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Given a protein, how to predict its function?

>unknown_protein

MEPSSETGMDPPLSQETFEDLWSLLPDPLQTVTCRLDNLSEFPDYPLAADMSVLQEGLMGNAVPTVTSCA
PSTDDYAGKYGLQLDFQQNGTAKSVTCTYSPELNKLFCQLAKTCPLLVRVESPPPRGSILRATAVYKKSE
HVAEVVKRCPHHERSVEPGEDAAPPSHLMRVEGNLQAYYMEDVNSGRHSVCVPYEGPQVGTECTTVLYNY
MCNSSCMGGMNRRPILTIITLETPQGLLLGRRCFEVRVCACPGRDRRTEEDNYTKKRGLKPSGKRELAHP
PSSEPPLPKKRLVVDDDEEIFTLRIKGRSRYEMIKKLNDALELQESLDQQKVTIKCRKCRDEIKPKKGKK

LLVKDEQPDSE

BLAST

mutant tumor protein p53 [Homo sapiens]
Sequence ID: AYE20623.1 Length: 393 Number of Matches: 1

Range 1: 3 to 393 GenPepl Graphics

Score Expect Method Identities Positives Gaps
345 bits(884) 4e-116 Compositional matrix adjust. 203/399(51%) 252/399(63%) 47/399(11%)

Query 2 EPSSETGMDPPLSQETFEDLWSLLPD- - - - - PLQTVTCRLDNLSEFPD- - -YPLAADMSY 53
EP S+ ++PPLSQETF DLW LLP+ PL + +D+L  PD D
Sbjet 3 EPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQA- -MDDLMLSPDDIEQWFTEDPGP 6@

Query 54  LQEGLMGNAVPT---------c-omoounano-- VTSCAPSTDDYAGKYGLQLDFQQNGTAK 93
+ M AP ++5 PS Y G YG +L F +GTAK
Sbjct 61  DEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAK 128

Query 94  SVTCTYSPELNKLFCQLAKTCPLLVRVESPPPRGSILRATAVYKKSEHVAEVVKRCPHHE 153
SVTCTYSP LNK+FCQLAKTCP+ + V+S PP G+ +RA A+YK+S+H+ EVV+RCPHHE
Sbjct 121 SVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMATYKQSQHMTEVVRRCPHHE 188

Query 154 RSVEPGEDAAPPSHLMRVEGNLQAYYMEDVNSGRHSVCVPYEGPQVGTECTTVLYNYMCN 213
R+ + APP HL+RVEGNL+ Y++D N+ RHSV VPYE P+VG++CTT+ YNYMCN
Sbjct 181 RCSD-SDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVVPYEPPEVGSDCTTIHYNYMCN 239

Query 214 SSCMGGMNRRPILTIITLETPQGLLLGRRCFEVRVCACPGRDRRTEEDNYTKK----RGL 269
SSCMGGMNRRPILTIITLE G LLGR FEVRVCACPGRDRRTEE+N+ KK L
Sbjct 240 SSCMGGMNRRPILTIITLEDSSGMLLGRNSFEVRVCACPGRDRRTEEENFRKKGEPHHEL 299

Query 270 KP-SGKRELAHPPSSEPPLPKKRLVVDDDEEIFTLRIKGRSRYEMIKKLNDALELQESLD 328
PSKRL+ S5P KKL D E FTL+I+GR R+EM ++LN+ALEL+++
Sbjct 380 PPGSTKRALPNNTSSSPQPKKKPL----DGEYFTLQIRGRERFEMFRELNEALELKDA-Q 354

Query 329 QQKVTIKCRKCRDEIKPKKG------ KKLLVKDEQPDSE 361
K +K KKG KKL+ K E PDS+
Sbjct 355 AGKEPGGSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD 393

HMM

L e e

Domain

P53_TAD
P53

P53 tetramer

Description Evalue

P53 transactivation motif 3.80E-10
P53 DNA-binding domain 2.70E-59

P53 tetramerisation motif 1.30E-17



How does BLAST work
Step 1. find alighments

ACCAGAGGACGATA ACG GGACTAAGCAGCTAGA
AACCGAGAGATCGGACGATA ACG GGACTAAGCAACGAAAGACGA



How does BLAST work

Step 2. scoring alighments

Number of Chance Alignments =2 X 1073

Score

= 288 bits (318), Expect
Identities = 2627325 (81%), Gaps

2e=73
B/325 (2%)

Strand=Plus/Plus

Query
shjct
Query
Ehject
Query
Ehject
Query
Ehjct
Query
Shijct
Query

Shijct

1923 TCAGCCTACCATGAGAATAAGAGARNGA-AAATCAAGATCARAAGCTTATTCATCTGTTT

33774 TCAGACTACCCTGAGAATAAGAGAAAGAGAAATGAAGACCTAGA-CTTATCCATCTCTTT

1982 TTTTTCGTTGGTS CCAACACCCTGTCTAARAAACATAAATTTCTTTAATCAT

|11 | LUV e (e by |

Ma tch_-|-2 ""::1 M3 tch 3 ACAAATTTCTTTAAATAT
1Sm ——

Z04Z TTTGCCTCTTITC Sllla s AGAATCTAATAGAGTGCT

LULLLLEEL L TTTTTTTT TTTTTTTT TITTTITT TTL L bbb L 1] ]

33893 TTTGCCTCTTTTCTCTGTGCTACART TAATARAANAATGAARMGAATCTARTTTAATTGT

2101 ACAGCACTGTTA-T FETTCTGTEE

LLTLELT | LL1E] T
33953 CTATGACTGTTATT Gap EGTTCTATGA

2160 @G'Il"ll'clznlzilas'_:'c;'_:"ll'tlz _(5 + 4(2))= -13 [TGTGGGCTA
T r—1 rrrrry

[FFF
34013 ARATTCCACTATTCTCTCTT hﬁTCRATGGRGGACTTC”AETTCC”TCTGGETTA

-

2220 AT====TAAATAARATCATTAATACT 2240

34073 ATTGCATARARGAMACATTAATACT 34097

1981
j3g3z
2041
33892
2100
33952
2159
34012
2219
34072

NCBI-Discovery-Wo

rkshops



How does BLAST work

Step 2. Score each alignment — protein alignment

Number of Chance Alignments = 4 X 10-0
‘/’///’

/
Sgore = 176 bits (447), Expect = 4e<50, Method: Compositional matrix adjust.

Identities = 98/232 (42%), Positives = 139/232 (60%), Gaps = 14/232 (6%)

Query 30 MAEVLTLELYEELRDEETPSGFTVDDVIQTGV--DNPGHPFIMTVGCVAGDEESYEVFEKE 87

+ K LT +L#+++ +D+ GE+ I +G NG Ve ARG +5Y F

Shiject 26 LORECLTEDLWEQUCEDREREDEYGE SFEQATI FSGESEN TN SG====== VGVYAGSHDSYYAFAP 79
Q'L:Iﬂr!r' _L B \ I \. L \_ & s a

K i K ™ I Ga
Shijct H I E kil Q El p

K +5 E +1 F -3 - (11 + 6(1))= -

Query 1 A IG1 E]

+R ER+ 4+E L AT, TGEE FGEYY LA4+M++ ]_8
Shijet 138 AVTREERKEIEHLVTSALGEFTGELEGEKYYSLETMSDI

Query 205 SCGHMARDWPDARGIWHNDNESFLVWVNEEDHLRVISMEEGGHNMEEVFRRFCVGE 256
++ RDWP+ARGI+HND ER+FLVWVNEED LE+I5M+ G N+ EVF+R V
Shijet 197 AGLERDWPEARGIFHNDAKTFLVWVNEEDQLRIISMQAGSHNILEVFERLSVA 248

Scores from BLOSUMG62, a position independent matrix

- NCBI Discovery Workshops



IX

independent matr

, a position

BLOSUM®62

Ala

-2

-2

Cys
GIn

-1
-1

Glu

Gly
His

-3
-3

-3
-3

-3
-2

-1 -3

lle

-3

-2

Phe

Ser
Thr

-2 1

-3

-3

0
Ala Arg Asn Asp Cys GIn Glu Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val

Val



BLOSUMG62 substitution score is position independent

Sgore = 176 bits (447), Expect = 4e<50, Method: Compositional matrix adjust.
Identities = 98/232 (42%), Positives = 139/232 (60%), Gaps = 14/232 (6%)

Query 30 MAEVLTLELYEELRDEETPSGFTVDDVIQTGV--DNPGHPFIMTVGCVAGDEESYEVFEKE 87
+ K LT +L+++ +D+ GF+ I +G NG Ve AG +5Y F
Sbjet 26 LORCLTEDLWEQCEDRRDEYGF SFEQATIFSGEEWTNS G====== VGVYAGSHDSYYAFAP 79

Query HS LFDPIISD GYEPTD TDLNHENLEGG--JDRLOPNYVLSSRVRTGRSIKGYTLFF 144
D IT +KF<4+D + 4444 L Rk D 4+ S54+R+HR R4+ L
Shiject 80 FMDRITEA -HEPSD SSMDYKQLMCPPFRARED-KMINSTRIRVARNLAADPLGT 137

Query 145 HCSRGERRAVEELSVEALNSLTGEFREGEKYYPLESMTEEKEQQQL HFLFDEKPVSPLLLA 204
+R ER+ +E L AT, TeEE RGRYY L4+M++ E+4+(QL HFLF K L +

Sbjet 138 AVTREERKEIEHLVTSALGEFTGELEGKYYSLETMSDAEKEKQL HFLF=-KGGDEYLQS 196

Quary 205 SCGMARDWPDARGI NESFLVWVNEEDHLEVISMEEGGHNMEEVFRRFCVGE 256
++ RDWP+ARGI F+FLVWVNEED LR+I5M+ G N+ EVF+R V
Shjet 197 AGLERDWFEARGI ARTFLVWVNEEDQLRIISMOAGSNILEVFERLEVA 248

Scores from BLOSUMG62, a position independent matrix

- NCBI Discovery Workshops



PSSM Alignment: Globins

Globins are heme proteins, which bind and transport oxygen. This family summarizes a diverse set of homologous protein domains,
including: (1) tetrameric vertebrate hemoglobins, which are the major protein component of erythrocytes and transport oxygen in the
bloodstream, (2) microorganismal flavohemoglobins, which are linked to C-terminal FAD-dependend reductase domains, (3) homodimeric
bacterial hemoglobins, such as from Vitreoscilla, (4) plant leghemoglobins (symbiotic hemoglobins, involved in nitrogen metabolism in
plant rhizomes), (5) plant non-symbiotic hexacoordinate globins and hexacoordinate globins from bacteria and animals, such as
neuroglobin, (&) invertebrate hemoglobins, which may occur in tandem-repeat arrangements, and (7) monomeric myoglobins found in

- animal muscle tissue.

## i #oF #t

Feature 1
1ASH 1 ANKTRELCHKSL.[lz].QDGIIEIJIJ[}I{}i}aI{ KYF.[16].FAKQGQOKILLACHVLCA.[13].ELLDRHAR 99
query 2 TPAQIALVQQSF.[ 8].QAAY PLF.[ 4].IRDQGKKLMGTLAVVVG.|[13].RLAKLHVS B4
gi 13810249 18 NILQRLKvKNQW.[ll].SXGTI{ILEKI{IJ}iﬁfE; KFF.[12].FQAHIQRVFGGFDMCIS.[10].QLAHLHAQ 109
gi 20513982 3 SSHERSLIRKTW.[ 7].DVAH KMF.[16].FLAQAYTILAGLNVVIQ.[13].ALGGAHQA 96
gi 22001638 14 GEEQEALVLEKSW. | E].NLGI(JILE&EIIinIlC} QMF.[15].LKTHAMSVFVMTCEAAA.[16] .RLGATHLR 110

8

1

4

2

7

gi 22960923 SPADIHRVRTSF.[ 8].EMAL TLF.[ 3].MTRMKDKFIQTLAVLVG.[13].KLAVDHVR B89
gi 25495425 2 NEIKRLKvKLQW.[ll].DEErjalﬁf;f;}l}iczll KFF.[12].FRAFGMRVASGLDMVLS.[13].FLKAQHAP 115
gi 32417616 TYQQSKLVRDTI.[ 8].RITS NYF.[ 6].NGRQPRALTAVILGFAS.[13].RMCNKHCS 88
gi 33300043 12 TQEEKNDLEHSW. [ E].HIHCPlIJ(;}lqj}iIJIt RLF.[19].0AMRFMQVIEGAVKALD.[10].NLGRRHGK 106
gi 34447132 KLAVDHVR GVH.[ 8].FENHVLRVLNGLDNLIN.[13].HLSQQHKE 102

FLKAQHAP
RMCNEHCS
NLGRRHGK
HLSQQHKE

SIEDIRDIQHDW.[13].VFG(

Conserved Histidine
- NCBI Discovery Workshops



Heme Binding Site

Conserved Histidine

™

TFATLSELHCDKLHVD----PENFRLLG]
L KLHV P ++ +G
ILPAASRLA--KLHVSYGVQPTHYAPVG,

blastp

TF---ATLSELHCDKLHVDPENFRLLG
+ L++LH V P ++ +G
ILPAASRLAKLHVS-YGVQPTHYAPVG

DELTA-BLAST

- NCBI Discovery Workshops



Heme Binding Site

Conserved Histidine

™.

bla BLAST is not reliable for (&
alignment of homologous genes
between distantly related species.

DELTA-bLAS voaavovaaaa —— -
‘ILPMS RLAKLHVS-YGVQPT HYAPVGJ

- NCBI Discovery Workshops



Search PSSM with DELTA-BLAST

DELTA-BLAST employs a subset of NCBI's Conserved
Domain Database (CDD) to construct PSSM

BLASTP programs search protein databases using a protein query. more... Resetpage  Bookmark

Enter Query Sequence
Enter accession number(s), gifs), or FASTA sequence(s) @ Clear Query subrange @

NP_0012&5030
—

Or, upload file Choose File | No file chosen [+
Job Title | ‘

Enter a descriptive title for your BLAST search (@)

Align two or more sequences &)

Choose Search Set

Datab - -
L] |Reference proteins (refseq_protein) El [>]
Or . =
Optional |Drnsnph|la melanogaster | Exclude L+
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &)
Exclude Models (XM/XP) LI Unculturedfenvironmental sample sequences
Optional
Entrez Query |
Optional

Enter an Entrez query to limit search &)

Program Selection

Algorithm © blastp (protein-protein BLAST)
© PSI-BLAST (Position-Specific lterated BLAST)
© PHI-BLAST (Pattern Hit Initiated BLAST)
@ DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &

Show results in 2 new window

‘ Search database Reference proteins {refseq_protein) using DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)

(¥ Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with + sign



Hidden Markov Model
HMMs are trained from a multiple sequence alignment

* . * a
Q5E240 BOVIN ---------—-- MPREDRATWESHNYFLKIT LDDFPKCFIVGADNYGS(K TRMS LRGK-AVY LMGE MRKATRG: H--PAL 16
RLRO:HUMHN - MPREDRATWKSNYFLKII LDDEPKCFIVGADNVGSK TEMSLRGK-AVV LMGK MEKATRG: N--PAL 76
RLAO0 MOUSE - MPREDRATWKSNYFLKII LDDEPEKCFIVGADNVGS(K TREMS LRGK-AVY LMGK MEKATRG: N--PAL 76
RLEO_RRT ——————————— MPREDRATWESHNYFLKII LDDFPKCFIYGADNVYGSE(K TRMSLRGK-AYY LMGEK MREKATRG: H--PAL 76
RLA0_CHICK - MPREDRATWKSNYFMKITL LDDEPKCFYVGADNVGS(K ITRMS LRGK-AVV LMGK MRKATIRG: N--PAL 76
RLAO0 RANSY - MPREDRATWKSNYFLKII LDDEPKCFIVGADNVGS(K TREMS LRGK-AVV LMGK MEKATRG: N--SAL 76
Q?ZUG3:BRBRE = MPREDRATWESHNYFLKIT LDDFPKCFIVGADNYGS(K TRLSLRGK-AVY LMGE MRKATRG: H--PAL 16
RLAO0 ICTPU - —---MPREDRATWESHNYFLKIIL LHDFPKCFIYGADNVYGSEK TRLSLRGK-ATY LMGE MREKATRG: H--PAL 76
RLRO:DROME - MYRENKARWKAQYFIKVY FDEFPECFIVGADNVGS(K TIRTSLRGL-AVYLMGK MEKATRG: N--PQL 16
RELA0 DICDI - MEGAG-SKREELFIEKATKLFTT KMIVAEADFVGES TRESTRGT-GAVLMGEK! IRKYIRDLADEK--PELD 5
Q54LPO:DICDI - MSGAG-SKRENYVFIEKATKLFTT KMIVAEADFVGS S ITRKSIRGI-GAV LMGKK! IRKYIRDLADSK--PELD 15
RLAO_PLAFS - MAKLSKQOKKQOMYTEKLSSLIQQ¥SKILIVHVDNVGSNOMASYRKS LRGK — HIILMGK IRTBLKKNL.}\V**PQ? 76
RLAO_SULAC - -~MIGLAVTTT KKIAKWEVYDEVAELT LET TITTANTEGFPADKLHEIRKKLRGK-ADIKY LFNITALENAG---—- ID 79
RLAQ0 SULTO ----MRIMAVITQERKIARKWKIEEVKELE LRE TITTANTEGFPADKLHDIRKKMRGM-AETKY FGTAARKNAG--——— LD¥S 80
RLAO:SULSO —---MERLALALEKQREVASWEKLEEVKELT IKNSHTILIGNLEGFPADKLHEIRKKLERGK - H IKY FEKIAARKNAG--——— IDI. 80
RLAO0 AERPE MS¥YY¥SLYGOMYKREKPIPEWKTLMLRELE FSK VVLFHDLTG.P FVV.RVRKKLWKK MMYARKRITLRAMEKAAGT.E - —-LDDN 86
RLA(0_PYRAE —MMLBIGKRRYVRTRQIPRRKVKIVSERT LOKEPYVFLFDLHGLS RILHEIRYRLRRY GVIKIIKFP FKIBFTKVIGG———IPH. 8b
RLAO0 METAC ------— MAEERHHT EHTPQWKKDETENIK I0s YFGMYGT: ILATKEMOKTRRDLEKDY -AVLEKY RALNQLG--——— ETIP 18
RLRO:METMR —————— MAEERHHT EHIPQWEKDETENIK| IQS8 VFGMVRIIgILBTKI IRRDLKDV—RVLKVIE IERBLNQLG ————— ESTP 78
RLAO_ARCFU ------ MRRVRGS———PPE.KVRRVEEIKRMISSKPVVBIVSFRNVPBG ITRREFRGK-AEIKVVEK LERALDALG--—-—— GD! 15
RLAO0 METKA MAVKAKGOPPSGYE PKV.T-\EWKRREVKELKILMDEENVGLVDLFIPBP IRAKLRERDIIIR METALEEKLDE R**PE% 88
RLAO0 METTH - MAHYAEWKKKEVOELHDLIKGYEVVGTANLADTIP A MROT LRDS - AL TRI K ISLALEKAGREL--ENYD 74
RLA0 METTL - —-MITAESEHKIAPWEIEEYNKLK LENGOIVALYDMMEYP A TRDKTR-GTMILEK IERATKEYAEE TGNPEFA 82
RLRO:METVH - ***MIDRKSEHKIHPWKIEEVNBLKI{LKSHNVIBLIDMMEVPBV IRDKIR*DQMIE IKRAYVEEVAEE TGNFEFA 82
RLAO0 METJA - -—---METKVEKEAHVAPWKIEEVKTLEKGLIKSKPYVAIVDMMDYP AP TRDEIR-DEVKLE| ITRALKEAAREE LHNPKELA 81
RLAO:PYRRB - MAHVAEWKEKEKEVEELANLIKS VIALYDVSSMPAYPLSOMRRLIRENGGLLEYV IELATEKAAQE LGKPEL 17
RLAO0 PYRHO - MAHVAEWKKEEVEELARKLIKS VIALYDVSSMPAYPLSOMRRLTRENGGLLEYV IELATEKARKE LGKPEL 17
RLRO:PYRFU = MAHVAEWKKEKEVEELANLIKS YVALYDVSSMPAYPLSQMRRL TRENNGLLRY IELATEKYAQE LGKPEL 77
RLA0 PYRKO -------—-—---- MAHVAEWKKEKEVEELANTIKS VIALYDVAGVPAYPLSKMRDKLR-GKALLRY IELRIKRRRIELGQDEL 16
RLRO:HBLMH - *MSHESERKTETIPEWKQEEVDHIV.MIES SVGVYVYNIAGIP MERDLHGT -AELRY LERALDDYD--——— DGL 19
RELA0 HALYO - -MSESEVRQTEVIPOQWKREEVDELVDFIES EVEVYVGVACID SMRRELHGS -AAY R YHRALDEVN---—— DGF 19
RLRO:HBLSH - -~MSAEEQRTTEEVPEWKRQEVAELVDLLET SVGVVNVTGIP MERGLHGO-AARLRI LYRALEEAG--——— DGLD 79
RLAO_THEAC - MKEVSQQKKELVNEITIEIKHSRSVBIVD.HGIR TRGENRGK-INLEKVIKKTLLFKALENLGD- —-—--EKLS 72
RLA0O_THEYO --------—----- MRKINPKEKE I¥SELA ITKSKAVAIYDIKGYR! TRAKNRDK-YKIKYVEKFLLFKALDSTHND- ——-EKLT 72
RLA0_PICTO --------——----- MTEPRQWKIDFVKNLENEINSRKVRBIVSIKGLRNN IRNSIRDK—RRIKV.RRRLLRLBIEN.GK————NNIV 12
ruler 1....... Alllc o oo ooao 21 Zl0c ccocoaa e £ () 0. . ... ... HUccocooaa 80........ 20




Hidden Markov Model (HMM) is more general than PSSM

Training set

NnnNnNQaoAn

HMM model

Pagni, et al. EMBnet Course 2003



Match a sequence to a model
Application: Function Prediction

0 M1M2 |2 M3 I3

vearesocr - ODOOOEIEN

Pagni, et al. EMBnet Course 2003



>unknown_protein
MALLYRRMSMLLNIILAYIFLCAICVQGSVKQEWAEIGKNVSLECASENEAVAWKLGNQTINKNHTRYKI P FA M

RTEPLKSNDDGSENNDSQDFIKYKNVLALLDVNIKDSGNYTCTAQTGQNHSTEFQVRPYLPSKVLQSTPD
RIKRKIKQDVMLYCLIEMYPQNETTNRNLKWLKDGSQFEFLDTFSSISKLNDTHLNFTLEFTEVYKKENG
TYKCTVFDDTGLEITSKEITLFVMEVPQVSIDFAKAVGANKIYLNWTVNDGNDPIQKFFITLQEAGTPTF
TYHKDFINGSHTSYILDHFKPNTTYFLRIVGKNSIGNGQPTQYPQGITTLSYDPIFIPKVETTGSTASTI

TIGWNPPPPDLIDYIQYYELIVSESGEVPKVIEEAIYQQNSRNLPYMFDKLKTATDYEFRVRACSDLTKT a pre_constructed HMM model database

CGPWSENVNGTTMDGVATKPTNLSTQCHHDNVTRGNS IAINWDVPKTPNGKVVSYL IHLLGNPMSTVDRE
MWGPK TRRIDEPHHKTLYESVSPNTNYTVTVSAITRHKKNGEPATGSCLMPVSTPDAIGRTMWSKVNLDS
KYVLKLYLPKISERNGPICCYRLYLVRINNDNKELPDPEKLNIATYQEVHSDNVTRSSAYTAEMISSKYF
RPEIFLGDEKRFSENNDIIRDNDEICRKCLEGTPFLRKPEITHIPPQGSLSNSDSELPILSEKDNLIKGA . . . . oe
NLTEHALKTLESKLRDKRNAVTSDENPILSAVNPNVPLHDSSRDVFDGEIDINSNYTGFLEITVRDRNNA for P rotein function domain P rediction
LMAYSKYFDITTPATEAEPTQSLNNMDYYLSTGVKAGAVLLGVILVF TVLWVFHHKKTKNELQGEDTLTL
RDSLRALFGRRNH
SDLKENACKNRYP
EQHLEIIVMLTNL

RRQITOYHYLTWK 4 4 wellcome trust
SVSIYNTVCDLRH > Sanger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT
-

EKLLATADEISKS institute

QDPLENTIGDFWR
TNCKIDDTLKVTQ
VAMCILVQHLRLE

Sequence search results
Show the detailed description of this results page.

We found 7 Pfam-A matches to your search sequence (all significant). You did not choose to search for Pfam-B matches.

I [
= MIZi2N W1z i3 - fadee {Stdpliosphatasciu——{laphiosphatasciu -

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Envelope . i -
ﬁﬂﬁﬂﬂl v e
To score . alignment

Immunoglobulin domain Domain C 80 27.0 3.5e-06
Immunoglobulin domain Domain CLO011 132 233 135 233 80 80 19.8 0.00063
n Fibronectin type III domain Domain CLO159 244 320 8 84 85 39.3 5.2e-10

Fibronectin type III domain Domain CLO159 425 340 425 [ 85 85 40.9 1.6e-10

fn3 Fibronectin type III domain Domain CL0159 534 452 532 11 83 8c 27.3 2.8e-06
¥ phosphatase Protein-tyrosine phosphatase Domain CLO031 1154 915 1153 1 234 235 283.6 9.5e-85 1096,1096
¥ phosphatase Protein-tyrosine phosphatase Domain CLO031 1212 1448 1212 1447 1 234 235 211.8 B8.5e-63 1390,1390

Comments or guestions on the site? Send a mail to pfam-help@sanger.ac.uk. Our cookie policy.
The Wellcome Trust

ttp://pram.sanger.ac.u



http://pfam.sanger.ac.uk/

What is Gene Ontology (GO)
How to describe the function of a gene?

Gene ID

GRMZM2G002950
GRMZM2G006470
GRMZM2G014376
GRMZM2G015238
GRMZM2G022283

Free text description

Gene description

Putative leucine-rich repeat receptor-like protein kinase family
Uncharacterized protein

Shikimate dehydrogenase; Uncharacterized protein

Prolyl endopeptidase

Uncharacterized protein

Controlled vocabulary (Gene Ontology)



What is Gene Ontology (GO)
How to describe the function of a gene?

* Gene description line

* Controlled vocabulary (Gene Ontology)

Gene ID GO

GRMZM5G888620 G0:0003674
GRMZM5G888620 G0O:0008150
GRMZM5G888620 G0O:0008152
GRMZM5G888620 G0O:0016757
GRMZM5G888620 G0O:0016758
GRMZM2G133073 G0O:0003674

GRMZM2G133073 GO:0016746



Three Groups of GO Terms

Molecular Function

id: G0O:0004396
name: hexokinase activity

Cellular Component

Biological Process

-

id: G0:0032590
name: dendrite membrane

g

id: G0O:0000018
name: regulation of DNA
recombination

\

/




Hierarchical structure of gene ontology?

platelet-derived
growth factor binding

magnesium
Ghemoklne acliv@ Cnsulin-llka growta
factor binding calcium ‘ microfibril '
binding

cytokine receptor heparin
binding (collacen) binding
binding
growth factor
G protein-coupled e e’
i
receptor binding protein ‘carbohydrate e
binding binding
phospholipase C hydrolase binding
extracellular
space

tivi activ
— 2y binding
CELLULAR COMPONENT

cytoskeleton

intracellular
space

fectaliopeptidass
activi
vascular endothelial growth
factor receptor activi

MOLECULAR FUNCTION

BIOLOGICAL PROCESS

cell
contractile
adhesion S
tubs developmental ik response to
development bt stress
lung
kidney dutenes

development ek iecnd

response to response
(skelatal system Cascular systerl) cytokine stimulus
development development

development




GO SLIM

GRMZM2G035341 molecular_function GO0:0008270

Gl 046872
Gl 005622
Gl 019005
Gl...._... 80 category distribution —_.-009733

L o B ol L g

003677

005634

005694

cell-cell signaling 006259

GKivizivizauaso1s oiologicar_process uu:u034641

zinc ion binding

metal ion binding
intracellular

SCF ubiquitin ligase complex

response to auxin

DNA binding

nucleus

chromosome

DNA metabolic process
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platelet-derived
growth factor binding

The Necessity for GO Slim
Gnmokme acuv@

magnesium
insulin-like growth binding
factor binding calcium ' '
binding
cytokine receptor

microfibril
e g (otmaon)
binding collagen
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growth factor —
G protein-coupled binding binding
receptor binding ' s B hotwilinte trlx actin filament
< binding binding
phospholipase C hydrolase binding
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metallopeptidase
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vascular endothelial growth

cytoskeleton
factor receptor activi

intracellular
space
contractile
fiber

MOLECULAR FUNCTION

cell

CELLULAR COMPONENT
BIOLOGICAL PROCESS
adhesion

lung
development kidney
development

sacromere

. inflammatory
response to response
skeletal system vascular system
development development

cytokine stimulus

cell
nervous system differentiation
development

cell cycle and
proliferation

__—signal transduction

developmental
processes

cell organization
and biogenesis

cell-cell signaling.



The Necessity for GO

platelet-derived
growth factor binding

magnesium
(chemokine activity) nsulln like grom)
factor blndlng calcium ' microfibril '
( binding )
cytokine receptor e heparin
( binding ) binding -collagen
growth factor — ion

G protein-coupled binding binding extrac;lllular ~
TSooptor binding proleln ca hydtate L—
binding

phospholipase C hydrolase binding
tivi activi

antivite

GO Slim

To download premade GO Slim:
http://geneontology.org/docs/download-ontology/#subsets
Create your own GO Slim with OBO-Edit:
http://oboedit.org/

- . . - cell \ response to
nervous system | |\ differentiation wounding
development


http://geneontology.org/docs/download-ontology/#subsets
http://oboedit.org/

How to get Gene Ontology ?

GRMZM2G035341

GRMZM2G035341

GRMZM2G035341

GRMZM2G035341

GRMZM2G035341

GRMZM2G047813

GRMZM2G047813

GRMZM2G047813

GRMZM2G047813

GRMZM2G047813

molecular_function
molecular_function
cellular_component
cellular_component

biological_process

molecular_function
cellular_component
cellular_component
biological_process

biological_process

G0:0008270

G0:0046872

G0:0005622

G0:0019005

G0:0009733

G0:0003677

G0:0005634

G0:0005694

G0:0006259

G0:0034641

zinc ion binding

metal ion binding
intracellular

SCF ubiquitin ligase complex

response to auxin

DNA binding

nucleus

chromosome

DNA metabolic process

cellular nitrogen compound
metabolic process



Model organisms: Ensembl BioMart:

Animal genomes: http://www.ensembl.org
Plant genomes: http://plants.ensembl.org

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors €}~ Search all species

BLAST/BLAT | BioMart | Tools | Downloads | Help & D

[ Now | @ Count |  Resuis|

El 'J Dataset Ensembl

¥ Gene ID Associated Gene Name

Dataset
[None selected]

|- CHOOSE DATABASE -~
- CHOOSE DATABASE - |
Ensembl Genes 87

Mouse strains 87
Ensembl Variation 87
Ensembl Regulation &7
Vega 67

Gorilla genes (gorGor3.1)
Filters
[None selected]
Attributes

Gene ID
GO Term Accession

Dataset
[None Selected]

Transcript ID

Protein ID

Exon ID

Description
Chromosome/scaffold name
Gene Start (bp)

Gene End (bp)

Strand

Band

Transcript Start (bp)
Transcript End (bp)
Transcription Start Site (TSS)
Transcript length (including UTRs and CDS)

Associated Gene Source
Associated Transcript Name
Associated Transcript Source
Transcript count

% GC content

Gene type

Transcript type

Source (gene)

Source (transcript)

Status (gene)

Status (transcript)

Version (gene)

Version (transcript)

2 EXTERNAL:
GO
¥ GO Term Accession GO Term Evidence Code
GO Term Name GO domain

GO Term Definition



http://www.ensembl.org/
http://plants.ensembl.org/

Non model organism

Public tool: InterProScan

Commercial software: BLAST2GO

—  Command line license (on cbsumm10)

GUI license




Open source gene function annotation software:
InterProScan

Hidden Markov Models Fingerprints
.e

Structural Functional annotation of families/domains Protein features
domains (sites)

o—-




Run InterProScan on multiple BioHPC computers
(General or intermediate memory computer)

* Each gene would takes a few minutes. Split the large FASTA into
multiple files and run on different computers. Merging the result files.

* Even though it can accept nucleotide, it is strongly recommended to use
protein sequences. The BLAST2GO software cannot accept nucleotide
sequence based interproscan.

* Version on BioHPC 2016/3. Contact us if you need newer version

tar -xf /shared data/genome db/interproscan.tar

interproscan/interproscan.sh -b ipsout -f XML -1i
annot _exercise.fasta --goterms --pathways --
iprlookup -t p

Specify input data type:
n: DNA; p: protein




Commercial gene function annotation software

BLAST2GO on BioHPC Lab

Details for blast2go (hide)

Name:
Version:
0Os:
About:
Added:
Updated:
Link:

Manual:

Download:

Notes:

blast?go

DB: Mar.2016; Software: v1.2.1

Linux

Gene Ontology annotation and function enrichment analysis.
4/15/2013 5:20:07 PM

4/25/2016 12:13:57 PM

o.com/images/b2g_pdfs/blast?go_cli_manual.pdf

fyou can run blast on any of the biochpc computers, adjust the num_threads based on computer you are
using:general machine: §; medium memory:24; large memory: 64

# you have an option to use swissprot, refseq or nr for blast database. In most cases swissprot is fast and good
enough. However, if a large percentage of your genes have no blast hits to swissprot, you can try refseq. The nr
database is too big, the blast run would take very long time.

#replace test.fa with your own fasta file. Make sure you are using the right blast software (blastx or blastp). To
save time, it is preferrable to use blastp on protein queries. We recommend to to use TransDecoder software to
identify protein coding sequences from cDNA sequences.

#replace swissprot with nr if you want to blast against nr database

#adjust the blast parameters in blast command

# BLAST might take hours to finish. With nr, it might take days

#commands (use swissprot as an example. To use refseq, replate swissprot with refseq protein)

cd /workdir/myUserName
cp /shared_data/genome db/BLAST NCBI/swissprot* ./

blastp -num _threads 24 -query test.fa -db swissprot -out blastresults.xml -max_target seqs 20 -evalue le-5 -
outfmt 5 -culling_limit 10 & blastlogfile &

After this step, the blast result file blastresults.xml will be created. Copy this file to your home directory.

Optional: Run Interproscan on any BioHPC computer #

you can run interproscan on any of the biochpc computers,

Follow the instruction to run interproscan on BioHPC lab




BLAST2GO, a pipeline for function annotation

Run BLAST against NCBI
Genbank or Refseq database

4

Run InterProScan
(Optional)
9
Run BLAST2GO to

create GO annotation



Which BLAST Database to Use
* use Protein Database

* Swissprot: fast

e NCBI NR: could take weeks

* NCBI Refseq Protein: a good
compromise



Run BLAST on any BioHPC computer
* Use protein queries if possible
*** set -num_threads according to the computer you are using.

cp /shared data/genome_db/BLAST _NCBI/refseq_protein* ./

Blast database is available on BioHPC lab

blastx -num_threads 8 \ Use blastx if query is DNA sequence
) Use blastp if query is proteins
-query annot_exercise.fasta \
-db swissprot \
-out blastresults.xml \
-max_target seqgs 20 \ Specify output format 5 (XML format)
-evalue le-5 -outfmt 5 \

-culling limit 10 >& logfile &

Culling_limit restrict maximum target —
for each site of the query



Run BLAST2GO on cbsumm10

/usr/local/blast2go/blast2go cli.run \
-properties annotation.prop \
-useobo go.obo \

Default works for most

-loadblast blastresults.xml \ cases. Modify the
property file if needed.

-loadips50 ipsout.xml \

-mapping -annotation -annex -statistics all \

-saveb2g myresult -saveannot myresult -
savereport myresult -tempfolder ./ \

>& annotatelogfile &




Output from BLAST2GO

myresult.b2g: A binary project file that can be
opened in BLAST2GO software

myresult.annot: a tab-delimited text file with GO
annotation for each gene

myresult.pdf: statistic report of the annotation



Function enrichment analysis

ORA GSEA

Over Representation Analysis Gene Set Enrichment Analysis

* Identify DE genes; * Rank genes on DE level;

* Assess GO terms over- e Evaluate gene sets over-
represented in the DE represented at either the

gene list; top or bottom of the list



Software

° Free:

— DAVID (online tool http://david.abcc.ncifcrf.gov/ )

— topGO (command line tool)

— GSEA (Win/Mac/Linux software)

e Commercial:
— |PA (Ingenuity Pathway Analysis)

(Cornell license information http://www.biotech.cornell.edu/node/137)



http://david.abcc.ncifcrf.gov/
http://www.biotech.cornell.edu/node/137

ORA - Over Representation Analysis

Total Genes  DE genes

:>n53 Pathway 40 3 -1

:50; :Dnathway 29960 297

Using Fisher’s Exact Test to identify over represented genes
in a pathway or function category

Standard Fisher’s exact test: P value=0.008

EASE Score (in red): P value=0.06

http://david.abcc.ncifcrf.gov/content.jsp?file=functional annotation.html



http://david.abcc.ncifcrf.gov/content.jsp?file=functional_annotation.html

Online tools
DAVID (http://david.abcc.ncifcrf.gov/

Maximum EASE
Score/P-Value

Gene list and population Minimum number of genes for
background being analyzed  the corresponding term

Maxi ber of
Functional Annotatien Chart aximum number o

Current Gene List: demolistl Fecar BESRSES
Current Background: Homo sapiens
171 DAVID IDs
B Options = :
ECnunt Thresheld (2 . 1 EASE Threshold 0.1 -._# of Records Displayed 1000
[ RerunUsing Options | [ Create Sublist T — B pownload File
Sublist Category h
[l SP_PIR_KEYWORDS signal e s a7 27.5% D3.06-10
| SP_PIR_KEYWORDS alycoprotein Bl e 51 29.8%  4.9E-8
O GOTERM_CC_ALL gutracellylar region Bl s 3z 18.7%  1.1E-7
1 SP_PIR_KEYWORDS ahternative splicing Bl e 49 28.7%  6.4E-5
0 SP_PIR_KEYWORDS A reta BT = 7 4.1% 1.1E<5
| SP_PIR_KEYWORDS direct protein seguencing BT 33 19.3%  1.2E-5
O SF_PIR_KEYWORDS o rylation AT == n 18.1%  1.6E-5
| UP_SEQ_FEATURE signal paptide Bl — 47 27.5%  3.7E-5
| SP_PIR_MEYWORDS metaliooratein BRI = ] 4.7% 4,7E-5
1 GOTERM_BP_ALL responss to chemical stimulus BT = 14 8.2%  G.1E-5
Original database/resource Entichad Baos Related Term Search ~ Genes involved Modified Fisher Exact
where the terms orient assodiated with your in the term P-Value, EASE Score.
gene list The smaller, the more

Percentage, e.g. 14/171=8.2%  enriched.
(involved genes/total genes)


http://david.abcc.ncifcrf.gov/

If you work on a non-model organism.

e Option 1: “Humanized” your gene list

Convert your gene list to human orthologs using Ensembl
BioMart.

 Option 2: Use custom GO annotation file with topGO

genel  GO0O:0005488, GO:0003774, GO:0001539, GO:0006935, GO:0009288
gene2  G0O:0005634, GO:0030528, GO:0006355,

gene3  G0:0016787, GO:0017057, GO:0005975, GO:0005783, GO:0005792
gene4d  G0O:0043565, GO:0000122, GO:0003700, GO:0005634

gene5 G0:0004803, GO:0005634, GO:0008270, GO:0003677

gene6 G0:0015031, GO:00057°4, GO:0016020, GO:0017119, GO:0000139

gene tab List of GO ids



Run topGo

Rscript topGO.r go.annot refset testset 0.05 BP myBP

* go.annot: Go annotation file

Required

input files  Refset: Reference gene sets (all expressed gene list)

* Testset: Test gene set (e.g. DE gene list)

* 0.05: P-value cutoff
* BP: test Biology Process GO terms

* myBP: output file



FISHER & Kolmogorov Smirnov (KS) Test

GO.ID Term Annotated  Significant Expected Rank in classicFisher classicFisher classicKS — elimKS

1 GO:0051301 cell division 145 16 21.52 942 0.97 1.0e-07 1.0e-07
2 GO:0007049  cell cycle 198 26 29.38 857 0.90 3.8e-11 4.6e-06
3 GO:0031668 cellular response to extracellular stimu... 12 8 1.78 1 4.2e-05 0.00013 0.00013
4 GO:0010389 regulation of G2/M transition of mitotic... 30 7 4.45 246 0.14 0.00019 0.00019
5 GO:0050851 antigen receptor-mediated signaling path... 10 7 1.48 2 8.8e-05 0.00087 0.00087
6 GO:0051054 positive regulation of DNA metabolic pro... 24 G 3.56 233 0.13 0.00147 0.00147
7  GO:1903047 mitotic cell cycle process 126 12 18.70 958 0.99 2.5e-05 0.00174
8 GO:0051276 chromosome organization 87 7 12.91 957 0.99 0.00245 0.00245
9 GO0:0000226 microtubule cytoskeleton organization 66 8 9.79 739 0.81 0.00377 0.00377
10 GO:0007292 female gamete generation 13 2 1.93 557 0.60 0.00422 0.00422




GSEA - Gene Set Enrichment Analysis

* Rank genes based on shrunken Log,(Fold_Change) *

e ES score of each gene Set (e.g. diabetes related genes)

Leading edge subset

— W Gene set S
(T

Carrelation with Phenotype

EEEE—

Random Walk
ES(S)I Y =

- - -

Maximum deviation Gene List Rank
from zero provides the
enrichment score ES(S)



Two alternative ways to analyze RNA-seq data

with GSEA

@ GSEA 4.0.3 (Gene set enrichment analysis)

Run GSEA:

File Downloads Help

Steps in GSEA analysis

Load data

Run G SEAPreranked

3
=l Collapse Dataset

Chip2Chip mapping

EEI] Analysis history

GSEA reports

Processes: click 'status' field for results
MNarme Status

1 GseaPreranked " Success

2 GseaPreranked " Success

O *
Input: DEseq2 |
Home Y Load data x f npu * Seq 4 b E
Gene sttt normalized read counts i
Number of permutations
Ranked List
Collapse/Remap to gene symbaols IND_CD”EFISE ']
Chip platform | |:|
Basic fields | Hide
Analysis name |m}r_anal}r5i5 |
Enrichment statistic |weighted '|
Max size: exclude larger sets |SDD |'|
Min size: exclude smaller sets |'IS |'|
Save results in this folder ChlUsers\ge?dincea homeloutnutidecl] I_l

Advanced fields

Collapsing mode for probe sets => 1
gene

Normalization mode

Alternate delimiter

Create SVG plot images

Omit features with no symbol match

Make detailed gene set report

Plot graphs for the top sets of each
phenotype

|Max_pr0|:](

|meandiv

Run GSEA Pre-
|

_ ranked:

= |nput: DEseq2 shrunken

|: logFC

Show results folder

12:10:28 PM

@ < Reset

+ 411783 [INFO ] - Timestamp used as the random seed: 1576081224341

% Last ==L

290M of 525M T



GSEA
Input files

.rnk file

.gmt file
- gene sets

90S_preribosome
AP_type_membrane_coat_adaptor
ATPase_complex
COPIl_coated_ER_to_Golgi
COPIl_coated_vesicle_budding

COPI_coated_vesicle

DASH_complex

RNA_polymerase_ll_specific

http://amigo.geneontology.org/cg
bin/amigo/term d ol term=G0:0030685

http://amigo.geneontology.org/cgi
bin/amigo/term_details?term=G0:0030119

http://amigo.geneontology.org/cgi
bin/amigo/term_details?term=G0:1904949

http://amigo.geneontology.org/cgi
bin/amigo/term_ Cetalserm=GO:0030134

http://amigo.geneontology.org/cg
bin/amigo/term_ CetailsermeGO:0090114

http://amigo.geneontology.org/cg
bin/amigo/term u st GO0030137

http://amigo.geneontology.org/cg
bin/amigo/term_ CetailsermeG0:0042729

http://amigo.geneontology.org/cg
bin/amigo/term u st GO:0001228

ranked gene list

YBLOO4AW YBR247C
YBLO37W YBR288C
YALO11W YAROO7C
YALOO7C  YALO42W
YCRO67C YDL195W

YARO33W YCLOO1W
YBR233W-
A YDRO16C

YALO51W YBLOO5W

Gene log2(ratio)
YDL248W 0.446508
YDL243C 0.285379
YDL241W 2.006822
YDL240W -0.87753
YDL239C -0.00886
YDL238C 0.837298
YDL237W -0.14496
YDL236W 0.417735
YDL235C -0.31365
YDL234C 0.832606
YCLO31C YCRO57C YDL148C
YDR358W YGR261C YHL019C
YBLOO6C YBLO35C YBRO87W

YARO02C-A YARO33W

YFLO38C

YDL145C YDR238C

YDR201W YDR320C-A YGLO61C
YBRO33W YBRO83W YBR297W

YGRO58W

YBR210W YCLOO1W

YHRO98C

YDL213C
YHR108W

YIL109C

YGR113W
YCRO18C



Metrics for Ranking Genes

Use shrunken logFC from DESeq2

To shrink the log(Fold-Change) of genes with high noise

MA Plots
~ ~ E
3 5
:
B - rolwmer o e e ot = " ol e T "
| | T T
1 100 10000 1 100 10000
mear o noemalizes counts mean af normallzed sounts
Before shrinkage After shrinkage

DESeq2 command for shrink logFC

resLFC <- 1fcShrink(dds,
coef="condition_ treated vs untreated", type="apeglm")




Enrichment statistics

Basic fields |

Weighted P-value:

Analysis name |r'r1],r_ana|],r5i5 | Default: 1
Enrichment statistic |weighted -
M < ode laraer cete classic Higher value would
ax size: exc rger .
enhance the weight of
Min size: exclude smaller sets weighted_p2 fold change in ES
Save results in this folder E%@hf.#qpl—iﬂ CO—rroTTE T T T - calculation.

Top hit in ORA Top hit in GSEA (p=1) Top hit in GSEA (p=2)

Enrichment plot: OXIDATION_REDUCTION_PROCESS(3) Enrichment plot: CYTOPLASMIC_TRANSLATION(7) Enrichment plot: DOUBLE_STRAND_BREAK_REPAIR(7)
— 0.9
E 0.4 E L @, 0.8
203 @ 03 g 07
g 8 0.4 g 06
Z 02 2 2 0s
= = 0.3 =
g u 2 0.4
Eoa Eoa2 £ 03
- £ 01 £ 0.2
£ 0o & 0'0 S o1

0.0

MR IETRMRILLALE

na_pos' [positively comelated)

I

Zero cross at 2027

L

na_pos' (positively comelated) na_pos’ (positively comelated)

Zeso cross at 2627 Zero cross at 2049

'na_neg' (negatively comelated) ‘na_neg’ (negatively comelated)

'na_neg' (negatively comelated)

Ranked list metric (PreRanked)
O O R T - Y

Ranked list metric (PreRanked)
L owmwasae

Ranked list metric (PreRanked)
bbb onmeran

0 600 1,000 1,500 2,000 2500 3000 3,500 4,000 4,500 5000 5500 a 600 1,000 1,500 2,000 2,500 2,000 3500 4000 4500 5000 5500 a 1,000 2,000 3,000 4,000 5,000 6,000

Rank in Ordered Dataset Rank in Ordered Dataset Rank in Ordered Dataset

— Enrichment profile — Hits Ranking metric scores = Enrichment profile — Hits Ranking metric scores — Enrichment profile — Hits Ranking metric scores




Snap shots of top 12 gene sets with p=1 and p=2

Weighted

Table: Snapshot of enrichment results

Weighted p=2

Table: Snapshot of enrichment results
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Enrichment plot: TRANSLATION(G)

T A

Pt o et Raee

e ot e

e [

Enricheant plot: RENA_METHYLATION(S)

COUBLE_STRAND_BREAK_REPAIR(T)
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GSEA
Output

Enrichment in phenotype: na

1959 / 466 gene sets are upregulated in phenotype na_pos

41 gene sets are significant at FOR < 25%

33 gene sets are significantly enriched at nominal pvalue < 1%
41 gene sets are significantly enriched at nominal pvalue < 5%

snapshot of enrichment results
Detailed enrichment results in himl format
Cietailed enrichment results in excel format (tab delimited text)

Guide to interpret results

Enrichment in phenotype: na

267 [ 466 gene sets are upregulated in phenotype na_neg

70 gene sets are significantly enriched at FDR < 25%

55 gene sets are significantly enriched at nominal pvalue < 1%
7o gene sets are significantly enriched at nominal pvalue < 5%
snapshot of enrichment results

Detailed enrichment results in html format
Dietailed enrichment resulis in excel format (tab delimited text)

Guide to interpret results



Enriched gene sets from GSEA

1 CYTOPLASMIC_TRANSLATION(T) Details .. | 151 |[0.70(2.48|0.000|{0.000 |(0.000
2 TRANSLATION(G) Details .. || 185 |[0.62(/2.22{0.000|{0.000 ((0.000
3 ||RRNA_METHYLATION(E) Details 57 ||0.70||2.14 ||0.000{0.000 |[0.000
4 ||MATURATION_OF_SSU_RRNA_FROM_TRICISTRONIC_RRNA_TRANSCRIPT_SSU_RRNA_5_85_RRNA_LSU_RRNA_(7) Details .. |70 |[0.68(/2.13|0.000|{0.000 |(0.000
5 |[PURINE_NUCLEOTIDE_BIOSYNTHETIC_PROCESS(T) Details .. (|16 |[0.87(2.09{0.000|{0.000 ((0.000
6 ||RIBOSOME_BIOGENESIS(5) Details 64 ||0.64|/2.00|0.000{0.002(0.017
7 ||[ENDONUCLEOLYTIC_CLEAVAGE_IN_ITS1_TO_SEPARATE_SSU_RRNA_FROM_5_8S5_RRNA_AND_LSU_RRMNA_FROM_TRICISTRONIC_RRNA_TRANSCRIPT_SSU_RRWA 5_85_RRNA_LSU_RRNA_(8) | Details ... (|43 [|0.67|/1.94 ||0.000)0.005)0.043
8 ||RIBOSOMAL _[ARGE_SUBUNIT_ASSEMBLY(G) Details .. |40 |[0.67(1.94|0.000|/0.005(0.044
9 ||RIBOSOMAL_SMALL_SUBUNIT_ASSEMBLY(B) Details 26 ||0.74|/1.94|0.000|0.004|[0.045
10 ||GLYCOLYTIC_PROCESS(5) Details .. |24 |[0.75]/1.93|/0.002{0.005|/0.057
11 ||[NUCLEOSIDE_METABOLIC_PROCESS(5) Details .. (|16 |[0.81]/1.92{0.002|{0.006(0.073
12 ||ONE_CARBON_METABOLIC_PROCESS(4) Details 15 ||0.82|[1.91 ||0.000( 0006|0079
13 ||PHOSPHATASE ACTIVITY(7) Details ... ||31 0.70(/1.91/0.000|0.006((0.086
14 [IRIRNSAMAI | ARRE SUIRIIMIT RINGEMERIGIRY Nataile 2 lnrall1anlinnnnlin nns

nnaa
»




Get network representation of enriched gene sets

A Proliferation control Chemokines/growth factors Immune modulation
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