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FIAZH F RSB RERRE-
SEERABEERIHIT LB

FHEC TH4

(ERRUKEREH R 210095

B OE KETREEN QTLFELRREY: R R 15 P B 8BS Bk )
EEE, XABSHERISER, KABEREALSGE, DRASIIHRAN
SE. A SCRURIRA BN EIRH AIC % BMENIAE F, A 4 R bR i SRR 77
7, HEBEAERELA B TR R 0 BEROT LR EE RO BIEER & BER
B FESEREAM P P, FHF 4 EREESEREENTE. UKT Y
RAGIBII T EHRMI, EFSTHERE x LT ERTAR N FHREGE X
WA EREWAE, TERFALTL R GFR), FEHSERFE,
CRRIA HEMR, TEE-ZEERAEE BAME, EMI%, KSFEY
YR RS IR ERMBEERFE, —BANFREERZDHELFEH,
ERH B REWHEESR, HETUARESEHFNR H A MEERE, HEER
ZREMSEENEN, SMMEERANEAER—ISEARS, XEEROTIR
TG BREFEHFESD, AMALRTAEFERAGSHELR, EHEYFW
KEHEFTHY. KBHHREST. KRG RR BRI, AN ER At
R HETS %, Y P MERZRHEINEER Booroola R . 4 K Btk B /MEH
B, ZBTHEEFSSSY, ENESBHATRATSANES, BXFEARF
LEMIR, XEERERS LANZORERENKESEAQEH, HLHERE
~FHEBARERTR: RN AR QTL & {4 5 th 7 01 1 b SO R A 22 B 2230 K/
EHBRARMZRY, HFHEFRREFROIZAREER, EHEHAS, HZEERY
RAMA—EMESH G, MEER-ZREARSBCHRRAERNNWERNREZEA LS
Wi, RIHZBANSHRANFE. BRESFTEERRBENERET RS, TRE
RARARNAMELABRES EEFR-ZEF B REERKRRE AR, FEHEMY
%5 EREEME BRI UL EEZFBREREESHMATHHET .
BT — 3t R BRI, -2 IR A M R ZE A AR
AR U S S B R, FIEXRERFAIRE-ZEER, BT ERNSA

O T R LB 25 TE
24 3CF 1996-01-228 ), 1996-10-3115E
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BHEAAR, FERUCRARBHENRN TS, REESREMIHE MM ERXERE
EA, Loisel®™# 37T FEittRPRBEXEFREEMNCR LA ITROGWHER, KL
¥ Loise™WERATAZEBHRERSERF R RBHZ =AM FAKEREROBE
4. IBE A (Mixture Model) A BRIES 44 (Finite Mixture Distribution) 7 3L 48
HHENEBREBRPEN - MEEBI EHHRAMEASS 28 LEBESEWAR
UTFHE, HTRARAERGER: Bk —ARXRI MRS, ARX—BEAH
BHRANSHRRAN, FEE-ZERNBEREHRESBHARTRABREIHH
FRAE, ERAXHRHARESAERE FHRTESEEREEN T E, STEEHF
FERT A A KB ES BT % RINEREAA P, P, FMF4MRETEHE
HEER T .
1 RESHH—RIEL
11 A&

BE X H—BENER, HEMEHEERETURRN:

p(X) = 1 fi(¥) + mf(X) + o + 7w f(H)

Hobr>0j=1, -, k m+m+-+m=1,

()20, o f(dx=1,j=1, -, k

WA X R—ERBESH, p( ) REBBEAHHEERY, 28, =, - 25
HBREE, £(), £,(2), s LO)HBESHFRENBRS (LUTFFRARE570) 6
FERE, kRBEHH PR RS S HAE.
RONNA £ IWSHAE, ARG EERPLATASLOERARR B
p(xs @ = mfi(x; )+ mfi(x; 6)+ -+ mf(x; 6)

k
= Xm0

o= (m, @, v W, 0, 6, -, QONBEME XWSRTE,

ﬁ%ﬁﬁ%ﬁ%ﬁﬁi%%@ﬁ@ﬂﬁ%mﬁﬁX%ﬁ%ﬁﬁ%ﬂﬁﬁ*ﬁ@@%”‘
ENRADHNHE, BREREIANAFTEMNNS: (DRECRESHTRHIBEHRS
ATIANE QRO NAHHBEFRAE G)EXRE AT HHERREMESER
5.
1.2 RESTHLUR R

BSE x = (x, x, ==, x)RK BB XM, IBARAL MR EHR:

n n k
H@=HN%@=HZ@&%@
AR T — AR B SRR BB KREERESE, EULEHFHS
L) FRABMREL, B L(p) = Dlogp(; @

1.3 RALA RS0 B fh Tt
RESHPHEERSFHNRkR—DBERNSE, FME LRI H#— 5 H
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EHMSE WAAELRRERAT, cthB2—NEZERER, flm, AARNEREET,

REBMESLMERNA—FM 0 R TTRERARAEBOMETTR? S~

MNEAREAE, NBRXMEYHEETRES—FMT EERHSHART AAR? &
FEA-ZERESREERINF, BELORNMTUHEFEEANEE, WRELk=
1, MEEHEEREFE; WE =2, WREEEHEALE. |

W& LA S A BB M7 BT 4 A BT R I g AR 1 RS 2 IR, AR
FI ] Akaike$2 5 B9 B K45 ({5 B) #E N (Akaike’ s Information Criterion, AIC), MA F{R
BHEE—ANRMBIR, ATTHESE Lk AICHEXN: AIC= AICK = -2L(§) +
2N(k), HH@RBRR“H;: Ba2H N0 RS 2% S BB RURMET, Nk
RBAEMFMISHN N, ELHBEAR LETH AICH, EFM AIC BB/
B kABYE R RS Fa AN B A T
1.4 BAERGEESHMMET

BAMEAKSHMET— R A EMEBERZR, EMEESFN S BT,

ESR: 8 L (o) EVMHEQOTHHEME 00, ¢P),

0(p: ™) —E{Lc(fp)lX ¢}
= Z Zz“’) llogm, + £ (x; O)]

i=1j=

LA REEBEHCRELR, LT X.
MER: Xk (e “”) 3 AR KA S ALY ol o O T — —RIEF IR
fE. Q((p P BIRR KM S TR E:

n—Zr(o)/n i=1, , k

Zi °’alogf(x 6)/06=0

EM 84 TG Bt R
(1) MEREESRESHHHELTHERENBERASTUAEEXTFHRAESR
Mok, —AEL T 4 B 3R B EOR SEORKBRAUR AT H ERERRER
AT BB .
(2) EM &R B, LRRHR LA MK, B
L((pk+1)>L((pk)

k>0RRE kREN, XERER ST EROWAE, EMARRK uﬁE%’JH%—A’FBUC

ER.

EM B MR R 2 4B W 808 B 518, #Hl&ﬁiﬁ}ﬁﬁ%ﬂﬁ“{ﬁﬂﬁﬂﬁﬁﬁk%ﬁi
Bk, XTURSEESRENXRFEEERAXERNURE. $TELR-ZE
HESBREEREKDR, BRESHBFHEIUITHEMAMNT EZS, EMEERRKLRE
2 '

BEP® = (2, -, % g0, -, p®, FOVRMBE, S p OIBRESS
WHIEBE R, W:

¢
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0 _ (0)
T, = Pro(x€G,|x; ¢ )
k
0 . 0 2(0; : 0 0] 2(0
= 70105 1, 0*)1 3 70 fx5; B, 0¥
t=1

=S

j_

uo = Zr‘o) x / (1)

o2 = Z Z z(0)()‘:_ EI))Z/n
R 2B O (e85 O T3 EM AR,
2 FEE-ZSERBABEMGENMBEEST
2.1 FEA-ZEFRBEREHESNEY
EEFEMEERBEREELNREBERLRGCENRBERBELRFBE—R
el 1200 sk B F AR ANMA R R BB R 4
' x=m+g+cte
Hebom NBETHE, ¢ hERER, c ABEHEBR, ¢ AFRERL. LTRSS
PRIMBE T ERSZERFNZBAFELE, BRI SRR RMEMIR, FH
EIRRL g MR EREERRREZN, H—EEME SEEME ~NO, o)L
HARR; o2 NEH R EN Y E; FEBL e~ NO, o) RENER, IHREFE,
MREREEAF AANARMEERE, B4 ERERAN LI ESSAHES, B20H
SR EERNBES B, REZRZANEREZEFTRNARERKNES,
ERE ERENELT, REEZHEIMITR, Lo’ = o’ + ol
22 EEEBMERLH M ’
UFTHRE-NEEEMEEENBTRT, SWEEENRERN, BEEXNER
THEHE MRS I E. '
221 FEERAZRSEHE  NRELILBHSNRXAFBEHEFETIANLA,
FE 3N SWAIRA 11201 B9, MEHANRFES -TEEE (B 4of
), HERINWH B EEEH), 3AMA PR ERLEEERL BN aa. Aa H
AA, AR E Y, p,Mp S ERENMMERR 4. BB h BT m 2 B
XERN:
M, =m-d
M, =m+h
H,=m+d
RIERRUAM T RERE M, FEARE m. dH A HRKCUR MG
m=0.50,+ 0.54,
d——05,u1+05[13
h=—0.50, + f3,- 0.54,
Bt m. dF AT ELSBHR: '
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Var (1) = 0.25Var(j3,) + 0.25Var (4,) + 0.5Cov (4,, f,)
Var(d) = 0.25Var(4,) + 0.25Var ()~ 0.5Cov (4,, £i,)
Var () = 0.25Var(,) + Var (4,) + 0.25Var (4,)
—Cov(f,, f,) — Cov(f, fi;) + 0.5Cov(,, f,) o
EERMBET £o, = 0.5¢" + 0.25¢°, ERFBMETTE G BLRILHR SR
ARFPEARTEREOR IS, WAELEREE, THh 0
hfng = afng / (a,zng + ) ‘
=Qd+h) | Qd + h* + 4dY)
222 FEAXRIANRLEH EILSBELSTRAERABEFES 2/, HE
Bri LBl RA 13 AR, KRIAAFER -1 RANZTL2IH GERE)WEER
(A A-aFR), 240D PAN R EEREBE D FN aa A4+ da, HHEGBERp
R, BEH,
' u, = m-d
H,=m+d
MR m 1 d R RAE '

il diJ7 253 5 R

Var(/i)) = 0.25Var(,) + 0.25Var(4,) + 0.5Cov(4,, f,).
Var(d) = 0.25Var(4,) + 0.25Var(4,) — 0.5Cov(f,, £,)
FREMBET L0, = 0754, FERBERN:
=0, (g, +0°)=3d[(3d + 40%)
23 ZEREFENEE
U LM F, mMREERFENSE, %1!]B%Tu%£§lﬂﬂ‘l’£ﬁ}>k L H) R B
ERESBEE, ERVEHESIERZINEREREZEARRFERERE LA
%1 P, B, FHES&N—L5it88

Table | Parameters of P, P,, F, and F, populations

Bk AL B ¥ @A B E B S T0 4 1E HESR B BE BRI
Poupulation Sample Sample _ Population Density
size value Mean Variance distribution function ’
P . u o B —EBSH )
i " ! ! ¢ Normal distribution f &5, 00)
C B EANA 2
n P u o2 S o, 0
P, ’ ’ . Normal distribution %)
B ERS T
2 . . 2
K "’ i H oe Normal distribution 7 & 4 %)
EXBEHN N
F ny X pix; @)

2 Normal mixture

k
0: P @)= mf(xip, o)

—
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ERMER, DNSEENEERTER. £ 1AM P, P, FA EHARBKN L5

&8, BERREARMRBREON:

H@‘rhhpwoﬁuﬂ%#pd[VW5%UMJM%@
HERBB o’ = G AFESRE) MERER Hio' > (HESEREE, £
EEHRETEN 02 = 0™-0?). B HEFIFBR T IR B BOE LA LS 1)
ARG B A = 2 (logLlogL)~ x*(1), ¥ X LR R #1TEEEWLK.

3 REFHBERMIBESH
3.1 BERIRE

AT HRKRE AT PR HER R, @E&kk?iﬂﬁ%ﬁ%*ﬂ%ﬁ%

GEPRITRE, EAFBESTHERZENR, MELTHERERFESTHRAD,

SHMBETR AL R AHE
wm&&@mmﬂﬁmmﬁmm)

3.2 HRAW
BRI LU ) F AR
BAR—0H0RIEN R RN
ENMBANHRRE, R2AHBERE
FETR 6] J 43 4 A A B0 S48 T S B4R
BB RAER AICHH, WNPEH: HE
BE x bW R F B R OR UL,
R k=20, AICHEBIBN,
mMEHEXMBEAREFEERARL
S, WMETIRAEBRETHRS A
&, BRI 4 B A AT E & AN LAY 4
MEPFRE, RIAHBEHEPES
BIR KPR, BEANBFRE
AR, ARIATUFHERE x Lig4
TREEENFRBABES, FANELS
BT R LRI 1:3(3* =007, P=
085), WHAFERF-—TEREBMUN, &
FEEMARIANTLEBE. BR3ALU
#— K18 EEERAEBEBRE T E
Akt HERFIER 4. BLSBESN
MR EARHFITRE, SLBFE
i Bayes #432875 1, MM AT LA %E F B
EHRARANMEHFEEFRERR, K@
ZRNES. FAH FAMER FATHE
W Lhx BRI E R — S W RIE, 4B

&

%ﬂxiﬁﬂtﬁﬁﬁ%%#?I%AFAWEﬁﬁﬂ%

0.12

0.10

Frequency

B

Ml

]
27 29 31 33 35 37 39 41 43 45 47
+ ¢
PI F| Pl

[ X1 v p—

FHIP Days from planting to flowering

B 1 BREx LB F RN 5557
B RREAPPIGE, TRMNBEHSHHFE
RELR, RERNEESDHPHEBEHWAESSE
B BE RN LR, WA R P FoH P BEEE
R4
Fig.1  The result of segregation analysis of the F2
population derived from Guludou x.‘ Shanghaiho-
ngmangzao ‘
The barline is the frequency distribution; the solid
line is the mixture distribution; the dash lines are
distribution curves of components in the mixture; and
the arrows indicate the means of P, F, and P:
respectively
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K2 TRBASHNEEEIAICE

Table 2 Akaike's information values under different component numbers

A4 % (k) Component number(k) 1 2 3 4 5

M ST (NK)) Number of

2 4 6 8 10
independent parameters(N(k))
SHBUBLAR BB R AE (L(p)) Maximum
A —451.62 -433.61 —433.53 -432.06 -431.46
of log likelihood function (I(yp ))
AICfH  AIC value . 907.25 l875.23 879.01 880.13 882.93

£3 FERBSNFHESMNRAMRET GEEMNORT A ER)

Table 3 Maximum likelihood estimates in F, population(Numbers in brackets are standard errors)

A  E(n) HE (W) KE(G)
Component No. Weight(n) ‘ Mean(u) Van'ance(az)
1 ©0.26(0.04) 31.80(0.44) 5.35(0.69)

2 0.74(0.04) 39.87(0.24) 5.35(0.69)

R4 TEBRBEREHBRACURGTNEERBESZE

Table 4 Maximum likelihood estimates of major gene effects and genetic variance of major gene

# R BRI I8 (m) THER L (d) iéiﬁ’r‘fﬁ%(afm) EHEBRER(h) (%)
Population Additive Genetic vanance of Heritability of
Progeny
mean(rm) effect(d) major gene ( 0L,) major gene (h%,)
T3 35.84(0.27) 4.04(0.23) 12.21 68.19
BRAR
36.83(0.41) 3.45(0.57) 6.20 78.97
F families : ’
F®5 BREXEIHBIERRBRTEANMMFMHEERER S H
Table 5 Classification of F, individuals of GuludouxShanghaihongmangzao
1)

TS ﬁ;eai] (:f ! Posfjfiibability : TRRE E 2

No. flowering(days) aa At AA Genotype of major gene

1-9 26~30 1.00 0.00 aa

10-19 31 0.99 0.00 aa

20-23 32 0.99 i 0.01 aa

24-33 33 . 0.96 0.04 aa

34-38 ' 34 0.85 016 aa

3941 35 0.55 045 aa

42-48 36 0.21 0.79 Aa+ AA

49-54 37 0.06 094 Aa+AA

55-74 38 0.02 0.98 Aa+ AA

75-96 i 39 0.01 0.99 Aa+ AA

97-158 40~47 0.00 1.00 Aa+ AA

1) BAKARR B DM,  Probabilities of individual being a member of each component
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BF—RSddEaE x LiaE BaE FitREUE (5 F AR RERAE) At d i 5
BE g g, EEREFENEESERE FtRE—%W. MAEP,. P.FM
F it BARPERL, TTLIBE [, = -493.29, [, = -486.67, A=1323, BEUME P=
0.000275, HUWRMNBUERBR H: SEEFE. FEAMNRET £ = o
ol =355 ZEABEFESDERNOEARBWRUERPARTEZEHWIR—
5, MZAZHERBER, LK b, = 19.96%.
4 itit ' ‘
NTEER-ZERRESBRERFIGHEER, RIAAE FABEHAI-ESRS
o, BEIFERBRASHAEIL Z A R R4 W IESEHTRE, XTFREE
A OLRLE A R R R el L ON IESS A, A EANMPBBNXT ERERE R
53 B BEUR R MR 3 B 2 R 550 T AR A L SR BOR MR — 4 O IRAE, BT A A
(5] 32 th AR R 3 B AR A BB BT IE, M FRARSEN PR EREER
BT, BB ERAM FMAR, B EREZSMIERES—S 5 R, W
BRENFE#TEE, BERANFEESEYIERAENFHALEEERT L.
FEA-ZEFBSEGEBOR LA T EAREFNEERBELFENE—. —
MNERMAREEFRERZERRMN T ERFANRBEREA/NIEY, EHEETL
FPEBRKHRBBE, UEELSBHAPHALENRSR; BRE-ANTEEMARTRAN
FEEVERESHFEAX, URBREXMIMRERAETRANEEENMLAES —FHHF
MTA—MRANEEEY, EFMFHEZTAEGS, EEANER SHRUTRIK
S 68.19%. MREREGBEDD, HRASMEERLEMUG TEHEFE, B
fi bRy BEEER, A EZRTHR, TUARNEIZE FRARRIAR R K E%
CH, RIS ST R AT & RS
EEPUEREAENEZFTHEFERZ —, FAME S EREF O FETHRRK
R R A B [ 3 R R SRR A G B RS T
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Identification of Major Gene and Polygene Mixed
Inheritance Model and Estimation of Genetic Parameters of a
Quantitative Trait from F, Progeny

WANG lJiankang GAI Junyi
(Soybean Research Institute Nanjing Agricultural University Nanjing 210095)

Abstract

It has been proved by many field experiments and QTL mapping results that
among genes affecting some quantitative traits there are some major genes with larger
genetic effect and some polygenes with smaller genetic effect. For such traits, the
distribution of segregating population demonstrates multimodality, and this is the
characteristic of the mixture of more than one distributions. Mixtrue distribution
models have been used extensively as models in a wide variety of practical situations
where data can be viewed as arising from two or more populations mixed in certain
proportions.  Akaike's Information Criterion(AIC) has been wused to identify the
existence of major genes affecting quantitative traits. Under the existence of major
genes, the genetic effects of these genes and their genetic variance were estimated
through segregation analysis. The genotype of major gene of F, individuals of were
determined by clustering using Bayesian criterion. With P, P,, F, and F, populations,
the likelihood ratio test was used to test the existenée of polygenes. In the end,
the inheritance of soybean flowering date is analyzed. One major gene was found in
F: population derived from Guludou X Shanghaihongmangzao. '

Key words Major gene and polygene mixed inheritance, Quantitative traits, Mixture
model, EM algorithm, Soybean floweririg date '



