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Input Files How the data are plotted

ScreenshotsProgram schematic – how you use MIDAS

Evolutionary history

• Data are input into MIDAS using a simple file format. This file can be prepared in a 
spreadsheet and exported as tab-delimited text. Alleles are separated by an 
underscore character, and missing data represented by a “?”

-------------
• Data are plotted:
For SNP-SNP: a black square represents a frequency of 1 for each SNP, with two lines 
dividing the square into their respective allele proportions. The coloured squares then 
indicate the estimated haplotype frequency, with red indicating that it exceeds the 
expected (black square) area and blue that it is less.
For microsatellite data: for each allele combination the top left of the SNP-SNP plot is 
prepared. The black square shows expected haplotype frequency and the coloured 
square the observed haplotype frequency.
In both cases colour intensity indicates significance or magnitude of D’ (depending on 
user setting).

-------------
• An example dataset is shown (microsatellites and SNPs from the 11p chromosome 
region Zapata et al (2001) and Zapata et al (in prep) (subset of 50 samples)). 
(a) Unzoomed view showing a grid of M1 vs M2 to M(n-1) vs Mn (where M = marker). 
Distance between markers is represented by intensity of background colour.
(b) A microsatellite-microsatellite view.
(c) A microsatellite-SNP view.
(d) A SNP-SNP view.

-------------
• Flowchart representing the use of MIDAS:
Data is imported, then the user selects the “Analyse LD” menu option. Hardy-Weinberg 
Equilibrium is tested to determine whether the user needs to be warned about any 
markers out of HWE. LD is calculated using the Hill algorithm (Hill,1974). Finally, 
results are plotted. The user can then use the interactive features of the software to 
zoom in and out, navigate through the plots and view the statistics. Data can be 
exported in tabular format, and analyses can be saved for later viewing.

-------------
• An example analysis of linkage disequilibrium between a complex minisatellite (INS 
VNTR) and a tetranucleotide microsatellite (TH01) (O’Dell et al, 1999; Gu et al, 2002; 
Rodriguez et al, 2004). Here the complex relationships between alleles can be 
observed, suggesting that the VNTR mutates more rapidly than the microsatellite (one 
TH01 allele associates with multiple INS VNTR alleles).

-------------
• Linkage disequilibrium analysis between a complex microsatellite near the GH1 
(growth hormone) locus and both SNP and SNP haplotypes (Day et al, 2004). This 
demonstrates the different lineages within the haplotypic and microsatellite data, with 
“large” and “small” microsatellite groups being marked by SNP alleles and haplotypes.

-------------
• Regions of perfect linkage disequilibrium (Gaunt et al, 2006). This MIDAS view of 
HapMap (The International HapMap Project, 2003, www.hapmap.org) data around the 
BRCA1 locus on chromosome 17 demonstrates the usefulness of the broad view. Here 
you can see perfect LD as pairs with only two haplotypes. A view of SNP major allele 
frequency across this region confirms that the majority of SNPs are equifrequent.

-------------
• Evolutionary history (Gaunt et al, 2006). The layout of the SNP-SNP haplotype plots 
is informative for evolutionary history of the markers, suggesting which mutation arose 
first. 

Description

Various software tools are available for the analysis and visualisation of pairwise 
linkage disequilibrium across multiple single nucleotide polymorphisms. The HapMap 
project also presents these graphics within their website (based on their data). Most 
graphical representations use a colour to indicate magnitude of a statistic for each 
pairwise analysis. Whilst this is useful over long ranges of many markers, the total 
information available graphically is limited.
We have developed an alternative program called MIDAS* which calculates and 
displays an enhanced graphical representation of linkage disequilibrium. In addition to 
D’ and significance values, haplotype frequencies (expected and estimated) are 
displayed and distance between markers is shown on a map. Statistics can be viewed 
by mouse-over for each pairwise analysis, and all data can be exported in tabular form 
for analysis in other programs. MIDAS is capable of analysing data from biallelic and 
multiallelic markers (including multi-locus haplotypes). 
This program therefore facilitates visualisation of patterns of linkage disequilibrium 
across genomic regions, analysis of the relationships between different markers and 
inferences about patterns of evolution and selection. 

* MIDAS (Multiallelic Interallelic Disequilibrium Analysis Software) is available at: 
http://www.oege.org/software/midas and http://www.genes.org.uk/software/midas  

Abstract

LD between haplotype and microsatellite

LD between INS VNTR and TH01

Regions of perfect LD

MIDAS is a graphical linkage disequilibrium analysis program that incorporates 
analysis of interallelic linkage disequilibrium between multiallelic and biallelic 
markers. The program generates statistics to enable quantitative analyses, but also 
provides an important overview of LD across broad genomic regions, enabling 
qualitative interpretations of large datasets.

Statistics presented include D’, r2, allele frequencies, haplotype frequencies, 
significance (χ2) and pairwise distances. The program is written in the Python 
programming language, enabling easy adaptation to other uses.

The MIDAS homepage is at http://www.genes.org.uk/midas. 

Summary
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