BB S 6% (2017)

(fg ] >~V —X

H AR DM R OB ESAEE (19)
Ty (=VE MU e E)

[ZC&HIZ

<VYR NI B THDT =/ <Y Picea glehnii (F.
Schmidt) Mast. 1%, ALIREZ 0, Y R,
e (EHRE, FRE, s, STRREE LIz
HoD (Z-1), 05, YU D & Rl
IHOEMIT T /NEL, M BIREESfR LD, &
Vot FEAUE L OENTTIE, MBS 20 cm BLEORK
ARIF 60 A, HEMT » BARZ G D TIE 1,000 ALL T &V vio
TS (ZH2004), 7Hx <DL, ABEHOMNE
JSMEASIA S T, BERCHE, KILPKEERL, BD R, A
Hi7p I RFTN SRS NMER A FERL T 5.

T A=Y=V 3ARE O T EAMERE TH Y . &
FHOIED, RKEBELWI ENOFEMOEEH &
LTHHEN TS, JbifiE CERk 27 45) 123175
HREE 2311 Fmd T, F K=Y, BT=Y, V<Y
IZIRNTA4FRICRE L, ERERED F R~ BT
NIRRT RE K16 T ha (it b=~y L&
MIL/NEY) ThHD (LHEEKENRESES 2017), T4
EMPHED B TE Y, FRIOHAEERITN T~
r R=VIZIRNTEV, D X9, T hmy<=>iddk
HREDOHRABTREOFEM L LTEETHY, ZhE TH
ERE (R 1975, ME (BURS 1999), 7 =¥ A A
(Wang and Nagasaka 1997) 7¢ EIZ-DUNT, FEHIRHIZS
DB BNNCENTWD, Lo, HUsiC X 5 iEara R
(HERARSHE) 2725 BTk, ~ Y RECITRkE:
BT 5 b RU T (mt) DNA SLELAWED BB
DNA O~ A 7 aH%7 7 A MEK (% SSR) %A =il
EHMEI/2DH EEZ LD,

Flo, THTY IR AR e LR D
H LWIFESEM IS 72 D EPRREND, Tebb, BifE,
ALHEE RS 2> D AN O F R AR 28T T ]

AL 24 AT N U B RO DZE AR A H L5,
L2cL, ZOHUETIE, IR BT 2 & ik
KENZNT COHBN IR E DT =)~V DK
BULABAESER L TR (M-1), 72T OHkic
1IT B INAL A LT 2 EDVRIB S TN B,
Z D LD IO RFEEEN & & 72 5 ARk OfEK -
A DR A Al % 1 S s L o i) T A W S G
AfEWMAZL < Rl RRE e Z o7
VeUTE LTS EEZHND,

EBIC, dHRETIE, THh= Y=Y L EBICFEL b

M-1 TAZ Y ORKIAT (KRG, BT
£ (1~8) BLXUOEHHCBTT I~
Y ORI LATEEOERH, OlTEHOKIIE (K
35,000 ~ 15,000 4FH1T) . AV AT
BRI OEM A R, kLRI DNA %
M LT A, 7= =Y LRIE SRk
IKEADEREY LA DOFEM A 7R T,

* E-mail: aizawam(@cc.utsunomiya-u.ac.jp

LHNED HRDHE T R

160
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WFFECH-HT-HREOR: DNA DIRAE LT <Y D
mtDNA XYV o D= =V Db DIZEBR STV D
BGIE, 1 RN RO TR & 0 AbfRE & Y~
U Ul b L=tz N oy <=3, oy
CRAMREIC IV B SN T = = DRI TARN -
PRI HZ LT, LVEMAPA XDORENTY <Y )



O THIIIY
TUTVEER G
(TITYBLUIIE)

C

V 7hTI=y

v TURYVEER(TYT
YELUIIE)

* FHATYIVETIIVE
EHTHE

%%7

K-5 Thzr~Yix/~VERHE (=/~vYE
LU MU R) Z2EETCBEMT O, @
SSR % F 7= STRUCTURE fi# 41 @ i % (K=2)
LY Y BRI (KEHE) . (b)
mtDNA N7 1 % A 7 D054, B ) ~T
1 & A 7 DOFAIE R,

BT =\ CEIGFORIGBNAET D Z &
TR S L HEE SN S,

— )i, NTaAATH2IFT Y ET T =Y T
B L THALN, Lo, H2 O5AEAIC BT 72
FLEVIFHROENR, ThHhZY <Y o)< VE b
TEBOF TR THD Z Enh, WIS
H2 OIA T, BBEMHC L D b0 Tida . MkE%
H1 @ incomplete linage sorting (R5EER/HFAI7T) 1T
E2bDEEZBND, REESA LT Filg L o
TR xR, YA XD T INSWVREHED
T VEMIZBW T H2 BEE STV DO, #is
HZB OB L HER S ND, —FH, Thoy <=y i=x
VY B O CIL, o~ Y BHEFE CRIZR S

163

BB B 6 & (2017)

TV D KD IR 2 A 3 IR oTe, =
VYT VIR A TR T 5 b DD,
FRICIIAEBTHSCRE Y = / 0 D—IZEZR RN LND (&
5 1989), D X D 7R AEGERTIREEL MR OB T
WHRREMD B D,

THAIIYIYVETYIYDIEEME

KE D N—"— RREFARIZIE, Ty~ L
ko b OMEFE - L CREE S 472 Picea X notha Rehder
IMER ST 5, Rehder (1935) RN LAuE,
1894 4F (IR 27 4F) ITHORILUMRF N BT =y~
ELTHRY FEIME D OBF T IS KD D HO 1 AR
COMRETH T I, OMFRIIFICHE G OEN
HHEThUE EXKBITE D E XD, Rehder (3,
OFE1E, PryeREIABTLTNT, £D UL
MOEZ LT I <Y DOLDITHERNRNEF L
TN, EHITHAERIC Z Oe#EZ Rk, 770
T2V E MU EDORBRGAITER RN LD,
RIZLTARBIZT A<V L b T b OHEFRR D)
R, BGOSR TE R0 E BR LT,
TS VR, N—— RRFRIAR O /1215 T,
Picea X notha DREVE D FEDHZ ENTET, 22
T, ThHZY =Y, ==Y, hyb, ThHh <Y
L= O NTAEL F1 HEfE3 O Picea X notha |2
(LT, THZY =Yy <Y mtDNA (FHE#EE)
LKA DNA (RIMEElE) Oiflsl~—7— (Aizawa et
al.2016) 4% SSR ® 9 R 12 W TRT 21T > 7=
(Aizawa et al. in press), < DfESF:, Picea X notha %,
THhHES <V Z R, =)~V EREET5 FI T
BHZEPH LML TeoT, DFEY, AREICSHT D
FRMEFR L R U b DT, Picea X notha 1% H AT KRS
M D ENRHAENE ST, T OMEFRIIHIHB LD
ERHLHR T <Y LXBITE D70 ik & LTl
TV Y| OFiFRE 527 (Aizawaetal. in press),

& AT, 7ot Rehder 28 kU b A ACBUER & LTH
e, 2 LT, IR R S DV IR
HERZ2 D& 9 B3 5% D, FEF 2 I 7z &
2R« V2 SR & o T2 R ILAR T 1894 4EDIRE A
TUT TR MR L U CERRICRER L TR0 P
JFIZF% > 7o LUK R AR O BRR 4 RF (1878 4F) @
FERRIABCE X (AEXAES (LT 2O, T
Y=Y, =YY hUeROWTRL BRI T
RN ERboTn, SUREFRS & IUARREIAR

-
—



BB S 6% (2017)

BrbsiE, 1879 FFEEED b RE OBIARE 725 L THED,
FEENINTE LT, e B2 REEME L
THEFT-HBEIATOEETH DM, Picea X notha %
BLT Y VR AEEN DI FEZH O
(ZHRT B D0 LitZeuy,

BEhHYIc

AMFFEN LT, Bl Lot~ U SRR O T
=Y OIS EI TR AR E < Mb LT
D ENHAGINE oz, FT2, AWEHEN T mtDNA
\ZHIRR 72 AR MBI BN S DD, 1% SSR TH
B e HEOBBHHRAROE O IV RS SN, SH, 7
KT OIERERE OB, EAREFE )
MLUTWB, THhHZY <Y OfEEAEIZST-0Y . BN
WPEOFE T « MAROBENIRET 721 ) LW TEA 9,

51 RSk

Aizawa M, Yoshimaru H, Saito H, Katsuki T, Kawahara
T, Kitamura K, Shi F, Sabirov R, Kaji M (2009) Range-
wide genetic structure in a north-east Asian spruce (Picea
Jjezoensis) determined using nuclear microsatellite
markers. Journal of Biogeography 36: 996-1007

Aizawa M, Yoshimaru H, Takahashi M, Kawahara T, Sugita
H, Saito H, Sabirov RN (2015) Genetic structure of
Sakhalin spruce (Picea glehnii) in northern Japan and
adjacent regions revealed by nuclear microsatellites and
mitochondrial gene sequences. Journal of Plant Research
128:91-102

Aizawa M, Yoshimaru H, Ogawa H, Goto S, Kaji M (2016)
Natural hybridization of Yezo and Sakhalin spruce
in central Hokkaido, revealed by DNA markers with
contrasting modes of inheritance. Plant Species Biology
31:188-195

Aizawa M, Iwaizumi GM, Yoshimaru H, Goto S (in
press) Identification of the parental species of a putative
hybrid spruce Picea X notha using DNA markers with
contrasting modes of inheritance. Acta Phytotaxonomica
et Geobotanica

Currat M, Ruedi M, Petit RJ, Excoffier L (2008) The hidden
side of invasions: massive introgression by local genes.
Evolution 62: 1908-1920

164

Du FK, Petit RJ, Liu JQ (2009) More introgression with less
gene flow: chloroplast vs. mitochondrial DNA in the Picea
asperata complex in China, and comparison with other
conifers. Molecular Ecology 18: 1396-1407

DuFK, Peng XL, Liu JQ, Lascoux M, Hu FS, Petit RJ (2011)
Direction and extent of organelle DNA introgression
between two spruce species in the Qinghai-Tibetan
Plateau. New Phytologist 192: 1024-1033

Godbout J, Yeh FC, Bousquet J (2012) Large-scale
asymmetric introgression of cytoplasmic DNA reveals
Holocene range displacement in a North American boreal
pine complex. Ecology and Evolution 2: 1853—1866

Hamilton JA, Aitken SN (2013) Genetic and morphological
structure of a spruce hybrid zone (Picea sitchensis X P.
glauca) zone along a climatic gradient. American Journal
of Botany 100: 1651-1662

B - PORETT « 1R 85 - BRI - e AGi
i - ANEIREET (1989) THhHEY vV ey <Y D
FIRMEFEOTZRERNT DN AT O, B
FHRTEE AR 81: 53-68

ALHEEKEEAREET (2017) ARk 27 4R FE AR E MR ERT
Al
T\ K- - RREFHESS (1981) ALMEEIZ 31T D Fefé

IKMIOREAASE.  HEVIACHITSE 20: 129-141

EREERAN, « LA - BmiE SR (1999) T =Y~
VAR 7 v —  OMEER. BAMKRES8L:
325-329

Kobayashi K, Yoshikawa J, Suzuki M (2000) DNA
identification of Picea species of the Last Glacial Age in
northern Japan. Japanese Journal of Historical Botany §:
67-80

WIH 8 (1975) 7 H T/~ OFEMBIZER 1) W
& BATERH O PEIRIZAS B, A A 2355 57:305-310

Perron M, Bousquet J (1997) Natural hybridization between
black and red spruce. Molecular Ecology 6: 725-734

Petit RJ, Excoffier L (2009) Gene flow and species
delimitation. Trends in Ecology and Evolution 24: 386—
393

Pritchard JK, Stephens M, Donnelly P (2000) Inference
of population structure using multilocus genotype data.
Genetics 155: 945-959

Ran JH, Wei XX, Wang XQ (2006) Molecular phylogeny
and biogeography of Picea (Pinaceae) : Implications for
phylogeographical studies using cytoplasmic haplotypes.
Molecular Phylogenetics and Evolution 41: 405419



Rehder A (1939) New species, varieties and combinations
from the collections of the Arnold Arboretum. Journal of
the Arnold Arboretum 20: 85-101

SunY,AbootRJ,LiL,LiL, ZouJ, LiuJ (2014) Evolutionary
history of Purple cone spruce (Picea purpurea) in the
Qinghai-Tibet Plateau: homoploid hybrid origin and
Pleistocene expansion. Molecular Ecology 23: 343-359

Suzuki K (1991) Picea cone-fossils from Pleistocene strata
of northeast Japan. Saito Ho-on Kai Museum of Natural
History Research Bulletin 59:1-41

HHEIGE (2004) FAuld o7 > < i RIEHEE
TPEEH]. AR 42:77-81

165

BB B 6 & (2017)

Takahashi H (2004) Distribution patterns of gymnosperms in
Sakhalin and a comparison with those in the Kurils: newly
proposed S-K index. Bulletein of the Hokkaido University
Museum 2: 3—13

Bl B - LR (1938) 7w O QLM
JerEEMES R 36:1-6

Wang ZM, Nagasaka K (1997) Allozyme variation in natural
populations of Picea glehnii in Hokkaido, Japan. Heredity
78:470-475



