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INTRODUCTION 

GE~CES concerned with the production of extra bristIes have previously 
been found to be of frequent occurrence in wild populatiohs of D~'o~.o2t~@, 
~.dct~off~Lste'~" (Sturtevant, 1921; Tsohefwerikoff, 1927; Dubinin, 193-i), 

P a y n e  (1918), P~.eeves (1916) and or]lets have studied extra-bristle 
cha.ra.otex's in Drosop/g~a. but they confined their studies ~o a ~:ela$ively 
Small number of bristle loci. Note recentIy several workers (@oldsehmid% 
1931; Sturtevant & Sehul~z, 1931; Child, ].955a., b, 1936)have att,~eked. 
the probIem of bristle pattern in D.ro~op]dle, using the scute allelomorphs, 
but only one, ~okizky (1930), had attempted to study the problem by 
combining seute and extra-bristle genes and observing the effect on 
bristle pattern. From a study of bristle pattern in Dichaete ibes Plunket t  
(1926) concluded t ~ $  the bristle-reducing action was gre~tesfi about a 
par t icular"  centre" (of diffusion) from which it decreased in atl directions. 
Goldschmidt (i931) and Sturtevant & Schultz (I931) have considered 
that  seute acts by determining d~e diffusion centres of the bristle° 
reducing substance. Child (1936) doubts if there is a problem of bristle 
pat tern involved at all, but believes that  the appearance of a pattern is an 
illusion produced by looking at the stat.istical differences in mean numbers 
of bristles instead of at the inctixddual fly. However, Goldschmid~ (1938) 
thinks tha t  this argument is not valid. Our paper is an at tempt to clarify 
the problem of bristle pattered and bristle-determining substance or 
substances in relation to a determination stream by combining plus and 
minus (extra. and sctlte) bristle modifying gel~es in the same fly. 

* 2Research supported by a grant £or tenet.ice aaad cytology from the Rockefeller ])'ound~- 
tion t.o 3'IcGilI Universit,y. 
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MATERIELS _~n ~rET~ODS 

The experiment~I nmterial consisted of a sours ~ stock and a strain of 
extra-bristled fifes derived f~om. a single wild ~emah collected near 
B'fontreal by lilt ~I. 1~{. Henderson. This {emale had an extra ~ltsr ior  
scutellar bristle ~nd some of her p~ogeny also showed the extra-bristle 
character. Inbreeding a.nd selection of her progeny for extra bristles on 
the thorax and seutel]um have resulted in a stock in which nearly all 
individuals have one or more extra bristles. The souse s stock used was a 
laboratory strain which has been massinbred forseveral  years. Soute a is 
inseparable from the long inversion, In  (~)sd, and is linked with a 
marker, apricot, ~.v ~. Furthermore scs has what is know~ as the " H w "  
effect, the production of extra bristles at some loci. 

The ustml Drosoi)h£c~ culture methods were employed and mJtares 
were reared at room temperatures which varied a few degrees f~om 
21 ° O. This temperature fluctuation was not sufficient to affec~ our 
conclusions greatly, which are of a general nature. 

~TATIgTICAL MgTHODS 

In order to determine whether the bristles affected by the extra, or 
seats genes vary indepsndsndy of each other, association coeffldents 
were ealculated separately for males and females of both stocks. The 
method for £nding the association coefficient between any two bristles on 
She same side of the fly is nicely illustrated by  Child (t9,35a). An ~ss0cia- 
tion coefficient of approximately zero indicates that genetic and en- 
vironmental factors affecting the two bristles are constant, or nearly so. 
I t  was not possible to find coeffioieni, s when either bristle had less than  
1% of dulflicagion. If  5he two bristles in question were not duplicated at 
all on the same side of the fly the coefficient is - 1 (r~b = 0). As sba~ed by 

Child, if A B  s i t .  B b is greater tha~ twice its standard error, the eoe~cisng 

is significant. 
The formula for calculating ~he coefficient of correlation for a pard-  

eular bristle pair on opposite sides of a fly J,s 

(AB) (r~b)- (~b)(~,,B) 
" :  

Prof. Sewa[[ Wright has ldndly supplied t,he formula for the standard 

error of the coefficient: 
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If  A is g~eater than. twice ~.,. the coefficient is significant, where 
a,b Ab 

A =  ct. y t  

EXPE I~IM]~NT=%L 

The sc~te 8 stocfc 

The frequen.cies of duplicated and missing bzisttes in 400 female and 
ZOO male halL files of the ~c ~ stock are shown m l~ig. 2 and. Table VI. I t  is 
particularly noteword O, thus t].~e exp~'ession of seute ~ and of the t}~o 
effect in the two sexes is decidedly different. In the figure the normal 
bristle condition for each bristle on the half-fly is t-0; the valses exceeding 
1-0 indicate ext,:a, bristles and those })clew t-0 indicate missing bristles. 
The same bristle may  be either duplicated or missing, but  not  of ecru-so 
on the same half-fly. _Plotted on such a graph the bristle frequendes of a 
normal stock would be a horizontal straight line. In Fig. 2, out of the 
400 female half-files, ¢2 had an extra t~dc and another 50 had no pdc 
bristle; ~his leaves 308 ha.If-flies in which the yd¢ was present and normal. 
The remainder of the bristles (ago, y%p, etc.) are plotted in a similar 
fashion, each independently of the others. I t  will be noted that  all the 
figures of ~his paper have been plotted according to the se~'J~tion of the 
ste.p-alleiomorph advocates; this was merely to maintain m~formity with 
previous publica.tions by others and does not in itself, indicate either 
agreement or disagreement with the step-a]lelomorph, theory of gone 
strttoturc. 

The association coefficients for the seute stock are given in Table I. 
As seato s a.ffee~,s only a few bristles of female flies, the number of a.ssoeia- 
tion coefficients possible for females is reduced to two. Data  were from 
~00 female half-flies and 300 male half-flies. 

The left-right correlations for scute ~ are given in Table I t .  

The eztr~-bd, s~fe .%o& 

One of the first things to at t ract  our attention was the decidedly 
different response of females to extra-bristle genes as compared with the 
response of males. Of the first thirty-five files with extra bristles only 
two were males (5-7 °/o ). ~ollowing one to three generations of inbreeding 
the percentage of males had risen to !2-8 ~ in families H, N and O. One 
or two more generations of inbreeding gave o90}/0 males with extra 
scntellar bristles to 70 °/o females in families g g ,  HH, KK,  SS, UU, VV~ 
A@, and AH in whicll there were 115 ':extra." females to 50 '~extra" 
males as well as the 256 normal flies. 0cabining " e x t r a "  flies an({ 
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TABLE i 

A saociat.,:ona beb~oeen ,m,i.>ff.~.cj br&ges in the scute s .stock 

Bristles 

2) s--aag 

ps-aec 

28--~ac 

ads-isa~ 

2dc-.~sa 

2pa.-asc 

l~pa--pac 

ppa-c~t~ 

aat3-p.sc 

~9 
(A/~) (db)  ' ~  

Assoc. eoef. 8 8 Afisoc~ OOef. 

+ 0 . 0 5 5  

- 0 . 3 3 1  

= -  - -  + @ 1 2 , 6  

0 ' 0 1 7  
+0.688  

0.033 
0-118 

_, 0.at7.~* _ _  __ 
. . . .  0 -035 

- -  - -  + 0 . 6 3 1  

+0.843* 

+ 0 , 8 5 1 "  

- 0,027 

+ 0--°.21 

+ 0 . 0 3 2  

* Ooe?gcienbs which are  s~tbisbicslly signi.fieant. 

o O  

(AB) 
B 

0-005 

0 .056  

0.060 

0.033 
0,120 

0.09~. 

0-022 

0.01'¢ 
0.0'40 

0.016 
0 . I07  

0-031 
0'003 
0-090 
0"02,5 

0-030 

0.014= 

0.066 

(Ab) 
b 

Y.A DE II 

Le:#-riqh.t cor.reh, tio.~...s for" Z/te .sours s .sgocf~ 

9.9 g..~ 
¢ _ _ _ _ ~ v  ~ F - -  A, 

A 
Brisgles CorreL eoef. -- CorreL eosf. 

cv~.ct, - -  .--  + 0,073 

0.390 
Tsa, + 0.391* 0.023 - -  

0.210 
1) d.c + 0-~2,i* O--Og~ - -  

g.sc + 0.162 

-. 0.0'49 

• ,~ Coe~3doienSs which ~re ,s~,~,SisJiosll,~ .s[gni[~oa, nL 

A 

&r 

0-05'5 

0.079 

0.103 

0.08g 
0.0&[ 

0-089 
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normals, the whole population of these eight thmilies was composed of 906 
females and 215 males, practically eq~ali.ty. I t  is clear tha t  a higher 
percentage of fema.]es than males give a phenotypie response to the same 
" e x t r a "  genotype. So far we ]:ave considered only the sou[cHar bristles. 
I f  we include the bristles of the thorax we find that  there were 58"8 °4, 
females with o~e or more extra bristles to 4i-2 ~/o males with extras in the 
eight families. 

With in creased inbreeding the percentage o f "  ex t ra"  males in relation 
to " e x t r a "  females seems to increase almost, to equality. A comparable 
situation was found by Payne (1918) who studied a similar extra-bristle 
character. Of the flies with extra bristles in ) is  third inbred generation 
there were 16'1 }~ males to 83 '9% females but  this gradually changed[ 
until in the twenty-second generation there were ~-8.5 % males with extra 
bristles. Thereafter the fluctuations about equality of the sexes were 
random. ]Payne's counts were concerned o~]y with the scutellars. 

In Payne 's  extra-bristle stock, evidence of pone[farce or normal 
overlapping was found. I t  was unnecessary for us to repeat his expmiment 
as the one similar cross which we made (normal x normal f r o m "  extra"  x 
" e x t r a "  parents) gave 23 extra-bristled flies out of a total of 224 (10-.3 °/o ). 
A cross between " e x t r a "  sits of the normal x normal animals gave 21 
flies with extra bristles oat of a total of 163 files (12"9 ~/o). 

The "extra ."  character shows incomplete dominance, as is the case 
with many  characters which show penetrance. " E x t r a "  females were 
crossed with males frmn a highly inbred normal strain ('~3rd generation of 
brother x sister ms[hits) and produced 46 progeny wRh extra scute]lars 
to 679 flies with normal seubellars. This is a partial dominance of 6'8 %. 

As inbreeding proceeded ~he sex difference in extra-bristle frequency 
tended to become less and at the same time the expression of the cha- 
racter  became more severe, as many  as four extra bristles appearing at 
some loci. Also the average number of loci affected increased from 1'03 
per female in the first few generations to 2.8t in the last three generations. 
There was a similar increase in the males from 0-38 to 1"~5. The bristle 
frequencies at two different stages of inbreeding are shown in Figs. 3 and 
4 and Table ¥ I .  _411 the bristle loci are affected but  some more strongly 
than  others, Those bristle l e d  most often duplicated (~,~'c, y)pa.) are the 
ones which most frequently show more than one extra bristle. In calcu- 
lating the extra-bristle frequencies no distinction was made between a 
locus with one extra. ]}ristle and one with two or more. Anextra-bris t le  
locus was counted as one extra bristle regardless of the number of bristles 
present,, tn 1006 %male half-flies the asc locus was affected 693 times, 
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but of these ]oci 586 )2ad one ext]:a, 98 two extras and 9 had three extras. 
The 22~ locus was affected 267 times, of which 15 loci had two e~tra 
bristles and one had three. 

A new maorochae~a appeared on some of the : :ext ra"  flies. It has 
been called the presutural dorsocentral (2.~do) as it is anterior to the 
transverse suttlre on the thorax and in line with the dorsocentrals. I~ is 
of interes~ that  certain species of Drosophilinae normally have presutural 
dorsoeentr~is, e.g. Blc~ssoch~etop/~orc~ (Sturtevant, t92].), The new bristle 
reached a frequency of 25 °/o in one of the families (AQ), but  occurred less 
frequently in others. The exact position and the size of the new bristle 
vary considerably. 

In order to clarify the problem of extra-bristle pat tern the frequencies 
of extra bristles for each locus of approximately 1000 half-flies of each 
sex have been plotted in Fig. 1 b, The left half of the figl~re gives the 
frequencies for males and the right for females. I f  the frequencies are 
expressed as percentages of the total nmnber of extra bristles and[ not as 
percentage of bristle loci the similarities of the bristIe patterns are more 
apparent, showing that  the two sexes have the same basic pat tern ahd 
differ only in the degree of expression. This is not t rue of the acute s 
pattern in which the sex difference is very distince. A glance at  Fig. 1 b 
shows that  c~se is the most frequently affected loons and that,  except for 
ads and lyre, the :frequencies of extra bristles decrease as the distance from 
GSO [neff*eases. 

Association coefficients between bristles on the sglne side of the fly 
are given i~ Table I I I  for approximately 1000 half-flies of each sex of the 
inbred extra bristle s~oek. There are t2 significant associations ia the 
females and 10 in the males (Fig. 1 c). It is of in~erest tha t  calculations of 
associations at an earlier stage of inbreeding showed only five which were 
significant (pc with 2sG c~dc, c~ss, 2).2e, and l),sdc with ~sc) in the females a_ud 
only one pair in the tomes (pc-arc). 

Left-right correlations :for bristles duplicated in more than 1 % of the 
cases are given in Table IV. The ad, c does not  show a significant correlation 
in the males. This bristle is also exceptiollal in being duplicated more 
often than 1)do in spite of being Nr ther  away from the ~se locus (IPig. 1 b). 
.;ks found :for ehe association coelficients, more lef~-right correlations are 
significant in the re.ore ldghly inbred line than at an earlier st~,ge of 
inbreeding (ljs, ?de, and ~dc in the NmMes al~d z~.one in the males). 
Fig. i g illustrates the fact that the corral.slices tend to decrease anteriorly 
5:om c~sc. 

A test of asymmetry of expression of extra c~sc bristtes failed to show 
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ig. 1. (8) is redraw~l £mm l~lunkstt (1926); (b)~ (c), and (d,) ill~stra,te data from 97i m~le 
hMLflies (left sides) and 1006 fema]e halLflies (righi~ sides) of ~he inbred ext,ra brist, le 
sgoek. (e) Location and names of bristles of Dro~ophihz ~.du,~zog~sler: a~p, 2)~i), 
angerior an'd poe{crier no,epicure.Is; f~s, pres;~ura.1; a.s~, psu., angerior and posterior 
s~pra-a.Ia,rs; ado, :pdc, anterior and posterioj' dorsocentrals; asc, t~sc: anterior' and 
posterior seugellars; l~sdc, n e w  brlsgle retold in t.he ext.ra.-brisde st,oek, presutnra.1 
dorsoeenbral. (b) G:radien~ of extra-bristJe freqv~e]Jeies. (c) Diagram of ex~ra.-brist.]e 
8ssociagioJ~s, constructed from bhc daga from Ta.ble IIl The thins joining toei pairs 
i~ldieage a sig~iffeanb assodadon of extra, bristles ab ~hose loci. (d) Lcfb-right eorreh~- 
gions between corresponding loci m~ opposK.e sides of exl;rs-briegle flies. 
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T A B L E  III 

A s s o c i a t i o n s  b e t w e e n  e:stra b r i s t b s  

9 0  ~ 3  

(AB) (Ab) ~ ~ (AB) (A~))' 

Br i s t l e s  Assoc.  coef. B b Assoc.  coef.  B b 
8 .E .  $ ,:G 

0,006 
~s-adc + 0-352 0.004: ~b = 0 - -  

0-0003 
ps~pp~ - 0-040 O' 0045 ab = 0 - -  

0 .065 0-130 
a.(&-.~a + 0,232 + 0-600'* 

0.059 6:O-g~ 
0.017 0.095 

a.dc-%pc~ + 0.071 + 0-456* 
0 .035  0 ,032 
0-041 0 .032 

ads~d)dc + 0.145 - 0 .312 
0.037 0.039 
0.050 0-064 

adc-pp~ -.'- O- 1.88' + 0 ,356* 
0-02~: 0-028 
0 ,005  0-040 

adc-asv + 0.196 "- 0 - 2 6 9 '  
0-024 0 .017 
0,095 

o~dc-g)ac - 0-561 0 ,072  ab =0 -- 

0-095 0.037 
pdc-pp~ + 0 ,490"  + 0 4 0 5  

0.020 0-023 
0 .060  0-039 

2~c--asc + 0.'4.77"* + 0"38.5* 
0 ,019  0.014: 
0 ,094  

?ddc-psc + 0.42(I 0 .057  ab = 0 - -  

0,090 0-033 
2~dc-c~p~ + 0,430* + O' 286 

0 .027  0.026 
0 , I 5 2  0-008 

Ndc-2)sa + 0.568" - O. 112 
0.0'46 0 .044  
0 ,070  0 ,181 

ffMc-asa + 0,339 + O. 718* 
0.062 0.061 
0 ,062  0-2.23 

a.sc-~sc~ + 0-154 + 0.425 
0 .104  0 ,136  
0 .056  0,045 

aso-~sa + O. i 57  + 0"094 
0 0 8 0  0-099 
0 . I89  0-047 

asc-a2)a + 0'497"* - O, 101 
0 .0~5 t).059 
0-200 0-144 

asc-~v2)c~ + O. 487* 4- 0 - 2 8 8 '  
0-03% 0.05-~ 
0 .008  

m~s-psc -I- 0,016 0"031 ab = 0  - -  

0 ,028 
,psc-as~ -'- 0-395 (i:'i 0--6 ab = 0 -- 

psc-psc~ ab = 0  - -  ab = 0 - -  

* Coefficients w h i c h  a r e  s ~ t i s t i c a l l y  s~gnifica,l~. 



[Bristles 

2 8 c - a p a  

2 s c - p 2 a  

]spa=a2)a 

pff~a-psa 

2922~-(~s~ 

w p a - 2 s a  

a2a.-c~sa, 

a.5",:z,,-'p. 8#~ 

Bris#les 

p-ap 

2m 
a.3ff 

p s a  

aim, 

p p a  

ado 

pdc  

p s c  
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TABLE III (contin~ed) 

89 4 4  
& ,< 

(AB) (Ab; (A~)_(AA) 
A~soc. eoe£ B b Assoc,  coe5. B 5 

B,~. S.~.  

0,042 
+ 0 - 5 5 0  0.047 ab = 0  - -  

0-010 
+ 0-198 0-034 ab = 0  - -  

0-147 0.010 
+ 0 . 5 3 2 "  + 0 . 0 5 0  

0-043 0-036 
0,228 0 ,185 

+ 0 - 4 6 6 *  + 0 , 5 7 5 '  
0 ,076 0-060 
0,138 0.212 

+ 0 . 3 0 2  + 0 , 6 1 0 "  
0.I00 0.083 
0-293 0 .086 

+0-695*  + 0 - 6 9 5  
0,055 0.053 
0.287 0-001 

+0-682* +0.006 
0.0~73 0-073 
0 .097 0.070 

+0.709* + 0 . ' / 6 8 "  
0.02~ b-o23 

* Coefficients which ~,z'e s~at is t io~l ly  s i g ~ c , ~ n t .  

TABLE IV 

Left-right cor~e~atio~s for eztra brisdes 
vo ~ 
, r t  

A A 
CorreL coef. --- Cor~el. eoef. - -  

&r ~'r 
ab = 0  - -  ab = 0  - -  
ab = 0 - -  ab = 0  - -  
a5 = 0  - -  ab = 0  - -  
a b = O  - -  a b = 0  - -  

0-163 0 .217 
+ 0 . 1 3 8 "  ~ + 0 . 1 4 6 "  

0 .053 0 .067 
0.173 0.171 

+0.163" +0.158" 
0.047 0.051 
0 ' 3 7 7  0 .205 

+ 0-375* + 0-~903 * 
0 .045 0.047 
0-109 0-073 

- 0 . 1 9 ° * ,  ~ + 0 . 0 7 3  
0,040 0.045 
0-208 0 ,229  

+ 0 '208*  + 0-258 :~ 
0-043 0 .040 
0-354 0,304- 

+ 0 ' 3 5 0 "  -t- 0"30~* 
0 .046  0 ,045 
0.427 

+ 0'356'  0-0"-53 a b  = 0 - -  

• CooEicieJats w h i c h  a.re s~':,lJsticMly s ign i f ican t .  

419 
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significant difference between the right and left sides. Considering the 
families Which were b ring inbred for"  extra" and l;he animals in.which only 
one of the ese bristles was duplicated, there were 1,t0 flies with an extra 
left ass to 136 flies with an extra ti the qsc. When flies with a single right 
a.sc were crossed, 21 offspring with a single left asc appeared and .3.3 with a 
single right c~se. This is a large difference bu~ it is not statistically signi- 
fican.t (Dry.=2.42 times its P.m) and therefore could have arisen by 
chance. Flies, each with a single left asc, were mated and produced 
18 offspring with a single left a~'c to 15 with a single right c~so. -A fly w/gh 
a single left asc mated with flies of a normM stock produced ~m0ng their 
offspring 6 flies wieh a left asc to 8 flies with an extra asc on the right side. 

In addition to the extra-bristle complex the original wild female 
carried severM other m.ntant genes which appeared during inbreeding. 
The fixst m~tant  found was a sex-linked bristle-affecting gene which we 
identified as a singed allelomorph by crossing with singed a (s'~, a, 1-21). 
However, it differs from s.~z a in tha t  the females are sterile. A second 
recessive mu~an~ which we call "droop"  and which affects t, exture and 
conformation, of the wing appea,red, bu~ we have not ye~ identified its 
locus. The wings varied from notarial to very much crumpled, waved or 
unfolded and were usually slightly drooped or arched downward. 

In later generations many flies appeared with peculiarly formed 
3borax, wings or legs or with any combination of these. The thorax 
frequently showed abnormal evaginations from one or both dorso-lateral 
surfaces just ]~ehind {he wing stub. In such cases the wing or ~dngs were 
reduced ~o a :'vestigiM" condition or completely lacking. The legs were 
variable in fbrm with twisted or bent femm's, knotty joints, vestigial, 
partly or completely missing or partly duplicated legs. One or more legs 
might be affected. Th.e anterior pair of legs were less often affected than 
the others. This character is somewhat similar to the mutant,  "cr ippled",  
described by Komai (192~5). t t  seems possible that the thoracic, wing and. 
leg abnormalities may be merdy manifold effects of ~he same gene or 
gene complex, as they were frequently atl present in the same in.diwddual, 
whil.e more rarely a,bnormalities in development of the eyes and antennae 
were observed also. 

1'he sross of  t,7~e set6te ~ c~,~~d ea~;'a-brisY, e stoelcs 

Homozyg'ous apricot females (w~.~v ~) of the sou~,e ~ stock were crossed 
with males from ~he moderately inbred "ex t r a "  stock. Only the males 
were usefnl for onr study of the F,, as the females were heterozygous for 
seute a, ucl consequently had no bristles missing. A sm~ll percentage 
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(~f'4 %) had one or more extra bristles but as the dominance of the extra 
complex is weak and the H,w effect is recessive the l~\ females were praoli- 
tally normal. The &1 males° however, were far from normal. Es, eh son 
expressed the sex-linked Sours sane, the Hw effect and the detains.nee 
effect of '~extra" which is therefore located on the autosoma% because 
the only X-chromosome of these males comes from the scute stock. These 
sons were all genetically scute and a]] had apricot eyes. In later genera- 
tions the apricot-eye animals should always be scute Mso, because the 
inversion should prevent cross-overs between scare and aprico~ which 
might ocem ~ natu_rally. In 5.3 ~ of the males of the scute s stock there 
was no observable bristle abnormality~ an indication that  saute occasion- 
ally overlaps wRh the normal. In the "ex t ra  ;; stock from which, the A~ 
males were secured~ 76.8 % of the males had normal bristles. In  the P~ 
generation of 64~ males, 9.2 % had no observable bristle abnormality of 
the thorax and scutellum. Fig..5 shows the frequendes of extra and 
missing bristles at each point on the F~ male ha.lf-flies. 

The re~der may co.mpare these *~'1 males with the males of the 
:' ex t ra"  stock shown in Fig. 3, and with the males of the sours s stock of 
Fig. 2. I t  should be borne in m~nd that  comparisons must always be 
made between resoles and males or between females and females of 
succeeding generations and never between males and females because the 
acute character is expressed differently in the two sexes. 

A comparison of bristle frequencies of the parental stocks with the 
~e I (Table V) which is genetioally sours and s,t the same time exhibits the 
dominance of the " e x t r a "  stock gives some interesting results. The pd¢ 
locus is rather strangely ~ffected (see also ]~ig. 5), being normal in the 
sours stock but  d~pliea.ted in 13 % of the -V 1. A similar disproportionate 
increase in the frequency of extra bristles of the Fi over either parental 
stock has occurred at loci ado, ps and ~ p .  The ~gc bristle shows a further 
interesting sRuation. I t  is not only duplicated more often in the F~ than 
in either pareutM stock (or their summation) but  it is also removed more 
often than in the scute parent, in  the extra and normal stocks ado is 
always present. Since the s~ s chromosome of t h e / ~  male is precisely the 
sa,me as the sc  8 chromosome of the parental saute stock we may conclude 
tha t  the increase in the frequency of sours expression is due to att~osomal 
genes. Tkis is demonstrated more clearly in the case of ysc and a s o  

bristles, but  from another a,ng~e. In  the ease of the pat bristle, the " e x t r a "  
condition appears in a,bm~t 1% of the male half-fiies in the ~'I and in 
both parental stocks. In the s o  s stock males ~hs F e e  is present in 73"7 % 
of the half-flies but. in the F~ males it was ]?resent in 89 '9% of the 
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cases. This is a difference in phenotypio expression of 16'2 %, which, 
if genetic, must  be clue to a different set of genes in the autosomes of the 
2? 1 from t.ha~ of the ~e a stock. The same situation is true for the esc bristle 
which is present on 59.0°/o of the half-flies of the xe a stock and shows an 
incref~se go 90-8% in the F~ males, a difference of ~ co/ _ o t ' u  / 0 -  

/ -2 

/~0 

0"8 

9 

0"6  

O.~l 

t . 4  o 

/ ' 2  

/'0 

0"8 

0-6 

PDC /DC PNP PSA PP/ PS A SA /PA AWP PSC XSC 

0"4 ~ 

Fig. 2. The scute B stock~ showhig I/'m cffect~ as well, (Uppe~ gi'~iph fcm~le~, lower tomes.) 

Before we consider the F~ gener~tion it may  be well to observe 5he 
resules of the/~1 iti a cross of scs females to a strain of fuss which had beml 
brother-sistsr inbrecl for fifty generations a~ld showed no extr~ or missing 
bristles. This JFj. is plot ted in the usual way in. FAg. 6. The number  of 
half-flies is too small to give a very reliable curve, bu~ i~ will be seen Chat 
except for the y,s and c~s~ bristles the F1 nlales are very similar ~o the 

scute 8 males. 
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/'2 C, 
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0"8 ' '-- 

/ 
J . . . .  j ~ . . . . . .  r _ _  , ~-- , 

PDC ADC PNP PSA PPA PS ,43,4 APA ANP PSC ASC 

Fig, 8, The "extra" stock at an ea.rly stage of h~braecling. (iTpper graph f~males, 
lower males.) 

TABLE V 

Yre~s.nc./es in ~ercenta#s of extra (E) a~c~ missing (M) b.rist~es for ma~es in 
"extr~U' and scute s stoc/cs a~d the F~ qf sczge s x"  ext~'a " 

2d~ ad¢ 2 n 2  pea 2 p a  2~ ass  s p a  anp  2~c a~'e 
" E x t r a "  E I-0 I.i 0"8 t ' l  l '0 1.0 0-2 0-6 0-2 0.8 t2-0 
8eute ]~ 0.0 0.7 0'0 8-0 12.0 2.0 1'3 12,0 6,0 1,7 0-3 
)~ G 13-0 12.0 1-2 1.0 8.0 8.0 1.6 1-5 19-0 1.0 6-0 
8cute h'l 0.0 1,4 0-7 0.3 i'7 5-0 5"7 0.0 0.7 2-6"0 41-0 
ie 1 BI 0.6 6-6 0-2 3-5 0'3 4-3 3.0 0.0 0.~ 10'0 9,0 

/.4 

/ . 2  / 
PDc AD~ PNp P s A  PPA P s  A s ~  ~PA A N p  P s c  ~ s c  

/ ' 2 r  
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LO 
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~ r~ I ~ . J _ _  i r r • ..... . t . - -  I I , _ _ * * L - , , , _  

i 

Fig, 4, The. "exit,% ~' stock. [Four moderately h~br(~d fa-mil~es. (Upper graph femMes, 
lower tomes.) 
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Fig. 7 is the graphic representation of the scute flies of the ]~"~ genera- 

rich. i t  ma Z be seen tffa~ there is a remarkable agreement bet~ween [he 
F a and F~ males in tlae expression of extra, and of missing bristles. The 
graphs for  the F~ an.d F_~ males are nearly identical in shape and corre- 
spond, point for l~oint, though the frequency of expression of both 

o81 

PDC /,DE P,',/P .PSA! r°P,.4 PS ASA A'2A ANP PSC .4.SC 

Fig.  5. ~'~ males  f rom scu te  8 x " e x k r ~ " .  

/'4 

k 

o-a 
t, 

0,6 

PDC /;DE PNP PSA PPA PS ASA A.PA A,~P PSC ASC 

I~ig. 6. F i m~les ~i'om scute ~ x wUd ~2pe. 

"~ extra"  ancl sours ha.s been slightly inerea,ssd in the ~ ,  possibly because 
of recombinations of recessive mod.igers on the aatosomes. The same 
phenonaena observed for the I)dc and c~o bristles of tll.e 1~ i are seen in the 
/~ and to a slightly grea~er degree. The Es females sh.ow l~he effects of 
modifiers on the autosomes less than t h e / ~  and F 2 males thougtl it may 
be seen that the pse of She/i'~ females was press.at in only ~:,5,1. °/o of the 
cases while .is the parental sc ° stock the 2)err was ])resent 63"8 °/o of the 
t ime--a  difference in expression, of 18'7 '}/o- 
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"~ /.O ~a 
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A ba.ekcross of _P~ femMes heterozygous for souse a~d the extra factors 
~o the scnte s stock produced the apricot-eyed progeny shown in Fig. 8, 
al~d normal red-eyed females. The red-eyed pz'ogeny are never shown in 
the graphs a,s they are not homozygoas for scare. We have %he records for 
~he red-eyed flies which h~ve occasions.1 extra bristles but  never missing 
ones. The progeny of the back-cross generation are very much like the 
scnfe u population wlfich is what one might expect, a,s the route s geno~ypq 

/ . o  

=, o .a  

0"6 

o.~ ~ , ' . . . .  AIcP P s c  x s c  ADC PIVP PSA PPA P S  /-'.hA .A~A . . . . . . . . .  
g 

e / - 2  

Fig. 7. F. of scu~e s × "ext . ra".  (Upper graph femMes, lower tomes.) 

will have been largely regained a:txd the genes from tl:e ' "extra"  stock 
mostly losb. 

The most important  generation bred fro~ the original soute-extra 
cross should be the iv a and succeeding ones, because in these selection 
becomes cffec, tive. iv.,. flies showing a, c.onsidexa.ble number of extra and 
missing bristles o ll the same f13: were mated a, nd pi'ocl~tced the Fa shown 
in IPig. 9. The most sL'iking change in [tm Fa, when. compared with Fs, 
concerns seute it: ~]ie iva niales. The males show a curve for extra, bristles 

I .-¢, 
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which is nearly identical in shape to #ha,t of the/~_ males but the frequen- 
cies of missing bristles are greatly, bat  uniformly, increased. In these ~'~ 
lziales scute is much more strongly expressed than b± the paretttal so ~. By 
way of illustration, the p s s  bristle is present 99"7 % of the time in tl?e 
sol, t@ stock but only present in 68-8% of the cases in tke Fa; jes in scs 
males=94-6%, in z~ a males=~8.5%; c~sa ia sO males=94-3'%; in F a 
males =5~-7 %; 2sc  in .scs mates=73.7%, in E 3 males=d3.7 %. At the 

/ ' 4  

/ ' O  

$ 

o 

~'~ / ' 4  

= 

/ - 2  
N 

/'0 

0"8 

0"6  , i i i i , i i i i ~ _ _ .  

Fi}~. 8, Bsckcross, aw z females x sctttes males. {Upper graph femtg.es, :[o',ve~7 males,) 

same time that 8otlte [s more strongly expressed in the F a males than in 
the origi,•sl scute stock, the F~ males aIso support slightly higher fre- 
quencies of extra bristles. Two points should be n,oted ]?.ere. The great 
increase in the frequency of expression of scute as a result of selectiota in 
one generation shows that there are important modifi.ers of seute on the 
autosom.es. The whole pattern of missing bristles shows greater expres- 
sion, not merely individual bristles. The second point is that the processes 
which cause scare and "extra"  m~st be.,distinet all.d, nog depemdelat 

_ _ a . . _  , J t t _ . a . _ _  i : 1 _ _  J i 

PDC A DC PNP P S,~ PPA .P'S A SA APA / N P PSC ,4SC 

1.2 
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merely upon the  deficiency or excess of one subsfance to  cause missing or 
extra brisfile,~. This is illustrated even botts! • by the }'~ generation, shown 

in Fig. I0, than in the T 3. 
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We know from a glance at. the males of Fig. 9 t h a t  we have been 
highly successful in seleoth]g for greater expression of scute even though 
fenlales of the ~4 and F~ generations =sho~" litNe response to the increase 
in acute modifiers. We also ]~now that we have been highly suooessfu], in 

Journ. of @snstics ~xxlx 28 
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selee~ing tbr greedier expressio~ of the extra oharaoter if we observe the 
a s o  in ~ke females whioll i~oreased from 6'0Jo in P~ 50 G:5"5 % i~ the/#a to 
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]?ig. I0. F. t Of souse 8 x "ex~z•a". (Upper graph £emales~ lower m~les.) 

81"t °/o in the E~. This high expression of '~ ex t ra"  is possible ])eeause the 
soute s ge~e :ae~-er removes the c~se in f'emates; thu.s there is no d.estr~te~ion 
or in]aibition of exbra bristtes at this point. I t  should be noted, however, 
tha~ the extra c~sc bristles were characteristically very smalI ia t]aese 
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females, often being reduced to the size of microchaetae. In the -~a and 
iv 4 males, however, the seute s gene does remove the aso. In the J~ males 

the ass is present only 37.7 c/o of the time. When any sac was present it 
was dnplicated 8"5 % of the time. Had the scute gene not inhibited or 

]-~- 
TA'~LE VI 

P~ow designated E gives number  of extra bristles. 
I~ow designated 1~![ gives number  of missing bristles. 

No. of 
h a l l  
/ties pdc ~l~ 2'~2 1 ~sa, ppa Ns gac~ ~l)~ ~"~l~ pea gee 

/Fig. 1 (b) o9 1006 ~ 82 138 0 ,%5 267 -i 20 118 1 ~3 693 
<~ 97,1 E 48 73 l 25 97 0 13 74 0 3 385 

Fig. 2 09 400 E ~b9 20 0 0 65 0 0 7 0 0 l 
iK 50 4 0 14:5 0 0 0 0 0 0 0 

~c~ 300 E 0 2 0 24 37 6 4 37 18 5 t 
3i 0 4 Z I 5 16 17 0 2 79 12.3 

]Fig. 3 ~ 538 E 16 13 2 l~i 91 28 1 0 1 11 172 
~d' 528 E 5 6 4 6 7 5 1 3 l 4 63 

~ig. 4= $~ 50,1 E 7 12 1 3 12 8 4 1 ] 6 ~II 
g'6' 496 ~] 1 12 2 0 8 ~ 2 i 0 I 71 

Fig, 5 O~g ' 1290 19 188 I53 16 13 109 i13 21 20 243 14 83 
BI I0 85 3 45 4 55 38 0 3 1~0 119 

Fig. 6 dO 86 E 5 8 4 0 11 2- 4 6 33 0 2 
IK 0 1 i 0 2 15 20 0 0 35 33 

;Fig. 7 ~oo 28~ E 31 41 _~ i 54 ~ 3 4 0 I 17 
~i 25 15 3 155 0 0 3 i 0 I 2 

~c~ 262 P, 4=6 24= 8 7 80 19 3 10 34 3 17 
~i 5 ' 37. 2 88 13 45 25 2 4= 40 42 

;Fig. 8 co  i02  E 6 15 0 0 20 I 1 0 0 1 2 
~i I0 0 0 50 0 0 0 0 0 0 0 

~c~ 74 E 0 0 0 I 9 2 ~ 4 20 1 5 
15{ i. Z 0 0 5 10 Ii O 0 10 12 

/Fig. 9 Co 58 ~ 8 17 0 1 16 ~ 0 0 0 4 38 
M 9 0 0 6 0 0 0 0 0 0 0 

~c~' 64 E 8 7 5 0 7 2 0 5 9 0 1 
~i s 17 4= 20 I7 33 29 4 11 36 33 

Fig. 10 ~o 74= E t2  t4  3 4 t7 .[9 2 1 ] 4 00 
k[ 3 0 0 19 0 0 2 0 0 0 0 

c~6 64 E. 9 6 4 1 4 ] 2 10 15 0 2 
ff 3 II 4 23 33 32 42 11 10 38 ¢0 

iFig. 11 .~oo 70 E 5 i3 0 -9. 7 13 0 3 0 4 59 
-%1 26 0 0 26 ] 0 0 l -0 0 0 

~ 4~I E 6 4 :7 0 9~ 2 0 6 3 0 4 
±~i 2 I0 3 I0 20 23 2.6 6 17 30 28 

removed ~he potentially extra ~s~ bristles of the F~ and F~ males there 
most certainly should have been a much kigher percentage of extra  ~se 
bristles, as we have seen from the gee of the females tha t  selection had 
been effective. I~ appears, then, tha t  extra bristles are destroyed or 
inhibited by  the seute s gene as well as ordinary bristles. This seems trne 
bees.use in zegions of the fly where scu~e is unable to come to phenotypic  

28-2 
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expression and where orclinarily the extra complex has expression we 
find exSra bristles in t]ae ~a and ~l  generations, Were ~here a sin.g]e 
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Fig. l I. /~'5 of aeu~@ x ~' extr,~", (Upper gr~H~h fem~]es, lower m~].es.) 

substa~.ce of which a deficien.ey caused soute and a.n excess tLe " e x t r a "  
character, selection, could, work in one cSreotion at a time, eitller for .re.ore 
or for. less of the substance ; thus we slaoul.cl expect the flies of the B.,~, F 4 
a~ad F 5 to show either many  bri.stles .missb?g and. ~lone extra or to show 
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many extra and none missing. Such is not the case, however, as indivL 
dual flies showing as many as eight missing out of 22 possible bristles had 
two or more of the remainiug bristles duplicated (family AM). 

Embryological observations as to whether normal and duplicated 
bristles first form and are then- destroyed by action of the route gene or 
whether the trichogenic cells, which give ~ise to the bristles, are inhibited 
from differentiating normally so tha t  no bristles can be produced would 
be of very great value. S~oh observations, as fax' as we are aware, have 
not yet been made. 

Discussion 

The small nmn])er of sig~_tificant associations between bristles on %he 
same side of sss flies (Table I) is hardly compatible wRh the idea of a 
determination stream and certainly two of the three associated bristle 
pairs do not agree wi~h @oldschmidt's (1931}.morphogenetie fields, as 
.pdc, ps~ and pss are all in different fields. [Further the left-right correla- 
tions for scS flies (Table II) show only one sig~xifican~ correlation (1~dc) in 
the females and one of doubtful significance in the n~ales (arc) for the two 
fields (numbers 2 and 3 of Goldschmidt) including both members of the 
four bristle pairs ado, pdo, use and lose. The fact that,  in the females, the 
~wo loci which have significant left-right correlations are the only two 
bristles which are significantly associated would seem to indicage tha~ 
~here was a residual heterozygosRy in the scutes stock affecting these 
bristles. This conclusion is supported by the fact that  before these 
correlations had been calculated it had been noticed that  some cultures 
showed a very high phenotypie expression of the 1)sa and ;sdc loci while 
other bottles gave low expression. Nowever, we cannot be certain that  
temperature fluctuations, though small, did not have some effect on these 
two bristles. 

I t  seems very probable that  several genes affect the expression of the 
extra character. Nany  of these are of the nature of modifters and selection 
for these proceeds very rapidly'. As shown in the crosses with scilte which 
produced tv~ males ha~dng a single set of autosomes but  so X-chromosome 
from the " ex t r a "  stock, many of these " e x t r a "  genes and modifiers are 
located on the three pairs of autosomes. We have no evidence, however, 
of ~he proportionate distribution of the "ex t ra"  genes on the autosomes. 

In the extra-bristle stock inbreeding and selection of positive modi- 
frets for " e x t r a "  is accompal~ied by a shift toward equality of males and 
females which have extra bristles. As a result of inbreeding, the number 
of flies with extra bristles~ compared with normal sits, was increased 
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:from 0-98 o/~ in the first generation of inbreeding to 100 °/o in the twenty- 
second generation of Payne's stady. I t  is clear from Payne's  Table I 
that  as modifiers were aeeumalated the phenotypic response is quicker 
in females than in males in the production of extra bristles. In other 
words, with a given " ex t r a "  genotype, the threshold wNck must be 
exceeded to produce extra bristles is more readily exceeded in the female 
as a resatt of a difference in physiological responses in the two sexes. _/kfter 
suNeient positive modifiers have ~been accumulated by artificial selection 
so that  all flies of the generation have extra bristles, the physiological 
differences in threshold value still exist, no dovtbt, but  there are now 
presen~ suffie.ient positive genes f o r "  extra"  so that  even the threshold of 
the males is always exceeded. Ot~r data, in so far as they go, agree with 
those of Payne in regard to the difference in the physiological response of 
males and females to any : :extra"  gene complex. It is possible, thoagh 
not as probable, that  there is no difference in physiological threshold 
between the sexes, but that  the greater proportion of females with extra 
bristles merely results from the quantitative effect of the single dose of 
modifiers on the X-chromosome of the male as compared with the double 
dose of the female. 

Goldschmidt (1931) has assumed the existence of a deterJr~ination 
stream to explain ~he bristle pattern in acute flies, i n  our extra bristle 
stock we could, assume a determination stream which originates at  asc 
and diffuses in all directions, but more rapidly anteriorly. There is no 
evidence in the ': extra" stock of fern: different fields of the thorax and 
scatellam which C_4oldschmidt assumed for the acute alleles. ]5[owever, if 
there is a d~stinct substance cansi~.gextra bristles arid another s~bstance 
causing acute there is no reason to assume that their respective determi- 
nation stream,s have identical fields. 

The evidence for a determination stream, in th.e extrafbristle stock is 
(1) the positive associations of bristles oft the same side of the ~ty (Table 
I l l ) ;  (2) the gradient of bristle frequencies (Fig. l b); (a) the gradient of 
left-right correlations (_Fig. ld) ;  and (,~) that  (1) and (3) are not due to 
heterozygosity is indicated by the fact that  babreeding increased the 
number of significant bristle associations a~d left-right correlations. 

There are two facts which are not in accord with the theo~:y: (1) the 
occt~rrenee of lmrmal bristles nearer to the asc than a duplicated bristle, 
oz' in other words the determinatim~ stream skips ceJ:ts,in loci; (2) if the 
determinatiort stream spread by di/Y.~asion in all directions we shotfld 
expect Tee to be affected more often and. ado not so frequently. Our 
explanation for (i) is that  chance fluctuations in the stage or rate of 
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development might make some loci unable to respond to the determining 
substance. A plausible explanation for the large number of ado "extras" 
(i.e. larger than p& in spite of being fua'ther away from asc) £ the fact 
that extra bristles in front of age were scored as extra age bristles when 
they may really have been 2)ado bristles -whose threshold vahe is exceeded 
in extra-bristle ~es more readily than in normal flies. 

The cross of the seato a and "ext ra"  stocks has given i~dormation 
pertinent to the step~allelomorph h3Tothesis. The soute s gone was plotted 
according to the seriation of Sturgevant & Schlitz (3.981) in all eases, but 
in no case did the males or females give a smooth unimodal era're, as the 
hypothesis would seem to require. A glance at the F4 males (Fig. 9) shows 
every bristle fl'om the left end of the seriation (pdc) to the right end (asc) 
to be l~ssing at least 5 % of the time and most of them missing much 
ot'tener than that. I'Ve think that it' the linear series does exdst at all that 
it  results from observations of a developmental pattern wllieh is not ~he 
result of a particular arrangement of subgenes a~ the seato locus. Child's 
(I 935 a and b) and Ives's (1939) evidence that the seriation may be affected 
with temperature changes does not support the step-alIeIomorphism 
hypothesis. 

gokhzky (1930) made a somewhat similar cross using Dichaete and 
I~Iairy~wing, the firs~ character being a bristle-reducer and ~he second 
giving extra bristles. Fie raised only £fty flies or less of each sex and 
presented his results in terms of who~e flies instead, of half-flies. His data 
for the P1 appear to give an i~.termediate result. Whether or not this is the 
ease eamaot be determined as his method was to average extra bristles 
on one side with missing on the other side. This diminishes the value of 
kin findings considerably. He did not study the effects of selection on 
later generations and, as he states, further study would be desirable if 
conclusions are to be drawn from his work. 

The data on bristle frequencies in av 1 males compared with parental 
stocks show that there is a disproportionately large increase in bristle 
frequencies at some loci (2c~c, age, ps and an2) ). I t  cannot be assumed 
that  this increase in expression of the extra character is due solely to the 
simple summation of modifiers. I t  may be that, as the genotype of the 
~ is different from that of males of either parent stock, the physiological 
condition of the F 1 males causes an entirely new f}equency of expression 
of these bristles. The expression might be Widely different for similar 
genotypes and, as @hild (1935a) and Ires (1939) have shown, may be 
greatly altered by m~vironmental changes such as temperature. 

Our interpretation of t]~e disproportionate effects is that the genotype 
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as a whole produces a certain pflysiologioal condition and hence we may 
expect clffferent physiological responses for each new genotype. Hence 
different physiological responses may 'give wideIy differen~ pheiotypic  
expressions to similar sets of extra-bristle genes which may be }?resent 
in ot, herwise different ge~.otypes. This means simply ~hat we cannot say 
that  the disproportionate effects of the combined extra and seute genes 
are due merely to these two genes but  that  other genes present in one or 
both of the parental stocks act as mocliaers in the new _F 1 genotype. 
Probably the gene interactions a~re geometric i~ nature. 

We have show~ that  selection for scare and ': ex t ra"  together has been 
successful. I t  seems logical to conclude, therefore, tha t  scute and extra 
bristles are not determined by  a quantitat ive difference of a single 
substance. This conclusion is supported by Ives's (1939) work on the 
effects of gemperat~tre on bristle frequencies in scute and wild-type flies. 
He found that  a temperature of 36 ° C. decreased the bristle frequencies in 
sc flies bu~ increased it in wild-type males which he betieved carried a 
group of bristle-modifying genes. This would indicate t}lat there mast  be 
~wo different reactions concerned, one resulting in seato ancl the other 
tending to increase the bristle frequencies. Presumably there are 
different bristle-determining or inhibiting substances concerned in the 
two reactions, 

Sum~aaY 

1. X complex of genes causing extra-bris~Ics on the thorax and 
scuteilum of Droso~phi~a .meb.nogas~er was stabilized in one stock following 
preliminary selection and inbreeding. 

2. Bristle frequency studies show that  the asc bristles are the most 
strongty affected and expression of the oharacter is decidedly more severe 
in femMes than in males. The expression increases markedly during 
inbreeding accompanied by selection, 

3. A cross was made between the extra stock and a scute ~ stock. 
So s causes the destructiotl or inhibitiola of bristles according to a pat tern 
which is quite different in the two sexes. 

4.. Nc ~ does not  fit the seriatio~ essenhiaI to the hypothesis of step- 
allelomorphism, and thus provides some oo~Jtrary evidence. 

5. Sign].~cant left-right correlations and associations between certain 
hr[stte pai.rs in the extra-bristled/J.[es indicate that  there is a determina~ 
tion stream or diffusion centre concerned, with origin near asc from 
whence it spreads anteriorly. 

6. The disproportionate effec~ of combining extra and scute genes 
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ea~ino$ be a t t r ibu ted  solely to the  interact ions of these two genes, for 

apparen t ly ,  other genes present  in one or both of the paren t  stocks act  as 

modi fy ing  genes in the new t~  genotype.  
7. The remdts of crossing sc~ with extraobristle flies indicate  t h a t  the 

difference between seute and  " e x t r a "  flies is no t  due to a quan t i t a t i ve  

difference of a single brist le~detemnining substance.  There m n s t  be a t  

least  one substance causing " e x t r a "  and another  subs tance  causing 

seute.  The former seems to spread by  diffusion or in  a de t e rmina t ion  

s t ream difl'ering from any  so far  pos tu la ted  for seute. No evidence of a 

similar  de te rmina t ion  s t ream was found for scs. 
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