Metagenomes In
practice

win a prize !



Assemblers: spades, megahit, velvet |

spades.py --meta \

--pe1-1 ./data/metanom_1.fastg \
--pe1-2 ./data/metanom_2.fastg \
-k 21,33 --only-assembler \

-0 spades_assembly --memory 4 --threads 4




Metagenomic pipelines

They all use the same tools, the assemblers , the same methods, usually adaptable
Some are easier some harder but they all need cores and memory.
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Metagenomic samples
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Merged mode
Coassembly mode

Join reads Q

L O Merge contigs
Gene prediction Q —J

(o) Functional & Taxonomic
lll annotation

Abundance estimation Q

O Geneand contig tables

Binning by abundances Q

O Bin annotation and checking

Bins table [J

Database

Sequential mode
Assembly \
; o

. Assembl

. RNA prediction and classification

. ORF (CDS) prediction

. Homology searching against taxonomic and functional database
. Hmmer searching against Pfam database

. Taxonomic assignment of genes

. Functional assignment of genes

. Blastx on parts of the contigs with no gene prediction or no hits
. Taxonomic assignment of contigs, and check for taxonomic
disparities

10. Coverage and abundance estimation for genes and contig
11. Estimation of taxa abundances

12. Estimation of function abundances

13. Merging of previous results to obtain the ORF table

14. Binning with different methods

15. Binning integration with DAS tool

16. Taxonomic assignment of bins, and check for taxonomic
disparities

17.Checking of bins with CheckM

18. Merging of previous results to obtain the bin table

19. Merging of previous results to obtain the contig table

20. Prediction of kegg and metacyc patwhays for each bin

21. Final statistics for the run
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Running Sgeezemeta in SLURM

Your Machine
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Running Sgeezemeta in SLURM

* #!/bin/bash
« #SBATCH -J squeeze.sh
* #SBATCH --cpus-per-task=256

To run the pipeline in * #SBATCH --mem=512gb
basic mode you need * #SBATCH --time=05:00:00
to download:  #SBATCH --constraint=cal
» #SBATCH --error=pipe.%]J.err
397G ./db * #SBATCH --output=pipe.%)J.out

of databases

module load squeezemeta/1.6.3

 SqueezeMeta.pl-m coassembly \
* -ssamples.txt -fdata \
-t 128 -p metagenome_assembly



The output of Sgeezemeta

—rwxr—-xr—-x@ 1 adoss 5 17:47

ladoss@Adams—Laptop meta_exercise % cd ..
ladoss@Adams—Laptop meta_exc % 11
) LOgS total 2220432
drwxr-xr-x 14 adoss staff 448 Mar 17:24
-rw-r—--r——@ 1 adoss staff 253 Mar 15:00 meta_excercise.Rproj
drwxr—-xr—x 7 adoss staff 224 Mar 17:47
.A rT] bl —-IW-T——TY—— 1 adoss staff 1136851089 Mar 17:29 meta_exercise.zip
Sse y drwxr-xr—-x@ 14 adoss staff 448 Mar 17:24
drwxr—-xr—-x@ 14 adoss staff 448 Mar 17:24
° drwxr—-xr-x 8 adoss staff 256 Mar 07:26
o BI n S -rw-r—-r—— 1 adoss staff 195 Mar 17:37 thingstoinstall.txt

ladoss@Adams—Laptop meta_exc % cd sgeezemeta_results
ladoss@Adams—Laptop sqeezemeta_results % 11
total 64

07:25

o Ta b le S drwxr-xr-x 15 adoss staff 480 Mar 6
oo -rw-r——-r——@ 1 adoss staff 458 Mar 5 12:47 pipe.10654274.err
-rw-r——-r——@ 1 adoss staff 17376 Mar 5 12:58 pipe.10654274.0ut
-rw-r——r——@ 1 adoss staff 126 Mar 5 11:19 samples.txt
5
1

-rw-r——r—@ 1 adoss staff 308 Mar 11:22 squeeze.sh
ladoss@Adams—Laptop sqeezemeta_results % less samples.txt




REwW rescs 1) Run SqueezeMeta .
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SQMtools ——=—

exportTable - p 2) Use SQMtools 7
Explore & visualize Q
your results
loadSQM anvi-load-sqm.py
exportPathway <« E;‘:::‘
—— results Filter & combine
.t g_‘.- your results
i AR SR M
e e som subsetTax WVi'0 contics b
= = .gct e.9. Pravoteiia -E PROFILE.db
s - - = \ subsetFun - = AUXILIARY-DATA.db
L w e.qg. "iron’
subsetBins Search query!
e.9. ‘maxbin.001’ eg: " GENUS == Prevotella” anvi-filter.py

combineSQM
Hadzal16
* — = Tomey

Explore it
through /»_‘.- cas = Tz
A = B

plots
0" - ——
L ] o % = =
plotF;mctIons I o =
¢ ; ."‘.* L | : :
L .xl ..: \"..,:'1. S

I \1‘,;,‘:‘:_ 5 AT
ﬂi- \o :."f_‘ .: = oW .
QP
\-? -

e



=
(@4
n

Ivil Ivi2 vi3
Stable
$abund
$bases
Scov
$Scpm
Stpm
$seqs
S$tax
$contigs S$table
$abund
$bases
$cov
$cpm
$tpm
$seqs
S$tax
$bins
$hins S$table
Slength
$abund
$percent
$bases
Scov
$cpm
$tax
$percent
$phylum $abund
$percent
$class $abund
$percent
Sorder $abund
$percent
Sfamily $abund
$percent
$genus $abund
$percent
$species $abund
$percent
$functions $KEGG $abund
$bases
$cov
$cpm
S$tpm
$copy_number
$COG $abund
$hases
$cov
$cpm
$tpm
$copy_number
$PFAM $abund
$bases
$cov
$cpm
Stpm
$copy_number
Stotal_reads
$misc $project name
$samples
$tax_names long $superkingdom
$phylum
$class
S$order
$family
$genus
$species

$tax_names_short
SKEGG_names
$KEGG paths
$COG _names
$COG paths
$ext_annot sources

type

dataframe
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
character vector
character matrix
dataframe
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
character vector
character matrix
character matrix
dataframe
numeric vector
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
character matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric matrix
numeric vector
character vector
character vector
character vector
character vector
character vector
character vector
character vector
character vector
character vector
character vector
character vector
character vector
character vector
character vector
character vector

rows/names
orfs

orfs

orfs

orfs

orfs

orfs

orfs

orfs

contigs

contigs

contigs

contigs

contigs

contigs

contigs

contigs

contigs

bins

bins

bins

bins

bins

bins

bins

bins
superkingdoms
superkingdoms
phyla

phyla

classes

classes

orders

orders

families

families

genera

genera

species

species

KEGG ids
KEGG ids
KEGG ids
KEGG ids
KEGG ids
KEGG ids

COG ids

COG ids

COG ids

COG ids

COG ids

COG ids

PFAM ids
PFAM ids
PFAM ids
PFAM ids
PFAM ids
PFAM ids
samples
(empty)

(empty)

short taxa names
short taxa names
short taxa names
short taxa names
short taxa names
short taxa names
short taxa names
long taxa names
KEGG ids
KEGG ids

COG ids

COG ids

(empty)

columns data

misc. data  misc. data

samples abundances (reads)
samples abundances (bases)
samples coverages

samples coverages per million of reads
samples tpm

(n/a) sequences

tax. ranks taxonomy

misc. data  misc. data

samples abundances (reads)
samples coverages

samples coverages per million of reads
samples tpm

(n/a) sequences

tax. ranks  taxonomies

bin. methods  bins

misc. data  misc. data

(n/a) length

samples abundances (reads)
samples percentages (reads)
samples abundances (bases)
samples coverages

samples coverages per million of reads
tax. ranks taxonomy

samples abundances (reads)
samples percentages (reads)
samples abundances (reads)
samples percentages (reads)
samples abundances (reads)
samples percentages (reads)
samples abundances (reads)
samples percentages (reads)
samples abundances (reads)
samples percentages (reads)
samples abundances (reads)
samples percentages (reads)
samples abundances (reads)
samples percentages (reads)
samples abundances (reads)
samples abundances (bases)
samples coverages

samples coverages per million of reads
samples tpm

samples avg. copies
samples abundances (reads)
samples abundances (bases)
samples coverages

samples coverages per million of reads
samples tpm

samples avg. copies
samples abundances (reads)
samples abundances (bases)
samples coverages

samples coverages per million of reads
samples tpm

samples avg. copies

(n/a) total reads

(n/a) project name

(n/a) samples

(n/a) long taxa names
(n/a) long taxa names
(nv/a) long taxa names
(n/a) long taxa names
(n/a) long taxa names
(n/a) long taxa names
(n/a) long taxa names
(n/a) short taxa names
(n/a) KEGG names

(n/a) KEGG hierarchy
(n/a) COG names

(n/a) COG hierarchy

(n/a) External databases

KEGG

K0B400; secific DNA recombinase

K01980; ABC-2 type lransport system AT

ransport system ATP-binding

K04763; integrase/recombinase XerD

K01190; beta-galactosidase [EC:3.2.1.23]

K03169; DNA topaisomerase |l [EC:5,99.1.2)

stem protein VirD4

K03088; RNA polymerase sigma-70

¥21573; TonB-dependent starch-binding outer
membrane protein SusG

K21572; starch-binding out

wcharacterized protein .

TPM

8000

4000

. . -

BENZOATE DEGRADATION

Benzoate

Data on KEGG graph
Rendared by Pathviaw

Bearess

ogiutarte  Pyneate

o—faiantre-

poeyctes. | L% o{ail o {iaupee-—————~
D 78 dienecarboxylme
§ 23 dicdecarbonyl

[eea]

v
f:wrw cyele
{(eytnis e

Analomsssconste
EXNE] T
e

2 5Diydrony- ¥
boosde | O-

[aLig]

i
— ol
frem}—»o—{311}

23.Dibydrony.
benmaie

PR
X [ I CT
(i -o—{ w3 ot}
oy +Oalocrctonate
.\
2 ydrnscyciohesane
! L Pinelond.CoA
421. HO~{ 111 311. [0
e 2Oy :
s gimeloy CoA

N Acetoacetyh-Cor

s GluaylCod ‘Crotonayl-CoA

o—n-wy_)—bo—-—' O oL o— -

- el )

AcetyCoA

https://github.com/jtamames/SqueezeMeta/wiki/Using-R-
to-analyze-your-SQM-results



Preparation:

Download the data
nstall SQMtools library in R
nstall “pathview” library in R (NOT “pathviewr”)

BiocManager::1nstall ("pathview")

Install assembler - spades and quast in one conda environment

conda create -n genome assembly -c bioconda \
spades quast
conda activate genome assembly



Tasks:
* Assemble the data using spades
* Check the quality of the assembly using quast

* Backup: Check which assembly is better using quast

* Read the results of SqueezeMeta pipeline in R and :
* Check the bins and decide which are good and which not

* Choose your 3 favorite function, plot taxonomy related to
them and pathways
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