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摘要

イネの連鎖地図を一層充実させるために，九州大学農学部育種学教室で作

成されてきた従来の連鎖地図(Iwataet al. 1984， 1989a， 1989b)とSaito et al. 

(1991 )のRFLP連鎖地図との統合を試み，以下の実験を行なった.

(1 ) イネの 12の染色体と RFLP連鎖群との対応関係を明らかにするために，

日本型品種目本晴のトリソミツクシリーズにインド型品種IR24を交配して得

られた日印交雑トリソミック Flのシリーズを用いた分析を行なった.日印交

雑トリソミック FlのDNAをRFLPクローンをプローブとしたサザンハイブリダ

イゼーションに供し， トリソミックスの過剰染色体に起因する遺伝子量効果

を検出してRFLPクローンの座乗染色体を決定した.その結果，染色体1，5， 

7， 8， 9および10に対応する RFLP連鎖群が新たに判明し，染色体2，3， 4， 6， 

11および12に対応する RFLP連鎖群の再確認をすることができた.

(2) 過剰染色体の構造が不明のトリソミックスについて， RFLP連鎖、地図に位

置づけられている DNAクローンをプロープとしてサザン分析を行ない，遺伝

子量効果を検出してその過剰染色体の構造を推定した.その結果，染色体8に

関する二次トリソミックス様植物，ならびに，染色体11に関するこ次トリソ

ミックス様植物と 2種類のアクロトリソミックス様あるいはテロトリソミック

ス様植物とを見出した.ただし，染色体11に関する 2種類のアクロトリソミッ

クス様あるいはテロトリソミックス様植物の過剰染色体の構造の差違は検出

できなかった.

(3 ) インド型品種IR24と日本型標識遺伝子系統との交雑F2あるいはわ集団を

用い，以下の標識遺伝子についてRFLPマーカーとの配列関係を明らかにした.
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染色体 1: fs・2(かすり縞・2)， d・18(小丈玉錦型倭性)， d・2(夷型倭性)， rl-2(捲

葉・2)，spl・6(病斑葉-6)，eg(過剰穎)

染色体2: tri (三角籾)， bl-1(褐斑葉-1)，spl-2(病斑葉-2)

染色体3: chl-1(黄緑葉-1)，fc-1(細秤ー1)， st(t)(CM120)(縦縞)， dl(垂れ葉)，

spl・3(病斑葉ー3)

染色体4:d・11(信金愛国型倭性)， Ph(フェノール反応)， 19 (無葉舌)

染色体5:d-1(大黒型倭性)， st(t)(CM37)(縦縞)， spl-7(病斑葉-7)，nl-1(穂、首

若葉・1)

染色体6: dp-1(内穎発育不全-1)， spl・4(病斑葉-4)，Cl(小穂叢生)

染色体7: d-6(短稗白笹型媛性)， g-l(長護穎-1)，splづ(病斑葉-5)，ν-11 (緑変

白苗-11) 

染色体8: s ug (甘味脹乳)， ν-8(緑変白苗-8)

染色体9:1・Bf(穎縦筋褐色抑制)， dp-2(内穎発育不全-2)，drp-2(濡れ葉-2)，

Dn・1(密穂-1) 

染色体10: spl-10(病斑葉-10)，pgl(淡緑葉)

染色体11: z・2(ゼブラ斑葉-2)，ν-9(緑変白百-9)

染色体12: spl-1(病斑葉-1)，rl-1(捲葉-1 ) 

これにより，イネの 12の染色体すべてにわたって，従来の連鎖地図と RFLP

連鎖地図との対応関係が明らかになった.

(4) 従来，染色体4の連鎖群に属するとされてきたd-2は， RFLPマーカーとの

連鎖関係により，染色体 1に座位が明らかとなった.また，染色体9のI-Bfと

dp -2 -drp-2 -Dn・1群との配列関係も， RFLPマーカーを介して ，I-Bf-dp-2 

-drp-2 -Dn-1であることが明らかとなった.
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(5) 染色体2のtriおよびspl-2，染色体3のchl-1，染色体4の19，染色体6のdp-1

およびspl・4，染色体7のd・6，g-l， spl・5およびv-11，染色体8のsugおよびv・8

はいずれも RFLP連鎖地図の末端よりも外側に座位があり， RFLP連鎖地図は

飽和していないと考えられた.

(6) 染色体 1のfs-2-XNpb216-XNpb96-d・18-X "'pb269 -X Npb35 9-d・2

の領域，染色体2のbl-1-X N pb57-X N pb42の領域，染色体3のXNpb164-

XNpb249-fc-1-st(t)(CM120)-XNpb51-XNpb15--XNpb182の領域，染色

体6のXNpb165-1，染色体11のXNpb389-XNpb78-z・2-gmZ410の領域およ

び染色体12のrl-1-XNpb148-XNpb198の領域では日本型の遺伝子型の分離

比が有意に減少していた.染色体2で見出された分離の歪みはこれまでに報告

のない新たなものである.

(7 ) 本研究により，従来の連鎖地図と RFLP連鎖地図との対応関係は明らかに

なったが，今後，連鎖地図ならびにこれに位置づけられている遺伝マーカー

を基礎的・応用的に利用するにはRFLP連鎖地図の一層の拡充が必要である.

そのためには，これまで多型が得られず 連鎖地図作成に用いられてこなか

ったDNAクローンを用いるための交雑組合せの多様化や新たなDNAマーカー

の利用についても検討すべきであると考えた.
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Studies on the construction of a linkage map using RFLP 

(Restriction Fragmen七 Leng七hPolymorphism) in rice 

O. 工deta

(Summary) 

工norder to construct a more detailed linkage map of rice， 

the st udy for 工ntegrat工on of the classical linkage map and the 

RFLP linkage map was carr工edout. The results are as follows. 

(1) The rela七エonship between RFLP 1工nkagegroups and their 

respective chromosomes was established v工a RFLP gene dosage 

analysis of hybrid primary trisomics. These hybrid 七risomics

were developed by crossing be七ween Nipponbare primary 七risomics

(a Japonica cultivar) and 1R24 (an 工nd工ca cul七ivar). 1n this 

study， six RFLP linkage groups corresponding七o the chromosomes 

1， 5， 7， 8， 9 and 10 were found ou七. The previous assignmen七 of

six RFLP linkage groups to chromosomes 2， 3， 4， 6， 11 and 12 by 

chromosome specific marker genes were confirmed. 

(2) A secondary一七risomic like plants for chromosome 8， and 

another secondary一七risomic like plants and two 七ypes of 

acrotrisomic like plan七s for chromosome 11 were iden七ified

through detection of duplication or deficiency of extra 

chromosomes via RFLP gene dosage analysis. 
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(3) Forty classical rnarkers and 83 RFLP rnarkers were 

mapped 七oge七her of all the 12 chromosomes in rice through 

observing 17 F2 populations and one F3 population derived from 

the crosses between an Indica variety IR24 and Japonica lines 

with differen七 classical markers. The mar}くer genes mapped in 

this study were as follows. 

chromosome 1 

fs-2 (fine stripe-2)， d-18 (Kotaketamanishiki dwarf)， d-2 (Ebisu 

dwarf)， rl-2 (rolled leaf-2)， spl-6 (spot"ヒed leaf-6) and eg 

(extra glurne) . 

chromo s ome 2 

tri (triangular hull)， bl-1 (brown leaf spot-1) and spl-2 

(spot七edleaf-2) . 

chromo s ome 3 

chl-1 (chlorina-1)， fc-1 (fine culm-1)， st (七)(CM120) (stripe)， 

dl (drooping leaf) and spl-3 (spotted leaf-3) 

chromosorne 4 

d-11 (Shinkane-aikoku dwarf)， Ph(Phenol staining) and 19 

(liguleless) . 

chromosome 5 

d-1 (Daikoku dwarf)， st (七)(CM37) (stripe)， spl-7 (spotted leaf-
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7) and nl-1 (neck 1.eaf-1) . 

chromosome 6 

dp-l (depressed pa1.ea-1)， spl-4 (spot七ed 1.eaf-4) and Cl 

(Clustered spike1.ets) . 

chromosome 7 

g-l ( 1. 0 n g s t e r i 1. e 1. emma s -1)， d -6 ( T a n k an s h工rasasa dwarf)， spl-

5 (spot七ed1.eaf-5) and v-11 (virescent-11). 

chromosome 8 

v-8 (virescen七-8) and sug (sugary endosperm) . 

chromosome 9 

I-Bf (Inhibi七or for brown furrows of hu1.1) ， dp-2 (depressed 

palea-2)， drp-2 (dripping-wet 1.eaf-2) and Dn-1 (Dense panicle-

1) . 

chromosome 10 

spl-10 (spo七七edleaf-10) and pgl (pale green leaf). 

chromosome 11 

2-2 (zebra-2) and v-9 (virescent-9). 

chromo s ome 12 

spl-1 (spotted leaf-10) and rl-l (rolled leaf-1). 
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(4) The gene d-2， which had been belonged to linkage group 

4， was found to be located on chrornosorne 1 through the detec七ion

of linkages between d-2 and several RFLP rnarkers rnapped on 

chrornosorne 1. The locus of unlocated gene I-Bf was determined 

and the liner order of class工calrnarker genes I-Bf-dp-2-drp-2-

Dn-1 on chrornosorne 9 was established. 

(5) Genes tri， spl-2 (chrornosorne 2)， chl-1 (chrornosorne 3)， 

19 (chromosorne 4)， dp-l， spl-4 (chrornosorne 6)， d-6， g-l， spl-5 

(chromosome 7)， sug and v-8 (chromosome 8) were es七工ma七ed 七o be 

located beyond the terrninal ends of the RFLP linkage map. The 

RFLP linkage rnap was revealed no七七obe satu:rated. 

(6) The segregation distortions were detected on five 

regions. 工n the regions of fs-2-XNpb216-XNpb96-d-18-XNpb269-

XNpb359-d-2 on chrornosome 1， bl-1-XNpb57-XNpb42 on chromosome 

2， XNpb164-XNpb249-fc-l-st(七)(CM120) -X~pb51-XNpb15-XNpb182 

on chromosorne 3， XNpb165-1 on chrornosome 6， XNpb389-XNpb78-z-2 

-gmZ410 on chrornosome 11 and r]-1-XNpb148-XNpb198 on 

chrornosome 12，七he Japonica/Japonica allele frequencies of bo七h

classical and RFLP markers showed significantly less 七han 七he

norrnal frequency of 25宅 On the segregation distortion newly 

found on chromosome 2， more investigation is needed. 

(7) The relationship between七he classical linkage map and 

the RFLP 1 inkage rnap was es七ablished. This info工ma七ion is useful 
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to es七imate linkages between classical marker genes and RFLP 

markers ・ Bu七 only a more fully saturated linkage map of rice 

can offer opportunities for applica七lons 工n genetics and 

breeding. More various cross combinations for employing DNA 

clones which ha ve no七 beenused for previous mapping efforts and 

new kinds of DNA markers would be useful to construct a more 

highly detailed linkage map. 
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rl-2 - XNpb130 

rl-2 - XNpb174 

rl-2 - spl-6 

rl-2 - XNpb97 

rl-2 - eg 

rl-2 - XNpb346 

XNpb368 - XNpb314 

XNpb368 - XNpb147 

XNpb368 - XNpb130 

XNpb368 - XNpb174 

XNpb368 - spl-6 

XNpb368 - XNpb97 

XNpb368 - eg 

XNpb368 - XNpb346 

XNpb314 - XNpb14 7 

XNpb314 - XNpb130 

XNpb314 - XNpb174 

XNpb314 - spl-6 

XNpb314 - XNpb97 

XNpb314 - eg 

XNpb314 - XNpb346 

XNpb147 - XNpb130 

XNpb147 - XNpb174 

XNpb147 - spl-6 

XNpb14 7 - XNpb97 

XNpb147 - eg 

XNpb147 - XNpb346 

XNpb130 - XNpb174 

XNpb130 - spl-6 

XNpb130 - XNpb97 

Xl肺 130 - eg 

ーーーーー

33 48 16 7 7 7 118 2.8 

64.7 •• 

68.8 •• 

139.8" 

1.5 

6.4 

7.5 

4.0 

5.4 

5.7 

7.0 

110.1 •• 

46.5 •• 

7.5 

17. 1 •• 

20.8 •• 

12.6 • 

6.4 

10.8 • 

5.0 

99.5 •• 

10.0 • 

4.3 

6.5 

3.9 

2.8 

5.0 

4.5 

30.0 •• 

9.3 

8.2 

5.6 

1.8 

2.4 

6.3 

51. 5 •• 

51. 5 •• 

44.2 •• 

20.8 •• 

21. 8 •• 

5.9 

290.0" 

217.9 •• 

70.0 •• 

106.1 •• 

16.7I2.7 

15.9土 2.5

23.7土1.8

46.0:t4.4 

>50 

50.0 

>50 

49.0:t5.4 

>50 

>50 

9.3:t 1.9 

19.7 :t2.9 

37.9 :t 4.1 

38.6土4.2

36.9 I4.1 

39.7:t4.1 

38.6土 5.2

36.7 :t 3.9 

46.1 :t 4.5 

l1.0:t 2.1 

34.4土 3.8

44.3:t 4.3 

42.7:t4.2 

44.5:t 4.3 

45.6:t 5.3 

43.1土 4.2

>50 

23.8:t 3.1 

40.0土4.1

40.1 I4.1 

41.8 :t4.2 

43.8:t 5.2 

43.3:t 4.2 

>50 

22.6:t 3.0 

22.6:t 3.0 

24.3:t 3.1 

24.9 :t4.2 

29.5:t 3.5 

44.3:!:4.3 

0.8 :!: 0.5 

5.8土1.5

11.5:!: 2.9 

15.4土2.4
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11 12 12 16 36 22 5 12 130 

13 130 

to be continued 

12 23 13 61 8 

10 17 14 43 17 9 6 6 130 

7 15 10 14 41 19 10 5 5 126 

19 5 0 7 63 7 22 125 

12 10 11 55 6 2 10 18 125 

9 12 3 11 40 21 2 19 8 125 

11 11 

12 11 

11 31 30 5 15 10 125 

11 30 30 3 17 10 125 

11 14 2 15 32 28 18 10 134 

23 126 11 13 13 59 7 

11 15 2 14 42 19 7 12 13 135 

6 13 

22 7 

12 15 

14 35 20 9 9 11 121 

7 65 6 0 5 19 132 

11 46 20 2 13 9 132 

11 11 8 15 36 27 12 132 

132 12 11 14 36 27 3 13 

11 13 7 17 35 26 4 13 7 133 

11 

11 16 

20 16 62 7 17 133 

15 42 21 7 10 7 133 

8 15 7 14 41 21 9 7 6 128 

14 13 

13 8 

12 9 

11 50 17 0 11 15 132 

14 38 26 3 13 10 133 

14 37 26 2 14 10 132 

12 10 7 16 37 25 13 9 133 

10 19 17 61 6 20 133 

10 14 5 17 41 20 6 12 8 133 

4 19 5 17 36 22 9 128 

132 

132 

18 6 

18 6 

10 42 22 

10 42 22 

11 21 

11 21 

18 7 0 12 41 22 2 12 19 133 

16 9 15 60 3 30 133 

14 10 14 45 16 5 13 15 133 

5 14 18 38 18 8 10 13 128 

28 2 0 0 58 0 0 0 44 132 

27 3 0 53 2 39 133 

o 43 133 25 0 5 7 0 52 

23 6 47 4 2 14 28 133 

唱

t
A

n
U
 

噌

EE-.



マr

chrcmosome 1 continued 
-ーーー
~pb130 -XNpb346 13 15 14 30 13 3 18 21 128 30.2 •• 30.3土 3.6

XNpb174 -spl-6 27 2 O 54 2 39 133 220.8 •• 5.4:t1.4 

~pb174 -XNpb97 26 3 6 54 43 133 78.9 •• 9.1土2.6

XNpb174 -eg 23 6 O 8 47 5 2 14 28 133 106.5.. 15.0土2.4

XNpbl 74 - XNpb34 6 14 14 O 14 31 14 3 18 21 129 33.2 •• 29.0:t3.5 

spl-6 -XNpb97 27 5 7 54 O 41 134 79.6 •• 9.5土2.6

spl-6 -eg 27 6 O 7 55 10 32 142 150.0 •• 10.8 :t2.0 

spl-6 -XNpb346 15 16 O 14 32 13 2 15 22 129 41. 4 •• 27.0:t 3.4 

刷rpb97-eg 30 O 3 64 33 134 99.6 •• 5.3土2.0

XNpb97 -XNpb346 21 12 O 10 51 35 129 42.8 •• 17.9:t3.7 

eg -XNpb346 21 12 O 10 42 11 O 9 24 129 79.1 •• 17.7 :t2.7 

禽 and** significant at 5も and1も levels，respectively 
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可F

Chromosome 2 

Gene pair Recombination 

A(a) B(b) 

Segregation mode 

o 5 13 115 

AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb Total (linkage) 

χ2 

value (も)

tr1 -XNpb250 

trl - bl-1 

trl - XNpb57 

trl - XNpb42 

trl - XNpb45 

tri - XNpb132 

trl - XNpb227 

trl - XNpb223 

trl - XNpb349 

XNpb250 - bl-1 

XNpb250 - XNpb57 

XNpb250 - XNpb42 

XNpb250 - XNpb45 

XNpb250 - XNpb132 

XNpb250 - XNpb227 

XNpb2 5 0 - XNpb22 3 

XNpb250 - XNpb349 

bl-1 - XNpb57 

bl-1 - XNpb42 

bl-1 - XNpb45 

bl-1 - XNpb132 

bl-1 - XNpb227 

bl-l - XNpb223 

bl-l - XNpb349 

XNpb57 - XNpb42 

XNpb57 - XNpb45 

XNpb57 - XNpb132 

XNpb57 - XNpb22 7 

XNpb57 - XNpb22 3 

XNpb57 - XNpb349 

XNpb42 - XNpb45 

XNpb42 - XNpb132 

XNpb42 - XNpb227 

XNpb42 - XNpb223 

XNpb42 - XNpb349 

XNpb45 - XNpb132 

XNpb45 - XNpb22 7 

XNpb45 - XNpb223 

XNpb45 - XNpb349 

XNpb132 - XNpb227 

れやb132 - XNpb223 

XNpb132 - XNpb349 

38 49 10 

104 0 6 

52 45 5 

7 0 14 131 

6 6 3 117 

27.8 •• 

30.9 •• 

8.3 • 

5.2 

0.6 

0.2 

0.3 

2.6 

0.3 

33.9 •• 

43.9 •• 

36.7 •• 

18.0 •• 

8.0 

2.0 

1.0 

2.2 

18.9 •• 

22.6 •• 

8.4 • 

2.8 

0.6 

2.2 

0.8 

167.1 •• 

61. 1 •• 

21. 6 •• 

9.5 • 

8.6 

4.0 

146.4 •• 

54.6 •• 

20.7 •• 

22.1 •• 

14.2 •• 

101.5.. 

43.4 •• 

25.5 •• 

13.5 •• 

141.5.' 

41. 5 •• 

29.3 •• 

16.1:t3.7 

12.4:t 3.1 

29.8土 4.9

35.7 :t 5.2 

46.5:t 5.6 

46.9:t5.6 

49.5:t 5.7 

>50 

>50 

10.2:t 3.0 

26.8:t3.7 

28.0:t3.7 

35.7 :t 4.3 

39.5土4.5

45.6:t4.7 

46.7 :t4.7 

49.2:t4.7 

16.6:t 3.8 

18.4土3.9

29.6:t4.9 

41.2:t 5.6 

48.3 :t5.8 

45.3:t 5.5 

44.5:t 5.5 

13.3:t 2.4 

26.4:t3.6 

35.5士4.2

42.6土4.6

42.6:t 4.5 

43.2 :t4.5 

12.1土 2.3

24.8:t 3.4 

34.6 :t 4.1 

37.3 :t 4.2 

37.3 :t 4 .2 

15.4 :t 2.6 

26.3:t 3.6 

32.4 :t 4.0 

37.1 :t 4 .2 

15.5:t 2.1 

28.4土2.9

33.3土 3.2

42 44 18 7 120 

t.o be continued 

5 

6 6 117 32 44 25 

31 45 25 

27 43 29 

5 6 5 117 

5 116 

29 45 31 12 3 124 

28 49 29 5 9 124 

13 112 38 2 7 o 52 

28 10 0 17 31 6 7 4 107 
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.，..... 

chromosαne 2 continued 

XNpb132 -spl-2 12 3 33 6 15 O 69 1.4 >50 

XNpb227 -XNpb22 3 32 16 2 15 63 8 O 13 33 182 121. 8 •• 16.7:t2.2 

XNpb227 -XNpb349 29 13 7 22 59 7 2 20 25 184 69.2 •• 24.9:t2.7 

XNpb227 -spl-2 16 3 35 5 10 3 72 1.0 42.8土7.1

XNpb223 -XNpb349 41 6 O 10 73 11 2 15 27 185 157.2 •• 13.3土1.9

XNpb223 -spl-2 16 O 35 5 6 5 67 7.1 • 20.5:t 5.4 

XNpb349 -spl-2 23 O 35 3 2 7 70 19.1 •• 9.1 :t 3.6 

* and ** significanヒat 5毛 and 1も levels，respectively 
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『司f

Chromosome 3 

Gene pair Recombination 

A(a) B(b) 

Segregation mode 

23 0 0 2 55 13 0 24 118 

AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb Total (linkage) 

χ2 

value (も)

chl-l - XNpb164 

chl-l - XNpb249 

chl-l - fc 

chl-l - XNpb51 

chl-l - XNpb15 

chl-l - XNpb182 

chl-l - XNpb348 

chl-l - spl-3 

chl-l - XNpb173 

XNpb164 - XNpb249 

XNpb164 - fc 

XNpb164 - XNpb51 

XNpb164 - XNpb15 

XNpb164 - XNpb182 

XNpb164 - XNpb348 

XNpb164 - spl-3 

XNpb164 - XNpb173 

XNpb249 - fc 

XNpb249 - st 11 

XNpb249 - XNpb51 

XNpb249 - XNpb15 

XNpb249 - XNpb182 

XNpb249 - XNpb348 

XNpb249 - spl-3 

XNpb249 - XNpb173 

[c - XNpb51 

[c - XNpb15 

[c - XNpb182 

[c - XNpb348 

[c - spl-3 

fc - XNpb173 

st 11 - XNpb51 

st 11 - XNpb15 

st 11 - XNpb182 

st 1】 - XNpb348 

st 11 - dl 

s t 11 - XNpb 1 73 

XNpb51 - XNpb15 

XNpb51 - XNpb182 

刷 'pb51 - XNpb348 

XNpb51 - dl 

XNpb51 - spl-3 

14 

11 

o 6 50 14 3 9 14 118 

139.3 •• 

39.7 •• 

15.5 •• 

2.7 

1.8 

1.3 

1.4 

3.1 

4.1 

59.1 •• 

22.5 •• 

6.6 

3.0 

4.4 

1.5 

0.3 

5.7 

33.3 •• 

3.3 

7.8 

5.7 

8.7 

4.3 

0.4 

5.2 

10.6 •• 

6.1 • 

4.6 

3.9 

1.5 

0.3 

16.9 •• 

6.9 • 

5.5 

2.2 

0.5 

3.3 

248.4 •• 

104.6 •• 

30.9 •• 

7.4 • 

3.0 

7.01:1.7 

21.01:3.1 

19.91:3.9 

43.21:4.5 

43.5土 4.5

46.1土4.6

50.0 

46.71:5.4 

>50 

21.71:2.9 

18.01:3.5 

45.21:4.2 

47.31:4.2 

48.21:4.2 

50.0 

47.31:5.2 

>50 

10.81:2.7 

34.6 1: 5.3 

43.0土 3.1

44.2土 3.1

43.9土 3.1

45.21:3.1 

>50 

>50 

27.21:4.3 

30.1 1: 4.5 

34.9 1: 4.8 

33.7土 4.7

39.0 1: 5.2 

>50 

13.41:3.4 

25.81:4.7 

29.51:5.0 

49.41:5.8 

>50 

>50 

11.31:1.5 

21.61:2.1 

33.51:2.7 

34.5 1: 5.3 

42.1土 5.1

to be continued 

14 7 69 0 29 130 
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『司r

chromosome 3 contlnued 

XNpb51 -XNpb173 5 3 19 32 21 6 27 19 140 8.4 40.4 :t4.0 

氾vpb15 - XNpb182 64 20 18 102 12 O 5 27 249 219.2 •• 12.2土1.6

別rpb15-XNpb348 47 32 6 26 87 22 2 10 20 252 79.3 •• 24.2 :t2.3 

別rpb15 - dl 34 3 46 13 6 9 111 12.7 •• 27.1 :t 4.8 

別rpb15 - spl-3 8 9 16 60 4 44 141 10.5 •• 29.9土4.5

沼ぜrpb15 -XNpb173 6 7 4 20 33 24 5 28 15 142 7.8 42.3土4.1

XNpb182 -XNpb348 58 24 O 14 92 21 3 10 27 249 172.6 •• 16.4:t1.8 

XNpb182 -dl 36 O 45 12 5 13 111 29.6 •• 17.7土3.9

XNpb182 -spl-3 10 12 16 53 45 137 18.4 •• 26.6土4.3

XNpb182 -XNpb173 8 9 5 17 31 22 27 15 138 8.9 41. 0土4.1

XNpb348一dl 31 O 54 O 25 111 94.5 •• 1.0土0.9

XNpb348 -spl-3 15 7 12 62 43 140 30.3 •• 17.9:t 3.5 

XNpb348 -XNpbl 73 10 17 39 19 3 21 20 141 17.2 •• 33.7 :t 3.6 

dl -XNpb173 21 46 19 O 6 19 111 27.0 •• 23.1土4.5

spl-3 -XNpbl 73 22 3 3 9 64 40 141 52.1 •• 14.6:t 3.2 

11 st (t) (CM120) 

禽 and** slgnlflcant aヒ5も and 1も levels，respectlvely 
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『司f

Chromosome 4 

Gene palr 
Segregation mode 

Recombinatlon 

A(a) B(b) 

χ2 

25 7 5 48 7 0 8 24 125 

AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb Total (linkage) 

114.3.. 

value (も}

XNpb203 - XNpb237 

XNpb203 - XNpb311 

XNpb203 - XNpb49 

XNpb203 - X.ηtb72 

XNpb203 - d-ll 

XNpb203 - XNpbl14 

XNpb203 - XNpb120 

XNpb203 - Ph 

XNpb203 - 19 

XNpb237 - XNpb311 

XNpb237 - XNpb49 

XNpb237 - XNpb72 

XNpb237 - d-ll 

XNpb237 - XNpbl14 

XNpb237 - XNpb120 

XNpb237 - Ph 

XNpb237 - 19 

XNpb311 - XNpb49 

XNpb311 - XNpb72 

XNpb311 - d-ll 

XNpb311 - XNpbl14 

XNpb311 - XNpb120 

XNpb311 - Ph 

XNpb311 - 19 

沼ぜIpb49 - XNpb72 

XNpb49 - d-ll 

刷1pb49 - XNpb114 

XNpb49 - XNpb120 

XNpb49 - Ph 

XNpb49 - 19 

XNpb72 - d-l1 

XNpb72 - XNpbl14 

XNpb72 - XNpb120 

nぜIpb72 - Ph 

XNpb72 - 19 

d-ll - XNpbl14 

d-l1 - XNpb120 

d-l1 - Ph 

d-l1 - 19 

XNpbl14 - XNpb120 

XNpbl14 - Ph 

XNpb114 - 19 

14 14 5 11 34 16 15 17 127 

12 15 14 28 14 3 15 13 118 

12 17 4 13 31 17 4 18 11 127 

29 4 48 13 25 127 

10 18 5 17 30 14 9 17 7 127 

10 16 7 18 31 12 9 18 6 127 

23 9 24 

9 26 

7 108 

7 127 

6 39 

6 52 27 

18 11 

16 11 

16 13 

29 

13 13 

7 42 17 12 20 129 

10 33 15 3 14 14 117 

10 38 18 3 18 12 129 

13 23 10 129 53 

14 39 13 9 16 8 129 

10 15 5 17 35 14 10 17 6 129 

22 5 42 12 24 5 110 

26 4 55 11 26 7 129 

21 3 0 45 6 0 10 25 118 

23 3 0 5 55 7 11 29 134 

26 5 19 22 135 o 63 

18 5 3 11 49 7 17 17 135 

12 10 4 15 43 10 10 18 13 135 

3 47 9 26 12 115 。。内
d

R

J

門
司
J

1
ム

ラ

ι

っ4

「

4

61 7 28 13 135 

o 2 53 3 0 27 118 

3 9 22 118 o 55 

21 7 8 41 9 4 11 16 118 

15 118 16 10 3 9 36 13 

3 39 10 19 7 100 

5
 

2

6

9

3

 

2

2

2

2

 

3 47 11 24 7 118 

o 69 o 9 27 134 

10 53 6 3 12 21 134 

16 10 3 14 44 11 7 16 13 134 

10 114 3 48 11 21 

9 25 11 134 

21 

25 

36 65 

4 60 

o 6 21 136 

34 62 14 3 11 13 137 

84 20 14 10 128 

103 18 17 12 150 

26 9 11 53 7 0 10 19 136 

12 115 

136 

to be contlnued 

30 52 11 9 

3 64 7 15 14 33 

107 

21. 6 •• 

11.1 • 

7.6 

1.6 

0.8 

0.3 

0.1 

0.4 

50.7 •• 

27.1 •• 

22.6 •• 

5.7 

5.6 

0.7 

0.3 

0.4 

107.2 •• 

128.0 •• 

38.1 •• 

40.6 •• 

9.8 • 

3.4 

6.3 • 

163.5 •• 

57.3 •• 

56.2 •• 

16.6 •• 

1.5 

1.2 

82.0 •• 

83.0 •• 

19.0 •• 

3.0 

4.1 

51. 3 •• 

14 .2 •• 

4.5 • 

8.3 •• 

86.5 •• 

18.0 •• 

17.9 •• 

12.3:t 2.2 

31. 4土3.7

36.3 :t 4.1 

39.0 :t 4.1 

43.2土 5.3

47.8 :t4.4 

50.0 

49.1 :t 5.9 

48.0土 5.4

22.2土 3.0

28.7土 3.7

30.9 :t 3.6 

35.0土5.0

42.4土4.3

49.2:t 4.4 

>50 

45.4:t5.4 

12.2 :t2.3 

11.1土2.0

18.8土3.7

26.9:t 3.3 

39.5 :t 4.0 

40.6:t 5.5 

39.3 :t 5.1 

5.7土1.6

10.8土 3.0

21.5:t 3.1 

37.1土 4.2

41.7:t6.0 

43.0:t 5.5 

6.9 :t 2.3 

16.9:t 2.5 

32.8 :t 3.7 

39.1 :t 5.5 

39.3土5.1

11.4 :t2.9 

27.2 :t 4 .3 

35.2:t 5.5 

31. 0土 4.7

15.6:t 2.4 

22.2:t 4.3 

25.0:t 4.2 



chromosome 4 continued 
戸 圃園田ー

XNpb120 - Ph 33 57 5 2 18 116 50.4 •• 8.7 :t 2.7 

XNpb120 - 19 37 O 69 4 7 20 137 52.4 •• 9.1 :t 2.6 

Ph - 19 95 3 9 21 128 53.4 •• 10.5:t 2.9 

• and *禽 significant at 5も and 1も levels，respectively 

108 



Chromosome 5 

Gene pair Recombination 

A(a) B(b) 

Segregation mode 

AABB AλBb AAbb AaBB AaBb Aabb aaBB aaBb aabb Total (linkage) 

χ2 

value (毛)

XNpb292 - XNpb139 

XNpb292 - XNpb387 

XNpb292 - d-1 

XNpb292 - st 1) 

K

J

7

'

司

J

n

υ

'

A

n

y

内

6

1

8

7

2

3

 

b

b

-

l

b

b

J

 

p

p

l

-

P

P

I

-

N

N

p

l

N

N

-

t

 

x

x

s

n

x

x

d

s

 

一

一

一

一

一

一

一

一

2

2

2

2

2

9

9

9

 

9

9

9

9

9

3

3

3

 

2

2

2

2

2

1

1

1

 

b

b

b

b

b

b

・o

・0

P

P

P

D

・

p

p

p

p

N

N

N

N

N

N

N

N

 

V

A

V

ハ

ν

A

V

A

V

A

V

A

V

A

V

A

zd

守

J

0

1

9

 

1

8

7

2

 

b

b

-

1

b

j

 

p

p

l

-

P

1

1

 

N

N

p

i

N

-

t

 

x

x

s

n

x

d

s

 

一

一

一

一

一

一

一

円

Y

円

Y

円

y

n

y

n

y

マ'マ，

守
d

守
J

司
d

同

J

司

J

n

u

g

u

T

4

T

A

噌

i

7

‘

7
‘

司
J

可
d

-D

・D

・0

・D

・D

・D

b

p

p

p

p

p

p

P

 

N

N

N

N

N

N

N

 

x

x

x

x

x

x

x

 
XNpb387 - XNpb105 

XNpb387 - XNpb81 

XNpb387 - spl-7 

XNpb387 - nl-1 

XNpb387 - XNpb297 

d-1 - XNpbl05 

d-l - XNpb81 

d-1 - XNpb297 

st 11 - XNpb105 

st 11 - XNpb81 

st 11 - spl-7 

st 11 - nl-1 

st 11 - XNpb297 

XNpbl05 - XNpb81 

XNpbl05 - spl-7 

XNpb105 - nl-1 

XNpbl05 - XNpb297 

XNpb81 - spl-7 

XNpb 81 - n 1 -1 

沼IJpb81 - XNpb297 

22 15 0 9 73 15 2 16 39 191 

11 6 0 7 23 10 10 21 89 

111.5.. 

51. 0 •• 

17.0:t 2.1 

21.5:t3.6 

49.5土6.4

45.9土 6.1

46.9土 3.6

>50 

>50 

>50 

>50 

5.1:t1.7 

31.1土 5.5

31. 5土 5.4

33.5:t 3.1 

49.5:t 3.6 

>50 

>50 

>50 

31.4:t5.7 

24.5:t 4.9 

33.7:t4.6 

44.1:t5.2 

>50 

>50 

>50 

16.0:t4.0 

31. 4土5.5

49.5:t 6.2 

13.9:t3.7 

36.8:t 5.8 

45.1 :t7.1 

41.0:t6.7 

>50 

20.8:t 2.4 

33.0 :t 5.5 

39.4 :t 5.9 

44.4:t3.5 

9.8 :t 3.1 

23.2:t4.7 

25.8土2.7

12 

15 

5 30 

5 43 100 

91 0.0 

to be continued 

12 23 9 

12 17 

9 19 9 23 55 19 15 22 20 191 

10 15 12 22 50 25 20 28 9 191 

13 

14 

2 100 7 48 7 23 

6 41 14 19 6 100 

10 16 11 24 50 23 20 23 14 191 

90 17 0 0 3 37 o 2 27 

16 34 13 17 16 

17 10 100 o 44 15 14 

14 19 26 56 23 7 24 25 195 

11 15 8 29 52 25 16 27 14 197 

13 

12 

10 22 2 100 49 

5 43 16 19 5 100 

9 15 10 28 50 28 21 25 10 196 

19 

15 

29 

o 50 

10 17 14 

13 10 12 100 

12 0 6 21 12 14 13 

6 9 5 8 20 11 6 14 11 

11 

10 

53 10 20 

15 16 

2 100 

5 48 6 100 

5 10 5 10 18 11 9 16 6 

18 41 7 o 9 20 

19 35 13 10 16 97 

19 33 15 14 7 96 

29 41 5 

28 37 10 

o 17 100 

5 12 

20 

100 

5 100 

9 100 

64 

58 

11 

17 16 

24 30 21 7 13 5 100 

34 11 2 18 64 17 2 19 28 195 

27 2 42 7 15 100 7 

25 4 35 14 14 100 

18 19 10 29 44 25 9 27 13 194 

33 

32 

o 46 3 5 13 100 

13 6 12 100 36 

36 19 18 52 24 19 23 196 

109 

1.0 

6.7 

6.1 

97 

••. .••. 

2

2

5

9

9

3

5

2

5

 

••••••••• 5

0

3

6

3

7

2

0

1

 

A
句

、

よ

内

4

司
E
E
.

0.4 

90 

4.1 

12. 7 •• 

12.8 •• 

14.5 •• 90 

90 2.0 

1.8 

0.4 

90 1.0 

43.8 •• 

15.9 •• 

0.0 

41. 4 •• 

95 

4.9 

0.3 

1.8 

1.1 

92.9 •• 

5.0 

3.9 

5.2 

34.7 •• 

23.2 •• 

72.1 •• 



『司r

chromosome 5 cont1nued 

spl-7 - nl-l 72 12 2 14 100 27.0 •• 16.3I4.1 

spl-7 - XNpb297 31 39 14 O 12 100 19.8 •• 21. 4土4.5

nl-l - XNpb297 30 39 5 21 100 59.4 •• 11. 6土3.4

1】 st (t) (CM37) 

* and ** s1gn1f1cant at 5も and 1も levels，respect1vely 
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Chrolll<コsome 6 

Gene palr Recomblnatlon 

A(a) B(b) 

Segregatlon mode χz 

7 15 

AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb Total (llnkage) 

96 39.2 •• 

value (も)

9.5:t 3.2 dp-l - spl-4 

dp-l - XNpb209 

dp-l - XNpb165-1 

dp-l - XNpb233 

dp-l - XNpb172 

dp-l - Cl 

dp-l - XNpb386 

dp-l - XNpb135 

dp-l - XNpb170 

spl-4 - XNpb209 

spl-4 - XNpb165-1 

spl-4 - XNpb233 

XNpb209 - XNpb165-1 

XNpb209 - XNpb233 

XNpb209 - XNpb172 

XNpb209 - Cl 

XNpb209 - XNpb386 

XNpb209 - XNpb135 

XNpb209 - XNpb170 

pb165-1 - XNpb233 

pb165-1 - XNpb172 

pb165-1 - Cl 

pb165-1 - XNpb386 

pb165-1 - XNpb135 

pb165-1 - XNpb170 

XNpb233 - XNpb172 

XNpb233 - Cl 

XNpb233 - XNpb386 

XNpb233 - XNpb135 

XNpb233 - XNpb170 

XNpb172 ー Cl

XNpb172 - XNpb386 

XNpb172 - XNpb135 

XNpb172 - XNpb170 

Cl - XNpb386 

Cl - XNpb135 

Cl - XNpb170 

XNpb386 - XNpb135 

XNpb386 - XNpb170 

XNpb135 - XNpb170 

73 

57 86 13 

61 94 5 

28 30 16 

25 50 11 

12 33 202 

3 29 14 206 

4 5 12 95 

4 14 7 111 

75.8 •• 

25.7 •• 

10.4 •• 

3.3 

5.5 • 

9.5 •• 

1.4 

95 

0.0 

46.8 •• 

8.9 • 

5.6 

99.6 •• 

14.6土2.7

23.7土3.3

33.3土5.7

36.9土5.5

27.6 :t 8.6 

37.3土 5.5

42.9:t 6.4 

49.0 :t7.2 

5.0:t 2.3 

25.5:t 5.1 

35.9土5.9

21.0土2.3

40.2:t 4.9 

>50 

45.0:t 5.9 

47.2:t4.8 

44.91:5.2 

>50 

27.2 :t 3.9 

35.2 :t 4.2 

43.4土 5.7

42.2土4.6

45.8:t 5.2 

>50 

6.1:t1.7 

19.2:t4.1 

26.31:3.6 

47.7:t 5.3 

>50 

19.21:4.1 

25.9:t3.5 

45.2土 5.2

>50 

l1.7:t3.2 

39.4 :t 6.2 

41.71:6.4 

22.5:t3.7 

26.8:t 4.8 

曾 and •• 

7.3:t 2.8 

27 113 60 2 24 

30 38 18 

23 31 16 

17 7 111 

5 7 7 89 

111 

95 

95 

28 58 8 17 

30 46 o 0 15 

o 12 3 

2 58  

30 44 6 

30 30 20 

2

5

7

 

0

9

0

 

内

4

‘i

2

9

4

 

司
』
企

内

4

「，

r
U

1
d

、ム

内

Jι

司

J

7

「

F

A

“.
r

b

‘，ム

A

U

1

t

コ
n
U
1

守

，

守

よ

内

4
d

7

7

2

 

可

ム

司

ta・
『

4

n

u

E

J

「，

に
J

内ぺ
d

A

“.

司ム

1
A

司ム

司
d

勺
4

勺
，

4

1

 

8 107 20 13 39 5 22 

10 12 6 12 27 13 7 14 6 107 

10 13 3 11 15 14 7 9 6 88 

10 38 11 16 107 18 14 

20 8 2 10 27 19 2 0 7 

13 16 5 15 42 10 6 3 111 

9 111 10 50 24 17 

12 16 6 17 34 16 2 5 3 111 

9 12 

10 

16 21 17 3 5 2 

5 111 24 21 p
h
d

内

正

内

d

r

b

a

u

 

A
U
1

巳
J 15 111 

26 3 0 60 14 111 

19 10 7 

17 12 0 12 37 16 2 6 9 111 

7 9 3 16 23 17 5 6 3 89 

9 

19 

20 20 45 7 10 111 

16 111 10 7 57 2 

16 11 2 13 39 12 2 5 11 111 

6 9 

8 

18 24 13 5 6 

42 6 12 111 21 22 

23 5 0 8 50 25 111 

8 72  20 31 21 89 

12 24 59 111 16 

15 6 0 12 26 10 6 13 

19 12 15 

2 5 

40 2 23 111 

23 89 

slgn1flcant at 5も and 1も levels，respectively 

26 33 0 

111 

7.7 

2.1 

0.8 

1.7 

95 

5.2 

2.1 

37.6 •• 

6.5 

89 

0.9 

2.2 

3.2 

0.1 

136.3 •• 

35.7 •• 

27.5 •• 

1.9 

0.1 

35.5 •• 

26.9 •• 

89 1.7 

0.7 

59.6 •• 

2.7 

89 

2.2 

37.8 •• 

24. 7 •• 

92.3 •• 



Chromosome 7 

Gene pair Recombination 

A(a) B(b) 

Segregation mode 

15 100 

AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb Tota1 (1inkage) 

χz 

va1ue (も)

XNpb50 - g-l 

XNpb50 - d-6 

XNpb50 - spl-5 

XNpb50 - v-ll 

XNpb50 - XNpb85-1 

XNpb50 - XNpb20 

XNpb50 - XNpbl17 

XNpb50 - XNpb22 

g-l - d-6 

g-l - spl-5 

g-l - v-l1 

g-l - XNpb85-1 

g-l - XNpb20 

g-l - XNpbl17 

g-l - XNpb22 

d-6 - spl-5 

d-6 - v-ll 

d-6 - XNpb85-1 

d-6 - XNpb20 

d-6 - XNpbl17 

d-6 - XNpb22 

spl-5 - v-l1 

spl-5 - XNpb85-1 

spl-5 - XNpb20 

spl-5 - XNpbl17 

spl-5 - XNpb22 

v-ll - XNpb85-1 

v-l1 - XNpb20 

v-ll - XNpbl17 

v-ll - XNpb22 

XNpb85-1 - XNpb20 

XNpb85-1 - XNpbl17 

XNpb85-1 - XNpb22 

XNpb20 - XNpbl17 

XNpb20 - XNpb22 

XNpbl17 - XNpb22 

24 

22 

o 49 p

h

d

r

o

 

「，
nヲ

33.8 •• 

23.4 •• 

2.2 

0.0 

0.3 

1.7 

1.9 

6.2 

68.3 •• 

6.4 • 

3.5 

3.5 

2.2 

2.6 

0.9 

7. 1 •• 

6.4 • 

6.4 • 

5.8 

7.6 • 

2.6 

55.8 •• 

55.8 •• 

20.3 •• 

2.2 

0.5 

89.6 •• 

41.4 .. 

16.2 •• 

0.1 

47.9 •• 

12.1 •• 

0.5 

50.9 •• 

10.4 • 

46.0 •• 

13.0土 3.6

20.6:t 4.5 

40.0土 5.9

50.0 

47.8土 6.1

>50 

45.2土4.9

43.0土4.9

5.2:t2.3 

30.9:t5.8 

36.8:t6.3 

36.8土 6.3

43.5土6.0

42.4土 6.0

49.1 :t 6.1 

3l.2:t5.8 

33.7土 6.0

33.7土 6.0

38.7:t5.9 

36.2土 5.7

43.9:t 6.0 

7.6:t 2.8 

7.6土 2.8

21.3 :t4.5 

43.2:t6.0 

>50 

2.0:t 1.4 

14.6土3.8

32.1 :t 5.5 

49.1土 6.1

12.5:t 3.5 

34.2 :t 5.6 

>50 

22.5:t 3.4 

41.6 :t4.8 

26.2:t 3.8 

.. and 禽禽

2 47 14 100 

22 2 43 13 15 5 100 

18 

19 

6 42 14 15 5 100 

5 100 5 41 15 15 

7 10 7 14 27 15 5 12 3 100 

8 9 7 16 24 16 3 10 7 100 

10 12 2 18 22 16 12 4 100 

100 74 4 21 

67 11 

16 

13 9 100 

9 100 62 13 

62 16 13 9 100 

23 36 19 3 13 6 100 

3 11 8 100 24 32 22 

26 34 18 6 12 4 100 

65 10 15 nu

、

ム

司

4
ム

司

自

ム

句

E

E

.

、Eム

100 

61 

61 

14 100 14 

14 

2 15 

14 100 

24 34 17 

25 31 19 

100 

2 12 11 100 

27 32 16 5 14 6 100 

74 6 19 100 

74 6 19 100 

26 42 12 o 7 13 

5 6 9 

100 

22 37 21 

24 38 18 

100 

8 100 

100 74 

26 42 7 

22 38 15 

24 35 16 

24 

o 7 18 100 

5 5 15 100 

11 6 100 

26 43 6 o 6 19 

5 6 14 

100 

22 37 16 

23 36 16 

100 

9 10 6 100 

100 

100 

17 6 3 7 32 10 3 5 17 

13 6 7 14 27 5 13 7 

20 5 2 11 24 8 17 12 100 

significant at 5も and 1も 1eve1s，respecヒive1y
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Chromosome 8 

Gene pair 
Segregation mode χ2 Recombination 

A(a) B(b) AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb Total (linl<age) value (も}

v-8 - XNpb278 15 46 21 O 6 11 99 7.0 • 31. 6土 5.5

v-8 - XNpb369 13 50 19 3 8 6 99 1.5 47.3土 6.1

v-8 - XNpb126 12 51 19 6 6 5 99 4.8 >50 

v-8 - XNpb187 12 48 22 7 5 5 99 5.8 >50 

v-8 - XNpb397 20 42 20 9 6 2 99 3.9 >50 

v-8 - sug 70 12 15 3 100 0.3 43.6土 6.9

XNpb278 - XNpb369 10 5 O 4 40 8 2 13 17 99 40.7 •• 19.4:t 3.2 

XNpb278 - XNpb126 7 7 1 31 13 3 19 10 99 8.4 34.6土 4.4

χNpb278 - XNpb187 7 7 8 28 16 4 18 10 99 7.6 37.1土 4.6

XNpb278 - XNpb397 5 6 4 14 25 13 10 17 5 99 1.7 >50 

XNpb278 - sug 14 1 43 9 27 5 99 0.2 >50 

XNpb369 - XNpb126 10 6 O 8 42 O 9 16 99 42.1 •• 17.5:t 3.0 

XNpb369 - XNpb187 10 6 O 40 10 7 17 99 42.5 •• 18.71: 3.1 

XNpb369 - XNpb397 4 17 27 14 17 4 99 6.8 45.61: 5.0 

XNpb369 - sug 15 49 9 20 5 99 0.4 43.71: 6.1 

XNpb126 - XNpblB7 18 O O 52 4 O 23 99 144.8 •• 3.11: 1.2 

XNpb126 - XNpb397 14 3 11 33 13 12 8 99 21.5 •• 29.91: 4.1 

XNpb126 - sug 18 O 49 8 17 7 99 3.7 32.1 1: 5.5 

XNpblB7 - XNpb397 15 3 11 32 10 3 13 11 99 29.3 •• 26.4 1: 3.8 

XNpb187 - sug 19 O 47 6 18 9 99 6.5 • 29.6土 5.3

XNpb397 - sug 28 46 2 10 12 99 23.2 •• 17 .1土 4.1

合 and •• significant at 5も and 1も levels，respectively 
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Chromosome 9 

Gene pa1r Recomb1nat10n 

A(a) B(b) 

Segregaヒ10nmode 

19 0 0 13 71 38 141 

AABB AABb AAbb Aa3B AaBb Aabb aaBB aaBb aabb Tota1 (11nkage) 

χ2 

value (も)

I-Bf - XNpb36 

I-Bf - XNpb47 

I-Bt - XNpb385 

I-Bf - XNpbl08 

I-Bt - XNpb293 

XNpb36 - XNpb47 

XNpb36 - dp-2 

χNpb36 - drp-2 

XNpb36 - XNpb385 

XNpb36 - Dn-l 

XNpb36 - XNpb404 

XNpb36 - XNpbl08 

XNpb36 - XNpb293 

XNpb47 - dp-2 

XNpb47 - drp-2 

XNpb47 - XNpb385 

χNpb47 - Dn-l 

χNpb47 - XNpb404 

XNpb47 - XNpbl08 

XNpb47 - XNpb293 

dp-2 - drp-2 

dp-2 - XNpb385 

dp-2 - Dn-l 

dp-2 - XNpb404 

dp-2 - XNpbl08 

dp-2 - XNpb293 

drp-2 - XNpb385 

drp-2 - Dn-1 

drp-2 - XNpb404 

drp-2 - XNpbl08 

drp-2 - XNpb293 

XNpb385 - Dn-l 

XNpb385 - XNpb404 

XNpb385 - XNpbl08 

XNpb385 - XNpb293 

Dn-l - XNpb404 

Dn-1 - XNpbl08 

Dn-1 - XNpb293 

XNpb404 - XNpbl08 

XNpb404 - XNpb293 

XNpbl08 - XNpb293 
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45.8 •• 

11. 6 •• 

8.1 • 

1.1 

1.8 

185.5.. 

17.7 •• 

16.1 •• 

36.6 •• 

85 1.0 

11.5 • 

3.5 

2.9 

84.6 • * 

80.9 • * 

190.3 * * 

18.9 *. 

45.8 * * 

22.4 * * 

10.9:t2.8 

26.7土4.2

32.6土4.6

>50 

>50 

18.5:t 1.8 

30.9土 4.2

31.9:t4.2 

34.6土 2.5

42.9:t 6.5 

43.3:t 3.8 

46.7土2.8

>50 

12.1:t2.7 

13.9:t 2.9 

18.4 :t 1.8 

23.3:t5.2 

31.4 :t 3.2 
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46.8土3.5

3.0:t1.4 

5.2:t1.8 

0.0 

17.9:t 3.3 

31. 8土 6.5

29.4 :t7.0 

1.9土1.1

0.0 

15.7:t3.0 

29.0:t6.3 

28.7 :t7.0 

10.2 :t 3.4 

17.6:t 2.3 

26.1:t2.1 

31.7:t3.1 

19.1:t4.7 

32.5 :!: 6.0 

46.1 :!:7.8 

17.6:t3.1 

25.4 :t 5.0 

食 and 禽食

11.2:!:1.9 

12 25 140 7 96 
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40 
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18 25 
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67 
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5 

31 163 
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15 30 9 17 42 13 0 11 28 165 
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123 2 39 167 3 

48 72 5 o 3 36 164 

18 47 20 O 

32 73 20 o 9 30 164 

o 9 7 70 23 19 12 

35 90 3 36 164 

39 166 50 74 2 O 

18 45 O 22 

33 75 18 o 32 166 

23 20 11 o 8 70 

36 

15 

90 3 37 166 

5 3 39 0 23 

27 23 0 6 52 17 0 8 33 166 

44 40 25 85 36 2 28 42 306 
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10 7 

13 

51 29 117 5 68 307 

5 37 25 

7 35 23 

3 15 10 57 

9 0 6 36 7 0 20 

9 

55 

9 

16 

42 2 
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27 

s1gnificant at 5も and 1も levels，respective1y 
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140.2** 

121. 0 * * 

5.9 * 

56.6 * * 

12.1 * * 

6.2 * 

146.5.. 

85 7.4 •• 

85 

68.0 •• 

13.3 • * 

7.0 •• 

39.8 •• 

112.6 •• 

92.4 •• 

29.2 •• 

18. 7 •• 

6.5 • 
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51. 8 •• 

11. 7 •• 

143.1 •• 
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83 

85 

94 

96 
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Chromosome 10 

Gene pa1r 
Segregation mode χ2 Recomb1nat1on 

A(a) B(b) AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb Total (linl<age) value (¥) 

XNpb333 - XNpb37 9 7 10 24 5 6 12 78 22.5 -- 28.6:t4.5 

XNpb333 - XNpb133 10 6 4 23 5 13 78 24.9 -- 27.4 :t 4.4 

XNpb333 - XNpb291 6 10 4 11 19 9 9 9 78 6.8 38.1 :t 5.2 

XNpb333 - spl-10 14 6 27 12 14 5 78 0.1 >50 

XNpb333 -pgl 13 7 26 13 15 78 1.3 >50 

XNpb333 - XNpb127 4 9 7 5 21 13 5 10 78 2.2 >50 

XNpb37 - XNpb133 18 2 O 32 4 O O 21 78 131.2-- 4.6:t 1.7 

XNpb37 - XNpb291 26 6 O 2 52 O 6 29 129 150.1 -- 8.9土1.9

XNpb37 - spl-10 29 3 46 16 15 20 129 23.2 -- 28.5土4.6

XNpb37 -pgl 27 5 45 17 19 16 129 9.0 - 36.2土5.0

χNpb37 - XNpb127 12 17 3 10 34 17 3 16 16 128 16.2 -- 33.5土3.8

XNpb133 - XNpb291 15 4 O 3 28 3 O 6 19 78 86.9 -- 10.8:t 2.6 

XNpb133 - spl-10 18 26 11 14 78 19.5 -- 26.1:t5.7 

XNpb133 -pgl 15 4 26 8 13 12 78 7.8 - 36.3:t6.5 

XNpb133 - XNpb127 5 10 4 7 19 2 11 12 78 8.7 37.0土5.2

XNpb291 - spl-l0 27 2 56 10 9 28 132 62.7 -- 16.8:t 3.5 

XNpb291 - pgl 25 4 55 11 14 23 132 33.7 -- 25.1 :t 4.3 

XNpb291 - XNpb127 13 14 2 10 44 11 2 12 23 131 45.2 _. 24.1 :t 3.1 

spl-10 -pgl 106 5 7 40 158 130.0.. 7.4土2.2

spl-10 - XNpb127 24 62 5 31 131 88.5 •• 10.7:t2.8 

pgl - XNpb127 24 68 2 35 131 133.0.. 3.5:t1.6 

* and ** s1gn1f1cant at 5¥ and 1も levels，respectively 
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Chroπゎsome 11 

Gene pair Recombination 

A{a) B{b) 

Segregation mode χ2 

AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb Total (linkage) value {も)

XNpb181 - XNpb389 

XNpb181 - XNpb78 

XNpb181 - z-2 

XNpb181 - gmZ41 0 

XNpb181 - XNpb202 

XNpb181 - XNpb44 

XNpb181 - XNpb183 

XNpb181 - v-9 

XNpb181 - XNpb189 

XNpb181 - XNpb52 

XNpb389 - XNpb78 

XNpb389 - z-2 

XNpb389 - gmZ410 

XNpb389 - XNpb202 

XNpb389 - XNpb44 

XNpb389 - XNpb183 

XNpb389 - v-9 

XNpb389 - XNpb189 

XNpb389 - XNpb52 

XNpb78 ー z-2

XNpb78 - gmZ410 

XNpb78 - XNpb202 

XNpb78 - XNpb44 

XNpb78 - XNpb183 

XNpb78 - v-9 

XNpb78 - XNpb189 

XNpb78 - XNpb52 

z-2 - gmZ410 

z-2 - XNpb202 

z-2 - XNpb44 

z-2 - XNpb183 

z-2 - v-9 

z-2 - XNpb189 

z-2 - XNpb52 

gmZ410 - XNpb202 

gmZ410 - XNpb44 

gmZ410 - XNpb183 

gmZ410 - v-9 
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39.2土 5.9
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>50 

44.9 t 6.1 

1.5土0.9

11. 3土3.3
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42.2 t4.8 

50.0 

>50 
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chromosome 11 continued 

XNpb202 - v-9 27 2 47 6 9 8 99 10.5 •• 24.4 :t 4.9 

XNpb202 -XNpb189 13 11 5 14 27 12 3 9 5 99 6.2 39.4土4.7

XNpb202 -XNpb52 12 10 7 19 24 10 3 11 3 99 5.3 45.1土5.0

刀>Jpb44-XNpb183 22 5 1 6 47 O O 4 14 99 98.9 •• 9.1:t 2.1 

XNpb44 - v-9 26 2 49 4 10 99 17.0 •• 19.9土4.4

XNpb 44 - XNpb 1 89 13 11 4 14 28 11 3 7 99 8.5 36.2土4.5

XNpb44 -XNpb52 12 10 6 19 25 9 3 10 5 99 5.4 42.0 :t4.8 

XNpb183 - v-9 28 O 51 5 11 99 26.5 •• 10.9:t 3.3 

XNpb183 -XNpb189 16 8 4 12 33 11 2 6 7 99 20.4 •• 29.9:t4.1 

XNpb183 -XNpb52 15 6 7 17 30 9 2 9 99 14.3 •• 38.1 :t 4.6 

v-9 -XNpb189 29 43 11 11 99 18.0 •• 20.8土4.5

v-9 -XNpb52 32 38 13 2 7 7 99 7.8 • 30.7土5.4

XNpb189 -XNpb52 29 O 5 37 5 o 7 15 99 130.4 •• 9.5土2.2

禽 and *食 significant at 5% and 1も levels，respectively 
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Chroπゎsome 12 

Gene pair 
Segregation mode χ2 

A(a) B(b) AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb Total (linkage) 

XNpb193 - XNpb124-1 

XNpb193 - sp1-1 

XNpb193 - XNpb88 

XNpb193 - XNpb402 

XNpb 1 93 - r 1-1 

XNpb193 - XNpb148 

XNpb193 - XNpb198 

pb124-1 - sp1-1 

pb124-1 - XNpb88 

pb124-1 - XNpb402 

pb124-1 - r1-1 

pb124-1 - XNpb148 

pb124-1 - XNpb198 

sp1-1 - XNpb88 

sp1-1 - XNpb402 

spl-1 - XNpb148 

spl-1 - XNpb198 

XNpb88 - XNpb402 

XNpb88 - rl-1 

XNpb88 - XNpb148 

XNpb88 - XNpb198 

XNpb402 - r1-1 

XNpb402 - XNpb148 

XNpb402 - XNpb198 

r1-1 - XNpb148 

rl-1 - XNpb198 

XNpb148 - XNpb198 

32 23 7 14 46 16 3 13 14 168 

21 5 26 5 13 77 

25 27 9 16 45 15 7 14 9 167 

25 37 30 47 9 2:2 170 

30 6 40 6 9 :2 93 

7 17 2 13 14 4 6 12 :2 77 

29 21 12 28 33 16 20 :3 170 

18 o 39 3 6 17 83 

40 8 1 7 71 7 10 20 173 

36 14 23 64 5 34 176 

31 38 7 10 93 

11 7 0 14 23 5 3 16 4 83 

20 19 11 33 38 16 14 21 4 176 

17 43 2 

24 41 

26 34 5 

25 25 15 

O 

5 

19 

15 

3 13 4 

8 93  

82 

85 

85 

85 

39 10 20 71 6 30 176 

31 0 41 0 6 8 0 7 94 

11 6 0 15 24 5 3 14 4 82 

17 24 37 34 19 13 19 4 175 

37 o 43 14 94 

20 9 0 9 38 9 85 

36 22 7 31 57 25 178 

46 31 2 9 93 

34 35 10 o 10 93 

31 13 3 3 27 5 0 5 6 93 

合 and ** significant at 5も and 1% levels， respectively 
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11. 0土1.8
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26.6土5.2

35.3 i 4.9 

>50 

3.6土2.1

41. 9土8.8

34.7土6.1

>50 

21. 8土 3.5

22.2 i4.8 

34.3 i 4.8 

50.0 

0.0 

18.6土 4.6
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Appendix 5. Segregation of maどkeど genes and RFLP markers 

Chromosome 1 

Allele1
) J/J χ2 No. of 

Gene 工/工 工/J J/J Total {毛) (3:1 or 1:2:1) cross 

fs-2 136 17 153 11.1 15.7 世世肯 1 

XNpb216 33 82 23 138 16.7 6.3 古 l 

XNpb96 77 159 36 272 13.2 20.1 肯肯肯 2 

d-18 131 23 154 14.9 8.3 肯肯 1 

XNpb269 78 151 42 271 15.5 13.1 肯肯 2 

XNpb359 77 145 35 257 13.6 18.0 肯肯肯 2 

d-2 112 23 135 17.0 4.6 貴 l 

XNpb252 118 202 81 401 20.2 6.9大 3 

rl-2 29 75 32 136 23.5 1.6 1 

XNpb368 31 78 24 133 18.0 4.7 l 

XNpb314 107 210 89 406 21.9 2.1 3 

XNpb147 25 75 33 133 24.8 3.1 l 

XNpb13 0 30 59 44 133 33.1 4.6 1 

XNpb174 29 60 44 133 33.1 4.7 l 

spl-6 33 66 43 142 30.3 2.1 1 

XNpb97 34 100 134 74.6 0.0 1 

eg 35 72 36 143 25.2 0.0 l 

XNpb346 31 63 35 129 27.1 0.3 l 
.••••••••••••••.•••••••.•••••••.•.•.•••••.•.••••.•••.•.....•.••.••..•••...••••.••.•.••...•.•...........•.•••.•..•..••..•••......•......•....•...•..•.•.........•.....•.........••.•..•.•..•.....................•.•..•..•.•.••••.•••.••...•..•. 

d-l0 139 37 176 21.0 1.5 2 

lax 139 36 175 20.6 1.8 2 

1 ) 
工/工 homozygous for Indica allele 

工/J heterozygous for Indica and Japonica alleles 

J/J homozygous foど Japonica allele 

* ， 肯肯 and 肯肯 肯 significant at 5毛 1も and 0.1毛 levels，respectively 
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Chromosome 2 

Allele1
) J/J χ2 No. of 

Gene 工/工 工/J J/J Total (毛) (3:1 or 1:2:1) cross 

tri 110 24 134 17.9 3.6 1 

XNpb25 0 38 54 23 115 20.0 4.3 1 

bl-l 111 20 131 15.3 6.6肯 1 

XNpb57 58 51 8 117 6.8 44.7肯肯肯 1 

XNpb42 47 48 25 120 20.8 12.9肯肯 l 

XNpb45 38 48 31 117 26.5 4.6 1 

XNpb132 51 90 45 186 24.2 0.6 2 

XNpb227 50 91 47 188 25.0 0.3 2 

XNpb223 49 97 45 191 23.6 0.2 2 

XNpb349 56 96 42 194 21.6 2.0 2 

spl-2 68 12 80 15.0 4.3 肯 l 

1) 
工/1 homozygous for工ndicaallele 

工/J heterozygous for 1ndica and Japonica alleles 

J/J homozygous for Japonica allele 

肯 F 肯肯 and 肯 * 肯 significant at 5毛 1毛 and0.1も工evels，respectively 
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Chromosome 3 

Allele1
) J/J χ2 No. of 

Gene 工/工 工/J J/J Total (宅) (3:1 or 1:2:1) cross 

chl-l 29 76 25 130 19.2 4.0 l 

XNpb164 49 67 25 141 17.7 8.5 肯 1 

XNpb249 75 135 42 252 16.7 9.9肯肯 2 

fc-l 138 22 160 13.8 10.8肯肯古 1 

st 2) 100 13 113 11.5 11.0肯肯肯 工

XNpb51 88 134 29 251 11.6 28.9肯肯肯 2 

XNpb15 85 136 32 253 12.6 23.6肯肯肯 2 

XNpb182 82 127 40 249 16.1 14.3肯肯肯 2 

XNpb348 75 129 48 252 19.0 5.9 2 

dl 88 25 113 22.1 0.5 1 

spl-3 129 30 159 18.9 3.2 l 

XNpb173 43 68 31 142 21.8 2.3 1 

1 ) 
工/工 homozygous for Indica allele 

工/J heterozygous for Indica and Japonica alleles 

J/J homozygous for Japonica allele 

2) st (七)(CM120) 

肯， 肯肯 and 女大女 significant a七 5宅 1毛 and0.1毛 levels， respectively 
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Chromosome 4 

Allelel) 

Gene Total 工/工工/J J/J 

J/J' 

(毛)

χNo.  of 

(3: 1 0ど 1:2:1) cross 

XNpb203 

XNpb237 

XNpb311 

XNpb49 

XNpb72 

d-ll 

XNpbl14 

XNpb12 0 
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121 29 

29 

127 

129 

135 

118 

134 

150 

136 

137 

128 

150 

381 

381 

26.0 

25.6 

30.4 

26.3 

26.9 

19.3 

0.2 1 

0.2 1 

3.3 1 

0.1 1 

0.9 1 

2.6 

1.0 

l 

36 71 21.3 l 

37 73 27 19.7 2.1 1 

98 

120 

30 

30 

23.4 

20.0 

0.2 

2.0 1 

304 

297 

77 

84 

l 

20.2 

22.0 

4.7 肯 3 

3 1.8 

1) 工/1 homozygous for 1ndica allele 

工/J heterozygous for 1ndica and Japonica alleles 

J/J homozygous foど Japonica allele 

significant at 5宅 leve1肯
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Chromosome 5 

Allele1
) J/J χ2 No. of 

Gene 工/工 工/J J/J Total (毛) (3:1 or 1:2:1) cross 

XNpb292 37 97 57 191 29.8 4.2 2 

XNpb139 34 106 57 197 28.9 6.5 肯 2 

XNpb387 35 102 53 190 27.9 4.4 2 

d-l 67 30 97 30.9 1.8 1 

st 2) 75 25 100 25.0 0.0 1 

XNpbl05 47 99 49 195 25.1 0.1 2 

XNpb81 56 94 47 197 23.9 1.2 2 

spl-7 84 O 16 100 16.0 4.3 貴 l 

nl-l 74 O 26 100 26.0 0.1 1 

XNpb297 58 90 48 196 24.5 2.3 2 
................................................................................................................................................................................................................................................. 

v-l0 135 46 181 25.4 0.0 1 

spl-7 151 30 181 16.6 6.9 肯大 l 

1 ) 
工/工 homozygous foど Indicaallele 

工/J heterozygous for Indica and Japonica alleles 

J/J homozygous foど Japonica allele 

2) st (七)(CM37) 

肯 and 肯 肯 significant at 5毛 and1毛 levels，respectively 
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Chromosome 6 

Allele1
) J/J χ2 No. of 

Gene 工/工 工/J J/J Total (毛) (3:1 or 1:2:1) Cどoss

dp-l 161 48 209 23.0 0.5 2 

spl-4 80 16 96 16.7 3.6 l 

XNpb209 58 98 46 202 22.8 1.6 2 

XNpb165-1 64 123 19 206 9.2 27.4 肯肯肯 2 

XNpb233 29 65 17 111 15.3 5.8 1 

XNpb172 29 64 18 111 16.2 4.8 l 

Cl 29 84 113 74.3 0.0 l 

XNpb386 31 55 25 111 22.5 0.7 l 

XNpb135 28 38 23 89 25.8 2.5 1 

XNpb170 36 75 111 67.6 3.3 1 
...............................•.......................•.............•.......................................................................................................................................................................•..... 

v-3 91 16 107 15.0 5.8肯 1 

1 ) 
工/工 homozygous for Indica allele 

工/J heteどozygous for Indica and Japonica alleles 

J/J homozygous for Japonica allele 

世 and 大世* significant at 5も and0.1毛 levels，respectively 
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Chrornosorne 7 

Allele1
) J /~J χ2 No. of 

Gene 工/工 工/J J/J Total (も) (3:1 or 1:2:1) cross 

XNpb50 24 56 20 100 20.0 1.8 1 

g-l 78 22 100 22.0 0.5 1 

d-6 75 25 100 25.0 0.0 1 

spl-5 80 20 100 20.0 1.3 1 

v-ll 75 25 100 25.0 0.0 1 

XNpb85-1 75 25 100 25.0 0.0 l 

XNpb20 26 49 25 100 25.0 0.1 l 

XNpbl17 27 43 30 100 30.0 2.1 l 

XNpb22 32 46 22 100 22.0 2.6 1 

1 ) 
工/工 hornozygous for 1ndica allele 

工/J heteどozygous for 1ndica and Japonica alleles 

J/J hornozygous foど Japonica allele 

Chrornosorne 8 

Allele1
) J/J χ2 No. of 

Gene 工/1 工/J J/J Total (宅) (3:1 or 1:2:1) cross 

v-8 82 18 100 18.0 2.6 l 

XNpb278 15 52 32 99 32.3 6.1 古 工

XNpb369 16 58 25 99 25，.3 4.6 l 

XNpb126 18 57 24 99 24，.2 3.0 1 

XNpb187 19 53 27 99 27.3 1.8 1 

XNpb397 29 48 22 99 22.2 1.1 1 

sug 85 15 100 15.0 5.3 肯 1 

1) 
1/1 hornozygous for 1ndica allele 

工/J heterozygous for 1ndica and Japonica alleles 

J/J hornozygous for Japonica allele 

* significant at 5も level
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Chどomosome 9 

Allele1
) J/J χ2 No. of 

Gene 工/工 工/J J/J Total (毛) (3: 1 0ど 1:2:1) cross 

I-Bf 138 21 159 13.2 11.8 肯肯肯 1 

XNpb36 81 150 77 308 25.0 0.3 3 

XNpb47 90 147 70 307 22.8 3.2 3 

dp-2 126 41 167 24.6 0.0 2 

drp-2 127 42 169 24.9 0.0 2 

XNpb385 88 147 73 308 23.7 2.1 3 

Dn-l 18 67 85 78.8 0.7 l 

XNpb404 33 83 50 166 30.1 3.5 2 

XNpbl08 71 153 82 306 26.8 0.8 3 

XNpb293 71 236 307 76.9 0.6 3 

11 
工/1 homozygous for 1ndica allele 

工/J heteどozygous for工ndica and Japonica alleles 

J/J homozygous for Japonica allele 

肯肯肯 significant at 0.1毛 level

Chromosome 10 

Allele
11 J/J 

χ2 No. of 

Gene 工/工 工/J J/J Total (毛) (3:1 0ど 1:2: 1) Cどoss

XNpb333 20 39 19 78 24.4 0.0 1 

XNpb37 32 62 35 129 27.1 0.3 1 

XNpb133 19 34 25 78 32.1 2.2 1 

XNpb291 29 66 37 132 28.0 1.0 1 

spl-l0 111 49 160 30.6 2.7 1 

pgl 113 45 158 28.5 1.0 1 

XNpb127 25 70 36 131 27.5 2.5 1 

11 工/工 homozygous for 1ndica allele 

工/J heteどozygous foど 1ndica and Japonica alleles 

J/J homozygous for Japonica allele 
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Chromosome 11 

Allele11 
J/J χ2 No. of 

Gene 工/工 工/J J/J Total (も) (3: 1 0ど 1:2:1) cross 

XNpb181 33 66 99 66.7 3.7 肯 l 

XNpb389 33 53 13 99 13.1 8.6肯 1 

XNpb78 33 52 14 99 14.1 7.5女 l 

z-2 92 11 103 10.7 11.3肯肯肯 1 

gmZ410 34 55 10 99 10.1 12.9肯大 1 

XNpb202 29 53 17 99 17.2 3.4 1 

XNpb44 28 53 18 99 18.2 2.5 1 

XNpb183 28 56 15 99 15.2 5.1 1 

v-9 84 19 103 18.4 2.4 l 

XNpb189 30 47 22 99 22 . ~2 1.5 1 

XNpb52 34 45 20 99 20.2 4.8 工
.......................................................................................................................................................................................................・・・・・・・・・ー・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・

la 199 42 241 17.4 7.4 肯肯 2 

v-4 198 43 241 17.8 6.6肯 2 

sp 174 23 197 11.7 18.7 肯肯大 2 

11 
工/工 homozygous for Indica allele 

工/J heterozygous for Indica and Japonica alleles 

J/J homozygous for Japonica allele 
肯 ， 貴女 and 肯肯 大 significant at 5毛 1も and0.1告 levels，respectively 
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Chrornosorne 12 

Allele11 
J/J χ2 No. of 

Gene 工/工 工/J J/J Total {も) (3:1 or 1:2:1) Cどoss

XNpb193 62 77 31 170 18.2 12.8肯肯 2 

XNpb124-1 50 87 39 176 22.2 1.4 2 

spl-1 65 25 90 27.8 0.4 1 

XNpb88 49 91 36 176 20.5 2.1 2 

XNpb402 66 O 113 179 63.1 13.5肯大肯 2 

rl-1 82 14 96 14.6 5.6肯 l 

XNpb148 47 35 11 93 11.8 33.6女大大 1 

XNpb198 67 79 32 178 18.0 16.0 *大大 2 

11 
工/工 hornozygous for Indica allele 

工/J heterozygous for工ndica and Japonica alleles 

J/J hornozygous for Japonica allele 
大 ** and *** significan七 at 5毛 1毛 and0.1も levels，どespectively
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