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GC-MS

o Powerful technigue used in metabolomics study

o ldentification is based on a retention time (”7) and a mass
spectrum — build library

o Significant nonlinear inter-run variance in R7

Big hurdle for multi-dimensional analysis, i.e., MCR-ALS or
PARAFAC

2-way (R7 space & mz space) data analysis more common
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Alignment Methods

e COW (Correlation Optimized Warping) — nielson et al.
Pairwise, difficult to find optimal input parameters (N, S)
Distortion of peak areas

o XCMS — smith et al.

Statistical approach based on feature detection; median
position of well behaved peak-groups

Better alignment result
e \WWhy need one more?
Output more suitable to multi-dimensional analysis
Precise alignment
Little distortion of peak areas
Easier visual inspection
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e Precise
Feature detection (TIC & EIC)
Retention time & mass spectral information
Iterative peak matching: more likely ones matched first



washAlign

e Pairwise: Sample (S) and reference (R)
o Dynamic reference peaks

o Steps:
e Peak selections - peak matching - waSh
o Peak matching (TIC vs TIC and EIC vs EIC)

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

e 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

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



Iterative Peak Matching

Retrieve the best candidate
peak from R for matching

v

Align unsolved peak to
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Comparison (Cont’d)
Peak integration errors* caused by three alignment methods
1 2 3 4
COW area %error £ SD 8.7+5.2 4,7 + 3.8 3.0+ 24 45 + 3.2
XCMS area %error = SD 0.17 = 00.14 1.29 £ 0.91 0.50 + 0.89 0.11 £ 0.10
washAlgin area %error £ SD 0.000 £ 0.00 0.002 £ 0.01 0.18 + 0.80 0.000 £ 0.00
washAlign vs. COW (t-test P val.) <1010 <1010 <1010 <1010
washAlign vs. XCMS(t-test P val.) <1010 <1010 0.08 <10-10

*area %error = 100% < (area —area,,, )/ area_,,

aligned raw
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Demo :

> alignResult <- alignineSample(sFileNo=1, rFileNo=8)

Aligning sample no = 1 ...

Finding TIC peaks for Sam. ...Donel!

Finding EIC peaks for SBam. .. ...ttt e ittt e tnetnsrtnstssosssertssssssssssnsssnsns Done!

Finding EIC peaks for Ref. ...Done!

Aligning iteratively...Donel

WaShing Tic...Donel

Aligmnment Summary:

Ref. file: D:\Devs\Align\Worm GCMS\01040704.CDF

Sam. file: D:\Devskﬂlign\ﬁcrﬁ:GCMEHDIDBDTﬂd.CDF

41 out of 44 peaks are matched in 4 iterations.

Mean shift of peaks: 3.975h61

Mean peak mass correlation (before): 0.8856085

Mean peak mass correlation (after): 0.99646

Time(s): &5.55E

> alignResult > al%gnedEics <- washAllEics ()

sTop rTop mz shift preCor postCor Wash}ng al; Bl S . o it it e i e e e e e e e e e

1 139 143 53 4 0.9877841 0.9977636 > alignedEics

2 269 276 155 7 0.4524669 0.9816376 [,1] [,2] [,3]

3 394 399 192 5 0.4281637 0.9852801 [1,1] 10 10.00000 10.00000

1 450 453 8 3 0.9714484 0.9999439 [2,] 17362 17237.79259% 16744.81481

5 549 EEO &8 3 0.7278806 0.9996624 [3,] 34610 34400.40000 34619.77778

6 697 700 155 3 0.8455646 0.9953103 [4,1 4505 4408.17037 4304.57037

7 802 805 169 3 0.5728226 0.9786473 [5,1 452  333.61481  423.71852

8 1185 1187 136 3 0.8k30645 0.9907060

9 1231 123k 192 4 0.9446699 0.9991874

10 1265 1269 194 4 0.9499426 0.9988961

11 1329 1333 308 4 0.9571284 0.9997278
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I: R Graphics: Device 2 (ACTIVE)
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Summary

e washAlign
Precise alignment with minimal peak distortion
Interactive visual checking

e Plans

Improved packaging: S4 conversion
Maintenance
Easy use

Speed, i.e., peak detections

e More information

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