Metagenomics:
Building a taxonomic
markers collection

France Génomique: WP Métagénomique
30/06/2015

Jean-Francois Taly, Christine Oger, Jean-Pierre Flandrois and Guy Perriére \

e

prabl

6le Rhéne-Alpes de Bioinformatique




Previous work @ PRABI

Francois Bartolo & Clément Lionnet 2012-2014

Séquences

lSortMeRNA

ARNr ARNm

\ BLASTX

pplacer, Bowtle
EMIRGE

Archées Bactéries Eucaryotes Swiss-Prot Enzyme-
TrEMBL

]

ASSihgﬂat ion ASSilgﬂat ion
taxonomique fonctionnelle




Phylogenetic Replacemen

' =

+ ¢ =)
Séquence Alignement
2 ar profil ,
requéte parp Séquence
\ alignée

Banque alignée &

arbre de référence Ajout de la
branche
S
Lo 0
Sélection d’'une e
topologie
Assignation Testdes 2n -3
taxonomique possibilités

Must have reference trees
* Large trees are difficult to build




LeBiBi®B"P identification eng

- _E
Sequences

,-q& = _g * Phylogeny on the
grep * Recruit ref. seq. w
sea o * MSA with MAFFT

e Clean the MSA with
BMGE

 Build a FastTree
et ees v * Report the closest ref.
Distances Interpre- P 1
| taton term of patristic dis

Post-
treatment
¥
Taxo
Trees* rank n’:‘gﬁ& Trees** | | Reports
trees*®

HTML outputs




Patristic Distance

« Sum of branch lengths
 Branch lengths are the number of expected
mutations per site.

phenetic A_ B patristic D

distance w

cladistic relationship

& D have a more recent common
ancestor than either does with B
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http://mwww.mun.ca/biology/scarr/Phenetic_Patristic_Cladistic.html




L_eBIBI server

https://umr5558-bibiserv/lebibi/lebibi.cgi

—Results
—Query data
Database: procaryota_SSU-rDNA-16S_stringent

Note: The use of the stringent database (all the GenBank sequences for a given species) may lead to errors due to the low quality identification of some sequences, a careful analysis is 1|

Original name of the query (from fasta) : QRY_water34_168S. leBiBI ref : pqpU72lhp

—Sequence composition

Length of Query sequence is : 1274
Nucleotide Composition 318 A-247T-302C-407G- ONO0.0 % Gaps % =0.0

GC%=0.55
Quality of the BLAST Ivsi
The number of Blast hits is OK

All is OK, the best BLAST hit length (1274) is =100.% of the query length

—Biodiversity level

All extracted sequences appear to belong to Bacteria and their lowest shared taxon is: Bacteria-Actinobacteria- Actinobacteridae- Actinomycetales-Micrococcineae-Microbacteriaceac-M
CAUTION [ One genus only in the extracted sequences. No outgroup may be pertinent enough for a good phylogeny. You may need to increase the number of desired sequences or use

—Phylogenetic tree analysis
Proximal Cluster ['Microbacterium_aurum EU373396', 'Microbacterium_aurum T Y17229', '"Microbacterium_aurum KJ127516', 'Microbacterium_aurum EU714355']

ANALYSIS OF PATRISTIC DISTANCES

Microbacterium_aurum T Y17229 is the closest sequence based on patristic distances

On the basis of patristic Distances, the closest sequence is: Microbacterium_aurum T Y17229 AND is in the proximal cluster

Remark: patristic distance to Microbacterium_aurum T Y17229 is in the 75th percentile of the Microbacterium_aurum intra-species patristic distances (but this is dependant on the con
Remark: the patristic distance to Microbacterium_aurum T Y 17229 is in the 75th percentile of the Microbacterium genus inter-species patristic distances : the sequence may correspond
The closest sequence based on patristic distances (Microbacterium_aurum T Y17229) is NOT the FIRST BLAST hit.

Quick Bioinformatic Phylogeny of Prokaryotes and Seaview 0.1
--See Legend-- ; ; . =
| Microbacterium pumilum KF876859

| | Microbacterium terricola IN084156

'Microbacterium fluvii KF876912
Microbacterium lacticum EU714364
—— Microbacterium schleiferi KM374718
Microbacterium schleiferi GU198196
I_| —— Microbacterium schleiferi EU440992
Microbacterium schleiferi T Y17237

Microbacterium aoyamense GU593650

Microbacterium lacticum EU714351
Microbacterium lacticum EUS73788
'Microbacterium lacticum JX104159
Microbacterium lacticum EU714350

Microbacterium lacticum EU714346

Microbacterium lacticum T X77441

Microbacterium lacticum AB007415

Microbacterium flavum KC252852
,_l_i;Micmbacteﬁum flavum LC010654




Recipe for an efficient
taxonomic assignment

1. A Taxonomic Classification
« Species delimitation is crucial

2. Types representative of each taxon
* Reduce biological and methodological variabili
« Access to a physical specimen

3. Biological sequences
* In agreement with the taxonomic relationship

4. A Method of assignment
« Efficient way to map reads to the references



Taxonomy

* Rank-based classification of Organisms
 Originally popularized by Carl Linnaeu

* Codes of nomenclature
« formalized the protocols and requirements for publi
of scientific names
 Judicial commissions decision for new species
« Several codes maintain different lineages \

Table 1. The Codes of nomenclature

ICZN International Code of Zoological Nomenclature http://iczn.org/
ICN International Code of Nomenclature for algae, fungi, and plants http://www.iapt-taxon.org/nomen/main.php
ICNB International Code of Nomenclature of Bacteria http://www.ncbi.nlm.nih.gov/books/NBK 8808/
ICTV International Committee on Taxonomy of Viruses http://www.ictvonline.org/

ICNCP International Code of Nomenclature for Cultivated Plants http://www.ishs.org/sci/icracpco.htm
CTPPB Committee on the Taxonomy of Plant Pathogenic Bacteria http://www.isppweb.org/about_tppb.asp
BioCode an alternative universal code http://www.bionomenclature.net/
PhyloCode a newer alternative universal code http://www.ohio.edu/phylocode/

derhen, NAR 2015



Code: fastidious but necessa

* The name “Bacillus” has been given to
* A gender of bacteria with the identifier
« A gender of insect with identifier 55087

< Taxonom
<> NCBI Browser’

Entrez PubMed Nucleotide Protein Genome Structure PMC Taxonomy Books

Search for bacillus '\aslcomplete name :
lock Go | Clear
| Display |3 levels using filter: none

Search results for complete name

bacillus

e Bacillus <bacterium>
e Bacillus <stick insect>




NCBI Taxonomy

Pragmatic base gathering all taxonomies in one
Serves as the standard nomenclature and classificati
International Sequence Database (INSD)

Not generated automatically from sequences
Incorporate phylogenetic and taxonomic knowledge fr

variety of sources
Ranks: | higher taxa | genus | species | lower taxa total
Archaea 145 144 533 0 822
Bacteria 1393 2685 13625 841 18544
Eukaryota 20866 | 69896 312932 23405 | 427099
Fungi 1570 | 4767 30696 1147 38180
Metazoa 14972 | 47430 | 154977 11728 | 229107
Viridiplantae 2702 | 14836 | 117701 10256 | 145495
Viruses 634 481 2363 0 3478
All taxa 23068 | 73213 | 329484 24246 | 450011

NCBI Taxonomy statistics 04/2015
No informal names, No uncultured




Types and Specimen

* For each species have been defined a type
specimen:
« Carl Linnaeus Is the type of Homo sapie

* For databases, It Is interesting to search fort
type sequence of the type strain
« Example with Escherichia coli
« 362 strains (2162 sequences)
« Type strain iIs DSM 30083
« Type sequence is X80725




Biological Sequences

International Sequence Database:
* Genbank @ NCBI

« ENA @ EBI/EMBL

« DDBJ@ NIG

“Genbank relies on the submitters for the corre
original taxonomic identification of their speci
« Seguences may be not or misannotaded
RefSeq Is a manually curated Genbank

* Representative sequences for each type st
* Only a fraction of Genbank is covered




JX154576: A case of wrong anno

LOCUS JX154576 868 bp DNA linear BCT 22-SEP-2012

DEFINITION Streptococcus agalactiae strain IR6[16S ribosomal RNA|
gene, partial sequence.

ACCESSION JX154576

VERSION JX154576.1 GI:404515735
KEYWORDS UNVERIFIED.
SOURCE | Streptococcus agalactiae|

ORGANISM Streptococcus agalactiae

Gen bank ( :ard Bacteria; Firmicutes; Bacilli; Lactobacillales; Streptococcaceae;
Streptococcus.

REFERENCE 1 (bases 1 to 868)
AUTHORS |Pourgholam,R., Laloei,F., Saeidi,A. and Zahedi,A. |
TITLE Comparative genomics for identification of Streptococcus sp. by
nucleotide sequence analysis in Iran
JOURNAL |Unpublished |
REFERENCE 2 (bases 1 to 868)
AUTHORS  Pourgholam,R., Laloei,F., Saeidi,A. and Zahedi,A.
TITLE Direct Submission
JOURNAL  Submitted (06-JUN-2012) Biotechnology, Ecology Research Center of
the Caspian Sea, Farah Abad, Sari, Mazandaran 4847158948, Iran
COMMENT GenBank staff is unable to verify source organism provided by the
submitter,

LeBiBIi®B"P classifies it as a Psychrobacter

« Psychrobacter faecalis T AJ421528

Psychrobacter faecalis T HQ698562
e Psychrobacter pulmonis T AJ437696
QRY_gi.404515735.gb.JX154576.1._UNVERIFIED_Streptococcu
- Psychrobacter pulmonis T HQ698579
. Psychrobacter jeotgali T AF441201
' Psychrobacter fulvigenes T AB438958




Markers

Reference

Update
periodicity

# 16S sequences 3,019,928 1,454,141

rDNA Databases

m SILVA LeBiBi QBPP

SSU (16S) and SSU (16/18S)  Prokaryotes:
LSU (Fungal 285S) and LSU SSU, LSU, rpoB,

(23/28S) groEL2 ... 12
house-keeping
genes

Cole et al. NAR Yilmaz et al. Flandrois et al.
2014 NAR 2014 under revision
6 months 12 months 6 months

1,341,288


http://www.ncbi.nlm.nih.gov/pubmed/24288368
http://nar.oxfordjournals.org/content/42/D1/D643.full
https://umr5558-bibiserv.univ-lyon1.fr/lebibi/QBPPreaddoc.cgi?demande=lebibicitations.html

Stringent

Stringent
TS

Super
Stringent

L eBIBIRBPP blastDB

Quick Biolnformatic Phylogeny of Prokaryotes

All 16S rRNA >300bp 1,341,288 43,959
from Genbank

Sequences with a correct 240,655 12,326
species name from Lax

One type strain per species 21,950 12,322

One or more type 11,631
sequences for each type
strain

11,312



Objectives of the automated

Frequent Updates:
« NCBI taxonomy changes every day
Reannotation:

« Using the NCBI taxonomy as a guide
Automatic types selection:

« Median patristic distance of a taxon
Eliminate sequencing errors:
« Singletons



NCBI

Taxonomy
nodes.dmp
names.dmp
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Query
_san RA Cenben Get seq. with A
o Select 16S rRN
s Remove duplica
>Seqd up
GCCAATCGCCT

sortmeRNA+SILVA orient in forward & trim

Filtering/Trimming
CD-HIT-EST 100% ID dereplicate 1

Build a tree: gtr +
Parse the tree from

CD-HIT-EST 80% ID clustering

For every sp

Build clusters 80
MSA with Mafft

and create a grou
* median patristic dist

« Bootstrap >90
GCCAATCGCCT GGCCTTGGCC
>Seq2 .
T Types = h
ype sequence aeciaco ypes = seq. wit
GGCATTGGCCA
Alignment the closest to MPD
Mafft
BMGE
CD-HIT-EST 100% ID dereplicate 2
>Seql
GGCCTTGGCC - Tree
;ZEZ?-GGCG_ FastTree Type of grou
>Seq3 Clustering: nodes MPD < 0.01 T f
GGCATTGGCCA Type selection: Seq. whose average YRE STIIOEE

PD is the closest to MPD



pecies

Guided reannotation

1




Example: Genus Clostridiu

1910 different Taxonomic Identifiers (TID

species level

* Do not mean 1910 different species!

Clostridium botulinum

 All species producing a toxin provoking
flaccid paralysis

« 320 16S-rRNA sequences >900nt

« 140 non identical sequences

« 17 representative sequences after proce
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http://www.vetbact.org

No. of matching species/subspecies etc: 5 Id Antal 16S rRNA rRNA

B Clostridium botulinum, group | 202 3 863 450 L37585 8
B Clostridium botulinum, group Il 203 3 659 644 L37592 11
B Clostridium botulinum, group Il 24 2 773 157 L37590 10

| Clostridium botulinum, group IV 204 X68316

baspar acc-nr  op.

16S rRNA Seq.:

Taxonomy/phylogeny: C. botulinum can be classified into four different phenotypic

Acc-no | Strain Number of NT | Operon

L37585 |ATCC 257637 1453 8

groups: I-IV. C. botulinum-strains within group | are most closely
related to Clostridium sporogenes and Clostridium putrificum and not to
any of the other three phenotypic groups of C. botulinum.

Virulence Factors:

C. botulinum strains within group | produce botulinum toxin type A, B
orF

Virulence Factors:

C. botulinum strains within group Il produce botulinum toxin type B, E
or F



Clostridium Botulinum - NCBI taxonomy
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi

o Clostridium botulinum mm name to get n

» Clostridium botulinum 14860

» Clostridium botulinum 202F 4
» Clostridium botulinum 213B

» Clostridium botulinum 32B

s Clostridium botulinum 399A

» Clostridium botulinum 4411

» Clostridium botulinum 5311a

» Clostridium botulinum 5328A
o Clostridium botulinum A
» Clostridium botulinumA str. ATCC 19397 m
10

» Clostridium botulinum A str. ATCC 3502
» Clostridium botulinum A str. Hall 86
s Clostridium botulinum A str. UMass_day0
s Clostridium botulinum A str. UMass_day210
s Clostridium botulinum A1 str. CFSAN002368 242
s Clostridium botulinum A2 str. Kyoto 9
» Clostridium botulinum A3 str. Loch Maree 87
s Clostridium botulinum A5(B') str. H04402 065
» Clostridium botulinum A112
» Clostridium botulinum A13S
» Clostridium botulinum A2 117
» Clostridium botulinum A207
» Clostridium botulinum A2B3 87 28
» Clostridium botulinum A2B7 92
» Clostridium botulinum A661222




Clostridium Botulinum (T1D:1491)




Genus Clostridium (T1D:1485)
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Singletons

« Sequences not clustering
 at 80% sequence identity
* In any nodes of the tree
« What are they ?
« Dramatic sequencing errors
e Chimeras
* Real sequences
« Misclassified sequences
* Properly annotated but rare isoforms




Streptococcus Agalactiae (TI1D:1311)
JX154576 Average Patristic Distance = 0.3271
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Streptococcus Agalactiae (TI1D:1311)

JX154576 Average Patristic Distance = 0.3271
BiBi classified it as a Psychrobacter
Common taxon is Bacteria

Quick Biomg)matlc Phylogeny o} Prokaryotes and Seaview

See Legen I— "Psychrobacter piscidermidis” t EU127295
Psychrobacter pacificensis T AB016057
erl’sychrobacler pacificensis T ABO81982
—— —— Psychrobacter aestuarii T EU939718

t "Psychrobacter meningitidis” t AY057116

Psychrobacter celer T AY842259
Psychrobacter alimentarius T AY513645

« Psychrobacter faecalis T AJ421528
Psychrobacter faecalis T HQ698562
« Psychrobacter pulmonis T AJ437696

QRY_gi404515735.gb.JX154576.1._UNVERIFIED_Streptococcu

Psychrobacter pulmonis T HQ698579
Psychrobacter fulvigenes T AB438058

Psychrobacter jeotgali T AF441201
Psychrobacter fozii T AJ430827

Psychrobacter arcticus T CPO00082/1
Psychrobacter arcticus T AY444822
Psychrobacter arcticus T CPO00082/2
"Psychrobacter glacialis” t AJ539102
Psychrobacter cryohalolentis T AY660685
Psychrobacter arcticus T AY444823
Psychrobacter okhotskensis T AB094794
Psychrobacter adeliensis T HE654011
Psychrobacter adeliensis T HE654010
Psychrobacter immobilis T HQ&98589
Psychrobacter immobilis T AJ309942
Psychrobacter immobilis T AB6E0954
Psychrobacter cibarius T AY639871
Psychrobacter urativorans T AJ609555
Psychrobacter glacincola T 41312213
Psychrobacter adeliensis T HE654008
Psychrobacter luti T AJ430828
—— Psychrobacter frigidicola T AJ609556
Psychrobacter aquimaris T AY 722804
Psychrobacter nivimaris T AJ313425
Psychrobacter adeliensis Tt HE654007
Psychrobacter adeliensis T HE654009
Psychrobacter piscatorii T AB453700
Psychrobacter proteolyticus T AJ272303
Psychrobacter namhaensis T AY722805
— Psychrobacter aquaticus T AJ584833
Psychrobacter vallis T AJ584832

~——— Psychrobacter sanguinis T HM212668
{ Psychrobacter arenosus T AJ609273
L Psychrobacter phenylpyruvicus T AB681720
Psychrobacter phenylpyruvicus T U46144

Psychrobacter maritimus T AJo09272
"Psychrobacter sp.” t FI449644

L— Psychrobacter marincola T AJ309941
Psychrobacter submarinus T AJ309940
e —

Psychrobacter salsus T AJ539104




Conclusions

Ribosomal genes DBs covers the largest

space

* 16S rRNA => ~95% of prokaryotes

« Complete genomes => ~50% of prokary

Noise in Data must be filtered

« Millions of 16S sequences but only 13,00
species

« Taxonomies evolves but annotations are not
always updated accordingly

Need of an automatic process for taking

advantage of sequence/taxonomy daily up

« LeBiBiBPP with weekly update




Perspectives

* End-up the iterative process
« Can we reclassify?
« What will be the discriminative power?
« Computing on IFB cloud
« Acluster is not appropriate
« Singletons?
* How likely it is to have a true separated seq at high
taxonomic level?
* How efficient are chimeras detection software?
* New taxons from environmental samples?
« Evolving from week to week

« Eukaryotes
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Assignment methods

MOTHUR QIIME LeBiBi QBPP

Clustering Hierarchical Greedy BLAST +
method sequence heuristic Phylogenetic
clustering sequence replacement
clustering
Reference Schloss et al. Caporaso et Flandrois et al.
Appl. Env. al. Nature under revision

Microbiol. 2009 Meth. 2010

Most clustering methods do not insure monophyletic
SortMeRNA (Kopylova et al. Bioinformatics 201
SWARM (Mahe et al. Peer] 2014)



http://aem.asm.org/content/75/23/7537.full
http://www.nature.com/nmeth/journal/v7/n5/full/nmeth.f.303.html
https://umr5558-bibiserv.univ-lyon1.fr/lebibi/QBPPreaddoc.cgi?demande=lebibicitations.html

New York Metagenomics

Afshinnekoo et al. Cels 2015

3. GPS-tag/timestamp

Z

Extract DNA (n=1,457 samples)

Viruses Archaea Plasmids
Ambiguous 0.032%_\0.003% 0.001%

. . . 4.184%
lllumina and Qiagen Library Prep | Eukaryota.

; 0.771%

HiSeq2500 125x125 Sequences

L 2

Quality Trim (Q20)

R

NCBI NT MegaBLAST-LCA alignment

] R

~17,000 genomes MetaPhlAN classification

B
Oa

Pseudomonas Density

2010). A total of 21,885 and 1,688 taxa were assigned with
MegaBLAST and MetaPhlAn, respectively, with 15,152 and
637 specific to the species level (Data Tables 1 and 2), respec-




Discovery of Lokiarchaeota f
Metagenomics

Spang et al. Nature 2015
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Figure 1: Phylogenetic analysis based on
PCR amplification of 16S rDNA sequences




Lokiarchaeota from Metageno

Spang et al. Nature 2015
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