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Materials and Methods 

 

Plant materials: In the present study, we used 48 seed samples of Cryptomeria japonica. Genetic characterizations of 

natural populations of C. japonica are described in Tsumura et al. (2007). The samples were the same as those used in the 

study by Kado et al. (2003) and Fujimoto et al. (2008) and were collected from three areas in Japan (Kantou‐Toukai, 

Hokuriku, and Iwate). The average estimates of FST between populations based on the data of seven nuclear loci were 

0.01‐0.04 (Kado et al. 2003). Hence, we regard the present samples of C. japonica as homogeneous and pool the data of 

the three populations. Also, although the samples were collected from artificial forests, their genetic compositions were 

very similar to those of the natural populations of C. japonica (Kado et al. 2006). We also used two seed samples of 

Taxodium distichum, one of the closest relatives of C. japonica. These samples were used as outgroups for the analysis of a 

putative gene found in the studied region. All seed samples were provided from The Forestry and Forest Products Research 

Institute in Japan, and haploid genome DNA was extracted from the megagametophytes using a modified SDS method. 

Briefly, the megagametophytes from seeds were homogenized in extraction buffer (0.1 M Tris‐HCl pH 8.0, 10 mM EDTA, 

0.5% SDS, and 0.1 mg/ml Proteinase K), and haploid DNA was extracted from it using phenol/chloroform and ethanol. 

 

Sequence analysis of BAC clones: Eight BAC clones (BAC1‐BAC8) were randomly chosen from the BAC library developed 

by The Forestry and Forest Products Research Institute in Japan and sequenced using a Roche‐454 Genome Sequencer FLX 

Titanium (Roche, Indianapolis, IN, USA) by Takara Bio Inc. (Ohtsu, Japan). The sequences of the fragments of each BAC 

clone were assembled using GS De Novo Assembler version 2.0, with its default setting. We chose the largest contig in the 

assembled sequences of each BAC clone and used it as the sequence of the BAC for designing primers. The eight BAC 

sequences were named BAC1‐BAC8. The average number of reads per base pair for those contigs ranged from 12.9 to 86.3. 

The full analysis of the BAC sequences will be published elsewhere (M. Tamura, A. Watanabe, K. Uchiyama, N. Futamura, K. 

Shinohara, Y. Tsumura, H. Tachida, unpublished results). 

 

Loci and primers: The PCR primers were based on the BAC sequences of C. japonica. The BAC sequences contained 

putative transposable elements and many other repetitive sequences (M. Tamura, A. Watanabe, K. Uchiyama, N. Futamura, 

K. Shinohara, Y. Tsumura, H. Tachida, unpublished results). In the design of primers, we avoided the repetitive regions. The 

accuracy of the distances on the BAC sequences for which genetic diversity was investigated (BAC3, BAC6 and BAC7) was 

confirmed using long PCR and electrophoresis. To increase the specificity of the amplification, we carried out nested PCR at 

all loci. First, PCR primers were designed to generate fragments of approximately 3 to 15 kbp in size. Then, a second set of 

PCR primers was designed to amplify one or more regions within the first PCR product so that the lengths of the fragments 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for which sequences were determined would be approximately 700 to 2000 bp. BAC6 contained a partial coding gene that 

was homologous to the calcium‐dependent protein kinase of Populus trichocarpa (XP_002322129.1). The size of one of the 

introns was greater than 70 kb. We designed primer pairs so that all exons contained in BAC6 could be sequenced. The 

positions of the regions used for the diversity analysis and structure of the coding region are shown in Figure 1. If necessary, 

we designed internal primers for sequencing. All primers were designed using Primer3 software 

(http://primer3.sourceforge.net/). The primer sequences used are listed in Table S1 (supporting information). 

 

Amplification and sequencing: We carried out long PCR using TaKaRa LA Taq (Takara, Ohtsu, Japan) for long fragments 

(> 10 kb), but for those with smaller sizes, we used TaKaRa ExTaq (Takara, Ohtsu, Japan). The first PCR conditions were 3 

min at 98°, followed by 35 cycles of 10 sec at 98° and 15 min at 68°, and finally, 15 min at 68°. The products were directly 

used as templates for the second PCR. The second PCR conditions were 3 min at 95°; followed by 25 cycles of 30 sec at 95°, 

30 sec at 50°, and 1‐2 min at 72°; and a final extension of 7 min at 72°. The products were purified by PEG precipitation 

treatment to remove surplus primers and dNTP. The DNA fragments were directly sequenced on an ABI Prism 3100 

automatic sequencer or Applied Biosystems 3730 DNA Analyzer using a Big Dye Terminator v3.1 Cyclesequence Kit 

(Applied Biosystems, Foster City, CA, USA). All sequences described in this article have been deposited in the 

GenBank/EMBL/DDBJ databases (accession nos. AB686666‐AB687489). 

 

Analyses of data: All sequences were assembled using the SeqMan package in Lasersene 7.1 (DNASTAR, Inc., Madison, 

WI, USA) and aligned manually using MEGA3 (Kumar et al. 2004). By comparing these sequences with those of the cDNA 

clones, we could determine the coding regions. Estimates of standard population genetics statistics, such as π, Tajima's D 

(Tajima 1989), Fu and Li’s F* and D* (Fu and Li 1993) and the squared allelic correlation coefficient (r2), between sites were 

calculated using DnaSP 5.0 (Rozas et al. 2003). 

We also estimated the population recombination rate, 4Ner, where Ne and r are the effective size and the recombination 

rate, respectively, using the composite likelihood method (Hudson 2001; McVean et al. 2002) implemented in LDhat 2.1 

(www.stats.ox.ac.uk/~mcvean/LDhat.html). First, we made FASTA‐like files in which undetermined nucleotides were 

represented by "?" and the program convert was run. We used all polymorphic sites as data. Next, the "locs" and "sites" 

files in the outputs of convert were used as inputs for the program pairwise. The program pairwise assumes a constant 

recombination rate across the region. We used the crossing‐over model to estimate 4Ner, and the parameter region 

searched was 4Ner = 0.0‐100.0. The minimum number of recombination events (Hudson and Kaplan 1985) was also 

obtained by the program. 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Figure S1      Composite likelihood curves for the three BACs. The likelihood curves are obtained using LDhat 2.1. The value 
of 4Ner at which the maximum occurs is shown in Table 1. 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Figure S2      Composite likelihood curves for the five nuclear genes. The likelihood curves are obtained using LDhat 2.1. 
The value of 4Ner at which the maximum occurs is shown in Table 1.
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Table S1 Primers used for PCR and sequencing 

BACs  Loci    Primer sequence (5'‐3')  Utility 

BAC3         

  Region1  F  GGAACTTGGTGCAGGGGTTG  first PCR 

    R  TGTGAAGCCAGGTGGTGTCG  first PCR 

    F  AGGACACCACAAAGAAGAGCAC  nested PCR, sequencing 

    R  TTCCCCTTGGGCTTGACTTAC  nested PCR, sequencing 

  Region2  F  TCCCATGCAGAGACCCACAA  first PCR 

    R  TGAGCACGCCAACCATTCAG  first PCR 

    F  ATTCGGCACCACCAGTTTCC  nested PCR, sequencing 

    R  GCTGAAGTTATGGTCGTATCGG  nested PCR 

    R  GCCTGGAATAACTCAACGAC  sequencing 

  Region3  F  TCCACCTCTTTGTGCCCTGAC  first PCR 

    R  TTCCTTGCTCTGCCTCCTGAC  first PCR 

    F  GCCCAAAAATCCTCCAATCTG  nested PCR 

    R  CCGAAGTCATCCTCACCTCA  nested PCR 

    F  TTCCTCATCTACGAGTTGGC  sequencing 

      R  AGACTCCTCGCAACCATGAAG  sequencing 

BAC6         

  Region1  F  AAATGAAGCCCTAAATGTGCC  first PCR 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 R  TGCCCAAAACCACATCCGTA  first PCR 

    F  CTTGAGATCGGCAGCCCAAA  nested PCR, sequencing 

     R  TGGTGTTGCGAGAGAATGCAG  nested PCR, sequencing 

  Region2  F  GCGGGTCTTGGAGAATGAGC  first PCR 

    R  GATAGCCCAGCCACCAAATCA  first PCR 

    F  TGGTGGGTTGGACTTCTTGTCA  nested PCR, sequencing 

    R  TGCATCGGCATTGAATTAACATTCT  nested PCR, sequencing 

    F  AGCTCGGCAAAGCTGATTCT  sequencing 

    R  GCACTTCTGAGTCAGCCATC  sequencing 

    R  TGGAGCCTTTTTGGCATTCTG  sequencing 

  Region3  F  CCTATGCTTGGGAAGTGTCG  first PCR 

    R  TGGCTGCCTGGATGTGACTG  first PCR 

    F  GTTGCTGCTTGGTGGGGATT  nested PCR 

    R  TCATTGTGCGTGGATGGTCTT  nested PCR 

    F  CGTCAAAAGGTGGTGTAATA  sequencing 

     R  GCTGTTGTTATTCATTGTTTACC  sequencing 

  Region4  F  CTGCCAGTGCTCCCACACAT  first PCR 

    R  ACCATACGCCACACCCCTTG  first PCR 

    F  CAGCAACGCTTGTTTCACTTCC  nested PCR, sequencing 

    R  GCCAGGCATGACAACTTGGTG  nested PCR, sequencing 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 F  GGCATAGTGCAGAAAGTTTA  sequencing 

    F  TGGGATTTGCAGGAGTTTGG  sequencing 

    R  CTTTCCTCCAGTCTGTGCCAG  sequencing 

    R  CATTACCATGTGTCAAACCCTT  sequencing 

    F  CTGATGGCAATGGCACCCTA  sequencing 

     R  TCAAACCTGGTTGCATTGGAGA  sequencing 

  Region5  F  TTGTTCCTCTTCCCATGATGCT  first PCR 

    R  CGGGACTCAGTAATAGAAACCA  first PCR 

    F  GCGAGACTCATCCCATTCCA  nested PCR 

    R  AAACAGGCGGTAGGGCTTCA  nested PCR 

    F  TGTGTCTCTCCAAGGCAGTG  sequencing 

      R  GGCAAAGGTGGCTGGGAAG  sequencing 

BAC7         

  Region1  F  TTGGACCAGAGTTTCCTCCTTA  first PCR, nested PCR, sequencing 

    R  ATTGTTGACCTTTGGCTAGCAT  first PCR, nested PCR, sequencing 

  1‐1  R  TTGGGAGTGAAGTTGGTATGG  nested PCR, sequencing 

  1‐2  F  TTATTTGGTGTCGGCAAGTG  nested PCR, sequencing 

  Region2  F  ACGACAGGAGGAAAGAAGCA  first PCR, nested PCR, sequencing 

    R  CAGATTGTTGGTGGTGTTCG  first PCR, nested PCR, sequencing 

  2‐1  R  TTAGGCGAACCAGCTACTGC  nested PCR, sequencing 



E. Moritsuka et al.  9 SI 

  2‐2  F  GGGGGCACTTCCTAGTCTTC  nested PCR, sequencing 

    R  AGGGAAGGTTAGCCTCCAAG  nested PCR, sequencing 

  2‐3  F  TGCAAATGTTGTGTGTGCTC  nested PCR, sequencing 

    R  TGGAAACCTAACTGTGCCATT  nested PCR, sequencing 

  2‐4  F  AACCCTAATTCGCCCCTTTA  nested PCR, sequencing 

    R  TGGTGTCAAAGCAAATGCTAA  nested PCR, sequencing 

    F  TAAGGGATCAAATGGCAAGG  sequencing 

    R  CCTTGCCATTTGATCCCTTA  sequencing 

    F  GGGCCTCAAAATGTTGTCC  sequencing 

    R  TGTGTGCCAATCTTTTGCAT  sequencing 

  2‐5  F  TGCTTCAAAGACTGGCTTCA  nested PCR, sequencing 

    R  AATTGAGAAGGACCGCATTG  nested PCR, sequencing 

  2‐6  F  TCTCCCTAGCATGTGGTCAA  nested PCR, sequencing 

    R  TTATTAAGGCAGGGGCATGA  nested PCR, sequencing 

  2‐7  F  GCAGTAAACCAGCCAGGAAC  nested PCR, sequencing 

  Region3  F  CAGCCTAGTGTTGGCACTCA  first PCR, sequencing 

    R  AGCGACACCCCTAAACATTG  first PCR, nested PCR, sequencing 

  3‐1  F  GATTTGCTTGAGGCATTGGA  nested PCR, sequencing 

    R  CCAAGCCCAGTCTCTTCAGC  nested PCR, sequencing 

   3‐2  F  AATTTCGGCACTGGCATAAG  nested PCR, sequencing 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Table S2    Summary of nucleotide variation and the results of neutrality tests 

Loci  L  L (Nonsyn)  n  S  π (Total)  π (Syn)  π (Nonsyn)  Tajima's D  Fu and Li's D*  Fu and Li's F*  RM 

BAC3                       

Region 1  788    47  15  0.00442      0.06980  ‐1.59581  ‐1.22483  0 

Region 2  730    47  22  0.00892      0.99867  ‐0.98068  ‐0.35328  0 

Region 3  704    47  15  0.00662      1.15529  ‐1.14373  ‐0.43869  0 

Total & Mean  2222     47  52  0.00660        0.85048  ‐1.46773  ‐0.75261  0 

BAC6                       

Region 1  730    48  7  0.00358      1.75357  0.47188  1.03243  0 

Region 2  856    48  5  0.00205      1.36207  0.14404  0.61076  0 

coding  284  230.84  48  1  0.00015  0  0.00018  ‐1.10686  ‐1.82907  ‐1.87498  0 

Region 3  822    48  13  0.00409      0.44574  ‐0.00424  0.17222  0 

Region 4  1593    48  7  0.00146      1.24840  1.24435  1.46202  0 

coding  390  322.828  48  1  0.00127  0  0.00160  1.63398  0.54673  0.99290  0 

Region 5  803    48  9  0.00249      ‐0.04505  0.04647  0.01976  0 

Coding total  674  538.667  48  2  0.00080  0  0.00100  0.34973  ‐0.88132  ‐0.60235  0 

Total & Mean  4804     48  41  0.00251        1.04035  0.49422  0.82158  1 

BAC7                       

region1‐1  690    41  13  0.00425      ‐0.10908  ‐0.42852  ‐0.38201  0 

region1‐2  632    41  5  0.00092      ‐1.28932    ‐2.60755*    ‐2.57393*  0 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region2‐1  634    41  14  0.00439      ‐0.47203  ‐0.75364  ‐0.77967  0 

region2‐2  621    41  7  0.00315      0.48952  0.50634  0.587  0 

region2‐3  642    41  3  0.00187      1.46587  0.91296  1.25162  0 

region2‐4  2016    41  24  0.00361      1.00215  ‐0.37521  0.10916  2 

region2‐5  674    41  4  0.00149      0.18386  ‐0.04461  0.02828  0 

region2‐6  644    41  2  0.00127      1.28561  0.76847  1.06458  0 

region2‐7  661    41  11  0.00266      ‐0.95722  ‐1.83954  ‐1.82918  0 

region3‐1  509    41  9  0.00619      1.44836  1.3588  1.62925  1 

region3‐2  767    41  15  0.00445      ‐0.08479  ‐1.48049  ‐1.20371  1 

Total & Mean  8491     41  107  0.00317        0.25972  ‐0.74551  ‐0.4592  7 

L : Length 

n : Number of sequences 

S : Number of segregating sites 

RM : Minimum number of recombination event 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