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Framework for NMFwithDBcreator

NMFwithDBcreator involves a four step process and
consists of the following three executable files:

| _NMFdeconvolution _expand.exe
Il_IV_LibrarySearch.exe
Ill_DBCreator+.exe

Each of the files is executed in the corresponding step; then,
the database file is created as the final output.

Detailed explanations are given on the following pages.



Requirements for NMFwithDBcreator

OS: Windows 10

At least 10 GB RAM and a 64-bit OS are recommended for large
amounts of data.

Installation of “R” statistical software is required. Freely
downloadable from:

https://cran.ism.ac.jp/

netCDF data from GCxGC-HRTOFMS have been confirmed to work
in this software.

Do not touch the computer keyboard during a few seconds,
because this tool automatically inserts the required information —
there is no need for you to do anything. Please save and close
important files before starting the tool.

Demonstration data are included in this software folder. Also, it is
available via the following link (Japanese site with English
translation):

https://www.nies.go.jp/analysis/downloads.html

NIST MS Search software is required for “Il_IV_LibrarySearch.exe”
and “Ill_DBCreator+.exe”.




| NMFdeconvolution expand.exe

Step 1:

Spectral deconvolution is executed. Then, all the generated
peaks, including the original peak with RTs and MS spectra, are
listed in a csv file (optional). In addition, a file with the format for
a library batch search in the NIST library is generated.



| _NMFdeconvolution _expand.exe
How to Execute (1)

& NMFdeconvolution exe (64 bit version)

- Choose files -

Sellect cdf file for NMFdeconvalution
File.

S

- Select save files position -

File..

- Required R Packages -

If not installed, run the enclosed script in the software folder.

- Check your R version -

.Ris' 0. Input your R dversion for using.

Place of R falder is [Program files]. Check off if C drive directly

NMF parameter Data properties and Prefilters

@ ® W O

o | Select NMF algorithm,

|

.| Select initial seeding method.

Fndsvd]

|5 | Factor setting: The number of factors (ranks)

4 Output setting: The number of factors (ranks) to output. Should be lower than the Factor setting

0.1 Precision: Precision of m/z value in NMFdeconvolution

NMFdeconvolution run  [] Execute database construc

Sellect save folder and input file name. Chromat pictures (jpe) and a

Check that all of packages [ncdfd, EBImaee, xtable, NMF] are installed.

result file (csv

) are crea

®

ted.

1 | Peak picking parameter: Watershed method is applied. The highest resolution is 1 (Integer)

tion

(D Choose your measurement

< data file (.cdf).

(@ Set an output folder and
file name.

3 You need to install the
required program packages. If
not, install them by running a
script in the provided file
“Run_me_for_package

_instllation.r”.

@ Set file path to run “R”. You
need to know where and
which version of “R” is
installed on your computer. Is
it located directly on the C
drive or in “Program Files”?

B and ®) See next two pages.



| _NMFdeconvolution _expand.exe
How to Execute (2)

MMF parameter | Data properties and Prefilters

Select MMF aleorithim.

-1
@ - oelect initial seeding method.
@ 2 5 Factar zetting: The number of factors (ranks).
4 Cutput setting: The number of factors (ranks) to output. Should be lower than the Factar setting
@-3 0.1 Precigion: Precizion of ms/z value in NMFdeconvalution
@ 4 1 Peak picking parameter: Watershed method is applied. The highest resolution is 1 (hteger)

|NMFdecﬁn'.rﬂ|'un'ﬁn run| Execute database construction

®)-1 Select NMF algorithm and initial seeding method. Frobenius and nndsvd
method are the default settings.

(-2 Input the number of factors (ranks). “Output setting” describes the number of
factors to output. Factors with a higher rank are chosen in descending order.

(5-3 Set precision of m/z, used as the variance in NMF deconvolution: m/z = 100.1,
100.2, 100.3, ... in the case of 0.1. Lower values have higher calculation cost.

(-4 Peak range is defined based on this parameter. Basically the value one should
be chosen. If you want to expand the range for peaks, choose a larger value (must
be an integer).



| _NMFdeconvolution _expand.exe
How to Execute (3)

MMF parameter | Data properties and Prefilters

@_5 | | Select M3 type.
@ Mazs Defect filter (MDF): Only for HRzcan mode MDOF on @ MOF off
-6
0.2 MOF value: The value for MDF (Dogsn't wark in caze MOF off is chosen).
@ 7 0 M3Sthreshold: The minimum threshold of on intensity.

Raree of msz Should be within the range in measurement data

®)-8 | s =~ §00

4 MPeriod: The modulation time period.

®

|NFL’TFUEGG|’T'-’GJ'UT1"G” n"LI'n’T| | Execute databaze construction

« (B)-5 Select “HRscan” for data with high mass resolution. Select “scan” for nominal mass
data. This parameter is related to MDF only. Usually, “HRscan” should be selected.

« (-6 MDEF setting as a pre-filter for the data. The next column describes the MDF value. See
Hashimoto et al., 2013, J. Chromatogr. A 183-189 for details of MDF processing.

« (-7 Threshold for ion intensity values is adjusted here.

« (5-8 Describes the range of m/z in NMF deconvolution. This range should be within the
range of the measurement data.

« (-9 Describes the modulation period (sec) in the measurement by GCxGC.
« (® If checked, files of peak lists and NIST Search are generated in database construction.




Screenshot of Process
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After clicking button “NMFdeconvolution run” with correct configuration, “R” is activated
and starts to load the code according to the configuration.

After loading all the code, peak deconvolution for each peak begins.
Typically, it takes 1 to 5 seconds for a peak, and an hour for an entire chromatogram of size

100 MB to be deconvoluted.

The calculation cost increases according to the precision of m/z. It takes an hour to
generate three deconvoluted layers with precision m/z = 1, an hour to generate a layer
with precision m/z = 0.1, and 2~3 hours to generate a layer with precision m/z = 0.05.

A CDF file is generated in the save folder as the output of the deconvolution.
In the following process, files of peak lists and NIST Search are generated if ® is checked.



Output File (1)

The generated CDF file can be opened with the software GCimage.

Other several free tools, such as R, is available.

Easily, the following site provides a web-application to visualize GCxGC data.
GCxGC Mixture Touch:

http://www.mixture-platform.net/Mixture_Touch open/

- MF 792

| MF 774

CI_ 1" Deconvoluted
- ~T | spectraare stored in

each layer.

|l *Higher intensity in

;@T peak top within the

deconvoluted peak is

NMF-based deconvolution . \ stored in upper layer.
Y ~ WH . : ,
min [DCY,WH) + ROW, ) . The layer is output according to

the “output setting”.



Output File (2)

A number of output files are generated depending on the setting for “output
setting”.

The name of the original cdf file is set to
“filename_layer0.cdf”.

The name of the deconvoluted file for the first layer is set to
“filename__ layerl.cdf”.

If ® is checked, files of peak lists and NIST Search are generated following
the peak picking process, after the deconvolution process. This process takes
a few minutes.

Both

“MSpeaklist_filename_layer0.csv” and
“MSpeaklist_forNISTsearch_filename_layerQ.txt”
are generated in the process.

Furthermore,
“Combined_MSpeaklist_filename.csv” and

“Combined_MSpeaklist_forNISTsearch _filename.txt” form the combined list of
information on peaks in each layer.



Il IV LibrarySearch.exe

Step 2 and Step 4:

The file for batch search in NIST library is loaded and the result is
output.

Step 4 is provided merely as a final check of extracted peaks

after the database construction in step 3.

* Step 4 using this exe file is not absolutely essential. The simplest way is to manually
open and load the file for batch search in the NIST MS Search software.



Il IV _LibrarySearch.exe
How to Execute (1)

#l Library Search submission

Caution!! This program overwrite the files of NIST MS Search (AUTOIMP.MSD,
secondLocator fil) to default. Save and store them outside of the NIST folder, if vou have

your own setting.
- Choose files -

9,

Sellect txt file for Library Search

Expected calculation time (h)

@

\oz/NISTl 7

45

©)

*¥Qutput file will be coppied in the folder of input file, after all the =each done.

Thus, expected time should be longer than NIST processing time. 14000 list
(=Max) takes around 45 hours. FinalCheck_forNISTsearch file is preferable to
be directly imported in NIST MSsearch, manually.

Input folder path of NISTlibrary including correct version of NIST to call up

Library Search run

0 The following two files are automatically placed in the folder for the NIST
library program, prior to starting the search:

“AUTOIMP.MSD” and “secondLocator.fil”

Caution!! Original files are stored in the location “C:/NISTversion/MSSEARCH”;
please move the original files to a different location, if you have your own
search setting.

(D Select a file to execute batch search in the NIST library. The file name should
be “Combined _MSpeaklist_forNISTsearch _filename.txt”, if the user has not
changed it.



Il IV _LibrarySearch.exe
How to Execute (2)

Library Search submission — ot
- ry

0 Caution!! This program overwrite the files of NIST MS Search (AUTOIMP.MSD,
secondLocator fil) to default. Save and store them outside of the NIST folder, if vou have
your own setting.

- Choose files -

® Sellect txt file for Library Search

| File.. |
Expected calculation time (h) :4-5 *¥Output file will be coppied in the folder of input file, after all the seach done.
Thus, expected time should be longer than NIST processing time. 14000 list
(=Max) takes around 45 hours. FinalCheck_forNISTsearch file is preferable to
@ be directly imported in NIST MSsearch, manually.
‘Ci/NIST]? Input folder path of NISTlibrary including correct version of NIST to call up
@ Library Search run

« (2 Input an estimated required time to complete NIST Search. Owing to the
process of automatically moving an output file after completion of NIST Search,
the required time should be estimated with plenty of margin; e.g., it generally
takes 4 hours for 14000 entries, and thus 4.5 hours is recommended as input.

« @ Input the folder path of the NIST library to use in the search. The path
depends on which version of the NIST library is used.

e All parameter settings in the NIST library should be completed before execution.
For the parameter settings, run the NIST MS Search software and select “library
search option”. The recommended settings are “similarity” with “simple search”
in the search mode, and one for “Number of hits to print”.



Output File

Urknown: Scan 10 Compound in Library Factor = N/A
Hit 1 @ (Hexasiloxane, 1,1.3,3,5,5,7,7,9,9,11, 11 -dodecamethy [ ->>; <<C12H3805516>>; MF: 6165 RMF: B48; Prob: -1.00; CAS:995-82-4; Mw: 430; Lib: <mainlibd>; Id: 39868,
Unknown: Scan 2 0 Compound in L|brary Factor = N/A
Hit T @ <<Hexasiloxare, 1,1,3,3,5,5,7.7.9.9, 11,11 -dodecamethy | ->>; <<C12H38005 i 6>>: MF: 619; RMF: 652; Prob: -1.00; CAS:995-82-4; Mw: 430; Lib: <<mainlib>»; Id: 39868.
Unknown: Scan 3 0 Compound in lerary Factor = NAA
Hit 1 : <<Hexasiloxare, 1,1,3,3,5,5,7,7,.9,9,11, 11 -dodecamethw | ->>; <<C12ZH380RSiB>>; MF: B17; RMF: B50; Prob: -1.00; CAS:995-82-4; Mw: 430; Lib: <<mainlib>»; Id: 39863.
Urknown: Scan 4 0 ompound in lerary Factor = N/
Hit 1 @ (Hexasiloxare, 1,1.3,3,5,5,7,7,9,9,11, 11 -dodecamethy [ ->>; <<C12H3805516>>; MF: 623; RMF: B56; Prob: -1.00; CAS:995-82-4; Mw: 430; Lib: <mainlibd>; Id: 39868,
Unknown: Scan b 0 ompound i L|brary Factor = N/A
Hit T & <<Hexasiloxare, 1,1,3,3,5,5,7.7.9.9, 11,11 -dodecamethy | ->>; <<C12H38005 i 6>>: MF: 613; RMF: 646; Prob: -1.00; CAS:995-82-4; Mw: 430; Lib: <<mainlib>»; Id: 39868.
Unknown: Scan B 0 Compound in lerary Factor = NAA
Hit 1 : <<Hexasiloxare, 1,1,%,%,5,5,7,7,.9,9,11, 11 -dodecamethw | ->>; <<C12ZH380RSiB>>; MF: 623; RMF: B57; Prob: -1.00; CAS:995-82-4; Mw: 430; Lib: <<mainlib>»; Id: 39863.
Unknown: Scan 7 0 ompound i L|brary Factor = N/A
HiE 1T é<Hexasi|oxane, 1,1,8,3,5,5,7.7,9,9,11, 11 -dodecamethy [ ->>; <<g12H38028|6>i hMF BEU +RMF E5i; Prob: -1.00; CAS:995-82-4; Mw: 430; Lib: <<mainlib>>; Id: 39368,
An example of the output
e Atext file describing the results of the NIST Search of all peaks is the output.
[ . . ll . . ”
e Search results with a number matching the setting “Number of hits to print
are assigned to a peak.
. “« . LM
* Inthe case of the upper figure, “Number of hits to print” is set as one, and
therefore, the search result is recorded in the output file.
[ ]

The output file name is set to:
“Combined_MSpeaklist_forNISTsearch_filename.txtOutputLibrarySearch.txt”



IIl_DBCreator+.exe

Step 3:

The list of all peaks obtained by deconvolution is extracted under
certain conditions in this step.

Through this process, the database file and the file for the final
check of spectra in the NIST library are generated simultaneously.



IIl_DBCreator+.exe
How to Execute (1)

dly DBCreator+ exe (64 bit version) -

- Choose files -

S

Sellect txt file of NIST MS search output

- Choose files -

Sellect csv tile of MSpeaklist result

File..

- Select save files position -

Sellect save folder and input file name. Chromat pictures (jpe) and a result file (cev) are created

File..

- Check your R version -

Fe400 Input your R version for using.

Place of R folder is [Program files]. Check off if C drive directly

@ ® O O

NIST MS Search setting GG zetting

‘SUU . Match Factor (MF) threshold: NIST Hit list with the setting MF value and over is extracted. Range 0™ 1000
1 | Number of hits to print: Should be same with NIST MS search setting

Keyword: Keyword in chemical formula to extract from the hit list. eg.) Chlorinated compund is extracted by Cl

DBcreator+ run

|
() Select a txt file for the NIST

search result. The name of the
file is
“Combined_MSpeaklist_forNISTs
earch_filename.txtOutputLibraryS
earch.txt”, if no changes have
been made to the file name in
the previous step.

(@ Select a csv file with the peak
list; default name is
“Combined_MSpeaklist_filename.

n”

CSv .

@) Choose save file location and
input save file name.

@ Select version and location of
software R.



IIl_DBCreator+.exe
How to Execute (2)

NIST M3 Search setting | GG zetting

@—1 300 Match Factor (MF) threshold: MIST Hit list with the setting MF walue and over iz extracted. Range 07 1000
@_2 1 Mumber of hitz to print: Should be zame with MIST M3 zearch zetting
@_3 Kewword: Keyword in chemical formula to extract from the hit list. eg.) Chlorinated compund iz extracted by Gl

| DBcreator+ run |

 (B)-1 Lower threshold value of MF to extract from the peak list.

« (5)-2 “Number of hits to print”, which is selected in “Library
Search Option” in NIST MS Search.

 (5-3 Entries containing this keyword in the assigned formula
are extracted from the list. If “Cl” is input, entries with “Cl” in
their formula and at the same time, greater than the MF
threshold, are extracted.



IIl_DBCreator+.exe
How to Execute (3)

MIST MS Search setting | G0 =setting

1 GG tolerance (min: Multiplicate entries in the hit list within this range is removed.

1 G52 tolerance (zec): Same az above. Both GG 1 and G2 talerance iz considered at the same time.

4 MPeriod: The modulation time period.

| DBcreator+ run |

B)-4 Input tolerance of retention time in GC1 and GC2.

If 1 min and 1 sec are chosen, entries in the same assignment
within this tolerance are regard as duplicates. Thus, the entries
are deleted except for the entry with the highest MF.

(5-5 Input modulation time period applied in the measurement.



Output File

BlobID Compound Grou) Rtc Inte Peak I (mir Peak Il (se IS M F3  MF RMF CAS LibID Lib file.n deconv.nur MST MS2
1 HeptadecaiNA 0 O 10.88133 1.230071 0 C18H38 917 934 13287-23- 22596 mainlib fileN 0 57.07812 71.09436

NA NA NA__NA NA_NA NA NA_NA NA NA NA NA NA NA__NA 10,8538 1077631
2 Hexadecan NA 0 O 18.948 0.753914 0 C20H4002 962 966 111-06-8 20871 mainlib fileN 0 56.06208 57.06959

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 12.67844 7087579
3 Octadecan NA 0 o 23.348 0.119039 0 C22H4402 916 916 123-95-5 20912 mainlib fileN 0 56.06212 57.06972

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 12.02491 7.305549

Part of the list in database file
Information on a peak is summarized across two rows

The following three output files are generated.

1. The list of extracted peaks based on certain conditions. This file
consists of meta data such as compound name, RT, formula. The file
name is set to “SimplePeaklist_conditionkeyword MF _Mmfvaluefilename.csv”.

2. This file comprises a compound database that is used by the TSEN
program. It includes MS spectra in addition to file (1), and the file
name is “Database_conditionkeyword MF_MFvaluefilename.csv”.

3. This file displays the compound spectra in the final list of the database.
The file name is set to
“FinalCheck_forNISTsearchDatabase conditionkeyword MF MFvaluefilena
me.CsV.txt”. The MS spectra in the final list are visually confirmed point-
by-point by loading this file in NIST MS Search.




Precautions

- About the source file

* Keep the source files “1INMFdeconvolution.r”, “2MSpeaklist.r”,
“3FinalDBcreate.r” and “4DBfinalCheckInNIST.r” in the same
directory as the .exe files “I _NMFdeconvolution_expand_en.exe”,
“Il_IV_LibrarySearch.exe”, and “lll_DBCreator+_en.exe”.

- If the software freezes, you can exit by clicking the icon at the bottom
right of the screen.

- License: Artistic License 2.0

- Disclaimer: The developer is not responsible for any hardware or
software damages, data losses or false inferences caused by the use of
this software.



