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Fig. S1 Depiction of feature generation and peptide identity propagation strategies. “PPB (peak
property based) + match by m/z and RT with tolerance™ and “DICE (Direct Ion-Current Extraction)

+ match by scan number” that can be used in MS1-based quantification.
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Fig. S2 Examples of extracted ion currents of two E. Coli peptides by IonStar, taken from the

benchmark dataset.
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Fig. S3 Effects of post-feature generation quality control measure on quantitative quality. PCOu#’

significantly improved accuracy while showed no perceivable impacts on precision.



Sample set A Sample set B:
Technical replicates (N=4) Mimic biological replicates (N=4)
100 100
]. - I (= Ecoli 1 - B [ m Ratliver
2 ?8 [ Human MAPs | & ?8 [ E.coli
g 8 s 8
IS It
c 6 c 6
8 8
s 4 s 4
o a
; [ ; ]
0 0
S 8 Sy e o Sy e
© & © 2 \«° & N &
s I & & < F & &

o
o
:

aal T 1

° °

&1.5 folf & 1.0 S =
[aY] § jpecad iaidecosdal L Sorof el oot s = [aV]

2 0.5 2 05

- )

'_
l_
|_
|_

o
o

Ratio_GLMM  Ratio_Sum Ratio_GLMM  Ratio_Sum

Fig. S4 Application of Generalized Linear Mixed Model (GLMM) in spike-in sample sets. (a)
Experimental setup of two types of spike-in samples sets: Technical replicates and Mimic biological
replicates; (b) Comparison of quantitative accuracy in the two types of sample sets using GLMM and

sum intensities. GLMM gave better accuracy in Mimic biological replicate sample set.
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Fig. S5 Design of the spike-in sample set for benchmarking different quantitative approaches’. E. Coli
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Fig. S6 Comparison of protein quantification results with at least 1 or 2 unique peptide(s) per protein,
using spike-in level E (9% E. Coli proteins) vs. A (3% E. Coli proteins) as an example. (a) ROC plot
comparing quantification of proteins with only 1 peptide and >2 peptides; (b) Quantitative accuracy

of proteins under 1-peptide and 2-peptide criterion.
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Fig. S7 Quantitative results of human proteins (true negative) in the benchmark dataset from the four
MS1-based quantitative approaches, quantitative intensities and ratios are shown in log2 scale. lonStar

showed the least deviated distribution, especially for low-abundance proteins.
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Fig. S8 Examples to demonstrate the elimination of low-quality peptides by the post-feature generation

quality control function. Red lines mark the theoretical true ratio, and shaded rectangles mark the zone

in which peptide quantitative data is deemed as “acceptable” by the OutlierPeptideRM function.
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Fig. S9 False Altered-protein Discovery Rate (FADR) calculation using different ratio thresholds.
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Fig. S10 Median intra-group CV of quantified proteins in biological groups from the 100 rat brain

samples.
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Fig. S11 Pearson correlation of protein ratios between different experimental groups and vehicle
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File S1 Parameters used in MaxQuant and OpenMS

MaxQuant:

Fixed modifications Carbamidomethyl (C)
Decoy mode revert

Special AAs KR

Include contaminants False

MS/MS tol. (FTMS) 20 ppm

PSM FDR  0.005

Protein FDR 0.01

Site FDR  0.01

Use Normalized Ratios For OccupancyTrue
Min. peptide Length 6

Min. score for unmodified peptides 0
Min. score for modified peptides 0

Min. delta score for unmodified peptides 0
Min. delta score for modified peptides 0
Min. unique peptides 1

Min. razor peptides 2

Min. peptides 2

Use only unmodified peptides and False
Peptides used for protein quantification =~ Razor
Discard unmodified counterpart peptides True
Min. ratio count 2

Re-quantify True



Match between runs True

Matching time window [min] 1

Alignment time window [min]20

Find dependent peptides False

Site tables  Oxidation (M)Sites.txt

Decoy mode revert

Special AAs KR

Include contaminants False

RT shift False

Advanced ratios True

OpenMS:

Module Parameter Value

PeakPicker algorithm:signal to noise 0
algorithm:ms1_only TRUE

FeatureFinder | algorithm:mass_trace:mz_tolerance 0.02
algorithm:mass_trace:min_spectra 3
algorithm:mass_trace:slope_bound 1
algorithm:isotopic_pattern:charge low |2
algorithm:isotopic_pattern:charge high | 6
algorithm:isotopic_pattern:mz_tolerance | 0.03
algorithm:seed:min_score 0.1
algorithm:feature:min_score 0.3
algorithm:feature:min_isotope fit 0.1




algorithm:feature:min_trace score 0.1
algorithm:feature:max_rt span 3
IDMapper rt_tolerance 10
mz_tolerance 30
mz_reference peptide
use centroid mz TRUE
MapAligner algorithm:min_run_occur 2
algorithm:max_rt_shift 300
FeatureLinker | algorithm:use identifications TRUE
algorithm:distance RT:max_difference | 300
algorithm:distance MZ:max_difference | 0.02




File S2 User manual for IonStar build 0.1.4



lonStar USER MANUAL

For Build 0.1.4

Introduction
Prerequisites
o Software and dataset availability
o Installing IonStarStat
o File location
e Quickstart
o Step 1: Protein identification
o Step 2: Generation of quantitative features by SIEVE ™
o Step 3: Data integration and quantification
o Step 4: Post-quantification data processing
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IonStar is an MS1-based quantitative method for label-free proteomics experiments, devised to
address issues related with quantitative precision, missing data, and false-positive discovery of
protein changes in large-cohort analysis.

IonStar comprises of two parts: experimental procedures (left panel) and a proteomics data analysis
pipeline (right panel). Details of the experimental procedures can be found in Shen et al. J Proteome
Res. (2017) and An et al. Anal Chem. (2015).

This manual will focus on the data analysis pipeline part of IonStar, aiming at helping IonStar users


https://www.ncbi.nlm.nih.gov/pubmed/28412812
https://www.ncbi.nlm.nih.gov/pubmed/25746131

to run the pipeline in their own computational environment.

Prerequisites
Software and dataset availability

The primary software packages used in IonStar are SIEVE™ and IonStarStat.

SIEVE™ js a commercial software from Thermo Fisher Scientific. The latest version of SIEVE ™ ig
v2.2 SP2. Please contact Thermo Fisher Scientific regarding the quote for SIEVE™., To ensure of
ETM ETM

proper performance of SIEVE'™, we recommend running SIEV. on a PC with at least 16-core

processors and at least 192 GB RAM.

R package IonStarStat and related scripts (IonStar_FrameGen.R, IonStar_Run.R) can be
downloaded here. All operations in this manual are accomplished under R version 3.4.3 and RStudio
ver 1.1.442.

The dataset used in this manual as an example (Multi-level Human background+E.coli spike-in) can
be downloaded from PRIDE Archive (PRIDE ID: PXD003881).

Installing lonStarStat

IonStarStat package can be installed directly in RStudio by running the following commands in the R
Console:

source ("https://bioconductor.org/biocLite.R")

biocLite ("M
biocLite ("R

Stat 0.1.4.tar.gz", repos = NULL, type = "source")

Upon finishing installation, load IonStarStat into the R environment as follows:

library ("IonStarStat")

File location

To perform using IonStar, it is recommended to put all files under the same working directory,
including:

e LC-MSrawfiles .raw

e Spectrum report .csv, .tsv,o0r .txt

e SIEVE database file .sdb

e Annotated frame list .csv

e Sample list .csv

e Protein & peptide quantitative results .csv


https://github.com/shichens1989/IonStarStat
https://www.ebi.ac.uk/pride/archive

e IonStar FrameGen.R and IonStar Run.R

Use setwd () tolocate the files whenever necessary.
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Step 1. Protein identification

Protein identification can be performed by any database searching engines and post-search
processing tools. The final output is a so-called spectrum report containing PSMs from all sample
runs passing the confidence threshold (e.g. FDR). The spectrum report can be exported from a
number of software packages, e.g. Proteome Discoverer, Scaffold. Key information necessary for
data integration include rawfile name and MS2 scan number. The file format of the spectrum
report needs tobe .csv.

SIEVE SDB

Quantitative Feature list

The currently protein identification workflow used by our group features database searching by MS-
GF+, post-search processing by IDPicker, and spectrum report generation by IonStarSPG.R. Detailed
instructions can be found here.

Step 2: Generation of quantitative features by SIEVE™

Quantitative feature generation in IonStar is accomplished by SIEVE ™ v2_ 2 SP2 (Thermo Scientific),
which integrates ChromAlign for global 3-D chromatographic alignment and a direct ion current
extraction (DICE) method for feature extraction.

1. Load rawfiles into SIEVE ™

To start the quantitative feature generation analysis, open SIEVE ™ and select File -> Create new

experiment. On the Designate Experiment Type page, select the Experiment Type based on the
study. For a case-control experiment, use Two Sample Differential Analysis; for multi-condition
experiment (3 or more conditions including control), use Control Compare Trend.


https://omics.pnl.gov/software/ms-gf
http://proteowizard.sourceforge.net/idpicker/
https://github.com/shichens1989/IonStarStat
https://github.com/shichens1989/IonStarStat
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2. Assign sample conditions and select reference file

For Two Sample Differential Analysis, assign Condition A and Condition B in the two boxes;
For Control Compare Trend, put all conditions in the upper box and assign the control condition




in the lower box.

Two Sample Differential Analysis:

A SIEVE Experiment Definition Wizard [o ] @ | |
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*Fress TAB to move to the next feld
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Control Compare Trend:
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A reference file also needs to be selected. In general, the reference file should provide the highest



alignment scores for all sample runs.In most cases, it is recommended to start with a file in the
middle of the LC-MS sequence as the reference.

3. Modify method parameters

The parameters that needs to be modified include Frame Time Width (min) and M/Z Width
(ppm). The current setting is based on a 3-hr nano RPLC gradient with a Thermo Orbitrap
instrument under 120K MS1 resolution. Manual optimization based on the LC-MS method
may help to improve the performance of feature generation. All other parameters follow the default
settings.

Frame Parameter Adjustment e
Setthe parameters used fo characlerize frames in this experiment. ( f% }

’ Chromatographic time
Retention Time Stat [min] Retention Time Stop [min)

| 18.00 | 160.00

<< Back | Mest s

Check Generate all frames based upon all MS2 scan’s retention times and precursor
M/Zs to maximize the number of quantitatve features. Alternatively, users can assign Maximum
Number of Frames and Peak Intensity Threshold.



Frame Selection 2
Set the framing intensity threshold and targeted frames list.

— Raw File Analyzer

td axirmum Mumber of Frames:
| 5,000

Peak Intenzity Threshold:
| 59,505,106

1sity

hll __/
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Retention Time

Inte

The number of frames generated depend upon the peak intenszity threzhald ar the magimunn number of frames - which ever condition iz met first,

— Targeted MA/RT Frames | st

Frames can be created at specific MZ and Retention Fames il e ot e W7 ard
Time coordinates. Each MEIRT coordinate listed wil et e e i e T argeted Frames List [optional):

creste frames at the beginning of the frames list

beginning with Frame 1 _ This may be useful to force the
creation of frames for internal standards or other R I 2]
landimarks.
<< Back Menst s

After setting the method, finish the wizard and save the .sdb file.

4. Perform ChromAlign and DICE procedures

For IonStar, users do not need to run the Identify process. In the SIEVE Parameters window,
MaxThreads should be changed according to the configuration of the computer used for SIEVE ™,
For example, 6~8 threads are recommended for a PC with 16-core processors and 192 GB RAM.
Occasionally, PCAProcess can also be disabled to alleviate computational burden. Click the
Update button to save the settings. Run Align (ChromAlign) first.
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Upon finishing, alignment scores for all sample runs will be shown in the Alignment tab. Ideally,
the majority of sample runs should have an alignment score of >0.8 to ensure the quality of

quantitative feature generation. Change the reference file and rerun the ChromAlign process if the
alignment scores are subpar (e.g. <0.7) for a large portion of the files.
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After feature generation, the .sdb file will contain all quantitative features ( i.e. frames) generated.
For more detailed information about the use of SIEVE, please refer to SIEVE User Guide.

Step 3: Data integration and quantification

After protein identification and quantitative feature generation, the R package IonStarStat will be
utlized to integrate the spectrum report with the quantitative feature list and generate the final
quantitative results. Procedures in this step include:

e Generation of the annotated frame list
¢ Removal of redundant quantitative features

Frame-to-peptide aggregation & data normalization
Multivariate mean variation-based outlier detection
Shared peptide removal (optional)

e Peptide-to-protein aggregation

The codes for this step are enclosed in IonStar_Run.R.

1. Generate the annotated frame list

In the spectrum report, the rawfile name column ( sp col[1] ) should only contain the file name
with no extension (e.g.

II_Bo3_21_150304_human_ecoli_A_3ul_3um_column_g95 HCD_OT_2hrs_30B_9B), and the
MS2 scan number should be numeric (e.g. 58143).

Use the following codes to generate the annotated frame list and the sample list, which are
both required for subsequent protein quantification. Make sure that the following packages are
installed by running install.packages (c ("XLConnect", "RSQLite")) .

##Generate the annotated frame list
" ##File name of the SIEVE database

sp <- o AarPRID g rum report " ##File name of the spectrum report

col filename <- 4 ##Column number for rawfile name

col scannum <- 17 ##Column number for MS2 scan number

col framelist <- c(6,18) ##Column numbers for Protein accession number and Pe
ptide sequence

framelist <- "IonStarPRIDE frame.csv" ##File name of the annotated frame list
(outputl)

sampleid <-"IonStarPRIDE samplei 7" ##File name of the sample list (output
2)

source ("IonStar FrameGen.R")

The annotated frame list .csv generated consists of Protein accession number, Peptide
sequence, Frame ID, and corresponding quantitative values in each sample, shown as
below.


https://tools.thermofisher.com/content/sfs/manuals/Man-XCALI-97696-SIEVE-22-User-ManXCALI97696-A-EN.pdf
https://github.com/shichens1989/IonStarStat

2. Perform protein quantification

Before running the R codes, modify the sample list so that each sample is assigned a GroupID.
GroupID can be any combinations of alphabetic and numeric symbols, e.g. A, Groupi1, 088714.



## RawFiles

## 1 II B03 21 150304 human ecoli A 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 2 II B03 02 150304 human ecoli B 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 3 II B03 03 150304 human ecoli C 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 4 II B03 04 150304 human ecoli D 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 5 1II B03 05 150304 human ecoli E 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 6 II B03 06 150304 human ecoli E 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 7 II B03 07 150304 human ecoli D 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 8 II B03 08 150304 human ecoli C 3ul 3um column 95 HCD OT 2hrs 30B 9B

## 9 II B03 09 150304 human ecoli B 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 10 II B0O3 10 150304 human ecoli A 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 11 II B0O3 11 150304 human ecoli A 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 12 II B03 12 150304 human ecoli B 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 13 II B03 13 150304 human ecoli C 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 14 II B0O3 14 150304 human ecoli D 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 15 II B0O3 15 150304 human ecoli E 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 16 II B03 16 150304 human ecoli E 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 17 II B0O3 17 150304 human ecoli D 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 18 II B03 18 150304 human ecoli C 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 19 II B03 19 150304 human ecoli B 3ul 3um column 95 HCD OT 2hrs 30B 9B
## 20 II B03 20 150304 human ecoli A 3ul 3um column 95 HCD OT 2hrs 30B 9B
## GroupID
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i
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## 11
## 12
## 13
## 14
## 15
## 16
## 17
## 18
## 19
## 20
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Make sure to load TonStarsStat by library("IonStarstat") .Read the annotated frame list
and the grouped sample list into R environment.



rawfile <- "Io
condfile <- "IonS

raw <- read.csv(rawfile)

cond <- read.csv(condfile)
condition <- cond[match (colnames (raw) [-c(1:3)], cond[,1]),2]

condition

Use newProDataSet toremove redundant frames (i.e. frames assigned to multiple peptide
sequences), which causes ambiguity in quantification.

pdata <- newProDataSet (proData=raw, condition=condition)

The number of proteins before and after removal, as well as the number of redundant frames
removed will be reported in the console.

Use pnormalize to perform inter-sample normalization of quantitative intensities. Aggregation of
frame data to peptide data can be done by summarize=TRUE . Normalization can be based on either
total ion intensities ( method="TIC" ) or quantiles ( method="quantiles" ) in each sample. Use
method=NULL to skip normalization.

ndata <- pnormalize (pdata, summarize=TRUE, method="TIC")

Boxplots of peptide quantitative data before (left) and after (normalization) are shown as follows.
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Use oOutlierPeptideRM to perform outlier peptide detection. IonStar uses Principal
Component-based Outlier Detection (PCOut) for outlier detection, which is tailored for multi-
condition comparison (at least 3 conditions including control).

Parameter variance (0.7~0.9) can be adjusted according to the stringency needed for outlier
detection. The higher the value the more outliers will be rejected.

cdata<-OutlierPeptideRM(ndata, condition,variance=0.7,critMl=1/3,critM2=1/4,ra

ti1i0=TRUE)

For case-control comparison, set parameter ratio=FALSE . Alternatively, Grubb’s test can be
used for outlier rejection, which will be available in the next build of IonStarStat.

Use sharedPeptideRM to remove shared peptides (i.e. peptides inferred to multiple unique protein
groups, a.k.a. degenerate peptides). This step is optional as many highly abundance proteins share a
large proportion of homologous sequence domains. Removal of these peptides could be
counterproductive for quantification. However, in specific cases, such as quantification of mixed-
species samples, removal of shared peptides with species ambiguity is necessary to obtain species-
specific quantitative results.

cdata<-SharedPeptideRM (cdata)

Use proteinQuan to aggregate peptide-level quantitative data to protein level. Both sum intensities
( method="sum" ) and General Linear Mixed Model ( method="fit" ) can be used for peptide-to-
protein aggregation.



quan <- ProteinQuan (eset=cdata, method="sum")

Users can export both peptide and protein quantitative results by write.csv.

Step 4: Post-quantification data processing

mim
StarGazer, a Shiny-based interactive web app, will be made available in the next build of IonStar for

post-quantification data processing. Fundamental functions of StarGazer include:

e Data cleanup and formatting
e (Case-control protein ratio calculation



e Statistical testing
e Basic data mining (e.g. PCA, hierarchical clustering, fuzzy c-means clustering)

e Graphic depiction of quantitative data

Contact information

For questions, suggestions, and other topics about IonStarStat, feel feel to contact us:
Shichen Shen: shichens@buffalo.edu

Xue Wang: xwang79@buffalo.edu

Jun Qu: junqu@buffalo.edu


mailto:shichens@buffalo.edu
mailto:xwang79@buffalo.edu
mailto:junqu@buffalo.edu
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