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Supplementary materials and methods 

 

Calling of CNVs  

Copy number variations (CNVs) were identified via CNVnator (56) with default parameters and 

a 100-bp bin size from 1,094 samples. Thereafter, we excluded 23 samples in accordance with 

the following criteria: the total number of CNV exceeds one standard deviation (SD) from the 

average count of CNVs per sample (average CNV count: 525, SD of CNV count: 129). Reliable 

CNVnator calls were filtered in accordance with the following criteria: 

1) e-values (e-val1, e-val2, e-val3, and e-val4) are less than 10
-5

 

2) q0 <0.5 (q0 is the fraction of reads mapped with zero quality) 

3) Gap and centromere regions from UCSC hg38 data were filtered out. 

4) For deletion calls, only those with <0.75 of normalized read depth*(1+q0) were used. 

5) If the bases in the called region contained more than 90% of the “N,” the calls were 

filtered out. 

6) Segmental duplication regions from UCSC hg38 data were filtered out. 

In total, 6,131 CNVs were identified in Korea1K (Fig S17). As expected, since copy number 

variants are quite variable, more than 50% of the CNVs were categorized as very rare (sample 

frequency < 0.001). After individual calling, the calls with >80% reciprocally overlapped regions 

from each individual were combined using the igraph package (57) in R. The start and end 

positions of the representative calls were assigned to the average of the locations from the 

combined calls. We annotated the gene symbol of the CNV calls with Ensembl database (58). 

We then checked the overlap between our call set and 1KGP phase 3 (59). Only CNVs that 

showed more than 80% of the overlap with CNVs of 1KGP were used for further analysis. We 

additionally used Control-FREEC (60) with a window size 100 bp and a breakpoint threshold 0.6 

to validate the common CNVs which contained protein-coding genes in Korea1K. We filtered 



out the common CNVs which have lower than 0.85 of the recovery rate of the CNV calls 

between the two callers. 

Calling of TE insertions  

TE insertions were identified in Korea1K samples using Mobile Element Locator Tool (MELT; 

ver. 2.1.4) (61), a tool to detect TE insertions in ALU, LINE1, and SVA elements using 

discordant read pairs to define potential TE sites and split reads to identify breakpoints and target 

site duplications (59). We filtered out TE sites with <70% and >130% of average depth of 100bp 

flanking regions to control for variations at candidate TE sites. The allele frequency of TE 

insertions was calculated as the number of presented TE insertions normalized by the total 

number of alleles in the population (62). In total, 29,143 TE insertions were identified in 

Korea1K (Alu: 23,915, LINE1: 3,707, SVA: 1,521) from the WGS data (Table S2). More than 

50% of the TE insertions identified in Korean1K were rare variants (allele frequency <1%, 

16,225 TE insertions, Fig. S19); this pattern was similar to that of SNVs and indels. Allele 

frequencies of TE insertions were compared between Korea1K and 26 other populations from 

the 1KGP phase 3 data (59, 62, 63). We compared Korea1K TE insertions with 1KGP by the 

genomic position and TE types. Only TE insertions with frequencies of >5% and which 

overlapped with 1KGP call were used to PCA. Chi-square analysis was performed for each TE 

insertion and TE insertions with Q-values of <0.05 were determined to identify TE insertions 

differing significantly from those in the Korea1K dataset. 

HLA typing 

The HLA gene complex encodes MHC proteins responsible for antigen presentation. HLA 

typing was carried out using OptiType (ver. 1.3.1) (64), which predicts information regarding 

HLA class 1 alleles from WGS data. Reads were mapped to HLA reference sequences in the 

OptiType program using BWA (43) (ver. 0.7.15) and all unmapped reads were filtered out using 



SAMtools (ver. 1.6) (53). Thereafter, we run OptiType’s pipeline with default parameters. 

A*24:02, B*44:03, and C*01:02 were the most dominant types of HLA-A, B, and C, 

respectively (Fig. S23). To compare frequencies from multiple populations, we downloaded an 

HLA allele frequency database from The Allele Frequency Net Database (65). 

 

 

Supplementary figures 

 

 

 
Fig. S1 Principal component analysis (PCA) plot using SNVs and Indels in Korea1K set. (a) 

before removing the batch effect (b) after removing the batch effect. 

 

  
Fig. S2 Boxplot of variants quality normalized by depth based on allele frequency category and 

existence in dbSNP v.150 before and after batch effect filtering. (Singleton: allele count =1; 

Doubleton allele count =2; rare: allele count > 2 and allele frequency ≤ 0.01; common: allele 

frequency > 0.01 and allele frequency ≤ 0.05; very common: allele frequency > 0.05) 



 
 

Fig. S3 Percentage of overlapped SNVs with KoVariome. Singleton: allele count =1; Doubleton 

allele count =2; rare: allele count > 2 and allele frequency ≤ 0.01; common: allele frequency > 

0.01 and allele frequency ≤ 0.05; very common: allele frequency > 0.05 

   
Fig. S4 Number of variants from variome databases based on allele frequencies. Singleton: allele 

count =1; Doubleton allele count =2; rare: allele count > 2 and allele frequency ≤ 0.01; common: 

allele frequency > 0.01 and allele frequency ≤ 0.05; very common: allele frequency > 0.05. The 

color indicates variome database. Note that there are no variants that have allele frequency ≤ 

0.01 and allele count >2 for KoVariome because of the small size of samples. 



 

 
Fig. S5 Variants distribution based on variant location and allele frequency in Korea1K. (A) 

Variants counts, and (B) proportions of the number of variants based on allele frequency 

categories. IGR: inter-genic region except for 5’ and 3’ Flank variants; UTR: untranslated region. 

Singleton: allele count =1; Doubleton allele count =2; rare: allele count > 2 and allele frequency 

≤ 0.01; common: allele frequency > 0.01 and allele frequency ≤ 0.05; very common: allele 

frequency > 0.05 

 
Fig. S6 Fraction under selection based on variants type. LoF indicates loss-of-function. 

 



 
Fig. S7 Fraction under selection based on genes. The horizontal line indicates the fraction under 

the selection pressure of nonsynonymous variants. 

 

  
Fig. S8 Length distribution of Indels. 



  
Fig. S9 Length distribution of Indels in the coding region. 

 

 
Fig. S10 Number of novel variants as a function of new unrelated individuals. 

 

 



   
Fig. S11 Proportion of variants based on allele categories for A) PolyPhen and B) SIFT 

estimation. Singleton: allele count =1; Doubleton allele count =2; rare: allele count > 2 and allele 

frequency ≤ 0.01; common: allele frequency > 0.01 and allele frequency ≤ 0.05; very common: 

allele frequency > 0.05 

 

 

 

 



 
Fig. S12 Mitochondrial haplogroup distribution in Korea1K. 

 
Fig. S13 Chromosome Y haplogroup distribution in Korea1K. 

 

 

 

 

Fig. S14 ADMIXTURE plot for Korea1K and 1KGP East Asians. We used K=3 which showed 

the smallest cross-validation error. (CDX: Dai Chinese; CHB: Han Chinese; CHS: Southern Han 

Chinese; JPT: Japanese; KHV: Kinh Vietnamese) 

 

 



 

Fig. S15 ClinVar variants which have more than 10% of allele frequency in the Korea1K. The 

allele frequencies for the super population of 1KGP were also presented. (EAS: East Asian; SAS: 

South Asian; EUR: European; AMR: American; AFR: African)  



 

  
Fig. S16 Drug response variants found in Korea1K. Blue indicates significantly different allele 

frequencies between the Korea1K dataset and the population from the Chi-square test. White 

indicates not significant. Grey indicates a Chi-square test could not be performed because of low 

allele count. Abbreviation on Y-axis is the same population code as 1KGP (CDX: Dai Chinese; 

CHB: Han Chinese; CHS: Southern Han Chinese; JPT: Japanese; KHV: Kinh Vietnamese; EAS: 

East Asian; SAS: South Asian; EUR: European; AMR: American; AFR: African). 

  
Fig. S17 Length distribution of copy number variations. 

 



   
Fig. S18 Copy number variations in Korea1K. (A) The number of copy number variations 

(CNVs) based on categories of sample frequency. Very rare: sample frequency ≤ 0.001; rare: 

sample frequency > 0.001 and sample frequency ≤ 0.01; common: sample frequency > 0.01 and 

sample frequency ≤ 0.05; very common: sample frequency > 0.05.  The colors indicate the types 

of CNVs. (B) Common CNVs overlapped with 1KGP set and protein-coding genes. Colors 

indicates the copy number. 

 
Fig. S19 Transposable element (TE) insertion frequency distribution in Korea1K. (A) All TE 

type. (B) ALU. (C) LINE1. (D) SVA. 

 



 
Fig. S20 PCA plot using Transposable element (TE) insertion. (A) All TE types. (B) ALU. (C) 

LINE1. (D) SVA. 

 

 
Fig. S21 Transposable element (TE) insertion frequency distribution of Korea1K and 1KGP 

populations. (A) All TE types. (B) ALU. (C) LINE1. (D) SVA. 



 
 

Fig. S22 Significance of TE insertion allele frequency difference. Colors represent P-value. The 

red box indicates a significant difference in TE insertion allele frequency distribution calculated 

by the Wilcoxon rank-sum test. The box which does not show a significant difference (P-value 

>0.05) colored into gray. 

 



 
Fig. S23 HLA allele distribution in Korea1K. (A) HLA-A. (B) HLA-B. (C) HLA-C. The X-axis 

indicates the HLA allele type. Y-axis indicates the proportion of each type in Korea1K.  

 

 

Fig. S24 Comparison of HLA type frequency to the public database. (A) Allele frequency of 

HLA-A loci. (B) Allele frequency of HLA-B loci. 



 

 

 
Fig. S25 QQplots for the GWA tests of the 20 traits. X-axis indicates expected -log10 P-value. Y-

axis indicates observed -log10 P-value. 



 
Fig. S26 QQplots for the GWA tests of the 20 traits. X-axis indicates expected -log10 P-value. Y-

axis indicates observed -log10 P-value. 



 
Fig. S27 QQplots for the GWA tests of the 20 traits. X-axis indicates expected -log10 P-value. Y-

axis indicates observed -log10 P-value. 



 
Fig. S28 QQplots for the GWA tests of the 19 traits. X-axis indicates expected -log10 P-value. Y-

axis indicates observed -log10 P-value. 

 

 



 
Fig. S29 Minor allele frequency (MAF) of the most significant variant on the loci from GWA 

analysis. ‘Clump’ means that clump variants in the loci were reported. ‘Index’ means that index 

variants in the loci were reported. ‘Novel’ means that no variants in the loci were reported. 

 

 

 

 

  
Fig. S30 Performance of the variant classification using different panels of normals.  Numbers 

on the X-axis indicate allele frequency cut-off for selecting variants from the panel. PPV and 

NPV mean positive and negative predictive values, respectively. 



 

 
Fig. S31 Ratio of true somatic variants in CGC genes based on predicted somatic variants using 

a panel of normal. 

 

 
 

Fig. S32 Performance of the variant classification using different panels of normal when the only 

lift-over possible region was applied. (A) Accuracy of classification. (B) Matthews correlation 

coefficient (MCC) values. (C) Germline recovery rate. Numbers on the X-axis indicate allele 

frequency cut-off for selecting variants from each panel. 

 



 
 

Fig. S33 Performance of the variant classification using different panels of normal when the only 

lift-over possible region was applied.  Numbers on the X-axis indicate allele frequency cut-off 

for selecting variants from the panel. PPV and NPV mean positive and negative predictive values, 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Fig. S34 Ratio of true somatic variants in CGC genes based on predicted somatic variants using 

a panel of normal when the only lift-over possible region was applied. 

 

 

  



Supplementary tables 

 

Table S1 Variant count before and after removing batch effect. Singleton: allele count =1; 

Doubleton allele count =2; rare: allele count > 2 and allele frequency ≤ 0.01; common: allele 

frequency > 0.01 and allele frequency ≤ 0.05; very common: allele frequency > 0.05. The allele 

frequency category in this table was based on 1,094 individuals. 

 

Variant 

type 

Allele 

frequency 

category 

Reported 

Before 

removing 

batch 

effect 

After 

removing 

batch 

effect 

Remaining 

percentage 

SNV 

Very Common Novel 237,739 68,290 28.72% 

Very Common dbSNP 6,122,812 4,589,385 74.96% 

Common Novel 536,623 410,651 76.53% 

Common dbSNP 2,104,239 1,612,718 76.64% 

Rare Novel 7,777,745 6,988,611 89.85% 

Rare dbSNP 5,380,191 4,212,315 78.29% 

Doubleton Novel 3,034,057 2,804,907 92.45% 

Doubleton dbSNP 1,549,851 1,365,313 88.09% 

Singleton Novel 8,787,498 8,729,585 99.34% 

Singleton dbSNP 3,659,762 3,434,077 93.83% 

Total SNV 39,190,517 34,215,852 87.31% 

Indel 

Very Common Novel 673,458 236,402 35.10% 

Very Common dbSNP 1,478,967 850,680 57.52% 

Common Novel 942,429 408,410 43.34% 

Common dbSNP 543,954 280,808 51.62% 

Rare Novel 1,407,307 900,776 64.01% 

Rare dbSNP 563,066 383,256 68.07% 

Doubleton Novel 440,245 362,171 82.27% 

Doubleton dbSNP 107,841 88,174 81.76% 

Singleton Novel 1,191,058 1,118,475 93.91% 

Singleton dbSNP 207,223 180,358 87.04% 

Total Indel 7,555,548 4,809,510 63.66% 

Total variants 46,746,065 39,025,362 83.48% 

 

 

Table S2 Number of Transposable element (TE) insertions before and after filtering. 

 

TE type 
Number of TE loci before 

filtering 

Number of TE loci after 

filtering 

ALU 23,924 23,915 

LINE1 3,708 3,707 

SVA 1,522 1,521 

Total 29,154 29,143 

 



Table S3 Average base quality by position in the reads of sequencing data. 

 

Base 

Position 

Average 

Quality 

1 31.00 

2 31.35 

3 35.12 

4 35.72 

5 35.98 

6 39.37 

7 39.49 

8 39.56 

9 39.62 

10-14 39.64 

15-19 39.60 

20-24 39.52 

25-29 39.42 

30-34 39.34 

35-39 39.26 

40-44 39.19 

45-49 39.08 

50-54 38.99 

55-59 38.91 

60-64 38.82 

65-69 38.72 

70-74 38.63 

75-79 38.33 

80-84 38.57 

85-89 38.47 

90-94 38.36 

95-99 38.23 

100-104 38.08 

105-109 37.91 

110-114 37.71 

115-119 37.48 

120-124 37.22 

125-129 36.93 

130-134 36.60 

135-139 36.23 

140-144 35.84 

145-149 35.42 

150 35.57 
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