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The Number .Q.f. Bristles and the Pairing 21.. 

The Chromosomes iu Hybrids between 

Drosophil.§; melanogaster and Drosonhila simulans 

INTRODUCTION 

The hybrids of Drosophila melanogaster and D. si rnulans were 

found to have certain bristle s missing fro m the body (Sturtevant 1920) 

that are normally present in both parent species. Sturtevant (1929a) 

found t hat the average number of bristles present (counting dorsocentr~.ls) 

in these hybrids varies with the melanogaster stock used, ;:md that the 

simuJ.ans male ap parently produces no ef feet on bristle number. This 

suggested that the mel1:1.nogaster egg cytoplasm might cause the effect, 

but a test gave negative results. 

It was at Prof. Sturtevant•s sugg estion that I have tried to 

discover whether individual genes wMch caused the bristles to be missing 

from the hybrids could be i cientified in the melancgaster stocks. 

I wish to express my appreciation to Prof, A.H . Sturtevant 

for t i s direction of the work , and to Prof. T. H. Mort;ar, and Prof. 

Th. Dobzhansky for their helpful suggestions. 

MATERIAL &ill :METBODS 

The various melanogaster and simulans stocks which were used 

are listed alphabetically in tables 1 and 2. Stocks inbred for many 

generations were used when poss ible to insure a condition homozygous for 

any mo difiers present. An at t empt was made to control the whole chromo­

some, as far as possible, bj using crossover-sup pressors preventing the 

loss of modifying genes throi.tgh cross i ng over in the female parent. 

In making the crosses small mass-cultures were used co nsisting 
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TABLE l 

Lis t of D, melanogaster st oc ks used in t he experiments 

Symbol 

b gp a 
Cy R 

__ B+_ 
Cy sp 

dp Cy 

ff b pr c se h 

irJ..E. 
Cy 

fu 
ClB 

gt bb 11 

ClB 

-1L 
ClB 

:2.n2 
ClB 

'PX bw mr sn 
Cy 

res 
CFL CFR 

res 

res 
Df 2C ca 

rucua:a 

s2 f 
ClB 

SC CV V f bbl 
ClB 

Meaning of symbol :Chromosome 

black ~ap arc over the cros over-sup-pres-.: II 
sor dp Cy CIILCy pr CIIR l px. sp 

Bristle (1) over t he cross over-supp~essor: II 
Cy CIILCy cn

2 CIIRCy sp 

comb-gap (5) over the crossover- II 
sup pres sor dp2 Cy CIILCy cn2 CIIRCy 

stock containing attached X chromosomes 
bearing forked, and homozygous for bl ack 
purple curved and sepia hairy 

fringed speck over the crossover-
2 suppressor Cy CIILCy en CIIRCy 

fuse~ over the crossover-suppre ::-.sor 
sc t v c1 1 sl B 

giant (2) bobbed11 over t he cros sover­
suppressor ClB 

.. . . 
I, II, III 

II 

I 

I 

lozenge over t he crossover-suppressor ClB: I 

stock containing prune2 males and yell ow I 
females with attached X's .. . . 
Pl exus brown morula speck over the .. : II 2 ... ~ 
crossover-suppressor Cy CIILCy en CIIRCy~ 

11 res 11 over a crossover-sup pres sor (5) III 

homozygous stoc:c: roughoid hairy thread 
scarlet peach curled stripe sooty 

11 r es 11 over the crossover-suppressor 
l ClilLP Df 1 CIIIRP ca (3) 

homozygous stock: roughoid hairy thread 
scarlet curled stripe so oty claret 

sable2 forked over the crossover­
suppressor OlB 

scute 1rossveinless vermilion f orked 
bobbed over the crossover-suppre ssor ClB: 

III 

III 

III 

I 

I 



Symbol 

se h 

st sr e4 ro ca 
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TABLE 1 (cont) 

Meaning of Symbol :Chromosome 

homo zygous stock; sepi a hairy. There was: III 
also a stock se h 

CFL CFR 

homozygous stock : scarlet stripe ebony4 
rough claret. The,·e was also a s tock 
st sr e4 ro ca 

Cp,L CFR 

III 

st sr e4 ro ca scarle t stripe ebony4 rough claret over a III 
CIIILP CIIIRP 1: crossover-suppressor 

~ 
yy 

t hes 

v g3 sl !, 
OlB 

y U CV V f 
SC CV V f 

I u CV V f 
SC e C ct6 g2 

y_U CV V f 
y u ec ct6 g2 

ct~ g,2 
Y.. u eo 

SC ec ctb g2 

. . 

. . 

stock cont aining t v,i s ted-abclomen males and: I 
yellow females with attached X1 s 

homozygous stock: thread scarlet peach III 
curled stripe so oty. The ~e were al so stocks 

thes and thes 
CFL CFR CIIILP CIIIRP l 

vermilio n gar net3 small-wing forked over I 
the crossover-sup pres sor ClB 

stock producing females with U-shaped X I 
containing yellow crossveinles s vennilion 
f orked over scut e cr os sveinless vermilion 
forked (4) 

stock producing f emale6 with y U CV V f 
over scut e echinus cut garnet2 

stock pro duci1 f emales with y u CV V f 
over y U ec ct g2 . 
stock pr oduci~ femal es with y U ec ct6 g2; 
ove r sc ec ct g2 

I 

I 

I 

For a more compl ete descri pt io n of the characters see Morgan, 
Bridges and Sturt evant 1925 
(1) For Bristle , see King 1927 
(2) For giant, see Morgan , Sturtevant and Bri dges 1927 
(3) For Df 2C ca , see Morgan, stu, t evant and Bri dges 1928 
(4) For y U, se e L- v . Morgan 1926 
(5) :No pu1)li shed dat a for cg or CpL CrR· 



Symbol 

b 

g bb 

Metz Fla . y 

Mrstwn. 

N. Orl. 

Pas. 

se 

St. Aug. 

st 

st p 

y pn 

y w 
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TABLE 2 

List of D. simulans stocks used 

Meaning of Symbol 

homozygous stock: black 

: homozy~ous stock: garnet bobbed 

homozygous stock: yellow collected in 
Florida by c. w. :Metz 

: wild stock from Morri stown , New Jersey 

wild stock from New Orleans , Louisiana 

wild st ock f rom P&sadena, California (l) 

homozygous stock : sepia 

wild stock fro m St. Augustine, Florida 

homozygous stock: scarlet 

homoz ygous stock: scarlet peach 

homozygous stock: yel l ow prune 

homozygous stock: yellow white 

:Chromosome 

. . II 

I 

I 

III 

III 

III 

I 

I 
_ ___ _...;.. _______________________ .....;. ____ _ 

For a more complete description of the characters and the stocks 
see Sturtevant 1929a 

(1) No published data for this stock . 
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of 4 or 5 me l anogaster females ?.rith 8 or 10 simulans male s, or 8 to 10 

simulans females with 4 or 5 mela.nogaster males. lNhen the combination 

was made in t his way the cross of simulans i by melanogaster ~ caused 

less difficulty than had been experienced previously by Sturtevant, 

Morgan, Bonnier and others. The more frequent failure of the latter 

combination is due to the lower viabi lity of simulans flies in wet and 

acid food conditions. The females may become w,:: akened and die before 

laying many eggs or even before matinc;. To oYe~co!!!e this difficulty the 

flies were mated and kept in vials with a small amount of foo d for one 

day before transferring t hem to the culture bottles . The bo 7-t les were 

kept in the incubator, set at 25.5°0., until pupae had formed . The 

parents were then removed and the bottles kept at room temperature 

(20-22°0.). 

The chance t11at non-virgin females may be present increases 

with the numbe r of f emales used in a mating. Since a large number of 

simulans females were used in each cross greater care was re qui red in 

selectini:; virt; ins. There was the added dif r' iculty that simulans females 

are sometimes fertilized a few hours after emerging (Morgan 1929). 

Hybri d cultures generally con:, ist of only one sex (see Sturtevant 1920). 

This served as a check, but in acdition all the crosses were made in 

such a Fay that flies which were not hybrids could be dete cted immediately 

by other characteristics. 

In counting t he bdstles the four dorsocentr 2.ls and four·­

scutellars were considered. To save time in making and recording the 

counts it was decided to include flies with more than four of the eight 

bristles missing in the class of 11 f our missing 11 • 'I'his t ended. to lower 

the com)ut ed r.:iean mt'1lber of missing bristles in cases where many bristles 

were ab sent, but did not affect the cases where a smaller nmnb er were 

absent. If only four of the eight bristles had been considered the 
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low classes would have been reduced by approximately half and the 

differences between them would hardly be apparent. The dif f erences between 

the various high classes are sufficient, as recorded, to dis ti rguish them 

from one another. Recording all eight bristles would make the differences 

greater instead of less. In some of the later counts all the eight 

bristles were recorded. 

Preliminaa: crosses 

It v:as first necessary to find various melanogaster stocks 

that produced di:f ferent bristle ef feet :~ on the hybrids. Females f rom 

stocks containing genes in the three large linkage 6 roups were crossed to 

males from various simulans stocks. In the case of the X and the second 

chromosome it 1!!as possible to use stocks containing r ecessive genes as 

well as a dominant gene with linked crossover-suppressors such as 

gt bb"or 
Cl B 

b gp a . 
Cy R 

Thus in the hyt rids the effect on the bristles of each 

of the homologous chromosomes could be determined by comparing the normal 

hybrius with those showing the character due to the dominant gene. There 

was no suitable thtrd chromosome stock cont aining a dominant gene which 

could be used since any gene affecting the bristles had to be avoided. 

In this case stocks were used that contained a gene or genes corresponding 

to the simulans genes. These melanogaster s tocks were first balanced 

against 2, third chromosome crossover-suppressor and tl-:.en crossed to 

homozygous simulans me,les. The hybrids consisted of two clas ses and the 

effect of each chromosome could be observed. 

The successful crosses using melanogaster stocks involving 

the X, second and third chromosomes are shovm in tables 3, 4, and 5 with 

the mean number of bristles missing for each class. rrhe columns headed 

by B, Cy, st, etc. represent the hybrids vhich showed Bar eye, Curly 

wing, scarlet eye, etc., but the actual melanogaster chror:iosome re-
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TABLE 3 

Preliminary crosses involving chromosome l 

Melanogaster Simulans N1.unber :Mean numb er of 
0 r:it of bristles missinl7-+ Flies B + 

-1.li.. lJ. Orl. 125 1.09 .85 ClB 

gt bb 11 
Mrstwn. 31 .oo .52 ClB 

gt bb 11 
St. Aug. 361 2.11 2.47 ClB 

gt bb 11 
se 284 .31 .47 ClB 

lz4 
N, Orl. 838 1.02 .73 ClB 

lz4 
St. Aug. 

ClB 
40 2.72 2.68 

s2 f se 282 .25 .18 ClB I 
I 

TABLE 4 

Preliminary crosses involving chromosome ll 

Mel,mogast er Simulans 'Number Mean number of 
0 (/! of bri~tl.es missing 
+ Flies Cv + 

b g:e a Mrstwn. 58 1.00 .80 Cy R 
b gj;Q a N. Orl. 

Cy R 
460 1.82 1.06 

cg N, Orl. 394 . 73 .99 dp2 Cy 

fr SU Mrstwn. 433 .65 1.82 -----Cy 

:ex bw mr 
Cy 

sp :Mrwtwn. 363 .82 1.96 
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TABLE 5 

Preliminary crosses invol vin,.g chromos ome ill 

Melanogaster Simulans Number of. Mean number of 
0 (:Ir Flies bristles . mi ssing 
+ st + 

rucuca st 328 .69 .82 
CFL Cm 

st sr e4 ro ca st 418 .88 .50 
C1IILP CI IIRP l 
st sr e4 ro ca st 147 1.86 .93 

CFL CFR st p + thes st 200 .49 .25 
CIIILP CIIIRP l 

p 

thes st p 100 .94 .96 
'TL 0m 

res st p 337 .86 .71 
CFL Cm 

+ se h 
se 

se 910 .23 .33 
CFL CFR 

se h se 355 .28 --
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sponsible for this is dif f erent in most cases as wil l be s een by 

examination of the stocks used in each cross. 

It is evident that the same mel anogaster stock gave different 

averages with the different simulans males used in the crosses. This 

had not been expected , and :furt11er tests were mad e tha t wil l be described 

below. 

Crosses J& lfilil_ cytoulasmic differences 

in melanogaster stocks 

In or u. er to test the effect of the cyto 9lasm on the bristles 

reci proc a.l mati~ were made between melanogaster stocks producing high 

and low numb ers of missing bristles. Stocks involving ClB could not 

be used in this way since ClB males do not live. Two st ocks were 

obt e.ined which could be used reci procally since the recessive genes 

present would not affect the viability of the males. Females having the 

constitution YU cv v f and YU ec ct6 g2 
were crossed to males of 

SC CV V f SC ec ct6 g2 

several dif f erent sin.ulans docks but none of t he cultures produced 

flies ( see table 17). Many different numbers of males and females per 

cul tu.re were tried*, and the wings and legs of the females were cut in 

*Sturtevant (1915) has shown there ma)' be fi gl1ting between t he males 

if two court the same female. 

the hope of making mating easier, but all the culture s failed (see 

Sturtevant 1929a). It is probable t hat mating di d not take place, since 

many eggs were l aid but none hatched. Some of the fem~les were disse cted, 

but 110 sperm could t: e found in their receptacles. Tl~is does not , however, 

prove conclusively that no mating took place, since the females wer e at 

l ee,st nine days old and the sperm may have been used up after a possible 

mating, but males were still alive in the bottles when the females were 
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dissected anci sperm should be found if a re cent mating had occurred. 

Male s of the constitution y U ec ct6 g2 were cro ssed to simulans females, 

but again all the matings failed. 

Of the second chromosome stocks dp~gCy males were cross ed 

with gt bb" females and the ClB dp
2 

Cy Fj;d,:erilales crossed with Morris-
ClB + + 

tov,n simulans males (table 6). The low values - much lower than those 

for either parent - are probably due to t he loss or addition of modifiers 

through cro ssirLE the two stocks. The high average stock b gp a was 
Cy R 

crossed reci pr ocally wit h the low averz,ge stock seJ1 a nd the Qy se h Fl 
+ + 

flies used i n cros ses with sepia simulans male s and females. 

b gp a Sf x se h ~--~o _Q.y 
Cy R se h + 

se h i and t (A) 
+ 

X b gp a o"--e .Qz s e h i and a' (B) 
Cy R + + 

The F1 f emales (A) and (B) have exactly the same chromosome 

constitution, but (A) females carue from eggs with Cy cytoplasm and 

(B) females came from eggs with se h cytoplasm, The mal es are alike 

except for the X and Y. The (A) males receive their X frm11 the Cy stock 

e.nd their Y from the se h stock; the (B) males receive their X from se h 

e,nd their Y from Cy. The dif f erent Y chromosomes can be seen to have 

no effect on the bristles of the hybrids, since the classes from both 

(A) and (B) crosses show practically the same values (table 7). This 

t able also show~; the hybrids from (A) and (B) females crossed with 

se simulans mdes dif '..' er f rom each other :;lightly or not at al J.. If 

the cytoplasm of the Cy stock was re sponsible for the high number of 

missing bristles we would expect the hybrids from (A) to show a higher 

number missing than those ~rom (B). The st riking difference is that 

between the number of bristles missing in males compared with females 

and the separation of these values into four classes in case of the males. 



TABLE 6 

gt bb 11 x ~q_g__ _ ... ClB dn2 c;v 
~ -;:z-;:;- o ---• - r z. ~ mel. x Mrstwn f! sim ClB dp Cy + + 

Culture Number of bristles missinQ". 
Cy B Cy+ + B ++ 

0 1 2 3 . 0 l 2 ~ . 0 1 2 1 I • 0 1 2 3 

112 86 3 2 0 77 7 3 0 62 7 1 0 55 4 1 0 

121 51 10 5 0 57 5 1 0 32 5 2 1 33 4 3 0 

122 30 6 1 0 27 5 3 0 22 7 1 0 33 7 1 2 

Total 167 .19 8 0 161 17 7 0 116 19 4 1 121 15 5 2 
Mean .18 .17 .21 .22 Values 

TABLE 7 

Mean number of bristles missing in crosses between se sim and Cy se h mel. 

Melanogaster 1 Simulans Parent 
parent se r:JI uroducin12: i hvbrids se ~ uroducin1e: mostlv r1 hvbrids 

number 
of Cy se Cy+ + se ++ by se. Cy+ + se ++ 
Flies 

QI~ from 3372 .25 .24 .18 .20 <J' 1.24 1.62 '.lQ .63 • .J.J 

+ + + (A) i .56 .55 .15 .28 

Qr se h from 1731 .23 .18 .16 .17 1.29 2.01 .40 .66 
+ ++ (B) 

Qr ~from 
II + (D) 1099 .22 .31 .12 .19 1.64 2.45 .44 .83 

TABLE 8 

Mean number of bristles missing using yy Qr se hi mel, (C) 
II Df 

Simulans Number 
male used of Cy+ Oy,Df ++ ·+ Df 

Flies. 

se 589 2.97 3.12 1.21 1.72 

N. Orl. 661 2.82 2.91 1.25 l.bO 

Pas. 652 2.95 3115 1.44 1.65 

Mrstwn 679 1.49 1.52 .51 .57 

Number 
of 

Flies 

5078 
379 

2436 

2088 
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This difference is shown to be due to the sex of the hybrid, since males 

and fem.ales which hatched from the same cultures (A rJ' x se simulans ~) 

gave decidedly different values (table 7). 

~ ™ .2J.. melanogaster attached-X stocks 

Since the hybrid males have more bristles miss ing than the 

females it was decided to study them in particular and to compare the 

hybrid males obtained by using melanogaster attached-X stocks with hybrid 

males from simulans mothers. A melanogaster stock was made up as follows: 

2 
yy i from .Im x ...fil:.._ c! --. yy Qr o 

yy Cy sp + + 

yy QI i 1 __ r __ e"-s __ ~ ___. Qz Df 0 
+ Df 2C ca YY + + + 

yy: QI Df i x li ~ t ---'llyy .Qx se h O and .Qx se h cf (C) 
+ + II se h II Df + II Df 

The stock was kept by selecting the yy Cy Df female s and crossing 

to se h males. Thus the stock contained the crossover-suppres s or including 

Cy over the nonnal s econd chromosome from se h and the third chromosome 

from se hover the crossover-sup;>ressor including Df. :Males and females 

are a.like except for the X-chrornosome, but this does not enter into the 

constitution of the hybrids, since only male hybrids will be produced 

when either males or females from this stock are cross ed to simulans. 

Many male hybrids were obtained. by using yy _Qy se h females, but un­
II Df 

fortunately the crosses ( thirty-eight attempts) inviblving Qr se h males 
II Df 

failed. 

Table 8 shows the results of crosses bet·:. een (C) females and 

males f rom four different simulans stocks. The hybrids from Morristown 

males are seen to give low er values than the others in all four classes. 

In this table the clas s labeled Cy+ corresponds to the Cy se class of 

table 7. Cy Df corresponds to the Cy+ class, and so on, since the Df 

chromosome now corresponds to the : third chrorno some of table 7. Of 
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course sepia appec:.red in the hybrids from the cross with se si mulans . 

Another melanogaster stock was made up as follows: 

Bl ' x ll se h cf--)» !J_ se h~ and ~ (D) 
Cy sp II se h II + • 

These Qy li...n flies were like the yy-SJ:i. se h flie ... with regard 
II + II Df ., 

to the Y, to one third and to both s econd chromosomes. The · raale hybrids 

from .Qy se h melanogaster males would differ fro i::i the hybrids from 
II + 

Qr se h 
YY II ~ females only i n the ch:uo!nosome containing Df. They serve in 

a partial comparison of male hybrids derived f rom e1:;i; s containing different 

cytoplasm. Females fro m (D) were also co mpared with females from (A) 

and (B) in table 7. Little difference was expected i n the comparison 

of the females , ~ince they generally give low valv.es with slight variations. 

The mal es fro~ (C) ~nd (D) ( tables 7 and 8) di f fer in regard to missing 

bristles in each case except when Morristown male is cross ed to (C) 

female. Considering the first thr ee crosses it is seen that the differ­

ence in each class is consistent. Since the values for (D) mal es are 

with se simulans f eillales, a compa rison with the hybrids from (C) f e;-nales 

by se males alone woul d be more co mplet e. Here the differences suggest 

that something is active during develo pment causing one group of hybrids 

to have more bristles missing than the ohter. This comparison is not 

exac t , however, because the hybrids f rom (C) contain the Df chromosome 

while the others co nt ain the nonne,l t hird chro:nosome. Considering the 

f our classes of hybrids pro duce d in t hese crosses and comparing the r atio 

of Df to se (2. 42 to 2.11) wi t h t hat of+ to se (in the cross with (D): 

1.65 to .99) it appears that c1.ny effect on the bristles by Df is in the 

direction of reducing the number miss ing, thus reducing the diff erences 

in our comparison of crosses with (C) and (D) instead of increasing them. 

A more direct comparison was made by using the following stocks: 
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yy ~ from Pn
2 

x b gp a cl'--~ YY .Qr i and QI r! (E) 
yy Cy R + + 

yy !t from ta x b gp w~ rJf---la yy Qy ~ and .Qy tJ' (F) 
yy Cy R + + 

Th e male s and females of (E) and of (F) hct.ve the same chromo­

some (autosome) constitution and when crossed with simulans females or 

males s hould pro duce only male hybrids. The hybri ds will have different 

mel a.nogast er Y, but t hi s ha s be en s hown to have no effect on t he bristles 

( s e e discussion page 10 and table 7). These hybri ds shoul d b e exac t l y 

2,like except that one t ype developed fro n, simulans egg and the other f rom 

melanogaster egg. Any dif f erence bet ween t he t wo t ypes should 1)e due 

to the effect of t he egg cytoplasm on the developillent. The results 

of the cr·osses are s hown in table 9. '.l:his t able shows that in ea ch case 

hybrids ~evelo pi ng f ro m mela:rJ.o ;;as ter e6bs had a hi 0 her nur:i.ber ol' br i stles 

missing than hybrids of the cor r esponding cla ss developing fro m simulans 

eggs. 'J:he chromosome constitution of the hybrids fro m the t wo c -:-·os ses is 

i dentical. 

Another test was made which shows a def ini te ma t ernal ef f ect 

on the bristles of the hybrids. An a t tached-X s to ck wa s made up in such 

a way that the male and female flie s were known to ha ve i dentica l Y-

2 
A double yellow f:emale from .EB was mat ed to a b gp a male 

YY Cy R 
chromosomes. 

aJ.'ld an F1 yy Cy female and Cy male crossed. An F2 Cy mD.le was then cr ossed 

back to an Fi yy Cy female. 'I'llis s tock will be de signated a s (G). 

xxxxnbgpa ----1DXXY2IxXY.Q.r--,. xxyQ!.+nQx 
CyR + -+ -+ + 

XXY Ql x XY Qy ~ XX'{ .Ql: + XY Qy (G) 
+ + + + 

A similar stock was made up using a f emale from ta and will be desig­
yy 

nated a s (H). 
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TABLE 9 

Reci crocal crosses 

Simulans Melanogaster stock . . 
stock vv Ov i from E) Cv ~ from (E} 

Number Mean number.of missing Number.Mean.number. of missing 
of bristles of bristles --Flies Cv -1- Flies Cy . ± -

ywd'-i 58 2 .70 1.50 135 2.51 ,47 

0 286 2.81 1.18 se <Jf - -1- -- ---- ----

yy Cy :i, from (F) Cy rJf from (F) 
it:: -
yw cJf - -9- 146 J:50 l.65 207 2.10 .37 

se ~- 2 78 2.95 1.78 " ·n5 2.36 1.11 

yy Cy i from (G) Cy ~ from (G) 

bd4-~ 314 5.04 ± .17 3.52 ± .19 1693 2.65 ± . 07 1.20 ± .05 

yy Cy i from (H) Cy a< fro m (H) 

b cf - i 583 4.32 ± .15 3.10 ± .12 1030 3.22-± .10 1.07 ± .06 
j 
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Reci proc al crosses were made between each of the stocks (G) 

and (H), and black simulans. The hybrids were examined and a record 

kept of all the dorsocentral and scutellar bristles instea d of recording 

no more t han four as was done previously. These results are included 

in table 9. '11he differences between cla.sses are in the s ame direction 

as those foun6 with s tocks (E) and (F). 

The Effect 9J.. melano~aster 

cytople,sm. 

The result s of all the crosses in which the hybrids from 

reciprocal matings have their chrome some constitution identical or nearly 

so are e.rr-anged in table 10. The sex chromosomes are marked Xm for 

melanogctster X ancl. Xs for simulans X. The Y comes from the melanogaster 

parent in each case. Cy indica tes that the hybrids contained the 

melanogaster Curly chromosor.1e , and + indi cates the pre s ence of the not­

Curly chromosome. The other chromosomes are identic&l in each cas e and 

are not represented. The terms lov! , medium, high, etc. are purely arbitrary, 

base d on the mean values shown. 

The female hybrids developing from simulans eggs show a slightly 

higher mean value than t hose fro m the reci pr oca l cross . However, in other 

cros ses us ing females from (A) vr,.lues were obtained wl, ic:h ap -p roach 

.55 and in crosses with females f rom (D) values higher t han this were 

obt aine d. (see table 19). The male hybrids derived from (C) were not 

identical with those derived from (D) since one parent co nt ained the 

Df chrornoso,"e. As sho,·.-n above the Df chromosome influenced the bristles 

even less than the homologous normal chr·o rno:-:: ome. However, the best 

comparisons for the males are those involving hybrids derived from 

(E), (F), (G), and (H). In ( E) and (F) the t wo groups are identical in 

constitution except for the origin of the melanogaster Y as mentioned 
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TABLE 10. 

Results from reciurocal crosses 

Hybrids.from mel~.nogaster ~ggs Hybri9-s from stmulans egs; s 

Melano- Chroma- Mea.n number of Melano- Chroma- Mean number of 
gaster some missing bristle: gaster some missing bristles 

i compos- (JI compos-
ition ition -

Qy_ se h Xm Xs Cy very low .24 Qr se h Xm Xs Cy low .55 
+ ++ + ++ 
fro m (A) Xm Xs + very low .19 from (A) Xm Xs + very low .21 

yy Qy_ se h Ym Xs Cy high 2.97 QI~ Ym Xs Cy medium 1.95 
II Df II + 

fro m (C) Ym Xs + medium 1.46 rom (D) Ym Xs + low .52 

yy Cy Ym Xs Cy high 3.19 Cy IYm Xs Cy medium 2.48 
from from (E) 

(I ) and (F: IYm Xs + medium 1.65 and (F) IYm Xs + low .89 

, 

yy Cy Ym Xs Cy ·very high 4.57 Cy Ym Xs Cy high 2.86 
from from 

(t) & (H) Ym Xs + high 3.25 G) and (H: Ym Xs + medium 1.15 

-

TABLE 11. 

Comparison .Q.!. male s f rom reciprocal crosses 

Melanogaster Type of ~ hybrids cf' hybrids Number 
stock used Hybrid from mel. from sim. Difference times the 

i i probable 
error 

Cy 5.04 * .17 2.65 -t .07 2.39 -t .18 13.3 
G 

+ 3.52 :t .19 1.20 ± .05 2.32 + .20 11.6 

Cy 4.32-± .15 3.22 t .10 1.10-± .18 6.1 
H 

+ 3.10-± .12 1.07 :t .06 2.03 ± .13 15.6 
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above. The differences between the mean values 3.19 and 2.48 , and the 

values 1.65 and .89 are cert ai nly significant. In (G) and (H) the two 

groups of hyb1~ids are identical in chromosome constitution since the 

stocks were mad e up in such a. way 'c,hat hybrids from both melanogaster 

males and females would contain the same chromosome s . Here the values 

for each class are higher, s i nce all eight of the bristles were recorded. 

A comparison of thes s values with the diff erence between them i s shown 

in table 11. 

In each ca se the hyo·ids fro m a m.elanogaster mo ther have more 

bristles mis:,ing than those from a simulans mother. The dif fe r _ence 

be t ween these clc,sses range from 6 .1 to 15 .6 times the probable error. 

In every cross producing males the hy i)rids whi ch develo ped 

from melanogas te r eggs showed a hi gher mean va l ue t han those which 

developed f ro m s i mul ans eggs . 'fhe females showed a d:Lff erence in only 

one class and t hat in the op [)os i t e direction, but thi s disagreement 

has been explained <':.bove, partially at least. 

Influence .2.f. simulans stocks 

It ha s been mentioned 2:.bove that dif f erent re sults were obtained 

;,1hen Vi rious simulans stocks were crossed to tl,e sr:,.me melanogaster stock.* 

While most of the sirnulans stocks gave nsarly equal n.;_m·bers of missing 

bristles one in particul ar (Morristown) gave a louer rne,rn value. This 

difference is not e i .sily detected in the female hybrids, but can be 

seen plainly in ca se o f the males. Further cros,:es were made in order 

to compare male hyt rids from vc: rious simulans stocks. 

Males from four different simulans stocks were crossed with 

yy'g;z se. h females from (C) and the male hybrids compared. These values 
II Df 

*Sturtevant (1929a) did not fi nd this difference possibly because the 
simulans stocks he used produced a medium effect and also because he 
dealt mainly with female hybrids. 
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are shown in table 8. 

Males f rom eight different simulans stocb: were crossed with 

yy females and f rom EEJ2 
and~ mela.noga ster stocks. The results are 

yy yy 

shown in table 12. For compa.rison the actual nu .. mbers are sho·rn for the 

cross of yy females from~ to t he black and 1fo rri s tovm stocks (table 13). 
yy 

The hyt rids fro w simula ns f emale s also differ in t he number 

of bi r s tles missing ac cordi ng to the simulans stock used. Females from 

six simul ans st ocks crossed to S2:f.. se h males from (D) pro duce d male 
II + 

hybrids which differed fro m ea ch other jus t a s in t he previous crosses. 

The results are given in ta·ble 14. This shows t11at the difference betwe ~n 

the sirnulans stocks is due to the c :0 nstitution of the stock. The pres-

ence in the stock of inhibitors or modifiers of some sort causes the 

hybrids to de velop with different numbers of missing bristles. 

A compo,rison of the simulans stocks is shown in table 15. The 

melanogaster parent is li sted e,t the top of e~.ch colt.mm an c1 the va rious 

simulans stocks are a r ranged in the order of their effect on the bristles 

of t he hybrids. The stock causing the greatest ef f ect mea ns that 

one causing most bristles to be missing. 

In each cr oss except one t he values for the Morri s town s tock 

were the lowest. The dif ference in t l,is one case may be due to the 

small rn..unber of hybr i ds whi ch were obtained. When black was used i n the 

cros se s it produced the greatest ef l' ect in all exc ept one cas e where a 

. mall number of hyt,· i ds from S i . .Augustine stock showed a higher value. 

1rhe other stocks were distributed at n :,ndom between t h e hi z;hest o.ncl 

lowest va.l ues wllich suggest that they are parctically eqt1.a l in their 

ef r' e ct on the hybri ds . It is surprising that the bla ck and j1orristoYm 

stocks should differ so wi dely , s ince they are the most clo s ely related 

of all the stocks used. The black mutation was found in the 3.1orristown 

stock ( Sturtevo,nt 1929a ) and was never outcros s ed. Some change in one 
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TABLE 12, 

Influence of simulans ~ _Qn bristle number 

'yy 4•from .Enc::: yy .\?-•from ta 

Simulans male 
yy VY 

Number Mean number Number Mean number 
of flies missing bristles of flies missing bri_stl~s 

b 438 2.92 552 2.73 

N. Orl. 870 2.26 770 1.93 

se 528 2.28 1409 1.83 

Pas .. 948 1.81 634 1.89 

st. Aug. 524 2.19 532 1.32 

Mrstwn. 1424 .78 1358 ,74 

y w ---- ---- 118 2.53 

y pn ---- ---- 173 1.38 

TABLE 13. 

Comparison of black and Mon·istown stocks 

Number Average-- Nuriiber of bristles 
Simulans male of flies per miss ing .. • iilean 

cultures culture 0 I 2 '3 4 ·,talue 

b 4 138 72 ;S6 Bo 83 261 2.73 

Mrstwn. 10 136 791 282 164 76 45 .74 

TABLE 14. 

Influence of simulans female on bristle number # s: 1i ff from (D) used in each £.ill· 

Number Mean number missing bri s tles 
Simulans female. of flies Cv + 

St. Aug. 115 3.36 1.32 

b 1270 2.70 -1~ 

se 2088 2.06 .62 

lif . Orl. 844 1.84 .29 

Pas. 347 1.60 .41 

Mrstwn. 438 1.20 .15 
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T.ABLE 15. 

Simulans stocks a.rra,np:ed in order of ~:U ect .2.£ the bristles of hybrids. 

Effect Qi ~ i Q]. se h ~ .Qy se h -9- yy -9- yy i . II _. . II -t- . yy II Df 
-f-rom · ·from on the . · -

bristles Cy + Cy + Cy + .E.B2 ta 
YV vv 

Grea,test b b st. Aug St. Aug Pas Pas b b 

Mrstwn. ;Mrstwn. b b se se se n. Orl. 

N. Orl. 'N, Orl, se se N. Orl. u. Orl. l'J, Orl. N. Orl. 

se se N. Orl. Pas Mrstwn. Mrstwn. St. Aug se 

' 
Pas Pa s Pas N, Orl. ------ ------ Pas St . Aug 

:, 

Least --- -- - ------- Mrstwn. Mrstwn . ------ ------ Mrstwn. Mrstvm. 

TABLE 16. 

Tests.££ ; orristown stock 

-- , 

Type of cross Mean number missing bristles. 
. . 

b -1-

0 fjf, - - - --o . . Mrstw-l'l, + x b 2.59-± .18 1.82 ± .14 + cl' sim. X ff b pr C se h ~ mel. 

b ~ x Mrstwn rf ---- -o 
hi mel. 

3.82 ± .23 3.26 ± .19 + cft sim. X ff b pr C se 

Difference 1.23 ± .29 1.44 ± .24 

Se + 

Mrstwn. i x se cJf -----0 

2. 10 ± .16 2.26 ± .19 + <I sim. X ff b pr c se h ~ mel. 

se ~ x Mrstwn. rJf -----o 3.56 ± .18 3.48 ± .19 + CJ' sim. x ff .b pr C se h -\l mel. 

Difference 1.46-± .24 1. 22 ± .27 
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or bo th of the stocks must have taken place since t hen , or else the 

ble,ck mut a tion affects the bristles al so. To test t his pair matings 

were made of blo,ck simulo,ns flies and the bristles co unted. Of 391 

off spring not one had le ss than four dorsocentra l and four s.cutellar 

bristles, while some had extra s cutellars. The mean number of bristles 

wa s 8.67 ± .04. It is probable that t his excess of bristles i s not directlJt 

related to ;:.he absence of tr,em in the hy11rids since here only the scut ellars 

are duplicated, while in t h e hybrids both dor so centrals ancl scut ella.rs 

s,re decreased in number. 

The morristown s;ock was t hen tested to see if a definite 

chromosome was t he cause of the low bristle ef f ect on the hybrids. It 

'l"!B.s compared with black to test the se cond chromosome and with sepia to 

t est the third. A melanogaster stock (ffb pr c se h) was mad e up which 

hctd attached-X chromosomes bearing forked, 2.nd was homozygous for the second 

chronosome characters black, purple, curved and for t he third chromosome 

characters sepia and hairy . Recipro c,:i l matings were nmd e between Mor r-ostown 

and b and J,Iorri s t own and se , and t he F1 males in each ce.se C :"O s sec. to 

ff b pr c se h melanogaster fema,le s . This al lowed a com1)2.rison of the 

nonual second chromoso me of Har ris town with the b chro mosome in one case, 

o.nd of t he :hhrmal thrid chromosome of ~ftor r istovm with t be se chro rno some 

in the other. 'l'he effect of the l'!o r !·ixtown X was t ested in bot h cas es. 

I n t h ese crosses all eight of t he bristles were r ecorded. The result s are 

shown in table 16. 

The third chromosome of t he Morr i s town sto ck does not differ 

from the se chromos ome in its effect on t h e bristles of t he hybri ds s ince 

t he values for the s e two classes a re eq~. The second chromosome of 

the l!,1 or ristovm sto ck is very little different from the b chromosome, since 

the values are nearly equal. In one case the difference be t ween t he bl a ck 
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and nor:raal cla sses is • 77 -¼ .23 or 3.3 times the probable error whi le in 

the other case it is only .,6-¼ .30 or 1.9 ti:me s the pro bable error. 

But botl': these differences are in the s c·.::i~e directio!1, so it is possib1e 

that these two chro mosomes differ slightly in their effect on t he hybrids. 

The greatest difference between the Morristown and band se stocks is due 

to the difference of the Morristown X cliromosome. The values fro r.1 the 

reci :;-rocal crosses differ in each clas :., and show that t he X chromosomes 

of the band se stocks cause more bri s tles to be missing in the hybrids 

Lhan the Morristown X chromosome. The <8.ifferences are 4.2 and 6.0 times 

the probable error for the b stock and 6.1 and 4.5 times the probable 

error for these stock. 

Bristles .2J. lli parent species 

Bristles were missing fro m some of the flies of every hybrid 

culture, regar dless of the stocks which vrere used in t he cros s . Some 

melanog;aster stocks gave hi gher numb ers of mis sing bristles and some lower, 

also different results were founc, to be due to the pres ence of different 

chromosomes. The chro1:1osome containing Curly produces a greater ef f ect 

than its homologue and s epia hairy chro1,1osorJe seems to produ ce less effect 

t11c:..n its ho nolog1.,e. If specific g enes .icting on t:1e tristles cat..s e t. :~is 

ef f eet in hybrids , it v10uld be suspected that the Curly chromosome cont 2; :i.ns 

more of these, or else certain one s producing great er effect than t :~ose 

in the sppia hairy chromosome. In that case the Curly chromosome might 

be expected to affect the bristles in melanoga ster cultures. To test t his 

_fil_ 
Cy sp 

melanogaster females were mated to norma,l melanogaster males a nd 

b83 off spring examine d. The me,m number of bristles present for curly 

flies was 8 .01 i .001 and for normal flies ,,ras 8.02 ± ,008. Only one 

:l'ly had le s:: than eight bristles and in that case it looked as though 
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the bristle had been present, but was broken of f. Homozygous s tock of 

sepia hairy wo l,l d be ex pected to hE:.ve some of t h e bristles absent, since 

it would be homozygous also for the genes causi ng t he mis si ng bristles in 

the hybrids. The bri ,; tle s of 304 sepia hail-y flies (from pair matings) 

were examined a.ncl t he mean rn,~mber of bristles present was found to be 

8.64 ± .04. Not one fly had les r.; than eight bristles and none had extra 

dor·socentrals. The extra bristles were scutellars and in most cases 

anterior scut ellars. Duplication of these bristles was found to be one 

manifest a tion of the gene for hairy (:Mohr 1922). The black simulans 

stock was te st ed in the same way , and the meen number of bristles present 

was found to be 8.b7 ± .C4. The caus e of the ex t r a bristles in t his 

sto ck is not known. 'rhe black s i mulans stock showed the gr eatest number 

of bristles missing from -che hybrids. 

If sp ecific genes cause missing bristles in the hybri ds they do 

not produce a noticeable ef f ect on melanogaster fli e s either when in 

heterozygous or in homoz ygous condition. 'l'he simulans fli es which were 

examined hLd extra bristles, but this is belie 0.-ed to be due to some other 

cause not rela.ted to tbe hybrid effect. 

Success .Qi. Crosses 

It is easi er to make the cro ss using mela nogaster females than 

when sirc.ulans females a re use d . Tl-! is had b een found pre\0io,,;. sly by Sturte­

vant, Ilo rgan and others, but the difficulty with simulans females was not 

as great in this work as in their experiments. 'rhis muy have been due to 

the methods that were used. Sturtevant (1929a) and Morgan (1929) expressed 

the opinion that the yel low stocks gave a greater percent of successful 

cros s es since the females were les s vigorous and offered les s opposition 

to mating . I n t he present e~periment the yellow simu.l an s stocks gave poo r 

results and the yellow melanogast er stocks c ave about the average number 
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of successful matings. Table 17 shows t he percent of matings with mel-

anogast er females which produced hybrids. Only t hose stocks are i ncluded 

which were crossed with two or more s i rnulans stocks. 

In cas es where the cross was one hundred percent successful 

no more them four or five crosses were at t empted, but in some cases as 

nm.i-i.y as fifty uns uccessful a tteip.p.t s a t crossing were made. The figure 

for all the crosses, 44%, is r cmlly not a true index s ince an equal number 

of attempts at each cross was not made. The va lues range fro m 0% to 86% 

for t he simulans males, ancl from 0% to 1007; for the melanogaster females. 

The stock which gave 1007~ included Oi1ly six cultures; the next highest 

value is 68%. 

Table lo shows the percent of matings with simulans females which 

produced hybrids. Here t he values rang e from 8% to 100% for the simulans 

femal es and from 0%, to 83% for the melanogaster males. 'i'he figure for 

all crosses, 45701 is a.gain not a ture index as t o the succes s of the matings. 

It must be r emembered. than an average of ten sLnulans females were used 

for each culture, while only f ive melanogaster females were used in the 

crosses. 

Considering all the matings t he black simulans stock was found 

to give the hi ghest percent of successful crosses, 79%· The New Orleans 

stock crone next with 687&. In the melano ga s ter stocks yy Cy from (F) 

was first with 70% and Sd:i.. se h from (B) second with 6ni of successful crosses~ 
+ + 

A summary of i-,,ost of the crosses with the mecill number of bristles 

missing is given in table 19. 

Table 20 shows the number of hybrids produced by cdl the crosses. 

the 41 males produced by regular melanogaster f ema.1.e s were due to non-

disj unction in females containing ClB. The 3 f emales produced by a ttached-X 

melanoge.ster females were due to separation of the attached-X 1 s in the 

mother. 



TABLE 17. 

Perc ent .Q.!. matings which pro duced hyb rids fro m mel anogaster f emales 

Melano raster stock ~ 
,-.,. 
e 
~ 

Sim -;;j" 
stock i-----

se .53 .44 .64 .29 . 67 

Mrstwn .67 .bO LOO . 83 . 77 

N.Crl. 1--- 1.00 .67 .80 .67 

st .Aug f .oo ---- --- .83 !l.oo 
Pas. --- .64 .59 .67 .67 

b --- .88 --- .89 . 60 

yw .oo .16 

.oo 

.oo 

.oo 

.oo --­

.oo ---
.oo 

.oo .oo .25 

:>, 
0 

:>, 
:>, 

.25 

----

.90 

.50 

.60 

.40 

--- l.OC 

.50 l.OC 

.oo ---

.40 .oo 

.oo .oo 

.oo .48 

. 25 . 63 

tL.oo . 80 

.86 

.63 

.72 

--- o~ • ✓ 

y pn --- --- --- .oo .33 .oo .oo .oo .oo .oo --- --- --- --- --- .04 

Metz 
Flay .oo .oo --- --- --- .co 
Total G 'lb .58 .68 .67 .,o j-5 .001 .oo .oo .29 .60 .57 1.oc .18 .co .29 .44 

TABLE 18. 

Percent mating s wh ich produced hybri ds fr om simulan s females 

. Melanoirast er stock as: 
~" IX'1 - " "° 

+> 
,,-.._ '-.-/ A 0 s:: « '-" -.._/ Q) 
'-" t.O t) 

4J H 

Simulans ;1t 1r~ ..Ql 'H 
C) ,...... ,..... Q) 

P'l pq ;a 

~
; p_, 

st ock © A C) '-' '-' 
w 

~ 
Q) p rl 

-?- 61+151:::: 
qj :>, :>, m 

si H p, +> ~ 0 0 +> +> 
O H tu) I 0 

:>, E--1 

se .84 .80 .oo --- .oo .oo . 75 , 1.00 --- -57 .67 

:Mrstwn. .20 .45 .oo .25 .oo --- --- --- .75 .oo .21 

N. Orl. --- . b7 .oo --- --- --- --- --- --- --- .38 
St. Aug. .oo .50 --- --- -- - --- --- --- .50 --- .33 
Pas. --- .14 .oo .oo .oo --- --- --- --- --- .cs 

b --- 1.00 --- --- --- --- 1.00 1.00 --- --- 1. 00 

yw --- --- --- .oo .oo .oo .So .83 --- .oo .34 

y pn - ·-- --- --- --- --- --- .50 .oo --- --- .25 

Tot. oJo .75 ,47 .oo .09 .oo .oo .83 .82 .63 .22 .45 
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TABLE 19. 

~ number .Qi bristles missing in hybrids between 

Drosonhila melanogastfil: ~ DrosmEhila simulans. 

M e l ::mn-; =t er s-'- nf! k' 

Qz se h ~ Qz se h ~ ~ se hi 
+ ++ + + + II + 

"£I se h ~ 
II + 

'y ~ se h 
• II Df 

f ram (A)(~ f ram (A) (B: from (D) from (D) ~ fro m (C) . 
' 

Cv IJ 
+ Cv I + Cv ~ + Ov af + Cy ~ ·- + ~ 

o'l.50 .52 
.23 .18 f .55 .21 .27 .15 2.06 . 62 3.04 1.44 

! 

-
yy ff. yy !i-
from from 
.Im2 ~ 
yy yy 

r1 <f' 

2.28 1.83 

N. Orl. --- -.... _ --- --- .59 .23 1.84 .29 i 2.85 1.38 ·2.26 1.93 
i 

Pas. --- --- --- --- .19 .07 1.60 .41 . 3. 04 1.55 1.81 1.89 

Mrstwn. .40 .28 1.25 .13 .85 .45 1.20 .15 1.51 .54 .78 .74 
' 

St. Aug. -36 • 33 --- --- --- --- 3.36 1.32 --- --- 2.19 1.32 
: 

b --- ---- --- --- 1.26 .46 2.70 • 79 : --- --- 2.92 2.73 

y w --- --- --- --- --- --- --- --- --- --- --- 2.53 
' 

y pn --- --- --- --- --- --- --- --- --- --- --- 1.38 

TABLE 20. 

Hybrids produced E.! all cros :, es 

Type of cross Female Hybrids Male Hybrids Totals 

mel. ~ x sim. rl' 20,388 41 20,429 

XXY mel. ix sim 6 3 15,045 15,048 

• 0 1 sim. + x me . ~ 437 16, 870 17,307 

- . -
Totals 20,828 31,956 52,784 

I 

·- -
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Chromosomes .Qi the hybrids 

Pairing of the chro r~os omes in t h e Di ptera was first fo,).nd by 

Hiss Stevens (1907, 190B). She stated (1908) that there is 11 pairing of 

chromoso mes in cel 2.s somewhat removed from the s phere of the reduction 

pr oces '3 11 • Metz (1914, 1916 a, b) found this to be the case in many more 

species in a ddition to the ones studied by stevens. The pairing was 

uniform and complete except in occasional displacements of one or t wo pairs, 

and was fo und to be chara cte ristic of somatic a,s w,.:Jll a s g er minal tissues. 

In their studies on the chromosome s of the va rious species of 

Drosophila Metz and Hos es (1923) pl a ced melanogaster and simulans in the 

~ame group as having like dhromosome figures in the female. The chromo­

somes of the males were thougl:t to be similar also until Sturtevant (1929b) 

showed that the simulans male has a short rod-shaped Y chromosome instead 

of the hooked Y of melanogaster. 

Bonnier (1924) studied the chromosomes of hybrids between 

melanogaster and simulans and i n a drawing of one oogonial pl a te showed the 

chromosomes to be paired perfectly a s in both parent species. Me tz ha d 

suggested (1916a, p. 259) tha t 11 chromo some pairi:n__G>; is dependent up on the 

c:ualit ative nature of the chromosomes, - and rr:ore speci f ically upon a 

qualitative (physico-chemical) similc~rity between a ssociating members 11 • 

From this Bormier concluded (1924, p. 63) that 11 the same force within 

the ch r omosomes , wl1ich in melanogaster causes them to lie in pairs close 

beside each other, i s likewise to be folmd in simulans 11 • He objected 

to th e view of Sturtevant (1921) that species differ from ea ch other 

in many genes v:hich have arisen through mutations of the same kind as those 

g i ving rise to different mutant races. He believed that pairing chromo­

somes in the hybri ds served as proof that at least not many gen es dif f ered 

between the t wo species. Later he discussed species-differences again 

(Bo nnier 1927) and suggested that t wo species may be dif f erent ·in a single 
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cel l ular structure other thau the genes, that is transferred by the 

sperm as well as by the ovum . 

The di f ficult y i n studying the chro mosomes of t he hybrids has 

been to f ind enough material for study s ince t he ovaries neve r develop 

to normal size and are sometimes so rudimentary as to be di ff icult to 

find. The work with males is even more dif ficult. The me thod used by 

Fro l owa (1926), Stern (1929) and others of' studyi ng the nerve ganglia of 

the larvae gave a better opportunit y t o study the chromosome group of the 

hybrids. A good many large cells with distinct chro mosome figures have 

been found, though they are not a s numerous a s in l arvae from either 

pure species. 

The method of fixation we: s that used by Stern ( 1929). Frolowa 

(1926, 1929) and others, and the sections cut a t 5 micra were st ained with 

gentian violet. 

When the first chromosome fi gure s of the hybrids were seen it 

was found that they gave little evidenc e of pairi ng . As more of t hem were 

found there was the i mpression that t here wa.s no de finite arrangement 

in pairs. Since no work had been clone on pairing of the chromosomes in 

nerve cel l s it was necessary ~o study these cells in both parent species 

in order to be sure t hat the s cm1e pairing oc curs here as in the goni al 

cells. 

Larvae of ea.ch sp ecies were dissected and the nerve cells 

examine d. Al l cel l s in which the chromosomes could be seen distinctly 

were count ed and the chro mosome gro ,.tps exai'1iined. Each limb of the V­

shaperi chromsomes wa s ~onsidered separately so that a cell with perfect 

poi ring would be given a score of six: two fo r each V-shaped chrono­

some pair and one each for the sex chromosomes and IV chromosomes. 

The resul ts of t his comparison are shown in figures 1 and 2. 

Fi gure 1 shows the curves for pairing of al ::. chrorno somes of the hybrids 
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and parent spe cies. Fi gure 2 sho77 s the cur ves wi t }1 the sex chromosome s 

omitted ·rom the count since the X and Y chromosomes mi gh t not be ex pected 

to pair. These r- esuHs are f rom 15 cells of hybri ds (all ~ from yy mel. i), 

12 cell s of melano g<::.ster (4 ~. 8 ~) and 50 cells of simul ans (males and 

females were not distinguished). 

In bot h f igures the curve for t he hybrids i s seen to resemble 

a normal probability curve, while t hose for the pure spec i es are very 

asymmetrical c,nd reach the highest point a t complete pa.iring. It must 

be rememberd, in case of the hybrids, that wh en one limb of one V- .ahaped 

chromosome was beside that of enother it was cons idered pairing of homo­

logous limbs of identical chro mosomes. Since the second and t hi rd chromo ­

somes have not been i dentified in sL·ulans it was i mpossible to distinguish 

t hem in the hybrids. 

These results show that in ganglion cells of the . hybrids the 

chromos omes are not paired beyond what mi ght be epxe cted tbrough random 

arrangement. The percent of pairing when the sex chromosomes are omitted 

is 487b in hybri ds, 81. 7ib in normal mel anogaster and 87 .25b in normal 

si mulcrns. There is stro nger pairing of chron,o somes in ob·gonia of the pure 

sp ,o cies , but statistical study of t hese has been m,,.de, that the agent s that 

bring about pairing in the t wo parent Gpecies ar e diff erent and do not 

cause pairing of tll e chromosomes in the hybrids. 

Discussion .91. the results 

The ef f ect on the brtstles c~nnot be due t o a weakened 

condition of the hybrids because flies with missing bri st les do not necess­

ar i ly show ot her develo pment al abnormalitie s and abnorinal f lies m;,::.y have 

atll bristles pres ent . Many f emal es appear t o be abnormal in one way or 

,, nother , but few bristles are E,issing . Mal es generally have an normal 

appearanc e, but have many bristles missing. The f emales often have rough 
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eyes (especially t hose from certain s i raulans stock s ) while t he eyes of 

the male s are normal or practically so. Females hatching from the saine 

culture with male s may hav,~ rough eyes and the eye s of t he males appear 

perfectly normal. Under conditions of high te:a;perature (29°c) female hybrids 

r e.rely develo p p~- st t he pupal st age, wl1ile males emerge and appear normal. 

Males emerging at 29° have f ewer bristles mis s ing than t hos e emerging at 

22° C. The abdomen of the female s is more often abnormal than the abdomen 

of the males, and flies with abnormal a bdomens may have al l t h e bristles 

present. 

The missing bristles ar e evidence of imperfect corirdin,;i tion of 

the g enes of the t wo species. Genetic differences be t ween t he specie s ~re 

shovrn o,l so in the m2tnif estation in the hyLrids of t he dominant melanogaster 

chara cters Bo.r and Lobe (Morgan 1929) and Delta (Sturtevant 1929a). In 

res pect to face t number Bar diff ers only s light l y from normal eye in 

the hybrids and Lobe cannot be distinguished at all. The larger eye of 

s i mulans is probably responsible for part of t his difference. The Delta 

character due to the melanogaster g ene is less extreme in the hybrids t han 

i n pure melanoga,s ter, and tha t due to t he sirnulans Del ta gene is more extreme 

in the hyb rids t han in pure ::;i mulans. The failure of t h e hybrid chromo-

somes to pair i n somatic stages is taken as evidence of g ene difference 

between the chromosomes of t he parent species. The inversion of part 

or the right limb of chromesome III of simulans (Sturtevant and Plunkett 

1920, Sturtevant 1929a) compared. with r,1el8nogast er, wo uld tend to prevent 

pairing of that limb. It is possible that other s horter inversions may 

o,lso be present. 

In general hybrids f rom reci procal cuosses betwe Bn s pecies do 

not differ from each ot her, but in some cases they do and the difference 

has sometimes been attributed to the effect of t he cyto pl a sm of the egg . 

Difficulties often encountered in cross-mating l a nd animales a re not met 
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wit h in me.ny marine forms in whi ch the egg s and sperm cE.m be brought 

t ogether outside the body. The se forms have been l a r gely used in hybrid­

ization experiments. The earlier experiments involving r eci procal crosses 

were ma.de with different species of echinoderms , e specievlly sea-urchins. 

Since t he hyl:rid s did not develo p very fa.r, t he results were conf ined to 

l a r val chara cters. Vernon, Dri es ch, Boveri, Tennent end othe r s studied 

hybrids f r om many sea-urchin crosses and re por t ed reci c: rocal larvae that 

resembled the f emale parent in several res pects. Some of the early 

larval characte r s were as cribed to t he cytopl asm of the egg . The sperm 

was not suppos •?d to exert an i rnmediate influence on these stages . A 

comple t e di scussion of 1shese experiments, with the conclusions that we re 

rea ched , is .-i; iven by Mo r gan (1927). 

In adition to effects of t his kind there have been found ot her 

conditions in the cross-fertili zed eg,c: s t hat a re suppose d to e ff ect the 

character s of t he embryo. Fro exampl e , Baltzer (1910 ) disco vered that 

some of the paternal chr omosomes a re elimina t ed at t he f irst cleavage 

of the egg i n the cross betwe en Strongylocentrotus, Arbacia and Echinus 

females and Sphaerechi nus males, but t hat chro mosome distribution is 

nornal in the rec iprocal c:vosses. Elimination oi' one or more chromosomes 

was found by Tennent in crosse s between Toxopneustes and .Arbacia (1912) 

and Ci daris females a.nd Ly techinus ma.le (1 922) and by Doncast er and Gr ay 

(1913) in cr osses between sp8 cie s of Echinus. In each case the Lrvae 

develo ped a"bnormally and when maternal characters were pre sent it was 

suggested that t bis i s due to the elimi nation of one or more pa,ternal 

chromosomes. 

Crosses ba-, e also been r.:acl.e tetr.een closelj- relatec.: species 

of fish es and even between sp ecies of different sub-orders. Reci pro cal 

crosses have given cases of int ermediate and also matroclinous hybrids. 
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The mitot i c divisions were studied in several ca ses to se e if chromosomes 

were eliminated &sin the sea-urchin. Morris (1914 ) working with hybrids 

between Fundvlu::; and Ct.enolabrus, and G. and p. Hertwig (1914), working 

with species of Sobius, Crenilabrus and Box, found abnormalities in the 

divisions with some chromosomes lagging behind, but reported no elimination 

of chromat in. The larvae often died early in development when the cross 

v:as made in one diroction, but lived longer when the other cross was 

made. Pinney (1918) made a study of three r eciprocal crosses between 

Ctenolabrus and Fundulus, Stentotomus and l.lenidi a a nd compared the early 

mitotic divis i ons with the t ype of hybrid v,t ich developed . She reported 

that hyc r·ids of materna l t/pe may h.::.v e norllia: ::.;:; wel:'.. as .:.brlo:·:::al r.:itose::; 

in early divisions and that hybrids with mitoses a1mormal as well as 

11 prevailing normal 11 may di e during gas trulation before definite cha racters 

can be distinguishe d . She concJuded that the cause of abnormal chro 2~1osome 

tehc.vi or in the hybri ds is the real cause of abnormal development, but that 

normal chromosomal beho.vior in the early stages is not closely correlated 

with normal cievelopment. At least some of the reported "maternal in-

heri tance 11 must be due to something else besides irregul1:1.r chromos ome 

behavior in early mit oses. 

Many reci proc a l crosses have been a t tempted in Lepid opt era and 

most of the hybrids were found to be inteni1ediate between the parent forms. 

In some ca ses they resembled one parent more than t he other, Harrison 

(Han- ison and Drmcaster 1914) reported hybrids between species of the 

Bistoninae that showed 11 the superior influence of the male 11 , but suge;ested 

no e:,:planation of the fact. Others found hybr ids that resembled themother 

in greater or less degree, or that b ehaved differently when the cr oss was 

made in a particular way . In the cross Pygaera curtula fern2cle by 

P . ,machoretz. male Federley (1911) obtained almost cross-fer tiliz e tion if 

mating occurred , but only a few hybrids reached the adult stage. In the 
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reci ?rocal cro ss it was e~sy to obtain matings, but only about 3 ) percent 

of t he egg s were fertiliz ed. From these mos t of the rnd-1 sand some of the 

feraales develope d i nto ;;;.dult hybrids. Byt inski-Se.lz and Gunt her (1930) . 

found that hybrids fro m crosses of Celerio porcellus f emc.le by c. eupho rbia 

and C. elpenor male and of C. galii fei::ale by C. euphorbi .;;. mal e deve lo ped 

normally, but the reci pr ocal crosses produced adult males and an equal 

number of fem2.l e pupae that practically never developed furt her. The 

chromos ome numb ers and divisions were the sar11e i n t he two types of hyb1•ids 

a s in the parent species . They concluded th.at t he different results must 

be due to differences in t he egs cytopl a sm or to a disturbance of t h e ba,lance 

betw een the pa.t ernal X and mate r nal Y chromos ot 1e s. 

In crosses between r a ces of Lymantria dispar Golds chmi dt obtained 

hybrids of various kinci s. Many intersexes were found and t hese were 

expl a i ned by assuming the pre sence of s ex- determining factors outside of 

the sex chromosomes . He at fi rs t t hought (Golcls chrni dt 1916, 1917) that t he 

deter miner for fema leness was inherited thro ugh the e0 g cyt opl ~ , but 

l at er (1922) conclud ed it 1." o,s loce.ted in the Y or W chromos ome . Go l dschmidt 

(1924) a lso reported cyto plasmic i nheritance i n characters of cat er pillars 

f rom inter-racial crosses, but his resul ts have been di sputed by Kosmi nsky 

(1929 ) who r eached quite opposi te conclusions. Kisminsky states ( p . 59) 

11 The influence of the maternal or paternal cytopl asm cannot be convincingly 

conf irmed by Goldschmidt 1 s exp ~riments. It is very difficult to draw 

definite conclusions from t he facts which have been discusse d by Goldschmidt 

s ince-he has not taken into consideration the factors for chitin color 

!!.!as well as the circumstance that ea ch 11 race 11 r ep re sents a mixture of 

lines with diffe rent fact ors for chitin coloring . Nevertheless Gold-

schmidt Is observations can be explained completely on the basis of my 

resul ;"s • while my principles explain some of these f acts better than 

Goldschmidt 1 s hypotheses." 
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Toyama (1912, 1913) reported severe.l characters in the silk-

worm moth which seemed to show non-Mendelian inheritance. Since then 

maternal inheritanc e in the silkworm has been quite thoiroughl y discussed. 

Tanaka (1924) thinks true maternal inheritance can occur or.ly in the 

cases of brown and white egg color s and voltinism. It is quite probable 

that the egg-color or serosa color i s due only to the egg becaus e the 

sperm has not had time to exert an influence on such early structures. 

Uda (1923) believes changes in voltinims are due to temperature ef ': ects. 

If there ar e dMinite characters for univoltinism and divoltinism he 

thinks t he irregularity can still be due to the 11 time of action11 of the 

sperm. In any case the cllarac t er s depend. on the· chromosomes though there 

may be a delay of a generation in t he production of the effect s . Mi ss 

Pellew (1925) explains and dis cus s es these results briefly and concludes 

there is s ome r.Jaternal i nf luence. 

A 11 pr ematuration 11 (maternal) effect was considered by Morgan 

(1912, 1915 ) as a cuase of the irr~gularities in the inlieritance of 

rudimentary wing in Drosophila Melanogast er. Miss Lynch (1 919) found this 

to be a cause of the partial sterility of hof:1ozygous rudimentary or 

fused fer:iales. Miss Redfield (1924, 1926) reported a s ex-limited lethal 

effect which acted only when the mother was homozygous for a second 

chromosome gen e . The females ci ied chiefly in the e?.;b st a,ge due to the 

influence of the maternal genetic co mposition on the eggs , before they 

left the mother's body. Gabritchevsky and Bridges (1928) found an ehhancer 

of gi ant which showed a maternd ef:ect on the eggs of females homozygous 

:' or the enh,mcer. Sturtevant (1?34) e:r::1li:!ir..s the inheritance of coiling 

in Limnaea as being due to the genetic complex of the unreduced egg 

regardless of the constitution of the of fspring. 

In the present work hybrids developing f rom eggs containing 

melanogaster cytopl c\~ h, ve more bristles missing than hybrids developing 
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from eg ~:: s with simulans cytopla sm, even though the chronosomes in each 

case are ident ic al. This ma.y be interpreted as meaning that the chromo­

somes i n the melanogaster eg6 have produced some effect on the cyto pl ~ 

t ef ore f ertiliz.at i on. Development mi ght then be slightly different fro m 

tho.t dif a si milar gene co mpl ex developing in a sirn~la.ns egg . Whether 

the cytoplasm itself (inl'i epenci ently of the chromosomes) causes any difference 

in development cannot be tested , s inc e the hyr1r-i ds have be en found to be 

completely sterile (Sturtevant 1920). Purely cytoplasmic inheritance is 

not pro bable, however, since the resvlt s :-.;h ow that the diff er ences among 

the melanogaste r stocks can a.11 be accounted for in t erms of chro mosomes. 

The failure of hybrids to show pairing chromosomes support s 

t h e view that t he two spe cies differ from each other i n havi ng many genes 

which have become cl:anged, a l though not enough with striking s omatic 

e ff ects t o change g reatly the a ppearance of the spede s itself. This, 

of course, is bas ed on the assumption t hat sh1i l a rity of genes is re sponsible 

for pairing of the chromosomes in the parent species. 

SUMMARY 

1. In crosses between Drosophila melanogaster and D. simulans some of the 

hybrids have bristles missing that are pres ent in both pa.rents. 

2. r.rhe melanogaster stocks dif f er in their effect on the bristles in the 

hybrids, but each s t ock is constant when crossed to a given simulans 

stock. 

3. Male hybrids show the bcist le ef f ect more than do female hyt rids, ancl 

males and females hatching f rom the same culture show this dif f erence. 

4. Male hybrids from a ttached-Xmelanogas ter females were compared with 

male hybrids from si rnulans females. Hybri ds f ro m melanogas ter mothers 
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differed from hyt r i ds fro e simulans mothers in regard to t he number 

of mis s ing bri stles, although the genetic constitution was identical. 

This difference is cons i dered to be due to the ef feet of the chromosomes 

on t he cyto plasm of the egg before the egg l eaves the mother 1 s body. 

5. The simc.lans stocks differ i n their effect on the hyt rids. Black 

produced the greatest ef f ect and Morristown the least. The other 

stocks which were tested ge.ve generally the sa,me va,lues for missing 

bristles and are consi dered to be practically equal in t heir effects 

on the hybrids. 

6. The di "ference between the black and !-;1or··is t own sto cks was found to 

be due chie f ly to the X chromosome s of the two stocks. 

7. No specific genes were i dent ified which caused the bristles to be 

absent in the hyb rids. 

8. The chro mosomes of the hy::. rids we r e e }: a.· ined. to determine if somatic 

pairing could be observed . The nerve ganglia of the l a rvae v,ere used 

f or t his purpose. The chromosome s showed no p,1iring beyond what 

would be eJpected through rando m ;;..rrangement. 

9. The f a ilm·e to pair is considered a s a partial demonstrntion of gene 

differences between the chromosomes of the two species. This gene 

difference is cons idered a s the cause of the mis sing bristles in the 

hybrids. 
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