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x* %1% : % (Introduction)

pEE J5 2 K 4 (post—genomics) RAARHISKRIG, ZEFEHZFRFFREOLHF
U6 M B BT A 1455 BB BB S F/K X SHREBEA T T . X
MEB R — N EERERZAE T Tae 4R
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Bt RN EAYMER R E T AL, SITER. BRI R
MEAERAKA, FUMKINELRIIGE, HrEaRERmiEls
BEHEENE X
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%2% . L& is# i 4 (Database)

3B EFTEEIREESENER
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» 11 BEEDEHEKIERE

HEREEBIEERLGOHL (Gene Ontology Consortium)>#E2000
EMWRP—NEURIREEY ZET, SR SLEE K=Y
HRW A ERICA R, WE T ZE B R cellnldrn, component .

molecular function®lbiological process.

Search | |
the Gene Ontology [gene or protein name |v| [so]

N Welcome to the Gene Ontology website!
FAQ

PO ZEES The Gene Ontology project is a major bioinformatics initiative with the aim of standardizing the representation of gene and gene

Tools product attributes across species and databases. The project provides a controlled vocabulary of terms for describing gene
Documentation product characteristics and gene product annotation data from GO Consortium members, as well as tools to accessand
J— process this data. Read more about the Gene Ontology...

Projects

The Gene Ontology project very much encourages input from the community into both the content of the GO and annotation
using GO. We are very happy to work with others to ensure that the GO is both complete and accurate, and we also very much
News RSS TwitterFacebo encourage communities to submit GO annotations for inclusion in the GO database. Please contact us.

Contact GO

Search the Gene Ontology Database

Search for genes, proteins or GO terms using AmiGO:

| [oo]

@ gene or protein name GO term or ID




3 GOXUIE Be Il % i B 40 B3R %1 3=

o« GOBHEFERPFIERIFE BRE TP RALEMHIEE: Rk,
EERERINR, FE/RMZRR T ELHWE, HPEEER EEERE
Y, s YE: R AR
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PR SR P AERE R o3
BEOF Rig http:/Fararar berkeleyhop. org
BHF-TICL LIEER httpfwanar cardiowasculargeneontola
oy, COtT
dictyBase i B e P T B http:/fdictybase.org
FcoliWiki Rt e hitp:/fecoliwili net
FlyBase Rig http:/fflybaze bio. indiana. edu
GeneD B ZTEBERS http:/fwaa genedh. org
= HER R
A FTERER
T PR
GOA UniProt # InterPro 7 ¥ http:/Fararar ebl ac. WG OA
Gramene AR EEEIEEE http:/fwraras gramene. org
MGD and GXD | ZRER, http/fwarar informatics jax org
RGD ¥ 2 b, http:/fred. mew edu
Reactome I EHIREE http:ffwranas genomeknowledge. org
eI FHEEER hitp/fwww yeastgenome, org
ARE BEE
TAIER. T httpfiwrarararabidopsiz. org
1G5 EFEEAMFH T EMEIE  http/wwwigs umaryland edu
JCVI & THHEEFRBIHEE  hiplwwwjcvi org
WortmBase 5 e hitp:ffarares warmbase org
FFIM P58 hitp:/fzfin. org




¥ GOERERITS
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o MEBE FREGOEBRRGER —INEMILHE (Directed Acyclic Graphs), &
=N, B EYEid & (biological processyy 4 FIhEE (molecular
function) Mg 5> (cellular component) .

o FEBERGHE 4G A (node) FRZEFBERH B — MR, 4 S22 F{RFF=H
KRR, B “is a” 8¢ “part of” .
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1. FARBIAR RGOSR E

K R GOBIE FE B H e HE N Ani GO T . 7EGOBIE EEHYy R IETHD
B —MNEIE RS 60 : XXX MR ARTE . HEERRN FEAER
BEAMBERINSHZAE, BEMEERNMEFRRIT . R
EWENREARGEENLZ, WEKRERET @Ai%& “gene or
proteins” , FEMREFIAMNBRRs  |“exact match” Bp2H
SeeULES, WftiEEE,

the Gene Ontology AmiGO

Search Browse BLAST More Tools Help

Search the Gene Ontology database
| |
\_‘| EO terms| © genes or proteins [ exact match

‘ RITEHEMNE ‘

AmiGO Version: 1.7 G0 database release 2010-02-20
Cite thiz data » Terms of uze » GO helpdeslk
Copyright © 1999-2009 the Gene Ontology

Try AmiGO Labs




(241 ]

X BB ZEELE T6 (NEURODG) N, ZEMZEETR
A “NEUROD6G”FHa)iE “gene and proteins®f “exast'march”,iz4T

JEFTARERE MRS RN E R

Search GO NEURCDE T GO terms © genes or proteins [ exact match
Gene Product Search Results
4 results for in genes or proteins fields symbol, full name(s) and synonyms

¥ Filter search results B

Filter Gene Products

Filter Gene Products by Associations

Gene Product Type

Data source Species

Ontology

Evidence Code

Results are sorted by relevance. To change the sort order, click on the column headers.

Setfilters

Human immunodefic... & A | Remove all filters
gene Hyphomonas neptun biclogical process IC
protein Listeria monocyto cellular component DA
transcript dictyBase *|| |Macaca fascicularis  # melecular function IEA &

| Perform an action with this page’s selected gene products._. v

rel Symbol , full name Species
r 8 associations gene from Mus musculus
r 3 associations gene from Rattus norvegicus
- 7 associations protein from Bos taurus
r 7.associations protein from Homo sapiens
Neurogenic differentiation factor 6
-

Select all

| | Eleer =l ||F'erf0rm an action with this page’s selected gene products

v [=]




HERR T ZERTREREE, GFERE. WM. 52 RENF5]

R EERE

NEURODG6

Gene product information ¥ 7 term associations =

Information

Symbol NEUROD6

Name(s) Neurogenic differentiation factor 6
Type protein

Species

Synonyms ATOH?
[FIOO102358
MyO051
NDF&_HUMARN
NEURODG

Database UniProtKB/Swiss-Prot, UniProtkKB/Swiss-Prot:Q96NKS

Sequence No peptide sequence available

Back to top

N B P HHRHB ) KT F i R B35 E A (LW 687D



Term Associations

Download all association information in: [] gene association format [ RDF-XML

¥ Filter associations displayed B

Filter Associations———————

Ontology Evidence Code

~ Remaove all filters

biclogical process Ic
cellular component DA
malecular function IEA =

Perform an action with this page's selected terms v
Accession, Term Ontology Qualifier Evidence Reference Assigned by
r 9965 gene products  biological IEA GO REF:0000004 UniProtkB

view in tree process ) (via UniProtkKB/Swiss-
With P K .
GO:0030154 @ cell . Prot)
differentiation

r 23925 gene products biological IEA t UniProtkBe
view in tree process i P (via UniProtkB/Swiss-
G0:0007275 : multicellular e 52 RSy Prot)
organismal development
r 5217 gene products biological IEA GO REF:0000004 UniProtkB
view in tree process with 5 (via UniProtkKB/Swiss-
(GO:0007399 & nervous system_ Prot)
development
I 20473 gene products biological IEA GO REF:0000004 UniProtkKB
view in tree process . S (via UniProtKB/Swiss-
G0:0045449 : regulation of SN B2 ARy Prot)
cellular tr, Il
r 36436 gene products cellular IEA UniProtkB
view in tree com With 5P SL:5L.0191 (via UniProtKB/Swiss-
G0:0005634 : nucleus Prot)
r 21250 gene products molecular IEA 1 UniProtkB
view in_tree functi » S (via UniProtKB/Swiss-
G0:0003677 : DNA binding. rin 22 prot)
r 16342 gene products molecular IEA GO REF:0000002 UniProtkB
.?ﬂ'iEW_i” tree function with (via UniProtKB/Swiss-
GO:0030528 : transcription InterPro:IPRO11598 Prot)

Perform an action with this page’s selected terms v

Back to top

BB R CZZEFRFEYIRARIERB: (term associations) B, EHiEREK
“Term”2GOILXKBZF, “Ontology” 2 ZZEF=YRIRE, MEEEFH S

FIhgk, P R HFEHFE—FKILFE “nervous system development”.




nervous system development

Term information # Term lineage # External references # 5317 gene product associations =

Term Information

Accession  0:0007399

Ontology biological process

Synonyms related: pan-neural process

Definition The process whose specific outcome is the progression of nervous tissue over time, from its formation to its mature
state. [source: GOC:dgh]

Comment None

Subset None

Community  There have been 0 comments for this term. If you would like to view or participate in the community annotation, please

continue to the GO\IUTSpage

Back to top
Term Lineage
Switch to viewing term parents, siblings and children
¥ Filter tree view @
Filter Gene Product Counts———— —View Options
Data source Species ’irree view ©® Full  Compact
Remove all filters
AspGD Anaplasma phagocy.
CGD Arabidopsis thaliana
dictyBase * | |Bacillus anthraci >
[ all - all [372469 gene products] Actions...
G0:0008150 : biological_process [274193 gene products) L':TSt action: Reset
- the tree
1 . . o -
H G0:0032502 : developmental process [27802 gene products] =i
(G0:0048856 : anatomical structure development [20054 gene products] View in tree browser
GO:0048731 : system development [15068 gene products] Download...
G0:0007399 : nervous system development [5317 gene products] SSI?—XML
G0:0007275 : multicellular organismal development [23925 gene products] Graphviz dot

@ G0:0048731 : system development [15068 gene products]

G0:0007399 : nervous system development [5317 gene products]
(G0:0032501 : multcellular organismal process [32735 gene products]
G0:0007275 : multicellular organismal development [23925 gene products]

@ G0:0048731 : system development [15068 gene products]
GO0:0007399 : nervous system development [5317 gene products]

Back to top

External References

w» MIPS_funcat (2)
A42.03.17
47.03.01

w SP_KW (1)
KW-0524

Back to top

I B BRSP4 B oA 58 B IR, FHAERE (term
lineage) FFTERIRSAE, 15 T GOFIEEHF £ TFIIEEFr LRI B RIR R
TF “External Reference”$2ft 7 54 A B HE KI5




r i b A R AT AR AL

(graphical 'view) HiE{EMWHL T~
T DR ie 3 2 18] ¥ BB B 2= R
%1;@%,? A L TREXRR, BEEF
ITRAR

biclogical _process

GO0008] 50

00032501
mul ticellular
organismal process

\:ﬂ

GO0032502
developmental process

GOO007275
multicellular
organismal
development

0048856
anatomical strocture
development

part of

systemn development

000487 31

Y‘u

GO:0007399
NErvoLs system
development




BLAST Search

The sequence search is performed using either BLASTP or BLASTX (from the WU-BLAST package), depending on the type of the input
sequence.

BLAST Query
Enter your query B

Enter a UniProt accession or upload a text file of queries or paste in FASTA sequence(s)

uniprot accession: [ ]

Text file (maximum file size S00K): ‘ H .- ‘

FASTA sequence(s):
Sequences should be separated with an empty line.

R

(22
[
=
2

Maximum number of sequences: 100
Maximum total length of sequence: 3,000,000 residues

REERHE

BLAST settings @

Expect threshold |01 &
Maximum number of alignments |50 |+

BLAST filter: & On  © Off

R EEmE

2. FFFIR RGOSR

« NTARIERGHFH, TURAFIEERRC HIWE. KirAniGOE R LK
“BLAST”%

o FHXEERL T HADEIEEBLASTHR RN T, EREEPFSRNEERIZERTS,
W T B8 B 3018 B 3548 R H A BLAS TPERBLAS TX R B 32 v i 51 BT
- XEVURERPIAZREKFFINF, BN,



PI2RBFEESEFLTHDR

- REREXFAEERFABR L P (Kyoto encyclopedia’df penes and
genomes, KEGG) RARGAMERIIR. ZEABENEREE, B
BT EEAZE. EMURZURRADIRAFRIEE, FYTHAEL
FHH RRERE BEA— BN Z R .

- KEGGRUHIBESNMRAEEW L THE, BFEBRKLEY. BHR.
BEBRFIN KAV ED R, ARME T e erRiEgeE,
EXT ST RNHEEET T EmPER, S5 HEERFI. 2
PDBYHE FE BB E . 4l, KEGGERIRHLEET Javalf) B T A5 i
DR 20 Pl LU B R A R BRI B, DA RHAMFRAI LLEL . 1
TERCRANE BT TR . Bk, KEGGHIE R HEAT Mk A 5
Brs B IrEp BT I TRZ —. 1



Y KEGGTFEN A

 KEGGHRIFLE & T 19N THIEE, I RRARSE By ZRARE
l%‘*n{/h%% ‘%\E{/I\%%IJ o

> ZEREAREBFEECGENESEIEEE, SREH EBMER A F 5| M
S FREREAFS, FHAER ST 5 H FIEREAE R T RERERE .

> KEGGH L 225 B 6 S48 BEE A #R NKEGG' LIGANDE R, B &%
VIR BT Befb R MEME B3 KEGE BRITEEHE ER —IMEE&E L2
AEYIEN R T IRHMTERRI S A EREREE, S8 F.
dHRE. Y0PF. TR B DR EAIZ BIRIR A

L —/N i ERRE Hu FEREZEMODULESGE R v, S E0EEIR A T ot
fr)— B S ThRE B DL AL M5 B

~ KEGG DRUGHEHEEEG i T B i 7E H A& Je 4k 7 25 #0356 H ) K& 43+ 4k
772 e

» KEGG DISEASER — N RER . B, Y. LR ZHIRC
SEENHBEEIEE.



e KEGGHIRENIRERE

* 82 KEGG M) 13T 08EENRRS

Release Database Object Identifier
1985 KEGG PATHWAY map number
KEGG GEMES locus_tag f GenelD
KEGG EMZYME EC number
KEGG COMPOUND C number
2000 KEGG GEMOME organism code [/ T number
zZoo1 KEGG REACTION R number
zoaoz KEGG ORTHOLOGY K number
2003 KEGG GLYCAM G number
2004 KEGG RPAIR RP number
2005 KEGS BRITE br number
KEGG DRUIG D number
2007 KEGG MODULE M nurmber
2008 KEGG DISEASE H number
zoaog KEGG PLANT
Future KEGG MEDICUS Integrate KEGG DISEASE, KEGG DRUG, and
releases various aspects of human body systems

KEGGIEEM BIEREMARGEHITIHEIR R, BEEBE TENRETHEZNINTHR
E5WNRZERIRR. 40T 2EH. dREH. AR EmART DA 8 EdkiT
BER. SMEETHREFERE—EHEER T —MMES, HHAID.
FHFIH TKEGCHI 13 M OEIEERR RS



RDM Pattern

) % 9[\—‘$IIJ %%Eﬁ E‘]j‘j‘%% u L-glutamate M-acetyl-L-glutamate
NG AL 22 G5 M 1 2 2 B XL cooazs cooezs

« HEKEGGHIEEY, M5
8] ) I R4S B A B A SR B4 27
%t 18 B 7 7l 7 & 7£ KEGG
REACTION % #5 & f1 KEGG
REPAIREIEEEH .

- BMULEVRIMLZ S E
. IRDM (atom type changes

at _ R:reaction center @ Reaction center Nla-- Nlb
D:diffevent atom‘, M:matched (D) Difference atom (H)-- CSa
atom )1‘%2—&0 @ Matched atom  Clc--Clc

(Example) RDM pattern for A04458



AN

3 KEGGHIBEH IR 5 &

T AN RGEE & FEBIR R MBI R “PGML” AHlD BIEHEA
KEGGE T, 7EH T T X4 A\ AE A i\ S8 4 B e AR o Wy IR 42 R
“PGMI »

I|: 1:|jh1rr1

Koo

PGM1 ' [Go] [ Clear |
KEGG Home ,
™ KEGG: Kyoto Encycdopedia of Genes and Genomes
Overview
Release notes A grand challenge in the post-genomic era is a complete computer
Current statistics representation of the cell, the organism, and the biosphere, which will enable
dentifi computational prediction of higher-level complexity of cellular processes and
KEGG Identitiers organism behaviors from genomic and molecular information. Towards this
KEGG XML end we have been developing a bicinformatics resource named KEGG as part
of the research projects of the Kanehisa Laboratories in the Bioinformatics
KEGG API Center of Kyoto University and the Human Genome Center of the University
of Tokyo.
KEGG FTP
KegTools &' Main entry point to the KEGG web service

KEGG2 KEGG Table of Contents Update notes Help



- HMETHEZERRM “G0” BABHLERTHE, ZHHESHHEXNER
“PGM1” FZEKEGGEIEEFHIERER, BRARS, 88 “PaMl” EH
K5 % B &gk 5) H .

Search| KEGG GENES ¥ for PG |Go] | Clear |

Database: KEGG - Search term: PGMA

KEGG GENES

PGMA; phosphoglucomutase 1 (EC:5.4.2.2); KO1835 phosphoglucomutase [EC:5.4.2.2]
mmu:GE631

Pgm1; phosphoglucomutase 1 (EC:5.4.2 2) K01835 phosphoglucomutase [EC:5.4.2 2]
o 24645

Pgm1; phosphoglucomutase 1 (EC:5.4.2 2) K01835 phosphoglucomutase [EC:5.4.2 2]
cfa: 479545

PGMA; phosphoglucomutase 1; K01835 phosphoglucomutase [EC:5.4.2 2]
bta:534402

PGMA; phosphoglucomutase 1 (EC:5.4.2 2) KO1835 phosphoglucomutase [EC:5.4.2 2]
»+ 0 5 display all

DBGET integrated database retrieval system




HHEEE — R ANREE
“PGMI”HIMRER, mEiZ
% HHEARFEHE RN

iZ 0 H AR TR H T %
EZREXRKFHAGEE, BHFEE
s, ZEEFFELAE N,
mISHIEER IS, ZERERE
» LR FFIHImAE{E B sa]
T, FERHE FAMEREY T %
=R RS TEY ZRIEE
F4EEs, \WOMIM. NCBI.
GenBank&:,

Kfse

Homo sapiens (human): 5236

Help )

Entry 5236 cos -sapi
Gene name |paM1
Definition|phosphoglucomutase 1 (EC:5.4.2.2)
orthology phosphoglucomutase [EC:5.4.2.2]
Pathway Glycolysis / Gluconeogenesis
Fentose phosphate pathway
Galactose metabolism
Starch and sucrose metabolism
Emino sugar and nuclectide sugar metabolism
uetabolic pathways
Class sm; Carbohydrate Metabolism; Glycolysis / Gluconeogenesis
2000107
sm; Carbohydrate Metabolism; Pentose phosphate pathway
[PATH: hsa00030]
Metabolism; Carbohydrate Metabolism; Galactose metabolism
[PATH: hsa00052]
Metabolism; Carbohydrate Metabolism; Starch and sucrose metabolism
[PATH: h5200500]
Metabolism; Carbohydrate Metabolism; Zmino sugar and nucleotide
sugar metabolism [PATH:hsa00520]
BRITE hierarchy)
SSDB (Ortholog) (Paralog ) « Gene cluster) (_ GFIT
Motif 4 T

Other DBs

Position

an seq

562 2a ( AA seq ) (DB search,
MVREIVIVRTQAYQDORPGTSGLRRRVRVEQSSANYAENFIQSIISTVEFAQRQEATLVVG
GDGRFYMREATIQLIARIARANGIGRLVIGQNGILSTPAVSCITRRIRAIGGIILTASHNE
GGPNGDFGIRFNT. PEATTDRIFQISKTIEEYAVCPDLRVDLGVLGRQQFDLENK
FRPETVEIVDSVEAYATMLRSIFDFSALKELLSGPNRLRIRIDAMHGVVGEYVRRILCER
LGREANSAVNCVPLEDEGGHEPDENLTYAADLVETMKSGEHDEGAAFDEDGDRNMILGRH
GFFVNESDSVAVIAANIFSIPYFQQTGVRGFARSMPTSGALDRVASATRIALYETPTGWR
FEGNLMDRSKLSLCEEESFGTGSDEIREKDELWAVLAWLS ILATRRQSVE DI LKDEWQRY
GRNFFTRYDYEEVEAEGANKMMKDLEALMFDRSFVGRQFSANDRVYTVERADNFEYSDEV
DGSISRNQGLRLIFTDGSRIVFRLSGTGSAGATIRLY IDSYERDVARKINQDPQVMLAFLI
SIALKVSQLOERTGRTAFTVIT

NT seq

1689 nt (NT seq
atggtgaagatcgtgacagttaagacccaggcgtaccaggaccagaagccgggcacgage
gggctgcggaagogggtgaagytyttecagagcagcgccaactacgoggagaacttcoate

cgtattgatgctatgcatggagttgtgggaccgtatgtaaagaagatcctctgtgaagaa
ctcggtgoccctgogaactcggoagttaactgogttcctotggaggactttggaggocac
caccctgaccccaacctcacctatgoagotgacctggtogagaccatgaagtcaggagag
g ggggctg gatggagatggggatcgaaacatgattctgggcaageat
gggttctttgtgaacccttcagactctgtggotgtcattgctgocaacatcttcageatt

g g acggagcatgoccacgagtggtgct
ctggaccgggtggctagtgctacaaagattgcttigtatgagaccocaactggctggaag
ttttttgggaatttgatggacgegageaaactgtecctttgtggggaggagagetteggy
accggttetgaccacatcogtgagaaagatggactgtgggetgtoctigectggetotee
atcctagecaccogoaagcagagtgtggaggacattotoaaagatoattiggoaaaagtat
ggeeggaatttetteaccaggtatgattacgaggaggtggaagotgagggegeaaacaaa

catga

atttccageaga ceg

gcaaatgacaaagtttacactgtggagaaggcocgataactitgaatacagegacecagty
gatggaagcatttcaagaaatcagggottgogoctcattttoacagatggtictogaate
gtcttocgactgagoggcactyggagtgccggggccaccattoggotgtacatcgatage
tatgagaaggacgttgccaagattaaccaggaccoccaggtoatgbtggocccocttatt
tccattgototgaaagtgtcccagotgcaggagaggacgggacgcactgcacccactgte

atcacctaa

DBGET integrated database retrieval system

HERD (1)
ENSEMEL-HSA (1)
otein sequence (4)
UniProt (1)




B AN R, RATAETEA
EANZEFEMEMNEERNRE. 78
pathway X — 1=/ 5l i} T 1% B
FMERAYFE, SRS N

hsa00010 CHEEEMR/ P8 R AEERK)

FIGE RS, BE B %38 B A BT
. %% 5 Nhsa00010 [ B
SR PIREI S AN
R/ B R EMREYTE . B
b 21 8 i) T HERI A ZE R “ PGMIL”
FrémtS g, PABLER AT DRI 2%
B B 72 A1 & DA K38 B 90 T 45 1)
REFETITEF

A, AT RS T TR ) T
B R Sfeide ¥z 8 B AE Ho A My
FRYER, \ AT PUEE %R R
FIBFREFRHRNER. B,
REL. HEFHRIEREE L.

K[cc Glycolysis / Gluconeogenesis - Homo sapiens (human)

(_ Help )
[ Pathway menu | Pathway entry | Show description ]
HHHHHHH piens (human)
&
| sLycoLvsis s sLucoNEOGENESIS |
Starch and sucrose
metabolism
T
27140 v
O o-D-Glucoge- 1P

31310
31301
3139

D-Glucose
2TLE—O i)
2311
mmmmmmmm o——-I]2712 >
? * 2 o[- Clucose-

[5133] Gia|[5a
2711 v
p-D-Gugoss O — 2712 —»0

0

. Asbulin.6F
frmri® o {3718 32186
e e gy W
e 27160 32136
fex ) Salicin-6P

Glyseraldshyds-3F
C4—{5311 f—#Qd—————————
Fy —

O
Glyerone-P
12.1.42()121.59
Glycerahe-lﬁ?z‘r
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KEGG PATHWAYIEFA% T — e NSRBIW BB HIE, XERWEBE TN
ANTFER: BIE. RERGAER . HERITHEERRVTERRGER. R
WIS FRRET REER

+ KEGG DRUG(IE FEtRFEAWTHbEE, FRNAWEIE L FilE T HAR
A et T MR E IR B4k 772 . DRUG B—A AL A E
RERIEIREEE, SR iR A SHE—R S L xR B TR,
UK B IEERE. RANEEEF. YR S # T KEGG
PATHWAY 25 1) 20T 1 43 254 BRKEGG BRITESUE FEf—3 4y, Eid s
VIR HEEFRAT AR B XA 4, 7 AR BIAWH ERES
B g5h, DRUGEBF — B RARNAMMTLARER, FRAGYHHE
LN
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« ANTHEH KB ATR, KEGCHEEEAERELEEA R
¥I8, FEMEIS0SAMEEEKEGG PATHWAYS R NSEE . X
S0ZAHriINRE R BIEE 54 8K JREYIIEERMAISK

- KEGGXHEBEEHE THNMITHAR: F— M AR —KERER
K, X744 RiE%EAEETFLHEKEGGH 1205 /NI FE K EH A
K, FENSVCXX . A4 #FTENERKEGG MODULESEEE,
XM T BRI b H A — S TR BT BT BRI BIR EE, ThEe
B R EKEGGFEB P # e X A— S/ N B, BEEHEIESE
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- Experimental design

- Biological samples collection
- Library preparation

¢ Fastq files

i Trimming
el @ 9 (size, quality)

BAM files

Alignment to genome
HISAT2, STAR, annotation file

J

Generate gene counts
Feature counts, annotation file

Matrix of counts

- ¢ i
Sample clustering List of differential genes

Heatmap ¢ Volcano plot,
Heatmap

Enriched GO terms
Pathway visualisation

S



Y P RCE S

W ANT b Pt
By v AFEH B>

ED J ek
. -k
5,,/,1 ’ éﬂfm
Cw

7&#;/4; m; N = —



BRUWBMERR T MNERE (MERRZER) , BEAEKMNEFEMNMEE
fFipathway. FFABEH|WrIXEEEEZpathway B EEEE, WHEE
THEH— R B> T kAN Zpathway H 22 B MR p !

____________________________________________________________

%?%ﬂﬂ B/ (Ap < 0.05) KIEAE— KR AT HEHI !
\ B, BnPERRREBANELTH FARREY 7 HHIG ?

e e e e e e e P e e e B B P S

—— o ———

So, HZiTEHIBMBLTENSERHEZEHEAKFE (p <0.05) , N
A4 HARE NiZpathway B3& B 5.



EM lwﬂ mﬂ‘lj\lﬂ; NE Meta-analysis of Metabolomics data by Enhanced metabolite

Annotation and marker Selection and Enrichment analysis

MMEASE is a web-based platform for meta-analysis of multiple metabolomics datasets, and is designed for biologists with little background in statistics to
perform sophisticated analysis on metabolomics data. Six analysis steps are included: Data Upload & Integration, Batch Effect Removal, Sample Separation,
Marker Identification, Metabolite Annotation, and Enrichment Analysis. Four key features characterized MMEASE as a useful online tool for metabolomies are:

(1) Meta-analysis: integration of metabolomics datasets from multiple experiments or laboratories is conducted and tested based on Zhang’s work ( Analytical
Chemistry , 2014. 86(13):6245-53).

(2) Enhanced metabolite annotation: 262,483 metabolites can be annotated including 169,352 peptides, 29,290 endogenous and 42,330 exogenous
metabolites.

(3) Diverse statistical analyzing methods: MMEASE provides 15 statistic methods for identifying metabolic markers, 7 of which are applied for the first time
among popular online servers for metabolomics data analysis.

(4) More optional databases for enrichment analysis: metabolites enrichment analysis is conduced based on KEGG and SMPD pathways, HMDB bio-
functions, CFam structures and species/genus origin of traditionalmedicine.

Integration of metabolomics datasets from multiple experiments or laboratories based on Zhang’s work

Anal Chem. 86(13):6245-53 (2014)

| e [

LC-MS {ataset 1 P ———

| .o.'._-_(—*lw Mgt
LC-MS Lataset 2 i e

| g Dataset Integrated

l RMetenton time

LC-MS dataset n g %,

l

7 http://idrblab.cn/mmease/

Yang Q, Li B, Chen S, Tang J, Li Y, Li Y, Zhang S, Shi C, Zhang Y, Mou M. 2020. MMEASE: Online meta-analysis of
metabolomic data by enhanced metabolite annotation, marker selection and enrichment analysis. Journal of
Proteomics. 104023.
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« ETARPEEER, TURKREHITNERHEEST LEGN=K: &
—E T (singular enrichment analysis) , ZEEEBESPT (gene
set enri():hment analysis) , B E L4 (moduldr enrichment
analysis) .

Fe4 BFREENMTLRR

Tear of
Enrichment tool name release Eey statistical method Category
FunSpec 2002 Hiperzeometric Class 1
Onto—express 2002 Fisher’ s exact hyperseometic: binomial: chi-square Class I
EAGE 2003 Fisher' s exact (modified as EASE scaore) Class I
FatiGO/FatiMize/FatiG0+ 2003 Fisher’ s exact Class I
Funchssociate 2003 Fisher s exact Class I
GARBAN 2003 Hypergeometric Class I
izenelerze 2003 Hiperzeometric Class 1
GoMiner 2003 Fisher’ s exact Class I
NAPPFinder 2003 Z—score; hypergeometric Class 1
CLENCH 2004 Hypergeometric, chl—square; binomlal Class I
0 s Termfinder 2004 hvperzeometric Class 1
GOAL 2004 Fermutation Class I
AT ay 2004 Hvpergeometric, Z-score; permatation Class 1
F05tat 2004 Fisher' s exact: chi-square Class 1
izosurfer 2004 iChi-square Class 1
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- X EDLHBTMHEBCATZ B DAVID ) %t 3 B 4 3t A EAR S T .
DAVIDR—Nga TR, MERMEERER 7T, BieftEEEID

e, ZERETIRKDRSE,

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

DAVID Bioinformatics Resources 2008

Home | Start Analysis

Shortcut to DAVID Tools

Technical Center | Downloads & APIs

Term of Service

Why DAVID? | About Us

Announcing the release of DAVID 6.7 Beta Please see the announcement in the DAVID fornum for details. DAVID 2008 will be completely retired on 3/17/2010.

Shortcut to DAVID Tools

= Functional Annotation

Gene-annotation enrichment analysis,
functional annotation clustering , BioCarta &
KEGG pathway mapping, gene-disease
association, homologue match, ID

translation, literature match and more

= Gene Functional Classification

Provide a rapid means to reduce large lists

of genes into functionally related groups of

genes to help unravel the biological content
captured by high throughput

technologies. More

= Gene ID Conversion

Convert list of gene ID/accessions to others
of your choice with the most comprehensive
gene ID mapping repository. The ambiguous
accessions in the list can also be determined

semi-automatically. More
= Gene Name Batch Viewer
Display gene names for a given gene list;

Search functionally related genes within your
list or not in your list; Deep links to enriched

detailed information. More

Recommending: A paper published in Nature Protocols describes step-by-step procedure to use DAVID!

Welcome to DAVID Bioinformatics Resources
2003 - 2009

The Database for Annotation, Visualization and Integrated Discovery
(DAVID) 2008 is 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:

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

Cluster redundant annotation terms

Visualize genes on BioCarta & KEGG pathway maps
Display related many-genes-to-many-terms on 2-D view.
Search for other functionally related genes not in the list
List interacting proteins

Explore gene names in batch

Link gene-disease associations

Highlight protein functional domains and motifs

Redirect to related literatures

Convert gene identifiers from one type to another.

And more

MR KRR KRR R R R

|[ Search ]

What's Important in DAVID 2008?

+ New requirement to cite DAVID

¢ [Ds of Affv Exon and Gene arravs
supported

¢ Novel Classification Algorithms

+ Pre-built Affvmetrix and lhimina
backgrounds

s User's customized gene backeround

¢ Enhanced caleulating speed

Statistics of DAVID

DAVID Citations per year 285

Based on Google Scholar
Updated inJan. 2009

149

2003 2004 2005 2006 2007 2008



Functional Annotation Tool

DAVID Bioinformatics Resources 2008, NIAID/NIH

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

Announcing the release of DAVID 6.7 Beta Please see the announcement in the DAVID forum for details. DAVID 2008 will be completely retited on 3/17/2010.

Background

Gene List Manager Annotation Summary Results
Help and Tool Manual
Current Gene List: Uploaded List_1 34 DAVID IDs
Current Background: HOMO SAPIENS Check Defaults

- Usze All Species -

[E3]

Main Accessions (0 selected)
Other Accessions (0 selected)
Gene Ontology (2 selected)
Protein Domains (2 selected)
Pathways (2 selectad)

General Annotations (0 selected)
Functional Categories (3 selected)
Protein Interactions (0 selected)
Literature (0 selected)

BH H EH

B ®H

List Manager Help

r!lm
Select List to:

Fename
—_— —

Combined View for Selected Annotation

[ Functional Annatation Clustering™=" ] «

[ Functional Annotation Chart ]

BEEHEHBE

Disease (1 selected)
Tissue Expression

[E3]

[ Functional Annotation Table ]

‘Analysis”j5, B—SNBETEFRE, GREEEFRZNER
—SAINERLERRE, AESHEREE; RSEERN
REFEEMER.




N ‘!5 DAVID Bioinformatics Resources 2008
e
A Y r:fa raAnROCE National Institute of Allergy and Infectious Diseases (NIAID), NIH

Announcing the release of DAVID 6.7 Beta Please see the announcement in the DAVID forum for details. DAVID 2008 will be completely

retired on 3/17/2010.

Functional Annotation Chart
Help and Manual
Current Gene List: Uploaded List_1
Current Background: HOMO SAPIENS
34 DAVID IDs

Options

l Rerun Using Options I [ Create Sublist ] Bl Download File
I ™ NS I N N A

|:| KEGG_FATHWAY Meurcdegenerative Diseases RT 4.8E-9

F] KEGG_PATHWAY Bisphenol & degradaticn RT e 3 3.8 1.4E-3 1.3E-1

O KEGG_PATHWAY 3:mr';‘da;,;':ﬁaEh'”“'*'clchexane RT 3 5.8 3.7E-3 2.2E-1

aeqradaticn
F] KEGG_PATHWAY Alzheimer's disease RT e 3 3.8 5.4E-3 2.4E-1
F KEGG_PATHWAY Amvyotrophic lateral sclerosiz (ALS] RT j— 2 5.9 7.4E-2 3.5E-1

from your list are not in the output.

XEDKEGGHEKEER ST B, /X2 EHNERNE, TTULER], MR
FIZEHEEBE E£007, RESANEEFEZHRER. XBEK “P-Value” Zi8 T
Fisheri5 AR HIPE, “Benjamini” 38 KR A7 BB FH it AR IE .

N B P HHRHB ) KT FE i R 55 F M (LW 685
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1). K FCO« K& » i # ol

1. %o 22 7RI T R 3E4T Th BE TR
FERRG KBRS, BrIeE T R R E R RERERE T — 3R
GOLIRER X, HHAAHELTERBERRETEFGATERNL, NMBAHER
REEZERNEESE T HEEYIIRE.

2. AR EAEM 4% AT EE ThRe T

Her, FIAME/ERANERITHBEREIZESWM T, HEEEEFE
(direct annotation schermes) FTZE-FBIERAIFVE (module assisted schemes)

3. FIH GOk R & 14 b B 5 Tk
BHEAAMRANER =R TR, B2 BAIRRE WAL, FREA]
FEGOHE RS Rt El, Fril RERRIRHGOH & St HIAHRLEE, BUAT B
T ALIA: v PR 225 R Rk R ARADLRE, DT P4 b 9 228 BT 7= ) ) Ty e X AR B o
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BRIOWTRAEEE
BAE KSR BEERET
R thiE. 5G04rRKE
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FAKBRERTL LW
REERNEFZHKAHEE
YER, BDAEYEERE. B
REWUEBREREDT
) 3 R 42 5 O\ 8 3% 4 B AR
e, HE 8 B B4k R
IR R A7 75 T 6 Sk e AN 08 2%
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BE TV MU

_lol x|
Carbohydrate Metabolism Encrey Mctabolism
15
14 4
13 4
12
11
10 4
=10| x| 9
8 +—————
- 9 101112131415
H S 1011121314 1516
Lipid Motabolism Nucleotide Metabolism
16 5 14
154 134 i
14 + 12— o E
13+ ol s
12 4 10 =%
114 9 ¥
104 5 [=E=mE s
sses ERE 9 101112181415
oo T T Tt
« ’ 5 1011121314 1516
H
r Amino Acid Motabolizm Mctabolism of Other Amino Acids Ll
e —
Result: [ | locations found.
BE T 9N

array browser applet

scatterd plot browser applet
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Name Internet Site
Onto-Tools http://vortex.cs.wayne. edu/projects.htm
ROSETTA http://rosetta.lcb.uu.se/general/

GOToolBox http://burgundy.cmmt.ubc.ca/GOToolBox/

GOstat ittp://gostat. wehi.edu.au/
GFINDer  http://www.medintopoli.polimi. it/ GFINDer/
Fat1GO http://www.fatigo.org/

EASE http://david.abcc.ncifert. gov/ease/ease.sp
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Name

(GenMAPP
PathwayMiner
KOBAS

GEPAT

VitaPad

KEGGanm
WholePathwayScope
VISANT 3.0

Eu.Gene

[nternet Site

http

http://
hitp://
http://
hitp:/
hitp:/
hitp://
hitp://
hitp://

./ www. genmapp.org/

www.biorag.org/pathway.html

kobas. b1 pku. edu.cn

gepat.bioapps.biozentrum.un-wuerzburg de/ GEPAT index faces
/bromformatics.med.yale. edu/group

/buit.cs.ut.ee/'kegganim/

www.abee.neiferf. goviwps/wps index. php

visant.bu.edu/

www. ducctocavaliert.org/bio/Eugene htm
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| F Onto-Express il 2k K T §g

« Onto-Express#f=Wayne State University JF & i Onto-
Tools#KHFRF K — P RBEHEBEIITLTE, FH
Gene Ontology " FEL#E 15 B X2 BB B Th e 3R AT 7 17
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1. %ﬁﬁ!ﬁé‘)\

TR 1R A IR R B 3R Onto-ExpressIE A 7%, %8 B R EE T 72
http://www.ebi.ac.uk/~jane/TestData/ T %%, HAZE NtotalFlunder.over, FAEIEAN
SCAK R, & accession numbers, cluster identifiers B probe identifiers. v A\ Onto-

ExpressfJFIANE O, WMEFR:

e O 6 Onto-Express Input
a ' 4 .
Input File: ( Input File )
Reference File: ( Refe. File )
Reference Chip: | My Own Chip b~v«j:
Organism: select one LvJ
Input Type: ) Accession O Cluster O Probe ID
C WormBase Accession C LocusLink C Gene Symbol
Search for: @ Biological Process @ Cellular Component
@ Molecular Function @ Chromosome Information
Distribution: binomial distributi... LVJ Correction: | fdr l-v-i

( Submit )

o)




2. &R H

o EFE “Tree View”, ¥ ERGORPPIRE, B ARG WZEEBT EEtermiI{E
K. GO term L EAEFR_RM AR LHE T AZREE S ERERZterm EFI %

H. PERZSE R E&HF LA TN AZR NS HE X TREVHERHRE.

®eoe6 Onto-Express Results - /Users/jlomax/Desktop/under.over.gene
rDisplay ~Search -
Function: OR Lvl Total >= - User Interactions: )
Display: Molecular Functi... R : 2 u Unselectgd Funcuor)
) B calectresiile HL' I .o = B Synchronized functlon
Sort by:  Name B e , i P-Yalug.<=.: H Selected Function
) v # Searched Function
(_Search ) ( Clear ) (_ Search Input ) || Functional Catagories Observed:
M More Than Expected
rSave Onto-Express Results rProgram W Less Than Ex;?ected
B Same As Expected
Gene Regulation:
( save ) K Save as GIF image ) (_ Draw Selected ) (_ Run Onto-Design ) ( Run Onto-Compare ) H Positive
B Negative
B No Change

_[ Tree View T Synchronized View I Synchronized Pie Chart I Single Gene View '*'Flat—‘View{ Flat Pie Chart ]

P-Value Cpowgﬁt‘%d Total

0.05598 0.15982
0.49035 0.47427
0.02698 0.0853
0.00732 0.06823
0.00732 0.0447
0.00732 0.0463

0.10345 0.21047 5 14.12

0.56% @ 3'.5'-cAMP binding
0.56% jm actin binding
0.56% jm actin filament binding
0.56% jm acylglycerol lipase activity
0.56% jm alpha-mannosidase activity
0.56% jm arachidonic acid epoxygenase activity

ATP binding

0.08202 0.18854
0.00732 0.07626
0.09183 0.18901
0.06133 0.14284
0.00732 0.07202
0.09183 0.19584
0.36113 0.41507
0.1764  0.28645
0.02822 0.08612
0.0022 0.1301

0.06005 0.14173
0.02619 0.11592
0.05598 0.15244
0.00732 0.04182
0.00732 0.05185
0.09183 0.20575
0.26872 0.34218

R EERENNRNWE RN NN e

1.13% jmm ATP-dependent DNA helicase activity
0.56% ja C-5 sterol desaturase activity
0.56% m C-C chemokine receptor activity
1.13% jm calcium ion binding

0.56% ja calcium ion storage activity
0.56% ja cAMP-dependent protein kinase regulator activity
0.56% jm caspase activity
0.56% jm catalytic activity
1.69% chaperone activity
1.13% jm chemokine activity
1.13% chromatin binding
1.13% jm collagen binding
0.56% jm copper ion binding
0.56% ja CTP synthase activity
0.56% ja cyclin-dependent protein kinase 5 activator activity
0.56% jm cysteine-type endopeptidase activity

0.56% jm cysteine-type peptidase activity

=
g

&




IN G

- EREBREIGRISRRINGBEFAEZNTE ARG LA EEEA.
AEBEFNE T Gene Ontology (GO) H#EE - Kyoto Encyclopedia
of Genes and Genomes (KEGG) ¥ & 707 W X Th ey R A&
BVERBERA BT ER D RS 7K.

o BEEIIRERAFLENRERER T NHRZEPEN, EET)EE
FERMREWRZ D NRERERK D2 EFNERMNEE (BUFED)
RRPERNES) HRE . EF GORMKEGG k& J& # X i David .
GOEAST. GOSim4 KEGGSpider. KEGGArray. PathwaryMiner
SFHREMNAFAEEIERE. EESTTMIREMMN, FERKESEL
YEN 5 X0 IR R i 22 R B 2 R AH i AT B 9T
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