Sheldon McKay,
Cold Spring Harbor Laboratory



A brief survey of synteny browsers

» A few challenges of rendering comparative
data

« Comparative genome browsing with
GBrowse_syn
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What is Gbrowse?

- Most popular software package from the Generic Model
Organism Database (GMOD) project.

- Built on BioPerl and Bio::Graphics
- Relatively lightweight; designed for model organism

databases (MODS) and groups with limited
bioinformatics/IT support to display their own genomes
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What is a Synteny Browser?
- Has display elements in common with genome browsers

- Uses sequence alignment or orthology to highlight
co-linear segments of different genomes, strains, etc.

- Usually displays co-linearity relative to a
reference genome.



A Simple Approach to Visualizing
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GBrowse syn
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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 and overloaded 'source' tag
- 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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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
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Hierarchical Genome Alignment Strategy

Raw genomic sequences

i Mask repeats
(RepeatMasker, Tandem Repeats Finder, nmerge, etc

> GBrowse_syn

Identify orthologous regions I
Vv (ENREDO, MERCATOR, orthocluster, etc)

Nucleotide-level alignment
GB
v (PECAN, MAVID, etc) > rowse_syn

Further processing

%

GBrowse



TGGTACAAATCTAACAGCCAGGGTTCOATC

TTGA

GAAMATAA

Goals

More than two species

Nucleotide-level resolution (gapped
alignments)

High-level resolution (synteny)

Intuitive graphical rendering

s Overview

s Details

arm

Display_settings
Image widths : < 640 < 768 800 © 1024 1280

image options :
Flip minus strand panels © on " off  Allow tiny panels < on © off Gridlines < on  off Edges © on

Shading

“on




GBrowse-like interface

PECAN alignments for Caenorhabditis (WS197)

& Instructions
Select a Region to Browse and a Reference species:

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

= Search
Landmark: Reference Species: «i< 'Sy
|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 x| Three species/panel Click to show all species in one panel
= Overview

Reference genome: C. elegans

;
oM AM  2M  3M  4M  5M &M 7M  8M  OM  40M  44M  4ZM  43M  4d4M 45M d6M  47M
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[GBrowse]

Bio::DB::GFF
species1

Bio::DB::GFF
species2

[GBrowse]

GBrowse_syn Architecture

=

&=p

hit_name wvarchar(100)

aligrments

alignments

hit_id int [PK]
o hit_name varchar(100) [FK]

srcl varchar(100)

refl varchar(100)

startl int

endl int

strandl  enum

seql mediumtext

bin double

src2 varchar(100)

ref2 varchar(100)

start2 int

endz int

strandz enum

seq2 mediumtext

map

map_id int [PK]

srcl varchar(100)
posl int

pos2 int

Legend

[FK]1 Foreign Key
[PK]1 Primary key

Created by SOL::Translator 0.08

G&ﬂo

[GBrowse]

Bio::DB::GFF
species3

=

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 (strand correction)
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All in one view
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Adding markup to the annotations

]

-\-|

in

~

C. elegans transcript F49E7 .1a.

.1°9°k 119 Click for more information...

|

. briggsae



Problem : How to use Insertions/Deletion data

Ce-CHROMOSOME _I{+)/5195-16585 TGGCAAAAATATTTTGCATTTGCCGTTTTTCCCGTTTGCCGAAAAGTCTAATTTCGGTAA
Ch-chrI{-)/4891935-4697143
Cr-Contig8{+)/571998-577344

~CHROMOSOME _I{+)/5195-16585 TTGGG
b-chrI{-)/4891935-4097143
r-Contig8(+)/571998-577344
*k * *E K Kk

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

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

Cr-Contig8{+)/571998-577344  —-TTTCTGAAAACAGGTAGTATTATGGTTCCGAGGGTGTAGGGTTCGAAACCGGGCCTAG
* * ¥
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Tracking Indels with grid lines
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C. briggsae
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Evolution of Gene Structure
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Comparing gene annotations:

C. elegans ZK524 .4 gene
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Needs work
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Problem: Getting the most out of small aligned regions
or orthology-only data



Chaining Alignments

C. briggsae

(reverse)

CBG11867 | CBG25163
cB6| | cBG11881 | CBG| | CB6244 | emmm T T Ty froes w7 e
<~ - | | P <~ <~
chrl chrl chr|| chriun || chrl
| fra | | | e f " | | " } o}
210k 290k, 3510k || 400k | 390k 330k 370k 360k 350k 34Ok | 330K
|z = o] o] I 0 |

C. briggsae (rever

se)

L ee— 0 |

CBG11961  CBG26580  CBG11954
i o | ol gl 1111 0
CBG11960  CBG11955
«~H | gl g | g
CBG11959
r—
CBG11957
<«~ion
CBG11958
| =d
chlr I_r’anclcumI : ;
1320k | 1310k 1300k 1290k
T [ oo ]

C. elegans (reference)

I . . =
I
t t t t + t t t t t |
7500k 7510k 7520k 7530k 7540k 7550k 7560k 7570k 7580k 7590k 7600k
Cr<mr C=r<a9a = O O <a==m [ =g =l == -] ==  ap B = = =
= = — = _ [ [==24
C. briggsae C. briggsae (reverse)
CBG11961  CBG26580  CBG11954
- o o
CBG11960  CBG11955
“ o
CBG11959
(X e
CBG11867 | CBG25163 CBG11957
mom— | H i
CBG| | CBG11881 | CBG| | CBG24d | 1y i “amrn <moo - o= HOEe CBG11958
|| e P PN o “~rm O < < [ =2
chlr’I chrl ! chr| chrl‘Un chrl chlr‘I_r‘andoml ; :
HH Il Il Il Il 1 Il 1 Il
210K 290k 3510k 330k | 3dok 350k 360k 370k 380k 390k | 400k |[4320k 1310k 1300k 1290k
=y ________Hji_HjR & | B T T R -

C. elegans (reference)

1
7600k

S . . B Dy - E———— =
I
I } t t 1 t } } t t
73500k 7510k 7520k 7930k 7540k 7550k 7560k 7970k 7580k 7590k
Cre3r =9 = e = <= e =3 s  ar o = = =
= — = <= = [ =

=

G&ado



Gene Orthology
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Gene Orthology
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Problem: What about synteny blocks that fall off the ends
of the displayed reference sequence?

- Synteny blocks may only have two anchor points

- Synteny blocks may not have a 1:1 length ratio
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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



Problem: What if the aligned DNA sequences are too
distant?
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Problem: terminal insertion/deletions in multiple sequence

alignments
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Solution: use pair-wise alignments?
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Problem: Space!
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Future Improvements for GBrowse syn

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

« Suggestions?
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