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Structure of a Gene
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EEHEX) & BEH

Sequenced genomes vary from 470-30,000 genes

Minimum gene numbers range from 500 to 30,000

Species
Mycoplasma
genitalium

Rickettsia
prowazekii

Haemophilus
influenzae

Mefhannqnccus
Jjannaschi

B subtilis
E coli

S. cerevisiae
S. pombe
A. thaliana

0. sativa (rice)

D. melanogaster

C. elegans

H. sapiens

Genome Genes
(Mb)

0.58 470
1.1 834
1.83 1,743
1.66 1,738
4.2 4,100
4.6 4,288
13.5 6,034
12.5 4,929
119 25,498
466 ~30,000
165 13,601

a7 18,424

3,300

~30,000

fualtewt wen

Lethal
loci

~300

1,800
1,090

3,100

2020,

500 genes

Extracellular (parasitic)
bacterium

1,500 genes

Free-living bacterium

5,000 genes

Unicellular eukaryote

13,000 genes

Multicellular eukaryote

25,000 genes
Higher plants

30,000 genes
Mammals
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Cytoscape o 0=

Download Apps Documentation Community Report a Bug Getting Help

NGl W QQQAQ & e _ Network Data Integration,
ane S\ O S W [ R > Analysis, and Visualization
e : ina Box
\ R 2, o Cytoscape is an open source
; A P software platform for visualizing

\ H‘\‘I‘I v complex networks and integrating
ku L these with any type of attribute data. A
e lot of Apps are available forvarious
i f,f:"ﬂ” kinds of problem domains, including

- .-__.-;// il -I'I

hioinformatics, social netwaork
fif analysis, and semantic weh.
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KEGG PATHWAY Database

Kot }'.',.n. KEGG PATHWAY Database

Feswtand Genomes

66

Wiring diagrams of molecular interactions, reactions, and relations

KEGG2 PATHWAY BRITE MODULE DISEASE DRUG KO GENOME GENES LIGAND DBGET

Salect prefix Enter keywords

P [ S ] hoipat b Yo ik

Pathway Maps

KEGG PATHWAY s a collection of manually drawn pathway maps (see new maps and update
history) representing our knowledge on the molecular interaction and reaction networks for:
1. Metabolism

Global map Carbohydrate Energy Lipid MNucleotide Amino acid Other amino acid Glycan
Cofactor/vitamin  Terpenoid/PK  Other secondary metabolite Xenobiotics Chemical structure
. Genetic Information Processing
. Environmental Information Processing
. Cellular Processes
Organismal Systems
. Human Diseases

and also on the structure relationships (KEGG drug structure maps) in
7. Drug Development

o LA LA
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Transcription factors (TF) bind to regulatory motifs
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Drosha vs. Dicer %

O RIIl, RNase Ill &£ £5#35; D, dsRNA S& 4415
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richZ5 431y

[ DroshaFlDicer#lEE RNase lll #1 dsRNA%ZL & &54410)
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miRNAsHY Z#4E

O miRNAs & M =L F R RIiRIE
7 200641083, miRBase 9.0, WF4361MNEF L *K
ZFEIAmiRNAs, BEWBFRIZH 41671 miRNASs

7 Release 12.0, W3%8619/1 BB % REHBIRI{E
miRNAs, REE3RI1IA48273/" miRNAs

0 9 ¥ [ www.mirbase.org

miRBase MANCHESTER

Home [ Search |l Browse §] Help §l Download § Blog Submit I:I m
Latest miRBase blog posts miRNA count: 38589 entries

MicroRNA Gene Ontology annotations By sam (June 7, 2018) Release 22.1: October 2018
You might have noticed some additional information on the mature miRNA pages in the last few weeks. See for example: http://mirbase.org/cgi-

bin/mature.pl?mature_acc=MIMAT0000123 http://mirbase.org/cgi-bin/mature.pl?mature_acc=MIMAT0000069 The new section "QuickGO Search by miRNA name or keyword

function” contains a set of high quality manual annotations of Gene Ontology terms for mature miRNAs, the vast majority of which come from the
work of Rachael Huntley et [...] Go || Example

miRBase 22 release By sam (March 12, 2018)

After repeated and unreasonable delay, miRBase 22 is finally released. As you might expect with such a long gap, the number of sequences in Download published miRNA data
the database has jumped significantly — by over a third. The vast majority of the increase comes from new microRNA annotations in species not -
previous represented in the database. Indeed, there [...] m@g@ l FTP site




miRNAsHY Z#4E

MicroRNAs (mIRNAS)

A. thaliana/ H. sapiens/

O sativa C. elegans D. melanogaster V. musculus

HIEEFF: 187 154 152 A: 695

The miRBase Sequence Database -- Release 12.0
Bioinformatics, 2020, HUST
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miRNAs#E % 8 PRV EIE{EAR KK

3 lin-4 Fllet-7 miRNAsEIEZ: 1 & B HYETE 5

Table 1 Animal miRNA genes with genetically assignhed functions

miRNA Animal Function Targets
in4  Ce developmental timing™®  /in-14 (refs 19, 22)
in-28 (ref. 24)
!er—F’Ce .................. develapmentaltlmlngzﬁhn—d?{refQB) ......... -
hbl-1 (refs 48, 49)
!sy—fSCe .................. neuronalcellfatecog?(ref.?g) ........
mir273 ~ Ce neuronal cell fate®  dlie-1 (ref. 30)
banram ............... D m ................. celldeathprohferahonzeh;d{ref.?ﬁ) ............. -
mir-14 | Dm cell death, fat storage?” caspase? )
m;F%—?ST ............. M m ................. haematopcjletlccellfategg ........ ? ............................... -

Ce, C. elegans; Dm, D. melanogaster, Mm, M. musculus.
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O R5FME: miRNARRFESIZ
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ZNEEyELE

olins: EEEC. elegans and C. briggsae
hid: EE#:D. melanogaster and D. pseudoobscura
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miRanda

(a) (b) (e)

3'UTRs

Drosophila
miRNAs

D. melanogaster  D. pseudoobscura

A. gambiae

miRNA
targets

AAAAAA

»  “miRanda” Enright
et al. Genome
(¢)  miRanda algorithm (d) Sorting and Bi0|ogy 2003

ranking
Phase 1 Target selection - dynamic weighted complementarity Post-processing

L K3 P A
T A ERISE, S
mMIBNA  3' QUGUUG--GUCG- - AUUGGUGUGACGEU 5' Phase 3 Cross-species conservation analysis

el L0 Ll T le'amlg*ﬂi
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. S

— —— VYY) N ,—‘— .

Match Score: 115 —_— » }ﬁ;‘}l‘]%& %yl]'_ﬁmlRNA
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Target site conservation
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MiRNA seed: 7nt
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sRNA-Seq: /NRNAIFF g

O Mo &f

ARG % B RIS ETHA

& 1-cell (0.2 hpf), 16-cell (1.5 hpf), 512-cell (2.75
hpf), oblong (3.7 hpf), 5.3 hpf, 6-somite (12 hpf),

24 hpf and 48 hpf

miRNA  piRNA

—a—1-cell
—a—16-cell
—dee 512-cell
—»— oblong
—4— 5.3hpf
—»— G-somite
—e— 24hpf

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Length (nt)

DEEI

1 —+—16-cell

] —4—5.3hpf

- —#— 24hpf

—a—1-cell

—b—512-cell
—v— oblong

—— G-somite

—— 48hpf

A

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Length (nt)




é

O3 ET: EEEEBPERBEBEINERDNA
5

Bacterial composite transposon

Genes for

Inverted R Structural genes

Repeats ;

Inverted IS

Bioinformatics, 2020, HUST




B HER

O ERF B FFIHHE

O EE T

O AT ST IR T

O AE4mAS RV Th 8E TT RO T

Bioinformatics, 2020, HUST
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Whole Genome Shotgun Sequencmng Method

-‘_”: '-?:ff:?%f sequence Each Fragment
e __f,s(‘l—{,_ e with Shotgun Appoach

GCATTTCGAGTTACC TS GACAACCAG TG GCTTGATTGGECCARTAATAGTATAT

CCAGTGGETACTGAGGACGCARGAGGC TTGA

Allen Contiguous Sequences
GCATTTCGAGTTACC TG GACAACCAG TG G TAC THAGGACGCAAGAGGC TIGATTGGCCAATAATAGTATAT

Generate Fiished Sequence
Bioinformatics, 2020, HUST
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O B/, FyISEE

o [E—IiixiFd, SEST, cDNA, &F

Al

FF55eEaR T ER LA
O B3R, ET%iHFER
® %tk ¥} (Homology)
® MLFN (ab initio)
o LI LA ENSEGSE
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~ 1-100 Mbp

~ 1-1000 kbp

7
R
L
L
,lll -

exons (cds & utr) / introns
(~ 102-103 bp) (~ 102-10° bp)

promdter (~103 bp)

~101-102
enhancers (~10'-10% bp) other regulatory sequences

(~ 101102 bp)
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[ ORF (Open Reading Frame): M\AUG
Fri&, Estop codonfglt

] Codon Usage: CAI
...

Bioinformatics, 2020, HUST




HMM model for Gene Prediction (Genie)

.h' Urg 7 Intarganic I TR o .Ar.
'r'”*bq ﬁ.;g‘ﬁ"“
5'UTR - Inergenic Iniergenic —t 3'uUThR

hiergenic Intesgenic

+*
o
]
+
o
[ ]

Kulp, D., PhD Thesis, UCSC 2003

Bioinformatics, 2020, HUST
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EXON OBS
FROM ESTs

Exon Forms,

Splice Graph

e - e e = s
- —
_I_-_-_'—'—-_._._.__T—'—'_.._._ — o —  Se—
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HoBEEFZE (POA)

baloem 3 fﬁ); l'”ql
tsalom 4 m
1 &3}—-@ 7 9O——A0
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O —RFFIRIEEE: AR FHEURY

Lhqe

Lhqe

mR=)

O RTRITIRELSFIEL : PR SFHYTHRE
0 = REFVELER: MRS EFHEI

/

THHEAE
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OEREFINERE: FPEYIMHPHER. BH
B Ry Tl
OFETH: BLAST
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ELh AL 1E)

s 1 |
TH

Interpro
Pfam
SMART

PROSITE

ProDom
CDD

O RTRIThEESGfalE : RTRUTNEE
FHIT R

P 3k

http://www.ebi.ac.uk/interpro/

http://pfam.sanger.ac.uk/
http://smart.embl.de/

http://www.expasy.org/prosite/

http://prodom.prabi.fr/prodom/current/html/home.php

http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi

Bioinformatics, 2020, HUST
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O Pfam: FTWELEME, EARFESE, TE

RERIE, ERMTERES

O SMART: HRIBEAR=-FEHRESEWEER
y /Eﬁﬁl‘étﬁl_.l

3 InterPro: B&Z N IEGEITRIBIRE, R

B, "TeeB MM

w
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wellcome trust
Sanger HOME | SEARCH | BROWSE | FTP | HELP nm

nstte ] oo

Protein: NEK2_HUMAN (P51955) = isil g = -

1 architecture 1 zequence 0 interactions 1 zpecies 0 structures

|Summarv sllmmarv
Features
Sequence NEK2_HUMAN
This is the surmmary of UniProt entry NEKZ2 HUMAM - (PS19550),
T . Description: Serinefthreonine-protein kinase Mekz (EC 2.7.11.1) (Nima-relatedprotein kinase 2) (Mima-like protein kinase 1) (HSPE 21),
reeFam

Source organism: Homo sapiens (Humant, (MCBI taxonomy [0 96067 o
Wiew Pfam genome data,

Jump to... ¥ Length: 445 amino acids

erter |Dizcc @

Please note: when we start each new Pfam data release, we take a copy of the UniProt sequence database, This snapshot of UniProt forms the basis of the cuerview that you see here,
It iz important to note that although zorme UniProt entries may be removed after a Pfam release, these entries will not be rermoved from Pfam until the rext Pfam data releaze,

Pfam domains

This image shows the arrangement of the Pfam domains that we found on this sequence, Clicking on a domain will take you to the page describing that Pfam
entry, The table below gives the domain boundaries for each of the domains, Mote that some domains may be obscured by other, overlapping domains, This is
noted in the table where applicable.

Source Domain Start End
Pfama Pkinase 5 271
PfamB Pfam-B 22130 376 445

Bioinformatics, 2020, HUST
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O {§ SRk (signal peptides)
€ Nuclear export sequences (NES)
€ Nuclear localization sequences (NLS)

The Nobel Prize in A. . *NES -

. . . PKIO ALK iN ALK fia iN
Physiology or Medicine PEIp1 PLEN PLE QRN
HIV-1 Rev D E D P P ME D
Scer Glelp P G. Y P G Y
1999 Scer Rnalp EKGNI#P E INGN DED SD. LQSKFD DLEVDDFEE
Spom Rnalp IDEKL P L NGN 2SEE DDWYDEIREVFS TRGRGELDE
Hum RGP1 AMADKA HIE NGN GEEGCEQP#QEVLEGFNMAKVLASLSD
Mus FUGL AVADKA HIE NGN GEEGCEQ!QEVMDSFNMAKVLASLSD
X1 RanGAP1l SVEDKS E NGN GEEGCEQYQEILESINMANILGSLSD
StpurRanGAP1l SMDTKP T NGN G.vuws
Cel repeatl SPKMCH VKV NMF GKDFDSAKARHGKGNIDFGRRGDDELLS
Cel repeat2 KFDCﬁT PKP IHTN EﬁGDEFSDVACﬂAPENVNVGDEDDDLGS
316 331 332 357
B. NLS
Mus FUGL LQTLYNI 541-589

Scer RNAl STIEVSFLPAM 258-315
Gunter Blobel Spom RNA1l »AVRT LKTV
Prize share: 1/1 Hum RGP1 »AA LAVAEAM
Mus FUGL sAA LVVAEAV 263-317
X1 RanGAP1 »AA VSLAESV

zAZA VRVAESM
sVIDEIGACFN
CGNHFfTPPVAKLLIQKWS

The Nobel Prize in Physiology or Medicine 1999 was awarded to

. . . . . . StpurRanGAP1l
Glnter Blobel “for the discovery that proteins have intrinsic signals  cel repeati
that govern their transport and localization in the cell”. Cel repeat2




TargetP S

O RIEE B FRF5Nug = B ifig 20 /Y 7500 240 fa I E {i
& MHEFEIER (cTP), LRUEERIEX (mTP)F04ihiEd
RS S (SP)

TargetP 1.1 Server
TargetP 1.1 predicts the subcellular location of eukaryotic proteins. The location assignment is based on the predicted presence of any of the N-terminal presequences: chloroplast transit peptide (€TP), mitochondrial targeting peptide (mTP) or secretory pathway signal peptide (SP)
For the sequences predicted to contain an M-terminal presequence a potential cleavage site can also be predicted.

NOTE 1: TargetP uses Ch

alF to predict cleavage sites for cTP and SP, respectively.
NOTE 2: The method has been tested on A. thaliana and H. sapiens sets; see the resulis.
New: the paper about using TargetP and other protein subcellular localization prediction methods:
Locating proteins in the cell using TargetP, SignalP, and related tools
Olof Emanuelsson, S7?ren Brunak, Gunnarvon Heijne, Henrik Nielsen

MNature Protocols 2, 953-971 (2007).

is now again available for download - please click here.

mstuchons | Oupstiomat | Avrticle absiract I

SUBMISSION

Paste a single sequence or several seguences in format into the field below:

Submit a file in f format directly from your local disk:

AR | AR AN

Organism group Prediction scope
* Non-plant Perform cleavage site predictions

o R MK E X

* no cutoffs; winner-takes-all (default)
specificity =0.95 (predefined set of cutofis that yielded this specificity on the TargetP test sets)
specificity =0.90 (predefined set of cutoffs that yielded this specificity on the TargetP test sets)
define your own cutoffs (0.00-1.00): cTP: 0.00 mTP:|0.00 SP:|0.00 other: |0.00

Submit || Clear fields
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Vol. 17 no. 8 2001
Pages 721-728
Support vector machine approach for protein

r &

y RRs

subcellular localization prediction
Sujun Hua and Zhirong Sun'*

Institute of Bioinformatics, State Key Laboratory of Biomembrane and Membrane
Biotechnology, Department of Biological Sciences and Biotechnology, Tsinghua
University, Beijing 100084, People s Republic of China

Received on December 12, 2000; revised on March 28, 2001; accepted on April 24, 2001




PSORT

O k-nearest neighbor& ;%

Prediction of Protein Sorting
Signals and Localization Sites
in Amino Acid Sequences

PSORT WWW Server

PSORT is a computer program for the prediction of protein localization sites in cells. It receives the information of an amino acid sequence and its source orgin, = &, Gramnegative bacteria, a
sequence by applving the stored rules for various sequence features of knowm protein sorting signals. Finally, it reports the possiblity for the input protein to ke localized at each candidate si

PEORT is mirrored at Tokvo, Okazaki, and Peking

December 1, 1998, Official release of the PSORT II packaze

June 1, 1999, K. Nakai moved to Univ. Taokyo

October 13, 1999, The Web server has been moved from Osaka to Taokyvo
March 11, 2001, Introduction of iPSOET

September 23, 2001, New mirror site at Peking University

December 22, 2001, Distribution of caml-iFSORT

Jamuary 18, 2003, Replacing the training data for PSORT 11 at Peking
February 22, 2003, Rebuilding the PSORT II server at Takvo

April 16, 2003, Ninor update of the top page

November 9, 2003, Ninor updates of several pages

May 27, 2005, Link to WolLF P30RT; update some links

Jamary 5, 2007, Modification of the link to Waol fPSORT

CONTENTS

WoLF PSORT (an update of PSORT II for fungi/animal/plant sequences)

WoLF PSORT Prediction

PSORT II (Recommended for animal/veast sequences)

PSORT II Users’ Manual
PSORT IT Prediction
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O Ubiquitin: ;2&, FEHRTERARMER

OSUMO: /M3EZRELR, EEER & B
= 18 %

O & 14¢ /2 Rz RS Y 93 FHL &I FE AL

O F5EUE: AEF!

i
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Ubiquitin vs. SUMO

Maturation Activation: E1 Conjugation: E2  Ligation: E3

De-modification

Nature Reviews | Molecular Cell Biology

fQS
205 core

265 Proteasome

Bioinformatics, 2020, HUST




5 ~20%

Sequence 1: =p|PA2922 |UBIQ HUMAN Ubiquitin 0S=Homo sapiens GH=RPSZ74 PE=1 S¥=1
Length = 76 (1 .. T6)

Sequence 2: sp|PE3165|SUMO1_HUMAN Small ubiquitin-related modifier 1 0S=Homo sapiens GN=SUMO1 PE=1 S¥=1
Length = 101 (1 .. 101)

NOTE:Bitscore and expect wvalue are calculated based on the size of the nr database.

Score = 32.7 bits (73), Expect = 8.3
Identitie=z = 13764 (20%), Positiwes = 33764 (G1%), Gaps = 0/64 (0%)

Query 13 ITLEVEPSDTIENVEAKIQDEEGIPPDOQOQELIFAGEQLEDGETLSDYNIQEESTLHLVLE T2
I ++ + +H +K ++H:+F + E+F G++—+ D T + +HE + +
Sbict 34 IHFEVEMTTHLEELEESYVCQRAGVPMINSLEFLFEGQRIADNHTPFEELGMEEEDVIEVYGE 93

Cuery T3 LE:G TA

0
Shict B4 QTGG A7

Bioinformatics, 2020, HUST
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FEHR-EHREEER

O EERWNZL3Z, Yeast two-hybrid, Y2H
bait (hybrid 1)
& (hybrid 2; single or library)
@bait HE{EH: AAEREERE

1\
YRR GALL TATA Reporter (LacZ) DNA

\/
RNA
\/

LacZ: B-F 7 pEHTES, N
PR el AR

Bioinformatics, 2020, HUST
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Split-ubiquitin yeast two-hybrid

0 FREERSIRZNRR: RgEmErEEERR

O BRERNMEEERTHIE
& ANEERNHSZES TFHCIHFE (“Cub”, 35-76) #1Nig
B E% ("Nub”, 1-34) &%
& CubS5EZRETRE, HETHZEZERIBYE

® baitpreyiHE{ER, ,z?ﬁ-‘f-%&t)ﬁu HRETHRABRE
BRFE .. "o

W TN

sy N
Lumen
1} i i1l Ly A | 1111 T | 111 lq.'l i ¥ W | 1111 :'4.‘l a’_r.rI
s il I | et W Y GGH L W I Wt i | TN
\ r | !
C -~ C | ] Cytoplasm
‘ ’ Cub £y
|3ul)‘ NubG fﬂﬁ NubG
I F‘s')“'.-_
LexA VP16 e _“‘\\
s
S — = DN
Reporter ge
BRI I




EMERR-ZERARMEEER

000 * 6,000 ORFs

6,
E'
=2

J

\"1

YLR424W »

HAnald ¢

YLR423C #

1, ST HEER

Ada2 -

YPRO449C «

Pcf11



A LA SEES]

Hp genomic | Genomic

3 20014, 2611MZEARK *
EEEHRE
3 ~1,200 HHE1EF
protein1  [cheW =] |2 =| [ox] - |PotinList = HFaths =] 0K]
a @
[ar |— .
[mpaf o [Pozas |
posemsaarmer | 0 O3

T pecbeing and 7 interachions, (display slopped)]

o

database:1,590 OR‘FS/ DNA

285 bait Prey library
from 2610RFs fragments

2x10° independent | .

o o]

v

Prey selection
13,962 clones

v

— Prey identification |

95.2% clones

v

Selected interacting domain (SID) identification
2,680 SIDs

[
59% Hp-ORF-encoded SIDs *
v 41% non-Hp-ORF

Protein interaction scoring

encoded SIDs
PIM biological score (PBS) |

v

Protein interaction map (PIM): 1,524 Interactions

1,280 interactions with PBS =Ato D
A=26.6% B=13.7% C=9.7% D =50.0%
46.6% of proteome connected (A to D)

244 interactions with PBS = E
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- |
O 20025, EZRIER.
&

c

Strategy
PCR product -Spacer-CBP)-TEV site PCR of the TAP cassette
Gene Homologous l

i recombination
targeting / Transformation of yeast cells

(homologous recombination)

Chromosome __FH__ Gene

< @ t‘; L14]
ég {gJ RS ~c:-§ éf%(g, l
Q.§ 5”.6:2 §§> .é’ & 693 Large-scale cultivation
g& & &8 N o l
: Cell lysis
- = | Tandem affinity purification
- = £1 |
|| One-dimensional SDS-PAGE
=== R
| | — — MALDI-TOF protein identification
. = || == = | l
_— = =
. | | — Bioinformatic data interpretation
Qv o N Q0 A » N
© o3 > s @ % S IS ==
s &EIES FUg£E

Failed  Success

rate
ORFs 1739
processed:
Positive
homologous 1,548 191 89%
recombinations:
Expressing
clones: 1,167 381 75%
(membrane protein 293)
TAP .
purifications: =i S s

Y

Identified complexes: 232
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EHR-ERREEER

O B ZRAL

Binary interactions

Methods Split proteins Assay/Readout
Yeast two-hybrid Transcription factor, ubiquitin Transcription
Protein fragment Dehydrofolate reductase Antibiotic resistence
complementation GFP or YFP Fluorescence

assay

®—[ 558630803 Do Cro

&—* + © Protein pairs
O]+ [-[--]-]- -
6 — + Interacting
6_" - *@ +|- - + + = = = =1 - Noninteracting
@+ [+ [-[-[-[-]-]- .
— |+ Interaction examples
o ol Sl el el Sl (5 Signaling
aj_'“ T O|*l- - - = = = = *| _Enzyme - substrate
3 @ = [1-[-[-[-[-[+]* _
O_" - EEEEEnaEe Interaction strength
6 G O == === [+]+]-]- -Transient to stable




FEHR-EHREEER

O FEMAW/ R

Molecular machines/Protein complexes comembership

Methods

Affinity purification/Mass spectrometry

Biochemical purification of affinity-tagged baits followed by
MS identification of copurifying preys

] SEEEEEEEY  Som O

0 . 290 & -
O oleo0e - . » ® ® Socio-affinity
@ o000 Interaction examples
O|-|o0 e - - Allosteric

Complex 2 O|e|-©® - @ - Chaperone-assisted
Q|® ®® ° ® | ieraction strength
©° ®® 00 ik
BIL - ® 0 -
Dl e - 0




HE{ER ML

O HEEANBERE, MEHINEH

INTERACTION NETWORK DATA QUALITY / BENCHMARK PARAMETERS

Novel interactions

_ & false positives _
False negatives True negatives

\/ \/

Coverage  False positives

@ “Gold standard”
(PRS, positive reference list)

@ Experimental PPI data set

@ “Negative set”
(RRS, random reference set,
or set of proteins unlikely
to interact)

PREDICTION OF PROTEIN COMPLEX TOPOLOGY

Spoke model Matrix model Socio-affinity model

__ W Socio-
affinity




FEHR-EHREEER

O M5 H: HubTm. #hilbEt . 88

NETWORK COMPONENTS

NETWORK TOPOLOGIES

Scale-free network Hierarchical network

Random network

Party hubs: I'

same time and
space

Date hubs:
different time and/
or space

Hub: node

/

@)

@e

with high degree

Edge: link between
two nodes (interaction)

Node (protein)

e

Expression profiles
and/or localization

-Degrees follow Poisson
(or peaked) distribution

-Vulnerability to failure

! E (Biological/cellular networks)

-Degrees follow power-law

distributions

-Robustness against random

failure

-Vulnerability to targeted
attacks

(Many types of real networks)

/N

\ 7N '
[':dﬂ\ti

£

-Degrees follow power-law
distributions

-Account for modularity, local
clustering, and scale-free
topology

-High clustering coefficient (C)

NETWORK MEASURES

Degree/
connectivity (k)

Clustering coefficient/
interconnectivity (C)

Assortativity/average nearest
neighbor’s connectivity (NC)

Shortest path (SP)
between two nodes

Betweenness/
centrality (B)

¢ G
o]
B & B o
)
0 H
J E oK

k,=Nb of edges through A=5

Actual links between A's

A c _ neighbors (black)
& A" Possible links between A’s
B neighbors (orange)
D
E

C,=n /K, (K,-1)/2]
=2/[4x(4-1)/2]=0.333

NC,=(kg+k +kp+Ko+K )/5
=(5+2+2+3+1)/5=2.6

SP,,=(F,D,A,B,H)=4

B,=Fraction of SPs passing
through A
=0.446




Betweenness centrality

O SO

Betweenness centrality

The betweenness centrahn [4] Cp(n) of a node n1s computed as follows:
Cp(r) = ¥ sznzs (0 (1) [ o),

where rand r are nodes mn the network different from #, g denotes the number of shortest paths
from s to # and g (#) 1s the number of shortest paths from s to 7 that # es on.

Betweenness centrality is computed only for networks that do not contain multiple edges. The
betweenness value for each node # is normalized by dividing by the number of node pairs excluding

(IN-1)(IN-2)/ 2, where N is the total number of nodes in the connected component that # belongs
to. Thu 15, the betweenness centrality of each node is a number between 0 and 1.

For example, the betweenness centrality of node » in Figure 7 is computed as follows:
Cu(B) = ((0245) [ 0a0) T (025(8) [ 029) + (02(8) [ 026) + (0,9(B) [ 0,9) + (0(5) [ 04) + (03(5) [ 0g5)) [/ 6
=/ H+1,;,/H+2/2+1/2)+0+0)/6=35/6%= 0.583

(e
@O O

http://med ng.o@?ﬁ@% z%??ﬁ 70 ‘html#nodeBetween

=1

LES




& B RAAEEH R T

) &P

N

[ Biocuration & Literature mining

BISE

| (genomic context method)

& Gene fusion and fission

& Conservation of gene order/bidirectional pairs
& Phylogenetic profile

& XHKFYIHFME (Correlated sequence signatures)
£ mMRNA co-expression

3 Interolog: ERFEIFERMEEIER

Bioinformatics, 2020, HUST




3 200045, David Eisenberg¥

o1

Database of Imeracting Proteins

‘I3

zl::
I
e

(=1

I

Register
Statistics
Satellites

SEARCH
SUEMIT
Software

Services

Search by: [protein] [zequence]l [motif] [article] [IMEx] [pathBLAST] [Help] [LOGIN]

THE DIF DATABASE

The DIF™ database catalogs experimentally determined interactions between proteins. It combines information from a variety of sources to create a single, consistent set of protein—protein interactions. The
data stored within the DIP database were curated, hoth, manually by espert curators and also automatically using computational approaches that utilize the the knowledze about the protein-—protein interaction
networks extracted from the most reliable, core subset of the DIP data. Please, check the reference page to find articles describing the DIP database in greater detail.

This page serves also as an access point to other projects related to DIP, such as The Database of Ligand-Receptor Partners (DLEP) and JDIF.

DIP PAGES

WS

REGISTRATION/
ACCOUNT

STATISTICS
SATELLITES
SERVICES
ARTICLES

SEARCH

Armouncements about the most recent additions and changes to the database.

Registration and accoumt maintanance. Registration is required to gain access to most of the DIP features. Registration is free to the members of the academic community. Trial accounts for the
commercial users are also available. Please, consult Terms of Use for further details.

Detailed information about the current state of the database as well as some statistics on server usage.
DIP-related projects, such as DLEF and JDIF.

DIP-derived services.

DIP in press. Both, papers published on DIF as well as a list of publications referring to DIF.

Database search. This is the starting point of the database exploration. Once the initial protein is found through keyword or sequence searches the interaction network can be explored by
interactively following the interaction links.

Links to other protein interaction databases and related sites.
Download the complete DIP dataset as well as specialized DIP subsets and additional data (registration reguired).

A short description of the DIP database.




MINT

[ 20024, Molecular INTeraction

|t

Home

Search Statistics Download Administration

Contacts/Links

About MINT

Statistics
interactions: 125464
articles: 5941
proteins: 25530
organisms:611

Molecular Genetics
Group

Bionformatics
Resources

Welcome to MINT, the Molecular INTeraction database.
MINT focuses on experimentally verified protein-protein interactions
mined from the scientific literature by expert curators.

PLEASE UPDATE YOUR BOOKMARK
The full MINT dataset can be freely downloaded.

[You are browsing a beta version of the new MINT interface.

Please,consider that some features might not work properly]

T

Starting September 2013, MINT uses the IntAct database infrastructure
to limit the duplication of efforts and to optimise future software
development. Data maintenance and release, MINT PSICQUIC and IMEx
services are under the responsibility of the IntAct team, while curation
effort will be carried by both groups. Data manually curated by the MINT
curators can now also be accessed from the IntAct homepage at the
EEI.

Other resources:

MENTHA: http://mentha.uniroma2.it/

VirusMENTHA: http://virusmentha.uniroma2.it/

SIGNCR: http://signor.uniroma.it/

Flease, in any articles making use of the data extracted from MINT, refer to:

MINT, the molecular interaction database: 2012 update.
Licata I, Briganti [, Peluso D, Perfetto [, Iannuccelli M, Galeota E, Sacco F, Palma
A, Nardozza AP, Santonico E, Castagnoli L, Cesareni . Nucleic Acids Res. 2012

MINT has signed the IMEx agreement to share curation
efforts and supports the Protein Standard Initiative (PSI)
recommendation.

Jan;40(Database issue):D857-61. doi: 10.1093/nar/gkr830. Epub 2011 Nov 16.

Search proteins in MINT:

search

elixir

Int/\ct
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Home : Advanced Search : About : Resources : Download

IntAct Molecular Interaction Database

IntAct provides a freely available, open source database system and analysis tools for molecular interaction data. All interactions are derived from literature curation or

direct user submissions and are freely available, The IntAct Team also produce the Complex Portal &,

Search in IntAct

Search Tips

Data Content

o Publications: 14495
¢ Interactions: 694486
o Interactors: 95487

Citing IntAct

The MIntAct project--
IntAct as a common
curation platform for 11
molecular interaction
databases.

Orchard S et al
[PMID:24234451] &

Submission

Submit your data to
IntAct to increase its
visibility and usability!

Training

Online & upcoming courses

Examples
Gene, Protein, RNA or Chemical name: BRCAZ,
St i

p UniProtkB or ChEBI AC: Q05609, CHEBI:15996
UniProtkB ID: L(
RMNACentral ID: URS00004C95F4 559292
& PMID: 56

IMEx ID: IM-23318

Contributors

Manually curated content is added to IntAct by curators at the EMBL-
EBI and the following organisations:

# MINT unprot 3 B

LN P ECULAR | ;
i MB:l
gDB CONNECTIONS Matr.XDB Ao l"'lfO

IntAct is a
member of the
IMEx
Consortium.

* Feedback

Dataset of the month: February

Widespread macromolecular interaction
perturbations in human genetic disorders..

@ Sahni. et al. - ETEOECIEETRTT

Sign up for our newsletter

Sign up here

% News Follow @intact_project

Tweets by @intact_project



BioGRID

home help wiki tools contribute stats downloads partners aboutus | u

BioGRID*#

Welcome to the Biological General
Repository for Interaction Datasets

BioGRID is an interaction repository with data compiled
through comprehensive curation efforts. Our current index is
version 3.4.145 and searches 58,006 publications for

1,41K 228 protein and genetic interactions, 27,745 chemical
associations and 38,559 post translational modifications
from major model organism species. All data are freely
provided via our search index and available for download in
standardized formats.

INTERACTION STATISTICS LATEST DOWNLOADS

AREAS OF INTEREST TO HELP YOU GET STARTED

Search the BioGRID

Search by identifiers, keywords, and gene names...

Search “-’ Featured

Tips .. Datasets

auag Ag

Advanced

= Search

uonealqnd Ag

BIOGRID FUNDING AND PARTNERS

& Build and Download | ) Link To Us or Submit N I H -.}'\:?é ( Genome
Interaction Datasets Interactions C—J 2
_ _ CIHR [RS( )Quebec
Create custom interaction daiasets by Send us your datasets or link to the
protein or by publication. You can BioGRID directly from your own
also download our entire dataset in a website or database. Full details on T
wide variety of standard formats how to contribute are available here MOUNT SINAI =, = PRINCETON  [Jniversité
HOSPITAL UNIVERSITY de Montréal
Online Tools and . View Our Interaction
= Resources Statistics -
D 7o
We've developed tools that make use Find out how many organisms .gfng;fbn:r h 3“ Ex
of BioGRID data. Check out the list of proteins, publications, and e g Fixe

tools to see if we can help you work

interactions are available in the

with our data current release of the BioGRID

LATEST NEWS &

BioGRID Version 3.4.145 Released

The BioGRID's curated set of physical and genetic interactions has been updated

to include interactions, chemical associations, and posi-translational modifications (PTM)
from 58,006 publications. These additions bring our total number of non-redundant
interactions to 1,108,169, raw inferactions to 1,415,388, non-redundant chemical
associations to 11,805, raw chemical associations to 27,745, Unique PTM Sites to 18,981
and Un-Assigned PTMs to 18,578. New curated data will be added in curation updates on
a monthly basis. For & more comprehensive breakdown of our numbers, check out our
latest interaction statistics. To download these data, visit our download page
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Gene fusion/fission: Rosetta Stone

I
! I
| A Query protein |
: ! Genome A
! I
! I
: Linked protein |
! I
P R NP NS es
I |
' R tt tein !
: AB F osetta protein | Genome B
I |

Marcotte EM et al., Science 1999, 285:751-753;
Enright AJ et al., Nature, 1999, 402:86-90
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Conservation of gene order/ bidirectional pairs

Genome Ga

close

_-—

I
Caulobacter crescenius @ m_

—
Rickettsia prowazekii @—

Rickettsia conorii <7 RC

close (gaps <= 300bp)

Genome Gb

Bidirectional transcribed

Gene order pairs gene pairs

Dandekar T et al., TIBS, 1998, 23:324-328;
Overbeek R et al., PNAS, 1999, 96:2896-2901;
Korbel JO et al., NBT, 2004, 22:911-917
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Phylogenetic profiles

Pellegrini M et al., PNAS, 1999, 96:4285-4288;
Huynen MA et al., PNAS, 1998, 95:5849-5856

Bioi

E. coli (EC)

(zenomes:

B. subtilis (BS)

H. influenzae (HI

Il

Profile Clusters:

- P4 1o o]
Phylogenetic Profile: l
EC  S5C BS HI P2 110
"7 i
Pl 10 1 J 2
2 1 1 0 _>
P3 o 1 1 [PI I 0 L Ps I |
F4d | ] 0
(3] R - T
P7 1 1 0




Correlated sequence signatures

Potentially Interacting

Protein A Protein B : _ Potentially Interacting
Domain Pair (PID) : Domain Combination Pair (PIDC)
Protein A Protein B .
. |—')\-—_r . |I—'A"—|
4 £ s : b S

L S
interaction © ° : .

interaction *

1 - N =
0. < e A :. A

PID model PIDC model

This model is computationally
faster and more convenient

Bioinformatics, 2020, HUST




PIDIEZ!: s ARUARMEE

Two protemns P,, P; have m, n Interpro domain (I), then the probability of P; and P, to be

interacting pair 1s shown below:

P(PPI,, =1)=1- []a-Pd,,=0)

(Im !'In )E(HXP})

PPI;=1: Protein P; interacts with Protein P;.
I,,= 1: Interpro annotation I, and /,, are interacting functional domain.

m, n: Numbers of Interpro annotations in P, and P, respectively.

(I..1,) € (& x p): Interpro pair (i, I;) 1s included 1n protein pair Pix Fj.
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P(I_=1): Ik

The P(/,, =1) could be obtained from training non-redundant PPI data set. And the

equation for calculating the two probabilities could be proposed as:

Int,
N

HIH

P, =1)=

Int,,,, - Number of PPIs that include (I}, 1)),

Ny Number of all potential PPIs that include (Z;, ;).
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Conserved co-expression

Morrmal Pancrealic
pifCFEAS e il g
1 2 34 B7H RID1192 1

Meta-gaaes

MEG15E) snRNF polypaptids F
MEGES2 Von Hippel-Lindau binding pratain 1
MEG240 CDCER peotain binase regulatory subunk

MEG342Z nuclear pore interacting protein
MEG1325 tubulin gamma 1

MEGA03 relinoblasioma binding prodein 1
MEGE22 histons acetylirandlerass 1
MEG1240 SMCA

MEGE1 18 MCLME

MEG420 cleavage stimulation factor
MEG1664 CDC2-like 5

MEG102%5 histone deacetylase
MEG1033 MM3 18- ke

MEG1048 MCII

MEGT 068 MCIAS

Stuart JM et al., Science, 2003, 302:249-255:
von Mering C et al., NAR, 2005, 33:D433-D437
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REEE:

DIM R

20034, Mark Gerstein

Dataset # proteln pairs |Um| for ... | B
In-vivo pull-|Gavin et al. 31,304} Integration
down Ho et al. 25 333 experimental
Yeast two- |Uetz et al. 981}interaction
hybrid Ito et al. 4,393(data (PIE)
mRNA Rosetta compendium 19,334,806
Expression |Cell cycle 17,467,009 De novo
Biological |[GO biological proc 3,146,286) prediction
function  [MIPS function 6,161,805 (PIP)
Essentiality 8,130,528

= Proteins in the same
Positives  |\yips complex 8,250 1 raining &

; Proteins separated testing

Negatives localization pa by 2,708,746
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STRING: FZHE S

rlofa & Blownleziel & Flalo/lrio ASTIRING

STRING - Proteins and their Interactions

search search by rmultiple rmultiple . P
fl'b'f' name} ['protein sequence] (names ‘] (sequencesl What it does ...
_ STRIMNG is a database of known and predicted protein-
protein name; (exarmples: #1 #2 #3) protein interactions.,

The interactions include direct (physical) and indirect (functional)
associations; they are derived from four sources:

(STRING understands a wariety of protein narmes

and accessions: you can also try a random entry) Genomic High-throughput (Conserved) Previous
Context Experiments Coexpression Knowledge
- o, 0 fiiat it [ j Publifed

arganism: == & L_// At éﬁ‘dh F.;-;.Im.psf.

auto_detect | ¥ |

STRING quantitatively integrates interaction data from these sources
e o for a large number of organisms, and transfers information between
IEE R CE RS B these organisms where applicable, The database currently contains
COGs Proteins Reset GO ! 1,513,782 proteins in 373 species.
" \ »
Dlease enter vour protein of interest,..

J-Mure Info ] ['Funding / Support W (Acknnwledgements W

STRIMNG (Search Toof for the Retrieval of Interacting Genes/Proteins) is developed at EMBL, SIB and UnigH.
STRING references: von Mering et.al. 2007 / 2005 / 2003 / Snel et.al. 2000,
Miscellaneous: Access Statistics, Robot Access Guide, Medusa Metwork Viewer, Supported Browsers.

What's New? This is version 7.1 of STRIMG. For the latest developments, check out our new Blog ...

Mewr Sister Project: check out STITCH - built on STRIMG and serving networks of proteins with their associated small
molecules!

New Partner: the Swiss Institute of Bioinformatics (SIB) has become a new STRING partner!
Previous Releases: Trying to reproduce an earlier finding? Confused? Refer to our old releases.
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PrePPI L

0 20124, SiksmE
& >30,000E2E1PPI
& >300,000 A 3EPPI

PDB structures/ Structural Template Interaction Structural-based
homology models neighbours complexes models score
from PDB
QA
Sequence Structural Structural Model
superposition evaluation

a similarity similarity
QB . ® & o
Non-structural evidence

Co-expression Functional Evolutionary
similarity similarity

Bayesian PrePPI
classification score
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PrePPI

O EREESEEXES

O #R:
o
o

&= REATIRE T TN 2
PRKD1 and PRKCE
EEF1D and VHL

HTP_EXP
HTP_EXP_Union
08— PrePPI
% PrePPI_LR600

0.001 0.0015 0.002

sl

\"1
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Interolog

20045, T8, Mark Gerstein

A Target Organism (e.g. Yeast) Target Organism (e.g. Yeast)

Interactlng Families

ﬁ Interacting Proteins
. . . ~ -~ = ,;1‘.
A + \’ﬂ \}\/\ 7 /X g
i | = RS
| | A' Family X : > ~ : A - B' Family
. . P ] E
| Protein-Protein | P L s - ;.
o Interologs with f | , i F i ~ - >
%nhﬁlogls with | joint identiy | '((Tth’:')tl;?gls with ) AT 7N \\ \ Generalized interologs
laentity /a iaenty is - =
ty | Jap =~ 14x Ip | i ______ “:.
I |
{ ¥ A A
L [ )
: :
o Generalized ®
< 3 Homologe . Interologs with J§ o omologe
i : . s W many possible Jisj| o
Interacting Proteins ; :
, v v
Source Organism (e.g. Worm) @ .
Haiyuan Yu et al. Genome Res. 2004;14:1107-1118 Interacting Proteins
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O 325§ + Interolog
C

Source Organism (e.g. Worm)

o0

O

o

0——0

Generalized

Target Organism (e.g. Yeast
T arget Organism (e.g. Yeast)

Predicted generalized interologs based on

Known interactions (€.g. the interactions in the source organism

determined by two-hybrid

experiments in worm) Gold standard positive interactions in the

target organism (from MIPS complex catalog)

Gold standard negative interactions in the
=77 farget organism (from localization dataset)

True positives (e.g. predictions that overlap

with the gold standard positives)

False positives (e.g. predictions that
overlap with the gold standard negatives)




O =FPPI¥#E: SEISLEUE. Interolog. i
MAYPPI

Database Web Link Proteins PPIs" Resource Last
updated
iRefIndex  http://irefindex.org 25,306 199,395 12 2015/4/20
PINA http://cbg.garvan.unsw.edu.au/pina 17,109 166,776 6 2014/5/21
HINT http://hint.yulab.org 17,777 277,670 8 N/AY
Mentha http://mentha.uniroma?.it 18,245 259,599 5 2016/12/25
InWeb IM  http://www.intomics.com/inbio/map; 17,653 625,641 8 2016/9/12
http://www.lagelab.org/resources/

11D http://ophid.utoronto.ca/iid 18,215 911.446 7 2016/3/1
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InWeb_IM/InBio Map™

InBio i"\'lap' ™ ABOUT SEARCH DOWNLOADS DATA SOURCES intomics

fram dafta bo plalogy

Search InBio Map ™

amples: INS_HUMAN / P0O1308 /| ENSGO0000254647 / INS | INS_HUMAN, ILE_HUMAN

_HUMAN, PIR

Q, search

Advanced search

DIOINOIINaucs, £usu, nmua i




O 23§ + Interolog

a Number of interactions b Number of source databases C Number of PubMed IDs d Number of proteins
5 . 585,843 8 8 8 43,021
i 8+ 4x10% 2x10* 7 47530 18267 47500 17217
6 31,8626 32,083 4,0 16216
4% 10° 5 3% 10% 26,760 : 1.5 x 10* 7 13,444
296,009 4
216,223 2.%:10" 1x1077
2 x 10° 1 172,722 165 602 /
_— 2 x 10* 5x10° 1
0 T QI (bl_ _"I- Q!, «I 8 ®| ’$ _.'tl_ ?l‘ 1< 0 .@I @I T T '< 0 @I. T T T T «I
DR - S AR R b S P SRS Y & ¢S N & ¢ &
& o & & SR CANENS & & & D & A @e& e@ S &
& N N € & ; & &
@ Proportion of InWeb_IM interactions f Overlap of interactions g Overlap of proteins h Overlap of PubMed IDs
contributed by different species
iReflndex Menthe iReflndex InWeb_IM =N
12D InWeb_IM/ :
H. sapiens 2,541
S. cerevisiae | 14,082 ‘ 928
M. musculus \, Y. i
D. melanogaster / \22,871/
R. norvegicus \.
C. elegans ;..-3,52? .~ 420
B. taurus o
A. thaliana
Others 5,008
iReflndex
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Search By Proteins

S1E. Interolog. Fi;MAYPPI

Integrated Interactions Database

1. Enter protein, gene, or dataset IDs:

5

Maximum number of IDs: 100
Accepted IDs: Symbol (e.g., TP53), UniProt (e.g., P04637
Gene (e.g., 7157)

2. Select species:

human
mouse
rat

ﬂ
jwarm

3. Select fissues:

any
adipose tissue
adrenal gland
iamyadala
bone

-
i = SRS

Some tissues are not available for some species

), Entrez

version 2016-03

Find interaction partners supported by

¥| Experimental evidence
¥| Orthologous interaction evidence
| Computational predictions

Retrieve only interactions among query proteins
Include interactions ameong partners of query proteins

Options for searching across species:

¥| Search using orthologs of your proteins
Return only interactions conserved across all selected species

Options for searching across tissues:
Return only interactions present in all selected tissues €
¥| Required evidence: gene OR protein expression
Required evidence: gene AND protein expression



