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INTRODUCTION

This work was begun in the Zoological Department of Columbia
University in October 1923 and continued in the Woods Hole Laboratry
during the summer of the next year, until I left America in the middle
of September. Thus I had to drop the work unfinished and incomplete
in some respects. IHowever, since I have no prospect of taking it up
again in future, I thought it best to publish it so far as the results T
had got go. Before going any further, I feel it my pleasant duty to
express here my sense of gratitude for the hospitality extended to me
by the staffs of those institutions. Especially are my best thanks due to
Professor T. . Morcan, Doctor A. H. SturreEvant and Doctor C. B.
Bripges to whom I am indebted for invaluable advice and suggestions,
The main results obtained from the work have been written for
“ Genetics.,” The present paper contains. more detailed accounts of the

same data.

ORIGIN AND DESCRIPTION OF CRIPPLED

The fly which became the ancestor of the strain on which the
present study was carried out, was a female from the black purple
cinnabar stock. She had the tarsus of one of her hind legs curved
sharply forward (Pl xvm, fig. 1). This fly was crossed with one of
her brothers, and gave some offspring with a similar abnormality. The
strain of this new mutant character was thus established and named
creppled. Some time afterwards, the original stock of dluck pm'_éfe cunabar

was found to contain some flies with a similar abnormality. The character
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of these flies, when examined, revealed to be genetically the same as the
character previously found. It is therefore very likely that this mutant
character had appeared in that stock some time before it was first
discovered.

There are some striking features of this crzppled. The character
appears either in one of the hind or middle leg and practically never in
the front leg. As a rule, only one leg of those two pairs becomes
abnormal. Further, the abnormality of the middle leg belongs to a typs
entirely different from that of the hind leg. When the character appears
in the hind leg, some of the segments are shortened, or broadened, or
swollen, or curved, or twisted. Sometimes, this occurs only in one segment,
but more commonly in two or more at the same time, thus disfiguring
often the entire leg; even cases are met with in which some of the
distal segments are gone (PL xvi). When the middle leg is affected,
on the other hand, the leg may be forked, or dwindle as a whole, or
may disappear entirely (Pls. xvui, x1x). And what seems interesting
is that the state of food apparently determines whether the middle or the
hind leg is to become abnormal. TFor the sake of description, I shall
hereafter discriminate those two types of crzppled by calling them crip-/
and crip-mr respectively, according as the character appears in the hind
or the middle leg; but when there is no need of discrimination, the

character will be called erippled simply.

CRIP-H

Description

As mentioned above, ¢rip-4, the abnormality of the hind leg, is a
character liable to much variation.  The fly having the factor for this
character in the homozygous state, may be quite normal in every respect,
but may have its one hind leg more or less deformed. The abnormality
may appear in any segment from the coxa to the tarsus; and the segment
is shortened, swollen, straightened, crooked, or twisted, This may occur
in only one segment ; but more commonly more than one segment is deform-

ed at the same“time.  Frequently also the leg lacks some of the distal
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segments, In extreme cases the entire leg is missing, leaving scarcely
any trace whatever. In Pl xvi some of such crippled hind legs are
shown. Fig. 1 shows the leg of the fly in which the abnormality was
first found. In figs. 2 and 3 the tibia, as well as the proximal segments
of the tarsus, is somewhat disfigured. In figs. 3 and 7 the entire leg is.
shaped something like a cork-screw, some of the segments being twisted
more or less. In figs. 8 to 10, 12 and 14 the entire leg is folded up,
and practically every segment is abnormal in shape. In figs. 14, 21 and
22 the segments are swollen and much deformed. ILastly, in figs, 18
to 2o and in figs. 23 and 24 the leg lacks some of the distal segments.

Except in cases where the abnormality is very slight, the crippled
leg is apparently useless to the fly, the fly usually drags it while walking.
Moreover, such a fly often has one of the wings folded, evidently owing
to the hind leg of the same side being crippled and incapable of extending
it.

As mentioned already, this character appears usually in only one
hind leg, the right or the left, but flies may be found with both legs
crippled. In such cases there is little similarity between the two legs—fig.
15 is an example of this kind.

Exceptionally, the middle leg shows the same kind of abnormality
(figs. 16 and 17). In these cases the hind leg of the same side is also
abnormal, practically without exception, Such abnormality of the middle

leg belongs to a category different from crzp-772 to be described later.

Influence of Environment on Character Crip-h
Age of parents

Before working on the influence of the environment on the character
crip-l, a sort of preparatory experiment was carried out, to see if the
age of parents had any influence on the character of the offspring. Thus,
a pair of flies homozygous for the factor crzp-2 were put in a bottle and
left for eight days; and before any F1 fly came out, the parents were
transferred to a second bottle, and left there for the next eight days.

Sometimes, the same thing was repeated for a third bottle. Thesz two
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(or three) hottles were put in the same 25° C. incubator and the percen-
tages of the c7ip-2 flies which came out were compared. Altogether a

dozen sets of such bottles were prepared. The result is shown in table I

TABLE 1.
Age and percentage of crip-2 flies,
G}\lfo] '“e ij\r;;?d Total number Pe)z:;?;;di ¢ of
JI 278 6-1
19 2 298 81
13 101 11-9
1 201 6.9
140 {2 174 58
1 548 11-4
212 2 361 15-5
3 248 2744
1 505 114
1
19 & 333 98
I 610 1247
213 2 334 15:6
D*18.2
1 278 d 295
252
D 234
2 303 d 4[.8
D 29:6
I 340 {d 217
231 D 40-0
2 85 {d 36:0
bpren 40-7
281 I 137 {pmz 4744
2 226 {&j)j)mn 4;}15}
= rere 41
I 164 14:6
2132 {2 278 12.7
, 1 103 7-8
2134 {2 260 58
5 I 155 84
2137 {& % a3
bpr 13-4
2128 I 206 {6ﬁzwz 5.9
o 2 268 bpr 63
bpren 118

*D—flies with the third-chromosome dominant character Drclkacte;
b—black, pr—purple, cn—cinabar, all second-chromosome recessive
characters,

In the table, Nos. 19, 212, 213, 231, 252 and 2137 show that

the percentage of ¢7zp-/2 is higher in the later broods than in the earlier,
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whereas, Nos, 140, 219, 2132 and 2134 show that the pefcentage is
higher in the earlier broods than in the later. In the remaining two
sets, Nos. 28: and 2138, the result is self-contradictory, that is, in
some classes (0 g7 e in Nos. 281 and 2138) the percentage of the
crep-le fly is higher in the later broods than in the earlier, whereas, in
the other classes (p7 en in No. 281, & pr in No. 2138) the reverse is
true. It seems unlikely then that the age of parents has any definite

influence on the character ¢rzp-s of the next generation.

Figh temperature

Of the two bottles prepared in the manner described above, one
was put into the incubator in a temperature of 29°-30°C. while the other
was left in the ordinary temperature, 25°C. High temperature accele-
rates the development of the larvae and shortens the larval period more
or less, sometimes by two days; so that the counting of the fly was
finished on the eighth day from the day the first fly appeared in the
bottle, The result of this experiment is shown in table 2. Of all the
eight sets making up each of the two bottles, seven show that high tempera-
ture produce more c¢rzp-/ flies—the difference being 35 to 6o per cent of
the percentage of crzp-ii flies reared in 25°C. - Only one set, No. 246,
appears to show a contrary result, But here the brood of the flies in
the 25°C. bottle was much smaller than that of the higher temperature,
and as will be shown later, the percentage of the crip-fe flies varies
according to the size of the brood—the larger the brood, the lower the
percentage—hence, one can not say that the result of this set is really

contradictory to the general result.

Low temperature

A similar experiment was carried out for low temperature. The
ordinary ice-box was used to get a low temperature, which fluctuated
between 8° to 15°C.  Such temperature retarded the development of the
larvae considerably, and the F1 flies were counted for about a month
after the first fly had appeared. Most of the cultures produced less than

one hundred flies during this time
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Table 2.
Effect of high temperature on the character crip-Z.
Py
Culture P
No. Drood Total Percentage of
No. nasritber crip-lt
crig-l % crip-le {1*’ ' 27 29-6
177 crip-h crip-l 2 58 19:0
i 260 20.0
174 7 v {2 2?2 I4-1
I 256 .
199 ” ” {3 o rah
" {D 28.6 {SD 0.0
] criph S D %1 468 d 386 1§ o9
240 crip-le scriple @ 2 D 416 (SD o0
135 {d {S 0.0
40.0
« D 211 {SD 0-0
N % 412 {n’ 367 LS o0
247 4 4 . i D 151 (SD 00
379 4 200 S 00
o orren a3s
248 _crip o criph ] 394 +oooe
criphe 12 108 bj)—;;cn 32-1
0.0
bprere 33
/ {1* 366 {7 353
249 7 %
bpren 23-3
2 300 { T+ e
" (233 (90 o
cripls S D 290 d 4z.0 1S o0
251 crip-le scriple d 2 303 {[,? 22(3) :g]) g.g

* Brood reared in high-temperature incubatort

S—Flies with second-chromosome dominant character Star; -F—Wild-type flies

Of the two bottles which contained two successive broods reared
from the same pair of flies, usually the first bottle, but occasionally the
second hottle, was kept in the ice-box. In all, ten sets of such pairs of
bottles were prepared,

As shown in table 3a, the bottles kept in the ice-box yielded a
relatively higher percentage of crip-/t flies than the corresponding bottle
that had been left in the 25°.C incubator. The percentage of such flies
in the former bottle is in most cases 65 to 75 per cent, whereas, in the latter
it is usually 20 to 3o per cent. Thus, it is clear hat, even if due allowance

is made for the difference in the size of the broods of the cold and ordinary
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TaaBLe 3 a.

Effect of low temperature on character crip-k.

Vg
Caelture P
Mo, Brood Totay Persentage of
No, nueber Crip .
244 crip-le crip-h {I 377 358
crip-de crip-h 2% 6 100.0
. crip-le crip-le {1 # 165 717
73 erpp-le 2 178 275
{D 21.8
230 crip-le crip-le A { t 49 4 157
crip-e criphe D % D 667
2 37 {n? 100-0
crip-h crip-l { ¥ 142 76-8
285 crip-le crpi-le 2 213 29:6
¥ 99 69-7
286 2 2 { 2 200 27.0
3 119 26-9
I* 45 75-6
288 7 ” {z 211 19:9
® .0
298 4 7 {; zgi ;% 5
¥ 74 68-9
309 4 ” {z 152 28.2
¥ 8y 69-0
294 v v {z 266 335
. ¥ 1x 68-8
297 7 4 {2 218 22.9
*  Brood reared in ice-box
TasrLe 3 b.
Effect of low temperature on character crp-% in heterozygous state.
17y
Culture P
No. Brood Total Percentage of
No. nniber crip-f
D o0
ﬂ'ﬁ-/l crip-h d I 4°9 {(1 0.0
230 crip-e D D z0.0
2% 37 {d 25.0
- b : * 165 241
273 Cl‘lﬁ v/ L‘?‘/ﬁ-/z 1 M
crip I 2 178 I3
28 ¥ 96 177
4 7 4 2 2 36 0.0
2g7 * 76 237
/4 I/4 1 89 IeI
Brood reared in ice-box - o



Genetre Studies on Crippled, a Butant Character, élc. 219

bottles, the difference in the percentages of ¢7z4-4 flies from those bottles
is fairly great.

Four cultures of flies heterozygous for the factor crzp-k were reared
in the same ice-box. Ifrom these there appeared 17 to 25 per cent c7zp-/
flies, in all of which the abnormality was rather slight (Table za). A
culture of black jarnty flies having no crzp-ki factor was reared in the
same ice-box and produced no c¢rip-£ fly among the progeny. These
experiments seem -to indicate that the abnormality found in those flies

reared in the ice-box is due to the presence of the factor for crip-i.
State of food

There is a more or less remarkable difference in the percentage of
crip-fe flies between the earlier and later counts of the same bottle, the
earlier counts usually countaining more c7zp-% flies than the later counts,
In table 4 the percentage of crzp-% flies of the first four days and the
same of the last five days are shown for comparison. In most of the
cultures we find that there are more c¢rzp-%4 flies in the earlier count
‘than in the later count, This difference is as a rule greater, the larger
the brood. ’

This difference is without doubt not due to the larval or pupal period
of the ¢rzp-% fly being shorter than that of the normal fly. Because, if
the parents are transferred to a new bottle, the same change is repeated
in this bottle; and the percentage of the abnormal flies from this hottle
as a whole scarcely shows any difference from the percentage of the
first bottle.

Thus the cause of the change is evidently not anything * internal,”
but is “‘external,” and probably connected with the state of food which
undergoes considerable change in the course of culture. IFurther consi-
deration on this question will be deferred to the chapter in which the

cause of the production of crzp-me flies is discussed.

Inheritance of Crip-h

Crip-li, a recessive character, may be concedled tn the homozvgous state.
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TaBLE 4.
Comparison of the percentages of crp/ flies between the
carlier and later counts of the same culture.
Percentage of crip-h
Ltire Tot
Cuttiur oral Larlier connt i Later coum
No. natmber
crip-le crip-me ‘ crip-l crrpaie
209 320 10.5 — 18.0 —
216 621 16.7 — 73 —
217 610 132 R 123 —
21 505 11+4 — 114 —_
222 548 142 — 8.8 —
229 250 12.6 — 84 —
234 361 142 — 16-3 —
235 333 3.2 — 55 -
237 248 24-6 — 30-5 -
239 334 7.0 - 13-8 -
244 377 495 - 17-4 -
D 37 D 192
246 468 {d 5{‘;) - {d 25:0 -
2 306 LD 105 —
2 12 J—
i 4 {d 372 {n’ 359
248 394 485 - 321 -
249 366 392 — 28.0 —
D 369 D 22.6
251 290 {(f 522 - {d 217 -
2 D 194 D 125 —
252 —
} 278 {IZ 348 {n? 145
253 434 142 — 7.1 _
254 398 37°5 — 21-4 —
(D 370 D 304
255 267 {2 238 - {d 19-0 -
256 339 20-0 _ 147 -
D 400 D .
257 135 {d 5I.0 — {d gg.g _
258 105 355 — 28.0 -
259 300 205 - 23.2 —
260 348 321 — 18-1 —
261 D179 D 12:0 _
379 {d 196 - {d 20-5
262 404 236 — 10-3 —
297 218 258 —_— 20.7 —
298 268 29:8 - 14-3 —
2100 119 36-2 — 140 —
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TABLE 4. (Continud)
Percentage of Crip-he

GX::” 71;{;:;57‘ LEailier count Later count

crip-it crip-m cripele f crip-m
2103 362 270 — 91 [ I-1
2132 104 ~22.6 — 50 l 1-3
2134 103 3:8 - 59 59
2135 173 7:3 — 52 3-9
2140 217 2.1 —_ 157 33
2141 273 9:0 — 3-6 2.9
2143 260 5.8 — 33 8.2
2144 185 33 2:2 32 149
2146 221 2.24 — 52 2.1
2147 236 10.2 — 37 1-9
2148 274 155 — 23 I-5
2149 275 17:5 — 6.8 1.5
2152 260 8.0 — I-4 2.1
2154 239 (W — 1.8 ) I‘ -
2155 222 45 — 45 . 2.
2162 160 6-6 —_— 7+0 i 105
2164 256 16.4 —_— 8-6 2.9
2165 283 344 — 13-0 8.1
2166 258 385 —_ 10:0 91
2170 204 182 — 1244 ‘ 1-0
2171 326 21.9 — 8.4 ! 2.8
2189 357 36+5 — 12.7 2.0
21go 283 24-5 — 228 2.2
2191 377 331 — 1C-0 0-5
2192 262 33-8 0.6 16-9 | 2.9
2193 327 331 — 16-8 5 2.0
2194 99 377 - 19-5 -
2195 401 245 — 157 4:6
2166 328 386 — 14-0 1.9
2197 351 36-0 — 19:2 53
2206 223 119 1.5 4+5 —
2207 186 15-2 —_ 16.1 4-6
2208 335 28.8 — 17+0 5.3
2217 352 8.0 — 65 1-4
2219 355 16-2 — 1L7 244
2220 322 8.6 — 81 I5
2222 299 1744 0-6* 8.0 0.7

* Flies lacking a front leg.
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When a erip-fe fly is crossed with a wild fly or a fly of any unrelated
strain, most of the F1 individuals produced are normal, and very few are

crippled (Table 5).  Sometimes no abnormal individual is found among

TaABLE 3.

Cross between errp-Ze and wild-type fly.

iy
Culture P
No. 7 Namnber
otal of
wumber cripeth
9 bprenn X bpren crip-l 341 I
13 V/4 V74 « 24() 2
16 ” ” 113 I
135 Zdy bpre px v}’) X bpr cn crip-le 387 1
136a 7 7 241 0
136h 7 2 205 1
HE
137 7 o St pposs es X bpren crip-h 249 I
143 . Zdv brp cpxsp R bpicn crip-le 212 0
1435 “ 7 87 9
146 4 ” 11y 0
233 %4 4 328 X

* Ty with combination of second-chromosome mutant chavacters: dwmpy (7dy),

black (b), purple (pr), curved (c), plexus (px) and speck (sp).

Py with combination of third chromosome mutant characters: songhord (7u),
hairy (1), scasfet (st} peack (pp), spiicless (ss) and sooty (es)

the two or three hundred flies which make up the eantire brood. If there
are any, the number is usually only one or two. The percentage of
crip-li flies in such a cross, therefore, is always lower than one and
sometimes even zero. In other words, the factor for erp-2 usually
behaves as recessive, but can be slightly dominant in some exceptional
cases. ‘

In F1 there appear some erep-Zt flies which are homologous for the
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factor., The number of those flies, however, is variable and always
smaller than the number expected on the basis of a simple recessive
factor, since flies which should be crippled genetically, may frequently not
be crippled at all. But if one breeds two such flies together, he gets
quite as many crippled flies in the next generation as when two crippled
flies are mated together.

The cross between two flies homozygous for the factor for crippled
gives usually 10 to 3o per cent of abnormal flies, more rarely 5 to 10 per
cent or 3o to 40 per cent the percentage never being as high as 50, unless

the culture is bred in low or high temperature (Tables 1—4).

No special tyvpe wnherited

Evidently no special type of the abnormality is inherited. Not only
do crip-k flies of various types come out of one and the same bottle,
but a somatically normal pair having the factor for ¢7zp-/ in the homozy-
gous state, may produce a number of very abnormal flies, just as much
as a somatically very abnormal pair do. To examine this fact more in
detail, T selected as parents, from one and the same brood, three pairs
of flies which were different in the grade of abnormality, namely, normal,
slightly crippled and highly crippled, and compared the percentages of
the crippled flies among the F1 progeny. The result is shown in table
6a. Further, from each of these three cultures, three pairs of flies were
selected again in the same manner as above, and were bred together,

and Nos, 11641-11663 of table 6b were obtained. Thus, No. 116471,

TABLE 6 a.

Comparison of the results of mating of normal, slightly crip-%, and highly cr7p-Z individuals.

£
7, lore
Chultuure Vi — Percentage | Percentage | Percentage |Percentage
No Total e e S
sarmber 9 of stightlv | of lighly of
_crippled crip-le crip-le crrp-me
1164 Normal 256 14:5 8.2 55 I-2
1165 Stightly crip-e 283 - 26.9 159 9.2 35
1166 Highly crip-le 238 332 13-9 147 46
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TaBLE 6 b,
Comparison of the results of mating of normal, slightly cr7p-% and

highly ¢7ip-% indivbuals of Fiin table 6a.

Val

G

nl,t wre 7y v Percentage | Percentage | Percentage | Percentage

No. Zotal s . .

rrber of of stightly | of kighly of
crippled crip-e crip-le crip-ne

11641 Noymal 357 275 151 115 0.8
11642 Strehily crip-te 283 237 141 95 IeI
11643 Highly crip-e 377 19-9 I1:9 77 03
11651 Normal 262 327 16.8 141 1.5
11652 Stightly crip-h 327 263 135 12.2 0.9
11653 Hiohly crip-h 99 29:3 15.2 14-1 0.0
11661 Normal 401 219 11-9 8.2 2.2
11662 Stightly crip-le 328 27+4 11.0 159 0.9
11663 Highty crip-h 351 30-8 154 134 2.3

for instance, are offspring of two normal individuals from the F1 generation
of No. 1164 whose parents were also normal, while No. 11663 are the
progeny of two highly crippled individuals among No. 1166 which came
from a pair of likewise highly crippled flies. These two cultures, Nos.
11641, and 11663, accordingly, are the results of a sort of selective
breeding for two successive generations of normal individuals on ‘he one
hand and highly abnormal individuals on the other. As shown in that
table, the difference in the percentage of crzp-2 flies between those two
cultures is small and insignificant. The other cultures in the same table

show similar results.
Right or left determined at randon:.

Also there secems to be no fixed rule according to which it is
determined which hind leg (right or left) is to become abnormal, this
being determined apparently at random. In table 7 the head line indicates
the side of the leg of the parents which is crippled : N—both legs normal,
T-left leg crippled, R~right leg crippled, B-both legs crippled, while the
other lines below show the numbers of the offspring in which the right,

or the left, leg, or both legs are crippled. The totals at the bottom of
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the table seam to show that there can hardly be any rule according to
which the side of the leg to become abnormal is to be determined. It
might be noticed, however, that, when both parents have a crippled right
Ieg; the offspring tend to have a crippled leg on the right side a little
more frequehtly than on the left side; and the same in principleiwseems
to be true when both parents have a crippled left leg—in short, the
offspring tend to have the deformity on the same side as the parents.
But, the preponderance of the same side over the opposite side seems to
be too slight to say anything further positively on the basis of it. Perhaps

this is a thing altogether accidental.
Locus of crip-h Jfactor in chromosone

Some black purple cennabar crip-h flies were crosseb with SZaer
Drchaete fies and several F1 Star Dichaete males were backcrossed to
black purple cinnabar crip-fi females. The result was that none of the
crip-h flies that appeared in the next generation was S7e7, except a few
Star crip-h flies which were tested and found to be heterozygous for the
factor for crip-h. There were, on the other hand, practically as many
Dichaete crip-l ﬁies’ as there were not-Dichaete crip-h flies (Table 8),
Tt is clear then that the factor for c¢7zp-% is in the second chromosome
the same as .Sfe». This fact was also proved by mating the bdlck
purple cinnabar crip-fe fly with the wild fly and backerossing the . Fr fly
with the &lac)e purple cinnabar crip-fe fly. When the Fr male was back-
crossed with the dlack purple crnnabar crip-i female, all the crip- flies
that appeared in the next generation were also black purple cennabar,
except a few heterozygotic wild-type ergppled individuals, When, on the
other hand, the female was backcrossed, most of the ¢7zp-% flies that
appeared in the Fz generalion were also black purple cinnabar; but
there were some purple cinnabar (not-black) crip-h flies among them
(Table g).

The fact that the purple cinnabar (not-black) fly may be crippled,
suggests that the factor for crzp-22 is lecated to the “right” of dlack.
Accordingly, ten dlack (not-purple not-crnnabar) flies and more than eight

purple cinnabar (not-black) flies that had come from the crossing-over
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TasLE 8.
Backcrossing of heterozygous Star-Dichaete or Dichaete
crip-e male with homozygous c2p-%2 female.
Fal
&;{g"m P Percentage of crip-
- “Total -
SD Sd sD sd
crip-e crip-le D o
246 erp i X—— 7’8 468 — 09 ; 28.6 386
247 7 v 412 - — 211 36-7
251 4 7 ” 290 - .. — 31-3 42-0
252 ” vy 278 -, - 18.2 20:5
255 ” 7. . 267 — — 290 233
257 7 V4 7 135 — — 4[.6 40-0
261 o vy 379 — — 151 20.0
267 7 P ” 303 1.3 — 234 418
Lrpl ,  crip D o — — 21-8 17-1
230 crip-le Fx crip-h d G 409
231 7 P 7 162 — - 10-9 270
230’ 7 7. 2 340 — —_ 29-6 21.7
203 2 V) 7 g6 — _ 31-0 389
crip-le D - )
R el i) B I L B - -
203 ” ” 7 58 | 188 29-4 -— —
240 ' ” 7 7 268 | 275 212 —_ —

between the loci dlack and purple were tested for the factor for- crip-h.
It was found that the black (not-purple not-cennabar) flies were never
homozygous for the factor for bﬁ}ﬁ-/z, while the purple cinnabor (not—
black) flies were homozygous for the factor without exception (Table 1 o).
These experiments have shown that the factor for crzp-%. probably does
not lie between the loci dlack and ﬁm‘ﬁle, but is located between the Iqéi
purple and cinnabar. Furtﬁer, ten black zﬁzmﬁl& (not-ﬁz}maé(zw) flies and
seven cz%zvza&qr (not-black th—ﬁzn’]ﬁZe) flies that had come from the crossing-
over between tl_le loci. purple aﬁd cinnabar were festsd. It was ‘founcl
that nine of the ten &/a;/e purple (not-crinabar) flies and ﬁve of the'seve‘n/
cennabar (not-black not—ﬁzz;"jﬁ/e) flies were homologous for the factor in

question. Also, two dlack cinnabar flies which had come from the double
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TABLE g.

Backerossing of heteozygous dlack purple cinnabar civp-fe with
homozygous black purple cinnabar crip k..

!
Culture
e Percentage of crip-i
No. Total
saaenber A (bpren| b | pren | bpr | ben
72 b P
.| bpren crip-h bpren crip-h
248" bpren cripe X Tl o394 | o0laz4 — | — 0 =
249% 7 7 366 T4 3370 — | ™| — | —
248a ” 2 i0g 0:0 | 32.1| — — — —_
2492 P » - 300 0.0 | 23.3] — — _— =
213 \bpren crip-h bpren crrp-le 3 00 | 12. 00l 00l o0o! oo
{239 T bpren crip-le 0 93 . 37
216 » ” 621 | 00138 00 120] 00| 00
219
{235 2 ” 808 0:0 | 10:7| 00 | 42| 00333
222
{234 7 ” 1157 | 00 | 14:5| 41| 30| 00| 0.0
237

* Broods reared ni high temperature.

crossing-over were tested, and one of them was found to have the factor
in a homozygous state (Table 10). These experiments have shown that
the factor for crip-k is located between the loci gurple and crnsabar,
which are known to be at about 54-5 and 57-5 respectively (Bripces and

MoRGAN, '1g ; CLAUSEN, ’24 ; MORrGaN, BRIDGES and STURTEVANT, ’25).
Harrless—a modifying factor for crip-h?

A Dichacte Harless fly was crossed with a ¢7zp-2 fly, and five of
the heterozygous Dichacte Harrless daughters were backcrossed with the
crip-h males, As shown in Table 11, in all of the five cultures more
erep-% individual were found among the Hazrless flies than among not-
Fazrless flies.  Thus, the factor for Hasrless seems to have a tendency
to make flies crippled which should otherwise be normal. The flies
heterozyous for the factor for ¢#7#-/ are not made abnormal by the presence
of the factor for Huzrless and no crep-/ individual was found among the

not-black not-purple not-cinnabar Hazrless flies in those cultures.
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TABLE 11.
Backerossing of hetevozygous Delaete-Heizless crip-le male
with homozygous crip-% female.
Y4
&‘j’;ﬁ;‘ e P Percentage of crip-h
D7 di Dbl an
~ crip-le DH _ crip-h

o7 erip-le crip-le 38 50-0 129 164
2108 7 ” 7 248 20.8 120 19.0
2113 o 2 o 276 26.0 9'5 13-7
2114 Pl 2 s 42-9 409 227 1g-2
211§ ” » P 30:6 1.0 15-0 6.0

CRIP-M

Origin and Description

In the course of the breeding experiments described in the preceding
chapters, a somewhat different kind of crippled flies- began to appear in
some of the cultures. Such flies were first found in a certain particular
strain, but appeared later in a few other strains that were somewhat
remotely related to it and also to one another. In this particular kind
of the erippled, the leg that becomes abnormal is one of the middle
pair instead of the hind pair. Moreover, the abnormality belongs to a
category different from the abnormality of the hind leg. The case met
with most commonly, is that the leg is entirely missing, More rarely,
it is represented only by the coxa, or by the coxa and trochanter, with
or without a small vestige of some of the more distal segments (PL xviu,
figs. 1—5). Sometimes, the leg is smaller in size than the normal leg,
but quite normal in proportion of segments (fig. 7). In the majority of
these cases only one of the middle legs is abnormal, but rare cases are
found in which both of them are missing and the fly is four-legged (Text-

figure).
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Reduplication of Middle Leg

In these ¢rip-m flies the
pleura also shows abnormality in
some way or other. 1In the flies
lacking one of the middle legs
a depression usually occurs at the
part of the pleura where the leg
should be. This depression may
be so large as to occupy the
position of the sternopleural bristles
which are also missing. In the
flies having the middle leg smaller
than normal, on the other hand,
the pleura often shows a sign of
doubling, as indicated by the pre-
sence of another set of sternopleural
bristles beside the ordinary set
(figs. 7 and 8, 4). In such flies

the part between the two sets of

bristles commonly carries a rudi-
ment of another leg. - This rudiment, as a rule, is very small and imperfect,
consisting of only one or a few segments (figs. 5-8); but rarcly is it
fairly large and quite normal in proportion of segments, There are even
instances where two practically perfect middle legs occur side by side (fig. 9).
There are also other instances where not a whole leg, but a part of it,
is reduplicated (Pls. xviI & XIx).

It is necessary, in all cases of reduplication of the leg, to determine
whether the supernumerary limb belongs to the right or to the left side,
This is not difficult if such a limb has the femoral or the tibial segment.
In the femur the number of the rows of hairs is more on the external
(anterior) side than on the internal (posterior) side, while in the tibia

two long bristles occur near the distal end, one on the externo-dorsal



236 Taxu Komar :—

side and the other on the interno-ventral side. DBy these criteria it is
easy to tell whether the given femwur or tibia is of the right or the left
side. But when only the tarsus is reduplicated, it is practically impossible
to determine to which side it belongs. In the diagram attached to each
figure of Pls. xvin-xx, is shown the relative situation of the parts
reduplicated, as well as the side to which those parts belong : the limbs
are represented in transverse section, the right limb as having a longer
spur on the right side, and the left limb on the left side.

PL xvi, fig. 5. Left leg; fig. 6, right leg : both have much dwindled
and consist of a few segments; and with a small rudiment of a su-
pernumerary limb (/')

Fig. 7. Left leg: much reduced in size, but practically normal in
proportion of segments; a small rudiment of a supernumerary limb (/)
is present. Between the two limbs is found an extra set of sternopleural
bristles, 4 - sterno-pleural bristles; 4 —extra set of the same. Such an
abnormality as shown in figs. 5—7 is rather common. ‘

Fig. 8. Left leg: reduced in size, but practically normal in propor-
tion of segments; a rudiment of a supernumerary limb consisting of three
segments, occurs above the ordinary limb. Between the two limbs is
found an extra set of sterno-pleural bristles (&).

Fig. g (PL. xvi, fig. 8). Two complete left limbs are present one
above the other; both are a little smaller than normal size, and about
equal to cach other; the ventral limb has the distal end of the tibia
twisted.

Fig. 10. A small supernumerary left limb is placed over the normal
left limb, the former being attached to the trochanter of the latter on
the dorsal side; the extra limb consists of a trochanter, femur, tibia
and two tarsal segments of which the femur is very short and
rudimentary.

Fig, 11. Left leg: the femur is ﬂlicl{enthan normal and compound,
i. e. composed of two limbs fuszd longitudinally into one; the tibia and
tarsus are doubled, the ventral extra branch is as large and as complete

as the dorsal ordinary limb; the extra branch is a left limb.
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Fig. 12. Right leg: the femur is compound, distal parts are redup-
licated; the ventral supernwmerary branch which is also a right limb, is
as large and as complete as the dorsal normal limb.

TFig. 13 (Pl xvi. fig, 6). A supernumerary branch repfesenting a
right limb, is placed on the dorsal side of a normal right leg. The
branch is of almost the same length and thickness as the original limb.

Fig. 14 (PL xv1, fig. 9). The femur is compound, and terminated
in two limbs both of the left side; the dorsal supernumerary limb is half
as thick as the ventral ordinary limb, and composed of a tibia and four
proximal tarsal segments.

Fig. 15. Teft leg : the basal part of the femur is compound, with a
sﬁpernumerary branch inserted on the ventral side near the base; the
branch, which is probably another left limb, is composed of a very short
femur and a longer tibia.

Fig, 16, Left leg: the tibia is compound, with two supernumerary
tarsal segments attached to the distal end of the tibia on the dorsal
side of the ordinary tarsus.

Fig. 17. Right leg : three supernumerary tarsal segments are attached
to the distal end of the tibia on the dorsal side of the ordinary tarsus.

Tig. 18. Right leg: the tibia is compound ; the first tarsal segment is
divided by a horizontal plane into two branches one overhanging the other
the dorsal branch is compound, and the terminal tarsal segment is divided
by a vertical plane into two halves attached to each other by the ventro-
lateral sides; the tarsal segments of the ventral branch are normal in
shape and size.

PL xix, fig. 1 (PL xv1, fig. 1). Right leg, the femur is divided at
the base by a vertical plane into two branches subequal in size, of which
the anterior and extra branch, a left limb, is curved sharply at the middle
of the tibia.

Fig. 2. Left leg: the femur is divided at the base by a vertical plane
into two branches subequal in size; the anterior extra limb, a right limb,
has the femur and tibia shortened.

Fig, 3. Left leg (PL xv1, fig. 2): the femur is inflated and much
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deformed ; the distal half of the tibia is reduplicated; the anterior extra
limb, a right limb, is slightly smaller than the posterior normal limb,

Fig. 4. Left leg: the femur is divided at the base by a vertical plane
into two subegual branches, the anterior supernumerary limb, a right
limb, is curved near the middle and folded up. Such cases of reduplica-
tion as in figs, 1, 2z and 4 are rather commonly met with,

Fig. 5 (PL xvi, fig. 3). Right leg: the trochanter is divided by a
horizontal plane into two subequal limbs; the anterior extra limb, also a
right limb, is curved sharply near the middle of the tibia, and twisted.

Fig. 6 (PL. xvi, fig. 7). The trochanter is divided by a vertical
plane; the anterior extra limb has the femur much deformed and
shortened, the tibia thickend, shortened, and compound, and the tarsus
subdivided at the first segment by a vertical plane, into two secondary
tarsi subequal in size and facing each other with the anterc-dorsal sides.

Fig. 7. Right leg : an extra leg is placed antero-dorsal to the ordinary
leg; both the legs are complete, but shortened and much twisted ; the
anterior leg, probably a right leg, is with all the tarsal segments com-

"pound, being made up of two parts fused into one by the ventral sur-

faces, and with only the last segments divided.
Fig. 8. Left leg: the femur is compound; the tihia and the tarsus

are reduplicated ; the inner supernumerary liI;ﬂZ) has the first two tarsal
segments compound, and the distal three segments doubled, the plane of
the two successive divisions being vertical,

TFig. o (PL xvi, fig. 5). Right leg: the first tarsal segment is divided
at the base by a vertical plane; in the posterior Hmb the first tarsal seg-
ment is compound, and the second is subdivided at thz base by a vertical
plane ; all the three branches are about equal in size. Owing to a second-
ary rotation, it is rather hard to decide the symmetrical relation of the
three branches; but the above is probably the right interpretation.

Fig. 10. Left leg: the femur is compound, the tibia and tarsus are
reduplicated, the plane of division being horizontal; the tibia of the dorsal
limb is curved slightly ; the ventral limb is compound, with the third to

the fifth tarsal segments reduplicated, the plane of the secondary division
being  vertical.
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Fig. 11 (PL xvi, fig. 11). Left leg: the tibia is divided by a verti-
cal plane one-third from the distal end; the inner branch is compound
and divided at the third tarsal segment, the plane of division being vertical.

Fig. 12 (PL xv1, fig. 10). Right leg: the trochanter is provided
with a short club-shaped process directed antero-ventrally, and articulated
at the base; the coxa is divided by a vertical plane into an anterior and
a posterior branch; the anterior branch is compound throughout, with a
very short femur and a tibia shorter and stouter than normal.

Pl xx, fig. 1 (PL xvi, fig. 4). A supernumerary right leg is
present on the ventral side of the normal right leg. The leg is much
smaller than normal, but has all the usual segments normal in propor-
tion, except the femur being very short. On the left side, between the
otdinary leg and the supernumerary right leg, occurs a stump-like process

which probably represents a supernumerary left leg.

Rules of Reduplication

From the observations on all these examples of reduplication, as
well as similar examples which have not been figured, I have formulated
the following rules of reduplication of the leg:—

(1). The reduplication may occur at any part of the leg.

(2). The parts contained in the branches are only those that are
distal to the point of division.

(3). In all the cases of reduplication one branch or leg is in the
normal position and direction.

(4). The plane of division of the leg into two primary branches may
coincide with a vertical (dorso-ventral) plane, or with a horizontal (antero-
posterior) plane of the leg.

(5). When the division occurs through a vertical plane, the result-
ing two branches are mirror images of each other, the anterior sides facing.

(6). When the division occurs through a horizontal plane, the
resulting two branches are on the same side (not mirror images of each
other) and one hangs over the other.

(7). Of the two primary branches, the one in the normal position



240 : Taxu Komar:—

undergoes no further division, while the other may do so.

(8). When a secondary division occurs in the primary branch, the
plane of divisioh is dorso-ventfal, and the two secondary branches are
mirror-images of each other.* A

Bareson (‘g4, '13) has given a comprehensive review of all the
_cases of reduplication found in the leg of insects described previous to the
time of publication of his “ Materials for the Study of Variation,” and has
noticed that the following features are salient in all those cases:

“They (supernumerary limbs) may arise at any point on’the normal
limb, being found in all situations from the base to the apex. Nor are
they limited as to the surface from which they spring. .....c....ccco..”

“With rare and dubious exceptions, the parts which are contained
in these extra appendages are ouly those which lie peripheral to their
origin ¥ (BarTEsoxn, '13. p. 72).

These statements have been found to lhold good for practically all
the cases of reduplication, not only those which are mentioned in his hook,
but also all other similar cases described in subsequent works, including
the reduplications brought about by experiments (PrziBram, ’21).

Further, BaTesoN has noticed that the supernumerary limb is in
practically every case itself a reduplicated structure, and that “it is practi-
cally certain that in no case can a single, viz. an unpaired,” duplicate of
the normal appendage grow from the normal limb” (13, p. 75).

And for these extra paired appendages, according to him, the follow-
ing rules hold good, with certain exceptions :—

“T, The long axes of the normal appendage and of the two extra
appendages are in one plane; of the two extra appendages one is therefore
nearer to the axis of the normal appendage and the other is remoter
from it.” '

“IL The nearer of the two extra appsndages is in structure and
position formed as the image of the normal appendage in a plane mirror

placed between the normal appendage and the nearer one, at right angles

¥ In my former paper T gave a litde different statement for this part. But this
is apparently a Dbetter presentation of the facts involved,
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to the plane of the three axes, and the remoter appendage is the image
of the nearer in a plané mirror similarly placed between the two extra
appendages ” ('94, pp. 478-479).

In fact,. the extra part of the reduplicated limb is in most cases
compound, and thus the whole limb is a 'triple structure.  (PrzZIBRAM.
’21, has given a review of all such cases known to him). However, some
unmistakable cases have been described in which the whole limb is a
double structure, instead of being a triple structure, consisting of two
branches placed as mirror images of each other (Harwison, ’21). In
Drosoplula too, Miss HoGe (’15) has found several cases falling into
this category in her * Reduplicated ch ? strain,  Harwmison (*21),
accordingly, has modified Bateson’s rules as to the symmetry of the redu-
plicated limb mentioned above as follows :—

113

1. The long axes of duplex or multiplex appendages lie in one

plane.” ,
“ 2, Two adjacents members form in structure and position the image

of each other, as reflected from a plane mirror bisecting the angle between

the respective axes and perpendicular to the common plane of the two

21. P. g7).

Applying these rules to the cases met with here, we find that they

axes.” (Harrson, ’

hold good for examples such as those in PL xix, figs. 1, 2, 3 and 4, in
which the plane of division coincides with a vertical plane of the leg.
However, this does not hold true with such instances of reduplication as
in - PL xvui, figs. 9, 10, 11, 12 and 14, where the plane of division is
horizontal, and the resulting two limbs are ‘of the same side, of which

one limb overhang the other. These instances thus form exceptions to

rule 2 above. ]

The latter type of reduplication of the leg is apparently extremely rare ;
in fact I do not kaow if any indubitable instance of this type has ever beea
reported. It is true that a few examples are known, where two limbs
of the same asymmetry stand in a series on the same side of the body.
In all these cases, howevei‘, the two limbs are situated one behind the

other; so that the reduplication here has occurred in the antero-posterior
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direction. An elaterid beetle with two fore legs on the right side refer-
red to by PrziBram (10, figs. a-c), seems to be a beautiful example
of this kind. Also most of the instances of the reduplicated leg of .Aze-
blystoma which have been described by Swerr ('24) as exceptions to
. BaTEson’s rules, apparently belong to this category.

The examples we have before us, on the other hand, are of the two
limbs or branches of the same asymmetry situated one above the other—
the doubling is therefore in the dorso-ventral direction, and not in the
antero-posterior direction. PrziBraM (10) recognizes the rarity of the
doubling of this type; he mentions: “...............konnte ich keine Fille
finden, wo die Spaltung durch horizontale Treniung der dorsalen von der
ventralen Fliche entstanden wire. Wiirden solche IFille zu Regeneration
filhren, so missten die Hyperregenerate {ibereinander, nicht nebenein-
ander liegen, wie es immer zutritt.” (p. 414).

Govrpscamipr (21) records some interesting cases of doubling in
the copulatory apparatus of some intersexual gypsy moths, The valve
of either side may bz doubled or tripled. If the doubling occurs, the
extra valve shows the same asymmetry as the normal valve. But the
extra valve is situated outside of the normal one, so that the doubling
seems to have occurred in a manner somewhat different from either of
the above two categories.

If any secondary reduplication occurs in the extra leg or branch in
the crep-m fly, the plane of division is always dorso-ventral. The plane
of secondary division, therefore, may be vertical to the plane of primary
division, although it may hbe parallel to the latter, thus violating
Barrson’s rule 1.

Even where both the primary and secondary divisions occur through
the dorso-ventral plane, the long axes of the resulting three limbs very
rarely lie in the same plane. This is due to the torsion of the limbs

which very commonly occurs,

Crep-me is a character sharply distinguishable from c¢r7p-/; and in

no cases was the discrimination difficult, In fact, as mentioned already,
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crip-f flies may sometimes have the middle leg also somewhat abnormal.
This abnormality, however, never occurs without the hind leg of the same
side being concomitantly abnormal. In erzg-m2, on the other hand, only
the middle leg becomes abnormal, the hind leg usually remaining quite
notmal, -

A few cases have been met with where a fore leg is missing, without
any abnormality in the middle or hind leg. These belong, without doubt,
to the category of c#ip-mz, but with the difference that the abnormality

has appeared in the fore leg, instead of the middle leg.

Crip-m and State of Food

Another feature which characterizes ¢77p-2 is that these flies appear
only after-the cuture has become old, mostly during the last few days of
counting (Table 4). As mentioned already, the percentage of crzp-/2 flies
shows a remarkable decrease during the latter part of the counting; and
this is the time when crZp~7 flies appear. Some cultures throw relatively
many crzp-mz flies, as compared with other cultures. In those cultures
the percentage of ¢7zp-% flies is usually low from the beginning. If one
keeps such cultures long enough—more than one month,~—he usually finds
that the crzppled flies that come out of them after that time are mostl,
crip-mmz.  These facts suggest that one and the same cause determines both
the decrease of the number of ¢rzp-2 flies and the appearance of crzp-m:
flies. And this cause is evidently environmental, and connected with the
change in the state of food, as shown by the following experiments :
Two successive broods of ¢7zp-7: flies were raised from the same parenis;
in all six . such sets of cultures were prepared. In every set the two broods
showed practically the same change in the types of the ¢rgppled fly from
crip-le to crip-me. TFurther, a pair of black purple cinnabar crip-ne flies
‘were introduced into a botte containing a very old culture. This culture
had been yielding dlack purple flies for more than ten days and most
of the crippled flies that were appearing then were crp-72. Two out of
ten such bottles produced some offspring of the introduced pairs. The

crippled flies among the offspring were mostly ¢72p-72, besides being dlack
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purple connabar. ,
The banana culture medium is strongly acid at the start of the cluture ;
then it decreases its acidity gradually, evidently owing to the larvae feed-
ing on it, until it becomes weakly alkaline toward the end of the count-
ing, This change is so remarkable that I presumed that it was this
phenomenon that was mainly responsible for the alteration of the types
of crippled flies from crip-k to crep-me. I accordingly neutralized to some
extent some such new acid cultures with sodium bicarbonate or with
ammonia water, and also acidified some old alkaline cultures with acetic
acid. But it was rather hard to keep the acidity or alkalinity of the food
as desired, without doing harm to the developing larvae. Anyway, these
experiments were not successful, and no apparent effect of the changed

eavironment upon the types of creppled flies could be seen.

Inheritance of Crip-m

‘When two- ¢rgp-me flies are mated together, there appear in the Fr
generation some ¢rsp72 flies. The number is very small, usually 5 to 8
per cent of the whole brood. The result is the same if two ¢rip-%, or
normal, flies having the factor for crip-m2, are mated togethzr.

To find the locus of the factor for ¢#zp-mz a few black purple cinnabar
crip-m2 flies were crossed with wild flies; the cross gave normal flies only
in the F1 generation. Then six I1 females were backcrossed to the dlack
purple cinnabar crip-m males. From each culture appeared a few crip-mz
flies, besides a number of c7zp-4 flies. All of the crep-mz flies were dlock
purple cirnnabar, except one black purple (not—cimnabar) and one purple
cernabar (not-dlack) crip-m individual, This result shows that the factor
for the character c¢rzp-: lies in the second chromosome somewhere near
purple (Table 12),

Next, five ¢7p-m2 females were mated each with a male from the
original black purple crnnabar stock hottle, As mentioned at the begin--
ning of this paper, the flies from this stock may have carried the factor
for crip-i1, but there is no ground for suspecting that the factor for crip-

e, if any special factor for this character exists, had been present in
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TABLE 12.

Backcrossing of heterozygous dlack puiple crip-m cinnabar female
with homozygous dlack purple crip-me cinnabar male.

crippled
Cullure Normat crip-h ! erip-ne

No. | Zotaz I

Zj:;zj bpren| O | pren | bpr | cn | ben |bpren| pren Opren| pren | opr
2201 348 | 176 | 126 | 10 9 I 2 1| et — 2| - —
2202 | 445 | 234 | 138 | 16 | 12 9 51 — | 16 2| 11 I I
2203 451 | 218 | 156 | 14 10 4 2 — | 40 3 4| — | —
2204 392 | 189 | 153 | 10 6 3| — | 20 s 2| — ) -
2210 424 | 202 | 180 | 10 3 I 1 19 I I —_ -
2211 365 | 171 | 156 ’ 5 1 41 — | 19| — 3| — | —

them. These five females all gave a few ¢r2p-72 offspring besides a num-
ber of erip-ir flies (Table 13). The above two experiments seem to show
that the factor for crzp-u7: is the same that produces crzp-.

It might be suspected that the absence of the middle leg and the
reduplication of the same would represent entirely different characters.
But this is not altogether so. In fact, I crossed flies lacking a middle

leg together, or such a fly with a fly having a reduplicated middle leg,

TABLE 13.

Cross between c7ip-2 from bperene stock bottle and crip-ne.

crippled

Cultnre Nowinal

Vo P Total crip-h cripie

bpr | bprese | Opr | Ypren | bpr | bpren

bprerip-le  bprencrip-m

2216 |7 prencrip-te’ bprencripan | 420 190 117 '3 2t 4 7
bprerip-le bprencrip-m

2217 bprerip-le "~ bprencrip-me 352 324 - 20 - 2 o

2218 bprerip-le  Dprencrip-m 365 154 148 29 33 I —
bprencrip-le” bprencrip-m

2219 bprencrip-l  bprencrip-m 355 . 301 — 3 — 3
bprencrip-le” bprencrip-me

2220 bprencrip-le  bprerip-m 322 293 . 27 _ 2 —
bprencrip-lt” Dprerip-me
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or two flies each having a reduplicated middle leg. These crosses always

gave practically the same results; flies with a reduplicated middle leg may

appear out of the cross between flies lacking a middle leg, and vice versa

(Table 14). Moreover, there are a series of types of abnormality of the
TABLE 14.

Correlation between the abnormality of parents and that of offspring,
with special reference to the abnormality of middle leg.

P . ol

Culture & + Addle leg f{[ﬂfl
No. (14

J4iddte] Hind |Middie | Hind | 707
leg leg leg leg absent | deformed |redugplicated| abnormal

2132 N N N ¢ 164 1 — — 23
2134 ’ N N N N 103 3 — — 7
2135 @ N N N 173 3 — — 1T
2138 N a N 206 2 —_ — 23
2139 N ¢ N c 220 4 _ . 16
2140 d N N N 217 4 — - 21
2141 N N a N 273 4 1 — 16
2143 a N a N 260 7 - 1 6
2144 d N a N 185 13 — —_— 9
2146 a N a N 221 2 — — 33
2147 a N a N 236 2 I — 16
2138 d N @ N 268 I — I 67
2132a N N N ¢ 275 — I I 34
2134a N N N N 260 2 I — 12
2154 d N N N 239 2 3 I 8
213ge | WV ¢ ' ¢ 222 2 I — 10
2144a d N a N 1Go 8 3 I 17
2164 N N N N 256 3 — — 34
2165 N ¢ N ¢ 283 8 —_ z 7L
2166 N c N ¢ 238 8 2 — 69
2170 N ¢ N ¢ 204 I — - 30
2171 N ¢ N N 326 3 — I 52
2172 N ¢ N ¢ 362 4 — 2 40
2174 N ¢ N ¢ 226 I I — 38
2175 a ¢ N ¢ 325 20 4 3 18
2176 N N N N 251 5 I - 22
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TABLE 14 ( Continued)

P 7
Cy,;\%m 2 0 Aiddle Ire i{gd
atiddre | Hind laridce | Hind | 700t
leg leg leg lcg absent | deformed |reduplicated | abnormal
21477 a c d N 266 5 I 2 28
2179 a N 7 N 210 3+1* 2 — 26
2180 7 N 7 N 315 21 —_ I 24
2182 N ' c N c 341 I H — 31
2183 N N N > 346 —_— I 3 13
2186 7 N 7 N 259 1417 —_ _— 28
2189 N N N N 357 2 1 — 95
2190 N c N c 283 I 2 — 65
2191 N c N c 377 — — I 74
2192 N N N N 2062 2 — 2 81
2103 N c N c 327 3 — — 84
2195 N N N N 401 7 I I 81
2196 N c N ¢ 328 I — 2 87
2197 N c N c 351 8 — — ) 101
2198 @ N @ N 274 8 2 I 9
2206 @ N a N 223 5 I — 20
2207 7 N a N 186 4 — — 29
2208 ” N 4 N 335 10 — 1* 74
2216 7 N N N 412 10 [ 1 34
2217 a N N ¢ 352 1 1 — 26
2218 a N N ¢ 365 I — — 62
2219 a N N c 355 1 2 — 51

N—Normal, e—absent, c—crippled (hind leg), d—deformed (middle leg)
* abnormality of fore leg.

Ll

middle leg, which connect the reduplication of the leg with the complete
absence of the leg.

These instanees of the doubling of the leg remind one of the character
“ Reduplicated leg” worked out by Miss HoGeE (’15). Reduplicated
leg, however, is a sex-linked character and appears in any leg, but

predominantly in the fore leg; whereas, the character before us is not
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gex-linked and appears almost exclusively in the middle leg. Moreover,
her cases of reduplication, without any exception, conform well with

BaTeson’s rules, contrary to some cases we have here,
Yy

GENERAL DISCUSSION

Crippled is a mutant character striking in various respects. First, it
is a highly variable character and its manifestation depends much on ex-
ternal conditions,  Several cases similar in this respect are known
in Drosoplle. Morcan (15) has found that the character called .1é-
normal abdomer is strongly marked when the larvae were given moist food,
but is often suppressed entirely in flies reard with dry food. Miss Hoce
(r5) has shown that the character Reduplicated leg appears in the
highést percentage of flies when they are reared in the 10° C ice-chest;
but under warmer condition the character virtually disappears. Accord-
ing to WARREN ('20), the mutant type of spotting on the abdomen of
Drosophiln buschii becomes recessive under high temperature, while under
low temperature it becomes dominant. IHypE ('22) lastly, has confirmed
that the expression of the mutant character warmble cve, which he found
in Drosoplila hyder, depends upon environmental conditions. Cultures of
this mutant, kept warm and dry, produce forms with the eyes reduced to
mere specks; whereas, the cultures kept cool and moist give rise to in-
dividuals with full-sized eyes.

Second and more striking than the first, is that the variation of this
character falls into two types sharply distinguished from each other,
namely, crep-fe and crip-mz, both of which are highly variable within each
type. Third, these two types change from the one to the other in accord-
ance with the condition of food on which the larvae feed. It may be
very interesting if one could identify the factor in the state of food which
is responsible for this change.

The question arises as to why the ¢7zp-7 flies were not found in the
first part of the experiment, but appeared later in some particular cultures.
The only plausible explanation for this seems to be the appearance of a

modifying factor., It was, however, impossible for me to locate this factor,
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owing to the very low percentage of crzp-m2 flies which appeared in each
culture,

Another striking f{eature of this character we find in the 1‘edt1plicd-
tion of the leg. As mentioned already, this occurs in two different
types: 1. when the plane of division falls in the dorso-ventral plane
of the leg, the resulting two limbs are formed as mirror images of each
other; 2. when, on the other hand, the plane is parallel with the hori-
zontal plane of the leg, two limbs of the same asymmetry are formed
one over the other.,

Cases of the reduplication of the leg belonging to the former type are
not at all rare especially in arthropods, and can be found in the literature
rather commonly. But the latter type is quite unique. In all cases of this
type it is very likely that the two limbs of the duplex leg have arisen
with comparatively little influence on each other. In support of this,
assumption it ﬁmy be pointed out that, in most cases of reduplication of
this category, the limb which can be identified as supernumerary, is con-
nected with the ordinary limb at the point of articulation of the segments.
Even where the leg is forked in the middle of the segment, the proximal
part of the segment is always compound, showing that the real point of
division exists probably at this end. The results of experiments performed
by Harrison (18, ’21), DETwiLER (22) and Swerr (24, ’26) on the
limb-buds of Awmblystoma show that two limbs of the same asymmentry
may occasionally be produced side by side, when the bud is split into two
separate halves and these develop independently with little mutual interac-
tion. Anyway, it seems indispensable, for bringing about this sort of
reduplication, to ensure the independent development cf each rudiment.

As to the physiological cause of crippledness, nothing can be said,
except that it is probably due to disharmony in the development of the
parts of the leg. However, it is beyond any conjecture that, under
certain conditions of food, the hind leg is affe;:tecl, while, under different
conditions, the middle leg is affected in a way entirely different from the

hind leg.
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SOME ADDITIONAL REMARKS

Cases of Reduplication of Fore Leg

A few cases of reduplication of the fore leg have been found. None
of those individuals passed on the character to the progeny.

The fly shown in Pl xx, Fig. 2 appeared in Dr. A, H.
SrurtEvant’s culture No. 14890, from echzmus crossveriless and 100
percent crossing-over stock which were not at all related to the present
strain. The femurs of the fore legs are fused at the median line of the
body. The tibin of the left leg is forked and the distal parts are doubled.
The fly was a female. She was crossed with a < Xplke’ male, but no
individual with a similar abnormality was found among the progeny.

Pl xx, fig. 3. The right fore leg of a male fly found in the dlck
purple cennabar crep-h strain. The femur, tibla and first tarsal segment
are compound; the second to fifth tarsal segments reduplicated, and the
two branches are situa‘ed like mirror-images, of each other. The progeny
of this fly was not obtained.

Pl xx. fig. 4. A female that appeared in a culture of the hackcross
of “Xple” X crip-ie by crep-h. A supernumerary compound leg is inserted
between the ordinary fore legs on the median line of the body. The leg
consists of two limbs, right and left, fused into one from the coxa to the
tibia. These segments are naturally much thicker than those of the normal
leg, but much shorter in length. The tarsal segments are reduplicated;
the two branches are sitnated like mirror-images of each other. The fly
was mated with one of her brothers. No individual with an extra leg

appeared among the progeny,

Factor reducing Crossing-over Value between

the Loci Purple and Cinnabar

Crauvsen (24), after a careful study based on the characters dluck
Jaunty purple and westroml, estimated the crossing-over value hetween the
loci purple and cennabor to be approximately 2. 8. In the present ex-
periments, in which bdlack purple ciinabar and crippled flies were used

as material, the average value 1. 6 was obtained for the same; and in
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a few cultures the value exceeded 2 (Table 15). Thus, it is very likely
that there is a factor which reduces the crossing-over value of this region
in that str.in. The value of the crossing-over between the loci dlack and
purple was found to be about 5.5, not much different from the standard

value 6, o.

Reversion of Factor for Purple
In a culture from the cross between two black purple cinnabar crip-h

TABLE 13.

Crossing-over value between dZack and purple, and between purple
and cinnabar of black-purple-crip-l-cinnabar stain,

Coltn Total Crossing-over | Crossing-over
7[];,;”6 P Vi number value between | value between
: of flies b and pr. pr and cn
bpren
213 bpren bpren 983 47 %9
216 ” Vi 621 7+9 11
217 bpr 7 294 41 —
219 TGpren 7 838 ‘57 1.0
222 7 n 1157 5.0 15
€7
262 bpren 7 404 54 -
b
68 —_— — 2.
2 pren 7 320 2.1
271 2 ” 468 —_ I.7
ben
189 b 7 346 72 I.4
193 ) 7 385 65 1.8
2199 v 7 375 6.1 —
21 bpr
2200 7 7},,“‘ 384 5:¢ -
bpren
2201 - 348 .7 i1
bpren bpren 5
2202 7 7 445 6-9 34
2203 ” Vd 451 6.0 1-3
2204 7 7 392 4-8 2.3
2210 n 74 424 42 I.2
2211 7 7 653 3.0 14
Average 55 1.6




252 Taku Komar : —

flies  appeared a single female with cuizabar-colored eyes among the whole
brood consisting of 143 flies. With this fly was mated a purple fly, and
there came out 81 purple-eyed fliess and 70 7ed-eyed flies in the next
generation. T'wo females of these 70 7eds were crossed with dlack purple
cennabar crip- males; and many offspring of various types were ob-
tained as shown in Table 16. These experiments show that one of the
purple genes carried by the original fly had reverted to normal 7ed.
Here is little possibility of contamination, because of the following two

reasons: Ifirst, as the reverted gurple factor was found to be associated

TABLE 16.
b reversed PR en % B pr CN
b pren B pr CN
! b yeversed PR cn bpren
‘A B pr CN > bpren
alj\lfgm Total pr ben bpr en 1 pren
89 346 149 167 Iz 13 I 4
93 385 191 162 10 15 2
Totals 731 340 329 22 28 3 9

with the ¢rp-/2 factor, there is no room for suspecting that the former
factor had come from some unrelated strain. Second, if any recombina-
tion of the factors dlack crep-fe cennabdar occurs in some culture of the
heterozygous black purple cinnabar crep-fe strain, this must result from a
double crossing-over between the loci dluck and c¢rip-Zt; and such a re-
combination must be very rare, if it occur at all, owiig to the very short

distance hetween the loci.

SUMMARY

(1). Crippled is a new mutant character which appears in the leg
of Drosophile mclanogasier.

(2). Two types may be distinguished in the character, namely,
crip-h, appearing in the hind leg, and ¢rp-m2, appearing in the middle

leg. In the former type some segment or segments of one of the hind
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legs is shortened, -broadened, straightened, crooked, or twisted, In the
latter type one of the middle legs is reduplicated, dwindles, or entirely
disappears.

(3). Crippled is a recessive character, hut it may be concealed in
the homozygous state. The cross between homozygous individuals gives
under 25.° C usually 10 to 30 per cent crzppled offspring, most of which
are crzp-f and a few may be cripm.

(4). Higher temperature (29"—30° C) or lower temperature (§°—15°C)
produces a higher percentage of ¢7zf-% individuals.

(s). The percentage of c¢rzp-% individuals in the same culture is
higher in the earlier half of counting than in the later half.

(6). No special type or grade of c¢7zp-Z is inherited.

(7). The leg (right or left) to become crippled seems to be deter-
mined at random.

(8). The factor for c¢rip- lies in the second chromosome between
the loci purple and cenenabar,

(9). The factor for Huirless seems to have a tendency to make
some flies creppled which would otherwise appear normal.

(10). Crepme flies appear ouly near the end of the counting, after
the food has become old.

(11). The decrease of the percentage of c¢7zp-/ flies and the appear-
ance of crgp-m flies near the end of counting, seem to bhe due to the
same cause connected with a certain change in the condition of the food,

(12). More than thirty individuals with a reduplicated middle leg
have been found, and the rules of reduplication have been formulated on
the hasis of these examples.

(13). The most important of the rules of recuplication is that, in
the reduplicated leg the plane of division coincides with either a vertica
(dorso-ventral) or a horizontal (antero-posterior) plane of the leg, and
the resulting two limbs are in the former case mirror-images of cach
other, while in the latter they are of the same asymmetry, and one les
over the other.

(14). The latter type of reduplication of the leg is novel, and probably
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has never been reported,

(15). The factor for crip-2 is the same as the factor for crip-h.

(16). A few cases of the reduplication of the fore leg have been
described.

(17). A factor reducing the crossing-over value between the loci
purple and cinnabar probably exists in the black-purple-crippled-cinnadbar
strain. /

(18). A case of the reversion of the factor for purple has been

reported.
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EXPLANATION OF PLATES XVI—XX

Plate XVI.

Microphotographs of some of the reduplicated legs, X Go.
Same leg as in Pl XIX, fig. I.

256
Fig. 1.
Fig. 2.
Fig, 3.
Fig. 4.
Fig. s.
Fig. ©.
Fig. 7.
Fig. 8.
Fig. o,
Fig. 10,

Fig. 11,

e ar as 3 fig. 3.
T R -2 1
ys s PLXX, fig. 1,
v sy PL XIX, fig. o.
v, PL XVIIL, fig, 13.
»s sy PL XIX, fig. 6.
. .. PL XVII, fig. o.
. sy PL XVIII, fig, 14.
sy s, PLOXIX| fig. 12,

’ 33 33 79 ﬁg~ 11,

All figures in Plates XVII—XX are enlarged 50 times natural size, and were drawn by

the aid of ABBE’S apparatus.
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Fig,

Fig,

Fig.

Fig.
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Plate XVIL

Abnormalities of hind leg (crip-Z2).

Right leg; tarsus curved sharply ncar the joint between third and fourth segment.
This is the ancestor of the whole strain of -crippled.

Right leg; tibia curved at middle.

Left leg; tibia curved and slightly twisted; first and sccond tarsal segments
twisted,

Left leg; all segments from femur to las§ tarsal segment more or less deformed ;
femur and first tarsal segment deformed most of all,

Left leg; tibia suaightened; first and second tarsal segments slightly broadened
and curved.

Left leg; tibia curved and slightly twisted; first and second tarsa segments
shortened.

Left leg; whole leg shaped something like w cork-screw ; femur much shortencd
and disfigured ; tibia and proximal part of tarsus twisted.

Left leg; femur inflated, constricted near base; tibia shortened and curved to

dorsal side; first two tarsal segments inflated like beads.

ig. 9. 10. Left leg; somewhat like fig. 8; proximal tarsal segments crooked.

Right leg; tibia bent towards the dorsal side near distal end.
Right leg; Whole leg folded up, being curved sharply twice; femur, tibia and

first tarsal segment much deformed,
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I3

4.

13,

10,

17.

18.
10.
20.

Right leg; second tarsal segment bent sharply towards dorsal side.

Left leg; femur somewhat deformed; tibia swollen considerably at distal end:
proximal tarsal segments fused into a spoon-shaped body ; tarminal claws missing.
Both legs deformed; right leg with tibia curved, tarsus crooked sharply near
middle, with distal end directed anteriorly’; left leg cut off at base of femur.
Right legs; both middle and hind legs crippled; femur broadened and shortened
tibia curved dorsally in both legs; first and second tarsal segments of hind leg
broadened and flattened.

Right legs; both middle and hind legs crippled; middle leg lacking tarsal seg-
ments except first segment ; hind leg with first tarsal segment crooked.

Left leg; femur crooked ; tibia and tarsus gone.

Left leg; tibia short; tarsus missing.

Left leg; femur and tibia fused longitudinally into one stump-like mass; tarsus

missing.

21, 22, Left lag; tibia shortened and deformed; tarsal segments dilated and much

deformed.

Tig. 23. Right leg; tibia straightencd, twisted at distal end ; distal tarsal segments missing.

Fig.

24. Left leg; tibia straightened ; distal tarsal segments missing.

Plates XVIII & XIX.

Abnormalities of middle leg (crp-m2).

The diagram attached to cach figure shows the relative situation of the parts reduplicated

and the side to which those parts belonz; limbs are represented in transverse section, the right

limb as havinz a longer spur on the right side, and the left limb on the left side.

Pl XVIII, Fig. 1. Left leg; entire leg dwindles and folded up.

Fig, 2. Left leg; all segments from femur to tarsus shortened; tarsus curved to dorsal

side, terminal segment gone.

Tig. 3. Right leg; femur, tibia and first tarsal segment shortened and curved ; second to

fifth tarsal segment gone.

Fig. 4. Right leg; entire leg much reduced in size; third to fifth tarsal segment missing,

first and sccond rudimentary ; stump-shaped process necar median line of body.

Figs. 5,—17. Explanation may be found in text.

Pl XIX, figs. 1—~12. cexplanation may be found in text.

Plate XX,

Reduplication of fore or middle leg, ectc.

Figs. 1—4. Explanation may be found in text.

Fig. 5. Abnormal fly found in Zlack purple cinnabar crip-me strain, with antenna-like

process projecting from center of right eye.
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