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Abstract

The dominant autosomal gene Msc (Multiple §§§;gg§§§) of Drosophila causes the
appearance of sex combs on the second and third legs and a reduction of sige of
sex combs on first legs. The effect of Msc was studied in mosaic flies in
which not-Msc-spots were present on a Msc background, The mosaics were due to
somatic crossing over induced by X-rays. The analysis of the mosaics

suggested autonomy of the action of Mse, provided that the ‘somatic crossing over
occurs less frequently proXima;;z‘to the Msc locus than distally. This

unusual ratio of somatic crossing over was confirmed by a separate experiment.with

K.
the genefig%gghosé locus is very close to Msc.



. In Drosophila melanogaster normal males carry a special organ on their
forelegs, the sex‘comb. Nq sex comb is formed on the second and third legs.
In males homozygous for the'recessive second chromosome mutant esc (extra sex
combs) a sex comb may be formed on all three pairs of legs though with reduced
penetrance in the second and third legs. Males which are heterozygous for
esc may, as a result of somatic crossing over, possess cells which are homo-
zygous for the gene. Such males are genetic mosaics, consisting of esc +
and esc/esc cells. The question of autonomy or nonautonomy of the effects
of the esc/esc genotypes arises when the esc/esc cells happen to be in a
region of‘the second and third legs in which not.mosaic esc/esc males form
sex combs, If esc/esc acts autonomously then even small spots of esc/esc
tissue will be able to differentiate sex comb teeth. If the homozygous
genotypes act: nonautonomously, then no sex comb structures will differen-
tiate in small spots of esc/esc embedded in the bulk of esc/+ cells. It has
been shown, that the developmental processes which lead to extré sex combs in
case of esc/esc belong to the class of autonomous gene action (1)s During the
earlier work with mutants affecting the formation of sex combs several dominant
gégggﬁygﬁeggggc%f%é%géﬁigﬁz;fggfggex combs on the second and third legs. 1t
seemed interesting to determine whether these dominant mutants act autonomously
as does the recessive esc. Although similar in effect in not-mosaic males
there is an important difference in the determination of the sex combs in
mosaics. In males heterozygous for the recessive gene esc, the ‘eritical
esc/esc spots are surrounded by the overwhelming mass of phenotypically normal
esc/+ tissue, while in males heterozygous for a dominant gene the critical +/+
spots are surrounded by the overwhelming mass of dominant mutent tissue., Stated

(in phenotypically normal
differently, the esc/esc cells are derived from pre-crossing oveg(esc/+ cells



dominant mutant

while in-case of}?he not-dominant +/+ cells are derived from pre-crossing over
cells heterozygous for the dominant mutant.

The penetrance of most mutants carrying sex combs on the second and third
legs is so low that only a fraction of the mutant legs have a comb, If a comb
is formed it consists usually of only very few teeths The mutent Msc is excep-
tional in that the penetrance for sex combs on the second legs is very high.
This makes Mge suitable for an analysis of autonomy or nonautonomy of gene
action in the forﬁation of sex combs on the second legs. Moreover Msc also
affects the sex combs on the first legs. Paradoxically this latter effect
consists of a reduction of number of teeth. While normallmales have about 10
teeth per first leg combs Msc males have about 6 teeth only. To cite a specific
finding, Oregon R males had 10.7530.18 (S.E.) teeth per comb while Msc/+ males
had 5.6+0.,12 per comb((Tokunaga(2) whefe standard deviations are given)). The
study of autonomy or nonautonomy of the effects of Msc may therefore include

the determination of the size of first leg sex combs,

Material and Methods
Multiple sex combs (Mse, 3-48,0) is located in the right arm of chromosome

3, close to the kinetochore, and associated with a small inversion (2)s In
homozygous state it is a zygotic lethal. It is not known whether it is also
cell lethal.

Mosaics for Msc were obtained by means of X-ray induced somatic crossing
over in male lar¥ae of the genotype Mse/+. As a marker for spots resulting
from somatic crossing over which is independent of Msc, the X-linked recessive
. gene yellow (y, 1-0.0) was used, Specifically the males carried y on the first

chromosome and xf present in a translocation of the tip of the X chromosome



: (which carries M&
to the distal part of the right arm of one of the third chromo;-—§ The

body color of these males is not-y except when somatic crossing over removes
the ﬁ+ translocation from a cell which after replication results in a spot
with y coloration. _ |

Tuo different third chromosome ﬁith a x* translocation were used. The
first synthesized by Dr.E.Novitski, conteins a translocation of the extreme
tip of the X chromosome to very close to the distal end of 3R. Confirming a
preliminary analysis made by DriNovitski I found thet the X-chromosomal tip is
translocated to somewhere between A and B of section 99 of the salivary chromo-

Msc was 1ntroduced Ainto (which
some map. The short distal tip of 3R is gbsente N ’"t',hi! (1;3) chromosome) was

used in experimental series 1, The second third chromosome ms‘ed to ebtain

mosaics is known as In(3LR)C269 (3). = The left arm of this pericentric inver-
sion chromosome is composed of a short proximal pért of 3L and a short distal
part of 3R, The right amm is cqmposed of a long proximal part of 3R followed

, -
by a 1ong distal part of 3Ly - Qg;:f»;;ﬂ;t.?mg;d\ = is viable in homozygous statey

’ g;}_s_g and g__f* were introduced into this chromosome by crossing over resulting in
a very long chromosome arm which carries Mgc proximally and y tot ggf’ £3)iat. its.btip.
'Thea‘269 chroﬁosome was used in éxpefiﬁxental series 2. The dosage of X-rays
adminigtered to larvae of different ages {24—1.8, 48-64 and 48~72 hours after
oyiposition - was 1500r. o | | |

The legs of the irradiated adult nales were scrutinized under the dissect-

- - -

Ning microscope ( X100 and X160 ) for the presence of Y spots in the sex comb

area of each leg, The moseic legs were then mounted in André medium for detailed

ingpection under the cchpound microscope.

The sex comb area of the second leg was,in analogy to that of the first Qoa (4),

-‘m somewhat arbitra®ily.. defined, It is that distal region of the basitarsus

* C



which includes as its proximal bourdary two distal bristles of the longitudinal
rowd Ho,6 to 8 and including the oap or two distel bractlsss briotles 6.5, Tho
uidth of the area was given by the distancs ¢f longitudinal row 6 to 8 ({for
t«emnblogy, seo(l)). an JPRE 00l e L SR o K AR LRERE Ll S S Sl Sl it ciod = e
T ﬁwﬁ,s*,mx:;;, PR e AT e R Sk e

, Thore wore swam posalo logs in which tho pigmontation difference betwoen
yellov ard wild type vas not cledrly developed dus perhaps to somatic industion
of abnowal pigmentation by X rayo. Oaly miatakable spots rasulting fron
asoratic cropainy ovor are 1mluded .‘m the data pmsenm in this roport.

If the asox cord area of a rossic ssoond leg conaists of cells with the
gonotype ggg? ¥ (s +/+) ard the rest of the leg of colls of tho genotyps
Mge/¢ apd AP the +/+ 69113 act autononously in dovelopmsnt, then no sex conb
will form in the +/+ arca. On the other hend, if the +/+ colls act monsutonoe
noualy, then the +/+ tissue would form a sex comb, its frequsncy depending on
the perstrance of the nongutonomous dovelopmental wmochanism, (This latter
ponotrance may or may hob be similor to that of thesex cemb of Heg/+, not<
roseio legs).

The fo]lo&dnglwaiyais 48 bagsed on date fron yellow spoto within tho gox
coab eroa of ths gacond log of males which had been 24-43 hours old when I.zayed.
in the experimental serics 1, a total of 26 second legs from 25 males with (jellow
spots were found; in expericental serios 2, 27 second legs from 26 majos
(Teble 1). In each socrios ono of the males was mosalc cn each of ths two
gecond legs, In all But one of t}wfwmmw. ono or SOre sexX coxd

i,
G
b



§ z’ b A _
tﬁeth had boen Aul The exception wao a second leg in series 1{»,‘;.nu Tie

i Thevae » 23 out of 24 second legs had a sex comb giving a frequency of
occurence of 95,8%; in series 2, 1002 ot:rmaaic second legs had formsd a

sex comb (Table 2§ in each sories, ons male with a mosalc spot in both second
legs was -excluded from this table). _

In order to compare these frequenciea of cccurence with thcso fournd in
not-nosaic legs of Mag/+ males, the frequeneies of sox combs in tcwg“grt%a o
*’553’ vore determinsd: (o) in the not-moseic second leg of those individuals
vhich had ons rosaie leg and (b) in the not-mosaic brothers of mossic males.

In thoso con;’gpols the frequencies of second leg sex combo ware about 90% (87.5 %
and 91¥ mapécuvely) in series 1 and 100% 4in series 2 (Table 2).

These data permit two altemative‘ interprotations, The first assumes
eutonony of tho offect of the }ng gone. According to this interpretation,
the nﬁt—yellou teeth in mosalc socond lege have the samo gonotype in respect
wvith Ksn, Mac/+, as has the main tissuc of the msles, and the yellow teeth also
have the cams Mag/+ gemotypoc. The difference botween the not-yollow and yellow
toeth ie a difference in genotype in respect to y. In the x" tissuo the f
translocation has boen retained wvhile in the y tissue it has boon removed by
somatio crossing over, The region of the crossover would have to be proxicul-
1y to the tip of the chromosome 3 but distally to the loocus of Hgg. Accordingly
the ratio of somatic crossing over proximallys dietally of the Hsg loous -Gould be
5121 (0.24) in series 1 and 6121 (0.29) 4n sories 2 (Table 1). (Specifically,
the 5121 rat4o in series 1 hgd to be slightly adjustod to account for the faot
that tho ponotrance of Magg in thia sories is somswhat lower than in sories 2.)

The elternative to tho assumption of a low frequancy of scmatic crossing

over proximally to and a high frequency distally to Mag consists cf the asoump-



tion of,noneutonomy of the Msc phenotype in mosaics. According to this
interpretation the majority of yellow comb teeth have the genotype Még+/M§g+
resulting from crcssing over proximal to Msc and thus removing from the chromo-
some not only the xf translocation but also Mé_.- The fact that the yellow,
‘supposedly Mac /Msc cells dlfferengiate .sex comb teeth would - ~be due to
the influence of the surrounding Msc/+ cells. -Mosalcs‘W1thout yellow teeth

: as con51st;gg,
would then be regard of Msc* sc* cells in whlch the surrounding Msc/+ cells
had not induced the‘formation of sex combs, It might be expected in this case
‘that the fiequency of a yellow,sex combs in mosaic legs might be lower than the
frequency of not-yellow sex combs in the not-mosaic controls since nonautonomy
in the former spots migh®% often lead to leeSer degree of differentiation‘than
in the iatter in which both the influeece of the notfhosaic tissues and of the
Msc/+ genotype of the comb forming cells themselves would lead to comb formation,
The data show,however, that the frequency o 2ﬁ?§§ﬁ haentintorr }”’*ﬁr~wrc'%e§2815
not significantly less than in the controls (Table 2). In experiment 1, mosaics

with yellow teeth constitute (9+11)/24=0,83 of all mosaics and 21 of 24=0.88 of

the controlf{a), 7 In experiment 2, yellow teeth in mosaics aré somewhgt

an o

less frequent than the combs’in control (a), 80%(20/25) v's. 100%, -
but the small sample size of the mosaics does not permit a definite conclusion.

Two further comparisons were made on the basis of the data listed in experi-
ment 1. The first was between the sex comb size, defined as number of yellow,
if any, plus not-yellow teeth of the mosaic leg and the not-mosaic leg of the
same male as control. Under the assumption of autonomy of Mgg% the not-mosaic
combs shculd show no difference from the mosaic combs since the presence of

yellow teeth presumably was caused by the same Ms¢/+ genotype of the yellow. .:
of the not-yellow teeths
teeth as thatA The second comparison was restricted to the size of the combs



with yéllow teeth as compared to the size of the combs of the controls. In
experiment 1, the first comparison was based on 24 males and the second on 20
males, In experiment 2, the two comparisons were based on 25 and 20 males,
respectively. The results o%igwo—way analysis of variance revealed that
there are no significant differences between the combs of the.mosaic legs and |
the combs of the second legs on the other side of the same male in either of the
two experimental series. ((P) 0,75 it:%ifirst, P) 0.5 in the second comparison
in experiment 1; P ) 0.75 i:rtii‘girst,' P) 0,25 in the second in experiment 2,)
These results are compatible with the assumption that the majority of
yellow cells are Mgc/+ and act autonomously, but the same results can be
interpreted as being due to the génotype Mggf/ﬁgg+ of the‘yellow cells which
are subject to nonautonomous expression of tooth formation,
B, Mosaic sex combs on the first leg.
As mentioned earlier, Msc reduces the sex comb size of the first leg.
If a Mggf/ﬁgg+ spot in the sex comb area.develops autonomously in an other-
wise Msc/+ leg, the number of teeth would be expected to be greater than the
number of teeth expected on a not-mosaic Msc/+ sex comb. Yellow spots which
covered a part of the sex comb of the first leg were found in 40 legs from 39
' males in experiment 1, and 23 légs from 22 males in experiment 2, These
mosaics were induced in 24-48 hours old larvae. The ‘size of thé mosaiec -~}
combs:represented- by teeth numbexr was ‘compared iwith thé size of “the TV s
not-masaiccombsiof 'the othér first~18g of the sidmé'Msé/+'malé; - Feof-
the paired comparison, 38 males in experiment 1, and 21 males in experiment 2
were available, The average nﬁmber of teeth per comb was similar in the mosaics

and not-mosaic legs. There were 8,08+0,20 (S.E.) and 8.08+0.13 teeth respectively

in experiment 1 (n=38), and 7.62+0.21 and 7.7610.15 in experiment 2 (n=21).



-

- A twoeway ana};ygié _of' v@rﬁanée; &f eéch oompdfisen revealed thet the sizes: of
she mosale and not-mosaic combs are not significantly different (P=l in gaperi-~
ment 1, P=0,5~0.75 in experinept 2). .The same analysis of sex comb mosaics
induced in 4872 hours old larves showed similar results, In experiment 1,

.
s

- 4B-64 hours lgfé:@snd in experiment 2, 486-72 hours old larvae were irradiated
Vand the induced mosaic sex combs were apalysed, For the peired comparisons

of the sex coxb sige, 44 males in aixpe*ﬁmer'it- 1 and 28 males in experiment 2 were
evallebls, in which a. comb mosaic on the first leg is coppared with ,.Qéyfé rfot-mésaic
comb on the homologous first leg of the same male, In experiment 1 (1=44),
" the average mumbers of teeth per comb were 8,3430.16 end 8.113:0.19 in mosalc and
not-mosaic combs respectively. 1In expez*:lﬁent; 2 {w=28} the numbers were 7.68+0.33
and 7,8940.24. A two-way analysis of varience of each comparison indicated

. that the sigesof the mosaic and not-moéaic cobs are not significently

different (P=0,1-0.25 in exp.l, P=0.25-0,50 in exp.2).

_ The above snalysis agein indicates that if the mejority cf the y spots
represent }_g‘gg:r/agf » the Hgg allele acts nonautonomously. If however the
najority of t..ha Y spots are Mge/+ then nonautonomy of Mse? cen not be proven

by the cbove data. ’

L. Size of yellow spots in two series of experiments, -

Vhen the sises of ¥ spots in the sex comb z_zréa“ An7the. two: experimental
series. are:compared;. oro finds that the spots in experiment 2 are lax'gér on
the aVemgé than in experiment 1. The comparisons were based on the nuz;iber
of § tectn in mgsaic combs of first legs. " In tho 24«48 hours series, the
| avorage numbsr of y teeth per comb in experiment 1 (1.7310_01‘7, =40) vos

smaller than in experiment 2 (3.3030.34, n=23). in analysis of variance



indicated that the differencs was aignificent (PL0.001)s In the mosaic combs:
tnduced at 43«64 hours in experiment 1 and at 48-72 hours in experiment 2, the
aversge nutber of ¥ teeﬁi por mosaio combs in experinent 1 (1.41i0.14, r=46)
vas emaller then in experiment 2 (2.1010.22. }1—’-3.0) , the difference boing
significant (P(0.0l); The mean size of tho mossic combs jas well as of tho
not-mosalic comba, did not show any significant differences i:e'ween ths two age
groups that were irrediated in different developzental poriods,

The larger size of induced spots suggests their earlier origin. The
lergor aisze of the spots found in experiment 2 as compaired to the sigo 1}1
expsriment 1 may have been'd.ue toa difference in developmental speed ‘%*oi,‘vé:sm.:i?\:? ~
tho different genetic oonstitutions of tho two experimental series. If this

is the case, the larva of emt 1 doveloped feoter than thoae of
- experinent 2,

The main data prosented end aralysed in this report are compatibls with
eithor of two alternative interprotations: the effect iD mosaicism is either
autqnomoua or nonautonoasous, Iif at;tonomoun , then the ‘fmction of pomatioc
eroseing over proxizal to the kinetochore of chromoscme 3R to that diotally
must be much smoller than expected from the geroral impression that somatdc
croseing over is moatly occuring in or close to the region of pericentric
netorochromatin. If the offect of Nsg is nonautoncmous then no specifio
‘expeétat.ian regerding the locaticn of orossovers 2're required since it
ghould make little dﬁfennw whother a oroasover proximally to Mag resulted
in‘;sf«?;:f.z't--*; /2 Mag’ Mec” cells or a croasévor distally to Mge roauited in
Y5 liag/r ocolla. '

A decision betwocn the alternatives of au.tonow or nonsutenomy rests on



10

. knowledge of the ratio of somatic crossovers proximally to those
distally of the Msc locus. Such knowledge must come from the use of a mutant
whose locus is close to that of Msc and whose expression is known to be autono-
mous. The dominant gene 5igggg (g;, 3=47.6) for kinked bristles fulfills
these conditions. Using Novitski's chromosome 3 whose right arm is distally
marked by xfand determining the frequencies of somatic crossing over proximally
and dista%%ytfo Ki in flies who were heterozygous foél&i—carrying third
chromosomeA;;s marked by xt a ratio of crossovers proximally and distally
to Ki of 7:20 (=0.35) was obtained (48-72 hours ofid larvae irradiated with
1500;).;ih;n?§Fratio signifies that somatic crossing over proximally to the
iocus of éz$is only a third as frequent as crossing over distally. This |
égrees in principle with recent experiments with Ki and Sb on 3R by Garcia—
Bellido Gé). The same should Se the case for crossing over on either side
of Msc whose locus is so close to that of Ki and from which the frequency of
crossing over proximally may be reduced still further since it is associated
wiith a small inversion (2). While it remains true that crossing over in or
near the heterochromatin is disproportionally more frequent than expected
from the relative shortness of the heterochromatin region as expressed in
salivary gland chromosome it must be admitted that not enough attention has
been given to the fact that somatic‘crossing over in euchromatin, i.e. more
distal regions does occur. It frequency seems to vary in different chromo-
somes. |

Given a low frequency of somatic 6rossing over proximally to Msc, the
majority of yellow spots should have the genotype Msc/+., Since the cells of
those spots still contain the mutant allele Msc, it is obvious that they
could form sex comb teeth, autonomously.

As shown above in the study of the second leg mosaics, the assumption

of autonomy of Msc implies that the ratios of yellow areas without Mse to those



wAth liag corrospond to the ratios of proximal to distal crossing over. In
exporment 1 the ratio was 5121(0.24), and in experimont 2, 4121(0.29), f J
oinilar to the ratio ut 7:20(0.35) for Ei. this ratio was dotermined on ? “’A
nosaics of the m:-noplume which dovelop from the gamo dise as that of the
second leg (%ﬂ It may be conoluded thot Mag acts nutonmouela. It thus
bodongs to the oonaiderg?}e bumber of genes who act autonomously acd whose
phenotypes in rosales ar; detormined by compotence %o respond to an imvarisnt
prepattern, or, to use Wolpert's terminology (7), to respond to en invariant
pattern of pos;tional inforzation.

Autonony and poneutonomy of genic oxpression are not absolute phenorsna,
¥hen the genotype of a cell is changed by somatic crossing over it may scon
aftor oxpress its nsw constitution. This would te autonamous ection. It
is howover also possible that the genotype of the call before it is changed
excorts an offect on tha oo.u, uhich persists in the future independently of
the lator changed gano,type. In t.he exporimenw reportod here, sutonoxzy of
lag bas beon establishsd fcnmdng induction of somatic croasing ovor in leg
dises of at moot 72 hours old lervee. Had X-irrediation beon applicd to
older larvae a oritical period might have been discovered after which a
changed Mgg genmotype could not have been able to cxpress iteslf, o.g. In
difforentiation of cex comb teoth on second legs. Garcla=Bellido and
Ma:jjrriam (8) haie coiped the term "perdurance® to signify the persistence
of gons~initiated procosses in colls which are no longer able to respond to
a ngy genotype. Perdurence is thus a type of mnautonmg.w action.
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Tadble 2.
Penetrance of sex comdb {in parentheals) on the second leg of ¥ac/+ males, in mosaics, in not-mossies on the
oprosite second leg of ths same mals (control a) and in ranécmly chosenr 2100 notemosaic brothers {conmtrol b).

Experim,

only

toeth

- Furdber Nuwsber of moseics with sex conb " Inuzber of not-mosaic combs
{series of . . ' _ _ } '
legs g teeth  # tooth g end + | Total «coatmz.‘éa,i maf.mll«',b,

21 (87.5%)

1 24 9 .3 n 23 {95.8%) _

ERSTIS Y NS VNN ASU/UUNRR DI USRI S | N & 9300 S
2 25, o - -3 20 | 25 (00) 25 (100%) |

control bl 2CO . '

200 {100%) |
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Table 1.

Mosaic teeth pattern of the sex combs of second legs and the not-mosaie

combs on the opposite second leg of the same Mgg/+ male.

\.

Experiment 1 Experinent 2 -
Number Hosaic ‘ Not-mosaie Number Mosaic Not-Mosaic
of Bumber & order of Total  Total of Number & order of Total Total
males + & y teeth in a teeth teeth males + & y teeth ina teeth teeth
comb per per comb per per
(prox.—o-diétal) comb comb (prox,---distal) comb comb
1 2t 3g 1+ 6 0 1 3y 3¢ 6 5
1 1+ 2y 1+ 4 4 1 2y 1+ 1y 4 3
1 3t 1y 4 2 1 2+ 2y 1+ 5 4
1 2+ 1y 3 1 1 1+ 2y 1+ 4 3
1 2+ 1y 3 2 1 2+ 1y 1+ 4 3
1 1t 1y 2 3 1 1+ 1y 1+ 3 1
1 1+ 1y 2 1 1 2y 2+ 4 4
2 1y 1+ 2 3 2 2¥ 1+ 3 3
SR 1y 1+ 2 2 1 1+ 2y 3 5
1 2y 2 2 1 6+ 1y 7 6
1 2y 2 1 2 4y 5 3
1 1y 1 4 1 3y &. 6
R | ly 1 3 1 3t 1y 4 4
. 3 ly 1 2 2 3+ 1y 4 3
1 1y 1 1 2 1+ 1y 2 4
Yo 1y 1 0 1 1y 1+ 2 2
1 3+ -3 0 1 5+ 5 5
2 1 11 1 Kz )
1 0 ) o 4 1 3+ 3 s
1 1y 1 1 2+ 2 3
1+ 1 1 1+ 1 1
1 2+ 1y 3
3+ 3
Total 25 26y & 24+ 26 3ly & 68+
Aversge teeth per comb 1.9240.25  1.92%0.25 13.6710.26  3.6810.28






