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» Fundamental concepts of comparative genomics

= Alignment and visualization tools
— Pair-wise and multi-species methods
— Combining with transcription factor binding site data

= Motif Identification

= Comparative genomics resources available at UC Santa
Cruz-- http://genome.ucsc.edu

— Genome-wide sequence availability

— Gene prediction and identification Finding orthologous
sequences in other species

— Identifying conserved sequences
» Insights from vertebrate genome sequence comparisons

= Multi gecies sequence analysis




Finishing the euchromatic sequence of
the human genome

International Human Genome Sequencing Gonsortium™

* A list of authors and their affiliations appears in the Supplementary Information
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Why Compare Genomic Sequences from
Different Species?

» Explore evolutionary relationships

Coding

Non-Coding
Functional

Repetitive

= Enhanced gene prediction algorithms




Charles Darwin

= Served as naturalist on a British science
expedition around the world (1831 -- 1836)

= On the Origin of Species by Means of Natural Selection, or
the Preservation of Favoured Races in the Struggle for Life

= The Origin of Species (1859)
— All species evolved from a single life form
—“Variation” within a species occurs randomly
— Natural selection
— Evolutionary change is gradual

Other Intellectual Foundations

= Darwin (1859)
— Theories of Evolution

» Mendel (1866) (rediscovered in 1900)
— Genes are units of heredity

= Avery, McCarty & MaclLeod (1944)
— DNA as the “transforming principle”

= Watson & Crick (1953)
— Structure of DNA

= Sanger (1977)
— Methods of sequencing DNA




Rationale

= DNA represents a “blueprint” for structure
and physiology of all living things

= All species use DNA

= Mutations in functional DNA are less likely
to be tolerated

Comparative Genomics

» Find sequences that have diverged less than we
expect
These sequences are likely to have a functional role

= Our expectation is related to the time since the
last common ancestor

Human

Chimpanzee Horse ! !

Rat

Platypus
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What’s in a Name?

Highly conserved sequences
Sequences under purifying selection
Functionally constrained sequences

ECOR - Evolutionary COnserved Region
— Variant: ECR

CNS - Conserved Non-coding Sequence
CNGs — Conserved Non-Genic sequence
MCS — Multi-species Conserved Sequence
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Sequence Alignments

100% Identical

Species 1 CATGGGCAAATTGGCCCATTGGCCATGGGGGCCCACCGTA
EERLRERRR Rt eenntnl

Species 2 CATGGGCAAATTGGCCCATTGGCCATGGGGGCCCACCGTA
80% ldentical

Species 1 CATGGGCAAATTGGCCCATTGGCCATGGGGGCCCACCGTA

E0 e e e e tneeer el 1l
Species 2 CACGGGCTAATCCGCCAATTGGCTATGGGG-CCCAGCGTA

30% ldentical
Species 1 CATGGGCAAATTGGCCCATTGGCCATGGGGGCCCACCGTA

| | | 1l I | | 11
Species 2 CACGAACTAATCCGCCAATAGCCTATAGCG-CACAGCGAA

Tools for Aligning Genomic Sequences

Resourc

) Genome Research (2000) 10:577-586
PipMaker—A Web Server for Aligning
Two Genomic DNA Sequences
I _fﬂ Scott Schwartz,! Zheng Zhang,' Kelly A. Frazer,” Arian Smit,* Cathy Riemer,'

rdiso
S " Riech

. e
APPLICATIONS NOTE ...

VISTA: visualizing global DNA sequence
alignments of arbitrary length

schwartz?, Alexander
ers Lior 8. Pachter®*




PipMaker vs. VISTA

Seql

= Visualization
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— PipMaker: blastz

= East Coast

West Coast
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Lawrence Berkeley ®
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PipMaker
http://bio.cse.psu.edu/pipmaker/
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http://bio.cse.psu.edu/pipmaker/
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= Global Alignment (avid)
— Bray et al. (2003) Genome Res 13:97-102

» Sliding Window Approach to Visualization

— Plot Percent Identity within a Fixed Window e, at
Regular Intervals

GACATCTAAATTGCCTATTTT ATGCCTTTATGTATTGTAGAAATCTGCCTTACTGTTTTGTGTAGCCACAGAACAGAAATAGACTAACTTTTTTTT

N e N NNy O e e A AN AN A N A A Y ]
GACACCTAGGTATTCTATTTTTATGTTTTTGTGTATTCTAGAAACCTGCCTTACAACTGTATGCCATGAAGGAACAGAAGCAGAAACACATATTCTT

2% 6%
© 68% " 520 56 64%
VISTA
cav2
[ . . A\ L A JIL . 75%
L’ A LY |!\v |‘| m )JI I‘l i Ihﬂ‘ \r [T J'QN il s0%
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

» Percent ldentity is plotted from:
— 100 base windows
— Moved every 15 bases

= Colored regions meet certain alignment
criteria

—>100 bp >75% ldentity




What’s Your Preference?

PipMaker
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East & West Coast Unite

http://zpicture.dcode.org/

Resource

zPicture: Dynamic Alignment and Visualization Tool
for Analyzing Conservation Profiles

Ivan Ovcharenko,'? Gabriela G. Loots,? Ross C. Hardison,®> Webb Miller,** and
Lisa Stubbs®®

"Energy, Environment, Biology and Institutional Computing, Lawrence Livermore National Laboratory, Livermore, California
94550, USA; “Genome Biology Division, Lawrence Livermore National Laboratory, Livermore, California 94550, USA;
‘Department of Biochemistry and Molecular Biology, The Pennsylvania State University, University Park, Pennsylvania 16802,
USA; 4Depurrmenr of Computer Science and Engineering, The Pennsylvania State University, University Park, Pennsylvania
16802, USA; *Department of Biology, The Pennsylvania State University, University Park, Pennsylvania 16802, USA

Genome Research, 2004, 14(3):472 7
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zPicture Output Summary Page

Request ID:

Dynamic visualizatio

Dot-plot:

zPicture: Dot Plot View
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hgl6_dna range=cluT: 115688001 115708000 Spad=0 3 pad=0 revComp=FALSE strand=" repeatMasking=lower
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zPicture Output Summary Page

Request ID:

Dynamic visualization:

Dot-plot:

Dynamic Visualization Options
PipMaker-style

[6Xa)6) zPicture :: dynamic blastz alignment visualization
<::|' @ Aﬂ 1 http://zpicture.dcode.org/zPicture.php v @ (G
Google Santa Cruz NCBI NHGRI Only NISC Dictionary Local Weather BioWulf

Request ID: 022

bttp:/fzpicture.
Smooth Base-top

ECR ECR Bottom  Graph Remove
Picture graph switch LD length cigh
settings

similarity cut-off height legend

[ r 20000 bases at least [H bases at least IE % ]; % ,E pixels r
Refresh

CAV2

100%

mm3_dna ran
B =SS
LT hg1é_dna rar

e

50%
20.0kb

To extract an ali and

ying an ECR, click on a colored peak.
To save the image, right mouse button click on it and select "Sawve Picture As..." option. Save it as "picture.png®.
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Dynamic Visualization
VISTA-style

000 zPicture :: dynamic blastz alignment visualization (=)

<;.- g {H_\ i http://zpicture.dcode.org/zPicture.php v €
Google SantaCruz NCBI NHGRI Only NISC Dictionary Local Weather BioWulf
Request ID: 02230823845366 bttp:/fzpicture.dcode.ora/

Bottom Graph Remove

Smooth Base-top ECR ECR
kil length similarity  cut-off  height legend

Picture  graph  switch

settings
C 2 r 20000 bases at least [100 bases at least W % ,; % 150 pixels r
Refresh
CAV2
| i
=_
Mintergene
intron
Mcoding
uTR
repeat
0 5.0kb 10.0kb
To extract an alignment and sequences underlying an ECR, click on a colored peak.
To save the image, right mouse button click on it and select "Save Picture As..." option. Save it as "picture.png®.
Done

hitp://mulan.dcode.org

The Multi-Species version of zPicture
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Outline

Fundamental concepts of comparative genomics

Alignment and visualization tools
— Pair-wise and multi-species methods
— Combining with transcription factor binding site data

Motif Identification

= Comparative genomics resources available at UC Santa
Cruz -- http://genome.ucsc.edu
— Genome-wide sequence availability
— Gene prediction and identification
— Finding orthologous sequences in other species
— ldentifying conserved sequences

= Insights from vertebrate genome sequence comparisons

= Multi gecies sequence analysis

zPicture Output Summary Page

rVista portal:

submit alignment to g RVISTA

Output files:
list of ECRs in seql or seg2
blast-type alignment seql seqg2.blast
blastz alignment seql seqg2.blastz

14



Are there any transcription factor binding
sites in my alignment?

rVista 2.0 ..

hitp:/ rvista . deode . org

humah GEARGAGTGTGACAGATGTTATCATTGCTCCAT TETGTACGAGCGTAGGACGATGCTTL
chimp GEARGAGTGTGACAGATGTTATCATTGCTCCAT TETGTACGAGCGTAGGACGATGCTTL
dog GEAARGAGTGTARCAGATGCTCTCATTGCCCCET TETGT TCARGT GTAGGACGCAGCTTL
mouse GEARGAGTGTGACAGACGTTETCATTGECCCAT TETGTACARGT GTEEGCCGLAGETTL
Fat GGAAGAGTGTGACAGATGTTCTCATTGLCCCAT TGTGTACAAGTGTAGGECGLATCTTC
chicken GGAAGAGCCTGACAGATGTTTTCGTTGCACCAT TCTTTCATAGCGTAGGCCGATGCTTT)

Fuou
Febtaf ish GEAGTAGCGTTTTAGACATAARTCATCC TACCCT TCTTCCAARGCETAGC ARG TEC TG

AC - PathoDB
BI B ANSPATH - S/MARt DB

Biological Databases/Biologische Datenbanken E RANSCompel - Cytomer

SPATH - S/MARt DB
RANSCompel - Cytomer

TRANSFAC [BIOBASE

http://www.gene-regulation.com/

= A database of:
— Eukaryotic transcription factors
— Their genomic binding sites
— And DNA binding profiles

» Data are collected from published studies
— Non arated
— Redundant data

15



JASPAR: An Alternative to TRANSFAC

Nucleic Acids Research, 2004, Vol. 32, Database issue D91-D94
DOI: 10.1093/nar/gkh012

JASPAR: an open-access database for eukaryotic
transcription factor binding profiles

Albin Sandelin, Wynand Alkema, Par Engstrom, Wyeth W. Wasserman' and
Boris Lenhard*

Center for Genomics and Bioinformatics, Karolinska Institutet, Berzelius vag 35, S-17177 Stockholm, Sweden and
"Centre for Molecular Medicine and Therapeutics, Department of Medical Genetics, University of British Columbia,
Vancouver, BC, Canada

= Differences from TRANSFAC:
— Manually curated for “high quality” experiments
— Non redundant collection

http://jaspar.cgb.ki.se/

st

TRANSFAC Data are inherently “noisy”

Binding sites are very short
6-10 bases in length

Low complexity
Only 4 “letters” in the DNA alphabet

Frequently observe binding site by chance

Conservation can help reduce the noise

16



Example of multiTF Output

AHRARNT | | | 1 1 I I | ALL
AHR 05 | | I 1
AHRHIF_Q6 | [

AHRARNT CONSERVED

AHRHIF_Q&

AHR_QS

100%
Zebrafish
human

100%
fugu

s~
human

100%
tetraodon
human

100%
chicken
human

100%
frog
human

100%
rat

B
human

100%
mouse

s~
human

129k

Summary of Alignment Tools

PipMaker (blastz)
VISTA (avid)
zPicture and MULAN

Lagan and mLagan (glocal alignments)
— http://lagan.stanford.edu/

rVISTA 2.0
Box 1 from:

Ureta-Vidal, Ettwiller, and Birney (2003) Comparative Genomics: Genome-Wide

Analysis in Metazoan Eukaryotes Nature Reviews Genetics 4: 251-262

Table 1 from:

Miller, Makova, Nekrutenko, and Hardison (2004) Comparative Genomics Annual

Reviews in Human Genetics 5:15-56

17



Outline

= Fundamental concepts of comparative genomics

= Alignment and visualization tools
— Pair-wise and multi-species methods
— Combining with transcription factor binding site data

= Motif Identification

= Comparative genomics resources available at UC Santa
Cruz -- http://genome.ucsc.edu
— Genome-wide sequence availability

— Gene prediction and identification Finding orthologous
sequences in other species

— Identifying conserved sequences
= Insights from vertebrate genome sequence comparisons

= Multt gecies sequence analysis

Motif Finding

= |Identify Transcription Factor Binding Sites

= What sequences should be searched?
Coordinately Regulated Genes

=
e

Human

18



Phylogenetic Footprinting

= FootPrinter — http://bio.cs.washington.edu/software.html

= Takes the phylogeny into account
Orthologous Genes

Human — — I - .
Additional
Species

Summary of Phylogenetic Footprinting Tools

= FootPrinter — http://bio.cs.washington.edu/software.html
— Blanchette and Tompa (2003) Nucleic Acids Research 31:3840-3842

= phyloCon — http:/oldural.wustl.edu/~twang/PhyloCon/
— Wang and Stormo (2003) Bioinformatics 19:2369-80
» phyME
— Sinha, Blanchette, and Tompa (2004) BMC Bioinformatics 28:170

= List of motif finding algorithms:
— Box 1 of Ureta-Vidal et al. (2003) Nature Reviews Genetics 4:251-262

= Bayesian Approaches (and home of the Gibbs sampler)
— http://www.wadsworth.org/resnres/bioinfo/

= Example of motif finding limited by mouse conservation:
— Wasserman et al. (2000) Nature Genetics 26:225-228

19
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= Fundamental concepts of comparative genomics

= Alignment and visualization tools
— Pair-wise and multi-species methods
— Combining with transcription factor binding site data

= Motif Identification

= Comparative genomics resources available at UC Santa
Cruz-- http://genome.ucsc.edu
— Genome-wide sequence availability

— Gene prediction and identification Finding orthologous
sequences in other species

— Identifying conserved sequences
» Insights from vertebrate genome sequence comparisons
= Multt gecies sequence analysis

Genome-Wide Sequences

Fugu rubripes/u
—| L Fugu
Tetraodon nigroviridis

Danio rerio

Amphibians

Gallus gallus

Marsupials

Bos taurus

Sus scrofus

Canis familiaris

Felis catus
Mus musculus
Rattus norvegicus

Papio cynocephalus anubis
Pan troglodytes

Homo sapiens

T T T T T T T T T 1
450 400 350 300 250 200 150 100 50 O
Millions of years ago

Thomas JW & Touchman JW (2002) TIGS 18:104-108

.

Human Chimpaniee




Genome Browsers

e! "Ensembl
http:

Ilwww.ensembl.org

http://www.ncbi.nlm.nih.gov/mapview/

LUJCSC Genome Bioinformatics

& Human Genome Browser Gateway - Mozilla Firefox

E|

File Edt View Go Bockmarks Tools  Help
G- = E/h [ http:ijgenome.ucse.edufcgibinfhoGateway ¥ @ « G
|Gl Google [ santaCruz & NCBIHome Page [ | WHGRIOnly  Local weather [N] HIsc WA MapGQuest
~
Home - Genomes - Gene Sorter - Blat - PCR - Tables - FAQ - Help
Human Genome Browser Gateway
The UCEC Genome Browset was created by the Genome Bicinformatics Group of UC Santa Cruz.
Software Copyright (6) The Regents of the University of Califomia. Al rights reserved
clade genome assembly position itnage width
Verehrate p bay 2004 [» | chr?:115,713,001-115,813,000 4900
g;“r:nzn tet the browser user mterface settings to ther defaults
Add" Dog Tracks ] [ Configure Tracks and Display ] [ Clear Position ]

Cowi

Mause

Rat
About the Human May 2004 (hgl 2P22m q )

out the Human Maj (hel oo, sequences

. tropicalis X
The May 2004 human reference sequence i Zehrafish I Build 35 and was produced by the International Human Genome Sequencing Consortivm.

Tetraodan
Sample position queries Fugu |
& genome position can be specified by the accession number of a sequenced genomic clone, an mRINA or EST or STS marker, or a cytological band, a
chromosomal coordinate range, o keywords from the GenBank description of an mBIVA The following list shows examples of valid position queries for the
human genome. See the User's Guide for more mformation.
Request: Genome Browser Response:
chr? Displays all of chromosome 7
20p13 Displays region for band p13 on chr 20
chr31-1000000 Disolavs first million hases of chr 3 _counting from o arm telomere dl

Dane
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Fundamental concepts of comparative genomics

Alignment and visualization tools
— Pair-wise and multi-species methods
— Combining with transcription factor binding site data

Motif Identification

Comparative genomics resources available at UC Santa
Cruz-- http://genome.ucsc.edu

— Genome-wide sequence availability

— Gene prediction and identification

— Finding orthologous sequences in other species

— ldentifying conserved sequences

Insights from vertebrate genome sequence comparisons

Multi gecies sequence analysis

Approaches to Gene Prediction

Base Position | 15730000) 115740000  115750000] 115760000  15770000] 115780000  115790000| 115800000 115810000
Chromosorne Bands Localized by FISHMapping Clones
Chromosorne Band 79312
Known Genes (Moy 22,04) Based on SWISS-PROT, TFEMBL, mRNA, and RefSeq
CAVE foap CAY Bt X
CAVZ YL 'l 3
rarmmalian Gene Collection FUll ORF mBNAS
MGC Genes | — ]
Ensernbl Gene Predictions
nsembl Genss . i =
Acetiem Gens Modsls With Alt-Splicing
B Fl u 4
Icembl (GEnes
Twinscan i
EGP Gene Predictions Using Mouse/Human Homaology
SGP Genss = |
Gensid Genss # - 1 |
Genscan Gene Pradictions
snscan Genss i ] H |
» Evidence-Based = AD Initio » Dual-Genome
- MGC — Genscan — Twinscan
— Acembly — Geneid — SGP
— Ensembl
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Additional Gene Prediction Resources

Fugu BLAT Track at UCSC

SLAM — http://baboon.math.berkeley.edu/~syntenic/slam.html
— Cawley et al. (2003) Nucleic Acids Research 31:3507-3509

Exoniphy

Siepel and Haussler. Computational identification of evolutionarily
conserved exons. Proc. 8th Annual Int'l Conf. on Research in
Computational Biology, pp. 177-186, 2004.

http://www.soe.ucsc.edu/~acs/recomb2004 . pdf

— Also see genome “test” browser for data

Box 1 from:
— Ureta-Vidal et al. (2003) Nature Reviews Genetics 4:251-262

Outline

Fundamental concepts of comparative genomics

Alignment and visualization tools
— Pair-wise and multi-species methods
— Combining with transcription factor binding site data

Motif Identification

Comparative genomics resources available at UC Santa
Cruz-- http://genome.ucsc.edu

— Genome-wide sequence availability

— Gene prediction and identification

— Finding orthologous sequences in other species

— Identifying conserved sequences

Insights from vertebrate genome sequence comparisons

Multt gecies sequence analysis
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Chaining Alignments

= Chaining bridges the gulf between large syntenic
blocks and base Iybase alignments.

The Challenge:

» Local alignments tend to break at transposon
insertions, inversions, duplications, etc.

» Global alignments tend to force non lomologous
bases to align.

The Solution:

= Chaining is arigorous way of joining together
local alignments into larger structures.

Slide (though modified) Courtesy of Jim Kent

Chains join together related local alignments

Known Genes based on SWISS-PROT, TrEMBL, mRNA, and RefSeq
PSMC3

All Blastz MousesFebDB) Alignments
H I . - 1 0 =

Chained Blastz Mouse/Human Alignments

—a—a
| |
[ e

Protease Regulatory Subunit 3

Slide Courtesy of Jim Kent
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Net Alignments: Focus on Orthology

Known Genes based on SWISS-PROT, TrEMBL, mRNA, and RefSeq

PSMC3
Chained Blastz Mouse/Human Alignments
-

LN |
——1a
L}

| ] " H—a

Mouse/Human Alignment Net
Level 1
Level 2

= Frequently, there are numerous mouse
alignments for any given human region,
particularly for coding regions.

= Net finds best mouse match for each human
region.
Slide (though modified) Courtesy of Jim Kent

Genome-wide Multiple Sequence Alignments

Base Fosition 115725808| 115758868| 115755008| 11574 a0a0f] 115745808| 115758868|
Koun |Genes | (Hov 22/ 64 Based on | SiiTss PRAT] TrENEL [nRn. | and | RerSea
¥
cﬁva -
RefSed Genes

ReFSEd Genes
Fosy s Gere Models With Alf-Se1icine

ficenb 1y Genes
Human ESTs That Have Beeplep!iced

Spliced ESTs
ATiSAMENTS & CONSErVAaT ioh

HU/Ch imp fMoUSE FRAT D02 FOh § CK/FUSUFZF ish Mu 1Y

Conservation

Ercucloped ia of DNA Elements ¢

= —
Base Fosition 115740650
T GGRRGAGTET GHERBATGTTAT CATTGCTCoAT TOTG TACOAGEGTAGEACOATGET T T o1 T 6T CABCCT GoARC TEAGCCAGOATT GARTACTT GGACCRCASHT LT SORGAT TOGEATACTE TAR
Genes tNow 22, 64) Based on SWISS_PROT, TPEMBL. MRNA, Snd RefSeq
T ‘. 3 F L oL g

I3
cAve
Fefseq Geres

Rersen Genes E—
l Acel)iew Gene Models Hith ATt-Splicing

Feenily Genes e
w Human ESTs That Have Been Spliced

Sp1iced EsTS .
l Hu/Chimp /Mouse /Rat /D0g/Chick/Fusu/Zf ish Multiz Alignments & Conserwation

Gaps
numan CEARGACTGTGACAGATGTTATCATTGCTCEAT TSTG CTBTCABCCTOCARCT! TeRATACT \uunchDHGGTDTBGﬁGHTTGGGHTFICTGTHFI
hing GGAFGAGTI i CBGACCCCAGGTCTGER

TR T GRGToAC ORCTORCEACT T GONGRCCAIGECTOORARECT B8R TACTA TR

o oARGAATaT ACAGTSETe ToATTR0 Cer T TOTaT 10 AS STRESAEa NG TTETE AGE
o BT AL TT T AT T e CEAT T TaTAE B T Re e AT TETE T L T Lo T LA TN CEAC b TERL (ACTL LGRCCEREATEL SR AT T SARTRETE TR
At GGARGAGTTGACAGATETTC TCATTEECCEAT TETGTACARG TETABGECACA TETTCTCC TET GTCAGEA TEEARE TGABECAT GACTGAACAC T ABACECCAGRTCCARATATTTGEATACTETAC
i Ckén GBRRGAGCCTGAGAGATGTTTTCGTTEOACCAT TCT T TCATAGGGTAGGEOGATEETTT SECAT 5 GTTARTATAGATETGEATCARGAGT AACTE T CAGGGT THGACTCOTGTART TETABATGETGT TAY
Fugu
_ Zebraf 15k GBACTABCGT T T TAGACATARTCATCCTACCCT TOT TECARRGCGTAGCCARGTEETOE
PhisstCons Conzerwsd E1SMents, HU/CHilb/MOUSe/RET/DOS/Chick/Fusu/zf ish
Host I
Encuclopedis of ONA ElSnents (ENCODE) Regions
e —

SiP1e NUCIEOT it FOIUmorph isis (SNFS)

SHPS
Repeating Elements by RepeatMasker

RepieatHas ker
—_

chine MRS
LT T T T e——"rry L

mouse: T T T R Y TR ————" [
I L™ T S ——ry Wl

chicken u - ] |
fugu it
zehraf ish W " |
FRASTCORS ConServed E1ements, HUCH img Mol
Most Conserved | [ | | [ ner i 1 11

Hucleot ide Fo lumorpl F=)
soFs [ (L R A I i IHIIIIIIII\I 11 II HIII 111 L A 1 A T R A ] I T
eating Elements by Redeh er
Repeatmasker] 1 BI1H _EEE B 1. | III IHII [ | i_1 III\II |
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Conservation Score at UCSC

= Displays evolutionary conservation based
on a phylogenetic hidden Markov model

= “Most Conserved” track represents highly
conserved regions
— Tuned to cover ~4% of the genome

“Most Conserved” Track at UCSC

Base Position 15734000 115734500 115735000 115735500 115736000 115736500] 115737000
Chrornosorne Bands Localized by FISHMapping Clones
Chromosome Band 7q31.2
Known Genes (Mo 22,04) Based on SYISS-PROT, TIEMBL, MRNA, and RefSeq
cav? el

cave i i

1
HuiChimpiMouse/Rat/Dog/ Chick/FUguiZrish Multiz Alignmnents 8 Conservation

Conservation

chimp
dog
1100445 |l A . R o S, oo o b Wl ol e i K
rat
chicken T
fugu [TEIPY (AT Sy

zebrafish

Most Conserved Il

PhastCons Conserved Elernents, HulChimpitouse/RatiDog/Chick/FugulZfish
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& Human chr7:115.733 372-115.737 074 - UCSC Genome Bygamer v100 - Mozilla Firefox BEx|
Fle Edt View Go Bookmarks Tools  Help

G-y - 8 ) [ L hemaigenome.uese.cfegi-ingn

[v] © s [ICL
@Guag\e || SantaCruz = NCBIHome Page | | NHGRI Only Lo er NISC M MapQuest
Home Genomes Blat PCR DNA Tables Gene Sorter Convert Ensembl NCBI PDFIPS Help
UCSC Genome Browser on Human May 2004 Assembl

move

Zoom m

zoom oub

size 3,703 bp,
F 5 [

pogition chr? 115,733.372-115,737.074
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Output phastCons as Custom Track

Custen track header:
name=th_phastCons
description= table browser guery on phastCans
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url=

Select type of data output:
ORED format (no data value information, only position)
@ DATA VALUE format (position and real valned data)

[ Get Custom Track in Table Browser ] [ Get Custom Track in File ]
[ Get Custorn Track in Genome Browser ][ Cancel ]

Done




Using the Table Browser to get Highly
Conserved Sequences
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Outline

» Fundamental concepts of comparative genomics

= Alignment and visualization tools
— Pair-wise and multi-species methods
— Combining with transcription factor binding site data

= Motif Identification

= Comparative genomics resources available at UC Santa
Cruz-- http://genome.ucsc.edu
— Genome-wide sequence availability

— Gene prediction and identification Finding orthologous
sequences in other species

— Identifying conserved sequences
» Insights from vertebrate genome sequence comparisons

= Multi gecies sequence analysis
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Similar gene content and
linear organization
— ~340 syntenic blocks

Difference in genome size
— Mouse genome is 14% smaller

Sequence Conservation
— ~40% in Alignments
— ~5% Under Selection

* ~1.5% Protein Coding
* ~3.5% Non-Coding

See Jan 2003 & April 2004
issues of Genome Research

> ./
Therat genome

Neutral Evolution

» No selective pressure/advantage to keep
or change the DNA sequence

= Rate of variation should correlate with:
— Mutation rate

— Amount of time since the last common
ancestor

» The neutral rate can vary across the
genome




Types of Neutrally Evolving DNA

» 4-Fold Degenerate Sites

— Third position of codons which can be any
base and code for the same amino acid

Second
First U C A G Last

U Phe Ser Tyr Cys U
Phe Ser Tyr Cys C

Leu Ser Stop Stop A

Leu Ser Stop Trp G

C Leu Pro His Arg U
Leu Pro His Arg C

Leu Pro Gin Arg A

Leu Pro GIn Arg G

A lle Thr Asn Ser U
lle Thr Asn Ser C

lle Thr Lys Arg A

Met Thr Lys Arg G

G Val Ala Asp Gly U
Val Ala Asp Gly C

Val Ala Glu Gly A

Val Ala Glu Gly G

Types of Neutrally Evolving DNA

» Ancestral Repeats

— Ancient Relics of Transposons Inserted Prior
to the Eutherian Radiation

Homa sapians (Huna—u]’

Pan trogiodyies (Comman chimpanzes) h
Macaca mulalta (Rhesus macague) i_
Mus musculls (House mowse) &

Raifus norvegicus (Norway ral) <=l
Canis famiiars {Domestic dog)

Felfs calus { Domestic calh h,‘

Equuss cabais (Horse)
.

Sug sorota (Domestic pig)

cal ciawed frog) )

==
ryzias intipes | Japaness madaka) s
Teargodan figovinds (Spotied green pulletan) oy
Takifugu rubripes [Tiger putierfish or “Tomfugu”)

Paleozon Mesozo: Can

400 o 200 100 0
Million years ago

Adapted from Hedges & Kumar, Science 297:1283-5




Determining the Fraction of Sequence Under
Purifying Selection

Adapted From Figure 28, Nature 420:553

Genome-Wide
Distribution

0.24 Neutrally
Evolving
Functionally
Constrained

Frequency
o
—
()]

-5 0 5

Conservation Score

Tetraodon
to human

Evolutionary history
in genome sequences

The chicken genon

the
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Outline

Fundamental concepts of comparative genomics

Alignment and visualization tools
— Pair-wise and multi-species methods
— Combining with transcription factor binding site data

Motif Identification

Comparative genomics resources available at UC Santa
Cruz-- http://genome.ucsc.edu
— Genome-wide sequence availability

— Gene prediction and identification Finding orthologous
sequences in other species

— Identifying conserved sequences
Insights from vertebrate genome sequence comparisons
Multt secies sequence analysis

Phylogenetic Shadowing

Boffelli et al. (2003) Science 299:1391-1394.

= |dentifying sequence differences between
multiple primate snecies

B
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Multi-Species Comparative Sequence Analysis

Comparative analyses of
multi-species sequences

from targeted genomic regions

J.W. Thomas'*, J. W. Touchman '+, R. W. Blakesley'~, G. G. Bouffard'~,
S. M. Beckstrom-Sternberg' *, E. H. Margulies', M. Blanchette’,

A.C. Siepel’, P. J. Thomas’, J. C. McDowell*, B. Maskeri’, N. F. Hansen’,
M. S. Schwartz’, R. J. Weber', W. J. Kent', D. Karolchik', T. C. Bruen’,

R. Bevan’, D. J. Cutler', S. Schwartz’, L. Elnitski’, J. R. Idol',

A. B. Prasad', S.-Q. Lee-Lin', V. V. B. Maduro', T. J. Summers',

M. E. Portnoy', N. L. Dietrich’, N. Akhter’, K. Ayele’, B. Benjamin’,

K. Cariaga’, C. P. Brinkley’, S. Y. Brooks’, S. Granite’, X. Guan’, J, Gupta’,
P. Haghighi’, S.-L. Ho’, M. C. Huang’, E. Karlins’, P, L. Laric’, R. Legaspi’,
M. J. Lim’, Q. L. Maduro’, C. A. Masiello’, S, D. Mastrian’,

J.C. McCloskey ', R. Pearson’, S. Stantripop’, E. E. Tiongson, J. T. Tran”,
C. Tsurgeon’, J. L. Vogt’, M. A. Walker’, K. D. Wetherby, L. 5. Wiggins",
A. C. Young’, L.-H. Zhang’, K. Osoegawa’, B. Zhu", B. Zhao, C. L. Shu’,
P. J. De Jong", C. E. Lawrence’, A. F. Smit", A. Chakravarti',

D. Haussler ', P. Green'", W. Miller’ & E. D. Green'~
Nature 424:788, 2003

Multi-Species Com

arative Sequence Analysis

Human

Mouse

Rat

Pufferfish
Zebrafish =
Chicken -
Chimpanzee -

Dog
Cow
Xenopus

Monodelphisep{-{-t-}-

Macaque
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Multi

-Species Comparative Sequence Analysis

Human
Mouse
Rat
Pufferfish
Zebrafish ———
Chicken = — — —
Chimpanzee == = =
Dog ooooooooooooooooo
COW -----------------
xEnopus ooooooooooooooooo
M0n0de|phIS -----------------
Macaque .o--oo--.o--ooo--.. 1 b b 1
Multiple I I I I I
Additional I I I I I
Species I T I I I
\ - - - - -
7
223
22.2
221
21.3
211
152 < 1.8 Mb >
p &3
14.1
13
12.3
121 CAV2,1 CAPZA?2 GASZ CORTBP2
11.2
111
11.1
2t TES1 l MET J ST7 WNTZl CFTR l
|| ———H)——)— ) ———(— —— (——
2111
21.12
21.13
21.3
22.1
%3
a i
3131
31.33
32.2
32.3
33
34
35
36.1
36.2
36.3
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“ Vervet

Macaque

& Gorilla
TR Mouse lemur
Baboon s

= Lemur

rafish

Chimpanzee Orangutan k1 %-—-—-_-___.__ asg

50 100 150 200 250 300 350 400 450 500
Human Estimated Evolutionary Distance from Humans (Myr)

Adapted from Kumar & Hedges, Nature 1998

Ref3eq Genes

UCSC View of Multiple Sequence Alignments
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Multi-Species Weighted Conservation Score

= Takes into Account the Different
Divergence Rates of Each Species

—“A Chicken Alignment Will Contribute More
Than a Baboon Alignment”

= Based On the Substitution Rates at Bases
under Neutral Selection
— Calculated from 4-Fold Degenerate Positions

Human GCGGGGGCCTTCGGACCGCGCGGCG

Fugu ——————— o~
Tetraodon ————————————__________
Zebrafish - - -

skip
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Multi-Species Conservation Score Distribution

/1 Coding
1 Non-Coding

Fraction of Total Coding or Non-Coding Bases

Multi-Species Conservation Score

Article

Identification and Characterization of Multi-Species
Conserved Sequences

Elliott H. Margulies,’ Mathieu Blanchette,* NISC Comparative Sequencing Program,’?
David Haussler,*** and Eric D. Green"-?*

Genome Research (2003) 13:2507-2518

MCS

Multispecies C Sequence

Discrete Regions

“Noisy” of
Sequence Alignments Highly Conserved
Sequence
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Lineage-Specificity of MCSs in Mammals

Carnivores Artiodactyls Rodents
Ki¥ BES erCX
Cat Dog Cow Pig Mouse Rat

Monotreme Marsupials
[ " \\;\! 1

Platypus Wallaby Opossum

skip
MCSs
E Artiodactyls
Cow Pig
Placental N
ﬁ _ r 4.5%
Carnivores
Cat Dog

17%

‘J m Rodents

Mouse Rat

Monotreme

52%

Marsupials
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MCS Overlap with Mouse Alignments

[ Missed by Mouse
I Detected by Mouse
I Unique to Mouse

Detection of MCSs with Different Species

Investigating the Relative Contribution of
Different Species’ Sequences to MCS Detection
using More Quantitative Approaches

Re-Compute Conservation Score for All*
Possible Subsets of Species

Compare to a ‘Reference Set’ of MCSs
— Generated with All Species
— Surrogates for Conserved Functional Elements
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Single Species Performance

EEEN Coding
1 UTR

E AR

I Not Annotated

Best Performing Subsets
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More Species is Better

v ¥
g \/
N e 5
E ™ -
g 4 *
‘ <

MCS Detection and Sequence Quality

» To date, MCS detection has been with
reasonably high-quality sequence

» What quality of sequence is desired for
MCS detection — especially provided a set
of high-quality reference sequences?

42



MCS Detection and Sequence Quality

= What Tradeoffs are encountered between
sequence coverage vs. number of species?

1) Re-create 0.5X, 1X, 2X... Read-Coverage
Datasets

2) Analyze for MCSs
3) Compare to “Finished” MCSs

Sequence Coverage vs. MCS Detection
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Low-Redundancy Sequencing of Multiple

Vertebrg_’g_e Genomes

Opossum
Tenrec
Elephant Shrew
Hyran
Elephant
Armadillo
T Dwpaeea T — Eedgehog
FomHuman  Added Dwergence L Shrew
0 0 0 T Microbat (brown bat)
::: :';g :;ﬁ [1 Megabat (horseshoe bat)
000 00M  05M Cow
0¥ 0;  0mMB Dog
Saquirrel
!—Mouse
L Rat
Guinea Pig
Rabbit
Tree Shrew
Lermur
Bushbaby
1 Macaque
‘—[ Human
[Chimpanzee

Troe 8 Saried ek Pl fmitmite Setrgerte 5 0250

| Monotremata

Marsupialia

Afrotheria

Xenarthra

Laurasiatheria

Euarchontoglires

Margulies et al., (2005) PNAS, 102:3354-3359
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