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Intended Learning Objectives @
Specific objectives of this session:
Learn what is ReporTree and its utility in routine genomic surveillance

Learn the principles behind ReporTree cluster nomenclature

Learn how clustering stability regions can be used for nomenclature design

ol S

Learn how to launch a ReporTree command line for routine surveillance



Outline @c

This session consists of the following elements:

Introduction to ReporTree
ReporTree’s input flexibility and main outputs

Detect and track genetic clusters with ReporTree nomenclature system

ol S

Identification of candidate thresholds for nomenclature design (clustering
stability regions)

5. Exercise of the real-life application of ReporTree in routine surveillance
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Genomic surveillance is the process of constantly monitoring pathogens

and analyzing their genetic similarities and differences.
WHOQO, 2022
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Genomic surveillance is the process of constantly monitoring pathogens

and analyzing their genetic similarities and differences.
WHOQO, 2022
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Analyses of Whole-Genome Sequencing data @

Multiple bioinformatics solutions, but similar steps and goals...

Genetic data
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SNPs* or alleles

*Single-Nucleotide Polymorphisms
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Analyses of Whole-Genome Sequencing data @ C

EUROPEAN CENTRE FOR
DISEASE PREVENTION
AND CONTROL

= |
1

---------

Genetic data

AT C G A T C G

AT C G A T C C

N ACGATTCGCC Pairwise distance
between samples

ACGGATTCC

N C G N ATNC

SNPs* or alleles

*Single-Nucleotide Polymorphisms



How do you perform bacterial
clustering analyses?

must be installed on every computer you’re presenting from SlidO


https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
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Zhou et al. 2018 Genome Res (doi: 10.1101/gr.232397.117)
https://auspice.us/
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The detection of genetic clusters and their characterization with clinical/epidemiological

data is still a challenging step that often relies on non-automated approaches

-




ReporTree @C

* Flexible solution to at

any (or all) distance thresholds %Q(V&
) based on the available €POr/ \tree

metadata, such as timespan, geography or clinical status



ReporTree @Eéc

 Flexible solution to at

any (or all) distance thresholds \\</V

repor/ \tree

Software Open access = Published: 15 June 2023 *

ReporTree: a surveillance-oriented tool to strengthen .
the linkage between pathogen genetic clusters and GitHub docker
epidemiological data

. based on the available

metadata, such as timespan, geography or clinical status

Verénica Mixdo, Miguel Pinto, Daniel Sobral, Adriano Di Pasquale, Jodo Paulo Gomes & Vitor Borges &

Genome Medicine 15, Article number: 43 (2023) | Cite this article

4644 Accesses | 24 Citations | 18 Altmetric | Metrics
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ReporTree @ C

* Flexible solution to automatically identity genetic clusters at

any (or all) distance thresholds

e (enerate survelllance-oriented reports based on the available

metadata, such as timespan, geography or clinical status

Software Open access = Published: 15 June 2023
ReporTree: a surveillance-oriented tool to strengthen

the linkage between pathogen genetic clusters and
epidemiological data

GitHub docker

Also available through:
PubMLST, COHESIVE, etc.

B

Verénica Mixdo, Miguel Pinto, Daniel Sobral, Adriano Di Pasquale, Jodo Paulo Gomes & Vitor Borges &

Genome Medicine 15, Article number: 43 (2023) | Cite this article

4644 Accesses | 24 Citations | 18 Altmetric | Metrics



Which WGS-based typing approach do
you use for routine surveillance of
bacterial pathogens?

must be installed on every computer you’re presenting from SlidO
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Designed for surveillance of multiple pathogens

METADATA

Input processing

Clustering

Reporting

repor) (tree

(PHYLO)GENETIC DATA

SNP/allele Sequence List of Pairwise Newick
matrices Alignment mutations/ distance tree
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1
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Filter samples according to metadata (user defined subsets)
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snp-sites
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Filter sites/loci and/or samples by missing data
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Partitions / Clusters

v

Main reports Additional outputs

- Updated metadata with clusters at From input processing

any/all threshold level(s) - Filtered SNP/allele matrices

- Summary reports for the derived - Filtered and cleaned alignment

clusters or for any metadata field From clustering:
- Reports for the samples of interest - Cluster composition
- Count/frequency matrices for the - Minimum Spanning Tree/Dendrogram ™

4 - Pairwise distance matrix"”

derived clusters or for any metadata fiel -
- Regions of cluster stability

Mixao et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)
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Designed for surveillance of multiple pathogens
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8_ - Summary reports for the derived - Filtered and cleaned alignment’ MST-4x1.0  cluster_34 2 sample_0419,sample_0464 clinical (50.0%), food (50.0%) C (50.0%), B (50.0%) (n = 2) 20/06/11 12/03/12
&’ clusters or for any metadata field From clustering: MST-7x1.0 cluster_106 33 sample_0017,sample_0037,sample_ clinical (63.6%), food (36.4%) C (42.4%), B (30.3%), A (27.3%) 30/03/04 14/07/21
- Cluster composition MST-14x1.0 cluster_87 46 sample_0017,sample_0037,sample_ clinical (67.4%), food (32.6%) A (37.0%), C (34.8%), B (28.3%) 30/03/04 14/07/21

repor) (tree

Mixao et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)

- Reports for the samples of interest
- Count/frequency matrices for the
derived clusters or for any metadata field

- Minimum Spanning Tree/Dendrogram™
- Pairwise distance matrix"*
- Regions of cluster stability™”



How does it work?
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Dynamic wgMLST approach @E(Sc
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* Useful for species with wgMLST schemas (e.qg. Salmonella enterica or Escherichia coli)

cgMLST tree

Mixao et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)
*Concept similar to PHYLOViZ (doi: 10.1186/1471-2105-13-87)
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* Useful for species with wgMLST schemas (e.qg. Salmonella enterica or Escherichia coli)

cgMLST tree cgMLST cluster

cgMLST
loci  / °

cgMLST threshold?
Samples of interest?

l

E.g. zoom-in for all clusters detected at X
allelic differences where the samples of this
week belong

Mixao et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1) TR
*Concept similar to PHYLOViZ (doi: 10.1186/1471-2105-13-87)




Dynamic wgMLST approach @E{Sc

* Useful for species with wgMLST schemas (e.qg. Salmonella enterica or Escherichia coli)

wgMLST cluster zoom-in

cgMLST +
cgMLST tree cgMLST cluster cluster-specific wgMLST
“ cgMLST loci
A
[y \
6\\ Z; . \4
— 3 1/\3\ e ) \/’4 12
e N, 0 -~
cgMLST threshold? /( \ \\
Samples of interest? - D
l Site inclusion?
E.g. zoom-in for all clusters detected at X l
allelic differences where the samples of this Extend the cgMLST schema with the
week belong accessory loci present in X% of the cluster samples

Mixao et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)
*Concept similar to PHYLOViZ (doi: 10.1186/1471-2105-13-87)



Dynamic wgMLST approach - visualization

* SPREAD - Spatiotemporal Pathogen Relationships and Epidemiological Analysis
Dashboard
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How does it help me monitoring clusters
and communicating?



Detect and track genetic clusters with ReporTree @
nomenclature system ecac

, facilitating the establishment of

a stable local nomenclature...

Mix&o et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)



Detect and track genetic clusters with ReporTree @
nomenclature system Sasls

, facilitating the establishment of

a stable local nomenclature...

Most common cluster changes

Situation 1
cluster_1 ' cluster_ 1 ‘
Situation 2
’ : increase ‘ :
cluster_2 . cluster_2 ‘
Situation 3 .
' increase O . sample used in previous run
singleton_1 Q Q sample used in previous run
cluster_6 O O new sample (i.e. not used in previous run) —

Mix&o et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1) 38



Detect and track genetic clusters with ReporTree &
nomenclature system ecac

, facilitating the establishment of

a stable local nomenclature...

Most common cluster changes Other cluster changes
Situation 1 Situation 4 cluster_3.1
‘ : none . : ‘ : split (3.1) ‘
split increase (3.2) ‘
cluster_1 . cluster_1 . cluster 3 ' cluster 3.2 H
situation 2 Situation 5
H cluster_5
. : increase ‘ O_O O—O
N 7
cluster 2 @ cluster_2 ‘ ® @ merge Increase @ :
N
cluster 4 @ cluster 7 ‘
Situation 3
‘ increase ‘ : ‘ sample used in previous run
singleton_1 O sample used in previous run

cluster_6 ‘ . new sample (i.e. not used in previous run)
Mixao et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1) -




Detect and track genetic clusters with ReporTree @6
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, facilitating the establishment of

a stable local nomenclature...

Most common cluster changes Other cluster changes

Situation 1

Situation 4 cluster_3.1
‘ none > . . split (3.1)  _ .
split increase (3.2)
cluster_1 cluster_1 cluster 3 cluster_3.2
Situation 2 Situation 5

. ) . C . cluster_5
merge increase -
cluster_2 cluster_2 ‘ '\' g > ‘ :\
A cluster_7 .
Situation 3
. increase ‘
singleton_1
cluster_6

Mix&o et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)

cluster

‘ sample used in previous run

. sample used in previous run
‘ new sample (i.e. not used in previous run)

Cluster names
always reflect the

structure of the tree



Facilitating monitoring of main circulating
lineages and ongoing outbreaks

, facilitating the establishment of

a stable local nomenclature...

partition cluster nomenclature_change n_increase cluster_length first_seq_date last_seq_date source samples_increase

Clinical (96.0%), Food

MST-10x1.0 cluster_1 kept (none) 0 50 14/01/2023 02/06/2025 (4.0%) (n = 50)

Clinical (95.2%), Food

MST-10x1.0 cluster_2 kept (increase) 1 21 07/01/2024 01/09/2025 (4.8%) (n =21) Sample_A

MST-10x1.0 cluster_3 kept (increase) 2 20 21/02/2025 01/09/2025 Clinical (100.0%) (n = 20) Sample_B, Sample_C

MST-10x1.0 cluster_4 kept (none) 0 10 07/09/2024 24/06/2025 Clinical (100.0%) (n = 10)

Sample_D, Sample_E,

MST-10x1.0 cluster_5 new 4 4 09/08/2025 01/09/2025  Clinical (100.0%) (n = 4)
Sample_F, Sample_G

Mix&o et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)
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, facilitating the establishment of

a stable local nomenclature...

partition cluster nomenclature_change n_increase | cluster_length first_seq_date last_seq_date source samples_increase
Clinical (96.0%), Food
MST-10x1.0 cluster 1 kept (none) 0 50 14/01/2023  02/06/2025 inical (96.0%), Foo
(4.0%) (n = 50)
MST-10x1.0 luster 2 kept (i ) 1 21 07/01/2024  01/09/2025  Cimical (95:2%), Food | o
-10x1. r ncr m
cluster_ ept (increase (4.8%) (n =21) ample_
MST-10x1.0 cluster_3 kept (increase) 2 20 21/02/2025 01/09/2025 Clinical (100.0%) (n = 20) Sample_B, Sample_C
MST-10x1.0 cluster_4 kept (none) 0 10 07/09/2024 24/06/2025 Clinical (100.0%) (n = 10
S le D,S le_E,
MST-10x1.0 cluster 5 new 4 4 09/08/2025  01/09/2025  Clinical (100.0%) (n=4)| >0 P -~ >3MPIE-
Sample_F, Sample_G

Mix&o et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)
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, facilitating the establishment of

a stable local nomenclature...

partition cluster nomenclature_change n_increase | cluster_length first_seq_date last_seq_date source samples_increase
Clinical (96.0%), Food
MST-10x1.0 cluster 1 kept (none) 0 50 14/01/2023  02/06/2025 inical (96.0%), Foo
(4.0%) (n = 50)
MST-10x1.0 luster 2 kept (i ) 1 21 07/01/2024  01/09/2025  Cimical (95.2%), Food | o o
- . r r
X cluster_ ept (increase (4.8%) (n =21) ample_
MST-10x1.0 cluster_3 kept (increase) 2 20 21/02/2025 01/09/2025 Clinical (100.0%) (n = 20)| Sample_B, Sample_C
MST-10x1.0 cluster_4 kept (none) 0 10 07/09/2024 24/06/2025 Clinical (100.0%) (n = 10
S le D,S le_E,
MST-10x1.0 cluster 5 new 4 4 09/08/2025  01/09/2025  Clinical (100.0%) (n =4)| >0 P S~—7 2aMPIE_
Sample_F, Sample_G

Mix&o et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)

All changes In the tree are recorded in a comprehensive report!
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, facilitating the establishment of
a stable local nomenclature... and, if requested, a hierarchical nomenclature

similar to "SNP-address”.

Mix&o et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)
Dallman et al. 2018 Bioinformatics (doi: 10.1093/bioinformatics/bty212)
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, facilitating the establishment of
a stable local nomenclature... and, if requested, a hierarchical nomenclature

similar to "SNP-address”.

Taxonomical nomenc lature principle based on SNP or wgMLST dendrogram

50 20 10

ECDC, 2015. ; i

Mix&o et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)
Dallman et al. 2018 Bioinformatics (doi: 10.1093/bioinformatics/bty212)
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, facilitating the establishment of

a stable local nomenclature... and, if requested, a hierarchical nomenclature

similar to "SNP-address”.

Taxonomical nomenclature principle based on SNP or wgMLST dendrogram

50 20 10

i 1 el

{4 : : 1.1.2

E = 1.2.1
1.2.2
2.1.1
2.2.1

ECDC, 2015. g P

Mix&o et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)
Dallman et al. 2018 Bioinformatics (doi: 10.1093/bioinformatics/bty212)

The user can set the hierarchical thresholds for nomenclature

sample

sample_01
sample_02
sample_03
sample_04
sample_05
sample_06
sample_07
sample_08
sample_09

50
C564
C564
C564
5136
C452

C — cluster
S - singleton

20
C550
C550
C550
5492

S28

ce47
ce47
ce47
51397
S927

(e.g. 50,20,7,0)

0
C38
C38

51337
54880
54408
52861
52862

nomenclature_code_2025-10-01

C564-C550-C647-C38
C564-C550-C647-C38
C564-C550-C647-51337
S$136-5492-51397-54880
C452-528-5927-54408
52861
52862


https://doi.org/10.2900/453641
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How can I determine the nomenclature
code levels?
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Clustering stability regions @ C

Stability regions are ranges of subsequent distance thresholds providing similar

clustering results.

Taxonomical nomenclature principle based on SNP or wgMLST dendrogram
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Clustering stability regions Qﬁ C

Stability regions are ranges of subsequent distance thresholds providing similar

clustering results.

Taxonomical nomenclature principle based on SNP or wgMLST dendrogram
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Stability regions are ranges of subsequent distance thresholds providing similar

clustering results.

Taxonomical nomenclature principle based on SNP or wgMLST dendrogram
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Stability regions are ranges of subsequent distance thresholds providing similar

clustering results.

Taxonomical nomenclature principle based on SNP or wgMLST dendrogram
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Stability regions are ranges of subsequent distance thresholds providing similar

clustering results.

Taxonomical nomenclature principle based on SNP or wgMLST dendrogram
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Identification of candidate thresholds for &
nomenclature design S

Neighborhood Adjusted Wallace coefficient (nAWC) — evaluates the agreement

between two clustering methods (e.g. subsequent distance thresholds)

Mix&o et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)
Severiano et al. 2011 J Clinical Microb (doi: 10.1128/jcm.00624-11)



Identification of candidate thresholds for &
nomenclature design SRS

Neighborhood Adjusted Wallace coefficient (nAWC) — evaluates the agreement

between two clustering methods (e.g. subsequent distance thresholds)

NAWC across subsequent thresholds

0,9

comparing_partitions _v2.py

Determines the nAWC at

consecutive thresholds
(“n + 1” _) “n”)

nAWC

A A A A A A A A A A A A A A A Ao Ao

Mix&o et al. 2023 Genome Med (doi: 10.1186/s13073-023-01196-1)
Severiano et al. 2011 J Clinical Microb (doi: 10.1128/jcm.00624-11)



Translating nAWC into practice

Threshold ranges in which clustering remains similar*®
- cluster stability regions -

16 32 64 128 256 512 1024
Threshold

*Blocks identified with comparing_partitions_v2.py for two pipelines running the same dataset
(visualization.: EvalTree module of ACDTree toolkit)

2048

56
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Threshold ranges in which clustering remains similar*®
- cluster stability regions -

[

|

16 32 64 128 256 512 1024 2048
Threshold

*Blocks identified with comparing_partitions_v2.py for two pipelines running the same dataset
(visualization.: EvalTree module of ACDTree toolkit)
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Threshold ranges in which clustering remains similar*®
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*Blocks identified with comparing_partitions_v2.py for two pipelines running the same dataset
(visualization.: EvalTree module of ACDTree toolkit)




Threshold ranges in which clustering remains similar*®

Translating nAWC into practice
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--nomenclature-code-levels

1500,500,50,20

2048

1024

ns -
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1
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512

128 256

- cluster stability regions -
64
Threshold
py for two pipelines running the same dataset

32
*Blocks identified with comparing_partitions_vZ2.

Threshold ranges in which clustering remains similar*
J

Translating nAWC into practice

(visualization.: EvalTree module of ACDTree toolkit)
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Cluster stability regions across pipelines and WGS ;@6
backward compatibility with other typing solutions S

* As they reflect the population structure, some cluster stability regions may correspond to some
genetic-based traditional typing -> this can also be a criteria to use it in the nomenclature code

0 Congruence Score (INNUENDO-like_GT vs Bionumerics_HC)

Blocks of stability regions 3.00

4 ST CC
= — —— e - . 2.75
chewieSnake_GT - hﬁ&fmi%;‘.
S—
chewieSnake_HC - "\. 2.50
P -\'—

SeqSphere_HC A "'--..,.. 5 2.25

— fél

Bionumerics_HC - '*\ =
l"_ é -2.00

INNUENDO-like_GT - -‘-\._ >
\ z -1.75

.
INNUENDO-like_HC - \\
——— g -1.50
MentaLiST_GT - "\\.
&_
MentaLiST_HC 4 -1.25
64 128 256 512 1024
Distance threshold (ADs)
- log2 scale - Bionumerics_HC

E.g. large-scale multicountry inter-pipeline cluster congruence
(Food- and water-borne bacterial pathogens)

Mixao et al. 2025 Nat Commun (doi: 10.1038/s41467-025-59246-8) -




Cluster stability regions across pipelines and WGS Cans
backward compatibility with other typing solutions =

* As they reflect the population structure, some cluster stability regions may correspond to some
genetic-based traditional typing -> this can also be a criteria to use it in the nomenclature code

0 Congruence Score (INNUENDO-like_GT vs Bionumerics_HC) 300

Blocks of stability regions 67
ST CC 134 -
m— 201 - 2.75
chewieSnake_GT - i ™ 268 -
N — 335 -
== 402 -
chewieSnake_HC - "'~.._\ 469 - 2.50
F— IE— 536 -
603 -
SeqSphere_HC - "'-.._“. 5 670- 2.25
" o 737-
Bionumerics_HC - My, T 804-
L L — Q 871- - 2.00
—— E 938 -
INNUENDO-like_GT S 1005 -
£ 1072- - 1.75
= T 1139-
INNUENDO-like_HC - 1206 -
— - 1540- e
: - _
MentaLiST_GT - '\.\ 1407 -
; == 1474 - e
MentaLiST_HC - I 1541 - :
- 1608 -
: . r - — 1675 -
64 128 256 512 1024
Distance threshold (ADs)
- log2 scale - Bionumerics_HC

Given its input flexibility and by providing clustering information at all possible
threshold levels, ReporTree facilitates large-scale congruence analyses!

Mixao et al. 2025 Nat Commun (doi: 10.1038/s41467-025-59246-8) _
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® (Pre-webinar: install ReporTree)
* Download the provided material (reportree_exercise.zip) and paste it in ReporTree folder
® unzip reportree exercise.zip
* Check its contents (1s reportree exercise/):
O run last week/ — folder with the results of a previous ReporTree run
O run this week/ — folder with the input files necessary for this ReporTree run:
Se beone alleles.tsv — WgMLST allele matrix for all samples in the dataset (including
samples added since "“last week”")
Se beone metadata.tsv —metadata table for all samples in the dataset

cgMLST Salmonella enterica chewie-NS.txt — List of cgMLST loci

Dataset source: Mixao et al. 2025 Nat Commun (doi: 10.1038/s41467-025-59246-8)
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Genomic surveillance command line:

python /PATH/TO/reportree.py -a Se beone alleles.tsv \
-m Se beone metadata.tsv \
-out Se beone GT \
-1 cgMLST Salmonella enterica chewie-NS.txt
--loci-called 0.95 \
-thr \
-—analysis \
--nomenclature-file \
--nomenclature-code \

-—-columns summary report MLST ST,Predicted serotype,Country,n Country,Source,

n Source, first seq date,last seq date,timespan days



Exercise — genomic surveillance of Sa/monella enterica @ c
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Genomic surveillance command line:

python /PATH/TO/reportree.py -a Se beone alleles.tsv \
-m Se beone metadata.tsv \
-out Se beone GT \
-1 cgMLST Salmonella enterica chewie-NS.txt

--loci-called 0.95 \

-thr \
-—analysis \
—-—-nomenclature-file ../run last week/Se beone last week GT partitions.tsv \

--nomenclature-code 500,100,25,10 \

-—-columns summary report MLST ST,Predicted serotype,Country,n Country,Source,

n Source, first seq date,last seq date,timespan days

+'ZOOWF"1anaWSS:——sample_of_interest ERR10442916 --zoom-cluster-of-interest 5 —--site-inclusion 1.0 --unzip

+ Finding cluster stability regions: --partitions2report stability regions ==
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List of learning points in this session:

« ReporTreeis a at any (or all)
distance thresholds and generates surveillance-oriented reports

« It can be smoothly implemented in routine surveillance, providing a
that facilitates monitoring main circulating lineages and ongoing outbreaks

«  When dealing with an wgMLST schema, ReporTree automatically performs a a
to zoom-in in any cgMLST cluster of interest

« As a complement, it can identify , a useful approach for pathogen
specific nomenclature design

ReporTree contributes to a sustainable and efficient public health
genomics-informed pathogen surveillance -
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Stay tuned!
Updates coming soon!!!

ReporTree GitHub:
https://github.com/insapathogenomics/ReporTree

Clustering stability regions:
https://github.com/insapathogenomics/ComparingPartitions
https://github.com/insapathogenomics/ACDTree



https://github.com/insapathogenomics/ReporTree
https://github.com/insapathogenomics/ComparingPartitions
https://github.com/insapathogenomics/ACDTree
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