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Abstract

Relative quantification with label-free methods is a
simple, widely used approach to quantitative compar-
ison of proteomic samples. These methods present
different challenges than stable isotope approaches,
especially for low-abundance components or when
quantities differ across several orders of magnitude.
Missing values are a widely recognized problem in
such experiments, complicating all stages of inter-
preting quantitative data.1
We present median extrapolation, an approach
that extends a median roll-up when more than
50% of values are missing (see Fig. 3). It assumes
that missing values are predominantly non-random
due to instrument detection limits. This approach
bridges the divide between partially- and fully-
missing measurements by smoothly adjusting log
intensity values as the proportion of missing values
increases.

Methods

Median extrapolation (Medextr) computes the
roll-up of a sorted list of n log2 intensity
values i = (i1, i2, . . . , in), of which m are missing
(so i1 = . . . = im = −∞), by:

Medextr(i) =


median(i) if m ≤ bn−1

2 c
im+1 + 2− n+1

n−m if bn−1
2 c < m < n

−∞ if m = n

We compared median extrapolation to two “naïve”
methods: median-of-all (Medall) and median-of-
present (Medpres), defined by:

Medall(i) = median(i)

Medpres(i) =


median(im+1, . . . , in) if m < n

−∞ if m = n

The result of Medextr and Medpres is missing if m = n,
while Medall gives a missing result if m > bn−1

2 c.
These approaches were applied to simulated data,
generated by drawing from Gaussian distributions
and sampling a Gaussian detection limit to create
missing values. We also analyzed data from
C. Ramus et al.2 in which the UPS protein standard
was spiked into yeast lysate at nine concentrations
and each concentration analyzed in triplicate.

Results

Figure 1: Monte-Carlo simulation results show statistical signifi-
cance is not systemically biased by median extrapolation, though
it is underestimated when comparing low-intensity data that is
heavily affected by missing values. Blue areas show where the
t-test is likely to underestimate the statistical significance that
would be assessed if no values were missing.

Figure 2: Simulation results showing that median-of-present has
a widespread bias towards finding significant results, especially
when comparing lower intensities. Contrast these results with
Fig 1.

Figure 3: Our approach smoothly extrapolates log2 intensities
when there are too many missing values to compute a median.
The adjustment applied to the minimum measured intensity is
determined by the proportion of missing values.

Figure 4: Raw simulated data shows median extrapolation
(blue) does not confuse low-intensity values as median-of-present
(green) does, maintains reasonable variance in measurements,
and calculates many more values than median-of-all (black).

Figure 5: Median extrapolation gives better quantitative
coverage, up to instrumentation limits. After rolling up measure-
ments from replicates, fewer proteins are missing measurements.

Figure 6: Mean fold changes for spike-in proteins show similar
linearity and consistency for all approaches, though they measure
greater than expected change, likely due to instrumentation limits.
Overlapping standard deviations show results match within the
margin of error.

Conclusion

Median extrapolation is a consistent and compu-
tationally efficient way to improve quantitative
coverage. Analysis of spike-in standards shows it
gives good results across all intensities. We also
present the first (to our knowledge) simulation used
to assess potential statistical biases introduced by
our approach.
While median extrapolation was designed to work
well for higher replicate numbers and more heteroge-
neous (i.e. biological) replicates, standards data of
this type is not readily available. Nonetheless, initial
simulation results suggest similar behavior and lack
of statistical bias. Further work is also needed to
explore the impact of at-random missing values on
accuracy and statistical significance.
We have implemented median extrapolation to roll
up label-free intensities in Scaffold perSPECtives and
Elements for Metabolomics.
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