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1. Resume 2. Global strategy

Microbial ecosystems are composed of tens to thousands of species of bacteria, archaea, microbial eukaryotes, and viruses. Shotgun @ —_— —_ —
metagenomic sequencing has revealed a high level of intra-species diversity in several ecosystems. Identifying polymorphisms and [ 2. Mapping } > — Refe;/:l/;e I\f;’ltzrllzmes
reconstructing strains is challenging due to sequencing errors (which must be differentiated from true polymorphisms) and short read —_ - Qu[ality t'hreshild

length, particularly for species in low abundance. Some approaches aim at resolving strains, either based on selected marker genes or 107 107 Reference genome [~ ¢ [samtools]
on entire genomes (review [Ventolero, 2022]). These approaches have the advantage of providing precise information on strain samples genomes i bases

contents. However, they are usually limited to species with a high abundance, requiring approximately 5X coverage. Other methods use

reads mapped to references to quantify within and between-sample genomic variation, by computing several metrics to compare [ b. Lycf’s'igtfonnc;me } Re;ﬁ;?cgfz:l‘;::g‘gith
samples, such as similarity indexes inspired by population genetics (m and F ;) [Costea 2017, Olm 2021], distribution of major allele |
frequencies [Garud, 2019] or pairwise distance between samples [Podlesny, 2022]. To our knowledge, none of these methods can - -
handle species in very low abundance. [ c. Identification of } — —
the SNPs

Here, we present INTERSTICE (INTra-species divERSity in meTagenomlC rEads), a new method for studying intra-species diversity S —
that is designed to handle species in low abundance. The method proposes an estimation of within-sample diversity and v
between-sample distance, for each species, by adapting to metagenomic samples the computation of indexes used in population

genetics : nucleotide diversity T and Nei's standard genetic distance [Nei 1978, 1979l. It first maps metagenomic reads to a complete Hisemple dverstty eeen samples dversty? orianceto relenee gename ¥
ecosystem-adapted reference genome catalog (UHGG for human gut microbiota [Almeida, 2021]) and applies stringent quality filters. [d' DiverSitymdexes} o —

Diversity indexes are computed only on reads mapped on genomic regions that are conserved at species-level. These regions are — — —
determined by analyzing coverage variation across samples (removing regions with atypical profiles) and are designated as the — —

Typ-genome. We applied this method on data from two cohorts: HMP [Huttenhower 2012] (adults) and DIABIMMUNE [Yassour 2016]
(longitudinal data on children between 0 and 3 years). With sub-sampled datasets, we assessed the robustness of our metrics with

respect to decreasing coverage and confirm that values above 0.001 bp™ require the pairwise comparison of reads on only 10Kbp of database of reference genomes. We remove reads and bases of low quality (low mapping quality, multi-mapped
the Typ-genome to be reliably estimated. This makes it possible to retrieve information on low abundance species with genome reads, paired incorrectly mappéd base quality below 35). b. For each genome Typically—consérved—positions

within-sample diversity, the species with rapid lineage turnover, and the species with atypical amount of shared lineages between d. Diversity indices are computed on these conserved positions.
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3. Typ-Genome 4. Diversity indices

A dedicated workflow to compute intra-species intra-sample diversity and between-sample diversity from
metagenomic reads. a. After read quality filters and removal of host reads, metagenomic reads are aligned to a
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5. Low abundance species
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8. Conclusion h

6. Diversity and stability over time? 7. Lineage turn-over

Reference genome cataloguelAlmeida Within-sample diversity | o A new method to compute intra-species diversity in metagenomic datasets
Z?ZﬂUniﬁed A Gastrointectinal : Which species exhibit lineage e Adaptation indices used in population genetics & computation of Typ-genome
Genome (UHGG) Adults rep[acement over time ? ® Valldlty for low abundance species
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o » 7 Tree scaler 1 Bl Bacieroidacese Results coherent with literature on human gut microbiota
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. . . — .- L Taxonomy B Riceneliaceae o spore-forming species could have a higher turnover than non-spore-forming
148 samples : -> higher diversity for adults — i it . — .
Liah na denth ( 8 M ds) Children B Erysipelatoclostridiaceae Bl Akermansiacese species [Browne, 2016]
Igh sequencing deptn (20-13 reads 51 cohort at the intra-species s . . ’ L . . "
= level X R Bl Erysipelotrichaceae I Enterobacteriaceae o Strains of the same species in different subjects are generally distinct -
g eve . - . : : : C
Children cohortlYassour 2016] "° | | Steplococcaceas [ Pasteurellaceae except few species (diet, medication or probiotics)
240 samples - 39 children (0-3 years old) | 051 ‘j\\ = Bl Acutalivacteraceae 17 Burkholderiaceae e Variation of infant gut microbiota during the first years of life
1-60M reads 00— Nad Ml Ruminococcaceae B Bifidobacteriaceae o First colonisation: microorganisms transmitted by the mother
. 4Io 1‘2 (“)'2 : == ' Ml Oscilospiraceae [ ] Veillonellaceae (Bifidobacterium, Bacteroides and Parabacteroides) [Yassour 2018, Ferretti 2018,
. — - Lachnospiraceae . Other Podlesny 2021, Chen 2021]
__ [_] Anaerovoracaceae o Late colonizing bacteria (including spore-former Ruminococcaceae,
Between-sample diversity = v % |l coprobacteraceae Spore-forming Lachnospiraceae) could be acquired from the environment or family
Adults Adults =" N members [Browne 2016, Podlesny 2021]
"5] | * Inter-individual comparison: _
) | 1o - Work in progress
| - © > 1073 different lineages between individuals £ .
°"“, / l °~5'/ 5 <10 f Nared L 9 hot diff ; = Adults: few changes over time (6-12 months
0.04 —s S ] & - 0< . Tew snared lneages petween adlireren ( : : : e Almeida, A. et al. A unified catalog of 204,938 reference genomes from the human gut microbiome. Nat Biotechnol 39, 105-114 (2021).9.
5 % 3 2 a 5 4 -8 @ o T : : g = " apart) (RUI:T?II’)OCOCCGCGCIQ, Oscillospiraceae, e Browne, H. P. et al. Culturing of ‘unculturable’ human microbiota reveals novel taxa and extensive sporulation. Nature 533, 543-546 (2016).
log10(8) log10(dNei) individuals (dlet, prObIOUCS .. ?) (for ex. Streptococcus . _ Lachnosp/raceae) e Chen, D.W. & Garud, N. R. Rapid evolution and strain turnover in the infant gut microbiome. Genome Res 32, 1124-1136 (2022).
: . , . . b . . e Costea, P I. et al. metaSNV: A tool for metagenomic strain level analysis. PLOS ONE 12, e0182392 (2017).
Children Children thel’m0,0hlllJS, Lactococcus lactis, Lactobacillus . . e Ferretti, P. et al. Mother-to-Infant Microbial Transmission from Different Body Sites Shapes the Developing Infant Gut Microbiome. Cell Host & Microbe 24,
| | h ) Children: more changes over time (12 months 133-145.65 (2018). | | . o » |
’ rnammnosus.... , , , e Garud, N. R, Good, B. H., Hallatschek, O. & Pollard, K. S. Evolutionary dynamics of bacteria in the gut microbiome within and across hosts. PLOS Biology 17,
1.0} | 1.0- apart)(Ruminococcaceae, Oscillospiraceae, 3000102 (2019).
i _: ER : . / ; e Huttenhower, C. et al. Structure, function and diversity of the healthy human microbiome. Nature 486, 207-214 (2012).
O'SJ / ; 051 Intra IndIVIdual Comparlson' chhnos,olra.ceae, Enterobacter/acaea, e Nei, M. & Li, W. H. Mathematical model for studying genetic variation in terms of restriction endonucleases. PNAS USA 76, 5269-5273 (1979).
0.04; ' : [ o ey . o . . B/ﬁdobacterlaceae) e Nei, M, Estimatior) of average heterozygo;ity anq gerlweticldistance from a smalll number of indiv?qluals. Genetics 89, 583—590 (;978). . .
5 -:091.(3](6)-2 -1 X N o8 % L - 0>103 Changes in COmpOSItIOﬂ between 2 time pomts . ?;;17246 (Rz.oeztl)al. inStrain profiles population microdiversity from metagenomic data and sensitively detects shared microbial strains. Nat Biotechnol 39,
- betw:ge:::’o::)rts - O« 10-3: same Composition Tal lineages between 2 tlme ° E/I?Srlséir;yﬁqz.lit :; (g/loezt;)genomic strain detection with SameStr: identification of a persisting core gut microbiota transferable by fecal transplantation.
1.54 1[ 1.5 po| Nnts e Podlesny, D. & i:ricke, W. IF. Strain inheritance and neonatal gut microbiota development: A meta-analysis. [JMM 311, 151483 (2021).
r - e Truong, D. T, Tett, A, Pasolli, E., Huttenhower, C. & Segata, N. Microbial strain-level population structure and genetic diversity from metagenomes. Genome
1.0 } 1.0 . ) 0%-100% 0%-100% Res. 27, 626-638 (2017).
| 1 -> Stablllty for adults cohort, Changes for children cohort Sianifi tHy diff / e Ventolero, M. F, Wang, S., Hu, H. & Li, X. Computational analyses of bacterial strains from shotgun reads. Briefings in Bioinformatics 23, bbac013 (2022).
°'5] ’ 0.51 Ignincantly aifreren % samples above e Yassour, M. et al. Strain-Level Analysis of Mother-to-Child Bacterial Transmission during the First Few Months of Life. Cell Host & Microbe 24, 146-154.e4
0ol | threshold (2018)
5 4 3 2

3 - 00— 1 e Yassour, M. et al. Natural history of the infant gut microbiome and impact of antibiotic treatment on bacterial strain diversity and stability. Science
log10(5) il B N Adults Translational Medicine 8, 343ra81-343ra81 (2016).
og log10(dNei) .
Children

Centre

"-e-de-France - Jouy-en-"'osas o Antony Domaine de Vilvert 78352Jouy-en-Josas Cedex

contact : anne-laure.abraham®@inrae.fr
wWww.inrae.fr

Acknowledgments

We are grateful to the INRAE MIGALE bioinformatics facility (MIGALE, INRAE, 2020. Migale bioinformatics
Facility, doi: 10.15454/1.5572390655343293E12) for providing computing and storage resources.



mailto:prenom.nom@inrae.fr
http://www.inrae.fr/

