Linux command line for WES data analysis
1. Adapter trimming
cat *_R1_001.fastq.gz > ${SampleID}_R1_001.fastq.gz
cat *_R2_001.fastq.gz > ${SampleID}_R2_001.fastq.gz
trim_galore -q 20 --fastqc_args "--outdir ${SampleDirPath}" --illumina --gzip -o ${SampleDirPath} --length 20 --paired ${SampleID}_R1_001.fastq.gz ${SampleID}_R2_001.fastq.gz
2. Alignment to GRCh38 (hg20) using BWA 
bwa mem -t 12 -M /path/to/Homo_sapiens_assembly38.fasta SampleID_R1_001_val_1.fq.gz SampleID_R2_001_val_2.fq.gz -v 1 -R '@RG\tID:SampleID\tSM:SampleID\tPL:Illumina\tPU:HiSeq3000\tLB:$SampleID_exome\' -M | samtools view -Sb - > SampleID_bwa.bam
3. Sort BAM file
picard SortSam -I ${SampleID}_bwa.bam -O ${SampleID}_bwa.sort.bam -SO coordinate -CREATE_INDEX TRUE --TMP_DIR /path/to/TemDir
4. Mark duplicates
picard MarkDuplicates -I ${SampleID}_bwa.sort.bam -O ${SampleID}_bwa.sort.dedup.bam -M ${SampleID}_bwa.sort.metrics -CREATE_INDEX TRUE --TMP_DIR /path/to/TemDir
5. Base recalibration using GATK 
gatk BaseRecalibrator -I ${SampleID}_bwa.sort.dedup.bam -R /path/to/Homo_sapiens_assembly38.fasta --known-sites /path/to/1000G_phase3_v4_20130502.sites.hg38.vcf --known-sites /path/to/Homo_sapiens_assembly38.dbsnp138.vcf --known-sites /path/to/Homo_sapiens_assembly38.known_indels.vcf --known-sites /path/to/Mills_and_1000G_gold_standard.indels.hg38.vcf -O ${SampleID}_data.table
6. Apply recalibration 
gatk ApplyBQSR -R /path/to/Homo_sapiens_assembly38.fasta -I ${SampleID}_bwa.sort.dedup.bam --bqsr-recal-file ${SampleID}_data.table -O ${SampleID}_output.bam
7. Haplotype caller for variant calling 
gatk --java-options "-Xmx4g" HaplotypeCaller -R /nobackup/dn19ll/GRCh38/Homo_sapiens_assembly38.fasta -I ${SampleID}_output.bam -O ${SampleID}.g.vcf.gz -ERC GVCF -D /path/to/Homo_sapiens_assembly38.dbsnp138.vcf
8. Combine gVCFs
gatk CombineGVCFs -R /path/to/Homo_sapiens_assembly38.fasta -V /path/to/${SampleID}.g.vcf.gz -O exome_AI_cohort_hg20.g.vcf.gz
9. Genotype merged cohort gVCF
gatk --java-options "-Xmx20g" GenotypeGVCFs -R /path/to/Homo_sapiens_assembly38.fasta -V /path/to/exome_AI_cohort_hg20.g.vcf.gz -O exome_AI_cohort_hg20_genotype.vcf.gz
10. Separate INDELs
gatk SelectVariants -V /path/to/exome_AI_cohort_hg20_genotype.vcf.gz -select-type SNP -O AI_cohort_snps.vcf.gz
11. Separate SNPs
gatk SelectVariants -V /path/to/exome_AI_cohort_hg20_genotype.vcf.gz -select-type INDEL -O AI_cohort_indels.vcf.gz
12. Variant hard filtering for SNPs
gatk VariantFiltration -V AI_cohort_snps.vcf.gz -filter "QD < 2.0" --filter-name "QD2" -filter "QUAL < 30.0" --filter-name "QUAL30" -filter "SOR > 3.0" --filter-name "SOR3" -filter "FS > 60.0" --filter-name "FS60" -filter "MQ < 40.0" --filter-name "MQ40" -filter "MQRankSum < -12.5" --filter-name "MQRankSum-12.5" -filter "ReadPosRankSum < -8.0" --filter-name "ReadPosRankSum-8" -O AI_cohort_snps_filtered.vcf.gz
12. Variant hard filtering for INDELs
gatk VariantFiltration -V AI_cohort_indels.vcf.gz -filter "QD < 2.0" --filter-name "QD2" -filter "QUAL < 30.0" --filter-name "QUAL30" -filter "FS > 200.0" --filter-name "FS200" -filter "ReadPosRankSum < -20.0" --filter-name "ReadPosRankSum-20" -O AI_cohort_indels_filtered.vcf.gz
13. Merge hard filtered variants
gatk MergeVcfs -I AI_cohort_indels_filtered.vcf.gz -I AI_cohort_snps_filtered.vcf.gz -O AI_cohort_hg20_fltd.vcf.gz
13. Variant annotation using VEP 
vep --offline --cache --assembly GRCh38 --dir_cache /path/to/VEP_Cache --plugin UTRAnnotator,file=/path/to/uORF_5UTR_GRCh38_PUBLIC.txt --minimal --plugin CADD,snv=/path/to/whole_genome_SNVs.tsv.gz,indels=/path/to/gnomad.genomes.r3.0.indel.tsv.gz --plugin CADD,sv=/path/to/1000G_phase3_SVs.tsv.gz --dir_plugins /path/to/Plugins --plugin gnomADc,/path/to/gnomad.ch.genomesv3.tabbed.tsv.gz --everything --polyphen b --af_gnomade --fasta /path/to/Homo_sapiens_assembly38.fasta -i AI_cohort_hg20_fltd.vcf.gz --fork 4 --vcf -o AI_cohort_hg20_VEP_annotated_vcfoutput.vep.vcf
14. Variant filtering by VASE
Augmentation used:  --region, --gnomad gnomad.genomes.r3.0.sites.vcf.bgz, --dbsnp Homo_sapiens_assembly38.dbsnp138.vcf, --clinvar clinvar_20231015.vcf.gz, --cadd_directory CADD_Data_GRCh38, -path --csq --canonical --pass_filters --dp 8 --vep_af gnomADg_AF --freq 0.01 --cadd_phred=15.0

