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• Information Retrieval in Bioinformatics 

• The LAILAPS Approach 

• Relevance Prediction 

• Discussion 
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Life Science Data Universe 

 

3 

Data Domain  Entry# 
 
Literature (PubMed):   19*106 
Molecules (PubChem)   62*106 
DNA-sequences (GenBank): 112*106 

Data Domain  Entry# 
 
Protein  sequences(UniProt):   11*106  
Protein functions 
(OLS, PDB, INTACT, PFAM):      1*106  

Data Domain  Entry# 
 
Pathway (KEGG):    0.1*106 
Genes (KEGG):        5*106 
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Information Retrieval in Biology 

• „… enable researchers to 
identify relevant papers …“ 
(Jensen et al. Nature Reviews 
Genetics 2006) 
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Costs of Searching Data 
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1. 37% of life science scientists spending over 80% of working time in front of a computer 
2. 47% of all scientist make daily use of search engines 

(Divoli et al:  Evidence for showing gene/protein name suggestions in bioscience literature search interfaces., Pac Symp Biocomput. 2008:568-79) 
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rank frequency 
 

query 

14 471 HBB+harbor+seal 

15 452 hba_human 

16 430 myoglobin 

17 423 hemoglobin+subunit
+beta 

18 415 actin 
 

19 412 HBB+red+kangaroo 

20 408 hemoglobin+beta 

21 403 opsin 

22 401 giant+panda 

23 385 beta+hemoglobin 

24 380 lysozyme 

25 380 name:”Phosphoprote
in” 

26 376 myosin 

rank frequency 
 

query 

27 371 hemoglobin+beta 

28 351 tubulin 

29 350 human+insulin 

30 349 trypsin 
 

31 334 human+chymotrypsin
ogen 

32 327 albumin 

33 326 beta+hemoglobin 

34 325 hemoglobin+beta 

35 323 keratin 

36 318 HBB 

37 318 HBA_MOUSE 

 
 

rank frequency 
 

query 

1 19360 cchu 

2 2563 insulin 

3 1087 aspirin 

4 982 p53 
 

5 889 hemoglobin 
 

6 618 hemoglobin+beta 

7 587 human 

8 575 beta+hemoglobin 

9 573 HBA_HUMAN 

10 555 HBB+minke+whale 

11 530 albumin 

12 527 hemoglobin+beta 
 

13 526 giant panda 

Personal communication March 2011: Top keyword queries to UniProt Database 



Popular IR Models  

• Boolean Model 

 

• Structured Database Queries 
e.g. SQL 

 

• Canned Queries 
(Web Information Systems) 

 

• Vector Space Model  

– vectors of term frequency 

– dimension: number off all 
disjunct terms 
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Term Doc 1 Doc 2 Doc 3 query 

barley  5 0 0 1 

Hordeum 
vulgare 

2 0 5 1 

starch 
synthesis 

20 5 30 1 

(barley OR "Hordeum vulgare") AND 
"starch synthesis“ 

select * from metacrop where 
organism = ‘barley’ OR organism = 
‘Hordeum vulgare’  AND pathway = 
‘starch synthesis’ 



Find Functional Relevant Proteins 
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The Four Tasks of Information Retrieval 

1. Linguistik 

– text / data decomposition 

– language processing 

– synonyms, homonyms 

2. Indexing 

– efficient search in content 

3. Relevance estimation 

– feature extraction 

– ranking functions 

– pertinence (subjective user relevance profiles) 

4. Presentation 

– intuitive user interface 

– related entries („page like this“) 

– query suggestion („did you mean“) 
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LAILAPS Search Engine 
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LAILAPS System Architecture 
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Search Form 

Frontend 

Backend/Logic 

Network Communication 

Color Code – Software Modules: 

Result Browser 
Administration 

Configuration 

 
  

Render Engine 

DBMS 

Text Query 
Result 

Ranking 

Feedback 

Tracking 

RMI 

Tapestry / iSpring 

JAVA 1.5, JOONE, 

SPRING 

HTTP/SQLNet 

Color Code - Technology: 

ORACLE 11g 

HTML 

3rd-party Retrieval 

System (e.g. 

SRS@EBI, in house) 

SQL 

ORACLE / H2 

free version „XE“ is supported  JAVA embedded DB engine 



LAILAPS – Data Indexing I 

• import as Entity-Attribute-Value model 
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DATA 

DATABASE 

NAME 

URL 

VERSION 

ATTRIBUTE 

NAME 

is_ID 

VALUE 

ENTITY_ID 

ID AC . . .  DE SQ 

INV4_
ARAT
H 

Q8W413; 
Q8L5V2; 
Q9SJN5;  

. . . Full=Beta-
fructofurano
sidase,  
EC=3.2.1.26;  

MAISN
VISVLLL
LLVLINL
SNQNIK
GIDAF 

. . . . . . 

Q8W
414_C
UCSA 

Q8W414; Full=S-
adenosyl . . . 
ransferase-
like protein;  

MLHVN
GGMG
NTSYAN
NSRLRE
IISMTC
SI 

• download flat-file 
• SQL query 
• API call  

• pivot flat files 
• de-normalize SQL tables 
• transform API data structure  

• LAILAPS installer 
import into EAV 
structure 



LAILAPS – Data Indexing II 

• import synonyms  
– default: SWISSPROT protein 

synonyms 
– more: PubChem synonyms, 

NCBI Taxonomy 

• import relevance effecting 
keywords 
– default keyword list: 42 
– manual curated relevance 

effecting keywords 
e.g. „characterized“, „predicted“, 
„unknown“, „similar“ … 

– preferred organisms 
– add use case specific 

e.g. phenotypic keywords, authors, 
locations, tissue … 

May 2nd 2011 13 Matthias.Lange@ipk-gatersleben.de: LAILAPS IR Portal. HIBIT2011 

KEYWORD SCORE WARNING 
SCORE 

putative uncharacterized 
protein 

-6; 3 

. . . . . . 
 

. . . 

characterized 6 0 

TOKEN SYNONYM 

ARGINASE II 3.5.3.1 

ARG 3.5.3.1 

. . . 

KINESIN-LIKE PROTEIN KIF17 "MMKIF17" 



LAILAPS – Data Indexing III 

• text index of EAV data table using   

• TOKEN = (token_text, attribute, entity id,  {positions}) 
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DATABASE ENTRIES DISTINCT 
TOKENS 

SWISSPROT 524.420 7.530.870 

DAWIS 
Data Warehouse 

9.461.845 31.167.796 

IPK in-house 
databases  

968.845 6.772.921 

Table: number of tokens and entries in LAILAPS installations 

Screenshot: ‚LUKE‘ Lucene Index Viewer - text index structure of SWISSPROT 



Done by: LAILAPS Installer 
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LAILAPS – Relevance Features 
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1. synonym that produced the hit 

2. keyword surrounding the hit position 

3. frequency of hits per attribute and 

record 

4. database in which the hit was found 

5. co-occurrence of query terms 

6. text position of the hit in the record 

structure 

7. organism reported in the record 

8. raw data size (e.g. sequence length) 

9. attribute in the record 

 



LAILAPS Ranking Workflow 
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relevance ranking 
  1 … n 

RANK:  
sorting of relevance scores 

query  
Q = t1  …  tn 

chlorophyll synthase 

query result 
R = (t,d,{(a,p)})  

FIND: 
using LUCENE 
text index system 

('chlorophyll', 'Q9MBA1',  {('DE', 83), ('RT',2)} 

('synthase', 'Q9MBA1',  {('DE', 97)} 

entries feature scores 
(1… 9)   SCORING: 

using  features F1 … F9 

scorefreq= 3 

scoreattribute= 6 

. . . 

relevance score 
 

RELEVANCE: 
using a feed forward 
neural network 

N = (neurons = 20, input = 9, output = 1, hidden = 7 x 4) 

E.g.  Q9MBA1 = N(68, 27,71,33,80,0,31,0,0)  = 0.935 



LAILAPS Training Data 
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Predicted 
Rating 

Training  
Data 

Query 
Results 

Feedback 
System 

Relevance 
Prediction 

Manual 
Rating 



User Ranking Profile: Relevance Rating 

• Explicit rating 

• Implicit rating: 
– clicked result entries 

– clicked entries above,  
below 

– activity time 

– scroll amount 

– mouse movement 

– lost / got focus 

– text selection 
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Training – Example DAWIS M.D. 

• bioinformatics data warehouse 

• developed at Bielefeld University 

• web interface – canned queries 
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Use Case: Heparan Sulfate Proteoglycans 

    default ranking network trained for signal transduction  
queries 

query results RMSE exact 
match rate 

max 
error 

RMSE exact 
match rate 

max 
error 

"heparan sulfate proteoglycan" sulfatase 9 0.49 0.11 0.7 0.24 0.67 0.70 

"heparan sulfate proteoglycan" sulf1 6 0.57 0.33 0.7 0.35 0.67 0.60 

"sulfatase 1" 7 0.54 0.00 0.6 0.24 0.29 0.60 

"sulfatase 2" 7 0.56 0.00 0.6 0.00 1.00 0.00 

sulf-1 5 0.49 0.50 0.6 0.27 0.80 0.60 

sulf1 7 0.53 0.29 0.7 0.32 0.57 0.60 

sulf1 sulf2 7 0.46 0.14 0.6 0.08 0.29 0.10 

sulf-2 5 0.38 0.20 0.6 0.41 0.60 0.70 

sulf2 10 0.61 0.00 0.7 0.27 0.70 0.60 

OVERALL: 63 0.51 0.17 0.64 0.24 0.62 0.50 
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• key substances in the signal transduction: 

– involved in several protein-protein interactions 

• 9 test queries rated by biological experts: 

– gene and protein names in several spelling variants and keyword combinations 

Table: prediction performance before and after training: 
• RMSE: estimator of true and predicted relevance 
• max error: max. difference of true and predicted relevance 
• exact match rate: the rate of exact match predicted relevance and the manual rated  

• error rate decrease by factor 2.1 
• rate of exact matches increase from 17% to 62% 



Conclusion 

1. LAILAPS as search engine for life science dabases 

 

2. relevance vs. pertinence – consider individual human 
relevance criterions 

 

3. cost-reduction of scientific information retrieval 
 

4. deterministic quality of database research 
 

5. wizard style installer for cusumized LAILAPS instance 
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Future Work 

• Recommender System 

– „Did you mean?“ 

– „Page like this?“ 

• H2 database 

• Cloud computing 

– Hazlecast 

– Hadoop 
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Details: 
http://lailaps.ipk-gatersleben.de 
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