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Abstract

We have performed deep proteomic profiling down to as few as 9 Panc-1 cells using sample
fractionation, TMT multiplexing, and a carrier/reference strategy. Off line fractionation of the
TMT-labeled sample pooled with TMT-labeled carrier Panc-1 whole cell proteome was achieved
using alkaline reversed phase spin columns. The fractionation in conjunction with the carrier/
reference (C/R) proteome allowed us to detect 47 414 unique peptides derived from 6261 proteins,
which provided a sufficient coverage to search for single amino acid variants (SAAVs) related to
cancer. This high sample coverage is essential in order to detect a significant number of SAAVS. In
order to verify genuine SAAVS versus false SAAVS, we used the SAVControl pipeline and found a
total of 79 SAAVs from the 9-cell Panc-1 sample and 174 SAAVs from the 5000-cell Panc-1 C/R
proteome. The SAAVs as sorted into high confidence and low confidence SAAVs were checked
manually. All the high confidence SAAVs were found to be genuine SAAVs, while half of the low
confidence SAAVs were found to be false SAAVSs mainly related to PTMs. We identified several
cancer-related SAAVs including KRAS, which is an important oncoprotein in pancreatic cancer. In
addition, we were able to detect sites involved in loss or gain of glycosylation due to the enhanced
coverage available in these experiments where we can detect both sites of loss and gain of
glycosylation.
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INTRODUCTION

Protein mutations such as single amino acid variants (SAAVS) can result in a change of
protein abundance, folding, stability, function, its interactions with other proteins, and the
proteins subcellular localization.1~3 SAAVs have been shown to play an important role in
diseases including cancer, where the SAAVS can lead to activated oncogene expression or
inactivation of tumor suppressor gene expression.* SAAVs may also have a central role in
tumorigenesis and subsequent cancer progression.® A systematic discovery of variants in
protein amino acid sequences is crucial for our understanding of the mechanisms for tumor
progression and would offer a potential for future therapy and treatment of cancer.5.

Cellular heterogeneity may derive from mutations in the genome as cells divide and different
clones of the cells may be generated.® The different clones can result in different phenotypes
including in cancer with increased aggressiveness. A small population of these cells with
altered phenotype may eventually determine the progression of the tumor.® Thus, analysis of
small numbers of cells even down to a single cell is an important goal, as current methods
are mainly applicable to analysis of bulk populations. The data from bulk populations often
results in the loss of information on those unique cell subpopulations that may be drivers of
important cellular processes.1%:11 There has been a significant advance in the area of analysis
of small numbers of cells for genomic and transcriptomic profiling of cells recently.12:13
Single cell profiling is essential for rare subpopulations in cancer such as cancer stem cells
(CSCs), where there is a limited number of cells available for analysis.1415

Proteomic analysis of a small number of cells is currently challenging due to the lack of
sensitive methods to process the extremely low amounts of cellular proteins for liquid
chromatography/tandem mass spectrometry (LC-MS/MS).16 This becomes even more
difficult for detection of protein variants where relatively high peptide coverage for the
protein is required in order to observe the unique peptides that define the different isoforms.
We have thus adopted a method for sample preparation and analysis in which processing of
small numbers of cells is performed with minimal steps to prevent protein losses. We have
also used a carrier/reference strategy based on TMT (Tandem Mass Tags) labeling, where
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the MS/MS spectra from a larger number of cells are used to trigger detection of those from
a limited number of cells. This strategy has resulted in detection of up to 6000 proteins in a
sample of 9 Panc-1 cells with sufficient coverage to detect a significant number of single
amino acid protein variants, many of which are known to be cancer related.

In the current work, we use carrier/reference LC-MS/MS detection to demonstrate the
analysis of the proteomes from small numbers of cells for identification of single amino acid
variants. However, an important issue is that for the detection of SAAVs based on mass
spectrometry analysis and database searching, there is a risk for the presence of a high false
positive detection rate that results from misidentified PTMs or other false assignments. In
order to deal with false positives, most studies have used a special custom database for
database searching.”17-22 Few studies have focused on false discovery rate (FDR) to reduce
false positive results in these variant identifications.23-25 Herein, we have addressed the
challenge of false positives using software called SAVControl, which can sort SAAVs into
categories of genuine variants versus likely false positives. This software has been utilized
with data from as few as nine cells analyzed using a Panc-1 carrier/reference and
incorporating a detailed manual check to distinguish true SAAVs versus false positives.26
Those SAAVs identified as genuine SAAVs are identified with high probability, whereas
those identified as likely false positives are indeed found to be so in at least half of these
cases. The methods are applied to analysis of cells from Panc-1 cell lines for bulk
conditions, 5000 cells, down to a small number of cells, i.e., nine cells.

MATERIALS AND METHODS

Cell Culture and Counting

The Panc-1 cell line was obtained from the American Type Culture Collection (ATCC).
These cells were grown in Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% (v/v) fetal bovine serum (FBS) and 1% (v/v) antibiotic-antimycotic. Panc-1 cells
were cultured at 37°C in a humidified atmosphere with 5% CO-. The cells were harvested
when the cells covered approximately 60% of the dish surface. The supernatant was
removed after the harvested cells were standing for 40 min in PBS solution. This procedure
was repeated 4 times, and the harvested cells were counted with trypan blue staining using a
hemocytometer under a microscope (TRM-301, Bresser Science) where approximately 10k
cells were obtained. The trypan blue indicates that these are live cells and these cells were
able to be cultured.2” The cell suspension was diluted with PBS into around 3 cells per 1 /L.
The cell number in a 0.5 mL LoBind Eppendorf tube was counted under the microscope
carefully to determine the exact number of Panc-1 cells. Samples with different numbers of
Panc-1 cells, including 31 and 9 cells were obtained after carefully counting of the cells in
the tubes under the microscope.

Protein Extraction and Sample Preparation

Because of the amount of protein in 9-31 cells, precautions were followed to minimize
protein losses. Once obtained the samples were not transferred until the carrier/reference
proteome was added to the TMT-labeled sample. Cells that were archived in 200 z PCR
tubes were suspended in 10 4L of 0.05% ProteaseMax (Promega) 100 mM TEAB (pH = 8.5)
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and 0.5 mM TCEP. Lysis was accomplished by sonication in a cup-horn sonicator (Q-
Sonica). Cysteine residues were then alkylated with 2 mM IAA for 30 min under dark
conditions. The proteins were digested by addition of 20 ng sequencing grade Trypsin
(Promega) overnight at 37 °C. After the digestion, the samples were labeled with the
appropriate TMT-11plex reagent by adding sufficient reagent for labeling 5 1g of protein.
The samples were quenched by adding 10 mM hydroxylamine for 15 min at room
temperature.28:2% The sample set information is presented in Table S1. TMT-labeled C/R
proteome after quenching was always added to the sample tube as part of the pooling
procedure. After pooling all samples with the full amount of C/R proteome the pool was
fractionated using the Pierce high pH reversed-phase peptide fractionation kit (Thermo
Fisher Scientific). As a control, the C/R proteome was also fractionated independently using
the same Kkit. Thus, any losses from the small numbers of cells are minimized during further
handling since they are a small fraction of the total population.

LC-MS/MS Analysis

Each of 9 fractions was analyzed on an Orbitrap Fusion mass spectrometer (Thermo Fisher
Scientific, CA). The entire amount of TMT11-plex labeled sample in each fraction was
analyzed using a 90 min gradient from 4% to 30% acetonitrile with 0.1% formic acid. We
used the Easy 1000 nano UHPLC system (Thermo Fisher Scientific, CA) and Acclaim
PepMap 100, 75 um x 2 cm trap with Acclaim PepMap RSLC, 75 pm x 25 cm column
(Dionex). The column effluent is analyzed directly by LC-MS/MS where all material is
injected into a single run because of the limited amount of sample. The mass spectral data
acquisition was performed using the software Xcalibur v2.3 (Thermo Fisher Scientific, CA)
in data dependent mode. The ESI spray voltage was set at 2500 V. A full mass scan (m/z
400-1400) was performed, and using the auto normal scan the most intense ions in the full
scan were chosen for MS/MS analysis. The normalized collision energy was set at 39% for
high-energy collision-induced dissociation (HCD) fragmentation. The maximum injection
time was set 150 ms. The Orbitrap resolution was set at 60 k for both MS1 and MS2 spectra.
Filter dynamic exclusion settings were set as follows: repeat count 1 and exclusion duration
60 s. Both mass tolerances low and high were set at 10 ppm.

Database Searching

The protein sequence database, CanProVar (v2.0),30 was downloaded freely from http://
canprovar2.zhang-lab.org/ for database searching. The CanProVar (v2.0) database includes
65 963 distinct human cancer protein variants collected and integrated from COSMIC, HPI,
OMIM, TCGA, BioMart, and 825 106 coding SNPs from dbSNP. Corresponding nonvariant
proteins come from the Ensembl database (Homo sapiens, v53). The reversed sequences of
the same size were combined in the protein sequence database as decoys for FDR
estimation.

Approximately 90% of the proteins in CanProVar 2.0 contain SAAVs derived from known
single-nucleotide polymorphism (SNPs) and cancer-related variants. Database searching was
conducted using the Mascot algorithm (v2.5.1, Matrix Science Inc.). The searching
parameters were set as follows: (1) oxidation (+15.995 Da) at Methionine was set as a
dynamic modification; (2) carbamidomethylation (+57.021 Da) at Cysteine and TMT Tags
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labeling at N-termini and Lysine (+229.163 Da) were set as static modifications; (3) the
tolerance of precursor ions and fragment ions was set as 10 ppm and 0.05 Da, respectively;
(4) the maximum missed trypsin cleavage sites allowed was 2; (5) the minimum peptide
length was set at 5 amino acids and unrestricted peptide-level false discovery rate (FDR) was
enabled; (6) charge status was set as +2, +3 and +4. Unrestricted peptide-level FDR setting
can obtain extremely exaggerated high coverage of peptide identification mixing with real
SAAVs and false positive SAAVs. The protein profile database searching was performed
using Proteome Discoverer (V1.4, Thermo Fisher Scientific, CA) with the same parameter
settings except using FDR 1% and Swiss-Prot Homo sapiens database (reviewed,
downloaded in April 2014 with 26 152 entries). After database searching based on Mascot,
the resulting data were applied for advanced site-level quality control of variant peptide
identifications based on SAVControl software, which has proven to be effective for removal
of false positive SAAVs sites.28 For advance data processing, SAVControl first filters out
false peptide identifications using transfer FDR control, and then evaluates the reliability of
the SAAV sites by unrestricted mass shift relocation and introduction of alternative
interpretations such as modifications.2® All resulting variant sites are finally classified into
three levels: Level | (reliable results), Level 11 (ambiguous results), and Level 111 (unreliable
results). All level Il SAAVs were further confirmed by manual check based on mass spectra.

In order to compare with the high quality control results provided by SAVControl, we also
performed the SAAVs database search using Mascot with the same parameters except using
FDR 1% peptide level. The Gene Ontology (GO) for these proteins with SAAV sites were
performed using QIAGEN’S Ingenuity Pathway Analysis (IPA) online software (http://
www.ingenuity.com/products/ipa). As for cancer-related SAAVs analysis, each SAAV was
manually checked via the open source CanProVar 2.0 online search. The potential N-
glycosylation occurs at the consensus sequence N-X-S/T/C, where X can be any amino acid
except proline.3! We manually checked the potential site and counted the number of gain or
lost potential N-glycan sites. The mass spectrometry data have been deposited to the
ProteomeXchange32 Consortium via the PRIDE32 partner repository with the data set
identifier PXD011471.

RESULTS AND DISCUSSION

Proteomic Profiles in Different Numbers of Panc-1 Cells via the Carrier/Reference Method

We have prepared and analyzed small numbers of Panc-1 cell samples by mass spectrometry.
This included 9 and 31 cell samples with fractionation and TMT labeling as described above
using the carrier/reference method. A total of 47 414 unique peptides derived from 6261
proteins from 9 cells were detected as compared to the 5000 cell reference where 65 901
unique peptides derived from 7435 proteins can be detected over a 90 min gradient for each
fraction on an Orbitrap Fusion mass spectrometer using an FDR of 1% (Table S2). The
number of identified proteins is much higher than in a previous study of 50 000 cells due to
the strategies below.34

Three strategies were used to achieve the deep proteome analysis from small numbers of
cells. One factor is the application of the carrier/reference method using protein samples
derived from 5000 Panc-1 cells. The signal from the carrier/reference channels triggers the
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data acquisition for selected ions and allows signals from channels with much less protein to
be identified as being the same ion as that in the carrier/reference channels. This method has
been applied by Budnik et al. using 100-200 carrier cells where 583 proteins were
quantified.3> A second strategy is the use of sample fractionation to reduce the peptide
complexity and obtain the deepest possible coverage. Each sample was fractioned into 9
aliquots. Multiple fractionations can improve signal-to-noise, proteome coverage and reduce
interference between peptides in quantitative proteomics analysis.36 Without this
fractionation only a limited number of proteins/peptides can be detected. The third strategy
involves minimizing steps to avoid sample loss such as using only 2 4 PBS buffer for
single cell suspension, minimum transfer sample steps to reduce the proteins/peptides
sticking on the surface of the LoBind tube and tip, and the use of cell disruption by
ultrasonication.3’

The extremely high protein (84%) and peptide (72%) overlap shows that the use of extensive
fractionation and other methods used herein provide high efficiency for detection of large
numbers of peptides for the reference 5000 cells, which increases the detection of the same
precursor ions in the 9-cell sample by mass spectrometry (see Figure 1). These methods are
essential for achieving the coverage required for detection of SAAVs. It should be noted that
these methods for achieving this deep proteome detection were performed using off the shelf
components.

It should be noted that in recent work using a nanodroplet processing in one pot for trace
samples (nanoPOTS) technology for studying small numbers of cells that a proteome
coverage of between 1500 proteins by MS/MS alone and 3100 proteins by MS/MS plus
Match Between Runs (MBR) was achieved. However, the peptide coverage obtained was
more limited at between 7.3k and 18k without and with MBR, where higher numbers of
peptide identifications are required for SAAVs analysis.38

We conducted GO analysis of the detected proteins using the online software IPA. The
subcellular distribution and protein groups in the 9-cell sample are shown in Figure 2.
Among the total of 6261 proteins, nearly half were assigned to the cytoplasm, one-third
derived from the nucleus, and the remaining proteins were assigned to the plasma membrane
and extracellular space. As for the protein function cluster, approximately half of the
proteins are not assigned a detailed function. Approximately one-fourth of the proteins are
enzymes. There are also 8%, 7%, and 5% proteins that are transcription regulators,
transporters, and kinases. A small percentage of proteins are peptidases, phosphatases,
translation regulators, transmembrane receptors, and ion channels.

SAAVs Quality Control

An important issue is filtering the potential SAAVs detected for false positives.18:20 We
performed database searching using the Mascot algorithm and obtained the results shown in
Table 1 from 4 sample sets. The number of SAAVs with unrestricted FDR is very large, and
most are false positives. The average number of SAAVS are 4278 from 4 sample sets. Only
one tenth of the SAAVs succeeded to filter after setting the global FDR 1%. If the results
derived from unrestricted FDR were filtered with stringent transfer FDR of 1%, then only
3% of potential true SAAVs were successfully filtered. However, there is still a high false
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positive rate for SAAVS. After the use of SAVControl quality control, 98% of SAAVS were
found to be false positive SAAVs derived from unrestricted FDR database searching. If we
applied a global FDR of 1%, a common target-decoy strategy on all peptide identification, to
control the quality, there are still approximately 2-fold false positive SAAVS compared to the
strategy using transfer FDR 1%, a more stringent FDR control method.26 There also still
remain one-third false positive SAAVs compared to database searching using SAVControl to
filter the false positive SAAVs. The SAVControl software controls variant peptide
identifications by first filtering false positive SAAVSs using transfer FDR control and then
relocating and introducing alternative interpretations such as modifications, which remove
false positive SAAVs very effectively.

An important issue in SAAVs identification is the quality control involved in SAAVs
detection where some percentage will be false matches to the databases.18 These may be due
to the presence of PTMs or other forms of false assignments.1”26 FDR is essentially a
statistical and computational measure to establish the certainty of the peptide identification
in the data derived from tandem mass spectrometry.3® It is mandatory to set the FDR,
usually as 1%, for target-decoy database searching strategy.*% In general, it works well for
common database searching; however, it is unreliable for identification of peptides with
variants. The reason for this has been discussed in previous studies.2® For a given score
threshold, the FDR of potential peptides identification with SAAVs may be significantly
different from the common global FDR of all peptides identification due to the FDR
heterogeneity between peptides with SAAVs and nonvariant peptides.28 Some researchers
have overcome this issue by applying a separate FDR for target-decoy FDR estimation and
peptides with SAAVS, or a refined separate FDR, or more accurate transfer FDR strategy.
2541 1n addition, amino acid modification also increases the incorrect identification of
variant sites.#2 Variants and modifications are two of the main obstacles to achieve highly
reliable SAAVs identification.2

For SAAVs quality control using the SAVControl software, the method assigns scores for
the SAAVs based on the highest scores to level | (reliable results), an intermediate score to
Level Il (ambiguous results) and a low score to Level 111 (unreliable results).28 This is shown
in Figure 3 for four different sample sets where the SAAVs results are sorted into these
different categories. The 4 sample sets information is presented in Table S1. Each sample
was aliquoted to 9 fractions prior to analyzing on an Orbitrap Fusion mass spectrometer.

SAAVs Manual Validation

We randomly selected several of the SAAVs identified from SAVControl as being level |
with high confidence and checked the fragment ions to determine if they matched the
theoretical fragment ions. One such representative level | SAAV is shown in Figure 4. In this
peptide the fragment ions matched the expected fragment ions. We found this to be true for
all level | SAAVs detected. For level Il from the database searching results, we checked all
these potential SAAVs based on mass spectra. All potential SAAVs were validated manually
by checking all fragment ions individually. Only those SAAVs where the observed fragment
ions matched the expected fragment ions /77/z were considered as genuine SAAVS.
Representative SAAVs from level 11 and level 111 are shown below (Figure 5 and Figure 6).
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For the 9-cell Panc-1 sample we found 2 level 11 SAAVs that were genuine after manual
check; however, 3 level 111 SAAVs were false positives (Table S3). This strategy illustrates
the importance of this procedure for correct identification of SAAVs.

Comparison of the SAAVs in Different Numbers of Panc-1 Cells

The use of the carrier reference method allows us the ability to analyze small numbers of
cells and detect a significant number of SAAVs (see Table 2). We can assign the different
number of SAAVs in different cell samples due to the labeling of the samples with TMT
before mixing. The number of SAAVs detected were 79 and 174 derived from 9 cells and
5000 cells, respectively. There were 151 SAAVs detected from 5000 cells in the four
samples and 174 SAAVs detected when combined with the 5000 cells of the C/R when
analyzed separately (Table 2). These numbers are based on the sample fractionation method
used, which provides relatively high peptide coverage. In the current analysis, we have
detected over 79 SAAVs for the 9 cell sample (Table 2, Table S3).

Cancer Related SAAVs

We searched for cancer related SAAVs in the CanProVar 2.0 online resource (http://
canprovar2.zhang-lab.org/) and found 8 cancer-related SAAVs derived from 8 proteins.
Among them, KRAS mutation (G12D, G12 V, G12R and G12C) has been investigated as the
initiating genetic event for pancreatic cancer of approximately 95% of pancreatic
intraepithelial neoplasia (PanINs) patients (Table 3).43 TFRC is revealed as a marker of
malignant phenotype in human pancreatic cancer but without any report on site G142S
related to pancreatic cancer.** The R521K variant has been associated with cancer severity
in EGFR-expressing tumors, such as gliomas, lung cancer and colorectal carcinoma based
on DNA sequence analysis.*>46 SEPT9 has mutations in liver and stomach cancer, but there
are still a significant number of mutations in pancreatic cancer.4’

Gain or Lost Potential N-Glycosylation Sites Due to SAAVs in 9-Cell and 5000-Cell Samples

Ma et al. recently investigated the novel phosphorylation sites created by SAAVs.22 Here we
manually checked the N-glycosylation consensus sites in peptides with detected SAAVS and
identified 9 potential N-glycosylation sites that were affected (see Table 4). Three sites
involve potential gain of glycosylation, whereas six sites involve potential loss of
glycosylation. We further checked the mass spectra of N-glycan (N-GIcNAc) oxonium ions.
The typical N-linked glycan backbone fragmentation can be identified by the oxonium ions
at mlz126.06, 138.06, 168.09, 186.07, 204.09.33 Two of the gain of N-glycosylation sites
were shown to have an actual gain in glycosylation due to the presence of the oxonium ions.
For the loss of N-glycosylation sites, we currently cannot show an actual loss of
glycosylation.

CONCLUSION

In this work we were able to perform deep proteomic profiling down to 9 Panc-1 cells using
a combination of fractionation and a carrier/reference method. This deep profiling allowed
us to detect 47 414 unique peptides derived from 6261 proteins, which provided a sufficient
coverage to search for SAAVSs related to cancer. This high sample coverage is essential in
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order to detect a significant number of SAAVS. Without this coverage only a very small
number of SAAVs can be detected. In order to verify genuine SAAVs versus false SAAVS,
we ran our data through the SAVControl pipeline and found a total of 79 SAAVs from the 9-
cell Panc-1 sample and 174 SAAVs from the 5000-cell Panc-1 sample. The SAAVs as sorted
into high confidence and low confidence SAAVs were checked manually, where all the high
confidence SAAVs were found to be genuine SAAVS, while half of the low confidence
SAAVs as categorized by SAVControl were found to be false SAAVs. We also were able to
identify 8 cancer-related SAAVs including KRAS, which is an important oncoprotein in
pancreatic cancer.*3 In addition, we were able to detect sites involved in loss or gain of
glycosylation. These sites had been predicted in previous work, but are difficult to detect
without sufficient coverage. In the current work we detect both sites of loss and gain of
glycosylation. Future work will extend this work down to single cell detection with
enhanced fractionation and using improved slow flow separations. Also, new C/R reference
strategies will be designed to investigate SAAVS in circulating tumor cells from patient
blood and cancer stem cells from tissues.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Overlap of identified proteins (A) and peptides (B) in 9 cells and 5000 cells sample.
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Figure 2.
Gene Ontology (GO) analysis of 6261 detected proteins derived from 9 cells. Subcellular

distribution of detected proteins (A). Types of detected proteins (B).
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Figure 3.
Proportions of SAAVSs assigned into three levels by SAVControl software in 4 sample sets

1-4.
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Figureb.
Representative level 11 SAAV with fragment ions matched as expected. Amino acid

Glutamate the second position was changed into amino acid Glycine (E1936G) in protein
HEATR1 (HEAT repeat-containing protein 1) (A). False positive level Il SAAV where some
fragment ions matched; however, the observed precursor ions do not match. If N changed to
D, the observed precursor ions match the theoretical precursor ions (B).

be*
7339 Y10YaYeY7YeYsYaY3 Y2 V1
bs* : £ { izt o
i AGALMMPLVDQLENR
b, b,by b, bs by by
be* 5
i G + 08357
bs ‘30443 v 1
42928 Ys 87344
3 77437
859,34
| 24818Y," p— Y4 Ys'
28918 53129 81848 98852 b.*
by 358723( V3 51438 s ' 101457
1_ 358, 4852 58039 e3036 | - .
0121 41820 N (| / soaar) b f 1086 55 Y10
/ 357_{|; ] I / \ I 72348 [ 824 /g0052  smsse lé;? 9\,

Al l ! .l.lu.] |ul.||| ki | a1t u]l 1 I N || Al Rt I'l. AT ||l | I ol ”3: 22 121:“5‘

: { — 4 Lo B - . 4 : b P

200 400 £00 800 700 200 200 1000 1100 1200

Ys Ya ?!':IYs. Y} ‘(4 YaY2Y1
s CJE/E S JAID/AJPV DIQINIS VV1P(AA AK

b2b3 bq b5 bs b?’ bS bBblﬂbll

bg*
1079.45
b,*
1008 41
103;149
|
ll Dy 35t
1 4 7 - 1
Vet 11082 by 22454 127557 e e5475
99768 j 17eR 129658 I 144084 451287 158271
SRSV 0 R I Y A O A N s A
1000 1100 1200 1300 1400 1500 1600
mz

J Proteome Res. Author manuscript; available in PMC 2020 January 04.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Tanetal.

100

Relative Abundance
o
<

Y1~
37g27 .+

bs* D4 839 45
7 ¥at 54332 pdse
41429 483 31 s+ 75542

81283

Ya

Y
72442

i 80443 Vs

48193
/51534

884,42 l
]

Ya¥s¥7Y¥s YaYsYa¥i

AlLE[Ep NN NJF[skk
b,bsbe  bg b, bgbs

801 45

01548 Y7

Ye
B34 1082.53

1054 45
1

Ye
121157

Page 18

Yo YB Y7 Vs YsYa Y3¥2Y1
All \EJE\N\D[ [FJS]K
babs by bsbg b bgbs

1487 72

bs*-NH;
1232.56

Ye©
1324865

1450.71
1358.70 |
|

A

Figure®6.

61038
- sa288
i 518 707.39 73:45 .4
/ ma )| | I
A T 1 .*'.,'.

miz

I ;ﬂa 59
|

T
1400

On the basis of a manual check, the fragment ions match the peptide AIEENDNFSK better
than that of AIEEDNNFSK. Thus, SAVControl assigned the mass spectra to AIEEDNNFSK

in level 111, indicating a false positive SAAV.
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Table 1.

Identification of the Number of SAAVs Based on Different FDR Strategies for Database Searching

Sample Set_1
Sample Set_2
Sample Set_3
Sample Set_4
Average (Mean + SD)

Filter ratio

unrestricted FDR
3626

2987

5348

5154

4278 + 1000

N/A

global FDR (1%)
358

326

474

465

405 + 65

91%

transfer FDR (1%) SAVControl

99 78

83 66

173 123
166 115
130 £ 40 95+ 25
97% 98%

J Proteome Res. Author manuscript; available in PMC 2020 January 04.

Page 19



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Tan et al.

Table 2.
Identification of the Number of SAAVs in 9-31 Cells and 5000 Cells Samples
cell number  SAAVsnumber in carrier/reference  SAAVsin all small number of cells  SAAVsin 9cells

9-31 151 106 79
5000 174 N/A N/A
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