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A Jont Analysis of M ultiple Generationsfor QTL M odel s Extended to
M ixed TwoM ajor Genes Plus Polygene

GA [Jun-Yi ZHANG YuanM ing WAN G Jian-Kang

(Soybean Research Institute, N anjing A gricultural University; N ational Center of Soybean Improvement, M inistry of
Agriculture, N anjing 210095)

Abstract The wo major genespluspolygeneM odel (M odel E) of QTL in a joint analysis of
P1, F1i, P2, B1, Bz and F2was extended to based on Gai and W ang (1998). Themajor steps
w ere to establish the geneticmodelsand repectivemaximum likelihood functions to estimate the
distribution parameters through iterated expectation and conditional maximization (IEQM )
algorithm, to select the best genetic model through A IC value and tests for goodness of fit, to
estimate the genetic paran eters of the best fitted model through least squaresmethod, and to
classify the individuals into major gene genotypes in tem sof Bayesian posterior probability. The
example of the inheritance of rice plant height w hich w as used by Gai and W ang (1998) w as
further analyzed to explain the procedures It was shown through the example that the
oonvergence of the paraneter estmation in IEQGM algorithm was better than that in BV

algorithm, and the o major genespluspolygenemodel (E-2) w as better than the previousone
major gene pluspolygenemodel (D).

Key words Q uantitative trait; M ajor gene plus polygene mixed inheritance Joint analysis of
multiple generations IECQM algorithm

[1 2]

* 973
, Email: sri@njau edu cn nausri@publicl ptt js cn

6 x 6 , !
. 1999-07-28, : 1999-12-18

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



386 26

. Elston and Stevard (1973)'*!
(1999) 11! +
(3 5] QTL

1 @A) 2 ®) € 1 + ©) 4

[6 9]

[10] EM
AlC

Gai and W ang (1998) '’ P. F1 P
B: B2 F26 4 17

Gai and W ang (1998) '/
6 2 + , 6

11
P. F1 P2 B:1 B2 F2QTL A B CDA4 17
Gai and W ang (1998) 1/ , 2 +
E , 6

P Xu N (ui, 02) Fi X2 N (2, 02) P2 X3 N (us, 02)
Bu Xa (14N (ua, )+ (L/AN (ua, @)+ (/DN (us, &)+ (/4N (pa, o)
B2 Xs  (1/AN (us;, E)+ (L/AN (us2, B)+ (L/AN (uss, E)+ (L/HON (use, &)
F2. Xsi (1/16)N (1, 0%)+ (1/8)N (pe2, O§)+ (1/16)N (pes, 0125)+ (1/8)N (pea, O%)+
(/4N (pes, O%)'*' (1/8)N (es, O%)‘f' (1/16)N (uer, O%)"‘
(1/8)N (pes, O%)+ (1/16)N (oo, 0%)
6 4 9
- , B:1 B2 F2
:3(1 2 1) 32 2 1) 51 46 4 1);141 1 1 1) 409 3 3 1);
131 21 309 6 1) 1,A D Bh1 B 2
+
; E-1 E-6 - ; E-1 ; E-2
- ; E-3 ; E-4 ; E-5 -
, E-6 - ( )
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A B CD ES 24 3 3 +

1 + 6

Table 1 Thenunber of canponent distr butionsand estmatable genetic parameter sof P1, F1, P2, B1, Bzand F2

under twomajor genes plus polygenem ixed nher itancemodels

Na oomponent Na independent . Na restricted
Code distribution parameters 1st order genetic param eter 2nd param eter oonditions
E 20 18 m, da, db, ha, hb, i, jab, jba, 6
I, [d], [h], [il, [j1, [1] G & & 7
E-1 20 15 m, da, db, ha, ho, i, jab, jba, 9
I, [d], [h] G & & 7
E-2 20 11 m, da, db, ha, ho, [d], [h] a, B, ok, 13
E-3 20 9 m, da, db, (ha= ho=0), [d], [h] a, B, ok, 15
E-4 14 8 m, d(= da= db, ha= ho= 0), [d], [h] a, &, ok 10
E-5 12 9 m, da(= ha), do(= hv), [d], [h] G, B, 8, O 7
E-6 10 8 m, d(= da= db= ha= hv), [d], [h] a, & d& 6
12 6 IEQM
P: F1 P2 B: B2 F2
ny n, ng ng kl
f (Y = f (X1 p1, G f (Xa; M2, G f (xa; ps, G Tof (X4 pa, Gh
(v |9 L_l(l 1 )L‘l(z 2 )u(ss)uzl4t(4 at, 0a)
ng k2 Ng k3 (1)
1Tf i; ) Tt f i; 1
L_Ilzl 5t (Xs M5t Oé)lz_llzl 6t (Xe Mot Og)
, f (i w, 0F) N (4, o) , ki ke ks B: B2 F2
IEQM (1) IECM
EM (ECNl [11, 14])
IECM , E
N n2 N3
Lc(Y = logf i M1, + logf i M2, + logf i M3, Ce+
c( |@ Zl g (X1 H1 05) Zl g (Xz H2 Og) Zl g (X3 H3 05
ny kl ng k2
Zl le ailogf (x4, Ha, 0421) + Zl le siclogf (xsi; s, OE) +
Mg K3
Z ZWeMng (Xei; Het, OB)
1 1
» Wit W aik, Wsit W sik,, Wil W 6iky am
Lc(Y |0 Lc(Y |0
0 ;
L agrange v Lo(Y |9

Wit Wik, Wit W siky, Weit W 6ikg,

Lc(Y |9 (E )
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(ov ) D E , oM 1

M 1
M s M1 M2
A B C )

A ES 24 ,

13
5 24 Gai and W ang (1998) ™!
, AlIC 1 :
, AlC
ui U3 U3 Smirnov w
(1998) :
E-6

> Komogorov D Gai and W ang

w=m+ d+ [d]; g2=m+ h+ [h]; ps=m- d- [d]; me=m+ 2d+ (1/2)[d]+ (1/2)[h]
psi=m+ 2d- (1/2) [d]+ (1/2) [h]; psz=m- (1/2)[d]+ (1/2)[h]

pss=m- 2d- (1/2)[d]+ (1/2)[h]; per=m+ 2d+ (1/2)[h]
Us2= m+ (1/2)[h]; Ues= m- 2d+ (1/2)[h]
, m d [d] [h]
0k ; *
ok B: B F : ;
042)9: 0k - (ﬁg' (ﬁ, (ﬁg :
Booy = 5 (da- h)7+ S (- h)7+ Te[(- ju)?+ (- ju)+
(- D%+ Go- jw®+ G- DP+ Gu- D1+ 7 (da- h)
(i+ jo- ju- D+ 7@ M) (- jot ju- )
Booy = 5 (dat h)7+ S+ h)7+ Te[ (4 )7+ (i+ )+
(- D%+ (oo jw®+ Gt DP+ Gu+ D2+ 7 (dat h)
O P O R IR NG B PR )
R, = J4‘[d§+ di+ i+ (da+ ja)®+ (do+ jwm)’+ (ha+ ‘;l)2+
1,
4]

hae= Ghe/CP hi= %/ D-1 D-4 E-1 E-6
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B: B: F2 Go o (ko D H
F:
= 4G - 205 - 20% (3a)
H = 4(0+ - k) (3b)
= (ﬁo - 01210 (30)
) B: B: F2 :
hisep = O/4+ H /4- F/2) /e, (4a)
hisey, = O /4+ H /4+ F/2) /e, (4b)
hisey) = O /2+ H /4) /G, (4c)
1 4 Bayes
E Bayes Wair Wik, Wsii Wsik, Wi
Wik, B1 B2 F2 :
Kn- 3
W mit = TFnilf (Xmi; Hmt, 0121)/2 TFnirf (Xmi; Hmr, 0121 (m = 4, 5, 6) (5)
—1
A D , , , B E
, F2 9 , ,
A D
A ES5 24 ( 1EQV ) Turbo C**
SN. EXE )
2
Gai andW ang (1998) *! 6 x 6
2 |EQM AlC
3 Table 2 Themaximum log | kel ihood valuesand A IC values under var ious genetic
2 2 5 model s estimated through the iterated EGM (1EQM ) algor ithm
24
Model M aximun og-likelihood  *'C  [[Model M aximum log-likelihood '€
A-1 - 3257 94 6523 87 || D - 3185 95 6395 90
AlC 2 E- A-2 - 3460 48 6926 97 || D-1 - 3185 30 6388 60
2 AlC A-3 - 3300 69 6607 37 || D-2 - 3185 30 6386 60
A-4 - 3631 70 7269 40 || D-3 - 3264 98 6545 97
' B-1 - 3224 81 6469 63 || D-4 - 3422 24 6860 48
, B-2 - 3225 94 6463 88 || E - 3185 93 6407, 87
D-2 D-1 D E-1 B-3 - 3381 16 6770 32 || E-1 - 3183 80 6397 60
. B-4 - 3422 23 6864 46 || E-2 - 3172 06 6366 12
Gai and
(o] B-5 - 3444 06 6902 12 || E-3 - 3226 75 6471 50
W ang (1998) B-6 - 3382 06 6784 12 || E-4 - 3254 51 6525 03
c - 3287 47 6582 93 || E-5 - 3195 23 6408 46
2 c-1 - 3290 65 658730 || E-6 - 3337 26 6690 51
+ 1 + \ 2
( 3, E-2
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2 + D,
3 E-2 E-2
Table3  Testsfor goodnessof fit of model E-2 1 2
u? u? U3 w2 Dn 4,
P1 048(049 020(065 08(037) Q19(>0Q05 Q 143(> Q 05) 4 1 2
F1 Q 20(Q 65) Q 61(Q 44) 1 89(Q 17) Q 199(> Q 05) Q 178(> Q 05)
P2 Q 20(Q 89) Q 16(Q 69) 1 06(Q 30) Q 118(> Q 05) Q0 116(> Q 05)
B1 Q 00(Q 96) Q 03(Q 88) Q 19(Q 66) Q 088(> Q 05) Q 100(> Q 05) S
B2 Q 10(0 76) Q 03(Q 87) Q 29(Q 59) Q 040(> Q 05) 0 068(> Q 05) Gai and W ang
F2 0 00(0 99 Q00(L00) Qoo(a97) Q 049(> Q05 0 037(>0Q 05 (1998) [9] D
, 1
(2711 2128 0785 D 1
(29 15 24 12 083 E-2 2 , 1
1/3, ,  E-2 D
) E-2 B: B: F23 7Q 76
94 12(%), 301 8 07(%), D ,
) E, 2
D , 2
4 E-2
Table 4 Themaxmum |ikel ihood estimates n model E-2
Paran eter Estimate Param eter Estimate Param eter Estimate Param eter Estimate
y1 162 54 Haa 146 76 He2 156 49 Hes 102 26
H2 148 49 Hs51 154 56 H63 147 95 H69 93 73
U3 103 70 us2 146 03 Hea 162 35 A 19 23
Ha1 164 27 Hs3 106 17 Hes 150 66 o4 22 69
paz 152 58 Us4 97 63 He6 142 12 103 44 08
a3 158 45 U6l 168 18 Her 113 95 0% 48 36
5 6 (P)x (P2)
3 Table 5 The estimates of genetic parameter sof plant height of
the r ice cross between nanjing No 6 and guangcong
A-1 D-4 17
1 2 Estinate
IECM 1st order Estimate 2nd order
B Bv , |[EQM param eter param eter B1 B2 F2
m 133 12 0] 53 11 853 26 563 86
da 2711 g 42 65 603 78 532 55
EM 300 600, db 10 11 g 346 248 2913
|ECM AlC ha 21 28 13 1923 1923 19 23
ho - 158 hg(%) 8031 7076 9445
600 1300 , ha/da Q 785 hdg (%) 807 301 531
IEGV' EM hb/db - Q 156
[d] - 781
, I[ECM [h] - 434
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, el P. F1 P23 ,

) 6 , AlC
, E
6 ;D 2 I Q1= Ha- Ma2- peit Hex= 0 g2= Ms1- ps2- Uext Les
= 0, [9] D
Gai andW ang (1998) ' , A B C D
) E 2
: 2 +
) 1
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, E 3 +
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