THE GENETICS AND CYTOLOGY OF DROSOPHILA
SUBOBSCURA
J. ELEMENT A. SEX.LINKED MUTANTS AND THEIR STANDARD ORDER

By HELEN SPURWAY, Departinent of Biometry, Uwiversity College, London
(With One Text-figure)

InTRODUCTION

Uhristie {193%) published a linkage map of the sex chromosome of Drosophila subobscury,
He obtained most of the mutants which he described from X-rayed maserial. He dig
not examine his material cytologically, and it may therefore have confained inversions.

Unfertunately, this paper is not an extension of Christie’s work, as most of bis mutants
bave been lost. It describes the linkage experiments made during the last few years,
chiefiy with mutants that have arisen spontanecusly during that time. It includes daga
obtained from cultures which formed part of experiments on letbals and secondary
non-digjunction, if the lethal or the maternal ¥-chromosome have not been fourd in
them after adequate tests.

Cytological examination of crosses between the multiple stocks made from the larges
experiments which form the great body of these data show tha$ they are free from
mversions on the X-chromosome, A few small, genetically unlocalized inversicrs have
been found in the sex chromesomes of some stocks of sex-linked mutants. Data from
a few crosses contalning these may possibly be included,

While most of the observations here published, and ail the calcnlations, were made
by the anthor, this paper is to some exfent a joint production of the. Department of
Biomefry. In particular I wish to $hank Dr U. Philip, who is responsible for all the
cytological examination of the material; Dr J. M. Rendel for allowing me %o include
data from his ezperiments; Miss J. E. Jermyn for scoring many of the cultures;
Prof. J. B. 8. Haldane for devising new statistical methods, details of which will be
published elsewhere; the Rockfeller 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 paper up to date by including the loci
of dried wing, cocon and bobbed, which are based on their unpublished wozk.

EXPERIMENTAL PROCEDURE

Drosophila subobscura is fed on a maize meal-agar-molasses food. It is mated for 5-8 days
in vials, and then transferred to hall-pint milk bottles. During the early experiments
it was kept at 18°C., as it was heleved to become sterile at 20°C (Christie, 1939). We
can now keep the species at temperatures up to 24°C., both stocks that have been
esbablished for 10 years, and freshly canght wild files. The temperature fuctuates, being
that of the laboratory; no ineubators are used. The first fies emerge about 21-24 days
after transferring the parenss to the bottles. No controlled experiments on the effect of
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guperature have heen made since Rendel (1945) discovered that D). subobscura does
ot mabe 1n the daxl

Cultures may be raised from several females mated to several males, from one female
pated to several males, or from one female mated to one male. A female or group of
fimales may be transferred from culture bottle to culture bottle, laying eggs in each.
troups of cultures obtained in this way and thus having one cr more mothers in conumon
are grouped into a “family’. As sore of the females may have died in a botile before
the group was transferred to the next, genetical homogeneity cannot always be expeated
hetween the sister cultures of a family that has more than one mother.

The data presented 1n this paper are from experiments in which three or more lool
vere usually segregafing in the males at least. The coustitution of these crosses is rarely
given, but all data that give information on the point at issue, for instance, the viability
of 8 gven maubant or the recombination between two mutants when they enter & cross
in coupling, are consicdered together. Most estimates are based on a fraction only of the
fotal counts. The reasons for rejecting certain data are given wherever this was done.

DESCRIPTION OF MUTANTS

The square brackets affer the name of each mutant include a statement of when, where
and by whom 1t was discovered, or a reference to an earlier account. Auiosomal mutants
here designated by symbols are described in D.1.S. vols. 11-17.

by, bulge,. [Nov. 1939, Several males in exfraction of shwt. 8] Surface of the
eye enlarged. KExpression variable, more exfreme in males, where the eye surface may
be 1} times its normal area and folded like the cerebral hiemispheres of the lower
mammals. Viability poor, and therefore penetrance never tested. Allelomorph lost.

bg,, bulge,. [March 1942. Several males among the offspring of two sib pairs from
v culture heterozygous for of sn op od and {(1)407. 8] Similar to by, but less extreine.
lannot be scored on females, and male penetranee may be incomplete. Has not been
tested with by, for allelomorphism. The recombination data shown not to be hetern-
geneous on p. 280 contain crosses made with both &g, and bg,. Therefore the two mutants
ate allelomorphic or & gene doublet {Grimeberg, 1937).

of, cardenel. [29 Feb. 1840. Ope male in Fy from 2k 2% and r 4. 8.] Transparent
scarlet eve colour. Orange testis sheath as in %he wild type. Penetrance complete. 1t
bas been found to be non-autonomous in two gynandromorphs and autonomous in one.
It is therefore probably homologous with vermilion in melanogaster and mseudoobscura,
hut the name will not be changed until this has been confirmed by conclusive trans-
plantation or feeding experiments.

ep, copper. {DMay 1939, Many males in F) from of 29 x wi 88 Recognized by the
Pale testis sheath. Not present in the stocks of o or e 8] Transparent eye colour
browner than wild type, more ke wild-type eve of psendoobsoura, Testis sheath very
bale. Penetrance complete. Difficult to score on females, especially when more than
2 days old. The ¢p od double recessive, a hright orange, is more different from ep’ ed
than op ed+ is from cpt ed*.

cl, et [Christie (1929) ] Small nieces cut oub from the wing margn. Penetrance
fomplete. Bxpression variable, useally greater in males shan homozygous females, where
B may he reduced to a single “hite’ on the inner margin of one wing, or even a disarrange-
ent of the marginal Lairs. The lower joints aof the arista arve oceasionally thickened.
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ct”, fringed. [17 Nov.1937. Onemale in F; fromr §9 x 33 carrying a short fourth longi.
tudinal vein segregating in F, from fernale named Studland 70 (Gordon, Spurway & Street,
1959). 8.] Numerous small bites oub of the wing margin thronghount its length, Ogeq-
sional fiies wibh thiclkened aristae have been found. The expression is greater than thay
of ¢t, and the two allelomorphs can be scored separately when segregating in the same
experiment. This phenotype is only seen in the male, where the penetrance is complete,
Most females have entirely wild-type wings, not even the marginal hairs being affected.
The few that do show any effect have one or a few large “bites” removed fror their wings,

ot amtennapedio. [Dec, 1939, Many males from a cross i ev + [ ¢f + y 9@ x et/ ev + g3
shiowed a marked antennapedia, which on sutorossing was found to be inseparable from
Sringed. 8] In extreme forms the antenna is overgrown and freguently branched,
looking superficially like an antler or a crustacean maxillipede. Penetrance and ex-
pression dependent on age of culfure, being complete in [reshly hatching cultures and
almest nil in old cultures. Wing chavacter like fidnged in phenotype, sex limitation and
penstrance, and is always used for scoring. This allelomorph is called ‘aristapedia ot
in DI85 13

Females of the constitution ot//et wsually have a pronounced cut phenobype. This was
thought fo be 1009, peunetrant and has been used in some linkage crosses. However,
overiaps with ¢f have been found in a few cultures. ¢i®/et females bave a similar
phenotype which seems 1009 penetrant, but has not heen tested extensively. cifforen
females usually have normal wings. They cceastonally have slightly thickensd antennae,

The interaction in the heterozygotes ci/fet and ¢*™/cl reserables that of the autosomal
alielomorphs spineless and aristapedic in melonogaster. ssfss has normal antennae but
ss9fss® and ss¥fss have an aristapedia. Though mutations at the two loci produce very
different phenotypes it is curious thab the antennae shounld be altered by both.

In this investigation allelomorphism is assumed if the double heterozygote shows the
abnormal phenotype and similar linkage relations are obtained. Therefore gene doublets
which interact with one another in the heterozygote may have been considered allelo-
morphic. T have made no extensive search of the progeny of such heterozygotes for the
segregation of wild-type Hies representing a cross-over between the loci. The appearance
of two phenotypically et flies among the sons of i/t XXY females (Spmrway, an-
published) may be an example of this. It will be discussed in a later paper.

v, cross-veinless. [Christle (1939).7 Both cross-veins abgent. Body colour browner
than wild type. Frequently a small spot of vein tissue or a slight thickening of the
costal vein between the junctions of the second and third longitudinal veins. Penetrance
complete.

Lethal mutations. Many segregations showing or suggesting the presence of lethal
mutations have been found. Only two of these will be considered.

i(1)407. [Sex-linked lethal found Oct. 1940. 8.1 The offspring of & female (E 11/9) of
the constitution + cdywi/sn + + + were:

34
- = ——
Tobal 99 cd g 2 anedy 4+ 4 Sy ed an o Y Tatal
147 21 0 8 0 0 23 T 3 a1

A lethal mutation close to the locus of ¢ was present on the chromosome carrying S
which had eutered the cross from the father of B 11/0. It had presuwmably arisen bY
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gubation in him. }(1)407 hag been used extensively in linkage worlk, and provides crucial
sidence for map order (p. 277). No imago has been found that has been thought to be
emizyveons for this lethal.

{141k, [Sex-linked lethal found Nov. 1941. 8.] The F, from the cross
s ol y + a0t Q% x4 4 + selwi 38
wis reared as single female culbures after mass matings. Seven culbures were examined,
wd lethals segregated in two of them. Considering only the segregation of ed and y In
nales the counts were:

)
.
Culture Total 3% od y ++ od y Total
2 83 28 G 16 5 44
6 71 22 2 10 4 35

Mnly one Fy culture was oblained. The mother of this culture, A, was from 2 and of

the constitution + 4y wi [ sn od y wi
4

.
Total
24

Culture Total 29 el
A 38 22

by -

Light F, cultures were reared from this, but none contained the lethal, which was thus
lost.

Both the lethals enterad the cross on a paternal chromesome, and therefore must have
wisen. as mutations in the sel wi males.

Considering the ratio of od to ¢dt cultures 2 and A are obviously homogeneous, The
bomogeneity y* between the total of 2-+ A and 6 is 0-426, n=1 and P is just above 0-5.
The ratios of y to y*+ in 2 and 6 are also homogeneous. Therefore the two lethals almost
terfainly arose from the same mutation, and were inherited from the same grandfather.
This mutation must have ocourred carly enough in the development of the germ line
fo have segregated into at least two spermatozoa,

sel, shori costal. [April 1839, Widely distributed in stock of pp®. 8] Wing margin
lefective from the end of the third longitudinal vein to & little way beyond the end of
the fourth. Penetrance incomplete, expression variable. In most flies some marginal
lefrs are absent. After selection for stronger expression a small sliver seems cub from
the wing, the costal vein heing completely absent. As the halrs on the swface of the
Wing are unaffected they hang over, making the margin look complete. Thus the flies
o longer have one of the charachers of the genus which Kikkawa & Peng (1938) attribute
fo. Fallén (1823), Wing costa twice hroken, reaches apes of fourth wvein...”.* The
®lation of the costal vein to the tips of the third and fouwrth longitudinal veins is used
a8 & systematic character in the Drosophilidae (Curran, 1984}, and. it is therefore inter-
esting to find it altering as the result of a single gene substitution.

sing, singed 1. [Christie (1939).1 All bristles and hairs twisted and coiled as though
#inged. Penetrance thought to he complete, but female sterile. Singed 1 and singed 2
(Christie, 1939) were allelomorphic. Both have been lost.

* 1 have been wnable to discover fn Fallén much of what Fikkawa & Peng imply to be a translation or
eloge paraphrase of his descripfion of the genus. Remembering the controversies converning the homologies
nd gorrect naming of these veing T assume that the above guotation is a rendering of *Alarum nervus auxiliaris
Simylex, brevis, tertiam cosiae partem fere occupans’.
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sn. strged. [Bummer 1936. Fourd on two separate occasions, circumsiances Not pe.
corded. Called sing and sin,in D.L.8. A, L. M. Christie. Aug. 1940. One male In 4 stogl,
called sin,. J. M. Rendel.] All bristles and hairs shortened, thickened, bent, gnarleg
and frequéntly branched. Penetrance complete in sing and believed so 1 sing and s, |
but these two latter female sterile. sin, and sing shown to be allelomorphic by the
phenotype of the heterozygous female, then latter discarded. sin, and sing shown allelg.
morphic in the same way and former discarded. The sing allelomorph is fertile in hoth
sexes. fis symbol hag been changed o su, and the suffix has been dropped.

white and probable allelomorph. Three white-eyed males have been found. (1) Summer
1936. Dead. A. L. M. Chuistie. {2) Summer 1936, Frances Gordon. (3} May 193g.
Stock ppfs. 3. The latter being a double recessive with poppy, a scarlet eye colour,
may have been a mubation to a pale bub not white eye colowr. I think i5 had white
testes. (2) and (3} were mated to various virgin females. They both lived for a cop.
siderable time but were sbexile.

In January 1940 J. E. Jermyn found fourteen males in stock b,y with a pale pinkish
yeliow eye colour, and white testis sheaths. This might have been a pale allelororph ag
the white locus. Mated to virgin sisters, yellow and withered. All sterile. A few more
males, which were found in the progeny of their sisters were similarly fested, and found
also to be sterile. Kalmus (1943) showed that white and very pale-eyed D. melonogaster
flies do not react to moving contours, and Rendel (1945) found that subobscura does
not mate in the dark. This may explain the stexility of the white and pinkish yellow-eyed
roales.

wa, withered, [Sept. 1936. Found in 7, from wild female Slough 423 (Gordon et al.
1039). Ous of eight paired cultures examined wr segregased in four. In three of these
and one other a mild plexus phenotype segregated. This was not found again in the F,.
It, may have been a form of wi. P. A. R. Street.] Wings defective. They may have all
the dumpy shapes found in melanogasier. 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 penetrance is incomplete, but can be improved o 1009,
by selection. The two wings of a fly seldom have the same form. This phenotype is only
found in females. The males cannot be distinguished from wi™ males. Occasional pheno-
tiypically wi males have been found, usnally in poor culbures raised at high temperatures.
When tested genetically these have either not transmitted their phenctype to males or
it has been shown to be due to an autosomal mutation. Of three tested cytologically
one was found to be X0, one X¥ but trisamic for an autoseme and the other apparentiy
normal (Philip & Rendel, unpublished). Since the phenotype of X“iXwiY females is
usually withered {Philip & Rendel, nppublished) thers is no w4 allelomorphk on the
¥ -chromosome.

y, yellow. [June 1938. Four males in stoek of Noteh 2 (Christie, 1939). J. M. Rendel]
Body, hairs, and bristles yellow. Rendel {1945) found that non-yellow females are re-
Inctant to allow » males to mate with them.

Of the above eleven loci of visible mutants, four (cf, ou, white and y) are probably
homologous with their namesakes in other species, though ¢ resembles in phenotype
and sex limitation scalloped in melanagaster: cardinal is probably the vermalion of other
species. Of the two singed loci one may be sn and one f in melamagaster. These are all
loci of element A (Muller, 1940) which forms the whole or one arm of the sex chromo-
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ome of all the species so far described (Sturtevant & Novitski, 1941). The remaining
forr loel {bg, op, scl and wi) have not yet heen reported from other species.

SINGLE-FACTOR RATION

The viabilities of nine mutants which are completely penetrant are given in Table 1.
4l cultures are the progeny of heterozygoms females, and those cultures where the
fmales segregated had fathers carrying the recessive in question. The totals of flies

Table 1. Viability of fully peneirunt muianis

1 2 3 4 5 6
Total
Total showing
Sex of showing wild-type No. of Tesi of homogeneity
sample and mutant  allelomorph  cultures  —— \
miztant A4 B 52 ¥ Probahility Viability
Mades
t 3724 40351 152 184-575 0-0014 919+ 0-026
" 1220 1240 3 52-576 0-13 0984 £ 0-040
i 2796 2867 89 93-106 033 0-965 4 0-G26
87 3346 3873 112 161-312 G-0013 (-864 4 0-026
Sty 280 379 16 14-980 (-45 0-739 4 Q-G58
op 1560 1652 41 39-715 048 0-944 4. 0-033
o 5982 6141 198 211-057 0-21 0974+ 0-018
(127 2166 2205 54 T8-526 0-038 0-944 £ 0-034
3 7451 7854 244 283-422 0-038 0-940 4 0-017
Females
ot 636 749 22 24-866 0-28 0-544 4- 0-046
sit 2031 2175 65 75-554 015 0-854: 4 0-029
ol 3426 3546 120 185-600 0-14 0-966-. 0-023
o 1921 2054 67 81-431 0-095 0-935-£ 0-030
Y 2461 2625 a6 100-386 19 G-835 - 0-026

showing the mutant gene and those showing its wild-type allelomorph are given in
columms T and 2. These would be equal in both sexes on Mendelian expectation. Column 3
gives the nwmber of cultures added together to make up these totals. Tlhese were selected
from the total of cultures segregating for the mutant in question on the following hasis.
No other mutant within 30 units was segregating, except wi in male data involving y.
Al saraples conbained at least ten flies. Sawmples with less than ten flies were discarded
or added o samples of the same sex if these existed in the same family, In male samples
from single female cultures no sex-linked lethal was present anywhere on the chromo-
some. In female samples all visible and lethal mutants were assumed to be recessive.
On these data the y* given in column 4 was caloulated as a test for homogeneity and
the probability of so large a value of y? is given in column b.

If 4 is the total of Hies showing the mutant gene, B the total showing the wild-type
aliclomorph, S is the sum of 4+ B, » the number of samples and s, the number of flies
i the 7th sample, the estimate of viahility given in column 6 is

4, 48
El\/lﬁ’

except where the sample Has been shown fo be heterogeneous (F<0-65 or 0-048 in
Table 2), when the following estimate of the standard eror is nsed:

A8 {2 —-n+1) L NP

— el T Haldane, 1944.5).

B { TS 8w D (Haldax )
Journ. of Genetics 46 18
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If the different ratios in different sultures segregating for the same gene pair wepg
only due to chance, half the probabilities would be expected to exceed 0-5. No probg.
bility exceeds 0-5 and only five exceed 0-2. Tt is clear therefore that there is some othey
source of heterogeneity in many of the samples. Similarly, if the different viabilitieg
differed from those of their respective wild allelomorphs only by chance, half of they
would be expected to be greater than nnity. None of then is greater than unity, though
half of them do not ditfer from i significantly,

All the five mutants tested in both sexes seem to be equally viable in males ang
females. Only one mutant, the lemale-gberile sin,, has a viability signiflicantly legs
than 0-9.

It 1s unexpected that the bwo more extreme allelomorphs ab the ¢t locns should have
more regular segregations and also perhaps be more viable than the less extreme o
alelomorph.

Table 2. Subdivision of heterogeneous totals in Table |

1 2 3 4 3 6
Total
Total showing
showing wild-brpe No. of Fest of homogeneity
matant allelomorph  eultares po— A .
Kutant A B n b Probability Viabdity
Single ¢ cultures
ct 2816 2962 103 139-782 0-0077 0-951 £ 0-030
an 2230 2447 33 110-644 0019 0-911 4 0-032
cu 261 287 11 7110 072 0508+ 0-078
y 3070 3306 125 112787 0-76 0-929.-0-023
Masgs cultures

ot 208 1089 29 35-333 0:084 0-834: =+ 0-037
P 1116 1428 24 41-461 0-040 0783 £ 0-031
v 1803 2008 48 71201 0-013 0-849 £ 0-039
Y 4381 4548 119 169-405 G-0014 0-953 £ 0-028

The four totals whose probability was less than 0:05 were divided according to whether
they were obtained from single female or mass cultures. The estimates are given in
Table 2. They are all samples of males. Male samples are expected to be more hetero-
geneous than female samples because move mubants were usually segregating in them,
semi-lethals were expected, and mass cultares were not examined for the presence of
full lethals. Some mutants may also be more variable when hemizygous than when
homeozygous.

The smaller probabilities for ¢f and sn in the single female cultures are merely due to
the larger numbers of cultures tested. The ratio of ¥ to its expected value n—1 is almost
the same in both sets of cultures. For ov and above all for v the mags cultures are
definitely more heterogeneous. But the mutants are more viahle, though insignificantly
so. This must mean that in a culbure where overcrowding and the secondary effects of
it on the medium are expected to have cccurred, the ratio of mubant fies to wild type
may be increased as well as decreased. On the other hand, ¢t and sn in mass cultures
seern. equally homogeneous hut significantly less viable. The expected results of over-
crowding are therefore not demonstrated by these data.

However, the expected reduction in viability as compared with the wild-type allelo-
morph is demonstrated. As the majority of these flies were scored before they were
4 hr. old and almost all before they were 40, this relative viahility is only that of the



HErmN SPorwaAyY 275

o5 larval and pupal stages and the emergence from the pupa. The reduced viabilify
of the abnormal fly, e.g. the increased proneness to desiccation of y {Kalmus, 1941) and
pss of fertility for any cause, ¢.g. the repugnance shown for % males by y* females
{Reﬂdel, 1845), are not shown by this estimate. Therefore the estimate of viability
cannob be regarded as an estimate of fitness in a Darwinian sense, even under laboratory
conditions.

Table 3 gives the single-factor ratios for the remaiming mubants and compounds.
Seoring of all of them is difficult, and in all cases except the fwo by allelomoerphs, stocks

Table 3. Single factor ratios of mutants and compounds not shown dn Table 1

Bstimate corresponding

Total showing Total showing to viability in

Mutant Sex mutant wild type Table 1
ctfT 2 136 452 {-282
cien o] 501 703 (G-632
ot ok 2 142 186 0-763
i/t 2 110 126 0-873
by, and by, & 116 157 0-739
scl 3 877 991 0:885
acl o 340 345 0-986
wi 0 2966 4491 0-660

genetically pure for the recessives have produced some wild-type flies. Further, in all
the bg cultures ¢t and sm were present in coupling, in most of the i culbures y was
present in coupling, thus presumably reducing the numbers of mutants, while among
the males in most of the scl cultures, ¥ was in repulsion, presumably increasing their
mmber, In the remainder no closely linked genes were segregating. Thus the figure in
the last column is not an estimate of viability, bub of the joint effects of viability,
denetrance, and, in gorne cases, of linked genes.

Probably overlap, ie. low penetrance, is responsible for most of the deficiency of
", ¢l and scl, low viahility for most of the deficiency of ¢/ /et, cto/ct and by, while both
teduce the number of wi. In later counts where its expression was poor, it was hard to
Siore scl impartially owing to its close hinkage with y. For these reasons I have mot
WPpied statistical methods to the results summarized in Table 3, though some of them
Vere obvicusly heterogeneous.

CHROMOSOME MAP
Amap of the X-chromosome is shown in Fig. 1. Three loci not described are included.

These are duw (dried wing); co (cocon}, an orange-brown opague eye colour; and bb (bobbed),

e bg sip LY 40j ed cv dwe [{1ydth  co y scl wi  bb
NN N
] et A Sl frmemeri |

0 50 100 150
| 1 ! i

Fig. 1.

M extreme semi-lethal a]lelemorp'h limnited to females as in other species. They were
IOL’Ltc,d while this paper was in preparation by my colleagnes Dr U. Philip and Miss
L0, Jerm myn who will publish the data shortly.
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Since in other species bb is near the spindle attachment 1t 1 provisionally assumed to
be so in this, and is thus made the most extreme vight-hand locus. As Christie (1939
showed that ¢f was nowhere near the end of the chromozome and this has been Con-
firmed by the study of inversions (Philip & Spurway, wnpublished), the loci have yoy
been numbered, but a scale has been given instead.

The reasons for the location of I(1j41% have already been given (p. 271). The map hyg
beer deduced almost entively from the consideration of the multiple recombinaticy
classes of crosses in which three and usnally more locl were marked. Therefore these
crosses will be described before the recombination percentages, which have provideg
relatively little information about the oxder of the loci on the chromosome.

EVIDENCE FOR ORDER
Order ct{1) sn(2) ep{3) ed or cu{d) y
The counts from all five-point experiments made with these five loci have been added
together imespective of the coustitution of the actual crosses. The only omissions are
the male flies of cultures in which a sex-linked lethal was segregating.

Tecombination

Non-

CrOS8-OTELrS inl in 2 in3 in 4 intand2 inland3 inlandd inZand3
357 182 34 232 288 10 124 145 ]
R

combination

— ) ) - T e . . ™
inZand4 indand4 ini, 23 nl 2,4 nl, 34 In2 54 inl, 2 3,4 Tota
23 151 i 3 70 9 1 1619

Bimilar counts from all four-polnt experiments are given in Table 4. Thus the full
evidence as to the linkage relations of any four of these five genes may be obtained by
adding the addifional data, if any, of Table 4 to the five-point data.

Table 4. Totals of experiments in which only four fully penelrant
madanits were segregating

Loei and Region of breaks

regions - }

in eross — e s T Total
ct s op ed 1886 1142 182 1854 28 731 a1 15 5300
ct s cp 56 35 3 45 1 39 8 3 185
ot snood y 361 286 #32 L2100 191 281 300 132 2582
ckop ed i 127 S4 93 115 67 81 56 30 8§73

Order ct bg sn
The counts including by were sons of females of the constituion + + + ] ct by s

The totals are:
ct by sn +++ ct by s by ot sn ot &n by
76 105 28 14 16 22 2 5

The order is therefore fairly certainly as given.
Order sn 1)) ed ov
Adding together all gounts in which sn {{1)407 and cd and/or ¢v were segregating the
total numbers of male fiies are;

Tecombination between Recombination between Recombination in
No recombinabion snoand ! only {and od or cv only both regions
982 562 T4 15

On this evidence the order is sn 1(1)40f ed or on,
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The three-point experiments containing W1)405, od and v are given below. The two
fies showing recombination between od and ev could only have been produced by single

aoss-overs if the order ig as shown:
Non-orogs-overs Cross-oversin 1 Cross-oversin 2 Double oross-overs

od - +cw od ¢y + +
ttcef+ed + 35 1 1 0

4oy ed + + ed ov
led+ [+ +ov 869 31 1

Order cd g scl wi

Considering only the phenotypically sl or wi flies, the offspring from a cross of the
wostibubion y +wef + sol 4 @ x ¥ +wi 45 were:

88 E
I % “\ r—“”'"'_—‘""*" —
scl y 5ol ¥ wi wi
340 1 211 2

The 4 se! male when mated to y wi females from stock produced no wi daughters.
He produced sol grandsons as expected. I madle no connts, but the numbers were great
mough to exclude any danger of wi being missed through its incomplete penetrance.
His constitusion was therefore y sl wit. One of the g+ wi females wag dead when found.
The other produced y sel* and y* sol sons. Therefore her constitution was + scl wify + wi.
Fhes of these constitutions could only have been produced by single cross-overs if the
loeus of sel was between those of y and wi.

Considering only the wi females, the counts from crosses containing cd y and wi are:

Recombination  Recombination

No between between Fecombination

Cross recombinations cd and y only y and wi only  in both regions
od gy wif + -+ + 621 433 13 i
+yuifed + + 73 50 i 0

On this evidence the order is asswmed in this paper to be ed y wi, but experiments
wth loct nearer $o ¥, e.g. ¢o, are needed.

BEvipENGE FOR DISTANCE

Table 5 gives the recombination percentages on which the map distances ave based. All
Reombinabions between cf sn ep od v and ¥ ave given, bub only the recombination with
the adjacent loci or the nearest loci of which large counts exish are given for sin,, by,
i {040y, 1(1)41%, sel and wi. Except in the actual estimate of crossing-over between them
% and ¢y ave assumed to be one locus. Where both were segregating od is considered,
Since this mutant is less lkely to have been mis-scored than cv. The ¥1)41/ data have
theady been discussed. Ouly the sl and wi flies have been used to caleulate the re-
bombination between these two loci and y. The y sel disbance is extremely doubfful.
The slight phenotype and obvions nearness to y malkes unbiased scoving impossible,
el many flies in the crosses were tested. It was found that scl* flies had been classified
8 scl as well as the veverse. ln the totals in Table 5 only two of the y scl fles had been
fsted, and the other two showed a slight doubtful phenotype. Therefore I can only say
that sol is ver y close to y. 1t has heen shown to be between y and wi above.

The offspring of mass and single female cultures have heen added together for the
Btimate given in Table 5. The selection of the single female cultures is described in the



The genetics and cytology of Drosophila sebobscura

278

*fjue sonyy am o payuinorey §

98-0F £6-1% &

6%-0F TeFF
LO0-NT 10104

SF-0F 06-Fx
¢1E B0%

853-07T 6868z

FO0F £S-GF
70+ LOT1F

Z17F |08
FIO-0F086-Fx

85-07F LE-GF
0T FO-GF
F9-0F 5188
ILoF LTTE

%

o

UOMBTITG TOADL
POTIGTEON

.»ﬁﬂo ROl Jo8 WD —uewﬁmdc.ﬁdo

.%_«MDQDWD.HQ‘EQ A0} PAIUHTEXD TLEpR [Rlsy A

%6-0F0e-1§ bicd ] L3E 800 £E-06RE L4 G6E
oty g9 ¥ TeL 009 — — —
06T 788 8% - 68 -l - — —
08-6F 1987 SLL 859 Wi GES THOFP0LF 108 TFI8
TEF LTTs €1 — - 86 4 — - —
060- s 1 1 101 8001 LED £ F
ag- a8 — 8981 + TLOF16F a8 —
Li- w011 086 801 FFOT G61F 108 LG Ll
1§ LTS FILT 86LT OLE €1F L0V 00% nig
0k AL 2I11 0Fe1 0121 R0 TFLG-5F q18 806
F9-0 0E81 A HEIAN aLaT 10T 68 1% eL6T FLGT
61 887 — — 1% | #1188 — 08g
850 co1 0F1 088G 5087 FF-0F 6L T 19 &5
- — — — e F 201 G 1%
16-0F 88 0L 880 FGL oFL, £0-0°F 05-08 Lget 8697
23 0°T£9-8¥ SPET 60T FREL 1188 QL-0F 0 8F 1861 FOET
TIF gL 0L 118 910 oG oFor 2 egel FPET
FF-0F09-08 ¢uis 8881 0%98 1008 . £6Y 183
o = — — -— 3 08
£3-0F e g L 941 161 — —
% + b2 g+ + % q-+ +w
Eow@ﬁmﬂmﬁrﬁoomnm ﬂoﬂdﬁwﬂﬂﬂoﬁuﬁ@”
e v
uosmdor ac g+ [+ Junpduoo 10 b 2+ fgw

Ay das—mmy 1w {ussn safinpeaced, uoMTAGUIOORYT "G SR,

gouegarp detg

[ I

18 f

A yrw(nh

£ ao 30 pe

FTPUEN P

ag 7

a3 1o pe ..qc.i.ﬂz

A e

i 10 P 7

I ue

ag 10 Pa s

fov(1) us

o s

s fig

I ]

QD P 70

o ]

us 7

g R

fas 72

7 ]

L PO

TotFaNg



Herepn SPUBWAY 970

gction on the homogeneity of recombination (pp. 280-81 below). The mass onltares
were selected thus: for distances ander 10 units all families were included; for the other
distances only families with 10 or more offspring relevant to the estimate were used.
For several of the distances no mass families exist.

The estimate of recombination based on both the coupling and repulsion figures has
heen caleulated from the following formula of Fisher (1936). If 100p is the recombina-
tion percentage between two mutants ¢ and b and we represent the various classes thus:

++ plusab ¢+ plus + 8
Coupling ¢ ¢
Repulsion r R

md the variance of p is

RERALIEN)

The differences between the estimates of recombination obtained from coupling and
repulsion daba ave, with two exceptions, less than twice their regpective standard errors.
The two exceptions are sn-1(1)407 and od-y.

When considering the recombination between a lethal and a visible mutation one of
the non-recombination and one of the recombination classes are not obtained. Therefore
the viability of the visible mutant has & much greater effect on the estimate of Tecom-
bination fthan have the viabilities of two visible mutants when all four classes are
counted. If, in a sample of » flies, ¢ {the non-recombination class} have a viability
estimated from other data as 1 —¢ +a, and b {the recambination class) have a viahility I,
then the corrected recombination value is

b

9%

(1 — —C) approximately,

and its standard errvor is

\/ n? J (1 “f‘f@f_) (Haldane, unpublished}.

The relative viability of sn males in single female etltures has been found to be 0-911
1+0-032 {Table 2), and the new estimates are 35-2+ 1-8 on coupling data and 38-6 +2-5
on repwlsion data. The difference between these esthinates iz nob sigmificans, and $he
combined estimate in Table 5 which allows the viabilitles in the two kinds of experi-
ments t¢ balance one another is probably near the true value.

I can offer no explanation for the diserepancy of the estimates of the recombination
between ¢d or ecv and y. The data obtained from single female cultures aze given in
Pable 6. Both these samples are homogeneous among themselves, and the estimates
from their totals do not show this significant difference. Therefore some mass culbures
m which the two mubants were in repulsion must have produced the significant ehange.
These were the first counts made, and the carious raising of the estimate from its
Probable true valune i the region of 439, may be due to envirommental changes. As
two loei {dew and co} have bszen found bebween ¢v and ¢ this dees not affect the map

given an p. 276.
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HoMoGERRITY OF RECOMEBINATION
Homogeneity ¥* between adjacent loci (and a few others) are shown in Table 6.

The following subsractions and adjustments were made to the total data showing the
relevant recombination. The nuwmbers refer to the indices in column 3 (the number of
samples) of Table 6.

1. Any cultiwe having more than one mother was discarded. No such culture existed
for the by and [{1)40f data. All cultures from the same mother were considered separately
to detect differences due to the celbure conditions and the age of mother. As only 4
few counts containing by had been made, the data were conserved by including cultures
which contained lethals. The counts were made entirely on males, and two mubations
not tested for allelomorphisra are considercd. As the y? for y-wi was calenlated entively
on wi females the discarding of male samples containing a fethal was irvelevant.

Table 6. Homegenaity of recombination between adjacent loct
in single female culiures

~ Bach culture from fhe same female and males and females within a culture considered separately. The
indices t0 the number of samples ave explained in the text.

Recom-
bination
Interval No.of Homo- % on
p—t—— Type of  samples geneiby these
z b experiment w41 ¥ P ab ++ @+ + b data
ot bg Conpling 10t 9231 048 82 127 3 2 19-8
4 87 Coupling 208 24-836  0-17 397 432 221 1563 2278
Eepulsion 1668 212934 0-007¢ 1644 1789 3144 3198 3512
bg i Coupling 1ot 6533 023 95 133 2l 24 165
s op Coupling 402 39-059 (48 1080 1166 52 61 4-79
Repulsion 1032 121-970 0-09 136 1G4 2664 26853 §-34
s H1)405  Coupling 39* 47259 014 — T31 386 — 33-1
Repulsion 221 20410 (54 — 283 411 e 40-8
cp od or v Coupling 17 14818 (455 324 359 237 243 41:27
Pepulsion n7»  157-865  -0035 1264 1372 2063 2051 3905
{1)405 edorer Coupling 25 24653 047 e 74] . 35 451
Bepulsion, 66} 646862 0-51 — 38 — 1568 3-31
edoren  y Coupling 1900 209019 0-16 2927 3164 2310 2910 4260
Bepulsion 243 13-813 0-93 213 248 298 281 4390
¥ T Coupling 631 83245  0-10 1324 — — 18 1-34

2. In addition to the above any male sample in which a lethal mutant anywhere on
the chromosome was segregating was discarded. This was done because the removal of
two of the relevant classes makes the estimate of recombination more subject to dis-
turbance by the viabilities of the visible mutants segregating, as is shown by the different
estimates of the recombination betwesn sn and I(1)4Gy.

Because of the effects of viability on an estimate and because the sons and daughters
of a female usually segregated for different mutants they have been considered separately
in these tests for homogeneity.

x% is usually regarded as an inaceurate method of testing for heterogeneity if the
expectation in the smallest class is less than 5. Tn the data consideved in 1 and 210
many or all the samples the expectation is below this, either because the recombination
1s small ag in the sn-cp distance, or because the sotal number of flies in & sample is small
as for sn-I(1)405, or both as where the recombination of y-wi must be calculated on
wi, females only and wr is only pactially penetrant. Therefore the usual method of esti-
mating the probability could not be used.
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A special method has been developed by Haldane (19dda) for such cazes. In addition
# the fignres giver in Table 6, the sum of the reciprocals of the numbers of flies in sach
gulture, and the sum of the squares of these veciprocals are required. Given these, the
distribution of 32 in the absence of heterogeneity may be calculated, and hence the
probability of the observed deviation from expectation. In most cases this is less than
g the classical theory.

3. Ror the larger distances further adjustments were made so that the usual use of x*
was Jegitimate. These were as follows. No sample confaining less than ten flies was
mcluded. Any such sample was discarded or added to the next smallest sample from
ihe same mother, preferably of the same sex, these two being considered as one sample.
Hore than Ywo groups of sibs might be added together if they wezre all individually less
than ten. From the totals thus obtained a provisional recombination percentage was
wlculated. From this the minimum size of cultuve in which the expectation of the
recombination class was more than five was calculated. Any samples smaller than this
winimum were discarded or added to their sibs as before. Cultures thus discarded in
the sample tested for homogeneity are not included in what is called “total data’ in
Table 5.

The value of I” for the homogeneity of these data is obtained by the following trans-
formation (Haldane, 1938). Where n+-1 is the number of samples,

() [ 72

md if the data are drawn from a homogeneous population & is almost normally distr-
duted with mean=0 and variance=1. Hence given £ the value of P can be read off
fom a table of the normal probability integral.

It will be seen that two oud of the Efteen values of x* corvespond to probabilities below
#01, and are significantly high. None of the others ave significant. We should expect
me value of P in thirfeen taken from homogeneous populations to lie below ¢-1; however
the fact that nine values of P out of thivteen are below 0-5 suggests that very large
wunts would reveal heterogeneity. This is, of course, to be expected, as temperature and
sther external variables were not carefully controlled.

The two clearly heterogeneous sets of dafa were recalculated after grouping together
W the progeny of each single female (Table 7). The values of I were incressed. but

Table 7. Reealculation of samples shown heterogereous in T'able 6 considering the total
offspring of one female as a sample, 1.c. number of mothers =number of samples

Interval
—— Type of No. of Homogeneity
a b experiment females G P
ol St Repulsion jats 148514 0-019
cp edorcoy Repulsion 86 107961 0-04%

fmained significant. This difference between mothers might have been due to the
iresence in some of them of & small Tuversion. If so the distribution of the apparent
Toss-over values should have heen himodal. The ¢-sn data were plotted according to
e graphicsl wetlod of Fisher & Mather (1943) and showed no trace of bimodality. 1t
My be that crossing-over in this region of the chromosome is particularly sensitive to
fvironmental influences, but there is no evidence suggesting the presence of an invérsion.
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COINCIDENCE
It : : . - . .
The coincidence values given in Table 8 ave caloulated from the data given in $he section
on evidence for arder (p. 276) plus those from three-point experiments made with ad-
jacent loci {ct snep; snep ed or cv; ep od or ov y).

Tahle 8. Jotncidence

N Ne Flecom- Recom- Recom-
Leglons recom- bination bination bination
considered bination inp but in g hut in both
e ee————, nporg not in g nob in p pand g
P q % i = w Coincidence
et-by by 181 47 38 7 0-79 4025
cﬁ-;n sn-gp 4398 2595 321 63 0-468-0-053
Bl
s cp;ccl or oy 4327 296 2907 101 0-645 +0-054
sn-l(A40f Y 1y0jed or ov 992 562 74 15 ¢48 L0110
OP;SW orev o or oo-y 1525 1012 1252 698 0-941 + 0-022
ed-UDElk 1) lhey 50 9 26 2 056 +0-35
cd-y i 694 503 1d 9 093 2024
cﬂ-l-m cp;m or ov 9770 1501 1796 942 0-987+0-020
Gﬂ-lm od or ooy 1585 704 1200 622 10134 0-023
4
S?L{;cp cd or cu-y 883 it G4t 36 0-95 +0-12
2 4
The formula nsed is
2w J { wn [ws oy (z+y+200)E
—— 7 T >
() (wsy) | (w+z(wt+y)f

where w=number of individuals showing recombination in segments p and ¢ and nowhere
or anywhere else; w=number of individuals showing recombination in segment g, no
recombination in segment p and recombination nowhere or anywhere else; 1y =nunber
of individuals showing recombination in segment p, 0o recombination in segment g and
refcombination nowhere or anywhere slse; z=number of individuals showing no recom-
bination, or showing recombination anywhere except m and g, and B=wW-+T+yTI
{(Muller & Jacohs-Muller, 1925; and Stevens, 1836).

Considering only those coincidences that have standard errors of less than 0-1 it is
seen that there is significant interference between adjacent regions bubt none between
non-adjacent regions even though region 2 {sn-¢p) is only 5 units long.

TRIPLE CROSSING-OVER

Although Stevens’s treatment is perfecily correct, the notion of intexference between
*_cwo non-adjacent segments is somewhat artificial because we might expect crossing-over
in segment 1 ko have s different influence on the probabiliby of crossing-over in segnent 3,
according as crossing-over does or does met occur in the intervening segioent 2. It
crossing-over relieves a tension in the coiled chromatids, we should expect more 1vter-
ference if there is no intervening cross-over than if there 1s one.

Consider the four genes cf, s, ep, ed. The total counts are:

— 2531 —— 230
+— 1459 H 42
~+ 1737 - 89
= 035 17
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The coineidence between cf sn and cp od where no cross-over hag been recorded betwepn
925 = 6642
2384 x 2652
over recorded bhetween sn and op is 1-23 +0-23. In neither case is the difference from
unity quite significant, but it is in the expecied direction. In Table 9 &ll $he coincidences
between non-adjacent segments are thus treated. The data are given on p. 276 and in
Table 4. For ealculation of the coincidences of ¢ sn and ed y the five-point and four-point
experiments must be consideved separalely, as dounhle crossing-over in the intervening
region 1s observed in the former hub is scored as no crossing-over in the intervening
region 1n the latter.

g and op is or 0-97% + 0-020. The coincidence when there has heen & cross-

Table 9
Coincidence ‘when Coineidence when
no crossing-over crossing-over is
recorded between recorded between
Region Data naed regions concerned regions concerned
ol oy cd 4- and &-point 0-9720-020 1-23 40238
1 3
sicp ed ¥ 4- and 5-poinb -85 +£0-13 1-27 4028
2 4
of snedy 5-point 0-9694-0-052 0-805 1 G-071
1 4
¢t snedy 4-point 1-0944-0-037 (9584 0-053
I 4

Table 9 is inconclusive. But it suggests that interference may extend across region 2
or region 3 if there has been no crossing-over within this region, while it does not extend
across the longer segment between the locl of sn and ¢f. However, this eould only be
proved if much larger counts were made. Also the probahility that double cross-overs
in some of these long regions have been scored as no cross-overs makes this data not
very guitahle for the examination of the effect, if any, of an ntermediate chiasma on
interference.

Discussion
The general resuits are much like those found in other Drosophils species, but certain
features arve unusual in the genus, while a number of points have been investigated for
the fivst time.

The expected I:1 gegregation was investigated in both sexes for five mutants, and
i males only for fovr. There was always a shortage of mutants. presumably due to a
higher death-rate m the early part of the life cycle. But this was enly statistically
significant in seven of the fourteen cases. In only one case was the viability of the
mutant significantly below 909, of that of its normal sibs.

These viabilities may be compared with those found by Punnett (1932) for routants
in Lathyrus, hy de Winton & Haldane (1933} for $hose in Primula sinsewis, and by
Timofeeff-Ressovsky (1934) for sex-linked mutants in Drosophila funebris. The viabilities
of cightecn mutants in Lelliyres ranged from 1-038 4 0-004 (C-white) to 0-821 +0-005
{marbled). Even the monstrous cretin had a viability of 0-886. The median value was
0-970, The viabilities of twenty-four mutants in Primale ranged from about 1-03 (peculiax
eye} to 0-33 (feeble), but only six had viabilities of 859 or less. Thus the mutants with
which T worked had viabilities commparable with those foumd in domestic plants, and
cannot be vegarded as exceptionally inviable. The main difference from the plants was
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that some of my mubants were incompletely penetrant, whereas all those i the plants,
except flake in Lathyrus, which ouly shows up in presence of a modifier, are fully
penetrant.

Tirnofeeff-Ressovsky’s five sex-linked recessives had vizhilities in his standard environ-
ment ranging from 104 to 709, four being below 909. They were therefore on the
whole less viable than my own. He worked on nearly isogenic stocks with no other
visible genes segregating, and his results are in this respect morve reliable than those of
other workers. But as he made no tests for homogeneiby, his standard errors may he
too small. He also investigated the effects of envivommental changes on viabiliby, and
estimated it directly from counts of oval, lavval, and pupal mortality, getbing figures
sintilar to those obtained from segregation.

The only systematic work on variability of recombination is that of Gowen (191%) on
Drosophale melanogaster and of de Winton & Haldane (1935) and” Haldane (1938) on
Primula sinensis. Gowen reached the startling conclusion ‘that crossing-over is one of
the most highly variable phenomena known’. This is not borne out by his published
data. The eross-over values obtained from different cultures naturally vary greatly when
the numbers in the culbures ave small. So do single-factor ratios or sex ratios, Assome
ol his culbures contained uncler forty fies he naturally obtained very great variation,
Had his cultures been fonr times as large, he wonld have halved his coefficients of varia-
tion, which were in fact mainly due to sampling errors.

I have not recalenlated his entive data, which are based on 240 cultures, segregating
for five or seven genes. But for the sixteen cultures in his Table B, =387, 43-3, 162,
and 11-2 for the four regions concerned. Thus in two regions there is strong evidence of
heterogeneity, in the others none. De Winton & Haldane found no conclusive evidence
of heterogeneity in any single region. Put their pooled data show that it must exist.
They found recombination values somewhat less variable than single-factor ratios.

The data of this paper show that four of the fonrteen x® values for the homogeneity of
single-factor ratios of fully penefrant mutants (fthe sexes being considered separately)
were significantly high, and none was less than its expected value, corresponding to
P=0-5. But among the fifteen ¥ values for the homogeneity of recombination values,
only two were significantly high, and four fell below their expected values. This result
agrees with those of de Winton & Haldane.

Bridges & Morgan (1923), in their instructions for constructing chromosome maps,
stated that, apart from the effects of what are now known to be inversions, their re-
combination values for the third chromesome of Drosophila melanogaster fell into four
‘systems’, with the same gene order, but different recombination frequencies. The data
from about three-fourths of the experiments, ‘aithough still heterogeneous’, were used
for the standard system. The x® test of homogeneity was found to be of assistance in
assigning a segregation to one system or another. Unfortunately, neisher the crude data
nor the values of x* were published; so it is not cerfain whether recombination In
D). melanogaster is really more variable than in 0. subobscura. A statistical trestiment of
crossing-over in this organism by modern methods would be of considerable interest.

The linkage wap of the X-chromosome given in Fig. 1 is 150 units long. This is known
to cover only pact of the chromosome and to include one region of 40 units and oue of
37 units. Therefore this genetic chromosome is likely to be the longest X-chromoseme
with a terminal spindle attachment recorded in the genus, as the current map of the
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f-chromosome of L. wirsles wvirdes, till now the longest, 1s 170 upits long, confains
phivby-five loci and the largest unbroken region is only 14 units long (Chino. 1936).
4 long map may mean that the chromosome is long, pliable, or fragile. The slight inter-
serence shown in Table 8 suggests that it iz pliable. There also seems to be a clumping
of loci along the chromosome. This may be due o their spatial position or $o a localization

of chiasmata.

The question of interference across a chiasma which the data were imsufficient to
decide upon may be important in these long chromosomes. In D. melanogasier 15 does
not axise, Bridges & Olbrycht (1928) finding only forty-five friple or higher cregs-overs
in their total of 24,034 flies.

SUMMARY

Twenty-one visible mutants and two lethal mutants are described in Drosophile sub-
obscura.” Three have been described before. Preliminary mention only iz made of three.
others. They are believed to mark sizteen loci on the sex chromogome,

The homogeneity of the divergence from expectation in the 1:1 segregation of nine
fully penetrant mutants in different cultures has been investigated.

A linkage map containing fourteen loci and 150 units long is constructed. The homo-
geneity of the recombination hetween adjacent loci in different cultures is investigated.

Loincidence values have been discussed.

REFERENCES

Irmams, C. B, & Morgax, T. H. (1923). The third chromosome group of mutant characters of Drosophile
melonogasier. Publ. Carneg. Instn, no. 327, 251 pp.

Brmpems, . B, & Ousuvenr, T. M. (1926). The multiple stock 'Xple® and its use. Ganelics, 11, 41-56.

Crmeo, M. (1936). The genetics of Drosophila virilis. (Japanese with English résume.) Jap. J. Genel.
42, 187-210.

Crrrzerm, A, L. DL (1929). The effect of X-rays on sex in Drosophiln subobscura and an account of some:
sex-linked characters. J. Genet. 39, 47-60.

Cozmam, C. . {19234). The Familics and Genera of North dmerican Dipiera, 512 pp. New York: Curran.

De Winrow, D. & Hatpaws, J. B. 8. (1933). The genetics of Primule sinensis. 11, Segregation and
interaction in the diploid. J. Genet. 27, 144,

Du Wrwrox, D. & Hazpawzs, J. B. 8. (1935). The genetics of Primuda stnensis. 111, Linkage in the
diploid. J. Henet, 31, G7-100,

D?‘osopkila. Information Service (1839-43). Nos. 11-17. Reports from Blometry Departizent, University
College, London.

Farams, Q. F. {1823). Ceomyzides Svecine. Diplera Svesine descripta. Vol 2. Dipterorum antennis
paramarticnlatis mstructorum sectionem posteriorem continens. Lundae A, 1813-1825, Litteris
Berlingianis.

Fismur, B A. (1036). T'he Design of Bxpertments, Znd ed. Edinburgh: Oliver and Boyd.

Fispor, . A, & Marwes, K (1943). The inheritanice of style length in Lytlrum salicaric. dun. Bugen.,
Lond., 12, 1-23.

Gornon, (.. Sporway, I & Srezzr, P. AL R, (1939). An analysis of three wild populations of Drosaphila
subobscura, J. Genet. 38, 37-90,

Gowzw, J. W. (3919}, A biometrical study of crossing over. On the mechanism of erossing over in the
third chromosome of Drosophile medancgaster. Genebics, 4%, 205-50.

GriwpsEna, L (1937). Gene doublets as evidence for adjacent small duplications in Drosophilae.
Natwre, Lond., 140, 932

Happawm, J. B. 8. (1936). Linkage in Primule sinensis. A correction, J. Genet. 32, 373-4.

Haypawn, J. B. 8. {1938). The approximate normalization of a class of frequency distributions. Bio-
metrika, 29, 392404,



286 The genehics and cytology of Drosophila subobscura

Harpawng, J. B. 8. (19444}, The use of x* as a test of homogeneity in a (2 2) fold table when expects.
tions are small. In preparation for Biometrika.

Harpaws, J. B. 8. (19445). The standard ervor of a frequency estimatetl from helerogenecus dagy,
In preparation for Bicmetidle,

I arwmus, H. (1941}, The resistance to deviceation of Drosophile mutants affecting body colour. Prgg,
Roy. Sac. B, 130, 185-201.

RKarwmus, IL (1948). The optomotor responses of some eye mubants of Drosophiln. J. Genet. 45, 20613,

Krxwawa. I & Pewg, T T (1938). Drosophile species of Japan and adjacent localities. Jap. J. Zogl,
7, 307-32. '

Mozrer, H. J. (1940). Bearings of the Drosophile work on systematics. The New Systematics, p.
185-2658. Oxford: Clarenden Press.

Murnew, H. J. & Jacops-Murisr, Jessie BL (1925). The standard ervors of clreomosome distances
and solncidence. Genetics, 10, 509-24.

Puwwerr, R. C. (1932). Turther studies of linkage in the sweet pea. J. Genet. 26, 97-112,

RENDEL, J. M. {1045). The gensatics and cytology of Drosophila subobscura. T Normal and selective
matings, J. Genel. 46, 387-302.

SrevErs, W. L. (1938). The analysis of interference. J. Clenet. 32, 51-64.

Srgrrevaxt, A. H, & Novirskr, B. (1941). The homologies of the chromosome elements in the genug
Drosophiln. Genetics, 26, 31741,

Troresrr-RessovsEy, N, W. (1934). Uber die Vitalitit einiger Genmutationen und ihrer Kombina.
tionen bei Drosophila funebiis und ihre Abhingigheit vom ‘genotypischen’ und vom Gusseren
Miliew. Z. indwkt. Abstumm,- w. VerebLehre, 66, 31914,



