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GC-MS
Powerful technique used in metabolomics study 
Identification is based on a retention time (RT) and a mass 
spectrum – build library
Significant nonlinear inter-run variance in RT

Big hurdle for multi-dimensional analysis, i.e., MCR-ALS or 
PARAFAC
2-way (RT space & mz space) data analysis more common 



Alignment Methods 
COW (Correlation Optimized Warping) – Nielson et al.

Pairwise, difficult to find optimal input parameters (N, S)
Distortion of peak areas

XCMS – Smith et al.
Statistical approach based on feature detection; median 
position of well behaved peak-groups
Better alignment result

Why need one more?
Output more suitable to multi-dimensional analysis

Precise alignment
Little distortion of peak areas

Easier visual inspection



washAlign

Little peak distortion
Warping only non-peak regions 
while shifting peak regions
Possible distortion 
only in non-peak regions 

Precise
Feature detection (TIC & EIC)
Retention time & mass spectral information
Iterative peak matching: more likely ones matched first

Warp Shift



washAlign
Pairwise: Sample (S) and reference (R)

Dynamic reference peaks
Steps:

Peak selections  peak matching waSh
Peak matching (TIC vs TIC and EIC vs EIC) 

Retention time, correlation of mass spectrum, 
simulation of subsequent peaks



Terms Defined

Every peak in S has a status
Unsolved : initial, will be tried to find a match
Solved : decision made on matching, no further trial

Matched
No-match found

Block
Group of neighboring unsolved peaks
All peaks belong to one block, initially, will be broken  
Smallest block: one peak



Iterative Peak Matching



Alignment of 45 Runs



Max deviation: 
22 scans less than 1 scan !

Deviations before and after



washAlign

Comparisons



Comparison (Cont’d)
Peak integration errors* caused by three alignment methods

<10-100.08<10-10<10-10washAlign vs. XCMS(t-test P val.)
<10-10<10-10<10-10<10-10washAlign vs. COW (t-test P val.)

0.000 ± 0.000.18 ± 0.800.002 ± 0.010.000 ± 0.00washAlgin area %error ± SD
0.11 ± 0.100.50 ± 0.891.29 ± 0.910.17 ± 00.14XCMS  area %error ± SD

4.5 ± 3.23.0 ± 2.44.7 ± 3.88.7 ± 5.2COW  area %error ± SD 

4321

*area %error = 100% × (areaaligned – arearaw) / arearaw
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Summary

washAlign
Precise alignment with minimal peak distortion
Interactive visual checking

Plans
Improved packaging: S4 conversion 

Maintenance
Easy use

Speed, i.e., peak detections
More information

Chae M, Shmookler Reis RJ, Thaden JJ: 
BMC Bioinformatics 2008, 9(Suppl 9):S15
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