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processing this data. An important aspect
of complete genomes is the distinction
between coding regions and non-coding
regions - junk’ repetitive sequences making
up the bulk of base sequences especially in
eukaryotes. Within the coding regions,
genes are annotated with their translated
protein sequence, and often with their
cellular function. 2001

According to ENCODE's analysis, 80 percent of the genome has a

“biocheny lon”. More on exactly what this means later, but the key
point is:|It's not “junk™ Scientists have long recognised that some non-coding
DNA has a tunction, and more and more solid examples have come to light
[edited for clarity - Ed]. But, many maintained that much of these sequences
were, indeed, junk. ENCODE says otherwise. “Almost every nucleotide 1s
associated with a function of some sort or another, and we now know where
they are, what binds to them, what their associations are, and more,” says
Tom Gingeras, one of the study’s many senior scientists.




Gene prediction

* Also called gene finding

* Process of identifying regions of genomic DNA that
encode genes

* Includes protein-coding genes and RNA genes

* May also include other functional elements
* This will be discussed more in the next lecture
* This area is changing very rapidly



~bioinformatics.ca
~links directory

Bioinformatics Links Directory = DNA > Gene Prediction

Search Bioinformatics Links Directory

Search all h Search Directory

Gene Prediction

This section includes links to gene prediction programs for both eukaryotic and prokaryotic
organisms. Resources that evaluate the available gene predicting programs are also included.
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Empirical gene finding systems

e Uses similarity or homology to identify genes

* Target genome is searched for evidence of similar
sequence elements

* Local alignment algorithms look for similarity
* BLAST
* FASTA
* Smith-Waterman



BLAST

* Basic Local Alignment Search Tool
* Many different types of BLAST available

* First published in 1990, Journal of Molecular
Biology

* Fast algorithm

e Cannot guarantee optimal alignments — like Smith-
Waterman



BLAST

* Input = sequences in FASTA or GenBank format

* Output = HTML, text, XML
e Hits found

* Table showing sequence identifiers for the hits with
scoring related data

e BLAST is available for free through NCBI

* Commercial programs that include BLAST are also
available



FASTA

* Originally designed for protein sequence similarity
searching

e Added DNA:DNA searches

* Takes a given nucleotide sequence and searches a
sequence database to find matches or similar
database sequences

* Does a fast search first, followed by Smith-
Waterman optimized search
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Ab initio methods

* Intrinsic method based on gene content and signal
detection

* DNA sequence is searched for signals of protein-coding
genes

* Promoter sequences
* One contiguous open reading frame
e Stop codon

* Complex in higher organisms due to various
complexities

* Typically use probabilistic models such as Hidden
Markov Models (HMM)

* GLIMMER, GENSCAN, GenMark



Combined approaches

 Some combine extrinsic and ab initio approaches

 Maker
* Augustus
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When you get your sequence
data, what do you do with it?
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Sequence data

> Assembly

> Alignment

> Analysis



Sequence Data Analysis

Exome data of 10 mental retardation cases
sequenced on SOLID 3 Plus System

Read mapping and - Reads
variant calling o
T ——— Default mapping settings
e, g Pping 9 Merge Alignments (SAMtools)
“nu.. e High-stringency variant calling
"""""" * Exclude low quality Duplicate reads removed (Picard)
h 4 STEP I GATK

[ Variant analysis ]

mrrereoeenenso» EXclude nongenic, intronic and synon s | INDEL base-quality recalibrated alignments

"'-312_','_‘_':‘---*---- Exclude known SNPs and in-house database l Variant calling (SAMtools)
"""""" = Exclude inherited
VCF files Pre-existing variant
X — files, chip, bead
| Validation genotype data
ARMGITIERPR » Exclude non-validated GVF tools
G TTTI » Exclude inherited -
N » Test occurrence in control cohort GVF Files
l Interpretation J STEP I VAAST annotation tool

-j \. ‘ Annotated GVF files ‘
Gene function Mutation impact

Figure 1 Experimental work flow for detecting and prioritizing sequence l e e

variants. For all ten mental retardation trios, prioritization of variants
observed in the probands was based on selection for non-synonymous

—
changes of high quality only and exclusion of all variants previously STEP I

Omicia
Clinical decision support

observed in healthy individuals, together with those variants that were infrastructure

inherited from an unaffected parent. Interpretation of de novo variants
was based on gene function and the impact of the mutation.

VOLUME 42 | NUMBER 12 | DECEMBER 2010 NATURE GENETICS



Aligning Sequence & Detecting a Sequence Variant

Figure 1 Detection of sequence variants. A total of 32 nucleotide NGS reads
(top, sequence mismatches in red) aligned with the genomic reference
sequence (bottom). The center of the alignment shows a variant present in
the heterozygous state. ‘xn' behind the read indicates how many identical
reads were obtained.
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Technical Considerations for NGS
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* Different technologies
have different limitations.
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NGS Quality Score
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Galaxy

* http://main.g2.bx.psu.edu/

-_ Galaxy

Data intensive biology for everyone.

Galaxy is an open, web-based platform for data intensive biomedical
research. Whether on the free public server or your own instance, you can
perform, reproduce, and share complete analyses.

Use Galaxy Get Galaxy Learn Galaxy Get Involved

Advanced fastQ

manipulation

Use the free public Install locally or Screencasts, Galaxy 101, Mailing lists, Tool Shed,
server in the cloud wiki

The Galaxy Team is a part of BX at Penn State, and the Biology and Mathematics and Computer
Science departments at Emory University. The Galaxy Project is supported in part by NSE,
MHGRI, The Huck Institutes of the Life Sciences, The Institute for CyberScience at Penn State,




Table I: List of main web-based general genome browsers with multiple species

MName URL Description

Ensembl http://www.ensembl.org/ Major species with completed genome sequences providing lineage-specific web
portals for vertebrates, metazoa, plants, fungi, protists and bacteria.

ucsCc http://genome.ucsc.edu/cgi-bin/hg Gateway Major species with completed genome sequences including vertebrates, deuteros-
tomes, insects and nematodes. No plant species.

Map Viewer  http://www.ncbi.nlm.nih.govimapview/ Major species with completed genome sequences including vertebrates, inverte-
brates, protozoa, plants and fungi, as well as dozens of uncompleted plant
genomes.

Phytozome  http://www.phytozome.net/cgi-bin/gbrowse/  Major plant species with completed and ongoing genome sequences including
monocots, dicots, fern, moss and green algae, with VISTA alignments.

Gramene http://www.gramene.org/genomebrowser/ Major plant species with completed genome sequences including monocots, dicots,
fern, moss and green algae, and the short arm of chromosome 3 of several wild
rice species.

VISTA http://pipeline.|bl.gov/cgi-bin/gateway 2/ Whole genome alignment presentation, including vertebrates, insects, nematodes,
deuterostomes, plants, fungi, alga, annelids, stramenopiles and metazoa.

Genome http:/[www.g-language.org/g3/ Several hundreds of bacteria genomes with circular or linear maps.

Projector
Annmap http://annmap. picr.man.ac.uk/ A genome browser that includes mappings between genomic features and

Affymetrix microarrays for human, mouse, rat and yeast.

Wang et al. 2013 Briefings in Bioinformatics



Table 2: List of some web-based species-specific genome browsers

Paramecium DB

htep://paramecium.cgm.cnrs-gif.frjcgi-bin/gbrowse2/

MName URL Species
Animals
MGl http://gbrowse.informatics.jax.org/cgi-bin [gbrowse/ Mus musculus {(Mouse)
RGD htep:/rgd.mcw.eduffgb2 [gbrowse/ Rattus norvegicus (Rat)
Xenbase htep://www.xenbase.org/fgb2 /gbrowse/ Xenopus tropicalis (Frog)
ZFIM htep:/ zfin.org/cgi-perl [gbrowse/ Danio rareo (Zebrafish)
Flybase htep:/flybase.org/cgi-bin/gbrowse/ Drosophila (Fruit fly)
BeetleBase http://beetlebase.org/cgi-bin/gbrowse/ Tribolium Castaneum (Beetle)
AphidBase http://isyip.genouest.org/cgi-bin/gb2/gbrowse/ Acyrthosiphon pisum (Aphid)
wkleaBase htep:/(wfleabase.org/gbrowse/ Daphnia (Water flea)
Wormbase htep:/ fwwwwormbase.org/db/gb2/gbrowse/ Caenorhaditus elegans (Worm)
Plants
TAIR http:/ /www.arabidopsis.org/browse/ Amabidopsis thaliana (VWall cress)
BRAD http://brassicadb.org/cgi-bin /gbrowse/ Brassica rapa (Brassica)
SGN htep:/[solgenomics.net/gbrowse bin gbrowse/ Solanum pimpinellifolium ( Tomato)
Popgenie htep://'www.popgenie.org/tool/gbrowse/ Populus trichocarpa (Populus)
Rice Genome http://rice.plantbiclogy.msu.edu /cgi-bin/gbrowse/ Oryza sativa japonica (Rice)
Rice-Map htep:/ wwwrricemap.org/ Oryza sativa japonica/indica (Rice)
MaizeDB http://gbrowse.maizegdb.org/ Zea mays (Maize)
Microbes
dictyBase http://dictybase.org/db/cgi-bin/ggb/gbrowse/ Dictyostelium discoideum (Dictyostelid)
SGD http://browse.yeastgenome.org/ Saccharomyces cerevisige (Yeast)

Paramedum tetraurelia

Wang et al. 2013 Briefings in Bioinformatics



NCBI Resources

Genome Senome v | |

Genome Information by organism

| | | Search by organism | | Clear | Download Reports from FTP s
Overview [10523] ‘ | Eukaryotes [1678] | | Prokaryotes [28079] | | Viruses [4195] | | Plasmids [5012] |
Download selected records
ltems 1 - 100 of 10523 Page [1  |of106 Next= Last=>
Kingdom Group SubGroup Size
Organism/Mame Mb Chr Organelles Plasmids Assemblies
[An v (&l v (A v| (Mb)
'Chrysanthemum coronarium” phytoplasma Bacteria Tenericutes Mollicutes 0.738502 - - - 1
Abaca bunchy top virus Wiruses ssOMA viruses Manoviridae 0.008422 g - - 1
Abslone herpesvirus VictorialAUS/Z008 Wiruses dsOMA viruses. no RMNA stage unclassified 0.211518 1 - - 1
Apalone shrive '”gvisrﬂd rome-associated Viruses dsDNA viruses, no RNA stage unclassified 0.034052 1 - - 1
Abelson muring leukemis virus Wiruses Retro-transeribing viruses Retroviridae 0.005804 1 - - 1
Abiotrophia defectiva Bacteria Firmicutes Bacilli 2.04344 = = = 1
Abutilon Brazil virus Viruses ssOMA viruses Geminiviridae 0.005271 2 - - 1
Abutilon mosaic Bolivia virus Viruses ssDOMA viruses Geminiviridae 0.005300 2 - - 1
Abutilon mosaic Brazil virus Viruses ssOMA viruses Geminiviridae 0.00&5282 2 - - 1
Abutilon mosaic virus Viruzes ssOMNA viruses Geminiviridae 0.005217 2 - - 1
Acanthamoesba castellanii Eukaryota Protists Oither Protists. 46.7148 - 1 - 2
Acanthamoeba polyphags mimivirus Wiruses dsDMA viruses, no RNA stage Mimiviridae 1.18155 1 - - 1
Acanthisitta chloris Eukaryota Animals Birds 1035.88 - - - 1
Aepanthocystis turfacea Chlorella virus 1 Wiruses dsDMNA viruses, no RNA stage Phycodnaviridas 0.288047 1 - - 1

http://www.ncbi.nlm.nih.gov/genome/browse/
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Galaxy is an open source, web-based platform for data intensive biomedical
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