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1. Differentially Expressed Genes Analysis (EXDEGA)
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1% 1-1 B. EXDEGA Graphic Plus installation

EXDEGA format 2| Al mAZ FH, 2AZ0| Gene Category &1t 7t2LO|0| gene expression
data, 2LE%0{ DEG Analysis &0| AHEICHIR 1-2). Gene Category 4 HoN&= 7|2 HFE
Gene ontology (GO)7f UD AHERE7L st CHE gene category & T30] Mg = UCh

=
Gene category &1t DEG Analysis &2 &1 As5t0 HIO|HE &A 22 + ULt DEG Analysis

% O M= Fold change, Normalized Data (log2), p-value 52 MEH5l0{ DEG MEE &AH & =+

AL DEGs € gene category EE & Zde £ QUCE #0H OfL|2l, DEG 24 HO|M

Scatter Plot, Volcano Plot, Venn Diagram & A& 13 = /U1 MEHE |FIXNES Y=

Clustering heatmap, KEGG 241, DAVID 42 #=d5t7| fI¢t inputfile & AtS22 TS £ UL
b

Gene expression graph, Gene search 7|sx O|&8% £ Q10f HXI7l RNA-Seq, microarray data &

a4 gez 4

T
Hol|x| zjojote »H dolsl Ee =7 xHE 8 =T  SBE  EdDiGa
. T - B EEH
R RE R ) m- %9 Wp| 2 5 e
5 5 ue o %
Al £ = NCATENATE( Filter: *, SUBTOTAL(103, A3:A1048576)) v
0 . c o f . e " ] s « . " " o . a " s T ufs
voX . ] wvoX
[r—— ot change: pme Awersge ot sormaiee e gzt [ ——
View All Data . ® s e A o mg o mg mp mg mp oo eg oo M DEG Analysis
3 Toes e
2 . Yol | () Sanifcant Gene Section
s asoo FE I
L ] 920 () ansymiragn
] ars 10§ () ThindPary Support
apogtoti prcess B e broe i M
[ s % 00| () Selected Gene Pt 10 eput
csnm = = 52§ () et Gt P00
Con w as00 wm
8 aon am|
w ams P
5 1210 a4
w a0 e ¢
w ao00 P
Imenune response . > A o
nfammaey respanse " com  axe PR
3 o a0 am|
- a Q000 0000 0200 q
2 T P T
2 oo o1 nses|
b 2w 200 v 3
3 FE T a4
= e et
i e los 2104
a sz asa0 |z
» a6 eI
» e i ¢
3 asa am|
» Laas ases
n aszs e g
W 250 150
5 e Fre |
" 20 2101
w uss FE
" assi ase
» ams sz
4D O OR « 2651 374
Fl 2000 w g
b T P
Geme Categary Seting 5 108 eI
il .
= [ RI2= IaEE

3% 1-2. RNA-seq or Microarray data in EXDEGA format



1-1. Gene Category AIE tH

RNA-seq & Microarray data = = PHHe| |AXE ZSSH7| ME0| {FHXAE oF 744
24517 20t 7|82 82 X0 242 St 0| 8O[SILE 0| s e ATXEO
gene ontology (GO)E &&%ICE GO & HIXT 7|52 REAESE |0 €2 A&0(2t YZstH

Ol8i5t7| L.
Gene Category &2
ZHIY = UMt o E
Aging 2 E4SHEH SiE
MEHSIO] SAOf S5t

st

=

T
Setste

24E B0 gt GO 7t YLoIZE FIHE|0f e, #F RUXESES

of ing #3d |FMXCE M2 AT G2, Gene Category EOfA
H ZHE EZoh J2|2 Gene Category 2| 0J2f GO &2
"AND" 7I%ﬂr gh GO Tho|2te

r
0

>
>
o

S 0
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~ - - g X X T
Filter: 18 Normaliz Gene symbol A1 B1
CD4 6609796563 4863424648
© fcenesymoor] a1 | 2 om | m CD68 8212207434 6058971393
— Ty 7T BT T T CHI3LI 1371536814 4960411498
2096{c068 s212| 7230 748 6059 CMTM2 2537912069 5923819147
3501jCHI3LL 1372 2932 3.242 4.960} CTSH 6701579683  4.592121952
szBsfomTiz 2538 3275 s8] 5924 DDIT4 5815221018  2.366255916
i :ﬁ‘: S:.:, g;‘:s :j;; : ;jl :Z: GIMAP7 5192976599 6350291851
=i R S I " . IL10RA 6017156180 4492292443
8759JILIORA 6.017] 6.259 5.974 4.492) JUN 6141937464  1.500021439
9155UN 6.142 6.564 7.21% 1.500) 874 11.55654916  10.24744298
5 128830V 11.557 11073 11.501 10.247| MMP9 221276134 4828433651
13601 jMmP9 223|257 308y a8 : NFKBIZ 5482681906 3207910321
14471 INFKBIZ 5.483 5.524 6.15' 3.208) Y] 5067365133 1998525741
15516 JOSM 5.067 5.728 6.274 1.999) = 7 7452
16271)pinv3 soas| ssa easd a7 E'P";‘;W 5793;’4;;:; "0 Z?‘;igm
18378[RPSAY1 7484 8129 8.09' 0.013) 1 o
18665[SCARNALD 0937| aes  aesd ez P SCARNATO 0937247358 6022991508
19946[SNORAT38 3863|661 6700  sus2 b SNORA73B 3869373123  8.182492707
£ 267ENEIA Sty S08] SN 35897} ZNF385A 5933793208 3896688932

38 1-22. Heatmap input of no more than 2 samples or groups

*Z-score = QUHINMOZ HAOZHE AOtItE WO UY=X|
HAtEEAL 2 Normalized data £ log10 22 Hi%t 5 HRS

Z-score = {Normalized data (log10) — average of Normalized data (log10)

i
rE

tEFSt= X|2O|LH.

=
=

I
ot

—

/standard deviation of Normalized data(log10)

Clustering heatmap input file 2 Gene Symbol 1} fold change (log2) EE+= z-score 2
TEECHAE 1-23). MeV Z2HWS A0 Clustering heatmap & 2d35t= HH2 Mev

manual (Download Link)Of| Al &tQlgt &= QIC}

1 Heatmapiallcompare_FC) txt - HEE

OEF HEE MM =27 =52

|Gene Symbol B /A C /A C /8|

ABHD3  1.28484278864215 1.05564963600944 -0.229193276278856
ADGRE3 2.04741030637742 2.07337604787126 0.0259657102702727
ALDH2  -1.53704893440065 -2.25385030388101 -0.716801237557984
AMICAT 1.38502619744398 1.41309305964294 0.0280669503482263
ANTXR2 1.19047263791619 1.27486038592147 0.0843881542963257
APBB1IP 1.43866864864493 1.45671679922983 0.0180472923397484
APOBR  1.2529266643143 1.79222275950347 0.539295814093037
AQP9 1.18587922828891 1.49957447547321 0.313695136333861

33 1-23. Third Party Support - Clustering input

BEHEAZ LHFOf Aabstot,
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https://www.e-biogen.com/analysis/%5bEbiogen%5d%20MeV%20manual%20(Heatmap%20Clustering).pdf

KEGG input 2 24 ZI0|A Up-/Down-regulated = SHXS0| O Pathway Of Zot=X|
2RIt At & [If KEGG Mapper £ 0|8517| @9t ¥ HIO|HE HSEHCt KEGG Input O|A =
StLbo| Hjw B MEH JhSSICE Hlw xg MEH = Data Export £ MEHSHH & 1-24 1t
20| SFALO| Entrez ID 9F H|X Zgl, ol £F0| M2 M I=2Z THEICH KEGG Input IHY2
KEGG Mapper 2| 23 HIO|HZE A3 Pathway &0 &dte XL 0|2 Wd +=F2
gholgh 4= QU

= =
odm BHEE MO 27 E2(H)
Entrez ID B /A
18 #FFE4c3,black
100 #EOFFFF black
133
148 .
177 #FFAQ7A black
183
207
218
239 .
267 #BOEOEG,black
268 .
317 #FF6347 black

13 1-24. Third Party Support - KEGG input

00

DAVID = Lt HO[HH|O[AE 7|Hez REXS| 4HMUAE SAXCE M50 FHX}L
F2 7|52 0F5= Analysis tool O|CH DAVID = 38 7§ O|&o| RAEA= & of

3 7H OlstZ2 SEAE MYs|of SIC} Data Export (DAVID Input)= DAVID O|A |HXt 0|52
= of AM8E[= HOILy O] mY2 {IA OlEez FHELAH

O|F2 DAVID 2| &9 HO|HZ AME3tY 243te{= GO &Y Zif HO[HE t2

g2

DAVID_input txt - Windows H2%
oOErn BEEE MAO B2V =82
ABHD3
ADGRE3
ALDHZ2
AMICA1
ANTXR2
APBB1IP
APOBR
AQP9
ARHGAP25
ARHGAP9
ARRDC3
ATHL1
ATP1B3
ATP6V1B2
B3GNTS

13 1-25. Third Party Support - DAVID input
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1-5. Selected Gene Plot Al2 tiH

EXDEGA 2| 7|s 0| d&ot R} £ HAX e RUAEE ez g
HHE =2 BHSIOA & M= “Selected Gene Plot” 7|%9 AHEE = UCE Mot
FHXS| ID 2 FASHY Selected Gene Plot &0 20 &1 “Expression Plot View'E +EH

Normalized data (log2) 2%, Fold change (log2) 2t2 & line graph 7t A2{ZICHE 1-26).

~

Normabized Data (log2)
o
-
old Change (log2)

13 1-26. Gene graph

1-6. Rader Chart A2 HiH
ExDEGA 9| 7|5 &0 MYst XL HAX7L HMJUE FEUXES ooz &

—

=
def= 2 BHHSIOAL & W= “Radar chart” A9 O|0|X|ZE BHET = QULCH ALE
=L t

MESE SEXLO| ID 2 SASH Radar chart 20| 20 €0 M2 MESICE FM2 Radar

chart 2| BX|ECoE &EHEY o5 (FHXt or MEY)S MEiSIL, HHSIOA}L St= LAt (BT

St or WY ME EHIHS MEISH | "Radar chart View'S +Z8 Normalized data (log2)
C

%, Fold change (log2) ¢t22 O|O|X|E 8 = UCKAE 1-27). T, EX|HO| U= &=0]
37HX| o|ldY 4% MZE Ztsstot.

Average of normalized data(log2) Fold Change

hsa-miR-619-5p hsa-miR-619-5p

12
hsa-miR-3184-5p. -~ . IR B R Tl _ hsa-miR- 320b hsa-miR-3184-5p. -~ . RN _ hsa-miR-320b

| miR- 3152 hsa-mhsa-miR- 3182 3 5 A hsami-

Oa
hsa-miR- 1908-5p hsa-miR- 1246 hsa-miR- 1908-5p hsa-miR- 1246
Oes s
c Ocm

8l 1-27. Radar chart
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1-7. Gene Search Al
L=

EX k d =& x—|x|.§ 74AH-<'5|.—| Al [[Hi h &< o|_9_-('5|.|:|=| E||:|- 01|§ 501
=’c Keywora Tl UANE o=or+- o= = gJgene search o= sord TH. = =
. . = o o
'InSU|In'2 7—I)\H'(‘5|.D:| nsu I E'I 2| '5|.0:| (= ¥elk=13
= T s = S ==
2 o||:|. 2l 1-28
™ M [=] .
R I T 0 < o 3 G S W i ] X L w [ w [ o B T
y | Fienss Fold change pvalue Average of normalized data (log?) Normalized data (logi
Yoy Mte 2 ¥ Genesymb(-| BJA - CJA - C/8 -| BJA - C/A -8 -] A -] B8 - | ml- a2 B e | e O
= sl 09 e oo 105 i o oy o 1w Lan L 1sw 17 1Az Lot
i L T o3  oms  oaw  omo o o oow o ooes s DS
290 ms| w0 ooss oo oswl 20 2me  aom| e 208 a0 29% () A g
Aogogeness w5 soeien e oo owo  lae L aam 1 1se 136 035 S
Apoptat process a8 £706 1652891 1036 0310 0.667 0.356/ 0.129 o1z 01| o001 oo0s2 0142 0084 >
Celeyde 803 8707 16728P2 0.917 0328 o.688 0.961] 491 4507 azsl s a2 456 38 () seseced Gene Pk 10 pee)
S am| iR o7 oom oo a3 oma  as] e oasr Lm0 ose Py
| s oms oo ows| sy eow  ead am  am ms s
el airensabon o smcws o3 oms  omws| o  oow o ous o 010t ooor
Cell mgraton. ana 8712 1GFaP1 0319 0.017 0.017| 0.000 0.000 0.245) 0.000 0.000 0.000 0.000
ONA e o] smiome sz ooo ool  am  oew  axz oss o o1 om N T
S 6| snacse 010 oow oo  uo o  swms|  ows  1m oas oo
s sns e oz omo  owo|  1ms 113 sl ome 2 amo 1
o pacasol 718 8716 IGFBPS. 0.281 0,000 0.000] 0.059 0018 2.182) 0.004 0.050 0.035 0.0
Inflamematory response &ns 8717 IGFAPS 0758 0.000 0.000| 0588 o6 2.8%4) 047 0378 0.6 0.788
o— o s o1 oom ool  am a6 7 asw 256 20w
o o2 amceea s om7  om|  owr  cam o oam oo oaes  oms
e su s 1w o o]  owo  omo  ow oom oo oo oo
o o mscl 009 o oos| e 305 ase| ass st s 2
ms s o1 oawr  oms|  amy  zam 2me  iss 2z o 2
s smamss o0 om  oam om0 o oas|  oos  oms oms 10
w7 s o33 o o oo cow  owa oo oow oo w0
s smsmas 1om o o] om0 oo 0w oom  ooe ome oo
o1 suriss o3y o ol oo oow o oo oow o0 0000
T 1w o 01|  omo  oow 0w oom  oon om0 oo
o2 s oms o o oo oow o oo oo om0 000
= e oo oo oms| 17 oem  osa| ias 1o s oss
s s s oms o o oo cow o oow  oow oo oo
07| o005 st 080 oo oo  oss  ome  iss oms o2 o0 oast
oo oo sz oo ooer oo 4 ew  ased  acss  aes a3 s
w3 07w 100 o ol  ooo  oow o oo oom oo 000
18516 18514 RXFPL 1.000 0.162 0.162 0.000 0.000 0.102] 0.000 0.000 0.000 0.000
a0 0 on sy s e et ome  oms|  oms  oms o oo oow oo oow
18518 18516 RXFP3 1.000 0.162 0.162] 0.000 0.000 0.102] 0.000 0.000 0.000 0.000
P T om oo o] oss o 19| ome 1w 10 oam
Data | info O . 0

ag

-28. Genes

related to

insulin
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2. Functional Annotation Analysis (DAVID, ExDEGA
GraphicPlus)

0| 8% Functional Annotation &4

mujo

2-1. DAVID &M E

DAVID = CtYgh HIO|H HIO|AE 7|Hte2 [EXS| A SE SAH2Z 4510 REAC

o
F8 7|52 Y ZF5t= analysis tool O|Ct. &4 12 112l 2-1 0f ZCt

~
« https://david.ncifcrf.gov/
AT 0| X| Start Analysis" Click!
A ~
H 7
N
« EXDEGAO| Al DAVID input data F&!
« input data import ---> DAVID options Check ---> "Submit List" Click!
~
+ Gene Ontology, Pathway, others DB2| "Chart" Click!
Data Base B "Chart"LH_O_I 'TlllI'AEI terml'f -6HE:!- 'Ic')l'xljxl' g!-ol_l
J

Check

33 2-1. DAVID tool analysis process

DAVIDOIA= 38 7§ O]9 {EA= 24 = BIQEZ 3M™ Jf 0|52 |FHAE MEHOf
= SICE  Significant gene

o

=

39 e xys, 2ol
S|

x

1

SICH RNA-Seq ZIMO|A significant gene2 ME3 P04 DAVID 24
selectionOf| A Fold change, Normalized Data(log2), p- E
StAXt Sh= Fold change Zg2 MEHSIO ZEHE 73@%

&2 2 Third Party SupportE &3 DAVID inputE F%73}0], DAVI
Ltol Hlw Z=tak ZIds{of stCh R 2-2).
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https://david.ncifcrf.gov/home.jsp

A B c D £ F G H | " T
Filter: 269 Fold change pvalue izt
DEG Analysis DEG Analysis
(1] Genesymbol | B/A c/a c/s B/A c/n cle A
2 Ei - ~ ~ - = = z ' Psw “ (%) significant Gene Setection -
113 111 ABHD3 0853 0002 0000 0476 2778
370 368 ADGRE3 1.018| 0.015 0.000 0.927] 3.0M Fold change () Anlysis Gragh
611 603 ALDH2 0608| 0002 0001 002 5497 200 z (=) Thira Party Suppert
695 693 AMICAL 1020 0005 0005 0764 6065
870 868 ANTXRZ 1.060 0.021 0.000 0.718| 3.08L MNoramiized Data (og2) Clustering Input KEGG Inpur
934 932 APBBLIP 1.013 0.005 0.001 0.904] 4510 o0 - GSEA Input
978 76 APOBR 1453 oo o000 oo7s| a7
1023 1021 AQPS 1243 0032 0003 0163 6151 ey
1068 1066 ARHGAP2S 0765| 0002 0001 0.068) 4612 o050 .
1091 1089 ARHGAPS 1123 0000 0000  0.0%4 5440
1214 1212 ARRDCZ 0.933 0.018 0.020 0.460) 3.877 Sample / Control
1354 1352 ATHLL 0621 oo oms  oos  3s9
1389 1387 ATP1B3 0.834) 0.010 0.002 0.323 4.640
1441 1439 ATPGV1B2 0.518 0.032 0384 0.001] 5566
1535 1533 B3GNTS 139 003 0001  0g0ss| 283 Both
1596 1594 BASP1 125 0005 0002 0025 6344 r——
1636 1634 BCKDHA 0899 000 0031 0254 4533
1654 1652 BCL6 1107 0047 0000 0633  4.499
1728 1726 BIRC3 1.209 0.002 0.000 0.255) 4.087
1753 1751 BLVRA 0933 o0 0037 09 5372
1977 1975 Cl1orf68 0.669| 0.000 0.002 0.003 3.07a
2060 2058 C16orfsd 067 0018 0021 0097 4127 o o
2350 2348 C5AR2 11070 0004 0000 0318 3.5 “ "
2622 2620 CANT1 1110( 0002 0000 0278  3.201
2635 2633 CAPNL 163 0001 002 0001 5602
2661 2659 CARDS-AS1 0.688| 0.002 0.016 0.005 2791 Fitter Gene Category Chart
2m 2703 CasT 1.353 0.023 0.07% o013 s () Selected Gene Plot D input)
2083 2981 CCNH 1.677| 0.019 0.112 0.001 4.239
2989 2987 CCNLL 1.261 0.006 0.006 0.159| aga Signifiant Chart () Radar Chart (D input)
2009 2597 CCPGL 1352 0008 0000 0032 3587 () ene sench
3033 3031 CD163 0040 0012 0000 4033
3082 3080 CD4 0010 0001 0002 6334 )
3086 3u::msﬁmup = - 0008 0000 017 5082 [ GraphicPius Start

1% 2-2. DAVID input file generation process

DAVID ZHO|X| (https://david.ncifcrf.gov/home jsp)Oll F538H0 “Start Analysis'S 2 2/oHCHAE
2-3).

m_ DAVID Functional Annotation 2 X +

&« c & david.ncifcrf.gov/home jsp

b f DAVID Bioinformatics Resources 6.8
; Laboratory of Human Retrovirology and Immunoinformatics (LHRI)

e, Start Analysis JShortcut to DAVID Tools | Technical Center Downloads & APIs  Term of Service About DAVID | About LHRI

*** Welcome to DAVID 6.8 ***
*** You are welcome to try the newest version of DAVID (2021 Updd{

Qverview Hot Links

The Database for Annotation, Visualization and Integrated Discovery (DAVID ) v6.8 comprises a full Knowledgebase
M Multiple f

The Laborator
Allergy and In

update to the sixth version of our original web-accessible programs. DAVID now provides a comprehensive set of
functional annotation tools for investigators to understand biological meaning behind large list of genes. For any given

gene list, DAVID tools are able to:
anti-retroviral

each variant's
(chemotherap)
an drug susce]

m ldentify enriched biological themes, particularly GO terms
m Discover enriched functional-related gene groups

& Cluster redundant annotation terms

m Visualize genes on BioCarta & KEGG pathway maps repair protein
immune cells.

m Display related many-genes-to-many-terms on 2-D view.

J% 2-3. DAVID tool webpage

“Upload” BO|M Step 1 A Step 4 7HX| =HBHCHE 2-4). Step 1 O|A EXxDEGA O M X %tgt
DAVID input LtS MEHSICE Step 2 Ol A "OFFICIAL_GENE_SYMBOL"E MEHSICE DHOF step 1 0| A
Gene Bank No.& ZQICtM "GENEBANK_ACCESSION"S MEHSICt Step 2a OlA 2Mdt= F9|
stHS ETICL Step 3 0 A “Gene List"E X325t Step 4 Ol Al “Submit List"E +ECt.
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https://david.ncifcrf.gov/home.jsp

- ==
Analysis Wizard r><X
DAVID Bicinformatics Resources, NIAID/NIH . M. LHRI

Home | Start Analysis | Shortcut to DAVID Tools | Technical Center | Downloads & APIs | Term of Service | ! About DAVID | About LHRI |

List Background

Analysis Wizard

Tell us how you like the tool
Contact us for questions

« Step 1. Submit your gene list through left panel.

An example:

Copy/paste IDs to “box A" —> Select Identifier as “Affy_ID" -= List Type as “Gene List" -> Click "Submit" button

1007_s_at
1053_at
117_at
121_at
1255_g_at
1294_at
1316_at
1320 at
1405_i_at
Step 2: Select Identifier 1431_at
g
1487_at
1494 f at
Step 2a: Select species 1598 g_at

Type your species name or id {e.q.
Homo sapiens; 9606)

13 2-4. DAVID tool : Step 1 ~ Step 4

List sheet O|A| EMS} DXt 8= ZS MEHSICHAZ 2-5. a). “List” Sheet O A IE Z(xxhE
HIIE[0f A 7t Qo] At BM0| HEE REAL| i=O[Ct O|A[0AM= 269 02| 7T A
B|AEE EUT HOIHHO|ANAN 7|50] STl 267 7HTHO| Functional Annotation 2410
O|&&|ACt= 2|0|O|LC.

2t} Current Background Off =48t X} ot= FO| ot ChE FO| LIZLHM Xk= “Background”

Sheet O A Y52 TS HEHSIO] "Use"E S ETIHCHAE 2-5. b).

=
25

Analysis Wizard

DAVID Bioinformatics Resources 6.8, NIAID/NIH

Home | Start Analysis  Shortcut to DAVID Tools | Technical Center , Downloads & APIs | Term of Service About DAVID = About LHRI

*** Welcome to DAVID 6.8 ***
*** You are welcome to try the newest version of DAVID (2021 Update) on our development site. ***

Background Analysis Wizard

Tell us how you like the tool
Contact us for questions

A & Step 1. Successfully submitted gene list

4 Current Gene List: List_1

| Current Background: Homo sapiens |

Select Species Step 2. Analyze above gene list with one of DAVID tools
‘ Which DAVID tools to use?

List Manager Help
List_1 © Functional Annotation Tool

e Functional Annotation Clustering
e Functional Annotation Chart

¢ Functional Annotation Table
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Analysis Wizard

DAVID Bioinformatics Resources 6.8, NIAID/NIH

Home  Start Analysis = Shortcut to DAVID Tools , Technical Center A Downloads & APIs = Term of Service About DAVID = About LHRI

*** Welcome to DAVID 6.8 ***
welcome to try the newest version of DAVID (2021 Update) on our development site. ***

Analysis Wizard

Upload  List(

Population Manager

Tell us how you like the tool
Contact us for questions

Select a background Help

& Step 1. Successfully submitted gene list

Homo sapiens Current Gene List: List 1

ICurrem Background: Homo saplensl

Step 2. Analyze above gene list with one of DAVID tools

Salact List to: .
) Rename | ‘ Which DAVID tools to use?
Affymetrix 3' IVT Backgrounds Help &> Functional Annotation Tool
e Functional Annotation Clustering
S yreistar Bt e Comcrowie Aty e Functional Annotation Chart
Maffymetrix Bsubtilis Genome Array e Functional Annotation Table

b M Affymetrix Mu19KsubA

1% 2-5. DAVID tool : Select Species

29l =, 2HO|AM Functional Annotation Tool 2 Z&otH ZAt7t LI2CH (A& 2-6).

Analysis Wizard

Tell us how you like the tool
Contact us for questions

& Step 1. Successfully submitted gene list
Current Gene List: DAVID_input
Current Background: Homo sapiens

Step 2. Analyze above gene list with one of DAVID tools
‘ Which DAVID tools to use?

Functional Annotation Tool

e Functional Annotation Clustering
e Functional Annotation Chart

e Functional Annotation Table

Gene Functional Classification Tool
Gene D Conversion Tool
Gene Name Batch Viewer

Annotation Summary Results
Help and Tool Manual
Current Gene List: DAVID_input 266 DAVID IDs

Current Background: Homo sapiens Check Defaults Clear All

Disease (2 selected)
Functional_Annotations (5 selected)
Gene_Ontology (3 selected)
General_Annotations (0 selected)
Interactions (1 selected)

Literature (o selected)

Pathways (3 selected)
Protein_Domains (4 selected)
Tissue_EXpression (0 selected)

EEEEEEEEE

***Red annotation categories den 1D defined defaults===

Combined View for Selected Annotation

Functional Annotation Clustering

Functional Annotation Chart

Functional Annotation Table

12l 2-6. DAVID results
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H A A |- = i i A7 I-E =1¥e) "'|. :I " "OI
DAVID 24 Z1It & Gene Ontology Biological Process Z1tS 2Q15t2{™ “Gene_Ontology”2
u,n g = 3gls gl xS o " . nQ| u = = =
+" EA|E 2810} Z1 &2 1 "GOTERM_BP_Direct’®| "Chart'E F2CHAE 2-7). Input 8t
FHAE0| 725 25t P20 2 ERLl i | O] E{ | O] 2~
FHXE0| F25 20iSt= GO list 7t LE2CH #A GO E &M QuickGO HIO|HH|O|AZ
P IO-I 2t ol MHE 3l0|at A |- O| [u]3 HE E.EI-“I, ‘-HI:I- I} =
AZEO Zt GO 9o HEE =Y + UCL GO 2| Gene UME Z=tH i GO A
[ely< I._E_O 3Ol A& Ol |-
REUXES =og = UCH
Annotation Summary Results
Help and Tool Manual
Current Gene List: List_1 267 DAVID IDs
Current Background: Homo sapiens Check Defaults Clear All
B Disease (1 selected) e o i P etk s et T o vt Ao 1 St PO o B e G~ O %
Functional_Categories (3 selected) I
B sene_Ontology (3 selected) 123 chart records [“N
dosrEse | T N
) GOTERM_BP_2 90.3% [J  GOTERM_BP_DIRECT Inflammatory response = 21 7o
) GOTERM_BP_3 89.9% "_DIRECT Immune response 21 78
— >_DIRECT type I interferon signaling pathway ] 30
) GOTERM_BP_4 89.9% ©_DIRECT cellular respense to lipopolysaccharide s s
) 88.0° I_BP_DIRECT positive regulation of interferen-gamma production & 22
- GOTERM_BP_5 % GOTERM_BR_DIRECT apoptotic pracess wo
) GOTERM_BP_ALL 90.3% GOTERM_BR_DIRECT response to lipopalyssccharice 10 37
TS ETE GOTERM_BP_DIRECT reguiston ot from RN polymerss I prosmeter n respase T hypoins s s
— —— = GOTERM_BP_DIRECT negative regulation of inflammatory respense 7 28
] GOTERM_BP_FAT 90.3% GOTERM_BP_DIRECT posiwe requlation of chemakine procucsion 4 s
7 GOTERM_€C 1 93.6% GOTERM_BP_DIRECT chemetaxis 8 30
= - GOTERM_BP_DIRECT cell proliferstion 9 52
I GOTERM_CC_2 93.3% Sa
T GOTERM_CC_3 93.3% Gene Report iz
) GOTERM_CC_a 92.5% ]
I GOTERM_CC_5 83.9% Current Gene List: List_1 e
) GOTERM_cC_ALL 93.6% g:;":':v?[;c:g”’““ Jiicnolsaplans n /
s N
@ GOTERM_CC_DIRECT ~ 93.6%
= . 8050 21 record(s)
e ' T =
) GOTERM_MF_1 89.1% BCLS B-cell CLL/lymphoma 6(BCLE) RG
] GOTERM_MF_2 88.8% CXCR1 C-%-C motif chemekine recentor 1(CXCRT), RG
CXCR2 C-X-C motif chemokine receptor 2(CXCR2. RG
NFKBLZ NEKE inhibitor zeta(NFKBIZ) RG
NLRP3 NLR family pyrin domain containing 3{NLRP3) RG
TNFAIPS INF alpha induced protein 3(TNFAIP3) RG
TNFRSF10C TNF receptor ily member 10c(TNFRSF10C) RG
TNFRSF1A TNF receptor member |A(TNFRSF1A) RG

13 2-7. DAVID tool : exploring Gene Ontology analysis result

O|et Z2 HHOZ pathway ZutE QI8 EH KEGG_PATHWAY database 0| A| =82 Pathway 7}
(22l 2-8). Z pathway & FZ23 pathway 1S =018t 3 QUCt pathway 1Z0fA &

o e FHXZL input FTA & Y pathway O #H0ist= FTXIO|CE FTEXE
A HEE XM & £+ UL

Functional Annotation Chart
Annotation Summary Help and Manual
Current Gene List: List_1

o Current Background: Homo sapiens
Current Gene List: List_1 267 DAVID IDs

Current Background: Homo saj] @& Options

B Disease (1 selected)

N . Rerun Using Options | [ Create Sublist |
Functional_Categories (3 sele

o — S 32 chart records [ Download File
ene_Ontology (3 select EMMM@
General_Annotations (0 select naling pathway 3385 6,763
@ Literature (o selected) Apoptosis 51 - 8 3.0 1664 1262
&, Main_Accessions (0 selected) _PATHW Ostacclast diffarentistion RT 11 41 1864 1282
athwa S (3 selected) KEGG_PATHWAY Influenza & BT & 12 45 ases 2282
9 BBID 7| KEGG_PATHWAY Leishmaniasis RT & 7 26 2263 7,762
2 BIOCARTA 16.9% 45 [ cprt | —
[ EC_NUMBER 26.6% 71 CHart | —
KEGG_PATHWAY 49.4% 132 Chart
p—
|0 ReacTomME_paTHWAY 59.200 158 | Chart | el e
@ Protein_Domains (3 selected) P (" apopees )
@ Protein_Interactions (0 selected) . % _________ Py—
@ Tissue_Expression (0 selected) :I
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1% 2-8. DAVID tool : exploring Pathway analysis result
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DAVID Bioinformatics Resources ,"5“
Laboratory of Human Retrovirology and N L Z R[
Immunoinformatics (LHRI)

Functional Annotation Chart

Help and Manual

Current Gene List: DAVID_input
Current Background: Homo sapiens
266 DAVID IDs

Options

‘ Rerun Using Options H Create Sublist ‘
147 chart records
m_ -@EMQ i mols B2 2|

GOTERM_BP_DIRECT inflammatory, response RT LEE-6 1.6E 4 omoyu 213 @7
AZE oM 23 27|

22 83 17E-6 L&
24 9.0 3.E-6 2.0
16 60 1.8E-5 8.4F
1t 41 1.38-4 5.1F
26 5.1E-4 1.6
7 26 B2E-4 LTE
8 3.0 1.6E-3 3.8
5 19 2563 4.8E1 ‘
10 3.8 3.0E-3 4.8E-1

28 10,5 3.0B-3 4.88-1

GOTERM_BP_DIRECT mmune response

GOTERM_BP_DIRECT apoptatic process

GOTERM_BP_DIRECT cell surface receptor signaling pathway

GOTERM_BP_DIRECT cellular response to lipopolysaccharide

GOTERM_BP_DIRECT positive regulation of interferon-gamma production
GOTERM_BP_DIRECT neutrophil chemotaxis

GOTERM_BP_DIRECT negative regulation of inflammatory response

GOTERM_BP_DIRECT positive requlation of chemokine production

(GOTERM_BP_DIRECT defense response to virus

GOTERM_BP_DIRECT positive requlation of transcription from RNA polymerase 11 promoter

e oo naoceT = L af

|I|l|l|l\lll\||l‘l|l
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FEEREREEERRERAI

pooo0000o00oo

2l 2-9. DAVID data download

DAVID OM= SXX} 2 7 O|4Ah, EASE score 0.1 O|3tE default 2 243810 0| 7|0 Hgtst
ZME 2O ELL option 0A O] 7| &S =G0 2|AEE O & = ULCL DAVID 24 Z1to)
52 DAVID ZH0|X|9| Help and Tool Manual o XkA|S| AEEO JACHAE 2-10)

-

Annotation Summary Results

Help and Tool Manual

Current Gene List: List_1 94 DAVID IDs
Current Background: Homo sapiens Check Defaults ¥ Clear All

@ Disease (1 selected)

@ Functional_Categories (3 selected)
B Gene_Ontology (3 selected)

@ General Annotations (0 selected)
@ Literature (0 selected)
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Maximum EASE

Gene list and population Minimum number of genes for Score/P-Value

background being analyzed the corresponding term

i f
Functional Annotatigon Chart SAdxifiuiin nostiber 6

record per page
Current Gene List: demolist1 REEIS
Current Background: Homo sapiens
171 DAVID IDs
8 Opti
- 1
ICount Threshold 2 - .__ EASE Threshold 01 ~.# of Records Displayed 1000 ]
([ RemnUsingOptions ) [ CreateSubist ] ===~ e e i pownload File
Sublist Cateqory = g
0 SP_PIR_KEYWORDS sianal BT TemeN 27.5% D3.06-10
O SP_PIR_KEYWORDS alycoprotein RY  om— 51 29.8%  4.9E-8
O GOTERM_CC_ALL extracellylar region RY 32 18.7% 1167
0O SP_PIR_KEYWORDS akernative splicing 1 49 28.7%  6.4E-6
0 SP_PIR_KEYWORDS r rotes BRI = ? 41%  LIES
O SP_PIR_KEYWORDS direct protein sequencing RY 33 19.3% 1.26-5
O SP_PIR_KEYWORDS ghesghonvation BRI 3 18.1%  1.6E-5
O UP_SEQ_FEATURE signal peptide Bl  — a7 27.5% 3765
O SP_PIR_KEYWORDS matalioprotein RI = 8 4.7% 4.7€-5
0 GOTERM_BP_ALL RY 14 8.2%  6.1E-S
Original database/resource Biitehiadl Siara Related Term Search ~ Genes involved Modified Fisher Exact
where the terms orient assodiated with your in the term P-Value, EASE Score.
The smaller, the more
gene list

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

1% 2-10. DAVID Help and Tool Manual
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33 2-11. Execute EXDEGA GraphicPlus

[Ct. DAVID Graphic
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| C Plus v4.0 - O X
ExDEGA_Sample_Data_v6.0.xlsx
Clustering Heatrmap PCA Metwork
Import DAYID Result
Search
Select Data From ExDEGA File
This filtering condition must be same with
the condition for ExDEGA DEG analysis.
Fold Change Select David Input Column
2,00 OB/
Oc /A
Mormalized Data ac/me
| 400 =
P-Value
l loos -
i
TOP
0 ~
GO D
® ON O OFF
Graph Type
@® Count of Gene O Fold Enrichment O Radar
: Show Graphic Chart
| Save Value Options
| Save Graphic Value as EXCEL
|

173 2-12. Select DAVID tab to execute the DAVID Graphic Analysis
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DAVID EAM

DAVID result 2 ‘2-1. DAVID 4 &2 O|&%} Functional Annotation £44'0| A XZ&s DAVID
Z1} ThAO|CH DAVID result Tt QH0 = WE2 I3 2-13 0F ZC} o] I s Term,

ZE Jf=Z2 XM ESi2{™ DAVID result Tt DAVID input O] ZQ38}Ct

AN —
Count, P-value, Fold Enrichment &2 0|83%}0 d2fj=7} X ZEH=ICt
%

Category Term Count PValue  Genes List Total Pop Hits Pop Total Fold Enrichment  Bonferron Benjamini FDR

GOTERM_BP_DIRECT  GO:0055114~oxidation-reduction process 36 1643836 2.70E-14 D3YZE4, P: 203 676 18082 4743580027 3.05E-11 3.05E-11 4.33E-11
GOTERM_BP_DIRECT  GO:0006631~fatty acid metabolic process 19 8675799 1.50E-13 P04117, P35 203 156 18082 10.84874321 1.70E-10 8.48E-11 240E-10|
GOTERM_BP_DIRECT  GO:0006635~fatty acid beta-oxidation 12 5479452 1.43E-12 Q9DCS0, C 203 44 18082 24.29287953 1.62E-09 5.40E-10 2.30E-09|
GOTERM_BP_DIRECT  GO:0008152~metabolic process 28 1278539 2.10E-12 P19157, P5 203 463 18082 5386758025 2.37E-09 5.93E-10 3.36E-09
GOTERM_BP_DIRECT  GC:0006629~lipid metabolic process 24 109589 1.96E-09 P51174, Q¢ 203 459 18082 4657458386 2.22E-06 4.43E-07 3.14E-06]
GOTERM_BP_DIRECT  GO:0006810~transpart 48 2191781 3.28E-08 P04117, P2 203 1822 18082 2.346622831 3.71E-05 6.18E-06 5.26E-05
GOTERM_BP_DIRECT  GO:0006637~acyl-CoA metabolic process 7 3.196347 1.05E-06 Q8VCT4, Q 203 31 18082 20.1134594 0.001191 1.70E-04 0.001689
GOTERM_BP_DIRECT  GO:0070527~platelet aggregation 7 3.196347 3.70E-06 Q9Z1Q5, P 203 38 18082 1640834846 0.004178 5.23E-04 0.005935
GOTERM_BP_DIRECT GO:0006754~ATP biosynthetic process 5 2283105 1.13E-04 Q03265, D! 203 23 18082 19.36388948 0120415 0.014155 0.181743
GOTERM_BP_DIRECT GO:0015671~0xygen transport 4 1.826484 1.56E-04 P02089, PO 203 10 18082 3562955665 0.161483 0.017458 0.249389]
GOTERM_BP_DIRECT  GO:000674%~glutathione metabolic process 6 2.739726 2.12E-04 P48774, P1 203 49 18082 10.90700714 0213205 0.021563 0.339389
GOTERM_BP_DIRECT  GO:0051791~medium-chain fatty acid metabol 3 1.369863 3.70E-04 Q9DC50, C 203 3 18082 89.07389163 0.342104 0.034291 0.591879|

13 2-13. DAVID output file

AMs|oF sHCt (A3 2-14).

B | ExDEGA Graphic Plus v4.0.1 = m} X

ExDEGA_Sample_Data_vE,0.xlsx
DaviD Clustering Heatmap PC&  Metwork

Import DAYID Result
en20200922-2/Desktop/DAVID _output, txt Search
Select Data From ExDEGA File

This filtering conditon must be same with
the condition for ExDEGA DEG analysis.

Fold Change Select David Input Column
200 - |@e /A

Mormalized Data

GO D

[= Xel| O OFF

Graph Tvpe

© Count of Gene O Fold Enrichment O Radar

Show Graphic Chart
Save Value Options
Save Graphic Value az EXCEL

13 2-14. Steps for Create DAVID Analysis Graph

4, import DAVID Result 0 Al DAVID result T2 MEistCE 2|1 ofzf MEZEZ0|A DAVID
2M Al AF2E input YD SUSIE=E ExDEGA HZEO HE3t Fold Change %, Normalized
Data (log2)at, P-Value @t % Hluzxg MEHZ MESHOF BICE Input IDFEat ORXIEXE
HlmzZEg2 1 7§82 MEASICE AREXEIL HEO| 7|E2 HESHX| Y2 &<, Fold Change 2.00,

4

o o
Normalized Data (log2) 4.00, P-Value 0.05 £ A& HMEEICt TOP oA=& 2= XZHo AtEE
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A1t 2[AEQ| £0|C} O] {MEiSH H|WMZATO| DAVID result Ll ZAXpgint A Abtzlof
DAVID 24 J2j=EZ 1% [ DAVID result TtO|A &2 n 7ie| E|AEE Oj¢C=2 2= E
MZshks S40ICh 2 JHolM 35 7H MtX|e] SME ME TS, ALEXRIt

MK US AL 0| UL K502 1002 MMEIC}

s =

1ol HEE AL T, Graph Type 0| M 3 FFS| d2f=E MY =+ ULt (A 2-15).

B ExDEGA Graphic Plus v4.0.1 = [m] *

ExDEGA_Sample_Data_v6.0.xlsx

DAVID  Clustering Heatmap  PCA  Metwork

Import DAVID Result
en20200322-2/Desktop/DAVID_output, txt Search
Select Data From ExDEGA File

This filtering condition must be same with
the condition for ExDEGA DEG analysis.

Fold Change Select David Input Column
2.00 - @B

Normalized Data

4.00

P-Yalue

0,05 v

TOP

10 ~
GOID
O ON O OFF

Graph Type
© Count of Gene O Fold Enrichment O Radar

Show Graphic Chart

Save Value Options
Save Graphic Value az EXCEL

2-15. Result of Graphic Chart

Count of Gene 2 MEHSI Show Graphic Chart & +28 2t GO (or pathway)Of|A| 23 0|

7ot REAL a0t REA £7F DE= AEEChAF 2-16).

]

1% EXDEGA Graphic Plus — = %

-Log10(P-value)

s Up Count

GO:0006954~inflammatory , Down Count
response !
GO:0006955~immune 1 —--- Pvalue

response

GO:0006915~ apoptotlc

process

GO:0007166~cell surface
receptor signaling pathway
G0:0071222~cellular response
to lipopolysaccharide
G0:0032729~positive regulation
of interferon-gamma production
G0:0030593~neutrophil
chemotaxis
G0:0050728~negative regulation
of inflammatory response
G0:0032722~positive regulation
of chemokine production
G0:0051607 ~defense response
to virus

T T T T
0.0 2.5 5.0 75 10.0 125 15.0 175
Count of Gene

al€ls| +Ql=|
38 2-16. Result of Graphic Chart (Count of Gene)
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Fold Enrichment& &85} 1 Show Graphic ChartE +2% 2} GO (or pathway)2| p-value, Fold
enrichment 2{2 = :LF_HLL PR EICH (222-17).

0001764 ~neuron migration 4

0001755~neural crest |
cell migration

0016477~cell migration

0030335~ positive regulation |
of cell migration

0001525~angiogenesis

0050919~negative |
chemotaxis

0071526~semaphorin-plexin |
signaling pathway

0007229~ integrin-mediated |
signaling pathway

0007411~axon guidance -

0048843 ~negative regulation of axon |
extension involved in axon guidance

-Log10(P-value)

@ 3053
. 48.755

24.058
23.251
22.572

®
®

0.0 125

#€l3| +laj=| B

175 200 225 250 27.5

Fold Enrichment

15.0

3@ 2-17. Result of Graphic Chart (Fold Enrichment)

RadarE ME4SIL Show Graphic ChartE +2H

a2 =7 A ECh (A’2-18).

o=

2t
]

GO (or pathway)2| Fold enrichment Z{2 2

600032722 -positi

G0/0050728~negative regulatiop! of inflammatory response

60:0030593~neutrail chemotais

GO:0032729~pusitive regulation of (it

# €2 +al=m

60000695 ¥-immune response

G0:0006915~2poptotic pracess
/

3! 2-18. Result

GO IDOA ONZ2 MEISIH DAVIDL|
Term2t ZHECH (32 2-19).

of Graphic Chart (Radar)

of 21, OFFE

GO D
O On

O OFF

2-19. Result

of Graphic Chart (GO ID)
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OX|2f2 2, Save Graphic ValueE FE2™ 20 ALEE 2/=0| ExceldA 2 MYELCH (O
2-20).

Save Value Options

Save Graphic Value as EXCEL

13 2-20. Save DAVID Graphic Values as Excel

O] Z1t M2 DAVID Result (A& 2-21), Gene List & Fold Change (& 2-22)°| 27§ B2 Z 0]
F0{™ RUCL DAVID Result Bio|A= 2= XZ0 0| &%t DAVID Graphic &40 Cliot XAl
ZA1tZL0], Gene List & Fold Change B{0A= M3t Top CountOl A R2[0JFH Zntgts E QI

Gene List?t Z} gene2| fold change Z1tZt0| EA|=IC}

A B C D E F G H
1 Total | Number of Molecul ‘ Up Molecul Down Molecul Fold Enrichment ‘ Log10(P-value)
2 0001764~neuron migration B4 70 €1 39 "26.00451467268623  'B89.53874064847625
3 0001755~neural crest cell migration 4 39 20 iE] 727.65934742458445  50.73585351965816
4 0016477 ~cell migration 118 55 29 26 "14,54489803726518  48.75523653693835
5 fation of cell migration 127 a8 24 24 "11.794173583832496  '37.14452140747271
6 uou1=== i 134 38 20 L '8.849297530406657  24.057940473511444
7 0050919~negative chemotaxis 21 19 8 i 28.23247307320219  23.97814634517612
8 0071526 ' pl li hway 22 19 11 B "26.95013338805664  23.251333489938407
9 0007 integri diated signali pathway 55 28 "1 7 "13.442333738496266 "23.055541647085267
10 0007411 ~axon guid B8 31 "6 s "10.992817566180998  22.571872514053652
11| 0048843 ~negative regulation of axon ion involved in axon guid 24 M9 i 8 "2470428893905192  22.01361832716083
12
13
14
15
16
17
18
19
20
21

David Result | Gene List & Fold Change

38 2-21. Result of Saved Graphic value (Tab 1 : DAVID Result)

f "
‘000 176k-nauron mid 0001764 FC_peurat == mum;; FC Fn‘r-ceﬂ m;q e FC e reguhmonn‘ oom;; FC y;z;.mmggq aoozs I3 Qnr\egamuecbq m;am FC pwm p\a(m S oo7is26 7C fins == 5 0007225 FC_ [A411-acon guid] 0067411 FC e omm 3
VEF2C 59783263 NRP2 913 iz 0122712802 NRPZ 3 A 0650619717 GBA 1201288725 WNTEA 2431088 WNTEA
eons 0355311515 C3pGa DRO1 1023817683 FFRT 081216452 SUITI 1027894883 SEMASA 0975121774 TGS 0313818382 CDKSRI 0825573826 NRET
1025285215 504 PoGE 1352585502 CAVI 1003423852 SUIT 0396503173 SEMAGA 1038783042 TGE2 1083013592 SEMASA
1.008209316 RABTA 2677634126 ACVRLY 0835068183 APOAT 0577553588 SEMAEC 1178436305 TGRS 0350597863 SEMAGA
ss0sases sncz 036739145 EFNAT 7083013952 SEMALS 1145306573 SEMASD 1 1 meet 64461 SEMAGC
1.008143843 TaFR1 woasez 030002 SEM seuAds 1125306975 TGAM 0335657212 SEMAGD
0520659524 1682 epHEs 1105765553 SEMA3S E= 1143019447 SRC 0357512483 SEMALG
97912483 CUL3 2 pTEN 1562172914 TGAV seuaze 1015347402 CuL3 0357342529 SEMALF
sEnasa PRIX 677765155 SEMASE seuazr 51953 SEMAZG
1 1074543 o4 epr 1799663601 SEMASE < 1105508625 SEMAZF
12 1536416938 SEMAZG 7482 NRCAM 1212130272 SEMAZD seuazE 035642685 SEMAZE
12 1207926194 SEMATA € T2 EMasc seMAzD 1115886798 SEMAID
14 Ossses7E2E SEMASE sipR1 seMaac 101484718 SEMALC
15 ososes Gav AnG seuade 035572267 sEMAds
6 11eosamzT ca 120318042 SEMAZE PTizs seMasc 058372267 IR 1.023241608 SEMASC
17 a 1023092638 SEMAZD 12978888 SEMA3D meay semaz 0960108825 LK
e[ 1023129125 SEMAZC 038872267 CopCERA 0678332544 SEMASC T sEMALD 1565024066 FCERTG
19 0542645058 SEMAZD 0380108825 PTPRF 1070568168 SEMASS PikacA seuAzA 0926246442 3YK 1273156485 MATNZ
20 03052084 SEMAZA 0526246444 LYN 1225519854 LAV RHos 1205042238 SEMAAA 1205043338 TGAT 1068664471 EFNET 1.020589862 SEMALA
21 1008467428 S0X10 1.089415304 EFNB2 1020375988 PIK3RT st [ - Nens e 9418578 EFNED e375928 _
z 1183387588 RET 0247639347 MMP1A O6ss3z3 1z EGFR 597832529 ANGPTI None - maas 05771763 vax1 0953406631
2 035534816 PHACTR 0720957675 PALLD 0855445416 ELPS 1189387528 S0K17 None - GAs 0636463652 PTPRG 1256592246
2 0ss2406691 EFNET 1.080589862 CDKS 0871637616 RET 0347689247 FaF2 Nane - vavi 1874332608 FEZF2
I 7 et 1.423036865 JUP 2sse974 FLTI 1120235841 ANGPT2 None N PTONTT 0425471 SEMAEA
I 511 0375247508 HES! 0437540011 LN 1335519834 FNT None - mass 1082516384 EPHiAZ
2 corote 1030326572 NeK2 0718684245 TorER1 158466185 TGFER1 None - aAs 1157167212 SEMASE
28 semaga 1.088783042 SBCT 1074769832 PODXL 1138712562 ACKRa None - Lamas 1173156303 ENTN2
2 semac L NDELT 1785200611 PIKECD 2087214458 WS None N aE1ERT 0533151231 RELN
30 HIFIA 0302931554 SH3KER1 1055936222 SUNZ 0se1867121 LEP None - u None Apssz
a1 sEMALG 1145506573 LAMCH 1065478363 LEFI 1483036865 VEGFC None - u None cHLt
2 semaeD 1014010591 11128 1003426763 HGF None - a Nene Myi10
E Lamas 117a15e 1178523358 MMPTA None N u None u
3 E 1145019447 UsPIX 1160289157 SNUAIT None - i None .
a5 semaac 0310711274 PEAKT 0545040201 NOTCH1 236163701 AAMP Nane - i Nens i
2 semase 1036392128 SEMAGC 1178436305 SETD2 None - a Nere a
sEmAdD n 0328851683 JAME None N u None u
s 121623053 HTRZB 1145906373 WNTZA None - i None .
B 033328027 SEMAAA 1014010591 SEMALA Nane - i Nens i
r 72419536 ACVR1 1149019407 _ None - a Nere a
o 1160889157 _ 0310711274 _ None - o None B
a 100435308 _ 0362596512 _ None - i None B
a2 0863511401 Laesees7 Nane - i Nene i
2 1.150458563 _ , None - a Nere a
5 osse7a0804 _ None - o None B
6 1152123224 _ 1569044065 _ None - i None B
a7 1023241608 _ oss7708502 _ Nane - i Nene i
r 1005176321 _ 1205043398 _ None N u Nere u
a3 AT |pararinn 1135320335 _ 1364636101 ACVR] 0804301866 _ None - i None B
so 48 unk 1036403012 _ 1047031082 _ Nor - None - N None B
David Result | Gene List & Fold Change ® L]

J& 2-22. Result of Saved Graphic value (Tab 2 : Gene List & Fold Change)
(Ol 22 Ar8Xte| OIsHE &7| fl3i Yoz £HEen, M MTE oUo= 34 SF0| o|X| o= 2ol BYYLILH)
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3. Clustering heatmap analysis (EXDEGA GraphicPlus)

Hierarchical Clustering Heatmap2 A7} MEHGH FEXLO| &l RAMSS 7|B2 2 Sample 7!

o RAME, R ol fAMYES EHEHE W AESCE 2 MEOM= Heatmap (HE Mdel =

=~

A
A2t HIOIE &)1 Dendrogram (AEE Z2{AHZ)= 28 Hierarchical Clustering Heatmap
2 dejls 'S 2o}

Hierarchical Clustering Heatmap 2 ExDEGA GraphicPlus & O|83%}0] 4% = ULt ExDEGA
GraphicPlus & O0|83t7| fohM HXN sy Z=2#Z OCt ExDEGA 2|ZEEQ| ExDEGA
GraphicPlus Start HHES 2E&5t0] 23 X AT F|, Clustering Heatmap ®& =2&5}0]

TH[SHCHAE 3-1).

W7 ExDEGA Graphic Plus v4.0.1 - a X

ExDEGA_Sample_Data_v6.0.xlsx

DAVID PCA  Network
Default Data
Clustering Input from ExDEGA File
Fold Change Select Filtering Data Column

gB/a

Normalized Data E g ;Q

P-value

0,05 v @® AND O OR

Select Clustering Calumn Display Options
o hemE O sample Cluster
OBva

E g;é [0 Gene Cluster
[J Select All Data Column H Gene Name

[J Selected Data

[ | Search
Color scheme

[ viridis -
Hange

[ Set Range  MIN MAX

Craw Heatmap Save Values

3% 3-1. Select Clustering Heatmap tab

Clustering Heatmap2 M %2 I8l input Datas 3A F7HX| HACZ 0|8Y = ULt
GraphicPlus?t QIAl5t ExDEGA report2| 7“|X1| dataE O|&3dt= Default Datat Third Party
Supportd| Al export?t Selected DataZt RALC.

Default DataE O|85t= d2, 1~72 IEE2 AN Clustering Heatmap= 12|A =ICHAE 3-2)
10| QA El EXDEGA HZEE HIEYHOZ DEG 24 7|& 49 DEG 24 7|=2 HEZ Fold

Change ¥E &S AI"ZSHA ECh AEXZE HEQ| 7|&ES HESIX| @S 8%, Fold Change
= =
o=

2.00, Normalized Data 4.00, P-Value 0.05 2 At& M &E| Fold Change & L& AND/OR 7|

o T10

s2 o o7 7ol M2 JIEE =5+ H8Y + ULL

—= =T T
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‘Color scheme
[ viridis v
Default Data E.:fa:r;:;a
Clustering Input from ExDEGA File magma
Fold Change Select Filtering Data Colurnn Eg;?iﬁarm
[2.00 ] OB/A = RdBu
N lized Dat O C/A Pastell
prmaized Data Oc/m Paired
[4.00 g — Se
P-Value
0.05 v ® AND O oR Hange
[J Set Range MIN MAX
Select Clustering Column Display Options Draw Heatmap Save Values
[0 Sample Cluster
Hange
0 Gene Cluster [J Set Range  MIN
[ Draw Heatmap Save Values
[ Select All Data Column L] _Gene Name
Hange
[J Set Range MIN MAX
Draw Heatrmap

18 3-2. Steps for Create Clustering Heatmap

20| M= 10M MBS 7|&ES HIE2Z, &KX Clustering Heatmaps 2|1 At o= HO|E ZEH
g MESICt EXDEGA BHIZE S (Group, Single)oll M2t Group EHIZEOME Fold Change,
Normalized Data(z-score), Average of Normalized Data(z-score) Et 0], Single 2IZE0| A& Fold
Change, Normalized Data(z-score) EfI0| MSEICt BtHSt X} Sh= EtYS MEist 2, 08 3-3
ot ZO| Bt siYSt= ME 152 MY £ UCL O W, 3L ‘Select All Data Column":>
MEASIH s Tots ELRO| EXdts ZE ME 182 A0 ME{/ME SiHE = RUCEH

T, A XE7F Normalized Data(z-score), Average of Normalized Data(z-score) &M & MEiSIEH 2t
&, 300 DB ME OE2 =7t 27 0|52l B z-score?t MBE|X| 911 ExDEGA HEZEO &
Si1=l Oo|E S AtHE XHE3l0| Clustering heatmapO| 2 (L] O] HES [{2lslOF siCt,

Select Clustering Column

|Average of Mormalized Data(z-score] ~ |
A

1B
i C

V& Select All Data Column |

13 3-3. Select specific sample group for composition of clustering heatmap

30| A& Clustering Heatmap &40 &% Display options MEHE 2= QUCHIAE 3-4). Sample
clusterE MEHSIH UHHO| RASH Hluxgh E= ME 7t2| dendrogramO| % E L Gene
clusterS MEHSIH Z30| ML ZHO| dendrogramO| ZHEICt Gene name2 EAISHH RawOf
S ESt= gene symbolO| EA|ECL T, Lot RFEXIE 8070 0|4 Y BR0= gene symbolE
HAY &= giCh
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Display Options —

Sample Cluster

Gene Cluster

[l Gene Name

13 3-4. Set a Display option for clustering heatmap

ALt 107kX|9] 7|2 &89S MSSCh

40| M £ Color scheme= Heatmap2| =S
AEAZ B2 FH8S WHSHA| @2 82, Virdis 80| 7|222 dFECh

59| Set Range= HIO|E| HY HRIE 2¥o= ALE MESHA| YO input filel| Z[2gfat
HohZte 2 Ats H7YECL Set Range 2| HIALAE MEHSIH MIN(E A7), MAX(EICHZY) 2
A
T

StATF 2SR, AFEAE JStE EAZ/AUUS 28

Hanga
[13Set Bange MIN MAX

Draw Heatmap Save values

13 3-5. Set a min-max option for clustering heatmap

62| Draw Heatmap HE& FEH® Hierarchical CIustermg Heatmap Z1t #0| ‘HHECHAE3-
de b 7z g

6). 2 heatmap2| F0| HA|E xg &
HA[oH Zuto|ct, 21Z0| EA|E dendrogram2 STAL 7t

cluster)2 ol

cluste) HA|eH ZDfO|Ct 7P FY+F L0| KA AO|CH

S 112 3-6. a heatmap2 Aot HA| Yot Y22 HZEHE heatmapO|D, 12 3-6.b
heatmap2 min-max #{2 X830 MNZHE heatmapO|Ct (2 d2f= 21F ATHO| legend 21O
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"E'.‘ Figure 1

Group
- A
= B
- C

Normalized Data(z-score)

Normalized Dataje.score)
15
10

as

b a1 P = a a =]

& & B

18 3-6. Clustering heatmap result

79| Save Values H{EZ FE2M™ Clustering Heatmap2 TS If A3t valuedto] AM=Z X%

ZIC} O] [f, Save Values: Clustering Heatmap= M Zf5HX| QfEete EHE 7|&E, EHE 7|&
g Mg MEIE, Clustering HeatmapS S 8% ME 1852 MR ZNZS woiz +
ULt 22t g2 XYoL Save Values HES F2= E2, =US =Qst7| fIg Z0E0 =
HAE 3-7) O] ZItHOAM 'OK'E 5 M ZL0l AEX7E Fot /IX|0f xisx EAle=z MYEC
i Saving value options 3¢ |7 Saving value options =
OPTIONS OPTIONS
1. Filtering Values 1. Filtering Values
- Fold Change 2.0 - Fold Change :2.0
- Normalized Data - 4.0 - Mormalized Data - 4.0
- P-value - 0.05 o - P-Value : 0.05
- This Filte'rin'g conditions apply to : ['B/A,'] - This Filigering conditions apply fo - [B/A]
5 Clustering Heatmap Columns : N 2. Clustering Heatmap Columns
e ,g, o P, L immr tmat et v -['ATY, 'A2', A, 'BTY, 'B2, "B, 'CYY, 'C2Y, 'C3Y)
-LAT, AE_, A3 'B1 N B2, 'B3', 'C1','C2, 'C31 - Set a min-max option : True
- Set 3 min-max option : False - min & max value : -2, 2
[ ok ]| cancel | [ox ]| cancel |

13 3-7. Confirm all conditions for saving values used to create clustering heatmap
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M= mds =QIstH, AFEXE7E X|G%h Clustering Heatmap2 M 8% ME 1E0| CHsHA
Clustering Heatmap2 18 O A%t 20| ME O RUCE EDH AFEXIZE MIN, MAX S M8Z At

S N o2, X|CHZt2 MAXZCE A E/0f KT E |E§ +2[sloF otCt (A
-8, 10| Moz HEAE 222 /A0 AFEXIZE X|Eet 22 M Eof X E

A B c D E A B c D E
1 GeneSymbol | B/A | oA | B || |1 GeneSymbol |  B/A | oA | B |
20 |ADGRE3 204741024 2073376243 0025966003 | |2 |0 |ADGRE3 2 2 0025966003
31 |ADH2 1537049041 -2253850295 -0.716801254| |3 1 |ALDH2 -1.537049041 2 -0.716801254
42 |amical 1385026346 1413002963 0028066616 | |4 |2 |AMICAT 1385026346 1413092063  0.028066616
s 3 |ANTXR: 1190472629 127486025 0084387621 |5 | 3 |ANTXR? 1190472629 127486025  0.084387621
64 |ApBBIP 1438668675 1456716586 0018047911 | |6 4 |APBBIP 1438668675 1456716586  0.018047911
7 5 |APOBR 1252026787 1792222798 0539206011 |7 |5 |APOBR 1252026787 1792222798  0.539296011
86 |aQp 1105676044 14005746 0313695656 |8 6 |AQP9 1185878044 14995746  (0.313695656
97 |ARHGAP2S 1849565540 1463314624 0386250925 | |9 7 |ARHGAP2S 1849565549 1463314624 -0.386250025
108 |ARHGAPY 1121902670 1289058064  0.167156285| (10| 8 |ARHGAPY 1121902670 1289058964  0.167156285
119 |aTPIB3 017502617 1270867725 0262275108 | [11[__ 8 _ |ATP1B3 1017502617  -1.279867725  -0.262275108
12[ 10 |B3GNTs 1304915258 178003738 0475122122 (12|10 |B3GNTS 1304915258 178003738 0475122122
1311 |BASP 1540191899 186853178 0328339881 [13]__11__|BASPI 1540191899 186853178  0.328339881
1412 |BCKDHA 1135843533 1280436933 -0.1535934| |14 12 |BCKDHA 1135843533 -1280436933  -0.1535934
1513 [BCle 1243655421 1390589701  0.14693428| |15 13 |Bcle 1243655421 1390589701  0.14693428
1614 |BLVRA -1600398178 1710154094 -0.100755915 | |16 14 |BLVRA -1.609398178  -1.710154094 -0.100755915
1715 |csARz 1269735395 1416122499 0146387104 | |17 15 |CSAR2 1260735395 1416122499  (0.146387104
1816 |CANTI 1208913771 1359269542 0150355772 |18 16 |CANTI 1208913771 1359269542  0.150355772
1917 |cepa 1035597227 1481048011 0445450784 | [19] 17 |CCPG 1035597227 1481048011 0445450784
2018 |cD163 1250050238 -2668497509 -1.408547271| (2018 __|CD163 -1.259950238 2 -1.408547271
2119 |cp4 72118667 3377724913 -2205606246 | (2119 |cD4 1172118667 = 2
2] 20 |cp4ab 1009085765 1236811337 0227725572 (22 20 |cD46 1009085765 1236811337  0.227725572
23] 21 |cDes 1475204601 2556510409 1081305808 | (23|21 |cD6s 1475204601 2 -1.081305808
24 22 |cDe9 3480771037 4496600244 1006820207 (24| 22 |CD69 53 2 -1.006829207
. 1077319481 -2915110714 1837791232 . -1,077319481 2 1837791232
Save without 1966743553 1804878193  -0.16186536 Save with 1966743553 1.804878193  -0.16186536
min-max 1843939211 1352696295  0.491242916 min-max -1.843030211 1352606205 0491242916

13 3-8. Examples of saved value file for clustering heatmap
© 2™e ARl o8 57| Aol Yo +WEUON, AN MIPE mYols wEM 3P0l Ho|X| P Ho| FaUUL

Selected Datag 0| &%= 4%, ExXDEGA reportO| A Third Party SupportE &3l Exportdt input
otAEZ GraphicPlusOfl Upload StCHAE 3-9). 3~72] IFEE HA Clustering Heatmap2 12|

o 3-2).
elected Data
Search

Color scheme

T Viridis v
Aanga
[ Set Range  MIN MAX

Draw Heatmap Save Values

% 3-9. Selected Data - input upload

Clustering heatmap2 MeVEte T2 S 0|830] 2AMT == QUCH Mev Z2IHZ A8}
O Clustering heatmap2 Z43t= B2 MeV manual (Download Link)O|A] 2tQlgh 4= QUL
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http://www.e-biogen.com/analysis/%5bEbiogen%5d%20MeV%20manual%20(Heatmap%20Clustering).pdf

4. Principal component analysis (EXDEGA GraphicPlus)

2 MHOM= PCAO| CHot O|21F PCA2D/3DE 2|= o s HAYSCH PCA= Sample
7Ho| ol SAHS S &QlSHY| st SO Z Clustering Heatmap 1t CHEH| Sample LHe| M X}
A eHgtS 7|gtez 2AEICH

4-1. PCA (Princial Component Analysis) O|&

PCA Essential Description.

PCA = F8=& 429

=22 AR HOHE BAS(TE /Xl A HA) AlFH KA

™ | = ™
HOlEZ XAS H245h= g

/® B\ F2 FO B 29 MAMY(=F2 FE ) UHE EHDIDH

PCA = %M 2ot Bt Z0| Sample O £3f U= TH FTXA LAS Y22 Sample

—

el RAEE E.FO.JOPE#: SHoz FAg Aottt Human RNA-seq 7|&E2=2 &
Sample 0= ©f 24,000 7§ O|¢2ol FEXAZF Zeeltt 24,000 74e| Bi7t $7ICh= 2ot
S&ot7| WEo s ample tel RAFEE meroty| s

=
Ch PCAZLE2|ES S ek Hat giof
variance X|CH(ME HEH7I El&= A Zf(eigenvalue)S AHASICE A ZE2 sample 2 Zi==gt
LA 2/ FH2 H82 A 22 ®A oA sie A 2t0| ktX|sh= H|&0|Ch
OIAl : i.PC1(60%), PC230%) => FH& 1,22 HO|H2 90% EH

ii. PC1(50%), PC2(30%), PC3(10%) => FTH& 1,23 22 O[O|KH2 90% HHA
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PCA ad(ditional Info.

22 3242 0/8510 PCAE Alitdts Y E 7=

2 702| Sample(&)olA 5712 FTXHE)Of LS &S0 HHD)E CHECH
100 111
152 45
D=| 19 33 | eR5*?
22 31
27 10
SR 22| HEE 7| Qs HHEDOM B UCIER)S WoEMN HBAX T+ =+
UL (B 242 AT HOo|HIt SHE FE)
100 111 64 46 36 65
152 45 64 46 88 -1
X=D-men® =| 19 33|-|64 46|=]|-45 —13
22 30 64 46 —42 -16
27 10 64 46 —-37 =36
Transpose X 2t X & SY2EMN GHOIEHL WX Zt2 #& = AL (FHEAQ =12
=22 OO &4 dEHS 72 = Ut
36 65
88 -1
xix=[36 88 —45 —4z —37)| G Do [14198 48l
65 -1 -13 —16 -36l|",> " ° |7 lasa1 5947
—-37 =36

xTX _ [14198 4841] /4
n-1 14841 5947
Zeae

Eigenvalue( A)&
ek, AK = AK &

3549.5

| 1210.25
121025 1486.74

nonzero solution vector K

SeEA 40l =& mYS A2 O[N YekEigenvalue)S 43l OF

(Eigenvector) 7} EXsljiof StCt= Z=Z40|

X SCHH K = 00|17 W20 =40 20| L.

?le oME S0 el s ChSar ZCf

- det(A— ) =0
det( 35495 — A 1210.25
1210.25 1486.74 — A

o )\.1 = 275101, Az = —

[)=0 - (3549.5 - )(1486.74 — ) — 1210.25? = 0
5311.341

—_

—

StC
o

QL

—_
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—_

4-2. ExDEGA GraphicPlus & 0|8%t PC

>
i
1=
4
143

EXxDEGA GraphicPlusE 0| 83%t2{H, ExXDEGA B ZE

2 oAl ZICE
ool =tHe| 3 7 B & 'PCA ®0|Al PCA

o

=tO| ExDEGA Graphic Plus Start HHE
2 &|510] ExDEGA Graphic PlusE

HM&MO AsSHSE A Ol H M XIO =
=82 A = UL pCcA 24 F¥2 18 4-2 1t
b
2L
® 7 ExDEGA Graphic Plus v4.0.1 a >
ExDEGA_Sample_Data_v6.0.xl=x
DAVID  Clustering Heatmap | PCA | MNetwark
FCA Data Input
[ Default Data
Data Type
Single Data Group Data
[0 Selected Data
Search
Dizplay Option
O Sample Names
FPCA Tvoe
o2 O 3D
Draw PCA Plot
Save Value Options
O Save PC Values
Save Values
O Save Eigen Yaluss
13 4-2. Select PCA tab
o ~Ne HMS ASHS =
1~39] WEE M PCA A HIICHAE 4-3).
ExDEGA_Sample_Data_v5.3.xIsx 1 Display Option
DAVID  Clustering Heatmap ~ PCA Sample Names
PCA Data Input
PCA Type
[ Default Data ® 2D O 3D
DataTvpe
Sin ® Group Data
Draw PCA Plot
Selected Data
Save Value Options
ExDEGA_Sample_Data_v5.3.xIsx
DAVID  Clustering Heatmap ~ PCA ® Save PC Values B
ave Values
PCA Data Input O Save Eigen Values
Default Data
DataType
o Single Data _Group Data Save Value Options
O Save PC Values
Selected Data ) Save Values
[ers/ebiozen/Dezktop/ Al T2 /SELECTED_PCAInputxisx Search ® Save Eigen Values

13 4-3. Steps for Create PCA Graph
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MX, 1 oM PCA 2= HZH0| AMEE Data input EtYa MEHS{OF SHCE HHIY ExDEGA
Graphic Plus Off @IAlEl ExDEGA Z|ZEZS AUz Ar8%t= &% Default Data, BE2| S
0|83l PCA =& HZte AL Selected Data & MEHSIC} O] MY, Default Data & ME4SIHH
QIAlEl EXDEGA B|ZEQ| T /ghtE My Q0| w2t XSO2 Single/Group 22 QIAEILCE
Selected Data | A2, HIEA| HallTl YAO| xisx YAlo Aot 3 7h58tL Fo|7t LBt
* Array Data 2| 4% Default Data M2 O|8% = QI Selected Data &M XAy,
input Y2 P2 THS0] O|&3}{OF LHCh

Default Data O|HA| Group Data ¢ &%, EtE4™ ZIN>=2)2 PCA 242 = E20
i gkt

Default Data O|™A{ Single Data 2 &%, Et=HY otX| Y2 ¥ ZIN=1)E PCA 242
St B0 st

Selected Data 2| PCA input If

gy ol 2350 ULk

e
=
[m
rr
0
IE
rlo
rr
=2
i
ne
1o
»
w
)
o
>
3
(o]
-+
=
©
c
~*
_E_I
ne

2 A= PCA di=o| BH SME MSTHCE Display Option OA Sample Names & A|335}tH,
PCA plot 0 Sample 2| AIHAME =MIIZ F05t= ==XhE HA|SCL O] Sample Names =
J2fz Lje| H 2 EHEC

OpX|2fe =, 30|M 2DE +2H PCA2D 2 Xt EH) 24 A1t Lt 3D E +EW PCA 3D
) 24 Zot7t LH2CHAE 4-4). PCA2D £ x&0| PC1,y=0| PC2 2 A&l ZADo|Ct

PCA 3D £ x =0| PC1,y 0| PC2, z%0| PC3 2 &4 E Z1to|C,
KX
[=]

=
S M FS, 252 MYSX Sample

N

—

Display Option O|A| Sample Names

o
—
= HHSHX] 2 Z20 siEetot.
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& Figure 1 o x & rigure 1 - o *
- v 1 1Al o 1AL
v v 2 125 . v 1
0 v 3 1343 0 ¥ 13.A3
o4 m ® 1l
v s 1se2 m 1se2
. 6 1em * 1683
E s 7w 30 m et
® 8 1sc ® 1B
a 1 1903
20 20
Y Y
g £
g g
0 ., 0
e, s *,
10 -10
20 20
a
- v v
04 vy, 04 oL
T T 7 [ E) & o ) 180 T T — ) E) % £ o 130
Pl (728) pCt (72%)
# &3] pQ= |2 pla|= {without sample name)
g 0 x| [&ree o x
i
)
2
<
~
50
0
20
#lel3] #al= (with sample name} # €2 +{Q|= (without sample name)

8l 4-4. PCA results 2D, 3D

3 2| Save Value Options O|A Save PC Values & X3t = Save Values HHEZ FEH 2
- - _
FEZ(PCOO| FH HOHE ortg 2E = Uz X 24 HIEZ ALEO Excel IHY
drloz MTYECHAZ 4-5). O I, MESH7| ® PC #4528 A== HA =Zolg &= ACHE
4-6).
A B
1 | Principal Components ‘ Variance Explained |
2 |PC1 0.716810026
3 |pC2 0.10768151
4 |PC3 0.056442647
5 |PC4 0.047627244
6 |PC5 0.038690301
7 |PC6 0.024854022
8 |PC7 0.007894249
9 |PC8 4.87531E-30
10 |PC9 3.9363E-21
1"
12
13
14
15
16
17
18
19
20
21
BCA_Values ®

12l 4-5. Save PC Values as Excel
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% Figure 1

0.7 A

0.6

Variance Explained

PC1 PC2

PC3

PC4

PC5

PC6

T
PC7

Principal Components

#| €[] +lQl=]

T
PC8

T
PC9

13 4-6. Check pc values before saving the data as excel

Save Eigen Values

Excel It &

Aoz MEBICHAE 4-7). Eigen values

= Hag =

Save Values H

EOo
=
Lp

F2O M

CA plot Of| A{ Z

=

—
'.

ME9| xt&OILY,

A B C D E F G H | J
1 | sample PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
2 Al -56.8864 -30.3457 43.08954  -13.297 7.524544  -44288 0033604 1.73E-13 1.17E-14
3 A2 -53.6851 -31.329 -28.1938 -13.4698 -222992 -14.1345 0252672 1.73E-13 1.17E-14
4 |A3 -54,6259 -29.076 -18.6736 21.70531 22.02369 16.76101 -0.15929 1.73E-13 1.17E-14
5 |B1 -329178 4236758 -12.7574 -19.6184 26.06745 -11.3873 -007946 1.73E-13 1.17E-14
6 |B2 -41.5794 2939304 3757813 -145291 -19.7461 25.75895 -0.5247 1.73E-13 1.17E-14
7 |B3 -48.145 29.10471 10.89999 36.80833 -123007 -125653 -0.29896 1.73E-13 1.17E-14
8 |C1 95.94653 -3.37155 0625813 0.8002 -0.42324 -0.00138 0258714 7.22E-14 1.32E-13
9 |C2 9243661 -2.23767 0.83776 1.080566 -0.51381 0.500988 1543273 224E-13 -49E-14
10 |C3 9945645 -4.50543 0413867 0519833 -033267 -0.50374 -14.9153 224E-13 -49E-14
1
12
13
14
15
16
17
18
19
20
21

Eigen Values ®
38 4-7. Save Eigen Values as Excel

- N

=g NHEE 38 AH™ PCA2D E Y =& UCHAE 4-8).

Eigenvalue 2| ZAItE

- 44 -



= TUTAT SO = == CroTET B= =T

iz E EQ@ B o @==o

@ ED %20

kS =3 = 8 229 E¥ SmartAt SIEL ey SE0IM Al = BOIEHES 9AE D22/ WordArt MEBE JHA
El0IE WY EIOIS 18 M - = Al =y MR roHEZ - -
" A~ EFHO|H =7} 7|5 EL 23 S2E
AHE 1 - I
A B C D E F L M N o] P Q

Sample PC1 PC2 PC3 PC4 PC5 PCé ‘ PC11 PC12 PC13 PC14 PC15 PC16

Con-1 1.508155| -0.74764| 0397984 -0.06525 -0.12403 -0.17461
Con-2 2.198641| -0.78109| -0.12735 0343654 0.049492 0.067804
Con-3 1.390712| -0.60338| 0.118673 -0.40414 0052047 0.243827

1

2 0.160913 -0.06769 -0.00906 -0.09031 0.022381 0.03763:
3

4

5 |Con-4 1.505147( -0.78288| 0.203978 -0.07739 0.066275 -0.18006

6

7

8

-0.03365 -0.0008 -0.04976 0.066223 -0.00425 -0.0085
-0.09132 -0.04744 0.002685 -0.02784 0.041428 -0.0507
-0.07043 0.075091 00433 0050042 -0.04912 0.02205

A-1 1.025597| 1.036805( -0.28904 0.198018 0.004401 -0.31631 0.004911 -0.07344 -0.02075 -0.06701 0008698 -0.0506i

A-2 0995088 1.101538( 0025997 -0.00389 0.100779 -0.11598 734 0018611 0048611 -0.01504 0115673 0037829 -0.0027

A-3 0934796| 1.041893| -0.06217 -0.17327 -0.03421 0.082024 -0.16681 -0.01847 0.019276 005454 -0.02122 -0.00922 0095746 0.018256 -0.01521 0.11099
9 A4 1.227997| 1.054247| 0.07539 -005359 -0.12807 0327672 -000606 0030711 -0.02395 -0.08132 0.02725 0073352 -0.05012 -0.07083 -0.04016 -0.0467
10 |B-1 -0.68228| 0.19754| 0371009 0.043497 -0.17793 0.125674 -0.1009 0078835 -0.02435 -0.00312 0056344 -0.09726 0023155 0.011342 -0.0497 0.01889
11|B-2 -0.91082| 0.13736| 0547528 -027955 0410435 0.054024 0150383 -0.14835  -0.135 0.005946 0026602 -0.02742 -0.01689 0.070079 -0.02169 -0.0209
12 [B-3 -0.84336| 0.128686| 0306005 -0.19444 0121659 -0.0156 0142266 (0.04886 -0.00€* A172077. _A13500. ANIASA . AANEANL AM4EE_AAATIA NNZ13
13 [B-4 -0.61332| -0.00564| 0226933 027632 -0.07743 0054765 -003042 0.17551 -0.033¢ KE H= 745
14 |C-1 -0.71916| -0.13848| 0.365754 0468258 0044004 -006703 -012933 -0.07465 0.2132] 412
15|C-2 -0.69901( 0133731 030355 0.116643 -0.01407 0093184 -004764 0.206121 0.0747: 8 319
16|C-3 -0.53676( 0.048722| 0.108072 -0.05692 0205924 -0.14282 -005442 -0.10094 0.2538: 176
17|c-4 -0.34901( -0.14338| -001182 0.851031 0005746 0143763 0.162182 -0.11302 -0.120¢ ' e 516
18|01 -0.43067| -0.10998| -032466 -0.02306 0227364 -0.03265 -0.12789 003513 -0.0757 200
19 |D-2 -0.62878| -0.04693| 0.033247 -0.1667 -0.32712 -0.13779 -007424 -0.06978 -0.059} o 186
20 D-3 -042233| -0.34083| -030481 -02466 -0.03643 0.108687 0.181699 -0.0119 0.108€ 011
21 |D-4 -0.48936| -0.20784| -037599 0.048294 -0.18012 0073139 011494 -000192 00156 ) ds | s ] be 357
22 |E-1 -0.43067| -0.10998| -032466 -0.02306 0227364 -0.03265 -0.12789 003513 -0.0757 200
23 |E-2 -0.62878| -0.04693| 0.033247 -0.1667 -0.32712 -0.13779 -007424 -0.06978 -0.0597 . 186
24 |E-3 -042233| -0.34083| -030481 -02466 -0.03643 0.108687 0.181699 -0.0119 0.108€ . ’ * 011
25 |E-4 -0.48936| -0.20784| -037599 0.048294 -0.18012 0073139 011494 -000192 0.015¢ 357
26 |F-1 -0.43067| -0.10998| -0.32466 -0.02306 0227364 -0.03265 -0.12789 003513 -007573 -0.02233 0021048 0012468 -0.00718 -001865 0001308 -0.000
27 |F-2 -0.62878| -0.04693| 0.033247 -0.1667 -0.32712 -0.13779 -007424 -0.06978 -0.05976 0.001116 -0.04188 0040358 0010409 0.010556 0010514 -0.0186
28 G-1 -043067| -0.10998| -032466 -0.02306 0227364 -003265 -0.12789 003513 -0.07573 -0.02233 0021048 0012468 -0.00718 -001865 0001308  -0.000

113 4-8. Create PCA 2D Graph using saved eigen values
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4-3. PCA Plot input I+ Zh/d 4ty
Selected Data - Group Data 2| A
22 Group 2| Sample £2 20| Z& MACZ HA|SI0] PCAE EHY 4= QUCH Input File 2
Excel O A Zf-dotCt.
<Ad =M
1) Normalized data(log2) & =& SASCHAE 4-9).
Normalized data (log2)
o Al |~ I A2 | - AT | B1 |~ B2 |~ B3 |~ ci - cz2 |~ I'-_ c3: -
] 1.544 1.369 1.865 1.631 1.149 1.290 0.843 0.743 0.943
= 0.629 0.166 0.221 0.514 0.562 0.159 0.944 0.8344 1.044
2 O OO OO0 O0.050 0000 O OO OO0 O LD O OO0 O 200
ul 0.231 0.330 O LoD 0.542 o.o091 0071 0.328 0.2258 0.425
] 0.303 0.799 0.111 1.771 0917 0.294 0.923 0.823 1.023
[ 0. 000 0.000 0.063 0.055 0. 000 0.088 0. 100 0.000 0.200
[ 0. 000 0.290 0000 0.000 0.098 0. 000 0. 100 0.000 0.200
2 0. 440 O.O02 OO0 o001 O.001 0862 O LD O OO0 O 200
=3 0.218 O.564 OOy o.001L OOz O oo 1.742 1.642 1.842
2 0000 OO0 0.266 o.oo0 O oo o000 O LoD 0000 0. 200
[ 0.406 0.001 0. 000 0.000 0. 000 0. 000 0. 100 0.000 0.200
= 3.136 2775 2.732 2.813 3.270 3.323 2.474 2.374 2.574
& 1.510 1.210 0.904 1.276 1.172 0.952 2.241 2.141 2.341
2 O ooy (e lulule] OOy 0.0958 (el eele] 0.157 O LoD OO O 200
2 0000 OO0 0000 o.oo0 O oo o000 O LoD 0000 ' 0. 200
1% 4-9. Copy normalized data
) FAH HOojH MEH HRHE AYEEM UR) 28 £ shift & +E HEN0IIAM C3(THEHA
H2)E S22Iech A1~ C3 A M 20| Ctrl + Shift + Of2 HE7|(1)E LstH TH
ClO[Ef 7t SHERHO| MEREICE
2) M A2 mMACIE D0 sheet F=7H71 O A Mz HE7))S SO{A 2 1M SO
=0 d7| SCHAaE 4-10).
iy B C D E F G H 1

1

2 Al AZ A3 Bl B2 B3 Cc1 c2 c3

3 1.544 1.360 1.865 1631 1.149 1.290 0.843 0.743 0.943
4 0.629 0.166 0.221 0.514 0.562 0.159 0.944 0.344 1.044
5 0.000 0.000 0.050 0.000 0.000 0.000 0.100 0.000 0.200
6 0.231 0.330 0.100 0.642 0.091 0.071 0.328 0.228 0.428
7 0.303 0.799 0.111 1.771 0.917 0.294 0.923 0.323 1.023
8 0.000 0.000 0.063 0.055 0.000 0.088 0.100 0.000 0.200
9 0.000 0.290 0.000 0.000 0.098 0.000 0.100 0.000 0.200
10 0.440 0.002 0.000 0.001 0.001 0.362 0.100 0.000 0.200
11 0.218 0.564 0.000 0.001 0.002 0.000 1.742 1.642 1.842
12 0.000 0.000 0.266 0.000 0.000 0.000 0.100 0.000 0.200
13 0.406 0.001 0.000 0.000 0.000 0.000 0.100 0.000 0.200
14 3.136 2.775 2.732 2.313 3.270 3.323 2.474 2.374 2.574
15 1510 1210 0.904 1.276 1172 0.962 2.241 2.141 2.341
16 0.000 0.000 0.000 0.098 0.000 0.157 0.100 0.000 0.200
17 0.000 0.000 0.000 0.000 0.000 0.000 0.100 0.000 0.200
18 0.000 0.000 0.000 0.000 0.000 0.000 0.100 0.000 0.200
19 0.000 0.000 0.000 0.000 0.000 0.000 0.100 0.000 0.200

8! 4-10. Paste normalized data in new excel file
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[
N

A i
A B
1
2 A1 A2 A3 B1 B2 B3 c1 c2 c3
3 1.544 1.369 1.865 1.631 1.149 1.290 0.843 0.743 0.943
4 0.629 0.166 0.221 0514 0.562 0.159 0.944 0.644 1.044
13 4-11. Group information
4) e T mMAFA2 A2 HYSCHAE 4-12). Input file HOll= EO{AT|7} SO{7HX|
HEE Foloit
A B C D E G |
1 A B
2 Al A2 A3 Bl B2 B3 c1 c2 c3
3 1.544 1.369 1.865 1.631 1.149 1.290 0.843 0.743 0.943
4 0.629 0.166 Ll Loll Lol o159 0.944 0.244 1.044
5 0.000 0.000] IHY O|Em): |PCA_sample Groupxlsx 00 0.100 0.000 0.200
6 0.231 0.330] T HAM): |Excel S8 2A (*xlsx) P71 0.328 0.228 0.428
T 0.203 0.799 0.111 1.7/1 0.91f 0.294 0.923 0.823 1.023
8 0.000 0.000 0.063 0.055 0.000 0.088 0.100 0.000 0.200
g 0.000 0.290 0.000 0.000 0.098 0.000 0.100 0.000 0.200
10 0.440 0.002 0.000 0.001 0.001 0.862 0.100 0.000 0.200
11 0.218 0.564 0.000 0.001 0.002 0.000 1.742 1l.642 1.842
12 0.000 0.000 0.266 0.000 0.000 0.000 0.100 0.000 0.200

1% 4-12. Save PCA input (group data) file
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5. String Network Analysis (EXDEGA GraphicPlus)

STRING tool 2 Protein-Protein Interaction H|O|Ef H|O|AE 7[|HICZ [{HXIO| AztatA

=

3 HFZ2 STRING network O|0|X|E & £ RUCt O|O|X| HE

4310 Network & H48iFE 24 E0|Ch Graphic plus £ 08813 A
= 0
= =2 T

0
30
2 rr

A
=
=

0+ FIZ2| Cytoscape-STRING 24 E2 =830 £40| 7I55tCt.
:l.

2l 5.1 1} ZC}

o HXL 2| AE(Gene symbol) SAL/2 (1007 O|SHAEE)

Gene symbol &

« STRING Network Z1} 29l

« Network image, Network interaction Excel file X%

Network Analysis

—

38 5-1. STRING analysis process

= AN ZUs REXNE UEEOF Ssh=d, ol FEXA == 100
N otz HESt=s AS HLE FEA W72t HE H2B network?t 2 &g0| =X &1,
Na2h U BHe® SHE7F 20t 00X HAH2z EI] o{@7| WEZO0|C}

FHAE dEe § 7 5-29t 20| &M X0 REA ZAEE SAF 201E7| dfECh
oHof RUAL 2|l AEE HAHOH ME22 MYUS 87 dHel Import HES SiHAME =2
2 A O |-
= T M
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B | ExDEGA Graphic Plus v4.0.1 - m} X

ExDEGA _Sample_Data_v6.0xlIsx
DAVID Clustering Heatmap PCA Metwork
String DB Network

Import

ACADS ~
ACADSB

ACADVL

ACAN

ACAP1

ACAP2

ACAP3

ACAT1

ACAT2

ACBD3

ACBD4

ACBD5

ACBD6

ACBD7

ACCS

ACCSL

ACD

ACE

ACE2 | S

Minimum required interaction score

medium confidence (0.400) e
confidence ( 0.001~0.999) 0.400
| Draw | Excel

38 5-2. Graphic plus STRING network &4 &

72|21 Draw HES 223tHM HEE STRING network £410| TH[Of O[OX|E HEE = U
= 0| ELCh 00Xz HEAHAQ svg dAez FEED, NYSI1X} o= Z2E HET F
NEHES 2E5tH O|0|X| ME0| 2tz ECh (A E5-3)

QREMO| Excel HES S&I8IH QHX} 2t interaction score 7He AMEEA oz XA =
olgt = ULt AxtEs 18 5-49F Z0| 3749 €= :rl“o| El"Hl *HE TS| H(nodet,
node2)2 ME @ Ues FUXHS LIEIHD MEHK E2 STRING 242 o ALt & |74
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LHXA-ASY

® & e
® O =
amm ®~ws i m
@ @ P
/® — 8 *B’*e“f(
/ _ S s -
e _.. ‘“"
® | P t"
:‘ &) ::,/“’““
@ @ -
e 0 6

i ABHDI7C

12! 5-3. STRING network 0|0O|X|

Ad A B C

1 | node1 node2 score |
2 |ACAP1 ACADVL 0.453
3 ABCD1  ABCF2 0.451
4 |ABCD1 ABCF1 0.46
# _-ABCD1 ACAAT 0.499
6 ABCD1  ABCE1 0.535
7 |ABCD1  ABCF3 0.539
8 ABCD1  ABCGZ 0.587
9 ABCD1 ABCD2 0.902
10 ABCD1  ACBD5 0.947
11 ABCD1  ABCD3 0.959
12 (ABCF2 ABCC9 0.462
13 ABCF2 ABCF3 0.487
14 ABCF2 ABCGS 0.529
15 ABCF2 ABCG2 0.59
16 ABCF2  ABCD4 0.604
17 ABCF2  ABCG5 0.609
18 ABCF2 ABCG4 0.616
19 ABCF2 ACAD9 0.725
20 ABCF2 ABCE1 0.964

2l 5-4. STRING network interaction score Zf
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STIRNG network M2 2 & 5-52} Z0| interaction score AT S ¥ = =0, 7|
U2 04 2 40| AL 0~1 AtO] g2 HEY £ UCE Score 20| 10| 7Y EF-F A
E7b =2 |UX 2ol edge(M)0] HEED, 00 ZIMHESLE AEIE H2 TR E
edge?t YMEICH TSk gene list7t LT OLA networkZt ST HR0E score 22 =21,

g A

of
gene list7t HOlM Ched AR0= scoredtS UWEls HA2Z O|0IXE HMAE £ UC

0%

—_

X

B | ExDEGA Graphic Plus v4.0.1 - m}

ExDEGA_Sample_Data v6.0xlsx
DAVID Clustering Heatmap PCA Netwark
String DB Metwork

Import

ACADS P
ACADSB

ACADVL

ACAN

ACAP1

ACAP2

ACAP3

ACAT1

ACAT2

ACBD3

ACBD4

ACBDS5

ACBD6

ACBD7

ACCS

ACCSL

ACD

ACE

ACE2 v

Minimum required interaction score

medium confidence (0.400) e
confidence ([ 0.001~0.999 ) 0.400

Draw Excel

13 5-5. STRING network score M MdH
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6. Pathway analysis (KEGG mapper)

RNA-Seq 24 Z1t0f|A up/down-regulated genesS0| O PathwayO| &ot=X| ZHQlst DA}
SHCHH KEGGOIAM XES3dt= KEGG MapperE O|&8%tCt AFEHHEEZ 18 6-11F 242 =ME T™
Zict

N
« KEGG Mapper - Color 8%
« https://www.genome.jp/kegg/mapper/
» Third Party SupportOf A ‘-4 & ot P2
J
o SALE HEE 0| 83510] Pathway &4 +H
LENE o Pathway Z1t 201 3 24 Pathway search )

1% 6-1. KEGG Mapper tool analysis process

-2= mMRNA-Seq reportd|A| Fold change 2, normalized data(log2) 4, p-value<0.052 7|&
oz MYzt FTXE KEGG &M st= IHFFo|Ct

Significant gene selectionO®|A| Fold change, Normalized Data(log2), p-value (Bt5A 39| 42) &t
= X85k, &SRt SH= Fold change 282 MEisto] ZEHE X EoiCt

E

EHE X85l MEE FHXE HH42E Third Party SupportE &3l KEGG input® FE310,
KEGG =M 0f AFEStCt. BHEA| StLpo| Hjw Z=gfEh ZIs|oF ohLt

] - o
Filter: 260 pvalue Average °";
! DEG Analysis DEG Analysis
. D Genesymbol BA_ C/acfs | A ® - | © semtanoemeseimn
113 111 ABHD3 0002 0000 017 277
370 368 ADGREZ 0.015 0.000 0.927] 2071 Fold change (© s Gapn
611 609 ALDH2 0002 0001 002 5497 ™ . (=) Third Party Suppert
695 693 AMICAL 0.006 0.005 0.764] 6.065 DAVID Input GSEA Input
870 868 ANTXR2 0021 o000 0718 3081 Noramiized Data log2)
934 932 APBELIP 0.005 0.001 0.904| 4910 w0 . Clustering Input
a78 576 APOBR 0040 0000 0075 4547
1023 1021 AQPS 0032 0003 0183 6151 poalue Export Data Select
1068 1066 ARHGAP25 0002 0001 0068 4612 50 [
1091 1089 ARHGAPS 0000 0000 00| 5440 IR
1218 1212 ARRDC3 0018 0020  04s0| 3877 Sample / Control
1354 1352 ATHLL 0.040 0.116 0.082] 3.591 Cm
1389 1387 ATP1E3 0010 0002 0323 4640 B
1241 1439 ATPEV1B2 0.032 0.384 0.001] 5.566 ’ L} [ Bath
1535 1533 BIGNTS 003 0001 008s| 2894 cm Botn
1596 1594 BASP1 0.005 0.002 0.025| 6344 TOlcr T8otn
1636 1634 BCKDHA 0040 0031 0254 453 I
1654 1652 BCLS 0.047 0.000 0.633 4499
1728 1726 BIRC3 0002 0000 0255  4.087
1753 1751 BLVRA 0.040 0.037 0.249 5372
1977 1575 Cl1orfss 0000 o002 0003 307
2080 2058 Cl6ortsa 008 oo 0097 417 o1 Bon Data Export
2350 2348 C5ARZ 0004 0000 0318 305 ©
2622 2620 CANTL 0002 0000 0278 3201
2635 2633 CAPN2 0.001 0.022 0.001] 5.603 () seleced Gene pot 10 nous)
2661 2659 CARDS-ASL 0002 0016 0.003| 2791 e T e (©) Gene search
am 2709 casT 0023 oo 0018 5721
2083 2981 CCNH 0.019 0.112 0.001 4239
2089 2987 CONLL 0006 0006 0159 4814 Significant Chart
2099 2997 CCPG1 0008 0000 0032 3587
3033 3031 €163 0040 0012 0000 4033
3082 3080 CD4 000 0001 0002 63%
3086 3084 D46 0008 0000 017 5042
ExDEGAGraphicPlus Start EXDEGAGraphicPlus Start

Dsta | Group | int

1% 6-2. KEGG Mapper input file generation process
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https://www.genome.jp/kegg/mapper/

a3 6-31t 0| KEGG Mapper &M O|X|(https://www.genome.jp/kegg/mapper/)0fl =3t

H 7
Color =0 S0{7}H ot2jet &2 otHS & + UCH

=
(1) BAM8tDR 8= SMALO| speciesS M
=

1EH (HumanO|® hsa dEH)

=
= [
2) Or upload fileQ| I+ & HES SE5t1 EXDEGAMA W& &= HOlE &
o %

(
(3) "Use uncolored diagram”2t “Include aliases” &S0 M3 E
(4) Exec HES FELCL

KEGG Mapper - Color

KEGG2 About Reconstruct Search Color Join ConvertID Assign KO Taxonomy

Color tool

The Color tool searches various KEGG objects, including genes, KOs, EC numbers, metabolites and drugs, against KEGG
pathway maps. Found objects may be marked in any combination of background and foreground colors.
See new article: KEGG mapping tools for uncovering hidden features in biological data

Search mode: () Reference | ® hsa

O other org | || Get org code |

Enter KEGG identifiers followed by color specification

Examples:

Or upload file: | o M | Keag input.txtl

Default bgcolor:

Use uncolored diagrams

Include aliases (for hsa and other org modeas)

| Exec || Clear |

1% 6-3. KEGG Mapper tool analysis process
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EAZn Y™ FMXEO| HO{SHE pathway list 7t LER2CHIE 6-4). pathway 0|S Hof| U=
2z o =Xte LT X B Z pathway 0 20ste RTEXQ| 0[Ct 2= QF XXtE
SeotH gt FUA EES 2 = ULt pathway 0|52 ZE6tH Y pathway chart 7}
Z2|u LS SEAISl s up/down (red/blue)O| MO Z EA|Z|O| QUCt Pathway O|O|X|&
'CH2 O|E22 XME'0| 7hsstd "htmlI"C2 MESHH o|O|X[of| 3= =S A2 FX|6|A
MOl 7Hs5tet

*E AL

otof QEXOIRA HES SEUE I CHE 0|ELE XMFO| EO|X| g2 82,

Internet explorer CHi4! chrome && O|&3H =tolg = QlC}

Pathway Search Result

Sort by the pathway list

Show all objects

sapiens (human)

13 6-4. KEGG Mapper tool analysis result
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7. Gene set enrichment analysis (GSEA)

il

Gene set enrichment analysis (GSEA)= Microarray fE= RNA-seq data & 2O CHEF, HET
A ROl gene set & £A3l= ZZIMO|CE GSEA £ Human, Mouse, Rat 2t X|@IstD =
JF Hlu (Bt 4g) HOoHZ M0 Ztsotl, AF F z2 3 g5 0[Y0[ojofF TA
7+SStEt.

o ro

MSigDB O U= gene set (GO, pathway )2 7|H2 24ttt 4 182 18 6-10 Z€2
=AMz AECH
\

« http://software.broadinstitute.org/gsea/downloads.jsp

e gct, cls Tt 2Hd & GSEA ZE2 10| load

«gene set, H{ X3!, chip platform & &M MEl & 2

J

~
« gsea report, enrichment plot & Z 1t =0l

J

1% 7-1. GSEA tool analysis process

GSEA ZH|O| X (http://software.broadinstitute.org/gsea/downloads.jsp)0l =017t 3|7t =
2709l 3l0] GSEA ZT2IAWE CHeZC gh=rt (A2 7-2).
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http://software.broadinstitute.org/gsea/downloads.jsp
http://www.gsea-msigdb.org/gsea/login.jsp

Gene Set Enrichment Analysis

Downloads

GSEA Home Molecular Signatures Database

Downloads

Software

There are several options for GSEA software. All options implement exactly the same algorithm. Usage recommendations and installation instructions are listed
below. Current Java implementations of GSEA require Java 8.

See the license terms page for details about the license for the GSEA software and source code. Please note that the license terms vary for different versions of
the software.

javaGSEA
Desktop Application

Easy-to-use graphical user interface. Launch with

Runs on any desktop computer (Windows, macOS, Linux etc,) that supports | 1GB (for 22 o 84-bit Java) ¥ | memory:

Java 8, Oracle Java is recommended as there are known issues when

running with OpenJDK.

Produces richly annotated reports of enrichment results.

This release is open source under a BSD-style license. The source is available
on our GitHub repository. The changes are noted in the Release Notes,

* We rec d using a v configurati ller than your
computer's total memory.

1% 7-2. GSEA program download

GSEA =4S fISiME REA 2ot YEIF ZHEO A= get Tt ME YEIL ZHE O

e cls TtY0| EBICt Input data= Third party supportOl A F=8t0] A& 4 QUct (22

@ Third Party Support

Clustering Input KEGG Input
DAVID Input GSEA Input
Type

® Normalized Data

Export Data Select

I
]

&

B2
B3
1
c2 -

HEEERE R E S
m

Data Export (GSEA gct Input)

Data Export (GSEA cls Input)

3 7-3. GSEA Input data
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get X cls THAL 247k DY 7-4, 7-59 22 ¥AHOR Eojon, WA ME U MH RHX
Bl AE0f sl BASE HS BRI}

o Mg e ohd RO gt = 'S BEAl 20|10 MY YA "HAE (Moo=
2al) o2 st

A B C D E F G H J K
#1.2
2 24424 9
3 |Gene symlGene Title A1 A2 A3 B1 B2 B3 C1 c2 C3
4 |ATBG MA 1.544002 1.369196 1.864898 1.630973 1.149183 1.289642 (.842837 0.742837 0.942837
5 |A1BG-ASTNA 0629423 0166494 0.220651 0.514093 0562111 0.158501 0.943667 0.8436567 1.043667
6 |AICF MA 4.39E-05 5.74E-05 0.050181 1.67E-05 2.14E-05 a 0.1 1] 0.2
7 |AZM MA 0.230622 0.330027 000307 0.641994 0.090967 0.071063 0.328091 0.228091 0428091
3 A2M-AST MNA 0.303073 0.798804 0111377 1771126 091748 0.29448 0.922872 0.822872 1.022872
ot 0| E(N): | gsea_input.gct
o HAT): |AAE (PO E 22
a3 7-4. gct file
A B C
F
931
2 #ABC
o2 OJE(N): | gsea_input.cl
s AAABBBCCC 2 OIZ(N): |gsea.inputcld
4 oY FAT): | HAES (POE ga)

a8l 7-5. cls file

Microarray data®| &%, gct It2 siE mAS SO AZO0| probe ID, BEO| Gene symbolZ
+730| ZQsiCt
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GSEA Z21HMZ A0 Load data HHES FZ11 Browse for files HES £2 F gct, cls Tt S
ACHAE 7-6). gct, cls T2 MU FZ27F ZH input IHYS & QIASHX| RoIEZE K=&
HFEISLHO| S0 ZllotC 2| 810| 2627 &M NO errors 2t= HA|X|EE golg &= UCt
(A" 7-7). HAXIE =2l =, Run GSEA HES FECh
A G5EA 4.3.2 (Gene set enrichment analysis)
File Downloads Help
Steps in GSEA analysis Home : [ Load data x
bjl2] 1 oad data Load data: Import data into the application
m Run GSEA Method 1:
F= Browse for files ...
Leading edge analysis
@ Open
A Enrichment Map Visualization H=®
1 Run GSEAPreranked I
13 7-6. Load data in GSEA program
T =l I L
O A| | x|
Recently used files . : .
Loading ... 2 files
(double click to load, ight {8 I .
# \GSEAIGSEA.cls . GSEA.cls GSEA gctixt [
NGSEAGSEA.gct ixt Files loaded successfully: 2 / 2
There were NO errors
=0
1
3@ 7-7. Load data in GSEA program
Run GSEA & +E21 Expression dataset & gct THYHS MEH, gene sets database & &A15t10At

Sl= gene set 2 MEHSICHE 7-8). pathway =2 StXH S} c2 Al MEH, gene ontology
=M SR 5t 5 Of| A MEHSICE Gene set O] CHRF XiA|sH B2 GSEA SH|O|X|
(http://software.broadinstitute.org/gsea/msigdb/collections.jsp)Oll AL}

gene sets database = X Human, Mouse BTt UM, siLst= T2 MEHSIO] TIWSHH
Z|=0, Rat o] Z2, Ot&l THO| =XSHX| 240t Human, =& Mouse Yo Z TIdAlst = CHS chip
MEf DH 0| A Orthologs 2 T4 sOF stCt.
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M select a gene set *

Hurnan Collection (MSigDB) \ Mouse Collection (MSigDB) \loca\ GM)(/GMT\LD(&I GRP Gene ;ets\ Subsets\Te:-:t entr}r\
= h.allv2023.1.Hs.symbols.gmt o
<= ¢1.allv2023.1.Hs.symbols.gmt -
= c2.allv2023.1.Hs.symbols.gmt
= c2.cgp.v2023.1.Hs.symbols.gmt
= c2.cp.biocarta.v2023.1.Hs.symbols.gmt
= c2.cp.kegg.v2023.1.Hs.symbols.gmt
= c2.cp.pid.v2023.1.Hs.symbols.gmt
o= ¢2.cp.reactomen2023.1.Hs.symbols.gmt
o= ¢2.cpn¥2023.1.Hs.symbols.gmt
o= c2.cpwikipathways.v2023.1.Hs.symbols.gmt
<= ¢3.allv2023.1.Hs.symbols.gmt
<= ¢3.mir.mir_legacy.v2023.1.Hs.symbols.gmt
<= ¢3.mir.mirdb.v2023.1.Hs.symbols.gmt
<= ¢3.mir.v2023.1.Hs.symbols.gmt
4= ¢3.tft.gtrd.v2023.1.Hs.symbols.gmt

= ¢3.ft.tft legacy.v2023.1.Hs.symbols.gmt k4
@ Help || @ msigDe Collections | | oK || Cancel || @ MsigDE License

1% 7-8. Select options in GSEA program

Number of permutations2 7|&%(2 100022 7|35}, Phenotype labels2 2ASt1X} o=
HmZXste MEASICE HmAg MEE Al &M= Test (M) versus Control (LZE)Q B K9

Si{ofF otCt.

Collapse/Remap to gene symbols & 7|2ZtQl Collapse & MEASIL, permutation type
gene_set & M EHBICE

Chip platform & RNA-seq 2| 4% =Z4dtele Fol H©WE ME5I0 Human (or

Mouse)_Symbol_with_Remapping_MSigDB~.chip & &l

rlo

rot
o

Rat 2 diEdt= B0| I 22 Human = Mouse ®0Al Rat_Gene_Symbol_Remapping_
Human (or Mouse)_Orthologs_MSigDB~.chip MEdSIO] ZIASICH (O3 7-9). O7|M Folgt

M2, O|™ gene set ME 1 (a7 7-8)0A

Microarray 2| Z20= A&t chip 2 MEHSIO] TI4BiCt,

rx
iz
rot

U3 Ze oz MMs|oF it

m

N select a chip X

I Human Cellection Chips (MSigDB]\Mouse Collection Chips (MSigDB]lLocaI Chips\
<= Human_AFFY_HG_U133_MSigDB.v2023.1.Hs.chip -
<= Human_AFFY_HG_U95_MSigDB.v2023.1.Hs.chip -
<= Human_AFFY_HuGene_MSigDB.v2023.1.Hs.chip

<= Human_AFFY_MISC_Array_MSigDB.v2023.1.Hs.chip

= Human_AGILENT_Array_MSigDB.v2023.1.Hs.chip

<= Human_Codelink_Codelink_MSigDB.v2023.1.Hs.chip

<= Human_Ensembl_Gene_ID_MSigDB.v2023.1.Hs.chip

<= Human_Ensembl_Transcript_ID_MSigDB.v2023.1.Hs.chip

<= Human_Gene_Symbol_with_Remapping_MSigDB.v2023.1.Hs.chip
<= Human_HGNC_ID_MSigDB.v2023.1.Hs.chip

<= Human_ILLUMINA_Array_MSigDB.v2023.1.Hs.chip

<= Human_lmage_Clone_MSigDB.v2023.1.Hs.chip

= Human_NCEBI_Gene_ID_MSigDB.v2023.1.Hs.chip

<= Human_Phalanx_OneArray_MSigDB.v2023.1.Hs.chip

<= Human_RefSeq_Accession_Extended_MSigDB.v2023.1.Hs.chip
<= Human_RefSeq_Accession_MSigDB.v2023.1.Hs.chip

Ll

@ Help || @ wisigos chips | | oK [ cancel

a3 7-9. Select options in GSEA program
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2

rin

<
=

Mo| Meto

| @F %1 Run H

B GSEA 4.3.2 (Gene set enrichment analysis) - o x
File Downloads Help
Steps in GSEA analysis Home :[IflLoaddata x : [ Run Gsea x 4bE

S5 1 oad data

Leading edge analysis
A Enrichment Map Visualization

Tools

2 Collapse Dataset

un GSEAPreranked

Chip2Chip mapping

IE] Analysis history

&

Required fields

Expression dataset |GSEA.gct [24424x8 (ann: 244249 chip na)l “

Gene sets database |;fgsea/ms\gdb/human/geneﬁsetsfts go.bp.v2023.1 Hs.symbols. gmtl ‘

Number of permutations |1000 "‘
Phenotype labels [1#¥DesktopHEXDEGA (RNA-seq) AIDI LHGSEARGSEA.CIs?B versus A | -
Collapse/Remap to gene symbols |Cnl\ap&e "
Permutation type |gene_&et "
Chip platform [157Human_cene_symbel_with | MSigDB.v2023.1.Hs.chip | -]
Basic fields

Advanced fields

GSEA reports
Processes: click 'status' field for results

Mame Status

‘ Show

Show

Show results folder

27 10:20.

[1683766447928] [INFO] <html=>Loading

@ <7 Reset P Last

&l command I » Run I

2 files<bra <br>GSEA cIsGSEA gt txt<br-Files loaded successfully: 2 / 2<br>There were NO errors</ht

7aMdf 152M T

%3 7-10. Run GSEA program

EM0| 22 5|M GSEA 2% OF2ff GSEA reports 0| status 7} Success 2 HFPICE Show results

folder & +2% GSEA 24 Z1} ®o| gt 7-11).
%1 [ [ 5| dect0 - m] X
: J = o G HHes u=
» [] S A% - XA v a=
. d= kg
:1}21/;17[0-_] A [#] EAF QX 0|2 BtR7 uuﬂs-"' 2% HHA
gusc 24 as
A [% > HIHY > gsea_home > output > dec10 » v 2N e
) 0| & B Fg3 X g =
> BEZ 7t7|
3 i 2019-12-10 2% 1:36 EY =L
oo e my_analysis.Gsea.1575951995692 2019-12-10 3 =
GSEA reports 4
Processes: click 'status' field for results *
Name Status
1 O Gsea " Success
' 4
I Show resultsfolderl N
Seq *
Al avenss A N <
=

a8 7-11. GSEA results folder
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GSEA Z1} & &8 T2 ‘gsea_report_for'2 A|EtSHE Ml mO|CH for CHED DU

=0 A f2lst gene set, _for A3 Tt

rlo
n=
oot
2
=2
>
Jo [
lo
rot
(@]
(0]
=)
D
(%]
o
k=)
-
|
o
N
o

! enplot_KEGG_TYPE_|I_DIABETES_MELLITUS_66

& enplot_KEGG_TYROSINE_METABOLISM_39 |— Enrichment plot

B9Y gene_set_sizes

E?‘ global_es_histogram

5_‘ gsea_report_for_A_1575951995692

BdY gsea_report_for_A_1575951995692  |—» =0l enrich®t gene set
e} gsea_report_for_B_1575951995692
= gsea_report_for_B_1575951995692 —» A HT 0| A enrich® gene set

8} KEGG_ADIPOCYTOKINE_SIGNALING_PATHWAY

B9Y KEGG_ADIPOCYTOKINE_SIGNALING_PATHWAY [ ZI gene set0f] ZStEl QFX M
s?‘ KEGG_ADIPOCYTOKINE_SIGNALING_PATHWAY_108| 5 Heatmap

3l 7-12. GSEA result files

for =7 LtL0= enrichment score (ES)2t Normalized enrichment score (NES)7} &=, _for
2 = ESQt NES= Y=Lt S L2t A QIO NES2| HO{ZI0] & =ME ranking
2l ALt S5 DOWN (ranking SFR)OIA core geneQl ZREIt UCHE A, &+
(ranking &2)OIM core genel| THEZ7} ACt= AE 20|t NES EHLOHZHO| =2
Cf &%l 2071 gene set2 enrichment plot, heatmap, Z gene setO ZatEl FHX=Z2|
HEIL 7l excel fileOl RUACE GSEA &4 ZAIt & Enrichment plotO] =0 Bo| HEICt
Enrichment plot O|O|X|0A MZ MO| iT gene setdf] Z&E FHAS0|H fold change =22
LIS EICHAE 7-13). PeakZt RZO0f| 47|H Cizx=a CHH| HATLO|M upE |TEXSO| BLh=

o|0|0| 12, peak?7t REZO| M7|H downE RTAZL BCh= 2|0|0|Ct

gene setO|
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w_for test ALY gene set/ ES, NES &=

w_for control ItYLY gene set/ ES, NES ST

Enrichment plot: GO_CELLULAR_RESPIRATION
08
05
04
03

02

Enrichment score (ES)

0.1

00

L

Zero cross at 4745

['RP' (positively conplated)

25

n £
i

"Control' (negatively conelated)

! . : : :

0 2,500 5.000 7.500 10.000
Rank in Ordered Dataset

Ranked list metric (Signal2Noise)
o
o

|— Enrichment profile — Hits Ranking metric scores |

Enrichment plot: GO_RRNA_METABOLIC_PROCESS

0.00
-0.05
-0.10
0.15
-0.20
025
-0.30
035

Enrichment score (ES)

i

"RP" (positively correlated)

N

25

0.0 Zero cross at 4745

. ‘Control’ (negatively cornelated)
0 2,500 5,000 7.500 10.000
Rank in Ordered Dataset

Ranked list metric (Signal2Noise)

I— Enrichment profile — Hits Ranking metric scnresl

L___J core enrichment(=core gene) ¢, 2T EH FHAFH0| HHE|N A= X

3% 7-13. GSEA enrichment plot

GSEA &A1t 8! Ao chet FHE|ne[o| XpM|et 2[0]= GSEA user guide
(https://software.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html)0f| A{ &HQIgH £~ ULt
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8. Protein-Protein Network Analysis (Cytoscape STRING)

STRING tool 2 Protein-Protein Interaction HIO|EH H|O|AE 7|HICZE [FMXIO| AZHAE

—_
SAH2Z M50 Network & HdoliF= &4 E0ICL &4 g2 18 8-11F 2L,

N
* http://www.cytoscape.org/ Ol A cytoscape CH2EE
» cytoscape ZZ2 12 L0 Al STRING app install
« X} B|AE(Gene symbol) SAL/23 (10074 O[5HHE)
. . ol 4 :
gene symbol Organism & = (Ex. Homo sapiens, Mus musculus,...) )

ol 24
H

« Network ZA1t 20l

« Network image, protein protein interaction H& file X%

38 8-1. STRING analysis process

Cytoscape SH|O|X| (http://www.cytoscape.org/)H Al cytoscape Z21MS CHRZE HOp AX|
SHCHE 8-2).

RNF11

13 8-2. Cytoscape download
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https://cytoscape.org/
https://cytoscape.org/

- o [e) [ L = =
Cytoscape Z2™S EO &0 A= U & [Apps] > [App Manager]2 SO{ZtCHH 8-3).
StringApp & ME = Install HES F2Ct
[Appe] Tools Help - hop Narage .
I TP | Install 4pps § Currently Installed  Check for Updates
o
I Download Site: | http://apps.cytoscape,org/ v Manage Sites...
BisoGenet ’
Search!
s CyNetworkBMA 1 2l apps (200) o ::malyzetr ~[ suingaop
- collections {4) b $Poctor installed: 1
n Sl L ? - apps by tag . 22;\5 1.3.2 (installed: 1,2.2)
.
GeneMANIA > ® SBML Reader
#® science-direct
Load CytoGEDEVO ® SCODE
#® SDP Model Builder
ClueGO q : f:t?gp:;pe Import and augment Cytoscape
EnrichmentMap ® SIREN netwerks fiom STAING
.
TETRAMER > o
.
.
# stuctureVize
# Synapse Client
® TETRAMER (Installed)
# ThematicMap
# TiCoNE
# TieDIE v
< >
Install from File. .. View on App Store
e Close

13 8-3. STRING app installation in Cytoscape

Cytoscape 2| Ol & [File] > [Import] > [Network from Public Databases]Z2 =0{ZtCH 2 8-

4).

5. Session: Mew Session

Edit View Select Layout Apps Tools Help

Open... Ctrl+C ~ - e A ~~ B,

Oin Recent > !’E \-El \i Q \‘—;'l ~ e <?':> @

Save Ctrl+S e

Save As.  Ctrl«Shift+s 7 ==uUlo e

Close = Q Sl

New Network > 4 s R (
I =% <

Import > Metwork from NDEx... F‘@— - ndexH

Export Network from File... Ctrl+L o

— e Network from URL... Ctrl+Shift+L y Forficaten meert

ut — | Metwork from Public Databases... |Alt+L

Table from File_. | Import a netwo

rk from a curated database|

Table from URL...

Table from Public Databases. . Alt+T

Styles from File...

13 8-4. STRING analysis process 1
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Data Source & "STRING : protein query” AEi5t1 Species & ETICHE 8-5). &4t 1A}

I_
o —

St= RTXEC| gene symbol 2 Y HPICE Confidence (score)=
ZEE ot ACR 0 8H 1 7X|0|12, 1 2 &5 Interaction O] Z&E 2[0|3HCt Maximum
additional interactors & 02& S} input®t FHAL QL A TF network O] 12{X|1 =X}E =O0[H
input SHX| 242 neighborhood protein 7tX| network O] 12{ZICt,

Protein-Protein Interaction

. Import Network from Public Databases X

Data Source: | STRING: protein query v About
Specis: .

] &ll proteins of this species

Enter protein names or identifiers:

X1 ST A
HOXBS
HOXC10
TSIX
STHNZ
HOXBE
HOXCS
HOXAS

Hoxa10-Howas | A EH 'c':'l- 7(‘|X|- %O:I o 7|

HOXB7 ===

HoxCE 3 300~5007H input '_ﬂ 4
INGFR
HoXA 10
JHOXA-AS3
HOXAT1
o 30070 ‘H =2 input BHCHH defalt2
L3 W SFALo|$7F MCIH 0Eo 2 scores e
Hoxes SHAS| =7t HCHH 1Z O 2 scoreE 59

lcaon

Ok

| SH
=

[HHHrH

Confidence (score) cutoff: 0.40
o

Cancel Bac
1% 8-5. STRING analysis process 2

H2 SOl Lh2LF.

Input Bt gene symbol 2t match 7} &[X| Q= protein O] 2™ & 8-6 1 Z
2l PO ALARS] M EH O

T 7§ O|&2| protein O|0| LIEtLLE HR= FA protein & &

et 25 check = S{A|BHC,. Import HES +28 40| AL

Of O
i}
k1
rot

4 Import Network frem Public Databases B
Data Source: |STRING: protein query - About
Species:

Al proteins of this species
Multiple possible matches for some terms: Select the term in the left column to see the possibilities. then select the correct term
from the table
Select  Name Description
GPR4 Translin: ONA-binding protein that specifically recognizes consensus
zice sequences at the breakpoint junctions in chromosonal translocations,
DHAS2 TSN nostly involving Ineunoglobulin (18)/T-cell receptor gene seanents. Seens
183 to recognize single-stranded DNA ends generated by staggered breaks
MAPK13 . o
oo occurring at reconbination hot spots
e Alcohol dehydrogenase, iron containing, 1: Catalyzes the
CLECS cofactor-independent reversible oxidation of gamma-hydroxybutyrate (GHB)
PPPZR2C to succinic semialdehyde (S3A) coupled to reduction of 2-ketoalutarate
Plig @ ADHFEl  (2-kG) to D-2- hydroxyalutarate (D-2-HG). D,L-3-hydroxyisobutyrate and
KCNKT L-3- hydrosybutyrate (L-3-0HB) are also substrates for HOT with 10-fold
CRLFI lover activities
Select Everything Clear Everything | | Select Everything for HOTS | | Clear Everything for HOTS
Confidence (score) cutoff: 1 0.40
am o em  o@  e%  om  em  om  om  om 1w
Maximum additional interactors: | 0
° W om  om  m s m  om wm w
Cancel Back Import

1% 8-6. Not matched proteins in STRING
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M
~

O] 2= &[™ network image 7t LI2CHAE 8-7).

=
=

HH String Network

G u

@ @o-o@o-o

Table Fanel ~ Ox
o 0 + @ == /v 2

i shared name namne @ canonical name & display name @ full name i database identifier @
S60BENSPOODOO3ZSO17  SGUGENSPD,  QOEFO7 CYFIPZ 9606,ENSPO000032581 7 [PS
SB05ENSPO000364Z12  SS0B.ENSPO.  P32320 CDA 9505.ENSP 0000364212 i

12l 8-7. Network result

[File] > [Export]> [Network to Image]E& =2{ O|0|X|E XMISICHE 8-8). PDF I

Hgots As HYSHC) pdf THL2 K

EER
A5HE SIS StOIE 0]O|K|7h WRIK| B

a3

8-8. Save network image

E:m View Select Layout Apps Tools Help 4 Export Network as Image %
Open... Ctrl-0 +
Open Recent »| BB
Save Ctrl+S ~ Ox Export File Format: PDF (=, pdf) v
Saveds.  Cirlsshiftes 1 Semple Sesq ]
Ud:; s f =la Save Image as: C:#UsersWebaWDesktop¥String Network, pdf Browse...
@" Export text as font: 4
New Network » =
8 9
4
— ; b Cancel
H -
“affinity
y P
Quit cl+Q letwork to File.. T
l@" Network Image to File
Styles to File.
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of

> [Table to File..]2 =0{7} String Network default edge TS XZESCHI

[MXHE0| protein-protein interaction &

Al O
™ —

StEXl S22 My

Open

Open Recent
Save

Save As
Close

New Network

Import

Quit

4. Session: New Session

File Edit View Select Layout Apps Tools Help

Ctrl+0 3 -
> . ~
CrlsS
Ctrl+Shiftss "
>
>
>
crl-Q

Styles to File

“~

™ [File] > [Export]

2 8-9).

%, Export Table

File Format: |CSV (s.cav)

Select a table to export: |Smng Network default edgel v

Save Table as C:WlUserstWebgWDesktop¥String Network default edge, csv

_Browse...

Cancel

String Network default edge It 0{|A name Of interaction
LtQFQUCH R 8-10). Name Ol A (pp) B 2t

Interaction $tCH= Z40|1

I score 40| 10| 7t7tE4+2

13 8-9. Save edge table

HH UL H A TR B

™ME, score O confidence score 7t
QML Protein-Protein

interaction 0| Z$t Z0|Ct.

A B C o} E F G H M N o
1 SUID |~ coexpn ~ | cooccul * | databa: | experin ~ | fusion - | interac ~  intersp 'nelghb v-selectev shared | ~ | shared| ~ |textmir =
2 701 0.397 0.9 0.961 PP EFNB2 (pp) EPHA4 FALSE pp EFMNB2 (pp  0.926
3 702 0.397 0.9 0.817 PP EFNB2 (pp) EPHB1 0.999 FALSE pp EFNB2 (pp  0.887
4 961 0.929 0.9 PP IFIT1 (pp) MX1 0.064 0.998 FALSE pp IFIT1 (pp) 0.722
5 700 0.397 0.9 0.76 PP EFNB2 (pp) EPHAS 0.997 FALSE pp EFNB2(pr  0.768
6 680 0.878 0.9 0.292 pp OAS3 (pp) IFITL 0.996 FALSE pp OAS3 (pp) __ 0.519
7 683  0.888 0.9 0132 pp OAS3 (pp) MX1 0.995 FALSE pp 0AS3 {ppj 0.506]
8 935 0.892 0.9 PP IFI (pp) MX1 0.995 FALSE pp IFI6 (pp) A 0.503

Network image O A{ AMO|L} H S
link)0ll A image

13 8-10. Interaction information in edge table

T o

A HIHS

WAL Ao A
solg 4 ULt

L0|= STRING Manual (Download
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