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> library(GOSemSim)
> library(org.Hs.eg.db)
> library(GO.db)

1 Introduction

Functional similarity of gene products can be estimated by controlled biological
vocabularies, such as Gene Ontology (GO). GO comprises of three orthogonal
ontologies, i.e. molecular function (MF), biological process (BP), and cellular
component (CC).

Four methods have been presented to determine the semantic similarity of
two GO terms based on the annotation statistics of their common ancestor
terms (Resnik[Philipl [1999], Jiang[Jiang and Conrathl [1997], Lin[Lin|, |1998] and
Schlicker[Schlicker et all 2006]). Wang [Wang et al., 2007] proposed a new
method to measure the similarity based on the graph structure of GO. Each
of these methods has its own advantages and weaknesses. The GOSemSim
package [Yu et all 2010] is developed to compute semantic similarity among
GO terms, sets of GO terms, gene products, and gene clusters, providing both
five methods mentioned above.

2 Semantic Similarity Measurement Based on

GO

The GOSemSim package contains functions to estimate semantic similarity
of GO terms based on Resnik’s, Lin’s, Jiang and Conrath’s, Rel’s and Wang’s
method. Details about Resnik’s, Lin’s, and Jiang and Conrath’s methods can be
seen in [Lord et al| [2003], details about Rel’s method can be seen in [Schlicker
et al., [2006], and details about Wang’s method can be seen in [Wang et al.|
2007].

Formally, a GO term A can be represented as DAG 4 = (A,Ta, E4) where



T4 is the set of GO terms in DAG 4, including term A and all of its ancestor
terms in the GO graph, and F 4 is the set of edges connecting the GO terms in
DAG 4.

To encode the semantics of a GO term in a measurable format to enable
a quantitative comparison between two term’s semantics, we firstly define the
semantic value of term A as the aggregate contribution of all terms in DAG 4
to the semantics of term A, terms closer to term A in DAG 4 contribute more
to its semantics. Thus, define the contribution of a GO term ¢ to the semantics
of GO term A as the S-value of GO term ¢ related to term A. For any of term
tin DAGA = (A, T4, E4), its S-value related to term A. S4(¢) is defined as:

Sa(A) =1
{ Sa(t) = max{we x Sa(¥)|t € childrenof(t)} if t # A

where w, is the semantic contribution factor for edge e € E 4 linking term ¢
with its child term ¢’. We defined term A contributes to its own as one. After

obtaining the S-values for all terms in DAG 4, the semantic value of GO term
A, SV(A), is calculated as:

SV(A) =Y Sa(t)
teTa

Given two GO terms A and B, the semantic similarity between these two
terms, GO 4 g, is defined as:

Sa(t) + Sp(t)
ScoA.B)= 30 Al

teTaNTp

where S4(?) is the S-value of GO term ¢ related to term A and Sg(t) is the
S-value of GO term ¢ related to term B.

The method descriped above is proposed by Wang|Wang et al., [2007]. The
Wang’s method determines the semantic similarity of two GO terms based on
both the locations of these terms in the GO graph and their relations with their
ancestor terms.

The other four methods proposed by Resnik[Philip, [1999], Jiang|Jiang and
Conrath}, 1997], Lin[Lin, [1998] and Schlicker[Schlicker et al., |2006] are informa-
tion content (IC) based, which depend on the frequencies of two GO terms
involved and that of their closest common ancestor term in a specific cor-
pus of GO annotations. Information content is defined as frequency of each
term occurs in the corpus. At present, GOSemSim supports analysis on
many species. We used Bioconductor package org.At.tair.db, org.Ag.eg.db,
org.Bt.eg.db, org.Cf.eg.db, org.Gg.eg.db, org.Pt.eg.db, org.Sco.eg.db, org. EcK12.eg.db,
org.EcSakai.eg.db, org.Dm.eg.db, org.Hs.eg.db, org.Pf.plasmo.db, org.Mm.eg.db,
org.Ss.eg.db, org.Rn.eg.db, org.Mmu.eg.db, org.Ce.eg.db, org.Xl.eg.db, org.Sc.sgd.db
and org.Dr.eg.db to calculate the information content of Arabidopsis, Anophe-
les, Bovine, Canine, Chicken, Chimp, Coelicolor, E coli strain K12 and strain
Sakai, Fly, Human, Malaria, Mouse, Pig, Rat, Rhesus, Worm, Xenopus, Yeast



and Zebrafish respectively. The information content will update regularly.

As GO allow multiple parents for each concept, two terms can share parents
by multiple paths. We take the mininmum p(t), where there is more than on
shared parents. The p,,s is defined as:

s (11,12) = mi t
P ( ) te?@?mm 1)

Where S(t1,t2) is the set of parent terms shared by t1 and t2. The
similarity of Resnik’s method is defined as:

sim(t1,t2) = —In p,,s(t1,t2)
The similarity of Lin’s is defined as:

2 x In(pms(t1,12))
~ Inp(t1) +Inp(c2)

The similarity of Schlicker’s method combine Resnik’s and Lin’s method is de-
fined as:

sim(t1,t2)

. 2 x Inpps(t1,t2)
11,12) = 1 — poa(tl, £2
sim(t1,12) Inp(tl) + Inp(p2) X (1= pms )

The Jiang and Conrath’s method define a semantic similarity as:

sim(t1,12) = 1 — min(1, d(t1,£2))
where
d(t1,12) = Inp(tl) + lnp(p2) — 2 X In py,s(t1,£2)

In GOSemSim, on the basis of semantic similarity between GO terms, we can
also compute semantic similarity among sets of GO terms, gene products, and
gene clusters. We implemented four methods which called maz, average,
remaz, and remaz.avg to combine semantic similarity scores of multiple GO
terms. The similarities among gene products and gene clusters which anno-
tated by multiple GO terms were also calculated by the same combine methods
mentioned above.

Given two GO terms sets GO = {go11, go12 - - - g01m } and GOo = {go21, goos
method maz calculate the maximum semantic similarity score over all pairs of
GO terms between these two sets, method average calcuate the average semantic
similarity score over all pairs of GO terms.

Similarities between GO terms form a matrix, and method rcmaz use the
maximum of RowScore and ColumnScore as the similarity, where RowScore (or
ColumnScore) is the average of maximum similarities on each row (or column).

And method rcmazx.avg calculate the average of all maximum similarities on
each row and column, and defined as:

Sim(GO1,G0O2) =
> max(Sim((gow), (GO)) + Y max(Sim((go;), (GO1)))

1<i<m 1<j<n
m-+n

e gOQn}a



3 Functions

A Params stores a set of parameters for measuring semantic similarity. Params
containing parameters are ontology, organism, method, combine, and drop-
Codes. Parameter ontology specify which ontology were used in measurement,
organism specifiy which GO Map were loaded for mapping Gene IDs to GO
terms, dropCodes restrict evident codes when mapping Gene IDs to GO Terms,
method specify which method to be used to measure the similarity and com-
bine sepcify which combine method was used to combining semantic similarity
scores.

> params <- new('"Params", ontology = "MF", organism = "human",
+ method = "Wang")

A GOSet stores two set of GO IDs.

v

gol <- c("G0O:0004022", "GO:0004024", "GO:0004023")
go2 <- ¢("GO:0009055", "GO:0020037")
> gos <- new("GOSet", GOSetl = gol, GOSet2 = go2)

v

A GeneSet containing two set of Gene IDs.

v

gsl <_ C("835", ”5261 ", ”241”’ ”994”, "514", "533")
gs2 <_ c("578"’ ”582”’ ”400”, "409"’ "411")
gs <- new("GeneSet", GeneSetl = gsl1, GeneSet2 = gs2)

VvV Vv

A GeneClusterSet containing a list of gene clusters.

> x <- org.Hs.egGO

> hsEG <- mappedkeys (x)

> clusters <- list(a = sample(hsEG, 20), b = sample (hskEG,

+ 20), ¢ = sample(hsEG, 20))

> geneClusters <- new("GeneClusterSet", GeneClusters = clusters)

Function sim was designed to measuring semantic similarity among GOSet,
GeneSet and GeneClusterSet.

> sim(gos, params)

G0:0009055 GO:0020037

G0:0004022 0.318 0.151
G0:0004024 0.290 0.136
G0:0004023 0.290 0.136

> setCombineMethod (params) <- "rcmax.avg"
> sim(gos, params)

[1] 0.273

> sim(gs, params)



[1] "loading GOMap..."

[1] "Done..."

578 582 400 409 411
835 0.736 1.000 0.602 0.731 0.559
5261 0.591 0.842 0.600 0.600 0.354
241 0.744 1.000 0.664 0.702 0.360
994 0.627 1.000 0.514 0.600 0.663
514 0.292 0.390 0.418 0.282 0.550
533 0.382 0.481 0.370 0.369 0.357

> sim(geneClusters, params)

a b c
a 1.000 0.827 0.766
b 0.827 1.000 0.783
c 0.766 0.783 1.000

The old function calls which maybe more user friendly were also supported.
They are wrapper functions of function sim mentioning above.

> goSim("GO:0004022", "GO:0005515", ont = "MF",

+ measure = "Wang")

[1] 0.252

> gol = c("G0:0004022", "GO:0004024", "GO:0004174")
> go2 = c¢("G0:0009055", "GO:0005515")

> mgoSim(gol, go2, ont = "MF", measure = "Wang",

+ combine = "rcmax.avg")

(1] 0.299

> geneSim("241", "251", ont = "MF", organism = "human",
+ measure = "Wang", combine = "rcmax.avg")

$geneSim
[1] 0.368

$G01
[1] "GO:0005515" "GO:0004051" "GO:0008047" "G0O:0019899"
[5] "GO:0042803" "GO:0046982" "GO:0047485" "G0O:0050544"

$G02
[1] "GO:0004035" "GO:0046872" "GO:0016787"

> mgeneSim(genes = c("835", "5261", "241", "994"),
+ ont = "MF", organism = "human", measure = "Wang")



835 5261 241
835 1.000 0.584 0.666
5261 0.584 1.000 0.562
241 0.666 0.562 1.000
994 0.727 0.474 0.558

994
0.727
0.474
0.558
1.000

> clusterSim(gsl, gs2, ont "human",

+ measure = "Wang",

"MF", organism
combine = "rcmax.avg")

[1] 0.738

> mclusterSim(clusters, ont "MF", organism "human",

+ measure = "Wang", combine = "rcmax.avg")
a b C

a 1.000 0.827 0.766

b 0.827 1.000 0.783

c 0.766 0.783 1.000

Session Information
The version number of R and packages loaded for generating the vignette were:

R version 2.13.0 (2011-04-13)
Platform: x86_64-unknown-linux-gnu (64-bit)

locale:
[1] LC_CTYPE=en_US.UTF-8 LC_NUMERIC=C
[3] LC_TIME=en_US.UTF-8 LC_COLLATE=C
[5] LC_MONETARY=C LC_MESSAGES=en_US.UTF-8
[7] LC_PAPER=en_US.UTF-8 LC_NAME=C
[9] LC_ADDRESS=C LC_TELEPHONE=C
[11] LC_MEASUREMENT=en_US.UTF-8 LC_IDENTIFICATION=C

attached base packages:

[1] stats
[6] methods

graphics
base

other attached packages:
[1] GO.db_2.5.0

[3] AnnotationDbi_1.14.1 Biobase_2.12.2
[5] GOSemSim_1.10.2
(7] DBI_0.2-5

grDevices utils

datasets

org.Hs.eg.db_2.5.0

RSQLite_0.9-4

loaded via a namespace (and not attached):

(1]

org.Ag.eg.db_2.5.0

org.At.tair.db_2.5.0



[3] org.Bt.eg.db_2.5.0 org.Ce.eg.db_2.5.0
[5] org.Cf.eg.db_2.5.0 org.Dm.eg.db_2.5.0
[7] org.Dr.eg.db_2.5.0 org.EcK12.eg.db_2.5.0
[9] org.EcSakai.eg.db_2.5.0 org.Gg.eg.db_2.5.0
[11] org.Mm.eg.db_2.5.0 org.Mmu.eg.db_2.5.0
[13] org.Pf.plasmo.db_2.5.0 org.Pt.eg.db_2.5.0
5.0

[156] org.Rn.eg.db_2. org.Sc.sgd.db_2.5.0

[17] org.Sco.eg.db_2.4.1 org.Ss.eg.db_2.5.0
[19] org.Xl.eg.db_2.5.0 tools_2.13.0
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