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TMT quantification in PD 2.0 and previous 

• Using reporter ion intensity values from MS/MS of MS3 
spectrum 

• Calculate ratios for each PSM based on intensity values 
• Calculate peptide group and protein ratios using median and 

variability of PSM ratios 
• “Normalization” of protein ratios using median ratio of “Top N” 

proteins 
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Changes to TMT quantification in PD 2.1 

1) S/N thresholds 
2) Protein abundances from summed peptide S/N 
3) Scaled abundances 
4) New UI for ratio calculation 
5) Correction factors for TMT 10-plex 
6) Option to include razor peptides for protein quantification 

 
Note that almost of all these changes are also applied to 
isotope-labeled quantification (e.g. SILAC) 
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Collaboration with Harvard Medical School for TMT 
quantification 
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Gygi Method for TMT quantification – Step 1 

1. Extract S/N values for each reporter ion in the MS/MS data 
29May3013_DJB_mouse_tmt8_BR1_unfrac_165min_dda15_1 #8401 RT: 34.83 AV: 1 NL: 1.49E5
T: FTMS + c NSI d Full ms2 329.91@hcd35.00 [115.00-1000.00]
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m/z Intensity Noise S/N 
126.1276 63932.3 2320.72 27.5 
127.1248 19174.9 2329.47 8.2 
127.131 110637.3 2329.52 47.5 

128.1065 8073.1 2338.08 3.5 
128.1343 148797.8 2338.33 63.6 
129.1314 41537.8 2347.07 17.7 
129.1377 49185.8 2347.13 21.0 
130.1346 5600.5 2355.87 2.4 
130.1412 31675.4 2355.93 13.4 
131.1381 100762.8 2364.68 42.6 
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Why S/N? 

• S/N is proportional to the number of ions in any Orbitrap 
detector, while intensity measurements will differ across 
instruments 

• The measurement error is related to the number of detected 
ions 
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S/N thresholds for different resolutions 
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Gygi Method for TMT quantification – step 2 

2. Filter peptides with precursor isolation interference 
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Gygi Method for TMT quantification – step 3 

3. Sum S/N values for peptides to summed protein S/N 

S/N too low 

S/N too low 

Too much 
precursor 
interference 

Sum totals 
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Gygi Method for TMT quantification – step 4 

4. Normalization based on total protein S/N 
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Gygi Method for TMT quantification – Step 4 

4. Normalization using a single selected protein 
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Gygi Method for TMT quantification – Step 5 

5. Scale total intensity across channels to 100% 
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Summed S/N values displayed in PD 2.1 

Summed protein S/N 

Peptide group S/N 

PSM S/N values 
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Pros/Cons of the summed S/N approach 

Pros: 
• Higher abundance peptides are weighted more strongly 
• Outliers due to low abundance peptides are eliminated 
• Summed S/N values are easily profiled 
• Summed S/N values are tolerant of missing values 

• Ratios will produce 0 or infinite values for reporter ions with 0 intensity 

• Very straightforward 
 
Cons: 
• No measure of variability of individual peptide measurements 
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PD 2.1 TMT quantification 

• Slight modifications to the Gygi approach 
• Use “Average S/N” threshold across all channels 

• More easily applied to reporter ion quantification methods with different 
numbers of quantification channels 

• User enters a single S/N value 
• Normalize on total peptide signal rather than protein signal  

• Summed peptide group abundances across each sample 
• More like a TIC normalization 

• Scale each channel to an average of 100% rather than a total of 100% 
• Easier to see which channels are changing 
• Easier to choose heat map colors 

• Ratios are still calculated 
• User has a choice to inspect the summed S/N values, the scaled abundances, 

or the ratios for any given peptide or protein 
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Protein and peptide quantifier node in Consensus 
workflow (new parameters in PD 2.1) 

Average S/N per channel 

New normalization options 

Correction factors 

Option to display 
log2 ratios 

Razor peptides 

Scaling 
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Previous versions of PD – use intensity thresholds 

• User can set an intensity threshold for acceptance of a 
reporter ion in a given PSM for use in peptide group and 
protein quantification 

 
 

PD 1.4 PD 2.0 
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PD 2.1 S/N calculation 

• PD 2.1 asks for an Average S/N value across all measured 
report ions for a given method 
 
 
 

• If the average S/N value is above the user set value, the 
PSM is included in the peptide and protein quantification: 

Average = 8.75 (< 10) 

Average = 10.1 (> 10) 
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Normalization in PD 2.1 

New normalization options: 
1) Total Peptide Amount 
2) Specific Protein Amount 
3) None 

 
If specific protein amount is 
chosen, the user can 
choose an indexed FASTA 
files with the list of proteins 
to use for normalization. 
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Scaling in PD 2.1 

• Averaged scaled abundance equals 100 regardless of 
number of channels 

• Scaled abundance values are displayed for peptide groups 
and proteins 

• Samples or channels with higher abundance will be colored 
red while samples or channels with lower abundance are 
colored blue: 
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Sorting scaled abundance columns in PD 2.1 

• Select column name and click up or down triangle to sort: 
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New custom ratio calculation in PD 2.1 

Sample group selection 

Manual ratios 

Bulk ratio calculation 

Selected ratios for 
display in report 
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Custom ratios in PD 2.1 – example 2 
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What about statistics? 

• Ratio variabilities no longer available for a single experiment 
• However, when analyzing replicates, standard errors are 

calculated for ratios 
• How do I know when I have replicate data? 

• Value in final result 
will be the average 
of the four datasets 

 
• Standard errors will 

be calculated for 
each peptide and 
protein across 
replicates 

 



25 

Results from biological replicate search 

• Replicates grouped into ratios + standard errors 

Blue bars =  
average scaled abundance 

Error bars =  
standard error of all replicates 

Grey bars =  
individual dataset abundances 
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TMT 10-plex correction factor certificate 
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New user interface for adding correction factors 

 
 
 
 
 
 
 
 
 
 
 
Correction factors are not required for  high resolution TMT 6-plex or iodo-TMT 

experiments 
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Example Dataset – Gygi group MCP paper on 
diauxic shift in yeast 
• TMT 10-plex experiment on an Orbitrap Fusion using the 

TMT MS3 method 
• Monitored yeast protein abundances while monitoring 

glucose depletion 
• 10 time points (5, 7, 9, 11, 13, 15, 17, 25, 29, 33 hr), 3 

replicates, each with 12 fractions 
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Yeast datasets are available for download from 
PRIDE 

Replicate 1 

Replicate 2 

Replicate 3 



30 

Step 1 – Create new quantitative method using 
correction factors from TMT CofA 



31 

• Type in percentages exactly as shown in certificate (numbers 
between 0 and 100): 
 
 
 
 
 
 
 
 
 

• Save as new method. 

Step 1 (cont.) -  
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Step 2 - Create New Study 

Choose quan method that 
was just created 
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Step 3 – Set up study factors 



34 

Step 4 – Import data files 

• Choose “Add Fractions” to combine all data files from a 
multidimensional separation into a single logical file: 
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Step 5 – Assign Quan Method to each sample 
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Step 6 - Assign study factors to reporter ions 
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Step 7 – Create New Analysis 
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Step 8 – Choose processing workflow 

Make sure to select yeast FASTA 
database and add appropriate PTM’s (e.g. 
TMT 6 plex, carbamidomethylation) 

Reporter ion quantification set 
to MS3 by default in this 
method Default processing workflow 

for TMT SPS MS3 method 
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Step 9 – Choose consensus workflow 

Workflows with “Quan” in title 
include Peptide and Protein 
Quantifier node 
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Step 10 – Modify Peptide and Protein Quantifier 

* 
* 
* 

* 

Starred settings are recommended 

* * 
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Step 11- Drag files into analysis 

Select all three files above and then 
left click, hold, and drag to input 
files box in analysis 
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Step 12 – Grouping and Quantification tab 

1) Choose study factor 

2) Select 5 hr as 
denominator(or any 
other factor of interest) 

3) Click “Add Ratios” 

Note that all abundance values 
calculated for each study factor will 
be the average of the 3 replicates 

Click “Run!” 
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Search results - >4700 proteins, >88000 unique 
peptides 

Heat shock protein increases in abundance with decreasing glucose 
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Search results - >4700 proteins, >88000 unique 
peptides 

DNA-directed RNA polymerase I decreases in abundance with decreasing glucose 
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Extra credit – Profiling of scaled intensities in 
ProteinCenter 
1) Export the proteins page to Excel 
2) Rename the column with accession numbers as “KEY” 
3) Rename the grouped abundance columns to AQR1, AQR2, 

AQR3, etc. 
 
 
 
 
 

4) Save as .csv 
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Profiling in ProteinCenter 

• Import .csv into ProteinCenter 
• Click on the dataset and navigate to Profiling tab 
• Move all “AQR#” values to “Selected” 
• Choose an appropriate group count (10-15 works) 
• Click “Profile” 
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Profiling results 

Click to see list of proteins 
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Cluster 1 – Proteins listed in order of decreasing 
emPAI 

 
 
 
 
 
 
 
 
 

Cytoplasmic ribosomal proteins are highly overrepresented in 
this cluster.  On average, ribosomal proteins are decreasing in 
abundance as the number of cells increase in time. 
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Cluster 4 – proteins that increase in abundance 
after glucose depletion 

Proteins from TCA Cycle  
are overrepresented 
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Cluster 5 – proteins that match glucose 
concentration 

 
 
 
 
 
 
 
 
 
 

 



51 

Cluster 11 – pattern not identified in Gygi paper 

Many mitochondrial ribosomal 
proteins 
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Conclusions 

• With scaled abundances, ratio calculations become less 
important 
• Immune to “0” values in the denominator 
• Can export for profiling 

• New user interfaces are much easier to use than in previous 
releases 
• Ratio calculation page much improved over 2.0 
• Correction factors easy to add 

• Best quantitative results from any PD release so far! 
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