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Abstract
A ranked list of genes (or proteins or regions) is a common output from analysis of NGS data. Many choices will
have been made in the analysis (either explicitly or implicitly) and there is no ‘correct’ method to use for the analysis.
So if two different and appropriate methods are used, an important question is the following: How similar are the two
rankings? Allowing a looser definition of agreement than ‘exact’ agreement, and using a Bayesian logit model with
O’Sullivan penalized splines, a useful visualisation has been developed giving the probability of agreement at each
point and the credible interval at which the sequence degenerates into noise. The approach is illustrated on some
typical RNA-seq data. The estimate of the point at which the agreement between the rankings degenerates into
noise, as well as the credible interval, will be over-estimates of their true values. From a practical perspective, it is
usually better to estimate a slightly larger set of top-ranked data than one that is smaller. Even so, the estimates
found for NGS data are relatively small compared with the total length of the sequence.
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Introduction
NGS data is collected with the aim of answering many and varied
questions; see, for example Datta et al., [1]. A common aim is
comparative, such as to find those genes (or proteins or regions) that
are differentially expressed, or up/down regulated, between say
diseased (e.g. breast cancer) and normal (control) samples. Often a
ranked list of the genes (proteins, regions) is obtained. Most
commonly, the ranking is with respect to p-values (increasing from the
smallest). Alternatively, the ranking may be based on another list of
ordered values, such as distances. A common practice is then to import
the top couple of hundred genes into network analysis software (for
example the actively-developed open source software Cytoscape [2]).
As part of the process of determining a ranked list, many choices
have been made, either explicitly or implicitly. Two questions naturally
arise. First, how stable is the ranking produced? In other words, if
another set of samples were to be analysed, how similar might the
ranking be? If the sample size is sufficiently large, an insight into
answering this question can be obtained by using a resampling
method. For example, Hall and Miller [3] considered colon microarray
data, consisting of 40 tumour and 22 normal observations on 2000
genes. They give a plot of the top 30 genes (ranked by the lower tail of
an estimated 90% prediction interval). They found that the 90%
prediction intervals for the top 4 genes lay in the approximate range of
1 to ~50, while the 5th lay between 2 to ~115, increasing by the 15th
ranked gene to about 1 to ~210, and by the 30th to the even larger
range of 1 to ~380. In other words, none of the top genes are ranked
exactly correctly, but the top four genes appear much more stable than
the others. This is a relatively large number of observations (62), yet
indicates the inherent variability in a single set of rankings. Application
of this approach to much smaller sample numbers may be problematic
arising from the resampling underpinning the method.
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The second, somewhat related, question is the main focus of this
commentary, and arises from the observation that if one had used an
alternative method of analysis, say, then a different list of rankings
would have been obtained. Note, that there is no ‘right’ way to analyse
NGS data. So the question is an important one: How similar are the
two rankings produced by the two methods?
A review of earlier statistical literature on ordered lists is given by
Hall and Schimek [4]. Further, rather than insist on exact agreement of
the ranks, they suggest (a) that we may consider two sets of ranks to be
in agreement if the rankings differ by a moderate deviation. As well,
they propose (b) that the rankings degenerate into noise when the
probability of agreement between the rankings becomes less than 0.5.
Their approach gives a point estimate. In the following we outline an
alternative formulation that gives an interval around a point estimate
and provides a useful visualisation of the data and the fit.

Methods
Hall and Schimek [4] suggest an algorithm for finding the point in a
sequence where paired ranking agreements degenerate into noise and
it has been implemented in the R-package TopKLists [5]. They make
two major suggestions. First, agreement in rank need not correspond
to exact agreement, instead one can allow moderate deviations. For
example in a list of thousands of items, one might consider agreement
less than or equal to 100, say, to be a moderate agreement in rank. So
an item ranked 1234 in one list may be considered in moderate
agreement (called ‘agreement’) with having a ranking of 1333 in the
other list, but not in agreement with a ranking of 1124. In a list of 100
items, this moderate deviation parameter (or distance), δ, would be
smaller, say 5 or 10. Their second major suggestion is that at some
point in the sequence the agreement degenerates into noise, defined as
the probability of agreement being less than 0.5.
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The underpinning algorithm has several parameters, namely the
distance δ; the window size, υ, for finding pj (the probability of
agreement between rankings at the jth point); and C (>0.25) that
controls the moderate deviations of the probability pj [4].

did not respond to treatment. For each patient, a sample was taken for
analysis before and after treatment. Rankings and their credible limits
were found for 2974 genes using two different analysis methods,
namely Mann-Whitney and negative binomial.

We adopt an alternative approach based on a Bayesian logit model
with O’Sullivan penalised spline bases for κ internal knots [6-9];
further details to appear elsewhere. So κ is the analogue of the window
choice, υ, but we have found little sensitivity to the choice of κ. Further
details, as well as R code, are available from the authors. A basic output
is the figure, giving the original data, and the pointwise estimates of the
median of pj and their 95% credible intervals. The medians are joined
with a dashed line and the pointwise credible intervals are the shaded
area. The horizontal line indicates the 95% credible interval for k, the
point at which pj changes from being above 0.5 to below 0.5, that is
calculated from the posterior distribution of k.

Figure 1 gives the plot for δ=100, and Figure 2 for δ=40 on the full
sequence length of 2794. We have found our method to be most
sensitive to sequence length, namely the point estimate (and credible
interval) for δ=100 changed from 232 (186,280) to 224 (182,276) for
length 1000 and 221(180,278) for length 750. While for δ=40, they
change from 0 (0.47) to 26 (0.58) for length 1000 and 32 (0.60) for
length 500. Note, the point estimate of 0 is not a function of boundary
behaviour, as seen from the curve fits, and clearly indicates the need
for an interval estimate besides a point estimate. Figure 3 shows the
plot for length 1000. It is the point estimate that is rather sensitive to
sequence length rather than the length, and position, of the credible
interval.

Results and Discussion
To illustrate the method we consider part of an RNA-seq data set.
The data are from five patients with a rare form of blood disorder who

Figure 1: Observed agreement (1s and 0s) and Probability of agreement between the Mann-Whitney and negative binomial rankings on the
full list of genes with agreement distance 100 (49 df, see text).
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Figure 2: Observed agreement (1s and 0s) and Probability of agreement between the Mann-Whitney and negative binomial rankings on the
full list of genes with agreement distance 40 (31 df, see text).
The number of knots, κ, is chosen so that there are at least five
points between knots (and the degrees of freedom, df, is κ+4).
Although the point estimates given by TopKLists usually are not
identical to those given by our approach, they lie within the credible
interval and the difference is relatively small compared to the length of
the credible interval.
The underpinning theory assumes independence, and simulations
were done to evaluate behaviour assuming dependence. Overall the
method was found to be robust, with a tendency to overestimate the
size of the top ranked items 42.
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Here, given the same data is being used and just the method of
analysis is changing, one would expect the estimated size of the top set
to be much larger than the true size. From a practical perspective, it is
usually better to estimate a slightly larger set of top-ranked data than
one that is smaller than the (unknown) true number. The estimates are
actually surprisingly low, around 10% of the number of items (genes)
using a relatively broad level of moderate deviation, and much less for
a tighter level. Nevertheless, they are typical of other NGS data
analyses we have undertaken, and are not a peculiarity of these
particular data.
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Figure 3: Observed agreement (1s and 0s) and Probability of agreement between the Mann-Whitney and negative binomial rankings on a
reduced list of 1000 genes with agreement distance 40 (26 df, see text).
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