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Outline

v LC-MS Data preprocessing pipeline (MZmine)
1. Peak detection
2. Deisotoping
3. Alignment
4. Gap filling
v’ Conclusions
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Data Preprocessing : Data Reduction

Pez

10 million data points
.« (100 samples = 4 GB)

Relative lon Intensity

500-1500 compounds

4000

500D . a00 id mz It isotopes adduct pc
o0’ ssCharge 4 G5 | 176.04  280.00
Retenton Tine (ecer) 76 136.05 280.43 | [14][M+1]1+ 5
77 13505 28043 | [14][M]1+ 5
Feature detection and 74 153.06 280.43 [M+H]+ 152.05437 | 5
- 75 175.04 280.43 [M+4Na]+ 152.05437 | 5
Alignment 73 197.02 280.76 [M+2Na-H]+ 152.05437 | 5
78 | 377.74  286.15
‘ 79 | 7325 286.49
e 5 , — 83 488.32 286.82 [M+Na]+ 465.33205 7
b 82 466.34 286.82 [M+H]+ 465.33205 | 7
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Data Preprocessing Pipeline

RAW DATA

Samples

PREPROCESSED DATA

Feature | Feature | Feature
1 2 n
Ret.T 0.81 0.82
m/z 50.57 100.85
Sp.1 | 45534 5445
Sp. 2 54 425
Sp.3 561 538
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Feature Detection

Intensity: 165,7

RT: 3304,2 Intensity: 139,5

Aim e

v Data reduction “h ‘ i | |

v Identification and quantification e RRMR W
of true signals l. =

v Avoid noise-induced signals ' = |

v Precise quantification

Feature : 2D-signal induced by a
single ion species of a compound
(e.g. [M+H]+)
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Feature detection : (1) Detection of mass signals

v/ Build continuous g | e el
Ch romatog rams by deflnlng g 8 | QUDDm.....'..n“...‘!O'....O.....
m/z window - ’

. - R Sfli(} 5£|35 5r!|10 54|15 55|0

v" Check its length (time |
span) and intensity s S8
(height) 2 8| T

Restrictions: 0 coe w40 s 550
* min-max peak width Seconds

 minimum peak height
 signal/noise
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Feature detection : (2) Detection of chromatographic peaks

Retention time
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Feature detection : (2) pPeak detection and deconvolution

v' To detect and quantify individual peaks in chromatograms

m/z = 356.585 +/- 0.01

1.2E51
1.1E51 C
1.0E5 1
& 9.0E41
€ 8.0E41
58
£ 7.0E41
w 6.0E41
o
Q. 5.0E4 {
ﬁ 4.0E4 1
@ 3041
2.0E4 1

1.0E4 { /\/\J

0.0E0

A J

8:20 10:00 11:40 13:20 15:00 1640 18:20 20:00 21:40 23:20 25:00
Retention time

(MZmine) Local minimum search :
Define parameters such as min height, min peak width
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Data Preprocessing Pipeline

RAW DATA

Samples

)

PREPROCESSED DATA

Feature | Feature | Feature
1 2 n
Ret.T 0.81 0.82
m/z 50.57 100.85
Sp.1 | 45534 5445
Sp. 2 54 425
Sp.3 561 538
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Deisotoping (optional)

[020510-01201.CDF] scan #1336
MS1, RT 5:01, base peak: 441 299 miz {1.14E4)

441,200
1.10E4

v Redundant info
for data analysis

8.00E3
7.00E3
6.00E3

Intensity

v Useful for
identification

3.00E3

442 208

2,00E2

1.00E3 443312
| 444 207

0.00ED = - =
441.000 441.500 442,000 442,500 443,000 443,500 444,000 444,500

m,/z

0l Scan #1336 W Peaks in 020510-01201 CDF peak list2 nal0im deisctoped W lsctopes (4) 441 299 miz @5:01 [020510-01201 .CDF)

v MZmine - m/z and RT tolerance
v XCMS - CAMERA , m/z tolerance
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Data Preprocessing Pipeline

RAW DATA

) e

s )

Samples

PREPROCESSED DATA

Feature | Feature | Feature
1 2 n
Ret.T 0.81 0.82
m/z 50.57 100.85
Sp.1 | 45534 5445
Sp. 2 54 425
Sp.3 561 538
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Peak List Alignment

Sample 1
Ret. Time m/z Height
[Area Matched Peak List
Feature 1 0.81 58.545 805.12
Ret. m/z Sampl | Samp2
Time Height/ | Height/
Area Area
Featurel | 0.81 58.565 500.12 | 805.12
Feature n 5.45 750.35 1052.45
Sample 2
Ret. Time m/z Height _
/Area Feature2 | 5.46 750.35 | 9152.55 | 1052.45
Feature 1 0.82 58.585 500.12
40.59
Feature n 5.48 750.35 9152.55
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Retention time shifts:

v" Pressure, temperature and flow rate fluctuations
v" Matrix effects
v Stationary phase decomposition

o Before alignment ‘, After alignment
(X10 . . x10°

s} T et 1 st il daa scqisiion
4 . s

35¢
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2 2sp
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15F
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Peak List Alignment

List of Integrated Peaks
[ e | UL \ -
200 490 600 8(_)0 1000 12LOO 14L00
B .
200 4?0 6?0 890 1000 1200 14L00
ES | | .
200 460 600 860 102)0 1200 14F00
B | .
2(':)0 460 600 800 10’00 1260 1460
Scan #
Alignment - Ret. time tolerance and mass tolerance (MZmine)
Il & I [ : /\ . :
200 400 600 800 1000 1200 1400
B | . , , F
290 490 600 890 1000 12L00 14L00
Il & I T '
200 460 600 800 1000 1200
7 mm F A\
200 400 600 800 1000 120 1400
Scan # e
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MZmine
Join Aligner

= Create a master peak list : concatenate all the features for
all the samples

= Alignment window : m/z and RT bi-dimensional window.

= Score function : similarity of peaks between master peak

list and each sample
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Gap Filling

Gap filling refers to recovering the missing signals from raw data.

- Aligned peak list o
D Awverage Peak sh._ 2011-04-18-16101.CDF 2011-04-18-11501.CDF 2011-04-18-14501.CDF ||
miz Ret.time Status | Area Status | Area Status | Area Y
16 [BT.0452 200 [ ] 8.2E1 [ ] 9.4E1 [ ] =l
17 |8B.0801 200 [ ] 6.4E1 [ ]
1§ [8B0062 137 [ ] §.2E2 [ ]
19 (329289 047 [ ] 5.3E2 [ ]
® @

20 [93.0339 376 ‘ 5.3E1

@
3 4E7 47E2
25E2 . 5.7E2

Missing peaks
Missing peaks:

1. True zeros. They don’t appear in that sample.

2. False zeros. Low intensity, bad quality shape, or a mistake in
peak detection.
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Gap Filling

|£] Aligned peak list
D Average Peak sh._ 2011-04-18-16101.CDF 2011-04-18-11501.CDF 2011-04-18-14501.CDF
miz Ret.time Status | Area Status | Area Status | Area
16 [B7.0452 200 9 3.2E1 ] 9.4E1 9
17 |38.0401 200 [ ] £.4E1 [ ] [ ]
18 [89.00682 137 [ ] 6,262 [ ]
19 925283 047 [ ] 5.8E2 [ ] 3.4E2 47E2
20 930333 378 | [ ] 9.3E1 [ ] 2 5E2 [ ] 5 7E2
Missing peaks
& Aligned peak list gapilled =
— Average Sa— 2011-04-18-16101.CDF 2011-04-18-11501.CDF 2011-04-18-14501.CDF
m/z | Ret.time Status | Area Status | Area Status Area
16 |[BT.0451 200 ® 8.2E1 [ ] 9.4E1 7.1E1
17 [@8.0407 204 ® 6.4E1 7.8E1 7.0E1
13 [89.0071 137 ® 6.2E2 1.9E0 3.0E0
19 (329289 047 ® 5.8E2 [ ] 3.4E2 47E2
20 [93.0339 376 ® 9.3E1 [ ] SE2 [ ] 5.7E2
i

Gap-filled peaks
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Gap Filling (MZmine)

v This algorithm fills the gaps in the peak list from raw data
according with the parameters defined by the user.

v The most crucial parameters are m/z tolerance and RT
tolerance which define the window where the algorithm
should find the new peak.
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Comparison of humber of total features

Seed extracts analyzed by HPLC-QTOF
Tautenhahn et al. (2008)

MarkerLynx MZmine XCMS XCMS XCMS MZmine

(centWave) (matchedFilter)

Number of 1852 1501 1562
features Number of 2634 1568 2529
features
centWave matchedFilter
MarkerLynx MZmine I
864
mzMine
Common features » 25% Common features » 44%

Tautenhahn R, Bottcher C, Neumann S (2008) BMC Bioinformatics 9: 504.
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Practical properties of MZmine, XCMS and MarkerLynx

MZmine XCMS MarkerLynx
Availability Free Free Commercial
. e R software command .
e GUI ! e GUI
ine
User interface e Norequirement of . . o Norequirement of
) ) e  Some programming skills ] )
programming skills ] i programming skills
is required

) ) e  Adjustable to maximum
e  Adjustable to maximum ] )
available memory in the

available memory in the PC. S e Fixed
Memory usage e Less efficient than XCMS e e.g. maximum ~1000
_ e ¢e.8.16GBRAM=
e.g. 16 GB RAM = maximum ) samples
maximum ~5000
~2000 samples
samples
e Adjustable to maximum e Adjustable to maximum .
CPU usage ] ) ] ) e Fixed
available CPU in the PC available CPU in the PC

° Basic identification tools.
e Automated advanced

dentification e Automated advanced tool ——— e  Basicidentification
CAMERA is incorporated AR tools
from XCMS
Coverage of e Allsteps e  Final feature table e Gap filling is missing
preprocessing pipeline includes isotopic peaks 1@;

Visualization of the &
Yes Yes No
results .
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Conclusions — Comparison of data preprocessing methods

v Considering the large number of peaks with varying peak shapes, so far
there is no common method to evaluate the preprocessing algorithms

from different software.

v Parameter settings: Evaluate based on your instrument
Try several settings

v None of the software tools was able to extract all metabolites.

v" Use more than one software tool.
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Thank you for your
attention!!




