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Table 1 Expected segregation ratio of isozyme loci with or without multiple alleles.
multiple allele
t N Itiple allel
Cross type o multiple allele T locus 2 Toci
Backcross B-1 F(1:1)
type FF(Ff) Ff(ff) Sum
(Double DDD 1 1 2
hetero) x T (Dd)
(Double cDd 1 1 2
homo) L (dd)
Sum 2 2 4
[See Tables 3,4
(Double B-I F(1:1) B-I F(1:1)
hetero) x FF(Ff) Ff(f) Sum FF  Ff Sum
(Homo, DDD 1 1 2 DDD 1 12
hetero) 1 1

,Dd 2 2 4

Ldi 1 12

Sum 4 4 8

[See Tables 5,6

\lzde 1 1 2

Sum 4 4 8

[See Tables 7,8 |

Selfing type
(Double
hetero)

S-1 F(1:2:1)

S-I F(1:2:1)

S F(1:1:1:1)

FF Ff ff Sum
DDD 1 2 1 4
T

oDd 2 4 2 8

Ladd 1 2 1 4

Sum 4 8 4 16

[See Tables 9,10

FF Ff ff Sum
DDD 1 2 1 4
1

iDd1 o2 1 4
1De 1 2 1 4

\Lde 1 2 1 4

FF Ff Fh fh Sum
bDbp 1 1 1 1 4
1

iDd1o1 11 4
1De 1 1 1 1 4
1

<~d 1 1 1 1 4

Sum 4 8 4 16

Sum 4 4 4 4 16

[See Tables 11,12

[See Tables 13,14

Capital letters: Genes for fast migrating allozymes
Genes for slow migrating allozymes

Small letters:

(2) D, FOMBIGEFEIEHL T 258
@D 2T D5 B NS
@F iz oW T OB A NS
@D, Frz o\ T o5 EH» SIG
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K- 2 EMEET2ED, F) LRBEFEEETE L) 2B LTV 5885 08EL LD 2 BRE
ks, BRI B W TUL 3 BETFENBES T B4 0ABRMEOHEROFE KL, + 7 X
= FERILCS O EEE L TEROEEY L, T, DFL/dfBEF R OBHE T 58
WWOWTC, f#ffiw D-Fir, D-Lip, F-Lis & L1858, p=r+s—2rs £/t 5 3 D L {HE LT

Table 2 Chi-square test on segregation ratio in two co-dominant loci (D, E) and with or without
linked embryonic lethal loci (L).
Moreover, in this study, formulas of calculation of linkage value are made with an assump-
ton that there is no chiasma interference. Namely, in the genotype of DFL/dfI with recom-
bination values of D-F'r, D-L:p and F-L:s, p will have a value of r +s—2rs.

No embryonic lethal locus Embryonic lethal locus
No linkage between Linkage between No linkage between Linkage between
isozyme loci isozyme loci isozyme loci, an em- isozyme loci, and an em-

bryonic lethal locus bryonic lethal locus is
is linked with an also linked with the

isozyme locus isozyme loci
Selfing type
S-1-(1) S-1-(2) S-1-(3) S-1-(4)
Arrange- D F DF (i) DL, F (i) DFL
ment of loci d f dar da;, f dfl
Chi-square (@S.R. for D:NS @S.R. for D:NS @S.R. for D:SIG @S.R. for D:SIG or NS
test @S.R. for F:NS @S.R. for F:NS @S.R. for F:NS @S.R. for F:SIG or NS
®S.R. for D,F:NS (3S.R. for D,F:SIG (3S.R. for D,F:NS (®S.R. for D,F:SIG
(if) D FL, FDL

a m
@S.R. for D:NS @S.R. for D:SIG or NS
@S.R. for F:SIG @S.R. for F:SIG or NS
®@S.R. for D,F:INS (@S.R. for D,F:SIG
m)%ﬁ ?f (m)%ﬁ
_@DS.R. for D:SIG @S.R. for D:SIG or NS
@S.R. for F:SIG @S.R. for F:SIG or NS
@S.R. for D,F:NS (3S.R. for D,F:SIG

S.R.: Segregation ratio
NS : Not significant
SIG : Significant at 5 or 1% level

(3) D, FOMBEGETFEI YT, BBILEETENFLELTV58
(1) DEIETFELRBICEETE, EHLTV55E
@D w2\ T D4 EEHA SIG
@F 2>\ C D4 EEH A NS
@D, Fize o T4 B A NS
(i) FRIETE-RBIRETE EHL 56
OD 2T DL B A NS
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@F w2\ T O3B SIG
®D, Fiz-o\T D5 EERA NS
(ii) D, FOWEEFECH « ORBILERIEFE EHL TH556
@D w2\ T D4 Bk SIG
@F 2o\ T O3B A SIG
BD, Fio 2o\ T DA NS
(4) D, FORmBREFENESELTNT, 1 oRBEGETLEHEL V258
@D 2>\ T D45k H SIG % 72k NS
Q@F o\ T D5 R SIG % 7213 NS
®D, Fioo\ T o458 SIG
Ttil, ZOBAEKRO 3B ORIZTEDES] (1) DFL/df, (i) FDL/fdl3 X0* (ii)
DLF/dif 5T 2 LEXH %,
DERRLERIE- 1 OR LU S 5 BB OFOSBORO— Ok FE LK, K-
2D RBREDCOFMECHRS Z LTt b,
ok, pRABRME L, DEBES I ~thh, ThThoFHEY m;, my, m3,. . . me& L,
ZERXSCHBEIhISEEN a), a, a3, . . . . a TRt n OBE, ROSESMHOHREE» Ehh
B ThEML T Lk b, Biflip 2 HEE S h s (Mareer. K. 1963),

n! a; a; a3 a (1)
My o 03 .« o o o TXlp teeeresorsssencmmasetaiiit et
31!32!33!. .. at! 1 2 3 t

FROBHROMEARELE L) s, LEMaLT0LE LR\ c@oip DHEEME L
Bo Ik, FEH Var(p) LD prOVWTD2HEBISC I WEHINE, Tibb, BRE

f(y, m)=

- d?L _1
I——E(W) X b Var(p) -1 ELTkbbI D,
L=C+a, log m;+a; log my+azlogmz+. . . . . Faglogmy oo (2)
dL _  dlogmy d log my d log my dlogme ...
o A dp +ay dp ta =g, ta— g (3)

s, Cix (1) ROBEOME Y & > EBETH %,

KB XOR LZHR S L O HER O£ SEELAIC I\ C, D& FORBETE, EHEL, ol
KIEBRETFE (L) dHEHAL 584, BELL3AE ) OREBEFEEICh IOV T 320
A (r, p, s) RHEEL, ¥DI b bREDO S OXBIRTHUNEND D, Z ORBHEDOEED
—oDHEE LT, »y FEBAE (Morton 1955) #RFELTW5, hidfrc@&k L (1) X
DETESROBERBREFIAT LD TH %,

Bz, 2BEFEOHEEFCK T, —BE~7 el~SHoEse@ELYRLLHLL
BExvELDER , FBEERKRD L T s, Milflizp &L, 7L 4ERORRNOBE
B a;, ay, as, ag, FOHIH A n LTI, ROEXREE» 2 BN,
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i(y, p)=a—ﬂé;‘;;3w (A=p) /2D /2 @/ D™ (A=p)/2) ™ o (4)

CORIEBWT, 2BEFEI T EHE LT p=1/2) LEE LHEI N, H#HiH
LCWw5b & Licp DRERBEIBOMENKE  eduin B2y, 20 2BEFENEE L TVHHEND
LIREES, p=1/2& LHERBERE AR E LA EERE VbR BEF 5 X (odds) TH D,
ChEACEBRERAERRE L Vbh b, RBKDO L5 Y, REONEIREIREC L HH
EIhb, ¥, SHEOFEEL, WNELEDNZ (LOD) % &5,

G D) e,
odds: f(y’ Pl/z) ( 5 )
. (T2 D) e
LOD: log G, D12 (6)

pOfER 00 50.5F CELI R L ZD(y, p) ¥ p=1/2 (FEH#EEH) & L7f(y, pi2) TOR
BRONE (BH, BROWTHhTLA) by, thikey FBEA(LOD score) &\, £D
flinsmAkE e p Bl LTCRBET L, L 20HLL L&, FBADOK X X CHET S,
Thbb, ThLhFEETHRIETED 5\ ERBER OSHENRBRMOBEE L LTRDS
ENRTEIE, ThHORD Ly & LTOGEENB LN EHRAY R THRS AL L LELY RS
BT ENTED, IRBBREDE, RERMEEIhELD, FEREZHTLS,

LT, 3238, s0R (HE), RBEFEEECTEORESOEEC X » TRIIKS L, E7Il
BB O B R R T 5,

sk, ABMOBBMHEEO—EOFEARCIIE FEFIHERD 5 XETHERAFIR TS
EELTED, ZORKMTEAEOFI U TRl s AR o EHEv s
L, BEBRETHFETH S,

2) RLGHECHIT 30 ES %

(1) RL#E, B- 1 BCH T2 88@E0HESE

K-S3RLZHA, B-18, T7hbbE~7 e BETHX _Er e BEFROTHC BT S
MmO EHELYR Lz, DEEFEIOWT (1:1), FEEFECST (1:1) oo
1:1: 1 1 DAFEOGERSITHEIND, FREFEHNO 2 BE, MEx T LDEEDOEED
CBREZT, Thb ORI VCBRTEAEYTS,

B-1-(1): 3FD PHRECEEENTIE, MEGTERICERE, S S LR DLILL,
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Table 8 Procedures of calculation of recombination value between 3 linked loci, namely two
isozyme loci, F, D and one lethal locus L in type II of backcross type

Genotype Expected frequency and observed number in 3 different arrangements of the loci
DD Dd De de Sum FF Ff Sum D—L:p, D—F'r
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Table 10 Procedures of calculation of recombination value between 3 linked loci, namely two
isozyme loci, F, D and one lethal locus L in type I of selfing type

Genotype Expected frequency and observed number in 3 different arrangements of the loci
DD Dd dd Sum FF Ff ff Sum D—L:p, D—Fr
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DeFF (1/4)R(1—-R) as
deFF 1/2) 1—R)2 ay
DDFf 2/9)R(1—-R) as
DdFf (1/4) 1—2R+2R2) ag
DeFf (1/4) 1—2R+2R2) az
deFf 2/49)R(1—-R) ag
DDff (1/4) 1—R)? ag
Ddff (1/4)R(1—R) ayp
Deff (1/4)R(1—-R) an
deff (1/49)R? apy

1.0 n

KD (A7) R0 3RABRIC X - CHEM r ¥ #HET 5,

f(R) :A0+A1R+A2R2 +A3R3 ........................................................................ (47)
Ay=2a;+a+as+ast+agt+aptant+ 2ap
Aj=—6a;~4ay;— 4daz— 2a,— 4as— 2as— 2a;— 4ag— 2a9— 4ajo— 4an— 6ap
A,=8a;+ 6as+ 6az+ 4a,+6as+ 6ag+ 6ar;+ 6ag+ 4dag+ 6ajet+ 6a;;+ 8ap
As=—14n
0 <R<0.5 r=R Df/dF (K50
RoS#o#EME VR ={R 1-R) (1-2R+2R»)}/
{2n (1-‘3R2+ 3R3)} ................................................ (48)
V(E) =V (R) +verveveeseeseemmeimaesaese s (49)

S-I-(3) : D, FREEFENEYTHY, FOLWThr, F3mECHEBIEEETE E
LTV ABEOEBREOHELRD L HFTd, (i) OMBES OFHE AL S-1-(3)-(i)
KR LEHERERAUTHD, P SI, ak bc ARBL THEXTT 5,

S-I-(3)-(i) : DO PBREVEREDORE

EBETH HRAE BEH
DD (1/3) 2P—P?) a
Dd (1/3) 1—P+P2) ag
De (1/3) 1—-P+P?) az
dd (1/3)(1—P%) ay

1.0 n




AX Y ) ADBIEF RO RFLP OBEFHGWIC BT 5714 7 ¥4 2 BETEOBE LHRCET 2HE (KE)

S-I-(3)-(ii) : FOo 2BEVEROBAE

b it PReERE BEE
FF (1/3)(25—%2?) b:
Ff (2/3)(1—S+8?) by
yid (1/3)(1-8%) b3
1.0 n
KD (50) R 5 KHBRI & - THlkflip ¥ #HE T 5,
S-I-(3)-(i)
f(P) =A¢+AP+A,P? FAPFAPIFAGPS o (50)
A0= 2&1

Aj=—4a;—2a,— 2a3
Ay=2a;+5ay+5a3— 4ay

Az=2a;+6ay
Ay=—4a;—5a;— Haz— 6ay
As=2a;+ 2a,+ 2a3+ 2a,

0 <P<0.5 p=P Di/dL, (FiR)
0 <S<0.5 s=S Fl/fL, (VR

S-I-(4) (MEEKI16H) : D, FREERTE EHL TT, —BE g EFr L b,
FRFICEBIEEE T L HE LTV 25860 H 5, 3BETENEHL T, —D0—i
R L - THBHOHELXITS & L3S HBOBEL Lic, 20D, FRIVLOD 3EETFEC
DWT 3@ OESH (1) DFL/Afl, (ii) FDL/fdl% X% (iii) DLF/dif %## %, D, FligE@¥
B LBt i L CRBE O ER Y R,

K-12ICHER, S-THIC R WTT A V¥4 2BIETED, FiIORBILELETFE L ERHEL
TVWABED IR OGBSV THIRBEE*T Lz, ChiIRX hidlAEDOP SIS DE
BHEREHD S-T-(3) €5, LarL, (i) oPRIY (i) o SHHELEC LHHERD
FEPEECH DL, TOLDE-1R20FFLERD-ERICL > TREZRD, DWTREZH
TRLEGHEBMp 55\ ks HRD B,

LAlEFR—12iciBif e (1), (i) B XO° (iii) DFFEET, REO S OLERT S, Tibb,
D, FOWZE TR B @1BORICS OXEIRT 5,

(3) BRE, sS-NAIC&H T3 HBREOHES X
13 BMEE, S-H, ThbblE~7 rn BETHEC2 BB EBETFARET H5E
OFM(T:1:1:1)x(1:1:1:1)d>1:1:1:1:1:1:1:1:1:1:1:1:1:1:1:1D163F
DEETHOINE B B 2 BB BEHEER Lice 714 V91 2AOBIEFED, Frh
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S-I-(4)
*£—-12 HFEH, SSTEEBWTTA VA1 2BETED, FRIORBIEETEL H#HEL T
WHBEDOBBRMOHE S

Table 12 Procedures of calculation of recombination value between 3 linked loci, namely two
isozyme loci, F, D and one lethal locus L in type 1 of selfing type

Genotype Expected frequency and observed number in 3 different arrangements of the loci
DD Dd De de Sum FF Ff ff Sum D—L:p, D—F'r
{1/3} {1/3} F—L:s
(i)DFLDFL @ @ ® @ (25-%%) 2(1-848) (1-9) p=r+s—2rs
dfl  ¢fl a; az as aga n b b2 b; n r=(p—s)/(1-2s)
ki=a/n kp=a/n kg=a;/n k=a/n
(i) FDL FDL (2P-P%) (1-P+PY) (1-P+P2) (1-P?) @ ® ® s=p+r—2pr
fdl  fel a ag as ay n by b by n r=(s—p)/(1-2p)
ki=bi/n  ky=by/n ks=hs/n
(i) DLF DLF (2P-P?) (1-P+P?) (1-P+P%) (1-P% (25-%9) 2(1-5+%8) (1-9% r=p+s—2ps
dif elf a; ap a3 ay n by b2 bs n
S-I-(4)-(i)
A=(1/3)(25-52) @( A—-2B+C)R2+( 2B—2C)R+ (C—k;) =0 ki=a;/n
B=(1/3) 1-5S+%2) @(—A+2B—C)R2+( A—-2B +C)R+(B—ky)=0 ko=ay/n
C=(1/3)(1-%% B®(—A+2B—C)R2+( A—-2B +C)R+(B—k3)=0 ks=as/n
A+2B+C=1.0 @( A-2B+C)R%2+(—2A+2B )R+ (A—kg) =0 ks=a4/n

S-I-(4)-(ii) FRIEEDS-1-(4)-(ii) LA UFEHETHS,

A=(1/3)@QP-P2) @O( A-2B +O)R2+( +2B—2C)R+( C—k;) =0 ki=bi/n
B=(1/3)(1-P+P2) @(—2A+4B—2C)R?+( 2A—4B+2C)R+ (2B—k2) =0 ko=by/n
C=01/3)(1-P?) ®( A—2B +C)R2+(—2A+2B JR+( A—ks)=0  ks=bs/n
A+2B+C=1.0

FRoOSEBHESIODE FOBEHED L2EEYITY,
S-M-(1) : 3FED PBRECEEEN T IE, FEETEMCESENDZ LILFED LRIV,
S-IM-(2) : FD 2 BRENDEROES, Hlffir OFFEXTT S,

BETE BAEE B ZH BRETE O PREE B E KR

(DF/df) x (DF/eh) DDFF R2 a DDF#h R(1-R) ag
{1/4} DdFF R(1—-R) ag DdFh (1—R)? an
DeFF R(l —R) as DeFh R? ai
deFF (1-R)?2 ay defh R(1-R) app
DDFf R(—R) as DDfh (1-R)? ais
DdFf R2 ag Ddfh R(1—-R) £
DeFf (1-R)2 az Defh R(1-R) as
deFf R(1—R) ag defh R2 as
Sum 1.0 n
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m& A =d 10 'q'S
@A=(DA MHAF=170"T'S
{(dL—sdbT+:d6~dP -0} {(ed +d-1) (d=1) (d-0)dE}=(d) A (DA=DA
0=M-y)+d( +VZ-)+A0+ 97-V )H® 0 1=0+42+V (BundnoD)ip/7@ (d—1)=4d 0°'1>d>6"0 uZ/(I-DIA=(DA
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Idg—14d=s (1)-(p)-I-S %89 4 feg ="ty = - —
T T Vep _feG 4 Zpg 4 leg =0y 01 S
P = 4= Seg—teg ey — =1y T AG/)  wp
E S S S S Teg=0y e (I-DAG/D) 4l
® ® ©@ © 918 0=od®V +1d"V +5d°V +od?V +d 'V 40 = ()] e (I-DAG/D)  wea
e (d-1E/M ap (W)—-(¢)--S Jog dureg ‘(1)-(¢)-M-S e (I-DW/D)  waad
s@&mcac aq e (I-DAG/D)  Ygop
.wm d+d-1) (/D) bps 2ad u 01 wng M”m NG/ YJ2d
e (d-do)(E/D aa WM S-DED) W W mw! Lmﬁ\\w ara
s 4 d fddd W GS+S-1)(E/D) wd 5 -
2 _ e A-DIF/D Lgop
afexuyy 2y [pf (1) 4 (S+S-D /D) M e A-D /D LI
JONRUY T T4 (7 )-1-S 'q (28—S2) (8/T) 4 (1) o8 ¢ AT/ Lara
o Jde—ard=s U 01 ums e (A-DAF/D  Maa
$1-d " -a'1-a ‘e d-D(E/D P e G@-D G/ ddep
fe (d+d-D(E/T) 2a e (A-DIAG/D) 44
=M-V)+I(  de+Ve—)+ 3O+ -V )® 0'1=0+42+V [ (d+d-1) (/1) rq e A-DIAGF/D)  ddPd
nmv_\mWéM? @-v Wixw\ mw+< \W% mmcmlmmwwn ' (d-do) (/1) aa (1) e A/ J4aa
=(A-&+d0+ -V )+ dQ— de+V - S+S— = Isqumu  A>uonbau qunu  Aousnbau
="-0)+4007-92) + MO+ -V O (S-S9E/MN= vw?m%no @wuooaxm adfjouan wwEﬁWmnO vouovaxm ad4yousn
sig—s+i1=d (1)-(y)-M-$
S+S—1) €/ S+S—-1)(e/1) u v v B ¥ SN ool 1 K1 1 91 ¥ ¥y BNy ¥ umg
(ES+S—-1)(e/D) S+S—-1)(¢/1) e (uy 9 g g e
S—D (/1) S=Sa) (/1) ANw D Qj S-S0 €/ (g-nem 1 1 1 1 o I a4 @-DiQ- :fa I op vo1 1 1 1 o
u *q fq % 'q umg ¢q 2q lq umg te sle Tlp lp
iE by (d+d-1) I 1 1 1 aq I @-D1 A -1 cTS_ aq vo1 1 1 1 aq
e (d-1)(E/1) p ue= e (P ap by % BN BN e e pge ‘e I 1|
e (d+d-1)(¢/1) aq U=ty fe aq (d+d-1) 1 1 1 L pad I Q- :mNa 4 (-D¥ Pd v 1 1 1 1 pd
% (;d+d-1)(6/1) b§ pra U= %% (@ b8 pq ! tle ‘e e
e (d-do) (/N aa ule=h e @D aa @-dEm 1T 1 1 1 a@i{e/tny 1 8- |v -0 A g/} v 1 1 1 1 @aq{oyn
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sfequy ¥ fip (m) aseyyun 142 Yp (1) afeury 2 Y P £ (1) sgequijoxRyy 42 Jfp Beyuy Y2 /fp
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Ho (51) Ric X - THE MG 2T T 5,

R= (2a;+ay+agtas+ 2ag+ag+tag+ 2ap+ap+taytaps+2a)/2n e (51)
0 <R<0.5 r=R Df/dF (FR)
ROGEOHEEME  VR)=R (1= R)/ 20 coereeererememrmimee e, (52)
V(E) =V (R) +veveereereemesneasiaienitani et (53)
r DEEEERE aze)

S-M-(3) : D, FEEGTENHITH), LOVThy, FlBEECHRBIEEFE HE
LTV HBEOBBMp,s DFFEXS-T-(3)-(i) WRLIbDEFR—TH 5,

S-M-(4) EER128E) : D, FIEERFESAEHELTNT, 2EBCENIIEETYL D,
FARICEBILEG T L bEE LTV 25E60 55, JEETE/EELTWL0D, —D20—#
Rk - THRBMOHELXTS 2 LRSBOREL Lic, Ttoke®»D, FEIWLO3IEETFEL
DWW 3@ bhofF) (i) DFL/dfl, (i) FDL/fdl%s X0 (iii) DLF/dif %%, D, Fj&nTHE
O LA B LT oS ER Y KD T,

F—-14 R, S-MECRTT A Y ¥ A 2 EERFED, FBIUORBILEERTEL EHL
TWHBEDIEY OGBSOV THIRFEEY R L, CHIZLDIFEAELEDP BIVSDE
BHERS-T-(3)-(1) ER—TH5b, (i) OPEIV (i) OSEELERL LDFAEXDOHE
EARBECHD, FORDREMCKICRLIERD BRI L > TREKRD, DLWTREHANT
DEIEBlip HD T sEHERDD,

PLEFE— 4B (1), (i) BI (i) OHEEXT, REO SO EIRT S5, Ticbb,
D, FOWETHRIZHEY BB LR O FEIRT 5,

S-Mm-(4)
#£—14 ARH, S-MEICBWTT7 A V¥ 1 2BETED, FREIUOHMRBEIEBETELIVEHELT
WHBEORBHE O EHE

Table 14 Procedures of calculation of recombination value between 3 linked loci, namely two
isozyme loci, F, D and one lethal locus L in type I of selfing type

Genotype Expected frequency and observed number in 3 different arrangements of the loci
DD Dd De de Sum FF Ff Fh fh Sum D—L:p, D—Fr
{1/3} {1/3} F—L:s
(i) DFLDFL © @ ©) @ (28-89) (1-5+8%) (1-8+8) (1-8) p=r+s—2rs

afl ehl  a az az ay n b b bs by n r=(p—9s)/(1-2)
ki=a/n k=a/1 k=a/n k=a/n
(i) FDL FDL (P-PY) (1-P+P) (1-P+PY) (1-PY ®© ® ® @ s=p+r—2pr
fdl el a; as ag ay n by bs b3 by n r=(s-p)/(1-2p)
ki=bi/n ky=by/n ks=bs/n ky=hs/n
(iii) DLF DLF (P-PY) (I-P+P%) (1-P+P%) (I-P) (05-%) (1-5+5) (1-5+%) (-$)  r=p+s—2ps
dif eh  a, ag as agz2 n b be bs by n
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S-W-(4)-(i)

A=(1/3)(25-%%) @®O( A-2B+C)R2+( 2B—2C)R+(C—ky) =0 ki=ai/n
B=(1/3)(1-S+%?) @(-A+2B—C)R?+( A~-2B +C)R+B—kz) =0 ko=az/n
C=(1/3)(1—-8?%) ®(-A+2B~COR*+( A-2B +C)R+(B—ks)=0 ks=as/n

A+2B+C=1.0 @( A-2B+CO)R?+(—2A+2B )R+ (A—k)=0 ky=as/n
S-I-(4)-(ii) XFTELOS-M-(4)-(i) LRCEHEHETH D,

A=(1/3)(2P—-P2) (O( A-2B+CO)R%+( +2B—2C)R+ (C—ky) =0 ki=bi/n
B=(1/3(1-P+P2) @(—A+2B-C)R2+( A-2B +C)R+ B~k =0 ko=by/n
C=(1/3)(1-P?) @(—A+2B-O)R?+( A-2B +C)R+(B—k;)=0 ks=bs/n

A+2B+C=1.0 @( A—-2B+C,R2+(—2A+2B YR+ (A—ky) =0 ks=bs/n

2. EEFSMHORFIETERR

153 FYVAF (5) OHMBRICKT BT 1 V¥4 A BEFEOEBESHHEREY R LI,
TPV AF (5) XKEL (1974) BAFOHEBFGHACKEL TV SEETHD, I VYV AFOD
SHBELETY+E, ATEETFY~T e THRAELTWS, ¥17 1 Y ¥ A 52D Shd-2, G6p, Dia—
3, Pgm-2, Lap D 5 FEICDOWTA~T R THD (KED, 1992), SEIIFICKAT R THHI &%

RU T Est-1 iz To¥r L1z,

191 DFICHETE, HEERXTRRCFET LR THMEY Lz, IR LICEFILAEECREL
oo 1992 7 AR AL OBTF X/ IMEOATREERNTEELFEDI T T v+, bIcEE
Lz, BEGI2EMEE L, BRE2C, RIBEISCILRTE Lz, §E, 74 V¥4 245k % L1884

#—15 I FVRF (5) OHBEERICKT ST A VA 2&ETEOBESH
Table 15 Linkage analysis of isozyme loci in the selfed progenies of Midori sugi (No. 5)

Observed number ..., Recombination . Standard
locus x2-value Probability Variance
Total FF Ff ff value error

(1) Independent isozyme loci

Pgm-2 188 40 108 40 4.17N8 0.1243

Shd-2 188 48 100 40 1.45N8 0.4851
(2) Independent isozyme loci with embryonic lethal locus

G6p 191 20 112 59 21.63** <0.0000 0.170(Rep.) 0.0018 0.0428

Lap 188 24 114 50 15. 70** <0.0004 0.209(Rep.) 0.0025 0.0499
(3) Linked isozyme loci with embryonic lethal locus

Dia-3 188 30 105 53 8.20* <0.0166 0.279(Rep.) 0.037 0.0622

Est-1 184 47 91 46 0.0481Ns 0.9762 — — —
(4) Linked isozyme loci Sl ¢ cuad

S olution of quadratic

[Dza 3 188 30 105 53 0.305(Rep.) equations of S-1-(4)-()

Est-1 184 47 91 46 in Tables 9 and 10

Remarks: F: Fast migrating allozyme, f: Slow migrating allozyme
*. Significant at 5 % level
**. Significant at 1 % level
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DEMCIIRDEHTFHEIE Llc, KED (1974) W30 I FYAF (5) oFFHEIE3: 1 ofif
SRS DRY, BTFEHODBER, VI ExBD, FOBHBE LT, ATHOHEFED - £FH
MENZE, BHVCIIRBILEGET L EH LT LR S S LA BE LTS,

151 LIc X 518 Pgm~2, Shd-2 0 2 B FEEIHILTH »1c, G6pIs XU Lap (357 T
B oD T N ENJOBRBIEGTFHE LB L T, £ b OFMBARLO0. 1704 X 000. 209 & #EFE
h, WTh I HARBOBETESTH -1, Dia-3 (M. 279 CRB IR EFRE L EEL T
B, ioEst-1 £ hBE#EL T\, Est-1 AEOGBEHIT 1 :2: 1 OSBHICEE LicZ 0D,
BIRTFEEDORINL, Est-1-Dia-3- REFELTE (L) OIE L #E S hic,

F—-161c3 FYAF (5) OHBEHERICEKT DT 1 V1 sBETFE, Est-1-Dia-3 ¥ X O
SERIATEE (L) EHES T ORERLY TR Lic, ABRlioMEFREIER - 90S-1- (4) o (i), (ii),

(i) DFEMER ~Tce F—9DS-1-(4) KT, DIz Est-1, Fic Dia-3 % €24 CCHEE
Bailbhi, EOBGTFEOTHEENER Y (1) OFBFCELIHBRMI HE I hi, Tcbb,
Dia-3 & L O#B#(f13.0. 262, Dia~3 & Est—1 OFBMIH0.305 L HE I htz, ekE—15LF—16
W1 % Dia-3 L RHILEEFE L OBBRMF Er R 503, FHECERLCEFROEE
EBHD0TH5D,

K—-1Twe » FVRAEC L2ABRHEOHEDFIHEGERY, LN 1 izBfioZ ics b
5wy FEBEOMBREREYR LI, R— 1 ofe , FEAOBELHFOE S 2R TR He
LIS &daacii4T s, &AKE ey FEAEC LI 2EBMOBEFRBEIR L THSDT,
MM Thd—F L,

#—16 I FVAF (5) OHBEERICKT ST 1 Y 1 ABETFEE, Dia-3, Est-1% X OB
BIEFE (L) O#EESH (F-9, S-1-(4)-(1), 56HZR, WEBEMNS-1-(4)-
(i), 128EER
Table 16 Linkage analysis of isozyme loci, Die~3, Est-1 and an embryonic lethal locus (L) in the
selfed progenies of Midori sugi (No.5) (cf. Table 9, S-1-(4)-(1i) and Table 15)

Dia-3 Estimated recombination values

Total Dia-3— L s=0.262(Rep.)

FF F . )
s 7 Dia-3 — Est-1 r=0.305(Rep.) (Solution of
DD 19 24 4 47 quadratic equations

Est-1 Dd 7 58 26 91 of S-T1-(4)-(i) in
dd 2 21 23 46 Tables 9 and 10)
Total 28 103 53 184

Remarks: D, F: Fast migrating allozyme, d, f: Slow migrating allozyme

Estimated locus arrangement and recombination values
Est-1 Dia-3 L

d 0.305 F 0.262 1

D f 2
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17 BEFHE =, FBEOFE
Table 17 Linkage analysis and LOD score

(1) Data for LOD score calculation

P=(-p)
Genotype Expected frequency Observed number
Dia-3 G6P Lap
FF (1/3) 2P—P2) a 30 28 20 24
Ff (2/3) 1—P+P2) ap 105 103 112 114
i (1/3)(1—P?) ay 53 53 59 50
1.0 n 188 184 191 188
Estimated recombination = Maximum likelihood 0.279 0.262 0.170 0.209
value between isozyme method
and embryonic lethal loci LOD score : 0.279 0.262 0.170 0.209
(2) Calculation of LOD score
. n! A a; ap EN az a3
Repulsion: lg=_7"1(1/3) (2p—p?) (2/3) (1—p+p?) (1/3) (1=p?) «orrrmmmmis. (1)
1.d2.43:
f 1 1 ap 2 ag a3
Coupling: 1C:$:zm(1/3)a 1=p) "2/ (1 =p+p2) " (1/3) " (2p—p2) - vrrerrrmeeeeeeei (2)
Odds:
Repulsion
N 21 2
(£(yip) /f(ys (1/2)} =1@p=p2) (1 Pa?:r;zaa(l P2 bl (3)
(0.75)
Coupling
a2 2% (0 —n2) "
{f(yhp)/f(y]’(l/z)}z{(l p ) (1 ptlaaera(azp p ) } ........................................................... (4 )
(0.75)
LOD score:
Z(yl;p) zloglo {f(yl;p) /f(yh(l/z)} .................................................................................... ( 5 )
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G6p, p =0.170
of /
Lap, p=0.209

4+ \\
oy
e}
(&
w
[m)
S 2f

Dia-3, p=0.262
0
_2 1 1 I 1 l 1 I 1
0 0.1 0.2 0.3 0.4 05

Recombination value (p)

K—-1 =, FBERC I HABRMOHEE (E-17T2R)
Fig 1 Estimation of recombination values by the LOD score (cf. Table 17)
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Summary

Studies were made on the methods for estimation of recombination values between
markers in the presence of embryonic lethal loci with special consideration of codominance
and multiple alleles. Progenies concerned may derive from backcross or selfing. In backcross
type, a pertner is heterozygote and the other is double or single homozygote. Meanwhile, in
selfing type, both pertners are heterozygote at both loci.

When two dominant isozyme loci and a lethal locus are designated as D, F' and L respec-
tively. The cases were further divided according to segregation types with supposed two loci
D and Finto, OB-I1{D(1:1)xF(1:1)}, @B-I{D(1:2:1)xF(1:1)} and @B-I
(D(1:1:1:1)xF(1:1)} in backcross, and @®S-I{D (1:2:1)xF(1:2:1)}, @S-I
(D(1:1:1:1)xF(1:2:1)} and @S-M{D (1: 1:1:1)xF(1:1:1:1)} in selfing.
Methods for calculation of the recombination values in each segregation type were obtained
for 3 conditions, namely (1) no embryonic lethal locus, (2) independent isozyme locus
with an embryonic lethal locus and (3) linked isozyme loci with an embryonic lethal locus.

Isozyme analysis was made on about 190 seedlings derived from selfing of Midori sugi
(5) which is heterozygous for 6 isozyme loci of Dia-3, Est-1, G6p, Pgm, Lap and Shd-2.

Linkage analysis was made on the segregation data of the isozyme loci with the max-
imum liklihood method. Three loci Est-1, Dia-3 and embryonic lethal locus (L) were found
to be linked with reconbination values of 0.305 for Est-1 and Dia-3 (Rep.) and 0.262 for
Dig-3 and L (Rep.). G6p and Lap were independent. However they were linked with
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different embryonic lethal Joci with recombination values of 0.170 (Rep.) and 0.209 (Rep.).

Normal segregation ratios were observed for Pgm and Shd-2.
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Table 1 Expected segregation ratio of isozyme loci with or without multiple alleles.

multiple allele

Cross type No multiple allele -
1 locus 2 loci
Backcross B-1 F(l1:1)
type FF(Ff) Ff(ff) Sum
(Double D DD 1 1 2
hetero) x T (Dd)
(Double : Dd 1 1 2
homo) 1
— (dd)
Sum 2 2 4
[See Append. 89p. |
(Double B-I F(1:1) B-M F(1:1)
hetero) x FF(Ff) Ff(f/) Sum FF  Ff Sum
(Homo, DDD 1 1 2 DDD 1 1 2
hetero) T T

éDd 2 2 4

Ldd 1 1 2

Sum 4 4 8

[See Append. 92p.]

iDd 1 1 2

1 De 1 12

\Lde 1 1

Sum 4 4 8

[See Append. 98p. |

Selfing type S-1 F(1:2:1)

S-I F(1:2:1)

S-m F(1:1:1:1)

(Double
hetero)

FF Ff ff Sum
DDD 1 2 1 4
T

;Dd 2 4 2 8

Ldd 1 2 1 4
Sum 4 8 4 16

[See Append. 104p. ]

FF Ff ff Sum
D DD 1 2 1 4
1

ipd 12 1 4
1 De 1 2 1 4

\lzde 1 2 1 4

FF FEf Fh fh Sum
DDD 1 1 1 1 4
1

iDd1o1 o114
1De 1 1 1 1 4

\Ldel 11 1 4

Sum 4 8 4 16

Sum 4 4 4 4 16

[See Append. 116p. ]

[See Append. 128p. |

Capital letters: Genes for fast migrating allozymes
Small letters: Genes for slow migrating allozymes
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A BESEBEFHEELEZVHEORBREDHESE
1. S-I-(2)

BAER, S-IMRY (1:1:1:1)x(1:2:1) @R B7 4 V¥4 2BETEROSRMO
EIR- Wak:S

BIZTHR BEERE B EH

| DDFF % R? a
2 DAFF +RU-R) a
3 DeFF +RU-R) a
4 deFF + (1-R)? a
5 ooFr Era-w a
6 DdFf + (1-2R+2R?) a
7 DeFf -+ (1-2R+2R?) ar
8  deFf ZRA-R) a
9 DDfY La-»2 a
10 Daff +R(U-R) a1
11 Deff % R(1—R) an
12 deff % R? arz
Sum 1 n

L=(a;+a) log%R2 + (ap+az+apt+an) log%R (1—R) + (as+ag) log%R (1—-R)
+ (ay+ag) log%(l —R)?
+ (a5+a7)log%(l —2R +2R?)

= (2a;+2ajp+a,+az+ay+ay;+as+ag)logR+ (aztag+ayo+ay +as+ag+2a,+2ay)log(1—R)

+ (a5+a7)log(1 ‘2R+2R2) FCOMSE,  ccrt vttt e ( 1 )
dL 1 —1
E— (23.1 +a2+a3+a5+ag+am+a11+2a12)-§+ (az+a3+2a4+a5+ag+2ag+a10+au)l‘—R
AR e
Hasta iR (2)
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o, #1, 2, SHOEHREKA, B Clkil L,

—aL-Bt

1—-2R
R 2C

1-R ““1—2R+2R?

_9R
“Ra- R){A(l R)—BR}—2C— 2R+2R2

1

=RO=R (1_2R+2R2)[{Af(A+B)R}(1—2R+2R2) —2CA=2R)RA—=R)J -+

(3) R [ 1 ADREH
#%1E A-(A+B)R
— 2A R +2(A+B) R?
+ 2A R2—2(A+ B)R?
A— (3A+B)R+ (4A+2B)R?2— (2A+2B)R3
#2mE —-2C(1—2R)(R—R?)=—-2C(R—2R?

— R?+2R3)

—2CR +6CR2—4CR?

~RD (11_2R+2R2> [A— (3A+B+2C)R+ (4A+2B+6C)R2— (2A+2B+4C)R?]

(4) ROELR 0 L3 E [ ] DO IEFHBRK 0 £ THMOO L O ROFEEMETH 5,

A=A

Aj=—(GA+B+20)
3A =6a;+3a,+ 3a3 3ag + 3ag +3ajo+3a;;+6a;;
B= a,+ as+2a;+ as + ag+2ag+ apt an
2C= 2ag+2ay

—{6a;+4a,+4az+2a,+4as+2ag+ 2a; +4ag+2a9+4ajpH4an + 6aja}

A= 4A+2B+6C

4A=831+4az+483 +4a5 + 438 +4a10+4a11+8a12
2B= 2a2+233+4a4+2a5 +2ag+4a9+2a10+2a11
6C= 636 + 6a7

8a; +6a,+ 6az+4a, +6as+6ag+ 6a; + 6ag+4ag+6aro +6a;;+8ay

Az=—(2A+2B+40)

2A=4a1+2a2+2a3 23.5 +2a3 +2310+2311+4312
2B= 2a2+2a3+4a4+2a5 +283+439+ 2a10+2a11
4C= 436 + 43.7

- {43] + 432 + 433 + 48.4 + 4a5+ 435 + 4a7 + 433 + 4ag -+ 43.10"‘ 43.11 + 42112}

(4)
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Tichb,
F(R) =Ag+ AR+ APRZFAGRI= ) corvrereremmmeeiteaniiiii e (5)

Ag= 2a;+ apt+ azt+ as+ agt aptapn+2ap
Ay=—6a;—4ay—4az3—2a,—4as—2ag— 2a; — dag— 2a9—4a;o— 4a;; — 62
Ap,= 8ay+6ay+6as+4as+6as+6ag+6a;+6ag+4ag+6a3+6a1; +8ass
Az=—da; —4da,—4a3—4a,—4as—4as— day—4ag—4ay—4a—4ay; —4a;,= —4n
0 <R<0.5 r=R Df/dF
0.5<R<1 r=1—-R  DF/df

Fisher f§8 &
_ N, d? 2
LR)= dRZ —Regqpeos R
_no,d 2
IR R
—_1n 22
RRe
20
i

2
L(R) =4=—2R( —R)a%log%R(l —R)

_9R
TRAO- R)dR R(l i)

——R(l“R)_ZR(l— )" (IVZR) (1_2R)

{R(1I-R)}?
_n{(2R—2R?) + (1—4R+4R?)}
RI-B)
_n(1—2R+2R?)
=TIR(I-R
Ia(R)le(R)
I4(R)=% (l—R)zdRzlog4(1 R)2
_pyzd —2(0-R)
TU-RAp = o
_ 9
=-7a R)zdR(l i)
_ . n 2X (—1)
= TRy
_ Zn
= 7
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I, (R) :%= ~2Rra —R)a%log%R(l—R)
1—2R

R(—-R)

—2R(1—-R)—(1—-2R)(1—2R)

RO-—B) )2

_n{4R(I-R)+2(1—2R) 1 -2R)}

- 4R(1—R)

 n{4R—4R?42(1— 4R+ 4R2)}

= R(-B

n(2—4R+4R?)

=~ IRI-R)

__ ng oy d
=-3RU-R)zg

. n
=—7R0-B)

2 2
I,(R) =g—}5= ~2a —2R+2R2)a%log%(l —9R+2R?)

=—%(1—2R+2R2>

d _—2+4R
dRT—2R+2R2
4(1—2R+2R2) — (—2+4R) (—2+4R)
(1—2R+2R?)2
_n{(—=4+8R—8R? + (4—16R+16R?)}
4(1—2R+2R?)
_ n(—8R+8R2)
T4(1-2R+2R2)

=——2—(1—2R+2R2)

I(R) =SL(R) =21, (R) +41; (R) +21,R) + 21, (R) + 214 (R)

_4n , 4n(1—2R+2R?)  4n, 2n(2—4R+4R?) , 2n(—8R+8R?)

=317 @RO-R) 417 MRO-B T1(1—2R+2RD)

on(1—2R+2R?) " —4R +4R2
RO—R) (1—2R+2R2

=2n+

I; (R)=I(R)
Is (R)=Is(R)
I, (R)=I4(R)
Lo(R) = (R)
I;R)=L([R)
Lz R)=L{R)

= RO R 2Ry LR~ R) (1-2R+2R) +2(1 - 2R +2R?) (1—2R+2R?)
+(—4R+4R)R(1—-R)]

_ 2n
R(1—-R)(1—2R+2R2

>[(1 —2R+2R?){R(1-R)+(1—2R+2R?)}

+ (—2R+2R?) (R—R?)) ] (6)

(6) Xo [ 1 W
[ 1=01—-2R+2R?®) 1-R+R2?) + (—2R+2R?)(R—-R?
= ]1—2R+2R2 —2R2+2R3
— R+2R2—2R3 +2R3—2R¢*
+ R2—2R3+2R*
1—3R+5R2—4R3+2R* —2R2+4R3—2R*
= 1—3R+3R?
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iEnb
2n(1—3R+3R?%)

I(R):ZL(R):R(I—R)(1—2R+2R2) ..................................................................... (7)
V(R)=ﬁ
_R(—R) 1—2R+2R?)
= 2n(1—3R+3R2) ..................................................................... (8)
V(E) SV (R) wovermemmeme ottt e (9)
2. S-M-(2)
BEA, S-mA (1:1:1: 1)><(1v: 1:1:1) @WBFA7A Y FA LBETEEROH B
DRI
Bz FR R E #ER
I DDFF 4R a
2 DiFF  tRU-B a
3 DeFF TRO-R) a3
4 deFF 4 (-Ry? a
5 DDFf  +RU-R) as
6 DdFf LR 2
7 DeFf + 1-R)2 a7
8  deFf +R(1-R) as
9 DDFh  +RO-R) a
10 DdFh % (1-R)? aio
11 DeFh %RZ aj
12 deFh TRA-R) ar
13 DD + (1-Ry? ai
14 Difh 4 RU-R) ay
15  Defh +RI-R) as
16 defh %RZ ass
Sum 1 n
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L= (a1+a6+a11 +316) log%R2+ (a2+a3+a5+a8+ag+a12+a14+a15)10g%R(1 *R)
+ (a4+a7+am+a13) log—i—(l _R)Z

= (231 +as+as+as + 236 +ag+ag+ 22111 +aptaptas + 2315) logR
+ (ag+as+2as+as+2a;+ag+ag+2aj 0 +ap+2a3+ay+as)log(1—R) +Const. oo (10)

%I%: (2a1+a2+a3+a5+2a6+a8+a9+2a11+a12+a14+a15+2a16)f11€
+ (a2+a3+2a4+a5+2a7+ag+ag+2alo+a12+2a13+a14+a15)1:—1R ------------------------------ (1)

o, (1) RoSEl, 2HORKEY TR ThA, Bk L

Al _g 1 _
=ARTBI—R
-1 _R)—
=R A(1-R) ~BR}
1 A e e
(12) ROEAX 0 LB E { } HD1EKRE 0 L THERROHEEMTH 5,
Tihbb,
__A
R=27B
:2a1+a2+a3+a5+2a6+ag+ag+2a11+a12+a14+a15+2a16 .............................. (13)
2n
0 <R<0.5 r=R Df/dF
0.5<R<1 r=1—-R  DF/df
A:28.1+ a,+ as + a5+2a5 + agt+ ag +2811+ a2 + apt a15+2a15
B= a2+ a3+2a4+ as +2&7+ a3+ ag+2310 + 3.12+28.13+ aput as

A+B :261 + 232+ 283+ 2&4"‘ 23.5+ 236+ 2&7+ 2&3 + 2a9+ 2810+ 28.11 + 2312 + 2313 + 2314+ 2315+2315: 2n

Fisher 53R &
2
1Li(R) = s =~ Rgpplog &

__np,d 2
=~ TRERR
—_Dpy—2
=R
_ n

4
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2 2
L (R) =%RI—;—= ~2ra —R)EdﬁlogLR(l “R)

1—2R
FRO- R)dRR(l R

—2R(A—-R)—(1—-2R)(1—2R)

=—3RU-R) RA-BP
_n{(2R—2R?) + (1—4R+4R?)}

= RA-R)
_n(—2R+2R)

“T4R(O-R)

LR)=LR)

2

L(R) =Sp5= 2(1—R>2%1og%<1—m2
—2
dR 1-R)

2x (=1
(1-R)2

(1 R)2

::--Z'(l-—li)z

— 2n

T4
IR)=>LR)=4I;(R) +81,(R) +41,(R)

2n(1—-2R+2R?)

=2n+ RO-R)

+2n

=m+%[4R(1 —R) +2(1—2R+2R2) ]

= 2D
SRRy
DA Enb,
VR)= I(R)
_RA=R)
g s
VE) =V(R) correreeremmeee oo,

I R)=L(R)
It R)=L(R)
I; (R)=L(R)
Is (R)=I(R)
Is R)=L({R)
I;i(R) =L(R)
I; R)=L;(R)
[:(R) =I;(R)
L13(R) =I4(R)
L4(R) =I5 (R)
I15(R) =I,(R)
Lis(R) =I;(R)

................................ (14)
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B HMEILBEFREET IBAOHBMEOERE
1. B-I-(4)-(i)

RUAHR, B-I& (1:2:1)x(1:1) ©REIAHT7A4 Y ¥A 2RIETELBBILRE THE
oMM D ETH Tk

BEETH A EE GRS

DD § A-P+P?) a
Dd & (L+2P—2P?) a
dd 5 1—P+P?) a

1 n

L=(m+aQMg%«1—P+P%+amg%41+zp—2pa

— (a1+aa)log(1 _P+P2) _|_azlog(1 +2P_2P2) - CONSL.  rrrrrerrree e (17)
—1+2P ta 2—4P

1—-P+P2 " “*14+2P—2P2

_ 1-2P .-
(1—P+P2) (1+2P—2P?2)"

_ 1—2P .
(1-P+P2) (1+2P—2P9)"

dL_
dp—

(a;tap)

(a1+a3) (1 +2P—2P2) +232(1*P+P2>]

(—ay+2a,—a3) +2(—a;—az—az) P+2(a+az+az)P2] - (18)

(18) XDAETY 0 £ B LPOWEMMIRDE 2KFHBADOBEDV L OTH S,

(—ay+28y—ag) — 2P F2NPZI () covversesrreeses st (19)
p_lnt ¢4n2—8n£;a1+232*as) .................................................................. (20)
0SPTHhoHND,
pnt P =on(=arH28;—89) | 1)

2n

0 <P<0.5 p=P
0.5<P<1 p=1—-P
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Fisher {3 &
. n dz 1
___ 14+2P
=~ F(-P+P) {5 A
__n,. 20—P+P)—(—14+2P)(—1+2P)
= 3(1 P+P2) (1—P+P2)2
_—n(1+2P—2P?)
n(1—-P+P?)
_ oy 42, 1 2
L®P) = dRz (1+2P—2P )Wlog—g(lJrZP—ZP )
:*_ o d 24P
(+2p—2p) G 2t

—-——(1+2P 9p?) —4(1+2P—2P?) — (2—4P) (2—4P)

(1+2P—2P2)2

_n(8—8P+8P2)
T 3(1+2P-2P?2)

L(P)=L(P)
LA b6,

IP)=xL,(P)=21;(P) +1,(P) = —on(1+2P—2P2)

(2—2P+2P?) — (1—4P+4P2)

—(4—16P+16P2%)

n(8—8P+8P?)

30-P+P?

3(1+2P—-2P2?)

=3P TP (125 —2pnL (2 4P+4P?) (1+2P—2P2) + (8—8P+8P?) (1~P+P2) ]

8—8P+8P?
—8P+8p2—8ps
+8P?—8P3+ 8P

—2—4P+4p?
—4P—8P?+8P3
+4P?+8P3—3p+4
—2—8P +16P3—8p*

8—16P+24P2—16P3+ 8P4

n(6—24P+24P2)
T30 -P+P?) (1+2P— 2pP?)

n(2—8P+8P2)
TA—P+P?) (1+2P-2pP?)

Lz T,

1 _(1-P+P2)(1+2P—2P2)
VR = 1®) on(1—4P+4P?)

V(D) S V() ceeevvreeeeeeanaaaiiiii e
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2. B-M-(4)-(i)
RUSHRA, B-MA (1:1:1:1)x(1:1) @3 571 V¥~ 2 BETELBEBIER
TEER O A O FHEHE

BT R B EE = H

DD 5 1—P+P?) a
Dd + (2P—PY) a
De + (1-P?) a
de & 1—P+P?) a

1 n

L= (al+a4)log—:1,)—(l —P+P?) +a210g%(2P—P2) +aglog%(1 —p?)

— (a1+a4)log(1 —P+P2) +3210g (2P_P2) +3310g(1 _pz) - CONSL, v errrrrrrrrr e (25)

dL _ ~149P  2-2P —2P
ap~ @Ta)Tpiprtanpprt Ao p
PPy PP (- P)

(a;t+ay) (—1+2P) (2P—P?) (1-P?) +2a,(1-P) (1 -P+P1) (1-P?) -2a3P(1—P+P2) (2P-P9)]

(ajtay) (—2P+ P2 (1-P?) +2a,(1-P+P? (1—P2) —2a;P (2P—2P2+2P3

4P2-2P9) ~P+P2-PY) — P2 P3—PY)
(= (2%’—P2) payLar ) (~ 245229 (1P 2ag (1~ 2P+ 222 ) (1 ~P2)~ 2y 2P 30+ 3P4~ PY) )
(—2P+5P22P3 (1-2P+2P2— P3
+OPS-5PA2PS)  — P2+2PI-2P4PY)

1
PP PP (170"
(26) XOELY 0 & k< LPOHEEIUTICRT S KABRKDBEDOO L DOTH %,
Tihbb,
f(P)=A¢+AP F AP AP AP FAGPI= 0 oo 27

(ar-+as) (— 2P+ 5P —5PH+ 2P5) + Dag (1~ 2P+ P2+ 3~ 2P+ P9) —2ay (2P~ 3PS+ 3P4 —P) ] --- (26)

Ap=2a;
A;=—2a;—4a;—2a,
A,=5a;+2a,—4az+5ay
Az=2a,+6a3
A,=—5a;—4a;—6az—5a,

As=2a;+2a,+2as+2a,=2n
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0 <P<0.5 p=P Dl/dL x DlfeL
0.5<P<1 p=1—-P DL/dL x DL/el

Fisher {E# &

n d2 1
LP)= _—-?T(l—P-FPZ)aTP—élOg?(l-P-FPZ)

dR2

n pepyd —142P
5 I-P+P) a5 1—pip2
2(1—P+P2) — (—1+2P) (—1+2P)
A=P+p9)?
_n{(=2+2P—2P2) + (1—4P+4P?))
30—P+PY)
_n(—1-2P+2P?)
SO—P1Py

~g(1—P+P?)

d2L n d2 1
Ig (P) :W: —?(ZP—PZ) aﬁlog?(ZP—Pz)
d 2—-2P
dp 2P —P?
—2(2P—P2)— (2—2P) (2—2P)
(2P—P2)2
n{(4P 2P2) 4+ (4—8P+4P2)}
32P—P?2)
_n(4—4P+2P?)
3(2P—P2)

(2P P+

_E(ZP__PZ)

2
L(P) = ng E(I—Pz)d%ﬁlog%(lva)

—2P
dP1—-p2

no- —2(1—P?) +2P(—2P)

(1-P2) DL
n{(2 2P2) +4P2?}

3(1—P2)
_n(2+2P?)
T 3(1—-P?)

(I*P)

LP)=I;(P)
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Pk,

1(P) ZZIi(P) =2I; P)+1, P)+13 (P)
_n(—2—4P+4P2)+n(4——4P+2P2) +n(2+2P2)
T 3(1—-P+P?) 3(2P—P2) 3(1—P?)

— n
T3(1-P+P2) 2P—P?2) (1_P2)[(—2—4P+4P2) (2P—P2) (1—P2)
(4= 4P +2P?) (1=P+P2) (1= P2) + (2+2P2) (1—P+P?) (2P —P?)]

n
+ (4—4P+2P2?) (1-P+P2—-P2+P3-P9)
+ (1—P+P2) (4P —2P2+4P3—2P4)] oo (28)

T30-P+

28) X[ 1ADRER
% 1H: —4P+2P2+ 4p3—2pP*
—8P2+ 4P3+8P1— 4P5
+8P3—4P4— 8P5+4P6
— 4P —6P2+16P3+2P*—12P5+4P6

B2IH: 4—4P +4P3—4p*
—4P+4P? —4P*+4P5
+2p2—2p3 +2P5—2P¢
4—8P+6P2+2P3— 8P4+ 6P5—2P6

H3HE: 4P—2P%+ 4P3—2P*
—4P2+ 2P3—4P++2P>
+ 4P3—2P4+4P5—2P*¢
4P —6P2+10P3—8P4+6P5—2P¢
& &t 4—8P—6P2+28P3—14P*

Thebb,
1(p) 2.4 —8P—6P24 28P% — 14P*
3P2—-P)(1—-P2)(1-P+P?)

_2n(2—4P—3P2+14P3—T7PY)
3P(2-P)(1—P?) (1 P+P?)

Lo T,

V(P)= 1 _3P2-P)Q-P2)(1-P+P2
TIP) 2n(2—4P—3P2+14P3—7P%)

V(D) S V() o rveeeeememe e et (31)




AF Y ) ADRETF RO RFLP 0BESHC KT 57 1 ¥ ¥4 2BETFEOBE L HRIcET 5H% (Bt

C RLRMBICEVWTTA VY1 L2 BGCFELRBILEGTFELNERLTLBIBED
AR SO E S &

1. BULA#E, B-I& (1:1)x(1:1) wkiFsH8E L ARfioztEafhk

B-I1-(4)-(i)
-1 (1) RULHE, B-T& (1:1)x(1:1) 1ok 5 HiEHE & Mozt ahsk

1. Double coupling (1) (2)

Isozyme gene: D, d DFL DFL dfL Recombination value:

Isozyme gene: F, f dfl DFl1 dfl D-L;p, D-F;r

Lethal gene : L, 1 F-L;s

F) (S) p=r+s—2rs

(1) DFL , DFL

dfl DFl1

DFL DFl1 dFL DIL dFl Difl dfLL dfl
(1/2)  (A-r(-s) s(l-r) r(l1—s) rs s r(l—s) s(1-r) (-n{l-s)
{1/4}

(1/2)DFL ODDFFLL ODDFFL! @DJFFLL @DDFfLL (@DdFFLI @DDFfLl GDJFfLL (GDAFiLI
(I-1-s) s(-r) r(l-s) 1s ) r(1-s) s(t-r)  (-r(d-s)

(1/2)DFl ODDFFL! [ODDFFI] @DFFLI @DDFfLI [QDdFFI] [BDDFf] GDAFfLl [@DAFfl
(1-n{-s) |- r(1-s) 15 r(1-s) s(l-1)  [(I-n{-s)

[F—D-—LJ: Survived individuals P=(-p),R=(0-1r), S=({1-s)
P=R+S—-2RS, {2—R—-S+2RS}={2—~P}

Genotype Expected frequency Sum Sum and observed number

@ODDFFLL  (1-1)(1-s) RS FF Ff Sum
DDFFLI  (1-1)s R(1-S) R(14+S) DD R(1+9) 1-R)(2-S)  (1/3)(2—P)
DDFFLI __(}fr) (1-s) RS a

@DAFFLL  r(1-s) (1-R)S Dd (-R)1+S) R(2-9) (1/3)(1+P)
DAFFLI s (1-R)(1-S) (1-R)(1+S) ap

N DdFFLl  r(l-¢) (1—R)S___ ___ Sum (1/3)(1+S) (1/3)(2-9)

@DDFFLL r1s (1-R)(1-8) b bs n(3.0)
DDFILI  r(l-s) (I-R)S (1-R)(2-S) S=(2b,—b;)/n P=(2a;—ay)/n
DDFfLl 15 4-R)(1-S) VO)={1+9)2-9}/n V@ ={1+P)2-P)}/n

GDAFLL  (1-1)s R(1-S) V(s)=V(S) Vip)=V(P)

DdF{LI (I-r)(1-s) RS R(2-S) S.E. of s=+vV(s) S.E. of p=+V(p)
DAF{LI (1-1)s R(1-S)
Sum and observed number

[F—D—11]: Lethal individuals FF Ff Sum

Genotype Expected frequency DD R(-S) (1-R)S P

@FFDDI  (I-1)s R(1-S) a

@FFDdI IS (1-R(1-9) Dd (I-R)(1-S) RS (1-P)

@FDDI r(l-s) (1-R)S as

@FfDdIl (1-r)(1-s) RS Sum (1-S) S

bl bz n(l . O)
S=hy/n P=ay/n
V(S)=S(1—-S)/n V(P)=P(1—-P)/n
V(s)=V(S) V(p)=V(P)

S.E. of s=+vV(s) S.E. of p=+V{(p)
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B-1-(4)-(ii)
#£—1 (2) BLZ#A, B-18 (1:1)x(1:1) RTHHEHE - ERMOHEHE
1. Double coupling (1) (2)
Isozyme gene: D, d FDL FDL fdL Recombination value:
Isozyme gene: F, f fdl FD1 fdl D-L;p,D-F;r
Lethal gene : L, 1 F-L;s
(F) () s=p+r—2pr
(1) FOL , FDL
fdl FD1
FDL FD1 FdL fDL Fdl D1 fdL fdl
1/2) (Q-pQa-r pl-n r(l-p) r(1-p) pr p(l-r) (-p)(l-1)
{1/4}
(1/2)FDL QFFDDLL @QFFDDLI @FFDJLL @FfDDLL @FFDJLl @FfDDLI GF{DILL &F{DdLl
(1-p)1-n  pl-1) tl-p)  r(l-p)  pr pl-  (-p)-1n
(1/2)FDI OFFDDL] [OFFDDI] @FFDdL] @FfDDL] |QFFDdll |@FfDDl] GFIDILI |(@F{Ddl)
(1-p)1-1 [pl-n) r(1-p) r(1-p) b p(l-1)  [(1-p)(I-1)

[F—D—L]: Survived individuals

P=(1-p),R=00-r)

Genotype Expected frequency Sum Sum and observed number
(OFFDDLL (1-p)(1-r) PR FF Ff Sum
FFDDLI  (1-p)(1-r) PR (I+P)R DD (I+P)R (1I+P)(1-R)  (1/3)(1+P)
N FFDDLI p(i-1) (1—P)R____ a
@FFDALL  pr (1-P)1-R) (@-P)(1-R) Dd (2-P)(1-R) (2-P)R (1/3)(2-P)
FFDALl  pr (1I-P)(1-R) ap
_ FFDALl  t(1-p) PQA-R) Sum (1/3)(2-S)  (1/3)(1+9)
@FIDDLL  r(1-p) P(1-R) by by n(3.0)
FIDDLI 1- P(1-R 1+P)(1-R
FfDDLI ;(r P (1(—13) ()1~R) PR S=(2b,—b1)/n P=(2a;—az) /n
- VO ={1+9)2-9}/n VE)={1+P)2-P)}/n
@FDALL  p(1-1 (1-P)R VE)=V(S) V() =V(P)
FfDALI  p{(l-r1) (1-P)R (2-P)R _ _
FiDALL (1-p) (1-0) PR S.E. of s=+V(s) S.E. of p=+V(p)
o Sum and observed number
[F—D—11]: Lethal individuals F i Sum
Genotype Expected frequency-
BEFDDL 303 PR DD (-P)R (1-P)(1-R) a(111 P)
d3F{DDII pr (1-P)(1-R) as
@F{Ddll (1-pd-r) PR Sum S =S
b1 bz n(l 0)
S=b2/n P=a1/n
V(S)=SU—-S)/n V(®)=P(1—-P)/n
V(s)=V(S) Vip)=V®P)

S.E. of s=vV(s)

S.E. of p=+vV(p)
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B-T-(4)-(iii)

F-1 (3) RULHAE, B-T8 (1:1)x(1:1) k5 HEEE & QRlo8 Hik
1. Double coupling (1) (2)
Isozyme gene: D, d DLF dLf Recombination value:
Isozyme gene: F, f DIF dif D-L;p, D-F;r
Lethal gene : L, 1 F-L;s
(F) (8 r=p-+s—2ps
(1) DLF  DLF
dif DIF
DLF DIF DLf dIF Dif dLf dif
(1/2)  (1-p)(1-9) ps p(l—=s) s(1-p) s(l-p) p(l-—s) ps (1-p)(1-9)

{1/4}

(1/2)FDL ODDFFLL ODDFFLl @DJFFLL @DDFfLL (@DJFFLI @DDFfLI (GDJF{LL (®DdF{LI

(1-p)(1-9) ps

s(1-p) s(1-p) p(l—s) ps

(1-p) (I -s)

(1/2)FD! ODDFFLI [ODDFFl] @DJFFLI @DDFfLI [()DAFFl] [@BDDFA] (DAFLI

(1-p)(1-s) s(1-p) s(1-p) p(l-s) ps (1—)(1—s)
[F—D—LJ: Survived individuals P=(1—p), S=(1—s) R=P+S-2PS

Genotype Expected frequency Sum and observed number
(ODDFFLL  (t-p)(1-s)  PS FF Ff Sum
DDEFLL - (1-p)(i-s)  PS DD 2PS 2P(1-9) 1/3)(1+P)
DDFFLI  ps (1-P)(1-5) L (1-P)(1-S) (IEP)S «':El/
@DAFFLL pli-s  (-DS TR T T T Tt
DAFFLL  p(1-s) (1-P)S P((1~S)) P(S =9 ;2/ @B
@ﬁdﬁ;ﬁ Sg‘g ;’8‘3 Sum U9+ (/3=

s~ _

DDFILI  s(1-p) P(1-9) b bz n(3.0)

DDFfLl  pl-s) (l*P)? 777777 S=(2b;—by)/n P=(2a;—ay) /n
®DdFLL ;(;s e (1-P)(1-9) xiii{vﬂgf)@‘sn/” XEPD)):_{\(II(;f)(Z_P)}/n

DdFfLI 1-p)(1- PS - -

DFLL  ps | (-P)(-S) S.E. of 5= VV(s) S.E. of p=vV ()

] . 2P{S+(1-8)}+(1-P){S+(1-8)} =2P+ (1 - P) (1+P)
[F—D—11]: Lethal individuals 2(1-P){S+(1-8)} +PIS+(1—8)} =2(1—P) +P=(2-P)
Genotype Expected frequency (EF) ISP+ (1-P)} +(1=8) (P+(1—P)} =25+ (1_S)= (145)
Q@FFDDIl s (1-P)(1-) 2(1-8){P+ (1-P)}+S{P+(1-P)} =2(1-8) +S=(2-5)
QFFDdll s(1-p) P(1-S)

@FDDI p(1-s) (1-P)S Sum and observed number
@FDdl (1-p)(1-s) PS FF Ff Sum
DD (1-P)1-S) (1-P)S (1-P)
ai
Dd P(-8) PS P
az
Sum (1-S5) S
by b, n(1.0)
S=bi/n P=a;/n
V(S8)=S(1-S)/n V®)=P(O1-P)/n
V(s)=V(S) Vp)=V(P)
S.E. of s=+/V(s) S.E. of p=+V{(p)
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1) i) 5 HRHEE & ARE O EE

B-T-(4)-(i)
-2 (1)-1 RLAH#M, B-I& (1:2:1)x(1:1) iU B WIAHERE L B0 R
Fik
1. Double coupling (1)
Isozyme gene: D, d DFL DFL Recombination value:
Isozyme gene: F, £ dfl dF1 D-L;p,D-F;r
Lethal gene : L, 1 F-L;s
(F) (8 p=r+s—2rs
(1) DFL , DFL
dfl dFl
DFL DF1 DIL dFL Dfl dF1 dfL dfl
(1/2)  (A-ni-s) s{1-r) s r(1—s) r(1—s) rs s(l-r) (A-n(-s)
{1/4}
(1/2)DFL ®DDFFLL (ODDFFLI @DDF{LL @DdFFLL @DDFfLl @DAFFLI ®DAF{LL &DJF{LI
C(-p) (=009 (-p)(-ns (-p)rs  (-prl-s) (1-pir(l-s)  (-pirs  (1-p)(1-p)s (-pll-n(l-s)
DFl ODDFFLI [ODDFFI] @DDFfLl @DJFFLI |[ODDFfl] [BDdFFI] ®DJFLI
P _p(l—r)(l—s) p(l—_r)s”_ prs pr{l—s) pr(}:s) prs) p(l-1)s pEl_—_r)(l—s)
dFL @DJFFLL @DJFFLI GDJFfLL (DddFFLL ®DdF{LI (DddFFLl @®ddF{LL ®ddFfLl
) (_1__r_)§ s)  pll-1)s prs ___pr(l—s) pr(l-s) prs p(l—-1)s ) p(1-r)(1-s)
dFl @DJFFLl [BDAFF] GDAF{LI (DAdFFLI [@DJFfl] [®ddFFl] @ddFfLl
(1-p) U-pl-ni-s [I=p0-1g (-prs (-pr(-s) [I=pr-9] [(-pr (1-p)(A-D)s [(I-pll-0{-9
[F—D-L]J: Survived individuals P=(1-p), R=(1-1), S= (1—s)
P=R+S—2RS
Genotype Expected frequency
@ODDFFLL (1-p)(1-r)(1-s) PRS
DDFFLI p(1-r(1-s) (1-P)RS
DDFFLI  (1-p) (71: E)_s PR(}* S) )
@DJFFLL  (1-p)r(l—s) P(1-R)S
DAFFLI  (1-p)rs P(I-R)(1-S)
DAFFLl  pr(l-s) (1-P)(1-R)S
DAFFLL p(l-r)(1-s) (1-P)RS
DAdFFLI  p(l-1)s (1-P)R(1-9)
) DdFFLl (1-p)(1-1) (l—s)_ PRS
(DAdFFLL  pr(l1-s) (1-P)(1-R)S
ddFFLl  prs (1-P)(1-R)(1-9)
ddFFLI  (1-p)r(l—s) P(1-R)S L
@DDF{LL  (1-p)rs P(1-R)(1-S)
DDF{LI  prs (1-P)(1-R)(1-5)
DDF{LI1 (”7 pr(l-s) P(1-R)S
®DAFLL  (1-p)(I-1)s PR(1-S)
DdAF{L1 (1-p)(1-1)(1-s) PRS
DdFfLl  p(l-1)s (1-P)R(1-S)
DAFLL  prs 1-P)1-R)(1-9)
DAFfLl  pr{l-s) (1-P)(1-R)S
DdFfLl  (I-prs _PU-R)1-S)
®ddFfLL  p(1-1)s (1-P)R(1-S)
ddFfLl p(l—1)(1-s) (1-P)RS
ddFfL1 (1-p)(1-1)s PR(1-S)
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B-I-(4)-(i)
-2 (1)—2 RULHE, B-IH (1:2:1)x(1:1) s} 2 HEHEE & @HRModE
Hk
[(F—D—L—1: Survived individuals
FF Ff Sum of expected frequency and observed number
P=R+S—2RS P=R(1-S)+(1—-R)S
(I1-P)={RS+(1-R)(1-S)})

DD PRS P(1-R)(1-9) (I-P){RS+(-R)(1-S)} —(1—P)2
(1-P)RS P(1-R)S (1/3)(1-P+P?) +PR{S+(1-9)} —-PR
PR(1-9S) 1-P)(1-R)(1-5S) a; +P(1-R){1-S+S} —-P(1-R)

_ _ _ =(A-Pe4P=(a-P+PH

Dd P(1-R)S PR(1-S) PR{1-S+S} —PR
P(1-R)(1-9) PRS +P(1-R){S+1-S} —-P(1-R)
(1-P)(1-R)S (1-P)R(1-9) (1/3) (1+2P—-2P2) +P{RS+(1-R)(1-9)} —-P(1-P)
(I-P)RS 1-P)0-R)(1-9) +(1-P)0-R){1-S+S8} —>(1-P)(1-R)
(1-P)R(1-S) (1-P)(1—-R)S ap +(1-P)R{S+1-S} —-(1-P)R
PRS P1-R)(1-S) +(1-P){(1-R)S+R(1-8)} -(1-P)P

=1+2P-2P?

dd 1-P)(1-R)S 1-P)R(1-S) P{(1-R)S+R(1-5)} —p2
(1-P)A-R)(1-S) (1—-P)RS (1/3)(1-P+P%) +(1-P)(1-R){S+1-S} —(I-P)(1—-R)
P(1-R)S PR(1-9) a3 +(1-P)R{1-S+S} >(1-P)R

=(1—-P+P2)

Expected frequency
1/3)(1+8) (1/3)(2-9S) n (3.0

Observed number by b

(1-8){PR+P(1-R)+(1-P)R+(1-P) (1—-R)}

=(1-S){1}=(1-9)
28{PR+(1-P)R+P(1-R)+ (1-P)(1-R)}
=28{1}=2S
(1-S)+25=(1+9)

[F—D—11]: Lethal individuals

S{P1-R)+PR+(1-P)(1I-R)+ (1-P)R}
=S{1}

2(1-8){PQ-R)+ (1-P)1~R)+PR+ (1-P)R}
=2(1-9S)

S+2(1-8)=(2-9)

Genotype Expected frequency Sum and observed number
DDFFIl p(l1-r1)s (1-P)R(1-S) FF Ft
DdFFll  (1-p)(1-r)s PR(1-S) DD (1-P)R(1-S) (1-P)(1-R)S P(1-P)
DAFFIl  prs 1-P)Q-R)(1-S) a
ddFFll  (1-p)rs P(1-R)(1-9) Dd PR(1-S) (1-P)RS 1-2P+2p2
DDFfll  pr(1—s) (1-P)(1-R)S (1-P)(1-R)(1-S) P(1—-R)S ap
DdFfli  p(1-1r)(1-s) (1-P)RS dd PU—-R)(1-9) PRS P(1-P)
DdFflI  (Q-pr(1—s) P(1-R)S Sum 1=s) S
ddFil 1-p) -1 (1— S N

S:bl/n (31+3.3) - (231+2&2+233)P+ (2a1+2a2+2a3) P2=0

0 <S 0.5 s=S
0.5<S<1.0 s=1—S FL/fl

Fl/iL 0 <P 0.5 p=P Dl/dL

0.5<P<1.0 p=1—P DL/dl

V(S)=S(1—-S)/n
V(s)=V(S)
S.E. of s=+V(s)
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B-I-(4)-(ii)
£-2 (2)-1 FULEZHH, B-IH (1:2:1)x(1:1) B0 5 HARE L ARMOHE
Hk
1. Double coupling (2)
Isozyme gene: D, d FDL y FDL Recombination value:
Isozyme gene: F, f fdl Fdl D-L;p,D-F;r
Lethal gene : L, 1 F-L;s
) &) s=p+r—2pr
(2) FDL , FDL
fdl Fdl
FDL FD1 fDL FdL iD1 Fdl fdL fdl
(1/2) 0-p{-r pl-r (1-p)r pr pr (1-pr pQd-r) {I-p)1-1)
{1/4}
(1/2)FDL ODDFFLL QFFDDL] @FfDDLL @FFDALL (@FfDDLI @FFDdLl ®FfDdLL ®FfDALL
_(-p)  (-p1-n) pl-p-r) (-pfr  p(-pr  pll-pir  (-pr p(1-p)(1-1) (1-p}*(1-1)
FDI (DDDFFLI @FDDLI @FFDALI [OFDDI] [BFFDAI] GFfDLI [@FDdIl
1 p(_l_‘_p_)_(l—r) _p(l—p)r N 1] m pi-r)  pl-p{-n}
FdL @DJFFLL @FFDdLI ®FfDILL (@FFddLL GF{DAL] (@FFddLl @®FfddLL ®FfddLl

~p_ al-pl-p  p-n  pl-pr pr pr p(l-pr  pi-n  p-p)Q-1)
Fdl @DAFFLI @FFDdlﬂ G®F{DAL] (@FFddLl [@FTD—dm ®FFddll] ®FfddLl |@Ffddll
(1-p) (-pi-r pl-p-rj (0-p)r p(l-pr p(1-pr] 1-p)d  pl-p)(1-1) |(1=-p?1-1)

[F—D—LJ: Survived individuals P=(1—p), R=(-1), S= (1-—9)

S=P+R—-2PR
Genotype Expected frequency
@FFDDLL (1—-p)2(1—1) PZR
2FFDDLI  2p(1—p)(1—-1) 2P(1-P)R
@FFDALL p(l—-p)r P(1-P)(1-R)
FFDdLI (1-p)%r P2(1—-R)
FFDALl p%r (1-P)2(1—R)
FFDALL p(—p)(1-r1) P(1-P)R
FFDALL p2(1—1) (1-P)?2R
) FFDdLI (1-p)2(1—r1) P2R2
@DFFdALL  p?r (1—-P)2R
2FFddLl  2p(1 -pr_ 2P(1-P)(A-R)
@FDDLL (1—p)?r P2(1—-R)
2FfDDLI  2p(1—p)r 2P(1-P)(1—-R)
GFDILL  p(—p)r P1-P)(1-R)
FfDdLl (1—p)?r P2(1—R)
FfDdL1 p’r (1-P)2(1—R)
FDALL p(1—p)(1—r1) P(1-P)R
FfDdL1 p2(1—r) 1-P)2R
. FfDdLI (1-p)2(1—r1) P2R
@®FfddLL  p2(1—1) (1-P)2R
2Ffddll  2p(1—p)(1—r) 2P(1-P)R
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B-TI-(4)-(ii)

£-2 (2)-2 RUZHA, B-IH (1:2:1)x(1:1) iR} 5 RHAE & GO

Ttk

[F—D—L—17: Survived individuals S=P+R—-2PR
FF Ff Sum of expected frequency and observed number

DD PR P2(1-R) (1/3) (2P—P2) P24+2P(1—-P)

2P(1-P)R 2P(1-P)(1-R) a =P2+2P—2P?

) =(2P-P2) B )

DdP(1-P)(1-R) P(1-P)(1—-R)

P(1-P)R P2(1-R) 2P(1—-P)+2P2+2(1—P)?

PR (1-P)2(1-R) (1/3)2(1—P+P2) =2P—2P%+2P2+2—4P +2P2

(1-P)2R P(1-P)R D) =2(1-P+P2)

(1-P)2(1-R) (1-P)2R

P2(1-R) P2R
dd 1—P)2(1-R)S (1-P)?2R 1/3)(1—P2) (1-P)2+2P(1-P)

2P(1-P)(1-R) 2P(1-P)R a3 =1—-2P+P2+2P—2P?

=(1-P?)

Expected frequency

(1/3) 2-S) (1/3)(1+9) n (3.0
Observed number b by

R{P2+3P(1-P)+P*+ (1-P)2}
=R{P?+3P-3P2+P2+1—2P+P2}

=R(1+P)

(I-R){P?+3P(1-P)+2(1-P)2}
=(1-R){P?+3P—3P?+2—4P+2P2}

=(-R)(2-P)

R(1+P)+(1-R)(2-P)

=2-P-R+2PR
=(2-8)

[F—D—11]: Lethal individuals

(1-R){P>+3P(1-P)+P2+(1-P)2}
=(1-R){P?+3P—3P2+P2+1~2P+P?}

=(1-R)(1+P)

R{P?+3P(1-P)+2(1-P)%}
=R{P2+3P—3P2+2—4P+2P?}

=R(@2-P)

(1-R)(1+P)+R(2-P)
=1+P+R—-2PR

=(1+5)

Genotype Expected frequency Expected frequency and observed number
FFDDIl p2(1-r1) (1-P)2R FF Ff Sum
FFDAl p(l-p)r P(1-P)(1-R) DD (1-P)?R (1-P)2(1-R) (1-P)2
FFDdll p(1-p)(1-r1) P(1-P)R a
FFddll  (1-p)r P2(1—-R) Dd P(1-P)(1-R) P(1-P)R 2P(1-P)
FIDDIL  pr (1=P)2(1-R) P(1-P)R P(1-P)(1-R) 2
FfDdll p(1-p)(1-r) P(1-P)R dd P2(1-R) PR P2
FfDdll p(l-p)r P(1-P)(1-R) a
—5)2(]— 2
Ffddll (I-p)2(1-r) PZR Sum S (1-s)
Obs. number b b, n(1.0)
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B-I-(4)-(iii)

£-92 (3)—1 FRLETHERN, B-TH (1:2:1)x(1:1) kT3 HAHE L HRMOHE
Ttk
1. Double coupling (2)
Isozyme gene: D, d DLF % DLF Recombination value:
Isozyme gene: F, f dif diF D-L;p,D—-F;r
Lethal gene : L, 1 F—-L;s
(F) (S) r=p+s—2ps
(3) DLF  DLF
dif diF
DFL DFl DiIL dFL Dil dF1 dfL. dfl
(1/2)  (1-p)l-s) ps (1-p)s  p(l-s) pQa-s) (A-p)s ps (1-p)(1-s)
{1/4}
(1/2)DFL @®DDFFLL (ODDFFLI @DDF{LL @DAFFLL (@®DDF{Ll @DAFFL] (GDJF{LL &DdF{LI
~(=p) (-pil-s) p(1-ps (l-p)s  pl-p)(I-s) p(l-p)(1-s)  (1-p)’s _p-p)s  (1-p)*(i-s)
DF1 (ODDFFLL @DDF{Ll @DJFFLI [ODDFfl] [BDJFFl]l ®DAF{Ll |@DJFfl]
_p pl-plzy) pl-ps s pOs]  pU-pd  ps  pUops)
dFL @DJFFLL @DAFFL] GDAFfLL (@ddFFLL &DJFfLl (@ddFFLI ®ddFfLL ®ddFiLl
_____ P pl-pli-s) ps  pl-ps  pHl-s) pli-s)  pll-p)s  ps  p-p)i-s)
dFl @DdFFLl |[@®DdFFl] ®DAFfLI (DAdFFLI [@DdFfl] [®ddFFl] ®ddFfLl
(1-p) (1-pil-s) [p-p)s (1-p%  p(-p)(i-s) pl-p(-s)] [(-p%  pU-ps [1-p?U-9)

[F—D—L]: Survived individuals P=(1—p), R=(-1), S=(1-5)

R=P+S5-2PS
Genotype Expected frequency
(ODDFFLL (1—p)2(1—s) pPzS

DDFFLI p(1—p)s P(1—-P)(1-9)
__DDFFLL p(1-p)(1—s) P-P)S
@DJFFLL p(-p)(1-s) P(1-P)S

DAFFLI p?(1—s) (1—-P)%8

DAFFLI  (1—p)3s P2(1-9)

DAFFLL p(1—p)(1—s) P(1-P)S

DAFFLL p?%s 1-P)2(1-S)
_DdFFLL  (-p)®(l—s) PSS
(DAAFFLL  p%2(1—s) (1-P)?%S

ddFFLI p(1—p)s P(1-P)(1-9)

B ddFFLI N p(1—p)(1-s) P(_lj P)S . B
@DDFILL (1—p)3s P2(1—-9)

DDFfLl p(1—p)s P(1-P)(1-9)
__DDFle p(l_jp)(1~s) P(l—lf}_S )
GDAFLL p(—p)s P1-P)(1-9)

DdF{LI (1-p)2(1—s) P2s

DdFfLl  p?%s 1-P)2(1-9S)

DdFLL  p(1—p)s P1-P)(1-9)

DdFfL1 (1-p)3s P2(1-9S)

DdFfLl  p%2(1— s)_ iiiiiiiiiiiii (_ 1_:?_)_2_5_ ___________
®ddFfLL  p2s (1-P)2(1-9)

ddFfLl p(1—p)s PO-P)(1-S)

ddFfli  p(1—p)(1—s) P(1—-P)S
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B-T-(4)-(iii)

F-2 (3)—2 RULAZ#A, B-IH (1:2:1)x(1:1) k75648 L flfiostE
ik
[F—D—L—1]: Survived individuals

R=P+S-2PS

FF Ff Sum of expected frequency and observed number

DD P2S P2(1-S) (1/3) (2P—P2) P2+2P(1-P)

P1-P)(1-S) P(1-P)(1-9) a =P2+42P—-2pP?
. P(I—EZS L P(1-P)S B =(2P_—P2) ___________
Dd P(1-P)S P(1-P)(1-9)

(1-P)2S P2 2P(1-P) +2P2+2(1—P)2

P2(1-S) 1-P)2(1-9) (1/3)2(1—P+P2) =2P—2P2+2P2+2—4P+2P?

P(1-P)S P(1-P)(1-9) ay =2(1-P+P2)

(1-P)2(1-S) P2(1-S)

P2S (1-P)2S
da (1-p)2S (1-P)2(R(1-9) (1/3) (1—-P?) (1-P)2+2P(1—P)

P1-P)1-9) P(1-P)(1-95) a3 =1-2P+P242P—-2P2

P(1-P)S P(1-P)S =(1-P2?)
Expected frequency

(1/3) 1 +S) (1/3) 2-8) n (3.0)
Observed number b, b,

(1-S){P2+2P(1—-P)+ (1-P)%}
=(1-S){P?+2P—-2P2+P2+1 —2P+P2}

={1-9){1}

S{P2+2P(1-P)+(1-P)%}
=S{P2+2P—2P2+1—2P+P?}

=5{1}

S{2P2+4P(1—P)+2(1-P)%}

(1-8){2P?+4P(1-P)+2(1-P)2}

=S{2P2+4P —4P?+2—4P+2P?}

=S5{2}=28
(1-5)+2S=(1+59)

[F—D—11]: Lethal individuals

=(1-S5){2P?+4P—4P2+2—4P+2P%}

=(1-8){2}=2(1-5)
S+2(1-8)=(2-9)

R=P+S-2PS

Genotype Expected frequency Expected frequency and observed number
DDFFll pZ (1-P)2(1-S) FF Ff  Sum and observed number
DAFFIl p(1-p)s P(1-P)(1-S) DD (1-P)2(1-S) (1-P)2S (1-P)2
DdFFll p(1—p)s PA-P)(1-S) a
ddFFIL  (1-p)’s P2(1-9) Dd 2P(1-P)(1-S)  2P(1-P)S 2P(1-P)
DDFfll p2(1—s) (1-P)2S a
DdFfll  p(I1-p)(1—s) P(1-P)S dd P(1-S) P2S P?
DAFfll p(l-p)(1—s) P(1-P)S 4
ddFfll (1-p)2(1-s) P2S Sum (1-5) S

Observed number by by n(l.0)




HAEHE IS '93

3. RLA#A, B-IIA (1:1:1:1)x(1:1) k325K L ARMOESE
B-I-(4)-(i)

*£—-3 (1)—1 BFEULEZEM, B-IA (1:1:1:1)x(1:1) k75 H&EHE L ARfo
FHET
1. Double coupling (1)
Isozyme gene: D, d, e DFL % DFL Recombination value:
Isozyme gene: F, f dfl eFl D-L;p,D-F;r
Lethal gene : L, 1 F-L;s
F) (S) p=r+s—2rs
(1) DFL DFL
dfl eFl
DFL DFl1 DIL dFL Dfl dF1 dfL dfl
1/2) (Q-n{l-s) s{1-r1) s r(1—s) r(1—s) s s(l1—-r) (A-r)(i-s)
{1/4}
(1/2)FDL @ODDFFLL (ODDFFL! (@DDFfLL @DAdFFLL @DDFfLI @DJFFLl ®DJF{LL &DdF{L]

(1-p) (-pU-nl-¢ A-p)-ns (A-prs  (=-pr(l-s) U-pr(l-s) (-prs (A-p)I-1)s (-pil-1){I-3)

" FD! ODDFFL! [@DDFFI] @DDFfLl @DJFFLI [ODDFll [BDAFFl] ®DAFILI -

o pU-0(-s) pl-oy  ps  prl-y)  prll=s) brs  pl-ns  pl-n-s]
"~ eFL @DeFFLL @DeFFLI (®DeFfLL (deFFLL GDeFiLl (deFFLI @®deFfLL ®deFfLl

) p(l-r)(1-s) p(-1s prs pr(l—s) pr(l—s) pIs p(l-t)s  p(-r)(1-s)

"~ eFl @DeFFLI GDeFfLl (DdeFFLI [@DeFAl] [deFFl] ®deFiLl (@deFfl]

(1—p) (-pl-nl-y [=pU-ng (-pirs (1-pr(i-s) [I-pr-s)] [A-pr] -p)-1)s [I-pl-1{-s]

[F—D—L]: Survived individuals

P=(1-p), R=(1-1),S=(1—5)

Genotype Expected frequency
(ODDFFLL  (1-p)(1-1)(1-s) PRS
DDFFLl  (1-p)(1-1)s PR(1-9S)
__DDFFLI  p(-1)(I-s) (I-PRS
@DAFFLL  (1-p)r{l-s) P(1-R)S
DAFFL]  (1-p)rs P(1-R)(1-S)
DAFFLl  pr(1-s) ) (1-P) (E*R)S
@DeFFLL  p(1-r1)(1-s) (1-P)RS
DeFFLL p(l-1)s (1-P)R(1-S)
,,_DEFFLI (1-p)(1-1)(1-s) PRS .
(DdeFFLL  pr(l-s) (1-P)(1-R)S
deFFLI  prs (1-P)1-R)(1-9)
‘_El_eF_F_Ll (1-p)r(1-s) _Iz(l—R)S
@DDFILL  (1-p)rs P(1-R)(1-9)
DDFfLl  (1-p)r(1-s) P(1-R)S
DDFLl prs (1-P(1-R{1-5)
®DdFILL  (1-p)(1-1)s PR(1-S5)
DAFfLI  (1-p)(1-1)(1-s) PRS
DdFfLI p-ns (1-P)R(1-S) L
®DeFfLL  prs (1-P)(1-R)(1-9)
DeFfLl  pr(l-s) (1-P)(1-R)S
DeFl_(-pirs PURUS
®deFfLL  p(1-1)s (1-P)R(1-9S)
deFfLl p(l-r)(1-s) (1-P)RS
deFfLl (1-p)(1-1)s PR(1-S)
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B-M-(4)-(i)

#-3 (1)-2 RULAZHR, B-IA (1:1:

HEES
[F—D—L—1]: Survived individuals

1:1)x(1:1) iR »EEE - fiffo

P=R+S—-2RS
{RS+R(1-9)+(1-R)S+(1-R)(1-9)}={1}

FF Ff Sum of expected frequency and observed number
DD PRS P(I-R)(1-S) (1/3)(1-P+P2) PRS+R(1-S)+(1-R)S+(1-R)(1-9)}
PR(1-S) P(1-R)S a =P{1}=P
(1-P)RS (1-P)(1-R)(1-5) (1-P){RS+(1-R)(1-9)}=(1-P){1-P}=(1-P)?
_____ L P+(1~§’22_=(1—P+P2) o
Dd P(1-R)S PR(1-S) P{RS+R(1-S)+(1-R)S+(1-R)(1-9)}
P(1-R)(1-S) PRS (1/3) (2P-P2) P{1}=P
(1-P)(1-R)S (1-P)R(1-9) a (1-P){(1-R)S+R(1-9)}=(1-P) {P}=P(1-P)
L L L . L P+P(1-P) =7(;27P:P2) iiiii
De (I-P)RS (1-P)(1-R)(1-S) (1-P){RS+(1-R)S+R(1-8)+(1-R) (1-8)}
(I-P)R(1-9) (1-P)(1-R)S 1/3)(1-p2) =(I-P){1}=01-P)
PRS P(1-R)(1-S) ay P{(1-R)S+R(1-9)}=P(1-P)
N N (1~P)+P(l_—P)=(1~P2) _____________
de (1-P)(1-R)S (1-P)R(1-9) (1/3) (1-P+P2) P{RS+R(1-S)+(1-R)S+(1-R)(1-95)}
(1-P)1-R)(1-5) (1-P)RS ay =P{1}=P
(1-R)S PR(1-S) (I-PY{RS+(1-R)(1-9)}=(1-P) {1-P}=(1-P)?
o . L il 5
Expected frequency
(1/3)(1+S) (1/3)(2-9)
Observed number by b n (3.0

(1-S){PR+P(1-R)+(1-P)R+(1-P) (1-R)}

=1-9){1}=01-9)

S{2PR+2P(1-R) +2(1-P)R+2(1-P) (1-R)}

=5{2}=28
(1-8)+28=(1+S)

[F—D—11]: Lethal individuals

S{PR+P(1-R)+(1-P)R+(1-P) 1-R)}
=S{1}=S

(1-8){2PR+2P(1-R)+2(1-P)R+2(1-P) (1-R)}
=(1-9){2}=2(1-9)

S+2(1-8)=(2-9)

Genotype Expected frequency Expected frequency and observed number
DDFFlIl p(1—-r1) (1-P)R(1-9) FF Ff  Sumand observed number
DAFFI  prs (1-P)(0-R)(1-S) pp (1-P)R(1-S) (1-P)(1-R)S P(-P)
DAFFIl (1-p)(1-r)s PR(1-9) a1
ddFFll  (1-p)rs PA-R)(1-9S) Dd (1-P)(1-R)(1-S) (1—P)RS (1-P)2
DDFfll  pr(i—s) (1-P)(1-R)S a
DAFfll  p(1—r)(1—s) (1-P)RS De PR(1-5) P(1-R)S P
DAFfll (1-p)r(l—s) P(1-R)S a3
ddFfil (1-p)(1-r)(1—s) PRS de POI—-R)(1-S) PRS P(1-P)
ay
Sum 1-S) S
Observed number by b, n(l.0)
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B-M-(4)-(ii)
£-3 (2)—1 FRULHR, B-IIA (1:1:1:1)x(1:1) kT 2EHRE L ERHO
SHEAE
1. Double coupling (2)
Isozyme gene: D, d, e FDL FDL Recombination value:
Isozyme gene: F, f fdl Fel D-L;p,D-F;r
Lethal gene : L, 1 F-L;s
(F) (S) s=p+r—2pr
(2) FDL  FDL
fdl Fel
FDL FD1 FdL fDL Fdl fD1 fdL fdl
(1/2)  (-p)d-r p{d-r) pr r(l-p) r(1-p) pr p(l-r) (A-p)(d-1
{1/4}
(1/2)FDL OFFDDLL OFFDDLI @FFDJLL @F{DDLL @FFDdLI @F{DDL] GFfDALL GF{DdLl
(1-p) (-pr(-1) pU-p)(l=1) p(l-p)r  (=p)r  (-pr  pl-pr pl-p-n {(-p?l-1)
FD! QFFDDL! [@FFDDIl @FFDdLl @F{DDLI [@FFDdll [3FDDI] ®FfDdALL l@FDdll
~p p-pl-p  pfU-D) s pll-pr  p-pr pr  pU-n  pl-p)-1
eFL @FFDeLL @FFDelLl GFFDeLL (FfDeLL @®FFdell @FfDeLl ®FfdeLL (@®FfdeLl
p_ ol-p(-n pi-n)  pr pll-pr  pll-pir pr pl-r)  p(-p)(-1)
eFl @FFDELl (3FFDEl] GFFdell @FfDell |®FFdell] |®Fﬂﬂ @®FfdeLl |@Fidell
1-p) (-p-n pU-—pG-r] p-pr  (-px  [(=p4  pl-p pl-p(-1) [(-p*1-1)

[F—D—L]: Survived individuals

P=(1-p),R=01-1),S=(1—s)

S=P+R—-2PR
Genotype Expected frequency
@FFDDLL (1-p)2(1—r) PR
FFDDLI p(—-p)(1—r) P(1—-P)R
FFDDLI p(l_—p) U_fr) P(1-P)R
@FFDALL  p{l-p)r PU1-P)(1-R)
FFDALl pr (1-P)2(1—R)
FFDALI  (1—p)?r (1-P)2(1-R)
@FFDeLL p(1-p(1-r1) P(1-P)R
FFDeLL p2(1—1) (1-P)2R
N FFDell (1—p)2(1—1) _ﬁPZR
(@FFdeLL  p?r (1-P)2(1—-R)
FFdell p(Q—p)r PO1-P)(1—-R)
FFdeLl A_p(lﬂp)r P(le) (1—R)
@FDDLL (1—-p)2r P2(1—R)
FIDDLI p(—p)r P(1-P)(1—-R)
) FIDDLl p(—p)r PQ1 f_@ (1—R)
GFDILL p(1—-p)(1—r1) P(1-P)R
FfDdLI p2(1—r1) (1-P)2R
FfDdLI (1-p)2Q1 —}‘2” _l:fg B
GFfDelL  p(1—p)r POA-P)(1—-R)
FfDell  p?r (1-P)2(1-R)
FfDell (1—p)?r P2(1—R)
®FfdeLL.  p2(1—r1) (1-P)2R
FtdeLl pd—p)(1—-r) P(1-P)R
FideLl pd—p)1~-r) P(1-P)R
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B-M-(4)-(ii)
F-3 (2)-2 RULHM, B-IIA (1:1:1:1)x(1:1) k32 HE5EE L Siio
SR
[F—D—L—1: Survived individuals S=P+R—-2PR
FF Ff Sum of expected frequency and observed number

DD P2R P:(1-R) (1/3) (2P—P2) P2{R+1—R} =P

P1-P)R PO-P)(1-R) a 2P{R+1—R}=2P
__PU-PR  PQ-PIO-®) =QP+PY)
Dd P(1-P)(1-R P(1-P)R P(1-P){R+1-R}=P(1-P)

(1-P)2(1—-R) (1-P)2R (1/3)A-P+P2) (1-P)2{R+1-R}=(1-P)2

P2(1-R) PR ap P2{R+1-R}=P?

e PTPUHIT2PAPNPI=(-P4PY)

De P(1-P)R P(1-P)(1-R)

(1-P)2R (1-P)2(1-R) (1/3)1—P+P2)

PR P2(1-R) a3 =(1-P+P2)
de (1-P)2(1—-R) (1-P)2R (1-P)2{R+1-R}=(1-P)?

P(1-P)(1-R) P(1-P)R (1/3)(1—P?) 2P(1-P){R+1-R}=2P(1-P)
. P(1-P) (I*R)__ P(_l_—P)R . 1~2P+P2747-V2_I:—2P2 =1-p
Expected frequency

(1/3)(2—-S) (1/3)(1+8)
Observed number b, by n (3.0

R{2P?2+3P(1-P)+ (1-P)%}
=R{2P?+3P—3P2+1—2P+P2?}
=R(1+P)

(1=R){P2+3P(1-P) +2(1-P)2}
= (1-R) {P2+3P—3P?+2—4P+2P?}
=(1-R)(2-P)

R(1+P)+(1-R)(2-P)
=2—-2R—-P+PR+R+PR
=2—-P—-R+2PR=(2-9)

[F—D—11]: Lethal individuals

(1-R}{2P?4+3P(1-P)+(1-P)2}
=(1—-R){2P2+3P—3P2+1—-2P+P2}
=(1-R)(1+P)

R{P2+3P(1-P)+2(1-P)2}
=R{P2+3P—3P2+2—4P+2P2}
=R(2—P)

(1-R)(1+P)+R(2-P)
=1+P-R—-PR+2R-PR
=1+P+R—-2PR=(1+5)

Genotype Expected frequency Sum of expected frequency and observed number
FFDDI p2(1-1) (1-P)2R FF Ff  Sum of EF and obs. number
FFDdl p(-p)r P(1-P)(1-R) DD (1-P)2R (1-P)2(1-R) (1-P)2
FFDell p(1-p)(1-r) P(1-P)R a
FFdell (1-p)& P2(1-R) Dd P(1-P)(1-R) P(1-P)R P(1-P)
FfDDIl p% (1-P)2(1-R) 2
FDAl p(—p)(1—r) P(1-P)R De P(1-P)R PO1-P)(01-R) PU-P)
FfDell p(l1—p)r P(1-P)(1-R) ’ as
Fidell  (1-p)2(1-1) PR de P2(1-R) P‘R 1: ’
4
Sum of EF S (1-9)
Observed number by by n(1.0)

R{(1-P)2+P(1-P)}
+(1-R){P2+P(1—-P)}
=R{1-P}+ (1—-R){P}
=P+R—-2PR=S

(1-R){(1—-P)2+(1-P)}
+R{P2+P(1-P)}
=(1-R){(1—-P)+R{P}
=1-P-R+2PR=(1-9)
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B-T0-( 4)—(iii)
%3 (3)—1 FRUZHR, B-IH (1:1:1:1)x(1:1) &k} 2HAE L ARMHO

FEAE
1. Double coupling (3)
Isozyme gene: D, d, e DLF N DLF Recombination value:
Isozyme gene: F, f dif elF D-L;p,D-F;r
Lethal gene : L, 1 F-L;s
@) () r=p+s—2ps
(3) DLF _ DLF
dif elF
DFL DF1 dFL DiL dF1 Dil dfL dfl
(1/2)  (1-p-9) ps p(i—s) s(l-p) s(-p) pQd-s) ps (1-p)(1-s)
{1/4}

(1/2) DFL ®DDFFLL @ODDFFLI @DdFFLL @DDF{LL @DJFFLI @DDFfLl GDJF{LL &DdF{L!
(1-p) (-pii-s) p-ps pl-pl-s) (1-p)s (1-p%  p(-pl-s) pl-ps (1-p)(l-s)

DF1 ODDFFLL @DAFFLI @DDF{Ll [QDdFFl] [@DDFfl] GDAFiLI
p p-pl-s P p0-9  pl-ps  pl-py [l ps (=03
eFL @DeFFLL @DeFFLI (GDeFFLL (@DeFfLL (GDeFFLI (@DeFill ®deFfLL (@®deFfLl
p_ pl-p-s) ks pi=s)  pli-pls  pl-ps  p(l-9) s pll-n)(i-s)

eFl @DeFFLl [(3DeFFll ®deFFLl (@DeFfLl [@DeFF11| @DeFfE ®deFfLl  |@deFfll
1-p) 0-p2Q-v pl-pd p-p-s) (1-p)s [(1-p)% PpU-p-s)] pl-ps [1-p)?(-s)

[F—D—LJ: Survived individuals P=(1—p), R=(1-r),S=(1—5s)

R=P+S—-2PS
Genotype Expected frequency
@ODDFFLL (1—p)2(1—s) P2S
DDFFLl p(1—p)s P1-P)(1-9S)
_ DDFFLI p(1—p)(1—s) PO-P)S
@DAFFLL  p(1-p)(1-s) P(1-P)S
DdFFLI  (1—p)3%s P2(1-9S)
) DdFFLI  p2(1—s) (1-P)2s
@DeFFLL p(1—p)(1—s) P1-P)S
DeFFLL p?s 1-P)2(1-9S)
DAFFLI  (1—p)2(1—s) P2sS B .
(®deFFLL  p2(1—s) (1—-P)2S
deFFLI p(1—p)s PO-P)(1-S)
“El_eFjFLl p(1—p)(1—s) P(1-P)S B
@DDFILL  (1—p)3s P2(1-S)
DDFLI  p(1—-p)(1—s) P(1—-R)S
DDFfLI p(1—p)s 7]5’(1—P) 1-S)
G®DAFLL  p(1—p)s P(1-P)(1-9)
DdAFfL1 (1-p?)(1—s) P2S
___D_(IFle pz_s_ (1-P)2(1—-9S)
@DeFfLL p(1—p)s P1-P)(1-9)
DeFfL1  p2(1—s) (1—-P)28
B DeFfLl (1—p)2§"7 P2(1-9S) )
®deFfLL  p3s 1-P)2(1-9)
deFfL1 p(1—p)(Q—s) P(1-P)S
deFfLI p(1—p)s PO-P)(1-S)
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B-~(4)-(ii)
F—3 (3)—2 RULZHAH, B-IA (1:1:1:1)x(1:1) ks EHE L fifafo
B
[F—D—L—1: Survived individuals R=P+S-2PS
FF Ff Sum of expected frequency and observed number

DD P2S Pz2(1-S) (1/3)(2P—P?) P2{S+1-S}=P?

P(1-P)(1-9) P(1-P)S a 2P{S+1-S}=2P

P(_I:P)S 77777 rA-PCA-8) =(@P+pP?)
DA P(1-P)S P(1-P)(1-S) P(1-P){S+1-S}=P(1-P)

(1-P)28 1-P)2(1-S) (1/3) A—P+P?) (1-P)¥S+1-S}=(1-P)2

P2(1-S) P2S ap P?{S+1—-S}=p?

- o POPPR1OPAPIAP =(1-P+P?)

De P(1-P)S PO-P)(1-9)

(1-P)2(1-8) (1-P)%S (1/3) 1—P+P?)

P2s P2(1-9S) az =(1—-P+P?)
de (1-P)2S 1-P)2(1-S) (1-P)2{S+1-S}=(1-P)?

P(1-P)(1-S) P(1-P)S (1/3)(1-P%) 2P(1-P){S+1-S}=2P(1-P)

P(1-P)S P(l—P_)_(_l_—S) - ay 172P_ﬂ’2+2P—2PZ =(1—_I_’2_) _______
Expected frequency

(1/3)(1+8) (1/3)(2-8)
Observed number by by n (3.0

(1-S){2P(1-P) +P2+ (1—P)2}
=(1-8){1—2P+P2+P2+2P—2pP2}
=1-5){1}=01-9)

S{2P2+4P(1-P)+2(1-P)2}
=25{1—2P+P2+P2+2P—2P2)
=28

(1-S)+25=01+S)

[F—D—1i]: Lethal individuals

S{2P(1-P)+P2+(1-P)%
=5{1—-2P+P2+P2+42P-2P?}
=S5{1}=S

(1-S){2P2+4P(1-P) +2(1-P)2}
=2(1-8){1—-2P+P?+P2+2P—-2P?}
=2(1-5)

S+2(1-5)=(2-9)

Genotype Expected frequency Sum of expected frequency and observed number
FFDDIl p? (1-P)2(1-S) FF Ff  Sumand observed number
FFDdAll p(1-p)s P(1-P)(1-9) DD (1-P)2(1-S) (1-P)?S (1-P)2
FFDell p(1—p)s P(1-P)(1-S) a
FFdell (1-p)% P2(1-S) Dd P(1-P)(1-9) P(1-P)S P(1-P)
FfDDIl  p?(1—s) (1-P)2S a
FfDAl p(1—p)(1—s) PU-P)(1-8) De P(1-P)(1-9) P(1-P)S P(1-P)
FfDell p(1-p)(1—s) P1-P)(1-9) a3
Ffdell (1-p)2(1—s) PzS de P2(1-8) P2s P
ay
Sum 1-9) S
Observed mumber by by n(1.0)

(1-S){P+(1-P)2+2P(1-P)}  S{P*+(1-P)2+2P(1-P)}
(1-S){P?+1-2P+P24+2P-2P%  =S{P2+1-2P+P2+2P-2P?)}
(1-5) =5
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(5-1z(—D] -DseE-1) [E-DE-DI [C-DsE-DI] -DsE-DI

25— (A=D1

(s=DS:(1-1)

z2(8—Dz(3-1)

(s—-DE-D

(I37PP$D] I'IPP® (33PAd) [34PP&D) IHPA® I34rP@ 3dPAD)] 34Pd® 3P
(s—D)sz(1—-1) Se(3—1)  (s—DsE-D1 SE-T SE-DI (-Ds@E-14 Se(P-1)  (§—Ds(I-T) (I-Ds
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S-1-(4)-
-4 (1)—2

(1)

Jitk

Isozyme gene: D, d, F, f

Embryonic

lethal gene: L, 1
Recombination value:

D—
D—
F__

F.r
L:p
L:s

BAER, S-T# (1:2:1)x(1:2

Selfing
DFL
dfl

p=r+s—2rs
P?2=(1-p)% R?=(1—1)2, $?=(1—s)?
P=R+S5—-2RS

[D—F—L—1: Survived individuals

1) sy B HIRHEE L R O E

Genotype

Expected frequency

Sum of expected frequency

(@ DDFFLL (1-r)2(1-s)2 R2S? R2{S2+25(1-9)}

2DDFFL] 2(1-1)%s(1—s) 2R2S(1-S) =R2{§2+25—28%} =R2(25—S?)
@ 2DAFFLL 2r(1-1)(1—s)? 2R(1-R)S? 2R(1-R){S2+25(1-S)}

2DdFFLI 2r(1-1)s(1—s) 2R(1-R)S(1-S) =2R(1—R){S2+25-25?} =2R(1—-R) (25-S?)

2DAFFL] 2r(1-r)s(1-s) 2R(1-R)S(1-S)
® ddFFLL r2(1-s)? (1-R)282 (1-R)?{S?+28(1-S)}

2ddFFL] 2r%s(1—s) 2(1-R):S(1-S) =(1-R)?{S+25-28?%} =(1-R)2(25—-52)
@ 2DDF{LL 2r(1-r)s(1—s) 2R(1-R)S(1-S) 2R(O-R){S*+S(1-S)+(1-9)%

2DDFfLl 2r(1-r)(1-s)? 2R(1-R)S% =2R(1-R){S2+S—-$2+1-25+5?%)}

2DDFfLl 2r(1—r)s? 2R(1-R)(1-95)? :2R(1 R){l S+82} =2R(1-R)(1-5+%?)
® 2DAFLL 2(1-1)%s(1—s) 2R2S(1-S) 2R2{S(1 S)+SZ+(1 S)%}

2DAFLl  2(1—-r)2(1—s)? 2R28? +2(1-R){S(1-8) +S2+ (1-9)%}

2DAFfLl  2(1-1)%? 2R2(1-S)2 =2R{S—S2+S2+1-25+5%}

2DdFfLl  2r%s(1—s) 2(1-R)2S(1-S)  +2R(1-R){8—S2+82+1-25+82}

2DAFfLl  2r2(1—s)? 2(1-R)28? =2R2(1-S+82) +2(1-R)2(1-S+%2)

2DdFfL]  2r%s? 2(1-R)2(1-5)? =2{R2+(1-R)3 (1 - S+SZ>
® 2ddFfLL 2r(1-1)s(1—s) 2R(I1-R)S(1-S) 2R(I-R){(1-S)2+25(1-9S)}

2ddFfLl  2r(1-r)(1-s)2 2R(1-R)S? =2R(1-R){1—25+52+25—25?} =2R(1-R)(1-S+%9)

2ddFfLl  2r(1-1)s? 2R(1-R)(1— S)Z
@ DDLL r2s? (1-R)2(1-S)2 (1-R)2{(1-S)2+25(1-S)}

oDDffLl  2r%s(1—s) 2(1-R)2S(1-S) =(1-R)2{1—25+S2+25-252} =(1-R)2(1-%?)
® 2DffLL  2r(1—r)s? 2R(1-R)(1-S)2  2R(I-R){(1-S)2+25(1-9)}

2DAffLl  2r(1-1)s(1-s) 2RA-R)S(1—-S) =2R(1—R){1—2S+5+25—-252}

2DdffLlI  2r(1-r)s(1—s) 2R(1-R)S(1-S) =2R(1- R)( —§2)
ddffLL  (1-r)%s? R2(1-S)2 R2{(1-8)2+25(1-S)}

2ddffLl  2(1-1)%(1—s) 2R2S(1-S) =R2{1—25+52+25—25%}

:RZ(I—SZ)
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S-1-(4)-(i)
FE—4 (1)—-3 HEEE, S-TH (1:2:1)x(1:2:1) R} 2HIEHE L HRlotE
ik
Recombination value: Selfing
D-F:r DFL {R2+2R(1-R)+(1—-R)?}
D—L:p dfl ={R2+2R—2R2+1—-2R+R? = {1}
F-L:s
[F—D—L—1]: Expected frequency of genotypes
FF Ff ff Observed number and ratie
@ @ ©)
DD R2(25—-%?2) 2R(1-R)(1—-S+82?) (1-R)2(1—S?) a; kj=aj/n
@ ®
Dd 2R(1-R)(@25—S?2) 2{(R2+(1—-R)Z}(1—-S+S8?) 2R(1—-R)(1—-S?) a; ky=ay/n
® ® ®
dd (1—-R)2(2S—%?) 2R(1-R)(1-S+$? R2(1—-82) a3 ks=az/n
Sum of expected frequency
(1/3) (25-82) (2/3)(1—5+82) (1/3)1-8%»
Observed number
by by bs n (3.0)

Solutions of quadratic equations
A=(1/3)(25—-%%)
B=(2/3)(1-S+8%) A+B+C=1.0
C=(1/3)(1—-5%

(A-B+CO)R*+(B-20)R+C~k; =0 (—2A+2B-2C)R%+ (2A-2B+2C)R+B-k;=0  (A-B+C)R*+(-2A+B)R+A-k;=0

f(S) = B()+ B]S +BgSz +B353 + B4S4+ B5S5 = 0
B(): 2b1
Bl = 4b1 - 2b2
Bz = 2b1 + 5b2 - 4b3
B3 = 2b1 + 6b3
B4 = 4b1 - sz - 6b3
B5=2b1 +2b2+2b3= 2n

— Q2 — 2
Rep. 0 <R<05 r=R _ DidF V(©)=Dl=SI U SLH Rep 0 <5<0.5 s=5  FUL
Coup. 0.5<R<1.0 r=1—-R DF/df Coup. 0.5<S<1.0 s=1-S FL/fl

V(s)=V(S) S.E.ofs=+vV(s)

AR?4+BR(1-R)+C(1-R)%=k, 2AR(1-R)+B(1-2R+2R?) +2CR(1-R) =k, A(1-R)2+BR(1-R)+CR?=k;
+AR?2 +BR —2AR?2 +2AR +AR?2 —2AR +A
—BR? +2BR? —2BR +B —BR?2 +BR

+) *+CRZ —-2CR +C +) +2CR* +2CR +) +CRZ

(A-B+C)R2+(B-20)R+C-k=0 (-2A+2B—-2C)R?*+(2A-2B+2C)R+B~k,=0 (A-B+C)R?+(-2A+B)R+A-k;=0
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S-1-(4)-(i)
F—4 (1)—4 BAEAL S-TH (1:2:1)x(1:2:1) k5 HREE L AREOHE
Wik
Isozyme gene: D, d, F, Selfing
Embryonic DFL
lethal gene: L, 1 dfl
Recombination value:
D-F:.r p=r+s—2rs
D-L:p P2=(1-p)% R?=(1-1)?, $?=(1—s)2
F-L:s P=R+S—2RS=R(1-S)+(1—R)S, {$2+251—-S)+(1-S)2} ={1}
[D—F—11]: Lethal individuals
Genotype Expected frequency Sum of expected frequency
@ DDFFIl (lvr)_z_sf 3?9,5)2 . L B B
@ 2DAFF  2r(1—r)s? 2RO-R)(O-§2 o
© d4dFFI _1’s? (I—R)Z_(__I:EZZ _____________ B B
E@_EDDFﬂl 2r(1—r)s(1—s) 2R(1—R25(1—S) B B
@ 2DdFf1 2(1-1)2%(1—s) 2R2S(1-S) 2S(1-8){R?+ (1—R)?}
2DdFfll 2r2s(1—s) 2(1—-R)2S(1—8) =25(1-S){R2+1—2R+R?}

=25(1-S) (1—2R+2R?)

®2ddFfll  2r(1-1)s(1-s) 2R(1-R)S(1—S)
® DDl r2(1—s)? (1—R)2S?
@ 2Ddffll 2r(1-r)s(1—s) 2R(1-R)S(1—9)

® ddffll (1-1)2(1—s)? R2S?

[D—F—11]: Expected frequency of genotypes and observed number

FF Ff ff Sum and observed number
@© K] @® RU-8){R(1-S)+(1-R)S}
DD R2(1-S)2 2R(1I-R)S(1-9) (1-R)?8? P2 +(1-R)S{R(1-S)+(1-R)S}
a; =P{R(1-S)+(1-R)S}=P?
@ ® @ 2RS{R(1-8)+(1-R)S}
Dd 2R(1-R)(1-S)2 2R2S(1-S) 2R(1-R)S? 2P(1-P)  +2(1-R)(1-S){(1-R)S+R(1-9)}
2(1-R)?S(1-S) a, =2P{RS+(1-R)(1-S8)}=2P(1-P)
® ® ® (1-R)1-9{(1-R)(1—S) +RS}
dd (1-R)2(1-S)2 2R1-R)SU1-9) R2§% (1-P)? +RS{RS+ (1-R)(1-9)}
a3 =(1-P){RS+(1-R)(1-S)}=(1-P)2
Sum of expected frequency
(1—-9)2 2S5(1-S) S2
Observed number
by be bs n(1.0)
S=(by+2b3)/2n P=(2a;+az)/2n
V(S)=S(1_S) 0 <S8 0.5s=S Fl/fL V(P)=P(1—P) 0 <P 0.5p=P Dl/dL
2n 0.5<S8<1.0 s=(1—-S) FL/fl 2n 0.5<P<1.0 p=(1—P) DL/dl
Vis)=V(S) Vip)=V(P)
S.E. of s=VV(s) S.E. of p=+V(p)
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20— Dz(@=D] (3—1)(d—Dd [(—DIAE=Dd] [(—D*@=1)]| @-Di@-1) (@E-D1(d-Dd -1 @-Dd] (3-Dz(d=1) (-1 (@E-1)
[PP3ED) I'IPPH® Pand| [PP7AGD)| IIPaR® I'TPPI® [PAIAD] IIP@A® 12
(-1 (d-1)d 2(3—=T)d (I-Dxd (-Di1d-Dd @E-1id-1)d (I-1)xd t(1-Ded (-D(@-Dd  (-1)d
IIPPH® TIPPH® 11Pas® I'IPPII® TIPAH® TIPPII® 1eEE(O) TIPAAO g1
(-pid-pd (I-T)1%d [e%d] Ad-1)d A(d—1)d 21ed A—Did] (1—Did-1)d id
Pan®) TIPaN® (aanoy) [IP@rA®) r1aap® ITPAFA®© 1a@a® @
G—D%[@—D] -Dxd-Dd [21(d— D] [222(d—D)] Az (d—1) Ad—1)d (—DXd-1)  (d-D1
(IPPIICD] IPPFI® IPAIA® IPPJACD IIPAIA© IIPPAA® I'IPA4d® P
(=D} d-1) (- ﬁvhﬂa nd A(d—1)d (A1) el (d—1) Ad-nd (I-DIL(I-T) (d-1)1
IIPAH® TIPAH® r1aap® IIPA3A®@ TIAAHD TIPAIA® TIAWA® 1
(a—-nid-1)d (I—1)1d 71zd A(d—1)d A(d—-1)d 74d (I-DId (a—Did-1)d id
IIPPII@ TIPPIA® IIPAIA® IPPAA® TIPAIA® TIPPAI® rIPAdd@ TIPAII@ Trd
2A=D ([@=Dd z(1—1)zd [(=DXd) [(=DI[@—Dd] @-ni(d-nd (1-1)xd 0—Ded] (G- (@d-Dd  (-Dd
(P AED] IIP@IA® (A d€D] (IPAAID] 1a@A® IIPAdd®@ aqado 11aqdd® 1ad
d(A=DzA=1) (E-D(@-Dd (E-Di[d-Dd (E-DI}A-1) (E-DR@-1) @@E-D1d-Dd (@A-1)([d-Dd (A-D(d-1) (F-D(E-1)
ITPAFI®© TIPAIA® raqya® I1PAd4®@ TIAWA® TIPAII@ 11aq44® T1A4d4D a4
{e/1}
(1-D@d-1 (1-nd d (d-1)2 (-1 d (1—1)d G-DE-1) {e/1}
1P} P} 1@ Pd 1a¥ Pd 1aa 104
(S) @D
I “T: 9ussd [eylsr]
1 d—q d1-q P} J  ‘q :9ua8 owAzos]
:9NJEA UOIIRUIqUIOIY 1d4 P ‘( :9ua8 SwAZos]
urgdnod arqno(g
RUYEHEOWEWH 2 B L%k (1:2:1)x(1:2:1) %1-S THE (2) ¥ 2%

(W-(¥)-1-S

— 108 —



AX Y ) A OBET RO RFLP O@#GHIC T 57 1 V91 A BETFEOWHEE L HRCET 285 (KEM)

S-1-(4)-(ii)
F—4 (2)—2 HEEE, S-TH (1:2:1)x(1:2:1) okl 5 HHHAE & @Rffota
ik
Isozyme gene: D, d, F, Selfing
Embryonic FDL
lethal gene: L, 1 fdl
Recombination value:
D-F:r sS=p-+r—2pr
D-L:p P2=(1-p)%, R2=(1-1)2, 2= (1 —s)2
F-L:s
[F—D—L—1: Survived individuals
Genotype Expected frequency Sum of expected frequency
@ FFDDLL (1-p)?(1-r)2 P2R? R2{P2+2P(1-P)}
2FFDDL! 2p(1-p)(1-r)2 2P(1-P)R? =R?{P2+2P—-2P?} =RZ(2P-P?)

@ 2FFDALL 2p(1-p)r(1-r) 2P(1-P)R(1-R) 2R(1-R){P(1-P)+ (1-P)2+P2}
2FFDdLl 2p?r(1-r) 2(1-P)R(1-R) =2R(I-R){P—P24+1-2P+P2+P?} =2R(1-R)(1-P+P2)
2FFDdALl 2(1-p)&r(1-1) 2PR(1-R)

@ FFAdLL p2r? (1-P)%(1-R)? (1-R)H{(1-P)2+2P(1-P)}

2FFddLl  2p(1—p)r? 2P(1-P)(1-R)? =(1-R)?{1—2P+P2+2P-2P?} =(1-R)?(1-P?)
@ 2FDDLL 2(1-p)&r(1—r) 2P2R(1-R) 2R(1-R){P2+2P(1-P)+P(1-P)}

2FDDLI 2p(1-p)r(1-r) 2P(1-P)R(1-R) =2R(1-R){P2+2P(1-P)}

2FfDDLI 2p(1—p)r(1-r) 2P(1-P)R(1-R) =2R(1—R){P2+2P—2P2} =2R(1-R) 2P-P?)
@ 2FfDALL 2p(1—p)(1-r1)? 2P(1—-P)R? 2RH{P(1-P)+P2+ (1-P)%}

2FfDdL]  2p(1—p)r? 2P(1-P)(1-R)2  +2(1-R){PA-P)+P>+(1-P)%}

2FDdL]  2(1—p)a? 2P3(1-R)? =2R*{P—P2+P2+1-2P+P?}

2FfDdL]1  2p%? 2(1-P)2(1-R)? +2R(1-R){P—P*+P2+1-2P+P2}

2FfDdLl  2p%(1-r1)2 2(1-P)?R? =2R¥(1-P+P%)+2(1-R)2(1-P+P?)

2FfDALl  2(1-p)2(1-1)? 2P2R? =2{R*+(1-R)}}(1-P+P?)

® 2FfddLL 2p?r(1-r) 2(1~P52R(1~R) QR_(i—R){(I*P)Z+2P(1—P)}
2FfddLl  2p(1-p)r(1-r) 2P(1-P)R(1-R) =2R(1-R){1—2P+P2+2P—2P?} =2R(1-R)(1-P?)
2Ffddll  2p(1—p)r(1—r) 2PA1-P)R(1—-R)

@ f{fDDLL (1-p)&? P2(1-R)2 (1-R)2{P2+2P(1—P)}

2ffDDL1  2p(1-p)r? 2P(1-P)(1-R)? =(1-R)¥{P2+2P—-2P% =(1-R)2(2P—-P?2)
2ffDALL  2p(1—p)r(1-1) 2P(1-P)R(1-R) 2R(I-R){P(1-P)+P2+(1-P)2}

2fDdL1I  2(1-p)r(1-r) 2P?R(1-R) =2R(1-R){P—P2+P2+1—2P+P2}

2ffDALI  2p%r(1-r1) 2(1-P)R(1-R) =2R(1-R)(1-P+P2)
ffddLL  p?(1-r1)? (1-P)2R2 R¥{(1-P)+2P(1-P)}

2ffddLl  2p(1-p)(1-1)2 2P(1-P)R? =R?{]-2P+P2+2P—2P?}
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S-1-(4)-C(ii)
F-4 (2)-3 HEFEE, ST (1:2:1)x(1:2:1) BT 2HFHE LARMOHE
HE
Recombination value: Selfing
D-F:r FDL {R2+2R(1-R)+(1—R)%}
D-L:p fdl ={R2+2R—2R?2+1—2R+R2} ={1}
F-L:s
[F—D—L—1]: Expected frequency of genotypes
FF Ff ff Sum and observed number
) @ @
DD RZ2(2P—P?) 2R(1-R) (2P-P?%) (1-R)2(2P-P2)  (1/3)(2P-P?») (2P-P){R24+2R(1-R)+(1-R)%}
=(2P-P?)
ai
©) ®
Dd 2R(1-R)(1-P+P?) 2{(R2+(1-R)2 (1-P+P%) 2R(1-R)(1-P+P?) (2/3)(1-P+P2) 2(1-P+PY){2R(I-R)+R?+(1-R)%
=2(1-P+P?)
az
® ® ®
dd (1-R)2(1-P%) 2R(1-R)(1-P2) R2(1-P?) 1/ A-P)  (Q-PH{(1-R)*+2R(1-R)+R%
=(1-P?)
ag
Sum of expected frequency
Observed number
b1 bz b3 n (3 0)
Ratio
k1=b1/n k2=bz/n k3=b3/n

Solutions of quadratic equations
A=(1/3)(2P-P?)
B=(/3)1—P+P2) A+B+C=1.0
C=(1/3)(1—-P?)

(A-B+O)R*+(B-2C)R+C—-k;=0 (-2A+2B-20)R2+ (2A-2B+20R+B-k,=0  (A-B+C)R*+(-2A+B)R+A-k;=0

f(P) =A¢+AP+AP?+ AP3+ AP+ AsPP=0
Ay=2a;
A1 =—4a;—2ay
Az =2a;+5a;— 433
A3 =2a;+ 623
A4: —4a1*5az—6a3
A5= 231 +2a,+2a3= 2n

3P2-P)1-P»(1-P+P?)

Rep. 0 <R<0.5 r=R  Df/dF V(P)=Sm a2 2Tl Rep. 0 <P<0.5 p=P  DI/dL
Coup. 0.5<R<1.0 r=1—-R DF/df 2nQ—4P 3PP —TPY o 0.5<P<1.0 p=1-P DL/l
Vip)=V(P) S.E.of p=+V{p)

ARZ4+BR(I-R)+C(1-R)?=k; 9AR(1-R) +B(1-2R+2R?) +2CR(1-R) =k, A(1-R)24+BR(1-R) +CR2=k;
+AR? +BR —9AR? +2AR FAR?Z —2AR +A
—BR? +2BR? —2BR +B “BR? +BR

+) tCR*? —2CR +C +) +2CR? +2CR +) TCR?
(A-B+C)R*+ (B—2C)R+C—k;=0  (-2A+2B-20)R*+ (2A~2B+2C)R+B-k;=0 (A-B+C)R?*+(-2A+B)R+A—k;=0
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S-1-(4)-(ii)
F—4 (2)—4 HEE, STH (1:2:1)x(1:2:1) R 5HEHE L ARMOTE
Fitk
Isozyme gene: D, d, F, { Selfing
Embryonic FDL
lethal gene: L, 1 fdl
Recombination value:
D-F:.r p=r+s—2rs
D-L:p P2=(1-p)% R2=(1—1)2, §?2=(1—s)2 P=R+S—2RS
F-L:s {R2+2R(1-R) + (1—-R)2} ={1}
[F—D—11]: Lethal individuals
Genotype Expected frequency Sum of expected frequency
@WFFDDH p?(1—r)2 (1—P)2R2 S -
@2FFDAl 2p(1-p)r(l—r) 2PQ-PROQ-B)
@ FFddli  (1—p)?r? Pz_gl_—R)Z _____ S
@ 2FDDIl  2p’r(1—T) ¢d-—p®RQ-R)
@ 2FfDdl  2p(1—p)(1—r)2 2P(1—-P)R2 2P(1-P){R2+(1—-R)?%}
2FfDAll 2p(1—p)r? 2P(1—-P)(1—R)? =2P(1—P){R2+1—2R+R?}

=2P(1-P) (1—-2R+2R?)

@zFfddu 200—p)2r(1—1r) 2P2R(1—R)
® DDl pir? (1-P)2(1—R)?

© 2£Ddll zp(l—ggrm_—_r)_zP(vag(;ARi
® ffadl  (1-p)2(1—-r)? P?2R?

[D—F—11]: Expected frequency of genotypes and observed number

FF Ff ff Sum and observed number
© ® ®
DD (1-P)2R? 2(1-P)?R(1-R) (1-P)2(1-R)2  (1-P)? (1-P)2{R2+2R(1-R)+ (1-R)?}
a =(1-P)?
@ ©® @
Dd 2P(1-P)R(1-R) 2P(1-P)(1-2R+2R?) 2P(1-P)R(1-R) 2P(1-P) 2P(1-P){2R(1-R)+(1-2R+2R»}
ay :2P(1“P)
@ ® ®
dd P2(1-R)Z 2P2R(1-R) P2R?2 p? P{(1-R)2+2R(1—R) +R?}
as =Pp2
Observed number
bl bz b3 n(lO)
Ratio k;=bi/n k2=b2/n k3=bs/n
Solutions of quadratic equations
A=(1-P)? ( A -B +0O)R2+( +B—2C)R+C—k;=0 P=(ay+2a3)/2n
B=2P(1-P) (—2A+2B-20)R?4+( 2A—-2B+2C)R+B—k;=0 Rep. 0 <P<0.53 DI/dL
C=Pp? +3)y( A-B+OR+(-2A +B JR+A—-k3=0 Coup. 0.5<P<1.0 DL/dl
A+B+C=1.0 A+B+C=1.0  Vv(P)=P(1—-P)/2n, V(p)=V(P)
Rep. 0 <R<0.5r=R Df/dF S.E.of p=+V(p

Coup. 0.5<R<1.0 r=(1—-R) DF/df
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e(8—Dz(@—1D] -Ds(@-DA [p—D@-DA] [=DS[A-D] ($—Dse(d~1) 2(s—1)([d=Dd [-Ds{@-Dd] (5—1)z(d—1) (s—1)(d—1)
TIPPHED I'IPPH® IPaARd@ EEY IIPAR® IIPPIA® PA@A®D IIP@A®© 1P§
(s—1)s(d-1)d 7Szd (s—1)s,d Sd-nd S(d—-1nd (s—1)s.d Szd (s—T)s(d-1)d sd
I'IPPH® TIPPH® IIPAH® IIPPIA® TIPAH® TIPPII® IIP@WA® TIP@WA® TP}
z(S-D(d-1)d (s—1)szd [z6—DeA][—Ds(@-1d] (s—Ds@-1)d 2(8—1Ded (s—Dsed| z(s—1)(d-1)d  (s—nd
(Pan®@) I'TPAH® [maamno] P r1aas® IIP@A© Maazagn) ra@a® a3
(—Ds(d—D S@—1d [E=Ds@—Dd] e5:([@—D)] $Se(d—1) (s—Ds(d—1)d [s(d—Dd] (s—D)sz(d—1)  (d—1)s
1PPIAED I'IPPIA® [PQ7A®] [IPPAAGD] IIPAFA® I1PPIA® [IPqAAD] 11PAAA® P4
(8—1)sz(d—1) Sd-nd (s—-1)s(d-1)d 28z(d—1) Sz(d—1) (s—T)s(d—1)d Sd-1d (s—T)sz(d—1) (d-1)s
IIPAH® TIPAH® 11aan® ITP@A® T1AaBO TIP@A® 11a@3d® g (e[ 5(0) 1
(8=T)(d-1)d (s—T)sd ed(8—Ded (s—-Dsd-nd (s—1)s@@-1d 2(8—T)d (8—Dsd (-1 (d-Dd  (s—D)d
I1PPIA® TIPPFI® IIPAFI® IIPPIA® TIPWA® TIPPIA® r1PAdd®@ TIPA4A® TPd
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| ———— [aN]
(s—Dsd-1nd 75ed (s—1D)sed Sd—1d Sd-1)d (s—T)s.d [5:d] (s—D)s@—1d sd =
PAIIE IIP@A® Aaza€d [PAJAD) (e (et2(O) I'1PAAd@ [IaqJ40p] 11aqad® 1aq
e(8—Dz(d=1) (s—Ds(@-Dd (s-1)([d-Dd (s—-Dsz(d=T) (S—DS(d=1) (s—D@A-Dd (s—Ds@—Dd (5—T1)(d—1) (s—1)(d—T1)
IIP@A® TIP@A® 1A I® 11PAAA@ TIAWA® TIPAIA®@ r1aqdd® gg(e(EEO) 104
{e¢/1}
(-1 (d-D sd (s—1)d (d-T)s (d—T1)s (s—1nd sd s-D@d-1 {g/1}
1228 1P} 1as P a3 Pd 1ad 1a4
(S) (@
sdg—s+d=1 sig—1 I “T: Suasd feyse]
1d-aq dea-q Ip I ‘g :oua8 owAzos]
:9N[RA UOIBUIQUIOIIY J1a P ‘( :9ud33 swAzos]

RYELEOWEW 2 FERH 2 LSk (T:2:1)x(1:2:1) W1-S HME

urpdnoo s[gno - |

(€) v —2%
(M)-(¥)-1I-S
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S-1-(4)-iii)
-4 (3)—2 AMA, S-TH (1:2:1)x(1:2:1) kit 2 HIEHEE L R0t E

ik
Isozyme gene: D, 4, F, f Selfing
Embryonic DLF
lethal gene: L, 1 dif
Recombination value:
D-F:r r=p+s—2ps
D-L:p P2=(1-p% R?2=(1-1)% $?=(1—5s)2, R=P+S—2PS
F-L:s
[D—F—L—1: Survived individuals
Genotype Expected frequency

@® FFDDLL (1-p)?(1—s)2 P2§?
2FFDDLI 2p(1-p)s(1—s) 2P(1—-P)S(1-S)

_® 2FFDALL 2p(1-p)(1-s)? 2P(1-P)S?
2FFDdLl 2p%s(1-s) 2(1-P)’S(1-9)
2FFDdLl 2(1-p)%s(1-s) 2P2S(1-S)

® FRULL pi-s)2  (1-P)s?
2FFLL 2p(1-p)s(1—s) 2P(1~P)S(1—9)

@ 2FDDLL 2(1—p)%(1—s) 2P2S(1-S)
2FfDDL] 2p(1—p)s? 2P(1-P)(1-S)2
ZFIDDLI 2p(1—p)(1—s)? 2P(1-P)S?

® 2FfDALL 2p(1—p)s(1—s) 2P(1—-P)S(1-S)
2FfDdLL  2p(1-p)s(1—s) 2P(1-P)S(1-5)
2FfDdLl  2(1-p)%s? 2P2(1-S)2
2FfDdLl  2p?(1-s)? 2(1-p)*s?
2FfDdL]l  2p%s? 2(1-P)2(1-8)2
2FfDdL]  2(1-p)2(1—s)? 2P2S?

® 2FfddLL 2p%s(1—s) 2(1-P)3S(1-S)
2FfddLl  2p(1-p)(1—s)2 2P(1-P)S?
2FfddLl  2p(1—p)s? 2P(1-P)(1-5)?
@ ffDDLL (1—p)%? P2(1-S)2
2fflDDL1  2p(1—p)s(1-s) 2P(1-P)S(1-S)
® 2fDALL  2p(1—p)s? 2P(1-P)(1-95)?
2ffDALl  2(1—-p)%s(1—s) 2P2S(1-S)
2ffDALI  2p2s(l1—s) 2(1-P)?8(1-S)
© ffddLL p?r? (1-P)2(1-S)2
2ffddLl  2p(1—p)s(1—s) 2P{(1-P)S(1-S)
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#£-4 (3)—3 EMEE, S-TH (1:2:1)x(1:2:1) wisld 2 HRHAE L ARMOE

{S2+2S(1—-9)+(1—-9)2r={1}

Fitk
Recombination value: Selfing
D-F:r DLF R=P+S—2PS {P2+2P(1—P)+(1—-P)2}={1}
D-L:p dif
F-L:s

[D—L—F—1: Expected frequency of genotypes and observed number

FF Ff ff Sum and observed number
@® ®@
DD p2§? 2P2S(1-S) P2(1-S)2 (1/3)2P-P2)  PYS2+25(1—9) +(1-5)%
P(1-P)S(1-S) 2P(1-P)(1-9S)? 2P(1-P)S(1-S) P(1-P){$2+25(1-9) + (1-9)%
2P(1-P)$? a =(QP-P?)
@ ® ®
Dd 2P(1-P)S? 2P(1-P)S(1-S) PU-P)(1-S)2  (@/3U-P+PY) 2PHS:+2S(1-S)+(1-5)%
20-P)28(1-S)  2P(1-P)S(1-9) 2P25(1-5) +2P(1-P){S2+25(1-S)+ (1-9)%

+2(1-P)2{S2+25(1-S) +(1-5)%}
=2{P?4+P-P2+1-2P+P?%}
=2(1-P+P2)

2P2S(1-S) 2P2(1-8)? 2(1-P)28(1-9)
2(1-P)23?
2(1-P)2(1-5)? @
2P
® ®
dd (1-P)2s 2(1-P)2S(1-S) (1-P)2(1-8)* (1/3)(1-P2)
P(1-P)S(1-8) 2P(1-P)S? 2P(1-P)S(1-S)

2P(1-P) (1-S)2

(1-P)2{S2+25(1-S) + (1-9)%
+2P(1-P){$*+28(1-5) + (1-9)%
(1-2P+P2+2P-2P?)

as (1 —PZ)
Sum of expected frequency
(1/3)(28—82)  (2/3)(1-S+8S%) (1/3)(1-8?)
Observed number
b1 bz b3 n (3- 0)
f(S) :B0+B15 +BzSZ+B3SS +B4S4+B555:O f(P) =A0+A1P+A2P2+A3P3+A4P4+A5P5=0

By=2b; Ay=2a,
B1: '4b1—2bz A1: 4431 —2ay
By=2b;+5by;—4b3 A,=2a;+5a;—4a;
B;=2b;+6b3 Az=2a;+6a3
B4=—4b1A5b2'6b3 A4=—4a1—5a2—6a3

B5:2b1+2b2+2b3=2n

Rep. 0 <S<0.5 s=S
Coup. 0.5<S8<1.0 s=(1-95)
_3502-91-5H0-5+%%

Rep.

V(P)

A5=231+2a2+2a3=2n

0 <P<0.5 p=P
Coup. 0.5<P<1.0 p=(1—-P)
_3P2-P)(1—-P)(1-P+P?)

V) =5 =4S 357+ 14575
V(s)=V(S)
S.E. of s=+V(s)

Vp)=V(P)
S.E. of p=+V(p)

2n(2—4P-

3P2+14P3—T7PY)

S{P2+2P(1-P) +(1-P)%}
+25(1-8){P2+2P(1-P) + (1 -P)%}
=S{1}4+28(1-9) {1}

2S2{P2+2P(1-P) + (1-P)%}
+25(1-S) {P?+2P(1-P) + (1-P)?}
2(1-9)2{P2+2P(1-P) + (1-P)2}

=52+25-282 =2{S2+5(1-9)+(1-9)%
=2{S2+5-52+1-25+5?%}
=(28-9) =2(1-5+5%)
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(1-9)2{P2+2P(1-P) + (1-P)?}
+25(1-8) {P?+2P(1-P)+ (1-P)%}
=(1-25+52+28-28Y)
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S-1-(4)-(iii)
F—4 (3)—4 HER, S-T& (1:2:1)x(1:2:1) k5 HE8E L GRG0 E

Isozyme gene: D, d, F, £

Embryonic

lethal gene: L, 1

Jitk
Selfing

DLF
dif

Recombination value:

D-F:r r=p+ts—2ps, P2=(1—p)2 R2=(1—r)2, $2=(1—s)2
D-L:p {P2+2P(0-P)+(1—-P)2}={1}
F-L:s {S24+251-9+0-92={1}

[D—F—11]: Lethal individuals

Genotype Expected frequency
@ FFDDI _P_zsz B a-pza-s2 o
@ 2FFDdll ?R(l —p)s? 2P(1-P)(1—-9)2 . e
@ FFddl (1—p)2s? P2(1-S)2 ) ) B L
g FIDDIl  2p%(1—s) ‘Z(I—P)ZS(lfS) _____________________________
@2FiDdll  2p(1-p)s(1—s) 2P(1-P)S(1—9)
2FfDdll  2p(1—p)s(1—s) 2P(1-P)S(1—S) ) e
@_ZFfddll 2-p)sU-s) 20*8C-8)
® ffDDll‘” p2(1—s)? ”(1—]5’)252
@ 2£fDdll 2p(1—p) (1:_3)2 2P(1*P)SZUW e
@® ffddll (1-p)2(1—s)2 P282
[D—F—11]: Expected frequency of genotypes
FF Ff ff Sum and observed number
® @ ®
DD (1-P)2(1-S5)2  2(1-P)2S(1-S) (1-Pp)2s2 (1-Pp)? (1-P)2{S2+25(1-S) + (1-5)2}
a =(1-P)?
1) @ 1)
Dd 2P(1-P)(1-S)2 4P(1-P)S(1-S) 2P(1-P)S? 2P(1-P) 2P0—-P){(1-5)2+2S(1-S) +8%}
ap =2P(1-P)
@ ® @®
dd P2(1-S)2 2P25(1-S) p2§2 P2 P{(1-S)2+2S(1—S) +S2}
as =p2
Sum of expected frequency
(1-9)2 2S(1-S) 2
Observed number
bl b2 b3 n(lO)
_b2+2b3 _S(I—S) _a2+2a3 _P(l—P)
5= 2n V)= 2n P= 2n Vp)= 2n
Rep. 0 <S<0.5s=S Fl/fL Rep. 0 <P<0.5 p=P Di/dL

Coup. 0.5<8<1.0 s=1—S FL/fl
V()=V(S) S.E.of s=vV(s)

Coup. 0.5<P<1.0 p=1—P DL/dl
Vp)=V(®P) S.E.of p=+V(p)

(1-8)2{(1-P)2+2P(1—P) + P2}
=(1-8)2

2S(1—-S){(1-P)2+2P(1—-P) +P2}
=25(1—-9S)
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G—DA—1)] -Ds(—-1) [E-DE-DI] [=DsE=D]]

(—DSE-DI —DE-DF [=DS(—D] -Dz(A-1) -DGE-D

15379P8D I'33P® 320 @)] [134°PED)] I33RA® I349P@ (340D 1gtE el (O) eS]
(s=Ds(1-1) Se(I-1)  (8—Ds@E—-D1 SE=T)1 SE-TI (S—1)s@E—D4 Se(A—1)  (§—DS(3—T) s(A-1)
I'THRP® TTIP® I3RA® [gLECIO)] TIHA® TTIP® II2d® T142d® I
:6-D(E-D1] (s-1)s@E-DA C-De] [(G=Ds ] (S~ Dsea d5—Dzd [G=DSE—DI] (s—DE-DI (=D
[Eh0) IHIPA® (33aa9)] (BdpPa®) TIHAAD IBAPA® EETe(E] rpAad® Ba
(s—1)s(E—1)1 SE—1)1 [(s—1)s¢] E 2S¢l (s—1)sga E (s—1)s(A—T1)1 s1
33°P&) 1134°P©® [EEE@) (4°PED] 1342a® 1449P® iEEc@) 1144°0® 14°
(s—1)s(A—1)1 SE—1)1 (8—1)Sz4 7Sz1 2Sg1 (s—1)sgt SE-D1 (s—1)s(A—T1)4 S1
I1HPA® TPA® Haa® 3APA® TIHAAD T11IPA® 3AdaA® THIAaA® T
=D E-DI (S—DsE-D4 2(S—T)¢d (S—T)8gd (5—T)8zd 2d(8—Dl  (S—D)SE-DI (-1 (EF-D1 (s—D4
I'T343P® T14°P@ gt (O] 1149°P® THI2AG T11449P® [gEEC(6) T1442d®@ g
(5—DSz(3—1) Se(1-1) [=Ds(-—D [sE=D1| SE-D1 (S—DsEI-T)1 [52(0=D] (—-Dsz(3—1D) S(-=T)
e @) IBIPA® (34aaeD] EER(a) 34aa® 1144PA@ EE{(a] 144aa® 14a
(5—Dz(I=1) (=DSgE—1) S—DE-DI (S—=DSEA-DI (=DSE=-DI (-DE-DI =DS(-1) 2(6-Dz(I-1 (s=-DE-D
IIPA® TAPA® IAa® 1144Pd®@ TTIAd® 114IPA@ 1'144dd® 1144dd® T4d
{e/1}
-1 (=1 S(F-T) (s—D4 s1 Sx (s—1)4 S(A—T1) c-nE-0 {g/1}
£2% P Ba 4P a T4P da T4d
(S @
s1g—s+1=d siT—Jg 1 “I: °Suad [eyso]
1'q—q ‘di1—-a i} P I ‘q :9ua8 owAzos]
:9N[eA UOTRUIqUIOIIY 14d T14d 9 ‘p ‘g :9ua8 awAzos]
urpdnoo syqno - |
RYEILOWET 2 TS OS2 (1:2: 1) x(T:1:1:1) I-S &WME (1) ¢3¢

(1)-(¥v)-1I-S

RUEILOMAR T B Q%2 (T:2:1)x(T:1:1:1) #%I-S &ME "7
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S-I-(4)-(1i)
£—5 (1)—2 HMA, STH (1:1:1:1)x(1:2:1) ki s EEE L QRGO
-
Isozyme gene: D, d, e, F, f Selfing type
Embryonic DFL . DFL
lethal gene: L, 1 dfl efl
Recombination value:
D-F:r p=r+s—2rs
D—-L: p P2=(1—-p)2 R2=(1-1)2, 2= (] —s)2
F-L:s P=R+S—2RS
'[D—F—L—1]: Survived individuals
Genotype Expected frequency Sum of expected frequency
® DDFFLL (1-1)?(1-s)2 RIS RY{S*+25(1-9)}
___2DDFFLL 2(1-1)%(1-5) 2R?S(1-S) =R{$+25-28) _ =ROs-sy
@ DdFFLL r(1-1)(1-s)?2 R(1-R)S? R(1-R){S2+25(1-S)}
) 2DdFFLI1 2r(1—r)s(1_—_s) ZR(I—R)SEI__—S) =R(1—-R){S?+25—25?} _______,,“:_E(,l:_R_)_(_Z_S__‘_S,Z,) iiiiiiii
@ DeFFLL r(1-r)(1-s)? R(I-R)S RO-R){S*+25(1-5)}
_DFFLL 20-ns(1-9) RA-RSA-S) =RI-R(S+25-08) - RO-ROS-S)
® deFFLL r2(1—s)2 (1-R)282 (1-R)?{S2+25(1-9)}
(| MeFFLL 2es(i=s)  20-RPS(-S) =(-RMS+25-28) =(-RS-%)
@ 2DDFiLL 2r(1-1)s(1-s) 2R(1-R)S(1-S) 2R(I-R){S2+S(1-8)+ (1-9)2}
2DDFfL] 2r(1-r)(1-s)2 2R(1-R)S? =2R(I-R){S*+S—$2+1-25+52)}
__ 2DDFiLI 2r(1—r2_sf_ QB(I—R)(lj_S)i =2R(1-R){1-5+5% :gg(_l:_Rl(il:ESj-_S_z_) _____
® DAFLL (1-1)%s(1-s) R?S(1-S) RYS(1-9) +8?+(1-8)2)
DdFfLl (1-r)2(1-s)2 RS2 +(1-R)¥{S(1-S) +S2+ (1-8)2}
DAFfLL  (1-1)%? R2(1-9)? =RY{S—S2+82+1-25+52)
DAFfLL r’s(1—s) (I-R)%S(1-S)  +(1-R)2{S—S2+S2+1-25+5%
DAFfLl  pr2 (I-R2(I-R)?  =R¥(1-$+8)+(1-R)2(1-$+8Y)
DAL 2-se (R o =@+ (=R (1-5+5)
® DeFfLL rS(1-s) (1-R)2S(1-S) RH{S(1-9)+S2+(1-5)%)
DeFfLl r2(1—s)2 (1-R)282 +(1-R)?{S(1-8)+S+ (1-S)2}
DeFfLl r2? (I-R)2(1-8)2  =R{S—S2+S2+1-25+52}
DeFfLL (1-r)%s(1-s) R25(1-S) +(1-R)?{S—S2+82+1-25+S%}
DeFfLl (1-r)%? R%2(1-S)? =R*(1-S+S%) + (1-R)2(1-S+S2)
DL (-rfie? RS o =REO-RYO-SE)
® 2deFfLL  2r(1-1)s(1~s) 2R(I-R)S(1-S) 2R(I-R){S(1—S)+S*+(1-9)2)
2deFfLl  2r(1-r)(1—s)? 2R(1-R)S? =2R(1-R){S—-$2+S2+1-25+8%}
__eFiLl Zr(l-n)s  2RA-R)(1-§?2 . =RO-RO-S+8)
(@ DDffLL r%:? (1-R)2(1-S)? (1-R)¥{(1-S)2+25(1-9)})
2DDffLl  2r%s(1—s) 2(1—R)ZS§1jS) _:(1—R)2{1—2S+SZ+2Sjg§f}____ :Q:I})fQ*SZ) o
® DdffLL r(l-r)s? R(1-R)(1-S)? ROU-R){(1-9)2+25(1-9)}
2DAffLl  2r(1-r)s(1-s) 2R(1-R)S(1-S) =R(1-R){l1—25+S2—25—25?}
_________ L L o o fE(ilﬁ—R)(ljSZ) o
DeffLL r(1-1)s? R(1-R)(1-S)2 RUO-R){(1-S)2+25(1-9)}
2DeffLl  2r(1-r)s(1—s) 2R(1-R)S(1-9S) =R(I-R){1-25+52+25-252}
. SRU-RA-S)
® deffLlL  (1-r)2s? R2(1-S)? R#{(1-S5)2+25(1-S)}
2deffLl  2(1-r)%s(1—s) 2R2S(1-S) =R2%{1—-25+52+25-25%} =R%(1-5?)
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S-I-(4)-(i)
%£-5 (1)—3 HAMEE, SSTE (1:1:1:1)x(1:2:1) KilT 5 HRHEE L aRmo
FHESE
Recombination value: Selfing
D—F: r DFL , DFL
D-L:p dfl efl

F-L:s

[D—F—L—1: Expected frequency of genotypes and observed number

{R2+2R(1-R)+ (1-R)?}

={1}

FF Ff ff Observed number and ratio
@ @ @
DD R2(25—5?%) 2R(1I-R)(1-S+%?9) (1-R)2(1—-S%) a ki=ai/n
@ ®
Dd RO—-R)(25-S%) {(R2+(1—-R)2}(1-5+8?) RI-R)(1—-%%) a; ks=as/n
@) ®
De ROU—-R)(25-52) {(RZ2+(1—-R)2}(1-S+S$?) RA-R)(1-%%) a3 ks=as/n
©) ® ®
de (1—R)2(25-S? 2R(1—-R)(1—-S+8% Rz2(1-8?%) as ks=ay/n
Sum of expected frequency
(1/3) (2S—9?) (2/3) (1—S+9$?) (1/3)(1—8%
Observed number
bl b2 b3 n (30)
Solutions of quadratic equations
A=(1/3)(25—-5%)
B=(1/3)(1-S+%) A+2B+C=1.0
C=(1/3)(1-9%?)
(A-2B+C)R2+(2B—20)R+C-k =0  (-A+2B-C)R*+(A-2B+C)R+B-k,=0 (A—2B+C)R*+ (—2A+2B)R+A-k=0

(-A+2B-C)R*+(A-2B+C)R+B—-k;=0

f(S) = B0+ B]S + B252 +B3S3 + BA;S‘1 + B555 =(

B():Zbl

B1 = 4b1 - 2b2
B2=2b1 +5b2 - 4b3

B3 = 2b1 +6b3
By=—4b;—5b;—6bs
B5 = 2b1 + 2b2 + 2b3= 2n

Rep. 0 <R<0.5 r=R  Df/dF V(s>=§igjg(_lgssﬁﬁs‘ﬁ+7§f))
Coup. 0.5<R<1.0 r=(—-R) DF/df
V()=V(S) S.E.ofs=vV(s)

Rep. 0 <S5<0.5 s=§ Fl/fL
Coup. 0.5<S<1.0 s=(@1-5 FL/fl

ARZ+2BR(-R)+C(1-R)?’=k;  AR(I-R)+B(I-ZR+2RH)+CR(I-R)=k, A(I-R)*+2BR(1-R)+CR*=k,
+AR?  +2BR —AR?  +AR +AR? —2AR  +A
—2BR? +2BR? —2BR +B ~2BR? +2BR

4) +CRZ  —2CR +C +) +CRZ +CR +) TCR?

(A—2B+C)R2+ (2B—20)R+C—k;=0 (-A+2B-C)R*+(A-2B+C)R+B-k=0 (A-2B+C)R?+ (—2A+2B)R+A-k=0
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S-M-(4)-(i)

-5 (1)—4 BMEA,

DOHEBEGITC BT DT A V¥ A 2 BETEOBE LARCET 5815 (KEf)

S-IA (1:1:1:1)x(1:2:1) kit HAREE - Ao

SHEGE

Isozyme gene: D, d, ¢, F, f

Selfing type

Embryonic DFL . DFL
lethal gene: L, | dfl efl
Recombination value:
D-F: r p=r+s—2rs
D-L:p P2=(1-p)3, R2=(1-1)%, S=(1—-s)2 P=R+S—2RS

F-L:s

{R2+2R(1-R)+ (1—-R)&%={1}

[D—F—11]: Lethal individuals

Genotype Expected frequency Sum of expected frequency

@ DDFFlIl (1-—r)2s?
@ DAdFFIl r(1—r)s?

R%2(1-9)2
R(I-R)(1-S)2

@ DeFFlI r(1-r1)s?
@ deFFlI  r2s?

R(1—-R)(1-S)?
(1-R)2(1-8)2

@ 2DDFFIl 2r(1-1)s(1—s)

2R(1—-R)S(1—S)

@ DAFfl  (1-12s(1—s)
DAFfll  r?s(1—s)

R2S(1-S) S(1-S){R?+ (1-R)?}
(1-R)’S(1-S)  =S(1-S){R2+1—~2R+R?} =S(1—$)(1—2R+2R?)

@ DeFfll r2s(1-s)
DeFfll (1-r)2s(1—s)

(1-R)S(1-S) SI-9)(R*+(1-R)?
R2S(1—S) =S(1-S){R2+1-2R+R? =S(1—S)(1—2R+2R?)

@ 2deFfll 2r(1—p)s(1—s)

2R(1-R)S(1-S)

® DDffll  r2(1—s)? (i-Rzsz B i
@ Ddffll  r(1-r)(1—s)2 R(1—-R)S?

@ Deffll ‘E_(}_—r) (1—s)2 R(l—R)S_2 ______________ B

@® deffll (1—-1r)2(1—s)2 R282

[D—F—11]: Expected frequency of genotypes and observed number

FF Ff ff Sum and observed number
© B @® R(1-S){R(1-S)+(1-R)S}
DD R%(1-S)? 2R(1-R)S(1-9) (1-R)282 P? +(1-R)S{R(1-S)+(1-R)S}
a =(P){P}=P?
@ @ @ (1-R)(1-8){R(1-8)+ (1 -R)S}
Dd R(1-R)(1-S)2 R2S(1-S) R(1-R)S? P(1-P) +RS{R(1-S)+(1-R)S}
(1-R)28(1-S) a ={(1-R)(1-S)+RS}{P}=P(1-P)
@ ® @ (1-R)(1-8){R(1-8)+ (1-R)S}
De RUI-R)(1-S)2 (1-R)2(1-9) R(1-R)S? P(1-P) +RS{R(1-S)+(1-R)S}
RIS(1-S) a3 ={(1-R)(1—-S)+RS}{P}=P(1-P)
@ ® ® (1-R)(1-S){(1-R) (1-S) +RS}
de (1-R)2(1-S)2 2R(1-R)S(1-S) R2§8? (1-P)? +RS{(1-R)(1-S)+RS}
a ={(1-R)(1-S)+RSH1-P}=(1—P)?
Sum of expected frequency
(1-5)2 2(1—-S) S§2
Observed number
by by bs n(1.0)
S=(by+2bs)/2n P=(ag+az+2a4)/2n
Rep. 0 <S<0.5 Df/dF Rep. 0 <P<0.5 p=P D1/dL
Coup. 0.5<5<1.0 DF/df Coup. 0.5<P<1.0 p=(1—P) DL/dl
V(S)=S(1—-S)/2n V®P)=P(1—-P)/2n
Vis)=V(S) Vp)=VP)

S.E. of s=+/V(s)

S.E. of p=+V(p)
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z3—D([d=D] ;0—-1)(d-Dd [G—DIA-Dd] [(—DL[A-D] (@-Dikd-1) (E-1i1d-1d

=D {A=1A] ;(@-T)z(d=17) @E-=T1)(d-71)

11PPHED I'T9PH® TP PPIIED I'TeaH® I'1PPIA® PAIIED I1P@I® 197
2(1—=T) (d—1)d 2(I=T)d (I-DEd (I-D1d-7)d @E-T)1(d-T)d (I=T)1d e(3—Ded (-1 (d-T)d (1-1)d
'ISPH® TIPH® 1PaH® 1'1PP1I® TI2AH® TToPIA® [gEl L O] TIAHG | 3%
(1—pnad-1)d (I=1)x4d 71zd A({d—1)d A(d—1)d 71 d (AI—1)Ld| (1—11(d-1)d ad
:wQ@@ I'IPAH® naaned PAIID 111aan® "TIPAIA® NAaraed 1a@id® 1d3
(-DX%(d-D] @-1D1d-nd 2(d—Dd] 2 (d—D] 2 (d—1) Ad-Dd [(—DI[A-—Dd] @-Dxd-1)  (d-D)1
11PPIAED 1'1PPII® RAIAED PP ACD |gclee (O] I'1PPIA® [IEREE) [gcle & (@) |G|
(I=DI@d-T) (E-T)i(d-1d A(d-T1)d e (d—1) Zz(d—1) A-1d (A-Drd-1)d (I-T1)I(d-T1) (d-1)x
I'IPAH® TIPAH® 1aan® IPAIA®© gig(e(eri ] TIPAA® 1a@a® T1IAWA® 13
(a—nad-1nd (1—T1)1d 2Ad Ad—1)d Ad—1d 2Azd (AI—DId (E—1rd-1)d ad
I'TPPIA® TToPIA® |gcleet(O)} I'19PA4® TTe@A® TIPII® 11°a44®@ T11°A44©@ °d
(A—D(d-1)d e(3—1)zd [G—DXd [(—Di[d-Dd] @-1)1(d-1)d (I-1)1d [2(3—DeA] (3—1)(d—T)d (1-1)d
PAIAED I'TIPAIA® aqraey mPaAdI 11aqid® 1'IPA4d®@ naqaJoep 11aqad® 1ad
d(1=Dz(d=1) (-1 (A-Dd (E-DId-1d (@A-DId-1) (E-DR@-1) (@-DIE-Dd (@-DE-Dd (I-Dd-1) (@A-1)(d-T1)

I'IPAFA®© TIPWGIO® 1143 4® 1Pqd4d®@ TIAWI® TIPAA4® 11aq44® T1Aq44® 1a4
{¢/1}
(I-D@-1) (x1—-1)d ad (d—Da (d—1)1 ad (x=-1)d (a-nd-1 {z/1}
P¥ 1P} a3 1P a3 TPA 1ad 1d4
s @

dg—14d=s siT—g I “1: °susg ey

1 4—q ‘d¥1-a PF I I ‘4 :oud8 awhzos]

:9NJeA UONRUIQUIOINY 1a4 1a4 9 ‘P ‘(Q :ouad dwAZos]

RYBELEODHE I IS OS2 (T:2:1)x(T:1:1:1) %I-S ‘e

(¢) §—%

Zurdnod sqno - 1

(M)-(¥)-1I-S
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S-I-(4)-(ii)
£-5 (2)—2 BEMA, ST (1:1:1:1)x(1:2:1) k2 EfE L BRfo
FET®
Isozyme gene: D, d, e, F, f Selfing type
Embryonic FDL y FDL
lethal gene: L, 1 fdl fel
Recombination value:
D-F:r s=p+r—2pr
D-L:p P2=(1—p)% R2=(1—1)2, S2=(1—s)? S=P+R—-2PR
F-L:s
[F—D—L—1]: Survived individuals
Genotype Expected frequency Sum of expected frequency
@ FFDDLL (1-p)?(1-r)? P2R? R2{P2+2P(1-P)}
__ 2FFDDLI _ggfl—p)(l—r)z 2P(1-P)R? =R2{P?2+2P-2P%} =RZ2(2P-P?)
@ FFDALL p(1-p)r(1-r) P(-P)R(1-R) RU-R){P(1-P)+(1-P)2+P2}
FFDALl p(1-1) (1-P)2R(1-R) =R{U-R){P—-P?+1-2P+P:+P?} =R(1-R)(1-P+P?)

FFDALI (1-p)xr(l1-r) PZR(1-R)

@ FFDeLL p(i-p)r(l-1) PO-P)RU-R) R(I-R){P(1-P)+ (1—P)2+P?}

FFDeLl pir(1-1) (1-P)’R(1-R) =RO-R){P-P?+1-2P+P2+P?} =R(1-R)(1-P+P?)
FFDeLl (1-p)(1-r) P?R(1-R)
® FFdeLL p%? (1-P)2(1-R)? (1-R)*{{1-P)2+2P(1-P)}
2FFdell 2p(1-p)r? 2P(1-P)(1-R)? =(1-R)¥{1-2P+P2+2P-2P% =(1-R)¥(1-P9)
@ 2FDDLL 2(1-p)axr(1-1) 2PR(1-R) 2R(1-R){P?+P(1-P)+P(1-P)}
2FfDDLl 2p(1—p)r(1—r) 2P(1-P)R(1-R) =2R(1-R){P2+2P(1-P)}
2FDDL!I 2p(1—p)r(1-r) 2P(1-P)R(1-R) =2R(1-R){P?+2P-2P?%} =2R(1-R)(2P—-P?)
® FDILL p(1-p)(1-1? PU-P)R? RHP(1-P)+P2+ (1-P)?}
FIDALL p(1—p)r? P(1-P)(1-R)? +(1-R)¥{P(1-P)+P2+(1-P)?%}
FfDdLl  (1-p)%? P2(1-R)? =R{P-P2+P2+1-2P+P?)
F{DdLl p’? (1=P)2(1-R)? +(1-R)*{P—-P2+P2+1—-2P+PZ}
FIDALl p?(1-r)2 (1-P)2R? =R2(1-P+P2)+(1-R)*(1-P+P?)
FfDdLl (1-p)2(1-r)? P2R? ={R*+(1-R)Z (1-P+P?)
® FfDeLL p(1-p)(1-r)? P(1-P)R? RYP(1-P)+P2+(1-P)4}
FfDeLL p(1—p)r? P(1-P)(1-R)? +(1-R)*P(1-P)+P*+(1-P)%
FfDeLl (1-p)&? P2(1-R)? =R:{P-P2+P2+1-2P+P?}
FfDeLl p%? (1-P)¥(1-R)? +(1-R)}{P-P2+P2+1-2P+P?%}
FfDell p?(1—-r)? (1-P)?R? =R*(1-P+P2)+(1-R)}(1-P+P?)
FfDell (1-p)2(1-r)? P2R? ={R*+(1-R)%(1-P+P?)

©2FfdeLL 2pr(1-r) 2(1-P)°R(I-R) 2RU-R){(1-P)?+2P(1-P)}
2FfdeLl 2p(1-p)r(1-r1) 2P(1-P)R(1-R) =2R(1-R){1—-2P+P2+2P—2P?} =2R(1-R)(1-P?)
2FfdeLl Zp(ljp)r(lfr) 2P(1*_P)R(1*R)

@ fiDDLL (1—p)&? P(1-R)? (1-R)2{P*+2P(1-P)}
_2DDLL 2p(-p)  2PU-P)(I-R)2 =(-RHPHP-2PY =(I-RE@P-P)
#DALL p(I-p)rd—-1) PU-P)R(I-R) R(O—R){P(1—P)+P2+(1-P)2}

DALl (1-p)2r(1-r) P2R(I-R) =R(1-R){P—P24P2+1—2P+P2
DALl pir(1-r) (1-P)R(1-R) =RU-R)(I-P+P)
fDeLL p(-p)rd-1) PU-P)RI-R) RU-R)(P(1-P) +P2+ (1-P)2}

fDell (1-p)r(1-r) P!R(I-R) =R(1—R){P—P2+P2+1-2P+P2)
__fDell pir(l-1) (1-P)R(1-R) - =RU-R)(1-P+P)
@ fidelL p2(1-1)? (1-P)?R? R*{(1—P)*+2P(1—P)}

offdeLl  2p(1—p)(1-1)? 2P(1—P)R? =R2{1— 2P+ P2 +2P—2P?) =R2(1-P?)
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S-I-(4)-(ii)
F-5 (2)—3 @A, SSTAH (1:1:1:1)x(1:2:1) k5 HEEE - RFHD
SHE
Recombination value: Selfing type
D—F: r FDL . FDL
D-L:p fdl fel {R2+2R(1-R)+ (1 —-R)2} ={1}
F-L:s
[F—D—L—]: Expected frequency of genotypes and observed number
FF Ff ff Sum and observed number
@® @ @
DD R2(2P-P?) 2R(1-R) (2P-P?) (1-R)2(2P-P2) (1/3)(2P—P%)  (2P—P%){R24+2R(1-R)+(1-R)%}
=(2P-P?)
a
@ ® ®
Dd R(1-R)(1-P+P2) {(R2+(1-R)3(1-P+P?) R(I-R)(1-P+P?) (1/3)(1-P+P?) (1-P+P%){2R(1-R)+R*+(1-R)%}
=(1-P+P2)
az
@ ® ®
De R(1-R)(1-P+P?) {(R?+(1-R)3}(1-P+P?) R(1-R)(1-P+P?) (1/3)(1-P+P?) (1-P+P?){2R(1-R)+R?+(1-R)%}
=(1-P+P?)
asz
® ® ®
de (1-R)(1-P?) 2R(1-R)(1-P?) R2(1-P?%) (1/3H(1-P2)  (1-PH{(1-R)?4+2R(1-R)+R?}
=(1-P?)
a4
Sum of expected frequency
Observed number
b1 bz b3 n (30)
Ratio
k1=b1/n k2=b2/n k3=b3/n

Solutions of quadratic equations
A=(1/3) (2P—P?)
B=(1/3)1—-P+P2) A+2B+C=1.0
C=01/3)(1-P?
(A-2B+C)R*+ (2B—2C)R+C-ky=0  (—2A+4B-2C)R*+ (2A—4B+2C)R+2B-ky=0 (A—-2B+C)R:+(—2A+2B)R+A-ks3=0

f(P) =Ag+A1P+A2P2+A3P3+A4P4+A5P5=0
Ay=2a;
Ay=—4a,—2a,—2a3
Ay=2a,+5a;+5a;—4a,
A3=2a1+6a4
A4: —4a; —bay—5ag—6ay
A5=28.1 + 2a2+2a3+2a4=2n

_ 3P(2—P) (1—P?) (1—P+P?)
Rep. 0 <R<0.5 r=R V) = on(2=4P—3P7+ 4P —7PY)

Coup. 0.5<R<1.0 r=0-R)
V{p)=V({P) S.E.of p=+V(p)
AR?*4+2BR(1-R)+C(1-R)%=k 2AR(1-R)+2B(1-2R+2R?)+2CR(1-R)=k, A(1-R)2+2BR(I-R)+CR%=k;

Rep. 0 <P<0.5 p=P
Coup. 0.5<P<1.0 p=(1-P

+AR2  +2BR —2AR? +2AR +AR? ~2AR +A
—2BR? +4BR? —4BR +2B —2BR? +2BR
+) +CR* —-2CR +C +) +2CR*? +2CR +) +CR2?

(A-2B+C)R2+ (2B—-2C)R+C~k=0 (-2A+4B-20)R?+ (2A—4B+2C)R+2B—k,=0 (A-2B+C)R*+(-2A+2B)R+A-J3=0
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S-I-(4)-(ii)
F£-5 (2)—4 AR, S-TH (1:1:1:1)x(1:2:1) ;2 HAEE F HRHD
FHE
Isozyme gene: D, d, e, F, f Selfing type
Embryonic FDL x FDL
lethal genes: L, 1 fdl fel
Recombination values:
D-F:r S=p+r—2pr
D-L:p P2=(1-p)?, R2=(1—-r)2, S?=(1—s)2 S=P+R—2PR
F-L:s {RZ+2ROI-R)+ (1 —-R)2 ={1}
[F—D—11]: Lethal individuals
Genotype Expected frequency Sum of expected frequency
@ FFDDII p?(1-r)?2 (1—P)2R2

@ FFDdll p(U-pr(1-r) PU-P)RU-R) 3

@ FFDell p(-p)r(l—-r) P(1-P)RU-R)

@ FFdell (1—p)%? P2(1—-R)2 o )
@ 2FfDDIl 2p2r(1—71) 2(1-P)?R(1—-R)
®@ Ffbdll p(1-p)(1-r)2 P(1—P)R2 P(1-P){R2+(1-R)2}

FfDdll p(1—p)r? P(1-P)(1-R)2 =P(1—-P){R2+1—2R+R2} =P(1—P) (1—2R+2R?)
@ FifDell p(-p)(1-1r)2 P(1—P)R2 P(1-P){R2+ (1-R)2}

FiDell p(l—p)r2 P(1-P)(1-R)2 =P(1-P){R2+1-2R+R2} =P(1—P)(1—2R+2R2)
® 2Ffdell  2(1-p)2r(1—-r) 2P2R(1-R) S
@® ffDDIl  p22 (1-P)2(1-R)2 ) )

® f#bdil  p(i—-p)r(l-r) PU—P)R(I-R)
@ ffDel p(—p)rd—r) PU—P)R1-R)

@ ffdell (1-p)2(1-1)2 P?R?

[F—D—11]: Sum of expected frequency and observed number

FF Ff ff Sum and observed number
® @ ® :
DD (1-P)%R? 2(1—-P)2R(1—-R) (1-P)2(1-R)2  (1-P)2 (1—-P§Z{R2+2R(1-R)+(1—R)2}
da; :(1~P 2
@ ® @
Dd P(1-P)R(I-R) P(1-P)(1-2R+2R?) PU-P)R(1-R) P(1-P) PU-P){2R(I-R)+(1—2R+2R?)}
az =P(1_P)
@ ®@ @
De P(1-P)R(I-R) P(1-P)(1-2R+2R?) P(1-P)R(1-R) P(1-P) PI-P){2R(1-R)+(1-2R+2R?)}
a3 :PU*P)
) ® ®
de PZ(1-R)?2 2P2R(1—-R) P2R? P2 P2{(1-R)?+2R(1—-R) +R?%}
aq pz
Sum
Observed number
b1 bz b3 n(lO)
Ratio k1=b1/n k2=bg/n k3=b3/n
Solutions of quadratic equations
A=(1-P)? (A -B +O)R2+( +B-2C)R+C—-k;j=0 P=(ay+az+2as)/2n
B=2P(1-P) (=2A+2B—20)R%+( 2A—2B+2C)R+B—k,=0 Rep. 0 <P<(.5p=P Dl/dL
C=p? +) ( A -B +CR2+(-2A +B JR+A—k3=0  Coup. 0.5<P<1.0 p=(1-P) DL/dl
A+B+C=1.0 VP)=P(1-P)/2n V(p)=V(P)
Rep. 0 <R<0.5 Df/dF SE. of p=+V(p)

Coup. 0.5<R<1.0 DF/df
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2(5—=Dz(d=1)] (s—Ds(d-Dd

E—DWA=DA] [—DS(d=D] (s—T1)sz(d~T)

2(S—=1)(d—Dd [(s—Ds(d—Dd

28—D(d—T1) (s—D(A-1)

19PHED I'ToPH® [IEleesia) T9PIAED ITRaH® I'19PIA©@ (P@I®) IP@A® 1}
(s—1ps(d—1d £5zd (s—1)szd S(d-1)d Sd-1)d (s—1)s.d Szd (s—1)s(d-1)d sd
IToPH® TIPH® ITPaN® 19PIA@ TIPAH® TToPIA©® [gEleEt(© TIRAIO® 9%
e(s—=D(d-Dd (s—T)sd —DA[-Ds@-Dd] (s—Ds(d-1)d 2(8—T)ed [(—Dsed] z(s—1)(d-1d  (s—Dd
IPARd IIPaH® [Iaaue] [IPQIA®D)] 1aap® IIP@d® [a@4€D] ra@a® 1a¥
(s—Ds([d-1) SA—1)d [(5—Ds@-1d] [82(@—D)] S(d—1) (s—D)s(d—nd [S@-Dd] (s—Dsz(d—1)  (d-Ds
[PPFIED)] IToPIA©@ P@IA®D] 1PPAAED lgCle L () I1PPAI® PAJID) 1190 44®@ P4
(s—D)sz(d—1) Ssd-pDd (s—Ds@d-nd Se(d—1) Se(d—1) (s—1)s(d-nd SA-1)d  (s—1)sz(d—1) (d—-ns
IIPay® TIPAH® 11aap® IIP@A® gi(e(et TIPAIO® r1a@A® TIAAI® 1a¥
28— (d-Dd (s—T1)sd 2(5—Ded (s—Ns(d-1d (s—s@-nd 2(8—T)zd (s—Dsgd (s—1)(d-1)d (s—nd
[§EIVE (O} T1oPIA® ITP@A® I1oPJd® TRAI® TIPAI® [§ECE) T1°AId® Tod
(s—Ds(d-1)d sed [(s=1D)sA] Sd—Dd Sd—-1)d (s—1)s.d E (s—Ds(d-1)d sd
PArA® IIPAIA© aazaed MPq4 4D 11a@a® IPAII® 1aa440D] r1aadd® 1ad
((5—De(d=1) (s=Ds—1d -1 (Ad-Dd E-Dsd—1) =Ds(d=1) (- @-Dd (s=Ds@-1d -Dz(@-1) -DE-1)
IIP@A®© TIPAII© 11aara® 1PAdI®@ TIAAFA® TIPAIA® 1aq4d® TIAAIID 1a4
{e/1}
(s—D(@=1) sd (s—1d (d—1)s (d—1)s (s—nd sd (s—-D@-1 {g/1}
123 g1 1y Pd 1 Pd 1ad 104
(S) (@
sdg—s+d=1 s J—"T 1 “T: °udd [eyya]
1—q d1—-g i E) P 7 ¢ :oua8 owhzos]
:9N[BA UOIBUIQUIOINY J71d X d71d 9 ‘p ‘(Q :ou98 owifzos]

RYEIEOWHE 7 B o2 (T2 1) x (-

T:1:1) iI-S ‘e (¢)

Burdnoo siqno * 1

¢ %
(I)—-(¥)-1I-S
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S-T-(4)-(iii)
=5 (3)—2 HMEA, STH (1:1:1:1)x(1:2:1) wkid s HEHE & QRGO
FHEHE

Isozyme gene: D, d, e, F, f Selfing type
Embryonic DLF y DLF
lethal gene: L, | dif elf

Recombination value:
D-F:r r=p+s—2ps
D-L:p P?2=(1-p)?, R2=(1—-r)?, S2= (1 —s)2 R=P+S—-2PS
L-F:.s

[D—F—L—1]: Survived individuals

Genotype Expected frequency Sum of expected frequency

@ FFDDLL (1-p)2(1—s)? P2S? S {P2+2P(1-P)}
2FFDDLL 2p(1-p)(1-s)? 2P(1-P)S? =82{P2+2P—-2P2} =82(2P—P?)

@ FFDALL p(1-p)(1-s)2 P(1-P)S?
FFDAL! p%s(1-s) (1-P)?8(1-S)
FFDALl (1-p)%(1-s) P2S(1-S)

@ FFDeLL p(1-p)(1-s)? P(1-P)S?

FFDeLl p%(1—s) (1-P)?S(1-S)
. FFI}?E_(I—p)ZS(I“S) psa-s) ) N e
® FFdeLL p?(1-s)? (1-P)2s?

_ 2FFdeLl 2p(1-p)s(1-s) 2P(1—?)S(1—S) i

@ 2FDDLL 2(1—p)%s(1—s) 2P2S(1-S)
2FDDLI 2p(1-p)s*  2P(1—P)(1-S)
2FIDDL1 2p(1-p)(1—s)? 2P(1—P)S?

® FDALL p(1-p)s(l-s) P(1-P)S(1-S)
FIDALL (1—p)2(1-s)? P2S2

FfDdLI p?s? (1-P)2(1-S)2
FIDALL p(1-p)s(1—s) P(1-P)S(1—-S)
FfDALl (1-p)2%s? Pz(1-S)?
FIDdLl p%(1—s)? (1-P)282

® FfDeLL p(1-p)s(1—s) P(1-P)S(1-9)
FiDeLL p?(1—s)? (1-P)2se
FfDell (1—p)%? P2(1-S)?
FfDeLL p(1-p)s(l1-s) P(1-P)S(1-S)
FfDell p%s? 1-P)2(1-5)2

FiDell (1-p)¥(1—s)? P2§2

® 2FfdeLL 2pls(1—s) 2(1-P)28(1-S)
2FfdeLl 2p(1-p)(1—s)2 2P(1-P)S?
FfdeLl 2p(1-p)st  2P(1-P)(1—S)?

@ H#DDLL (1-p)2? Pz(1-S)2
2{fDDLI ZpQ—p)s(l—s) 2P(1-P)S(1-5)

® ffDALL p(1—p)s? P(1-P)(1-8)2
DALl (1-p)%s(1—-s) P2S(1-S)
DALl p*s(1—s) (1-P)%8(1-9)

ffDelL. p(1-p)s? P(1-P)(1-S)?
ffDell  (1-p)%s(1—s) P2S(1-S)
ffDell  p?(1—s) . (1-P)’S(1-9)

@ ffdelL ps (1-P)2(1-8)2
2ffdell  2p(1—p)s(1—s) 2P(1-P)S(1-S)
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£-5 (3)-3 HEEH, SOH (1:1:1:1)x(1:2:1) It % B & MU O
FTEHE
Recombination values: Selfing type
D-F:r DLF DLF {P2+2P(1-P)+ (1 —P)2} ={1}
D-L:p dif elf {S24+28(1-9) +(1—-9)%={1}
L-F:s
[D—F—L—]: Expected frequency of genotypes and observed number
FF Ff ff Sum and observed number
) @ @
DD p2s? 2P:S(1-5) P2(1-95)? (1/3)@P-P?)  PYHS2+2S(1-9)+(1-9)%
P(1-P)S(1-S) 2P(1-P)(1-5)? 2P(1-P)S(1-S) +2P(1-P){S2+25(1-9) + (1-5)%
2P(1-P)S? a =2]::’*P2

@ ®
Dd P(1-P)S? 2P(1-P)S(1-9)

P(1-P)(1-8)?

(1/31-P+Py)  PH2S(1-8)+S+(1-5)%

(1-P)5S(1-S) P P2S(1-S) +P(1-P) (28(1-8) + S+ (1-5)%}
PS(1-9) (1-P)2(1-9)? (1-P)5S(1-$) 2 +(1-P)H{28(1-8) ++ (1-9)%}
P82 =(1-P+P?)
(1-P)s?
@ ®
De P(1-P)S* 2P(1-P)S(1-S) PU-P)(1-S)?  (/)(A-P+PY) (I-P+P){25(1-)+S:+(1-8)%
(1-P)S(1-5) P& (1-P)s(1-9) +P(1-P){28(1-8) +8+(1-9)?}
PS(1-S) (1-P)2(1-9)? PIS(1-S) % +(1-P)25(1-8) +§+(1-9)2)
P2(1-9)? =(1-P+PY)
(1-P)s?
® ® ®
de (1-P)S2 2(1-P)58(1-9) 1-PRI-S7  (UDA-P)  (-PR{(1-5)+25(1-8)+SY)

P(1-P)S(1-S) 2P(1-P)$?

2P(1-P)S(1-9)

2P(1-P){(1-5)2+28(1-5) +5%

2P(1-P) (1-95)? 4 =(1-P?)
Sum of expected frequency
(1/3)(25—S2) (2/3)(1—S+8?) (1/3)(1-8%
Observed number
b1 b b3 n (3.0)
f(S) = B() + BIS + stz + B353+B4S4 + B585 ={ f (P) :Ao +A1P + AzPZ +A3P3 +A4P4 + A5P5 =0
B() = 2b1 A() = 28.1
Bl-_—*4b1—2bz A1=—4a1—2az—2a3
Bz=2b1+5b2_4b3 A2:2a1+5a2+5a3—4a4
B3 = 2b1 + 6b3 A3 = 2&1 +6ay

B4= *4b1*5b2-6b3
Bs=2b;+2bs+2bs=2n

Rep. 0 <S<0.5 s=35
Coup. 0.5<S<1.0 s=(1-S)
35(2-9)(1—-8)(1-S+8?)

V) =90 (2=4S 352 + 145 —75")
V(s)=V(S) S.E.ofs= WV (s)

A4: *431“5&2—5334634
Ag=2a;+2a,+2a3+2a,=2n
Rep. 0 <P<0.5 p=P
Coup. 0.5<P<1.0 p=(1-P)
_3P@-P)U-P5)(1-P+P?)

V(B) =9 (3= 4P —3P7+ 14P*—7PY)
Vip)=V({P) SE. of p=+V(p)

S2{p2+2P(1-P) +(1-P)%
+28(1-S) {P2+2P(1-P) + (1-P)
=S{1}+28(1-S){1}

252{P24+2P(1-P) + (1-P)?}
+25(1-S) {P24+2P(1-P) + (1-P)?}
2(1-9)2{P2+2P(1-P) + (1-P)%

(1-9)2{P2+2P(1-P)+ (1-P)%}
+25(1-S) {(P2+2P(1-P)+ (1-P)%}
=(1-25+52+25-25%)

=(1-89)

=52425-28 =2{S2+5(1-8) +(1-5)%
=2{S*+S-52+1-25+5%}
=(28-5%) =2(1-5+%9)
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S-I-(4)-(iii)

F-5 (3)—4 BWEH, SSTH (1:1:1:1)x(1:2:1) k35 HE L Hiffo
FHE
Isozyme gene: D, 4, F, f Selfing type
Embryonic DLF DLF
lethal gene: L, 1 dif elf
Recombination value:
D-F:r r=p+s—2ps P2=(1-p)?3, R2=(1-1)2 S2=(1—s)2 R=P+S5-2PS
D-L:p {P24+2P(1-P)+ (1-P)2} ={1}
F-L:s {S2+25(1-8)+(1-9)2}={1}
[D—F—11]: Lethal individuals
Genotype Expected frequency
@ FFDDIl p2s? (1-P)2(1-9)2 L
@ FFDdIl p(I—p)s? POQ-P)(1-2 I
@ FFDell p(1-p)s? P(1-P)(1-S)2 i
@ FFdell (1—p)2s? p2(1-s) T
@ 2FFDDIl  2p%s(1—s) 2(1-P)2S(1-S) o o o
@FDAl 2p(-p)s(=8) PAPIS(—g) T
@ 2FfDell  2p(1—p)s(1—s) 2P(1—-P)S(1-S)
® 2Ffdell  2(1—-p)?s(1—s) 2P:S(1—S) o "_"“:
® ffDDIl  p2(l1—s)? a-pzsz
® #Ddll p(-p) (1—-s)2 P(1—P)S? T o
@ ffDell p(l-p (1-s)? PU-P)SE B
® ffdell (-p2(1-s)2 Pp2s2 T

[D—F—I11]: Expected frequency of genotypes and observed number

FF Ff ff Sum and observed number
© @ ®
DD (1-P)2(1-S)2 2(1-P)’S(1-9) (1-P)2s? (1-P)2 (1-P)2{S24+2S(1-S)+ (1-9)2}
a =(1-P)?
O ® 1)
Dd PO-P)(1-5)2 2P(1-P)S(1-9) P(1-P)S? PA-P) PU-P){(1-9)2+2S(1-S)+S%}
az ZP(I—P)
@ ® @
De P(1-P)(1-S)2 2P(1-P)S(1-S) P(1-P)$? P(1-P) PU-P){(1-5)24+25(1-S)+5%
a3 =P(1*P)
@ ® ®
de P2(1-S)2 2P2S(1-S) p2s? p? P2{(1—-8)2+2S(1-S) +5%}
ay :PZ
Sum of expected frequency
(1-9)2 28(1-9) S2
Observed number
by b, bs n(1.0)
_by+2b _S(1-9) _ataz+2a _PU-P)
S*% Ve = 2n p=" 23;'1 tove)= 2n
Rep. 0 <S5<0.5s=S F1/fL Rep. 0 <P<0.5 p=P D1/dL

Coup. 0.5<S8<1.0 s=1—-S FL/fl
V(s)=V(S) S.E.of s=+vV(s)

Coup. 0.5<P<1.0 p=1—-P DL/dl
V(p)=V(P) S.E.of p=+V(p)

(1-9)2{(1—-P)2+2P(1—P) +P2?}

=(1-9)2 =25(1-9)
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RUEIEOMFR 2 B Ok (T 1T 1) x(T:1:1:1) M-S ‘kfE

2G—DzA=D] -Ds;a—1) E=—DE=—DI [C=DSE=DI] (—=DsE-DI S-DE-DI [(=DS(E-D]| (5-Dz(1-1) S-DE=T)
[4I°P&D)] I'TUFRP® ([Fea@)] (44°PED] ITWRA® I'T44°P® ftEE@) [BLECh(O) Iue
(8=1)8z(1—1T) Sz(I—1)  (S—D)s(A-D)* SE=1 BSEA-DX (S—Ds(E-T)4 Se(3—1)  (5—D)Sz(3—1) S(A-1)
ITUIoP® TIUP® ITURA® ITYA9P® TIURA® TIY4P® [SLEE (O] TIU4Rd® Tuo
(=D E=DI] (s—DSE-DI [L6—De] [(5—Ds] (S—D)SgH 25Dzt [B=DSE—DI] (s—DE-DI  (S—DI
MwPad@)] ITWPaA® M¥aaey MUAPA® TIYWAAD IT4IPA® MAqaeD IT44aa® d
(s—D)s@E=T1)1 SE—T1)1 (5s—1)sg E 2571 (s—1)sgt E (s—1)s(A—1)1 SI
[34°PED) IT34°P@ (420D 119°P&D gtEEl(G) I1449P® IEEE ) 114420®@ 142
(s—1)s(a—1)1 SE-=1)1 (s—1)s¢d 7574 7574 (s—1)sgt SA-11 (5—=1)s(@—-1N)1 s1
1TYWPA® TIPPA® waad ITUAPA® TIWAd® TIYAPA® ITYdaa® TIYIAd® Ta
(-1 @E—-DI (S—=DsE-D1 2(8—Det (S—1)set (S—T)sz2 8=zl (S=DSE-DI -1 (F-D4 (s—1)4
I3d9P©@ TP gLl () 144°P® TBIA® T1449PE 1144°2d® T144°d® 14°
(5—Dsz(3-1) S(3—=1) [(=DsE—-D4 [5(=D)1| BSE=-DI (S—Ds(E-1)4 [S:(A—D] (5—Dsz(A—~1) s(I—-1)
[3dPa®) I3APA® [EEfE n44Pd® daa® 1144Pd® 44qaed 11440a® aa
d(S=Dz(A=1) (—DS(A—-1) (=) (E-DI (—DSE-DI (—DSE-DI (S—-D(E-DI (-DSEA-D (S—D(A-D =D E=TD)
IBIPA® TBIPAG® I34aa® 1144PA® THAAA® T149PA®@ 1144ad® 1144040 14d
{2/1}
(s=1) (E-1) S(I-1) (s=1)1 s1 s1 (s—D1 S(E-1) -DE-1  {g/1}
P P Ba 14p Ta 14P aa 144
(S) (@
si7—S+1d=d siT-4g I “T: ouagd [eya]
140—q d1—-a IUE) P y ‘7 ‘g :oua8 swhzos]
:9N[BA UOTJRUIGUIOIY Td4d * 14d 2 ‘p ‘g :9ud3 dWAZOS]

urdnod ayqnog - 1

(1) 9—2%
(1)-(¥)-I-S

BRYEIOURFH 2 FEHM O (T2 11 1) x(T:1:1:1) i%l-S TelME "€
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S-1-(4)-
-6 (1)—-2

(i)

BREA, S-MA (1:1:1:1)x(1:1:1:1) ki3 siE5EE L Ao

AR
Isozyme gene: D, 4, e, F, f, h Selfing type
Embryonic DFL % DFL
lethal gene: L, 1 dfl ehl
Recombination value:
D-F:r p=r+s—2rs
D-L:p P2=(1—-p)2, R2=(1—1)2, $2=(1—s)2 P=R+S-2RS
F-L:s
[D—F—L~—]: Survived individuals
Genotype Expected frequency Sum of expected frequency
@® DDFFLL (1-1)2(1-s)? RS2 R2{S?24+28(1-9)}
__ 2DDFFLL 2(1-1)%(1-s) 2R¥S(1-8) =R*{S*+25-28% _=R*(2S-8%)
@ DAFFLL r(1-1)(1-s)2 R(I-R)S? R(1-R){$*+25(1-S)}
___2DdFFLl 2r(1-r)s(1-s) 2R(I-R)S(1-S) =R(1-R){$*+25-28%} ~_ =RO-R)(@S-8)
@ DeFFLL r(1-r)(1-s)? R(1-R)S? R(I-R){S2+25(1—S)}
2DeFFLI 2r(1-r)s(1-s) 2R(1-R)S(1-S) =R(1-R){S*+25~-25?%} =R(1-R)(25—%?)

® deFFLL r(1—s)? (1-R)?S? (I-R)2{S+25(1-9)}
 2deFFLL 2s(1-s)  2(1-R)2S(1-S) =(1-R)%{St+25—28%) =(1-R2(235~ )
@ DDFALL r(1-ns(i-s) R(I-R)S(I-S) RO-R){S+S(1-8)+(1-9)

DDFfLl r(1-r)(1-s)2 R(1-R)$? =R(-R){S?+S-52+1-25+52)}
__ DDFfLl r(1-r)s? RO-R)(1-8)? =RA-R){I-S+8} =R(-R)(1-5+8%)
® DAFLL (1-1)%(1-s) R2S(1-S)

DAFfLI (1-r)2(1-s)? RS2 RZ{S(1-S)+S2+ (1-S)2}
- DdF{L1 (1—{)282 R2(1-9)2 =R2{S-Sz+v§{f}_j25+52} =R2(1—Sﬂ:§f)_ ___________
® DeFfLL r’s(1-s) (1-R)2S(1-9)

DeFfLl r2(1—s)? (1-R)282 (1-R)2{SQ—-S)+S*+ (1-S)2}

DeFfLl r2s? (1-R)2(1-S)2 =(1-R)2{S—S2+82+1—25+52} =(1-R?(1-S+8)
® deFfLL r(l-r)s(1—-s) R{I-R)S(1-S) RU-R){SQ1-S)+S2+(1-5)2}

deFfLl r(1-1(1-s)? R(1-R)$? =R(I-R){S—S2+82+1-25+%2} =R(1-R)(1—-S+8?)

deFfLl r(1-1)s? R(l:_Rl(l —S)? B e
@ DDFLLL r(1-r)s(1—s) R({I-R)S(1-S) RUI-R){S*+S1-8)+(1-S)2}

DDFhLl r(1-r)(1-s)2 R(1-R)$? =R(1-R){S2+5-S2+1-25+%?)}
__ DDFhLI r(1-1)s? R(1-R)(1-S)? =RO-R){I-S+8} =R(1-R)(1-S+8?)
® DdAFhLL r?s(1—s) (1-R)2S(1-S)

DdFhL] p?r? (1-R)2(1-R)? (1-R)2{S—$24+S2+1-25+57%}

DdFhLL r(1-s)? (1-R)*$? =0A-RA1-S+8) =0-REA-S+8H
® DeFhLL (1-r1)%(1—s) R2S(1-S)

DeFhLl (1-1)%? R(1-S)2 =R{(S(1-S)+ (1-S)2+5%}
_A”DthLl (1-1)2(1—s)? R282 N - L =R2(1-S+%?)
® deFhLL r(1-1r)s(1-s) R(UI-R)S(1-S) RO-R){S(1-S)+S2+(1-5)2}

deFhLl r(1-r)(1—-s)? R(1-R)$? =R(—-R){S—S2+S82+1-25+57%} =R(I-R)(1-S+8?%)

deFhLl r(l-rs* RA-®mCQ-82 L
@ DDfhLL r2s? (1-R)2(1-S)? (1-R)#{(1-9)2+251-9)}

2DDfRLL 2¢2(1-s)  2(1-R)’S(1-S) =(1-R)*{1-25+5+25-25%} =(1-Rp1-8
® DdfhLL r(1-r)s? R(1-R)(1-5)? RUI-R){(1-S)2+28(1-S)}

2DdfhLl  2r(1-1)s(1—s) 2R(1—-R)S{1-S) =R(1-R){1—-28+52—25—-252}
e L ) =R(I-R)(1-8%)
DefhLL r(1—r)s? R(1-R)(1-S)? ROA-R){(1-9)2+25(1-9)}

2DefhLl  2r(1-r1)s(1—s) 2R(1-R)S(1-S) =R(1—R){1—25+S2+25-25%}

- ) N =RO-R)(1-%)

©@ defhlL (1-r)2s? RZ(1-S)2 RZ{(1-S)2+25(1-9)}

2defhLl  2(1-r1)%s(1—s) 2R2S(1-5) =R2{1-2S5+52+25-252} =R2(1-%2)
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S-M~(4)-(i)
F—-6 (1)—3 HAER, S-MA (1:1:1:1)x(1:1:1:1) ki »HHE LERMD
HEGE
Recombination values: Selfing type
D-F: r DFL , DFL
D-L:p dfl ehl {RZ+2RO1-R)+ (1—-R)2} ={1}
F-L:s
[D—F—L—1: Expected frequency of genotypes and observed number
FF Ff Fh th Observed number and ratio
o @ @ @
DD R2(2S—-%?) RI-R)(1-S+8% RO-R)(1-S+S%) (1-R)2(1—%%) a; ki=ai/n
@ ® ® ®
Dd R(I-R)(2S—$?) R2(1-S+$?) (1-R)2(1—-S+S%) R(UI-R)(1—-S») a; ky=ay/n
@ ® ®
De R(OI-R)(25-%2) (1-R)2(1—-S+S?) R2(1—-S+S%) RO—R)(1—S% a3 ksz=as/n
©) ® ® ®
de (1—R)2(25—%2) RUI-R)(1-S+S? R(I-R)1-S+$?) R2(1-%?) a; kg=a4/n

Sum of expected frequency
(1/3) (25—5%) (1/3) (1—S+S?) (1/3)(1—S+82?) (1/3) (1—-5?%)
Observed number
b] bz b3 b4 n (3 0)

Solutions of quadratic equations
A=(1/3)(25-5%)

B=(1/3)1—S+S%) A+2B+C=1.0
C=(1/3)(1-%%

(A-2B+O)RH+(2B-20R+C-k=0  (—A+2B-C)R*+(A-2B+C)R+B—k,;=0 (A-2B+C)R*+(-2A+2B)R+A-k,=0
(-A+2B-C)R*+(A-2B+C)R+B-ks=0

f(S) = B() +315 + BzS2 +B353 +B4S4 + B585 =0
B0:2b1
31 - 4b1 - 2b2 - 2b3
By =2b;+5bs+5bs—4by
B3 = 2b1 + 6b4
B4 = 4b1 - 5b2 - 5b3 - 6b4
B5 = 2b1 + 2b2+ 2b3 + 2b4= 2n

_35(2-9)(1-8)(1-S+8%)
T 2n(2—4S—352+14S8-7S%)

Rep. 0 <R<0.5 r=R Df/dF V(S) Rep. 0 <S<0.5 s=S Fl/fL

Coup. 0.5<R<1.0 r=0-R) DF/df Coup. 0.5<5<1.0 s=(01-9 FL/fl
V(s)=V(S) S.E.ofs=+V(s)
AR?+2BR(1-R) +C(1-R)2=k, AR(1-R)+BR2+B(1-2R+R) +CR(1-R)=k;  A(1-R)2+2BR(1-R)+CR2=ky
+AR?  +2BR —AR?  +AR +ARZ —2AR +A
—2BR? +2BR2 —2BR +B —9BR? +2BR
+) +tCRZ —2CR +C +) +tCR®  +CR +) +CR?

(A-2B+C)R*+ (B—20)R+C~k =0 (—A+2B-C)R?+(A—2B+C)R+B—k=0 (A-B+C)R*+(-2A+B)R+A~ks=0
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S-m-(4)-(i)

-6 (1)—14
AR

Isozyme gene: D, q, e, F, f, h Selfing type

BRI, S-MA (1:1:1:1)x(1:1:1:1) k2 AEEE & ERfo

Embryonic DFL % DFL
lethal gene: L, 1 dfl ehl
Recombination value:
D-F:.r p=r+s—2rs
D-L:p P2=(1—-p)?, R?2=(1-1)?2, $2=(1—s)2 P=R+S—2RS
F-L:s {R2+2RI-R)+ (1 -R)Z={1}
[D—F—11]: Lethal individuals
Genotype Expected frequency
@ DDFFII  (1—r)%? RA=S:
@ DdFFIl  r(1—r)s? rRC-mA—S2 L
@ DeFFll r(1-r1)s? RO-R)(1-5?% o
© deFFIl  r2s? (1-R)2(1-8)? e .
©@ DDFfl  r(1—r)st-s) RO-R)SG-S)
@ DdFfll (1-1r)%(1—-s) RZS(1-9) o - e
@ DeFfll r%(1—s) a-psaa-y e
© deFfll  r(1—p)s(i—s) R(1-R)S1-9S) e .
@ DDFhll r(1—r)s(1—s) rRQ-RSQ-S)
@ DdFhll  r’s(1—s) _(a-psa-s)
@ DeFhll (1-r1)2s(1—s) RSA4=s
© deFhll r(l1-p)s(i—s) R(1-R)S(1-S) e
@® DDfhil r2(1—s)2 (1—-R)?%8? - e
@ Ddfhil r(1-r)(1—-s)2 R(1—-R)S?
@ Defhll rd-n(-s? RO-®)S2 L
@® defhll (I1-r)2(1—s)2 R2S?
[D—F—111]: Expected frequency of genotypes and observed number
FF Ff Fh ff Sum and observed number
® E] B ® R1-S){R(1-S)+ (1-R)S}
DD R2(1-S)2 R(I-R)S(1-S) R(1I-R)S(1-S) (1-R)%s? p? +(1-R)S{R(1-S)+(1-R)S}
a =(P){P}=F*
@ © ® @ (1-R)(1-S){R(1-8)+(1-R)S}
Dd R(1-R)(1-S)? RS(1-S) (1-R)8(1-S) R(1-R)S? P(1-P) +RS{R(1-S)+(1-R)S}
3 ={(1-R)(1-S)+RS}{P}=P(1-P)
) @ ® o) (1-R) (1-9){RA-R)+(1-R)S}
De RUI-R)(1I-S)* (1-R)2(1-S) R:S(1-S) R(I-R)S? P(1-P) +RS{R(1-S)+(1-R)S}
2y ={(1-R)(1-S)+RS}{P}=P(1-P)
© ® ® ® (1-R)(1-9){(1-R)(1~S) +RS}
de (1-R)2(1-9? R(O1-R)SU-S) R(I-R)S(1-S) Rzs? (I-P)>  +RS{(1-R)(1-S)+RS}
ay ={(1-R)(1-S)+RS}{1-P}=(1-P)2
Sum of expected frequency
(1-9)2 S(1-S) S1-S) S2
Observed number
by b2 bs by n(1.0)
S=(by+bs+2by)/2n P=(2a;+az+a3)/2n
Rep. 0 <S<0.5 F1/fL Rep. 0 <P<0.5 p=P Dl/dL
Coup. 0.5<S<1.0 FL/fl Coup. 0.5<P<1.0 p=(1—P) DL/dl

V{S)=S(1-S)/2n
V(s)=V(S) S.E.of s=vV(s)
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A—D(A—1)] @—1)(d=nd [G=DIi[d=—1Dd] [(=DX{E—D] G=Di@-1) @-Di1[d-Dd =D [E-DC] (-Dz(d-1) @F-DE-1
[ePweD] IToPWI® [RaWA)] [PPYACD)] [ EleLEE) IT9PYI® [PAYI®D] I1°aUd® By

[A-D@-Dd  a—Dd (1-Did (@-Did—nd @-Dxd—1)d (1—1)1d [1-Dad ;a-pD@-Dd  (-Dd
"ISPYI® TIPUI® 'RPau® I'I°ePYA® TTPAW® TIPPY4® [QEILR(O) TI2QUA® T4
F—na(d—nd (I—T1)1d _m.@ Ad=1)d Ad—1d 2Ad E (1—1)1(d—-1)d ad

P& IPAW® naauop IPAUAED r1aawd® I'PqQUd® naqy4e€n 11aaua® 1av

@-D%E-D] (-Di@d-Dd  [F@ D4  [ZG-D Zd-1)  @d-Dd [(—DI@-DA] (-Di@E-1) (@D
NEEE) 11°PIA® RP@A®] PPAAED 16clet (O] ITPPIA® [EeEE@ 1A 44® A

1-DEd—T) (@-Did-Dd Ad—Dd A (d—1) A (d—1) Ad-Dd (@-Di@A—Dd @I-DE@d-1) (@-D1
1IPAUWI® TIPAUWE® 1aqau® I'IPAYA® T1AqY@ TIPAYA® 1Iaqua® TIAqUA® Tau

(1—-1)1d-1)d (A—T1)xd 2ied A(d—1)d Ad—1)d 2Azd (1-D1d (a—1ad-1)d ad
'19PIA® TTePIA® g CleEL (O] I'19PAA® TI2A3AO© TIPAA® 11°q44®@ T13AIA® oA

E-D@-1d (a-Dd  [(—Did] [G=DX@-DF] (-Di@-nd @-Dxd  [(G-Dd] ((-D@-Dd  @-Dd
(P A®D] IP@WA® a3 a€n PqAI® r1aara® I1PAdd®@ [Aq440D] 11add4d® 1ad
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I1P@I® TIP@IG® I'1aqyd® 'IPAd4®@ TIAWI® T1TIPA4d®@ '1aqad® T1Aq44® 1d4
{e/1}
(=D (-1 (1-nd d (d-1)1 (d-11 d (1—-Dd a-Dd-n {e/1}
122 TP} 1a Pd 1ar TPd 1ad a4
s @

dzg—14d=s siT—4g I “T: oudd [eyw]

1 J—q ‘d1—-a G| P¥ q ‘7 ‘g :oudd swAzos]
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S-M-(4)-(ii)
£-6 (2)—2 BHMEE, S-IMHE (1:1:1:1)x(1:1:1:1) ki) 5L & Mo
AR
Isozyme gene: D, 4, e, F, f Selfing type
Embryonic FDL % FDL
lethal gene: L, | fdl hel
Recombination value:
D-F:r s=p-+r—2pr :
D-L:p P2=(1—-p)? R2=(1—71)2, $?2=(1—s)?2 S=P+R—-2PR
F-L:s
[F—D—L—1: Survived individuals
Genotype Expected frequency Sum of expected frequency
@ FFDDLL (1-p)2(1-r)2 P2R? R#{P24+2P(1-P)}
___2FFDDLI 2p(1-p)(1-r)? 2P(1-P)RZ  =RY{P2+2P—2P%} _ =R(2P-PY) __
@ FFDALL p(1-p)r(1-r) P(1—-P)R(1-R) R(O-R){PU-P)+(1-P)2+P2}
FFDdLI pzr(lfr) (1-P)R(1-R) =RU-R){P-P2+1-2P+P2+P2} =R(1-R)(1-P+P2)

FFDAL! (1-p)(1-r) P2R(1-R)

@ FFDeLL p(1-p)r(1-r) P(1-P)R1-R) RUI—-R}{P(1-P)+(1-P)2+P?

FFDeLl p2r(1-r1) (1-P)2R(1-R) =RU-R){P-P2+1-2P+P2+P?} =R(I-R)(1-P+P?)

FFDell (-p)*(1-v) PRO-R)
® FFdeLL p? (1-P)2(1—R)2 (1-R)*{(1-P)24+2P(1—P)}

2FFdeLl 2p(1-—p)r 2P(1-P)(1-R)? =(1-R)*{1-2P+P*+2P 2P} =01-RZa-pH
@ FDDLL (1-p)xr(1-r) P2R(1-R) R(1-R){P2+2P(1-P)}
___ZFDDLl 2p(1—p)r(i-1) 2P(I~-P)RU-R) =R(-R){P1+2P—2P%}  ; =RU-R)@P-PY)
® FDILL p(1-p)(1-1)2 P1-P)R? R{P(1-P) +P24+ (1—P)2}

FfDdLl (1-p)2(1-r)2 PR? =R¥{P-P2+P2+1—2P+P2)

FDALL p*(1-1)? (I-P)R*  =R(1-P+P? __=R-P+P)
® FfDeLL p(1—p)r? P(1-P)(1-R)?

FfDeLl (1—p)2r? P2(1—R)? (1-R)2{P(1-P)+P2+ (1-P)2}

FfDell pr* (I-PRO-R)? =(-R?P-P4PI+1-2P+P)}  =(1-R)*(1-P+P?)
® FfdeLL pr(1-1) (1-P)2R(1-R) RU-R){(1-P)2+2P(1-P)}

2FfdeLL“g;7)£1 pr(l-r) 2P(1~P)R(_1_:IQ (_“){1*2P+P_2_+2P~2P2} va(_l_:Rﬁ)ﬁ(ﬁl:ﬁIizi) _________
@ FhDDLL (1-p)x(1-r) PZR(1—-R) R(1-R){P2+2P(1-P)}

2FhDDLL 2p(1—p)r(1-1) 2P(1-P)R(1-R) =RU-R){2P-P3} =R(I-R)@P-P)
® FhDALL p(l1—p)r? P(1-P)(1-R)?

FhDdLl (1—p)2? P2(1-R)? (1-R)2{PQ-P)+P2+(1-P)2}
__ FhDdLI p? (1-P2(1-R)? =(1-RXP-P+P?+1-2P+P?} =(1-RZ(1-P+P3)
® FhDeLL p(l-p)(1-1? P(1-P)R?

FhDeLl p2(1—r)2 (1-P)2R? RZ{P(1-P) +P2+ (1-P)2}
___ FhDell (1-p)*(1-r)? PR? =R:(1-P+P%) __=RA-P+PH
® FhdeLL pxr(1-1) (1I-P)R(1-R) RU-R){(1-P)2+2P(1-P)}

2Fhdell 2p(1-p)r(1-r) 2P(1-P)R(1-R) =R(I-R){1-2P+P*+2P—2P%}  =ROI-R)(1-PH)
@ fhDDLL (1—p)2? P2(1-R)? (1-R)2{P*+2P(1-P)}
___2fDDLI  2p(1-p)r? 2PU-P)(1-R)? =(1-R)*{P*+2P—2P%} =0-R?@P-P)
fiDALL p(1-p)r(1-r) P(1-P)R(1—R) RUI-R){P(1—P)+P2+(1-P)2}

faDALI  (1-p)x(1-1r) PZR(1-R) =R(1-R){P—P2+P2+1—2P+P2}
__fhDdLl  pxr(1-1) _a-p®RO-B® =R(I-R)U-P+P?)
fhDeLL p(1-p)r(l-r) P(I-P)R1-R) RU-R){PU-P)+P2+(1-P)2}

fhDeLl (1-p)xr(1-r) PRO-R) =R(1—-R){P—P2+P2+1—2P+P?}
_MDell pr(-r)  (-PYRO-R) e ZRO-R)O-PERy
@ fhdeLL p2(1-1)? (1-P)2R? R2{(1-P)+2P(1-P)}

2fhdeLl  2p(1—p)(1-1)? 2P(1-P)R? =R2{1—-2P+P2+2P—2P%} =R2(1-P2)
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S-M-(4)-(ii)
k-6 (2)—3 BHHEA, SSIHE (1:1:1:1)x(1:1:1:1) kT sHEHE LARMHEO
HEHE
Recombination value: Selfing type
D-F:r FDL y FDL
D-L:p fdl hel {R24+2R(1-R) +(1—-R)%} ={1}
F—-L:s
[F—D—L-1: Expected frequency of genotypes and observed number
FF Ff Fh ff Sum and observed number
® @ @ @
DD (2P-PHR? @P-PHR(I-R) (P-PHRO-R) (P-P)(1-R)¥  (1/3)(2P-P2)  (2P-PH{R:+2R(1-R)+(1-R)}
=(2P-P?)
______ . i S S
@ ® @
Dd (1-P+PHR(1-R) (1-P+PHR? (1-P+P)(1-R)? (1-P+PYR(I-R) (1/3)(1—P+PY)  (1-P+PH{2R(1-R)+RH+(1-R)}
=(1-P+P%)
- - - N I
® @
De (1-P+P)R(1-R) (1-P+P%)(1-R)? (1-P+P?)R? (1-P+PHR(1-R) (1/3(-P+PY)  (I-P+PH{2R(I-R)+R*+(1-R)%
=(1-P+P?)
L . as s
© ® ® @
de (1-P%(1-R)? (1-PHR(1-R)  (1-PHR(-R)  (1-P)R? (1/3)(1-P2) (1-P){(1-R)?+2R(1-R) +R%}
= _PZ)
o _ s as . ~
Sum of expected frequency
Observed number
bl bz b3 b4 n (3.0)

Ratio
ki=bi/n ky=by/n ks=bs/n ks=a4/n

Solutions of quadratic equations
A=(1/3)(2P—-P2)
B=(1/3)1—-P+P2) A+2B+C=1.0
C=(1/3)1-P%
(A-2B+C)R2+ (2B—20)R+C-k;=0  (—A+2B-C)R24(A-2B+C)R+B-ky=0 (A-2B+C)R*+(—2A+2B)R+A—-k,=0
(—-A+2B-C)R?+(A-2B+C)R+B-k;=0

f(P)=A¢+AP+A,P2+AP3+APtH+AP =0
Ay=2a,
A1: “4&1"232‘233
Az:28.1+532+533-4a4
Az;=2a;+6ay
A4=—4a1—5a2~5a3~6a4
A5=2a1+2a2+2a3+2a4=2n
_ —P2) (1 — 2
3;%_5}),(_131}; JBSP}E;)) Rep. 0 <P<0.5 p=P  DI/dL
Coup. 0.5<P<1.0 p=(1-P) DL/dl
Vip)=V(®P) S.E.ofp=+V(p)

ARZ+2BR(1-R)+C(1-R)2=k, AR(1-R)+BR2+B(1-2R+R)+CR(I-R)=k, A(1-R)?+2BR(1-R)+CR?=k,

Rep. 0 <R<0.5 r=R  Df/dF V(P)=
Coup. 0.5<R<1.0 r=0-R) DF/df

+ARZ  +2BR —~AR? +AR +ARZ  —2AR +A
—2BR? +2BR? —2BR +B —2BR* +2BR
4y +CRZ  —2CR  +C +) +CR® +CR +) +CR?

(A-2B+C)R?+ (B—20)R+C—k;=0 (—A+2B—C)R2+(A-2B+C)R+B-k=0 (A-2B+C)R?+(-2A+2B)R+A-ky=0
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S-I-(4)-(ii)
#£—6 (2)—-4 HEH, S-MA (1:1:1:1)x(1:1
BSOS
Isozyme gene: D, d, ¢, F, f, h Selfing type
Embryonic FDL FDL
lethal genes: L, 1 fdl hel

Recombination values:
D-Fr s=p-+r—2pr
D-L:p P2=(1—-p)% R2=(1-1)2, $?=(1—s)2
F-L:s

[F—D—11]: Lethal individuals

1:1) i3 EIE5E & Hilffio

S=P+R—-2PR
{R2+2R(1~-R)+(1—-R)2}={1}

Genotype Expected frequency
© FFDDI_ p*(1-nz  (-P)2RE2_ . e
@ FFDdl p(-p)r(l—-r) P(-— pRA-®» -
© FFDell p(-p)r(i-r) PO-P)RO-R) 7 e
©@ FFdell (1—p)? A L _ _
@ FDDI _ pr(1-r)  (1-P))R(I—R) i e
@ Fibdl p(1-p)(1-r)? P(I—P)R? e
@ FfDell p(1—p)r2 rQ-pQ-R?
® Ffdell (1-p)xr(1—1r) PR(O-R) . ) - —
® FDDI_pr(1-r) _ (-PROI-R) " S
@ FhDdll  p(1-—p)r? P(1-P)(1-R)? -
@ FhDell p(i-p)(I-n? PA-P)RZ i o
® Fhdell (1-p)r(1-r) P?R(1-R) _ - . e
©® fhDDIl  pir? (1-P)2(1-R)? e
©® fhbdll p(—p)r(i-r) PA—P)RI-R) B -
@ fDell  p(1—p)r(i—1) P(-P)R(I-R) ] e
® fhdell  (1-p)2(1—r)? P?R?

[F—D—11]: Expected frequency of genotypes and observed number

FF Ff Fh fh

Sum and observed number

© ® ® @®
DD (1-P)%R: (I-P)R(1-R) (1-P)RR(1-R) (1-P)2(1-R)?

a

(1-P)?

(1-P)4{R*+2R(1-R)+ (1-R)2}
=(1-P)2

)

@ o
d P(1-P)R(1-R) P(I-P)R

®
P(1-P)(1-R)?

D P(-P)R(1-R) P(1-P) P(-P){2R(I-R)+(1-2R+2R%)}
dy —P(I‘P)
o) @ @ @
De P(1-P)R(1-R) P(1-P)(1-R)2 P(1-P)R? P(1-P)R(1-R) P(1-P) PE ;{ZR(I R)+(1-2R+2R?)}
as = -
© E) 5] ®
de P(1-R)? P’R(1-R) PR(1-R) P2R? p? Pz{(l—R)2+2R(1—R)+R2}
a4 =
Observed number
b1 bz b3 b4 n (10)
Ratic k;=by/n ko=by/n kz=bs/n ks=bs/n
Solutions of quadratic equations
A=(1-P)? ( A-2B+O)R2+( +2B—2C)R+C-k1:[) P=(az+az+2a,)/2n
B=P(1-P) (-A+2B-C)R*+( A-2B+ C)R+B-k;= Rep. 0 <P<0.5p=P Dl/dL
C=Pp? (—A+2B—C)R*+( A—2B+ C)R+B~k;= Coup. 0.5<P<I1.0 p=(1—-P) DL/dl
( A-2B+O)R2+(—2A+2B JR+HA—k= V(P)=P(I— )f2n V(p)=V(P)
A+2B+C=1.0 A+2B+C:1.0 S.E. of p=vV(p)
Rep. 0 <R<0.5 Di/dF
Coup. 0.5<R<1.0 DF/df
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2G—120@—D] -Dsd-1)d [5=D ([@—DA) [6-Ds@—D] (-Ds@-1) (s-D@-Dd [=Ds@-Dd 2(5=Dz(d—1) (-1 (-1

[PPWED] IToPW® Ay TPPYICD el ITePYA® IECE@) L E(O) 1°Y
(s—1)s(d—T1)d 2Szd (s—1)sd S(d—1)d Sd—-1)d (s—1)s.d SAd (s—1)s(d—-1d sd
1IPPW® TTPUI® I'Paw® I'1oPUA® TI2qUI® TIPPUI® 1'12aUd© TIRQUA® T4
(s—D(d-Dd (s—TD)sed - DA [(s—Ds@—Dd] (s—T)sd-1)d 2(8—T)ed [G=Dsd] z(s—1)(d-1)d (s—1d
[Pawa) rIPAwe [maawe] [PQua®) Maqu® 1IPqUA® [dqQu®]  raQud® 1
(s—Dsz(d—1) S(d—nd [s—Ds@d-nd Sz(d—1) $Se(d=1) (s—1)s(d—Dd [S@—Dd] (s—1)sz(d—1) (d-Ds
EEEy 11oP}I@ [PAIAGD)] (PPAAD) ITP@WA® IToPJd® PA44D)] 11°044® CE |
(s—1)sg(d—T1) SA-Dd (s—Ds(d-nd Se(d—1) Sz(d=1) (s—N)s(d-nd SA-1d (s—1)8z(d—1) (d-1)s
I'IPAW® TIPAWE® 1'1aaw® I'IPAUI® TIAAWR TIPAUA® 11qquA® TIAAUd® Ta4
(s—D(d-1d (s—1)sd 25— Ded (s—Ds@—Dd (s-Ds(d-Dnd 2(8—D)ed (s—Dsd (s—1)(d-nd  (s—Dd
1'19PFA® TI9PId® IP@A® 1'1eP4A® TRAIO TIRPII® 17°qd4®@ T1712qd4@ Tod
(s—ps@—1)d Sd (5—1)s:d Sd—1)d Sd—1d (s—T1)szd E (s—1)s(d—1)d sd
P A® IIPEWA® aqza€ed [Pq44@)] naaia® 11PAAd®@ B 11aqdd® 1ad
((5—Dz(d=1) (—DsE—-1d Z(s-D@-1d (E-Ds(d=1) (=D$(d=1) (-1 @E-Dd (s—Dsd-Dd Z(5—D(d-1) (-1)(d-T1)
I'IPAII® TIPQIA® 1d@Qd® 1'IPAdd® TIA@A® TIPAIA@ 1aq4d® TIAAAdI® 1d4d
{e/1}
(s—-D(@E-D sd (s—nd (d—1)s (d—Ds (s—1d sd (s—DEd-1 {&/1}
1P3 1P} 1as P4 et TPd 1ad a4
(S) (D
sdz—s+d=1 sg—1 1 “1: ouad [eylo]
19— de1—-a up 7P Yy ‘7 ‘g :9uad swhzos]
:n[eA UOTIRUIqUIODIY AT1d J1d 9 ‘p ‘Q :9ud8 swAzos]

Burdnood aiqno " [

RUEILOWEE T TG Q2 (T 1T )X (1:1:1:1) %l-S HWE (¢) 9%
(m)-(v)-1-S
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S-1M-( 4 )-(iii)
-6 (3)—2

BB
Isozyme gene: D, 4, e, F, f, h Selfing type

Embryonic
lethal gene: L, 1
Recombination value:

D-F:.r
D —
L__

ic v
2= ]

|92]

[D—F-L- urvived

[—

DLF
dif

DLF
elh

r=p+s—2ps
P2=(1-p)?, R?=(1-1)2 S2=(1—s)2

individuals

R=P+S-2PS

HAER, S-IMA (1:1:1:1)x(1:1:1:1) kit sEE85E L ERifo

Genotype

Expected frequency

Sum of xpected frequency

@ FFDDLL (1-p)(1—s)?

p2s? SH{P2+2P(1-P)}

2FFDDL! 2p(1-p)(1—s)? 2P(1-P)S? =SH{P?+2P-2P%} . =sep-Pp
@ FFDALL p(1-p)(1-s)? P(1-P)S?

FFDdL! p?s(1-s) (1-P)2.S(1-S)

FFDALl (1-p)s(-s) PSG-S)
@ FFDeLL p(1—p)(1-s)? P(1-P)S*

FFDeLl p%(1-s) (1-P)¥8(1-S)
___FFDeLl (1-p)’s(—s) P?S(1-9) _ e
® FFdeLL p¥(1—s)? (1-P)282
__ 2FFdell 2p(1-p)s(l-s) 2PG-P)SQ-S)
@ FIDDLL (1—p)%s(1—s) P2S(1-9S)

FDDLI p(1-p)s? P(1-P)(1-8)?
___FDDLI p(i-p)(i-s)* PO-P)8* . e
® FhDeLL p(1-p)s(1—s) P(I1—-P)S(1-9)

FhDeLl p’s? (1-P)2(1-8)?
__ FhDeLl (1-p)*(1—s)? P28 o N o —
® FiDeLL p(1-p)s(1—s) P(1-P)S(1-9S)

FfDeLL p?(1-s)? (1-P)?S2
___ FiDell (1-p)%? pa-s: N
FideLL p?s(1-s) (1-P)2.S(1-9)

FfdeLl p(1-p)(1—-s)? P(1~P)S?

Ffdell p(l-p)s? PA-PVO-S®*
@ FRDDLL (I-p)’s(1—s) PIS(1=S)

FhDDLI p(l1—p)s? P(1-P)(1-S)2
___FnDDLI p(-p(-s? PQ-P)S* e
® FhDALL p(1-p)s(1-s) P(I1-P)S(1-9)

FhDdLl (1-p)%? P2(1-S)?
__FhDALL p(1—s)? a-pps -
® FhDeLL p(1-p)s(l-s) P(1-P)S(1-9S)

FhDeLl pis? (1-P)2(1-9)?
_ FhDeLl (I-p)(i-s)? Pt L S o
® FhdeLL pis(1—s) (1-P)?8(1-9)

FhdeLl p(1—p)(1-s)? P(1-P)S*
___ Fhdell p(1-p)s? PA-P)(1-§)* - B e
@ fDDLL (1-p)%s? PA(1-§)2
__2hDDLl 2p(1-p)s(i—s) 2P(1-P)S(1-8) o L - .
fhDALL p(1-p)s? P(1-P)(1-5)?

thDALl  (1-p)%s(1-s) P2S(1-S)

fhDALl  pis(1-s) (1-P)?8(1-5) )
thDeLL p(1-p)s? P(1-P) (1-S)?

thDell  (1-p)%s(1—s) P2S(1-S)
__ fhDell p(1-s) __(1-P)%(1-9) e . o
© fhdeLL p2s? (1-P)2(1-R)?

2thdell  2p(1—p)s(1—s) 2P(1-P)S(1-S)
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S-M-(4)-(iii)
*—-6 (3)—3 HEFE, SO (1:1:1:1)x(1:1:1:1) ki HREE L ERMO

Bl
Recombination value: Selfing type
D-F:r DLF % DLF {P24+2P(1-P)+(1-P)2} ={1}
D-L:p dlf elh {$2425(1-S)+ (1-9) 4 ={1}
F-L:s
[D—F—L—1]: Expected frequency of genotypes and observed number
FF Ff Fh ff Sum and observed number
® @ @ @
DD P2§? P2§(1-S) P5S(1-S) P2(1-S)? (1/3)2P—P2)  PHS*+25(1-S)+(1-S)%
P(1-P)S(1-S) PA-P)(1-S)2 PU-P)(1-S) P(1-P)S(1-S) +2P(1-P){S*+25(1-9) +(1-5)%
P(1-P)$? P(1-P)S? P(1-P)S(1-5) a =2P-P?
@ ® ®
Dd P(1-P)$ P(1-P)S(1-S) P(1-P)S(1-S) P(1-P)(1-5)? (1/3)(1-P+P?) P{2S(1-5)+S*+(1-5)%
(1-P)%8(1-§) P P2(1-8)? P§(1-8) +P(1-P){2S(1-S) +$*+ (1-9)%}
P2S(1-S) (1-P)2(1-S)z (1-9)%* (1-P)28(1-S) ay +(1-P)%{2S(1-S) +$*+(1-8)%
777777777 i (1-P+P?)
@ ® ®

De P(1-P)$? P(1-P)S(1-S) P(1-P)S(1-S) P(1-P)(1-S)? (1/3)(1-P+P?) (1-P+P2){25(1-9) +5%+(1-9)3}
(1-P)2S(1-S) (1-P)2&2 (1-P)2(1-9)2 (1-P)*S(1-9S) +P(1-P){25(1-9)+$*+ (1-9)%
P28(1-8) P2(1-5)? p2s? P2S(1-S) a3 +(1-P){25(1-S) +52+(1-9)?)

=(1-P+P?)
©) ® ®

de (1-P)%s? (1-P)%S(1-8) (1-P)8(1-9) (1-P)2(1-8)* (1/3)(1-P) (1-P)2{(1-9)2+28(1-5) +5%
2P(1-P)S(1-S) P(1-P)$* P(1-P)(1-S) 2P(1-P)S(1-9) +2P(1-P){(1-5)2+25(1-S) + 5%

P(1-P)(1-9)? P(1-P)$* & =(1-P%)

Sum of expected frequency
(1/3)(25-S%)  (1/3)(1-S+S% (1/3)(1-S+8% (1/3)(1-S?)

Observed number

b1 bz bg b4 n (30)
f(S) :Bo+B1S+B282+B3S3+B4S4+B585=0 f(P) :A{)+A1P+A2P2+A3P3+A4P4+A5P5=0
B0:2b1 A{):23.1
B1:—4b1—2b2*3b3 A1:f4a1—2a2—2a3
Bz = 2b1 + 5b2+ bag— 4b4 Az = 2211 +bas+ 58.3 - 434
B3:2b1+6b4 A3:2a1+6a4
B4:—4b1_5b2'533‘6b4 A4:—4a1—532—5a3—6a4
B5=2b1+2bz+2b3+a4:2n A5:2a1+2a2+2a3+2a4=2n
Rep. 0 <S8<0.5 s=S F1/{L Rep. 0 <P<0.5 p=P Pl/pL
Coup. 0.5<S<1.0 s=(1-S) FL/ Coup. 0.5<P<1.0 p=(1—-P) PL/pl
V(5)=382=9) (-89 (1-5+5) v(p)=3P@-PIU-P) (1—P+P?)
/T 2n(2—4S—-352+1483-7S4) 2n(2—4P—3P2+14P3—7P)
V(s)=V(S) S.E.of s=+V(s) V(p)=V(®P) SE.ofp=+V(p)
S2{P2+2P(1-P) +(1-P)%} S2{P2+2P(1-P)+ (1-P)?%} (1-S)2(P2+2P(1-P)+ (1-P)%}
+25(1-S) {P2+2P(1-P)+{1-P)2}  +S(1-S){P?+2P(1-P)+(1-P)?} +25(1-S){P?+2P(1-P)+(1-P)%}
=81} +25(1-9){1} (1-8)%{P2+2P(1-P)+ (1-P)?%} =(1-25+52+25-25%)
=52425-282 ={S+S(1-9)+(1-5)%}
={S2+S5-S+1-25+5% =(1-%)
=(25-%%) =(1-5+%?)
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S-M—-( 4 )-(iii)

£—6 (3)—4 HEM, S-OHE (1:1:1:1)x(1:1:1:1) R A RHE L Eaffo
FHEF
Isozyme gene: D, d, F, f Selfing type
Embryonic DLF DLF
lethal gene: L, 1 dif elh
Recombination value:
D-F:r r=p+s—2ps P2=(1-p)2 R2=(1-r)2, $?=(1—s)2, R=P+S—2PS
D-L:p {P24+2P(1— P)+(1 -P)2}={1}
F—-L:s {$2428(1-9)+ (1-8)2} ={1}
[D—F—11]: Lethal individuals
Genotype Expected frequency
© FFDDIl p?s? a-r:Q-?
@ FFDdll p(1—p)s? PA-PQ-S? B
©@ FFDell p(1—p)s? P(1—P)(1-S)2 ——
@ FFdell (1—p)2s? eaq-s:
©@ FFDDI pPs(1—s) (1-P)2S(1-S) . -
®@ FfDdl  p(i-p)s(l—s) P(I-P)S1-S) - N
@ FiDell p(-p)s(-s) PU-P)SG-s) 7
® Fidell (1-p)%s(i—s) PS(1-S) - - B
@ FhDDIl p’s(1-s) 1-P)Is(1-S) B -
@ FhDdll p(1—p)s(i-s) P(I-P)S(1=S) -
@ FhDell p(1-— p)s(l—s) P(I—P)S(}~S_)_ _________________________ .
® Fhdell  (1-p)s(i=s) PBSA-S) —
® fhDDI  p?(1—s)? (1-P)%§? —————
© fDdil__p(I-p)(i-s)? P(1-P)§E ) L B
® fhDell p(1—p)(1—s)? P(I-P)S? T
@ fhdell (1—p)2(1—s)2 P2S? )

[D—F—11] Expected frequency of

genotypes and observed number

FF Ff Fh ff Sum and observed number
© B &) ®
DD (1-P)2(1-9)2 (1-P)’8(1-S) (1-P)2S(1-S) (1-P)2s2 (1-P)? 8—5%;{5”25(1—8)+(1—S)2}
ay =u-
@ @ ® o)
Dd P(1-P)(1-S)2 P(1-P)S(1-S) P(1-P)S(1-9) P(1-P)$? P(1-P) PS*Q{(I-S)Z-FZS(I*S)+SZ}
dy = -
o ® ® @
De P(I-P)(1-S)¢ P(1-P)S(1-S) P(1-P)SU-S) P(1-P)S? P(1-P) : 1—11;){(1—8)2+28(1—S)+SZ}
a = -
© ® ® ®
de P2(1-5)? P?5(1<S) P2S(1-S) p2§? P2 }I;;{(I—S)HZS(I—SHSZ}
as =
Sum of expected frequency
(1-S)2 S(1=-9) S(1-S) S2
Observed number
by by bs by n (1.0
S:b2+gg;l+2b4 V(S) S(l S) P:az+.'i123;1+234 V(P):P(I;P)
Rep. 0 <S8<0.5s=S Rep. 0 <P<0.5 p=P

Coup. 0.5<S<1.0 s=(1-9)
VvV (s) V({p)=V(P) SE.ofp=

V(s)=V(S) S.E.ofs=

Coup. 0.5<P<1.0 p 1-pP)

YV (p)

(1-8)%{(1—P)2+2P(1—P) +P?}
(1-9)2

SA-8){(1-P)2+2P(1-P) +P2}
=S(1-8)
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:Sz



