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Figure S1. Molecular phylogenetic tree constructed by the maximum likelihood method on the whole 
mitochondrial DNA sequences from the 84 Japanese eels Anguilla japonica assembled in this study 
and 19 Anguilla species reported previously. Common Japanese conger (Conger myriaster, AB038381), 
Kaup’s arrowtooth eel (Synaphobranchus kaupii, AP002977), and sawtooth eel (Serrivomer sector, 
AP007250) were used as outgroups. The bootstrap probabilities from a 1,000 replicate analyses are 
given as percentages at the nodes. The results confirmed that all of the 84 eels used in this study are 
A. japonica. 
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Figure S2. Plots of the ratio of average depth of coverage at SNP sites regarded as homozygous and 
heterozygous against the sequence depth of samples. To distinguish heterozygous SNPs from 
homozygous SNPs and determine the genotype exactly, sequences with greater depth are more 
accurate. If the depth is sufficient and the genotyping is accurate, the ratio is expected to converge to 
1.  
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Figure S3. Cluster analysis using half of the raw data of 9 representative samples together with the 
84 samples. Each half data of each sample (the depth of coverage are from 6.9 to 9.7) was 
independently processed. For all of 9 samples, each-half data and original full data formed a cluster 
with a closer exclusive relationship, indicating that sequences with a depth of 6.9 or more are 
sufficient. 
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Figure S4. Genetic population analyses at 3 different sequence depths for the Japanese eel Anguilla 
japonica collected from different areas. (a) Cluster analysis and (b) PCA. The depth ranges of 800 to 
900, 900 to 1000, and 1000 to 1100 include 10,305,454, 11,764,634, and 10,469,990 SNP sites, 
respectively. 
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Figure S5. Genetic population analysis was based on 4,557,695 major SNPs that were present in 15 to 
66 of the 84 samples. (a) Cluster analysis and (d) PCA were performed using the SNPs. This result 
confirmed that it was not just certain minor SNPs characterizing the samples. 
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Figure S6. Molecular phylogenetic tree based on calculated pairwise genetic distance. Molecular 
phylogenetic tree constructed by the unweighted pair group method using MEGA6 software (a), the 
neighbor-joining method using MEGA6 software (b), the group average method using R (c), and the 
ward method using R (d) based on a pairwise genetic distance of 30 Japanese eel Anguilla japonica 
individuals. 
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Figure S7. Genetic analysis of the 84 sampled Japanese eels Anguilla japonica based on SNP sites at 
different linkage groups of A. japonica ranged from 13,825 for LG17 (minimum) to 161,375 for LG9 
(maximum). Results of the Cluster analyses and PCA using the SNP sites on each linkage group are 
shown. 
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Figure S7. continued. 
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Figure S7. continued. 
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Figure S7. continued. 
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Figure S7. continued. 
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Figure S7. continued. 
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Figure S7. continued. 
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Figure S8. Cluster analysis of 84 Japanese eel Anguilla japonica individuals based on SNP sites 
extracted using another draft genome sequence of A. japonica assembled by ourselves as a reference 
(genome size: 1.16 Gb, number of scaffolds: 186743). A total of 34,587,126 SNP sites were detected 
using the same SNP filtering method (total sequencing depth 800-1100).  The result was essentially 
the same as that obtained from the published reference genome in Figure 2. 
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Figure S9. Population structure of the 84 Japanese eels by STRUCTURE software based on the SNP 
sites of each Anguilla japonica linkage group. 
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Figure S10. Detection of outlier SNPs in each linkage group using BayeScan. Log 10 (q value) is 
shown on the x-axis, and Fst-values on the y axis. The gray line indicates the Bayes factor threshold 
delineating ‘very strong’ evidence for selection (FDR > 0.05). 
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Figure S10. continued. 
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Figure S11. Detection of outlier SNPs in the 49,585 SNPs of LG18 using LOSITAN. The figure shows 
loci under positive selection above 99.5% percentile (red area), neutral loci (gray area) and loci under 
balancing selection (yellow area). 1,048 SNPs in the red zone are outlier SNPs and thus candidates 
for positive selection. 
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Figure S12. Cluster analysis and PCA of 84 sampled Japanese eels Anguilla japonica, based on SNP 
sites at different linkage groups of A. japonica without outlier SNP sites. 
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Figure S12. continued.  
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Figure S12. continued. 
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Table S1. Summary of the samples of A. japonica used in this study. 



Genes 2018, 9, x FOR PEER REVIEW  28 of 34 

 

Table S2. The score matrix to calculate the pairwise distance. K, G or T. M, A or C. S, C or G. R, A or 
G. W, A or T. Y, C or T. N, A or C or G or T. 

 
  

A C G T K M S R W Y N

A 0 2 2 2 2 1 2 1 1 2 0

C 2 0 2 2 2 1 1 2 2 1 0

G 2 2 0 2 1 2 1 1 2 2 0

T 2 2 2 0 1 2 2 2 1 1 0

K 2 2 1 1 0 2 1 1 1 1 0

M 1 1 2 2 2 0 1 1 1 1 0

S 2 1 1 2 1 1 0 1 2 1 0

R 1 2 1 2 1 1 1 0 1 2 0

W 1 2 2 1 1 1 2 1 0 1 0

Y 2 1 2 1 1 1 1 2 1 0 0

N 0 0 0 0 0 0 0 0 0 0 0
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Table S3. Summary of sequence data obtained for each sample. 

* The depth of coverage was estimated from total residues of sequence / genome size of Japanese eel 
(1.15 Gb). 
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Table S3. continued. 
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Table S4. Comparison of mapping rates with eels of different species. 

 
  

Mapped reads Mapped ratio Mapped reads Mapped ratio Mapped reads Mapped ratio

TW22 151,717,823 133,444,112 88.0 127,338,128 83.9 100,955,294 66.5

SG11 182,394,414 160,431,495 88.0 153,354,456 84.1 121,497,095 66.6

KM02 145,734,939 128,230,942 88.0 122,405,896 84.0 96,899,548 66.5

KM08 131,815,747 115,891,661 87.9 110,338,498 83.7 87,629,938 66.5

KM12 171,250,612 150,667,904 88.0 143,765,213 84.0 113,996,771 66.6

TC03 154,675,701 136,095,685 88.0 129,674,464 83.8 103,105,194 66.7

TK02 243,356,024 214,306,633 88.1 204,602,758 84.1 162,066,083 66.6

MR05 122,894,913 108,208,537 88.0 103,527,744 84.2 82,206,808 66.9

A. anguilla 67,974,339 59,372,788 87.3 63,317,574 93.1 49,979,926 73.5

A. rostrata 286,873,752 239,503,053 83.5 256,373,371 89.4 212,328,050 74.0

Input reads
Anguilla japonica Anguilla anguilla Anguilla rostrata
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Table S5. Pairwise distance values among 30 individuals of Japanese eel Anguilla japonica based on 
32,312,607 SNP sites. 
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Table S6. The number of SNPs and the outlier SNPs site in each linkage groups. 

  

BayeScan LOSITAN Ave. Fst Min Fst Max Fst

LG1 124,545 4 - - - -

LG2 152,882 6 - - - -

LG3 76,871 7 2,325 0.22 0.02 1

LG4 138,236 5 - - - -

LG5 110,785 0 - - - -

LG6 75,841 3 2,335 0.21 0.02 1

LG7 160,288 3 - - - -

LG8 91,643 1 - - - -

LG9 161,375 3 - - - -

LG10 89,537 3 1,952 0.28 0.102 0.979

LG11 66,100 0 1,785 0.25 0.096 0.979

LG12 100,914 1 - - - -

LG13 61,450 0 1,476 0.26 0.015 1

LG14 96,526 0 - - - -

LG15 56,396 0 2,283 0.16 0.04 0.979

LG16 93,193 5 - - - -

LG17 13,825 3 399 0.27 0.02 1

LG18 49,585 2 1,048 0.29 0.102 0.979

LG19 116,031 1 - - - -

Linkage group SNPs
Outlier SNPs site LOSITAN Outlier 
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Table S7. Fixation index (Fst) values between each set of six regional populations of the Japanese eel 
Anguilla japonica, based on 32,312,607 SNP sites. This table corresponds to Figure 4. 

 

 

 

SG TW KM TC TK MR

SG - 0.000 0.014 0.001 0.000 0.001

TW - 0.014 0.001 0.000 0.001

KM - 0.014 0.011 0.013

TC - 0.001 0.001

TK - -0.001
MR -


