EUERF

BT—8 BREADH
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BRESKERIFE

O BEEESAPERLEZEFE
O $¥EFR4H (Transcriptome)

& HIRARBRNASF , B8 EMRNA, rRNA, tRNAF]
H{tb4E4RHE8 (non-coding) RNA

O $¥EFRIEE (Transcriptional regulation)
& HEE (Gene regulation)

@'A > RNA > Protein
BES e

- #£5% (Transcription) } ) )
- #5325 (Post transcription) : RNATREE HexRE

- B (Translation)
- #¥f5 (Post translation)




ZENEE

~"

Pre-mRNA 3. Processing control
NUCLEUS
M mRNA
I \
/ 1. Remodeling of % Tansport contiol
});, chromatin =
= _— //
- CYTOPLASM

Nuciear 5. mMBRNA

pore 1 \ stability control

i » ;
P U AT
6. Translatw ik
;g‘tter;:: (s))f/nthesis Sy Inactive mRNA
‘.\omg

& g \ 7. Posttranslational control
3. Processing control ).,‘ A o of protein activity
NUCLEUS g e

M mRNA 8. Protein . Active/inactive
S degradation protein

Pre-mRNA
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BEREFHETREE

)Activators Promoter Gene
DNA T W I s
Enhincer Distal control | TATA
element box
i

/'/\\\\\\
OREY.
> polymerase II

General

\\ 7
/ transcription l -
L e factors
DNA-bending @ @
protein )
Group of RNA

mediator proteins polymerase II

Transcription \7\\;_ )
initiation complex RNA synthesis
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BEFENERERT-qPCR

absolute quantification relative quantification
external calibration external calibration normalisation external
curve curve calibration
one color detection two color detection via one via reference curve without
system system reference gene index any referenece
SYBR Green | e.g. Probes, ROX gene >3 HKG gene
ROX ROX
external calibration curve N
+ RT-PCR product
_ A without real-time PCR with real-time PCR
* plasmid DNA efficiency correction efficiency correction
« in witro transcribed RNA * l
+ synthetic DNA Oligos
Bt ey -2A CT) REST, qGene
synthetic RNA Oligos 2 — V0 fouare




BEFRIX (Gene expression) S

O RB{ (Snapshot)
¢ FIEREIRNAFRIRIKE
& IRHKXEAENE
O ZMEIFEERKIE |, SAEEEIRNRE | [t
HERFE LRSS T

O fEERFET | LiRskE TRZEAHREERE
H , TsERBEELRIKEK

O AN R E R S ISR
0 BEFAER AR ERE
& EREANZIER
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RRESKRRENIEARER PR

0 ¥R
& AN SEISIEENER A
& SEENRF : RNA-seq
& HFDNAZRZ : /BRI H (Microarray)

O E’éiﬂﬁiﬁ‘z :
SHE-DNARNEBIERXER

& EiEENE : ChIP-seq
IL,\}=|" ChlP- Chlp
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RREFARRANEZ R

BFDNAFARA

Control Experimental N <
= = 10bpeteps l
b 1of ® ' ] 'q 'ofa‘umr - LI o ——m_m
‘,' B o[ mont 5 5 ] RNA fragments l
|
B
g §Eol — ; s
S &J&f“ oo st e rio e g0 “we—aim_ a0 om0 |
Laser excitaion ;: i 20 bpwindow e, of d 320 b window T A,\'-- ’ 1;“;““": o
to microarray 04 !
: xonic read: = EEEEYEEENEE
g A
poly(A) end re:
ure Re¢

1995 Patrick O. Brown 2002 Affymetrixaal , & 2008 RNA-seqiEzARY

HEAEZIBCcDNATH : B “#R.CHR" (Tiling KA : FIBTFT—NE

SN2 NEERIFTREIKF array) , ZIMFARIEE. B BEABRENEMRNA
BB FHENEFRE

Bioinformatics, 2026, HUST
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RNA-seq

O STtz
& D EACFIBRIMRNA
& FIRARIEREFIEMRNAFEIERLCDNA
& cDNAjNE
& ISEHOERISEFES L
O FRFHSNEEEZS , NFREiS
O RNA-seqZUEHr : Pbik !
o iEERENG
& ESECHINER
& ZINFANERSE
& EEUTHEERIG
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RNA-seq&liE : FR7iEER

O FASTQ: lluminajMFFiEEER S

Line 1: @EAS042_0001:1:1:1061:20798#0/1

Line 2: TNTCTGTGTCCTGGGGCATCAATGATAGTCACATAGTACTTGCTGGTCTCAAATTTCCACAAGGAGATATCAATGG
Line 3: +EAS042_0001:1:1:1061:20798#0/1

Line 4: aB\W\Y]a’Mcde daaYaaa bc\\'b*Y\a\aaUQY\]Ja\'aa\W__ [HVZ]VQF UHNI"FATM\I]

Line 1
EAS042_0001 | the unique instrument name Line 2: Eﬁﬁ}?ﬁﬂ
1 flowcell lane Line 3: + ?
1 tile number within the flowcell lane Line 4: r?ﬁu E]/(:”DE %ﬁ\,{ﬁ
1061 'x'-cqordinate of the cluster within 5~62
the tile
'y'-coordinate of the cluster within /fﬁ}zﬁ ASC' I 59 =~ 126
20798 :
the tile
index number for a multiplexed
#0 : )
sample (0 for no indexing)
the member of a pair, /1 or
/1 /2 (paired-end or mate-pair reads

only)

Bioinformatics, 2026, HUST



Coding sequence =

mMRNA

RNA fragments

l cDNA

— 2 EST library

with adaptors

ATCACAGTGGGACTCCATAAATTTTTCT
CGAAGGACCAGCAGAAACGAGAGEENN)

GGACAGAGTCCCCAGCGGGCTGAAGGGG

Short sequence reads

ANNT

ATGAAACATTARAGTCAAACAATATGARA

|

ORF

=

Junction reads = =F = - ;%_— poly(A) end reads

Mapped sequence reads

w

-
£ O \

c 1LY AP \ X Y "
) N 2 MoV [ r |
ﬁ 'y N \ N 1 | [ ‘\
& 4 ¥ ‘.1' ¥ J ' ]

a 1 ! !

=3 . hJ

by | '

<
z
e |

Nucleotide position

Nature Reviews | Genetics

Poly(A) end-reads

TTTTTTTT

=N

Sl E2

SRt
v iEZEZ[EING
v aJiilfk
v LS
VEE

HUST




RNA-seq vs. DNAGH %

O RNA-seqa] LA IRFRIFE R B FI 0] TEHE RIS
, DNAIGH Rgetill 2 I3E R RIFRIE
N RNA'SGOIIZBQEEKE%EHH' RRRESES : $
AMiREE
O RNA-seqtBRIBIEEESRIZERT LAMA RN 2R
& BZEERSESME (SNPIGH)
& INEFEES (EESCRH)
& BERS EBERSTH)

Bioinformatics, 2026, HUST
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RNA-seq vs. DNAGH

0 EFFENIEFEENZHEZE
O (REPEFRER , REERE—HIE

0 BEEREEXEBRIAE , KXBXTEE
@ DNAG AR EEIRE RN ZAE A oS8k

Low

Correlation = 0.099

f
© PR
(O nE R

Nature Reviews | Genetics




RNA-seqfJa)Ra : EBE %

7 mMRNAScDNABRRN AR

3 FlHoligo-dT5|42182A9c DNAB MR F 3RS
RAHI3’IR

O RNARERES T3 inEpEssL




RNA-seq&RRILLT %

O iR EIMARYE Y

X =FR EEXI7T % &it
Bowtie Burrows-Wheelerigift BREEED
BWA Burrows-Wheeler§&it EoFREED
Stampy i Gix REE=EE
SHRIMP RIS E Smith-Waterman ¥ &
TopHat Exon-first}3i% FIFBowtietbXy
MapSplice Exon-first} 3% 5Z#hunspliced alignersXEh&1T

Bioinformatics, 2026, HUST
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ST T ¢

O SERPAFRIR

LA LA = BN Thd

Cufflinks SFEHEFEHS|SEL , JLAH LEYWREISEERE EFRFEAEER
PIEERIFNEERSE Hilreads =37

Scripture  SEHEBEHES|SIEE , IR WIS EER H“REEEAMR
PIEERIFIEERSE ¢Hilreads =L

TransABySS REESFEEHEA , aJLAiR NEEEINER EREPEER
FEIEEFFRRIEER A reads =L

Trinity  AEESEEES , oJLliR5 NEEINER EFAEER
FhVBEREFNFAERE reads FE




RNA-seq&UERYF—1L

[ RPM (Reads per million mapped reads)

Number of reads mapped to a gene x 10°

RPM of a gene =

Total number of mapped reads from given library

5000 x 10°
— 125
4 % 106 o0

[ RPKM (Reads per kilo base per million mapped reads)

Number of reads mapped to a gene x 10° x 10°

RPM of a gene =

RPKM of a gene =

T'otal number of mapped reads from given library x gene length in bp

5000 x 10% x 10°

RPKM of a gene = 1% 105 < 2000 625
O TPM (Transcript per million)
1 6 _ total reads mapped to gene- 10°
A S (A) 10*Where A = gene length in bp



BERERIELR D

O ERFEEETHT

O EEERE S

O EERIEZUERISRIEF 2K
O BESE ST

O EFEIRSME ot

O RNARJZEEE
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oA B ERID

O ERFEEENST SELEREREL
HaE MRERNER

JNIBERREER?

O ERIERNFITFRIENRIE (t-test or F-
test) , KMAITEEEERFERNER ,

OMNBLEBEXESHARE  MWERTEN

Bioinformatics, 2026, HUST



é

0 (B8 . BELEERAEE , AIhERERS
FRIX
0 p-value (FATEEHNIFEFRE)

al2




é

O T-test: 29

O Excelg®E] : TTEST(arrayl,array2,tails,type)
& Array1 /35— N EEEE
& Array2 BB MEHRER
@ TailsiERSTHHZRIESL. MR tails =1, HEW

TTEST (BB S, R tails =2, @EY TTEST {E
RAWERTh

& Type t 1QISRYSERY
o1 v
o2 EHEWHFILIE
>3 BAEWHAIRIE

Bioinformatics, 2026, HUST
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O —RxiENE R
O BAENFEFEIE
 Excel&#} : =TTEST(B2:D2,E2:G2,2,3)
O C: ¥J884H ; T . 3c584H

C1

C2

C3

T1

T2

13

TTEST

Gene 1l

1.322

1.676

1.457

3.526

4.234

3.879

0.001988
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ZEILR

O f£RNA-seq3EieH , B— 1 EEEE— MBS
7 RNA-seq : BiB&E , >10,000MEEH
O Bt , TieBALLE . BB —LERASERITE
! o] GEEREHNF=ERY
O M &FRAEREETRNEBNIE ?
3 1 : 10,000 PMEERNA-Seq#iE , LAp-value <

0.018kkE , RI71 EREE , SATREEE |, 53
MERESRBRITFEN?
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Bonferroni correction g

O {EzBETEFREN
& “Type 1 error” or "False Discovery™

O SYIBUEIREE (Family-wise error rate, FWER)
& ZHNINAIRIE

Bonferroni correction

set a to desired o/number of tests
so: 0.01/10,000 = 1*10°

O EERFTEAEERESp-value < 0.01AEE

O 10,000 EERISERIE DI Ep-value < 1*10°
AEE




fEIR& IR

[ False Discovery Rate (FDR)

& p-value : 2EMFEFB S VETLNEIR

& g-value : FRNIRISERPEZ LV 21ERT
O RiEp-valueit I8N ERFREEERIg-value
O Ep-valuetZ NI HITHER | it Rrank{B
O 30 , "R q-value < 0.054EF{EH

Benjamini—Hochberg correction

Count %
Rank #&

q — value = p — value X




BERFED

é

O ENTMAERISHT (BEFEFIRFREERE) , T
EEXTYRIFREESEEL
O Gene 1#285Gene 2#, Gene 3#f1Gene 4#3
FiK?
O HFX .
& 1EfA3C : BRIFRIAIE | AJEEfFEIEREA
& fifEX : HRIFREE | JEEFERIRE

Gene Name T1 T2 T3 T4 T5 T6
Gene 1# 1 2 3 4 5 6

Gene 2# 100 200 300 400 550 610
Gene 3# 660 540 430 320 210 101
Gene 4# 1504 215 357 2545 1670 998

-—
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SBEHEXE?

3000
2500
2000
—o— Gene 1#
1500 —8— (Gene 2#
Gene 3#
Gene 4%#
1000
/./
/-/
.//Y
0 = L = L o L o ' -+ * |
T1 T2 T3 T4 T5 T6




BEEIEXIEDR &

[ Spearman rank correlation

[ Kendall's tau

O Euclidean distance

[ Pearson correlation coefficient: -1 ~ 1
O Excel@%Y : =PEARSON(arrayl,array?2)

i _ l H .
> (x,~ ), ~ ) x=—)x

p(xj y) - H = H ” I
| i » 2 | — 2 [

\/ 2,05 =) \/ 20077 F==,
K y ==l n ;‘
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PearsonfgxR£4

Or~[-1, 1]
or 1 i s
- - I r= 2 2
W l(izf-(zf }{2},2_(2? }
Gene 1# Gene 2# Gene 3#
Gene 1#

Gene 2# 0.996368
Gene 3# -0.99988 -0.99611
Gene 4# 0.245292 0.254855 | -0.2395

O 458 : Gene 1#5Gene 2#RIXIEHK, 5
Gene 3#FRIATAEK, 5Gene 4#FxBL
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Spearman’s rank correlation

-10

-15

O FREX - RATSZEIESFERIFER

HXE

O SPearsonfBx 2K A : JI&HEAIBY
R T A THEASARE

Spearman correlation=1
Pearson correlation=0.88

o
o
(3]

S
a _

9o
8

Spearman correlation=0.84
Pearson correlation=0.67

0.0 0.2 0.4 0.6 0.8

X

©

P

Q o
@oi Ry
S5 8

(o) : - = @
Q %ﬁ\ @
oS
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Spearman correlation=0.35
Pearson correlation=0.37




QI BTRRIE

O HXEEp

pm 1 6%&?
A d=x-vV, n(n®—1)

Gene Name T1 T2 T3 T4 T5 T6
Gene 2# (x) | 100 200 300 400 550 610
Gene 3# (y) | 1504 | 215 357 2545 1670 998

Rank x; 1 2 3 4 5 6

Rank vy, 4 1 2 6 5 3

d -3 1 1 -2 0 3

d? 9 1 1 4 0 9

7 p=1- (6 * 24)/[6(36-1)] = 0.3143

Bioinformatics, 2026, HUST
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Kendall's tau

1 Kendall tau distance: FitFEN7IFEHRE:

Bioinforn

T =

TIER
Gene Name T1 T2 T3 T4 TS5 T6
Gene 2# 100 200 300 400 550 610
Gene 3# 1504 215 357 2545 | 1670 | 998
Pair T, T2 | T4, T3 | T4, T4 | T4, T5 | T, T6 | T2, T3 | T2, T4 | T2, T5
Gene 2# < < < < <
Gene 3# > < < < <
Count 1
Pair T2, T6 | T3, T4 | T3, T5 | T3, T6 | T4, T5 | T4, T6 | T5, T6
Gene 2# < < < <
Gene 3# < < > >
Count 1 1
D K= 3*2/ [6(6-1)] =0.2 (number of concordant pairs) — (number of discordant pairs)

e —

2

in(n—-1)




Euclidean distance %

O ARETESENETE FRHEZIEE

0 £PFEX : FSERIMBERELLL : INXFEE
EHHEXEX

d(p,q) =d(q,p) = (g1 —p1)2 + (g2 — p2)? + - + (G — Pn)? = J Z(i}e‘ — pi)?.

Bioinformatics, 2026, HUST
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BEFEEURRIR R

O EFREEECAEEEE ST
O XE25F3
O &ZINFRBVIRTY
O BKRE .
& EIREE
& KIgEER
& SHIRSERE
& BERIE
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é

O AMIRGAEEFRIEEREREZIA Object 1 2 3 4 5

M\w

2
6 5
10 9 4
9 8 5 3~_

Distance matrix

Distance Cluster

ROtE LTS/ AR HE
O iR A REEEERBSVE
OBJECT1
OBJECT2
OBJECT3
\ 0
OBJECT4 2
OBJECTS 3
[ I I I I I I 4
0 1 2 3 4 5
Distances

1,2,3,4,5
(1,2),3,4,5
(1, 2), 3, (4, 5)
(1, 2), (3, 4, 5)
(1, 2,3, 4,5)




KIFESR R

O XEUEH1TEESE -

O WIREEERPHSE |
13 |

3 Fgizflp |, IgEH

BERK53E 1

R IR

-
-
-

x0)
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KIFESR R

1Y s A£ = Auton’s Graphics [ o]l
1
O FEHLEESAY R, E )
A N
B— =l
R o 1
0E T
o4 T
02
t % i t t
J 0 0.2 0.4 0.k 0.4 L a1
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O itEHE 5 X511
RY=1: )i EF]
O EES
& BXEGIES
& SEIES
& BIRIMEXRE. ..
,“‘EI’JJEI* E= 1 s

\

I\\\

, VA4S

— AJdton”s Graphics =

bal

0,8

0,5

0,4

n,2

xi7
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KIFESR R

0 ’i"l'i:i@—*ﬂlﬂﬂﬁﬁ—

=, iTEESHE

,‘“El‘JEE% hnFn | BR
Llizx=19858

O FHIFFBIPO =
ESIR%E“L(**E{EA“
AIER B

O (REFRBISANHRIG = !

= Auton™s Graphics

B

€l

0,8

0,5

0.4

0.2
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KIFESR R

— Auton s Graphics I

0 E82, 3, BRIE&R -
YZEx
O SEfRRER , AR | -
2 INSadaEE ,
—RIEEIECRIREL | .- -
#11,000/%

] 0,2 0.4 0.8 0.8 1 ]
x0
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KIFESR R

O RRER : iBEE
PV o't 75 1 S RS
3 §/{% : Cluster 3.0,

Michael Eissen,
Stanford




é

O RIBEEFRERNEIRISEFES D RRREE S 2%

O BSZE3] (supervised learning) : tE#E4&ZINAY
fRIVHAT
0 A -
& EfiE vs. IEEER
& EENTE. ARFER (RIEAY vs. FHIERY)
& YWeaPIRIBUTE (tamoxifen for breast cancer)
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Diffuse large B-cell lymphoma (DLBCL)

—‘ c P

1
——

i ST

l I l DLBCL: 3REHEABARIEH

GC B-like DLBCL Activated B-like DLBCL GC B-like ZEEEF“ l:,‘BéEEI H’@ﬁﬂ]ﬁ__ﬂ
Activated B-like :4MNEIM;E (B4

L BURREMSHIEZ
[ARIXFHR

2. IRIEEERERT, , G605
TR EREHS

b
a

= . = s =
=TS A —— 1.}
a= | \! 1111 H | ==\ IrEidl]
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm e
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
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é

[ Gene Set Analysis
O EdEESH |, #27—Ht“interesting” BEE
& ERFELEE
& AMYEREREEE  HIENEERSE S
O Y58 L ESBFEXEL ?
& B EEEE ?
O T8 S EE
& BHEARF (Gene Ontology)

@ KEGG (Kyoto Encyclopedia of Genes and
Genomes)

& EB/LUoHh
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EERKPNGORI : BILADH

O fan - FIBEECGHEBEAR | EEHFETEN
26,873 N AEEENFIEIKE , SRR ZE |
22 683 MNEREINFRIEERE L

O HEARFrE AXEEARF22559MNEBDNA binding
(GO:0003677) BIGO*#E , LAEEABS301MR
BREEFEERE

0 FXLFEEZRSEZEBRBDNA binding
(GO:0003677)BYINEE ?
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EETENE : 82

mn
Enrichiment ratio= M
- 7l
N
n ] ]
m' )\ n—m" ) _ _
p—value= Y ————=  (Enrichment_ratioz1)
o (N —
m'=m - ‘
I
0or
"( .‘[ \.“‘ ( .'\'r - .“[ \II’
m ' ]
m' )\ n—m" _ ,
p—value = S — (Enrichmment _ratio< 1)
m'=0 N ’
n )
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The top 15 most enriched processes and functions in SUMO substrates

Description of GO term Number of proteins Number of proteins Enrichment  P-value
annotated in group 8" annotated in group W' ratio

The top 15 most enriched processes in SUMO substrates
Regulation of transcription, DNA-dependent (GO006355) 26.1% (510 Q.00 (2174 2.89 6.12E-121
Transeription from Pol 11 promoter (GO:0006366) 35% (69) 0.8% (204) 4.17 1.OOE—25
Development (GO:0007275) 5.8% (114) 2.6% (631) 2.23 296E-16
Signal transduction (GO:0007165) 9.1% (178) 3.0% (1207) 1.82 206E—15
Regulation of transcription from Pol I promoter (GO:0006337)  2.7% (32) 0.8% (192) 3.4 4.13E-135
Protein amino acid phosphorylation (GO:0006468) 6.7% (131) 3.5% (R30) 1.90 S45E—13
Cell growth and/or mamntenance (GOO008151) 34% (67) 1.4% (341) 2.42 9.45E-12
Cell cycle (GO:0007049) 2.5% (49) 1.0% (240} 2.51 149E -9
Intracellular signaling cascade (GO:0007242) 4.6% (90) 2 5‘ o (609) 1.82 2.00E —08
Endocytosis (GO:D006897) 1.4% (27) 4% (108) 3.08 9.71E-08
Mitosis (GO:0007067) 1.3% (26) 4% (103) i1l 1L.35E-07
Perception of sound (GO:D007605) 1.2% (23) 4% (8T) 3.26 287TE-07
Morphogenesis (GONYG53) 1.2% (23) 4% (107) 2.65 1.3TE-03
Frizzled signaling pathway (GO:0007222) 0.5% (1) {]- 1% (26) 4.74 1.92E-05
Negative regulation of transcription from Pol 11 promoter 0.9% (18) 0.3% (74) 3.00 193E 05
(GO:0000122)

The top 13 nwstenpiched fimetions fn SUMO Subsirdles . — 0 o e e e e e e e e e e e e e

DNA binding (GO:0 {]{}{}35'."?} 27 1% (530) 9.4% (2255) 2.89 1.OOE — l’ﬁ

LTram.mptmn factor activity (GO:0003700) — — — = 7 T 7 153y~ T T TendToy T T T T3 30T T T TedES 't
Nucleic acid binding (GO:0003676) 14.2% (277) 7.6% (1823) 1.87 T.89E-26
Zinc 1on binding (GO:0008270) 14.6% (285) 8.2% (1968) 1.78 280E-23
Protein serinef/threonme kKinase activity (GO:0004674) 6.1% (119) 2.3% (559) 2.62 T.18E-23
Actin binding (GO:03779) 3.7% (72) 1.1% (259} 342 425E-21
ATP binding (GOM5524) 13.3% (26(0) 8000 (1925) 1.66 IE-17
Protein kinase activity (GO:0004672) 6.5% (128) 3.2% (776) 2.03 6.3BE—15
RNA polymerase I transcription factor activity (GO:0003702) 21% (41) 0.6%: (138) 3.66 1.LI2ZE—13
Steroid hormone receptor activity (GO0003707) 1.5% (29) 0.3% (75) 4.76 247E-13
GTPase activator activity (GO:0005096) 1.8% (35) 0.5% (1107 3.92 T49E-13
Transcription coactivator activity (GO:0003713) 2.2% (43) 0.7% (138) 3.35 BME-—-13
Ligand-dependent nuclear receptor activity (GO:0004879) 1.53% (29) 0.3% (79) 4.52 1.17TE-12
Protein binding (GO:0005515) 11.9% (233) 8.0 (1907) 1.50 T58E-11
Calmodulin binding (GO:0005516) 1.8% (33) 0.5% (132) 3.27 231E-10




BESESO

[ Gene Set Enrichment Analysis (GSEA)

O ZEMBNER AN EERFREER

O RIEERFREKEIGFAEEREHER

0 RBESENEREESMEF2HhEFrEER
FIZ=AYBIER (L) XEER (THR)

O HERE:

& 1ITE—/PEESE (Enrichment score, ES)

& [RIBESHHEMEITHIT RE1E

& (IS ERIGHITIRIE
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Kolmogorov-Smirnov{§is %

3 GSEA, p =0, £EFEp-valuelIiNE
O JE&4838753% (Nonparametric test)
O S HhEEHSIESSH

3 Bﬁ1=¥2|SE|’_‘lKoImogorov—Smlrnovili\AL
& ERRANEREENE 1 |

o
oo

.............................................

.........................................

i
o

o
o~

.......................................................................

Cumulative Probability

o
Ao

------------------------------------------------------------------------

0
4
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0 BEFRELED , @ENDMEEFIKMES

O HiFFERESIRL
¢ LiE-A3%E- T
& ERFEAEEMP-value
7 RIS RIS S — SIS
@ p=0, RfEKolmogorov—Smirnovit
& p=1, GSEALR{H

O MIABEELES , MGO, KEGG
¢ 2N ANER
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Enrichment Score ES(S) %

O BESEDHEFEAL={g,, . . ., Ont » 1() =1,
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R BE{EEUREREBiIoGRID

BioGRID 4

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
1,415,388 protein and genetic interactions, 27,745 chemical
associations and 38,559 post translational modifications
from major model organism species. All daia 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

home help wiki tools contribute stats downloads partners aboutus | U

Search the BioGRID

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

auag Ag

All Organisms

: Search * Featured
> - Tips - Datasets

BIOGRID FUNDING AND PARTNERS

Advanced
Search

uopealigngd Ag

& Build and Download | ) Link To Us or Submit @ﬁ 9 Genome
Interaction Datasets Interactions N I H i (—4 A
S _ CIHR IRSC _’Quebec
Create custom interaction datasets 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 g
wide variety of standard formats. now to contribute are available here. MOUNT SINAI =, » % PRINCETON  Université
HOSPITAL MIVERSTTY de Montréal
Online Tools and . View Our Interaction
—  Resources Statistics
We've developed tools that make use Find out how many organisms, D ' .gfné‘ﬁnmb?r h
of BioGRID data. Check out the list of e g

tools to see if we can help you work
with our data

LATEST NEWS &

proteins, publications, and
interactions are available in the
current release of the BioGRID

BioGRID Version 3.4.145 Released

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

more parthers

LATEST UPDATES ¥

Tweets b

biogrid

fo include interactions, chemical associations, and post-transiational modifications (PTM)
from 68,008 publications. These additions bring our total number of non-redundant
interactions to 1,108,169, raw interactions to 1,415,388, non-redundant chemical
associations to 11,805, raw chemical associations to 27,745, Unique PTM Sites to 19,981,
and Un-Assigned PTMs to 18,578 New curated data will be added in curation updates on
a monthly basis. For a more comprehensive breakdown of our numbers, check out our
latest interaction statistics. To download these data, visit our download page.

8 Dastad Fahmar 4 2047 - 218 am
B Posted: February 1, 2017 -2:18 3
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Services | Resear Tral

Int/.\@

Home | Advanced Search | About | Resources | Download * Feedback

Dataset of the month: February

IntAct Molecular Interaction Database o e
Widespread macromolecular interaction

IntAct provides a freely available, open source database system and analysis tools for molecular interaction data. All interactions are derived from literature curation or perturbations in human genetic disorders..
direct user submissions and are freely available. The IntAct Team also produce the Complex Porta_l__!?_.

o Sahni. etal. = WIFEr PSI-MI TAB

Search in IntAct
Examples

o Gene, Protein, RNA or Chemical name: BRCA2,
UniProtkB or ChEBI AC: Q05609, CHEBI:15996
UniProtkB ID: L(
RMACentral ID: URSOD0DD4C95F4 550202
PMID: 2
IMEx ID: IM-23318

¥ News Follow @intact_project

Search Tips

Tweets by @intact_project

Data Content Submission Contributors
o Publications: 14495 Submit your data to Manually curated content is added to IntAct by curators at the EMBL-
o Interactions: 694486 IntAct to increase its EBI and the following organisations:
e Interactors: 95487 visibility and usability!
tey
L]
Citing IntAct Training # MINT Prot g
The MIntAct project—- Online & upcoming courses
IntAC.t as a common nnate mm Mat MB:Info
curation platform for 11 DB CONNECTIONS Pt S
molecular interaction
databases.
mcgs @
(_Z)rchard S et al ) IntAct is a
_E_PMID 2423445115 member of the
[Full Text] & IMEx
Consortium,
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Cytoscape : IS8T TR

Cytoscape

BOCRD - ORCANISM- Disiopheia_metancgaiter -1 J ¥l masd

Network Data Integration,
Analysis, and Visualization
in a Box

Cytoscape is an open source
software platform for visualizing
complex networks and integrating
these with any type of attribute data. A
lot of Apps are available for various
kinds of problem demains, including
bioinformatics, social network
analysis, and semantic web.

=

Welcome Letter

Release Notes

Sample Visualizations
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Total  Number Both Mumber 9% Tissue- 9% Tissue-
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