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Drosophila melanogaster provides one of the best worked outl gemetls
system smong higher orgenismse This feature, together vith itse
short life cycle, simple culture conditions snd the low chromosome
pumber, mekes the fruit fly ideally suited for assessing genetic
demages ceused by verious agents in vivo &s well ss ip vitro. The
techniques are simple and provide unambiguous information about
the potentisl genetic hezards posed by the test chemical or other
agentse In the present, some basic information about the nethodo=-
logies for in vivo mutegen studies with Drosophils will be provideds
besides the possibilities of in vitrp mutagen studies using
Irosophila cell snd organ ocultures will also be considereds

berature on Bilolozy end Genetics of Drosophila

The litersiure on this subject is extensives Reference numbers l=3
are some of the invaluable sources of information for beginnersg in
this fields The informetion on the genetic voriations in De.mela
goster upto 1967 has been compiled by Lindsley and crell (4). This
work is now being updated. The annual Drosophila Informotion Servi-
ce (DIS), currently being edited by P.¥. Hedrick (Dive of Blologicsl
Sciencesy University of Kenses, Lewrence, Kansas, USA),; provides
recent informotion in various fields of Drosophils Cytogenetics
since overy issue of DIS includes stock lisis of varicus centres,
information on new mutstions, Tesesrch snd technicel notes, recent
bibliography snd periodically a géographical directory of‘EEQEQEEEEQ
workerss Litersturc on %gasagggla +i1l 1972 hes been Compiled in
six bibliographies (5-10) end oubsccuent litersture is compiled in
verious issues of DISe A multivolume series, "Genetios and Biology
of Dregsophila®, edited by M. Ashburner end Ee Novitski ,and being
published by Acedemic Press, provides informstion om a wide range

of topicse The present note is essentially sdampted from & peper by
Wirgler et 21 (11) in which all the relevant information for
Drogophils test systems are nicely described for = beginmer in the
ﬁ.el .

Biology of Drosophils % ‘

Inseninsoted adult femele D.melanogester leys egge  on surface of
the food source. Ezgs are whi%e and sbout O.5mm long and ere pro=-
vided with 2 peir of filaments on anterodorsal surface. Enbryonic
development which follows fertilizetion occurs within the egg mem—
brencs Ultimately a larve hetches out of the egg end after 3 lar—
vel insters becomes a pupe which in turn develops into an imago or
adults At 24°9-25°C, the embryonic development lasts 22-24h, the
larvel 1life about S6h while the pupsl period lsste about 42 duyse
Thus at 25°C, fresh adults hateh in about 10 days after oviposi-
tion. It may be noted that if eggs ere not laid inmedistely after




fertilizetion, embryonic development may progress while the eazgs
zre still in mothert's bodys The adult flies may live for seversl
weeksa :

cognizine the sex of the gdult £fly 3

Wild type sdult male end female D.mels gter flies can be distin-
guished from each other on the bzesis of the %p@ of the sbdomen
tip (elongeted in femsle end somewhat rounded in male), by darker
markings on male ebdomen and by ths presence of "sex—comb® (a2 row

" of 9-10 stout bleck bristles on the distal surface of the basal
tarsal joint of the fore-leg) in male. ¥Kith experience, the sex
of the fly may be escertsined without recourse to & microscope,
although in doubtful csses the sex must be confirmed by & careful
microscopic exeninations ILarvae can also be sexed from the gonads
identifiable through the lorval skine

3 £ flies 2

Flies have to be pnasestheliascd to keep them culie durisng examinoe
tion and tronsfer to culture bottle for matings A few drops of
ether plscet in an etheriser ansesthetises a bateh of flies snd
they can be kept in that condition for bhalf an hour or longer by
re~ctharizing at intervels. Hovever, overeiberisation smust be
avolded since this may prevent further use of the flies and may
@lso hemper with dlagnosis of the mutant charscters Fliee killed
Ly overetherisation extend their wings at an angle of 459 After
exanination snd recording, the flies that are to be discared should
' be disposed of in s jar contefning light aineral oil or alcohols
To flies should be slloweéd tc escepe in pire

Drosophils food 3

A variety of recipes for Drosophils food have been suggested. One
of the commonly used food preperation contsins agar-sgar, mailze
powder, brewn sugar; dry yesst end snti-fungal and snti-backerial
agents like propionic acid snd "Nipegin® (Ne-pars-benzoste)s Fully
cooked and hot-food in semi=-fluid condition ie poured in 250ml
milk=botties or small glass (or plastic) vials (all sterilized).
Upon cooling, the food solidifies. The moisture condensed on the
sides of boittles or viale 1s wiped dry with sterilized cotton wool
and the bottles or vials are plugged with sterilized coiton or
plastic foan plu@s.

Stoci Cultures :

ls cultures should be maintained at 24°-25°C3; higher tempe-
ratures is harmfulse The stock cultures msy elso Ye mainteined ot a
lower temperature (18%9-209C) to nesd less freguent change of cultu~
ress The experimental matings should generslly be maintained at
249C. Normally & stock culture needs to be changed every 3 or 4
weeks and ot least twn cultures of esch stock should be maintained.
For starting a fresh culture, the etherized flies of the recuired
genotypes sre put into 2 frech bottle or viel. %ince the etherized
flies may stick to the soft food before their revival, the contal-
ner should be kept horisontal or upside down till the flies revive.



Collection virgins s

Sperms received by a Temale during a mating sre reteined and these
fertilize a large number of eggse Therefore, for eny experimental
mating, it is imperstive to use "virgin" females. GCenerally, fema-
les do not mete within 6-8h of eclosion and thus if 211 the old
flies in the culture bottle or viasl are discarded, 211 the femslos
collected during the next 6-8h will be virginse. Fmergence of aduk
flies from their pupel cases ususzlly occurs in the morning hours
and thus it is convenicat to &iseard.ggg_ths flies early in morning
and then collect all the females that hatch within the next few
hourse These virgine may be stoved in fresh food vials till they
are needed for setiing vp the crosss

llection of males 2

Collection of meles for setting up crocsses does not reguire such
stringent time schedule. Howover, the sge of the males used for
treatment should not vary widelye. It is sdvantagecus to first

mete malss with their sisters andthen sepercte them for a day
before the experimental mating 3 +this helps to get rid of the Ist
bateh of sperms which show sn incrsased rszte of spontsneous lethals
(12)s As a ctanderd procedure, -4 days old meles may generally be
used for experimental purposese

at t of Adult Flies @

For general screening with test chemicals, it is advisable to use
meles rather then females since the latier have been found to be
generslly more veadily sterilized by the treatnent snd show fewer
induction of genetic changes (11).

Wild type males are treated with the test chemical hy feeding or
injection or Ly topical spplicstion or by gas or aserosol applica-
tione For water soluble and sisble test chemicaisy, & solution in

5% sucrose is fed for 1 to 3 days (13)e If not soluble in water,
the chemicel may be dissolved in DHSO or ethanol and then diluted
with 5¢ sucrosee The larval siages mey also be fed with the test
chemicel in the seme mannere. In speciflc csses, other methods of
spplicotion (injection, topical applicstion or aeroscl) may dbe
employcds For a description and referenees to some of these methods,
see refs 1l

Brooding 2

Different stages of germ cell development mey exhibit varisdble
sensitivity to 2 test chemicel and therefore, sz 2 safegusrdageinst
e false negative result for a chemical having & pronounced effect
on esrly stages of germ cell developmenty, it is essential to exa-
aine different germ cell stegee for induced genetic effects. This
brooding technicue ususlly consists of meting the trested males &t
regular intervals (2-3 days) to & succession of 2-3 fresh virgin
femalose With the knowledge of progression of spermetogenesis, it
is possible to correlete each of the successive broods of progeny
to specific stages of germ development and thereby, determine the
sensgitivity of these stages. It should, however, bec noted that the
successive broods may represent different stages of sverm develop—
ment in different siocks and this slso depends upon meting efficie~
ney and other fectorse Thus it may be useful to ascertsin the



—

brc);oding pattern for a perticular setup of the experiment (see refi
11).

IEST PROCEDURES

FPor scsessing the genetic or other damages csused by & given test
substence in vivo, the following test procedure msy be applﬁ.edo

1. Toxicity Test :

The toxiecity of the test compound mey be sscerteined by ovmi@t
feeding groups of males on different concentrations of the test
compounde After this period, the flies are Temoved to fresh vials
with standard food and live yeaet and the mumber of flies surviving
after 24h is counted and compared with that in control viasls in
which flies fed with identicsl solutions sans the test compound

are kepte In these pilot experiments, relatively higher concen-
trations of the test chemical should be employedes

2¢ Sterility Test @
This is sli%ﬂy more time-consuming than the previous one but is
essentisl for planning further genetic experiments. Croups of

nales are fed overnight on selected concentrations of the test
chemical end sre lster mated with twice the number of virgin fema-
les (any genotype but fertile and untreated)s After every one or
two days the treated males are removed end meted with fresh virgin
femalesy this brooding is continued until 10-14 days. The females
from each culture bottle sre removed after 4-5 dayse. The possibie-
lity of pertial or complete sterility induced by certain concentra-
tions of the test chemical in certain broods can be easily ascer-
tained by counting the number of flies in different bottles. For
comperison, parallel control cultures have to be meintained. If
there is some indication of sterility, it may be interesting to
test if it is due to genetic or toxic effects and this can be done
by epplying the dominant lethal teste

3s Dominant Lethal Test ¢
In s testy; the eges deposited by the females are collected and

the proportion of larvae hatching from the eggs or the sdulis
emerging from pupae gives an imdication of "lethality". It may be
noted that true dominant lethals msy slso be mimicked by other
phenomena like unfertilized eggs etcs

If embryonic lethality is being scored, Wiirger et al (11) have
recommended that the scoring of "desd" egge should be done between
"white" lethal eggs 2nd "brown" lethal embryos since the relative

- proportion of each type would indicate the nature of the demsge 3

true genetic damages would incresse the proportion of "brown" lethal
omn-.voa while conditions of unfertilized eggs or non-functional

apermt etec would csuse more "white" lethel eggs.

Sex-linked Recessive Lethal Test
This tests for genetic changes that kill hemizygous or homozygous,

but not heterozygous individuals somewhere between the zygote and
adult stegese. The recessive lethals can be induced on all chromo-
somes but thefr detection on X-chromosome is essier due to hemi-
gygosity of the X-chromosome in male flies. The hemizygosity also
ensures thet the I-chromosome being tested does not contain any
pre~existing lethels except those which erise during the dmlop-
ment of the particular male fly.



Genetically, the sex—linked recessive lethal test in Drosophila is
based on the fact that among the progeny of femeles heterozygous for
an Y-linked recessive lethal, half of the sons will die and thus a
comparison of the female to mele ratio in the progeny indicates the
presence or absence of & sex-linked recessive lethal. This feature
of the test makes the objective scoring a rule, partiocularly more SO
since in all the laboratories the same genetic straine are useds

In these special tester stocks, recombination between the two X=chro-
' mosomes of a lethal carrying heteroszygous female is prevented by
having suitable inversions in the other X-chromosome end this ensures
. that the lethal induced due 1o trestment of the parental male is not
transferred to the maternal f-chromosome due to reconbinations

The most commonly employed test is the Basc or Muller-5 tesie wila
type males having normal round red eyes are trea ec with the test
substence and mated with virgin homozygous ‘Basc females. The Basc
chromosome carries genetic markers Bar (ceusing narrow eye shape in
homo— or hemizygous condition and kidney-shaped eyes in heterosygous
femoles) and white spricot (eyes in homo- or hemizygous flies ave
light orenge in oolouxS; besides the Basc chromosome conteins a
combination of two gecute inversions which effectively inhibit recom-
bination over the entire length of the ¥-chromosomes The Bas¢ test
is disgrouned in fige 1.
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Fige 1. The Basc Tests 1f a recessive lethal ise induced in the X-chromo~
some of the trested ¥} male, the normel round red eyed males
(shown in perentheses) oTe sbsont in the Fp generations




In the Bagc test, it is absolutely essentisl that for obtaining the F2
progeny, only one F] female is teken in a vial since esch Fy female
represents one paternal X-chromoesome treated in the male gametes. The
vials of the Fp generstion sre individuslly checked for the presence of
meles with round Ted eyese. If in 2 visl containing at least 20 progeny
flies, no round redeyed msles are found, it may be concluded (with

P / 0.05) that the treeted male gemete contained a sex~linked recessive
lethal. Since the absence or presence of 2 well defined Mendelian class
can be objectively and unambigucusly determined without any personsl biss
in classification, these tests provide very reliable results.

As discussed by Wiurgler (14), the Drosophils sex-linked recessive lethal

teet provides the following types of additional information not cbtaina-

ble by other in viirc tests @

i« Hutations in vivo germ cells of en eukaryot ore detecteds

ii. The test chemical is tested in the presence of intracellulsr xeno-
biotics metabolising enzymesy

iii. It records point mutations, deletions and aberrationse.

In vitro Cytologicel Test Systems s Potentisl for future

¥While Drosophila has been extensively utilized for detecting gemetic
damage caused by verious agents by using in vive genetic test systems,
there heve been relestively fewer sttempts to utilize the cytological
test systems, mainly becsuse of the poor eytclogicel guality obtaine-
ble till recentlys. However, in recent yesrs improvements in cytological
techniques have made Drosophila mitotic chromosomes anmensble to analysis
in a fevourable menner. In view of the small chromosome number and the
availability of a2 large variety of gonetic snd coytologicsl markers,
%_m@_}g_ mitotic chromosomes should provide # test system of considera—
e promise and this field neoeds serious explorations

Seversl established cell lines of Demelanogester sre now available and
these could be used for mutagen testing in a mannar similar to that in
mammalian cells. Besides, short-term cultures of early eabryonic cells
end larvel brein ganglia cen be essily established ond under optimel
conditions they give & very good yield of mitotic cells. For theme short-
term cultures, very ctringent sterility conditions are not essential.

A variety of simple culture media Tormulations have been described in

the litersture for such short-term or cell line cultures.

The potential advantages that these short~term in vitro cultures of
Drosophils cells and orgens provide for mutagen screening studies are s

~ ie Relatively simple culture conditions;

ii. Low diploid chromosome number so that chromosomsl aberrations can
be eesily scoreds somatic synepsis of homologous chromosomes is
also adventageouss

iii. Relatively short cell cycle periods, psrticularly in the embryonic

cellsy, make the tests rapidy :

ive Use of bromodeoxyuridine~Ciemse technioue permits enalysis of sister
chromatid eszchenges also. Since the spontaneous frequencies of
SCEs sre extremely low (15~17), irduced SCEs are easily scorsble.
This aspect hes not yet been examined but arpesrs to be very promisi-
ng and should be exploredes

ve The vost genetic information and the mutent strains aveilable for

Demelonogaster can be useful in specifically chsracterizing the
nature of the damege coused by the test chemicals
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