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Gene function annotation in GO




Gene function annotation in GO

A Manualcurationbased on experimental results
I Accurate and reliable
I Traceable evidence to support
I Laborintensive
I Hard to scale up

A Computational prediction, either reviewed or
automated
I Fast and scalable
I Correct but often norspecific
I Difficult to trace evidence



Phylogenetie; based annotation

A Functions are annotated on a phylogenetic
tree
I PANTHER gene famili@anw.pantherdb.org

A 7180families
A 85genomes; from UniProtReference Proteomes

A 760k genes
T Model of the evolution of function
A Experimentallysupported (manualizO
annotations are used avidence
I ~385k annotations

I Literature references used in manual
annotations can be traced

A Annotation toolc P INT:
Phylogenetic' nnotation and/NferenceTool

Mi Het. al. 2013 Nucleic Acid Re41:D377
Thomas PD(2010 BMC Bioinformatige1:312
GaudetPet. al. (2011 BriefBioinform 12:449


http://www.pantherdb.org

MOUSE_Ces2c
MOUSE_CesZe
MOUSE_Ces2h

Evolutionary event type:

(1 duplication MOUSE_Ces20-ps Green indicates \
(O speciation AT Ceso experimental data.

RAT_LOCT00365112

Black dot indicates direct
experimental data.

Ul dot indicates a more
general functional class

RAT_Ces2

RAT_CesZc
MOUSE_Ces2y
RAT_Cesly
MOUSE_Ces2a
RAT_Ces2j

RAT_Cesth

RAT Coet inferred from ontology
MOUSE_Ces2h
RAT_Ces2h
L BN GEST I
All nodes have persistent ) /’ )
identifiers which are retained oo wons6 rrare: G0:0052689 Cafb0>_<y_|IC ester 1
across different builds of the [Frcafl—- hydrolase activity

0073608 /I

protein family trees.

EurtszgafPTNO0135glc } Red indicates NOT
eCIoIN_H2xcBs function for the gene
STRPU_STRPL_H3INMO
CAEEL_nlg-1
CAEBR_nlg-1

- PRIEA gﬂaDDHSBDS

NI SR — — - GoEEEEE

~ ANDGA_AgaP_AGAPDDZ0S0 -
DRQME_CG34127 EhbEEE &
AMOGA_AGAPO11916
ANCGA_AgaP «LCAPOI035E65
DAPPL B PPUDRAFT_GO0QY ——=——=—
DAPPU_DAPPUDRAFT 31Mr4
DAPPU_DAPPUDRAFT_311742 =

AN

DAPPLU_DAPPUDRAFT_10046 ~ —
DROME_Hig < EEREEEEE
AMNOGA_AgaP_AGAPOD3115 ‘\
e ——— DAPPU_DAPPUDRAFT_308699 ~—— """~
LUCA_PTNDDDISSSM\\.- DAPPU_DAFPUDRAFT_B2803 I -~
__________________________________________ S EECEREEE B
MNOGA_AgaP_A
[0} | AFT _B2811 — T
BaEE
G0:0004104 cholinesterase
activity




MOUSE_CesZc
MOUSE _Ces?e

MOUSE_CesZh
MOUSE_Ces2d-ps
RAT_LOCETI 49
RAT_CesZe
— RAT_LOGC100365112

RAT_Ces2
RAT_Cesic
_{ MOUSE_Cesiy

i RAT_Ces2n
MOUSE_Ces2a
i E RAT_Ces? /
RAT_Cesth I
/.
y 4

p
Node with loss of
function

= HORSE_CES?
CAMNFA_CES2
MONDO_CES2.2

A PAINTedodesc All nodes
with a PAINT annotation,
including NOT.

A 3 nodes painted
A 1 with a NOT

A Genes with IBA all genes
under thePAINTedhodes that
do not have an experimental
annotation.

A Genes under the NOT node ¢
not have IBA annotations.

0a_PTNO01 3566806
root_PTMNO003008ET
CIOIN_CIOIN_HZX QB4
STRPU_STRPU_HZINMO

CAEEL_nlg-1 4
CAEER_nlg-1

OGA_AgaP_AGAPDOZ080
DROME_CG34127
AMNOGA_AGAPD11816
AMNOGA_AgaP_AGAPON3E6S
DAPPU_DAPPUDRAFT 0001 — ="
DAPPU_DARPPUDRAFT_311743
DAPPU_DAPPUDRAFT_311742
L DAPPU_DAPPUDRAFT_10046

DROME_Nig4
ANOGA_AgaP_AGAPOO3114
DAPPU_DAPPUDRAFT_308689 -~

DAPFL_DAPPLUDRAFT_62803
DROME_NIg1
ANOGA_AgaP_AGAPIOIETO

N
71\
/1 N\

/1 N\ N\

Node with gain of
function- GO:0004104
cholinesterase activity




Phylogenetidbasedcuration benefits

A Increase annotation coverage
I Annotate one gene family attane

A Accurate and precisereviewed bycurators,
with traceableevidence

A Identify inconsistencies in annotations

A Get global picture of gene function from
observations from individual papers

I Select most biologically informative annotations



Current progress

A ~1000families curated
I 172 genes fron85 organisms
I ~4300(21.8%) of all human genes

A 730k new annotations fol56k genes
I ~17k new annotations foB925human genes



New GO annotations from PAINT annotatio

PAINTannotations

Manual annotations

genes annotations genes annotations

20136
19055
7934
6425

T

Human 3925 16868 2665
Mouse 4497 20329 2292
Fly 2046 8670 1303
Yeast 890 2595 1074
MOD 33649 @ 14176

Non-MOD 122457

@ 1224

NOTE: make before and after, stacked bar graph



Only a fraction of annotations are select

Ontology Average manually Average #0O terms
curatedGO terms per | selected per family
family

Biological process 32.6 4.1
Cellularcomponent 10.3 2.1
Molecular function 7.2 2.5

* Average number of genes per famih00

Most manuallycurated GO terms are not used in the phylogeneéased
annotations



Only a fraction of annotations are select

A Biological processes that airdirectly controlled
by the gene product

I §ystem level processes, e.g., reproduction,
locomotion, development

I Processes controlled by proteins involved in
transcription

I Phenotypes

A Cellular component annotations from high
throughput experiments



Contribution of GO annotations from MQOD:

# of references Percent
used in manual ) ]
annotations MOD annotations contributes to almost

MODs 24,056 95.2% all PAINT annotations to human genes
Non-MODs 1,206 4.8%



Contribution of GO annotations from MOD:

-
6000 references | used by IBA

<000 MOUSE 35955 5222 14.52%
HUMAN 35422 5952 16.80%

4000 |+ RAT 24023 2994 12.46%
a000 || DROME 12666 1771 13.98%
CAEEL 10103 846 8.37%

2000 |- YEAST 9708 2909 29.96%
1000 | ARATH 9416 1668 17.71%
. SCHPO 5316 1043 19.62%

N . DANRE 4551 583 12.81%

@\’%%Y\o@@ & N & (_)ngo Q@@ ey CANAL 2634 373 14.16%
ECOLI 2074 751 36.21%

A Manualcurationin MODs contributes significantly to the phylogendi@sed

annotations.
A A fraction of literature references used in M@Drationare used as evidences in PAINT

annotations.
A In single cell organisms, there is no multicellular processes, a larger fraction of evide

are used in PAINduration



Comparison of phylogenetic annotation
VvS. computational predictions

PAINT annotation | Computational overlap
prediction

HUMAN 16868 50445 5770 (34%, 11.4%)
MODs 154619 240141 33511 (21.7%, 14%

A Computational predictions areften
based on sequence similarity, and thus
often

- annotatesequences that are not in
PAINT the same orthologougroup;
- annotate GO terms that are less
informative.

A PAINT annotations often provides more

specific GO terms.




New functions evolved at different
times during evolution
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Annotations based purely on sequence similarities may not be accurate.



Annotations added by phylogenetic
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What have we learned so far

A PAINTcurationmakes significant contribution
to gene functional annotation.

A Experimentalsupported (manual) GO
annotations are important in PAINTration
by providing biological evidence.

A PAINTcurationcan also provide QA to the
manual annotations.



Conclusions

A Increases coverage, even of modejanism
gene

A It takes an extra level of interpretation of
observation, and selects the ones that are
most Informative about the function

A It is focused on the biological function that the
gene product performs
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