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1. Introduction: DNA

DNA contains genetic
Information.

DNA can be
expressed as a
sequence of letters

ACGandT.
Eg: ACGTTTCGAGGT
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Introduction: Gene Structure -

Initial Internal Terminal

Exon Exon Exon
Intron Intron Intron

ATG GT
56 UTR AG TAA 36 UTR

TAG

TGA

A gene is a highly structured region of DNA, it is a functional
unit of inheritance.
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Patterns in Splice Sites

Donor Sites Acceptor Sites
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Seguence data from RefSeq of human, mouse, rat and chicken.



A Typical Human Gene s
Structure
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Genes In a Genome
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In a Mammalian Genome °

. Finding all the genes is hard

- Mammalian genomes are large
8,000 km of 10pt type

- Only about 1% protein coding
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DNA, mRNA, cDNA and EST e

DNA UTR Coding Region UTR )
56— 1 ] ——— 36
Primary 1 Transcription )
56— 1 ] B—W —30

MRNA

RNA Processing
mMRNA 50 _ 30
lReverse TranscriptN 56 Truncated

Full-length cDNA
CONA 5 5 I ] o O B ]300

50EST 30EST 50EST 30EST

EST:
Short (~650bs)
High error rate (~1-5%)
Contains only UTRs or coding regions
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The Challenge and Opportunity

More than 2580

genomes

159 animals
52 plants /

Better
Gene Structure
Annotation

Numbers from http://www.ncbi.nlm.nih.gov/genomes/static/gpstat.htmi
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2. Gene Prediction Method History o

Gener | Date | Feature Systems Information qr
ation Methods used
15t Early | Approximate ends TestCode, Fickett 1982 splice sites
1980s | of protein. GRAIL, Uberbacher and Mural | promoters
coding regions 1991 Codon usage bias
and non- coding N work method
regions eurc network methods
2nd Early | A complete single GenelD Guigo et al. 1992 +
1990s | gene in a short GeneParser, Snyder and Translation start
sequence Stormo 1993 sites
FGENSH, Solovyev et al. Stop sites
1994 Method HMM
3rd Mid- Multiple complete Genscan Burge and Karlin, UTR
1990s | or partial genes 1997 Method: Generalized
in a long HMM
sequence
4t 2000s | Complete gene Twinscan, Korf, et al.2001 Multiple -genomes

structures in
whole genomes

N SCAN, Brown et al. 2006

Twinscan_EST, NSCAN_EST,
Wei and Brent, 2006

Transcript products
Method:GeneraIize1d3 HMM
Bayesian approach




Gene Prediction Methods (1) :

Categorization: by input information

ADb Initio methods

Only need genomic sequences as input
A GENSCAN (Burge 1997; Burge and Karlin 1997)
A GeneFinder (Green, unpublished)

A Fgenesh (Solovyev and Salamov 1997)

Can predict novel genes

Transcript-alignment-based methods

Use cDNA, mRNA or Protein similarity as major clues
A ENSEMBL (Birney, Clamp, et. al. 2004)

Highly accurate

Can only find genes with transcript evidences
A cDNA coverage 50-60%
A+ EST coverage up to 85%
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Gene Prediction Methods (2)

Categorization: by input information

Hybrid Methods

Integrate cDNA, mRNA, protein and EST alignments
Into ab initio methods

A Genie (Kulp, Haussler et al. 1996)

Fgenesh+ (Solovyev and Salamov 1997)

Genomescan (Yeh, Lim et al. 2001)

GAZE (Howe, Chothiea et al. 2002)

AUGUSTUS+ (Stanke, Schoffmann et al. 2006)
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Gene Prediction Methods(3)

Comparative-Genomics-Based Methods
TWINSCAN and N-SCAN

De novo

Assumption:
A Coding regions are more conserved.

No transcript similarity information (like EST, cDNA,
MRNA, or protein) is used
TWINSCAN-EST and N-SCAN_EST
Hybrid
Use EST to improve prediction accuracy
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TWINSCAN: A Novel Gene Prediction |
System Using Dual Genomes °

Informant
genomic
sequence(s)

/Conservation,___, |l
\._sequence H

~
-
~o -

______

Conservation sequences represent the
conservation patterns between two genomes

No transcript similarity information (like EST,

cDNA, mRNA, and protein) is used ngg
Prediction
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Hidden Markov Model: e

Model behind gene predictors

e(H)=08e¢e(T)=0.2e(H)=0.3¢e,(T)=0.7

[THHTTHTTTTTHTHHHHHTHTH Observed sequence x

HMM for two biased coins flipping

0.9
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Most Probable Path and Viterbi | ss

Algorithm
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Probability of All the Possible Paths
and Forward Algorithm
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Posterior Probability and Forward | g
and Backward Algorithm
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Posterior Probability and Forward | ¢
and Backward Algorithm
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Exon Exon Exon

TWINSCAN Model

Generalized HMM

Each feature in a gene
structure corresponds to
one state.

State-specific length models.

State-specific sequence Exon
models

Use Conservation Pai Poly

information ‘w/

23



Conservation Sequence Ses

Generated by projecting local alignments to the target
seguence

human CTAGAGATGCAAAAGAAACAGGTACCGCAGTGCC

111 =TT |
mouse CTAGAG------- AGACAGGTACCATAGGGCTCTCCT

Pair each nucleotide of the target with

njlo 1 f 1t 1 s aligned and
n: o 1 f 1t 1 s aligned to
n.o 1+ f 1t 1 s wunaligned

24



N-SCAN: A Novel Gene Prediction | g2::

System Using Multiple Genomes |:

Uses Bayesian A —fromotep—s(BUTR |

model to include
phylogenetic tree B
Information

Predicts introns in
56UTR

Has Conserved
non-coding regions

(Brown, Gross and Brent, Genome Res. 2005)
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3. Using ESTs for Gene Prediction: 444

TWINSCAN_EST oo

Informant
genomic
sequence(s)

=9y
~

g A "'Cfonservatiori‘x_> 0,
B'—ASTJ_'\\ sequence i

* BLAT {'EST-allgnmeng
> “_sequence .
EST N
database

Gene
Prediction

Integrating EST alignment information into TWINSCAN to
Improve its accuracy where EST evidence exits and not to
compromise its ability to predict novel genes.
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Sequence Representation of EST cecs
Alignments .o

1. Use EST-to-genome alignment programs
A BLAT (Kent 2002)

2. Project the top alignment for each EST to the target
genomic sequence

EST
Alignments

ESTseq : ‘ vy vy
[T;:W/\NEZ: NNN | \'Iln ] hNN]i EEE]i NNN;

27




Accuracy Measurement

. Annotated data sets for training/testing

RefSeq (http://www.ncbi.nim.nih.gov/RefSeq/)
CCDS (http://www.ncbi.nlm.nih.gov/CCDS/)

. Accuracy In different levels
Nucleotide level
Exon level
Gene level
Transcript level

. Sensitivity and specificity

28



Accuracy Measurement (continue) | ese:"

Annotation Prediction

Correct
Prediction

Correct_ Prediction

Sensitiviy =

Total _ Annotation

Correct_ Prediction
Total _Prediction

Specificity =

— [ [ ] 8
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TWINSCAN_EST and N-SCAN_EST

on the Whole Human Genome

percer

100
90
80
70

60

TWINSCANZ2.03
O TWINSCAN_EST
B N-SCAN

B N-SCAN_EST

exact gene
sensitivity specificity

exact gene

exact exon
sensitivity

exact exon
specificity
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An Example of N-SCAN_EST sece

XX
. . o0
Prediction °
chr21: I 33461000 | 33462000 | 33463000 | 33464000 |
N-SCAN_EST Predictions
ENm005.013.1
Ensembl Prediction Genes
Ensembl
Human
Human_EST
Human ESTs Includmg Uns liced
AA400147 W%ﬁ%&ﬁ-ﬁ% . |
[ L CIT EETTRRTCPTRRETET e TRCTETPTRTEPETPerrrrs  FELRE |
TSIV e e e |
AA934973  [eeeeeeeeennes emmma - .-
AA400173 Wﬁ@%&ﬁﬁ-@-ﬁ%

Hu/Chimp/Mouse/Rat/Dog/Chick/Fugu/Zfish Multiz Alignments & Conservatlon

Conservation || I | I | | Ii

erimp | S S, SO S
dog lalall bl luitia b Bty bl ad [T
mouse
rat
chicken
fugu
zebrafish
Gencode Reference Genes

C21orf24 -r-.i-f: oo ‘--v-;---- et '_;.-v PO _.h..‘-_,.;‘__,'_-
Gencode Putative Genes
Gencode Pseudoaenes

(Hg17, chr21:33,459,500-33,465,411) 31



An Example of N-SCAN_EST Prediction | eec:

ENST00000246887 : | -----f
ENSTO00000316733 | I

q

chrio: | 48940000 | 48950000 | 48960000 | 48970000 | 48980000 |
UCSC Known Genes (June, 05) Based on UniProt, RefSeq, and GenBank mRNA
RefSeq Genes
Ensembl (Bulld 37) Gene Predictions

.............. | Genscan Gene Predlctlons

NT_017696.3 |- ----- |- ----- -|--|-|-------e-|--:---|----a---— ------------------ e ma e
Au gustus Gene Predlctlons
chr10.9596.1 M«-@W«mﬂ

Yale Pseudogenes.

Yale Pseudo

Human mRNAs from GenBank
BC051298

AK024156

Human ESTs That Have Been Spliced
BU527262 =< RiAAR

DR008192 |

AA677615 f=

AAG05330 fe-efe I
CN417548 |t

BF946955 |-+ |

DR008191 |- |
F

|

l

D748'!“"""“‘!‘i"!““!""'l"“‘ .............................. PEPLPEPY
AA382728 ‘‘‘‘‘‘‘‘‘‘‘‘‘ o)
FErr T e T aTeTreeee
DB489479 St ntliatinttn ittt ey
Tt T T TerETeTeTesT

PP

o~ »

BE867872
DR008073 -
DR0O08074 e o matatatatats C
BE383860 H=+--=--4--
CN417544 et E
BG474237 eeereedy

|

L3

Vertebrate Multiz Alignment & Conservation

Conservation |
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a2
[
Experimental Validation of Predictions
See
We | C. et al .  C.de@ansoORFeomge by n
cloning TWI NSCANGegnameReseartht o n s
2005
Tenney, A. E. et al ., nNnGene

compact genome with numer ous
Research, 2004
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http://genome.cshlp.org/cgi/content/abstract/15/4/577
http://genome.cshlp.org/cgi/content/full/14/11/2330

Applications :

. Better prediction and verification on
UTRs
Alternative splicing

. SNP Analysis

. Functional gene finding
Genes and Diseases Association Study

34



Implications for the Future

N-SCAN_EST predictions followed by RT-PCR
seqguencing

A cost efficient approach to find novel genes or
novel partial genes for the human genome

A good choice for large-scale novel gene prediction
and verification for any genome

Better prediction and verification on
UTRS
Alternative splicing

35



N-SCAN/TWINSCAN Webserver:
http://mblab.wustl.edu/nscan/submit

f.; R—SCAN / Twinscan Gene Predictor — ¥Windows Internet Ezplorer

N-SCAN / Twinscan Gene Predictor

Copy-and-paste gene prediction.

Please Login or Register to predict genes.

1.

Sequence

You can either upload a text file or cut
and paste your sequence into the box
below.

® File © Text

® bioinf summer_co. ..

2.

Masking

Your sequence will be masked for
interspersed repeats but not for low
complexity. If you want to change
this, check the boxes below If your
sequence is lowercase masked and
you want to use this information,
check the last box

¥ Mask Interspersed repeats?
Mask Low Complexity regions?

Mask Lowercase?

Login
Register

3.

Organism Information

Select the organism that your
sequence came from.
Help, my organism is not in the list!

Clade:
plant

Species:
s thaliana

Informant:

» To see our predictions for
Arabidopsis thaliana Click Here

’ Ei Microzoft FowerF. .. {j 4 Internet Expl... =~ @ Summer_Course Sh. ..

e Internet




4. Resources for Gene Prediction

Sequence data sets
Nucleotide Sequences (NCBI)
dbEST
MRNA
cDNA

Annotations
RefSeq (http://www.ncbi.nlm.nih.gov/RefSeq/)
CCDS (http://lwww.ncbi.nim.nih.gov/CCDS/)

Genome Browser
UCSC Genome Browser(http://genome.ucsc.edu/)
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5. Latest Progress in Gene Prediction (1)

New Methods

Conrad: gene prediction using conditional random fields.
Decaprio et al., Genome Res. 2007 Sep;17(9):1389-98.

Not working for vertebrate genomes

SVM for splice site
Sonneburg et al., BMC Bioinformatics. 2007;8 Suppl 10:S7.

CONTRAST: Gross et al., Genome Biology 2007, 8:R269

Best de novo gene predictor for human (gene level accuracy ~50%)
Used SVM and conditional random field

39
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Web Resources for Gene Prediction| ¢

. 1. On-line gene prediction web server
2. UCSC Genome Browser

41



On-line Gene Prediction Server

TWINSCAN/N-SCAN website

ebsite:

http://mblab.wustl. edu/nscan/submlt/

Internet Explorer

v Bl nte bl st sdufnscansubni

”J‘ Al ‘ AT

IE REE FEW O EREe IREO HHE
w oS I@n—sm}l f Twinscan Gene Predictor ]7‘

we - G IRQ -

\| SCAN / Twmscan Gene Predictor

Please Login or Register to predict genes.

1.

Sequence

You can either upload a text file or cut
and paste your sequence into the box
below.

® File @ Text

2

Masking

Your sequence will be masked for
interspersed repeats but not for low
complexity. If you want to change
this, check the boxes below If your
sequence is lowercase masked and
you want to use this information,
check the last box

/ Ma:
Mask Low
Mask Low

3.

QOrganism Information

Select the organism that your
sequence came from.
Help, my organism is not in the list!

Informant:

42


http://mblab.wustl.edu/nscan/submit/

On-line Gene Prediction Server T
TWINSCAN/N-SCAN website :

Frst Sel ect sequence. Yo
opti on to I nput a seqgu
upload a file from your local machine.

dows Internet Explorer

nzcan Gene Predictor

@ & |g‘ http://mblab. wustl. edu/nseend submitf ."l healbd |
IHE WEE TFW ke IA@ ®Eo
o [@wscm / Trinscan Gene Pradictor 171 - B @ EEEe - TR -

N-SCAN / Twinscan Gene Predictor

y-and-pa n

Please Login or Register to predict genes.

<

1.

Sequence

You can either upload a text file or cut
and paste your sequence into the box
below.

® File ©

2.

Masking

Your sequence will be masked for
interspersed repeats but not for low
complexity. If you want to change
this, check the boxes below If your
sequence is lowercase masked and
you want to use this information,
check the last box

Organism Information

Select the organism that your
sequence came from.
Help. my organism is not in the list!

>

| EFsHE s {BFE_EH R

& Internet L 100% -
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000

On-line Gene Prediction Server | ses
TWINSCAN/N-SCAN website

Select a sequence

Select n Text o option , or

AFileo option to upload a file

Use FASTA format

Decide how to do mask

By default 1t 1 s nMask I nterspe

Amask | ow complexity regiono, o0

nMask all | ower caseso

Select Organism information

Eg: for Rice, you can sel-dmwunt nF

menu, select ARiceodo under ASpec

an informant genome automatically
Cli €ki ok Hereo button to subm
You need to register before you can check the result

44



UCSC Genome Browser

Website hilp://genome.ucsc.edu/

enome Browser Home — Windows Internet Explorer

GO - [Elnuw e e sy =] [#2][x] [Live sewren

EHE RECE FFQW WWRew IAC o

W l@ucsc Emmame s e Iil - B ®&-DREe - GIED -

UCSC Genome Bioinformatics

Genomes - Blat - Tables - Gene Sorter

R - VisiGene - Proteome - Session - FAQ - Help

e About the UCSC Genome Bioinformatics Site

Ermr Welcome to the UCSC Genome Browser website. This site contains the reference sequence and working draft assemblies for a large collection of genomes. It also provides a
ENCODE portal to the ENCODE project.

Blat ‘We encourage you to explore these sequences with our tools. The Genome Browser zooms and scrolls over chromosomes, showing the work of annotators worldwide. The Gene
== Sorter shows expression. homology and other information on groups of genes that can be related in many ways. Blat quickly maps vour sequence to the genome. The Table
Table Browser Browser provides convenient access to the underlying database. VisiGene lets you browse through a large collection of iz siru mouse and frog images to examine expression

patterns. Genome Graphs allows vou to upload and display genome-wide data sets.
Gene Sorter

The UCSC Genome Browser is developed and maintained by the Genome Bioinformatics Group. a cross-departmental team within the Center for Biomolecular Science and
S Engneenng (CBSE) at the University of California Santa Cruz (UCSC). If vou have feedback or questions concerning the tools or data on this website, feel free to contact us on
Genome our public mailing ist. To view the results of the Genome Browser users' survey we conducted in May 2007, click here.

Graphs

EEY) News News Archives b

VisiGene To receive announcements of new genome assembly releases. new software features. updates and training seminars by email. subscribe to the genome-announce mailing list.
g:z::!so;e 26 June 2008 - New Worm Genome Available
Along with the set of worm browser updates that we're currently releasing, we've added a new nematode to the collection: Caenorhabditis japonica. This genome assembly
(UCSC wversion caeJapl. Mar. 2008) corresponds to the v. 3.0.2 assembly produced by the Genome Sequencing Center at the Washington University St. Louis (WUSTL)

£

Downloads School of Medicine.
e L Bulk downloads of the sequence and annotation data are available via the Genome Browser FTP server or Downloads page. Please review the WUSTL data use policy for usage
Custom restrictions and citation information.
Tracks
We'd lilee tn thanle WTISTT for iding the Aata for thic blv The TICS( rarTan] hrowser was neadnced by Hiram Clawson Ann Zweio and Donna K aralchile A
€ Internet + 100%
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http://genome.ucsc.edu/

UCSC Genome Browser

Cl i

c k
k

NnNGenomesao

chr10:48,947,985-49,018,292A

P11 c
- Cli

c k

IHE ®REEQ FEW®

ASubmit o,

button,

n

t he

~ |€] http://genome. ucsc. edw/ cgi-bin/helracks?hesi d=10987847Tocl ade=ver tebrataor. =hgl Téposi tion=. 4T

IA® #Bhen

Ve & | @ tuman che10:48,947, 985-49, 018, 262 ~ UCSC ‘ |

=v][ 42 x

/2 Human chr10:48, 947, 985-49, 018,292 — UCSC Genome Browser v186 — Windows Internet Ezplorer [BEE

= - [ REe - GIAQ -

Home

Genomes

Blat Tables

Gene Sorter PCR DNA Convert

Ensembl

UCSC Genome Browser on Human May 2004 Assembly

move

position/search [chr10:48

size 70.308 bp.

[enr1e cant.2e) OIS

Thrier | 4soecese]  4ssvoesel  4sseced|

5550604]
NISCANAEST Gene

e Predict i

F5600050

Fs010600]

crr10. 4
Nosomn Gene Fredict
I
1 Exoniphy Human Mouse /Rat /003
L] Exon iphy |
Hunian nRNAS From Gengank
] ficsoanza
Human €57 Including Unspliced
oR73130 ; L 7o45e | ema41ss
Ongasas :
Elacosas
Wrrsees | Ps5546 | oeass21l
onaszszs
o7 1
PRSBE728 [rocrerororerceriaceceriq Crascsesl | Enases7s B
s
Seesasss | Blosioti| tBoasesa

AHO7 4540 |-

]

move start  Click on a feature for details. Click on base position to zoom in

descriptions.

around cursor. Click gray/blue bars on left for track options and

move end

[ default tracks | [hide all | [ add custom tracks | [ configure | [ reverse

Use drop-down controls below and press refresh to alter tracks displayed.
Tracks with lots of items will automatically be displayed in more compact modes.

a Mapping and Sequencing Tracks
Base Position Ch Band STS Markers  FISH Clones Recomb Rate
[dense v| hide v hide v/ [hide v hide |

Session Help

http://genome. ucsc. edu/cgi-bin/heTracks?posi tion=chr10

$ @ Internet

# 100%

Check all information in a genome region

b |

theo®PChanedmeembl yo
Input chromosome region corrdinates (range), for example

ue

get

me n L

al |
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UCSC Genome Browser -
Customize display content.

A lot of options after you skip down the webpage. Every one represents a track .

5

A track can be in status of hide” dense” squish” pack or ful |l . ohi de
that it will not present this track, other options stand for how to display the track.

Select the track you want to display, tt
For exampl e, I changed fAihuman ESTs" to

cleaner
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