
Learning Objectives
Creating basic plots: Exploring and customizing basic plots (scatter plots, histograms, boxplots, etc.) using the
ggplot2 package.
Exporting graphics: Saving plots for use outside of the R environment.
Wrangling data for visualization: Changing data formats for visualization purposes
Data assessment with volcano plots and heatmaps: Learning how to create volcano plots and label interesting
data points

Introduction to visualization in Bioinformatics

Introduction to visualization in R
R has a number of built-in tools for basic graph types such as histograms,
scatter plots, bar charts, boxplots and much
more. Rather than going through all of
different types, we will focus on  plot() , barplot() ,  boxplot()  and
 hist() .

Dataset
For today's training we are going to do an exploratory data analysis using data
from the paper "DOT1L Inhibition Attenuates Graft-Versus-Host Disease by
Allogenic T Cells in Adoptive Immunotherapy
Models". I have modified
the dataset coming from the differential analysis just for this training.

Before starting let's import out dataset.

df <- read.csv("DOT1L.csv", row.names = 1)

Let's take a look at the structure of our dataset.

str(df)

The plot function
The most used plotting function in R programming is the plot() function. It
is a generic function, meaning, it has many methods which are called according
to the type of object passed to plot().

In the simplest case, we can pass in a  vector  and we will get a scatter plot
of magnitude vs index. But generally, we pass in two vectors and a scatter plot
of these points are plotted. For example, the command  plot(c(1,2),c(3,5)) 
would plot the points  (1,3)  and  (2,5) . Here is a more concrete example
where we a scatterplot of the first hundred points in the column  GSM2495022 .

plot(df$GSM2495022[1:100])

Customising the title and the axis labels

One of the first things that you’ll find yourself wanting to do when
customising your plot is to label it better. You might want to specify more
appropriate axis labels, add a title or add a subtitle. The arguments that you
need to specify to make this happen are:

main: A character string containing the title.
sub: A character string containing the subtitle.
xlab: A character string containing the x-axis label.
ylab: A character string containing the y-axis label.

Changing Color and Plot Type

Adding and customising the titles associated with the plot is one way in which
you can play around with what your picture looks like. Another thing that
you’ll want to do is customise the appearance of the actual plot! To start
with, let’s look at the single most important options that the plot() function
provides for you to use, which is the type argument. The type argument
specifies the visual style of the plot. The possible values for this are:

 type = "p" . Draw the points only.
 type = "l" . Draw a line through the points.
 type = "o" . Draw the line over the top of the points.
 type = "b" . Draw both points and lines, but don’t overplot.
 type = "h" . Draw “histogram-like” vertical bars.
 type = "s" . Draw a staircase, going horizontally then vertically.
 type = "S" . Draw a Staircase, going vertically then horizontally.
 type = "c" . Draw only the connecting lines from the “b” version.
 type = "n" . Draw nothing. (Apparently this is useful sometimes?)

data<- df$GSM2495022[1:100]
par(mfrow=c(2,3))
plot(data, type = "p", main = "type = 'p'", col = "red")
plot(data, type = "l",  main = "type = 'l'", col = "blue")
plot(data, type = "o", main = "type = 'o'", col = "green")
plot(data, type = "h", main = "type = 'h'", col = "grey")
plot(data, type = "b", main = "type = 'b'", col = "orange")
plot(data, type = "s", main = "type = 's'")
dev.off()

Similarly, we can define the color using  col .

plot(df$GSM2495022[1:100],
     main="GSM2495022",
     xlab = "position",
     ylab="value",
     type="l",
     col="blue")

Overlaying Plots Using legend() function

Calling  plot()  multiple times will have the effect of plotting the current
graph on the same window replacing the previous one. However, sometimes we wish
to overlay the plots in order to compare the results.

This is made possible with the functions  lines()  and  points()  to add lines
and points respectively, to the existing plot.

plot(df$GSM2495022[1:100],
     main="GSM2495022 and GSM2495029",
     xlab = "position",
     ylab="value",
     type="l",
     col="blue")

lines(df$GSM2495029[202:300], type = 'p')
legend("topleft",c("GSM2495022","GSM2495029"),fill=c("blue","black"))

We have used the function  legend()  to appropriately display the legend. Visit
 legend() 

function
to learn more.

Also visit  plot() 
function
to learn more about different arguments  plot()  function can take, and more
examples.

Bar Plots
Create barplots with the  barplot()  function, where the argument is a vector
or matrix. If the argument is a vector, the values determine the heights of the
bars in the plot.

Here is an example of a simple bar plot.

barplot(df$GSM2495022[1:10], main="GSM2495022",
        xlab="position")

Simple Horizontal Bar Plot with Added Labels

barplot(df$GSM2495022[1:4], main="GSM2495022",
         horiz=TRUE,
        names.arg=c(1,2,3,4))

We can also do a stacked bar plot

data(mtcars)
counts <- table(mtcars$vs, mtcars$gear)
barplot(counts, main="Car Distribution by Gears and VS",
        xlab="Number of Gears", col=c("darkblue","red"),
        legend = rownames(counts))

Finally we can also group bar plots.

data(mtcars)
counts <- table(mtcars$vs, mtcars$gear)
barplot(counts, main="Car Distribution by Gears and VS",
        xlab="Number of Gears", col=c("darkblue","red"),
        legend = rownames(counts), beside=TRUE)

NOTE: Bar plots need not be based on counts or frequencies. You can create bar plots that represent means,
medians, standard deviations, etc. Use the  aggregate()  function and pass the results to the  barplot() 
function.

aggregate data frame mtcars by cyl and vs, returning means for numeric variables

Histograms
Histograms are one of the simplest and most useful ways of visualizing data.
They make most sense when you have an interval or ratio scale. and what you
want to do is get an overall impression of the data. Most of you probably know
how histograms work, since they’re so widely used, but for the sake of
completeness I’ll describe them. All you do is divide up the possible values
into bins, and then count the number of observations that fall within each
bin. This count is referred to as the frequency of the bin, and is
displayed as a bar.

Drawing this histogram in R is pretty straightforward. The function you need to
use is called  hist() , and it has pretty reasonable default settings.

hist(x, col = NULL, main = NULL, xlab = xname, ylab)

To see the compete syntax, run the following command.

?hist()

Here is are some examples of histograms.

hist( x = df$GSM2495022, main = "GSM2495022's Histogram",
 xlab = "values", breaks = 18)

As a result, although the plot is very informative (it displays the entire data
set with no loss of information at all!). The way in which you specify the
breaks has a big effect on what the histogram looks like, so it’s important to
make sure you choose the breaks sensibly. In general R does a pretty good job
of selecting the breaks on its own, since it makes use of some quite clever
tricks that statisticians have devised for automatically selecting the right
bins for a histogram, but nevertheless it’s usually a good idea to play around
with the breaks a bit to see what happens.

When you specify the number of breaks, for example  breaks = 18 , R assumes you
want “approximately 18” breaks, but if it doesn’t think that this would look
very pretty on screen, it picks a different (but similar) number. It does this
for a sensible reason – it tries to make sure that the breaks are located at
sensible values (like 10) rather than meaningless ones (like 7.224414). And
most of the time R is right!

Okay, so at this point we can draw a basic histogram, and we can alter the
number and even the location of the  breaks . However, the visual style of the
previous histogram could stand to be improved. We can fix this by making use of
some of the other arguments to the  hist()  function.

hist( x = df$GSM2495022,
      main = "GSM2495022's Histogram", # title of the plot
      xlab = "values",           # set the x-axis label
      density = 10,              # draw diagonal lines to shade the bars: 10 per inch. 
                                 # By default is angle = 45°
      angle = 40,                # set the angle of the shading lines is 40 degrees
      border = "gray20",         # set the colour of the borders of the bars
      col = "gray80",            # set the colour of the shading lines
      labels = TRUE,             # add a number just above each bar, that number
                                 # being the exact number of observations in the bin
      ylim = c(0,2900)             # change the scale of the y-axis
)

Boxplots
Another alternative to histograms is a boxplot, sometimes called a “box and
whiskers” plot. Like histograms, they’re most suited to interval or ratio scale
data. The idea behind a boxplot is to provide a simple visual depiction of the
median, the interquartile range, and the range of the data. And because they do
so in a fairly compact way, boxplots have become a very popular statistical
graphic, especially during the exploratory stage of data analysis when you’re
trying to understand the data yourself.

Let’s have a look at how they work. Firstly, let’s actually calculate these
numbers ourselves using the  summary()  function:

summary(df$GSM2495021)

##  Min. 1st Qu.  Median  Mean    3rd Qu.   Max.
## 0.1021 2.2498  2.5841  2.5588  2.9642    3.7247

So how does a boxplot capture these numbers? The easiest way to describe what a
boxplot looks like is just to draw one. The function for doing this in R is
(surprise, surprise)  boxplot() . As always there’s a lot of optional arguments
that you can specify if you want, but for the most part you can just let R
choose the defaults for you.

boxplot(df$GSM2495021)

When you look at this plot, this is how you should interpret it: the thick line
in the middle of the box is the median; the box itself spans the range from the
25th percentile to the 75th percentile; and the “whiskers” cover the full range
from the minimum value to the maximum value. Any observation whose value falls
outside this range is plotted as a circle instead of being covered by the
whiskers, and is commonly referred to as an outlier.

This is a very useful tool to detect outliers in your data!. Because the
boxplot automatically (unless you change the  range  argument) separates out
those observations that lie within a certain range, people often use them as an
informal method for detecting outliers: observations that are
“suspiciously” distant from the rest of the data.

Now that I’ve become suspicious, it’s time to look a bit more closely at the
data. One function that can be handy for this is the  which()  function; it
takes as input a vector of logicals, and outputs the indices of the  TRUE 
cases. This is particularly useful in the current context because it lets me do
this:

suspicious.cases <- df$GSM2495021 < 1
which( suspicious.cases )

  [1]    94    97   116   590   618   647   684   685   803   804   934   952  1301  1309
 [15]  1438  1481  1734  1944  2021  2024  2087  2124  2126  2192  2485  3078  3108  3123
 [29]  3191  3192  3193  3483  3489  3494  3520  3617  3896  3909  4008  4019  4092  4157
 [43]  4163  4190  4196  4206  4252  4262  4346  4396  4535  4636  4648  4649  4661  4665
 [57]  4672  4674  4687  4688  4708  4755  4792  4847  4958  5012  5072  5096  5674  6261
 [71]  6358  6436  6439  6558  6807  7089  7247  7359  7408  7959  7963  7964  7966  7980
 [85]  7986  8037  8420  8422  8671  8760  8954  8998  9045  9046  9154  9381  9462  9465
 [99]  9490  9573  9854  9928 10031 10187 10281 10318 10498 10733 10983 10990 10997 11020
[113] 11122 11212 11244 11286 11434 11481 11518 11754 11845 11940 12016 12033 12039 12090
[127] 12098 12131 12174 12302 12323 12629 12912 12993 13051 13147 13357 13388 13447 13448
[141] 13822 13879 14493 14597 14950 15067 15295 15332 15349 15364 15434 15574 15658 15676
[155] 15812 15854 16051 16088 16123 16146 16197 16223 16419 16439 16531 16551 16590 16668
[169] 16738 16759 16779 16851 16884 16886 16889 16974 16978 16979 16980 16981 17006 17011
[183] 17015 17021 17242 17243 17253 17255 17256 17259 17260 17261 17263 17266 17267 17275
[197] 17291 17293 17303 17304 17308 17318 17321 17338 17341 17419 17493 17494 17552 17581

Boxplots in R are extremely customisable. In addition to the usual range of
graphical parameters that you can tweak to make the plot look nice, you can
also exercise nearly complete control over every element to the plot.

You’ve seen all these options in previous sections in this chapter, so
hopefully those customisations won’t need any further explanation. However,
I’ve done two new things as well: I’ve deleted the cross-bars at the top and
bottom of the whiskers (known as the “staples” of the plot), and converted the
whiskers themselves to solid lines. The arguments that I used to do this are
called by the ridiculous names of  staplewex  and  whisklty , and I’ll explain
these in a moment.

Overall, I think the resulting boxplot is a huge improvement in visual design
over the default version. In my opinion at least, there’s a fairly minimalist
aesthetic that governs good statistical graphics. Ideally, every visual element
that you add to a plot should convey part of the message. If your plot includes
things that don’t actually help the reader learn anything new, you should
consider removing them. Personally, I can’t see the point of the cross-bars on
a standard boxplot, so I’ve deleted them.

The parts of the plot you can customise are:

 box  The box that covers the interquartile range.
 med  The line used to show the median.
 whisk  The vertical lines used to draw the whiskers.
 staple  The cross bars at the ends of the whiskers.
 out  The points used to show the outliers.

Taken as a group, these parameters allow you almost complete freedom to select
the graphical style for your boxplot that you feel is most appropriate to the
data set you’re trying to describe. That said, when you’re first starting out
there’s no shame in using the default settings! But if you want to master the
art of designing beautiful figures, it helps to try playing around with these
parameters to see what works and what doesn’t.

boxplot( x = df$GSM2495021,           # the data
         ylab = "GSM2495021",  # x-axis label
         xlab = "values",   # y-axis label
         border = "grey50",         # dim the border of the box
         frame.plot = FALSE,        # don't draw a frame
         staplewex = 0,             # don't draw staples
         whisklty = 1 ,              # solid line for whisker
         horizontal = T
)

Saving image files using Rstudio
Hold on, you might be thinking. What’s the good of being able to draw pretty
pictures in R if I can’t save them and send them to friends to brag about how
awesome my data is? How do I save the picture? This is another one of those
situations where the easiest thing to do is to use the RStudio tools.

If you’re running R through Rstudio, then the easiest way to save your image is
to click on the “Export” button in the Plot panel (i.e., the area in Rstudio
where all the plots have been appearing). When you do that you’ll see a menu
that contains the options “Save Plot as PDF” and “Save Plot as Image”. Either
version works. Both will bring up dialog boxes that give you a few options that
you can play with, but besides that it’s pretty simple.

The automatic version

When working on RStudio you may change some default features to do, for example
multiple plots. After using the function  par()  to change the graphical
parameters, you must go back to the default setting. In order to do so, you
need to use the  dev.off() . In case you don't remember if you have reverted
the changes, you can ask R to list all of the graphics devices that currently
exist, simply by using the command  dev.list() . If there are no figure windows
open, then you’ll see this:

dev.list()
NULL

Steps:

The first step in deciding how to save plots is to decide on the output format that you want to use. In this example,
I'll save a plot as a JPG file, so I'll use the  jpeg  function.
The only argument that the device funtions need is the name of the file that you will use to save your graph.
Remember that your plot will be stored relative to the current directory. You can find the current directory by typing
 getwd()  at the R console. Now enter your plotting commands as you normally would.
When you're done with your plotting commands, enter the  dev.off()  command. This is very important - without
it you'll get a partial plot or nothing at all.

jpeg('rplot.jpg')
plot(x,y)
dev.off()


