GENETICAL STUDIES ON THE PATTERN TYPES
OF THE LADY-BIRD BEETLE, HARMONIA
AXYRIDIS PALLAS

By YASUSI HOSINO
Zoological Institute, Kyoto Imperial University

{With Twenty-nine Text-figures)

INTRODUCTION

Tew lady-bird beetle, Harmonia azyridis Pallas, is well known for the
great variability of its elytral, as well as thoracic, pattern (Figs. 1-29).
The ground colour of the elytra may be either orange yellow {Figs. 1-5)
or black (Figs. 6-29). In the former case there are commonly nineteen
black spots arranged as shown in Fig. 3 (var. succinea). The spots are often
enlarged to become confluent with one another (Figs. 4, 5), or they di-
minish in size and the srealler ones disappear (Fig. 2); in the extreme case
of the latter tendency the elytra become uniformly orange without any
tzace of spots (Fig. 1). The size of the spots in this type is apparently
gorrelated with the amount of humidity and the degree of temperature in
environment: in hot and dry climate they become smaller, while in cold
and humid climate they are enlarged (of. Dohzhansly, 1924, 1933).

Among the types with the black ground, the one in Tigs. 6, 7 has six
spots of orange colour on each side (var. axyridis). Other common types
are the one with two spots on each side (var, speatabilis), and that with a
single spot (var, conspicua). Those shown in Figs. 16, 17, 21, 22 and 25
26, belong to rarer types.

Tan & La (1932-3, 1934} have studied the heredity of these com-
moner types. They found that succinea is recessive to any other type,
while aulica, spectabulis and conspicua are dne to dominant genes inde-
pendent of one another,

T have been working on the same problem since 1932. The resulis have
confirmed Tan & La's findings partly, but are at variance with them in an
important point, namely, that the genes of all the types undoubtedly form
nmiti])la allelomorphic series, instead of being iudapeudent of one another.

Though the genes for azyridis, spectabilis and conspicua are largely domi-
nant to the gene for succines, vet the heterozygotes can be distinguished
from homozygotes by slight but distinctive features.

This paper deals with the facts which seem to be fairly firmly estab-
lished by the data so far obtained. They include the heredity of all the
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Figs. 1-29

1-5, suceinea (pp): 6, payridis (PAPA, PAp); 7, amyridis {PAp); 8, spectabilis (PSPS, PSPAs,

PSp); 9, spectabilis (PPp); 10, 11, heterozygote of speciabilis and axyridis (PEP4);
12, eonspicun (PURC, PCPS, PopE pépay, DIPS, Plp); 13, conspicun (PCp); 14, 15,
heterozygote of conspious and exyridis (PUPA); 16, forficula (PPPT, PPp); 17, Forficula
(PFp); 18, beterozygote of axyridis and forflcule (PAPF); 19, heterozygote of spectabilis
and forficela (PSPF): 20, heterozygote of conspicue and forfieule (PPPT); 21 trans-
versifascia {(PTPT, PTp); 32, transversifuscia {PTp); 23, heterozygote of trunsversifascia
and axyridis (PTPA); 24, heterozygote of transversifuseio. and  forficule (PTEF):
25, nulics (PAMPAL BAvp) . 26, gulice (PAp); 27, heterozygote of axyridis andl aulice
(PAPA, 28, heterczygote of Jorficula and wulice (PEPAn); 29, heterozygobe of frans-
versifaseie and qulion (PTPA),
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patierns dealt with in Tan & Li's paper, besides three types which were
not treated by them, Further data will be reserved for later papers.

The material was derived from individuals collected in the field in the
vicinity of Tokyo. The larvae were reared in glass tubes or in Petri dishes.
Various kinds of aphids cbtained from the field served as food. Certain
kinds of aphids are unsuitable for the purpose, apparently being poisonous
to the larvae,

EXPERIMENTAL DATA

Succinea

When succinea is bred emter se, the progeny is all succines, with no
other type (Table I). This shows that all succinea individuals are Lomo-
zygous for the gene.

TABLE I
SUCCIIEn X SUCCInen
Progeny
succEnes
(‘“‘“‘""%
Cross no. Parents 2 & Total
I PP pp 65 4 112

Amyridis

The mating amyridis x apyridis sometimes gives ouly amyridis in Fy
(Table 1T, no. 2), but at other times it throws succines also in a nearly
31 1 ratio (no. 3). The backcross yields amyridis and suecines in approxi-
mately equal frequency (no. 4). Among the individuals of awyridis, the
heterozygotes often can he distinguished from the homozygotes in that
the spots are confluent with one another (Fig. 7). However, the hetero-
zygote may show the same appeavance as the homozygote {Fig. 6).

Consequently, it is clear that axyridis beliaves as a simple dominant
to succinea. P will be used as the symbol for asyridis and p that for
SUCCINEL.

TABLE II

Nos. 2, 3, axyridis x axyridis; no. 4, axyridis  suceinea

Progeny
s A ™
aryricis SUCHITRET
ey e

Cross no. Parents 2 3 Total 2 & Total  Total

2 PApL  pApA 9 14 33 _— - — e

3 Phip PAp 28 25 B3 8 1 T2
Ratio {cross 3) 2-944. 1056 4000

4 PAp pp 18 13 31 16 0 25 56

Ratio (cross 4) 1-107 0-893 2000
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Spectabilis

Spectabilis x spectabilis gives exclusively spectabilis In OIS cultures
(Table YII, no. 5), while in others it gives spectabilis and succines in a ratio
approximately 3 :1 (no. 6). Among the individuaals of spectabilis, the
heterozygotes often can be distinguished from the homozygotes in that
the anterior spot has a concavity on both the postero-lateral and pos-
terior sides (Fig. 9). The concavity, however, is missing in some Cages, and
the heterozygote may show the same appearance a8 the homozygobe

TABLE IIX
Spectabilis x spectabilis

Progeny
A iy
spectabilis SULCINREC
Cross na. Parents 2 g Total o & Total Total *
5 Pipd PRSP g3 50 113 —— = —
8 P Pp 82 72 154 25 27 56 210
Ratio {cross 6) 2-633 1-065 4000
TABLE IV

Nos. 7, 8, spectabilis x axyridis; no. 9, Teteromygole of spectabilis and
axyridis x heterozygote of spectabilis and axyridis
P;ogeny

Heterozygots of
spectabilis and

speoiabilis axyridis axyridis
Cross P f‘_‘"’A"—“ r“"_‘k"__ﬂ
no. Parents 2 & Total 2 & Total o & Total Total
7 PSPS PAPA em — — § 13 21 —_ - —
8 Pip PAPA — 15 13 3l 13 21 34 65
Ratio (cross 8) 0-954 1-046  2-000
9 pSpr PIPA § 8 16 23 20 43 16 10 26 33
Ratio {eross 9) 0-733 2-024 1-223 4-000

(Fig. 8). These experiments show that spectabilis 1s a simple dominant
£0 SUCCIRE. '

The heterozygote of spectabilis and awyridis also resembles spectabilis,
Lub can be distinguished from the homozygous spectabilis in that the
anberior spot is smaller than thas of the latter and often provided with
accessory specks, one on each of its antero-lateral, postero-lateral and
postero-median corners (Figs. 10, 11). From the mating, a homozygous
spectabilis with a homozygous amyridis, are given only individuals like
Figs. 10, 11 (Table IV, no. 4). But if a heterozygous spectabilis 18 used,
about half of the F, individuals are azyridis (no. 8). The heterozygotes
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inter se throw spectabilis, heterozygotes and azyridis in an approximately
1:2:1 ratio (no. 9). These findings show clearly that the genes for
spectabilis, axyridis and succinea are in a multiple allelomorphic series.
P8 will be used for spectabilis.

Conspioun

Conspicua behaves very much like spectabilis when mated to succinea
or to amyridis. The heterozygote of conspicua and succines has & spot
similar to the anterior spot of the Leterozygote of spectabilis and succinea
(Figs. 12, 13). The heterozygote of conspioue and azyridis also has a spot
much resembling the anterior spot of the heterozygote of spectabilis and
azyridie (Figs, 14, 15).-

TABLE V
Nos. 10, 12, conspicua x succinea ; 7o, 11, conspieua x conspicua
Progeny
— A y
CONSPICUC SUCCInen
f——.—)“ﬁ
Croas no. Parents & Total - § & Total Total
10 PEPC pp 40 21 61 — —
11 Plp Pip 40 31 80 15 11 26 166
Ratio {cross 11} $ 3-019 881 4-00G
12 P pp 3 1 4 2 1 3 7
Ratio (eross 12) 1-143 0-857 2000

The cross, homozygous conspicua x succines, gives only individuals
like Figs. 12, 13 (Tahle V, no. 10); in Fy sussinea appears forming about
one-gnarter of the whole population (no. 11). The hackeross gives the two
types in a nearly 1:1 ratio (no. 12). It is thus clear that CONSFICUG 15 8
simple dominant to suceinea lke other types.

Heterozygotes of conspicua and azyridis mated. together throw con-
spioua, heterozygotes and awyridis in an approximately 1:2:1 ratio
(Table VI, no. 13). Conspicua mated with the keterozygote gave in an
experiment 2 conspioua : | heterozygote of conspicua and amyrides © 1
axyridis (no. 14). Another experiment, where a heterozygote of conspicua
and awyridis was crossed with succines, produced conspicun and azyrides
m about the sarae number (no. 15). ‘

‘A horozygous conspicus mated to a homozygous spectabilis gives
conspiouy alone in Iy (Table VII, no. 16), and conspicua and speclabilis
ina 3:1ratioin ¥, (no. 17). F, backerossed gives conspicua and specla-
bilis in a 1: 1 ratie (no. 18).
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It is evident then that conspioua is another gene belonging %o the
same allefomorphic series as all the genes already mentioned, and laxgely
dominant to any of these. P will be used for this gene.

TABLE V1
No. 13, heterozygole of conspicua and axyridis x heterozygole of congplova
and axyridis; mo. 14, conspicua x heterozygote of conspicud and
axyridis; no. 15, heterozygote of conspicun and axyridis X SUECIILER
Progeny
(-—u—————_“w_,__._._,_u-———-—‘—“—“'u._..._.._,_m——

Heterozygote of
conspicye and

Ty

CORSPICUD axyridis gayridis
Cross o Py et
ne. Parents a3 Total 2 & Total g 3 Total Tobal
13 pips  Popa 1 2 3 5 3 3 2 1 3 14
Ratio (cross 13) 0857 2-236 0-857 4000
14 Pép Pepa 11 11 22 5 5 10 2 3 10 42
Ratio (ercss 14) ] 2006 0-952 0952 4-000
15 PEPA pp 1T 8 —— = 9 3 12 20
Ratio (eross 15) 800 1200 2000
TABLE Vil
Nos. 18, 18, conspicua x spectabills; 7o, 17, conspictia X conspicua
' Progeny
CONSPICUL specinbilis
ey oy
{ross no. Parents @ § Total o & Total Total
18 Pepc PEPS 52 47 99 _—— -
17 Peps PP 83 91 174 27 27 54 228
Ratio {cross 17) 3-053 G047 4-000
18 peps  PSPR 57 55 112 48 54 102 214
Ratio {cross 18) 1047 0933 2000
Forfioulat

This is one of the Tarer pattern types sccasionally seen among the
specimens collected in the field. The pattern sesembles that of awyridis,
hut differs from it in that the anterior five spots are confluent In the
manner shown in Tigs. 16, 17 and the posterior-most spob is smaller than
in azyridis. The heterozygote of forficula and succinea often can be dis-
tinguished from the homozygotes in that the anterior spot has a black
speck in it (Fig. 17}, However, the speck is missing in some cases and
the heterozygotes may show the same appearance as the homozygotes
(Fig. 16). Anindividual of this type gavein a cross with succines, forficrle

1 Name given by Prof. T. Komai.

[
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alone (Table VILI, no. 19), which produced in the next gemeration
Jorfieula and succinea approximately in & 8: 1 ratio (no. 20). The hack-
crosg gave these types nearly in the same frequency {no. 21).

A heterozygote of aryridis and suceines mated to a heterozygote of
Jorfieula and suceinea threw four different types, amyridis, heterozygote
of amyridis and forficula, forficule and succines, in nearly equal freguency
(Table IX, no. 22). The backeross of the heterozygote with succines gave

TABLE VIII

Nos. 19, 21, forficula x succinea; ne. 20, forficula x forficuls

Progeny
f Al
forficula suceined
D Ay
Cross no. Parents @ & Total 2 & Total Total
19 PFRF  pp 9 15 24 — -
20 Pfp  Php 17 5 22 3 7 16 52
Ratio {cress 20) 2750 1-250  4-000
21 F'p  pp . 2 3 51 34 20 63 114
Ratio (cross 21) (393 1105 2-000

TABLE IX

No. 22, axyridis x forfienla; no. 23, helerozygote of
axyridis and forficula x suecinea

Progeny
. e
Heterozygote of }
awyridis and
qayridis Jorfieule Jorfizula Suceineg

Croms S " ——y e t—y

1no. Parents ¢ & Total @ & Total 2 & Total 2§ Total Total

32 Pip Prp 6 7 13 g9 7 16 8§ 4 12 16 3 13 54
Ratio {cross 22) 1-963 1-185 0-589 0-965 4000

23 PAPF pp 6 17 _— e 10 5 15 L — 32
Ratio {eross 23) 1-(62 G088 2:G00

amyrides and forficula n nearly the same number (no. 23). The hetero-
zygote of amyridis and forficwle resembles qayridis, but can he dis-
tinguished from It in sthat the intero-median spot is smaller than the
other spots (Fig. 18). Likewise the heterozygote of forficula and specta-
belis or conspicua can be told by the peculiar shape of the antetior spob
which has an indenfation at the antero-lateral corner (figs, 19, 90).

A crossing experiment bebween spectabilis and forfiouls gave spectabilis,
heterozygote of speciabilis and forfiouls, forficule and succineq in nearly
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equal frequency (Table X, no, 24}. Another experiment yielded from the
same combination, heterozygote of spectabilis and forficuls and Jorficula
in 1:1 ratio (no. 25). The heterozygotes together threw spectabilis,
heterozygote of spaciabilis and forficula and forfieula in an approximately

1:2:1 ratio {no. 26).

TABLE X _
Nos. 24, 25, spectabilis x forficula; no. 26, helerozygote of spectabilis
and Torficula x heterozygote of spectabilis and forficula

Progeny
[a— A

Heteronygote of
spectabilis and

spectubilis forfieule Sorfieule SULCIRELT
Cross o —— e, PR N PR ——
ne. Parents o & Total 2 g Total 2 g Total o & Total Total
24 PSp  Ffp 2 3 5 r 2 3 2 1 3 1 3 4 15
Ratio (cross 24) 1-333 0-800 0-800 1-087 4000
25 Pp PP — — — 5 8 13 57 18— e e 25
Ratio {cross 25} 1-040 0-980 2000
26 PIPF  PEPT 311 & 1 22 33 § 8 16° —_ - - 53
Ratio (cross 26) 0-388 2-095 1-016 4000
TABLE XI
No. 21, conspicua x fortificula; no. 28, heterozygole of
conspicua and fortificula x succinea
Progeny
- & —\
Heterozygots of
conspicud and
. CONSPIOUE Jorficula Forfivula sucoinen
Cross PR RN N IR .
no. Parents 2 g Total @ & Total 2 & Total 2 & Total Total
27 Plp  Pfp 7. 85 12 13 3 16 1 7 18 7 6 13 59
Retic (cross 27) 0-814 1-085 1220 0-381 4000
3§ POPF pp 12 16 28 —— 14 10 o4 SR — 532
Ratio (cross 28) 1-077 0-923 2-000

The #, of a cross hetween conspicud and forfioule consisted of 1
gomspicus : | heterozygote of conspicua and. forfioula : 1 forficula : 1
succinea (Table XTI, no. 27). This shows that the parents had both been
heterozygotes of succines. A heterozygote of conspicua and forficula

backerossed to suceines produced conspicua and forfioula in about the

game number (no. 28).

All these experiments show clearly that forficula belongs to the same

allelomorphic series as that of all the other genes. PF may be used as
the symbol for it.
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Transversifascia

Transversifoscia 1s another rare type with a pattern as in Figs. 21,
22. Among the individuals of transversifuscia, the heterozygote of trans-
versifascia and succineq can be distinguished from the homozygote in that
the spot has one or three hlack specks in it (Fig. 22). However, these
specks are often missing, when the heterozygote cannot be distinguished
from the homozygote (Fig. 21}. The heterozygote of tramsversifascia and
azyridis and that of transversifascia and forficula are shown in Figs. 23
and 24 respectively.

In an experiment transversifascio » iransversifascia, succines was seg-
gregated, forming about one-quarter of the population (Table XII, no. 29).
Tramsversifascia x succinea produced both types in 1: 1 ratio (no. 30).

TABLE XII

No. 29, transversifascia x transversifaseia; no. 30,
transversifascla x succinea

Progeny
grmzsvars-ifa-scia SUCCINET '
Cross no. Parents 2 5 Total @ & Total Total
29 Pp Pfp 13 15 28 4 3 7 38
Ratic {oross 29) 3-200 S -800  4-000
30 Pp  pp 14 13- 27 13 14 27 54
Ratio {cross 30} 1-00G 1000 2000

Tt is thus evident that transversifascic is also a simple dominant to
SUCCUNE,

The cross transversifascin » apyrids produced in an experiment frans-
versifascia, heterozygote of transversifascio and axyridis, aryridis and
suceimea 1n an approximately 1:1 011 1 rafio (Table X1II, no. 31), and m
another, heterozygote and awxyridis In o nearly 1: 1 ratio (no. 32}. The
heterozygote backeorossed to succinen gave fransversifascia and azyridis
m 1:1 ratio (no. 33). )

Transversifascie mated with speclabilis ‘gave conspicua, (ransversi-
fascia, spectabilis and succines in an approximately 1:1:1:1 ratio
(Table XTIV, no. 34). One of the I, conspicus was mated to succinen, and
threw only tramsversifescic and specialrits in aboud the same numbers
(no. 35). This result shows that the heterozygote of transversifuscia and
spectabilis cannot be distinguished from conspicua in its phenotype.

From a cross comspious X iransversyfascia, conspicua, {ransversifassio
and suocinea were produced i an approximately 2. 1 : 1 ratio (Tahle XV,
no. 36}, This suggests that the heterozygote of conspicua and lrans-



224 Paliern Types of the Lady-bird Beetle

versifasciu is phenotypically 1dentical with conspioua. This suggestion is
confirmed by another experiment in which one of the conspicue from
1o, 36 mated to succines threw conspieus and transverstfascia In a nearly
.1 :1 rabic {no. 37).

TABLE XTI

Nos. 31, 32, transversifascia x axyridis; no. 33, heterozygote of
transversifascia and axyridis x siccinea

Progeny
-
Heterozygote of
transversifascic
fransversifiscia and auyridis amyridis SuCCInedn
Cross A ety ey — N
no. Parents 2 g Total 2 & Total @ & Total 2 & Total Total
31 P'p  Pip I 4 5 I 3 G 3 1 4 4 — 4
Ratio (eross 31) 1-033 1-263 0-842 (842
32 Plp PAPA — —  — 5 1 12 4 16 14 —
Radio (cross 32) 0-923 1077
33 PIPA pp 6 — 6 —_—— — 4 2 5] —_
Ratio (cross 33} 1000 1000

TABLE X1V

Nao, 34, transversifascia x spectabilis; no. 35, conspicua x suceinea

Progeny
A
-
CORSPICUG transyversifascia spectabilis SUCCINER
Cross s [ o— o " —
no. Parents 2 & Total ¢ 3 Total 2 & Total 2 & Total Total
4 Pfp P& 13 7T 20 13 12 35 § 11 1% g 12 21
Ratio {cross 34) 0-941 1177 0-895 0-087 4000
35 PTPY pp —— — 1 4 5 2 B 7 —_— e .
Ratio {cross 35) 0-333 1-167 2-000
TABLE XV
No. 36, conspicua x transversifascia; no. 37, conspicua x succinea
Progeny
- . . . N
COnSpIcUn transversifascia SUCCIREHE
Cross U, P N, P
no. Parents 2 & Total ¢ g Total 2 g Total Total
36 Pip Plp 4 5 ] 3 2 5 2 2 4 18
Ratio (cross 36) 2-000 1-11% 0-839 4000
37 PPt pp 3 13 16 § 5 13 — — - 29
Ratio (cross 37} 1-103 ) 0-897 2:000

A cross hetween fransversifescia and forfiouln gave transvarsifascia,
heterozygote of transversifuscia and forficuls, forfiouln and succrnea in an
approximately 1:1:1:1 ratio (Table XVI, no. 38). The heterozygote
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mated to succinea seggregated transversifascio and forfioule in abouta 11
ratio (no, 39).
These experiments show clearly that transversifuscic is another allelo-
- morph of all the genes stated. PT may be used as the symbol for the
gene. _ .
This is another rare pattern type showr in Figs. 25, 26. The hetero-
zygote of aulice and succinea often can be distinguished from the homo-
zygote in that the spot encloses black specks (Fig. 26). Bus these specks
are missing in some cases, when the heterozygote cannot be distinguished
" from the homozygote (Fig. 25). The heterozygote of amyridis and aulica
resembles axyridis, but can be distingnished from it by the anterior two
- spots being very small or entirvely absent (Fig. 27). The heterozygote of

TABLE XVI

No. 38, transversifascia x forficula; no. 39, heterozygoie of
transversifascia and forficula x succinea

Progeny
-
Heterozygote of
iransversifuscia
tramsversifascid and forficula Jorficule SUCCIRE
Cross R —_— PR N
no. Parents 2 & Total g & Total ? & Total 2 4 Total Total
38 P prp 6 2 8 6§ 1 -7 4 5 7 5 2 7 29
- Ratio {cross 38} 1102 0-966 0-966 (-066 4-000
39 PTRY pp 12 5 2 _—— 16 10 26 _ 46
* Ratio (cross 39) 0370 1130 2000
Aulica

Jorficula and aulica and that of transversifasein and aulice ave shown in
Figs. 28 and 29 respectively. A heterozygote of conspreue and axyridis
mated to a heterozygote of aulice and succines threw three different
types, conspicua, axyridis and heterozygote of amyridis and eulica, in an
approximately 2:1:1 ratio (Table XVII, no. 40). The heterozygote of
aryridis and aulica mated with succinea gave amyridis and ewlica in
L: 1 ratio (no. 41},

A cross of spectabilis with the heterozygote of azyridis and aulica gave
Spectabilis, heterozygote of spectabulis and amyridis, auyridis and eulice
inanearly 1:1:1:1 ratio, showing that the original spectabliis had been
& heterozygote of spectabilis and aulica (Table XVITT, no. 432).

A mating between forficule and oulice gave forficula, the heterozygote
of forfioula and aulica, aulica and succinea in nearly equal frequency
(Table XIX, no. 43).

Journ. of Genetics xt 15
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The cross transversifuscia » aulica produced iransversifascia, aulicy
and sueoinea in an approximately 2: 1 : 1 ratio (Table XX, no. 44). The
heterozygote of transversifaseia and aulice crossed with succinea pro-
duced transversifascia and sulica in an approximately 1 : 1 ratio (no. 45).

TABLE XVII
No. 40, hetevozygote of consploua and axyridis x aulica;
no. 41, heterozygote of axyridis and aulica x succinea

Progeny

-
Heterozygote of
axyrides and

CONSPLLHE cyridis anlic anlica
Cross U - N PN e
no. Parents ¢ & Total 2 & Total @ 3 Totfal @ g Total Total
4 PEPA Php B 3 14 T2 9 5 3 8 _—— 31
Ratio (cross 40) 1-802 1161 1032 : 4-G0C
41 PAPAr pp —_ e 6 8 14 —_ e 5 & i4 28
Ratio (cross 41} 1-000 1000 3000
TABLE XVIII
Spectabilis x heterozygote of axyridis and avlica
Progeny
-
Heterozygote of
spectabilis and
spectabilis axyridis anyridis aulice
Cross iy S — e, e
no. Parents e g Total 2 & Total e g Total @ & Total Tota
42 Pfp PipAr 5 3 3 4 3 7 2 6 8 5 2 7 30
Ratio (cross 432) 1-067 (933 1067 0-933 4000
TABLE XIX
Forficwda x aulica
Progeny
- A
"Heterozygote of
forficule and
Jorfieula aulicn aulicn succInes
Cross ey oy i t—
no. Parents ¢ g Total @ @ Total Q@ & Total 2 & Total . Tote
43 P¥p Phip 5 5 10 5 6 1l 6 2 8 6 £ 10 39
Ratio {cross 43) : 0-865 1-189 0-865 108l 400

Lastly, the cross, heterozysote of transverstfascic and wulica X aulice

produced transversifascia and awlice in an approximately 1:1 ratio
{no. 46).
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All these experiments show clearly that awlico belongs to the same
allelomorphic series ag that of all the other genes. PA® will be used as
the symbol for it.

TABLE XX

E Nas. 44, 45, fransversifascia x aulica; no. 45,
transversifascia x aulica

Progeny
’ tramsversifuscic ki succInes )
Oross PR S R S— e,
no. Parents Q@ g Total 2 & Total ¢ & Total  Total
44 Plp  Piup 18 20 38 6 14 20 11 8 19 77
Ratio {cross 44) 1-974 1-039 0-987  4-000
45  PIPA pp 3 5 8 705 12 — — — 20
Ratio (croes 45) 0-800 1-200 2-000
445 Ppas piop . 7 1§ 23 § 13 21 — = e 44
Ratio (cross 46) 1-043 0-955 2-000

SUMMARY AND DISCUSSION

All the experiments dealt with above show beyond any doubt that
succtnen, awxyridis, spectabilis, conspioua, forficuln, transversifuseia and
arlicn are due to autosomal genes belonging to the same allelomorphic series,
Of these, succinea is largely recessive to any other gene, but the hetero-
zygobes between it and the dorinant types can offen be distinguished
from the respective homozygotes by the peculiarity in the shape of the
anterior spot or because the spot cucloses some specks, though there aze
cases where the heterozygote cannot be distinguished from the homo-
zygote, Heterozygotes bebween owmyridés and the other dominant types
can also be told from the homozygotes, though amyridis iz largely
recessive to speciabelis or conspicua. Conspioua 15 cowmpletely dominant
t0 spectalilis. OF the raver types, forfioula, transversifascie and aulica,
Jorfioule is largely recessive either to spectalilis or to conspicua, hut the
heterozygote can be distinguished from the homozygote by a peculiarity
in the anterior spot. :

Tromsversifascie is completely recessive to conspioua, and the hetero-
zygote betwesn it and spectubilis cannot be distinguished from conspicus
phenotypicaliy.

Aulica is completely recessive either to spectabilis or conspicua, and 1t
15 largely recessive 6o iramsversifuscie, though the Teterozygote can be
distinguished from the homozygous transversifascia.

The fact that all the seven genes belong to the same allelomorphic
series, instead of being independent of one another, is especially cleax in

15-2
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the experiments like nos. 9, 13, 17 or 26, where both parents are hetero-
zygous for two dominant genea—wheleas on the independent gene
“hypothesis the double recessive type succinen should have appemed
among the progeny.

Tan & Li's data can also be mostly accounted for by the multiple-
allelic hypothesis, except for three crosses (nos. 5, 56, 57) where a few
succines were obtained, besides comspicus and spectabilis, from the
inbreeding of the heterozygous conspious.

AH these, however, ave presumably due to experimental errors. Such
errors could easily happen, especially in the early stages of the larva,
unless great care is taken not to mix different broods. It may be added
also that in the well-known experiments of Phylodecte variabilis by
Zulueta (1925), the different pattern types were shown to be due to
allelomorphic genes which are sex-linked instead of beimng autosomal.

I wish to express my hearty thanks to Prof. T. Komai and Dr M.
Chino for their kindness in many ways, The present investigation was
carried out partly with an aid from the Society for the Promotion of
Scientific Research of Japan. Itis my pleasure to express my gratitude
to the Society.
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