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Preface

Welcome to the Scaffold Elements User’s Guide. Its purpose is to answer users’ questions and guide them
through the procedures necessary for using Scaffold Elements efficiently and effectively.

Using the manual

A Table of Contents and an Index are provided in this manual for the user’s convenience. This Preface also
provides a brief discussion of each chapter to further assist users in locating needed information.

Special information about the manual

This User’s Guide has a dual-purpose design. It can be distributed electronically and printed on an as-
needed basis, or it can be viewed on-line in its fully interactive capacity. If users print the document, for
best results it is recommended that they print it on a duplex printer; however, single-sided printing is also
possible. When the document is viewed on-line, a standard set of bookmarks appears in a frame on the left
side of the document window for navigation through the manual. For better viewing, users can decrease the
size of the bookmark frame and use the magnification box to adjust the display according to their viewing
preferences.

Conventions used in the manual

The Users Guide uses the following conventions:

* Information that can vary in a command—yvariable information—is indicated by alphanumeric
characters enclosed in angle brackets; for example, <Analyte Name>.

* A new term, or term that must be emphasized for clarity of procedures, is italicized.

*  Page numbering is “on-line friendly.” Pages are numbered from 1 to x, starting with the cover and
ending on the last page of the index.

e This manual is intended for both print and on-line viewing.

* Ifinformation appears in blue, it is a hyperlink. Table of Contents and Index entries are also hyperlinks.
Click the hyperlink to advance to the referenced information.

e A sample set of Demo data, available for download from Attp.//www.proteomesoftware.com/products/
demo-data is used as the basis for most screen captures, examples, and data manipulations that are
shown in the manual.






Chapter 1

Getting Started with Scaffold
Elements

System Requirements

For information about the system requirements for Scaffold Elements, see:

https://support.proteomesoftware.com/hc/en-us/articles/213578086-Scaffold-Software-System-
Requirements

Installing Scaffold Elements

Scaffold Elements runs on Windows, MAC or Linux systems. Follow these instructions to install the
application on your system:

Request an evaluation by filling in the form found at. You will receive download instructions and a license
key to activate the software via email.

2. Download and launch the installation executable.

3. Carefully follow the instructions provided in the installation wizard, accepting the user agreement
when prompted and moving through the screens by clicking Next.
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%] Setup - Scaffold — O =
Welcome to the Scaffold Setup Wizard
This will install Scaffold On your computer.

A previous installation has been detected, Do you wish to update
thatinstallation?

(@ ¥es, update the existing installatiori €

() No, install into a different directory

Click Mext to continue, or Cancel to exit Setup.

Proteome
Software

Mext = Cancel

Figure 1-1: Scaffold Elements installation Setup Wizard

4,

In order to process raw data, Scaffold Elements requires a working installation of MSConvert, which is

an application included in the open source cross-platform tool kit ProteoWizard'. During the initial
installation of Scaffold Elements, the installer will prompt the user to download and install
ProteoWizard. If you already have MSConvert installed on your system and the version number is
greater than or equal to the indicated version, you may skip this step and proceed to step 5.

If a ProteoWizard installation is not yet available on your computer or the proper version is not
installed, click the button labeled “Download ProteoWizard”. A web browser will open; select the
option, “I agree to the licensing terms -download ProteoWizard” and install ProteoWizard.Once you
have completed the ProteoWizard installation, return to the Scaffold Elements dialog box to finish the
installation of Scaffold Elements.

Click “Next”. If Scaffold Elements has located an acceptable version of MSConvert, its location will
be displayed. If the box is empty, use the Browse button to locate and select the MSConvert.exe file on
your system; generally, this will be located in a subfolder of “C:\Program Files\ProteoWizard”. Click
“Next”.

The installer will then provide you an opportunity to allocate memory to Scaffold Elements. We
recommend that you set the Maximum Memory to approximately 80% of the amount of physical RAM
on your system. Click “Next”.

You may then select a Start Menu Folder for the application and choose whether or not to create
shortcuts for all users of the system. The next screen allows you to set a file association between

Chambers, M. et al. Nature Biotechnology, 30, 918-920 (2012) doi:10.1038/nbt.2377
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METDB files and Scaffold Elements, and the following screen allows creation of desktop icons.
Clicking “Next” begins the installation.

9. Finally, Scaffold Elements allows you to select the option to have the program open at the closing of
the wizard. Click “Finish”..

For better performance you should allocate as much RAM as possible to Scaffold

@ Elements. The memory setting can be adjusted after installation by selecting the
menu option Edit > Preferences - Memory tab. You must close Scaffold Elements
and restart the program in order for the new memory setting to take effect.

After Scaffold Elements has been installed on a computer, a shortcut icon for the application is placed on
the desktop. An option is also available from the Start menu. Double-clicking the desktop icon launches
Scaffold Elements, as does, for Windows computers, selecting the option from the Start menu (Start > All
Programs > Scaffold Elements > Scaffold Elements)

Scaffold Elements User’s Guide 7



Licensing

Licensing

The first time Scaffold Elements opens after installation, the Enter License Key dialog box opens.

Keys and passwords may be typed, pasted or dragged into the appropriate fields. Both items may be pasted
or dragged together.

Figure 1-2: Scaffold License Key messages

g_’_:, Please Enter a License Key >
Thank you for downloading and installing Scaffold . To unlock Scaffold |, please
enter a license key. The free Scaffold Viewer requires no key to view files,

License ID:
Password:
Exit Scaffold C Continue in Viewer Mode

Two kinds of keys are available to activate the software:

Evaluation key - An Evaluation key is valid for a limited period. A free evaluation key for Scaffold
Elements may be obtained through www.proteomesoftware.com. An evaluation key may be used on two
computers. Once the key and password have been copied and pasted into the license key dialog box, a
message will appear below it, displaying confirmation of the key registration. Pressing OK starts the
application.
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Licensing

Figure 1-3: Evaluation License key

gﬁ, Please Enter a License Key >
Thank you for downloading and installing Scaffold . To unlock Scaffold . please
enter a license key. The free Scaffold Viewer requires no key to view files.
License ID:

Password: || IE_—_—

Register Key )

Exit Scaffold K Continue in YWiewer Mode

Every time Scaffold Elements is launched in evaluation mode, a message appears showing the remaining
time available for evaluation and offering the option to enter a new key.

Figure 1-4: Message appearing when launching an evaluation copy of Scaffold Elements

|Z2| Evaluation Key is Expiring =

i 1
0 Licen=se ID:

Password:
Licensed To: FROTEOHE SOFIWARE INC (INTERNAL TESTING])

<testingfprotecmesoftware . com>
Deactivate

Evaluation License
Expires on Dec 2, 2018 (there are 25 days remaining)

Enter Mew Key i Continue Evaluation

Time-Based License key—a Time-Based License key allows the user to access all features of the software
permanently. It only allows upgrades within a certain time limit, however. The time tracks the length of the
support contract. Once expired, Scaffold Elements will continue to work beyond the expiration date, but no
upgrades are allowed unless the support contract is renewed.

Contact_sales@proteomesoftware.com to purchase the appropriate key.

Scaffold Elements User’s Guide 9
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Licensing

A Time-Based License key is valid only for a single computer. If it is necessary to move the Scaffold
Elements installation to a different computer, see for instructions to transfer the key at no charge.

Figure 1-5: Time-Based License key
|4 Please Enter a License Key X | £| Please Enter a License Key X

Thank you for downloading and instaling Scaffold 4. To unlock Scaffold .,

Thank you for downloading and instaling Scaffold . To unlock Scaffole
please enter a license key. The free Scaffold Viewer requires no key to view files.

please enter a license key. The free Scaffold | Viewer requires no key to view files.

License ID:

License ID:
Password:

Password:

J Key was registered successfuly!

Exit Scaffold Of
When the Time-Based License key and password are entered, pressing Register Key verifies their validity
and a message appears describing the status of the key.

Once the key is successfully registered, pressing OK closes the dialog box and a Scaffold Elements
Welcome message opens.

If the user is using an evaluation copy of Scaffold Elements, then an Evaluation
@ message opens, indicating the number of days left in the evaluation period. The

user must click OK to close this message and then the Scaffold Elements Welcome
message opens.

From this window, the user may create a new experiment, open an existing experiment (*. METDB file), or
work with the demonstration data that is provided in the Scaffold Elements installation.

Registering a Time-Based License key with no INTERNET
connection

When a Time-Based License key is entered and the Register Key button is pressed, but no INTERNET
connection is available, a dialog appears, providing instructions for manual activation.
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Licensing

Figure 1-6: Manual or offline activation dialog

#s| Please Enter a License Key b, 4
Thank you for downloading and instaling . To unlock s
please enter a license key. The free Viewer requires no key to view
files.
— |2 Activate Manually P
License ID

Online license activation failed. To activate manually, save an
Password: a3 ctivation request with the button below and transfer it to a
computer with internet access.

Reqid Save Activation Request

e

Navigate to http://www.proteomesoftware.com/activate/
or follow the link from the Proteome Software Support
page. You wil be prompted to upload the activation request
file and can download an activation data file. Transfer that
file back to this computer and open it to activate your
license. b

Open Activation Data File

For assistance contact Proteome Software Support via
http://www.proteomesoftware.com/support/,
support@proteomesoftware.com, or by phone at
1-800-944-6027.

Cancel

To activate Scaffold Elements without an internet connection:

1.
2.

First, use the Save Activation Request button to create an activation request file.
Transfer this file to a computer with internet access (e.g. using a USB drive).

On the connected computer, navigate tohttp.//www.proteomesoftware.com/activate/This link is also
accessible from the Proteome Software Support page (http://www.proteomesoftware.com/support/) to
make it easier to access from the internet-connected computer.

The License Portal will open. The Portal provides two different options for activating your software.
Use the Browse button in the Upload Request File section on the right, and select the activation request
file that was transferred from the offline computer(See Figure 1-7 below).
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Licensing

Figure 1-7: The Proteome Software License Portal

LICENSE PORTAL

Licenze Dortsl Home » Manual Request (%) Loa 1n

Manual Request

This page may be used for processing manual requests, including activation, deactivation, and license refreshing and
status checks. Please use the appropriate method of posting the request to retrieve a response.

Copy and Paste Request Upload Request File

Flease copy the request from the application, right-click in the Please =elect the file you wish to upload
text box below and click paste, then click the submit button below. below and click the submit button.
Please paste the contents of the requesst Browse... file selected.

here.

@- Submit

I".-} Submit

5. Click the Submit button just below the Browse button to upload the activation request file. The license
portal will respond with a long text sequence(See Figure 1-8 belowFigure 1-8 below).

Figure 1-8: .License Portal Response to Activation Request

LICENSE PORTAL

License Dortal Home » Manual Requast () Loa 1n

Manual Request

Response

To copy the response (so that you may paste it into the application from which the request ariginated), right-click in
the box below and click "Select All." Then right-click in the box again and click "Copy." Alternatively, you may click the
"Download" button underneath the box to save the response to a file.

<?xml version="1.0" encoding="utf-8"?> -~
<ActivatelnstallationLicenseFile>
<EncryptedData Id="PrivateData" Type="http://www.w3.o0rg/2001/04
/xmlenc$#Element” xmlns="http://www.w3.o0rg/2001/04/xmlenc$">
<CipherData>

<CipherValue>gEI/nKSveOOWYneWbFC3pTYXKdvaFsXYUat tgtWITVEXIHGI Me4 JHOY1t Scl+HzECHM
Z1QNeaEIF/jvTnNRfeQn568Knh2BgHuloQ9Rvusul3gme4dMwCrHDX1 BOT fEEJpIfsRnQOw4Valo
/odEKFr8tL3BrxQhc9LLha)DMxPgyP

/6cT+K2yBhl11MPgV1sGGrO62AdWSrcPolpIkBA61phsvnREfhpd +mHXFEkXDSgBDdX THZXunSeFASpESo w
GHQTS2UGT4GHROQCFSxZLu2PEDSdVNZNPFZzJ1D1 5xA5+Wz97+bHIg

% Download

12 Scaffold Elements User’s Guide



Licensing

6. Click the Download button to save the response to a file named response.xml, which will be
downloaded to the default download location.

7. Transfer the response.xml file to the computer on which Scaffold Elements has been installed.
8. Return to Scaffold Elements on the disconnected computer. Select Open Activation Data File.

Figure 1-9: Select Activation File returned by the License Portal

Thank you for downloading and installing . To unlock r
please enter a license key. The free Viewer requires no key to view
files.

+{ [£] Activate Manually X
License 1D

Online license activation failed. To activate manually, save an
Password:| 5 tiyation request with the button below and transfer it to a
computer with internet access.

Reaqis Save Activation Request

Navigate to http://www.proteomesoftware.com/activate/
or follow the link from the Proteome Software Support
page. You wil be prompted to upload the activation request
file and can download an activation data file. Transfer that
file back to this computer and open it to activate your
license. [y

"

Open Activation Data File

For assistance contact Proteome Software Support via
http://www.proteomesoftware.com/support/

support@proteomesoftware.com, or by phone at
1-800-944-6027.

Cancel

9. Browse to locate the response.xml file and click Open.

10. Scaffold Elements should report that the key was registered successfully. If not, please contact
Proteome Software Support for assistance.

Time based license key renewal

Time based license keys have time limits connected to the term of the user’s support contract. When the
support contract expires, Scaffold Elements continues to work but upgrades are not allowed until the
contract is renewed. The status of the Scaffold Elements license key may be checked by selecting Help >
About Scaffold Elements from the main menu.

If the contract has expired and the user wishes to upgrade Scaffold Elements, clicking the Renew button in
the dialog opens the Key reset Request page on the Proteome Software website. The user should complete
the request. A sales representative will promptly contact him/her providing further information.

Scaffold Elements User’s Guide 13
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Figure 1-10: About Scaffold Elements dialog

\/ License IO:

Password: -
Licensed To:  PROTEOME SOFTWARE INC
< j—— ' i : 4
Deactivate
Full license

Support contract valid through Dec 31, 2018 (there are 48
days remainingl.

perSPECIves  will continue to work bevond this date but an
expired key will not allow new upgrades.

©® &7 T e T Proteome Software Inc. All rights reserved.
tollfree: {300) 844-5027
phone: (303) 244-6027
fax: (828) 244-5024
java: 1.8.0 181, amd&4, 64 bit.
memaory used: 3% of 4063 MB

| WWW.pI’OtECJmESOﬁWEII’E.COI'ﬂ |

| Tech Support || 0K |

Moving Scaffold Elements to a different computer

Each permanent Scaffold Elements key allows activation of the program on a single computer. If it
becomes necessary to reinstall the program either on a different computer or on the same computer
following an operating system upgrade or hardware replacement, the user may deactivate the key and then
reactivate it on the new system. This may be done once per support contract period. If additional
reinstallations are required within the same period, please contact Proteome Software Support.

To deactivate a key:

1. Be sure you have a record of your key and password. These were sent via email at the time of
purchase, or may be copied from the Help>>About Scaffold Elements dialog.

2. Select Help>>Update License Key and click the Deactivate button.
To reinstall Scaffold Elements:

1. Download the program from the Proteome Software website to the new system and run the installation
program.

2. Paste in the key and password and register as described in Installing Scaffold Elements.

14 Scaffold Elements User’s Guide



Scaffold Elements Viewer

Scaffold Elements Viewer

A free Scaffold Elements Viewer may be downloaded fromwww.proteomesoftware.com. The Viewer can
open and display any *. METDB file created by Scaffold Elements, and allows users to distribute Scaffold
Elements results to colleagues, collaborators or reviewers.

The Viewer may be installed on any number of computers, and multiple instances of the Viewer may be
run on a single computer simultaneously. It performs most of the functions of the full Scaffold Elements
program, but it cannot load search results files and analyze data.

Only a single fully-licensed instance of Scaffold Elements may be run on a computer at one time.
Additional instances will function as Viewers.

Scaffold Elements User’s Guide 15
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Chapter 1
Getting Started with Elements for Metabolomics

Scaffold Elements highlights

Scaffold Elements is a software tool designed to help researchers in the field of
metabolomics identify analytes present in samples analyzed using liquid chromatography-
mass spectrometry (LC-MS), LC-MS-MS or MSE.

Supported analytic methods

Scaffold Elements supports untargeted search methods, which are global in scope and have
the aim of simultaneously identifying and measuring as many analytes as possible from
biological samples. It provides a graphical platform in which the user can load a large
number of acquired MS, MS/MS or MSE data files, which are then feature-picked, aligned
and searched against spectral libraries for analyte recognition.

Graphical Views

Once the data has been searched and analyzed, the results are displayed in various graphical
views. These views are designed to help the user inspect and validate the list of identified
and unidentified analytes, and to perform visual inspection of the spectra.

Organize

The Organize View allows the researcher to group samples as required by the experimental
design of the study. The Organize View is a very versatile graphical interface that allows the
inclusion of meta-data. The user can create Categories and assign the samples to them by
specifying the attributes of the samples with respect to those categories. For example, a
Category might be Sex, with attributes Male and Female. Attributes may be added through a
graphical interface or loaded from a file. This is the foundation for evaluating the
metabolomics experiment from various viewpoints.

Summarize

Once attributes are applied, Scaffold Elements provides the ability to use them to and
similarities across groups. Flexible summarization allows the user to select categories and
use them to create a hierarchical categorization of the data. This makes it easy to:

* Compare similarities and differences in analytes at the sample level or at any level of
summarization.

*  Specify technical and biological replicates

* Compare the impact of tissue types, treatment types, demographic differences,
measurement conditions and more.

Visualize

All identified analytes are listed in the Samples table, along with their measured intensities in
each of the searched MS samples. Many specialized visualization tools are provided, along
with the ability to:

Scaffold Elements User’s Guide 17
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Getting Started with Elements for Metabolomics

18

e Cluster analytes.

»  Use customizable colors to easily visualize quantification differences between samples or
summarization levels.

e Apply thresholds and filters to focus on meaningful analytes.

Statistical Tests

Once the data has been properly organized, a number of statistical tests are available to help
the user assess quantitative differences among the various attribute groups.

Scaffold Elements displays patterns of analyte levels across many samples with
@ various attributes to provide new insights into an experiment.

Referencing Scaffold Elements Results

Please cite:

Incorporating In-Source Fragment Information Improves Metabolite Identification Accuracy
in Untargeted LC—MS Data Sets. Seitzer, P.M., Searle, B.C. Journal of Proteome Research
(2018) [https.//pubs.acs.org/doi/10.1021/acs.jproteome.8b00601
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Chapter 2

Identifying Compounds with
Scaffold Elements

Scaffold Elements performs analyte identification by searching spectral libraries. Multiple
libraries may be searched in a single run, and libraries may consist of only MS data or may
also include MS2 spectra. Elements can analyze raw data output files from most of the
modern mass spectrometers (MS) available on the market, see Files supported by Scaffold
Elements. Once imported, the MS data is analyzed to perform feature (or peak) detection.
The features are matched to library spectra for identification. When multiple samples are
present, they may be aligned in retention time among the loaded samples, and similar
features are combined to form composite features.

The NIST library is included with the purchase of Scaffold Elements, and the METLIN
library (as distributed by Wiley) is available at additional cost. Other libraries in standard
formats, including HMDB, LIPID MAPS and MoNA may be downloaded and searched, and
one of the most powerful features of Scaffold Elements is the ability to create personal
spectral libraries, which provide better matching of MS2 spectra and the ability to use
retention time information in identifying compounds (see Appendix “Creating A Personal
Spectral Library,” on page 170).

Scaffold Elements provides tools to validate, organize, and interpret the search results so that
the user can easily manage large amounts of information and quantitatively compare
samples. The loaded data can also be annotated with meta-data and the user can perform
statistical tests using many possible summarization hierarchies.

This chapter covers the following topics:

*  “How Scaffold Elements can help streamline metabolomics studies” on page 20, which
provides a brief description of how to organize data in Elements to facilitate a variety of
metabolomics experiments.

»  “Scaffold Elements Views” on page 27, which briefly describes the different views that
help analyze and validate the loaded experiment.

Scaffold Elements User’s Guide 19



How Scaffold Elements can help streamline metabolomics studies

Scaffold Elements is an application designed to accommodate all aspects of a typical
untargeted metabolomic or lipidomics study that uses LC-MS1 and (optionally) MS2 data to
identify and quantitatively compare the analytes present in biological samples. The purpose
of untargeted analysis is to generate new hypotheses for further tests by measuring all the
analytes present in a certain biological system. For example, as reported by Zhou ef al. la
typical metabolomic study aims at comparing multiple biological groups to identify analytes
that are significantly altered. After establishing the main alterations present in a particular
experiment, more specific quantitative studies can be performed through targeted approaches
like SRM or MRM experiments, see Figure 2-1.

*  “Scaffold Elements - supported experimental designs” on page 20
*  “Scaffold Elements - data processing workflow” on page 21

Figure 2-1: A typical workflow for a metabolomic study, from Zhou et al.

Biological Question
(fundamental biological processes, ‘
biomarker discovery)

Experimental Design
(sample type, sample size,
workflow steps)

Sample Collection
(Sample collection, storage, #
metabolic quenching )

Metabolite Extraction
(metabolites of interest, method of
extraction)

LC-MS Data Acquisition
9 i . .
= Dat:ItPl_'ocess:mg Statistical
tering, pea Metabolite i
Chramsogam ) ‘ detection, peak AD0TH Analysis
) : matching, retention time : Identification :; (Univariate Anova, T-test
H i Iy alignment, ion (Identification by database search) and multivariate analysis,
i | JU annotation, PCA, heat maps )
e = fe= = normalization,
3 transformation)
Retention Time (min)
Metabolite Verification Metabolite Quantitation Functional Interpretation and
(Comparing fragmentation patterns :> (quantitation by SRM assays using Pathway Analysis
of unknown metabolites with isotope dilution or standard curves (metabolite set enrichment and metabolic
known standards) derived from standard compunds) pathway analysis)

¥

Biological Interpretation

Scaffold Elements - supported experimental designs

20

Generally, experimental design is tightly connected to the biological questions researchers
ask, see Figure 2-1 above. The organization of a particular design can vary according to the
type of explanatory variables or factors that are being manipulated in trying to formulate an
answer to the question at hand. Typical factors can be time, which defines a time series
experiment, or treatment which may define a case-control study, etc.

1. Zhou B., Xiao J.F., Tuli L. and Ressom H.W., Mol Biosyst. 2012 Feb;8(2):470-81. doi: 10.1039/c1mb05350g.
Epub 2011 Nov 1
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To be able to derive correct statistical inferences it is important to have a sufficient number
of biological replicates; three are typically suggested but five are even better. Pilot studies
are also recommended as well as are quality control samples. A proper experimental design
for metabolomic investigations also includes analytical replicates, blanks, and negative and
positive controls to infer the contributions of analytical and biological variation and to asses
data quality.

Scaffold Elements has been designed to help the user easily replicate the structure of most
experimental designs and to provide a reliable search engine for analyte identification. It also
includes statistical tools to help answer biological questions.

Once the raw data is loaded in the program and searched for identification, Scaffold
Elements opens a graphical interface displaying results of an LC-MS, LC-MS2 or MSFE
metabolomic experiment. Results may be easily shared with other researchers through the
freely available Scaffold Elements viewer.

A variety of possible experimental designs can be handled by the Organize View “The
Organize View” on page 71, which provides tools to accommodate biological and technical
replicates, define levels of blocking and assign custom meta-data attributes, allowing the
researcher to analyze the data from different view points and thus to gain a deeper
understanding of the factors responsible for patterns of variation seen in the results.

Scaffold Elements - data processing workflow

In a typical study,see Figure 2-1, the analytes, once extracted, are further separated and
analyzed for identification using techniques such as gas chromatography (GC) or LC-MS1
and MS2. Scaffold Elements processes LC-MS, MS2 and MSE raw data files acquired with a
variety of mass spectrometers, see Loading data in Scaffold Elements.

Figure 2-1shows the Scaffold Elements’ raw data processing workflow. This workflow is in
line with a well established approach generally accepted by the scientific community.

Before performing the identification search against the spectral library of known analytes
selected by the user, the loaded raw data files are run through a series of preprocessing steps
to properly extract the features recorded by the mass spectrometer. Coeluting features are
grouped into MS1 peak groups. When multiple samples are loaded into the program, the
identified features are aligned in retention time and similar features are grouped into
composite or consensus features.

e “Input raw data” on page 22

e “Feature Extraction” on page 23

e “Assigning MS2 to related MS1” on page 24

e “Retention Time Alignment” on page 24

e “Consensus MS1 Peak Group Formation” on page 25

*  “Identification by searching against spectral libraries” on page 25
e “Scaffold Elements search engine” on page 25

e “Grouping and Clustering” on page 26
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e “Scaffold Elements Views” on page 27

Figure 2-2: Scaffold Elements file processing workflow
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Input raw data

Figure 2-3shows an example of a raw dataset from a Liquid Chromatography Mass
Spectrometry (LC-MS1) run in its 3D representation. In LC-MS1, the output of the LC
column is inducted to a mass spectrometer periodically throughout the elution process. Each
time point is typically referred to as an elution sampling point. At each elution sampling
point the mass spectrometer produces an MS1scan which registers the m/z values and the
corresponding abundance (intensity) of all the ionized molecules. One way of organizing the

intensities is to show the collection of elution time profiles or Extracted Ion Chromatograms
(XICs) at different m/z values.

Scaffold Elements User’s Guide



In addition to resolving ions by their m/z values and obtaining estimates of their molecular
masses, mass analyzers can further aid analyte identification by acquiring highly resolved
and accurate MS2 spectral.

Scaffold Elements imports raw data files through the Workflow dialog. Raw files are initially
converted into an internal format using the application msconvert, which is included in the
open source cross-platform tool kit ProteoWizard”.Once the data is imported the program
goes through a number of processes, see Feature Extraction, that lead, for each raw data file,
to the compilation of a list of features.
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250.000

Sample AT (min)
300.000" g oog

Feature Extraction

Feature extraction is the process of identifying local maxima in a three-dimensional (m/z,
RT, intensity) landscape, where each maximum corresponds to the presence of a population
of ionized chemical species. Generally, feature extraction algorithms aim to tease apart
features generated by real ions from those generated by variations due to random electrical
and chemical noise.

Feature Extraction in Elements

Scaffold Elements detects features in LC-MS using an algorithm developed in-house which
is based on the fact that LC-MS data is inherently discrete (instruments have physical
detection and resolution limits), and so individual features appear as clusters of raw (m/z,
RT, I) data points. Scaffold Elements’ feature finding algorithm seeks to first organize the
raw (m/z, RT, I) data points into clusters of points and derive a single (m/z, RT, I) value for
each cluster. These single (m/z, RT, ) values are used in all spectral library matching and
analyte association steps. Details of the algorithm are exhaustively described in the
Appendix “Agglomerative Point Clustering Feature Finding Algorithm,” on page 223.

2. Chambers,M et al. Nature Biotechnology, 30, 918-920 (2012) doi:10.1038/nbt.2377
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Assigning MS2 to related MS1

MS?2 spectra, or fragment spectra, are extremely helpful in producing confident
identifications. In the Elements scoring algorithm, the most heavily weighted aspect of
analyte identification compares agreement between an experimentally derived MS2
spectrum and a previously-generated library MS2 spectrum.

It is possible to generate data that does not have MS2 spectra, and/or to match experimental
data against a spectral library that does not have MS2 spectra. In that case, an MS2 score can
not be produced, so analyte identifications necessarily rely on other metrics. However, we
highly recommend using an experimental protocol that would facilitate the generation of
MS2 spectra, and comparing results against a spectral library that contains MS2 spectra,
such as the NIST spectral library or the METLIN Experimental Library (which are included
in Elements).

There are two major classes of mass spectrometry data from which Scaffold Elements
generates MS2 spectra: DDA (data-dependent acquisition) and DIA (data-independent
acquisition).

DDA Data

For DDA data, the mass spectrometer automatically generates MS2 spectra, with an
associated precursor m/z. From the list of features we discover in feature finding, we
associate MS2 spectra to features if

*  The RT of the MS2 scan is within the RT bounds of the feature RT range

*  For profile mode data, the precursor m/z of the MS2 scan is not less than the minimum
m/z - 1/2 the m/z feature width, and not more than the maximum m/z + 1/2 the m/z feature
width.

*  For centroid mode data, the precursor m/z of the MS2 scan is not less than the minimum
m/z - 0.001, and not more than the maximum m/z + 0.001

MSE Data

For DIA data (note that currently, Elements only supports DIA data from Waters MSE files),
Scaffold Elements must generate MS2 spectra. It performs feature finding on the MS2 scans
(or, in the case of Waters MsF, the high energy scans) to identify all of the individual
fragment features. It then removes all non-monoisotopic features from both the MS1 and
MS?2 feature lists (or the low energy and high energy feature lists).

Next, it constructs “pseudo-DDA MS2 spectra” by associating features from the MS2 feature
lists to a single precursor feature from the MS1 feature list. The algorithm used to perform
the MS1-MS2 feature association step is a re-implementation of the “DIA Umpire”
algorithm3

Retention Time Alignment

Coeluting features in each sample are grouped to form MS1 peak groups. Rough consensus

3. Tsou, Chih-Chiang, et al. “DIA-Umpire: comprehensive computational framework for data-independent
acquisition proteomics.” Nature methods12.3 (2015): 258-264.

Scaffold Elements User’s Guide



MSI1 peak groups are formed by matching features from MS1 peak groups across samples
and retention time alignment is performed across samples using these single-sample MS1
peak groups.

A subset of this initial set of consensus MS1 peak groups is designated as “anchors.” From
the anchors, a monotonic mapping is formed between each sample and the reference sample.
Linear interpolation is used to align the remaining features.

Retention time alignment is only performed between samples with the same polarity.
Positive samples may be aligned with other positive or with mixed mode samples. Similarly,
negative samples may be aligned with other negative or with mixed mode samples. If mixed
mode samples are present, they are preferred for use as reference samples in the RT
alignment. For more details.

Consensus MS1 Peak Group Formation

If all samples have undergone similar chromatographic procedures, an analyte would be
expected to elute at essentially the same time in each sample in a study. Further, in most
cases, true co-elution of different analytes is rare. As a result, it can be helpful to group ions
that elute together into MS1 peak groups before attempting to identify them. MS1 peak
groups in which many ion forms can be explained by a specific analyte identification are
more likely to be correct.

Another advantage of grouping ions into MS1 peak groups is that unidentified ions in an
MSI1 group may be compared to MS2 spectra for other ion forms in the group, and in many
cases may be identified as in-source fragments. This can be very helpful in improving the
accuracy of analyte identification when no experimental MS2 spectra are available.

As aresult, after RT alignment, coeluting ions in the various samples are grouped together to
form consensus, or cross-sample, MS1 peak groups. Peaks from different samples are
compared for similarity of MS2’s, m/z, isotopic distribution and peak shape, and if they are
judged to be similar enough they are grouped.

Identification by searching against spectral libraries

Analytes are identified in Scaffold Elements by comparing the mass value identified for each
feature in the consensus MS1 peak groups to the calculated exact mass of library analytes.
The calculated exact mass is determined entirely from the chemical formula of the analyte.
This mass is adjusted by the list of expected ion forms for the analyte (in this program, these
ion forms, or adducts, are specified by the user when they load data). These analyte
identifications are ranked according to a scoring algorithm (described in the next section).

Scaffold Elements search engine

An ID Score is computed for each MS1 peak group by comparing features to Analyte
Records in the search library, using several kinds of additional evidence. This evidence is
represented as individual match scores, as well as an assessment of the explanatory value of
the MS1 peak group as a whole.

An Analyte Record is an entry in a spectral library corresponding to a specific experiment.
This typically means a purified standard is run on a specific instrument, and fragmented at a
specific collision energy. Variations will exist in the fragment spectra generated on different
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instruments run with different collision energies.

When a feature matches multiple different Analyte Records, the highest ID score indicates
the identification most likely to be real.

Elements computes four match scores for every Feature — Analyte Record match, three of
which are used to determine the ID score:

e MS2 Sub-Score“MS2 Score” on page 216

*  XIC Sub-Score, not used in ID score“XIC Score” on page 217

*  Mass Accuracy Sub-Score“Mass Accuracy Score” on page 214

* Isotopic Distribution Sub-Score“Isotopic Distribution Score” on page 214

Then it integrates them through a linear combination of their values into an overall ID Score,
and adds the MS1 Annotation Score. see“Analyte ID Score” on page 213.

Grouping and Clustering

All ions assigned to the same consensus MS1 peak group are organized together into a single
analyte cluster. Analyte grouping, however, depends on which option is selected for the
“Treat each MS1 peak group as a single analyte” parameter in the Search tab of the
Workflow dialog.

If “Treat each MS1 peak group as a single analyte” is checked, the ions are also organized
into a single analyte group. This is the default behavior, because unless there is a reason to
expect coeluting ions, it is generally the case that all of the ions that elute at the same
retention time are different forms derived from the same analyte.

If “Treat each MS1 peak group as a single analyte” is not checked, then only analyte
identifications made with identical ions are organized into the same analyte group.
Unidentified coeluting ions are treated as separate analytes ( or discarded if “Retain
unknown analytes” is not selected).
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Scaffold Elements Views

Scaffold Elements offers both a high-level overview of the list of analytes and a detailed look
at supporting data. Scaffold Elements presents the more detailed levels in a coherent
structure, helping the user in verifying critical findings. The information is organized into
different views that can be easily accessed through the main Scaffold Elements window.

Organize View

This view shows the list of MS samples loaded in Scaffold Elements. Tools in the view help
the user assign meta-data information to the loaded files and organize them according to an
experimental design. At he bottom of the view, file and search information is provided along
with the list of adduct/loss ions used in the search.

For more information see “The Organize View” on page 71.

Figure 2-3: Scaffold Elements: Organize View
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Samples View
The Scaffold Elements Samples View provides overviews of the loaded data that help the

user make direct comparisons among categories of samples summarized in different ways.
For more information see “The Samples View” on page 91
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Analytes View

The Scaffold Elements Analytes view structures a great deal of detailed information about an
analyte, showing the ions that identify the compound within each sample. It also shows the
MS?2 spectra, when present, that confirm the identification. For more information see “The
Analytes View” on page 107.

Scaffold Elements: Analytes View
Figure 2-4: Scaffold Elements: Analytes View
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Visualize View

The Visualize View has three tabs: Principle Component Analysis, Quantitation, and a Heat
Map of the filtered analytes list shown in the Samples table. For more information see “The
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Visualize View” on page 121.

Figure 2-5: The Visualize View
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Library View

The Library View provides tools to view detailed information about any member of a
selected spectral library loaded in the Scaffold Elements. For more information see “The
Library View” on page 133.

Figure 2-6: Scaffold Elements: Library View
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Analysis View

The Analysis view displays the Total Ion Current (TIC) as a function of retention time for
each of the raw data files loaded in Scaffold Elements. It shows the chromatograms aligned
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in retention time and unaligned. It also provides the retention time deviation from the
reference sample. For more information see “Analysis View” on page 139.

Figure 2-7: Scaffold Elements: Analysis View
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Publish View

The Scaffold Elements Publish view contains two different tabs: the Experiment Method tab
which records the experimental information and the SQL Report tab through which the user
can query the current METDB file using SQL. Queries can be saved and reused.

For more information see “The Publish View” on page 141.
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Chapter 3

Loading data in Elements

Scaffold Elements imports and analyzes data from various types of Mass Spectrometers.
Data loading is accomplished through a dialog that guides the user in setting all of the
parameters needed for data analysis and for identification using one or more spectral

libraries.

Files supported by Scaffold Elements

Scaffold Elements reads and processes both regular and high mass resolution MS data with
or without MS2 scans and Waters MSF data.

Scaffold Elements supports a number of vendors’ data file formats and open file formats.

The Figure shows the list of supported formats.

HUPO Proteomics Standards Initiative mzML

Vendor Software Application MS Instrument File Format
Data Explorer (4.2 and higher) 4X00 and higher TOF series *t2d
SCIEX Data Explorer (prior to 4.2) AB SCIEX Voyager (MALDI-TOF) *.dat
Analyst Qstar, Qtrap * wiff
Agilent Mass Hunter Q-TOF *.d directory
XMASS/XTOF Flex Series
- flexAnalysis APEX, microQTOF, microQTOF-Q .
flexAnalysis Esquire Series *.d directory
FTICR
Thermo XCalibur LCQ, LTQ, Orbitrap * raw
MassLynx All Waters Mass Spectrometers
Waters DDA, MSE supported *.raw directory
HDMSE summed over drift times

*.mzML

@ Vendor s proprietary format raw data files can be processed only on Windows

operating systems.

Scaffold Elements User’s Guide

31



Loading data in Scaffold Elements

To create a new experiment the user can either select File > New or click the New icon
located in the tool bar below the main menu in the Scaffold Elements window, or click on the
New button appearing in the “Welcome to Scaffold Elements” dialog when the program is
launched. The Workflow dialog appears and the user can conveniently set up the parameters
for the analyte search and select the raw data files to be analyzed. Once the parameters have
been defined and the raw data files selected, the start button will become available to begin
the analysis.

Another option for starting a new analysis is provided by the command File > Reanalyze. 1t
allows the user to start a new analysis, but with all of the parameters and files from an
existing analysis. If the mz5 and index files are still available, Scaffold Elements will not
need to repeat file conversion or feature extraction. Some typical situations in which this
might be useful include:

* Adding data files to the experiment - It may be desirable to load a small number of files
in order to check the parameter settings, and then to add the remaining files. In this case,
the user can select File > Reanalyze, add the file(s), and continue.

* Adjusting parameters in an existing experiment - The user might open a METDB file
and decide to adjust one or more parameters. Selecting File > Reanalyze opens the
Workflow dialog opens showing all the parameters used and the list of raw data included
in the experiment. At this point the user can easily adjust the parameters and rerun the
search, to produce new results.

Workflow dialog

32

The Workflow dialog contains two panes: the “Search Setup” pane, on the left side of the
dialog and the “Load Data” pane, on its right side. It also includes a number of functional
buttons below or within each pane.

*  Workflow Buttons - The buttons located below the “Search Setup” pane allow the user
to either save the current selection of options and parameters listed in the pane to a named
workflow or to retrieve them from an existing one.

*  Load Workflow - This selection opens a file browser to locate the WORKFLOW file
to be loaded.

*  Save Workflow - After all parameters and options have been properly defined and
when each tab shows a green check, the user has the option to save the information to
a WORKFLOW file. Clicking the button opens a file browser so the user can assign
a name and save the WORKFLOW file to a convenient directory.

A message located at the top left corner of the dialog reports the name of the workflow
currently loaded.
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e Search Setup pane - Through this pane the user defines the search parameters, chooses
the adducts and selects the spectral libraries to be used for the search. The information is
organized into the following tabs:

* Search tab

* Feature Finding tab
* Adducts tab

* Libraries tab

* Advanced Tab

Note: A small warning icon may appear near each tab name. It alerts the user when not all of the
required options have been specified. When information is missing, a yellow triangle is shown.
When all of the options have been defined a green check replaces the triangle.

Figure 3-1: Tab warning icons

7 Search Feature Finding | v Adducts Libraries | v Advanced

Once the user has defined the search parameters, selected the correct adducts and imported
the spectral libraries to be used for the search, the next step is to select the files to be
analyzed. This is done by populating the list in the Load Data pane.

* Load Data pane - This pane contains a list of raw data files to be imported, analyzed and
searched for identifications in Scaffold Elements. Three buttons are used to populate and
adjust the list. To select files to be included, the user clicks the “Add” button and
navigates to the location containing the raw data files. The “Remove” button can be used
to remove undesired files from the list.Some data files require additional information for
processing and will display a yellow triangle warning indicating that additional
information is needed. A tooltip explains what is missing. For example, when loading
Waters MSF data, the user may be prompted to enter or confirm a Lock Mass Correction.

The “Edit” button brings up a dialog to allow the user to supply the missing parameters
for a selected file. Multiple files may be selected for editing together, provided that they
share the same values for the data to be confirmed or modified. If incompatible files are
selected together, Scaffold Elements will not allow simultaneous editing and the user
will need to change the set of selected files.

See Files supported by Scaffold Elements for a comprehensive list of supported file formats.

*  Chromatographic System - The Chromatographic System is an identifier to allow the
user to track all of the information needed to describe the chromatography associated with
the files loaded. This may include the mobile phase, stationary phase, filter size, column
length, and pore size, just to name a few important factors. It is the responsibility of the
user to keep track of all of the pertinent details associated with the chromatography setup
and assign a single string representation of the chromatographic system. Scaffold
Elements will accept any character string.
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Specifying the chromatographic system is required when the “Match Type” selected in
the search options is “mass and retention time” as it is important that only retention times
derived from similar chromatographic systems be used in matching. This type of search
is usually used with a personal spectral library (see ) when the spectra comprising the
library were acquired under the same conditions and the retention times are fairly
reliable for use in identification.

When matching only on “mass”, specification of the chromatographic system is
optional, but it is important if the experimental results are to be saved in a personal
spectral library.

The dropdown list is populated with all chromatographic systems found in entries in the
currently selected library or libraries.

Once all of the panes are properly filled, the “Start” button located on the lower right corner
of the dialog becomes available for use. When it has been clicked, loading and analysis of
the data begins.

Figure 3-2: Starting the search.

N Workflow x
2.

Workflow: default

V Search | v FeatureFinding |+ Adducts v Libraries v Advanced o hies

Add

Mode: | Mixed ~

Remove Edit

Mass Range: 50 |- 1200 | S mvz J File
Retention Time: (@) Use full retention time range A T e
v B_3uM.raw
v C_10uM.raw
Match Type: (@) mass only | mass and retention time v D_50uM.raw
E_100uM.raw
Parent Mass Tolerancex 20 |3 ppm w J F_200uM.raw

v G_300uM.raw
v H_e00uM.raw

[
Fragment Mass Tolerancex 01 |2 || Da ~

Treat each MS1 peak group as 2 single analyte
+/| Perform retention time alignment
/| Perform cross-sample feature reextraction
Report unknown analytes

Only retain analytes with M52 data

¥ Chromatographic System:
HILIC

Load Workflow Save Workflow

(2] d Start Cancel

Depending on the amount of raw data submitted for analysis, the loading and analysis phase
might take a considerable time. Once processing is complete the Samples View opens with
its table populated with the list of identified analyte groups meeting the default score
threshold. If Report Unknown Analytes was selected during the search, the user will have
the option to show unidentified features.
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Search tab

This tab allows the user to adjust the parameters used in the search:

Mode - Specifies the ionization mode used for data collection in the mass spectrometer.
Elements allows analysis of positive, negative and mixed-mode data in a single
experiment. The mode setting determines the adduct list from which the user may choose.
The default mode is mixed. If only one mode is present in a raw file when mixed mode is
selected, Scaffold Elements picks the correct mode automatically.

Mass Range - Specifies the m/z range included in the analysis. Default values are
proposed by the program. Limiting the mass range speeds the analysis.

Retention Time - A radio button allows the user to choose to search over the full retention
time range contained in the input data or to specify a specific retention time range in either
minutes or seconds. Selecting a specific range will speed processing and may eliminate

extraneous identifications of compounds that exit the column very early or very late that
are unlikely to be of interest.

Figure 3-3: Workflow Dialog: Search tab

BN Workflow X
Workflow: default
= Raw Files
v Search |  FeatureFinding | ¢ Adducts = v Libraries | v Advanced
Mode: Mixed o Add Remove Edit
Mass Range: 50 |- 1200 | S| miz / File
Retention Time: (@ Use full retention time range g ATuM.aw
v B_5uM.raw
v C_10uM.raw
Match Type: (®) mass only mass and retention time ¥ B e
V E_100ubd.raw
Parent Mass Tolerances 2|3 ppm v v F 200uM.raw
Fragment Mass Tolerances 01 (|| Da v a 6:300ub caw.
v H_600uld.raw
1l
Treat each MS1 peak group as a single analyte
/| Perform retention time alignment
/| Perform cross-sample feature reextraction
Report unknown analytes
Only retain analytes with M52 data
v Chromatographic Systerm:
HILIC e
Load Workflow Save Workflow
0 Start Cancel

Match Type- Determines whether the scoring of potential matches with the spectral
library will be based on mass alone or will also consider retention time. If “mass and
retention time” is selected, the Chromatographic System must be selected.

Scaffold Elements User’s Guide 35



36

Parent Mass Tolerance - Size of the mass tolerance window of the parent ion which
typically depends on the mass accuracy and mass resolution of the instrument that
collected the data (units can be ppm or Dalton).

Fragment Mass Tolerance - Size of the mass tolerance window for the MS/MS fragment
ions (units can be ppm or Dalton). We recommend using the proposed default value or a
larger value than the mass accuracy of the instrument used to collect the data.

Search Option Checkboxes:

*  Treat each MS1 peak group as a single analyte - When this option is checked, every
ion that has met the criteria for inclusion in an MS1 peak group is retained in the
analyte cluster that results from it and labeled an “Unnatotated Ion”.

If “Treat each MS1 peak group as a single analyte” is unchecked, any ions within an
MST1 speak group which are not identified are presumed to be other coeluting
analytes and are removed from the cluster and treated as “Unknown Analytes.”

e Perform retention time alignment - If this option is selected, retention times alignment
across samples is performed and retention times are adjusted accordingly.

*  Perform cross-sample feature reextraction - When this option is selected, if a feature
is found in one sample but not in another sample, the program will reexamine the
corresponding portion of the data landscape in that other sample in an attempt to find
a lower-intensity or lower quality peak that may indicate presence of the feature.

*  Reportunknown analytes - When checked, non identified features are recorded in the
METDB file and shown in the Samples view when Thresholds are minimized to zero.
Its default status is checked. This option is useful when in need to reduce the size of
the METDB file.

e Only retain analytes with MS2 data - When this option is selected, only composite
features including at least one MS2 spectrum will be included in the search. MS2
information results in more accurate identification. This option is also useful when
data is being searched for the purpose of building personal spectral libraries.

Feature Finding tab

Noise Threshold - Specifies when a signal is considered noise and provides the user with
the flexibility of trading sensitivity for reduced processing time and memory usage. The
threshold is applied during feature extraction and reextraction across samples, but the
lower intensity data is searched during reextraction for isotopic peaks. There are two
options available for defining the noise level: (1) Percentage of the maximum signal and
(2) Input a specific minimum intensity value.

A preference setting, reached via Edit>Preferences>ProteoWizard, allows the user to
specify that the noise threshold should be applied during conversion of the raw data to
MZS5 format by the ProteoWizard program MSConvert. If this option is selected, the
resulting MZ5 files contain no peaks below the specified noise thresholds. This results in
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smaller MZS5 files and reduces memory requirements for processing very large files. It is
useful, for instance, in processing FT-ICR data. Because the lower intensity data has
been completely discarded, however, Elements is unable to access it during isotopic
distribution reextraction.

Minimum Time Between Scans - this option is provided for use when data is collected
with an extremely fast sampling rate, resulting in very large files with many scans. In such
cases, Elements will respect the minimum time between scans setting and skip scans,
which supply no additional information for peak-picking. In most cases, this value should
be left at the default setting.

Storing Indexed feature Files - When Scaffold Elements reads raw data files, it creates
MZS5 files using MSConvert, an application included in the ProteoWizard tool kit'.
During the feature finding phase, Scaffold Elements also creates index files of the MZ5
files, or indexed feature files, that need to be stored in a location with sufficient free space.
The default location is the local temp folder, but because of the size of these files we
advise the user to provide a more suitable storage location by typing a folder address in
the text box or by browsing to the desired storage location using the button “Browse...”.

Note: The new location will revert to the system temp directory when the user closes and reopens

Scaffold Elements, but it is retained in the Workflow if the “Save Workflow” option is selected.

Figure 3-4: Storing Indexed feature Files option.

P Workiiow A

Workflow: default

Raw Files

v Search | v FeatureFinding | v Adducts Libraries v Advanced
® % of max signal 01| |% (S Provide location on hard dit

Noise Threshold: 1000 v drive with sufficient space.

Specific value i
. Even if indexed files are not

Minimum time between scans: 05 £ |seconds saved, this location will be

A
Storing Indexed Feature Files — " =7 used to create and store
. — them tempaorarily
Indexed Feature Files are created during feature finding. They are large, so they must be created v D_500

in a location with sufficient free space.

Location of Indexed Feature Files:

Ch\Demo\indexed files Browse...

Saving Indexed Feature Files
Saving Indexed Feature Files allows you to bypass peak picking when loading the same files into a
new experiment.
#) Save Indexed Feature Files
Don't Save Indexed Feature Files Choose whether to save the
peak-picked data for
reprocessing

¥ Chromatographic System:

Load Workflow Save Workflow

0 Items marked with need infermation in erder to start, Start Cancel

Chambers, M. et al. Nature Biotechnology, 30, 918-920 (2012) doi:10.1038/nbt.2377
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We highly recommend selecting a location other than the system temp folder with
enough memory so that Scaffold Elements can store the index files. This expedites
processing and it prevents memory-related errors when analyzing large datasets.

» Saving Indexed feature Files - This option allows the user to choose whether to keep the
MZ5 and Indexed feature files. Saving the files allows the user to reanalyze the data
without repeating the time-consuming steps of file transformation and feature extraction,
and also allows full three-dimensional viewing of the data. Without the feature index files,
only the selected features may be visualized in the Feature 3D Plot. If the user chooses
not to save the files, they are deleted when loading is complete

Adducts tab

Through this tab the user selects the adducts Scaffold Elements will use for the search. The
tab includes a table where each row lists the type of adduct ion, indicated as, for example,
[M+H]+, a check box for selection and some of the adduct properties like the Mass Shift and
charge. The adducts appearing in the list vary depending on the ion mode selected in the
Search tab. The user can either select all the adducts appearing in the list by checking the top
check box or choose specific adducts by check marking the ones to be included in the search.

By default the list shows only the most common adducts. The option Show Uncommon
Adducts, available from the context menu which appears with a right click of the mouse,
provides a more extensive list of adducts.

A search filter is also available above the table to make it easier to find adducts of interest.

Note that choosing too many adducts may increase the number of false identifications, so we
recommend choosing only the ion forms that are expected to be common in the current
experiment.
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Figure 3-5: Workflow dialog: Adducts tab
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Through this tab the user loads and selects spectral libraries for the search. The Library tab
includes a table and two action buttons used to populate or pare the content of the table. Once
populated, the table shows the list of spectral libraries Scaffold Elements will use in the
analyte identification search. The user can inspect the content of a spectral library through
the Library View, see “The Library View” on page 133

Figure 3-6: Workflow dialog: Library tab

B Workflow
Workflow: default
¥ FeatureFin

v Search

Name

METLIN_EXPERIMENTAL w201
Standards.libde

Load Warkflow

ding | v Adducts = v Libraries v Advanced
Add Library...
Metabolites
7.11.06... 13360
10
Save Workflow

57.9 MB

Raw Files

Add Remave

Remove

File
3

RN SRR LN NN
8
=]
£
=
H

¥ Chromatographic System:
HILIC

Start

Edit

Cancel

When first selected, the Library tab pane is empty and as a warning a yellow triangle appears
in the title tab. Clicking the “Add Library” button opens the from which the user can select
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one or more libraries to use for the metabolomic identification search, load a new library or
download additional libraries from the Proteome Software website using the tools provided
by the dialog.

After one or more spectral libraries have been selected from the “Library Manager”, a table
appears in the Library tab pane which lists in each of its rows the name of the library, the
number of entries included in it, and its file size and the library’s vendor.

The “Remove” button can be used to pare the list of spectral libraries available in the table.

Searching Multiple Libraries

Analyte vs. Analyte Record

When thinking about spectral libraries, it is useful to distinguish between an Analyte and an
Analyte Record. Analyte refers to an annotation of a theoretical chemical entity, and will
typically have a name, molecular formula, identifiers, and metadata, such as a KEGG
Pathway. Analyte Record refers to an example of a specific analyte. In the vast majority of
cases, an analyte record is associated with an experimentally observed MS2 spectrum of the
analyte, along with the associated precursor type (or ion form), collected on a particular
instrument with a specific collision energy.

When Elements matches experimental data to spectral libraries, it actually matches the
data to analyte records, not to analytes themselves.

When multiple libraries are searched, the same analyte may appear in more than one library.
In such cases, prior to comparing experimental data to the set of libraries, Elements
combines analyte records for the same analyte.

Merging Analyte Records

In order to be merged, the exact mass of the analytes must be within 1 x 10°® Da, the
molecular formulae must be equal, and they must share at least one analyte identifier.

When two analytes are merged, all analyte metadata, records, and identifiers are
combined into the merged analyte. For example, if Analyte X from library A has records
X1, X2, and X3. Analyte X from library B has records X4, X5, and X6. In the search,
Elements would combine these to form one instance of Analyte X, with records X1, X2, X3,
X4, X5, and X6.
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Library Licensing Information

Depending on the type of licensing different spectral libraries will be available for

@ download. A purchased copy of Elements gives full access to a copy of the NIST
Mass Spectral Library (NIST/EPA/NIH Mass Spectral Library (ElL)) and allows
download of the METLIN Mass Spectral Library, developed by the Scripps
Metabolomics Center and distributed by Wiley (WILEY/METLIN Mass Spectral
DatabaseWILEY/METLIN Mass Spectral Database) for use in Elements searches.
For evaluation purposes, temporary and limited access to the NIST and METLIN
libraries is provided for the time defined by the evaluation key. Various other
libraries may be downloaded from the Proteome Software website.

Spectral Library in any manner without explicit written approval by NIST. Contact
Proteome Software atsupport@proteomesoftware.com for more information.

» Copyright protection on the compilation of data in this Library is secured by the US
Department of Commerce in the United States and in other countries that are parties to
the Universal Copyright Convention, pursuant to Section 290(e) of Title 15 of the United
States Code.

» ltis expressly understood and agreed that unauthorized copying of this Library is not
permitted.

i * The Elements for Metabolomics End User may not redistribute the NIST/EPA/NIH Mass

Agreement. see http://www.proteomesoftware.com/company/metlin-eula/ for more

* The Elements for Metabolomics End User must comply with the Wiley METLIN End User
A information.

 Itis expressly understood and agreed that unauthorized copying of these Libraries is not
permitted.

Advanced Tab

The advanced tab contains internal thresholds and parameters which are used in the analysis,
but which, in most cases, will not need to be changed.
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Figure 3-7: Worfklow dialog: Advanced tab
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ID score retention threshold: the minimum ID score which must be attained by an
analyte-library match in order to be included in the MS1 peak group.

In-source fragment intensity threshold: the minimum intensity of the peak in a library
MS2 to which a feature can be matched in order to label it as an in-source fragment of the
analyte identified by the MS2. Expressed as a proportion of the maximum intensity peak
in the MS2.

RT alignment spectrum min reproducibility: the proportion of samples which must
contain an identification in order for it to be used as an anchor point during RT alignment.

RT MSI1 peak group inclusion threshold (sec): the maximum allowable difference in
retention time between features for inclusion in the same MS1 peak group.

RT MS1 peak group cross-charge threshold (sec): the maximum allowable retention
time difference when aligning samples of different polarities.

Max aligned RT diff (sec): the maximum difference in retention time allowed when
forming consensus MS1 spectra across retention time aligned samples.

Max unaligned RT diff (sec): the maximum difference in retention time allowed when
aligning features to perform retention time alignment. This should be a higher tolerance
than the Max aligned RT diff(sec)/

Ignore Experimental MS2 Spectra: causes the program to consider only MS1 data in
its analysis, even if the input files contain MS2 spectra. This may be useful if the MS2

spectra were incorrectly collected or collected under very different conditions than the

library MS2 spectra.
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File type created by Scaffold Elements

Scaffold Elements creates its own file type called METDB. It is a lightweight, high
performance SQL database file. Scaffold Elements provides the user the opportunity to
query the experiment file using Structured Query Language (SQL) and to save these queries
for future use. This direct access to the data structure gives the user of Scaffold Elements a
unique capability to manipulate and analyze their data.

METDB files may be opened with the free Scaffold Elements Viewer, allowing users to
easily share their results with clients or collaborators. The Viewer retains all functionality of
the fully licensed program except the ability to load and process new data and the Library
Manager.
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Chapter 4
Scaffold Elements Main Window

Like most Scaffold applications, Scaffold Elements consists of a main window which
provides access to a number of specific views. In each view, the data loaded into a Scaffold
Elements experiment are organized so that a user can easily view the results from various
points of view.

The Scaffold Elements Main Window provides quick access to all of the Scaffold Elements
features and functions through the following features:

*  The “Title bar” on page 46

e The “Main menu commands” on page 47
*  The “Tool-bar” on page 56

*  The “Display Type Bar” on page 57

e The “Navigation pane” on page 64

*  The “Summarization Bar” on page 66

*  The “Display pane” on page 67

e The “Dashboard” on page 65
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Title bar

Figure 4-1: Scaffold Elements window
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Figure 4-2: Title bar

PN Elements - Demo3-MTBLS87.metdb

The title bar at the top of the Scaffold Elements window always displays “Elements”.
Additional text is displayed in the title bar depending on the actions that the user has
performed. For example, when a new experiment is created, the default experiment name “-
Elements Experiment” is appended. When a file is saved with a different name, the default
name is replaced by the new file name. When a .METDB file is opened, the title bar displays
the file name.

The version of Scaffold Elements in use is not displayed in the Title bar. The
version may be accessed through the Help > About Elements option in the main
menu. See “Main menu commands” below.
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Main menu commands

Figure 4-3: u

File Edit View Experiment Export Help

The Scaffold Elements main menu is organized in a standard Windows menu format with
commands grouped into menus (File, Edit, View, Experiment, Export and Help) across the
menu bar.

Some of these menu commands are also available in other areas of the application.

Menu Menu Commands
File * New—Starts a new experiment and opens a file browser to allow the
I Edit View Exper selection of files to load into Scaffold Elements. See “Loading data in
B New | Scaffold Elements” on page 32.
& Reanabyze  Cil-R * Reanalyze—Add files or modify parameters and reanalyze the
experiment
Open Ctrl-0
- * Open—Opens a saved Scaffold Elements experiment file, *. METDB,
through a file browser.
H save i + Close—Closes the current experiment, standard Windows behavior.
ki saves.. » Save—Saves the current experiment, standard Windows behavior.
= Print.. Ctrl-p » Save As—Saves the current experiment offering the option to use a
3§ Print Preview.. different name, standard Windows behavior.
% * Print—Prints the current view.
» Print Preview—Previews the current view with the option of printing the
document.
« Exit—Closes the Scaffold Elements window.
Edit » Copy—For each View, copies the first table appearing at the top of the
m View to the clipboard so it can be pasted into a third-party program such
as Excel or Microsoft Word.
B Copy Ctrl-C
. » Find—Opens a find dialog box that searches the first table present in
L Find Crl-F .
T the Current View
LibraryM
A » Library Manager—See Library Manager
Preferences.. + Preferences—see View
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Menu

Menu Commands

View

WIETS Experiment  Export H

Show/Hide Columns...
v Show Hidden

v Show Unknown

Color Options
Mavigate >
Surnmarization >

Cluster Value Suppression >

Log Intensities

* Show/Hide Columns...—Opens the Tables Column Control menu

» Show Hidden—Show table rows for which the visibility chceckbox has
been unchecked

* Show Unknown—Displays the unidentified compounds, despite their
not meeting thresholds.

» Color Options— Opens the Adjust Display Options dialog, see
» Navigate — Allows selection of tabs in a View.
* Summarization—Equivalent to the Summarization Bar pull down menu

e, A » Cluster Value Suppression—Helps the user select the clustering
ECoEetee R values that need to be visible, see Cluster Value Suppression
(':; :.:I::::: 2:4 * Log Intensities — Toggles the Log Intensities checkbox. Determines
B Librry View i whether intensity values are shown as base 10 logarithms.
i Analysis View Ctrl-6
&N Publish View crl-7
Experiment * Import Attributes File— See Import Attributes File...
* Set Sample Colors - Switches sample coloring mode

% |mport Attributes File...

"E Set Sample Colors..
[l Quantitative Analysi..
o5 Flux Analysis...

Normalize to Sample Intensity Distributions

Mermalize to Internal Standard...
Add Selected Analytes to Spectral Library

Set Chromatographic System
Set Feature 30 Data Source

* Quantitative Analysis— See Configure Quantitative Analysis dialog

* Flux Analysis—Opens a dialog to launch a metabolomic flux analysis.
See Flux Analysis in Scaffold Elements

* Normalize to Sample Intensity Distributions- See
* Normalize to Internal Standard...

* Add Selected Analytes to Spectral Library—Opens the dialog to “Add
Experimental Spectra to Library...”

» Set Chromatographic System— Allows setting the Chromatographic
System outside of the loading process

« Set Feature 3D Data Source— Connects the file to the mz5 and index
files needed for 3D visualization of the full data landscape

Export
¥ Export Attributes File...

¥ Export Samples Report to Excel...
¥ Export Features Report to Excel...
¥ Export Heatmap Report to Excel...

) Run SOL Query for Export...  Cirl=Shif

¥ Export for MetaboAnalyst
X Peak List Export

* Export:
« Attributes file...—Generates a tab-delimited text file of the meta-data

attributes assigned to each ms sample in the current experiment, see
Sample Organization tree table.

+ Samples Report to Excel...—Generates a tab-delimited text file of
the Samples table appearing in the Samples View, that can be
opened and viewed in Excel.

* Analyte Features Report to Excel...— Generates a csv file
containing information from the Analytes View for all analytes.

* Heatmap Report to Excel...—Generates a tab-delimited text file of
the information depicted in the Heatmap appearing in the Visualize
View, that can be opened and viewed in Excel.

* Run SQL query for Export...—Opens the SQL dialog box see SQL
Export tab

» Export for MetaboAnalyst— Generates a file formatted for import
into the MetaboAnalyst online analysis tool.

» Peak List Export—Exports peaklist of all features in the experiment
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Edit

Menu

Menu Commands

Help
[ i |
@ Help on Current View...
0 Help Contents
&) Elements User's Guide
@ Elements FAQs/Resource Center
& Open Demo Files
Show Log Files
Show License Agreement

Referencing Elements

Update License Key...

Help on Current View—Opens the Online Help that is specific for the
currently displayed topic.

Help Contents—Opens the Contents page for the Online Help.

Scaffold Elements User’s Guide —Opens the current Scaffold
Elements User’s Guide.

Elements FAQs/Resource Center—Opens the user’s default web
browser to the Home page of the Proteome Software’s resource center.

Open Demo Files—Opens the folder where Scaffold Elements demo
files are stored. The user can choose any of the pre-loaded files to test
Scaffold Elements capabilities.

Show Log Files—Opens the folder containing Scaffold Elements
error_log and output_log files

Show License Agreement

Referencing Scaffold Elements—Opens the Online Help that contains
a sample of how to reference Scaffold Elements when publishing data
analyzed with this application.

How to Purchase — (in Viewer mode) Opens the user’s default web
browser to the Purchase page of the Proteome Software web page:
www.proteomesoftware.com/products/purchase.Update License
Key...—(in licensed mode) Opens a dialog where the user can paste a
purchased license key that will allow full use of the application. For more
info see The first time Scaffold Elements opens after installation, the
Enter License Key dialog box opens.. When a full licensed application is
in use this option is not visible.

About Elements—Provides the release information for the current
version of Scaffold Elements, license information, contact information for
Proteome Software, Inc.. It also reports information about the system
where Scaffold Elements is installed, the amount of memory available to
the software and the percentage of memory used by the application.

Some commands appearing under the Edit Menu:

Library Manager

The Library Manager dialog contains the Imported Spectral Libraries table, four action
buttons and a Help Online button. The Imported Spectral Libraries table shows the listing
of spectral libraries already loaded into Scaffold Elements and available for selection. The
action buttons can be used to populate or pare the content of the Imported Spectral
Libraries table and to confirm currently selected libraries to be imported into the Search

Library tab.
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Figure 4-4: Library Manager Dialog

H Library Manager X
Status MName Metabolites Size Vendor =
Standards.libdb 10 30.7 kB Protecme Software
METLIMN_EXPERIMEMNTAL v... 13960 379 ME METLIM EXPERIMEMNTAL
METLIM_insilice_w2017.11.0... 229028 764.4 MB METLIM IM SILICO
ps_lib_20.libdb Errar Errar Error
(7] Import... Create... Download Libraries... Rermove oK

Selecting the Import... button opens a file manager so the user can navigate to the location
of a spectral library of interest. The accepted file formats are: SDF (Structured Data Format),
LIBDB (the Elements spectral libraries format), MSP and custom spectral libraries stored as
tab delimited text files and saved with extensions TXT or TSV. For more information on how
to create a custom spectral library using a text file, see Creating A Personal Spectral Library
in the appendix.

When one or more spectral libraries have been selected, the status column in the table
displays the progress of the library loading process.

Each imported library occupies a row in the table. Columns in the table display each
library’s: Status, Name, Entries, Size, Vendor and Location.

The Create... button is used to create an empty library to which experimental spectra may be
added to create a personal library. The button brings up a dialog box asking for the Creator
of the library. This information will be displayed in the Vendor column of the Library
Manager.

B

Enter the name of the person or organization whe is creating the library,
Creator:

Cancel | Save... |

After a string has been entered in the Creator field, clicking Save... opens a file browser
which allows the user to select a location for the new library file. An empty library is created.
Spectra must be added to the library before it can be used in searching.

The Download Libraries... button, opens a local browser to the Download Elements
Library page where spectral libraries compatible with Scaffold Elements are available for
download.

Depending on the type of license under which Elements is operating, different libraries may
be downloaded. A purchased copy of Elements gives access to the NIST Mass Spectral
Library (NIST/EPA/NIH Mass Spectral Library (EI)) and for an extra fee, also the METLIN
library (WILEY/METLIN Mass Spectral Database). For evaluation purposes, temporary and

Scaffold Elements User’s Guide


http://www.wiley.com/WileyCDA/WileyTitle/productCd-1119377056,subjectCd-FO00.html
http://www.nist.gov/srd/nist1a.cfm

limited access to these libraries is provided for the time defined by the evaluation key.

Download the library files through the Download Elements Library page. If the downloaded
file is a zip file (the file name contains the “.zip” extension), unzip the file. Place the file(s) in
a permanent location from which Elements may access them. To add the downloaded
libraries to Elements, use the Import... button in the Library Manager.

The NIST library (NIST20 Tandem Library) as distriburted with Scaffold Elements
consists of two different files in Elements LIBDB format:

NIST HRAM MS/MS Library (hr_msms_nist) - high resolution, accurate mass spectra only.
This libarary contains 1,026,712 spectra of 94,472 precursor ions from 27,840 chemical
compounds.

Combined NIST HRAM and NIST Low Resolution MS/MS library (hr_lr_msms_nist) - In
addition to the spectra contained in NIST HRAM, this library also contains 215,649 lower
resolution spectra of 163,512 precursor ions from 28,559 chemical compounds.

For more information about the NIST20 spectral libraries, see https://www.nist.gov/srd/nist-
standard-reference-database-1a.

The METLIN Mass Spectral Libraryl, which was created by The Scripps Center for
Metabolomics and is distributed by Wiley, consists of three separate library files:

METLIN Experimental2 - contains over 72,000 experimental spectra for over 14,000
chemical compounds.

METLIN In Silico? - with over 699,500 in silico spectra for over 233,000 compounds. Each
of these unique chemical structures features an in-silico spectrum at collision energies of 10,
20, and 40 eV.

METLIN Spectraless 2. provides information such as name, structure, elemental formula,
mass, CAS number, systematic name, KEGG ID, HMDB ID, PubChem ID, and commercial
availability for over 700,000 compounds. No MS2 spectra are included.

Spectral Library in any manner without explicit written approval by NIST. Contact

» The Elements for Metabolomics End User may not redistribute the NIST/EPA/NIH Mass
A Proteome Software at for more information.

» Copyright protection on the compilation of data in this Library is secured by the US
Department of Commerce in the United States and in other countries that are parties to
the Universal Copyright Convention, pursuant to Section 290(e) of Title 15 of the United
States Code.

» ltis expressly understood and agreed that unauthorized copying of this Library is not
permitted.

1. METLIN Mass Spectral Database: Scripps Center for Metabolomics, Gary Siuzdak (Editor), H. P. Benton
(Editor), ISBN: 978-1-119-37705-4, October 2017
2. Scripps Center for Metabolomics, Wiley 2017
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Agreement. see http://www.proteomesoftware.com/company/metlin-eula/ for more

» The Elements for Metabolomics End User must comply with the Wiley METLIN End User
A information.

 Itis expressly understood and agreed that unauthorized copying of these Libraries is not
permitted.

The Remove button allows elimination of imported spectral libraries from the list. When
selected, a library row is highlighted in blue; clicking Remove deletes the highlighted
libraries from the table. Before the operation is finalized, a confirmation dialog appears
offering, as an option, to completely remove the libraries from the computer. If this option is
selected, the .libdb file is deleted from the computer, otherwise the file remains available and
may be imported again and added to the list in the future.

Preferences

The main menu option: Edit > Preferences, opens the Preferences dialog which contains
the following tabs:

*  “Accession Number” on page 52
*  “Web Links” on page 52

*  “Units” on page 53

* “System” on page 53

*  “User Interface” on page 53

*  “Proteowizard” on page 54

Accession Number

Web Links

52

This tab includes a list of accession number or identifier formats that Elements can use to
label analytes, ordered by priority of selection. Under the list there are five action buttons
and a check box.

The highest priority accession number identifier is located at the top of the list. The order
may be changed by selecting a row and dragging it to the desired level.

When reporting an identified analyte, Elements will choose the first identifier type in the list
which can be found in the library entry.

Functional buttons and check boxes in the dialog tab:
*  Save this order as User Default--The user can check this box to save the order he prefers.

e Reset to User Default--When a custom default order has been previously saved, this
button will readjust the list according to that preferred order.

* Reset to Elements Default --Set the order to the original sequence.

The tab allows the user to choose the online database to be used for accession number
searches when web links are clicked in the Accession Number field of the Samples View.
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Units

The tab contains a drop-down list for selection of the preferred retention time units.

System

This tab provides a number of options related to system settings:

L]

Memory Usage - allows the user to specify the amount of RAM to be allocated to
Elements. The more RAM allocated the better the program will perform. It is
recommended that this be set to approximately 75% - 80% of the physical RAM
available on the system.

&

User Interface

» The new memory setting will take effect only after the application has been
closed and restarted.

* MAC OS, once Elements Viewer is installed, does not allow the memory
allocation to be reset unless the user is an administrator. A non-administrator
user can update the memory only when reinstalling the software.

Number of Processors - allows selection of the maximum number of processors
available to Scaffold Elements for threading computations. The default value is the
maximum number of processors available on the system where the application is
installed.

Internet Settings - determines whether the program is permitted to connect to the
internet. If this is allowed, an option is provided to specify an HTTP proxy server.
Proxy servers may be used by an organization's IT departments to filter
communications to and from the Internet. If a proxy is in use, the user needs to set
the Proxy Server Name and Port Number.

If the user is unsure whether there is a need to use proxy server settings, he/she may
check how his/her web browser is connected to the internet.

This tab offers options related to the function of the Elements graphical user interface.

Search Fields - a checkbox allows the user to specify whether or not search fields
should be interpreted as regular expressions.

Messages - a button allows users to re-enable any messages that have been disabled
by checking a box labeled “Do not show this message again” in any dialog.

Views - Chooses the View that will open by default when files are loaded or when an
Elements file is opened.
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Proteowizard
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*  ProteoWizard location - Allows the user to select the msconvert.exe file to be used
for conversion of raw files to MZ5 format. MSConvert is a program in the
ProteoWizard suite, and the executable file may be found in the folder into which
ProteoWizard was installed. Generally this will be in a folder named
C:\ProteoWizard followed by the version number.

¢ Download ProteoWizard - Allows the user to download the recommended version of
ProteoWizard. After downloading and installing, use the ProteoWizard location to
link Scaffold Elements to the new msconvert.exe.

¢ Create filtered mz5 files - If this box is checked, Elements instructs MSConvert to
filter the data as raw files are converted to MZ5 format. The thresholds used will be
the noise threshold and retention time range selected in the Search Parameters Tab.

If this option is checked and the user has set a retention time range and/or a noise
threshold using specific value, the mz5 files created by msconvert will not contain
any raw data outside of the specified retention time range and/or noise threshold.
This will affect isotopic feature cluster formation, since no raw signal below the
noise threshold will be included in the isotopic peaks, and browsing the raw data
landscape, where only filtered data will be shown.

View

Some items appearing in the View menu:

*  Color Options - Selecting the command View > Color Options opens the dialog Edit
Coloring for Display Type “<selected display option>".

Through this dialog, the user can adjust the coloring used to highlight the range of values of
the selected Display Type appearing in the Samples Table. The new colors are then reflected
in the color legend appearing at the head of the Samples Table.

Controls are available to set the specific color for each interval as well as to define the range
of values over which the color scheme is to be applied. Sliding one of the colored squares
located above the legend changes the range of the selected color. A color range can also be
set by typing a value in the Selected Value box. The color gradient check box determines
whether a color gradient or discrete colors will be applied over the designated ranges.

Double clicking a color in the color bar or a colored square opens a color choice dialog. This
dialog allows selection of different colors using either swatches, HSV, RGB or other
methods. By double clicking a specific colored square the user can change the specific color
using the color choice dialogsee Figure 4-7.

The button Restore Scaffold Elements Defaults provides a way to go back to the default
settings of the program. The OK command finalizes the current changes.

¢ Show/Hide Columns - see Tables Column Control
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e Show Unknown - allows unidentified analytes to be displayed even though they do not
have scores and therefore do not meet any scoring threshold in effect.

* Navigate - sclects the tab to be displayed. The options are to Select previous tab or Select
next tab. These options are disabled when the currently displayed View contains only a
single tab.

*  Summarization - see Summarization Bar
¢ Cluster Value Suppression - see Cluster Value Suppression

* Log Intensities - when this item is checked, intensity values in the Samples View are
displayed as base 10 logarithms. When it is not checked the intensity values are not shown
in log form. This selection coordinates with the Log Intensity checkbox.

Cluster Value Suppression

This option allows the user to show or hide the rolled up values at the cluster level. The
option is meant to help the user navigate through the samples list when clusters are applied.

*  Show Values for all clusters - The rolled up values are shown in any of the rows that
represent the top level of a cluster

e Only Show values for collapsed clusters - The rolled up values are shown only for
the rows that represent the top level of a collapsed cluster

* Do not show values for clusters - The rolled up values are not shown for any of the
rows that represent the top level of a cluster
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Tool-bar

Figure 4-5: Scaffold Elements tool bar
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The Scaffold Elements tool-bar contains icons that represent equivalent commands for
frequently used main menu options.

Icon Function

New—Starts a new experiment and opens a file browser to allow the selection of files to
% load in Scaffold Elements. See “Loading data in Scaffold Elements” on page 32.

Open—Opens a saved Scaffold Elements experiment file, *. METDB through a file
browser.

Save—Standard Windows behavior.

=

— Print—Prints the current view.

—

5 Print Preview—Previews current view with the option to print the document.

B Copy—For each view copies to the clipboard the first table appearing at the top of the
B view. From there, the user can paste it into a third-party program such as Excel or

Microsoft Word.
m Find—Opens a find dialog box that searches the first table present in the current view

Quantitative Analysis—See Configure Quantitative Analysis dialog.

Flux Analysis - Launch a Metabolic Flux Analysis

o>

. Excel—Exports the information that is contained in the current view to a tab-delimited
X text file that can be opened and viewed in Excel.
P Help—Opens the Scaffold Elements Online Help.
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Display Type Bar

The Display Type bar contains:

» the Display Type: pull down list.

* the Normalized Check Box.

Their functionality affects the displayed values in the Samples View and in the Visualize
View.

Display Type:

The Display Type drop down list offers a range of sample statistics. The values shown in the
Samples table and in the Heat map depend on the display type selection. When a particular
quantitative value is selected from the list, the corresponding values are reported in the table
cells for each analyte group and MS sample or chosen level of summarization.

The Display Type drop down list offers the following options:
Figure 4-6: List of Display Types

‘D\sp\ayTypa: Log: Fold Change (Precursor... v Ref: | Negative v | [¥]Mormalized
~

*  Logl0 Precursor Intensity---Which shows, rolled up to the selected summarization
level, the Log( of the precursor intensity (or Area under the Curve) of a particular analyte
in each sample or summarized group of samples.

* Log, Fold Change (Precursor Intensity) --- When selected, the Ref: pull down list
appears, allowing the user to choose a reference against which the Log, Fold Change is
to be computed. The menu lists the columns or groups of columns in the Samples table
representing the available reference options compatible with the selected level of
summarization.

*  Max Score-- Shows the maximum ID score value of the identified features for a specific
analyte at the selected summarization level, see “ID Score” on page 182°.

The default coloring of each cell in the Samples table reflects the selected display
type. Coloring can be changed in the Edit Coloring for Display Type dialog that is
reached through the command View > Color Options. See “Color Options” on
page 60.

Normalized Check Box

When this option is selected the quantitative data shown in the Samples table, chosen from
the Display type list, is normalized using a normalization method described in
“Normalization methods” on page 154.
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Filters Pane

Star Filter

58

The Scaffold Elements Filters pane is located under the Display Type bar in the upper section
of the main Scaffold Elements window. It contains an ample selection of filtering options
that help the user search and choose a subset of the list of analytes included in the Samples
table. Whenever one or more filters are in use, the grayed out cross icon present at the right
end of the pane becomes active appearing red in color. Clicking on the cross cancels the
action of any active filter.

Figure 4-7: Scaffold Elements Filters Pane
Filters

Show Hidden |5’y
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The Filters pane includes the following functionalities:

Icon Function

Show Hidden—Toggles the view of hidden analytes listed in the Samples table
[ Show Hidden according to the status of the check-box appearing under the column visible. By
default the status of the box is checked.

Star Filters — A series of toggle buttons that can be used to filter analytes tagged
with a specific star in the Samples Table, see “Star Filter” on page 58.

A
\}'\-

Substructure Filter—Filters the list of analytes according to a chemical
substructure custom drawn through the Chemical Substructure Filter dialog. See
“Substructure Filter” on page 59.

oy

Mode Filter — When the data was measured in a mode, this filter helps selecting
the features resulting from a selected mode. See “Mode Filter” on page 60.

+ =
Text Search Box — Filters the analyte list according to the input text, see“Text
Search Box” on page 61.
Neme/dccession 0
p-value filter — When a statistical test is applied and the p-value column has
been added to the table, this filter becomes available and offers the option to filter
p-value filter based on statistical significance, see “P-Value Filter” on page 62.

Cross Icon—Red when a filter is active.Clicking cancels filtering.

(X

Figure 4-8:

The Star Filer box contains four toggle buttons located next to the “Show Hidden” check
box. Each button is characterized by one of the four possible star states the user can trigger
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for a specific analyte group or cluster, by clicking the icon shown under the “Star” column in
the Samples table. This action is called “starring an analyte”.

Each star button has two possible filtering states:

* Unselected - The star appears at the center of a squared box and analytes tagged with that
type of star are included in the Samples table. When the button is clicked, a red diagonal
bar appears across the box and the analytes that are tagged by this specific star disappear
from view. The Cross icon becomes active, indicating that a filter has been applied.

* Selected -The star appears at the center of a squared box barred with a red diagonal and
the analytes tagged with that type of star are filtered from the list. Clicking the button
clears the red bar and returns the analytes to the list. If no other filters are in effect, the
Cross icon is grayed out.

It is possible to select one or more star filter buttons at the same time. The analytes tagged
with the selected stars will be hidden from the analyte list. Selecting the uncolored star
leaves only starred analytes in the list. For more information, see “Tagging Analyte of
Interest, the star function” on page 99.

Substructure Filter

Selecting the Substructure filter button opens the Chemical Substructure Filter dialog.

Figure 4-9: Chemical Substructure Filter dialog

|£:| Chemical Substructure Filter 4

Draw or load a chemical structure in the drawing area
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o]

CH

Select a structure
or element then
click in drawing
board to place it

OOl OB

Browse a library
of structures
and select one
to place in
drawing board

HQ

Cll Ha | Qall Nl | Pall Sl EdICLI BRI | LIS
Select Rectangle CHyM;0,5, (12 Hs implicit) Zoomfactor: 100%

7] oK Clear Filter Cancel

The substructure filter allows the user to specify a specific chemical substructure and to filter
the analyte list to only those analytes containing this substructure. The dialog contains a
drawing board with three tool bars along its edges, a textbox for entering a search string, and
buttons for applying or clearing the substructure filter. There are three methods of adding
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structures to the drawing board:

* Entera CAS, SMILES or InChl string into the box (it will populate the dropdown and
may be selected from there) and click Insert.

»  Select specific structural elements from the left tool bar and/or elements from the
lower tool bar and place them into the drawing board by clicking in the desired
location.

* Browse a library of analytes and select one, which will be placed into the drawing
board.

Once a structure has been placed in the drawing board, it may be edited using the Editing and
Copying toolbar functions. When the substructure has been specified in the drawing area,
clicking the OK button filters the analyte list and closes the Filter. Dialog. Clicking Clear
Filter clears the drawing board and closes the Filter Dialog.

Editing and Copying functions tool bar

o | L) el o) (5" T WIS it |V1Y G

5. Draw Bonds and Atoms tool bar

0@ OO0

6. Draw Chemical Symbols tool bar

clinllolind rlisllEdicyliBell Ll=s

Mode Filter

60

MS data can be acquired in three possible modes:
*  positive, negative or in a mixed mode.

This filter is only active when the experiment contains both ions obtained in positive and in
negative mode (e.g. data acquired in mixed mode). Clicking on the + button filters out
analytes with spectra acquired in the positive mode, displaying only the analytes identified
only by negative ions. Clicking on the - button filters out analytes with negative ions. Once
selected, the button shows a red diagonal bar. and a red button at the end of the Filters pane is
activated. Clicking the red button or toggling the + or - button sign one more time clears the
filter.
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Text Search Box

The Text Search box filters the list of analytes in the Samples Table according to what has
been typed in the box. The filter searches for the typed characters in the Analyte Name and
Accession Number columns in the Samples Table.

It is possible to allow the use of regular expressions in the search field by going to the menu
option Edit > Preferences and selecting the appropriate option in the Searching tab.

Library Filter

Figure 4-10: The Library Filter dialog
¥y Library Filter P4

Analyte identifications from the selected libraries will be displayed.

| METLIN_EXPERIMENTAL w2017.11.06.libdb
¥ | nist_msms_w2017.11.27.1ibdb

Select All Deselect All

Apply Clear Filter Cancel

When more than one spectral library has been searched, the Library Filter allows the user to
choose to display only identifications made from specific libraries. All libraries with matches
in the current experiment are shown, and the user may check the libraries for which matches
are to be displayed.

The option to Show Unknown in the View menu actually works through the Library Filter,
selecting the compounds which were not identified through any library.
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P-Value Filter

62

The filter is active only when a statistical test has been applied. When applying a test, the
user may select the p-value threshold below which a result is considered statistically
significant, and may also apply a FWER correction to this significance level to adjust for
multiple comparisons, see “Significance Level” on page 160.

When a statistical test has been applied, a column containing the resulting p-values appears

in the Samples Table, with p-values above the specified significance level colored green. P-
values that meet the uncorrected significance level, but do not meet the adjusted significance
level after applying a selected FWER correction are colored yellow. The p-value filter allows
the user to filter out all analytes whose p-values do not meet significance criteria, either with
or without correction.

Figure 4-11: p-value Filter
() Mo Filter

(@) Significant after FWER. correction
() Significant without FWER correction
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Thresholds Pane

ID Score

Elements provides three different thresholds that can be used to increase or decrease the
length of the analyte list appearing in the Samples Table. Their function is to set minimum
standards for identification confidence. Thresholds can be adjusted through the Thresholds
pane located in the main Elements window under the Tool bar. The level of a threshold can
be changed either by typing a value in the text box or by adjusting the value using the up and
down arrows.

Figure 4-12: Thresholds Pane
Threshaolds

ID Score| 0.6 5| Logie Intensity| O | Min #Samples| 1

The pane includes the following thresholds:
*  “ID Score”

*  “LoglO Intensity”

e “Min # Samples”

The ID score is a weighted average of the “MS2 Score” on page 216, the “Isotopic
Distribution Score” on page 214, and the “Mass Accuracy Score” on page 214, for more
information see section “Analyte ID Score” on page 213.

Logqg Intensity

Where intensity refers to the area under the curve or precursor intensity of the XIC
associated to an analyte feature.

Min # Samples

The Min # Samples or reproducibility threshold filters analytes groups that are present in
more MS samples than the number appearing in the filter.
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Navigation pane

The Scaffold Elements Navigation pane is a vertical bar displayed on the left side of the
Scaffold Elements window.

Figure 4-13: Scaffold Elements Navigation pane View selection

r\‘-TLj

QOrganize

Seg

A

Samples

Analytes

Visualize
Library
Analysis

Publish
The bar contains large buttons that toggle the seven different views available in the Scaffold
Elements main window:

e The Organize View, see The Organize View

*  The Samples View, see The Samples View

*  The Analytes View - see The Analytes View

¢ The Visualize View, see The Visualize View

* The Library View - does not appear in the Elements Viewer, see The Library View

* The Analysis View, see Analysis View

e The Publish View, see The Publish View

64 Scaffold Elements User’s Guide



Dashboard

The Dashboard or Information Box is located under the navigation pane on the left lower
corner of the Scaffold Elements main window. The box contains information about the
numbers of Identified Analytes, Consensus Features, and total Features at the current level of
thresholding. The information reported in the Info Box when highlighted can be copied by
simply using the standard CTRL C key strokes.

Figure 4-14: Dashboard

|88 Metabolites

820 Consensus
Features

3345 Features
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Summarization Bar

66

The Summarization bar allows the user to view the data collapsed or expanded at different
hierarchical levels. The Summarization bar operates through a drop down menu containing a
list of Categories hierarchically ordered.

Figure 4-15: Scaffold Elements Summarization bar

Surmmarization: | Stage A
»
Biosample
M5 Sample
Edit...
The last item in the list is the command Edit..., which, when selected, opens the The

Configure Sample Organization and Statistical Analysis Dialog. through which it is possible
to add Categories to the drop down list and define a different hierarchical order.
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Display pane

Tool-tips

The information included in the different views appears in the Scaffold Elements Display
pane. Depending on the view, the type of information reported might appear framed in one or
more tables or graphs included in one or more sub-panes. All panes and tables included in
Elements share the following characteristics:

*  Tool-tips

* Resizing of columns and panes
» Tables Column Control

*  Moving columns

*  Column sorting feature

e Multi selection of rows

The user can view information about fields or columns in a View by just hovering the mouse
pointer over the location of interest. This operation opens a collapsed tool-tip. Pressing F2
opens an expanded tool-tip. Pressing the Escape (ESC) key on the keyboard closes the
expanded tool-tip.

Resizing of columns and panes

The user can resize columns and different panes in each of the views to better suit his/her
working needs. For example, in the Samples Table, the user can change the width of a
column by resting the mouse pointer on the right side of a column heading until the pointer
changes to a double-headed arrow, and then dragging the boundary until the column is the
width that he or she wants.

Figure 4-16: Changing the width of a column in the Samples View

5 1 Stage 2
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Accession Number
-01A-12
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AF-3913-01A-12

AG-ADTW-01A

B AA-ADON-01A-41
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=)
e

851
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Tables Column Control

All tables throughout Scaffold Elements have a feature called Column Control. It is a vertical
button placed on the right side of every table lined up with the column headers. When the
user clicks the button or selects the option View > Show/Hide Columns from the main
menu, a drop down list of all the columns opens. Each column is associated with a check box
and at the bottom of the list there are included three group commands.
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Figure 4-17: Scaffold Elements Column Control button

Calumn
Control

«

AG-4007-01A-22
AG-AD16

H I
744 7.20
B 8.15 7.99

¢ Unchecking columns from the list will hide them from view in the Samples table.

¢ The Horizontal Scroll command if checked will add a scroll bar at the bottom of the

Samples table.

e Pack all columns when selected resizes all samples columns to a common width.

¢ Pack selected column resizes the column that contains the current selected cell. If no cell

has been selected the command is grayed out.

Columns can be hidden also by using the right-click function which brings up the
context menu Hide Column when hovering over the heading of a column. To have
the column reappear again use Tables Column Control

Figure 4-18: Hiding a column with Mouse Right-click

=
=T [
CREN
E o5 Hide Colurmn
0.0032 852E7  4.15EB
0.55 1.02E9 3.96E8
0.0029 9A40EE  6.4GEB
- m a——— s mm—

Moving columns

g
6.06E7

5.49E3
6.51E8

In all tables throughout Scaffold Elements, every column can be moved from one position to
another for more comfortable access to the data that is summarized in them.

The user simply clicks on the header of the column that is be moved and drags it to the new
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location. The new position will be retained when the user switches to another view and then
returns.

Figure 4-19: Moving columns in tables
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Column sorting feature

In all tables throughout Scaffold Elements, the user can use the tri-state column sorting
feature and sort the display by clicking on any column header. For example, to sort the
analytes based on their accession number, the user can click the Accession Number column
header to initially select the column. Then to sort the analytes based on increasing
alphabetical order, the user can click the Accession Number column header a first time. A
second click will order the column on decreasing alphabetical order. To return to the default
display, the user can click the Accession Number column header a third time.

Increasing and decreasing orders will be indicated by an up and down arrow respectively,
shown in the header of the column that is being sorted, while the default order will have no
arrow.

Multi selection of rows

In all tables throughout Elements the user can select multiple rows by using either the SHIFT
or the CTRL key, depending whether the desired selection has contiguous rows or not, and
the click of the mouse in a pretty standard fashion. Other functions can then be applied, such
as assigning a star to the selected group of analytes in the Samples table, for example.

Mouse Right-click Context Menus

When the user hits the right-click button of the mouse while hovering over the Display Pane
of a View, a menu with various options appears close to the working arrow. Depending on
the selected view the list of options available in the menu varies. A description of the mouse
right-click command is provided in “Description of Mouse Right Click Context Menu
Commands” on page 267.

Organize View

There are two different context menus appearing in this view, one connected to the Define
Categories Pane and the other to the Sample Organization tree table.
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*  When selecting a row in the Organize View Table, Right Click Menu A appears. The
menu contains number of commands and a list of the Categories defined in the table. Each
attribute group appears in its assigned color and provides in a sub-menu the list of
attributes included in it. When selecting a row in the Categories tree table Right Click

Menu A appears.The Edit commands opens up the Bulk Edit Sample Names and the
Delete option deletes a selected attribute.

Samples View

Right Click Menu A

Define Categor

When hovering over the Samples table the Right Click Menu B appears. This menu has a
number of sub-menus as shown in the picture.
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Right Click Menu B

Add Orange
Add Blue
¥ Remove Star

Remove All Stars

Show

Hide

Hide Others
Show All
Show Decoys
Hide Decays

Expand Al
Collapse All

Cluster Value Suppression

Copylmage
Copy Selected Cell
Copy Selected Row
Copy All Data

Show values for all clusters
+| Only show values for collapsed clusters

Do not show values for clusters

#) Export To Excel..
Save PNG (bitmap) Image...
Save SUG fvector) Image..

Save EMF (vector) Image.
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Chapter 5
The Organize View

The Organize view displays the loaded samples in a tree structure that can be customized to reproduce the
organizational structure of the experiment to be analyzed in Scaffold Elements. It works in conjunction
with the “Configure Sample Organization and Statistical Analysis” dialog to support data analysis to
expose meaningful biological trends in the experiment.

Organizing data in Scaffold Elements

The Organize View in Scaffold Elements provides an easy method to organize even complex experiments
involving multiple variables. A variable or factor in Scaffold Elements is called a Category, and each
different level or value assumed by the variable or factor is called an Attribute. Through the Organize
View, Categories, along with their Attributes are defined, and the appropriate Attributes are associated
with the specific samples to which they apply.

For example, “Treatment Group” might be a Category, with Attributes “Control” and “Treated”. A time-
course study measuring response to administration of a drug might have a Category called “Time” with
Attributes “0 min”, “20 min”, “40 min” and “60 min”. Many Categories may be applied to the same data.
Often many different attributes comprising many categories are recorded for clinical samples, such as age,
sex, disease history, etc. All of these may be applied in Scaffold Elements, and the researcher may
experiment with analyzing the data on the basis of any one or a combination of these categories.

Define Categories
g Group Samples By | Selected Category Bulk Edit Sample Names... (7] P

% Import Attributes File.. X Export Attributes File..

EE |

Sample Name

o Add Category R Delete Slected Category S0_1 from FOD1465,reid

5D_1 from FOO1467.meid
® 501 from FO01472.meid
@ 501 from FO01473.meid

Attributes may be defined and assigned either through the graphical user interface of the Organize View or
by reading an Attributes File, which may be created in Excel and saved as a CSV, TSV or .TXT file or
exported from a LIMS system.

Figure 5-1:

The Tools in the Organize View provide helpful ways to restructure the loaded samples to reflect the
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proper experimental design. This is done by defining Categories and their associated Attributes and
assigning them to the samples. As Categories are added, additional columns are displayed, each
corresponding to a Category. As samples are assigned Attributes, they are tagged with customizable labels
and colors. Once the Attributes have been associated with the corresponding samples, the user can
structure the experiment by creating a hierarchy of categories to view the data at different levels of
summarization and can also apply a variety of statistical tests.

Tools in the Organize View

The Organize View consists of:

The Define Categories Pane -- which contains a number of tools to enable the user to provide the meta-
data needed to organize the samples in accordance with the experimental design. It consists of:

*  The Import Attributes File... button--which loads metadata that is already assigned to the samples
and stored in a text file structured as a spreadsheet. It creates Categories and assigns Attributes to the
currently loaded samples as specified in the file.

* The Export Attributes File... button--which saves the current Categories and Attribute assignments
as an Attributes File. This is useful for saving Attributes created through the GUI or for exporting a
skeletal Attributes File which can be completed in Excel and re-imported to create and assign Attributes.

* The Add Category button --which creates a new Category. When this button is clicked, a new
Category is added at the top of the Category list below the button. By default, it is named “New
Category”

Define Categories Define Categories
% Import Attributes File.., X Export Attributes File.. % Import Attributes File.. X Export Attributes File..
+ Add Category ﬁ Delete New Category + Add Category ﬁ Delete Treatment
Mew Categorg.r [] | o= Add Attribute Sample B | Trestment 1| []
sample [] Treatment ]
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Define Categories

= |mport Attributes File... X\ Export Attributes File...
+ Add Category ﬁ Delete Treatment Group
Sample [  contral

treatment 1

The Delete Category button -- clicking this button deletes the selected Category and all Attributes
associated with it. To delete a single Attribute, select the Category in which it appears, then select it in
the Attribute list and use the delete key or right-click and delete.

Configure Experimental Design and Statistical Analysis -- when all samples have been organized
according to their attributes, the user should click this button to open a dialog which allows for
specification of the design of the experiment. This will establish a Summarization Hierarchy and allow
the user to configure statistical analysis (see Experimental Design).

The Sample Organization Pane - allows the user to assign attributes to the samples. It consists of:

Group Samples By -- a dropdown list which allows the user to determine how the samples will be
displayed in the Sample Organization Table. Options are 1) to display the samples sorted by Sample
Name, 2) to group the samples based on the Selected Category (the currently selected in the Category
List under Define Categories), or 3) to display them hierarchically, organized according to the
Experimental Design (see Experimental Design). Each of these options can be useful at different points
in the process of organizing the experiment.

Bulk Edit Sample Names... -- a button which brings up a dialog to assist the user in editing sample
names to make them more useful and legible throughout the program. It provides a number of options
for trimming the names or allows individual editing if the custom option is selected.

The Sample Organization Table -- which lists the MS samples loaded into the experiment, organized
as a tree structure and displays the Attributes associated with each sample.

Sample Information -- displays sample information for the sample currently selected in the Sample
Organization Table.

The Experimental Design button which allows creation and editing of the Summarization Hierarchy.

Scaffold Elements User’s Guide 73



Sample Organization Table

Scaffold Elements allows the user to derive a much deeper understanding of the experiment by creating
new Categories and then assigning their Attributes to the appropriate MS samples. The Categories may be
hierarchically organized using the Summarization pane, described in Experimental Design. Figure 5-2
shows the data after a series of attributes has been applied.

Figure 5-2: Organize View with added attributes

Define Categories

Group Samples By | Selected Category ~ Bulk Edit Sample Mames... 0 L
@ Import Attributes File... ] Export Attributes File..,
Sample Name Roast Time Sample Extraction Method Temperature B
+ Add Category & Delete Extraction Method - [ Complete Ex
" Complete Extra...
Extraction Method ] i
" Complete Extra...
Roast Time [} J= Add Attribute  Complete Extra...
.. " Complete Extra...
sample = @ 20121130. W © Complete Extra...
@ 20121130.. Vi . Complete Extra...
20121130. W ] " Complete Extra...
Temperature O 20121130...CIRLERT © Complete Extra...

@ 20121130... LRI © Complete Extra...

W 20121130... CROENT ' Complete Extra...
20121130... RN ® " Complete Extra...

Wi . Complete Extra...

© Complete Extra...,
© Complete Extra...
© Complete Extra...,
. Complete Extra...
© Complete Extra...
. Complete Extra...

@ 20121130..

@ 20121130, L © Complete Extra...
@ 20121130.. 10 Min " Complete Extra...
Z|alw|= a7 20121130... CEIENT " Complete Extra...
20121130... EE RN " Complete Extra...
& 20121130, Win  Comnlete Frira...
ult Configure Experimental Design Sample Information
and Statistical Analysis... [No Sample Selected |

There are several methods by which Attributes may be assigned to samples.

* Drag and drop - Select the Category whose attributes are to be applied by clicking on it in the list under
Define Categories. Select Group Samples By Selected Category Drag an individual attribute in the
Sample Organization tree table to a sample name. Alternatively, select one or more samples and drag
them to one of the Attributes, which appears in the table as the Attribute name and its color block.

* Right-click on Sample(s) - This option is often used in Display Samples by Sample Name mode, but
also works in the other modes. Select one or more samples in the Samples column and right-click. Hover
over an Attribute Group in the context menu that appears, then select an Attribute to assign to all
selected samples.

* Search Box - A helpful method when organizing large experiments is to use the Search Box to display
a subset of samples, select them all then either right-click and select an Attribute or drag the Attribute
to the set of samples. Often the sample names contain substrings that indicate which attributes belong
to which samples. In this case, the Search Box approach allows the user to leverage this information to
quickly organize the samples.
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Figure 5-3: Assigning an Attribute to multiple samples using the Search Box

Define Categories
d Group Samples Bf_Sample Name v Bulk Edit Sample Names... ?@ X

& Import Attributes File.. B Export Attributes File..

Sample Name component
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@ 2b_plasma_20mM_C2.R, Edit sample...

Expand All
Collapse All
Edit Selected Sample Names..

component (] |

o= Add Attribute

@ seum

New component...

Sample Information -
xalv > Az |File Name:  <multiple>
File Location: <multiple>
Wt Configure Experimental Design _Flla Format:  Mascot MGF file
and Statistical Analysis... Search Library:2013-0317_uniprot_human fasta, SprotHum712044 FASTA, unreferenced database

Sample Organization tree table

When the Group Samples By option is set to Sample Name:

*  The table shows the list of samples in alphabetical order in the first column. A colored dot next to the
sample name indicates the color associated with that sample throughout the program. The sample name
or color may be edited by right-clicking in the cell and selecting Edit sample...

*  An additional column is displayed for each Category that has been created, and the cells in these
columns show the Attribute associated with the specific sample in that Category. A colored dot indicates
the color associated with that Attribute throughout the program.

When the Group Samples By option selected is Selected Category or Experimental Design:
»  The table shows the list of Categories as collapsible folders:

When the folders are collapsed a + sign appears to the left side of the folder. Clicking the + sign
expands the folder showing the list of attributes in the group and the +sign becomes a -. Clicking
the - sign collapses the folder.

*  When the Attribute Group is expanded, the Attributes belonging to the group are listed with a colored
dot assigned to each of them.

* Right-clicking on an Attribute Group or Attribute in the tree table:

This action displays a menu that allows the user to edit or delete the Attribute Group. The Edit
Name option makes the attribute name editable and the Edit Color color option opens a dialog that
allows the user to select a new color to be assigned to the Attribute.
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Figure 5-4: Organize View - Edit Categories
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If Group Samples By Selected Category is selected, all of the samples are shown in folders grouped by
the selected category. Each folder contains all samples with a specific Attribute of that Category. If
Experimental Design is chosen as the grouping method, samples are organized into a hierarchical set of
folders based on the Experimental Design (see Experimental Design).

Bulk Edit Sample Names

Often sample names are quite long and difficult to distinguish. This can cause problems when viewing the
data in the other Views of Scaffold Elements. The user may wish to edit the sample names to make them
shorter and/or more meaningful. Several tools are provided to assist in this effort. The names as they
appear currently are shown in the left column of the table, and as they would appear if a proposed edit were
applied on the right. Buttons at the bottom allow the user to Apply an edit, Cancel an edit or close the
dialog (OK). The editing tools provided are:

76

Remove prefix - if all sample names share a common prefix, it will appear in the text field. It may be
edited if the user wishes to remove just a portion of the common prefix.

Remove suffix - if all sample names end in a common suffix, it will appear in the text field. It may be
edited to allow removal of a portion of the common suffix.

Remove characters at beginning - the user may select a specific number of characters to be removed
from the beginning of all sample names.

Remove characters at end - the user may select a specific number of characters to be removed from the
end of all sample names.
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* Rename based on Attributes - the user may select a Category from the dropdown. Samples will be
renamed to the Attribute name associated with that sample for that Category appended with a sequential
number. Clicking the + button will add a second Attribute from another Category (see Figure 5-5).

Figure 5-5: Samples renamed based on a combination of two Categories
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e Custom - allows selection and editing of individual names in the New Name column.

Import Attributes File...

A quick way to apply a number of Attributes to MS samples already loaded into Scaffold Elements is to
read them from a formatted list of Attributes saved as a tab delimited text file, see Compiling an Attributes
File. The file can be imported through the Import Attributes file... button or by selecting the Experiment
> Load Attributes from File command from the main menu.

If some Attributes have already been applied, importing an Attributes File will update assignments of
existing Attributes listed in the file, but will not affect any Attributes that are not included in the file. Thus
an Attributes File may be used to add to existing Attribute assignments, or to update them.

Compiling an Attributes File

The first line, or header line, in a Scaffold Elements attributes file begins with Sample Name followed by
a list of Attribute Group names. If they do not already exist, these Categories will be created when the file
is imported.

Each successive line must begin with the name of a sample loaded into the program followed by
Attributes, each belonging to the Attribute Group listed above it in the header line. Note that the sample
names must be precisely the same as the sample names loaded into Scaffold Elements.

One method of creating an Attributes File is to export a skeletal file containing the sample list from the
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program and then add the Attribute information for each sample using Excel or a similar program. The list
of loaded samples can be compiled by clicking the Export Attributes File... button or by selecting the
Export > Export Attributes File... command from the main menu. Once the exported file is opened in
Excel, it is easy to add attribute information to each sample in the list. The top row, or header line, will
begin with SAMPLE NAME, and the names of the desired Categories, should be added. The list of
samples must be the first column in the file, and the Attributes should be added in the subsequent columns
(see Figure 5-6below).

Figure 5-6: Example of a Scaffold Elements Attributes text file

1 Sample Name Bigsample Category Ethnicity Anticoagulant HPLC

2 CAK-20-400-500.RAW (F002703) PReQ00817 Lab-1 bl edta 20-400-900
CAS-40-900-1200.RAW (F0D26%E) PRe000810 Lab-1 bl serum 40-9500-1200
CAH-40-900-1200.RAW (F002760) PRhe000862 Lab-1 bl heparin 40-9500-1200
CAH-20-900-1200.RAW (F002757) PRheQ00862 Lab-1 bl heparin 20-9500-1200

1ot bt

CAC-10-400-900.RAW (F002743) PReQ00859 Lab-1 bl citrate 10-400-300

CAC-40-900-1200.RAW (F002751) PReQ00859 Lab-1 bl citrate 40-300-1200
g2 CAH-20-400-900.RAW (F002756) PReQ00862 Lab-1 bl heparin 20-400-300
2 CAS-20-1200-200.RAW (F0026%96) PRe000810 Lab-1 bl serum 20-1200-200
1 CAK-40-400-900.RAW (F002706) PReQ00817 Lab-1 bl gdra 40-400-800
11 AAS-10-400-800.RAW (F002734) PRe0007927 Lab-1 b3 serum 10-400-800
12 CAS-40-400-800.RAW (F002697) PReQ00810 Lab-1 bl serum 40-400-800
13 CAC-40-1200-2000.RAW (F002752) PRe000859 Lab-1 bl citrate 40-1200-2000
14 CAC-20-400-800.RAW (F002747) PReQ00859 Lab-1 bl citrate 20-400-300
15 CAS-10-900-1200.RAW (F002692) PReQ00810 Lab-1 bl serum 10-900-1200
16 CAK-40-1200-2000.RAW (FOD2708) PReO00817 Lab-1 bl gdra 40-1200-2000
17 CAH-40-400-800.RAW (F002759) PReQ00862 Lab-1 bl heparin 40-200-300
18 CAH-10-400-800.RAW (F002753) PReQ00862 Lab-1 bl heparin 10-400-300

12 CAH-10-1200-2000.RAW (F002755) PRe000862 Lab-1 bl heparin 10-1200-2000

AAS-20-1200-200.RAW (F002739) PRe000727 Lab-1 b3 serum 20-1200-200
2 CAS-40-1200-2000.RAW (F002699) PAe000810 Lab-1 bl serum 40-1200-2000
CAH-10-900-1200.RAW (F002754) PReQ00862 Lab-1 bl heparin 10-300-1200
CAS-20-900-1200.RAW (F002685) PReQ00810 Lab-1 bl serum 20-900-1200

20 CAK-20-1200-200.RAW (F002705) PRe000817 Lab-1 bl edra 20-1200-200
21 CAC-20-1200-200.RAW (F002749) PRe000859 Lab-1 bl citrate 20-1200-200
22 AAS-40-400-8%00.RAW (F002740) PReQ007927 Lab-1 b3 serum 40-400-800
23 CAK-10-1200-2000.RAW (F002702) PRe000817 Lab-1 bl gdra 10-1200-2000
24 CAH-40-1200-2000.RAW (F002761) Phe000862 Lab-1 bl heparin 40-1200-2000
25 AAS-20-400-%00.RAW (FD02737) PRe000797 Lab-1 b3 serum 20-400-800
26 AAS-10-900-1200.RAW (F002735) PReQ007927 Lab-1 b3 serum 10-900-1200
27 CAS-20-400-%00.RAW (F002694) PReQ00810 Lab-1 bl serum 20-400-900

2

2

32 CAC-10-400-800.RAW (F002744) PReQ00859 Lab-1 bl citrate 10-400-300
33 AAS-40-900-1200.RAW (F002741) PRe0007927 Lab-1 b3 serum 40-900-1200
34 CAS-10-400-800.RAW (F002691) PReQ00810 Lab-1 bl serum 10-400-800

If the Scaffold Elements file already contains attribute data, such as Category and Biosample, these
Categories do not need to be added again.

» Important: Open the file in Excel, add the Attributes and then export from
@ Excel as comma- or tab-delimited text file.
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Experimental Design

Supported experimental designs

Scaffold Elements supports label-free quantification and statistical analysis for three types of experimental
designs

Basic Design

Experiments of this design consist of two or more biological classes of MS samples, between which
variation is considered to be caused by experimental conditions (e.g. control and treatment classes). Each
biological class is made up of one or more biological replicates which represent identical experimental
conditions, but differ from one another because of biological variation (e.g. multiple organisms raised
under identical experimental conditions would be biological replicates of one another). A biological
replicate, in turn, consists of one or more technical replicates which originate from the same biological
source. Finally, a technical replicate may be fractionated, in which case it is a set of MS samples which
correspond to different portions of a sample which contain (ideally, but not exactly) distinct subsets of the
total content of the originating sample. A non-fractionated technical replicate is simply a single MS
sample.

Figure 5-7: Example experimental design
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T T Control
| Experimental Variation J
4 g N\ < ES
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(within biological classes) Subject 1 ‘ Subject 2 | | Subject 3 ‘ Subject 4
| Biologieal Variation | \ TR \ / I\
’/ \ / \ / \ / \
/ \ / \ '."' \ / \
‘/ \ / \ /‘ \ ’.f \\
Technical Replicates / \ 1 \

(within biological r(phmtu] m E E mm

Technical Variation

¢ & ¥ & 4 ¢ 4 & ¢ & ¢
¢ f‘r‘ ."r' ? 4 ¢ 4 ¢ ? ¢ ¢ r‘.-‘
I3 & ¢ ¢ ¢ 4 ¢ 4 4 ¥ 4 ¢

o et I (DI A D]

(within technical replicates)

Figure 5-7 shows an example experimental design which can be easily represented in Scaffold Elements
with two categories in a simple hierarchy, for example:

Group -> {Treatment, Control}

Subject-> {Subject 1, Subject 2,Subject 3,Subject 4}
can be summarized with the following hierarchy:

Group

Subject
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(MS sample)

Repeated Measures

In a repeated measures experiment, samples are obtained at different times or under different conditions
from the same biological entities. The goal is to analyze how each individual’s levels change in response to
the varying conditions. Each individual may have its own baseline value, but the goal is to analyze whether
there are patterns in the changes from these baseline levels in response to the changing conditions.

Some examples of repeated measures studies are time-course studies and crossover studies. Time-course
studies are used, for example, for measuring the response of individuals to a drug treatment. Initial baseline
levels are measured, then measurements are taken at a series of time points to ascertain the pattern of
response to the drug. In crossover studies, a set of individuals are exposed to a series of different
treatments, with each individual receiving each treatment, although not necessarily in the same order.

The Samples Hierarchy in experiments of this type may contain biological replicates, technical replicates
and/or fractions, as described in Basic Designabove.

Scaffold Elements requires that the experiment is complete, meaning that a sample is provided for each
individual at each time point or in each condition.

Two-way Design

A two-way analysis compares the effects of two independent variables. It can help in determining whether
there is an interaction between these two variables. For example, a study might compare the reaction of
males and females to the administration of a drug. A two-way design would allow the researcher to test
whether males and females respond differently.

When a two-way ANOVA test is applied to an experiment, three different measures are produced, each of
which tests a different hypothesis. One measure assesses the degree to which the two factors interact, the
second measures the effect of the category designated as the primary factor, and the third measures the
effect of the category designated as the secondary factor. In Scaffold Elements, the user may select which
of these measures should be displayed in the test result column.

The Samples Hierarchy in experiments of this type may contain biological replicates, technical replicates
and/or fractions, as described in Basic Designabove.

Scaffold Elements currently requires that a two-way study be balanced, meaning that each combination of
factors is represented by the same number of samples.

Randomized Block Design

Randomized Block is a specific type of Two-way analysis in which samples are divided into groups called
blocks. Blocking compensates for situations in which known factors (e.g. age, sex) other than treatment
group status are likely to affect what is being observed in the studyl. The Randomized Block ANOVA
measures the treatment effect while minimizing the effect of the blocking category; unlike the two-way
ANOVA, it does not provide any assessment of the effect of the blocking category. Scaffold Elements only
supports complete randomized block designs, i.e. those which contain one value per cell in the Design

1. https://www.statsdirect.com/help/analysis_of_variance/randomized_blocks.htm

80 Scaffold Elements User’s Guide



Matrix.

Specifying the Design of an Experiment

Experimental Design

After samples have been organized into Categories (see Specifying the Design of an Experiment), it is
important to organize the Categories to reflect the design of the experiment. This is accomplished through
the Configure Sample Organization and Statistical Analysis dialog.

The Configure Sample Organization and Statistical Analysis Dialog

This dialog may be opened by:

*  Clicking the Configure Experimental Design and Statistical Analysis... button at the bottom of the
Organize View

e Selecting the menu item Experiment>Quantitative Analysis...

*  Clicking on the Quantitative Analysis icon in the toolbar

* Selecting Edit from the list in the Summarization dropdown

Figure 5-8: Configure Sample Organization and Statistical Analysis dialog, initial state

Sample Hierarchy | Statistical Analysis

After providing
information about the
sample acguisition and
experimental design,
drag and drop
Categories fromthe
pool of Available
Categories to build the
summarization
hierarchy.

If desired, switch to
the Statistical Analysis
tab to apply a
statistical test

Sample Acquisition

[[] samples were fractionated

[] Technical replicates were acquired

Experimental Design

(®) Basic Design
Summarization Hierarchy

Available Categories (@)

<= Clear Summarization

O Repeated Measures Design

() Two-Way Design

Which Categories should be studied? ‘@'

{(Optional)
=

WWhich Category identifies the biological samples?

@

MS Sample
ES

Design Matrix

All samples

~

Cancel

The Configure Sample Organization and Statistical Analysis dialog includes two tabs:

» Sample Hierarchy Tab -- allows the user to specify the type of experiment to be analyzed and the roles
of the various Categories in the analysis.
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Statistical Analysis Tab -- presents the various statistical tests available for analyzing the experiment as

it has been specified in the Sample Hierarchy tab, and allows the user to select the test and specify its
parameters.

Sample Hierarchy Tab

The upper portion of the Sample Hierarchy Tab consists of three sections:

82

Sample Acquisition - this portion consists of two checkboxes:

* Samples were fractionated - should be checked if the samples were fractionated,e.g. if positive and
negative modes for each sample are in separate samples and should be combined during analyte
identification.

* Technical replicates were acquired - should be checked if technical replicate samples were
gathered, e.g. if biological samples were aliquoted and the aliquots were analyzed as separate MS
Samples. If samples are designated as technical replicates, their analyteanalyte-level quantitative
values are first normalized and then summed to give a total value for the biological sample.

Experimental Design - this section provides options for defining the basic structure of the experiment.

* Basic Design - this option should be selected if the user simply wishes to view the MS results
without performing any statistical analysis, or if a simple comparison based on a single Category is
to be carried out (see Basic Design). This allows performance of, e.g., a T-Test or ANOVA.

* Repeated Measures - this option should be selected if samples from each biological subject have
been analyzed under different conditions or at different time points (see Repeated Measures).

*  Two-way Design - this option should be selected if the data is to be analyzed on the basis of two
Categories (see Two-way Design). For example, a study might assess the differential effect of a
treatment on males and females.

Summarization Hierarchy - this section allows the user to specify how quantitative values should be
summarized based on the Categories. The Available Categories are shown on the left. On the right are
a series of boxes used to assign the Categories to the different analysis levels required by the
experimental design. Different boxes are displayed depending on the experimental design type and
whether or not there are technical replicates and fractionation.

The Summarization Hierarchy determines how the data may be viewed in the Samples View as well as
how it will be analyzed in statistical tests. Once Categories have been assigned to different levels in the
Summarization Hierarchy, quantitative values may be “rolled up” or summarized to any of the levels
for display and analysis.
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Figure 5-9: The Samples View with a Summarization Hierarchy defined
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Figure 5-10: The Sample Hierarchy dialog when Basic Design is selected, showing fractions and technical

replicates
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Each Category may be moved from the Available Categories list on the left to an appropriate box on the
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right either by dragging and dropping or by using the left and right arrows on the boxes. To add a Category
to a box, select the Category in the Available Categories list, then click the right arrow on the box. To
return a Category to the Available list, select the Category in a box and click the left arrow on the Available
Categories box.

Design Matrix

As Categories are moved from the Available Categories List to their assigned roles in the experiment, A
table is constructed in the lower pane of the Configure Sample Organization and Statistical Analysis
dialog. Samples are placed into rows and columns to indicate how they will be grouped for evaluation in
statistical testing.

The Design Matrix can help the user to visualize the experiment and verify that the experiment has been set
up correctly. When viewed from the Statistical Analysis tab, the column and row headers also contain
check boxes. Using these boxes, the user may select which rows and columns should be included in the
test. Unchecking a box excludes that row or column from consideration when the test is applied.

When a statistical test has been applied, if the summarization level is set to the level representing
Biological Samples, colored bars appear in the column headers in the Samples View to indicate the
Comparison Groups used in the statistical test. In the Samples Report, the comparison groups are indicated
by numbers in parentheses in the column headers.

For the Basic Design:

The user should specify:

*  Which Categories Should be Studied: if no Categories are moved into this box, it will not be
possible to apply a statistical test and no summarization above the level of the biological samples
will occur. If one Category is selected for study, statistical comparisons between groups of samples
corresponding to the different Attributes of that Category may be made, and values may be
summarized to the Category level. If more than one Category is selected, statistical comparisons
will operate on groups representing each possible combination of attributes for those Categories,
and summarization may proceed up through the levels specified.

For example, if both Extraction Method and Roast Time were selected for study, ANOVA would
compare Complete Digestion for 0 min., Complete Digestion for 5 min., Soluble Digestion for 0
min, Soluble Digestion for 5 min. etc. Data could be viewed at the MS Sample level, the Replicate
level, the Roast Time level or the Digestion Method level.
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Figure 5-11: Selection of two Categories to be studied
Sample Acguisition

[[] samples were fractionated

Technical replicates were acquired

Experimental Design

(@) Basic Design () Repeated Measures Design () Two-Way Design
Summarization Hierarchy

Available Categories '@l Which Cateqories should be studied? '@

Temperature Extraction Method
>

Which Cateqory identifies the biological samples? @

Which Cateagory identifies technical replicates? @

M3 Sample

<« Clear Summarization

Figure 5-12: The resulting Samples View, shown at the Replicate level
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*  Which Category identifies the biological samples: the Category that identifies the biological subject
should be placed into this box. This Category will be used as the blocking level in statistical analysis.
This means that the values as they appear when rolled up to this level are used in statistical test
calculations. In the Design Matrix, the biological subject defines the cells or blocks. More than one
Category may be entered into this box, in which case each combination of the values in these Categories
will define a biological sample.

*  Which Category identifies technical replicates: if each biological sample has been divided and the
resulting sub-samples have been analyzed in the mass spectrometer separately, the sub-samples are

Scaffold Elements User’s Guide 85



Experimental Design

technical replicates. The Category which names these sub-samples should be entered here. In some
cases, the sub-samples may have undergone different treatments or have been obtained separately from
the same biological subject, but in Scaffold Elements, they should be considered as technical replicates
if the intent is to use them as multiple measurements of the same biological subject.

Which Category identifies fractions: this field appears only if the fractionation check box is checked.
This indicates that the MS Samples should be combined and treated as if they were a single MS Sample.

Clicking Apply finalizes the creation of the summarization level pull down list appearing in the
summarization pane in the Scaffold Elements main window.

For the Repeated Measures Design:

L]

The first Category to be specified is the Time or Repeated Measure Category. The Time Category
defines which of the repeat groups a sample represents. For instance, the Time Category could be Time
Point, with values of 0 hr, 1hr, 2 hr and 3 hr. It need not represent time, however. For example, in a study
that measures each subject’s reaction to various treatments, it might be Treatment.

Other Categories to be specified are similar to those described in “For the Basic Design:”.

For the Two-Way Design:

Two categories should be selected for study. One will be designated as the Primary Analysis Category,
while the other will be termed the Secondary Analyis Category. Even though one is designated as primary,
the user may choose which category to assess with a Two-Way ANOVA test without changing the sample
hierarchy. As a result, the user should specify:

Which Category should be considered as the Primary Analysis Category. This is generally the treatment
or condition that is the main focus of the experiment.

Which Category identifies the Secondary Analysis Category. Often this will be a category that defines
a condition which is to be controlled for in the experiment.

Other Categories to be specified are similar to those described in “For the Basic Design:”

86
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Summarization Level

The level of summarization at which the data is to be grouped can then be selected from the summarization
drop-down list. The user can choose the level from the most detailed (MS sample) to any higher level
shown in the summarization list. Selecting ‘Biosample’ in this example and then looking at the Samples
View, causes the data to be rolled up as shown in Figure 5-13.

Figure 5-13: Data grouped by Extraction Method>Roast Time>Replicate, summarized at the Roast Time
attribute level
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The Summarization Bar allows the user to combine samples at various levels of categorization. The drop-
down list displays the Categories in the Summarization hierarchy. The Samples View table will display
samples combined at the level of the selected Attribute Group, with values rolled up to that level
appropriately. The last item in the list is the command Edit..., which, when selected, opens the Edit
Experimental Design dialog.

Available Categories

This column initially lists all of the Categories that have been created in the Organize View. These
categories may be assigned various roles in the experiment by moving them into the boxes to the right. To
assign an available category to a specific role, click on the category and either:

» drag the category into the appropriate box at the right.
* click on the right arrow button in the appropriate box at right.

To return a category to the Available Categories list, select it in the box to which it has been assigned and
either:
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e drag it back to the Available Categories list.

* click on the left arrow in the Available Categories box.

Categories to be Studied

The category or categories that will define the groups to be compared in ratios or statistical tests. If no
Categories are moved into this box, it will not be possible to apply a statistical test and no summarization
above the level of the biological samples will occur. If one Category is selected for study, statistical
comparisons between groups of samples corresponding to the different Attributes of that Category may be
made, and values may be summarized to the Category level. If more than one Category is selected,
statistical comparisons will operate on groups representing each possible combination of attributes for
those Categories, and summarization may proceed up through the levels specified. For example, if both
Condition and Sex are selected, statistical tests will compare Male Control, Female Control, Male Treated
and Female Treated.

The Time Category

In a repeated measures experiment, the same subjects are measured at various time points or under
different conditions. The Time Category defines which of the repeat groups a sample represents. For
instance, the Time Category could be Time Point, with values of O hr, 1hr, 2 hr and 3hr. It need not
represent time, however. For example, in a study that measures each subject’s reaction to various
treatments, it might be Treatment.

Primary Analysis Category

In a two-way experiment, the Primary Analysis Category should be the grouping that is the primary focus
of the experiment. For example, in an experiment that compares analyte levels with and without drug
treatment, but wants to consider the possibility of a differential response to the drug in males and females,
the Primary Analysis Category would be set to Treatment, while the Secondary Analysis Category would
be set to Sex. Note that in a Two-Way ANOVA, however, the user may select whether to assess the Primary
Factor effect, the Secondary Factor effect, or the Interaction effect, so the choice of Primary vs. Secondary
Analysis Category is not extremely important.

Secondary Analysis Category

In a two-way experiment, the Secondary Analysis Category is a second grouping that may have an effect
on the outcome and should be considered along with the Primary Analysis Category in comparisons and
statistical tests. Often it is a grouping that may represent a variable that should be controlled for in testing
the Primary Factor effect. Note that in a Two-Way ANOVA, however, the user may select whether to
assess the Primary Factor effect, the Secondary Factor effect or the Interaction effect, so in cases where
there is not a clear Primary factor, the two categories to be studied may be presented in either order.

Biological Samples

This level indicates the Category that defines a biological sample or subject. There may be more than one
sample representing one biological sample if technical replicates or fractions are collected.
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Technical Replicates

If the Technical replicates were acquired box is checked, the user must specify a category that represents
the technical replicates. If each biological sample has been divided and the resulting sub-samples have
been analyzed in the mass spectrometer separately, the sub-samples are technical replicates. The Category
which names these sub-samples should be entered here. In some cases, the sub-samples may have
undergone different treatments or have been obtained separately from the same biological subject, but in
Scaffold Elements, they should be considered as technical replicates if the intent is to use them as multiple
measurements of the same biological subject. Technical replicates may be the MS Samples if fractionation
has not been performed.

Fractions

Fractions are generally the MS Samples in cases in which the same biological samples have been analyzed
in different ways and the results should be considered as a single sample for analyte identification.

Statistical Analysis Tab
Figure 5-14: The Statistical Analysis Tab
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The Statistical Analysis Tab consists of several sections:
Instructions -- Helpful text displayed in the box with a yellow background.

Statistical Test - The tests appropriate for the selected experimental design are shown. If a test may not be
performed, the test name is grayed and its selection is disabled. An explanation is provided.
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For example, the Mann-Whitney U Test requires exactly two categories. If the
data has three, the test is unavailable, but unchecking the box in the header of one
category allows the user to compare the other two categories using this test.

@ Unchecking some boxes in the Design Matrix may make additional tests available.

Multiple Test Correction - When testing the significance of a large number of analyte inferences, it is
advisable to apply a multiple test correction to the statistical test. The dropdown allows selection of a
correction method.

The FDR Level q* allows the user to select a significance level.

Test Hypothesis - Displays the null hypothesis being tested and the alternative hypothesis, which would be
accepted if the test result is significant. In the case of a two-way analysis, several hypotheses may be
tested. A dropdown allows the user to select which of the possible hypotheses should be tested, and the test
hypothesis text adjusts accordingly.

Hypothesis options for the Two-Way ANOVA

» Interaction Effect - measures whether the Primary and Secondary analysis categories are related. A
significant result for the Interaction Effect for a analyte means that the Primary and Secondary
categories are not independent, but rather that the combination of these factors has an effect on the level
of the analyte.

¢ Primary Factor Effect - measures whether the Primary Analysis Category has a significant effect when
controlling for the Secondary Analysis Category.

* Secondary Factor Effect - measures whether the Secondary Analysis Category has a significant effect
when controlling for the Primary Analysis Category.

Hypothesis options for the Randomized Block Design

e Treatment Effect - measures whether the Primary Analysis Category has a significant effect when
controlling for the Secondary or Blocking Category.

*  Block Effect - measures whether the Secondary Analysis Category (which is the Blocking Level in a
Randomized Block experiment) has a significant effect.
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Chapter 6
The Samples View

The Samples View provides an overview of the experiment, allowing the user to visualize
the data summarized and analyzed to reflect the design of the experiment that generated
them.

The organizes all of the information about the analytes identified in the experiment to
provide an overview of the experimental results, as well as analyte-level quantitative
information.

The Summarization Bar, found in the main Scaffold Elements window, allows the user to
specify the level of summarization at which quantitative values should be reflected in the
Samples View. The levels available depend on the sample organization established in and
the experimental design set in the Configure Sample Organization and Statistical Analysis
dialog (see Specifying the Design of an Experiment).
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Samples View Table

In order to provide the user with an overview, the Samples View opens automatically in the
Display pane of the Scaffold Elements main window when the application finishes loading
data or when the user opens an Scaffold Elements *. METDB file. When more than one
sample has been loaded, a pop-up dialog asks if the user wants to open the Organize View to
organize the experiment. A checkbox allows the user to turn this prompt off permanently.The
user may select a View other than the Samples View as the default upon loading or opening
through Edit>Preferences>User Interface>Views.

The function of the Samples View Table is to show at a glance, for each identified analyte,
the quantitative levels among the various Mass Spectrometry (MS) samples in the
experiment. A variety of Display Type options are available.

Figure 6-1: The Scaffold Elements Samples View Table Tab
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The main elements of the Table tab are:
e The Samples Table
e The Samples Table Display Bar
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Samples Table

The Samples View presents an overview of the experiment. It provides the user with a list of
detected analytes, labeled with hypothesized identifications when Scaffold Elements has
been able to match the features to library entries. It also provides scoring information and
other characteristics to facilitate assessment of the reliability of the identifications, and
quantitative information indicating the level of expression of each analyte in each sample.

In addition, the Samples View provides tools such as filters, flexible summarization and
statistical analysis that are designed to help answer the fundamental questions underlying the
experiment. Through the Samples View, a researcher can identify the analytes that
distinguish various classes of samples, such as treatment groups, tissue types, time since
treatment, etc. Other Elements Views then provide additional resources for further
examination of the preliminary results presented in the Samples View.

The level of data summarization is chosen from the Summarization Bar in the Scaffold
Elements main window. The Display Type pull down menu determines the type of
quantitative values reported in the table.

The analytes list can be filtered using the tools of the Filtering control bar.
General characteristics of the Samples Table:

e Samples Table Features

* Initial Sorting of Columns

*  Summarization Level in the Samples Table

*  Color Legend

Samples Table Features
Like any table in Scaffold Elements, the Samples Table makes use of the features and tools
described in the Display pane section.
The following columns, initially ordered as follows, appear in the Samples Table:
e #-- Order number of each row at the current ordering conditions.

*  Visible -- Shows a list of selected check boxes. Deselecting a box hides the corresponding
row unless the “Show Hidden” check box in the Filters pane is selected. See Filters Pane.

* Star -- Initially shows a grayed out star for every row. Clicking the star activates it,
tagging the analyte group. Clicking repeatedly causes the star to loop through its four
possible states. The color of the star goes from gray to orange, to blue and to orange and
blue then back to gray. For more information see “Tagging Analyte of Interest, the star
function” on page 99.

* Five Search Score columns -- Report the maximum score value for the ID score and the
four Match Scores. For more information about the scores, see “Elements Scoring
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Algorithms” on page 213.

* (Optional) RT Match -- appears only when a search has been conducted using the Search
option: “Match on mass and retention time”. This column consists of check boxes
indicating whether or not the identification of the analyte relied on matching the retention
time as well as the mass accuracy. If the box is not checked, no retention time information
was available in the library, as an analyte identification that matches on mass but fails to
match on retention time is rejected. Note that if even one ion matches on retention time,
the box is checked.

* Analyte Name -- Name of the analyte group.

e Accession Number -- The analyte identification number. The particular type of ID shown
in this column depends on the IDs available in the spectral library used for the search and
on the options selected by the user in the Preferences dialog > Accession Number tab,
see Accession Number“Accession Number” on page 52. Furthermore, the accession
number is linked to the database selected through Edit>Preferences>Web Links. By
default, clicking on the Accession Number opens a browser to the ChemSpider page for
the selected analyte.

*  Molecular Formula -- Provides the molecular formula of the selected analyte.
*  Molecular Weight -- Provides the theoretical molecular weight.

* Retention Time -- provides the retention time of the selected analyte feature. Te units
used to measure RT can be switched by going to Edit > Preferences > Units

The rest of the columns represent, depending on the selected level of summarization, either
the MS samples or the Categories defined in the The Organize View and included in the
hierarchical summarization.

The order of the columns can be changed by the user, see “Display pane” on page 67.

Initial thresholding

94

When the Samples View first opens, default thresholds are applied to the Tools for Limiting
the Analyte List as follows:

e ID Score: 0.7
* Log;, Intensity: 0
*  Reproducibility threshold or Min # Samples: 1

An analyte group must meet ALL specified thresholds in order to be included in the Analytes
List. For more information about thresholds see “Elements Scoring Algorithms” on page
213.
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Initial Sorting of Columns

When the Samples View first opens, the analytes are sorted by:
1. Decreasing ID score
2. Decreasing alphabetical order of the accession number

The analytes included in a group and the analyte groups included in a cluster are sorted as
follows:

1. From the highest scoring analyte to the lowest across all samples

2. From the analyte that appears in most samples to the one that appears in the fewest
samples

3. From the shortest to the longest analyte name

Each column is provided with a tri-state sorting feature. Clicking on any column header will
reorder the table according to the values in that specific column. The first click sorts the
column in ascending order, the second in descending order and the third returns the column
to the original order.

Summarization Level in the Samples Table

After a new experiment is completely loaded, the Scaffold Elements Samples View appears
with the Samples Table initially summarized at the lowest level of summarization, which is
the MS sample levelFigure 6-1.

Figure 6-2: Scaffold Elements Samples View - The Samples Table initial summarization level
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The user can add Categories and classify the MS samples within them through the Organize
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View. It is then possible to set up the desired Summarization Hierarchy using any of the

defined Attribute Groups by choosing Edit... in the Summarization Bar.

The selected Summarization Hierarchy and the choice of the summarization level will be
reflected in the Samples Table column headers. In Figure 6-4 the selected level is still MS
Sample but a more complex hierarchy has been set up in the Summarization Pane.

The headers of the samples columns show the Attributes for all Categories in the

Summarization Hierarchy. They are colored according to the values assigned to the

Attributes through the Organization View.

Figure 6-3: Samples View - The Samples Table with new levels of summarization added
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Rolling up of quantitative values to higher summarization levels

The quantitative values shown in the Samples table depend on the selected Display Type and
the chosen summarization level.Quantitative values are combined (or rolled up) to higher
levels of summarization differently depending on the Display Type selected and the
experimental design, see Rolling up of quantitative values.

Color Legend

Located at the top of the Samples Table in the analytes column header, the color legend
defines the color coding associated with the selected Display Type. The color legend can be
customized through the Edit Coloring for Display Type dialog opened by the Color Options
button located in the Samples Table Display Bar.
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Tools for Limiting the Analyte List

Analyte lists can be very long and extremely detailed and for that reason difficult to examine.
The Analytes List in Scaffold Elements is organized into groups and clusters that can be
expanded or collapsed for ease of inspection, thus reducing the number of independent rows
in the list.

Scaffold Elements also includes tools that allow filtering the list to make it easier to view the
analytes that are of particular interest. Thresholds help the user filter out less than optimal
candidates, and various filters allow uninteresting analytes to be hidden.

Elements also reports analytes that have not been identified during the search, when the
option Report Unknown Analytes is selected in the Search Tab of the Workflow dialog.

The following tools are available to adjust the display of the Analyte List:

e “Initial thresholding” on page 94

* “Tagging Analyte of Interest, the star function” on page 99

e “Hidden Analytes” on page 100

*  “Applying Confidence Thresholds to the Analyte List” on page 100

*  “Applying filters to the Analyte List” on page 100

*  “Rolling up of quantitative values to higher summarization levels” on page 97

e “Normalized check box on page 104

* Tagging Analyte of Interest, the star function

Representation of Analyte groups and clusters

Scaffold Elements initially shows all analytes that pass the default thresholds as defined in
section Initial thresholding. If the option to treat all features with the same retention time as a
single analyte (see “Forming Consensus MS1 peak groups” on page 234), some of the
analytes will be grouped into clusters. When a row includes a cluster of analytes, the row
number is preceded by a small clickable expansion icon and a pie-icon.
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Figure 6-5: Number column in the Samples Table
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* Clicking the expansion icon expands or collapses the cluster.When a cluster is
expanded the list of its analytes is visible. Each row in the list is numbered as a subset
of the cluster number. For example, for a cluster appearing in the third row of the
samples table and made up of two analytes, the analytes are numbered as 3.1 and 3.2.
The numbers appear as a hierarchical structure in the # column.

*  The pie icon graphically represents the degree of shared evidence of pairs of analytes
in the cluster.

Tagging Analyte of Interest, the star function

The user can mark analytes in an experiment that are of special interest by clicking the Star

icon i’y in the Star column for the analyte. Three different colored stars, blue, orange and a
combination of the two colors may be applied by clicking multiple times on the same star or
by selecting the star option in the right click menu. By using a combination of different stars
it is possible to create four different sets of analytes of interest. The user can then bring these
items to the top of the display by clicking twice on the Star column header. To return to the

default display order, click the column header twice more.

Sets of analytes can be starred at the same time by selecting multiple analytes and using the
star option in the right click menu.

Star filters are included in the “Filtering control bar” of the Scaffold Elements Main
Window. Clicking a specific colored star in the filters bar removes all analytes tagged with
that star color from the table.
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Figure 6-6: Samples Table- Starring analytes
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Hidden Analytes

The user can easily remove analytes displayed in the Samples Table that are of no interest
and/or are contaminants. An entire row in the Samples Table can be eliminated by simply
clearing the Visible option in that row. This can be done for a single analyte by clicking the
Visible check box, or for a group by using the right click menu.

The check box Show Hidden in the Filtering pane in the Scaffold Elements Main
@ window toggles the display of hidden analytes

Applying Confidence Thresholds to the Analyte List

Through the Thresholds pane, see “Thresholds Pane” on page 63, the user can define a
desired level of confidence in the identification of the analytes present in the list. A higher
level of confidence means a shorter list of hypothetical analyte identifications in the Samples
View Table and vice-versa.

Note that if in setting up the search the user has selected to include unidentified analytes and
wants to see them in the analyte list, the unidentified compounds may be added to they
Samples View Table through the “Show Unknown” option in the View menu even though
they do not meet the score thresholds.

Applying filters to the Analyte List

100

Elements provides a number of different filters in the Filters Pane in the main Elements
window. For a more detailed description of the options available, see Filters Pane“Filters
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Pane” on page 58.

The filters in the Filters Pane can be combined. In order to be displayed, an analyte must
meet minimum thresholds and must not match any filtered state.

Applying filters to the Analyte List

A number of filter options are offered in the Filtering control bar located in the Scaffold
Elements Main Window. The filters affect the number of visible rows in the Samples Table.

The Show Hidden check box toggles whether rows that have been tagged as not visible
can be seen in the list.

The Star Filter filters out all the rows that are not tagged as selected in the filter.

The P-Value Filter filters out all analytes for which the statistical test result is not
significant based on the selected criteria.
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Samples Table Display Bar

Through the Samples Table Display Bar, the user can specify the type of values (for
example, the Number of Assigned Spectra) that are displayed in the Samples Table for every
analyte group. The bar also contains filtering options for limiting the display to only those
analytes that meet specific criteria.

Figure 6-7: Scaffold Elements Display tab bar
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The Samples Table Display bar contains the following features:
* Display Type

*  Normalized check box and/or Ref: pull down list

* Log Intensities check box

¢ Color Options button

¢ Search Box

Display Type

The Display Type drop down list offers a range of sample statistics. Once a particular
quantitative value is selected from the list all the related numbers are reported in the table
cells for each analyte and MS sample or chosen level of summarization. If a display type is
not available in the currently experiment, it will be shown in gray and will be disabled.

The coloring reflects the selected Display Type. For each type the coloring can be
@ customized by selecting Color Options from the View Menu.

102 Scaffold Elements User’s Guide



Samples Table Display Bar

Log, Fold Change and Precursor Intensity missing value tags

When selecting a Display type that represents the log, Fold change of a quantity, or a rolled-
up log; intensity value, three different missing values tags might appear in the samples
table’s cells:

* Missing Values -- the log of a quantity that is zero, which ultimately refers to a analyte
that has not been detected in a particular MS sample or group of samples belonging to the
selected level of summarization.

* No Values -- the log of the ratio between two missing values.

* Missing Ref. -- the log of the ratio between a value and a missing reference value.

Rolling up of quantitative values

The quantitative values shown in the Samples table depend on the Display Type selected and
the level of summarization chosen from the Summarization Bar. At the lowest level of
summarization, the values shown relate to the amount of analyte present in each of the
loaded MS samples in the Scaffold Elements experiment. Each MS sample corresponds to a
column in the Samples table. Changing the level of summarization groups the MS samples
according to the categorization created through the The Organize View and hierarchically
ordered using the Experimental Design. When transitioning from one level to the next, the
columns in the lowest level are subsumed into a new column representing quantification at a
higher level of summarization. The methods by which values are rolled up from one level of
summarization to the next depend on the selected Display Type.

Rolling up of Precursor intensity

Precursor intensity values appearing in the Samples table are rolled to the upper level of
summarization by taking the median of the values in the corresponding lower level group. If
more than 50% of the values are missing in the group that is to be rolled up, the QRILC
algorithm is used to impute missing values (see “Rolling up Values” on page 220).

At the lowest level of summarization, missing values are highlighted using the Missing
Value tag. At a higher level of summarization, when QRILC is used, the values are reported
in parentheses. They are tagged as Missing Value when the lower level group of samples
does not include any value at all, as shown in the example in Figure 6-8 .
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Samples Table Display Bar

Figure 6-8: Rolling up quantitative values: Log, Precursor Intensity
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Note: The Log, Fold change (Precursor Intensity) is calculated using the Logq Precursor Intensity
values with the Log4q value of the selected reference subtracted.The result of the subtraction is
then transformed into the Log,of the difference.

Normalized check box

When the Normalized check box is checked, the values shown in the Samples Table for the
selected Display Type will appear normalized.

When the chosen Display Type is the Log, Fold Change (precursor intensity) and
Normalization is selected, the display type Log; Precursor Intensity will also appear
normalized and vice-versa.

When the chosen Display Type is the Log, Fold Change (weighted spectrum count) and
normalization is selected, the display type Weighted Spectrum Count will also appear
normalized and vice-versa.

The normalization algorithms applied are described in section Quantitative Method.

Ref: pull down list

When Display Types containing a fold change are selected, the Ref: pull down list appears
between the Display Type control and the Normalized check box. From this list, the user
may select the Attribute or combination of factors to be used as the reference or denominator
for the fold change calculation. The pull down list includes all of the Attribute Groups
available in the summarization list, plus a list of all possible combinations of factor levels
available at the selected summarization level.
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Samples Table Display Bar

Log Intensities check box

When the Precursor Intensity display type is selected, a check box appears which allows the
user to choose to display the values in Log;, format. When this is checked, base 10 logs of
the appropriately summarized precursor intensity values are shown, and the name of the
display type changes to Log; Precursor Intensity.

Color Options button

Selecting the Color Options button opens the Edit Coloring for Display Type dialog. This
dialog offers coloring adjustments tools for each Display Type.

Figure 6-9: Edit Coloring for Display Type dialog

% Edit Coloring for Display Type "Log: Fold Change (Precursor Intensity)" X

Adjust Colors
Double-click on a color te change it, or on the track to add a color. To remove a color, select its handle and press the delete key.

[ | O ul

. I i

5[5 5

Selected Value:

V| Use color gradient

O Help Restore ScaffoldLFQ defaults | 0K I Cancel

The Adjust Colors pane, included in the dialog, allows the user to create a custom color
legend for the currently selected Display Type. Various features are available to set the
intervals for a specific color as well as the definition of the overall range.

Sliding one of the colored squares located above the legend changes the range of the selected
color. The color ranges can also be set by typing a value in the selected value box.

It is also possible to use a color gradient by clicking the color gradient check box.

Double clicking a color on the legend opens the Choose a new color dialog where the user
can pick a different color to be added to the legend using either swatches, HBS or RGB
methods. Double clicking a specific colored square also opens this dialog and allows the user
to change the color of the selected square.

Figure 6-10: Choose a new color dialog

W Choose a new color x

Swatches HSV HsL RGE CMYK
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Samples Table Display Bar

At the bottom of the Adjust Color pane, the Restore Elements Defaults button resets the
legend to the default Display Type colors.

Search Box

This box allows the user to search the analyte list using the analyte description or the analyte
accession number. To allow the use of regular expressions, the user must make the option
available by selecting the box Use regular expressions in search fields in the Preferences,
General tab.
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Chapter 7
The Analytes View

Scaffold Elements’ Analytes View includes a number of tools that can be used to conduct a
more detailed examination of the consensus features that lead to a specific putative analyte
identification listed as a row in the Samples table.

The view consists of five major sections, see Figure 7-1:

—

“Analytes List bar” on page 108.
“Layout” on page 108.

“Tons pane” on page 109.

> won

“Features Matching Selected lon pane” on page 109.
“Visualization pane” on page 110.

The three panes can be expanded or contracted by clicking on the boundary between panes
and pulling it in the desired direction.

Note that all graphs and tables contained in the View include the features and tools described
in “Display pane” on page 67.

Figure 7-1: Scaffold Elements Analytes View: 1. Analytes List bar, 2. Layout, 3. lons pane, 4.
Feature Matching Selected lon pane, 5. Visualization pane.
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Analytes List bar

Layout

108

Positioned at the top of the Analytes View, this bar contains two lists, see Figure 7-2:
1. Analyte Group: list
2. Analytes: pull down list

Through these lists it is possible to explore all of the analyte groups appearing in the Samples
table without switching views.

Figure 7-2: Analytes List bar

Analyte Group:  ~ | ¥ 2,3-DiphusphU-D-g|ycericacio Analytes: | 0,977 2,3-Diphospho-D-glyceric acid

=3 aat(hing Selected lon

lens 0.977 2,3-Diphospho-D-glyceric acid

Theoretical m... Adducts Charge Averagem/z A Average myz.. | 0,910 3-Phosphoglyceric acid e MName Library
530.911 [2M-H]- -1 530.914 4,836 0.910 D-Glycerate 2-phosphate ¥ 12 Blood .. nist msms v201...
266.967 [M+H]+ 1 266.966 0.532 16.03 01 Person2 RBC M... nist_msms_v201...
264.952 [M-H]- -1 264.951 2.968 16.03 0.20 Person3_Blood_... nist_msms_v201...
246.941 [M-H-H... =1 246.941 0.692 15.88 0.18 1 Person3_RBC_M... nist_rmsms_v201...

Analyte Group: list

This list has two functional arrows and a text box that shows the currently selected analyte
group. Clicking the up or down arrow scrolls through the Analytes List from the Samples
View. The other panes in the Analytes View are updated accordingly, as is the selected
analyte group in the Samples View.

Analytes: pull down list

When the selected analyte group contains more than one analyte, the Analytes: pull down
list shows the list of compounds which are members of the group. The user may select any of
these analytes and explore its supporting evidence in the other panes of the view.

There are two possible layouts for viewing the lons pane and the Features Matching Selected
lon pane available in this view:

* Row layout - The two panes are stacked one on top of each other with the Ions pane
placed on top, see Figure 7-1.

*  Column layout - The two panes are placed side by side with the Ions pane placed on the
left side, see Figure 7-1.
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Figure 7-3: Analytes View Column layout
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lons pane

The Ions pane contains a table that lists all of the consensus features that eluted from the LC
column at approximately the same retention time (RT) and that also matched the analyte
selected from the Analytes pull down menu.

Each row in the table represents a consensus feature matched to an entry in the searched
spectral library that represents an adduct or loss ion of the selected analyte.

The columns in the table provide the following information:

¢ Theoretical m/z--Theoretical mass of the ion calculated from its formula
* Adducts --Type of adduct or loss ion matched to the consensus feature

¢ Charge--Charge of the matched ion

* Average m/z -- m/z value that characterizes the consensus feature. It is the average of the
m/z values of the features making up the consensus feature

* A Average m/z (PPM)--Difference between the Average m/z and the theoretical m/z
expressed in parts per million

* Average RT--Average retention time of the consensus feature
* o RT--Retention time standard deviation
* Polarity-- Polarity (ionization mode) of the scans

When a row is selected, it is highlighted in blue and the Features Matching Selected lon pane
is updated to show the features related to the selected ion

Features Matching Selected lon pane

This pane contains a table that lists the features in each of the MS samples in the experiment
that comprise the consensus feature selected in the Ions Pane. For each feature, the table
displays information that characterizes the feature or that helps in evaluating the quality of
its match with the corresponding library entry. Note that only the best ID score matches are
listed in the table.

The columns in the table provide the following information:
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¢ Sample Name -- Name of the sample that includes the selected feature
* Library -- Name of the library that provided the highest scoring match for the feature
* Record ID -- Spectral library record ID for the specific match

* ID Score -- Overall score that is computed using a weighted average of the individual
scores, see “Analyte ID Score” on page 213

* Raw Intensity -- Trapezoidal approximation of the area under the XIC curve

* m/z -- Intensity weighted average of the raw (m/z, RT, I) data points comprising the
feature, see “Agglomerative Point Clustering Feature Finding Algorithm” on page 223

* Aligned RT-- Retention time after alignment
« Am/z (AMU) -- Difference between theoretical and observed m/z in AMU

* Am/z (PPM) -- Difference between theoretical and observed m/z in PPM, calculated as
follows:

|Theoretical m/z — observed m/z| . 6

Delta (PPM) = 10
elta ( ) Theoretical m/z

e m/z FWHM -- m/z Full Width at Half Maximum of the trace, see definition FWHM
e  RT FWHM -- RT Full Width at Half Maximum of the XIC

*  Charge -- Analyte feature charge. The sign of the charge is determined by the instrument
setting, the number is determined by Elements’ Isotopic Clustering Algorithm.

» Isotopic Distribution Score -- See “Isotopic Distribution Score” on page 214
* Mass Accuracy Score -- See “Mass Accuracy Score” on page 214

e MS2 Score -- See “MS2 Score” on page 216

*  XIC Score -- See “XIC Score” on page 217

» Attributes -- List of attributes assigned to the sample in the Organize View

Visualization pane

The lower half of the Analytes View, or Visualization Pane, is split into two sub-panes, one
on the right and one on the left side of the view. The pane contains a total of seven tabs
distributed over the two sub-panes. The tabs can be moved from one sub-pane to the other
for visualization convenience, see “Moving tabs” on page 119. When selected, a tab appears
in the forefront. Each tab includes a variety of tools that facilitate the visual inspection of the
data and help the user to asses the validity of the identification.

¢ References tab

¢ XIC tab
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* Isotopic distribution tab
*  MS2 Spectra tab
* Analyte Level ChartsTab

e Feature 3D viewer (two interconnected tabs)

References tab

This tab lists the name, mass (AMU), chemical formula, SMILES, molecular structure and
accession number of the analyte associated with the selected ion. The type of accession
number shown can be selected from a pull down list, and the accession number is reported on
a button. When the button is clicked, it opens the default browser to a page in the
ChemSpider or PubChem database (as selected in Edit>Preferences> Web Links) that shows
further information about the analyte, see Figure 7-4.

Figure 7-4: Visualization Pane: References tab
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The lower section of the tab shows a drawing of the molecular structure of the identified
analyte. A context menu is available when the user right clicks over the drawing board. The
menu provides the following functionalities:

*  Copy - Copies the molecular structure appearing on th board
* Save - Saves the molecular structure in four possible file formats:

«  MDL MOL' file - A file format for holding information about the atoms, bonds,
connectivity and coordinates of a molecule.

e SMILES - The simplified molecular-input line-entry system (SMILES), a
specification in the form of a line notation for describing the structure of chemical
species using short ASCII strings.

* CDK source code fragment - Chemistry Development Kit code fragment.

1. The MOL format was created by MDL Information Systems (MDL), which was acquired
by Symyx Technologies then merged with Accelrys Corp., and now called BIOVIA, a
subsidiary of Dassault Systemes
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XIC tab

112

Chemical Markup language - Chemical Markup Language (ChemML or CML), an
approach to managing molecular information using tools such as XML and Java.
CML uses XML's portability to help CML developers and chemists design inter-
operable documents.

Print - Sends the image to a local printer

Show Tool Bar - Activates a graphical tool bar on the left side of the drawing board. The

bar includes the following tools:

Zoom In

Zoom out

Move Molecule
Flip Horizontal
Flip Vertical
Rotate Molecule

Resize to fill viewing area

* Implicit Hydrogens - Has two options:

L]

On All - Tags all the atoms in the molecular structure.

Off - Hides implicit Hydrogens and Carbons

Figure 7-5: Visualization Pane: context menu and Drawing tool bar
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When the mouse is hovered over the molecular structure, a hand cursor appears and the
wheel on the mouse acts as a zooming tool. Left clicking the mouse over the structure
activates the “Move molecule tool” visualized as a cross.

The tab contains two graphs stacked vertically one on top of the other:

1. Plot of the Extracted Ion Chromatogram (XIC) - which shows the Precursor intensity
as a function of the retention time (RT). The plotted intensity is calculated by summing
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the intensities of all of the features appearing in the m/z dimension at a particular
retention time.

2. Plot of Am/z as a function of RT - where Am/z represents the difference between the m/
z of the main feature and the intensity weighted m/z average of other features found
around it. The plot shows if the intensity appearing in the XIC at a specific RT comes
from feature aligned with the m/z of the main feature or not. The context menu available
for this graph contains an option that allows the display of XICs for heavier (+1 and +2)
isotope traces.

Figure 7-6: XIC tab with context menu
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XIC Overlay tab

The XIC (Overlay) plot is a powerful visualization feature that facilitates manual validation
of cross-sample consensus feature formation and within-sample multiple-ion association.
The XIC Overlay tab operates in two modes. Either Samples or lons mode is selected
through a radio button at the upper left of the tab. In Samples Mode, the tab displays the
XICs of the monoisotopic features of the currently selected ion in the various samples
plotted together. Note that the unaligned retention time values are used.
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The XIC (Overlay) tab in Samples Mode

Feature 30 Plot Controls | Isotopic Distribution | MS2 Spectra | XIC (Feature) | XIC (Overlay)
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In Ions Mode, the XICs of all ions of the current analyte in the sample that is currently
selected in the Features Matching Selected Ion table are plotted together.

XIC (Overlay) tab in Ions Mode

Feature 3D Plot Controls | Isotopic Distribution | MS2 Spectra | XIC (Feature) | XIC (Overlay)
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Isotopic distribution tab

The isotopic distribution tab shows, for the specific feature selected in the Features
Matching Selected Ion table, a comparison between the observed abundances of the
isotopic forms and their expected theoretical abundances.

The comparison is shown using a bar chart where the relative abundances in the theoretical

model (red), are compared with the observed values, as measured using the XIC area under

the curve (blue), and the Observed values measured using the max intensity (mz, RT, I) . The
three values are plotted for the [M+1], [M+2] and [M+3] isotopes.

Figure 7-7: Isotopic Distribution tab
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Both measures of the observed iosotopic abundances are used in calculating the Isotopic
Distribution Score (see “Isotopic Distribution Score” on page 214).

MS2 Spectra tab

This tab provides a visual representation of the observed MS2 spectra associated with the
feature selected in the Features Matching Selected Ion table. If the matching entry in the
spectral library contains an MS2, it is also displayed in the same graph, allowing the user to
evaluate the quality of the MS2 match.

When there is more than one MS2 spectrum matching a feature, the user may scroll through
the list of spectra using the up and down arrows or the pull down list at the top of the tab.
Note that the Features Matching Selected Ion pane table lists only the highest MS2 match
score for each sample.
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Figure 7-8: MS2 Spectra tab - Butterfly Plot
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Scaffold Elements offers two different formats for comparing the observed MS2 and the
library spectrum. The default view is the Butterfly plot, in which the intensities of the peaks
in the observed MS2 are plotted in the positive direction, while the peaks of the library MS2
are plotted in the negative direction on the same axis. The Observed peaks are shown in blue,
the library spectrum’s (Reference) peaks are red, and when the two match, may be
highlighted in yellow. Highlighting may be toggled through the Display Highlighter on
Matches option in the context menu which is activated by a right-click in the spectrum tab.

The other display mode for comparing the MS2 spectra is the Overlay Plot, which is also
activated through the View option in the context menu.

Figure 7-9: MS2 Spectra tab - Overlay Plot
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In the Overlay Plot, both spectra are plotted together on the same axis with the Reference
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peaks shown in red and the Observed peaks shown in blue.

The right click context menu provides further tools to facilitate visual inspection of spectral
matches. Options include exporting peak lists, and turning on labeling of peaks with
intensities at least 20% of the maximum intensity in the spectrum.

Add Spectrum to Library

An important feature of the MS2 Spectra Tab is the Add to Library button. This button
allows the user to add the spectrum to a personal library

Analyte Level ChartsTab

This tab provides charts showing the quantitative distribution of the data according to the
selected level of summarization. Two buttons on the left side of the chart switch the plot to a
box plot, a bar chart or a violin plot. The summarization level can be changed through the
summarization pull down list.

Figure 7-10: Quantitative chart tab
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Figure 7-11: Quantitative Box Plot
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Statistics Tab

Statistics Table - The contents of this table depend on which statistical test has been applied
to the experiment. It presents all of the values relevant to the calculation of that particular
test. For example, for the ANOVA/t-test, columns displayed are: Sum of Squares, degrees of
freedom, Mean Square, F-statistic, and significance of F-statistic.

Interaction Chart - This chart is designed to help the user interpret interaction effects
between primary and secondary variables. The chart consists of a series of graphs with one
line for each Attribute in the secondary comparison Category. Each of these plots a series of
points, one point for each Attribute in the primary comparison Category, representing the
average quantitative value of all technical replicates with the indicated combination of
Attributes.

If there is no interaction between the primary and secondary variables, the lines would be
roughly parallel, with the slope of the lines indicating the effect of the primary variable. If
the lines are not parallel, but do not cross, there is an interaction effect but it is still possible
to draw conclusions about the effect of the primary variable with the understanding that the
secondary variable affects the size of that effect.

If, on the other hand, the lines cross, it means that the two variables exhibit significant
interaction and it is impossible to draw general conclusions about the effect of the primary
variable.

Feature 3D viewer

This viewer helps the user to visually inspect the peak-picked features. It includes two tabs
with interdependent functionality located in the Visualization Pane at the bottom of the view.
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1. Feature 3D Plot tab - This tab contains a 3-D graphical environment where the user can
examine the shape of an identified feature. By clicking and moving the mouse over the
Feature 3-D plot the user may rotate the point cluster representing the feature. All of the
data points belonging to the analyte feature are drawn in blue while the single point
corresponding to the (m/z, RT, I) that characterizes the feature is colored in red.

2. Feature 3D Plot controls tab - This tab includes the Feature Intensity Heat Map, which
shows a top down 2-D view of the feature. The heat map is color coded according to the
data point’s intensity using a color gradient in which red highlights the most intense
points. Clicking and dragging the mouse over the heat map selects an area and at the
same selects the corresponding area in the Feature 3D Plot, and upon release zooms in
within both graphs. Clicking back over the heat map zooms out. A number of view
options are also included on the right side of the tab for toggling the visualization of the
observed feature, its related isotopic peaks and/or surrounding data.

Note: If the user has selected the option to “Save Indexed Feature Files” (see
Feature Finding tab) during loading and has not moved the METDB file or
otherwise broken its connection to the saved files, the Feature 3D Viewer
offers the option to view not only the selected feature, but also the
surrounding raw data, and an option is also offered to allow browsing of a
specified m/z range. If the files have been moved but are still accessible,
the user may reestablish the connection by using the “Set Data Source”
dialog accessed through the Experiment menu. Using this dialog, the user
may also choose to view only the selected features or to disable the 3D
Viewer entirely. This may increase the responsiveness of the GUl when
viewing large files.

Figure 7-12: The Feature 3D Viewer tabs.
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Moving tabs
For convenience, any tab can be dragged from the right pane to the left pane or vice versa. To

do so the user should left click over the tab to be moved and drag it to the other pane while
holding down the left mouse button.
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Figure 7-13: Visualization pane: moving tabs
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Chapter 8
The Visualize View

The Visualize View offers a variety of graphical tools to help the user discover quantitative
trends and relationships between analytes and samples.It consists of three tabs: Principle
Component Analysis, Quantitation, and a Heat Map of the filtered analytes list shown in the
Samples table.

e “Quantitative Pane” on page 122, which provides a Volcano Plot to help identify which
analytes exhibit significant differential expression, a Quantitative Scatterplot to show the
relationships between values in different samples or categories, and a plot that is intended
to help the user assess the quality of the quantitation in the experiment.

*  “Principal Component Analysis tab” on page 126, which helps identify the underlying
sources of variation in the data set.

*  “Heatmap Tab” on page 129, which provides a graphical environment where a Heat map
based on the findings listed in the Samples table is provided.
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Quantitative Pane

The Quantitation tab consists of four plots, which are visible under different circumstances:
the Volcano Plot appears when a quantitative test comparing two groups has been applied;
the Quantitative Scatterplot appears when the selected summarization level contains two or
more groups; the Quantitative Trend Chart apears whenever there is precursor intensity data
and in the experiment.

Volcano Plot

The Volcano Plot makes it easy to identify analytes that exhibit significant quantitative
differences among the samples. In a volcano plot, the y-axis represents the -log;, of the p-
value and the x-axis represents the log, fold change, calculated by comparing the rolled up
intensity value of one category to that of another. As a result, the plot is only available when
the following conditions are met:

1. The summarization hierarchy is arranged so that exactly two Attribute values have been
selected for comparison in the statistical analysis, allowing calculation of a fold change.

2. A Statistical Test has been applied.

In the Volcano Plot, points with statistically significant p-values are colored green while
points with p-values that would have been significant had a FWER not been applied are
colored yellow. This corresponds to the coloring of the Statistical Test Result column in the
Samples View.

The analytes that are most likely to be of biological significance are those which are
statistically significant and also show large positive or negative fold changes. A few of these
analytes are marked in Figure 8-1.

Plot Actions

A check box at the left of the plot toggles display of a horizontal dotted line that marks the
significance threshold.

Another optional line, controlled by its own check box, marks the point at which there is no
difference between the compared values, i.e. the zero fold change line.

The Multi-Select Action pull down menu determines the behavior of the pane when the user
selects a rectangular area in the plot by holding down the left mouse button and dragging the
cursor. Depending on the option chosen, the graph may zoom in on the selected area or the
analytes in the selected area may be tagged with stars. When stars are added or removed
through the multi-select mechanism, a pop-up message informs the user of the action. The
selected analytes will display the modified star status in the Samples View. This provides a
convenient mechanism for filtering the analytes list based on the plot.
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Figure 8-1: IThe Volcano Plot
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To Label Points in the graph, the user right-clicks to bring up a context menu. To label an
individual point, select the point and choose Show item label. This can be done repeatedly

to label a set of points. To label all points, turn off any individual labels and click Show
labels. containing options to label only the currently selected point, label all points, or

remove all labels. Clicking Hide item label removes the label of the currently selected point.
Clicking Show labels when it is already checked clears all labels.

Figure 8-2: Labeling Points in a Chart
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This menu also offers options that allow for copying the chart, saving the Image in various
formats, adjusting the chart properties or copying the data displayed in the chart in order to
recreate the graphic or analyze the data using a different program.

Quantitative Scatterplot

In the Quantitative Scatterplot, the quantitative values of analytes in one category are plotted
against the corresponding values in another category, where the categories represent
Attributes rolled up to the Summarization Level in the summarization hierarchy. The two
categories are selected from pull down lists to the left of the graph.

Examination of the Quantitative Scatterplot assists the user in assessing the relationship
between the two categories, and in identifying outliers, which may be analytes that are
especially important in distinguishing the two groups.

Two lines may be displayed on the graph, each activated by a check box to the left of the
plot. Points would be expected to cluster along the 45 degree line if the two categories are
completely correlated. The regression line shows the result of performing a linear regression
calculation of y on x. The correlation coefficient is shown in the legend when the regression
line is displayed.

The Quantitative Scatterplot also features Labeling of Points and a Multi-select Action pull
down. In the Quantitative Scatterplot, the color of the point indicates the star status of the
analyte in the Samples View. Orange indicates the analyte has an orange star, blue a blue star,
and purple indicates the analyte has both orange and blue stars. Setting the star status through
the Quantitative Plot allows the user to return to the Samples View and filter on
characteristics recognized in the graph.
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Figure 8-3: The Quantitative Scatterplot
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Quantitative CVs Chart

The Quantitative CVs chart contains two distinct types of plots, which, in combination,
provide insight into the reliability of the quantitative values calculated in the experiment.
The Quantitative CVs chart displays the relationship between mean analyte intensity and
Coefficient of Variation (CV) for each group of samples at the currently selected Comparison
Level (see “Experimental Design” on page 85).

Shaded areas indicate the 50% confidence interval for CV, with the thick line showing the
median value, computed for a sliding window of at least 50 analytes. The window size
increases with increasing numbers of analytes. Note that the median line will appear flat if
there are very few analytes in the experiment. The CV level is indicated in the y-axis
displayed on the left of the chart.

A second set of plots is also displayed in the same figure. These plots show the distribution
of analyte intensities within each group. The intensity levels are indicated in the y-axis on the
right of the chart. The intensities plotted here are computed with a Gaussian kernel density
estimate with bandwidth set by Silverman’s rule.

Scaffold Elements User’s Guide 125



The chart is built from the unfiltered, thresholded set of analytes in the experiment. Values

are gathered from the level of summarization directly below the Comparison Level, and

analytes are ignored if any values at that level are missing or imputed.

Figure 8-4: The Quantitative CVs Chart
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Principal Component Analysis (PCA) is a tool used to identify the underlying sources of
variation in a data set. PCA looks for patterns of expression among the analytes that can be
used to group samples in meaningful ways. When used in combination with the flexible
summarization offered in Scaffold Elements, this provides a powerful tool for exploring the
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biological meaning of quantitative differences observed in an experiment.
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The PCA tab consists of four Plots:

The Overview

The Overview consists of a series of graphs where one Principal Component is plotted
against another. The points in these graphs represent samples and the X and Y coordinates
are the values computed from the corresponding Principal Component functions. Samples
tend to cluster in different ways depending on the Principal Components applied. Clicking
on a graph in the Overview selects that combination of Principal Components for display in
greater detail in the Loadings and Scores Plots below.

The Scree Plot

The Scree Plot graphs the percentage of variance explained by each Principal Component.
The lower (red) plot shows the percentage of variance explained by the individual Principal
Components, while the upper (blue) plot is cumulative, so the first point shows the variance
explained by PC1, the second by PC1 and PC2, etc.

The Scores Plot

The Scores Plot graphs one Principal Component against another. The points in the Scores
Plot represent samples (rolled up to the Biological Replicate Level specified in the
summarization hierarchy) and the X and Y coordinates represent the values of the Principal
Components.

The Scores Plot has several associated controls, which are found on its left. Check boxes

allow the user to toggle display of the legend and sample names on or off. Another option is
to show confidence ellipses for the Attributes at the Comparison Level in the summarization
hierarchy. A confidence ellipse is a colored ellipse that represents the area in which we can
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expect a sample with a certain Attribute to appear, with a certain level of confidence. The
confidence level is adjustable through the Confidence (%) spinner. Note that if an Attribute
is represented by two or fewer values, no ellipse is displayed.

The Scores Plot allows Labeling of Points through the right-click context menu and zooming
in by dragging the mouse over an area of interest.

The Loadings Plot

In the Loadings Plot, each point representsone analyte. The coordinates of each analyte are a
measure of the contributions of that analyte to each of the Principal Components.in the plot.
For example, if the plot displays PC1 on the x-axis and PC2 on the y-axis, points far to the
left and right represent analytes that contribute strongly to Principal Component 1. The
analytes near the top and bottom contribute strongly to PC2.

Options available to the left of the Loadings Plot allow the user to toggle on or off the
display of analyte names and vectors. The vectors connect each analyte point to the origin,
and the slope of the vector corresponds to the relative contribution that analyte to each
Principal Component.

Points in the Loadings Plot may be labeled through the right-click context menu The
Loadings Plot also features a Multi-select Action pull down. As in the Quantitative
Scatterplot, the color of the point indicates the star status of the analyte in the Samples View.
Orange indicates that the analyte has an orange star, blue a blue star, and purple indicates the
analyte has both orange and blue stars. Setting the star status through the Loadings Plot
allows the user to return to the Samples View and filter on characteristics recognized in the
graph.

Further information about PCA

128

For details about how PCA 1is calculated in Scaffold Elements, see “How PCA is Performed
in Scaffold Elements” on page 260.
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Heatmap Tab

Heatmap Tab

Heat maps are an efficient method of visualizing complex data sets organized in two
dimensional tables or matrices. Through the application of two independent procedures to a
data matrix, heat maps make patterns more visible to the eye. The first procedure reorders
columns and rows according to a “closeness” criteria which groups together in space highly
similar data. The other procedure translates a numerical matrix into a color image".

In order to produce a figure that is meaningful, Scaffold Elements restricts the heatmap to a
maximum of 1000 analytes. As a result, it may be necessary for the user to filter the analyte
set before accessing the heatmap. One method of accomplishing this is to use the star filters.
For example, one might select the first 1000 analytes in the Samples View, right-click and
choose Stars > Add Orange, then click on the empty star icon in the toolbar to filter out all
unstarred analytes. Alternatively, one could filter on statistical significance or some other
criterion.

When the analyte list includes less than 1000 analytes, Scaffold Elements constructs a
heatmap from the data appearing in the Samples table and displays it in the Visualize View
Heatmap tab.

Figure 8-5: Visualize View: Heatmap tab
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The Heatmap tab includes the following three components, each containing a number of
graphical tools:

* The Heatmap Landscape pane -- which shows the overall heat map.

1. Key, M., “A tutorial in displaying mass spectrometry based proteomic data using heat maps.” BMC
Bioinformatics 2012 13(Suppl 16):S10. doi:10.1186/1471-2105-13-S16-S10
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Heatmap Tab

e The Heatmap Details pane --Which shows a selected portion of the heat map and includes
labels for the displayed columns and rows.

*  The Heatmap Display controls--which lists the Display type selected from the Samples
View and three toggle buttons

Heatmap Landscape pane

130

The heat map shown in this pane is created using the data summarized in the Samples Table,
see Figure 8-6. As in the Samples table the rows in the Heat map represent analyte groups,
but not analyte clusters as at times are shown in the Samples table. Each column contains
data from every MS sample or selected level of summarization as chosen from the
Summarization Bar in the Scaffold Elements main window.

The Display Type listed in the Heatmap Display controls of this tab, determines the type of
quantitative information used to reorder the data.

More information about the way the Heat map is constructed can be found in the appendix
section Terminology

Figure 8-6: Heatmap Landscape pane
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The Heat map includes a colored landscape, color coded according to the legend shown on
the left side of the Heat map pane. The type of color coding depends on the Display type
chosen in the Samples View, which can be customized at will through the Color Options
button.

@ Grays represent missing values.

Dendrograms representing the output of the hierarchical clustering are shown on the left and
top sides of the Heat map landscape. The root of each dendrogram represents a single object
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Heatmap Tab
or cluster of size 1.

Clicking and dragging the mouse over the Heatmap landscape allows the user to select a
section of the map that is then shown in larger detail in the Heatmap Details pane

Sections of the map can also be highlighted and selected by clicking over the different nodes
in either dendrogram or in both, thus allowing the user to select desired sets of analyte
groups and/or sets of samples. When doing so the calculated node distance is shown on the
top left side of the pane.

Context menu

A right-click of the mouse while hovering over the Heatmap landscape provides a context
menu with zoom and export options, see Figure 8-7.

Hot keys for zooming in and out of the heat map are also available:
*  ZOOM IN: CTRL + NumPad +
*+ ZOOM OUT: CTRL + NumPad -

The Export PNG (Bitmap) Image... command opens an Export Preview dialog of the current
heat map with options for toggling the inclusion or exclusion of some of the components of
the exportable picture like, for example, any dendrogram or the colored landscape.

Figure 8-7: Heat map Context menu
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Heatmap Details pane
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When sections of the Heat map are selected the Heatmap details pane is populated with the
selected section of the map and the related information about the analyte groups associated
with each row and the related MS sample or selected level of summarization as chosen from

the Summarization Bar available in the Scaffold Elements main window.

When the user right-clicks on the column headers, a context menu allows the selection of the
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Heatmap Tab

level of summarization he/she wants to see represented within the column headers.

The table that represents the selected portion of the Heat map has the common properties of
all Scaffold Elements tables, see Display paneWhen no selection is active the pane will
appear empty with instructions to help the user populate the pane.

Figure 8-8: Heatmap Details pane

Heatmap

Display Type: Exdusive Spectrum Count .,’/

Details

Attribute Mean

(® Biosample:
M5 Sample

AccessionNumber  Name

PRS10_HUMAN Group of 265 protaase requitory subunt 108 OS=Horo s3pens GN=PSMCS PE=1SV=L
ARFPT_HUMAN Group of Arfaptin-1 05 =Homo sapiens GN=ARFIP 1 PE=1 SV~

MEPCE_HUMAN Group of 75 DARNA ety phosabate cappi entyma 05 oo sapiens Gl -MEPCE PE=15=1
AIMP2 HUMAN Group of Aminoacy A sythase conplex-nferactng multfunctional protein 205 Homo capiens G~
RM12 HUMAN Group of 395 ribosomal protein L 12, mitachondrial OS=Homo sapiens GH =MRPL 12 PE=

PSMD3_HUMAN A AP TSI CE R Re P08 FEmt SU=3
RS15_AUMAN Group of 405 ribosomal protein 516 OS—Home sapiens GN-RPS 16 PE=15V=2

ACIND_HUMAN Sroup of Apoptatic chromatin condensation inducer n the ucus OF Hamo sapiens GN-ACINLPE=15..
ACPH_FIMAN Group of Acylamino-acid-releasing enzyme OS—Homo sapiens GN=APEH P

B AN328_HUMAN Group of Acdiceucine i nudear pho oot 32 Ty manher 3 oo sepins CN=ANPIZ
15 ATPF2 HUMAN Group of ATP synihase mitochondril £1 complex asserbly factor 2 05-+omo sapiens GN-ATPAF2 PE-.
15 N2 FIUMAN (+1)  Group of Proteit mags nash homolog 2 G5 o sepiens GH=MAGOHB PE~ S1=

£ R A o of i et o s ooty 8 B cEimo ot ARHE 1 PE 1 Syt

15 DDX42 HUMAN Group of ATP-dependent RNA helicase DDX42 0S—Homo sapiens GH-DDX42 PE =1 5V~1

Heatmap Display controls

These controls are located in the top section of the Heatmap tab. The three toggle buttons
allow the user to determine which of the two heatmap panes display:

*  The Heatmap Landscape pane only (left button)
* The Heat map and the Details pane are shown together (middle button)
e The Heatmap Details pane only (right button).
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Chapter 9
The Library View

Scaffold Elements performs analyte identification by searching against one or more analyte
databases, also known as spectral libraries, which include MS and MS2 spectral information.
When spectral libraries are loaded into the application, the user may visualize and inspect
their contents using the Library View, see Figure 9-1.

Figure 9-1: Library View
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Editable and Protected Libraries

Libraries may be editable or non-editable. Those which are imported from external sources,
such as NIST, METLIN, HMDB, MoNA, etc. are non-editable, as are custom libraries
created from tab-delimited text files. This prevents corruption of these libraries. Some
libraries, such as METLIN, are further protected through encryption in accordance with their
licensing requirements and copying or exporting their contents is not allowed.

Personal libraries created by saving Elements experimental results are editable. In the
following description, fields which may be edited for editable libraries are marked with an
“*”_Analytes or records may be deleted from an editable library using the right-click context
menu.

Copy to Library

Analytes or entries may be copied from any unprotected library to any editable library. This
allows the user to create a subset library. For example, a user may wish to curate a subset of
a larger library that contains only verified high-quality spectra, or only analytes of a certain
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type. An editable library must be created through the Library Manager (see “Library
Manager” on page 49). Analytes may be copied into this library by selecting one or more
analytes in the Analytes pane, right-clicking and choosing “Copy Analyte(s) to Library...”.
Specific records may be copied by selecting one or more records in the Records pane, right-
clicking and choosing “Copy Record(s) to Library...”.

When a copy operation is selected, the Add Records to Library dialog appears. The user
must select an editable library (or create one through the Library Manager button) and click
Add to copy the records to the selected library.

Add Chemical Structure

In an editable library, it is possible to add or replace the chemical structure associated with an
analyte in the library. If an analyte has no specified chemical structure, an Add Structure
button appears in the Chemical Structure Tab in the Library View. Clicking the button opens
a dialog that offers the option to read a structure from an SDF or MOL file, or to enter a
SMILES structure.

Figure 9-2: Add Chemical Structure
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In editable libraries only, when a chemical structure is present, the context menu accessed by
right-clicking in the Chemical Structure Tab includes options for removing or modifying the
chemical structure. From this menu, the User may remove the structure or select Change
Structure, which opens a dialog similar to the Add Chemical Structure dialog and allows a
new structure to be entered or uploaded from a file.

Components of the Library View

At the top of the Library View, is a Tool Bar, which allows the user to select a library, search
or filter it, and perform various library-related operations. Beneath the Tool Bar are three
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adjustable panes. The panes may be expanded or contracted by clicking on the border
between panes and pulling up or down.

Note that each of the tables in the view includes all of the features and tools described in
Display pane.

The components of the Library View are:

Tool Bar

1.

2
3.
4

Tool Bar

Analytes Pane

Record Pane

Visualization Pane

At the top of the Library view display pane, this bar contains the following tools:

Library: - pull down list with which the user can select which of the spectral libraries
already loaded into Scaffold Elements to browse.

Search... - Search text box that searches the analyte table in the Analytes Pane for names
and formulas.

Library Tools - Drop-down menu that provides access to a variety of tools for managing
libraries.

L]

Library Manager - opens the Library Manager dialog, see Library Manager .

Download Libraries - opens a browser to a page on the Proteome Software website
where a number of spectral libraries in the LIBDB format are available for download.

Export to Skyline - exports a transition list as a text file which may be loaded into
Skyline, see .

Copy Operations - these options will be disabled if the library is protected:

*  Copy Selected Analyte(s) to Library... - opens the Add Records to Library dialog,
populated with all records for all selected analytes.

*  Copy Selected Records to Library... - opens the Add Records to Library dialog,
populated with only the selected records for the selected analyte.

* Advanced Copy to Library... - opens the Advanced Copy to Library dialog to
allow selection of analytes and records for copy based on their specific
characteristics.

Delete Operations - these options will be disabled if the library is not editable:

e Delete Selected Analyte(s) - removes all analytes which are currently selected in
the Analytes Table in the Library View from the library.
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e Delete Selected Record(s) - removes all records which are currently selected in
the Records Table in the Library View from the library.

* Advanced Delete - opens the Advanced Delete dialog to allow selection of
analytes and records for deletion based on their specific characteristics.

Advanced Copy and Delete

The Advanced Copy and Delete options in the Library Tools allow the user to select a set of
analytes or records based on specific criteria to include in or remove from a personal spectral
library. Selecting the Matching Analyte Characteristic displays criteria for selecting analytes,
including Name, Molecular Formula and Monoisotopic Mass. Name and Molecular Formula
are text filters, and will accept a substring of the name or molecular formula to be matched.
Monoisotopic Mass allows specification of a mass range.

Selecting the Matching Record Characteristic radio button offers a set of criteria for selection
of analytes based on the characteristics of their records. All records which match the
specified criteria are selected, regardless of which analytes they represent. Criteria at the
record level include Record ID (range), Collision Energy (range and units), Precursor M/Z
(range), Charge (range), Precursor Type (text), Retention Time (range), Chromatographic
System (text), Instrument Type (text) and Instrument Name (text).

Figure 9-3: Using the Advanced Copy Option: 1) Select the option from the Library Tools; 2)
Specify the criteria for selecting records/analytes; 3) Review the selected list and
Add to a library.
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Analytes Pane

This pane contains a table listing the analytes in the selected spectral library. Each row in the
table corresponds to an analyte and lists some of its properties. The columns in the table
provide the following information:

*  *Name -- of the analyte. In an editable library, double-click in cell to edit.
*  Molecular Formula - its molecular formula
*  Monoisotopic mass - its mass

* A series of columns displaying the various identifiers for the analyte which are available
in the library, such as:

*  CAS number - unique numerical identifier assigned by Chemical Abstracts Service
(CAS) to every chemical substance described in the open scientific literature

* InChiKey - IUPAC International Chemical Identifier, textual identifier for chemical
substances, designed to provide a standard and human-readable method for encoding
molecular information.

*  KEGG - identifier for the analyte in the KEGG Database (Kyoto Encyclopedia of
Genes and Genomes). KEGG is a database resource for understanding high-level
functions and utilities of the biological system. It provides pathway information,
genomic information, etc.

The table can be searched using the search tool available in the .

Record Pane

This pane contains a table with a list of the records in the library for the selected analyte.
Each row provides the following information about each record:
* Record ID -- Spectral library record ID for the selected analyte.

*  Collision Energy-- Energy needed to achieve optimum fragmentation efficiency. It is
express as a percentage of the available energy in the system or Normalized Collision
Energyz.

*  Precursor m/z -- Observed m/z for the precursor ion in MS1.
e Charge -- Of the precursor ion.
e Precursor Type -- Adduct type

* RT (<units>) -- Retention Time - the unit is selected through
Edit>Preferences>Units>Retention Time Unit and will be either minutes (min) or
seconds (sec)

1. http://www.genome.jp/kegg/keggia.html
2.
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Chrom. System -- An identifier created by the user to describe the chromatographic
system used in the experiment from which the record was created (see Chromatographic
System in Loading Data)

Instrument Type -- Instrumentation used to produce the recorded results.
Ionization type -- lonization method, such as MALDI or ESIL.

Instrument Name -- Type of instrumentation used to obtain the identification.

Visualization Pane

138

This pane is split into two graphical sub-panes:

MS?2 spectrum pane --Shows the spectrum of the MS2 (when present) for the selected
record. Additional visualization options are available in the right click context menu, see
Description of Mouse Right Click Context Menu Commands

Chemical Structure tab- shows the graphic representation of the molecular structure of
the selected analyte. When hovering the mouse over the molecular structure a little hand
appears and the wheel on the mouse acts as a zooming tool. Left clicking the mouse over
the structure activates the “Move molecule tool” visualized as a cross.

*Notes tab - displays the source of the library (if available) and any notes or comments
related to the entry. May be edited in editable libraries.
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Chapter 10
Analysis View

The Analysis View provides graphical tools to help the user visualize the samples alignment
in retention time.

The view includes two tabs, one for each ionization mode. If the data is acquired in only one
mode, the corresponding mode tab will be active while the other tab will be grayed out.
Figure 10-1: The Analysis View

A Elements - Demo3-MTBLS87.metdb — o x
File Edit View Experiment Export Help

B H = O ™ i Summari ~ i ¢ M Display Type: | PrecursorIntensity ~  [v/] Normalized Log Intensities @
Thresholds Filters
s s )
S Analyte Group: |~ || ¥ | D-Glutamine Analytes: | 0.910 D-Glutamine ~ | & & Fow ® Column
SC 4 on:
Organize Theoretical m. Adducts Charge Averagemvz A Average m/z Average RT oRT =] w2
69058 (MeNae 1 69,058 2402 1202 vosu 150.050
@@ © oos [M+H- 1 130.049 3.182 12.70 0.017 0.806 3.50E8 130.049
=S T e M ome e luom
el [67.041 -1 167.043 12.70 0.021 e ID:139336 0.786 3.238 130.049
Samples 1D:139336 0.833 2.77E8 130.049
1D:139336 0832 387e8 130,049
1D:139336 0.906 5.45E8 130,049
Analytes References Metabolite Level Charts | Stofistics | Feature 3D Plot (5] Feature 30 Plot Controls | XIC (Feature) | XIC(Overlay) | Isotopic Distribution | Ms2 Spectra
Mass: 146,069 Formula: CHigN2O3 | CAS Number  ~ || 56-85-9,5950-95-5 | @ Show: (@ Samples () lons | Show Legend

40,000,000

NAME: D-Glutamine

Visualize SMILES: NC(=0)CCCN)C(0)=0 400,080

Ei% NH, 20,000,000

Library

0,000,000

o
Analysis 10,000,000
H,N o
L
Publish 12.4 126 128 130 132 134 136 138 140
Sample Retention Time in Minutes
T——

oo H O~ o — M+H-NH3}+ (in Person2_Plasma_POS) — [M+H-NH3+ (in Person3_RBC_POS)
s IM+H-NH31e (in Parsona WRG POS) — (MeH-NH3l (in Parsan? Riood POSY

Each tab contains two graphs, a legend and a check-box.

Total lon Current (TIC) Chromatogram

The top graph in the tab plots the MS1 TIC for each MS sample in the experiment as a
function of retention time. The TIC represents the summed intensity across the entire range
of masses being detected at every point in the analysis. The chromatograms are drawn in the
colors assigned to their corresponding samples, as described in the legend to the right of the
graph.

The chromatograms can be displayed either aligned or unaligned by clicking the “Use
aligned retention times” check box.

RT Deviation from Reference plot

The lower graph in the tab displays the differences between the raw retention times and the
aligned retention times for each sample. This indicates the degree of adjustment that was
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necessary in order to align the sample to the reference at any given point.

When the “Use aligned retention times” box is checked, the differences are graphed relative
to the reference retention times. When the box is unchecked, each sample’s deviations are
plotted relative to that sample’s retention time. This allows a comparison between the upper
plot and the lower, since they are always plotted on the same time scale.

The colors of the plots correspond to the colors assigned to the samples, as described in the
legend to the right of the graph.

Raw samples legend

Provides information about the color assignment of each raw data file in the experiment.

Use aligned retention times check box
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This check box changes the Y axis in both graphs. When the box is unchecked, values are
plotted as a function of unaligned Retention Time. The unaligned version of the TIC
Chromatogram provides a comparison of the chromatography in the various samples, and the
RT Deviation plots below indicate the degree of adjustment that would be required at each
point in order to align the chromatograms.

When it is checked, values are plotted against the Reference Retention Time. The TIC
Chromatogram provides a view of the aligned chromatograms, and the RT Deviation plot
indicates the degree to which each sample was adjusted in order to achieve alignment.



Chapter 11
The Publish View

The Scaffold Elements Publish View displays detailed information about the data loaded and
the analytic methods applied in the current experiment. This is usually required for
publication.

The Publish View has two tabs:
e Experiment Methods Tab
*  SQL Export tab
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Experiment Methods Tab

Experiment Methods Tab

The left side of the Experiment Methods Tab contains a tree that lists the parameters
characterizing the current experiment and their values. This information must be included in
pubications.

Figure 11-1: Experiment Information Pane tree
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1

Scaffold:Protein Probability
0.99478455

6.560819E-4

7621

5 1
Scaffold:Peptide Prabability

0.59450341

Unspecified - Run guantitative analysis
Default

Unspecified - Run guantitative analysis
Unspecified - Run guantitative analysis
Unspecified - Run quantitative analysis

Unspecified - Run guantitative analysis

Single
Ranked-Based Eudidean

2.1.0

The right side of the Experiment Methods tab of the Publish View provides a draft version of
the analysis parameters in text format to help the user in writing the Methods section of a

publication
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or poster.
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Experiment Methods Tab

Figure 11-2: TheAnalysis Overview (Experimental Methods)

RAW DATA PROCESSING:
Raw data files were proeduced using the following chromatographic systern: Deme 4. Raw data files were converted to mz3 format using
ProtecWizard version(s) pwiz_Reader_Waters: 3.0.9987.

Feature finding (a/k/a peak picking) was performed using Elements (version 2.1.0, Protecme Software Inc., Portland, OR). Feature
finding was conducted owver a mass range of [50.0..1200.0] and the entire retention time range. A noise threshold value of 0.1% of max
signal and a minimum time between scans of 0.5 sec was used. M52 spectra were detected for some features. Features were organized
into isotopic clusters, and all appropriate M52 spectra were associated to appropriate features.

M51 Peak Groups were formed within individual samples using a same-charge inclusion threshold of 1.0 sec and a cross-charge
inclusion threshold of 1.0 sec.

Retention time alignment was performed on all samples. Consensus MS1 Peak Groups were formed using a maximum RT difference of 5
min, and those consensus spectra identified in 73% of the samples were used for RT alignment. Following RT alignment, Consensus
M51 Peak Groups were regenerated, using a post-alignment maximum RT Difference of 1 min. Cross-sample gap filling feature
reextraction was not performed. Analyte clusters were formed containing all analytes asscciated with a single consensus MS1 Peak
Group. Analyte groups were formed containing all analytes with the same set of ions (peaks in the M51 Peak Group).

SPECTRAL LIBRARY SEARCH:
Candidate analyte identifications were generated by matching experimental data to spectral library data using exact mass with a mass
tolerance of 20.0 ppm. If both the experimental and library data contained M52 spectra, M52 peaks were matched between

experimental and library spectra using a fragment mass tolerance of 0.1 Da. The fellowing libraries were searched to generate candidate
analyte identifications:

METLIN_EXPERIMENTAL v2017.11.06.libdb (72125 entries)
nist_msms_w2017.11.27.libdb (536823 entries)

The following icn types were considered when matching features to library analytes: [M-H]- and [M-H-H20]-.

Features that did not match to any analytes contained in the spectral libraries were discarded.

SCORING:

B Copy Text to Clipboard ¥ Export Publish Report ¥ Export Supplementary Data

Report Buttons:

*  Copy Text to Clipboard - copies the contents of the Analysis Overview pane for pasting
into a text editor.

*  Export Publish Report - exports the contents of the Experiment Methods table as a CSV
file which can be opened in Excel.

*  Export Supplementary Data - exports a CSV file similar to the Samples Report suitable
for submission as a supplementary data table.
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SQL Export tab

SQL Export tab

144

The experiment files created by Scaffold Elements, *.sfdb files, are essentially SQLite
databases.

The SQL export tab is a SQLite graphical interface where a Scaffold Elements experiment
file can be searched as a database using SQLite commands. This allows a User to create
custom tables exportable to Excel.

A depiction of the schema of a *.SFDB file is shown in the Appendix Structure of Scaffold
Elements files (*.metdb) in the Scaffold Elements User’s Guide. The default SQL query
which appears in the SQL pane when the program is opened displays all tables in the
database.

Figure 11-3: The SQL tab
Figure 12: The SQL tab

The SQL Export tab contains four different panes:
e The SQL pane

*  The Saved Queries pane

e The Results pane

*  The Icon pane

The SQL pane

Through the SQL pane it is possible to directly explore the information stored in a Scaffold
Elements file using SQLite queries.

» The SQL text box --where the user can enter, copy and paste SQL queries.

e The SQL Icon pane -- which contains the Run query button and a text box and a save
button to save queries.

The results of the queries are shown in The Results pane. The saved queries are listed in the
The Saved Queries pane

Example:
List of tables available in *.SFDB files.
SELECT name FROM SQLite_master WHERE type='table' ORDER BY name;

The Saved Queries pane

When a query is saved, with a name selected by the user, it will appear in this pane from
where it is conveniently available to be launched again whenever needed.
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SQL Export tab

The Results pane

When the run query button is pressed, if there are no errors, a table with the results of the
query will appear. To export the results the User needs to right click the mouse and select the
menu option Export > Export to Excel and save the table to a tab delimited file that can be
easily opened in Excel.

The Icon pane

The icon pane contains an icon to save new queries to a file that can later be retrieved and an
icon to import previously saved queries.
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Chapter 12
Metabolomic Flux Analysis

In this type of experiment, isotopic labels are used to trace the transformation of metabolites
through metabolic pathways by comparing the stoichiometric ratios of different labeled
species of the same metabolite at different time points or in different samples.

First , unlabeled samples are loaded and searched as usual in Scaffold Elements. These
samples will be used for identification of metabolites.

Once the unlabeled samples have been analyzed, the user may specify labeled samples which
have undergone similar chromatographic processing and which are expected to contain the
same metabolites, although some of them will be found in labeled forms.

Scaffold Elements uses the unlabeled samples to provide the locations in retention time and
m/z of the identified metabolites. It then searches in the corresponding locations in the
labeled samples for the presence of isotopic variants of those metabolites. Results are
presented in an export, which can then be analyzed in Excel to provide information about the
changes in the metabolites from sample to sample.

Launch Isotopic Flux Experiment

This dialog is launched either by clicking on the Flux icon in the toolbar or through the
Experiment>>Flux Analysis... option in the Experiment menu. This dialog allows the user to
select labeled sample files, equate these with one or more unlabeled samples in the current
Scaffold Elements experiment, and set various parameters to be used in the flux analysis.

The first step is to click the Add button, which opens a file browser through which the user
may select a labeled sample. Any number of labeled samples may be added in this way. The
Remove button allows the user to correct any mistakes in labeled sample file selection.

When the labeled samples have been selected, their names will appear in the File column at
the top of the dialog.

There are two options in matching labeled samples to their reference samples:

* By default, the consensus features derived from all unlabeled samples in the experiment
are used as the reference for all labeled samples.
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Figure 12-1: The Isotopic Flux Dialog - Use all unlabeled samples as reference
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Figure 12-2: The Isotopic Flux Dialog - Associate specific unlabeled samples as references
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If the unlabeled samples are expected to contain different sets of metabolites, checking the
box labeled “Associate features from individual unlabeled samples with features in specific
labeled samples™ allows the user to specify which unlabeled sample should be matched with
each labeled sample.

A yellow triangle appears in the Unlabeled Sample column beside each file name. This is a
warning to the user that it is necessary to select an unlabeled sample from the dropdown to
provide the metabolite information for the labeled sample on the left. It is permissible to
select the same unlabeled sample for more than one labeled sample.

The lower portion of the dialog contains parameters which much be specifiedt.
Storing Indexed Feature Files

As in a traditional search, Scaffold Elements must reformat files and perform feature
extraction, which requires creation of some potentially large intermediate files. The user
should select a location for these files using the provided file browser.

Saving Indexed Feature Files

Radio buttons allow the user to specify whether or not the intermediate files created from the
labeled samples should be retained for possible future analysis. If the user chooses “Don’t
Save Indexed Feature Files” they will be deleted when the analysis has completed.

Isotopic Label

Specifies the isotopic label used in the experiment. Choices are 13C, 15N and 180 or D
(deuterium).

Mass Tolerance

Specifies the mass tolerance and units (Da or ppm) to be used in matching the metabolites in
the labeled and unlabeled samples.

RT Tolerance

Specifies the retention time tolerance in seconds to be used in matching the metabolites in
the labeled and unlabeled samples.

Options

The following options control which metabolites are reported in the export. They may be set
by checking or unchecking the boxes:

Require [M+0] present in analogous labeled sample - filters out any metabolites for which
the [M+0] peak is not detected.

Require incorporation number higher than 2 in analogous labeled sample - filters out
any metabolites for which no higher levels of label incorporation are observed.

Use only the most intense ion in each metabolite
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Launch Flux Experiment

This button begins the analysis of the labeled samples and the creation of the Flux Report.
When the export is complete, a message is displayed.

Flux Analysis in Scaffold Elements

Scaffold Elements obtains the location of each analyte from an unlabeled sample and then
examines the same region in the corresponding labeled sample. The possible locations of all
isotopic peaks which might result from incorporation of the label into the analyte. The
program looks for isotopic peaks in the predicted locations, and calculates the intensity

values for all such peaks which are found.

The Flux Report

The results of flux analysis are reported in a CSV file, which may be examined and further
analyzed in Excel.

67 |Metabolite Information
68 |Metabolite Name

1505|Raw Intensity Information

1506|Dihydromyricetin
1507|Dihydromyricetin
1508|Dihydromyricetin
1509|Dihydromyricetin
1510|Dihydromyricetin
1511|Dihydromyricetin
1512|Dihydromyricetin
1513|Dihydromyricetin
1514|Dihydromyricetin
1515|Dihydromyricetin
1516|Dihydromyricetin
1517|Dihydromyricetin

1518|[M+0] Normalized Intensity Information

1519|Dihydromyricetin
1520|Dihydromyricetin
1521|Dihydromyricetin
1522|Dihydromyricetin
1523|Dihydromyricetin
1524|Dihydromyricetin
1525|Dihydromyricetin
1526|Dihydromyricetin
1527|Dihydromyricetin
1528|Dihydromyricetin
1529|Dihydromyricetin
1530|Dihydromyricetin
1531|Dihydromyricetin

150

Figure 12-3: A Metabolite in the Flux Report
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C15H1208
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C15H1208
C15H1208
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081513ctrl13C1.mzML
081513ctrl13C2.mzML
081513ctrl13C3.mzML

GLGL GG

Thearetical Distribution
081513LPS12C1
081513LPS12C2
081513LPS12C3
081513ctrl12C1
081513ctrl12C2
081513ctrl12C3
15 081513LPS13CL.mzML
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15 081513LPS13C3.mzML
15 081513ctrl13C1.mzML
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Intensity Information
Total Intensity

lon Intensities
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[m+0]
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[M+1]
515275.3
585563.6
944862.8
570870.6
432518.1
525338.9
695568.1
705008.8

638179

456697.9
482087.5
[M+1]
0.1667
0.2028
0.2014
0.2008
0.1986,
0.2053
0.2062
0.2032
0.2041
0.2041

0.2053
0.2055

M+2]
131205.7
158660.5
249123.3
153377.8
111223.2
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[M+2]
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0.0517,
0.0546
0.0529
0.0534
0.0528
0.0539

M43]

[M+3]

[M+4]

[M+4]

[M+5]

41658.67
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[M+5]

0.0192
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[M+6]

[M+7]
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37312.45
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[M+6] [M+7]
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0.0895  0.0168

0.0943 0.018

0.0172

0.0941  0.0156

0.0946  0.0164

[Mi8]  [me9]

137934.2

88884.37
102017.2

[M+8] [M+9]

0.0399

0.04
0.0435



Chapter 13
Quantitative Methods and Tests

Scaffold Elements supports quantitative methods based on MS1 precursor intensity
measurements. Values are summarized to the level specified in the summarization hierarchy,
and a variety of quantitative statistical tests including the T-Test, ANOVA and Permutation
Test are available to identify differential expression across factor levels or treatments.

Details about quantitation are provided in:
e “Quantitative Method” on page 151

*  “Quantitative tests” on page 156

Quantitative Method

Elements performs relative quantitation by measuring the signal intensity of the features that
represent an analyte within each MS sample, and comparing these intensities across MS
samples. Scaffold Elements offers the option to normalize precursor intensity values across
MS samples by two different methods. It also calculates fold changes at different
summarization levels to support complex experimental designs.

Computing Precursor Intensities

When a Liquid Chromatography - Mass Spectrometry experiment is run, analytes elute from
the LC column at different Retention Times (RTs). A specific compound, or analyte, elutes
within a certain RT range. The compound is then ionized, forming one or more ion forms. As
a result, the ion forms derived from a single analyte manifest as features (peaks) having
approximately the same RT but different m/z values.

Each ion feature may be viewed as a 3-dimensional plot of (m/z, RT, intensity) points where
the m/z bounds are determined by the mass accuracy of the instrument and the RT bounds by
the elution time from the column.

In order to estimate the total intensity represented by the feature, a 2-dimensional extracted
ion chromatogram (XIC) may be formed by summing the intensities of all raw data points
with the same RT, and plotting the summed intensities versus RT. The trapezoidal
approximation of the area under this XIC curve is the precursor intensity of the feature, see
Figure 13-1

Precursor Intensity Quantitation assumes that for a feature detected at m/z and RT, the area
under the corresponding XIC provides a measure of its relative abundance within the sample
that eluted at RT. If additional features at the same RT are identified within an MS sample,
their precursor intensities are summed to give a measure of the quantity of the analyte that
was contained in the sample.
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Figure 13-1: Calculation of the Precursor Intensity of a Feature
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Normalization methods

Once features have been identified and quantified, Elements provides the option to apply
normalization to the precursor intensity values.

Normalization is performed at the technical replicate level, which is the MS Sample level
unless the experiment contains fractions. If one or more levels of fractions are specified, the
values from the MS-Samples within each technical replicate are summed to provide the
quantitative values at the technical replicate level.

Elements offers two types of normalizations:
* Sample Intensity Distribution Normalization

¢ Internal Standard Normalization

Sample Intensity Distribution Normalization

Scaffold Elements normalizes the quantitative values of all of the features in the loaded
experiment using the following scheme:

1) If a level above the MS-Sample level is designated as the technical replicate
level (i.e. the MS Samples are fractions), for each analyte, the intensity for each
technical replicate is calculated by summing the precursor intensities in all MS-
Samples within that technical replicate group.
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For example, suppose that each biological sample is divided and run in positive
and in negative mode, giving two MS-Samples for each technical replicate, as
shown in Figure 13-2.

Figure 13-2: Technical Replicates contain fractions
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The set of analytes contained in a sample consists of a combination of those that
ionize in positive mode and those that ionize in negative mode. Furthermore, for
those analytes that ionize in both modes, the quantity of the substance in the
sample is best estimated by the total precursor intensity of both positive and
negative ions, so Elements sums the intensities of the two MS-Samples that
represent positive and negative runs of a single sample, as shown in Figure 2.

2) MS-Samples combined to form Technical ReplicateScaffold Elements builds

RBC

Person-2 Person-3 Person-2 Person-3 Person-2 Person-3
Negat...Positl. Negat... PositL. Negat... Positl.. Negat... Positi.. Negat... Positi. Negat... Positl...

PersonZ_Plasma_NEG
Person2_Plasma_P05S
Person3_Plasma_NEG
Person3_Plasma_P05S

Person2_Blood_NEG
Person2_Blood_POS
Person3_Blood_NEG
Person3_Blood_POS
PersonZ_RBC_NEG
PersonZ_RBC_POS
Person3_RBC_NEG
Person3_RBC_POS

a distribution of the log; of the Precursor Intensities of all features in each

Technical Replicate and applies the procedure described in Normalization
procedure.

Normalization procedure

For each histogram, the three quartiles, 25%, 50% and 75% are calculated. The median value
of each quartile is computed across all Technical Replicates in the experiment. Then an
overall distribution is defined using these median quartiles.
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Figure 13-3: Log10intensity distributions for each MS sample

0.6
05F
0.4
03
0.2F

0.1f

4

Sample 1 (188 values)

5 6 7

8

25% 50% 75%

0.6

05F

0.4

03F

0.2F

0.1F

Sample 2 (202 values)

"5 556 657 75 8 85

05|

0.4 -

03[

0.2

01}

Sample 3 (543 values)

Log,, Intensity

For each Technical Replicate, the sample quartiles are plotted against the overall distribution
quartiles, an interpolation is calculated among the plotted points and the Log; Intensities are
adjusted accordingly, see Figure 13-4.

Figure 13-4: Normalization plot
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In some experiments, a known quantity of a specific analyte is included in each sample and
may be used as a standard to normalize quantities across the samples. Normalization to an
Internal Standard allows the user to designate a particular analyte as such a standard. The
selected analyte must appear in the Analytes List and must be identified in all samples.

The internal analyte is selected through the Configure Internal Standard Normalization
dialog by selecting the menu option Experiment > Normalize to Internal Standard.
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Figure 13-5: Configure Internal Standard Normalization dialog

M Configure Internal Standard Normalization x

Enter at least 3 characters of an analyte name, accession, or chemical formula to search for
an analyte to use as an internal standard for normalization.

oyt
Cytidine 5'-diphesphocholine (CASMN0:987-78-0; 488.1 Da)

Cytidine 5'-triphosphate (CASM0:65-47-4; 423.0 Da)

Cytidine 5'-diphosphate ethanolamine (CASMO:3036-18-8; 446.1 Da)

®

Hel Apply Normalization Cancel
© Help :

The dialog contains a search tool that helps the user select the analyte to be used as the
standard. Note that if the selected analyte does not appear in all samples or level of
summarization, an Error dialog appears warning the user that it is not a suitable internal

standard.

In this normalization technique, the normalized values are computed by setting the
quantitative value of the standard analyte for each Technical Replicate to the average of the
Log;( Precursor Intensity in all samples. The normalized values for all other analytes are
then calculated using a single linear fit between zero and the average of the standard for each
Technical Replicate. See Figure 13-6 for an example showing an experiment with three
samples.

Figure 13-6: Normalization by internal standard
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Quantitative tests

156

Scaffold Elements provides several statistical tests to identify analytes that exhibit different
abundances at the comparison level established in the summarization hierarchy. The
experimental design and the number of replicates dictates the most appropriate test to use.

Tests are selected through the “Configure Quantitative Analysis dialog” on page 156 .

The tests are based upon the data that is being displayed in the Samples Table. Adjusting
thresholds and filtering the data changes the number of analytes shown in the table and may
affect the analytes which will be indicated as having significant abundance level changes.

Configure Quantitative Analysis dialog

Selecting the menu option Experiment > Quantitative Analysis opens the Configure
Quantitative Analysis dialog. This dialog consists of two tabs: the Sample Hierarchy Tab
which allows the user to specify the experimental design (For details, see “Specifying the
Design of an Experiment” on page 87)and the Statistical Analysis Tab (see “Statistical
Analysis Tab” on page 94)from which the user may choose a quantitative test to apply to the
data appearing in the Samples Tableand to define the significance level for the selected test.

The user must first specify the type of experiment and assign categories their appropriate
roles in the analysis through the Sample Hierarchy Tab, and then may select and configure a
statistical test through the Statistical Analysis Tab.

It is not necessary to use all factor levels or treatments in a specific test; only factor levels
with a selected check box in the Design Matrix are used in computing the test. This can be
useful if the user wants to exclude one or more treatments from the quantitative analysis.
Sometimes this may be necessary in order to satisfy the constraints of the test. For example,
the Two-Way and Repeated Measures tests require that the experiment be balanced. If one
group has fewer samples than the others, it may be necessary to exclude that group from the
analysis.

The user may also choose to apply a Multiple Test Correction, and must specify the desired
significance level.

Once the experimental design has been specified, the quantitative test chosen, any multiple
comparison correction has been selected and the significance threshold has been specified,
clicking Apply starts the calculation. When the calculation is complete, a new column
appears in the Samples Table showing the results of the selected quantitative test.

The heading of the added column lists the type of test applied and the comparison levels
utilized. The p-values or g-values shown in the added column are highlighted in green if they
are significant even with any multiple test correction, or yellow if they are significant only
without the error correction applied. Values which are not significant under either condition
are not highlighted.
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Figure 13-7: Display of Statistical Test Results

— o =
wt Help
Summarization: | » Person Wi &2 M Display Type Precursor Intensity | [/] Normalized Log Intensities &
o < | Min # Samples 1 < Summarization set to el amefccessio R | il p-value filter w
the category that
Cotor e identifies biological E Blood [ m—
samples = [ETET0 Positive Negative [
] 2.67E8
L ‘g 4.68ET _ - Color bars represent the
& = 8.20E6 2 = £ sets of samples =
§ TAAEG E 5 = compar_ed in the
. S = [ = = = = statistical test e
g T B4 3 i S Z
a £ 2 2 2 hnayenName X = E S.E
09951 F00] NDIBS1 001 MOISEN Citric acid_RT2 (+1) CASNO:77-92-6  GHgO; 1920 = ot o o =559
0004 098l [0SOl G0l MG L-Tryptophan RT1 (+5) CASNO:T3-22-3  CyyHpN, 2041 6.36 0.54 2.40.. WEAM 524. 1.05.. 7.43.. 496.. 7.15..
D951 FI001 001 F00]  0.88 DL-Phenylalanine (+2) CASNO:150-30-1 GHiNO, 1651 774 < 00001 1.27.. 997.. 71. 628. 2.52.. 151.. 573.
0591 [100] (098] (00 (058 Diatrizoic acid CASNO:117-96-4 CyiHghiN, 6138 743 0.0080 7.70.. 2.76.. 3.45. 1.34. 237.. 1.47.. 519.
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When the selected summarization level corresponds to the chosen biological replicate level,
(or blocking level), biological samples belonging to the same treatment group are tagged
with a colored band. This helps the user recognize the groups of experimental units blocked
together in the current test

Tests available for analyzing Basic Design experiments

ANOVA/t-test

ANOVA (Analysis of Variance) is an analysis method for testing equality of means across
treatment groups or categories. It tells if there are differences among categories. The result of
the test is a p-value which ,when low, indicates a large probability of variation among the
different categories considered for the test. It does not, however, indicate which of the
categories are different from each other.

Scaffold Elements supports a two-tailed version of ANOVA. When only two treatments are
selected from the combinations of factor levels available, the two tailed ANOVA is
equivalent to a T-Test.

Permutation Test

This test, depending on the selected treatments used to perform the test, establishes if there
are statistically meaningful differences among multiple groups (equivalent to ANOVA) or
differences between just two groups (equivalent to a T-test). Rather than depending on
assumptions about the distributions of the values, however, it performs the experiment of
randomly assigning the observed values to the various categories and assessing how rarely
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the degree of difference between categories in the experiment is observed.

It is based on an F-statistic calculated on the original set of data points; the data points are
then randomly permuted and a new F-statistics is calculated using the randomized values.
This randomization and computation of an F-statistic is repeated 10000 times. Finally, a p-
value is calculated by counting the number of times the randomized F-statistics were at least
as large as the original F-statistics and dividing by 10000.

(See e.g. hitp://mathworld. wolfram.com/FishersExactTest. htmh)Mann-Whitn ey U
Test

The Mann Whitney test is a non-parametric statistical hypothesis test for assessing whether
one of two samples of independent observations tends to have larger values than the other. It
can also be defined as a distribution-free test of whether two medians are equal. The test uses
the ranks of the data in the two samples. Although the Mann Whitney test compares well
with a t-test, it is independent of the way the data is distributed. Because the Mann Whitney
test is the non-parametric version of the t-test, it requires exactly two quantitative sample
categories to be selected for testing.

Kruskal-Wallis Test

The Kruskal-Wallis one-way analysis of variance by ranks is a non-parametric method for
testing whether samples originate from the same distribution. It is used for comparing more
three or more samples that are independent, or not related. (The parametric equivalence of
the Kruskal-Wallis test is the one-way analysis of variance (ANOVA)). The factual null
hypothesis is that the populations from which the samples originate have the same median.
When the Kruskal-Wallis test leads to significant results, then at least one of the samples is
different from the other samples. The test does not identify where the differences occur or
how many differences actually occur. Because it is a non-parametric method, the Kruskal-
Wallis test does not assume a normal distribution (unlike the analogous one-way analysis of
variance); however, the test does assume an identically-shaped and scaled distribution for
each group, except for any difference in medians.

Tests available for analyzing Repeated Measures experimentsRepeated Measures
ANOVA/Paired t-test

The Repeated Measures Analysis of Variance test (rANOVA) is a parametric statistical
hypothesis test for assessing whether the population means of repeated measurements differ
when the measurements have been taken under at least three conditions (e.g., time points).
The Paired t-test is similar, but compares exactly two samples. These tests may be used when
the data being analyzed is normally distributed and has equal variances across the categories.

Wilcoxon Signed-rank Test

The Wilcoxon Signed-rank test is a nonparametric statistical hypothesis test for assessing
whether the population mean ranks of repeated measurements differ when the measurements
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have been taken under exactly two conditions (e.g., time points). It is a nonparametric
alternative to the Paired T-Test, and may be used when the data being analyzed is not
normally distributed. The Wilcoxon Signed-rank test does assume that the distributions in
the two categories are independent and identically distributed.

Friedman Test

The Friedman test is a nonparametric statistical hypothesis test for assessing whether the
population mean ranks of repeated measurements differ when the measurements have been
taken under at least three conditions (e.g., time points). It is a nonparametric alternative to
the Repeated Measures Analysis of Variance (rANOVA), and may be used when the data
being analyzed is not normally distributed. The Friedman test does assume that the
distributions in the categories are independent and identically distributed.

Tests available for analyzing Two-Way experiments
Two-way ANOVA

The Two-way ANOVA assesses the effect of two independent variables on analyte levels. It
measures the main effect of each of the independent variables, as well as whether there is
significant interaction between the variables.

Randomized Block ANOVA

This test is applicable to experiments with a Randomized Block Design. It assesses the effect
of the Primary Analysis Category while controlling for the effect of the Secondary Analysis
Category, which in this case is the blocking factor. It does not, however, assess the effect of
the Secondary Analysis Category itself. An option is available, however, to assess the
blocking effect, which assesses whether there is significant interaction between the Primary
and Secondary Analysis Categories.

Friedman Test

The Friedman test is a nonparametric statistical hypothesis test for assessing whether the
population mean ranks of repeated measurements differ when the measurements have been
taken under at least three conditions (e.g., time points). It is a nonparametric alternative to
the Repeated Measures Analysis of Variance (rANOVA), and may be used when the data
being analyzed is not normally distributed. The Friedman test does assume that the
distributions in the categories are independent and identically distributed.

* In choosing the statistical test to apply, it may be helpful to remember that log
@ intensity values are more likely to be normally distributed while the
intensities themselves are not. Parametric tests, therefore, are more suitable
when analyzing log values, while it may be preferable to select a non-
parametric test for intensities. Nonparametric tests are also better when the
data contains outliers which may skew the results.
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Significance Level

Controls in the Statistical Analysis tab allow the user to set the significance level required for
the selected inference test and to choose methods to control the family-wise error rate
through a pull down list.

Figure 13-8: Significance Level tab

E’ Configure Sample Organization and Statistical Analysis

Sample Hierarchy Statistical Analysis

Statistical Test Test Hypothesis
Choose and configure
a statistical test. The (®) Two-way ANOVA BJ =2 Treatments Interaction effect v
::;::;l;;:::,:aizﬂr Randomized Block Design EJ iy e Hg: There is no interaction effect between Treatment and Cell Line
experimental design ti H_: There is an interaction effect between Treatment and Cell Line
(set on the Sample Friedman Test EJ =2 Treatments
Hierarchy tak). If a O None

displayed test is
unavailable, its tooltip
will explain why.

Multiple Test Correction

Checkiuncheck Control FDR with standard Benjamini-Hochberg procedure )
columns or rows inge
Design Matrix to
determine which
samples are included
in the statistical
analysis.

FDR level g* |0.05

Multiple Test Correction

160

When considering a set of statistical inferences simultaneously and doing multiple
comparisons, the risk of making one or more false discoveries (Type I error) grows quite
quickly. In these cases it is common to adjust p-values for the number of hypothesis tests
performed. A common method is to control the family-wise error rate, which is defined as
the probability of making Type I errors. One of the initial and still quite common methods
used to control this error is the Bonferroni correction where the significance level for an
individual test is found by dividing the family-wise error rate (usually 0.05) by the number of
performed tests. Thus when doing 100 statistical tests, the level for an individual test would
be 0.05/100=0.0005, and only individual tests with P<0.0005 would be considered
significant.

The Bonferroni approach is a fairly conservative one and for a very large number of
independent comparisons it may lead to a high rate of false negatives.

To address this issue Scaffold Elements provides two different types of corrections:
*  Control FWER with Hochberg’s step-up and Holm’s step-down
*  Control FDR with standard Benjamini-Hochberg procedure

Control FWER with Hochberg'’s step-up and Holm’s step-down

There are various methods described in the literature that control the Family-wise error rate
(FWER) using less conservative corrections that are still based on the Bonferroni inequality.
These methods are usually quite appropriate to control the FWER in experiments in which a
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limited number of comparisons are of interest and where the use of the False Discovery Rate
is inappropriate. In these cases, such corrections guard against false positives being reported.

Scaffold Elements offers an option to use the following methods to calculate the corrected
significance level:

*  Holm’s step-down method
*  Hochberg’s step-up method

For more information about these methods, see Controlling the Family-wise Error Rate in
the appendix.

When this option is selected the significance level is expressed in terms of o and the related
text box appears underneath the pull down list. This text box allows the user to set the
significance level to the desired value. The default value is 0.05.

Control FDR with standard Benjamini-Hochberg procedure

This method of controlling the error rate is particularly useful in high-dimensional
experiments where a more common goal is to identify as many true positive findings as
possible, while incurring a relatively low number of false positives. The false discovery rate
(FDR) is designed to quantify this type of trade-off, making it particularly useful for
performing many hypothesis tests on high-dimensional data sets.

Scaffold Elements computes the FDR using the Benjamini-Hochberg procedure as
developed in the original paperl.

When this option is selected the significance level is expressed in terms of the FDR level g*
and the related text box appears underneath the pull down list. This text box allows the user
to set the FDR level g* to the desired value. The default value is 0.05.

Test Hypothesis

This section displays a statement of the null hypothesis, Hj and the alternative hypothesis, H,
that will be tested by the selected test.

In the case of a two-factor analysis, several different measures are computed. This section
then contains a drop-down menu for selecting which test measure should be displayed.
Options are:

* Interaction Effect - measures whether there is a statistically significant interaction
between the two variables.

* Primary Factor Effect - measures whether the variable designated as the primary analysis
category demonstrates a statistically significant effect on analyte level when controlling
for the secondary variable.

1. Benjamini Y and Hochberg Y (1995). “Controlling the False Discovery Rate: A Practical and Powerful Approach
to Multiple Testing,” Journal of the Royal Statistical Society, Series B (Methodological), Vol.57, No. 1: 289-300.
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* Secondary Factor Effect - measures whether the variable designated as the secondary
analysis category demonstrates a statistically significant effect on analyte level when
controlling for the primary variable.

Design Matrix

The Design Matrix at the bottom of the Statistical Analysis tab is provided to help the user
verify the test design or adjust it by adjusting which cells of the matrix should be included in
the test. At the beginning of each row and column is a checkbox. If the box is checked, the
cells in that row or column will be included in the test. If it is unchecked, they will not. This
feature allows the user to, e.g. remove all but two columns to allow performance of a T-test
and creation of a Volcano Plot or remove a group that contains an inconsistent number of
samples to create a balanced experimental design for a two-way ANOVA.

Multiple Test Corrections

When considering a set of statistical inferences simultaneously and doing multiple
comparisons the risk of making one or more false discoveries or a Type I error grows quite
quickly. In these cases it is common to adjust p-values for the number of hypothesis tests
performed. There are many different methods that provide a way to perform this adjustment.
A common one is to control the family-wise error rate, which is defined as the probability of
making Type I errors. One of the initial and still quite common methods used to control this
error is provided by the Bonferroni correction where the significance level for an individual
test is found by dividing the family-wise error rate (usually 0.05) by the number of
performed tests. Thus when doing 100 statistical tests, the level for an individual test would
be 0.05/100=0.0005, and only individual tests with P<0.0005 would be considered
significant.

The Bonferroni approach is a fairly conservative one and for a very large number of
independent comparisons it may lead to a high rate of false negatives.

To address this issue Scaffold Elements provides two different types of corrections:
e Control FWER with Hochberg’s step-up and Holm’s step-down

*  Control FDR with standard Benjamini-Hochberg procedure

Control FWER with Hochberg’s step-up and Holm’s step-down

There are various methods described in the literature that control the Family-wise error rate
(FWER) using less conservative corrections than the Bonferroni one but are still based on
the Bonferroni inequality. These methods are usually quite appropriate to control the FWER
in control trial experiments in which a limited number of comparisons are of interest and
where the use of the False Discovery Rate is inappropriate. In these cases these type of
corrections guard against any false positive occurring

When this option is selected Scaffold Elements uses the following methods to calculate the
corrected significance level:

*  Holm’s step-down method

*  Hochberg’s step-up method
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For more information on how the two methods are developed in Scaffold Elements see the
appendix Techniques to Control the Family-wise Error Rate.

When this option is selected the significance level is expressed in terms of o and the related
text box appears underneath the pull down list. This text box allows the User to set the
significance level to the desired value. The default value is 0.05.

Control FDR with standard Benjamini-Hochberg procedure

This method of controlling the error rate in multiple experiments is particularly useful in
high-dimensional type of experiments where a more common goal is to identify as many true
positive findings as possible, while incurring a relatively low number of false positives. The
false discovery rate (FDR) is designed to quantify this type of trade-off, making it
particularly useful for performing many hypothesis tests on high-dimensional data sets.

Scaffold Elements computes the FDR using the Benjamini-Hochberg procedure as
developed in the original paper?.

When this option is selected the significance level is expressed in terms of the FDR level q*
and the related text box appears underneath the pull down list. This text box allows the User
to set the FDR level g* to the desired value. The default value is 0.05.

2. Benjamini Y and Hochberg Y (1995). “Controlling the False Discovery Rate: A Practical and Powerful Approach
to Multiple Testing,” Journal of the Royal Statistical Society, Series B (Methodological), Vol.57, No. 1: 289-300.
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Chapter 14
Reports

A variety of reports are available in Scaffold Elements to assist the user in interpreting and
working with quantitative analysis data. The Current View may be exported using the right
click context menu option Export> Export to Excel. It creates a CSV file corresponding to
the information displayed in the table or graph from which it is selected. A number of
programmed reports are also available through the Export option on the Scaffold Elements
main menu. Each report is saved in a CSV format and may be opened in Excel.

The user cannot change the report format, but may select a different location in which to save
the report. When the user saves an Excel report, a default name in the format <Report
Name><Scaffold Elements File name> is provided for the report, but the name and location
may be changed in the file browser. Finally, the user can open and view any Scaffold
Elements report in Excel or another spreadsheet application, or using a text editor.

The following reports are available in Scaffold Elements:
* Export Attributes File...

» Export Samples Report to Excel...

» Export Features Report to Excel...

» Export Heatmap Report to Excel...

*  Run SQL Query for Export...

* Export for MetaboAnalyst...

* Export Current View to Excel
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Export Current View to Excel

This is accomplished by right-clicking in any pane of any View and choosing Export>Export
to Excel. Exports the information contained in the current view to a comma-delimited text
file that can be opened and viewed in Excel.

Export Attributes File...

Generates an attributes file that captures the sample organization of the current experiment.

Export Samples Report to Excel...

Opens a dialog that allows the user to produce a customized analyte-level report.This option
generates a comma-delimited Samples table similar to the one appearing in the Samples
View, but allows the user to select whether or not to display each of the Display Types,
whether to include a header specifying the experimental analysis parameters, and if more
than one Display Type is selected, how to group the quantitative values. If “Collate Columns
by Sample” is selected, the columns containing all quantitative values for a sample will be
adjacent to each other, if it is not, all columns of a single Display Type for all samples will be
adjacent, followed by columns for the next Display Type, etc.

P Export Samples Report.. X

Display Type Normalization 0
V| Precursor Intensity !
Loga Fold Change (Precursor Intensity)

Max Score nfa

Export Options

V| Include Experiment Pararmeters

0 Export Cancel

Export Features Report to Excel...

Generates a comma-delimited table of all Features for all analytes appearing in the Samples
View.
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Export Heatmap Report to Excel...

Generates a comma-delimited file containing a header section detailing the parameter
settings and filtering applied when the Heatmap was generated, along with the information
contained in the Heatmap.

Export Publish Report to Excel...

Generates a comma-delimited report of the information contained in the Publish View
Experiment Information table.

Run SQL Query for Export...

Opens the SQL Query tab of the Publish View, see

Export for MetaboAnalyst...

Generates a comma-delimited file formatted for import into the MetaboAnalyst online
anlaysis tool.
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Appendix

Appendix

* Appendix A.Creating A Personal Spectral Library

* Appendix B.Creating a Custom Spectral Library using a tab-delimited text file
e Appendix C.Elements Scoring Algorithms

* Appendix D.Rolling up Values

* Appendix E.Agglomerative Point Clustering Feature Finding Algorithm

*  Appendix F.Isotopic Clustering

* Appendix G.Forming Consensus MS1 peak groups

* Appendix H.Exporting a Transition List to Skyline

* Appendix [.Terminology

* Appendix J.Heat map clustering

* Appendix J.Techniques to Control the Family-wise Error Rate

*  Appendix M.Using Principal Component Analysis in Scaffold Elements

* Appendix N.How PCA is Performed in Scaffold Elements

* Appendix O.Description of Mouse Right Click Context Menu Commands
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Appendix

Appendix A.Creating A Personal Spectral
Library

Why create a personal spectral library?

A powerful feature of Elements is the ability to transform experimental results
into a personal spectral library. A personal spectral library offers distinct
advantages over commonly used libraries like NIST and METLIN, such as the
ability to:

* Remove instrument-specific effects. Instrumentation can have an effect on the

MS2 spectra. By comparing MS2 spectra captured with the same instrument,
instrument-dependent variation is factored out.

* Search by retention time and exact mass rather than by exact mass alone. It is
often challenging to compare RT information across instrumental setups, but if the
chromatographic system does not change between runs, you can confidently use RT
in your spectral library matching.

* Capture unknown analytes. Even if an analyte identification cannot be determined
for a species of interest, it is now possible to search for the same species again.
Unidentified species might be confidently associated with known species based on
similar variations in precursor intensity across samples, or have MS2 spectra that
could be analyzed by hand.

* Narrow the set of hypotheses. Searching analytes against a large spectral library
can produce an intimidating number of analyte identification hypotheses. Using
smaller, higher-confidence personal libraries produces a more manageable number
of analyte identification hypotheses.

Getting Started

Three steps are required:

1) Load the data required to create a personal spectral library. For example, you may
load a standards data set containing known compounds you wish to identify and
quantify in subsequent experiments and perform a search against a general database
containing these compounds.

2) Use Elements’ spectral library creation tool to generate a spectral library from the
results.

3) Search experimental data against the new library.
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Appendix

Following is a tutorial demonstrating the creation and use of personal spectral libraries in
Elements.

Personal Spectral Library Tutorial

In this short tutorial, we will build a personal spectral library from some publicly available
metabolomics data from the MetaboLights webserver. You may want to use this tutorial as a
guide while working with your own data, or if you wish to follow along, please first
download the data available on this web page:

http://www.ebi.ac.uk/metabolights/MTBLS87

Instructions for Downloading Tutorial Data

On the web page, scroll down to the “List of Study Files”. In the checkbox, select
the files “Person1_Blood_POS.mzML”, “Person2_Blood_POS.mzML”, and “Per-
son3_Blood_POS.mzML".

List of study files

Select all File
audit

Spombe cell sample1 NEG.mzML

Person1 Blood NEG.mzML

—p -
Person1_Plasma_POS.mzML
Person1 RBC_NEG mzML
Person1_RBC_POS mzML
Person2_Blood_NEG mzML
) ¢

Person2 WBC_NEG mzML

pPerson2 _WBC_POS. mzML

Person3_Blood_NEG mzML

# ? Person3_Blood_POS mzML

Person3 Plasma NEG.mzML

Scroll down to the bottom of the page and click the “Download selected files”
button.
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Info:To download a single file, just click on the file name. To download multiple files, use the check boxes and then click "Download
selected files” button. Files will be zipped and downloaded to your browser.

This will start a download of the files, into a zipped directory. Unzip the files
into a directory on your computer.

Step 1: Load the data required to create a spectral library.
Searching:

Certain search settings are recommended in order to create a high quality spec-
tral library. To apply these settings, we create a new experiment and load our
files with the following settings:

First, in the search tab, we will uncheck “perform retention time alignment” so
that the analytes we identify and add to our personal spectral library will con-
tain unaligned retention times. We will match to these unaligned retention time
values in future searches. We will also uncheck “perform cross-sample feature
re-extraction” because would like to generate analyte identifications based
exclusively on high-quality features, and re-extracted features may be lower in
quality. We will check “Report unknown analytes”, so that unidentified ions can
be added to the library. We will also check “Only retain analytes with MS2 data”.
If you have run your instrument in DDA mode, some features will not have an
associated MS2, but without an MS2, it can be very hard to make a confident
identification, as there may be many structural isomers with identical precursor
mass and very different fragmentation patterns. We choose, therefore, to
include only analytes with MS2 spectra in our library.

The dialog will look like this:
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Workflow: default

v Search Feature Finding I v Adducts I Libraries| Raw Files

Mode: add
Mass Range: - mjz

Retention Time: () Use full retention time range
O s2]-[ 25%][mn v]
Match Type: (8 massonly () mass and retention time
Parent Mass Tolerance+
Fragment Mass Tolerance

Remove | | Edit

erform retention time alignment
rform cross-sample feature reextraction
Eport unknown metabolites

ly retain metabolites with M52 data

v Chromatographic System:

| v

| Load Workflow | | Save Workflow |

Items marked with . need information in order to start. Start

Let’s move on to the Feature Finding tab. Under the “Saving Indexed Feature

Files” section, click the “Don’t Save Indexed Feature Files” radio button. Leave
all other defaults.
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Workflow: default

« Feature Finding |  Adducts Libraries Raw Files
% Add || Remave || Edit
Moise Threshold:

() Spedific value 1,000 EI
Minimum time between scans: seconds

Storing Indexed Feature Files

Indexed Feature Files are created during feature finding. They are large, so they must be created
in a location with sufficient free space.

Store Indexed Feature Files in:
C:\Users'phil\AppDataLocal \Temp\Elements_phil

" Browse...

Saving Indexed Feature Files

Saving Indexed Feature Files allows you to bypass peak picking when loading the same filesinto a |||
new experiment.

(") Save Indexed Feature Files

@@Save Indexed Feature Files

v Chromatographic System:

| ]

| Load Workflow | | Save Workflow |

Ttems marked with

need information in order to start, Start

In this tutorial, we can skip the “Adducts” tab, and move to the “Libraries” tab.
Click the “Add Library...” button, and select the NIST library from the library

manager dialog that appears. Once you have selected the appropriate library,
click the “OK” button in the lower right-hand corner.

Metabolites i Vendor
nist_library_elements. ibdb 141.9 MB
hmdb_library_elements.libdb
lipidblast_library_elements.li...
lipidmaps_library_elements. ...
t3db_library_elements_3527...
ymdb_library_elements.libdb
Plate1-and-6-Spectral-Librar...
plate-1-standards.libdb
IROATECH_Plate4. txt. libdb
IRCATECH_Plate4_experime...

| Impaort... || New... || Download Libraries... || Remove |

The NIST library will appear in the Library Tab.
Now we will add files to the experiment. In the “Raw Files” panel on the right
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side of the loading dialog, click the “Add” button, and navigate to the folder
where you have put the raw study files for this tutorial. Select only “Per-
sonl_Blood_POS.mzML".

At this stage, all components are enabled, and it is possible to click the “Start”
button. However, there is one more important field to fill out: The Chromato-
graphic System, located directly beneath the raw files panel. It is essential that
we enter this information because we will need it when we use our library in
future experiments.

The Chromatographic System is an identifier to allow the user to track all of the
information needed to describe the chromatography associated with the files
loaded. This may include the mobile phase, stationary phase, filter size, column
length, and pore size, just to name a few important factors. It is up to the user to
keep track of all of the pertinent details associated with their chromatography,
and assign a single string representation of their chromatographic system.

For this example, let us suppose that the details of the chromatography have

been documented elsewhere, and we know that these files were run with “setup
1”. Type “setup 1” in the “Chromatographic System” panel.
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Workflow: default

v Search | v Feature Finding | v Adducts | « Libraries Raw Files

Add Library... Remove Add Remove Edit
Mame Metabolites Size " + File
nist_library_elements.libdb 8351 141.9 MB ~ '  Personl Blood_POS.mzML
]
v Chromatographic System:
hd v
Load Workflow Save Workflow
@ Start Cancel

Now we are ready to load our data. Click the “Start” button in the lower left-
hand corner of the Loading Dialog.

After a few minutes, the file will load, and the Elements Samples View will popu-
late with analyte identifications. Save the file, and title it “MTBLS87-Person1-
NIST”.

Preparing to add a group of analytes to a personal spectral library

The first row in the table, “Adenosine 5’-triphosphate” is selected. Hold down

the shift key and click the 9th row in the table, “Swainsonine”.

Scaffold Elements User’s Guide



Appendix

[¥] Normalized | @

Molecular We\ghty

507.0
449.3
203.1
04.1

.1
131.1
129.0
173.1

155.1
427.0
238.1
228.1
160.1

488.1
150.1
18L1
217.1
347.1
297.1
9.1
136.0
309.1
165.1
612.2
266.0
228.1
175.1
2771
302.1
137.0
171
13L1
119.1

File Edit View Experiment Export Help
0 E W 9 & |5 4 summarizaton: | llih | @ | Display Type: |Logu Precursor Intensity
Thresholds Filters
ID Score Logas Intensity Min # Samples Show Hidden E‘ '&- + - p-value filter
® Color Legend {Displayed Value)
o | 9 L
3 g 8.98 @ L]
T | 2 235 £ !
L = E £
3 & o [ - T E =
o I} ] G = =) i)
o s = g & 2 7.10 @ 2
Sls| ¢ | B |3 |g|g : g g
# = & =} = a £ & Metabolite Name 2 2
Samples 1 5] Adenosine 5-triph
2 lycoursodeoxycholic acd (+1)
3 Acetyl-DL-carnitine (+2)
E
5
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7
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27 0.821 [0.96 [0.88 [0.67 [0.88 2,3-Diphospho-D-glyceric acd CASNO:138-818  C3HgOy P,
23 0.821 0.99 0.81 0.92 Butanedioic add, 2-(4,4-dimethyl-2-methylenepe... CASNO:5703-15-1 Cy5H0,
29 0.815 094 0.94¢ (0,88 [0.75 L-Citruline CASNO:372-758  CgHyaMaOy
30 0.796 0.54 0.67 0.8 0.7 ArgCys(+1) INCHIKEY:0SASD... CgHyghz0y
e 31 0.788 [0.97 [0.69 [0.79 [0.72 1,4-Piperazinediethanesulfonic acid (+1) CASNO:5625-37-6  CgHyghlOp
B o 32 0.782 092 092 064 0.82 Trigoneline (+6) CASNO:535-83-1  CHMNO,
Lo 33 0.777 0387 (096 [0.62 0.89 L-Valine_RT2(+4) CASNO:72-18-4  CHpNOy
Features - 34 0776 083 092 064 0.87 Creatine CASNC:57-00-1 G HM0,
339 Features - 35 0.772 051 [0.87 (0,58 (0,88 O-Methyl-DL-serine (+4) CASNO:19794-53-7 CHNOy

a

Personl_Blood_POS

Retention Time {min)

4y
>

7.61 8.50
11.96
4.78
12.41
7.54
14.07
771
15.32
16.00
3.8
13.55
10.30
12.48
9.39
10.20
12.31
12.14

Now, we will turn the information associated with these first nine analytes into

a personal spectral library.
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Keeping these nine analytes selected, navigate to the Experiment Menu, and
select Experiment -> Add Selected Analytes to Spectral Library

File Edit Wiew Experiment|Exp0rt Help

Import Attributes File...

] & B g
@E Set Sample Colors...

Threshalds i
lily  Cuantitative Analysis...
ID Score| 0.7 =
Mormalize to Sample Intensity Distributions

Mormalize to Internal Standard...

% Add Selected Metabolites to Spectral Library

G

' Set Chromatographic System

Organize Set Feature 3D Data Source

Alternatively, you can also right click on the samples view while the 9 analytes
are selected, and choose “Add to library...”
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File Edit View Experiment Export Help
D5 H G Q|0 8 |smaton| wsmwe ] | H) | e Nomaized | @
Thresholds Filters
Min # Samples Show Hidden @ ‘& + |- p-value filter
» Color Legend (Displayed Value)
o | & 9.60 _ 8
s | f 8.08 5 s | .| E |2
[ =] 25 3 = o 2
i3 235 5 : § & k&
g =] 2 g = = ]
e | 3|8 2] [ 7 < T 5 b = 5 =
2.l & | 5|8 5|8 740 i3I 3 i
23 e £ B 2§ MetaboiteName = 2 2 g &
Samples 1 [ =
2
3 Acetyl-DL-carmitine (+2) Set as internal standard
4 B L-Tryptophan |_+':;‘] . | Add to librarye. |
5 ndoleacetic add (+2) E
Metabolites 6 ta.-Nicotinamide aderine dinudeotide Stars L
7 Show/Hide 3
_ﬁ 3 Clusters »
9 insonine (+4)
p— Copy 4
= 10 .gamma. Linolenic acd (+1)
Visualize 11 0.914 085 0.90 092 094 LHstdne Export o2 (EE
e 12 Adenosine 5'-diphosphate (+1) Print... 13.16 8.68
13 4-{2-Hydroxyethyl)piperazine-1-ethanesulfy Find... 8.80 9.00
- 14 75 Butanedioic acid, 2-(4,4-dmethyl-2-methyl 408 [B7
- 18 N.epsilon, Methyl-Lysine CASNO:1188-07-4 € M0, 1801 2173 |85
Library 16 0,890 093 082 092 069 Cytidine 5-diphosphocholine CASNO:987-78-0  CpHpN,0p 4881 13.39
17 0.88% 0.95 094 0.4 0.12 Triethylene glycol CASNO:112-276  CHy 0, 1501 460
- 18 0.885 0.95 0.95 0.82 0.90 L-Tyrosine (+3) casno:s0-18-4 Gy NO; 1811 1084 (822
B 19 0.884 [0.96 (0,96 0.81 0.87 Propionyicarnitine (+1) CASNO:17298-37-2 CyHigNO, 2171 7.61 (8,50
] 0,871 (085 076 092 0.84 Adenosine S-monophosphate (+1) CASNO:61-18-8  CyHN:O; 3471 1156 808
w21 0.88 [0.97 [0.75 0.91 [0.89 Adenosine, 5-S-methyl-5-thio- (+1) CASNO:2457-80-8 CyHy MOy 2971 478 (60
2 0.864 (0.96 0.84 0.85 0,98 Ergothioneine CASNO:58511-63-0 CHyMN0; 2291 1241 919
- 23 0.850 0.82 [0.95 0.76 Threonic add (+2) CASNOD:3909-12-4  CjHg0: 1360 754 [7.55
24 0.852 [0.99 0.90 [0.78 0.85 (-)-N-Acetylneuraminic acd casno:131486  CyHy N0y 309.1 1407 839
25 0.849 094 (0,58 (100 0.93 DL-Phenylalanine (+4) CASNO:150-30-1  CH;NO; 1851 771 9.03
- 26 0.847 0.95 0.97 0.73 0.98 Glutathione, oxidized CASND:27025-41-8 CyHaMNeOy 6122 1532 9.31
- 27 0.821 [0.96 [0.98 [0.67 [0.98 2,3-Diphospho-D-glyceric acd casno:138818  CHO P 2660 1600  8.89
- 28 0,821 (0.99 0.1 0.92 Butanedioic acid, 2-{4,4-dimethyl-2-methylenepe... CASNG:5703-15-1 CyHy0, 2281 328|787
- 29 0.815 0.94 0.94 0.69 [0.75 L-Citruline CASNOD:372-758 CHyN0; 1751 1355 (826
30 0.796 (0.54 0.67 0.95 0.77 ArgCys(+1) INCHIKEY:0SASD... €y NO; 277.1  10.30 [8109)
- 31 0.788 (0,97 (0,69 0,79 [0.72 1,4-Piperazinediethanesulfonic add (+1) CASNO:5625-37-6  CgHyMy0p 3021 1248  [782)
e — - 32 0.782 092 0.92 0.64 0.82 Trigoneline (+8) CASNOD:535-83-1  CHMO, 1370 933|783
e 33 0.777 0.87 [0.96 [0.62 (0.89 L-Valine_RT2(+4) casno:72-18-4  CHyNO, 1171 1020 (8.50
Features - 34 0.776 0.89 092 0.64 087 Creatine CASND:S7-00-1  CHgN0; 1311 1231 912
339 Features - 38 0.772 091 [0.97 [0.59 0.68 O-Methyl-DL-serine (+4) CASNO:19794-53-7 CHNO; 1191 1214 [F87 v

After this, the following dialog will appear:
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180

S Add Experimental Spectra to Library...

Select spectrum type: All ldentified M52 Scans

Unmatched lons Prefie: | Saved unknown analyte

Cancel Ok

This dialog deserves some explanation:

The first option, “Select spectrum type:”, allows the user to specify which MS2
information gathered from the experiment should be written into a spectral
library of interest. There are two possible choices for spectrum type:

e “All Identified MS2 Scans”, which retains MS2 scans for all ion forms and features
associated with each analyte. The highest scoring MS2 scan is retained for each feature.

*  “Best-Scoring MS2 Scan”, which retains only the highest-scoring MS2 per analyte

(across all ion forms and features discovered).

The second option, “Unmatched lons Prefix”, is relevant when dealing with
unknown analytes. We will return to this option later.

From the “Select spectrum type:” drop-down menu, select the second option,
“Best-Scoring MS2 Scan.” Then, click the OK button in the lower right-hand cor-
ner.

i Add Experimental Spectra to Library...

Select spectrum type: Best-Scoring M52 5can

Unmatched lons Prefix: | Saved unknown analyte

Cancel ]

Scaffold Elements User’s Guide



Appendix

At this point the “Preview Experimental Spectra” dialog will appear.

Seardh... £ showing 9 metabolites Export to Skyline. ..
Mame Molecular Formula Monoisotopic Mass CAS Mumber InChIKey B
Adenosine 5'-triphosphate CgHieM0y4P5 508.,9957 10168-83-9 ZKHQWZAMYRWXGAKQYNXXCUSAN ~
Glycoursodeoxychlic acid CygH N 443.3141 54480-66-6 GHCZAUBVMUEKKP-TYQURETASA-N
Acetyl-DL-camitine CgHy MO, 203.1158 14992-62-2 ROHOFKQIGNGIED-UHFFFAOYSA-N
L-Tryptophan Cy4HyN.05 204.0899 73-22-3 QIVBCDLIIAPQS-UHFFFAOYSA-N
3-Indoleacetic acd CygHgMO, 175.0633 87-51-4 SEOVTRFCIGRIMH-UHFFFAOYSA-N
.beta, -Micotinamide adenine dinude. .. C5;H, N0, Py 663.1091 53-84-9 BAWFIGIZGIEFAR-NNYOXOHSSAN o
Record ID Collision Energy  Precursor M/Z Charge Precursor Type RT (min} Chrom. System Instrument Type Ionization Type Instrument Name =)
~
W
Chemical Structure | Notes
1
Add to: | Select Library.. ¥ Library Manager Cancel Add

This dialog allows you to make adjustments to the data imported from Elements
before it is written to a spectral library.

In the dialog, select the first analyte, “Adenosine 5’-triphosphate”. Note that a

single record of this analyte is present, along with a single MS2 spectrum and a
chemical structure.
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| Seardh..

pel | Shawing 9 metabolites

Name

Record ID
MTBLS87-Person1-MIST:P...

Molecular Formula

Cyges01573

Precursor MfZ
508.002

Collision Energy

Monoisotopic Mass

506.9957

Charge Precursor Type

CAS Number

10168-83-9

RT (min})

orbitrap

setup 1

Chrom, System Instrument Type Ionization Type

Export ta Skyline...
InChIkey
1 A

ZKHQWZAMYRWXGA-HKQYNX

Glycoursodeoxycholic acid CogHaOg 449.3141 64430-66-6 GHCZAUBVMUEKKP-TVQURETASAN
Acetyl-DL-camitine CHy MOy, 203.1158 14992-62-2 RDHQFKQIGNGIED-UHFFFAOYSA-N
L-Tryptophan Cy N0, 2040899 73223 QIVBCDIIAIPQS-UHFFFACYSA-N
3-Indoleacetic acid C,Hdo, 175.0633 87-51-4 SEOVTRFCIGRIMH-UHFFFACYSA-N
.beta,Nicotinamide adenine dinude... C3H; N0, P4 663.1091 53-84-8 BAWFJGIZGIEFAR-MNYOXOHSSAMN W

Instrument Name
LTQ Orbitrap A

electrospray ionization

v
_chemuml Structure | Notes
D MTBLS87-Person1-NIST:Person1_Blood_POS:controllerTyp ™
100% o027
3 ¢
=
E
2 H
B ] I
4 Fausg %P/u tH
0% ; — HO
i 200 400 HD}T/"
miz Y
Ho/F]/D
CH

Add to: | Select Library

v/ \ Library Manager

This dialog allows the user to edit many features of the analyte entries before
they are added to the library. For example, double-click on the cell containing
“Adenosine 5’-triphosphate”, and replace this text with “ATP”. Click the “enter”
key to update the analyte name.
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Mame

Glycoursodeoxycholic acid
Acetyl-DL-carnitine
L-Tryptophan
3-Indoleacetic acid

Record ID

Collision Energy

Molecular Formula

CagdOz
.beta,-Nicotinamide adenine dinude... C3;H:M70:F5

Precursar M/Z

£ | Shoving 8 metaboltes

Monoisotopic Mass

506.9957

203.1158
204.0899
175.0633
663.1091

Charge Precursor Type

14392-62-2

73-22-3
87-51-4
53849

RT {min) Chrom, System

D MTBLS87-Person1-NIST:Person1_Blood_POS:controllerTyp

100%

Relative Intensity

#10.027

Faa 068

0%

200
miz

400

Chemical Structure | Notes

CAS Number

Instrument Type

InChiKey

Ionization Type

GHCZAUBVMUEKKP-TVQURETASA-N
RDHQFKQIGNGIED-UHFFFAOYSA-N
QIVBCDINAIPQS-UHFFFAOYSA-N
SEOVTRFCIGRIMH-UHFFFAOYSA-N
BAWFIGIZGIEFAR-NNYOXOHSSAN

Instrument Name

Appendix

Add to: |Select Library...

¥ ‘ | Library Manager

Add

Now, select the last analyte in the list, Swainsonine.

Record ID

Collision Energy

[ searn. £ | showing 8 metabaites
Name Molecular Formula
[pIr “10' 1651373
Giycoursodeoxycholic acid CalNO5
Acetyl-DL-carnitine CsHlf\lD“
LTryptophan CoH0,
3-Indoleacetic add CoHigi0,
beta.licotinamide adenine dinude. . CoHy N0, Py
L-Tsoleucine ey 0,
DL-Pyroglutamic acid CLH-)ND

Precursor MjZ

Charge  Precursor Type

Monoisotopic Mass
Sue.sua/

449.3141
203.1158
204.0899
175.0633
£63.1091
131.0946
129.0426

RT (i)

CAS Number
JUFCEEEe
64480-66-6
14992-62-2

Chror

System  Instrument Type

InChiKey

LKA LAMTHI AR NAKCUSAT
GHCZAUBVMUEKKP-TVQURETASA-N
RDHQFKQIGNGIED-UHFFFAOYSA-N
QIVBCDLIIAJPQS-UHFFFAQYSAN
SEOVTRFCIGRIMH-UHFFFAOYSA-N
BAWFIGIZGIEFAR-NNYOXOHSSA-N
AGPKZVETIINPAG-UHFFFAQYSA-N
ODHCTXKNWHHXIC-UHFFFAQYSA-N

Tonization Type Instrument Name

LTQ ot

v
Tihem\m\ Structure | Notes
D MTBLS87-Person1-NIST:Person1_Blood_POS:controllerTyp
100% 38,081

=z

2

I

= HO —

=

®

© ]

o

0% RTIT ITR AT ‘\\III 1L 1 L
i 100
miz H
H

Add to: | Select Library... v | Library Manager Add
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Let’s suppose that we have decided that we do not want to retain this analyte
after all. Right click on the row in the analytes table (the upper table), and select
“Delete Analyte”.

=]
[ searh. £ | showing 8 metaboites Export to Skyline...

Name Molecular Formula Monoisotopic Mass CAS Number InChikey

Alr e U,/ JUCE e LRIV LAMTRWRSA-RTNARCUSAN
Glycoursodeoxycholic acid CaoNOg 43,3141 64480-66-6 GHCZAUBVMUEKKP-TVQURETASA-N
Acetyl-DL-carnitine CgHy N0, 203.1158 14992-62-2 ROHQFKQIGNGIED-UHFFFACYSA-N
L-Tryptophan CygHy 0, 204.0899 73223 QIVECDINAIPQS-UHFFFAOYSA-N
3-Indoleacetic acid CHgNo, 175.0633 87-51-4 SEQWTRFCIGRIMH-UHFFFAOYSA-N
beta, Nicotinamide adenine dinude... CoyHoM0 1P 663.1091 53849 BAWFIGIZGIEFAR-NNYOXOHSSAN
L-Isoleudine CgHygNO, 131.0946 73-32-5 AGPKZVETIINPAG-UHFFFAOYSA-M
DL-Pyroglutamic acid CH Oy 129.0426 149-57-1 ODHCTXKNWHHXIC-UHFFFAQYSA-N
Swainsonine s 173.1052 72741878 FXUAIOOAOAVCGD-WCTZXXKLSA-N [0

h Delete Metabolite

Instrument Name
LTQ Orbitrap

Copy 3
Export >

Record ID rsorMZ ~ Charge PrecursorType RT(min)  Chrom. System InstrumentType Ionization Type

arbitrap _ electrospray ionization

Print...

Find...

Chemical Structure | Notes
D MTBLS87-Person1-NIST:Personi_Blood_POS:controllerTyp
100% 38.091

z

a

c

z

£

£ HO .

=

ko]

) Il

o

0% . T .
0 100
miz H
H

Add to: | select Library v ‘ Library Manager Cancel add

The following dialog will appear, asking you if you really want to delete Swain-
sonine.

@ Are you sure you want to delete the selected metabolite?

This action cannot be undone.

Yes | | Mo

Click “Yes”. Notice that now, the Preview Dialog only contains 8 analytes
(instead of 9).
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|Seara‘1... P | showing 8 metabolites
MName Molecular Formula
ATP Cro1e¥s014"3
Glycoursodeoxycholic acid CagHygNOe
Acetyl-DL-carnitine CgHy MO,
L-Tryptophan CyyftyMa0y
3-Indoleacetic add Cogfiaho,
.beta,Micotinamide adenine dinude... C3yHa N0,
L-Isoleucine CgHysNO,
DL-Pyroglutamic acid CHMO,
Record ID Collision Energy  Precursor MfZ Charge

Add to: | Select Library...

w | | Library Manager

Monoisotopic Mass

506.9957
449.3141
203.1158
204.0899
175.0633
663.1091
131.0946
129.0426

Precursor Type

CAS Number
10168-83-9
64480-66-6
14992-62-2
73-22-3
87-51-4
53849
73-32-5
149-87-1

RT (min) Chrom. System  Instrument Type

Chemical Structure | Notes

Ionization Type

Appendix

X
Export to Skyline..
InChIKey
ZKHQWZAMYRWXGA-KQYNXXCUSA-N A
GHCZAUBVMUEKKP-TVQURETASA-N
RDHQFKQIGNGIED-UHFFFACYSA-N
QIVBCDIIIAIPQS-UHFFFAQYSA-N
SEOVTRFCIGRIMH-UHFFFAQYSA-N
BAWFIGIZGIEFAR-MNYOXOHSSA-N

AGPKZVBTIINPAG-UHFFFAOYSA-N
ODHCTXKNWHHXJC-UHFFFACYSA-N

<

Instrument Name

> (@]

At this stage, we are ready to write this information into a new spectral library.

At the bottom of the Preview Dialog, click the “Library Manager” button, which

will launch the Library Manager.
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Step 2: Creating a new personal spectral library

We first need to create a new personal spectral library. Only personal spectral
libraries created from within Elements are editable. To maintain the integrity of
existing spectral libraries, Elements does not allow the user to add to or modify
libraries imported from outside sources.

Seardh... 2 | showing 8 metabolites Export t&kﬂlne...
Name Molecular Formula Monoisotopic Mass CAS Mumber InChIKey =
ATP CyHi MOy 506,9957 10166-63-9 ZKHQWZAMYRWXGA-KQYNXXCUSA-N A
Glycoursodeoxycholic add CoH MO 449.3141 64480-66-6 GHCZAUBYMUEKKP-TVQURETASA-N
Acetyl-DL-carnitine C Aoy, 203.1158 14992-62-2 ROHQFKQIGNGIED-UHFFFAOYSA-N
L-Tryptophan CpyH M0, 204.0899 73-22-3 QIVBCDIIIAIPQS-UHFFFACYSA-N
3-Indoleacetic add CHdio, 175.0633 87-51-4 SEOVTRFCIGRIMH-UHFFFAQYSA-N
.beta. Nicotinamide adenine dinude. .. C34H N0, P, 663.1091 53-849 BAWFIGIZGIEF AR-NNYOXOHSSA-N
L-Isoleucine CeHyqho, 131.0946 73-32-5 AGPKZVETIINPAG-UHFFFACYSA-N
DL-Pyroglutamic acid CHMNO, 129,0426 149-87-1 ODHCTXKNWHHXIC-UHFFFAOYSARN
v
Record ID Coliision Energy ~ Precursor MJZ Charge Precursor Type  RT (min) Chrom. System Instrument Type Ionization Type Instrument Mame =
"
W
Chemical Structure | Notes
1]
Add to: |Select Library... " [_ Library Manager Cancel Add

In the Library Manager dialog that appears, click the “New Library” button.
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Mame Metabolites Size Vendor @
~

nist_library_elements, ibdb 3351 141,.9 MB NIST

hmdb_library_elements. libdb 41488 47,1 MB HMDE
lipidblast_library_elements.li... 103573 69.0 ME
lipidmaps_library_elements.li... 39780 18.9MB
t3db_library_elements_3527... 3527 1.7MB
ymdb_library_elements. libdb 2027 1.4ME
Flate1-and-6-Spectral-Librar... 132 56.3 kB
plate-1-standards.libdb 63 70.7kB
IROATECH_Plated. txt.libdb 37 42,0kB
IROATECH_Flate4_experime... 40 63.6 kB

Download Libraries.

Clicking the “New...” button creates a new, empty Elements library file (.libdb
file). Clicking the “Import...” button will invite the user to select a file, which will
then be converted into an Elements library file. Acceptable file types for import
include structural database (.SDF) files, .MSP files such as the Mass Bank of
North America libraries, (available for download at http://mona.fiehnlab.ucda-
vis.edu/downloads) and tab-delimited text files (.txt).

When a libdb file is created with the “New...” button, it is editable - entries can
be added, deleted, or modified. When a file is created with the “Import...” but-
ton, the resulting libdb is an exact reflection of the imported file, and is not edit-
able.

Once you click the “New...” button, the following dialog will appear, inviting you
to enter the name of the creator or organization creating the library.

ter the name of the person or organization who is creating the library.

reator:|yuur—name-here |

| Cancel || Save... |

Enter your name, and click the “Save...” button. Navigate to an appropriate loca-
tion on your file system, and name the library “mtbls87-person1-library”.
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Save in: | | info

docs
F*:E';" t images
=y

Recent Items

@ File name: |mﬂ:IsB?—persun 1Hibrary|

Nethork s of type: [ L16DB fies (~.ibdb)

Click the “Save” button.

The library will now appear in the Library Manager, with 0 Analytes, created by

«“

your-name-here”.

Status Mame Metabolites Size
nist_library_elements.libdb 351 141.9 MB
N hmdb_library_elements.libdb 41438 47,1 MB
lipidblast_library_elements.li... 103573 69.0 MB
lipidmaps_library_elements.|i... 39780 18.9MB
t3db_library_elements_3527... 3527 1.7MB
ymdb_library_elements. ibdb 2027 1.4MB

plate-1-standards.libdb 70.7kB

IROATECH_Plate4, tet. libdb 42.0kB

IROATECH_Plate4_experime... 68.6 kB
mtbls&7-person 1-ibrary.libdb

|
|
|
N Flatei-and-5-Spectral-Librar. .. 132 56.3 kB
|
|
|

188 Scaffold Elements User’s Guide



Appendix

With this newly created library selected, click the “OK” button in the bottom
right-hand corner of the Library Manager to return to the Preview Experimental
Spectra dialog. Note that the newly created library is now selected in the drop-
down list of available libraries.

Seardh... P | Showing 8 metabolites Export to Skyline...
Name Molecular Formula Moncisotopic Mass CAS Number InChIKey &)
aTP CyghNs0, Py 5059357 10168833 ZKHQWZAMYRWXGA-KQYNXXCUSAN A
Glycoursodeoxycholic add CoH, NO, 40,3141 64480-66-6 GHCZAUBVMUEKKP-TVQURETASA-N
Acetyl-DL-camnitine CH, MO, 2031158 14992-62-2 ROHQFKQIGNGIED-UHFFFAQYSA-N
L-Tryptaphan CyHyN,0, 204.0893 73223 QIVBCDLIIAJPQS-UHFFFACYSA-N
3Indoleacetic acid CHho, 175.0633 87-514 SEQVTRFCIGRIMH-UHFFFAQYSA-N
\beta,icotinamide adenine dinude.., CoHy M50 P52 663,1091 53-84-9 BAWFIGIZGIEFAR-NNYOXOHSSA-N
L-Isoleucine C H MO, 131,0946 73-32:5 AGPKZVETIINPAG-UHFFFAQYSA-N
DL-Pyroglutamic acd CHNO, 129.0426 149-87-1 ODHCTXKNWHHXIC-UHFFFAGYSAN |,
Record ID Colision Energy ~ Precursor MjZ Charge  PrecursorType  RT {min) Chrom. System  Instrument Type  lonization Type Instrument Name el

Chemical Structure | Notes

IAddtn: miblsa7-person 1ibrary. ibdb .F Cancel Add

Add to: |mtbls87-person 1ibrary.libdb W

Now we are ready to write the analyte information shown in the preview dialog
into our newly created, empty spectral library “mtbls87-person1-library”. Click
the “Add” button in the lower left-hand corner of the Preview Experimental
Spectra dialog. A dialog will appear as the data is transferred, and then disap-
pear.

Returning to Elements, navigate to the Library View, and select the library

“mtbls87-personl-library” from the drop-down menu in the Library drop-down
menu located in the upper left-hand area of the Library View.
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File Edit View Experiment Export Help

|_1 ﬁ . . l | - H Summarization: | ll[h | ' | Display Type: |Lngsu Precursor Intensity v‘ Nnrmallzed | @
Thresholds Filters

Dscore[ 0.7 2| LogsoIntensity 0 3| Min #5amples| 1 3|| [IShowHidden |77/ s o/ B +- pvalue filter

Library: |nist_library_elements.libdb vl |5‘eard: . R |Showwng 8351 metabolites | Library Manager ‘ | Download
lipidmaps_library_elements.libdb ~
q t3db_library_elements_3527 _records.libdb 2
Name ymdb_library_elements.libdb CAS Number InChiKey
Flate 1-and-5-5pectral-Library. tet. ibdb
Hippuric ar plzte-1-standards. ibdb 1205-08-9 XTKVNQKOTKPCKM-UHFFFAQ...
Ampicilin |[pOATECH_Plate, oet.lbdb 69-53-4 AVKUERGKIZMTKX-NIBDSOKT. ..
Trifluprom, [ROATECH_Plate4_experimental. ibdb 1098-60-8 XSCGXQMFQXDFCW-UHFFFA...
R 4 mtbled7-person 1ibrary. libdb 14765-73-4 HLFSDGLLUJUHTE-JTOLOIELS... ¥
Record ID Colision Ene... Precursor MfZ Cha... Precursor Type RT {min) Chrom, Sy... Instrument... Ionization Type Instrument Name
~
Metabolites ™

Chemical Structure | Notes
I‘ i U

Visualize

Library

Because this library was created from your experimental data, it is editable. Not
only is it editable in the Experimental Spectra Preview dialog, but also here in

the Library View.

Select the analyte named “.beta.-Nicotinamide adenine dinucleotide”.
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File Edit View Experiment Export Help

DEESR ™A

Thresholds

Summarizaﬁnn:| M3 Sample v” J.ﬂl | ‘ | Display Type: |Lngu Precursor Intensity vl [+] Mormalized | @
|

Filters

Log1o Intensity Min # Samples | show Hidden |57 W W . + = | |NameHa P | pvalue filter

! Library: |mtblsS?«personHibrary.libdb v| |.S‘earo‘.|.. ye |Showing8metabohtes [
< >

ID Score

Organize
. MName Molecular Formula Monoisotopic Mass CAS Mumber
! = 3-Indoleacetic acid L.,H.,NO 5 175.0633 87-51-4
. .beta, Nicotinamide adenine dinudeotide C3;H; M0, F5 663.1091

pes L-Isoleucine CHygNo, 1310946 73-32-5 AGPKZVETIINP/
DL-Pyroglutamic acd CHNO, 129.0425 149-87-1 ODHCTXKNWHE w
< >

Metabolites
Record ID Colligion En... Precursor ... Ch... Precursor... RT{min) Chrom.5... Instrument.. Ionization Type InstrumentName

orbitrap electrospray io... LTQ Orbitrap

MTBLS87-Personl-... 40 EV 664,115 1 [M+H]+ 12.30 setup 1

Visualize
v
Chemical Structure | Notes

Library LS87-Person1-NIST:Person1_Blood POS:contro

Z 100% 524 081

i

C N;

& Nt 5

© o =

Z 42 063 OH b—ry

| 0

Y] Il

o |

0% T T
0 250 500 He i
miz OH
o H

Double click on this name, and replace “.beta.-Nicotinamide adenine dinucleo-
tide” with “NAD dimer”.
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File Edit View Experiment Export Help

0D B &8 B ‘ Ba 44 |5ummarlmnon‘| MS Sample ~ || lilln | k4] | Display Type: |Logse Precursor Intensity v | [ Normalized | @

Thresholds Filters

15 Score[ 0.7 5] Logsatntensty[ 0 5] Min = samples| 1 [5]|| showrdden |7 o] e || Bl [+ = | [ememcesoon £ p-vake fiter
<] [ B | Showing 8 metaboites | Library Manager | |

Library: | mtbis87-person i-ibrary.libdo

s
Organize < >
= . Name Molecular Formula Moneisotopic Mass CAS Number InChIKey
TEESEETT 3-Indoleacetic acd CygHGMO, 175.0633 87-51-4 SEQVTRFCIGRIN
e L-Isoleucine CH MO, 131.0946 73-32-5 AGPKZVETIINPL
DL-Pyreglutamic acid CeHANO 129.0425 149-87-1 ODHCTXKNWHE w
| = 5
Metabolites
Record ID Collision En... Precursor .. Ch... Precursor .. RT (min)  Chrom. S... Instrument... Ionization Type Instrument Name
= E orbitrap  electrospray ... LTQ Orbitrap

MTELS87-Personi-...

emical Structure | Notes|

B =
2l

LS87-Person1-NIST:Person1_Blood_POS:contro

T Z 180% F24.061 M)"@
ALM b %o
2 o= l{,o
raz.nss o—F7
n

0% ) :
.
250 500 e

miz

Relative Inten:

Adding individual entries to a personal spectral library

In addition to the ability to add spectra to a personal spectral library through
the Samples View, it is also possible to add individual spectra to the library.

At this point, return to the Samples View. Double click on the analyte named
“Ergothioneine” (analyte # 22). This will open the analytes view.

In the Analytes View that appears, the MS2 Spectra tab indicates that there were
several MS2 spectra collected for this analyte. This is apparent in the drop-
down list of four experimental spectra, as well as the enabled up and down
arrow buttons to the left of the drop-down menu.
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Feature 3D Plot Controls | Isotopic Distribution | M52 Spectra | XIC (Feature) | xIC (Overlay) |
& (Aligned Start Time (min): 12.271) [Score:

848] » | Add to Library

controllerType =0 controllerMumber =1 scan=
controllerType=0 controllerMumber=1 sca
controllerType=0 controllerMumber=1 scan=720 (Aligned Start Time {min): 12.671) [Score: 0.847]
controllerType =0 controllerNumber =1 scan =742 (Aligned Start Time (min): 13.048) [Score: 0.804] db (Inst.; A...

controllerType=0 controllerMumber=1 scan=752 (Aligned Start Time {min): 13.401) [Score: 0.744]

= ]
@ 50%
i)
= |
v 0% T T | T
E i 100 200
& 50%7]

100% =

WReference  MObserved Matched
2 out of 15 reference masses were matched within 0.5 Da

File Edit View Experiment Eport Help
R e P s | @
Thresholds Fitters [y
Dscore[ 07 % Logeolntensity| 0 %] Min#Samples| 1 2| [WIshowridden |7 S ok | [ |+ — p-value fiter
Metabolite Group: | 4 || ¥ | Ergothionein 0.864 Ergothioneine v ®Row () Column
<, Tons
n,;.h,‘!n Theoreticalmfz  Adducts  Charge Averagem/z A Averagemfz... AverageRT  ORT Polarity
230,095
""@ e
l'. e 8
5 Features Matching Selected Ton
Samples o
Sample Name Library Record ID DScore  Rawlntensity mfz pigned AT AmjzAMU  AmfzPPM  mfzFWHM  RTFWHM
ist_library_elem... 11114317 0.869 230.095 0.000 0.003 A
) v
Metabolites < 5
tfl References | g Charts | Feature 3D Plot| Feature 30 Plot Controls | Isotopic Distribution | M52 Spectra | XIC (Feature) | XIC (Overlay) |
Tt Mass: 220088 Formua: CglyNi0s5  [controllerType=0 controllerhumber=1scan=696 (Aligned Start .. v |Add to Library
NAME: Ergothianein MS2 Spectra
SMILES: CN](C)(C)e{cC1=CNC(NT)=S)C(=0)[0-] 23010 miz, 1+,229.09 Da, Reference: NISTMO:1114317 from nis.
100%
Library =
& s50%7
I
£ |
W @ 0% ; T
2 100 200
B
& 50%7]
5
100% I ]
miz
MReference MObserved Matched
2 out of 15 reference masses were matched within 0 5 Da
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In order to add this spectrum to the personal spectral library, either click the
“Add to Library” button or right-click on the chart and select “Add to library”.

Feature 30 Plot Controls | Isotopic Distribution | M52 Spectra | XIC (Feature) | XIC (Overlay)
¥ | controllerType=0 controllerMumber =1 scan=696 (Aligned Start Time (min): 12.271) [Score: 0.848] w |Add to Library

- 1S2 Spectra
View Y NO:1114317 from nist_library_elements libdh (Inst.; A. .
Add to spectral library

Copy EMF {vector) Image
Save PNG (bitmap) Image...
Save SVG (vector) Image.., |

Save EMF tor) |
ave (wector) Image 200

Save As..

Print...

Relative Intensity
hS

Display highlighter on matches

Copy Peaklist
miz
Zoom Out MReference MObserved Matched
Zoom Out Fully atched within 0.5 Da
~ | Enable Tooltip

A dialog will appear, inviting the user to edit certain fields. In the “Add to
Library” field at the bottom, select “mtbls87-person1-library”, and click “add to
library”.
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Metabolite Name: |Ergoﬂ'1ioneine

Identifier Type Identifier

CASNO 58511-63-0 L
CHIKEY SSISHIITAXXQA... ¥
| Add Identifier || Remave Selected |

Identifiers:

Molecular Formula: |C9H15N3025

Monoisotopic Mass: | 223,08850

Precursar Type: |[M+H] +

Precursor mjz: |230.09541

Charge: | 1

Instrument Type: |orbitra|:|

Ionization Type: |E|ECtr05pfay ionization

|
|
Precursor RT: |12.413 |
|
|
|
|

Collision Energy: |40 EV

Source: M52 Spectrum “controllerType=0
controllerumber =1 scan=696", scan #6935, in
sample "Personi_Blood_POS™ from experiment
MTBLSa87-Person 1-NIST.metdb™,

Comments:

Add to Library: | mtblsg7-person1ibrary.libdb v | | Library Manager

Cancel || Add to Library |

Repeat this process for all four Ergothioneine MS2 spectra, by selecting each in
turn from the MS2 Spectra drop-down menu or clicking through the up and
down arrow buttons to the left of the drop-down menu.

Switch to the Library View and select Ergothioneine. There are now four differ-
ent records for Ergothioneine, each with a different MS2 spectrum.
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File Edit View Experiment Export Help

D5 R[N A e (] | | ety s3] s | @

Thresholds Filters

IDScore Logonntensit\,' Min :Samples ] Show Hidden |7 | fr o . +| - pevalue fiter

! Library: |mthsE7-person Hibrary.ibdb ) | |Seefa‘.l.. o | Showing 9 metabolites ‘ Library Manager ‘ | Download Libraries... ‘ Ext
Organize < >
Name Molecular Formula Monoisotopic Mass CAS Number InChIKey
‘iﬁ 3ndoleacetic acid € Haho, 175.0633 37514 SEQVTRFCIGRIMH-UHFFFAOYSAN 7
. NAD dimer CoHa 0P, §63.1091 53-84-3 BAWFIGIZGIEFAR -NNYOXOHSSAN
Samples L-Iscleucine CHyNO, 1310946 73-32-5 AGPKZVETIINPAG-UHFFFAQYSA-N
DL-Pyroglutamic acid CHMNO,y 129.0425 149-67-1 ODHCTXKNWHHXIC-UHFFFACYS. ..
Ergothioneine 229.0885 58511-63-0 SSISHIITAXXQAX-ZETCQYMHSA-N
Metabolites Record ID Collision Energy ~ Precursor M/Z Charge Precursor Type  RT (min) Chrom. Syst... Instrument Type Ionization Type Instrument Name
MTBLS87-Person 1-N 230,095 orbitrap electrospray ionizat. .. LTQ Orbitrap A
MTBLS87-Person1-N 40EV 230,095 1 M+H]+ 12.67 setup 1 orbitrap electrospray ionizat... LTQ Orbitrap
ri MTBLS87-Person1-NIST: 40 EV 230.095 1 M+H]+ 13.05 setup 1 orbitrap electrospray ionizat... LTQ Orbitrap
Visualize MTBLS87-Person1-NIST:... 40 EV 230.095 1 M+H]+ 13.40 setup 1 orbitrap electrospray ionizat. .. LTQ Orbitrap
v
- MTBLS87-Person1-NIST:Person1_Blood_POS:controllerTy
e 100% 10
=
@
=
&
=
Chramstagraphy 3
[
T
0 = |
1 m > 0% T
F;H‘ a 100
miz
47 Metabolites
339 Consensus
Features
330 Features

Investigate these four records by selecting each row in turn in the records table
(you can also use the up and down arrow keys). Note that the third and fourth
records, collected at RT = 13.05 min and 13.40 min, have much messier MS2s
than the other two. Therefore, we will remove these records.

To remove a record from the table, simply right click on the selected row in the
records table and choose “Delete Record”.
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File Edit View Experiment Export Help

D5 B 8 R|% A fsmmowen| wsmwe | b | M| oo [ reors ety o i | @

Thresholds Filters

mscore| 0.7 3| LogeoIntensity| 0 3| Min#samples| 1 3]|| Wshowridden |7 o o o [l |+ — p-value fiter

o |S‘10mng9melzbohtes ‘ Library Manager ‘ | Download Libraries... ‘ E

Library: |mthsE7-personl-llbrary‘hbdb vl |Seefd.l..

Organize € >
Molecular Formula Monoisotopic Mass CAS Number InChIKey
~

Name
. — e s - =
w;. 3ndoleacetic acid € Haho, 175.0633 37514 SEQVTRFCIGRIMH-UHFFFADYSAN
- NAD dimer CoHa 0P, §63.1091 53-84-9 BAWFIGIZGIEFAR -NNYOXOHSSAN
Samples L-Iscleucine CHyNO, 1310946 73-32-5 AGPKZVETIINPAG-UHFFFAQYSA-N
DL-Pyroglutamic acid € H MO 129,0426 149-87-1 ODHCTXKNWHHXC-UHFFFAQYS. .,
Ergothioneine C 58511-63-0 ETCQYMHSA-N ¥
Metabolites Record ID Collision Energy  Precursor M/Z Charge  Precursor Type  RT {min) Chrom. System Instrument ...  Ionization Type Instrument Name:
MTELS87-Person1-hL... 40EV 230,095 1 [M+H] + 12.27 setup 1 orbitrap  electrospray ioniza...  LTQ Orhitrap A
F MTBLS&7-Personi-ML... 40EV 230,085 i [M+H] + 12.67 setup 1 orbitrap  electrospray ioniza...  LTQ Orbitrap
A MTELSB7-Person1-ML... J 230.095 . setup 1 orbitrap  electrospray ioniza...  LTQ Orbitrap
Visualize MTBLS&7-Personi-ML... 40EV 230.005 || I} Delete Record J 13.40 setup 1 orbirap  electrosprayioniza...  LTQ Orbitrap
Copy 4 v
Export 3 =
=4 Print... Chemical Structure | Notes
- MTBLS87-Person1-NIST.Person1_Blod Il
My 100% 44| Find.. -0
= =
@
=
Jﬁl £
=
‘Chwomatography 2
s Il
e z 97.235
Fron = L
2 0% caplie weap Loy b L : M
a 100 200
miz

Note that it is not possible to delete records from an analyte if the analyte has
only one record. In that case, delete the entire analyte instead by right-clicking
on the analyte’s name in the (upper) analytes table.

Are you sure you want to delete the selected record?

This action cannot be undone.

Yes | | Mo
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Adding Unknown Analytes to a personal spectral library

At this point, we will add analytes that could not be identified with NIST to our
personal spectral library.

Return to the samples view. Set the ID score to 0.0, and type the text “Unknown
analyte” in the Name/Accession filter. This will show all of the unidentified ana-
lytes in the experiment.

E * =
File Edit View Experiment Export Help
D EHS B | 23 &4 |summarization:  MS Sample v | lilo | 0 ‘ Display Type: |Logss Precursor Intensity v Normalized | @
Threshalds Filters
DScore| 0 2] LogwIntensity| 0 2] Min#Samples| 1 & show Hidden 7] ||| &L |4+ = mknown metabolite] x| p-value fiter m
L © Color Legend (Displayed Value)
- =(_g g 9,60 o
Organ o | 9 = g
2 & 8.98 5 L] = E -
w 3 2 3 = — -]
- b+ z 2 8.35 E £ £ £ = =
o 53| e s z 2 =] £ | 3
e T 2 g g g g 5 = L 5 z
Samples Bl gl & g | 8|5 @ 10 g H H = [
# 25 o = E g2 5 Metabolite Name £ 2 2 b H
-1 0.000 0.69 Unknown metabolite 4 UNKNOWN:mz=113.... ? [113.1]+ 13.55 744 A
f@ 2 0.000 0.82 Unknown metabolite 10 UNKNOWN:mz=120.... ? [1204]+ 436 7.14
Metabolltes 3 0.000 J6135] Unknown metabolite 11 UNKNOWN:mz=121..... ? [120.0]+ 516 6.86
4 0.000 0.69 Unknown metabolite 14 UNKNOWN:mz=124.... ? [124.1+ 1030 764
-5 0.000 [958 Unknown metabolite 16 UNKNOWN:mz=124..... ? [124.1]+ 506 8.37
Ill -6 0.000 0.76 Unknown metabolite 17 UNKNOWN:mz=124,... ? [124.1]+ 588 |[AEN
Visualtia -7 0.000 0,89 Unknown metabolite 20 UNKNOWN:mz=127.... ? [127.0]+ 1248 8.10
-8 0.000 J8738] Unknown metabolite 22 UNKNOWN:mz=129.... ? [129.1]+ 506 6.87
9 0.000 0.74 Unknown metabolite 23 UNKNOWN:mz=130.... ? [130.1]+  24.25 7.32
b0 0.000 0.61 Unknown metabolite 30 UNKNOWN:mz=144..... ? [144.1]+  6.47 5.74
11 0.000 0.85 Unknown metabolite 33 UNKNOWN:mz=146.... ? [145.0]+  5.59 7.53
Library - 12 0.000 0.72 Unknown metabolite 33 UNKNOWN:mz=146..... ? [146.00+ 1298 [N@a0
- 13 0.000 0,08 Unknown metabolite 41 UNKNOWN:mz=148.... ? [148.0]+ 483 7.03
1 - 14 0.000 0.78 Unknown metabolite 43 UNKNOWN:mz=148.... ? [148.1]+ 9.88 [[#61]
- 15 0.000 0.87 Unknown metabolite 47 UNKNOWN:mz=159.... ? [159.1]+ 13.55 8.30
Chiomatography 15 0.000 0.71 Unknown metabolite 58 UNKNOWN:mz=171..... ? {711+ 684 7.21
— 17 0.000 J3%85] Unknown metabolite 60 UNKNOWN:mz=171.... ? [7L1+  18.20 7.14
. - 18 0.000 0.67 Unknown metabolite 64 UNKNOWN:mz=175..... ? [175.1+ 19.15 7.35
i - 19 0.000 0.18 Unknown metabolite 68 UNKNOWN:mz=181.... ? [8L1]+ 530 7.03
P‘""‘hy - 20 0.000 0,65 Unknown metabolite 72 UNKNOWN:mz=186.... ? [185.1]+ 10.99 7.50
- 21 0.000 0.76 Unknown metabolite 73 UNKNOWN:mz=186.... ? [186.1]+ 9.7 7.51
326 Metabolites 22 0.000 0.85 Unknown metabolite 74 UNKNOWN:mz=186.... ? [186.11+ 819  [N7e7FN
mﬂ;":;fh 23 0.000 0.94 Unknown metabolite 75 UNKNOWN:mz=186.... ? [186.1]+  12.45 8.64
I 24 0.000 0.78 Unknown metabolite 77 UNKNOWN:mz=159.... ? [189.1+  7.54 7.35
Features - 25 0.000 0.73 Unknown metabolite 73 UNKNOWN:mz=159..... ? [189.1]+ 537 79
339 Features S—

Click the column named “XIC Score” twice to sort the analytes in order of
descending XIC score. Select the first 20 analytes, and select “Add Selected Ana-
lytes to Spectral Library” from the Experiment menu.
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File Edit View | Experiment | Export Help

e ] | 8| bt osencors ety | G | @

Set Sample Colors...
Thresholds. ters

Analysis...
Dscore| 0 kﬂm Quantitative Analysis F show Hidden 7] [#] & |+ = |jnknownmetaboite x  p-value fiter ﬂ

Mermalize to Sample Intensity Distributions

Mormalize to Internal Standard...

| b Add Selected Metabolites to Spectral Library | Color Legend (Displayed Value)
Set Chromatographic System 9.60 _ 5
£
Set Feature 30 Data Source 8.98 I z = E -g'
= 8.35 E E =4 o -] [
9 = g £ T E S
z b=t 2 I = = Y
e 2 B 2| [ - R < = 2 = 3
5 < = 8 g & 3 = = 5
2. 8 5 £ 2 & 710 [ B 3 & H
e 22 & 2 3 2|2 Mewsoitensme g 2 -

<Hal<f<f<f<HefiaN<f<Haf<Hal<Nfi<Haf<H<H<]

21 Unknown metabolite 121 .
2 0.000 0.91 Unknown metabolite 328 UNKNOWN:mz=457.... ? [457.3]+ 382 8.53
- 23 0.000 0.91 Unknown metabolite 357 UNKNOWN:mz=532..... 7 [s328]+ 1583 8.34
- 24 0.000 0.91 Unknown metabolite 137 UNKNOWN:mz=24L..... ? [24L.7]+  10.85 8.32
- 25 0,000 0.91 Unknown metabolite 317 UNKNOWN:mz=443.... ? [+43.2]+ 9w [&1m ] .
—=

The “Add Experimental Spectra to Library...” dialog will appear.
As described previously, the first option, “Select spectrum type:”, allows the
user to specify how they would like the MS2 information gathered from the

experiment to be written into a spectral library of interest.

The second option, “Unmatched lons Prefix”, is relevant when dealing with
unknown analytes.

Let us change this prefix from “Saved unknown analyte” to “Non-NIST analyte”
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Select spectrum type: |.|5.J| Identified M52 Scans w |

Unmatched Ions Prefix: |Nun—NIST metabolite |

Click the “OK” button to launch the “Preview Experimental Spectra” dialog. Note
that in the dialog that appears, all analytes are named “Non-NIST analyte” fol-
lowed by a serial number. In the “Add to:” drop-down menu in the lower left-
hand corner, select “mtbls87-personl-library”.

2 | showing 20 metabolites

MTBL587-Person 1-NI5...

Molecular Formula

Precursor MfZ

283.993

[M-HIMKNOWN] +

Monoisotopic Mass

16.20

100%

ID MTBLS87-Person1-NIST:Person1_Blood_POS:controllerType

miz

a 168.990 48.955
i
=
w
Z 10.994
m
o | fo7.242 I
T 0% . ,
0 100 200

Chemical Structure | Notes

UNKNOWMN

>4

Mon-MNIST metabolite 187 ? -1.0000 UMKNOWM:mz = 238_RT=958.17_DT=20...
Mon-NIST metabolite 136 ? -1.0000 UMKNOWM:mz=241.1542 RT=470.62 DT=20...
Mon-MIST metabolite 264 ? -1.0000 UNKNOWM:mz=369.2487_RT=1,288.51 DT=...
Mon-MIST metabolite 133 ? -1.0000 UNKNOWM:mz=242.6416_RT=982.79 DT=20...
Mon-MIST metabolite 99 ? -1.0000 UNKNOWM:mz=202.1799_RT=333.08_DT=20...
Mon-MNIST metabolite 154 ? -1.0000 UNKNOWM:mz=280.1388_RT=577.82 DT=20... w
Record ID Collision Energy Charge Precursor Type RT (min) Chrom, System Instrument T... Ionization Type

Instrument Name
LTQ Orbitrap ~

orbitrap

electrospray ionization

Add to: | mtblsB7-person1-ibrary.libdb

w | | Library Manager

Click the “Add” button in the lower left-hand corner to add these analytes to the
spectral library “mtbls87-person-1-library.”
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Appendix

At this stage, we are ready to use our new spectral library. Return to the sam-

ples view, remove the “Unknown analyte” text filter, and save the file. Now,

select “Reanalyze” from the File menu.

Edit View Experiment Export Help
L1 New CtrleN W | mmarization: | MS Sample ™ | lilo | 0 ‘ Display Type: | Logas Precursor Intensity v | []Normaized | @
| Reanalyze Ctrl+R T
13 Open Reanalyze the current experiment, with the option to add files or adjust parameters +|[# ‘& 4| =|| [ramesmccassion £ | pevalue fiter
Close
H s Ctrl+5
I ssvehs.. © Color Legend (Displayed Value)
.| 8 950 _ s
4 Print... Ctrl+P § g 208 P % - E _g,
&), Print Preview.. g = 8.35 5 E £ £ = =
2 7 = £ = = |
bt e 2 3 2| I 5 5 H = =
v 5 = g & 2 7.10 g i i = 2
Samples sl 2 B |E|2|¢ g 2 2 £ ]
# 2\ & a = & g & Metabolite Name £ 2 2 2 &
- 1 0.821 [0.96 [0.98 [0.67 [0.99 2,3-Diphospho-D-glyceric acid CASNO:138-81-8 CHOy P 266.0 16.00 8.89 A
% 2 0.854 (0.96 0.84 0.35 [0.98 Ergothioneine CASNO:58511-63-0  Coffy 05 2291 12.41 9.13
3 0.847 [0.95 [0.57 [0.73 [0.98 Glutathione, oxidized CASNO:27025-41-8  CoffyNOS  s12.2 15.32 9.31
Metabolites 4 0.625 0.4 051 [088] 0.98 L-Arginine (+1) CASNO:74-79-3 CHWND, 1741 2420 8.96
-5 0.000 0.98 Unknown metabolite 187 UNKNOWN:mz=283.... ? [284.0]1+ 1587 8.45
I\[/ -6 0.980 0.93 0.98 L00 [0.97 Adenosine S-triphosphate (+1) CASNO:10168-83-8  Cygft 0P 507.0 14,23 9.28
I| -7 0.932 0.92 0.93 0.94 [0.97 L-Isoleucne (+3) CASNC:73-32-5 CgHgNO, 1311 8.53 8.91
Visualize - 8 0.890 0.95 0.93 0.85 0.97 N.epsion.-Methylidysine CASNO:1188-07-4  CH N0y 160.1 2173 8.05
9 0.511 0.2 0.85 [84] [0.57 Adenine RT3 CASNO:73-24-5 CHMNg 135.1 14,24 8.27
10 0.604 0.4 0.94 |03 0.97 Phosphocholine CASNO:645-84-1 CHyNop 183.1 13.09 8.60
% 11 0.589 (0.95 0.93 |03 [0.97 Pro-Lleulys (+3) INCHIKEY:MRYUJHG... Cy15,M,0,  3%.2 2160 8.57
E - 12 0.515 0.57 0.88 0.12 [0.97 Ie-ProRT1(+3) INCHIKEY:BBIXOOD... Cyjfagy03  228.1 7.98 8.42
HECy) - 13 0,509 (0.97 0.87 0.11 [0.97 VaHys (+2) INCHIKEY: KHXYIKM.. CyqftagilaOy 2452 23,10 .22
- 14 0.000 0.97 Unknown metabolite 135 UNKNOWN:mz=241.... ? [241.7]+  7.84 8.77
' 1 -~ 15 0.000 0.96 Unknown metabolite 264 UNKNOWN:mz=369.... ? [362.2]+ 2148 [NdEal
M 15 0.954 0.5 0.50 0.8 [0.95 L-Tryptophan (+3) CASNO:73-22-3 CyHiy0; 2041 9.13 8.84
Chromatagraphy 17 0.926 0.1 (0.8 0.89 [0.95 DL-Pyroglutamic acd_RT3 (+3) CASNO:143-87-1 CeH MO, 129.0 12.68 8.90
— - 18 0.540 090 0.94 0.15 0.95 1-Aminocydohexanecarboxylic add CASNO:2756-856  CijNO; 143.1 8.36 9.3
- -y - 19 0.000 0,95 Unknown metabolite 93 UNKNOWN:mz=202.... ? [z02.2]+ 555 784
L - 20 0.000 0,95 Unknown metabolite 138 UNKNOWN:mz=242.... [2426]+ 1638 8.08
PEM w21 0.514 0.93 0.80 0.92 0.94 L-Histidine CASNO:71-00-1 CHN0, 155.1 12.21 8.30
22 0.600 0.95 0.52 [0EF 0.94 N(G)N(G)-Dimethyl-L-arginine (+2) CASNO:30315-93-6  CgH N0, 202.1 19.37  [EEa
326 Metabolites 23 0.54 0.2 0.85 [0 0.94 DL-Pyroglutamic acd_RT4(+3) CASNO:149-87-1 CHMO, 129.0 1539 (NS0
:*“‘Fm‘" 24 |08 094 097 0.01 0.94 Propamocarb CASND:24579-735  Cglyy0; 188.2  20.51 8.04
T —— - 25 (0313 067 2 0.00 0.94 Carbobenzyloxyglycyld-norleucine methyl ester CASNO:196502-326 CyH.MN.0; 3362 15.36 857

It is not necessary to use Reanalyze - it is also possible to create a new experi-

ment, but Reanalyze provides the advantage that all previous experimental

parameters and files are already filled in. We would like to reuse most of these

parameters, so this option makes sense.

The loading dialog will appear, showing all of the parameters and files associ-

ated with the current experiment.
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v Search | ' Feature Finding | « Adducts | v Libraries Raw Files

Mode: |Mixed v Add Remove Edit
Mass Range: 503 - 1,200 3| mfz e Fie

Retention Time: (@) Use full retention time range v Personi_Elood_POS.mzML

5+ - 25 3| |min

Match Type: (@ massonly () mass and retention time
Parent Mass Tolerance: 201 [pom W

Fragment Mass Tolerance= |  0.5/3 |Da  w

[] Perform retention time alignment i

[[] Perform cross-sample feature reextraction
Report unknown metabolites

Only retain metabolites with M52 data

v Chromatographic System:
setup 1 v
Load Workflow Save Workflow

@ Start Cancel

Note that all parameters and settings are valid, and we could click the Start but-
ton now. This is exactly what we would expect, as we launched this dialog from
a valid experiment. If we did click the Start button, we would produce an exact
copy of the original file. At this point, for good measure, let us save this work-
flow by clicking the “Save Workflow” button. Call the workflow “person1”.

Now, we will make some key modifications. In the search tab, change the “Match
Type:” radio button from “mass only” to “mass and retention time”. Note that
the option to search by both mass and retention time is a new feature in Ele-
ments 1.3.

Once this radio button has been changed, the loading dialog will become invalid,

displaying the error message “No entries in the selected libraries match this
chromatographic system.”
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Workflow: person1
« Searth | Feature Finding | + Adducts | v Libraries | TR
Mode: Mixed v [ Add I Remove I Edit |
Mass Range: - 112°°|E| mfz v File
Retention Time: (@) Use ful retention time range o Person1_Blood_POS.mzML
o[-
Match Type: () mass only  (®) mass and retention time
Parent Mass Tolerance+
Fragment Mass Tolerance+ 5
RT Tolerance+
[ | Perform retention time slignment il
[] Perform cross-sample feature reextraction
Report unknown metabolites
Only retain metabolites with M52 data
Chromatographic System:
|samp 1 v ‘
‘ Load Workflow | | Save Workflow | No entries in the selected libraries match this chromatographic system.
Ttems marked with . need information n order tostart,  Start

Switch to the Libraries tab, select the NIST library, and remove it by clicking the
“Remove” button in the Libraries tab. The error message in the Chromato-

graphic System loading dialog will now change to “No libraries are currently
loaded”.

Workflow: personl
[V Search | v Feature Findng | v Adducts| . Libraries | Raw Files
i Add | Remove I Edit |
v File

v Personi_Blood_POS.mzML

Chromatographic System:
et 1 ]

\ Load Workfiow i Save Workflow - Molibraries are currenty loaded.

Items marked with

need information in order to start. Start

Now click the “Add Library...” button, and navigate to our personal spectral
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library, “mtbls87-personl-library” in the library manager. Once this library is
selected, click the “OK” button in the lower right-hand corner of the Library
Manager. This will cause the error message associated with the Chromato-
graphic System panel to disappear.

Workflow: person1

v Search | v Feature Finding | « Adducts | v Libraries

Name Metabolites
mtbls87-person1-ibrary. ibdb L]

Load Workflow

Add Library.

Size
65.5kB

Save Workflow

Remove

®

~

]

Raw Files

Add

W File

s

Remove

v Person1_Blood_POS.mzML

v Chromatographic System:

setup 1

Start

Edit

Cancel

Why did the validation logic related to the Chromatographic System panel
change? Initially, we searched data against NIST, which does not contain reten-
tion time information. We are now switching our mode to search by mass and
retention time, so we need to search against at least one or more library that has
retention time information. Our personal spectral library, mtbls87-person1-
library, has retention time information.

However, it is not enough to have any retention time information in the library,
we need to have retention time information that is comparable. To illustrate
this case, change the text in the Chromatographic System panel from “setup 1”
to “setup 2”.

A new error message appears: “No entries in the selected libraries match this
chromatographic system.”
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Workflow: personi

 Search | v Feature Finding | v Adducts| v Libraries Raw Files

Add Library... Remove Add Remove

Name Metabolites Size B b File
mtbls87-person 1dibrary.libdb 29 65.5kB ~ v Person?_Blood_POS.mzML

Chromatographic System:

hd

Load Workflow Save Workflow No entries in the selected libraries match this chromatographic system.

Ttems marked with . need information in order to start. Start Cancel

All of the information in mtbls87-personl-library was extracted from Personl,
which has the chromatographic system type of “setup 1.” Entries with a chro-
matographic system of “setup 1” cannot be compared to “setup 2”, so the pro-
gram will not let you proceed until you have specified comparable setups (In
other words, the chromatographic system must be the same).

Change the chromatographic system back to “setup 1”. Now the RT information
can be compared, so the dialog is valid again.

Finally, we need to adjust the Raw Files that we loaded. As our personal spectral
library is build from Person1_Blood_P0OS.mzML data, we should remove this file,
and add the other two raw data files (Person2_Blood_POS.mzML and Per-
son3_Blood_POS.mzML). This corresponds to specifying experimental data to be
searched against the records from known analytes used in creation of the spec-
tral library.
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Workflow: personi

|vf Seard’!l  Feature Finding | v Adducts |+ Libraries

Add Library... ‘ | Remove |
Name Metabolites Size

mtblsa7-person 1ibrary. ibdb iz} 65.5kB A

v

| Load Warkflow | | Save Workflow ‘

Raw Files
i Add i | Remove | | Edit
+ File
v Person2_Blood_POS.mzML
v Person3_Blood_POS.mzML
1]
v Chromatographic System:
|seh..|p 1 v ‘

Click the start button to start the analysis. After a few minutes, the results will

appear in the samples view. Save the file, calling it “MTBLS87-Person2-and-Per-

son3-vs-PersonlLibrary”
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File Edit View Experiment Export Help
=N = Y | 3 44 |Summarization:  MS Sample v | lil | ) | Display Type: |Logie Precursor Intensity v Normalized ‘ @ I}
Thresholds Filters
Dscore| 0.7 4] Logwintensity| 0 2] Min#samples| 1 & Show Hidden |7 [ [[e|[#] &L |+ = wemesrccession P | pvalue filter
< @ Color Legend (Displayed Value)
| 5 wn n
T s | 0 — = | 8|8
g : 8.85 I LS a E 5 <
[ 5 ) -1 2 = o -} 8
. " z | 2 8.20 £ E 5 o ] 3 B
% t g = 5 H T £ = =
s o 2 4d 2z @ L s E 2 - ' ‘
- > El2 g BlE 2 = 2 =2 8|5
Samples 2| & @ g & B 2 689 @ & B & £ 4
# |2|&] a £ F | £ | 2| g Methbolte Name p 2 2 g g é&
1 o [0.94 -Ti yptophan CASNO:73-22-3 204.1 2 1854 | ~
Z 0968 099 092 089 091 Glydoursodeoxychalic acid CASNO:54480-66-6 CodlyaMO; 4493 402 [7.98 [7.83
-3 0.864 [0.86 0.99 0.54 0.8 ATH CASNO:10168-83-9 CyHy MOy 507.0 1421 (832 |80
Metabolites -4 0.851 [0.87 087 100 [0.8 Ergfthioneine CASNO:53511-63-0 CgHydM30,5 229.1 1245 926 9.24
- -5 0.947 [0.87 094 095 O Acekyl-DL-camitine CASNO:14992-62-2 CgyMO, 2031 890 875 898
I\ I' - 6 0.941 0,99 029 089 O Nx* |-NIST metabolite 420 UNKNOWN:mz=55... ? ? 3.58 8.31 8.34
A || 7 0.935 [L00/ 0.85 [0.57 [0 NorHNIST metabolite 370 UNKNOWN:mz=50... ? ? 380 (805 [8.16
Visualize 8 0.922 [0.89 [0.95 0.8 [0 NorfNIST metabolite 325 UNKNOWN:mz=45... ? ? 1378 [730) 7.17
9 0.902 093 [0.99 083 0.92 DL-yroglutamic acd CASNO:149-87-1  CHMNO; 1290 1268 (834 [8.47
- 10 0.893 (100 0.96 0.81 0.9 Nd }Nm metabolite 435 UNKNOWN:mz=58... ? ? 383 |[787 (796
- 11 0881 [0.89 086 08 0.9 NorHHIST metabolite 103 UNKNOWN:mz=20.., ? ? 9.7 764 [
- - 12 0880 [L00 094 080 0.9 NorftNIST metabolite 75 UNKNOWN:mz=18... ? ? 1245 866 8.59
Library Sk 0.872 0,99 029 076 0.92 NorfHMIST metabolite 451 UNKMOWN:mz=60... ? ? 3.56 8.22 8.6
14 0.870 [0.89 0.57 ©0.77 [0.5 3fdoleacetic acid CASNO:87-514  CyHNO, 1751 619 634 T.04
’ A 15 0.863 [L00 100 073 0.9 NarHHIST metabolite 99 UNKNOWN:mz=20... ? ? 558 818 [748)
15 0.859 [0.88 0.0 [0.79 NorfNIST metabolite 264 UNKNOWN:mz=35... ? ? 2151 Mssi. 6.69
Chramatogtaphy - 17 0.833 [0.89 051 073 [0 HorHNIST metabolite 136 UNKNOWN:mz=24... ? ? 7.87 [8.26 8.4
— - 18 0828 (100 0.99 086 [0 NarftNIST metabolite 212 UNKNOWN:mz=30... ? ? 1538 (792 (803
T 19 0.826 088 085 0.76 0.6 MorHMIST metabolite 391 UNKNOWN:mz=52... ? ? 14.23 1.27 7.09
T gl 20 0.821 [0.97 083 [0.77 (0. Nx* |-NIST metabolite 81 UNKNOWN:mz=18... ? ? 1285 6.6 7.22
P:"H? 21 0.781 0.3 [0E8] 093 (0. NogHNIST metabolite 383 UNKNOWN:mz=52... ? ? 380 878 881
I
21 Metabolites
273 Consensus
Features
459 Features v

Note that we see a new column, “RT Match” with a checkbox for every entry.

This indicates that every analyte identification agrees in RT as well as mass with
the searched spectral library.

Note the presence of the “Non-NIST analytes”. Though we don’t know what
these analytes are (in terms of a molecular formula), it is clear that they exist in
Person2_Blood_POS and Person3_Blood_POS. We are even able to score the
quality of the matches based on m/z, RT, observed MS2 spectrum, and observed
isotopic distribution (based on the observed intensities of previously identified
[M+1] and [M+2] peaks).

Set the ID score down to 0 by changing the “ID Score” threshold in the upper
left-hand corner.
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File Edit View Experiment Export Help g

UDE Hd48 9 ‘ 53 #3 |summarization:| MS Sample v ‘ lilo | ® | Display Type: |Logso Precurser Intensity w Normalized ‘ @
Thresholds Filters
mscore| p |2 loguintensity 0 2| Min#samples] 1 Show Hidden 1] & #] &+ = | remesccesson 2| pevalue fiiter
‘ " Color Legend (Displayed Value)
! 5
Ly ! e | & 951 - § é
Organize 2 E 885 I = = E -g' -g‘
F 2 820 £ E £ g 2 s ®
. 58| . L z EE R @ &
-‘?E . | 3 £lg| 3|8 % a5 5 | § § |¥ ¢
A 2« & 3 |82 % § i 2 3 5 ¢
e # |22 o 2 B ¢ | 2 g MetaboliteName 2 2 = & < [
Samples -7 0935 L0D 085 [0.97 0.5 MNon-HIST metabolite 370 UNKNOWN:mz=50... ? 2 3.30 8.05 816 ~
-8 0922 [0.89 (085 088 0.7 Non-NIST metabolite 325 UNKNOWN:mz=45... ? 2 1378 [ 730 717
] 0502 033 (0. 083 0.92 DL-Pyroglutamic acid CASNO:149-87-1  CgHNO, 1250 1268 [ 8.3% | 8.47
10 0893 [L00 [0.96 081 0.93 Non-NIST metabolite 435 UNKNOWN:mz=58... ? ? 383 [787) [7.96
1 0881 0.89 0.8 085 0.91 Mon-MIST metabolite 103 UNKNOWN:mz=20... ? ? a70 [FEE EEE
Metabolites - 12 0880 [L00 0.94 080 0.50 Non-NIST metabolite 75 UNKNOWN:mz=18... ? 2 1245 866  8.59
- 13 0872 [0.88 (088 0.76 0.92 MNon-NIST metabolite 451 UNKMOWN:mz=60... ? 2 3.56 822 82
b 14 0870 [0.89 057 0.7 0.59 3Indoleacetic acid CASNO:87-51-4  CyfiNo, 1751 619 684  7.04
I"‘l‘/ 15 0863 [L000 (1000 (0.73 (0.97 Non-NIST metabolite 93 UNKNOWN:mz=20... ? ? 5.58 818 [7.48]
. 16 085 [0.88 090 0.7 [0S Non-NIST metabolite 254 UNKNOWN:mz=36... ? ? 2151 Mssi.  6.59
Visualize - 17 0833 089 051 073 (0.57 Mon-HIST metabolits 136 UNKHOWN:mz=24.., ? ? 787 82 8.4
- 18 0828 [L00 (0.8 0.66 0.73 Non-NIST metabolite 212 UNKNOWN:mz=30... ? 2 1538 7820 [8.03
- 18 082 [0.88 085 0.7 [0.68 MNon-NIST metabolite 391 UNKNOWN:mz=52... ? ? 1423 [ 727 7.08
0 0821 [0.87 083 077 0.73 Non-NIST metabolite 81 UNKNOWN:mz=19... ? ? 1295 569 | 7.2
21 0781 0.3 (088 093 (0.95 Non-NIST metabolite 338 UNKNOWN:mz=52... ? ? 3.80 878 881
oy - 22 0545 0.86 073 (038 0.89 MNon-HIST metabolits 91 UNKNOWN:mz=13... ? ? 1188 (8100 (831
- 23 0.000 0.02 [] Unknown metabolite 323 UNKNOWN:mz=10... ? [105.1]+ 18.32 |Mssi. 6.45
- 24 0.000 J880] [ ] Unknown metabolite 324 UNKNOWN:mz=10... ? [106.0]+ 13.24 Mssi.. 6.74
4 25 0.000 824 [ Unknown metabolite 327 UNKNOWN:mz=11... ? [111.1]+ 20,15 [ 820 Missi..
| ¥ 0.000 [828 [ unknown metabolite 329 UNKNOWN:mz=11... ? [113.1]+ 13.62 Missi.. 6.86
- 27 0000 0.84 [ Unknown metabolite 331 UNKNOWN:mz=11... ? [116.0]+ 10.48 |Missi.. | 8.59
Chromatography -2 0,000 J08] [ Unknown metabolite 332 UNKNOWN:mz=11... ? [16.1]+ 530 Mssi. | 7.36
= - 29 0.000 0.85 [] Unknown metabolite 333 UNKNOWN:mz=11... ? [116.1+ 1046 | 836 Missi..
LT 30 0.000 0.61 [] Unknown metabolite 334 UNKNOWN:mz=11... ? [118.1+ 617 715 Missi..
[~ 31 0.000 [ [ unknown metabolite 337 UNKNOWN:mz=12... ? [120.0]+ 519  Mssi. 6.61
- ﬂ:v 32 0.000 0.14  [] Unknown metabolite 341 UNKNOWN:mz=12... ? [124.0]+ 805 661  Misi..
Publis| - 33 0,000 0.12  [] Unknown metabolite 344 UNKMOWN:mz=12.., ? [129.1]+ 27.65 Missi., |82
- 34 0,000 0.66 [ ] Unknown metabolite 346 UNKNOWN:mz=13... ? [130.1]+ 23.03 Mssi.. 6.97
o - 35 0.000 823 [ Unknown metabolite 354 UNKNOWN:mz=13... ? [134.1+ 501 Mss.. 6.97
(273 Consensus 36 0.000 0.67 [] Unknown metabolite 358 UNKNOWN:mz=14... ? [141.0]+  9.90 6.98  Missi..
Features 37 0.000 0.51 [] Unknown metabolite 360 UNKNOWN:mz=14... ? [4t.1]+ o005 P62 Missi..
(468 Features [l 0.000 n.84 [ Lnknown ite 36 LINKMOWN:mz =14, ? [44.11+ 677  DFAE0N Missi.

Note the presence of Unknown analytes. Non-NIST analytes were analytes that
could not be identified by NIST, but were present in Person1_Blood_POS, and
saved in our personal spectral library metbls87-person1-library. Unknown ana-
lytes are analytes that were not found in our personal library, mtbls87-person1-
library. It is important to keep in mind that “unknown” is only unknown with
respect to the spectral libraries that were searched.

Finally, we will re-analyze one more time, this time combining our results from
mtbls87-personl-library and NIST.

Select “Reanalyze” from the File menu. In the loading dialog that appears,

switch to the Libraries tab and add the NIST library to the mtbls87-person1-
library. No other changes are necessary.
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[V Search | v Feature Finding | v Adducts | v Libraries | Raw Files
AddUbrary.. e |
Name Metabolites Size 7 |[EZ
mibls87-person 1ibrary. libdb 25 65.5kB ~ ¥ Person3_Blood_POS.mzML
nist_library_elements.lbdb 8351 141.9MB v Person2_Blood_POS.mzML
n
/ Chromatographic System:
|setup 1 v|
[ Load Warkflow /[ Save Workflow |

Click the “Start” button in the bottom right-hand corner.

After a few minutes, the results should appear. Save the file, naming it
“MTBLS87-Person2-and-Person3-vs-NIST_and_PersonlLibrary.metdb”.
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File Edit View Experiment Export Help

EHAa8 -] ‘ Zy 4 |summarization:| MS Sample v | like | E3)| | Display Type: |Log1s Precursor Intensity v Normalized ‘ @
Thresholds Filters
Dscore| 0.7 2] loguintensity) © %] Min#samples] 1 [ Show Hidden 7| |[#| & |+ =|| [remessccession P | pvalue fiter
© Color Legend (Displayed Value)
5
s | 2 — = | &8
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1 CASNO:94-62-2 CyH, B 3.2 78 ~
2 0,573 100 0.56 [ | Diethyl phthalate RT1{+2) CASNO:B4-662  CppHO, 2221 304 8.6 Missi.,
3 0970 057 0. 159 0.85 [ ] DL-Phenylalanine (+4) CASNO:150-30-1 Gy MO, 1651 771 (B8 878
4 0.989 (0.95 (100 0.96 091 [ | L-dleudne (+2) CASNO:61-90-5 CgH N0, 1311 8.52 8.28 8.63
5 0.989 (097 0.92 [100] [0.75 [ | Diethyl phthalate RT2(+2) CASNO:84-66-2 CyHyg0, 222.1 3.08  Missi.. 8.84
Metabolites = 0968 0.97 0.3 100 094 L-Tryptophan (+3) CASNO:73-22-3 CyHiN0; 2041 9.13 8.69 8.80
w7 0968 0.99 092 098 091 lycoursadeoxycholic add (+1) CASNO:64480-66-6  CpHyNO; 4403 402 8.08 7.93
. ' 8 0964 096 0.99 0.4 087 TP (+1) CASNO:10168-839  C;H N0, s07.0 14.23 8.34 8.13
I[L 9 0,851 (067 0.57 (L00 (0.98 Ergothioneine CASNO:SES1163-0 CHid0,5 2291 1245 (824 (628
a 10 0947 (067 0.94 0.5 050 Acetyl-DL-carnitine (+2) CASNO: 14692622 CHi 0, 2031 880 873 838
Visualize 11 0.943 [0.98 0.0 [0.96 (0.56 [ ] Propanoic add, 3,3 -thiobis-, didodecyl ester CASNO:123-28-4  Cys 0.5 514.4 2.86 741 742
12 0.941 0.99 0983 083 0.94 Non-NIST metabolite 420 UNKNOWN:mz=56... ? ? 3.58 8.30 8.35
w13 0935 (1000 0583 [0.88 093 [] 4{2Hyd CASNO:7365-45-9  CgH;N.OS  238.1 8.61 8.77 8.07
w14 0935 (1000 0.85 097 (0.95 Mon-NIST metabolite 370 UNKNOWN:mz=50... ? 7 380 (8050 (817
15 0,934 (085 [0:98 050 0.84 [ LHstidine CASNO:71-00-1 G0, 1551 1222 7@ (834
Library 16 0922 [0.89 0.95 0.8 0.7 Hon-NIST metabolite 325 UNKNOWN:mz=45... 2 2 13,78 7300 7.16
7 0915 [0.65 0.95 [0S0 [ 1,2Benzenedicarboxylic acd, moncbutyl ester_RT... CASNO:131-704  CyHy0, 2221 505  [721 (737
18 0911 [0.98 0.90 0.90 0.84 [ ] Diatrizoicadd CASNO:117-954  CyHJ N0, 6138 7.03 790 8.58
| B 19 ] 0902 093 [0.93 083 092 DL-Pyroglutamic acid (+3) CASNO:149-87-1  CHMNOy 129.0 1268 8.33 8.48
§ v 20 0502 092 093 088 089 [] Creatine CASNO:57-00-1 CHN0, 18511 1233 8.88 8.03
- w21 0894 [0.99 [0.75 [0.96 (087 [] L-Gutathione, reduced CASNO:70-18-8 CyHiM05 3071 1238 8.27  Missi..
Cuommogripty 2 0893 100 095 081 093 Non-NIST metaboiite 435 2 2 383 7870 787
= 23 0881 [0.99 0.6 0.86 091 lon-NIST metabolite 103 " ? ? 975 EEEN DR7EN
| 24 0.880 100 094 080 0.90 Non-NIST metabolite 75 L. ? ? 12.45 8.65 8.61
T 25 0876 [0.98' 0.87 0.84 0.04 [ ] Octanoylcarnitine-d3 (+2) CASNO:204259-56-3 Cydy N0, 287.2 452 i Ees
! _.v % 0872 (099 0.99 076 0.2 Mon-NIST metabolite 451 UNKNOWN:mz=50... ? 7 35 (821 (827
Publis| 27 0870 (089 097 0.77 059 ‘3-Indoleacetic adid (+2) CASNO:87-51-4 CyHhio, 1751 618 733 703
-8 0863 (1000 (100 (0.73 (0.97 lon-NIST metabolite 99 UNKNOWN:mz=20... ? B 558 (a8 [7EEl
oo 2 0855 (088 0.0 (079 [HIEE Hon-NIST metabolite 264 UNKNOWN:mz=36.., 2 H 2151 Missi]  6.67
287 Gonsensus 30 0.855 (0.5 0.98 0735 0.51 [ ] Hexaethylene gycol (+1) CASNO:2615-158  Cpjp0; 2822 388 [788) 788
FELE 31 0852 [0.98 [0.95 [0.72 (098 [ ] 6-Hydroxy-4-methylcoumarin (+6) CASNO:2373-31-1  CygHgOy 176.0 3.04 9.12 9.24
70 Feates M o 088 091 073 087 (7l NonISTmetahoite 136 s, P 2 azs lgar ¥

Notice that now, not every entry in the RT Match column is checked - only those
entries where RT information was available in the library.

This concludes our tutorial. Personal spectral libraries can enable you to trans-
form experimental results into useful metrics for future experiments. In this
tutorial, we also highlighted the utility of “Reanalyze”, which can be useful for
fast re-analysis of data with slight parameter adjustments (for example, adding
a spectral library and re-searching). In this tutorial, we did not choose to save
indexed feature files, but if we had, in many cases we could have reused these
results when we reanalyzed.
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Appendix B.Creating a Custom Spectral Library
using a tab-delimited text file

Elements can load custom spectral libraries if the information is saved in a tab-delimited text
file structured as described hereafter:

* Analytes should be specified in a table, one analyte per row. No missing values are
allowed in a row.

*  Columns are interpreted according to their titles and may appear in any order. Empty
columns are not allowed.

¢ Column titles are case-insensitive.
* Any additional columns will be ignored.

* Tables should be saved as tab-delimited text files with extensions TXT or TSV and loaded
via the Library Manager dialog accessible through the menu command Edit > Library
Manager... or the Workflow dialog.

* Required Columns:
e Optional Columns:

* Examples of acceptable table formats:

Required Columns:

b3

* Analyte Name - required, must be unique. Acceptable titles: “analyte name”, “name”,

“analyte”, “ion”, “compound”, “species”

* Formula - required, designates the chemical formula of the species. Acceptable titles:

EEAN1Y EE 1Y

“formula”, “molecular formula”, “chemical formula”

Optional Columns:

*  *Jonization Mode - ionization mode used to generate an MS2 spectrum. This parameter
is not required, and is currently only used for display in the library view. If it is not
specified, MS2 spectra will have a charge value of “0” in the library view, indicating that
the charge is unknown.

Values: + for positive or - for negative mode

Acceptable titles: “ionization mode”, “mode ”

*  Precursor - the mass of the precursor form of the analyte. This column is included for
transition libraries.

Acceptable titles: “precursor”
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Product - the mass of a single fragment of the analyte. This column is included for
transition libraries.

Acceptable titles: “product”

COLL_ENERGY_EYV -the collision energy, given in electron volts (EV). It will be used
for MS2 spectrum display only.

Acceptable titles: any string that contains the words “collision energy” and “ev”

COLL_ENERGY_PCT - the collision energy, given as a percentage. It will be used for
MS2 spectrum display only.

Acceptable titles: any string that contains the words “collision energy” and “%” or “pct”

SMILES - the SMILES representation of the analyte, which is necessary to produce a
molecular structure drawing.

Acceptable titles: any string that contains the word "smiles"

*MS2_SPECTRUM - contains a feature list of a single MS2 spectrum. A specific format
is required, as shown in the examples below.

Acceptable titles: “ms2_spectrum”, “ms2”, “ms2s”, “ms2_spectra”

CAS_NUMBER - the CAS number of the analyte. If the CAS number is valid, this will
be passed on and associated with the analyte. CAS numbers, like all identifiers, are used
only as metadata.

99 ¢ 9% ¢

Acceptable titles: “cas”, “casno”, “cas number”

* NOTE- If the MS2_SPECTRUM column is included, the Ionization_Mode column
should also be included.

Examples of acceptable table formats:

The tables should be saved as tab-delimited text files.
Figure 1: Example 1

name

LEUKOTRIENE B4 C20H3204 71160-24-2 CCCCCC=COC(C=CC=CC=CCCCCCR0)00)0  + {[105.0718,7663.8);(107.0506, 16581 0)(151.136,222091 9),(196.1064,6746.3] )
Prostaglandin 02 C20H3205 41598076 CCCCCC(C=CCIC(CCC1=0)0)CC=CCCCEE=0)0) +  {(121.0667 27302 (135.0823,1499.6),301.2185.9177 2))

cas smiles mode msZ_spectum

$HODE (1843203 98524197 CCCCCC=CC=CC{CCCCLLCC=00)0 + [[123.193 148228 (125.0086 23147 5),(277.1678, 13643 2),(20.22011051823 5]}
Figure 2: Example 2
lonization mode Precursor Product Dwell time (sec) Metabolite name  collision energy (eV] Chemical formula
&7 43 3 pyruvate -14 (3H402
o 4 432 3 lactate -16 (3HE03
- 115 71 3 fumarate -13 (4H404

212
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Appendix C.Elements Scoring Algorithms

Identifications in Scaffold Elements are made by comparing the set of features in each MS1
peak group to entries in one or more spectral libraries. For each consensus MS1 peak group,
all consensus features whose m/z values match library entries are noted. A series of scores is
computed to assess the likelihood that the match is correct. These include isotopic
distribution, mass accuracy, and MS2 similarity (if both the library and the sample have MS2
information). These scores are assessed on the individual features in each sample, and the
highest score of each type is assigned to the consensus feature. An overall analyte ID score is
computed for each potential identification of an MS1 peak group by computing a weighted
average of these scores and combining this with a score based on the number of ions in the
MST1 peak group which are explained by this identification.

Identification of In-source Fragments

If the option Match to In-source fragments in the Adducts tab is selected, all features that
have not matched to any user-provided adduct for an analyte are compared to the m/zs
observed in all library MS2 spectra. MS2 spectral matches with an intensity greater than or
equal to a user-provided threshold intensity are annotated as in-source fragments. If multiple
in-source fragment annotations can be made (ie, multiple MS2 spectra contain the same
fragment peak), only the highest intensity peak is retained.

Score Calculations

Analyte ID Score

An ID Score is computed by combining the following scores in a weighted average:
e “Mass Accuracy Score” on page 214

e “MS2 Score” on page 216

*  “Isotopic Distribution Score” on page 214

A score that is computed but not included in the ID Score calculation is the

e “XIC Score” on page 217

A score based on the number of annotated ions in the MS1 peak group is factored into the ID
Score:

*  “MSI Annotation Score” on page 217

A penalty may be assessed for missing information.

Individual Scores

Conceptually, the individual scores represent the following:

e Mass Accuracy Score: How close the observed mass is to the theoretically expected
mass
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. Isotopic Distribution Score: How well the higher-order isotopic feature intensities
match what is theoretically expected

. MS2 Score: How well the observed MS2 feature masses match an experimentally
derived library entry

. XIC Score: How smooth the XIC curve is between adjacent RT points.

Mass Accuracy Score

The mass accuracy score is a function of the user’s specific Parent Mass Tolerance.

Feature - library matches with no difference in mass receive a mass accuracy score of 1.0,
while those matches with a difference in mass exactly at the tolerance limit score a mass
accuracy score of 0.5.

Intermediate matches are scored based on the following linear equation:

—0.5 - Delta Mass (AMU)
Precursor Mass Tolerance(AMU)

Mass Accuracy Score =

It is not possible to achieve a mass accuracy score of less than 0.5

Isotopic Distribution Score

The isotopic distribution score is based on a comparison of the relative abundance of
observed features within an isotopic feature cluster to the theoretically expected
abundance, based on the molecular formula of the matched analyte.

An isotopic feature cluster contains a monoisotopic feature [M+0], as well as (possibly), a
feature with one extra neutron [M+1] and a feature with two extra neutrons [M+2]. If neither
an [M+1] nor [M+2] feature is discovered, the isotopic distribution score is not assessed. If
the matched analyte is an unknown, the molecular formula is not known, so it is not possible
to generate a theoretical distribution with which to compare, so the isotopic distribution
score is not assessed.

To generate the theoretical relative abundances of the [M+0], [M+1], and [M+2] features for
a given analyte, we use PNNL’s isotopic distribution calculator.

We compute the two sets of observed relative intensities, using two different quantities:

1. Area under XIC curve (trapezoidal approximation)

2. Max intensity of raw (m/z, RT, I) signal points
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For each of these sets of relative intensities, the [M+0], [M+1], and [M+2] intensities are all
divided by the relative intensity of the [M+0] feature, so the [M+0] feature always has a
value of 1.0.

For each set of observed relative intensities (area under XIC curve and max intensity of raw
signal), we perform the following normalization of the [M+1] and [M+2] relative intensities,
for theoretical Th and observed Ob:

Theoretical normalization:

[M+1]
[M+ 1]Th,norm = L

«/[MJF 1]Th2 +[M+ 2]Th2

[M~+ 2],

[M+ 2]Th,norm = 5 >
J[M+ oy +[M+2]p,

Observed normalization:

[M+ 1oy
M+ 1Ob,norm = 3 >
A/[M+ oy +[M+2]g,
[M+2]
[M+ 2]Ob,norm - ob

J[MJF 1]0b2 +[M+ 2]Ob2

Where “Th” stands for theoretical, “Ob” for observed, and “norm” for normalized.

The total intensities from the theoretical and observed intensities are also computed:

Th_Total = [M+ 1], + [M+2]q,

Ob_Total = [M+1]q, + [M+2]q,

For each of the observed sets of relative intensities, we first compute the Cosine Score:
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Cosine_Score = [M + 1]Th,norm [M+ 1]Ob,norm +IM+ 2]Th,norm [M+ 2]Ob,norm

Finally, we normalize this cosine score based on the total intensity observed:

Min(Th _Total, Ob_Total)
Max(Th_Total, Ob_Total)

Isotopic Distribution Score = Cosine_Score

The above isotopic distribution score is computed for each of the two sets of relative
intensities and the maximum is taken to be the overall isotopic distribution score for the
feature-analyte

Note also that both values are displayed in the Analyte View’s isotopic distribution plot.

MS2 Score

Within a spectral library, it is possible that a given analyte has multiple Analyte Records.
An Analyte Record is a record of a specific experiment that was performed. When
comparing a feature versus an analyte, there may be multiple analyte records, each with
disparate MS2s (but only one MS2 per analyte record), and multiple MS2 scans per feature.
To determine the overall MS2 score, we compare every analyte record to every MS2 scan
and take the highest-scoring combination of MS2 scan-analyte record MS2.

Each MS2 Spectrum consists of an array of (mass, intensity)(m,/) values. These are the
fragment masses. In some cases, the precursor may be included in this array. If so, it is
identified and removed from further processing.

Each fragment intensity I; from each spectrum is normalized according to the following sum-
of-squares normalization formula:

1i

Inorm,i =

JLE L1}

Where there are n(m,l) fragment mass-intensity values per MS2 Scan (applies to both the
MS2s from the experimental data as well as MS2s associated with analyte records).

Based on the user-supplied MS2 tolerance threshold, fragment masses from the analyte
record MS2 scan are associated with fragment masses from the experimental data MS2 scan,
where mass fragments from the two scans are associated together in pairs based on the
difference in fragment mass. If more than one fragment mass from an experimental data
MS?2 scan could be associated with an analyte record scan, the fragment association with the
smaller mass difference is given preference. Once a fragment mass from one MS2 scan is in
a pair, it may not pair with any other fragment mass.

The normalized intensities of the associated fragment masses are summed in a cosine
product between the theoretical (analyte record MS2 scan) and observed (experimental data
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MS2 scan):

MS2 Score = Inorm,l,Th ’ Inorm,l,Ob + Inorm,2,Th ’ Inorm,Z,Ob Tt [norm,n,Th ’ ]norm,n,Ob

Where, in this case, the subscript numbers refer to pairs of associated fragment masses (not
necessarily the total number of fragments per MS2 scan).

XIC Score

The Mass Accuracy Score, Isotopic Distribution Score, and MS2 Score all involve
comparisons of experiment-specific data to spectral library data, while the XIC Score is
computed entirely based on experiment-specific data (feature shape).For this reason, the XIC
Score is not included with the other scores in the computation of an overall ID Score, though
the XIC Score may still be useful in evaluating feature quality.

The XIC Score does not actually measure the quality of a match between a feature and an
analyte, rather it measures the likelihood that a feature is actually derived from the presence
of an ionized analyte and is not the result of machine noise.

Note that because an XIC Score has no bearing on whether or not a given feature is a
particular analyte, we exclude the XIC Score from the ID Score computation.

In Elements, we use the Zig Zag Index, which is described in more detail in this publication:

Zhang, W., & Zhao, P. X. (2014). Quality evaluation of extracted ion
chromatograms and chromatographic features in liquid chromatography/
mass spectrometry-based metabolomics data. BMC Bioinformatics,
15(Suppl 11), S5. http://doi.org/10.1186/1471-2105-15-S11-S5

For our baseline value, we take the minimum intensity value used in the XIC.

The ZigZag Index naturally outputs a value from a nonlinear distribution, so in order to make
this value comparable to our other scores, we adjust it in the following way:

XICScore = (20In(0.4 - ZigZaglndex))

MS1 Annotation Score

First, the number of annotated MS1 ions is noted. This includes both user-specified adducts
and In-source fragments of different mz values (for example, ISF #1 at mz=100 and ISF #2
at mz=200 count as two annotated MS1 ions). An MS1 peak group score is computed as
follows:

1 annotated ion: MS1 peak group score of 0.70

2 annotated ions: MS1 peak group score of 0.90

3 annotated ions: MS1 peak group score of 0.95
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4 annotated ions: MS1 peak group score of 0.97
5 annotated ions: MS1 peak group score of 0.98
6 — 10 annotated ions: MS1 peak group score of 0.99 + 0.002* (numAnnotatedlons — 6)

11+ annotated ions: MS1 peak group score of 1.0

ID Score

The ID Score communicates the likelihood that a given analyte was found in the experiment.

The Mass Accuracy Score, the Isotopic Distribution Score and the MS2 Score are all helpful
metrics in assessing the likelihood that a single feature found in a single sample is a given
analyte. However, to provide an overall, experiment-wide likelihood of an analyte being
present, we must combine:

1. Computed Mass Accuracy Score, Isotopic Distribution Score and MS2 Score values
2. Consideration of the above scores computed from different samples

3. Consideration of the above scores computed from different feature types (i.e. different
adducts) - the MS1 Annotation Score.

All individual features associated with an analyte are identified, and the Mass Accuracy
Score, Isotopic Distribution Score, MS2 Scores and MS1 Annotation Score are all assessed,
if possible.

The highest Mass Accuracy Score, Isotopic Distribution Score and MS2 Scores are
identified. All known analytes will have a Mass Accuracy Score, however they may or may
not have an Isotopic Distribution Score and/or an MS2 Score, depending on whether or not
the experiment contains MS2 data and whether the higher-order isotopic features could be
identified for any monoisotopic features.

A Penalty is assessed if no MS2 score is present for any of the ion forms in an MS1 peak
group.
Penalty Calculation

A penalty of 0.05 is assessed if there is no MS2 spectral match for any of the features in an
MST1 peak group and there are fewer than 3 ion forms in the MS1 peak group. If there are 3
or more ions, the penalty is 0.

A weighted average of the highest Mass Accuracy, Isotopic Distribution and MS2 scores is
computed, however there are four cases to be considered, depending on missing information:

» Isotopic Distribution and MS2 Scores present

ID Score = 1/3 - MS2 Score + 2/9 - Isotopic Distribution Score +
1/9 - Mass Accuracy Score + 1/3 - MS1 Annotation Score

*  MS2 Score missing, Isotopic Distribution score present
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ID Score = 1/3 - Isotopic Distribution Score +
1/6 - Mass Accuracy Score - Penalty + 1/3 - MS1 Annotation Score

e MS2 Score present, Isotopic Distribution Score missing

ID Score = 3/7 - MS2 Score +
1/7 - Mass Accuracy Score + 3/7 - MS1 Annotation Score

*  Both MS2 Score and Isotopic Distribution Score missing

= 1/4 - Mass Accuracy Score - Penalty +3/4 - MS1 Annotation Score
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Appendix D.Rolling up Values

As can be seen when Display Type: Logy, Precursor Intensity is selected and the level of

summarization is changed, Scaffold Elements rolls up the values listed in a row, or group of
analytes, to a higher level of summarization, in two distinct ways depending on whether the
MS Samples are regarded as fractions of a single technical replicate.

At the MS sample level, for each analyte, Scaffold Elements reports the Log; of the sum of
the maximum precursor intensity values for each ion feature in the MS sample. When a
tecnicak replicate includes more than one MS sample, Scaffold Elements rolls up the values
from the MS sample level to the technical replicate level by summing all of the precursor
intensity values in the group of MS samples and then calculating the Log;, of the result. This
is the value reported in the samples table at the technical replicate level. see Figure 3.

When MS samples do not include data for a particular analyte but that analyte is found in
another sample, Scaffold Elements labels the corresponding cells in the Samples table with
the tag “Missing Value”. When rolling up a group of MS samples that includes some values
that are missing and some not to the technical replicate level, the program ignores the
missing values and assigns a value which is the log;, of the sum of the existing intensities.
However, if all the values are missing, “Missing Value” is assigned to the group as shown in
Figure 3.

Figure 3: Rolling up values to a TR Level of summarization
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When the summarization level is switched to a level higher than the TR Level, Scaffold
Elements rolls up the values using the median of the Log; Intensity data included in an
attribute group, see Figure 4 The picture shows the log;( Precursor Intensity values of four
biosamples included in the attribute group Stage 4 and the log; Precursor Intensity rolled up
value when the higher summarization level Stage is selected. The value corresponds to the
median of the values appearing when the immediately lower level of summarization is

220 Scaffold Elements User’s Guide



Appendix

chosen, which, in this particular example, is called Biosample level.

Figure 4: Rolling up values to a higher summarization level

Stage 4

If fifty percent or more of the values belonging to a group are missing, the QRILC method of
Missing Value Imputation is used to compute the proper rolled up values, and in the Samples
Table the values so calculated are shown in parentheses, see Figure 5.

Figure 5: Rolling up of values to a higher summarization level with missing values

2 Stage 4

d

|\/|issing Value Imputation

Missing values affect various computations in Scaffold Elements. In order to be able to roll
up values to higher levels of summarization, to perform statistical testing and to perform
Principle Component Analysis, it may be desirable to impute values when no measurement
has been obtained. On the assumption that missing values in Scaffold Elements are generally
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a result of either absence of a compound or presence at very low intensity, Scaffold Elements
uses the method of “Quantile Regression for Imputation of Left-Censored data” (QRILC)I.

QRILC imputes values by drawing from a truncated normal distribution whose parameters
are estimated from the observed (non-missing) values and the number of missing and
observed values, assuming that missing values are lower than any observed value.

When rolling up values where over 50% are missing, the mean estimated by QRILC is used
as the rolled up value (which is treated as partially-missing, indicated by surrounding the
value in parentheses).

When computing statistics where any number of values are missing (provided there are at
least two observed values), QRILC is used to estimate a distribution for values across all
comparison groups, and replaces missing values with values drawn from the estimated
distribution, truncated at the proportion of missing values (so that if X% of values are
missing, the imputed values fall below the xth percentile of the estimated distribution).

PCA does the same, but across values for all biological replicates in the file.
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Parameter estimation is done by a linear regression between the quantiles of the observed
data and quantiles of a truncated normal distribution (if X% of values are missing, the
distribution used for fitting is truncated below the xth percentile, so that the oth percentile of
the observed data is matched to the X™ percentile of the distribution, and so on up to the 95th
percentile). This gives an estimated mean and standard deviation for the distribution of
values. For more information, see the documentation for the R package "imputeLCMD v2.0"
which provides the reference implementation for QRILC.

1. Cosmin Lazar (2015): imputeLCMD v2.0". R package version 2.0
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Appendix E.Agglomerative Point Clustering
Feature Finding Algorithm

Elements’ feature finding algorithm relies on agglomerative clustering of raw (m/z, RT,
intensity) data points into collections of points, then performs a series of post-processing
steps on these collections of raw data points to produce fully formed “features”. In this
discussion, we will distinguish “peaks” from “features” with the implication that a peak is a
2D object, while a feature is 3D.

Individual data points recorded from an LC-MS instrument are characterized by three
dimensional measurements: mass-to-charge ratio (m/z), retention time (RT) and intensity ().
LC-MS data is inherently discrete (instruments have physical detection and resolution
limits), and so individual maxima appear as clusters of raw (m/z, RT, I) data points.

Elements’ feature finding strategy seeks to first organize the raw (m/z, RT, I) data points into
clusters of points and derive a single (m/z, RT, 1) value for each cluster. The (m/z, RT, I)
values determined from these point clusters constitute the features or peaks, which from then
on will be treated as single (m/z, RT, I) points in all spectral library matching and analyte
association steps.

Polarity Grouping

Mass spectrometers can be configured to detect the presence of either positively charged ions
or negatively charged ions, but not both at the same time. Operating a mass spectrometer in
positive mode produces a set of (m/z, RT, I) data points that all derive from positively
charged species; operating a mass spectrometer in negative mode produces a set of (m/z, RT,
I) data points that all derive from negatively charged species.

However, it is possible to operate a mass spectrometer in “Mixed mode”, alternatively
scanning for positively and negatively charged species. In this case, the landscape of (m/z,
RT, I) data points in a given sample will derive from a mixture of positively and negatively
charged chemical species.

In the “Polarity Grouping” step, all data associated with positive scans are organized
together, and all data from negative scans are organized together. Unless the instrument was
run in mixed mode, this will result in all of the scans being associated with positive or with
negative. If the instrument was run in mixed mode, the scans will be divided appropriately
based on polarity, and feature finding will be performed on both the positive and the negative
scan sets.

Mass spectrometers generate a large amount of (m/z, RT, 1) data points. For this reason, it is
common to condense the data into smaller sets of points using a process called “centroiding”
(see appendix B). Within a single RT scan, sequential sets of points that form a concave-
down curve shape are collapsed into a single point (the centroid of the points comprising the
curve). The option to output centroid data is often specified at the time of running a sample
through the mass spectrometer Centroiding offers the trade off of generating smaller output
files, with the downside of obscuring the pure, raw data points, which can make feature
finding more challenging. Because of the nature of centroiding, in our feature finding
algorithm, we must handle these two types of feature data differently. It is therefore important
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for the algorithm to establish if a dataset is centroid or not (which is commonly also called
“profile mode”).

The raw data files we read in Elements for Metabolomics contain metadata describing if the
machine was operated in centroid or profile mode. We determine this setting from the raw
data, and adjust our feature finding approach accordingly.

Determine global m/z and RT grid distances (PROFILE MODE
only)
Data that is generated in profile mode tends to show regularity in the distance in (m/z) and

(RT) between data points, as though the raw data points existed on a grid.Segment dataset into
windows

An effort is made to determine the grid distances (the inherent spacing between raw data
points) at the level of the whole data set. This inherent m/z and RT spacing may vary
depending on the particular segment of the raw file we are examining, however we estimate
a “global” value to help determine if our local estimates are close. If, for any local window,
we find the m/z and RT grid constants to vary too widely from the global constants, we will
use the global constants.

Determine local m/z and RT grid distances within each window

For each window, the m/z and RT grid constants are re-calculated, as a given window may
demonstrate significantly different m/z and RT grid distances than the global.

If the dataset was collected in PROFILE mode, the m/z grid distance is determined in the
same way that the global m/z grid distance constant is determined, see “Determine global m/
z and RT grid distances (PROFILE MODE only)” on page 167, considering only the data
points in the window.

If the dataset was collected in CENTROID mode, the 5 most intense points in the window
are collected, and sorted in order of retention time (RT). The distance in m/z between
sequential points is determined, and the m/z grid distance for the window is taken to be either
10 times the maximum sequential distance or 0.008 AMU, whichever is smaller.

Organize all (m/z, RT, I) points in windows into point clusters

All (m/z, RT, I) data points in a given window are ordered by decreasing intensity (most
intense point first, least intense point last).

1. The most intense point in the window is assigned to a new point cluster.

2. (m/z, RT, ]) points from the window are progressively considered and are either:
* (A) added to an existing point cluster, or
* (B) considered as the definition of a new point cluster.

3. This process continues until all points in the window have been considered and assigned
to clusters.

The criteria that determines if a point is “close enough” in (m/z, RT) space to an existing
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cluster to join that cluster, or if it must instead define a new cluster, goes as follows:
CENTROIDED MODE:

* (m/z, RT, ]) points that are more than 1 m/z grid units away from the closest m/z edge of
a cluster are too far away to join that cluster.

* (m/z, RT, I) points that are more than 2 RT grid units away from the closest RT edge of
a cluster are too far away to join that cluster.

Furthermore, once the 8th point is added to a cluster, this triggers a computation to determine
the average intra-cluster m/z distance, considering point in sequential RT. The average m/z
distance between sequential points of these first 8 data points is noted as the “intra-cluster m/
z distance”. (m/z, RT, I) points beyond the 8th point must satisfy the additional constraint
that these points may not be more than 4 times the intra-cluster m/z distance to join the
cluster.

PROFILE MODE:

e (m/z, RT,I) points that are more than 3 m/z grid units away from the closest m/z edge of
a cluster are too far away to join that cluster.

* (m/z, RT, I) points that are more than 5 RT grid units away from the closest RT edge of
a cluster are too far away to join that cluster.

Multiple Cluster possibilities

A point may be close enough to join multiple clusters in the window to join any of them. In
this case, a series of tie-break criteria are employed to determine which of the clusters the
point is assigned to. Each (m/z, RT, I) point may belong to only one point cluster, and all
points in the window must be assigned to point clusters.

The criteria to break ties between different candidate clusters a (m/z, RT, I) point might join
are as follows:

1. Consider the distance in m/z of the point and the candidate cluster. If the point is located
within the m/z bounds of the candidate cluster, the m/z distance is 0. The point joins to
candidate cluster with the smallest distance.

2. Ifthe m/z distance is the same among candidates, consider the distance in RT of the
point and the candidate cluster. If the point is located within the RT bounds of the
candidate cluster, the RT distance is 0. The point joins to the candidate cluster with the
smallest distance.

3. Ifthe m/z distance and the RT distance is the same among candidates, consider the
distance in m/z between the point and the maximum (m/z, RT, I) point located within the
candidate cluster. The point joins to the candidate cluster with the smallest distance.

4. [If all distances are still the same, consider the distance in RT between the point and the
maximum (m/z, RT, I) point located within the candidate cluster. The point joins to the
candidate cluster with the smallest distance.
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If all four of these distances are the same, consider the intensity of the maximum (m/z,
RT, I) point located within the candidate cluster. The point joins to the candidate cluster
with the higher intensity.

If all distances are the same, and the maximum (m/z, RT, I) point intensity is the same
across multiple candidate clusters, the point joins the candidate cluster with the
maximum (m/z, RT, I) point with the higher RT.

Merge point clusters within each window together

The set of clusters generated as described in section Organize all (m/z, RT, I) points in
windows into point clusters within each window are progressively merged together, until no
more merging is possible.

If the feature data was collected in either CENTROID mode or PROFILE mode, two clusters
are merged together if the following criteria are satisfied:

L.

The two clusters are assessed, and the one with the higher RT is designated the “higher
RT” cluster, the one with the lower RT is designated the “lower RT” cluster.

The two clusters are merged together if the lower RT boundary of the “higher RT”
cluster is located within 4 RT grid units of the upper RT boundary of the “lower RT”
cluster, AND one of the following criteria are met:

¢ The m/z bounds of one cluster are within the m/z bounds of the other cluster.

*  The lower m/z edge of the higher RT cluster is within 2 m/z grid units of the
lower m/z edge of the lower RT cluster.

*  The higher m/z edge of the higher RT cluster is within 2 m/z grid units of the
higher m/z edge of the higher RT cluster.

* The intensity-weighted centroid m/z value of the higher RT cluster is located
within the m/z bounds of the lower RT cluster, and the intensity-weighted
centroid m/z value of the lower RT cluster is located within the m/z bounds of
the higher RT cluster.

OR

*  The lower RT boundary of the “higher RT” cluster is located within 20 RT grid
units of the upper RT boundary of the “lower RT” cluster,

* AND the m/z edges of the two clusters are very close: the lower m/z edge of the
higher RT cluster is within 2 m/z grid units of the lower m/z edge of the lower
RT cluster, and the higher m/z edge of the higher RT cluster is within 2 m/z grid
units of the higher m/z edge of the higher RT cluster.

If the feature data was collected in PROFILE mode, two clusters may also be merged
together if three of the four (m/z, RT) edges (min Mz, max Mz, min RT, max RT) of one
cluster are located inside the other cluster (merge by engulfing).
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Assign clusters as “edge-touchers” or “in-bounds”

Clusters that touch one or more (m/z, RT) edges of the window from which they derive are
designated as “edge-touchers”, while clusters that do not touch a m/z or RT edge are
designated as “in-bounds”. In-bounds clusters are set aside, and all edge-touchers from all
windows are collected, along with information about the window from which they derive.

Merge all edge-toucher clusters (cross-window merging)

The windowing step artificially cuts some clusters into pieces, and point-clustering is
performed on whatever signal ends up in each window. The purpose of the cross-window
merging step is to properly assemble all artificially cut-apart clusters back together.

The merging step works by using a “propagating waveform” algorithm to compare edge-
touchers from a given window to edge-touchers in the window to the right (same RT block
unit, one additional m/z block unit) and to the edge-touchers in the window underneath (one
additional RT block unit, same m/z block unit), and merge clusters together when it is clear
that they belong together.

*  PROFILE Mode

If the data is run in profile mode, Scaffold Elements applies to the dataset a series of
filters as follows:

minNumPoints, minNumTotalScans minNumSequentialScans, zeroMzWidth.

Please see “Process clusters” on page 171 for a more detailed description of these filters.
e CENTROID Mode

If the data is run in centroid mode no filtering is applied.

After the propagating waveform approach is completed, in rare cases some (m/z, RT, I) data
points may belong to multiple point clusters, so all point clusters where (m/z, RT, I) data
points belong to multiple point clusters are merged together.

Now all (m/z, RT, I) point clusters are guaranteed to contain a unique set (m/z, RT, I) data
points.

Process clusters

Many of the point-clusters that emerge from the in-bounds clusters procedure see “Assign
clusters as “edge-touchers” or “in-bounds™” on page 170 and cross-window merged edge-
touchers procedure, see “Merge all edge-toucher clusters (cross-window merging)” on page
170, are not real features. Either they are spurious clusters of noise, or clusters of multiple
features, or a combination of noise and one or more real features.

To extract the real features in the set of point clusters, a series of processing steps is
undergone involving both splitting and filtering point clusters to a final set of feature-worthy
point clusters. Splitting steps are performed first, followed by filtering steps.

Splitting Steps refer to the division of a single point cluster into one or more smaller point
clusters, where no raw data may exist in more than one split point cluster, and all data points
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in a starting cluster must be present among the split clusters (data points are not discarded in
this step). Splitting steps are applied progressively, until the set of clusters cannot be split
any further (based on the criteria that would entail a split). For all splitting steps, a single
point cluster is input, and one or more “split” clusters are output.

Filtering Steps refer to examination of a given point cluster, and deciding if that point cluster
is a valid feature. If not, the point cluster is removed from further consideration.

Depending on whether the feature data was generated in profile mode or centroid mode, a
different processing schedule is employed:

PROFILE Mode
Splitting Steps applied:

*  MassTraceLocalMax (rectangle-smoothed, with window size of 5)

*  MassTraceGaps (2 grid units)

*  XlIClocalMax (3x triangle-smoothed, with window sizes of 7, 11, and 21)
+  XICGaps

Filtering Steps applied:

*  minNumPoints

* minNumTotalScans

*  minNumSequentialScans

* zeroMzWidth

e requireXICmax (3x triangle-smoothed, with window sizes of 7, 11, and 21)

CENTROID Mode
Splitting Steps applied:

*  XlClocalMax (3x triangle-smoothed, with window sizes of 7, 11, and 21)
*  XICGaps

Filtering Steps applied:

* minNumTotalScans
*  minNumSequentialScans
* requireXICmax (3x triangle-smoothed, with window sizes of 7, 11, and 21)

What follows is a detailed description of each of the steps within the two processing
schedules, note that we heavily rely on the XIC and mass trace, see Feature, Mass Trace and
XIC, in the splitting and filtering steps that follow.
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Splitting Steps

MassTracelocalMax

For a given point cluster, the mass trace is assessed. The mass trace is smoothed using a
rectangle-smoothing filter, with a window size of 5 points. The resulting waveform is
assessed for maxima and minima using a 3-point method: If a given mass trace point p has a
value higher than both the p-1 and p+1th points, the point p is a local maximum. If a point p
has a value lower than both the p-1th and the p+1th point, the point is a local minimum.

Once all local maxima and minima have been identified, the intensity ratio between the local
maximum and its two surrounding local minima is assessed. If both the intensity ratio of the
local maximum to its preceding local minimum and the intensity ratio of the local maximum
to its subsequent local minimum is greater than or equal to 2, the point cluster is split at the
subsequent local minimum point.

This process continues until all local maxima and local minima have been assessed.

MassTraceGaps

For a given point cluster, the mass trace is assessed. If no intensity is recorded in more than 2
sequential mz grid units, a gap is said to have occurred in the mass trace. The point cluster is
split at the point of the gap.

The process continues until all mass trace points have been assessed.
XlIClocalMax

The following procedure is applied 3 times, each with a different window size: 7, 11, and 21
points.

For a given point cluster, the XIC is assessed. The XIC is smoothed with a triangle filter,
with the above window sizes (7, 11, and 21 points). The resulting waveform is assessed for
maxima and minima using a 5-point method:

» Ifagiven XIC point p has a value higher than both the p-/¢h and the p+1th point, and the
p-1th point is higher than the p-2nd point, the point p is a local maximum.

* Ifan XIC point p has a value lower than both the p-1th and p+1th point, and the p-1th
point is lower than the p-2nd point, and the p+1th point is lower than the p+2nd point, the
XIC point p is a local minimum.

Once all local maxima and minima have been identified, the intensity ratio between the local
maximum and its two surrounding minima is assessed. If both the intensity ratio of the local
maximum to its preceding local minimum and the intensity ratio of the local maximum to its
subsequent local minimum is greater than or equal to 5, the point cluster is split at the
subsequent local minimum point.

This process continues until all local maxima and local minima have been assessed.

XICGaps

For a given point cluster, the XIC is assessed. If no intensity is recorded in more than 5
sequential RT grid units, a gap is said to have occurred in the XIC. The point cluster is split
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at the point of the gap. The process continues until all mass trace points have been assessed.
Filtering Steps

minNumPoints

If a cluster contains fewer than 20 raw (m/z, RT, I) data points, the cluster is filtered out.

minNumTotalScans

If a cluster contains fewer than 4 RT scans, the cluster is filtered out. In other words, if only
3 RT values are represented amongst all raw (m/z, RT, I) points, the cluster is filtered out.

minNumSequentialScans

If a cluster contains fewer than 3 sequential RT scans, the cluster is filtered out.
zeroMzWidth

If a cluster contains only one (m/z) value for each RT value represented, the cluster is filtered
out.

requireXICmax

For a given point cluster, the XIC is assessed. The XIC is smoothed with a triangle filter,
with the above window sizes (7, 11, and 21 points). The resulting waveform is assessed for
maxima and minima using a 5-point method: If a given XIC point p has a value higher both
the p-1th and the p+1th point, and the p-1th point is higher than the p-2nd point, and the
p+1th point is higher than the p+2nd point, the point p is a local maximum. If an XIC point p
has a value lower than both the p-1th and p+1th point, and the p-1th point is lower than the p-
2nd point, and the p+1th point is lower than the p+2nd point, the XIC point p is a local
minimum.

Once all local maxima have been identified, the intensity ratio between the local maximum
and the first and last XIC point is assessed. If both the intensity ratio of the local maximum to
the first point in the XIC and the intensity ratio of the local maximum to the last point in the
XIC is greater than or equal to 6, the point cluster is retained.

Only one of the 3 smoothing filter window sizes need satisfy the above criterion for the
cluster to be retained. If no local maximum with a sufficiently high XIC to bounds ratio is
discovered for all 3 smoothing filter window sizes, the cluster is discarded.
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Appendix F.Isotopic Clustering

If two or more atomic species contain the same number of protons and electrons, but vary in
the number of neutrons contained in their respective nuclei, they are called "isotopes". The
variance in neutron number causes a variation in the atomic weight, and correspondingly,
molecules that contain different isotopic forms of the same atomic elements will vary in
weight. The relative abundance of different isotopic forms of all naturally occurring
elements is approximately constant, which allows us to predict the relative abundance of
different atomic weights of the same molecule that might occur if the isotopic form of each
component atom were selected randomly based on its known relative abundance.

In Elements, features are organized into isotopic clusters, each of which contains the
monoisotopic feature, also known as the [M+0], and, if they exist, the [M+1] (which
contains one additional neutron) and [M+2] (with two extra neutrons) features. Elements
also searches for the [M+3] form if the [M+1] and [M+2] forms have been detected. The
[M+1], [M+2] and [M+3] forms are then removed from the set of valid features.

Elements searches for isotopic peaks at predicted m/z offsets from the [M+0] peak,
searching a region from the minimum m/z of the[M+0] + offset to the maximum m/z of
[M+0] + offset. The offsets are calculated so that they will include isotopic peaks
attributable to the presence of 13C, 15N, and 33S (for [M+1]), and 34S, 13C+15N,
13C+33S, 180, 13C+13C (for [M+2]). The signal from all isotopic peaks detected in the
searched region is combined to represent the total intensity of the [M+1] or [M+2] isotopes.

Isotopic clustering accomplishes three goals:
* Non-monoisotopic features are not searched against spectral libraries. This step is called
de-isotoping.

»  The observed relative abundance of the [M+1] and [M+2] features is compared to the
theoretically predicted relative abundance of [M+1] and [M+2] features (based on the
known relative abundance of naturally occurring elements). This comparison is
incorporated into the scoring algorithm (please see “Isotopic Distribution Score” on page
214).

* The charge of the feature is deduced from the pattern of the isotopic distribution.

Isotopic Clustering Algorithm

This algorithm is applied to a single MS Sample, containing a large collection of raw (m/z,
RT, Intensity) MS1 data points. If the data was collected in mixed mode, the raw MS1 data in
the file is divided, with each ionization mode considered separately.

As aresult of the feature finding step, all raw (m/z, RT, Intensity) data points deriving from a
single ionization mode (either positive or negative) are organized into non-overlapping point
clusters.

The complete set of point clusters is sorted according to the intensity of the most intense (m/
z, RT, Intensity) point in the point cluster, so that the first entry in the list contains the point
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cluster containing the most intense single raw data point in the file. This list of sorted point
clusters is called the available point cluster list.

Point clusters from the available point cluster list are compared in order, with the
assumption that the identified point cluster is associated with the monoisotopic form (also
known as [M+0]). A cluster, while under investigation, is called the query cluster.

The query cluster is assumed to correspond to an ion with a charge number of either +1, +2,
or +3 for positive mode data or -1, -2 or -3 for negative mode data.

All of the unassigned point clusters in the available point cluster list are compared to the
query cluster.

For each of the charge numbers of 1, 2, and 3, an [M+1] and an [M+2] cluster are sought for
the query cluster using the following process:

For [M+1]:

All unassigned features in the file that have an m/z value between the minimum m/z
bound of [M+0] + 0.9958/charge and the maximum m/z bound of [M+0] + 1.0042/
charge, with an RT value not more than 5 seconds from the [M+0] RT value are
collected.

For [M+2]:

All unassigned features in the file that have an m/z value between the minimum m/z
bound of [M+0] + 1.9916/charge and the maximum m/z bound of [M+0] + 2.0084/
charge with an RT value that differs from the [M+0] RT by not more than 5 seconds
are considered potential [M+2] peaks. To avoid misclassifying a feature that is
actually the monoisotopic peak of a different analyte, if the difference between the m/
z of a candidate [M+2] peak and that of the [M+0] peak is larger than the mass shift
attributable to two C13 atoms (2.0067096756/charge) and is close (within 0.002977/
charge) to the mass shift of two H atoms (2.0156006448/charge), the peak is not
considered a true [M+2] and is not removed from the available point cluster list.

All [M+1] clusters are merged together, removed from the available point cluster list and
assigned as the [M+1] for the query cluster. All [M+2] clusters are merged together,
removed from the available point cluster list and assigned as the [M+2] for the query
cluster.

The charge state of a feature is assigned according to the number of detected features
associated with each charge number. If neither an [M+1] nor an [M+2] peak is detected for
any charge number, the charge state is set to 1. Otherwise the charge number with the largest
number of detected isotopic peaks is used. In case of a tie, the lower charge number is
assigned.

If both an [M+1] and an [M+2] cluster are found in the available point cluster list, an
attempt is made to find the [M+3] cluster from the set of available point clusters, using the
matching procedure described above, but using bounds of minimum m/z bound of [M+0] +
2.9874/charge to maximum m/z bound of [M+0] +3.0126/charge, and an RT value not
more than 5 seconds from the [M+0] RT. Identified [M+3] clusters are removed from the
available point cluster list.
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If an [M+1] or [M+2] cluster is not detected, that cluster is scheduled for reextraction.

The process of cluster assignment continues until all clusters in the available point cluster
list have been assigned.

At this point, the reextraction step is carried out for all clusters scheduled for reextraction.
This may require reextraction of the [M+1], the [M+2], or both the [M+1] and [M+2].

Isotopic Reextraction:

Isotopic reextraction works by taking all signal at a predicted m/z offset from the [M+0]
within the region from the minimum m/z bound of [M+0] + offset/charge to the maximum
m/z bound of [M+0] + offset/charge. The offsets searched are the mass shifts of 13C, 15N,
and 33S (for [M+1]), and 34S, 13C+15N, 13C+33S, 180, 13C+13C (for [M+2]). The RT
ranges used for [M+1] reextraction are the [M+0] minRt and maxRt. For [M+2]
reextraction, if the [M+1] peak was present, the [M+1] minRt and maxRt are used, while if
the [M+1] peak was not present (i.e. was also reextracted), then the [M+0] minRt and
maxRt are used.

e Ifreextraction bounds would overlap with the bounds defined by an existing feature, the
reextraction is not performed.

* Reextraction is performed with no noise thresholding of the raw data.

Scaffold Elements User’s Guide 233



Appendix

Appendix G.Forming Consensus MS1 peak
groups

When all samples undergo similar chromatographic procedures, an analyte would be
expected to elute at essentially the same time in each sample in a study. Further, in most
cases, true coelution is rare, so coeluting ions are likely to be different ion forms of the same
analyte. As a result, it can be helpful to group ions that elute together into MS1 peak groups
before attempting to identify them. In Scaffold Elements, therefore, the important unit for
identification and quantification is the consensus, or cross-sample, MS1 peak group.

The algorithm for forming Consensus MS1 peak groups in Elements consists of a series of
steps:

Formation of Single-Sample MS1 Peak Groups
Retention Time Alignment
Consensus MS1 Peak Group Formation

Analyte Grouping and Clustering

Formation of Single-Sample MS1 Peak Groups

Initially, each sample is considered independently. First, features are grouped by retention
time with other features with the same polarity. Next, if the sample was analyzed in mixed
polarity mode, MS1 peak groups of opposing polarities with the same retention times are
combined.

Retention Time Alignment

Retention time alignment is performed across samples using these single-sample MS1 peak
groups. Consensus MS1 peak groups are formed using a high RT tolerance threshold and
matching features from MS1 peak groups across samples.

A subset of this initial set of consensus MS1 peak groups is designated as “anchor spectra.”
Anchor spectra must be featured in at least a certain portion of the samples. This portion is
designated the RT alignment spectrum min reproducibility parameter and may be
adjusted by the user via the Advanced Tab in the Workflow Dialog. The sample which
contains the largest number of anchor spectra is selected as the reference sample. From the
anchor spectra, a monotonic mapping is formed between each sample and the reference
sample. Linear interpolation is used to align the remaining features.

Retention time alignment is only performed between samples with the same polarity.
Positive samples may be aligned with other positive or with mixed mode samples. Similarly,
negative samples may be aligned with other negative or with mixed mode samples. If mixed
mode samples are present, they are preferred for use as reference samples in the RT
alignment.
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Consensus MS1 Peak Group Formation

Following retention time alignment, consensus (cross-sample) MS1 peak groups are
carefully formed from the raw data. MS1 peak groups from all samples whose aligned
retention times fall within a certain tolerance of each other are considered for inclusion in a
consensus spectrum. A representative peak is selected from each single-sample spectrum.
The representative peak must have approximately the same m/z value in each spectrum, and
must be the most intense peak in the spectrum in at least one sample. In considering whether
spectra should be joined, the representative peak is compared with respect to mass accuracy,
isotopic distribution, peak shape and similarity of MS2 spectra. In addition, the most intense
peak of each spectrum must be found in all others to which it joins, and the overall similarity
of the MS1 peak groups is evaluated and must meet a threshold. No more than one MS1 peak
group from each sample may be included in a consensus MS1.

After consensus MS1 peak groups have been formed using these strict criteria, the remaining
single-sample MS1 peak groups are re-evaluated for inclusion in these consensus MS1°’s.
This time, the spectrum need not contain the most intense peaks of the other spectra, and
inclusion is based on the similarity (Jaccard index) of the MS1 peak groups.

Next, the individual features in each sample are organized into cross-sample consensus
features based on MS2 spectral similarity, isotopic distribution scores, mass accuracy, peak
shape similarity and proximity in aligned retention time. The set of all consensus MS1 peak
groups are compared to this set of consensus features, to ensure that no consensus feature is
assigned to different MS1 peak groups in different samples. If a feature had been
inconsistently assigned, it is assigned to the consensus MS1 in which it appears in the largest
number of samples and removed from all others. In case a feature matches more than one
consensus MS1 in an equal number of samples, peak shape similarity is used as a tie-breaker.

If the experiment contains separate positive and negative samples, consensus MS1 peak
groups are merged across charge states. Consensus MS1 peak groups are merged if there
exists a feature pair between two consensus MS1 peak groups that could correspond to an
{M+H] and {M-H] pair.

Filtering

The user may elect to retain only MS1 peak groups which contain at least one feature that
has an MS2 spectrum. If the “Only retain analytes with MS2 data option” in the Search tab of
the Workflow dialog is checked, the MS1 peak groups are filtered at this point.

Reextraction

Once consensus MS1 peak groups have been formed, if the user has checked the box
selecting the parameter “Perform cross-sample feature reextraction”, the program attempts to
extract signal to replace missing values. In cases in which an analyte is found in some, but
not all, samples, the program extracts the signal from the region at the aligned retention time
corresponding to the elution time of the analyte in the other samples.

Analyte Grouping and Clustering

All ions assigned to the same consensus MS1 peak group are organized together into a single
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analyte cluster. Analyte grouping, however, depends on the option selected for the “Treat
each MS1 peak group as a single analyte” parameter in the Search tab of the Workflow
dialog.

If “Treat each MS1 peak group as a single analyte” is checked, the ions are also organized
into a single analyte group. This is the default behavior, because unless there is a reason to
expect coeluting ions, it is generally the case that all of the ions that elute at the same
retention time are different forms derived from the same analyte.

If “Treat each MS1 peak group as a single analyte” is not checked, then only analyte
identifications made with identical ions are organized into the same analyte group.
Unidentified coeluting ions are treated as separate analytes (if “Retain unknown analytes” is
selected).
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Appendix H.Exporting a Transition List to
Skyline

Elements provides the ability to export a spectral library as a transition list which can then

be used in Skyline 2.

Steps:
* Create a spectral library containing the identifications to be exported to Skyline.
*  Open the library in the Library View, click “Export to Skyline” and save the file.

* In Skyline, select Edit>Insert>Transition List to open the Transition List dialog. Select
“Small molecules” using the radio button at the bottom. Click “Columns” and check the
following options:

Figure 6: Transition List column selection in Skyline
s Insert *

Transition List

Er::;rsor [ Molecule List Name [P][‘c:r;g %Ielﬁ\on éioﬁihs‘i::n Mote
MName [A Precursor Name Time Energy
[ Precurser lon Formula
[ Precurser Adduct

[ Precursor m/z

Molecule
List

[#] Precursor Charge
[ Product MName
[ Product len Formula

[#] Product Charge

[ Label Type

[ Explicit Retention Time

[] Explicit Retention Time Window
[ Explicit Collision Energy

] Mote

[ 5-Lens

[] Cone Voltage

[ Explicit Drift Time (msec)

[ Explicit Drift Time High Energy Offset (msec)
[] Explicit Compensation Voltage
[] Explicit Declustering Potential

O Peptides @ Smallmolecules [CheckforEmors | | hset | | Cancel

*  Click outside the column name dialog to close it.

*  Open the .CSV file that was exported from Elements with Excel. Copy all values,
excluding the column headers.

* Return to the Skyline Transition List dialog, hover over the first cell, which should be
highlighted in blue, and type CTRL V to paste the information copied from Excel into the

2. MaclLean, Bioinformatics 2010 article: Skyline: An Open Source Document Editor for Creating and Analyzing
Targeted Proteomics Experiments
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table. Verify that all cells are filled and that all of the information has not been pasted into
a single cell. Click “Insert”.

Figure 7: Data pasted into Skyline’s Insert Transition List dialog

Ty Insert X

Transition List
Malecule Precursor Precursor Precursor Precursor Product Product %ggtt\on S?I)hhs?:)tn Note "
List Name Name lon Formulz  m/z Charge m/z Charge Time Eremy
standardsdi... | L-Kynurenine |C10H13NZ... | 209.0921476 1 4302012773 1 1212917 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13NZ... | 209.0921476 1 46.03070785 |1 1212917 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13NZ... | 209.0921476 1 65.03948139 1 1212917 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13NZ... | 209.0921476 1 71.01300273 |1 1212917 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13N2... | 209.0921476 1 7402418373 1 12129717 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13N2... | 209.0921476 1 77.03882872 |1 12129717 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13N2... | 209.0921476 1 91.05430348 1 12129717 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13N2... | 209.0921476 1 92.04936769 |1 12129717 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13N2... | 209.0921476 1 94.06526922 |1 12129717 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13NZ... | 209.0921476 1 99.00762943 |1 12129717 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13NZ... | 209.0921476 1 101.0351446 1 12129717 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13NZ... | 209.0921476 1 104.0432028 1 12129717 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13NZ... | 209.0921476 1 117.0568509 |1 12129717 M52 Spectr...
standardsdi... | L-Kynurenine |C10H13N2... | 209.0521476 1 118.0647782 1 12125717 MS2 Specir...
standardsdi... | L-Kynurenine |C10H13N2... | 209.0521476 1 120.0439148 1 12125717 MS2 Specir...
standardsdi... | L-Kynurenine |C10H13N2... | 209.0521476 1 128.0485538 1 12125717 MS2 Specir...
standardsdi... | L-Kynurenine |C10H13N2... | 209.0521476 1 132.0437545 1 12125717 MS2 Specir...
standardsdi... | L-Kynurenine |C10H13N2... | 209.0521476 1 136.0752171 1 12125717 M52 Specir... | v

() Peptides ® Smallmolecules | Columns... Help Check for Emors Cancel

Skyline will import the data and display it as follows:

238 Scaffold Elements User’s Guide



Appendix

Figure 8: Imported Transition List in Skyline

i fig Skyline - standards-library.sky - O X

File Edit View Settings Tools Help
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Note: Before importing Elements exports into Skyline, a few settings may need to be
changed through Settings -> Transition Settings.

*  First, under "full scan" select the desired MS1 filtering. Generally selecting isotope
peaks "Count" and setting peaks to “3” gives results similar to Elements’.

* Second, under "filter" ensure that the desired precursor and ion charges are in the list.
Generally, both fields should be "1" unless there are multiply-charged ions in the data.

n.n

Ensure that "ion types" is "p". Ensure that "auto select all matching ions" is selected.
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Appendix |.Structure of Scaffold Elements files
(*.metdb)

Structure of Scaffold Elements files (*.metdb)

Scaffold Elements experiment files, *. METDB, are SQLite files. Figure 9 shows the schema
of a * METDRB file. SQlite queries of this database can be submitted through the Export SQL
table dialog box that can be opened from the menu Export > Export SQL Table to Excel. It
is also possible to query the database directly in Elements from the Publish View> SQL
Report tab, under the ‘SQL’ box.
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Figure 9:  Scaffold Elements database schema
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Appendix J.Terminology

Blocking

When groups of experimental units are similar, it is often a good idea to gather them together
into blocks. By blocking the variability attributable to the differences between the blocks is
isolated so that the differences caused by the treatments appear clearer.

Contingency table

In statistics, a contingency table (also referred to as cross tabulation or cross tab) is a type of
table in a matrix format that displays the (multivariate) Frequency Table or distribution of the
variables.

Profile vs.Centroid MS data

Data obtained from a mass spectrometer is collected in either profile or centroid mode. Data
collected in profile mode produces features with width in the m/z dimension for a single retention
time. Finding the 1D centroid of these waveforms is known as “centroiding”. When data is
collected in centroid mode, the mass spectrometer automatically produces the centroided
waveforms. Shown below are two mass spectra illustrating an ion cluster for profile data and
a centroid mass spectrum created from the profile data.

Profile MS data

30044

0 0 A

Relative Intensity (%)

285 296 27 =8 29 300 o 302 303 04 305 306 307

i~

Centroid MS data

Relative Intensiy (%)

al 5|3

Dendrogram

Or tree diagram, is a common method of graphically displaying the output of hierarchical
clustering.

Experiment (a statistical definition)

An experiment manipulates factor levels to create treatments, randomly assigns subjects to
these treatments levels, and compares the responses of the subject groups across treatment
levels.
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Factor

A variable whose levels are manipulated by the experimenter. Experiments attempt to
discover the effects that differences in factor levels may have on the responses of the
experimental units.

Feature, Mass Trace and XIC

In the context of LC-MS, a feature is a collection of raw (m/z, RT, intensity) data points
that typically resembles a three-dimensional Gaussian waveform. An XIC (extracted ion
chromatogram) is produced from the feature by summing all data points with the same
retention time (RT) together, producing a 2D plot of RT versus intensity. A mass trace is
produced from the feature by summing all data points with the same m/z together,
producing a 2D plot of m/z versus intensity. (see Figure below).

Intensity

Msinspect m/z ‘

R11__Rb RT3 R4 RIS RT

Intensity
/\ Intensity A
L RT m/z

XIC Trace

Frequency Table

In statistics, a frequency table is a table that displays the frequency of various outcomes in a
sample. Each entry in the table contains the frequency or count of the occurrences of values

within a particular group or interval, and in this way, the table summarizes the distribution of
values in the sample. Bivariate joint frequency distributions are often presented as (two-way)
Contingency tables.

FWHM

Full Width at Half Maximum (FWHM) is a measure applied to 2D features: the width of the
feature taken from a height of /4 of the maximum of the feature. Elements provides this
measure for monoisotopic features in both retention time and m/z.
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Treatment

The process, intervention or other controlled circumstance applied to randomly assigned
experimental units. Treatments are the different levels of a single factor or are made up of
combinations of levels of two or more factors.
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Appendix K.Heat map clustering
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The goal of reordering the columns and rows of a data matrix is to place analyte and samples
with similar characteristics close to each other. Generally the reordering in heat maps is
typically done using an agglomerative hierarchical clustering algorithm that groups similar
data contained in a matrix or table. The clustering information is then displayed using a
Dendrogram.

An agglomerative hierarchical clustering algorithm on n objects begins by considering each
object to be a cluster of its on containing 1 object. At each step, the two closest groups are
merged together until n objects are in a single group. In the case of a data matrix an object is
typically a multidimensional vector whose components are given by the data listed in a row
or a column.

There are a number of possible algorithms used to create agglomerative hierarchical clusters.
Their differences mainly pertain to the definition of closeness or similarity between two
objects or clusters before they are merged and to the agglomeration process by which
clusters are merged into larger clusters.

Similarity or closeness is typically represented by the measurement of a distance d(4,B)
between every pair A and B of objects. Typically 4, B are multidimensional vectors that
contain a series of numbers belonging to any two rows or columns depending on the group
that is being clustered, i.e. either among the columns or rows of the data matrix.

Measuring the distance between clusters that have to be agglomerated into larger clusters is
more complicated than measuring distances between single vectors. Different algorithms
take different approaches in defining which is the link between clusters being considered as a
measure of closeness when performing agglomeration.

Scaffold Elements uses an agglomerative hierarchical algorithm called Single-Linkage
clustering with a Euclidean distance metric. The distance metric is applied to the coordinate-
wise rank vectors of the rows or columns of the data matrix containing values that depend on
the selected display type in the Samples View. The ranking is done over the whole ensemble
of data included in the data matrix.

This distance metric will tend to associate measurements that rank at close levels.

_ 2 2
ductideanT4'B) = «/(rAl_rBl) to+(ry, =gy

Where:

* A and B are vectors whose coordinates characterize two rows or two columns of the data
matrix at a selected Display Type and summarization level, see Summarization Bar; and
r4 and rg are coordinate-wise vectors of A and B. The components of the vector are given
by the displayed values shown in the Samples Table at specific summarization levels,
filtering and thresholding conditions. When considering the clustering of rows, the
summarization level determines how many values for a selected statistics are shown in a
row and consequently defines the dimensions of 4 and B. When considering the clustering
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of the columns in the data matrix the dimension of the vectors that represent the columns
is defined by filtering and thresholding applied to the Samples table.

In single-linkage, clustering agglomeration is made based on a single element pair, namely
those two elements (one in each cluster) that are closest to each other. The shortest of these
links that remains at any step causes the merging of the two clusters whose elements are
involved. This method is also known as nearest neighbor clustering.

In Scaffold Elements clustering agglomeration is also based on a single pair element but the
element selected for each cluster to be used to evaluate the shortest metric distance is the
multidimensional vector that represents the center of mass among the group of vectors or
points belonging to a cluster.

A common method used to graphically displaying the output of hierarchical clustering is to
draw a dendrogram of the linkages among different clusters. At the bottom of the graph, each
line corresponds to each object (cluster of size 1). When two clusters are merged, a line is
drawn connecting the two clusters at a height corresponding to how similar the clusters are.
The order of the objects is chosen to ensure that at the point where two clusters are merged,
no other clusters are between them, but this ordering is not unique. When two clusters are
merged, the choice of which of them is on the left or on the right side is arbitrary, this feature
is called binary switching, see Figure 10.

Figure 10: Binary switching example
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The Heat map in Scaffold Elements

Scaffold Elements constructs a heat map using information and data available in the Samples
Tableand displays it in the The Visualize View.

Whatever thresholding and filtering are applied to the Samples Table determine the number
of rows and columns considered for the data matrix used to create the Heat map shown in
The Visualize View.However the rows listed include only groups of analytes even if any type
of clustering might have been applied to the Samples table. Each column contains data from
any MS sample or selected level of summarization.

In Scaffold Elements the quantitative values used for performing the agglomeration is
determined by the selected Display type. This means that every Display type will show a
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different ordering of the Heat map.

The result of the clustering is visualized as a dendrogram, which shows the sequence of
cluster nodes and the distance at which each node is created.
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Appendix L.Techniques to Control the Family-
wise Error Rate

Currently Scaffold Elements supports control of the family-wise error rate, FWER, using
Holm's step-down procedure and Hochberg's step-up procedure.

The way Scaffold Elements develops the two procedures is described in the following
publication: Y. Huang ef al. Biometrika (2007), 94,4,pp.965-975.

The two methods make the same type of comparisons, but Holm starts at the smallest p-value
and works down the list until one fails the bound, while Hochberg starts at the largest p-value
and works up the list until one passes the bound (and then declares that everything below that
passes. Hence the Holm bound is in general more conservative than the Hochberg.

For example, let’s suppose we have (m=5) analytes A, B, C, D, E with p-values 0.030, 0.014,
0.013, 0.060, and 0.009 respectively, and want to reject the null hypothesis at alpha = 0.05.
Let’s sort the p-values and make the following table:

k p-value o/(m+1-k) p-value<o/(m+1-k)
1 0.009 0.01 yes
2 0.013 0.0125 no
3 0.014 0.0167 yes
4 0.030 0.025 no
5 0.060 0.05 no

»  The Holm step-down procedure would start at k=1 and reject Hy(1) but it would stop at
k=2 since the p-value is larger than the bound.

*  The Hochberg step-up procedure would start at k=5, go to k=4, go to k=3, see that the
bound passes and stop, accepting Hy(1), Hy(2), and Hy(3).

Instead of simply saying whether null hypotheses are rejected or not, we report the lowest
o/ (m + 1 — k) bound value. When p-values are lower than the reported bound the Null
hypothesis can be rejected.

This means that in the example described above, the bound for Holm would be 0.0125, and
for Hochberg 0.025 and the bound reported would be 0.0125.

The reason we are reporting both methods is related to the fact that technically the Hochberg
procedure should only be used if the hypothesis tests are independent (which they are
certainly not for Fisher's Exact Test, and not usually really for the other tests as well).
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Appendix M.Using Principal Component
Analysis in Scaffold Elements

Using Principal Component Analysis in Scaffold Elements

250

Principal Component Analysis is a tool for identifying the underlying sources of variation in
a data set. PCA looks for patterns of expression among the analytes that can be used to group
samples in meaningful ways. When used in combination with the flexible summarization
offered in Scaffold Elements, this provides a powerful tool for exploring the biological
meaning of quantitative differences observed in an experiment.

An Example

This example was performed in Scaffold LFQ. It uses demo file spectral counting.sfdb. The
data used in this example comes from a study to measure the effects of thermal processing on
allergens in English walnuts! and was obtained from the ProteomeXchange Consortium
(http://proteomecentrad.proteornexchange.org)2 via the PRIDE partner repository, with the
dataset identifier PXD000907.

To begin, we create Categories corresponding to the variables in the experiment and apply
Attributes to the samples to represent the experimental design.

This study used a block design, in which four replicate samples were divided and subsamples
of each underwent several treatments. The analytes from each were then extracted in two
different ways.

In Scaffold Elements, we create a Category for the Replicate Group Number, and one for
each of the variables studied. These are Protein Extraction Method, Roasting Time, Roasting
Temperature. We create the appropriate Attributes to represent the different values each of
these variables may take and assign the values to the samples in the Organize View.

1. Downs ML, Baumert JL, Taylor SL, Mills EN. Mass spectrometric analysis of allergens in roasted walnuts. J
Proteomics. 2016 May 2. pii: S1874-3919(16)30177-4 PubMed: 27150359.

2. Vizcaino JA, Csordas A, del-Toro N, Dianes JA, Griss J, Lavidas |, Mayer G, Perez-Riverol Y, Reisinger F,
Ternent T, Xu QW, Wang R, Hermjakob H. 2016 update of the PRIDE database and related tools. Nucleic Acids
Res. 2016 Jan 1;44(D1): D447-D456. PubMed PMID:26527722.
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Figure 11: Samples with Attributes assigned

| EditExperiments! Design H Import Attributes File H Export Attributes File. \@ Seardh

Sample Name Extraction Method  Group Roast Time
20121130 MD_1A >_1amgf-allergen 0 min [§ @ wmn

@ 20121130_MD_1B (20121130_MD_1B.mgf llergens-9822) . ] 0min 0 min
- @ 20121130 MD_C (20121130_MD_1C.mgf-allergens-5323) inD. 0min
@ 20121130_MD_1D (20121130_MD_1D.mgf allergens-5824) . 0 min
® 20121130 MD_2A (20121130_MD_2A.mgf allergens-9525)
20121130_MD_28 (20121130_MD_35. maf-allergens-58.36)
@ 20121130_MD_2C (20121130_MD_2C.mgf-allergens-9827)
@ 20121130_MD_2D (20121130_MD_2D. mgf-allergens-5525)
@ 20121130_MD_3A (20121130_MD_3A mgf-allergens-5329)
@ 20121130_MD_38 (20121130_MD_38.mgf allergens-9830)
20121130_MD_3C (20121130_MD_3C.mgf allergens-5831) ® 10Mn
@ 20121130_MD_3D (20121130_MD_3D.mgf-allergens-5332) ® 10Min
20121130_MD_4A (20121130_MD_4A mof-allergens-9833) Mo 0 Min

@ 20121130_MD_48 (20121130_MD_4B.mgf-allergens-3834)
@ 20121130_MD_4C (20121130_MD_aC.maf-allergens-5835)
@ 20121130 MD_4D (20121130_MD_4D.maf-allergens-9836)
® 20121130_MD_SA (20121130 _MD_SA mgf-allergens-5338)
@ 20121130 MD_S6 (20121130 MD_56.maf-allergens-9839)
© 20121130 MD_SC (20121130_MD_SC.maf-allergens-9541)
- @ 20121130_MD_SD (20121130 _MD_SD. mgf-allergens-5342)
® 20121130 MD_6A (20121130_MD_6A.maf allergens-9343)
@ 20121130 MD_68 (20121130_MD_6B.maf-allergens-9544)
20121130_MD_6C (20121130_MD_6C.mgf-allergens-5345)
@ 20121130 MD_6D (20121130_MD_6D.maf allergens-9346)
20121130_MD_7A (20121130_MD_7A.mgf-allergens-3847)

® 10Min
@ 10Min

® 10Min
@ 10Min
@ 10Min
@ 10Min
@ 20 Min

@ 20121130 MD_78 (20121130_MD_7B.maf-allergens-5345)
20121130_MD_7C (20121130_MD_7C.mgf-allergens-9549)

@ 20121130_MD_7D (20121130 _MD_7D.mgf-allergens-5850)
20121130_MD_8A (20121130_MD_8A mgf-allergens-3351)

Complete Extrac. 0min

0 Min
0 Min
® 20Min

@ 20121130 MD_88 (20121130_MD_8B.mof-allergens-9852) Complete Extrac, ] amin
@ 20121130_MD_SC (20121130 _MD_8C.mgf-allergens-5853) Complete Extrac.

sample

File Name:  walnutunimod.mzid.gz_20121130_MD_1A_(20121130_MD_1A.mgf-allergens-9820) . MGF

File Location:C:Users\jacob\Desktop\walnutunimod mzIdent export 03-Jan-2017 03-33-24-PMwalnutunimoed.mzid.gz_20121130_MD_1A_{20121130_MD_1A.mgf-allergens-5820).MGF
< >

We might initially set the Summarization Hierarchy to specify our technical and biological
replicates:

Figure 12: The Initial Summarization Hierarchy
Sample Acquisition
|| Ssamples were fractionated

|| Technical replicates were acquired

Experimental Design

(®) Basic Design | Repeated Measures Design (| Two-Way Design

Summarization Hierarchy

Available Categories e Which Categories should be studied? e

(Optional)
Extraction Method >

ast Ti

Which Category identifies the biological samples? e

Which Category identifies technical replicates? e

’MS Sample
=

<« Clear Summarization

The Samples View shows spectral counts for 53 analytes in the various MS Samples, but it is
difficult to discern any patterns at this point:
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Figure 13: The Samples View Initially
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We must apply the treatment-related Categories to make this display meaningful, but there
are several different treatments and we do not yet know which are important and how they
interact. PCA can guide us in making these determinations.

PCA analyzes data in order to find patterns in the expression levels of the various analytes
that differentiate samples or groups of samples. It constructs a weighting function that, when
applied to the quantitative values of the analytes, results in the greatest separation of the
samples, or, put another way, explains most of the variation between samples. This is
Principal Component 1. The algorithm then continues to find other independent functions
that also separate the samples in different ways, although they may account for somewhat
less of the variation. These become Principal Component 2, 3, etc.

The Principal Component Analysis tab in the Visualize View provides several plots to help
us interpret the results of PCA.

Scree Plot

The Scree Plot indicates the percentage of variation in the data explained by each Principal
Component. This may help in determining which and how many of the factors in the study
need to be considered.
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Figure 14: The Scree Plot
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Overview

The Overview is a series of graphs where one Principal Component is plotted against

another. The points in these graphs represent samples, and the X and Y coordinates are the
values computed from the corresponding Principal Component functions. We can see that

the samples tend to cluster in different ways depending on the Principal Components

applied.
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Figure 15: The Overview Plot
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Fewer Principal Components More Prindpal Companents

Clicking on a graph in the Overview selects the combination of Principal Components for
display in greater detail in the Loadings and Scores Plots below.

Figure 16: Selecting Principal Components with the Overview

¥

Quanstation. Princal Companent Analysis (Weighted Spectrum Count)  Heatmap

PC1 D AR - VY
26.4% PSP
v o e
2o YR
. >

™
e R -
a0l ISR

. ety A "

sag%
0% =

0%

20a%

Scores ot " Loatings Pt
Pteend A0y vectars
() Emdencs digesd . Mltselect Acton:

Zoom >
Confidence (%) 0

|

In the plot of PC2 vs. PC1, we can see that there appears to be clustering; to determine
whether one or more of the treatments applied are responsible for the variation in the data,
we will try applying different Categories.

First, we try Temperature:
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Figure 17: Exploring the relationship of Temperature and PC1 and PC2
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Here we see clustering in the Scores Plot. Roasting Temperature correlates with PC1, as the
samples subjected to higher temperatures appear to the left in the chart (lower PC1 values),
those roasted at lower temperatures are in the middle, and unroasted samples are on the right

(higher PC1 values).

The temperature also appears to be contributing to some degree to PC2, as the samples
roasted at the highest temperature appear slightly lower in the plot (lower PC2 values).

Looking at Roasting Time, we see:
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Figure 18: Exploring the Relationship of Roasting Temperature with PC1 and PC2
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Once again, we see a similar pattern, with unroasted samples to the right, and the samples
roasted for the longest period to the left, but there is more overlap between the different time
groups. It appears that Roasting Time is correlated with PC1, but that the analyte changes
occur at various time points in different samples. This is probably because of interactions
between roasting time and roasting temperature.

If we examine these two variables together, we see that the roasting for 10-20 minutes at
132C is similar to roasting for 5 minutes at 180C.

Figure 19: Relationship between Time and Temperature
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It appears, then, that the variation is explained by how thoroughly the nuts are roasted, which

is governed by a combination of time and temperature. Since temperature gave clearer

results, we will use temperature as the measure of degree of roasting. Another alternative
would be to create a new attribute that captures the combination of time and temperature.

As can be seen below, Extraction Method produces the clearest clustering of all in PC2 vs

PCI:

Figure 20: Exploring the Relationship between Extraction Method and PC1 and PC2
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By examination of the labels, we can see that PC2 is probably based on differences among
Replicates, since the Replicates appear in the same order in each extraction method and
separate along the PC2 axis.

Exploring combinations of the factors produces some very clear clustering:
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Figure 21: Roasting Temperature and Extraction Method
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Here, the samples cluster by a combination of Extraction Method and Roasting Temperature.
PC1 appears to represent a combination of Extraction Method and thoroughness of roasting.

Once we have established which treatments have a significant effect on analyte content and
levels, we may wish to determine which specific s are most affected by them. This can help
in answering questions such as which pathways are implicated in a disorder, which s are
affected by a treatment, or which s might be useful in developing assays. for a certain
condition. To move from samples to s, we examine the Loadings Plot.

Loadings Plot

In the Loadings Plot, each point represents a . The coordinates of each point are a measure of
the contributions of that to each of the components in the plot. For example, if the plot
displays PC1 on the x-axis and PC2 on the y-axis, points far to the left and right represent s
that contribute strongly to Principal Component 1. s near the top and bottom contribute
strongly to PC2. As a result, corresponding locations in the Scores and Loading plots are
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related.

We can mark s through the Scores plot that may prove useful in identifying samples that are
particularly effective at differentiating samples based on certain criteria. For example, we
place orange stars on the s to the right in the Loadings Plot, and blue stars on s to the left:

Figure 22: Starring s of Interest through the Loadings Plot
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In the Samples View, after summarizing by extraction method and applying a statistical test,
we can see that indeed the orange-starred s are significantly higher in the soluble extraction
while the blue-starred s are significantly higher in the complete extraction.

Figure 23: Viewing the starred s in the Samples View
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In summary, by combining the insights gained through PCA analysis with flexible
summarization and statistical analysis, we can gain insight into the biologically significant

patterns in the data.
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Appendix N.How PCA is Performed in Scaffold
Elements

260

Principal Component Analysis (PCA) is a classical dimension-reduction technique based on
linear algebra. The idea is to find the “underlying processes” that explain the variance in the
data. In PCA, these “underlying processes” consist of linear combinations of the original
variables.

The principal basis vectors are chosen one at a time in such away that each vector chosen

» is perpendicular to all the previously chosen principal basis vectors

* isone unit long

* points in the direction that explains the most variation of the data (given the constraints)

Dimension reduction is achieved by projecting the original vectors into the space spanned by
some subset of the principal basis vectors.

In Scaffold Elements, the variables we consider are the (thresholded and filtered) s that are
currently viewable in the Samples View. These s’ intensities are measured across the
samples at the Biological Replicate Level. We can consider this as a collection of vectors

I = (11,112, 113, ..., Tim)
Ih = (Ia1,129,103,..., Io.)
I, = (Un.Ipo. Ios..... L)

where there are n samples and m s.

Intensity data is generally roughly log normal, that is, after applying a log transformation it
becomes roughly normally distributed. There is a large wrinkle introduced with this idea of
applying a logarithm, however, namely, how to deal with missing values.

In order to mitigate this problem, we have opted to apply a generalized logarithm (glog)
instead of a regular logarithm. We use a generalized logarithm very similar to that used by
Durbin® which is also used by MetaboAnalyst4.This allows us to impute missing values as
intensity 1=0, and still apply the transformation. Explicitly, the transformation is:

3. Durbin BP, Hardin JS, Hawkins DM, Rocke DM. A variance-stabilizing transformation for gene-expression
microarray data. Bioinformatics. 2002;18(Suppl. 1):S105-S110.

4. Xia, J., Sinelnikov, I., Han, B., and Wishart, D.S. (2015) MetaboAnalyst 3.0 - making metabolomics more
meaningful . Nucl. Acids Res. 43, W251-257.
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(1) = log (H "IZ“)
=] 2 .

Note that when I is large, glog(I)=log(I), while for I near 0, glog(l) is perfectly well defined
and approximately linear.

After applying glog to all intensities,

aij = %]'Og(l—'l_]]
we form the matrix
11 @12 ... Odim
(1 22 ... U2y
A=
Ap1  dpd Anm

The rows of A correspond to the samples S1, S2, ..., Sn, while the columns correspond to the
s protl, prot2,..., protm.

For spectral counts, the same transformation is applied, but with Count substituted for 1.

Now, since we are interested in the variance of this “cloud” of vectors, it makes sense to
center them by subtracting out the column means. This moves the “cloud” so that it is around
the origin. Call this centered matrix X.

At this point in PCA, one must make a choice between using the covariance or the
correlation matrix. In the second case, one would further scale each column of the centered
matrix by the standard deviation of that column. This scaling is a good choice for those
whose variables are not comparable to each other, being measured on different scales, it puts
everyone on equal footing. However, in this case the variables, being s measured in the same
way on the same machine, etc. are comparable in scale to each other so we opt to use the
covariance matrix, that is:

The entries in the matrix X measure the covariance of the variables (s).
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Now, since X is a real symmetric matrix, it can always be diagonalized :

N=VDvT
where
A0 0 o0
0 X 0 ... 0
D10 0 A ... 0
0 0 0 Am

is a diagonal matrix consisting of the eigenvalues of X arranged so that
AI>A2>)A3>--->Am>0,and V is an mxm matrix whose ith column, vi, is an eigenvector
corresponding to Ai. (That means: Z-vi=Aivi.) It turns out that these eigenvectors v1,v2,...,vm
are exactly the principal basis vectors we are seeking, and satisfy the desired bullet points.

A.Interpretation

262

Each principal component points in turn at the direction of greatest remaining variation.
Moreover, the eigenvalues measure how much variation is accounted for by each principal
component.

Percent explained variance

The percentage of variance explained by the ith principal component is given by the for-
mula:

Ai

% explained variance = ————————
M+A++ A,

Interpretation of scores

How does dimension reduction work? Recall that each sample has a vector of its values
across the s. We can project this vector onto the space spanned by, say, the first two principal
components. This will give us a 2-dimensional understanding of how the samples differ. The
plot of these 2-dimensional projections is called the 2D Scores Plot.
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Interpretation of loadings

The dual question is how do the principal basis vectors correspond to the s? Take the first
two principal basis vectors:

—

01 = (U11,012, - ++, Vim)

[_é = ('L‘Ql.'l‘gg. ceey l‘?m)

The coordinates of these vectors are called the 10adings5 of the s on to the principal
components. Each v1j is a measure of how much the jth contributes to the first principal
component (while v2j measures how much it contributes to the second principal component).
Note these are unit length, so

1‘121 + L'?Q + -4 L‘?m =1.
plotting the points (v1j,v2j) for j=1,2,...,m gives the 2D loadings plot. Each point
corresponds to a . If a ’s point is close to (1,0) or (—1,0) on the loadings plot, it means that
this is “mostly responsible" for the first principal component hence it must explain a great
deal of the variation among the samples. If it is close to (0,1) or (0,-1) it means that this is
“mostly responsible"” for the second principal component.

Example

Suppose we have the s protl, prot2, prot3, and prot4 and samples S1,S2, S3, S4, and S5, and
that the following table shows the glogged intensities of the s in the samples:

protl prot2 prot3 prot4
Sy 6 7 10 3
Sy | 4 6 8 4
Sy D 5 0 5
Sy 3 4 4 6
S | 7 3 3 7

This table basically shows the matrix A. Note that prot3 behaves a lot like prot2, and that
prot4 also has a similar expression profile to prot2 except reversed.

This sort of observation, though tricky to see here, will become exceedingly clear after PCA
decomposition.

5. Actually ‘loading' is a loaded term in the literature; it sometimes means the coordinates

of a scaled version of the basis vector. This is more often done when using the correlation
matrix instead of the covariance matrix.
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Already the trend is a bit more clear after we compute the means of 5, 5, 6, and 5
respectively and subtract these from the columns to get the matrix X:

1 2 4 =2
-1 1 2 —1
X=|0 0 0 0
-2 -1 =2 1
2 =2 —4 2
The covariance matrix is:
0 -1 -2 1
il N
g L0 w - 0
41-2 0 40 -2
1 =10 =20 10

We can see that this matrix shows that s 2, 3, and 4 are highly correlated (large values off the
diagonal except in the first row/column), while 1 is not correlated with the others. We can
diagonalize - (we will skip the details of how), to figure out that the principal basis vectors in
this case are:

0.04 0.99
R T I X
U = _0.82 and ve = 0.04
0.41 —-0.02

/\1 = lBU

Ay =25

(The third and fourth eigenvalues are both 0.)

Let us interpret these results. The first principal basis vector shows the linear relationship
between s 2, 3, and 4. In particular, the component for the 3rd is twice that of the 2nd and
4th, and going in the same direction as the 2nd. The second principal basis vector shows that
all of the remaining variation is basically occurring with 1.

The percentage of variance explained by the first principal component is
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15.0 ~ 859
15.0+25+0+0

In this case, the second principal component explains the remaining 13:1% of the variation.

Interface in Scaffold Elements

Users will find the Principal Component Analysis tab in the Visualize View. The tab shows
four components.

Overview Chart

The Overview Chart allows an initial view into the first 3, 4, or 5 principal components. The squares
along the diagonal denote the principal components (PCs) and show the percent explained variance
for each. Off the diagonal, each square is a 2D scores plot whose axes are determined by the PC for
the corresponding row and column. For details on interpreting scores plots, see section 4.3 below.

The Overview Chart allows the user to select the axes for the scores and loadings chart. Simply
mouse-over the square corresponding to the desired axes and click to select those axes for the other
charts in the PCA view.

Scree Plot

The Scree Plot gives a graphical display of the percent explained variance by the first 5
principal components. The lower curve shows the percent explained by each individual
principal component, while the upper curve show the cumulative percent explained variance.

Scores Plot

The scores plot shows the scores: the projections of the original vectors onto the space
spanned by the selected principal components. The samples, taken from the Biological
Replicate Level, are denoted as dots which are colored according the attribute to which they
correspond in the Comparison Level.

The scores plot also shows the 95%-confidence ellipses for each attribute. (Actually the p%-
confidence ellipses where p can be specified by the user.) These ellipses show the region
where 95% of the data points will lie assuming their distributions are independent and
normally distributed in the dimensions being plotted. These ellipses can be used to see if
attributes separate well in the currently examined dimensions.
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Loadings Plot

The 2D Loadings Plot shows the loadings as described above. The plot is interactive. In
addition to allowing zooming, one can also use the plot to select the current (with a single
click), or select a and switch to the s View with a double click.

266 Scaffold Elements User’s Guide



Appendix O.Description of Mouse Right Click
Context Menu Commands

Collapse All - Collapses the samples tree table.

Copy > - Provides a number of option for copying data from a table

L]

Copy b Copy Image
Copy Selected Cell L‘\’
Copy Selected Row

Copy All Data

Copy Image - Copies the image of the current table.
Copy Selected Cell - Copies data contained in the selected cell of the current table.
Copy Selected Row - Copies data contained in the selected row of the current table.

Copy All Data - Copies data contained in the current table.

Edit Sample Name - Activates the sample name text box for editing purposes. Equivalent
to double clicking over the sample’s name.

Expand All - Expands the whole samples tree table

Export -Provides access to a couple of exports and three different ways to export an
image of the table.

L]

aj Export To Excel...
xj Export Attributes File...

Save PNG (bitmap) Image...
Save SVG (vector) Image...

Export 3 Save EMF (vector) Image...

Export To Excel - Generates a tab delimited text file of the currently selected table.
The file can be opened and viewed in Excel.

Export Attribute File - Generates a tab delimited text file of the meta-data attributes
assigned to each MS sample in the current experiment. The file can be opened and
viewed in Excel.

Save PNG (Bitmap) Image - Saves a PNG image of the selected table.
Save SVG (Vector) Image - Saves a PNG image of the selected table.
Save EMF (Vector) Image - Saves a EMF image of the selected table.

Find - Opens the Find dialog.

Print - Prints an image of the current table.
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