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ABSTRACT

Whole genome sequencing is a technology that detects nucleotide sequences across the entire DNA, which, in the past, was limited
by high costs and time constraints. However, recent advancements in science and technology have significantly reduced these
limitations. The GATK pipeline is widely used for detecting high-accuracy variants from whole genome data and offers the advantage
of customizable variant filtering, making it a valuable tool in many research studies. This technical protocol provides a series of
commands for practical use, from FASTQ data quality validation to variant detection and gene annotation using the GATK pipeline,
employing the Bos taurus reference genome and whole genome sequencing data from five Hanwoo cattle obtained from the
NCBI and SRA public databases. By presenting a method for high-quality variant detection, this paper is expected to contribute to
improving the accuracy of downstream analyses, such as population studies and GWAS analyses.
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INTRODUCTION

DNA A4 7]&-2 Sanger A|UA 2 A&l AT Al FA(NGS) OS2 sty M7 g4 Al-YWGS)S 7HsA et
(Schuster 2008). Z7] NGS Al 21 AlZk =2 v]8-9] SHAIE 7HRAIRE, 7|&o] Wstel met BE SHHollA| 7HA1 %] $lTHvan
Dijk, Auger et al. 2014). @] WGSE 24417k o]ufel] $1,000 ©]5t2] H|-&-0 2 488 755k, A7 E215-2 $500~81,50071H4] H|-&-= 4
75l ALt Aol A A-84d-S =0| 11 QU THGullapalli, Desai et al. 2012).

A A1 71&S ok F2 7|99 2= Illumina, Element Biosciences, Thermo Fisher Scientific”} 1. 2H Z+7] th2 ko]
Z2f5to] F&of w3 AFE-E| 3 Itk Tllumina+ NovaSeq A& 25 Saf ti&f tlo|EHE &84 22 X85 (Kim, Jeon et al. 2021),
Element Biosciences= H|-& §&7%] 0|1 7HHASH A% SZE-S A 3-gtct opA|2h O 2 Thermo Fisher Scientific2] Ton Torrent+= -1 2} 2
o BA v A A A BA oA 7172 Btk (Michael A Quail, Miriam Smith et al. 2012).

o|2)gt WGS tl|olEl= MRl A% DUA7ITHE/d (SNP)TH 72 HHol (SV)E HETOEM, SNP 9| gHA|E Hol =
2 BN Ao 2 A3t (Song, Ye et al. 2019, Meuwissen, van den Berg et al. 2021). 27+ ofy 2k, WGS o] E{o]| th$t Genome-Wide
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HES # 90%1om,

o

Association Study (GWAS) 241-2 SNP array H|°|E| & 285192 wf B} o B2 F4 A8 544 99
Ak BAof| M & =2 A2 H Y h(Hoglund, Rafati et al. 2019).

WGS t|o]E{o]] thg} ¥lo] ZHZ T2+ Samtools, Beftools, VarScan, GATK 5-°] 21tHKoboldt, Chen et al. 2009, McKenna, Hanna et
al. 2010, Danecek, Bonfield et al. 2021, Tung, Lien et al. 2021). Samtools®} Beftools= £ =7} w2 31 H| 12 2] §-84J0| o} 7hdst ¥ o]
e12]o]] 2¢H5HH (Danecek, Bonfield et al. 2021), VarScanS -2 Bl 0] o] & g ¥} 0 2 EFx]5kc}(Koboldt, Chen et al. 2009). A}A]
9FO 2 GATK+E =2 A& SNP, 7124 Ho|(SV), HAl4= B1o|(CNV) T THaet ol & ©A|ZHhMcKenna, Hanna et al. 2010).
GATKS] EE3HH 9|3 E2 9= tlolg A, 34 #ef, vio] 2 5 24 A S AAIH & 2| Ao =4 Fg Aol A=
St 4= Q)= ZAv}= A Z3H K Tian, Yan et al. 2016, Bathke and Luhken 2021). ©] E71= JAF 848 0} oF ALS L3} Thofsl Hotoj
A &85, 1000 Genomes Project 222 T2 A Aol A= 20 2 ARE-E| 31 Itk (McKenna, Hanna et al. 2010, Lee, Kweon et
al. 2021),

2 =20l A= GATK mho] el &850 WGS Tlo|E| 27 E| ¥lo] &, F4 B4, A4 4 A K gHoj o]2+ I7 9]
IS ATHE 9 gHof| tfgh ZpAgt A i} 3] dAE = AT (Figure 1). =31 3H2- WGS 371 Tl|o]E| & AR&-sto] T

oJE17} gloj e AEe a4 A=E 53

£

F‘(i{;‘;"‘é‘z%“lm;e ‘— hanwoo paired-end fastq file (_1.fastq, 2.fastq) —)[ Variant calling per-sample; HaplotypeCaller ]

RawData Quality check; FASTQC
¢ ﬁant calling across multiple samples; Joint Ca@

RawData Quality control; Trimmomatic GenotypeGVCFs

: l

[ VariantFiltration }

4)[ Mapping; BWA ]
/ Mapping Bam file Quality control \

Sortbam

i ,,

SelectVariants J

[ AddOrReplaceReadGroups ] [ SplitVefs ]
¥ \ j
[ Markduplicates ]
[ Variants Annotaion; SnpEff ]

[K FixMatelnformation j]

Figure 1. Graphical Abstract. This graphical abstract illustrates the steps of a variant detection pipeline. The
process begins with rawdata quality control to assess and improve the quality of sequencing data. Mapping
aligns reads to the reference genome, followed by BAM file quality control to ensure accurate alignment and data
reliability. Next, variant calling identifies genetic variants for each sample, and joint calling combines data from
multiple samples to improve variant detection accuracy. Joint calling file quality control refines the variants, and
split variants separates them for detailed analysis. Finally, annotation provides functional information into the
identified variants.
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METHODS
Raw Data Quality Control

FASTQ= A/ sto] A/ dlolg FAlo|t}. gt 2 =of| tisto] 422 2MdE| 0] Jlom, @& Al&sh= 2| & o] 5, A7IA Y, +
22} (+), ZL2] 1L ASCII code® 21/J*H F2 4= (Phread Score) 2 /=] 0] QAT (Figure 1). o], AlEA] ol A Thofet @ 7ok H
3Fo] A7 4= 917 wj o], =2 T2 (Quality Control; QC)E 55| 122 tjo|g] 2 AAslof 3ttt QC 1ol A= 71 HA Raw
Data®] E4-& A2t} oto] B of 25 A5k, o e Y A F4 A d ZE|go] 23T} BF Phred Score”} 20T} 2H2 2| &=
+ A 23to] M =& AtA 4= 917] wl ol B4 2 3Yot7 | A| A3 Ewing and Green 1998).

@SRR934397.1 HWI-ST1217:118:C12YFACXX:4:1101:1708:1948 length=101
NCCAATGCAGGAGATTCGAGTTCAATCCCTGGGTTGGGAAGATTCCCCCTGAGGAGGACATGTAACCCACTCCAATATTCTTGCCTGGAGATTCCCATGGA

+SRR934397.1 HWI-ST1217:118:C12YFACXX:4:1101:1708:1948 length=101
#1=DDFDFHHHGGJJJJIIJIIIIJIIITIIIIIGGGGGFHHIJIIBGHIJJJFGHI JHHHHHHFD@DEABECDDC>AACDDECA?A>A???CDCD3: ACCC

Figure 2. FASTQ file format. The FASTQ file, which serves as the raw data format for whole-genome sequencing
(WGS), consists of four lines per read: the read name, nucleotide sequence, separator, and quality score.

Mapping

Mapping Al /S 2| =8 EF %A (Reference genome)©ll 51| 7} 2| =9] Reference genome 7|8H] 2|24 Y2 & 27
Sh= @A o] THLi and Durbin 2009). Reference genome+> FASTA 4] 0 2 A|3-=|0, Zofl that T 3 34 4| A]F o]t} Mapping 17
o]|A]= Alignment algorithm= AF-8-6F0] 2] =2} Reference genome 7He] Y %] o -5 H7Fstal, A (Insertion) 2 24! (Deletion)xt 2
2 A2 Ho| S FAIE 4= = H|o| S /g Rt Th(VanRaden, Bickhart et al. 2019). Mapping 23} SAM T 4] 0.2 A/ = A| 9k, F
274 292 714 BAM 3 Y402 Wastel $4 240 AL

Heor

Quality Control before HaplotypeCaller

Mapping | A/ BAM o> ¥lo] &2]9] 7| 2 to] B 2 AFE-E| ™, GATK+= °| & Aot F4& B4gste 571 QC B
£ xR g = 05 9, S5 2= A7, INDEL ol tigh A E S 22 79 Q L
2| =5 2hE St Adelson, Renton et al. 2019). 2| 25He BAM 1H-2 Fio| &1 2] IHYof| A 2.5 71HsAd
o

= iy
&2 w0 AF A0l 23] AF Ho| & FES 4 Qe & Bt

(@!
=
o ox
o
¢
o
o
M
1o
ox
for
H1

Variant Calling

GATK HaplotypeCaller= B4 1Z2 BAMI}Y 2 5 E| SNP % INDELS 74&5H= =tolt}. o] 2148 & oAl T 2 LA
of it} W], Wo|7} HHAyEk 7HsAd o] 2 G S Active Region Q&2 Z]A5}0d, o] & ZF24 2 2 De Bruijn-like 125 &g
1o 224 Q1 Haplotype= T-Ad SHet. BFA|2HO 2 haplotypes Reference genome2} H| 1 5}o] Bl o] o] Q] %] & A 3}a1, Bayesian 2
He 5ol 2 7HsAd B7F & ®Hol A E 7} E7] Genome Variant Call Format (gVCF) @41 2.2 A5 &2 3Hk(Poplin, Ruano-
Rubio et al. 2018).

Joint Calling

Joint calling> ©12] ME2] gVCF otd & FAlol X 2|oto] ¥olg S&5to] shte] VCF ot & F3kA17]& T ot} o] H4

A £ S0 2N 1FZ Ho| NEE R T 4= QITHBrouard,
Schenkel et al. 2019). O]+ T+ §-44 A, HEF o=, A |42 A+ 5ol D42 Q) OA = -G ETHChen, Boehnke et
al. 2020).
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Variant Filtration

Ho| 22 B7ietal £ ol & A|Hske 2 o2, 4 Ante] HE/dS ol A& 5422 Fo GATK] Variant
Filtration @0l A+ TSt 7| (Mapping Quality, Quality Score, Depth of Coverage, etc.)= 2-25}0] Hlo]| & HF& 0 2 7lshar,

Z55HA] 235k ¥ol = A| A 3HtH(Pirooznia, Kramer et al. 2014). 0] 5 535l 21&2 ¥o] H|o|E] & SH ol 2 FH 02 24 Aol A
g/de Fdiglsle Ae X2 gtk

Annotation
Annotation= B o]o]] tst A4 H B E Z7}5to] A5 oJn| & Hojsh= OA| 2, Ho|7F I I = H|FY Yol 9|k
A& 2RIkl 11 7|54 JFS H7FSHHCingolani 2012). ©] ol A= ¥ ol o] 2| & A &s| ntetstarl, Tl A A dof njx]=
oIt SR} Wl 2 A} 22 7|5 MBS o) Zate). ofeiat 34 AR Wolo| SIS Ao =N F7H Hlole
}.

=
O,
of #4782 Jeistshe] W4l

PRACTICE

£ A15-2 National Center for Biotechnology Information (NCBI) | o] E{#]| 0] A2 FLE] Bos taurus Reference genome®} Sequence Read
Archive (SRA) Hl|o|EjH o] 222 E] gh¢- 57A|of| thgt WGS Bl o]E 5 the ol ARESHIT (Table 1). 52 & 14 A= /5
o] 9lom, Z} THA oA ARESH AFA| 340l thet A T2 Supplementary 1.0 2 A= Tt

Table 1. Used data information

Resource Platform  Breed  Accession Number Link

Reference genome NA Hereford ~ GCF_002263795.3  https:/ftp.nchi.nlm.nih.gov/genomes/all/GCF/002/263/795/
GCF_002263795.3_ARS-UCD2.0/

Whole Genome Mlumina Hanwoo SRR934397 https://www.ncbi.nlm.nih.gov/sra/?term=SRR934397

Sequencing HiSeq

Whole Genome SRR934433 https://www.ncbi.nlm.nih.gov/sra/?term=SRR934433

Sequencing

Whole Genome SRR934435 https://swww.nchi.nlm.nih.gov/sra/SRX322372[accn]

Sequencing

Whole Genome SRR934436 https://www.ncbi.nlm.nih.gov/sra/?term=SRR934436

Sequencing

Whole Genome SRR934437 https://www.ncbi.nlm.nih.gov/sra/?term=SRR934397

Sequencing

Step 01. Conda environment setting

HYZ¢} (Miniconda)= A&7 E8tol| A A} ARE&)= 73 2HE Python HI MO 2 ThQFet E4 H el =1t elo|Hejgg
Ax|stal He)str)of 21X sk #74-S Alasitt Foalord -2 Elo] gAAet HHof 9| the2 & sfjof Stk oot

& %0l Conda B7S #5011, &2 A GOl AFSE =S B8t 2 11813 sl ol Adx|oh= 2ol dxd 21
2] 7 2= Table 201 4] &1t 4= it
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Table 2. Used software information

Software Version Resource link

Burros-Wheeler Alignment Tools (BWA) 0.17.18 https://bio-bwa.sourceforge.net/

FastQC 0.12.1 https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

Samtools 1.21 https://www.htslib.org/

htslib 1.21 https://www.htslib.org/

Genomic analysis toolkit (GATK) 4.6.1.0 https://gatk.broadinstitute.org/hc/en-us

Trimmomatic 0.39 http://www.usadellab.org/cms/?page=trimmomatic
[Command]

[Conda environment setting]

# Download lastest Miniconda3

mkdir miniconda3

weget https://repo.anaconda.com/miniconda/Miniconda3-latest-Linux-x86_64.sh -O
miniconda3/miniconda.sh

cd miniconda3

chmod +x miniconda.sh

bash miniconda.sh

#ENTERE =2 #1212 glstm Wit 9 yesE =2 59
#conda A4 2 4%

# x| 3k condaE 73R40l U

miniconda3/bin/conda init

source ~/.bashrc

# 7‘]EH Eoﬂ (base ‘%‘-QJ{ ‘_]:6]-0:] COl’lda7]' é/?) ngi ;_(_]I._%_é—ﬂ_t_xl Q?_
# 719k (base)7H L 22] @A of el 3012 53} conda 4

conda activate

# conda”} A3 =] 2] et o™ Efn|d Zith} 7]7]
conda config --add channels defaults

conda update -n base -c defaults conda

conda config --add channels conda-forge

conda config --add channels bioconda

conda create -n ngs

conda activate ngs

[Download Softwares in conda environment]

conda install -c bioconda

conda install -c bioconda multiqc

conda install -c bioconda samtools

conda install -c bioconda snpeff

conda install -c bioconda trimmomatic

weet <https:/githu b.com/broadinstitute/gatk/releases/download/4.6.1.0/gatk-4.6.1.0.zip>

unzip gatk-4.6.1.0.zip
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Step 02. FastQC

FastQC (version 0.12.1)2 FASTQ 9] ASCII ZE2 ¢S SHH Phred scoreS Al ZsFslo] A A dlo|Efof tfst E&-& Sheol| &
015} 4= Q1A T}, FastQCE= 2+ FASTQ mhlo] thal S 0 2 434w},

[Command]
| fastqc -- threads ${Thread Number} ${FASTQ} |

FastQC 23}, 2+ 2 =2 ool mp2 E2 S ofo| :2hAl Boxplot O 2 FA|E o] W7HA o ofj A 224 o of| Qx| 2 &
Z o] 432 LERATH (Figure 3).

@Per base sequence quality

Quality scores across all bases {(Sanger / lllurina 1.9 encoding}

a0 II. IIIIIIIIIIIIIIIIII.I.

------- SO
3 L || ||
I..I

l-
|
1 1

-—
A
]
|_|

34 li

1234567891213 18-19 24-25 30-31 36-37 42-43 48-49 54-55 60-61 66-67 72-73 78-79 84-85 90-91 96-97
Position in read (bp)

Figure 3. FastQC per base sequence quality result. The per-base quality statistics of reads in the FASTQ file are
represented as yellow boxplots. The quality decreases as the data transitions from the green region to the red
region, indicating lower read quality.

Step 03. Trimmomatic
Trimmomatic (version 0.39)= FASTQ t|°]E]9] £S5 B A5l= T2 T3H0|th Adapter 7+ & =4 E|Y 7|FS Hojg| L &
A F 2o 9HA| AT 4= = o] 9191, Paired-end H|0]E| Q1 79 7+ 2] =of] tht Paired 2! Unpaired 11352 2] = FASTQ ]
E1 = ZE:] o}-]:]-.
[Command]
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trimmomatic PE -threads ${Thread Number} -phred33 ${FASTQ Readl} ${FASTQ Read2}\
${PREFIX} 1.trimmed.P.fastq.gz\

${PREFIX} 1.trimmed.U.fastq.gz\

${PREFIX} 2.trimmed.P.fastq.gz\

${PREFIX} 2.trimmed.U fastq.gz\

ILLUMINACLIP:${ADAPTER}:2:30:10:5:true \

LEADING:3 \

TRAILING:3\

SLIDINGWINDOW:4:15\

MINLEN:36

Step 04. Mapping

Burrows-Wheeler Alignment Tools (version 0.7.18)2 =2 H o] &5 @] =oj] th5}o] Reference genome 7]5F 9% A HE 313}
s L= b e A ]

[Command]

bwa mem -M \
-t ${Thread Number} \
-R @RGWMID:Bos_Taurus\tSM:Bos_Taurus\WPL:ILLUMINA\
${REFERENCE} \
${PREFIX} 1.trimmed.P.fastq.gz\
${PREFIX} 2.trimmed.P.fastq.gz\
| samtools sort \
-@ ${Thread Number} \
-0 ${PREFIX} .bam

Mapping 22+ SAM o2 73 Axto] gk F 25 23kekal Qlom, 42 0 2 23kE|= 1171 D& (QNAME, FLAG, RNAME,
POS, MAPQ, CIGAR, RNEXT, PNEXT, TLEN, SEQ,QUAL)%} Aeiz o 2 2715 4 Ql=ejd "= LA x| o] It (Figure 4).
BAM I}l 9] 72 o] sk uhd 2 21 2HQ1sl 4= 9121, "samtools view 2F - T2 120 2 B 4 9t

of reads, consists of 11 columns. From the first to the last column, the file includes: the unique read identifier,
read status information, chromosome name in the reference sequence, starting position of the read, mapping
quality score, string representing alignment information, name of the reference sequence for the read, position of
alignment, length from end to end of paired reads, nucleotide sequence, and Phred quality score for the read.
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Step 05. GATK SortSam

GATK SortSam (version 4.6.1.0)= Mapping TA| ol 4] AJ/d
A=

o
ol S, A 2 2] A} o] T W F4 B4

AM THY S FMA|9F 9] 2] (coordinate) 7|22 A H k= ELo|t},
A

[Command]
Jusr/bin/java \

-Xmx40g \
-jar gatk-package-4.6.1.0-local jar \

SortSam \
--INPUT ${PREFIX} .bam \
--OUTPUT ${PREFIX} .sorted.bam \
--SORT ORDER coordinate

Step 06. GATK AddOrReplaceReadGroups

GATK AddOrReplaceReadGroups (version 4.6.1.0)= JZH BAM m}of| 2|E 15 JHE MZ F7FtAY 7|2 YR E +H5k=
HA. o] 2ol A BlE F IDLF IS o] &2 ILR5HA A sliok 5t of 2] w2 Hete uff FEo] WAYSHA] s o5
of 3t
[Command]

fusr/bin/java \

-Xmx40g \

-jar gatk-package-4.6.1.0-local jar \
AddOrReplaceReadGroups \
--INPUT ${PREFIX} .sorted.bam \
--OUTPUT ${PREFIX}.sorted.add.bam \
~RGLB ${PREFIX} \

--RGPL ILLUMINA\

--RGPU NONE\

--RGSM ${PREFIX} \

--SORT ORDER coordinate

T

Step 07. GATK MarkDuplicates
GATK MarkDuplicatesi= 2| = 715 A 7} 2315 BAM 3tdol sl S55 2| =5 A¥etal Al AsHs =1t 35 2|5+ PCR
ol A YL 5 U g DNA Z2to] of 2] ¥ A1 A E w] /g et o] S A|7sHH o] EA ol A ¥ 4= QL= W ¥H(bias)S
| astotal, Avko] A T 5 = 4 Qlck

[Command]
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fust/bin/java -Xmx40g \

-jar gatk-package-4.6.1.0-local jar \

MarkDuplicates \

--INPUT ${PREFIX} .sorted.add.bam \

--METRICS FILE ${PREFIX}.sorted.markduplicates.metrics.txt \
--OUTPUT ${PREFIX} sorted.markduplicates.bam \
--ASSUME SORT ORDER coordinate \

--MAX FILE HANDLES FOR READ ENDS MAP 1024\
--REMOVE DUPLICATES true\

--DUPLICATE SCORING STRATEGY SUM_OF BASE QUALITIES\
~TAG DUPLICATE SET MEMBERS true \

--REFERENCE SEQUENCE ${REFERENCE}

Step 08. GATK FixMatelnformation

BAM 3} U 9] m|oj&] 54 = E(0]]: mate reference name, mate position, insert size 5)7} 25 7] A& o] O,
ZHEA 4= Q7] wi 2ol B | ofof ghet.

[Command]

Jusr/bin/java \

-Xmx40g \

-jar gatk-package-4.6.1.0-local jar \

FixMateInformation \
--INPUT ${PREFIX} sorted. markduplicates.bam \
--OUTPUT ${PREFIX} sorted. markduplicates.fixmate.bam \
—ADD MATE _CIGAR true \
—ASSUME_SORTED true \
~CREATE_INDEX true \
--REFERENCE SEQUENCE ${REFERENCE}

Step 09. GATK HaplotypeCaller
GATK HaplotypeCaller= "8 A 27} B4 FH BAM 3}U 2 2 E] ¥ 0|(variants) & HE5t7] 9t T4oh 1 23t =H BAM o+
o) Z5}= Ho] R E gVCF P40 2 283t} HaplotypeCaller= 7] BAMI}Uol| tislo] S A 0 g2 48%]7] wjZol MZ
ook 7 A 0 2 Sefx|ojof git,

[Command]
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fust/bin/java -Xmx40g \
-jar gatk-package-4.6.1.0-local jar \

HaplotypeCaller \
--input $ {PREFIX} .sorted. markduplicates.fixmate.bam \
--output ${PREFIX} .sorted. markduplicates.fixmate.g.vcf\
--reference ${REFERENCE} \

--max-alternate-alleles 6 \

--native-pair-hmm-threads ${Thread Number} \
--emit-ref-confidence GVCF \
--standard-min-confidence-threshold-for-calling 20.0 \

bgzip -@ ${Thread Number} ${PREFIX}.sorted. markduplicates.fixmate.g.vcf
tabix -p vef ${PREFIX} .sorted.markduplicates.fixmate.g.vcf.gz

A E oVCF= 35 (Header)2t B| 0] E] 2191 (Data Lines) 2.2 FAJEH, 6= “44” 0.2 A|2F51= H|ElH] o] E] 2} #CHROM, POS,
ID, REF, ALT, QUAL, FILTER, INFO, FORMAT, SAMPLE 5-2] & o] &2 %35t} t|o|eje] 7+ 32 Ho| AR S xgsla Qlck
(Figure 5). ©] ¥Holof| thgt H H = 572 (GT), Depth of Coverage (DP), Genotype Quality (GQ), Minimum Depth (MIN_DP), Phred-
scaled Likelihoods (PL)7} 1Tt

Figure 5. gVCF format after GATK HaplotypeCaller. The gVCF file, which contains variant information for an
individual, consists of nine columns. From the first to the last column, the file includes: chromosome name in
the reference sequence, variant position, unique identifier of the variant, reference base, alternative base, variant
quality score, filtering status, additional information about the variant, and genotype information.
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Step 10. GATK GenotypeGVCFs

GATK GenotypeGVCFs+= 2] Al&2] gVCF THd-& £3tsto] 2|5 4%}
She E Ao o gVCFE Ysha, stike] VeF st 2 22
[Command]

Just/bin/java -Xmx48g \

-jar gatk-package-4.6.1.0-local jar \
GenotypeGVCFs \
--variant $ {PREFIX1} .sorted.markduplicates.fixmate.g.vcf.gz \

ofl

<= SR 5[F= To|tt Joint calling= 3y 5FLA}

--variant $ {PREFIX2} .sorted. markduplicates.fixmate.g.vcf.gz \
--variant $ {PREFIX3} .sorted.markduplicates.fixmate.g.vcf.gz \
--variant $ {PREFIX4} .sorted.markduplicates.fixmate.g.vcf.gz \
--variant $ {PREFIX5} .sorted. markduplicates.fixmate.g.vcf.gz \
--output Totaljoint_calling.vcf\

--reference ${REFERENCE} \

--sequence-dictionary $ {REFERENCE%.tha}.dict \
--max-alternate-alleles 6 \

--annotation-group Standard Annotation \\

--annotate-with-num-discovered-alleles true

Step 11. GATK VariantFiltration

GATK VariantFiltration< Joint calling ©| ¥ }-2 53 VCF 3t-& theFst B 7] 5o whe} 5218t ¥ o] 50| thho] Tagging
Sh= TG ot} Inputdt VCFEF #o] 4= xtol= UA] eRA|Rh HEl 270 tfdh vk of Ko tjgt 4 7} 27k
[Command]
Jusr/bin/java \
-Xmx40g \
-jar gatk-package-4.6.1.0-local jar \

VariantFiltration \

--variant Total.joint_calling.vcf\

--output Totaljoint_calling filtered.vcf\

--reference ${REFERENCE} \

--sequence-dictionary ${REFERENCE%.fna}.dict \

--create-output-variant-index false \

--filter-name LowReadPosRankSum --filter-expression "ReadPosRankSum < -2.0" \
--filter-name LowMQRankSum --filter-expression "MQRankSum <-2.0" \
--filter-name LowQual -filter-expression "QUAL <3.0"\

--filter-name QD -filter-expression "QD < 3.0" \

--filter-name FS --filter-expression "FS > 30.0" \
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--filter-name MQ -filter-expression "MQ < 30.0" \

--filter-name DP -filter-expression "DP < 7"\
--genotype-filter-name DP --genotype-filter-expression "DP < 7" \
--genotype-filter-name GQ --genotype-filter-expression "GQ < 10.0"

tabix -f -p vef total.sorted.markduplicates.fixmate filteration.vcf.gz

bgzip -f -@ ${Thread Number} total.sorted. markduplicates.fixmate.filteration.vcf

Step 12. SelectVariants

GATK VariantFiltration®l| 4] Tagging®t 11353 ¥10] & A1'6}k= 2} o]t Output VCFIH o= ZE Y

2= o] lof, & Aol A

[Command]

27S 353 ol HER

fust/bin/java \
-Xmx40g \
-jar gatk-package-4.6.1.0-local jar \

SelectVariants \
--variant Total joint calling filtered.vef\
--output Totaljoint_calling filtered.selected.vef\
--reference ${REFERENCE} \
--sequence-dictionary ${REFERENCEY.fha}.dict \
--create-output-variant-index false \
--exclude-filtered true \
--exclude-non-variants true \
--set-filtered-gt-to-nocall true

bgzip -f -@ ${Thread Number} Totaljoint calling filtered.selected.vef

tabix -f -p vef Total joint _calling filtered.selected.vef.gz

Step 13. SplitVcfs

GATK SplitVefsi= VCF T+ W §1o] 3-8 "8 (SNP, INDEL)Z H|°|E| & %EJ ﬂt—

wjelo] Fejsin], £ Sajol tet AEA 02 ALY 4 Slek. E3, ¥

10|k, SNPe} INDELZ R o] 2071 27 VCF
HE2 LERo =M o] RA oL s IS

Hop AAA o2 213 4 Sk
[Command]
fust/bin/java \
-Xmx 128g\
-jar gatk-package-4.6.1.0-local jar \
SplitVefs \
--INPUT Total joint_calling filtered.selected.vef.gz \
--INDEL OUTPUT Total joint calling filtered.selected INDEL.vcf.gz\
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--SNP_OUTPUT Total joint_calling filtered.selected. SNP.vef.gz \
--STRICT false

Step 16. snpEff

snpEff= 1 0] of] th gt =4 (Annotation) & 43sh= =72, 3l Ho| 7} -F-xter Tl 7] 5o n] x| = FF2 ol &gttt g e
= SplitVefs SAONA A8/dE VCF mhdo] ofAIH, 2 0 2= FA A H 7} 371E VCF ohdo] /gt
[Command]

# snpEFFO]| Reference genome T| 0] E{H]| o] A FLZ3517]

vi snpEff.config

# W ofgiZ o]l thg-t o] &2 F7hstal ARtk

ARS UCD2.0.genome : Bos_taurus_hereford

mkdir data ; cd data

mkdir ARS UCD2.0; cd ARS UCD2.0

cp GCF_002263795.3 ARS-UCD2.0_genomic.gff.gz genes.gff.gz

cp GCF_002263795.3 ARS-UCD2.0_genomic.fna.gz sequences.fna.gz
#snpEFF A3}

snpEff build -gff3 -noCheckCds -noCheckProtein -v ARS UCD2.0
snpEff -¢ snpEff.config -v ARS UCD2.0 Total joint calling filtered.selected. SNP.vcf.gz > snp.ann.vef

VCF 5hlo] 2} Hiolo] thek 24 A Fo] F7heITk, 34 Huol Wol7k &ok §21AF 0|5, 77, Fxk
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