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Ancestral gene

- - --------- Gene duplication

Speciation ---
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— COGs (Clusters of Orthologous Groups of
proteins)

— Each COG consists of individual proteins or groups
of paralogs from at least 3 lineages and thus
corresponds to an ancient conserved domain.



I ZH A6 ZE fir

o fBi: B4 AL E AL S DI REAH O
o T TN IV A i S R TR 1) e




LR EEE

o W SR E I

}

o TINARIEE M) B 45 4, PB4
L T = Ty e

Al




« ME

RX] 265 SR Tl 2

: DJEEAH IR K B H AT s 145 A

Vd

JiURH B

AR E 5T



£ D N e ZHATGrouiy o

Function

e The word function within a biological context

is an evolving concept and is used in many
ways.

 Function can be described at many levels,

ranging from biochemical function to

biological processes, all the way up to the
organism level.

e |f only say a protein has some function, that

has few meaning to biologist.



Classification of Function

e EC
— Enzyme Commission scheme

e FunCat
— MIPS Functional Catalogue

e GO
— Gene Ontology



EC

e Enzyme Commission number
— Based on the chemical reactions they catalyze.

— Every EC number is associated with a recommended name
for the respective enzyme.

— Strictly speaking, EC numbers do not specify enzymes, but
enzyme-catalyzed reactions.

— If different enzymes (for instance from different organisms)

catalyze the same reaction, then they receive the same EC
number.
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&MIPS ctional alogue
=@01 METABOLISM
=®02 ENERGY
= @04 STORAGE PROTEIN
@ 10 CELL CYCLE AND DNA PROCESSING
E‘@ 11 TRANSCRIPTION
=@ 11.02 RNA synthesis
~@11.02.01 rRNA synthesis
~@11.02.02 tRNA synthesis
= ¢ 11.02.03 mRNA synthesis
'@1 1.02.03.01 general transcription activities
= & 11.02.03.04 transcriptional control
@1 1.02.03.04.01 transcription activation
@1 1.02.03.04.03 transcription repression
@1 1.02.03.04.05 enhancer/silencer interaction
-@®11.02.03.04.07 posttranscriptional control
={@11.04 RNA processing
=@11.06 RNA modification
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Gene Ontology (GO)

e Unify the representation of gene and gene
product attributes across all species

— Maintain and further develop its controlled
vocabulary of gene and gene product attributes

— Annotate genes and gene products, and assimilate
and disseminate annotation data

— Provide tools to facilitate access to all aspects of
the data provided by the Gene Ontology project
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GO Domains

e Three separate GO domains
— Molecular functions

— Biological processes

— Cellular components

 Each gene or gene product may
— have more than one molecular function
— take part in more than one biological process

— act in more than one cellular component



SOE I, . ZHARGroup o
Structure of GO

e Show the relation between different terms

— One term may be a more specific description of
another more general term

e Directed Acyclic Graph (DAG)

— Similar to hierarchy
— Allow a child node to have more than one parent
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Example of GO Graph

[ cellular_component | [ biological_process | [ molecular_function |
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during pigmentation development : biological process process :
L [
: i *.. E
@' "u cmmsmm===m : "'-l"‘-_‘ ---- wmame T

-

pigment metabolic process
during developmental
pigmentation

regulation of pigmentation

during development

eye plgmeFﬂ precursor
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- mmam=
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negative regulation of positive re:gulatlnn of
pigmentation during pigmentation during
development development

_o—a. o

negative regulation of cuticle negative regulation of eye positive regulation of cuticle positive regulation of eye
pigmentation pigmentation pigmentation pigmentation
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Relations in GO

 Three relations
— is_a (is a subtype of)
— part of

— Regulates, negatively regulates, positively
regulates
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Sequence, Structure, Function

Essential Data Flow of Protein Science

Protein
Drata: ]
Sequence Structure Function
l F.. l A "
Methods: ™ g o nce Similarity Structure Similarity
(i1 BLAST iy DALI
(ii} Fold Re cognition iiip CE
iiii} Homology Modeling iy VAST

Resul is:
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FEraBLafa R E X

e Pocket

— A pocket is an empty concavity on a protein surface into
which solvent can gain access, i.e. these concavities have
mouth openings connecting their interior with the outside
bulk solution.

e Void

— Avoid is an interior unoccupied space that is not
accessible to the solvent probe. It has no mouth openings
to the outside bulk solution.
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SR EA

e Computational Geometry

k

— Voronoi Diagram
— Delaunay Triangulation
— Alpha Shape




(e)
slcdk A
GNAAARKKGSEQESVKEFLAKAKEDFL KKWENPAQNTAHLDQFER IKTLG TGS FGRVMLVKHKETGNHEAMEI LD
EQOEVVELE O IEHTLNEKRILOAVNF PFLYVELEY SFEDN SHLYMVHME Y VPGGEMFSHLRR IGRFSEPHARFYARADT
VLTFEYLHSLDLIYROLKPENLLIDQQGY IQVIDFGFAKRVKGRTWTLOGTPEYLAPEI ILSKGYNKAVDWWALG
VLIYEMAAGYPPFFADQPIQIYEKIVSGKVRF PSHFSSDLEDLLRNLLOVDLTER FGNLKDGVND T KNHEWFATT
DWIAIYQORKVEAPFIPKFKGPGDTSNFDDYEEEEIRVS INEKCGKEFSEF

*>285rc

MV TTFVALY DY ESETETDLSFEEGERL) IVNNTEGDWWLAHSLETGOTGY I PSNYVAPSDSTQAEEWYFGEKITRR
ESERLLLNAENPRGTFLVRESETTKGAY CLSVSDFDNAKGLNVIHYKIRKLDSGGFYITSRTOFNSLOQLVAYYS
EHADGLCHRLTTVC P TSER ) TOGLAKDAWE I PRESLELEVELGOGO FGEVAMETWNGTTRVAIKTLEPGTMSPEA
FLOEAVMEELRHEK LYV LY AT EEEP IY ITVITEYMSE K CELLOFLEGETGEY LRLPOLVDMARO TASCMAY VERMN
Y WHRDLRARN I LV GENLVCKVADFGLARLIEDNEY TARQGARKFPIEWTAPERALYGRFTIKSDVHWESFGILLTELT
THEGRVEY PGMVHNREEVLDODVERGYREMPCPEECPESLHDLMCOCWREEPEERP TFEY LOAFLEDY FTETERQXQOPGE
L

(d)

ledk 104 LGTGEFGRVAKLEVLOHTELVMMEYWV- - - EDEENLTDF
2src_ 51 LGOGCFGEVA-IKLMFAMVLVITEYMGSLDDEANLADF



e ZRANGroNP O

Pocket Similarity Network

Liu et al. PPL, 2008
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Community Structure Property

{3) RMSD P-value- 0.2 (b} RMSD P-value: 0.8 () RM3D P-value: 0.7
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Small World Property

Threzshold|MNode | Edge L Loondom!| © |Crandom
0.9 21900 2548 [15.8358 9.107 0.01E .00l
0.8 1356 | 1611 |16.920 5.398 0,02 .00z
0.7 GO S TEZ [16.929 T.400 0.019 0,004
0.6 303 | 382 |11.916 G.178 0019 0,008
0.5 145 176 | 7¥.897 5.8521 0,021 0016
0.4 100 121 | 6.890 5.211 0,020 0.024
0.3 o7 111 | 3.482 2.974 0187 0.0G6E
0.2 40 102 | 2.196 2.729 n.211 0085
0.1 42 O 3.384 2.530 0,248 0.104

[1;' Lemaii_worid Slightl}? exceeds L-randﬂm; [2) Clemati_worid far exceeds Crandom
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Table 3. The top 10 most highly connected hubs in the pocket similarity network.

ar

Pocket Protein Hesidue Length[Volume]Degrees
1ded_43_A metallocarboxy peptidase inhibitor T 42.74 21
1a07_Ta_B xanthine-guanine phospho- ribosyl transferase ag 1443.01 18
lexn_AH8_B S'-exomuclease (semet labelled protein) a8 1547.7 17
2jdx_82_A |glycine amidinotransferase, deletionmutant atdeltam3o? a3 TOE.00 17
1byi_19. 0 dethiobiotin synthase 15 38077 15
Zebo 254 ebola virus envelope glycoprotein 14 210.61 is
1im0_37_A outer membrane phsopholipase GO ZO6GT.34 15
1k&u_12_4 calcinm-free {or apo) human =100a8 1o TET.1 is
ladi_ba_B methylenetetrahydrofolate dehydrogense 14 308.84 14

laym_123_4 human rhinovirus 18 coat protein 25 570.058 14
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Functional Association

Threshold LOx10~Y  1.0x107¢ 1.0x1077% 1.0x10~% 1.0x10°
Pocket pairs 1002 602 h21 481 465
GO annotated pairs 778 501 437 405 2097
Similar pairs 508 464 430 403 306
Percentage 65.29% 92.61% 08.40% 99.50% 99.75%
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—&— E-value
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Functions are correlated in Protein with predicted
corresponding pockets functions with significance

New protein




Scoring Scheme
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Precision

091
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Precision P = TP/(TP+FP)
Recall R = TP/(TP+FN)
F-measure = 2xPxR/(P+R)
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GO Specificity

e GO term probability

freq(c) = annol(c) + Z ff.' eqlh)

hechildren(c
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e GO depth /
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Pracision
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Influence of Sequence Similarity

e Remove the redundancy
— Sequence similarity
— Multiple experiments

 PDBselect database is a subset of PDB that
does not contain highly homologous
sequences

 PDFselect 25

— No two proteins have more than 25% sequence
similarity



Influence of Global Structure
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Protein: Zfdn Protein: 1gla

(a)

> 2 fdn : GOobEESHG6: GOSN ES; GO 6118
AYVINEACISCGACEPECPVHAISSCDDRYVIDADTCIDCGACAGVCEVDAPV QR

>legla B GOvlESh6: GO SS; GO S0164%1 o0 Ok S006 11 8; GO SUER05: GO 6020
MGEMLT IEVEFEYDPOSAVSKPHFQEYKEIEEAP SMT IF IVLNMIEETYDPODLNFDEVCRAG
ICGSCCMMINGRP SLACRTLTEDFEDGY ITLLPLPAFELIKDLEVDTGHHFHGMSORVES
WIRAQKEADISELEERIEPEVAQEVFELDRCIECGCCIAACGCTE IMPEDEV GRAGLHENWV
FFMIDPHODERTDEDYYEL IGDDDGEVEGCHMTLLA CHIW CPENLE LOSKEIA YLEREMVSVH

EMRBOSS: Identity = 1W2I3NT, 0% ), Similarity = 2823117 %)
CE: RMSD = 494, Z-Score = 1.2

(c)

Pocket: 2fdn_4_0 Pocket: 1gla 303 E

(b)

2fdn_4_0: ICISCGACYVCEVAP
lqla_303_E: FCIECGCCANCPELL

pvSOAR: cRMSD = 0.414A, p-value = 4.054e-08



Table 14: The detailed description to the GO terms which are annotated to protein 2fdn and lgla_E. The
italic GO terms are the common GO annotations between the two proteins.

GO term Ontology | Probability | Depth description
GO:0005506 F 0.064 6 iron ion binding
GO:0009055 F 0.071 4 electron carrier activity
GO:0006118 P 0.139 4 electron transport
GO:0016491 F 0.179 3 oxidoreductase activity
GO:0006099 P 0.007 7 tricarboxylic acid cycle
G0O:0016020 C 0.363 4 membrane




Functional Structure Motif
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Genetic Interaction

two mutations
have a combined
effect not exhibited
by either mutation
alone
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P(SIM) = 2

RS L

- C

Protein binary interaction

Protein complex interaction

Microarray expression
correlated

P(SIB) = 2  P(S|C) = ?

S: the function similarity between protein X and Y
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Protein binary interaction
Protein complex interaction
Microarray coexpressed

A, B and C are the all and only
function-known proteins that interact
with protein X

® o

A, Band C =—> {Functioni,i =1...n}

Given the known probabilities P(S|M), P(S|B) and P(S|C)
How to assign a function F; to for uncharacterized protein X ?




Neighbor Counting

e Assign k functions to the unannotated protein
with k largest frequencies in its neighbors
e Disadvantage

— Do not consider the frequency of functions in all
proteins
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Chi-square Method

(n; (j) — ei (j))?
ei(J)

Si(j) =

For a protein P;, let n;(j) be the number of proteins
interacting with P; and having function £;.

Let ¢; (j) = #Nei(i) x m; be the expected number of ]:;mtf:ins
in Nei(1) having function F;, where #Nei(1)
1s the number of proteins in Nei(1).

For a fixed k, the authors assigned an unannotated protein
with k& functions having the top k chi-square statistics.



Unannotated protein

Annotated protein

N

Function assignment in a self-consistent and iterative way
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U(x) =—aN; — BNio — yNi1 — Nyo
N1 = Z XiXj

(i,7)€S

Nio= ) (1—xp)xj+ (1 —x))x;

(i,j)eS

Noo= Y _ (1—=x)(1—x))
(i,j)es

Pr(X[0) = Z0) exp(—U(x))

Deng, et al. JCB, 2003.
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Given a graph & = (V. E') with weighted edges and a set of nodes § = {5, 41, 8,40, 8pqmt OV
and its corresponding binary vectors representing function annotation information: fi, fo, -~ fiu,

where f; € R and if 5, € Fj, f =1, else f! = 0. To find the corresponding binary vector of nodes
in V.5, subject to the stronger related-lnk weight mean the more similar function information. Let

max EZZGMI Ty +EZZ&MIT_;F“. 2

w=1wv=1 =1 w=1

st 2 eldndl, j=12,.-d



Direct Functional Association

e Direct functional association
— Interacting partners are likely to share functions

— Proteins from the same pathways are likely to
interact

Level-{l neighbour

-




Indirect Functional Association

* |Indirect functional association

— Proteins that share interaction partners may likely
to share functions

— Proteins that have common properties are likely

to bind the same proteins
Level-2 Tighbour

J

o
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Functional Association

YALO12W
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Source: Kenny Chua



Test by Neighbor Counting

Precision

05 t
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03 t
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Precision VS Recall
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Recall
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Czekanowski-Dice Distance

|N,AN, |

D(u,v) =
WY) = TN ON T + [N, AN |

INVA N, =3
INuN Nyl =2
INyU Nyl =5

CD-Distance(u, v)

=3/(5+2)
=0.429

Brun, et al. Genome Biology, 2003.



Functional Similarity

S (1, ) = 2IN, N N, |
, —
’NH_NV|+2|NH. ﬂ NV’_'_A’H,V
) 2N, A Ny
‘Nv_Nu‘—'_2|Nu va|—|_A,1},u
2 Z Fuwlv,w
Srs(u,v) = e
( Z Fuw + Z ru,w(l - rv,w)) + 2 Z Fuwlvw + Au,v
we(N,—N,) we(N,NN,) we(N,NN,)
20 ) Fuwlw
we(N,NN,)
X
( Z Fyw + Z rv,w(l — ru,w)) +2 Z Fuwtvw + Av,u
we(N,—N,) we(N,NN,) we(N,NN,)

Chua, et al. Bioinformatics, 2006
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Post-Translation Modification

e Regulation of activity

— modification may turn activity on

— modification may turn activity off

— modification may generate a different function
* Protein-protein interaction

— modification site may be a binding interface

e Subcellular localization
— modification site may be a targeting signal
— modification may be a membrane anchor

e Aging
— modification may identify the protein for degradation
— modification may target a protein to be scavenged



Machine Learning

Data

Divide data using a priori knowledge/ \

Positive Dataset Negative Dataset

N\

Training

l

Model

|

Predicting



Positional Weighted Matrix

Pos. | -6 -5 -4 -3 -2 -1
0.23 1 0.01 | 0.11 | 0.01 | 0.08 | 0.09
0.14 | 0.02 | 0.02 | 0.02 | 0.1 0
0.07 | 0.01 | 0.08 | 0.04 | 0.02 | 0.02
0.08 | 025 | 0.1 | 024 |0.13 | 0.58
0 0 0 0 |001] 0
0.01 ] 0,03 | 0.17 | 0.02 | 0.02 | 0.01
012 | 02 | 0.18 | 0.17 | 0.14 | 0.09
0.03 ] 0.01 002|018 | 0.17 | 0.01
0.01 | 0.08 | 0.01 | 0.07 | 0.02 | 0.02
0.02]0.09| 0 |0.02]0.02]0.09
0.05 ] 0.02 | 0.04 | 0.02 | 0.05 | 0.01
0021003 0 0 0 0
0.03]0.02]1003| 0 0 0
0.02 | 0.02 | 0.02 | 0.04 | 0.02 | 0.01
0.0510.03 002001004 0
0.0510.04 009 |003| 0 |0.01
0.02]0.04]005(005([004| 0
0.01 0 0 0 0 0
0 ]0.07]0.03]005| 0.1 |0.07
0.02]0.02|1001| 0 (002 0

+1 | 42 | 43 | +H4 | 45 | +6
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0.13 | 0.16 | 0.09 | 0.15 | 0.35 | 0.07
0 0 0 0 |0.01]0.03
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0.09 | 0.07 | 0.09 | 0.12 | 0.07 | 0.05
0.02 | 0.08 | 0.02 | 0.09 | 0.04 | 0.02
0 10.03]0.01]0.02]|0.03|0.02
0.08 10.01|002(002| 0 |0.0!
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001 0 |0.02]0.02]0.04 ] 0.08
008 0.01)013 (028 | 0 |0.01
001002002 0 [0.13]0.28
0.05 | 0.02 | 0.03 | 0.05 | 0.04 | 0.07
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0 (011|028 0 (001 O
0.05 | 0.11 | 0.05 | 0.05 | 0.04 | 0.01
0.02 10.01 001002 0 |0.02
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Position Specific Dipeptide Propensity
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