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We introduce the computer tool “Know Your Samples” (KYSS) for assessment and visualisation of large
scale proteomics datasets, obtained by mass spectrometry (MS) experiments. KYSS facilitates the evalu-
ation of sample preparation protocols, LC peptide separation, and MS and MS/MS performance by mon-
itoring the number of missed cleavages, precursor ion charge states, number of protein identifications
and peptide mass error in experiments. KYSS generates several different protein profiles based on protein
abundances, and allows for comparative analysis of multiple experiments. KYSS was adapted for blood
plasma proteomics and provides concentrations of identified plasma proteins. We demonstrate the utility
of the KYSS tool for MS based proteome analysis of blood plasma and for assessment of hydrogel particles
for depletion of abundant proteins in plasma. The KYSS software is open source and is freely available at
http://kyssproject.github.io/.
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1. Background

Proteome analysis by mass spectrometry (MS) enables the
detection of thousands of proteins from a biological source in a sin-
gle experiment. This extraordinary performance is typically
achieved by the analysis of complex mixtures of peptides by liquid
chromatography-tandem mass spectrometry (LC-MS/MS), and
computational and bioinformatics tools for MS/MS spectra pro-
cessing, database searching and statistical analysis [1-4]. Classical
MS-based proteomics experiments consist of proteolytic digestion
of a mixture of proteins into short peptides (preferably 7-25 amino
acid residues), followed by peptide separation, sequencing and
quantification by LC-MS/MS, and identification of peptides and
proteins by sequence database searching of MS/MS spectra [5,6].
These experiments require a precise assessment of the acquired
data to ensure their quality, avoid data misinterpretation and pro-
vide accurate quantification. Several computational and statistical
tools have been developed that facilitate the evaluation of large
scale proteome datasets using different approaches, including
Raw Meat (Vast Scientific), LogViewer [7], QuaMeter [8], Prequips
[9], SIMPATIQCO [10], or software suites like Proteome Discoverer
(Thermo Fisher Scientific), Protein Datacenter (Thermo Fisher Sci-
entific), Trans-Proteomic Pipeline [11] or MaxQuant [12]. However,
the existence of many different protocols [13], methods and instru-
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ments makes the standardisation of proteomics procedures rather
challenging.

Here, we present KYSS (the acronym of “Know Your Samples”),
a bioinformatics tool that facilitates thorough assessment of large
scale proteomics datasets obtained by mass spectrometry. Based
on the relatively new paradigm of web applications [14], KYSS al-
lows (1) data quality control of sample preparation, LC peptide sep-
aration and MS analysis, (2) characterisation of large-scale protein/
proteome analyses, (3) comparison of multiple datasets across
experiments and (4) annotation of reported human plasma protein
concentrations based on previous works [15-22]. We demonstrate
the utility of KYSS for large scale proteome analysis of blood plas-
ma samples and for characterising novel hydrogel particles for
depletion of abundant proteins in plasma [23].

2. Materials and methods

KYSS software was developed as a multi-platform standalone
web application written in HTML5, XSLT and Javascript. KYSS is
only compatible with the Mozilla Firefox browser, and only re-
quires the prior installation of the browser (http://www.mozil-
la.org). KYSS accepts plain-text files following a specific structure
(see the online GUIDE section at https://github.com/kyssproject/
kyssproject.github.io/wiki/GUIDE  for detailed information),
consisting of a list of proteins and optionally, a list of peptides,
containing the information typically generated by database
searches using Mascot (Matrix Science, London, UK) and Proteome
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Discoverer and databases such as Uniprot (http://www.uni-
prot.org). Further information is available at http://
kyssproject.github.io.

2.1. Proteome analysis of blood plasma samples

Blood plasma samples were processed with or without prior
depletion of abundant proteins based on hydrogel particles protein
depletion [23]. Following trypsin digestion, peptide mixtures were
analysed by LC-MS/MS using an Easy-nLC II (Thermo Fisher Scien-
tific, Odense, Denmark) coupled to a LTQ Orbitrap XL hybrid instru-
ment (Thermo Fisher Scientificc Bremen, Germany). Protein
identification was performed with Proteome Discoverer
v1.4.0.270 (Thermo Fisher Scientific) and Mascot v2.3.02. Peak
areas were calculated based on the top-3/Hi3 precursor area quan-
tification method [24]. Further details are included in Supplemen-
tary Information. Raw data files and text files including lists of
protein | peptide identifications obtained by sequence database
searching are available in the ProteomicsDB repository (https://
www.proteomicsdb.org/proteomicsdb/#projects/4112). The files
that contain the lists of protein and peptide identifications are in
a format that can be directly submitted to KYSS.

3. Results and discussion

We developed the KYSS software to facilitate detailed evalua-
tion of large scale proteome datasets obtained by LC-MS/MS by
taking advantage of the information contained in reports generated
by sequence database searching tools. We analysed human blood
plasma samples by LC-MS/MS and subsequently searched the
MS/MS spectra using Mascot and Proteome Discoverer. The result-
ing protein/peptide list was exported as plain-text data files and
submitted to KYSS. We utilised KYSS to (1) assess the performance
of different proteomics workflows, (2) visualise the physico-chem-
ical properties of identified proteins, and (3) demonstrate the effi-
ciency of hydrogel particles in depleting the abundant proteins in
plasma.

3.1. Assessing the performance of a proteomics workflow

First, we used KYSS to assess the peptide separation profile in
our LC-MS/MS system. The aim was to avoid a highly compressed
peptide elution profile, i.e. having many peptides elute in a short
time window, which in turn makes it difficult for the mass spec-
trometer to sequence all peptides.

We used KYSS to generate a graph of the number of sequenced
and identified peptides versus retention time (Fig. 1A) through the
peptides and chromatography control KYSS panel. The distribution of
peptide identifications during the LC gradient was balanced and
not compressed in early or late stages of the peptide elution, indi-
cating an optimal chromatographic separation (Fig. 1A, see also
Methods section). Similarly, we checked the distribution of the
identified peptides by mass (m/z value) acquired within the range
m/z 200-1600. KYSS provides a multiplexed representation
(Fig. 1B) depicting also modified peptides (graph in grey, corre-
sponding to peptides with a carbamidomethylation, deamidation
or oxidation, see Methods section for further details). The two dis-
tributions had similar profiles, and indicated that the MS range was
sufficiently wide to isolate the majority of the peptides, assuming a
normal distribution.

We also investigated the efficacy of the LC peptide separation in
terms of identified proteins. Protein identifications are based on
the identification of peptides that are generated from a prior enzy-
matic digestion (bottom-up approach). Typically one or two unique
peptides are sufficient for a confident protein identification (i.e.

peptides with a particular sequence that can only derive from a
single protein). Proteins identified with more unique peptides have
a higher confidence typically translated into a higher score upon
protein sequence database searching. However, when the identifi-
cation of a protein is already highly confident, the identification of
additional unique peptides can be considered redundant since they
do not provide new protein identifications, but rather confirms an
already identified protein. By representing the cumulative number
of identified proteins across the LC separation, we assessed how
the chromatographic gradient in the peptide separation is trans-
lated into protein matches. In our analysis, this KYSS representa-
tion (Fig. 1C) showed a continuous identification of novel
proteins throughout the gradient, but with fewer new proteins in
the late stages, as expected.

Next, we investigated the advantages of analysing plasma sam-
ples in triplicate. Analysis by LC-MS/MS of several replicates of a
sample is a common practice in proteomics to compensate for
the stochastic nature of data dependant acquisition mode of MS/
MS, where the most intense peptide ion species are automatically
selected for sequencing by the mass spectrometer at any given
time of the LC-MS/MS run. We compared datasets obtained by a
single analysis (160 min gradient) and triplicate analysis
(3 x 160 min gradient) of blood plasma samples, corresponding
to ~1 pg of peptides loaded per run. The results of running tripli-
cate analysis of 160 min of gradient length was an increase of
25% in protein identifications (158 vs 196), and higher Mascot
score for all peptides suggesting more informative MS/MS spectra
(2896 vs 8662 average scores for the 30 proteins of highest score).

We further compared datasets obtained by the triplicate analy-
sis (3 x 160 min gradient) and a single and longer analysis
(1 x 480 min gradient). The aim was to assess the benefits of run-
ning repetitive and shorter analysis versus a long analysis using an
equivalent total separation time (480 min in both analysis). In this
case, the triplicate analysis also employed 3x more sample corre-
sponding to the three injections (3 x 1 pg). The triplicate analysis
yielded higher Mascot scores as shown by depicting the differences
(ratios) of the scores for those proteins identified in both analyses
(Fig. 1D, each protein represented with a bar, ratios represented in
a logarithmic scale). However, this was not translated into a higher
number of peptide and protein identifications. The two analyses
yielded very similar identifications (3243 vs 3361 peptides and
196 vs 192 proteins for the triplicate and single analysis, respec-
tively), thus indicating that the analysis in triplicate were mostly
providing redundant data. Considering that the total time of the
two analyses was comparable, a long and single analysis could
be preferable in cases where sample availability is limited.

We investigated the effects of LC mobile phase flow rates for
protein identification and quantification. Non-optimal flow rates
lead to a decrease of the number of protein identifications based
on the Van Deemter equation [25]. In contrast, low flow rates in-
crease the efficiency of the electrospray ionisation process [26]
partially reducing the consequences of running at non-optimal
(low) flow rates. Using tryptic peptide mixtures derived from blood
plasma samples, we compared the standard volumetric flow
adopted for a 75 pum ID column (250 nl/min) with lower (125 nl/
min) and higher (450 nl/min) flows. The number of identified pro-
teins was of 179, 164 and 97, respectively. The similar value ob-
tained for the non-optimal flow of 125nl/min proved the
significant effect of the increased ionisation efficiency at low flows.
In principle, protein quantification should not depend on the flow
rate employed in the analysis. We investigated this with KYSS by
depicting protein abundances (Fig. 1E), i.e. sorting proteins based
on their relative abundance along the x axis. The sorted proteins
corresponding to the low flow rate (top graph) were compared
with the abundances of the same proteins for the analysis at the
high flow rate (bottom graph) in a mirror-like image. This
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Fig. 1. Demonstration of various KYSS outputs for LC and sample preparation quality control. (A) identified peptides versus retention time (RT), (B) identified peptides versus
my/z, (C) accumulated number of identified proteins versus RT, (D) ratios represented in a logarithmic scale of Mascot scores between analysis in triplicate (3 x 160 min) and a
single analysis (1 x 480 min), (E) mirror-like image comparing the protein distribution based on abundances in a logarithmic scale of LC separations at low (125 nl/min, top
graph) and high (450 nl/min, bottom graph) flow rates, (F) RTs of the identified peptides in two different LC-MS/MS analysis of undepleted and depleted plasma, and (G-I)
identified peptides versus retention time grouped by (G) charges, and (H-I) missed cleavages. (H) corresponds to a protein digestion of 18 h and (I) of 4 h. We encourage the
reader to inspect the details of these Figures by using KYSS and the data files included in the supplementary materials available online. KYSS offers various features for

visualizing and extracting details of the graphs and figures.

representation allowed for direct visualisation of the differences of
the distribution of protein abundances for the two analyses. These
differences were remarkable, for example in the first and second
most abundant proteins in both experiments (serum albumin
and the family of immunoglobulins). They had an abundance of
286% and 212%, respectively, when analysed at low flow rate, but
of 648% and 102% when analysed at high flow rate. Accurate la-
bel-free protein quantification is complex and this data proved that
the flow rate could be an important parameter not to be neglected.
These differences could be minimised by the utilisation of internal
standards [27].

KYSS allows for comparative analysis of LC-MS/MS datasets.
KYSS can represent two different datasets in terms of peptide
retention time by plotting for each peptide the retention time for
each analysis. We used this feature to assess the reproducibility
of the LC separation of two different sample preparation protocols,
with the aim of assessing the influence of the matrix effect in the
chromatographic separation. We compared the analysis of two
plasma samples, one depleted with the hydrogel particle method
[23], the other without depletion. Ideally, by using the same sta-
tionary phase (C18) for the LC separation, the retention time of

peptides should show a perfect correlation, i.e. a zero orthogonal-
ity. The comparison of the two analyses (Fig. 1F) showed good sim-
ilarity based on the trend line observed in the graph, which
indicated similar retention times for the peptides detected in the
two analyses. This equivalent peptide separation demonstrated
the absence of significant differences in the matrix effect generated
by the two sample preparation protocols.

Next, we investigated the distribution of charge states of the
identified peptides in the LC-MS/MS analysis. Once ionised in the
ESI source, the peptide ion signal is split into different ion species
with distinct charge states, typically 2+ to 4+ for tryptic peptides,
depending on the physicochemical properties of the peptide. KYSS
visualises the peptide charge state distribution across the LC sepa-
ration by plotting the number of peptides versus retention times
grouped in doubly, triply and quadruply charged peptides
(Fig. 1G). The vast majority of peptides were doubly charged, as ex-
pected when trypsin is used for protein digestion. For such pep-
tides, either CID or HCD fragmentation is preferable. Triply
charged species were more concentrated in the final part of the
LC elution, ending up more prominent than doubly charged pep-
tides in the last ~20 min. This was probably related to the fact that
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longer peptides take up an additional proton to become triply pro-
tonated (3+). For these species, Electron-Transfer Dissociation
(ETD) fragmentation could be beneficial [28].

Similarly, we monitored the efficacy of the protein digestion in
our analysis of plasma protein samples. Label-free protein quanti-
fication relies on a complete and reproducible protein digestion by
trypsin. Incomplete digestion is intrinsic in proteomics workflows
but it can be minimised by the use of detergents and chaotropic
agents [29]. We employed a spin filter digestion protocol with so-
dium deoxycholate (SDC) [29] and we compared a short digestion
time (4 h) with a long one (18 h) to assess the impact of the diges-
tion time in plasma samples. We used KYSS to depict the number
of peptides grouped by number of missed cleavages (MC) versus
retention time. Ideally, complete digestions yield peptides with
zero MC. The conditions corresponding to the long-time (Fig. 1H)
and the short-time digestion protocols (Fig. 1I) led to a residual
number of MC in the peptides mixture. We did not observe signif-
icant differences when comparing the two distributions, thus sug-
gesting that near complete digestion could be achieved in only 4 h.

Another important aspect for the assessment of the analytical
performance is the evaluation of the MS data acquisition setup.
One important parameter is the Automatic Gain Control (AGC) of
the trapping MS analyser, which defines the maximum number
of ions to be isolated in an MS/MS event. The ion injection time
(IIT) threshold is the maximum time in which the ions can be iso-
lated, scanning them to the detectors when either the AGC or the
IIT threshold is reached. By adjusting these parameters it is feasible
to maximise the number of identifications [30]. We investigated
the effect of the IIT threshold by analysing plasma samples at
200 and 50 ms time settings. We used KYSS to show the identified
peptides by injection time and retention time through the MS con-
trol graphs panel. The acquisition at the IIT threshold of 200 ms
(Fig. 2A) showed a mixed distribution with peptides that had low
IIT, i.e. that had reached first the AGC threshold, and peptides that
had an IIT of 200 ms, i.e. did not reach the AGC threshold. The fig-
ure also showed a trend where the ITT values where lower during
the beginning of the chromatography, probably related to the bet-
ter ionisation of the smaller peptides that are typically eluted first.
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In contrast, the lower IIT threshold of 50 ms (Fig. 2B) showed a dis-
tribution where most of the peptides had reached the IIT threshold.
However, this low IIT threshold was not translated in a loss of iden-
tifications since the two conditions yielded similar values (199 vs
196 proteins and 3353 vs 3243 peptides for 200 and 50 ms maxi-
mum IIT, respectively). This suggested that most of the matched
spectra that yielded a positive identification reached the AGF tar-
get at low IIT values, and thus were detected in both settings. On
the other hand, the reduced cycle time achieved when using the
lower 50 ms IIT threshold (i.e. the time required to complete all
the events involved in one measurement) did not yield an in-
creased number of identifications. This was possibly due to the dif-
ficult ionisation of low abundance peptides in blood analyses,
ultimately limited by the dynamic range and sensitivity of the
instrument.

Mass accuracy in MS acquisition is equally important to obtain
confident peptide identifications. Orbitrap MS instruments provide
a typical accuracy below 5 ppm (ppm) if properly calibrated. We
checked this by using KYSS to represent the mass deviation of
the identified peptides along the peptide separation (Fig. 2C). Most
of the identified peptides showed accuracy within 3-4 ppm, there-
by indicating an adequate calibration of the instrument. We also
observed a bias within 1 ppm along the LC-MS run which was
not considered as relevant. By plotting mass deviation versus pre-
cursor mass we observed a higher mass accuracy for detection of
low molecular weight peptides, as expected due to the higher
number of isotopes for larger peptides and to the constrictions of
the MS detectors (Fig. 2D).

3.2. Evaluating the physico-chemical properties of plasma proteins

KYSS offers different protein representations based on molecu-
lar weight (MW) or isoelectric point (IP) through the protein control
KYSS panel. We used these features to investigate and characterise
the properties of the identified proteins in our analysis of blood
plasma samples by LC-MS/MS.

The protein distribution by MW showed that most of the pro-
teins were characterised by a low MW (Fig. 3A). We note that
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Fig. 2. KYSS output graphs for MS quality assessment. (A and B) identified peptides versus MS/MS ion injection time, using the thresholds of (A) 200 ms and (B) 50 ms, (C)
peptide mass error (theoretical vs experimental) of the identified peptides versus retention time, and (D) versus m/z.
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peptides sorted by molecular weight, (D) proteins sorted by isoelectric point and (E) proteins sorted by abundance represented in a logarithmic scale.

the experimental setup does not allow us to differentiate peptides
originating from intact plasma proteins or from endogenous pro-
tein fragments of same plasma proteins, since all proteins and
polypeptides are degraded by trypsin. The sequence database
search method relies on tryptic peptide MS/MS specta and assigns
them to the intact protein sequences available in the database.
When representing proteins by area instead of by number, the dis-
tribution was biased towards the very high abundance of the pro-
tein serum albumin (69.4 kDa) (Fig. 3B). When representing
proteins by number of peptides, the distribution was biased to-
wards higher MW proteins, as larger proteins generate higher
number of peptides (Fig. 3C). By plotting the number of proteins
sorted by isoelectric point (pl), the distribution showed a slightly
acidic average value (Fig. 3D). We visualised the range of concen-
trations of the identified proteins by depicting proteins sorted by
abundance in the logarithmic representation provided in the pro-
tein lists comparison KYSS panel (Fig. 3E). This representation pro-
vides a graphical visualisation of the complexity of the sample in
terms of protein abundances. In our analysis, the difference in pro-
tein areas between the most and the least abundant protein (serum
albumin and von Willebrand factor, respectively, as quantified in
our dataset) was of four orders of magnitude, in agreement to
the concentration range usually achieved by LC-MS/MS analyses.
This value was close to the stated three orders of magnitude based
on the reported protein concentrations, thereby highlighting that
only a reduced sub-proteome had been unveiled in our analysis.

3.3. Assessing the efficiency of blood plasma depletion by hydrogel
particles

For MS-based analysis, the detection of low abundance proteins
in blood samples is challenging due to the wide range of protein
concentrations that spans over ten orders of magnitude [31-34].
This typically requires a prior step of depletion of abundant pro-
teins to have access to less abundant species. We used KYSS to as-
sess the efficiency of a novel strategy for blood plasma depletion
based on hydrogel particles that depletes abundant proteins of

the sample through a set of complementary protocols [23]. To eval-
uate the differences between protein profiles with and without
protein depletion, we used KYSS to compare the distribution of
proteins based on abundances for the two datasets and to depict
a mirror-like image (Fig. 4A). The top-graph corresponds to the
analysis of raw plasma sorted by protein abundances. The bot-
tom-graph depicts the same proteins with the abundances corre-
sponding to the analysis of depleted plasma. The two
distributions showed differences as shown by direct observation.
A more detailed representation was provided by depicting the
abundance ratios between datasets (Fig. 4B), showing proteins that
were enriched or depleted up to 8x folds. A closer inspection iden-
tified the proteins hepatocyte growth factor activator, coagulation
factor V and cholinesterase as the three most enriched proteins
after depletion, and the proteins vitamin-D binding protein, sero-
transferrin and apolipoprotein A-IV as the three most suppressed.
The list of the top-10 most abundant proteins for each analysis
(Fig. 4C) facilitated the comparison of protocols. In this case, the
sample depletion step displaced from the list proteins such as
immunoglobulins, serum albumin, apolipoprotein [ or
serotransferrin.

Raw plasma and depleted plasma samples yielded a total of 262
proteins (163 and 205, respectively), without considering immu-
noglobulins and keratins, clustered in an isolated group using the
blood plasma analysis KYSS panel. A total of 106 proteins were
found in both experiments, 57 were exclusive of undepleted plas-
ma, and 99 of depleted plasma. We used KYSS to identify those
proteins of low abundance using a manually curated database
based on the reported concentration of blood proteins from previ-
ous works [15-22]. For the 99 proteins detected in the depleted
plasma we identified ten proteins annotated as low abundant in
human plasma (<100 ng/ml or below the sensitivity of the em-
ployed assay), six moderately abundant (<1000 ng/ml), and four
highly abundant (>1000 ng/ml). The rest of the proteins were not
found in the internal KYSS database. The list of the highlighted pro-
teins can be found in the Table S1 in Supplementary Information.
This data demonstrated the usefulness of the depletion protocol
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Fig. 4. Different KYSS graphs to compare different datasets, applied here to assess the efficacy of a protocol for plasma proteins depletion with hydrogel particles. (A) mirror-
like image comparing the protein distribution based on abundances in a logarithmic scale of undepleted (top graph) and depleted plasma (bottom graph), (B) ratios
represented in a logarithmic scale of protein abundances between analyses of undepleted (positive ratios) and depleted (negative ratios) plasma samples, and (C) distribution
of the top-10 most abundant proteins found in undepleted (left graph) and depleted (right graph) plasma.

with hydrogel particles to unmask low abundance proteins in
blood plasma samples.

In conclusion, KYSS is a versatile and freely available software
tool that enables straightforward assessment of proteomics exper-
iments performed by LC-MS/MS using standard data analysis plat-
forms, such as Mascot and Proteome Discoverer. Routine use of this
tool ensures the robustness and high performance of our proteo-
mics research platform.
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