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> MLLHZE (De Novo assembly)

> BBH%K (reference-based assembly)

» ZR+=BEHK (B8

< EREFHES

> BEREFR. MA/FHhERSH. MISTHR
< WIR SR

> HREEERAHCMIIE

> MEROOEFLSNP (cgSNP) RS
o EEEAN R R E



O T & kErRtad LD ao | i AR SR TR A

SIEIZEWIFI, BFR: training, ZER: training,

4

o

L)

TN ST 2s, BEMLE: http://192.168.31.*:8080
CHPZ: EaE

H#f. ZRL: 20250627




MILZHZE (De Novo assembly)

fastq  [RIATHIEHE SENHL:
iz fastp. fastgc. trimmomatic s

fastp -i Rl.fastq.gz -1 R2.fastq.gz -o R1_clean.fastq.gz
v -0 R2_clean.fastg.gz -h report.html
fastq [ EEEE spades.py -1 R1_clean.fastq.gz -2 R2_clean.fastq.gz -o

—{X&UE: megahit, spades e
B | =REUR: flye. canu =f:

| TR+=HREEE: unicycle. spades flye --nano-raw barcode.fastq.gz --out-dir result_out
fasta PAESEFERS --threads 8




B&4HE

fastqg  JRIATHIEUE
- |fastp. fastqc.
e trimmomatic

fastq [ IE R

mapping

sam/bam |:|$5(9L':F;

ERIASHT

I\\

bwa. bwa-mem2.
bowtie2, minimap2 +
samtools, sambamba

B34

bcftools, vcflib,
deepvariant,

vcf/bcf

freebayes, GATK

"‘Q?I'R{ _L’“\S‘Z#F EEJZ—AZF_ 5.]

bcftools. samtools,

ivar

(reference-based assembly)

S HL:

=
fastp -i R1.fastq.qz -1 R2.fastq.gz -o R1 _clean.fastq.gz
-0 R2_clean.fastg.gz -h report.html

mapping:

bwa mem reference.fasta R1 clean.fastq.gz

R2 clean.fastq.gz | samtools sort | samtools view -F 4
-0 sample.sorted.bam

£ — B

samtools consensus -m simple -d 10

sample.sorted.bam -c 0.5 > assembly.fasta

EREFFIH

fasta




B2HEKMIZEE

REREA—ta o
Galaxy e iRiEa bl

mapping

fastg

DEE_RNEs 0 x
7 (BR) Mk

output (input)

D wixs=ER4A x

fasta M {4

output (input)

fastp on input dataset(s):
Read 1 output (input)

fastp on input dataset(s):
HTML report (html)

& BWA-MEM2 x

Use the following dataset as
the reference sequence

Select fastq dataset

BWA-MEM?2 on input
dataset(s) (mapped reads in
BAM format) (bam,
gname_sorted.bam,
gname_input_sorted.bam)

0 x

# Samtools view
SAM/BAM/CRAM data set

Filter by readnames

Samtools view on input ‘ 3

dataset(s): filtered
alignments (input, sam,
bam, cram)

ivar consensus on input
dataset(s) Consensus (fasta)

& Samtools sort

BAM File

output1 (bam,
gname_sorted.bam,
unsorted.bam)




~77

B

Step 1: DNA extraction

isolate DNA
extract

* Minimise fragmentation for longer ONT reads
* One DNA extract for both ONT and lllumina
= Save extra DNA in case more sequencing is needed

Step 2: hybrid sequencing

ONT
reads

Illumlna
reads

+ Deeper is better: ideally 200x ONT
and 200x lllumina

« Best possible ONT reads: R10.4.1
with highest accuracy basecalling

S ONT-assembled
genome

k .
ONT-polished
genome

Step 5: short- re

Step 3: long-read assembly

« Trycycler: combine multiple alternative
assemblies into a single consensus

+ Goal: genome assembly with zero structural
errors (i.e. only small-scale errors)

Step 4: long-read polishing

» Medaka: match model to ONT chemistry and
basecaller

+ Goal: best possible genome assembly using
only ONT reads

ad polishing
+ Polypolish first: low risk of introduced errors
* Then other tools (e.g. POLCA, FMLRC2):
sometimes catch errors Polypolish missed

hybrld polished
genome

Step 6: manual

S final curated
fasta
genome

curation

« Assess changes by visualising read
alignments before/after polishing

+ Search for errors/misassemblies with variant
callers (e.g. freebayes, Clair3, Sniffles2)

SZH0:

1.=RFFIHRE

flye --nano-hq barcode.fastq.gz -o ONT_assembly
2.=RARERKRIE

medaka_consensus -d ONT_assembly/assembly.fasta -i

barcode.fastq.gz -o ONT_assembly -m

r1041 e82_400bps_sup_g615
3.fEA—HKFEFEH—SRIE

cd ONT_assembly

bwa index consensus.fasta

bwa mem -a consensus.fasta Rl.fastg.gz > R1l.sam

bwa mem -a consensus.fasta R2.fastqg.gz > R2.sam

polypolish filter --in1 Rl.sam --in2 R2.sam --outl
R1.filtered.sam --out2 R2.filtered.sam

polypolish polish consensus.fasta R1.filtered.sam
R2.filtered.sam > consensus.polished.fasta




=EYSAETH

+ (EFprokkaH{TIRIBERTRE (BETE&<ZERF4A)
 prokka --proteins reference.gbk contigs.fasta
« MHESMEDHT
- arm#UEE

« amrfinder (-p <protein fasta> | -n <nucleotide fasta)

- CARD#EE

* rgi main -i contigs.fasta -t contig -o output.out --clean
- MRS (R HEH)
+ BikFeEIA (Kleborate) . FHRHEEKE (PneumoKITy) . FREMEMATER (hicap), BREEKHE
FGEKE (meningotype) . BRERHEIXE (emm_typing), FS3EfRIRE (TOXIper) . MM JER
(sistr_cmd) | BRZIBEFHMFECE (LisSero) . giAINSNE (VPsero). EEHEHFIKE

(SalTy). FTERECENE (shigatyper). EURIEKRIFRAE (ecoli_serotyping) . FFLHEEKE
(GBS_SBG)




=EYSAETH

+ EFAPUbMLSTEUREEHITMLS T EY
» https://github.com/tseemann/mlst
« milst genomes/*

-

genomes/6008.fna saureus 239 arcc(2) aroe(3) glpf(1) gmk (1) pta_(4) tpi (4) yqil(3)
genomes/strep.fasta.gz Sssuis 1 aroA(1) cpn60(1) dpr(1) gki(1) mutS(1) recA(1) thrA(1)
genomes/NC _002973.gbk Imonocytogenes 1 abcZ(3) bglA(1) cat(1) dapE(1) dat(3) Idh(1) IhkA(3)

genomes/L550.gbk.bz2 leptospira 152 glmU(26) pntA(30) sucA(28) tpiA(35) pfkB(39) mreA(29) caiB(29)


https://github.com/tseemann/mlst

ﬂ
i
1

EbeiR L ANEYAFE

T

fasta EpapieZll

Z5
e

fasta XI55

mafft, muscle, nextalign

it | igtree2. raxml, fasttree

ALES |
Newick BHLRS

S R1E:
Z 3 EE Xt

mafft - -auto seq.fasta > seq_aligned.fasta

BB -
igtree2 -s seq_aligned.fasta -T AUTO -B 1000

10




1N

4

E%OEREHESNP (cgSNP) #iRT

- {Esnippyi{TcgSNPOHTRIZEN
« https://github.com/tseemann/snippy
° /_.I_TWMJC{]—E_’J #1/bin/bash

- echo "The PID ﬁf current scriplt is: $$" I y bin/ed
N =§5= export PATH=/home/ngs _analysis/tool packages/snippy/bin/:$PATH
=R E-I)fj s \F;ibrio* > seqlist.txt 9s-anay -Pactad PPy
Is GD* >> seqlist.txt
o« JHALEFEL IFS=$"\n'
—E.ZEJEIE]«:F1E for line in $(< ./seqlist.txt)
do
° 72% = j( Z outdir="echo "$line" [tr-s'"" "|cut-d"." -f1°
= % H echo $outdir >> dirlist.txt
snippy --outdir $outdir --ref reffasta --cpus 16 --ctgs "$line" &
done
wait
unset IFS
corepara= cat dirlist.txt | tr -s ['\t',"\n'] " "
snippy-core --prefix core $corepara --ref ref.fasta
snippy-clean_full aln core.full.aln > clean.full.aln
source /home/ngs_analysis/anaconda3/bin/activate gubbins_git
run_gubbins.py -p gubbins clean.full.aln
source /home/ngs_analysis/anaconda3/bin/deactivate

~/tool_packages/snippy/binaries/linux/snp-sites -c gubbins.filtered polymorphic sites.fasta > clean.core.aln
FastTreeMP -gtr -nt clean.core.aln > clean.core.tree



https://github.com/tseemann/snippy

o fitE

D SEERATIR D X
Yafastg3Z{Hcollection

output (input)

HSNPHACRI R E

D EsFEFeEERA O X
fasta3Z{t

output (input)

& snippy

R A

0D x # snippy-core D x

Use the following dataset as k) Snippy input zipped dirs

the reference sequence . :
snippy-core on input

dataset(s) core alignment

Select a paired collection
i sk} .

snippy on input dataset(s) @4
snps vcf file (vcf)

snippy on input dataset(s) @

snps table (tabular)
>4

snippy on input dataset(s) @4
dir for snippy core (zip)

[Tri

ZFFIEERS

# snippy- 18]

clean_full_aln
¥ Snippy core.full.aln file

snippy-clean_full_aln on
input dataset(s) cleaned
core alignment (fasta)

X

>

# Gubbins

>

EL

0 x

Whole genome alignment
file

Gubbins on input
dataset(s) Final Tree (txt) ©

Gubbins on input
dataset(s) Recombinations
Prediction gff (gff3) ©

Gubbins on input
dataset(s) Filtered
Polymorphic Sites fasta
(fasta)

Gubbins on input
dataset(s) Summary of SNP
Distribution vcf (vcf)

12
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BN FRRIREE

& 7: fastp

: i ) Input i
O 6: &=MREMKfastg O X s
g s O @ outl (input)

O @ report_html (html)

output (input)

O @ report_json (json)

K Taxonomy Profiling 1 Taxonomy Visualisation

& 3: Kraken2

e al% / 5:Krona piechart @ X

Convert kraken report file

Input sequences £ Input file

22 Select aKraken2 database | <@ Kraken report file @ krona_pie_chart (html)
kraken_database kraken2_with_pluspf_d R R
= atabase_output_report

(tabular)

converted_kraken_rep
Rort
(tabular)

output (text)

kraken2_with_pluspf_d €
R atabase_output
(tabular)




A HETRAEREAN =22 RNRERRIANEX?

> IRIERRAEESER, MNRRB T fastqXXEFIREURRINGFEreads, FitiTblastbbyy

> blasttb X HIATLIRE, BREZEIMNreadsiHiTESHE, WRreadsESEERFA LD IE
T

0O  EEETL [

fastaSZ{+ / 5:Extract Kraken £ X

Reads By ID

output (input)

i FASTQUA file

z

O 2 kraken28588r © X
##

Report

/ 6:FASTG to 0 x

FASTA

output (input) # 7: Megablast o x

Taxonomic ID(s) to match

k) Compare these sequences

output_1 (fasta, E) Input FASTQ file

0Oe

fastgsanger) O @ outputl (tabular)

O @ output {fasta)

[ 3 krakenBEY © X
®

[0 @ output_gz (fasta.gz)

output (input)

BEHER

output (text)

14
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Thank you!
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