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Generating Manhattan plots in Stata
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Abstract.  Genome-wide association studies hold the potential for discovering
genetic causes for a wide range of diseases, traits, and behaviors. However, the
incredible amount of data handling, advanced statistics, and visualization have
made conducting these studies difficult for researchers. Here we provide a tool,
manhattan, for helping investigators easily visualize genome-wide association stud-
ies data in Stata.

Keywords: st0295, manhattan, Manhattan plots, genome-wide association studies,
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1 Introduction

The number of published genome-wide association studies (GWAS) has seen a staggering
level of growth from 453 in 2007 to 2,137 in 2010 (Hindorff et al. 2011). These studies
aim to identify the genetic cause for a wide range of diseases, including Alzheimer’s
(Harold et al. 2009), cancer (Hunter et al. 2007), and diabetes (Hayes et al. 2007), and
to elucidate variability in traits, behavior, and other phenotypes. This is accom-
plished by looking at hundreds of thousands to millions of single nucleotide poly-
morphisms and other genetic features across upward of 10,000 individual genomes
(Corvin, Craddock, and Sullivan 2010). These studies generate enormous amounts of
data, which present challenges for researchers in handling data, conducting statistics,
and visualizing data (Buckingham 2008).

One method of visualizing GWAS data is through the use of Manhattan plots, so
called because of their resemblance to the Manhattan skyline. Manhattan plots are
scatterplots, but they are graphed in a characteristic way. To create a Manhattan plot,
you need to calculate p-values, which are generated through one of a variety of statistical
tests. However, because of the large number of hypotheses being tested in a GWAS, local
significance levels typically fall below p = 1075 (Ziegler, Kénig, and Thompson 2008).
Resulting p-values associated with each marker are —log;, transformed and plotted on
the y axis against their chromosomal position on the x axis. Chromosomes lie end to
end on the z axis and often include the 22 autosomal chromosomes and the X, Y, and
mitochondrial chromosomes.

Manhattan plots are useful for a variety of reasons. They allow investigators to
visualize hundreds of thousands to millions of p-values across an entire genome and to
quickly identify potential genetic features associated with phenotypes. They also enable
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investigators to identify clusters of genetic features, which associate because of linkage
disequilibrium. They can be used diagnostically—to ensure GWAS data are coded and
formatted appropriately. Finally, they offer an easily interpretable graphical format to
present signals with formal levels of significance. For these reasons, Manhattan plots
are a common feature of GWAS publications.

While Manhattan plots are in essence scatterplots, formatting GWAS datasets for
their generation can be difficult and time consuming. To help researchers in this process,
we have developed a program executed through a new command, manhattan, that
formats data appropriately for plotting and allows for annotation and customization
options of Manhattan plots.

2 Data formatting

Following data cleaning and statistical tests, researchers are typically left with a dataset
consisting of, at a minimum, a list of genetic features (string), p-values (real), chromo-
somes (integer), and their base pair location on a chromosome (integer). Using the
manhattan command, a user specifies these variables. manhattan uses temporary vari-
ables to manipulate data into a format necessary for plotting. The program first iden-
tifies the number of chromosomes present and generates base pair locations relative to
their distance from the beginning of the first chromosome as if they were laid end to end
in numerical order. The format in which p-values are specified is detected and, if need
be, log transformed. manhattan then calculates the median base pair location of each
chromosome as locations to place labels. Labels are generated by using chromosome
numbers except for the sex chromosomes and mitochondrial chromosomes, which define
chromosomes 23, 24, and 25 with the X, Y, and M labels, respectively.

Once data have been reformatted in manhattan, plots are generated. Additional
options may require additional data manipulation. These options include spacing(),
bonferroni (), and mlabel().

3 The manhattan command

3.1 Syntax

manhattan chromosome base-pair pvalue [zf] [, options]

options are listed in section 3.2.
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3.2 Options

options
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Description

Plot options
title(string)
caption(string)
xlabel (string)
width(#)
height (#)

Chromosome options

x(#)
y ()
mito (#)

Graph options
bonferroni(h|v|n)

mlabel (var)
mthreshold (#|b)

yline (#)
labelyline(h|v)

addmargin

Style options
coloril(color)
color2(color)
linecolor (color)

display a title

display a caption

set = label; default is x1abel (Chromosome)
set width of plot; default is width(15)

set height of plot; default is height (5)

specify chromosome number to be labeled as
X; default is x(23)

specify chromosome number to be labeled as
Y'; default is y(24)

specify chromosome number to be labeled as
M; default is mito (25)

draw a line at Bonferroni significance level;
label line with horizontal (h), vertical (v),
or no (n) labels

set a variable to use for labeling markers

set a —log(p-value) above which markers will
be labeled, or use b to set your threshold
at the Bonferroni significance level

set log(p-value) at which to draw a line

label line specified with yline() by using
horizontal labels (h) or vertical labels (v)

add a margin to the left and right of the plot,
leaving room for labels

set first color of markers

set second color of markers

set the color of Bonferroni line and label
or y line and label

4 Examples

The following examples were created using manhattan_gwas.dta, which is available

as an ancillary file within the manhattan package.

All the p-values were generated

randomly; therefore, all genetic elements are in linkage equilibrium and are not linked.
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4.1 Example 1

Below you will find a typical Manhattan plot generated with manhattan. Several options
were specified in the generation of this plot. First, bonferroni(h) is used to specify
that a line be drawn at the Bonferroni level of significance. The h indicates that the
label should be placed horizontally, on the line. Next, mlabel (snp) is used to indicate
that markers should be labeled with the variable snp, which contains the names of each
marker. Additionally, mthreshold(b) is used to set a value at which to begin labeling
markers. In this case, b is used to indicate that markers should be labeled at —logy,
(p-values) greater than the Bonferroni significance level. Finally, addmargin is used to
add space on either side of the plot to prevent labels from running off the plot.

. manhattan chr bp pvalue, bonferroni(h) mlabel(snp) mthreshold(b) addmargin
p-values log transformed.

Bonferroni Correction -loglO(p) = 5.2891339

Label threshold set to Bonferroni value.

97298
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4.2 Example 2

Here yline(6.5) is used to draw a horizontal line at logio(6.5), and labelyline (v)
adds an axis label for the value of this line. Additionally, the variable used for marker
labels is identified using mlabel (snp), and a threshold at which to begin adding labels
to markers is given as the same value as the horizontal line by using mthreshold(6.5).
Spacing is added between chromosomes with spacing(1) to keep labels on the x axis
from running into one another. Finally, a margin is added on either side of the plot by
using addmargin, because some of the marker labels would otherwise fall off the plot.

The colors of the markers are changed with colorl(black) and color2(gray). The
color of the line plotted on the y axis by using yline(v) has been changed to black by
using linecolor(black).



D. E. Cook, K. R. Ryckman, and J. C. Murray 327

. manhattan chr bp pvalue, yline(6.5) labelyline(v) mlabel(snp) mthreshold(6.5)
> spacing(1l) addmargin colorl(black) color2(gray) linecolor(black)

p-values log transformed.

97298

pvalue

IREN
18 20 22

Chromosome

5 Conclusions

As the number of GWAS publications continues to grow, easier tools are needed for in-
vestigators to manipulate, perform statistics on, and visualize data. manhattan aims to
provide an easier, more standard method by which to visualize GWAS data in Stata. We
welcome help in the development of manhattan by users and hope to improve manhattan
in response to user suggestions and comments.
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