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A brief survey of synteny browsers
A few challenges of rendering comparative data

Comparative genome browsing with GBrowse_syn



What is a Synteny Browser?

- Has display elements in common with genome
browsers

- Uses sequence alignments, orthology or co-linearity
Data to highlight different genomes, strains, etc.

-Usually displays co-linearity relative to a reference
genome.
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An Embarrassment of Riches™*

A Brief Survey of GMOD-friendly Synteny Browsers

*From John Ozell's 1738 translation of a French play, L'Embarras des richesses (1726)



A Simple Approach to Visualizing

SRR G
byn v lzw Comparative Genome Data

MAL12
102k 103k 104k 105k 106k 107k 108k 109k 110k 111k 112k 113k 114k 115k 116k 117k 118k 119k 120k 121k
Annotated Genes
PFLUOE0c PFLDOESc PFLOOS0c  PFLOOSSc PFLO100c PFLO10Sw PFLO110c PFLO11 5w
— 1] <1 e .

aivax-P falciparum symten;
::t:_ﬁ!i'?? H i

lék 15k EIS']( "j‘l( 25]( Eék EQJ( 3!5!1( 35‘]( Bﬂik Bé]( 3§k 4IEI]( 451( 45]( 41;]( 43:1( ?I!Ik Sél( Sj](

FPyivax Pfalciparum syntenic genes
P+084105 P+054130 P»084140 Pv084150
- L1 & | o L g
Px084110 P+084125 P+084145 Prx084155
- < D L a1 1aligee | o reest
P+084115 P+084135 P+084160
-a -
P+024120
-
P.lnowlesi- Pfalciparum symten
FIC4 chrl3 » Ly 2
" . " . " s " . " . " f " s " s " " .
. A T T T S S A ] A WA R M A i, FMS M e
P Eknowlesi-P falciparum syntenic genes
PEH_130030 PEI_130070 PEI_130020 PEI_130100
-l <ErFE i -

PEH_130040 PEH_130080
e

PEH_130050

-

PEH_1300680
a1}

P.yoelii-P falciparum synmnﬁupm 25k

MALFPYO0130
B O e e R L M M A M=
P.yoelii-P falciparum syntenic genes
o » i gPYU4195 PYO0D452 PYO00454
- 3 .
PYD4196 PYOD453
- -~
P¥0D4197
PYOD451

O CrvptoDB

Cryplosporidivm Genome Resowce Dme Resol

@R PlasmoDB

Wang H, Su Y, Mackey AJ, Kraemer ET and JC Kissinger . SynView: a GBrowse-compatible approach to visualizing
comparative genome data Bioinformatics 2006 22:2308-2309



VWynEBrowse

...A Synteny Browser for Comparative Sequence Analysis
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GBrowse_syn
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APOLLO

Genome Annotation and Curation Tool

Apollo was written by members of the
Informatics group (Suzanna

{John Richter) and t
Biainformatics Institute
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Desktop Synteny Viewers: Apollo and Artemis
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Debating the relative merits of Apollo* and Artemis?

*Apollo is better fArtemis is also better
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GMOD Browser branding/nomenclature issues...

GMk0

Ok 10k 20k 30k 40k, S0k, 6Ok, 701

SynBrowse

SynView
GBrowse

GBrowse syn



SynView:

- Add-on to native GBrowse package

- Uses GFF3 or DAS1 compliant data adapters
- GFF requires special tags (allowed in spec.)

- Reference panel on top

SynBrowse:

- Uses same core libraries as Gbrowse
- Uses GFF database adapter

- GFF2 uses standard 'Target' syntax
- Currently only supports two species
- Central reference panel?



Sybil:

- Not GBrowse-based

- Uses chado database

- Whole genome and detailed views

GBrowse_syn:

- Part of GBrowse distribution

- Uses native GFF2/3 or chado adapters for species’ data
- Synteny data are stored in a separate joining database
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How is GBrowse_syn different?

* Does not rely on perfect co-linearity across the
entire displayed region (no orphan alignments)

« Offers on the fly alignment chaining
* No upward limit on the number of species

* Used grid lines to trace fine-scale sequence
gain/loss

* Seamless integration with GBrowse data sources
* Ongoing support and development

* Some people think it looks nice



[GBrowse]

Bio::DB::GFF
species

Bio::DB::GFF
species2

[GBrowse]

GBrowse_syn Architecture

—

<—

aligrnments
alignments
hit_id int [PK]
H hit_name warchar(100)  [FK]
srcl var-chiar CLo00
refl varchar (100
ztartl int
endl int
strandl enum
zeqgl mediumtext
bin double
src2 var-chiar CLo00
refs varchar (100
ztart2 int
endz int
strandZ  enum
zegl mediumtext
map
map_id int [PE]
Lihit_name warchar(1oo)
srcl var-chiar CLo00
posl int
poss int
Legend

[FE1 Foreign Key
[PFK] Primary key

Created by S0L::Translator 0,08

G0

[GBrowse]

Bio::DB::GFF

<> ,
species3

Bio::DB::GFF
“ species4

[GBrowse]



GBrowse_syn

GBrowse
Databases* AN GBr:owse_syn
alignment
database
i
*.syn * synconf Ei
or
*.conf |7 _—
\/

Species config. Master config.



Where do I get the data for GBrowse_syn?




Hierarchical Genome Alignment Strategy

Raw genomic sequences

A\

Mask repeats
(RepeatMasker, Tandem Repeats Finder, nmerge, etfc

Identify orthologous regions | > GBrowse_syn
(ENREDO, MERCATOR, orthocluster, etc)

Nucleotide-level alignment
(PECAN, MAVID, efc) > GBrowse_syn

Further processing

GBrowse



Getting Data info GBrowse_syn

CLUSTALW, FASTA, PECAN, MSF
SELEX, STOCKHOLM, GFF3,
TAB-DELIMITED,




GBrowse_syn 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, ¢_elegans R193.2.

= Search
Landmark: Reference Species: «I< 55
|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 Caenorhabditis x| Three species/panel Click to show all species in one panel
= Overview

Reference genome: C. elegans

.
of A 2M aM  4M 50 &M 7M. &M SH  dod 1M 42M  43M 44M  49M ded d7H



Gbrowse_syn: quick tour
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Gbrowse_syn: quick tour (shaded alignments)
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Gbrowse syn: quick tour (strand correction)
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Optional "All in one" view
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Adding markup to the
annotations
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Tracking Indels with grid lines
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Evolution of Gene Structure
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Putative gene or loss
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Comparing gene models
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C. remanel (rewerse)

Comparing assemblies
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Not bad

Needs work



Getting the most out of small aligned regions
or orthology-only data




Gene Orthology
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Chained Orthologs
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Inversion + translocation?

2 panels merged
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What about synteny blocks that fall off the ends
of the displayed reference sequence?




Solution 1 : With multiple sequence alignment data,
calculate many anchor points (done anyway
for grid lines)

Solution 2 : For orthology-based synteny blocks, use
individual start and end coordinates of orthologs
as anchor points.

Solution 3: If all else fails, guess the end of the target block
based on the overall length ratio.

length displayed target = (length target/length reference)* length displayed reference



What if the aligned DNA sequences are too distant?

v {
* For our continental European friends: “ = fi;t:’ég



Pecan alignments

P.| pacificus Creverze) Pl pacificus P. pacificus (reverse)

PPAOGZ 30

PPAL1338

PPALSTE0

G0

PPAGGT2S PPA12337
e

Ppac_Contigdhs Ppac_Conti | Ppac_Contigd35
1

Ppac_Contigl39 -
1 1 1 1 1
166K 1@5k 11k 17k ok ak
I j __iN |
C. elegans (referencel
I
1 } | 1 1 } 1 } } }
BE30k a0k G550k SEG0K 8570k GBE50kK G590k BEOOK, BEl0k BEZ0K
N | T -0 AR TP e I [ (3 S u R Sy <X
—ErE I R - — i i1 )] = T O (= - m
~—ETHEHR T THHOH - — I [ 3 N
B =y i ] AT e
—iore—
<
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What about segmental duplications?
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The Future of GBrowse_syn*

» Integration with GBrowse 2.0

* "On the fly" sequence alignment view

+ AJAX-based user interface and navigation
» High-level graphical overviews

- Suggestions?

*GBrowse-syn has a future
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