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on in conjunction with the Breeding Department, Snow Brand Seed 
Co. Ltd., Sapporo, through the kindness of Mr. K. IGARASHI, director 
of that company. A continuous selection was made for the purpose 
of isolating pure types of the pericarp color character. The parental 
ears used were .all self-pollinated by using paper bags. The results 
showed that all ranges of variegation, from mosaic ears of various typs 
(Mb, Mm. Ms and W p) to colorless pericarped ears (W) and also to self­
red (R), could be obtained from the original one mosaic ear (Mil'), The 
classes of ears, an illustration of which is showed in Figure 1, are alike 
in part to the classes of kernels described above and are as follows: 

1). R : All of kernels from an ear are always of a self-red color. 
2). Mb: Most of kernels from an ear· have a heavy variegated 

pericarp (Mb) and a few of them have either a self-colored 
(R) or a m.edium variegated pericarp (Mill) and very rarely 
a slight-variegated pericarp (Ms). 

3). Mm: The ear is composed mostly of medium variegated kernels, 
but some of them produce often heavy or slight variega­
tion, or rarely become self-red or colorless. 

4). Ms: The ear differs from the Mm-ear in degree of pericarp 
variegation only. Ears have fewer heavy variegated 
kernels and show an increase of colorless kernels as com­
pared with the above class. 

5). Wp: The ear consists mostly of kernels which do not show any 
prominent stripe on the pericarp; nevertheless only one 
or two of them are recognized to have a single fine patch 
belonging to the W p-class of kernel. 

6). W: All of kernels from an ear are always of the colorless 
nature of pericarp. This class is apparently similar to 
that of the W p-class above, but the latter differs from 
the former in having only one or ·two W p-kernels. 

It may be realized that no sharp distinction exists amongst the 
classes of kernel as well as Qf ear. Especially, all of the classes within 
the pericarp variegation (M), such as Mb, Mm, M. and W p, are 
gradational into each other since the variegation is of highly incon­
stant nature. There are also some difficulties in distinguishing be­
tween the two classes of ear, Wp and W, because a distinction consists 
in only one or two kernels with the Wp-variegation of pericarp color, 
being too fine to be dectectable. In addition to these types of mOiaic 
ears, there were occasionally some ears representing a sectorial chimera 



Genetic analysis of a mosaic pericarp in maize 

Fig. 1. Various types of mosaic pericarp in open·pollinated ears of "Calico" 
maize dealt with in t ext. From left to right, they represent reo 
spectively ; a, self · red (R), bod, heavy mosaic (MIo), e-h, medium mosaic 
(M",) i , sliJl;ht mosaic (M,) and j , very slight mosaic (W pl. Of these, 
two ears (fand g) are of a sectorial type of Mm, which were recognized 
to be non-heritable, as well as a "dark-e,·own" type of variegation. 
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Genetic analysis of a 'Ynosaic pe,.ica1"p in 'Ynaize 

Fig. 2. Types of pericarp color in self-pollinated ears with 
(a) and without (6) E:;'Z; (a) representing two types, 

left two Wp and right two M"" and (b) r epresenting 

self-red type, R. 
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2). An Enhancer of P-alleles, "E" 

A heterozygous M-plant of an M-strain (M-1193-6-1) with an 
"M·zljW· +" genotype was crossed with a self-red homozygous plant of 
the M-1363-118-R strain with an "R· + JR· +" . genotype, which had 
originated as a mutant from a pedigree culture of an M-strain (M-1363). 
The FJ segregation of this cross was of .the 1: 1 relation of R to M; 
the actual number was 7 R : 7 M in a total of 14. In the F2 populations 
from the FJ R-parents there were 213 Rand 72 W plants while the 
F2 populations from the Fl M-parents were composed of 233 M and 95 
R plants, not far from the 3 : 1 relation in the former and the 2 : 1 
in the latter. Such F2 segregation was further examined by crosses 
between the R or M plant of the Fl population and the W inbred 
plant. The, resultant plants were found to be segregating into equal 
numbers; 51 Rand 71 W from R parents and 12 M : 12 R from M 
parents. The same crossing was also made between other strains; "M-
120-18-1--M x M-1525-6-14-R", "M-1636-118-M x R-inbred" and so on. 
The data of those crosses are arranged in appendix Table 26. The 
results indicate clearly that the M gene belonging to a P-allelic series 
is dominant to R. This fact is in conflict with the long-established and 
well-supported opinion that a regular order of dominancy within P 
allelic members has, since ANDESON'S finding (1924), been adopted as 
the "R > M> W" sequence (the symbol, >, means "is dominant over"). 

An "M>R" relation instead of the "R>M" expected was also con­
firmed by a double crossing data, which are given in appendix Table 
25. At first, W inbred strains (W· +) were crossed with both the 
heterozygous M (M·zljW· + rand the R strains (R· + jW· + or R· + JR· +) 
independently. Next, the Fl M-plants (M·zljW.+) obtained from the 
first cross were further pollinated reciprocally by the FJ R-plants 
(R· + jW· +) from the second cross. In those double-crossed populations, 
no cases were found to be without segregating three types of pericarp 
colors (R, M and W) into a 1: 2: 1 relation. A total of 729 plants in­
cluded 173 R, 367 M and 189 W, this indicating a ratio of approximetely 
1 : 2 : 1. A summary of the data with respect to the R to M relation 
has been arranged in Tables, 1 (in rows 4-7) and 2 (in rows 12 to 14). 
The results indicated clearly that the M gene is completely dominant 
to the R gene. Once, HAYES (1917) demonstrated a phenomenon of the 
same reversible relation of dominancy as that described here. But, 
his paper has already been discussed by EYSTER (1924), who questioned 
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relation of segregation, since x" =24,6410 (DF=l) corresponding to a 
probability of less than 0.001. In this case, the heterogeneitY-x2 was 
impossible to calculate for each component, because the data were of 
only one segregation obtained from a single ear, and in addition the 
number observed was very small, viz. actually 35 plants in total. 
This case was therefore omitted from the consideration. 

The heterogeneitY-X2 was further analysed into various components 
in every different genotype, such as kernel and ear type of mosaic 
intensity, crossing phase, observed generation, strain used and popula­
tion from every ear. If the calculated heterogeneity-x2 is of a value, 
as large as or larger than that obtained from the X" distribution owing 
to random sampling fluctuation, it is to be expected that the present 
material should be not strictly homogeneous with reference to the 
phenotypic variabilIty in the mosaic segregation. To make the signi­
ficant heterogeneity still more obvious, a comparison of X2's from such 
componeA.ts was then made in coming to a conclusion as to the source 
of dist.izrbed segregation as follows. 

1 ). Between kernel types 

Since the M strains used in the present study have originated all 
from a single ear of the "Calico" maize through inbreeding, they are 
expected to have the same gene concerning the mosaic pericarp, and 
so, to have a certain uniformity on the mosaic intensity excepting 
mutants. This expectation was however not fulfilled. In every progeny 
from different types of .kernels in an ear, ears grown from each type 
were observed as producing all types of the mosaic nature, varying 
all the way from self red (R) to colorless (W). 

Plants from the various types of mosaic ears in different M-strains 
were back-pollinated by the colorless inbred plants ("M·E.Zz/W· +" x 
"W· + /W· + "). Plantings were made separately from kernels of various 
mosaic types. Segregations in the next generation were grouped ac­
cording to the mosaic type of parent kernel. A complete analysis of 
the segregation into various components is recorded in Table 7, proving 
that the probability is always more than five percent fiducial limit in 
every component. The segregation of present mosaic character may 
be concluded to occur always in exactly equal number in every 
type of parent kernels' or ears as well as in all other components. 
These data indicate therefore that both the parent kernel and ear 
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c). Tl).e Er:zZ homozygote is lethal, even if it associates with etery 
one of P-allelic members. Further, by itself, this factor behahes as a 
dominant 'mutant of mosaic nature (as Wp type), but it"'! phenotype is 
usually inseparable from the colorless type (W) (see p. 70). 

" M· + "-crossover : 
On the other hand, the plus selection in connexion with the mosaic 

intensity has been carried on. As a result, five pure M-plants, which 
breed tr,ue for mosaic character, were isolated respectively from each 
of five original M-strains; M-119, M-120, M-152, M-172 and M--200. 
The mosaic intensity of homozygous M-strains obtained was similar to 
that of the original M-strains, representative of all types of mosaics 
ranging from Mh to W p' In addition, there was a striking resemblance 
between the two's of strains in the mode of inheritance, which has 
nothing to db with the mosaic intensity. For example, an extreme 
minus typed ear (such as Ms or W p) within a given strain did not tended 
to give a progeny containing more ears of the minus type than that 
obtained from the extreme plus type (such as Mh or Mill ear) within 
the same strain. The genetic behavior of mosaic character was recog­
nized to be quite similar in each progeny of both types without the 
consideration of heterozygosity. 

As none of the M ears in this strain were found to segregate any 
W-ear in its progeny, it is possible to conclude that the gene, M, should 
be available as homozygous. Such homozygous M-strain will presumedly 
contain one of crossover chromosomes, "M· +", so that its genotype may 

".-" , 

be expected to be "M·E·zZ/M+". If so it be, its selfing progeny will 
give rise to a new U-absent M-type with ao probability of one in 
three, and similarly, to FJ progeny from cross with colorless plant (W) in 
equal numbers. Actually the heterozygous M-plant without E"':ZZ could 
be obtained from such FJ population, having a genotype of "M· + /W· +". 
Selfing data from seven selfed M-ears obtained is reported in appendix 
Table 16. There was a total of 141 plants consisting of 27 R, 64 M and 
50 W. This may be considered as a 1.: 2 : 1 relation, of segregation 
because of the non-significant difference between the observation and 
the expectation; X2 = 1.1986 (0.3>P>0.2). The M gene, which might 
have been separable from Er:zZ through the crossing over, revealed the 
mosaic color in the heterozygous condition for the W gene (M· + /W· +) 
while the self-red color is revealed in the homOzygous condition (M· + / 
M· +), in spite of a fact that the phenotype is always of the mosaic 
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thereby be interpretated easily. The present case has no factual 
evidence in conflict with this simple and rational hypothesis; but there 
is certain evidence to support it, as well as all of the other cases of 
pseudo-allelic genes, as discussed later. 

4). A comparisan of the varimts rates of genic change 

The present study deals with the genic change of five members 
in a P-allelic series, all of which have arisen from a single ear with 
a mosaic pericarp (M.E-:;ljW. +) through a continuous selection in our 
inbreeding program: viz. W, M, Rand Wp • In populations from possible 
combinations of them, the type of pericarp colors, which can not be 
expected from the basis of Mendelian segregation, was infrequently 
observed, and it was recorded as a gene change. Results obtained are 
given in Table 12, showing a summary of Tables, 1 and 2. An assump­
tion, in accordance with a hypothesis of unequal crossing-over, was 
applied to the present data to get the rate of genic change. Namely, 
a single gene shifts simultaneously to two genes of different effect in 
the phenotypic expression-an original chromosome, that is, two sister 
chromatids, shifts simultaneously to two rearranged chromatids ,of dif­
ferEmt types-when a genic change occurs as the result of an unequal 
crossing-over, and thereby the producing .frequency of such two types 
is always equal. Actually, both mates of such paired change did not 
give rise to so equal frequency as expected. There was always an 
excess of the W p mate. There was also found to o(!cur only in one of mates 
within an expected pair explicable on the ground that the other mate. 
is of either the same phenotypic expression as the original type, or is 
masked by the dominant character of others. 

The combined method of maximum likelihood, suggested by MATITEH 
(1938), was adopted to estimate the value of changing rate. The value 
(ex,) was indicated by the percentage of producing gametes, as well as 
the recombination value of normal crossing over, at this evalution, no 
correction was given for the above mentioned actual frequency to 
obtain a logical value, because the frequency of genic change is too 
small to treat statistically. It is a fact therefore that the calculated 
value is always much larger than that occurring in fact. 

As can .be seen in Table 12, it seems that the genic change is dif­
ferent in relative frequency with each of the rows. Actually, some of 
them showed nothing in the occurrence of genic change, in others it 
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