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Comparative Genomics with GBrowse_syn
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* How to get comparative genomics data

* How to view the data with GBrowse_syn

 Example uses



GMD

Hierarchical Genome Alignment Strategy

Raw genomic sequences

n Mask repeats
(RepeatMasker [97] and Tandem Repeats Finder, nmerge, etc

n  ldentify orthologous regions | > Gbrowse_syn
(MERCATOR, orthocluster, etc)

Nucleotide-level alignment
Gb
Il (PECAN, MAVID, etc) > Gbrowse_syn

Further processing (GERT)
A\

GBrowse



0

SynView

B T T T TR T T T T T

Ammotsied Genes

BREGUGO. " PRLODSS  PRLOWD: PR  PRLOIO: PrLOI0s PR oo
- an - T —
[y —
Fieyy o clarim synteny
LA O D N A P D D A Y
Pyivac Pslciparum syntenic genes
Fegilgh A smenic e peasiin pegsitio Peasitsn
- - NE—— -
sl posaizs agsaias prosiiss
- mrwe=n rimt
PaslLs Pagsi1zs peasiien
< - —
Peosin0
<
Plnowlesi-Pfaliparum syntes
FiRemig T lciparm ety
B N L A R D R e
Plnovlesi Pfciparum syntenic genes
HES65 P 130000 PEz30050 PEH0100
- areermm— - W —
Prs 00 P 130080
<= remine
B 130050
-
P 130060
-
PyucliP fliparum synien
b N rroi2ss
MALPYIOIZ0
N S R M A I M S
P.yocki-P flciparum syntenic genes
b P e S 05 proois2 pronisi
- e
Eyouiss Proiss
R <
renc)
«nen
Proost

<> >

Y € 0 ¢ L < ORI

<

<
<<
3¢y 444K ¢

<
> €&

<o
IR IR R

56>
S

<
<
PRt

£ KRB DS B LK HE 4L RICIE <

+ epMl -
ad LIELESEBT-L

>

ogaog
<

Streptococeus pneumaniae Taiwan19F-14
Streptococeus pneumanias TIGRS
Streptococcus pneumanie RE
Streptococeus pneumaniac PL031
Streptococcus pneumonie JA
Streptococeus pneumaniae Hungary19A-6
Streptococeus pneumaniae G54
Streptococcus pneumoniac D39
Streptococeus preumaniac 70585

Streptococcus preumanias 670

Sybil

SynBrowse

putative URKY transcription factor

Rice-0s1
5760k 5770 5760k 5750k 5800k
Protein Alignnent.
_Cotton-AY632360
e
fGene.
lo623 .no1032 9679.101035 9629101039 9629 .m01041
[hupothetical protein hupothetical protein Feroxidase, putative  Protein kinase domain, putative
9629101033 9629 101036 9629101040 9629.101042
expressed protein Fibosonal L5 family C-terninus, putative expressed protein Fupothetical
9623 .n01
Pupothetical protein enoyl-Con hudratase/isonerase fanily protein, putative Protein ki
9529 001038
Protein kinase domain
Eotion-ive3s3se
106 ok 3ok ok 0K oK. ok 0K 0K 100k 10k 120k
Protein Alignnent
_Rice-0s1,
LS
frabidopsis-Ate
fGene
lavez2360.1 es2se0. AV632360.6 AY632360.11
Jputative ABC transporter resicted protein  butative G-protein beta putative leucine-rich repeat transnenbrane
A1632360,2 £1632360.5 A1632360.8 AY632360.15
Putative GTP-binding protein hupathetical protein putative leucine-rich repeat family protein  putative ser
AV632360.3 A1632360.7 AY632360.12 a6

cellulose synthase

i
putative grouth regulator  pred|

A1632360.9
putative pentatricopeptide repeat protein
AY632360.10 AY632360.14

putative ribosonal protein predicted protein
AvG32360.13

putative pernease

FRAYP netal ion transporter 5, putative (NRANPS)
At4g16780.1

cellulose synthase, catalytic subunit CIREL)
fL418770.1

b Fanily transcription factor (HYBSS)
8760.1

Teucine-rich repeat fanily protein
Atag18750.1

At4g18740.2

expressed protein

10320k 10310k 10300k 16280k 10280k 10270k
Protein Alignnent

_Cotton-AY632360

- —
fGene
latagtego0.1 Atdg18730.1 Atdg18690.1

[Ras-related GTP-binding fanily protein 605 ribosonal protein Lil (RPL1C)
8790.1 ftas

CBL-interacting protein kinase 12 (CIPKIZ)
12196801

pentatricopeptide (PPR) repeat-containing protein

At4g18660.1 it
hupothetical protein hypothetical protein leuc]
Atgetas
transerip|
4
hupothetical protein
Atag1a670.1

Teucitie-rich repeat fanily protein /

GBrowse UCSC-style conservation tracks

| |
150k 160k
Curated WormBase Genes
F53612.11 ptr-11 FS6C11.6

F53612.1160 ptr-11 (FS6C11.2) HEITFO-0 ErE-r e Fo6C11 .6l T D
F53612.3 FEECL1 ShIIE I

F53612. 30305 2

bli-

bli-3 (F56C11.1) HICO IO 00 o4
EEE E plugin:UCSC Conservation

Hultiz Alignment & Conservation {6 nenatodes) {(UCSC)

Conservat ion u

c_remane i
c_prigesae MM
c_brenner i il ——IN NN B
c_japonica HE=Il———INI—uE 1l 1
p_pacificus Hl|

1

| MWWHM

T —— 515 1] SH L5 T
T L F S

- T o
= [===T)




What is GBrowse_ syn?

 Part of the Generic Genome Browser Package (GBrowse)
A graphical multiple sequence alignment viewer

« Superimposes sequence alignment data on genes and other
sequence features

« Compares two or more species to a central reference species



Goals

 More than two species

* Nucleotide-level resolution (gapped
alignments)

* High-level resolution (synteny)

Intuitive graphical rendering

Todew e it

© Display settings

Image widths : 640 ¢ 768 800 © 1024 © 1280

Image options :

Flip minus strand panels < on © off  Allow tiny paneis “ on © off  Grid lines

“on Coff Edges “on Coff Shading < on ¢ off
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GBrowse-like interface

PECAN alignments for Caenorhabditis (WS197)
& Instructions

Select a Region to Browse and a Reference species:

Examples: c_elegans X:1050001..1150000, c_briggsae chrX:620000..670000, c_elegans R193.2.

B Search
Landmark: Reference Species: «i< NESS
[x:1050001..1150000 Search | Reset C.elegans ~| Show 100 kbp ~|

Aligned Species:
¥ C. briggsae ™ C. remanei ™ C. brenneri ®C. japonica

Data Source : Display Mode :
| PECAN alignments for Caenorhabaitis | Three species/panel Click to show all species in one panel
2 Overview

Reference genome: C. elegans

! X
oM AM  2M  3M  4M  5M &M 7M  8M  OM  40M  44M  4ZM  43M  4d4M 45M  d6M  47M
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GBrowse_syn

GBrowse
. GBrowse syn
Databases .
alignment
database

|
T.syn *.synconf
or
*.conf  |° —

Species confiq. Master confiq.



GMakD
[GBrowse]

Bio::DB::GFF
species

Bio::DB::GFF
species2

[GBrowse]

GBrowse syn Architecture

N

alignments

alignments

hit_id int [PK]
~ hit_name wvarchar(100) [FK]

srcl varchar(100)

refl varchar(100)

startl int

endl int

strandl enum

seql mediumtext

hin double

src2 varchar(100)

ref2 varchar(100)

start2 int

endz int

strandz enum

seq2 mediumtext

map

map_1id int [PK]
L{hit_name wvarchar(100)

srcl varchar(100)

posl int

pos2 int

Legend

[FK] Foreign Key
[PK] Primary key
Created by SOL::Translator 0.08

[GBrowse]

Bio::DB::GFF
species3

S

Bio::DB::GFF
< species4

[GBrowse]
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How to get the most information about the alignments?
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Gbrowse_syn: quick tour
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Gbrowse_syn: quick tour (shaded alignments)
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Gbrowse_syn: quick tour (outlines)
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All in one view
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How to use Insertions/Deletion data

A

Ce-CHROMOSOME _I{+)/5195-16585 TGGCAAAAATATTTTGCATTTGCCGTTTTTCCCGTTTGCCGAAAAGTCTAATTTCGGTAA
Ch-chrI{-)/4891935-4897143
Cr-Contig8{+)/571998-577344

Ce-CHROMOSOME_1 (+)/5195-16585 TTGGGCCATTTTTCGAAATTTTGAGCCACATAAMAAACTTTGAACCATTTTTGAGAAGTA
Cb-chrI{-)/4091935-4897143
Cr-Contig8{+)/571998-577344

Ce-CHROMOSOME _I {+)/5195-16585 TTATTACGACATTCGTTTATTTGAGCACAATTTGGGCCTATACTTTCAAAATCGGGGTTT

Ch-chrI{-)/4891935-4697143 —-TTCATGTCAA

Cr-Contig8{+)/571998-577344  —-TTTCTGAAAACAGGTAGTATTATGGTTCCGAGGGTGTAGGGTTCGAAACCGGGCCTAG
* * *




Tracking Indels with grid lines
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Evolution of Gene Structure
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C. elegans transcript F49E7.1a.

1090k 110 Click for more information...
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Comparing gene annotations:

C. elegans ZK524 .4 gene
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C. elegans ZK524 4 gene
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C. elegans ZK524 .4 gene
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GM#D ZK524 .4
(I
serine/threonine kinase serine/threonine kinase
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Visual inspection of an assembly
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Not bad

Done

Needs work
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Putative gene loss
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Chaining Alignments
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Small inversions
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Small inversions

C. brenneri
CBN12774
- oI e e e S [ S N - “an e am H Ly
wot-> e “um < “om~y =" !
—EmtE «m CBN122%
. o
Chre_Contight2 Chre_Cor
150k 160k 170k 180k 190k 200k 210k 220k 230k 240k 250k 260k Hm
1 - Fmcccccocsssssssssscccizosssssssssssa ed esscczczzacs T iesssess - E—
— —
C. elegans
Y - - NN -~~~ L w4 gemeceq jeecees — —
] P S b o S D A 4 99 O e = <3 149 < a<3 e @ 4 <= 4
r e O (= s a = B —— =
r U — =
— 1
=
X
910k 920k 930k 940k 950k 960k 970k 9830k 990k 1000k 1010k 1020k 1030k 1040k 1050k 1060k 1070k 1080k 1090k 1100k
S - - - - -~ - - - - - - - - A —— - — —
C. remanei (reverse)
1 s 5 - -~~~ -~~~ - - - - - - E— - - E— —
—
Crem_Contig24 Lr ity
P T T P P T T T S NN PN ] )
500k 490k 430k 470k 460k 450k 440k 430k 420k 410k 400k 390k
o o M T 1 cEm me “ r-—— e " M reEsemm CRE1718
“ma rotEm- —amy - pE NI e h= -
o= LS | CREL70




Future Improvements

“On the fly” sequence alignment view (definitely)
AJAX-based image configuration (probably)
3D image rendering? (maybe)

Suggestions?



Documentation:

http://gmod.org/wiki/GBrowse syn
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GBrowse_syn is a GBrowse-based synteny browser designed to display multiple genomes, with a central
reference species compared to two or more additional species. It is included with the standard GBrowse s
package (version 1.69 and later). A working example can be seen at WormBase .
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Documentation

Installation [edit]

= GBrowse_syn uses much of the same infrastructure as GBrowse, in terms of species databases, configuration files, perl libraries, etc.
= |t comes as part of the GBrowse distribution, version 1.69 and later (GBrowse installation info...).

= |t differs in that databases and configuration for individual species are linked together via a central configuration file and a joining database
that contains reciprocal alignments between all species represented in the browser.

= We recommend using the most up-to-date version of the application either with the GBrowse netinstall script (use the -d option) or with a
source code installation.

[edit]

GBrowse_syn running on WormBase.org & )

[edit]

Learn about
GBrowse_syn at the

SMBE
2009

GMOD Workshop @
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