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Genetic variance ratio between stress and control environments

for various values of r {correlation coefficient between genes
for control environment and those specific for stress enviro-
nments) and R (square root of variance ratio ge_neé specific for
stress to those for control environments)

R

14 1242 1/2 1/V?2 1 2 2 W2 4
1.00 1.56 1.83 2.25 291 4,00 5.83 9.00 14.66 25.00
0.75 1.44 1.66 2.00 2.56 3.50 5.12 8.00 13.24 23.00
0.50 1.31 1.48 1.75 221 3.00 44 7.00 11.83 21.00
0.25 1.19 1.30 1.50 1.85 2.50 3.71 6.00 10.41 19.00
r 0.00 1.06 1.13 1.25 1.50 2.00 3.00 5.00 9.00 17.00
—0.25 0.94 0.95 1.00 115 1.50 2.29 4.00 7.59 15.00
—0.50 0.81 0.77 0.75 0.79 1.00 1.59 3.00 6.17 13.00
—0.75 0.69 0.59 0.50 0.44 0.50 0.88 2.00 476 11.00
—1.00 0.56 0.42 0.25 0.09 0.00 0.17 1.00 3.34 9.00
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Fig. 1. Genetic variance ratio stress to control

environments for various R, when r is

negative. r and R are defined in Table 1.
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Fig. 2. Relationship between r and R, when
genetic variance ratio stress to control
environments is equal to or greater
than 1.
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Fig. 3. Relationship between r and R, when
genetic variance ratio stress to control
environments is less than 1,



80 HEBEBARFRFHIPCLE FI5E H1E

Table 2. Genetic correlation coefficient between the stress and control
environments for various r and R
R
1/4 1242 172 142 1 " 2 242 4
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.75 0.99 0.98 0.97 0.96 0.94 0.91 0.88 0.86 0.83
0.50 0.98 0.97 0.94 0.91 0.87 0.81 0.76 0.70 0.65
0.25 0.98 0.95 0.92 0.86 0.79 0.70 0.61 0.53 0.46
r 0.00 0.97 0.94 0.89 0.82 0.71 0.58 0.45 0.33 0.24
—0.25 0.97 0.94 0.88 0.77 0.61 0.43 0.25 0.11 0.00
—0.50 0.97 0.94 0.87 0.73 0.50 0.23 0.00 —0.17 —0.28
—0.75 0.98 0.95 0.88 0.71 0.35 —0.06 —0.35 —0.51 —0.60
—1.00 1.00 1.00 1.00 1.00 0.00 —1.00 —1.00 —1.00 —1.00
LEB-C, Byl e, Re—r+F &b, FAAlE 1 C=0 :
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LD, c<o
F<lofiflo &L o R & r OBR%, Fig. 3 WiRL 3t +
feo B<1D &%, 0 /224 F—1 < |r|l ChHB 0 b,
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Fig. 4. Range of the genetic correlation
coefficient which is positive, zero
or negative for various r and R. :

FHERD, (9 RE r ROWLTHNT5 &,

C’ = RZ(R+r)(R2+1+2rR) ¥ RA+1+2(R ]
R=—r D&%, C'=07sh, C=/1-RZ(=41—12)
OMER b0, D Xk, kOB ES LT
WE)DEEEMETH B, FT7bb, R=—r 0L ¥,
F=C=y1-RZ=41—12 TH%,

Fig. 51, R<1DEED r it kB COERRER
TW%, Ve Vs Il UCBEE /& (0<RK]) &
&, r DECH»HLOLT CSL i h, TOR/MES 11T
v, RELDEE, Cilr it X - CHLL, B/MER
2L, r>—R G, r CIEHAIL, t<—R T, r &K
T2, R21DEED r 1 2% COBLDOHEF S
Fig. 6 WRL1, TO4&MTIE, Citr RIEERAIT S,



BAEA: BEMHCHT B2 b VAR L BERERE L ORENHEGAOERIDER 81

0 — 4 — ——

1
1

-1 —-05 0 0.5 1
T

Fig. 5. Genetic correlation coefficient between
stress and control environments for
various r, when R is less than 1.
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Fig. 6. Genetic correlation coefficient between
stress and control environments for
various r, when R is more than 1.
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Fig. 7. Relationship between r and R, when
genetic correlation coefficient between
stress and control environments is a
constant.
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ThHBH, —1<C<1C, CH—EDEDLEDR Er
DBRA Fig 7 wikL7, Fig. 5 & Fig. 6 »b i
pBH Yo, CS0ME %, r<0, 72, R21TH5%,
C>0mE%x, r & RIZJEWHIEDE# & 5, R<K1LT
BT, r BNATH-Th, CIIET, FOMHLE

A b L ABREE & EEHELRNE o B O AR AN IE THAHY
B, AT v ATRE S R  WIETRE () OBRH
MRk E V& E, Ebb OB TR 2 ER LT,
7 DSRETROFEERNAIIE SR D2, A+ VAR
B R ) EETHRE (1) BRI E
&, t & s T OBBHROBRLD,
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A b L ATREE LR L BB (FY) LRIEHE
BIESL (C) Dffiz, (10) RIREN D X 5, Bz
TEIND, 10K, r & R O#AYLEE AL TED
i FC Ofin Table 3 wR L7, D X5 R=
—r=10t &, FC REH IV, FCIL, =0T, R
RIS 1TChh, v>0T, r & RICELTHME
WThoT, 1L LhkEX\, r<0T, FCiL, r LT
MBS TA D, R B LTy, 1XD
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Table 3.

Values of the product of the square root of genetic variance

ratio stress to control environments and the genetic correla-
tion coefficient between stress and control environments for

various r and R

R
14 1242 12 142 1 N2 2 22 4

100 125 135 150 171 2.00 2.41 3.00 3.83 5.00

075 118 127 138 158 175 2.06 2,50 312 4,00

050 113 118 125 135 150 171 2,00 241 3.00

025 106 109 113 118 125 1.35 1.50 171 2,00

r 000 100 100 100 100  1.00 1.00 1.00 1.00 1.00
025 094 091 08 08 075 0.65 0.50 0.29 0.00

—050 088 08 075 065 050 0.29 000  —041  —100

—075  08L 073 063 047 025  —006  —050  —112  —200

~100 075 065 050 029 000  —041  —100  —183  —3.00

FC>1D & ¥i12, ADHBEIHETHZ £ TE 5,
FC=1D & &3, t WERN D, BBV, ¢ & sH
L USLOBBTHO L X TH B,

i3} E

BHHEMAETR L COSIBETRIC OV, PEHETREE
Tl EETFEE (s) S HEr A b v RBRE O R
B ETTHE ) 2DD EE, LoD R b v ABRE
I B BB R DB 30 B lifEs ekt 5 Ik
DNEHR(F), D45t OWEREER O BEHBREL (C),
B IO, MR OE R LREHEBEGRE O (FC) o
R BRI Lic,

EHERR I TG TR EE 5, A P LV ABREE T O YRE
FRUMEL s+ LEFE LT, t DD s DTS5
WoFEHBE R, t & s ONBEREAE r £ T5E, F C,
BIO, BC13, r & R OB CETZ &N TEL,

—ie, Fik, r & RICIEIHL, 1o kEv 2 &
PEV, r<0, 22D, Re—2r D& &, FiX 1D,
r<0, 7»2, R<-2r D& &, FiZl1 X v hEfkp,
R=-r®D&%, FiMi VI-RZ (=V1—¢2) % &
%o ¥l r<0D L E, HB—DD F DL, Z2o0
R DEPFFE LT,

CiL r=0Th-THIEDfER LD, r<0ELETD,
R DEE X Tk, IEDfER & 5, C i minis b 4fk
W, r=—1R ThH, CHBERC /& 5 &M, r>—1/R
THY, CHBRIELEM, r<—1/R Th-T, R=
—r D& &, CIXF LHELVENMEE LD,

FCiX, r>0D & &, r & RICIFHHIL, r<ODE X,

1T, r CEMHAL, ReKEF L, r=07T, R
BRI FC i1 Th-te,

F, CR X, FCi, r & RIC L - UMY K &
SHMEL, BRAMERELZ ERHELNC LI, FDE
D&My, A v AR L BRI 51 5 S REL
&R & B TR L T
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B O#1
C & r OA/NBK
C~r = [1+rR)—rVRZF1+2rR ]/ yRZ+1+2rR

1+rR=X, r Y REF1+2R =Y &< &,
C-r=(X-Y)¥VREF1+2rR
r=0D&X
X-Y=1Thanb,C—r>0, I ,C>r ThH5,
1>>0D &%
X2—¥2 = (142rR)(1~¢2)>0
(X-Y)}(X+Y)>0
X, Y>0ThBMb, X—Y>0, #i, C>r ThHb.
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—1<r<0DEE
YOREED T, X>0 (x> —-1R>-1) T, X-Y
>04L7%, 1, X<O0 (~1/R>r>—1) D& &,
X2—-¥Y?2=1+2R = X+rR<0
(X=Y)(X+Y)<0
X+Y<O0THoHnb, X-Y>0Ths, #Huz C>r

Thbo
r=10&E
X-Y=0, 3tb, C=r=1&¢7%,
r=—1M&E
9) iz,

C={1-RIWR-1}
L, R>1 &%, C=-147k0, R<1 &%, C=1
55,

L7cioT, ROEC b ST, —1<e<1l O
BT, C>r Thns,

w OEI
—ED CHEDEEZDO R &r ODBRFK
(9) Kb,
R2(r>—CY+2r(1—C?) R+1—C2 = 0
ERLZ EMTES,
2= C=0, Tihbb, C=xr DL E, ER XY, R=
—1/2r) &7e b, v<O ThiFHER DoV, SH, i
I1Xh,CorTHBHEMNL, C=—rDEETHS,
r’—C:E0D L &,

R =[r(1-C2):CVA-CH1—r? I/C2—12)

LR ENTED, r(l-CHZCVI-CH(1—1?), C2
—2>0 7t D¢, R>0 &ic bz,

R =[r(1-C%)+C vV (1-C8{1—1? J(C?~r?

Summary

The questions of genetic variance ratio (F?) and
genetic correlation (C) in a characteristic between
two different environmental conditions, e.g. the
stress and control environments, and their product
(FC) are examined from a theoretical standpoint.

Define the genotypic value in control enviroment

as s and the genotypic value in stress environment

as s+¢, where s is the group of genes responsible
for the genotype in the control environment and ¢
is the group of genes responsible specifically for
the genotype in, or for the susceptibility to, the
stress environment.

1t is found that F, C and FC can be written by
the functional equations of the variance ratio (R?)
¢t to s and correlation coefficient (r) between £ and s.

Generally, the genetic variance under stress en-
vironment is greater than that under the control
and the ratio of the two variance increases in direct
proportion to both the values of R and r. In the
range of r being negative, provided that R is equal
to or less than —2r, genetic variance under stress
environment is equal to or less than that under
the control, and provided that R is equal to —r,
the genetic variance ratio stress to control envi-
ronments is the minimum with square root of (1—r2).
In addition it is found that in the range of r being
negaftive, a value of genetic variance ratio stress
to control environment corresponds to two different
values of R.

Genetic correlation coefficient between stress and -
control environments is, even if r 1s negative,
positive, when r is more than —1/R, and is nega-
tive, when r is less than —1/R. Provided that r
is —1/R, the characteristics under stress and con-
trol environments must be independent of each
other.

The product of F and C changes in direct pro-
portion to both r and R, when r is positive, and
does in direct proportion to r and in inverse pro-
portion to R with the smaller value than an unit,
when r is negative. Provided that the two gene
groups are independent of each other, the FC must
always be an unit.

This result provides that genetic variance ratio
and genetic correlation coefficient between stress
and control environments would specifically change
with various r and R values and attain the extreme
values. The significances of specific values in F,
C and FC have been discussed from the standpoint
of the efficiencies of selection for the characteri-

stics under the stress and control environments.



