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BioNumerics
A UNIVERSAL PLATFORM FOR DATABASING AND 

ANALYSIS OF BIOLOGICAL DATA

Content and Aim

• Overview of the capacity and applications of 
BioNumerics

• Current use of BioNumerics at Naktuinbouw

• Future use of BioNumerics at Naktuinbouw
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Introduction - Basic features

• Relational database containing taxonomic, typing, and 
genomic data of biological entities

• Possibility to store many different data sets (“experiments”) 
for each organism or sample studied

• Extensive data import, and export functions

• Advanced statistical analysis, comparison, and identification 
functions

• Possibility to combine the information from different 
methods in one single analysis

• Exchange of data over the Internet

BioNumerics Scheme
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Relational database set-up

All information is stored using databases like SQL/Oracle
Working interface is BioNumerics

input

output

BioNumerics Interface

Database panel

Experiment
presence panel

Experiment
types panel

Experiment
files panel

Comparisons
panel

Other panels

Button bars

BMT/13/31 Add. 
        page 4



Database Concept

EXPERIMENT DATA

Data 21
Data 22
Data 23
...

KEY

Key 1
Key 2
Key 3
...

FIELD 1

String 11
String 12
-
...

FIELD 2

String 21
-
String 23
...

KEY

Key 1
Key 2
Key 3
...

KEY

Key 1
Key 2
Key 3
...

EXPERIMENT DATA

Data 11
Data 12
Data 13
...

KEY

Key 1
Key 2
Key 3
...

Experiment type 1

Experiment type 2

EntriesInformation fields

TXT

Attach 11
-
-
...

PDF

-
Attach 22
Attach 23
...

KEY

Key 1
Key 2
Key 3
...

Attachments

Information part Experiment part

What you can store
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What you can store

Information fields
•Up to 100 fields (each up to 80 characters)
•Link with external databases

Attachments
•Bitmap images
•HTML and hyperlinks
•Word documents
•Excel spreadsheets
•PDF files
•Text documents

Fingerprints
• 1-D electrophoresis gels scanned as bitmaps (RFLP, PFGE, 

Ribotyping, RAPD, DGGE & TGGE, etc.)
• Sequencer chromatogram files (AFLP, VNTR, HDA, etc.)
• Spectrophotometric files
• MALDI & SELDI profiles
• All other kinds of densitometric profiles

What you can store

Character data
• Phenotypic test panels (API, Biolog, Vitec, etc.)
• Antibiotic resistance profiles
• Fatty acid and quinolone profiles
• Hybridization blots such as Spoligo typing
• Biochemical & morphological features
• Microarray & Genechip data
• Etc.

Sequence data
• Sequence trace (chromatogram) files
• Formatted sequences from publuc databases (EMBL, GenBank)
• Aligned sequences such as from RDP
• Amino acid sequences

2-D gels
Trendcurve and kinetic reading data
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What you can do

What you can do

Querying
• Using fields
• Using experiments
• Using ranges of values
• Using any combinations

Cluster analysis
• UPGMA, Nearest Neighbor, Furthest Neighbor, Ward...
• Minimum Spanning Trees
• Consensus trees
• Calculation of degeneracy, error estimation on trees

Identification
• Library construction
• Statistical confidence
• Neural Networks
• Decision Networks
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What you can do

Dimensioning, ordination
• Principal Components
• Multi-Dimensional Scaling
• Self-Organizing Maps

Phylogeny
• Pairwise & multiple sequence aligment
• Neighbor Joining
• Parsimony
• Maximum likelihood

Statistics
• MANOVA
• Discriminant analysis
• K-means partitioning, Jackknife,...
• Numerous statistical tests and charts

Current use Naktuinbouw

1. Storage of sample information and experiment data

2. Query 

3. Import of raw fingerprint data into BN

4. Analysis of the DNA fingerprints

5. Clustering/Ordination/ Verification

6. Identification Libraries
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Current use Naktuinbouw

Import gel

Define lanes

Link lanes to 
Entries

Use internal 
controle band
for normalisation

Example AFLP

Normalization

Before normalization

After normalization

BMT/13/31 Add. 
        page 9



Comparison

Open comparison window
To compare several different experiments from different samples

Scoring of markers

BMT/13/31 Add. 
        page 10



Overview

Composite data sets

100100

4242 100100

6161 8080 100100

Fingerprint 1 Fingerprint 2 Character Sequence

ACCTGTAAT

GCTGGTACA

ACTGGTACT

ACCTGTAAT

GCTGGTACA

ACTGGTACT

100100

3434 100100

4040 7272 100100

100100

3535 100100

5151 9393 100100

100100

4444 100100

6767 7878 100100

Combined picture?CombinedCombined picture?picture?
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Option 1: averaging similarity
matrices

100100

4242 100100

6161 8080 100100

100100

3434 100100

4040 7272 100100

Fingerprint 1 Fingerprint 2

100100

3838 100100

5151 7676 100100

Average
similarity
matrix

Dendrogram 1 Dendrogram 2 Consensus dendrogram

Weighted average

ww1 1 SS1 1 + w+ w22 SS22
SSc c =       =       

ww1 1 + w+ w22

Option 2: creation of combined
character tables

Character set 1

100100

3535 100100

5151 9393 100100

Character set 2

100100

1212 100100

3636 8686 100100

Combined character table

100100

2424 100100

4444 9090 100100

Dendrogram 1 Dendrogram 2 Consensus dendrogram
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Conversion to character tables

Fingerprint Band matching table

(Aligned) sequence

Categorical data (e.g. A, T, C, G or gap)

Sequence table

Binary (presence/absence) or quantitative data

Identification Libraries

1 1 0 1 1 1 1 0 1 1 1 0 1 0

1 1 0 1 1 1 1 0 1 1 1 0 1 0

0 0 0 1 0 1 1 0 1 0 1 0 1 0

0 1 0 1 1 0 1 0 1 1 1 0 1 0

1 1 0 1 1 1 1 0 1 1 1 0 1 0

1 1 1 1 0 1 1 0 1 1 0 1 1 1

Fingerprints
(AFLP, SSR)

Characters
(scores)

Composite
data set

Identification library

Variety A

Variety B

Variety D

Variety C

...

Scoring Scoring

Identification
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Identification Libraries

Best hit for unknown
Sample with samples in 
library

What you can do
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Inside Local Area Network (LAN)Outside LAN

ODBC
connection

Database 
server

BN workstation

BN workstationBN workstationBN workstation

BN workstation Server with
BN

+Citrix, RDP, ...

over internet

Data exchange

via XML files

ODBC
connection

Database Sharing

Future use Naktuinbouw

1. Import raw NGS data into BN

2. Combine different types of data 
• Sequence and fingerprint
• Morfological measurements and fingerprints/sequences
• Management of reference collections

3. Collaborations with other labs
• Common database accessible from different labs
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Modules

Modules and Plugins

BioNumerics Plugins Bionumerics modules

• Multilocus VNTR Analysis (MLVA)
• MIRU VNTR

• Multilocus Sequence Typing (MLST)
• Polymorphic VNTR sequence typing
• Spa typing

• Diversilab

• Geographical mapping

• HIV drug resistance

• MLPA
• Band scoring

• HDA

• SNP genotyping

Fingerprints, Characters,
Tree & Network Inference.

Sequences, Characters,
Tree & Network Inference.

Fingerprints, Tree & Network Inference,
Dimensioning.

Fingerprints, Characters.

Fingerprints, Characters, Dimensioning,
Database Sharing.

Database Sharing.

Sequences, Characters, Identification.

Characters.
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Conclusions

BioNumerics is an all in one system:

Database (collection of information and query) 

Input of all kinds of biological data
several different experiment types

Statistics of the data on combinations of 
experiment types

Database sharing tools, compatible to many 
different database systems, any number of users 
on different locations
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