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Major genes reported for sugi, Cryptomeria japonica D. Don

Description of gene

Host trees or clones
having the genes

Number of sugi plus trees which
segregate similar variants
(Allelism test is remain to be made)

1 . Plastid variation
(1) Chlorophyll mutation

1) Albino 1-57-2, Midori sugi 5 49
2) Xantha Hooshi 8 109
3) Light green seedling G-5, Kuma sugi, I-57-7, 316
Kumotooshi
4) White cotyledon seedling Inashiki 2 65
(white—green seedl.)
5) White primary leaf seedling
i) Spring whitening type Kuma sugi
ii ) Summer whitening type Iwao sugi 15
6) White variegation Okina sugi
7) Midori sugi (Green leaves  Midori sugi, Kuma sugi 36
even in winter)
2 . Morphological variation
(1) Varied primary leaves Hino 12, Imari 2
(2) Varied mature leaves Yore sugi (twisted needles), 84
Cr-54, Bandai sugi
(3) Varied stem form Mure sugi (multi-stemed
tree)
(4) Varied tree form (linked Kumotooshi, Kuma sugi,
with dwarfism) Yore sugi
3. Biochemical variation
(1) Reduced wax coating of Kamiukena 1
green tissues
(2) Isozyme Plus trees of sugi (See Fig. 1)

(3) Diterpene hydrocarbons Plus trees of sugi

4 . Embryonic lethal

(1) Embryonic lethal gene Yore sugi

Remarks: Ohba’s table (1980) is rearranged adding unpublished data of A. Kanasashi (For. and For. Prod.
Res, Institute, Tsukuba, Japan)

ZDT AV FA LGRS TIEREN S, BEL LG ERRE LIS

AR ORI A O S WEHEE ooV TR e X fEH L, TOHERT/EERL T
BRI BT, FOBREFELED T A V¥ A 2EEFEYRIEL, chx 7V, ok LTH
BERAEA I A L L D T2 6D ThHD, BlziE, I FV AFEHHEETEOTHC Y+ I MRk
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Fig. 1 Allozyme genes detected in needle samples of sugi, Cryptomeria japonica D. Don and their
schematically expressed genotypes and phenotypes
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—7, RELP FEOFEES I DT, T4 7 HFA 5 u (T - e S EHRELE T Elh T &
i, FRENRFLP 5HiaiT\, DT 4 VA ADBEPEDBE L REO HATHKT 5, Itk
RFLP B @S HTIc s\ T3 kEsk L 70 5 RELP 2" KBHHFIEETH b, ThHL oL ER DS
BELED FIBCEBFEN 5 5,

F— 21, TEENO | EREETEROENED 1 74 v 1 LBEFEOEBEGHT OS5 E D
BIESEOMAY R L, OEFEGTETEE, 280 (1:1, 3:1) oH5rdh, £oME
HICE D 3BT, TNERABEORBRE YL U, OBFERBTESL 71 V91 LBIETFER
DHEEHETIL 6@ OSEIErEZ DR, ThZhd4, 6, 8EEOERBRA CEEHETFA) »4 U

F— 2 THEERCKT HESEETFERYTA VYA LBIETFEOMEESHOBEOBIETEHOT
Table 2 Types of genetic segregation in the linkage analysis of marker and isozyme genes
in cross testing.

(DLinkage between marker genes in two loci

3A- aa l\/%arkc)er (Magk r
- — , 1D x(1:1)=1:1:1:1
3B~ 9A-B- 3aaB- (1:1) % (3:1)=3:3:1:1
(3:1) x(3:1)=9:3:3:1

bb 3A-bb aabb

Isozyme gene
segregation in
recessive marker

(2Linkage between marker and isozyme genes in one locus each

3A- aa Marker Isozyme homozygotes (aa)
DD 5ADD  aaDD (I k(2 121 1201
o e (LI T
ad  sad amadd  RNGERL ESERTLL L

(®Linkage between isozyme genes in two loci

DD 2Dd dd Isozyme Isozyme
. (1:1) > (1:1) =1:1:1:
FF DDFF 2DdFF  ddFF  (1:1)x(1:2:1)  —1:2:1
OFf 2DDFf 4DdFf  2ddrt  (alpy ik 21
i ope 2ot daii 2Dy LR D L
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Ho @7 AV HA LBIETEROMEGHETIE, 6@OOFELLEZ SR, 4, 6, 8, 9, 12
KOVEHO LRI CEEFA) 2 Lo, #OHICk TR, ZoERBE GRETFE) o5
OREIER DD I BT RS Th 5,

#—3, ACEFEELETEL T V¥ LMBIETES OBBES IR\ CHUEREE T+ <@
BEFRATL 2 LOFRII AR LI, Thbb, SHEHEET AT WEORAFIATS 2 Lok
S THBORBA GRIZFH) oBEEAYR I, SHFEELHIRTE 5,

S DICEERHGRIA T E MBOERIE FESHEE L TV LB AL, £ 4I0R L L 5 eAgtd
NEEGFEO (1/4) NWECESEE ), SUEBBET A= BECKST 57 1 V¥ A 2BETO
TREHAT L 2 1 DR e D ETe D, Fho, TA Y HFA LEEF T3 EUEORSLEE TR
HGLTUBBHE 11 1 ORBRALOR Y VE LD Eicic b,

#-3 BREBETELTA V¥4 LRETEOHEBESH OFIR
Table 3 Procedures of linkage analysis of marker and isozyme genes.

1) Difference in phenotype of dominance and/or codominance of the genes.
Selfing or crossing of double heterozygotes.

; A/a.D/d
(1/4) AD Ad aD ad
(1/4) T1/16]
AD ADD AADd AaDD AaDd
Ad AADd AAdd AaDd Aadd
aD AaDD AaDd aaDD aaDd
ad AaDd Aadd aaDd aadd

Segregation in two heterozygous loci

A, D: Codominance A: Complete dominance A, D: Complete dominance
D: Codominance

1 AADD 1 3 A-DD 9 A-D-
2 AaDD 2
2 AADd 2 6 A-Dd
4 AaDd 4
1 AAdd 1 3 A-dd 3 A-dd
2 Aadd 2
1 aaDD 1 1 aaDD 3 aaD-  Phenotype
*************************************************************************** and genotype
2 aaDd 2 2 aaDd of the
1 aadd 1 1 aadd I aadd  omoseoie
16 16 16 16
(16 kind) (9 kind) (6 kind) (4 kind)
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=fEKEFIHTL C oIS onT
Table 4 Advantage of selective use of recessive marker homozygotes for linkage analysis of
marker, isozyme and embryonic lethal genes.
Expected segregation rate for 3 independent heterozygous loci

A,a: Marker gene, B,b: Embryonic lethal gene, D,d: Isozyme gene

(1/8) T1/64]

ABD AABBDD AABBDd AABbDD AaBBDD AABbDd AaBBDd AaBbDD AaBbDd
ABd AABBDd AABBdd AABbDd AaBBDd AABbdd AaBBdd AaBbDd AaBbdd
AbD AABbDD AABbDd AAbbbDD AaBbDD AAbbDd AaBbDd AabbDD AabbDd
aBD AaBBDD AaBBDd AaBbDD aaBBDD AaBbDd aaBBDd aaBbDD aaBbDd
Abd AABbDd AABbdd AAbbDd AaBbDd AAbbdd AaBbdd AabbDd Aabbdd
aBd AaBBDD AaBBdd AaBbDd 2aaBBDd AaBbdd aaBBdd aaBbDd aaBbdd
abD AaBbDD AaBbDd AabbDD aaBbDD AabbDd aaBbDd aabbDD  aabbDd
abd AaBbDd AaBbdd AabbDd 2aBbDd Aabbdd aaBbdd aabbDd aabbdd

Segregation for 3 loci (Embryonic lethal gene; lethal in recessive homozygote as bb)

A.D: Codominance A: Complete dominance ~ A,D: Complete

D: Codominance dominance

1 AABBDD 3 AAB-DD

2 AABbLDD 9 A-B-DD

2 AaBBDD 6 AaB-DD

4 AaBbDD 27 A-B-D-

2 AABBDd 6 AAB-Dd

4 AABbDd 18 A-B-Dd

4 AaBBDd 12 AaB-Dd

8 AaBbDd

1 AABBdd 3 AAB-dd

2 AABbdd 9 A-B-dd 9 A-B-dd

2 AaBBdd 6 AaB-dd

4 AaBbdd

1 aaBBDD 3 aaB-DD 3 aaB-DD 9 aaB-D- Recessive homozygotes
2 aaBbDD for marker gene. If
2 aaBBDd 6 aaB-Dd 6 aaB-Dd there is no linkage,
4 aaBbDd isozyme gene segregate
1 aaBBdd 3 aaB-dd 3 aaB-dd 3 aaB-dd in 1:2:1 as indicated in
2 aaBbdd the frame

1 AAbbDD 1 AAbLDD 3 A-bbDD 9 A-bbD- If there is an em-
2 AabbDD 2 AabbDD bryonic lethal gene,
2 AAbbDd 2 AAbbDd 6 A-bbDd g{;;duglfs (gggdsf?l;
4 AabbDd 4 AabbDd the family die
1 AAbbdd 1 AAbbdd 3 A-bbdd 3 A-bbdd  before seed forma-
2 Aabbdd . 2 f@gbb@gl 777777777777777777777777 tion

1 aabbDD 7 lﬁzﬁxfihbD]_) 777777777 1,,,??]’_1_)})])___ 3 aabbD-

2 aabbDd 2 _aabed 777777 2 a_abch} 7777777777 B

1 aabbdd 1 aabbdd 1 aabbdd 1 aabbdd

64 64 64 64
(27 kind) (18 kind) (12 kind) (8 kind)
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BETHEEFCECT, BEENVBECZ EXDBDT 5D, ILICHA H A FORB T EARCE
HECHEYNHDHZ LB LT 5, ZhbOERIHME R FAEOEBEOBRERBEE LY 52,
O TCIESEROHE, ABREOHECR I AE L IRDEBhADH Y, +H BRI MLETHD,
TichbAFOEBEFITCEE LTk, MBOLEEFOFE, ot oMoBERIC L5 EHEET X
O7 A4 YA LBEETOGERAOR Y OFBWL WL O IETEx BT 5 LE B 5,

X — 2 ICIRRGRIR I, 71 Y A L8GBRIE T HEROMBIEE T EOBICOWT, BEILEE
TEREOUERECT O e BROAFER - BEER - REEOKTEC L5580 RE 2 L7120
TERETFEOEERB Y R L, & & CRHEHELRTE, 71 V1 2 BIETHEDOK | & & EHIE
BIETEOREMLE LOBEBRE LR LIch, 71 V%A1 2B EFEEOWTE 3 @ oSS
EZFPFEETEHAELERTHILEND S, K—2 A W iEH#E ST BRI EE A e
WS, K-2BItil SRR T A = BEOETFROET, HAH ILREERK, XHENSLE
WS RBOLRIEFE EBH L TR 855 0IR Lic, BROMBILGEGTENES L T\58
&, BEFEORIIFALEETEORIIER, M5 - KL > TEREROE(LIVE L 585
G0HY, TORBR, TELCLER EUD, £ L THBIGERTEN 2 AL EREYS LT\ 5585
B, —RCESEENISTRE L s (M- 2 8B,

ek, K—2A, BhoX-, Y-, W-, Z-, T-, U- %0 5fo&E 5, g, A3+, F1X,
%, fTRERNCR LCESETREORN LS EHEOMILE R L, HEMROEE X X5 f-dicolt
b DThHbH,

(4) TRLHR | RU TBREE CET3HEODBLEOBITEE
Z OBEGHTIC R\ T, BEFGEE TIe oW TRFRE O RGRIAAHC X 55K %% bFIHT 5100,
AEOFRDOR UM & BR R CH USHEFEE T O eflf s ~T e fEOTHFR R L %
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A. Fitted segregation ratios of 1:1 or 3:1 for a marker gene after backcross or selfing
with recessive homo— or heterozygotes

Number of lethal gene
0 1 2 More

(X-1~5)
(W-1~5)(T-3~5)

A marker and an At {a
isozyme genes are
(B)

linked d(e)
(X-1~83) (X-1~3,4,8) (Unsolvable)
(#-1~3) (W-1~3,4,6)(T-5)
A marker and an M ta A+ ja A{ {a A+ {a
isozyme genes are
independnet

)k {dee) (E)DJ l«(@ @0 [ ©®o} lde

By 1 By 1 B: 1
g o2 2
st 1bs

B. Deviated segregation ratios from 1:1 or 3:1 for a marker gene after backcross or selfing
with recessive homo- or heterozygotes

Number of lethal gene

0 1 2 More
(Y-1,2)(%-4,5)  (Y-1~5) (Unsolvable)
(Z-1,2)(¥-4,5)  (Z-1~5)(U-5)
A marker and an A} $a* a(a®) A la(a®) Al ta(a®)
isozyme genes are [ l
Linked () $dCe) E (e) (E)D4 td(e) (XD 1d(e)
Bit 1h: Byt 1b: B.T 1b:
Bz bz B2 b2
Bst ths

-L,20-3)  (¥-1,2,4,8) (¥-1,2,3)(X-3) (¥-1,2,3,4,6)
(Z-1,2)(W-3)  (Z-1,2,4,6) (Z-1, 2 DW-3) (Z-1,2,8,4,6)(U-8)  (Unsolvable)
A marker and an A $a* } fa* a(a*®) Al ta(a®) M a(a®) M {a(a®)
isozyme genes are
independent B, b, Bt th:y  Bif Th:
D} 4d DH: Bo 1b
Byt b, o} }d D} +d Db4d D}td
Bz' 'b2 Bz' bz
Bst ths

Marker gene : A,a

Isozyme gene: D,d,E,e

Lethal gene : B,b

a* . Lower viability, penetrance and/or expressivity in recessive homozygote. The gene action can be
defined in the selfed second generation

(X-,Y-,W-,Z-,T-,U-) : The marks indicate computation procedures described in Figs. 3 ,4, 5, 6 ,7 and
also in the text and the appendices.

X— 2 (EEET, 74 71 LBETH | EEREILEE FEOGEE EoRE RN
Fig. 1 Expected configuration of a marker gene, an isozyme gene and lethal genes
on the chromosomes.
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AF ) £ORETF RO RFLP OS5 7 4 v #4 LBETHEOWEHE LB 5 M7 (KEEfL)

FLoT [RLHM | &L, HSWEREE T~ EMF (aa....) & [RUZHBR ], 5o
BCEREE T~ n A (Aa..) & [BETHB tMscbiclic, CORLEHBOT7 1V
FA AMBETR GREOBRE, BEGIENES TH D, 1, BERHOBEEOMGHEITE T
i, BLSHE EBEL RO T A A 2 BEFE, M0 - HROBETEORINIC L - T
TESEEIT T E R VAN S D, COLDRITHEANLFEYID S5 5B BE1DH 5,

FAEALIEAD O BREIC X 5 RADIERD, EHEEFCOVTRERMEFED~T = AR OLH
REHSFIAT A, FhbwE ot THER] & LTRR[OHELER L, WThol;
HHTAVFA MBEFCOCTIEARY, 2F D alfEicR o oB2H b 5 % b0 LHE L TR
DG HEE 2 12,

F— 5 IR LZHANC fo\  CHEAS H A TTRE I A0 ML b8 LB FRA TR L, Toks, ZHMEB
MICHIB I 5\ VIR OB A—HK LTV B LEND D, £— 5 THLA L 51, BETHE (F
HBET~T e k) N7 A VA 2BEFCOWTHREESMOB L, B LLTHR (HHEEHR
BETHE@AEK) 071V FA1 BETFROWCH»bLT, FlzEELTcs LT, 7B
Hirge 1 (EYE) HoH vkl LICEE L TR TH 5, BIEBL T A ¥ V1 2EE IS
DT AT r ESRICHIUE, HEPERNTIRETH H, EHEBEDOEHE O h b OWIFF B
OBIEETFRICYE-T, FRhFh1:1, 1:2:1KX01:1:1:1D3d@bh&lch,

F— 6 I AMENC B\ CHEMBES A RE AT A A bR LB IET R AR LIS, ok, Aldho sk
DA CHIE | B A M OB A LTV HLENS L, ZOHE, WME HcE—D7 1
VA ABEFICOWTRETRVGR D, #EGHINEETH D, BBEHDHHO LI L OHFS
I REOBETREIC L -C, FhEh1:1, 1:2:18L01:1:1:1D3BHI2H 5,

LiE, B UAMAROEHERC ST 5 SMESEET A= EEXFIRALTT7 1 v ¥ 1 285 T
& DOBEG AR W OBE T OMEHER Ui, T, MAMUERE LERESINL, 7
1V LBETFOSEED1:1, 1:2:1H550k1:1:1:1b0RIOFEEYBRET S
ENDLIRE D,

(RBILECTHIC L 2ERBECTFONBLOEY OBRE

M— 3ICELEHD | EHEGTEEL T LR UMD 5\ ik BB O R R 1 2 LA
DHEOHNE AR LI, X— 3 0 FBCR LA RO BME O ZMRORERE 4R LT,
FHOEEL, AL avEHEET, BLbeMBSLERET,. D, d, ESLUek 71 V¥ 1 2R
FL Lt ¥, 74V HF1 2 0OBEEDSY > — 2+ (F) %D, Eicar—(S) &rd, elcElftirie,
MM+ Fh A-B:p, A-D:r, B-D:s & L7,

X — 3 OB ERGE G T OSBRI X D AT EON AR L, BEidfin riconwT, 1:
1553 1 OHBERCHEE LSS CRBBIGETG SO v b D& LT (X-2),
(W=2) ~EHEZ, DWCTTA VHA 2 BEFOSELOBHNYT S,

M — 3 B OERGEE T OB A BT EGOBE R, 1) BRBULEETH 5\,
2) SR EfEEOEER - BER - RHEMETAEL DS, £ T ICERBEEFOBMHME
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-5 RLUZHAFRCE CCHEES I TEE S M ORE TR L a4,
sk, ACHEBIMITHEISH 5 VIR OB S -H L08R DB,
Table 5 In backcross type, genotypes of the parents and their cross combination those make linkage
analysis possible. It also requires a consustency of their phases of coupling or repulsion.

[Backcross type |
Marker: Aa (3) (1)
Isozyme genes: D,d,E e
Embryonic lethal gene: B, b ((}3)) zﬁiD X <(l,?)> :DD
Recombination value: p,r ’ )
D,E: (F); Fast migration
d,e: (S); Slow migration

: Independent
Linkage e :
2 gregation (3) (1/2) AD Ad aD ad
Aa aa analysis ratio in aa (1-r) r r (1-r)
® D d @ DD O 53 SR (U(1/1) aD _AaDD AaDd aaDD aaDd
@2 d d O (3 S 2)(4/1) _ad _AaDd _Aadd aaDd  aadd
3) D d O 1:2:1 (3)(1/2) aD  AaDD AaDd aaDD aaDd
L ¢ 1/2) _ad _AaDd Aadd aaDd _ aadd
(4) D e O 1:1:1:1 (4)(1/2) aD  AaDD AaDd aaDD aaDd
S (1/2) _ae AaDe AaDe aaDe aade _
B) E e O 1:1:1:1 (5)(1/2) aE AaDE AadE aaDE aade
(1/2)  ae AaDe Aade aaDe  aade
Aa aa (1), (2) (1/2) AD(Ad) (1/2) aD(ad)

() D b W D D x L WA/1) _aD AaDD aabD
d a4 _ @ d d x v @ (/1) ad Aabd aabd
3) D d X 1:1 (3)(1/2) aD AaDD aaDD

_____________________________________________ (1/2) ad Aabd aabd
(4) D e X 1:1 4)(1/2) aD  AaDD aaDD
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1/2) _ae AaDe  aaDe
B) E e X 1:1 (5)(1/2) aE  AaDE aaDE
(1/2)  ae AaDe aaDe
(4) (1/2) AD Ae aD ae
Aa aa (1-r) r r (1-r)
4 D e () DD O Ll (/1) aD AaDD AaDe aaDD aaDe _
Apdd O Ll @Q/1)  ad  AaDd  Aade aaDd _ aade
3) D d O 1:1:1:1 (3)(1/2) aD  AaDD AaDe aaDD aaDe
e (1/2) ad  AaDd Aade aaDd _aade
(4) D e O 1:2:1 (4)(1/2) aD  AaDD AaDe aaDD aaDe
e (1/2) _ae  AaDe Aaee aaDe aace
5) E e O 1:1:1:1 (5)(1/2) aE  AaDE AaEe aaDE aaEe
(1/2)  ae AaDe Aaee aaDe  aaee
(5) (1/2) AE Ae akE ae
Aa aa 1-r) r r (1-r)
®) E e (), DD O | LK1 SR (/1) aD__AaDE AaDe aaDE aaDe
2 d d O Ll (2)(A/1)  ad _AadE Aade aadE aade
3 D d O 1:1:1:1 (3)(1/2) aD AaDE AADe aaDE aaDe
S (1/2) ad  AadE Aade aadE  aade
4) D e O 1:1:1:1 (4)(1/2) aD  AaDE AaDe aaDE aaDe
S (1/2) ae  AaEe Aaee aaBe aaee
B) E e O 1:2:1 (5)(1/2) aE AaEE AaEe aaEE aaEe
(1/2) ae AaEe Aaee aaEe aaee

Remarks: (O: Possible x: Impossible
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Table 6 In selfing type, genotypes of the parents and their cross combination those make linkage
analysis possible. It also requires a consistency of their phases of coupling or repulsion.

[ Selfing type |

i\/Iarker gene: Aie)l iE (3) )
sozyme genes: D,d,E,e
Embryonic lethal gene: B, b ((],?)) rﬁiD P ((I}?%:;%)

Recombination value: p,r
D,E: (F); Fast migration
d,e: (S); Slow migration

Independent

Linkage se f
> gregation 3) (1/2) AD Ad aD ad
Aa Aa analysis ratio in aa (1-r) r r (1-1)
® D d W D D O T (1)(1/2) _aD___AaDD _AaDd _aaDD _ aaDd
2 d d Qo D S (2)(1/2) __ad___ AaDd _Aadd __aaDd  aadd
3) D d O 1:2:1 (3)(1/2)
1-r) AD AADD AADd AaDD AaDd
r Ad AADd AAdd AaDd Aadd
r aD AaDD AaDd aaDD aaDd
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1-r) ad __AaDd _Aadd _aaDd__ aadd
4 D e O 1:1:1:1 (4)(1/2)
(1-r) AD AADD AADd AaDD AabDd
r Ae AADe AAde AaDe Aade
r aD AaDD AaDd aaDD aaDd
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (I-r) __ae _ AaDe Aade aaDe aade
5) E e O 1:1:1:1 (5)(1/2)
(1-r AE AADE AAdE AaDE AadE
r Ae AADe AAde AaDe Aade
r aE AaDE AadE aaDE aadE
. (x) _ae  AaDe Aade aaDe _aade
Aa Aa (1), (2) (1/2) AD(Ad) (1/2) aD(ad)
() D D _ MH._D D x = | (1/2) _aD__AaDD aaDD
2 d d ) d_d_ _x | (1/2) ad _AaDd __________ aaDd __ _____
3) D d O 1:1 (3)(1/2)
1-r) AD AADD AaDD
r Ad AADd AaDd
aD  AaDD aaDD
___________________________________________ (-r) ad _AaDd = aabd
(4) D e O 1:1 (4)(1/2)
(I-ry AD AADD AaDD
r Ae AADe AaDe
aD AaDD aaDD
___________________________________________ (1-r) _ae AaDe ___ aDe
5) E e O 1:1 (5)(1/2)
1-r) AE AADE AaDE
r Ae AADe AaDe
aE AaDE aaDE
(1-r) ae AaDe aade
4) (1/2) AD Ae aD ae
Aa Aa (1-1) T r (1-r)
4 D e (1) DD OQ [ S (1)(1/2) _aD___AaDD _AaDe aaDD___aaDe
@ d d O |51 S (2)(1/2) __ad___ AaDd _Aade aaDd _aade
(3) D d O 1:1:1:1 (3)(1/2)
(4) D e O 1:2:1 (1-r) AD AADD AADe AaDD AaDe
B) E e O 1:1:1:1 r Ad AADd AAde AaDd Aade
r aD AaDD AaDe aaDD aaDe
Aa Aa (1-r) ad AaDd Aade aaDd aade

(5) E e Same asin (4) and others
Remarks: (): Possible, x: Impossible
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Backcrossing with recessive homozygote or crossing of heterozygote(A/a) for a marker gene
(no information for isozyme or RFLP)

Backcross type Selfing type
Marker gene tA a (B)A(D) (B)a(D) (BXA(D) (B)A(D)
Embryonic lethal gene: B b X X
Isozyme gene :(D;Ezd§e) (Mald) (2)a(D) (9ald) (NalDd)
F) (S

Recombina- A-B: p (1) D D (1) b D
tion value A-D: r 2) (d) (d (2) (d) (D

DBD/dbd or B-D: s 3 M D (3) (0 (D)

BDA/bda 4) () (e) (4) (D) (e)
D,E :(F); Fast migration (5) (E) (e) (5) (E) (el
d,e :(8); Slow migration '

7

Marker gene Segregation ratio on the marker gene(A/a)

[Fit for 1:1  [Fit for 3:1] {Unfit for 1:1 [Unfit for 3:1
-1 -1 -1 1)

Deviated ratio with embryonic
lethal genes or others

(Y-2)(Z-2)
v
No embryo-| (X-2) Deviation with lower Deviation with a em-
nic lethal} (¥-2) viability of re- bryonic lethal gene
gene cessive homozygote (Y-3)(Z-3)
(A-B,a-B) (X-2)(W-2)
L Linkage analysis of
the marker and the | (1:1);(Y-3)
lethal gene (3:1);(Z2-3)
(A-b, or a-b : p)
v
Segregation of isozyme gene or RFLP in recessive homozygotes| and dominant cohorts
Isozyme gene [Segre. ratio 1:1 (X- ) Segre. ratio 1:1 Y- )
or RFLP Segre. ratio 1:2:1 W ) Segre. ratio 1:2:1 §Z- )
Segre. ratio 1:1:1:1(T- ) Segre. ratio 1:1:1:1j(U- )
ﬁil
(X-3)(¥-3)(T-3) (X-d)(wif)(T—4) (X-3)(¥-3)(T-3) (Y—4)(€f4)(U‘4)
{No linkage] [Linkage] [Linkagel [Unclear] [No linkage| [Linkage] [Linkage] [Uncleai
(A-D:r) (A,B-D:s) (A-B-D:r) (A-B,, D-B.:s)
(X-5) (X-8) (Y-5) (Y-8)
(W-5) (W-8) (Z-5) (z-8)
(T-5) (T-6) U-5) (U-8)

Remarks: Numbers with marks of X-,Y-,%-,Z-,T-,U- indicate calculation procedures described in
Figs. 4, 5, 6, 7 and also in the text and the appendices.

K—3 RULZHMND D AT 2 BT E oMK
Fig. 3 Flow chart of linkage analyses in backcross type or selfing type. In the crossing, both
parents may have a chance to have multiple heterozygous alleles for isozyme genes.
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Table 7 Factors resulting deviated segregation ratio of 1:1 or 3 :1 in a marker gene.

As the factors for the deviation, there are two factors as follows. It is required to make another
crossing, preferably selfing of individuals of F; or S; progenies.
(MEmbryonic lethal gene (s) linked with the marker gene
@Lower ability of viability, penetrance and/ or expressivity

1) Backcross type

Parent
A a: Mark
Did: Tsoryme genes A DB, a DB A DB a° DB
o a db a db a* db a* db
B,b: Lethal gene
r1, ro: Recom. values of D-B
A A A A a a a a
(1/4) DB Db dB db DB Db dB db
(1_1'1) Iy r (1_T1> (1—1’1) T I (]*1’1)
(1/2) Aa aa
a DB DDBB DDBb DdBB ddBb DDBB DDBb DdBB ddBb
(I-r) (A-1){—1) r;(I—ry r(l—ry) A-1r)U-1) A—rPA—1) 1,(1—-1y) r0-ry) Q—r)(1—1p)
a Db DDBb DDbb DdBb Ddbb DDBb DDbb DdBb Ddbb
ry rp(1—ry) Iy Iy r(1—ry) rp(l—ry) Iy I, rp(1—ry)
a dB DdBB DdBb ddBB ddBb DdBB DdBb ddBB ddBb
Iy rp(1—1y) Iiry Ty rp(1—r1yp) rp(1—r1p) il iy ry(1—1)
a db DdBb Ddbb ddBb ddbb DdBb Ddbb ddBb ddbb

(1—1) (I-rpA-ry) 1r;(1—1p) r;(1-ry) A—r)l—-ry) A—r)A—-ry) r{(1-ry ri(l-ry)) A—r)(l—ry)

2 ) Selfing type

Parent
AB Aa*
. ab
Pi1, P2: Recombination values
1/2  AB aB Ab ab 172 A -
(1-py) P1 P1 (I—py)
S;1/2 1/2 A AA Aa*
AB AABB AaBB AABb AaBb
(1=p2) (1=p) (1=pz) p11—pz) pr(1-ps) (1—py) (1-py) a* Aa* a*a*
aB AaBB aaBB AaBb aaBb
) p2(1—py) PiP2 P1P2 p2(l—py)
Ab AABb AaBb AAbb Aabb
P p2(1—py) P1b2 P1P2 p2(l—p1)
ab AaBb aaBb Aabb aabb
(1—pz) (1—p1)) A1—=p2) p1(1—pz)} pi{l—pz) (1—py) (1—py)
(D Embryonic lethal gene: in the selfed families of in- @ Lower viability penetrance, ex-
dividual Fy, or Sy, 3 different segregation rates are ex- pressivity in a* a*:

pected as followings:

(1) Normal segregation rate as 3 : 1

(2) Deviated segregation rate as in parent type

(3) Deviated segregation rate as in recombinant type

(1) Only one deviated segregation
rate as in parent
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DEEFHCOVCTRLZHAE T 1 H5CIABE T3 1 2 bRAIBEOERL R L GHE
K& (Y-2), (Z-2), (U-2) ), ZOFERFEHOI-DIIZFEE &L S Hic 1 D 55540
WETHD,

Tib bR RNOBEGIEMC L 2HAT, TORRERAUEY &S -1 | BEOSELO
ZOVEUIBEL, 2) HEs eBEOLERER - BER - RBEEOEKTENERTH S, & OHE,
MEFERETIHE L ELT, K- 3Dk T (X-2), (W-2) ~#EH, DWTT 1V
FA ADGEEOGTH~B D,

1) BEEGRIETEE L EHUCHBILRIETE FET 2B 3ERHOTHEL LU 5, T
bbb, ©3:1, QLOFKFRERUE Y OFHNL, OTOFRROMBRIC X 2 - Ico#ito 3@
D Thb, - DEFEGTIELEKILEEETFE L OBBMOFE L, RLZHMO1: 113 (Y-3)
kD, BRI 3 1k (Z-3)Ic & » TIT\, M5 | - R OEEFORTIE L ABlip 2 HEET 2,

1) RLZHAD 1 : 1 OS5 E I 31T 5 BBIEEG T & ofiRffio#E (Y-3)

(fFE&ER : 2238 (Y-3) &)
SHEH.  A-B-  aaB- it

HELH a; as n, P=(2a;—ay)/n,
P<0.5 p=P ({KX) pOLEOHEEME Vp)=(1+P)(2—P)/n,
P<1.0 p=1—P (M5 pooEE#: p=+vV(p)

i) BRAD 31 OMFSBEC T 2 EBOLRIATEE & O #EH A O HE (Z-3)
(fHE&E#E - 245° (Z-3) &)

el A-B- aaB- #t P=(a;— 2ay)/n,

BEH a a n,

P<0.25 p=P: Ab/aB pOGEHOHEM V,=(2+P)(1—-P)/n,
Vp)=V,/4P

P>0.25 p=1—P: AB/ab p DEH#EHEE v, =VP(p)
EBILERGEFZICED 74 /¥4 LBEFOFRLORY ORE

M—3DOTEDOTA V¥1 2B&ETOSEEE, 1:1 X- ), 1:2:1 (W- ), 1:1:1:1
(T- ) c#EETHE, (X=3), (W-3), (T-3) ~ELEPERRIL - EHEI RS,

TA YA LNBEETFOSBEO IR E#E ThIUE (X-4), (W-4), (T-4) ~EX, %
EH#BREFRAEDRBOBMEREGFEAED 7 A ¥ F1 A BEFOSEELA BT 5, HHER
BT REE S EEERRETEE L OSBESR K THIUE, (A-D) #HEIRB S Hh (X-5),
(W-5), (T-5) &iEA, ThZThBlixEH T2, 7EEAF U THIUE, 74 V¥ 1 LE(ER
TEHFCMBIGRIE TS 5 EHERX R, (B-D) #EThbh, (X-6), (W-6), (T-6) ~%,
M2 BT 5, 7ok, 5 LTOC2MBILRETFEOR LETIOFRC L - TMARMORH
DA ERDZBEL DD EZEZ RS,

LLEDFEOWAA~OBITOHEREE L KB~ 5,
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BETEOEE, 55 CIMEFEETEIMNICT A YA 2BETE L EKIEEE LR & H EeH
LTwa e HBlT2TFELYR L, Z0%E, HUEREE T =flf L FlcRaoEr#
WAEEDT A Y A 25WEtT5, OBE, &RV TrL, SiA @k s REREDSH T

L\,

-8R LIc L Sic, BHHoln FIE L MBOLERFE L AHEE L TV 5881, EREET O

K-8 RULIZHCH TEHEETE L MBOLRIEFIE L »BE L 256, EainT ol

WH D CEHEMERMEEFRICRT 2 71 V¥ 1 LBETOMESEEH

Table 8 Expected segregation ratio in dominant or recessive phenotypes, when a marker gene and

an embryonic lethal gene are linked in the backcross.

Marker gene : A, a (1/2) AD Ad aD ad
AD aD
Isozyme genes: D, d 24 % ad (1—-r) r r (I-r)
Recombination value: r (1/2)aD  [1/4] AaDD AaDd aaDD  aaDd
(1-1) r r (1—-r)
(1/2)ad AaDd Aadd aaDd aadd
(1-1) r r (1-r)
1) Expected segregation ratic @R=1-—r
Marker gene Dommanlt(SL phenotype  Recessive phenotype Total
- aa
I DD (1/9HR (1/49)(1-R) 1/4
£Z§2?$§; Dd (1/4) (1/4) 2/4
dd (1/4)(1—R) (1/4)R 1/4
Total 2/4 2/4 4/4
2 ) Numerical example of the segergation on DD:Dd:dd in different values of r.
. Segregation ratio of each genotype in coupling phase Total
Genotype Ratio r=0.5  r=0.4  r=0.3  r=0.2  r=0.1 (1/4)
A-DD  (1/9R 0.5 0.6 0.7 0.8 0.9
aaDD (1/4)1—R) 0.5 0.4 0.3 0.2 0.1 1.0
A-Dd (1/4) 1.0 1.0 1.0 1.0 1.0
aaDd (1/4) 1.0 1.0 1.0 1.0 1.0 2.0
A-dd (1/4)(1—R) 0.5 0.4 0.3 0.2 0.1
aadd (1/HR 0.5 0.6 0.7 0.8 0.9 1.0
Total (1/4) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 4.0

— 157 —



HAREHF 85 "92

E—- 9 FLEHC R\ TEHEE FRBIIMII T, 74 VA1 L BETEERKIEELEFE L E
LT LAY, EHERTOEMDS L VS EBRBEGRCRT S 71 V¥ 1 28K
FoOMRESEEL

Table 9 Expected segregation ratio of dominant or recessive phenotypes, when a marker gene is
independent and an isozyme gene and an embryonic lethal gene are linked in the

backcross.

Marker gene: A,a

Isozyme genes: D,d
ozyme ge _ A DB _ a DB
Embryonic lethal gene: B,b — g X —
. a db a db
Recombination value: r
(1/9) A A A A (1/4) a a a a
DB Db dB db DB Db dB db
(1-r) r r (1-1) (1-r) r r (1-1)
(1/2)aDB [1/8]Aa DDBB DDBb DdBB DdBb [1/8]Jaa DDBB DDBb DdBB DdBb
(1—r) (1-r? r(l-r) r{l-r) (A-r)? 1-r)2 r(l-r) r(l-r) Q-1
aDb DDBb DDbb DdBb Ddbb DDBb DDbb DdBb Ddbb
r r(l—r) r2 r2 r(l—r) r(1—r) r? r? r(l1—r)
adB DdBB DdBb ddBB ddBb DdBB DdBb ddBB ddBb
r r(l—-r) r? r? r(l-r) r(l—r) r? r? r(l1—r)
adb DdBb Ddbb ddBb ddbb DdBb Ddbb ddBb ddbb
1—r) 1-n?2 r(1—r) r{l-r) A-r1)? (1-0)?2 r(l—-r) r(-r) ((-r)?

1) Expected segregation ratio RZ?=(1—-r)2 R=(1-r1) r=(1-R)

Marker gene Donimanz I;henotype Recesswea ghenotype "(I;o/t%l
I DDB- (1/3) 2R—R?) (1/3) 2R—R)? (2/3) 2R—R2)
e DdB-  (2/3)(1-R+R?) (2/3)(1-R+R)  (4/3) (1-R+R?)
PO aaB- (1/3) (1-R?) (1/3) (1-R?) (2/3) (1-R2)
Total (1/3) 3 3 6

2) Numerical example of the segergation on DD:Dd:dd in different values of r.
As seen in the above table, the segregation of DD:Dd:dd in different values of r are similar in both
phenotype groups of A. and aa.

Govope RS o e oo e T
A-DD (1/3)(2R—R?)  0.75 0. 84 0.91 0.96 0.99

aaDD  (1/3) QR—R?)

A-Dd (2/3(1-R+R?)  1.50 1.52 1.58 1.68 1.82

aaDd  (2/3) (1-R+R?)

A-dd (1/3)(1—R?) 0.75 0.64 0.51 0.36 0.19

aadd  (1/3) 1—-R?®)

Total (1/3) 3 3 3 3 3
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Z DERGARMA DI G EREIGECIC D (F-8, TROERXEROCZ L), ok, 7
4V FA 2BEF~T 2 BEOEER, Bicl/2cisd, ¥, SUEREL T @07 1Y
YA LBEFNL:1HDEL:1:1: 1 SN DR O ABLHE LR FIRTHET %, 8
HEETEL 7 A V¥4 LBETEOEFNER IRCHE, (X-5), (W-5), (T-5) ~EA, #
Pffix HEET 5o

£ QT A Y FA LBEFH~T v OR LTHIMC I\ T, ERRE TEABIIT, 714 7Y
1 2BETFEE L EBIGEE TENEHE L TV 25500 e R LT,

T A VA MBRIETEE CERIEEEFES S LTV ABEIL, 71 Y A 2BETO5HENE
EHEEFOBY, SHoOBRERRBEERCR—Ckb, £— 90 2) HABMOE T LDT A
VA ABETFROSEEEY IR L, T, 71V FA 2BETFOSEEN 11550k 1
11 20 REABE L AERFETREYRIRS, 71 V¥ 2RIETE L RBICRE FEOE
PAHETE SHIB S, (X-6), (W-6), (T-6) ~B b, HBRHEHEET 5,

£ 1010 FE UM s\ CEZRERIETFED 5\ 37 1 7 A 2BIETE L RBSEE FHE LD
DK PO 1o b DFEEFTRTO 2 REDHERR LI, RLEHTHHOT, EaBIETIX

£-10 RLZHCR O CEIBEETED L LT A 7 A 2BIETHE & MESERIE T HEOMHD
KA D 1= D 2 BTE

Table 10 Chi-square test for linkage analysis of embryonic lethal gene with marker gene or

isozyme gene in backcross.

Marker gene : Aja

Isozyme gene: D,d,E,e

Embryonic lethal gene: B,b

Recombination value (A-D) or (D-B): r

(D Isozyme segregation type 1(IS-1) @ IS-2 ® 1S-3
a1:1 1:2:1) (1:1:1:1)
A DB a D(d)B A DB a DB A DB a EB
a db a D()b a db a db a db a eb
Genotypes and their observed frequencies (a;,az,as,as. . - - as, tp, ta- - - . - . T)
DD(Dd) Dd(dd) Total DD Dd dd Total DE De dE de Total
A- aj as ta A- aj as ds ta A- a; as as a7 ta
aa 2 Ay ta aa a9 ay ag fa aa ay ay 3 ag ta
Total tp tq T Total top tpd taq T Total tpE tDe taE tae T
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BLTOhL, BERGBETEE 71 Y 1 LEETESGEHE LT, W05 TF—3
THNIERBETFELEL 74 VA 2BETHEEEE LTS LHM IR,

¥, BIAWZOWT, AL TE-L, 1271 V¥ 1 ABEFHA~T 0 DBE OERE
BTBEELET A YA ZBIEFEOEH, 55\ IEMELETFEIICT 1 V¥4 2&IETE LT
BOGEL T ENEEL T B 2 2 HETHFEYRLE, Z0BE L SNEREE T+ Fik

11 AACHCTEHGEE T S MIOUEETE L AEBE LTV 258, EREETOBER S
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Table 11 Expected segregation ratio of dominant or recessive phenotypes, when a marker gene
and an embryonic lethal gene are linked in the selfing.
Marker gene : A, a

Isozyme genes: D, d
Recombination value: r

AD
ad

1) Expected segregation ratio R?2=(1-1r)2 R=(1—1) r=(1—R)

Marker gene Donimant phenotype  Recessive phenotype Total

A aa (1/4)
Isozyme DD (1/4) 2R—-R?) (1/4) (1—-R)? 1
Dd (2/4) 1—R+R?) (2/4)R(1-R) 9
genotype dd (1/8) (1—R?) DR :
Total (1/4) 3 1 ;

2) Numerical example of the segergation on DD:Dd:dd in different values of r.

Genoype  Rado  Segrcusion il ofcach genorype I conping phesc ot
A-DD (1/9)(2R—R?%) 0.75 0. 84 0.91 0.96 0.99
aaDD  (1/)(1-R)? 0.25  0.16  0.09  0.04 ¢ 0.01 1.0
A-Dd (2/4)(1-R+R?) 1.5 1.52 1.58 1.68 1.82
aaDd  (2/O(R-R) 050  0.48 0.41 0.32 0.18 2.0
A-dd (1/49)(1-R?) 0.75 0.64 0.51 1.36 0.19
aadd  (/OR*  0.25 0.3 0.4 0.64 0.8 1.0
Total (1/4) 30 1.0 3.0 1.0 3.0 1.0 3.0 1.0 3.0 1.0 4.0
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Table 12 Expected segregation ratio of dominant or recessive phenotypes, where a marker gene is
independent and an isozyme and an embryonic lethal gene are linked in the selfing. The
results are consistent with those for backcross in Table 9.
Marker gene : A, a
Isozyme genes: D, d % %—E—
Recombination value: r

1) Expected segregation ratio R2?=(1—-r)2 R=(1-1r) r=(1-R)

Marker gene Donimanlt;ihenotype Recessiveazhenotype ’é‘l(;t;)l
I DD (1/3) 2R—R?) (1/3) (2R—R?) (2/3) (2R—R?)
omotype D4 (2/3) (1-R+R?) (2/3R(—-R+R?)  (4/3)(1-R+R?)
EOOPE 4 a/pa-RY (1/3) (1-R?) (2/2)(1-R?)
Total (1/3) 3 3 6

2 ) Numerical example of the segergation on DD:Dd:dd in different values of r.

As seen in the above table, the segregation of DD:Dd:dd in different values of r are similar in both
phenotype groups of A- and aa.

Genotype  Ratp SeSBon st of uchgentspe i ol pheve o
A-DD (1/3) 2R—R?) 0.75 0.84 0.91 0.96 0.99

aaDD _(_1_/‘3’—)?&{—: i(_Z_)“

A-Dd  (2/31—R+R?  1.50 1.52 1.58 1.68 1.82

aaDd  (2/3) 1-R+R?)

A-dd (1/3)(1—R?) 0.75 0. 64 0.51 0.36 0.19

aadd  (1/3)(1-R?)

Total (1/3) 3 3 3 3 3

LRl FAROBHEBRABED 7 A Y ¥4 255175, OB, 285 Tk, S+
hERABBREOGH T, F—ILR LI L 5, EHEIETHE - MBI ELTE L EE L T
WAHBEY, EEEETOR - Z0EBAIKOVCTERD LS T4 ¥ FA 258 i Ih 5,
Ticbb, EFHEGETICOWTEN L SHORBEMTT 1 v 1 A BETFOSHENRICD

COERIMHABMI NI G ERE BV S (F-11, TROBELYERBOC L), BEHEE
FHE & EBIEEIE TR & o ffofEr, (X-5), (W-5), (T-5) ~Bb, #FET 2,
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ERBIEETENEH L TV ABAITL, 71 Y ¥A1 2B ETOSEIESERET OB, S
OREBREGE CR—C e, & OMBfioHE R, (X-6), (W-6), (T-6) ~B b, itET 5,

LUk & 0 BB a8 L MBIER R TS B\ LT 1 Y 1 2B THE L MBICRETE L O
BHOBFEOHTENTREC L D, RCBF XK - 3 L RENCBTF K~ 4, 50K OHEMSH
~B D, ek, BEEETE, 71 V%A 2BETE, KEIGRIETED 3E RARCEEL TV
a0, (Y-5), (Z-5), (U-5) ECRLCHEMHECHET L L LT,

2. E#ESWEHELE

1) RLEHBICK (T2 EBMOTESE

(1) BBBRGTELGCHBSLEGFENTEL 2SS OEBRMOGE

X — 4 EHRE FEBEFCREBOLEEFENTFAE LI VB G, e HUERRIET + e E&kD
HIF - BBEESCRENCOCBEOESTBEORN YR L, 2O~ 3 OB L IEF LT
HY, TOEMORINOFEHEAFMEH LD TH S, Tihbb, CoORINIERERET
OB 1 1 CHBETHLDTHD, 74 VA ABEFOSECRETIL, BHOEBE1:1,
1:2:1RO1:1:1: 10480233 h5, BSOS IEFEERITHTHLD, 1:1
(X-3), 1:2:1 (W=-3), B\ 1:1:1:1 (T-3) @& LLBEIESELTREETA
VA ABETEEEE L T2 EAVRB RS,

DML CTRBEAOBAT, 1:1 (X-4), 1:2:1 (W=-4), 1:1:1:1 (T-4) ~f2,
HVEERHER G T RO RBOBYESEE FRAED 71 V¥ 1 2BEFOSERABRETS (FE-
8, 9, 10B8M), HHEIGEET ek L BUHESRETEE L O BLLATR—FTHIUL,
(A-D) ##E»RE S h (X-5), (W-5), (T-5) ~#tA, ThZhlllivxFH+ %, EHEET
EMBIORIE T OB I BE L, BALEY AV TRITR /#8850 e CH 5,

MO TEELAF CChiu, 71 Y F1 2B IEFEHCRBILREF O FET S SHEI S,
(B-D) #$4TH b, (X-6), (W-6), (T-6) ~ftL%, MafMaBEHT 5, Ik, BEIEETOHR
BRI L - TR O BHAARREL 2B E1DH LD EE 2 LA,

ok, AL (Mather. K. 1963) (%, p wf#fi & L, ZBEX G2 1 ~tH b, ThZhoif
MR A mmyms,. . .. m & L, FXSTERMINIHEE a,az,a3,. . . - a TR nOBE, K
OTEREEEH I, ThiaE HETHD,
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1 az
mp msg . . . . M
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Bb, 1, FET2EHSC I VEE IR S,

L=C+ajlogm;+ajslogm,+aslogmz+. . . . . +adogm;
dL _ _ dlogm, dlogmg dlogm; dlogmy
dp =ay dp +ay dp +aj dp ... tag dp

()ESBEEFEE 7MY P4 LREFELOBBREOHTE (X-5), (W-5), (T-5))
RUZHICR\ T, 7475 2BETFOSEEN ] 1 KAERT X-4), 02271 V%A
MEETFEORBECRBILEGTEN LI 2856, (X-5) ~El, T CH#E
tho74 YA 2BEFHOFEE~T e OAERICL - TC, BHE (DD:D) LEER - SR
(Dd:dd) OB A EIF X, K- 40 BC-1& BC-203EFRIC X » T A-D oMM % #E
T5,
(X-5) (BC-1, BC-2) 1:10#ifFmREtO%E

THEL DD : Dd : dd s
BEH by by np R=by/np (X-5) (BC-1)
bz b3 g R=b3/nd (X— 5) (BC— 2)

0 <R<0.5 r=R (HR) ros#ofEM Ve)=R(1-R)/n
772 L, n=np n=nq
0.5< R< 1.0 r=1—R (#3]) rooE#EHEx V=V

Fl, TA VYA ABETFOSEELN1:2: 1 ETR@EET (W-4), 22274 V1 2 EETFE
FECEBOLEE THEL e T S b BE, (W-5) ~fl, CoBs, HBRMEOHEREKL,
RLZHA (W-5 BC-3) oftcinsd (K- 428),

(W=5) (BC-3) 1:2: 180 HLoBE

St DD : Dd : dd &t

BER b; by bs n, R=bs/(b;+bs)

0 <R<0.5 r=R HR) roggofEd V) =2R(1-R)/m
0.5<R<1.0 r=1—R (H5]) roEEHx V,=V/V()

XHRTA VA ABETFODEE?1:1: 1 1R EET, »O7 4V FA L8R TFELE
CRBIRE T\ ¥ S h 5861 (T-5) (BC-4, -5) ~Ex, E#EBEET LT 1Y F1
2B L OB HET 2,

{74 V4 LBEFEEFEILRETE & ORBMEOHE (X-6), (W-6), (T-6))

-8, 9, 10R LI > CEREGTOSBLV RS ECES L, 71 V%1 28T
SEED IS B NE A OB S, HUESBEET R Bk ROEBEESEERFEEOT 1 Y
A ABEFHERYHE LT, OFR—KThiIuL, (A-D) HEHRBEIh, O—FThi, (A,
D-B) #gl, Ticbb7 M V¥ A BETELGFCHBOERIEZTEIAFET LD LELDLN D,
M- 4 04 - TRICOQOBEDBBMOHTE HELY R L. Thbb 1l lER#ERGOHET, (X-6
BC-1, BC-2) (H— 4% XOMBER : 2328 (BC-1), 2348 (BC-2) &), T/ 1:2:11C
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DKL - T, ThXhfllfliz#eTs (K- 4 5 IO0MBER : 2355 (BC-3), 240H
(BC-4, -5) &R),
(X-6 BC-1, -2) 1:10fifssEtose
pon- e d DD(Dd)B- Dd (dd) B- it
(k=% c Cs n,
R=(2c;—cp)/n. V,=(1+R)(2—R)/n. V,=V(p)
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0.5<R< 1.0 DF/df (485])
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Table 31 Backcross of a double homozygote (tester) to double heterozygote in the isozyme loci.

Isozyme gene: D,d

Isozyme gene: F,{ % X % l%l_?‘_ x %
Recombination value: r
DF Df dF df DF Df dF df
1/2 (1-r) r r (1-r) 1/2 (1—r) r r (1—-r)
1/1 dF DdFF DdFf ddFF ddFf 1/1 df DdFf Ddff ddFf ddff
(1-r1) r r (1-r) (1-r) r r (1-r1)
Segregation R=(1-1),r=(1-R) Observed Segregation R=(l-1),r=(1-R) Observed
Genotype ratio Expected ratio number Genotype ratio Expected ratio number
DAFF 1/2(1—r1) 1/2R a; DdFf 1/2(1—r) 1/2R ap
DAFf 1/2r 1/2(1—R) as DAff 1/2r 1/2(1—R) as
ddFF 1/2r 1/2(1—R) as ddFf 1/2r 1/2(1—R) as
ddFf 1/2(1-r1) 1/2R ay ddff 1/2(1—r) 1/2R ay
=t 1.0 n it 1.0 n

The observed numbers in the following two way tables is tested for deviation with linkage or an
embryonic lethal genes by x2 test. If the test is significant for the linkage, recombination value of
both isozyme loci is computed. If y2-value is significant for the embryonic lethal gene, linkage

analysis is made for the loci.

Dd dd B

FF 1/2R 1/20—R) 1/2
a1 as

Ff 1/20-R) 1/2R 1/2
as a4

B 1/2 1/2 1.0

Dd dd it

Ff 1/2R 1/20—R) 1/2
a; as

ff 1/21—R) 1/2R 1/2
as aq4

i 1/2 1/2 1.0
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Table 32 Backcross of a homo- and heterozygote (tester) to a double heterozygote in the
isozyme loci.

Isozyme gene: D,d

] DF DF DF _ Df
Isozyme' ger?e. F f o < aF TR T:
Recombination value: r
DF Df dF df DF Df dF df
1/2 (1—r) r r (1-r) 1/2 (1—-r) r r (1-r)
1/2 DF DDFF DDFf DdFF DdFf 1/2 Df DDFf DDff DdFf Ddff
(1-1) r r (1-r) (1—r) r r (1-r)
1/2 dF DdFF DdFf ddFF ddFf 1/2 df DAFf Ddff ddFf ddff
(1-1) r r 1-1) (1-1) r r (1-r1)

Segregation  R=(l-1),r=(1-R) Observed Segregation R=(I-1),r=(1-R) Observed

Genotype ratio Expected ratio number Genotype ratio Expected ratio number
DDFF 1/4(1-r1) 1/4R a; DDFf 1/4(1—r1) 1/4R a
DDFf 1/4r 1/4(1—R) as DDff 1/4r 1/4(1—R) a,
DAdFF 1/4(1—r+r) 1/4 as DdFf 1/4Q—-r+r) 1/4 as
DAFf 1/4(0—r+r) 1/4 ay Ddff 1/4Q—r+r) 1/4 ay
ddFF 1/2r 1/4(1—R) as ddFf 1/4r 1/4(1—R) as
ddFf 1/2(1—r) 1/4R ag ddff 1/4(1—r) 1/4R as

i 1.0 n at 1.0 n

The observed numbers in the following two way tables is tested for deviation with linkage or an
embryonic lethal genes by x2 test. If the test is significant for the linkage, recombination value of
both isozyme loci is computed. If y2-value is significant for the embryonic lethal gene, linkage
analysis is made for the loci.

DD Dd dd Hi DD Dd dd &t

FF 1/4R 1/4 1/40—-R) 2/4 Ff 1/4R 1/4 1/41—R) 2/4
ai as as ai as as

Ef 1/4(0—R) 1/4 1/4R 2/4 ff 1/40—R) 1/4 1/4R 2/4
ag a4 dg as a4 ag

i 1/4 2/4 1/4 1.0 iFo1/4 2/4 1/4 1.0

(3) 7494 LBEFE2E~NTOBAROBMESH 2 (3% HIBEH226H2R)
OB E IR OBET ORSIAHEE ], HEKOVThrT—H LTV BLEN D 5,
CO%E, R-3NURLIL S 9EEDOEETR SEEL, £ oMl L0 o5k, B

REFROHAC L VHEIND,
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Table 33 Selfing or crossing of double heterozygotes in the isozyme loci.

Isozyme gene: D,d
Isozyme gene: F,f
Recombination value: r

DF . DF DF
T selfing or TR T

1/2) DF Df dF af
(1—ry) I ] (1-1p)
1/2)  {1/4}
DF DDFF DDFf DdFF DdFf
Ury) U-r)(-r) nll—ry) nl-r) (-r)d-ry)
Dt DDFf DDff DdFf Ddff
T pd-rn) ST nr rp(l—r)
dF DdFF DdFf ddFF ddFf
o rp-r) S nr rp(l—r)
df DdFf{ DdAff ddFf ddff

(1-r) A-r)A—r) r1(1—-ry) r(1-ry) A-1){d-12)

D,F: Codominance r: Recom. value r;=r,=r R2=(1-r)2 R=(0-r) r=(1—-R)

(1/4) Segregation ratio Expected ratio Ob. number
1 DDFF (1-r)(—ry) {1/4y (1—-r)2 {1/4} R2 a;
2 DDFf n(I-r)+r(l-r) ar(l-1) "~ 2RU-R) (/4 a
1 DDff  nr. 2 a-r2 as
2 DAFF r(1—-ry)+r,(1—rp 2r(1—r) 2R(1—-R) ay
4 DAFf 2(1-1)(U-r1)+2rir, 2(1—r)2+2r2 2—4R(1-R) (2/4) as
"2 Ddff n(I-r)+r(l-1) ar(l-r) 2R(1-R) a;
1 ddFF Il r? (1-R)? az
T2 ddFf (-1 +r(l-r) ar(l1-v)  2RO-R) (/4 a5
1 ddff (1—r_13_(_1_—r2) _________ (_ 1"—r)2 777777 R :jl;ﬁ
16 Probability 1.0 n

(9 kind)

The observed numbers in the following two way table is tested for deviation with linkage or an
embryonic lethal genes by %2 test. If the test is significant for the linkage, recombination value of
both isozyme loci is computed. If y?-value is significant for the embryonic lethal gene, linkage
analysis is made for the loci.

(1/4)
DD Dd dd Total
FF R? 2R(1-R) (1-R)2 1/4
,,,,,,,,,,,,,,,,,,, o SO L S
Ff 2R(1—R) 2—4R(1—R) 2R(1—R) 2/4
,,,,,,,,,,,,,,,,,,, & B W
ff (1-R)? 2R(1-R) R? 1/4
as ag ag
Total 1/4 2/4 1/4 1.0
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DDFF DDFf DDif DAFF DdFf Ddff ddFF ddFf ddff E)

a ag as ay as ap az ag ag n
A=2a;+a; +as +ag +agt+2ag
B=—6a;—4a;,—2a3—4a,— 2a5— 4ag— 2a;— 4ag— 6ay
C=8a;+6a,+4as+ 6a,+ 6as+ 6ag+ 4a;+ 6ag+ 8ag
D=—-4a,—4a,—4a3—4a,—4as— 4ag— 4a;,— 4ag—4as=—4n
f(R)=A+BR+CR2+DR3
0 <R<0.5 r=R Df/dF (#50)
0.5<R<1.0 r=(1—R)DF/df (#51)
Vi={R(1-R)(1-2R+2R®)}/{2n(1-3R+3R?)}
DLEDSTRETGHEC L h 7 14 v ¥ 1 sBEFEROERME HEE S h 2,

4) BHENMORGIGHERR
EBACEFRIET, 2 v AF (B CEFEORFO~T v 1 HERS LOLFEOHEDO IO
WTTHAE (BM) &I FVAFO~T e 2BEOHTC L AEBMEEZF LT 1V F1 2BEF
(Shd- 2, Lap, Mnr, Aap-1, Px) D3RR LTz, WThOFRLEREET OIS
DD 3 1 OFBEHICHEEG Lic, 74 Y ¥A ABIEFIE Mnry, Aap- 1B L O Py CHIfF 8D 1 :
2: 1 @G LIchs, Shd-2, Lap (2 5R) TS BEHCEE Ligh oo, & 0BG TR -
6 O HEIIC B\ T [ EHRE T MBIRE FEENFE L\ B E OBEBGHT | Olthi @
ATszkicinst, Tihbb, (W-1) > (W-2) > (W-4) ~iitr, Shd-2, Lapix1:2:1D
W5 BB E TH > DT, b ORAOEZREEFC OV TEEEGR & HERER
B3 % Shd- 2, Lap th Th DB OER Y FEIERGATIHERL, 2BELY Lic, 3FKRELE
FOREF OB - HUORBROSECERIIIL, T4 VYA 2 BB TFELECHEKIEESR T E
DEAETDHE EHR LI, SO (W=-6) ~ER, 74 VF 1 2RIGFE L BBIEETEOH
B2 kD 5 KRR CHE LT, HEIL A~V Frave.—x—%{#FHL, Newton-Raphson T
KT LT, 7ok, ZOFEAECKS THRHEMr 2V WEBE S EICBEN L DR IEIDWLT
LEHOBETRETH D,
AsR5+ AR+ AR3+ A;R2+ AR+ A= 0
BEFH BEK EEVOTES
A-aa DDB-(F) c1 As=(2c¢;+2c;+2C3) Rep.0<R<0.5

DdB- Co A,=(—4c;—5¢c3—6¢c3) Coup.0.5<R<1.0
ddB-(S) C3 A3=(2c;+ 6¢3)
&t nc Ay=(2c;+5co—4c3)

Aj=(—4c;—2¢y)

Ay=2¢;
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=9 x 2 L AFDOF, O D Shd- 2- [RBILEIE T EE O RMIL0. 21 GER), B U < #1124 x
HR1OF, @ Lap Ti0.22 (HD), BN <) 8 DF, D Lap Ti30.31 (#B) Thoteo &
O] Lap L BEL TV 5HEFIEREFELR LS D, HBHVGEERRL SONIBEED L - AT
BTH D, Ficc 2BOBRBILEEF AR LI, COF EdrE-361xR L,

K-3BIa VAFO~T e 2HEOAFICK TS 2 VAF LEHEAFOSELN S 1 IBE L
R CHEGEETI, 2 VAFBEREET~T rBEO 2 L AFICOWTIE, KEE (1979) 1XREIE
BIZTHE & OMERA0. 30 5D Ay Lic, Wk - KEE (1984a, 1984b), JlBF (1990) (224
2V AFRESEERBIEE TREOESF Y X LICHEMCEE LT\ 5, 350 28R — 7 D
AN s\ CTERGRIRF BT B B IEE R TR T 558 0@ | O a2,
(Z-3) C, 2 vAFBEETELRBILEETHE - OMBRIG 5] - HRE2HET S, 17X =2
VAFOF, OHEFRTIH0.32 5], FARISx = L AF FOFBFERTII0.23 GHE|) oH#
N2 bilz, Fho, BiE TR Shd- 2008 1 : 2 1 LB ERRY, »oOERERET
& Shd-20 2 THEERD 2HETLHERETH Y, 2 v AFESHBETE - Shd- 2R ORI EE
TEOHEFN TR I, -7 SZ-500, @, ®, ®, @k LOODMHES ik} 5 8HHoit
BAAFRLC, RE L1, TORBE, OTO.42HEFE I NTcizd, ZMEEL LR D HEBRFEOH
EED 2 bhieh -t Zhilkdhtr =@tk (EHR) %85 — & SSIFS:FF 2312:19: 1 CTh b,
FFOBEDOR I MDBRKTH-tclcdbdE2bRD, bIRICI VAEBETFEL 71 V¥4 28
BT EORNCEFEA T, 74 VA 2 BIE TSI CHRBIGREFEAFET S LBELT, X
—6 (W-6) ©5KRATroMBMizitE LR, 0.27 HR) 7z bht (E36D),

3. WROBRE

KD D BRETHHOBTEAANOEERIRD bR TV e, + LTEFEYORE FHRIERIE
FTERER, MRREZOBREMENOIE -1, DWTRE, REEF M, REKHCET
L EEEEFOBEBTOINANEAL, T LTAM AT 277 vy —, BETFERIFEHORERBICHL,
Th b OEIR - BEIFEA~DIGH, DNA OFIFREE R H £ D %8 % I USRS IR A AT E
s ot BUFE, A %, AFE, b X CRM7RIE TN, RELP HIK O ER L 5T
VB

AFEDHEOEEREMECH Y, AFORIE - HFRCKT 5 HROBRMEIEC L2
DBy AFICOWTOEMBRTICBT 2| E L, T (1953) O F ) AXSEHRETHR
WMThbH, TOHK, HE (1964) ZAFOILAERGE = v o v A DERELTENDBIELETIC
LD EuR LT, KEELILZ = AXNLIGEE & APEERY (1967), 1 74+ AFLLEER
(1969), A¥DETF (1971), 7% b4 w2 BBEME (1971, 1973), A 7HEHhn6 § MY RAF
(1972) %@ Lic, IHICAED (1973) 13 A FHEERB236EEO B OEE, BF, %f,
BT, OPVERER, iy RTRBRET, 7., 7 AL ABSOSEYRD, WThi
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F—36 EFREETE, BEFELCTFERSLOT A Y ¥4 LRIETFREOHEFBF

Table 36 Linkage relationship among loci of marker, embryonic lethal and isozyme

genes.

Marker gene

No embryonic lethal
with marker

Embryonic lethal
with marker

Twisted needle
(D) vs. Normal n.

Isozyme gene
Linkage with marker

Isozyme gene
No linkage with marker

Isozyme gene
Linkage with marker

Isozyme gene

No linkage with marker
Est-1
Lap
Mnr

Isozyme gene

Linkage with embryonic
lethal

®OShd-2(r=0.23, rep.)

Isozyme gene

Linkage with embryonic
lethal

@Shd-2(r=0.27, rep.)

‘Red needle (D) vs.

Greenn.

Isozyme gene
Linkage with marker

Isozyme gene

No linkage with marker
Aap-1
Mnr
Px—1

Isozyme gene
Linkage with marker

Linkage with embryonic
lethal

@Lap{r=0.22, rep.)
®Lap(r=0.31, coup.)

Remarks: Circled figures correspond to those in Table 34, 35.
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HSUBEFICL DD EHE L, T, BN - w8 (1973) A FBEEBOLMEEFOHBD
W w Lz, &b (1977, 1980) WERERE, AREoSHMEEY, %M (1981), Kikuchi and
Ohba (1980) (X A FEHIEDI MG OMEORICEL L HRE Lz, BAS (1979), H2EL (1988)
FAF ARTFEOLHEEREHE L, 2R BIKED (1973), K3 - BT (1974) , Ohba (1974),
KEE (1980), iDL (1980) WX biRfE I hic, 7ok, KEDH (1974) BAFD=a L - BF -
N OEEEARE LT,



25 ) AOEETFRO RELP OEREIC I 5 7 1 ¥ ¥4 L BEETEOBE LHRCET 2% (KEA)

VBT EE T1Io o\ i, Sorensen (1967) AMESEE THEONTGICHBFERIAT (BE) AHH
LT 5 & SBciR 0 M E LD - & FRILE, Koski (1971) k2 —m o 7A=Y RO=a—=
y A h YT UGB TFORERLLEBIER T At REL L, fllica—r o, A7 A ~Y D
@thpi-0 1 —21H, FH8. 9, =2—= ., b7 e TEFEH.6HOMBIERTERAL TS &
HEE LT

A X BT Y 7HET 2% BEORFRIM0%TH D, < VHCHENECTTHD, Bl
(1975, 1977) 1A ¥ OEOHFLHR O EMEREY T\, ZOonORERME CTHROREKNLE D,
ARETC Do & a s Ui, KEE (1979), KEE - T - BB (1981), KEE - flky (1982) i
2L AF (2 VEBEEETF~Tr) OHICL > TAEUa L EROFHHICE T VARE
CAN kD, EEREETEDTBCRBIERET (B) »HFETH O LHEE LI, COf
WaffizABE (1979) 130.30 L #eE Ui, E7o, TBFS (1984ab, 1985Db), ks (1985) (LHEBUE
SEET O BEEAT A (1976, 1979, 1981, 1982) OB HHE AIC #HA L THITFEY L
DEEEAL L, X5 IimE (1990) (AR RBRE O AIC % Flv CREM7GHE TR EBIZE L, ~
Pttt 5 EBOLRETEORIMELIRE L, 7, MWk - B4 (1985a), AA - [k (1986),
WS (1990) (HEIGEETEE & 7 1 ¥ 4 JRIGTE & OB TICOWT, ZOHEFE 1§
BRI ORI AT, SVHIFERNRESh TV 55, St EBHOFIOTE
WENEBCH - EERE LI,

o, RAEDTA VA LAOBESHL, BAS (1983) O-—dF v X — LOBET OWED
S UE D, B S (1985) , Tsumura & (1989), EFf5H (1990) BURS (1989, 1990) I L~ T,
10FE3EME, 16BETEOFIMAAECc -~ (K- 28],

PEoERL KB LT, HSREREET S @ELFIRLTT 1 V¥4 2BETE & OBESHR
s as MR O B OF ERY T L, £, EEEETCoWT TRUZHE), Tamil) Lic
HRG T, THOBE b D TERRETEL 74 v ¥ MEETE L OfRfix #E T 55 HF
WA & & obie, ¥10, HREREET 2 EECET DT A ¥ F A LBRIEFOFEELOR O, (1)
EHEEFEL TA Y F1 LBETELAEHEL VS, (2) ESRETEIMLT, 747
4 A BETEMSCRBIEETEN DS D 2 dOHENHHDT, MELHET L fEEELD
Foo Teds, MEBOERETEEA 2 B LRSS LT\ %356 o0 BHEE o HIE K O LR O HEE T R LI
BChD, Xbic, MEOKBETEORINMAK, HIOWTFhnric—HK LTV WHERE
T GEEORE) 5 TE - HECHEEY 525 2 L0 EL OB 0T, MBOLERTE
Db BB, FRRFREOLHC L HBHACIRITERNLT 7 e - FRLETH S,

LA R & Lo, Tied X 5 icHgH B ER L D LT,

| BELSMACHT3RRECHESE: (K—4 X-1 (Y-1) 2R)
BB FieowT, 1:1 OSEERAYEREL, EfEETEIEOMBILELTE, H5\V L
KB, BEENSLHBIETEOFAXKRNT S,
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1) BRECTELECHBEGTFENEE L2V BS0BIBRMOESE
(K- 4 (X-1, -2) 2R)

1: 1 OFBCHEE LIGBEE, SHEREETFAEBEDT A ¥ ¥ 1 L BEFOS B2
BET 2, WBOBEDT A V1 L BEFEOKE, ~Fr, ¥ENLRETFOBRY S0t
S TORTE @1:1 (X-3,4), @1:2:1 (W-3, 4), D1:1:1:1 (T-3, 4) OFEH
MEzh s, QD71 Y ¥ 1 A ESBHEOBETHEBEOFEOHTILTER @, @, @, ORI
TREOCThCHEHE LISBEL, TOT A VA 2 RIGETE & S TEE & 355 LT /s
U,

@1:1 (X-4), @1:2:1 (W-4), @1:1:1:1 (T-4) OHETEL L REBEOBE, (1)
BEBRETELT A YA ABIRFELSESHE LTS, (2) EREETEE 74 Y A £&E
FHREIBILT, 714V A ABETFEISHCRBIRETFEOHEEDTIERNSS, ©2onEa
DbH%b, ZOMEDKGIIE, HUEBELT = FE L L OREBOBRETFERAESED 7 1
VYA LBIETFOGHED 2 EREFH L, 2REXT O, BEED T A ¥ ¥4 A BEFOSELLT
—BOHE, (1) EHBRETEL 7M1 V¥ 1 ABETFELENEPL TS, & L—KLEE
i3, (2) 74 Y ¥A s BETEIBCEBIGRETFENAGEET S LHEI RS,

(1) EBBEFELTA /¥4 LBRIGFESHNESE L TO3IEA0OMBBREOHT

TAY A ABETOSME®1:1 (X-5 BC-1, 2), ®@1:2:1 (W-5, BC-3), @1:1:
1:1(T-5,BC-4, 5) D3WYDOFHFCOCTRAELHAVT, EBHBEETFELT7A V51 2%
BB L OB HE T 25 BER A RDl, FFr0RMONY, ERHEEDOIERAY ¥ D
oo (K— 4 B81)

(2) 7444 LBEFELS CREIGEEFENFET 28BS 0RBEOHT

BRGBETEELE 71 V1 LBETELBBITHLDT, 71 2 F1 LA BREFE EBRIEEE
FHEOEHO S BENL, @1:1 (X-6,BC-1, 2), @1:2:1 (W-6, BC-3), @1:1:1:1
(T-6, BC-4, 5) ® 3@ H DHBHCONWT, FRERBAEY RV TR, 7 omuEmEnst
BRAx Lo, (K- 48R

2) BRBACTFELS CHBILBEFENAFET 288 0MBEDTESE

(-5 (Y-1, -3) &)
ERROEIR TR S5 MBUBRIE T EEAVEAET 2B 61%, T OMMBRE, 3] - HE ORI 4 ket
LSBT DVTHUEREET R 2 BWED 7 A v 1 LBETFOSENK, OESE, O1 -
1 (X-3,Y-4), @1:2:1 (W-3,Z-4), @1:1:1:1 (T-3, U-4) »#zt+2,
@1:1 (X-3,Y-4), ®1:2:1 (W-3,Z-4), @1:1:1:1 (T-3, U-4), DR oD
WITRDICEE LICBEL, TOT A Y A 2BRIETE L EHERETE S EHE LT,
@1:1(Y-5), ®@1:2:1(Z-5), @1:1:1:1 (U-5) DR DB R E & OBE, (1)
BHEBETHL T A Y ¥4 2BRIETEEVEHE LTS, (2) EIRECETEL 74 ¥ ¥4 258R(E
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AF 7 ADORIGT RO RFLP O BAGHIE KT 57 1 v 1 2 BETEOEE LRI+ 55 (KEEfh)

FEEGHILT, 74 V¥ 2 BIETELGCRBOCEETEOHED AR, H S, D2 ODHE
DHh, ZOWMEBEDKXGTL, HEEERBET =BGk L zoRROBYERFRARMEGED 7 1
VWA ABIETOFEED 2 TERXIER L, 2REC L > THEXTTS, MBEDT A Y ¥A LBIETF
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