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Abstract

tion of traditional experimental studies and the specificity of phage genes, have led people to study and know little

Bacteriophages are viruses that infect bacteria and widely exist in various environments. Due to the limita—

about intestinal phages. With the development of macrogenome sequencing technology and various bioinformatics anal—
ysis software tools, people can have an exacerbation of understanding about intestinal phages through phageomics. The
phageome analysis workflow mainly includes quality control and preprocessing of raw data, splice and assembly of the
viral genome sequence, screening of virus-ike particles and systematic classification annotation as well as evolutionary
analysis and prediction of relevant host bacteria. In this roundup, the analysis workflow of phageome and common use
tools for bioinformatics and database required in the phageome analysis process are introduced in detail, hopefully it
could provide references for related researchers and promote the development of the intestinal phage research field.
phageome; virome; machine learning software; database
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Fig. 1 Bioinformatics analysis workflow of gut phageome
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Table 1  Data input and output format and features of quality control software

RPFA TR iy Ak s X FHIE
FastQC Bam, Sam or FASTA HTML SCHRZ R A4 =X
Cutadapt FASTQ, FASTA FASTQ, FASTA BT 28R F A, 7l 5 H ALK AT b PR LA
Trimmomatic FASTQ FASTQ B 1 U8 5 15 SR DL FASTQ 4% U s L e 2 n] W04k 2 R AR
AfterQC FASTQ FASTQ, HTML Rl I3 i i (I PP 3 4325, I I A7
Fastp FASTQ HTML, JSON YIfeST 4 B A PP A TR R

F2 FEHNFHBEREXZFHMEENLERGETR
Table 2 Quality control of raw sequencing data and preprocessing software tools
BI£4 TR R A AL S 3CHk
FastQC TR R ) g 42 o AT A https: //www. bioinformatics. babraham. ac. uk/projects/
fastqe

Cutadapt F g3k R AR LA B ds i K B ) https: //cutadapt. readthedocs. io/en/stable/ [13]
Minion SR AT ECE h B3k R https: //www. ebi. ac. uk /research / enright / software / kraken (14]
AfterQC b IR R Z AR T 1 A 7 81 https: //github. com/OpenGene/ AfterQC [15]
Trimmomatic B R e 5 781 http: / /www. usadellab. org/cms/? page = trimmomatic [16]
Fastp FBREEL A L B P8 https: //github. com/OpenGene /fastp [18]
MultiQC PR RIREA 4 71 St 2 i i 18I hups: //multiqe. info/ [25]
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FastQ Screen F R T S i s I 5 e https: / /www. bioinformatics. babraham. ac. uk/projects/ [24]
fastq_screen/
Aozan £54 T FastQC  MultiQC Fll FastQ Screen https: //github. com/GenomicParisCentre/aozan [26]
Bowtie2 527800 https: / /bowtie-bio. sourceforge. net/bowtie2 /index. shtml [19]
BWA RS Lot hitps: //github. com/1h3 /bwa [20]
samtools AR 28 B LR B G IE SR E A https: //github. com/samtools/samtools [2223]
bedtools RS X hitps: //github. com/arq5x/bedtools2 [27]
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Table 3 Viral genome assembly and quality assessment of assembly software tools

LU AN L/ QLR ERA ) ik E =N
VCAKE ] 67 2 K-mer 300 21 20 0 i 4 S M 41 https: //bioinformaticshome. com/tools/wga/descriptions/  [30]
VCAKE. html
Celera Assembler  De novo 4x3EPI 20 DNA 21 2% %5k http: //wgs-assembler. sourceforge. net/wiki/index. php? [31]
title = Main_Page
Canu T FH T R MR BR300 BB £ 2 https: //canu. readthedocs. io/en/latest/ [32]
Falcon TR AR 4 21 % https: //github. com/PacificBiosciences/pb-assembly [33]
MIRA ExTEIE 2kl https: //sourceforge. net/projects/mira-assembler/ (34]
IDBA-UD De Bruijn Graph — AR FE 50 41255 2k hitps: //github. com/loneknightpy /idba [38]
SPAdes PN 2T 25 AR A ) e B 2 2 2 o https: //cab. spbu. ru/files/release3. 15. 2 /manual. html [39]
MEGAHIT BT B, AR R AU AR P B 4124k hups: //github. com/vouten /megahit [40]
SOAPdenovo2 BT 81 2H B AR https: //github. com/aquaskyline /SOAPdenovo2 [41]
SKESA TAE Y HE K ZH ) De novo 44K https: //github. com/nchi/SKESA [42]
QUAST WA SN AR HRBR LIPEAG ZH%E fiit hups: //github. com/ablab/quast [44]
MetaQUAST VAL 75 BE TR 20 7 51 1 24 5 ot o http: //bioinf. spbau. ru/metaquast (48]
CheckV PTG 7 2 B R A 1 4 o https: / /bitbucket. org/berkeleylab /checkv/src/master/ [49]
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Table 4  Identify viruses, system classification or annotation software tools and commonly used virus databases
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Table 5 Software tools for predicting the corresponding host bacteria and building phylogenetic trees
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