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Abstract

This study aimed to clarify clonal structure and reproductive modes, layering (asexual) and/or seedling re-
generation (sexual), of Quercus crispula var. horikawae using eight nuclear EST-SSR markers; the species has
stunt creeping multiple stems and occurs in pseudo-alpine zone of the mountains in the Sea of Japan side.
This study was conducted in an isolated stand (alt. 1,570 m) of the species near Ohtoge-pass in Mts. Nasu,
northern Tochigi Prefecture. DNA was extracted from leaves of 92 stems that did not have any distinct con-
nection of roots and creeping stems above the ground. The results of DNA analysis indicated that the stand
consisted of four genets (clones). Genet A, which had 87 stems (ramets), occupied throughout the study plot.
The other clones (B, C and D), which were composed of 1-3 ramets, might be derived from seedling regenera-
tion. In conclusion, reproductive modes in the stand were likely to be dominated by layering regeneration re-
sulted from the creeping of stems rather than seedling regeneration that rarely occurred.
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Lo THEL D, BIEEHIZL > TAEC DN %
HE I 5720001, BYEEIC k> ThEC Y
O — U ROEOEN, $hbB, Yt v I (genet)
&T Ay b (ramet) DFAEIT O BEIH S, V=
Iy e, va—-vElEFBEOIEHICHRT 58
(BWE V% S OHMTH B, 74y beid, EH
) - ARERICHINL UCAEW L S 2 HLTH D (KIF
FETIEFML L 22l % Dig % 5 4 b EIEER)

INETru—YOFMICER - ZOO5ND
K EDONBNEFENITHOITE 22, MELL %
TAY PHBEDY 2 3y MHET S0 4 H$
52 EFIERICHEL W2, Binv— 7 —E&Hun
7=oa—yO#ENPERTH S (Moriguchi et al.
2001), 2T Za— YOIz 7 a4 4%
RAPD (Random amplified polymorphic DNA)
= =2FHENhTZ/, L2L, Ta¥{ s
RAPD~ — 7 —i%, U UIEEIE FEEDZ Rk
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ThBH728, 70—VORINIEIAT7TH 5 &0
HN T3 (Lin et al. 1994), Zh b5 DOREEHEIZ~
427045754 b [LLF, SSR (Simple Sequence
Repeat) MER] v—H—%HW\W5B Z & ThkET
EBEIITE o7, SSRIE, 7/ LAITHUET B
Al 2 SEFEEC A DR 0 R LI & THER W 5 583K T
» 1 (Jarne and Lagoda 1996), #iz~v—H—&
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<, 2R E DD TELY (Queller et al. 1993),
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(Ueno et al. 2008) B X U'Z2 % Y4 (Ueno et al.
2009) TR Eh T30, Zho6D~v—7h—
EHWRZETCrua— v OMARRIC LS EE X
55,
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L 2 A O P SR 4.5°C, R S HER
(WI) 1340 Th 5. F72, KiEOFREMT I 1m
Plbth s (RET1972), @O I v~ F I
i, MRERICZIEA 27 ¥~ 94 Sasa cernua Makino
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Fig. 1. Location of study site and plot in Mts.
Nasu, northern Tochigi Prefecture.
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resupinata L. var. caespitosa Koidz. & WY » 7= J#
SO AN A SN S, FEIOIE T2 LS
BiAA, IR ahRkIIETH 5 (E L
#2012).,

2. IYTFIROEHEIN
PIBERDER

KWFFE T, BEEO SR WIRET 5 2 JEIH A 5
B EE50mPl LB 2 L2 Y~ F SRR
EXRE Uz MREEEERE S K 5 1Kk
TI2mX 1I0mOFAE T FEARELZ, Tay
b O FNE 51 S44°E, T KIEF1E29° TH %,
7ay PNOBRE1Im P ET, HEETHS 2 IR
RLWEBOEN Y 2= M LI v~ F T8
ORI EE, V=P =T 32 %HOTHIEL,
IY~F IROMENEFERL - (Fig2). 7ay
D 12 15U B THITE R — L &2 O TR &
0. ImfEHNTHIE Lz, 28O RKE &
BRI DME 247 - 72, 1RO L FE Tt L,
BEOBEAL TS EDIE, REBEOREVGE
RABREE L,
TEMER

HIE 7 — & % 312, Ripley D KBI¥ % W T 3
YV F IO E TN, Tk R 5
N7z KIEO - AME X A & Eichbh 2 541
oy tn, BIZA 2356 1 — koA & Rl L 7=,
RATIZE 2 (2001) 1ZHEVy, 99 % {5 H X i 1d 100
Bl RERITIZED, 99.9 % S HEX 2 1000 [E D
BRI L D RS 72, F72, KIEOZELE R
IZHAMAE S % 728, LABEICHRS L TR L 72,
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Fig. 2. Map of stems surveyed and identified clones
in the study plot. The size of circles is proportion-
al to diameter at the ground (D,) of each stem.

3. &
DNA

MWEZEZT>727ay FNDOREDOIYYF T&
e 5 BRI H OB & U T e n3E % 3
JEPRHUL L 7= BRIN L 7= 4E500BHE, DNAMM & T
—20C THHRA L 720 Wl L 22 45508 50mg 7
5 DNeasy Plant Mini Kit (Qiagentl) % W\,
ADNAZMMH L7z, it 7" a Fauid BEids® oy b
DV =2 T M- 7z, il U 72 DNA SR HIE
%, TE/Ny 7 7 —%HOWTHRL, $%HDNAZ
AL 7=,
EST-SSR#T

fi## 7 12 1%, Ueno et al. (2008, 2009) (= & D
IXFITBLVZL YA THFE 7283 D EST-
SSR~ — # — %M\ 7z (Table 1), AIEFHE L &
U Polymerase chain reaction (LLF, PCR) D
JE 413 Ueno et al. (2008) #JE&iZ L7z, PCRIX
ORI RS 10ul & 5D & S ICiRE AR L 72,
WiRiZ 20ng #5 DNA, 1 XPCR/Yy 7 7 —, 200
pM D £ dANTP, 1.5mM MgCl,, 0.2uM @ Forward
B LU Reverse D& 774 v —, 0.5UD AmpliTaq
Gold (Applied Biosystems) T& 5. &k, %7
54 v —=xD> B Forward 75 4 ¥ — & HEEHR
(NED % 721 PET) THZG&L 72,

PCR¥IFIZLL PO &G TIT - 72 £, VEE
94 CTL03 T 5720 Z D%, 1H A 7 NIZDE
BEVE#94CT45H, 7=—V v %E55CT45
B, thkx#72CT45ME L, Th%E3s4 120
To7e ¥4 MK THOBKMEIZT2CTTHE
L 7z, PCR¥41IE 12 1% GeneAmp PCR system9700
¥ K 1082720 (Applied Biosystems) # w7z, 4

Table 1. Characteristics of nuclear EST-SSR mark-
ers used in this study.

Primer

Locus Ny H, Hy source
QmC00419 2 0.978 0.500 1
QmCO00716 4 0.043 0.074 1
QmC01368 2 0.011 0.011 1
QmC01794 2 0.000 0.043 1
QmC02052 4 0.989 0.511 1
CcC00610 4 0.022 0.043 2
CcC00660 5 1.000 0.516 2
CcC01513 3 1.000 0.505 2

N,: Number of alleles per locus detected; H,, Observed-
heterozygosity; Hy, Expected heterozygosity; 1, Ueno et
al. (2008); 2, Ueno et al.(2009).
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5N7PCREV #2% 7 HHa — 27 )L TCTukdjL,
PCR H4llig % i 8%, DNASF — k¥ —% v 4 — 3500
Genetic Analyzer (Applied Biosystems) % F]»
TT7 70XV MENET -7 BITICEDHESR
727 — #1X, GeneMapper (Applied Biosystems)
ver.4.1 %= HWTEIEHH O 4 Xh 6, &4V T
L OBIR T A PGE LTz,
T — 28R

F— ZEIIZIE, 8O DMWIE T TIZH W Tl
B MAEPRET S LN TE2M0HE W, &
v — 71 — O ¥ X GenAlEx ver.6.5 (Peakalland
Smouse 2006, 2012) ZHWTH P L 7=, % 7=,
GenAlEx & HWT, BMkOBE T %ZHIZ, &
AR O BIERIEEE (Smouse and Peakall 1999)
ERMLZ, 2L TZO#IRHEHCHEDONT, &
J F2 53 At (Principal Coordinates Analysis) %
17> 720 EHEPESHTIE, GenAlEx O] #% & 12 hE
W, (BRI O BIZPEREST ) & o BUT NS R L
THMZEITG, &40 EHEIE, n— 1D R
THY, UL 728 O % Hv 7z (Peakall and
Smouse 2006), X 512, A VY FILDyHiER % Y «
v PZTETERL, BRI N4V TIERIZIG
U T ERE % Bl 9 5 Heilfd /3 (Fractional
assignment method; Devlin et al. 1998; K fi fth
2013) ZHNVWTY = 1 v b BT Th B HEHE %G
Bz,
Peen [EDE

SSR~ —# — 2k % 7 v — v akRIEe S Ol
P, 18 (Parks and Werth 1993) % W\ TfT- 7z,
Pl ML TCH Y 7Y VoL, HEEIC R
%70 —IZET 5508, MSRICIE CEIE 3 A
DERTHY, UTORIZL->TEDbEINS,

N
Pgen = (1_[ piqi> 2h
i=1

Z 2 Cpq i3 EIETIREIZ I T % 2205z
THEOTH D, hid~T ikt & 08T

VERL, NIZFHAL L 785 T H 5.

=R

EST-SSR ¥ — 1 — D44

BRI 4T 5 729280 % ¥ Tz B W Tk
EN728DOMDSSR~ — &1 — DFiME % Table. 11271
L7, BBIEFEIZEO TR XN 85T
DO (N,) E2~5THH, HEETIEDANT T
A O WEE (Hy) 130.011~0.516Td - 7=,
QmC001368 D & 5 12 ZHIMEDIKVVEBIZ FIHES A S
N7zo P fliZ§NTOY = % v b TOO5LLFT
& -7- (Table. 2),

IvvFoSOrO-CEE
BIEMRMTICHE S 70— VG % Fig2l2m L
720 AF FIBIEIMRD TEHVEHREANSEERTZ L
BHIGNTEHD, ARZH TIERERIIIZE A ETER
Sheny (EHfB1999), L7225 ¢, [Al—D#(z
THRAE LD (T Ay b)) EE—Dru—r LA
L7, AWIZEIZHIT 2 I v ~F 7 H%IZ4ODME
FH (Y2 y b)) THEK X Tz (Table. 3).
Py FARRSTTI Ay ML EBIRANDY =
Fou bC, HfIZB & 4Tm®, REFENS25 A
N OBRAEREHE 1Im TH 572, Y= Fx v FBid1
SRy b, Cld39 4y b BEIUDIE1IT Ay b &
SR X Tz (Table. 2),

BTy MNEBRTEIAY POYAX

KV x %y PNOHBEER, $ROBKE Fig4d
12 L7, HBBSIE 213 3~bem D HiPH 23 i & % <,
BREE1I~2mOFEHTH 72, V2 Xr v FADOH
IR 11 1em, KR 3. m b > 7z, F
724 OBOBEINISMTH Y, FHHES
13m K VB ESIEL, FIETNTHHEL TW3B
ZLaRNLUT, %72, Ripley® KB % FH\ 7= fig
HrOFER, BOFMERIZHE T, 99% & 99.9%
DOWTHOBHXMICEWTE I v & L5054 %R
L, MORMAEIcE L) RHEIMERAS L
ﬁ’of:o

Table 2. Characteristics of clones identified and P,., values, the prob-
ability that consecutively sampled trees that actually belong to dif-
ferent clones would have a similar genotype by chance.

Genet N/G P,.. Max Dy(cm) Max L(m)
87 0.0490 11.1 3.5
B 1 1.85x10™"" 7.1 1.8
C 3 1.66x10™ 4.7 2.2
D 1 7.23%10% 3.7 1.5

N/G, Number of ramets per genet
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Table 3. Genotypes of identified clones using eight nuclear EST-SSR loci.

QmC QmC QmC QmC QmC CcC CcC CcC
Genet 00419 00716 01368 01794 02052 00610 00660 01513
A 171/172 257/257 153/153 105/105 252/260 341/341 134/138 404/407
B 171/171 249/261 153/156 96/96 260/260 338/340 126/138 404/407
C 171/172 256/257 153/153 105/105 252/260 341/341 134/138 404/407
D 171/171 261/261 153/153 96/96 258/264 340/348 118/120 399/407
(m) =M
v
o °ip
O ]
=
3ed e}
. : [
L 2 B e} oo
2o
| gt NE ° 8
0 O\ o o2 °
E Q ép%o o
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Fig. 3. Principal coordinates analysis for iden-
tified clones using eight nuclear EST-SSR

loci.

&Y 1 x v MNEDOETHEGM

BRI &0 1R (FF 5 78.70 %)
2 TN (H5%13.29%) D24l FIZER L
AR, Y xky PAECIEHLTED, B, D
IFA L C 5Tz (Fig.d). BT ORER,
AL Ci2100 % DR THTFBRE HE I iz, —
FiYxzAw bB, DidWwiThovory bESHET

BRI 2 5 72,

1. IV~ Fo|EO/O-BE
WEMMICES L 7 a— VN ORE, 400
Vit v bDIBYVLFy PALVWIH-DrT—
VIIEREIRIZES L, 8STER2AL STz, 1V x
I bHDDT Ay MK, SSRY - —%H
W3 —uavySvY v+ I Y TIiE125% (Suvanto
and Latva-Karjanmaa 2005), 72D 7 " ¥ 4 4
~ — 4 — %\ 7= Quercus chrysolepis Liebm. T
12245 (Montalvo et al. 1997) &G XT3,

L

clones.

Fig. 4. Relationship between diameter at the ground (D)
and maximum length (L) of each stem of identified

NG EHEELT, Yxxy FADT Xy MU,

BDBNT bbb, —J, FRRILEO 1
o %% - JR AR 5 Y 7 2 X0 Y o
Foy b ORER, AL Z < D EOERD
sua—=ryns6kl, ROV x4y MI60HEH, S
R XN TH D (Moriguchi et al. 2001), 7L
DI Ay MEERIFEETH - 7=,

Drxxw PABEHET Ty bOKEE LD T
WEDIZX L, Z2OMOY 23y MldngFh i
BDT7 29 b6k /NI TH 57z, —AEKIYIC
Vxdoy bYA ZOENI T T — v OEE, BB

_5_

PEDE VY (Moriguchi et al. 2001), 2 v — v [l
G, WELVHE, REOHEGELY» S oMM, 2L Th
WY (site quality) &\ 728k 4 2 B A S
KK X5 (Suvanto and Latva-Karjanmaa
2005), 2D B, 21— OEHEIIIEH KT
& 57, Steinger et al. (1996) Fru—v %4 X
EZORERIZED - VlEHEEL TS, £
7z, R 5 TR & R AR IS E O FH B B £
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ERTIENFMSN TS (HH2001), ZhE5D
MEBLOAMEICBTSLZE 270 —-2DF A v b
¥ (Table. 2) RHFFEIE (Fig. 4) 2#EET 5 &
HED K % L®, WEEEES K OCREORS K
XN Ay PEFALTWEY 2 3y AR L
ThbEHEREND, ZOMDOY = 3 v MExb$h
I Ay MUTHEREN TS ZEn5, R
VEIZFEERF L2 D LRI h S,

o — VB AT YN\, R ZE R
75 ¥ (somatic mutation) 12X 5T, H—DY =
G FTH > TEBIZ TN R LB 4 |
M T W % (Hsiao and Rieseberg 1994; Tuskan
et al. 1996; Tani et al. 1998; Moriguchi et al.
2001), ¥ = % v PAECiE, QmC007161Z ¥ \»
T, 257/257 & 256/257 &\ 9 M\IE TR CX Al & h
%727 Tdh 5 (Table 8), 1IEIDOEIIES I
CH9%720, V24xv bClEYV 2y N ADEME
Bl (AR ISk TEUREY 2 5y FTIRA
<, HRlaERERIZK>THECZ278 -V TH D
ATHEME S B T E A,

— 1T, Yzt FikilEE &R Py, ffii%0.05
BE LN DbT TR AL >, TDRY,
Prxady FAIZEHBEDO 79—V BRRE 5 TS
PR EETE R, 77, KFEOFERE TR
ELTARE A BN Y 2 2w P THEERE T
72728, P EOGHHEIZH 2 A FHUE B kD
EdtHralidnisnng Lk,

2. 3YVTFIOEHFHK

AFFIZ & 5T Y~ F FEEEIIRSGIT & 5 ek
BN TH BT Ehbh oz, EHEEETO
AATECIIWHFELHE T, FihaBEd5, R
EROLE TR T WA EFIZARNTHE LN T
W2 (5 1960) . FRICIRAREIZH VLTI, £FiE
WIZHISH LN, MBEOREELZT 5120, WO
OEEMEIEAIDEREZVWEZF LSRN (LU
1997), Hh FEOMHBRLEE N AR A & DBRIC
®U, WM R S R A>T s, K
FETT Y DO IYYF IEHITOFh @RI L
WETBEEBIZ, £ OBIFHFHLEEL T
7o WAL EWIHS o ORRE Roh, L
oMo, IY YT TIIHROHE L FHPEIC K >
TIREEFHEIT Y, 8T A v MRREMEFFL T B L
e hs,

IV VS TIIMHERIKRTH O, ZEHRRIT R,
I ENBAATH 5, IV~ F THED
FBEHICEEL, Y239 B, CBEXUDD XS I2H
ZUEWTH 2 B EMER S THNI TS TEEMEAVR
Bahiz, ZO52HBYV %y bBEXUDIX, &K

OHBREEY 4 AV 2 3y PAKD/INEL, 12
=Bz DT Ay PREDENT L, Yoty
FAEBEBRIZAWZ L, IYv S IBBEOHE
N PICk 2R B L 6N L& E
BEaL, IXFJICAOND &S LEREE T
C®&$ 5/ 7 2 5 B2 &k 5 Bich
(Miyaki and Kikuzawa 1998 ; % 1992) 12k -
THHOFTARTEEN 2 B RBA L TE 2 HEMEAVRIE
b, —HT, IXF7RHEOmMENERT
25 (/NH11988), — kI IZBEBIERI A M & X,
HERHIEEA L 2N TIHIZFEAEBETE RN E
XN 3 (Kanazawa 1982; 54 1986), L7225 T,
AFEHIZASN D LS By HRRTOIY~F T
OFAFEHFIIWHETHZ Z N THINE, 5#%
BEOE I DOWT o v — V& AR TERAEEHO
RATE A CIRT 20N H 5, £77, ERALFR
U T 2 11, {ERmE o fil % 38-~X, Zo
BHHAREIZOWTI S MIZ LT B S 5,

B2

KRR EATHI2 G720, BTG AAAE BEE &
D, AR A TEO 2, MR A7 AR R R
FUEBOMARR T AN R E R LD, K
LMD Z ETO WS & 2220n 7z, FEER
FEEEIR AR A R R - BRI O
IS, & - 70 v I T T n
i, Pkojiicok oL RiF &g,
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