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Complex cellular functions are most - We present a major release of
often encoded by a set of genes MacoyFinder uses these MacSyFinder, MacSyFinder v2. Utis el presEil s ove
Y J properties to model and then macsydata companion tool that
rather than individual ones Among other new features we ¢ P
: - accurately annotate cellular . TV bles th installati d
Furthermore. the genes in such gt i gty introduce a more intuitive and 2helvies e Betey) Instielliziien 2in
) g functions in microbial genomes at : - broad distributi fth del
‘systems” are often encoded nearb comprehensive search engine to road distrioution ot the moaets
ystems: a | y the system-level rather than at the . . . developed for MacSyFinder (macsy-
in microbial genomes. individual | | |dent|fy all the best candidate : \ :
PrinCipleS Of MaCSYFinder Genomic architecture:
Microbial machineries and pathways (hereafter called “systems”) can be very . @o@’}@v < eoeb fe Q}\@K 0«\"/% é\e}\
. . . s & & & & &, S
complex and involve many proteins. In the genomes of Bacteria and Archaea, the . + _<::>H < < I > ............. b >h_
components of these systems are often encoded in a highly organized and * A
conserved way, involving one or a few operons with functionally-related genes. Using * . . * * leg: mimumber-mandatory-genes = 4
the evolutionary conserved properties of these systems can ensure their highly specific * % .t Flnder Quorum rules: i numer.genes -7
annotations. o * * allcllellf mandatory components
We created a framework to model the conserved properties of biigiihi | accessory components
molecular systems for their subsequent annotation: di neutral component
: - their set of genes (components) and quorum for a full system [l forbidden component
‘ - their genomic architecture mm)p full system A
Once modelled by the user in XML model files (see below), the System search summary:
: MacSyFinder search engine seeks the listed system's components SeqlID| Length| hit | System SystemID | Role Score | i-evalue
Sandkvist 2001, Infect Immun by sequence similarity (HMMER, hmmer.org), and then screen the

The type Il secretion system, and its conserved genetic architecture. genomic architecture and content of matched components to

This cellular machinerie enables the release of degradation enzymes and toxins such as assess the presence or absence of a complete svstem
the cholera toxin. It is encoded by more than a dozen of genes in a conserved locus in the P P y .

genomes of many bacteria including Legionella, Vibrio, Pseudomonas, etc...

b -
C 75 c2 systemA  systemA_1 mandatory 92  8.10"
d

80 c10 systemA  systemA_1 neutral 88 5.107

The new search engine and scoring system macsydata and the MacSy-models GitHub organization
MacSyFinder v1 had a greedy search engine with sub-optimal behaviors, especially in complex cases such as In v2, the files required for MacSyFinder system search have been organized on the form of a macsy-model
co-localized systems or those with multiple occurrences in a genome. The novel v2 search engine explores the package. Model definitions are in the definitions directory (can contain sub-directories) and the HMM profiles in the
space of possible solutions more thoroughly and provides optimal solutions with an explicit scoring profiles directory. The package must also contain a file with metadata describing the package (metadata.yml), and
system favoring complete but concise systems. Here is an overview of its functioning: README and LICENSE files are recommended. It is also possible to ship specific default values for the model(s) in
a configuration file (model _conf.xml). To publish and distribute your macsy-models, (1) ask for a repository at the
genome to analyse systems to detect ] - _ _ _ :
1. Input files VL Tloa MacSy Models GitHub organization, (2) tag and push the data. The package will then be automatically available to
~§ . System1 — e Extract non redundant list of genes . . . . .
ﬁ"/) S ~ e & g comesponding HMM profiles all users through the macsydata tool for browsing, installation and use with MacSyFinder v2.
A 2 v E ' I Macsy-models package structure:
e | T ?ﬂ\’-" : T metadata.yml
e \_/ gonedE e gencs-himm : metadata.yml name: The name of the person who maintains/to contact
| S ) ' e il: Th il of th intai ( ired)
‘ ;j\) : modeLcosf.xml shf)r::idesc:eAerc]:i; 1(i)ne dis:iigtiizegf Eﬁguggikage (can
Q_/ System 3 | definitions vers: The package version (required)
/ : :7 :gg:}*éim cite: The publication(s) to cite by the user when the p.
| - doc: Where to find extended documentation (optional)
. . | ) license: The license under the package is released (opt
\l/ 2. Search genome for the best hits for all prOflles (with HMMER) — pmeles . copyright: The copyright of the package (optional)
| geneB. hmm
Iffa :irlmyenaﬁ)eackage contains sub-families: <model_config> model_conf.xml
3. Search system | mecadsca, O andatorysi</mandatorys
by system — e e o
Filter the hits by system : © lTl Hons subfamilyA <redundancy_penalty>1.5</redundancy_penalty>
& analyse the hits : : : 223:5?21 </we;;::;:f_c1uster>®.7</out_of_c1uster>
| | subfamilys Contributing your macsy-model package: "'
3.1 Exam of co-localization criteria 3.2. Exam combinations of clusters and components | T e e gy y P ge. <e_value_search>0.1</e_value_search>
cluster 1 (C1) co - | | et SHIEGECEEE GREelS iy MosRls ooverage profilese. s/coverage. profiles
- \-/.\-J.\_/.- -.\-_/.- G{C‘\} :‘;?g il:)el;l;r;::tc:’jsa:;?ed : : >g_'l_t tag <Version> </fi:<t::|t&gZ:T;ue</cut_ga> -
d < inter-gene-max-space 35 x | R — >git push origin <version> </model_config>

each system —rejected cluster

| geneB.hmm
— clusters of genes: C1, C2
Iterate for ) # {C ‘L} 2 quorum not reached ‘

Searching and installing macsy-models:
bioinfo@linux64:~%$macsydata search TXSS

v
\C Ci)’ )L ? quorum census TXSS (1.0rc2) - TXSScan - Models for 15 types of bacterial protein secretion systems
3.3 Score potential systems _" ofo ”)i .~ | reached
S1 A: 35 (rdtr- Cotuo) 25 | = sSystem 1 found: S1_A bioinfo@linux64:~$macsydata search -S CRISPR
CasFinder (3.1.0) - CasFinder - Models for detection of CRISPR-Cas systems.
4. Build a graph of systems 35 Search of the best solution as Listing macsy-models on GitHub: » bioinfo@linux64:~%$macsydata install -u CasFinder==3.1.0
i i S1 A 2.0 the clique of maximal score i i
and find the best solution N S2 A (find_cliques, networkX library) ] bioinfol@linux64:~Smacsydata available [E)Otyvnlgadlr(l:g CIESZmde; (1361'0)'
I best_solution.tsv CASFind IX tralcl_'”gc afz.”:j er((3 : 6))" /Users/bioinfo/ finder/model
g2 ey s - ® inder i i nstalling CasFinder (3.1.0) in /Users/bioinfo/.macsyfinder/models
5 L s » a||_beSt_SO|utI0nS.tSV €I Jetection of CRISPR Cas systems Th dgl C F d 3 1 0 h b . - ” d Y f ”
25 S2 B (no shared components) e CONJScan detection of conjugative systems € models Lasrin er( T ) ave been Installed successrully.
S3 B = all_systems.tsv | _ |
_ ® TFF'SF detection of the type IV-filament super-family systems (T4P, Com...) L. .
5.0 _ _ _ _ bioinfo@linux64:~%$macsyfinder --models CasFinder all --
o TXSS detection of bacterial protein secretion systems and related appendages
S3_A Score best solution =3.5+2.0 +2.5+5.0 sequence—db e o
MacSyFinder: how to create your own models? Application to CRISPR-Cas systems with the CasFinder package
The rationale behind MacSyFinder is to translate any prior knowledge of the molecular system to annotate into a model with a CRISPR-Cas systems are adaptive immune systems that protect bacteria and archaea from invasive agents (phages,
specific XML grammar. Relevant information pertains to the set of conserved components of the system and to their genomic plasmids...). A typical CRISPR-Cas system consists of a CRISPR array and an adjacent cluster of cas (CRISPR associated)
architecture. HMM protein profiles that allow the similarity search of the systems' components can either be collected from genes. As CRISPR arrays do not code for proteins, this part of the system is not identified by MacSyFinder. The cas genes clusters
databases (PFAM, TIGRFAM...) or designed by the user. g N are very diverse and are currently classified into two classes, six types (I-VI) and more than 30 subtypes. This evolutionary
( our model classification is based on the identity, co-occurrence and composition of the cas genes in CRISPR-Cas loci, which makes
MFP T1SS + min Toandatory gones CRISPR-Cas systems suitable for identification and typing by MacSyFinder.
26 o I
Bio|ogica| expertise < ABC Cvers Q Escherichia coli ST2747
J r
— OR —{omFH- 1 CRISPR //—re§§§t°e G Methanothermobacter thermautotrophicus
k d <W—J5 s / «»g:»l«mmmmtm—
— R N e .
n o &0\, ©
Protein profile design et Sluman S ( = w Ij.._-_.—_ Cj CRISPR & & &
or profiles from databanks iimen simas simars < SoPooaTE » best_solution.tsv __m_m
= om abchmm EEom mfp.hmm = s omfhmm & Kne : ubtype - : E: :
== === == + presence all_systems.tsv < > '€ 3!
+ loner ! Type I ' >
T1SS model | Dt system - :‘ CAS dluster g
. : ABC N mter_gene_rﬁax—space J @ Candidatus Desulforudis audaxviator strain BYF
Decision rule design MFP quorum rules 1 Adaptation module

OMF (multiple systems) 1

o . o o
co-localization rules CRISPR ™ CRISPR "~ CRISPR
[ exchangeables |, — — — ) — - —

<model inter_gene max space=«5» version=«2.0»> T1SS.xml k J 1< - > 1< >
<gene name=«ABC» presence=«mandatory»/> Subtype III-D Subtype I-B Subtype III-B
<gene name=«MFP» presence=«mandatory»/>

d < 5 genes, OMF in trans

-‘r

XML file transcription

<gene name=«OMF» presence=«mandatory» loner=«l» multi_system=«1»/> The XML grammar and its hierarchical The CasFinder 3.1.0 package (A) The new MacSyFinder search engine provides annotation of Cas clusters at 3 levels of classification from the most
del i . . - q . . . .

</model> structure for MacSyFinder v2 models. A model accurate (i.e. the subtype level) to the most permissive at once. CasFinder favors when possible as the best solution the annotation at the subtype level but

Modelling the Type | secretion system (T1SS). This bacterial machinery involved in toxin secretion is made of three proteins for which can list several genes, and genes can enclose v : D— yP
g the Typ on sy | Y : : ree p "exchangeable” genes. The different possible allows to recover atypical or degenerated systems with the 2 other levels of classification.
we have designed HMM profiles. The corresponding genes adopt two kinds of genomic architecture. They are either encoded next to . ' . . . . .
; ; ; eatures are listed. as 10 be note a e . 0

each other (we set as 5 the maximal number of genes allowed between the genes to judge them contiguous), or only two of the genes  features are listed. It has to be noted that th (B) The gomblnatorlal approach for best sqlutlon search of v2 improves tandem systems detection. All models are tested and challenged, then the best
(abc and mfp) co-localize, whenever the omf gene can be found elsewhere on the genome ("loner" gene feature). Moreover, omf can gene-defined features overcome the model-level combination of systems is determined revealing, here, the presence of 3 subtypes in tandem (one color per subtype).

ones. See the MacSyFinder User & Modeller

serve for several systems, and this corresponds to the "multi_system" gene feature. Once the HMM profiles are collected, and the , :
guides for more details.

content and co-localization rules identified and translated into an XML file, MacSyFinder can be ran for T1SS annotation in genomes.

(C) The new search engine avoids overlap between different candidate systems to determine the best solution(s), unless specified in the model with the
multi_system or multi_model features. As illustrated, the adaptation module (cas1, cas2 and cas4) has been defined as "multi_model" (indicated by a star*) in

Whenever prior knowledge is scarce, MacSyFinder can also contribute to refine knowledge of a given system, as it is easily some subtype models and can thus be assigned to 2 systems in tandem, which improves their identification. Without this feature newly implemented in v2,
possible to change the parameters of the search in an iterative manner, before fixating relevant values for the model. SIS G N 8770 S ToulEl o Josi
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Distributed under GPL v3 licence. Requirement: Python (>= 3.7), HMMER suite (>=3.1b2). Python libraries: pyyaml, packaging, colorlog, pandas, networkX.




