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Embryonic Lethal Genes in Sugi,

Cryptomeria japonica
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A ¥ (Cryptomeria japonica) FEF OIERMEFFRIIB B RI0BBELINTEY, 14, 24F, b= b
ZDEBEMOBTORERICHABREBICE Y, ESRAXFOS LAERGECHEEH 2 BT 2 LETOH
FERIPOS—E Y PUTRET T2, AFXFOBTFRERELWE, LEZREOKFINHEL {, RXHEHE
g, 7 VEETICLBHELRAON TV EBHFRRRIELN TV,
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—%, HEMEOEDEZ I, &L OB TEESH SN T 2 EBBLRET I, HARCLFET S D
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DEAHIEETEL 2L OTRRITER 5 REFRIC B TSRO BOERESE L 5 12, FHICE DK
CEERERT DL TES, £z, BOEEETIIZOERT 2BBECE U TRETESLER T L BE&HEst
BEFRRIENS, FiEBRETFOFRC L > TEAKOBEREZEEL, BHEIESEORETDDH 2 EFEIC
BOIECGEHERELT SO TH D, Zof, HHROBELTOFACIENLRETFOHERERIC L > THED
FELIOTHELHLILPHMONTWE, NS 2ENTNRIERBOLEET, MEBSLHEETLE D,
B, BGERTOREEOEEC LI > TXBITE2I bbb, Lrl, ThoOBESTHER, BFD
BETFOSEPLEKETH D, 12727 DEEBEFURIENLE b O0EHL DOECICT v B OBEHBEE#H
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RERPBBURDBUBEICE S I L SREET & 3, RBELHRE FOEBEGTEET 255 TH-o> Th, s
DRBELRIGF LML THNE A > TN ORA & ZHEEHIC L > THRIICERLTE S, $4hbb, ML
EBRT 3 n{HORBFHRETFE2RE T 2EEOHERRICS T 2 BFEEROHENHEE L £ (n) & Thid,
f(n)=1—(CHresah, iz, n=10LFHE S (100=0.944E & D, EFFEEOHEHARE (FFR) 1§
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7z2b DIk, T L ZMORTON et.al"™HERE L 12 B3E4E (lethal equivalents) E[FAZETH D, L b E@E
BFEE®RT 2HDOTERY,
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—F, bHBETREA T~ (Larix leptolepis) OFEER117 a— > THRIE 3 ~ 4 B, &K26~29E, ¥y
12EREORBIEEL T 2RI LBl 55 (BL 3.
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WRETOEERZHOPIILEIIETEHDOTH B, ZOBELSD7 70 —F B3HARTIZ, SORENSEN?IZ
o CxOHEESERE T,

SORENSEN i3 RBFEE G T OFEVSREREOSHIZ OB A2 153 2 L R EHRIICHREL Tl 2D
%, bBETYH, ERY, KESPPAFEZOWTZOFERERL I, &5, KE®E, stErhlhs
Bl o VEAHOHEAIRELET 24U OEREEF IOV T Wb AT o TH L REDFR(F
VAF X I FYAFXO)OF,RKR) OHBERAT, REARVEOREMHSECL L 2HE LT, T4bb,
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bhhrbod, BREOESEETCIIWEOSHCRHASHLROBNALZRY, IORKVEBGEEET O
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I. BESBEFIC L IEBIERIEZFOME T E

P B 3Bl OE ¥ 1E, FISHER and BALMUKANDY A3 A U 72 & EEk LISk, Bx OERE» 5 &
Hd 2 FESIZIZER SN T 5, EGEETE & RSt REFEROBRMEOEN S, FREEFORR
ko THBSNBERBE IOV THEL B 5RO ZETHL DO TH %, 7272, KBELEETFH
RER RS I5E, TOBEECOVTEFFLROBZ b 72o 770 EERE LTHET 2 I LB TE
v, ZORY, BEFERETFIEET IHRCEE LT, FHEs L UIRFEREE DR o> h 2 PIRHEERD
AR 1 D EICHERETNVERE L RTER S0,

Fh, —BCHARIMEETHD, £ OEELHLVIRESELBEETEANT O THREL TV 3 EAND
2, EAREOSHIOTASELC DR, IOMEEXET 2EREET L MBS RE T HRREE L
WHEERELUEEL Tv 35488 L VERRET R E@ROEFNMBEVBEESNEZ 5N 5,

LHL, KETREFNIERELL, HKItbos2uh XV ERECT L EHT Bt EET I 1
L, ¥, ERBETFLTEEEELEIEHE L. 351, BBGEEGFOFEI X 2BFEIED T
BTHBILtliz, ZOfs, BrxOBEFZRVITRL AV TLVOEISERTE2 DL, AHEME
KBHTR2HEROBLRTHEbDE LT,

Fig. 1~31213 1 W OEBEET 2 Hv, BHEEEE S 5 2 L RTRHEFCRE S h 2 BBGLEE T ORI

1 OB ETF & Selfing of an individual with a haterozygous marker
b - TAEKD B gene
ARF| (A series) / \ B#%%1 (B series)

S BT, B In the case of the viabilities of S | fgEpx=, 4k | [n the case of the viabilities of
T DEBHNEY dominant or recessive homozygotes EOEGEINEYE dominant or recessive homozygotes
LBa, Sacsi| are the same to that of hetero- TRWLEEH B | are unknown or lo.wer than that of
LAMHICOD B zygotes, if being distorted segrega- WRBEOES, S, heterozygotes, it is impossible to
235 NI EEGER tion ratio in the selfed progenies, it BT B LD recognize an embryonic lethal gene
ET ORELEE is possible to recognize an embry- W5 DB TR from only distorted segregtion ratio
52 onic lethal gene BRI F OB

BEETERWL
B it
Selfing

S: | muxmmops,p | 10 the case of the following 4 kinds g, In the case of the following 2 kinds
{EkBIE g & 5 | Of segregating ratio in S, from the ﬁﬁi}ﬁﬁofs‘o of segregating ratio in S, from the
S, T 4 DS HE selfing of dominant individuals in E&EFEE L 2 selfing of dominant individuals in
BB E HEE S, is found, an embryonic lethal S:C2MMOSHE | S, is found, the viabilities of domi-
1. BREEDS gene is recognized BB EDEE, nant or recessive homozygotes
2. 31058 1. Segregating dominant type 1. EEROH seems to be lower than that of
3. HHE|RESH only 2. SUEBUBE | peterozygotes
1. HRREE 2. Segregation ratio of dominant Hbiﬁf}& 1. Segregating dominant type
FEGERET O vs. recessive type correspond BEHED BV IdEHE only
GEVSEETE 2 to 3:1 ﬁ‘:%{@%@i??ﬁ 2. Distorted segregating ratio as

3. Distorted segregation ratio of BELZ Lk D same as in S,
coupling phase borEI6NE

4. Distored segregation ratio of
repulsion phase

Fig.1. B & 2 BRBBELEE T OB

Detection procedures of an embryonic lethal gene by selfing
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ERBRETE~TUHE VIR E
THOMEEERRICAH, HFD

Detection of embryonic lethal genes by cross-
ing of heterozygous or homozygous

b ORBFERETF ERET 3 individuals of one marker gene
C*%%l (C series) / D% (D series) E®%%! (E series)

F, BHke, 4 | In the case of the F, BrkE, £ In the case of the F, BT, & In the case of the
ek iy | Viabilities of domi- | 4 e oo | viabilities of domi- | 4 e gpagp | Viabilities of domi-
HHIER CHE | nant or  recessive J1pSER T4E | hant or recessive H#ORE 4 | nant or recessive
BT A~T homozygotes are SEETFEE homozygotes are BRI TF homozygotes are un-
ofEtkicigl | normal, and the | g pmpee | normal, and the | moprmgpg | known, and  the
U7 FEB3ER | tester individual has g | tester individual has G F4itr g | tester individual has
EFb 24 | a linked embryonic &, FidEs% | Do linked embryonic &, @ty | no linked embryonic
&, F,coR | lethal gene, if being ﬁ;}ﬁﬁk 7 2 | lethal gene, segrega- RF, R | lethel gene, the domi-
438z L p | distorted segregation | --~-------. tion ratio in F, is EREET S nant types in F, are
RS D FRBSE ratio in F,, it is pos- ?;Ei;%g;é normal selfed
s TR | sible to recognize an 175 The dominant types v/ \

HECLEE embry'omc lethal in F, are selfed A®RTY B&7I
L) gene in the tested B M A series B series
individual Selfing

F, Flic B 5 st When the segregation ratio in F, is F, F S ER AT When the segregation ratio in F, is
L. R distorted, an embryonic lethal gene BRI normal, an embryonic lethal gene is
HIF 1 BRSOE R is 1recognized in the tested individ- ETREELS no; recognized in the tested individ-
EroEETs | v ua

Fig. 2. ZAid (fi5E) &2 ixZzhicki BRI L 2 BBFLEETORE (BHELRTOFA)
Detection procedures of an embryonic lethal gene by crossing or selfing
after crossing (in case of a domiant marker gene)

EBBETE~T bbb IR E Detection of embryonic lethal genes by cross-
THOHEGEREICHY, HFED ing of heterozygous or homozygous
b OB RIETF 2T 5 individuals of one marker gene

l \
F#%| (F series) / G*%% (G series) H%% (H series)

F, BERE, B Ir.1 t_h.e.case of thf: Fi[ @paxe, 4 | In the case of the Fi[ gpgre, 4 | In the case of the
R EDEE viabilities of domi- ek E 47y | viabilities of domi- Mk EDL4fE | viabilities of domi-
HOEERTE ngoz(;;;o:gesse:zz AMIE®RCZ | nant or recessive FpSFEECAs | nant or recessive
EAEFEDE L | normal. and a tested [RLEES Y homozygotes are [RLEES M homozygotes are un-
LHBET% | individual has a £ 8fEF % | normal, and a tested £HEEF% | known, and a tested
b5, R | same recessive gene b7-¥, =3 | individual has not a b 7.4, g | individual has not a
oAz | and a tester individ- H{E Ttz | same recessive gene BETFHEE | same recessive gene
S 7 EBGE ual has a linked FRFCRET | and a tester individ- FEEFRET | and a tester individ-
BETHH 5 embr'yfo;{c é?thal % 4 720z \35 | val has ns)t a linked %% 7-7c a4 | ual has not a linked
BE, Fki gsnge;rege:tlﬁ)nl?;triﬁ &, FiiEn embryom(.: lethal &, F,i3fEM | embryonic lethal
BB ET | in F), an embryonic FPW72iy & | gene, a dminant phe- FHRHIY ¢ | gene, a  dominant
NITRZAAEF | lethal gene is recog- ) notype only segre- n5 phenotype only seg-
2 bFIUEER | nized in the tested | ppesmar, | S|\ lpigmup, |regatein B
SEEE o5t | indivdual ofEtkFiEss | The dominant types | pfEtkRigss | The dominant types
peiaP) ﬁvz)};e“ra:ihf iseggf’g‘;"s’ 5175 in F, are selfed ) in F, are selfed
Elﬁ,ﬁﬁﬁ?b normal, an embry- v \
nﬁﬁﬁfgz onic lethal gene is - ART BX%5
WRRIUHER | not recognized in . : :

SR FI3FF | tested indi%/idual Selfing A series B series
ELEWL

F, Folc R 5yt When the segregation ratio in F,is F, F.o5E 5T When the segregation ratio in F, is
ﬂ;f ﬂ: . B distorted, an embryonic lethal gene BHISIERIEE normal, an embryonic lethal gene is
T i FEEGER is lrecogmzed in the tested individ- BETREELS no; recognized in the tested individ-
ERoEETs | © v ua

Fig. 3. =& (i) & 3w idzhicki< BRI & 2 BBBEEEZETF OB (HHEZTFOFIA)
Detection procedures of an embryonic lethal gene by crossing or selfing
after crossing (in case of a recessive marker gene)
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FIE® £ L7, EBIC I YTEZETE T U OSHES &5 1 IHERORBEERETPES T 5 LS
%, DD, EBREROBEHLEITCH > CTREAFIEDIZ », FREREHEYE, AKAKE Information
Criterion (LA, AICE 3 2)9DFEEE2 4L THEHTL 72,

1. HIEIC & 3 EBILREEF ORI

EHRGTFPE—OBY E L ISHEREEBEFCH IR, CORETFEAT U TRET 2EEKOEERRCE
BRI B 1) 5B E OB ORI Ut T g 2 MM KT D e 25, 272, ERPEON
EFESEASNS L 20, BHRE, ~TOBLUSEREOAMRZRETNY, 25 X U HYL
DLixd, IS OSEENER S L WEHEC R, FHEER T OEFECEBEERIR T FET 2 THEEL D 2,

(1) BEHIR (S) RREL3HE (Fig. 1 ARSI

1) RROSBEOOTHMBRIAMTCHEICED & &
ERVEOELEFRITRTH 5358)

wE, FERECTIEETHZIDOLELT, TTRbLT L ET 3, ZOEEBEFEOEECHBILELLT
IDSEFEL, H5EENIOMBELTENTOT, 0, HEEHTRELTWE2H0LT 5L, ZOEAED
BEFHRTL/HEFb¥ 5, Table 1, WEEFEMON, £85I 60 288 % £ hZhp, pL LT,
2 OEERO BREHRC BT 2 BETROSEERT,

Table 1. BEEETT L EBCERE T 25 EETRE T 2@EKTL/HO
BEERICBW AT 5 ETH & 2 ORISR
Segrgation of genotypes and their expected probabilities in the selfed progenies
of an individual 7L/#! with linkage of a dominant marker gene 7 and a recessive

embryonic lethal gene / in coupling phase

" Pﬁ% TL T L f
g oilen
Egg ’%’( 1 _Dz) %Dz %Pz %( 1 _pz)
TL TL/TL TL/T! TL/tL TL/tl
%(1 'p1) %(1 —pl)(l _pz) %(1 —Dx)pz %(1 ‘Dl)pz %(1 7131)(1 7132)
TI tL/TL TI/T! Ti/tL Ti/tl
) +0:1(1-py) +PiD: ~DiD: 4P (1 —ps)
tL tL/TL L/ Tl tL/tL L/t
3D T (1 —py) SDip2 DiDe 501 (1—p.)
tl tl/TL t/ Tl t /el t/tl
+(1-py) +(1-p)(1—p,) +(1—p)p. _ +(1-p)p. (1 =p) (1--p.)

E) pi pRERENERS & VHEBGEREFEMOIN, B8l 2HRETH 5,

Note) "p,”, ”p.” denote the recombination values between T and / loci in egg and pollen, respectively.

Table 1584, HMHE L UBGHEGOSERB T Lic, ZhsOMEIES N BRRERE £ 5
k, Mfip, p.OEIHb ST, BREKDOES LABRIMICT L E 2, 22T, £HT 5 ERBON
BREEORS T, SRBEBOWISHREHRL (52FL), 20NN 1 L5 L5 L, BEEEF L E L TR
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Table 2. BEHOEFERLT T LEBSLREETI2H5EEA (b2 VwIIMHKER) CRET?
WEETL/t (TI/IL) QBB THEET 3 REM & 2 ORRER
Segregation of phenotypes and their expected probabilities in the selfed progenies of an
indivdual TL/# (or TI/tL) with linkage of a dominant marker gene

T and a recessive embryonic lethal gene [ in coupling (or repulsion) phase

e riul HERBR OHIFRERY L IS RERY E # K
Phenotype Expected probability Converted expected Observed
otyp of each phenotype probability number
THE [EH#E TR
Coupling Repulsion
T. L. T3 —pi—ptoip) (2 +pipa) (2+P) a
1 _ 1.4 1.4 _
it L, 7 (Pt P2~ Dip2) 7 (1 —pip2) +(1-P) b
u + +
__________E;F _______________________________________________________________________________________
= a
Total 1 1 1 n

1) pi» DX ENTIER, HEBGCHEEFEMOI, e OMEHE %57,
”p,”, ”"p.” denote the recombination values between T and / loci in egg and pollen, respectively.
2) P35I, HKEEZFITHhOFETP=(1 —p) (1 —p), P=pip, ¢ EEEXN D,
”P” is defined P=(1—p,) (1 —p,) or P=p,p, with linkage of T and [ in coupling or repulsion
phase, respectively.

3151 Ll, 22T, P=(1-p) (1 —py) £ THIEIBRERHMOPEMRIZTable 2R L7zE 31k 3,
B (ERPE), £ GHESRPE) RRMNOEEOBAEEENZhEha, brEE 5 LPOREMP
BIUZOHEV, 3, BAEYB X UBRLHEROIHANMEE V1 oRD 2 Z LB TE S, 215 %Formula

1, 2wmTH,

BRABOEHAH =B TPOMEME L ZOSBEREET 200X
Equations of calculating estimate of P and its variance from
the observed number of each phenotype

_a—2b
T n

_(24+P)(1—P)
- n

7272L, n=a+b
But,
22, a bxzhEThnEl, HERFMOEERETRT,

Where, a and b denote the observed number of dominant and reces-

o (Formula 1)

Vo e (Formula 2)

sive type in phenotype, respectively.

%72, HBEGOBREGETHS T/ ILOEKEEOBE I, AR L TERENORZHEELRDOP=pp,
rniE, #EEPr 2osBVeiiEh ZnFormula 1, 2 EECw% %,
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WEMEP> S, MBGRE FEM OMEEM L 2B 23K
Formulas of calculating the recombinaton value of p and

its variance from estimated P

HHSITEEH (TL/H) p=1—yP creveeeeereennen (Formula 3)
Coupling Vp= Ve e (F 1 )
p= 4p ormula 4
KREGE (TI/HL) p=yP  correeverrremeeenme (Formula 5)
Repulsion Voo Vo
p_ 4P ........................... (Formula 6)

58, 168 ORMHED,, P REH RV B DL LT, p=p,=p, & THITHEEP S & U8V, & pOHEFE(HE
p. S3EVpid, HHEI, HEEHZhEThOEHE, Formula 3, 4% X UFormula 5, 625#»hzd, ZL
T, HEBEPDIERFEZ I SEVpOFEABR LB L k> THE SN2, Ve (Formula 2)% & Vp(Formula
4, 6) OEBUZEL T, MIZFTEZSNIDEEIZB T, PHESRM (DK pd 2 DA —5
—(P=(1—p)(1—p)=(1—p)2EiEP=pip.=p) R >TWVBEDT, VpERDB7DIZIZV% 4 PT
H 2 HEHDH B,

100% —

JFERR

>
v

80 :
< -1 100
- ]

60 [ ~. : J
—.

\,\. .

L BMEREE (T.L) |
40 Dominant phenotype

BRI (. 1)
Lethal individuals

w0 | =
7 gwmmm L) |
_ " ¢ Recessive phenotype
0 = 1 1 1 | 3 L 1 L
00 01 02 03 04 05 04 03 02 01 00
THE S (TL/H) HEBGEGE (T1/tL)
Coupling %ﬁﬁﬁlﬁ Repulsion

Recombination value

s
WEAFO MR FHEOINEN T PRFE A

Relative frequencies of dominant and recessive types

B2 O PR N WBI G o o RS R
]

Relative frequencies of dominant, recessive types
and embryonic lethal individuals

excluding embryonic lethal individuals

Fig. 4. SR H 2158, BBGERETFE2~T 0BT 5E4& (TL/H
723 TI/iL) OBEEBERCBT 28, HHERNS L KSR E
OMNXTSEE & A O B4R
Relation among relative frequencies of dominant, recessive types and
embryonic lethal individuals, and corresponding recombination values of
dominant marker-(7") and embryonic lethal gene(/) loci in the selfed

progenies of an individual (7L/#l or TI/tL) with linkage of T and [
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Fig. 4ic, 18], MEESC 5T 25N, HHRIA S L CBGCEEROMSHRRE & AHREOBR 2R,
BB, ERBETHHETHIHECIENE, SURRRUNTHZNIER, ERPEL LIS
ROTHY, LRORESZOF IHEATE S, 7, BB & CHEESIC B 2 i OZH#P= (1 -
p) (1 —p,) B & UP=p,p, /& & ICHEEMEP B & BV o2 & pOHEE D, SV~ DEEHUL, — s
5 O CUF ORI T I ERIAT S
2) RROSBOVT HISEETFRTRAITES L &
(M E S HEN E - BTR B TH B HBE)

TAYVFL LD LS HHEREC R SN B EPTZLENE Th 2 WE T REEEORE TR % HH
ETHIENTES,

—D DB DG TR DV TAT 0 B OBEFREF/SET 5, ZOEEOBEERORE T
O, B, F/F, F/SBXUS/SHL 2 LcH#T 5, Wi, ZOBEEBETFEOLHCEBILEEFE
DBEEL, HLEEBPEHORBFETCT I ZHEEL TwEb0DET 2, ZOEBOELGTFRIGFL/SI %7
WFI/SLE# 5%,

fE&FL/SLE 1213 Fl/ SLO BFEZR R B TS 2 B8R FE & 2 OMARFEE 2~ Table 3 /RY, ZDTable
35, THHEEOBETRR (FL/SI% 7213 FI/SL) o, EBRMRCET 2 8EETES L UBFEED

Table 3. EUOBETF,SLEBFLRETIDEEL T AEERFL/SIE T2
FI/SLOBFE#RRIC BV THEET 2 8ETE & 2 OHIRREE
Segregation of genotypes and their expected probabilities in the selfed prog-
enies of an individual FL/S! or FI/SL with linkage of co-dominant marker
genes F, S and a recessive embryonic lethal gene [

e

gp %boll‘e*ﬁ 1 FL 1 1 1Fl 1 fL 1 S 1
Egg 5 (1—ps) lypz P |5 (1—=p) 5P| 5(1—p)  S(1-p) | 5P
FL FF FF FS ES
F(=p) | fo. [ FO 02| G2 (1) oi-p  1-pr| Ly
Fl FF u FS u

A T O R S B O RO L - G S L s (OB
SL FS FS Ss Ss
20 | 5(1—p) 4p(1-p) 40 | (1 -p? 47 | (1 -p)? +p(1-p)
Si FS i SS u
T-p) | $o | T2 40 (1D 4p(1-p) T(1-p)? | g

) p1y, PRTFNTNEENS L CHEBFGEETER O, 1EHc B8 28E8ifiTcH 2,
72720, BREEROMSERBZINSD, pREEFPRVHDLLTp=p=p L TW53,
7z, #EE | OEAREFRENITCEEEROBE TR R FL/SIB X UFI/SLE U IROISHEEERT,
Note) “p,”. “p.” denote the recombination values between F or S and / gene loci in egg and pollen,
respectively. In the selfed progenies p, and p, are supposed to be almost same, where p=p,;=p,.
Left side and right side of vertical bar denote the expected probabilities in the progenies whose
parent genotypes are FL/S! and FI/SL, respectively.

BohnsmERr, MEGTEMOMABMEPTERDL LILEREDOZN 2 E L DL Table 4 DX OB,
Z CPIZEN:, BEBSEmEEFREE O, {EResy sz zhZhp, p2T58 &, FL/SIBX U
FI/SLTZhZhRD L S WZEET 505, EBICIIEOESRBEEZTFOREFRL LS Zp, =p.2REL, Ih %
pE&ERT,
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Table 4. HEMOBETFF,SLHEBEEEGTIEEAL T 2EEFL/SI%7:
WZFI/SLO BRI B THEEY 286 T8 OfFESE
Expected probabilities of each genotype in the selfed progenies of an individ-
ual FL/S! or Fl/SL whose co-dominant genes F, S are linked with a reces-
sive embryonic lethal gene [

T B % z g CUUERERCIBNEY oy g om
Genotype Expected probability Converted : t};pectteil Er(l) Eilncliiltiyd Observed
FL/SI FI/SL probability withou faf; vid- number
FFL. — (1-p) @) /Pe—yF) /P /P ) a
FSL.  201-p+p) 2(1-p+p) 20—y +P) 2(-yP +P) b
SS L. +@p—p)  01-p?) +01-P) +01-P) c
1 1 1
L x - 4
& &t
Total 1 1 1 1 n

) PRFI/SLE X UFL/SIZBWT, ZhZhP=pp,=p% P=(1—p,) (1—p,) =(1—p)? L EHEN 5 (Z
ZiZp, pXENRENIN, 6B 2 8, KBGGEER TR OMEBRIETH 3),
Note) ”P” is defined P=p,p,=p? and P=(1—p,) (1—p,) =(1—p)? in FI/SL, FL/SI, respectively
(Where, p, and p, correspond to the recombination values between F or S and / gene loci in egg
and pollen, respectively).

BEFE FL/SEP=(1-p)(1—-p)=(1-p)?
BB FR Fl/SL: P=p,p,=p?
NS OFETROMENFE L BEMoOBG EFig 5 WRT, £k, FEEFEFF, FSEX USSOEH
B oI ORHEEE S L U2 05 xRS 2R %2 Formula 7, 8 ZRT™,

FEELTHOEIREAWTPOMEBE*EHE T 2 720D HER
Equation of the 5th degree for calculating estimates of P
from the observed numbers of each genotype

AQPHAQ TAQ+HAQ* +AQ+HA=0 e (Formula 7)

FL/SI :p=1—Q(0.5=Q=1.0)
AT _E FI/SL :p= Q (0.02Q=0.5)
Recombination value
ZZIiZ,
Where, Q :\/?
A; = 2n
A,=—4a —5b —6¢
A; = 2a +6¢
A,= 2a +5b —4c
A, =—4a —2b
Ay = 2a
72720, n =a+b+c
But,
ZZWZa, bBXUckznZFBRLRTREF/F, F/S
BLUS/SOEHHKERT,
Where, a, b and ¢ denote the observed numbers of
genotyes F/F, F/S and S/S, respectively.
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Relative frequencies of each genotype and

MARBES RS H85

O E /O E KD 5K
Expressions of calculation for variance
of estimate P(V;) and p(Vp)

_6PYP (2—/P )(1-P)(1—-YP +P)

V ......... (Formula 8)
’ (2— 4¢P —3P+14PYP — 7P)n
Ve
Vp=
P7p
100"~
R ;Ei %"
E
& a0l % 5
pi ! % E %
o & - 100 b g
g £ - 5 &
=] Zﬂ : ] B/{E B‘
Z 13 1 g
2L 80 F 5 ) e &
Sy 5 o
5 B , : - 23
= <. BEFE (FS L) ] 78
- I ~_ Genotype : — £ )
QTE 40 F ~ P g g
£ i 1% 22
>0 BoEMEE (. 1) &z 8
€ 1 ) Letha! individuals e
5 x — i T T e 5 8
B 20 SEEER (S L) > METS (FF L) =
| Genof;@ — \.&r}otype g %
— : ~._ E Y
0 0 4 i 1 1 1 L 0
00 01 02 03 04 05 04 03 02 01 00
BETR (FL/SD EEFE (FI/SL)
Genotype FR I Genotype

Recombination value

Fig.5. BRI H 2 1LEMN, BBSCEETFE~T 0BT 5EE (FL/SIE
1213 FI/SL) BB BT 2 HB8ETEE L CHEBEEEF O SEE
& AR o BEAR
Relation among relative frequencies of respective genotype and embryonic
lethal individuals, and corresponding recombination values of co-dominant
marker-(F,S) and embryonic lethal gene(/) loci in the selfed progenies of an
individual (FL/S! or FI/SL) with linkage of F or S and !/

embryonic lethal individuals
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2 BEE2R (S,) FRICLB3HE (Fig. 1 BRH)

EREGETF ERBSEEET 2V TR bAT O THEEL, »D, W FEMCESHBRBFEET 2EED
HAEE 1 RIS 2EZBBOVTF A OV T RERDBR, ZOBMICE>TEsREHEE 1R (S)
FRICHIEBEFEREGT IOV T AN EL T2, L L, BEBEOSBOACEET52EY), ZOR
RIS LIRSV, T, B, FERPEORAEEIC ST 2EFENOENTHOHEL, SIHKRD
BRIZT» OMBOLEETORELREILT 2 2 L3 TER VL, IR 5 OBRE I IZERES 1 KR 2B,
HE, HMETI ZLCE>THLLRT I ENTE S,

W, BHOBBEBETT LEBGURE T 25 EEATRE T 2@EOBETFRETL/HE %, Table
5, ZOEEOBREC L > TELNIS, KAWL THET 2 REGFH OISR ERT, &4, M
FRERICB T 2 PI3ER, BECLEGTERON, B8 0%hZhoffdfizp, p.L T3 &, HEIEEOE
HIEP=(1-—p) (1 —p,) L EREN 5,

INSS KR TEEORBBMEGEEZEIRL ¢, HEHNOBHEET) LSRR TOESHEOFHED L7z
THANTE DS, OBEFRIX4DOH D, ThbL, BEOEREETFEC DWW THEDEER(TL/TLE 721
TL/ T, BtEOEREETIE & EBELR IR TELES E#E T 2 T L R UM (TL/t), Mz »EC T
TEHEE T & MBOTEE TESHR CHEET 5 (T1/1L) B & VRBGEERET % b 2 OIERGEE 7~
7afits (TL/IL) ThHb. ThZhOS fEkEDBFHEERICE T 5S,RADEERFR » HERFR O 38
BTL/T. CHEMERBREOS, TL/HTREERBRS YRS VERCS SBL, T/ ILTESHHY
WEDD BT 2, e, TL/ALTREEREA L HHRHABMINIIFI I LCHHET 2, o4 DDE
5T DFEAERE & 15, PERGEEE TR OEEE % 5 2 —% & L TFig. 6 iR T,

FEGETFHROEAREAWCPOMEEE2EHRT 2 -0 D HER
Equation of the 3rd degree for calculating estimates of P from
the observed numbers of genotypes in dominant phenotypes

ByQ®+BoQP 4+ BiQ4+ By =0 eeereerrerverseniesniiniieianianns (Formula 9)
f 5l:p=1-Q(0.52Q=1.0)

Coupling
BRI {’FH K:p= Q (0.0=Q=0.5)

Repulsion
Recombination value

Z 2z,
Where, Q =VpP
B, = 2a,+2a,ta,

B, = 2a,+4a,+2a,
B, =—8a,—12a,— 8a;—10a,
B, = 4a,+8a,+4a,
7ziZe, n =a;+a,tas+a,
But,

ZZiza,, a; a;BiUVa,ZFhFhEEGEFRTL/T.,
TL/#, TI/HL3 X O TL/ILOEREETT,

Where, a,, a,, a;, and a, denote the observed numbers of
genotypes TL/T., TL/tl, T!/tL and TL/tL, respectively.
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HEHAH OHEEME D538 KD B

Formulas of calculation for variance of
estimate P(V;) and p(Vp)

_2PYP (2+P)*(1—-VP )(2—V/P)
{(8(1—P)+ /P (2+P)}N

- (Formula 10)

P

Ve

Vp=
4P

Table 5. BHOEBEET T LEBILRETIVEHL TOLEETL/HERETI/ILO
HRERR (S) B 2&RBEAR &£ FEETFEOHARRER
Expected probabilities of each phenotype and genotype in the selfed progenies(S,) of
an individual TL/t! or T!/¢tL which linked dominant marker gene 7 and embryonic
lethal gene !/

£ OB W OWSER) KN RETD  WEEE KK iUt
Phenotype Expected Observed Genotype Expectqd Observed Ex ctedk roblz?bilit of each genotype
probability number probability number afte?eselectli]ng domin};nt phemfype inpS.
TL/TL]__ YP 2-VP ) YP 2—VP )
TL/ Tl 1 . PR
| P
g 24P, TL/t  — zp a, 2
ominant 4 4 2+P
2(1-/P )2 2(1—/P )?
Ti/iL  — 7( P) as —<1 P)
4 2 +P
—_ 2 —_
L)L _2}/?_(1 VP ) a Vv P }_/P)
4 2+P
% # ™ 1P tL/tL 1-P
Recessive 4 b { tL/tl ]— 4 b
Tl/TI
B 1 S
L A Ti/H
ethal indiv. 4 4
i/t
& =t —N+b?
%otal 1 n 1 n=N+b? 1

1) pi, P % Z TR, MBEGERETFEROIN, 168 oMl x 3 2 8PS| (TL/¢), 8K (TI/tL) Sz h
FhOBE ROLICEHIND,
When "p," ind "p,” denote the recombination values between 7 and / loci in egg and pollen, respectively,
"P” is defined as follows.
51 ES (TL/t) - P=(1—p) (1 —p) THRES (TI/TL) : P=p,p.
Linl'age at coupbing Linkage at repulsion
2) 22Nt N=a ta,ta;ta, 27”7, I, FENCEEERRBEOENHaLEL VLY, EBOERTIT
AT OEE RRAAGOBETFESIERICHAT 2 L3RS 20O T, FIZIDE Sl
Although 'N” is equal to observed number “a” essentially, it is sometimes quite difficult to judge the
genotype «f dominant phenotype individuals actually. Therefore, it is supposed as N=a, +a,+a;+a, here.

SIKRITB 2 4 DOFEGEFROEBROMBEESHS 225 &, OEEKD S b EHREETE & FH
FREF R OMBME 2 B RBIC L > TRDB 2 L8 TE 2, ThiFormula 9 13 %, MO EMHE
DA EUIFormula 10CRT XD B DEHCR LY, Y Ialb—yaYiZd->7T, ZORMBELWI L%
HERL 1219,

BHAEE 1 RKLZOBE LU L, TREEROBETFRHS T/ ILOMKEHF TidTable 58 X UFormula 9,
100 BWTP=pp, £ T %,

% 7:, EEBET, B2 EATHEEL S &5 2BEEEOSERIZF OBE T H Table 5 13— %
3z idnwv, $hbb, ZOBEICE, SSIERCBY HERVERESERRBR L 20T, S,KR
DEBEOSED S, KRD 4 DOBEFREZHANT 5 2 L8 TE 5,
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100%

-
[}

~N
(]

-

Relative frequency of each genotype (in dominant phenotype)
TS (RS RN

_________

1 Lo

TH5 188 (TL/H)
Coupling

L

00 01 02 03 04 05 04 03 02 01 OO

HREE# (T1/iL)

Repulsion

Recombination value

Fig. 6. BRI b 288, BMBGLEET 2 ~T 0 E T 2 @& (TL/HE 113
TI/tL) O BFEHRICB Y 2 BUREB O 4 DORETR(TL/T., TL/
ty, TI/tLB X CTL/tL) OFEXSERE & B ORI%
Relation among relative frequencies of 4 genotypes (7L/T., TL/t, TI/tL
and TL/tL) of dominant phenotypes and corresponding recombination values
of dominant marker-(7") and embryonic lethal gene(Z) loci in the selfed
progenies of an individual(7L/# or TI/tL) with linkage of T and [

2, XECIC L 2EBIERIZT ORI (Fig. 2 CH3)

Z DETRIEBBEEE T ORERIIC DV TRR3, Thbb, MEIOHRIC & - CEEEET OFE
MBEEEE T OFEOHER S h Bk R REEE L LAY, (EEOEE 5 2 BB E T OHEOI
BOLEEFOFEOEREERET 55 ThH 5,

FREETE LT, MEiEAU B, SHEEFOLTRLHSHATE S, Lnl, LH0EEE
FEFAT 2456, SREREKSZ OEREET LHAORET 2RET 2 0B TRVIRL 2, BIZCH
BEEOBRBEET 2 FIAT 258 £ KA U104 505, #E CREMOEBER T 25T 5 RSk & ks
BFEOZITH >N 2 FFRRET R CEERER GHERE) L2270 Ths, D0, BREEESLHE
DEEBET 2 RA L2 LHECE, ZOBEICH 5 b U D EMEET 2 AL RESLE L 85, Li>T,
AT IR B OBEE T L RBCEERE T 2 8 EM CRET 2 B8 L LTRSS A ED 2,

WE, REMEOBETEETL/the+3, 222, T, | BN ThEEOESREET B L VKRS EE
TEEDT, ZOfKEEREREE L ORBEE L 2 & %, FREBEORETH L L TIRKRD 4 > O[5
H2H 2,

O L/t PRREEESEREE L Vil 2 BBIGEET A L,

@ iL/th WHUEERS LB OE L ICRERE L B ORSERET 2 G T 5
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® tL/th WREEELIUFREE LCRERGE L RICHBSEEETERET S
@ /i, WREEESYZEEELCRERG LR UCEBSLEETFREEL, & 5 ZHORSSLHEE
FLRET S

D55, BEEREESBEM®E (TL/t) LECEBGEEETF*RELRVERFEOLE DBV
@0BE) iF, WEXKEICE T 3FRRTCOFERPE L HESBREO I 1TH5, LaL, HREHE
HEORIET) Q% 123@0 X 5 WWEEME LRI CHEBEEEET (L) 2RET 258, 2O :
132580, 28, QOHE, ZOREXRTREIGERETLZOWTOLARENSTRETH D, LicDW»
TRRHTEETH S, Thbb, RERMEB I 3F KA TER, FERVEOSRIRAELSTD SN TY

B ERAEDOBEFRML/LTH S LMET 2 2 £ R TEY, 2 OEFESEHERL FEOIHEICEBOKE
FEREFERET L bELOND,

Table 6. #WHREME (/i) LRREMEME (TL/H) OXEBT 3
BRTOBETFHOSHEE L T ORFER
Genotype segregations and their expected probabilities in the prog-
enies from the test crossing between the individual tested
(tL/tl) and the tester (TL/t}) individuals

Testﬁi@i@?dual TL T L th

I o z(1-p) 5o 7> (1)
tL TL/tL TL/tL tL/tL th/tL
+ +(1-p) 5 4P +(1-p)
tl TL/t, Th/ t, tL/ t, t/
+ T(1-p o o ta-p

) plBREMEGKIC BT 2BHEOEREE T, KEGLEE FEE OB %R,
Note) ”p” denotes recombination value between T and /, loci in the tester
individual.

Table 7. BHOEIEERT (T) tHEBGGHEET (L) *HIEHTRA
T BREMERTL/ th & BEMEL/ th ORI B W TS S RBR &
% QAR
Phenotype segregations and their expected probabilities in the progenies
from crossing between the individual tested(£L/#;) and the tester (7L/
t}) individuals whose T is linked with / in coupling phase

y EHL TR L
RIAY BRER OHARFRERD =
Phenotype Expected probability Converted e.x.pected Observed
probability number
Tt L. 2-p L+P a
4 3
1+p 2—P
L.
tt 1 3 b
. 1
INA n
a &
Total 1 1 n

1) pldiEsR, MBGCHEEFEMOHEBM %R,

”p” denotes the recnrbination value between 7T and / loci.
2) P3ESIESEDB S P=(1 —p) L E&EI NS,

"P” is defined P=(1 —p) in linkage in coupling phase.
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BEARRIC B 28, FHREIEEED SER, BBEGEEFERO
MM OHEEME & 2 DaEE KD 5=
Formulas of calculating recombination value and its variance between
marker- and embryonic lethal gene loci from the observed number of
dominant and recessive types in phenotypes of test cross
2a—b

P e (Formula 11)
n
# 5l:p=1-P(0.55P=<1.0)
Coupling
L _
Recombination #H K:p= P (0.0=£P=0.5)
value Repulsion
VP:(_lﬂ__.)n(Z_—P) ............... (Formula 12)
Vp=V;
722, n =a+b
But,

22, a, bdzhEnEl, FERBEIOMEEHERT,
Where, a and b denote the observed numbers of dominant
and recessive types in phenotypes, respectively.

Table 6 WZ#HBREMEDOELETFRIQDSGE (LL/ i) ORERFEIC B 2F KROBELTROSBHEETT,
xrh, pIREMMIC L T 51FH, BBSUEEFREMOMBME TS 2,

Table 6 2 5B L VIR EREOHFFEENI RS 505 DT, Th b DFREAMOEBEOEHHIE
BEHMEE 2 L, BAKIC & > TR OMEMEpE2RD 2 Z LN TE 2, 2h s £Table 7% & UFormula
1L, 1212R 3%, 2 2 TIRP= 1 —pOZMEIT - TV 3 05, REMKD T/ tL O KEH D& 1k, Formula
I BWLTP=pk FhiF, ARk L CHEBMOMEEEpZRD 2 Z L3 TE 2, LT, 2 200HOMER
VebVpid & 21, PLphAU 1ROA—5— (P=1—-p& 723P=p) THY, A—ick2DT, VpExkK
DB7wITVek A PTEIZEROLE T,

¥ 7z, Fig. 7 1558, WEGEMEEFER ORI & A3, EERPERG S L CHESGEEE OHEEE O
B E R,

Z DFER, BHREEEsSERAE L B CHBGELTFERET 2050 BHS LI TE %,

UL, RRE A OBEF RIS L/ th D & 5 WHEMEE & 3B OBEBEEEETFORBREEZHS 22T 3
Tz iz, BERBEIC & > THSWF SR OEERRBBEDO B LT > CTFLRRCBY 2EBRFE DS
BERBLEWBIR T 2L ENH S, O, HMEMMEOER, KBSEHERTEROE#EIFETHE, FR
R TOERR, JHEME OB I3F, KRNEEOFE (TL/th) THEERESEL S (%ﬁﬁﬁﬁf@ﬁibi%ﬁ
LI DB SHET D) 55, B OFE (TL/IL) Ti33: 173 (Fig. 2 DRIID 2 WIRERF)), EEIC
i, Mg B (THOEMRF) S L, FIRR I IR, BBGLREG T 2 HKE$ CHRAE T 28 (T1/
tL) PHES L CHREREEICHET 2 2 DORBEEREFERET 20 (TL/th) bEFh T3,
A& QS (Th/L) B BF.RRTOESR, FEBRPE O M bi@%&’z‘ﬁé’ﬁf@%bi‘%ﬁ%ﬁ; Dz
%, BEOMEE(TL/th) BT 5 Z DS 2 DOMBGES & VEEREE TEORTIEF HE L 2 »R D
Ho Tl w, BETL/ LOFRRTONHLD o733 LA IIBELVHEbDEEZ SRS,
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=] 100 -

g [ i 3
2 _ : B 5
& F : 5
L : 2w
g < 80 | : y % 2
2z 4% : - 100" £ 55
] ‘§ M = : B & o
TE % ; . v og g
S 2o : Jo 57
EEW 60 - : X P 2 E
£ = B a Ve 4 [0:1) 8 z)
EEE l<fmag o weSiwl) ] BE
o = (7 : “A’{%ﬁ» . 4 w SE
el Lz, e L3 2
SZ2m 40 L 4 50 T 5
q‘e (e} §E /.\ % ) '@
5L e #23
S 5 fE - /-/ \-\ e = 2 g4
§§E§ T AR
S g 20 b ESEEGK (LML) N # g8
DO Lethal individuals 4 D &P
§ # : Hoed
s HE : J ;% =
é L 1 L 1 L 1 n 1 1 1 J 0 E g

00 01 02 03 04 05 04 03 02 01 00
tHE 1888 (TL/t) THRE# (Th/IL)
Coupling %ﬁ}ﬁ%{ﬂﬁ Repulsion

Recombination value

Fig. 7. MBSUEET2HEE T 2@ ((L/t,) L E$EBER I b 2158, BEE#E
EFE~NTOCETAEE (TL/Hh 723 TL/ L) ORERRCBIT S
B, $HRBEES & CBELEEOHHERE & Hl o B R
Relation among relative frequencies of dominant, recessive types and embry-
onic lethal individuals and corresponding recombination values of dominant
marker-(7) and embryonic lethal gene (/) loci in the progenies from the
crossing between the individual tested (£L/#]) and the tetser individual (7L/
th, or T}/tL) with linkage of T and /

. RFICH T2 ERER

ZOETE, 1ETHUERREFEZAAL LEBGEEZTFORBFHEICL D, EBICZ OFELHER
Ll—EOERBER L 2 OMIRERE E LT,

AF L, $HERECEHED 2 0 EIHEOERZORIABEC DLW IHEDERVH D, i, ERERY
PRENZEAED LS CHHERHICB O THRET 2ERBELHO N TW S, Zh s OBGHAPLEETFORE
b, FEUCL S I FY AF IO TORERORELK, %< OWEMTON, FELEFBEFRZIUDEL
THEED Z2EBEVLRFINT VD, HF, ERAFEIREHERL T AV FA LaeilcInid, oK
KBUHERBOEBRMEE LT, AFRIBRLEELZLOTH S, Fig, BHFOMUTY V) 2368
THDIL®, MOBBEICHRILK, DERBEGTHEILLZOEEREREDH T35,

BB HIz>TiE, kK, BEERECHOVONTE 2 %kE & big, TE, SEOMEH#ETC b F]
& T 2 AKAIKE? DfEFRERINE (AIC) 20FH L 7o WMIBIETIC X 2 RBEEEOSREL A 7 VO
DFEANZ L1285 b O ELD HE L 2RER, WHOIHEEEDORE L Vb, 1900512 PEARSONIZ &
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S TR SN HETHZ LI TREY, LirL, 2OBBAEHL->THEELbLVALD S, ZOVE
2l OB, REMSED THETR) BCEBSEREINTbD LT 50, ThiMERHRERDIL
B s BATUBELWHTTIRZ V. 851, BHESxMEdb SRR Shd (WREOL T
ERAESER XN D) BERSK ZLHAIC LN D 529, Zh b ORI, BEREKERS B CRELTL
LEELZBbOTRAEV. L, BETOEHEMMT G THTbh TR KR E R &3 255
Y, DEEEESDD RO LB HIR S BERICETE I OBBESELH Y, BETELVWERIC R F 5,

ZHhR LAICI, #ERITb A T & I RGIRE ORE R £ 7LV TOMIL & » S BREABS 0S5 L 52 TE
D, ZOMRBE X 2HRS T TREREATFTE L ORRPERE LB/ 05179, BE¥OSHTCOBESED
REKCD, ZOAICHLDVEMERZBELT TEHEINTHLE59,

1. AMEIC L 3EBOLHEETORE

ZEEE, IVAFLESIVAFOEBBLUESIVAFOERTES NI RIOBEEOHMEIC X -
T, ZOFHEEHL P LEBIREBZEEEF IOV TE LD,

(1 A1/ (S) K% (Fig.1 ARFD

1) A¥{EE - I VAXOHGE

B L U HE

HEORU 2B b DIV AF IEEREOV LOTHY, Z0HHR 1 BoBMERLETIC L - THEL
ENLZEDBHLPIZENT WD &, COEBTHRLLI VAT IBETN 24 L 24 0BMETE~T
TTHRELTB D, MEETOBE#EBMRIC OV TR TH S ) EEZ SN TV LW B0 I VEBEFB LU
SHOBUERETFEFNFNTB LI dw 5L, ZOIVAFOBEFEET/t - Dw/dw:Fb¥ 2,

RS e

Photo. 2. BVAF X I FYXFB)OXETH/SNIzIV
HIF B (No. 5 ) O BFER R CTHEE L 72 MEEE
(& | EgR-FHAEE A 2 VE-FBEEE
Sl : Segregating dwarf type individuals in the selfed
Photo. 1.2V AF & LK u—r OHERRE progenies of twisted F, individual No5 derived
Twisted leaf-form of Yore-sugi from Yore-sugi X Midori-sugi(5)
(Left: Normal dwarf Right: Twisted dwarf)

1978FEDE, WUEZI DIV AENBEEROBME OV L DL L TEMI N T I XM EBEER
BEE (B 4YEETEMRB) T, ZOBBYRV) VBRI, 1979 3 HICEERITo . [
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H£10H, AL CEREAENL, RRCHERBREOF 7 AZERNTT 7Y bRy FBETFEZE EDOU 7,
FBEEF W & 2RBPE O MRE IFER LR ABCITY, 4 D00XRBM, 3 VA - JEEkE, V8-
Bk, EER - JEEMES L UERE - BEOMBEBRAIL 2, ki, oL EEEETE, FREHOKE
LT EOFEOLOEELLBARLDD, Zho kD20 TRIVELIEFEMLOBANIHETH > 12,
FORD, IASTREIVE, EHRHIZOLTETHO % 3 BHSMERGE L L, JlcEBoszTsRkL
720

%5, Photo. 1123V AFDSERE%R, %72, Photo. 2ICIVAFORET 25U OBUEEBTFIC X
STHBRU BN BT %3 VB L ERREOSMERT (72721, Photo 2133 VAFX I FY AF()
OF, 2 VEEE (T/t+ Dw/dw) OBEBERRTHEEL LBESOEHEERALR),

BRBLUEE

Table 812, IVAFOHFEC &> THSNTHESE 1 RKROYE BT 5 3 VA, IEHE, FEEMER
W L UCEREROSRRA R T,

Table 8. IVAFXFOBEMEERICBY 3R{EXBFROSEIRIN & I X AREFR

Segregation of each phenotype and x? test in the selfed progenies
of Yore-sugi (twisted leaf-form sugi

ERFg: U] EHER AL
Twisted type Normal type %Eﬁﬁfﬁf P FIFER (%) )
JEEM B M EEH B M .. wart 2 B Germination percent Note)
Normal- Dwarf Normal- Dwarf (FFHCESF) - Total x2 x?2 x? x2
height height (Exclude from total) oR T ° -
432 76 76 19 (20) 603 18.5 58.96** 27.48** 27.48** 3.98*

) ZSGR, T, DB L ULz hEhad, 3 vE DIEER, RN | BES L UCEHO e Ry 72, **
BIUEERETNR1%, SUKETERETHLILETT,

Note) Marks GR, T, D and L mean the whole, twisted vs. normal, normal-height vs. dwarf and
linkage of x? value, respectively. And, ** and * denote significant at 19 and 5% level, respective-
ly.

4 O ORFEBOBHRI, HS»EEO 3 VS L UHEOREERE TS A V7TV O/ OERIC LT
BIHQLRHBERVBERIEIE > TS, ZORRIRES»RRE L LI, IVAFBIERDI V
BETFOMNEBFOEFCRESLEEFEREL TV IO EEZLONDD, EFEOxMELEETH B
DT UL YRET D v, £ 2T, JEF, SO A s Tu 2 RtEREREAICEEZ 5N
2V OPOETVIGERLT, BBEXETNVERBT 2RI,

BELIZETNVRRDS5 DTH 5,

9, B 1 GHEFET, dwiliGE#EZEEL 1356 T, SRBBOHFHERIC EBE 2K D 5 72dic
Eboh2XedHTiz,

$23, BEFET, dwiEEBR RV, KRTEZ S NIRRT SEEREEOLFTE
BUEICHARTHLZET2ETVTH L, ZOHA, FERABOMFERIIROL I LTRET 5 L
T&5%, 37, BUESHOEFENCHT 2BHROKRANOLD, ZOBEORONIHERErLT 5, —7, 3V,
ERE OB SN 5 PRI DV TIEA Y T VORI OEINC Lt 5T, TRENY | TOHENEH S
NHELDOET D, 25T 5L, PIZIET VASEBEMORBRERIZ-S (1 -1 L k5,

BIDETNE, BIOETNVEE2OETVEHELILOT, BETET, dwlICEFHIFED SN,
o, BUHEEEOERENIPELLTE2bDTHS, ZOL EFRFABOIFRERIRDOLS>CLTKD 2



Table 9. FVAFOHBEERCBT 2nm 2. FADE 7 0 BT 2 EFKAE O ora .y FIREEB L VAICL |m

Segregation of twisted leaf-form vs. normal and of normal-height vs. dwarf, and expected probabilities, frequencies, and A:C values in each genetic

— 91—

model from the selfed progenies of Yore-sugi (twisted leaf-form sugi)

o = 3 VRN ERSOt: 3k IEE RSN IEH BB 22
BELET NV FHRA Twi 8 ; . x2®
H wist normal-height Twist dwarf Normal normal-height Normal dwarf AIC
Supposed genetic model Phenotype T. Dw. T. dwdw # Duw, i dwdw [df)
EE 4 a b c d
Observed number 432 76 76 19
o a b c d
ﬁ]%‘g@f;b}{Tﬂz” el o o " = L 05 s
-restrictive m L0500
& or-resitictive mode (432.0) (76.0) (76.0) (19.0)
R
9 3 3 1
= BET Tdwds A > 7 VOB OERICHE > 70 2 2 2 L il 58.96++
T independent of dw by Mendel’s law of independence 16 16 16 16 Lodade [3)
'E‘R 339.19 113.06 113.06 37.69
$ TNV 1 1 _ 1 1
Q@ BETFT, dwiCERERELIET L —(2+P) —(1-P) TP —P 1.106.48 48.10--
Model No 1 4 4 4 » 106 [2]
% A model with linkage between 7" and dw genes 355.35 96.90 96.90 53.85
rJ ®7
= ;ﬁE%T dw BT 72D dwdw R EREOEE NS S & 3 3 1 1
ps} LEEFN =(1-1) =r —(1-1) —r 1 082,99 28.57--
3 Model No2 ) 4 4 4 L e (2]
3% A model with 7 independent of dw and with lower 381.0 71.25 127.0 23.75
Q viability in recessive homozygote for dwarf gene dw
7
LH& gEfT dwiEERBEL, 2, dwdwkE@EO 1 1
EFEINL D L LIET Y —@+P) A1) (1-p)r —(1-P)1-1) Pr . 22.84-+
o Model No3 61.07 3 33,93 1,078.10 i2]
k\?J\ A model with linkage between T and dw genes and 399.15 . 108.85 99 4
with lower viability of recessive homo. for dwarf gene
ﬁ-’H( dw
% EFNVA4
i~ ﬁ%g%}g{uﬁgilﬁ%gghﬁr?To)ﬂﬁﬁfi%t@ﬁ% 1 1 1 1
N o4 TETN = = —(1— Jairg 57e»
P Model N 1 2+P) 12(2+P;) 1 (1-P) (1-P) 1.082.99 28L'Z)'J?
) A model with T independent of dw and with linkage 381.0 127.0 71.25 23.75
~ between ¢ and embryonic lethal ! genes in coupling
£ phase
T< EFN
Jﬁffd‘ 7, dw bii?d L& U CRET T O ISLRIG T DR
uﬁii&ﬁ’])ﬁ?? FEEL, 50, dwdwh TEEOELFS 1 1 1 1
N €T IV — —(1— — —(1— SHQNS
M?dﬁ%lu%l/ 7 ?(2+P,)(1*r) 3 @2+P)r 3(l P)(1-1) 3(1 P)r 1.054.61 lff]Q
A model with 7 independent of dw and with linkage 427 .97 80.03 80.03 14.97

between ¢ and embryonic lethal / genes in coupling
phase and with lower viability of recessive homo. for
dwarf gene dwdw

1) EHET. Dw., T. dwdw, it Dw. B X Utt dwdw DB S W BHEEE ZNTNPn, Pn, PRBLUPLET B EE, PrtPrtPr+Pr=1 i &MFEMnrT L5 L TRAKESEH L BEDET NV, 221, n=atbtct
dTH 5 (FHH1979),
A model of maximum likelihood estimated under the following conditions: Pr,+ Pr,+ Pr;+ Pr,= 1 where each Pr,Pr, Pr, and Py, correspond to the probabilities of phenotypic frequency for a, T. Dw.; b, T, dwdw; c,
#Dw., ; d, ttdwdw; where the total observed number, n—a+b+c+d.

2) fED* * FEEAE 1% THETHLZ 2R, NSBEETLEWLILERT, £, df] QEHETHE,

Mark of x2 * * and NS mean significant at 1% level and not-significant, respectively, and [df] means degree of freedom.
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ZENTE D, BETET, dwllCEFHBRSEEL b, FBEEL L UBEHORRREREI VR LIE
BEHEBETENTNS BEIV L ThHB, LIhS>T, i, BEEOBSNIRERrre TR, HliEs
VEBEBE R O 5 h B FER A IE L & X OMIFRERL (2 +P) 05 b, FEEMEEICH T 2 9 VRO
e {Le+p |/ (3) LHEBHEOBONARE(L — ) LOME L TEbT I LN TEB, T hbb,
3 VEEBE ORI 5 (2 +P) (1 —1) Th 5, ik, EXNBBEMEE PO 5, BHHCNT 3
ExBofs (L) /(§) catitoss na R L oML 5 3,

H43, BETET, wEGE#EHBRE VY, TOMIBETOEGECHEBELREFINERET S L
IBETHB, ZOLE, BETET, [FHOMBMEP L XE T, Table 2WRLIzE S, FVE,
ERROBS A HHRE TN ThE(2+P), (1 —P) L% 3, —7, HEMS L CBEE IR A > 7L
DHLOHEANC L1285 T, FRENS  SORETHONS b D LT 2 L SEHAMOHIFRER IRER DR
BEBIC L > TEDH I LB TE B,

B, BADETNVEFE20ETVERHEGLLBDTH S, T48bb, TONILEETFIORFECHERE
BEFE-EL, v, BESEEEOEFENNEBREEICHRTE LT I2ETNTH L, ERBFB OB
WBEOREHEL, BEEOBONIHEEEEA TN, EEEBSIUBREZEAZTH(1 —1) [ rOET
BoNZDT, BIDEF NV ERMICED B Z LHBTE 5,

INSDOETNVOMIZ, FVBIUBEEHREFS A VT VOMTIOEINI LIS Db 3H1K
DBEVETAMEMZ, ThZEROETVIKRLEEHEA L, Table 9z, HBELLETAVI LI, &K
BREOHSHERE L UBRLEOBRABCEHR SN IAICL FEXRAMOMFHEE 2R3, £k, 50, HEL L
EFVCHEB L3 DODT A—FP, PBLUrROTh LML TH S, 20Ok, TATOEFALEREL,
B—D185 A= Thhif, ZOREHEBE LB BETVOER 2D ST, R ZRICHER b 2,
L L, EF L3OV bir & & H, €71 1 DFRERRRER > T, SRS DEEEHT 5 720DR % Formula
13~181Z7RT#,

AICI & 2 HFRER I, BAS 21 T & dw & 3N CEE T ORI CHEBBLEE T SEEL, 0, Bk
TREROEGHPIEBERHICHRTE L ETL2ET AV DBERENZ D THo I, Lpd, ZOEED
BRBB OMRHAE b ERBOTE V.

ETNI~SEBI S 3 D07 XA —FP, PBEXUrD
BAUHEEME & 2 008 ERD 5
Formulas of calculating the maximum likelihood esimates
and their variances of 3 parareters P, P, and r in Model Nol1~5
€51, 3 (Model Nol and No3)
_(@a—2b—2c—d) + V(a—2b—2c—d)*+ 8nd

= - - - e (Formula 13)
2n

711 (Model Nol)
_2P(2+P)(1-P)
"7 (1+2Pn
£V 3 (Model No3)
_ P(2+P)(1-P)
(P+21r)n
E7FN4, 5 (Model No4 and No.5)

p _latbo2em2d) (Formula 15)
n

............................................ (Formula 14)

Vp S e (Formula 14-2)



AFICB 5 HBEERETFOREECET 2% (FiE) —23—

PV, :LPL)H(I__LI) ................................................ (Formula 16)

EFNV2, 3, 5 (Model No2, No3 and No5)

SR — Formula 17
Vr = r( 1n7r) ............................................................ (Formula 18)

2720,

But, n=a+b+c+d

22, a, b, cBIUdiFENENKRRAT. Dw., T, dwdw,

it Dw. BX W #t dwdw DEFEERT,

Where, a, b, ¢ and d denote the observed numbers of T, Dw,, T,
dwdw, tt Dw, and # dwdw in phenotypes, respectively.

Lo T, IVAFPEED I VEBEFONIIEEFIOLEECHEBFEREF 2T e TREL TS Z
LRI DEEZOND, £, ORIV, BBFTHEELR TEMOHEEMIZ, EHEL D
260 IV LIERROBES X VBT ERO BRI VR L EERORERS? S, ZhEh27.4£3.06
%3 L U25.843.20% Ch o7, Tef2L, B2, BEIDHHVRES DX TNV THALL, BEHEEOLR
NDFEBRBEHCHNRTE L LT HRECDOVTE, IABRLCBEERICL 200D, HBWLIERFID
MEGEEETOEEC L2500, 5%, S5TRFORMSBH 2,

B, BUEHIEEE QoEE) % £FBH RS (76 -+ 19ME&) OHE THABS L TR 1-MES MK
(Z DK, aVEEEEB L UCEFEEESIXZAZTNI2, 23@HE22) 2AVWIEHTYL, ETALH0
AICHRNTH -7z, ZOHE, IV, BEEREETEMOMEEMIZ27.7£3.04% & %5 72,

2) AXHEE - BEIVAF OB

MRS X U

HEAX VEEREOV L OTHY, FErSHECHEOHF EIFEALZ L L HEHBRET 5, ZOBHR
TEHOMITE C & > GRET 32 2 EBHLMICE N TV 3D, T4bs, HRICESAF 2AL, EREHICE
BOAFXBRACTRARORRTRE, BBULBEBOAF LFEU & 2 REFIZZ 20T, ElOX
FRESAFOER EXEL 2RRORR T, ORULEBEEAF DI A Sicixd, £, HEAFOH
FETIE. RRORRBIRNTESAFDIA Wb, IVAFLZOBRSEAFORETHSNIF.RROD
L ERI3EE T v EFRITh, BESHEOV & & L T BRERMIICA B S S G £ a Rty
B) wEEshTw 5,
1978F-E, WHABES CIOEESIVOI7u—r IRV Y YAEEL, R1979EH, BEETT- 7
EFI0H, BRBALLHELENL, BonEFEHEL Ik, RACKERRBON S AETTI Y bR
v FiZE ED0F 7, 19804FF, HFLLSKROIVE, ERMNEOSERELIT- 2,

—7, BREEHIL 721979108 K SR ERB O r o S LR L0, MESBSROS LKICELD
iz, BI980EHE, O3 UAEEZEMIKE 2L L—REHH, BH L LOB1981FEE, ERE30mD KRR
KB AEE, ZoBKCY_v) VUEEHL, F1982EE, HERBBDO 7 74 0 v ETHMES
To72, FIFL0A, FEALZEREEFWL, AiEECLDCLTRARETFR2 L&D, ZOS, KRB
7539 VA, [EFRREOSEREEIRINIEOE L HIITo T,
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Photo.3. #H&IVAFOBMERRTHEML -3 VR L EERORSE
(ZVAXOREEVIEEL> SHBT )
Segregating twisted leaf-form and normal type in the
selfed progenies of Wogen-yore sugi
(Twisted leaf-form is revealed from primary leaves)

Photo. 3z, HEIVAFOHBERRACBVISHLBEOE2ET 33 VA EXBOMBOEES
R,

ERBLUEE

Table 102, 1979F L 1982F I HE IV 7 u— Y OHBETH S Wz 3 VE L EFE B OSBEEEE R T,
ZORRLIVAFOHEDBE L AR I VEIOBEFREDSEECS {, I VEETONIDERERTFOEHE
RBFCRIETVERT2b0EEL N5,

ZOELIVIZIVAF ERED, FHOBMNRETEREL T, 2Oy, Ffiok>ET
NWEBELTAICEEAT 2 L v HERERT &SR0, £EOEERENS 2 Lo B BRI bR
BRODIED LEZB I L IFYTIRY, 77, THSTERDBEERROT T M 53 HTRER
CHEAFX DI A S TH- Tz, Bz, 1979FEOKETT > LANHKREES I, BCESAFIZ 2R
FHAC B ARED I AEEZShZV, LrbBOMTHRRE L3z, ZOBABERREDI VEREKIZSY
ZERCTROSBRIIES IV HIHEESEREFERAT 2 LIREL BT L L SBE L, ZhoDZ L
5, ZOWEIVS I VERETORERY 2 HEREE ECMBELRET £ A5 E#HTRET 2 J L8 HEE
TH5,

Ll, ZOMBEEREGTFOERET ZREFRIHESAXCHEKTZ20THY, ZORBFEEGTHI LV
AXOBRETZLOLRECHDD, HEVIED OOV TIEBEETII AV, Table 1112, Z0#¥& I
VEIVAXOEERRICB T 53 VE L EFEMOSBEGR LTI, RREB WD, ThETho
FEESRE T 2 BEGEHEEG T OMIIR I Z B S D TEE LV,

%%, Table L0DTFERDSIMFEAS (2 LA 185, EHE 21) »o®ELEI LIBT3 3L, KEGHERE
FEEHE Ol 2 Formula 1~ 412k > TEHT 3 £16.7+3.80% & k-7,
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Table 10. #&IVAFOEEBRRICBIT S I VE L IEEREGED B
Segregation of twisted leaf-form vs. normal from the selfed
progenies of Wogon (spring yellowish needles)-yore sugi

~ TR Fe2pgy VR ERE L . s 2
Elﬁ%fa?fﬁ Number of Germination  Twisted Normal ’IE] tzi—l x
seeds sown percent type type 0

19794F 180041 10.0% 78 7 85 90 6**

Vi — 71 9 8 ’
19824F 6115%1 0.81% 33 5 38

Y — 3 0 3} 3.58
N
?Ot;f 185 21 206 24.1%*

1) FHFRZOSBFRELENCHIEL 2EEEr S THE L 2.
Germination percent is calculated including dead individuals before investiga-
tion of segregation.

2) IVl ERBOSBELE3 1 LD xE, **IEBEKEIN TERETHSL S
E®RIRT,
x? value correspond to the segregating ratio 3 : 1 of twisted vs. normal types,
and ** means significant at 19 level.

Table 11. FVAF L EE IV AXDI9I8FIAT-> L IEHREIC BT 2 BROSH
Segregation of twisted leaf-form vs. normal from the reciprocally crossed
progenies of Yore-sugi and Wogon-yore sugi in 1983

-~ BRI FeEFEY vl EEH -
o Pa P 2 2)
xﬁﬂ%ﬁm ;i Number of Germination Twisted Normal & &t x
Combination Total
seeds sown percent type type
I XELEILV 2901 o
Yore X Wogon-yore 2338%% 1.32% 24 5 29 0.931
#Earxay o o
Wogon-yore X Yore 71447 0.98% 5 2 7 0.048
& &t 29 7 36 0.593
Total :

1), 2) Table 100 1), 2) IZFELC,
See 1) , 2) of Table 10, respectively.

(2) amEE21 (S,) KR (Fig. 1 BRH)

kB & Uh %

19794EDHEEIVAF OB TE S NS KR S, I LD S ORI100/E % HEL L L CHEE LI,
1981 H, i s DEEIc YRV Y VB O, F19824HE, BENOBEHETY, RIFEK, WBEL 7Bk
R 1z, FFI12H, SEFENCESNIETFEMERBBOL I AETE EDU 2, ZOSKRKE
% avil, ERANEOSHAEIZINEDE L BEIXiTo o, &8, SHIL0EKRD > 5, $I30EEL S 13
FOFEWMTE o7, &7, ETHFNTELLDTHREETIIHES T > Bohkr T,
TR (AIC) 12 X 2B

ZZTKRDIAICIHIRD & D e B k> THIEL 12,
HEIVAFOEBRRR BT 2REFEOHIZI VR L EHRMZTTH B0, IhsoEEHE=
HRMIZ LIS O MERERTH S, LicdSo T, BATEXZ 7 A—FHITEL 1ATHY, BHTEBZAIC
&, v, EEBOEEED A TNV OBTIOEINC Lo 3 HEDAIC (AICy) Ewb®AHHID R V»E
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FLDAIC (AIC,) D2 DOUbkv, Lnl, KL VAFIIE OGRS o FEGEREFE~TuTL
HHEMD I VEGETF LS ERETRAET A TL/UTH S Z e osfishTws (22w, T, l3Zh%Fh
B3 VEET, BKBEEETFETT), Z07H, BHERR (S) 03 VEEEOEEZ TR, TL/T.,
TL/H, TI/ILBEOTL/HLOWThH»TH b, 22T, IVREEGTL/ T2 o 3 BOBETREK
OEBR (S,) TiEI VA EEAEESSEEL, KRBT IS OMFEERZhTho@ET
Table 120 & 5k %,

Table 12. {BMRTL/H, TI/HLB XU TL/ILOBREHER B T3 ML
IEHE A {EE O HAREEE
Expected probabilities of twisted and normal types in the
selfed progenies of individuals, 7L/#, T!/tL and TL/tL

HBEFE ER%Si!] EHER

Genotype Twisted type Normal type
L/ T2+ (1=p) (1-p)] 511 —(1-p)(1-py)]
/1L (2 +pipa) +(1—pipa)

3 1
TL/tL vy T
) ;B X Up.RZ 2N, BB % 3 v, MBGEEE T EEM O iR

iz =g,

Note) “p,”, “p.” denote the recombination values between T and [
gene loci in egg and pollen, respectively.

B, B35 a3y, BBCLED FREMO 2 Enofilip, p.c KEMNEL, IOfE%2pe LT/ ¥
RT A MY 22T, SRR B 5 2N EhORBEBEELEDE 2 5 Wik, SIEEOREZETFES
TL/U %7203 TI/HLTH BEOAICCEEEFRTL/ B L UTI/ILC B 5 AICE 2 ENAIC,, AIC k¥
%) 2EHT A enTESY, 2LC, FAFROAICEFormula 19~22I2 £ > TRD SN B,

S, KRB %3 VE L EEROSBERED S EHROELRFREZHET 5 7-HDAIC
AIC for judgments of genotype of S; individuals with observed numbers of twisted
and normal types in S, progenies derived from selfing of S, individuals

AICy=(—2)Ly, Ly=a log. (%) +b loge (%) """"""""""""""" (Formula 19)

AIC. =(—2)L,, Le=a loge {%( 2 +P) } +b log. {%( 1—P)} (Formula 20)
7272L, P=(1-p)?3 p=0.167
But,

AIC, = (— 2) La, Le=a loge { (2 +P) } +b loge {5(1—P) } (Formula 21)
7z72L, P=p% p=0.167
But,

AIC, = (= 2)Lo+ 2, Lo=a loge(2) +b loge () reereseessssssneeeee (Formula 22)
7272L, n=a+b
But,

22, a, bEZNZNS,KRICBI %3 VE L EEROSEBEGEEEZRT,
Where, a and b denote observed numbers of twisted and normal types in S, progenies.
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5B, EBROBNTiEdp=0.167& LTAIC,, AICx¥HML 7z, ZDfHEF, Table 10CRL7-EEI VA
FOERFRRCBI2 I VR FEHBEOSEER» SEHESNZbDTH 5,

RRB L UER

S, TISRMKI B0 % F2E L 2 1S DS RROBHEOER % & TR 2B &I Vv A X OAMERKE
b TTable 13107 d, %7z, 1EFETLS,2RF L7, INTOSMEEOBMIcET 5 I VE, IEF
B O BERG % “HEE a0 v + 2#A L 72K TFig. 81T7” 9,

Table 13. E£IVAXOHESD & US, KRUMBEEOMEER BRI X 2BAROSH &
AICIZ & 2 EETFAVHIE ORISR
Segregation of twisted leaf-form and normal types from the selfed progenies
of Wogon-yore sugi and of 14 individuals in S, family, and analyses of genotypes by AIC

BHEE R ERE o # M

S.No Germination Twist Normal Total SCEregation .z ajc 2 Ajc 9 AIG AIC,®
percent (%) a b n ratio -
ﬁﬁi;?ﬁﬁ 10.0 149 6 1659 9.3 20.6** 130.09 105.11 152.76 107.06
g 0.8 36 5 417 7.2 3.58  34.58 30.57 39.46 32.40
Wogon-yore —_—
&3F Total 185 21 206 8.8  24.1"* 164.67 135.68 192.23 137.68
86 8.7 119 0 119 — 397t
90 8.6 27 0 27 — 9.00*
56 12.8 133 16 149 8.3  16.2** 120.88 101.67 140.23 103.62
16 2.2 74 13 87 5.7 4.69* 78.62 75.27 87.26 75.38
57 6.0 69 14 83 4.9 2.93 7852 78.76 85.60 77.33
93 3.8 50 8 58 6.2 3.89" 50.95 47.28 57.19 48.54
79 5.0 44 5 49 8.8 5.72¢ 39.18 32.30 45.73 34.30
2 7.4 36 3 39 12.0 6.23* 29.03 21.44 34.96 23.15
91 1.9 31 4 35 7.8 3.44  28.93 24.93 33.30 26.88
75 2.9 21 4 25 5.2 1.08 23.17 22.78 25.46 23.98
99 5.5 12 6 18 2.0 0.667 23.54 29.97 22.92 24.91
2% 2.6 2 12 54 35 0.222 57.44 63.82 59.94 59.21
2 2.1 18 5 23 3.6 0.130 24.22 26.70 25.37 26.08
21 1.1 14 4 18 3.5 0.074 19.14 21.27 19.98 21.07

1) 3V D IEEROSEIE3 11 UEOxYE, *, W EZNLThEEKES R, 1 % TEETHL I LERT,
x? corrgsplond to 3 . 1 of segregation ratio in twist vs. normal, and *, ** mean significant at 5% and 19 level,
respectively.

)s 35) BLU4) SHEEFREEEINENTL/L, TL/HB X CTI/ILE LIizEDAIC, T s id, JH (Formula
19), (Formula 20), (Formula 21) k> T8 ING, 25, 3), 4) T £0.167L U CGHEL /=,
AIC of zygotes genotype TL/tL, TL/tl and TI/tL in S, calculated by (Formula 19) , (Formula 20) and

(Formula 21) , respectively, where recombination value correspond to 0.167 in 3) |, 4) .

5) LLYWBIHIKDLWETNCEIF SAICT, (Formula 22) k> TEHHEINDS, &8, Ih5DAICDHS bR/
fE% TR TRLI,
AIC which is called in non-restrictive model, and is calculated by (Formula 22). AIC values with under-line
mean the minimum AIC among 4 models for respective S, families.

6), 7) ZNETNIIIE, 192FEDHBEHRTDH 5,

These were results of selfing in 1979 and 1982, respectively.

2

S, DFEHFLRILARMICBOISHELOE SO EIcA SRS LD 1E, BEGERETCOWTS,HAKOERET
BIC X 208EBE->TWE LI CEbNRS, 2T, S;KRODERRE, & i EREREAICEAHVT, 2
VREE 2 R (AFN86, 90) EER S 12fEDS i oW TEEFHEZHE L7, 0OER, S, HEENSS,
16, 57, 93, 79, 24, 913 X U75IX TL/HOMF IR, FU 99 TV/(LOMKE 72 & Nc25, 26, 213 TL/IL
THBFEET T2 bl nb D EHES I,

Formula 9,102 & »,S,OBEGEFRAIEEE» & 3 v, RBGUHER G FREB OMBRM 2 EH T % £26.5+
10.12% &2 2, IBOBEESIVAFOHB TR ONLS, KRB 2 3 VA, EFEEK»>EH L iR
flfii316.7+3.80% TH o 7zo AL 728 KA DMEAKE & S EEROBEFRHEHET 2 DAV LSKROD
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HEEEHSD LI HEREDH 2, BEORBREPOTNLMERE2ERIL2EZ L, BV
AFIZF I VEEF S EEHTHRBREETFIREEIN TV S L 2SS EETHSBER» DO 120
THEIEL b D EEZ BN D,

S5, FEBOBBETEERTL/HEHEEL, ZOBBERR (SRR » o BERFEAEGE L RIRL CHE
FERAT - IR OS, KRB 2 BHERBR L HERBROEFROLOY S 2 v—va v &2{To7, ZOF
BEEBEOT— LWL T, Fig 9IRTH, YIalv—yavOREREEBOTF -5 t oMtz L v
Ezo605%,
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'cé HE (TI/tL)
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2 9 s S
o} .- N ) |
oo Ze 21 5 910y
. T
'{/:[— 90 86
o —w, e A .

b 12 22 32 42 52 g2 72 gz g2 192 112 122 132

3 VB Ok
Observed number of twisted type

Fig. 8. H&IVAXFOHME 1M (S) KROEUERHEAEEOFHHEICBIT S
#BR(S) @3 VEE X CIEEEEE OSBRI
(28, BPOBEFIXIEELU LOS,KADE S 7S, OFEES 2RT)
Segregation of twisted leaf-form and normal types in the re-selfed
progenies(S;) of 52 dominant phenotype individuals(S,) derived from
the selfing of Wogon-yore sugi
(The numbers in Fig. denote the numbers of S, individuals

whose S, individuals was more than 17)



Relative frequency Frequency Relative frequency

A FICBYT 5 EBEERET OREEICE T 2515 () —29—

HETFH B % FHE 5 #

Genotype Counted individual Mean Variance

t L T ™ o 1
o} 7 :

; ; Ti/tL 19 2.3 0.35
. E —] § TL/H 138 6.9 14.28
oL M —
D MEEME 0.25 & 194 57 13.78
. 20%— ‘Recombination value Total . ;
I . ! :
% 0~ I ! :
3 ‘ : KEOEBHR ; :
% [ i Actual experimental data;
mo| : :
5 - .
oL .
: ERIE0.30  mpmrm & om VM 4 M
# 20 Recombination value Genotype Counted individual Mean Variance
xf ] &t 207 4.5 4.76
znr Total 5 :
0L : : . 5 ;
. !__i—J_‘—i_\_TLL/ﬂ 131 5.4 4.50
ol . . f —

E ,:J—L_W__L_ TL/L 48 3.3 1.79
0 , ' —_— |

L 1 i 1 L j
o 3 6 9 12 15

RT (EMZRAEEE 5 R E G

(The number of dominant type/The number of recessive type)

Fig. 9. EHBIRIC b 2158, BBFEETFE2~7T O ZET 5 MEE (TL/t) O BHERR?
O EERRAEER (TL/T., TL/tl, TI/tL, TL/tL) »ZR> L CHBEE
T2 REDS, KRN B 2 BB L CHERFARMBEEKOL (RT) 08/

VI al—va ERYEEBROEBRERY & O
Comparison between computer simulation results® and actual experimental
data® of the distribution of ratio (RT =the number of dominant type/the
number of recessive type) in S, from the re-selfed progenies® after
selecting® dominant phenotype in S, derived from the selfing? of an
idividual (7L/#) with linkage® of a dominant marker-(7")and an embryonic
lethal gene(/) loci
1) BETET, [MOHEZMIZ0.2550.30I2 D0 T{T> 7,
Recombination value between T and [ loci are supposed to be 0.25 or 0.30.

2) S\FKAORHEDOEHEM 3125+ 10fEE & L7



%H,
FhOEREH S, Formula 1,

ZOFTIE, IVAFL I FYXXGDORETESALFFROBMEB LFZOFKRE I FYRFE)E
DREKAG, 25CHEMIT o—Y L IVAFORES L U2 OFKROHHK X - (TEBGERE T Ot
ERALBERCOVTE LD, —HICHBOERFEREEATW S, BRI > TfTbhiza v ¥
ORET 2EMO I VEGT FEREGET L L ALK, 5 ERSBIBE N 5 o, KEITH W TR

MAEBERE $85

The number of individuals in mass of S, progenies is supposed to be 125+10.

3) EHEFRRBOBRREEEIIZ0E LT,

The number of selecting individuals of dominant phenotype is supposed to be 30.

4) EYFRFEEBII60E5[E L Lz,

Mean number of germinated individuals is supposed to be 60=£5.

5) ¥IaVv—vya yRFHSK10ETY, Zhe OFFHERERL
Number of executed simulation is 10 times independently, and the total of all results
is denoted.

6) EEERIII VAT 2EEER S, KR L2MEEDT—2 (Table 13),
Result of actual experimental data (Table 13) denotes 12 individuals in S, progenies
except 2 dominant homozygotes.

& Eifimate 1 ‘ . .
Selfi%gﬁo? Vl?/?gfng-)yéfsugl 16.7+3.80 b=
SgkinguglégaNﬁ%s 17.7+£4.62 b—e—
No 16 25.7+7.72 I
No.57 29.7+8.77 S|
No 93 23.4+8.87 — |
No.79 16.7+7.79 b
No 24 12.3+7.30 o]
No 91 18.949.95 R —
No.75 27.9+15.3 t -
Tot?iiga?siﬁl??néggjf S, 21.422.78 -
Segbré?alﬁfg:li%%?%ﬁ(%ype 26.5%10.1 E—
1 1 1 ]
(¢} 10 20 30 40

Fig. 10. &&IVAF (TL/H) BT %3 v, RBFE#EETEEROHEEMmD
HEEE & 7 OIE#RE
Recombination value estimates and their standard deviations
between twisted leaf-form (7) and embryonic
lethal(/) gene loci in Wogon-yore sugi(7TL/#)

Fig 10\ & &I VAX DB, 2 DS, TTL/HEHE S N/ABED B & US, OB FRSEDOZ
28X UFormula 9, 10Xk > THEZNREIVAFICBT 53V, |
BOGERE T EEE O OHEEE & 7 OB¥ERERE % —FE L TR T 2,5 6 blHL 2 X 512, 2h b OfEE
ERVTRH20%BHCAMLTBY, WEBEONNTYFEELO L OOHBEINTZIbDOEE L SN,

2. XEIC & Z2HEBIEEBEETFORY

3HDTH5,
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(1) ALRFEXIFYRFOOF,RROBHMES LU I FYRAFE)ENRIZE (Fig. 1  ARYIB L UFig. 2
CHRF)

s LUk

P Y RAXGRLH, $HEOANFERCEEYT, BREER-oLEETHD, ZORBERSERET
Lo THEINTEY, S PYRAXEZZOBEBGTECOVTEERELEZ>TWEY, iz, I FJYAX0)
BETHE2EC2HHBERTFEREL TS I EBHERINTWL S,

ZDI FYRFGRTGBE LTIV AX L O3WEIT> TRONLF RO B I VEEERIIEEOI VB I U4
HOI RVAFRELS 2 DOBEGETFEICDONT, WINLATRIRE>TWS, Larl, ZOFFROI VEIEED
EPETI, JES FURF L I RYRFONE (Fh2h165 52FE) 253 | lick-lkicbhdbb sy, ILVRILIE
WA E OEEBONIETE, BirE (1960EF) »3%E CUER) L3 1 1X0BHMLLD, ZOZehsd,
NOF KR IERD I VEEFOMNTEE T OEHCRBEEET 2RET 2EEOH 2 2 L3l sh
Twlk, =%, IVAFEIFYRAXEORETHSNLF,RRD S b I VRIO0EEK IGEGRR & LT
BHREES CEMIN YD, ZZ2CTHE, IASOFRROBED LW NI AFOE)E ORKER 21T
> TRBFCEGFORE 2R AT, FBRIEZUTOL > KEREMZT, 2EHT- 1,

19784EDE, Uk h 5 F KRMSEGEBRME L U THEE ST/ BRI EEsS
SVRFENFRFTE) T, SBhicy v VEERKL, FI979F 3 ACBEBERTo . £, Zh6F,0
FHEICRIC S OV Y VB L 72 3 F Y ZAFG)0 SBIN L B 2B L 72, F4EL0H, ChSBEEB LU
BB & 5L BRI 2L, BT REEE T RO 1R2BMKEABIBOT 7 AENTT 7 > by
FIciBEL 7z, ME B2 3 VE L EREOBKKORE R, BEE ReBECT-> .

—%, BREEHEWL K, FRRO20EE»S S LER LY, RERABBOY 7 1 n v ENO S LRICE
Lo Tra— kL, 1979%F, Zho0S LARMEEMICKRELER L, F1N0EE, F, 1HiED

Table 14. FVAF & I FUAFOOREI &> THONLFEKRD
3 VEEERD1979FE DO B & 3 BRO5H
Segregation of twisted leaf-form vs. normal and of normal-height vs. dwarf from the selfed
progenies of six F, individuals from the crossing between Yore-sugi and Midori-sugi(5) in 1979

i I VA EH
F Elgﬁjﬁg‘l I (}%EF%(ZQ)” Twist Normal &5 vy EFEY
individuals Germination L
T N percent JEErt  m e Jemt s e Total X Albino
Normal-height Dwarf Normal-height Dwarf
4 16.0 201 50 45 12 308 6.93**
8 12.6 70 28 19 4 121 2.32
7 8.6 67 17 16 6 106 1.02 (13)
5 21.2 19 6 2 3 30 1.11 (5)
11 3.5 82 31 113 0.357
2 9.1 26 8 34 0.039

1) FEFRISMBAELURNCHIEL 2-AEHKEED THEL 12
Germination percent is calculated including dead individuals before investigation of segregation.
2) IVEIIEEROSBLES 1L URROxME, “IBERKEIYTERETHL I LETRT,
x? value correspond to the segregating ratio 3 :1 of twisted vs. normal types, and ** means
significant at 19 level.
3) BFHIISMTEFTICEEERLTuE Y,
The observed numbers of albino were excluded from the total.
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720 3RO 7 vu— RHEEOmOFIEH B L, FEE, hosOmAcy~v) VEEEL 7, FE
12H, ZhoD@EAE7 74 0 EITEPRA, 198143 HCEMEIT> o, BT OHNS L UHEIIRY)
DEBLAEIUCLSICLT, HEICST 53 VE L IEHHOBBEOFRE X19824E12H 11T 72,

BB, FIFVAFLIRYAXONECOVTR, 1, 2HOER: bEHOFEICLY, I FVAF
DFEPFH TR R -T2/, TOREICEY 2 AR RN L T 21T 70

R L UEE

1) SVAFXIFYAFO)OFRFDEME (Fig. 1 AR

Table 14iz, IVAF &L I FYXFE)ORE (F.RR) THON-3 VA6 KT D19794F 3 A OBER
B 3BR (FH%) OSERERE, £7:, FU I5EESOL814E 3 BOEHIC B 2 BROSMRERE
Table 15127 T, MEDOER L b V) VUBIE20EEO T XTI L 7045, MEROBERES+5 Tk
< HFELMT 2 2 WEESLE TSI T E 2w b B o 72,

Table 15. FVAF & I FYRAFODREW &L > THESNLFRKRD I VEEED
19815E D BHEIC & 5 R D08
Segregation of twisted leaf-form vs. normal and of normal-height vs. dwarf from the selfed progenies
of 15 F, individuals derived from the crossing between Yore-sugi and Midori-sugi(5) in 1981

av !
| TN RSEEGY Tuist Normal P
1 &Xl uals e[r)renrlcr:;;on M AN % ¢ Total % Albino
Normal-height Dwarf Normal-height Dwarf
17 9.1 111 36 37 1 185 1.96
5 13.6 84 31 6 3 124 20.8** (8)
6 10.8 80 23 6 7 116 11.8** (9)
10 8.0 71 24 4 8 107 10.8**
20 6.4 69 15 9 4 97 6.96**
4 10.4 46 12 10 2 70 2.30
19 9.5 36 12 1 1 50 11.8**
18 11.4 28 8 2 1 39 6.23**
9 5.1 24 2 5 0 31 1.30 (2)
2 14.4 177 56 233 0.116
12 11.7 149 20 169 15.6** (9)
11 7.3 83 11 94 8.87**
16 6.0 16 5 0 0 21 —
13 3.8 14 7 21 0.778
15 5.9 13 6 19 0.439

1) ~3) Table 14iZ[EILC, See Table 14.

ZOEBRTHWLIVAFX I FYAFXE)OF EFEZVwInba vy, BEoa VEBETFICOWT
~NFTUThb, Lich>T, ZhoFEBOEE®RRICBT S IV EEENOBEIHILIES @ 10T
THs.,LiL,Table 4B UPI5ICASNS L5, FRHFRTOIVE L IEHBONMIZ—HOF EiE©No 4,
5, 6, 10&¥) T3 1&BESAEMPoT, —H, FVAFLIFYAFXG)OREICBY %I VR LEE
BMOMEE]L 1 1 THo 2 (I VE 1288fRK | IEEA 1307 LHESNTRED, IRE6DIEHS, 3
FYURXGDI VAX L I3E) BEGERIE T % 3 VBRETOERT S HEARGE LCRET 5 b0 L
ha,

I P RAFG)DEET 2 MBFEEETF 2 L L v, 3 R AXG)DOEETFRII L,/ the Bb¥ 5, AV AF
DEGEFERIITL/H LR SN2 720, BEORED 515505 3 VEEGOBETFENE TL/ tL,, TL/ th, T/
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LB LT/ hBEZ5N%, Zh s OGO S b, BEBRAKCB T2 I VAR L EEMOSHN3 1182550
WA TL/tL, 720 TH Y, Table 1438 X UF15TIEF,No 2 2 Z DRTEEMEDSE V. L L, FiNo11D & 5 IR D
FEERFEERNE L A 2T TERL HoToo f 1, 2 DOMBBLERETRRE T 20k T/ tL,O BHE#HARICB T 2
3 VE EEFMEESED L S CHEET 2 21 3 EEFER OMBUELE S TWRWIR DB S TR,

235 LRI D 58, MEOEBEE 25 THROF . EEKT, FRR2OIVE L EEROSREN3 1 1
LSRNV ENS, KESPWORERLEbOEEZNE I Y RAFEIT VAT L IhES RBFEREET 3V
BETEOEHEEET 5 I LIMEEEZ SN D,

Table 16. IVAF X I FYAF(5) OF, KFROBEENATI VA LIEER OSBRI RE LR
»ohARFRIC BT 2 3 v, EEGUEE T EE OB O EHE L £ OBEXERE

Recombination value estimates and their standard deviations between twisted leaf-form
and embryonic lethal gene loci in the selfed progenies of F, individuals

F fE{&No ERYeill IEER s FEAIT D ¥ 2 B R
F, individuals Twist Normal Total Estimate of Standard
No. recomb. value deviation

4 309 69 378 32.7% 4.43%

11 165 42 207 37.4 6.70

17 147 38 185 38.0 7.19

8 98 23 121 34.4 8.16

7 84 22 106 38.6 9.62

12 149 20 169 19.7 4.64

5 140 14 154 14.7 4.07

6 103 13 116 18.5 5.39

10 95 12 107 18.5 5.62

1) Zhs DfEEME I (Formula 1, 3) &> THEHIN S,
These estimates are calculated by (Formula 1, 3).
2) 1ZHEMEZE X (Formula 2, 4) Ik > TEHEINIAHEDOTAIRTH 5,
Standard deviations are square root of variances calculated by (Formula 2, 4).

728, Table 1612, MHFROEET I VR L EHBOSEICRENRD o h, D, FRTI0EEI E
EFRFLLZIMEOI VAKX I F Y XF(5)OF fEfk (N4, 11, 17, 8, 7, 12, 5, 685 L U10) DV,
NS DBGTRETL/ILEAREL TEHE L3 v, BBZFEERTEROMARE 2R T, s HffioH
EEOEBRE KX L, MO EREIIR/NL. 7% S5BKR3B.6%ICHFH L TWE, ik, BIZFE
BETL/LEAREL 72720 TH D, EBICEZ IV AF L 3 F Y RAF G)OVGICHFKT 3 2 DORBIUEET %
RET DMEMETI/LMRAEL TWE I L5 EEZSNLE, LrL, ZOBEEERET 51 i35 OFER

(FREXIVAFBLIUOFRRX I FYAF(B) 2T50ESHY, BEETIITHATH S,
2) FVAFXIFUAFG)OFFRE I Y AF6) L OREZE (Fig. 2 CRF)

Table 1712, 19794 3 BifT>72IVAF X I F Y A X (5) OF, 5% (3 VEEHR) I FYAFB)E2R
RELTHONIVEEEFROSERR TR, F.O3 VAR0EED S 5, ERCRKIES T TETF
DERIT & 12D 6 BEDIETTH o Tz,

INSOF FVEEGEOTRERO I VEBEFICOLTATETHD, I P RAF(E) L OKERRW
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B S I VAL IEEROMARFELEL D 1ORTFTHS, LiL, Table 17TOFBRCHS X 5w, 2
OHFECHT 2y REEN S BLUS TENEN1 %, 5%AKETERETHY, EFERIcHL Ta VR
HLAME LT, $e, BREOSOZLLD O REREE L RSB0k, FSEABN 7 i b@ED o h
b, ZNIXEDTIVAF X I FYAF(B)OF KROBH, TR L 52, IR6F EEISwThs I
O LEEFEOREFEIC I F Y AX G ICHKT 2MBGEETERET 20 EX 5N 5,

Table 17. FVAFXIFYAXFG)DFRZLEXR(FVENEIFYVAFB) LD
RRE B 53 VEl L EHER O
Segregation of twisted leaf-form vs. normal types in the back crossed families of six F,
individuals (dominant twisted leaf-form phenotypes derived from the crossing between
Yore-sugi and Midori-sugi(5)) and Midori-sugi (5)

F, {E44No FEHE (%)Y SR IEHEA & EF xt? = A
F, individuals Germination Twist Normal Total Albion
No. percent
8 24.0 536 421 957 13.8**
11 9.3 285 285 570 —
7 20.1 95 75 170 2.35 (19
2 12.1 64 62 126 0.032
4 14.1 44 39 83 0.301
5 11.3 30 14 44 5.82* an

1) RFFRIHBEFREDETCHTEL 7B &R SO THE L2,
Germination percent is calculated including dead individuals before investigation of
segregation.

2) BVEL EEBOMELE]L 18 L0 . BEU ** REAPNEEA%ES %, 1%T
BETHDLIERTRT,
x? value correspond to the segregating ratio 1 : 1 of twisted vs. normal types, and *, **
denotes significant at 5%, 1% level, respectively.

3) AFHBAMTETCREEA TV,

The observed numbers of albino were excluded from the total.

IZE2HCHEML LS, COWENELTRIE, CASFEKE I Y AF(6) DR TH S WK%
BT IVECEERNOSBELITL ¢ 1 i3k s v, BHEEEOS - 72N 8 TIRIS ic 2 vEISS
EFERCG L TERICE S F#EL 72, Formula 11, 12i2 X 5T, I v, WEGLEEGTER OMHEEE % F,No 8
DRZMOFBERPSEHNT 5 £32.014.81% L% %, ZOfEIX, FIOBHBETHRS EEEOS» - 72No4 DR
Rp OB ENT232.714.43% 23T F72, No 8 OB X VB S M- HBYHI1334.4£8.16% ThH 5, &
NODOER»S I FYAFXFG) 23 VEETFEORECHBFEEGT2HFE T EB3HEHETHLEEZON
%o

bleHiZ, FiNo2 BEERERD S ZORBRHHEETEREL TR O LrEZ s, JOMfEE 3
FURAFG)ORERERD IVREFEROSELHS1 I 1 Ro7

PEDZ XD TIVAFXIFY XX G)DOF FKAROEME: ORREZ S CKES?DOHE»S, IV
YAFG)BEFIVAERENTNRE T 2 EBICEGFOBRRERER D, 5 »0E S BILFHEICHEES
5 EHHERTH D,
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(2) AFREESL7I/ 00— ILAFOXE (Fig. 2 CHRIIB L DRI
MEB L UHE
1978%%F, BEHRBES TEHEINTORAFEER 7o - 055177 0—- L a3V AFM TR 2T
Stz REMIFAELT1 279 —25H70 28 E Lk, MEOBERENESBLLDIR1IEE L,
Z 72, RRIEER A L Lo, —BOBEMIC ORIV AF R L T 30 b 1T 72, FEH,
BRA L BRI 2RI L, FEBOM T 2 NS EAICA AT Ui, B19798E, HERBRBO7 7 o>
BTFTY bRy FicBEL 7z, HFR, W3»ABKIVE, FEUNKORERT- . —RENHE
WU 748, 19804E%, 1 RAMAESEH2Y 3 LERIO25EHE 2ER U CEE0n DL 5 BiE 3 >BML
7o FEE, YV VOB EITS LR, MASEEDOLOWFOMDB T2 TRP ST, ZDI®, $iE
20FF | FRIFEARZER L7, 19814FE, ERLILINSDEACY VY VB ETo I, FFEL, 8
WZOEKRE 7 74 0 vEWGEY, 19826%, BEEIICEL T 2ITOEELTo 7z, RIFK, BREALKRE
PERL, HEROET»EHEBCANGEECREL I, 1984FE, 774 avBCHBLLZZ I b
Ny FEFRZADBEIICBEL /2, BER, 3~4»ABa VA, EERSREFEL 2, FHEEC
Lo TIHEME LSBT 2 O FER 7T »AB I VR, EREE X IR, BHEOBEEREESRE L.
B, corsnF—ERERL L,

ERB L UEE

1) A¥RER L 3V AXORE (Fig. 2 CHF)

1978FEFIATo L ERBEM L IV AXORETHE SN F, KRR I VE E EHBEOENSETable 1812
T, BERLEALOREIER CF,RRICB TS5 I VB L EEMOSMILIE 1 1 1 240725, /NI 1 ORF
TIAVENEEREHLEL, £, fkl, HE4, ARBBIVAZ6D4KLRTEH S »IZ, EEE
BIAVENZH L TH L o7,

ZOERT, EHEE L THCRIVAFRE, ZOBRMORERL SEMED 3 VBT ONIRIETF OUTHE
IRBGCEE T ORAESEREN TV S, Lets-> T, FFRTIVEBSIEREICN L TH {SEEL 72/
1, IVAFORET 2MBOLEGFEFAUBREFEANTOTCRAL TV D LHKE NS,

LaL, EEEFI VAL THAML 2 4 B3EE L ORBIR‘RE, HRORBGEEET» 5 X355
TERV, 22T, REOKBLHBERE2FMIBII LI L 23RO &5 2BESHEAL 72,

HIEER OV o 156 2R < ST, TR, HE4BLUVARBTR, WFhDrza—icd
FNEN2 DT OORMEEN LTSN TED, I5EHE 4 TRIVAF 2B & LBl bIThbivT iz,
Table 19IZRT £ 512, 205 IWHEBTIRIIS H T 2 D OREHOBA DR ICHRRELHTD Sz,

Tabb, INs 3B TR—HORMROFBREZI VA I EEHEVWIhb 1l I 142 ¥2H0T
HY, MORWETCREFERBIVEIIRL TEL B> T05, JOEHZ, B L LB ES ORISR
LT oIl H5VEBRERCHENBEURBRIICHMOX FTERMBAL LI LETET200L%E
Z2ohB, Zhitl, MITTRIDEL > ZRBERIRD SN THREOHERS &0, TTOREEEA
TIVEPSEERRIINLTE L k>Twiz,

%7z, Table 2012779 & 5 ML OFETRIZ D T b RESEA ORI 21T 5 7285, T h OB o
HATLIVELEEHNOSERERIZ1 1 LARELLDTH> 7%,

7B, M1 EIVAFORERRIBIT S I VR (299EHE) & IEHE (25118 ) DR 5, Formula
11, 22k > Tav, BESREETEROMIEH2EH T2 £36.946.37% L % %,
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Table 18. AFEEHIT /70— L IVAFORETHE SN I VB L EREME OSEER
Segregation of twisted leaf-form vs. normal in the crossed progenies among 17 sugi plus tree
clones and Yore-sugi, and segregation ratio, x?, and AIC in each combination of crossing

REMGY (FHEfxav) avE EER & 5 S x2? AICWY  AIC®
Combination Twist Normal Total Segregation
(Plus tree X Yore-sugi) a b n ratio
KoZhm 1x3v 420 416 836 1.01 0.019 1158.9 1160.9
D 373k, 311 340 651 0.91 1.29  902.5  903.2
IR At 302 291 593 1.04 0.204 822.1  823.9
TN Sate el 260 282 542 0.92 0.893 751.4  752.5
B e 269 252 521 1.07 0.555 722.3  723.7
A kRl 173 195 368 0.89 1.32  510.2 510.8
0 Rak- el 153 161 314 0.95 0.204 435.3  437.1
Mivoni 8 o 81 91 172 0.89 0.581 238.4  239.9
s I 86 83 169 1.04 0.053 234.3  236.2
Mivosi 5 Fore 57 66 123 0.86 0.659 170.5  171.9
ISRt 54 64 118 0.84 0.847 163.6  164.7
g 13X 3L 8 7 15 1.14 0.067  20.79  22.73
Onvawn 1~ Vore 299 251 550 1.19 419 762.5  760.3
LT R 425 473 898 0.90 2.57 12449 1244.3
8 1 364 507 871 0.72 23.5** 1207.5 1185.9
B 18x g 139 168 307 0.83 2.74  425.6  424.8
BLE g 31 72 103 0.43 16.3**  142.8  128.0
D st s vaEs(a) /EEREH(b) L L TR,
Segregating ratio calculated by (No. of twist(a)/No. of normal(b)).
2) IVE EEROSEE] D18 UIROxME, 272, 5, BENENEEKES %, 1% THEET
HBHIERERT,
x* value correspond to the segregating ratio 1: 1 of twist vs. normal in phenotype, and *, **
means significant at 5%, 1% level, respectively.
3) VA IEEROSBELEL 18 LIROAICTRRAIC X » TEE L 72,
AIC value correspond to the segregating ratio 1 :1 of twist vs. normal in phenotype, and is
calculated by the following formulas.
AICy=(—2)Ly : Ly=a loge(3) +Db log. (%)
ZZiabidEhFna v, EEEEEERT,
Where, a and b denote the numbers of actual observations of twist vs. normal in phenotype.
4) WhYLHEHDBVBEF MBI BAICTRAIC L > TEHL 72,
AIC is called non-restrictive mode}, and is calculated by the following formulas.
AIC,=(—2)Lo+2  Lo=a loge (§) +b log. (2)
IZiabBIUnErhERIVE, ENHB L UEHOEEETT,
KB, AlCyEAICoD S B/AZLHDETFHRTR LT,
Where, a and b denote the observed numbers of twist vs. normal types.
And, AIC values with under-line denoting the minimum value between AIC, and AIC, in each
family.
5) Zhoid, KR ADWREMSD L bDEEZ SN,

These combinations seemed to be miscrossing.
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Table 19. /NI 1, BE 4, k1, AEIBB I UVAEE6 OREEHN T L OSHER
Segregation of twisted leaf-form vs. normal types in the crossed progenies among
Ogawa 1, Naka 4, Inashiki 1, Shuso 18 and Shuso 6 sugi plus trees and Yore-sugi,

segregation ratio, %, and AIC in each crossing bags for respective combinations

RhEAEE avil EER & F (FRE)Y x> ? AICy® AIC,?
Combination Twist Normal Total (Unknown)
NI x3a v (&8D 299 251 550 9 4.19*
Ogawal Yore Total ----------------=-------mmmmmmrmo e
81
Bagl 252 213 465 ) 3.27 644.6 643.4
%azgz 47 38 85 (2) 0.953 117.8 118.9

avrx/ JIl1

Yore. Ogawal 15 7 22 — 2.91 295  28.4
B Om4x3v (FFH 425 473 898 (29) 2.57
Naka 4 Yore Total ----------------=--------ommmmommmeoo oo
#1026 214 500 (13) 4.61** 693.1  690.5
552
22, 19 19 398 (16) —  551.7  553.7
glxm i 16 17 33 — 0.030 45.75  47.72
BOM1x3v (85 364 507 871 (20) 23.5%*
Inashikil Yore Total ---------------------------mmmmomom oo
#1181 202 383 (7) 1.15 531.0  531.8
22,188 305 488 (13) 30.5**  676.5  647.7
A OEI8x 3V (BEH) 139 168 307 2.74
Shusol8  Yore Total ------------------m-ommmommmme oo
Bl 16 114 230 — 0.017 318.8  320.8
&2, 54 77 - 12.5%*  106.7 95.9
B oR6x3L 31 72 103 16.3** 142.8  128.0
uso ore
VxR R6 7 2 9 — 2.78  12.48  11.54

Yore Shusob

1) 2v, EEBEOBIPTHOEK TEFTICIEEATHLER Y,
It was impossible to judge either twist or normal,
these observed number were excluded from the total.
2),3) BLU 4) ZnE£nTable 18D 2),3) BLU4) WKEL,
2),3) and 4) correspond to 2),3) and 4) of Table 18, respectively.
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Table 20. A¥HHEM 7 70— L AV AF ORI B 2 RESHM T L OFBEER
Segregation of twisted leaf-form vs. normal type from the crossed progenies between
seven sugi plus tree clones and Yore-sugi, and x? and AIC in each
crossing bags for respective combinations

Rk EE ave EEHE & & (FEEYD x:? AICy? AICo?
Combination Twist Normal Total (Unknown)
BEHH1x3Iv (KED 420 416 836 (6) 0.019
Kitakatal Yore Total ----------=-===-==== =7 mm oo
Sl oo 195 406 (5) 0.631  562.8  564.2
2, 209 221 430 1 0.335  59%.1  597.8
B} Bl17xav (8% 302 291 593 (8) 0.204
Naka 17 Yore Total ------------- - mmmmm e e e e
ol 143 153 296 (5) 0.631  410.3  412.0
g2, 159 138 297 3) 1.48 4117  412.2
FTEHI9X IV () 260 282 542 (10) 0.893
Shimotakail9Yore Total ------=--=--===m=====c7=c 2o e
L 105 120 225 M 1.00 311.9  312.9
fuly 155 162 317 3) 0.155  439.4  441.3
& Elx3v (FEH 173 195 368 (6) 1.32
Kasama 1 Yore Total ----------========"= 7" oo oo
Sl 9 115 208 (4 2.33 288.3  288.0
£, 80 80 160 @) — 221.8  223.8
Favxy M1
Yore  Kasamal 15 18 33 o)) 0.273 45.75  47.48
¥ maxav (&) 153 161 314 (5) 0.204
Kaifu 4 Yore Total ----------=-====== oo oo
£l & 115 172 4 0.372  238.4  240.1
£, 0 71 142 ) — 196.8  198.8
M} BT7xav (83H 86 83 169 (6 0.053
Naka 7 Yore Total -------------mmmmmm oo
£l u 46 90 ) 0.044  124.8 126.7
£, U 17 31 — 0.290 42,98  44.68
3, 28 20 48 (5) 1.33 66.54  67.20
= #F5x3v (B 57 66 123 o)) 0.659
Miyoshi 5 Yore Total -----------===-cmmmmmmmm oo
fon1 46 57 103 — 1.17 142.8  143.6
£, 1 9 20 o) 0.200 27.73  29.53
IV X= #F5 - .
Yore Miyoshi 5 2 2 4 5.545 7.545

1) Table 19iZ[E] U, See Table 19.
2),3) BIXU 4) #nFhTable 18D 2),3) BLU4) KREIL,
2),3) and 4) correspond to 2),3) and 4) of Table 18, respectively.
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2) AFEEM L IVAFORETHSNLF,RROI VRFEKEOBTE (Fig. 2 DRI

Table 21-1~21-4iZ A ¥HWEH47 0 —> L AV AF ORELTH S W F, KR O I VEEEKOHRIC L -
T, EEU EOFKERHL ONEFRZTOIV, EERL L EEE, BEEOSEBRIEER T,

Z DAEEEBIC DWW T DAICK & BT IE, BE I VAFOTEEE 2 RFK RO L E L X 5 iFormula
19~22 B 68 U e (7272 L, 3 L, BEBOEMGEIE FIEROBRITIL, T 1 2 ¥ 0 ERRRS SHE S 70,274
FHVR), SVAFEORENMTORIBERZLTZ7 0 -V ThHo /08, 03 biEE4, TEABBIV
&6 OF, KR TIRIFLALFERBBONE oI, 7z, BHEBTRLRRNOEEBEITZLLTH
D, FRRADOFBEGRHL LT L H ATV, 2070, FIFRABDHEKNS {, FERRANOF,HEELHK
b+ EBEbRBKRIES BLUZM5 OF KROBHEMHE (b Table 21-4) 2% & o Tawib & ED
3, B, IVAFHETIZEETHCOVWTR, IOSBEGES S 51k b e oBITOMRE L
Bho iz,

SVAFIIEED I VEBET T OMNGEGETFOAFECERFEREFIZ#RELTEY, ZOBEFRIZTL/
HeEzoh5,

—F, BEBKES BLUZE5 BEREHTHD, K "AFTHER L IV AFORE, TR LI
VA LOREF,RRATHIVE L EEREOSICEFEITD Sk rolz, Lo T, ZhS5DE
ERCRYZRER ECIVAF LA UEBSERETIIEE L T bDEEZ SN, LiL, MK
BMOIVHEFOFBERATEIVEETEENOSBIC 2BV 82 L5 Bbhd, VEDIE, IVEILE
HEBAES A > FLOBRIC L2531 LEHRESBOTHY, ik VEOBERLSSALHEL D b
HELPBTILDTH S, TNHIKRES BLUZEHLD, UFPEELICIVAFORETE DL ILED
MBFCEET B2 E0) 2RELTEY, TOEGETFHESL/ kDL k> TWwilvtEI b,
DB/, TNHHEER E IV AFORETESI S I VEIF KR TL/ thx & TL/ kS EET % o A TL/
HxDBEFETIE AV, EEEEENS D AT 228, TL/thDOBETIZA Vv, BREBGEEETBESESETH
B7OMI T VBB SHLM L D b S CHMT B, 27, PRI, —8C T/ ilxk T/ e DS
EENTVRRTTHLEEOBETI/ tix O BREHRAR T, VB LIEERPED L 5 AT 2 0B
TRIAPTHYVRREBET LI LR TERY, LoL, WEOMEETI/ LxTiEI Vv, FESEREF IR
HEETH 2D, BFERICET 23 VAL ERRMEGEROILIE3 103 VRIOABDR R DIZIF2 1
FTOMICHHT 5, FAEGKELTHOEREZ RV, KES5, ZF5OWTHOFRKRRICY, 0k
5 RSS2 - LT (22 W EENo154B L U109) DSBS b, fBERTI/ Lx S EET B 7%
S, BRI I LA, BT/ thh3d D, ZOBEOFRRCBT 23 v, ERBOSBLETL/ tx
DURSHLLOB/E L D B3 HGEI b O LRI D, 72, TORRGEFEZECBIT 53 10RER,
2 DOBBSERET (I, k) B LU VERT T OBEIIER & MRl & > Tk FEREBD B VuEE),
BT EEES RS RE2DDEEZONDKIES BEUZF 5 DFNPhDOFR, KRR T L3I VES ¢
EEH 1T 2REHBRCEEEND > OB OTRORR b 2 lik (2 h 2 EHENe310, 1558 X 7115,
NN RZFThotzdd, ZO—HELTINSFRRRMBETI/IkBBEEL TwE I Lick 2N 2,

INBDTENDH, RESBLUZEHF5 BIVEETFEDLFCIVAFORET 2 b0 LIRS BB
BETFEREL T2 HDEEZIO6RS,

D& RBAIIITE, HORER B, BEL, TEFOBLIURETRE) &b I VEBIETE
DB CEBEELRETHREINTH S 2 EPHHRIIR N2, FIRABEFEFELD R WIHKRIES, =
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5 I HRBRET IRV, £z, SZEFIREKGE (Fhd Table 21-2) OF KRD X 3 Wy REWCE
BEERE o IEEEETRRTY, AICKLZBNCE > T, BLAETRTOF KBTIV, EERO
SEREEZRHL-LDObH 2, ERIKC, IhoMBRlE CSHFIBIURKGE) OF TR, ZhZhfEE
Nol348 & U284 TR B 2 EXEBOSEIBRIFC PR WEGSH 2, Thid, =5 9 PRAK6 PP UBRE
BB ORBABEFEREL TV rHREEETE T2 b0E 2005, LI L, ZOBFFIKIEIVY,
EBFCE L TR O b ER e 2572, v, ERROSEOL»id» 2 0 EMICE S b O LR
Ahd, Lard, MHBHOHEMED ch 5MRFEBOMEK» > U TREHNT 2 LIRAETHY, &
BOWRICHELZTNIER S B,

Table 21-1. AFFEEHI47 0 —> L IVAFORETHES WF, KR 03 VEfEED

BIEC 81 5 BADIHE L 28 L CAICKE & 2 BEITRER
Segregation of twisted leaf-form vs. normal and of normal-height vs. dwarf in the

selfed progenies of dominant F, individuals derived from the crossing among 14 clones
of sugi plus trees and Yore-sugi, and the analyses of x? and AIC

FIRARA (FFEMxav) X8 & UAICK X 5 fRATHRE R
F, family (Plus tree x Yore) Analysed results of x2? and AIC
ERZE:] iE ¥ 8 & 5t
Twlst Normal Total
El5-4:d y JEEN
1@17‘; NO. %I\ﬂ:‘ g 1) 2) 3) 4) . 5)
o N Normalll-eight o Norma}l{dght e 2 A, AT AlG AIG
EShH1x3av
Kitakatal x Yore
No. 242 40 6 9 1 56 1.52 54.19 52.73 57.45 54.55
241 24 7 9 0 40 0.133 42.79 43.89 44.03 44.65
257 24 4 6 3 37 0.009 41.06 42.86 41.82 43.05
251 11 6 6 0 23 0.014 26.42 28.00 26.65 28.40
252 14 6 20 0.267 24.69  26.97 24.44 26.43
258 15 3 18 0.667 16.95 16.23 18.11 18.22
B E 17x3av
Naka 17 x Yore
No 162 84 7 15 1 107 5.76* 96.72 90.34 104.7 92.29
299 68 5 12 0 85 5.37* 75.27  69.38 82.06 71.21
167 53 2 17 0 72 0.074 78.78 81.68 80.55 80.70
297 48 4 12 1 65 0.867 65.96 65.87 68.93 67.05
158 53 3 9 0 65 4.31* 57.17 52.47  62.46 54.28
161 48 9 6 1 64 6.75** 52.20 45.42 58.50 46.19
147 43 4 6 1 54 4.17* 46.45 41.99 51.12 43.65
160 13 6 1 0 20 4.27*  13.70 10.21 16.36  9.94
165 137 35 172 1.98 175.9 176.3 183.4 176.8
296 90 24 114 0.947 118.3 119.6 122.8 119.3
298 94 14 108 8.35** 92.90 83.98 102.2 85.31
159 76 21 97 0.581 102.0 103.7 105.4 103.4
166 29 8 37 0.225 38.87 39.51 40.21 40.63
168 16 12 28 4.76* 42.48 49.83  40.04  40.24
TEH 19x3v
Shimotakail9 x Yore
No. 267 41 10 4 2 57 6.37* 45.98 39.67 51.72 40.36
268 29 2 5 2 38 0.877 37.24 36.50 39.33 38.31
274 19 7 7 2 35 0.010 39.91 42.17 40.35 41.90
304 17 9 3 1 30 2.18 26.05 23.70 28.58 25.56
308 67 26 93 0.434 110.64 119.1 110.58 112.2
305 32 9 41 0.203 43.36 44.23 44.77 45.16
307 21 2 23 3.26 17.63 14.59 20.19 15.59
269 19 1 20 4.27* 13.70 10.21 16.36 9.94

1) v EEROSEIE3 1k L?”ﬁ@xzﬁo LM RENRTNSY, I BKETHETHL I LERT, L, BEEOS B
2w T BT ORRE Loz,
x? calculated for segregation ratio of twisted 3 : normal 1, and *,** mean significant at 5%, 1% level, respectively. But,
segregation of normal-height vs. dwarf excluded from the analy: ses
2), 3) Bk U 4) F kOB THMEZNTN TL/IL, TL/H BX U Tl/tL ) Lf’i%AODAIC
Zh5id, MEIZ (Formula 19), (Formula 20), (Formula 21)iz & > TatE X
72&‘?0 3),4) CIHERTE T, Moz 3 v AXDEM(Table 9) THL é i’LLO 274 vz,
AIC of 2), 3) and 4) correspond to the genotypes TL/tL, TL/t#l and TI/tL in each F, individual, and are calculated by
(Formula 19), (Formula 20) and (Formula 21), respectxvely And the recombination value between T and ! gene loci
correspond to 0.274 esimated in the selfed progenies of Yore-sugi in Table 9.
5) b)bbﬁ)%fﬁﬂ%@&b)%'f/bki’oh‘éAI <, (Formula W E-TatEaEN S,
%8B, ThoDAICDS LE/MER TRTRL
AIC is called non-restrictive model, and is calculated by (Formula 22).
And AIC values with under-line denote the minimum AIC value among 4 models in each family.



AF BT 5 EBEEEEF ORI T 2598 (IR —4l—

Table 21-2. A ¥HEEBI47 0 —> L IV AXORETES NF,520 2 VEEED
BRI BT 2 BROSEE L 28 L TAICIK & % it R
Segregation of twisted leaf-form vs. normal and of normal-height vs. dwarf in the

selfed progenies of dominant F, individuals derived from the crossing among 14 clones

of sugi plus trees and Yore-sugi, and the analyses of x? and AIC

FRR% (BEfxayv)
F, family (Plus tree x Yore)

228 & VAICIKE X 2 Rt 8
Analysed results of x* and AIC

JvE IE# & & &
Twlst Normal Total
e e
N(l ﬁ‘ 1) 2) 3) 4) 5)
LA Norf}fl‘;{éht Dwarf N"“}?;lg'ht Dwgirf x* A6 Al AlG AlG
£k 6x3v
Tyosui 6 x Yore
No. 283 33 5 6 0 44  3.03 38.50 35.21 42.13 37.05
282 84 16 100 4.32*  92.69 87.94 99.58 189.93
284 80 8 88 11.9** 68.21 57.01 77.80 55.62
285 47 8 55 3.21 49.22 45.68 53.48 47.62
270 22 0 22 — — — — —
&M 1x3av
Kasama 1 x Yore
No. 198 43 7 7 3 60 2.22 56.49 54.10 60.39 56.07
204 28 8 6 4 46 0.261 48.44 49.30 50.07 50.17
203 28 8 2 2 40 4.80* 31.80 27.13 35.95 28.01
211 29 2 31 5.69* 22.23 17.34 26.09 16.83
avxg o1
Yore x Kasama 1
No. 215 25 3 28 3.05 22.70 19.66 25.49 21.07
= 9x3av
Miyoshi 9 x Yore
No. 112 80 6 17 3 106 2.13 104.9 103.4 110.5 104.7
111 40 16 9 2 67 2.63 62.72 59.86 67.17- 61.84
134 50 4 2 0 56 13.7** 36.61 25.92 44.52 19.26
113 21 6 0 1 28 6.86** 18.31 12.96 22.26 10.63
133 66 7 73 9.25** 57.38 48.51 65.13 48.13
HE 7x3av
Naka 7 x Yore
No 226 66 18 17 2 103 2.36 101.0 99.02 106.6 100.5
231 57 7 14 2 80 1.07 81.18 81.08 84.84 82.06
229 33 2 5 1 41 2.35 36.77 34.18 39.92 36.14
225 28 1 3 0 32 4.17* 25.00 21.03 28.44 21.91
230 21 1 1 0 23 5.23* 15.43 11.24 18.57 10.23
223 92 12 104 10.0** 86.20 75.90 96.06 76.39
222 29 4 33 2.92 27.78 24.73 30.79 26.38
362 18 6 24 — 26.99 28.35 27.39 28.99
B & 8§x3av
Shuso 8 x Yore
No. 174 28 6 8 1 43 0.380 44.52 44.92 46.25 46.12
176 25 2 12 39 0.692 48.81 53.60 48.14 50.14
171 59 6 65 8.62** 50.58 42.41 57.62 42.02
127 36 9 45 0.600 45.67 45.61 47.72 47.04
126 30 5 35 2.14 31.12 28.77 33.88 30.71
172 19 2 21 2.68 16.48 13.91 18.71 15.21

1) ~5) w§¥hTable 21-1Z[E C,
1) ~5) correspond to 1)~5) of Table 21-1, respectively.
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Table 21-3. AFFEM4I7 0 —> L IV AFORETCHEOSNEF,RR20 3 VEEED
BRI BT 2 BAROSH & ¢ 28 X FAICIC & 2 BHTHES

Segregation of twisted leaf-form vs. normal and of normal-height vs. dwarf in the

selfed progenies of dominant F, individuals derived from the crossing among 14 clones

of sugi plus trees and Yore-sugi, and the analyses of x2 and AIC

F.R%2H (BEMXa V)
F, family(Plus tree x Yore)

178 & UAICI X % ARS8

Analysed results of x? and AIC

a2 v 8 iEH A =t
Twlst Normal Total
&M N y 1 2) 3) ) 5)
Indfi%%ugtll No. Norrtrllgiléht Dwarf Norr}‘r:;lg—ht D%a&rf x* AlGy AlC AlG AlG
AN 1 x3avy
Ogawa 1 x Yore
No. 180 34 3 8 1 46 0.725 46.24 45.95 48.46 47.48
I X/l 1
Yore x Ogawa 1
No. 184 49 8 57 3.66 50.37 46.37 54.95 48.24
185 21 2 5 1 29 0.287 29.87 30.06 31.08 31.57
HHE 4x3aVv
Naka 4 x Yore
No. 208 54 6 20 2 82 0.146 95.52 101.9 96.01 97.37
196 83 13 96 6.72** 83.80 76.51 91.78 78.14
191 33 10 43 0.070 46.71 48.27 47.86 48.64
193 28 4 32 2.67 27.20 24.39 30.06 26.11
IV E 4
Yore x Naka 4
No. 263 41 15 56 0.095 65.18 69.49 65.53 67.09
264 18 5 23 0.130 24.22 24.65 25.04 26.09
R W 1xay
Inashiki 1 x Yore
No. 237 27 11 38 0.316 40.03 49.91 45.79 47.73
234 23 9 32 0.167 38.19 41.15 38.14 40.02
B & 18x3v
Shuso 18 x Yore
No. 142 38 1 7 0 46 2.35 41.85 39.24 45.22 41.23
143 37 2 3 0 42 7.14** 30.76 24.47 35.81 23.61
145 16 14 6 3 39 0.077 42.21 43.55 43.30 44.14
144 26 1 2 0 29 5.07* 21.08 16.65 24.61 16.56
146 20 2 4 1 27 0.605 26.52 26.02 27.99 27.87
141 15 2 2 1 20 1.07 18.10 16.92 19.59 18.91

1) ~5) i d Table 21-1LiZ[E L,
1) ~5) correspond to 1)~5) of Table 21-1, respectively.
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Table 21-4. A FHEH7 0 —> L IV AFORETES WFRRD 2 VEEED
BAEI BT 2RO BE L 28 L CAICK X 2 IR
Segregation of twisted leaf-form vs. normal and of normal-height vs. dwarf in the
selfed progenies of dominant F, individuals derived from the crossing among 14 clones
of sugi plus trees and Yore-sugi, and the analyses of x? and AIC

F. R34 (BEfxay) 128 X UCAICIK X AT R
F, family (Plus tree x Yore) Analysed results of x2? and AIC
g v A E ¥R & =t
Twlst Normal Total
FEEM y FEEN y » 2 9 9 5
Ind{i[%%uz? No N‘mggght D%Ef Norr}l;;]éht D%a&rf x* A6 Al AIG AlG
A IE 5X3V
Taisho 5 x Yore
No. 310 127 14 29 2 172 4.46* 167.1 162.9 176.9 164.3
246 109 13 30 2 154 1.46 158.9 160.1 165.2 159.4
151 58 2 11 0 71 3.42 65.02 61.23 70.12 63.22
157 35 3 10 0 48 0.444 49.59 49.99 51.55 51.13
313 31 4 10 0 45 0.185 47.86 48.96 49.34 49.67
248 28 6 5 2 41 1.37 38.97 37.53 41.54 39.48
245 19 1 0 0 20 — — — — —
154 7 5 2 4 18 0.667 23.54 26.29 22.97 24.91
155 198 31 229 16.0** 199.9 182.5 218.9 183.6
311 53 11 64 2.08 60.99 58.83 64.96 60.73
150 51 11 62 1.74 59.84 58.14 63.49 59.96
247 20 8 28 0.190 33.69 36.42 33.57 35.50
= 5Xx3V
Miyoshi 5 x Yore
No. 102 104 29 31 5 169 1.23 176.3 178.6 182.8 177.1
108 67 15 23 4 109 0.003 122.0 127.9 123.99 124.04
115 28 5 3 1 37 3.97* 30.08 26.10 33.74 27.35
119 86 30 116 0.046 132.7 140.4 134.0 134.6
117 96 19 115 4.41* 107.9 103.1 115.5 105.1
101 78 29 107 0.252 125.3 133.9 125.7 127.0
107 79 17 9% 2.72 92.59 89.92 98.25 91.65
124 44 17 61 0.268 72.45 77.91 72.44 74.19
103 37 13 50 0.027 57.33 60.73 57.87 59.31
106 39 6 45  3.27 39.07 35.55 42.87 37.34
109 15 7 22 0.545 28.04 31.01 27.53 29.52
104 14 4 18 0.074 19.15 19.58 19.73 21.07

1) ~5) Wwih b Table 21-1CH U,
1) ~5) correspond to 1)~5) of Table 21-1, respectively.
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. # & £ &

[ BCIEREDT 2 AV REGERETOREHEEERL, [IETAF 2HEM BN U CEBIC TR
FEEEFOREET > 7o XETIR, ZhsONEREHL TR 2,

%8, AICK X 2 #&ERER, I CRHHOERL, BHATEO—MELTED 2,

1 EOEEOERRETICDOWT, ~7 aofkoBEER TR, B, SHPE (EERRE) LHFFE
BIE (HHEER) OfES3 1 1 CHMT 5, 17, EREETFIEEOSBE I IIIERPE L BT
BH 3 L LT 5, EE, HERMEORGEICEFNOER 2L, BEERICBWTI I 1 OS5
HEOERSNBVIHECE, EREETFEOEBCHEBEETFNERT L bDEEZ5N D, EHT BT
BOGEET 2 L e E TS, 5, MEGUHEE T EM QMR O EME & 2 0580, SEEEE
SRAKEBRAHEROFANEEIC L > CERT 22BN TES (Formula 1~6),

Mk, BEEOEBBEETIC OV TAT v 0K L FERPEEE : ORZR T, @Y, ERvE (&
MWREA) CIEERPE (PHERER) OGS D 1 ST 3, Lal, RERT LEEEOVTR
2 A CHBGE#EE T EERE T EORFECRE SN 286, TRKRRCEY 2858, FHERrEE
Hix1 D 1B LRy, I OBE SR TREMOMBMEOHEMR & Z 058, REE OS5
POENTAHI LN TES (Formula 11, 12),

HEUD 2 VW EITRTLEEOEREET 2 ~T 0BT 2 EEOBMRETE, RRPEICL > CGRIET
BAHIBAL, CORRCBULOMGER1 21 12x%5%, Lhl, EREET & EEERCH 2 RE3E
BETEET 3HEEOBEOBEICE, ZOSMENERS VLY, ZOHEOES, BEFEmRET
EEF DAHBME OHEE HHEBFFE L 72 (Formula 7, 8),

Ih, BEOEEVEEZRVIBATH-TH, IOREEXET 2 BET @GRS H 2 RBGEE
FEETAEBOEBERTE, FECEEETEOVTLHEPEL TS, Tk, ZORRZ»SEHE
KREBEE 2R CHAMETAE, KEPEOSERI D & 8% OBET L IRBFEE T E T 28R
FH GESERE) sHoh s, JOBEBFREZRE L EEED S, TEEGE TR OEEEOHEEM &
ZOLBUEHET 5 ELHFEL 2 (Formula 9, 10).

EROEBRER O, FCEASEREDOHRICE, ROx3kE &b CiREHRER%E (AIC) 2HfR L
720 TOAICI, HE OEFREOMBELMETE 20 D2POETIVEREL TL 5 2 2 HICRKOREN
b, ZOERALFRMSTERET 2L CthEERBETEL VY, Bz, EFNVRKEASNIST A -5 D
AR BRAESTEAINTSBY, BERECHEV->ZIRFEHEAT LI L8 TES, IVAFOHM
RERTHRONLREVEOSB OB, ZOHEEBEEBHICA v (Table 9). %7, AICERWVT,
BEIVAFORBERAS» SBRL 723 VEBEROBEERRC BT 2 KRPEOSERI» 5, Ih5{H
Hoa v, REFERETFICHET 2 EERELHET 5 Z L PAREE 85 Z & £- L7 (Formula 19~20),

INSOBFELILARC Lo T, WMEMBIAF 2O TENED 2 VEEFEOGECEBSLERL T
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Study on Detection Method of Embryonic Lethal

Gene in Sugi, Cryptomeria japonica

Hisao KAWASAKI?Y

Summary

Detection method of embryonic lethal genes was established using marker gene at first. In this
method both selfed and crossed progenies, both dominant and recessive genes can be used as experimen-
tal materials. Embryonic lethal genes were detected from the distorted segregation ratio of the marker
character. This procedure is the she same as conventional linkage test or genetic analysis. In the case
of distorted segregation ratio in selfed or crossed progenies of heterozygote of marker gene,estimating
method of recombination value and its variance between a marker gene and an embryonic lethal gene
was formulated. The maximum likelihood was used in all estimating methods. And both AKAIKE
Information Criterion (AIC) and the conventional Chi-square method were adopted in the goodness fit
tests in segregated progenies.

Embryonic lethal genes in sugi were detected using the established methods. As the marker gene
used was a dominant gene which results twisted leaf-form, the embryonic lethal genes could be detected
only near this locus. The result of allelism test between these embryonic lethal genes was not clear,
but indicated them as different genes.

Yore-sugi and Wogon-sugi, ornamental varieties, were clarified to retain the embryonic lethal
genes. The former retained it with linkage of a dominant twisted leaf-form gene at coupling phase.
The latter, which is useful genetic material, retained the different embryonic lethal gene from that of
Yore-sugi. Furthermore, some of sugi plus trees were clarified to retain the embryonic lethal genes.
Ogawa 1 retained the same one of Yore-sugi. Taisho 5 and Miyoshi 5 retained it near the locus of
dominant twisted leaf-form gene and it was different from that of Yore-sugi. These plus trees were

heterozygous for the embryonic lethal genes.

(1) : Kanto Forest Tree Breeding Institute
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6P(2—yP ) 6PYP (1—/P +P)
1

TIaop
_4VP —5P+2PYP_ 1—2yp +5P—4P/P 1

6P*(2—yP ) 6P/p (1—yp +P)  3(1—P)

1
T 6P (2—yp (1-P)(1—y/p +P

—VP (2—/P)(1—-P)(1—2/P +5P—4PYP)+2P2(2—yP )(1—V/P +P)}
DUF, Bi&iic

; :2/13_—4P-3P/P_+14P2—7P2/P—
T 6PH2—yP )(1-P)(1—yP +P)

1

){(1—P)(1—/F+P)(4/p_—51>+2p/13 )

Ve=

" nlp

GWF Q- B)U-BG Y FeR o 8)
T (2-4/P —3P+U4PYP — 7P)n ormuia
V,

VP="p

:3@_(2—/?)(1—P)(17/P—'+P)
2(2—4/p —3P+14P/P — 7P)n

#6 : Formula 9, 100&EH AR
HEEE 2RO 52 (Formula 9) OEH
Table 555, N7 X—F BT IMHHEAELIRRCL>TEZ 5N 5,

Y — P P _'/ )2 Y — -
YP (2-/P) (z2-/P )+a210ge 2 +aalog32 (1 P) +a,loge 2/p (1 /ﬁl
2+P 2+P 2+P 2+P

L=a,log.

=(a;+ay)log.yP +ailog.(2 —VP )+asog.P+(2a;+a)log.(1 —¥YP )—Nloge(2 +P)+5E#K
J272L, N=a,+a,+as+a,

Lietton T, tgﬁﬂz\ig—;: 01
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1 -1 -1
dL 2/ P 2V P 1 2y P 1
ap =(a,;+ay) 7o +a12 _}[P_+azp+(2a3+a4)—It7_}T_ N 5P
__ata, Y Zasta, N

a;
2P  2/p (2—VP) P 2/P (1—/p ) 2+P

1
- 2P<1—f1T)(2—/f>—)(2+P){(a‘

—a,/P (1—YP ) 2+P)—Qa,+a)yP (2—VP )(2+P)—2NP(1—yP)(2—¥VP )}
=90
EROZFHS, 0<P<1DEHEDD LT,
(a,+2a,+a,)(4—6 VP +4P—3PyP +P)—a,(2/P —2P+P-5P/p —P?

+2a,+a)(1—YP )(2—VP ) (2 +P)

—(2a;+a) (4 /P —2P+2PYP —P)—2N(2P-3P/P +P)=0
IhEBETS L,
Pyp (2a,+2a;+a,) +P(2a,+4a,+2a,) +yP (—8a,—12a,—8a,—10a,) + (4a,+8a,+4a,) =0
2T, VP =QEBLE
(2a,+ 2a;+a,)Q+(2a,+4a,+2a,)Q*+(—8a,—12a,— 8a;—10a,)Q+ (4a,+ 8a,+4a,)=0

............................................................ (Formula 9)
HEMEDOSTBERD 5 (Formula 10) OH it

Table 5% 5, POFISHEREHREL RKAZ L ->THEZ 5N %,
/P (2-VP) & yP (2—-/p) 2P @& 2P

I = Jog, L
’ 2+P ap? %% 2 +P 2+P aP* %% 5 4p
_2(-yp)r & 2(1VP ) 2/P (1-/P) & log 2V P (1 VP )
2 +P dp? =° 24P 24P dp? 2+PF

ZORXDEL, 2, 3, 4FEEECL, I, L, Levhi,
YP (2—/P) d [ 2+P

L=l 7 —

PaT 4P VP:—(“Z_ﬁ{(Z}FP—gP)’(Z+P)”+(2VP 'P)((2+P)’1)’}
1
__(FCQo/B) dp 2T {/p—’l _ wE-P
2 +P dPL /P(2—y/P ) 2+P (2 +P)2

_ VP (2-VP) _d_[ 2-2/P P ]
N 24P dP L(2—yP )(2P+P?)

-1 . -1
VR [(W1){(2/P-)(2P+P)}>(2*21/P_ﬂ){(2+2P) Q-vP )+(2P+P)(2/—E)—)}

P {@=/P) @P+P?) }? }

LT, BRI

16y P —20P+24PYP —20P’+ 4P2/P + 3P*
2P (2—yP)(2+P)?

2P _d{zw{
2+P dPL 2P

L=

L= 2(2+P)'—2P(2+P)} ]
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2P d[2+P{2(2+P)—2P}]
2+P dPL 2P (2 +P)2

__ 2P d 2}
2+P dP LP(2+P)

_ 2P r—2(2+2P)J
~ 2+PL (P(2+P)}?

_4(2+2P)
T P(2+P)3

{(2(1=yP)H (2 +P) 1+ 2 (1= VP2 +P) )"} |

I__2(1—»'? )2 d [ 24P
s 2

2+P dPL2(1-/p)?

Py -
_ 2(1-VP): d [ 2+P FAYPIRY) - e
- 2+P dP | 2(1—yP)? 2+P (2 +P)?

__2(1-vYP)* d [ —2YP +P+P/P _ ]
2+P dPL P(2+P)(1—yPpP )2
C:£+yk3JF)“W+MUffﬂ”-PVfFHHPfﬂ{@HEU*{EHUP&%U-fﬂfliﬂ
20- VPr[ P 2 h ~ zfpi}

- 4P | {eP+Pya-yP)2}e

T, BB
_ —4YP +16P—24Py P +22P2—13P2yP + 3P*/P_

L= P2(1—yP )22 +P)°

_2/P (1-YP) d 2+P o . 3 o

L= ST dP[Z/?(l—/T:‘){Z(/? P)’(2+P)'+2(yp —P) (2+P) )}}
1 _,

_ _2YP (1-YP) d_ 2+P YP_ 2(/P —-P)

- 2+P dP | 2 yp (1—yP) 2+P (2 +P)?

2YP (1—/P) d[ 2-4/P —P }

2 +P dPL2P(2+P)(1—yPp !
2 1
_ 2/Fu-/P) [(—ﬁ—n {4P+2P) (1= VD) } — =4 /P=P) { (4+4P) (1= /P + (4P+2P) (=) }}
24P {aP+2P) (1 /P) }*

PUF, mEi

_ 8yYP —20P+24P y'P —20P>+14P2YP — 3 P®
B 2(1—yP )P2(2 +P)?

L
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LLEMS, L
L=1,+L+L+I,
_ VP (16—12/P —12P+12P/P —12P*+ 9P*/P —P?)
2P2(2+P)* (1 —yp )2 —4Pp)
YP (1 -VP){16+4/P —8P+4P/VP —8P+P*VP)
2P 24+P)(1—ypP )2 —yP )

_ VP {(16=8P—8P) +/P (4+4P+P?) ]
2PP(2+P) (1 —yP)(2—yP)
_ /P {8(2+P)(1-P)+/P (2+P)?}
2P (2+P)*(1—yP)(2—yP )

~ 8Y/P (1-P)+P(2+P)
2P (24P (1 —yP)(2—P)

1
NIp

Ve

2P 24P)2(1—¥VYP)(2—¥YP)
- {8yP (1-P)+P(2+P)}N

_ 2PYP (2+4P)2(1—¥YP)(2—-VP)

CEOoP e (PN

Ve
Vp=—t
P=p

/P (2+P)2(1 /P )(2—-/P)
2{8(1-P+yp (2+P)}N

#7 : Formula 11, 1200EH#Ef
HEMEZKRD 2R (Formula 11) OEH
Table 775, T A=Y ZETIMBAEELZIXACL>TEZ15,
2—P

1+P
L=a log. 3 +b loge 3 +ER

L
Usetso T, ﬁrgﬁf%zﬁgf,—: 01

dL a b

dP 1+P 2-P

— 1 —_— p—
= TP (2 ) {a(2-P)—b(1+P)}

=0
EROGF»o, Pr—1, P 20E&HB0H LT,
2a—b—P(a+b)=10
Liedso T,

(Formula 10)
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2a—b

P:? .................................................................................... (Formula 11)

WEBOLE KD 2R (Formula 12) OEH
Table 755, POFSHEREHEL ZRAic k> TEZ 515,

[__14P & 1+P 2-P &  2-P
v 3 dpz % 3 3 dpz % 3
_ 1+P d 1 2-P d -1

3 dP 1+P 3 dP 2-P
_ 14P -1 2-P -1
3 (1+P)? 3 (2-p¢
I S
3(1+P) 3(2-P)
_ 1
(1+P)(2—-P)
1
V:
F nlp
14P)(2—P
:,iﬁ‘__%f____l_ ..................................................................... (Formula 12)

#8 I bW AHIIOEWET NVOBRLHEEMIZDOWT
Table 9iZBWT, 4 DOXRHEM, T, Dw., T.dwdw, HDw.B & Vttdwdw DG 5h 5 BIFRER % %
NENPr, Pr, PrnBXUPrEd 53, £/, ZZCEHBEOEE L, Chos>0EHHEZIECa, 3, a;BX
La, T %,
Z DFF, HR
Pri+Pr,+Pr,+Pr,=1
a,+ a,+ as+ a,= n
ThHb,
ZDETNEBTDNBAEL (Pria) i

n!
L (Pr;a)=3alog.Pri+loge——————
a! a,! as! a,!

L7 %, I IZT, LAGRANGEDREFREHER AV,
M(Pr, A)=L(Pr;a)—A(Pn+Pr+Pr+Pr—1)

8L, IN%EPn, Pr, -, PRBXUADZRZENTHSLTO EBL &
IM(Pr, 1) ay

obr, = Pr A=0, (1=1, 2, *ovy 4) cereerormrns @
M(Pr,
a%_A): 1 = Pri—Pry—Pry—Pr,= () creoerrerrsreasttiin e @

OR»5

ai .
Py,:T, i=1, 2, -
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»ESN, InEQRCRATIIL

7a1+az+aa+a4: 1 _n_ 0
A A

1
A=n
ZORRLORLD,

a,
p,,i:__‘_
n

Th s,

PLEoBEH» S, Table 90 HHOLRVET IV, KBWT, SRFBOHIRKHEEZ L2 OEAK
(a, b, cBXUVA) ZREMBETEH- 7DD R->TRBEDTH S, ZL T, KRWLBEHT L2, 20
BTN TRENTNORBELE SN 2R ORTIL 11085 L0 SIS, whk 2HHT S
AONTBRY, 45, LHROFHEMBETE, Table 9 LOEELS, i=1, 2, -, 4L TR#LED
Tend, —ci=1, 2, = kELTHPR=2"5S 03102 L 3MIHTH 2,

#9 : Formula 13~140OEH 1B

AXHTHIEHL T B LB, Table 9 D5 O2DETNVTHEALZIDDNRT A—F i3, wFhbil
MTHDID, EOETFNVIKBWTHE—D/F X —41F, FRMCEECEE D, L, Z I TR
BOEDEDDETNTRCEDNT, ZNTND/NT A —F ORAHEEMSB L UZOSHERD 2700
ROBHBRETRT, 22720, UTORTHBELER, TN CEHELMEAT 20T 5,

E7V1 1 Table 955, /$7 A—FPIcBT 2NBAEL BRRC I >TE2 505,
Li=a loge (2 +P) +b loge (1 —P) +c loges; (1 —P) +d loge+P

dL,
dpP

dL, a b+c d

Uizs-> T, REAER

=0

dP  2+P 1-P P

1
TP(2+P)(1-P)

EROBFS, 0<P<1DEBEDD LT,
(—a—b—c—d)P*+(a— 2b—2c—d)P+ 2d=0
Zhid, PIcBd % 2IRAERE S,

{aP(1 =P)—(b+c)P(2+P)+d(2+P) (1 —-P) } =0

_—(@a—2b—2c-d)+ Y@ 2b 2c A’ 4(-a b c d-2d
2 (—a—b—c—d)

P

(a—2b—2c—d)F ¥Y(@a—2b—2c—d)%+ 8nd
2n

SFE2EEIHASH,CE IHIVKREL, PRSP 23 BTnERS520WODT,

_(@a=2b—2c—d)+ yY(a—2b—2c—d)’+ 8nd
2n

POFSERBEREL BRAC I > TEZ >N 5,

p=@d P s ¥ e 2D7 €7 d) TONR (Formula 13)




A X BT 2 RBECEEFORHE S 25%8 (Gl

_2+P &, 24P, (1-P &, 1-Py P &, P

b= ey g ap % g & apoEy
_ 2+PL 1 [I*P d -1 ]_B d i
T4 dp 24P 4 dP 1-P’ 4 dP P
24P —1 2[14) -1 ]_3-1
4 (24P i (1-p?) 1 P
I S S
T 4(2+P)  4(1-P) 4P
1
= —P)+ 2P(2 +P)+ -
PP (1o (P(1"P+2P(2+P)+(2+P) (1-P)}
3 1+2P
T 2P(2+P)(1—-P)
1 _2P(2+P)(1-P)
Ve= nl, (1+2P)n (Formula 14)
+P)(1-P
szvuw

4P 2(1+2P)n

7 N2 I Table 926, N7 XA —riZfiT 2B EELIRRACE>TEZ 6N B,
L,=a loge%( 1-1r)+b loge%r-i—c loge-}r( 1-r)+d logei—r

dL,

L7985 C, BEHER ar =01k

dL, _—(a+c) b+d 1 B .y _—nr+b+d_
1o o _r(l—r){ (a+c)r+ (b+d) (1 r)}_*—r(lfr) =90
EROBFnE, r£0, r+ 1 OEBFOB LT,

b+
r= nd ............................................................................................. (Formula 17)
rOFISHERTFHREL BXRRc L > TE 26 3,
I:_S(I—r) dz10 3(1—r) 3r dz10 3r (1-r) & T d21 T
i 4 de ' g 4 dre By 4 dre BeTg ar %8y
_ 30-n d -1 3r d 1 (1- d -1 r d 1

4 dr 1-r 4 dr r 4 dr 1-r 4 dr r
_ 3(1-n -1 3r -1 (1-0 -1 1 -1
4 (1-r? 4 r? 4 (1-m2 4 1
3 .3 11
4(1—-1)  4r  4(1-r)  4r
1

~m{3r+3(1 D+r+(1-1}

_ 1

T r(1-1)

1 1—

Vr:_:L(,_r) et e e sa et et ettt e beeeane e enee s (Formula 18)

nl; n

— 61—
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73 I Table 95, /N7 XA—FP, rkBET 3B AEL ZRARICEI>TEZzZ NS,
L;=a Ioge%( 2+4+P)(1—1)+blog.(1 —P)r+c loge%( 1—P)(1—r)+d log.Pr

=a log.(2 +P)+ (b+c)log. (1 —P) +d logcP+ (a+c)log. (1 —r) + (b+d) loger

9L,
oP

L
L1285 T, BEHER =90 EIU%: 0 oFERIZZNZFH (Formula 13), (Formula 17) 1%L

{755,
—7, POFSHEREHREL RN E->TEZ 515,

_ (2+P)(1-1) @&°? (2+P)(1—1) 92
I,= 3 al:)Zloge 3 (1 P)raleoge(l P)r
(1-P)(1-r) 82 (1-P)(1-r) 9?2
e % o Pr 2 og,
3 op? og 3 Praleog Pr
__@+P-n o 1 (1-pyr2_ —1 _-Pa-n o -1 , 9 1
3 oP 2 +P oP 1-P 3 oP 1-P oP P
(2+P)(1—-r1) -1 -1 (1-P)(1-1$) -1 -1
- 3 zipr TP T 3 - "
_ 1= ' l—-r 1
T 3(2+P) 1-P 3(1-P) P
_ P+ 2r
P(2+P)(1-P)
1 _ P(2+P)(1-P)
Ve= o Praon (Formula 14-2)
voo Ve _ (24P)(1-P)
PTUP T 4(P+2on
L2355, rOFSHEREHREL, T
__(2+P§p(-n 2 (2+P)(1—n) Ch
I,= 3 o oge 3 (1 P)rarzloge(l P)r
(1-P)(1-1) & (1-P)(1-1) 2?
3 o loge 3 Prﬁlogef’r
- - 1-P)(1— -
__@+P(1-n & -1 (1-pyr2 L ( (1-1 8 -1 prd L
3 or 1-r or r 3 or 1-—r or r
__(2+P(1-n -1 -1 (1-P)(1-r) -1 -1
= 3 (1-p? (1-P)r = 3 ESE Pr =
__2+P 1-P_ 1-P P
T3(1-p 3(1-n ' r
1
r(1-r7

i, V.id (Formula 18) ZHL <%k 5,

EF7N4 I Table 95, NI XA—FPRHT IHBRELIRRCEI>THEL B N5,

Li=a logey (2 +P) +b logess (2 +P) +¢ logey (1 —P) +d logeg5 (1 —P))
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L,
LitioT, tiﬁﬁ%fﬁi—f): 0 1%
13

dL, a+b ctd
dP,” 2+P, 1-P,

S S ey _
= TPy (1-py | @D (1P c+d (2+P)}=0

(—a—b—c—d)P,+(a+b—2c—2d)=0

_atb—2c—2d

P, - R P SN (Formula 15)

P.OFISHERTEHRE IR L > TE5E 2 615,

Lo 2P 24P 24P & 2+Pl~1—P,_dz_10 1—P,_1—Plilo 1-P,
T apr B g 12 apz % 12 4 dpz o8 g 12 apz % 12
__2+Pli 1 2+Pli 1 1—P,_i—1_1~P,i—l
- 4 dP,2+P, 12 dP, 2 +P, 4 dP,1-P, 12 dP,1-P,
24P, -1 24P, -1 1-P, -1 1-P, -1
4  (2+4P)2 12 (2+P)? 4 (1+P)2 12 (1-P)?
_ 1 ! 1 N 1 N 1.
4(2+P) 12(2+4P) 4(1-P) 12(1—-P)
B 1
(2+P)(1-P)
+P)(1—P
= L :(2 DAS TR T U (Formula 16)
nlp, n
\Y% 24P)(1-P
Vp,= Ve (2+P) (1 =P)

4P, 4Pn

EF)V5 I Table 9035687 X—%P,, ricBAF 2 BALELBZRA L>TEZ26N 3,
L;=a loge%( 24+P)(1-r)+b loge%( 2 +P)r+c Iogeé—( 1—-P)(1—-1)+d logej,l;—( 1—-P)r

=(a+b)log.(2 +P) + (c+d)loge (1 —P) + (a+c)loge. (1 —r) + (b+d)loger

Lietso T, tlgﬁ%iﬁ:—;ﬁz 05102 g pEEREZ AN (Formula 15), (Formula 17) &L
L

or
{75,
—%, WA X 2P,OFISHERIGHE],, 1T,

(2+P)(1-r) 87 (24P)(1-1) (2+P)r 2% (2+P)r

le== 3 ap; % 3 3 opz % 3
_(1-P)(1-p @ (1-P)(1-9) (1-P)r & (1-Pjr
3 ap2 B 3 3 ap7 % 3
__(2+4P)(1-p @ 1 _(24P)r & 1
3 oP, 2 +P, 3 9P, 2+P,

(1-P)(1-1) 8 -1 (2+P)r 3 ~—1
3 oP,1—-P, 3 8P, 1-P,
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_ (2+P)(1-n -1 (24+P)r —1
T 3 (2+P)? 3 (2 +P,)2
(1-P)(1~r) -1 (1-P)r -1
3 (1-—Py2 3 (1—-Pp2

_ 1-—r " r ) l1-r | r
T3(2+P) 3(2+P) 3(1-P) 3(1-P)

1
T(2+4P)(1-P)

&%, Veid (Formula 16) W&EL k5,

Fl&kW, rOFISHERTEHEL b

L= t2+P)(1-0 2 =~ (2+P)(1-1 (2+P)r 2 o (2 +P)r
" 3 ar OB 3 3 art & 3
~(1-P)(1-r) 2 o (1-P)(1-r1) (1-Ppr 2?2 o (1-P)r
3 are & 3 3 ar % 3

__(24P)(1-1) @ -1 (24P)r 8 1 _(1-P)(1-1) @ -1 (1-P)r 8 1

3 or 1-r 3 or r 3 ar 1-r 3 or r
__(24P) (1-n -1 (24P) -1 (1-P)(1-1 -1 (1-P)r —1
h 3 (1-r)? 3 r? 3 (1-r)2 3 r?
_ 2+P, 24P, 1-P, [ 1-P,_ 1

3(1-1) 3t 3(1-r1) 3r  r(1-71)
b, Viid (Formula 18)iCFEL k5,

#10 : S, CIS{EMAELLE #HKIFEL 7S, % AV 12iREL
SIOBEFREZHET 201, S;KRTISEGLL EEFEIFL 7S, (I VE) EECRE L -BEEI, T
SO & 5 WBAYESOEHZICH L T D Iz,

Vi, BBFHEETOFELEER L 2 VRS, TBREROEGFREIT/tTHY, ZOfEEOBEHEE 1R
RAGS)DORBFB I VE L EERSGHET 2, ZLC, S, 3 VRIS E(T/T) enTa(T/H) 5
FIET %,

BT, S,OIVEREEDS B, RO 1 BEXOEETFR (T/x:32) &, T/THT/tOVThrT
H2, LT, BEX2EEEHBELT, AU I VBROSHEHY 28 L &, STEEXOBEETFRET/T LHE
TELREREFNET S, 22DV IDZ L, BEEX(T/x) KBELROD 2 DOEHBH - T, KHELPETDH
SHERERD ZHEE LTERLTE S,

1 (h) D EEX(T/2) OBEFRET/TTH2 GEEFrxITTH3),
EE2 (h,) - EEX(T /%) OBEFRET /tTHs (BETxXITHS),

—7, EEXOBETFAHBT 7213t TH2 L &, SEXKYDORETFEST/THT/tOWTIAHTHSHHE
Ri3ZhZh,

PriY=T/T | X=T/T}

Pr{Y=T/T or T/t| X=T/t}
THD, LIh>T, Kdih, h,dd & T, ;KRB TTRT I VEONMEEKZET & X ORI
zZh®h,

=1
_3
T4
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Pr{n (T/T) | h=1
Prin (T/T or T/t) | hy}=(Dn
LFEEL,

£ 25T, {Rih, B & Uh, DR Z D 5 2 HFTHERL, EEXSIVETHL0Z0TH, RO LD TR
5,

Pr {hz } :%
UE»S, S,;RRCBWTINT I VRO B L 2 12REhPETH 2HFEIZ, BAYESOERIZ
EoT
Pri{h, | n(T/T or T/t)}

Prih}Pr{n(T/T) | h}
Prin}Pr{n(T/T) | h}+Pr{h,} Prin(T/T or T/t) | h,}

51 1
=7 D) 3y Gy T @
SX 1% () 1+2x ()

L5,
R, SFREBWTTNTIVEONEFEEE & &R ETH 2R,
Pr{h, | n(T/T or T/t)}

~ Pr{bs} Pr(n(T/T) | h}
CPr{h ) Pr{n(T/T) | b} +Prih,} Prin(T/T or T/8) | hy)

2
4 n
2+ (5]
TH b,
L ZAT, S I VEREEXHRE(T/T) &£ RSh, 299% LA E ORERTHE§ 2 DBk, S;HK%
BT IVROASET 2HEEnERD 2 &, ORED

b e
L+2x (3] 100

EBDT, ZhEREInERRcE>TEALLGN S,

Pri{n | n(T/T)or T/t)}=

log [T]
EEIZIE, 2OnEI8IL7DT, S;FRZBWTIVEIDAISEAEZ B 7S, I VRIEEND > T HIRH
hEHEIN2 (ZOSEEOEGEFRE2T/TEBETE %) BRI, OX»o98%ULER 2,
EC, ThETREBEDLD, REGTRETOFELER L ZVBEL L THBLED TET, FBI
i, THOBMERD»S, ZOBEEIENO I VEFEEELEL 2 I VERTFOMIIEETFEOEFEC, B
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& 22T, REth, hy, hy KT, DEEZ V152 FAIFER R, THREAOBRETFENTL/HHTHL L &,
W OHETable 5 (S, TEMRHRA 2 ZIRL 72358 OWIFFHER) 0P (1 —p)*2RAL LD RERHT
nEdwizvzheh,
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17y+2(mexptﬂé19?#2yxﬂ2;yqﬂapu7mx[%]"

L%, QRI—RLTHS R L 51, Mlfaffipk 7 A —F L LTEDLODT, ;KRB ITTFRTIV
BoEEE B & SR PETH 5 ERLBEREEETE RV,
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