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> 2. Construction and analysis of prokaryotic genomic dataset

Outline

> 2.1 Constructing a genome dataset
> 2.2 Analyzing the genome dataset
> 2.3 Comparing and dereplicating the dataset

Many slides from the “Bioinformatique par la pratique” migale training cycle
“Comparison of microbial genomes” module

https://migale.inrae.fr/trainings

Héléne Chiapello Valentin Loux
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> 2.3 Comparing and dereplicating a genome dataset
Why?

> To deal with

* The huge number or public genomes for some taxonomical groups including
very similar or identical ones

 Ex: E. coli, S. enterica
* The heterogenous quality of sequencing and assembly of these data

> To design a relevant comparative strategy adapted to the dataset
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> Back to genome diversity evaluation

Two main methods
* Alignment based approaches (ANI)

* slow (need pairwise comparisons)
* Robust to genome incompleteness

* k-mer based approaches (MASH)
e Rapid (hash technics)
* Not robust to genome incompleteness

* Only provides an estimate of ANI
> Become very approximative for very divergent genomes
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Comparing and dereplicating a genome dataset

The dRep tool

> dRep is a python program which
performs rapid pairwise genome
comparisons using genomic distances

> it can be used for genome dereplication:
identification of the 'same’' genomes from
a large set + determination of the highest

guality genome in each replicate set

Very good documentation:
https://drep.readthedocs.io/en/latest/
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Abstract

The number of microbial genomes sequenced each year is expanding rapidly, in part due to genome-
resolved metagenomic studies that routinely recover hundreds of draft-quality genomes. Rapid
algorithms have been developed to comprehensively compare large genome sets, but they are not
accurate with draft-quality genomes. Here we present dRep, a program that reduces the computational
time for pairwise genome comparisons by sequentially applying a fast, inaccurate estimation of genome
distance, and a slow, accurate measure of average nucleotide identity. dRep achieves a 28 x increase in
speed with perfect recall and precision when benchmarked against previously developed algorithms.
We demonstrate the use of dRep for genome recovery from time-series datasets. Each metagenome
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https://drep.readthedocs.io/en/latest/

> Comparing and dereplicating a genome dataset
The dRep tool

|
|

dREP uses 2 main steps: ......

§ T T
1. a first (rapid) clustering of genomes _4
using MASH similarity (90% by default) e
2. a second more sensitive step based on EEE
ANI on pairs of genomes that have at least |
a minimum level of "MASH" similarity (99% e i
by defgult) ==
Very good documentation: h

https://drep.readthedocs.io/en/latest/
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> dRep important concepts

1. dRep primary clustering use a greedy algorithm, i.e. an algorithm that take shortcuts to
run faster and generally produces "quasi-optimal" solutions. Genomes that are not on the
same MASH primary clustering will never be compared with ANI

2. Importance of genome completeness: MASH is very sensitive to genome completness.
the more incomplete of genomes you allow into your genome list, the more you must
decrease the primary cluster threshold.

3. The secondary ANI threshold (default value: 99%, limit: 99.99%) indicates how similar
genomes need to be to be considered the “same”. Depending on the application,you may
modify this parameter, i.e.: 95% ANI for species-level de- replication or 98% ANI to generate
a set of genomes that are distinct when mapping short reads.

4. A score is used to pick representative genomes takes into account several parameters
such as Completeness, Contamination, strain heterogeneity and centrality (a measure of
how similar a genome is to all other genomes in it’s cluster).
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> dRep commands and parameters

1. dREp compare: compare and cluster a set of genomes using one or two
clustering steps.

2. dREp dereplicate: compare, cluster and dereplicate a set of genomes. During
dereplication the first step is identifying groups of similar genomes, and the second
step is picking a Representative Genome (RG) for each cluster

Parameters of primary and secondary clustering may have to be adjusted
depending on the diversity of the dataset and on the objective of the

comparison/dereplication

Default values of dRep clustering parameters:

-pa P_ANI, --P ani P _ANI
ANI threshold to form primary (MASH) clusters
(default: 0.9)

-sa S_ANI, --S_ani S_ANI
ANI threshold to form secondary clusters (default:

0.99)
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> dRep tools and result files

dRep rely on several other programs:

1.
2.

Mash: to build the primary clusters

Mummer: to perform the ANI
computation on pairwise genome
alignements (used by default but fastANI
or gANI may also be used)

. checkM (Parks et al. 2015) to determine

contamination and completeness of
genomes

. Prodigal (Hyatte et al. 2010): to predict

genes (used by checkM and gANI)

. cipy (Jones et al. 2001) to produce a final

hierarchical clustering.
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workDirectory

./data

..... /checkM/

..... /Clustering_files/

..... /gANI_files/

..... /MASH_files/

..... /ANIn_files/

..... /prodigal/

./data_tables

..... /Bdb.csv # Sequence locations and filenames
..... /Cdb.csv # Genomes and cluster designations
..... /Chdb.csv # CheckM results for Bdb

..... /Mdb.csv # Raw results of MASH comparisons
..... /Ndb.csv # Raw results of ANIn comparisons
..... /Sdb.csv # Scoring information

..... /Wdb.csv # Winning genomes

..... /Widb.csv # Winning genomes' checkM information
./dereplicated_genomes

./figures

./log

..... /cluster_arguments. json

..... /logger. log

..... /warnings. txt

Output files of dRep
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> dRep practice

Use dREP-dreplicate to explore
the Salmonella genome dataset
diversity and completenes and
dereplicate the dataset

> input : 16 Salmonella genome fasta files

> Default parameters

Explore and interpret results

Important:

Choose « browse datasets » and select
the 16 fasta files of Salmonella
dataset 3
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Tools w &

NCBI Blast +
Multiple Alignments

Delta-Filter Filters alignment (delta) file
from nucmer

Mummerplot Generate 2-D dotplot of
aligned sequences

Show-Coords Parse delta file and
report coordinates and other
information

Mummer Align two or more sequences

Nucmer Align two or more sequences

DNAdiff Evaluate similarities/differences
between two sequences

progressiveMauve constructs multiple
genome alignments

Convert XMFA to gapped GFF3

Muscle Multiple sequence alignment

GENOME ANALYSIS TOOLS

Gene prediction
prodigal Find genes

Assembly annotation

dRep compare compare a list of
genomes

dRep dereplicate De-replicate a list of
genomes

Roary the pangenome pipeline - Quickly
generate a core gene alignment from
goff3 files

Prokka Prokaryotic genome annotation

METAGENOMICS TOOLS

Metabarcoding
Migale Tools

dRep pli D pli a list of

& galaxy.migale.inra.fr

Galaxy | Migale

genomes fasta files

& (=) 53: GCF_900002585.1 (as fasta)
52: GCF_001951465.1 (as fasta)
51: GCF_001448925.1 (as fasta)
50: GCF_001120665.1 (as fasta)
49: GCF_000983595.1 (as fasta)
48: GCF_000756465.1 (as fasta)
47: GCF_000484015.1 (as fasta)

(--genomes)
set filtering options
No (use --checkM_method taxonomy_wf)
set genome comparison options
No
set clustering options
No
set scoring options
No
generate taxonomy information
No
set warning options
No

Select outputs
B Sselect/Unselect all

% log | | % Warnings | | x Primary_clustering_dendrogram.pdf

dRep dereplicate

(Galaxy Version 2.5.4.0)

dRep performs rapid pair-wise comparison of genome sets.

De-replication is the process of identifying sets of genomes that are the “same" in a list of genomes, and removing

Y7 Favorite

x Clustering_scatterplots.pdf

~ Options

History
(%)
test_In
60 shown, 2 hidden
269.27 MB vo®

60: Nucmerondata39and @ 4" X
data 43: plot

59: Nucmerondata39and @ 4" X
data 43: alignment

58: Nucmerondata39and @ ¢ X
data 43: plot

57:Nucmerondata39and @& ¢ X
data 43: alignment

3,050 lines
format: tabular, database: ?

gnuplot 5.2 patchlevel 7

Reading delta file out.delta

Writing plot files out.fplot, out.rplot,
out.hplot

Writing gnuplot script out.gp
Rendering plot out.png

WARNING: Unable to run 'false out.gp',
Inappropriate ioctl for device

DOz >

/projet/gxyprod/galaxy/database/files/@00/
NUCMER

>NC_003198.1 NC_004631.1 4809037 4791961
1292611 1 292602 33 33 @

75347

56: Mummerplotondata3 @ 4" %X
9, data 43, and data 54: pl

ot

37.6 KB

format: pnq. database: ?
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> dRep results interpretation

Primary cluster 1

Comp method: ANImf Clust method: average Min cov: 0.1

) : Scoring of winning genomes
GCF_001120665.1_8490_2 91_genomic.fna

H : 100|0
GCF_000006945.2_ASM694v2_genomic.fna * 0.0

—_— GCF_000006945.2_ASM694v2_genomic.fna
H 495[1383.0

GCF_000312745.2_STm6.2_genomic.fna 485[7450.0

103(1

o

GCF_000210855.2_ASM21085v2_genomic.fna
: 100|0
GCF_000484015.1_ASM48401v1_genomic.fna * 0.0

: GCF_000007545.1_ASM754v1_genomic.fna B 4791951.0
GCF_000256015.1_SalTypBL196_1.0_genomic.fna 4791p61.0
H 103(1

GCF_000007545.1_ASM754v1_genomic.fna *
100(0

GCF_900002585.1_St508-GX1999 genomic.fna g 0.0
g GCF_000011885.1_ASM1188v1_genomic.fna 0.0 1585229
GCF_000195995.1_ASM19599v1_genomic.fna * & 45852240
— 103(1
GCF_000026565.1_ASM2656v1_genomic.fna
: 99.9
GCF_000011885.1_ASM1188v1_genomic.fna * : 0.0
GCF_000018625.1_ASM1862v1_genomic.fna 0.0 4600800
GCF_000983595.1_PA083_genomic.fna * 4600800.0
: 102)9
GCF_001448925.1_ASM144892v1_genomic.fna = completeness
B contamination olo
GCF_000756465.1_ASM75646v1_genomic.fna EEE strain_heterogeneity '’
} GCF_000484015.1_ASM48401v1_genomic.fna <22 B length sho
GCF_001951465.1_ASM195146v1_genomic.fna : 184774.0 mm N50 '
' B score LR
GCF_000018625.1_ASM1862v1_genomic.fna * — f T . T T .
E H 0.0 0.2 0.4 0.6 0.8 1.0
100.0 99.5 99.0 985 98.0 97.5 97.0 Normalized Score

Average Nucleotide Identity (ANI)

Winni .pdf
Secondary_clustering_dendrograms.pdf Inning_genomes.pd
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2 Questions ?

INRAZ

EBAIi Assemblage & Annotation p. 12

27/09/22/ MalAGE-Migale/ H. Chiapello, V. Loux mlq:’p}:le



