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This talk. ..

an is there a SO

What is the SO
SO and GFF?
A bit about mereo!ogg

Some examples using the SO to describe
Drosophila and other examples of things the SO

is useful for...
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Ontologics helP with decision making




AR el B
- INTE RNATIONAL

CHINESE £ MEXICAN (] FILIPINO ¥ BURMESE ™) KOREAN E3 VIETNAMESE (%] ITALIAN ()

Type of cuisine (Presumable) country of origin

Ontologies don’t just organize data; theg also facilitate imcerence,

and that creates new knowleclge, often unconsciouslg in the user.
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What a 5 year old child will |i|<e|3 infer about the world
from this hclp{:ul ontologg:

Fresh Juice is a national cuisine. .. Flag of Freshjuice

AURANTS

DELICATESSEN (B8] FFIESH JUICE B8 FROZEN YOGURT

Where delicatessen food ‘Frozen Yogurt’ cuisine in

hails from from... search of a national iclentity?
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- 5io~me&ica| ‘(ﬂOWICClgC ancl SCC‘UCHCC cJata

have grown to such pro ortions that

ontologies and knowle ge bases have

simpluy become necessities.
P'Y

= We need to get this right, otherwise we

won’t—
» know what we know, or

» where to find it, or
» what to infer from it.
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obo Principles

1. Be Open Source.

2. Use common syntax - GO, OWL.
3. Work together for a consensus.
4. Share name/id space - domain:string.
5. Define your concepts.

6. Involve the community.
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The aims of SO

Develop a shared set of terms and concepts to

annotate biological sequences.

Applg these in our 5e|:>arate Projects to Providc

consistent query capabilities between them.

Provide a software resource to assist in the aPPIication
and distribution of SO.

Meet the OBO criteria.
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This is useful it you want to:

= Annotate sequence using consistent

descriptions.

= Share semantics between model organism
databases and thus enable Practical
querging.

= Describe alterations and mutations at the
sequence level and higher.
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e.g. What is a Pseuclogenc?

= Human

. Sequence similar to known Protein but contains frameshift(s)
and/or stop codons which disrupts the ORF.

= Neisseria

= A gene that is inactive - but may be activated bg translocation

(e.g. bg gene conversion) to a new chromosome site.

= - note suc]*u a gene woulcl be ca”ecl a “cassette” in 3east.




Or, for example, give me all

the dicistronic genes

BLASTX homology to
rosophil otein

GENSCAN prediction
[ e
- cti

CG31188-RA
CG31188-RB
|

CG31188-RC
-

= Define a dicistronic gene in terms of the carclinality of the
transcrip‘c to oPcn-vreaclingJ:ramc rclationship and the sPatial

arr. angcmcn‘c O{: oPcn~rcacling Fl" ames.
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First steps

Use in an existing exchange format

l:reezinga Pertinent (ancJ useful) Part of
the ontologg

Making inferences from some real data.




GENERIC FEATURE FORMAT

= Author: Lincoln Ste)z/.:RSlON 5

= Not the most expressi\/e way cnc rel:)resenting genomic
Features but. ..

= [tis simple
= Can be modified with just a text editor
W,
= Can be Processecl with shell tools like grep.

= Yetit has Fragmentec into multiple incompatible

clialects) mostlg because Pcople wanted to extend it.
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7*"‘5—~having it both ways

m Aclcﬂresses the most common extensions to GFF

= Preserves backward comPatibilitg with Previous

Formats.




G extensions
Adds a mechanism for representing hierarchical grouping of
features and subfeatures.
Distinguishes group membership from feature name/ id

Allows a single Feature, such as an exon, to belong to more

than one group at a time.
Describes an explici‘c convention for Pairwise alignments

Describes an explici’c convention for features that occupy

disjoint regions




G extensions toclag

= Constrains the feature tgpe field to the SO

= Will be committed in Julg




Sequence Ontologtj for Feature
Annotation—SOFA (aka SO alpha)

y lnclucles onlg |ocatable Features
. Designccl for data exchange, c.g. in GFF5

= Will be frozen for 12 months




What are the relationships among,

the 913 (currently) concepts?

: lSA—~9Z7relationshiP5 = PARTOF—I186

relationships
8 @ so

) chromosome_variation
) consequences_of_mutation

El €Y located_sequence_feature / h0|0nym meronym
€ junction
E € gene /

E € region ' .
E €Y binding_site id non_transcribed_region

€ protein_binding_site id regulatory_region
€ chromosome =RP transcript
50 Consem?d"eg'on _ id edited_transcript_feature
) coding_conserved_region
) noncoding_conserved_region I3 EST
) syntenic_region Id exon

© CpG_island id modified RNA_base feature
€ flanking_region -

E € gene




How can we use these

relationships?

= [SA » PART_OF

Children inherit the 2 Parts do not inherit
Propertxes of their the Properties of the

Parents. whole.

Subsumption/

f = Classical extensional
infrerence

mereolo
Reason over the &

relationships

Description Iogics



Other kinds of ‘Part5’~—~Piece?

Parts are not the same as Pieces. Consider a

Doclg being dissected into constituent Parts or

hacked to Pieces. There are an infinite number

of Pieces.

= A Part has:

0 Autonom9
n Non~arbitrar9 boundaries

= Determinate function with respect to the whole
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Other kinds of ‘Parts’

= Collections (lion/ Pricle)

= Not homomCrOUS bUt SCParablC.
= Mass (slice/cake)

- homomCrOUS aﬂCl SCPBra]DIC
= Place/area (Englancl/ E‘urope)

= not separable, but homomerous.

(homomerous = 58ame l<!ﬂCl as WhOlC)

4

W0




A cohesive organizational Principle

1S requirecl tnrougnout the ulsgeislelyly

o Segmental Parts o Sgstemic Parts

e i o (9008 s ones

n SPatiang cohesive n SPatiallg interpenetrating

= Encountered sec]uentia”g. = Greater functional unit9

& a D.A.Cruse, 1986
)0




There is not one all inclusive

meronomy to describe the universe.

= A WC” Formecl meronomg ShOUlCl consist O{: elements
of the same tgpe:
» Cohesive Phgsical objec‘cs
. Geographic areas

= Abstract nouns

= Atthe toP of the hierarchg there is a whole

= /. we do not say heart Part of cardiovascular sgstem
Part of boclg Part of Popula’clon Part of biomass

& a D.A.Cruse, 1986
0




Classical Extensional Mereologg

y The Formal Properties omc Parts:

. isa proper Part of then isnota Part of

(nothing s a proper part of itselp)
2. 1 isa Par’c of and isa Part of then isa
Par‘t of
— BCCBUSC OF thCSC rules, we Can BPPI\lj sSOme

functions to Parts. .
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Functions that operate on Parts

= Overlap

0 Disjoint

" Binary Prociuct
" Binary sum

= Ditference




Individuals overlap i theg have a

Part iNn common.

Exon: Exon: Exon:
CG14475:1 CG14475:2 CG14478:3

"\ PARTOF / PARTOF " PARTOF /" PARTOF

N 4 A >
Transcript: Transcript:
CG14478-RA CG14478-RE

Y PARTOF / PARTOF

3\
Gene:

BEST:LD13441 overlap




Individuals are &isjoint i+ theg share

NO Parts iNn common.

disjoint




When two individuals overlaP it is the

Parts that theg share in common.

Binary product




The individuals Wnoug containing at least one of x

ancl y

Exon: Exon: Exon:
CG14475:1 CG14475:2 CG14478:3

“\_ PARTOF / PARTOF "\ PARTOF /" PeRTOF

N y A »
Transcript: Transcript:
CG14478-RA CG14478-RE

Y PARTOF / PARTOF

Binary sum




The parts contained in x which are not parts cncg)

where x is not itself a Part of Y.

Exon: Exon: Exon:
CG14475:1 CG14478:2 CG14478:3

“\_ PARTOF / PARTOF " PARTOF /" PARTOF

Sa 4 \ »

Transcript: Transcript:
CG14478-RA CG14478-RE
‘-II.I 'r

Y PARTOF / PARTOF
b

Gene:
BEST:LD13441

difference




Given these functions. ..

(ancl some sequence marked up with the SO)




We can ask these questions. »

= What are the genes with ‘clisjoint’ transcril:)ts’?
= How o&en are exons unique to a transcril:)t’?

= Which exons are in all the transcril:)ts for the

gene’?




D.mel Chromosome 4

82 genes
179 transcripts
750 exons

36 multi transcript genes
46 single transcript genes




Marked up sequence using these Parts of SO....

Ogene)

I8 non_transcribed _region

+

I8 regulatony_region

[ dransorip

1Y edited transcript_feature
id EST

EI-

+ €% coding_exon

) five _prime_exon

€Y interior_exon

Y noncoding_exon

) single_exon

Y three_prime_exon




which genes on chromosome 4 have ‘clisjoint’

transcri Pts’?

B onlg one gene
out of 82

annotation




How o&en are exons unique to a transcril:)t’?
How cncten cloes an exon appear N a” omc the

transcri Pts’?

Exon Part of singlc transcript

Exon in all transcril:)ts

Exon in one transcript

Exonin>1but < all




More Questions. ..

= For exons that occur in all the transcril:)ts, How

O‘Ft@ﬂ arc th@g COCliﬂg exons’?

" Forexons that oCcur In on|9 one ch the

transcripts, how often are theg noncocliﬂg’?

= Do unique exons contain thc stoP coclon more
often than exons in all the transcril:)’cs’?

4
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All exons

Single exon

Between 1 and all

coc:ling

22]

60

17

Not coding

2

88

19

Both coding and

non cocling

20

N/A

8

Contains start

Contains end




Even more questions. ..

ANS'S single exons evo]ving faster than shared exons?

= Ka/Ks coding exons — compare with Pseudoobscura.

= Canwe validate alternate transcripts’?

annotation
CG1d495-FH

CG1495-RO

CG1495-R0G

CG1495-RE

CG1495-RA

i

CG1495-RC

%

CG1d35-F6

i

transposable elenment
TEZ0d4Z22-RA
[

=1

| | | | | | | |
1K 2H W . Al o, 7K ai g




Beaucoup Possibilities

= Evidence networks
o Transcription factor & other bindiﬂg sites

= Intersection gral:)hs

) Precompute cgtologg

" insertions + gene features

» Correlate with Yeast 2 hgbrid / P-P
interactions
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Summarg

Achieve a balance between ease of use and
richness of exl:)ression

GFF?% and SO(fa) freeze (Michael TBD?777)

PART OF relationshil:)s Provicle new oPerations
on the data

Alreaclg gaining the benefits of the PART OF
relationships that enable inferences from
genomic annotations

4
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| ow-down

o Taking longer than we thouglﬁt to stabilize
o Using “slim” for SOFAing

= |ssues with Protein motits and sequence

variabions

i Phenotgpe needs are urgent

n lmagc—: annotation haunts me

4
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