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Unit(s)

1x 454Flex

(pyrosequencing)

2x ABI 3730XL
(96 cap.)

sequences / week  average read lengths

0,5 x 200.000

64 x 96

U

week

~200 bp 60 Mbp
(low quality, short reads)

1000 bp 6,14 Mbp

(high quality long reads)

= 2 6 Mbp — 66 Mbp




Midi - Size Libraries
6.0 - 10.0 kb inserts

Small Insert Libraries
1.5-4.0 kb inserts

Large Insert Libraries
35 - 45 kb inserts

1. End-Sequencing of Inserts

2. Assembly

3. Editing

4. Gap Closure

5. Annotation

6. Functional Genomics

!

Complete Genome Analysis




Pyrosequencing

Small Insert Libraries

1.5 - 4.0 kb inserts, 4 X coverage 0.2 kb inserts, 20X coverage

1. End-Sequencing of Inserts

2. Assembly

3. Editing

4. Gap Closure

5. Annotation

6. Functional Genomics

!

Complete Genome Analysis




Principle steps in a genome project

Sanger

®  Raw sequencing — producing
random distributed sequences of 8
to 10 fold coverage

®  Processing — checking the quality
of the raw data

®  Assembly — assemble overlapping
reads to reconstruct the replicons
of the genome

®  GAP-Closure — using PCR
techniques based on genomic
information to generate missing
sequences

®  Editing — manual correction of the
computer based assembly

®  Gene prediction — ORF finding
and functional annotation of the
DNA-sequence.

®  Annotation — assign functions to
genes to produce biological data

Sanger + 454

Raw sequencing A — producing
random distributed sequences of 4 to 5
fold coverage Sanger sequence plus
high coverage 454 data ~20 fold
coverage

Processing — checking the quality of
the sanger raw data

Assembly I — co assemble
overlapping reads of sanger sequence
with pre-assembled 454 data

Assembly II — reconstruct the
replicons of the genome

GAP-Closure — using PCR
techniques based on genomic
information to generate missing
sequences

Editing — manual correction of the
computer based assembly

Gene prediction — ORF finding and
functional annotation of the DNA-
sequence.

Annotation — assign functions to
genes to produce biological data




Requirements of genome assembly:

8 MBp genome assembly with appr. 80,000 reads sanger
sequence takes 12 GByte RAM and appr. 2 h calculation
time on 1GHz RISC chip

Requirement of genome annotation:

automated similarity based annotation of 1 Mbp genome
sequence (~1,000 genes) needs 10 h calculation times on
16 parallel working processors.

Manual annotation:

One human experts annotates 50 genes/d on a web based

annotation server




Sequences

Burkholderia glumae
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B Svec - localises the insertion site at the left
end of the sequence.

® Screenveq — looks for contaminating vector
sequences.




i Template display: gblbi77r #15645

File Edit View
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overlapping reads

® Typically
10.000 reads / 1Mbp




contigs
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" _Consistency display: grafx28f 11944 5 ——

File View Results
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i Template display: adakr29r #5793

Fle Edit View

+10% zoom out _| crosshairs

Reading: adakx13f (#5763) Length: 732
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! Contig Editor: -204 gdamlZ7r.esd -0l %]
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ALY *ACCGGA*TCGAGC*ACAT
8AGH “ATCCGARGCG *ACCGGA*TCGAGC=A
A=A “CGARGCGCTCCACA=ACCGGA*TCGAGC*ACATCAAGGAAAT *TGTGACCATGCAGC

*

doubled average Apparently two groups of
base coverage sequences 1n the multi alignment
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templates
¢ Projector

¢ ERGO gene cluster

® (Closing sorted contig
gaps by PCR




Template display: graiy43r #6011 & %
Help
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GenolMlik

i Artemis Entry Edit: tbl.chromsome.annotated.gbk
File Entries Select ‘“iew Goto Edit Create Write Graph Display

Zelected feature: bases 2472 awino acids 5§24 ERTQEOOZ70 [ /gene="RTQEOQOZT70" /product="hypothetical conserwed protein™)
Entry: F thl.chromzome. annotated. ghk |7 ORFS_100+

GC Frame Plot Window size: 387
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Critica
® /curve

ORF finding is based upon
statistical properties of coding
regions

Experts have to curate ORFs
according to frameshifts,
startcodons, artifact ORFfinding




I'hermus thermopnilus sequenc
coverage of ORFs per sequence

® Automated ORF finding uses codon biases und
HMM to i1dentify potential “coding” ORFs

® Gene start prediction 1s curated by RBS-finder

® Accuracy: ca. 97% relevant ORFs can be 1dentified
ca. 50% to 65% of gene starts can be correctly
predicted

® All ORFs have to be curated by and human experts.




¢ Artemis Entry Edit: tbl.chromsome.annotated.gbk
File Entries Select “iew Goto Edit Creste Write Graph  Display

Nothing selected

Entry: |7 ithl, chromzone . annotated, ghki

GC Frame Plot Window size: 120
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I//(/"' 605 bp, 69.4%

Orffinding,
manual curation

ORFs Chromosome pTT27
with assigned function 1397 (70%) 85 (37%)
conserved hypothetical 192 (10%) 56 (24%)
no database match 399 (20%) 89 (39%)

Total 1988 230
rRNA - Cluster 2 -
tRNA 47 -

| S-Elements 30 23




The first Annotation steps- similarity
based automated assignments

for all proteins against
a high quality dataset
SwissProt, PIR

® BLAST, PSI-Blast

Providing data for
manual control




B Genequiz
" PEDANT

® ERGO/WIT

® Annotations are assigned 1f proteins share a
cut of similarity

® => original errors thus multiply by each
new entry
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annotation

ERGO provides additional non
similarity based means to
evaluate Annotations

Tmpred, Pfam, COGs, Prosite
are used

to achieve a consistent
functional assignment

The kind of assignment
evidence is a way of classifying
annotation reliability

Ralstonia entropha H16 —=

Data

‘ Protein Page for RBL0009S from “Thermuis thermophilus | ]

Data Panel Display lT

ISeIect Data Panel 'I

Primary Information for REL0009§ Thermus thermophilus

EVEEEH Mone

chromosome Fom 1,090,978 to 1,092,039, contig length =

Examine

RBL00098 IT
Wiew Atnotations

Local Blast (ME)

Function Cluster

Function Couplings

Prmed Begons

Eelated Pinned Regions

Preserved Cperons

SRNEEETEE IR 254 aa, 1062 bp (returns sequence)

IR ETERRETETY 55 716 (returns all proteins with Molecular Weight + 1 per

5.94 (returns all proteins that have pl within & 0.10)
Uroporphyrinogen decarbosxylase (EC 4.1.1.37)

LASERMEEYRRRY Frryme Commission, Expasy, KEGG Maps

Contig Region for RBLO0098

Genes

Neighhoring 1,031,503,1_[}_‘1-—@:')_‘-_&:2




Contig regions of checked ORFs ‘
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g G — Related organisms share
the organization of gene
clusters

® (Cluster provide a context
of genes for reannotation

® (Cluster provide a
datasource for gapclosure
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Based on Annotated genes n

pathways can be predicted

® Pathway finding 1s based upon EC
categorisation

® Missing EC functions have to be searched
in the “hypothetical” genes

® Thus pathway reconstruction leads to a
reannotated genome




be proven experimentally

High throughput evidence
methodes from
transcriptomics and
proteomics give exists/not
exists data

® Functional evidence have to
be provided by classical wet
lab experiments




| Artifact similarity

B annotation errors in
reference database

¢ Misspelling

¢ Underannotation
¢ Overannotation

¢ Missannotation




racterizes
Enzyme by a four digit number
® EC6.1.1.19 (=) Arginyl-tRNA Synthetase

(first characterized as Arginyl-tRNA Transferase, a complete different
reaction type)

¥  (enzymetype).(cofactors).(reactiontype).(substrate)

® Errors found:
® First digit class of enzyme (~8 % errors)
B [ast digit substrate specifity (>= 33 % errors)




Domain error
False negative
Under prediction

Undefined
Typographical errorl

over detailed

annotation
5 domain error
4 function not found
3 under detailed
annotation
2 _
misspelling
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characterization
Genetic experimental data from mutants

Consistent properties to a highly similar
database hit

Good database hit

Consistent frame according to the used
ORFfinder

Nonoverlapping ORF of minimum size




typical genes.
® YACOP uses an combined ORF-finding of

Glimmer, Zcurve and Critica with a startcodon
correction by RBS-finder

B All ORFs a curated manually by human experts.

® [n genetic 1slands genes have still to be predicted by
human experts, automated ORF-finding fails almost
complete.




ca. 90 — 99 % (only 65%
correct starts)

GeneMark, Glimmer, ...

tRNA tRNA-Scan

ca. 99%

rRNA BLASTN

ca. 99%

ncRNA structure based evaluation

of short alignments




Islands/prophages:
SIGI/Colombo
Transcriptomics:

Which genes are working?




