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Microsatellite polymorphism of Siebold’s beech (Fagus crenata Blume)
at five National Forest Reserves in the Oshima Peninsula, southern

Hokkaido.

Makoto KOBAYASHI", Keiko KITAMURA®" and Takayuki KAWAHARA?

Abstract

Siebold’s beech (Fagus crenata) is a dominant tree species of cool temperate forest ecosystems in southern
Hokkaido, and is one of the most important timber species in the Oshima Peninsula. Several beech forests have been
designated as forest reserves in the Oshima Peninsula, however the genetic diversity of these forest reserves has not
yet been evaluated. We evaluated the genetic diversity of Siebold’s beech using 12 microsatellite loci in five National
Forest Reserves in southern Hokkaido: Utasai Forest Reserve (UT), Karibayama Genetic Resource Forest Reserve
(KR), Okushiri Island Forest Reserve (OK), Chirichiri River Forest Reserve (CR), and Gartner Forest Reserve (GT).
Expected heterozygosity (He) of populations in the Oshima Peninsula ranged from 0.749 in OK to 0.782 in KR.
Allelic richness (Rs) based on 47 diploid individuals ranged from 12.6 in GT to 14.4 in KR. The fixation index (Fis)
showed significant positive values from Hardy-Weinberg expectations at CR and UT (p < 0.01). The Fis of UT and
CR deviated significantly and positively from Hardy-Weinberg expectations. This suggests that the influence of small
population size affected the Fis value since the reserved areas of UT and CR are the smallest natural beech forest
reserves. The forests at KR and OK had relatively large numbers of unique alleles compared with several other beech
forests in the Oshima Peninsula, and the Fs/-03 and Fs4-46 loci in OK had the highest values among the five forests.
However, the mfci12 locus at OK had a low heterozygosity compared to other natural beech forests in the Oshima
Peninsula. The forest at OK had unique genetic characteristic from other forests of the Oshima Peninsula while OK is

an island population.
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Introduction

Siebold’s beech (Fagus crenata Blume) is a widely dis-
tributed canopy tree species in cool temperate forests of Japan.
The beech is also a typical dominant tree species of the forest
ecosystem in the mountain zone within the Oshima Peninsula in
Hokkaido, where it reaches its northern distribution limit at the
Kuromatsunai Depression (Tatewaki, 1958). The beech forests
in the Oshima Peninsula are regarded as valuable forest eco-
systems at the northern distribution limit of the species because
of their conservation and ecological importance, although the
stand volume of beech forest has decreased through cutting dur-
ing expansive afforestation programs in the past several decades
(e.g., Tsunemoto, 2008). Beech forest management has now
been implemented after the expansive afforestation period in the
1970s, under a policy of sustainable maintenance and expansion
of broadleaf resources in the Oshima Peninsula and in Japan
(e.g., Nakashizuka, 2004; Tsunemoto, 2008). Several studies

on beech forest management, such as prediction of mast years
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for seeds (e.g., Yasaka et al.,2001; Koyama et al.,2007), long-
term storage of seeds (e.g., Koyama et al.,1997), timing and
effectiveness of surface scarification (e.g., Koyama et al.,2000;
Tsunemoto, 2008), and growth and survival of planted beech
trees (Nagasaka et al.,2006), have been reported for this major
forestry species in the Oshima Peninsula.

Several beech forests have been designated as forest re-
serves in the Oshima Peninsula (Hokkaido Forest Office, 2000);
however, the genetic diversity of these forest reserves has not
yet been evaluated. Information on genetic diversity of forest
reserves provides important background knowledge for forest
management; such information includes the genetic diversity of
mother trees and basic information for avoiding genetic pollu-
tion in natural and artificial regeneration projects. In this report,
we evaluated the beech genetic diversity using microsatellite
markers in five National Forest Reserves in the Oshima Penin-

sula.
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Materials and Methods

The five National Forest Reserves in the Oshima Peninsula
in Hokkaido (Fig.1) were designated as study sites. A descrip-
tion of each study site is shown in Table 1.

Leaves and winter buds were collected randomly from
canopy trees in each study site in 2007. We analyzed 12 micro-
satellite (SSR) loci (Tanaka et al.,1999; Pastorelli et al.,2003;
Asuka et al.,2004a) according to Numano et al. (2005).

The genetic parameters of expected heterozygosity (He;
Nei, 1987), allelic richness (Rs; Mousadik & Petit, 1996), the
fixation index (Fis; Wright, 1965), and population differentia-
tion was estimated by F-statistics (Fsz; Weir & Cockerham,
1984) using the computer program FSAT version 2.9 (Goudet,
2002) for each population. Since GT is an artificial beech forest,
we excluded GT from calculation of Fst, simply to evaluate the
genetic differentiation between natural beech forests.

We also compared genetic diversity in beech population
using SSR between the Hokkaido populations of this study
and the Honshu populations (Tanaka et al.,1999; Takahashi et
al.,2003; Asuka et al.,2004b; Numano et al.,2005) and overall
distributional range (Asuka et al.,2004a) from previous studies.
The locations of Honshu populations are Mt. Kurikoma, Miyagi
Prefecture (KK), Mt. Takahara, Tochigi Prefecture (TK1 and
TK2) and Mt. Daisen, Tottori Prefecture (DS). Overall distribu-
tional range (JP) indicates average of 17 beech forests including

Hokkaido populations.
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Fig. 1. Locations of the beech forest reserves in the Oshima Peninsula.

UT: Utasai Forest Reserve. KR: Karibayama Genetic Resource
Forest Reserve. OK: Okushiri Island Forest Reserve.
GT: Gartner Forest Reserve. CR: Chirichiri River Forest Reserve.

Results and Discussion

There were no fixed loci among the 12 SSR loci analyzed.
In total, 163 alleles were found among 12 loci. Calculated ge-
netic parameters (He, Rs and Fis) for each study site are shown
in Table 2. Expected heterozygosity (He) for each population in
the Oshima Peninsula ranged from 0.749 in OK to 0.782 in KR.
The overall estimate of He in the five forests was 0.778. Allelic
richness (Rs) based on 47 diploid individuals ranged from 12.6
in GT to 14.4 in KR. The fixation index (Fis) showed signifi-
cantly positive values from Hardy-Weinberg expectations at CR
and UT (p < 0.01). The overall estimate of Fis in the five forests
was 0.051, and deviated significantly from Hardy-Weinberg ex-
pectations (p < 0.01).

The numbers of unique alleles, which were only found in
a single population, are listed in Table 3. The largest number of
unique alleles was 15, found in KR. In particular, for Fs4-46,
five unique alleles were found at this study site. Twelve unique
alleles were found in OK, but only five unique alleles were
found in CR, the smallest number among five study sites.

The He for each locus in each population is shown in Table
4. Three study sites, CR, OK, and KR, had the highest values
at two loci (CR; mfc12 and sfc0018, OK; Fsi-03 and Fs4-46,
KR; mfcl2 and sfc1143) in the five forests. GT had a high He
only at locus sfc0007. Our results using SSR showed that the
values of He in the Oshima Peninsula were slightly lower than
those found in other studies in Honshu populations (Table 4).
We also compared the average values of He in six common loci
(sfc0018, sfc0036, sfc0378, sfc1063, sfcll05 and sfcll143) be-
tween Hokkaido and Honshu population (KK), except for TK1,
TK2 and DS, and overall distributional range (JP). This values
showed lower values in Hokkaido populations (UT=0.853,
KR=0.814, OK=0.809, CR=0.839, GT=0.809 and Overall in
Hokkaido=0.825) than Honshu population (KK=0.852) and
overall distributional range (JP=0.863).

The average He for each locus in the Oshima Peninsula
was lower than that in Honshu populations, other than mfc2
in TK2. In particular, He in mfcl2 was lower than the Honshu
populations. In this locus, the smallest and the largest values
were observed in OK and KR, respectively.

The Fst among four natural beech forests except for GT
was 0.011. This indicated small population differentiation ac-
cording to Hartl & Clark (1997). Tomaru et al. (1998) investi-
gated mitochondrial (mt) DNA variation in 17 beech popula-
tions distributed throughout the species’ range, and showed
northeastern populations including Hokkaido was low differ-
entiation in phylogenetic tree. The close relationship among
the northeastern populations in mtDNA variation was also
evident in allozyme variation (Takahashi et al.,1994; Tomaru et
al.,1997). The value of Fst in the Oshima Peninsula also sup-

ported the results of these previous studies.
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In general, populations on islands tend to have a lower lev-
el of genetic diversity than continental populations (Frankham,
1997). The He in OK was 0.749, which was the smallest among
the five populations. However, OK maintained more unique
alleles than the other beech populations in Oshima Peninsula,
where Fs1-03 and Fs4-46 had the highest He values among the
five forests. This suggests that beech forest in Okushiri Island
currently retains conventional genetic variation. In particular,
this forest has different genetic characteristics from those of
beech forests in the Oshima Peninsula. We also observed lower
genetic polymorphism in mfcl2 in this area, which can be at-
tributed to the effect of genetic drift through isolation by the
sea. It may be also explained linkage with adaptive gene for
island habitat.

The KR forest had the highest level of genetic diversity
among the five forests, and the largest number of unique alleles,
while the fixation index (Fis) was not significantly different
from Hardy-Weinberg expectations. Beech is estimated to have
reached this area earlier than the other surrounding beech for-
ests (Kito, 2003). This may imply that certain stretches of old
beech forest have existed for 3000 years. This longevity of the
stable forest may have resulted in retention of genetic polymor-
phism.

The GT has been reported to be formed by wilding from
neighboring region by Gartner in 1870, and this forest is one
of the oldest artificial beech forest in Japan. The Rs in GT was

Table 1. Description of five study sites.

12.6, which was the smallest level of Rs among the five forests.
Although GT is only artificial forest among five forests, He was
comparable with other forests (Table 2). This result might sug-
gest that beginning of this forest originates from the seedlings
with a high genetic diversity from many mother trees.

The Fis of UT and CR had significant positive deviation
from Hardy-Weinberg Equilibrium. These positive values may
have resulted from inbreeding and/or genetic substructuring
(Wright, 1969). Beech is an anemophilous and obligate out-
crossing species in which the effects of inbreeding are rare
among mature trees. The result might be associated with the
effect of the small population size and, therefore, by limitations
in mating, since the population sizes of UT and CR are smaller
than the other study forests. Although the Fis values of UT and
CR are positively significant, the He was generally the same as
other study sites. If mating limitation occurs repeatedly in these
forests, then genetic variation will make them vulnerable in the
future. Our results suggest that by expanding the size of the for-
est reserve could secure and sustain sound genetic variation in
UT and CR.
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uUT KR OK CR GT
Karibayama Genetic - TP
- Okushiri Island Forest ~ Chirichiri River Gartner Forest
Name Utasai Forest Reserve ~ Resource Forest
R Reserve Forest Reserve Reserve
eserve
Location Kuromatsunai-cho, Shimamaki-mura, Okushiri-cho, Shiriuchi-cho, Nanae-cho. Oshima
Shiribeshi Shiribeshi Hiyama Hiyama ’
Area (ha) 92.43 154.32 258.68 12.68 0.38
Altitude (m) 40-160 480-780 320-560 140-220 30
Forest type Natural Natural Natural Natural Artificial
Table 2. The number of samples and the three genetic parameters at each study site.
uT KR OK CR GT Overall
N 52 51 47 50 48 248
He 0.776 0.782 0.749 0.775 0.765 0.778
Rs 13.4 14.4 12.8 13.5 12.6 -
Fis 0.056** 0.022 0.024 0.084%** 0.013 0.051%**

N: The number of samples. He: Expected heterozygosity. Rs: Allelic richness. Fis: Wright’ s fixation index, ** p < 0.01.
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Table 3. The number of unique alleles for each locus at Reference
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mfe2 2 2 1 3 1 - 1250.
§fc0007 5 | Frankham, D. J. (1997) Do island populations have less genetic
variation than mainland populations? Heredity, 78, 311-
sfc0018 1 1 327
§fc0036 1 1 1 Goudet, J. (2002) FSTAT, a program to estimate and test gene
sfc0161 2 2 3 1 diversities and fixation indices, version 2.9.3.2, Univer-
$fc0378 1 sity of Lausanne, Lausanne. Switzerland, Available from
§fc1063 1 1 URL: http://www2.unil.ch/popgen/softwares/fstat.htm
Hartl, D. L. and Clark, A. G. (1997) Principles of Population
sfell05 1 1 1 .o .
Genetics. 3" ed. Sinauer, Sunderland, MA, 542p.
sfell43 2 1 1 Hokkaido Forest Office (2000) The forest reserves of the na-
Total 8 15 12 5 6 tional forest in Hokkaido, Hokkaido Forest Office, 243p.
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sfell05 and sfcl143). Japanese; the title was translated by the authors)
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Table 4. Comparison of heterogeneity (He) for each locus in Hokkaido and Honshu.

Overall distributional

Populations in Hokkaido Populations in Honshu

range
Locus uT KR OK CR GT  average KK TK1 TK2 DS JP
FsI1-03 0.815 0.804 0.828 0.788  0.807  0.808 0.832 - - - -
Fs4-46 0.658 0.801 0.803 0.797 0.744  0.761 0.763 - - - -
mfcl2 0.233 0.517 0.163 0.323 0452 0.338 - 0.784  0.799 - -
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KK: Mt. Kurikoma, Miyagi Prefecture (Numano et al.,2005). TK1, TK2: Mt. Takahara, Tochigi Prefecture (Takahashi et al.,2003;
Tanaka et al.,1999). DS: Mt. Daisen, Tottori Prefecture (Asuka et al.,2004b). JP: Average for 17 beech forests in Japan (Asuka et
al.,2004a).
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