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For any pair of QTL, they can be located in neighboring or non-neighboring marker intervals.
For neighboring case, distribution of three flanking marker loci is needed to obtain the correlation
between the two QTL. For non-neighboring case, distributions of four markers is required to obtain
the correlation. In general, there are 2™ different gametic genotypes and 227~! + 2 /2 zygotic
genotypes for m loci in the populations from two inbred lines. For example, there are 4, 8 and 16
gametic genotypes and 10, 36 and 136 zygotic genotypes for m = 2, 3 and 4. As different populations
will undergo various number of meiosis cycle, the distributions of gametic and zygotic genotypes
will vary. For selfing, Haldane and Waddington (1931) formulated the transition equations of the
ten genotypic frequencies for m = 2. Kao and Zeng (2009) obtained the transition equations of the
36 genotypic frequencies for m = 3. The procedures of obtaining transition equations for m = 4 are
given below. Let 1 and 0 represent the capital and small-letter alleles, respectively, from P; and
P5, so that the configurations of the 16 gametes can be represented as 1111, 0000, 1110, 0001, 1101,
0010, 1011, 0100, 0111, 1000, 1100, 0011, 1010, 0101, 1001, and 0110. In the Fy population, these 16

gamete frequencies can be obtained under Haldane map function (using the Markov property), and

they are P(1111) = P(0000) = (1 —r1)(1 —r2)(1—r3)/2, where 71, 73 and r3 are the recombination

rates between the first and second genes, between the second and third genes, and the third and

four genes, respectively. The other frequencies are P(1110) = P(0001) = (1 — r1)(1 — r2)rs/2,

P(1101) = P(0010) = (1 — r1)rers/2, P(1011) = P(0100) = r7a(1 — 73)/2, P(0111) = P(1000)
1

= (1 —=rg)(1—r3)/2, P(1100) = P(0011) = (1 —ry)ro(1 —r3)/2, P(1010) = P(0101) = ry7273/2,
and P(1001) = P(0110) = (1 —ry)rs/2, respectively. The random unification of these 16 gametes
frequencies will produce the 136 different zygotes in a population. Because of symmetry, the

complementary pairs have the same frequencies, there are 72 different genotypic frequencies. Let



the 136 zygotic genotypes occur in the proportions in a population:

A 1111 0000 A 1111 0000 A 1110 0001
1 1111 0000 2 1110 0001 3 1110 0001
A 1111 0000 A 1111 0000 A 1110 0001
4 7011 0100 5 1010 0101 6 1011 0100
A 1110 0001 A 1011 0100 A 1011 0100
7 1010 0101 8 1011 0100 9 1010 0101
A 1010 0101 A 1111 0000 A 1111 0000
10 7010 0101 11 7101 0010 12 7100 0011
A 1110 0001 A 1110 0001 A 1111 0000
13 7101 0010 14 7100 0011 15 7001 0110
A 1101 0010 A 1111 0000 A 1100 0011
16 1011 0100 17 1000  O111 18 1011 0100
A 1010 0101 A 1001 0110 A 1110 0001
19 7101 0010 20 71110 0001 21 7000 0111
A 1100 0011 A 1011 0100 A 1011 0100
22 1010 0101 23 1001 0110 24 1000 0111
A 1010 0101 A 1010 0101 A 1101 0010
25 1001 0110 26 7000 O111 27 1101 0010
A 1101 0010 A 1100 0011 A 1101 0010
28 71100 0011 29 1100 0011 30 To01 0110
A 1101 0010 A 1100 0011 A 1100 0011
31 7000 0111 32 7001 0110 33 1000 0111
A 1001 0110 A 1001 0110 A 1000 0111
34 71p01 0110 35 1000 O111 36 1000 0111
A 1111 0000 A 1111 0000 A 1110 0001
37 Db1i1 1000 38 D110 1001 39 D111 1000
A 1110 0001 A 1111 0000 A 1011 0100
40 D110 1001 41 o1l 1100 42 D111 1000



1111 0000 1011 0100 1010 0101
A43 A44 A45

0010 1101 0110 1001 0111 1000
A 1110 0001 A 1110 0001 A 1010 0101
46 Dpo11 1100 47 poio 1101 48 D110 1001
1011 0100 1011 0100 1010 0101
Ago 0011 1100 Aso 0010 1101 Asy 0011 1100
A 1010 0101 A 1111 0000 A 1101 0010
52 D010 1101 53 D101 1010 54 D111 1000
1111 0000 1100 0011 1110 0001
Ass 0100 1011 Asg 0111 1000 Asz 0101 1010
A 1101 0010 A 1110 0001 A 1100 0011
58 D110 1001 59 D100 1011 60 D110 1001
A 1111 0000 A 1011 0100 A 1101 0010
61 0001 1110 62 0101 1010 63 0011 1100
1001 0110 1111 1000
Agy 0111 1000 Ags 0000 Ags 0111
1100 1010 1110
Ag7 0011 Ags 0101 Aso 0001
1011 1001 1101
Ao 0100 An 0110 Az 0010

If random mating persists after Iy to produce Al populations, the transition equations for the
frequencies of the 16 gametic genotypes can be derived using Geiringer’s approach (1944), and, in

turn, to obtain the 136 genotypic frequencies. If selfing persists after Iy to generate RI populations,

the 72 transition equations for the frequencies of the 136 genotypes are shown below. For %
genotype, the equation is
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where A/ denotes the frequency of

5 5 Ags + 5 A7
(T17‘;7‘3)2A68 [(1— 7‘1)(;— 7‘2)T3]2A69 [7‘17‘2(12 TS)]2A70 [r(1 27‘2)T3]2A71
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1717 genotype in the next generation, fi = ri(1—7r2)+ro(1—71)

and fo =ro(l—r3)+r3(l—r2) (1= fi=(1=r1)(1=r2)+rirgand 1 — fo = (1 —r2)(1 —r3) 4 r273).

The other 71 equations for the remaining genotypic frequencies are given below.
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1-— 1-— 1-—
+M(A31 + Asz) + il Tl)sz( fz)(A43 + Aga + Ass + Asg)
ri(l—r (1 —=ry)ra(l—r
%(fM? + Ass) + i 1)2 2 2)(A61 + Agz + Ass + Asa)

471 (1 — r1)ro(1 — 72)[r2( Ags + Ase + Aer + Azo) + (1 — 73)*(Aps + Ago + A7y + Ard)]

_ _ Ry 2
ra(l T2)2T3(1 rs) (A17 4+ A1z + Ao + Azo) + 7(1 2f2) Az + %A:az
7‘1(1 — 7‘1)

5 [(1— f2)2(A43 + Ays) + fzz(A44 + Asg)]

+ri(1 —r)ra(1 — ro)ra(1 — 73)(Ass + Ass + Ae7 + Ass + Ago + A7g + A7 + Ara)

1-— 1-— 2 1-— 2
ra 7‘2)27‘3( rs) (A17 4+ A1z + Ao + Azo) + %ASI + %Am
7‘1(1 — 7‘1)

+ 5 [f7(Ags + Asz) + (1 = f2)*(Asa + Ase)]

+ri(1 —r)ra(1 — ro)ra(1 — 73)(Ass + Ass + Ae7 + Ass + Ago + A7g + A7 + Ara)

ro(1 — r2) ro(l —79)
2 2
+M(A31 + Asg) + %A33 + M(Au + Ayz)

(1 —r)fa(1 = f2) 1(1—ry)ra(l — 7o)

t 2 2

+r1(1 = 71)ro(1 = 12)[(1 = 73)*(Ags + Ase + Agr + Aro) + 73(Aes + Ao + A7y + Ara)]

[(1—73)%(Ayr + Arg) + r3( A9 + Ago)] + (A + Azz)

r
(Ags + Agq + Ass + Ass) + (As1 + Asz + Ass + Asa)

1 — 79)2 r2
%AIS + ZZAM; +

[(1 - 7‘2)7‘3]2Al7 n (T27‘3)2A18 n [ra(1 = r3)]?

A
4 4 4 19

11



1-— 1-— 2 1 2 1-— 2
+ I ra)( ra)] Ao + ZAZS + %Am + ( 4T3)

4
_ _ 2 B B 2
Iy iA:as 4 [(1-r)(1 4f2) + 71 /2] Aus 4 [ri(1 - f2) ‘Z(l 1) f2] Aso 4 i%ho

(r1£2)2A43 N [(1— rl)il — fz)]2A44 N [(1- Z1)f2]2A45 N [r1(1 ; f2)]2A46

2 N2 2 _ 2 _ 2
‘|‘%A47 + 7(1 4T1) Az + (TSZI) Ass + [r3(1 1 Ji)] Asg + I ZS)fl]

_ B 2 2 VRY) B 2 B 2
+[(1 7‘3)511 f1)] A58—|-'%1A59—|- (1 4fl) Ago + [7‘1(14 r2)] Agp 4 [(1 21)7‘2] Aoy

(T1£2)2A63 N [(1 - Tl)il - Tz)]2A64 N [ri(1 —27‘2)T3]2A65 N [(1 - 7‘1)(; - 7‘2)T3]2A66

(7‘17‘;7‘3)2 Ago + [(1- 7‘1)7‘;(1 —r3))? . [r1(1 — 7‘2;(1 - rg)]2A69 n [(1- T;)T2T3]2A70
LA -r)@d —27‘2)(1 —73)] Aor b [7‘17‘2(12— rs)] Aoy

RY)
ULl

Aoy g g,
25 4 30 4 31 4

_I_

Asr

_I_

r3(l—r r3(l—r
ALy = 73( 5 3)[(1_T2)2(A17‘|‘A20)‘|‘T%(A18‘|‘A19)]‘|‘ 3 5 3)(A24-|-A25)

+.1‘2(12—f2)(AB1+AS2)+%A%+ [(1—m)(l—fz)+r1fz]2[ﬁ(1—f2)+(1‘”)f2](A38+A39)

-|-f2(12_ f2)[7‘%(/143 + Age) + (1= 71)*(Agg + Ags)]

+T3(12_ ) 12 Ass + Ast) + (1= )% (Aso + Ass)]

+r3(1 — r3)[r3 (1 — r2)?(Ags + Ago) + (1 — 11)%(1 — r9)*(Ags + Ar1) + rir3( Aer + Ara)

+(1 - Tl)QT%(A68 + Azg)]

A, = [(1 - Tz)il - TS)]2A17 L [0 ; T3)]2A18 N (T223)2A19 N MAZO
+4 _4T2)2A21 + %Azz + 4 _4T3)2A24 + %Azs + %A% + 4 _4f2)2A31 + fIQZAgz + %Agg
J&A% Ny %AW L= 1) Z(l - Tl)f2]2A38 L= —4f2) + 7‘1f2]2A39
+§A41 L —4T1)2A42 RLIE . fz)]2A43+ [(1— Zl)fz]zA44 L= Tl)z(Ll - fz)]2A45
+@A4G N %%Angr %%4 e 23)f1]2A55 e 7‘3)511 - f1)]2A56 n (7‘35;1)2%157
R ; f1)]2A58 RLE ; Tz)]2A61 Lla- 21)T2]2A62 n (T122)2A63 L0 Tl)il - 7‘2)]2AG4
(- 7‘2;(1 - TS)]2A65 L= —27‘2)(1 - 7‘3)]2A66 n [7‘17‘2(12— 7‘3)]2A67

12



/
A37

!
A38

!
A39

!
A40

n [(1 = r1)rors]? [r1(1 = ro)ra]? [(1 = r1)ra(1 = r3)]? [(1 = r1)(1 = r9)rs)?

2 Aos 2 oo+ 2 Aot 2 n
%AW =m0 -p)+ rlfz]Q[m(l —f)+ (- 7‘1)1‘2](%138 + Ago) + 7‘1(12‘ ”)(A41 + Ag)
I i + i)+ 2w+ ao)+ B )
+f1(12‘ TO[0 = )2 (As + Asg) + rE(Asr + Ass)]
+7‘1(12‘ "1 = 1 P(Agr + Ast) + 3 Asa + Ags)]

+r1(1 = r)[(1 = r2)(1 — 73)%(Ags + Aes) + r5(1 — 73)*(Agr + Azo) + rar3(Aes + A7)

+(1 = r2)?r5(Aee + Ar1)]

(1 =r)(1 = f2) + T1f2]2A38 n [ri(1— fo) + (1 - Tl)f2]2A39

2 2
-I-Tl(1 — 7‘1)2f1(1 - fl)(A43 + Aga + Ass + Agg) + ra(l = T3)2f1(1 — )

+r1(1 = r1)r3(1 = 73)[(1 = r2)*(Ags + Ase + Ago + Ar1) + r3(Agr + Ass + Arg + Arz)]

(Ass + Asg + As7 + Ass)

[ri(1— f2) ‘;(1 - Tl)f2]2A38 . [(1—r)(1 —2f2) + 7‘1f2]2A39
L= ”)Qfl(l =) s+ A+ A+ Agg) + 2T T?’)Qfl(l — )

+r1(1 = r1)r3(1 = 73)[(1 = r2)*(Ags + Ase + Ago + Ar1) + r3(Agr + Ass + Arg + Arz)]

(Ass + Asg + As7 + Ass)

[(1=r)(1 = f2) + rifo]lri(1 = f2) + (1 = 1) fo]
2

[fT(Ags + Aus) + (1= f1)*(Aaa + Age)] +

1
(Ass + Asg) + §A40

7‘1(1 — 7‘1)
2
Sl = fi)
2

7‘1(1 — 7‘1)
2
1—
+M[T§(A55 + Asg) + (1 — 73)*(As7 + Asg)] +
ri(l—r
il 5) 1) [(1- T2)2(A61 + Ags) + T%(Aesz + Ags)]
471 (1= r)[(1 = r9)*r3(Aps + Ags) + 7272 (Agr + Azg) + r3(1 — r3)*(Ags + Arz)

+(1 = 72)*(1 = r3)*(Agg + Ar1)]

+ (A7 + Ass)

(As9 + Ago)

_I_

13



!
A41

!
A42

!
A43

!
A44

!
A45

!
A46

(1 _2T1) A41 + Tl A42 + ——F f ( 2 fl)

EER I T

+ro(1 — 1) [(1 — 71)*(1 — r3)*(Ags + Agr) + 17 (1 — r3)*(Ags + Aro)

[(1—7r1)*(Agz + Age) + 71(Agg + Ays)]

-I-T%T%(Aess + A7)+ (1 - 7‘1)27‘§(A69 + Azs)]

[T%(A43 + Agg) + (1 — 7‘1)2(A44 + Ays)]

2 1—17r)? 1-—
%Au + ( r) Asr + 4l h)

2 2
1—
M[T%(Am + Ags) + (1 — 7‘1)2(A62 + Ags)]

+ro(1 — 72)[rf(1 — r3)*(Ass + Agr) + (1 — 71)*(1 — 73)*(Ags + Aro)

_I_

+(1 - 7‘1)27‘§(A68 + An) + 7‘%7‘3(%169 + Azs)]

(ETAES 1 A RN CTUELY SR I N
2 2 2

+r9(1 — 72)r3(1 — 73)[(1 — 71)*(Aes + Asr + Ago + Ara) + r1(Ags + Ass + Arg + A7)

(7‘1fl)2A43Jr [(1—r)(1 - f1)]2A44 n [(1 - 7‘1)f1]2A45 n [ri(1— f1)]2A46
2

2 2 2
+7r9(1 — 72)r3(1 — 73)[r (Ags + Aer + Ao + Aza) + (1 — 71)*(Ags + Ass + Aro + A7)

[ri(1 - f1)]2A43 n [(1 - Tl)fl)]QA n [(1—r)(1 - f1)] (7‘1f1)

2 2 H 2
+7r9(1 — ro)ra(1 — r3)[ri( Ags + Aer + Ago + Ara) + (1 — 11)*(Ags + A68 + Azo + An)]

_I_

2A43+ [r(1 = f)]? Ay 4 S (7‘1f1) A 4 [(1—r)(1 = fl)]2A46

14



/
A47

!
A48

!
A49

!
ASO

!
A51

(1 — 7‘1)2
2

fl(lz_ T (1= 1y (A + Aso) + 13 Aas + Ass)] +

Mlz_ "2 {1~ )2 (At + Aes) + r2(Aga + Agy)]

+ro(1 = 7)[(1 = 71)?r3(Ags + Agr) + 7ir3(Ags + Aro) + ri(1 — 73)*(Ags + A7)

(1 —7r1)3(1 — r3)%(Ago + Ara)]

7
Ayr + ?A48

_I_

[ = f)
2

T2(12_ 2 [ri(Ae1 + Agz) + (1 = 71)*(Asa + Ass)]

4ro(1 = ro)[r2r2(Ass + Agr) + (1 — 11)2r2(Ags + Aro) + (1 — 11)2(1 — r5)%(Ags + Arp)

+r3(1 — r3)*(Age + Arz)]

2 1 _ 2
[r{(Ads + Asg) + (1= 71)*(Aas + Ass)] + %A47 + ( er) Aug

_I_

7‘1(1—7‘1) 7‘1(1—7‘1)

2

(Agr + Ag2) + [ff(A43 + Ags)+ (1 — f1)2(A44 + Asg)]

+%A49 plA=r=f)+ ”flg(l =R N0 =P g 4 Ag)
_|_f1(12_ fl)[(l — r3)*(As5 + Ase) + r3(As7 + Ass)] + fl(l; fl)(A59 + Aso)
—I-Tl(lg_ ) [r3(As1 + Asa) + (1 = 72)*(Ae2 + Ags)]

+r1(1 — 7‘1)[7‘%(1 - 7‘3)2(A65 + Ags) + (1 — 7‘2)2(1 — 7‘3)2(A67 + Aro)

+(1 - T2)2T§(A68 + A7) + 7‘%7‘3(%169 + An)]

[(1—7)(1 = fi) 4+ rifu]?
2

1- 1-
71 ( 7‘1)2f1( fl)(A43-|_A44—I—A45+A46)+

[(1-r)fa 4'27‘1(1 - fl)]2A51 n ra(1 — 7‘3)2f1(1 - i)
+r1(1 = 71)r3(1 — 73)[r5( Ags + Ags + Ao + Ar1) + (1 — 72)*(Aer + Ass + Arg + Arz)]

ASO

+ (Ass5 + Ase + As7 + Ass)

[(1—r)fi 4+ (1= 1)
2

(Ass5 + Ase + As7 + Ass)

7‘1(1—7‘1)2f1(1—f1) Aso

(Ags + Aga + Aus + Ass) +
_ _ 2 _ _
_I_[(l r)(1 2fl)-|-7‘1f1] A51—|-T3(1 7‘3)2f1(1 fi)
+71(1 = 71)ra(1 = r3)[r3(Aes + Ags + Aso + Ar1) + (1 — 72)*(Aer + Ass + Arg + Arz)]

15



M[(l — [ (Asz + Aus) + [7(Aas + Ass)] +

=)= f) + n Al = )i+ (1= A1)

2
-I-w(%ls:a + Asy) + M[@(Ass + Ase) + (1= 73)*(As7 + Ass)]

ri(l—r
+ 1( - 1) [r3(Ag1 + Aga) + (1 — 72)%(Aey + Ag3)] + r1(1 — r1)[r3r3(Ags + Ags)

+(1 = r9)?r3(Aer + Arg) + (1 — 79)*(1 — 73)(Ags + Ara) + r3(1 — r3)%(Ago + Ary)]

7‘1(1 — 7‘1)
2

1
(Aso+ As1) + 5%152

(Ag7 + Aus)

(1_f1)2 fl2 7‘3(1_7‘3)
TASS ‘|’ 71454 ‘|’ f
1- 1-

7‘1( 7‘1)27‘2( 7‘2)(

+ri(1 —r)ra(1 — ro)ra(1 — 73)(Ass + Ass + Ae7 + Ass + Ago + A7g + A7 + Ara)

[(1— f1)2(A55 + As7) + f12(A56 + Asg)]

Ag1 + Asz + Asz + Asa)

(hf,  rll=ry

2 2

(1= 7‘1)27‘2(1 — Tz)(A61 + Agz + Ass + Asa)

+ri(1 —r)ra(1 — ro)ra(1 — 73)(Ass + Ass + Ae7 + Ass + Ago + A7g + A7 + Ara)

2
%Asza + [f12(A55 + As7)+ (1 — f1)2(A56 + Ass)]

_I_

[(1 - TB)él - f1)]2A55 N [(1 - ;3)f1]2A56 N [ra(1 ; f1)]2A57 N (7‘3§1)2A58

+r1(1 = 71)ro(1 = 12)[(1 = 73)*(Ags + Ase + Agr + Aro) + 73(Aes + Ao + A7y + Ara)]

As7 + Asg

[(1 = ra) A (1= r3)(1 = f))? (r3f1)’ [rs(1 = f))?
5 Ass + 5 Asg + 5 B —

+r1(1 = r1)ro(1 — r9)[(1 — 73)*(Ags + Ags + Agr + Azo) + 75(Ags + Ago + Az + Ara)]

[ra(1 = f)]? [(1—r3)(1 = fu)]? [(1 = r3)fi]?
5 5 As7 + s

+r1(1 = 71)ro(1 — 72)[r3(Ags + Ags + Asr + Azg) + (1 — 73)*(Aes + Ao + A7y + Arz)]

2
)y Ass

Ass + 56 +
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!
A58

!
A59

!
A60

!
A61

!
A62

!
A63

Ass +

Y LR 1) P (2 VL )
2 2

2 2
+r1(1 = 71)ro(1 — 72)[r3(Ags + Ags + Asr + Azg) + (1 — 73)*(Aes + Ao + A7y + Arz)]

w[(l — J1)*(Ass + As7) + f1(Ase + Ass)] +
_I_rl(l - 7‘1)27‘2(1 - TQ)(

+ri(1 —r)ra(1 — ro)ra(1 — 73)(Ass + Ass + Ae7 + Ass + Ago + A7g + A7 + Ara)

1— 2 2
7( 2f1) Asg + %Aeso

Ag1 + Asz + Asz + Asa)

w[ff(flss + As7)+ (1 — f1)2(A56 + Ass)] +

_I_rl(l — 7‘1)27‘2(1 — 7‘2)(

+ri(1 —r)ra(1 — ro)ra(1 — 73)(Ass + Ass + Ae7 + Ass + Ago + A7g + A7 + Ara)

f—le59 + 7(1 S’

A
9 5 60

Ag1 + Asz + Asz + Asa)

11— 1-— 2 2 1 _ 2 1— 2
[( Tl)é r2)] Aoy + (7‘1;2) Aoy + [( ;1)7‘2] Aoy + [r1( . r2)] Ao
+r3(1 = 73)[(1 = 71)2(1 — 72)*(Ags + Ago) + r1(1 — 72)*(Ags + A7) + 7113 ( Agg + Aro)

+(1 = 71)*r3(Agr + Arz)]

2 1— 1— 2 1— 2 1 _ 2
(rir2) Aoy + (1= r)(1 = r2)] Aoy + [ri(1 —r2)] Aoy + [(1 = r1)rs] Ao
2 2 2 2
+r3(l — 7‘3)[7‘%7‘%(&55 + Agg) + (1 — Tl)QT%(A66 + An) + 7‘%(1 - 7‘2)2(A67 + A7)

+(1 = 71)*(1 = r2)*(Aes + Aro)]

1—7q)ro)? ri(1 —r9))? 1 — 7)1 = ry)]? rir9)?
[( 21) 2] Agp 4 [r1( . 2)] Ay + [( 1)é 2)] A63+( 122) Mgy
+73(1 = 73)[(1 — 71)*r3(Ags + Ago) + 7373 (Ags + Arr) + (1 — 71)%(1 — r9)*(Agr + Ara)

-I-T%(l - 7‘2)2(A68 + Azg)]

17



Ag4 _ [ri(1 ; Tz)]2A61 1 [(1 - ;1)T2]2A62 1 (T1;2)2A63 1 [(1 - Tl)él - TQ)]2A64

+r3(1 — r3)[r3 (1 — r2)?(Ags + Ago) + (1 — 11)%(1 — r9)*(Ags + Ar1) + rir3( Aer + Ara)

+(1 = r1)?r3(Aes + Aro)]

AL = (1 —r)(d —ry)(1 - TS)]2A65 L) - T?’)]?Ae)e N

Aer
2 2 2
(7‘17‘;7‘3) Agg + 1= 7‘1)(; —ro)ral” [7‘17‘2(12— ra)l” o Ind —27‘2)7‘3] Aoy
_I_[(l—T;)TzTS] Aoy
A, = U= 7‘2;(1 ) Y (G —27‘2)(1 i) W [7‘17‘2(12— rall®
[(1 — r1)rars]? [r1(1 = ra)rs? [(1 = ra)ra(l — r3)]?
-I-ffless + 5 Ago + 5 Arg
Lla- 7‘1)(; —ro)ral” L (7‘17‘;7‘3) Aoy
A = [(1 - 7‘1)7‘;(1 —rall [7‘17‘2(12— )l 0 =rd —27‘2)(1 =)l
n [(7‘1(1 —27‘2)T3]2A68 n [(1 — T;)T2T3]2A69 n [7‘1(1 — 7‘2;(1 — 7‘3)]2A70 (7‘17‘;7‘3)2 A71
Lla- 7‘1)(; —rorsl”
;o (rirars)? [(1 — ry)rars]? [r1(1 = ra)rs? [(1—r)(1 = ra)(1 —r3)]?
Ags = TAGS + 5 Ags + 5 Agr + 5 Ags
[7‘17‘2(12— ral” o 0 7‘1)(; L DLE) MV (G DL U)W
n [7‘1(1 — 7‘2;(1 — 7‘3)]2A72
A, = = 7‘1)(;— rars” o Ind —27‘2)T3]2A66+ [(1 T;)T2T3]2A67+ [7‘17‘2(12 )l
LA =) = m)(1 - ra)* | n (rirars)® | =) - 7‘3)]2A71

2 69 2

n [(1 - 7‘1)7‘;(1 - 7‘3)]2A72
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A, = [7‘17‘2(12— TS)]2A65 Lla- 7‘1)7‘;(1 - TS)]2A66 L m - 7‘2;(1 - 7‘3)]2A67
(1 —r)(1 = 7‘2)T3]2A68 (rirara)® | oo o) = m)(1 - 7‘3)]2A70
2 2 2
[(1-— 7‘;)7‘27‘3] Aor 4 [r1(1 —27‘2)7‘3] Aoy
An = (1 —27‘2)7‘3]2 Ags + (1= Tl)(; — TZ)TS]Q Ass (TIT;TS)QAW +
n [ri(1 - 7‘2;(1 - TS)]2A69 n [(1 - 7‘;)7‘27‘3]2Am n [(1-r)(1 —27‘2)(1 - 7‘3)]2A71
[7‘17‘2(12— 7‘3)]2A72
AL, = [(1-— 7‘;)7‘27‘3] Aes + (7‘17‘;T3)2A66 [(1-— 7‘1)(; rg)r3]2A67 n [ri(1
+[(1 - 7‘1)7‘;(1 —13)] Ago + [r1(1 = r2)r3] Aoy [7‘17‘2(12— r3)] Aoy
[(1-r)(1 —27‘2)(1 - 7‘3)]2A72
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Supplemental materials for “An investigation of the Power for Separating Closely Linked QTL in
Experimental Populations”

The R code of the 72 transition equations for deriving
the 136 genotypic frequencies

Miao-Hei Zeng, Hsiang-An Ho and Chen-Hung Kao

te<-function(rl,r2,r3,n){
k<-n-1

freq<-rep(0,72)

freq[65]<-1

for(iin 1:k){
freg<-tem(rl,r2,r3)%*%freq}
freq

}

tem<-function(rl,r2,r3){

fl<-r1*(1-r2)+r2*(1-rl)

f2<-r2*(1-r3)+r3*(1-r2)

tm<-matrix(rep(0,72"2),nrow=72)
tm[1,]<-c(4,1,0,1,(1-f2)72,f2"2,rep(0,4),1,(1-r3)"2,r32,0,(1-r2)"2,r2"2,((1-r2)*(1-r3))"2,(r2*(1-r3)
)\2,(r2*r3)"2
((1-r2)*r3)"2,rep(0,16),1,((1-r1)*(1-f2)+r1*f2)"2,((1-r1)*f2+r1*(1-f2))"2,0,(1-r1)"2,r1~2,((1-r1)*(
1-f1)N2,(r1*f1)"2,(r1*(1-f1))"2
((1-r1)*f1)"2,rep(0,6),(1-f1)"2,f172,((1-f1)*(1-r3))"2,(f1*(1-r3))"2,((1-f1)*r3)"2,(f1*r3)"2,0,0,((1
-r1)*(1-r2))"2
L(r1*r2)72,((1-r1)*r2)"2,(r1*(1-r2))"2,2*((1-r1)*(1-r2)*(1-r3))"2,2*(r1*(1-r2)*(1-r3))"2,2*((1-r1)*
r2*(1-r3))"2

2% (r1*r2*r3)2,2*((1-r1)*(1-r2)*r3)"2,2*(r1*r2*(1-r3))"2,2*(r1*(1-r2)*r3)"2,2*((1-r1)*r2*r3)"2)
14
tm[2,]<-¢(0,1,0,0,(1-f2)*f2,(1-f2)*f2,rep(0,5),(1-r3)*r3,(1-r3)*r3,0,0,0,(1-r2)"2*(1-r3)*r3,r2/2*(1-
r3)*r3,r2"2*(1-r3)*r3
L(1-r2)72*(1-r3)*r3,rep(0,17),((1-r1)*(1-f2)+r1*f2)*((1-r1)*f2+r1*(1-f2)),((1-r1)*(1-f2)+r1*f2)*((
1-r1)*f2+r1*(1-f2))
,0,0,0,(1-r1)"2*f1*(1-f1),ra~2*f1*(1-f1),r1n2*f1*(1-f1),(1-r1)"2*f1*(1-f1),rep(0,8),(1-f1)"2*r3*(1
-r3),f172*r3*(1-r3)
L(1-FL)A2*r3*(1-r3),f172*r3*(1-r3),rep(0,6),2*(1-r1)"2*(1-r2)"2*r3*(1-r3),2*r1"2*(1-r2)"2*r3*(1-

1



r3),2*(1-r1)"2*r2"2*r3*(1-r3)

25X IN2* 20 2% 3% (1-r3), 2% (1-r1)"2* (1-r2)"2*r3*(1-r3),2*r1"2*r2"2*r3*(1-r3),2*r1"2*(1-r2)"2*r3
*(1-r3)

2% (L-r1)N2*r2/2*r3*(1-r3))/2
tm[3,]<-¢(0,1,4,0,f272,(1-f2)*2,1,0,0,0,0,r3"2,(1-r3)"2,1,0,0,((1-r2)*r3)"2,(r2*r3)"2,(r2*(1-r3))"2,(
(1-r2)*(1-r3))"2

A
((L-r1)*(1-f1))"2,(1-r1)~2,r1"2,rep(0,6),(r3*(1-f1))"2,(r3*f1)~2,((1-r3)*(1-f1))"2,((1-r3)*f1)"2,(1-
f1)12,f172
((L-r2)*(1-r2))72,(r1*r2)"2,((1-r1)*r2)"2,(r1*(1-r2))"2,2*((1-r1)*(1-r2)*r3)"2,2*(r1*(1-r2)*r3)"2,
2%((1-r1)*r2*r3)"2

2% (r1*r2*(1-r3))72,2*((1-r1)*(1-r2)*(1-r3))"2,2* (r1*r2*r3)"2,2*(r1*(1-r2)*(1-r3))"2,2*((1-r1)*r2
*(1-r3))"2)/4
tm[4,]<-c(0,0,0,1,rep((1-f2)*f2,2),rep(0,8),r2*(1-r2),r2*(1-r2),r2*(1-r2)*c((1-r3)"2,(1-r3)"2,r3"2,r3
72),rep(0,20),r1*(1-rl)

J1*(1-r1),rep(r1*(1-r1)*f1*(1-f1),4),rep(0,14),rep(r1*(1-r1)*r2*(1-r2),4)
2%r1*(L-r1)*r2*(1-r2)*c((1-r3)"2,(1-r3)"2,(1-r3)"2,r3"2,r3"2,(1-r3)"2,r3"2,r3"2))/2
tm[5,]<-¢(0,0,0,0,(1-f2)"2,f2°2,rep(0,10),rep(r2*(1-r2)*r3*(1-r3),4),rep(0,22),r1*(1-r1)*(1-f1)"2,r1
*(1-r1)*f1r2
J1*(1-r1)*(1-f1)"2,r1*(1-r1)*f172,rep(0,18),rep(2*r1*(1-r1)*r2*(1-r2)*r3*(1-r3),8))/2
tm[6,]<-c(0,0,0,0,f272,(1-f2)"2,rep(0,10),rep(r2*(1-r2)*r3*(1-r3),4),rep(0,22),r1*(1-r1)*f1"2,r1*(1
-r1)*(1-f1)"2
J1*(1-r1)*f172,r1*(1-r1)*(1-f1)"2,rep(0,18),rep(2*r1*(1-r1)*r2*(1-r2)*r3*(1-r3),8))/2
tm[7,]<-¢(0,0,0,0,f2*(1-f2),f2*(1-f2),1,rep(0,9),r2*(1-r2)*r3"2,r2*(1-r2)*r3"2,r2*(1-r2)*(1-r3)"2,r
2*(1-r2)*(1-r3)"2
[12*(1-r2),r2*(1-r2),rep(0,20),rep(r1*(1-r1)*f1*(1-f1),4),r1*(1-r1),r1*(1-rl),rep(0,12),rep(r1*(1-rl)
*r2*(1-r2),4)

2%r1*(L-r1)*r2*(1-r2)*c(r3"2,r3"2,r3"2,(1-r3)"2,(1-r3)"2,r3"2,(1-r3)"2,(1-r3)"2))/2
tm[8,]<-¢(0,0,0,1,f272,(1-f2)"2,0,4,1,rep(0,5),r272,(1-r2)"2,(r2*(1-r3))"2,((1-r2)*(1-r3))"2,((1-r2)*
r3)"2,(r2*r3)"2
,0,0,1,(1-r3)"2,r3"2,rep(0,15),r172,(1-r1)"2,(ri*f1)"2,((1-r1)*(1-f1))"2,((1-r1)*f1)"2,(r1*(1-f1))"2,
0,0,1
((L-r2)*(1-f1)+r1*f1)"2,((1-r1)*f1+r1*(1-f1))"2,0,0,0,((1-r3)*(1-f1))"2,((1-r3)*f1)"2,(r3*(1-f1))"2
,(r3*f1)"2

L(1-F)NA2, 172, (r1*r2)72,((1-r1)*(1-r2))72,(r1*(1-r2))"2,((1-r1)*r2)"2,2*(r1*r2*(1-r3))"2,2*((1-rl)
*r2*(1-r3))"2

2% (r1*(1-r2)*(1-r3))"2,2*((1-r1)*(1-r2)*r3)"2,2*(r1*r2*r3)"2,2*((1-r1)*(1-r2)*(1-r3))"2,2*((1-r1)
*r2*r3)"2



2% (r1*(1-r2)*r3)"2)/4
tm[9,]<-¢(0,0,0,0,f2*(1-f2),f2*(1-f2),0,0,1,rep(0,7),r3*(1-r3)*r2/2,r3*(1-r3)*(1-r2)"2,r3*(1-r3)*(1-
r2)"2,r3*(1-r3)*r2"2
,0,0,0,r3*(1-r3),r3*(1-r3),rep(0,17),f1*(1-f1)*r1n2,f1*(1-f1)*(1-r1)"2,f1*(1-f1)*(1-r1)"2,f1*(1-f1)
*r1~2,0,0,0
Jep(((L-r1)*(1-f1)+r1*f1)*((1-r1)*f1+r1*(1-f1)),2),0,0,0,r3*(1-r3)*(1-f1)"2,r3*(1-r3)*f172,r3*(1-r
3)*(1-f1)"2
[3*(1-r3)*f172,rep(0,6),2*r3*(1-r3)*c(r1”2*r272,(1-r1)"2*r2/2,r1"2*(1-r2)"2,(1-r1)"2*(1-r2)"2,r
AN2*r212,(1-r1)"2*(1-r2)"2

L(1-r1)N2*r212,r1N2*(1-r2)"2))/2
tm[10,]<-c(0,0,0,0,(1-f2)"2,f2/2,1,0,1,4,rep(0,6),r2/2*r3"2,(1-r2)"2*r3"2,(1-r2)"2*(1-r3)"2,r2/2*(
1-r3)"2,r272,(1-r2)"2
,0,r372,(1-r3)"2,1,rep(0,16),(r1*(1-f1))"2,((1-r1)*f1)"2,((1-r1)*(1-f1))"2,(r1*f1)"2,r1~2,(1-r1)2,0
((L-r2)*FL+r1*(1-F1))72,((1-r1)*(1-f1)+r1*f1)"2,1,(1-Ff1)"2,f172,(r3*(1-f1))"2,(r3*f1)"2,((1-r3)*(1
-f1))"2,((1-r3)*f1)"2
,0,0,(r1*r2)"2,((1-r1)*(1-r2))"2,(r1*(1-r2))"2,((1-r1)*r2)"2,2*(r1*r2*r3)"2,2*((1-rl)*r2*r3)"2,2*(r
1*(1-r2)*r3)"2
25((1-r1)*(2-r2)*(1-r3))"2,2*(r1*r2*(1-r3))"2,2*((1-r1)*(1-r2)*r3)"2,2*((1-r1)*r2*(1-r3))"2,2*(rl
*(1-r2)*(1-r3))"2)/4
tm[11,]<-c(rep(0,10),1,r3*(1-r3),r3*(1-r3),0,r2*(1-r2),r2*(1-r2),rep(r2*(1-r2)*r3*(1-r3),4),rep(0,32
),(1-f1)*f1,(1-f1)*f1

rep(r3*(1-r3)*(1-f1)*f1,4),0,0,r2*(1-r2)*c((1-r1)"2,r1"2,(1-r1)"2,r1"2)
,2%r2*%r3*(1-r2)*(1-r3)*c((1-r1)"2,r1"2,(1-r1)"2,r1"2,(1-r1)"2,r1"2,r172,(1-r1)"2))/2
tm[12,]<-c(rep(0,11),(1-r3)"2,r3"2,0,0,0,r2*(1-r2)*c((1-r3)"2,(1-r3)"2,r3"2,r3"2),rep(0,34)
J1*(1-FL)*c((1-r3)"2,(1-r3)"2,r3"2,r3"2),rep(0,6)
,2%r2%(L1-r2)*c(((1-r1)*(1-r3))"2,(r1*(1-r3))"2,((1-r1)*(1-r3))"2,(r1*r3)"2,((1-r1)*r3)"2,(r1*(1-r3))
N2,(r1*r3)"2,

((2-r1)*r3)"2))/2
tm[13,]<-c(rep(0,11),r3"2,(1-r3)"2,0,0,0,r2*(1-r2)*c(r3"2,r32,(1-r3)"2,(1-r3)"2),rep(0,34)
J1*(1-F1)*c(r372,r3"2,(1-r3)"2,(1-r3)"2),rep(0,6)
2%r2%(L1-r2)*c(((1-r1)*r3)"2,(r1*r3)"2,((1-r1)*r3)"2,(r1*(1-r3))"2,((1-r1)*(1-r3))"2,(r1*r3)"2,(r1*(
1-r3))"2,

((2-r1)*(2-r3))"2))/2
tm[14,]<-c(rep(0,11),r3*(1-r3),r3*(1-r3),1,0,0,rep(r2*(1-r2)*r3*(1-r3),4),r2*(1-r2),r2*(1-r2),rep(0,
32)

ep(r3*(1-r3)*f1*(1-f1),4),f1*(1-f1),f1*(1-f1),r2*(1-r2)*c((1-r1)"2,r172,(1-r1)"2,r1"2)
,2%r2%(1-r2)*r3*(1-r3)*c((1-r1)"2,r1"2,(1-r1)"2,r1"2,(1-r1)"2,r1"2,r172,(1-r1)"2))/2
tm[15,]<-c(rep(0,14),(1-r2)"2,r2"2,r3*(1-r3)*c((1-r2)"2,r2"2,r272,(1-r2)"2),rep(0,40)

3



J1*(1-r1)*c((1-r2)"2,r272,r2°2,(1-r2)"2),2*r1*(1-r1)*r3*(1-r3)*c((1-r2)"2,(1-r2)"2,r2"2,r2°2,(1-r
2)"2,r272,(1-r2)"2,r2"2)

)2

tm[16,]<-c(rep(0,14),r272,(1-r2)"2,r3*(1-r3)*c(r2"2,(1-r2)"2,(1-r2)"2,r2"2),rep(0,40)
J1*(1-r1)*c(r2°2,(1-r2)"2,(1-r2)"2,r272),2*r1*(1-r1)*r3*(1-r3)*c(r2"2,r2"2,(1-r2)"2,(1-r2)"2,r2"2
,(1-r2)72,r272,(1-r2)"2)

)2

tm[17,]<-c(rep(0,16),((1-r2)*(1-r3))"2,(r2*(1-r3))"2,(r2*r3)"2,((1-r2)*r3)"2,rep(0,44)
2%r1*(L-r1)*c(((1-r2)*(1-r3))"2,((1-r2)*(1-r3))"2,(r2*(1-r3))"2,(r2*r3)"2,((1-r2)*r3)"2,(r2*(1-r3))
72,((1-r2)*r3)"2

,(r2*r3)"2))/2
tm[18,]<-c(rep(0,16),(r2*(1-r3))"2,((1-r2)*(1-r3))"2,((1-r2)*r3)"2,(r2*r3)"2,rep(0,44)
2%r1*(L-r1)*c((r2*(1-r3))"2,(r2*(1-r3))"2,((1-r2)*(1-r3))"2,((1-r2)*r3)"2,(r2*r3)"2,((1-r2)*(1-r3))
N2,(r2*r3)"2

((1-r2)*r3)"2))/12
tm[19,]<-c(rep(0,16),(r2*r3)"2,((1-r2)*r3)"2,((1-r2)*(1-r3))"2,(r2*(1-r3))"2,rep(0,44)
2%r1*(L-r1)*c((r2*r3)"2,(r2*r3)"2,((1-r2)*r3)"2,((1-r2)*(1-r3))"2,(r2*(1-r3))2,((1-r2) *r3)"2,(r2*(
1-r3))"2

((1-r2)*(1-r3))"2))/2
tm[20,]<-c(rep(0,16),((1-r2)*r3)"2,(r2*r3)"2,(r2*(1-r3))"2,((1-r2)*(1-r3))"2,rep(0,44)
2%r1*(L-r1)*c(((1-r2)*r3)"2,((1-r2)*r3)"2,(r2*r3)"2,(r2*(1-r3))"2,((1-r2)*(1-r3))"2,(r2*r3)"2,((1-r
2)*(1-r3))"2

,(r2*(1-r3))"2))/2
tm[21,]<-c(rep(0,16),r3*(1-r3)*c((1-r2)"2,r2"2,r2"2,(1-r2)"2),(1-r2)"2,r2°2,rep(0,38)
J1*(1-r1)*c((1-r2)"2,r272,r2°2,(1-r2)"2)
,2%r1*(L-r1)*r3*(1-r3)*c((1-r2)"2,(1-r2)"2,r272,r2"2,(1-r2)"2,r2"2,(1-r2)"2,r2"2))/2
tm[22,]<-c(rep(0,16),r3*(1-r3)*c(r2"2,(1-r2)"2,(1-r2)"2,r2"2),r2"2,(1-r2)"2,rep(0,38)
J1*(1-r1)*c(r22,(1-r2)"2,(1-r2)"2,r2"2)
2%r1*(L-r1)*r3*(1-r3)*c(r2"2,r2°2,(1-r2)"2,(1-r2)"2,r2°2,(1-r2)"2,r2"2,(1-r2)"2))/2
tm[23,]<-c(rep(0,14),r2*(1-r2),r2*(1-r2),rep(r2*(1-r2)*r3*(1-r3),4),0,0,1,r3*(1-r3),r3*(1-r3),rep(0,
29)

ep(r3*(1-r3)*f1*(1-f1),4),f1*(1-f1),f1*(1-f1),r2*(1-r2)*c(r1"2,(1-r1)"2,r1"2,(1-r1)"2)
,2%r2%(1-r2)*r3*(1-r3)*c(r1n2,(1-r1)"2,r1n2,(1-r1)"2,r172,(1-r1)"2,(1-r1)"2,ri"2))/2
tm[24,]<-c(rep(0,16),r2*(1-r2)*c((1-r3)"2,(1-r3)"2,r3"2,r3"2),0,0,0,(1-r3)"2,r3"2,rep(0,29)
J1*(1-FL)*c((1-r3)"2,(1-r3)"2,r3"2,r3"2),rep(0,6)
,2%r2%(1-r2)*c((r1*(1-r3))"2,((1-r1)*(1-r3))"2,(r1*(1-r3))"2,((1-r1)*r3)"2,(r1*r3)"2,((1-r1)*(1-r3))
A2,((1-r1)*r3)"2

,(r1*r3)"2))/2



tm[25,]<-c(rep(0,16),r2*(1-r2)*c(r3"2,r3"2,(1-r3)"2,(1-r3)*2),0,0,0,r3"2,(1-r3)"2,rep(0,29)
J1*(1-F1)*c(r372,r3"2,(1-r3)"2,(1-r3)"2),rep(0,6)
2%r2%(L-r2)*c((r1*r3)"2,((1-r1)*r3)"2,(r1*r3)"2,((1-r1)*(1-r3))"2,(r1*(1-r3))"2,((1-r1)*r3)"2,((1-r
1)*(1-r3))"2

,(r1*(1-r3))"2))/2
tm[26,]<-c(rep(0,16),rep(r2*(1-r2)*r3*(1-r3),4),r2*(1-r2),r2*(1-r2),0,r3*(1-r3),r3*(1-r3),1,rep(0,26
), f1*(1-f1),f1*(1-f1)

rep(r3*(1-r3)*f1*(1-f1),4),0,0,r2*(1-r2)*c(r172,(1-r1)"2,r172,(1-r1)"2)
,2%r2%(1-r2)*r3*(1-r3)*c(r1n2,(1-r1)"2,r1n2,(1-r1)"2,r172,(1-r1)"2,(1-r1)"2,r1"2))/2
tm[27,]<-c(rep(0,10),1,r372,(1-r3)"2,0,r272,(1-r2)"2,(r2*r3)"2,((1-r2)*r3)"2,((1-r2)*(1-r3))"2,(r2*(
1-r3))"2,rep(0,6)
4,1,0,1,(1-f2)"2,f272,rep(0,10),((1-r1)*(1-f2))"2,(r1*f2)"2,(r1*(1-f2))"2,((1-r1)*f2)"2
(1-r1)"2,r172,0,((1-r1)*(1-f2)+r1*f2)"2,(r1*(1-f2)+(1-r1)*f2)"2,1,f1°2,(1-f1)"2
L(r3*f1)72,(r3*(1-f1))"2,((1-r3)*f1)"2,((1-r3)*(1-f1))"2,0,0,((1-r1)*r2)"2,(r1*(1-r2))"2,((1-r1)*(1-r
2))72,(r1*r2)"2

2% ((1-r1)*r2*r3)72,2*(r1*r2*r3)"2,2*((1-r1)*(1-r2)*r3)"2,2*(r1*(1-r2)*(1-r3))"2,2*((1-r1)*r2*(1-
r3))"2

2% (r1*(1-r2)*r3)"2,2*(r1*r2*(1-r3))"2,2*((1-r1)*(1-r2)*(1-r3))"2)/4
tm[28,]<-c(rep(0,11),r3*(1-r3),r3*(1-r3),0,0,0,r3*(1-r3)*c(r2"2,(1-r2)"2,(1-r2)"2,r2"2),rep(0,7),1,0
,0,(1-f2)*f2,(1-f2)*f2,rep(0,10)
f2*(1-f2)*c((1-r1)"2,r172,r172,(1-r1)"2),0,0,0,rep(((1-r1)*(1-f2)+r1*f2)*(r1*(1-f2)+(1-r1)*f2),2),
0,0,0

[3*(1-r3)*c(f172,(1-f1)"2,f172,(1-f1)"2),rep(0,6)
,2%r3*(L1-r3)*c(((1-r1)*r2)"2,(r1*r2)"2,((1-r1)*(1-r2))"2,(r1*(1-r2))"2,((1-r1)*r2)"2,(r1*(1-r2))2,(
ri*r2)"2

((1-r1)*(1-r2))"2))/2
tm[29,]<-c(rep(0,11),(1-r3)"2,r372,1,0,0,(r2*(1-r3))"2,((1-r2)*(1-r3))"2,((1-r2)*r3)"2,(r2*r3)"2,r2"
2,(1-r2)"2,rep(0,5)
,1,4,0,£2/2,(1-f2)72,1,rep(0,7),(1-r1)"2,r172,((1-r1)*f2)"2,(r1*(1-f2))"2,(r1*f2)"2,((1-r1)*(1-f2))"2
,0,0,1
L(r1*(1-f2)+(1-r1)*f2)"2,((1-r1)*(1-f2)+r1*f2)"2,0,0,0,((1-r3)*f1)"2,((1-r3)*(1-f1))"2,(r3*f1)"2,(r3
*(1-f1))"2,f1r2
(L-FDA2,((2-r1)*r2)72,(r1*(1-r2))2,((1-r1)*(1-r2))"2,(r1*r2)"2,2*((1-r1)*r2*(1-r3))"2,2* (r1*r2*(
1-r3))"2

2%((1-r1)*(2-r2)*(1-r3))"2,2* (r1*(1-r2)*r3)"2,2*((1-r1)*r2*r3)"2,2*(r1*(1-r2)*(1-r3))"2,2*(r1*r2
*r3)"2

2%((1-r1)*(2-r2)*r3)"2)/4
tm[30,]<-c(rep(0,14),r2*(1-r2),r2*(1-r2),r2*(1-r2)*c(r3"2,r3"2,(1-r3)"2,(1-r3)"2),rep(0,9),1,f2*(1-f
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2),f2*(1-f2),rep(0,10)
Jrep(ri*(1-r1)*f2*(1-f2),4),r1*(1-rl1),r1*(1-r1),rep(0,12),rep(ri*(1-r1)*r2*(1-r2),4)
2%r1*(L-r1)*r2*(1-r2)*c(r3"2,r3"2,r3"2,(1-r3)"2,(1-r3)"2,r3"2,(1-r3)"2,(1-r3)"2))/2
tm[31,]<-c(rep(0,16),rep(r2*(1-r2)*r3*(1-r3),4),rep(0,10),(1-f2)"2,f2"2,rep(0,10),r1*(1-r1)*c((1-f2
)\2,f272,(1-f2)"2,f22)

,rep(0,18),rep(2*r1*(1-r1)*r2*(1-r2)*r3*(1-r3),8))/2
tm[32,]<-c(rep(0,16),rep(r2*(1-r2)*r3*(1-r3),4),rep(0,10),f2"2,(1-f2)"2,rep(0,10),r1*(1-r1)*c(f2"2,
(1-f2)72,£22,(1-f2)"2)

,rep(0,18),rep(2*r1*(1-r1)*r2*(1-r2)*r3*(1-r3),8))/2
tm[33,]<-c(rep(0,16),r2*(1-r2)*c((1-r3)"2,(1-r3)"2,r3"2,r3"2),r2*(1-r2),r2*(1-r2),rep(0,8),f2*(1-f2
),f2*(1-f2),1,rep(0,7)
J1*(2-r1),r1*(1-rl),rep(rl*(1-r1)*f2*(1-f2),4),rep(0,14),rep(ri*(1-r1)*r2*(1-r2),4)
2%r1*(L-r1)*r2*(1-r2)*c((1-r3)"2,(1-r3)"2,(1-r3)"2,r3"2,r3"2,(1-r3)"2,r3"2,r3"2))/2
tm[34,]<-c(rep(0,14),(1-r2)"2,r2"2,((1-r2)*r3)"2,(r2*r3)"2,((1-r3)*r2)"2,((1-r2)*(1-r3))"2,0,0,1,r3»
2,(1-r3)"2,0,0,0,0,1
f272,(1-f2)72,0,4,1,0,0,((1-r1)*(1-f2)+r1*f2)"2,((1-r1)*f2+r1*(1-f2))"2,1,0,0,(r1*f2)"2,((1-r1)*(1-
2))72,((1-r1)*f2)"2
,(r1*(1-2))"2,r172,(1-r1)"2,rep(0,6),(r3*f1)"2,(r3*(1-f1))"2,((1-r3)*f1)"2,((1-r3)*(1-f1))"2,f1"2,(1
-f1)12,(r1*(1-r2))"2
((L-r2)*r2)72,(r1*r2)"2,((1-r1)*(1-r2))"2,2*(r1*(1-r2)*r3)"2,2*((1-r1)*(1-r2)*r3)"2,2*(r1*r2*r3)"
2,2%((1-r1)*r2*(1-r3))"2

2% (r1*(1-r2)*(1-r3))"2,2*((1-r1)*r2*r3)"2,2*((1-r1)*(1-r2)*(1-r3))"2,2*(r1*r2*(1-r3))"2)/4
tm[35,]<-c(rep(0,16),r3*(1-r3)*c((1-r2)"2,r2"2,r2"2,(1-r2)*2,0,0,0,1,1),rep(0,5),f2*(1-f2) ,f2*(1-f2)
,0,0,1,0,0
Jep(((1-r1)*(1-f2)+r1*f2)*((1-r1)*f2+r1*(1-f2)),2),0,0,0,f2*(1-f2)*c(r172,(1-r1)"2,(1-r1)"2,r172),r
ep(0,8)

[3*(1-r3)*c(f172,(1-f1)"2,f172,(1-f1)"2),rep(0,6)
,2%r3*(L-r3)*c((r1*(1-r2))"2,((1-r1)*(1-r2))"2,(r1*r2)"2,((1-r1)*r2)"2,(r1*(1-r2))"2,((1-r1)*r2)"2,(
(1-r1)*(1-r2))"2

,(r1*r2)~2))/2
tm[36,]<-c(rep(0,16),((1-r2)*(1-r3))"2,(r2*(1-r3))"2,(r2*r3)"2,((1-r2)*r3)"2,(1-r2)"2,r2~2,0,(1-r3)»
2,r3"2,1,0,0,0,0
,(1-f2)72,£272,1,0,1,4,1,((1-r1)*f2+r1*(1-f2))"2,((1-r1)*(1-f2)+r1*f2)"2,0,r172,(1-r1)"2,(r1*(1-f2))
72,((1-r1)*f2)"2
((L-r1)*(1-2))"2,(r1*f2)"2,rep(0,6),f172,(1-f1)"2,((1-r3)*f1)"2,((1-r3)*(1-f1))"2,(r3*f1)"2,(r3*(1-
f1))~2
,0,0,(r1*(1-r2))"2,(r2*(1-r1))"2,(r1*r2)"2,((1-r1)*(1-r2))"2,2*(r1*(1-r2)*(1-r3))"2,2*((1-r1)*(1-r2)
*(1-r3))"2



2% (r1*r2*(1-r3))72,2*((1-r1)*r2*r3)"2,2*(r1*(1-r2)*r3)"2,2*((1-r1)*r2*(1-r3))"2,2*((1-r1)*(1-r2)
*r3)"2,2*(r1*r2*r3)"2)/4
tm[37,]<-c(rep(0,36),1,rep(((1-r1)*(1-f2)+r1*f2)*((1-r1)*f2+r1*(1-f2)),2),0,r1*(1-r1)*c(1,1,(2-f1)"
2,f112,(1-f1)"2,f112)
,rep(0,6),f1*(1-f1)*c(1,1,(1-r3)"2,(1-r3)"2,r3"2,r3”2),0,0,r1*(1-r1)*c((1-r2)"2,r2"2,r2"2,(1-r2)"2)
2%r1*(L-r1)*c(((1-r2)*(1-r3))"2,((1-r2)*(1-r3))"2,(r2*(1-r3))"2,(r2*r3)"2,((1-r2)*r3)"2,(r2*(1-r3))
72,((1-r2)*r3)"2

,(r2*r3)"2))/2
tm[38,]<-c(rep(0,37),((1-r1)*(1-f2)+r1*f2)"2,((1-r1)*f2+r1*(1-2))*2,0,0,0,rep(r1*(1-r1)*f1*(1-f1)
,4),rep(0,8)
rep(r3*(1-r3)*f1*(1-f1),4),rep(0,6),2*r1*(1-r1)*r3*(1-r3)*c((1-r2)"2,(1-r2)"2,r2"2,r2"2,(1-r2)"2,r
272,(1-r2)"2,r272))/2
tm[39,]<-c(rep(0,37),((1-r1)*f2+r1*(1-f2))"2,((1-r1)*(1-f2)+r1*f2)"2,0,0,0,rep(r1*(1-r1)*f1*(1-f1)
,4),rep(0,8)
rep(r3*(1-r3)*f1*(1-f1),4),rep(0,6),2*r1*(1-r1)*r3*(1-r3)*c((1-r2)"2,(1-r2)"2,r2"2,r2"2,(1-r2)"2,r
272,(1-r2)"2,r272))/2
tm[40,]<-c(rep(0,37),rep(((1-r1)*(1-f2)+r1*f2)*((1-r1)*f2+r1*(1-f2)),2),1,0,0
J1*(1-r1)*c(f172,(1-f1)"2,f172,(1-f1)"2,1,1),rep(0,6),f1*(1-f1)*c(r3"2,r3"2,(1-r3)"2,(1-r3)"2,1,1)
J1*(1-r1)*c((1-r2)"2,r272,r2°2,(1-r2)"2)
2%r1*(L-r1)*c(((1-r2)*r3)"2,((1-r2)*r3)"2,(r2*r3)"2,(r2*(1-r3))"2,((1-r2)*(1-r3))"2,(r2*r3)"2,((1-r
2)*(1-r3))"2

,(r2*(1-r3))"2))/12
tm[41,]<-c(rep(0,40),(1-r1)"2,r1"2,f1*(1-f1)*c((1-r1)"2,r1"2,r172,(1-r1)"2),rep(0,14)
J2%(1-r2)*c((1-r1)"2,r172,(1-r1)"2,r1n2)
,2%r2%(L-r2)*c(((1-r1)*(1-r3))"2,(r1*(1-r3))"2,((1-r1)*(1-r3))"2,(r1*r3)"2,((1-r1)*r3)"2,(r1*(1-r3))
N2,(r1*r3)"2

((1-r1)*r3)"2))/2
tm[42,]<-c(rep(0,40),r1"2,(1-r1)"2,f1*(1-f1)*c(r1~2,(1-r1)"2,(1-r1)"2,r1"2),rep(0,14)
J2%(1-r2)*c(r1”2,(1-r1)"2,r172,(1-r1)"2)
,2%r2%(L1-r2)*c((r1*(1-r3))"2,((1-r1)*(1-r3))"2,(r1*(1-r3))"2,((1-r1)*r3)"2,(r1*r3)"2,((1-r1)*(1-r3))
A2,((1-r1)*r3)"2

,(r1*r3)"2))/2
tm[43,]<-c(rep(0,42),((1-r1)*(1-f1))"2,(r1*f1)"2,(r1*(1-f1))"2,((1-r1)*f1)"2,rep(0,18)
,2%r2*(1-r2)*r3*(1-r3)*((1-r1)*2*c(1,0,1,0,1,0,0,1)+r172*c(0,1,0,1,0,1,1,0)))/2
tm[44,]<-c(rep(0,42),(r1*f1)"2,((1-r1)*(1-f1))"2,((1-r1)*f1)~2,(r1*(1-f1))"2,rep(0,18)
,2%r2*(1-r2)*r3*(1-r3)*(r1*2*c(1,0,1,0,1,0,0,1)+(1-r1)*2*c(0,1,0,1,0,1,1,0)))/2
tm[45,]<-c(rep(0,42),(r1*(1-f1))"2,((1-r1)*f1)"2,((1-r1)*(1-f1))"2,(r1*f1)"2,rep(0,18)
,2%r2*(1-r2)*r3*(1-r3)*(r1~2*c(1,0,1,0,1,0,0,1)+(1-r1)*2*c(0,1,0,1,0,1,1,0)))/2
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tm[46,]<-c(rep(0,42),((1-r1)*f1)"2,(r1*(1-f1))"2,(ri*f1)"2,((1-r1)*(1-f1))"2,rep(0,18)
,2%r2*(1-r2)*r3*(1-r3)*((1-r1)*2*c(1,0,1,0,1,0,0,1)+r1"2*c(0,1,0,1,0,1,1,0)))/2
tm[47,]<-c(rep(0,42),f1*(1-f1)*c((1-r1)"2,r1"2,r172,(1-r1)"2),(1-r1)2,r1"2,rep(0,12)
J2%(1-r2)*c((1-r1)"2,r172,(1-r1)"2,r1"2)
2%r2%(L1-r2)*c(((1-r1)*r3)"2,(r1*r3)"2,((1-r1)*r3)"2,(r1*(1-r3))"2,((1-r1)*(1-r3))"2,(r1*r3)"2,(r1*(
1-r3))"2

((1-r1)*(1-r3))"2))/2
tm[48,]<-c(rep(0,42),f1*(1-f1)*c(r1~2,(1-r1)"2,(1-r1)"2,r1"2),r1"2,(1-r1)"2,rep(0,12)
J2%(1-r2)*c(r1~2,(1-r1)"2,r172,(1-r1)"2)
2%12%(L-r2)*c((r1*r3)"2,((1-r1)*r3)"2,(r1*r3)"2,((1-r1)*(1-r3))"2,(r1*(1-r3))2,((1-r1)*r3)"2,((1-r
1)*(1-r3))"2

,(r1*(1-r3))"2))/2
tm[49,]<-c(rep(0,40),r1*(1-r1)*c(1,1,f172,(1-f1)"2,f172,(1-f1)"2),0,0,1,rep(((1-r1)*(1-f1)+r1*f1)*(
(1-r1)*f1+r1*(1-f1)),2)
,rep(0,3),f1*(1-f1)*c((1-r3)"2,(1-r3)"2,r3"2,r3"2,1,1),r1*(1-r1)*c(r2"2,(1-r2)"2,(1-r2)"2,r2"2),
2%r1*(L-r1)*c((r2*(1-r3))"2,(r2*(1-r3))"2,((1-r2)*(1-r3))"2,((1-r2)*r3)"2,(r2*r3)"2,((1-r2)*(1-r3))»
2,(r2*r3)"2

((1-r2)*r3)"2))/2
tm[50,]<-c(rep(0,42),rep(r1*(1-r1)*f1*(1-f1),4),0,0,0,((1-r1)*(1-f1)+r1*f1)"2,((1-r1)*f1+r1*(1-f1))
72,0,0,0
rep(r3*(1-r3)*f1*(1-f1),4),rep(0,6),2*r1*(1-r1)*r3*(1-r3)*(r2"2*c(1,1,0,0,1,0,1,0)+(1-r2)"2*c(0,0,
1,1,0,1,0,1)))/2
tm[51,]<-c(rep(0,42),rep(r1*(1-r1)*f1*(1-f1),4),0,0,0,((1-r1)*f1+r1*(1-f1))"2,((1-r1)*(1-f1)+r1*f1)
72,0,0,0
rep(r3*(1-r3)*f1*(1-f1),4),rep(0,6),2*r1*(1-r1)*r3*(1-r3)*(r2"2*c(1,1,0,0,1,0,1,0)+(1-r2)"2*c(0,0,
1,1,0,1,0,1)))/2
tm[52,]<-c(rep(0,42),r1*(1-r1)*c((1-f1)"2,f172,(1-f1)"2,f1°2,1,1),0,rep(((1-r1)*(1-f1)+r1*f1)*((1-r
1)*f1+r1*(1-f1)),2)
,1,f1*(1-f1)*c(1,1,r32,r372,(1-r3)"2,(1-r3)"2),0,0,r1*(1-r1)*c(r2"2,(1-r2)"2,(1-r2)"2,r2"2)
2%r1*(L-r1)*c((r2*r3)"2,(r2*r3)"2,((1-r2)*r3)"2,((1-r2)*(1-r3))"2,(r2*(1-r3))2,((1-r2) *r3)"2,(r2*(
1-r3))"2

((1-r2)*(1-r3))"2))/2
tm[53,]<-c(rep(0,52),(1-f1)"2,f172,r3*(1-r3)*c((1-f1)"2,f1°2,(1-f1)"2,f172),0,0,rep(ri*(1-r1)*r2*(
1-r2),4)

2*rep(r1*(1-r1)*r2*(1-r2)*r3*(1-r3),8))/2
tm[54,]<-c(rep(0,52),f172,(1-f1)"2,r3*(1-r3)*c(f1"2,(1-f1)"2,f172,(1-f1)"2),0,0,rep(ri*(1-r1)*r2*(
1-r2),4)

2*rep(r1*(1-r1)*r2*(1-r2)*r3*(1-r3),8))/2



tm[55,]<-c(rep(0,54),((1-r3)*(1-f1))"2,((1-r3)*f1)"2,(r3*(1-f1))"2,(r3*f1)"2,rep(0,6)
,2%r1*(1-r1)*r2*(1-r2)*((1-r3)"2*c(1,1,1,0,0,1,0,0)+r372*c(0,0,0,1,1,0,1,1)))/2
tm[56,]<-c(rep(0,54),((1-r3)*f1)"2,((1-r3)*(1-f1))"2,(r3*f1)"2,(r3*(1-f1))"2,rep(0,6)
,2%r1*(1-r1)*r2*(1-r2)*((1-r3)"2*c(1,1,1,0,0,1,0,0)+r372*c(0,0,0,1,1,0,1,1)))/2
tm[57,]<-c(rep(0,54),(r3*(1-f1))"2,(r3*f1)"2,((1-r3)*(1-f1))"2,((1-r3)*f1)"2,rep(0,6)
,2%r1*(1-r1)*r2*(1-r2)*(r3"2*c(1,1,1,0,0,1,0,0)+(1-r3)"2*c(0,0,0,1,1,0,1,1)))/2
tm[58,]<-c(rep(0,54),(r3*f1)"2,(r3*(1-f1))"2,((1-r3)*f1)"2,((1-r3)*(1-f1))"2,rep(0,6)
,2%r1*(1-r1)*r2*(1-r2)*(r3"2*c(1,1,1,0,0,1,0,0)+(1-r3)"2*c(0,0,0,1,1,0,1,1)))/2
tm[59,]<-c(rep(0,54),r3*(1-r3)*c((1-f1)"2,f1°2,(1-f1)"2,f112),(1-f1)"2,f172,rep(r1*(1-r1)*r2*(1-r2
)4)

2*rep(r1*(1-r1)*r2*(1-r2)*r3*(1-r3),8))/2
tm[60,]<-c(rep(0,54),r3*(1-r3)*c(f172,(1-f1)"2,f172,(1-f1)"2),f12,(1-f1)"2,rep(ri*(1-r1)*r2*(1-r2
)4)

2*rep(ri*(1-r1)*r2*(1-r2)*r3*(1-r3),8))/2
tm[61,]<-c(rep(0,60),((1-r1)*(1-r2))"2,(r1*r2)"2,((1-r1)*r2)"2,(r1*(1-r2))"2
,2%r3*(L-r3)*c(((1-r1)*(1-r2))"2,(r1*(1-r2))"2,((1-r1)*r2)~2,(r1*r2)"2,((1-r1)*(1-r2))"2,(r1*r2)"2,(
ri*(1-r2))"2

((L-r1)*r2)"2))/12

tm[62,]<-c(rep(0,60),(r1*r2)"2,((1-r1)*(1-r2))"2,(r1*(1-r2))*2,((1-r1)*r2)"2
,2%r3*(L1-r3)*c((r1*r2)"2,(r2*(1-r1))"2,((1-r2)*r1)"2,((1-r1)*(1-r2))2,(r1*r2)"2,((1-r1)*(1-r2))"2,(
(1-r1)*r2)"2

,(r1*(1-r2))"2))/2

tm[63,]<-c(rep(0,60),((1-r1)*r2)"2,(r1*(1-r2))"2,((1-r1)*(1-r2))"2,(r1*r2)"2
,2%r3*(L1-r3)*c(((1-r1)*r2)"2,(r1*r2)"2,((1-r1)*(1-r2))"2,(r1*(1-r2))"2,((1-r1)*r2)"2,(r1*(1-r2))2,(
ri*r2)"2

((1-r1)*(1-r2))*2))/2

tm[64,]<-c(rep(0,60),(r1*(1-r2))"2,((1-r1)*r2)"2,(r1*r2)"2,((1-r1)*(1-r2))"2
,2%r3*(L-r3)*c((r1*(1-r2))"2,((1-r1)*(1-r2))"2,(r1*r2)"2,((1-r1)*r2)"2,(r1*(1-r2))"2,((1-r1)*r2)"2,(
(1-r1)*(1-r2))"2

,(r1*r2)~2))/2
tm[65,]<-c(rep(0,64),((1-r1)*(1-r2)*(1-r3))"2,(r1*(1-r2)*(1-r3))"2,((1-r1)*r2*(1-r3))2,(r1*r2*r3)»
2,((1-r1)*(1-r2)*r3)"2,

(r1*r2*(1-r3))"2,(r1*(1-r2)*r3)"2,((1-r1)*r2*r3)"2)/2
tm[66,]<-c(rep(0,64),(r1*(1-r2)*(1-r3))"2,((1-r1)*(1-r2)*(1-r3))"2,(r1*r2*(1-r3))"2,((1-r1)*r2*r3)»
2,(r1*(1-r2)*r3)"2,

((2-r1)*r2*(1-r3))"2,((1-r1)*(1-r2)*r3)"2,(r1*r2*r3)"2)/2
tm[67,]<-c(rep(0,64),((1-r1)*r2*(1-r3))"2,(r1*r2*(1-r3))"2,((1-r1)*(1-r2)*(1-r3))"2,(r1*(1-r2)*r3)»
2,((1-r1)*r2*r3)"2



L(r1*(1-r2)*(1-r3))"2,(r1*r2*r3)"2,((1-r1)*(1-r2)*r3)"2)/2
tm[68,]<-c(rep(0,64),(r1*r2*r3)"2,((1-r1)*r2*r3)"2,(r1*(1-r2)*r3)"2,((1-r1)*(1-r2)*(1-r3))2,(r1*r
2*(1-r3))"2

((L-r2)*(1-r2)*r3)"2,((1-r1)*r2*(1-r3))"2,(r1*(1-r2)*(1-r3))"2)/2
tm[69,]<-c(rep(0,64),((1-r1)*(1-r2)*r3)"2,(r1*(1-r2)*r3)"2,((1-r1)*r2*r3)"2,(r1*r2*(1-r3))*2,((1-r1
)*(1-r2)*(1-r3))"2

L(r1*r2*r3)"2,(r1*(1-r2)*(1-r3))"2,((1-r1)*r2*(1-r3))"2)/2
tm[70,]<-c(rep(0,64),(r1*r2*(1-r3))"2,((1-r1)*r2*(1-r3))"2,(r1*(1-r2)*(1-r3))"2,((1-r1)*(1-r2)*r3)»
2,(r1*r2*r3)"2

((L-r2)*(1-r2)*(1-r3))"2,((1-r1)*r2*r3)"2,(r1*(1-r2)*r3)"2)/2
tm[71,]<-c(rep(0,64),(r1*(1-r2)*r3)"2,((1-r1)*(1-r2)*r3)"2,(r1*r2*r3)"2,((1-r1)*r2*(1-r3))"2,(r1*(
1-r2)*(1-r3))"2

((L-r2)*r2*r3)"2,((1-r1)*(1-r2)*(1-r3))"2,(r1*r2*(1-r3))2)/2
tm[72,]<-c(rep(0,64),((1-r1)*r2*r3)"2,(r1*r2*r3)"2,((1-r1)*(1-r2)*r3)"2,(r1*(1-r2)*(1-r3))*2,((1-r1
)*r2*(1-r3))"2

L(r1*(1-r2)*r3)"2,(r1*r2*(1-r3))"2,((1-r1)*(1-r2)*(1-r3))*2)/2

tm}
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