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    A SV{endelian unit whieh causes tl}e deah of the individual before the repro-
ductive age is reached may be designated as a lethal. Althouglt it is weil knewll
that lethals are most common among mutations, there is little knowledge of their
time and manner of actions. Ll (1927),PouLsoN (194,0, l94,5), and HADoRN(1948,
l951) investigated the detalls of the action of certain recessive lethals and chro-
mosome deficielicies in DrosopibtZa meLanobcraster. MEDvEDEv (1939), OsTER (1952),
Rizm (1952>, and SETo (l95&) reported the time of action of ]ethal$ of spon-
taneous occurrence andt'of X-ray and ultra•violet inclueed erigins.
    This paper deals with the results of studies on the time of action ef 20
ultrasonlc induced X-chromosome recessive lethals in DrosophiZa 7neZanogaster.
(SmoMi, 1955).
    Before geing further the auther wishes to express his hearty gratitude to
ProÅí Kenji NAKAMvRA for his guidance and encouragement threughout the course
of this investigation. He also wishes to thank Mr. iVIikio KATo for providing the
material leLhal stocks.

Materials and Methods

    Sex-}inked recessive letha} stocks used for materia]s in the present study were
obtained from KATo who expesed wi!d Tokyo males eÅí' Drosophila nxeLanogast.er to
ultrasonics in l953 (KATo, 1955). The lethal containing X-chromosomes were
extracted by means of tlie Muller-5 method ane were balanced with Muller-5
(Basc) balancer. These stocks are cailed lethal (l)-uZtrasonic induced strains
(abbr. Z-us).

    In order to determine tlie time of actien of the lethal factors the following

ee Aided by the financial fund from the Seientific Research Expefiditure ef' the Ministery of
  Education (no. 46e4•7, 4060<k<t).
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 method was empioyed. Three males and a single female, 3 days after emexgence
and well nouris}ked, weere put in each glass tube of 3cm in diameter and 7cm
in length which $tood en Petri dish containing calture medium and was stopped
with a cotton plug at the top. After l2 to 2G lieurs, wheit an adequate number

 eÅí eggs was ]aid, the tubes were removed leaving the eggs for observatien. Under
the condition ef this work (at 250C), the majorisy of eggs hatcked within 24
hours after ovipo$ition. As tkere was some delay in hatching, hatched and
zmhatcked eggs•were countecl twice, firstly 24a hours ancl secondly 4i8 hours afterj
rernovintocr the fljes from the Petri dish. Not only letl]a] eggs but those whese

 cleath is not due te }ethal facters were inclttded among unhatched eggs. The
unhatckecl eggs were clechorienated with 3-% solution of soclium hypeehlerite (or

in commercial Antiformine) and brougl}t under the micrescope to examine at
what stage the eggs had ceased to develQp. As had been pointed out by HADoRN

 (i951) lethal eggs that die at a very eaerly stage of development cannet be dis-
tinguishecl frem tlie unfertilized ones without eytologieal examifiation. Therefore,
both the direct eount and micresco?ical examiRation of tlae unhatched eggs clo
not yie}cl the mortality of letkal eggs, it only provides the tota} morta]ity of
eggs laid. [lrhis fact is net are$tricted to the egg stage but to all stages of (le-

velopment. Tkus the $tatistical comparison of total mortality in each stage of
the progenies of the Iet}aal strains and those ef tke contrel cresses was necessi-

tated to get the true merta}ity of }ethal embryos in aclditien to merpholegical
observation. For the control cross in the present werk, Oregon-RS wiid, MuZler-5,
and TokyolMuller-5 Å~ Mieller-5 were used te get the hatchability and the stage
mex'talities of non-lethal ones.

     It is rather difficult to knew the namber ef laTvae ef tlie first instar c{ue to

their small size, and therefore the number of hatchecl eggs was taken for the
nttmher of the larvae. The larvae of the second or third 2nstar were transferred
te small culture bottles to allow 'further clevelopment te imagos. [lrl3e difference
between the nurnber of liatcl]ed eggs' and that of pupae provicled a measure of
the tetal larval morta}!ty, and the total pupal mortality was estimated by subtrac-

ting the "umbex ef empty ccftses farom the total pupal number. By examining
eyes of cleacl pupae it was possible to eliminate some of occasional death not due
te Ietkal factors from tlxe totai pupal mortality. Becatise, as the X-ehromosome
of Muller-5 carries Bar and apricot genes it is clear that dead yupae whose eye
cliaracters are of B.zva or B (in female) aBd B wa (in m.ale} ought not be kil!ed
by the action of the recessive ]etlial factor while deatl} of pupae of wild eye
eharacter was supposed to be due to the aetion of lethal factors in hemizygous
condition. 1umber of imaginal cleacth caused by the !ethal facters was obtained
by counting dead male images of wild eye character.
    For determinatien of the loci of letlka} factors on X-chromoseme$, fema}es
ef each strain were crossed te tvhite ?niniature and yettotv tvhite forkedi males ancl

Fi females carrying Iethal factors were backcressee to tv m and y zv s males re-
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spectively. From the recombination value of F, segregation the ioci were c•alculated.

                                 Results

 ' The results obtained are listed in Table 1. In the majority of the strains
the rate of tolal unhatchea eggs does not or slight]y exceed$ tliat of the eontro}s,
bat in three strains (i.e. I-us 20, 33, and 48) it is distinctly higher. Except the
three strains the microscopical examinatien of unhatched eggs of the strains reveals

that they are very much alike in appearance te unfertilized eggs, the condition is

guite similar in the controls. These eggs underwent aatolysis at the time of the
seeond count. Contrary to these, mest of the unhatched eggs in three strains
are in late embryonic stage, so it can reasonably be surmised that the action
ef iethal factors concerns the cessation of the embryonic qevelopment in these

cases. t
     buring larval development, death caased by the action of the lethal factors
occurs more freguent}y than in the egg stage in most of tlae strains except two
(l-us 20, and 4,8), in which the mortality of ]arvae is far less thall that of the
eggs and about the larval mortality of Afcaller-5. It is eremarkable that the larval

death of Z-us 15 mainly happen$ both late in tiie third instar and early in the
pupal stage. This fact would mean that the lethal factor becomes effective at
the larval-pupal beundary.
     Usually the pupal mortality is low both in mutants and in contro]$, although
in l-us !5 it is liighest in this stage. During pupa} stage imaginal eyes gradually

become developed to such an extent that one can distinguish the wild character
from those of Bar or Bar aprLcot. As stated befere the individual whose eye
character is of tlie wi}d type carries the recessive lethal factor in hemizygous

conditien, and sach pu.pae are included among dead pupae ef seven strains (l-us
9, 16, 17, 22, 33, 4,6, and 4i7).

    Imaginal death in the present work means the death of imagos just at or
shortly aftey the ernergence from pupal cases. Tkere are some which partially
emerge and these cases are also ineluded in imaginal death. Oecurrence of
imaginal death is recegnized in six strains, in three ef wlaieh (l-us 33, 46, and 47)

dead imagos are mostly males of the wild eye type. Wings of these lethal flies
died after emergence are alike in appearance to those of ruadbnentary mutant.
    The total mortality in the whole period from the egg te the ear]y imaginal
stage of the lethal strains lies between 27.9.0•e- and 41.0jueo-. The mortality exceeds

more or less the expected morta]ity caused by the rece$sive }ethal factor located
on the X-c}aromoseme.
    Based on the results meRtioned abeve, the lethals may be sorted in the
foHewing four groups according to the stage at whieh death is brought about.
They are l) two egg lethals of late embryonic <E), 2) ten larval (L), 3) one
larval-pupal bouiidary (LIP), and 4) seven lethals in which time of death is not
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Table 2. The loci of Iethal

in Drosophila

factors on X-chromosome.

51

tvm ywf Dosages of
UItrasonics ee*

Lethal
stage

l-us 2
t-"s 5
l-us 6
l-us 7

l-us 9
l-us ll
l-us l2
l--tns ].3

l-us l4,
l-us 15
l-us l6
l-us l7

l-us 20
Z-us 22ee
l-us 25
Z-us 26

48.5
50.8
48.5
51.6

56.l
5I.7
52.9
48.2

56.5
51.6
52.6
51.1

50.5

47.6
47.4.

56.!
56.l
56.I
55.7

54.0
5{5.5

52.ag

55.9

55.9
56.0
56.5
54.8

56.5

 _53.3
56.5

560 KC
1,500 V

250 mA
 5 min.

L
l.

L
L

L-P
L
L
L

L
l./P
L-P
L-P

E
L-P
L
L

l-us 33 26.3 27.3 s6eKc, l,soo v
250 raA, 30 min.

E--I

l-us tl6
l--us 47
l--us 48

28.l
26.3
33.9

31.0
28.4,

56.0
} 450 KC

1,5oo V
2oe rnA
5 min.

I.-I

L-I
E

 ee Back to wild and discarded. eepti From KATo (1955)

restricted to one stage but extends ever two er more stages of development.
Among the latter seven lethals, death eccurs beth in larval and pupal stages (L-P>

in foar strains, ferom larval to imaginal stage (L-I) in twe strains and in the
remalning one the time extends over all successive stages from egg te imaginal
(E-I) .

     The Ioci of the lethal factors are roughly estimated from recombination values
obtained by crossing with w rn and with y wf <Table 2). In some Iethals, twe
recombinalion values fairly approximate each ether while in some others Z-us. 48
fbr example, the values are so widely apart that ene may imagine that the crossing
over is suppressed by some kind of ehromesomal aberrations. Moreover, it would
not exc]ude the possibility that the lethal factor itse}f is the chromosomal aber-
ration.

     There is a strong tendeney that leci of faetors produced by same desage of
ultrasonic vibration are cencentrating in a rather small pertien ef the X-chromo-
some. For example, 15 lethal factors produced by ultrasenic treatments of the
same dosage (560 KC, 1,5eO V, 250 mA fer 5 min.) se.em to be Iecated. near
forked or between garnet and forked. In tlte present work it is net possible to
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clecide wlaether these factor$ are same mutations, alleles or different mutations.
Vsually, cress experiments are employed to test the identity of mutatiens but in
the present cases they are not praeticable, since these lethals are all hemizygoas

in rnales and die in the couvse of development. However, frem differences in
the time of action of the letkal fac{or it is clear that seme ef the faetors are
not identical. mutation with each other.
    Ameng the Iethals employed, it is noted that heteronygeus females (llMuaZler-5)
are more numerous than those expected fr6m th': theoretlcal point of view and
they develop faster than their normal mates. Whether the superviability is a
conseguence of fa$ter devel.opment under favorable laberatory conditions or that
fema]es heterozygous for the lethal factor have a real heterotic superiority in rigoreus

eompetition is not easy to be solved.

                                Diseussion

    Of lethal DrosophtLa rrmtants HADoRN (1951, 1955) elassifiecl the great majority

into eig}it categories according to the stage at whicla their development comes to
a halt and death occurs. He also emphasized that the mutants have their definite
lethal stage, in ether woxds, there are "phase specificities". It is true that there

are many reports which seem to corroborate his concept ef the phase specificity
(MEDvEDEv, 1939; Rizm, 1952; SETo, l95co, altheugli some workers weuld
not agree te his opinion because some letkal factors investigated by them seern
to exert their effects not at any definite stage of development (BREHME, 1937;
KALiss, 1939; BRoDy, 19-a+0). BRoDy states that such breakdown of the develop-
mental a process into specific sensitive periods is enly arbitrary since the develop-

ment itself is a continuous proeess in nature.
     en the viewpoint ef the phase specificity the result$ obtained in •tlte present
work seem to be eonflieting. Both in Z-uas 20 ancl tlA8 the egg stage is fatal,
31•2% and 30.9% of eggs ]aid die in t•his stage respegtively. In IO strains it
is the larval $tage in whick aboat 25% of the total progenies die. Thus the phase
specificity may be recognized at least for t}i ese cases. Contrary to these, however,

the time of death extend$ ovei two or more stages in the retnaining cases, and
such phenomena have been•reported by LI (l927> for tetra--lY and by BREHME
(l937) for CIB !etlaal in whieh lethal effect appears chiefiy in the egg stage but

partly in the larval stage. •
     Ih discussing the problem of phase specificity of lethal factors it should be

considered that the manifestation of the factor can be infiuenced by the "geno-
typic mliieu" and some other factors such as envirenment. The viability, in the
same tirr}e, may be sufferecl by lethai facters not in some definite stage or
stages but thyough whole process of developrnent. Such lowering of viability is
not' an u•nusual phenomenon among visible mutants, and in the controls•of the
present work viability of MuZler-5 i$ lower than those of the otlier two in every
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stage. On the other hand, the result obtained shows that developmeRt may ge
beyond the critical stage. Presumab}y, various numbers of individuals survive
the critical period and are able to develop further. Such "break-threughs" (HadorR,
l948) may die later during the second or third critical points. Thus there may
be a possibility ef concealing Iocus-speeific pattern of lethal factors by general

weakness and by "break-throughs" even if there is phase spectacity. Under the
present results, therefore, it is uneertain that whetheer the seven strains (i. e.,
l-us 9, 16, 17, 33, 4,6, and 47) have the phase-specific lethal stage and whether
loeus-speeific pattern of damage exist in them.
     IIereafter t}}e investigation would be concentrated on the biochemical and
physiological analysis of the developmental history of the pattern of damages as
well as morphological observations.

                                  Summary

1. The time of action of 20 sex-Iinked ultrasonic induced recessive }ethals of
         'Drosophtla nteLanogaster was determined.
2. The lethals were distributed as follows: two egg letha}s (E), ten larval Iethals
(0, and one larval-pupal boundary case (LIP). Seven lethals were 'affected at
several stages.

3. ef the seven which were affected at several stages, four were affected from
larval to pupal (L-P),two frorri larval to imaginal (L-I), and one at all stages <E-I).

4. The }oei of lethal facters on X-chromeseme were roughly estimated.
5. A brief censideration on lethals whieh seem to have no phase speeificlty

ls glven.
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