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LHTROBUCTION
The pyrreliziding alkelolds sre a group of chemiesl compounds which
oceur naturally ln sezteln genexs of the Campositae, Lugwminosss and

Boraginaceage The alkaleid moleculs consiste of a basic methylpyrrelizidine

b

ring with one or more hydroxyl groups esterified by monce oy di- basic carboxylie
acids (Werreny; 193%). Heliotrine ls an open monoester, with one of the
hydronvl groups of the basic molety hellictridine esterifiec with heliotric
gcid.  Its stzuctural formulase is shown in Flgure 1.
The alkalolde possess considerable blolegieal activity., The prevalence

of hepatic clirzhoeis Lo livestock which heve grazed on pastures infected

5

@

with Jeneclo, Crotslayia, Haliolropius and othsr plants containing thes

La;:

E

prs

*iret recorded

iy

alkaloids has besn repuried on numerous otcasions since its
poeulrzencs Lo Hew Zeelend shxty vears aces The purified alkalolds extracted
from varieue plant species produce liver cirxvhosls and primery liver cancer
in experimental animals {see for example, Marris, Hose and Chen, 1997; Bull,
Dick, and MeKensle, L1958 Bull snd Dick, 1959 Gehoental and Mages; 1999
Cook, buffy snd Scheental, 19%0). In addition, the alksloide inhibit suooth
wmuscle tonus and antagonize acetyl choline (lclke @giag 1958}, block
neurssuscular transmission in xat phrenic nerve diaphrags preparations
{Gallagher and Koch, 1999), dizzupt the TCA cyecle and csuse complete loss

of activity of the Diti~depsndant enzymes in the rat. liver {Christie, 1938;

Christie, LePage and Baille, 1961).

Histologleally, one of the most characterlestic changes produced in the
hepatic sells of animaly which have developed liver cirrhosis fellowing

&

treatment with pyrrolizidine alkaloids, is a mevked incresss in their size
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(Buil, 19993 Schoental and Mages, 195%). Accompanying this increase in cell
slze, referved to asv megalocytosls, is a corresponding increase in the size
of the nucleus. Bull and Dick {194} have suggested that the enlarged nuclel
may be due to polyploldy and have shown that the smopnt of INA in these
nuclel is slgnificantly greater than that nommally present in the averags
hepatic cell. However, since the incidence of ﬂw*yglczay in liver cells i
known to increass with sdvancing age, 1t remains uncertzin whether the ine
creased DA content cobeserved by Bull is due te this or to polyploldy or
pelyteny induced by the alkalold.

However, the pyrrolizidine alkaleolds apparen affect the nuclear

material, since they are mutagenic in Dresophils (Clark, 1959; 196Ca) and

produce chromosome and chromatid sberrations in Allium cepa
Hacently it has been found that heliotrine produces chromosome braghks in the

veyipnersl leucocybes of the rat kangaroo, FPotorous tridactylis, in tissue

culture (Clark end Bick, unpublished).

The mechanien wherebv the alkaleoios ra@ut with the nuclesr materiszl

the scid and baesic moletles appear to be necessary for mutagenic activity,

gince nelther helictridine nor helliotyriec acid were found e be mutagenic in

Urosophils when injected alone (Clerk, 1939). In addition, alkalolds lacking

W

the 1 3 2 double bond in the methylgyrrolizidine ring {e.g. platyphylline) are

net mutagenic (Clazl, 1960aj. Recently, Culvenor, Dann and Dick (1962)
suggested that pyrrolizidine alkaloids act on cell nuclel by a process of
alkylation. The fact that both the acid and basic moleties of the molecule,

#s well as the 1 3 2 double bond in the methylpyrrolizidine ring,are necessagy
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for producing genetic damage has led Culvenor et al. to propose that they
may react with the genetle materlal by a process of alkyl-ocuygea fisglon.
Avanzi hes suggested that oxygen tension may bs an important factor in the
mutagenic activily of pyrrollzidine alkelolds in Allium,since she found
that cystelne reduces the froguency of chroposome and chromatid aberrations
they produced However, Culvenor et a2l. have shown that the pyrrolizidine
allkaloide react with cysteine and conclude that the protective effect of
this compound in Alliug may vesult from its combination with the alkalolds
rather than by reducing the oxzygen tension within the treated cells.

The pyrrolizidine alkalolds ars potent mutegens in Drogophila

iryespective of whether they sre injected intra-shdominally or added to the

For heliotrine, which iz the alkaloid mest tﬁ@f@ugﬁlg

ted so far for mutagenic activity, Clark (1963s) has suggested that

investlicate

the spermatocytes and possibly the early spermatld and late spermatogenial

stages are the most sensitive germ cells in the maley both for the production
of sex=linked lethals and chromosome byssksge. Prolongued feeding on the
alkeloid renders males reproductively sterile once their avallable supply
of mature sperm have been wiilized,; whilst comparatively short feeding
periods markedly affect the fertility of fesmales (Brink, unpublished),

In the present investigation an experimental study has been made ofs~

{i) the ability of helistrine to produce sex=linked lethals, sex=

linked lethal mosalcs, duominant lethals, translecationsz, deletions, chrogo-
gome loss and delaved chromceome loss in Drosophi!

= "

(11) the digtribution aljag the Y=chrorostme of 117 seu-linked
lethals produced by heliotrine. This distribution is coapared with those

gbtained by other workers foy X-ray and chemlically induced lethals.



.
(i1} the mutation frequencles prodused by combined heliotrine
and Xeray tveatments in Drosphlla.
{iv) the effect of the metsbollc inhibitors sodiun azide,

potaseive eyenide, sodiun hydros

hite and gaseous nitregen as well as
the antibiotic chloramphenicel on the autagenic activity of heliotrin
in Drosophiis,

The sensitivity of the various germ cell stages in the Drosophlila

testis to the mulagenic action of he ii”tfﬁﬁ@ has been oxamined by the

byood pattern teshnlowse In most experiments the males were first m

twenty=four hours afley trestment and subsequently transferred

fresh femsles svery three days. This mathed was initially ussd by

rueybach (1954) in her study of the sensitivity of the Drosophila testis

e

to the mutagsnic actlon of Xersvys, although more frequent brosd

m

re now Usad by many investigetors in order to minimize the v

different germ celle in & particular brood. Hewever, the three day intepval
3

e gensrslly considered adecuats for an initisl determinstion of the broog

pattern of sensitivity produced by 2 particulay mutagenic agent. Refine=

[
(%:
s ]
[

ments to this pattern can be cbiained subgequently by making

¥

i

shopter brood dnterval.

auerkach {(1997) hag dreswn aitention te errore which cen be wads
in the interpretation of dats obtalned by brood pattern anzlveis.  This
applies particulasrly to comparisong of the brood patteras of sensitivity

produced by different chemical mutagsne or different concentrations of

the seme nmutag Thus twe chemical sutagens may produce identical brood
patterns of sensitivity (l.e. maximum sencitivily occurs i same broctd)y

angd from this it could erroncously be concluded that the gers cell




sengitivity pattern for the two mutagens was also identical. However, the
chemical treatments may alter the rate of development and utilization of
the gurm cells so that s particular germ cell type is not used in the same
brood in each case, Consequently, in order to equate the brood patiern

of sengltivity with a particulasr germ cell type It is necessary o use some
genetic marker (@.g. induced crossing-over or nonedisjunction) to delimit

zertain stages of spematogenesis.
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MATERIALS ARD METHUDS

Throughout this investigation only male Drosopbils have been treated.
Heliotrine wes uvsed at 2 concentratlon of G001 Me Ik was made up In U079
seline and injected intra-abdominallve. The micropipeties used for injection

angd the method of injection have been described by Clark (1963a; ses als

@

Appendix L}s In some sarlier experiments the velume injected was belween
@;zzf/z% ang Q«izfjiag but owing to the sterilizing effect of the alkae~
foid in the later brmods 1t wes reduced to S&Q?fUl@ in subseouent exverisents.
Virgin males, aged betwesn 16 and 46 hours, were treated and mated to three
vizgin females (strain depending on the type of mutation to be scored) with
fresh fapales belng provided every three days until four or five broods had
baen obtsineds In some experiments a two day brood interval was used.

The flies were cultured in 4" x 1" glass vials on & semoling-
molasses—agar medium (see Appendix Il) which was supplemented witha drop
of live yeast suspension the day before the flies were placed in the viasls.
The @ﬁlt@@%é were incubated in 2 constant tesperature room majintained at 257
e zéc@
ol

The actual grosses made for the deisetion of the various types of

mutatlons are described in the appropriate sections.
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Ts DISIORTLICN OF THE F1 MALE/FIMALE RA

a?zms

P10 AND THE FREQUENCTES OF SEXe

LINKED REGESSIVE LETHALS AMD I

ALG FRCDUCED

BY HELICIH

1N _DROSOPHILA

a} Experimental Methods.

(i) 3sex=linked lethals and distortion of the

Fl sex ratic.

Sex-linked lethals produced by hellotrine in Cantoneg, K““‘ £

3

P . 8 B=g - ¢ .
{zring-X) and v v / se ¥ ~ males wers detected by a modification of the

Muller<% method described by Spencer and Utern {1948). The treated males

[y 4
\ 31 . . A&
were mated Lo ase (s@“i I = % @ s stocks availskle

in this laboratory, femsles hompzygous for this chronosome showed highe
fecundity than the Bagc females.

After scoring the Fl sex ratlo, the flies were placed in helf pint
milk bottles on a honey-agar mediun and allowed to mass wate for several days
before the femeles were placed individually in smasll cyeamers for the detect-
ion of sex~linked lethals in the F2 generations 1o one of the eaperiments

% e bt « s o "
in which v v / sc ?% ® males were used, the F1 females were backerossed to

asc males to facilitate the scoring of lethals by eliminating the marked ¥

chromosone.

5

All Fl females were tested for sex=linked lasthsls to aveld any blas

resulting from diffevential vates of develomment of nommal femeles and thos

("’z

9 ; TR 43
heterozygous for 2 sex-linked l%ﬁ%&i(Y&n%ﬁm%ijﬁvk

é: 3’

(i) Dominant lethals.

o,

e ; o o sl i
For the detection of dominant lethals, frazsted Canton-S ov 1 v §

males were mated to asc females. When the male was transferved to fresh

fenales at each brood change, the females with which it had mated during the
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previous three days were placed individually in 2" x & clearsite vials,
the lid of which contained the usual Drosophila food medium mixed with a
small amount of lamphlack to give greater optical contrast between the
egge and the food mediwm. The lids were changed after twentyefour hours
and the females discarded after forty-eight hours. The lids were then
placed in fly-proof containers and the numbers of hatched and unhatched
eggs counted twenty-four hours later. 1In a few of the ™egg dishes" none
of the sggs hatcheds These were discarded from the count since it is
likely that the females were not Inseminated or had exhausted their
supply of Spertm.

k) Experimental Results.

(i) Sex-linked lethals

The speontanecus incidence of sex-linked lethals in Canton-3
males was found to be 0.15% (3872 tested chromosomes), ﬁ%ilst‘h:XPQV £
males it was O.61% (1797).

Three replicate experimente were carried ocut to determine the
frequency of sex-linked lethals produced by heliotrine in Canton-S males.

In one of these experiments records were kept showing the lethal
frequency induced by the alkalold in individual males. The results, shown
in Table 1, clearly indicate significant heterogeneity. Although the same
guantity of alkaloid was injected into each £ly, the amount subseguently
reaching the germ cells within the testes of individual males probably
varies considerably. This would certainly affect the yield of mutations
produced. In addition, the rate of maturation and subsecquent utilization
of the germ cells may be affected thus leading to a shift in the brood

pattern of sensitivity. Previous work (Brink, unpublished), in which the
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sterilizing sffect of holiotrine in Dresprhils wes investigated by
administering the alkalold slong with the food supply,; showed songiders
able variation in the degree of strophy of the testes amongst males
troated for the sano length of time. Thie variaotion was probably due
to gifferent quantities of alkaleld being absorbed by the gonads of the
individual males.

Despite this marked heterogencity in the mutagenic actiwity
of heolictrine in the individual males of & treated serles; 8 cosparicon
of several such series shows ne significant heterogenelty {Table 2).
Consaquently the data for sach of these three experiments has been cuse
bined and the overall wutation frocuency, with 995 sonfldence limits,
for cach of the fivs broods is shown in Figure 2 {continueus lihe).

Two repllcate experiments were carried ocut te detemmine the
sef-linked lethal frequency produced by hellotrine iﬁ,X§2@ f males. The
date for the twe sxperiments are shown in Table 3; and since there is no
marked helerogencity between the results, the figurss have besn combined
and the reeultant mutation frequenciss, with 99% confidence limites, for
sach of the seven browds {(twe day brood inmterval) aze slso shown in
Figure 2 {bzoken linej.

Table 4 shows the results of two geplicate experiments wsing
g Yﬁmiﬁ

v v / ge " males.  In the flrst experiment the treated males were

mated to asep bw: st females, whilst in the second, asc females wore used.

“ince there is no significant heterogeneity betwsen the two euperisents
the date have been combined and the resultant sonm~linked lethal frecuency;
with 9% confidencs limits, is shown in Fiqure 3 (broken lins). The
results obteined for CantoneS males ars also shown in this flgure {(contine

wous line; for purposes of comparison. The marked Y chyomosoms carried
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B B ; 4
by the y v / ) Y; “males also enabled chronosone loss and non=disjunction

to be scored. These results will be considered below {page 20 ).

Figure 2 indicates that the brood pattern of sensitivity f@i
Canton=5 and %Szgmﬁvm&l@$ is similar execept for those germ cells used on
the fourth day after trestment, where & significantly lower frequency of
lethals was found in the ring-X males (7.13 * 1.22% lethals in rod=%’s:
2,96 & 125 % lethals in ring-X's). In both streins the maximun lethal
frequency occcurs in sperm used on the seventh to eighth days following
treatment (9,33 b 1.51% for Canton=3 males and 8.60 < 2:.49% for ﬁmzv f males)

The brood pattern of sensitivity obtained for v v / sc@,¥gmg

males is dissimilar to that obtained for Canton=-i males (Figure 3). As
was the case with the ring-% flies, the frequency of lethals induced in
sperm used on the third to fourth days after treaitment is significantly
lower than that cbtained for fourth day spems from Canton-S males

(2.13 £ 0.82% lethals for third day sperm in vy v / sct yB-8 males,

Te 13 : 1e22% lethals for fourth day spem in Canton-3 m@lﬁﬁlﬁ In addition,

the maximun lethal frequency obtained in the mutant stock is significantly

et

e & 3, o iy Sl s weed P R - B e [+ % '??“ % e Pyl 5 Y 3
ower than that cbserved in the wild type males (5.69 ~ 1.52% lethals in
4 , . )
the fomer and 9.33 =~ 1.51% lethals in the latter stock). The maximun
vield of lethals is cbtalned on the seventh day after treatment in the wild

type stock and on the ninth day in the v v &cd Yﬁﬁb ma leg.

(11) Dominant lethals and distortion of the Fl sex ratio

The frecquencies of inviable eggs laid by ggc females followling

v - L2 5 &
fertilization by untveated Canton=5 or L °v f males are shown in Table 5.

A significantly higher proportion of eggs fall to hatch when the females

gre mated to the ring-X males (‘X‘z = 7.6 , p<0.0001).
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Two replicate experiments were carzied out to test the effect
of hellotrine on the control frequency of egg hatchability in Canten-5
melesy; and two replicates were similorly undertaken using ﬁffgwgpmalaﬁa
The resulls of these four experiments are shown In Table 6. Glnce there
is ne marked heterogenelily between the two veplicates in sach of the
experimentsl series; the date have been comblned and the resullant
fraquencies of whatehed eygs, with 99 confidence iimlts,; for both
Canton-5 (continuous line) and Xﬁgg ¢ {broken line) mzles are shown in
Flgure 4,

In both types of male, the germ cells used on the seventh and
tenth dayvs after trestment appesy to be the most sensitive with regapd
to the production of dominant lethals by heliotrine. This iz clearly
indicated in Table 7, which shows the relative dominant lethal frecuency
produced by the alkaloid in both rode and ring- X%s. The relative
dominant lethal freguency (ADF) 1s derived from the following expressiongw

_ fregusncy of hatehed eggs in the experimentul series

By =1
frequency of hatched sggs in the contrel serlesy

The RDF obtained in the second broed {fourth day sperm) is intemmediate
between that of the first and third breopds in both the ®red® and "vlagh
series. This may indicate that the gews cells utilised in this brood are
of intermediate sensltivity, or alternstively a sixture of sensitive and
ingensitive stages in this brood could account for the intermediate valus
oheerved. The HDF values indicate that the szlkalold is from 1.5 - 2
timas more efficient ln produclng dosinant lethals in zing-i males than in
rod-X males in all broods.

The increass in the Fl male/female ratlo resulting frum the mating
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of treated males to untrested females can be used to glve & measuye of
the frequency of dominant lethals produced in the X-chromosome, since
those female embryos inheriting @& paternal<X which has rejoined to fomm
an inviable chromosome rearrangement (e.g. sister chromatid union or an
asymmetrical chromosome exchange) will die.

For untreated Canton=5 males mated to asc females a sex ratie of

(9

e

XE v_f males crossed to asc females the ratio was 0.86 (3360/3892).

1 {2500 males and 4949 females) was obtained, whilst for untreated

M3

. since the frequency of inviable eggs lald by asc fomales mated Lo une
treated chy f males was only slightly higher than that obtained when
Canton-5 males were used, the marked difference in the male/female ratio

between the twe stocks may have been due to the greater selective advants

age of the Canton={/asc heterozygous femasles over the asc males than was

the case with ggzgngﬁgg,f@maleﬁ and asc males,

The effect of hellotrine on the control sex ratio wes scored in
the sex-linked lethal experimentes described previcusly, the sex of the Fl
flies being scored preparatory to their being sel up for the detection of
lethals in the F2. The dats for two replicate experiments in the Canton-5
series and two replicates in the gffgmg,@@rieg have besn pooled and the
results are shown in Floures % and 6 respectively.

In both series, the brood pattern of g@ﬂ@itiwi@y for distortion of
the sex ratic is similar to that cbteined for deminant lethals. In Table &
are shown the relative increases in the male/female ratic produced by
heliotrine in each brood with respect to the control values in both the

*rod® and "ring” series. As wes the case with dom

inant lethals, the increase

in the gex ratioc produced by the alkalold in ring-X males is greater than
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the corresponding increage in rod-X males in all broods.

Zygotie lethality s only one of @@#@x&l causes w%i&h‘may T
sult in the non-hatching of eggs. Thus induced sterility in the male
or physiocloglcal inactivation of the sperm could result in meny unfert-
ilized eggs belng laid. A close correlation between the brood patterns
of sensitivity for dominant lethals end distertion of the sex ratioc proe
duced by helictrine is expected on the hypothesis that zygetic lethality
accounts for the non<hatching of eges. Calculation of the correletion
coefficlents showed 2 high degree of positive correlation between the
relative dominant lethal frequency and the Fl male/female ratio in both
rod- and ring- X males (r = 0.84 for CanteneS males, r - 0.90 for X% £
males). |

In the Xgﬁv f stock the positive correlation between dominant
lethals and sex ratio is less marked at lhe higher lethal frecuencises
{ > 70%) where there appears to be 2 significant increase in the ssx ratlio
with little change in the vield of dominant lethals. ‘Th%r@ appear Lo be
two explanations for this discrepancy. Firstly, as the relative daninant
lethal frequency approaches 100%, there will be an incresse in the number
of egge carrvying more than one lethal. GSince these sggs will be recorded
as possessing only one lethal, the observed frequency will be lower than
the sctual vield, Secondly, in the more sensitive gexw cells there may
be 3 relative increase in the frequency wlth which camaged KQQ chranosomes

ar

&

lpat. Thus potential fowmale ambryos become A0 males, and this serves
to decrease the nunber of female offspring whilst at the same time it
increases the number of males. This is in contrast to the reduction in
the nunber of female offspring without any corresponding increase in the

"
nuaber of males when the damaged XC@ chromosose behaves as & dominant
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lethale where the relative nunber of females is low as a consequenge
of dominent lethals being produced in the treated paternal ring-¥; only
& mmall lncresase in the number of damaged “rings” being eliminated from
otherwise viable gametes (as might cceur during the veduction divisions)

is needsd to merkedly alter the sex ratio.

) UDlscussion of Results

{i) sex=linked lethals

2

The sex=-linked lethals produced by lonizing radistions

phila have been divided into three classes (Lem, 1995). Type A

iethals are those due to point mutations. These are undstectable
cytologically and may or mav not be assoclated with chromosome bresaksge
followes by restitution. Type B lethals are those assoclated with de=
letions and these are usually detectable eviologleally by the absence of
ong or more bands in the salivary gland chrososomes. Type € lethals
include those associated with major structural rearrangements {(@.g.
inversions and symmetrical interchanges).

then ring-¥ males are treated, Type C lethals assoclated with
interchanges are inviable ag they result in the fomation of dicentrics
{Catcheside and Lea, 1948), However, Type A lethals not associated with
breakage as well a2s a proportion of Type B and Type C {associated with in-
versions) lethals ave viable in rving-X's. According to the cstimates of
Cateheside and Lea about half the deletions and inversions asye visble.

dMany Type A lethals assoclated with chronosome breskage followed by

&

restibution will be inviable in rine-X's, zince twisted reunlon or ilntre-
chrososomal crossing-over will lead to the fomation of large dicentzic

rings or interlocking rings in a prosortion of lethal bearing gameties.
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Fellowing heliotrine trestment, the ylelds of. lethals obizined

in rod= and ving- X's were similar except in those germ cells used on the
fourth day, where the frequency lnduced in ring-X's was significantly lower
than that cbtained ln “rods™. This 1s simllar to the vesults obtained by
Clart {1963a). The lower vield of lethals in fourth @%y spens from

XG?V i males may be dus to the elimination of Type € lethals as well as
those A and B lethals assocliated with chromosome breaksge and intrachromo-
tomal erossing-over during restitution. However, since the dominant lethal
frequency and distortion of the sex rstio are similarly depressed in this
brood in ring-X males, this explanation for the low vield of sex-linked
lethals does not appear likely. On the other hand, the observed discrep-
ancy bBebween the mutation vields ebtained in the gers cells used on the fourth
day in the two stocks may be due to strain differences {(secbelow, P16 .

..

in all other broods the sex=linked lethsl Treguency produced by the

&

kaleid in the two stocks is similar indicating that the maiorvity of lethals

-

aye probably due to polnt mutations which are not assoclated with chroposome

wz
9 ]

broskage. The Yabmy's (Bivd and Fahmy, 19533 Fahmy and Fahmy, 195%a) have

made the claim that soee deficliencles produced by alkylating conpounds are

3

fo

vt the result of chroposome brsalkage but are due Lo "various degrees of falle

ura of gene reproductien®. 1f this claim proves to be correct and applicable

to other chemical mutagens it s possible that many Type 8 lethals (f.e.

small deletions) produced by these compounds will sleo be viable in ring-X's.
Further evidence that most of the lethals produced by heliotrine are

of the A type comes from the cytologlcal observations of Gunson {unpublished).

She found that only about 5 - 108 of lethals produced by 0.001 ¥ heliotrine

ware associzted with cytolagically detecteble changes in the salivary gland

chronosomes.  Most of the changes were elther deficlencies or tranclocations.
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(ii) The mutagenic activity of hellotrine in different

straineg of Drosophils

Strfmnaes (1998 3 1959) has reported dissimilarities in the

mutation frequency produced by lenizing radiations in the Cslo and lsow

Amherst strains of Dzosophlilas melanogastsr , whilst Auerbach and Meser

{1953 a) and Auevbach (1956) have reported differences in the brood secuence
ofmutation frequencies for formaldehyde treated larvae of different strains.
On the other hand, Uster {1958 a) failed to detect a significant difference

in the mutstlon frequency produced by X-rays in several different straing

Strfmnaes has gg@g@%é@@ that the strain differences may be

dissimilarities in the rate of msturation @n@ wtilization

gtockse Alternalively, they may be due to

we seneitlvity of s particuler stage of spemmalogenesis.

Lindsley, bdington and von Halle (1938; have reported difference in the
radiation sensitivity: of mature spers @@@m the sex chromosome constitutioen
iz altered,

In the present investiqetion three straing of flies wers treated.

wd

he difference betwoen the Cantones and K “v § males sy With regard to the

freguency of sex linked lethals produced in those gemm cells used on the

fourth day after trealment, may be due Lo strain differences similar o

ihis hypothesis lg further supported by the sex

16 in the Canion-: males the xelative 3 Lwe and
{fourth and seventh day sperm respectively} are of cemparsble mage
el o e a8 by B e VAN - Yﬁw’i
nitude. Furthempore, the brood patlsrn of sensitivity for vy v / sc
males ls disslmilay to that obtalned for Canton-5 males. Thus peak
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gensitivity ocours on the ninth day following treatment {cf. the seventh
day for Canten=¢ meles), and in all broods, with the ecxeception of the

fifthy the mutation frequency is significantly greater in the wild type

The data obtelned in these experiments appear to indicate that

the three stecks differ in thelr sensitivity to the mutagenic activity

of hellotrine., Whether this dissimilaerity is due to cifferences in rates

i)
&

cell maturation or ther 11 is ectually due to ssnsitivity

gifferences has aot been determined, In an atiempt to selve this problen,
it would be of interest to test other chemical nmutagens, particulerly

filar pattern of gemm cell sensitivity to thet of helicirine,

n the rete of geme cell maturation

[

34 & o s g g o
1f diffarences

o

fiorences should be detectable for =ach

o

are responsible, then the strain d

“

nvelved,

=

muptagen tested. On the other hand, if sensitivivy differences are
the varlous strains may show z similar response to oné and digsimilar

respanse to gnother mutagen.
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Mo THE DELETICN, CHROMCSOME LOSH, TRAMSLUCATION AND SEX-LINKED LETHAL

MOSALC PRECUBNCE LS PRUBUCKED BY HELICGTRINE IN DROSCFHILA

M

8) Experimental Methods

(1) Hyperploid Females {Deletions)

The fresugusncy of hyperpleid females obtoined from the mating of

tesated males with sttachedeX fomsles can be used 4o olve 2 measers of the

oy
57

delotlon frequency {Bateman, 19%7). In this investigstion treated Canton=S
SRS

males wePe mated to attached=-X females hemezygous for yellow body (yyl.

ihe brood interval wes two dayse Unly two types of Fl offspring sre expected «

vellow Temales and wlld type malss - most of triplo~-X and 211 the YY flles

&

failing to supvive. HNomeyellow hyperplold fomales cceaslonally ocour in the

pFOgEnye iThey carry a centric fragment of the pztersaled containing the

o + s g o e s - =
aliele ¥ in godition %o the atisched-X chrxoemosoms. 1 the centzie fw @&“ﬁi

d wing margins and occasionsl malformation

2
et
50

ion ig wore nearly approsched.

{Li} ¥ malss, tranglosations, sex-linked lsthal mosaics and

other delayad genstic effscts
A group of thres experimenis wers carried out, la cach of which,
) o i N ) ) nr o AR S Lo
one or more of these qenstic effects wers scored. In esach case vy v / s ¥ 7

males ware treated. Thess males poseess an ¥ chroaosoms which carrice the

marker genes y and ¥, whilst atiached to the short sym of the ¥ chromosane

e

. . . . g + + ek b B
is sn X fragaent beering §§&7wi and Bb . In additlon the Bar—itane marpker

is attached to the leng sz of the Y. Phenolypleally, these males are none

PRy 5.

o

yellow Bey vermilion-oyed (Brosseau, Nicole

In the first experiment these males wors mated to v w , bw , st

zge A~ three dayv prood intsrval was used aond transics

b
o
E
fpst
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although in this latter csse the reciprocal class of flies {l.e. Bar eyed
fomales) should ales have been present.
in the third experimeni, the ireated males wore mated to ase

femeples, and the frecusncy of X0 malsos and sesn-linked lethals scorad in

the Fi and F2 generations respectively. X0 males were scored as in the
previous experiment,; whilst the abgence of vermilion eyed males in the F2
indicated the presence of a lethal. The scoring of lethals was carried

sut using the low power of a binocular microscope bucause of the presencs

e o JStone ,~ P ,

of the Baw marker on the Y chromosome in the maless Delaysd loss of
the X or ¥ (appsarance of non-Bar males in the F2) and delaved non-disiuncte
fon {appearance of non-Bar wmales and Bay eved females in the ¥2) were also

scored in this experiment.

b} Lxperisental Results.

{i} Hypexpleid Females

Tahle ¢ shows the {requency, with 95% confid limite, of

hyperploid females induced by helioctrine in twe separats expeviment
deletions produced by the alkaloid in the treated paternal-X were appavently

guite emall, since wost of the hyperpleid flies eshibited @ggi}«

o~

wings and pocossional melformmation of the sppendages. The brood patitern of
senslfivity ie similar In the two experisentey wlth a peak occurring in broods

four, five and six,; although the tetal vield of hyperpleids in the szcond

experiment was grsatey than thet oblainsc

Panty
[
o
-

Trans locations,, 40 males, ses-linksd lothal mossics snd other

delaved genetic effects

The resulbs of the three experiments sarvied out te test for these
yarious genetic efvects are sumparised in Table 10.
A very low frequency of tzanslocations 13 produced by the alkalold,

only three Deing recoversd out of 3502 gametes in all byoods of both experiments.

2
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411 occurzed in the laler brooeds, sorresponding to spemn used on or after
the rinth day. Ono involved the two large autosomesy whilst the other two
ocourred between the Y chroncsome and the second autosome and the Y and the
third avutosome respectively.
Chremosome loss and/or non~disjunction were scored in all three

R . .
Y and YO were scored in addition to 10

experimentss In the first, loss of ¥
males which avose as a result of cosplete loss of the ¥ or X or non-disjunction
of these two chromcsomes. It was found that ga&pleia lese {or na=disjunction)
pocurred comparatively rarvely, only %wo cases being found out of 210 tested
gumetes in all broeds. On the other hand, three males were found in which
the markers located on ¥° had besn lost, and elght in which the marker on Yi
was missing. In sddition, two mosales weve found in the fifté brood,; one
showing cuaplete loss on one side and loss of the y+ marker on the opposite
FHOITA L

side, whilst the other had @n@{éy@ and one Bay eve. All thiriesn males

displayifig partial less of the Y chromosome were tested for fertility znd as

e result 1t was feund that six (§§ng%g 2 B y and the ﬁ"%WHLf
’praﬁﬁagé cffopring whon mated to bw ; et females. This indicates that either
the marker genes on the long and short ams of the Y had sutated to y and %%
respectively, or alternaztively, they may have been deleted without the
accompanying loss of the fertility genes on these amms. In this expsyiment,
brood five shoewed the maximus freguency {(1.043) for all types of chromosome
loss and/or nonw-disiuncilon.

in the second experiment only thres X0 males were fund amongst
1666 nales scored glving 2 frequency of G.18. Two of the abnomal flles were
found in brood four [0.604) and the other in brood one {0.24%). The nomsal

Fl males were meted to bw , st females'br the detection of translccations and

delayed ¥ chronosams loss. The progeny Ifrem this crosswre narcotised with




€0, and exomined under the low power of & blnocuylar mleroscope in order
to reduce the possibility of translocations and nen-Bar males bsing
overiscked. Non=Bar males may have occurred as a result of spontansous

loss of the Y, or the Bap~ con®

miarkery but where itwo of mors were found
in the same culture delayed loss of ¥ or YL as a rewult of heliotrine
trestmont probably accounted for the observed result. In this cazse loss
&y have occurred during the reduetion divisiens in some germ celis of
the Fi mals. Delayed lose was found to occur in all broods, with the
maximua yield in brood five (2.97%).

In the third expeviment only two non-Bar sbnormal X0 males were
Found amongst 1996 scored, one in each of the fourth and fifth broods.
The F1 flles were inbred and the F2 scorsd for sex~linked lethals, delayed
logs of ¥, ¥ or ?L and sscondary nonsdisjunction. The genotypes and
phenotyoes resulting from delsved loss or non-disjunction, as well as
those acmpally eupected are summarised in Table 11,

Delaved chromosome loss may occur during the clsavage divisions
in which case gmendrmoerphs should occur amongst the nomel Fl flies.
Alternatively, delayed chramosems loss and/or non-disjuncitlon may ocour
during melosis in the spermatocytes or cocyies of the F1 flles and this
will lsad to vnusal genotypes occurring amongst the nomal F2 progeny
{Table 11). No gynandramorphs were found amongst the FL fijes. It thege=
fore appeers unlikely that delaved loss occurs during mitosisz. On the
other hand, sizicen F2 culturss were found in which non=Bar spricet eyed
males snd Bar eved females ocourred swmongst the supected Beyx malss and
non=tar females. These abnormal offepring apparently cceur as a resull
of nenedisjunction of the y v and 3sc chromesomes during melosis in some

of the cocyies of the Fl femsle. All sizteen culturez were found in the
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fourth brood glving a frequsncy of 3.22% delayed non-disjunction in this
brosd. In addition to these cultures, there wasg one in brood five which
contained non=-Bar males indicating that one of the Fl males wes a
gonadel mosaic for ¥ chrmmosome loss {l.e. loss occurred during the
sleavage divisions)e  Alternatively, loss m&? have taken place during
some melotic divisions in the Fl male.

The results obtained ln the three experiments Indicate that
the maximun frequency of X0 males (including those fliegé%ﬁich only the
long arm of the Y chromesome had been lost) sccurs in the later broods
corressonding to germ cells used on the ninth and subsequent days
following trestment. In the twe experiments where delayed loss (includ=
ing secondary non-disjunction) was scorved, the sensitivity patiern
sppeared to be similar to that obtained for KO males in the Fl generation.

The sex-linked lethal results cbtainmed in Experiments 2 and 3
have b@@é'éggcrih@ﬁ previously {see page 9 }. The frequency of mosaice
lethals produced by the &lkai@id in Bxperiment 2 is lower than that obtain-
ed {or complete lethals, although the difference is not statistically
significant, However, included amongst the twenty lethale scoved asn
maosalos are thirteen in which only ong of the 2ight fomales tested had
ne yellow sons amengst her offspring. There ave twe alternative sxplanate
ions wihiich can azccount for these cases. Firstly, several replications of
the chromosome may beo required befors the lethal can become expressed in
@aparticular cell, or secondly, these single cultures possessing no
vellow males may represent spontansously arisen lethsls, Many, if nol all
of these thirteen cases recorded as mossics, probably represent spontanecus
igthale. Thus the actusl frecuency of mosalcs probably lies between the
limites of 0.874 and the 2.49% shown in the Table. As wes the case for

complete lethals, the most sensitive germ cell stags is that viilised in
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broed fouyr. If only these seven cas@ég in which two or mozxe of the elght

females falled to produce yellow male offspring, are considereg, four of
then ceccuzred in the fourth brood glving 2 mosale frequency of 2.27%
compared with 4.5%% when all twenty cases were consldered as mesaics. The
frevquency of ﬂ%ﬁ?l@i@ lethals in this brood is $.23%.

&) Diseussion of Results

Cthey chemical mutagens appear to be compavatively inefficlent
in producing interchromoscmal rearzengements (Auerbach and Moser, 1993 b
Siizynska, 1957 ¢ 1963 b 3 sonbstl and Auerbach, 1960 ; Nakao and
Ausrbach, 1961; Watson, 1962). Thus the ratlo of sex-linked lethals te
2«3 translocations in the moszt sensitive germ cell stage following
Y=irraciation has beon found fo be between ! and 1.5 (Uster, 195% ; 1998 g ,
Traut, 1960; Chandley and Bateman, 1960), whilst the most sensitive stage
for the production of translocstions and sex~linked lethals follewing
treatment %&t& mustard gas gave & ratlo of lethals to 2-3 transiocations
of almost 5 (Sonbati and Auerbach, 1960). Nakeo and Auerbach obtained a
lethal/translocetion patio ranging frem 9 te 20 following treatment with
ethyiens oxide or diepoxybutane. WHatson obtained 2 ratio of almost 100
in the sensitive spermatogenial stage following trestment with chlorew
ethyl methanssulphonate (CB 1506}, although seliection may have opersted
in these gemn cells to reduce the number of trenslocations.

Heliotrine, like the other chemical sutagens, produces few
5

interchroncemal rearrangements. Thus in the wost sensitive gers cells

{(those used on the ninth day after treatment) in v v / aa {aw” i

the let hélf&f&ﬁéi@C%t3@ ratio was found to be twenty, a value whichk is
comparable with those obtalnesg for other chemlcal mulacgens.

o

Auerbach {1931) bas suggested that the low frequency of
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laterchronosomal rearrangements produced following treatment with
chemical mutagens may bae due to the primary lesion being s "potential
break™ which only opens and becomes avallable for partlcipation in
chrompsemal rearvangements later in the cell cycle or after several
replications have taken plece. Thus more latra- than intere

chriamesemal rearvangements tend fo be formed due to the fact that

"potentisl bresks” located on different chromosomes often become available

for participation in interchenges at widely separated times. Glizynsks
(19%7; 19632 3 19863 b) has clearly demonstrated this in the case of
formaldehyde. 5he Found that the ratic of interchanges {translocations)
to intrachangss (inversions, defisiencies and repsats) wes about five
or six tlmes greeter in Foraldshyde treated flles cempared with the
retic ebiainad following treatment with X-rays.

Zvidence that “potentizl breaks” are produced following
heliotrine treatment hes been obtained in the present investigation.
Thus the ratio of hyperploid famales (intrachramcsomal deletions)
transivcations (eymmetyrical chromosome exchangee) cbtained for ninth day
spemm, which showed maxinum sensitivity for both types of genetle damage,
was beiween 12 and 20, whereas the ¥~ray data of Chandley and Bateman
{1960) gave = ratio of < 1 for spermatids and about 3.5 for spemma-
tocytas. The lalter gemn cells show maximun sensitlivity for deleted-%%sy
whilst most translocations cceur in the spemmatid stags follewing
K-lrradiations

Further evidonge that "potentizl® genetic damage is produced
by cherlcal nmutagens comes from exporiments in which mosaiclam, delayed
ghromosers loss and sscondary non-disjunction have been found e oeour.

Ausrbach (1944} and Auzrbach and Moser {1953 b) have found that mossicism

Thus
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occurs following treatment with mustard gas and foxmaldehyds vespectively,

whilst Altenbery and Browning (1961) have reported s high percentage of
frectionaly compared with whole body mutations following treaiment with
phenylelanine mustard, dimethyl myleran and 2, 5 bis-ethylene -

iminohydroquinine. In addition, Carlson and his coworkers (Carlson and

-

Oster, 1962§ Carlson and Southin, 1963) have reported a high incidence of
mosaiclsm following treatment with the monofunctional guinacrine mustard
ICR 100. They found that the @G@tM&@if tic germ cells produced a higher
vield of mosalics than the pre-meiotic stsges, apparently as a resuylt of
the sorting osut of damaged and undamaged strands during mitosis and meksis,
Sex-linked lethal mosalcs have been found to occcur following heliotrine
treatment, zlthough thelr frequency dees not appear ©o be as high as thatl

| Thus Carlson and Oster found almost four

amplete lethals following treatment with ICR 100,

of the frequency of couplete lethalss The maximun ylelds of camplete and
mosalc lethals produced by heliotrine cccur in the same broed (brood four).

Flve no noseics were founde If this brood corresponds to trested

fposf
oF
g
&
b
S
oy

48, then a sorting out of strands during mitesis

educthion divisions Gy8 similar to that reported by Carlson

antd Soutl sccount for the non. appearance of mosales in this brood.

However, slnce only savenly non-lethal F2 cultures were retested in this
&

hyood, the sample is probably too small to draw any definite conclusions

iz this hypothesis.

Auerbach (1947) reported evidence of delayed non-disjunction

snd chromosome loszs following treatment of Drosophilae with mustard gas.

Ehe suggested that a change in the centromere reglon resulted in the
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treated chromosese followlng ite homologue at meiosis and elther becosing

lost ox incorporzted within the same cell. The change did not appeayr to
affsect the fupctioning of the centremere during pitosls since no gynandzos
morphs were found amongst the Fl offspring. (n Auerbach®s hypothesbs,
delayed loss and nop~disjuncition may net necessarily be corrvelated with
Pootential® gepetic demage, it may merely reprasent Lhe ﬁ@i@gaﬁ appearsnte
ef & particular genetic effect which can only become expressed sfter
melusis has token plecs. In this regerd, 1t would be of interest te
detemslne whether K-irradiation; which is spparently nnot as efficlent

in progucing “potenbtial® genetic damsge 2s are chemical mutagens, can

induces delavad nonsdipjunction similar to thet reporied for mustaed gas.

The gelayed non-disjunciion and delaved chramosume loss

resulls produced by helistyine may be dus to a sxmi lar type of maechanism
to that propoged by Aueszbach for nitrogen mustards Lindsley and Hovitski
{1958 have sugpestsd that the centransre is merely the insctive anchor
poeint of the chromosome attaching it to the spindle fibre. The kinetic

activity for chrouosose weparation ls velaled Lo the constitutlion of

the hetevochrometic veglons which lie lmmeciately adiacent fto the centro-

mers. 10 has been reported by several workers, mostly using slant cells,
that heterochromatic reglons arve morve susceptible to breakage by

chemical mutagens than are suchrometic reglons {(McLeish, 19533 Revell,
1953 3 Youlschen-Dahmen and Moulschen-Dshmen, 1958¢ Fahwy and Bizd, 19%3).
I it is found that certain groups of chemlcesl mutagens react with

heterochrapatic reglons, then non-dlsjunction and chrusosome less during
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Both Strangio (1961: 1962) and Shlhagen (1861 3) observed e

sharp peak in the incidsnce of X0 males on the 7th and 2th days followlng
Xeirradiation, thie pesk colaciding @ith the appearance of the first non-
disjunctional females indicating that cells trezted in pre-anaphase 1 were
being utilised on these days. Althoush s propertion of the Y0 males
represented the complimentary ¢lass of noa-disjuncticnal fllies, the
frequency of X or Y chromosome loss still reached & pesk on these days
{c¥vhagen, 1961 &8). Using the same type of male and thereby eliminating
the sensitivity differences which may result when differsnt strains of

£1 are used, Utranglo (1962) found that the maxinum frequsncy of X0 malse

W'

fﬁ?

&g
eccurred two days later than the waximun sex-linked lathal frequency.
Similarly, »%@hag n {1960) observad that the maximun vield of Lpanslocatlions
following X-irradiation occurved prior %o the peak frequency of paternal

sex chrancsome loss. These resplts suggest that following X-ray lreatment
chromosome loss bas o diffarent sensitiviiy pottern to that oblalned for
lathals and translocatlions in that 1t cccurs most fre guently auring the
fivst melotic division (Fvhagen, 1961 b)

An explanation of this difference mev be found in & consideration
of the varicus mechanisws which could lead to chromosoms less in the various
stages of sperustogencsis. Slstor-union, following the formation of
chramatids in byoken chromesosss which have falled to restitute, could lead
to chremosome loss {Pentecorvn, 19413 1942), provided the break point was
close to the centromersz. 1§ the dicentric forms a large bridge al ansphase
{break point far from the centromera} cell division may not be completed
and sister-union i this case foads to daminant lethality (Pontecorve,

1942}, Loss due to this mechanism may occur in sny germ cell stage whera

mc,.

bregkage or “potential breskage™ ls productd by the mutagenic treaiment.
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However, during the first meiotiec division chromesome loss may also
result from the failure of chromosomes to pair correctly or their
insbility to separate completely at the onset of anaphase 1 so that a
chromesome may follow its homologue and be incorporated in the same
gell {non=disjunction) or it may be “left ocut™ of both cells.
Gershenson (1933) suggested that chrososase loss resulting fros palring
failure may account for the observed discrepancy between the number of
exceptional males and fomales regoversd as a result of primary non-
disjunction. Using structurally altered X chromosomes he found that
pairing was affected by loss or redistribution of hetercchromatin within
the chromosome. His results have been confimed by Sandler and Braver {1954)
using a number of structurally altered X and Y chromosomes. They found
that loss of the Y occurved more frequently than loss of the X except in
XYY males. In addition, the proposal of Lindsley and Novitski (1958)
that heterchramotic regions adjacent te the centrasere are impprisnt
in the separation of chromosomes at anaphase would indicate that damage
to these regions may affect the disjunction of chromosomnes and lead to
an increase in the ineidence of both chromosome less and non~disiunction.

On the basis of these finding, it is to be ewpected that
the highest frecuency of exceptional (XO) males should oceur priocr te
anaphase 1. Stranglo abd Savhagen have conflmmed thls for X-ray treat-
ments. It is ressonable Lo suppose that X0 meles will also be most
prevalent in those gemm ecells treated prior to anaphase 1 when chemical
mutagens are used provided that they are not refractory to the mutagenic
activity of the particular coumpound. Consequently the peak Incidence
of chromosome loss amdf@r non-disjunction in the Fl following hellistrine
treatment may be indicative that presnaphase 1 germ cells are being used

on the ninth day after treaiment.
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1ile  THE GENETIC LOCALTISATION OF SEX-LINKED
LETHALS PRODUCED BY HELICTRINE TH DROSUPHILA.

a)

?;arla@ntal Hethods

P

A tetal of 117 sex-linked lethsls produced by hellotrine
in the firsty secend, third and fourth breods of twe experiments have
been genetically localised using the Aiple technigue. Virgin females,
heterczygous for & lethsl, were crcesed to Xple males which carry the
marker genes vellow {y), apricot {gi}, crossveinless {gv), cut {si),
vermilion (y) and forked (f)s The F1 lethal/Xple females were crossed
te &3¢ males and the FZ meles scored for the various marker genese In
most cases betwoen ong and two hundred malaes were scered, the position of
the lethal heing detemined by the anount of crossing-over betwesn i1 and
the marker genes locsted ilmmediately to the left and rights Ten of the

3

is were found to be associaled with suppression of QT@*%&WQ%Q@&?

ot
b

o]
et

%‘

twean two of nore of the markers on the chremosome, althoucgh cvtolo-

vical exeminstion ef the salivary gland chromosomes failed to show the

=]

presence of structural rvesrrasngements in wmost cazes. Thaese ten lethals
have been ux@i%&% from the calculations on the distribution, since a
raduction in the susount of crossing-over belwesn some merkers could ceocur

if two or more lethals were locates on the one chromoseme, or aliornatively

&

reduced erosingeover may be dus to mubtastion in genes contrelling the smount
of crossing-overs Cytolegical observations on all 117 lethals have been
kindly carzied by Miss d. M. Gunsonn of the University of Melbourne.

b} Experimentel Results

P

in Bigurs 11 the frequencies of heliolrine induced sex-linked

lethals in thiriesn Cﬁ?&ﬁ@%ﬁ% reglons, =ach fiwe map wunlts In length, are

shown. There appear to be two sensitive reglons, one at the extrese distal
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end of the chromosome end the sther at the proximal end between the

forikad locus and the ventromers,

in Table 12 the nuaber of heliotrine induced lethals
ocourring in each of the following four regions are shown.

le between the distal end of the chromosome and cut.

25 bevwesn cut and vermilions

3¢ betwson vemmilion and forked.

4o between forked and the spindle attschment.
In addition, this Table shows the distribution of 85 vieible loci (most
ugeful locl listed in Bridges snd Breohme, 1944), 324 Xeray (300e) (Ives,
1959) , 52 Myleran (Rohrborn, 1959}, 63 mustard gas (Slizynske and
Slizynski, 1947), 567 alkylating compound (Falmy and Fahmy, 195635 19%7),
151 T8¢ {Belitz, 1954) and 188 Chinon 1 (Belitz, 1997) induced lethals
sng 102 spentansously arbsen lethals (Belitz, 1957). Stern (1957) has
suggested that the distribution along the Y-chramosome of lethals produced
by various mutagenic dgents may vary according to the marker stocks used
for the logalisation. Ip addition, Stern has shown that heterogenelity in
the recombination values between varlous markers, caused by both
envirommental and genetlc changes, may be expected to produce variations
in the location of lethals. In ail the above investigations the markers
yellow or scute (0.0), cut (20.0), raspberry (32.8) or vermilion {33.0)
and forked {56.7) have been used. Thus a comparison of the lethal
froouencles produced by the various mutagenic sgents mentloned above in
each of the chromosomal reglons delimited by these markers can be carvied
out with a greater degrse of confldence than 1F the lethals had been

located in & smaller chromosome seguent {8.g. 3 - 10 map units) on the

basls of the recombination datae
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The dats sal out in Table 12 show several interesting polnts.
Firstly, the froguency distribution of lethals in each of the four
regions after treatment with chemical mutagens appesrs to be similar
for sach mutagen sxeept in the case of Myleran whoere there 1s 2
deflciensy of lethals in the § «~ gpa region {only 9.8( of lethals),
compared with 18-24% for the other chemicale. On the other hand, the
freguency of spontanesous visibles and lethals occuring in the gc » ot
reglon appears to be in exwcess of the freguency of induced lethals in
thic reglon {48.1% spontanesus lethals and 42 4% spéﬂtaﬂ@@ué’viﬁihles
conparsd with 30 « 37 induded lethals), whilst in the f - epd reglon
the positien ls voversed, there being fewsr spontaneous vialbles and
lethals than induced lzthals (9.8% spontaneous lethels, and 11.8¢ sponte
ancous visibles cowpared with 18 « 24% chemically induged lethals).

With regard to the fr@qu@ﬁ&y’éigtwib@ti@n of X~ray induced lgthals, the
patisrn appears to be simiiar to that for chemically induced lethals,
except for the f - spu region where there appear tu be relatively fewer
radistion produced lethals { 14,3 Yeray induced lethals compared with 18 -
245 chemigally induced lethals)e

Many of the gex-linked lethals produced by heliotrine show an
interesting @ham&st@rigtig@ After about 7 - 10 generaticns in ﬁt@gg}wild
type flies appear in the cultures. The frequency with which these wild
type flies appear is too high te be accounted for by stock centamination

sy back mutation and probably reprasents a characteristic feature of some

lethals produced by the alkaloids It may result from a progressive
sorting out of domages snd undamaged stronds In a multistyand chromosome

shructure similasr to thet proposed by Steffenson (19%9).
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¢)  Discussion of Resultbs

As Flgure 9 shows, the extreme distal portion and the
praximal sixth of the Xechromosome are the most sensitive regions with
respect to the production of %eleink@& lothals by heliotzine, whilst
the intermediate regions are m@mparativaly insensitive.  Similax frequency
patterns of distribution have bewn obtained following treatment with
mustazd gas (Slizynska and Slizynski, 1947), alkylating compounds (Fahmy
and Fahmy, 1997), TeM (Belitz, 1994) and high doses (12.5 kr} of X-rays
(Ives, 1959), although the incidence of lethals in the proximal region
following heliotring trestment appears to be much greater than for other
mutagenic agents excepting THM.

The Sliznyski®s heve attempted to relate the distribution of
mm&ﬁar& gas induced lethals te the ocourrence of heterochramatin along
the chromosams and conclude that these suppossdly less active regions cone
tain fewer lethals, the maximun frequency seocurring in reglons adjacent to

heterochromatine Investigations with plant celle and Drosophils indicste

that the maximun fregquency of chremosome breskage followlng treaiment with
chemical mutagens may occur in heterochromatic reglons (MelLelsh, 1993;
Revell, 1953; NMoutschen-Dshmen and Moutgchen-Dabmen, 1958; Fahmy and Bird,
1953), aithough Slizynska (1957) has found fewer breaks in these reglons
following treatment with formaldehyde. However; she suggests that this
apparent deficlency may bs due to the different times at which breaks
produced in eu~ and hetero~ chromatin beccme avallable for participation
in structural resrrangements. Thus the liklihood of interactions betweaen
breaks produced in these two chromosomal reglons is reduced, and the ree
Jeining of two hetercchramatic regions is not detectable cytologically
{unless an exchange is produced). If it can be confimmed that following

treatment with chemical mutagens, lethals are more prevalent in suchromatic
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regions, whilst the breakage frequency is highest in heterochromatin
it would be reasonable to conclude that sex~-linked lethals produced by chemical
mutagens (excluding those assoclated with structural rearrangemente) ave
anol zassoclaved with chromosome breakage., This should result in similar
sex-linked lethal frequencies belng producedin rode and ringe ¥
chromosomes. This has been found following hellotrine treatment (see
page 10U}, however it would be premature to conclude from this that lethals
oceur in euchromatin and breaks in heterschyomatin following treatment
with the alkalold wntil more extensive data on the distribution of breaks
and lethals is obtained. Also & clearer pleture in both chemical and
genstical terms of ths differences botween ou- and heteroc~ chromatin is
needed.

The large number of lethals produced by helictrine in the
eutreme gdistal regilon of the chromosome ls not unexpected; since a high
frequency of spontansous visibles {(Bridges and Brehme, 1944) and lethals
{Belitz, 1957) are also found in this region. Thus in the chromosome
region between the yellow and apricot leci (2.3% of the genetic map)
thers are found 1%.3% of ¢the spontansous visibles and 19.6% of the
alkaloid induced lethals. It appears llkely that the lethels and
visibles in this reglon arise as mubations in the same population of
loei which are either extremely numerous in this sesction or altemnate
ively readily underge spontanecus and induced change

Gn the other hand; the second peak of lethals in the proxe
imal region of the chromosome between the forked locus and the spindle
attachiment {14 14 of the chremosome length) may indicate a susceptabe

1lity of this veglon to the mutazgenic actlon of heliotrine since 23.4%

of the lethals occurred in this region compared with 11.8% of visibles
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and 9.8% of spontaneous lethals. However, the excess of heliotrine
induced lethals in this region doss not appear to be peculiar to the
alkaloid, since TEM (Belitz, 19%4 , Fahmy and Fahmy, 1996) and to & lessey
extent some of the other chemical mutagens also preduse a high yield of
lethals in this region, |

Auerbach and Woolf (1950), in thelr criticlem of the Falmy®s
wladsn (Fahmy and Fahmy, 199¢) claim that there ave two populstions of geng
tooigo(” and £ 5 the latler of which differs in its response te the mutagenic
action of Xerayes and alkylating agents, suggest that the hidh frequency of
chemically induged lethals in the proximal reglon offers a promising line
cf ressareh to test tha @aﬁ&@pﬁ of mutagen specificity in particular
chromosome reglons. The large n@mber’af sbocks now avallable in which
parts of the proximal block of heterochromalin have been either lost or rg-
distributed suggests & pogsible basis for attacking this probleme I the
layge number of lethals induced In the § « spa reglon are dus to posltion
effscts as a result of part of the brssl heterochromatin being deletsd; &
changs which may be undetectable cytologically, then & stock in which part
of this heterochromatin has been trangposed to asother part of the chromo-

some could provide usefu) infemmation.
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GhaERAL DISCUGSION

a) Ihe gen¢tic naturs of deminant lethals produced by

heliotring.

Pontecorvo (1942) and others have discussed the nature of
dominant lathals produced by Z-lriradiation and gugoest that there are
three main mechanlams which may result in dopimant lethals being formed,
Pirstly, ssymmetrical chronosome exchanges or chromatid interchanges,
forned by the interaction of breaks produced by lrradiation before ov
after chromosome splitiing regpectively, lead to the fommation of
dicentrics which are inviable., Zecondly, deletions above a critical
size induced in sutbgomes ofien cause chiemoscne inbalance which results
in the death of the ambryc. Thirdly, chramosons breaks which fall to

rostitute do aot sppear to “heal® (Herskowitz and Wuller, 19%3

=

Hurskowitz, 1954), but undergo sister-chromatid union fellowing the splitt-

ing of the chromogomea. Where sister-union cccurs in the centris fragment
a dicentric chromosome ls produced whiech behaves zs a2 dominant lethal elther
through loss or bridge formation. The first type of doninent lathal pe-
gquires two independently produced bresks for its productien and the last
type 2 single break. The second typs may result frem two breaks or a
single break depending on whether the deletion is interstitial or teminsl,
although the absence of healing suggests that most of then are probably
two bit interstitial deletions.

Falmy and Fabmy (1984) have investigated the ﬁaﬁum@’aﬁ
dominant lethals produced by 2idi6-tri (ethylenelmine) 133:5-triazine
{TEM) and on the basis of thely findings suggest that they arise as result
of mechanisms similar to those described sbove for Xelrradiation (i.e.

asymmetrical euchangesy interstitial deletions and slster-chromatid union),
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although the relative frequencies may be different in each cage.

In addition to the primery or asctual breaks produced by
chemical mutagens there ave partial of “potential® breaks whiech will tend
to modify the dose/frequency vesponse curve (Fabmy and Fahmy, 1995 b) as
wall as the relative yields of the different types of dominant lethal.
slizynska {1963 a3 b) reporis a higher iﬂ%¥&4iﬂtﬁrm chromosomal rew-
arrangement ratio followlng formaldehyde treatment compared with that
obtalned after ¥-irzradiation. Thus it is possible that mors dominant
lethals may result fron deletions and isochramatid sberrations than from
asymmetrical exchanyes,

| Hellotyline lnduced dominant lethals probably result from the
same type of chromosome abexrations as do those produced by X-irrvadiation,
‘althﬁmghg like Ti%, 1%t prebably produces the three types in different
velative proportions. The low translocstlion frequency indicetes that few
resuli %rﬁm‘asymm@tfiﬁal exchanges unless i1 iz gssumsd that these are prow
duced at a much higher frequency than symmetrical exchanges. Un the other
land the high frequency of hyperpleic femaie% produced by the &ikél@ié
suggests that & nuaber of doninant lethals may result from interstitial
deletions. In addiilion, the high d@l@tianftr@nalmcgtian ratlo indicatas
that petential bresks are produced by the alkalold and this could result
in a high vield of ispchrometid aberrstions. As discugsed previously (see
page 77 ), chycnosome loss may OcCur as a congequence of sister chramatid
untion when the breek point is close o the centromers. The resultant
dicentric is small and is thorefore mors lik&ly‘té be ¢lininsted from both
daughter nuclel dus to “lagoing” at anaphag@'thén ie 4 large dicentric,
{formed when the bresk point is far removed from the centromere) which will

forn a bridge at anapbase and consequently behave as a cell lethal. Thusg
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the nmumber of sister-unions should be proportional tuktha vield of
chronosome lossss, Since chromosome loss following Heliotrine treatment
oceurs at a low frecquency (see pa@e 73Y 4t ie to be expscted that the
frecuency of isochromatid sberrations also gccurs vrelatively infr@qu@mtlys
On the other hand breaks may not be produced r&n@wﬁly along the length
of the chromosome, Thus a deflelency of bresks in the prowimal region
could mean that the majority of sister-unions lesd to cell lethality
rather than to chrunosome loss.

Further data on the naturs and distribution of bresks preduced
by heliotrine as well as information on the dose/frequency responss curve
Ls needed before the relative proportions of the different types of
chromeseme aborrations contribubting to deminant lethals can be positively
detemined.

b} The g@ﬁ%yc@ll sensitivity patiern following

heliotrine treatment in Drosophila.

To determine which germ cell stage is the most sensitlve to
the mutagenle activity of heliotrine, or indeed any mutagenic agent, it is
desirable to have some gsn@ti@ marker which can be used to characterisze o
particular type of gem cell ox group of gemm cellg, since different
chemical mutegens oy different concentrations of the same mutagen may
atfect the rate of development and utllization of spern {Auerbach) 1997).

Induced crossing-over or non-disjunction are useful in this regard as they

clearly delimit the post-meiotic from the pre-melotic gemm cells, whilst
the ccsurrense of bunches of identical or complimentary crossovars delimit
the sarly speematogonial stage.

Induced crossing-over in & dual purpose stock whilch enabled
gau~linked leothals as well as crossing-over to be detected has been successs

fully used by Auerbach and Sonbati {1960) and Reddi and Auerbach (1961)
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to delimit the sensitive germ cell stages follewlng treatment with
mustard gas and TEN wespectively whilst induced non-digjunction has bheen
used by Shvhagen (1961 a) and Strangio (1962) in thelr studlies on the
gexm sell sensitivity patterzn after X-irpradiation. Preliminary
investigations {(Clark, 1963 &) indlcate that induced crossing-over
soours somparatively rarvely following heliotrine treatment.

Both S¥vhagen and Stranglo have shown that the maximum
ghronosome loss froquency oecurs in pre-snaphase 1 gemm cells followiog
K=irradiation. Possible ressons for this have been discugsed previously
{see page 2% )y In the present investigation, the waxﬁmum vield of X0
males {whether they resulted from chromosome loss or non-disjuncition)
oceurred in broods four and five corresponding to trested germ cells uged
on the ninth to twelfth deys after treatment. Whether the X0 wales found
in these broods result fros chromosome losy nonedisjunction ox & colisate
fon of both factors is uncertaln. However, 1f the peak frequencles for
the twe types of damage coinclde, as was found to be the case following
¥eirradiation, then it is llkely that the gerw cells used in brood four
correspond to treated spemmatosybes. Since the sex~linked lethal resulis

using vy v / s@% Y ™Y males also showsd a maximum frequency in brood four

it is possible that primary spermatocytes represent the most smnsitivg‘
germ cell stage for the produstivn of this type of mutation following
heliotrine treatment. Claxk (1963 a), on the basis of his resulis and

the spww&atggam@gia timing expuriments of Chandley and Bateman (1%&2)?

also puggests that the spematocyie stugo may be the most sensitive for
ﬁh&linductiwn of sex~linked lethals and chromosoms, breskage by hallotrine.

The fact that the maximum yield of lethals was obtained on tbé geventh day

following the treatment of Canion=$ males may be due to the steck
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differences discussed previously {see page 17}, with treated spemmaton
cytes be@aming available for fertilization on the seventh dey in this
stocke In thelr experiments Chandley and Bateman showed that spematos
eytes first became available at this tims.

The deminant lethal and sex ratio data indlcate that several
stages of spormatogenssls may be equally sensitive as the peak freguency
extends over four to seven days. This is eimilar to the pattern observed
by Luning (1952) end Bateman (;9@%} foy the production of dominant lethals
by d=fayse

Germ cell sensitivity pattesns for a number of alkylating agents
have now been cblainad. For some (¢.g. musterd gas and THM), peak
gsensitivity occurs in the sarly spemmatocyle and late spermatogonlial stages
{Auerbach and Sonbati, 1960; Reddi and Auerbach, 1961}, whilst for others
{#sg. CB 1506) peak senzitivity sppears to be confined to the spermatoe
gonial stage (Fakmv and Fahmy, 19%6 B). The most sensitive germ cells
following formaldehyde treatment appear Lo be the suxocytes (Auerbach and
Moser, 1953 aj. &u@rﬁ@@@ and Sonbati have pointed out thet different
sansitivity patterns obbtained for diffsrent mutagens doos not necessarlly
iovelve.a diffseronce in action on the genetic matexial as the o
chemicals may affect other culluler processes which could influence the
ultimate fate of the mutation. Thus cellular %ﬁi&b&li%ﬁ wuy be affected
and this could enhance the mutagenlec sctivity of the chemical compound or
affect the repalr of premutatienal demage.

in addltion, twe other factors sppear to be lmportent in
detemining the gorm eell sensitivity pattern produced by chemical mutagens.

The first of these invelves tha penetrance of the chemleal into the nucleus

of the treated celle A number have a high molesular welght and cone
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saquently entrance to the nucleus may be restricted to perleds of gell

division when the nuclear manbrane bresks down. Thils may partly aceount
for the fact that the spemmatocyte and spermatogonial stages appear to

bae the most sensitive after treatment with some chemical mutagens, wlthough
other factors are likely to be involved. The second faetor invelves the

stability of the mutagen followlng its injection into the organisms If

the chomical remaing active for several hours it has a greater chance of
reacting with fthe nuclear material during the mest sensitive stage of the
cell eycle than if it is zapidly metabeliseds Hocent studies by
Glizyanska {1963 ¢} Indicate that spermatogonia are a heterogencus
populotion ol cells and thus show considerable varlation in their responge
to the mutagenic actlon of Xerays. Thus a mutagenlc chemical which re=
mains active lin these gwulls for some hours should produce moxe damage
than yapidly metabollsed mutagens since all spematogonial cells would
pees through the gensitive sbage durlng this tlme.

Cxygen tension durlng trestment with chemlcal mutagens may
be ancther lmportent facter in detemmining gems cell sensitivity. Kihlman
{(1961) has sumsarised the avsilable data on the effect of onygen on the
fraguency of chromosome sberrations produced by various m@ﬁﬁgeng,in plant
celle. However, the chromesome hreaking ability of allylating agents
appears to be ladependent of oxygen concentrations Thus the gem cell
sunshtivity pattern produced by these campounds in Drosophils may not be
affocted by this gas, alibough that producad by other chemicals may well

be affected.
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CONCLUSLONS

In the light of the results cbteined in the present investlgate
ion the following conclusions can be made with regard to the mutagenic
activity of heliotrine in Drogpephils melacogasters-

1o Heliotrine is & potent mutagen, producing many different
types of gometic damage. High sex-linked and dominant lethal frequencies
are prodused in the sensitlve gemm cell stages. Deletions are algo proe
duced with & high frequency, although translosations, chramoseme loss and/
or pnon=disiunction oceur comparatively varely.

2 Although the %@ﬁﬁi@i@@‘gﬁmﬁ tell stages could not be
positively identified from the experimental results, there is some evidence
which suggests that the prisaery spemmstocvies show the grestest susceplabe
1lity to the mutageniec activity of the slkalold, althouch pesk sensitivity
may extend inte the spermatid and late spervatogonianl stagess The broed
pattern of sensltivity for sex-linked lethals, deletlions; chromosome
loss and/or non-disjunction sh @wau a clesxly defined peak on or about the
ninth day indicating a perticularly sensitive stage of spempatogenesisz.

On the othey hand, the pattesn of sensilivity for daminant lethal

sex ratio dlstortion) falled to exhibit this peak, but showed a "plateau”
of sensitivity extending over several days suggesting that several gems
pell stages may be equally affecied.

3o  The genetic localisatlon of sex<linked lethale produced
by hellotzine indicates that very few lethals are associated with majer
structural reavrangementss The fact that the sex=linked lethal frecuency
produced by the alkaleid in rod- snd ring- X% is siwmilar also indleatss

that the majprity of lethals are polnt mutstions not assoclated with
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chroaosome byeakage.

4: the freguency distribution of the alkslold induced
lethals along the X chromosome shows a cluster at the extreme distal end
with & second clustexr in the bassl (proximsl) reglons The distal
clustering iz probably associated with a lavge number of losl (or wmutable
lock) within this zoglon as other workers have reported $is ogeurrence in
Bhe case of spontaneous lethals and vislbles and lethals induced by Xerays
and various chemical mutagens. On the other hand, the besal clustering
appesrs Lo be morg spevlfle , beling confined tu helletrine, mustard gas sy
THL and certain of the alkylating agents investigailed by the Fehmy's. The
clustering in this reglon may i dome way Do sssociated with the besal
heterochromatin although further work is needed, witn the possible use of
rearranged X%sy to confizm this hypothesis.

% A low Lrenslosatlon frequency ls produced by the alkaleld,
but doeminant lethals; hyperploid fanales (dsleticng) and sex<linked lethals
é@@ur with & high frequency. Thus the sex-linked lethal/trenslocetion ratio
i3 considerably grester than that eblalnsd following Xeray Lreatmenis and
is comparable with the patlio peoducsd by other chemical mutagens. There
are more intra~ than intere chramosomal rearzengemonts produced by the
Glhkuloldy anu as has been found with cthar chemlcal mutagene this probably
jndicates that “potential" chromosome breaks ave produgeds

Ge The vecurrence of sexw-linked lethal meosaics and delayed
chrancsowe loss follewing helletrine treatmont indloates that o part of

the genetle demage produced only beocomes expressed after several replicat«

fons of the genetic material; further supporting the hypeotheses that
fpotential® genetic damage §s produced by the alkaleide

7. Different siraine of Drospphila welancoaster appear Lo vary
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in thelr sensitiviby to the mutagenic action of heliotrines ihether this
difference le related to dissimilarities in the sensitivity of perticulay
genn celle n the varlous etocks or whether it ¢ related to differences
i opetes of gexm cell moturatlon and vtilization has not been

positively detemlined,
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MCDIELGATICH OF THE MUTAGEMIC AGIIVITY OF HELICTRINE IN DROSOPHILA

i

KELANCGABTER
oS e N R e R

a) Introduction.

1t is now a well established fact thet the chromosome abervation
frocquency produced by loenizing radiations and various chemboel mutegens
shows considerable varistion depending on the gtage of the cell eyele as
well as the type of cell treated, In addition, temperature; oxygen
tengion and other factors which affect celluler metabolism have besn Found
o modify the vield of chromosome breaks and styuetural rearrangsments
produced by varicue mutagenic égents. Fvans (1962) and Kihlman (1961)
have written comprehensive reviews on the Factors which moedify ths yield
of chromosome sberrations produced by fonizing radlations and chemical
mutagens respectively.

.

Investigations wtlliping Hschezichia soll, Salmonsila,

Perameclun, Drosophlla and miee lndicate that the point mutation as well

as the chromosase sberratlon freguency produced by ilonizing radiations can
¥

be modified by altering the metebolian of the Lrradisted cel

a,

s with viEpe

;..sa
o

lous treatments given prier te, during or after irrediation, or by changing
the dosp rete. Thess treatmente (1€ @ﬁf@;tive} may elthey increase or dew
crease the smount of primsey damage produced by sensitizing or protecting
the genetic material respectively, or alternatively they way enhance or
johibit natural repalr processes.
Russell, Russell and Kelly {1958; 1960) have found that the

irraciaztion of mouse spematogonis and oncytes atl low intensitles producas
less damage than if high dose rates are used. However atiempls to show

an intensity effect in Drosophila have not proved successful (see Clark,

1960 b, for veview), although Ustexr, Zimmering and Muller (1952) did
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find an intensity effect for treated cogonia. However, in a more

recent publication (Muller; Oster and Zimmering, 1963) they suggest that
this conclusion may still be open to question. Purdom {1963) falled to
detect an intensity effect for treated spermatogonia, although for the
iowest dose rate tested (0.0l »/mins) there was an indication of an
intensity effect. Un the other hand, Tezima and his coworkers (Tazima,
Kondo and Sado, 19613 Vezime and Kondo, 1963) have shown an intensity
@ff@ﬁ% in the vogonia and the gpermatogonia of the silkworm, the effact
being more pronounced Lo the fommers In the light of thelr results with
mice, Russell (1963) has proposed thet the dose rate effect iz due to the
repair of premutational damage belng “"saturated™ or blocked at high
irradiation lotensities.

Recent experiments indicate that there is repair of premutational

genetic damage following ultrawviclet lyradiation in Zpcherighia and

Galmonella and afler X-lrracdiatlon in Paramecium. Although thers is sume

Y

disagresment amongst the workere in thi field as to the nature of the

primery lesion and the exact mechanlsm of its repair, they generally agree
thet there is an unstable state (the "p al mutation®) which may be
gither "lost" oy “repalred” as & vesult of various post-irrvasiation treat-
mentss The finel step resulting in "mutation incorporation”™ ig LA
synthesis.

There is some evidence that the primary lesion occurs in the DNA
molecule itself (see Witkin, 1961}, although the original proposal of Haas

dney {1957} that the initial dumage is to the nuclelc acld pre-

cursors cannot be ruled out. Loss or repalr of premutational damage, &

process referred to as “mutatlon {requency decline”, is enhanced by amino

acld deprivation or lahlbition of protein synthesis by chloramphenicol

{Witkin, 19563 Doudney and Haas, 1960 a ; b), photo-reactivating Light
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{Haas and Doudney, 1960} and the basle dye pyronin {Witkin, 1661) in

for=

Euehoriehia, In Parsmeciun, postelrredistion treatment with strepto-

myelng chloramphenicol or caffeine, reduced the incidence of recsssive
lothals induced in this organism (Kimball, = Gaither and Pordus,
19617  On the basls of thely results, Rimbsall and his coworkews susoest
that repalr of presutationsl demage in Paramecium 1s a metebolically
gontrolled process.  The rate of repsily ic lowey in the presence of
metobelic inhibitore, but thexe Lé wore time avallsble for vemsir before

the terminal event {prebebly [NA synthesis) when the remaining premutational

damags is converted inte mutstion. On the other hand, Doudney and Hass and

*autation fraguency desline®; is preventsd by the rnost-{zradistion
inhibition of proteln synthesls, i.e2. there is an interruption in the

ghaln of wents leading to the stebiliestion of pyremutationsl damage.

Howewet, “mutation freguency declins® is not 2 passive provess; but one
which requires respiratory enorsy (Doudney and Haas, 1980 b). In

Eschertchis, 2s in Parsmeclun, the final step is mutation inecorper: ation

ently the synthesis of DA {(Hsas and Doudney, 1960,

Sohels has found that postelrradiation treatment with cynnids
{1960 3 1962 &) ov chisramphenicol (Sobels and Tates, 1961; Sobels, 1963)
gither ineraases or decreases the mutation frequency produced by X-zavs in
Progovhila. In additlon, post-irrediation trestment whth purified nitrogen
{sobola and Tates, 1961; Sobels, 1963) or 2, 4 dinitrophencl (dobels, 1963)

has bean found to increase the froquensy of sonw-linked lothals produced by

mivy gm&atiaﬂo sobals (1963) intorprets these rosulte along the same lines

. {1961) explained the modifying offects of chloramphenicol
and gtreptomyeln in Paramecium. However, the nature of the teminal event

in Drogophila remaing unknown although it prosumably is not sssecleted with
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DA synthesisg.

Sobels (1963) has found that following irradistion in nitrogen,
treatment with oxygen significantly reduces the sex~linked lethsl
frequency in spemmatids whereas leaving the fliecs ia nitrogen appears to
have no effect on the mubtation frequency. On the other hand, postw
irradiation treatment with elther oxygen or nltrogen appears to have no
effect if the Xelrradistion is carried out in oxygen. He suggeste that
wore damage is ceused to a repaly mechanism when irrediption is carried
out in oxygens This is similar to the model proposed to aceount for paxt
of the increasve ln the chrancsome aberration vield following irradiation
in an oxygen atmospheze (Wolff and Atwood, 19943 Wolff and Lindsley, 1960},
Apparently irxradlation in alr does not damage the repalr process, since
poste-irradiation treatment with nitrogen ilncreases the swtstion frecuency

{oobels end Tates, 1961). In view of the earlier obseyvatiovns of Scbels

{1960 ; 1961) that post-irzadiation frea

ent with cyanide incresses the
sex-linked lethal frequency lrrespeciive of whether the irrvedistion was
given in oxygen or nitrogen, it is ldkely thal danage Lo the repaly mechans
ism resulting from frradiation in oxygen is oot lrzeversible. Thus the poste
breatments with nitrogen mey have been too short to produce an effect whereas
the nercoticing effect of wy&ni@w}whi@h lasts for some tlme following removal
of the {lles fran the gasscould be effective in increasing the wmount of
genetic damage.

Recovery from genetic vamage in treated sperm which has been stored

in malee Drgsorp

ndda s still e contreverisal polnt ameng gensticistse
Lodependent investigations carried out by Nordback and Auerbach {1937),
Abrahamson and Telfer (1956) and Luning (19%8) showed that fewer translocate
ions ave found in mature speon used on the second day after lrradistion than

an the first day lrvespective of whether the males were mated on the




firet day. The frequency of gex-linked lethals and ¥ chronosome loss

alee appears te be lowered by sto of irpadisted spera in crmﬁ%@u malan,

Howovery i1 has besn noted that Xelrvadiation in altrogen eliminates the

gifferance betwenn flrst and second day spemm (Raker and von Halle, 19%3:

Lunirg, 1961 and Alsxandar, 1960), whilst Oster {I941) has observed that

newiron ilxvadlation has the sane effocte On the basis of these findinys

Deter has suggested that the differsnce in mutstion freguency between the

two babtches of spesw may be due to differennes in sensitivity, the spems

uged in the firel wating being irraﬁiaﬁné at o higher owygen concentration
LOAUEKRE

than thal ussd in the subseguant matin@/ﬁf its gloser proximity to the

genital oriflc

g»»ia

fecently Mossige (1963) has extensively analysed this sprobler by
ghserving the putation frequencies obtained in the first end secons

matings followidg ‘rradiation of - males 2% various intervals after

goliosions  Irpadlatlons wersg csry agelly 81r and oAvVgen. Fop

young waiss (U = 4 hours) » lower sex~linked lethal Freouency wes obitalned

IS

lrrespazetive of whather the malés were

scond cay efter tresh
first gpalted imwwdlat 1y after irradiation or %WHﬁtwaﬁur hours later. In

3

g bhis result wag oblalned frrespective of whether the Kerays wars

Grldi b

given in nilrogen, alr or oxygan and from this It was concluded that
maiture spema Lo very young males is relatively anoxice This result may be
¥elutad Lo Rhishin®s (1950) observation that the pature spewm pragent in

the seminel vesicles of newly gmerged malas does not beseas functional

until about seven hours affer eclosion. Vor sevan day old males, the peye

jeacy in sperm used la the second mating wes found to

e lowsyr than that obtaloed In the firel mating irrespeciive of whether

the first copulation takes place immedistely aftes treatment or ten

4
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hours later. Howsvery the vield of lethals in the firet used spom is not
veduced as a result of increasing the time interval between treatment and
matinge

o On the basis of these ?imdingsg Mosslge has suggested that there
&?é\téé mechanisms which account for the different mutation frequenclos
cheerbed in first and second day speme. In young malss, where th%'matmre;
spexm are appavently velatively snoxic, recovery avcounts for the differﬁﬁﬁ
lethal frequencles In the two batches of spewm irvespective of whuther |
the males arg mated on the first day. lo older males {iev. &b@mt £@VED

,,,,, days) differsotiazl sonsitivity ap to sccount for the different mutatzﬁn

yiclds in the tweo matings. Appasvently no recovery ocours in these ﬁldé?
P A""ﬂw
in adgdition Lo Inducwed mutation yielas belng altered by %r&@t@éﬁ%@

i Vo

which elther onhange or inhiblt natural recovery prosesses, they may alq

e altered by other treatwents whlch may increasas op dacrenass the aﬂﬁunﬁ

af primary damage produced. Thus oxygon. anoxla, systeaming and aﬁh@ii

chembcals contalping suwlphwdryl groups, cyanide, dinitrochenol and @thsr .

respiyatory Lohibitors have a1l be found to modify the amount of nrimary Y
N

genetic damage produced by lonlzing radiations in various orgsolsns. y

Laygen has been found Lo enhance the Xeray iadiesd reverslon R

5

Frequancy of certain bloshamicenl nutants In Hucherienis coli {Andargon,

1954 Hollaender, 1957} It slso enhances the seae-linked lethzl frequency

e sk Tmes A& e A& e B ooney 5 own Dwende bn e od o uy e g "
produced by R-lrraadietien Lo both rode in“ riags X chpemosomes in \

Dros {u&ﬁwx ang bgourakls, 1990, Baker and Ldington, 1992 bsker and

B

vors Halley 1903) and the X~ray induced mutation fvequency in Parsmecium

(Kisball and Galther, 1%51; Kimball, 1994) snd Aspergiliuve {Stapleton and

Hollosnder, 19%2). Experiments carrisd oub by Howar waumes and Moore
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(1958) on the killing effect of Xerays in bacteriam, indlcate that
oxygen must be present during irradiation to exert sn enhancing effect,
since the gas was found to have no offect when applied within {wenty
milliseconds after the concluslon of the irradiation.

The mechanism whereby oxygen enhances the mutagenic activity
of ¥wrays Ls not clearly understood although it has been suggested (ses
Hacy and Al xanders 1961) that the ges may react with a damaged target
thus reducing the llklihood of 1t being restoreds This hypothesls appesrs
to be supported &y’tn@ observation that nitric oxide enhances the d-ray
induced chromosome abexration frequency in mouse ascites bumour gells
{Gray, Green and Hawes, 1958} and root tips of Vigia faba (Kihlman, 19583
1959 as well as the sex~linked aznd dmminant lethal freguencies in
Drosophila (Capps, 1961}. Howevey, Capps has found that nitric oxide
produces an effect over and above that produced by oxygen, suggesting that
the mechanism of asction in each case ls at least partly digsimilax.

There arve a nueber of chemical compounds which yeduce the

immtati@ﬁ and chromosome ebervation frequencies as well ag the killing
gffect of Y-vays when they are present during lrradiatien. Hollaendex
and Kimball {19%6) have broadly classified these compounds aceordiag to
thelr effect.

Treatment with sodiuvm hydrosulphite has been found to increase
the survival in ivradisted bacteria (Burnett, Morse, Burke snd Hollaonder,
19%2) and reduse the Neray induced chromosome abersation frequency in
Vicia and Iradesgantia (Wolff, 19%4; hilkaeleon, 1984). The protective
effect of this compound apparently results fras Its reducing properties.
Another compound, 2, 3 dimercaptopropancl {BAL), also appears to reduce

the chromosome aberration frequency produced by Xelyradiation ss 2 result




s

of ity lowering the oxygen tension (Wolff and Atwood, 1954}, Kimball
and Geither (1951) failed to obtain & reduction in the X-vay induced
mutatlon frequency in Parameciun following treatment with scdiun
hydrosulphite although they did find that the conpound did reduce the
lothal action of derays In this orgenisme

The sulphydeyl conpounds eystelne and cysteamine have a
mazked protective effect agelinst Xevay induced killing {see Bacq and
Alexandery; 1961, for review), as well as the production & chromosome
aberrations by ionizing vadiations (see Hvens, 1962, for peview).
Cysteamine has been found to reduce the yleld of biloechemlical peverse
mutations produced by X-rays in bacteria (Hollaender, 1957} Hollagnder
also foundg that the protective effect of cysieamine 4+ sodium hydro-
sulphite was more than additive gugoesting that the protective effect
of the twe compounds may lnvelve different mechanisms. Thip has been gone
firmed by Vergroesen, Vos ang Budke {1962) in their work on the protestive
effects of cysteamine anc nltrogen in tissue culture gells. Apparently
the sulphydryl compounds exert their protective é%%@cﬁ by reacting with
the free radicals produced by lonizing rediations {Bacq and Alexander,
1961},

AET (Z2-amincethylisothioursa) protects against Xepay induced
killing in mammale {ses Doherty, 1960), although it has been found to
increase the dopinant and sex-linked recessive lethal freguency in

Drosephila when given as a pre-irrediation treatment {(Bdington, 1958),
g F

Recently, Mittler (1963) showed thal neither AT nor MEA {(2-mercaptoethylas
mine) affected the sex-linked lethal, hyperpleld oxr translocation
frecuencles produced by A-irradlatlon in Drosephila.

A number of investigations bave been cervied oubt in recent years
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using antibiotics in an attempt to modify the vields of mutations produced
by ienizing radiations. The work with chloramphenicol 0 Paramecium
has already been alluded to whilst the reduced yield of X-vay induced
senwlinked Jethals 1n spermatids observed by Sobels and Tates (1961)
f@llmwiﬁg chlovamphenicol pretreatment in Drogsophila has been confizmed
by Clark (1953 b). Wolff (1960} found that chlovamphenicel inhibited
the restitution of chromesume breaks sfter X-irradiation in Vicla.
However, Lrownlng and Altenburg (1963) failed to detect an antimutagenic
effect for chloramphenicol when the polar cap cells of Drosphila wers
irradiated with V. Streptomyein has been found to reduce the frequency
of radiation induced recessive lethale in Parsmecium (Kimball; Gnither
and Perdue, 1/61) and sex-linked lethals in Drosphila (Clark, 1963 b},
whilst penecillin ¢ (Burdette, 1961 & 3 Clark, 1943 b) and actinemycin D
{Burdette, 1961 k) have been found to have a similazr effect in Drosophila,

The way in which the varlous antiblotics modify the Llnduced
mutatien frequencies is not clearly understood at the present iime. #Hany
have 2 similar effect in that they reduce the yield of induced multationg,
however, this does not necsssarily indlcate a similar mode of agtion in
each case but may mevely represent identical end pointe of & numbex of
different modifying wechanisms. In the case of chlorasphenicol; the
inhibition of protein synthesis has been implicated as the basis of its
modifying effect, at least in micro-orgsnisms, although there is little
evidence to justify this conelusion as far as more complex organisms
are concerngd.

From this brief reswne it is svident that the mutatien Frocquency
produced by ionizing radiations is subjeet to modiflecation by treatments

which either affect the amount of primary demage produged or medify
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natural recovery prosessas. in view of these results it is of interest
to test whether the mutation fregquency produced by chenlcal mutagens can
also be modifieds These investigations are made difficult by the fact
that many chemical compounds may romain mutagenically active for many
hours. Thus gasecus and chemicsl trestments used in an attempt to
moaify thelr mutag@nic activity may be ineffective 1f not given for a
sufficlent length of time. In addition, it is difficult to detemmine
whethay a particular modifving treatment is affecting the amount of
primary domage produced by the mutagen or whether 1t isg affecting the
amount of repair sinee the twe processes are probably procseding cone
syurrently.

Despite these difficuliles; our present knowlsdge concedning
the nature of the primary genetic damage produced by varlous chemieal
mutsgens would indieste that it could be profitable to investigate
factors which may modify thelr mutagenic activity. The ccourrence of
Motential’ chromosome breakage™ snd possibly other types of pre-
mutaticnal damage following treatment with various wmubtagenic chemicals
suggests & possible basis for investigating this problem as the ultimate
fate of this primary leslon ~ i.e. whether 1% ls repairved or fixed 23 a
mutation - dependes upon the Integreted processes of cellulay metabolism
and these can be wodified or lnhibitied by various treatments.

Kihlman and others (see Kihlman, 1961, for review) have investe
igated the effect of different oxygen tensions and various respiratory
inhibitors on the chromoscne aberration frequency produced by several
chemical muteagens. On the basis of the results obtained, Kihlnan has
proposed a classification of chemical mutagens depending on whether thelr

ablility to produce chromosome abherrations is affected by changes in
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oxygen Lension, and if go, whether it is suppressed by reepltatory

inhibitors and uncoupling agents. The production of chromosome

abervations by alkylating agents appears to be independent of oxygen

soncentration, a fact which has been confiored for the induction of

sex~linked lethals by mustard gas in Drosophila (Auerbach and Moser,
185Ljs On the other hend, the frequency of absrretions produced by
Nemathylated axy@uéin@a {#:g0 8~ ethoxycaffeine) and the
phenylnitrosamines (e.g. NeMothylphenyinitrosamine) is dependent on the
presence of oxygen, whilst the action of the fomer group of compounds
is suppressed by respiratory inhibitors and uncoupling agonts.
Apparsatly the putageng diseussed by Kihlman affect the awmount of
primary ﬁam@g@ produced, although further work could show that recovery
processes arg also affected.

sobels (1956 a) and bobels and 3imons (1956) have shown that the
mutagenic activity of injected fommaldehyde selutions in Drosophils is
‘gnhanced by pretrestment with cyenide gss., [n both males and females the
pex~iinked lethal frecquency wee enhanced by the cyanide treatment, whilst
the incldenge of induced crogsing-over was almost as high as that produced
by X~rays. Hobele suggested that th% increased mutation rate was probably
due to the formation of dihydrowydimethyl peroxide produced ss a result of
the reaction of hydrogen percxidd {formed as a result of the inhibition of
catalase by cyanide) and formaldehyde. This result is in agresment with

the garlier observations of Dickey, Cleland and Lotz (1949) and Jensen

Kirk, Kolmark and Weatergaard (1951) in Neurogpora wheve the fraquency

of reversions following combined formaldehyde andg hydrogen peroxide
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treatments was grester than that expected on an additive basls.

Herskowitz {1951} and Averbach (1996) have found that respizatory
inhibitors were lneffective in modifying the mutation frequencies produced
by fommaldehyde, whilst Clark {1998) has found that they have no effect on
the mutagenic activity of pyronin. Howsver, Strauss snd Okuba {(1999) have

found that they can veduce the number of revertants to pretotrophy in

Eschepichia goll by altering sellular metaboliem following trestment with
alieyiating agents.

Finally, mention must be made of several lavestigetions whieh
report en incresse in the mutation frequency when sperxmatozor trected with
mustard gas or T (tei-othylene melemin) are stored in the spermathecas
of inseminated femples for varying pericds of time (Horskewitz, 195%5; 19563
Sehalet, 1985, Auerbach and Sonbati, 1%60: and Sayder, 1963),

Herskowits abd Gehalet reported that the freguency of translocatlons
following treatment with TiM or mustard gas is Increased with storagey
whilst the frequencies of X0 meles abd sex-linked lethals appeaxed to be
unaffected by storage. SGchelet's results for mustard gas appesr to have

besn confirmed by Auerbach and Sonbati (1960} in that they observed an

increzsa in the frequency of Minutes with: storage whilst the lethal

freguency was nol gignificantly sltersd. However, Snyder found that TIN

inercazed the freguency of lethals, translocations angd ¥ chromesome lusgs

with storage.
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A possible dnterpretation of these results may be that the increase
in the translocation frequency ls due to the opening of “potential®™ breaks
during storage, particularly if breaks do not rejoin until after fertilig-
ation as shown by Muller (1940) to be the case following X-irpadiation.
Howsver, the unaltered freguency of X0 males observed by Herskowitz and
Schalet do not appear to fit thils hypothesis. Both these workers treated
spermatozos within the spexmathecse of insemineted females and this may
wall have resulted in f@ﬁaza gexm cells being affected by the mutagen.
Auerbach and Sonpati have dlscussed the possible shgnificance of this.

In addition, the increase in the sex-linked lethsl frequency observed

by Snyder appears to be too large to be accounted for solsly on the basis
of an increase in the number of lethales agsoclated with chromogsome
breakage and rearvengements yesulting from the delayed opening of breaks.
{in the other hand, the increase may result from the realization of pre-
mutational damage (i.e. "potential®™ point mutations) produced by Tile
Auerbach (19%51) hes foymulated three alternstive hypotheses whereby
delayed mutation may ogcur, twe depsendent on division and oney the
stabilization of a metastable wolecular equilibriuvs, which ls indapendent
of division. On the basis of this latter hypothesls, spemn stored at
comparatively high tamperatures should show a greater increase in mutatlon
frequency than sperm stored at & lower tempevature compared with the yield
of mutations obtalned in unstored sperm. This appears to £it with
Snyder®s observations.

In the present lnvestigation preliminary experlments wers
garried to test the effect of temperature on the mutagenic activity of

heliotrine. Although the experiments were carried oul on a small scale

there was seme indicaetion that the distortion of the sex vetio produced

- by the alkaloid in mature sperm was lower at 20% than at 25°C.




Bl

ihese Investlgations indicate that the chraosane
aberration and mutation freguencies produced by at least some
chiemical mﬁtag@ﬁg can be modified by varlous treatments. It was there-
fore cungidered worthwhile %o test the effoect of several metsbolic
inhibltors on the mutagenic activity of helielrine. Potassium cyanide;
sodiun azide, sodiun hydeosulphite, nitrogen and shloremphenicol have
bean used ln thle altempis In several of the expariments males carry-
ing a ging-A chronosome as wall as those with rodeX®s were tieated in
an attempt to determine whether the smount of primavy genetlic damage ov
Tepeir proecesses were belny affecteds

) Lkxperimental Methods

Where the flies received treatment with potassiun cysnide;
sodivg axide; sodium hydrosulphite or chleramphenical in addition to
heliotrine, %hé two chemicels were injectod simultaneously. COyanlde was
uses at & concentration of G.007 M, exlide 0,003 M, sodium hydrosulphlite
0,01 ¥ and chlorasphenicol 2t a concentration of ©.237 unless otherwise
indicated,

In those experiments where gaseous nitrogen waz used, the
wales w@&a placed in a 4" x 1% glase vis]l through which was passed a
stream of commereial nitrogen saturated with waler vapour. All traces
of oxygen were removed by passing th;a&g% a solutlon of pyrogallie acid
#nd pa@agsium hydroxite. After one hour in nitrogen the fliss were
removed, etherized, and placed on a fine wire mesh fitied to the stage
of a Flnoculer microscoper: which enabled nitrogen ges to be clreulied
éw@and then whllet they wers belong injected with the alkaeloid. Although

the conditions were by no means complelely snoxic during injection, the

anaesthetic and the clireulating nitrogen probably prevented & couplete
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racovery of metabolic activity following the pre-injection treatment in
anoxia. Immediately after the adminisiration of the alkaloid the flips
were returned to the glags vials snd supplied with sivesm of pure nitrogen
for a further poeried of one hour. The sealed glass vial contalning the
flies wae lmnersed in & water bath meintained at Qﬁm C. during the gas
treatment. Control flies were tyeated sinmilaxly except that an air

stream, saturated with water vapour was used in place of the altrogen

stream. : {f y
The treated males were mated to ssg, or in some experiments f é

to Dase females. A three day byoed interval was used in &l aﬁpax&m@ﬁtsf i

except those in which gos treatments were used where the broed interV@l 2

wan two davs. lk
Sepelinked iathalﬁg~ﬁiﬁtw?ﬁiﬁn af the sex ratin and é@minamzf i

lethals wers scored in the same way as dessribed previcusly (see page ? b

The genetlec localisation of sex-linked lethals produced by combined

heliotrine and potassium cvanide trestmenis was ecarried using the Xpls
technique described on page 0

¢} Experimental Results.

1o  The sbsence of an effect of KON and 5@%

the spontanaous mutation freguency.

Nelither cyanide {(0.005% ¥, nor zzide {0.002 K) sionificantl
¥ &

{noressed the spontanecus sex~iinked lethal frequencys A vield of 0.25%
{1582 tested gametes) end 0. 185 (1597) lethals weve obtained following

cyanide and azide treabments xespectively cosparsd with the spontaneous

Frogusncy of 0.15% (3872), Likewlse syanide falled to affect the
spontancous breakage of ring-X chromosomes. The Fl male/fenele ratio

following ovanide {reatment was .82 (1136 males and 1391 females)
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with C.86 (3360/3892) in the control series

2o The effect of KON and Nall, on the hellotrine
i g

@ induced mutation frecquenove.

The affect of cyanide and agide on tha sex-linked lethal
f?@qﬁéﬂﬁy proguced by belioirine in both rode and ring<X males is shown
in Table 135 whilst the effects of the inhibiters on the Fl sex ratio
dlatertion and dominant lethal frequency ave shown in Tables 14 and 19
respacstively,

1t is avident, from the combined brood totals in each of the
experimental series; that both cyenide and azide have produced a
statistlically significant Incresse in all three types of genatic damage

d {1ast two colum

* o

Jy e

sroduced by the alkalo 13y 14 and 19),
axeept for tnwg %@x¥liﬁk@@ lethiale in the ring-X serles where myanxd@
failed to produce & statistically significant increase. The fallurs of
tyanide to produce a stetistleally significant incresse in this serias is
sossibly due to the stexilizing effect of the alkeleld in the younger gem
gells {Clark, 1959; Briank, unpublished) and this has resulted in Loo few
chromosomes being testods
The ephancing sffect of cysnide and azlde on the mutu genle

activity of heliotrine ls most spperent in the seond, third and f@uxth
bramﬁé although there is sone iadication that it may also extend forwsrd

into the first brood, However, the long brood interval Jﬂplzyﬁﬁ in thess

experiments, together with the possibility that the inhibitors may have

vetarded the development rate of maturing germ ceollsy; makes 1t difficult
to delimit & partieularly sensitive stege of spemmatogencsiss The metabolic
inhibitors may affect the maturation rate of spers thus causing shifts in

the brood pattern of sensitivity. Although 1ittle is known about the
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effect of lahibitors on the process of spermatogenssis in Drosophila,
there is evidence frem work with the Cscropia silkwom (Schnelidemman,
Ketehel and Willlams, 19%3) that in vitrospermatogenesls is delayed
by varlous metabollic inhibliors. 1t wias found that a concenbtration of

8 x 107w

sodive szxide produced 2 950% inhibkition of spamatogenesis.
Bowover, in VYicia, Read {1959) found that cyanide only causes ean irftidl
reduction In growth zete,; the nomal rete os well as the lost growth
subsequently being regelned.

In Figure 10 is ahémm the distribution of 110 sex~linked
lgthals produced by heliotrine + ¢vanide treatment and 1t is cumpersd

with the distribution gbtalned following heliotyine treatment slone

eviaggnt that rvanide has not altered the

induced lethals desplie the increase in
frecuency which 1% has produced.

3, ‘The @ff@gu @rﬁkagagﬁé o the heljotrine

fnduced mutation froguency.

The effect of sodium hydresulphite on the sex-linked lethal
frecuency produced by heliotrine in rod-X majes ls shown in Figure 11,
whiist its effect on the Fl male/fmmels vatio distortion resultlng from
alkaloid treatment in rod- and ring- X males ls shown in Flgures 12 and
13 respectively.

In each case there ls a statistleally slgnificant veduction
in the amount of penetic dasage pxbduaaé by the alkalold in broods three
and four, corvesponding to sporm used on the seventh to twelfth days
after tresiment. The wutation frecquencies in other broods do not appear

to be significantly affected by sodium hydrosulphite treaitment.
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In Table 16 the sex~linked lethal recults obtalned afier
treatment of ring-X males ave shown. 1t iﬁ avident that in these
males sodium hydrosulphite has had ne sffeet on the vield of lethals
produced by the alkaleld,

4o the effect of gaseous nitroden op the

heliotzine induced mutailon frecuency.

The effect of gaseous nitrogen on the s ywlinn@m lethal
frecquency produced by heliotrine in ring=-X males in two separaie
experiments is shown in Teble 17, whilst the effect of the gas on the
sex ratio distortion produced by the slkaloid in the same two experiments
is shown in Table 18

Pree and post- injection treatment with pure nitrogen doos net
appear to signiflcantly affect the yleld of lsthals prodused by the
alkaloid, although in one experiment it did produce 2 slight reduction,
but the decrease was nut statistically signiflcant.

On the other hand, nitrogen treztwent does reduce the gexn raiior
distortion produced by the alksleid, particularly in broods four, five
and sixe This decrease is perticularly warked in the second experiment.

9.  The absence of an effect of chicrmaphenicel

o the helictrine induced ﬁ@t&%&%ﬁx%@e'feﬁéﬁ

g

Chloramphenicol does net appear {o modify the sex~linked lethal
frecuency (Table 19}@ Fl sex ratie distortlon {Table 80) oz the vield of
deninant lethals (Table 21} produced by hslistrine.

Two experiments wope garried out to test the effect of the antis

biotle on the alkaleid indused sex-linked lethal fre Asencys The first

oxporiment showed a slightly increased i%%hal frequency In broods three
ang four of the heliotyine 4+ chloxamphenicol serlies, Howsvery this ine-

croase was not Gﬁﬁﬁé?ﬁ@d in the second exporiment; where the vield of
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lethals wag actually slightly lowey than that obtained in the
heliotrine sepies.

Nelther the dominant lethal frecuency nor the sex patie
distortion obtained in the helictrine + chlorvamphaenicol series showed
any conslistent increase or decrpase relative to the vesults obtained in
the corresponding broods of the heliotzine series,

d) Diseusslon of Results.

Neither eyanide novy azide wers found to be mutagenic when
iﬁje&t@& alones. This is in agresment with the findings of Sebels {(19%4 &)
for Drosophila, although cyanide has been found to produce chromosoms
aberrations in Vieis (Lilly and Thoday, 19%6; Kihlman, 1957) and mutations
in micro-or@nisms {Wyss, Clark, Hsas and Stons; 1948; Wagner, Haddox,
Fuerst and Stome, 1950, The fallure of cyanide to ellicit a mutagenic
responss in Drosophila connot be attributed to the nonepengtrance of the
chemical into the germ cells since Sobels has shown that HON gas can be
usad effectively to modify the mubtation frequency produced by X-irvadiation
{tobels, 1962 a) and fommaldehyde {Scbels, 19%% a, Schels and Gimons, 199%6)
in this organism. Gyanide probably preduces mutations in micxmmaxganiﬁgﬁ
as a %@ﬁ%@qﬁﬁﬁ@@ of hydrogen peroxide accumulation due to the inhibition
mé gatalase, Indead Wagner et al. have found that hydrogen peroxide is
mutagenic in Neurospora. Hydrogen peroxide, or organic peroxides fommed

from this compoundy may also account for the chromosome aberrations pro-

duced by cyanide in plant cells. The fallure of the inhibitor to produce

mutations in Drosophila may be o consecuence of hydrogen peroxide beling

rapidly decanposed in this orgarsms There is sume evidence fom this in
Sobels and Shmonsg chservation that the injection of formaldehydes
hydrogen peroxide mixtures falled to enhance the mutagenic activity of

% opga ldehyda,
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hen either cyanide or azide were injected along with
heliotrine a significantly higher mutation frequency was obtalned than
that praﬁuced by the alkaloid alone, The enhancing sffect was obtained
irrespective of whether rod- or ring- X males were treateds UWhen the
mutation frequencles obtained in the first four broods are comblaed it
is found thet srzide increases the alkaleld induced sex<linked lethal
froquency ln the "ring® series by 40:.6% and in the "rod" series by 33. 0%
The correspondlng increases in the mal@/f@m@l@ ratio are 13.3% and 22.7%
regpectively, whilst the increases in the dominant lethal feequency are

27.%% for "rings"™ and 33.6% for “rods® Cyanide hag incressed the

="

eliotrine induced sex-linked lethal frequency by 42.3% in the “ring®
series and by 45, 2% in the "rod™ geries, whilst the corrvesponding

incresses in the dominant lethal frequency are 15.9% snd 1874 respecte

3

ive E}Fi

@

The combined data for the first four broods in 81l sxperiments
indicate thet the sex-linked lethal frequency produced by all types of
treatment in ring=X males is lower than the corresponding frequency
induced in podeX males. (for h@iiﬁtxinaﬁiég ® Bod2y p ow D003 and K
n 1,%6: p ® 0.1%: for helloteine + agid@@}ig = B.00; p o= 0,0035 fop
heliotring + eyaﬁi@@s”xg m 3,273 P ow 0.07)s This may be correlated with
the elimination of lethals asepclated with structural resrrangements in
ving=Xts, alﬁh@uéh the fact that both inhibitors increase the lethal
frequency in "rings®” and “rods® to o simllar extent suggests tha%é%%
the frecquency of polnt mutations that is belng enhanced and not the

number of lethals assoclated with structural resrrangements. Consequente

1y the dissimilar mutation yvields in the {wo stocks may be correlated

with strain differences (see page . )
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when sodlun hydrosulphite was injected along with
heliotrine or treatment with gaseous nitrogen preceded and leuwed
the Injection of the alkalold a sigaificently smaller distortion in
the sex patio was produced In spexn used on the sixth to twelfth days
after treatment lrvespective of whether vode or sing X males wers
tyaateds  Thus sodlum hydrogsulphite has decreased the alkalold induced
digtortion of the sex ratio in these gosm cells by 26.14 in Cantonej
elas and by 19,867 in xggkv,f walas, Wndlet nltzogen produced decreases

of 19.30 and 17,21 respectively In the twe experiments undertaken using

i v fomales. Cantoned males wyre not trested in the nlizogen sxpariments.

sodlus hydrosulphite produced @ statistically significant peduction
(C* = 16,35 5 p < 0.0001) in the ses~linked lethal frequency in these
same germ ¢ell stages in (antone=5 males, although peithey it nor

nitregen appeared Lo have any maried effect on the yleld of lethals proe

duced by helliotyine in ving =« X malss,
with regerd to chromosome bresioges cyenids and azlde may block

restitution as Wolff and Lulppold (1955) have found following Xeirradiste
ion in Vicls fabae If the imtiil amount of breakaye produced by
heliotzine in rod and ring chrumesomes la the same; and the alkaloid
dess pot prevent restltutlen, then the frequency of viable restitutions
in frods® will be grester than in "rings" since twisted restitution ox
introwchromosondl crossing-over in the latter case will result in
invi@ﬁle‘di@@ntriﬁﬁ being formed {Catchegide and Lea, 1949).
Consequaently, 4§ cepalr ie blocked by cyanide and azide; the relative
1&@@@&5@ in the male/female ratlio produced by the inhibitors in ring

chranosomes will be less than in "rods™s  Sisdlsrly the lncrease in the

alkalold induced daninant lethal frequency produced by eyanids and azide
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should be lower in ring-X males than in yod=X males. The rasults
sbtained in thls investigation agrae with this "pepeir hypothesis®™
in that the lnceveases in the sex ratio distortion produced biy szide and
the increased yield of dominant lethals produced by both inhibitors is
smaller in éffﬁ;ﬁmﬁh@ﬁ in Canton~5 maless; although the lacrease in ring-X‘s
may be too large relative to that found in “rods® Lo be ewplained solely
on the basis of this hypothesis. in addition, if cyanlue and azide
inhibit restitution then thera shbuld be an lnerease in the frequency
of structural rearrangements which may be expecled to increase the sex-
linked lethal freauency in rod=X%sz but not in ping-%*s.  However; the

exparimental results indicate that the increases in the sewelisked lethal
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oas® and "rilngs" is of the

1,

same magnitude. Also, the genetic localisation of lethals produced by
helictzine and helictrine + cyanide tereaiments does not show an increease

in the freauency of lothals sssociated with structural reaxrangements

o

in the cass of the latter treabment.

&

As discussed previously {see pages 75-76 )y there appears

te be some evidence which gugpests thalt "petential® chrumosome breaks
are produced following hellotrine treaitment. I1{ the enhancing effect of
cyanide and azide resulte frow the inmhibition of repair of Ypotential®

byeaks and other types of premutetional damsge, then the inciesses which

th@ypfaéuc@ in the mutation freguency should ke slmilar lrrespective of

whother rod- or rlogeX's are breated, as these lesions should be equally
reparable in both types of chromesome. Sobele (1962 b, 1963) has
sugoested that the modifying effocts of cyanide; nitryogen and

chloramphenicol on the X-pay induced mutatlion frequency in Drosophils

3

L

resulis fros the inhibition of the repale of pramutstionsl genstic demage,
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although at the seme time they increase the amount of time in which r@p&iﬁ
may occurs A simlilar mechaniew may agcount fer the enhancing offect of
cyanide and azide on the heliotrine induced mutation frequency.

Sedium hydrosulphite has decreased the distortion in the sex
ratio produced by heliotrine to the same extent in the sen@iti@@kg@ﬁm cell
stages of yod- and ring- X males. Nitrogen treatment has produced s similar
dovreass in ring-X nales, suggesting that the mechanise of action of the
two treatments mey be the geme. If the protective effect of nitrogen and
sadiun hydrosulphite e correlated with a yedustion in the oxygen tonsion
within the trested cells, then 1t ls possible thet azide and cyanide act
in a converse menner by blocking the cytochrome respiratory pathway and
thexeby fncreasing the oxygen tenzion. This may la turn lesd to an
inerease in the gsneilc damage produced by exposure te helioctrine,

avanzi {(1961) suggests that the protective effect of cystelns
following heliotrine trestment In Alliuwm results from the lowering of onygen
tension within the treated cell .. However, Tulvenor, Deon apd ﬁick’(lgéﬁ}
have shown that pyrrelizidine alkdlolds react with cystelns and suggest
that the protective effect of this compound in Alilum may rasult from itsg
combination with the alkelelds. In adaition, the alkylating propertics
attributed to this group of chemleal autagens by Culvenor et al. suggests
that oxygen may not be involved in their mutagenic sctivity, since the
mutation frequencles produced by the alkyisting agents altrogen mustard,

£ = proplolactone er NeMitroso-Nemabhyl urethan are not affected by

shanges in oxygen fension (Kihlman, 19%5; Auerback and Moser, 19913 &
1959 .
and ¥erzh Kihlman, 1960).

AR B On

The results cbisined in the present lnvestigation clearly indicate

that eyanide, azide, wodium hydrosulphite and nityogen have all affected

the mutagenic activity of haliotrine, but the mechanism wheveby they
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modify 1te effect is not clsar at the present time., If sodium
hydrosulphite and nitrogen act by reducing the oxygen tenslon, then they
will only be effective in those gemm c¢olls which normally bave a supply
of oxygen greater than that vhich can be utilised in respiration and other
motabolic astivities, Thils may account for the fact that these metabolic
inhibitors only produced an effect in some broods, howsver 1t dess net
explain the unchanged point mubtation frogquency (sen-ilnked lethals in
“ping® chromosomes’ which ascimpanies the vedused amount of chromosome
breakage {indicsted by sex ratlo distosiion)s, Cyenide and azide inters
fere with a number of motabolic processes, thug their anhancing effect
on the mutagenic activity of helictrine may result from couses other {hen
the inhibition of repalr or increess in oxygen tension. Thess include the
sensitization of the genetic material Yo the mulagenic action of the
alkalold. since cyanide has been found to react with the genosae in
certain orcanisms to produce mutations Lt may sluc sensitize the genetic
material to the mubagenie action of other mutagens. The inhibitors may
zleo decresse the rate at which the hellofrine molecule iy rendersd ine
active thus incressing the amount of time in which the alkaloid can be
mutagenically active. Another complicating factor is that helletrine
$4self may affect metabolic processes within the treated cell thus ine
fluencing the amount of primery damage thst ultimetely besomes converted
fnto wulation.

The failgyé of éhlmxamgh@mical to modify @ﬁ%h@x the sexslinked
lethal ox ahiﬁﬁ@%mm& breakage froquancles produced by helietrine may be a
conseguence of different rates of penetyration into the germ cells of the
two chemicale. Clork (19563 b) found that injection of the a&tiﬁi@tia 30

minutes pricr to lzvadlation resulted 1 & significantly lowor sex-linked
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lethal frequency belng obtained in the spermatid stage than when the

@rr&di@tiaﬂ was given alone, indicating thet the antiblotle wes present
im these cells at the time of irrediation. Thuw different ratwes of
penetyation probably de not sccount for the fallure of chloramphenicel
o modify the heliotrine induced mutation frequency since the alkaloid
is spperently mubagenicolly aotive within at leagt {ifteen ninutes of
its belng injected (Clark, unpublishedy see also page 70 o

In the many investlgations which have beon carried out in
recent yesrs in an attempt to modify the mutetion frequency produced by
ultrs-violet 1ight and lonizing radiations in 2 variety of organisas by
pre=-irradiztion treatment with chloramphenicel, ithe inhibitlon of pro-
teln synthesls hsas been suggesied as the undeyxlving cause of the
medifying effect of the antibiotic {Witkin, 1986; Doudney and Haas, 1961
4p bp Kimbaill, Gsither and bPaxdue, 19061; Lieb, 19603 Ryang Sudney; Hagata
and Kitanl, 19993 Wolff, 1960; tobels and Tates,; 1961; tobels, 1983).
However, Kimball, Gsither and Perdue suggest that INA and BNA synthesis
may alsc be affected by chloramphenicol in Parsmecium and gonsequently
may pley a part in the yeduced wmuiation frequency produced by X-irrsds
fation in the presence of chlerasphenicol.

Clark (1963 b) has confimmed the experimental findings of
gobels and Tates thai @hlwraw@h@niﬁai recuces the yvield of gen-linksd
lethals obtained in the spematid stage following X-izradiation in
Urosophila, aithough bhe dissgress with the interpretatlon of thaese
authors that the modifying sffect of the antibiotic in this organism.
reaulied fron the inhibi%iaﬂAsf protein synthesise This criticism stems

from the feset that a number of other entiblotice, which apparently

have little or no effect on proteln synthesie, have been found 1o
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modify the mutatlon frequency in Drosophils, Paramecium and plant cells.

Thus Burdette (1961 a) ﬁaa found that actinomycin D reduces the yield
QfdgﬁleiﬁK@d lethals in Drosophila, as does penecillin G (Burdetia,
1981 by Claxk, 1963 b}, whilst streptomycin lowers the frequency of sexe
linked lethals in Qrosﬁgﬁggﬁhéﬁlafkg 1963 b) and recessive lethals in
paramecium (Kimball, Galther and Wilson, 1987; Kimball, Galther and
Pardus, 1961). Mitomyein C, on the other hand, incroases the frequency
of simple breaks and exchanges in Yicis calls, apparently as a result of
the innibition of DNA synthesis (Matsuura, Tinifuli, Saho and Iwabuchi,
1963} tolff {(1960) hao prﬁviwugiy suggested thet the incresse in the
chromosome breakage frequency produced by chloramphenicol in Vicia
resulted from the inhibitlon of protein synthegls ond was nobt in any way
dependent on DNA syntheslis.

The work of Fitking Q@mdﬂ@y\énd Haas, Lisb and othemsclsarly
indicates that chilsramphenical enhances "mutation frecquency decline® by
way 3§’%h@ inhibition of protein synihesis, Howevor, it may be
premature to extrapolate these findings to the meture spemm of
Drosophila, 2lthough the results of Alfert (1999) which showed a change
in the composition of proteln during the transition from the spermatid
stage to the mature spematozoon indleates that proteln synthesis may
ococur during the late spemmatid stage. If the inhiblition of proteln
synthesis is responsible for the modifying effect of chlorampheniecol in
followlng X-irradistion, it must be

the spermatid stage of Drosophils

soncluded in the light of the results obtained with heliotrine that
protein synthesls has po affect on the yleld of mutations produced by

the alkaloids

¢} Ceonclusions.
R e
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In the light of the results obtained; the following conclusions
can be drawn concerning the effects of potassiuvm cyanlde, sodiun azide,
sodivn hydrosulphite, nitrogen and chlopemphenicol on the mutagenic

activity of hellotrine in Drosophils melanogsster:~

le Potessium cyanide and sodium azide have 2 similar effect
in that they both incregse the sex-linked lethal and chromoscome breake
age frequencles prodused by heliotrine, particularly in those gemm cell
stages utilised on the fourth to twelfth days following treatment.

2. Potassiun ecyanide has no affect on the distribution along
the chromosome of sox-linked lethals produced by haliotrine. |

3. lelther petassium cyenide nor sodium azide were found to
be muh&gﬁﬁiﬁ when injscted aloena.

4, Both scdium hydropulphite and goseous nitrogen produced a
similer effect in that they reduced the chrumogons breakage f{reguency
prodused by heliotrine in gerzm cells usod on the seventh to twelfth davs
after trestment, although they sppeared to have no effect on the sene
linked lethal frequency éxc@pﬁ when rodei males were trsated.

B  The similazity of the effegts produced by sodium hydroe
sulphite and nitrogen suggests that the removel of surplus oxygen (i.e.
orygen not wtilised in respiration) afford some protection against the
mutagenic activity of helictrine, although other causes wannot be
aliminated, particularly as there is some evidence obtsined by other
workers whieh auggeats that oxygen may not affect the mutagenic asction
of pyrrﬂlizidiﬂ@ alkalolds.

6. The effect of potassium cyanide and sodium azide may partly
be due to the inhibition of repair ol premutational damage caused by
the alkaloid. However, they may also act through increasing oxygen

tension, through sensitizing the genetic material oy by sae othey
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mechani ef.
7. The antiblotic chlovamphenicoel has ne effect on either the.
sex~linked lethal or chroamosome breakage frequencies produced by

heliotrine.
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THE BUTATICN PREQUENCY RESULTING FROV COMBINED TREATMENTS CF

HELTOTRINE AND X~IRRADIATION IN DROSOPHILA MELANOGASTER

a) Introdustion.

ihen cells are treated with two or more mutagenic agents the
resultant chromosome aberration or mutation frecuency may represent the
sun of the freguencies obtained when eagh treatment ie glven separately
{icen their effects sre additive), or alternatively the mutation yield
may be greater than that expected on the basis of an additive sffect (f.e.
they produce a synerglstic effect)s. Synexgism may result from four

alternstive nechanisms e

i) Chromosome brealke produced by one mutagenie agent may
interect with those produged by anpther ¢ that the netl yileld of chromo-
geme and/or chromatid exchanges will be greater than the added frequencies
when the two Treatments are given separately. This type of synergles ig
restricted to "two hit® chromosome aberrations {e.g. transiocations), those
mutations or chromusome rearvangements resulting from 2 single "hit® alwaye
ghow an additive increasss

5

} 1% a chemlcal mutegen disrupts certain metabellc processes

i

i
in a treeted sell as well as producing mutations it mav enhance the mutse
genle activity of another phyesical or chesmlecal mutaganic azgent, either by
blocking & repalr mechanism or increzsing the amount of primary damage
induced. Thus the resultant mutation frequency will be grester than the

additive vields of the twoe treatments when these sye glven separately.

Both Yene hit™ and “twoe hit™ mutstions and chromosome rearvangenents cin

be affented by~thié mechanisme.
i1i) Synergism may vesult if one treatment sensitizes the genetls

material to the mutsgenic action of & second treatwent, slnce thls results

in a higher vield of smutations belng prodused by this latter mubagenic agent.
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Bath “one hit” and "Lwo hit" genetic chonges will probably be affecteds

iv) Two mutagenic agents (both usually chemlcal mutagsns)
which arxe weakly mutagenic when used alone, may intersct following @
combined treatment t@kf@xm & highly potent mutagen. Consequentlyy the
resuliant genetlc demage produced by this yesction product will be cone
shderably greater than the sdded ylelds of the two weak subagens when
thase are given In separates tresitments,

synerglem of the first Lype has been found to ocour followlng
treataent with Rﬁréyﬁ and B proplolactons Merz, Swsnson and Cohng
1861}, X-rays and Z=ethoxvcaffeine (ibid. ), Xe-raye and maleic hydrazide
{ibid.) and X-rays with elther urethans or musiard gas (Oster, 19%8 b).
with regard to chemical mutagens,; simultansous tysatments with
ﬁiéyaxyhataa@\aﬂ@ Zy 2% bipyridine (Cohn, 1961 2) and KCH aéd diepexybutane
or 2, 2° bi;yriéin@ {Cobn, 1961 ap b) produce a synergistic effect. Alse
ethyl aicchol used in conjunction with either Myleran or T and simulte
angous treatment with Myleran and ethyl-methane sulphonste (see Michaelis
and Hieger, 1963) all produce synergistic effects. H@%@@ér, & nusber of
other chemical mulagens tested for synergism dic not produce 3 chronosome
abarration frequency greater than that expected when the yields of the two
treatments ave additive,

An example of the second type of synergistic effect ie shown in
auperinments with Vieis, where cyanide was found to drp yease the mutagenic
affectivenens of X-lrradiation as a consequence of an increased intra-
gellular oxygen concentration brought about by the inhibition of vespirate
jon {Kihlman, Merz and Swanson, 19573 Kihlman, 1958). Cyanide itself
prodices chromosome abervations (Lilly and Thoday, 1956y Kihlman, 19%7).

1t 4s possible that part of the synergistic effsct resulting from copme
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bingd KON aad ¥eray treatments (Mewrz, Swanson and Cohn, 1961} is dus to the

intavection of chromosome breaks, whilet the belance of the effect results
fras incressed oxygen tension enhancing the damege prodused by Xerayss
Synerglem regulting fren the sensitization of the gemetic materiail
in probably ax@mpiifiaﬁ by the comblned treatmenis of nucleotide anslogues
and Keirradiation. The snalogue Sebromodecxyuridine; which produces s low

frequency of chromosome aberrations, has been found to markedly sahancs the
¥

froguency of chromosone absrrations prodused by lonlzing radistions (Gomars
ang Husphrey, 1963) Kooy, 1963). Koo found that the yield of both bridges
and 2centric fvsgrents producesc by Rerays is incveased by BUDE indicating
that the synerglstic effect of the two Crestments does not result fros @%&

interastion of chromosome %y@%k$¢ Lomers and Humphrey showed that the

genetic dampge produced by the combined treatments 1s mors marksd in
tertain @hfﬂm&%ﬁnw regions, which the %ﬂ ors suggest may be yelated to 2

high adenine-thyaine content and hence 2 high frequency of BUDR incorpore
ation during DHA synthesis. However, it le net clsar swhether the
synergiem between ionizing radiztions and RUDR results frem the sensitiz ziing
affect of the analggues or shether 1t iz due to 8 delsy In the rejelning of
chromogomes due to the Inhibition of DNA synthesls ceused by the 3na]oguge
wn between yliraviolet lignt and textiary=butyl hyﬁgagégﬁxiéé

Alsenberg {199%) in Drosophils may also be due to a sensitiz-

t of the chemical (or the radiastion), since the frequengy of
secund autosone lethals produced by the combined Strsaitment was ebout six

rpatey then the asditive freouencies of the two treatmenis when

o
=
2
o
‘@

thess were given sepsrately.
The fourth type of synerglen, resulting from the chemlesal Inters
avtion of twoe weak mutagens L0 produce @ new cospound which iz & much more

affect illustrated by the interaction of formaldehyce and
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and hydrogen peroxide te fom dibyroxydimethyl peroxiae {(Dickey, Cleland

and Lotz, 19495 Sobels, 1956 a; b; dobels and Simens, 19%6), which appears

to be quite an effective metagen in bacteria and LDrosophilas

by Eperimentel Methods.
Twe experiments were carried out In erder te test for & possible
synergistic effect butween hellotrine and Keirradistion. in both,

B _Bel . -
v ¥ Jsc Xﬁ‘f miles were treateds

in the flrst experiment the following treatments were glvens-

Group le Injected with @aﬁﬁyuiﬁ of 0.000 M hallotyrine in
3675 saline.

Group 2. Received 1300 r of X-pays at a dose pats of 150 w/min.
{235 kvp, 15 Beasy 1 mm. Ale added Filter giving 2 half value layer of
(e 5 mme Cue o

Group 3o Lnjected with 0,091 1 of 0,001 & hellotrine in 0.7%
saline ang twe hotrs later Kelrrgdiated with 1900 ¢ delivered at 150
/i .

Group 4. Injected with %af%ﬁ)ig of G001 M heliotrine in .78
saline and twenly minutes laler Xe-lrrodieted with 1300 v delivered at
180 r/mines

Following trestment, the nales wers mated indiviﬁuallyg gach

to thres v w3 bw gt females, fresh females belng provided every seventy

two hours until five broods had been obtained.

Loss of ¥5 or ?L@ together with the froguency of X0 wales (loss
of X or ¥ and/or non-disjunction) were scored in the Fl generation
ascording to the methods described previously (see pages 7"

Translocations invelving the second, third and/or ¥ chromesome were scored

in the progeny of the Fl males when these were backerossed to bw g st

foms log.
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In the second sxperiment the following freatments were carried
Qg

Grovp L. Injoested with Osﬁﬁ}flé of U000 8 hellotrine in D.7%
8% lineq

Group 2. hecelvad 900 » of $evays at a dose rate of 150 rfuin.
(235 kvp 3 19 weae § 1 wme Ale added Filter giving & half velue loyer
of Teb e Cue e

Group 3. Injected with ﬁaQQﬁ?iw of G.001 8 heliotrine in U 73

geline and fiftecn minutes latew Xelrvediated with %00 x delivered at

Group 4 Keirradioted with 900 r delivered at 190 »/min. and
fifteen minutes luter injected with Oom§; la af 0,000 8 heliotrine in

P e
Gs7h saline.

The treghed neles wore mated to ase § bw @ ot femalss. The

brocd inierval was three days.
z . 3 . Fad i 3 o F K o b ;g whi Wl ~ y
The frecuency of X0 males (loss of X or ¥ and/or primary nons
disjunction; was scored in the ¥Fl. The Fl femeles weye collected ag

t

irging and meted Lo asc males Tor the detection of sen~linked lethals,

=

the sheence of yellow vexmilicn male offspring indicuting the presencs of

Those flles vhich recelved Z-ray treatment were lrradisted in
i ow L thin welled plestic contalners to minimise radiation scattew.
Trradiations were not carzisd oub until the flies had vecoversd from the
snacsthetization under which they were Injscted with the alkaloids This

e

procavtion was taken in oyder to veducs the possibillty of differsnt
mutation yvields belng produced in ansesthetized and nonwsnaesthetized

flies aue to diffecences in the melabolic asctivity of the two groups.
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All three groups which recelved Xeray treatment were irradlated fogethew
excant in the flrel experimsnt where the hellotrine treated flies wer
iryadiated ¢oparately frop those which veceived irradiation only. Iin
this cese 1t wee estimated that the dose errvor between the two troatments
would not have amounted to more then four per cents 411 irradiations were
kindly carried cut by My. Do Madden of the Peter MeGallum Clinie, Hoyal
Hobart Hosplitals

o) Expsrimental Resulis.

The resuylts of the first experiment are shown in Tablesg 22
F w g »'E'E L Ay 3 o Y i ~ %
{XC males and loss of Y, ¥~) and 23 (brensloeationsj.
Chromosome Lloase and/oyr non-disiunction are Yone hitY genetic
%
changes. vhen the injection of the slkaloid and frzadiatlion were separated
By tweaty minutes the resultant frequency of X0 males way found to be

grester than that espected if the genetic damage produced by the tee

riments was additive. The gynergistic effeect produced was found in
the first, second and fourth broods. Howsver, when the injectlon of the
alkalsld preceded tvradiation by two hours this synergistic effect was
noe longer apparentie

Translocationg are “two hit™ chromosomal vearrdangementss With a
twenty minute interval betwesn alkalold injsction and iyvadiation, the two
treatments produced a syrergistlc sffect with rﬁq&rd to this type of
gonatle gamage. Based on the combinad brooe totals, the translocstion
fraguency produced by N-pvays alones iz elenificantly lowsr fhan that
pﬁwﬁwﬁ@é by the camblined treatments when the intexval separating them is
twenty minutes {?C? w4, TS 3 p o= 0,03}, Howsverg the aynergistic ﬁfﬁvct

ig ae longer apparent when the laterval baetwesn treatuents les exiended to

o hourse
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The results of the second experiment are shown ln Tables 24
(%0 wales) and 25 {sew-linked lethals).

seion treastment with

Ag o the previous experiment, pro~irrs

helickrine produces a

P
5

. the freguency of X0 males.
This effect ls evident in all brosds. On the other hand, poste
ivradiation treatment with the alkelold appesrs to produce no synergistic

effect with regard Lo this Cype of genetic damage. I the brood fotals

are vombined, it is found that the froequencies of X0 meles produced by pres

" o ad , 68 pnd o 2
and poste fzrediation trestments ave significantly different (X% = 9,99

p e 0.0015),

ither pre= nor postelrvadistion treatment with helistrine

=1inked lethals, ths

laii

produces @ syneryl in the uancy of

glds produced by the two treatments being additive, There lg

indication that pre-igradistion injection of the alkalold has proe

duced & synergistic effect in broods one and three, but In all other

brocds the lethal freguencicy are additive.

d) WPiscussion of Hesulls.

The results sbtainesd in the two experiments indleate that pres-

irradlation treatment with hellotrine ls effective ln incredsing the yleld
of chranwsone asberpations above that axpected on the basis of an additive
a@ffect (loe. the two treatments exhibit synergiem). This synerglstic
effect s no longer apparent it a od of two or more hours elapses
between the injection of the allksleid and X-irradiation. Posi-
Srradiation trestment with hellotrine slso sppears to be ineffective in
preducing a synergistle effect.

Gince both "one hit” {l.e. chromosome loss and/or Q$HM@i$j&Q€ﬁiQﬁ)

ang "ewo hit® {l.e. translocations) chremosome sherrations are affected
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by pre-irradiation treatment, it is evident that syncrgism cannot rosult
enly From the interaction of chromosome breaks produced by the alkalold
nd X-raysy since in this case only the frequency of "two hit" re-
arrangements should be affected. If heliotrine produces a high
fraquency of "potential breaks" (see pages 7770 ), then the interw
action of breaks produced by the alkaloid and X=irradiation should rarely
acour singce magé of the breaks produced by the latter treatment would
have sither restituied or reloined with other radlatlion indussd bhresks
to form new rearrangements before the “potential breaks" produced by
the alkaloid beceme awallable for participation in exchangess

Since posteirradiation treatment with the alkaleld does not

praduce a svynergistic effect, it is possible that injection of heliotrine
ior to X-irradiation affects the metabolic activity of the gers cells

;0 that they are rendered more sensitive to the mutagenic actica c¢f

ionizing radiations {either by increasing the amount of primary damage

or bloeking repair), or alternatively, the alkaioig may sensltize the

genetic material to the mutagenic action of X-rays.

Although nothing is known concerning the possible effects of
heliotrine on the metabolic activity of the various gem cell stages of
Drosophila, the work of Christie (1958)and Coristic, LeFage and Baille
{1961) has shown that the alkaloid disrupts the TCA cyele and cauges loss
of activity of DPN-dependent enzymes in the mitochondriaz of the rat liver.
If the alkaloid produces a similar inhibitory effect on the respiratory
eycle in the germ celle of Drosophila, then a resultani lncrease in the
intracellular oxygen tension or an inhibition of energy requiring

repaly processes oould lead to an increase in the freguency of chronogome

aberrations produced by X-rave in the presence of heliotrine, This would

be gimilar to the ephancing effect of KON on the Xeray induced chromosome




3
aberration frequency reported by Kihiman {1958).

e} CQunelusions,

The following conclusions may be dyawn with regard to the
mabag soblveness of combined heliotrine and Xe-ray troatmentsye

Ls  Treatment with heliolyine Flfteen minules prior Lo X=

lrradistion resulied 1

g

1 a signlficantly higher yvield of X0 wales and
Ltrangsliocations than the added frecusnciss obtalned when the twe treatments
were given separately.

Pe A two howr inteyvel bebwesn inde éti@n of thw‘alkéiaid and
irradiation eliminated bthe synerglstic effect observed when only fifteen
minutes separated the treatmentse

e Post-irradistion inlection eof the alkalold failled to producs
a synergistle efiects

4e  The synergim observed followlng pre-irradiation trestment

§ probably due to a disruption in the petebolic activity of the tysated
germ celle causes by helliotrine. This disruption hag enhanced the

mutsgenic activity of A-irvadiation.
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The micropipettes used for injecting the flies are made by

awing oul fine gl ipd Hlay in a microflames Lach caplllary is

drawn out to a fine polnt and then sealed into the tapered end

hollow glass sh

ank with a wmall dyop of parsffin waxy; leaving about 4"

-

of the capillayy protruding from the end of the

tulbing which serves

as a holder. The volune of the pip

3*&;&,13 1‘231 ,}3 'f' ﬁﬁgﬂ z’*s(j hv -L LI tiﬁg ,Lih

volume of hydrochloric acld it de

tivers against delivered from an

Agla

using a standsrd volune of bromothymol blue as

indicators The titwation is carried out un 2 wexed sllde. Adeguale

2z

i the avid, alkall and indicator during the titration 1s effected

st which causges

tas are only about " long,

they are solf filling when the pointed end is dipped inte a drop of

3

ely blowl

ilepice The liguid

o through

a length of rubber tublng attached to the end of the glass shank

Gt
et

A small dron of the solution to be injested

i

vlaced on & waxed

8

slide near the etherized ¥Flies, and the plpette filled by placing the tip

in this solution and thencge iato the dorssl surfa of the Hdonen. The

liguld is Injected by gently blowlng through the rubbsribing, wntil all

4

the fluid is expelleds The pipette is then guickly withdrawn to prevent

2

flulds of

the fly from beling drawn into 1t Csre must be taken

during injection to avold blowing alr into the abdomen of the fly.




APPERDLE 11

&

The food mediun used in the present investigation consisted of

{(molasses) agary D% propionic acid (to inhibit mould

and bacgterial growth) and 107 semolingy all measurements are by welghts

The

cley agar, propionic scld and two thirds of the water were byoug

Lo the boll shen the semolinag and the balance of the water were sdded and

5

the mixture brought to the boll ag

prior to dispensing The medium was

sapplamented with one drop of live veast suspension fwenty=four hours

vrdor Lo uses
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Hale noe

;

4

The sex-linked lethal frecuency produsced by heliotrine in the

individual males of an experimental series,

Heliobrine = 0,001 M.

Brood interval three dayse
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Tatrle 31 The resulis of two replicate experiments in which the seoxs
, et
linksd lethal frequency produced by hellotrine in X77vi
males has beon scoraeds

Heliotrine = 0,001 ¥y brood ianterval two days.

Eupariment 1. Bunerinent 2.

% lethe e chrome % leths ne chrome.
Brood L. W) 309 1,62 433
Brood 2. I 4 426 085 1%3
Brocd 3. 301 366 Za91 344
Broad 4. B 33 156 V Ga 10 295
Brood 9. 10 65 122 T.49 207
Brood 6. iy a9 Bo 47 201
Brood Ve | 3. 70 2F Bs 44 262

3.93 L1445 Fe 0l 2115

o
&
B
?m(AV

#

e :
X" =0p el




Tabhle 4

The results of bLwo repllcete experiments in which the sexe

Minked lethsl frequency produced by hellotrine in yv/sc Y’g

males hag been

Heliotrineg = O

Braood 1

Brood 7
Brood 3
Brood 4
Broot 8

3 brood interval thres days.

Laoeriment L.

jé’e lathe ne
1 93

2. 0%

chre
B
400
400
TH

Experbment 2.

lathe

3,09

e

chi e

AT
436

2360




Table 2 ¢ The frequency of inviable eggs leld by age females followling

P
. e s . . . . o2
fertilization by untreated Canton=5 or X7"vE males.

Brood interval = three days.

ﬂzvg

% Uohe 1o % Uolhe Nos
Brood 1 19,7 1481, 28,6 1492
Brocg 2 231 1244 16, @ 1093
Brood 3 0.0 THS 123 713
Brood 4 Tad 610 0.3 399

Total 157 4094 208 3697

X w 17,6

p < 0.0001

tahe # egps unhatched
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requency produced by heliotrineg

Table 7 5 The relative doninant lethal ¢

g

$n Danton=s and X7VE maless

Hrood

Type of male L 2

Canton=5 (e &6 s 26 A e 45

€

) . . Y
¥ Oell Da A7 O 7 e 68




Tabrle 8 ¢ The relative increase in the Fl male/female ratio produced

15 , - fodd
by helictrine in Canton=5 and ) vf males.

Canton-% males 2

wi males
Brocd 1 s 64 ' Byood 1 bedd

£

Brood ¥ 1. 33 Brood 2 {19

Brood 3 le 39 Hrood 3 165

Le 2% Brood 4 206

[y
g
o
Q
ks
Fic

Brood 5 s 98 Brood § Lo 9%
Brood 6 2,78

Brood 7 le2%
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Hrnod

Brond

0

&

The frequency of byverploid females, with 992 confidence
f of ] f

8

thmite, producsd by heliotrine In two zeplicate experimenis,.

y

Helictrine = QouUL #y  brood interval tws days.
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Table 10 3 Chronosome loss, noo-disiunction, translocation, sec-linked

lethal and

heliotring
Heliotrine
ggorad

EEfect Experimont

1

b

Be l.w }w
Brood 1
Brood 2

Brood 3

Brood %

Total
Sale Lo WOSe

Brood )

Brond 2

Geood 3

Brood 4

Brood 5

Total
transloc. Htransloc.

Brooa 1 o

Brood 2 -

Brood 3 o

Brood 4

Brood B (3o %3

Total 009

{1e

502

sate fraguencies produced by

Lxperinent 2

Z leth.  noe % Lath, e
Lo 93 G593 e 72 415
2 L35 TH Do 24 491

B T H4O0 4o 4l B22

-"3& 5 :’3?7? B :* 3 .m}(‘:yu
1o 7 173

2o AY a0z
%transloc.nos
- 345
e 415

- 267

(o 35 289

= Wi

0e 57 LAGY




Table 10 ¢ (conts )

i

Lifect scored Gxveriment 1 Experiment Z Exporiment 3

.

T XU omslus F (8 fend 12w H¥D flomales ARG fema Lizy
Brood 1 G d7 B37 (o 24 Al6 - 1)

Hrood 2 e 33 609 - 493 s 392

P

7 - 313 - 452

"

Hrood 3 o LY 5

o

&} o ::3 445

s
[
9

o
(=
&
&

Hrood 4 (s 1% &2

L

L
.
%8

g s 2 4 e < ot 4 s s 1 &
Brood 5 1422 575 = 12 (e 28 :

e
£

Total Us 47 3210 Ue 18 1668 e 30 1%

b Delayed X0

males

o
L]
{"a
Cw
[%
g\\ irs
@]
L]
?“A;:z
&
temsn
Ewo)
£
T
(s
’-..A

¢y
s O EA

e
gl
iy
o
A
]
fo R
Lt
£
<
&

3
LB
%
52N
=

Frood 4 0,69 264 3022 496
Brocd 5 20 &7 101 0.23 436
Total Ba71 1408 Qe 70 2380
% Alse includes thoze wmales which had lost only the long ovr short
"

2 feaia) @.)g.' i:h‘?:.’ y&

t Includes secondary non-disjunction in third experiment.




noymal and abnormal

£ Gl
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progeny resulting from the

matls

B

males with y v/ ssc females. abnomal offspring may
as a result of loss of X or ¥ or nonsdisjunctions e taxl.
z
BB . foB5
B T & T T
: g5 -
yv yv/ase yv/sa ¥ o yvw/lasc/so Y
; BB f £ 3B
a50 ase/ase asefsc ¥ aae/w- asc/ase/se v
. . E%X ‘Lk i # t:i; B
£ ABLS » 50 ¥ fo o asc/ass/ec Y

5 3

yv/asc yv/asc/ase  yefsac/sc™Y vy/as

Loss dn F1 ¥ = none-Bap apricot eved males
c z I . S P 39 conmys g T8 s oiyss ¥ oones
Loss in F1 S - ponedar yellow vermillon males

mw

&
ERE,

noneHar aprs

5

WO

ayua miElass

Honw-digjunction in ¥F14--

pone~Par apricot oyod males

Bar-eysd fanaios.

Non-digjunction in F1 & -

nonefar males, Bar fomalen and

("&

fﬁf‘

i

Bay apricot

; 8.8
sefasc/ ey Y

fomalog.
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Table 12 ¢ The distribution of sex-linked lethals preduced by lonlzing
radiation and variosus chemicel mutagens o four N=chromosomal reglons

dellmited by the markers scy oty v, and £u  The guancy of spontesus

L L R FToadliw Ve 4 o . Sy AT o S P
visibilaes and lethals i¢ shown for conperistia

Chromosome
Hutageng " \ ‘ Tebal

an = ot gt -~ ¥ Yo f i = opa

nos % (10 % noe % 16 %

Helivtrine {a) 40 Stead 12 112 230 28,0 25 23, 4 107

Kerays (b) W01
(tves,1055)

L
st
-

e}
oy
Lo
Pomt
.

[o:)
&

ot
ot
Kyt
=3
a3
&
&

o
£t
He]
S

57 4.9

B¢ 7 13.5% 23 44,2 3 Do & 52

O e
o
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L
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£
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kw
e
o
o
L3
o
8y
£
e
o
L]
gl
-
o
o
o
2
Frost
pree
;
i

{siizvnsks and

Slizynski, 1947

304 92 6.2 182 33,1 121 213 SO7

46

m
%
e
it
&
-+
Lo
<3
L3
il
L2
B
s
R
®
2N
Frot
Eoad
Feesi

T (£) B Bded 18

30,9 32 170 62 33,0 36 19.) 188
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Table 13. The eifect of potassius cyauids and sodiuwi azide on the sex linked lethal fregusncy lndeced

Expt. Male

i Te

[&:]

Type Tresimeat

Helictrine
RadwX

Heliotrine

4+ Cyanide

Meliotrlne
RodsX

Helioirine

+ Azide

Heliotrine

RingwX
Hellotrine
+ Gyenlde

Hellotrine

Ring-X
Heliotriae
+ pzide

Heliptrine = 0,001, RKCx = Q.007%E, Hal

Birood

by heliotrlic. Brocd interval 3 dayse

p
)
lethe.

1.24

0. 97

3s 10

1.74
0. 72

Q.69

NGa

chrona.
726

461

450

985

542

%
lath.
T. 34
1Ca 37
653
Q005
5.93
6'23

3,47

7=00

.

g e

chraze

482

403

B0

4

255

273

461

357

&
leh.
#.01

.79

1162

: Zﬂ-fﬁh

B.05

17.21

P32

10,22

nﬁ.

chrom.

C 4

a7

122

#02

H = OO0, Yolume injested = OaDgﬁl.

lethe
2,10

769
5.05

G. 18

11.11
.42

7.38

0o.

chrom

34

208

4563

411

17

36

265

271

Lath,

.22

L34

I

£ 437

chram.

Total
B no.
let‘hm ﬁhr'fx."la
4. T8 2154}¢3? = 7.84
}
}
6, S 20031 P s Q.005
5.07 2426} X0 = 6,27
i
-
. Ge73 s Po= 0,013
3,55 B18) I? = 2. 14
)
)
5:105 891} p L 00 15
3. 88 1%17) 3; = 435
)
)
T, 47 I972) F o= 0.0



Table 14 : The Fl male/female ratios obtained from Canton-s

i
af xC“vf wales mated to agg females.

heliotripe %+ either potassium cyanide or sodium azide. Brood interval thres days.

Expt. Male
Ko Type Treaiment
Heliotrine
4 RodX
Ha}iotrine
+ Azide
Hellotrine
5 Ring=X '
Helletrine
+ Cyenide
Hellotrine
5 Ring=-X
- “LazHeliotrine
+ Azlde
Hellotrine

Hales treated with helictrine, or with

irood
) 3 ry )
0.60 (364/608) C.60 (384/557_) 0.71 (420/590)° ©.66 {381/573) 0,51 (298/580}
.62 (403/655) 0.89 (451/505)  0.9% (354;35é) | 0.85 (397/465)  0.57 (342/602)
1.10 (601/548) 1.40 (431/307) 3.37 (330/98)  3.65 {73/20 ) 2
L.14 {597/524) 1.71 (936/314) 3.43 (470/1237) 3.8 (158/41) *
B 11 {781/704) 1.60 {506/968) 2,40 (1006/420) 1.94 (548/334) 0.46% (a05/9%0)
1.26 (1001/79%) 1.89 (Lostsav) 2,77 (1073/387) 2.31 (678/294) . 0.60 (265/441)

= DtQ‘Dﬁk‘., KCH = Onm-ﬂii, ééa;‘in @ (0,003,
o}

Volume injectéd = G.G?yl

= Hot scored

Total

0s 63 (1847/2918}}3? = 20,87
)

‘}.
0. 75 (1947/2%90) 30 < 0,0001

Xzﬂ'a'o%

1.47 (1435/973)

S N e s

1.63 (166171016 P = 0,005

Lo 43 (3746/9616)}3? ™ 14,732
J

|
lo64 (4068/2474) 3P <. 0.0001



Tabla 13 The effect of potassiun cvanide and sodium szide on the deminant lethal frequency induced by heliotrine.

Brood intsrval = 3 days.

Brood
1 2 3 4 5
Male Trezatment % leth. M 4 Iath. nos % leths =N % lethe Ao % ieth. noe % lath.
Meliotrine 23.0 3278 5Z.6 1634 Bl.2 1491 48.3 658 * JE.Y
Cantonw-5 ‘
Heliatrine+ilCN 20.% 2665 55.3 1649 62D Ha 55.3 721 E 3 45, 4
£2 Heliotrine 36.5 1319 59,2 7Bl 75,8 846 84,7 72 # 54,5
v
Hellotrine+KCN 40,01 1057 KO, G 1183 78.7 1479 75.0 PHEG Es G63.C
ﬁeliotriﬁa 345 . 991 £3.6 385 45,0 T73 37. 3 140 1B 4 376 4G 5
Canton-S .
HelimtrineﬁNaNS 4249 740 67.4 454 738 ace 53.9 z264 1818 385 53.6
xcz Heliotrine 35,4 T4 54,2 1624 T4.9 237 Eh. 1 178 ’ & S 3
v
Heliotrine+Naﬁ3 Glsl Ta6 T2 441 Bb. 1 34h 83,7 233 * 71.8

Heliotrine = Q0,001 M, KCK = 0.007 ¥, Na:l\l3

= 0,003 M. Volume injzcted = 0.09 /.a’;fa'

¥ Not Scored

Total
10,
w2
061 X = 18.9

66551 £ < 0,000L

13.26

i

018} ¥

}
2990} 0.003

'}

2

2265)X

30.0

#

e o M

2679)F < 0.0001

STEIHS = 24.9
3y

!
17863p < 0.0001



Table 16 ¢ The effect of sodiu hydrosulphite on the sex-~linked lethal

Wl
frequency produced by heliotrine in X7vE males.

Heliotrine = 0.001 MyNa, 0,0 4 .01 Me Brood interval 3 days.
F 4

Heliotrine Heliotring + ‘i‘ézﬁ,}ﬁif}(‘éd
) o A 3

i S A (A S TR

% leths 1o % leth. NOe
Brood 1 G T2 ijata 1053 5o
Brood 2 KRR 46 Je 24 K¥is
Arood 3 G, 32 236 Bs31 325
Brood 4 Go 42 265 3 261

Total 3.89 1417 de21 154!

o




Table 17 ¢ The affect of gasous nltroegsn on the heliotrine induced gox-
linked lethal freguencye

Hollotrine = Q001 My  lirood interval two days.

Expeximent L. Experiment 2.

Hitrogen Alr Hitrogen Alr

wleths no. Zleth, nte  Aieth. fio. %lethe Gos

£
fe]

Brood 1 3 98 176 1.62 308 D82 364 074 537

Broea 2 Lo 46 214 Le 7

e
ja
fan
e
=

o
L)
e
Ly
oo

Da 73 684

Broog 3 Be 47 234 3.01 360 ledl K18  2.25 877
Byood 4 Go 25 130 B.43 156 2:.69 448 4,72 38)

WV
2
=

Brood 5 de 29 1066 122 Ga23 300 4,23 359

" # ) bk » £, ] SIS T iR ) T EeloTa)
Brood & 3,064 55 {.69 29 FeRY  E1E 1,30 230

Brood 7 s 40 3.70 7 led3 279 leda 209

Total 3,72 1049 3.53 1445 1.98 20828 2,05 2973
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Talvle 20 ¢ The effect of the antiblotic chloramphenicel on the dominant
lethal frequency produced by helliotrine.
Heliotrine = G.00L My Chleramphenicol = (.23%; brood laterval

three days.

Heliotrine Heliptianre + Chl

% leth. NG 8GOS # leths f0s 2ggs

sod i 176 2115 136 Ty,

Broosd 2 A6 2330 302 3460
Brood 3 43 9 G119 4567 117
procd 4 2.2 Y4 A%, & 1572

Brood o 31.3 1302 29, & 1219

Jores
A
Y
st
&
o
@
WLF
i
[y
o
Ca )
o
)
o

Chi = Chloramphenicol



Table 21 ¢ The effect of the antiblotic chloramphenicol on the Fl sex ratio
distortion produced by heliotrine.
Heliotrine = 0,001 M, Chloramphenicol = 0.23%; brood interval

three days.

Heliotrine Hellotrine + Chl
Males Females M/F Males Females W/F
Brood 1 366 1097 Q.33 622 1698  0.37
Brood 2 L% 3120 067 680 1126 0. 60
Brood 3 246 360 Q.68 | 340 481 71
Brood 4 246 372 0.66 403 638 Us 63
Brood 5 238 483 0.49 b4 448 0. 59
Total 1649 3132 0.53 2309 4391 0.53

Chl = ¢hlovamphenicol



Brood
Brood
Brood
Brood
Brood

Tatal

L oy Bt

B

A

¢ The frequency of X0 males {including loss of ¥$ and YL)
producdd by hellotyine, A-irradiation and combined heliotrine

and Kezravy treatments.
Hellotrine = 0.001 M, X-lzvadiation = 1500z at 150r/min.,

Brood interval three days.

Hellotrige  X-ixzadiablon oousnsy.zaye 2h1s, elerays
GO nemsles EXD n.males %x@ nemales X0 nemales
Q.48 37 036 1066 2.01 458 Ga71 702
0.33% &0 la 16 T3 .09 BB 1.25 56Q
0. 18 562 L 66 E.67 245 383 313

- 621 Ze 5% 424 4,88 123 4o j1 292
1.865 574 B 76 791 0.71 280 Lo 4465 343
Q.4 3210 Lot 3722 2: 6 1664 iy 22106




Table 23

Pt

)

PN

5

The 2-3 translocation frequency produced by heliotrine; X-irradiation and combined

heliotrine and X-ray treatments.

Heliotrine = 0.001 ¥, X-irradiation = 1500r at 150r/min. Brood interval three days.

Heliotrine Y-irradiation Hellotrioe - Heliotrine -

; Ziming- Xeravs 2hrge = deyays
%te negametes %ts  negametes 44.  ne.gametes %te nogametes
- 502 1. 17 511 193 3i1 1.72 B2z
= 383 225 A48% 599 354 3.4% - 408
- 423 S 90 350 9. 37 80  B.O0 200
- 422 50 86 273 To32 82 2. 53 ig8
0.28 363 D79 378 Oeds 219 (1931 241

U.05 2093 2.89 2041 4o 4l 1156 287 1567
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Figure l. The gtructursl fompuls of the pyrrolizidine alksisid hellotrine.
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The sex~linked lsthal frequency, with 950 eonfidencge Iimils,

spoduced by helistrine in Capton-t (unbroken line)
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Figurs 3« The sex-linked lethal frequency, with 95 confidence limitsg

(-8

produced by helistrine in (anton-8 (continucus iine) an
8.8-5 e
y¥/ se o {broken libe] males.
o

Heliolrine = 0.001 K, brood interval = threes days.
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Figure 4. The frequency of unhatched egge, with 99 confldence limits,

if.??

proguced by ase females when mated to hellotrine treated Canton

of Kb vE males.

Heliotrine = 0,051 B, brood interval three dave.
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maief female ratic produced vhen helictrine treatsd

Figure 6. The F1:

Cut wmales are moated Lo age [ensiés.

e Ly

ko

Heligtrine = (U001 B brood interval two dave.
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Crosses mede for the detection of %0 males, loes of ¥ or VP

Brd translocations fnvelving the sscond, third and/or ¥ chToepsonss.




by y G
por L PWES 1 g bt g
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yw®  bw, st 2 . ywy By L+ + s Y3 pw_st X bw, 5t
LA it Subed oW, 23 L
T ’ "+ bw st
yellow non=yeflow Bar eyed
Loss of Y® = vyellow Bar eyed &
Loss of vo o= non-yellow non-Bar

Loss of X or Y = yellow non-Bar g

of Xand Y yellow non-Bor A

Non disjunction
or Bar eyed 9

\4

2/3 Translocations = absence of bw and st flies

2/Y Transiocations = absence of bw and w males

3/Y Translocations = absence of st and w males

2/3/Y Teansiocations = only wild type males and w
females present

*




the aetection OF M males, sex-linked lethals,

moszics, traasiocstions and delaved chromosome

- monedisiunetion.
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bw st 9 s> n sw® sca.
X

§ e

bw st 5 bb y g+ *
BYL+ +5cYS

Bar eyed wild type

Loss of X Y or YL’ = hon ~ Bar eyed male

Non disjunction of X apd Y = non-Bar eyed males
and Bar eyed femoles

W
Sex—iinked lethalgz

¥
Transiocations

no yv males in culture

2/3 no bw a st ftlies

i

2/Y = no bw or w maules
3/Y = no st or w males

213/Y = only wild type males
and white eyed fernales

Delayzd chromosome foss 4

(see  text) sex-linked lethal mosaics

(see text)




Figure 9. The fregueney of heliotriae fnducsd sewslinked lethals in Hhiriesn

sene regions sach Tiv8 mep wnils im lengths

Heliotring = 0,001 M.
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The atfsct of podium hydrosulpt

gistortion précuced by heliotrine in Cantones males.
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