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GENETIC MECHANISM OF OFF-TYPE OCCURRENCE IN WHEAT

Shun-ichi Osanal

It is well known that various kinds of off-type plants or rougues resulting from or
associating with gene mutations and chromosomal aberrations occur in wheat and oat
varieties (Huskins, 1956). The occurrenece of off-type plants in a certain cultivated
variety may be associated with segregation in still unfixed characters or with contami-
nation by seed or pollen of other varieties.

Recently, this kind of off-types was found in Clinton oats by Morey (1949), in an
oat variety, “Fulwin” by WarLace et al. (1955), also in wheat varieties, “Norin No. 10”
and “Saitama No. 27",

In a winter wheat variety, “Hokuei” which was released from Kitami Branch Station,
Hokkaido Prefectural Agr. Exp. Sta., it has been noticed by wheat breeders that in the
breeding process several rougues, especially tall or low plants as shown in Figure 1, occur
occasionally.

“Iokuei” is 2 new high yielding veriety ; it has brown chaff, awnless, and is furnished
with strong straw and rust and cold resistance. At the present time it is widely grown
Hokkaido districts. At first “Hokuei” was examined in the writer's experiments during
1954 to 1960. In 1958, specimen “Saitama No. 27” derived from Goton (1957) was offered.
Since, “Saitama No. 27", a spring habit type of wheat, was employed.

To pursue the genetic mechanisms of off-type occurrence in these two varieties was
the subject of the present studies.

Experiments were conducted in the ficld at Kitami Branch Station, Hokkaido Prefec-
tural Agr. Exp. Sta., at the Kitami city of during 1958 and at Kunneppu-cho, T'okoro-gun,
Hokkaido, in 1959 and 1560.

I. Breeding behavior of off-type occurrence in a winter wheat variety, “Hokuei”.

A systematic line building was undertaken in order to gain correct information
regarding off-type plants themselves and frequency of off-type occurrence. Further,
progeny tests of off-type plants and selection experiment for high and low frequency
groups were made.

The mean and variance of culm length for A, B, C families were originated in F,
generation. Polygenic differences were observed during F, to F.,, but they were statisti-
cally non-significant. A few lines with high frequency were found in the selfed normal
populations. Accordingly, the differences between plant lines in culm length due to
segregation were concluded to be negligible.

Firstly, frequency of off-types, tall (T) and dwarf (D), surpassed the limitations of
three-fold of standard error for culm length was 1.0% respectively, in F,~F,; generation,
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In small population Poisson distribution was fitted for the frequency of off-type occur-
rece, but it was not true in large population (480 plants) of F,,~-F,; generation.

According to the progeny test, it was found that a half of the number of T type cases
decided statistically was due to genetic origin but residual plants were due to enviromental
variations. Accordingly, it has been estimated that frequency of off-type occurrence
should be 0.5% in T off-types. This was proven later in the large population using selfed
seeds. Thus, it was recognized that the occurrence of off-type is not due to natural
crossing or contamination between the other varieties.

As results of the progeny test of D type, it was made clear that the greater part of
D type may results from environmental variation.

According to the progeny test among T type plants, frequency of T plant occurrence
within a line differred between lines. Several highly mutable strains in which 60-80%; of
plants showed T type were found in the progenies of normal type. In general, frequency
of T’ type occurrence in normal plants derived from T off-type was higher than frequen-
cies off-type free lines. Highly mutable lines were also found in self-pollinated progenies
of the original population. Frequency of T type cccurrence due to these lines supplied a
half of total off-type plants.

It was estimated that the heritability (ig* == WF,, /\/V F,.» VF,, ) of the num-
ber of T' types which occurred in the progeny of normal type is 82%. Based on the
frequency of two generations (F,., and F,;), 23 line-groups of original population were
classified into 3 groups : high, medium, and low frequency groups. Almost all of the line
groups of A family belonged to the low frequency group, on the other hand the line-groups
in C family belonged to the high frequency group. There was no association between the
frequency of T type occurrence and the various parameters on the culm length.

The two-way selection for high and low frequency undertaken during four generation
was cffective although cumlative effect due to increase of highly mutable lines was not
recognized.

According to the cytological observations by Dr. Yoshio Wartanasg, both of normal
and the most popular T type showed normality in chromosome configurations at M, of
PMCs. Accordingly, off -type cccurrence may not be associated with this kind of chromo-
somal aberration. '

In some varieties of the parents or ancestors of “Hokuei” off-type plants were
observed. The occurrence of off-types in several famous varieties except “Hokuei” have
been found by the writer and these off-types were distinguishable from the simple
mutant : speltoid or compactoid. Procedures for eliminating off-type plants in the seed
farm and foundation stock farm were presented.

I, Characteristies of off-type in a winter wheat variety, “Iokuei”.

Discussion was presented on the classification of off-types, comparison between nor-
mal and off-types and relation between the off-type occurrence and localities.

M type and D type with about 10 cm longer or shorter culm length than N types
were distinguished. M type occurs more frequently than D type. According to the



difference in morphological characters except culm ; spike type. awn, glume color, waxi
ness, and strength of culm, 55 kinds of off-types were found in the progenics of normal
and mutable lines respectively, namely T, 24; M, 195 N/, 9; D, 3 in the former and T,
18: M, 20; D, 2; N/, 15 in the later (see Tables 21, 22 and Figure 10).

Thus so-called a highly mutable strain showed variability in various characters. It
was found that the variations in the progenies of T type were wider than thosc of N
type on the heading date in both materials sown in fall and sown in spring after cold
temperature treatment. Possible association was found between culm length, heading date
and degree of winter habit. In the same lines of off-type, variation in the winter habit
was found. Variation ranged from complete winter type exceeding the parent to nearly
spring type, as in “Shirodaruma”, onec of the ancestors of “Hokuei”,

It was found that T type was inferior to N type in cold resistance. The majority of
T type plants were susceptible to yellow rust whereas a few N type lines were resistant.
A few lines of T type showed significantly higher yield than N type.

For comparison of heading date, culm length and frequency of off-type occurrence
an experiment was conducted in three locations, namely, Kitami, Hokkaido; Morioka,
Iwate Pref. and Konosu, Saitaina Pref.

It was found that variation of heading date was larger at Konosu than at Morioka
and Kitami ; in the contrast T type, was taller at Kitami than at Morioka and Konosu.
Difference in off-type occurrence was not clear. However, it is reasonable that, since
the differences of culm length in N and T type are less in mild-winter district than in
cold-winter district such as Kitami, the finding of off-types by field inspection in the
mild-winter districts is more difficult.

III. Genetic studies on off-type oceurrence in a wheat variety, “Saitama No. 27",

“Saitama No. 27’ was released from the Saitama Prefectural Agr. Exp. Sta. It was
derived from a three way cross, namely, “(California x Shjuku-akage) x Haya-komugi”.
It has been noticed by wheat breeders that in ficld population of this variety tall off-
type plants occur occasionally. According to Goron (1957), among plants of tall free type
line of D strain in “Saitama No. 27” polygenic variation was found in plant height and
date of heading.

The experiment described in this chapter was conducted in 1958 and 1959 at Kitami
and Kunneppu, Hokkaido. The intention was to ascertain the off-type plants which occur
in the progenies originated from crosses between normal (N) type and off-types (high or
low). Seeds were sown in spring. “California” showed the winter habit type, and a few
off-type plants were found in the stands of “Sijuku-akage”, and “Haya-komugi”. Each
of the parents in the present crossing experiment, D-6 and D-25, was phenotypically
normal. However, they produced high percentage of off-types and also differences
between lines were remarkable for the frequency of off-type occurrence. These lines were
designated provinsionally as mutable ones, It was found that some lines derived from
these lines and normal lines were similar in nature to the mutable parents. “The cight
cross hybrids of normal and off-types (LxN, L xH, NxH) were examined in F, genera-
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tion. Among these crosses four population (L xN, N xH) were selected in F, generation.
Segregation of lines producing off-types except the simple segregation in culm length was
observed. Differences in frequency of off-types occurrence was remarkable and the
existence of mutable lines which produced off-type plants with high frequency was con-
firmed. It means that spontaneous mutation or natural crossing may not be associated
with the occurrence of off-types in “Saitama No. 27", as is also true of “Hokuei".

Further, it was assumed that chromosomal aberrations such as compactoid and spel-
toid mutation were not associated with off-type occcurrence.

However, high off-type plants resulted from the cross L xN and low off-type plants
resulted from the cross N x H frequently,

Above in this paper, the writer has pointed out that the selections for high or low
frequency of off-types occurrence in “Hokuei” were effective. These results emphasized
that the element producing off-types in high frequency should be the genetic character.
Many off-types concerning awn, spike type and glume color appeared. Frequency of
occurrence of these off-type was highest in I type plants. Many lines producing off-
type plants in culm more than 30% accompany various changes in the characters, cspe-
cially in the awn.

Occurrence and segregation of off-type cases may be distinguished from the mode of
inheritance in Mendelism, because these off-types segregate plants with dominant charac-
ters. Because of the high frequency of off-types occurrence, it was unreasonable to
explain this situation as a result of reverse mutation, However, none of these segregates
bred true. A few white plants were obtained from the brown glume, and those of gimlet
and oblong from the clavate spike type. Occurrance of these variations except the culm
was at a much lower rate than the off-type found in culm, Accordingly, all these phe-
nomena may not be explained as chromosomal aberrations.

IV. Inheritance of high mutability.

In the wheat variety, “Saitama No. 27", it is known that so-called tall (H) and dwarf
(D) off-types occur, more or less, in the progenies of normal plants (N), while there are
lines nearly free of off-type occurrence. Through the population analysis of foundation
stock, a few “highly mutable lines” (may bec so called tentatively) were found which
produce off-types with high frequency. Plants with normal phenotype selected within
the mutable lines were crossed with both kinds of off-type, namely, 2 crosses of L x N
and the same N x H.

In F, generation of those crosses, a few mutable lines were segregated. They seemed
to produce off-types, in addition to segregates due to segregation or transgression. Then,
the phenotypically normal plants were selected for the progeny test of mutable lines in
F, generation., In addition, 4 lines which seemed to be off-type free were examined for
the comparisons in each cross.

The experimental results may be summarized as follows:

Heading dates of mutable (M) lines was not different from those of the off-type free
(F) lines. In M lines parent offspring corrclation of heading date was highly significant.



Mean of culm length of N lines was similar to the means of F lines. However,
variance of M lines was larger than that of F lines. This may be due to the cccurrence
of off-type plants in addition to the segregation in hybrid generations. The frequency
distribution of culm length in each cross is shown in Figure 15. In N x H cross the
wide range of distribution of M lines contrasts with normal distribution of F lines.

Off-type plants in culm length were observed in 28 lines out of 44 M lines examined,
and the frequency was 3.09%. Also, off-type plants in awn, spike type and glume color
occurred in 14 lines out of 29 M lines. The frequencies of such occurrences were 0.80,
1.08 and 0.48%, respectively. Frequencies were very high, compared with thosc in F,
lines.

Seven M lines, in which off-type plants occurred with phenotypic changes in two or
more characters at the same time, were examined for progeny test. In 2 lines, the same
was true in F, generation, but the other lines behaved erratically, as shown in Table 50.

Degree of heritability of frequency of off-type occurrence in culm length was 0.87%,
on the basis of regression coefficient. Thus, mutability seemed to be heritable. However,
other characters, except culm length, did not show any unique tendency. It was assumed
that this kind of phenotypic difference may be originated from chromosomal abnormali-

ties, and such characters stimulating occurrence of chromosomal abnormalities may be
heritable to a certain extent.

V. Crossing experiments between normal and off-types in a winter wheat variety,

“Hokuei"”.

It was found that the difference in frequency of off-type occurrence between the
lines of “Hokuei” and “Saitama No. 27 was quantitative in nature. Selection for high
(T,) and low frequency (T, followed during four generation was effective., This experi-
ment was conducted to ascertain the genetic nature of T, and T,. Crosses covered all
combinations, namely ; N x N, T, x Ty, T, x T, To x Ty, To x N NxT, TxN, TxT
(normal cross), T x T (reciprocal cross), respectively.

Hetcrosis was not found in any cross among N, T, and T, types respectively and
genetic variance of culm length in F, population was very low. Thus, it was decided that
every line examined was genotypical homogeneous. However, the differences between
these crosses in frequency of T off-type occurrence were statistically significant. Fre-
quency of T, x T, was higher than that of T, xT,. Such relation was found in frequency
of off-types in the other characters. Accordingly, difference between T, and T, in
frequency of off-type occurrence is to be countered heritable.

Heterosis was not found in the F, hybrids, T x T (normal and reciprocal cross).
Genetic variance of culm length was the highest in T x N and N x T, and was compara-
tivelv high in T x T. There were no differences in genetic variance between normal and
reciprocal crosses.

D off-type plants were found in T x N and N x T, and N type plants appeared in
T x T occasionally. Especially the latter accompanied variations in other characters

except in the culm. It was assumed that T off-type plants do not result from simple
somatic mutation.



Conclusions

The experimental results and the essential points of information on the off-type
occurrence in “Hokuei” and “Saitama No. 27”7 may be summarized as follows :

It was proven (a) that off-type occurrence in these varieties is not due to migration
from other varieties (seed or pollen), to segregation of culm length, to a simple spontan-
cous mutation, to somatic mutation or tiller bud mutation proposed by Morey (1949), to
cytoplasmic inheritance under certain environmental conditions, (b) that so-called phe-
nodeviants of Lerner (1954) do not correspond with the off-types, and (c) that the
unstable gene theory proposed by Yoshimaro Tanaka (1954) cannot explain the phenomenon
of off-type occurrence.

Here the writer would like to propose the existence of an element concerning off-
type occurrence. It may be called tentatively “a promoter”, which could be located near
a locus regulating plant growth. Since a highly mutable strain differs genetically from a
nearly one with respect to the off-type occurrence, the so-called “promoter” is a genet-
ical element, The existence of the promoter in the population of varieties “Hokuei” and
“Saitama No. 27” seems likely to be the main cause of off-type occurrence. As a cause
of such occurrence, chromosomal aberrations may not be neglected, because it was diffi-
cult satisfactorily to explain the phenomena accompanying off-type occurrence from the
view point solely of Mendelian segregation.





