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Genetic lineage and diversity of Fagus crenata trees planted in Shizuoka Prefecture 
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Abstract: The genetic lineage and diversity of Fagus crenata plantations established in Shizuoka Prefecture were surveyed by 
analyzing chloroplast DNA and nuclear microsatellites (nSSRs). Chloroplast DNA haplotypes, which are naturally distributed along 
the Sea of Japan side but not within the prefecture, were found in three out of the eight surveyed plantations. Two of the three 
plantations were also classified as the same lineage as the Sea of Japan by a STRUCTURE analysis of nSSR genotypes. Therefore, 
the two genetic markers used in this study revealed that the two plantations belonged to a different genetic lineage from that of the 
natural populations found within the prefecture (i.e. the lineage found on the Pacific Ocean side). It was concluded that these two 
plantations would not be suitable for the purpose of vegetation restoration from a genetic point of view. Furthermore, because of the 
estimated genetic diversity of the plantations using the nSSR loci, the values of allelic richness for all three plantations were lower than 
the average value of the natural populations in the prefecture. Therefore, we suggest that more genetically diverse seeds and seedlings 
are necessary to ensure more genetically diverse plantations. 
Keywords: nuclear simple sequence repeat, planted trees, vegetation restoration, conservation genetics, chloroplast DNA haplotype 
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ɛ−2� ƲuIR�Wb}Idŕ.��AˆŁȋÊ0ofƷƳʾĆ0ʝ©ȅĞƼŬ 

ʾĆ÷ 
ɷƱº

®Ɗ 
ķȢʝ©ĥ

Ɗ˘A  ̇

ķȢʝ©ĥ

0ɿĴ� 
˘AR˙1), 4) 

qb�ƂôŔ0

ɨĵ» 
˘HO˙

4) 

qb�ƂôŔ0

ƢŠ» 
˘HE˙

4) 

ĉĬžƊ 
˘FIS˙

2) 

¦ɾŋ� 34 14.23 12.56 n.s. 0.754 n.s. 0.797 n.s. 0.054 * 
Ïäǿ 32 12.92 11.95 ** 0.837 n.s. 0.846 n.s. 0.011  
ĴĚŋ� 30 14.00 13.09 n.s. 0.869 n.s. 0.862 n.s. -0.008  
ĴĚŋ� 31 14.38 13.35 n.s. 0.832 n.s. 0.853 n.s. 0.025  
ˆŁŋ� 30 11.08 10.30 ** 0.895 n.s. 0.782 ** -0.145 ** 
ˆŁŋ� 30 6.62 6.33 ** 0.711 n.s. 0.684 n.s. -0.039  
ˆŁȋÊĠǪƭ 
7ʾĆ0ŎĎ 3) 

31.0 14.31 13.26  0.823  0.859   
 

1) ķȢʝ©ĥ0ɿĴ�1ƽǣW�p�ƊE 24º®˘48ķȢʝ©ĥ˙+�)ɫȨ�#� 
2) óʾĆ0 FIS.'�) 0 �?0¼@0ƟŲŬE�4Ɲ�ƸĬ˘�¾˙.>@Y�T�Yz�s�nJ��gɟǃ�)
ɷ6#� 
3) Hiraoka and Tomaru˘2009˙�?ĠǪƭ 1ʾĆ˘Mt. Amagi˙�>4Ǯ�?˘2011˙�?ĠǪƭ 6ʾĆ˘ʪ�ʟŀ
Ĵ
Ěŀ
�Ċŀ
˔ƶŀ
ɕ˕ȭŀ
˅ŅŃ˙0ɫ 7ʾĆ0 13ʝ©ĥŕ*0ʝ©ĥďc�`Eǻ�)ɫȨ�#� 
4) ƷƳʾĆ+ˆŁȋÊĠǪƭ0ɫ 7ʾĆ+0ŎĎ»0ň.'�) tƸĬ˘�¾˙.>@Y�T�Yz�s�nJ��g
ɟǃ�)ɷ6#� 
n.s. ƟŲň-�
* p < 0.05
** p < 0.01� 
 
 
]adNo.19Eǻ�#�PCR˘êũǞʥ 20�L˙1DNA
t~x}�^+�)KOD Plus̆ Toyobo Ėǻ�
10 3˟0ng
0Æ DNA E²ɱ�#�PCR 0Ɨʭ+ǡŔ0Ʃ£1
ƞ
Ñ. 94°C�2Ðʭ0ÑƢĜŬ0š
98°C�15 ș̆ ĜŬ 
̇ 
Gg�~�SǡŔ�30 ș˘Gg�~�S 
̇68°C�2 Ð
20 ș̆ ªʪ 0̇əțE 35WIR�+�#�Gg�~�S
ǡŔ1 trnL/trnF+ trnK*57�
trnS/trnfM *55�+�#�
ţ?B# PCR Ǻǰ1 ExoSAP-IT˘GE Healthcare 
Bioscience˞GE˙*Ȯɠš
�ėĒĞď s̆ingle nucleotide 
polymorphism˞SNP˙ƸÎǻ0ʧď+�#� 
� cpDNA jp�`IpEɺÓ�A#;
11 ȝˍ0 SNP
ƸÎǻp}Iu�˘ɛ	3˞M. Takahashi unpublished˙Eǻ
�)SNaPshot Multiplex Kit̆ Applied Biosystems˞ ABI˙.
>@SNPEƸÎ�#�êũ1ɱɖPad0ɶƕƜ.Ţ&
#�SAP̆ GE *̇Ȯɠš
ABI PRISM 310 Genetic Analyzer
˘ABI *̇˃ǌǕÜ�
GeneMapper Software ver.4.0̆ ABI˙
*ɩƬ�#�cpDNAjp�`Ip1Fujii et al.̆ 2002 .̇
>AA˟M.Ðˍ�#̆ ɛ	3 �̇�?.
̂ Łȋ0¦ɾã

ń+!0ʺƂčđ.ÐŌ�Ȓɴ�B
�0čđ.ĉƟ0

ȯȵ+ɂ�?BAjp�`Ip O�>4jp�`Ip E
0Wo`Ip E-1EÐˍ�A#;.
trnKÆI�d��
�0 SNP EƸÎ�A#;0p}Iu�trnK-R7˘5'-(T)33 
ATCTATCGAGTTCTAAATATCTTTGAAATT-3'̇ �>4

trnS/trnfM�0SNPEƸÎ�A#;0p}Iu�trnSfM-F8
˘5' - (T)44CTAGTTACCAGAATCAAACCTAAAT - 3'˙
˘Katai et al. 2013˙E!B"Bǻ�#� 
 
.���=,�

� ƲSSRɩƬ*1
Tanaka et al.̆ 1999˙�ʬȃ�# 3ŕ
˘mfc5
mfc11
mfc12˙+Asuka et al.̆ 2004˙�ʬȃ�#
10ŕ s̆fc0007-2
sfc0018
sfc0036
sfc0109
sfc0195-2

sfc0305
sfc0378
sfc1063
sfc1105
sfc1143 
̇ɫ 13ŕE
ǻ�#�nL��e¾0p}Iu�.1ɘÄƽɺ�#<

0Eǻ�)
Tanaka et al.̆ 1999˙+Asuka et al.̆ 2004˙
0Ɛǒ* PCR ęōEə&#�ABI PRISM 310 Genetic 
Analyzer˘ABI˙* PCR ǺǰE˃ǌǕÜ�
GeneMapper 
Software ver.4.0˘ABI˙*ʝ©ĥďEǎĬ�#�ʾĆÊ0
ʝ©ȅĞƼŬEɰ³�A#;.
13ŕ0ʝ©ĥďc�`
E<+.
FSTAT ver. 2.9.3.2˘Goudet 2002˙Eǻ�)ķ
Ȣʝ©ĥƊ˘A 
̇ķȢʝ©ĥ0ɿĴ� ăllelic richness˞
AR 
̇qb�ƂôŔ0ƢŠ»˘HE˙+ɨĵ»˘HO 
̇ĉĬ

žƊ˘FIS˙EɫȨ�#�-�
AR 1ƽǣW�p�ƊE
24 º® 4̆8 ķȢʝ©ĥ˙+�)ɫȨ�#�óʾĆ0 FIS

.'�) 0�?0¼@�ƟŲ�,��E
FSTATEǻ�
)Y�T�Yz�s�nJ��gɟǃ�#�4Ɲ�ƸĬ

˘�¾˙*ɷ6#�ʾĆÊ0ʝ©ȅĞƼŬEˆŁȋÊ. 
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ĠǪÐŌ�AʾĆ+Ǌʉ�A#;.
Hiraoka and Tomaru
2̆009˙*ɩƬ�B#ĠǪƭ 1ʾĆ˘Mt. Amagi˙�>4
Ǯ�? 2̆011˙*ɩƬ�B#ĠǪƭ 6 ʾĆ˘ʪ�ʟŀ

ĴĚŀ
�Ċŀ
˔ƶŀ
ɕ˕ȭŀ
˅ŅŃ˙0ʝ©ĥ

ďc�`�?ƥȑȠ*ǻ�#0+ö�13ŕ0ʝ©ĥďc
�`Eǻ�)öƼ0ɫȨEə�
ƷƳʾĆ�+.ˆŁȋ

Ê0ĠǪƭ 7ʾĆ+0ʭ* AR
HO
HE0ŎĎ».ƟŲ

-ň��A�,��EY�T�Yz�s�nJ��gɟ

ǃ�# tƸĬ̆ �¾ .̇>@ƸĬ�#�8#
Öɭ�#ˆ

Łȋ0 6'0ƷƳʾĆ
Hiraoka and Tomaru 2̆009˙*ɩ
Ƭ�B#ĠǪƭʾĆ�?ʜĬ�# 10ʾĆ˘óčƐ>@ 1
ʾĆ+Sado IslandEʴ��ʠčƐ0ÆʾĆ; Kuromatsunai

Mts. Shirakami
Hatomachi Pass
Mt. Haku-san
Mt. 
Ohginosen
Mt. Amagi
Men-noki Pass
Mt. Ohdaigahara

Mt. Ishizuchi
Mt. Takakuma˙�>4Ǯ�? 2̆011˙*ɩ
Ƭ�B#ĠǪƭ 6ʾĆ˘Öɭ+ö�˙0ɫ 22ʾĆ0 13
ŕ0ʝ©ĥďc�`Eǻ�)STRUCTUREɩƬEə&#�
ɫȨ.1STRUCTURE ver.2.3.1̆ Pritchard et al. 2000˞ Falush 
et al. 2003˙Eǻ�#�ɩƬ1
ǟôyc�
Fyc�

LOCPRIOR yc�0Ȳô *ə�
ǭǫ b̆urn-in˙+�
) 50,000Ąɱə0š
200,000Ą0u�Vnʑʨy�bN
��ǒ0W�p~�SER}[`�Ɗ̆ K 0̇»̆ 1 1˟0˙
.'�ó 10Ąə&#�ƞʙR}[`�Ɗ1�K.>AƐ
ǒ˘Evanno et al. 2005˙.>@ǎĬ�#� 
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Ĉ	1� ƷƳʾĆ+ĠǪƭʾĆ.��Aʝ©ȅƻʐ�ˆŁȋÊ0ofƷƳč 6 ʾĆ˘Ĉ�0 17˟22 0ʾĆ 
̇

ÆĊƒƥǜ¾ĠǪƭ 5ʾĆ˘Ĉ�0 1˟50ʾĆ˙�>4ġŎǖ¾ĠǪƭ 11ʾĆ˘Ĉ�0 6˟16ʾĆ˙
.'�)Ʋ SSR13ŕ0ʝ©ĥď.<+(�) STRUCTURE˘Pritchard et al. 2000; Falush et al. 2003˙0ɩ
ƬEə&#�Ĉ1R}[`�Ɗ K=2 0ȳƮEȓ�#�Ĉ�0 6 �>4 11˟16 0ʾĆ1ˆŁȋÊ0of
ĠǪƭʾĆ*�A�Ĉ�0 1˟100ʾĆ
11˟160ʾĆ0Ʋ SSRc�`1 Hiraoka and Tomaru˘2009 
̇
Ǯ�?˘2011˙�?!B"Břǻ�#�Ĉ�0ʾĆȁñ0ʾĆ÷˝1
Kuromatsunai˞2
Mts. Shirakami˞
3
Hatomachi Pass˞ 4
Mt. Haku-san˞ 5
Mt. Ohginosen˞ 6
Mt. Amagi˞ 7
Men-noki Pass˞ 8
Mt. Ohdaigahara˞
9
Mt. Ishizuchi˞10
Mt. Takakuma˞11
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˅ŅŃ˞14
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�Ċ
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ˆŁŋ I˞20
ˆŁŋ�˞21
Ïäǿ˞22
¦ɾ
ŋ�� 

 
�

ƭʾĆ*1ĦČ�-� 3ȝˍ0jp�`Ip̆ A
B
C˙
<ƸÎ�B#��?.
óƷƳʾĆ.ʺƂ�#ĠǪƭʾ

Ć*1ƸÎ�B)�-�jp�`Ip�
¦ɾŋ�ʾĆ

*1jp�`IpF
ĴĚŋ�ʾĆ*1jp�`IpE-1 
�!B"BĦČ�)�#˘ɛ	1 �̇ 
 
. ��� =,	�C��
A�5�1#�A�579B

�
&��

� ˆŁŋ�ʾĆ0 AR+HE1��B<ˆŁȋÊ0ĠǪƭ

ʾĆ0ŎĎ»+Ǌ6)¬�&#˘ɛ	2 �̇8#
ˆŁŋ�
ʾĆ�>4ÏäǿʾĆ0 AR <ȋÊ0ĠǪƭʾĆ0ŎĎ
»+Ǌ6)¬�&#�ˆŁŋ�ʾĆ0 HE1 13ŕ0ŎĎ
»� 0.684 +ɷƱ�#ƷƳʾĆ0�*ƞ<¬�»Eȓ�
#�
ȋÊ0ĠǪƭʾĆ0ŎĎ»+0ʭ.ƟŲň1-�

&#��0ƷƳʾĆ0mfc12ŕ0»� 0.033+ 0ŕ0»
>@<¬�»*�&##;
�0ŕEʴ�)ËŔƸĬ�

#ȳƮ
ȋÊ0ĠǪƭʾĆ0ŎĎ»+0ʭ.ƟŲň p̆ < 
0.05 �̇ɴ;?B#�óʾĆ0FIS1-0.145�? 0.0540ȫ
ćÊ.�&#�!0�%¦ɾŋ�ʾĆ1
FIS� 0>@Ɵ
Ų.˓�
ˆŁŋ�ʾĆ1 0>@ƟŲ.¬�&#� 

6'0ƷƳʾĆEù:22ʾĆ*0STRUCTUREɩƬE
ə&#ȳƮ
�K1R}[`�ƊK=20+�.ƞğ+-
&#�¦ɾŋ��>4ˆŁŋ�0ʾĆ0Æº®1
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