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~.NTI%ODUOTIO 

Christie (1939) published a ]i:n.kage m~p of the sex chromosome of Oro~o!~I~g,c~ ,~bob~c~,~,c~. 
}Ie obtained most of the mntan% which he described 5'ore X-rayed material. He did 
not examine his material e)~ologicaliy, a~d i~ :may therefore have contained inversio~ts. 

Unfortmlagely, ~his paper: is no~ an extension of Christie's work, as most of his mutants 
have been lost. I t  describes the linkage experiments made during the last few years, 
chiefly wigh mutants that  h.~zve a,isen spon~aneo~*sly during that  time. I t  includes data 
obtained from cultures which formed part of experiments on ler and secondary 
non-disjunction, if ehe lethal or the maternal Y-chromosome have not beeI~ found i~ 
them after adequate tests. 

Cytological examination of crosses between ~he multiple stocks made from the large 
experiments which form the great body of these data  show ~hat they are free fronl 
inversions o1~ the X-chromosome. A few small, genetically unlocatized inversions have 
bee~ found in the sex chromosomes of some s~ocks of sex-linked mutants. Data from 
a l'er crosses congai:ting t.hese may possibly be included. 

While most of the observations here published, and aH the calculations, were made 
by the anchor, this paper is ~o some extenr a joint produc[ion of the. Departmen~ of 
Biome~ry. In particular ! wish to ~hank Dr U. Philip, who is responsible :for all the 
cytological examinatiola of the material; Dr J. M. P~endel for albwing me ~o include 
data from his exf0eriments; ~Iiss J. E. Jermyn for scoring many of bt~e c~ltares; 
Prof. J. B. S. l-Ialdane for de%sing new statistical methods, details of which will be, 
published elsewhere; the Bocl~elter Foundation for grants; and Rothamsted Experimental 
Station for hospitality. I am also grateful to Dr Philip and. Miss Jermyn for allowing me 
to bring the chromosome map published in this pa.per up to date by inolnding the loci 
of d~ied v:f~z9, eocoe and bobbed, which are based on their unpublished work. 

S x ~ m ~ m w r  ~SOCEDUaS 

Dra.sopA~la s~bobsc~rc~ is fed on ~s maize meal-agar-molasses food. I t  is ma~ed for 5-8 days 
in vials, a~d then transferred to hail-pin8 milk bottles. During [he early experiments 
it. was ke.p~ sfi 18~ as it was believed i.o become sterile at 20~ (Christie, :[939). We 
can now keep the species a,t temperaOmres u.p to 94~ both stocks ~hat have been 
eseablished for 10 years, and freshly caught wild flies. The temperature fluctuates, being 
~hat of the laboratory; no incubators are used. The first .Sies emerge about 21.-2~[ days 
after transferring the pa.ren[,s ~o the bo~/~les. No controlled ex, periments on ~ho effect of 
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temperatm:e }~ave been made since t:~endd (].9~5) discovered that  D. az~bobscz~.~'a, deed 
~01~ ma~e in the dark. 

C.ultuo:es may  be raised from several females mated to several ma]es, from o~e i%male 
m~sd ~o several males, or from one female mated to one >ale. A female or g~oup of 
females may  be transferred from onltm'e bottle to culture bottle, laying eggs in each. 
(~,0tti)s of cultures obtained its this way and thus ]~aving o;~e or more mothers in common 
are grouped into a "~i'amfly'. As some of the females may have died in a bottle before 
the group was transferred to the next, genetical homogeneity cannot a].ways be expected 
between the sister cultures of a family that  has more than one mother. 

The data presenbecl in this p~per are iu experiments in which three m" mo~:e loci 
were usually segregating in the males at  least. The constitution of these m'osses is rarely 
~dven, but all data tha t  give information on the point at issue, for instance, the viability 
of a given mutant  or the recombination between two mutants when they enter a cross 
in coupling, are considered together. Nest  estimates are based on a fraction only of the 
~0gaI counts. The reasons for rejeehng certain data are given wherever this was done. 

DESCt~IPTION OF IKUTAh-TS 

%e square brackets after the name of each mutant  include a s tatement  of when, where 
a~td by whom it  was discovered, or a reference to an earlier account. Autosomat muta.nt,s 
here designated by  symbols are described in D.7.S. vols. l l - t 7 .  

bg 1, &dge 1. [Nov. 1939. Sever~I males in extraction of s]~, zvt. S.] Surface of ~hs 
eye eniarged. Expression variable, more s_~reme in males, where the eye surface may 
}~s 1�89 times its normal area and folded like the cerebral hemispheres of the lower 
mammals. u poor, and therefore penetranee never tested. Allelomorph. lost. 

/%, b~@e.,. [Narch 1942. Several males among the offspring of two sib pairs fl'om 
culture heterozygous for ct s~z cp cd and/(I)~0j .  S,] Similar to bgl, but less extreme. 

Cannot be scored on females, and mals penetrance may be ineompletm. Has not been 
l, eseed with b q, for alle!omorphism. The recombination data shown not to be hetero- 
geneou.s on p. 280 contain crosses made with both by 1 and bf/~. Therefore the two mutants  
are a]lelomorphic or a gene doublet (Griineberg, I9.37). 

od, cm'&:~,ef,. [99 Feb. 1940. One male in F i from /~,/~ 9o and r c?d'. S.] Transparent 
scarlet eye eel.our. Orange testis sheath as in the wild t.wpe. Penetranee complete. It 

Las been found to be non-arttonomous in two gynandromorphs and. autonomous in one. 
I~ is therefore probably homologous with ver~.il.io~ .h~. ~el~.~zogc~ste," and p.se~doobsc,~'o,, 
In~ the, name will not  be changed until i,his iha.s been co.t~firmed by conclusive trans- 
Phnfa,tion or feeding experiments. 

e F, coppe~'. [gla,y 1939. ~'[any anales in F~ from ct ~ x wi c?~. E, ecognized by the 
paid testis sheath. Not  present in the stocks of el. or ~o~ S.] Tra.~spareng eye colour 
browner tl?.~), wild type, more like w~ld-tTpe eye of .?se~,~,goobsc~zro, Testis sheath very 
P~le. Penetrance scruple%. Difficult to score on females, especially when more than 
2 days old. The cl:~ crg doable recessive, a bright orange, is more differerre fl'om cp ~ cd 
5}.~an cp cd + is from cp + cd +. 

% c,~a [Christie (].9.39)]. Small pieces eal~ out, from ~he wing margin. Penebra.nce 
complete. Expression variable, use ally greater in males than homozygous females, where 
it, may be reduced to a single %ire'  on. the inner margin of one wing, or even a disarrange~ 
~nen{- of ~he marginal hairs. The lower ,~oints o:[ th.e arista, are occasionally thickened. 
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ctI",fri'nged. [17 Nov. 1937. One male in F l f rom r 9? x ~c? carrying a short four~hlol~gi, 
tudinM, vein segregating in .F~ from femMe named Sl)udland 70 (@ordon, Spurway.& Street, 
1939). S.] Nnraez'ous small bites cab of the wing margin fl~roaghont its length. Occa- 
sional flies with IMcker~ed arislae have been found., ]?he expression is greater than tha% 
of st, and the two allelomorphs can be scored[ separ~tely when segregating i~ the same 
experiment. This phen.otype is cul t  seen in the male, where the penetranee is con~.plete. 
Nos5 females have ent;irely wild-type wi~ngs, not even the marginal hairs being ~;fi'ected. 
The few that  do show any effecg have one or a :few large "bi~es' removed from tlke/r Mugs. 

st, ~'~, er~.Xe,n~w~2edia. [Dec. 1.939. q~fany names from a cross eft i' ev + / ct + !/9-9 x eft" c,v § &d 
showed a marked a~teenapedia, ~vhieh on oagerossing w~s found to l)e inseparable from 

fri'nged. S.] In extreme :for:ms tlle antenna is overgrown and frequently t)ra,nched, 
looking superficially like an ~mt.ter or a crustacean maxi)lipede. Penetrance and ex- 
pression dependent on age of culture, being complete in :[:reshly hatching cultures and 
Mmost nil in old cultures. Wing character like ])',inged in phenotype, sex limitation and 
penetrance, a,nd is Mways used for scoring. This allelomorph is called 'a'ristapedia c~ '~' 
in D.I.S. f3.  

FemMes of She constitution U"/ct usually have a pronotmced c~t phenotype. This was 
thought to be 100~ penetrgnt a~M has been used in some li~J<age crosses, t-towever. 
overlaps wi:th c~ + have been found in a few oultm:es, c~a't/ct females have a similar 
phenotype which seems I00% penetrant, b~t has not been tested exgen.sive!y, cff"/s~ ~'' 
�9 ~emales usuatIy have normM wings. They occasionally have slight]y thickened antennae. 

The interaction in the heterozygotes U"/ct and e~ar~/ct resembles that  of the augosoma[ 
a, lielomorphs spineless and c~;";stcffoedir~ in vzelag~ogast#,', ss/s.s has normal antennae bn~ 
ss~/ss ~ and sa~/ss have an aristal?edie. Though ma~a~io]as a~ the two loci produce very 
differen2 phenotypes it is curious that  the antennae sho:,ld be altered by both. 

tn  this investigation alIelonaorphism is assumed if the double heterozygote shows the 
abnormal pheno~ype and similar li.nkage relations are obtained. Therefore gene doublets 
which :interact with one another in the he~erozygote may have been considered allelo- 
morphic. I have made no e~tensive search of the progeny of such heterozygotes for the 
segregation of wild-type files representing a eross~over between the loci. The apl:earance 
of two phenotypieally ct+ flies among the sons of ct~r/ct X X Y  females (Spnrway, an- 
published) may t~e an example of this. I~ wiII be discussed in a later paper. 

cv, cros,-veingess. [Christie (1989).] Both eros>veins absent. Body colour browner 
than wild type. Frequently a small spot of vein, tissue or a slight thickening of the 
cos~aI vein between the junctions of the second and third longitudinal veins, Yenetranee 
complete. 

Lethei ,m~ttatisns. Many ~ ~' s%rega~ons skewing or suggesting the presence of lethal 
mutations have been formal. Only two of these will be considered. 

~(1)40j. [Sex-linked lefl~al found Oct. 19-/.0. S.] The offspring of s f emde  (s 11/9) of 
the constitution + cd g ~vi / an + + + were: 

T o t a l  .o 9 cd g -s~ sn  cd y + + + an ~j ag sn  cg y Tot, M 

147 2,1_ 0 8 0 0 22 7 3 ~l  

A lethal nau~ation close to the loet~s of cd was presen~ on She chromosome carrying a~. 
which had ehtered the cress f,:om the father of ]~ I1/9. I t  had pz'esuna.ably arisen by 



~:a~ion in him. Z(1)'40j ]~as been used extensively i~a. linkage work, and provides crueia! 
~idence for map order (p. 277). No imago l~as been found that  has been thought to be 
h0mizygous for this lethal. 

t(1)41]c. [Sex-li~ked te~,ha/found Nov. 19~1. S.] The F2 from the cross 

~s reared as sNgle female cultures after mass marinas. Seven animates were exa.m4ned, 
~nd le~hals segregated in ~wo of them. Considering only the segregation of cd and y in 
males ~he counts were: 

Culture To~al o~ eY, y + + cd y Total 
2 83 28 0 16 5 49 

0~Iy one 2'~ culture was obtained. The mother of this eultm'e, A, was from 2 and of 
~l~e constitution. + + y '~i / sn cd, y v:i. 

s 

Cut~m'e Total oo cd + Tota.] 
A 39 22 2 24 

~ig]z~ ~4 cultures were ran.re4 from ~his, but ~one contained the lethal, which was thus 
]0st. 

Both 6he le~hais entered ~he cross on a paternal chromosome, and therefore.must have 
ariae~ as mutations in the sd ~vi males. 

@onsidering the ratio of cd to cd + cultm'es 2 and A are obviously homogeneous. The 
homogeneity X ~ between the total of 2 + A  and 6 is 0-426, ~ = 1  and P is jus~ above 0"5. 
The ratios of y to y+ in 2 and 6 are also homogeneous. Therefore %he two ]ethals almost 
certainly arose from the same mu%a.tion, and. were in.herh;ed 5:on the s~me grandf'ather. 
This mutation must have occurred early enough in the develo]?men~ of the germ line 
t0 hax, e segrega%ed into at Iea.s~ two spermatozoa., 

sd, short costal. [A]?:dt 1939. Widely distributed in stock of p]f'~. S.] Wing margi_u 
def'ective from the end of ~he third lo~.gitudi~al vein to ~, Iit61e way beyond bhe end[ of 
the fom:th, Pene~ranoe incomplete, expression variable. In most flies some marginal 
]~a.irs are absent. After selection for stronger expression a small sliver seems cut from 
b~e wing, ehe costal ~eJ.~ being completely abse~a~. As the hates on gee surNee of the 
~ing are ~maf['ected they hang over, making the margin look complete. Titus th.e flies 
~o longer ha.re o~ae of the characters of ~he genus which I{ikkawa & Pang (I938) abi.ribuge 
to. Fall6n (182.3), 'Wi~ N costa twice broken, reaches apex of fourth ve]n. . . ' .*  The 
~eia.t:[on of ~he costal veit~ to the tips of tl~e third and fern:gin longitudinal veins is used 
as a, systenra.tie character i~ the Drosophilidae (�9 ]936), and  it is therefore inter- 
esl;i.ng te find it alteri~g as @e result of a single gone sv..bs~itution. 

sini, singed 1, [Christie (],939).] All bristles and hairs twJ.sted and. coiled a.s though. 
~inged, .P. e~~etrance thought to be complete, but female s~eri]e. Nig'~yed ] a~dl si~Nec~ 2 
(Christie, 1939) were allelomorphic. Both have been lost. 

* i[ ha.re been unable "~o dlseover in Fallgn much of whs,t I[ikkawa, & iPeng im]?ly to be a. ~ra.nslatiou or 
elose p~,,r~pIlrase of his description of the gents.  ]],mnemberb_lg ~,he controversies concerning the homologies 
~ud eorreat~ naming of ~hese veins I ~ssume t.h~5 %he above quo[,:~gion is a reud.erh.tg of 'A]arum nervus auxiliar'is 
~ial]?iex, bre~ds, 'eerbiam eosgae p~rtem fare oecup~ns'~ 
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s.r~, s i~ed.  [Summer t936. Found on two separate ocoasions, oireumstanees not re- 
oorded. Called sin 3 and ~h h in D,f.S.A.L. l~f. 0hristie. Aug. 1940. One ]male in q- stoelq 
called si~.5. 3. M. Rendel.] All bristles anc[ hairs shortened, thickened, bern;, gnarled 
and frequently branched. Pene~• complete in si-,, s and believed so .~n s'in~ and sin~, 
but  these two latter female sJerile, s,in a and si~ h shown to be all.elomorphie by the 
phenotype of the heterozygous femMe, then latter discarded, s,i% and s i t  shown allele- 
morphic in the same way and former discarded. The si~+ a allelomorph is • in both 
sexes. Rs symboI has been changed to s% and ~he snf~x has been dropped. 

white and probable alle]omorph. Three white-eyed males h~,.ve bees found. (1) Summer 
].936. Dead. A. L. M. @hrisde. (2) Summer 19.36. Frances Gordon. (3} Nay 1938. 
Stock 1)2j;. S. The latter being a double recessive with pqp.py, a sere:let eye colour, 
may have been a mutation to a pale bu~ not. whRe eye colour. I think i~ had white 
testes. (2) and (3) were mated to various virgin females. They boeh lived for a con- 
siderable time but were sterile. 

In January I940 Y. E. Yer.myn fonnd fourteen names in stock bi~ wRh a pale pinkish 
yellow eye cotour, and white testis sheaths. This might gave been a pale al]elom.orph at 
the wh)e locus. Mated. to virgin sisters, ydlo,w a1~d withe~ed. All sterile. A few more 
males, which were %und in the progeny of their sisters were similarly tested, and found 
also to be sterile. Kalmns (1943) showed tha~ white anA very pate-eyed .O, mdanoyaster 
flies do no~. reae~, to moving contours, and Rend.el (19r fozmd that  swbobscura does 
not mate in ehe dark. This m~y expla.in the sterility of the ~vl~ite and pinkish yellow-eyed 
]32ales. 

wi, .~dth, e;'ed. [Sept. 19.36. Found in F~ from wild female Slough ~2 (Gordon et at. 
1939). Out of eigh~ paired cultures examined wi segregated in four. In three of these 
and one other a mild plexus phenotype segregated. This was not found again in the F a. 
I t  may have been a form of wi. P. A. R. Street,] Wings defective. They may have all 
the gz+.mpy shapes fmmd in mektnogaster. They frequently contain bubbles, and may be 
reduced to a small bladder. Sometimes the shape is normal but the venation is defective 
or plexuses are present.. The pene~rance is incomplete, but can be improved to 100% 
by selection. The two wings of a fly seldom have the same form. This phenotype is only 
fonnd in females. The males cannot be distinguished from ~v~§ males. Occasional pheno- 
typically ~zi males have been found, usually in poor cultures raised at high temperatures. 
When tested gene~iea.lty these have either not transmitted their phenotype to males or 
R has been shown to be due to an autosomal mutation. Of three ~es~ed cytologically 
one was found ~o be XO, one XY but trisom'ic for an autosome and the other apparently 
normal (Philip & Rendel, unp~:blished). Since the phenogype of X~~ females is 
usuatly ~dthered (Philip & Rendet, u~published) there is no ~oi altetomorph o~ the 
Y-ehr Gruesome. 

y, gdbw. [J~me 1.938. Four males in stock of Notch 2 (Christie, 1939). Y. N. Rendel.] 
]30@, hairs, and brisdes yellow, gendeI (19-'1.5) found that  non-yellow females are re- 
luetan~ to allow ~d males to mate wi~h them. 

Of the above eleven loci of visible mutants, %ur (ct, cv, ~ohite and y) are probably 
homologous with their ~.arnesakes in ot)her species, though ct/" resembbs in phenotypo 
and sex limitation scalloped in me~a~mqaster: cardinal is probably ~he vermiZio.~ of other 
species. Of the two si.nged Ioei one may be ~z and one f in mda,~;ogaster. These are all 
loci of element A (Muller, 1940) which :Jorms the whole or one arm of the sex chromO- 
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some of all  the  species so far  descr ibed  (S tm: tevaut  & Novi tski ,  t9"~1). The remain ing  

f0m" l e d  (bg, ep, sd, and  wi) have  not  ye t  been  r epor t ed  fl:om other  spedes .  

S~Nah~ x;_,tcr a:awzos 

7he ~dabilities of nine m u t a n t s  which  are oomple te ty  p e n e t r g n t  are  given in Table  1. 

All cultures are t he  p rogeny  of he te rozygous  fema,les, and ~hose eultm~es where t he  
femaIes seg rega ted  h a d  fa thers  carr3dng the  recessive in quest ion.  The ~ota]s of flies 

Table  1. YiabiEty  qf  fld,~y pene~rant mutants  

] 2 3 4 5 6 
To~al 

TotM showing 
Sex of showing ~5td-~ype iXro. of Test of homogeneity 

~ample and mutant a~elcmorph c~fli.ures r ,v , 
mutant A .~ ~ X ~- Probability Viability 

~la-les 
c~ 3724 4051 132 18~-875 0-001,t 0.919~: 0.026 
eft' 1220 1240 43 52-576 013 0.984 ~. 0'040 
ct ~ 2796 2897 89 93-106 0.33 0-965 ~: 0-026 
s~, 3346 3873 112 161-512 0-0013 0-864-- 0-026 
~/~a 280 879 15 14"980 0-45 0.7394- 0-058 
c 1) 1560 I652 41 397t5 0.48 0-944-- 0-093 
cd 5982 6141 196 211057 021 0'974 + 0-018 
cv 2166 2295 59 78526 0"038 0.944-~ 0'034 
y 7451 7854 ~4g: 288~422 0,038 0-949 :l: 0.017 

Females 
ct 636 7g9 22 24-666 0-26 0.84:9 + 0.046 
s~t ~031 2175 65 75.554 0.15 0-93~4- 0.029 
c~ 3420 354~ 120 135600 0 14 0966 :~ O 023 
cv 1021 2054 67 81.40]. 0,095 0-935 ~: 0.030 
y 246I 2625 90 100"386 0'19 0"938~ 0"026 

slmwing the m~.ntant gene and those showing its wi]&type allelomorph are given in 
columns 1 and  2, These would  be equal  in bo th  sexes on i \Iende]ian expec ta t ion ,  Column .3 
gives [he  n u m b e r  of cuRm'es a d d e d  t o g e t h e r  to  make  up these  to ta ls .  These were seleofed 

fi:om the  total .  of mlltttres segrega t ing  for t he  mtlta.nt  in  qnestio:L~ on ~he following basis.  

No ot]Jer muta=C wi th in  30 nni% was segregat ing,  excep~ wi in  male  d a t a  involving y. 

AlI samples  eonte, ined a~ leas~ t en  flies. Sa.m;Dles wi t~ ]ess t h a n  ~en flies were d i scarded  

or added  to  samples  of t he  same sex if  these  exis ted  N She same fami ly ,  I n  male samples. 

born single female  eultm:es no sex- l inked  ]cahal was p r e s e t ;  anywhere  on the  chromo-  

some. I n  i%male samples  MI vis ible  and  l e tha l  m u t a n t s  were a s sumed  1,o be reoessive. 

0a these dan, a. the  X 2 given in co lumn 4 was ea lea la ted  as a t, es/  for honlogene i ty  and  

t]_le proba ,b i l i ty  of so ]aa:ge s va lue  of X ~" is g iven in cob:ran E 
I f  A is t he  total  of flies showhJg the  muga,nt gene, B the  t o t a l  showing the  wild-t .ype 

a.lid.omorph, 5 is t he  sum of A + B ,  n t he  number  of samples  and  s,. the  nui~aber of flies 

ia the  ~'th sample ,  t he  e s t ima te  of v iabi l iby  given in eohm:o. 6 is 

A / A S  

except where  [he  sam.pie has  been  showJ1 50 be heCerogeneous ( P < 0 . 0 5  or 0"04:9 in 

Table 2}, when the fol lowing e s t ima te  of' the  staa~dard error  is used:  

",, "F ~,-q~ 
m A'5` +(xz2z~r+•  (.~taldane, 19,t4@ 
k B~, s ,s' ( ,s-~,,)  j j  

Jo~rn. of ~ene~>ic, s 4G 18 
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t f  the different r~tios in different cultures segregating for ~he same gene pair were 
only d,Ie ~o chimer, half the probabilibies would be expected to exceed 0-5. No proM. 
bikity exceeds 0-5 and only f, ve exceed 0.2. I t  is clear therefore that  there is some other 
source of heeerogeneRy in many of ehe samples. Similarly, if tt,e different via.bilRies 
differed from those of theh" respec6ve wild allelomorphs only by chance, half of tiae.m 
would be expected to be greater than ~mRy. None of ~hen~. is greater than  unity, though 
half of them do not differ fl:m~ :it signJlieantly. 

All the five mutanbs tested in both sexes seem ~o be eq~alty viable in males and 
fema2es. 0nly one mutant ,  the femsle-s~erile s';n.~, has a viability significantly less 
than 0-9. 

It is unexpected tha~ the ~wo more e-ztreme allelomorphs a~ the cut locus should have 
more regular segregations and also perhaps be more viable than /:he less extreme ct 
allelomoz:ph. 

Table 2. Subdi'visio.~a of s totags in Table 1 
I 2 3 4 5 

TotM 
Tots1 showing 

showing wi ld4ype  No. of ~eM, of homogenei6y 
mn~,~nt ~llelomortah euleares ~ , t _ _  . 

~;Iuta~t A B ~, 2 a Probabi l i ty  Viability 

Sfngle 9 cultures 
et 2816 2962 10g 139.782 0.0077 0.951 ~ 0-030 
.sn 2230 2.447 83 110-644 0~019 0-911 ~, 0-032 
cv 261 287 11 7-110 0+72 0"909 • 0"078 
y 3070 3306 12.5 112,787 0.76 0,929 • 0 0~3 

Mass cuRm'es 
ct 908 1089 29 38-883 0.084 0.834_+ 0.037 
sn 1116 1426 f49 41'461 0"049 0'783 4- 0"031 
cv 1905 2008 48 71'20t 0"013 0"949 -~ 0 039 
y 4381 4548 119 169-405 0-0014 0"963 ~. 0-026 

The four totals whose probability was less than 0.05 were divided accorcling to whether 

they were obtained from single female or mass cultures. The estimates are given in 

Table 2. They are all samples of males. 51[ale samples are expected to be more hetero- 

geneous than female samples because more mutants were usually segregating in them, 
semi-]ethals were expected, and mass eultm'es were not examined for %he presence of 
full lethats. Some mutants m~y also be more variable when hemizygous ~han whe~ 
homozygous. 

The smaller probt~bilities for c~ and an in the single f r a m e  cultures are merely due to 
the larger numbers of cultures tested. The ratio of X ~ to its expected vMue n -  1 is almos~ 
the same ira both sets of cuRures. ?%r cv and above all for y the mass euln~res are 
defmitdy more heterogeneous, h u t  the mubants are more viable, though insignis 
so. This must mean that  in a euRnre where overerowcling and the secondary effects of 
it on the medium are expected to have oeeur~'ed, the ratio of mu~an~ flies to wild type 
may be inere.'~sed as well as decreased. On the other hand, et and sn in mass eaRures 
seem. ectnally homogeneous bu.e significantly less viable. The expected resules of over- 
ez-owding are therefore not  demonstr~ted by these data. 

t towever,  the expected reduction in viability as compared with the wild-type allelo- 
morph is demonstra%d. As the majority of these flies were scored before they were 
4 hr. old and almost all before they were 40, this relative viability is only ths,t of ~he 
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egg, larwl and pupal stages and the emergence fi'om the papa. The reduced viability 
d~hs abnormal fly, e.g. the increased proneness to desiccation of y (Kalmus, 1941) and 
10ss of fertility for any cause, e.g. the repugnance sh.own for y males by y+ females 
{l~endd, t945), are not s?aown by this estimate. Therefore the estimate of vlability 
~a.m~o~ be regarded as an estimate of fftness in a Darwinian. sense, even under laboratory 
~0ndi~ions. 

T~ble 3 gives the single-factor ratios for the r e m a i ~ g  mutants and compounds. 
S~0ring of all of them is diNcnlt, and in all eases except the two b 9 allelomorphs, stocks 

Table 3. Ni~zy~e factor ratios of mutants and co'm~)ounds not show~z in TabZe 1 

Estimate eorrespondhag 
Total shin,tug Total showing to vi'.tbility in 

~iuta.nt Sex mutant  ~did type T~ble 1 
ct~ o 136 ~82 0-282 
ct ~n $ 501 793 0-632 
cY7r ..9 142 7.86 0.763 
ct~'~/c~, ~ 110 I26 0-873 
b& and by2 d" 116 I57 0"739 
acZ c~ 877 991 0'885 
~cZ R 340 845 0-986 
wi o ~966 44-9I 0'660 

genetically pure for the recessives have produced some ~ild-type flies. Further, in aH 
~h~ by cultures ct and sn were present in coupling, in most of the wi cultures y w~s 
present in coupling, thus presumably reducing the numbers of mutants,  while among 
t~e males in most of the sd cultures, y was in repulsion, presumably increasing their 
n~lmber. In the remainder no closely linked genes were segregating. Thus the figure in 
the last column is not an estimate of viability, but of the joint effects of viability, 
Dnetrance, ~ncI, in some eases., of linked genes. 

Probably overlap, i.e. low penetrancs, is responsible for most of the deficie=cy of 
&, ct ~'~ and sd, low viability for most of the deficiency of ctYr/ct, G~"~'/Ct and bg, while both 
reduce the number of wi. In later counts where its expression was poor, R was liard to 
soore .~d impartially owing to Rs close linkage with y. ~or these reasons I have not 
~l@ied statistical methods to the results summarized in Table 3, though some of them 
Were obviously heterogeneous. 

@IIBONOSONE 3~A.P 

A map of the X-chromosome is shown i/.z Fig. 1. Three loci :o.o~ described are included.. 
~Lese are dw (dried evil@ ; co (cocoa), an orange-brown opa.que eye colonr; and bb (bobbed), 

ct bg s,,, c/) t ( t )  40i.,\cd,,,//cv d w / l  .(1). 4 tk  co )~s)~/w/ bb 

0 50 IO0 150 
. . . . . .  t L -- i 

Vig. 1. 

~ ex[reme semiqethal allelomorph, Hmited to J%m~.les as in ethel: species. They were 
[%~ecl while this paper was in preparation by my eollea,gues Dr U. Philip and t~ffiss 
'J' ]~. Jer;myn who will publish the data shortly. 

18-.2 
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Since in other species bb is near ~he spind~e attaehlnen~ i~ is provisionally assctmed to 
be so in this, and is ~hus made ~he moa~ exSrew..e right-hand locus, As (Jhris~i~ (1939) 
showed tha~ ct w;~s nowhere ne~r the end of the chromosome a~d this has been con- 
firmed by .{he sfndy of inversions (Philip & Spurway, u.ap~tblished), ~h.e loci have hog 
beet~ numbered, but a some has been given instead. 

TEe reasons for ~he location of l(t)41/c haxe alree~d.y been given. (p. 271). The m~p ha.a 
bee~ dedneed alnlos~ caVil'ely fl-oln ~he conskl.era~ior~ of ~b.e .mu.l~iple reeombinati~t~ 
classes o:[" crosses in which ~,l~.ree ~n(l usually more loci were marked.. Therefoz~e these 
crosses will be described before ~.he reeonlb%a~ion percentages, which have provided 
relatively li~t]e information about the order of She loci on ~he chromosome. 

Ev:Ds~cS ~o~. o~n~ 

OMe'r ct(1) s~(2) Cp(3) cd or cv(4) y 

The comzts from ~lt five-point experiments made wi~h these five loci have been s,dcled 
together irrespective of the ooastitution of the actual crosses, The only omissions are 
�9 the ma]e flies of c[tlt.xtI'es i.n which a sex-linked lethal was segregating. 

~ecombina~ion 
~-ono  ~- - -  -v 

cross-overs in i in 2 in 3 in 4, in 1 and 2 in I and 3 [n 1 ~md '4 in 2 and 8 

357 [82 34 222 288 10 I24 135 9 
~eeo~bin,~ion 

i n - ~  i n $  a n d 4  lit 1 ,2 ,3  in i, . ,~ 4 in 1,.>,4 in2,3,,L_ in .L 2, 3.. ~' Tetd 
23 tsl 1 a vo 9 t i~t~ 

Similar counts fl:om all %[u'-point experiments are given in Table 4. Thus the full 
evidence as to the liifl~age relations of any four of these five genes may be ob~aiiled by 
adding the addidons~l data, if any, of Table 4. to the fire-point data. 

Table 4. f. otaZs of szperimsnSs i.~ wh'id2, o,n~y four fidiy penetra,nt 
m~tants ,we,re sey.rsgati,;~.q 

Loc~ ~nd R.egion of breaks 
regions ~ 

: ." ~ Total 
ct sn cp cd 1886 / [42  182 1354 29 731 5 [  15 53cd0 
c~ .s~ s p y  56 33 3 45 1 39 6 b> iS5 
st st~ c~ y 56t 286 ~I02 ~20 191 28l 309 i32 2582 
c~ cp cd y 127 8'~ 93 115 67 8I  ,66 ,39 672 

Order ct by sn 

The comzts in.clad.inn bg were sons of feina].es of %he constitution + + +jot bg an. 
The totals are: 

ct bg an + 4- + st bg .an bg ct an st s~ bg 

76  105 28 I9 16 22 2 5 

The order is therefore ~airLy oe::tainly a,s given. 

@&r .sn l(1),~Oj cd sv 

Adding together all coun~,s in which sn/(1)dQj and cg and/or cv were segregating the 
total  numbers of male flies at:e: 

P~eeombinadion betw~ert Reeombim~bion between ]~ecoml)ina~on ia 
~No ~ecoinbina~ion s~ m~d I only [ ~tnd cd or 4v only both regions 

992 562 74 t5 

On ~his evidence ~he order is s~, g(1}iOj ed or cv. 
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The three-poiiat experiments containing /(1)40j, cd and cv are given below. The two 
~cs showing recombination between cd a,.ad ev could only have been produced by single 
rrossoovers if the order is as shos'n: 

INch-erase-avers Crosmovera in 1 Crass-overs in 2 Double cross-overs 
cd 4- + cv cd CV 4- + 

l + c v / +  era + 35 1 ] 0 
+ ev ed + + -,,- cd ev 

~ e d + / +  + c v  609 31 1 0 

Order cd ~ s d  ~vi 

"~ " " f . r  t~oas~dermo only the pl~enot]qiically sd or wi flies, the offspring from a cross of ~he 
c~as~it~t~ion y + .wi / + sd  + ? x y + ~vi d'<{ were: 

4d ,~? 

340 1 2I 1. 2 

The y so/ mal t  when mated to y ~vi females from stock ]produced no ~.vi daughters. 
]{e prodneed sd grandsons a.s expected, i made no counts, but the numbers were great 
mox~gh to exclude any danger of ~vi being missed throngh its incomplete pene~rance. 
}{is constitution was therefore y sc[ ~si +. One of the ~-! u,.i females was dead when found. 
T.he other produced y stl,+ and ~p st{. sons. Therefore her Eonstitu~ion was + sd zd/y + ~i. 
}'lies of these constitutions could o~xly have been prodnced by single cross-overs if the 
locus of ,sd was between %]lose of y and ~oi. 

Considering only the ~vi females, the counts from crosses containing cd. y and ~i are: 
P~ecomhina~bn ~eeo~nbina~ion 

.No between between P~eeomhination 
Cross recombia~t,ioas cd and y o~dy y and v:i only m bosh regions 

c~ y "w;/+ + + ~21 458 13 9 
+ y w l / c g  + + 73 50 t 0 

9 

On this e%cle~oe the order is assumed in l;his paper to be cd y u4, b~t Experiments 
~i[h loci nearer to y, E.g. SO, are txeeded. 

~VIDENCE FO[g DISTANCE 

Table 5 gives the reconlbiaation percent~ges o11. which the map dis%antes are, based. All 
recombinations between ct sn c? cd sv and y m'e given, b ~  on.ly the reeombinsdon with 
~he adiacent loci or t]].e nearest loci of which large eo[~xts exist are gives for si%, bg, 
i{].)40j, 1(1)4:1~:, sd, and ws Exc, ep~ in. ~he act~ugl esl]ililS,te o~ crossing-over between them 
c~I a~d cv ~,:re assumed to be one locus. Where both w~re segregath)g cd is considered, 
since this mutan t  is less likely to haYe been misoscored ~han cv. The ~(1)4IZ: da,ta have 
already been discussed. Only the sd a,nd vA ft.:ice h~ve bee:is used ~o ca,lcula,te ~he re- 
eonfl)ina,~ion between ~hese two loci and y. The y scl di,s~ance is ex~remety doubtful. 
The slight phenotyj)e a~d ob~do~:,s nearJ.?ess to y makes mx]iased scoring iml?ossib].e, 
a~ld ma,ny flies in the crosses were bested. I1~ was found gha.g ad + flies had been elassi.5.ed 
a.s sd, as well a,s the :reverse. In ~he to~ah in Table 5 only two of l;be y s'c/, flies had beeJx 
t%ted, and the oeher two showed a slight dent iN1 phenoeype. Therdore I can on].y say 
~,h~ sd .is very dose to y. t% }~as bee~ shown ~o be between1 Y a.nd ~;  above. 

T.ke oft'spring of ma,ss and singj.e :l'e:cmle ctd3ures have been added[ together for the 
%l;il~tate given b_ Table 5. T.he selection o:f' the single fenmle cultures i.s descr:ihed, in the 
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se4ion on the homogeneity of recombination (pp. 280-8I bolero). The mass onlture~,~ 
~ere selected thus: fox distances under 10 anits all families were included; :[or the other 
distances only families with 10 or more oEspi~g releva~at to the estimate were used. 
~or several of the distax~ees no mass fanilies exist. 

The estimate of rceom}~ination b~sed on bol,h the coupling and repulsion_ figures has 
~een calculated from the following formula o:f ~isher @936). I f  100p is the recombine- 
t.isn percentage between awe mutants a, and ~ and we represent the v a io u s  classes thus: 

+ +  p l u s e b  ~ +  plus + b  
Oouplh~g O e 
~epnl~ion ~ B 

p / o~" 

g,.nd the variance of 2 is 

1 I I\ 

~he differences between the estimates of reoombina.tion obtained from coupling and 
repulsion d~ta are, with two exceptions, less ~han lwioe t,heir respective standard errors. 
The two exeeptim:s ace s~-l(1)4@" and od-y. 

~'~'=en considering the recombination between a lethal and a visible mutation cite of 
the non-recombine@on and one of the recombination classes are not ob t ined .  Therefore 
the viability of the xdsible mntan'o has a much greater effect, on the estimate of recom- 
bination than  have the viabilities of two vNible mutants when all fottr classes are 
~ounted. If, ill a sample of ~z flies, o, (the nomrecombina%ion class) have a viability 
estimated from other data as 1 - e + ,/., and b (the recombination class} have a viability I, 
then the corrected recom.bination valu.e is 

b (1  c~r 
9 ! ,  , 

a@ its s tandard on'or is 

The ~'ela.tive viability of s'~7, nmles in single female eiltm'es has bee~ fmmd to be O-9lI 
20-0.32 (Table 2), and %be new estimates are 35-2 k 1-8 on cot@lug data  and 38-6 • 2-5 
o~ repulsion data. The differes.ce between these esdmaSes is not sig~aifican% and the 
combined estimate in Table 5 which, allows the viabilities in the two kinds of experL 
ments to balance one a,:laother is probably near tlhe true value. 

I can offer no explanation for the discrepancy of the estimates of ~he recomb:ina.~ion 
between cd or cv and y. The dai~a obtained from single :female cultures are given in 
TMJe 6. Both these sa.mp]es are homogeneous a.mong themselves, an.d t]he estimates 
from their totals do not show tlds sigaificant difference. Therefore some mass cultures 
in which the two mid%ants were in tel?vision must have prod,:~ced the sig~:.'ificant change. 
These were the first eomrts mad.e, and the curious raising of t l . /e  estimate from its 
probable true value in the region of 4:3 ~/o may be due to e:uvironmenba] clJanges. As 
~wo loci (&v and co) have bee~ fom~d between c~) and 'q this does not affect the map 
given on p. 275. 
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HO~tOGNNI~ITY OF .t[F.CO.~iBINATION 

I=_[omogeneity X ~ between adjacent  ]oci (and a few ochers) are shown in Table  6. 

Tim following subtract.ions and  adjusm~enfis were tin, de %0 ~he to ta l  da ta  showing the 

~'elevan.t recombinat ion .  The numbers  refer to the indices in column 3 (the m~:mber of 
samples) of Table 6. 

1. A n y  sulbu 'e  hav ing  more 8han one mother  w-as discus'tied. No such cnl~tu:e existed 

:for the  b 9 and  ~,(I)dQ] dabs. All cultures from ~ke same mother  were considered separately 

to detect  diYferenees due to ~he o d t n r s  condit ions and  the age of moth.or. As only a 

few counts  eontMning @ had been made, the data  were conserved by  inch~ding cui~ures 

which  eoneained lethals. The counts were made ent i rely ot~ mM.es, and  two mutat ions  

n o t  eesbed for al tMomcrphism are consider:cal. As the X ~ for y - w i  was ea~e~lated entirely 

on wi females the discarding of male samples con~aiNng a ietb_a[ was irrsleva, nt. 

Table 6. Ho'moge)t .e i ty  o f  -reeombi'natio'tz bet,wee?~ c~c~%cs~~t ~oei 

i ~  ~i 'rwb f s m c d e  e 'ubures  

E~eh ettltmre frets t&e same femMe and males ~ud fema.bs wi~hia a culture considered separately. The 
h~dices ~.o the m~mbec of ~mlfles ~re explained ~a t, he ~exL 

Recol]l- 
bination 

Int~rva.1 No. of Homo- ~ on 

, "~ ~ Type of s~mples genei~y these 
e 5 experiment '~ + I X ~ P ab + + a + + b data 

c~ bg CoupEng t0 ~ 9,231 0.48 92 12'7 30 24 19.8 
st sr~ Coupling 20 ~ 24-836 0-17 397 452 221 193 32.78 

~eptfl.sion 186 ~ 212-984 0-0070 104~ 1789 310:'$ 3198 35,12 
bg .~'~ Coupling 10 ~ 6.523 0-25 95 133 21 24 16,5 
s,t~ cp Coupling 40 'a 39-959 0.46 1080 1166 ;52 6i 4-79 

Repulsion 103~ t21-970 0.09 136 164 2664 2653 5-34 
sn Z(1)40j Coupling 39 x 47.259 0.14 - -  781 386 - -  33-1 

Repulsion 221 20.410 0.;54 - -  288 411 - -  40,8 
c 2 cd or cv Coupling 17 ~ t4-618 0-55 324 359 237 243 4D27 

Repulsion 117 '~ 157.865 0'0059 1264 1372 2063 2051 39-05 
Z(1)40.~ cd or cw C'.o~plmg 25 ~ 24-653 0>47 - -  741. - -  35 4.51 

Repnlsioa 66 :~ @L6fi2 0-51 - -  88 I56S 5-31 
e4 or cv y Coupling 19[ ~ 209'010 0-16 2927 31~4 2810 2#10 42'60 

P~ep~zlsion 24 a 13-813 0-93 213 248 298 291 43.90 
y wi Coup~g 63 ~ 83-245 0-t0 1324 -- -- 18 1-34 

9. I n  addi6ion to the above any  male sample in which a leShal m u t a n t  anywhere on 

t he  chromosome was segregating was discarded. This was done because tile ~emoval of 

two of the  :t'e[evan~ classes makes the est imate of recombinMion more subject  to dis- 

t tu 'banoe by  the viabil i t ies of the visible m u t a n t s  segregating, as is ~how~ b y  the different 

es t imates  of the  r ecombina t ion  between sn and ~(1)40j. 

]3eeause of the effects of v iabi l i ty  on an  es t imate  and  because the  sons and  daugMers 

of a female usual ly  segregated for different mn~an~s they  have been considered separa~ely 

in  these tests  for homogenei ty ,  

X 2 is usual ly  regarded as an i~accura~e me thod  of test ing for he te rogene i ty  if ~he 

expect~.don in the  smMtest class is less t h a n  5. I n  ~he da'~a considered in  1 and 2 in 

m a n y  or all the samples the  expectat ion is below this, sigher because ~he recombinat ion  

is smal l  as in ghe sn-cp disl:ance, or bsca~se ~he to ta l  hum.bet of flies in  a sample is small 

as :for snd(1)40j, or both as where ghe reoombinaeJon, of yd~i mus t  be oMeu~ated on. 

'wg females ol~Iy and  wi is only parbia[ly penebraaL Therefore the usual  me died of esti- 

m a t i n g  the  p robabi l i ty  could noU be used. 
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A special method has been developed by Ha]dane (1944@ for such cases. ]n additio~,~ 
b t.he figm:es given in Table 6, the s u ~  of the recipx'ocals of' the numbers of files in each 
~.tllt.ure, and the sum of the squares of t]:Jese reciproca.ls are required. Given these, the 
~sUibut.ion of X z in t]~e absence of he%roge~eRy ina.y be calculated, and hence the 
probability of the  observed deviation from expectation.. In  most ca.ses this is less than 
o~ the classical theory. 

3. For ~he larger distances i'm:thor adjustments  were made so tha t  the aseel use of X ~ 
~a.s tegitimate. These were as follows. No sample containing less than ten flies was 
[uctuded. Any such ssl~?ple was discarded or added to th.e new smallest sample fl'om 
the same mother,  preferably of the same sex, these two being considered, as one sample. 
~o~e tha~ two groups of si]~s might be added together if they were al~ individually less 
&an ten. P rom the ~ota]s thus obtained a provisional recombinatio~ ~ pereenua~e was 
calculated, i~rom this the minimt~m size of cuRui'e in which the expectation of the 
~ee.ombination class was znore than five was calculated. An], sal~]ples smaller than  this 
minimum were discarded or added to their sits as before. Ouigrtxes thus disoard.ed in 
&e sample tes ted for homogeneity are not  included in what is oalled "total data:  in 
Table 5. 

The value of P for the homogeneRy of ~hese da,ta is obtained by the following trans- 
f0nuation (}taldane, ] 9.38). ~u ~, + 1 is the number of samples, 

~ = \ - 2 /  L \ ~ /  u~ J 

a.nd if' the data are drawn from a homogeneotts population ff is a.l.naost normally distri- 
buted ~dth ~ e a n = 0  and var iance= 1. Hence give~ ~ the ~ a h e  of P can be read off 
from a ~abIe of ~he normal probabilRy integral. 

R will be seen t ha t  two out of the fifteen values o fx  ~ correspond to probabiLRies below 
0'01, and are significantly high. None of ~he others are sign.ifioant. Ere should expe~t 
role. vah~e of P in. thirteen ta];ela from homogeneous populations to lie below 0-1; however 
the. fac~ tha t  nine values of P out of thir teen are below 0-5 suggests that  very large 
counts would reveal heterogeneRy. This is, of course, to be expected, a,s temperature  and 
~[b, er external variables were not ea:,:efnlly controlled. 

The two clearly heterogeneous ,sets of data  were reca, l.erdabed after grouping toge'~her 
aI] the progeny of each single female (Table 7). The v~itues of P were inere~sed, but 

Table 7. f~.eca, lculcr~io~ of sa~.~U~l~ shown, h.de~'qc/e,~~,eous in TeOZe 6 co)~,siderin.g ~]~e ~o~cd 
q[/hp'ri~ N of o~~e fe,m~de as a ~a,~'~2.~le, i.e. n~,~,be'~" of mothe'rs =nvm'~,ber of s#~nples 

I.nterva,l 
e - - - - * - - - - ,  T y~De os ~,To. of IIonlogeneity 

o. b experhnen~ females X = .P 
ct ~'u P~etmlsion t10 ht8-514 O-019 
cp c.d, or cv )geTmlsion 86 I07.96i 0.0-1:7 

T " z'el~lained significanf;. . .his di:[~:%rence between reel;hers lnigl]b have  been due ~o the 
lcesenoe in some o:I:' them of a sm.all'invers:ion. I f  so the d.is~ribution of the a.].~pgi'e~t, 
~ros,s-over values sho/dd have been bimodal. The d,-sn data were plotted aecordf~lg to 
%e gra.phiosI method of ]tie.her & l~{ather (1943) and showed no ira.co of bimodatity. Ig 
~ia..y l)e l/ha, t crossing-over in this i'eg.io.u, of' the chro.mosome is partierda.rly sensitive to 
~ t l ~  ~ . - ~'t~:'oiuuent~i influences, but  ~here is no ev:[denc.e sL~ggesth:~g tt~ e presence of an in-vbrsJ.on. 
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@ 0 I N C I D E N  (JE 

The coincidence values given in Table 8 a r e  calculated from the data given m the section 
on evidence fer order (p. 276) pies those @ore three-point experiments made wit.h ad- 
jacent loci {ct s n  c2); an c~) cd or cv; 02) cd or 'cvy). 

Table 8. Coincidence 
N o  R, ecom-  ~ e c o m -  g e c o m ~  

lgeg ions  r ecom-  b i n a t i o n  bina~ion b in~t ion  
c o n s i d e r e d  b i n a t i m ,  io. 2 b~,~ i n  ~ b u t  in b o t h  

r------- ~ o ,  - - a  in ia or  q j:~ot ill q l:Ob in  :rJ l) a n d  g 
2 q z y x w 

ct-bg 5g-an 18f  47 38 7 
ct-sn sn-qp ,1,598 2505 35 i  63 

2 

sn'r ep-cd or ~v 4327 2.96 2907 101 
3 

sn-~(t)40~ l(1)40j-cg or  cv 992 562 74 15 
cp-cd or  cv c~ or  cv-y 1535 I012  1252 698 

3 4: 
cg- l ( l )g l l r  l(1)41l::-y 50 9 26 2 
c G y  y~wi 694 503 14 9 
ct-sJ~ cp.cd or cv 2770 1501 t796  9:1.2 

I 3 
c~-s.n cd or cv-y 1585 794 1200 6P~2 

1 4 
su.cp cd or cv-y 885 54 644 36 

2 4 

The formula used is 

Coinc idence  

0-79 • 
0- i68  :!: 0-053 

0 ,645 ~ 0"054 

0.48 ~ 0 . 1 i  
0 . 9 4 1 •  

0.56 :t- 0-35 
0,93 • O-24. 
0 - 9 8 7 •  

1 . 0 1 3 •  

0@5 ~ 0 . 1 2  

(~v+,9(~o+y)-]. (w+@ (w+y7 
where w = number of individuals ~howing recombination in segments p and g and nowhere 
or anywhere e].se; x = m n n b e r  of individuals showing recombination in segment q, ne 
recombination in segment 20 and recombination nowhere or anywhere else; y=uumber 
of individuals showing recombination in segment p, no recombination in segment q and 
recombination nowhere or anywhere else; z = number of individuals showing no recom~ 
bination, or showing recombination anywhere except in ? and q, and n = w + x + y + z  

(Nntler & aaeobs:~intler, 1925; and Stevens, 1936). 
Considering only those coincidences that have standard, errors of less th~n 0-1 it is 

seen that  there is significant interference between adjacent regioits but none between 
non-adjacent regions even though region 2 (sn-c:p) is only- 5 ~nlts long- 

Tr~iPLs ci~ossr~c~-o wI~ 

Although Stevens's treatment is perfectly correct, the notion of interfere.nee be~,ween 
two non-adj acent segments is somewhat artificial because we might expco$ crossing-over 
in segment ] to have a. different infl.uene~ on the probability of crossing-over in segment 3, 
according as crossing-over does or does not occur in the intervening segment 2. If 
crossing-over relieves a tension in the coiled chromatids, we should expect more lute> 
ference if there is no int.ervei@~g cress-over tlsan if ~here is one. 

C " ons~der the four genes ct, sn, c20, cd. The total counts are: 

_ _  253I  ~ 2:39 
+---- I.:1.59 4->- 42 
- - +  1727 - ~ +  1~9 
-I---4- 925 4+-b !7  



}I~J .Ex  Syu~ .w~Y 283 

The c, oincidenee betweez~ ct s~ and e 2 cd wkere no cross~over has been recorded between 
925 x 66r 

s'~ and 01~ is 238~ x 2652' or 0-972 + 0-02.0. The coincidence when there has been a, cross 

over recorded between sn and ~p is 1,23 + 0-23. In neither case is the difference from 
m~ty quite significa,nt, b~t it is in the expected direction. In Table 9 ~ll the coincidences 
between non-adjacent segments are thus treated. The data, a~re given on p. 276 a.nd in 
Table 4. For calculation of the coincidences of vt .>~ and ed y the five-point and four-point 
e~vperiments must  be considered sefm'a~eIy, as double crossing-over in the intervening 
region is observed in the former bnI, is scored as no crossing-over in the intervening 
regim~ in the ]aSter. 

Table 9 
Coincidence when Ookacidenoe when 
~o crossing-over crossing-over i~ 

recorded beSween recorded between 
P~egion Dmt~ used regions concerned regions concerned 

ct ~z  ep cg 4- and 5-poh~ 0-972• 1-23 ~0.~3 
1 3 

~n c 1) cd y 4,- a~d 5-poin~ 0.85 -0,13 1-27 • 
2 

ct s,~ cd y 5~point 0-9(59• 0.052 0-905~ 0-071 
1 4 

ct ,~'~ cd y 4-poin~ 1.09:i--0.03~ 0.958=:0.053 

Table 9 is inconclusive. But it suggests tha t  il~terferenee may extend across region 2 
or region 3 i5 there has been no crossing-over within this region., w]ail.e it does not extend 
across the longer segment between the l ed  of sn and ca. However, this em~ld only be 
Noved if much l~rger counts were made. Atso the probabili V that doable eros>overs 
in some of bhese long regions have been scored a,3 no cross-overs mM~es bhi,s data, ].mt 
very statable for the examination of the effect, if any, of an intermediai~e chiasmo~ on 
interference. 

DISCITSSIOi~ 

The g e n e r a l  resfflts are much ]:ike those found in other D.rosoj)hila. species, but  certain 
features are unusual in the genus, while a number of points have been investigated for 
the ~]:st time. 

Tile expected 1 : 1 segregs.tion was j.nvestigated in bot~ sexes fez" :~ve mints.rite, and 
i~ males oJaly for four. There was s,lways a, shortage of m u t a n t ,  p~esumably due to a 
t~igher deai;h~rate i?a the ca.fly part of ~ tl:e life cycle. But  this wa,s only sta.tis~ically 
signis in seven of the foureeen eases. In only one ca.so wa.s the vigbilf~,y of the 
a~thant significantly below 90% of tha, t of its normal ribs. 

These via, bili$ies l~a 3, be con?pared with t )ose  found by Punnet t  (1.982) :for m~d:a,nt, s 
i~l Lo.tk.yrz~s'.. by de t'Vin~oz~ & Pie,].dane (19Sa) :for 5hose in P~'6,~.uZa. sinsev,~s, o,zK[ by 
~imofeeff-P,.essovsky (193'1) for sex-linked mutan~s i)x .DrosopNhaf~zebris .  The viabilities 
of eighteen mutes% in Latlq/r't~s rcmged i]?Ol'l_t ]_'0S8 ~ 0"004 (C-wJti/&e) t o  0"821 + 0-005 

(ma,.rbled). JEven the monstrous trotb) ha.d a. adabilit.y of 0.886. The median value was 
0'970. The via.bilities of twe~Jty~fonr lll.u$a:nts in .P'r,~;,n.7.~(r. ra.nged :['.,:om ~})ou ~: I-0,3 (peenliar 
eye) to 0-33 (feeble), but  on.ly six ha.d viabilities of 9 5 ~  or less. Thus the l~lutants wfCh 
which I worked had viabilibies comps, ruble with those %und in domestic plants, and 
eu.nnot be regarded a,s exceptiona,lly :i.:uviable. The J.na, i~? dif;erence from the plants was 
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t l 'a t  some of my mutants were incompletely ponotrat-~t, whereas all those m the plants, 
except flake in Le~]~#'~'.z~s, which only shows up in presence of a modifier, are fully 
penetrant. 

TimofeefLRossovsky's five sex-linked,recessives kad viabilities in his s tandard environ- 
ment ~'anging fJ:om 104~ eo 70~o , four being below 90'~/o. They were therefore on the 
whole less viable th.an my ow~. He wo:,tkod ore nearly isogonic stocks ~'ith no ocher 
visible genes segregating, and his results are in this ros]?eee :more re[fable than  Lhoso of 
o~her ~'o:rkors. But as ihe made no tests for homogeneRy, his standard e~rors :may be 
too small  IIe also i:nvestiga.tod d~e o:ffeots of eavh:onmental eimngos on viab:ility, and 
estimated it directly from eourrgs of oval, larval, and pupal mortality, getting figures 
simiLa.r to the,so ob~.i~te~[ f~:om segrogatiom 

The only systematic work on. va,riabilRy of reeotnbinadon is that  of @owen (1.9!9) on 
D~'o~o2]l,,ilc~ 'J~zefr~,~zocjeste,r and of de Winton & Ha].dan.e (1955) and" I{aldane (1936) on 
P,r,i~n~.dcr ~i~ze'~s';s. Gowen reached the star~ling conclusion : that  crossing-over is one of 
the most highly variable phenomena known'. This is not borne out by  his published 
data. The cross-over va]ues obtained from clifferen'~ cuRm'es naturally vary  greatly when 
t, he numbers in the cultures are small. So do single~faotor ratios or sex ratios, As some 
of his cultures contained under for~y files he naturally obtained vel"y great variation, 
Had his cultures been four ~imes as l ane  , he weald have halved his eoeNcients of varia- 
�9 don, which were in fact mainly duo ~o sampling errors. 

I have not recalculated his entbe dabs, which are based on 2~0 cultures, segregating 
for dye or seven go~os. But for the six%on cultures in. his Table B, X~-38-7, 4.3.3, 16-2, 
and t i -2  for the four regions concerned. Thus in two regions thm:e is strong evidence of 
heterogeneity, in the others none. De Winton & t taldane 2ound no conolttsive evidence 
of heterogeneity in any single region. Btt~ their pooled data show that  it must exist. 
They found recombination values somewhat less varia.ble ~han single~factor ratios. 

~['he da~a of this p~por show that  :four of fihe fotu~teen X ~ values for the homogeneity of 
singIe~f~etor ratios of fully penotr~n~ mutants (fihe sexes being considered separately) 
were signifioandy high, and none was less than its expected value, corresponding to 
P=0"5.  But among the fifteen X s values for the homogeneity of rocombina lon  values, 
only two were signNoantly high, and four fell below their expected values. This resub 
agrees wRh those of de Winton & Italdane. 

Bridges & Norgan (1925), in their ihstruetio~s for constructing chromosome maps,. 
stated that ,  apar~ fl:om the effects of what are now known to be inversions, theh" re- 
combine,~ion values for the ~hird chromosome of Dros@}~'i~a ~nele~zogt~s~e? fell into fern" 
'systems' ,  with the same gene order, bag difl'e,.rent recombb.ation frequencies. The data 
from about three-fourths of the eXl~eriments , 'aRhough sdI1 heterogeneous',  were used 
for the standard system. The X-" test of homogeneity ~ras found to be of assistance in 
assigning ~ segregation, to one system or another. Unfortm~stely, neither the crude dam 
nor the values of X "~ were ]?ublished; so it is no% certain whether recombination in 
D. ",'~zda.~~,og~_~,s~er is :really more variable tha.n in D. ,~,.~,5ob.~'c'z~'~'c~,. A statistical t reatment of 
orossin~o over in this organism by modern raethods would be of considerable interest. 

The lbk~ge map of the X-chromosome given in Fig. 1 is 150 unies long. This is lcnow~ 
to cover only pm:[ of the chromosome and to include one region of 40 units a~d one of 
g7 units. Therefore this genetic c[hron?osom.e is likely to be the longest X-chromosome 
wRh a terminal spindle a~achment  recorded in the genus, as the current map of the 
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%~chromosome of D. ~iriZis ~vi~'iPis, till now the longest, is 170 units long, contains 
~hk'%y-five loci and t]%e ]argest ~mbroken. region is o i y  1~ nn~%s long (Ohino, 19.'-36). 
~ lout map  m a y  mean  t h a t  the  chromosome is long, pliable, or fragile. The sligh% inter- 
fere~ce shown in Table 8 suggests that it is pliable. There also seems to be a c lumping 
0f loci along the  chromosome.  This m a y  be due to their spatial position or go a localization 

of &ias~zata. 
The ques@on of i~aterfere~ee across a ehiasma which the da ta  were insu@eient to 

&eide upon  m a y  be impor tan t  in ~hese long chromosomes. I n  7). n e , e r , c h a s e r  it does 
not arise, Bridges & Olbryeht  (1926) finding on]y foray-five %riple or higher orossoovers 
ia ~l~-eh ~ to~aI of 2-'1.,03~ t~ies. 

Twenty-one visible mu tan t s  and two lethal m~tan%s are described in D~'oso2h i~  sub-  

ob~eu~'a. ~ Three have been described before. Pre lka inary  ment ion only is made of t h r e e  
0bhers. T h e y  are believed to mark  sixteen loci on the sex chromosome. 

The homogeneRy of the  divergence f rom expectat ion in the 1 : ] segregation of nine 
Mly penetran~ m u t a n t s  in different eultm'es has been inves~iga.ted.. 

A 1/~kage ms,p containing fourteen loci and 150 units long is constructed.  The h o m o -  
geneity of  the recombinat ion between adj scent  loci in different cultures ii investigated. 

@oincidenee values have  been discussed. 
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