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The Critical Assessment of Metagenome Interpretation
(CAMI) competition

27 Jun 2014 | 6:36 PM | Posted by Tal Nawy | Category: Bioinformatics, Computational, Guest Post, Metagenomics

Alice McHardy, Alex Sczyrba and Thomas Rattei announce a new initiative for assessing metagenomics
methods in this guest post.

In just over a decade, metagenomics has developed into
. a powerful and productive method in microbiology and
microbial ecology. The ability to retrieve and organize bits
~ and pieces of genomic DNA from any natural context has
opened a window into the vast universe of uncultivated
microbes. Tremendous progress has been made in
computational approaches to interpret this sequence data
but none can completely recover the complex information
encoded in metagenomes.

(O ¥ »
Alice McHardy Alex Sczyrba Thomas Rattei
FOLKER MEYER A. SCZYRBA ANJA VENIER

A number of challenges stand in the way. Simplifying

Towards a comprehensive and objective evaluation of

computational metagenomics software
ﬁHELMHOLTZ
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ABSTRACT  In spite of the tremendous in-
crease inthe rate at which protein structures are
being determined, there is still an enormous gap
between the numbers of known DNA-derived
sequences and the numbers of three-dimen-
sional structures. In order to shed light on the
biological functions of the molecules, research-
ers often resort to comparative molecular mod-
eling. Earlier work has shown that when the
sequence alignment is in error, then the com-
parative model is guaranteed to be wrong. In
addition, loops, the sites of insertions and dele-
tions in families of homologous proteins, are ex-
ceedingly difficult to model. Thus, many of the
current problems in comparatwe molecular

A Critical Assessment of Comparative Molecular
Modeling of Tertiary Structures of Proteins*

Steven Mosimann, Ron Meleshko, and Michael N.G. James

Medical Research Council of Canada, Group in Protein Structure and Function, Department of Biochemistry,
University of Alberta, Edmonton, Alberta T6G 2H7, Canada

PROTEINS: Structure, Function, and Genetics 23:301-317 (1995)

there are several commercial and public domain com-
puter programs that have been developed for mod-
eling; these programs remove much of the tedium
from the process. There are numerous reasons for
constructing comparative molecular models of pro-
teins. The molecular model may explain the struc-
tural basis of existing experimental results and can
provide one with structural information on which
further experiments can be planned, executed, and
evaluated. Site-specific mutations of the gene coding
for the specific protein can provide important data
regarding the protein’s function. Perhaps, some of
the most revealing experiments are those designed. to
predict and to prnbe the molecular reasgns
enzyme 8 spemﬁclty On a more practlc .
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Principles

-
CAM|

B Design decisions made by the community (data sets,
evaluation measures and principles)

m Extensive, high-quality benchmark datasets from
unpublished data

B Evaluation measures: informative to developers and the
applied community

B Reproducibility: data generation, programs, evaluation

® Benchmark assembly, (tax.) binning and taxonomic
profiling software

ﬁ HELMHOLTZ
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Timeline 1st CAMI Challenge

.
®

CAMI

Seoul
Cambridge
Cambridge Diisseldorf Berlin Cambridge
2014 2015 2016
. Public workshops . CAMI challenge opens
O Public hackathons . Submission deadlines:

O Developer meetings Assembly, Binning/Profiling

%7 Follow @CAMI_challenge

Sczyrba et al., Nature Methods 2017 i
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CAM] Reproducibility and Standardization

2 CAMI X

m Qutput formats for binning ¢ cemmesemorioese &
and profiling
m Standard interfaces Summary

®m Docker-based Bioboxes
for programs and metrics

B Semi-automatic 5

+ —list-mount Lists the directories that have to be mounted.

Our Docker Images

+ -list-var Lists variables for fine-grained control of your

be n C h m arkl n g I n futu re container (i.e. DCKR_THREADS).

+ -shell Starts a shell inside the container.
+ -versionVersion of the Interface being used. o ‘ Q ‘

Our specifications ~ We are using the (Standards for Interoperable
Bioinformatics Container Interfaces).

Bioboxes is community driven and at the moment the most interfaces
are at version 0.8. So if you can not build your container with the
specified variables, please contact us (support@cami-challenge.org)
or write an issue on

Share Your Container 1. Getan account on
2. Upload your Image
3. Tell us your Repository 1D (i.e.:cami/binning) and the task you
have created and executed on the respective dataset.

P
oY . bioboxes

Belmann et al., Gigascience 2015
ﬁHELMHOLTZ
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CAMI Challenge Datasets

®m Common experimental setups and community types
m Strain-level variation

m Different ev. distances to public genomes

® Non-bacterial sequences (archaea, plasmids, viruses)

CAMI_medium CAMI_high
CAMI_low (differential (time series)
abundance)
1 sample 2 samples 5 samples
15 Gb 40 Gb 75 Gb
2 x150 bp 2 x150 bp 2 x150 bp
Insert size: Insert sizes: Insert size:
270 bp 270 bp & 5kbp 270 bp

Simulated from ~700 novel microbial genomes, 600 novel

viruses, plasmids and other circular elements

. _ _ o /7 HELMHOLTZ
https://github.com/CAMI-challenge/MetagenomeSimulationPipeline ‘ CENTRE FOR
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CAMI

CAMI Challenge Datasets

low

medium

high

0 200 400 600 800 1000 1200
m Genomes ® Strains Strains (evolved) plasmids/viruses



ngh Phylum (&) Actinobacteria () Bacteroldetes ) Euryarchaeota () Fibrobacteres () Firmicutes (O Fusobacterla () Nitrospirae () Protecbacteria () Sprrochaetes @ Tenericutes (&) Thermotogae ()

Clostridium acidiscll < O
Pelomonas sp. JGI001013-K11 -
Nocardioides sp. HHLT1-14 =
Salegentibacter salarius =
Dasultovibrio gracills =
Rhizobium sp. BA-57-08 = ]
Desuliococcus multiverans =
Mamelielia aiba -
Halsbacterium salinarum -
Desulfovibrio senezil
Gelidibacter algens -
romyces subbeticus
Desulfovibrio desulfuricans =
Desuliopila asstuarl -
Sphingomonas wittichil =
lostridium imestinale =
Paenibacillus algoritonticola <
Desuliofustis glycolicus
Mocardioldes terrigena =
Azotobacter beljarinekil 4
Pseudcbutyrivibrio xylaniverans -
Prosthecobacter debontl =
Actincsynnema pretiosum =
Pelagicola litoralls -
Fedobacter cryoconitls =
Enwinia tracheiphila 4
Promicromonospora thallandica
Phycicoccus sp. THG-al4 =
Mocardioldes hankookensls -
uncultured Paenibaciius sp. 4
Caldanaerabius fijlensls =
Anodococcus sp. |_48-JBPC124 <
Goodiellowiella coerulecviolacea -
Phyclcoccus ginsenosidimutans
Dryadobacier peychrophiius =
Williamela marls 4
Necardioldes jensenil 4
Soehngenia saccharalytica =
Treponema porcinum -
Rhizobium ep. CpLB236 =
Larkinelia arboricola =
Monlabens ulvanivorans =
Pseudoxanthomonas kalamensis -
Alopostipes sulcloacalls =
Necardia amikacinitolerans =
Ocaanospirllum mutigobuliierum -
Microbacterium sp. C23(2011) =
Hymencbacter daschecngenss -
Lentzea californiansis -
Desulfacinum hydrothermale 5
Terrabacter carboxydivorans
Dyadobacter ginsenglscll -
Dethiceulatibacter aminovorans =
Geosporobacter subtaranaus =
Algoriphagus yeomjeonl -
Salegentibacter salegens -
Algoriphagus alkaliphilus 4
Parabacteroldes chartae -
[Clostrigium] xylamovorans =
Succinivibrio dextringsohvens -
Sphingomonas sanxanigensens -
Alkalibacter saccharofermentans -
Anlzoblum sp. CHNTHR26 -
Desuliobotulus sapovarans -
Socnweoa buanensis -
Treponema berlinense =
Elizabethkingla miricola =
Fedobacter luteus -
Thermoanaerobacter Uzonenss -
Malznomeonas rulbra -
Albldovulum Inexpectatum -
Mesania algae
Prauserella salsuginis -
Maoripsinhactar sn A-3RR0R =

0.001 0.01 o1 i 10 100
Relative abundance [3:]
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Submissions to the CAMI Challenge

® With consent to publish: 215 submissions;16 teams; 25 programs; 36

bioboxes

Assemblers ‘

Genome binners and
taxonomic binners

Megahit? Metagenome assemble
succinct de Bruijn grap

CONCOCT™ Binner using differential coverage, tetranucleotide
frequencies, paired-end linkage

Ray Meta® Distributed de Bruiin g1 \1axBin 2.0° Binner using multi-sample coverage, tentranucleotide

Meraga Meraculous** + MEGAI frequencies

s MetaPhyler® Phylogenetic marker genes ted assignments
mOTU Phylogenetic marker genes ence similarities and
Quikr/ARK/SEK?7-2¢ k-mer based nonnegative least squares

Velour i

! Taxy-Pro® Mixture model analysis of protein signatures ;:rage, tetranucleotide
TIPP* Marker genes and SATE phylogenetic placement . . .
g phylod P requencies and differential

CLARK?® Phylogenetically discriminative k-mers
Common Long k-mer based nonnegative least squares Jencies, multi-sample

Kmers/MetaPalette?'

DUDes??
FOCUS®
MetaPhlAN 2.0%

Read mapping and deepest uncommon ancestor
k-mer based nonnegative least squares

Clade specific marker genes

wylogenetic marker genes

ir frequencies (4-6mers),

ence homology and tax.
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NN k63

Meraga

Velour k63 c¢4.01
Velour k63 ¢2.0
Velour k31 ¢4.01
Velour k31 ¢2.0
Megahit ep mtl200
Megahit ep
Megahit

Ray Blacklight k121
Ray k91

Ray k71

Ray k51

Minia

Gold Standardy »

Good performance in genome assembly for unique strains

Results of the Assembly Challenge

All

Common strains

Unique strains
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Subspecies diversity is a challenge!
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Genome Recovery at different Coverages
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« Assemblers using multiple kmers performed better
* Minia (and Meraga) are good in plasmid assembly # weLmnovrz
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Results for Genome Binners

IS
[®]
O}
o
Precision _ _
a genome binners b genome binners
(unique strains) (common strains)
100% A a 100%1 a
Dataset (complexity) | I {
80% o low ' 80%
A
A medium
+EI
o high +
of of J
60% + 60%
Software
= (Gold Standard | a
40%] == MyCC 40% 1 —I—
= MetaWatt-3.5
O,
— MetaBAT 4 T
20% 20% ——
CONCOCT +
= MaxBin 2.0
OO/O- T T T T T T Oc/o- T T T T T T
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

« Good performance in genome reconstruction for unique strains

« Subspecies diversity is a challenge!
ﬁHELMHOLTZ
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Metric
— Accuracy Results for Taxonomic Binners

= = Misclassification

=« = Av. Precision

= = Av. Recall MC - All data
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* Good performance until family rank and substantial decrease below

« Small predicted bins are oftentimes false positives
ﬁHELMHOLTZ
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Results for Taxonomic Profilers

phylum class
ck v1K 0oty K v1KV0oTU

V3 F V3 0 F
FS_v4 FS_v5 FS_v4 FS_V5

family genus
ek v1KVOro1y K v1KVOmotu
CLARK CLARK

V3 F
FS_V4 FS_v5

V3 F
FS_v4 FS_v5

mam  Recall
wun  Precision

order
Kk v1KVOmoty

species
K v1KVOrmoty

v3 F
FS_V4FS_v5

« Performance decreases substantially below family rank

« Virus and plasmid data affect abundance estimates
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Main Conclusions

« Good assembly and genome binning of ,single strain®
species

 Strain-level diversity is a challenge

« Taxonomic profiling and taxon binning good until family
level

* Reproducibility is very important, large variability of
program performances with parameter settings



What is next?

® Benchmark programs on CAMI challenge datasets with CAMI
benchmarking platform ( )

m 2nd CAMI challenge
* [llumina/PacBio/ONP data sets
« specific environments
» strain madness
» workflows

B Get in touch: alice.mchardy@helmholtz-hzi.de;contact@cami-
challenge.org

ﬁ HELMHOLTZ
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http://www.data.cami-challenge.org/
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Participants of CAMI Workshop at INI in Cambridge May 2016
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Contributors 1st CAMI Challenge
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'~. Why CAMI?
CAM|

Tool development for shotgun metagenome data sets is a very
active area: Assembly, (tax.) binning, taxonomic profiling

m Method papers present evaluations using many different

metrics, simulated data sets (snapshots) and are difficult to
compare

m It is unclear to everyone which tools are most suitable for a
particular task and for particular data sets

m Comparative benchmarking requires extensive resources and
there are pitfalls

Towards a comprehensive, independent and unbiased
evaluation of computational metagenome analysis methods

ﬁ HELMHOLTZ
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ABSTRACT  In spite of the tremendous in-
crease inthe rate at which protein structures are
being determined, there is still an enormous gap
between the numbers of known DNA-derived
sequences and the numbers of three-dimen-
sional structures. In order to shed light on the
biological functions of the molecules, research-
ers often resort to comparative molecular mod-
eling. Earlier work has shown that when the
sequence alignment is in error, then the com-
parative model is guaranteed to be wrong. In
addition, loops, the sites of insertions and dele-
tions in families of homologous proteins, are ex-
ceedingly difficult to model. Thus, many of the
current problems in comparatwe molecular

A Critical Assessment of Comparative Molecular
Modeling of Tertiary Structures of Proteins*

Steven Mosimann, Ron Meleshko, and Michael N.G. James

Medical Research Council of Canada, Group in Protein Structure and Function, Department of Biochemistry,
University of Alberta, Edmonton, Alberta T6G 2H7, Canada

PROTEINS: Structure, Function, and Genetics 23:301-317 (1995)

there are several commercial and public domain com-
puter programs that have been developed for mod-
eling; these programs remove much of the tedium
from the process. There are numerous reasons for
constructing comparative molecular models of pro-
teins. The molecular model may explain the struc-
tural basis of existing experimental results and can
provide one with structural information on which
further experiments can be planned, executed, and
evaluated. Site-specific mutations of the gene coding
for the specific protein can provide important data
regarding the protein’s function. Perhaps, some of
the most revealing experiments are those designed. to
predict and to prnbe the molecular reasgns
enzyme 8 spemﬁclty On a more practlc .
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=4 BDGP: Genome Annotatic

& =2 C [ wwwfriitfle orn/GASP1/

o2 e Eeenome Annotation Exper %

€& - C [ www.fruitfly.org/GASP1/doc/groups.html

Participating Groups
Introduction

Following groups are participating:

1. Team Gaasterland, program name: MAGPIE

Terry Gaasterland group leader, Laboratory for Computational Genomics, Rockefeller
Alexander Sczyrba Laboratory for Computational Genomics, Rockefeller

Elizabeth Thomas Laboratory for Computational Genomics, Rockefeller

Gulriz Kurban Laboratory for Computational Genomics, Rockefeller

Paul Gordon Institute for Marine Biosciences, Canada

Christoph Sensen Institute for Marine Biosciences, Canada

2. Computational Genomics Group, The Sanger Centre, program name: FGenes/FGenesH

Victor Solovyev, group leader
Asaf Salamov

3. Genome Annotation Group, The Sanger Centre, program name: Wise2/GeneWise
Ewan Birney, group leader

4. Chair for Pattern Recognitions, The University of Erlangen/Nuremberg, program name:
LME/MCPromoter

Uwe Ohler, group leader
George Stemmer

Stefan Harbeck

Heinrich Niemann

5. Computational Biosciences, Oakridge National Laboratory, program name: GRAIL

Richard J. Mural, group leader
Douglas Hyatt

Frank Larimer

Manesh Shah

Morey Parang TION RESEARCH




A large-scale evaluation of computational protein

function prediction

Predrag Radivojac!, Wyatt T Clark!, Tal Ronnen Oron?, Alg
Artem Sokolov*3, Kiley Graim?, Christopher Funk®, Karin
Jeffrey M Yunes!'®, Ameet S Talwalkar'!, Susanna Repo®!3
Rita Casadio'4, Zheng Wang'?, Jianlin Cheng'5, Hai Fang
Jussi Nokso-Koivisto!7, Liisa Holm!?, Domenico Cozzetto!®, Dam
David T Jones'®, Bhakti Limaye'?, Harshal Inamdar'?, Avik Datta'?, Suniflf®&
Meghana Chitale?®, Daisuke Kihara?®?!, Andreas M Lisewski??, Serkan Erdin??, Eric Ve
Robert Rentzsch??, Haixuan Yang?4, Alfonso E Romero®?, Prajwal Bhat?4, Alberto Paccanaro™ s
Rebecca Kafiner?”, Stefan Seemayer®”, Esmeralda Vicedo®®, Christian Schaefer?®, Dominik Achten®,
Florian Auer?®, Ariane Boehm?*, Tatjana Braun?, Maximilian Hecht?3, Mark Heron?3, Peter Honigschmid?3,
Thomas A Hopf?, Stefanie Kaufmann??, Michael Kiening?®, Denis Krompass?®, Cedric Landerer?,

Yannick Mahlich?>, Manfred Roos?*, Jari Bjérne?®, Tapio Salakoski®®, Andrew Wong?®’, Hagit Sha 28

Fanny Gatzmann??, Ingolf Sommer??, Mark N Wass**3!, Michael | E Sternberg*®, Nives Skunca??, Fran Supek3?,
Matko Boénjak?®?, Panée Panov??, Safo Dieroski**, Tomislav Smuc??, Yiannis A I Kourmpetis3+35,

Aalt D J van Dijk***, Cajo J F ter Braak*, Yuanpeng Zhou*’, Qingtian Gong*’, Xinran Dong*’, Weidong Tian*’,
Marco Falda®®, Paolo Fontana?, Enrico Lavezzo®¥, Barbara Di Camillo*, Stefano Toppo®®, Liang Lan*!,
Nemanja Djuric?!, Yuhong Guo*!, Slobodan Vucetic*!, Amos Bairoch*43, Michal Linial*%, Patricia C Babbitt?,
Steven E Brenner®, Christine Orengo?®, Burkhard Rost**, Sean D Mooney? & Iddo Friedberg*>*¢

Automated annotation of protein function is challenging.

As the number of sequenced genomes rapidly grows, the
overwhelming majority of protein products can only be
annotated computationally. If computational predictions

are to be relied upon, it is crucial that the accuracy of these
methods be high. Here we report the results from the first
large-scale community-based critical assessment of protein
function annotation (CAFA) experiment. Fifty-four methods
representing the state of the art for protein function prediction
were evaluated on a target set of 866 proteins from 11
organisms. Two findings stand out: (i) today's best protein
function prediction algorithms substantially outperform widely
used first-generation methods, with large gains on all types

of targets; and (ii) although the top methods perform well
enough to guide experiments, there is considerable need for
improvement of currently available tools.

available!. The computational annotation of protein function has
therefore emerged as a problem at the forefront of computational
and molecular biclogy.

Many solutions have been proposed in the last four decades® 17,
vet the task of computational functional inference in a labora-
tory often relies on traditional approaches such as identifying
domains or finding Basic Local Alignment Search Tool {BLAST)!!
hits among proteins with experimentally determined function.
Recently, the availability of genomic-level sequence information
for thousands of species, coupled with massive high-throughput
experimental data, has created new opportunities for function
prediction. A large number of methods have been proposed to
exploit these data, including function prediction from amino acid
sequence'?~!%, inferred evolutionary relationships and genomic
context!™-21, protein-protein interaction networks2Z-Z3 pro.
tein structure data® 28, microarrays™ or a combin
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'“. First CAMI challenge
CAM|

® Benchmark assembly, (tax.) binning and taxonomic profiling software
m Extensive, high-quality benchmark data sets from unpublished data
®m Publication with participants and data contributors

Aims

m Overview of tools and use cases

m Standards

m Facilitate future benchmarking

®m Indicate promising directions for tool development
B Suggestions for experimental design

Contest opened in early 2015
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'. Key principles
CAMI

m All design decisions (data sets, evaluation measures and principles)
should involve the community

®m Data sets should be as realistic as possible

®m Evaluation measures should be informative to developers and
understandable also by applied community

B Reproducibility (data generation, tools, evaluation)
m Participants should not see any of the data before
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Community Involvement

B ISME Roundtable, Hackathons &
workshops

B Google+ community
: CAMI
® Announcements in blogs & tweets : -
] ] . Critical Assessment of
® www.cami-challenge.org with Metagenome Interpretation

newsletter C AN
| Community ansehen

NATURE METHODS | METHAGORA

The Critical Assessment of Metagenome Interpretation
(CAMI) competition

27 Jun 2014 | 6:36 PM | Posted by Tal Nawy | Category: Bioinformatics, Computational, Guest Post, Metagenomics

Alice McHardy, Alex Sczyrba and Thomas Rattei announce a new initiative for assessing metagenomics
methods in this guest post.

In just over a decade, metagenomics has developed into
| apowerful and productive method in microbiology and
microbial ecology. The ability to retrieve and organize bits
and pieces of genomic DNA from any natural context has
opened a window into the vast universe of uncultivated

» microbes. Tremendous progress has been made in
computational approaches to interpret this sequence data
but none can completely recover the complex information
encoded in metagenomes.

.( /
Alice McHardy Alex Sczyrba Thomas Rattei
FOLKERMEYER A. SCZYRBA ANJA VENIER

A number of challenges stand in the way. Simplifying y Fu “nw ﬂ-EA‘MI—Gha“E" EE

Page 31 |




'M Timeline first CAMI Challenge
®
CAMI

Seoul
Cambridge

Cambridge Disseldorf Berlin Cambridge

2014 2015 2016

. Public workshops . CAMI challenge opens

O Public hackathons . Submission deadlines:
Assembly, Binning/Profiling

O Developer meetings
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®

CAMI

m Standard formats
for binning and
profiling

B Standard interfaces
for tool execution

®m Bioboxes (docker
containers) for tools
and metrics

m Currently 25 tools in
bioboxes — semi-
automatic
benchmarking in
future challenges

Reproducibility and Standardization

. cAMI

@
m e

& https://data.cami-challenge.arg/#dockerinfo iy ABR

Summary

Docker Installation . is your friend

Our Docker Images

Il

U
Built-in Tasks « --list-spec Lists the environment variables for the respective
Image. o)
« --list-mount Lists the directories that have to be mounted.
« --list-var Lists variables for fine-grained control of your
container (i.e. DCKR_THREADS).

« --shell Starts a shell inside the container.
« --versionVersion of the Interface being used. O ‘ Q ‘

Our specifications  We are using the (Standards for Interoperable
Bioinformatics Container Interfaces).

Bioboxes is community driven and at the moment the most interfaces
are at version 0.8. So if you can not build your container with the
specified variables, please contact us (support@cami-challenge.org)
or write an issue on

Share Your Container 1. Get an account on
2. Upload your Image
3. Tell us your Repository ID (i.e..cami/binning) and the task you
have created and executed on the respective dataset.

P .
Y . bioboxes

T
Barton et al., Gigascience 2015 F HELMHOLTZ
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Challenge Data sets — Design principles

m As realistic as possible, challenging

B Common experimental setups and community types
® Unpublished data

m Strain-level variation

m Different taxonomic distances to sequenced genomes (deep
branchers included)

m State-of-the-art sequencing technologies
B Non-bacterial sequences
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®

CAMI  Simulated Metagenome Sample Generation

Taxonomic metadata definition Community & sequence sample

- select specified # strains

: 1.
Isolate strain | | Reference ‘ || per novelty category
oll I'.. .

genome genome
assemblies assemblies SULLLLLLLLL T

v v v

]
——— - simulate paired-end
. = reads

—Ca

b B
N _% ¥
—e]
- taxonomic ID crosschecking

by OTU clustering
- classify novelty

- adjustable distribution

- FASTQ of anonymized &
shuffled reads

il

1. Prepared from NCBI, HMP, JGI data
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CAM| CAMI Datasets amazon

weh earvirag

CAMI_medium CAMI_high
CAMI_low (differential (time series)
abundance)
1 sample 2 samples 5 samples
15 GBp 40 GBp 75 GBp
2 x150 bp 2 x150 bp 2 x150 bp
Insert size: Insert sizes: Insert size:
270 bp 270 bp & 5kbp 270 bp

Datasets simulated from ~700 unpublished microbial genomes and
additional sequence material
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CAI\?I 15t Challenge Timeline

March » Challenge opens

* Read data sets posted
27, 2015 g Assembly contest starts

« Assembly challenge closes
May 20’ « Assembly gold standard posted

2015  Binning & profiling contest starts

8 weeks

» Challenge closes

* Evaluation starts
8 weeks
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CAMI

@ o y %z cami

* Ay

CAMI Evaluation Metrics

€« c

& https://data.cami-challenge.org/analyseGetView

Anonymous Name
pensive_babbage
focused_bardeen
sharp_periman
adoring_jones
goofy_darwin
elegant_kowalevski
trusting_colden
lonely_franklin
drunk_galileo
hungry_jones

elated_wright

# contigs
10.0
8864.0
17911.0
16018.0
15795.0
20004.0
184.0
32148.0
8218.0
13325.0

1957.0

0000000

A0000000

TOOOO00D

BO000000 —

A0000000

40000000 -

largth in bp

20000000

20000000 -

10000000 4

Largest contig  Total length

6503724.0

487875.0

888870.0

457213.0

888811.0

2780101.0

8.0

10239.0

307410.0

15618.0

515047.0

8361599.0

3.680766E7

7.155452E7

4.7181912E7

4.8721356E7

8.807724E7

133.0

3.4692516E7

3.558718E7

1.1841911E7

2.1586394E7

N50

6503724.0

23804.0

19216.0

13601.0

28403.0

24752.0

816.0

1183.0

239340

889.0

65400.0

GC (%)
46.96
54.17
54.92
54.0
53.75
54.62
0.18
56.54
54.41
55.27

§7.582

# misassemblies

28.0

172.0

0.0

67.0

45.0

# relocations

5.0

330

0.0

14.0

6.0

# translocations

23.0

130.0

0.0

4775.0

37.0

0.0

49.0

# inversions

0.0

9.0

0.0

9.77

2.0

0.0

7.0

# misassembled contigs

27.0

125.0

0.0

# indels

4.0

100.0

T
25000




Assembly Evaluation Metrics

Basic Statistics:

Number of contigs

Number of large contigs (i.e. > 1000 bp)

Largest contig length

Total assembly length

NSO:

The length for which the collection of all contigs of that
length or longer covers at least half an assembly (50%)

100
70 Total length: 360

70 N50: 70
30

30
30
30



Assembly Evaluation Metrics

Reference-based statistics:

* Reference length
 Reference GC %
 Number of chromosomes
 Number of genes/operons
« NGXx, LGx



Alignment Statistics



Alignment Statistics

« Genome fraction %




Alignment Statistics

« Genome fraction %
* Duplication ratio




Alignment Statistics

« Genome fraction %
* Duplication ratio
* Number of gaps




Alignment Statistics

Genome fraction %
Duplication ratio
Number of gaps

Largest alignment length




Alignment Statistics

Genome fraction %

Duplication ratio

Number of gaps

Largest alignment length

Number of unaligned contigs (full & partial)
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Overlap graph vs de Bruijn graph for assembly.

A Read Layout B Overlap Graph
R1: GACCTACA
R2: ACCTACAA

R3: CCTACAAG

R4 : CTACAAGT

X: TACAAGTC :‘@
Y: ACAAGTCC e

Z: CAAGTCCG

Schatz M C et al. Genome Res. 2010;20:1165-1173

Copyright © 2010 by Cold Spring Harbor Laboratory Press




toa. _ Salmonella genome
Effect of kmer size: 51fmer 100 b lluming reads

Bandage
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toa. _ Salmonella genome
Effect of kmer size:-61-mer 100 b lluming reads

Bandage
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/ 100 bp lllumina reads

Effect of kmer\size: 71-mer Salmonella genome

Bandage
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toa. _ Salmonella genome
Effect of kmer size: 81-mer 100 b lluming reads

&
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Salmonella genome
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%3 The Assemblathon » Assc. %

Jo

% C' [ assemblathon.org/assemblathon

@ =
i)
BACKGROUND ASSEMBLATHON 3 MAILING LISTS CONTACT US
@ ﬁ | Search

About
AC 4 o e Assemblathon 1
the Genome 10K
G J project, and
primarily This page will serve as an archive of all material relating to Assemblathon 1 (2010 - 2011).
Qigantzad by the Existing Assemblathon 1 webpages will be converted to blog posts and linked to from this
UC Davis Genome Center, X X
Ansar b ithongare contoctuiio page. Also note that the UC Santa Cruz Assemblathon team, have their own webpage with
assess state-of-the-art methods code, documents and data from Assemblathon 1.
in the field of genome assembly.
®






