Construction of Viral Hepatitis Bilingual Bibliographic
Database with Protein Text Mining and Information

Integration Functions

Heng Chen Yongjuan Zhang Chunhong Lin Liwen Zhang Tao Chen
Shanghai Institutes Shanghai Institutes ShangTex Shanghai Institutes for Shanghai Institutes for

for Biological for Biological Workers’ College, Biological Sciences, Biological Sciences,
Sciences, Chinese Sciences, Chinese Changshou Road Chinese Academy of Chinese Academy of

Academy of Academy of 652, Shanghai Sciences, Yueyang Road Sciences, Yueyang
Sciences, Yueyang Sciences, Yueyang 200060, China 320, Shanghai 200031, Road 320, Shanghai
Road 320, Shanghai Road 320,Shanghai China 200031, China

200031, China 200031, China

chenheng@sibs.ac.cn  zhangyj@sbs.ac.cn linch@fzzd.sh.cn zhangliwen@sibs.ac.cn ~ Chentao01@sibs.ac.cn

Abstract

With fast development of viral hepatitis
research, a large number of the research
achievements have been generated and
scattered in various literatures. Information
service providers are meeting the challenge
of satisfying readers’ needs for more
efficient and intelligent retrieval. Data
mining and information integration are
basically the promising and effective ways
which become more and more important.
Our study describes how to build the viral
hepatitis bibliographic database, how the
viral hepatitis related protein information
is mined from the wviral hepatitis
bibliographic database, and integrated with
corresponding information in the Universal
protein resource - the Uniprot database
from EBI. With the help of Chinese and
English  bilingual  protein  control
vocabulary built by ourselves, mining of
the viral hepatitis related protein text in the
bilingual bibliographic database is realized
and integration with corresponding protein
information in the Uniprot database is
achieved. In a word, our paper describes
the integration and mapping between
Chinese-English  bilingual bibliographic
databases and the authoritative factual
databases (the Uniprot database) through
relevant text mining works. It would be
useful for extension, utilization and mining
of Chinese-English bilingual bibliographic

resources, as well as cross lingual
information retrieval, integration, and
mining.

1 Introduction

At present, global mass information floods and
affects all aspects of human life. As one of the most
active research fields, life science generates
countless achievements and datasets that scatter in
various literatures every year. In life science field,
viral hepatitis is a seriously infecting disease
resulted from various hepatitis viruses. So, viral
hepatitis is, arguably, one of the most intensely
studied viruses in the history of biomedical research
over the world. With fast development of viral
hepatitis research, a large number of the research
achievements have been generated and scattered in
various literatures. Although most of them are
accessible through databases and web sites, it is still
a problem for readers to identify what they really
need from enormous search results. So mining and
information integration are essential to meet
readers’ needs for more efficient and intelligent
retrieval. Different useful information resources can
be further integrated after the information is
filtered , digitized and mined, The integration of
information resources could be chosen, organized
and processed according to the needs of different
readers or users so as to yield the new information
resources and new knowledge formation. The
integration of digital information resources includes:
data integration, information integration, knowledge
integration, in which knowledge integration is at the
highest level of resource integration system, which
is based on the inevitable requirement and result of
data and information integration to a certain stage.
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Knowledge mining is a complex process of
identifying effective, novel, potentially useful
information and knowledge from the information
database (Feng and Wang, 2008). Information
integration allows users to get the most extensive
information, while knowledge mining allows users
to quickly find the knowledge they want from the
infinite information ocean. The application of
information integration and knowledge mining
technology and the establishment of linked and
integrated database knowledge service system will
allow users to quickly and efficiently find the
necessary information and knowledge (Zhang ef al.,
2010).

Nowadays, many professional databases have been
developed to the era of data mining and integration,
knowledge mining and discovery, and greatly focus
on information integration and knowledge mining
so as to realize link and integration between
different type of database through the one-way or
two-way mode, which makes the relevant different
types of database connected into a interactive
organic whole, and enriches the extension and
expansion capabilities of the relevant database.
Some successful works have been carried out, such
as GOPubMed, which can automatically recognize
concepts from user’s search query to PubMed and
display papers containing relevant terms (Doms and
Schroeder, 2005), and Entrez, an integrated search
system that enables access to multiple National
Center for Biotechnology Information (NCBI)
databases (Maglott ef al., 2011). Similar works are
also reported by Alexopoulou ez al (2008), Chen et
al. (2013), McGarry et al. (2006), Pasquier (2008),
and Sahoo et al. (2007). Different useful
information resources can be further integrated after
this information is filtered, digitized and mined.
The innovation of database design and construction
makes users deeply experience the charm and
potential of information integration and knowledge
mining.

In summary, with the development of international
scientific database, information integration and
knowledge mining has become the mainstream and
the trend of digital information resources processing
and utilization. the semantic network is the
environment of information integration, ontology is
the core of semantic web construction and
foundation. Construction of the professional domain
ontology, based on the integration and mining of
digital information resources will become the focus
of information integration and knowledge mining
research (Yan, 2008). Based on the analysis of
domestic and foreign database information
integration and knowledge mining theory and
application, authors learning from advanced foreign
information integration and knowledge mining
technology explore the association and integration
of the Chinese and English bilingual literature
databases of viral hepatitis and the related scientific
data databases at home and abroad in the innovation
construction of the viral hepatitis special literature
knowledge database, moreover, the authors further

study the deep processing of the subject
classification index of the literature in the
knowledge database from the user's needs so as to
facilitate the readers’ use and retrieval.

As you know, literature database and protein
science database are the ones of the most important
support source for hepatitis virus researchers. So in
this paper, we build the viral hepatitis bilingual
bibliographic database and perform viral hepatitis
related protein text mining and integrating with the
Uniprot protein database so as to give our vigorous
support for the sino-foreign hepatitis virus
researchers’ information retrieval and knowledge
discovery.

2 Materials, Methods, Design and
Results

2.1 Materials

Data resources: Medline database which is from
NCBI for English dataset, CNKI database which is
from China National Knowledge Infrastructure for
Chinese dataset, and Uniprot protein database
which is from EBI (European Bioinformatics
Institute) for protein dataset.

Methods and procedure:

@ Collect, select and process the viral
hepatitis and hepatitis virus A, B, and C related
dataset (literature data) from the above Chinese and
English database;

@ Build the bilingual text mining control
vocabulary (dictionary);

@ Perform text mining of viral hepatitis
related proteins in the viral hepatitis bilingual
literature database;

@ Perform preliminary research  on
eliminating the false positive ones from mining
results;

® Integrate the viral hepatitis bilingual
literature database with the Uniprot protein database
on the basis of the mined hepatitis virus A, B and C
related protein.

2.2 Design

System design

1. System architecture: 3-tier structure based on B/S
model ( separateness of web server and database
server). See fig.1 as follows:
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Figure 1 System architecture

2. System hardware platform: IBM 4 core servers
3. System software platform:

Operating system: Linux, Ubuntu 9.04

WEB server: Nginx 0.87
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Database software: MySql 5.6.22

Development language: C++ for information index
module and data mining module, and PHP for web
application module.

4. Integration design architecture of database
system platform. See fig.2 as follows:
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Figure 2 Database system platform structure

Figure 2 demonstration: On the one hand, literature
records about viral hepatitis A, B and C from
Medline database of Web of Science platform in
English and from CNKI database of China in
Chinese were screened, collected and processed
into the viral hepatitis related literature knowledge
data warehouse. On the other hand. The control
vocabulary of Uniprot protein database from EBI
was also screened, collected, processed and
translated into the Chinese & English bilingual viral
hepatitis related protein text mining control
vocabulary. Then the indexed viral hepatitis subject
literature knowledge database was built by index
program including improved index procedure
control and optimizing index algorithm through
application of the protein text mining control
vocabulary in the processed viral hepatitis related
literature data warehouse. Finally, integration of the
indexed viral hepatitis subject literature knowledge
database and Uniprot protein database was realized
by mapping ruler through protein text or knowledge
mining algorithm and machine learning.

5. Viral hepatitis related literature indexing and
processing. See fig.3 as follows:
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Figure 3 demonstration: The literatures in the viral
hepatitis knowledge data warehouse were indexed
and processed according to three stages in the flow
chart. Stage 1 is preprocessing before index. Stage 2
is control during indexing procedure. Stage 3 is
feedback control after index. Aim of all three stages
above is to protect protein text mining from false
positive indexing and mining results.

6. Database system function module components:

(@O Information issue/management system

@ Literature knowledge database
processing/maintaining system

® Administration system for user right and
IP address

@ Information index system

® Knowledge mining system

® Knowledge inquiry system

(@ Data maintaining system

Web site visiting and statistical system

Construction of Chinese English bilingual

control vocabulary dictionary
Part exemplary diagram for the bilingual control
vocabulary. See fig.4 as follows:

HAME L CHAIE |_cnanes | caues | cranes
HBchg ZARFHRER LR
HBchg ZARF MBI UR
HBchg protein ZARSRBERES
Hod, 3R
HBeb ZAF SR
HBeAg AR SBE R

HBehg/core
HAV V1
HAV VP2
HAV VF3
HAV VP4
HAV VFC
HAV 3CPro

B VP2
#BBIPS

SIETPL
SREEEEES
SRECProBH

HCV core protein AL | 7S

HCchg FRRSMBE LR FERRBELTR

HCsg AR ; 7 J

HCV surface protein FARAABEEES FRASEEEL

HBs antigen ZARSREREILE ZRREEENE

HBshg ZAFHREREINR ZHRERENE

HBV preSl-transactivated ZHMERNRDEESLE
protein ¢ ZARHMBRHETEESIEES EEE

HBV surface protein ZHR

HBY X protein up-resulated ZARIORBIRA LA
gene 4 protein honolog HBY XEH LBEEESFRY E4EEFARY

HBY X-interacting protein HBY XAEEfEAEEFRY ZAREUMEE A EER
HBx. HExEH ZRMEIES

Hbx protein HExEH ZRMEIES

HBxAg up-regulated gene ¢ ZRRB LR LAEE
protein honolog HB R LB REIE S FRY BEHEEY
HBX-interacting protein HERAHEIEFIEE MRS ZRREMEEAEER

Figure 4 Demonstration diagram of part
exemplary for the bilingual control vocabulary
of viral hepatitis (A, B, C) protein

Information integrating and hyperlinking

regulation and examples for the mined protein

text in literature using Chinese English bilingual
control vocabulary

Using the HBV related protein text as example to

demonstrate information integrating and

hyperlinking regulation for the mined English
protein text in literature. See as follows:

O  HBeAg,
http://lifecenter.sgst.cn/protein/cn/quic
kSearch.do?entrezWord=HBeAg

@  Capsid protein,

http://lifecenter.sgst.cn/protein/cn/quickSearch.do?e
ntrezW ord=Capsid%20protein

®  Large envelope protein,
http://lifecenter.sgst.cn/protein/cn/quickSearch.do?e
ntrezWord=Large%20envelope%20protein

@  RNA-directed DNA polymerase

http://lifecenter.sgst.cn/protein/cn/quickSearch.do?e
ntrezWord=RNA-irected%20DNA%20polymerase
While for the mined Chinese protein text in
literature:
Translate the Chinese protein into English protein
text in advance, such as “ZBITH e P is
translated into “ HBeAg”, “&KTHE " is
translated into “Capsid protein ” , then performing
information integrating and hyperlinking according
to regulations above and examples.
Main performance index of the database system:

1. The biggest record number for the literature
information: 0.2 billion.

2. Index and data mining time:

at current condition of the database system
containing one million four hundred and seventy
thousand (1,470,000) control vocabularies and
about twenty thousand (20,000) literature records,
the index and data mining time is about eighteen
minutes.

The index and data mining time is about five
minutes after the single literature record is added.

3. The average retrieval time: < 0.03s (second)

4. The amount of concurrency (the number of
users simultaneous access): >50 people
Viral hepatitis subject literature knowledge
database extends three functions through data
mining, information integration and
hyperlinking

1. Obtain the protein sequence and annotation
information

2. Perform homological analysis of the protein
sequences (BLAST)

3. Perform different alignment of the protein
sequences and evolutionary tree mapping

2.3 Results

Function realization and result display of the
viral hepatitis subject literature knowledge
database

Homepage of the viral hepatitis subject literature
knowledge database. See fig.5 as follows:

TR WEER | REEA | XTRO

TR RS RSO RS CR

AR ERARBIEARA R 6

[ e—
k4]

EAE SRBET,
DNARHEAR
ZHAENEA

ANXRR
HEMXEER PR z SRR Pl

Figure 5 Homepage of the viral hepatitis subject
literature knowledge database
Realization of protein mining for the viral
hepatitis literature knowledge database.



The viral hepatitis related proteins are successfully database is protein database through the protein
mined by using the bilingual control vocabulary, mining and information integration. See the fig.6, 7,
algorithm and computer program in the viral 8 as follows:

hepatitis bilingual bibliographic database. Moreover,

the viral hepatitis bilingual bibliographic
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Figure 7 Page of the hepatitis viral protein mining (2)



UniProtKB results

Filter by |k Doyninad £, Columns [

51 CAPSD_HBVC) Capsid protein veus genotype C subtype &

ar

by

110250192 B Show 25 ¥

T
[ Hap € su to/-) {HBV-C) 183

Inreviwed (13
i 2 CAPSD_HBVDT % Copsid protein c Hapatitis 8 veus genotype O (selate Gemam/1-31/1991) (H8V-D) 163
Popular organisms POCSIS CAPSD_HBVGD %y Comsid protein c Garila hopat s (isolate Camercandger7) (HBVger) 183
Human (1
FOCGKD  CAPSD_HHEV B Copsidprotein ¢ Haron hapatits B vius (HHBY) 2
CAPSD_HPBOC % Copsid protein © Duck hapatitis 8 v w2
CAPSD_ASHY. % Copsid protein c ol hepatits virus (ASHV) 197
POCSUZ  CAPSD.MEVA4 5 Copsidprotein c Hapatiti & vinus genotype A2 subtyps adwZ (solate Germany 185
& POCSST  CAPSD_HBVAR B Cepsid protein c Hapatitis B veus ganotype 43 (isolate Cameroon/CMR9B3/1994) (HBV-A) 185
Search terms Pe9707 CAPSD_HBVEZ B Copsid protein ¢ Hapatitis B veus ganati e Indanasia/pIOwW42 183
Fiter hbcag’ as; .
POCEH4  CAPSD_HBVCE % Consid protein [ Hepatitis 8 vinus genotypa C subtype ar (isclate Japan/S-207/ 183
View by
y CAPSD_HBVCE "l Copsid protein € Hepatitis & 183
Rasults tatie 2
e PO3146  CAPSD_HBVD3Z B Covsklprotein c Hepatitis & veus genatype D subitype ayw (isolate France/Twalis/1979) (HEV-D) 183
Taanomy :
POCEKZ  CAPSD_HPEOW 5 Copsid protein [ Duck hepatitis & virus {isclate white Shang! 31) (CHBY) 22
POCAI4  CAPSD_HBVFL By Copsd protoin c Hapatitis & vius genatype 72 (isolate Brazil/w4B) (HEV-F) 183
thway POCAKS  CAPSD_HPEDE % Copsidpratein c it B wrus {isolate bro 262
UniRef POCAOE  CAPSD_HBVAR % Considprotein c Hepatitis B vius genatype A3 (isolate Cameroon/CMRTLL/934) (HBV-4) 185
Your results in seQUENCE Clusters with g
QOQM8  CAPSD_HBVE3 5 Copsidprotein e Hapatitis & vinus genotypa 82 (isolate ¥ 13/1997) (HBv-8) 183
GBII0Z  CAPSDLHBVCL Copsid protein ¢ Hepatitis & vinus genotype € subtype adr (isolate Japan/Misheoka/1983) (kf 183

e

Figure 8 Page of the hepatitis viral protein of literature database integrating and hyperlinking to the

Uniprot protein scientific database

Viral hepatitis subject literature knowledge annotation information. See fig.9 as follows:
database extends three functions through data Result of homological analysis of the protein
mining, information integration and sequences (BLAST). See fig.10 as follows:

hyperlinking Obtain the evolutionary tree mapping. See fig.11 as

Obtain the hepatitis viral protein sequence and follows:
Sequences (2)°

Sequence status®: Complete
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Isoform Capsid protein (identifier: Q76R61-1) [UriParc] & FASTA ‘ & add to baskat‘

This isoform has been chosen as the ‘sanonical’ sequence. All pasitional information n this entry refars t0 it. This is also the sequence that
appears in the downloadable versions of the entry.
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Isoform External core antigen (identifier; POG767-1) [UniF‘am]‘ L FASTA ‘ o Add to basket
The sequence of this isoform can be found in the external entry POCTET,
Isofarms of the same protein are often annotated in two different entries if their sequences differ significantly.

Length: 133
Mass (Da): 21,005
Last modified: July 7, 2000 - v1
Checksum:® ED2DALDBOTFBEIED

ELAST v J‘E

Length: 212
Mass (Da): 24,280
|BLAST v o

Sequence databases
Select the link  X04615 Genomic DNA. Translation; CAA28289.1,
destinations:
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‘GenBank
- DoBJ*

Keywords - Coding sequence diversity"
Alternative initiation

Cross-references’

Sequence databases

Figure 9 Page of the protein sequence and annotation information of HBcAg
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PEKTRGRDAPTIEAITRP IQWAQGGRK T 556G TREPRGLEPRRRE VK T TWWTGRRRSK SRE
PAPYRPPNAP ILSTLPEHTWIRRRG 5 ARVY--RSPRR—————————————————————
& kk ik rizo R H ok

—~RTPSPRERRSQSPRRRRSG SRESQC—
-RTPSFRERRSQSPRRRRIG SRESOC——
—RTFSPRERRSQSPRRRRS) SPASIC—
FRSSPSQRAGSPLPRNRGHG TRSP SPRE
RRAFSPQRAGSPLPRSSSSHHRSE SPRE
~RTFSFRRRRSQSPRRRF-{ SPASHC—

T

You may add additional sequences to this alignment (in FASTA format)

[—————————————FPO0CEKD CAPSD_HHBY

POCAK] CAPSDTHPBEDC
54 CAf SH.

“Highlight Taxonomy

Result information

POCEIS CAPSD_HBYGOD

Query

sequences

sqC

sqc

sqC

>sp|QTERGL | CAPSD_HBVC] Capsid protein 0S=Hepatitis B virus genotype O subtype ayr (iselate Hunan/Tapan/Okameto/~) GNC PES1 S¥=1
MDIDPYEEFGASVELLSFLP SDFFPSTRDLLDTASALTREALESPEHCSPHHTALRQATL
CWGELMNLATWWGSNLEDP ASRELVVSYVNVNMGLKTRQLLWFHISCLTFGRETVLETLY
SFGVWIRTPPAYRPPNAP IL STLPETTVVRRRGRSPRRRTP SPRRRRSQ SPRERRSQSRE

>sp |POCEIE [CAPSD_HEVDT Capsid protein 05=Hepatitis B virus genotype D (izolate Germany/1-91/1991) GN=C PE=3 $V=1
MDIDPYEEFGATVQLLSFLPHFFP SVROLLDTASALFRDALESPEHC SPHHTALROAIL
CWGELMTLATWVCANLGDPASRELYV VYN INMGLEFRALLVFHISCLTFGRETVIETLY
SFGYWIRTPQAYRPPNAPILSTLPETTVVRRRGRSPRRRTP SPRRRRSQSPRERRSQSRE

»sp|POCEIO |CAPSD_HBVCO Capsid protein 03=Corilla hepatitis B virus (isolate Cameroon/gord7) ON=C PE=3 SU=1
MDIDPYKEFCATVELLSFLP SDFFPSVRDLLDTASAL YREALESPEHC SPRHTALRQATL
CYGELMTL ASYVGNNLEDP.ASREQYVNTVNTNIGLEIRALL YFHL SCLTFGRETVLETLY
SFGYWIRTPPATRPPNAP IL STLPETAVVRRRGRSPRRRTP SPRRRRSQSPRERRSASP A

>sp|POCSEO | CAPSD_HHBY Capsid protein 05=Heron hepatitis B wirus GNSC PES3 SV=1
MDVNASRALANVYDLFDDFFPQIDDLVRDAKDALEF TWKAE TTHEEVL IATHF VDL IEDF
WQTTAGMSQIADAL RAVIPFTTVEVPECFL ITHSEAREIFLNDL FSNGEER TVNFQFDTR
TTARTHTHLRVYTELNEQ AL DEARRL LWWHYNCLLVGEATVTHYISRLRTVL STPEKYRG
EDAPTIEATTRPIQVAUGGRNQTEGTREPRCLEPRRREVETTYVTGRRRSESRGRRSSPS
QRAGSPLERNRGNUTESF SPRE

>sp|POCBKL | CAPSD_HPEDC Capsid protein 05=Duck hepatitis B wizus (strain China) GNSC PES3 SV=1
MDINASRALANYYDLFDDFFPEIDDLVRDAKDALEP TWKSDSTRERVL IATHF VDL IEDF
VQTTQCHHE T AESLRAVIFF TTAFYF TOYL IQHEEAEE IFLGDLFEHQEERTSFQPDTR
TTARTHAHL KAYARTNEESLDRARRL LWWEYNCLLVGEANVTNYISRLRTVL STFEKYRG
RNAPTTRATTRP TOVAOGARETSSITREPRAT FPRRREVETTWIYIRERSKESRFRRAPSP

Figure 11 Page of the evolutionary tree mapping of the HBcAg protein



3 Discussion, Conclusion and Future
Work

3.1 Discussion

The viral hepatitis bilingual bibliographic database
was successfully built, and protein text was also
successfully mined, and two different classes of
databases were also triumphantly integrated, but we
encountered some problems, especially such as
false positive mining results in bilingual protein text
mining. Having investigated the false positive
questions, we think there are probably three causes
resulting in the false positive mining results:

1) Low quality of the original datasets collected;

2) The accuracy and unity of a specialized word
usage is not enough in building of bilingual control
vocabulary;

3) In data mining and integration, computer
algorithms, mining mode and route selection, and
algorithm itself are unreasonable or the system has
defects.

As for the problems above, we use artificial quality
control to handle the collected original datasets;
refer to specialized dictionary and consult the
experts to solve the accuracy and unity question of
a specialized word usage; try to explore different
algorithms, mining mode and route to solve
accuracy and efficiency question of data mining and
integration.

After the viral hepatitis bilingual bibliographic
database was used and demonstrated, we have got
many feedbacks from users. Most of them love the
convenience of easily searching hepatitis viral
protein names, locating highlighted viral protein
names in search results, and accessing UniProt
database for the detailed protein information
through information integration and links. But they
also raised some questions and proposed many
advices. Overall, however, the feedback is very
positive so far. According to users’ suggestions and
problems, we have discovered, following issues are
currently being considered and actually some of
them are being undertaken in order to further
enhance the system and make it more efficient and
convenient:

1) add more hepatitis viral protein names and
their ~ features into  the  English-Chinese
Controlled-vocabulary dictionary. This work is
continuously being conducted and actually we also
plan to add relationships of hepatitis viral proteins
and other relevant information so as to finally
construct a Chinese hepatitis viral protein ontology.
Then it would be possible to realize semantic-based
text ~mining and  provide users  with
knowledge-based information service.

2) integrate more factual scientific databases,
especially factual gene databases. Some users are
also interested in other special fields, such as
evidence-based medicine, AIDS, etc. If search
results of a special topic from a bibliographic

database can be integrated with relevant factual
scientific databases, it is certainly very helpful and
convenient for users. This is an interesting direction
for information integration and knowledge mining.

3.2 Conclusion

With the fast development of the viral hepatitis
research, to satisfy user’s information needs is
becoming an inevitable challenge. So, construction
of the viral hepatitis bilingual literature database is
important, significant and useful. Integration of two
different classes of databases via data mining and
linking is innovative and trend for database
development. Moreover, information integration
and data mining are playing a more and more
important role in big data era.

3.3 Future work

In order to solve the problems above, future work
must be done as follows:

1) Constantly extend and update datasets in
viral hepatitis bilingual literature database;

2) Constantly improve mining and integrating
quality so as to decrease the false  positive results
as low as possible through algorithm improvement
and machine learning;

3) Further improve accuracy and unity of the
bilingual control vocabulary;

4) The viral hepatitis bilingual literature
database will be linked more factual scientific
atabase via data mining and information integration.
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