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Summary

The self-incompatibility genotypes of the parents, ‘Golden Delicious’ (GD), ‘Jonathan’ (J) and
‘Fuji’ (F) were established by analyzing the F; progenies of ‘Hatsuaki’ (J X GD) and ‘Iwakami’ (F X
J) derived by back-crossing the F,, ‘Hatsuaki’ (H) and ‘Iwakami’ (I) to their respective parental
cultivars. That is, the F, progenies from H X J, J X H, H X GD and GD X H were back - crossed to J
and GD and those from F X I, I X J and J X I were back-crossed to F and I. The segregation ratio of

compatible to incompatible plants was estimated.

Among the ‘Hatsuaki’ progenies, the segregation ratio of compatible to incompatible from (H X J)
X J and (H X GD) X GD was estimated at 1:1, (other 6 combinations were 1:0). In the ‘Iwakami’
progenies, those of (F X I) X J, X J) X F, (I X J) X J, and (I X I) X F were estimated at 1:1, (other 2
combinations were 1:0). These results suggest that Jonathan’ has no common S -allele with ‘Golden
Delicious’, and ‘Fuji’ has one common S -allele with ‘Jonathan’.

Key Words: apple, genotype, incompatibility, S-allele.
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Table 1. Segregation of compatible and incompatible individuals derived from
backcrosses of ‘Hatsuaki’ or ‘Iwakami’.

Combination type

Actual cross combination

Compatible: Incompatible

(Fy XA) X A HXI)x]

(F, X A) X B (H X I} X G.D.
(AXF)XA (J XH)x]J
(AXF)XB (J X H) X G.D.
(F; XB) X A (HXGD)x]J
(F, XxB)XB (H X G.D.) X G.D.
(B XF)XA (G.D. X H) X ]
(B XF)XB (G.D. X H) X G.D.
(AXF)XA (FXI)XF
(AXF)XB (FXDX]J

(F; XB) X A IXJ)XF

(F, X B) X B AXJ)xJ
(BXF)XA (JXDXF

(B XF)XB IxDnx]J

10: 11
24: 0
17: 0
20:

21: 0
8: 15
16: 0
17: 1
12: 0
6: 3
2: 2
2: 4
11: 11
15: 0

A : Seed parent
B : Pollen parent
F): Seedlingof A X B

H: ‘Hatsuaki’ (‘Jonathan’ X ‘Golden Delicious’)

J : ‘Jonathan’

G.D. : ‘Golden Delicious’

F : ‘Fuji’ (‘Ralls Janet’ X ‘Delicious’)
I : ‘Iwakami’ (‘Fuji’ X ‘Jonathan’)
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Table 2. Fruit set and number of seed per fruit of ‘Iwakami’ progenies backcrossed to parents of ‘Iwakami’.

(F, XB)xX A (F, XByxB
(‘Iwakami’ X ‘Jonathan’) X ‘Fuji’ (‘Iwakami’ X ‘Jonathan’) X ‘Jonathan’
Pollen . pollen .
Progeny Year No. of. flowers germination Fruitset No. of s‘eed No. of‘ flowers germination Fruitset No. of s.eed

tested pollinated %) (%) / fruit pollinated %) (%) / fruit
(4)-4156 ’93 8 58.0 875 - 6 50.0 0
4)-4157 97 10 26.9 0
(4)-4158 '94 9 75.0 60.0 - 10 12.8 0
(4)-4161 '93 14 58.0 7.1 - 17 50.0 88.2
(4)-4161* 97 24 59.6 0 24 59.6 100 6.60
(4)-4163 ’93 8 58.0 0 9 50.0 444 -
(4)-4163* 97 24 73.3 4.2 - 24 733 100 7.92
(4)-4164 ’94 8 75.0 14.3 - 10 12.8 0
(4)-4164 ’97 10 26.9 0
(4)-4164" 97 24 83.3 944 9.12

A: Seed parent
— :No data

* Reciprocal cross

B: Pollen parent

F, : Seedling of A X B

Table 3. Patroclinal incompaitibility test in ‘Golden Delicious’ and ‘Jonathan’ progenies and ‘Himekami’.

Cross combination Year Pollen germination (%) Fruit set (%) No. of seed / fruit
‘Jonathan’ X ‘Kagayaki’” 97 66.7 100 6.54
‘Kougetsu’® X ‘Jonathan’ ’96 71.4 55.6 8.00
‘Kougetsu’ X ‘Jonathan’ 97 - 95.8 4.00
‘Jonathan’ X ‘Kougetsu’ ’96 36.6 20.0 5.00
‘Jonathan’ X ‘Taiyou 5°* ’96 71.4 444 3.00
‘Jonathan’ X “Taiyou 5’ 97 76.0 86.4 6.43
‘Hatsuaki”¥ X ‘G.D.”* ’96 90.9 100 6.67
‘Hatsuaki’ X ‘G.D.’ 97 232 91.7 7.23
Ri-24¥ X ‘G.D.’ 97 44 50.0 4.50
‘G.D.” X Ri-24 ’96 83.8 87.5 8.11
‘G.D. X Ri-34¥ ’96 76.6 100 7.25
Ri-51¥ X ‘G.D.’ ’96 90.9 90.0 11.11
‘G.D.” X Ri-51 ’96 69.0 80.0 7.88
Ri-93Y X ‘G.D. ’96 90.9 40.0 6.33
‘G.D.” X Ri-93 ’96 90.7 90.0 8.13
Tohoku 10¥ X ‘G.D.’ ’96 90.9 66.7 -
‘G.D.” X “Touhoku 10 ’96 67.6 90.0 7.83
‘Himekami’" X ‘Jonathan’ ’94 12.8 7.1 0
‘Himekami’" X ‘Jonathan’ ’97 26.9 0
‘Jonathan’ X ‘Himekami’ 94 69.2 6.7 3.007
‘Jonathan’ X ‘Himekami’ 97 71.2 25.0 2.17
‘Fuji’ X ‘Himekami’ ’95 — 60.5 6.88
‘Senshu’ X ‘Himekami’ 95 - 85.0 7.18

— : No data

Z¢G.D.’ X ‘Jonathan’
¥ ‘Jonathan’ X ‘G.D.’
* ‘Golden Delicious’
¥ ‘Fuji’ X ‘Jonathan’

¥ Number of fruit harvested was 1.
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Table4. Patroclinal incompatibility test in ‘Hatsuaki’ X ‘Fuji’ progenies.

(‘Hatsuaki’ X ‘Fuji’) X ‘Fuji’ (‘Fuji’ X ‘Hatsuaki’) X ‘Hatsuaki’
Year No. of Pollen Fruit set No. of Year No. of Pollen Fruit set No. of
Progeny tested flowers  germination %) seed / Progeny tested flowers germination %) seed /
pollinated (%) fruit pollinated (%) fruit
4)-1 ’95 10 34.0 100 8.25 (4)-488 96 10 45.7 10.0
4)-1 ’96 9 75.0 88.9 6.33
4)-490 92 18 25.0 61.1 -
4)-6 '95 9 34.0 100 9.25
“4)-6 ’96 10 75.0 30.0 7.50 #)-511 ’95 10 18.2 0
4)-511 ’96 10 45.7 10.0 -
@)-7 '95 10 10.1 80.0 7.00 (4)-511* 95 10 - 0
(4)-12 95 10 34.0 90.0 - 4)-512 95 9 18.2 0
#)-12* 95 10 - 100 745 | (4)-512 96 11 45.7 0
4)-15 ’95 10 34.0 90.0 9.00 @)-515 96 10 45.7 40.0 7.50
@-15 ’96 10 75.0 60.0 8.75
4)-516 95 10 18.2 50.0 6.60
4)-21 ’96 10 75.0 0 (4)-516° 96 10 50.0 80.0 7.00
4)-21° ’95 10 10.2 0
(4)-525 92 18 25.0 94.4 -
(4)-69 ’95 10 34.0 0
4)-69 ’96 8 75.0 0 (4)-530 96 8 457 62.5 7.00
(4)-104 ’95 10 34.0 0 (4)-544 95 10 18.2 0
(4)-104 96 10 75.0 0
(4)-601 ’95 10 18.2 100 6.80
(4)-110 ’96 9 75.0 55.6 9.25 (4)-601 ’96 10 45.7 50.0 —
(4)-123 ’96 10 75.0 10.0 - 4)-605 92 19 25.0 68.4 —
4)-607 92 18 25.0 0
— :No data

? Reciprocal cross

Table 5. Cross compatibility test in ‘Golden Delicious’ and ‘Jonathan’ progenies with ‘Fuji’.

Cross combination Year Pollen germination (%) Fruit set (%) No. of seed / fruit
‘Fuji’ X ‘Hatsuaki’® ’94 63.2 63.4 6.29
‘Fuji’ X ‘Kagayaki’™¥ 94 68.3 66.7 7.30
‘Fuji’ X Ri-24* ’94 100 60.0 7.78
‘Fuji’ X Ri-34* 94 60.9 66.7 6.57
‘Fuji’ X Ri-51* 94 46.4 71.4 7.90
‘Fuji’ X Ri-93* 94 37.1 30.8 9.00
‘Fuji’ X ‘Taiyou 5 04 57.5 100 9.50
‘Fuji’ X Touhoku 10° 94 62.9 80.0 8.08

? ‘Jonathan’ X G.D.’
Y ‘G.D.” X ‘Jonathan’
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THE  AFEOREIT1: 1A ET 31ETTHS. —
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Table 6. The predicted segregation ratio of cross compatible to incompatible individuals in the backcrossed progenies

with their parents.

The case where one common S-allele The case where one common S - allele

The case where no common
S-allele between A and B.

between A and B, and F; do not show
patroclinal incompatiblitity.

between A and B, and F; show
patroclinal incompatibility.

Compatible : Incompatible

Compatible : Incompatible

Compatible : Incompatible

(Fi X A) X A
(F; X A) X B
(AXF) XA
(AXF)XB

— et e pea

(F, X B) X A
(F, X B) X B
(BXF)XA
(BXF,)%B

O O —m O O O O =

= e

1:1 1:1
1:1 1:0
1:0 1:0
1:1 1:1
1:1 —
1:1 —
1:1 —
1:0 —

A: Seed parent

B: pollen parent

F, : Seedlingof A X B

— : Progeny can not be obtained because of incompatibility.
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(F1xA) (AxF1)
¢, Fu & A
o8 ‘ (Sz, Ss) a ’ (81, S2)
A S1, Sz Fi. S1, Ss
(81,82) | Si1,Ss (82, 8s) | Sz, 8s

DA BRURMELBHOTHER (B 1K) 058k
E—H LT3,

TSI (F X A DELBD SEETFEIZ (S),S:) &
(S1,S:)D 2B DT, (F X A)IC AL LU BAZH
3T5&, (FL X A)D(S),S;) k&M 7 A& At L
TAMEHARL, BLE3MEHERTIRTTHS. —4,

&, A
d ‘ (81, S2)
B S1, Ss
(81,83) | Sz, 8s

Fig. 1. Segregation model of A X B where the parent cultivars
share one common S - allele.
A : Seed parent; S - genotype = (S; ,S2)
B : Pollen parent; S - genotype = (S, ,S3)

(F 1XB) (BXFI)

? F. 2, B
d ‘ (Sz, Ss) d ' (S1, Ss)
B S1, 82 F. Sy, Sz
(§1,8s) | S1,8s (Sz, Ss) | Sz, Ss

Fig. 2. Segregation models of (F; X A), (A X F,), (F, X B) and (B X F; ) where F; do not show patroclinal incompatibility

and the parent cultivars share one common S - allele.
A : Seed parent; S - genotype = (5;,S2)
F, : Progenies in A X B; S-genotype = (S,,S3)

(FixA) xA (FixA) xB

Presumed genotype

$ of FixA Q of FixA

Presumed genotype

d l (81,82) (§1,83) a

‘ (81, 82) (S, S3)

B : Pollen parent; S- genotype = (S; ,S3)

(AxF.) xA (AxF:) xB
Presumed genotype

? of AxF. Q

d (S1,Ss) (Sz, Ss) d

Presumed genotype
of AxF.
l (S1, Ss) (Sz, Ss)

A - Sy, Se B S1, Ss - A S1,S2 84,82 B - S1, Sz
(Sl, Sz) - Sz, SS (Sl, SS) SZ, Ss = (Sl, SZ) SZ, SS Sl, SS (Sl, Sa) - Sl, SS
(F.xB) xA (F:xB) xB (BxFi1) xA (BxF:) xB
Presumed genotype Presumed genotype Presumed genotype Presumed genotype
2, _of F.ixB 2 of F.xB 2 of BxF. £ _of BxF.
o ‘ (S, S2) (Sy, Ss) d ‘ (S1,S2) (81, Ss) 1% l (S1,S2) (Sz, Ss) d ‘ (S1, S2) (Sz, Ss)
A - Sy, Se B S1, Ss - A - S1, S B S1,Ss S8, 8:
(S1, S2) - S2,S8s  (S1,Ss) | Sz Ss - (S1, S2) - S1,8s  (5:,Ss) | Sz, 8s  Si,Ss

Fig. 3. Segregation models of (F; X A) X A, (F; X A) X B,(AX F;) X A,(AX F)X B, (F; X B)X A, (F; X B)X B, (B
X F1) X Aand (B X F;) X B where the progenies do not show patroclinal incompatibility and the parent cultivars share

one common S - allele.
A : Seed parent; S - genotype = (S; ,S; )
F) : Progenies in A X B; S-genotype = (S;,S3)

B :Pollen parent; S- genotype = (S;,S3)
— : Progeny can not be obtained because of incompatibility.
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ZTOEEBIZZSICA BEZHULER, £ 6XROAH

KRUSBIEATRENIZE ST, COSBRIENERL
f— SEIZFRTHBILEDBWETES. 0K,
DRELIENBRLEORE LRBIATNEETRTIRTTH 5.
‘Dhbhd EHBERUCCT S UOHIE IKBVT, O
HhH X HE BHSHELEEERL, Ehzoi
THMTHD KE X OHHS BAFEGEIMETENR
WHOD, FEER, 1BYVBEFEE BIIHEDENI-
el &, VoA DRIXHBEABNERITmETH S
SEETRBLTNS (E3F) Ld-T 3L &%
E 3 S#EEFE1IO®BL, 512 ‘Vdhd & TE
O SEIEFRIAF—THB LEEINS.

30530 & 'H0oHE ODXPYREORXHER

FMOBRTE

B L BOHE OEENTEMBLORULXHT,
FoEEEATSEENIFIZL: LILSHL (B4XK), R
RURFMETRTEEIONB I ED D, ‘HU & @D
HE' BSEEFE1I>EFIILHEEINS. X &
T= TV FUV Y+ R BLEEOBELID E2HE R
URMELBONE A0 8ELE HE & 'T-
FrueFYVY e X ORBEENRLEAEME RS I,
1l EMG, SEEFEEALTORNLI LEHLNT
3. LithoT T—NFr-FVy+ R %(51,S:)
HE 2 Ss,S)EMET B E, WE2H&E T FLE X
T=IVFr - FUY X THBENS, TO SHEEFEIL
(51,83), (S1,84), (52,S3), (S2,S:)D 4&B Y DuE[EE

(F1xA) (AxF1) (F1xB) (BxF1)
2 F. ¢ A Progeny can not be Progeny can not be
d 1 (S:, Ss) d ‘(SI,SZ) obtained because of obtained because of
incompatibility. incompatibility.
A Sy, S2 F. Si1, Ss
(S1,S2) | Sz, Ss (81, Ss) Sz, Ss

Fig. 4. Segregation models of (F; X A), (A X F,), (F, X B)and (B X F,) where F, show patroclinal incompatibility.
A : Seed parent; S—genotype =(S;,Sz) B : Pollen parent; S—genotype = (S, , S3)
F, : Progenies in A X B; S— genotype =(S;, S3)

(AxF1) xA (AxF.) xB

(FixA) xA (F:xA) xB

Presumed genotype
of AxF.
(S1, Ss) (82, S3)

Presumed genotype
$‘ of AxF. ?

Presumed genotype
of FixA
(S1, S2) (Sz, Ss) Jd

Presumed genotype
9- of FixA 9—
Jd (81, S2) (Sz, Sa) d

(S1, Ss) (82, Ss) Jd

- 1,82
- S1, Ss

S1, Sz A
S1,8s  (S1,S2)

S1, Sz
Sz, Ss

S1, Sz B
S$1,8s (81, 8s)

A
(S1, S2)

- 51,82 B
- $1,Ss (81, 8s)

Si1, Ss
Sz, Ss

Fig. 5. Segregation models of (F; X A) X A, (F; X A)X B,(AXF )X A,(AXF)XB,(F; XB)XA,(F, XB)XB,(B
X F )X Aand (B X F; ) X B where the progenies show patroclinal incompatibility.
A : Seed parent; S—genotype = (S;,S3) B : Pollen parent; S- genotype = (S, , S3)
F, : Progenies in A X B; S—genotype = (S, S3) — : Progeny can not be obtained because of incompatibility.
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Table 7. Presumed segrégation ratio in (‘Hatsuaki’ X ‘Fuji’) and (‘Fuji’ X ‘Hatsuaki’) X ‘Hatsuaki’ progenies.

(‘Hatsuaki’ X ‘Fuji’) X ‘Fuji’

(‘Fuji’ X ‘Hatsuaki’) X ‘Hatsuaki’

Presumed S Presumed S - genotype of ‘Hatsuaki’ Presumed S~ Presumed S - genotype of ‘Fuji’
genotype of genotype of
‘Fuji’ ($1,83) (S1,84) (S2,83) (S2,84) ‘Hatsuaki’ (S1,83) (51,S5) (S3,Ss) (S5, S6)
(S],Sg)y - 1:1¢ 1:1 1:0 (81,33) - 1:1 1:1 1:0
S;,S) 1:1 1:1 1:0 1:0 (S1,S4) 1:1 1:1 1:0 1:0
(S3,S5)" 1:1 1:0 1:1 1:0 (Sz,S3) 1:1 1:0 1:1 1:0
(Ss5,S¢) 1:0 1:0 1:0 1:0 (Sz,S4) 1:0 1:0 1:0 1:0

* Presumed S - genotype of ‘Hatsuaki’ is 4 types because ‘Hatsuaki’ is ‘Jonathan’ (S3, S, ) X ‘Golden Delicious’ S1,82).
¥ In this case, ‘Fuji’ and ‘Golden Delicious’, and ‘Fuji’ and ‘Jonathan’ have one common S - allele.
* In this case, ‘Fuji’ and ‘Golden Delicious’ have one common S - allele.

¥ In this case, ‘Fuji’ and ‘Jonathan’ have one common S - allele.

V In this case, ‘Fuji’, ‘Golden Delicious’ and ‘Jonathan’ have no common S - allele.

Y Compatible: Incompatible
— : Progeny can not be obtained because of incompatibility.
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