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Summary

Korean Hanwoo cattle have been subjected to intensive artificial selection over the past four
decades to improve meat production traits by national breeding program. In recent, Hanwoo
also start to implement genomic selection into national breeding program. We have sequenced
key ancestors, the representative individuals in each family by pedigree analysis of all Korean
proven bull (called KPN) and the recent selected proven bulls using illumine HiSeq platform.
Total 203 individuals are sequenced at an average of 23.6X depth. We carried out a genome-
wide analysis in terms of structural variants including SNPs, Indels and haplotypes and
developed “Korean proven bull (KPN) genomes database” to summarize the sequencing data
and variants information. Users can explore genomic information of KPN including their
phenotypic information. The new database is accessible online and queries can be answered
using several search options.
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Introduction

Hanwoo is an indigenous cattle breed of Korea that has been maintained with minimal
introduction of other germplasm for >2,000 years. The Hanwoo have been subjected to
intensive artificial selection over the past four decades to improve meat production traits such
as carcass weight, eye muscle area, marbling (intramuscular fat), and meat tenderness by
national breeding program. In cattle, genome-wide genetic variants have been intensively
catalogued since the completion of the bovine sequencing project (Elsik et al., 2009). Of the
genetic variants, single nucleotide polymorphisms (SNPs) have been the most widely used to
identify genes or genomic regions that are responsible for phenotypic variations in cattle.
Recently, 1,000 bull genomes project has been launched for genomic prediction such as
genome-wide association study (GWAS) or genomic selection (Daetwyler et al., 2013).
Whole-genome resequencing data is essential to identify causative variants or genes. The
next-generation sequencing data is very huge and difficult to handle genomic data or
knowledge. Therefore, web database or browser can be useful for exploring genome
information at the level of each individuals or groups by visualizing the current genome
status.
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Materials and Methods

Sample information of Korean proven bull (KPN)

Semen or DNA samples for whole genome sequencing were obtained from 203
Korean proven bulls (called KPN) of Hanwoo genetic Improvement of Nonghyup
Agribusiness Group. The breeding program consisted of two steps; Performance and Progeny
test of candidate bulls. In the first step, 66 of 900 bulls were selected by their weighted
breeding values of economic traits, weight at 12 months, and marbling score. In the second
step, 4,500 cows were inseminated with the semen from the selected bulls and 30 bulls are
selected based on selection index which used weighted breeding values for back fat thickness,
marbling score, and eye muscle area of 800 male calves (Lee et al., 2014)
(http://www.limc.co.kr/). Our 203 bulls have been selected through this breeding program
from 1998 to 2015.

Library construction and whole-genome sequencing

We produced indexed shotgun paired-end (PE) libraries with average 500bp inserts
were generated using TruSeq Nano DNA Library Prep Kit (Illumina, USA) following
standard Illumina sample-preparation protocol. Briefly, 200 ng of gDNA was fragmented by
Covaris M220 (Woburn, MA, USA) resulting in a median fragment size of ~500 bp followed
by end repair, A-tailing, and indexed adapter ligation (~125bp adatper). And then, the gel-
based size selecion was done in the range of 550 to 650 bp for the adatper ligated DNA and
PCR amplification was performed for 8 cycles in the case of library. The size-selected
libraries were analyzed by an Agilent 2100 Bioanalyzer (Agilent Technologies) to determine
the size distribution and to check for adapter contamination. The resulting libraries were
sequenced in Illumina HiSeq 2500 (2x125bp paired-end sequences) and NextSeq500
(2x150bp paired-end sequences) sequencer.

Sequence reads mapping, variants calling and haplotype blocks

A quality control for per-base quality of reads and removal of potential adaptor
sequences was performed using fastQC and Trimmomatic (Bolger et al., 2014) software,
respectively. Then, the high quality sequence reads were mapped to the Bos taurus reference
genome (UMD 3.1.78) using Bowtie2 (Langmead and Salzberg, 2012) with default settings.
Several downstream processes were performed to improve the quality of called variants as
well as sequence alignment: Picard tools (http://picard.sourceforge.net) were used to sort
reads, remove potential PCR duplicates, and ensure the mate pair information of paired-end
reads. SAMtools (Li et al., 2009) was used to created index files for the reference and bam
files. Genome Analysis Toolkit (GATK) (McKenna et al., 2010) was used to conduct local
realignment of sequence reads to correct misalignments aroused by small insertion and
deletion. Also, base quality scores were recalibrated to get more accurate quality scores and
correct the variation in quality with machine cycle and sequence context. Lastly, for variant
calling and filtering step, “UnifiedGenotyper” and “SelectVariants” arguments implemented
in GATK were used. High quality of variants were retrieved by employing following criteria:
The variants with 1) a Phred-scaled quality score < 30, 2) read depth < 5, 3) MQ0 (total count
across all samples of mapping quality zero reads) > 4; or a 4) Phred-scaled P-value using
Fisher’s exact test > 200 were filtered out to reduce false positive calls. To identify
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haplotypes, SNPs in vcf file are phased using Shapeit (V2.r837) software. SNPs are separated
by family, chromosome information and haplotye blocks are identified using PLINK
(v1.90b3.44) software.

Construction of Variants web browser

We constructed three types of table in database for variants web browser, pedigree
(HAPLOTYPE), sample information based on the half-sib family
(SAMPLE_INFO_PEDIGREE), variants (VCF_COUNT), and haplotypes (HAPLOTYPE).
The detailed table entities are shown Figure 4 as Entity relation diagram (ERD). The database
and web interface were developed using MariaDB (10.0.22), Django (1.9.4), Python2,
HTML, CSS, Javascript, JQuery, JS chart. The standard server requires Apache (2.4.10) and
uses openSUSE (13.2) operating system.

Results and Discussion

Pedigree analysis for generating sequence data

We analyzed pedigree of 1,378 KPN individuals from 1965 to 2014 that have average of 16
KPN individuals per family. The KPN families consist from 2 to 6 generations. For example,
KPN094 (KPN individual ID as Key ancestor)’s family has 191 KPN individuals. We
selected the representative KPNs (126 individuals) based on generation and family for
generating whole-genome resequencing data. We also produce sequence data of the recent
selected KPNs (77 individuals).

Sequencing and variants detection

All of sequences were aligned against the UMD 3.1 genome assembly using Bowtie2.
This yielded approximately 102 billion reads, covering 99.8% of the reference assembly at an
average of 23.6-fold coverage across the region. We identified 26,419,996 SNPs after variant
filtration process. Of these, 16,940,614 (64.1%) SNPs were previously annotated in dbSNP
(version 140). The density of SNPs was also determined to be approximately one per 85 bp,
which would be fairly sufficient to locate candidate genomic regions that are associated with
various traits of interest in cattle. The average ratios of homozygous versus heterozygous
SNPs are 1:1.79 (min: 1.28, max: 2.87). The higher homozygosity in some individuals can be
explained by the extensive artificial insemination (AI) used by the systematic selective
breeding program for HAN since the 1970s. SNP quality was further evaluated by calculating
the transition-to-transversion ratio (Ti/Tv) for each SNP, because the Ti/Tv ratio is used as an
indicator of potential sequencing errors. This result (1.98) support previous observations that
were approximately 2.1 and 2.2 in humans and cattle, respectively. We also identified
2,694,205 Indels from re-sequencing data. Figure 1 shows the overall distribution of variants
(SNPs and Indels) based on the chromosomes (window size: 1Mb).

Construction of variants web browser based on KPNs

The variant web browser is available at http://ceres.snu.ac.kr:5560/hapbrowse/. The web
interface of the KPN Genomes database consists of four menus. The first page is the
overview (pie chart or bar graph) of total variants of KPNs (functional annotation of SNPs,
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the ratio of the known/novel SNPs based on chromosome, number of SNPs in each
chromosome). Moreover, users can click KPN figures in the bottom of the page and can know
the genetic characteristics and phenotype information of sequenced individuals. The second
page, “Sample information”, provide KPN pedigree information (number of KPNs in each
family, sire ID, dam ID). Pedigree tree of each family also can be obtained based on the
family information (Figure 4. (b)). Users can check the current sequencing status of KPNs
(Figure 4. (a)) because we will produce sequencing data when KPN is selected by national
breeding program every year. The third page, “Variant browser”, provide variant information
of sequenced individuals. Users can select specific KPN families or All individuals (Figure 4.
(c)). Moreover, users can select variant types, SNPs, Indels, common, specific SNPs that only
exist in the selected individuals or families (Figure 4. (d)). The variant browser is
implemented by jbrowser that is one of genome browser platforms. The variants from
sequencing data is huge, jbrowser is more efficient than gbrowser or other platforms. The
fourth page, “Haplotype browser” contains simple query interface for haplotype sharing status
of KPNs. The haplotype browser section is divided into four steps: select chromosome, select
genomic position (users can write the specific genomic position or click position in the bar
graph of chromosome), define haplotype block size (default: 300bp), and select family or all
individual (Figure 4. (e)). In the current level, haplotype sharing information can be identified
in the selected family (Figure 4. (f)). In near future, we can develop haplotype sharing status
from generation to generation because haplotype can reflect quantitative trait loci (QTL) for
economic traits.
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Figure 1. The overview of variants in Korean proven bulls population based on the whole-
genome resequencing data. From outside, each layer indicates reference chromosomes, the
number of Indels (blue) and the number of SNPs (red).

Figure 2. Functional SNPs annotation of Hanwoo population using SnpEff.

Figure 3. The size distribution of haplotype blocks of 203 KPN individuals.
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Figure 4. The Entity Relationship of Diagram (ERD) of the variants database of Korean
proven bulls.
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Figure 5. The overview of variants web browser based on the whole-genome resequencing
data of Korean (Hanwoo) proven bulls population.
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