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How PMD performs protein microarray data analysis

Protein Microarray Database (PMD) also provides tools for protein microarray data processing
and basic bioinformatical analysis. You can simply upload paired microarray raw data, eg.
Experiment.GPR vs Control.GPR (or select from what you have up loaded) and click a button, then

enjoy!

You can learn the analysis process in the flowchart, and detailed notes are shown as follow.
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Microarray raw

data \
(eg. >
Experiment.GPR Pfotc'n

vs Control.GPR)

Data processing @
Complete list ®@
Hit list ®
| Submit to
DAVID @ STRING © PANTHER
—-Final filtered list with annotation &)  --Final filtered list with annotation --Classification report
--DAVID analysis report (6 --Network analysis report )

The suggestion of further analysis: (7) The suggestion of further analysis:

DAVID 1. Cytoscape @@

-- http://david.abcc.ncifcrf.gov/ -- http://www.cytoscape.org/

--DAVID help document -- Cytoscape help document @)
--Nature Protocols 2009; -—-Nature Protocols 2, -2366 - 2382

4(1):44 & Nucleic Acids Res. (2007) &Nature Methods 2012
2009;37(1):1 Nov;9(11):1069-76

2. Domain analysis

--Pfam

3. Motif @
~-MEME
--DiLiMoT

Besides there processing above, you also can try Docking 17) , eg. Protein vs Small
molecular, Protein vs Protein, and so on.

2/14
Copyright by PMD


http://david.abcc.ncifcrf.gov/
http://david.abcc.ncifcrf.gov/content.jsp?file=citation.htm
http://david.abcc.ncifcrf.gov/content.jsp?file=citation.htm
http://david.abcc.ncifcrf.gov/content.jsp?file=citation.htm
http://www.cytoscape.org/
http://www.cytoscape.org/documentation_users.html
http://www.cytoscape.org/documentation_users.html
http://www.cytoscape.org/documentation_users.html

Notes:

@ Data processing

After reading microarray raw data, the R (1)page of limma(2) and MASS(3) are applied to

standardize this raw data. The code is as follows.

@ Complete list

backgroundCorrect(RG,method="normexp")

normalizeBetweenArrays(RG.bgcorrect)

In complete list, the information of protein list, standardized data, fold change and p value is

included. (see fig.1) The standardized data is calculated for fold change between experiment

and control. In addition Z-test is used to discriminate the difference. The code is as follows.
fold change = log2(x/y)
p <-1-pnorm(x, y)

If the microarray data number is greater than 2, fisher test will be used. The code is as

follows.

|
AZML1
AL T

RACS
AATIAC
AADACLE
AADAT
AAKL
AAME
AARSTH
AASTH
AASDHEFT
AATF
AATE
AEAT
ABCALOD
ABCALZ
ABCAZ
ABCAS
ABCAS
ABCAS
ABCAD
ABCES
ABECER
AECET
ABCED
ABCC1
AECC10
ABCC1Z

ARCTE

0 =1 s LMD
E

I e e e = T S = e = = ol ol el el el el Ll el ol el T2
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a
a

(3 Hit list

fisher.test(m, alternative = "less")Sp.value

fisher.test(m, alternative = "greater”)Sp.value

ExperimentControl

T485582
8919603
JIBBE1Z
4TT943T
TZZ806T
0332641
EBE1S63
7617024
7357013
4. BEBRES
2135088
TE339E3
2229529
9IB40TS
4233851
Q202223
487631
L T2T4802
. T232863
0382105
. 9358508
4. 33TELD
4. 7931504
4. TT9165
5. 120391
5. 0791047
4. 5149057
4. 9B09TE1

5. 05TATSS
A G1aTes

4
4
4
4
B
4
4.
4.
4.
4.

B e T e

4. 51835
4. 9510645
4. 3720348
4. 7756074
4. BTEZ1Z1

4. T44353
B383135
254231
BB39104
1535654
BEE9104
G0BZ043
FTOB9SS
ATELF9S
BE49663
TOF9IT45
Q091633

4. 613231
5. 3305624
4. T137561
4. 6616056
4. 3112571

4. TEBOTE
4. 9430605
5. 1342206

5. 4337355
A SOSTEOR

il Fanll el Eonll ol el Fll ol Fol ol

—-0. 164101
00273717
—0. 002633
0. 0057039
-0, 557403
0. 0239053
—0.543171
0. 0978053
-0. 119754
-0, 156928
0. 3973557
0. 0130355
0. 0043786
-0. 549949
0. 0954005
-0, 14011
-0. 13484
—0. 024675
0. 2451454
0. 1039326
—0. 039355
-0. 049521

-0. 094554
noAnRnadT

fold changp walue

Z-test’s p value

4926701
9468354
4623605
972347
3716459
B490305
BT35164
0574411
45330409
4942599
JB04819
ITEISZ6
0. 639115
0. BBZ9TES
0. 532853
0. 2092191
0. 362032
0. 5529633
0. SBSTEYE

0. 8352397
noAatTETe

Fold change

Standardized data

Il e I e e e (R [ Ll L e R [ |

Fig.1. The example of complete list.

Differential protein, defined as p value less than or equal to 0.05 will be selected to hit list (see

fig.2), and participate to next analysis. The code is as follows.
result[which(result[,c("p value")]<=0.05),]
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A various of available information also is bound in hit list, such as Uniprot ID, protein names, gene

names, protein sequence length, protein sequence, post-translational modification, Pfam, motif,
PDB ID, gene sequence. Notably, Uniprot ID will be submit to DAVID(4), STRING(5) and

PANTHER(6).

Differential protein list

1
2 AC Qawg4
3 REN FOL0Z3
4 | AZML1 ASEZ0
5 AAGALT QINFC4
6 ARAS QANEGD
T AACS QaeVE1
5 AADAC PRETED
9 RADACIE  QBPO93
10 AADAT QENsI0
11 | AAEL QEMZIS
12 CllorfB7T RQIHTCH
13 ABME Q13685
14 C20orfd  QAY3L2
15 AARSDL QIETER
16 | AASTIH Q41535
17 | AASDOHPPT  QONRHT
15 |AATE HBZMES
19 ABAT Fan404
20 |ABCALD QEHHI4
21 |ABCALZ QE6EUED
22 | ABCAZ QIBICT
23 |ABCAS QEHHIT
24 | ABCAR QEN139
25 |ABCAS 094911
28 |ABCAS QETUAT
ET |ABCHS QEN3G0
25 |ABCEG QANFSE
29 |ABCET 75027
30 | ABCEHI QANETE
31 ABCC1 FEE52T
32 |ABCCI0 Q5T3S
33 ARCC1E O9R TRE

(@ DAVID

APOBECL ccAlCF ACF
Mlpha—2-m: AZN CPAMDZ
Mpha—Z-mz AZML1 CFAN
Lactosyles A4GALT Al4
Aladin Chd hhhS ADRAC
heetoacety AACS ACSF1
hrylacetar ARIAC TIAC
Arylacetar ARTIACIZ
Eyrorenine AMDAT KATZ
APZ-azzocl AMK]L ELAAL
Mth355 dom ARMIC Clic
Angio—asze AMF
Protein Af ARRE CEQor
1 anyl-tEF ARRSTIL
Aeyl-Cob = ARSDIH ACSE
L-aminoadi ARSTHEFT C
Serine/thr AATE AATTE
4=aminobut AEAT GAEAT
ATP-bindir ABCALQ
ATF-bindir ABCALZ ARC
ATF-bindir AECAZ ABCZ
ATP-bindir ABCAS ELA#
ATP-bindir ABCAR
ATF-bindir AECAS KLi#
ATP-bindir ABCAQ
ATP-bindir ABCES
ATF-bindir AECEG MTAE
ATP-bindir ABCET ABCT
ATF-bindir ABCEY KL#
Multidruz AECC1 MEF
Multidrug ABCC10 MEE
Ml 43 Avae ARCC1? MEE

594 MESHHESGD:
1474 MGENELLHFE
1454 MYAQLITGHL

353 MSEPFILLLE

546 MCSLGLFFFE

ETZ2 MSEEERFGEE

399 MGEESLYLLIPTM:

401 MGLEALCLGL
425 MHTARFITAS

951 MEEFFDSREEPTM:

122 MTSPEIASLE
434 MESESESGAR
384 MAAVONDTEL
412 MAFYCQEDSY
1098 MTLOELVHESR
309 MYFPARRFCL

1374 MSSSFFRESEFTM:

500 MASMLLAQRL
1543 MHEMALASEN
2595 MASLFHQLAT
2435 MGFLHOLALL

1642 MSTATREVGY PTM:

1617 MEMERESYIE
1551 MEERETEVCE
1824 MSEREMEVGE
12 MVDENTTRAL
542 MVTVGHICER
TS2 MALLAMHSNE
TEE MELYEKAVVYT
1531 MALRGFCEAL
1492 MERLLAQLCE
1359 MVRFRRYT TS

i

Uniprot ITFrotein n:Gene namesFrotein zeProtein seFost—tran=Ffam

FFOOOTE;

Maotif

FIE
ZCPD;

Gene sequence
ATGGARTCAAATCACARATCOGGGEAT GRATTGA

FFODZ0T : FFOTETS; FFOL 1EVE; 2P9R; ATGOGGAAGAAC AMACTCCTTCATCCARGTCTGN,
FFO0Z0T ; FFOTETS FFO1835  FFOTTO ATGTGGGCTCAGCTCCTTCTAGGAMTGT TGGCCCT
PFO45T2  PEMOTIF 192 194 DXD mo ATGTCCAAGCCCCCOGACCTCCTGOTGLGRCTEE!
MOTIF 544 546 Microb ATGTGCTCTCTGGGGTTGTTCCCTCCTCCACCGIT

FFOO400;
FFOOS01;
Glycc PFOTESS;
FFOTE59;
FFOO155;
Autop PFOO0BT;
FFO4430;
FFOO400;
PFOSZ282;
FFO1411;
FFOOS01 ;
PFO1648;
Autop PFOTT14;
FFOOZ0Z;
PFOO00S;
FFOO00S;
FFOOO0S;
H-gly PFOOOOS;
FFOO00S;
FFOOO0S;
FFOO00S;
FFOOGE4 ;
FFOOGEY ;
FFOOGEY ;
FFOOGE4 ;
FFOOGEY ;
FFOOGEY ;
FFONRRA -

 ATGTCCARGEAGGAGLGCCCCGETCGGGAGGAR

MOTIF 111 113 Inwvelw ATGGGAAGAAMATCGCTGTACCTICTGATTGTGH
MOTIF 111 113 Inwolw ATGGGGCTAMMMGCTCTCTGTTTGRGGCTGCTTTC

FFOTETS;
FFOOSS0;

FFOO00S;
FFOO00S
PFOO00S;
FFOO00S;
FFOO00S
PFOO00S;
FROOOOS -

Fig.2. The example of hit list.

ZOLE; ZRZN;

ZhBEL; 2040

ZBYD; 2043,

3HHE ; 3HHS

ZCEL;

ATGAATTACGCACGGTTCATCACGGLAGL GAGLG
ATGAMGARGTTTTTCGACTCCCGEGAGAGE G5
ATGACTTCCCCTGARAT TGCTTCCTTATCATGGG
ATGGAGTCCGAAT COGARMGCGGGGCTGLTGL TR
ATGGCTGOCGT L AGATGEATCCTGAGC T AGCC iy
ATGGAGTTTTGTGT TGAGGAC AGCACCGATGTC )
ATGACTCTTCAGGART TGGTGCAT AMGGL TGLCTL
ATGETTTTCCCT GECARMCGGTTCTGOT T GETGC!
ATGTCGTCGTCCTTCTTCARCCCCAGCTTOGLCT.
ATGGCCTCCATGT TGCTCGOCCAGCGOC TGGLCTE
ATGAAT ARGATGGCCTTGECTTCCTTT AT GAAAGE
ATGGCTTCCCTGT TTCATCAGCTTCAGAT CCTIGE.
ATGGGCTTCCTGLACCAGC TGO AGCTGCTGLTCTE
ATGTCCACTGCAAT TAGGEAGET AGGAGT TTGGA
ATGAATATGARAC AGARRRGTGTET ATC AGE ARAL
ATGAGGARMGAGARAGATC AGTGTGTGTC AMC ARAL
ATGAGC ARGAGACGCATGAGCGTGGGTC AGE ARAL
ATGGTGGEATGAGAATGACATCAGAGCTTT ARAT
ATGGTGACTGTGGGL AMC TACTGCGAGGLCGA NG
ATGGCGCTGCTCGLGATGC AT TCT TGGLGLTGGE
ATGLGGCTGTHEARGGLGETGETGETGACTTTGE
o ATGAGCTTCTTCTTCAAGGCCATCC ACGACT
ATGTGCCTCCTTGTCTTCCCCCT TRTOCCC AGAL
AT AT R AN AC T T TAC T TTATCTE LG4 T

With the emergence of high-throughput technology, DAVID as a enrichment analysis tool is more

popular in biological research. PMD is connecting with DAVID by a back-end Python relational

program. PMD will extract the protein lists from raw data and submit to DAVID. The threshold is

the default value. As the result of this process, PMD will output text files about final filtered list

and enrichment analysis result. (see fig.3)

DAVID analysis report

E) Complete list

™ | DAVID analysis report
) DAVID final filtered ns/

DAVID
B Hit list
|| Panther final filtered list

B pantherdb_chart_type_1_20141028_46..
B pantherdb_chart_type_2_20141028_46...
R pantherdb_chart_type_3_20141028_46...
B pantherdb_chart_type_5_20141028_46..

| STRING analysis results URL
| STRING final filtered list

Be STRING network analysis report--dia...

| STRING network analysis report--text

Fig.3. Show the result of analysis report about PMD.
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(5 DAVID final filtered list with annotation
When analyze in DAVID, a few of proteins are unmapped and the mapped proteins are show

in DAVID final filtered list. The file includes Uniprot ID, protein name and species. (see fig.4)

F36396
15057
HEHHEL
015254
Q13685
QAUGE3
FOZ910
9 |Q9ngE
10 | P49T48
11 F16442
12 |Q9ETEG
13 POOS1S
14 |QEHCOG
15 /999385
16 000590
17 Q13444
18 0Ts07T
19 |B8TCET
20 |P35318
21 |Q4LE35
22 |Q9EL1l
23 |ABeYVEL
24 [P11TB6
#5 |PB115S
26 |QEN0ZIZ
27 |QONETE
5 094805
Z9 (014678
30 |QEHFY¥4
31 |P40394

32 |Q9UEFZ
33 l0qimrs

L MEn R B g

WHIFROT _AL Hame

activin A& Homo
ArfGAP witHomo
indir Homo
acyl—Coenz
angio—asscHoma
ATF-bindir Homo
abhypdrolaz Homa
ATF-bindir Homo
acyl—LoE o
ABO0 blood Homo
alanyl-tEF Homa
adenosine Homo

acyl—CoenzHoma
ATAM metal Homo
chemokine Homo
AN metal Homo
ADAM metal Homo
ATAM metal Homo
adr enomede Homo

aminoadips Homa
ATAM metal Homo
acetoacety Homa
aleohol deHomo
ARF3S actirHomo
actinbindHome
acyl-Coh tHomo
actin—likeHomeo
ATF-bindir Homo
abhydrola=Homa
aleohol deHomo
ATAM metal Homo
arwl—Tadk =Hama

Species

=aplens
=aplens
=aplens
aplens
zaplen
zaplens
saplens
saplens
saplens
sapt
=aplens
=aplens
=aplens
zaplens
zapiens
sap
saplens
saplens
saplens
saplens
=aplens
=aplens
=aplens
zaplens
zaplens
zapiens
saplens
saplens
saplens
saplens
=aplens

canians

Fig.4. The final filtered list about DAVID.

@ DAVID analysis report
In order to demonstrate a neat format, we suggest that you open this analysis report with

Uniprot ID

Protein name

Species

Microsoft Excel. You can get different information through the different display modes. Firstly,

the annotation cluster can be getting in data frame. (see fig.5A) Secondly, different types of

annotation will show in data frame though sorting the first column in ascending order. (see

fig.5B) In order to make clear about DAVID result, PMD provide a visualized form. (see fig.5C)
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The first column

1 |Annotdtior Enoichment Seore: 2. B35040094678326

2 |Categdry Term Count % PValue

5 | THTE TIFRO1305T : 21 1.124197

4 |UP_SEQ_FE#zine finge 19 1.0171306 8.

5 |UF_SEQ_FE#zine finee 18 0.9835974 1.

& |UP_SEQ_FEAzine finge 17 0.9100642 1.

7 |UP_SEQ FE#zine finge 19 1.0171306 2. 49E-05

& |INTERFRO TIFROOTOST: 22 1.1777T302 3.53E-05

0 |INTERFRO IPRO1S8E0: 22 11777302 4. 48E-05 Annotation Cluster 1
10 |SP_PIE_KEY transcript 38 2.0342612 5. 1DE-05

11 |SMART SMOD3SS: Zr 22 1.1777302 5.80E-0S

12 |SP_PIE KEYTranscript 368 2.0342612 0.

153 |GOTERM_EF_GO: 0006350 35 Z.0342612 1

14 |UP_SEQ_FE#zinc finge 16 0. 856531

15 |UP_SEQ_FE#zine finge 17 0. 910064 13E-04

16

17 |Annotatior Enrichment Score: 1.2454941955562054

16 |Catezory Term Count % Fralue

19 |GOTERM_EF_G0:002154€ 3 0.1605996 0. R

20 |GOTERN_BF_GO.00Z203T 3o 150599ﬁ> Annotation Cluster 2
21 |GOTERM_EF_G0: 003000z 3 0. 1605996

22

23 Annotatior Enrichment Score: 1.2099495495755444

24 |Category Term Count % PValue

25 |SF_PIR_KEY synapse T 0.3747323 0.

26 |SF_PIR_KEYecell junct 9 0.4517957 0. 0345657 .

27 Go?ERMicc,Go:ooiszoz 7 0.3747323 00916053 Annotation Cluster 3
25 |GOTERM_CC_GO0: 0030054 T 03747323 0

29

50 |Anmotatior Enrichment Score: 0.52615151350953553

31 [Category Term Count % PValue

e T o eepar Annotation Cluster 4
109 [Category Term Count % F¥alue

110 |GOTEEM_EF_ GO0 0008350 38 2.0

111 |GOTERM_EBP_GO:002154% 301 d

112 |GOTERM_EBP_GO: 0022037 3 0.1605996 0. 045

113 |GOTEEM_EF_ GO 003020z 3 0.150%996 0.1161574

114 GOTERM_EF_G0:0007411 5 0.268TERE 0. 0Z0RRZ4 GOTERM BP FAT
115 |GOTERM_EP_ GO:003090C 5 0.26TEEE O.06156851 - -
116 |GOTEEM_EBF_GO:003117% B 03211991 0.

117 |GOTERM_EBF_GO: 0007408 5 0. Z26TEEE _D-T20134Z

115 |GOTERM_EP_GO: 0001764 3 0,18 0. 12390955

119 |GOTERM_CC_ GO 004520z T 0.3THNG23 0. 0916853

120 | GOTERM_CC_ GO: 0030054 T 0.37473 . 3016535

121 |GOTERM_CC_GO: 0019717 4 0.2141325 0.

122 |GOTERM_CC_ GO: 0005624 10 0.5353319 0.

123 |GOTERM_CC_G0:000562E 10 05353319 0. 3142271

124 |GOTERM_CC_GO: 0000267 11 0.5555651 0. 4795625

125 |GOTERM_CC_ GO: 000573 17 0.9100842 0. 0272301 GOTERM_CC_FAT
126 |GOTERM_CC_GO0:000S5TE 25 1.3383295 0. 0885323

127 |GOTERM_CC_G0: 0030054 T 0.3747323 0.

125 |GOTERM_CC_GO:000591% 3 0.1805996 O,

129 |GOTERM_CC_GO: 0070161 3 0. 16055 . 4464318

150 |GOTERM_CC_ GO: 0005852 402 L2183ET2

131 |GOTERM_MF_ GO: 0043565 10 0.5353319 0. 1599696

132 |GOTERM_MF_GO: 0016564 5 0. Z6TE . 3956106

133 |GOTEEM_MF_ 00003700 16 0.856531 0. 495

154 |GOTERM_MF_GO: 0003690 4 0.2141325 0. 074380

135 |GOTERM_MF_GO: 0030528 21 1.124197 0. 1244845 GOTERM MF FAT
136 |GOTEEM_MF_GO:004356E 4 0.2141325 0. 1504935 - -

1537 |GOTERM_MF_GO: 0018562 6 0.3211991 0.

135 |GOTERM_MF_ GO 000550% 10 0.5353319 0.5

139 |GOTERM_MF_GO: 0042302 6 0.3211991

140 |GOTERM_MF_ GO : 00483572 5 0. 425 0. 3087911

141 FINTREM MR 20 00A 22ns a n AMTO2T N 2eccTT

Ped Setn

0

Fig.5. The example of DAVID analysis report. A. The annotation cluster. B. Different types of annotation. C.

Visualizing the result of DAVID enrichment by histogram.
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@ Further analysis

In further analysis, we provide some advice for helping users mining data.

DAVID help document
In this analysis process, the threshold is default value, so you can try re-analysis in DAVID by
yourself, and the steps are as follows.
A. Open the URL: http://david.abcc.ncifcrf.gov/

DAVID Bicinformatics Resources 6.7
National Institute of Allergy and Infectious Diseases (NIAID), NIH

Click Functional Annotation

Home | Start Analysis = Shortcut to DAVID Tools = Technical Center | Downloads & APIs  Term of Sgpuie Why DAVID? = About Us

Shortcut to DAVID Tools I e BEr published in Mature Protocols describes step-by-step procedure to

p= Functional Annetation Welcome to DAVID 6.7
Gene-annotation enrichment analysis, -Search
functional annotation custering ,
2003 - 2014

What”s Important in DAVID?
The Database for Amnotation, Wisualization and
Integrated Discovery (DAVID )} +6.7 is an
update to the sixth version of owr orizinal
el T e web-accessible programs. DAVID now provides a
ists of genes into ionally relate - ; :
TS G TS I D e cumrshens.lvs set of functional amnotation
biological content captured by high tools for investigators to understand

and more

j= Gene Functional Classification

Provide a rapid means to reduce large

Current (v 6.7) release note
New requirement to cite DAVID
IDs of Affy Exon and Gene arrays
supported

Wovel Classification Algorithms

throughput technologies. More bislagical meaning behind large list of genes. ~ ° CochulliAffmetriz end Hlanina
3 5 2
e I e ion For any given gene list, DAVID tools are able SCIEiouncs

| @e e User s customized gene background

Convert list of gene ID/accessions to e Enhanced caleulating speed

others of your choice with the most

comprehensive gene ID mappis P

o ® Identify enriched biolosgical themes, BEaies G BN

in the list can also be determir particularly GO terms

B N automatically. More Ni araver erriched fimeti onal —related DAVID Bioinformatic Resources Citations

Upload List
Background

« Submi-
Demolizt 1 Demolist 2 Key Cone
Upload Help

Enter Gene List (Uniprot ID)

D v gl
agglomerat
NCBI, PIR 3
from over 6

A Paste a list

&
Ranking fun

EB:Chooze From a File unraveling 1

ARSI | RIS investigator

. . the number
~ Multi-List File

Select UNIPROT ACCESSION

Gene Similj
E Any given g
they are

UNIPROT_ACCESSION

Select Gene List

Click Submit List

Typically, a

processes :

C somehaow. 1
Al
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http://david.abcc.ncifcrf.gov/
http://david.abcc.ncifcrf.gov/summary.jsp

Annotation Summary Results

Help and Tool Manual
Current Gene List: List_1 97 DAVID IDs

Current Background: Escherichia coli Check Defaults Clear All

Functional_cCategories (3 selected)
Gene_Ontology (3 selected)
General Annotations (0 selected)
Literature (0 selected)
Main_Accessions (0 selected)
Pathways (1 selected)

in_Domains (3 selected)
Protein_Interactions (0 selected)

Select Species

List Manager Help

Sl ***Red annotation categories denote DAVID defined defaults™>>

Combined View for Selected Annotation / Choose the Combined View

. . . Select List to: Functional Annotation Clusterin
Show final filtered list [ il
Bhou Gene List |
D.
Individual views/reports:
Pay attention on which gene Percentage, e.g. 7/171
list, species and population @ (involved genes /total
background that the toolis genes)
being applied Genes from your list
involved in this
annotation category
Current Gene List: de
Current Background: Homo sapiens Single Chart Report
@ Main Accessions (0 selected) ONLY for this
B Other Accessions (0 selected) 5 R
@ Gene Ontology (3 selected) annotation categories
@ Protein Domaing (3 selected)
(3 selected)
LU
List Manager welp ] s1ocarTA us 20
[ ec_momnes e M
7] xece_compoumo "™ 1
7] xeGG_PATHWAY BN 37
[ xece_reacrion = 1
B General Annotations (0 selected) 12 "
@ Fonctional Categories (3 selected) Combined views/reports:
B Protein Interactions (0 selected)
B Literature (0 sefected) Clustered or non-redundant
& Disease (sdlecioty chart report of annotation
Comblued View for Selected " terms for ALL selected
 (r— I g - | 4m annotation categories above
(_Funcsonal Amnotason Chant
(C_Foncionsi Ammctanon Tt Linear or redundant chart
— report of annotation terms for
ALL selected annotation
View and select annotation categories above
ries of i (7 of
el raleceprsor s
E P annotation categories.
A}
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F\

DAVID Bioinformatics Resources 6.7

National Institute of Allergy and Infectious Diseases (NIAID), NIH

Functional Annotation Clustering

1d Manual
Current Gene List: List_1 ParamEter adIUStment
Current Background: Homo sapiens
175 DAVID IDs
E Options Classification Stringency | Medium E /
o Similarity Term Overlap o

Kappa Similarity 3 El Similarity Threshold | 0.5C E|

o Initial Group Membership Final Group Membership Multiple Linkage Threshold
Classification 2 =] 3 0.5C[~]
Enrichment EASEH
Thresholds 1.0
Displ . 7 S = ]

isplay [ Fold Change ["I Bonferroni Benjamini EDR  LT,PH,PT

erun using options

reate

TBNST |

63 Cluster(s)
Annotation Cluster 1

Enrichment Score: 25.42

Count P_Value

OOoOooOoOoQO

INTERPRO
INTERPRO
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
SP_PIR_KEYWORDS
GOTERM_MF_FAT

ABC transparter-like RT — 28 1.6E-42 3.8E-40
ABC transporter, conserved site RT — 28 9.1E-40 1.1E-37
purine nucleoside binding RT ——— 76 1.0E-30 3.3E-28
nucleoside binding RT —— 76 1.6E-30 2.6E-28
adenyl nuclectide binding RT —— 75 2.9E-30 3.2E-28
atp-binding RT — 61 7.1E-27 1.6E-24
purine nucleotide binding RT —— 75 8.7E-25 7.1E-23

Gene list being
analyzed

\Functlonal Annotation

A group of terms
having similar
biological meaning
due to sharing similar
gene members

The overall enrichment
score for the group based
on the EASE scores of each
term members. The higher,
the more enriched.

Clustering options

and stringency AlLL genes involved in
this annotation cluster
Every term in the

stering annotation cluster

Current Gene List: demolist1
171 DAVID IDs

& Options

Classification Stringency | High ¥

[ Rerun using options

] [ Create Sublist ]

Annotation Cluster 1

Enrichmer4 Score: 3.69

Related Term
Search

Genes involved in
individual term

Annotation Cluster 2
SP_PIR_KEYWORDS
SP_PIR_KEYWORDS

GOTERM_BP_ALL
Annotation Cluster 3

UP_SEQ_FEATURE
UP_SEQ_FEATURE

O00mOOo0OmoOoOooooon

INTERPRO_NAME
Annotation Cluster 4

Enrichment Score: 2.66
domasn:lg-hke C2-type 1
domain:ig-fike C2-type 2
Immunoglobulin

Enrichment Score: 263

EEER

SP_PIR_KEYWORDS chromoprote:n BRI - 7 1.1E-5
SP_PIR_KEYWORDS m in .18 - 8 4,765
SP_PIR_KEYWORDS iron R = 9 AE-4
GOTERM_MF_ALL iron ion binding BRI - 10 2.56-4
SP_PIR_KEYWORDS beme RL - 7 2564
GOTERM_MF_ALL satrapyrrole binding RI - 1363
GOTERM_MF_ALL BRI -

2264
2464

5.4E-4

EASE Score, the modified Fisher Exact P-Value. They are identical

Download File

=] DDWK

(9 STRING

PMD provides an analytic process that can output Protein-Protein interaction network

to that in the Chart Report. The smaller, the more enriched.

Fig.6. DAVID help document.

(PPI-network). This process is set up in STRING that is connecting with PMD by a back-end Python

relational program. STRING is a database of known and predicted protein interactions. The

interactions include direct (physical) and indirect (functional) associations.

STRING final filtered list with annotation
When analyze in STRING, a few of proteins are unmapped and the mapped proteins are show
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in STRING final filtered list. The file includes gene name, gene annotation. (see fig.7)

MT1E 9606. ENSFCmetallothi
FOXH1 9606, ENSPC forkhead t
HRPP1 B06. ENSEC cAMP-regnl
ZNHITI QE0E inc finge

9606 ENSEC zine
LHF193 9606 ENSEC zine finge

[= e Rl R, RO R
1
L
5

SF3 9606, ENSFC Sp3 transc Gene name
MGC10955 9606, ERSPCFutative v

9 IFFO1 9606, ENSEC intermedi=

10 |TET3 DE06. EFSFC tet oncoge

11 |GLYR1 9B0E. ENSEL glyoxylate

12 |ZIWEF1 9606, ENSEC zine and ¢

13 |IHFG4 9606, ENSEC 1ind
14 HOXAZ 9606, ENSPC homeobox A
15 |FDCDG 9606 . ENSPC programmed

16 |ZSCAN1A  9606. EWSPCzinc finge
17 |GHG10 9606, ENSEC guanine
15 |ZWF493 9806, ENSFC zine finge
189 [C1Toerfl04 9606. ENSPC Uncharacte

Gene annotation

20 |MED4 9606, ENSFC methyl-Cpt:
21 |ZSCAN4 9606, ENSEC zine finge
22 |CBRZ 9606, ENSEC che omobox

23 |IFREDL 9806 ENSFC zine ribbe
24 |ZBBX 9606, EWSEC zine finge
25 |SARNFE 9606, ENSFCSAF domair
2B ATRE 9606, ENSPC aut oimmune

27 \C2orf74  9606. EWSPC Uncharacte
25 |IFEF3 9806 ENSFC zine and ¢
29 |IWILCH 9606, ENSPC Zwilch, ki
30 ZF3 QB0E, ENSFC zona pelly
31 |FTEW D606, ENSPC phosphatas
32 |IRHIT2 9606 ENSEC zine finge

Fig.7. The final filtered list about STRING.

@ STRING network analysis report
As the result of this analysis, PMD will output PPI-network picture (see fig.8) and the
PPI-network text file , which can be read by CytoScape and do further analysis.
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Fig.8. The analysis result of PPl-network, show by bitmap image.
@ Cytoscape(7)
Cytoscape is an open source software platform for visualizing molecular interaction networks and
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biological pathways and integrating these networks with annotations, gene expression profiles
and other state data. Additional features are available as Apps. Apps are available for network and
molecular profiling analyses, new layouts, additional file format support, scripting, and

connection with databases, such as MCODE can find clusters in a network.

Cytoscape help document
A. You can get available recourses in http://www.cytoscape.org/download.php, and install

Cytoscape in your computer. ( Please install Java 7 first to use Cytoscape)
B. Open Cytoscape, and install MCODE.
Apps--App manager--Install Apps--MCODE—Install

C. Open PPI-network file in Cytoscape.
File—Import—Network—File...--set up Interaction Definition--OK

4. Import Network From Table &J“
Select a Hetwork Collection
Network Collection .Create new network collection -
Node Identifier Mapping Column: .Shared name -

Interaction Definition

Source Interaction

Interaction TV Target Ime:V
" v| €% |Column 3 - | €% (Column 2 -

@ Columns in BLUE will be loaded as EDGE ATTRIBUTES.

Advanced
] Show Text File Import Optioms

Preview
Text File Left Click: Enable/Disable Column, Right Click: Edit Column
newlable
o #node1 o’ node2 o nedel_string_id X node2_string_id X node1_external_id
XAGE1E CXorfé1 991231 990445 ENSPO0000364713 =
HDAC1 KLF13 9908186 982540 ENSPO0000362849 =
BUB1 CDK2 982548 979778 ENSPO0000302530
BUE3 CHEK1 989777 980540 ENSPO0000357858
H2AFX CHEK1 991148 980540 ENSPO0000384310
RBMX2 RLIM 986768 977982 ENSPO00003339090
ccLaL1 CXCR1 991806 981629 ENSFO0000367605
MAY BAW QgaRRAN a1 ane THCDAANAARE 400 o
4| I o b

L

D. Cluster analysis.
Apps—MCODE—Open MCODE—Analyze current network
And the result will show in the right.
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http://www.cytoscape.org/download.php

Results Panel O x

A MCODE Result 1
Cluster Browser
Network Details
Fank: 1 -
Score: 18
Nodes: 18 3
Edges: 133 —
Fank: 2
Score: 9,429
Nodes: 29
Edges: 132
Fank: 3
Score: &.333
. Nodes: 7
Edges: 19
- Fmmle- 4 i
[ Export ][ Discard Result ]

E. If you want to do further, you can get the complete introduction in
http://www.cytoscape.org/documentation users.html.

Domain analysis

Proteins are generally composed of one or more functional regions, commonly termed
domains. Different combinations of domains give rise to the diverse range of proteins found
in nature. The identification of domains that occur within proteins can therefore provide
insights into their function. The Pfam database (8) is a large collection of protein families,
each represented by multiple sequence alignments and hidden Markov models.

You can get Pfam ID in hit list, and get more information in_http://pfam.xfam.org/.

HOME | SEARCH | BROWSE | FTP | HELP | ABOUT I’ ‘am
keyword search

EMBL-EBI

Pfam 27.0 (March 2013, 14831 families)

The Bfam database is a large collection of protein families, each represented by multiple sequence
alignments and hidden Markov models (HMMs). More...

QUICK LINKS ~ YOU CAN FIND DATA IN PFAM IN VARIOUS WAYS...
SEQUENCE SEARCH  Analyze your protein sequence for Pfam matches
VIEW A PFAM FAMILY  View Pfam family annotation and alignments
VIEW A CLAN  See groups of related families
VIEW A SEQUENCE  Look at the domain organisation of 2 protein sequence
VIEW A STRUCTURE  Find the domains on a PDB struct,
KEYWORD SEARCH  Query Pfam by keywords

sume 7o @ o

Enter any type of accession or ID to jump to the page for a Pfam
family or dlan, UniProt sequence, PDB structure, etc.

Or view the help pages for more information

@ Motif

Proteins having related functions may not show overall high homology yet may contain
sequences of amino acid residues that are highly conserved. Motif analysis will reveal this
law.

You can get gene sequence in hit list, and submit to MEME(9)
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http://www.cytoscape.org/documentation_users.html
http://pfam.xfam.org/

(http://meme.nbcr.net/meme/cgi-bin/meme.cgi) or DILIMOT(10)
(http://dilimot.russelllab.org/) for doing motif analysis.

PANTHER

The PANTHER (Protein_ANalysis THrough Evolutionary Relationships) Classification System was
designed to classify proteins in order to facilitate high-throughput analysis. As the result, pie
chart would be downloaded in packet (see fig.). According the result of pie chart, you can search
more information in Panther classification report.

) Complete list

| DAVID analysis report

| DAVID final filtered list

] Help document

&) Hit list /
| Panther classification report /
B pantherdb_chart_type_1_20141103_5

R pantherdb_chart_type_2_20141103_53...

B pantherdb_chart_type_5_20141103_53...

|| STRIMG analysis results URL

| STRIMNG final filtered list

R STRING network analysis report--dia...
| STRING network analysis report--text

PANTHER Protein Class

Total # Genes- 5 Tetal # protein claz hits: 3

\

Pie chart

oxidoreductase (PCO0L76)
transferase (PC00220)
M transporter (PC00227)

(17) Docking

Docking is a method which predicts the preferred orientation of one molecule to a second

when bound to each other to form a stable complex. Knowledge of the preferred orientation in
turn may be used to predict the strength of association or binding affinitybetween two molecules
using, for example, scoring functions.(11)

A. Getsthe PDB ID in hit list, and download crystal structure in PDB.

B. View the crystal structure by molecular visualization software Pymol.

C. Using Autodock Vina for doing molecular docking.
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http://meme.nbcr.net/meme/cgi-bin/meme.cgi
http://dilimot.russelllab.org/
http://en.wikipedia.org/wiki/Binding_(molecular)
http://en.wikipedia.org/wiki/Supramolecular_chemistry
http://en.wikipedia.org/wiki/Dissociation_constant#Protein-ligand_binding
http://en.wikipedia.org/wiki/Scoring_functions_for_docking
http://www.rcsb.org/pdb/home/home.do
http://www.pymol.org/
http://vina.scripps.edu/
http://en.wikipedia.org/wiki/Docking_(molecular)
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