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Growth of Sequence Databases

Growth of GenBank
(1982 - 2008)
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Genome projects: A growing problem

Genome Sequencing Projects on GOLD ©
Jan 2009, 4370 projects

2nd generation sequencing
4000 technologies
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Behind the Surge: NGS Technologies

§ The advent of 2nd generation sequencing
technologies has revolutionized the
genomics field!
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DOE JGI sequence output ($/Kb) 2004-2009

Year

amt bases sequenced (Gigabases) $ cost per 1000 bases sequenced




When “more” isn’t just more!

454 stiEnces 1/,
Sanger - 1975 — da
y
ABI gel “automated” - 1986 S A S
2005 30 > 100 > 400 mb ] run
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Oral pathogen sequence repository

www.oralgen.lanl.gov

-
= Oralgen Databases - Windows Internet Explorer,

m http:fforalgeny

Fil= Edit Wew Favorites Tools Help %Convert - EjSeIect

58 |~ | & rfranet Controller & cralgen Databases 5y Page - gl Tools -
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Oral s> Los Alamos
Pathogen NATIONA ABORATORY
Sequence

Databases Oralgen Survey:
LANL Oralgen Questionnaire 082009-1 doc

LANL Oralgen Questionnaire 082009-1 pdf

Oral Pathogen Sequence Databases - Oralgen NEWS - Help Desk

These specialized databases are finded bv the National Instilite of Dental and
Craniofacial Besearch (NIDCR)) within the National Institutes of Health, Bethesda

Marvland.

Bioscience Division

Home

& Search Oralgen (O Google

» Oral Bacteria

The scope of the project includes molecular information pertaining to oral pathogens,
bacterial and viral The Oralgen project was renewed in May 2006, thus we
anticipate continuing expansion over the coming five vears. A full statement of our
goals is forthcoming. In general we strive to provide one-stop shopping in which
analysis and compilation go hand in hand. Currently, the included databases
comprise:

» Oral Bacteria

FPorplyrom

Oral Plasmid Collection

Porplyrom

>
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Goal to Maintain/Improve an Analytical Resource

eConduct Specialized Annotation and Other Analyses:

Hypothetical protein ranking for P. gingivalis and S.
mutans

Protein cellular localization prediction
Metabolic pathways and transport capability analysis

Recent gene duplication, insertion sequence,
conjugative transposons, and “Genomic Island”
predictions

Small, non-coding RNAs (sRNAs) prediction
Phylogenetic fingerprints
etc.

eAdvanced searching capabilities

°Provide comparative genomic tools (like StepToto DB)

eLinks to other oral microbiome/pathogen resources

Va ——— R = = = — = - e e ~ e

>
Los Alamos

e



New site up — slow and steady...

@E::;v @ hitp:/(hemisphere. lanl.gow /oralgen-tno )/ vl || ¢ .:" Google | ol-
File Edit Wiews Faworites Tools  Help | x %Convert - Select

T:-? Favorites | {5 @ Suggested Sikes = @ | Web Slice Gallery -

|ﬁ0ralgen & = =1 é.; ~ Page -~ Safety ~ Tools - @v 22

My Oralgen

Oral Genomic and Metagenomic Database

Search

I
© Search Oralgen @ Google

Community

Go To Oralgen Classic

C»

§ Genome Sequences

~¢ Oral Bacteria

+ Near Neighbors

« Draft Genomes

« Herpes Virus Database

£ Metagenome Sequences

s Oral 16s rRNA

e Shotgun Metagenome
« DACC Reference Genomes

Downloads

« Seguences
« Supplemental Files

What Is New

Oralgen News
Oralgen Survey

Job Opening

Postdoc

Analysis
|
"« Metabolic Pathways
+ ABC Transporters
+« Small Noncoding RNAs
« Insertion Sequence Elements
o Cellular Location Predictions
+ Hypothetical Proteins Ranking

+ Recent Gene Duplications

Tools

o« Local BLAST Search
PSI BLAST Search
COGs Search
InterProScan
ProDom Search
Blocks Search
Fragment Recruitment new
165 rRNA Classifier
{under construction)

External Links

e HOMD
« HMP DACC
« JGI-IMG-M
e MG-RAST

Intern

Upcoming Events

AADR
IADR Conference




New technologies, new challenges!!

* How to feed the sequencing monsters
* How to handle the data (store, analyze)

0 ol
§ What to do with a few hu?fdr -
B

reads?
* de novo sequencing (and finishing!)
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How quickly things change...

Sanger libraries New Tech ¢
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Genome Assembly with NGS technology

Short reads - but many of them! m

Contigs (consensus
sequences)
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Genome Assembly with NGS technology

Contigs (consensus

**COITec (éeé)sequences, but still many gaps generally
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Improved NGS assembly

. Input
Assembled reads: 98.03% Q\l/
Singleton: 2,388 Q'/
Contigs_number: 180 101 F"\ter
N50: 21,244 54,948 Trim
N9O0: 6,210 11,656 v
Max: 76,431 188,302 Assemble
Min: 103 110 Merge data
Total_bases: 1,942,587 2,012,773

Can also suggest primers for genome closure
(ie. Finishing)
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New technologies, new challenges!!

* How to feed the sequencing monsters
* How to handle the data (store, analyze)

=
§ What to do with a few hu?fdr -
B

reads?
* de novo sequencing (and finishing!)

* Re-sequencing and Transcriptomics (RNAseq)
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Mapping reads to a reference sequence
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Uneven coverage revelations

1200 , —— Large dliplications.

Burkh Dlderia::;eno cepacia_AlU_105%4 chromosome_1

Regions not present
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406

Coverage, folds

Transcriptome (RNA-sequencing)

Intergenic sequences —hon-
coding RNAs or unannotated

ORFs
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New technologies, new challenges!!

* How to feed the sequencing monsters | - .- -
* How to handle the data (store, analyze) | - [

§ What to do with a few hu?bdreﬂ'mmm
reads? a
* de novo sequencing (and finishing!)

* Re-sequencing and Transcriptomics

* Metagenomics (both rRNA surveys and shotgun
“environmental” sequencing)
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Metagenomic (16S) population surveys

“Pyrotags” gaining the upper hand:

200,000 to 1,000,000 reads per run  Much higher
resolution than

R Sanger 16S
surveys

10000

10001 | e Has hlghllghtEd
' “rare biosphere”

Number of clones or samples per study
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1990 1892 1994 1996 1988 2000 2002 2004 2006 2008 = =
& briiesiorrdiath given habitat
Tringe & Hugenholtz, 2008 Current Opinicn in Microbiclogy
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Improving Classification Tools

§ RDP Naive Bayesian Classifier: a very
fast and accurate taxonomy assignment

algorithm °
§ LANL has applied a Markov model to [ o
enhance accuracy while maintaining k.
speed b -
§ Also, the LANL Markov NBC willbe ¢ ¢ @
trained on oral microbes so may be -
more accurate i

* Will provide on Oralgen2.0! : ot
]

However: only tells us who is
there...
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“Next Gen” metagenomics: Sequencing
technology changing the landscape

__ hew way

Extract DNA Shotgun clones High throughput sequences
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Current Impediments....

§ Different methods
(assembly algorithms)
and different
technologies result in
different contigs:

* 12,500 total (5kb max)

e 287,000 total (30kb max)
* For either: only ~50% of
reads get assembled

still!!

§ Very different answers
when varying
parameters...

200 1000 2000

Frequency

ab 100 200
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Binning and other issues....

§ Binning methods do not
yet work on short reads — —

— —
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Binning and other issues....

§ Binning methods do not .
Gammaproteobacteria GSrI%M.EHTEFOWCIEFWES 20
yet WO r k O n S h 0 rt read S Proteobacteria 120 al I\_lj l\C'.'/I:j'St"eure”a:liji

Deltaprotecbacteria 6

et
deltaleps 641 whdivisions ar /
—— —
L ) Epsilonprotecbacteria 45

Betaproteobacteria 26

| Meisseriales 416
— . .
__/Burkholderiales 85

candidate division TM7 0 © candidate division TM7 genomosp. GTL1 S

§ Annotation of e e

Y
O O Bacteria 290 Bacteroidetes 83 |\ | Flavobacteria 237
Y /_\I 'o . .
metagenomic contigs O QT R
cellular organisms 191 ia L '\._/,D tercidia 258

Ty

t ti I . _/I O spirochaetales 6
] o Bacilli 16 O Bacillales 5
a k eS ' l le Y root 4E-(_)' Firmicutes 25 __ O -

) | / Lactobacillales 359
“—l’ Clostridia & . actooactia
o \_/-Clostrldlales 131

O Fusol iales B

O Cyancthece 5
Actinobacteria (class) 36 N
-

[ | Actinobacteridae 843
) N

§ Read-based analyses f——

O
O

Streptophytina 10

take many CPU hours; Y B ——

Fun;ia’M\'ézoa group 6 r | Eumetazoa 258

R

so often look only at e
assembled contigs (ie.

~50% of the data) _
Can one reduce complexity of the data/sample?
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Binning via sequence recruitment...

) Fragment Recruitment test from GET no args - Mozilla Firefox E]@@
File  Edit Bookmarks

2]

Wiew Tools  Help

- C

@ Most Yisited , Getting Started |5y | Latest Headlines

Higkory

oY :E htkp:fioralgenyFragmentRecruitment/cgi-binfquery_reqg.pl

< en Session: Th... Session: Me. .. |j Owner Link .. |j Splash Dov .. |j It’s "Watson... . IBCWG 201 -.' Googls Ima. .. |j Los Alamos ... :ﬂ Fragm... [& + |~

Fragment Recruitment Service

about fragment recruitment

Select a Reference |50 D Jin AT
Senome: | Selenomonas flueggei ATCC 43531
Fressotella melaninogenica ATCC 25845 w

Select a Query
Metagenome:
Submit wvia file

Go To Oralgen Classic
o Q)
© Search Oralgen ® Google

My Oralgen : nols Community Help

Los Alamos National Laboratory = Est 1
Operated by Los slamos Mational Security, LLC for the W.S. Department of Er
Administration )

. . A . Genome Sequences +| Metagenome Sequences .| Downloads
Inside | © Copyright 2010 LAMS LLC All rights reserved | Dif [
+ Oral Bacteria % Oral 165 rRNA » Sequences
+ Near Neighbors « Shotgun Metagenome 5 I | Files
+ Draft Genomes » DACC Reference Genomes
» Herpes Virus Database
Analysis @ Tools External Links
~+ Metabolic Pathways » Local BLAST Search « HOMD

PSI BLAST Search » HMP DACC
5 Search v JGI-IMG-M

1ProScan » MG-RAST

ABC Transporters
Small Noncoding RNAs
Insertion Sequence Elements

Cellular Location Predictions .

hetical Proteins Ranking
Recent Gene Duplications aqm
165 (RNA Classifier

= - = - = — ~ - 163 rRNA Classitier
{under construction)
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What, of who, Is present...

p
£2) Fragment Recruitment test from GET no args - Mozilla Firefox
File=  Edit  Wiew History Bookmatks Tools  Help

(o ‘ot | &L htep:jioralgenfFragmentRecruitmentjicgi-binfquery_req. plereference—2anuery—1faquery—anew_file—0
2] Most visited P Getting Started |51 Latest Headlines

&) oralgen Session: The P... Session: Mext ... | | ] ©Owner Link-H... | | ] Splash Down: ... | | ] Its “watson M... . IBCwaG zoio<... | o Google Image ... | | | Los alamos Mat... | @) Fragmen... B

Fragment Recruitment Service

about fragment recruitment

reference Genome: Actinomyces sp. FO332
Query Metagenome: HumanGutCommunitySubject?

File  Cdit  View  llistory  Dookmarks  Tools  lels
- Car (I Repforalasn e S ame R ey IS Sl BN QUET Y _rea . BITr S P ey S nee — ZSaUSry— L SqUery— Sne_file—0

[ rost visitod M Sotting Started Latest | leodines

®E Sralgen Sozsion: The © Sossion: Mot ] Owwmer Linke H Splash Down: Iz “wvatzen M L IBCwWG zo1o < = Gocglo Image Lo= Alamos rat B Fragmen... &3

Fragment Recruitment Service

about fraarment recrultrment

Reforence Gomorme:  Actinomycss sp. FO332
Suery Melagenornrie:  HormaniGu LSO i Ly Sk jecl 7

tabular data

=E=11.GGToSeTe-GETOISE2 nuc

Fragrnenl Poc uilrnenl Wiewer displays Lhe resulls Mo o NUOCMER. seguenice cormpar isorn ol o available
milcroblal genome agalnst selected metagenome sequence datasets. The reference aenomes/contias are
arrangcd Slong tho x-aics, as indicated by tho tick marks. The porcontage identitics arc arrangcd alona tho
e

o
. Los Alamos

NATIONAL LABORATORY
- EST.1943 —
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Can “recruit” reads and contigs to many
reference genomes
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Phylogenetic diversity

1,200 - Il GEBA genomes Lamp-pOStS for
W Pre-GEBA genomes mEtagenom ICS

[1 Organisms from the greengenes database

1,000 - m Organisms from the greengenes database
(excluding environmental samples)

800 -
600 |- L N
hﬁléi'Hf‘&l“:N'ﬂié'?iBé"e -'
Ju Bg,@ré&gj}ergnce 4
St Qi et
400 a[fH ;1)1 é’gqi@(May
cfopatlRod
BYIRIGRSH I A IRMES.
200 from the human

microbiome.

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000
Number of organisms Wu et al. Nature 2009



New technologies, new challenges!!

[ o

Oralgen v2.0

§ Keeping up!
* How to feed the sequencing monsters e o 0
* How to handle the data (store, analyze) | =~ [

reads?

* de novo sequencing (and finishing!)
* Re-sequencing and Transcriptomics

* Metagenomics (both rRNA surveys and shotgun
“environmental” sequencing)

* Single cell genomics

§ What to do with a few hu?fdrell’“\“&%nd
B

A — .. _ - S _ _ . _
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Dealing with NGS Technology

: _ pssemb!'Y
1. Make de novo and re-sequencing of oral micrgbiome
Isolates and single cells a trivial task for investigators

1. Provide a tailored metagenomic population sygvey
resource and analysis suite markoV

1. Develop and provide automated and semi-automated
(meta)genomics analysis toolesd (coupled with manual-

- fined
curation/enhancement) ‘:‘ Lotations

jtment
1. Integrate the above, and Wtk with experts to provide
the community With\geﬁgmprelg‘ensive genomics work

environment compP'® Tailore

rabase alyses = L

ﬂ?
Los Alamos
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