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GtN'ETIC EFfECTS or DEUTERIUl~~ OXIOC Iit DROSOPH!LA ME:LANOGAS'X'ERl 
· #ililitt e .. .,_ "' ·~• · ,..., !h•••ut li' 

. ' 
Ann f1. Hughos • Philip E. Hildr-eth2 11 and G~raneth Carson Backcn~ 

Law~ence Radiation LDboratory, Univ~rsity of Califo~ia~ Berkeley, California 

Z~nenhof and Demaree (1943) reported that heavy water (D?.O) did not 

incroasa the recessive lethal mutation l."'ate in Drosophila melanogaster 

when inccrpo:t"ated into the cultu.r~ medium O);> injected in larvae. 

Ho•iev.ar. studies on tho sterility-inducing ability of D20 in mic~ 

(Hu~hes and Calvin, 1958; and Hughes• Bennett, and Calviuil 1959) sug-

gested that the darn."lge migh·t be genetic in char~ctel"'• Therefore we 

have car:ded out tests on D. mnlanogaster to determine whether or not - . 

in addition to inducing stlilrility ~'~ o2o; ~then incorporuted into the 

culture madiumo produces genetic effe~ts. The genetic effects studied 

were .stel:'ili ty fl the recossi V\1 lethal mutation rate in the X chromo::> om~ 11 

meiotic and mitotic. crossing over betvteen X c!rromosom.,.3S, c't'Ossing over 

between the X and '{ chromosomes in the male; and r,ondis junction of the 

sax chromosomes in .l;>oth the male and fe:rtale., 

lrhe worlc desc:r.ibed in this paper was sponsored in part by the United 

States Atomic l;nargy Connnission &nd in part by the Department of 

2Also associated with the ~partmant of Zoology~ University of 

Ca:lifot>hia, Ber·kaley, California. 

3Pr(ilsent address: Zoologisches Inati tut der Univerei t~t, Ketz(.u:•hach 63 9 

~~~burg/Lahn, Garmany. 
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HA'ffiRI AT .. S AND ~ltTHODS 

Cult1.lrta medium: 

'020 was USOd!i. it. was added in placa of the equivalent volwne of H.zO in 

the cooking of the medium ... ·"Treated''· flios were obtain¢d from c\&lturas 

in which eggs bad been laid on medium conti'.l.ining ~he indicated concen-

'trations of D20• The progeny developed ·through aolor:sion en this medlum. 

th~ experiments is expN~ssed as volutn3 pevcent of added heavy watal" and 

. does not taka into account the moiatl;lJ:"O content of the othar mediurn 

consti·tuents. This additional moisture \•tould not decrease the DzO 

. Toxicity studies: 

Tv;o culture bottles ·wu'e: pr-epared for.• each of the follo~<.'ing concan ... 

of Canton wildtyp~ flies ptr cultul:'e were placed in the bottles for 

thr·e~ days and then t.'oooved. D~aths of the~e flies during this period 

as well as the numbers of offsp~ing arising in the cultures ware 

r·ecorded. 

Sterility studies: 

as described above. Treated femalos "1ere individually mated with eitl1ar 

tX'eated or untreated males & untrcHl ted· fe:nalas wore like~-1 ise mated Hi th 

treated O"f:' untreated males. 
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X chromosome recessive leth,i.lS: 

'l'l~eated males (l"'aised on 10 Ol." 20% D;?O m€?;dium) and control males • 

c~r-rying the marker-s c.ru--n~.tion (em") and vermilion (v) on th~ X chJ:tomo-- -
a om~ 11 wera individually mated with virgin female!~ havlng X chrornooom•.;;s 

homozygous fo"l" yellow2 <Z.:> • Bar (~), ·>ve-rmi.lion <.:~:) • and apricot (~) u 

l'~td the i:nversions soS1 11 In!~9 9 sc.El t:o suppress c~sdng over.; Stocks 
~ -------.. ._....,.,. . 

of these ·flies were kindly supplie-d to us hy Dr. H. J. i-1uller of 

Indiana Univ·a:~..;,;ity. r1 females wG)re mated indi-vidually vdth Y.?i.!. ':!.a. 

males that had been grow-n. on st~dard medium. l'.n1o~g the r:h a cultut>e 

was scol"'®d as lethal if it contained at least :20 flies hut no ca.r v --
males; a cultuN "~<tao scored as not lethal if it contained ona or mora 

l 

c<ir v males regardless of the total nur:.ber• of flies. -- ' 

Cr•oss.ing over bf:~bteen X chrc·mo!r.oones: 
• • - IIIII< • .... ;110. ... - .... ~ .... l>o-li .... >A~W A .. 

for tho studies on meiotic crossing ov.;.~r, feJ:>ales heterozygoun 

for yallCt;-1' (y) 1 crossveinless {cv), 'irerm:Uion (v)i fol~k~?.d (f)s and 
' ·.- .. - _... -

.. . 
their \~ildtype .~ll.~:les (l_ £::_ .! f /{;'<: 2:!...+ '!....,. f:) were ral.sed on medium 

They were mated -:individually to y · cv v f/Y me.les 
.---~ 

grown on standar-d t!l:adit1[1l. A control se:t:>ies was run simultaneously. 

The r1 generatiOl'l ~tas scorGd for crossovers involving these four- loci. 

fol"' the investieation (,>f tr:itotic crossing over. virgin Canton 

wildtype females aJ'l.d white-eyed (:!) males we!'e aged separately for 

· th:..'eo days on. medium containing 20% n2o. One female was then placed 

with s.z.veral of the males in each culture bottle,. which also contained 

20~ D20.. A control series in which flies w·~re raised on staildard 

medium throughout was s~~t up at the saTUe tim'l. The f1 fr;:males wer!$ 

examined for the presence of white spots in their "normally red eyes; 
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somes 9 loss of tho w+ chromoscrne., 01"' mut!lt.ion of ;?+ to !!.• In a second 

exper-iment both P and f;~. individual~ were r-ai~~ed" on 20% D20 medium .. 

Non disjunction: · 
,........, I :Ill ueaM 

To determine the effect of D20 on non dis junction in the f~male, 

Y.. J!../y2 scSl ]. _!n:ti:!.. ':!.a sc6 females gro.m on ?O%. n2o medium wcr>c mated 

ind.tvidually r:ith y_ .9!.!: !J(!!:::..B~'! males (the ~8 attachment ca.r>ries 'L+). 

··The progeny were then examined for• ~vi'dence of nondisjunction (see 

Figure 3). Control s~ril!ls 'vTera set up at the ·sam·~ time. 

20% D20 ntedJ.um t-rare individually mated with 'I.J'L females. Nondisjunction 

of the sex chror:1osor:tas in eithev· par3nt Hould theor<etic,>;.lly produce eqtl~il 

numbors of t females and y rMles among tho prog~ny. Loss of the ,:lr. 
~.-- -

m~rker ol:" of the antil."'e Y chromo::>o:ne \<lOuld produc:.l an increased number 

of exceptional males only.. Tt.e results 't'eportad in detail belO'I"' indi-

cated that Ulmd.isjunction alo::~e t·wuld not account fo1~ thr:: +~x.coptional 

types of oi'.1i.1p:dng und that t~un•a H~ a los:::; of part or all of the Y 

chromosctie. To determine whethex• the f'!ffect was caused by the loss of 

the Y chrorno:JoriiEJ or only part of it by br-eakage) or cro::zsinn ovHr, the 

Cl'ossinr£ over l.1e'tHGen the X and Y cht'omosomcs t 
1 • p-' 

l. Yella.ii females Cz!:t.) 1-:e:r>a mated vlith males that carried yellow 

en the X chromosome and had a Y chromosome with Stone 0s Bal."' {~) attached 

to the lone arm and the f allele of yellow (sc8 tip) attached to tho 

shor·t ar.m. For a further description of this 'sc8.y.~S chromosome, see 

Bposseau (1958). · Expected off~,pring from .t!1is cross would be yellow .. 
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females a'r).d nonyellow males having Bar eya-s. It lvoul.d also be possible 

to distinguish those types of offaJ?:t"ing that had :resulted from nondis .. 

junction from those that had resulted from crossing over betw~en X and Y 

. chro.':'looomas or fl"agmentat:i.on of the Y. · Fraftmentation as used here means 

a deletion of th~ y_+ OX' !S sagment$ of the '! chl"'amosoma. Another poss;i-

bility fov the loss of these mark:urs would be by translaqa.tion to· an 

autosome; :l.n the absence of evidence rot~ _trans locations: having occurre.d 11 

breaka1~o Ol" fragmentation wi.ll then refer to loss· by deletion •. ,. 

2. In order to recover the centl'O:rtCl."e-bearil1Z fr-agments of the 

Y chromor,;ome and to be ~lAra that males carr'j ing the£•c frafpY~ents would 

·be fertile, use ~:las 101ade of attachsd XY chromosomes.. Females homozygous 

. - r 
mated Hith y/ocSQ'f·B·~ males. Thus a c<=ntrorrrd>:'e-bearing Y fragment, -if 

~--- ..... -

recovered .i.n a r.~ale ~ could be tested further$ because that male would 

also have a comt>l<3te Y attached to the }{ chromosome and would be :fertile. 

These fragments ·could then b~ tested foF fertility by comblning them in 

males that had eith~r the lon~l arm or the sho:r"t ann o.f the Y attachod to 

an X chromosome. 

RESULTS AHD DISCUSSION 

In the cultures that contained D20 in a concentration of 70% or 

..• more 11 the adults all died within a three ... day period. Although the 

cldults lived on the t;.o and 50% media., no egg~ were laid. At a concen-

tration of. 30% only one offsp:c·ing eclosed. The results obtained from 
·.~ 

cultur.>es having 30% or less n2o a:t:"' shown in Figur<:! 1.. Our results ar·e 

in general agl:.'eemt:mt with those of Zamenhof and Demaree (1943). 
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Variations may he attt'ibuted to the strains of flies used at1.d the dif-
;·r· 

farences -in m.ethods of computinz D20 r,:oncentration • D20 in concentra-

ticm.s of 10 or 20% were used in all the· follQvtin~r experiments .. 

·.:. ... 

as opposed to males. !n general~ D20 reduces, the nul~bar of fertile 
' ' . 

. matings &l.d tho numbor.s of offspring more sha~~ply t-~hen fed to females 

fert!.l~ matings more shar-ply' when fed to males than to i~~rnales ~ but did 

not; redu~e the number of off::;pring per fertilll1 mating in ei the1.~ cas(\\. 

· (i:h.l.ghes &. Calvin 0 1958; Hugh~s, Bennett; & Calvin~ 1960). 

X chromo:soma recessive lethals: 
--------------~~------~~----

lis shmm in Table 2; 020 in concentrations of 10 and 20% did not 

significantly increase (P = 0.8 to 0.9) the frequency of recet>sive lethal 

)?l'Oduction above that for the controls; these rasultm are in agreement 

with those of Zamanhof a."ld Demri!I'ac. However~> araong the l:"l feraales there 

iva:;; an incl~ease in sterility~ t-1hich \vas significant in the 20% D20 experi­
J 

mont (x2 :; 12.1949 • P < o .OOl) J5ut not significant in the 10:~ D20 expcri-

IOOnt (P = 0.1 to 0.2). Among the fl fctnales there was also an increase$ 

,though not significant (P ~ 0.2 to-·0.3), in the CI'OSSOver frequendes ,. 

between the X c.l)ro::.osoroos, ~as evidenced by the recovery of recombina.\'lt 

types c7lmon.g the F2 individuals. 

Crossing ove.r bet-..te_en X chi'Olnoscr{lt<-S: 

Among 3174 control offspring from y_ .£,! .! !l'L+ 2:!..~-- :!.+ ft mothers and 

. 349~ offspring £r.om .mother.;:j __ :6f _the .§~e .. gen6type -!-ai~e:a ·on·: 20~'a n2o medium, 
' ' I ,· • f• ; ~. ' • • • ' ,. , ' ' 

. ~ : ,. . 

ther'e was no appreciable diffeNnce in the meiotic crossover vate bot\~c•en 
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the two g;roups. In the control group thel'e '1-lai,: 14 .. 5%. cr~:~sinz over-

.~etl,veen z.. and .£:!:• 2~.1% batt·men £!.and _y~ and ~1.8% between.!, and .f.; 

.. . . · .. in the treated group the compa:::-abla percentages were 14.0~.s~ 22.4-%, 

and 22 .. 0~L Crossing oyer i.n the t~ated s<n-:-ies was· greater than in 
.. ··; 

·the control-~only bet•reon v and f ~.~ ·and this t·H:t:$ not a significant in-
.\ ~ -

.. · 
In th<9 studies 0r1 mitotic (:rossing ~:.ver 11 ther.a was no sl.gnificant 

incroas-a {.P = OaB to 0 .. 9) over 'tha contrpl series t·;hen tha red-eyed 

fen1ales and white-eyed males were aged and mated and their. p:rogeny 

groHn en 20% D20 mediu:n (control ::: 0. 71%, tNated ; o. 75%). \</hen ·the 

parents of the red-eyed fomalen and Hh.i.te-eyed males we:re also gt"own 

(2096 <3yes examined) in the cont.N'>l to 0. 34% (2672 eyes exc:lm.ined) in 
.-

the tr~ated sc:rie~. The diffel~enc·~ in :rate is not statistically sl.g-

ni:ficant (P::: 0.3 to 0.5). Tho variation bet~><eon the control series 

of the t'i·TO experiments was gr·eatc:l:' than that between the con.tr'ol and 

tr€!ated st~riris .in either ~r.per>iment • 

. Nond.is j \.medon: 
.--.. ·-lilt" ....... ~ 

The possible pl"ogeny that would result from the cro:--:~s of y fJy2 B v wa --- ___ ....,. 
females 111.ith z. 5::!.:!.. !,/!!.!;._8• Y males al"'<a shc,wn i11 Fiflure 3; the exceptional 

progeny that would result from nondisjunction in the fem~=.tle arc indicated 

by aster-bks. Tha XXX femal~s usually aro not viable, and none wer;;; found •. 

In an examination of 11 0178 progeny',· from control females •. 8 XXY females 

and 28 XO males wore found. .ltr.long 12., 743 .progeny ii:'om females x·ais\?.:d on 
... 

20% n,.,o nediu.m there ·~1or>a 27 XXY females and l.t3 XO males. The combined· 
.t:. . 

frequency of these exceptional females and males was increased from 0. 39o 

'i 

I 
.~ 
·ij 
·~., 

i 
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in the ¢ontrol series to o.s% in the treated, s-eries~ this increar;;e is 

· · statistically significant at the l1ii lt.w<Sll (x2 :::: 7~575·/1- P < o.Ol). . . ' 

(Nondisjunction in the tnal.s lilOUld result in ! females~ E./!..!. females~ 

l. f males., and Y.'! ! J:.. :_:"l males. . !n the n2o tr-eated series~ three 

... · ]/.!.! fcmal~s v/'e'ra .found. In· the control seriez, three !.. females, 

~. ' 

·two B/+ v females il. 13 'f. f :naleo t · and eight v2 B v 1va lilales \'lerc fou..<1d.) 
•• ..._,,....,._ • • ................. t • .:- ._....,.._ 

The l"esults of tho stUdy 6f nondisjunction of the X and "f chx•omcr- · · 
. .. 

sennas in the mal~ (yJ''L x y/~S~y) ax•e shol~!l in Tablo 3. The fJ.."¥iui.mcy 

Of the tOtal t:IXCCptiOncal flies t'CCOVOt'ed f1.'()1TI the treated SerieS ;.;aS 

signifiq.untly higher than that from the contX><>l sories (x2 ~ 20.8137 ~ 

P. < 0. 0001). 'Since the increa:;e in except:i.ona.l fcmiillea is r.d . .?,nificant 

only at the 5% level (P ::: 0.05 to 0,04) and th~ !ncr><~ase in e~~ceptional 

males is highly significant {x2 r.; l7.4SG9, P < 0~0001)~ it seems likely 

that the genetic accident invo.l.vl()d is net solely nondisjunction but· 

perha;>s also a loss of_ the y_+ markel." or the entire Y chromosome. In 

some cases a single evant eavly in SlHH'!Ilatogane$is probably \..Jould. have 

res ult.ed in the product ion g by a s in[~le :nale ~ of t>w or more exc0ptional 

flies. Evtiln 11hun each cluster i~ counted r;~s a single event~ there w&r•e 

S7 single events in the co;,tr>ol and 109 events in the treated series. 

The diff~:r·ence is still. highly signi:l."ican-i: (x2 ·19 .. 7099,. p, ,.; 0.0001). 

Croosing ovet- betHc(m the X F.Jnd Y chrcmosomHs in the male:_ 

Tho exceptional types of offspring and the. number•s. of these re-

ccver.ed fro» the c:J:~osscs between Y./'L: females nnd scS• Y• !s· males ar'e 

pr.··~s;;mtcd in Table 4. The· e;.:ceptional x_+ ~S daughters e&md y_ sons could 

be explained by nondisjunction i:l either par{mt.. The apparent r•ato of 

nondisju.t1ction wa3 not significantly increased when the males \>i~H:>e raised 

'' 1 
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classes may be accounted fcl• by _crossi:ng over- betw·een the X and ·y 

chrombsomes. 'fh.a distr-ibution of clusters that may have resultQd from 

croa;;;ine; over b6t1r1een the X a.11d the short arr:i. ·of the Y are s:'ho•n"l in 

· Table 5.. The r~cipt'oeal classes resulting from a cl..,ossover bet.-wee:1 the 

X and the· short arm of the Y ··.~ou).d be: ( 1) an X cirromoscma, cat'rying: 

· y_, attached to the Y centromere and t.1e .~eng arm of the Y car-eying !s, 
'· 

and (2) the short arm ofth& 1» c<ir-rylngY..+, attached to the X ce11troF.1ere. 

'the egg fertilized by the fit'st type would pl;>odUc~ a yclloH female vlith 

:Bcu:>-shaped ~yes and that fertilized by the t:>econd type a v!ild.type ( +) 

male. The. r-eciprocal classes reaulti~1g from a cr"'ssove1~ betwaen the X 

and the long il.rm of the Y would be yello•~ males ~Tith Bar-shaped eyes and 

'·dldty.pe ( ·J-) females. If crossing over is to account .for the oxcaptional 

offsprL1g, then the reciprocal types should occur in nearly <lqual fr-e-

quencics~> discounting viability or other differences thnt might reduce 

the l"l:!covery o.f on~ typo;'! to less than that. of the. other.. The reciprocal 

classes from each type of assumed crossovox• are very cim.ilal:' in frequency; 

among the contl."'ols the:re wera 10 " :sS males and no + :feranles; however, 
'--

the :t, i5S males arose from t':<~o cultures ll' one of ~hich contained a sinr;le 

X.. BS male wid the other contained nine. A single ev•:ant could ha'fe accounted 

for this cluster of nine. If we assum,;) that these oxceptional types have 

r•csulted from crossing ow.n• 0 th~n in tho D20•treated cultul:'es the rat~. 

of cros;;1ing over has baen incl:'aased gr~.;ttly over that in the controls. 

There Hils no significant increase in the frequency of ct'ossing over 

betf<el3n the .long a::..-.;n of the Y <.-md the X chromosomes in the treated 

series (P ::: Oo 1 to o. 2), but there >·Hl~:l an extrem<)ly aicnificant in-

crca.se in the frequency of crossing ovur beti-ieen the shor·t e.rm and the X 



(x2 li: 58.,0516, ? < 0~0001). f-.Cagmontation oi= the '! c."lromosomc would 

not a.ccou1'lt for the reciproc.al clasees, us only par-tial 'f t s 'l'iould be 

produced and no X chrc::10somes t<V"i th 'f fragl!lents attached would be found .. 

' 
These wax'e t'E!covered; therefol."S fragmeutatio~1 ~ even though J.t may r>ccur 0 

. . . 
cannot account for- these exceptional fer.:alc~ typos. !i'l the control 

~ultur€\ that ?r>odu~ed nln~ z. E_S ·niales !J f:ragmer-.tatlop and loss of the y_+ 

tip of the Y dlll"ing an early g.onial divi~ion might w.rr.:~· well havGJ · 

. \accounted for this high nu.-nbliH'. of exceptions, since no recipl"Ocal type 
·' . 

that \fOUld be <:lxpected from crossing ovel" Has recovered.. rfhe numbqr of 

exceptional malills recovered was alway.s higher th~:m the reciprocal female 

clru::s in h6th the tr:ea.ted c:<.nd control series in thh and the next experi~ 

ment to be described; this increase might 'trell have been a r-~sult of Y 

The typc:s and th<::: numbers of exceptional offspring that resulteci 

from the cr>osses bet\.,ean .!!2.::':.DH~N', ~1-~$ yS ~E..! f l,• yt females and 

i../::>c8•1•Jls males _r:;~e:::~vra:s·ant~'ld iu Table 6. The frequency of nondisju:nction 

tvas not significantly increased .by D20 treatrnent (P n 0.2 to 0 .. 1).. Only 

One fly that might have resulted. front Or'OOSing o·vel:' batHCJCl1 the long arm 

of the Y and the X. chromosome was recovered; and this from the control 

t;'t'oup. As w~s explained earliel", this could have resulted from fl"'ag-

mentation of the 'l because it ><7as recove:r-ed as a Y frngmel"lt an<! not 

· attached to an X chromosome. The frequency of recovory of types that 

could have resulted from aross.tng ovel- between the sho:ot a~m of the Y 

and the X cht•on1oson1e is higher in th•l treated than in t'ha control :sGries · 

~,d is siznificant at the 5~ lGvel (x2 = 4.3122). There is a greater 

recovered in the last expe.riment (the males beir~g in much highel!' 
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. frequency) • hut probably moat of this ·effect is due to the poo:r 

viability caused by the attached X'i chromosomes,. ·This same effect is · 

· .. to be noted in the nondisjunctional classes in which the males are 

. .recovered much mat:'e, often thap. :t:hC'> females. The nondisjunctional 

femah::s would havo one attached X'f~' ¢ne free x~ and an addltio:Jal Y 

l<7ith X segments at each end; tha females boarlng the ct'ossover chromosou;e 
.~.' .. 

. would have an attached X'l from. the mothai> and . .an X chromosome with a 

partial 1 attaehed from the father. · The exceptional males that were 

.. _thought to cat>r-y tha ~8 fr-lll;8'ment attached to either an X c~mtromere 

_;,_(asiwn.i.ng crossing· over) or a Y centl."'omer-e (assuming Y fragmentation) 
.~>-- " 

· t-tere individ~ally mated to virgin attached XY females of the str>ain 

described al)O'la. The offspring in all cases were r. ~!..f.. females and 

Cdr V f malGS ~ ivh~n these . Cur V f males WO:J:'a then mated to y /y . femaleS 1> 
~.-.4--. ---- .. . --

the offspring Nera Y.. females an~ wildtype males •. !t is not possible to 

dGtermine to which of "the centromel"'es, X or Y, tl)e ~8 fra.gment was 

.. attached. Undoubtedly some fragments were attached to X centromeres, 

since we obtained the reciprocal class that resulted from crossing over. 

The stock carrying the ~a fragm·ant >-tas inadvertently lost 9 so it could 

not be fur.thei' tested. The assumed reciprocal of this chromosome & a 

y>:nllow-hearing X chl:'omosome with BS no~t attached to it$ was tested .by 

obtaining it in males that had in addition onl~r' the long arm of th<~ · '{ 

with the y_+ allele attached or ·only the short .:u.~ of the Y. In the forme'l:': · 

case ~ach male toste4 was stel."ile, t-~hich would be ~>;pected if the Y attach-

rnent did not contain the fertility factors from th<i!t short arm of the Y; 

,in the latter case the y r;5 ma.l<~s we:ra fertile, which also t.;culd .be -- . 

expected if the 'f attachment car-ried all the fertility facto:t'S of the 
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long arm .. Thus it appeal"'S that ·the long a.rm of the Y has become attached 

to the X· chromosome by C!'oss5.ng over between the X. and the shcl"'"c arm of 

the)'. 

It has been shO\m (Lindsby; 1955 )· that yS ;~ther than yL preferentially 
'. 

pairs with the X chromosome, and _'t;his is verified by_ our experiments. 

obtained only one fly (t fema1e 11 Table 4) that is strong evJ.dcnce for 
' . ........ 

•'r' 
·~ 

crossing ovex' between the long arm of the-Y and the X chromo:to,'ne, yet •<~e 

obtained many cases that may .ba interpl."eted as having 'resulted from 

crossing ovet> betveen tha Sl1o:.•t ar•m of the Y and the X chromosome. 

SUHMAKY 

·. 'l'he genetic effects of deuterium oxide incorpol~ated into the cult.ux•e 

medium .weN studied in Drosophilrl mclanogastel?. After preliminary toxicity .. 

studies, concsntrationfl of only 10 or 20% D20 wer.; used. Concentrations 

of lO or 20% D20 had no effect em recessive letheJ. production, nor ~•ere 

mitotic or meiotia crossing ove1~ bet'<reen X chl"omosome$ in the female 

influenced by 20% o2o. The induction of oterili ty ~ nondisjunction in 

the female, and crossing over bet1..;een the X and the ~hcrt arm of the Y 

we:r>e strongly influenced by 20% D20• 
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Stej.""ility produced in Cant<ll:i stod~ by D20 

Total 
matings 

% Sterile 
matings 

----- -... ~-~ 

11111 '"""' *""' eu 1. •' 

51 49 56 

6 29 55 

4G 

59 



TABT..E 2 

Effect of D20 on rec~ssive lethal l?l"oduction~ induction ,_,b •• ,. ~~......._ __ • __ , 

of ster-ility 9 and cro:>sing over in D .. melanogar:tex· . ,........,....___ 

.... 
.._;;,·io;oo----·-·~· ................... ' -~ .• 

Control 

To·t<11 C'..:!l tUr'<dS I+Gl 1543 11+99 

% Recessive lethal 
cultures Oo21 0.26 0.20 

9.:i Sterile cultures 
(F,t) 699 9.5 12.9 

~ Cr-o..·:wovcr c.!ultures 
< r,) .. o.o 0,.65 0.61 

~I ..... Q liT 
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'!ADLE 3 

Results of study for no:~di.sjunction b.:.:t11een the ;< and · .......... ..,,;:lid~ .......... .._~--· ... _ ........ ~~·· ___ ... __ _ 

Total 
flies 

+ 

y/y females x y/sc8cy males 
.. - ........ ~ 

Exception~l flie$ 

females y males Total .per 
thousand 

.._.~··--------------------~---.~~------------~--~--------------------~· 
Contt>ol 25 lfL~ 0.92 

70 ~528 39 88 1.60 

__ , ___ ,....,....,;., •i ¢ Mwolo.W....-·~--·----"'·--------------......;-...... ---------;..----

.. 
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'I'ABLE 4· 

;i/y fe:na.lcs x y/Bcu~) •BS males -"-·"' . ., ... - ~·- . 

-----. ...... ' ' 

Male non-
d'"' 4 .,. 

Total 
_ ~S)tmctl.on 

'l'x>eatfiH~nt flie::;; y+!S y 

-
Control 28~7S9 16 30 1

'' 

20% D20 22 ~8G6 10 29 

f•Include;:; a cluster of 9 in O!W culture. 
*.t; Includes s. clustet" of' 8 io one cultUl."0 .. 

"' r;S :::.,._ t 

7 0 

38 1 

+ ... ns 
'J_ --

12 lOl'>* 

46 I+ 
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. · ;:md "'c8 . males) r•esult:.inrt from cro~;:;in.S~: over betHeE!n the X 
~ 'riil. ·-·dol . . -~~~ ~. . -~ ~ "'""'-~ ... __ ··-

NeY.'t'! X'(:COWJred --
=~·uml)er- of <::xcoptionals 
. in el:).ch culture 
~~- P'llii I .._..,....,__~~···,~, 

c• z .. ~" females · + mr~les 

1 0 
1 l 
1 2 
' 

,, 
.l. .;:; 

2 (I 

2 l 
2 2 
2 3 
0 l 
0 2 
0 3 

w ;t fi":T'±·t·,,.,.., c.., .. 

N1..1mber of cultures~; 
-.-Nrt ""' • 

Control 

13 4 
5 0 
~ l ..... 

3 0 

2 1 
2 0 
3 0 
1 o· 

13 7 
3 0 
0 1 

... 1111? ·~-~--

~~Total cultu:t'CS e:r.atllincda controlll 407; d.;sutaPium, 323. 
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Ti\BT~"S 6 

~ ' .· .. .- ·~ 

·• 

f.~.S<~p!,io~c;l.2§fsf?.E~~\f. ~~ .f£..S2. ~f~ ££.C:.~_-.?f x_s_S~r:'. v £ y•!..L .fEI!~J~ ~ y/sc8eloBS ~-~ 
~. .· 

~~·-~---~--~~ 

Treatment 
Total 
flies· ns 

Hale non­
db ·h.:.r.ction ,.. ~ 

~l:~f~. 

·--~----~~--~--~~~~~~~-~----·~~~-~~---~~~ 

~thez: ~~':ZtJ~:.<!?-~ ... _;____:.__ 
· Males · 

l.. E.s_ car v f -.w·--=---
car v f v p,S ----..:ow.-Cd.P V f 

~ ........ ~ 
_.__..._,. ... --• ..u.,;>l'tl -·--• ' .........._ • r b ·, ~·~~_............, _______ ;_. ____ .,.. ____ _ 

-·· -~ •· Cor1trol 26 ~7:)1 

20% D20 29,0B4 

3 

~ 

," ... u 

32 

3;'; 0 lO* 1 

5 0 23~a': 0 

·-~- ~-~W:I:Qo.-~ .. ~ ·., .... ~.~·ow-:JJio .d\J 

1:Includes i:t cluster of 2 l. E_S females and 2 ~- .Y. f. males in the same ctllturao 

· ~'~<'>Includes a clustel"' of 2 cax'. v f males in each of t>:o cultt;rgs. ---

[J tr 

<-
I 

N 
0 
I 
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PERCENT D20 IN MEDIUM 
MU-31630 

·----------· ·-··· ---·--· -· -- ----·- --------. ·- ··-· ·---· ······- ·-~ ·------------...... ----------·--· --

developed through eclosiorl on the indicated medium~ 
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FIGURE 2.--l~u"!lbe;('S or offspr-ing recovered t-ti1.en parents wet>e r-aised 

on the medium indicated. 
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This report was prepared as an account of Government 

sponsored work. Neither the United States, nor the Com­
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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