannot be explained by»a short TSP_gs in E25
since its TSP lasts from first 1n§§ar to early pupal stage; Norhqan it be
accounted for by "Durchbrenner” activity since X0 male survival frequency at
29°C is only 0.002 compared with 0,216 at 21,5°C.

The temperature-sensitive 1etbality vas least qoticeable in phe case of
E9, which had decreases in the mosaic class Qf 4,2 and in the non-mosaic class
of 3.8 at 29°C; Survival of both external and internal mosaics can be wholly
explained by the X0 §urvival frequency, which is only slightly changed by
temperature (0,088 at 29°C and 0.131 at 21,5°C), an indication of the exces-
sive leakiness of the mutant upon outcrossing.

The above discussion demonstrates that a study of somatic mosaicism re-

sulting from unstable ring loss can indicate the relative autonomy of the ts
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mutants but is npt Precise enopgpmto identify a non-autonomoﬁé mutant une-
.quivocally. In order to prove non-autonomy within this scheme, methods must
be devised tq exclude the production of mosaics in tissues where mutant ac-
tiv;ty is not lethal at 29°C, A more difficult task is the elimination of
survival of mosaics made possible by fDurchbrenner"effects. By chooéing ts
lethals that_are not influenced by changes in genetic background and whose
tissue specificity is known, non-autonomous behaviour can be detected if mo-
saic patches are found in tissue requiring functioning of that locus,

However, this study has proven fruitful in other pespects., It has shed
light into the tissue specificity of some is mutants. With a more detailed

investigation of the occurrence of mosaic patches in mutants such as E46 and

E88, the tissue affected by.a given lethal may be pin-pointed more exactly.
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SUMMARY
The su?vival of mosaic patches of tissue at 29°C cannot be used as a
valid criterion for the non-autonomous behaviour of sex-linked recessive
temperature-sensitive lethal mutants.
However, the relative degrees of autonomy of the mutants were determined
after considering the relativé viability ratios of mosaics and non-mosaic fe-

males, the X0 survival frequencies, the lethal periods, and the temperature-

sensitive periods, Those thought to be autonomous are E34, E45, EN6, EB2 ,
E88, and X8, E46 and X8 are definitely autonomous in cells of the thorax,
wings and legs, éinée no mosaic patches appear in these tissues at 29°C, E76
1s not as strict an autonomous lethal as the preceding ones while E7 is thought
to function autonomously in internal tissue only. EZ27, on the other hand, is
thought.to act autonomously in external tissue. EZ25 is another lethal acting
only in internal tissues but not as effectively as E7. The sgxual dimorphic
is mutgnt, E9, functions autonomously according to its sexual dimorphic nature,
Of all the ts mutants studied, E9Q4 appears to be the least autonomous, The
apparent non-autonomous character of E9 can be explained by a high XO_su;vival
frequency. Therefore, although it cannqt be said definitely that any of the:
‘&.\j§ mutants act non-autonomously, their potency as lethals in mosaic patches

d

varles,
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