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Abstract

We revised the taxonomic status of Quercus serrata subsp. mongolicoides (QSM) population occurring in
hilly and lower mountainous regions of northern Kanto district. We conducted analysis of leaf morphology,
genetic analysis and observation of leaf phenology for three congener species, QSM, Q. serrata (QS), and Q.
mongolica var. grosseserrata (QMG). We set three sites, University forest at Funyu (S1), Kenminno-mori (S2)
and Shojin-zawa (S3) in Mt. Takahara. Principal component analysis based on leaf morphological characters
measured for the samples from the three sites showed that QSM and QMG apparently distinguished from QS.
Genetic analysis including principal coordinates analysis, Bayesian clustering, and analysis of molecular vari-
ance using five loci of nuclear EST-SSR showed that QSM and QMG unambiguously distinguished from QS,
but QSM and QMG were not discriminable from each other. Our observation of leaf phenology from the end of
March to the middle of May in three years (2010-2012) in S1 and S2 indicated that QSM and QMG exhibited
a similar pattern of the phenology and that their phenology progressed earlier than that observed in QS. Thus,
we concluded that the QSM population in northern Kanto district should not be regarded as an intraspecific
taxon of QS, but as intraspecific taxon of @. mongolica, or intraspecific variation of QMG.
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Fig.1. Locations of the study sites in Mt.Takahara, northern Tochigi.
S1, University forest at Funyu, Shioya-machi; S2, Kenminno-mori, Yaita-shi; S3, Shojin-zawa, Shioya-machi.
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sy & U7z, PCRIGIRIZ 13 GeneAmp PCR system
9700 % & 172720 (Applied Biosystems) % F »
720 135 N72PCREM % 2% 7 H 1 — Z 7 )L Tk
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Fig.2. Measures of leaf characters (A) and index of serration of leaf (B) of the three Quercus species.
BL, blade length; BW, blade width; DWP, distance to the widest point from the top; PL, petiole length; an
index of serration of leaf proposed by Suda and Hoshino(2008) was modified for use in this study.
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Table.2. Characteristics of nuclear EST-SSR markers used in this study
. . Allele size QSM QMG QS

Locus Repeat motif Ta(’C) range - H, H, n, H, H, n,  H, H,
QmC00419  (AG),(TC), 55 171-178 5 0435 0558 4 0.130 0.329 4 0.383 0.363
QmC00716  (TC),; 55 243274 14 0913 0.902 12 0.870 0.871 11 0.511 0.481
QmC01368 (CCA), 55 144-161 7 0.739 0.620 0.609 0.674 5 0.681 0.617
QmC01794 (GAA), 55 88-108 0.565 0.761 0.478 0.761 0.085 0.081
QmC02052 (AG),, 55 242-264 6 0.739 0.739 0.652 0.778 8 0.745 0.777
mean 7.8 0.678 0.716 7.6 0.548 0.683 6.0 0.481 0.464

Ta, annealing temperature; n,, number of alleles per locus detected; H,, observed heterozygosity; Hy expected

heterozygosity.
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GenAlEx ver.6.4 % | \» TAMOVA (analysis of
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72 AMOVAIX, 7ENIXFFLaF7, IXF
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Table.1. Leafing ranks used for the three Quercus species

Leafing ranks

0 not yet buded
+ proportion of leaves with little extension occupying sparsely (less than 20%) of a tree crown
1 proportion of leaves ongoing extension, but shape of which not yet clear, reaching 20% of a

tree crown

proportion of leaves ongoing extension, but shape of which not yet clear, reaching 50% of a

2
tree crown
2+ proportion of leaves clearly extended reaching 50% of a tree crown
3 proportion of leaves clearly extended reaching almost 100% of a tree crown

Leafing ranks proposed by Kimura et al. (1994) were modified for use in this study.

BTTHEH Z L DORMO TG ER 2 5l L 7=,

EER

1. FERREMBAT

find, BRoO#FR K OMWITIROEOFEHEA 7
ORI Y94l % Fig.3 128 L7z, flil 4 DJBEE D
BEIZOWTABZE, 7ENIXFFIE, EHGE
16.4cm, HEHME10.4 cm, i KHEH IR % T o FREE
6.8cm, BXUVEHGRIZHTSELGIEDLIX0.63
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HeABICE W4 L7 (P<0.05), 7EFIX
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042k, 3 XF 500455 XTI F F0.45~0.46
L EAERBITIRNMEAETR Lz (P<0.05), Thbb,
MED7EFIZFIDOER, KEL, BHAL
WAMEDONENEDRIGHDIZD > 72, £z,
Wik, 7&F3IXFF505em, I XF 7504
~05cmE, IF53D1.2~1.3cm& D & HEIZH
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XF 513152, I XF 7 T15.7~182 L MM T
Pz EDN TR S a2, I3+ 5D13.1~
135 K DAREIZE N 572 (P<0.05), HEGREIZXY
LR O, 7E NI ZXFFTT096E, I X
F7ELaFTXDEERICIL (P<0.05), FEDH
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REBIZEL T, 7%b3ff7@¢%@uooa
MICHERRTELRRETH =0l L, 2+ 51k
BOLEEL T\, £72, IXFF7F15&LT7E
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Rof#FEoza+ 7 (1.0) Ko 3AREICEL (P<0.05),
oo+ o &EOEWIIIHTH > 72,

X512, Y koflEEE O A FIW T ER S 58T
BTV, B1TRS (9 5-%65.68%) LH2TK
7y (3 5-%13.00 %) D28l FIZEE L 2%, 7

ETFIZXFFTRIXF I LOHEMMEERL, 3FF
CIFAMEIC Xy e (Fig. 4), SH1R - 5522
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72A, TELNIZAFFIFTICE 1R RICER T S {E
B A LN (Fig. 4), 72, HAEOEEOE
WG LT, BEROHED I XF 713, kD7 E
FIZXFIEMCIROIXF FORBIZE & % 51
BIAH S NIz,

2. E{cER

BN & 4T 5 72 93 iR ICB W TR S 725
DD SSR Y — /1 — DFif# % Table 212/ L7z, 5D
OB FIEIZB O TR S 72T & O3t
Z78 (n) 136.0~78THD, I L DFHA
TuBEAEEOWNIHE (Hy) 130.464~0.716 &, &
WERIW AR D Z LN TE R, FHEESHOME,
TELNIZXFFTEFIXFITERMUEUITL-TIZES
h, 3+ 7 MR & (Fig. 5). F77,
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K~V = —BICIA R MEA LA h i
@ot(kﬂ%)_aﬁz,mmmﬂmm%ﬁ%
otz TOMR, iy 5 24 —BIIK=2 L %>
2o TENIXFFELEIXFFIIITIAL-IT,
I+ 724 -N1ThHvoh, 7ENIZS
T3 T &EBENIZHEC X S/ (Fig. 6).
%72, AMOVAD#R, 7EFIXFFL3IXF 5
DO THBEZEIEN LA ST TIRITY e LAk
Xh7= (Pp=0.018, P>0.05), ZhizxtL T, 7
ENIXFTFTEAF T (Py=0.441, P=0.010), 3
XF I Ear I (Dp=0.481, P=0.010) TZTh<Z
MR BEN LA A S N7z (Table 3),

3. WE7z/O0—
ek XVCRROMHFIZKITS, IXFF - 7E D
IZXF T a7 OPHREE % Fig. TISm L 7,
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Fig.4. Principal component analysis based on leaf morphological measures obtained in the three Quercus spe-
cies in each study site (S1-S3).
QMG, Q. mongolica var. grosseserrata; QSM, Q. serrata subsp. mongolicoides; Qs, Q. serrata.
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Fig.5. Principal coordinates analysis based on genetic distance using allele composition obtained from five
nuclear EST-SSR loci.
QMG, Q. mongolica var. grosseserrata; QSM, Q. serrata subsp. mongolicoides; Qs, Q. serrata.
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Fig.6. Results of Bayesian clustering STRUCTURE analysis for two clusters obtained from five nuclear EST-
SSR loci.
Each individual is represented by a thin vertical line. QMG, . mongolica var. grosseserrata; QSM, Q. ser-
rata subsp. mongolicoides; Qs, Q. serrata.
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Table.3. Results of AMOVA (analysis of molecular variance) for the three Quercus species

Percentage of variation

Species pair Among species Within species Prr Prvalue
QSM vs QS 44 56 0.441 0.01
QMG vs QS 48 52 0.481 0.01
QSM vs QMG 2 98 0.018 >0.05

QMG, Q. mongolica var. grosseserrata; QSM, Q. serrata subsp. mongolicoides; Qs, Q. serrata; df, degree of
freedom; @py, a statistics analogous to Fgr, is the estimate of genetic differentiation between species provided
by GenAlEx.
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Fig.7. Patterns of leaf phenology observed in the three Quercus species from the end of March to the middle
of May in each study site (S1 and S2).
Mean + standard deviation (bar) of leafing rank for each species is shown.
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