
 
 

�

�

ǄĪƳƓ�
�

�

��� m{M{,<?Nu.ĮķǓĝŗ�

.ǟŴ)ǔ�Ǉş.ƽ��

�
�

�

�

�

�

�

�

�

�

�

Ʋö� Ơĕ�

�
�



 
 

1 

�����

Nu/iaƁNuø.ƪƫĽŋ(ǻ�Ų(ƕŚłÛ�@'�?ƃ/ǻblyOu

ǹCastanea crenata Sieb. et Zucc.Ǻǻ[rHRNOuǹC. mollissima Bl.Ǻǻs{x\f

OuǹC. sativa L.Ǻ.Ǿƃ(
?Ǽ�.�(blyOu.ĭĹ,��?Nu.ŏÊ/

ǭÿ,È�ǻƓ 5500Ă¶�4000Ă¶.ǨƪǊ(
?ǬŃż.}¬�úǔǊ�=Nu

.Ľí;Ŀ�­Õ�'�>ǻ6!È�ƺǹ712ĂǺ;ĭĹĳƒǹ720ĂǺ,��'N

u.łÛ�æ¼�@'�!ǼĴ:È�Nu.ů×/ǻūÖ.åǣĆǻ«ĉżǻ�ǖ

Ć.żà�ǌ,ƾċ�?�Ř×Ĭ)�@'�>ǻ�.ŏÊ/ 1500Ă�~)�@'�

?Ǽ�Ř×Ĭ.Nu/ãƷǻÑǈ�Ʀç(ǅůĔ(
>ǻ�@=��Ř×Ĭ�=©

Ô,Ǒ0@'ǻNu.łÛ�Ą�$!)Ɵ�=@'�?Ǽ 

� ūÖ.Ô¬,��?Nu.ƢƃŻŉ/ǻıśŸ·ŸĔǻƦǳÐǻåĽǻưĽ�<

1ƭïĽ.¸Ì.Ŝô,ǘţ�Ɯ�@'�?Ǽ2007Ă,/śŸ·ŸĔ�[rHRN

Ou�,¤@?�5A!D��Ƣę�@'�>ǻų+?Æƅķ.ıśŸ·ŸĔÑƃ

CTu{WÀ�?�)�ǻNuƢƃ.ǘƳ+Żŉ)+$'�?ǼNu.Ƣƃ.¾Ū

À,/ǻĮķǓĝCÉƣ)�? DNAm{M{)Čǈ.ǒ¯+ƽ�ŗ.ǟŴǻ�<1

ĵŰČǈCǨƄ��?!9.äň+ǔ�Ǉş.³Ű�ĒƳ(
?Ǽ��(ĹŽƆ(

/ǻPcouX{V.¦í�'�+�Nu,��'åƵŊ, SSRm{M{CǟŴ�

?)):,ǻǘƳČǈ.ǔ�Ū.Ģìǻ®èǔ�êŷ+Nu.ǔ�Ǉş.ƽ�ǻ�

=,/śŸ·ŸĔ. DNAm{M{.ǟŴCƮ��))�!Ǽ 

  

U � T� ')."-�#(,��� 	�
 OG� ��� */ /�4C�

� SSR m{M{/ª¤Ĕ(
?�)ǻ�<1ǔ�èĈ
!>(Ņ­Éƣ+ñƇǔ�

èĨ�ä��)�=ǻǏǝ×Ó.�ę;ǔ�ŷäňĔ.ŽƆ,Ą�Ű�=@'�?Ǽ

���ǻblyOu(³ŰÉƣ)�@'�? SSR m{M{/ 50 ,Ş!�ǻbly

Ou.ŉŠ×Ó/�ę�@'�+�$!Ǽ6!ǻ�Ų.NuƢƃ(/Nu.ƃǠ�

ǩ�ŹD(
?�ǻNuƃǠ(³ŰÉƣ+m{M{:Â®,ĩ£�@'�+�Ǽ�

�(Ƌ 1Ɖ(/ǻblyOu.Pco�<1 EST,űĻ�? SSRm{M{CåƵŊ

,�ę�?�)CŻŷ)�!Ǽ 

 

U � V� #(+&! ��� */ /�4C 

 �5A!D�. DNA�=ǹCAǺ15ǻǹGAǺ15ǻǹATGǺ10ǻǹTAGAǺ8. 4ƃǲ.ƛ

>Ǎ�Ǘ°Cjx{i)�' SSR šƚtGitu{C�ę�ǻ2,112  .Nx{y

CT{NJyV�!Ǽ�@=. SSR,ñ�' 536Ɣ.jtGm{Cƻƹ�!)�Aǻ

220Ɣ(�5A!D�.Pco DNA,��'�ė�@?SGW,ey`.áĀ�ƿ

9=@!ǼǹATGǺ10ǻǹTAGAǺ8űĻ. SSRšƚtGitu{,/4)D* SSR�



 
 

2 

Ï6@'�+�$!!9ǻ220  .Pcn\N SSR m{M{.�#ǻ211 .m{M

{/ 2 ßÜÅđC:%�))+$!Ǽǔ�èĈ
!>.ñƇǔ�èĨ.āØ/ 5.73

(ǻHO) HE.āØ¡/�@ @ 0.63 ) 0.68 (
$!Ǽ6!ǻ220  .m{M{.

�#[rHRNOuǻs{x\fOuǻEpuMOu,��'áĀ�ƿ9=@!m

{M{. Ĩ/ǻ�@ @ 205ǹ93.2%Ǻǻ185ǹ84.1%Ǻǻ178ǹ80.9%Ǻ(
$!ǹTable 

1ǺǼ 

U � V� H12%/!�.$/�7N�� 	�
 �[\� 	�
���� �4C�

� �5A!D�.ăƫǻăĽǻśŸǻęŦĽ�= RNACĞ­�ǻGS FLX,<?å

ƵŊƸǂ,<$' 155,740 . ESTǗ°�Đ=@ǻ1,155 .Qy]FO��ę�@

!Ǽ�.��=ƴ­�@! SSR,ñ�' 239Ɣ.jtGm{Cƻƹ�ǻáĀCžƿ

�?�),<$'ǻ146  . EST-SSR m{M{��ę�@!ǼEST-SSR (/ǻ2 ß

Ü� 37 ǻ3ßÜ� 45 ǻ4ßÜ� 6 ǻ5ßÜ� 10 ǻ6ßÜ� 48 )äň+

q[{h.ÅđǗ°�Đ=@!Ǽǔ�èĈ
!>.āØñƇǔ�èĨ/ 3.44(ǻHO

) HE.āØ¡/�Ĭ): 0.47(
$!Ǽ6!ǻ146 .m{M{.�#ǻ[rHR

NOuǻs{x\fOuǻEpuMOu,��'áĀ�žƿ�@!m{M{. Ĩ

/ǻ�@ @ 144ǹ98.6%Ǻǻ140ǹ95.9%Ǻǻ140ǹ95.9%Ǻ(
$!ǹTable 1ǺǼƋ 1

Ɖ,��'ǻÌƹ( 366 .blyOu. SSRm{M{��ę�@!Ǽ6!ǻǽ%

.ų+?ěŗCŰ�'m{M{ǟŴCƮ$!!9ǻäÚĔ�<1ŔŰĔ,¤@!

SSRm{M{CǟŴ�?�)�(�!Ǽ  

 

U � T� ')."-YS����aZA^�@X�`3K���M=6E�D?�

� Ƣƃ,��'ǻǓĝ�ĵ¾,ƮB@'�?�*��.Ġŉ)+?./Ąƞ.ǔ�

Ū(
?Ǽ6!ǻÍ|.łÛĺ��(Ŏž,ŭà®ħ�Ģì�@?)ǻÍ�łÛĺ

�(
@0ǻĂ;ŋ.ÅđĨ,��B=�ǻ�.ŭà®ħC³Ű�?�)�(�?Ǽ

��(ǻǘƳČǈ(
?ÆƅķǻĽíǘǻưĽŴŮŪǻƭïĽŴŮŪ.Ąƞ.ǔ�

Ū)ŭà®ħCĢì�ǻ�@=.Čǈ.ǒ¯+Ǔĝĺ�CĢì�?�))�!Ǽ8

Ñƃ 3ŋ 6Ă.Åđ^{Y.Čǈ¡CÜ,�¥ǗƜ®ħ®ļCƮ�ǻǔ�èÚǻĂǻ

ǔ�èÚ)Ă.���ŰǻŋǻŐþ®ħC�@ @Ģì�!Ǽŋ�<1Ă.Åđ�

+�ÞÌǻĄƞ.ǔ�Ū/ÆƅķǻĽíǘǻưĽŴŮŪǻƭïĽŴŮŪ(�@ @

0.84ǻ0.27ǻ0.48ǻ0.17 )Ģì�@!ǹTable 2ǺǼŋ.Åđ+�( 2 ĂǠ.ƽ�CƮ

$!ÞÌǻ�@=/�@ @ 0.91ǻ0.40ǻ0.62ǻ0.29,áº�!Ǽ6!Ă.Åđ+�

( 2ŋ.ÅđCƮ$!ÞÌǻ�@ @ 0.86ǻ0.35ǻ0.57ǻ0.22,áº�!Ǽ�~<>ǻ

Ă�<1ŋ.ÅđCƮ$!ÞÌǻĄƞ.ǔ�Ū/ÆƅķǻĽíǘǻưĽŴŮŪǻƭ

ïĽŴŮŪ(�@ @áº�?�ǻĂ.Åđ.Ĭ�ŋ.Åđ)Œǋ�'ǔ�ŪC¾

Ľŷ,~į��?�)�İ=�)+$!Ǽ6!ǻŋ.Åđ/ǻĄå+ǮƄCĒƳ)



 
 

3 

�ǻǞķǠŋCƎŬ�Ƙ�?�),+?.(QV_�ǭÿ,å��Ǽ|ĬǻĂ.Å

đ/ŋCƎŬ�?ķǠC|ĂĊǞ��?"�(Ʈ��)�(�?!9ǻŋ.Åđ)

Œǋ�'¾Ū�Ʀ�Ǽ�!�$'ǻíǧ.Ƣƃ,��'/<>QV_.ó��Ă.

ÅđC¤§�'Ʈ�3�(
?ǼĹŽƆ(Đ=@!ŭà®ħ/�ǩíŮ.ǓĝCƮ

�~(ǘƳ+Ġŉ)+?Ǽ�+B#ǻŭà®ħ�=ËČǈ.�ǱÁǠCœ9?�)

,<>ǻŭà,<?ǀþCĢì�ǻǀ$'Żŷ.ǔ�èÚCřŕ�'�6�žŪC

Ŝô��?�)�(�?Ǽ 

 

U � T� !-`3]J�`3QeWd5�FL�

ĽŋŽƆĚ(/ǻ200 �~.Nu.ǔ�Ǉş�īÑƃ.Ƣę;§ƊĜƯ.ǟŴC

ǐ9?�)Żŷ)�'�é�@'�>ǻËǔ�Ǉş.ŨĔ.ǃŀƖĽ�ƬƄ�@'

�?Ǽ���+�=ǻ�@=.^{Y/ÇĐ�!Ăō;��ų+?�);ǻ3�5Ƃ

ć.Îƞõć6!/ǯąõć(ƺǜ�@'�?�)�=ǻÑƃ.ǲƙǡ�CĩŬ�

?ĖÝ)�'/�Â®(
?Ǽ6!ǻĽŋ.ǔ�Ǉş/|ƥ,ä�.Í|ǔ�èÚ

.ÑƃCÏ8�ǻNu,��'�@=/Â®,ĩŬ�@'�+�ǼǌĂǻ®èǔ�

êŷěŗ;eGLGyhKm]F\NV.Ŵ÷,<>ǻƶèƸļ; Structure Ƹļƌ

.ǔ�Ǉş.ƽ�.!9.ň�+Ƹļěŗ.ǟŴ�ǐ9=@'�?Ǽ��(ǻĹƉ

(/®èǔ�êŷěŗCŰ�'Nuǔ�Ǉş.ǲƙǡ�CĩŬ�?�)CŻŷ)�

!Ǽ 

U � V� !-`3]J�90`3><:S�FL�

ÖĻÑƃǻTZwOu;_PaTOuƌŨų+ČǈCĵ�?blyOu.ÑƃƝ

;ãÔ.NuƃCÏ8 216 ÑƃC 12  . SSR m{M{(UIcYGgyO�!)

�Aǻ48Ñƃ�Ä|.ǔ�èÚC:!�ǻÍ|ǔ�èÚ. 21Ov{j,®ǲ�@!

ǹTable 3ǺǼ�.�(ǻ�ƍŘ�.ľâB>)Ɵ�=@'�!�ǫƈ�/�ƍŘ�)

Í|ǔ�èÚCſ�!ǼŐ>. 46Ñƃ/ 20.ǔ�èÚ,®ǲ�@!�)�=ǻ2�

4.ųÎÍÑƃ�éÖ�?�)�Ģì�@!Ǽ�@=.�,/blyOu.âƃ(


?TZwOu;_PaTOu:Ï6@'�>ǻ�ľÙŁûǢ�)�ľÙŁǵǰǤ�ǻ�ť

´�)�ť´ǬŃ�/�@ @Í|ǔ�èÚCſ�!Ǽ6!ǻĶǷÃü�=ò¨�

!blyOu 13Ñƃ.�(ǻ6Ñƃ�blyOu.ÖĻÑƃ)ǔ�èÚ�|Ƥ�!Ǽ

Í|ǔ�èÚ.Ñƃ.ǘƱCǥ�! 189 .NuÑƃ,��'ŋČÓC�ę�!)�

AǻNu.ƃ)ñē�! 3 %.Ov{j�ƴ­�@!ǼTeOu;ĶǷÃü�=ò

¨�@!Ñƃǻ11.TZwOu/��@:Ov{jCČę��,ǻblyOu.O

{vj.�(ħÖ�'�!Ǽų+?ż;Ô,űĻ�?ä�.Í|ǔ�èÚ.Ov{

j�Ŵƴ�@!�)�=ǻ×Ŭŷ+ĖÝCÜĹ)�'ǔ�ǇşCĩŬ�?�)/Ē

��:ǒ¯(/+��)�İ=�)+$!Ǽ|ĬǻNtVY{Ƹļ(ǻƃ,<>İ



 
 

4 

ž+Ov{j�Čę�@!�)�=ǻƃ.ĩŬ/ņ-ǒ¯(
?)Ɵ�=@!Ǽ 

U � V� ')."-;G:S�`3QeWd5�

60 .ÖĻÑƃ.ǔ�ŷǡ�)ǔ�ŷŇǎCǦùŷNtVYuyOǹFig. 1AǺ)

StructureƸļǹFig. 1BǺ,<>Ģì�!ǼǦùŷNtVYuyO,<>ǻ60.Ñƃ

/NtVY{�)NtVY{	.ǽ%.NtVY{,®ǲ�@!ǼNtVY{�/

�Ř×Ĭ,űĻ�?ÑƃCä�Ï7ǻNtVY{	/�Ř×Ĭ�ã.ÑƃCä�Ï

D(�!ǼStructure Ƹļ,��'/ǻ�Ř×Ĭ.Ñƃ�ä�Ï6@?ŢƧǻ�Ř×

Ĭ�ã.Ñƃ�ä�Ï6@?ǸƧǻîýż.ÖĻÑƃ(
?�ǴơĮŮ�.ŶƧ,

NtVYuyO�@!ǼŢƧ.ǔ�ŷŇǎ)ǸƧ.ǔ�ŷŇǎ/�@ @ǦùŷN

tVYuyO,<>®ǲ�@!NtVY{�)NtVY{	)ņ-ñē�'�!�ǻ

�ã:7=@ǻŮ6@!Õ×�=ġ�ĸ;ƃè,<>�Ťŷ,�Ĥ�@!ÉƣĔ�

Ɵ�=@!Ǽ6!ǻ�ǴơĮŮ�/�.blyOuÖĻÑƃ�:!+�Ũųŷ+ñƇ

ǔ�èCä�:$'�!�ǻƋ 1Ə. 12 .m{M{,<?ŋČÓ(blyOu.

Ov{j,NtVYuyO�@
ČĘŷŨĔ:�.blyOu,ǲ��'�?Ǽ�

@=.�)�=ǻ�ǴơĮŮ�/�.ÖĻÑƃ)ų+?blyOuǙŮǨÒ�=Ǔĝ

�@!ÉƣĔ�Ɵ�=@!ǼƶèĢìXh_ MARCO,<>ǻ60.ÖĻÑƃ.ƶè

ǡ�CƸļ�!ƖĽǻ9Ñƃ,��'ŧƶ.7�ǻ8Ñƃ,��'�ƶ�Ģì�@!

ǹTable 4, Table 5ǺǼ�@=.�(�Ř×Ĭ.�ƳÑƃ(
?�Ǜð�/ǻ5%.×

ĬÑƃCÏ8 6 %.ÖĻÑƃ.ƶ)Ģì�@!Ǽ�.�)�=ǻ�Ř×Ĭ.Ñƃ�

×Ĭ2�Ĥ�@ǻ×ĬÑƃ.ęƇ,��'ǘƳ+č¸Cğ$'�!�)�Ģŝ�@

!Ǽƶè;Í|ǔ�èÚ.Ñƃ.ƸļƖĽ)È�Īũ.ƺǜ<>Ģì�@!ÖĻÑ

ƃ.�ĤCǻFig. 2,ſ�!Ǽ�Ř×Ĭ.Ñƃ�×Ĭ,�B$'�?�)C®èǔ�

êŷ,ſ��),<$'ǻďĻ.�ǁC±9'íƼ�!Ǽ 

 

U � T� ')."-�IR8RB�_b�� �
� */ /�cP�

blyOu/Ľí�å��ÆǚĔ�Ƕ��ǻ[rHRNOu;s{x\fOu)

Œǋ�'śŸ�·�,��Ōţ�
?Ǽ2006Ă,[rHRNOu�,śŸ·ŸĔ�

¤@?blyOuÑƃ)�'�5A!D��ŵǜ�@ǻ�.Ď.ǔ�Ƹļ�=ǻb

lyOu.ıśŸ·ŸĔ/»Ĕ.�¿ǔ�è,ĦǗ�@?�)�İ=�)+$!Ǽ

Ɩí6(Ǟ�ăƩķǠCƳ�?Ľŋ,��'ǻĽíČǈ,ǡ�? DNAm{M{�ǟ

Ŵ�@@0ǻăƨőǦ(íŮ.Ǔĝ�Éƣ,+>ǻƢƨ,��?ĲǠǻǆŰǻ½¹

�åĀ,µŜ�@?Ǽ��(ǻNu.ƢƃC¾ŪÀ��?!9,ǻăƨőǦ(śŸ

·ŸĔ.Ǔĝ�Éƣ+ DNAm{M{CǟŴ�?�))�!Ǽ 6!ǻ�5A!D�.

ƀ§Ñƃ,��'ǻǟŴ�!m{M{CŰ�'śŸ·ŸĔǔ�èĈǌ¢.djxY

GjƸļCƮ�ǻıśŸ·Ÿǔ�è.űĻCĢì�!Ǽ 



 
 

5 

��Ŗ���5A!D�. F1ǨÒ,��'/ 5 .m{M{�ǹFig. 3AǺǻ550-40 

���Ŗ�. F1ǨÒ,��'/ 10  .m{M{��@ @ıśŸ·ŸĔǔ�è.

ǌ¢,m\gyO�@!ǹFig. 3BǺǼ�.ƖĽǻ2%.m\gyOǨÒ,��'ǻÌ

ƹ 11  . SSR m{M{�ıśŸ·Ÿǔ�è)Ǐǝ�?m{M{)�'m\gyO

�@!ǼĴ:ıśŸ·Ÿǔ�è,ǌ��Ɯ,m\gyO�@!m{M{/ 550-40)

��Ŗ�.ƗÌǏǝ×Ó,��'ǻPRD52) PEB62(
>ǻıśŸ·Ÿǔ�è).

ǉǪ/�@ @ 3.2cM ) 1.1cM (
$!Ǽ�@=.ǉǪ/m{M{Ǔĝ,ĵ¾(


?)Ɵ�=@?�)�=ǻśŸ·ŸĔ.Įķ²ì�Éƣ)+$!Ǽ�=,ǻıśŸ

·Ÿǔ�è.űĻCİ=�,�?!9,ǻ�5A!D�.ƀ§ÑƃzƑƗ)�5A!

D�,��'ǻ�. 11  . SSR m{M{CŰ�!śŸ·ŸĔǔ�èĈǌ¢.dj

xYGjƸļCƮ$!Ǽ�.ƖĽ
�5A!D�,��'lqÀ�!ıśŸ·Ÿǔ�

è/�Ĭ):��ë�,űĻ�?�)ǻ�<1�Ôƴ�,űĻ�?ı·Ÿ·ŸĔǔ

�èĈǌ¢(Ɣ7ģ��Ů�'�!!9�5A!D�.ǽ%.djxYGj.Ňǎ

�ų+$'�!�)�İ=�)+$!ǹFig. 4ǺǼ 

�

����

� ĹŽƆ,<$'ǻNu.PcoŽƆ.Üź)+? SSRm{M{�ĩ£�@ǻǔ�

Ǉş.ƽ�)śŸ·ŸĔ. DNAm{M{.ǟŴ�ƮB@!Ǽ6!ǻǘƳČǈ.ǔ�

Ū)ŭà®ħ�Ģì�@ǻ¾Ūŷ+Čǈǃŀ.ÅđCƮ��)�Éƣ)+$!Ǽ�

=,Ƌ 3 Ɖ)Ƌ 4 Ɖ.ƖĽ,Ü&�'ǻıśŸ·ŸĔǔ�è.űĻ;Ĺǔ�èCk

]x(ĵ�?Ñƃ�Ģì�@ǻĵŰÑƃ.ǟŴ,Ǉ�?ƖĽ�Đ=@!ǼǟŴ�@

!śŸ·ŸĔ)Ǐǝ�? DNAm{M{CŰ�'ǔ�èÚ.²ìCƮ��)(ǻıś

Ÿ·ŸĔ �CĮķ,Ǔĝ�?�)�(�?Ǽ�@6(/ǻĽíCÆƅ�'śŸ·

ŸĔCƽ��?,/ǻĥƃĎ 3 Ă�~.ķǠ�ĒƳ(
$!ǼūÖ(/ǻƃè.|

Ǖ�=Ɛı, DNACĞ­�ǻĥƃ¶,ǔ�èÚC²ì�ǻıśŸ·ŸĔ. �.7

Cńł�'�?ǼĽŋŽƆĚ,��? 2012 Ă) 2013 Ă. 6 +��/ 8 .�ǩƔ7

ÌB�(/ǻ2,158 .ƃè�= 1,510  �� DNA m{M{,<$'řŕ�@ǻ646

.ıśŸ·ŸĔ ��Đ=@'�?Ǽ�.<�,ĹŽƆ(Đ=@!ęĽ/�(,³

Ű�@'�>ǻƢƃ.¾ŪÀ,ð��'�?Ǽ 

 



Table 1. Summary of genomic SSR and EST-SSR developed in this study. 

�  Genomic SSR EST-SSR 
Average number of alleles 5.73 3.44  
Average observed heterozygosity 0.63 0.47 
Average expected heterozygosity 0.68 0.47 
Rate of usable markers in C. mollissima (�) 93.2  98.6  
Rate of usable markers in C. sativa (�) 84.1  95.9  
Rate of usable markers in C. dentata (�) 80.9  95.9  

 
Table 2. Broad-sense heritability (hB

2) of nut traits using eight cultivars/selections, with three 
trees per genotype for six years. 

Broad-sense heritability NHDz NWz PSz IIz 
hB

2 based on 1 tree and 1 year of evaluation 0.84  0.27  0.48  0.17  
hB

2 based on 1 tree and 2 years of evaluation 0.91  0.40  0.62  0.29  
hB

2 based on 2 trees and 1 year of evaluation 0.86  0.35  0.57  0.22  
hB

2 based on 2 trees and 2 years of evaluation 0.92  0.50  0.71  0.36  
z NHD = nut harvesting date. NW = nut weight. PS = pericarp splitting. II = infestation by insect. 

 
Table 3. Chestnut cultivars with identical SSR genotypes (i.e., synonym groups, Syn) 

among the 12 SSR markers. 
Cultivar genotype Cultivar name 
Syn-1 Chuutan A, Ginrei 
Syn-2 Enanishiki, Jangangea 
Syn-3 Ganne, Shougatsu, Yangju 20 
Syn-4 Ginyose, Hamyanggea, Geungsan 1 
Syn-5 Hayadama, Nakatetanba, Wasechoubei, Chuuwase 
Syn-6 Hokugin, Toyogin 
Syn-7 Houji 360, Houji 23, Miyazakishinaguri, Yunba 1 gou 
Syn-8 Houji 377, Houji 480 
Syn-9 Inasabonguri, Higan 
Syn-10 Jungbu 8, Jungbu 18 
Syn-11 Kanotsume, Daabgea B 
Syn-12 Kinshuu, Kannabe 
Syn-13 Konishiki, Gora 
Syn-14 Moriwase, Kairyoutoyotama 
Syn-15 Riheiguri, Tanabeguri 
Syn-16 Shichifukuwase, Boseongyul 
Syn-17 Shidareguri-Gifu, Shidareguri-Batouinn 
Syn-18 Tamanishiki, Ishizuka 
Syn-19 Togenashi, Togenashi-Aomori 
Syn-20 Waseginzen, Bonguri ibaraki 
Bud-1 Tsukuba, Unryuu (bud sport) 
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Fig. 1. Estimated genetic structure of a set of 60 native Japanese chestnut cultivars. The 
genetic structure was estimated using Ward clustering based on simple 
allele-sharing distance (A) and by Bayesian clustering (B). In the Bayesian 
clustering, each cultivar is shown as having genetic contributions from up to three 
hypothetical subpopulations (represented by black, gray, and white shading) based 
on its population membership coefficients. Underlines in A indicate cultivars from 
the Tanba region. Origins of native cultivars are listed in B.  
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Table 4. Putative parent–offspring pairs. �  Table 5. Putative parent–offspring trios. 

Parent–offspring pair �  Offspring Parent 1 Parent 2 
Toyotamawase Moriwase �  Buzen Ganne Ginyose 
Enanishiki Tamanishiki �  Daihachi Kinyoshi Matabei 
Yamatowase Nakatetanba �  Ogawateteuchi Ginyose Kasaharawase 
Chuutan A Nakatetanba �  Otomune Higan Tajiriginyose 
Choubei Kinyoshi �  Shuuhouwase Ginyose Taishouwase 
Kanotsume Yakko �  Tanoue 1 gou Ginyose Kasaharawase 
Dengorou Kanotsume �  Tsuchidawase Ginyose Kasaharawase 
Tajiriginyose Kenagaginyose �  Odai Ginyose  Kasaharawase 
Senri Ganne �  Cultivars originated in the Tanba region are underlined. 

Cultivars originated in the Tanba region 
are underlined. �  

   The MARCO program cannot determine 
which member of each pair represents 
the parent. �  
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Fig. 2. The putative process of spread of native Japanese chestnut 
cultivars. A = Akita. E = Ehime. G = Gifu. H = Hyogo. I = 
Ibaraki. Ka = Kanagawa. Ku = Kumamoto. N = Nagano. O = 
Osaka. Oi = Oita S = Shizuoka. Tc = Tochigi. Tu = Tokushima. 
Ty = Tokyo. W = Wakayama. 
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  Fig. 3. Genetic linkage maps of the genomic region around the easy peel 

pellicle locus p. A: The map for ‘Tanzawa’ was obtained using the 
‘Tanzawa’ × ‘Porotan’ population. B: The maps for 550-40, 
‘Tanzawa’, and an integrated map were obtained from the 550-40 
× ‘Tanzawa’ population. Map distances are indicated in 
centimorgans. 
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Fig. 4. Graphical genotyping around the p genes in ancestors in the pedigree of 

‘Porotan’. Allele sizes for each SSR marker are shown in base pair. The 
haplotype linked in coupling phase to the p allele from ‘Otomune’ is indicated 
in white and other haplotypes are shown in gray. The linkage phases of the 
cross-hatched alleles of PRD52 were not determined because the genotype of 
PRD52 was homozygous in ‘Tanzawa’. The orders of PEA18 and PEB102 and 
of PRD58 and PRB25 were not determined because they co-segregated. 

 


