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Synopsis.

Complements to the previously offered theory were presented and some numerical com-

putations of the components, of which the theoretical equation for the estimation of X,-population size
consists, were carried out for meeting our various necessities.

Introduction

Theoretical equations 'for estimating . the
approximate size of X,-population for quanti-
tative character breeding were derived by
Yonezawa et al. (1970), from which some
general conclusions could be obtained.

To make our theory more solin, some
complements to the previously given theory
will be mentioned in the present paper. In
addition, numerical computations of the com-
ponents, by the combination of which the
number of X,-plants can be determined, will
be offered for meeting our practical necessities
and for deriving some other conclusions of
of practical significance than those obtained
in the previous paper.

Three different typer of selection model,
say models A, B, and B,, were taken up in
the previous paper. The substantial difference
among these selection models consists in the
point that selection or rejection of X,-plants
are decided on the basis of their phenotypic
deviation from mean of the X,-line they
belong to, from mean of X,-population as a
whole and from mean of control line, respec-
tively. Among these models, only model B,
will be taken up in the present paper, since
this type of selection is cansidered to be most
preferable for quantitative character breeding
and has been ordinarily adopted in actual
breeding programmes.

Notation. of Parameters

Symbols adopted in this paper are explained
below. Readers should consult the previous
paper (YonEzAwA et al., 1970) for details.
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C : Selection intensity, or, critical phenotypic
desirability or superiority (over the mean of
control line)for artificial selection, standardized
by the phenotypic standard deviation denoted
by oy, which may be equalized, according to
the will of breeders, to the phenotypic stand-
ard deviation of a control line, say oy, that
of a X,-line, say o, that of a X,-subpopula-
tion, say oz, or that of the whole X,-popula-
tion, say oy.

D: Mean of the phenotypic deviations
(standardized by ox) of all X,-plants from
means of their respective control lines.

d: Genotypic desirability or superiority of
the mutant to be gained, which is defined by
the average phenotypie deviation (standardized
by ox) of the mutant from mean of its control
line.

f: Expeced frequency of the mutant to be
gaind, in other word, probability of desirable
mutant being included in X,-population.

m : Induced mutation rate per allele.

P: Probability of desirable mutant being
obtained or detected under some given selec-
tion intensity.

S: Ratio of the number of Xz plants be-
longing to the phenotypic range suitable for
artificial selection, to the whole of X,-popula-
tion.

Review

The mathematical procedures through which
theoretical equations in the preceding paper
(Yonezawa et al., 1970) have been derived are
outlined here for the sake of coherence of
the present paper.

Under the circumstance that X, plants of C
or more (in the unit of oyx) phenotypic supe-
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riority over the mean of respective control
line are selected, P is formulated by

f f‘x‘ ~£2/2
Ll 12, 1
P "/27{ S (C——d)a‘X/aEle ’ C<d ( )

where ,
1 w
S_ '\/ﬁ (C—=D)sx/or
and ¢ stands for the phenotypic standard
deviation of desirable mutant in the whole X,
population, in an X,-subpopulation or in an
X,-line according as one, some or as many
control lines as X,~lines are planted, respec-
tively. Standard deviation gy in equation (2)
equals ¢7,05 and ¢, according to these number
of control lines planted. These definitions of
oz’ and oy show that both of them are de-
creased as the number of control lines is
increased, and therefore the values of ox/op
and ox/oy get larger according to the increase
in the number of control lines.
Parameter f in equation (1) is under the
control of induced mutation rate and genetic
composition of breeding material, and is pre-

sented by

L L1 1 (3 1 Li—-1 3 L3

o524 -3

- L

(5 Nam) (1= am) (1= 3m)”
b(3)
in the case when breeding materials is origi-
nally of undesirable genotype for L, inde-
pendent loci and of desirable genotype for L,
independent loci and when j or more loci
among the L, loci are to be improved
together, keeping the genetic composition
of originally desirable L, loci unchanged.
Obviously, equation (3) becomes '

(5 (=3 =(5) " (- 5™)

if all of originally undesirable loci are to be
improved, namely, j equals L,.

e 2y (2)

Now, the number of X,-plants to be grown

in quantitative character - breeding, say N, is
determined in such a way that the probability
that no desirable mutant is included in the
selected portion of X,-population should be
some small value, say e. In mathematical
expression, this means that N should be large
enough for the equation
(1—P)yr=e (4)

to be satisfied, n» standing for the number of
X,~plants to be selected under gived given
selection intensity C.
Immediately from equation (4),
n=log ¢/log (1—P) - (5)

which gives the minumum number of X,-
plants falling into the range of C or more
phenotypic desirability or superiority over the
mean of respective control line. Then, noticing

the relation n/N=.S, the total number of X,-
plants could be formulated as

N=log ¢/S-log (1—P) (6)

which can be approximated by

N=log e !/SP=+2r loge~'/f

: f et (7)
(C—ddox/og:

if P is sufficiently small as compared with
unity. This condition is considered to be
fulfilled in most, if not all, cases of quantita-
tive character breeding.

Letting selection intensity C be negative
infinity, the number of X,-plants in qualita-
tive character breeding, where the probability
of desirable mutant being obtained is equal
to that of the mutant being included, is
formulated by

N’'=log ¢/log (1—f) (8)
which gives the size of X,-population under
one-plant-one-grain method of propagation
that was proved by Yosmma (1962) to be of
greatest effifiency if just the number of X,-
plants, but not that of X,-plants, is taken
into account. As is the case of quantitative
characters, equation (8) can be approximated

by
PR A
+ {< le—j > +3(IZ—J')L2+9 (L; )} MZ_H

(9)

when f is sufficiently small.
Complements to the Previous Theory

As understood from the above outline, at
least as frequent X,-plants as determined by
equation (4) or (5) need to fall into the range
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of C or more phenotypic desirability for the
success of artificial selection. But, there is
no firm security for this requisition to be
always satisfied under such size of X,-popula-
tion as given by equation (6) which was
directly derived by using the relation n/N=S.
This is because the relation n/N=Sis just an
expected one and it is easily expected therefore
that, owing to sampling error, the requisition
or n wouldf not be attained under the X,-
population size thus determined. Our previous
equation for N will be revised in considera-
tion of this point.

The size of X,~population, N, should be so
lage that the elementary condition represented
by equation (4) is safely met. By this princi-
ple., N is to be determined in such a way
that the equation
¥y /NN ., i 1
Z( >Sz(1—S)N Z-——-.—ﬁ;n

i=n i
f et gr=1-¢ (10)
(n—N8)/¥Y N§1-8)
is satisfied, where 6(>>0) assumes some small
value arbitrarily chosen by breeders, » and S
being presented by equation (5) and (2)
respectively.

Then, the size of X,~population under some
predetermined values of », S and J can be
formulated as .
1—-8)A2—As VA1 —S)n+(1—S)2A452

' 28

N=n/S+
(11

where A; means the value that is uniquely

determined for given ¢ through the familiar

relation “/%Lte‘”/zdt:h—ﬁ. As understood

from the feature of normal distribution, As
assumes zero, positive or negative values
according as 1—0 is equal to, smaller or larger
than 0.5. Noticing that = is much larger
than other parameters, equation (11) could be
approximated, with little practical incon-
venience, by

n_ JI=S
N - Ao/ 2§ 42

Further, since P is in general expected not to
be large for quantitative characters, equation
(12) is expressed by

N=K,N'+K,/N’ (13)

e "2dz,

K= «/ﬁ/ f
(C—d)ox /oE.

1—-S)12
Kz-—_— _‘AB {K]_"—S"‘}
which is of more handy form to treat.

Now, putting n/S into N of equation (10),

it is readily known that the elementary con-

dition for selection which is represented by
equation (4) can be attained with probability
0.5 under. such X,-population size as given
by equation (6). Generally speaking, this
value 0.5 of 1—¢ is considered to be rather
insufficient for practical purposes. It is now
understood that X,-population size is under-
estimated by our previous equation, and that
our previous conclusion (Yonezawa et al., 1970)
that N is inversely proportional to

~0)(E)

is acceptable only in the limited condition that
0 is decided to be 0.5, A;s being zero.
Equations (12) or (13) may be named gener-
alized equation for the estimation of N, in
the sense that our previous equation for N is
merely one of special forms of the present
equation, corresponding to the case of A;=0.
The size of X,-population for other selection
models such as A and B; models could be
generalized by the same principle.

Numerical Computations
and Conclusions

Equation (13) shows that the number of X,—
plants can be readily calculated if numerical
values of such components as N’, K;, As and

1-S . .
g are given. So, numerical computa-

tions of these components corresponding to
the various values of more elementary para-
meters such as induced mutation rate, selec-
tion intensity etc. will be presented in this
section for the uses of breeders and for
deriving some general conclusions of practical
significance. The approximate size of X,-
population in individual cases of mutation
beeding is to be estimated by the combination
of some probable values of these components
through equation (13).

The numerical values of As for arbitrary
values of § may be found in any textbook of
statistics (e.g. SnepEcoRr’s Statistical Methods),
A 0=—1.28, A s=—1.65, A.=—2.33 and so
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on.

Numerical computations of N’ and v N’ for
some probable values of L, j, L, and m are
given in Table 1. Those numbers of loci
adopted in making Table 1 are considered not
to be unreasonable, seeing that most of induced
mutations are ascribed to the change of just a
single allele and the mean number of changed
alleles is about 2 m(L,+ L,) per plant. Natu-
rally, the large numbers of the loci such as
500 or 1000 correspond to the cases when the
evaluation of X,-plants is conducted on the
basis of some multiple attributes en masse. The
loci affecting the attributes unre]ated to the

evaluation need not to be taken into account
at all. Judging from Gustarsson (1947),
Nysummura et al. (1952), Scuorz (1957) etc., the
induced mutation rates 107* and 1072 are con-
sidered not to be far from reality, even if not
exactly the case. The rate 1072, however, seems
rather rare, but not impossible as can be pre-
dicted from the proposition of Yosuma (1962)
that values as high as p;=107%2 may occur in rice,
p; being approximated by 2m in the preseet
terminology. Now, it can be seen from Table
1 and equation (9) that N/ and consequently
N are greatly affected by induced mutation
rate, m, and the number of loci to be improved

Table 1. Numerical computatmns of the size of Xy populatlon required for one or more
desirable mutants to be included, N’, and its square root, +N'
- N'(JVNTy; e=0.05 I N'(/N7); e¥=0.05
(L1, 5, Lo)* 104 108 102 (L, d, L™ s | 10 10
a,1L,0 5.99% (2.4t 5.99 (2.44) 5.99 (2.44) (4, 3,1000) 6.96 ( 2.63 )| 12.7 (3.56)| 22.1 (4.70)
(1,1,50) 6.04 (2.45) 6.22 (2.49) 12.8 ( 3.57) 4,4, 479 (6.92) | 47.9 (6.92) | 47.9 (6.92)
1,1,100 6.08 (2.46) 6.46 (2.54) 27.2  (5.21) (4, 4, 50) 48.3 (6.943| 49.8 (7.055]102. (10.0 )
,1,500) 6.46 (2.54) 8.72 (2.95) 1.15 (1.07 ) (4,4,100) 48,7 (6.97 )| 517 (7.19) | 217, (14.7 )
(1,1, 1000) 6.96 (2.63) 12.7 (8.56) 21.9 (4.67) (4, 4,500) 51.7 (6.19)| 69.8 (8.35) 9.17 (3.02)
2,1, 2.99 1.72) 3.00 (1.73) 3.01 (1.73) (4, 4,1000) 55.7 ( 7.46 ) | 101. 10.0 > | 175. 3.2 >
(2,1,50) 3.02 (1.73) 3.11 (1.76) 6.41 (2.539 ,1,0) .20 (1095 | 1.20 1093 | 1.22 (L10)
(2,1,100) 3.04 (L.7H 3.23 (1.79) 13.7 (3.70) (5, 1,50) 1.21 ( 1.10 ) 1.25 ( 1.117) 2.60 ( 1.61)
(2,1,500) 3.23 (1.7 4,36 (2.08) .576 ( .758) (5, 1,100y 1.22 ( 1.10 ) 1.29 (1.13) 554 (235)
(2,1,1000) 3.48 (1.86) 6.35 (2.51) 11.0 (3.31) (5, 1,500) 1.29 ( 1.13 ) 1.7 (1.32) .234 ( .483)
2,2,0 12.0  (3.46) 12.0 (3.46) 12,9 (3.46) (5,1, 1000) 1.39 ¢ 1.17) 2.54 (1.59) 4.48 (2.11)
,2,50) 12.1  (3.47) 12.4 (3.52) 25.5  (5.04) ,2,0) 1.20 ( 1.09 ) 1.20 ¢ 1.09 ) 1.21 (1.10)
(2,2,100) 12.2 (3.49 12.9 (3.59) 54.3 (7.36) (5, 2,50) 1.21 ( 1.10) 1.25 (1.11) 2.59 (160 )
(2,2,500) 12.9  (3.59 17.4 4.17) 2.29 (1.51) (5, 2,100) 1.22 ( 1.10 ) 1.29 (1.13) 551 (2.34)
(2,2,1000) |13.9 (3.72) 25.4 (5.03) 43.9 ( 6.62 ) (5, 2,500) 1.29 ( 1.13) 1.7 (1.32) .232 ( .481)
G, L0 2.00 (1.4D 2.00 (1.4D) 2.02 (1.42) (5, 2,1000) 1.39 ¢ 1.17) 2.54 (1.59) 4.46 (2.11)
(3,1,50) 2.01 (1.4 2.08 (1.44) 4,29 (2.07) )35 2.40 ( 1.54 ) 2.40 ( 1.54) 2.42 (1.55)
(3,1,100) 2.03 (1.42) 2.15 (1.46) 9.15 € 3.02) (5,3,50) 2.41 C1.545| 249 (1575 5.15 (2.265
(3, 1,500) 2.15 (1.46) 2.91 (1.47) .386 ( .621) (5, 3,100) 2.43 (1.55) 2.59 (1.60 )| 11.0 (3.31)
(3, 1,1000) 2.32 (1.52) 4.24 (2.05) 739 (2.71) (5, 3, 500) 2.58 ( 1.60 ) 3.49 (1.86) .463 ( .680)
3,2,0) 3.99 (1.99 4,00 (2.00) 4,02 (2.00) (5, 3, 1000) 2.78 ¢ 1.66 ) 5.08 (2.25) 8.87 (2.97)
(3,2,50) 4,02 (2.00) 4.15 (2.03) 8.65 (2.92) y 4, 9.59 ( 3.09 ) 9.59 (3.09) 9.63 (3.10)
(3,2,100) 4.05 (2.01) 4.31 (2.07) 18.2  (4.26) (5, 4,50) 9.66 ( 3.10 ) 9.96 (3.15)] 20.5 (4.52)
(3, 2,500 4.31 2.00 5.82 (2.41) .768 { .876) (5, 4, 100) 9.73 (3.115| 10.3 (3.205| 43.7 (6.61)
(3, 2,1000) 4.64 (2.15) 8.47 (2.91) 14.7  (3.83) (5, 4, 500) 10.3 (3.20) | 14.0 (3.74) 1.84 (1.35)
3,3,0) 240 (4.89) 24.0 (4.89) 240 (4.89) (5,4,10000 | 1.1 (3.33)| 20.1 (450)| 353 (5.94)
(3,3,50) 24,1 (4.90 24.9 (4.98) 51.0° (7.14) (5,5,0) 95.9 (9.79) ] 9.9 (9.79)1| 9.9 (9.79)
(3,3,1000 | 24.3 (492 25.8 (5.07) | 109.  (10. 4) (5,5,500) |103. (10.1 5| 140.  (I11.8 5| 18.3 (4.27)
(3, 3,500) 25.8 . (5.07) 34.9 (5.90) 4.59 (2.14) (5,5,1000) |111.  (10.5 ) | 203. (14.2 ) | 351. 8.7 >
(3,3,1000) | 27.8 (5.27) 50.8 (7.12) 87.8 (9.375| (10,0 .599( .773) .601 ¢ .755) .627 ¢ .791)
1,0 1.50 (1.22) 1.50 (1.22) 1.52 (1.23) (10, 1, 500) .645( . 803) .876 ¢ .935) 120 ¢ .346)
“4,1,50) 1.51 (1.22) 1.56 (1.24) 3.24 (1.80) (10, 1, 1000) .696( .984) 1.27 (112) 2.30 ( 1.51)
(4,1,100 1.52 (1.23) 1.62 (1.27 6.89 (2.625| (10,2,0) .266( .515) .267 ¢ .516) 277 ¢ .526)
(4,},500) 1.61 (1.26) 2.18 (1.47) | .291 ¢ .539) (10, 2, 500) .287(C .535) 389 ( .623) .230
(4,1,1000) | 1.74 (1.31) 3.18 (1.78) 5.57 (2.365| (10,2,1000) .309¢ .555) 566 ( .752) | 1.02 ( 1.00)
42,0 2.00 (1.4D 2.00 (1.4D) 2.01 (L41) (10, 3,0) .200¢ .447) 200 ¢ .447D) 207 ( .164)
(4,2,50) 2.01 (1.41) 2.08 (1.44 4.29 ¢2.075| (10,3,500) .215( - . 463) 292 ¢ .540) 040 ¢ .200)
4, 2,100) 2:.03 (1.42) 2.15 (1.46) 9.14 (3.02) (10, 3, 1000) .232¢ .481) 425 ( .651) 758 ( .870)
(4, 2, 5005 2.15 (1.46) 2.91 (1.70 386 ¢ .621) .4, .228( L4775 229 ¢ .478) .235 ( .484)
(4, 2 1000) 2.32 (1.56) 4.24 (2.05) 7.39 (2.77) (10, 4, 500) .246¢ .495) 333 ¢ .57TD) L045 ( .212)
4,3,0) 5.99 (2.44) 5.99 (2.44) 6.02 (2.45) (10 4,1000) L265( .514) 485 (- .696) .862 ¢ .928)
4, 3,50) 6.04 (2.45) 6.22 (2.4% 12, 8 ( 3.57) 5 0) .380¢ .616) .381 ¢ .617) .390 ¢ .624)
(4,3,100 6.08 (2.46) 6.46 (2.54) 27. 3 (5.22) (10 5,500) .410¢ .640) .555 ( .744) 075 ¢ .2T3)
(4, 3,500) 6.46 (2.54) 8.72 (2.95) 1.15 (1.07) (10, 5, 1000) .442(  664) .808 ( .898) 1.43 ( 1.19 b}

* The probability that no desirable mutant is included in X,-population (for qualitative characters
breeding) or in the portion selected from X,-population (for quantitative character breeding).

#% Induced mutation rate per allele.

*+*% TLeft to right, the number of originally undesirable loci of breeding material, the number of the
loci to be improved among those loci and the number of originally desirable loci.

+ to be multiplied by 1027+4, 1027+6 and mJ,
and L,=1000 and others, respectively.
1+ to be multiplied by 109*2,

under the conditions of m=10"2 and L,=500, m=10"2

109+% and m~J/2 under the respective conditions.
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together, j. .’I.‘he 1nﬂueflce of th.e K,/K: _1§—_~_9_ ‘
number of originally desirable loci,

. 2.0 : 11

L,, on N’ seems to be relatively
small and could be neglected with
sufficient accuracy if m is below 1072 191 10
or so. ‘

Numerical computations of K, and 1.8 -9
/ 155 corresponding to the various
values of —(C—d)ox/oz and (C—D) L7 l—;—i 8
ox[oy respectively are diagrammati- K,
cally shown in Figure 1. The nu- 161 ; X 7
merical values of VK, were also
given for convenience’ sake. Two 1.5 ‘ -6
different aspects can be immediately K
read from this figure and equation 14 ; E
(13) together. Firstly, with given
genotypic desirability of the mutant 1.34 H4
to be obtained and with giveb
number of control lines planted ] » L3

. e . - 1.2
(indicating that the values of d,
oxlog’ and oxloy are fixed), the size L
of X,-population gets larger as selec- L1
tion intensity C(<d) does. This is .
because —(C—d)ox/op’ and (C—D) -_(C_d)a_xl'?o T04 08 1z 16 20 24(C-D)g-
oxloy are decreased and increased o
respectively by the increase of C. Fig. 1. Diagrammatical presentation of numerical compu-
Secondly, with some fixed values of tations of the components constructing the equation
C, d and D, the increase oy/oy and @13) made for estimating ~ Xy-population size in
oxloy due to the increase of the quantitative character breeding. v
number of control lines or due to the improve- iduced mutation rate of undesirable alleles is
ment of the environmental uniformity results of great practical importance. The influence
in the diminution of the number of X,-plants. of other parameters such as C, d etc. on X,-
These two points were already mentioned in population size is not so large. Noticing the
the previous paper. ratio

Figure 1 may give us the impression that, N/IN'=K,+ K,/ VN 14)

under constant values of selection intensity
and the number of control lines, the size of
X,-population can be smaller as genotypic
desirability of the mutant to be obtained, d,
is larger. Of course this is not the case,
since d is not independent of the parameters
such as L,, j and L, which have not a little
influence on the size of X,-population. By
our theory, d takes larger values when j is
decided to be larger.

where K, is at most 2 and K, is considered
to be smaller than 25 or something in the
ordinary breeding programmes for quantita-
tive characters, the variation of X,-population
size due to the change of the parameters C,d
etc. which need to be introduced only in the
case of quantitative characters may be said to
be at most three times the size denoted by
N’ that represents the size of X,~population
required for one or more desirable mutants to

Judging from the numerical computations be included, but not necessarily obtained (see
and equations, it is the parameters m and j equations (8) (9)).
that have the most delicate influence on the It is considered that the present numerical
size of X,-population. This proposes that computations cover the range of our practical
developing some new method for rising necessities. If X,-population sizes corre-
— 44—
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sponding to other numerical values of the
parameters than those employed in this paper
are to be estimated, they should be calculated
by the direct use of equation (13) and others.
In relation to this, it is noted that population
mean of quantitative characters is in most
cases not changed by mutagen treatment if
mutants with too extremely changed pheno-
typic apperance to be of practical utility are
set aside (Oxa et al., 1958, RawLinGs et al., 1958,

Matsuvo et al., 1961, Kawarl, 1963 etc.). This

means that parameter D has just a little, if
any, influence on the size of X,-population
and therefore could be omitted from equation
(2). This can be justified also by the numeri-
cal computations of the component 1%5
(see Figure 1), through which D influences
rather insensibly on the size of X,~population.

" Discussion

Fquations (9) and (13) shows that X,-popu-
lation size is under strong control of the
expected frequency of desirable mutant, f,
which in turn is very delicately affected by
induced mutation rate per allele, 7. Since

| é‘%;—.«k- (8(Ly+ Ly)m?—2(Ly+3Ly+3j)m+4j}
E>0

from equation (3), it can be said' that f is
maximum and therefore N is minimum at the
point
o= {L,+3L,+3j
— (L +3Ly+3j)*—=12(L(+ Lo)j} [3(L,+ Ly)

which is expected not to be high in many
cases of quantitative character breeding.
Within the range of m>m,, the increase in
mutation rate does not bring on the progress
in the efficiency of mutation breeding, even
if induced genetic variability of material
population might be increased. This is because
the success of selection under some given
breeding aim and material depends not on the
largeness of genetic variability but mainly on
the frequency of desirable mutants to be
gained. So, it is under a very large value of
m, that the increase in mutation rate always
results in heightening the practical merit of
mutation breeding. The condition for m, to
be large is that j(<L,)is sufficiently large, L,
being small, in other words, that breeding ma-

terial is of undersirable genotype for many loci
affecting the attributes of breeder’s interect.

The foregoing suggests that a higher muta-
tion rate is not necessarily advantageous and
optimum mutation rate exists in many cases
of quantitative character breeding. By the
present theory, the optimum mutation rate is
expected to be very small when L, is large,
or when improving some complex character
such as productivity, plant type etc. of a
cultivated variety is the object of breeding,
which has come through the sieve of long-
term artificial selection. This can been seen
also from the numerical computations in
Table 1. Besides chromosomal or cytoplasmic
abberations, too high rate of induced mutation
may be one of the main causes of the fact
that larger genetic variabilities induced by
higher dosages of mutagens seems to be ascrib-
ed to the increase of deleterious mutants
rather than that of desirable ones (YawmacaTa
et al., 1960, Tanaxa, 1967 etc.).

In the present state of mutation research,
optimum mutagen dosage for attaining opti-
mum mutation rate would be by no means
easy to appoint in actual breeding programmes.
But, it should be stressed at any rate that,
even though induction of chromosomal or
plasmic abberations is suppressed by some new
method, high mutagen dosages are not always
profitable, or should be rather avoided in many
cases of actual breeding in which not a few
agronomic attributes together are of breeder’s
interest.

Of course, this does not hold true under
the circumstance that mutation spectrum or
mutation rate of individual alleles can be freely
controled by the will of breeder. In relation
to this problem, the suggestion of Josur et al.
(1967) that mutagen specificities found in
qualitatively inherited characters (HacBerG et
al., 1958, EHRENBERG et al., 1961) exist also
for the loci affecting quantitative characters

~would deserve notice and further experimental

analyses.

Next, the use of our theoretical equations
to practical breeding programmes is briefly
discussed. Needless to say, it is just when
enough informations on the parameters such
as m, L, and L, are within the use of breed-
ers, that our equations can fully exhibit their
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utilities. In the case when knowledges about
these parameters are restricted as aften happens
in quantitative character breeding, breeders
cannot but make shift with such rough
estimates of X,-population size as calculated
depending on some probable values of these
parameters, which are roughly estimated from
the parameters concerning other characters of
similar genetic behaviour.

Under the extreme circumstance that no
information on the parameters is at hand, let
m, L, and L, be 107%, unity and zero respec-
tively, and settle the thinkable ranges of ox/oz’
and ox/oy. Then, the size of X,-population
can be given for arbitrary selection intensity
and genotypic desirability of the mutant to
be gained. Judging from the experiments
undertaken hitherto (Gusrarsson, 1947, Nisui-
MURA et al., 1952 etc.), the value 1073 of
induced mutation rate is considered to be the
most commonplace among the three in Table
1. For other parameters, there is no solid
ground for securing the adequacy of the above

values, except that even such a poor estimate

of population size as thus determined would
be much better than nothing.

Our equations can be used in other way,
e. g., for getting some clue as to the genetic
compositions or the genotypic desirability of
the mutants that- are expected to be safely,
namely, with probability (1—¢) or more, gained
under some predetermined size of X,~popula-
tion and selection intensity. This usage of
the equations may be most fruitful in the
present state of our knowledge and should be
adopted in the case when the number of X,
plants is fixed and cannot be increased owing
to the limitations in breeding area, labour or
cost.

Up to here, it has been taken for granted
that the yardstick for measuring and express-
ing the desirability of material plants is ready
for our practical uses. Without such a yard-
stick, those selection models (see Figure 1 of
YonezawA et al., 1970) premised for fromulat-
ing the size of X,~population cannot be real-
ized, and therefore our equations cannot be
directly used for our practical purposes but
for getting some general conclusions as given
in the previous sections.

The desirability of material plants can be

easily and objectively measured when just
a single attribute (either qualitative or quanti-
tative) is concerned. with the evaluation of
material plants. But, as can be seen from
the fact that artificial selections in actual
breeding procedures (either in mutation or
hybridization breeding) are still being carried
out depending mainly on the intuition of
skilled breeders, thers is no generally-accepted
and easily-applicable methodology for express-
ing the desirability of material plants in the
case when some multiple attributes en masse
are to be taken into account at the same
generation. This is one of the most essential
problems to be solved in future for the exist-
ing gap between field work and theory to be
filled.

In showing the present applicability of our
equations, it is mentioned that selections
should be operated for each agronomic attrib-
ute separately rather than simultaneously, in
such a way that selections for attributes of
the simpler genetic behaviour are operated at
the earlier generations after mutagen treat-
ment (YoNezawa, unpublished). If this granted,
the practical utility of our equations would
by no means be small. Of course, in such
a case, X,—population size has to be determined
in due consideration of the population sizes
required for selections at later generations.
Population size at arbitrary generation can be
estimated by the equations of this paper with-
out any modifications except changing f in
equation (1) by.f;, which means the expected
frequency of desirable mutant (concerning the

' object attribute for artificial selection) at the

tth generation, and is formulated by
LN/ 2 =1 N/, 211 N\
fee(5 ) (Egmm) (12 m)

1— 2t—1+1 Lz
275—1 m

where of course L; and L, assume different
values according to the object attribute for
selection.

Frequency: of desirable mutant has to be
otherwise formulated than f or f; if linkages
exist among the loci concerned. But, it seems -
that the influence of linkages on the size of
X,-population needs not to be made so much
of unless the number of undesirable loci of
breeding material, \L,, is large. About this

— A —
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point, it would be worth noting that mutation
breeding is considered to be of greatest utility
when just a small portion of the loci of breed-
ing material is to be improved, maintaining
the genetic composition of other loci un-
changed (Torivama et al., 1962, Yonezawa et
al., 1969). This corresponds to the case of
small L,.

Summary

Improved equation for estimating the size
of X,-population was presented in the present
paper to make up the insufficiency of the
previously offered one, and some numerical
computations of the components, from which
our improved equation is constructed, were
supplied for meeting the practical necessities
of breeders. As a result, some other conclu-
tions of practical implication than those
previously given could be derived, which is
mentioned below.

1) Among the various parameters, by the
combination of which X,-population size is
determined, induced mutation rate per allele,
m, and genetic composition of breeding ma-
terial represented by L,, L, and j have the
most delicate influence on the size of X,-
population, the latter three symbols standing
for the number of originally undesirable loci
of breeding material, that of originally desira-
ble loci and that of loci to be improved among
the L, loci, respectively. The influence of L,
on X,-population size is not so large and may
be neglected in many cases unless L, is beyond
a few hundreds. 2) The influence of other
parameters such as selection intensity, geno-
tycic desirability of the mutant to be gained
etc. which need to be introduced into the
theory only in the case of quantitative char-
acters, is relatively small and the variation of
X,-population size due to the change in these
parameters is expected to be at most three
times the value N’/ that gives the size of X,-
population required in the case of qualitative
characters of the same values of L,, L, and j.
3) From the improved equation derived in
this paper, it is considered that our previous
conclusion that X,-population size is inversely

j
proportional to <I]'1><é—m> cannot be gener-

ally accepted. 4) It was suggested tnat opti-

mum mutation rate per allele exists for given
breeding material and aim, and moreover
this rate is by no means high in many quan-
titative characters of cultivars. This means
that high mutagen dosages would not neces-
sarily be advantageous even if induction of
deleterious chromosomal or cytoplasmic abbe-
rations is suppressed by some new method.
Besides the induction of chromosomal or ex-
tranuclear abberations, too high mutation rate
may partly explain the fact that a larger
genetic variability induced by a higher dosage
of mutagen is ascribed mainly to the increase
of deleterious mutants rather than that of
desirable ones.

Applicabillity of our equations to actual
breeding programmes was briefly discussed.
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BEEENOBMBEICHETIRATRFE 2 HRBCETS
BREEFAREEO-HORRBDER

II. XOMER L OHEHE

KR B @ —HFEHE W BB &
R RFBFI)

B T, Xo-EEBEHEE OO BEmA L fLE
L, X% BR 3 2%EH0 FUETE 2172l LK
B, —BAMRE L TRKRD X5 7cd 0nBb iz

(1) Bi5dsBx«oRBoFT, X EEHIC T
M BB T5L 01X, BAREEE (AT allele ¥ho
ERBEREMTE HT) BICEEREN © RTERER
(MEMCHETHHRTEDOH L, BRLRNTEDOR
Ly BIOHIED S HLTHRTRELODOH j TEHT)
Thbo AL, L, o BEIX, =, =EHUA Thiud.
%O BEER LT Kli\15Ths (2) Ek
HRE LD, BREO WRX /42 BRE D X5
, BRHMEOBACOLE LS BE © B8 1T ik
B E L, Thb oo AT Xo-EEfo
TENE, F—BETEERY L OBRVEDSACLER
BHE DI 3ETHD LE 2bhb, (3) A8
CEIHBERS D HN TS &, X FAENEE (L})

(%)kﬁﬁ%?%k@mﬁf@%m I

FARLRIEWE DD L5 THDo (4) mixkE\v &
HIlLwviwibidcldind, BERMNORTEERC
IO TREDL LZAHDVHLD HREHBERERE my OF
EFH L, LK, BENHBEOBBOBERIT m ik
WRUTKRELZRNZ EARB I NI 2D 21T, ]
WCERHRMED IRtk ¥ i B DL ROHR

CERFLPOFEC LoTIE AT LAk L LT,

RTFRAERD AR v AT HIETERVGEY IR, S
EX R BEAEI AL F L AR TR T L iR
Fo B A E I MEERENEMTS L5 LD
fibic, RFLY DRAERRNERBES L5 L d,
ERRE CNEREAEL X 5B ESBOEMIMEEY R
BEDOERIC L5 0TI, K5, SEERKED
WINC X530 THsH w3 HEO—-FHELTELLR
%o

HERAD B E CORMAM: D O EEEE T o Hu
T LT B ER L, '
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