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APPENDICES

Automated Bash Script to run the Fast and Normal Pipeline (fast_pipeline.exec &
normal_pipeline.exec)

Below are the automated bash scripts to run Fast and Normal Pipeline as shown in Figure 3. & Figure
4. Scripts developed to run the [Branch 1] nucleotide substitution pipeline was based on the Galaxy
Training Project of SARS-CoV-2 Variant Analysis by Beek et al (2021). While [Branch 2] amino acid
substitutions pipelines were developed using a combination of available bioinformatics tools.
Furthermore, it should be noted that the directory when running the script might differ between
local computer and hardware. Therefore, adjustments should be made to ensure the script runs

properly.
Installation of Anaconda

Conda refers to an open source package compatible to be run in Windows, Linux, or macOS. Both
pipelines would be required to be run in conda environments alongside bioinformatics tools used. To
install conda, users may visit the website of anaconda repository (https://repo.anaconda.com/) and
select compatible installers within anaconda archive according to their own machine.

Required packages and tools to run the script

Following the conda installation, users may need to test conda environments by simply type ‘conda’
command inside the terminal. If several lines of text with the version of conda shows up, it indicates
the conda environment was successfully installed. Afterwards, users may proceed to install each
package required for conda installation. Below listed are the packages and the codes run in this
script:

Fastqc - data visualization of fastq (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/)

Trimmomatic - quality control of fastq
(http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/TrimmomaticManual V0.32.
pdf)

BWA - reference assisted assembly alternative (http://bio-bwa.sourceforge.net/bwa.shtml)
Samtools - SAM to BAM conversion,  statistics and  coverage  alighnment
(http://www.htslib.org/doc/samtools.html)

Bedtools - Convert BAM to fastq (https://bedtools.readthedocs.io/en/latest/)

Bedops > Convert GFF to BED (https://bedops.readthedocs.io/en/latest/)

Seqtk - Convert fastq to fasta (https://github.com/Ih3/seqtk)

Segkit > Sequence analysis and translation to amino acids (https://bioinf.shenwei.me/seqkit/)
Bcftools - Construct consensus sequence using the combination of bam and refseq fasta
(http://www.htslib.org/doc/bcftools.html)

Picard - mark duplicate reads (https://broadinstitute.github.io/picard/)

Lofreq = (Viterbi) realign reads to correct misalignments around insertions and deletions, insert
indel qualities and call variants (https://csb5.github.io/lofreq/commands/)

SnpEff - annotate variant effects (https://pcingola.github.io/SnpEff/,
https://pcingola.github.io/SnpEff/se running/)

Snpsift - select various effects from the VCF and create a tabular file that is easier to understand for
humans. (https://pcingola.github.io/SnpEff/)

Conda install -c bioconda fastgc
Conda install -c bioconda trimmomatic
Conda install -c bioconda hisat2
Conda install -c bioconda bwa
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Conda install -c bioconda samtools
Conda install -c bioconda bedtools
Conda install -c bioconda bedops
Conda install -c bioconda seqgtk
Conda install -c bioconda seqgkit
Conda install -c bioconda bcftools

#(bcftools deprecated in base environment, to solve this #problem, install it in new environment;
install code — conda #create --name tmp; activate code — conda activate tmp; and #proceed

installing bcftools in new environment)

Conda install -c bioconda multigc
Conda install -c bioconda picard
Conda install -c bioconda lofreqg
Conda install -c bioconda snpeff
Conda install -c bioconda snpsift

Create a new executable bash script

(Make executable linux script)

touch fast pipeline

chmod 774 fast pipeline

#copy the code of fast pipeline below to the newly created
executable script

touch normal pipeline

chmod 774 normal pipeline

#copy the code of normal pipeline below to the newly created
executable script

(add time calculation in each running script)
time [code]

{ time somecodes; } 2>>time.txt

(to run the script, head to specified directory where the script is
located and type ./scriptname, in this example is ./fast_pipeline)

Automated Bash Script to run Fast Pipeline in All Samples (fast_pipeline.exec)

Before running the script, please ensure the availability of input files including raw NGS data in
FASTQ format, illumina adapter TruSeq3-PE.fa for quality control, SARS-CoV-2 reference genome
(NC_045512.2), and SARS-CoV-2 GFF annotation.

TruSeq3-PE.fa available in github repository of Trimmomatic

(https://github.com/timflutre/trimmomatic/blob/master/adapters/TruSeq3-PE.fa)

SARS-CoV-2 reference genome available in NCBI repository
(https://www.ncbi.nlm.nih.gov/nuccore/NC 045512)
SARS-CoV-2 GFF annotation available in NCBI repository

(https://ftp.ncbi.nlm.nih.gov/genomes/all/GCF/009/858/895/GCF 009858895.2 ASM985889v3/GCF
009858895.2 ASM985889v3 genomic.gff.gz)

83


https://github.com/timflutre/trimmomatic/blob/master/adapters/TruSeq3-PE.fa
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512
https://ftp.ncbi.nlm.nih.gov/genomes/all/GCF/009/858/895/GCF_009858895.2_ASM985889v3/GCF_009858895.2_ASM985889v3_genomic.gff.gz
https://ftp.ncbi.nlm.nih.gov/genomes/all/GCF/009/858/895/GCF_009858895.2_ASM985889v3/GCF_009858895.2_ASM985889v3_genomic.gff.gz

After input files check, user may proceed to run the script below

#batch 1 samples

#SampleB6 S3 L001 R1 00l.fastg.gz
#SampleB6 S3 L001 R2 00l1.fastg.gz
#SampleC5 S1 L001 R1 00l.fastg.gz
#SampleC5 S1 L001 R2 00l.fastg.gz
#SampleF2 S7 L001 R1 00l.fastg.gz
#SampleF2 S7 L001 R2 00l1.fastqg.gz
#SampleF4 S5 L001 R1 00l.fastg.gz
#SampleF4 S5 L001 R2 00l1.fastg.gz

#batch 2 samples

#Sample3 S3 LO01 R1 001.fastqg.gz
#Sample3 S3 LO01 R2 001.fastqg.gz
#Sample9 S9 L001 R1 00l.fastqg.gz
#Sample9 S9 L0O01 R2 00l.fastqg.gz
#Samplel0 S10 LOO1 R1 001.fastg.gz
#SamplelO S10 L0OO1 R2 001.fastqg.gz
#Samplel5 S15 L0O1 R1 001.fastg.gz
#Samplel5 S15 L0O1 R2 001.fastg.gz

#The 1list of fastg samples shown above are input files, specify
#input files in quality control below (in this example, we specify
#sample B6), afterwards, let the machine do the work for us!

# (quality control)

fastgc SampleB6 S3 L0O0O1 R1 00l1.fastqg.gz
fastgc SampleB6 S3 L0O01 R2 00l1.fastqg.gz

{ time fastgc SampleB6 S3 L0O01 R1 00l1.fastqg.gz
SampleB6 S3 L0O01 R2 001.fastg.gz; } 2>>time.txt
rm SampleF2 S7 L0O0O1 R1 001 fastqgc.zip

rm SampleF2 S7 L0O01 R2 001 fastqgc.zip

{ time trimmomatic PE -trimlog trim sample.txt

SampleB6 S3 L0O0O1 R1 00l1.fastg.gz SampleB6 S3 L0001 R2 001.fastqg.gz
sample fp.fqg.gz sample fu.fqg.gz sample rp.fg.gz sample ru.fg.gz
ILLUMINACLIP:TruSeqg3-PE.fa:2:30:10 LEADING:3 TRAILING:3
SLIDINGWINDOW:4:15 MINLEN:36; } 2>>time.txt

# (read mapping fast pipeline)

{ time bwa index refseqg/bwa cov_ index/NC 045512v2.fasta; }
2>>time.txt

{ time bwa mem refseqg/bwa cov_index/NC 045512v2.fasta
sample fp.fg.gz sample rp.fg.gz > sample.sam; } 2>>time.txt

samtools view -Sb sample.sam > sample.bam

samtools sort sample.bam > sample sort.bam

samtools stats sample sort.bam > sample stats.txt
samtools coverage sample sort.bam > sample coverage.txt
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# (mark duplicates)
PICARD=/home/bi-i31/anaconda3/share/picard-2.25.2-0/picard.jar

{ time java -jar SPICARD MarkDuplicates REMOVE DUPLICATES=true
DUPLICATE SCORING STRATEGY=SUM OF BASE QUALITIES

OPTICAL DUPLICATE PIXEL DISTANCE=100 VALIDATION STRINGENCY=LENIENT
use jdk deflater=true use jdk inflater=true I=sample sort.bam
O=sample picard.bam M=sample picard.txt; } 2>>time.txt

samtools sort sample picard.bam > sample picard sort.bam

# (realign reads)
{ time lofreq viterbi -f refseq/bwa cov index/NC 045512v2.fasta -o
sample realign.bam sample picard sort.bam; } 2>>time.txt

# (insert indel qualities)

{ time lofreqg indelqual --dindel -f

refseqg/bwa cov_index/NC 045512v2.fasta -o sample indelqual.bam
sample picard sort.bam; } 2>>time.txt

# (variant calling)

{ time lofreqg call --verbose --ref

refseqg/bwa cov_index/NC 045512v2.fasta --call-indels --min-cov 50 --
max-depth 1000000 --min-bg 30 --min-alt-bg 30 --min-mg 20 --max-mg
255 --min-jg 0 --min-alt-jg 0 --def-alt-jg 0 --sig 0.01 --bonf
dynamic -o sample.vcf sample indelqual.bam; } 2>>time.txt

# (variant annotation)

#Depends between GRCh38.86 or GRCh38.99, see Jjava -jar $SNPEFF
#databases | grep -i GRCh38 for more details
SNPEFF=/home/bi-i31/anaconda3/share/snpeff-4.3.1t-1/snpEff.jar
CONFIG=/home/bi-131/anaconda3/pkgs/snpeff-4.3.1t-1/share/snpeff-
4.3.1t-1/snpEff.config

{ time java -Xmx8g -jar S$SSNPEFF -c S$CONFIG -v GRCh38.86 sample.vcf >
sample annotated.vcf; } 2>>time.txt

# (variant extraction to csv)
SNPSIFT=/home/bi-i31/anaconda3/share/snpsift-4.3.1t-1/SnpSift.jar

{ time java -jar S$SNPSIFT extractFields -s "," -e "."

sample annotated.vcf CHROM POS ID REF ALT QUAL DP AF SB DP4 >
sample annotated.csv; } 2>>time.txt

# (construct consensus sequences from bam file)
{ time samtools mpileup -uf refseq/bwa cov index/NC 045512v2.fasta
sample sort.bam | bcftools call -c | vcfutils.pl vcf2fg >

sample cns.fq; } 2>>time consensus.txt

#(filter good quality bases, convert fastqg to fasta)
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{ segtk seq -aQ64 -g20 -nN sample cns.fg > sample cns.fasta; }
2>>time consensus.txt

#NC_045512v2 (using gff of sars-cov-2, convert gff to bed, mapping
bed to corresponding region in fasta)

{ time sortBed -i NC _045512v2.gff | gff2bed > NC 045512v2.bed; }
2>>time consensus.txt

{ time bedtools getfasta -fi refseg/bwa cov_index/NC 045512v2.fasta
-bed NC 045512v2.bed -name > NC 045512v2 bed.fasta; }
2>>time consensus.txt

{ time segkit split -i NC 045512v2 bed.fasta; }
2>>time consensus.txt

#SAMPLES (using gff of sars-cov-2, convert gff to bed, mapping bed to
corresponding region in fasta)

{ time bedtools getfasta -fi sample cns.fasta -bed NC 045512v2.bed -
name > sample bed.fasta; } 2>>time consensus.txt

# (split fasta according to sequences)
{ time segkit split -i sample bed.fasta; } 2>>time consensus.txt

# (clean excess files, optional and user may adjust according to
their own needs)

rm sample fu.fg.gz sample ru.fg.gz sample indelqual.bam

sample picard sort.bam sample picard.bam sample realign.bam

sample sort.bam sample.sam snpEff genes.txt sample human.sam

sample human.bam sample human sort.bam sample unmapped.bam

sample unmapped sort.bam sample fp unmapped.fastg

sample rp unmapped.fastqg
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Automated Bash Script to run Normal Pipeline in All Samples (normal_pipeline.exec)

Before running the script, please ensure the availability of input files including raw NGS data in
FASTQ format, illumina adapter TruSeq3-PE.fa for quality control, SARS-CoV-2 reference genome
(NC_045512.2), and SARS-CoV-2 GFF annotation.

TruSeq3-PE.fa available in github repository of Trimmomatic
(https://github.com/timflutre/trimmomatic/blob/master/adapters/TruSeq3-PE.fa)

SARS-CoV-2 reference genome available in NCBI repository
(https://www.ncbi.nlm.nih.gov/nuccore/NC 045512)

SARS-CoV-2 GFF annotation available in NCBI repository
(https://ftp.ncbi.nlm.nih.gov/genomes/all/GCF/009/858/895/GCF 009858895.2 ASM985889v3/GCF
009858895.2 ASM985889v3 genomic.gff.gz)

After input files check, user may proceed to run the script below

#batch 1 samples

#SampleB6 S3 L001 R1 00l1.fastg.gz
#SampleB6 S3 L001 R2 00l1.fastg.gz
#SampleC5 S1 L001 R1 00l1.fastg.gz
#SampleC5 S1 L001 R2 00l1.fastg.gz
#SampleF2 S7 L1001 R1 00l1.fastg.gz
#SampleF2 S7 LO01 R2 00l.fastq.gz
#SampleF4 S5 LO01 R1 00l.fastq.gz
#SampleF4 S5 L001 R2 001.fastg.gz

#batch 2 samples

#Sample3 S3 L0OO1 R1 00l1.fastqg.gz
#Sample3 S3 LO01 R2 001.fastqg.gz
#Sample9 S9 LO01 R1 001.fastqg.gz
#Sample9 S9 LO01 R2 001.fastqg.gz
#Samplel0 S10 LOO1 R1 001.fastg.gz
#Samplel0 S10 LOO1 R2 001.fastg.gz
#Samplel5 S15 L0OO1 R1 001.fastg.gz
#Samplel5 S15 L0O01 R2 001.fastg.gz

#The 1list of fastg samples shown above are input files, specify
#input files in quality control below (in this example, we specify
#sample B6), afterwards, let the machine do the work for us!

# (quality control)

fastgc SampleB6 S3 L0OO1 R1 00l1.fastqg.gz
fastgc SampleB6 S3 L0OO1 RZ2 00l1.fastqg.gz

{ time fastgc SampleB6 S3 L0001 R1 00l1.fastqg.gz
SampleB6 S3 L0011 R2 001.fastg.gz; } 2>>time.txt
rm SampleF2 S7 LO0O1 R1 001 fastqgc.zip

rm SampleF2 S7 L0O01 R2 001 fastqgc.zip
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{ time trimmomatic PE -trimlog trim sample.txt

SampleB6 S3 LO0O1 R1 00l1.fastqg.gz SampleB6 S3 L0O01 R2 00l1.fastqg.gz
sample fp.fqg.gz sample fu.fqg.gz sample rp.fg.gz sample ru.fg.gz
ILLUMINACLIP:TruSeqg3-PE.fa:2:30:10 LEADING:3 TRAILING:3
SLIDINGWINDOW:4:15 MINLEN:36; } 2>>time.txt

# (read mapping normal pipeline)

{ time bwa index refseq/bwa_human_index/GRCh38.fna; } 2>>time.txt
{ time bwa mem refseqg/bwa human index/GRCh38.fna sample fp.fqg.gz
sample rp.fg.gz > sample human.sam; } 2>>time.txt

samtools view -Sb sample human.sam > sample human.bam
samtools sort sample human.bam > sample human sort.bam
samtools view -bf4 sample human sort.bam > sample unmapped.bam
samtools sort -n sample unmapped.bam > sample unmapped sort.bam

bedtools bamtofastg -1 sample unmapped sort.bam -fg
sample fp unmapped.fastqg -fg2 sample rp unmapped.fastqg

{ time bwa mem refseqg/bwa cov_index/NC 045512v2.fasta
sample fp unmapped.fastqg sample rp unmapped.fastqg > sample.sam; }
2>>time.txt

samtools view -Sb sample.sam > sample.bam

samtools sort sample.bam > sample sort.bam

samtools stats sample sort.bam > sample stats.txt
samtools coverage sample sort.bam > sample coverage.txt

# (mark duplicates)
PICARD=/home/bi-i31/anacondal3/share/picard-2.25.2-0/picard.jar

{ time java -jar SPICARD MarkDuplicates REMOVE DUPLICATES=true
DUPLICATE SCORING STRATEGY=SUM OF BASE QUALITIES

OPTICAL DUPLICATE PIXEL DISTANCE=100 VALIDATION STRINGENCY=LENIENT
use jdk deflater=true use jdk inflater=true I=sample sort.bam
O=sample picard.bam M=sample picard.txt; } 2>>time.txt

samtools sort sample picard.bam > sample picard sort.bam

# (realign reads)
{ time lofreq viterbi -f refseqg/bwa cov index/NC 045512v2.fasta -o
sample realign.bam sample picard sort.bam; } 2>>time.txt

# (insert indel qualities)

{ time lofreqg indelqual --dindel -f

refseqg/bwa _cov_index/NC 045512v2.fasta -o sample indelqual.bam
sample picard sort.bam; } 2>>time.txt

# (variant calling)

{ time lofreqg call --verbose --ref

refseq/bwa_cov_index/NC 045512v2.fasta --call-indels --min-cov 50 --
max—-depth 1000000 --min-bg 30 --min-alt-bg 30 --min-mg 20 --max-mg
255 --min-jg 0 --min-alt-jg 0 --def-alt-jg 0 --sig 0.01 --bonf
dynamic -o sample.vcf sample indelqual.bam; } 2>>time.txt
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# (variant annotation)

#Depends between GRCh38.86 or GRCh38.99, see java -jar $SNPEFF
#databases | grep -i GRCh38 for more details
SNPEFF=/home/bi-i31/anaconda3/share/snpeff-4.3.1t-1/snpEff.jar
CONFIG=/home/bi-i31/anaconda3/pkgs/snpeff-4.3.1t-1/share/snpeff-
4.3.1t-1/snpEff.config

{ time java -Xmx8g -jar SSNPEFF -c S$CONFIG -v GRCh38.86 sample.vcf >
sample annotated.vcf; } 2>>time.txt

# (variant extraction to csv)
SNPSIFT=/home/bi-i31/anaconda3/share/snpsift-4.3.1t-1/SnpSift.jar

{ time java -jar S$SNPSIFT extractFields -s "," -e "."

sample annotated.vcf CHROM POS ID REF ALT QUAL DP AF SB DP4 >
sample annotated.csv; } 2>>time.txt

# (construct consensus sequences from bam file)

{ time samtools mpileup -uf refseqg/bwa cov_index/NC 045512v2.fasta
sample sort.bam | bcftools call -c | vcfutils.pl vcf2fg >

sample cns.fq; } 2>>time consensus.txt

# (filter good quality bases, convert fastqg to fasta)

{ segtk seq -aQ64 -g20 -nN sample cns.fg > sample cns.fasta; }
2>>time consensus.txt

#NC_045512v2 (using gff of sars-cov-2, convert gff to bed, mapping
bed to corresponding region in fasta)

{ time sortBed -i NC 045512v2.gff | gff2bed > NC 045512v2.bed; }
2>>time consensus.txt

{ time bedtools getfasta -fi refseg/bwa cov index/NC 045512v2.fasta
-bed NC 045512v2.bed -name > NC 045512v2 bed.fasta; }

2>>time consensus.txt

{ time segkit split -i NC 045512v2 bed.fasta; }
2>>time consensus.txt

#SAMPLES (using gff of sars-cov-2, convert gff to bed, mapping bed to
corresponding region in fasta)

{ time bedtools getfasta -fi sample cns.fasta -bed NC 045512v2.bed -
name > sample bed.fasta; } 2>>time consensus.txt

# (split fasta according to sequences)
{ time segkit split -i sample bed.fasta; } 2>>time consensus.txt

# (clean excess files, optional and user may adjust according to
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their own needs)

rm sample fu.fg.gz sample ru.fg.gz sample indelqual.bam
sample picard sort.bam sample picard.bam sample realign.bam
sample sort.bam sample.sam snpEff genes.txt sample human.sam
sample human.bam sample human sort.bam sample unmapped.bam
sample unmapped sort.bam sample fp unmapped.fastg

sample rp unmapped.fastqg

Python Algorithm for Pairwise Alignment and Detection of Amino Acid Mutations
(pairwise_alignment_to_txt.py and txt_to_excel_workbook.py)

[Branch 2] amino acid substitution pipeline would result in mapped consensus to SARS-CoV-2 bed
corresponding to each region inside SARS-CoV-2 genome. These mapped fasta were subjected for
pairwise alignment to detect subsequent mutations. Mutations will be appended to a .txt file with a
format similar to .csv. However, owing to the large number of fasta files after mapping to region (1
original consensus sequence are mapped to 59 region, resulting in 59 fasta files in each sample), as
pattern matching method was used in this algorithm, a .csv file containing the filename will be
required to act as the ‘bait’ to capture the mapped fasta file. Afterwards, biopython will detect input
files, translate fasta to amino acids, and pairwise alignments will be conducted. The algorithm will
scan for mutation and if it manages to detect one, reference nucleotides alongside alternate
nucleotides and position will be appended to a text file. Iteration will be done thoroughly until all
samples are fully covered and mutations were fully detected. Appendices 1. summarizes the whole
workflow in pairwise_alignment_to_txt.py.

read.esv {pattern ist ?
(filename) matching] st

o COV seq
(filename), j
[mapped
fasta)

Match Scan for Biopython Biopython
S matches in pairwise translate to

YES ? alignment alignment aa
MATCH NO

C=) (1) ()

l l [ APPEND reftindex+alt to a txt file

—~[ APPEND index mutation to a.txt file

CsW of
filemame .
icIiE . Index
START

Biopython
Seqlo

Write seq id to fxt file

)

Appendices 1. Workflow illustration for pairwise_alignment_to_txt.py
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from Bio import SegIO
from Bio import pairwise2
import glob

import pandas as pd

full data = []
not full data = []

#samples were categorized into 2 based on their length, here we have
#full (29903 and notfull (29834 - 29903). The categorization was
#applied due to #the length of sequences, if sequences not met
#29903, subsequently, modification to mapped #NC 045512.2 should be
fapplied otherwise will result in error)

#here, 2 csv file were created as the basis for pattern matching, it
was applied owing to #long naming of samples from UGM

full = pd.read csv('fasta stats full.csv', sep=',"')
not full = pd.read csv('fasta stats not full.csv', sep=',"')

for 1 in full['file']:
full data.append('./BATCH UGM/'+i+'/*.fasta')
#for 1 in not full['file']:
# not full data.append('./BATCH UGM/'+i+'/*.fasta')

for i, j in zip(full['file'], full data):
COV =
list (sorted(glob.glob ("./NC 045512v2 bed.fasta.split full/*.fasta"))

)
SAMPLE = list(sorted(glob.glob(j)))

filename = i+'.txt'
print ("FILE OUTPUT: '+filename)

for x, y in zip(COV, SAMPLE) :
segl = SeglO.read(x, "fasta")
seqg2 = SeqlO.read(y, "fasta")
print (seql)

print ('"\n")

print (seg2)

print ('"\n")

for seq record in SeqIO.parse(x, "fasta"):
record 1 = seq record.seq

for seq record in SeqIO.parse(y, "fasta"):
with open(filename, 'a') as f:
f.writelines (seq record.id)

record 2 = seq record.seq
prol = record l.translate()
pro2 = record 2.translate()



alignments = pairwiseZ2.align.localms (prol, proz2, 2, -1, -1,

-1)
match = []
ref = []
alt = []
c =1
mut = []
for a, b in zip(alignments[0][0],alignments[0][1]):
if a ==
match.append('|")
c +=1
else:
match.append ('*")
ref.append(a)
alt.append (b)
mut.append(c)
c +=1
m="".join (match)
s=1[]

s.append (alignments[0] [0]+'\n")
s.append (m+'\n")
s.append(alignments[0] [1])

alignedSegs="".join(s)
print (alignedSeqgs)
print ('"\n")

for (gq,w,r) in zip(ref, alt, mut):
with open(filename, 'a') as f:
f.writelines('; "+str(qg)+ str(r) + str(w))

with open(filename, 'a') as f:
f.writelines(';' + str (mut))
f.writelines ('\n")

Text files generated from previous python code will be converted to csv and compiled into one excel
workbook file containing the amino acids mutations in each sample. Appendices 2. summarizes the
whole workflow in txt_to_excel_workbook.py.
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Appendices 2. Workflow illustration for txt_to_excel _workbook.py

import pandas as pd
import sys

import os

import glob

from pathlib import Path

#this code will write subsequent alignment result in the form of
excel workbook

#first, we need to convert all the text files from previous
procedure to a new csv file

DATA = list(sorted(glob.glob("./ugm covid full length/*.txt")))
root = 'ugm covid csv'

for 1 in DATA:

print (i)

data = pd.read csv (i, sep=';")

data.to _csv(os.path.join(root, i[71:-28]+'.csv'), sep=';",
index=False)

# COMBINE ALL CSV TO ONE EXCEL FILE

extension = 'csv'
all filenames = [i for i in glob.glob("./ugm covid csv/*.csv")]
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writer =
output name

for 1 in all filenames:

pd.ExcelWriter ('UGM COVID 36 FULL.xlsx')

# Arbitrary

txt = Path(i).read text ()
txt = txt.replace(',', '.")

text file open (i, "w")
text file.write(txt)

text file.close()

print (1[16:])
df = pd.read csv (i,
df.to excel (writer,

sep="';"', encoding='utf-8")
sheet name=os.path.splitext(i[l6:]) [0],

index=False)
writer.save ()

RUNTIME EXECUTION OF FAST PIPELINE IN BATCH 1 AND BATCH 2 SAMPLES

TIME (S)
. Output
Step Tools Input Files | ~ . '~ | B6Fast | C5Fast | F2Fast | FA Fast
Pipeline | Pipeline | Pipeline | Pipeline
) FASTQC FASTQ HTML 48.1 14.2 13.1 9.1
Quality control
TRIMMOMATIC FASTQ FASTQ 210 50.6 46.6 25.8
Indexing
reference BWA-MEM FASTA | NPEX1 535 0.3 0.3 0.3
genome FILES
(SARS-CoV-2)
Read mapping FASTQ
to reference BWA-MEM | (S3MPles) g, 154 40.5 55.5 25.2
genome and INDEX
(SARS-CoV-2) FILES
Post-read SAMTOOLS BAM BAM 42 6.8 5.6 3.3
mapping C 9.3 1 1 9
processing PICARD BAM BAM 59. 7 54 .5
BAM &
Realign reads LOFREQ FASTA BAM 17.3 7.2 6 3.5
(Reference)
Insert indel BAM &
-, LOFREQ FASTA BAM 12.6 5.1 5.9 3.2
qualities
(Reference)
BAM &
Variant calling LOFREQ FASTA VCF 494 149 6 20.5
(Reference)
Variant SNPEFF VCF VCF | 359 | 362 | 366 | 366
annotation
Variant
extraction to SNPSIFT VCF Csv 0.3 0.2 0.2 0.18
csv
Total Time Required [Branch 1] 1073.8 327.1 191.2 137.18
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Appendices 3. Runtime execution of Batch 1 samples in detecting nucleotide substitution (Branch 1 -

Fast Pipeline).

TIME (S)
Step Tools Input Files Ou.tput S3 Fast | S9 Fast e L
Files Pipeline | Pipeline Fast Fast
P P Pipeline | Pipeline
Quality FASTQC FASTQ HTML 82 36.7 15.1 28.1
control TRIMMOMATIC FASTQ FASTQ 378 148 53.8 116
Indexing
reference INDEX
genome BWA-MEM FASTA 0.04 0.03 0.03 0.03
FILES
(SARS-
CoV-2)
Read
mapping FASTQ
to (Samples)
rgziroer:cee BWA-MEM and INDEX BAM 248 125 64 111
(SARS- FILES
CoV-2)
Post-read SAMTOOLS BAM BAM 86 36.9 7.9 24.2
mapping
processing PICARD BAM BAM 107 51.1 18.5 39.9
Realign BAM &
g LOFREQ FASTA BAM 21.1 19.8 6.7 16.2
reads
(Reference)
Insert BAM &
indel LOFREQ FASTA BAM 18 18.7 6.1 14.2
qualities (Reference)
Variant BAM &
. LOFREQ FASTA VCF 854 224 96 169
calling
(Reference)
Variant SNPEFF VCF VCF | 372 | 367 | 365 36.9
annotation
Variant
extraction SNPSIFT VCF Ccsv 0.3 0.2 0.02 0.02
to csv
Total Time Required [Branch 1] 1831.64 | 697.13 | 304.65 | 555.55

Appendices 4. Runtime execution of Batch 2 samples in detecting nucleotide substitution (Branch 1 -

Fast Pipeline).
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TIME (S)

. Output
Step Tools Input Files F“eps B6 Fast | C5Fast | F2 Fast | F4 Fast
Pipeline | Pipeline | Pipeline | Pipeline
Convert GFF
SARS-CoV-2 BEDTOOLS GFF BED 0.01 0.01 0.01 0.01
to BED
Map SARS-
CoV-2 BED &
genome to BEDTOOLS EASTA FASTA 0.01 0.01 0.01 0.01
SARS-CoV-2
BED
Split fasta file SEQKIT FASTA FASTA 0.01 0.01 0.01 0.01
Construct SAMTOOLS
CONSENSUS BAM FASTQ | 574 117 6.4 13.7
sequence of
samples BCFTOOLS
Obtain good
quality bases SEQTK FASTQ | FASTA| 0.01 0.01 0.01 0.01
and convert to
fasta
Map fasta to FASTA
corresponding (samples)
SARS-COV-2 BEDTOOLS & BED FASTA 0.01 0.01 0.01 0.01
BED file (Reference)
Split fasta file SEQKIT FASTA FASTA 0.01 0.01 0.01 0.01
Pairwise PYTHON
Alignment (BIOPYTHON) FASTA TXT 130.1 130.1 126.8 135.5
Total Time Required [Branch 2] 704.16 247.16 133.26 149.26

Appendices 5. Runtime execution of Batch 1 samples in detecting amino acids substitution (Branch 2

- Fast Pipeline).

TIME (S)
Step Tools Input Files Ou'tput S3 Fast | S9 Fast 510 515
Files Pipeline | Pipeline 3 e
P P Pipeline | Pipeline
Download
eFF - GFF GFF - - -
Annotation of
SARS-CoV-2
Convert GFF
SARS-CoV-2 BEDTOOLS GFF BED 13.7 13.7 13.7 13.7
to BED
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Map SARS-
CoV-2 BED &
genome to BEDTOOLS EASTA FASTA 0.01 0.01 0.01 0.01
SARS-CoV-2
BED
Split fasta file SEQKIT FASTA FASTA 0.01 0.01 0.01 0.01
Construct SAMTOOLS
consensus BAM FASTQ | 1083 200 87 145
sequence of
samples BCFTOOLS
Obtain good
quality bases SEQTK FASTQ | FASTA | 0.01 0.01 0.01 0.01
and convert
to fasta
Map fasta to FASTA
corresponding (samples)
SARS-CoV-2 BEDTOOLS & BED FASTA 0.01 0.01 0.01 0.01
BED file (Reference)
Split fasta file SEQKIT FASTA FASTA 0.01 0.01 0.01 0.01
Pairwise PYTHON
Alignment (BIOPYTHON) FASTA TXT 131.7 125.9 132.1 134.6
Total Time Required [Branch 2] 1228.45 | 339.65 | 232.85 | 293.35

Appendices 6. Runtime execution of Batch 2 samples in detecting amino acids substitution (Branch 2

- Fast Pipeline).

RUNTIME EXECUTION OF NORMAL PIPELINE IN BATCH 1 AND BATCH 2 SAMPLES

TIME (S)
. Output B6 C5 F2 F4
Step Tools Input Files Filgs Normal | Normal | Normal | Normal
Pipelin | Pipelin | Pipelin | Pipelin
e e e e
Quality FASTQC FASTQ HTML 50.6 15.6 16 11
control TRIMMCOMATI FASTQ F%ST 3.36 51.4 45.7 26.2
Indexing
reference INDEX
genome BWA-MEM FASTA FILES 3082 3201 3423 3153
(GRCh38.86
)
Read
mapping to FASTQ
reference BWA-MEM (Samples) | gy | 1976 313 360 207
genome and INDEX
(GRCh38.86 FILES
)
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Obtain
unmapped SAMTOOLS BAM BAM 0.01 0.01 0.01 0.01
reads
Convert
unmapped BEDTOOLS BAM FAST | g1 0.01 0.01 0.01
reads back Q
to fastq
Indexing
reference
genome BWA-MEM FASTA I|:N|EEE;( 0.3 0.3 0.3 0.3
(SARS-CoV-
2)
Read
mapping to FASTQ
reference i (Samples)
genome BWA-MEM and INDEX BAM 124 24.2 0.8 2.2
(SARS-CoV- FILES
2)
Post-read SAMTOOLS BAM BAM 31.4 4.1 0.17 0.4
mapping
processing PICARD BAM BAM 46.2 115 3.3 3.3
BAM &
Realign LOFREQ FASTA | Bam | 118 45 0.2 05
reads (Reference
)
BAM &
Insert inde| LOFREQ FASTA BAM 7.7 2.7 0.1 0.4
qualities (Reference
)
BAM &
Variant LOFREQ FASTA VCF 7.3 138 5.2 19
calling (Reference
)
Variant SNPEFF VCF VCF | 367 38.9 0.4 37
annotation
Variant
extraction to SNPSIFT VCF Csv 0.3 0.3 0.2 0.2
csv
Total Time Required [Branch 1] 5377.68 | 3805.52 | 3855.39 | 3460.52

Appendices 7. Runtime execution of Batch 1 samples in detecting nucleotide substitution (Branch 1 -

Normal Pipeline).

TIME (S)
Step Tools Input Files Ou.tput 2 - = il
Files Normal | Normal | Normal | Normal
Pipeline | Pipeline | Pipeline | Pipeline
Quality FASTQC FASTQ HTML 89 37.9 17.1 30.7
control TRIMMOMATIC FASTQ FASTQ 362 148 53.1 116
Indexing
reference BWA-MEM FasTa | NDEX 5060 | 3158 | 3103 | 3088
genome FILES
(GRCh38.86)
Read BWA-MEM FASTA 1 pam | 722 852 266 638
mapping to (Samples)
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reference and INDEX
genome FILES
(GRCh38.86)
Obtain
unmapped SAMTOOLS BAM BAM 0.01 0.01 0.01 0.01
reads
Convert
unmapped | genraors BAM FASTQ | 0.01 | 0.01 0.01 0.01
reads back
to fastq
Indexing
reference INDEX
genome BWA-MEM FASTA FILES 0.03 0.03 0.03
(SARS-CoV-
2) 0.03
Read
mapping to FASTQ
reference Bwa-MEM | 53MPIes) g L 900 37.2 16.7 57.7
genome and INDEX
(SARS-CoV- FILES
2)
Post-read SAMTOOLS BAM BAM 76 8.3 3.5 5.7
mapping
processing PICARD BAM BAM 86 18.4 8.5 12.3
Realign BAM &
LOFREQ FASTA BAM 17.5 4.5 2.2 4
reads
(Reference)
Insert indel BAM &
- LOFREQ FASTA BAM 14.6 4 1.7 2.9
qualities
(Reference)
Variant BAM &
. LOFREQ FASTA VCF 722 195 82 154
calling
(Reference)
Variant SNPEFF VCF VCF | 377 | 373 37 36.9
annotation
Variant
extraction SNPSIFT VCF CSsv 0.3 0.03 0.02 0.04
to csv
Total Time Required [Branch 1] 5507.15 | 4500.68 | 3590.87 | 4146.29

Appendices 8. Runtime execution of Batch 2 samples in detecting nucleotide substitution (Branch 1 -

Normal Pipeline).
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TIME (S)

. Output B6 C5 F2 F4
ey sl s ~les Files Normal | Normal | Normal | Normal
Pipeline | Pipeline | Pipeline | Pipeline
Convert GFF
SARS-CoV-2 BEDTOOLS GFF BED 0.01 0.01 0.01 0.01
to BED
Map SARS-
Cov-2 BED &
genome to BEDTOOLS FASTA FASTA 0.01 0.01 0.01 0.01
SARS-CoV-2
BED
Split fasta file SEQKIT FASTA FASTA 0.01 0.01 0.01 0.01
Construct SAMTOOLS
conSensus BAM FASTQ | 549 108 45 13.1
sequence of
samples BCFTOOLS
Obtain good
quality bases SEQTK FASTQ | FASTA | 0.01 0.01 0.01 0.01
and convert to
fasta
Map fasta to FASTA
corresponding (samples)
SARS-COV-2 BEDTOOLS & BED FASTA 0.01 0.01 0.01 0.01
BED file (Reference)
Split fasta file SEQKIT FASTA FASTA 0.01 0.01 0.01 0.01
Pairwise PYTHON
Alignment (BIOPYTHON) FASTA TXT 64.6 66.9 64.1 65.8
Total Time Required [Branch 2] 613.66 174.96 68.66 78.96

Appendices 9. Runtime execution of Batch 1 samples in detecting amino acids substitution (Branch 2

- Normal Pipeline).

TIME (S)
Step Tools Input Files Ou_tput 53 59 510 515
Files Normal | Normal | Normal | Normal
Pipeline | Pipeline | Pipeline | Pipeline
Download
GFF
Annotation of i GFF GFF i i i i
SARS-CoV-2
Convert GFF
SARS-CoV-2 BEDTOOLS GFF BED 13.7 13.7 13.7 13.7
to BED
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Map SARS-

CoV-2 BED &
genome to BEDTOOLS EASTA FASTA 0.01 0.01 0.01 0.01
SARS-CoV-2
BED
Split fasta file SEQKIT FASTA FASTA 0.01 0.01 0.01 0.01
Construct SAMTOOLS
consensus BAM FASTQ | 935 177 79 134
sequence of
samples BCFTOOLS
Obtain good
quality bases SEQTK FASTQ | FASTA | 0.01 0.01 0.01 0.01
and convert
to fasta
Map fasta to FASTA
corresponding (samples)
SARS-CoV-2 BEDTOOLS & BED FASTA 0.01 0.01 0.01 0.01
BED file (Reference)
Split fasta file SEQKIT FASTA FASTA 0.01 0.01 0.01 0.01
Pairwise PYTHON
Alignment (BIOPYTHON) FASTA TXT 65.05 64.1 63.7 62.8
Total Time Required [Branch 2] 1013.8 | 254.85 | 156.45 | 210.55

Appendices 10. Runtime execution of Batch 2 samples in detecting amino acids substitution (Branch

2 - Normal Pipeline).
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