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#, KEED (1967, 1969, 1973, 1974), Zith (1977, 1980) = X v &M% 0 B, ATZR
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R TR AEEL, TRETEELLEEZLRD LD TH D, MOEHEET & OB CT
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DRERM, ANLHOEBEROTREIED LR T 5,

LIRS DNA OGS M ORRICE iy, AFEonTHAT, & FEoEH
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RED (1992) 13HMEGRET A e MEL2EE L, MIRMOE R X OMBILEE I L 5 M
Mo 0 2 MIET 2 ETEAYRSE Uic, 1o, AES (1993) (271 v+ 1 4, RFLP 7t &>
ARV E R T O BB AT s CIEBOEEIG T X BB O » A Wil 25t Bk a
Hi L7, SHic Mukai ef el (1993, 1995 (FIRH)) ik A+ x>\ T RFLP &, RAPD ¥ X
O 7 A VA £BIEFEOISHO BB 4 WG L, B BELOBREIR O 235 5B H
L EHR LT, BRE D (1994) 13 A F 102\ T RAPD JE o> &% s iS4 [ % 345 L 7o,

ARG Tl FRICRER L2 EH0EE T M, RFLP % L 0 RAPD o #HEHS HT OB, 3
FLBIA T HTAET 2B G0 & Z LI eT LI HIfF B Hac X 0 K & BOOER (G T o UG 2 H#E
ETHTExY & Lote, i, THRRGERIZFOME] - MR OB DA I8 A2 4K RO
THMABRMOREE L BRI TR F &, ThDOEGTI e » FES (k) cHETsro L&
L7, BEASHTICI Fisher (1928), Mather (1963), Bailey (1961) D& FEwFIH Lo,

A LDIERIT 72 D FERIC A7 D SRR A\ Fo 73U o BRERUAF B S0 A (R e s 1 il o
LEF B, F1o, AF OGN O BB LERORM A 772\ BRAIR & BFFCRT I M T B
B BILAHBE L LTS,

1. BEAWMERE

1) ZERBEFEE, RFLP EE, RAPD EEd & OBIILER FEDBBRMOEH A OML

B - BMEH B\ T IEM O R T, RFLP B & RAPD EE O HES S HTIC F5 s TR IEB IS
TR BRI R - IR LI 6@ ) OGBROHE TR E 2z L L v, L, BILER
FHENFET 2581 EHEEE TEE, RFLP EH 5\ 13 RAPD ik X OBILERE THEO 3 oD
FCTINER: 72 & NG | - N OBRERGREZR T 52 L E, H 0, HBRMitEo—BXoFE S
BOFEE Lic, Lich - T, ZORECRWTUL, BBETEOEF L SEEE Y HVTHK
FLBIEFIC L5 DB OR ) OFEOBIERITH> & & & L,

kB, T TOBILEEE TIIRBILEET D@/ ATF, WG, B R EEc
S WKRBEAY LOTREFLEDD 2 & & Lic, Shil, M X 2BERZEDOER > FIH-S
LEE, WYL REBETBRCEER LT L 5 e, BILEET L L TREIhAEE
MBHBIDTH D,

IHI, MAMMFEE D fcH~T riED @<, POFZERETERAELCOLEENEL, H
FEBRACCHFEHFROET, FERBEEOSBELOENIELH LB TS, TDT
o, MFRFENEL, TRVEOGECE Q2 oy, oo s hf
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£ 1 EREET2ESBIEETECOWCTEHMR X OH X 2R # L. BILEET
LB DEELOR D OB B A ERTEOET LI B OHETHRET 5.
Table 1 Expected segregation ratio of two marker gene loci and a lethal gene locus after

selfing and crossing. Deviation of segregation ratio by the presence of lethal gene
will be tested on the summed segregation frequency for respective loci.

(@ Segregation ratio and observed numbers of @ Segregation ratio and observed numbers of
1:1x1:1 1:2:1x1:1
(cf. Table 2, lethal — Table 8) (cf. Table 5, lethal ~ Tables 8, 10)
DD(Dd) Dd(dd) Sum DD Dd dd Sum
AA(Aa) 1 C11 1 C12 a; AA(AU) 1 C11 2 Ci2 1 Ci3 aj
Aalaa) 1 ¢ 1 co a, Aalaa) 1 cy 2cy 1 cog a
Sum by bs n Sum by by bs n
@ Segregation ratio and observed numbers of ® Segregation ratio and observed numbers of
3:1x1:1 1:2:1x3:1
(cf. Table 3, lethal — Tables 8, 9) (cf. Table 6, lethal - Tables 9, 10)
D- dd Sum DD Dd dd Sum
AA (Aa) 3 C11 1 Ci2 a; A- 3 C11 6 Ci12 3 Ci13 ai
Aa(aa) 3 Co1 1 coo dz aa 1 ¢co1 2 Cyp 1 Co3 dp
Sum by bs n Sum b b, bs n
(® Segregation ratio and observed numbers of ® Segregation ratio and observed numbers of
3:1x3:1 1:2:1x1:2:1
(cf. Table 4, lethal — Table 9) (cf. Table 7, lethal — Table 10)
D- dd Sum DD Dd dd Sum
A- 9 Ci11 3 Ci2 ai AA 1 C11 2 C12 1 C13 a
aa 3 Ca1 1 Co2 ag Aa 2 Ca1 4 Ca2 2 Co3 asg
Sum by ba n aa leyr 2c¢ 1css az
Sum b1 be bs n

B OHENTTHE L 5 Lz, T7ab b5 - MROZMES KT 2% Lica#icou
THIE B A b & DRI OFH AT B2 I T,

¥ FROBE, OHE3] (A% - 2%), OHK (B - T#) B IOOM5| - R M)
DZFEOTH TORBEDHIT L, HELLHBRMICLZ2 ., F237 (7 y FERK) DR
ToTHET A EE LT

m oy FEEE (Morton, 1955) (2RO L5 nFIHC X - CHESh 5, paMffiis L, 7#
RKGmnl~tHb, FhFROMEHE, ¥t EmRym, m, ms, . . . m& L, HEXT
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CEAMS R EEN 8, as, as, . . . . & CHETn OBE, ROGELSHROMEL(p) HEMIND,
flp) AL THPERDL - Licky, Hlflip ks bh s (Mather, K. 1963), & 2T
me (¥, Mfffip OB TH S,

n! a a a a
f = —_— 1 2 m 3. .. . m L
(p) 31!82133!. .. at! mp m 8 t ( 1 )

EEROEDORE A AR (L) E.8, LEYBES Licdbox 0 EF L LR\ Iefinip Off
EE LT, Tk, HEVar() L opieownTo 2EHsc L v ESh D, Thobb,
HEI=-E(2L/dp?) L v Var(p)= (1/I) L LTRDBID,

B, FEAET EROESESAOBEBBEAFET 2D THD, Flzix, 2 EOHERGHNIC
BT, —EA~T e ERCR U LEBEYEL D L e, FIBSERRD X 51cie D, Ml
Bp b L, kLt 4 EOEBROBER Y a1, a, as, a, LOMITEn L THE, SE D
K 2 bh b,

f(p)= ey (1= D)/ 2" (p/ 207 (p/ 207 (L= p)/2)" oo (2)

n!
alayla;
soRick\ T, 2RFAMIT ES LTIV p=1/2) ERE LicHac i, L
TuBbE Lk & (p=po) DHELEMNKEL 12D, p=1/2 & LIcHERYFRE LICHARER L
b ad y A (0dds) THH, ZhErRVCIREILERRES b, RLKD L5 s
D, FROREFHEHIBECL VEEShD, 1, FEHOFERELE, 4o AOMK EHLLT
HHEXH) & & » LOD (Logarithm of odds) &3 %,

D)
odds: — a2 (3)
LOD: log %(11%)_ .................................................................................... (4)

BE, b P OBEESHTIEe » FEBEA U ETHHEESENEE LA SR TVL0T, £
NEREA LT

% — 1 CEHCEE T, RFLP FEds X 0 RAPD [ - KICERE FREA FE Lic Bl R X O M
T IS R L, T, EHOEETEE, RFLP EE, RAPD BEic DTk, O1:1 X
1:1, ®3:1x1:1, ®3:1x3:1, @1:2:1x1:1, ®1:2:1x3:1, ®1:2:
Ix1:2:1068)DEFELD D,

AEETREE, FEMCESERETE (A, o), RFLPE - RAPDE (D, d) 3 XU
FEREETEE (L, D) & Ui, %7, 3BETENBEYSTHE0MRMOBHROFHEL,
X7 XTI L O EFE LT, b, ADL/adl OEE TR OBRMET 05 BT,
A—L A—D, D—L oMoz +hFhp, r, s & LicHd, p=r+s—2rs (Trow, 1913)
DIAL D ERTE LT,

£ 1 Ick\T, EEETE, RFLP & - RAPD ERICHESEN H 556, S LIBILERT
HE (L) H\B5 LT BB EiE, HIEROSHAENLR O XL ~ ool e ™o Lt s, &
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7o, FLRIZTHNMYLCH D, HOTOMEN TN FNEBICRIETE L # LT 288 L 2K
TLLE DD,

PRaOE (L e & RFLP [ - RAPD B> 2 6 (A, D) L HIERIZTEE (L) MB35 LT VW2 8A 0
Dl P BEDOHELDHR (SIG), £ (NS) 12 X 2 B0 E\mOBT L, ROFINC L -
THIET %,

sk, BIETRLTORLOE, KXTHBBEOKNE GEV) 0, INFaBaiEo/ X
W GBV) boicMTe,

(1) A, DOVWGEIRFEANLOS A
DA ED T DI EEHANS
@ DI oOWTOSBEEA NS
@A, Diz o\ T D5 B NS

(2) AL DOWERLTEN#EBL TVHEE
DA KD TO5HEHA NS
@ D= O T O EEE A NS
DA, DicoWToO5EEHA SIG

(3) A, DOWBEFEN MY T, BIERETFENFELTL L84
(1) ABEFIELEBIGEEFESERE L TV L56
QA>T o5 e SIG
@ DI OWT OB A NS
@A, DIZ 2T DO5HEHA NS
(i) DIBEFEEESIRIE TELEHE L T 284
DA DONT DB NS
@D\ T o5 SIG
@A, Dico\T OS5 B NS
(i) A, DOWMEETECH 2 ICBILEE TE BB LTV 558
DA NTO B SIG
@Dz o\T D45 EE A SIG
@A, DiconToOHBE-ANS

(4) A, DOWBEETFENEHELTWT, hORKEEZFLEHBLCVL8E
DA TOHEH SIG % 7212 NS
@D TOsrEE A SIG % 7211 NS
® A, Do T DI D SIG
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2) BULEGLTENFELBWREOESERTEE, RFLP &, RAPD BEOMBBMOHES &

E— 2~ T BRI T2 e W EDRBTIOHT HkaR L, 7ok, DT CiLEM
%Wt % 7o, RFLP FE, RAPD i3 THEFGEIZT (B) Wi LcEHa v 5,

= 21 2 OOBEBETHECOCT, 1:1&1: 1 0SS EELCHEE LTV A5 0HHR
MiOEtE kAR Uiz, Mffiir # R= (1—-1) & LI, (5) R CHEIIRMA, (6) X ok
MOTEAHEE T D, 7y FBEOFEAILEEROMAIRM r 2 AT (LT, MU,
TH5LT (7)) K, (8) RTwry FBEAHTET S,

K= 32 OOEFBETFHEICOVT, 3:1 & 1: 1 OIS CHESE LTV A5 50
MOFHRITELR R Lic, MlioReRi: (10) KoL 51w 3KkOSEN L/,

K 412 DOFEGRIZTRICOWT, 3:1 & 3: 1 OIS S I CHEE LT 2B 8 0/
o EAEA R LI, 22Tk, 1) 485, 2) RS A 3) 5] - KD 3 oDB &
OV, ABRMOHER LB, 1) M5l 2) HROBEER= (1-1)20FHic L b,
Ml oREER T (14) RO L9 2k e -1, THAEGEN3) I - HROSE R, M
fafiir DR CHTER>EX, (16) XD L 9105 KRDLEEK & 7 - 1o, HB(HO &L (15)
A, (17) K Lote, VAL, Mohx (18) X, AR 19 KX, M5 - MK (20) AT
HeEd 5,

S 2O0BEGBIETHCOWT, 1:2:1 & 1: 1 OMESELCEHL TV 5B ED
MEBMi OB gk aoRn Lz, Mg 2D X, zog#s (22) RT, = FEML, B0
(23) AcHbux (24) A CHaET %,

F— 6122 DOBEFBEFHICOWT, 1:2:14&3: 1 OB&ASSHCHEMEL TV LS50
MR O E AR L, 1) M5l 2) HIROBEIR= (1-1) 0ZFHC X b, ik
flioHeER L (25) RO LS 5 RDOEHA L - 10, THMAEEN3) B - HEOBE T,
M r DA CHTEALE X, (27) RO L 510 TRDEHR & 7 - 1, MOS8 (26)
A, (28) AbBLotm ., FEAE, MFLIE (29) X, BRI (30), 5[ ML (31) XCHeE
T 5,

K- T2 oOEFEEFHICOVTT:2: 1 & 1:2: 1 OMFF5 B CHEEL T2 8B40
RO E S EL R Lic, 1) M5l ¥ 2) HIROBEILR= (1—1) 0FHic kv, Hk
floHEERIT (32) RO L3 KRDSIEA L Ts -1, THMAEGE3) HE| - HKOBEIL,
A r OBMABRTHERYEE, 34 Ko ks 2k b1, HBfioSHL (33) X,
(35) Apskovm , P, M5k 36) A, HAE (37), M5 - MR (38) KCHEET
%
feks, HBHOTFEAN 3 KU LO@mMKDOEERXOEE, —-vrrave.—s2%xFRL,
Newton-Raphson (i CRE K5 = & & L1,
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Table 2 (O Calculation of recombination value (r) in expected segregation ratios of 1 : 1 and
1:1 in two loci.

R=(1-r)
DD (Dd) (1) Dd(dd) (1) Rz (CppFCog) /I woreerrsrmemmemeoneieecas (5)
(1/2}  AaDD(Dd)  AaDd(dd) 0<R<0.5 r=R (Rep.)
Aa(l) R (I—R) V(R)_:{R(I—R)}/n ............................ (6)
Cn C12 a; V) =V(R)
aaDD(Dd) aaDd (dd)
aa(1) (1-R) R
Ca21 C22 az
bl bz n
Odds: {f(r)/£(1/2)}
1) Coupling 2 ) Repulsion
(L—p)tem(pyeten (euree(l—p)teren
LOD score=logg {f(r) /£(1/2)] ---rrvveeeene (9)

(For lethal gene, see Table 8) (ff@&Hk 1218 Al.)

*£—3 @ 200EBEBEFECOVWTI:1&1: 1 OMESEECEBEL V255D
MG O HE T
Table 3 (@ Calculation of recombination value(r) in expected segregation ratios of 3 : 1 and
1:1 in two loci.

R=(0-r)
D-(3) dd(1) f(R) =Ag+AR+ARZHFAZRY oo (10)
{1/4} AaD- Aadd Ag= 2cp
Aa(l) (1+R) (1-R) A= 2cp—2ci3— Ca— C22
C11 Ci2 a A2i730114 C12 —2Ca2
aaD- aadd Az= ¢t cet cat co2
aa(1) 2-R) R 0<R<0.5 r=R (Rep.)
= o2z 22 _9RU+R)(I-R)2—R)
by b n VR)= n(1+2R—2R%) T an
V) =V(R)

Odds: {f(r)/1(1/2)}
1) Coupling 2) Repulsion
@—=r)()(1+r2(1 -1 A4+ (1 —r)*=@2—r)*= ()™=
(1 5)611 FCzn(O. 5>C12+022 (1 . 5>Cn+C21<O_ 5)C12 FCa

LOD score=logo {f(r)/£(1/2)}

(For lethal gene, see Tables 8, 9) (ffB&HR 122H A2.)
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Table 4 3 Calculation of recombination value(r) in expected segregation ratios of 3 : 1 and

3:1 in two loci.

1) Coupling or 2) repulsion

3) Coupling and repulsion

R=(1-r)?
D-(3) dd(1) D-(3) dd(1)
{1/4} A-D- A-dd {1/4} A-D- A-dd
A-(3) (2+R) (1-R) A-(3) 2+r—r?) (1—r+r?)
(B} C12 ai 1 (BH] aj
aaD- aadd aaD- aadd
aa(l) (1-R) R aa(l) (1—r+r2) (r—r2)
C21 Ca2 dz C21 C22 az
b b2 n by bs n
—2¢ca2— (€11 —2¢12—2C1—C22)R f(r) =A¢+Air+ A2+ Agr3+Ayrd+ Asr®--- (16)
+(critcizteartegg)RZ oo (14) Ag= 2cp
R={(c11—2c12—2co1—C22) A= cii—2c12—2¢1—5Ca

+ v (c11—2¢12—2C21 — C22) 2 +8ncs} /2n
0<R<0.25 r=vR (Rep.)
V(R)={2R2+R)(1-R)}/{n(1+2R)} ---(15)
V)= V(R)/4R

Odds: {f(r)/£(1/2)}

1) Coupling

(3—2r+r?)*(2r—r2)% (] —2r+r?)®
(2.25)(0. 75) = (0. 25) =

2) Repulsion

(2 + rz) Ciy (1 _ rz) Cptcy (1’2) Cz2
(2.25)%1(0.75) 7 (0. 25) =

3) Coupling and repulsion

(2+r,r2)‘3u(1 ,r+r2>012+C21(rAr2)022
(2.25)%1(0. 75) =7 (0. 25) =

Lod score=logyo {f(r)/f(1/2)}

Ay=—4cy;+5C12+5C1 +2¢o

Az= 6cy1+2¢y

A4: - 5C11 - 5C12— 5C21* 5C22: —bn
As= 2c11+2Cie+2¢+2¢c2= 2n

0<r 0.5 r (Coup. and rep.)

2r(2—r) (1—r?) (1 —r+r?)

V) = o =62+ 160 — &)

(For lethal gene, see Table 9) (ft@&¥ 1248 A 3.)
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Table 5 @ Calculation of recombination value (r) in expected segregation ratios of 1:2: 1
and 1:1 in two loci.

1) Coupling or 2) repulsion

R=(1-1)
DD(1) Dd(2) dd(1) R=(C1pCog) /Il coeveevmemmemnnneeeni, @n
{1/4}  AaDD  AaDd  Aadd 0<R<0.5 r=R (Rep.)
Aa(l) R ] (1—R) V(R)={2R(1=R)}/nrerereremrmrriennmaanni (22)
C11 Ciz2 C13 a V) =V(R)
aaDD aaDd aadd
aa(l) (1-R) 1 R
C21 Co2 Ca3 as
bl b2 b3 n

Odds: {f(r)/£f(1/2)}
1) Coupling 2 ) Repulsion

o yCptcy Ci3tCoy . YCutea 1— CiytCn
(1(0~g))c“+0u(+rc)ﬂ+0u ....................... (23) (r(/() S)C”(‘ - +rc)2,rc2r, ........................ (24)

LOD score=logy {f(r)/f(1/2)]

(For lethal gene, see Table 8, 10) (fI/@&H 129H A4.)
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Table 6 & Calculation of recombination value(r) in expected segregation ratios of 1:2 :1

and 3:1 in two loci.

1) Coupling or 2) repulsion 3) Coupling and repulsion
R=(1-r1)
DD(1) Dd(2) dd(1) DD(1) Dd(2) dd(1)
{1/4} A-DD A-Dd A-dd {1/4y  A-DD A-Dd A-dd
A-(3) (2R—R?) (2-2R+2R%H) (1—R?» A-(3) (I—r+r2) (I+2r—2r2) (1—r+r2)
(91 Ci2 C13 ai i Ciz C13 ai
aaDD aaDd aadd aaDD aaDd aadd
aa(1) (1—-R)%2 (2R—2R?) R2 aa(l) (r—12) (1—2r+2r3) (r—r2)
Ca1 Co2 Ca3 dz Ca1 Caz C23 az
by b, b3 n by bs bs n

f(R) :A0+A1R+A2R2+A3R3+A4R4+A5R5 (25) f(r) :Ao +Alr +A2r2+A3r3 +A|I‘4 +A51‘5+A51‘6+A71'7

Ao= 2e420m+ACo

A= —4ei—2cis—4dca —5c2—6Ca3 A= cut o

Ay= 2c;1+5¢13—4ci3+2¢o +2¢o+2¢03 Al=— cpnt 2c— ci3— 3c— 2¢— 33
A3: 2C11+6013+2022 +4C23 Azi 3(311 "12C12+ 3(213 - C21+ 4022* Co3
Ay=—4cyy =5¢12—6C13—4Co1 —HCo9 — 6Co3 Az= 2c1 3212+ 2c13+18ca+ 8cap+18ca
A5: 2011+2C12+2C13 +2021+2C22+2C23:2n A4: —20C11*50C12_20C13—4OC21—30C22—40C23

As= 36¢y;+48cp+36¢i3+ 44 +40cs,+44
0<R<0.5 r—R (Rep.) 5= 36C11+48¢12+36¢13+44Co +40cs +44¢23

Ab': 28011 '28012*28(313*28@1*28022*28023:‘28n

VR)=RC_RII-RIRII-RUIR) oo A= Sout Sout St Seut Sont 8o
T n(4—5R—3R’+16R3—8RY) -

Vr)=V(R)

0<r<0.5 r (Coup. and rep.)

V(r\:Z(lfrFrZ)(1+2r 2% (r-r) (1-2r+2r%)
! n(1—24r2+80r3 — 120 + 9615 — 32r5)

Odds: {f(r)/f(1/2)}
1) Coupling

(1-1r2) (2 2r+2r2) 2 (2r —1r2) s (r?) ' (2r — 2r2)* (1 — 2r +r2)*
(O 75)C11+C13(1_ S)CIZ (0 25>C21+C23(0_ S)sz

2) Repulsion

Qr 1) (2 —2r+2r2)2(1 —1r2) (1 — 2r +r2) ' (2r — 2r%) 2 (r2)%
(O 75)C11+C13(1 K S)Clz(o_ 25)C21+C23(0_ S)sz

3) Coupling and repulsion

(A —r4r2)* (] +2r—2r2)u(r—r2) @ (] —2r+2r2) =
(O 75)Cu+f1z(1_ 5)%2(0_ 25)521+C23 (0 5)522

LOD score=logy {f(r)/£(1/2)}

8n

(28)

(For lethal gene, see Table 9, 10) (fJ/@%&¥ 130H A5.)
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Table 7 ® Calculation of recombination value (r) in expected segregation ratiosof 1:2:1
and 1:2:1 in two loci.

1) Coupling or 2) repulsion 3) Coupling and repulsion
R=(1-r)
DD(1) Dd(2) dd(1) DD(1) Dd(2) dd(1)
{1/4y AADD AADd AAdd {1/4} AADD AADd AAdd
AA(1) (R?) (2R—2R?%) (1—R)? AA(l) (r—r?) (1—-2r+2r%) (r—r?)
C11 Ciz2 C13 ap 11 C12 C13 a
AaDD AaDd Aadd AaDD AaDd Aadd
Aa(2) 2R(1—R) 2(1-2R+2R?) 2R(1—R) Aa(2) (1—2r+2r%) (4r—4r?) (1—2r+2r2)
C21 Ca2 Ca3 a2 Ca1 C22 Ca3 az
aaDD aaDd aadd aaDD aaDd aadd
aa(l) (1—-R)2 (2R—2R?) R2 aa(1l) (r—r?) (A—2r+2r2) (r—r?)
Ca1 C32 C33 as Cs1 C32 C33 ag
by bs b3 n by bs b3 n
f(R) =Ag+ AR+ AsRZ+AGRS oo (32) A—2(A+B)r+2(A+B)r2 oo (34)
A=cy+ci3tegptegtcs
A= 2ent cpt ot et cptles B=cptcateptey

A1 = 6C]1* 4C12 - 2C13 - 4C21 e 2C22 - 4C23 - 2031 - 4C32 - 6C33
Agz 8C11 +6012+ 4C13+ 6C21 + 6C22+ 6C23+4C31 + 6C3g + 8033
As=—4cyy—4cip—4e3—4dcg — 4y — 43— 4c3 — depp—4cgz3= ~4n 0<r<0.5 r (Coup. and rep.)

r={n+ vn®—2n(cy;+cizt+cout+csi+css)}/2n

0<R<0.5 r=R (Rep.) Vi) = (r;nr(? giir;%rz) ........................ (35)

_RU-R)(I—2R+2R?)
VR = 1 =3R4 3R0) (33)

Vir)=V(R)

Odds: {f(r)/£(1/2)}
1) Coupling

(1 — 21.+r2)0u+0m(2r,2rz>clz+021+023+cﬁz<r2) (SRR (2* 4r+4r2) Co2 %)
©. 25)&&613“31*63320. 5)C12+C21+C23+C32 .......................................... (

2 ) Repulsion

(r2) (SRt (2r _ 2r2)C|z+C21+C23+C32<1 _ 2r+r2) CiztCa (2 —Ar+ 4r2) Coz
@ 25)611+Cm+031+0m . 5)C‘2* T oy L ettt ('g7)

3) Coupling and repulsion

(r,rz)clx t 013*'C31+C33(4rw4r2) Cz (1 _ 2r+r2)C12+C2|+C23+C32
. 25)‘21&%*63#%3(0. 5)C12+C21+023+C32 ...................................................... (38)

LOD score=logyo {f(r)/f(1/2)}

(For lethal gene, see Table 10) (fHEZ¥R 137H A6.)
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Table 11 Linkage analysis among RFLP loci in the 10th linkage group (cf. Fig. 2).
[ 17 CDI1545 and CD1067
CD1545 Frequency Without lethal gene CD1545*CD1067
DD(1) Dd(2) dd(1) Sum y2-test Recomb. value Variance LOD score
CD1067 AA(1) 2 3 0 29 122.22** 0.043(Coup.) 0.000297 21.77
Aa(2) 2 36 0 38 With a lethal gene
aa(1) 0 1 4 5 CD1545 16.89** 0.093(Coup.) 0.002085  4.35
Sum 28 40 4 72 CD1067 16.22*%* 0.119(Coup.) 0.002738  3.74
[ 2] CDI1545 and CD1658
CD1545 Frequency Without lethal gene CD1545*%CD1658
DD(1) Dd(2) dd(1) Sum v2-test Recomb. value Variance LOD score
CD1658 A-(3) 28 38 1 67 12.67** 0.063(Coup.) 0.000859  6.79
With a lethal gene
aa(1) 0 2 3 5 CDI1545 16.89** 0.093(Coup.) 0.002085  4.35
Sum 28 40 4 72 CD1658 12.67** 0.110(Coup.) 0.002551 3.50
[ 37 CDI1545 and CD2036
CD1545 Frequency Without lethal gene CD1545+CD2036
DD(1) Dd(2) dd(1) Sum y2-test Recomb. value Variance LOD score
CD2036 AA(1) 11 7 0 18 15.75** 0.230(Coup.) 0.001769  5.57
Aa(2) 14 29 1 44 With a lethal gene
aa(1) 1 3 3 7 CD1545 15.20*%* 0.096(Coup.) 0.002248  4.03
Sum 26 39 4 69 CD2036  8.74* 0.158(Coup.) 0.003974 1.94
[ 4] CD1067 and CD2036
CD1067 Frequency Without lethal gene CD1067*+CD2036
DD(1) Dd(2) dd(1) Sum v2-test Recomb. value Variance LOD score
CD2036 AA(1) 11 6 0 17 16.23** 0.230(Coup.) 0.001769  5.57
Aa(2) 15 29 1 45 With a lethal gene
aa(1) 1 3 3 7 CDI1067 16.04™* 0.098(Coup.) 0.002290  4.06
Sum 27 38 4 69 CD2036  9.29** 0.156(Coup.) 0.003917 1.89
[ 5] CD1067 and CD1658
CD1067 Frequency Without lethal gene CD1067*CD1658
DD(1) Dd(2) dd(1) Sum y2-test Recomb. value Variance LOD score
CD1658 A-(3) 29 37 1 67 16.00** 0.042(Coup.) 0.000578  8.07
With a lethal gene
aa(l) 0 1 4 5 CD1067 16.22** 0.119(Coup.) 0.002738  3.74
Sum 29 38 72 CD1658 12.52%* (0.110(Coup.) 0.002551 3.50
[ 6 ] CD2036 and CD1658
CD2036 Frequency Without lethal gene CD2036*CD1658
DD(1) Dd(2) dd(1) Sum y2-test Recomb. value Variance LOD score
CD1658 A-(3) 17 43 4 64 83 -
With a lethal gene
aa(l) 1 1 3 5 CD2036 8.74* 0.158(Coup.) 0.002738  1.94
Sum 18 44 7 69 CD1658 11.60** 0.115(Coup.) 0.002551 3.22
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Figures within  [] : Index numbers of 2 loci combination
Figures without () : Recombination values (%)
Figures within () : Map distance (cM) by Haldane's map
function
O :Lethal locus estimated
%, %% : Significant at 5% or 1% level of probabilities
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Fig. 2 Location of two lethal loci estimated (4 mark) in the 10th linkage group
(cf. Table 11)
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Table 12 Linkage analysis among RFLP and isozyme loci in the 8th linkage group (cf. Fig. 3).

[ 1] CD1831 and CD470

CD1831 Frequency Without lethal gene CD1831+CD470
DD(Q1) Dd(2) dd(1) Sum y?-test Recomb. value Variance LOD score
CD470 A-(3) 18 47 0 65 20.96** 0.017(Coup.) 0.000231 10.12
With a lethal gene
aa(l) 0 1 6 7 CD1831 12.00** 0.124(Coup.) 0.002880  2.68
Sum 18 48 6 72 CD 470  8.96** 0.158(Coup.) 0.003782  2.36
[ 2] CD1831 and Lap
CD1831 Frequency Without lethal gene CD1831*Lap
DD(1) Dd(2) dd(1) Sum y2~test Recomb. value Variance LOD score
Lap  AAQ) 15 3 0 18 67.15** 0.063(Coup.) 0.000482 15.08
Aa(2) 1 39 2 42 With a lethal gene
aa(1) 0 2 4 6 CD1831 10.36™* 0.137(Coup.) 0.003499  2.15
Sum 16 44 6 66 Lap 9.27** 0.140(Coup.) 0.003614  2.25
[ 3] Lap and CD470
Lap Frequency Without lethal gene Lap*CD470
DD(1) Dd(2) dd(1) Sum x?-test Recomb. value Variance LOD score
CD 470 A-(3) 18 40 1 59 14.89** 0.057(Coup.) 0.000852  6.85
With a lethal gene
aa(l) 0 2 5 7 Lap 9.27** 0.140(Coup.) 0.003614  2.24
Sum 18 42 6 66 CD 470  7.29** 0.174(Coup.) 0.004741 1.89
[ 4] CD414 and CD1831
CD414 Frequency Without lethal gene CD414xCD1831
DD(1) Dd(2) dd(1) Sum y2-test Recomb. value Variance LOD score
CD1831 AA(1) 13 4 1 18 47.11** 0.121(Coup.) 0.000853 10.78
Aa(2) 4 38 6 48  With a lethal gene
aa(l) 0 0 6 6 CD 414  2.44N8 -
Sum 17 42 13 72 CD1831 12.00** 0.124(Coup.) 0.002880  2.68
[ 5] CD1195 and CD1831
CD1195 Frequency Without lethal gene CD1195+CD1831
DD(1) Dd(2) dd(1) Sum x2-test Recomb. value Variance LOD score
CD1831 AA(1) 12 5 1 18 23.03** 0.204(Coup.) 0.001504 6.35
Aa(2) 8 32 7 47  With a lethal gene
aa(l) 0 3 3 6 CD1195  3.42Ns —
Sum 20 40 11 71 CD1831 11.51** 0.127(Coup.) 0.002986  2.60
[6] CD1195 and Lap
CD1195 Frequency Without lethal gene CD1195*Lap
DD(1) Dd(2) dd(1) Sum x2-test Recomb. value Variance LOD score
Lap AAQD) 11 6 1 18 20.39** 0.223(Coup.) 0.001784  5.32
Aa(2) 5 29 8 42 With a lethal gene
aa(1) 0 4 2 6 CDI1195  2.94Ns -
Sum 16 39 11 66 Lap 9.27** 0.140(Coup.) 0.003614  2.25
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Figures within  [] : Index numbers of 2 loci combination
Figures without () : Recombination values (%)
Figures within () : Map distance (cM) by Haldane's map
function
O : Lethal locus estimated
%, %% : Significant at 5% or 1% level of probabilities

R—3 HF3HEFFICR\THEEShACBILELET, 2 (AH) O (F-128K)

Fig. 3 Location of two lethal loci estimated (4 mark) in the 8th linkage group
(cf. Table 12)
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Table 13 1
[ 1] CD1237 and CD1301

5 3 #igER > RFLP, RAPD B @S (K— 4
Linkage analysis among RFLP and RAPD loci in the 3rd linkage group (cf. Fig. 4).

Z )

CD1237 Frequency

Without lethal gene CD1237+CD1301

DD(1) Dd(2) dd(1) Sum y>~test Recomb. value Variance LOD score
CD1301 AA(1) 14 0 0 14 92.15** 0.021(Coup.) 0.000143 23.47
Aa(2) 1 47 2 50 With a lethal gene
aa(l) 0 0 9 9 CD1237  6.48* 0.257(Coup.) 0.007091  0.51
Sum 15 47 11 73 CD1301 10.67** 0.191(Coup.) 0.004769  1.10
[ 2] CDI1237 and CD1066
CD1237 Frequency Without lethal gene CD1237+CD1066
DD(1) Dd(2) dd(1) Sum 1>~test Recomb. value Variance LOD score
CD1066 AA(1) 14 1 0 15 83.33** 0.035(Coup.) 0.000241 20.71
Aa(2) 1 46 3 50  With a lethal gene
aa(l) 0 0 8 8 CD1237  6.48% 0.257(Coup.) 0.007091  0.51
Sum 15 47 11 73 CD1066 11.33** 0.166(Coup.) 0.003988  1.57
[ 31 CD1237 and CD2045
CD1237 Frequency Without lethal gene CD1237+CD2045
DD(1) Dd(2) dd(1) Sum 12—test Recomb. value Variance LOD score
CD2045 AA (1) 11 1 3 15 52.43%* 0.114(Coup.) 0.000863  9.58
Aa(2) 4 39 2 45  With a lethal gene
aa(l) 0 1 6 7 CD1237  3.84NS - - -
Sum 15 41 11 67 CD2045  9.81** 0.159(Coup.) 0.004117 1.66
[ 4] CD1237 and CD15
CD1237 Frequency Without lethal gene CD1237+CD15
DD(1) Dd(2) dd(1) Sum 12~test Recomb. value Variance LOD score
CD 15A4A4() 11 6 2 19 44.32** 0.128(Coup.) 0.000893  9.83
Aa(2) 4 40 2 46  With a lethal gene
aa(1) 0 1 7 8 CD1237  6.48* 0.257(Coup.) 0.007091  0.51
Sum 15 47 11 73 CD 15 8.26% 0.173(Coup.) 0.004201 1.78
[ 5] CD1237 and CD3623
CD1237 Frequency Without lethal gene CD1237+xCD3623
DD(1) Dd(2) dd(1) Sum z?~test Recomb. value Variance LOD score
CD3623 AA(1) 10 7 92 19 28.23** 0.172(Coup.) 0.001220  7.00
Aa(2) 5 38 4 47 With a lethal gene
aa(l) 0 2 5 7 CD1237  6.48* 0.257(Coup.) 0.007091 0.51
Sum 15 47 11 73 CD3623  9.99** 0.148(Coup.) 0.003468  2.25
[ 77 CD1301 and CD2045
CD1301 Frequency Without lethal gene CD1301xCD2045
DD(1) Dd(2) dd(1) Sum x2-test Recomb. value Variance LOD score
CD2045 AA (1) 11 9 2 15 56.46** (.088(Coup.) 0.000660 11.77
Aa(2) 3 41 1 45 With a lethal gene
aa(1) 0 1 6 7 CD1301  7.33* 0.217(Coup.) 0.006140 0.81
Sum 14 44 9 67 CD2045 9.81%* 0.159(Coup.) 0.004117  1.66
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Table 13 2 Linkage analysis among RFLP and RAPD loci in the 3rd linkage group (cf. Fig. 4).

[10] CD1066 and CD2045

CD1066 Frequency Without lethal gene CD1066+CD2045
DD(1) Dd(2) dd(1) Sum x?-test Recomb. value Variance LOD score
CD2045 AA (1) 15 9 0 24 59.63** 0.071(Coup.) 0.000530 13.88
Aa(2) 4 30 2 36 With a lethal gene
aa(l) 0 6 5 11 CD1066  8.05* 0.187(Coup.) 0.005063  1.23
Sum 19 45 7 71 CD2045 10.70™* 0.183(Coup.)  0.00493  1.28
[11] CD1066 and CD15
CD1066 Frequency Without lethal gene CD1066%CD15
DD(1) Dd(2) dd(1) Sum x?~test Recomb. value Variance LOD score
CD 15A4A(1) 12 7 0 19 52.95** 0.087(Coup.) 0.000604 13.69
Aa(2) 3 42 1 46 With a lethal gene
aa(l) 0 1 7 8 CD1066 11.33** 0.166(Coup.) 0.003988  1.57
Sum 15 50 8 73 CD 15 8.26% 0.173(Coup.) 0.004201 1.78
[13] CD2045 and CD15
CD2045 Frequency Without lethal gene CD2045+CD15
DD(1) Dd(2) dd(1) Sum x?>-test Recomb. value Variance LOD score
CD 15A4A(1) 14 2 1 17 72.25%* 0.054(Coup.) 0.000406 15.86
Aa(2) 0 42 0 42 With a lethal gene
aa(1) 1 1 6 8 CD2045 9.81** 0.159(Coup.) 0.004117  1.66
Sum 15 45 7 67 CD 15 6.73* 0.191(Coup.) 0.005192 1.34
[15] CD15 and CD3623
CD15 Frequency Without lethal gene CD15%CD3623
DD(1) Dd(2) dd(1) Sum ¥*~test Recomb. value Variance LOD score
CD3623 AA (1) 14 9 1 17 82.73** 0.050(Coup.) 0.000340 18.93
Aa(2) 0 42 0 42 With a lethal gene
aa(1) 1 1 6 8 CD15 8.26* 0.173(Coup.) 0.004201 1.78
Sum 15 45 7 67 CD3623  9.99** 0.148(Coup.) 0.003468  2.25
[21] CD3623 and CD1613
CD3623 Frequency Without lethal gene CD3623+CD1613
DD(1) Dd(2) dd(1) Sum r’~test Recomb. value Variance LOD score
CD1613 AA(1) 15 9 0 24 37.56** 0.163(Coup.) 0.001186  9.16
Aa(2) 4 30 2 36 With a lethal gene
aa(l) 0 6 5 11 CD3623 9.14* 0.153(Coup.) 0.003735  2.12
Sum 19 45 7 71 CD1613  4.78NsS -
[22] CD3623 and CD1583
CD3623 Frequency Without lethal gene CD3623*CD5833
DD(1) Dd(2) dd(1) Sum x2>-test Recomb. value Variance LOD score
CD1583 AA(1) 6 13 0 19 4.75% —
Aa(2) 12 27 4 43 With a lethal gene
aa(1) 1 6 3 10 CD3623 9.56* 0.151(Coup.) 0.003598  2.19
Sum 19 46 7 72 CD1583  4.97Ns —
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Figures within  [] : Index numbers of 2 loci combination
Figures without () : Recombination values (%)
Figures within () : Map distance (cM) by Haldane's map
function
O : Lethal locus estimated
%, %% : Significant at 5% or 1% leve! of probabilities
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Fig. 4 Location of two lethal loci estimated (& mark) in the 3rd linkage group

(cf. Table 13)
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Table 14 Linkage analysis among RFLP and RAPD loci in the 13th linkage group (cf. Fig. 5).

[ 1] CD423 and CD857

CD423 Frequency
DD(1) Dd(2) dd(1) Sum
CD857 AAQ1) 12 4 0 16
Aa(2) 2 43 4 49
aa(l) 0 0 7 7

Sum 14 47 11 72

Without lethal gene CD423*CD857
y~test Recomb. value Variance LOD score
59.00** 0.073(Coup.) 0.000511 14.91

With a lethal gene
CD 423 6.97* 0.262(Coup.)
CD 857 11.64** 0.145(Coup.)

0.007405  0.42
0.003446

[ 2] CD423 and 002a

CD423 Frequency Without lethal gene CD423%002a
DD(1) Dd(2) dd(1) Sum y?>~test Recomb. value Variance LOD score
002a AA() 1 41 3 55 23.73** 0.127(Coup.) 0.001726  6.04
With a lethal gene
qa(l) 0 6 1 17 CD 423  6.97* 0.263(Coup.) 0.007405  0.42
Sum 11 47 14 72 002a 0.07NS —
[ 37 CD857 and 002a
CD857 Frequency Without lethal gene CD857*002a
DD(1) Dd(2) dd(1) Sum r’~test Recomb. value Variance LOD score
0022 A-(3) 7 47 1 55  56.59™* 0.037(Coup.) 0.000500 12.40
With a lethal gene
aa(1) 0 2 16 18 CD 857 11.30** 0.144(Rep.)  0.003371 2.16
Sum 7 49 17 73 002a 0.01Ns —
Recombination values Recombination values with
obtained under the lethal gene(s)
assumption of no lethal
gene
2 i
2] (1] e 3]
T o T263 T 262(37.1) . *
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3.7(3.8 * ¥ -
88 L Ly -
Figures within  [] : Index numbers of 2 loci combination
Figures without () : Recombination values (%)
Figures within  (} : Map distance (cM) by Haldane's map
function
O : Lethal locus estimated
&%, %% : Significant at 5% or 1% level of probabilities
K—5 FISHEHEHCK TSN CRIEEETE (AR OE (X-145H8)
Fig. 5 Location of a lethal locus estimated (A mark) in the 13th linkage group

(cf. Table 14)
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Table 15 Linkage analysis among RFLP and RAPD loci in the first linkage group (cf. Fig. 6).

[1] CDY17 and CD1778

CD917 Frequency Without lethal gene CD917+CD1778
DD(1) Dd(2) dd(1) Sum y?—test Recomb. value Variance LOD score
CD1778 AA(1) 9 0 0 9 75.37%% 0.060(Coup.) 0.000429 14.78
Aa(2) 0 47 0 47 With a lethal gene
aa(1) 3 2 9 14 CD 917 11.45%* 0.200(Coup.) 0.005268  0.83
Sum 12 49 9 70 CD1778 8.94* 0.204(Coup.) 0.005391 0.95
[ 27 CD917 and CD334x
CD917 Frequency Without lethal gene CD917xCD334x
DD(1) Dd(2) dd(1) Sum y2—test Recomb. value Variance LOD score
CD334x AA (1) 5 4 0 9 20.30** 0.164(Coup.) 0.001188  5.75
Aa(2) 6 44 6 56 With a lethal gene
aa(l) 1 2 3 6 CD 917 12.10** 0.196(Coup.) 0.005051  0.88
Sum 12 50 9 71 CD334x 15.51** 0.112(Coup.) 0.002598 2.22
[ 47 CDI17 and CD1712
CD917 Frequency Without lethal gene CD917+CD1712
DD(1) Dd(z) dd(1) Sum y2~test Recomb. value Variance LOD score
CD1712 AA(1) 3 4 0 7 16.03** 0.201(Coup.) 0.001500  3.89
Aa(2) 7 43 6 56 With a lethal gene
aa(l) 2 2 3 7 CD 917 11.45%* 0.200(Coup.) 0.005268  0.83
Sum 12 49 9 70 CD1712 25.20** 0.135(Coup.) 0.003245 1.20
[ 7] CD1778 and CD1712
CD1778 Frequency Without lethal gene CD1778+CD1712
DD(1) Dd(2) dd(1) Sum y2-test Recomb. value Variance LOD score
CD1712 AA(1) 3 3 2 8 11.45* 0.262(Coup.) 0.001985  2.76
Aa(2) 10 41 5 56  With a lethal gene
aa(l) 1 4 2 7 CD1778  9.51** 0.199(Coup.) 0.005171 99
Sum 14 48 9 71 CD1712 23.70** 0.134(Coup.) 0.003175 1.59
[ 9] CD334x and CD1712
CD334x Frequency Without lethal gene CD334x*CD1712
DD(1) Dd(2) dd(1) Sum x2-test Recomb. value Variance LOD score
CD1712 AA(D) 6 P 0 8 50.56** 0.058(Coup.) 0.000407 14.17
Aa(2) 1 53 3 57  With a lethal gene
aa(1) 0 2 5 7 CD334x  24.53** 0.154(Coup.) 0.003703 1.10
Sum 7 57 8 72 CD1712 24.53** 0.131(Coup.) 0.003063 1.67
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Fig. 6 Location of two lethal loci estimated (4 mark) in the first linkage group

(cf. Table 15)
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Table 16 Linkage analysis among RFLP loci in the 11th linkage group(cf. Fig. 7).

[ 1] CD485 and CD491

CD485 Frequency
DD(1) Dd(2) dd(1) Sum
CD 491 AA(1) 11 3 0 14
Aa(2) 7 37 3 47
aa(1) 0 3 4 7
Sum 18 43 7 68

Without lethal gene CD485+xCD491

y2-test Recomb. value Variance LOD score
34.00%* 0.129(Coup.) 0.000969 9.22
With a lethal gene
CD 485 8.32* 0.161(Coup.) 0.004133 1.88
CD 491 11.38** 0.153(Coup.) 0.003897 1.68

[ 2] CD485 and CD189%4

CD485 Frequency

DD(1) Dd(2) dd(1) Sum

Without lethal gene CD485+CD1894
y2-test Recomb. value Variance LOD score

CD1894 AA(1) 9 4 0 13 20.86** 0.198(Coup.) 0.001459  5.66
Aa(2) 8 36 4 48  With a lethal gene
aa(1) 2 4 4 10 CD 485 7.48* 0.180(Coup.) 0.004533  1.67
Sum 19 44 8 71  CDI189%4 9.06* 0.230(Coup.) 0.006257  0.60
[ 3] CD491 and CD1894
CD491 Frequency Without lethal gene CD491xCD1894
DD(1) Dd(2) dd(1) Sum y2-test Recomb. value Variance LOD score
CD1894 AA (1) 1 9 0 13 55.75** 0.069(Coup.) 0.000499 14.39
Aa(2) 3 43 1 47 With a lethal gene
aa(1) 0 3 6 9 CD 491 11.99*F 0.150(Coup.) 0.003747  1.74
Sum 14 48 7 69  CD1894  9.52** 0.206(Coup.) 0.005563  0.84
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H— 7 SIESERCks W THESINABEEGTE (AH) OB (R-1621)
Fig. 7 Location of a lethal locus estimated (4 mark) in the 11th linkage group

(cf. Table 16)
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Summary

Studies were made on the methods for estimation of recombination values between
marker loci including isozyme, RFLP and RAPD loci with or without the presence of a
lethal factor.

If there are two recombination values to be simultaneously estimated, it is difficult to
make a generalized formula for getting maximum likelihood estimate.

Firstly, recombination value between two loci were estimated assuming no lethal locus.
Then, existence of a lethal locus was examined by the magnitude of deviation of the
observed segregaton ratio from expected one for each locus separately. In forest tree
species, formulae were obtained for both coupling and repulsion phases. The fitness of the
model involving estimated recombination values between markers and a lethal factor were
evaluated by LOD scores.

In the data of 13 linkage groups of sugi genome reported by Mukai et al. (in press), 8
groups had loci with significant deviation from the expected segregation ratios. With a
criterion of LOD score more than 2.0, a set of two lethal loci were detected in X, Vi, T
and 1 linkage groups, and also a single lethal locus in Xl and XI linkage groups. It is
also shown that the map distance estimated without a lethal gene is shorter than that with

a lethal gene.
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0 <R<0.5 r=R (Rep.)
0.5<R<1.0 r=(1—R) (Coup.)
_dzLA__
———(2+R) L
- dR 24R)
n (=D ' n
4 (2+R) (2+R) (2+R) ~ 4(2+R)
_ Lf__
I;;(R) = drRz (1—-R) dRZlOg (1-R)
_ n, _od (=1
=-3a )dR (1-R)
~n, —(=1D (1) _ n
(N Raw "

I, (R) =l ®
#L  n, & . 1

IZZ(R):dRZ__ZRWIOgZR
n_d1
“i*&RR

_ _n_ (=1 _n

R R.R 4R

I(R) =1;; (R) +1,2(R) +1, (R) +1:,(R)

_ n 2n
"z tiawn T
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T 4R(E2+R)(1-R

R— R2

4R+2R?

2— R— R?
(2+4R)

_ 2n(1+2R)
T 4R(E2+R)(1—R)

_2R(2+R)(1—R)

HARHERFLLS "9

) {(R1—-R)+2R2+R)+ (24+R)(1—-R)}

V(R) = n(l1+2R)
V(R)
Vi) = IR
3) Coupling and repulsion
D—(3) dd(1)
{1/4} A—D— A—dd
A—(3) 2+r—1? Q—r+r1?)
Cn Crz a,
aaD — aadd
aa (1) (I—r+r1?) (r—r?)
Ca Caz a,
b, b, n

L= culog(2+r—r?) + (ciz+¢o)log(1—r+1?) +cplog(r—r?) +Const.

Lo 22 v
= L {en(Q=2r) Q—r+r?) (r—r?)
Q4+r—r)(Q—r+1r%) ¢—r?
(1— r+ r?
—2r+2r*—2r%) ]
+ (Cratcan) (—1420) 2+r—12) (r—12) +¢0 (1-2r) 2+r—1) (I—1+1%) }
(=2— r+ r? 2+ r—r?
{ +4r+2r*—2r?) —4r—2r*+2r%) }
BFA{ W

= {c;; (1—3r+3r2—2r®) (r—r2) + (cip+ca) (—2+3r+3r2—2r%) (r—r?)

(r—3r*+3r*—2r*
— r243r*—3r*+2r°%

(—2r+3r2+3r3—2r*
+2r2—3r*—3r*+2r°%)
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+Cp (2—3r—3r24+2r%) 1—r+r?)}
(2—3r—3r*+2r®
—2r+3r*+3r®—2r*
+2r2—3r®—3r*+2r°)

= {c, (r—4r2+6r3—5r*+2r®) + (cy2 +¢o1) (—2r+5r2—5r*+2r°)

+Cp (2—5r+2r2+2r3 =51 +2r%) }
= {2¢y+ (C11—2C15—2C21 —5Ca2) T+ (—4C1; +5C12 +5Co +2Co0) 12+ (6C11 +2C22) 1°

+ (—5€1; —5C12—5Ca1 —5C2) T+ (2¢11 +2C15 +2C21 +2C55) 1°}

PlbickD
f(r) =A,+Ar+ A2+ A+ A +Ar®
Ay= 2
A= €11—2C12—2Cs1 —5C2

A;=—4C;; +5C12+5C3 +2Ca
As;= 6c1112¢y

A,=—5¢;; —5C12—5C1 —5C2=—bn
A;= 2c;+2ci:t2¢,+2¢,.= 2n

0 <r<0.5 r (Coup. and rep.)

HEME DT
Q___ 27 2__4 _2212r

Ih(r)= = 24+r—r1? log 2+r—r? 2+r )dr2+r =

_ . n oy —2(2+r—r)—(1—2r)(1-2r)

== @) 2+r—17)?

_n{(d+2r—2r)+ (1 —4r+4r>)} _n(—2r+2r?)

N 4(24+r—r1?) T 424 r—1?)

_L___ 27 2__4 _ 2_ —1+2r
I,.()= e 1-r+13» log (1—r+r1?) 1 ) o p—
_ n, o 2(0—r+r?) — (=142r) (=1+2r)

== et O-r+19)°

n{( 2+2r—2r2) + (1—4r+4r*} _ n(—1—2r+2r?
4(1—1+1%)} T 4(0-1+1)

L, (r) =1, (r) = n(—1-2r+2r%)

4(1—r+1?)
Lo, (r) = CéZE:— — (r—r?) llog (r—-r)=—+ ( —r?) %i ir
__nh (r—r?) —2(r—r2)—(1—2r) (1—2r) _ n{ (2r—2r%) + (l*4r+4r2)}
o =19 B 1)
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AR

~ n(1—2r+2r?
41

I(r) =1 (r) +1,5 (1) + 1. (r) +155 (1)

:n(5—2r+2r2) n(—2—4r+4r%) n(1—2r+2r?
42+1r—1% 4(1—r+r?) 4(r—r?)

_ n
T4C+r—r) QA —1+12) r—1?)

{6—2r+2r) (1—1r+r?) (r—r?)

(r—r*4r?
—r’+ri—r?) ]
F(=2—4r+4r?) CQ+r—1) r—r3) + 1—2r+2r2) 2+r—r2) 1—r+1?) }
@r+ rt—rd @2+ r— r?
—2rf—r3+r?) —2r— r’+r®
+2r2+ri—r*)
BFA{ '
= {(6—2r+2r%) (r—2r24+2r* —r*) + (—2—4r+4r? Qr—r2—2r3+71)
5r—10r*+10r®—5r* —d4r+2r*+4r*—2r*
— 2r°+ 4r®—4rt+2rt —8r’+4r3+8r*—4r°
+ 2r3—4r*+4r°—2r° +8r®—4r*—8r°+4r®
+(1—2r+2r) 2—r+2r3—1%}
2 —r +2r*— r*
—4r 4212 —4r'+2r°

+4r2 213 +4r5—2r®
= {(5r—12r*+16r*—13r*+61°—2r°) + (—4r— 612+ 161>+ 2r* — 12r5 -+ 4r°)
+ (2—5r+6r2—5r*+6r°—2r°) }
= {2—4r—12r*432r*—16r*}
Blbiz kD

I(r) = n(2—4r—12r2+32r3—16r*) _ n(1—2r—6r2+16r*—8r*)
4Q2+r—r)Q—1+r?) r—r2)  20@0-1r) 0+ QA—r+)r(1—-1)

2r2—r) (1—-r?) (1—r+r?

Vi = o6+ 165 =809
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4. 2ODERMBECFEIZOVWTL 2 11 1 OFSELTEEL T 2358 O
B U ZOHBOHES %
1) Cupling or 2) repulsion
R=(1-r1)
DD (1) Dd (2) dd (1)
{1/4} AaDD  AaDd Aadd

Aa(l) R 1 (1-R)
Ci1 Ciz Cis a
aaDD aaDd aadd
aa(l) 1-R) 1 R
Ca1 Ca2 Cos a,
b, 2; bs n

L=cylogR+c;;log(1—R) +cylog (1—R) +caslogR+Const.

dL =(cntce) 5 +(C13+C21) (=1

dR (1—-R)
— 1 _— f—
_R(].AR) {(C11+Cz3)(1 R) (C13+C21)R}
= 'lﬁ {(011+Cza)_(C11+C13+021+C23)R}
_ (C11+Caa)
- (€11 FCiztCar+Ca3)
0 <R<0.5 r=R(Rep.)
0.5<R<1.0 r=(1—R) (Coup.)
HEEEDOSE
_dL_ np @
Iu(R)*dRz— dRleg R
_npd1l
4 dRR
__np(=h _n _
= 4R RR 4R L (R) =1, (R)
Lo (R) = $E=—2 1-R) = log s 1-R)
12 dR? dR? %%}
__n (-1
= (1 R) == dR =)
n o —(=D(=D _ n B
= IR AR a-R " 10-R L (R) =ha (R)
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I(R) =1, (R) +1;5(R) +1., (R) +1,5(R)

_2n 2n
"R 1{1-R

o n
" 2R(1-R)

n

1-R+RI=527 "R

V(R) = 2R(1n—R)

V() =V({R)

5. 2DDEFBEGETFEICOWTL 20123 1 OHESEELTESL Tv 35S OB
BIUZOaEOHER&

1) Coupling or 2) repulsion

R=(1-r1)
DD (1) Dd (2) dd (1)
{1/4} A—-DD A—Dd A—dd(1)
A—(3) (2R—-R?» (2—2R+2R?) (1—-R?»
Cn Ci2 Ci3 a,
aaDD aaDd aadd
aa(1) (1-R)? (2R—2R?) R?
Ca1 Caz Czs a;
bl bz b3 n

L=C, log(2R—R?) +C,, log(2—2R+2R?) +C,; log(1—R?) +C,, log(1—2R+R?)
+C,; log (2R—2R?) +C,; logR?+ Const.
dL 2—2R —2+4R —2R —2+2R 2—4R 2R

R U R-R O rtore PO TmRe T TR e TR R oge O e
. 2-2R —1+42R —2R —2(1-R) 2(1—2R) 2
“Cige—R T Tmrar T SR A R 9 ez T2 RaR) TR
_ 1
R(2—R)(1—R)(1+R) 1—R+R?
{Ci2—2R) (1-RH» 1-R+R?) +C,,(—1+2R)R(2—R) (1—R?»
S e RTINS
(2—2R—2R2+2R3) (—R+2R?) (2—R—2R2+R?)
2—2R—2R?+2R3 —9R+R2+2R3—R*
—2R+2R2+2R3*2R4 +4R2_2R3_4R4+2R5
+2R?—2R3—2R*+2R® —2R+5R?  —5R*‘+2R°

2—4R+2R*+2R*—2R*+2R°®
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+Ci(—2R)R(2—R) 1—R+R?) +C,, (—2)R(2—R) (14+R) (1—R+R?

Nl TR N
(—4R2+2R?) (—4R+2R?) (1-R+R?
—4R2+4R*— 4R +R—R*+R?)
+2R*— 2R+ 2R 4R
—4R*H6R7—6R! 2R —4R+2R*—4R*+ 2R

4C(1—2R) (2=R) (14+R) (1 —R+R?) +Cpa (2) 2—R) (1—R?) (1—R+R2) }

N S NN
(2—5R+2R?) (1+R? J (4—2R—4R?*+2R?)
2—5R+2R?+2R3—5R*+2R" 4—2R—4R?*+2R?
—4R+2R?*+4R3*—2R*
+4R2—2R*—4R*+2R5
4—6R+2R?*+4R3—6R*+2R®

P A{ W
= {C, (2—4R+2R?+2R3—4R*+2R®) +C,, (—2R+5R?*—5R*+2R®)
+Cia (—4R?+6R*—6R*+2R®%) 4 C;; (—4R+2R?—4R*+2R®)
+Cp (2—5R+2R?+2R?*—5R*+2R®) +C,; (4—6R+2R2+4R*—6R*+2R5) }

= {2C; +2Cy +4Cys+ (—4Cy; —2C,, —4C5; —5C5,—6C3) R
+(2C11 +5C12—4C 5 +2C,; +2C,5 +2Co5) R2+ (2C, +6C15 +2C5,+4Co5) R?
+ (—4Cy; =5C,,—=6Cy5—4Cs; —5Cp —6C,3) R*+ (2C,, +2C,, +2C,13+2C,1 +2C,, +2C,5) RS}
IR ED
f(R)=A,+A,R+A,R*+A,R3+ AR+ A R®
Ag=2C,, +2C,,+4Cys
A, =—4C,,—2C,,—4C,, —5C;,—6Cy;
A, =2C;+5C1,—4C15+2C, +2C,, +2C,s
Ay =2C,, +6C,5+2C,, +4Cos
A,=—4C,,—5C,,—6C,3—4C,, —5C,, —6C,;
A;=2C,,+2C,,+2Ci5+2C,, +2C5,+2C,=2n
0<R<0.5 r=R(Rep.)
0.5<R<1.0 r=(1—R) (Coup.)

HEEE D538
_dL_ =n oy @ 1 pny . D o d 272R
I“(R)*de i (2R R)dRzlog4 (2R—R?) = i (2R R)dR2R~R2
— D GR_RY) —2(2R—R*)—(2—2R) (2—2R) _ n {(4R—2R%) + (4—8R+4R?}
4 (2R—R?)? B 4(2R—R?)

_ n(4—4R+2R?)
T 4R(2—R)
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L___ . 1 o D ) —2+4R
L (R) = g (2=2R+2R?) Jlog - (2= 2R-+2RY) = - (2 2R+2RY s Tl
_.n . o 4(2—2R+2R?*) — (—2+4R) (—2+4R)
=T @ ZR+2R%) (2—2R+2R?)?
_ n{(—~8+8R—8R*) + (4—16R+16R*)} _n(—4—8R+8R?>) _n(—-2—4R+4R?)
4(2—2R+2R?) 4(2—2R+2R>)  4(1-R+R?»
&L _ n . ., d 1 5 o d —2R
IIS(R) dRZ_ 4 (1 R)dRZ log (1-R»)=— (1 R)de R2
_ Ry —2(1-R»)—(—2R)(—2R) _ n{(2—2R*) + (4R?)} _ n(2+2R?)
4 (1—R?»? 4(1-R?» 4(1-R?»)
&L _ n 2 1 2y _1 oy d —2+2R
L(R)= 353 = (1 2R+R)dR2 log (1-2R+R*) =~ (1-2R+R") p om0
_n 2y 2(1—2R+R? — (=2+2R) (=2+2R)
4 (1=2R+R?) (1—2R+R?)?
~n{(—2+4R—2R?) + (4—8R+4R»)} _n(2—4R+2R?» _ 2n
- 4(1—2R+R?) " 4(1-2R+R?» 4
d¢’L _ n 2 1 - _ 1 ny d _274R
L,(R) = R (2R 2R?) dRzlog (2R—2R?) (2R 2R?) —— 4R 7R—2R?
— 1 (9R—9RY) —4(2R—2R%) — (2—4R) 2—4R) _ n{(8R—8R?) + (4—16R+16R’) }
4 (2R—2R?)? B 4(2R—2R?)
_n(4—8R+8R?) _n(2—4R+4R?
42R)1-R)  4R(1-R)
&L g, & 1o, np,d2_ np,—2_ 2
las (R) = gge = RdRzlog4R* RdRR s R T

I(R)=1,;(R) +1,,(R) +1;5(R) +1; (R) +1:,(R) +1. (R)

_ n(4—4R+2R?) | n(—2—4R+4R?) n(2+2R?) n(2—4R+4R?)
IR==Re-rn T 10-R+RY T10-R1+B® = aRQ-R) "

_ n
~ 4R(2—R) (1-R) (1+R) 1—R+R?

{(4—4R+2R?») (1—R?) (1—R+R?)
1-R+R?
—R2+R3—R*
(4—4R+2R?) (1—R+R*—R")
4—4R+4R*—4R*
—4R+4R*>  —4R*+4R°

+2R?*—2R? +2R*—2R*
4—8R+6R?+2R*—8R*+6R°—2R*®
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4+ (—2—4R+4R?) 2R—R?) (1—R®) + (2+2R?» 2R—R? (1—R+R?»

(—2—4R+4R?) (2R—R?—2R*+R") (4R—2R?+4R3—2R*) 1—R+R?
—4R+2R?*+4R3—2R* 4R—2R?+4R*—2R*
—8R2+4R*+8R*—4R* —4R?+2R*—4R*+2R?
+8R3*—4R*—8R°+4R® +4R?*—2R*+4R°—2R*

—4R—6R?*+16R*+2R*—12R*+4R°® 4R—6R?*+10R*—8R*+6R°*—2R®

+(2—4R+4R?) (2—R) (1+R) 1—R+R?» + (8R—4R?) (1—R?) (1-R+R? }

-~ -

(2+R—R?) (1-R+R? (8R—4R?—8R*+4R*) (1—R+R?)

2+R—R? 8R—4R?*—8R3*+4R*
—2R—R*+R? —8R2+4R*+8R*—4R®
+2R?*+R3—R* 4+ 8R! —4R*— 8R5+4R*

(2—4R+4R?) (2—R +9R*—RY) 8R—12R2+4R*+8R*—12R°*+4R*
4—2R +4R3—2R*
—8R+4R? —8R*+4R°®
+8R*—4R®  +8R°—4R°®
4—10R+12R? —10R*+12R°*—4R®

4—8R+6R?*+2R*—8R*+6R°*—2R°®
—4R—6R*+16R?*+2R*—12R°+4R°®
+4R—6R*+10R*—8R*+6R°*—2R°®

4—10R+12R? —10R“+12R5~4R6}

+8R—12R*+4R?*+8R*—12R°+4R°®
8—10R—6R?+32R*—16R*

o n
T 4R(C2-R)Q1-R)1+R)(1—R+R?

~ n(4—5R—3R?+16R*—8R*)
T 2R(2—R)(1—R?») 1—-R+R?
2R(2—R) (1—R?) (1—-R+R?
n(4—5R—3R%+16R*—8R*)

V(R) =

3) Coupling and repulsion

DD (1) Dd (2) dd (1)
{1/4y A-DD A—Dd A—dd (1)
A—(3) (1A-r+? (1+2r—2r%» (1—r+r?
Cn Ciz Cis a
aaDD aaDd aadd
aa(1) (r—r? (1—2r+2r? (r—r?
Ca1 Caz Cas ag
b, b, bs n
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L=Cy log(l—r+1?) +C,, log(14+2r—2r%) +Cy5 log(1—r+r?) +C,, log(r—r?)
+C,, log(1—2r+2r?) +C,5 log{r—r?) +Const.

dL —1+2r 2—4r

ar - CutCo) e e e

— —2+4r
dr

1—2r+2r?

1-2
+(Car+Cs) 7= +Caa

_ 1
T (Q—r+r?) Q+2r—2r2) (r—12) (1—2r+2r?)

{(C,+Cha) (—142r) (1+2r—212) (r—r2) (1—2r+2r?)

—1—2r+r? r—2r2+2r®
+2r+4r*—4r® —r?+2r®—2r*
+Ci.(2—4r) 1—1r+1r?) (r—1r?) (1—2r+2r?
2—2r+2r?
—4r+4r*—4r

r—2r2+2r3
—r2+2r®—2r*

+(Coi +Cp) 1—2r) 1—1+1?) A+2r—2r?) (1—2r+2r%»

1—r+r? 1—2r+2r?
—2r+2r2—2r® +2r —4r2+4r3
—2r¢+4ré—4r*

+Coo(—24+4r) 1—1+1?) (14+2r—2r0) (r—1%) }

—2+42r—2r* r+2r2—2rd
+4r—4r?+4rd —r2—2r3+2r4]
BT { 1A
= {(C;i+Cis) (—1+6r2—4r?) (r—3r2+4r*—2r*) +C,, (2—6r+6r>—4r®) (r —3r2+4r°—2r*)
—r+3r’—4r*+2r* 2r —6r?+8r®—4r*
+6r*—18r*+24r°—12r° —6r*+18r®—24r*+12r°
—4r*+12r°—16r°+8r’ +6r°—18r*+24r°—12r¢

—4r*+12r°—16r+8r”
+(Cy1 +Cy3) Q—3r+3r2—2r%) (1—4r?+8r®—4r*) + Cpo (—2+6r—6r2+4r°) (r+r2—4r®+2r*) }

1—3r+3r*—2r3 —2r+6r*—6r*+4r*
—4r*+12r3—12r* 4 8r® —2r*+6r®—6r*+4r°
+8r3—24r* +24r°—161° +8r3—24r*+ 24r°*— 16r°
—4r*+12r°—12r®+8r7 —d4r*+12r°—12r°+8r’
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={(Cy,+Cys) (—T+3r242r*—20r* +36r°— 28r°+ 817) +C,, (2r — 12r2+32r° — 501 +48r° — 28r°+8r7)
+ (Cyy +Cys) (1—3r—r2+18r° —40r* +44r°—28r°+8r7)
+Cyp (—2r+4r2+ 812 —30r* 4+ 40r>— 28r° +8r7) }
= {(Cy1+Cps) + (—Ci1—Cis+2C12—3C21 —3Cp5—2C,0) r
+ (3C1; +3C1s—12C,, — Cp — Cyy +4Cy0) 1?
+ (2C;, +2C13+32C,, +18C,; +18C,5 +8Cy,) 1°
+ (—20C,; —20C,3—50C;, — 40C,; — 40C55 — 30C,2)
+ (36C,, +36C,5+48C,, +44C,; +44Cp5 +40C,,) r°— 28nr®+8nr’}

BlEic&y
f(r) =As+A T +HA P+ AP+ A+ A+ Agr®+ Arr?
Ap=Cs+Cys

Ay=—=Cy+2C1,—Cis—3Cn —2C—3Css

A, =3C1, —12C15+3C1s— Cay +4Cs —Cos
Ay=2C11+32C15+2C15+18Cs +8Cs +18Css

A, =—20C;; —50C;,—20C,5— 40C;; — 30C5, — 40C
As=36C,,+48C.; +36Cy5+44C,, +40Cs, +40Cs
Ag=—28C,, —28C1,— 28Cy5—28C, — 28C,, — 28C,5 = —28n
A,=8C1148C,,+8Cys+8Cy +8C,, +8C,5=8n

0<r<0.5 r(Coup. and nep.)

HEEE DB
&L n o1 o, d Tlder
I,(@= i Q1 r+r)dr210g 1 Q—r+1ry) = 1 1 r+r)dr]—r+r2
S RSP 2(0—r+r1?) — (—1+42r) (—1+2r) _ n{(=2+2r—2r) + (I1—4r+4r’)}
4 (1—r+r?)? N 4(1—r+1%)
_ n(—1-2r+2r?)
T 40—+
Aﬂfil o2 i L oy 1 992 27?"“
I, (r) = o (1+2r 2r)drzlog 1 (1+2r—2r3) = 1 (1+2r 2r)dr1+2r*2r2

_ . n ooy —4(+2r—2r") — (2—4r) (2—4r)
=y (e (1+2r—2r%)?

_n{(4+8r—8r’) + (4—16r+16r)} _ n(8—8r+8r?)
4(1+2r—2r?) T 4(1+2r—2r%

n(—1—2r+2r?

Ils(r)zlu(r): 4(1——r+r2)
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_E___ 2y — _ 2 1 2 Ql 2r
e (r— r) log (r—r?)=-— 4( )drr 2
S R —2(0—r)—(1—-2r)(1-2r) _n{Q@r—2r)+(1—4r+4r>}
4 (r—r?)? B 4(r—r?)
~ n(1—2r+2r?
4T
ﬂ _n 2y & o _ 1 2 _ﬂ
L, () = T (1 2r+2r) log4 (1—2r+2r?) (1 2r+2r?) o

4(1—2r+2r2) — (—244r) (—2+4r)
(1—2r+2r?)?2

=— % (1—2r+2r?)
_ n{(—4+8r—8r? + (4—16r+16r2) } _ n(—8r+8r?)
4(1—2r+2r? 4(1—2r+2r?)

n(1—2r+2r?)
4(r—r?

I(r) =L, (r) +1, () +1;5 (1) +150 (1) +155 (1) +1, (r)

:n(—2—4r+4r2) n(8—8r+8r>) n(2—4r+4r2) n(—8r+8r?)
4(1—r+r1?) 4(1+2r—2r%» 4(r—r?) 4(1—2r+2r?

_ n
T 4(0—r+r?) (14+2r—2r2) (r—r?) (1—2r+2r2)

{(=2—4r+4r>) (1+2r—2r) (r—r?) (1—2r+2r?)
—2—4r+4r? r—2r’+2r®
—4r—8r’+8r? [ 7r2+2r3—2r4]
+4r?+8r®—8r*
+ (8—8r+8r?) (1~r+r?) (r—r?) (1—2r+2r?
8—8r+8r? r—2r*+2r®
—8r+8r*—8r° —r’+2r’—
+8r®—8r*+8r*

+Q2—4r+4r2) 1—r+1?) 1+2r—2r3) (1—2r+2r2)

2—A4r+4r? 1+2r—2r?
—2r+4r*—4r® —2r—4r2+4rk
+2r*—4r3+4r* 4212+ 413 — 41t

+(—8r+8r?) 1—r+r?) (1+2r—2r%) (r—r2) }

—8r+8r*—8r? ] [r—4-2r2—2r3 ]
+8r*—8r*+8r* —r?=2r*+2r
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P {0}

= {(—2—8r+16r*—8r*) (r—3r2+4r*—2r*) + (8 —16r+24r>—16r°+8r*) (r —3r*+4r°—2r*)
—2r+6r2—8r3+4r*
—8r2+24r° —32r* + 161°
+16r*—48r°+64r°—32r7
—8r®+24r°—32r" + 1618

8r—16r%+24r®—161r*+8r°
L —24r2+48r%—T72r* +48r° —24r°
+32r® —64r*+961° — 641r°+ 3217
—16r*+32r>—48r®+32r"— 161°
1 (2—6r+10r2—8r3+4r*) (1—4r?+8r3—4r*) + (—8r-+16r>—16r°+8r*) (r+r2—4r*+2r*) }

2—6r+10r*—8r®+4r* —8r2+16r*—16r*+8r°
—8r2+24r* —40r*+ 32r° — 16r° —8r®+416r*—16r°+8r°
+ 1613 —48r¢+80r° — 64r° + 3217 +32r*—64r°+64r°—32r7
—8r*+24r5—40r°+32r'—161° —16r°+32r°—32r" + 16r°

= { —2r —2r% +16r® —12r* —40r°+ 88r®—64r’+16r°
+8r —40r2+ 104r® — 168r* + 184r° — 136r°+64r" — 161*
2—6r +2r* +32r° —92r*+136r°—120r°+64r"—161°
—8r2 +8r® +32r* —88r°+104r°*—64r"+16r°}
= {2 — 48r2+160r3—240r* 4+ 192r°—64r°}
58 oY 2 )

L(r) = n(1—24r?+80r*—120r* 4 96r° — 32r°)
2(1—r+r?) (1+2r—2r%) (r—r?) (1—2r+2r%»

V(ﬂ::2rU:-ﬂ(1—r+Tﬂ(1+2r42ﬁ)ﬂ—2r+2ﬁ)
n(1—24r2+80r®*—120r* + 96r°—32r°)

6. 2 ODEBBELTFEICOWTL 2112 1 OMF L TEEL TV 5GF0M
#afli s £ U7 OSROEE T
1) Coupling or 2) repulsion

R=(1-1)
DD (1) Dd(2) dd (1)
{1/4} AADD AADd AAdd
AAQ) (R?») (2R—2R?») (1—-R)?
Ci1 Ci2 Cis a;
AaDD AaDd Aadd
Aa(2) 2R(1—-R) 2(1—-2R+2R) 2R(1-R)
Ca1 Ca2 Cas az
aaDD aaDd aadd
aa (1) (1-R)? (2R—2R? R?
Csz1 Csz Css ds
b, b, b, n
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L=(Ci1+Cs3)logR?*+ (Cy,+Cs,) log(R—R2) + (C13+Csy) log(1—R)2

+(Cy +Ca3) logR (1 —R) +Cyrlog (1— 2R+ 2R?) + Const.
dL

2 1—2R —2 —2R
aE: (C11+C33) ﬁ‘*‘ (C12+C32) _li——R2+ (C13+C31) iTR + (C21+C23) %(I*Z—R)
—2+4R
TR 2R2
1

+(Ci2+Cu +Cy5+Cy2) (1-2R) (1-2R+2R?) —2(Cy5+Cs) R(1—2R+2R?)
+Cs (—2+4R)R(1-R)}
BT { W
= {2(Ci1 +C43) (1—2R+2R?—R+2R?*—2R?)
+ (Ci2+Ca1 +Cos +Cs,) (1—2R+2R2—2R +4R?— 4R?)
—2(Ci3+Cq1) (R—2R2+2R?) +Cpp (—2R+4R2+2R?—4R?) }
= {2(Cii+Css) (1-3R+4R?—2R?) + (Cy, +Cp1 +Cps+Csp) (1—4R+6R2—4R?)
—2(Ci5+Cs1) (R—2R2+2R?) +Cpy (—2R+6R2—4R?) }
= {(2C11+2C45+C1,+Cp +Cos +Csy)
+ (—6C11 —6Cy3—4C,,~4Cy —4Cy3 —4C4, —2C,13—2C5, —2C22) R
+ (8Cy1 +8Cs3+6C1;+6Cs 4 6Cy5 +6Cs,+4C15 +4Cs, +6C,.) R2—4nR?
bk D
f(R) =A,+A,R+A,R2+A,R?
Ag=2Cy; +C1,+Cy +Cos+Cap +2C,
Ay =—6C1;—4C1,—2C13—4Cy; —2Cp,— 4Cy3 — 2C5; — 4Cs — 6Cys
A,=8C11+6C,,+4C15+6C,; +6Cas+6C,s 4 4Cs, +6Cs, +8Css
A;=—4n
0<R<0.5 r=R(Rep.)
0.5<R<1.0 r=(1—R)(Coup.)

HEEME D43 8E
_dL _ n_, & 1.,
III(R)_ dRzi 4 R dR210g4R
_n,d2R
M aRR
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__n ., (2R*—4R?
N 4R R2.R?
n —2R*> _2n _
_Z R? - 4 133(R)—111(R)
dL__zj 2 ,
IIZ(R) dRZ— R(l R) dRZ log (R R)
__2n d (1—2R)
== R Gp R—RY)
o 2n,, o, —2(R—R)—(1-2R)(1-2R)
; R=RY (R—R?) (R—R?
_ 2n2R—2R*+1—4R+4R?
T4 (R—R?)
_ 20 (1-2R+2R?) _ _ _
- 4 (R_Rz) 121(R)*123(R) 7132(R)7112(R)
Lo(R) = Lf——<1 R L 1ogd 1—Rr)?
13 dr? - dR? og
__n . d —2(-R)
= TR R AR
_oon o o, —(=2)(=1) 2n B
== (1-R) “Ta-R? 4 i (R) =15 (R)
_ Lﬁ__ 2 2z 2
L. (R) = dRz (1— 2R+2R)dR210g (1—2R+2R?
:——(1 2R+2RZ)i (Z2+4R)

dR (1—2R+2R?)

4(1—2R+2R?) — (—2+4R) (—2+4R)
(1—2R+2R? (1-2R+2R?)

_— 24—“ (1— 2R+ 2R?)

_ 2n (4—8R+8R*—4+16R—16R?)
4 (1—2R+2R?)

_2n (8R—8R?
4 (1—2R+2R?)

I(R—) :Ill (R) +Ill (R) +113 (R) +121 (R) +122 (R) +123 (R) +I3l (R) +I3Z (R) +133 (R)

_ 204 2n(1—2R+2R?) x4

4 4R(1—R)

_ 2n(8R—8R?)
4(1—2R+2R?)

_ 4n
4R(1—R) (1—2R+2R?)

{2R(1—R) 1—2R+2R?)

+2(1—2R+2R?) (1—2R+2R?) —4(R—R?) (R—R?}
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2R—6R?*+8R*—4R*
2—8R+16R*—16R*+8R*
—4R*+8R?*—4R*

2—6R+6R?
DLEICED

n(2—6R+6R?)

~“RO-R) (1—2R+2R?)

V(R) =

R(I—R) (1—2R+2R?)

2n(1—3R+3R?)

Vi) =VR)

3) Coupling and repulsion

DD (1) Dd (2) dd (1)
{1/4} AADD AADd AAdd
AA(1) (r—r?) (1—2r+2r? (r—r?
Cn Ci2 Cis a;
AaDD AaDd Aadd
Aa(2) (A—2r+2r? (4r —4r?) (1—2r+2r?)
Ca1 Ca22 Cas dy
aaDD aaDd aadd
aa(1) (r—r?» (1—2r+2r? (r—r?
Cs1 C32 Css as
b, b, bs n
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L: (C11 +C13 +C31 +C33 +C22) log(r—rz) + (CIZ +C21 +C23 +C32) log(172r+2r2) +C0nSt'
A=C;+Ci;+Cs+Cs3+Cyp
B:C12+C21+C23+C32

dL _ A(1—2r) B(—2+4r)

dr (r—r? (1—2r+2r?

(1—2r)

- r—r) (1—2r—2r%

(1—2r)
(r—r?) (1—2r+2r?

{ } ALYy

{AQ—2r+2r?) —2B(r—1?)}

{A—2(A+B)r+2(A+B)r?}
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_ n+ \/ n2_2n(C11+C13+C31+C33+sz)
2n

0<r<0.5 r(Coup. and rep.)
HERE(E DI EL

QL__E ey L
Li(r)= = 4(r r)dr210g4(r r?)

d (1—2r)
dr (r—r?

. n
=) o

=— D ) —2(r—r?)~(1—2r) (1—2r)
4 (r—r1%) (r—12%
n —2r+2r2—1-+4r—4r?

T (r—r?)

 n1-2r42

= L;: (R) =L (R) =L (R) =1,; (R)

I, (R) = d L = (1 2r+2r?) %log— (1—2r+2r?)

d (—2+4r)
i-—— 2y ~> v &V 27
A=2rt2r) 5 A —ar+2r)

4(1—2r+2r?) — (—244r) (—2+4r)
(1—2r+2r%) (1—2r+2r?

=— % (1—2r+2r2)

n 4—8r+8r2—4-+16r—16r2

4 (1—2r+2r?

. n_ (8r—8r?

4 (1—2r+2r7) L (r) =L (r) =15 (r) =1, (1)

2
Ly(r) = ((ier; =—— (4r 4r?) ——log (4r—4r?)

__n o d (4—8r)
= U)o

—8(4r—4r?) — (4—8r) (4—8r)
(4r—4r?) (4r —4r?)

=- % (4r—4r?)

_n (—32r+32r*—16+64r —64r?)
4 4(r—r?)

n —4+8r—8r®* n(4—8r+8r?

4 r—-r3) 4(@—1d

I(r) =1, (1) +1, (r) + 1 (r) +15: (1) +152(r) +1I5 (1) +15: (1) +15, (1) +155 (1)
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_ n(1—2r+2r®) X4 n(8r—8r®) X4 n(4—8r+8r?

4(r—r?) 4(1—2r+2r? 4(r—r?)
_n(1—2r+2r*)  8n(r—r? n(l1—2r+2r?
- (r—r?) (1—2r+2r?) (r—r?)
_2n(1—2r+2r>)  8n(r—r?)

N (r—r?) (1—2r+2r?)
2n

= ) -2 {(Q=2r+2r") (1—2r+2r%) —4(r—r1?) (r—r?) }

{ I W {1—4r+8r28r3+4r4 }

—4r>+8r*—4r*
(1—4r+4r?»

Prwzky

_ 2n(1—4r+4r?)
(r—r?) (1—2r+2r?

_ (r=r)(d—-2r+2r")
VO = 0 ar )
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e H -3 ' e ‘e m e tg te m e ‘day :
(.d—dgy £ L] o m (;d—dg) = i sl w (d—dg) o @ ! (;d—dg) > ' M (;d—dg) 2 ' (;d—dg) 2 ¢! (;d—dg) o : (;d—dg) o> ™ YV 1
[e/1] : fe/1] : [e/1) fe/1) : fe/n] [e/11 [e/1] : fe/1)
u o q 0q 'q u i q ‘q u q q 'q u o u g iq u g q u g q u g g
(S+S—1) (ST—S2+1) (:S+$—-1) (S—1) (S5+S-1)2 (:5—52) (5-52) (:5+5-1)2 (S-1) (S+S-1) A~w|m+mvm (S—~1) (5+3) (:5—52) (:5+5¢~¢) (8—-2) 5+1) (S+1) (5—-3)
‘e (e/1) e [e/1] ‘e [e/1) ‘e te/n ‘e le/1] e te/1] ‘e [e/m ® [e/1]
(;d—dg) ) 1% (;d—dg) i) "y (;d—dg) 2 ) €y (d—dg) *0 ¥ ¢ (d-dg) ¥ > (;d—dg) 0 (;d—dg) * % (;d—dg) *> ® o 1
‘e ‘e ‘e ‘e m ‘e e e ‘e H
(d+d-T)z L) ) id4d_T)z el 1 d+d—1)z D @ | d4denz ® W ld4d-Dz ¥ W (d+d-Dz @ W |(dpd-T)z ¥ @ (did-T)z ® B oy g
‘e e ” e e m ‘e ‘e te e ‘dnop ;
-1 i "o @-1) =2 o Mol e W 2 ! (-1 o ol (d-p ™ (d-1) o ! @d-1) 2 (d-1) *2 o Vv 1
(&/1) e/ P (/1) bowm (/1) te/1) b
1-@'7-@ "4y dno) 1—-q doy : 7-q dno) 1-@‘7T—q "doy "dno); 1—-q oy T—@ dno) 1-q doy : T-q “dnop
pr.pqd:ada:iiecil pPi-adit:g (P)ra: P)aa:i:1 ones uoijedaideg
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2. EEEETE L BOOEGETENS 1 | 1 ORI CHEE L TV 25 EOKFHETOBBLE
=T & OB L 2 OSBOFE®

1) Coupling
Genotype Sum of expected Observed
frequency number
Aa (1/3)(2—p) a,
aa (1/3) (1+p) a,
Total 1 n

L=a;log(2—p) +a,log (1+p) +Const.

_dL: al(_l) + az(l)
ap (@2-p) (Q+p)

1

{—a(l+p) +a,.2—p)}

“2-p a+p
232_31—(al+az)p:0
_ (23«2"31)
- n
0<p<0.5 p(Coup.)
0.5<p<1.0 (1—p) (Rep.)
HEBOIE
Lpp)= dL——4(2 p)—log—(z p)
. n, d (=D
= (2 ) > =D
_n (-1
3 7P Ghe—p)
— n
3(2—p)
_ L on &1
L(p) = a3 (1+p) & log - (1+p)
__n 1
= (1+ ) E=S]
_n (=1
3 (1+p) (1+p) (1+p)

n

“3(+p
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I(p) =1, (p) + 1, (p)

' n n
= 30¢-p 30+p

____n_ o n
“ 30 p (tp TP Gy aT

2) Repulsion
Genotype Sum of expected Observed

frequency number
Aa (1/3) Q+p) a,
aa (1/3) (2—p) a,
Total 1 n

L=a,log(1+p) +a,log(2—p) +Const.

dL _ a; az(_l)

ap  (1+p) ' (2-p)

_ 1 _

1

BGEES ] {2a;—a,— (a+a,)p}

_ (2a;—a,)
n

0<p<0.5 p(Rep.)

0.5<p<1.0 (1—p)(Coup.)

HWEB/DOSE
I (p) = dL:~—(1+p>~1og > (1+p)
_n g 0
== 5 D) s
_n =D
5 10 0T )
_n
“ 3(1+p)
L(p) = —L~——(2 >~1 (2—p)
2\D d = D 0g3 p
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_ . n, ., d (-1
5 CP g Gop
__n ., (=1
RIS YO
_ n
T 32-p)

I{p) =L (p) +1(p)

_ n n
‘3u+p)+3@—m

n

T30ipop (2ptlfel=

_n
(1+p) (2—p)

V(p):(1+p>n(2—p>

3. ERERL TR L BSUELTEL 3 I 1 OBfF ML CEEL Tw 355 OEFHETOBGE

EFEE & OIS & 2 OFBOFHE
1) Coupling

Genotype Sum of expected Observed

frequency number
A- (1/3) (3—2p+p? a;
aa (1/3) 2p—p? a,
Total 1 n

L=a,log(3—2p+p? +a,log(2p—p?) +Const.

dL _ a,(=2+2p) | a,(2—2p)
ap (3—2p+p’)  (2p—p?)

- (3—2p+p22> Gp—py & (172p) @p—pY) +a,(1—-p) 3—2p+p?)}
:(3—zp+;)@p~pq {3a,— (2a,+5a,) p+3(ai +a,)p*— (a1 +a,) p*}
Plkizkb
f(p) =A,+A;p+A,p*+Ap?
A0:332
A1 - _231 —58.2

A,=3a;+3a,=3n

A3:—31—32: -_n
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0<p<0.5 p(Coup.)
0.5<p<1.0 (1—p) (Rep.)
HEEE D8

I(p):@———(S 2p+p2)——10g (3—2p+p?)
! dp? 3

n od (-242p)
(3 2ptp )dp (3—2p+p?)

2(3—2p+p?) — (—2+2p) (—2+2p)

(3—-2p+p? (3—2p+p?)

=— % (3—2p+p?»

_n (6—4p+2p*—4+8p—4p?)
3 (3—2p+p?)

20 (1+2p—p?)
3 (3—2ptp?)

_511___ 2 2
Iz(p)—dp2 = (2p— p) log 3 (2p—p?)

d (2—2p)
dp (2p—p?)

_ n ., —2@2p—p’)—(2—2p) (2—2p)
-3 (2p=p" (2p—p? (2p—p?)

~ n (—4p+2p*—4+8p—4p?)
3 (2p—p?)

_2n (2—2p+p’)
3 (2p—p?

I(p) =1, (p) +1.(p)

_2n (1+2p—p°) | 2n(2—2p+p?)
3 (3—2p+p?) 3(2p—p*)

_ 2n
3(3—2p+p? (2p—p?)

= — 3 (o—p?) o

{(2—2p+p?) (3—2p+p*) — (1+2p—p?) (2p—p?) }
_ 2n
3(3—2p+p? (2p—p?)

__ 4n(1—2p+p?)
(3—2p+p* (2p—p?)

_ (3—2p+p® 2p—p?)
Vip) = 4n(1—2p+p?)

{6—12p+6p?}
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2) Repulsion

Genotype Sum of expected Observed
frequency number
A- (1/3) 2+p? a,
aa (1/3) 1—p?) a,
Total 1 n

L=a,log(2+p?) +a,log(1—p? +Const.

dL _ a,(2p) | a;(—=2p)
dp (2+p) (1-p)

2p

S apy 0TI mmEre)

2p

= ) A=) {a,—2a,— (a,+a.)p?}

(31_232)
2 — — 2
Pty P J/p?

0<p<0.5 p(Rep.)
0.5<p<1.0 (1-—p)(Coup.)

HEEE DATEL
_dL_ _n o d . 1 2
L(p)= -3 (2+p)dp210g 3 (2+p%
__n » d _(2p)
N 3 2+p dp (2+p?
__n . 2(2+p*) — (2p) (2p)
B N R R y i)
_n (4—2p?»
3 @2+p»)
__2n(2—p”)
3 (2+p)
_dL__n ., ds 1
Iz(p)—dpz_ 3 1 p)dpzlog 3 (1—p”
__n . ,d (=2p
= 3 (1 p)dp =
__n . —2(—-p*)—(—2p) (—2p)
N 3 (1=p) (I-p (1—p»)

n —2—2p*> _2n(1+p?)

3 (1-p»  3(1—p?»
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I(p) =L (p) +L(p)

__2n(2—p*  2n(1+p*
3(24p?) 3(1—p?

2n

= 3aE A=y (@ P) A (L) @)

2n

e — 2__ 4 2 4
3079 (=9 | 2T P23 pt

. 2n
3(2+p?) 1—pd)

(2+p* 1—p?)
4np?

{6p?}

Vip) =

3) Coupling and repulsion

Genotype Sum of expected Observed
frequency number
A- (1/3) 2+p—p?) a,
aa (1/3) (1—p+p? a,
Total 1 n

L=a,log{2+p—p?) +a.log(l1—p+p? +Const.
dL _ a,(1—-2p) _ a,(=1+2p)
dp  (@2+p—p) (I-p+p?
_ 1
(2+p—p?) (1—p+p?)
_ 1
(2+p—p’) 1—p+p°)
PlEwwkD
f(p) =Ao+A,p+A,p*+A,p°
A,=a,—2a,
A =—-3a+3a,
A,=3a,+32,=3n
A;=—2a,—2a,=—2n
0<0 p<0.5 p(Coup. and rep.)

{a,(1—2p) 1—p+p*) —a,(1—2p) 2+p—p?}

{a, (1—3p+3p*—2p®) +a,(—2+3p+3p*—2p°) }

HEM/OTE
_dL__n oy & 1 e
Il(p)—dp2 =—3 (2+p p)dpzlog 3 (2+p—p?)
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d (1-—2p)

dp (2+p—p?»

—2(2+p—p») —(1—2p) 1—2p)
(2+p—p? (2—p+p?)

n (—4—2p+2p*—1+4p—4p?)

3 (2+p—p?)

__1n 2
=" 2+p—>p

—-_n _ 2
i (2+p—p?)

n (—5+2p—2p?

3 (@2+p—p»)

n(5—2p+2p?)
3(2+p—p?

d’L
dp?

_dL_ _n e 1
Lp)= =3 (1 p+p)dp210g3 (1-p+p?
d (=1+2p)

_on o opd (=142p)
== 3 07 o )

2(1—-p+p?) — (—1+2p) (—1+2p)
(1—p+p? (1—p+p?

=—% (1—p+p?)

n (2—2p+2p?*—1+4p—4p?)

3 (I—=p+p*)

n (1+2p—2p?)

3 (1-p+pd)
I(D) =L{p) +L (p)

~n(5—2p+2p?) n(1+2p—2p?
~ 3@2+p—p? 3(1+p+p?

n
~ 3(2+p—p») (1—p+p?

{(5—2p+2p») (1—p+p?) — (1+2p—2p») (2+p—p*}

B n { 5—7p+9p2—4p3+2p“}
~ 3@2+p—p?) (1—p+p?) | —2—5p+3p2+4p*—2p*

~ n(3—12p+12p»)
- 3Q2+p—p?) (1—ptp?)

_ n(1—4p+4p?)
~ (2+p—p?) 1—p+p?)

(2+p—p*) 1—p+p?

Vi) =" 0 —ap + 4p?)
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4. HRECRTELBOLEERTES 112 1 OB CEMEL T 2 BEDEHETOITE
BIGFEE L Ol s £ 02 OSBOFE

1) Coupling

Genotype Sum of expected Observed
frequency number
AA (1/3) 1—p?» a,
Aa (2/3) 1—p+p?» a,
aa (1/3) (2p—p?) as
Total 1 n

L=a,log(1—p? +a,log(1—p+p?) +aslog(2p—p?) +Const.

dL _ a,(=2p) , a,(=1+2p) , a;(2—2p)

dp  (1-p?) (1-p+p®) = (2p—p?)

B 1
- (1-p) (1—p+p?) (2p—p

o) {—2a,p(1—p+p*) 2p—p* —a,(1—2p) 1—p?) (2p—p?)
+2a;(1—p) 1—p*) (1—p+p?) }
—4a,p*+6a,p*—6a,p*+2a,p°
—2a,p+5a,p? —b5a,p*+2a,p®
2a;—4a;p+2a;p®+2a,p®—4asp?+2a,p°
HUEi&y
f(p) =A;+Ap+Ap’+Asp*+A.p*+ AP
Ay=2a,
A,=—2a,—4a,
A,=—4a,+5a,+2a,
A;=6a,+2a,
A,=—6a,—5a,—4a;
As;=2a,+2a,+2a;=2n
0 <p<0.5 p(Coup.)
0.5<p<1.0 (1—p) (Rep.)

HEE(E D53 EE
_&¢L_ _n. 4 1.
Il(p)—dpz =—3 Q1 p)dpzlog3 (1-p?
__n . d (=2p
=—3 (1 p)dp I=p)
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. (1-p? —2(1—p* —(—2p)(—2p)

3 (1-p (1—p?)
n (—2—2p?) _ n(2+2p?

3 (1-p»)  301—-p

_d¢L_ 20, & 2,
Iz(p)—dpz— 3 (1 p+p)dpzlog3 (1—p+p?

__2n . 2 i (=1+2p)

2n 2(1—p+p*) — (—1+2p) (—1+2p)

=73 d7ptp) (1—-p+p?) (1—p+p?

_ 2n2—2p+2p*—1+4p—4p°
3 (1—p+p?

__ 2n (1+2p—2p%)
3 1-p+pd)

d’L _ n o a1 o,
dpzf 3 (2p p)dplegS (2p—p?

L(p) =

__n . i (2—2p)

-1 (2p—p?) —2(2p—p* — (2—2p) (2—2p)

3 (2p—p?) (2p—p?)

(—4p+2p>—4+8p—4p?)
(2p—p?

n{4—4p+2p?)
3(2p—p?)

I(P) =] (p) +1, (D) +1s (p)

_n(2+p’) 2n(1+2p—2p”) | n(4—4p+2p°
3(1—p?) 3(1—p+p? 3(2p—p?)

_ 1
3

_ n
- 3(1—p? (1—p+p® 2p—p

7)1 2407 (1=p+p?) (2p—p?) — (2+4p—2p") (1) (2p—p?)
+ (4—4p+2p?) (1-p?) (1—p+p?) }
{ I A
4p—6p®+10p*—8p*+6p°—2p°
—4p—6p*+16p*+2p*—12p*+4p°®

4—8p+6p2+2p®—8p*+6p°—2p°
4—8p+6p?+28p*— 14p*
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kD

_ 2n(2—4p+3p°+14p°—T7p*)
3(1=p") A—p+p?) (2p—p?)

_30-p* (—p+p* (2p—p?)
2n(2—4p+3p2+14p*—7p*)

V(p)

2) Repulsion

Genotype Sum of expected Observed
frequency number
AA (1/3) 2p—p?» a
Aa (2/3) (1—p+p?) a,
aa (1/3) (1—p? as
Total 1 n

L=a,log(2p—p?) +a,log(1—p+p?) +aslog(1—p?) +Const.

dL  a,(2—2p) , a,(—1+2p) , a;(—2p)

dp ~ (2p—p?) (1-p+p? (1-p?)

- 1
~ (2p—p?) (1—p+p? (1—p?)

{2a,(1—p) Q1—p+p*» (1—p?) +a,(—1+2p) 2p—p*» (1—p?)
—2a;p(2p—p?) (1—p+p?)}

{ + A
2a,—4a,p+2a,p*+2a,p®—4a,p*+2a,p°
—2a,p+5a,p? —5a,p*+2a,p®
—4a;p®+6a;p® —6asp* +2a;p°
350 Y 2 L)
f(p) =A,+ A p+Ap*+ A;p*+ A, p*+ Asp°
Ay,=2a,
A, =—4a,—2a,
A,=2a,+5a,—4a;
A;=2a, +6a;

A,=—4a,—5a,—6a;
A;=2a,+2a,+2a;=2n
0 <p<0.5 p(Rep.)
0.5<p<1.0(1—p) (Coup.)
e TE iE D3R

L n, AL,
L(p)—dpz— 3 (2p p)dpzlog3 (2p—p?)
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d (2—=2p)
dp (2p—p*)

—2(2p—p?) — (2—2p) (2—2p)
(2p—p* (2p—p?)

=— 5 o) o

S O
3(2p p?)

n(4—4p+2p?
3(2p—p?

1():f£=~ (1-p+p) & 10 (1~ p+p?)
2P dp? pPTD g3 pTp

d (—1+2p)
dp 1—p+p?

2(1—p+p?) —(—1+2p) (—1+2p)
(1-p+p*) 1—p+p?»

—— B a-ptm L

2
=— ?n (1—p+p?»

_ 2n (2—2p+2p*—1+4p—4p?)
3 (1—p+p?

_ 2n (14+2p—2p?)
3 (1—p+p?»

(1 pz) log (1-p%»

—_ D 2)_ (—2p)
3 dp (1—p?)

—2(1—p® —(—2p) (—2p)
(1-p? (1—p?)

=— = (1-p?)

_ 2n(1+p?»

T 31-pY)
I(p)=L)+1 () +1L(p)

_n(4—4p+2p®) n(1+2p—2p%) , n(2+2p?
3(2p—p?) 3(1—p+p? 3(1—p?

= n —_ 2 — 2 —_— 2

—(2+4p—4p* (2p—p*) (1—p? + (2+2p?) (2p—p?) (1—p+p? }

{ ' W
4—8p+6p*+2p*—8p*+6p°—
—4p—6p®>+16p*+2p*—12p°+4p°

4p—6p*+10p° —8p* +6p°—2p°
4—8p+6p2+28p*—14p*

— 155 —



FAREHRELT 95

UEi&D

_ n(4—8p+6p°+28p°—14p*)
3(2p—p? (1—p+p?) (1—p?)

_ 2n(2—4p+3p>+14p*—7p*)
3(2p—p? (1—p+p?) (1—p?

_ 3@2p—p*) A—p+p*) (1—-p°)
2n(2—4p+3p?+14p*—7p*)

V(p)

3) Coupling and repulsion

Genotype Sum of expected Observed
frequency number
AA (1/3) 1—p+p?) a;
Aa (1/3) 1+2p—2p?» a,
aa (1/3) 1—p+p?» a;
Total 1 n

L= (a,+a;)log(1—p+p? +a,log(1+2p—2p?) +Const.

dL _ (ai+ay) (—1+2p)  _a;(2—dp)
dp (1—p+p? (1+2p—2p?»

_ 1
~ (1—-p+p?) (1+2p—2p?)

{(a,+as) (—1+2p) (1+2p—2p?) +a,(2—4p) 1—p+p*}

. 1
T (1—p+p?) (1+2p—2p»

{(a,+a;) (—1+6p*—4p®) +a,(2—6p+6p*—4p°) }

{(—a,+2a,—a;) —6a,p+ (6a, +6a,+6a;) p>— (4a, +4a,+4a;) p*}
I
f(p) =Ao+A p+Ap?°+Ap°
Ay=—a,t+2a,—a,
A,=—6a,
A,=6a, +6a,+6a;=6n
A;=—4a,—4a,—4a;=—4n
0 <p<0.5 p(Coup. and rep.)

HEEE DOHL
L n oy L e
Il(p)—dpz =3 (1 p+p)dp210g 3 (1—p+p?
__n . n 4 (=1+2p)
! 1 1Dﬂ))dp (1—-p+p?
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__n . 5, 2(0-p+p)—(—1+2p)(—1+2p)

-3 (1=p+p?) (1—p+p») (1—p+p?)

__ n (2—2p+2p>—1+4p—4p?)

3 (1—-p+p?
__n (1+2p—2p? _
- 3 (1-p+pd) L(p) =1, (p)
_dL__n oy &1 o

L(p)= 3 (14+2p—2p?) dpzlog 5 (1+2p—2p?)

d_  (2—4p)

__n _9n2 _le—4p)
=—3 (1+2p Zp)dp 1+ 2p—2p7)

—4(1+2p—2p* — (2—4p) (2—4p)
(1+2p—2p? (1+2p—2p?)

=~ 5 (+2p—2p?)

n (—4—8p+8p*—4+16p—16p?)
3 (1+2p—2p?»

n —8+8p—8p?

3 (1+2p—2p?»

n(8—8p+8p?
3(1+2p—2p?)

I(p) =L, (p) +1,(p) +1:(p)

__ 2n(1+2p—p* |, n(8—8p+8p?)
31 —-p'+pd) | 3(1+2p—2p?)

2n
3(1—p+p? (1+2p—2p?»
{ W
{ 4—8p+12p2—8p3+4p“}

—1—4p +8p®—4p*
3—12p+12p?

{(4—4dp+4p>) 1—p+p*) — (1+2p—p?») (1+2p—2p?}

Plizky

_ 2n(3—12p+12p?)
~ 3(1—p+p> (1+2p—2p?)

_ 2n(1—4p+4p?)
~ (I-p+p?) (1+2p—2p?)

(1—p+p? (1+2p—2p?)
2n(1—4p+4p?

Vip)=
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