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Goals

 Understand basic concepts of databases

 Database management systems 

 Database access

 Database curation

 Database semantics

 Structured and unstructured database content

 Controlled vocabularies

 Prototypical databases for biomedical research

 Databases to support omics research: Uniprot, Ensembl 

 Literature databases: Pubmed / Medline

 Databases to support clinical research: ClinicalTrials.gov
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What are databases?

 IT systems that represent real world objects and their dependencies in a data model

 DBMS (Database Management System) 

 “container” of a database. 

 It provides a syntax for working with the database. 

 Typical DBMSs: Oracle, MS SQL Server, mySQL, MS Access

 Databases can be found in nearly all IT systems that manage data

 Banking, booking, eGovernment

 Health care related information systems

 Interfaces: 

 Database client applications (desktop computers, mobile devices)

 Web interfaces

 APIs (application program interfaces)
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Database Objects – Basic Typology

Table

ID NAME DOB CITY STREET PHONE

Record (row) with values Column

ab de qr 1234 rrrt true

Attributes (column heads) 

with labels

123 234 rr

445 234 Jhl

896 44 Eere

101 345 W

987 55 Wew

933 345 Ert

Primary (unique) key

K L M N O P

123

445

896

101

987

933

A B C D

445

896

101

933

123

123

101

101

442

Join

A M N

123

445

896

101

987

933

Secondary keys
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Typical database operations

Devise database architecture

Create new database objects

Insert new dataDelete data Change data Query data

Different types of users 

have different rights

https://www.servus.com/storage/article/haushalt-kuhlschrank-

leitfaden-julialammers-SA0009AK.jpg?impolicy=article_short_header

Use

Design
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Names and attributes 

faked up 

Example: hospital database
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Relational database paradigm

• de-Facto-Standard

• Based on Tables:
– Rows contain database records (Tuples)

– Columns contain database fields (attributes)  

– Values constitute the content of a database

• Some other data storage paradigms
– hierarchical DBs, graph DBs / triple stores, in-memory DBs 
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Database queries

Selection by rows  

Projection by columns

SELECT Name, Vorname from
Patienten 
WHERE Ort = „Hausmannstätten“



S
. 
S

c
h
u
lz

 –
 B

io
m

e
d
ic

a
l 
D

a
ta

b
a
s
e
s

Database keys

 Cover one or more fields

 Speed up ordering and retrieval 

 Primary keys are univocal keys that precisely 
identify exactly one database record

(Many primary keys are part of our daily life:
Social security number, IBAN, customer ID...)
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Table “Patients”                                                        Table “ICD-10”

„Normalisation“
• Removal of redundant information and thus sources of 

error

• More compact representation of content

• Primary key of detail table is foreign key of main table
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Database semantics

 Semantics

 The meaning behind names, identifiers, values in a database

 The way how they are related to the real world

 Database content denotes (types of) entities in the real world

 Example

 Field AdmDia    Value:   T1DM

 Field Hb     Value::  13,3

 Field Gender                         Value:   1

 Field DOB     Value:   11/12/23

 Field Inclusion criteria  Value: 

 Datatypes

 Numeric, Date, Text, 
Boolean (True / False) 

 “Controlled vocabularies” (CV): Coding systems / thesauri / ontologies: 
One meaning – one controlled term (+ ID / code)

Problems
• Number/date formats

• Unclear encodings

• Acronyms

• Underspecified field labels

• Free text
Over 18 years old. ASA classification less than or

equal to 3. Patients who live accompanied in a 

home at a maximum distance of 30 minutes from

the hospital and an adequate cognitive capacity.
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Examples for controlled vocabularies

ICD-10

Medical Subject Headings
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Controlled vocabularies (CVs) and Databases

 CVs provide standardised semantic identifiers

 AKA terminologies, thesauri (additional relations), ontologies (based on logic)

 CVs constitute the semantic building blocks for databases (like words that 
constitute a text). They provide standardised meaning for

 Database tables

 Database fields

 Database cells

 Without CVs users need to interpret free text entries 

 Variety of language (“bleeding”, “haemorrhage”, “haemorrhage”, “hemorrhagic”, 
“haemorrhagic”)

 Hierarchical relations (“heart disease”, “ischemic heart disease”, “MI”, “STEMI”)
(“Africa”, “Western Africa”, “Liberia”)

 Free text, to different extent, exists in all biomedical databases 
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Database annotations

 The addition of identifiers IDs from CVs is known as annotation

 Annotations are normally done by domain experts, AKA curators

 Tools that do automated processing of natural language using AI 
technology increasingly assist curators and accelerate their work

 Limitations:

 Fully automated annotations (without human review) raise quality issues, the 
less training data are available (AI, large language models,…)

 Manual annotations can also be faulty and incomplete

 No CV is ideal – often there are several options of expressing one entity of 
meaning

 Efficient use of biomedical databases requires considerable familiarity 
both with CVs and domain language
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Criteria to describe biomedical databases

 Access (free or subscription-based)  

 Availability of database content (downloadable)  

 Kind of interfaces (User, API)

 Transparency of used algorithms

 Human annotation effort 

 Connection with other databases

 Structuredness (unstructured, 

semistructured, structured, structured + coded)

 Use of standards (CVs, information models)

 Sophistication / community involvement

Wilkinson, M. D. et al. (2016). The FAIR Guiding Principles for 

scientific data management and stewardship. Scientific Data, 

3, 160018. doi:10.1038/sdata.2016.18

Note: Search engines such as Google Scholar are not databases
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Biological Databases
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Biological Databases

 Increasing amount of partly overlapping databases

 Huge amount of data

 Sequences

 Annotations (Gene ontology, organisms, MeSH descriptors)

 Bibliographic information

 In-built visualization tools

 Plug-ins, e.g. for sequence alignment

 Heavy curation effort by the involved communities

 Heavily interlinked (use of IDs of other databases and CVs as foreign keys)

 Linked with original literature sources (PMID)

 Many only exist due to public funding (EU, US)

Wheeler, David L., et al. "Database resources of the national center for biotechnology information." Nucleic acids research35.suppl_1 (2006): D5-D12.

Toomula, Nishant, et al. "Biological databases-integration of life science data." J. Comput. Sci. Syst. Biol 4 (2012): 87-92. 

https://academic.oup.com/nar/article/35/suppl_1/D5/1087379
https://www.omicsonline.org/pdfdownload.php?download=biological-databases-integration-of-life-science-data-jcsb.1000087.pdf&aid=3115
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Most popular biomedical databases

UniProt

OMIM

DrugBank

PubMed / MEDLINE

EMBASE

ClinicalTrials.gov

Cochrane Library

Database of clinical studies (around

400k). Key resource for clinical trial

information

Large biomedical and pharmacological 

database. Extensive drug and disease 

information. 

Focuses on evidence-based medicine. 

Includes systematic reviews and meta-

analyses.Contains human genes and genetic 

disorders. Essential for genetic 

research and diagnosis

Drug related chemical, pharmacologic, 

and pharmaceutical information 

combined with drug target information

Over 30 million biomedical biblio-

graphic records. 90% with human 

annotations (MEDLINE)

Browser for vertebrate genomes with 

annotation and data from multiple 

sources. Used for comparative genomics

Resource for protein sequence and 

functionwith data on protein names, 

functions, and interactions

Ensembl



S
. 
S

c
h
u
lz

 –
 B

io
m

e
d
ic

a
l 
D

a
ta

b
a
s
e
s

Uniprot

 Huge database protein sequence and functional 
information for organisms including viruses

 TrEMBL: computationally analysed records + automatic 
annotations 

 Swiss-Prot: manually reviewed annotations about all known 
relevant information about a protein from literature and 
sequence data. 

 One database record per gene and species

 Location, biological processes, catalytic activity 

 Protein-protein interactions

 Domains, binding sites

 Expression patterns

 Variant forms https://www.uniprot.org/ 

https://www.uniprot.org/
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UniProt: Functional annotation with Gene Ontology
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UniProt: Link to literature
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Ensembl

 Genome database for selected species 
(Homo sapiens and key model organisms)

 Important features

 Graphical views

 Gene Tree

 Orthologues

 Gene Variants

 Annotations

 Gene Ontology: Biological Process, Molecular Function, Cellular Component

 Phenotypes

 Sources (PMIDs)

https://www.ensembl.org 

https://www.ensembl.org/
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Ensemble: Link to controlled

vocabularies and other databases
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Ensemble: Genomic alignments
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Ensemble: Phenotype annotations

?
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Ensemble: Phenotype annotations

?



S
. 
S

c
h
u
lz

 –
 B

io
m

e
d
ic

a
l 
D

a
ta

b
a
s
e
s

NCBI Databases

 NCBI databases (“Entrez”)

 Using platform known from Pubmed 

 Interlinked

 Important domains

 Protein sequences

 Genes

 Gene expression maps

 Complete genomes

 Human genetic disorders (OMIM)

 Chemicals (substance, Compound, BioAssay)
https://www.ncbi.nlm.nih.gov/search/ 

https://www.ncbi.nlm.nih.gov/search/
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Medline & PubMed

 MEDLINE is the database, PubMed the search interface

 July 2024:  31,521,180 million + 5,895,750 “in process” (not indexed)

 90% English-language articles

 approx. 6,000 Publication organs (Journals, Proceedings, Books)

 Beyond MEDLINE

 IN-PROCESS (publications in "waiting position")

 MeSH (Medical Subject Headings) : Keyword Thesaurus 

 Manual indexing by NLM experts (manual)

 MeSH headings / subheadings

 Publication type

 Substances, enzymes, organisms
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Pubmed vs. Medline vs. MeSH

MeSH – index

MEDLINE
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Medical Subject Headings (MeSH)

 One of the most important CVs in biomedicine: “Key” to MEDLINE

 20,000 keywords, hierarchically structured:

 Documents annotated with more specific keywords will also be found using 
more general keywords.

 Every MeSH term

 Has a preferred term (“Hemorrhage")

 Has synonyms and hyponyms (Entry Terms): 
“Bleeding“, “Haemorrhage”.

 Is in one or more "trees": "Tuberculosis, Pulmonary" both under "Lung Diseases" 
and "Bacterial Infections"

 Can be further specified by "subheadings", e.g. Tuberculosis, Pulmonary / * drug 
therapy.

https://www.ncbi.nlm.nih.gov/mesh/ 

https://www.ncbi.nlm.nih.gov/mesh/
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PMID- 25643895

STAT- MEDLINE

TI  - Lower hazard ratio for death in women with cerebral hemorrhage.

PG  - 59-64

LID - 10.1111/ane.12359 [doi]

AB  - OBJECTIVES: The aim of the study was to clarify the hazard ratio for death within

      30 days after stroke comparing women to men. MATERIAL AND METHODS: We reviewed

      all stroke patients registered in the Kyoto Stroke Registry (from January 1999 to

      December 2009) in Japan. Hazard ratio (HR) for death and 95% confidence interval 

      were calculated by the Cox regression in stroke and in each stroke subtype:

      cerebral infarction(…)

CI  - (c) 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd.

FAU - Shigematsu, K

AU  - Shigematsu K

AUID- ORCID: http://orcid.org/0000-0003-3747-8115

AD  - Department of Neurology, National Hospital Organization, Minami Kyoto Hospital,

      Kyoto, Japan.

FAU - Watanabe, Y

AU  - Watanabe Y

AD  - Department of Epidemiology for Community Health and Medicine, Graduate School of 

      Medical Science, Kyoto Prefectural University of Medicine, Kyoto, Japan.

FAU - Nakano, H

AD  - Department of Neurosurgery, Kyoto Kidugawa Hospital, Kyoto, Japan.

CN  - Kyoto Stroke Registry Committee

LA  - eng

PT  - Journal Article

TA  - Acta Neurol Scand

SB  - IM

MH  - Adult

MH  - Aged

MH  - Cerebral Hemorrhage/etiology/*mortality

MH  - Female

MH  - *Sex Characteristics

MH  - Stroke/complications/*mortality

MH  - Subarachnoid Hemorrhage/etiology/mortality

OT  - cerebrovascular diseases

OT  - strokes

EDAT- 2015/02/04 06:00

MHDA- 2015/11/11 06:00

CRDT- 2015/02/04 06:00

PHST- 2014/11/11 00:00 [accepted]

PHST- 2015/02/04 06:00 [pubmed]

PHST- 2015/11/11 06:00 [medline]

SO  - Acta Neurol Scand. 2015 Jul;132(1):59-64. doi: 10.1111/ane.12359. Epub 2015 Feb

F
ie

ld
s

Values
Title

Abstract

Authors

Pub Type

Affiliation

Dates

MeSH

Source
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MeSH-
Subheadings

MeSH-
Entry Terms

MeSH-
Trees

MeSH-
Subheadings

MeSH-
Entry Terms

MeSH-
Trees
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MeSH in PubMed: Querying

 Jump from Pubmed to MeSH

 Complex Search: build from individual queries :  
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MeSH in PubMed: refine query

 If multiple hits: click correct one

 Restrict search: 

 By MeSH Subheadings

 By "MeSH Major Topic“ (*) 

 

 Add to search builder

MeSH-basierte 
Anfrage in
PubMed-

Anfragesyntax 

MeSH-based query using 

PubMed query syntax
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MeSH in PubMed: Complex Queries

 Division into individual search steps, each of which generated with the 

SearchBuilder. Typically: PICO 

 Use „Advanced“ for modularising complex PubMed queries

 In "History" each individual query is numbered for the creation of combined 

queries

 Complex searches may include all fields of a MEDLINE record, e.g. Authors, 

journals, time periods, etc. These are also selected in the "Builder".
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MeSH in PubMed: Use of "Builder"

 Division into individual search steps, which one generates using SearchBuilder.

 Using the logical operators "OR“ (disjunction, union), "AND“ (conjunction, intersection), 

"NOT" (complement)
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PubMed: Free-text search

 Free text search as alternative / supplement:

 Include articles not yet been indexed in MEDLINE

 Not sufficiently accurate MeSH terms

 Search in foreign language titles

 Doubts about the completeness of MeSH index

 Automatic term mapping: produces a combination of free text and MeSH search

 Usually suboptimal result, but good start, particularly for beginners

2023: 63 % are MeSH indexed

2003: 94 % are MeSH indexed

1983: 96 % are MeSH indexed
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PubMed: Free text search principles

 Specify using "Field tags" Text Word [tw]

 Synonyms und hypernyms and all variants have to be added manually!

 Truncation operator (wildcard) "*":

 cholangio* retrieves cholangiohepatography, cholangiovenous, …

 Phrase search (double quotes):

 CD8 T cell memory more but less specific hits compared to "CD8 T cell memory".

 Everything between an operator and a tag is interpreted as a phrase:
AND CD8 T cell memory [tw]

 Challenges of free text search 

 Synonyms and hyponyms have to be considered and entered (OR operator).

 Spelling variants must be considered: esophagus (American) and oesophagus (British)

 Ambiguous phrases: low precision - Search only in the title leads: low recall.
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PubMed / MEDLINE

 Before using it seriously: watch Tutorials 

 Automatic Term mapping: suboptimal results but good for a first try 

 MeSH search: captures only manually indexed content. Recent publications are not yet indexed!

 Free text query: captures also non-indexed content  

 Require manual addition of synonyms, hypernyms

 Short free text searches are normally bad 

 Both MeSH and free-text search require

 Boolean operators AND OR NOT

 Parentheses (of more than one operator)

 Field tags

 Publication types only cover indexed content! 

 Modularize your query – assess plausibility of partial searches (e.g. is a known relevant article retrieved)?

 Minor mistakes may completely destroy your search! 

 Don't take PubMed querying easy !

Usually, a free-text 

search is either 

short or good! 
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Clinical databases

 ClinicalTrials.gov as one example for clinical trials

 UpToDate as an example for database support at the doctor’s 

workplace

 Just to mention: 

 also clinical or epidemiological registries are databases

 and hospital information systems heavily rely on database technology
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ClinicalTrials.gov 

 Database of clinical studies  

 Maintained by the U.S. National 

Library of Medicine

 Nearly 300,000 records in 2019

 No use of index terms

 Synonym matching in the 

background

 Important fields:

 Dates, locations

 Primary outcome (e.g. success of treatment)

 Secondary outcome (e.g. costs, complication, morbidity)

 Text description

 Study type and design (e.g. RCT)

 Population, inclusion, exclusion criteria

 Intervention (drug, surgery, …)

 Publications

 Recruitment information

 Sponsor 
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ClinicalTrials.gov - Query 

 All queries are free text

 Queries for conditions / diseases: 
Synonym matching in the background

 No other semantic processing

 Responsibility for comprehensive free text mapping up to the user !
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Take home messages

 Biomedical databases are great tools for life science and clinical research

 Several challenges:

 Understand which databases you need for your research

 Get familiar with the internal structure of the database as well as the functionality 
of the frontend

 Be aware that CVs are used by humans and humans err !

 Understand exactly the structure of a CV

 Get acquainted with the query syntax, particularly in Pubmed

 Good free text queries require excellent understanding of the domain and its 
(English) terminology. Independent of its use in MEDLINE, MeSH can also be used as 
a dictionary to retrieve synonyms and hyponyms

 Database systems have no inbuilt intelligence – they mostly do not recognize even 
the most obvious type or spelling mistakes

 Use tutorials ad videos and team up with your colleagues
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