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FaLE

7 VIET TR VBOEESRE T, HRATRERE I TCWAHREIE, =K7Y
(Castanea crenata Sieb. et Zucc.), F =7 327 7 U (C. mollissima Bl.), SR w i
7Y (C.satival.) D3FETHD. ZOPT=ARr 7 IVOHARIIEITS 27 U ORELT
FEHAZ <, K 5500 4ERT~4000 FERTOLE TH 2 FERERO =AIIEB S 7 VU
DORFFPHEN/HELTERY, EobFHi (7124F) LSHATL (720 4) [ZBWTZ
UDOREENER ST\, &bt s U oI, BIEO KK, LER, 5
O BB TS T DT & S TR Y, TOREHIT 1500 FFLL EE ST
L. PHEHG O U ITAEL, WEPBRLTEEETHY, TR ND S
IEIENT, ZVORENEN-TZEEZLNTND

BEEOENICB T 27 VOBMAREX, SEEHERME BREK, KR, #EBX
O HREROEEORBDICESNDENIV TN D, 2007 IS IT L HBEENF 27 27
JVWEND EATA BERINTEY, B2 2 [UHER 0 5k B 3 B i Fl
) =X T o2, ZIBROBEBHERALELR> TS, 7 VOFHEDOHHE
e, RSk % fRE &L 9% DNA ~— 0 — L I E O@E U 72 ik o Bl %, B L O
FHWEAEE IO OLERBEEROFANLETH LS. £ TRIFRT
X, ¥/ L)Y —=Z2DFFELTNRNT VIZEBW TREMIZ SSR ~— 1 — %257
LEEHIZ, BEREOBEROWE, »FBEFWNR7 V) OBEEROFEM, I
SICIXBE R FI 2 0D DNA ~— I — D% A21T> 2 & & LT,

F1E AR JIVDYT/ LEKLVESTHRED SSRY—H—DERK

SSR ¥~ —h—3HEMTH D Z L, BIOEETED T THREATEEZR A B R
TENRLZNZ 00, HEHMOERSEIRIZEREDORICIA Hnbh TV
L»L, =& f“%lJﬂﬂﬁrab& ENTW5D SSR ~— I —I% 50 ([Ziifi7=9, =&
70 OEEMKTIERS N T RhoTz, £, RO 7 UV ERETIXZ U OFER2
HERREATH DN, 7 VR CTRHAWER~Y— T —b oIl I TV Wn., £
ITHIETE, =R 7 IV057 7 ABXOESTIZHKT 5 SSR v — 1 — % KB
BT D2 2 HME LTz,

F18 /299 SSRY—H—DERK

UEATZA’ D DNAMND (CA) 15, (GA) 15, (ATG) 19, (TAGA) 5O 4 FEFHD M
DK LESIZ 7 e —7 L LT SSR BT A 77 U —%AEk L, 2,112 @O a—
= AL, 2B D SSRIZKH LT S36 DT I A4 ~v~—&ikatLick 25,
220f1T UEATZAT DY ADNAIWCBWTTREIND YA RN ROBIE R
HHNTZ. (ATG) 19, (TAGA) sHKD SSRIEHME T A 77 U —I2iiF & A £ SSR
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GEENTWholzizh, 2007 /2w SSR~v—H—DH b, 211 OD~v—h
—X2EEREEZ S LT, BIBTFIEHTZ Y OXINLEIRFEOFEIX 5.73
T, Ho& He OV¥EITZNZEN 063 & 0.68 ThHhoT-. Fiz, 220HO~—H—0D
YbF a7, G—ayNRXT Y, TAY BT VIZEBWTHEIENRRO b~
— B — O, THEi 205 (93.2%), 185 (84.1%), 178 (80.9%) Td - 7= (Table
1).
E28E RERI—U T H—%FALEST D& & EST-SSR DERL
NEATZAT DLEE, SR, B, ARG RNA Z#iti L, GSFLXIZX DK
HRBLAE T K o T 155,740 8@ EST BdHIN S S, LIS a7 4 ZBER S
7o, ZOHNL R ENT SSRICK L T239MDOT T A ~—%5%5H L, BihE % R
T5HZEICL T, 146 D EST-SSR ~— I —2MERL &7z, EST-SSR T, 2 i
FEN 37, 3 HEHEAN 45 M, 4 KA 6 fH, S HIELN 10 fE, 6 HEIED 48 {H & ke
EBF— 7 OKEESN PG O, BB TED D ORI LBIS 750X 3.44 T, Hp
EHyOWHMEIIH T & H 047 Thote., £z, 6 HO~—T—DHH, Favd
7Y, d—ay T Y, TAUDTZTVIZEWTHEENHER SN~ — T — DK
L, ZZi 144 (98.6%), 140 (95.9%), 140 (95.9%) To o7z (Table 1). % 1
BEIZBWT, AR T366 D =527 D SSR~—h—nEREShiz. £z, 2o
DERRDFEEHNTY =D —HEEZITo 7272, 2R LA ICENLT
SSR~¥~— A —ZMFET LI ENTE.

28 ZAKRVJVERBICEBTA2EEREDLEDEGES SUVREIBDHETE
BRICBWT, BEDSAEDITDORTHDENE I DOFRIEL 72 5 DIXILEDOEG
BThDH., o, F—OFEERHF T CERICRESBNHEEIND &, A UHESE
fEThHIL, FOB OB PO LT, TORESMERNHAT L2 6N TES.
Z T, BEEPETHLINEM, RFEH, KREBEE, HFERBEROLREOEKR
RLEBESBAERHTEL, ZNOOREOMU RS EHET S L. 8
fnE 3 B 6 O RIET — ¥ OB & B2 el 5 W T 21T\, BB T, 4,
BRI EFORAEAEM, #, BRESWMEETNENHE L. BB L OFEORKEN
RVGE, IRFOBARRITIEN, RER, HERAR, BERRERTELEN
0.84, 0.27, 0.48, 0.17 LHEE XN 7= (Table 2). #HDOKE 2 LT 2 M OREAM %2 4T
STEE, ZTRBIEENEN 091, 040, 0.62, 029 IZHM L. £HEOKERL
T2ROKEEIT-T25A, THE10.86, 0.35, 0.57, 022 (28 ML7=. L kXY,
FEBLOBOKBEEIToTHE, EROBGRIZIHEN, REERE, HERAE &
FERBAERTENENEINT 50, FORKEDOF BB OKIE & ik L CTRBEZ )
BRI ERASELZEDNHOMNE -T2, £, BOKEIR, KRR EEELEL



L, EYMBE2EHELETLZEIC250TaAx MREFIZREN. —JF, FEOK
HiTht 2 ZHT 202 FERESEDLETTITHI 2N TE 500, BoxEL
L CRRNBE W, LR -> T, EBEOBFRICBWTIZLD 22 FO/NIWED
RIEHEBER L TIT I RETH D, AR CTH LN BREE D HIT 2 MR A ORIk & 47
9Lf@£maﬁﬁé:f;5 Thbb, RESWMNOEBEOEEKXMZRD L Z &
W2k, BREIZ FRAERWEEL, Bo THMWOBEB FRZEIKL CLE > EEEE
?Jﬁ’}\é’éé;&z’»“@%é.

FIE JVEREROECHEZREROEE
FRFZEFT T, 200 LA LD 27 Y OBAZEPE DB bb FE O F RS0 S8 i Bl 0 Bl 38 &
HHLHZLEHME LTRESNTEY, FREEHOFEOFER RN EHEINT
WhH., LIPLRedb, ZN607 —Z XS LIZFERRCADRRD Z L0, 3~51%
EOAFRIEEIITNEFRETHRESNTWD Z L0 n, SO EBIR 2 84
HEHME LIRS THD. £, REHOBRERIZT —MRICZL OB
OFEEEZLN, Z7VICBWTINLIEIHHIcERmIA TRV, IF, o8k
FHFESCAA A VT F~T 4 v 7 ADRBIZLY, HTMEHT° Structure fEHT S
h%ﬁ@%ﬁ@t@@%ﬁ&%ﬁ%&@%%ﬂ LTS, £ZT, K&E
RPN TEEZRACCYZ VEEEROEEBERZ2EEST 2 2 HME L
7.
F1EH VVECEROB—EGFERENRE
TR, v XLV IR N T o7 VERRREEEZ AT =407 ) O 5 FERE
SHNEO S ) FEEETe 216 fifEE 12 fHD SSR v —H—TV = /) XA T LIz
A, A8 N HE - OBER A BT, W BB 21 Z V=TI I
(Table 3). ZOHFT, B OHEDLY EZz O TV “EE X K &
ARl EZR Lz, R0 O 46 ST 20 OB A OEINTZZ L, 2~
4 DBRARGHENGFET D ERESNZ. 2 ofiiz=hr 7Y O)W@f&)
HUHE VTR MU 7 )b EENTERY, mER R b i EERER,
7 L EAIER XENENR BB AR L. £, BEREENGEAL
=R 7Y 13O T, 6 SN =R 7 ) OFERLHE & B RN LT,
B TR OMEOEEEZERVE 189 O 7 U HEICB W TEEREZER L E 2
A, ZUVOFEERIGE L 3 oD N —TRNRHEENTZ. T ) SRR E
ASNTEFE, 11 OVHX L7V EFnInt 7 v—7%2FkE, =K 7007
— AT ORTHEL T\, B2 BRLEICHKT 2% O —&EB RO 71—
TR SN Enb, HBENREREZERLE L TEBERZERT L Z L1TH
TLHEUI TRV ERHLNE STz, —F, 7T AX—fEN T, FIZE DB
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72 TN —T B INTZ s, OB IIMREY Ths B2 6N,
E281 —ARUTIAEXRREOEGHEZER

60 DIEK OB ELR & BoE 2 Em 2 2 22U 7 (Fig. 1A) &
Structure fi##T (Fig. 1B) X W HEE L=, Mg 222 U 702k b, 60 @5
L7 TAF—T I TAF—ND2ODY TAX—IIHEINTZ. 7T AX—11%
FHER G ICHEET D MEE < &R, 77 AF =TSO S fEE %<&
ATz, Structure FEATICHISW T, PHEHIA OMFEN L < & ENDIKE, FHEH
ﬁU%®m@w%<aiméié FIFROTERLFETH D BRIRRAE ORAI
7T ARY T ENE IR BAREE & REOBBIME X TN ENEER 2
?x&UVﬁmiwﬁﬁéhk&7x&~Ik&7x&—ﬂ&%@ﬁﬁbf®km
B S HBd, EENTC LI HEE IR IZ LD ABINT BT S L7 mrRe e
Ezbhi. £, BRIERALE 3ho =k 7V ERMTEN G 72 AW R R A 22k S
BIETFEZS boTWEDR, B1HO REO~Y—T—IZL2BBER =K7Y D
TN—TN7 FARY 7S, Bt bio=hRo 7 VICEEHEL TS, =
oD Ens, BRIERAE (IMOLERMTEE B2 D =R 7 ) BpALM D bR
SNIFREMENEZEZ O, BHFHEE Y 7 F MARCO IZ LY, 60 OIERMLFEDH T
BAfR & fEAT L7 /bR, 9 I W THEO AR, 8 I W THBAHEE S -
(Table 4, Table 5). ZNHOFTHEM GO EELFETH D BEF 1L, 5O0OH
FinfEE ST 6 DOERMEOB EHEI N, 2O LD, FHEHEOMFEN
WG~ S, GO RS IS B W CEEREE 2 H o Tz LR SN
7o Bl —8 s F R o RO MEATE R & oWV SCER O FRER £ 0 HEE S AT ARk g
FEDEM %, Fig. 2 1R L7z, FHEH G O SR 15> T\ 2 & &4 818
FHINCRT Z EIC Lo T, RO Z WD THEIELT-.

BA4E ZRUT)DERBRRNRMEITEHT H5ONAT—h—DRAS

=R T VIFIREPRESWEER WD, Fava s r)oea—my 7L
o U TR FNZ IS WRAERH D, 2006 T F 27 =27 7 VI E R H D
BENL=R 7ML LT WEATA’ BRESN, TOROBIRMHTNG, =
R 7V DGR FHBIETAEO FEBRTFICKE SND ZERHLNE R ST,
FEETRWIEMMZ 2T 5 ]I\ T, REPEICEAT 5 DNA ~— 07— 3B
FINIE, SR TRAORKDWEREICRY, BElZrnr25RM, &M, 571
WRIBICHIR S LD, £22TC, ZUVDOBMEEZNRILSEDIDIT, BRI TR
FIBLME DR FRE/R DNA ~— W —Z2 BT 22L& L. i, 1EARLA O
AR T, B LIe~—0— 2 W TR R BB AR TR DT a &
A TIEHT 24TV, SR B R AR T DR 2 HEE L7z
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FHR? X UEATA O FERICBWTIE S Ho~—5—72 (Fig. 3A), 550-40
X PR o FEMICBWTE 10 o~ — 7 — R ZE 2N 518 H & s T O
FIC~ Yy B 73z (Fig.3B). ZOREE, 2 20~y B 7HEMIZENT, &
11 D SSR ~— W =N ERH LB L EET H~v— I —L LT~y BT
SNz, B GERF BB FITEVLEICY vy B 7 S~ — 7 —13 550-40 &
THR OFfAEEHKIZIBV T, PRDS2 & PEB62 TH Y, BEEEFLELE & D
HEEZZN T 3.2cM & 1.1ecM Th otz b OHEiE~— 7 —&EFIZANTH
HEBZONDHI NG, BRHZEORIHEN R E o7, I BT, FEK
FI LT OHKEP ST E72012, EATA OMENTE - ZfE 1EAHT-
A0 IZBWT, ZO 11 @ SSR ~— 1 — % 7o ¥ B R B B AR T BT 5 D N
0 XA TR AT -T2, TORFE, EATA ITBWTHE LTS EH s s
TIEmF E Y R ICHKTAZ L, BXO EHA ([CHRT D 5 R R R v
oSBT CRLABAZ N E L Tl IEAZA D200/ T A4 7O
MBS TN Z ENR BN ER o7 (Fig. 4).

FEH
KIFFRIZE ST, 7 VDT ) MO L 72D SSR ~— I — N S, @5
GIR O A & B R F D DNA ~—H —OBRE™MTh-. £1-, BEBEOEIE
REBRBEDHPHEE SN, DROREREOKREZITO ZLNARRE -T2, &
HIZHE 3 TEEE 4 BOFMRICESNT, GRS T O HREROARBE R T &~
TR THT LR HE SN, AAGEORBICE T MR/ ELNT. RSN
To e R HI R M L AT D DNA ~— D — 2 O CGRIB TR OHEEZITH 2 & T, B
R AR Z BRI T 52 6N TED, T ETIE, RFEZIUHE L TREH
k&R 3 2 121E, #EfE% 3 U LM N LETH o7z, BIFETIX, FTro—
HN 551 DNA Z4liH U, AT s 821w U, BBz 3 B2 % o ik o
AR L TS, BEBFZEATICE T D 2012 45 L 2013 D 6 720 L% 8 D A HEHL 7
HHOETIE, 2,158 OFfEF 5 1,510 K2 DNA ~— U —IZ k> Tk S, 646
DGR F G EEERE SN TS, 20K AR TE S NIRRT T TICH]
HEIn<Tky, BEOFLIZFGLTND.



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 (45°) of nut traits using eight cultivars/selections, with three
trees per genotype for six years.

Broad-sense heritability NHD” NwW* PS” I
hg” based on 1 tree and 1 year of evaluation 0.84 0.27 0.48 0.17
hg” based on 1 tree and 2 years of evaluation 0.91 0.40 0.62 0.29
hg” based on 2 trees and 1 year of evaluation 0.86 0.35 0.57 0.22
hi” based on 2 trees and 2 years of evaluation 0.92 0.50 0.71 0.36

“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.

—> Tanba to local
of -===>» |ocal to Tanba

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’ X ‘Porotan’ population. B: The maps for 550-40,
‘Tanzawa’, and an integrated map were obtained from the 550-40
x  ‘Tanzawa’ population. Map distances are indicated in
centimorgans.



Taishouwase Otomune

Tanzawa Ishizuchi

Taishouwase Otomune

Porotan genetic distance (cM)

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
PRDS52 was homozygous in ‘Tanzawa’. The orders of PEA18 and PEB102 and
of PRD58 and PRB25 were not determined because they co-segregated.
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