
Supplementary Note

Searching a combined set of spectra

We combined two sets of spectra. The first data set is the ISB18 standard protein mixture [1],
consisting of 87,549 spectra derived from a mixture of 18 proteins, downloaded from https://regis-
web.systemsbiology.net/PublicDatasets. We used the Orbitrap data set from Mix 7. The proteins come
from six different species, including cow, horse, rabbit, chicken, E. coli and B. licheniformis. The second
data set consists of 27,979 spectra derived from Arabidopsis thaliana [2], also generated on an Orbitrap LTQ
mass spectrometer. The data was downloaded from PRIDE [3] via accession PXD000956.

The peptide database is also a concatenation of two separate databases: the 18 pro-
teins from the ISB18 data set plus the Arabidopsis reference proteome from Uniprot
(http://www.uniprot.org/proteomes/UP000006548), consisting of 33,469 proteins. To cleave the pro-
teins to peptides, we used the tide-index command in Crux version 3.0 [4], using tryptic digestion with no
proline suppression of cleavage, allowing up to two missed cleavages and up to two modifications (oxidation
of M and phosphorylation of STY) per peptide, with a length range of 6–30 amino acids. The ISB18 proteins
yield 10,758 peptides according to these rules. We identified 37 proteins in the Arabidopsis database that
shared at least one peptide with the ISB18 data set, so these proteins were removed from the Arabidopsis
database. The remaining proteins were cleaved to produce 19,932,616 peptides.

We searched the combined spectra against the ISB18 database and against the concatenated database
using the Crux implementation of the Tide search engine [5]. We used exact p-value scoring, a precursor
window of 10 ppm, isotope error of 1 Th, and we set the software to report the single best match per spectrum
in a concatenated target-decoy search. All other search parameters were left at their default values. For
“sub-sub,” we used the Crux assign-confidence command to estimate the FDR among the set of targets
scoring better than a given threshold as min(1, (# decoys + 1)/# targets). For “all-sub,” we implemented
the “stable target-decoy approach in subset” method proposed by Clement et al. Note that, although the
Methods section of Clement et al. suggests estimating their π0 as (# decoyssubset + 1)/(# targetssubset + 1),
the corresponding R code only adds 1 to the numerator. Our implementation follows the R code. In both
cases, we define the q-value for score x as the minimal FDR threshold at which x is deemed significant.

Contrary to what Clement et al. found, in this setting the relative performance of the all-sub and sub-sub
is reversed: at a 1% FDR threshold, sub-sub accepts 11,416 PSMs, whereas all-sub accepts only 10,307. The
source of all-sub’s loss of statistical power is easy to track down. Prior to the FDR estimation procedure,
the total number of target PSMs produced by the all-sub procedure is 10,307. Thus, the all-sub procedure
accepts every single PSM that survives target-decoy competition. However, because of the large size of the
Arabidopsis database, not enough subset PSMs survive to achieve the same statistical power as sub-sub.
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