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Anthocyanin coloration occurs quite commonly in the floral organs, 
stems, leaves, leaf-sheaths and other parts of rice plant. Those parts 
of the rice plant which are colored, due to the presence of anthocyanin 
pigments, show a wide scope of variations in hue and shade of the 
color. The colors range from pink, red, reddish purple, purple to 
purplish black. 

Several workers have studied the mode of inheritance of the an­
thocyanin coloration in rice and a considerable amount of data con­
cerning the genic interpretation of this color has been accumulated. 
These results have been reviewed by such authors as IKENO (1927), 
YA:lIAGUCHI (1927 b), MATSUURA (1933), SAKAI (1935), NAGAO (1939, 1951 c), 
YASUDA (1939), J ODON (1948, 1955) et al. 

The genic interpretation of this coloration published up to the 
present, however, is far too complicated and can not be brought to­
gether under one general gene scheme. Recently JODON (1955) suggests, 
from these situation, the possibility of the anthocyanin coloration being 
controlled by completely different gene systems in different varieties, 
however, from the author's point of view, the above discordance may 
be also partly due to the lack of extensive and systematically produced 
hybridization experiments, and further other causations possibly lie in 
the difficulty involved in the identification of the hue and shade of 
colors refered to. 

The author produced several crosses from strains or varieties which 
differ greatly in plant color and has been able to propose an inter­
pretation that encompasses all the results obtained. An outline of 
decisive information on this interpretation has already been reported 
(NAGAO and TAKAHASHI 1947, NAGAO 1951), and in these reports the data 
was presented as if the F2 generation of the complex crosses were the 
first to be obtained. Based on this, genic interpretations were for­
mulated and appropriate tests made. However, this was not the actual 
procedure in all cases. In several instances the results of some of 
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the simpler crosses were at hand and were used as an aid to the 
interpretation of the more complex crosses when the latter were 
obtained. 

It is an aim of the present paper, to mention the actual procedure 
in analysis of genetic relations on this coloration, and to illustrate how 
the working hypothesis were devised, tested, and discarded, until 
finally a genic scheme was found that fitted all the data concerned 
fairly well. 

The term "genetic relations" is to include not merely on account 
of the genic analysis of the material at hand by means of hybrid­
ization experiments··· though that constitutes the greater part of the 
paper···but also some considerations on the histological and biochemical 
aspects on this pigment and its coloration. 

The work was conducted at the Hokkaido University in Japan, 
under the guidance of Prof. S. NAGAO, since 1940. Before going further 
the author wishes to express his sincere gratitude to Prof. NAGAO, who, 
throughout the course of the author's research work, has rendered 
many helpful suggestions and invaluable criticisms, and by his gener­
osity has made the present work possible. The author also wishes to 
thank a number of persons, too numerous to mention, who are members 
of or were enrolled at the Plant Breeding Institute of the said Univer­
sity. They assisted the author on many occasions among whom he 
desires to mention particularly Mr. M. SUZUKI, Mr. T. KINOSHITA and 
Mr. T. Mn"A;lwTo. Expense of the present work was partly defrayed 
with a grant in Aid for Fundamental Scientific Research from the 
Ministry of Education. 

n. Materials 

The plant color types discussed in the present paper were obtained 
mainly from the crossing of varieties or strains in Hokkaido, the north 
most island in Japan. Almost all of these varieties or strains had been 
collected in the Plant Breeding Institute of Hokkaido University and 
have been bred true for many years. The collections also include, in 
some cases, varieties obtained from other districts in Japan, such as 
Tohoku and Kanto, and then again collections include some foreign 
(outside Japan) varieties. Foreign varieties were also used infrequently 
for the present work. 

The names of varieties or strains used in the present work, and 
their color characters are listed in Table 1. 
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TABLE 1. List of varieties or strains used in cross experiment. 

Name of varieties color shade of 1) part colored with 2) 

or strains anthocyanin anthocyanin at brown pigment at 
flowering ripening 

Akage uncolored none Ap 

Akageshima 

Akageshima-ty none 

Akaine Blackish red purple Ap, Lb (mg), Ls (ve), not applicable Pu, Nd, In (ve) 
Akamuro Rose red Ap 

Akanumashiro uncolored none a little at Ap 

Anthocyan-furrow Blackish red purple Ap, Ls (ve), In (ve) not applicable 

Bozu uncolored none none 

Bozu-5-go 

Bunketsuwaito Ap 

Bun wai chogoei Amaranth purple Ap, Ls (ve), In (vel Ap 

Bunwaikamairazu " 
Bunwaimochi Blackish red purple A p, Gl, Ls (ve), In (ve) not applicable 

Bunwaimomigare Amaranth purple Ap,Ls(ve),In(ve) Ap 

Bunwaimotsure-l uncolored none Ap 

Bunwaimotsure-2 none 

Bunwaimuyozetsu 

Chabo " Ap, Gl 

Chikoto 

Chogoei Amaranth purple Ap, Ls (ve), In (vel Ap 

Chogoeimotsure 

Chogoei -mochi Blackish red purple not applicable 

Chogoeiyoshinto Amaranth purple Ap,Ls,Lb,Pu,Nd,In Ap 

Daikoku uncolored none none 

Dai kokukamairazu " 
E-36 " 
Ebisu Ap 

Ebisumochi 
Ebisumochi- none 

kamairazu 
Ebisumochishi to Pansy purple Ap,Ls,Lb,Pu,Nd,In not applicable 

Fukoku uncolored none none 

Furenbozu 

Fusenshiro Pansy purple Pu,Nd not applicable 

Ha tsumurasaki Ap,Ls, Lb,Pu, Nd,In " 



270 :II, TAKAHASHI 

TABLE 1. (continued) 

Hokamuri Pansy purple Ap not applicable 

Hokkai-75-go uncolored none none 

Hokkaimochi -I-go 

Hokkoshima 

Hokkoshima -d6-Ty " Ap 

Hosogat'a a little at Ap 

Kaieifunento none 

Kairyobozu Pomegranate purple Ap Ap 

Kamairazu-so uncolored none none 

Kat'asumochi Blackish red pUt'ple Ap. GI. Ls (ve) not applicable 

Kitamurawase-2 uncolored none none 

Kokushokuto Blackish red purple Ap. GI. Ls (vel. Lb 
(mg). Pu. Nd. In (ve) not applicable 

Kurikaramochi Pansy purple Ap, GI 

KUt'oke 

Kuromochi Blackish red purple Ap, GI. Ls(ve),In (ve) not applicable 

Mantaro uncolored none none 

Momigare-datsu Ap 

Momigare·so-I Pomegranate purple Ap not applicable 

Momigare-so·2 uncolored none Ap 

Motsure-datsu 

Motsure-so 

Murasaki Pansy purple Ap,Ls. Lb,Pu. Nd.In not applicable 

Murasakidaikoku Blackish red purple " 
Muyozetsu uncolored none none 

Muyozetsu-ty " 
Muyozetsumotsure 
Muyozetsu- Ap motsure-Ty 
M uyozetsumochi none 

N-43 " 
N-44 

N-48 Seashell pink Ap not applicable 

Nakasawadaikoku Blackish red purple Ap. Ls(ve). In (ve) 

Norin-20-go Pomegranate purple Ap Ap 

Oaoke uncolored none none 

Ogimochi Ap 

Oyobe none 

Rikuu-132-go Amaranth purple A p. Ls (vel. In (ve) Ap 
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city, Iwate prefecture, were frequently used. 
Since the intensity of color varies to some degree, according to 

the stage of development, it is indispensable to set the period for 
observation. The decisive valuation of the coloring in vegetative stage 
was done in the period immediately after the height of flowering. 

The detailed methods on histological and biochemical examination 
are given in the experimentals, but in general, histological examination 
was carried out by using both the fresh materials cut by free hand 
and the fixed sections by paraffin method. Biochemical examination 
was done by means of ordinal qualitative and quantitative analysis 
mainly offered by ROBINSON and ROBINSON (1931), HAYASHI and ABE (1952), 
and BATEsmTH (1948). 

The "Color Standards and Color Nomenclature" by RIDGWAY (1812), 
were utilized to identify colors pertaining. 

IV. Experimentals 

The greatest amount of diversity in terminology is to be found 
when dealing with descriptions of various colors occurring in different 
parts of the rice plant, more particularly with those related to the 
spikelets. For instance, two small glumes at the base of the spikelet 
are referred to variously as outer glumes, lower glumes, empty glumes, 
sterile glumes, or glumes I and II. The lemma and palea, which enclose 
the flower and subsequently the kernel, are referred to variously as 
the inner glumes, upper glumes, floral glumes, and glumes III and IV. 
In order to avoid confusion in terminology, and in conformity with 
usage of NAGAO (1951), brief descriptions of some of the terms used 
in the present paper are given below. 

The first pair, or outer glumes, are designated as empty glumes, 
and the two inner glumes are designated simply as glumes or as lemma 
and palea, respectively. The term "apiculus" is applied to part or tip 
of the lemma and palea and the term "floral glume" is used for part 
of the spikelet. In awned varieties, the apex of the lemma extends 
and develops as an awn. The other terms dealt with in the present 
paper are referred to in figs. 1 and 2 of Plate 1. 

A. Correlations on Coloration Among Various Parts 

Several workers have studied the mode of distribution of antho­
cyanin colors in rice plant, and it has been shown that often the color-
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find a plant with colored vegetative parts in which the apiculus is 
uncolored. It is even more so in vegetative parts that the color occurs 
coincidently, as if the said coloration depends on the pleiotropic action 
of simple distr:ibuting gene or is due to closed linkage of certain genes, 
under the co-existence of apiculus coloration. 

As a whole, it is emphasized that the color characters of the 
apiculus are particularly important in analyzing the mode of color 
inheritance. not only of the apiculus itself but also of other parts of 
the rice plant. 

B. Mode of Inheritance on Apiculus Coloration 

From· the preceding descriptive notes and accompanying illustra­
tions, it is suggested that apiculus color genes may be the basic ones 
in connection with anthocyanin coloration in all parts or organs of the 
rice plant. It follows from this that it is natural to lay emphasis on 
the genic constitutions of the apiculus color on account of the antho­
cyanin coloration in rice. 

a. Colorless x Colorless. 

The anthocyanin color characters of the apiculus may be roughly 
classified into two groups, colored and colorless (green), the latter be­
coming in some varieties a brown ripening color called tawny, whereas 
in other varieties the ripening color is straw white. They are as shown 
in Table 1. 

The tawny coloration may be divided into five grades, including 
colorless viz. straw white, according to its intensity of color shade. The 
following is the relation of the color shade of the tawny and the 
varieties which being representable in each grades, are arranged ac­
cording to the color intensity in ascending order (fig. 3 of Plate I and 
fig. I-B of Plate II). 

Russet .. 
11 Tawny .. 

iii Ochraceous buff 
iv Warm buff 
v Straw white .. 

Ebisumochi, Chabo 
Akage, Ebisu 
Tanpaku, Akanumashiro 
Mantaro, Oaoge 
Fukoku, Bozu 

Within these grades, iii and iv are sometimes indistinguishable 
from each other when only a couple of plants are under observation. 
Further, for the sake of convenience, these two color types will be 
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cyanin colored, green but colored with tawny ripening color, and green 
with straw white ripenig color, in the relation of 9 : 3 : 4, without 
exception. This is presented in Table 6. 

The results, mentioned in i to iii, suggest that the occurrence of 
the ta wny color character depends on the action of a series of multiple 
allelomorphs, of which locus is about 24% distant from that of gl, the 
gene for endosperm character. It may be also suggested that the 
colors in apiculus which are due to anthocyanin pigments are the 
result of the complementary interaction of at least two genes, one of 
which being closely related with the gene for tawny coloration. 

This intimate connection may be responsible for either a) that 
they are very closely linked to each other or b) that the tawny gene 
coincidently is responsible for the formation of chromogen Or modifier 
for the anthocyanin pigment. 

b. Colored x Colored 

Anthocyanin coloration in apiculus is also classified into four or 
five types according to the intensity of color shade in ascending order, 
namely; 

Blackish red purple 
ii Pansy purple 
iii Tyrian rose 

or Rose red 
iv White (colorless) (fig. 3 of Plate I and fig. I-A 

of Plate II) 

In all crosses among every colored varieties or strains, the differ­
ence in color shade of parents is always monogenic, the deep color 
being dominant over faint ones, and giving in F2 a 3 (deep): 1 (faint) 
ratio (Table 7). There exists a parallelism between the intensity of 
color shade and the rank of genetic dominancy among each other, in­
dicating that the differences in the color shade are attributable to the 
presence of a series of certain genes which are considered to consist 
of multiple allelomorphic relation. This may be also supported by the 
fact that every kind of color shade is linked with the endosperm 
character with recombination value of about 23% all alike, as shown 
in Table 8. 

It is worthy of note that the value of recombination between 
"tawny" and gl is almost equal to that of the recombination between 
"anthocyanin" and gl. This fact may also suggest the intimate con-
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in Table 11 b, that is to say; when their F2 plants are sorted into 
colored vs. uncolored in respect of anthocyanin coloration, the segre­
gation between this character and endosperm character is seen, with 
an approximate 22% recombination value (Table 12 b). But in the case 
of yet another classification, in which the straw white is excluded from 
consideration and therefore the ratio is 9 (3) colored and 3 (1) tawny, 
there is no sign of linkage between apiculus color and endosperm 
character. 

In addition to this, in several crosses between colored and color­
less (stra w white), it is also noticeable that the degree of color intensity 
in the tawny appeared in F2 segregants always corresponds to the color 
intensity in the anthocyanin of colored parents. For instance, if a 
colored parent is Blackish red purple, the color shade of the tawny 
segregants in F2 is Russet, and if the F2 segregants bears a tawny 
color of warm buff its colored parent is always of a Rose red antho­
cyanin color shade. As colorless parents have no tawny color, it follows 
that the occurrence of the tawny in F2 must be attributed to a certain 
genic force of other parents in which the apiculus is colored with antho­
cyanin. 

To summarize the above; 

i) Genetically the expression of the anthocyanin color in apiculus 
depends on the complementary effect of two genes. 

ii) One of them seems to consist of multiple allelomorphic series of 
gene, in which at least four alleles are noticeable, located in same 
linkage groups as in endosperm gene gl, with recombination values of 
about 23% between them. 

iii) Some of the colorless plants with anthocyanin, either in parental 
varieties or FIs and F2s, show a brown ripening color called tawny in 
four grades of color intensity. This color may also be caused by the 
presence of a kind of multiple allelomorphs which consists of at least 
four alleles. This gene links with gl, with a recombination value of 
about 24%. 

iv) As to the degree of color intensity, there exists a remarkable 
accordance between the anthocyanin and the tawny, suggesting that 
it may be caused as a result of the pleiotropic effect of an identical 
multiple allelomorphic series of genes. 
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C. Proposition of Multiple Allelomorphic Series 
of Genes C and Sp 

Considering the results of the examinations mentioned above, the 
following working hypothesis on a genic scheme of 'apiculus coloration 
may be most probable. 

The production of anthocyanin coloration in apiculus requires the 
complementary effect of two genes, one of which is comprised of four 
alleles of a multiple allelomorphic series. In the case of absence of 
both of these two genes, the anthocyanin color does not appear and 
the apiculus is colorless. But on ripening and if the multiple allelo­
morphs are present, alone, viz. without another complementary gene, 
they make the apiculus brown viz. tawny in several intensities of color 
shade depending on which allele of this locus is concerned. This will 
be designated as the C-series of multiple allelomorphus, the alleles 
comprised of this locus being as follows: 

CB (Russet»CBP (Tawny»CBr (Warm buff»C+ (Straw white). 
C links with gl with the intensity of 23% recombination values. 
The other complementary gene may exert its modifying effect on 

the C and turn the tawny or its precursor to anthocyanin. This gene, 
in itself, causes no coloration with anthocyanin or tawny, and it is free­
assorted with gl. This is designated as Sp. 

Thus, the color types and their genic schemes may be represented as: 

Genotype Hue or Shade of color 

CRSp 
CBPSp 
CBrSp 
CB Sp+ 
CBP Sp+ 
CBr Sp+ 

at flowering 
Blackish red purple 
Pansy purple 
Rose red 
Colorless 

" 
" 

Combination with C+ " 

a. Colared x Col,arless, continued. 

at ripening 

Russet ) 
Ta wny ta wny 
Warm buff 

Colorless (Straw white) 

For further verification of this scheme of genes. several crosses of 
colored x colorless were made, in which each parent differed from each 
other in the degree or rank of intensity of color shade in regards to 
anthocyanin and tawny coloration. 

The details of the results, being tedious, are abridged here, however 
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nancy, is considered invalid. 
On the whole, therefore, the interpretation on genes for apiculus 

coloration should be developed as follows. 
Anthocyanin coloration in apiculus depends on the complementary 

effect of gene C and Sp. C is reponsible for the formation of chromo­
genic substance and Sp exerts its modifying-possibly reducting-effect 
on C and turns the chromogen to anthocyanin. Pigmentation occurs 
in the apiculus as well as awns, as a result of the interaction of said 
two genes. C alone causes the site to brown viz. tawny at ripening. 
Four alleles are listed at the C locus, namely in ascending order, 
CB>CBP>CBr>C+, and two at the Sp locus, Sp>Sp+. 

c. Cross combinatian involving Spd, anothRJr allele at Sp locus. 

The apiculus color in genotype of CBr Sp is Rose red at flowering, 
but on ripening becomes discolored and turns into Straw white. There 
is another apiculus color type in which tawny color begins to develop 
at ripening, in spite of showing similar color shades to CBr Sp at flower­
ing. This type of coloration, tentatively designated as "Y-type", is 
classified into the following two types in their intensity of color shade. 

Anthocyanin color 
at flowering 

Amaranth purple 

ii Pomegranate purple 

Tawny color 
at ripening 

Russet, but 
somewhat light 

Tawny, 
" 

Varieties 
belong to 

Chogoei, Rikuu-
132-go, 

N orin-20-go, 
Kairyobozu 

(fig. 3 of Plate I and fig. I-B of Plate II) 

The crosses between Y-type and CBSp+ or CBPSp+, which is color­
less but turns into tawny, gave Y -type in Fl and segregated in F2 as 
two classes of phenotypes, colored (Y-type) and colorless (tawny at 
ripening) in a ratio of 3: 1, as shown in Table 15. 

If the Y -type colored plants in these crosses possess Sp-the modifier 
for C-chromogen-some progenies or segregants with Blackish red purple 
or Pansy purple apiculus, having genotypes of CB Sp or CBp Sp, should 
appear in FJ and F2 • However, as mentioned above, the result was 
quite different, and it was brought forward to indicate that the Y­
type should have another modifier, somewhat different from Sp, instead 
of Sp. 

This is supposed to be another allele at Sp-locus which is designated 
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unchanged, and consequently the flavonols and the corresponding antho­
cyanins should coexist with each other. It is, therefore, natural to 
assume that this remaining flavon or some other relative substances 
may be responsible, directly or indirectly, for the formation of brown 
pigment viz. tawny. 

D. Color Distribution, Caused by C, in Itself 
or Coexistent with Sp 

With regard to the action of C or CSp, for the sake of brevity 
the description has been kept within the coloration on apiculus, how­
ever, in actuality the color distribution or sphere of coloration caused 
by C and C Sp is not restricted to the apiculus but includes some other 
sites, according to whatever allele at C-locus is concerned. 

Throughout a considerable amount of cross examinations, several 
genotypic plants segregated from a combination of alleles of C and Sp 
loci show various types of color distribution as well as color shade. In 
this respect, the detailed accounts are mentioned as follows. 

CB
: In combination with Sp, this allele gives deep purple (Blackish 

red purple) color in apiculus, awn, empty glumes and stigma, and purple 
lines on internode and leaf sheath. With Spd it gives pale red 
(Amaranth purple) at the time of flowering and tawny (somewhat paler 
than Russet) at the time of ripening in the above sites or parts, and 
with Sp+ it makes these parts colorless (green or white) at flowering 
and tawny (Russet) at ripening. 

CBP: In combination with Sp, this allele gives light purple (Pansy 
purple) in apiculus, awn, empty glumes and stigma. No colors are seen 
in internode or leaf sheath. This is an outstanding phenotypic differ­
ence between CB Sp and CBp Sp, though faint stripes are seldom seen 
in the intermode of CBPSp when it is exposed to direct sun light for 
a long time. With Spa it makes the same parts as the above light red 
(Pomegranate purple) except that the stigma is uncolered, and with 
Sp+ gives green (or white) at flowering and tawny at ripening; the 
shade of the tawny being somewhat paler than tawny. 

CBr: With Sp, CBr produces pale red or pink (Rose red) in apiculus, 
awn and empty glumes, but white stigmas and green internode and 
leaf sheath. When combined with Spd detectable anthocyanin or tawny 
coloration is not seen, with the apiculus and other parts remaining 
whitish orange or straw color both at flowering and at ripening. With 
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1. 

2. 

--

3. 

4. 

5. 

TABLE 20. Color distribution of genotypes from every combination 
between C and Sp loci genes. 

I 
C-

I 
Sp- Anthocyanin mode of coloration 

locus locus color shade awn I apiculus I empty 
I stigma glume 

Sp Blackish red full full full full 
CB purple 

Spd Amaranth ditto ditto ditto not 
purple detectable. 

Sp Pansy purple ditto ditto ditto full 
CBp -- .. ---

Spd Pomegranate ditto ditto colored - 2) 
purple at apex 

Sp Tyrian rose I ditto I ditto I ditto 1-Cnt 1) 

Spd may be Salmon undetermined 
buff 

ditto but 1-Sp Rose red faint at ditto ditto 
CBr apex -

Spd Seashell pink only at only at not I 
or white basal site apex detectable -

I I 
Sp I White -

I 
- - 1-C+ 

Spd I White -
I 

- - I-I I 

(continued) 

mode of coloration I tawny color shade in 
----,-7in-n-e-r-s-u-rf7a-c-e-of -----.--o-u:-te-r-su-r-cf"a-c-e-o-f-- apiculus in the 

leaf sheath internode internode absence of Sp and Spd 
colored at lower striped striped part 1. Russet 
ditto ditto ditto 

faintly colored at - -
2. lower part Tawny 

not detectable - -

- I - I -
3. Ochraceous buff 

- - -
4. Warm buff 

- - -

- - -
5. Straw white 

- - -

1) CBt: refer to following section. 

2) indicates "uncolored". 
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The genic constitution of self colored glumes may be then repre­
sented as: Blackish red purple (CB Sp Rp), Pansy purple (CBP Sp Rp), 
Amaranth purple (CB Spd Rp), Pomegranate purple (CBPSpdRp), Russet 
(CBSp+ Rp) and Tawny (CBPSp+ Rp). In genotypes of CBSpdRp and 
CBPSpdRp which show a reddish color at flowering, tawny color overlaps 
at ripening. This is also shown in Table 21 and fig. 2 of Plate II. 

In connection with this, it is worthy of note that in genotypes of 
CBr SpRp and CBr Sp+ Rp, there is no sign of coloration in floral glumes 
except in apiculus and empty glumes. There are no differences of 
color types in each two genotypes between CBr SpRp and CBr SpRp+, 
or between CB,. Sp+ Rp and CEr Sp+ Rp+. This phenomena probably is 
due to the fact that CBr produces too small an amount of chromogenic 
substance to distribute pigment all over the lemma and palea. The 
propriety of this assumption was demonstrated by cross examination 
in which Akamuro variety was used as a parent. This is presented 
in Table 22-b and 23. 

In this variety a Rose red color is restricted only to the apiculus 
and empty glumes, showing phenotypically the same type of coloration 
as that in CBr SpRp+. The F, from the cross between Akamuro and 
other varieties with uncolored glume, however, shows a new type of 
coloration viz. full-colored glumes, and in Fz , the full-colored behaves 
as single dominant over colorless with respect to the extension of glume 
color. This mode of segregation cannot be understood unless Akamuro 
possesses the distributing gene Rp. 

As to the distribution of color by Rp, it is considered that it extends 
from floral glumes to rachis, when Rp coexists with CBSp or CBPSp. 

Thus the genotypes and their phenotypes on floral glumes may be 
classified as mentioned below. In this description. symbols of glume 
color types and examples of actual varieties are given in parenthesis. 

i) Colored types: Anthocyanin color came out in the flowering 
stage, and the color remains up to the ripening stage. 

CB SpRp-Floral glume and rachis are Blackish red purple, inter­
node and leaf sheath have purple lines. (I; Kuromochi, Kurouruchi, 
Kokushokuto). 

CBP Sp Rp-Floral glumes and rachis are Pansy purple; the inter­
node is green. (II; Takachikuromomi, Kuroke, Kurikaramochi). 

CB SpRp+ -Apiculus, including empty glumes, are Blackish red 
purple; internode and leaf sheath have purple lines. (Ill; Shimada­
mochi, Akaine, Nakazawadaikoku). 
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The color changes to tawny in the ripe stage. (V; H-60). 
CBP Sp,j Rp-Similar to V, except for green internode and leaf 

sheath, and somewhat lighter color shade than V, both in anthocyanin 
(Pomegranate purple) and tawny (light Tawny). (VI). 

CBSpdRp+-Apiculus and empty glumes are Amaranth purple, chan­
ging to tawny (Russet) at ripening, while pink lines are evident on 
internode and leaf sheath. (VII; Chogoei, Rikuu-132-go, Tomoenishiki, 
Otamochi, Isawomochi). 

CBp Sp,z Rp+ -Similar to VII, except for green internode and leaf 
sheath, and somewhat light color shade in anthocyanin and tawny. 
(VIII; Minamochi, Norin-20-go, Kairyobohzu, Hokkai-87-go). 

iii) Colored-green types: Anthocyanin color occurs in the flowering 
stage and disappears with ripening. 

CBrSpRp, CBrSpRp--Colors of apiculus, awn and empty glumes are 
Rose red in flowering and Straw white at ripening. There is no pheno­
typic difference between these two genotypes. (IX; Akamuro). 

iv) Green-tawny types: Green in the flowering stage, with 
brownish or tawny color appearing at certain sites. of floral glumes at 
ripening. 

CBSp+ Rp-Tawny color (Russet) spreads over the entire surface of 
glumes as well as apiculus and empty glumes, on Cripening. (X; Chabo 
Chikoto). 

CBp SpRp-Same as above, except color is light (tawny). (XI; B-12). 
CBSpRp+-Russet color is restricted to apiculus and empty glumes. 

(XII; Bunketsuwaito, Ebisumochi). 
CBp Sp+ Rp+ -Same color shade as XI is restricted to apiculus and 

empty glumes. (XIII; Akage, Ebisu). 
v) Green types: Green in the flowering and Straw white at 

ripening. 
CB,. Sp,j Rp, CBr Spd Rp+ -Apiculus are faintly colored with whitish 

color, but change to straw white at ripening. (XIV; Kitamurawase-2, 
Kaieifunento. N-48). 

CBr Sp+ Rp, eBr Sp+ Rp+ - Colorless in the flowering and scarecely 
colored (Warm buff) at ripening. (XV: Mantaro). 

Other combinations without C-Colorless in both flowering or ripe­
ning stage. (XVI; Bozu, Fukoku, Hokkaimochi-l-go). 
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F. Brief of Genic Scheme on Coloration in 
Other Vegetative Parts 

With respect to coloration of certain parts other than apiculus and 
glumes, NAGAO and the author (1951 a' b, 1952 a) have reported on the 
presence of genes, Pl, Pn and [pl, which are responsible for the color­
ation occurring in such parts as leaf blade, leaf sheath, stem node, 
ligule, pulvinus and auricle. Detailed accounts on examinations of 
analysing these genes, being not the principal subject on the present 
paper, are abridged here, and in this section, mention will be made of 
conclusive and a brief description on the nature of these genes so that 
the illustration in the following section will be easier to be com­
prehended. 

The following three types of coloration in leaf blade are dis­
tinguished as follows; 

i) Full colored: This is a self colored leaf character designated 
as "Murasakiine or Shito" type. 

ii) Colored leaf spex and margins: The pigment appears mainly 
at the apex and margins, with scattered, irregular. fine colored stripes 
here and there on the leaf surface. This is designated as "Akaine" 
type. 

iii) Colored midrib: The pigment is found primarily in the midrib 
and is especially distinct on the lower surface of the leaf. This is 
designated as "Shimadamochi" type. 

Of these three types of coloration, the genetic mechanism which 
is responsible for "Shinadamochi" type is still obscure, although, as 
mentioned before, it is known that the pleiotropic action of apiculus 
gene, CB and Cllp, is generally responsible in combination with Sp or 
Spd. Two other types, "Murasakiine" and "Akaine", are concluded to 
be developed in the presence of genes Pl and Pn respectively, in 
coexistence with apiculus genes, C and Sp. 

The phenotypic expression of Pl and Pn are largely dependent on 
the constitution of genes responsible for apiculus coloration. They are 
presented as in Table 24 and Plate III. As shown in this table, Pl 
and Pn may be said to be the modifiers which are related with the 
distribution of the pigment substance produced in apiculus. And it 
is also shown that the distributing effect of these genes varies ac­
cording to which allele of C and Sp loci coexist with; that is to say it 
varies according to the color intersity in the apiculus. For example, 
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TABLE 24. Mode of color distribution due to Pl, Pn and lpl, 
in cooperation with C and Sp. 

genes Pl Pn PlIpl 

concerned CB(CBP)SpiCB(CBp)Spd 

color shade purple I red 

part 

colored 

I rachis i entirety I entirety 

i leaf 

i sheath " 

I " I 
I 
I 

" 

I auricle \ 
dl' I " an 19u e 

pulvinus [ " I " 

node I 
I I " " 

internodel part I part 
exposed exposed 
to the sun I to the sun 

I 

CB(CBP)SpICB(CBP)Sp<! 

purple 1 red 

CB(CBP)SpICB(CBP)Sp<! 

purple 1 red 

I entirety I entirety 

I d d I part at- I part at-

I
, apex .an apex .an tached to tached to 
margm margm pulvinus pulvinus 

I 
inter­
vening 
part of 

I 
vascular 
bundle 1) 

inter- I 
: vening , entirety 

I 

part of I 
vascular I 

bundle 1) 1 

I entirety \ entirety \ " 

I " I " I " 

[ " I " I " 
I inter- inter- I part vening vening exposed 
part of part of to the sun 
vascular vascular i 
bundle 1) bundle 1) I 

entirety 

I " 

\ 
" 

I " 
part 
exposed 
to the sun 

I i I peri carp entirety e)! entirety 2)1 -
I 

- I entirety 2)\ entirety 2) 
, I 

1) Limited to CBSpPn or CBSpdPn. 
2) Found only in the case of clipping operated caryopsis. 

purple pigment can occur in leaf blades when Pl and Pn are present 
in combination with either CB Sp or CBp Sp; but when the apiculus 
color constitution is CBr Sp, no color develops in leaf blade or leaf 
sheath. They remain green no matter what leaf-color gene are present. 
Furthermore, the purple leaf colors beceme paler when Pl and Pn are 
combined with CB Sp,l or CBp Sp<!, appearing as greenish red instead of 
dark purple. 

Therefore, the apiculus color genes have an effect here similar to 
their effect on the development of glume color, and also, with respect 
to the modes of color distributions caused by PI and Pn, typical distri­
butions are given in the presence of apiculus genes CB Sp or CBp Sp. 
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Thus the genes Pl may be said to be concerned with the color 
distribution of the entire surface of leaf blade, leaf sheath, pulvinus, 
auricle, ligule, rachis, and node and internode exposed direct to the 
sun; and also the gene Pn may be said to be related with the distri­
bution of color in leaf apex, leaf marins, and entire surface of node, 
pulvinus, auricle and ligule. The most striking colored parts caused 
by Pl and Pn are the entire leaf blade and the stem node respectively, 
so Pl is said to be a gene for leaf blade coloration while Pn is a gene 
for node coloration. The gene symbol "Pl" denotes "purple leaf" and 
"Pn" denotes "Purple node". 

The experimental data concerning the relation between apiculus 
color genes, C Sp, and leaf color gene Pl, and between C Sp and node 
color gene Pn are given in Table 25 and 26 respectively. 

In these tables and in regards to the theorecical segregation ratio 
on node coloration, an 8: 1 ratio for colored vs. colorless is shown. As 
reported before (NAGAO and TAKAHASHI 1951 a), this is the ratio due to 
the existence of a linkage between Pn and Sp with a recombination 
value of approximately 18% in coupling phase. The data presented 
in these tables are in close accordance with the expectation based on 
the information mentioned sbove. 

In addition to the genes Pl and Pn, there exists another gene for 
leaf coloration. The effect of Pl is diminished by the presence of an 
inhibitor for Pl that inhibits the coloration at the center of leaf blade 
as shown in fig. 1 of Plate IV. This gene is designated as Ipl, and 
the mode of coloration and their inheritance, involving Pl and Ipl are 
presented in Table 27. 

G. Supplements on Apiculus Color Genes 

In this section, illustration will be made on the genic interrelation 
between vegetative-part-color gene, Pn and Pl, and apiculus gene, 
laying emphasis on the estimation of the presence of the third apiculus 
gene A, and of an additionan chromogenic gene CEt; a member of the 
alleles at C-Iocus. 

a. Proposition of third gene for apiculus coloration. 

According to the principal hypothesis mentioned in the previous 
articles, the expression of anthocyanin color character of apiculus is 
determined by the combination of multiple alleles at C and Sp loci. 
And from this scheme of genes, monohybrid or dihybryd segregation 
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between colorless varieties, Fl showed a colored apiculus and colored 
node in the same manner as in FJ from E-36 x Akaine, and Fz popula­
tions were classified under the following five types of coloration with 
regard to the apiculus and node colors, namely; i) colored apiculus 
with colored node, ii) colored apiculus with colorless node, iii) Xp-type, 
iv) X-type or colorless apiculus (straw white at ripening), and v) color­
less apiculus with tawny ripening color. As mentioned above, the 
apiculus coloration of Xp-type and X-type may be regarded as colorless, 
in accordance with the assumption that these two types are colorless, 
and separating the Fz populations into colored vs. colorless groups, the 
actual numbers come to 106: 141, which is a close fit to the calculated 
relation of 27 :37. This result gives support to the view that in this 
cross combination there exists a trigenic inheritance in regard to the 
a piculus coloration. 

When apiculus coloration including the node color is classified, 
these frequencies are very singular, that; colored apiculus with colored 
or colorless node, Xp-type, X-type or colorless apiculus and node, and 
colorless apiculus which turns into tawny, are in numerical relation of 
106 : 30 : 89 : 22. 

Ebisu consists of the genic constitution CBP, Sp+ and Pn+, and the 
Fl from E-36 x Ebisu shows purple apiculus and node. Therefore E-36 
must contain the dominant gene Sp and Pn. If so, the determination 
as to whether E-36 posses the gene C or not, the determination as to 
what genotype of the Xp-type remains. 

In order to solve these problems, Xp-type plants were bred true 
and the pure breds were crossed with two testers, C+ Sp+ and C Sp+, 
with the results of colored apiculus in the F1s, indicating that the Xp­
type posses not only Sp but also C. Therefore, in spite of having 
identical genotype for C and Sp loci, there exists a monogenic differ­
ence between the following two types ofapiculus color, colored apiculus 
with colored node and Xp-type in the Fe from E-36 x Akaine. This 
fact indicates that it is necessary to assume that another gene for the 
expression of apiculus color in addition to C and Sp exists. 

What then, is the nature of the action of this new gene, and on 
which gene, C or Sp, does this new gene-gene symbol "A"-·exerts 
its effect 7 It is most probable that A has a distributing effect on C, 
since there is no appearance of tawny coloration in colorless F2 segre­
gants from E-36 x Akaine. Thus the genic constitution of the Xp-type 
is estimated to be CSpPnA+. From the fact that in the colorless F2 
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segregants of E-36 x Ebisu the tawnys outnumber the non-tawnys, it 
is natural to assume that E-36 locks the dominant gene A and has 
the genic constitution of C+ Sp Pn A + . 

In accordance with this genic scheme and with consideration to 
the mode of inheritance of Fl and F2 in E-36 x Akaine and E-36 x Ebisu, 
the theoretical ratios of F2 segregations and their deviations from ob­
served numbers of segregants are as shown in Table 28. In this table, 
in regard to the theoretical segregation ratio on node coloration, an 
8: 1 ratio for colored vs. colorless is shown. As mentioned before this 
is the ratio apriorily calculated from the linkage relationship between 
the gene Sp and Pn with a recombination value of about 18% in 
coupling phase. The observed results are in close accordance with the 
expectation based on these assumptions. 

For further varification of the genic scheme as proposed by the 
author, a strain called H-61 has been bred from E-36 x Ebisu and 
shows a Xp-type coloration and is assumed to have the genic constitution 
of C SpPn A +, were crossed with some tester varieties as described 
below; 

Kokushokuto (CSpPnA) 
Akage (CSp+ Pn+ A) 
N--44 (C+SpPn+ A) 

The same as in Akaine. 
The same as in Ebisu. 
Colorless apiculus, straw white 
at ripening. 
Pink apiculus with colorless 
node. 

The details of the results, being tedious, are abridged here. however 
as given in Table 29, in all combinations. numerical relations were 
found between the several coloration types and also between the several 
classes of behavior which is reasonably close to the expectation. 

Furthermore the propriety of these genic interpretations were 
confirmed by pedigree culture, and in every instance almost all the 
segregation types expected in F3 generation of the above mentioned 
cross combinations, and no others, have appeared (Table 30). 

On the whole therefore, these results lead the author to the con­
clusion that besides the gene C and Sp there exists another gene A 
for apiculus coloration, and according to this view the expression of 
the anthocyanin color in apiculus depends on the complementary effect 
of C, which is concerned with the formation of chromogen, Sp which 
is responsible for the formation of the modifier for C (chromogen---+ 
anthocyanin), and A which is responsible for spreading the chromogen 
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TABLE 29. F2 segregations and their ratios expected from 
the genic assumption "Basic genes C-Sp and 
presence of their modifier A". 

apiculus phenotype purple 

combination color genotype CSpA 

node phenotype colored 

I 
colorless 

color -
genotype Pn Pn+ 

F usenshi ro x Kokushokuto 0 618 
CSpPnA+ CSpPnA (8: 1) 3 

C 612.75 

" x Akage 0 187 11 
CSp+Pn+A (9 : 8 : 8 : 11 (8: 1) 24 (=27 x 8/9) 8 (=27x1!91 

C 126.50 15.81 

" x N-44 0 244 98 
C+SpPn+A (9 : 8 : 4) (8 : 1) 27 9 

C 248.48 82.88 

" x Akamuro 0 356 
CBrSpPn+A (9 : 3 : 3 : 1) (3 : 1) 36 

C 847.68 

(continued) 

white in visual white 
but faintly Straw white tawny at colored at ripening ripening d. 

CSp+A+ ,CBrSpA+ 

CSpA+ CBrSp+A+, C+SpA CSp+ A total ;(" 
C+SpA+, C+Sp+A 
C+Sp+A+ f. 

colored [ colorless colorless colorless 

Pn Pn+ Pn, Pn+ Pn,Pn+ 
i 

199 

I I 
817 I I 1 4 

204.35 
\ I 

48 21 41 
258 I 8 (=9x8/9) 4(=9x1l9,3) 9 48 

42.17 21.08 47.44 253.00 8.226 4 
r 

94 160 

I 
589 I 

9 19 64 r 

82.83 174.86 589.00 8.656 3 

I I I 
95 71 618 
9 7 64 

86.91 67.59 618.01 4.587 3 

pink 

CBrSpA 

colorless 

Pn,Pn+ 

p 

I 
I 

I 0.7-0.5 

i 

I 0.5-0.3 
r 

I 

I 0.3-0.2 
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apiculus and leaf blade, CBPSpPn+ APl) gave a segregation that showed 
an occurrence of the colored leaf blade with colorless apiculus which 
depends on the action of Pl in cooperation with C, Sp and A+, and 
furthermore the occurrence of a linkage between A and Pl. As pre­
sented in Table 31, the progeny from a selfed FJ heterozygous for A 
and Pl, may be classified into four types of coloration as regards 
apiculus and leaf blade colors, namely purple apiculus with purple leaf 
blade, purple apiculus with colorless leaf blade, faint colored apiculus 
(Xp Or X) with purple leaf blade, and faintly colored apiculus with 
colorless leaf blade, totaling 536 plants, in the numerical relation of 
415: 10: 4: 107. These four types should be expected to occur in the 
relation 301.5: 100.5 : 100.5 : 33.5 in independent assortment between A 
and Pl. The observed deviations from the expectations may be caused 
by A-Pl linkage in the coupling phase, and the ovserved result is in 
close accordance with the expectation based on an approximate 3% 
recombination value between A and Pl. This is also presented in the 
same table. 

b. Suggestian an presence of an apiculus gene CEt, fifth member of 
the C series of multiple allelemorphs. 

The gene CEt , which will be explained here, is said to be one of 
the alleles at C-locus. As to the conclusive information of the nature 
of CEt, it is less potent than CBP and more potent than CE,., showing 
an apiculus color shade as Tyrian Rose when co-existing with Sp. The 
CEt itself, viz. CEt Sp+, makes the apiculus or awns Ochraceous buff at 
ripening; a somewhat deeper color shade than Warm buff caused by 
CEr. Phenotypic discrimination between CEt Sp and CEr Sp or between 
CEt Sp+ and ClJr Sp+ is sometimes difficult when these genotypic plants 
are compared individually, but in the case of group or mass comparison 
there is no trouble in distinguishing one from the other (fig. 3 of Plate 
I and fig. I-A of Plate II). 

As a result of possessing more potency in CBt than in CEr, the 
gene Pl, in coexistence with CEt Sp, is able to exert its distributing 
effect over leaf and stem node, though the location of color is limited 
to the pulvinus or node, showing but a faint color shade. Cross exami­
nations involving CBt have been carried out. Among these, for example, 
the cross combinations in which the CBt SpPl+ (pink apiculus with color­
less leaf) was combined with Shito (Apiculus and entire leaf blade are 
purple, under genotype of CBPSpPl) showed a segregation that is pre-
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of pigments which were undertaken with the genetical studies on 
coloration, and an attempt is made at a biochemical analysis of said 
pigments. The term "genetico-histological information" refers to 
that the histological observations on characteristics which are already 
analysed or estimated genetically. 

a. Histological aspects. 

All observations were made using fresh materials cut freehand, 
as well as using fixed sections cut by paraffin method. In the case of 
observation on general topography rather than in detail, it was found 
desirable to make thick sections using fresh materials cut freehand. 
However, in case in which pigment was apt to flow out or when the 
amount of the pigment was insufficient for close detection, the materials 
were fixed by the following agents, and mounted and cut by paraffin 
method. The ingredients of the fixative worked out by the author 
are 25% lead acetate (40 vols.), 90% alcohol (5 vols.) and 10% caustic 
potash (1 vol.). This fixative is favorable in detaining anthocyan and 
like substances, converting them into a insoluble precipitation with 
black or deep violet color. The procedureas devised by the author is 
as follows. 

In detecting tiny anthocyanin pigment without its being obscured 
by other cell contents, preservation of this pigment is the primary 
objective, if the preparations are for histological study by paraffin 
method. As a rule, it is considered practical to use lead acetate which 
causes the precipitation of anthocyanin in a form of lead acetate. 
However, free acid contained in the lead acetate solution is likely to 
cause the precipitated anthocyanin to dissolve again. And also the 
lead acetate causes the coagulation of some liquid albinoids, and con­
sequently prevents rapid penetration of the fixing liquid into tissue. 
To avoid these obstacles, K ion of KOH is added as swelling-ingredient 
in the fixative. 

Alcohol is also used for dissolving lipoid which is considered to 
prevent the rapid penetration of the fixing liquid. As a foundation of 
this fixative, it is advisable to use lead subacetate, rather than lead 
acetate, to prevent the lead from becoming insoluble as a result of 
neutralization by KOH. Thus, as for the most satisfactory fixing agent, 
the above mentioned formula is proposed. 

In the descriptive note given below, the genic assignment on the 
third gene, A, will be excluded. In every genic constiution, the gene 
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A is held in common except in the case when particular remarks will 
be made. 

Coexistence of C and Sp: 

Apiculus color-As mentioned before, under the complementary 
effect of two series of multiple allelomorphic genes, C and Sp, more 
than six differences in hue or shade of anthocyanin color resulted, 
according to which allele at C and Sp loci are concerned. Histologically, 
the intratissual location of the pigment has no essential difference on 
the above six; it is dissolved in cell sap in the epidermis of apiculus 
and empty glumes (fig. I-B, B', E of Plate V). 

It is worthy of note, however, that when genotypic plants have Sp in 
common and differ from each other in allele at C-Iocus, the differences 
in color shade to the eye are mainly attributed to the differences in 
density of colored cell distribution rather than the differences in the 
intensity. of cell sap color; and when plants have C in common and 
differ from each other in allele at Sp-Iocus, the visual color differences 
seem to be mainly due to the differences in color intensity of the cell 
sap rather than the differences in the density of colored cell distribution. 

As mentioned before, it could assumed that Spfl is less potent than Sp 
and can utilize in the formation of anthocyanin pigment only a fraction 
of the chromogenic substance produced. If so, the mode of colored 
cell distribution between CB Sp and eB Spfl and between CBp Sp and 
CBP Spfl should be similar to each other respecti vely, and on the other 
.hand the color shade of the cell sap in the CB Sp or the CBP Sp should 
be deeper than in the CB Spfl or the CBp Spel respectively. Here, the 
propriety of these assumptions are also histologically ascertained. 

In every case the color is most intense in the apiculus and spreads 
.down thin along the vein to the middle of the glume. This is because 
the colored cells are sparsely distributed downward. 

Colors in other parts-In CB Sp and CBP Sp stigmas are colored; this 
is the pigmentation of papilla cell sap (fig. I-D of Plate V). CBPSp, 
CBPSpel, CRtSp or CBrSp produce usually no color in leaf sheath, but 
in some cases the light red color is observed on the inside of the lower 
part of the sheath of the CBPSp. This is due to the presence of colored 
cell distributed in epidermal layer (fig. I-Q of Plate V). In CBSp the 
color intensity of that part is darker than in CBPSp, because of dense 
distribution of the pigmented cells. 

As for the noticeable characteristics of the CB Sp and CB Spel, they 



ANALYSIS ON ApICULUS COLOR GENES ESSENTIAL TO HICE 327 

produce respectively purple and red lines in internode and mid-rib of 
leaf blade. The pigment in the internode is present in a single layer 
of the parenchyma cells adjacent to the bundle sheath of larger vascular 
bundle; and sometimes pigment is found in the parenchyma cells 
arranged in horseshoe form arround the small vascular bundly adjacent 
to the hypodermis. The mid-rib usually consists of assimilation tissue, 
assuming triangle form with hollows, in SOme parts of which the large 
vascular bundles lie. The colored lines of the mid-rib are due to 
pigment dissolved in cell sap of parenchyma adjacent to the large 
vascular bundle. The colored lines also extend to the leaf sheath, 
which is divided into an outer and an inner part by a lacuna; this 
colored line is due to the pigment of a single cell layer of the outer 
parenchyma tissue. (fig. 2-M, M' and fig. 4-K, K', Q of Plate V). 

Coexistence of C Sp with Rp: 

When Cll Sp, CllP Sp, Cll Sp,l or CBp Sprl coexists with Rp, apiculus 
colors are distributed over the entire surface of glumes and on the 
rachilla. These colorations are caused by the dense distribution of the 
colored epidermal cells (fig. 3-B of Plate V). In this connection it must 
be remembered that under visual observation, genotypic plants such 
as CEr SpRp do not show any phenotypical difference from CBr SpRp+ 
with regard to the mode of color expression in glume, while having 
colored apiculus but uncolored glumes. This is also ascertained histolo­
gically, on the supposition that the gene CEr may not have a sufficient 
amount of the chromogenic substance to distribute the pigment all 
over the entirety of the glumes even when it coexists with Rp. 

Coexistence of C Sp with Pl and Pn: 

The gene Pl is responsible for coloration in leaf sheath, leaf blade, 
ligule, pulvinus, internode and stem node. The color of the leaf blade 
is due to the presence of pigment in epidermal cells, motor cells and 
sclerenchyma cells located outside the phloem. The purple (CB SP Pl 
or CBP SpPC) or red (CB Spd Pl or CBP Sprl Pl) appearance of the entire sur­
face of the leaf blade is a result of the dense distribution of colored 
cells, though a considerable number of uncolored cells are interspersed 
among them (fig. 6-K, K', K" of Plate VI). The color of the leaf sheath 
is due to the pigment in the single layer of parenchyma cells sur­
rounding the bundle sheath and in the intervening epidermis of. each 
bundle. The internode color is caused by the distribution of cells with 
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colored cell sap in parenchymatous tissue; and the coloration in the 
ligule, auricle, pulvinus and the stem node is caused by pigment in 
the cells sap of the epidermis (fig. 6-Q, M, J of Plate VI). 

If lemma and palea are partly cut off soon after anthesis. the 
coloration begins to develop in a pericarp layer of this caryopsis as 
a result of pleiotropic action of Pl. This coloration corresponds to the 
pigmentation in cell saps of epicarp, mesocarp or seed coat or both. 
But the seed coat color is considerably lighter compared with the color 
in the pericarp. 

In the presence of Pn, when associated with basic genes CSp, 
anthocyanin color extends into leaf apex, leaf margin, midrib, ligule, 
auricule, pulvinus and stem node, and further, in the genotypes CB SpPn 
and CBSpdPn the broad colored lines are present in leaf sheath. The 
purple lines in the midrib are due to the pigmentation of the cell 
sap of stereom surrounding phloems of vascular bundles present on 
the lower side of the leaf (fig. 5-K, K' of Plate VI). This is histolo­
gically, quite different from the situation caused by CBSpPn+, where 
the coloration occurs in parenchyma cells, although the appearance of 
the colored midrib to the eye is similar in both two cases. The colored 
lines of the leaf margin and the colored wash of the leaf apex are 
caused by pigment in cell saps of the motor cells and epidermis (fig. 
5-K" of Plate VI). The color of the leaf sheath is due to pigment in 
epidermal cells. The outward appearance of this coloration shows wide 
colored stripes, because the epidermis is intersected regularly by the 
stereom, which remains colorless (fig. 5-Q, Q' of Plate VI). Thus it is 
pointed out that this mode of localization of colored cells by Pn is quite 
different from that by CBSpPn+, inspite of showing similar patterns 
in visual observation. The coloration in the auricle, ligule, pulvinus 
and the stem node is the same as in the case of Pl. 

Throughout these observation, it may be emphasized that as a 
general rule the color shade of several parts, when compared with the 
color shade of cell sap therein, is darker, since the coloration of the 
anthocyanin overlaps with the color of chlorophyll located in the as­
similation tissue when seen to the eys. In addition to this, it is also 
noticeable that the intra-genotypic variation on color intensity of cell 
sap is considerably larger than the author has expected. 

q in itself: 

The chromogenic substance in the cell sap is converted into brown 
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pigment, the tawny, at the time of ripening. With the lapse of time 
the cell sap loses water. Therefore the brown pigment should even­
tually settle on the cell wall at full ripening. Histologically this was 
also ascertained. Figure 3 of Plate IV shows the tissual location of this 
pigment in glumes of genotypic plant of CB RpSp+. 

As regards the amount of the brown pigment in the cell wall, it 
is somewhat less in the genic combination of Spd with C-alleles than 
in that of Sp with C-alleles. 

Location of the tawny color in other vegetative parts is rather 
difficult to determine, however, in a genotype of CB Pl for instance, 
a tint of brown pigment can be detected in leaf blade, to some extent. 

In connection with this, a short examination was made. Some 
strains or individuals which show various modes of tawny color distri­
bution, were cellected before they were beginning to turn tawny. They 
were separated into two parts respectively; (a) parts in which the 
tawny would begin to develop at the time of ripening and (b) parts 
which remain colorless at ripening. Every 2 gr. of these samples were 
extracted with hot water of 50 cc for 30 minutes. With the lapse of 
time, a considerable amount of red precipitate appeared in the extract 
from (a), whereas scarcely any appeared in that from (b) without 
exception. This indicates that the chromogenic substance for the tawny 
may be water soluble at an early stage of flowering but changes to 
insoluble as a result of conversion into the tawny substance. 

As a whole, it is concluded that coloration with anthocyanin is 
histologically the pigmentation in cell sap without exception, and that 
the coloration with the tawny is the pigmentation on the inner surface 
of cell wall as a result of the desiccation of the cell. 

To sum up the above descriptions, they are tabulated as in Tables 
33 and 34. 

TABLE 33. Histological location of anthocyanin pigment 
due to complementary effect of C and Sp, in 
coexistence with A. 

colored . I empty inner sur'l stripes of I outer surface 
awn aplCulusl 1 stigma face of of leaf 

part gume leaf sheath internode sheath 

epider. 1 epider-
I 

histological epider- papilla 'P'd'=oli paco",byma a "ngl, lay", 
location of mal cell mal cell mal cell cell cell cell adjacent of outer 

to vascular parenchyma 
the pigment bundle tissue 
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b. Biochemical aspect 

In the preceding descriptive note and accompanying illustrations 
on genic interpretation, the color produced by the action of apiculus 
genes CSpA and their distributing modifiers Rp, Pl and Pn were 
deductively, viz. in apriori, dealt with as the color with anthocyanin 
pigment. 

To take an objective view of the genic scheme of the author, an 
examination of the following problems is expected; (a) whether various 
color intensities, i. e. Blackish red purple to Rose red, are caused by 
an identical anthocyanin or not, and (b) what kind of aglucones do these 
anthocyanins consist of, and further (c) what is the chemical nature 
of the chromogenic substance provided it is presumable, and conse­
quently what kind of substance is the tawny color? 

In these connections the author made some chemical experiments. 
These were accomplished using strains which have been bred true for 
coloration with regard to said genes, and in a few cases some geno­
typic sib-plants derived from F2 were used. 

Anthocyanin pigment: 

The detailed results of the examination on anthocyanin is already 
reported by NAGAO, TAKAHASHI and MIYA:lIOTO (1956b) but in outline 
they are as follows. 

The apiculus, awn, leaf blade and other various coloring parts were 
taken and collected at the time of two or three days after anthesis, 
and anthocyanins contained in the above parts were extracted with 
1% solution of hydrochloric acid. A paper-chromatographical separation 
of the anthocyanins in the extracts was conducted by the use of a 
mixture of N-butanol, glacial acetic acid and distillated water in a 
ratio of 4: 1: 2, as advocated by BATE-S:lUTH (1948). The result of one 
dimentional separation is as in Table 35. 

In this table it is pointed out that almost all genotypes of the 
apiculus, as well as awn, show similar values of Rf, ranging from 0.41 
to 0.43, and also the same Rf value is obtained in the extracts from 
another colored part, in which the expression of color is dependent 
upon the distributing effect of Rp, Pl and Pn in the presence of C, Sp 
and A. This result lead the author to the conclution that there are 
no differences among the several genotypes in regards to the quality 
of anthocyanin concerned. 

Further, to clarify the aglucone of this anthocyanin, the colored 



332 M. TAKAHASHI 

TABLE 35. Rf values of anthocyan ins extracted from various 
parts of different genotypic plants. 

("A" presents, in-common). 

distributing mode of color basic stock no. part selected for of distribution materials modifier by modifier genotype examined examination 

I A- 2 apiculus and awn 
CB Sp I 

A- 58 and I " " 
A-I07 " and " apiculus and CBPSp Rp+ Pl+Pn+ A- 77 apiculus 

awn i 

I CB Spd I A- 18 " I 

CBp Spd I A- 83 I " 
CBr Sp I A- 5 I apiculus and awn 

entire glume CB Sp I A- 58 I glume 
RpPl+ Pn+ 

and rachilla CBp Sp 
\ 

A-I07 I " 

entire leaf I CB Sp I D- 25 I leaf blade 
I 

blade, and 
" sheath, ligule, A- 77 leaf sheath 

pulvinus, Rp+ PlPn+ 
auricle, node CBp Sp node 

and internode A- 38 I leaf blade 

N- 45 I " 

I 
CB Spd I N- 4 I " 

leaf margin, A- 65 I leaf margin 

leaf sheath, 
ligule, " pulvi-

ligule Rp+ Pl+ Pn nus, auricle CB Sp A- 2 

and, node node 

I 
A- 58 ! leaf margin 

I 
node 

I 

Rf 

value 

0:42 

" 
I 0.41 
I 
I 0.43 
: 

I 0.42 

I " 

I " 
I " I 
I 

0.43 
i 

I 0.42 

" 
" 

0.43 

I 0.42 

I " 

I " 

I 0.41 

0.42 

" 
0.41 

I " 
I 

0.42 
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leaf blade with the genic constitution of CBSpAPl was treated ac­
cording to the quatitative analysis of aglucone effered by ROBINSON and 
ROBINSON (1931). The water solution of aglucone showed the following 
results of examination. 

(a) The sample shows a violet color when sodium acetate is added 
to its amyl alcohol extract and ferric chloride changes the said violet 
to dark blue. (b) The sample is fairly stable in a solution of 10% 
sodium hydroxide. (c) A small portion of aglucone is extracted when 
the solution is shaken in an equal volume of a mixture of cyclohexanol 
(1 vol.) apd toluene (5 vols.). (d) And it is also extracted, to a certain 
extent, in a 5% solution with an equal volume of amyl ethyl ether 
(1 vol.) and anisoI (4 vols.). 

Identical results are obtained from materials from genotype 
CBPSpAPl, using the same method. These results seem to indicate 
that the anthocyanin, which is present in rice plant, and which depends 
on the multiple allelic series of gene, C and Sp, has cyanidin as its 
aglucone. 

To verify this assumption, this aglucone was paperchromato­
graphically identified, and compared with a cyanidin specimen, by 
means of HAY ASH! and ABE'S method (1952). According to this one 
dimentional paperchromatography the Rf value of all samples invariably 
show the same values and are equal to that of the cyanidin. 

On the whole therefore, the anthocyanin pigments presented by 
every combination of genes, C, Sp, Rp, Pl and Pn, are the same, with 
no qualitative differences in spite of numerous variations in color hue 
and shade as well as in location of colors. 

Ta wny pigment: 

As to the chemical aspect on the tawny the author has not yet 
arrived at a satisfactory conclusion. NAGAO and TAKAHASIlI (1947) have 
introduced a tentative interpretation that the chromogenic substance 
of the anthocyanin may be such a kind of substance as flavon, on which 
production gene C is concerned directly or indirectly. However, this 
assumption has not always been positively ascertained in the course 
of the author's later biochemical examination, though some indications 
of the presence of the flavon is noticeable. 

On the other hand MIl' A:o.fOTO (1956, unpublished) made some chemical 
examinations on the same tawny by using qualitative and quantitative 
analysis worked out by KLEIN (1932) and ISHII and OSHDfA (1940) re-
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TABLE 38. (continued) 

b. Karasumochi (CBSpRpgl) x N-48 (CBrSpdRpgl+) 

apiculus Blackish 1) Amaranth Seashell 

color 
Rose red pink or 

red purple purple white d. 
glume total ;(2 p 

color ditto ditto green green f. 
--------

genotype CBSpRp I CB Sp,IRp CRr SpRp CBrSpRpd 
I 

197
1 I 1 

100 1 

I 

94 71 26 3 30 
I 

4 

0 
I 

525 

291 97 103 34 
I I 

I I 

I 

I 

16 I C.R. 
I 

9 I 3 3 1 I 

I I 
C. 295.31 98.44 I 98.44 32.81 I 525.00 I 0.338 3 0.98-0.95 

: , I 

1) In each column of color types. the left is gl+ and the right is gl. 

C-gl linkage (repulsion) 

CB gl CBr gl total 

268 120 130 7 525 

Recombination value: 22.9% 

Hence, from the results of these crosses, the genotype of Karasumochi 
is undoubtedly CB SpRpgl of the author's scheme. Furthermore, to 
clarify the genotype of reddish brown apiculus color in Fe from Karasu­
mochi x Shinriki and to determine whether it is due to CBSpd or not, 
namely whether the Shinriki variety pOssesses Sp'l or not, the following 
two crosses were made. 

Cross 3: Karasumochi x Norin 20 (CBp Spd Rp+ gl+), Karasumochi x 
N-48 (CBr Sp(l Rpgl+)-As to a tester which should cross with Karasu­
mochi, genotypic plants such as C+ Sp(l Rpgl+ (colorless with non glutinous 
endosperm) would be most desirable. But the author was compelled 
to use plants of CBp Sp'l Rp+ gl+ and CBr Spd Rp gl+ as the next best testers. 
F]s and Fes from those crosses, however, came up to the author's ex­
pectation, segregating in Fe as a reddish brown color type due to CB Spd, 
as shown in Table 38. Substituting the C+ for the CRP, in the cross 
3, the mode of the Fz segregation presented in Table 39 should result 
as being identical to that of Fz segregation from the cross of Karasu-
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Further, from this point of view, the remainder of the data as 
presented by several workers can be explained by the author's scheme, 
revealing that monohybrid or dihybrid segregation ratios of apiculus 
coloration as in the case of 3: 1, 9: 7, 9: 6: 1, 9: 3: 4, and 9: 3: 3: 1 
(HOSHINO 1915, HECTOR 1916, KATO 1916, MITRA et al 1928, NAGAI 1921, 
1926, PARNELL et al 1917, 1922, Van der STOCK 1908 etc) can be inter­
preted by the "C-Sp" combination itself. Full accounts are omitted 
here, however for brief informotion Table 36 may be of sufficient 
value. 

It has been already illustrated that trihybrid segregation on the 
apiculus coloration is settled by a modified C-Sp-A scheme. In con­
nection with this, the result obtained by LEg (1927) is worthy of note. 
He demonstrated that a purple coloration in stem node may develop 
even in the absence of color in the apiculus. According to him a purple 
stemmed variety with pale yellow apiculus when crossed with other 
varieties which are green stemmed and have also pale yellow apiculus 
gave FJ plants which were purple in both parts. The F2 population 
divided into five types of coloration, namely; purple apiculus and node, 
pale yellow apiculus and purple node, purple apiculus with green node, 
red apiculus with green node, and pale yellow apiculus and green node. 
Based on this, he assumed that the purple coloration in the apiculus 
is due to the cooperation of three genes, C, Rand B, and that in the 
stem node to the co-operation of A, Rand B. The genic scheme is 
represented as: 

Genotype 

ACRB 
AcRB 
aCRB 
ACRb 

stem node color 
purple 

" 
green 

other combinations " 

apiculus color 

purple 
pale yellow 
purple 
red 
pale yellow 

Applying the author's scheme to the above, LEE'S genes, B-b, R-r, 
C-c and A-a, may correspond to the author's genes, CB(CBP)_CBr, Sp-Sp+, 
A-A+ and Pn-Pn+, respectively. 

MOlHNAGA et al (1943) briefly reported the presence of a linkage 
relationship among the gene for apiculus color, Ap, the gene for phenol 
reaction, Ph, and the gene for liguleless, 19. As Ph and 19 are inserted 
into the Pl-linkage group (NAGAO and TAKAHASHI 1952 a), it is most 
probable to consider that Ap is also linked with Pl. The author's A 
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gene also links with Pl. Whether Ap is identical with A or not, the 
question, however, is left for the present. 

Hitherto, some workers have assumed that tawny color may be 
genetically due to a single pair of genes, Ty, of which they, except 
NAGAI (1922) and J ODON (1948), had little consideration with respect to 
genetical Or biochemical relationship to the anthocyanin coloration. In 
so far as the author is aware, NAGAI is the first worker who suggests 
the intimate genetical connection between the tawny and the antho­
cyanin color, though he was unsuccessful in the generalization of his 
gene scheme. He assummed the following four genes in color of the 
apiculus; a chromogen gene C, a chromophlein gene 0 that converts 
the chromogenic substance to the brown-this may be the tawny-pigment, 
a red anthocyanin gene R in the presence of C, and a purple antho­
cyanin 'gene R' in the presence of C and R. The genes C and 0 were 
supposed to be completely linked, or to constitute a single gene com­
plex. Thus the scheme of genes of NAGAI may be given as: 

Gerwtype apiculus and awn color 

COR R' purple 

COR r' red 

COr R', COr r' brown (tawny) 

combination without C 0 white 

As to the linkage between the tawny and the endosperm character, 
CHAO (1928a) reported a recombination value of about 17% between 
Ty and gl. This value is similar to the value obtained between C and 
gl (21% on the average), indicating that the tawny of CHAO is probably 
identical with the C of the author. 

On the whole therefore, the C-Sp-A scheme proposed as the api­
culus coloration has been, if not completely substantiated, or at least 
rendered highly probable. 

It is worthy to emphasize that in connection with the apiculus 
coloration and in accordance with the C-Sp-A scheme, the following 
two problems which have been debated for a considerable length of 
time seems to be settled to some extent. One of these is the expla­
nation for such types of coloration as light colored apiculus with deep 
colored leaf and blade, and the other is the question as to whether 
plants with colorless apiculus but with some coloration in other parts 
exist or not. 
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Therefore, at present, the author will only give a following amend­
ing interpretation on biochemical aspect of the action of C, that is; 
C may be responsible for the formation of a common precursor of the 
flavon and the anthocyanin and possible the catechin. 

Biochemically, the anthocyanin, the flavon and the catechin are 
all ingredients of the flavonoid, and from the work of ROBINSON (1935) 
it has been advanced that they should be derived from a common 
precursor. 

VI. Conclusion 

Whether the genic scheme of the author described in the present 
paper is adepuate must be left to the judgement of others, however, 
it, at any rate, is certain, that not only from the author's own data 
but also from a review of literature of other workers as conducted 
by the author revealed that several modes of segregation on rice 
coloration, notably apiculus color, can be reasonably explained by the 
author's scheme. 

By way of conclusion, the genes proposed by the au.thor are ar­
ranged and classified into the following three groups of causal genes, 
according to how many other genes are necessary when the proper 
gene exerts its effect to the eye. 

Basic group 

C : fundamental gene for apiculus coloration. 
Sp: ditto 
A : sub-basic; gives some modifying effect on C. 

Distributing gene group 

Rp: exerts its effect, under the existence of basic gene. 
Pl: ditto 
Pn: ditto 

Inhibitor group 

Jpl: exerts its influence, only when it coexists with a gene Pl 

The genic interrelation and the mode of color expression caused 
by these genes are diagramatically represented as in Table 41. in 
comparison with other genic schemes that have been previously sup­
ported by many workers. 
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VII. Summary 

1. In the present paper. anthocyanin color characters in several 
parts of plant, notably in apiculus. are genetically described and 
illustrated, and some of their histological and biochemical natures are 
discussed with an emphasis on the production of further evidence of 
the propriety of the genic scheme that has been briefly proposed by 
NAGAO and the author. 

2. The occurence of anthocyanin color in rice depends on the 
complementary effect of gene C and Sp; C is the fundamental gene 
for the production of chromogen, and Sp exerts its modifying effect 
on C and turns the chromogen into anthocyanin. C and Sp each com­
prises multiple allelic series of genes; five alleles are found at C-locus, 
and three at Sp-Iocus. They are arranged according to the rank of 
dominancy as follows; 

CB > CBP > CEt > CBr > C+ and Sp > Spd > Sp+ 

3. Biochemically, C is considered to be responsible for the pro­
duction of such substances as flavon or catechine, or is considered to 
be the common precursor. Sp is connected with the conversion into 
anthocyanin pigment, or is related with the prevention of changing of 
substances into other substances. 

4. Aglucon of the anthocyanin was identified to be cyanidin without 
exception, there being no qualitative differences among the various 
hues and shades of color and consequently throughout every combi­
nation of color genes. 

5. The expression of anthocyanin color character of apiculus is 
essentially attributed to the complementary effect of C and Sp, how­
ever, with these genes alone, coloration is restricted and appears scat­
teringly at the apiculus. For distinct coloration in the apiculus it is 

-necessary, in the presence of C and Sp, for another gene A to exist. 
which is concerned with spreading chromogenic substance over the 
entirety of the apiculus. 

6. The majority of varieties, as a matter of fact however, possess 
A in common, it follows that principal color types on the apiculus color 
can be genetically explained as a result of combinations of any alleles 
of the C and Sp loci. 

7. The rank of dominancy of every allele at C and Sp loci is in 
direct proportion to the potency of chromogen production and amo to 
the utilizing ability of chromogenic substance in the formation of 
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anthocyanin pigment, respectively. 
8 .. In the case of absence of C or Sp and/or either one of them, 

the anthocyanin color does not appear and the plant is uncolored at 
the time of flowering, but on ripening and if C is present alone or 
with Spd, that is when it is without Sp, C makes the apiculus brown 
viz. tawny in several intensities of color shade, depending on which 
alleles of C-Iocus is concerned. 

9. To this phenomena, it is assumed that, when Sp is absent, the 
chromogenic snbstance produced by C changes to brown pigment which 
may be a kind of substance such as flavonol or phlobaphane. Bpi is 
less potent than Sp, that is, only a fraction of the chromogenic sub­
stance produced can be utilized in the formation of anthocyanin pig­
ment, and therefore when C coexists with Sp'l the remaining quantity 
of unchanged chromogenic substance is turned into tawny pigment. 
This is the reason why certain genotypic plants, e. g. CB Sp,l and CpBPSpd, 
show a particular mode of coloration in which the anthocyanin and the 
tawny colors overlap each other. 

10. Thus it is apparent that the coloration with anthocyanin and 
tawny pigment have an intimate connection with each other. The 
following is the relation of hue and shade of apiculus color according 
to dominancy of any allele in the ascending order. 

CBp C+ 

a. f. purple 
I 

red 

I 
red 

I 
pink 

I 
white purple 

Sp 

t. r. not detectable 

a. f. deep red red whitish whitish white orange orange 
Sp'i 

t. r. brown light yellowish white white brown white 

a. f. white white white white white 
Sp+ --.----

t. r. dark brown light yellowish white brown I brown white 

a. f. . . . . . anthocyanin color at flowering. 
t. r ...... tawny color at ripening. 

11. Every allele at C-Iocus, in cooperation with any allele at Sp­
locus, gives rise to respective color shades in awnes and empty glumes 
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as well as in apiculus. And further, when a high ranking allele at C­
locus is involved, some other parts are also colored as a result of a 
pleiotropic action of the said allele. The expanse of coloring parts 
by any allele of C-Iocus is proportional to the rank of dominancy of 
C-allele, as tabulated in Table 33. 

12. With regard to the anthocyanin coloration in some parts other 
than apiculus, three remarkable genes, Rp, Pl and Pn are proposed. 
The occurrence and expression of color in these parts are closely related 
to the genic constitution of the apiculus color also; coloration Occurs 
in these parts when Rp, Pl and Pn coexist with any gene combination 
at C and Sp loci. And in a case that the apiculus are colorless, no 
color develops in other part no matter whether three these genes are 
present. 

13. Thus Rp, Pl and Pn are recognized to give rise to distributing 
the apiculus color into respective parts. Rp is responsible for distri­
buting the apiculus color over the entire surface of lemma and palea, 
and in some cases rachilla. This is also holds good in the tawny colo­
ration of these parts. Pl is concerned with the color distribution over 
the entire surface of leaf blade, leaf sheath, pulvinus, auricle, ligule, 
stem, stem node and rachis. Pn is connected with the distribution 
of color in leaf apex, leaf margin and entire surface of stem node, 
pulvinus, auricle and ligule. The most striking colored parts by Pl and 
Pn are the leaf blade and stem node. 

14. The effect of Pl is diminished by the presence of an inhibitor 
for Pl, that inhibits the coloration at the center of leaf blade. This 
gene is designated as [pl. 

15. On the whole, therefore, the apiculus color genes are inde­
spensable in analysing the mode of color inheritance, not only in the 
apiculus but also in all other parts, and it is concluded that C and Sp 
are the basic, while A is the sub-basic, gene in connection with antho­
cyanin coloration in rice. 

16. Histologically the coloration with anthocyanin is the pigmen­
tation in cell sap without exception, and the coloration with tawny 
color is the pigmentation on innersurface of cell walls as a result of 
the desiccation of the cell. The tissual location of the colored cells, 
however, varies someWhat, according to which of the color genes are 
concerned. This diagramatically presented in Table 34 and 35. 

17. It is worthy of note that when plants have Sp in common and 
differ from each other in allele at C-Iocus, the differences in visual 
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color intensity can mainly be attributed to the differences in density 
of distribution of the colored cell, rather than the differences in the 
intensity of cell sap color; and when plants have C in common and 
differ from each other in allele of Sp-locus, the visual color differences 
are mainly due to the differences in color intensity of the cell sap. 

18. From the author's own data and from a review of literature 
by other workers, various modes of inheritance on anthocyanin colo­
ration in several parts of rice, especially in apiculus, can be reasonably 
explained by the author's gene scheme described above. 

VIII. Literature cited 

ANDERSON, J. A. and A. G. PERKIN (1931): The yellow coloring matter of khapli 

wheat, Triticum dicoccum. Jour. Chern. Soc. London: 2624-2625. 

BREAUX, N. (1940): Character inheritance, factor interaction, and linkage relations 

in the Fe of a rice cross. Unpublished thesis, La. State Univ. 38PP. (from 

JODON 1948). 

B'l.TE-SMlTH, E. C. (1948): Paper chromatography of anthocyanins and related sub­

stance in petal extracts. Nature 161: 835-838. 

CHAO, L. F. (1928 a): Linkage studies in rice. Genetics 13: 133-169. 

(1928 b): The disturbing effect of the glutinous gene in rice on a Me­

ndelian ratio. ditto 13: 191-225. 

COMEAUX, D. J. (1946): An inheritance and linkage study of virescence and other 

factors in rice, Oryza sativa L. Unpublished thesis, La. State Univ. 50 PP. 

(from JODON 1948). 

ENDO, T. (1956): Analysis of flavone pigments in Triticum and its related genera 

with reference to genome constitution. (Japanese). Jap. Jour. Genet. 31: 

109-114. 

HA.YASHI, K. (1944): Ueber einige Anthocyane, die das Cyanidin als Aglykon enthalten. 

Acta Phytochimica 14: 70. 

(1946): en the pigment of purple rice "Murasakiine". (Japanese). Mise. 

Rep. Res. Inst. Nat. Resources 18: 1-8. 

----- and Y. ABE (1952): Fundamentals on experimentals on procedures for 

the paper-chromatographic survey of naturally occuring anthocyanins. (Japa' 

nese). ditto 28: 1-11. 

HECTOR, G. P. (1916): Observation on the inheritance of anthocyan pigment in paddy 

varieties. Mem. Dept. Agr. India. Bot. 8: 89-101. 

(1922): Correlation of color character in rice. ditto 11 : 153-183. 

HOSHINO, Y. (1915): On the inheritance of the flowering time in peas and rice. Jour. 

ColI. Agr. Tohoku llniv., Japan 6: 229-288. 

HUTCHINSON, J. B. and K. RAMIAH (1938): The description of crop-plant characters 



ANALYSTS ON Al'ICULUS COLOR GENES ESSENTIAL TO RICE 357 

and their ranges of variation, II. Variability in rice. Ind. Jour. Agr. Sci. 

8: 567-616. 

IKENO, S. (1927): Eine Monographie tiber die Erblichkeit bei der Reispflanze. Bibliogr. 

Genet. 3: 245-317. 

ISHII, M. and Y. OHSHIMA (1940)' Chemical studies on tannin in acasia tree, Accacia 
confusa MERRILL, I (Japanese). Jour. Agr. Chem. Soc. Jap. 16: 476-478. 

JODON, N. E. (1945): A purple plant character in rice evolved from crosses. Proceed. 

La. Acad. Sci. 9: 61-68. 

----- and S. J. P. CHILTON (1946): Some characters inherited independently of 

reaction to physiologic races of Cercospora oryzae in rice. Jour. Amer. Soc. 

Agr. 8: 864-872. 

(1948): Summary of rice linkage data. Bur. Plant Ind., Soils and Agr. 

Engr., Agr. Res. Adm., U. S. Dept. Agr. : 34 PP. 

(1955): Recent status of rice genetics. Jour. Agr. Assoc. China, New 

Ser. No. 10 : 5-21. 

JONES, J. W. (1929): Distribution of anthocyanin pigments in rice varieties. Jour. 

Amer. Soc. Agr. 21: 867-875. 

(1930): Inheritance of anthocyan pigmentation in rice. Jour. Agr. Res. 

40 : 1105-1128. 

(1933): Inheritance of character in rice. ditto 47: 771-782. 

KADAM, B. S. (1933): An anthocyan inhibitor in rice. Jour. Hered. 27: 405-408. 

----- and K. RAMIAH (1943): Symbolization of genes in rice. Ind. Jour. Genet. 

and Plant Breed. 3: 7-27. 

KATO, s. (1916): (Work carried out by Dr. K<\TO is summarized in MATSUURA 1933). 

KLEIN, G. and O. WERNER (1925): Ein Beitrag zur Physiologie and Verbreitung der 

Flavone. Zts. Physiol. Chem. 143: 9-32. 

KLEIN, P. (1932): Handbuch der Pflanzenanalyse 3: 344 PP. 

LEE, T. C. (1927): Colour inheritance of glume-tips and stemnodes in certain paddy 
rice-plants, 1. (Japanese). Ann. Agr. Exp. Sta., Korea 12: 367-371. 

MATSUURA, H. (1933): A bibliographical monograph on plant genetics 1900-1929. 2nd 
ed. Hokkaido Univ. Japan. 787 PP. Oryza: 240-265. 

MITRA, S. K., S. N. GUPTA and P. M. GANGULI (1928): Color inheritance in rice. Mem. 

Dept. Agr. India. Bot. Ser. 15: 85-102. 

MORINAGA, T. (1938): Inheritance in rice, Oryza sativa, L. II. Linkage between the 

gene for purple plant color and the gene for liguleless. Jap. Jour. Bot. 9: 
121-129. 

------ and T. NAGAMATSU (1942): Linkage studies on rice, OTyza sativa L. 

(A pre!. note in Japanese). Jap. Jour. Genet. 18: 197-200. 

------ and E. KAWAHARA (1943): New linkage relations in rice 

(Japanese). Jap. Jour. Genet. 19: 206-208. 

NAGAI, I. (1921): A genetico- physiological study on the formation of anthocyanin 

and brown pigments in plants. Jour. Coll. Agr. Imp. Univ. Tokyo. 8: 1-92. 

(1926): Nihon-inasaku-kohgi (Japanese). Yokendo, 'rokyo. Japan: 724 PP. 



358 :\[. 'f AKAHASUI 

NAGAO, S. (1989): Genetics and breeding in rice. (Japanese). 2nd rev. ed. Yokendo, 

Tokyo, Japan: 225PP. 
---- and M. TAKAHASHI (1942): Genetical studies on rice plant, IV. Mode of 

inheritance on color character in a cross between two rice varieties, Akage 
and Kuromochi. (Japanese). Jour. Sapporo Agr. and Forest., Japan 85 (8): 
1-18. 
and (1946): ditto VIII. On the nature of genes for the 

dwarf of rice plant. (Japanese). Seibutsu 1: 27-36. 
----.- and ------ (1947): ditto, VI. Ein Beitrag zu einer genotypischen 

Analyse der Farbeigenschaften der Spelze und der anderen Pflanzenteile bei 
der Reispflanze. (Japanese). Jap. Jour Genet. Supp. 1: 1-27. 

----. and (1948 a): A genetico-histological study on the antho-

cyanin color distribution in rice. (Japanese). Oguma Com memo. Vol. of Cytol. 

and Genet., Japan: 53-58. 
and· ---- (1948 b): Genetical studies on rice plant, IX. Spd, a 

reducing gene upon the chromogenic substance for apiculus colors in rice. 
(Japanese). Agr. Sci. North Temp. Region 2 (3): 89-96. 

- ---- and ------ (1951): ditto, XII. On the gene Pn responsible for the 

development of anthocyanin coloration in stem node of rice. (Japanese). 
Jap. Jour. Breed. 1: 59-65. 

--- and (1951): ditto, XIII. Further studies on the gene PI re-
sponsible for the development of anthocyanin coloration in leaf of rice 

(Japanese). ditto 1: 129-136. 
NAGAO, S. (1951 c): Genic analysis and linkage relationship of characters in rice. 

Advances in Genetics, edited by M. DEMEREC, 4: 181-212. 
and M. TAKAHASHI (1952 a): Genetical studies on rice plant, XIV. The 

order and distance of some genes belong to Pl-linkage group in rice. (Japa­
nese). Jap. Jour. Breed. 1: 237-240. 

and (1952 b): ditto, XV. Genic constitution for glume color 
of a rice Variety "Karasumochi". (Japanese). ditto 2: 47-50. 
and (1956 a): ditto, XIX. The third gene in apiculus color-

ation in rice. Jap. Jour. Bot. 15: 141-151. 

and T. MIYAMOTO (1956 b): ditto, XX. Some chemical 

aspects on anthocyanin coloration caused by C and Sp allelomorphic series 
of genes. Bot. Mag. 69: , Ogura Commemo. Volume. Part 1: 430 .. 434. 

NAKAYAMA, K. (1932): On the inheritance of anthocyanin formation in rice with 

special reference to the colour of stigma. (Japanese). Jap. Jour. Genet. 
7: 153-160. 

PARNELL, F. R., G. H. R. AYYANGER and K. RAMIAH (1917): The inheritance of 

characters in rice 1. Mem. Dept Agr. India. Bot. 9: 75-105. 
---- -- , ------ , and C. R. S. AYYANGER (1922): The in-

heritance of characters in rice II. ditto 11: 185-208. 

RIDGWAY, R. M. S. (1912): Color standards and color nomenclature. Washington, D. C., 
U. S. A.: 42 PP and 53 plates. 



ANALYSIS ON APICULUS COLOR GENES ESSF.NTIAL TO RICE 359 

ROBINSN, G. M. and R. ROBINSON (1931): A survey of anthocyanins I. Biochem. Jour. 
25: 1687-1705. 

ROBINSON, R. (1935): Formation of anthocyanins in plants. Nature 173: 172. 
SAKAI, K. (1935): A general review of the genetic studies in Oryza sativa L. since 

1930. (Japanese). Jour. Sapporo Soc. Agr. and Forest., Japan 'Z7 : 153-170. 

SANDO, C. E., R. T. MILNER and M. S. SHERMAN (1935): Pigments of the mendelian 

color types in maize. Jour. Boil. Chern. 109: 203-211. 
SHIBATA, K., Y. SHIBATA and I.KASHIWAGI (1918): Anthocyan ni yoru kashoku-heni 

no genin ni tsuite (Prel. rep.). (Japanese). Jap. Jour. Chern. 37: 1105-1141. 
STOCK, J. E. van der (1908): Einige menedeelingen over roode rijst. Teysrnannia 

65. pp 5, Rev. in Bot. Cbl., 111 : 259. 

TAKAHASHI, M. (1950): Genetical studies on rice plant, X. 

heritance of some mutations in rice. (Japanese). 
33-42. 

On the nature and in­

Plant Breed., Japan 4: 

TAKAHASHI, N. (1923): Ein Beispiel der Faktorenkoppelung bei Reispflanze. (Japa-

nese.) Jap. Jour. Genet. 2: 23-30. 

(1935): Further observations on the linkage relation between the 

factors for endosperm characters and colour of awns in the rice plant. 

Jap. Jour. Genet. 10: 201-209. 

TAKEZAKI, Y. (1921): Inheritance of leaf color in purple rice. (Japanese). Jap. Jour. 
Genet. 1: 37-43. 

(1923): Ueber die Vererbung der Blattfarbe bei den purpurnen Reisp­

flanze II. (Japanese). Jap. Jour. Genet. 2: 95-101. 

YAMAGUCHI, Y. (1921): Etudes d'heredite sur la couleur des glumes chez Ie riz. Bot. 

Mag. Tokyo 35 : 106-112. 

(1926) : Kreuzungsuntersuchungen an Reispflanzen, I. Genetische 

Analyse der Granne, der Spelzenfarbe, und der Endospermbeschaffenheit bei 

einigen Sorten der Reises. Ber. Ohara Inst. Landw. Forsch. 3: 1-126. 

(1927 a): ditto, II. Ueber die zweite (S-M) Koppe lungs·gruppe mit 

besonderer Berlicksichtigung ihrer korrelativen Beziehung zur Bliitezeit. 
ditto. 3: 319-330. 

(1927 b) : Neuere genetische Untersuchungen iiber die Reispflanze. 

Ztsch. f. indo Abst. Vererb. 45: 105-122. 

(1929): Further constributions to the knowledge of the second (S. M.) 

linkage group in rice. (Japanese). Agr. Res., Japan 13: 135-172. 

(1931): Kreuzungsuntersuchungen an Reispfianzen, III. Genetik der 

Farbeneigenschaften verschiedener Pflanzenteile, des Wuchshabitus und der 

Ausschusszeiten. Ber. Ohara. Inst, Landw. Forsch. 5: 1-56. 

(1937): On the proposition of suppressor for leaf color in rice (Japa­
nese;. Agr. and Hort. 12: 2351-2356. 

(1939): The genetics of rice. A review. (Japanese). Jap. Jour. Genet. 
15: 1-9. 

YASUDA, S. (1939): Bibliographical abstracts on genetics and breeding of rice. (Japa­

nese). Yokendo, Tokyo, Japan: 217PP. 



360 M. TAKAHASHI 

EXPLANATION OF PLATES 

Plate I. 

Fig. 1. Natural figure of rice plant. 

a, panicle; b, leaf, node and internode; c, glume. 

Fig. 2. Principal parts of rice plant represented diagramatically. 

A, apiculus; B, lemma; C, palea; D, stigma; E, empty glume; F, 

rachilla; G and H, rachis; I, leaf sheath; ], node; K and L, leaf 

blade; M, internode; N, ligule; 0, auricle; P, pulvinus; Q, outer­

surface of leaf sheath; R, innersurface of leaf sheath. 

Fig. 3. Color-squares and their nomenclature. 

a, Blackish red-purple; b, Pansy purple; c, Amaranth purple; d, 
Pomegranate purple; e, Tyrian rose; f, Rose red; g, Seashell pink; 

h, Russet; i, Tawny; j, Ochraceous-buff; k, Warm buff; I, Straw 

white. 

Plate II. 

Fig. 1. Coloration of apiculus both in flowering and in ripening stages. 
A. Colors produced by the combination of Sp with all C-alleles. 

genotype color type color shade at flowering 

a. Cli Sp III Blackish red-purple 

b. CliPSp IV Pansy purple 

c. CBtSp IX-b Tyrian rose 

d. ClJr Sp IX-c Rose red 
e. C+ Sp XVI White 

B. Colors produced by the combination of Sp'l with all C-alleles. 

genotype color type color shade at flowering 

f. Cli Spd VII Amaranth purple 
g. ClIPSp'1 VIII Pomegranate purple 
h. ClJtSprl XIV-a Seashell pink ? 
i. Clir Sprl XIV-b Seashell pink 

j . C+ Spd XVI White 

C. Colors produced by the combination of Sp+ with all C-alleles at 
flowering and at ripening. 

genotype 

k. Cli Sp+ 

1. ClJpSp+ 

color type 

XII 

XIII 

color shade 
at flowering at ripening 

White Russet 

. Tawny 
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a and b, awnes and glumes dotted with purple stippling; c, location 
of color by Pn. 

Fig. 3. Comparative illustration of histological location of three kinds of 
colors, anthocyanin, tawny and gold, in glumes. 

a. anthocyanin 

b. tawny. 
c. gold 

pigmentation· in cell sap. 

pigmentation on innersurface of cell wall. 
coloration in cell wall occurring as an effect 
of a pigment other than (a) and (b). 

Plate V and VI. 

Histological location of anthocyanin color developed 
in some genotypic plants. 

Fig. 1. Location of colored cells with CBp Sp. 

Fig. 2. Location of colored cells with CB Sp. 

Fig. 3. Glume color due to Rp, in cooperation with CB (CBP) Sp. 

Fig. 4. Vegetative part coloration occurring as a pleiotropic expression of 
CBSp. 

Fig. 5. Leaf and node color due to Pn, in cooperation with CB (CBP) Sp. 

Fig. 6. Leaf, node and internode colors due to PI, in cooperation with 
CB(CBp)Sp. 

B. cross section of glume. 
B/. enlarged figure of (B). 
D. stigma. 
E. cross section of empty glume. 
]. cross or longitudinal section of node. 
K. cross section of midrib of blade. 
K/. enlarged figure of (K). 
K//. cross section of leaf margin. 
M. cross section of internode. 
M/. enlarged figure of (M). 
Q. cross section of midrib of sheath. 
Q/. enlarged figure of (Q). 

bs, bundle sheath; c, assimilation tissue; cav, cavity of inter-node; 
e, epidermis; h, hypodermis; ie, epidermal cell on innersurface; I, 
lemma; lac, lacuna; Ish, leaf sheath; m, motor cell; mav and miv, 
vascular bundle; mx, metaxylem; oe, epidermal cell on outer sur­
face; p, palea; par, parenchyma; ph, phloem; px, protoxylem; pi, 
pith; s, stereom, sg, papilla cells of stigma; spv, spiral vessel; st, 
stem (internode); sy, style; t, trichome; v, vascular bundle. 

(Black arrows indicate the location of colored cells). 
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Jour. Facul!. Agr., Hokkaido Univ., Vo!' 50. 
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Jour. Facull. Agr., Hokkaido Univ., Vol. 50. 
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