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Tasks and problems

 |dentification of a new isolate: the 16S
“gold standard”.




The 16S “gold standard”
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Some long sequences correspond to badly annotated sequences such as 294013,
annotated with keywords "16S ribosomal RNA; 16S rRNA gene" when in fact it is a
23S rBNA sequence...
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19583 gd "o - ‘o "o i
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19560 7d *o *m o L™ i
1957m 29 "m - "o "o i
1955x 189 "= °m o o i
1959= 289 "o "o “g “n i
1990= 134 *m o “o ‘o [
1991= 1579 Sz2g| 33= 435 g83m |
1992= 3379 S6g| 17a 52 93m |
1993x h,8394 1,030H| 18x 918y 89x

1994g 2,4059 4z9d| 18« 3045 71l |
1995= 3,1014 g07d| 26x 4425 E5m i
1996m 4,4259 1,450d| 33m 679X 47\ |
1997= 5,4169 1,381d| Z5m =k Sam |
1995= 5,9029 1,730d| 29H 10115 58m |
1999= 10,4325 3,495d| 34m 1540x E3m i
2000= 22,8045 4,591d| Z0m 1532y 40= |
2001= 25,0055 4,577d| 1lgm 15775 41\ |
2002a 80,0755 9,506 12H 32635 34m

20038 bz ,4389 22,5994| 36d 49155 22m |
20049 103,177d 45,958049] 47« 51075 10= |
2005= 144, 3545 67,843Hd| 47a 693 7N 10= |
20069 188,3660d 9&5,1419| 5Z= Q403x 10= |
2007a 369,0014 Z245,4134| &67= 12905k So
20088 195,9974 154,07659| 77. 35745 2
totalds 1,235,417d 666,1569) S5du 555876k g

=>» Mostly PCR derived
sequences !

gb 165 (june 2008)
bacteria
728,358 16S rRNA segs

“named”
59,128 seqs >99 nt
49,678 seqgs >500nt
39,217 seqs >1000 nt



The 16S “gold standard”

>NFO001
CTCTCTCTCGCATTCGTCAGTGCTGGAGGCTGTTGACCCCCAACCCTTTC
TTAACGAGTGACAGTGGTTTACAACCCGAAGGCCTTCATCCCACACGCGG
CGTCGCTCCGTCAAGCTTGCGCTCATTGCGGAAGATCCTCGACTGCAGCC
TCCCGTAGGAGTTTGGGCAGTGTCTCAGTCCCAATGTGGCCGGACACCCG
CTAAGGCCGGCTACCCGTCAATGCCTTGGTGGGCCATTACCCTCACCAAC
TAGCTGATAGGACATAGATCCCTCCCCGAGCGGGAGCATCTTCAGAGGCC
TCCTTTAGTCACCGAACCAGGCGATCCAGTGACCCCATCCGGTCTTAGCT
CCGGTTTCCCGGAGTTATCCCGGTCTCGGGGGCAGGTTATCTATGCATTA
CTACCCTTCGCACTAACACCCGTATTGCTACGGTGTCCGTTCGTCTTGCA
TGCCTAATCACGCCGCTGGCGTTCGTTCTGAGCCAGGATCCAAACTCTAT
CCGG

A case study: identification of a “DGGE” band using the “usual”’ Blast servers

EBI WU-BLAST2 - Nucleotide Database Query
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35, environmental samples or phase 0O,

NCBI

Databa=e: All GenBank+EMEL4+DDEJ4+PDE secquences (but no EST, 5TS,;

1l or 2 HIGS sequences)

6,904,467 sequences; 23,920,262,6828 total letters

ACCcession Description | Max il Query i E .HEH | Links
SCOrE SCOIE COVErage value ident
EF635225.1 Uncultured bacteriurn clone MFO01 165 955 Q55 =R 0.0 100%
EUZE0ELT.1 Uncultured bacteriorm clone 1005_A11 1 755 753 05 %, 0.0 05 %,
EF015297.1 Uncultured bacteriurm clone Armb_16%_) 724 74 Q[ Y, 0.0 02,
Do450802 .1 Uncultured planctomycete clone GOZ_W 611 G11 B2 % 1e-171 R
EFS1591Z2.1 Uncultured bacteriurm clone FCPOG45 1 549 5449 95%. 4e-153 0%
AF432701.1 Uncultured bacteriurn clone M11.129WL 521 521 85% Qe-145 Q1%
ABZ273560.1 Unecultured bacterium 165 rRMNA, partial 519 Ei4a Q7% de-144 39 %
ABZED3EE.1 Uncultured bacteriurm gene for 165 ribe 517 17 a9 1e-143 Q0%
EF073416.1 Uncultured Firmicutes bacterium clone o 495 495 B5 % 1e-137 5%,
EF&54035.1 necultured Firmicutes bacterium clone 460 460 T1%, J3e-126 Q1%
EF592741.1 Uncultured bacteriurm clone FW026-131 317 317 65% 3e-583 87%
EU421431.1 Uncultured bacterium clone POX4b3IH10 295 347 L le-7a Q2 %
A4M205135.1  Uncultured bacterium partial 165 rRMNA 278 278 43% 2e-71 91%
A1871741.1 Unecultured planctormycete partial 165 r 244 280 4 7%, 3e-A1 a5 %,
a1871740.1 Uncultured planctormycete partial 165 r 244 280 475 Je-A1 a5 9%,
A1a71739.1 Uncultured planctormycete partial 165 r 244 280 o 75 TJe-A1 055,
B1GT17IE.1 Uncultured planctomycete partial 165 r 244 Za0 & 7 % Je-61l 05 %
815717371 Unecultured planctormycete partial 165 r 244 280 47 %, Je-Al 85 %
815671735.1 Uncultured planctormycete partial 165 r 244 ZEN 7% Je-61 25 %,

N




EBI improved

PROGRAM DATABASE FESULTS SEARCHTITLE YOUR EMAIL
IEILASTN > | | Mucleic Acid Iinterau:tivEL ISequence I
* [EMBL Pelease
ERBL H T L FIant "
EMBL HTG Plant =1 VIEW DINA
PATRL EMEL FPatent Flant FILTER SEMNSITHTY STRAMND
- ErEBL Standard Flant - - -
default = EMBL ST Plant 0 > | |normal = both =
SCORES EMEL TEA Flant STATS topcombol FORMAT
default EIEE:ETE ?ﬁ;ﬁﬁ{ anyots Lmp > | |default = Default
EMEBL G55 Frokaryote
EMBEL HTC Frokaryote
EMEL HTG Frokarsote v format; Help
EEL Fatent Frokarsote
~NFQO1 EMEL Standard Frokarsogg -~
CTCTCTCTCHC,  EMBL STS Prokaryote e
TTARCGAGTSAL  FhiB| TPA Prokaryote e
CETCECTLCGTO PR Rodent e e e
TCCCOGTAGGAGT  FiiBL EST Rodent e
CTARGGCCGECT  EMBL GSS Rodent e
TAGCTGATAGE.  EpB| HTC Rodent RTCTTCAGAGGLE
TCCTTTAGTCAL  EpBL HTG Rodent lEF.E.EEIEII%EEI
LGS TTTC L L G ot o Pt il ATCTATGCATTA

Select the database excluding sequences from the “ENV” division
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[ITH lﬂ [ITH lﬂ m: lﬂ n: lﬂ

[ITH lﬂ [ITH lﬂ m: lﬂ n: lﬂ [ITH

EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:

EM _FPRO

EM_ PRO:
:DR777749;

EM_PRO

EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
EM_PRO:
:EF376011;

% Hgliversité
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Do035862;
AJ308327;
AB305475;
AFS03317;
AJ2776701;
ABZ50368;
EFd4EE8656;
EU40=365;
EF379337;
ABOGZZ80;
L40&6z20;
DO115%655;
EU3Z7526;
EUZ2&4108;
40078 ;

ABOBE361;

ABZB2671;
AF3I5T73219;
AMOSE027;
AJ535311635;
AJV15381;
AJS08328;
ABORELT7Z;
EF37e010;
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DQOR58 62
AJ508327
AB308475
AFS03917
AJ=276701
ABZ50368
EF4E8656
EU40Z 268
EF37 333537
ABOGZZ80

00113655
EU3Z7526
EUzZed4108

40078 Desulfitobhacterium
(EU0F5R409;

EU0S5340°5
ABOBE361
Doy 77745
ABZBZAT]
AF3ISTR1S
AMOSE02T
AJ551183
AJ715581
AJ508328
ABORESTZ
EF37&010
EF376011

EBI improved

Thermolithobacter carboxydivora...
Proplonispora hippeli partial 1é4...
Caldaterra yamamurae gene for 1...
Agromyces albus 168 ribosomal R...
Desulfitobacterium frappieri 1é...
Caldaterra satsumae gene for 16...
TD4 168 riboso...

Arthrobacter |sp.
Arthrobacter
Arthrobacter |sp.
Thermoanaerobacter |sp.

nicotlianae straln

Arthrobacter |sp.

Arthrobacter |sp.

Arthrobacter |sp.

Dehalobacter |sp.

Firmicutes bacterium EGEZ4| gene

Desulfitobacterium |[zp.| Viet-1 1...

planctomycete A-Z partial

Arthrobacter sp.
Arthrobacter sp.

TDE 168 riboso...
ToBE gen...
L408EZ0 Geodermatophilus ohacurus obscurus
Flanifilum yunnanesis 163 ribos...
Arthroaercdd 1...
A-1 168 ribhoso...
rappieri 1é8 ri...
WEF35 168 ribo...
Planifilum fulgidum gene for 16...
1,1-DCAl 163 r...

163 r...
Arthrobacter ardleyensis partia...
Arthrobacter ardleyensis partia...
Froplonispora hippel partial 1é...
TUT1004 gene f£...
TD-1 168 ribos...
Arthrobacter sp. HWW-22 163 rib...

1118
1260
1089
211
1052
1087
212
212
212
107a
Blz
12279
212
210
10z4
212
1224
1042
1051
103z
1221
210
810
1051
gz0
210
210

Ty v O O O L0 G0 W s W G0 L) G0 0 BB = B ooy oy B B39 w0 W

.Be-52
Oe-51
.O0e-50
.2e-50
. 7e-50
.1le-50
. 7e-50
2e—475
. 7e—49
.8e-48
.1e-483
.3e-48
.7e-49
Oe=-473
.3e—49
. Be—-49
. He-48
.3e-48
.de=-479
.2e-43
.4e-49
. 7e—49
.O0e-43
.1e-483
.1e-483
de=-49
.4=-43
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Blast on cultured strains

Blast server for bacterial identification
specific databases of 165 rRNA sequences for cultured strains only

Blast (classlc interface from HCBI)  Wiroblast (ablastwith mors features)  Documentation (ssplanations, tutonais andmers)  Blast to TreeDyn (s:port Bast results to Tres Oy sothwars)

Choose program to use and database to search:

http://bioinfo.unice.fr/blast/

Progaml hlasth - | Database  Bacteria 165 (length > 1200
Bacteria 1k (length > 1200)
Enter sequence below in FAZT! gac’[er?a 1 Eg [:EﬂgtE > ;ggﬂj
acteria ength >
o T TeA TS it 65 (ongh> S0 =
Bacteria 163 (length > b0)
¢ seqftaxa length > 1200)

TCCTTTAGTCACCGARCCAGGCGL Bacteria 16
CCOCTTTCCCGRAGTTATCCCGOT 5o taria 163 (2 segytaxa length > 1000)
¢ seqgftaxa length > 500)

CTACCCTTCGCACTARCACCCGTA Bacteria 165

TGCCTAATCACGCCGCTGGCGTTC 5 i g (? senytaxa length > 500)
CEGG Arches 163 (length > 1200)

Or load 1t from disl-:l Archea 165 (length » 1000}

Archea 165 (length > G000}

Archea 165 (length > 500}

Archea 165 (length > 50)

cequences Laure

e e e e e N

wet subsecquence: From

Clear sequence | Search |

Select by minimal length
Select two sequences only by species
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Blast on cultured strains

Soore E

Sequences producing significant alignments: (bhit=z) Value

I76364d4 | Thermoterrahacterivm ferrireducens(::zzz_S?_35_132_1614|... ald Te-55
EF542510 |Carboxydothermus siderophilus|17 =22 37 35 132 304 len=... 214 Te-55
CPO0O0141.3 |Carboxydothermus hydrogenoformans| 17 =22 37 35 132 30. .. 214 Te-55
CPO00141.2 |Carboxydotherrmus hydrogenoformans| 17 =22 37 35 132 30... ald Te-55
CPO00141.1 |Carboxydothermus hydrogenoformans| 17 =2 37 35 13z 30... al4 Te-55
CPO0O0141.0 | Carbhoxvyvdothermwmus hydrogenoformans| 17 22 37 35 132 30... 214 Te-55
EF554597 | Fervidomicrolium thlnphllumg;g)S? 58 55 a7 575 len=1536 206 2e—=52
54257 |Corynebacterium glutamicw(]1)4 S_150_47_359| len=1412 z04 | Be-5z2
£52061 |Corynebacteriwm glutamicwn|l 4 5 150 47 3583| len=140z2 204 be—52
EU23531610 |Corynebacteriwm glutamicwn|l 4 & 150 47 359 len=1517 204 be—-52
DO173745 | Corynebacterium glutamicwn| 1l 4 &5 150 47 389 len=1473 alg ce—-52
Do173747 |Corynebacteriwm glutamicuwn|1l 4 & 150 47 35859| len=1454 204 be—52
D171711 | Corynebacteriwm glutamicwn|l 4 5 150 47 3589 len=1477=2 204 be—-52
BX227156.0 |Corynebacteriuwm glutamicwn|l 4 & 150 47 383 len=15Z4 alg be—-52
BX227155.1 |Corynebacteriuwn glutamicwn|l 4 § 150 47 389 len=15=24 204 be—52
BX¥927155.0 |Corynebacteriuwm glutamicuwn|l 4 5 150 47 389| len=1524 204 be—52
B¥927152.0 |Corynebacterium glutamicum|1l 4 5 150 47 389| len=15Z4 204 be—-52
BX327150.0 | Corynebacteriuwn glutamicuwn|l 4 5 150 47 389 len=1525 alg be—52
BX¥9=27145.0 |Corynebacteriuwm glutamicuwn|l 4 5 150 47 389 len=1524 204 be—52

17 Bacteria; Firmicutes,
The taxonomy bar-code : 15 Bacteria; Fervidomicrobium.
1 Bacteria; Actinobacteria
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Blast on type strains

EzTaxon.org Server

Easiest way to the accurate identification of prokaryotes

BLAST Results of gb|U89823|Rhizobium sp. USDA 1920 USDA 1920

Exclude "unclutured” sequences

http://210.218.222.43:8080

account | logout ]

: BLAST [BLAST| Pairwise
Count Marne/Title B2 TYF.IE strain Accession | score | & wal Similarity
in DB = e | =

1 [Arthrobacter viscosus |j LMG 164737 | AJ639832 | 2498 ] 99,57
2 Rhizobium suflae |j DSM 146237 | Y10170 2399 0 99,27
3 |REizobium galficum [ Re0ZspT U8A343 | 2453 1] 9366
4 Rhizobium mongolense [ UsDa 18447 | UB9817 | 2446 1] 95,59
5 |Rhizobium indigoferae |j CCBAL F1042T)AFIB4068 | 2432 0 95.51
6 |REizobium leguminosarum [ IaAM 126097 D12782 | 2444 a 2544
7 Rhizobium etfi |j CFN 42T Uz2g8916 | 2426 0 958,24
8 Rhizobium triftolii |j ATCC 144807 |AYS509900( 2425 ] 95.17
9 |REizobium yvanglingense [ SH 22623T |AFOD3375)| 2403 1] ag.16
10 [Sirorhizobium americanum ] CFMEI 156T |AFS506513( 2333 1] a7 .24
11 |Ensifer kostiensis |j LMG 19227T |AM181 748 2296 ] 9715
12 |Fnsifer fredii |j ATCC 354237 | D14516 | 2315 0 97,10
13 [Ensifer adhaerens |j LMG 20216T |AMI181733)| 2316 0 97.01

Dhs, [t
1 SOPHIA ANTIFOLLS

RESEARCH

This Blast does not take parameters

11



Blast 2 TreeDyn

Blast2TreeDvn http://bioinfo.unice.fr/blast
- Paste sequences from the blast results (select text and Ctrl+C) mto this box (Ctel + V-
AT734056 | Corynebacter ium e
glutamicum|1l 4 & 150 47 385 len=1472 S
204  6e-5z | hd
Add to the Iistté
- Or, upload a file with blast reslt: | Farcourir..

List of sequences:

Feset sequences list

Download sequences (fasta)

Download Treelwn annotations

“hange accession identiflers to meremental
1dentifiers I~

.................

Tks

ICE SOPHIA ANTIFOLIS

Hniversité

Ak

Download sequences and annotations
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94— Psendormonas meridiana Ch

Clustal - Phylip - TreeDyn

92 [Pseudomonas grimontii CFML 97-514 T [AF2E8029}
Pseudomonas rhodesiae CIP 1048647 [ABO21410} 0.008
— Pseudomonas veronii CIP 1046637 {ABD21411}
————————————— P'seudomonas mediterransa CFBP 5447 T {AF386080}
Pseudomonas kifonensis 520-20T {AJ292426)
Pagudomonas corrugata ATCC 29736 T {DB4012}
El Psendomonas neoaurantiaca CIP 1094577 {EU391383}
Pseudomonas brassicacearurm CFBP 11706 T [AF100321}
| Pasudamonas thiveralensis CFBP 112617 [AF100323)
Pseudomonas cichorl LMG 21827 {77BBE8)
Pseudomonas frederilshergensis JAJ28T [AJ249352)
Pseudomonas mandeli CIP 1052737 {AF058266}
Pseudomonas congelans DSM 149397 {AJ492828)
seudomonas tremae CFBP B1117T {AJ452826}
Pseudormonas savastanol ATCC 135227 {ABO21402}
seudomonas caricapapayae ATCC 336157 {DB4010}
wdomonas cannabing CFBP 23417 [AJ452827)
—— Pseudomonas fini CFBINGZS7 T [AY035996)
39 Pseudomonas chiororalyis subsp. chiororaphis DEM 50083 T {Z7BE73}
_L_‘_—Paeudomonas chiordégphis subap. awreofaciens DSM BBIS T {AY509898)
y 9 Pseudomonas chiororaphis sWosp. gurantizcs NCIB 100687 [DOES2655)

a7 Pagudomonas tgrolens 1AM1B53T [DB4027 }
Paeudormonas lundenshg ATCC 499687 [ABOZ1395}
i 99 EPseudomonas psychrophiaNG-37 [AB041885)
Paeudomonas fragt ATCC 73T {AFDD4733)

PseudoNpnas Jutea DK2T {AY3E4537)
IL,_:Pseudo nas graminis DSM 113637 ¥11180}
L Paeudormo rhizosphaerae IHET [AY 1652673}

3-107 {AF468450}

I—P.seudomonas WRSOngensis
Pseudormonas miguiae CIP 1054707 {AFD74383)
Pseudomonas panacis CG20106T {AY757208}
35 ¢ Peeudomonas brenner CFML 97-391 T [AF263965]
Pseudomonas profeoltica CMS B4T {AJS37E03}
Pseudomonas gessardii CIP 1064597 [AFO74354)
Pseudomonas libanensis CIP 1054607 [AFO57645)
Paeudomonas syrxantha IAM12358 T [DB4025}
Pseudormonas mucidolens |AM12406T {DB4017}
Pseudomonas cedring CFMI__ O6-198 T {AFOG4461Y

http://www.treedyn.org/

About one hour for an expert !
(Not including alignments and calculations
of trees)

P

Pseudol

{:Pseudomonas orstal = Pseudomonas mediterranea CFBP 5447 1 JAF 386050}

a4

Pseudomonas poae DSM 14

becsdamonss mentens ¢ FPaeudomonas kilonensis 520-20T [AJ292426)

e udomone] FPseudomonas corugata ATCC 297367 {D84012]

Femuomonss costant 97 — Psendomonas necaurantiaca CIP 109457 T {EU391383)
Poeudorionas iiieis DS — Paeudomonas brassicaceatim CFBP 11706 T{AF100321}
Fseudomonas thivervalensis CFEP 11261 T [AF100323)

Ready for publication !
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ldentify 16S rBRNA sequences: LOL ?

16 RRNA

16 RRNA GENE

16S GENE

165 R-RNA

165 RDMNA

165 RBOSOMAL RNA
16S RIEBOSOMAL DNA
165 RIBISOMAL RNA
165 RIBOBOMAL DNA
165 RIBOBSOMAL RNA
165 RIBOOSMAL RNA
165 RIBOOSOMAL DNA
165 RIBOOSOMAL RNA
16S RIBOSAMAL RNA

16S RIBOSMAL RNA
16S RIBOSMOMAL RNA
165 RIBOSOAMAL RNA
16S RIBOSOAML RNA
16S RIBOSOMAL

16S RIBOSOMAL DNA
165 RIBOSOMAL GENE
16S RIBOSOMAL RNA
16S RIBOSOMIAL RNA
16S RIBOSOML RNA
16S RIBOSOMMAL RNA
16S RIBOSONAL RNA
16S RIBOSORMAL RMNA
165 RIBOSOSMAL RMNA

16S (LSU) RIBOSOMAL RNA
16S LARGE RIBOSOMAL

16S LARGE SUBUNIT RIBOOSMAL

165 RIBSOMAL RNA
165 RIBSOSOMAL RNA
16S RIBOSOMAL RNA [
165 ROBOSOMAL RNA
165 ROSOMAL DNA
165 RNA

16S RNA GENE

165 RNRA

165 RRNA

16S LARGE SUBUNIT RIBOSOMAL RNA (2,986 entries)

% Université
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Tasks and problems

 Other genes.
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MLSA

“ks

gene seuences | gene product

nith 9530 alpha subunit of dinitrogenase reductase

gvrh 7080 subunit b protein of dna gyrase

rpohb pEzZa rna polyvmwerase beta subunit

reca o052 homologous recombination factor reca

arnoa qzz6 ammonia monooxXygenase subunit a

nirs J406 cytochromwe cdl nitrite reductase

nirk 3272 dizzimilatory nitrite reductase

proa 2668 particulate methahe mohooxXygensse subunit a
dizzimilatory sulfite reductase subunit

d=ra 2186 alpha

atcpa 2182 proton-translocating atpase alpha subunit

cphnel 2173 60 kda chaperonin

gyvrEa Z21les dhna gyrase a subunit

noss Z01s5 nitrous oxide reductase

wdh 2004 malate dehydrogensse

gene product

hypothetical protein 331537

conserved hypothetical protein 229436

unknown 14976

putative menbrane protein 12359

transcriptional regulator, lysrc

family 75949

abc transporter related Tadz21

unknown protein Bevd

Lransposase 6550

dinitrogenase reductase 5191

Multi Locus Sequence Analysis : most sequenced genes and gene products.

Université -
ICE SOPHIA ANTIFOLIS

N
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MLSA Vibrios

Domains sequenced for rpoB, gyrB, and recA gene sequences

(Vibrios)
Length I rb Mumber
rpoB
1400 0 1400 2 rech
1370 30 1400 3 200 0 200 1
400 700 1100 15 360 40 400 1
400 400 a00 1 350 50 400 I'é
ann 700 1000 7] 340 a0 400 (5
300 400 700 65 330 70 400 8
200 1100 1300 1 240 60 300 1
100 1100 1200 9 230 70 300 94
100 600 700 1 220 80 300 141
210 80 300 47
ayre [‘200 100 300 300 |
oa 9 90 2 130 70 200 63
410 90 500 47 190 an 200 4
400 100 500 4
80 20 400 0 100 100 200 22
370 30 400 1 This table is sorted by decreasing sequence lengths (column 1), Ib and
340 60 400 16 rb correspond to left and right boundaries of sequences in alignments
310 90 400 1 (sequence starts aligning at or after Ib position and ends before rb),
300 100 200 6g number is the number of sequences in each category (ppofB 99
|LDD 200 400 M sequences, 26 species; gyrB 520 seqguences, 59 species; necA 685
200 100 300 162 sequences, 58 species). In bold are the most sequenced domains.
100 200 300 1 -
Identifications of pathogens —a bioinformatic point of view
Richard Christen Current Opinion in Biotechnology 2008, 19:1-8

Mostly short PCR sequences !

17
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Using a pathogenicity gene as target

Analyses of 2006 publications !

Legionella pneurnophila AJB10180
Legionella pneurnophila AJ810181 A
Legionella worsleiensis U164
Legionella preurophila AJB10197 Primers dentifiers
Legionella pneumophila AFD25227 i Mip-Fi
Legionella pneumophila AYEFE533 2 Mip-R
Legionella pneumophila serogroup 4 AFDZ2318 3 Lp-mip-PTES
Legionslla preumophila AJB10194 4 Lpmip-PTTO-C
Legionella prautmophila AFD95228 & LRIERT ]
Legionella pneumophila AJE10182 T LPreu.C
Legionella pneumophila serogroup 16 AFD47750
Legionalla pneumophila str. Lens CRE26337 T
LLegmneﬂa preumophila AJB10195 m
Legionella pneumophila AJS10156 |
Legionella pneumophila AJB10183 B e
Legionella pneumophila AYEFE340
Legionella prneumophila AJB10198 8sc
Legionella pneurnophila serogroup B AJMSE272 Esc
Legionella pneurnophila AFD35219 )
Legianglla pneumophita AJB10179 Bm=c
Legionella pneumophila AB215089 B sc
Legionella pneumophila AY374251 B soc
Legionella pneumophila AFD35218
Legionella pneurmophila AFOS5217 M azct
Legionella pneumophila AYE/B541 B 4 ct
Legionella pneumophila AYEFE537
Legionella pneumophila serogroup 1 AJ495269 H 47 c*
Legionella pneumophila AYE/E539 W s
Legionella pneumophila subsp. pneumophila AE017354 B o
Legionella preumophila AYE7B538 1
Legionella pnesmophila AFOS95216 B sc
Legionella pneurophila subsp, pneumcophila AJS78844 Bac
Legionella pneumophila subsp. pneumophila AJS78845 »
Legionells pneumophila subsp. pneumophila AJS7BE38 \|ac
Legionella prneumophila subsp. pneumophila AJKG78841 B a1
Legionella pneumophila D 52 | a0 c
Legionella pneumophila AYE7E531
Legionella faifisldensiz UB0163

- Legionella pneumophila AF0S5229

1234567
HE EEmES

Legionella pneumophila: the mip gene.

Identifications of pathogens —a bioinformatic point of view
Richard Christen
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Legionella sp. E AF022350

I

Legionella brunensis US2227

Legionella lansingensie US2210
Legionelta gresilensis AF047755

ELeglonella beliardensis AFD47756

Legionella jamestowniensis AF022339

Legionella Jamestowniensis U92228

Legionella jamestowniensis AF022337
?Legionalka Jamestowniensis AFQ22300
Legionella hackeliae U92207 L m

Legionella jordanis EF036513
Legionella jordanis U92209

Legionella feeleii AF022340

legionella feelei AF023174

Legionella feeleii AJ810218

Legionella feelzii AJB10217

Legionella sp. J AFO22354

Legionella fealsii sarg%gup 2 AFD2Z341
Legionella fesleii LS

Legionella quinlivanii AFD22349
Legionella guinivanii AFOD22348
Legionella quinlivanii AFD22347
Legionella gquinlivanii AJ810233
Legionella quinlivanii AJS10238
Legionella quinfivanii AJB10234
Legionelia quinfivanii AJB10235
Legionella sp. ATCC 51813 AF022356
Legionella quinlivanii AJ810232
Legionellz quintivanm UIZ2217
Legianella birminghamensis AFQ47743
Legionella birminghamensis U21E808
Legionella birminghamensis AFQ47744
Legionella drozanskii AF148983
Legionella nautarum US2213
Legonella taunnensis AFO022342
Legionella mbrilucens AJ810240
Legionella rubrilucens AJB10248
Legionella rubrilucens US2218

URL.: http://bioinfo.unice.fr/ohm

Current Opinion in Biotechnology 2008, 19:1-8
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Using a pathogenicity gene as target

Evaluation of primers and probes recently used for the identifica- jJT.Flz'dp_ AR AL O aCAL o
tion of the mip genes in Legionella 55 76 “L Ldg 124
32, 9¢ I | A 16
Number of 12,4 T - .a. 7
Primer/Tm Sequence variant SAqQUences 22,34 I P o a. =G
Mip—-F1 tttgtattgcaaaccacttaogo F 3.27 t.....g..t. .d. 15
A P e s e s e A e 130
48.0F et et ettty 5 PrneulC ccattgcttcoccggattaacatctatgee B
AT T = [ F 1 138
45 _4 e, - 4 AL &Y pneoanenanacana Flrprneaonananda oo 3
19 . 52 e b e 1 4 u’,ij ........ el oocononoo [P PR 15;'
A7 E AN . L 1 :p.i:'_" ....... oTo £=1= IR JAT's B i AP [P, 1,_:'-
9 14 S . e 1:‘.?‘}": wE e L s B I 1f
- L T i N B R e TR ST S o i 1_1||| 1111111 agaa. c.g.tt..a c.. 17
34, 05 TR o e TR W & B . | 1% 0 I - W DU - DUV 1= SN N 10
P | - o L e . Lo
2T For each oligomer: column (1) Tm in "C estimated for sach mip
Mip=R1 ~tcgacagtgactgtatcocoatet E sequence variant; column (2) the variant sequence; column (3) the
B9 R \ R - 3 number of such sequences (about 270 mip sequences available, only
qﬁ v e L 15: excerpts shown). F: forward primer, R: reverse primer.
2 I R < L TR o G T <y ]
A6. 0% Y e el o et ¥
2129 T S TEep 1 )
il B I L e Bl e e wa 14
16.44 ey e P Y S P Al i
Lo S on ke R i e L o e A e i

Wrong primer used in publications of year 2006 !

Identifications of pathogens —a bioinformatic point of view
Richard Christen Current Opinion in Biotechnology 2008, 19:1-8
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Tasks and problems

» Typing a strain.

20



Use tandem repeat sequences

http://minisatellites.u-psud.fr.

VNTRDB: a bacterial variable number tandem repeat locus database Mo A R, 007 Jangry Ttabse e DAI6-0421

. 12 3 . . 15 Publishied online 2006 December 14, dai: 10,1093 marghlE?2.
Chia-Hung Chang, " Yu-Chung Chang,” Anthany Undenwood,” Chien-shun Chiou,” and Cheng-Yan Kao™

Characterization of a Trinucleotide Repeat Sequence (CGG)s and Potential Use in Restriction T Cli Miohinl. 2004 Angust; 438 35381548,
Fragment Length Polymorphism Typing of Mycobacterium tuberculosis dof: 10.11260ICH.42.8.3536-3548 2004,

Comparative Genomics

Editor(s): Nichalas H. Bergman®

Affiliation(s): (1 Bioinformatics Program and Department of Microbiology and '-.-'arlthe NumherTa"degncﬁigiitgfmﬂ?ﬂ uf_EaEtBrla ] 5
Irmunology,University of Michigan Medical School, Ann Arbor MI By: Siamak P. vazdankhah » Bigrn-Arne Lindstedt

Series: Methods in Molecular Biology | ¥olume Mo.: 396
Print ISBN: 975-1-934115-37-4

Wariable Number Tandem Repeat Typing of Bacteria
Book Series Methods in Molecular Biology ™

ISSM 1064-3743

wolume volume 396

Book Cormparative Genomics

Editeur Humana Press

Dol 10.1007,/978-1-59745-515-2

Tracing isolates of bacterial species by multilocus variable number of tandem repeat analysis (MLVA)
VAN BELKUM Alex (1) ;

FEMS immunology and medical microbiology ISSN 0928-8244
2007, vol. 49, no1, pp. 22-27
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Tasks and problems

- Studying biodiversity: new approaches.

22



The “classic” approach

broad-range clone
extractlon O 168 PCR ~ .

Complex libra O
olceabie —> 0 © ¢ ' =) Q

sample

sequence | DOP11
=
™7 ,,Q,ah‘gt
o Sy ws8 B e
- . ™ ) ?Tﬂ’ﬁm%
%%%%%
' sequence '-Luw"“ww \\
.. AGTCCGGATCGCAGTCTG ... yster - AGTCCGGATCGCAGTCTG... quer e rou 0\ I
...AGTCCGGATCGCAGTCTG... P> --AGTCCGGATTGGAGTCTG.. i el Wiinn ; srenatil
...AGTCCGGATTGGAGTCTG.. ..AGTTCGGACTGCAGGCTG.. Gram +\_ Low GC _;_:":" Thermotagales
A g
. AGTTCGGACTGCAGGCTG.. 00
o '
& & e
. I1 . T . 6&@@ i '-F:dg
« Use PCR with “universal”’ primers. ¢cE T
[ u]
 Clone. &

- Random sequence ... 200 clones. Genome Bes. 2006 16: 316-302
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Biodiversity analyses - classic

FMID Sheort title entries | year
183043639 DPyrosegquenrcing chumerdtes and conptrasts scil mdorobkial] diversity... Q0110 | 2008
17153309 Microbial ecology: human gut microbes associated with obhesity... 15345 | 2007
17699621 Molecular-phylogenetic characterization of microbial community. .. 15172 | 2007
15531715 Diver=sity of the human intestinal microbial flora... 11531 | 2005
15252821 Symbhiotic gut microbesz modulate human metabholic phenotypes... 7255 | 2005
17055441 Reciprocal Gut Microbiota Transplants from Zebrafish and Mice to... 5534 | 2006
16033867 Obesity alters gut microbial ecology. .. 3883 | 2005
17409203 Loss of Bacterial Diversity During Antibiotic Treatment of... J278 | 2007
123077362 Molecular identification of bacteria in bronchoalveolar lavage... 3128 | 2007
17760501 Salmonella enterica serovar typhimurium exploits inflammation to... 2897 2007
12218029 Elevated atmospheric C02 affects s0il microbial diversity... 2269 2008
16741115 Metagenomic analysis of the human distal gut microbiome... 20682 | 2007
17931945 Short-term temporal variability in airborne bhacterial and fungal... 1966 | 2008
17041161 Community structure analyses are more sensitive to differences in... 19204 | 2006
lee3s387:2 Comparison of prokaryotic diver=sity at offzshore oceanic locations. .. 1789 | 2006
15052491 Subsurface clade of Geohacteraceae that predominates in a diversity... 1781 | 2005
16033867 Obesity alters gut microbial ecology. .. 1622 | 2007
lee72515 Unexpected diversity and complexity of the guerrero negro... 1587 | 2006
17124165 Effect of howel preparation and colonoscopy on post-procedure... 1319 | 2007
15033299 Hetagenumin and functional analgsis of hindgut microbiota of a... 1252 | 2007
15505215 The gut microbiota as an environmnmental factor that regulates fat... 1206 | 2007
15070763 Gnotobiotic zebrafish reveal evolutionarily conserved responses to... 1179 | 2004
122053817 Differences in vegetation composition and plant species identity... 1075 | 2008
13328082 Microbial community succession and bacterial diversity in so0ils. .. 1055 2008

PCR — clone - sequence : too tedious for most labs ! 24




High-throughput sequencing
-+ High-throughput sequencing technologies are intended to lower the cost of

sequencing DNA libraries
«  Many of the new high-throughput methods use methods that parallelize
the sequencing process, proqucing thousands or millions of_ sequences at

once. é‘? o Signal image

Anneal primer

APS
e A -,
K Sulfurylase 4
A ATP
No cloning ! v\f—/
One day eXperlment ' = Light + oxy lucifenn
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Advantages and Disadvantages

« 454 Sequencing runs at 20 megabases per 4.5-
hour run (1 day: from sampling to sequences).

« G-C rich content is not as much of a problem.
* Unclonable segments are not skipped.

« Detection of mutations in an amplicon pool at a low
sensitivity level.

- Each read of the GS20 is only 100 base pairs long
(2005-2006);

* The new FLX system does 200-300 base pairs
(2007)

* 454 has said they expect 500 in '08.
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Biodiversity, case studies

Huber, J. A., D. B. Mark Welch, et al. (2007). "Microbial
population structures in the deep marine biosphere."
Science 318(5847): 97-100.

- Sogin, M. L., H. G. Morrison, et al. (2006). "Microbial
diversity in the deep sea and the underexplored "rare
biosphere"." Proc. Natl. Acad. Sci. U S A 103(32):
12115-20.

Roesch, L. F., R. R. Fulthorpe, et al. (2007).
"Pyrosequencing enumerates and contrasts soill
microbial diversity." ISME J. 1(4): 283-90.
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Possible variable domains in the 16S rRNA gene sequences

Table I: 1465 variable region range definitions.
Variable region E. coli 165 rDMA range 5" primer 3" primer
start end length

Vi 8 120 113 5-AGAGTTTGATCMTGGCTCAG S5-TTACTCACCCGTICGCCRCT
V2 101 lsl 261 5-AGYGGCGIACGGGTGAGTAA 5-CYIACTGCTGCCTCCCGTAG
V3 338 534 197 5-ACTCCTACGGGAGGCAGCAG S5-ATTACCGCGGCTGCTGG
V4 519 806 288 5-TGCCAGCAGCCGCGGTAA 5-GGACTACARGGTATCTAAT
V5 787 926 140 S-ATTAGATACCYTGTAGTCC 5-CCGTCAATTCMTTTGAGTTT
Vé 907 1073 167 5-AAACTCAAAKGAATTGACGG 5-ACGAGCTGACGACARCCATG

V7 & VW8 1054 1406 353 5S-CATGGYTGTCGTCAGCTCGT 5-ACGGGCGGTGTGTAC
V9 1392 1507 116 5-GTACACACCGCCCGT S5-TACCTTGTTACGACTT

Regions were chosen to be mostly non-overlapping, each containing one or two variable regions. Coordinates are given relatve to the 1542 bp E
coli K12 165 rDNA sequence.
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Tag dereplication

total number of tags . 442062

total number of distinct tags @ 21529

number of seconds for analysis © 0.983651738507

number of single copy tags @ 13251

TEETCT TEACAT AGAAAGAAC T T TCCAGAGATGGATTGLTGCCTGCT TGCAGGAGCTTTCATAC f09as
AACTCT TGEACATCCAGAGAAGAGGC TAGAGATAGCTTTGTGCCTTCGGGAACTCTGAGAZ 40582
ATCCCT TGEACATCC TG GAACTTTCTAGAGATAGATTGLGTGCCTTCGGGAACGCAGTGAC 20128

AL AT TEAC AT ACAACGAA T LT CAGAGATGACTTGLTGLCGCT TCGLTHLAACGTTGATAC 14936
TE G T T GACAT GLAGAGAACTTTCCAGAGATGGATTGETGCCTTCGGEEAACTCTGACAC 11751
AT TEACATGLEAAAGTATGGAT TETEEAGACACTTTCCTTCAGT TCGGCTGGITT TCAC AL 9550
TACTCT TGACATCCTGLGAACT TTCGAGAGATCGATTGGTGLUCTTCGLGAACGCAGAGALZ B9
TACTCT TGEACATCCAGT GAACT TAGCAGAGATGETTTGGTGCCTTCGLGAACACTLGAGAC B603
AT TEACAT TG GAA T TTCTAGAGATAGATTGLTGCCTTCGLGAGCCGAGTGACZ 7779
AT TGACATCCCTATCGLGATTTCCAGAGATGGATATCATCAGTTCGGCTGGATAGGTGAC 7613

100000

complete analysis in seconds :© 1.04010820515

10000

1000

—e— FS396
—a— FS312

100

10 A

1

1 1970 3939 5908 7877 9846 11815 13784 15753 17722 19691 29
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Clustering tags into OTU

- Usual manner : align (Muscle), compute distances, phylogeny or cluster.
- Better : cluster according to words frequencies (ex. words of 5 nt)
* No alignement
* Much faster
* Much better clustering 21 529 sedquences
clustering 1 3429 533 nt
longest tag 100; shortest tag S0

simil = nhr clusters
Total calculation time : 7 minutes : 5u 3 175
55 3 931
d 58 4 95g
d a0 5 583
Y- 6 670
d 95 9 590
d 95 5 223
g 97 21 520
d 98 11 246
d 99 13 008
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Assign each tag to a taxon

- GreenGenes. The greengenes web application provides access to a 16S
rBNA gene sequence alignments for browsing, blasting, probing, and
downloading. URL: htip://greengenes.lbl.gov

- RDP. The Ribosomal Database Project provides ribosome related data
services, including online data analysis, rRNA derived phylogenetic trees, and
aligned and annotated rRNA sequences.

URL.: http://rdp.cme.msu.edu/

« SILVA. SILVA provides comprehensive, quality checked and regularly
updated databases of aligned small and large rRNA sequences for all three
domains of life (Bacteria, Archaea and Eukarya). URL: http://www.arb-silva.de/

Assignments done using first hit of blast.

31



Assign each tag to a taxon

: i P . PPy : dai
/”":’,”""’r 3 1 Corynebacteriaceae—————————Goarynebacterium [ 0.44%

0,347 : r e —— 0.31% ' M

/' ? ycetal Necardioid Ne . ——

2% . 0.45% . 0.45% = 0.41%

. Moo .

O'W 0.45%
oy ———034%

Dendrosporob
0.28%

Pialistef—
0.34%

0.25%

T a20%
0.75%
1.24% . 1.24%
0.60%
Gomam :
0.41%, v 0.41%

— (). 66%

— (Y

Campyhﬂo’?étcte.ralgg_ = :
St 'ﬁCHmpy}ocl}aggteraceae_ —;——Gampgmbamer
Enterobacteriales e J 27%

S L p— Enterobg_g‘t.gﬂaoeae— e

— 0.25%

e . : . B30
‘ Gijely aseae._,——-ﬂsoudemonas : HEG1
. U4 H 76% ' 0.72% ' 0.57%
- 0.73%
; : : mrags H Bt : e ; D.47%
domain phylum class 3 order : family genus species

% » BMC Microbiology 2007, 7:108 32
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Assign each tag to a taxon

Placed 30bp — 60bp — 100 bp 150bp — 200bp — 400 bp — BOO bp
True 30bp --- B0bp --- 100 bp 150bp --- 200bp --- 400bp --- 800 bp
100 ' : :

90+
804"
704
B0+

501

% reads

40+
30-
201

101

domain phyllum class order fan"lifyr geﬁus spe::ies
Phylogenetic depth
Simulated resolution at increasing read-lengths BMC Microbiology 2007, 7:108
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Numbers of 16S rBRNA sequences
per species

800 1000 - 1200
nt nt nt
nhrsedg genera Species genera Species genera Species
1 S8z 4060 589 4115 S92 4126
2 250 143536 245 1427 239 1411
3 131 =] N} 133 7894 126 p=ln
4 91 444 58 445 94 454
o = 296 = 2885 7 27
& 51 a0l a3 120 45 1775
7 40 136 35 135 35 1473
& 38 124 37 115 41 110
= 32 o4 36 93 34 a7
10 21 82 22 a2 15 a2
10<n<51 40 39 40 40 39 40
Sd<k<101 36 3& 35 30 33 31
=100 & 31l B2 25 =g 27
Most species are known from a single sequence !
=>» Tags taxonomic specificities are over-evaluated.
=» Most species have not been sequenced at all. 34




Main taxa that were not amplified

Sogin nubers % Foesch nubhers %

candidate division ZB3 11 100 candidate division ZB3 11 100
candidate diwvision 3R1 10 a0 Fibrohacteres 758 86
Fibrohacteres 754 85 candidate diwvision 3R1 =] 81
Thermodesulfobacteria (= 7 Thermodesulfobhacteria (=1u] 74
Thermotogas 1038 T2 Agquificae 623 63
Agquificae 676 6B Spirochaetes 1774 52
Spirochaetes 1965 58 candidate divi=sion 0D1 o4 51
candidate division 0D1 G4 51 candidate division BRC1 12 50
Deferribhacteres 62 44 Thermotogas 73 45
candidate division TG3 32 39 candidate diwvision GN1 10 45
Deinococcus-Thermus 252 3 candidate division TG3 3z 39
candidate diwvision TH6G 17 35 candidate diwvision Tol 107 35
candidate division TG1 91 32 candidate division EKE3EBE1 135 36
candidate diwvision THY 40 32 candidate division OF11 &0 31
candidate division QPS5 13 3z candidate division OFP5 12 30
candidate division OFP11 61 31 candidate division OF10 35 Z8
candidate division OFP10 35 31 candidate diwvision W36 33 Z8
Firmicutes 15254 30 candidate division W33 14 Z8
candidate division W36 33 20 Deinococcus—-Thermus 155 27
Bacteroidetes 4556 22 candidate division THM7V 3z Z5
Chloroflexi 524 22 Deferribacteres 34 24
candidate division J31 10 21 Etedonohacteria 11 Z4
enviromnental samples 53936 Z20 Aoetinohacteria 7356 22
candidate division WWES 15 20 Protechacteria 25214 21
Fusobhacteria 167 19 Chloroflexi 500 21

Primers need to be better designed !
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New tags as a function of sequencing effort

Saturation curve

25000

20000

15000 | *

10000 | *

!

0 100000 200000 300000 400000 500000

5000

0

MPS will sequence every PCR product present.
But has PCR amplified every gene present in sample ?
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Conclusions

|dentification using 16S rRNA gene sequences is now easy.

MLSA: there is a lack of complete sequences to evaluate published
primers.

MPS on 16S:

Lack of complete sequences to evaluate primers (almost complete seqs).
A single sequence available for a majority of species.

Most sequences have a poorly annotated taxonomy.

112,509 (16.8 %) only of the 670,401 bacterial 16S rRNA gene sequences of length >100 nt presently
deposited have a taxonomic description down to the genus level, while 383,570 sequences (57 %) have
"environmental samples" as sole description.

D5 - runcultured-bhacter iwm9
QC - - -Bacteria; renvironmental -samples. g

MPS technologies have not been validated against samples of known
compositions.

MPS machines are not calibrated before, during or after a run.

MPS experiments to estimate diversity are not reproduced (duplicated) !
Primers have to be improved.

Degenerated primers should NOT be mixed (competition).
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Final conclusions

* MPS technologies enable researchers to undertake the process of global
sequencing in a single operation using bench-top instruments.

* The term ‘post-genomics’ has been prematurely coined and we are in fact on
the beginning of a global sequencing era, which opens a long journey that will
occupy a broad spectrum of the scientific community for decades.

- Global (pyro)sequencing will replace any other method for estimating
biodiversity.

- Global (pyro)sequencing will replace any other method in transcriptome
studies.

16S rRNA sequences do not offer a direct link to phenotypes or
functions.

+ A wide and generalized sequencing effort and ontology building of well-
identified strains deposited in collections worldwide is required to form the
basis of derived annotations of environmental sequences.

 Developing ecosystem predictive models is fundamental, but this is still a
long-term objective, as connection of taxonomy to functions is still missing
in most cases.

A work not supported by ANR.
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