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Outline 

1.  MSstats : statistical tool for quantitative MS proteomics 
-  Workflow of MSstats 
-  MSstats as an external tool 

-  Integration of Skyline improves analysis workflow 
-  User interface 

2. Study of poor quality of peaks 

3. How to access MSstats 
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MSstats : statistical tool for quantitative MS proteomics  

Open-source R-based package for 
statistical relative quantification of 
peptides and proteins in mass 
spectrometry-based proteomic 
experiments. 

Type of experimental design 
- Label-free workflows or workflows that use stable isotope labeled reference 
proteins and peptides 
- SRM, DDA or shotgun, DIA or SWATH 
- Comparisons of experimental conditions or times, or paired design 

	  
	  

What we can do in MSstats 
1.  Test	  proteins	  for	  differen-al	  abundance	  
2.  Quan-fy	  proteins	  in	  biological	  samples	  
3.  Design	  of	  experiment	  



Design	  of	  
follow-‐up	  
study	  
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MSstats workflow : Experimental design 

QC	  and	  
Normaliza,on	  

Sta,s,cal	  
modeling	  

Experimental	  
design	  

Model-‐based	  
conclusion	  

Input format 
Run	  Condi-on	  Protein	   Pep-de	  

Precursor	  
charge	   Fragment	  

Product	  
charge	   Label	   Subject	   Intensity	  

For	  DDA,	  ‘Fragment’,	  ‘ProductCharge’	  can	  be	  any	  one	  value,	  such	  as	  NA	  

QC	  	   Group	  Comparison	  	   Design	  Sample	  Size	  



•  Use	  as	  an	  external	  tool	  
•  Automa-cally	  run	  the	  func-ons	  for	  

–  Data	  processing	  :	  Preprocessing	  the	  data,	  Drawing	  the	  profile	  plots,	  
Quality	  control	  plots,	  Condi-on	  plots	  

–  Group	  Comparison	  :	  Comparing	  between	  groups,	  Drawing	  the	  plots	  with	  
results	  

–  Design	  Sample	  Size	  :	  Calcula-ng	  the	  sample	  size	  
•  For	  the	  beginner	  of	  R	  or	  other	  sta-s-cal	  tools,	  we	  can	  do	  sta-s-cal	  

analysis	  with	  default	  op-ons	  through	  Skyline	  easily.	  
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MSstats as an external tool 
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Set up MSstats as external tool 



Normaliza-on	  
–  None	  :	  no	  normaliza-on	  is	  performed.	  
–  Constant	  :	  make	  the	  same	  median	  of	  reference	  intensi-es	  across	  runs.	  
–  Quan-le	  :	  equalize	  the	  distribu-on	  of	  reference	  intensi-es	  across	  runs.	  
–  Global	  Standards	  :	  applied	  to	  endogenous	  intensi-es.	  Equalize	  endogenous	  

intensi-es	  of	  global	  standard	  protein	  across	  runs.	  Then	  apply	  the	  same	  
between-‐run	  shi\s	  to	  the	  remaining	  endogenous	  proteins.	  
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Data	  processing	  :	  Input	  with	  the	  report	  from	  Skyline	  
–  get	  required	  report	  for	  analysis	  
–  Log	  2	  or	  10	  transforma-on	  
	  

1. QC : Data processing and normalization 



Quality control plots 
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MS	  runs	  

Lo
g2
-‐In

te
ns
i,
es
	  

Reference	   Endogenous	  

No	  normaliza-on	  
Constant	  (equalize	  medians)	  
	  normaliza-on	   Quan-le	  normaliza-on	  

MS	  runs	   MS	  runs	  

Lo
g2
-‐In

te
ns
i,
es
	  

Lo
g2
-‐In

te
ns
i,
es
	  

Reference	   Endogenous	   Reference	   Endogenous	  

•  Distribu-on	  of	  intensi-es	  per	  run	  
•  Show	  poten-al	  systema-c	  biases	  between	  mass	  spectrometry	  runs	  
•  Show	  how	  the	  normaliza-on	  works	  for	  all	  the	  proteins	  combined	  
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Normalization method should be changed based on 
your design of experiment 
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Constant	  (equalize	  medians)	  
	  normaliza-on	  

MS	  runs	  

Reference	   Endogenous	  

Assume	  label-‐free	  SRM	  :	  
-‐	  	  most	  features	  are	  differently	  abundant	  	  
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Constant	  (equalize	  medians)	  
	  normaliza-on	  

MS	  runs	  

Reference	   Endogenous	  

Assume	  label-‐free	  SRM	  :	  
-‐	  Need	  to	  concern	  normaliza,on	  method	  in	  design	  stage	  
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Reference version Endogenous version
Healthy HealthyDisease Disease

QLNEINYEDHK_2_y4_1
QLNEINYEDHK_2_y5_1
QLNEINYEDHK_2_y6_1
YGLVTYATYPK_2_y3_1
YGLVTYATYPK_2_y7_1

YGLVTYATYPK_2_y8_1
YGQTIRPICLPCTEGTTR_3_y6_1
YGQTIRPICLPCTEGTTR_3_y7_1
YGQTIRPICLPCTEGTTR_3_y8_1

•  Visualize	  individual	  observa-ons	  
•  Show	  the	  poten-al	  source	  of	  varia-on,	  such	  as	  Run,	  Transi-on,	  Condi-on	  
•  Check	  missing	  values	  

11	  

Profile Plot 

MS	  runs	  

Lo
g2
-‐In

te
ns
i,
es
	  

Reference	   Endogenous	  

Good	  quality	  Profile	  plot.	  It	  shows	  the	  source	  of	  varia,on	  (Run,	  Condi,on,	  Transi,on)	  

Color	  :	  pep-de	  
Linetype	  :	  transi-on	  

Reference	  or	  not,	  
Condi-on	  
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Reference version Endogenous version
Control ControlOV OV

AGALNSNDAFVLK_2_y3_1
AGALNSNDAFVLK_2_y7_1
AGALNSNDAFVLK_2_y8_1
EVQGFESATFLGYFK_2_y4_1
EVQGFESATFLGYFK_2_y7_1

EVQGFESATFLGYFK_2_y8_1
HVVPNEVVVQR_3_b5_1
HVVPNEVVVQR_3_b6_1
HVVPNEVVVQR_3_y4_1

Detect	  the	  problema,cal	  Run	  or	  Transi,on	  	  
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HSIFTPETNPR_2_y6_1
HSIFTPETNPR_2_y7_1

HSIFTPETNPR_2_y8_1
QLGAGSIEECAAK_2_y6_1
QLGAGSIEECAAK_2_y7_1
QLGAGSIEECAAK_2_y9_1

Show	  the	  missing	  values	  (Disconnec,on)	  

Reference	   Endogenous	   Reference	   Endogenous	  



•  Hypothesis	  :	  Is	  there	  a	  difference	  in	  abundance	  between	  condi-on1	  
and	  condi-on2?	  
	  H0	  :	  log	  fold	  change	  =	  0	  vs.	  Ha	  :	  log	  fold	  change	  ≠	  0	  

•  Automa-cally	  detect	  the	  proper-es	  of	  the	  experimental	  design	  
•  Case-‐control	  study,	  Time-‐course	  study,	  Paired	  design	  

•  Can	  choose	  the	  model	  
•  Presence	  of	  stable	  isotope	  labeled	  reference	  pep-des	  
•  Assump-on	  that	  all	  the	  features	  have	  equal	  noise	  varia-on	  

between	  runs	  	  
•  Interference	  	  

•  	  contain	  interference	  transi-ons,	  need	  addi-onal	  
model	  interac-on	  

•  with	  the	  desired	  scope	  of	  conclusion	  
•  Scope	  of	  biological	  replica-on	  :	  restricted	  /	  expanded	  
•  Scope	  of	  technical	  MS	  run	  replica-on	  :	  restricted/	  

expanded	  

13	  

2. Group Comparison : Test for differential abundance 



•  Quan-fy	  the	  uncertainty	  
•  Adjust	  p-‐values	  to	  control	  FDR	  
•  Result	  will	  be	  saved	  in	  Tes5ngResult.csv	  

14	  

Model-based conclusion 
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More	  significant	  

Less	  significant	  

Prac-cal	  significance	  

Sta-s-cal	  significance	  

Volcano	  plot	  :	  
•  Per	  comparison	  
•  All	  proteins	  
•  Adjusted	  p-‐value	  and	  log	  fold	  change	  

Volcano plot 



16	  

Heatmap:	  
•  With	  all	  comparisons	  
•  All	  proteins	  
•  Adjusted	  p-‐value	  and	  cut-‐off	  log	  

fold	  change	  

Comparison	  plot:	  
•  With	  all	  comparisons	  
•  Per	  protein	  
•  log	  fold	  change	  and	  CI	  
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Visualization for multiple comparisons 



•  Use	  the	  current	  dataset	  for	  variance	  es-ma-on	  	  
•  Also	  calculate	  	  

•  The	  number	  of	  pep-de	  per	  protein	  
•  The	  number	  of	  transi-on	  per	  pep-de	  
•  Power	  :	  the	  probability	  of	  detec-ng	  a	  true	  fold	  

changes	  

17	  

•  Result	  will	  be	  saved	  in	  SampleSizeCalcula5on.csv	  

3. Design sample size : Design of future experiment 
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•  Includes	  
•  R	  version,	  loaded	  so\ware	  libraries,	  Op-ons	  selected	  by	  the	  user,	  Data	  structure	  MSstats	  

recognizes,	  Comple-on	  of	  intermediate	  analysis	  steps,	  Warning	  messages	  
•  Help	  troubleshoot	  poten-al	  problems	  

4. Progress report : msstats.log 
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Outline 

1.  MSstats : statistical tool for quantitative MS proteomics 
-  Workflow of MSstats 
-  MSstats as an external tool 

-  Integration of Skyline improves analysis workflow 
-  User interface 

2. Study of poor quality of peaks 

3. How to access MSstats 
 



Data : Rat-plasma for  Risk of heart disease 
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Each	  	  
Protein	  

High	  salt	  (Disease)	   Low	  salt	  (Healthy)	  

Sub1	   …	   Sub7	   Sub8	   …	   Sub14	  
T1	   T2	   T3	   T1	   T2	   T3	   T1	   T2	   T3	   T1	   T2	   T3	  

Pep*Tran1	   X	   X	   X	   …	   X	   X	   X	   X	   X	   X	   …	   X	   X	   X	  

Pep*Tran2	   X	   X	   X	   …	   X	   X	   X	   X	   X	   X	   …	   X	   X	   X	  

Pep*Tran3	   X	   X	   X	   …	   X	   X	   X	   X	   X	   X	   …	   X	   X	   X	  

•  Label-‐free	  SRM	  experiment	  
•  High	  salt	  (7)	  vs.	  Low	  salt	  (7)	  
•  3	  Technical	  replicates	  
•  Total	  42	  injec-ons	  (Runs)	  
•  48	  proteins	  
•  Comparison	  :	  High	  Salt	  –	  Low	  Salt	  (Disease-‐Healthy)	  
	  

Rat	  Plasma	  :	  label-‐free	  SRM	  



Examples of inconsistent (poor quality?) peptides 

22	  

Rat	  Plasma	  :	  label-‐free	  SRM	  

Profile	  plot	  show	  the	  problema,c	  pep,des	  or	  transi,ons.	  We	  need	  to	  check	  what	  
happen	  in	  this	  pep,de.	  

Endogenous
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NLGVVVAPHALR	  
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Rat	  Plasma	  :	  label-‐free	  SRM	  

Endogenous

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●●

●

●

●●●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●●●

●

●
●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●●

●

●

●

●●

●

●

●

●

●
●●

●

●

●

●
●

●

●

●

●

●
●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●
●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●
●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●
●

●

●

●

●●

●

●

●

●

●
●●

●
●

●

●●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●●
●

●

●

●
●
●

●

●

●

●

●●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●
●

●

●

●

●

●●●

●

●

●

●

●●

●

●

●

●
●●

●●

●

●
●

●

●
●

●

●●

●

●
●

Disease Healthy

0

10

20

30

21 42
MS runs

Lo
g2
−i

nt
en

si
tie

s

# peptide: 2 ● ●CSSLLWAGAAWLR_2 NLGVVVAPHALR_2

NP_001007697



CSSLLWAGAAWLR	  

24	  

Rat	  Plasma	  :	  label-‐free	  SRM	  
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               Log2 FC and variation  
are different between before and after removing peptides 

25	  

All	  features	   Only	  NLGV	  (red	  lines)	   Only	  CSSL	  (black	  lines)	  

log2FC	   SE	   Adj	  p-‐value	   log2FC	   SE	   Adj	  p-‐value	   log2FC	   SE	   Adj	  p-‐value	  

Fixed	  Subject	   -‐2.6721	   0.1439	   <0.0001	   0.8750	   0.0260	   <0.0001	   -‐6.2272	   0.2868	   <0.0001	  

Random	  	  Subject	   -‐2.6701	   0.2214	   <0.0001	   0.8750	   0.2399	   0.0066	   -‐6.2187	   0.4152	   <0.0001	  

Rat	  Plasma	  :	  label-‐free	  SRM	  
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26	  

Examples of inconsistent peptides 
Rat	  Plasma	  :	  label-‐free	  SRM	  

Profile	  plot	  show	  inconsistent	  paZern	  per	  pep,des.	  We	  need	  to	  check	  that	  is	  there	  
any	  measurement	  problem.	  
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DLTGFPQGADQR	  

27	  

Rat	  Plasma	  :	  label-‐free	  SRM	  
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AIAYLNTGYQR	  

28	  

Rat	  Plasma	  :	  label-‐free	  SRM	  



29	  

Log2 FC and variation  
are quite different depending on peptides. 

All	  features	   Only	  DLTG	  and	  TVEH	  	   Only	  AIAY	  

log2FC	   SE	   Adj	  p-‐value	   log2FC	   SE	   Adj	  p-‐value	   log2FC	   SE	   Adj	  p-‐value	  

Fixed	  Subject	   2.0642	   0.0951	   <0.0001	   0.6167	   0.0414	   <0.0001	   5.0812	   0.0591	   <0.0001	  

Random	  Subject	   2.0642	   0.2966	   <0.0001	   0.6167	   0.1137	   0.0005	   5.0812	   0.7390	   <0.0001	  

Rat	  Plasma	  :	  label-‐free	  SRM	  
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Summary of poor quality peptides 

•  Profile	  plot	  show	  inconsistent	  papern	  per	  pep-des.	  We	  need	  
to	  check	  that	  is	  there	  any	  measurement	  problem.	  

•  Less	  certainty	  that	  you	  look	  at	  the	  correct	  pep-de,	  	  
–  Due	  to	  different	  reasons	  such	  as	  any	  phosphoryla-on	  and	  modifica-on	  

in	  pep-de	  level.	  
–  	  sugges-on	  :	  re-‐measure	  in	  label-‐based	  way.	  
	  

•  Need	  to	  inves-gate	  further	  a	  subset	  of	  pep-des	  that	  we	  find	  
interes-ng	  for	  some	  reason.	  

30	  

Rat	  Plasma	  :	  label-‐free	  SRM	  
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Outline 

1.  MSstats : statistical tool for quantitative MS proteomics 
-  Workflow of MSstats 
-  MSstats as an external tool 

-  Integration of Skyline improves analysis workflow 
-  User interface 

2. Study of poor quality of peaks 

3. How to access MSstats 
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External tool in Skyline 

-  From MSstats external tool webpage or ‘Tool store’ 
-  Automatic installations for all related software and packages 
-  One-click analysis 

-  Tutorial is available (https://skyline.gs.washington.edu/labkey/skyts/home/
software/Skyline/tools/details.view?name=Msstats) 
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msstats.org and MSstats google group 

-  News about Msstats 
-  MSstats.daily is available : development version available 
-  Tutorials for different workflows (under ‘WORKFLOWS’) 
-  Example datasets with R-scripts 
-  Related publications 

	  
-  Announce new release 

or news in the mailing list  
-  Question and answer 
-  Discussion and 

suggestion 
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Tutorial 

Tutorial : ‘choi-shortCourse-MSstatsTutorial.pdf’ 
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New version of MSstats 
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