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Persimmon flowers are fruit-bearing female, pollen-bearing male, or hermaphrodite, containing both
a pistil and a stamen. Using prominent PCNA persimmons as male parents is very important for
breeding programs, as the selection procedure for new cultivars bearing male flowers requires a long
time and a large field in a traditional crossbreeding method. To improve breeding efficiency through
early selection of male flower-bearing plants at the seedling stage, analysis was performed on 88 ma-
jor cultivars whose gender expressions are known, using two male flower selection markers recom-
mended by Akagi et al. The OGI locus marker and DISx-AF4S marker results showed that 83 and
72 cultivars, respectively, matched in terms of gender expression and marker analysis. For the OGI
locus marker, 890 plants were selected from 2,509 seedlings obtained from crossbreeding with the
mother plant “Migamjosang,” which was the breeding cultivar. Comparing the gender expression of
the flowers and the marker with 1,186 crossbred seedlings, excluding the unfertilized and dead plants,
inconsistencies were found in 401 plants (33.8%). For the DISx-AF4S marker, 636 plants were selected
from 889 seedlings obtained from 12 cross-combinations. The results of the sex expression and marker
analysis were compared to 379 plants, excluding the unfertilized and dead plants, and inconsistencies
were found in 247 plants (65.2%). These results indicate that the examined DISx-AF4S and OGI locus
markers would not be suitable for utilization in the breeding field.
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Table 1. Comparisoning of the gender expressions and marker analysis results of persimmon cultivars and collection lines (Diospyros
kaki Thunb.) tested in this study

No. Cultivar Sexuasltlltl};;? this me?riéry m]aDEE)e(rX Type" Origin
1 Johongsi ™M A P PVNA Korea
2 Nishimurawase M P P PVNA Japan
3 Zenjimaru ™M P P PVNA Japan
4 Akagaki M P P PVNA Japan
5 Shougatsu M P P PVNA Japan
6 Jamisi M P P PVNA Korea
7 Migamjosang FM P P PVNA Korea
8 Sae-Fuji M P p PVNA Japan
9 Migatanigosho F A A PVNA Japan
10 Haschiuri F A A PVNA Japan
11 Amahyakume F A A PVNA Japan
12 Koharu M P P PVNA Japan
13 Kyara F P p PVNA Japan
14 Sanggokuitsy F A A PVNA Japan
15 Tenrubou F A A PVNA Japan
16 Toyoga F A P PVNA Japan
17 Niitsugaki F A A PVNA Japan
18 Mizushima F A A PVNA Japan
19 Baojiaozi M P P PVNA China
20 Kaki Tipo F A P PVNA Italy
21 Ds1 M A P PVNA Korea
22 DS2 M P P PVNA Korea
23 DS3 M A P PVNA Korea
24 Rojo Brillante F A P PVA Spain
25 Hachiya F A P PVA Japan
26 Yaoki F A P PVA Japan
27 Mikado M P P PCNA Japan
28 Okugosho M A P PCNA Japan
29 Gosho M P P PCNA Japan
30 Tenjingosho F A P PCNA Japan
31 Hanagosho EM P P PCNA Japan
32 Kinshu M P p PCNA Japan
33 Taurei M P P PCNA Japan
34 Taishu M P P PCNA Japan
35 Maegawajiro F A A PCNA Japan
36 Toyouichi F A A PCNA Japan
37 Fujiwaragosho F A p PCNA Japan
38 Jiro F A A PCNA Japan
39 Midai F A A PCNA Japan
40 Mammoth EM P P PCNA Japan
41 Sunami F A A PCNA Japan
42 Mazumotowase Fuyu F A A PCNA Japan
43 Uenishiwase F A P PCNA Japan
44 Fuyu F A A PCNA Japan
45 Ichikikeijiro F A A PCNA Japan
46 Suruga F A P PCNA Japan
47 Yaizuwasejiro F A A PCNA Japan
48 Ro-19 F A A PCNA Japan
49 WakasugikeiJiro F A A PCNA Japan
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Table 1. Continued

No. Cultivar Sexuasltlltl);;gl this me?riéry m]a)ﬁzrx Type" Origin
50 Daeandangam M P p PCNA Korea
51 IsaHaya M P P PCNA Japan
52 Wakakishiro F A A PCNA Japan
53 Kastusa F A A PCNA Japan
54 Youhou F A A PCNA Japan
55 Izu F A A PCNA Japan
56 Shinsyu F A A PCNA Japan
57 Dongwonl F A P PCNA Korea
58 Dongwon2 F A P PCNA Korea
59 Dongwon3 F A P PCNA Korea
60 Tonewase F A A PCA Japan
61 Sugitawase F A A PCA Japan
62 Superhiratanenashi F A A PCA Japan
63 O-tanenashi F A A PCA Japan
o4 Hiratanenashi F A A PCA Japan
65 Damopan F A A PCA China
06 Wasezizya F A A PCA Japan
67 Atago EM P P PCA Japan
68 Wasesaijo M P P PCA Japan
69 Gogseung-Tabaegam FM P P PCA Korea
70 O-miyawase F A A PCA Japan
71 Sancheong-Danseongsi FM P P PCA Korea
72 Sancheong-Kojongsi M P P PCA Korea
73 Sancheong-Godongsi F A P PCA Korea
74 Saijo F A A PCA Korea
75 Yeongdeong-Weolhasi F A A PCA Korea
76 Myeongju-Kojongsi F A A PCA Korea
77 Cheongdo-Bansi F A A PCA Korea
78 Gyeongsan-Bansi F A A PCA Korea
79 Uiseong-Sagoksi F A A PCA Korea
80 Haman-Mulgam F A A PCA Korea
81 Haman-Bansi F A A PCA Korea
82 Goesan-Durigam F A A PCA Korea
83 Suhong F A A PCA Korea
84 Mireo F A A PCA Korea
85 Sangjudungsi F A A PCA Korea
86 Eunpungsunsi F A P PCA Korea
87 Yeongju-Gojongsi F A P PCA Korea
88 Diamond leaf persimmon M P P - China

“FM: monoecious cultivar, F: female cultivar, - data unknown

y>Genotype of a male-linked gene locus (OGI) SCAR marker (Akagi, 2016). A, absent; P, present.

“DISx-AF4S SCAR marker (Akagi, 2014). A, absent; P, present.

W)PCNA, pollination-constant non-astringent; PVNA, pollination-variant non-astringent; PVA, pollination-variant astringent; PCA,
pollination-constant astringent.

- DS1, DS2, DS3: Collection line, Bud sport from ’'Nishmurawase’

- Dongwon 1, 2, 3: Collection cultivar, Bud sport from "Uenishiwase’

- Diamond leaf persimmon: D. rhombifolia Hemsl.

We were collected from the orchard of the Sweet Persimmon Research Institute, Gyeongnam Agricultural Research & Extension

Services, Gimhae.
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Table 2. Marker-assisted selection (MAS) for male flowering candidate persimmon plants (Diospyros kaki Thunb.) from various cross
combinations using male-linked gene locus (OGI) specific marker OGI-spR/OGI-candF1

Cross year Cross combination Total No. selected male flowering candidates
Migamjosaeng X Taishu 320 233
Migamjosaeng X 104 (line) 122 53
2011 Uenishiwase X Tiashu 137 72
Hachiya X Tiashu 129 38
Migamjosaeng X Taishu 2 55 26
Tiashu X Tiashu 35 0
Sunami X Taishu 339 14
Sunami X 104 (line) 54 3
Fuyu X Taishu 568 127
Taishu X Taurei 12 11
2013 Taishu X Kinshu 2 2
Fuyu X 104 (line) 443 98
Black persimmon (PVNA) X Taishu 174 115
Soshu X Tiashu 78 63
Tiashu X Tiashu 39 33
Black persimmon (PCA) X Taishu 2 2
total 2,509 890
g 0.1, ‘o] AtatoF (IsaHaya, PCNA)S| 73 0] A etA] A ot A 2@} Aol 7} OiE}. He @4 7 23k 4
gEmal shiTH12]. 184, ‘Daeandangam’, ‘TsaHaya” &% e 2 23, F 8FFA 55T Aot AL,
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Table 3. Marker-assisted selection (MAS) for male flowering candidate persimmon plants (Diospyros kaki Thunb.) from various cross

combinations using DISx-AF4S marker

Cross year Cross combination Total No. selected male flowering candidates
Migamjosaeng X 104 (line) 122 70
Uenishiwase X Tiashu 137 92
2011 Hachiya X Tiashu 129 71
Migamjosaeng X Taishu 2 55 30
Tiashu X Tiashu 35 34
Sunami X Taishu 104 77
Taishu X Taurei 12 12
Taishu X Kinshu 2 2
2013 Black persimmon (PVNA) X Taishu 174 132
Soshu X Tiashu 78 78
Tiashu X Tiashu 39 36
Black persimmon (PCA) X Taishu 2 2
total 889 636
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Table 4. Phenotype observation and OGI locus marker amplification in F1 progeny derived from 16 cross-combinations

L Sexuality observation OGI gene marker
Cross year Cross combination . -
Phenotype Number Mismatch number
¥ 83 58
o . g 2 0
Migamjosaeng X Taishu 24 13 1
total 98 59
¥ 22 8
3 4 1
Migamjosaeng X 104 (line) 94 17 4
total 43 13
¥ 78 44
3 0 0
Uenishiwase X Tiashu 24 9 0
total 80 44
2011
+ 41 10
. . ) 0 0
Hachiya X Tiashu 3N 3 3
total 49 13
* 10 6
- . ) 0 0
Migamjosaeng X Taishu 2 3N 9 3
total 19 9
¥ 6 0
. . () 0 0
Tiashu X Tiashu 29 1 1
total 7 1
¥ 182 7
3 3 3
Sunami X Taishu 5% g 11 11
total 196 21
¥ 35 2
3 1 1
Sunami X 104 (line) 94 1 1
total 37 4
¥ 237 58
) 14 9
Fuyu X Taishu 94 23 13
total 274 80
2013
¥ 5 5
. . ) 1 0
Taishu X Taurei 3N 1 0
total 7 5
¥ 1 1
. ‘ ) 0 0
Taishu X Kinshu 3N 0 0
total 1 1
¥ 225 57
. () 4 4
Fuyu X 104 (line) 29 29 15

total 258

3
(o)
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Table 4. Continued

Sexuality observation OGI gene marker

Cross year Cross combination .
Phenotype Number Mismatch number
¥ 91 61
3 2 1
Black persimmon(PVNA) X Taishu 94 3 0
total 96 62
¥ 14 12
3 2 0
Soshu X Tiashu 94 0 0
total 16 12
2013
¥ 2 1
3 3 0
Tiashu X Tiashu 94 0 0
total 5 1
B B :
. . g - -
Black persimmon (PCA) X Taishu 94 ) )
total - -
total 1,186 401

“Observed between late April and early July, from 2016 to 2019.

YUnfertilized seedlings.

In these conventional crosses, we used its occasional male flowers as male parents, which were collected from the orchard of the
Sweet Persimmon Research Institute, Gyeongnam Agricultural Research & Extension Services, Gimhae.

=
Z
Py

el el ghu e
b, Akagi S[4]0] BIH ARE B
o %%, LEYSLL 35 AP ZA A
R EREE S E PP L
o oolAY e QB YA E A e

o
O 4
UM

d)

1=

N

fo A
rok

oy 2
ofN ¥t
oZ

fHomy o2
°

Pl

lo

!

ok ok

ft rlo

N o

>

2

2 rlo Lo & rlo

oS
= oox g orlo MR ox

=)

oX,
=]
ol
o
K
i
-
Rl
30
&

_O|L
>
5o
30,
El

(14%), Zhang [24] male-linked gene locus
(oGnHY A 481 A 971 Diospyros speciesE X3 2FF
(AFFAL, AF A2, B, Korea 3% 23 & tido = A
Y 23 A3, v Ao} mF AT B
o] BFol 9o PCNA type thA Japanese PCNA (J-
PCNA)$} Chinese PCNA (C-PCNA)Z U+ o1, PCNA &
Ao 14 EAo] dEGE] AdEHL FFoE FHEE
gAolH, . PCNANM = A FA oA TH6], C-PCNASA
= $4 ¥4dol1, GPCNAS J-PCNAZ mujE ¢ F1 Aol
A PCNA : non-PCNAZ} 11 ¥l &2 B 5 =7, 8], $4
A g o2 Q5] CPONAZE & §F AdolA +
22 Wy ok Akaki 5[4]% Zhang S24]°] 2-& OGI
locus marker® 7t B3l Qe F5o Loy 1 A
7h dAsHA = &gkt ol T uel PONA 29 #3144l
of o3 AzolA &7t FEHET.

o|\
flo

Ciyst wHi RSO ZRE L= wHidd HE

Ao &AL AFH Be S FF FAAAE A
3t 1.4 OGI-spR/OGl-candF1%§, DISx-AF4S-3F/ DISx-AF4-
3RZES A&t £A3 . OGl-spR/OGl-candF12 &
o 79 20114, 20139 Zo ‘Migamjosaeng’ (£, PVNA)O]
‘Taishu’ (F¥, PCNA)S wil¢t 235 233 o g w2
ForREH e A4 2509MAE o2 npA] £4& &
A3}, AA 9] 355% HF3te 8907 A Tt +E A TR
AZ HEEH A (Fig. 1, Table 2). =8, ‘Migamjosaeng’ °l
‘Taishu' S Wl$ 23S TES o8 M zFoZHE Y
& AA 88971 A S Ul o2 DISx-AF4S-3F/DISx-AF4-3RZ
&E A gste] mA BAE & A, A 715%0 ke
636/ A7F % A FRAWAZ B = A T}(Fig. 2, Table 3).

ME o EM Zijet d =S
OGI-spR/OCI-candF12 %< &4 ¢&23 awl &4 2,509
MA E obd 237t HA dgAY LA AAE A
1L1867HA S o= 29 A S A} 31 TH(Table 4).

HlwEM 2



Journal of Life Science 2020, Vol. 30. No. 3 247

Table 5. Phenotype observation and DISx-AF4 marker amplification in F1 progeny derived from 12 cross-combinations

o Sexuality observation DISx-AF4 marker
Cross year Cross combination Z 5
Phenotype Number Mismatch number

¥ 22 13

L . ) 4 3
Migamjosaeng X 104 (line) 24 17 3
total 43 19

¥ 76 57

0 0

Uenishiwase X Tiashu g@}g ? 0
total 78 57

¥ 41 19

0 0

2011 Hachiya X Tiashu ;.\@ 8 1
total 49 20

¥ 10 2

o . 8 0 0
Migamjosaeng X Taishu 2 24 9 0
total 19 2

¥ 6 6

0 0

Tiashu X Tiashu gg@ 1 0
total 7 6

¥ 57 46

2 0

Sunami X Taishu gﬂ}g 1 0
total 60 46

+ 5 5

1 0

Taishu X Taurei g@g 1 0
total 7 5

¥ 1 1

0 0

Taishu X Kinshu gﬂ}g 0 0
total 1 1

¥ 89 74

. . 8 2 0

2013 Black persimmon(PVNA) X Taishu 2 3 1
total 94 75

¥ 14 14

2 0

Soshu X Tiashu %ﬂ}g 0 0
total 16 14

+ 2 2

3 0

Tiashu X Tiashu g@}g 0 0
total 5 2

9 B i

Black persimmon (PCA) X Taishu %fg ) i
total - -
total 379 247

“Observed between late April and early July, from 2016 to 2019.

YUnfertilized seedlings.

In these conventional crosses, we used its occasional male flowers as male parents, which were collected from the orchard of the
Sweet Persimmon Research Institute, Gyeongnam Agricultural Research & Extension Services, Gimhae.
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