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(Abstract)  The Human Glioma Proteome Database System ( HGPDS) is built on the basis of technologies like Bootstrap, Java and
MySQL. The system achieves data management, retrieval, visualization and analysis function, including heatmap analysis, gene ontology
analysis and pathway analysis. The system has good extensibility and data compatibility, which will facilitate the comprehensive manage-
ment and efficient analysis of proteomics data.

(Keywords])  Proteome data; Data management; Data analysis; Human glioma

(E@ABH) 2018 -02 -01
(EFERIA) KT T, WL A; @IEE .. Uik, Bl#dR, KRIBC20 .
(B€mBE])] EEELARIR A EE RGN 5 5 I Im R 5 A fr = B ™ (TH 45 2017YFC0908404 ) 5 [# 52
FHCEERL AT & ER A O SRR SR S 0551 & Bl B2 R Bl bl .
.67 -



EFERSFRE 2018 F539 HE8 M

JOURNAL OF MEDICAL INFORMATICS 2018, Vol.39,No. 8

L
T

BB R AT E L T kA
fith . AEHLL 3T RN AN 1 D K ) B B R R
HBH A B i 2 — 8 B2 B B
RSB o, G F w T, il R
JUEHE RS g 20 27 T A o I PROC R A2 4 A R
BB ST DB s S e e AR il
RFEACIRAS | 92807 SR ARS A M O VR S A
SR, XS TTEG . AT G D R
F IR 2 St , U H e s i o A ] 2
AR o (HE T[] 5256 L 5 AR [ & B A
(R TCRAE SR T ] 5 0 SO S Bk, 3 4 2 Al
B HIEHRE KPR E PR A5 br e R 58
2 IO X2k T A A S A Y e R
i d5e/IME B E L AR TR A bR HEAL 5 S5 A2 1% &R
G EEAR I o

2 2 S B 0 o A 4 R A A A R
i N AT REAETE B AR )28 0 o (HL TR A
K, b TAEMERE R, 22805280 A G088l o A ik
FEIFARGE, 8 20 A O B AR B 82
— o TERR BT AL AT AT AL, X T RME A
R E AR RE S A AR RS B, 2 S BB B R
ERATBZ —. NZRE5E 8 2 - 5ok 1%
Z % (Human Glioma Proteome Database System, HG-
PDS, http: // hgPDS. bmicc. en) 2{di I AR T8
R T 2 25 2B R DA B A LB A e S ),
T Web IR 55 75 20T & OB ERN RS, 0 X i
JE SR A B 2H A B A L ARl . TERRLA AR
WG B Bl e . v SEShaE, B BRI A
HEFT A7 58 = S0 B S AL B o0 b, A N R A,
SRR

2 RABEFRIME

RO R R 25 ( Model-View-Control-
ler, MVC) Boit#=, BAZMIEW . 2 T4
HAAMER AR . B 3 R BRE.
S EHEMBIEEE . B ZHT HTML + CSS + ]S
[ Bootstrap HEZ42, i ] Angular JS 52 B % #8055

.68 -

IR 55t i B E A 5SS B o IR 55 4 S f ] Spring MVC +
Spring + Mybatis HEZE, MySQL {F o4 )5 5 8di %
F Java B ZEi%E#: (Java Data Base Connectivity, JD-
BC) SEP biAHESR 5 i R B0 e o i i 4. (A R
EE LB AEYE B Hr2I6E, Reonnection 523 Java
5 RWER, R4, WE L,

) Y A

Bootstrap
Angular JS  AJAX

W5 2 | i
( PLRE )
P2 Spring MVC
Il 1
k55 2 Spring
v t
BRI A)E Mybatis

E1 RgEHEE

JETRIZ

[B@ii €
e
il

3 HIEREFESHRENLIH
3.1 BUEKIR

R e 2 S B A IR T T i A 1)
4 PR BRI SO AEA (R B T . DR
iV ke N 1 e T i D e v B b D
AT 1 R ORAEA (AR ), 7390
TR B2 ITRAQ ARic i i BTl s . A dd s bt
TR BERB Y S EA T PR BORF S, A3 3 Y i 4
P& i A Mascot 2.3.02 3 2 UniProt ( http: //
www. uniprot. org/ ) H[Y SwissProt Human %§ % FE #E 47
KBS RE o i Scaffold i hift—Lad B AR, M
BRI EE S MBI 1% TR, 20k
ANBE B BT P S DL AR A REL, ISR
PIERE i EU M w3 €Ty iy G R R S e SIS g G/

3.2 #REMLH
O SEBUXT NI TR o 2 2 0 B A S
BRI AR R, 58 XA R GE R TR AR E R

AiERE, W3R 1. RENTTEERERSEEHA
JiigH = B /ME BOFR YE[S] ( The Minimum Information



EFERSFRE 2018 F539 HE8 M

JOURNAL OF MEDICAL INFORMATICS 2018, Vol.39,No. 8

About a Proteomics Experiment, MIAPE) }3E il
2 0 o2 B HE 2% (Proteomics Identifications Data-
base, PRIDE) BI04k b o i i 2 o fdi ] PST -
MS T #5ii3") (The HUPO Proteomics Standards In-
itiative — Mass Spectrometry Controlled Vocabulary) X
SR TCEHR AT AR TE bR AL, (0 [ SR A A 5 1)
2% ( National Cancer Institute Thesaurus, NCIT)
XiF I I R GBS A A T AR AR HEAL

®1 REXANTHERESRIERE
Hpn e TERHE R A bRifE
LRoEE  BHGES (BHAME . ASEAGER) PSI - MS
LEAFE CREALLRE, SCHR AR | [a)_E
BRI Iri%)
LSRR (RA%E . [i=
Z k)
MAFRAHEOMEE (P, 48 NCIT
BELFER WA, ) FE

Project
&) Project_ict int

Project_name: varchar(255)
Project_description: varchar(255)
Responsible_person varchar(255)
Affiliatior: varchar(255)

Email: varchar(255)

Address: varchar(255)
Phone_number: varchar(255)
PubMed_identifier: varchar(255)

Experiment_ID: varchar(255)
Project_id int

Experiment_name: varchar(255)
Experiment_description varchar(255)
Repeat_number: int

Protein_number. int

Peptide_number: int
Spectum_numbser: int

HH<S

Exp_instrument varchar(255)
Acquisition_software: varchar(255)
Analysis_software: varchar(255)
Search_database: varchar(255)
+

Sample
) Sample_id: int

S_ID: varchar(255)
Exp_id: int
Location: varchar(255)

I

A

Patient Sample_Patient

o T idint
7 Patient_ict int +H-—< Sample_id: int
Gender: varchar(255) Patient id int

Age: varchar(255)
Disease_ict int

He

Disease
) Disease_id int
Disease_name: varchar(255)
Clinical_grade: varchar(255)
IRL: varchar(255)

Experiment
) Exp_id: int
H—<

Pl B 4 AR A B Y R S A A PO NS (R
H A A R AR, IR 2, R
T RGP B, B B A0 45 52 10 T A
P I ROCEE . SRR TR R 4 W 5K
B e R Rl ARG R A% B ik e AR S
ARTEAR . 52 56 B4 TR 55 35 14 )2 TaT A9 K 35 G I
(Peptide — Spectrum Match, PSM) %45 S AH &S5
IR B 2 T 14 2 35 B Al M AR SC S ORI B 11 2 T Rk
Bl XA R 2 B RS BRI T UniProt %4
FED R A RR . R TR AR T K
58 FIHMREIRE R 91 5 56 8 8 U 91 Y Bex it
HENEARKBOMIE L, AERI8dE .
TR BRI 2R G MBI R A i, SR A
IR 5 1 B 2 - B s O B, ORAIE R SRy
PR H Ja B9 e S A

Protein_level
) Protein_id int

Exp_id int

Accession varchar(255)
Repeatt decimal(11, 6)
Repeat2 decimal(11, 6)
Repeat3: decimal(11, 6)
Ratio: decimal(11, 6)

Protein_annotation

) Accession varchar(255)

gene_symbot varchar(255}

Description: varchar(255)

Molecular_weight varchar({255)

SV: varchar(255)

PE: varchar(255)

Function: varchar(255)

Length int

Sequence: varchar(255)

Coverage: varchar(255)

Peptide_level

) Peptide_id: int Position
eptide_id: in
Ex: i int ) Position_id: int
Protein_id int Protein_ict int
Sequence: varchar(255) :'er::d_e:nd: int
—< art: in

Prob: varchar(255)
lon_score: varchar(255)
Repeatt decimal(11, 6)
Repeat2 decimal(11, 6)
Repeat3: decimal(11, 6)
Ratio: decimal(11, 6)

A

Spectrum_level
) ict int

Exp_id int

End int

Repeat_time: int
Peptide_id: int

Prob: varchar(255)
lon_score: varchar(255)
Observed varchar(255)
Charge: varchar(255)
Ratio: decimal(11, 6)

2 REHEEE

4 HiESWSFHA

4.1 BRFEME (Heatmap) 447

A LA 2 A 22 R TR 1) 4 Jmy 8 36 B
MBEKER, BAEWE B0 E e s
o 1 R IEF Gplots v3. 0. 1 H1f#) Heatmap. 2" b5
BRI REAE T II6E . R & —F Rt TR 5

o tradt, RABGRGEITT A S22 EIEE, H
W% EA BT, AR TR AN G 9 T Al
o Heatmap. 2 pR%-55 Ho A [ 2 b BOH L 28R 35
B, HIIREW L RETR

4.2 EEA&{E (Gene Ontology, GO) 44k

JERTRENA G AEEY BRI, M
TRIED BED = W sh RE 5 AR . GO 4R S)
- 69 -



EFERSFRE 2018 F539 HE8 M

JOURNAL OF MEDICAL INFORMATICS  2018,Vol. 39,No. 8

T 2 A1) 3 PR A {15 5 PR AR R 3 e 5 T 4 9 o
LR A R T TE S — A FE . 2> TS RE I 20
SERLR AT, DT B AR 12 5 IR B 5 T REAEAE (194
W I Be, R OB 1 ) ClusterProfiler
v3.6. 0" T HALSEH GO B4 ahfiE.

RN

=]

4.3 @R (Pathway) 4#fF

A DAHR B S0 25 1 T AR Wi 2 e ) AR
B, XAES T I LE A BE S by L # Reac-
tome " — AU A5 508 BB %, B Reac-
tome [ Analysis Service 3% 1" & il Reactome % ¥
PRS2 3 (5 5 Tl s 4R 20 AT o
5 15

eSS

5.1 #iEEE

F2 B RE 1R b v B A7 P oC B, o Gt
FTRRufdls, (8 7™ K 8 < o0 R b v AR T s o

ARIEAS Y S 56 45 52 2] 19 2 1 7 UniProt 2408 4 42 MU
MM AR ERER (Bi&EA ID 545, &R
ID, EEINAE) o FeJo B T A s s A5 4 10
e L SN TS WO DN T D e = DD i
AR DEESEIN

5.2 HIERZFEWTAL

RGO B R R D Re, R R A
AR BREOIE GBIl ) s S AR
A FK, AT PR R B SC S0 . RG50S 5
JZ R 2 B AT RN, WL 3, SRR
T JEE 7R B R S 6 119 50 50 A0 R 5 0 55 0 3 1Y) 2 1 4
2, EEEAID, ERID, EHAFR. RILEFL
B, AP TiE GRS, ARG
Bioso! 413 A Bioso! "™ ®ukth T i 2R 454 1
BfEE. HOZmRRETEANTEREE, DK
T B AT 2 7 38 v 2 I LE R R SE 8 rh i 63K 43
A, DA B IR B oA S for BAR S o

Experiment View A Sample  Gliomawpe Location Grade Project Nam B
Information Aqrocytoma Temporal lobe n Human Glioma Proteom
Location
& Protein Number Peptide Number Spectnum Number FOR
" Temporal lobe (1
poratiobe: (1) Result
EHEFrontal lobe (4) Overview 3226 17562 105300 1%
[ Expoon2
o Protein Level View C
[E Expoon3
[ Expoona
. Protein  Gene
= Exp0005 D Symbol Description Ratio v Peptide Distribution Bioso!
Disease 015020  SPTBN2 Spectrin beta chain, non- 1.000500 Biosol
erythrocytic 2
B0 Anaplastic oligedendroglioma (1)
ot | SR - 1000500 | '' M rtmem o von P e
13 Glioblastoma (1) Sx Synemin 000500 s
B0 Astrocytoma (2) 043491  EPB41L2 Band 4.1-like protein 2 1.000500 ™ - - Biosol!
- ) . .o e " e
© Oligadendroglioma (1) 015031  PLXNB2  Plexin-B2 1.000500 Bioso!
000115 D
Protein | ProteiniD Gene Symbol Description PE sv
Information 5445 DNASE2 Deoxyribonuclease-2-alpha 2 1
Hydrolyzes DNA under acidic conditions with a preference for double-stranded DNA. Plays a major role in the degradation of nuclear DNA in cellular apoptesis during development. Necessary for
Function  Proper fetal development and for definitive erythropoiesis in fetal liver, where it degrades nuclear DNA expelled from erythroid precurser cells.
Protein experssion all samples: Frokin r
F Converage : 8.28
1 149 298 447 599
12 L 1 1 1 ]
1 -
Ratio -
08 Exp0004: 1121 Peptide Sequence Prob fon score EXP0001 EXP0002 EXP0003 EXP0004 ExP000s (5
06 aLYFITPTSK 100% 212 1081000 0.979750 0966350 1086500 0881250
04 dIMEDAIDNR 100% 30.38 1.062000 0.974900 0.775300 1.106500 1.050100
QUVHLNLAEDEMNK 100% 1783 1053000 1131500 1.008500 1300500 1.958500
02
SAEETFOLSR 100% 3003 1082600 1034300 0.802050 1.280500 0834300
EXp00OL | Exp0002  Exp003  Exp0004  Exp000S | HSQLLIDR 9% 183 1083000 1787000 1645000 2,086000 2100500

T A - SURELHEAR; B - SCERAYIR ROCEER A S Roc B B R C - RS ERIR RS, WifER D, 2N D, HAXK,
FIBME. IKBM A Bioso! #e1; D - W AMERMEL; E- P EATERIR S hREM BRI EIER; F-mhEa b Es
PIARBL M R EAE B G - BRBUF S Rk 0. AL B, CEDHREWE SRR, D, E. F, G HEAZWMGELRER. F. G

P B BACR

- 70 -

&3

REHERT



EFERSFRE 2018 F539 HE8 M

JOURNAL OF MEDICAL INFORMATICS  2018,Vol. 39,No. 8

5.3 HIEST

B T 2 2 o — MRS AR B 22 S 3R RS A
{ (Fold Change, FC) k2281, R %R
AP TR IIEE ST . FCH— e 2E 5 Wi AL AT
WA RS BT LAl H Ll FC > 2 5 FC <0.5 1

39 Records

Ref_sample: x
FoldChange: @) (um— Ex50002p' }:Er:rﬁ:(\]:)&:
Analysis: Frontal lobe Astrocytoma  Glioblastoma
ProteinlD  Symbol Description MW(kDa) FC Ratio PN FC ~ Ratio PN
QeUXBs8 PIe Peptidase inhibitor 16 49 1.000000 1.196000 - 3961873 4./38400 -
Q00796  SORD Sorbitol dehydrogen 38 1000000 0943400 2 2806300 2
Q8N6C5  IGSF1 Immunoglobulin sup 149 1000000 1098550 3 2076750 3
P30041 PRDX6 Peroxiredoxin-6 25 1.000000 0669650 3 1811750 3
P15559 NQO1 NAD(P)H dehydrog 31 1.000000 0854350 1 6 2278300 1
P30636 TSPO Translocator protein 19 1.000000 0681000 1 1
P13761 HLADRB1  HLA class Il histoco. 30 1.000000 1511500 1 1
P55001 MFAP2 Microfibrillar-associ 21 1.000000 1132500 2 2
ontology [l v [l s> il cc

R AT e S e

GO term

e A-ZREAME: A Fold Change R{H, #4775 8 BEMHILL; ?%i’%ﬁﬂ FE SCHeH%; B - RIS . @R B

N2 O Ve bR v, L a) AR S PR OO 24T R
B o LUREAS T ) by it B2 2R IS I A e e S 3 (52
K2) AR A MR I SE g (SRES) B,
PAFC>2 5 FC <0. 5 /50 22 738 P10 debm ofie, i i
MRS H 42 450 SRR MR EE 1T R ISR A 70 Hr
SEAAR I HrFE B 00T . Srai SR, LA 4.

Pathiay Analysis D
-log(P-Value)
Pathway List : 30 pathways Download XLS

o Name Toul  Found | plalue

Transiocaton of ZAP-T0 o mupciopcal syrapse

Prosshesylaion of C03 and TCR 2eta chains

PD-1 sgnaing

RHSAIM® | Generabon of seconc messenges molecuies 0223024525 565e. sesonsx29TSBSe

AL, %

OFR TR C-CO FHEMT: X EELIIAYHT 20 & CO RIFEFEEBIE R ; D - Pathway 5347 X5 42 AY Pathway LURIE K F131)

FEIWA TR, P<0.05, 4500 T,

B4 SDHER

6 %iE

ARWF 5T H F HTML/CSS/JS + Java + MySQL 1Y
Web JFRHOK, #ie RGBT, Wites
NI I P8I TR o 2~ B A B B a3 A AR
e, SCBUBURE L, KRS AT oA A
T, L NIEKHER I R 8 A A R . %
A YUR SR A I B A RSV, AT L
Al BE, T RMEA G AT R A B,
Wl AR S A R A B R R B DR Y KA . TS AR

Ginl A7 fEARBEH AT Bk R, DL IE st AT
BT AL, A B bR R R R R ARt
SRR IEAT 22 R T e, Ak gEAT R IAE 2y
ffr. GO B £/ #r il Pathway 73 tr. R4 5850
B, BA R R S EE IR A AT i
R LR PR B KR SRR
AATHIEORIRLR . PR ERE T RGEZEHENA
R AR, A AR R I RE . TESLPR
T H o RHA R G0 B 1 8 A e R SRS
PSSO

<71 -



ESSEYRE 2018 F5539 B8 JOURNAL OF MEDICAL INFORMATICS 2018, Vol. 39, No. 8
) tion [J]. Nucleic Acids Research, 2015, 43 (Database is-
SEXH sue) : D204.

1 B, SRR . BRI . R e R 10 Wames GR, Bolker B, Bonebakker L, et al. Gplots; vari-
[J]. A4k 2% 55 A iy 0 B 2 4R . 3550 JBZ, 2001, 33 ous R programming tools for plotting data [J]. R Package
(5). 477 - 482. Version, 2009, 2 (4): 1

2 Matthiesen R. Mass Spectrometry Data Analysis in Pro- 11~ Consortium TGO. Gene Ontology Consortium: going forward
teomics [M] . Clifton: Fumana Press, 2013: 1 —6. [J]. Nucleic Acids Research, 2015, 43 ( Database is-

3 Chervitz SA, Deutsch EW, Field D, et al. Data Standards sue) : 1049 - 1056.
for Omics Data: the basis of data sharing and reuse [ M]. 12 Yu G, Wang LG, Han Y, et al. ClusterProfiler; an R pack-
Clifton: Humana Press, 2011 31 —69. age for comparing biological themes among gene clusters

4 JD Tenenbaum, SA Sansone. A Sea of Standards for Omics [J]. Omics A Journal of Integrative Biology, 2012, 16
Data: sink or swim [J]. Am Med Inform Assoc, 2014, 21 (5): 284.

(2): 200 -203. 13 Croft D, Mundo AF, Haw R, et al. The Reactome Pathway

5 Taylor CF, Paton NW, Lilley KS, et al. The Minimum In- Knowledgebase [ J]. Nucleic Acids Research, 2014, 42
formation about a Proteomics Experiment (MIAPE) [ J]. (Database issue) : 472 -477.

Nature Biotechnology, 2007, 25 (8): 887. 14 Fabregat A, Korninger I, Viteri G, et al. Reactome Graph

6 Vizcamo JA, G5té RG, Csordas A, et al. The PRoteomics I- Database:: efficient access to complex pathway data [J].
DEntifications ( PRIDE ) Database and Associated Tools : Plos Computational Biology, 2018, 14 (1) : el005968.
status in 2013 [J]. Nucleic Acids Research, 2013, 41 15 Yin H, Bin Li, Weimin Z, et al. Bioso! - A Search En-
( Database issue) : 1063 — 1069, gine & Annotation Framework for Biological Big Data [ C].

7 Mayer G, Montecchi — Palazzi L, Ovelleito D, et al. The Beijing: The 8th International Biocuration Conference Ab-
HUPO Proteomics Standards Initiative — mass Spectrometry stract Booklet, 2015.

Controlled Vocabulary [J]. Database the Journal of Biologi- 16 Mariani TJ, Budhraja V', Mecham BH, et al. A Variable
cal Databases & Curation, 2013, 2013 (10) ; bat009. Fold — change Threshold Determines Significance for Expres-

8 Musen MA. National Cancer Institute Thesaurus [ M]. New sion Microarrays [J]. Faseb Journal, 2003, 17 (2): 321
York: Springer , 2013. -323.

9 The UniProt Consortium. UniProt: a hub for protein informa-

( B35 61 1)

16 IRUKEK, BRE4E, A4 hEZRMT T R R NI [J]. TR R KRR, 2016, 19 (1)

ik (1], ESEfEE, 2011, 24 (7): 4045 - 153 - 156.

4047. 21 BRWREE, SRESER, BUME. CHIEM + hEZy” . S
17 &#, b, Hart, % PEARTRATHERE X B4l ik & el [T]. v B R 2#, 2016,

ARSI T EN RS [T]. hERE, (6): 26 -38.

2014, 55 (7). 612 -616. 22 ARIGEAC. Ty UEESHR A 53 A T HE IR I A E FH 24 R A %
18 UL, WENTLE. 5t T2 I R AE B 25 Gl i A % [D]. J7M: TR BEZR, 2013,

280 [J]. B2y, 2017, 45 (4): 40 -43. 23 XBEHE, I, KRR, . PEAGEIRIZIROT IR
19 s, SREEES. 15 RO s 25 40 FA B ST L [J]. WEAEZEEAGE, 2012, 19 (10): 21 -23.

[J]. fETBEAFBAE, 2011, 18 (3): 110 -112. 24 FLER. BARAZIRBORTE LRI L b AR 0 N B
20 RILH, #AME, #oT, S KB A B2 S [D]. ¥R WARPEZ RS, 2009.

.72 .



