A MSstatsQC: Longitudinal system
suitability monitoring and quality
g& control for proteomic experiments

I

Dr. Eralp DOGU

Mugla University, TR
Prof. Olga Vitek Group
Northeastern University

A A
Case Studiesin Quantitative Proteomics at ASMS 2018 S
San Diego



1. Quality assurance and definition of quality
2. Basics of Statistical Process Control (SPC)
3. MSstatsQC

4. Case studies from CPTAC study 9.1

\S

QC



LC MS/MS is a process!

uncontrollable

Temperalure Peptide stabiily
Humidity Electronics

Autosampler
PRI @rformanoe Metrics \
B ESI Inputs
:mur LC MS/ms ID Metrics (from a standard)
® - Voltage onset, etc - Total number of PSMs
ﬁ - - Total number of peptide IDs
Inputs -
A Total number of protein IDs
£ G
9 ’ Peptide ID-free metrics
MS Inputs - Retention time
:gxﬂbﬂ - Fwhm
* EM Voltages, etc - Peak asymmetry
- - Peptide abundance

&
78



1. Quality assurance and definition of quality
2. Basics of Statistical Process Control (SPC)
3. MSstatsQC

4. Case studies from CPTAC study 9.1

\S

QC



Statistical Process Control (SPC)

» Typically used for quality control

» Developed in 1920s at Bell Telephone Laboratories by
Walter Shewart to aid in the production of telephone
components that were of uniform quality

» Based on theory of variation

» Long history of use within manufacturing, healthcare,
food and chemical processes

»A key SPC tool is the control

chart, which is the focus of
this presentation A /N |
»Combines time-series \/ V V \H HS

analysis with graphical
representation of data S




SPC applied to mass spectrometry

proteomics
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Sampling to set up a program

To measure the process, we take samples and
analyze the sample statistics following these
steps

a) QC or system suitability samples, vary Each of these

from each other in terms of retention represents one
time _ sample
b) After enough samples (guide set) are
taken from a stable process, they form
a pattern called a distribution
c) There are many types of distributions,
including the normal (bell-shaped)
distribution, but distributions do differ in

Frequency
-

terms of central tendency (mean), Retention t|me
standard deviation or variance, and
shape

Central tendency Variation

Frequency

Retention cmmmm—pe Retention g ReteNtion g
time time time 7



Sampling to set up a suitability program

To measure the performance, we take
samples and analyze the sample statistics
following these steps

(d) If only natural causes
of variation are present,
the output of a process
forms a distribution that
is stable over time and
is predictable

Frequency




Data : CPTAC Study 9.1 Site 86
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Sampling to set up a suitability program

To measure the performance, we take
samples and analyze the sample statistics
following these steps

(e) If assignable causes are
present, the process output
is not stable over time and
is not predicable

Frequency




Data : CPTAC Study 9.1 Site 56A
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Control Charts

Constructed from historical data, the purpose of control charts is to
help distinguish between natural variations and variations due to
assignable causes

Control Chart for 12 QC samples for a certain peptide

Variation due

Out of to assignable
control \ causes
Upper Control Limit=18 ®
B S—— GO T ......
(N o
Mean=16 @ ® Opo Variation due to
ean= natural causes
o
e .. b
Lower Control Limit=15 o 1 )
————————— "a”a“°“/“\8
ignabl
1 2 3 45 6 7 8 9 1011 12 Out of tOHSS%azs Sl

QC number control QC
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Patterns of control charts

UCL
RT mean
LCL
Normal behavior. Process is “in One sample out above (or below).
control.” Process is “out of control.”
UCL
Peak area
mean S
LCL
Trends in either direction, 5 Erratic behavior. Investigate. QC
points. Investigate for cause of -

progressive change.



Simultaneous monitoring of LC MS/MS mean and

variation

These (Sampling meanis
sampling } shifting upward but
distributions range is consistent)
result in the
charts below
0
(X chartdetects
X-chart shift in central
tendency)
LCL
UCL
(MR-chart does ni
mean)
LCL

QC
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Simultaneous monitoring of LC MS/MS mean and

(b)

These
sampling
distributions
result in the
charts below

X-chart

MR-chart

LCL

LCL

variation

(Sampling meanis
constant but
dispersion is
increasing)

(X-chart

does not detect the
increase in
dispersion)

(MR-chart detect:
increase in |
dispersion)

QC
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Simultaneous monitoring of LC MS/MS mean and

variation
(c)
These , : .
sampling (Sampling meanis
e constant but
distributions o 1tht
result in the Ispersion is

charts below increasing)

UCL ®

(X-chart detects
tendency)
LCL
UCL
(MR-chart detect:
dispersion)
LCL
Q
16
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MSstatsQC : statistical tool for longitudinal monitoring

Open-source R-based package and web interface (msstats.org/msstatsqc) for
statistical monitoring of system suitability and quality control (QC) samples in mass
spectrometry-based proteomic experiments.

MSstatsQC

platforms [all | downloads top 20% in Bioc '0.5 years

DOI: 10.18129/B9.bioc.MSstatsQC 'i u

Longitudinal system suitability monitoring and quality control for proteomic
experiments

Bioconductor version: Release (3.7)

MSstatsQC is an R package which provides longitudinal system suitability menitoring and quality control
tools for proteomic experiments.

Auther: Eralp Dogu [aut, cre], Sara Taheri [aut], Olga Vitek [aut]
Maintainer: Eralp Dogu <eralp.dogu at gmail.com>
Citation (from within R, enter citation("MSstatsQC")):

Dogu E, Taheri S, Vitek O (2018). MSstatsQC: Longitudinal system suitability monitoring and quality

Installation

To install this package, start R and enter:

| ## try http:// if https:// URLs are not supported
. source("https://bioconductor.org/biocLite.R")
. bioclite("MSstatsQC")

MSstatsQCgui

platforms 'all | downloads available in Bioc ' < 6 months
build fok

DOI: 10.18129/BS.bioc.MSstatsQCqui li D

A graphical user interface for MSstatsQC package

Bicconductor version: Release (3.7)

MSstatsQCqui is a Shiny app which provides longitudinal system suitability monitoring and quality control
tools for proteomic experiments.

Author: Eralp Dogu [aut, cre], Sara Taheri [aut], Olga Vitek [aut]
Maintainer: Eralp Dogu <eralp.dogu at gmail.com>
Citation (from within R, enter citation("MSstatsQCgui™)):

Degu E, Taheri S, Vitek O (2018). MSstatsQCgui: A graphical user interface for MSstatsQC package. R

Installation

To install this package, start R and enter:

NEW!

Package for the web
interface

Coa# try http:// if https:// URLs are not supported
. source("https://bioconductor.org/biocLite.R")
. biocLite("MSstatsQCgui™)



MSstatsQC : statistical tool for longitudinal monitoring

Open-source R-based web interface (www.msstats.org/msstatsqc) for statistical
monitoring of system suitability and quality control (QC) samples in mass
spectrometry-based proteomic experiments.

MSstatsQC
<€ >
Control charts
Cdata Data input and data Metric
gtherin > rzcessin Summar and change
& & P & y point analysis
E The image part with * Test peptides
for special causes of
variation
I. MSstatsQC compatible I. Datainput I. Box plots for each I. XmR control
experiments Il. Data similarity analysis suitability metric chart
Il. MSstatsQC input lIl. Datatable and peptide Il. CUSUMm and

[l. Decision-maps CUSUMVv control

[1l. Metric summaries art
[1l. 'Me 38
dispersi
changepoint

analysis ()
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MSstats compatible experiments and metrics

MS acquisition Metrics
* SRM * Retention time
* DIA or SWATH (available with ~ * Total peak area
MSstatsQCgui)  Full width at half maximum (FWHM)
- DDAor shotgun (availablewith °* Peakasymmetry
MSstatsQCgui) * Many more...
Analysis

* Decision support tools
Control charts
* Change point analysis

When e orion

Large shifts X MR
Small shifts CUSUMmM CUSUMv

Time of a problem  Change point Change point




1. Data input and data table

MSstatsQC

<€ >

. . Control charts
QC data Datainput and data ) Metric 5! and change

gathering processing Summary point analysis

MSstatsQC MSstatsQC

o L o . ) . Longitudinal system suitability monitoring and quality control for targeted proteomic experiments
Longitudinal system suitability monitoring and quality control for targeted proteomic experiments
Home Data import and selection Create decision rules Metric summary Control charts ~ Help
Home Data Import and Selection Create Decision Rules Metric Summary Control Charts ~ Help

Data import Options

Data Import Options Select metrics for all further analyses:
Show 25 + entries Search:
Upload your data (Comma- Full width Retention time Total peak area | Full width at half maximum [ Peak assymetry
fsepa:ted reevciie Acquired Retention at half
orat) time Peptide Annotations  time maximum
To see acceptable example
data, look at Help tab 9/19/11 VLVLDTDYK 24.62 0.29 If you want to select mean and standard deviation yourself select them here. Otherwise choose the guide set button.
Upload file AR ~) Mean and standard deviation estimated by the user
Mean and standard deviation estimated from guide set
Browse... | Study9.1Sitet ?21- Zg 1 VLVLDTDYK 24.70 0.31 o g
. Select a guide set to estimate control limits
9/19/11 VLVLDTDYK 24.53 0.31 Lower bound of guide set Upper bound of guide set
16:15
1 ~ 20 S
9/19/11 VLVLDTDYK 24.59 0.31
If you want to run MSstatsQC 17:46
with example data file, click
i 9/19/11 VLVLDTDYK 24.62 0.30
G (ETEET 19:16 Select a precursor or select all
Run with example data Choose peptide
9/19/11 VLVLDTDYK 24.76 0.30
20:47 TAAYVNAIEK -



1. Data input and data table

QC data
gathering

MSstatsQC

Datainput and data Metric

processing Summary

>

MSstatsQC

Longitudinal system suitability monitoring and quality control for targeted proteomic experiments

Home Data import and selection Create decision rules Metric summary Control charts ~ Help

Create your decision rule:

System performance is UNACCEPTABLE when:
1. greater than the selected % of peptides are out of control and

2. greater than the selected # of metrics are out of control.

% out of control peptides: # out of control metrics:

25 < 1

YELLOW FLAG
System performance is POOR when:
1. greater than the selected % of peptides are out of control and
2. greater than the selected # of metrics are out of control.

Warning:The limits should be less than or equal to the the RED FLAG limits

% of out of control peptides: # of out of control metrics:

10 < 1

Control charts
and change
point analysis

22



2. Metric Summary

MSstatsQC

<€ >

. . Control charts

QcC da.ta Datainput a.nd data Metric and change

gathering processing Summary . .
point analysis

MSstatsQC

Longitudinal system suitability monitoring and quality control for targeted proteomic experiments

Home Data import and selection Create decision rules Metric summary Control charts ~ Help

Descriptives : boxplots for metrics Overall performance : decision maps Detailed performance: plot summaries

Select your control chart
CUSUM charts

B Decision-map : CUSUMm
XmR chart

Wrai
Total peak area - .
Retention time - Pass -
=) Warning

10
0
0
0

Decision-map : CUSUMv

Total peak area - Wrail
i i EenSSSSEERESEREE=Es "0 DESEESEEEE R =~
N O

& 5 5 5 5 Warning
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2. Metric Summary

QC data
gathering

MSstatsQC

Metric

> Data input and data

processing Summary

>

MSstatsQC

Longitudinal system suitability monitoring and quality control for targeted proteomic experiments

Home Data import and selection Create decision rules Metric summary Control charts ~ Help

Descriptives : boxplots for metrics Overall performance : decision maps Detailed performance: plot summaries

Select your control chart River plots : CUSUMm and CUSUMv
CUSUM charts Retention time Total peak area
"1 XmR chart Mean Mean
1 J - - 0 40 e .
° .
£ 05- ~ Mean increase
§ § /_> ~~ Mean decrease
sz 0 —_———— = Variability increase
38 ~ Variability decrease
©  05- . i
$ Change point
1 § *e s = L 80 0 S0 W
Variabilty | | | Variability | | |
0 10 20 30 40 0 10 20 30 40
Time

Radar plots : CUSUMm and CUSUMv

Retention time Total peak area
LYST U CAv, AL
25- YNL . ' :

| “1Mean increase
|¥1Mean decrease
EVariabiIity increase
E]Vanability decrease

FEV

# of out of control
runs

Control charts
and change
point analysis
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3. Control charts-Individual (X) and Moving Range (mR)

MSstatsQC
<€ >
. . Control charts
QcC da.ta > Datainput a.nd data Metric i A
gathering processing Summary . .
point analysis

MSstatsQC

Longitudinal system suitability monitoring and quality control for targeted proteomic experiments

Home Data import and selection Create decision rules Metric summary Control charts ~ Help
Retention time Total peak area CUSUMm and CUSUMv control charts
Change point analysis for mean and variability
Mean
19.1 r
0.2
19.05
19 A ] QVA 2 015 l

- 1. XmR chart is useful when large shifts and

189 o isolated outliers exist in the dataset.

1885 Lo 2. Analyst are encouraged to go back to their

188 { records and investigate the causes of out-of-
1875 ’ control observations and try to eliminate it.

0 10 20 30 40 0
Time : TAAYVNAIEK
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3. Control charts-Cumulative Sum (CUSUM)

MSstatsQC
<€ >
. . Control charts
QcC da.ta > Datainput a.nd data Metric i A
gathering processing Summary . .
point analysis

MSstatsQC

Longitudinal system suitability monitoring and quality control for targeted proteomic experiments

Home Data import and selection Create decision rules Metric summary Control charts ~ Help

Retention time Total peak area Full width at half maximum Peak Assymetry

Mean
15

10 CUSUM+

/ ”VA\J
*11'1. CUSUM charts are sensitive to small, sustained
"1 shifts and drifts.
“ /2. A CUSUM chart plots two statistics:
at a) A positive CUSUM for increases and

0 10 20 30 40 0 .
Time :  “TARYNATEK b) A negative CUSUM for decreases.

26



4. Change point analysis

MSstatsQC
<€ >
. . Control charts
QcC da.ta > Datainput a.nd data Metric i A
gathering processing Summary . .
point analysis

MSstatsQC

Longitudinal system suitability monitoring and quality control for targeted proteomic experiments

Home Data import and selection Create decision rules Metric summary Control charts ~ Help
Retention time Total peak area Full width at half maximum Peak Assymetry
Mean Q ) - ..|l||.

! A

1. Change point analysis help identify the exact
time of a shift.

. || 2. The QC sample maximizes the change point

function 1s considered as the change point

estimate.

¥ 16, 0.03031332) (IS —{ 3. The analyst can start searching for the causes of

0 10 20 40 0

Tme:  “Taaratec * the shift considering this information.

—
27
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SRM Data : CPTAC Multisite Study 9.1

Mol Cell Proteomics. 2013 Sep;12(9):2623-38.

Design, implementation andl
assessment of instrument p
MRM-MS).
Abbatiello SE’, Mani DR, Schilling B, Macl{
JM, Hedrick V, Inerowicz HD, Jackson A, K

A, Waldemarson S, Whitwell CA, You J, Zh
Neubert TA, Paulovich A, Regnier F, Skatej

Mol Cell Proteomics. 2015 Sep;14(9):2357-74

Large-Scale Interlaboratory
Quantitative Peptide Assay

Abbatiello SE', Schilling B2, Mani DR', Zi
JMZ, Inerowicz HD?, Jackson A, Keshish
N'3, Shaddox K3, Skates SJ'4, Kuhn E', §
MJS, Neubert TA'?, Paulovich AG'S, Regn

A Retention time drift and range at all sites for 10 replicate injections

Retention ime range
HPLC HPLC HPLC HPLCE HPLC
A B D - A \F
—A AN
1.00 1
.’E‘ms- ‘
ga.so- "
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L} I | |
1 3 4 8§ 6 7T 8 9 10 11 12 13 14 18

Sies
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m VD
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| for the quantitative
ion monitoring-MS (LC-

Allen S, Dodder NG, Ghosh M, Held
bX K, Smith D, Tomazela D, Wahlander
Gibson BW, Liebler D, Maccoss M,

Highly Multiplexed,

isack MP2, Gosh M8, Hedrick V7, Held
budnick P2, Sadowski P1°, Sedransk
Gibson BW?2, Liebler DC3, MacCoss
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CPTAC Study 9.1
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DDA Data: iRT peptides

River plots : X and mR

Delta.RT FWHM MS1.Median. Intensity MS2 Median.Intensity
Mean Mean Mean Mean
1 L L R B . - LR . L] . .o . .o
8 05- == Mean increase
g é ~ Mean decrease
2z ¢ — Variability increase
32 == Variability decrease
S 05- * Change point
1- .o . ceee . . .o .« see .o .o
Variability Variabiity Variability Variability
' . ) | ' v \ | ) ' " v \ y ) y ¢ Y \ . ; \
0 5 10 15 20 250 5 10 15 20 250 5 10 15 20 250 5 10 15 20 25
Time

MS1.Median.Intensity MS2 Median.Intensity

YVILAGVENSK ADVTPADFSE YILAGVENSK ADVTPADFSE

WWA

g L RE .
§ e [T]Mean increase
s . ~ [¥]Mean decrease
3 Variabllity increase
s d,, S Variabllity decrease
3t © GIMDPAA

. ovriim'sov

" Lreareaacs

Most of the peptides are stable and system is acceptable




% of out of control
peptides

DIA Data: iRT peptides
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DIA Data: iRT peptides
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SPC applied to mass spectrometry

proteomics
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SPC applied to mass spectrometry

proteomics
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process quality assurance of the sample profile. A common aspect of SST and QC is the
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the proteomic community, the currently used statistical methods are fairly limited. This
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