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·Advanced processing techniques  

 



VAST Scientific 

·Boston area based life science informatics 

consulting firm.  

·Specialize in scalable scientific computing 

and cloud application development.  

·Contracted by BRIMS / Thermo Fisher to 

develop SIEVE.  

www.vastscientific.com  



Why Label Free? 
Disadvantages  Advantages  

·Generally requires more 
instrument time  

·Vulnerable to systematic effects 
associated with extended 
measurements (drift,  sample) 

 

·MS/MS Independent 

·Support targeted iterative 
feature discovery 

·Best dynamic range compared 
to isobaric tags 

·Cost effective 



What is SIEVE? 

ÅStatistically rigorous automated label-free LC-GC/MS 
differential analysis platform 

 
 
 
 
 
 
 
 
Applied to: peptide, protein, small molecule data 

State 1      
raw file 

State 2 
raw file 

3ÔÁÔÅ ȣ 
raw file 

SIEVE 
Workflow  

Align 
Frame 

Identify  

Results: 
ÅFeature Identification 
ÅQuantification  
ÅStatistical Significance 
ÅTrend information  
ÅQuality assessment 



Why SIEVE? 

·Robust quantification  

·Orbitrap  + SIEVE deliver high reproducible 

measurements  
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ÅCV measured from 
integrated intensity of 
reconstructed ion 
chromatogram 
 
ÅSpiked protein mixture 
with ecoli background 
 
ÅFour technical replicates 



Broad Dynamic Range  
·Integrated Intensity distribution spans more 

than five orders of magnitude.  

SIEVE Analysis 
 
BRIMS OrbiTrap Calibration Curve 
Study 
 
Plasma with spiked internal 
standards 

 
 



SIEVE Workflow 

Align 

ɆChromographic alignment 

ɆScalable Adaptive Tiled Algorithm 

Frame 

ɆGlobal unsupervised intensity-based features 

ɆReconstructed chromatograms 

ɆSignificance statistics and annotation filters 

Identify  

ɆSEQUEST for protein/peptides 

ɆChemSpider for small molecules 



Adaptive Tiled Chromatographic Alignment 

Å Uses full scan data only 

Å Does not require spike landmarks 

Å Scalable for parallel processing 

SIEVE Chromatographic Alignment  



ÅPairs of full scan spectra are 

taken from each raw file 

Raw 
File  

Raw 
File  

SIEVE Chromatographic Alignment - Correlations 



Raw 
File  

Raw 
File  

ÅPairs of full scan spectra are 

taken from each raw file 

 

Å The spectra are separated into 

bins of size (CorrelationBinWidth) 

SIEVE Chromatographic Alignment - Correlations 
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Raw 
File  

Raw 
File  

ÅPairs of full scan spectra are 

taken from each raw file 

 

Å The spectra are separated into 

bins of size (CorrelationBinWidth) 

 
Å A correlation between the two 

spectra is calculated. 

SIEVE Chromatographic Alignment - Correlations 



Red for high 
correlation 

Green for low 
correlation 

ÅPairs of full scan spectra are 

taken from each raw file 

 

Å The spectra are separated into 

bins of size (CorrelationBinWidth) 

 
Å A correlation between the two 

spectra is calculated. 

 
Å A (large) matrix is constructed 

that contains the spectra-to-

spectra correlations S
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SIEVE Chromatographic Alignment  
Correlation Matrix  



ÅPairs of full scan spectra are 

taken from each raw file 

 

Å The spectra are separated into 

bins of size (CorrelationBinWidth) 

 
Å A correlation between the two 

spectra is calculated. 

 
Å A (large) matrix is constructed 

that contains the spectra-to-

spectra correlations. 

 
ÅAn optimal path through the 

matrix is determined using 

dynamic programming. 
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SIEVE Chromatographic Alignment 
Optimal Path 



Why Tile? 
 
Old method (ChromAlign): 
 
Å  Memory required to store typical 

full matrix between two files: 

Å 5000 scans each file 

Å ~1 Gb 

 
ÅMost calculations are for non-

correlated spaces (waste in cpu 

and memory) 
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SIEVE Chromatographic Alignment 
Adaptive Tile Algorithm  



 

ÅAn overlapping tile is constructed 

from the next region starting from 

the middle of the optimal path. 

 

 

Tile size can 
dynamically 

change size based 
upon the tile 

alignment score. 

SIEVE Chromatographic Alignment 
Making Tiles 



ÅAn overlapping tile is constructed 

from the next region starting from 

the middle of the optimal path.  

 

ÅThe full plane is tiled and a final 

alignment score is calculated. 

 

 

Overlapping 
measurements 
are averaged 

SIEVE Chromatographic Alignment 
Tiling the full matrix  



Unaligned 
basepeaks 

SIEVE Chromatographic Alignment - BEFORE 



Aligned 
basepeaks 

Alignment scores 

SIEVE Chromatographic Alignment - AFTER 


