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Rationale

This is a guide for the collection of reference samples of trees to enable the
identification of species and/or geographical origin of woody material. It is an
update of the sampling section of the GTTN standards and guidelines (Ekué 2014)
and builds further on a discussion initiated during a workshop held in Hamburg at
the Thunen Institute for Wood Research in 2014. If you are looking for support on
how to collect test samples, see the UNODC guide (UNODC 2016).

To enable the implementation of the different laws regulating the trade in illegal
wood, reference databases for various timber tracking tools are urgently needed for
at least the most traded and endangered tree species. The Global Timber Tracking
Network (GTTN) is building a central database where not only the reference data can

be stored but which will also function as a sample locator. Having a common
sampling guide will facilitate meaningful exchange of samples.

In addition, to optimise the use of wood/wood product identification (taxonomic
identity or geographic origin) in support of law enforcement, the guide anticipates
upcoming developments to combine (Paredes Villanueva 2018) different timber
identification methods (Dormontt et a/. 2015, Lowe et a/. 2016) such as wood
anatomy (Koch and Schmitt 2015, Helmling et a/. 2018), DNA-based methods
(Jolivet and Degen 2012, Blanc-Jolivet et a/ 2018, Chaves et al. 2018), stable isotopes
(Paredes-Villanueva et al. in preparation, Vlam et a/. 2018), DART TOFMS (Lancaster
and Espinoza 2012, Espinoza et al. 2015, Deklerck et al. 2017, Paredes-Villanueva et al.
2018) and NIRS (Pastore et a/. 2011, Bergo et al. 2016, Snel et a/. 2018). This sampling
guide is written to make sharing of samples between researchers specialised in
different timber tracking methods possible, as samples should ideally come from the
same location in the tree, from the same individual and from well-identified trees
when combining methods.

This guide is intended for scientists, to provide all the information needed to get
the most out of sampling campaigns for timber identification purposes. This
information should allow setting up a sampling protocol adapted to the specific goal
of the research project, the conditions of the sampling area and the background of
the people who will do the sampling. Note that this guide is to collect reference
samples and hence relatively high amounts of samples from different individuals are
needed to take the variability of a species into account. Once reference data have
been developed for a tree species for one or more identification methods, however,
only one sample of an unidentified wooden object is often sufficient to determine its
identity.


https://globaltimbertrackingnetwork.org/products/document-library/guidelines-and-standards/
https://globaltimbertrackingnetwork.org/
https://globaltimbertrackingnetwork.org/
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Abbreviations

AAC
°C
Ca.
CITES

(7

DART TOFMS
DBH

DF10
DNA

e.g.

EUTR

GPS

GTTN

ID

Min.

NGO

NIRS

Pvc

RH
Sample ID
UNODC

Assiettes Annuelles de Coupe (Annual Cutting Area)
Degrees Celsius
Circa

Convention on International Trade in Endangered Species of wild
fauna and flora

Diameter

Direct Analysis in Real Time Time-of-Flight Mass Spectrometry
Diameter at Breast Height

Document specifying the timbers extracted from the forest
DeoxyriboNucleic Acid

for example

EUropean Timber Regulation

Global Positioning System

Global Timber Tracking Network

Identification

Minimum

Non-Governmental Organisation

Near InfraRed Spectroscopy

Polyvinyl chloride

Relative Humidity

Sample IDentity

United Nations Office on Drugs and Crime
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The ideal reference sample collection for timber identification

Local support & Code of conduct Budget Sampling design
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Check lists

Checklist preparatory work

Before all else:

1. Did I consider costs for permits, transport of the sampling team, transport of
samples back to the lab, payment of sampling team, accommodation and
subsistence, sampling material and equipment? » 1.1-1.2

2. Did I get permits to do research in the different sampling sites, to collect
samples and to export and import them? » 1.1-1.2

3. DidIexplore the available local knowledge and expertise and find local
partners to build a local sampling team? » 1.3

Specifying the aim of the mission:

4. Did I clarify the research question of the sampling campaign? » 1.4.1
5. Did I do a scientific literature review on the species and sites that will be
sampled to collect all basic information required? » 1.4.1

To decide beforehand:

6. Did I decide on how to select sites and trees within sites? » Table 1, 1.4.1

7. DidIdecide on the amount of material that will be sampled (based on budget
and essential quantities)? » Table 1, 2.3.1

8. Did I decide on the site and tree data that will be collected and how? » 2.2,
3.1, appendix 3

9. DidIdecide on how samples will be stored in the field, during transport and
when back at the l[ab? » 2.3.2-3,3.2-34

10. Did I decide on the material and equipment to be used? » Table 1, Appendix 2

11.Did I decide on a labelling code? » 1.4.2

12.Did I decide on all other practicalities for the field work? » 1.4.2
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Checklist fieldwork

Packing:
1. Do I have all required material and equipment for the amount of samples that
I want to sample? » Appendix 2
2. Dolknow how to label or is all material pre-labelled? » 1.4.2
Do I have what is needed to identify the tree species of interest in the field? »
2.1

At the field site:

4. Start recording the field trip in your notebook/on your template form » 2.2,
Appendix 3

Collect site information » 2.2

Collect herbarium material and leaf samples » 2.3.2

Collect wood samples » 2.3.3

© N o wu»

Collect and record all tree info » 2.2

At the field station/camping area:

1. Dry wood cores/samples and change humid silica for fresh one » 3.2

2. Assemble herbarium specimens if not done yet, change humid newspapers for
dry ones or add alcohol if drying the herbarium material later » 3.2

3. Check, complete and organise field notes where needed, digitise if already
possible » 3.1
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1. Preparatory work

1.1 Code of Conduct

The first principle that has to be considered is the sovereign rights of states over their
forest resources. Collection, transport, processing, management and storage of
material from forest trees have to be performed in accordance with the national and
local regulations (ask for information from e.g. your local partner(s), forester,
concession/land owner, park authorities). In addition, the sampling campaign should
be in line with the existing regional regulations such as the EUTR, the US Lacey Act
and the Australia Illegal Logging Prohibition Act (see e.g. here for more information)
and with international regulations such as CITES and the Nagoya protocol (an
explanatory guide can be found here). For information about the requirements

concerning CITES listed species you can contact national CITES authorities.

Accordingly, research permits for field collection, Material Transfer Agreements or
other appropriate documentation must be requested well in advance to ensure the
correct collection, transport and management of the forest tree material harvested
and stored as reference samples. In addition, the community/ies living in the area
of sampling need to be informed on the sampling campaign (as some might for
example be worried the bore holes will damage the trees).

1.2 Budget

Sampling costs are often underestimated. Before planning your sampling campaign
contact the GTTN network and the GTTN followers via the ResearchGate project page
to find out if you can team up with others interested in sampling in the region to
make the trip more cost-efficient. It is advisable to account for the following expenses
when budgeting:

» Any fees related to getting permission and support from both national and
local authorities for the planned sampling and for transportation of the
samples from the field to the lab.

* Transportation to the different sampling sites: costs will be related to
accessibility. Inform yourself on the means and duration of transportation
required to reach the different sampling sites and the related costs (vehicle,
driver, fuel costs).


https://forestlegality.org/laws-and-policies
https://www.cbd.int/abs/about/
https://www.iucn.org/content/explanatory-guide-nagoya-protocol-access-and-benefit-sharing
https://cites.org/eng/cms/index.php/component/cp
https://globaltimbertrackingnetwork.org/organisation/network/
https://www.researchgate.net/project/Global-Timber-Tracking-Network
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* Transportation and/or shipping of the samples to the laboratory, including
potentially required phytosanitary certificates.

= Payment for assistance by people knowing (i) the area and (ii) the tree
species during the entire journey to and in the forest. Consider sampling
efficiencies as low as 10 trees per day for tree species with low densities.

=  Accommodation and subsistence.
= Sampling material and equipment (see Appendix 2).

TIP: If you will need a car and you have the choice, pick one with a functioning
cigarette lighter (accessory power outlet). This will enable you to charge batteries (for
GPS, electric increment borer, laser meter, camera, computer) in the car when needed.

TIP: To be able to estimate the sampling work that can be done in one day if
samples are taken as described in $§2.3 Collecting samples, it is advisable to do field
tests with the sampling team. The duration of a sampling campaign will depend on
variables such as: species density, available equipment (e.g. mechanical or hand
borer), time needed to get to the canopy (to collect leaves), chosen intensity of
herbarium specimen collection, number of timber identification methods material is
collected for, experience of the field team.

1.3 Local support

1.3.1 Find a local partner institute

TIP: It is recommended to include local partners from the project design onwards to
make sure that the project interests both sides and the local partner does not just
serve as a collector.

Identification of local partners (universities, research institutes, NGOs, companies, ...)
which already have expertise and/or interest in timber identification techniques
and/or have some infrastructure, material and trained personnel.

The local partner will be able to advise on a local botanist/(para)taxonomist, an
experienced driver and a field guide, who know the area and its species as well as
its dangers. They are an indispensable part of the field team as guides in the forest to
find the targeted trees, facilitate interaction with local communities and to reduce the
risk of attacks from animals or hostile people (e.g. illegal loggers, miners).

Get advice from your local partner on how to get the required permit(s) to collect
and export samples and who should be contacted before arriving at the different
sites you want to sample (e.g. community leaders, officials, company personnel).
Check if some physical samples can be stored in a local herbarium (see Index


http://sweetgum.nybg.org/science/ih/
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Herbariorum) and/or xylarium (see Index Xylariorum) and taxonomically identified by
specialists (start with checking the GTTN network to find contacts).

Identify local students who are working or might work on the species of interest and
might be interested in co-authoring the research papers and/or to participate in the
expedition.

1.3.2 Set up a local sampling team

Create a base of trust both with the local community and within the sampling team
before starting the sampling campaign and make sure everyone knows the role and
responsibility of each other. In case the principal investigator cannot participate for
the full length of the sampling campaign, his/her presence at the start of the
sampling is necessary to train the people who will do the sampling and adapt the
sampling protocol if necessary.

= Use the local knowledge on species identity, variability, density and sites of
occurrence provided by botanists, ecologists, local guides and collaborators.

= At least one person should be scientifically trained and understand the
reasoning behind the sampling design and be responsible for oversight of the
sample collection accordingly, for note taking and for correct GPS reading.

= At least one person should be technically trained and responsible for sample
collection according to protocol and maintenance of equipment.

» Depending on the conditions additional expertise might be necessary: a
person that can use a gun, a driver used to the terrain that will be sampled, a
tree climber, a person trained in using a sling shot.

1.4 Sampling design

1.4.1 Scientific set-up

To be able to set-up the sampling design a scientific literature review and general
information search should be undertaken to collect as much information as possible
on the species and geographic locations of interest. The thoroughness of the review
on the geographic location(s) will depend on the goal of the sampling, species or
origin identification and the required resolution of the origin identification. Table 1
gives an overview of the reference material that needs to be collected to allow
species or origin identification using the different tracking methods.


http://sweetgum.nybg.org/science/ih/
https://globaltimbertrackingnetwork.org/products/iawa-index-xylariorum/
https://globaltimbertrackingnetwork.org/organisation/network/
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Information that should be collected (where applicable for the specific wood
identification goal of the sampling):

» To decide on where to go sampling (which countries and locations)
= samples already available (check GTTN's reference database)
» species distribution (focus on natural occurrence not on political borders)
* intraspecific species diversity (genetic variation, which might also influence

anatomical and chemical properties)

» species abundance (a minimum of 20 individual trees per species of interest
should be available for sampling in an area of 1 km?)

» spatial distribution of species in forest concession (forest inventory map)

» environmental variation (include as much as possible)

= chance of getting a permit to sample at the sites of interest

» accessibility and feasibility (infrastructure)

» safety (political situation, terrain)

= relevance for the timber trade (areas where legal and/or illegal harvesting is
currently happening, or where it is projected to happen)

= risk of endangering the species population’

= possibility to partner with a concession holder and to sample during or
shortly after logging (within one week at most and with trees still lying at
the felling site, to guarantee fresh wood and leaves and the leaves’ origin)

> To decide on when to go sampling, balancing the ease to identify species
(flowers or fruits available), the ease to do field work (dry season) and
minimising tree injury by coring (faster compartmentalisation of the wound in
the growing season’)
» species phenology (months of leaf flushing, flowering, fruiting)
» climatic conditions (see §1.4.2 practical set-up)

» To decide on what to sample
» taxonomically closely-related species or cryptic species
» trunk diameter found in trade and diameter at which the species starts
forming heartwood in the location of interest
> To anticipate potential identification issues
» potential association with rhizobia (can influence isotope profile)
» seed/tree source of species in the forest concession

" For heavily harvested species where this might be impossible, select sites with the highest
tree density available.

" E.g. Neo et al. (2017)

* Grissino-Mayer (2003), Tsen et al. (2016)


https://globaltimbertrackingnetwork.org/products/reference-database/

Table 1. Overview of the essential and ideal amount of reference material that needs to be collected for species or geographic origin determination of wood
via the currently available techniques.

Design questions

For all questions

general requirements

Wood anatomy

DNA

Multi-element stable isotopes

DART-TOFMS

NIRS

Sample all material (leaves, wood) from mature trees (DBH larger than 20 cm), at breast height or 30 cm above buttresses', where no stains or
damage from bacteria, fungi or insects are visible and from trees growing in as varied environments as possible (soil type, altitude, exposure,
fresh water access, ...). Assure an even distribution of the number of individuals among sampling sites, with a preference for more sampling sites
with fewer trees per location.

type of material

Sap- and/or
heartwood

Leaves, needles, buds and/or cambium

Sap- or heartwood or both

Heartwood"

amount of material per

Block of 1cm3ora
20 mm diameter
core or (ideal) 1 x

10 cm? of leaves/needles/buds or 3 cm
diameter punch of cambium layer or (but

Min. 8 growth years or ca. 10
cm of a 5 mm diameter core (5

A small core (3-5
slivers, 10-20
optimal, with a sliver

Blocks" of min. 2 cm?
in tangential or radial

botanical material

hammer, saw

sling shot, puncher and mallet

mpl . . . . ) . S . .
sampfe 7 x 11 cm wood less ideal) 1 cm? of sapwood g of wood in shavings) being of fingernail longitudinal direction
piece" size is enough)
replicates’ 1 per tree" 3 per tree 3 per tree 1 per tree 3 per tree
JUBTECIE e lE, Telescopic scissors or sharpened hook
preferred equipment chisel and P P ! Increment borer" (manual or mechanical)

For species identification

1 herbarium specimen (branch with leaves, fruits and/or flowers and optional a piece of bark) per tree

nr. of trees & sites
(essential)

5 trees or 5 trees
per site if
environment
changes

50 trees over the whole species range

not possible with this method

15 trees

20 trees

outgroup (ideal)

At least 5 trees should be collected from each species that could be confused with the species of interest (same genus).

nr. of trees & sites
(ideal)

20 trees over the
whole species
range (for
machine vision)

10 trees per sampling site with a total
min. of 50 if covering the whole species
range. More sampling sites are better
than more trees per site.

not possible with this method

20 trees

30 trees




Table 1. (continued)

Design questions

For origin tracking to are

botanical material

Wood anatomy DNA Multi-element stable isotopes DART-TOFMS

gion or country
Pictures of trunk, leaves, and if possible fruits and/or flowers per tree and 1 herbarium specimen per site
then a herbarium specimen should be taken.

VIII

. If one tree is difficult to identify,

NIRS

nr. of trees & sites
(essential)

50 trees™ in total for

5 trees per sampling site .
P pling 1 region/country

20 trees per sampling site

50 trees” in total for
1 region/country

nr. of trees & sites
(ideal)

botanical material

30 trees” (at least 200 m apart”) per
sampling site (at least 100 km apart) with
a total of 1000 trees and sites covering
the entire species range and all different
environmental conditions

not possible with
this method

Each time 10 trees per
sampling site and sampling
sites covering entire species

range

100 trees, sampling
sites covering entire
species range

For origin tracking to a concession

Pictures of trunk, leaves, and if possible fruits and/or flowers per tree and 1 herbarium specimen per site

100 trees, sampling
sites covering entire
species range

Xl

nr. of trees & sites
(essential)

Per focus concession 200 trees at least 50
m apart™ (5 x 40 trees in the annual

logging plot and 4 other well-distributed SRS [P @EMESEIem £l

nr. of trees & sites
(ideal)

For origin tracking to an i

botanical material

and distance to neighbour concessions

sample site

ndividual tree

1 herbarium specimen (branch with leaves, fruits and/or flowers) per tree*"

. ) from each neighbouring 50 trees™ 50 trees”™
. . areas) and from each neighbouring .
not possible with . concession 25 trees
. concession 50 trees (can be along a
this method
transect)
Sample size depends on concession size Depending on the climatic or

P P environmental variations in a 100 trees 100 trees

nr. of trees & sites

not possible with this
method

not possible with | all trees which should be felled according

this method not possible with this method

(essential)

to management plan

not possible with this
method




'Wood characteristics change from roots to canopy and it is hence advisable to standardise the height of sample collection. Also near buttresses (and any other imperfections)
wood characteristics are deviant.

" Heartwood in slivers, blocks, or sawdust is required for chemical analysis by DART TOFMS and NIRS. Heartwood has a higher content of extractives than sapwood which
allows easier discrimination between species. In addition, sapwood contains sugars that confuse the spectra for identification. Different species of trees have varying degrees
of depth at which heartwood forms so care should be taken to clearly identify and collect the heartwood.

™ Only possible from already felled trees.

¥ Also powder of 4 mm granulometry can be used to obtain a NIRS spectrum. Only on wood pieces, however, can the method be used in the field. Besides, during the milling
process special care should be taken to not affect the chemical components in the wood.

¥ Replicates might be needed to collect enough material and to account for intra-tree variation.

I For machine vision it is however useful to sample from different positions in the tree to include as much intra-tree and intra-specific variation as possible (but while sampling
only mature wood).

VI Advice and tips for using an increment borer can be found in Grissino-Mayer (2003) and examples of mechanical borers are described at http://www.smartborer.com

(Kagawa and Fujiwara, 2018) and in Krottenthaler et a/ (2015).

VI

Ideally, each reference sample should be connected to a herbarium specimen (preferably branch with leaves, flowers and/or fruits) deposited in a public herbarium.
However, this is not always possible (e.g. when sampling 1000 trees for provenance determination).

¥ Origin tracking with DART and NIRS is currently under development. The required number of trees might thus lower in future.
X Double the number of individuals if congeneric species may confound species identification.

' This condition is lifted when tree density is too low to otherwise reach the minimum sample size.

X1 . . . . . g .
Also in concessions misidentifications can happen.

I Even here herbarium specimens are essential because (1) many journals won't accept wood identification papers that don't reference herbarium specimens and (2) when

the material would ever be used in a court case, the absence of herbarium specimens would harm the case.


http://www.smartborer.com/
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A data analysis guide for wood identification - DART TOF Mass Spectrometry

4. DART TOF Mass
Spectrometry

Definition DART TOFMS reference data: the chemical fingerprint of a wood sliver
(and by extent species/provenance) based on the complete set of small chemical
molecules found within the sample.

Authors: Victor Deklerck, Edgard Espinoza, Cady Lancaster, Sandra Martinez-Jarquin,
Kathelyn Paredes-Villanueva, Robert Winkler

*Authors are in alphabetical order.
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4.1 RESOURCES REQUIRED

Access to reference material

The largest database currently available for DART TOFMS is the Forensic Spectra of
Trees Database® (ForeST Database®). This database is held and curated by the
National Fish and Wildlife Forensic Laboratory, NFWFL (Ashland, OR, USA). ForeST®
contains thousands of species from hundreds of genera. The focus of the database is
for species identification of CITES-listed species, lookalikes of the CITES-listed, and
commercially significant timber species, especially from tropical regions. A softwood
specific database is currently being refined and provides genus-level identification.

Reference applicability

For use of the ForeST Database®, NFWFL recommends that it be used in conjunction
with JEOL-line TOF MS. Due to the chemical complexity of wood products, academic
investigation of species separation and classification can use a variety of instrument
parameters. Use of the ForeST Database® requires tuning instruments to the
database. Contact NFWFL for more details on instrument validation.

NoTe: DART TOFMS is not the only mass spectrometer that can be used for timber
identification, it is however, the most developed one with the most developed
database and adjoined software.

Software

Table 5: Overview of the software used for wood identification via DART TOFMS.

R Can be used for any statistical computing task. Computer Free software
programming knowledge needed. Customization easily
implementable.

Mass Purpose-built software for DART TOFMS with all standard Commercial
Mountaineer | statistical packages included. More labour-intensive customization | software
possibilities for other research explorations. Recommended for
use in forensic science.

NIST Search | The National Institute of Standards and Technology (NIST) search | Commercial
Software software provides some of the most advanced search algorithms | software
for qualitative analysis. Spectra can be quickly compared.



https://www.r-project.org/
http://massmountaineer.com/
http://massmountaineer.com/
https://chemdata.nist.gov/dokuwiki/doku.php?id=chemdata:nist17#nist_search_software
https://chemdata.nist.gov/dokuwiki/doku.php?id=chemdata:nist17#nist_search_software

4.2 USING DART TOFMS FOR TAXON OR PROVENANCE
IDENTIFICATION

4.2.1 DEVELOPMENT OF DART TOFMS REFERENCE DATA

NoTe: DART TOFMS is not regularly used for provenance identification at the time of
this publication. However, although the variation in the results is subject of further
investigations, the protocol below can be used as a start for provenance identification
as well (Espinoza et al 2014, Finch et al. 2017, Paredes-Villanueva et a/. 2018).

4.2.1.1 SAMPLE SELECTION & PREPARATION

Collect samples of the species and/or geographic region (provenance) needed to be
characterised and include equivalent sample sizes per species/provenance. Use
only the heartwood (see GTTN sampling guide) and the non-contaminated parts of

the wood (see Appendix 4). However, it is still good practice to also collect reference
material of known or suspected contaminants (such as varnish, oil, coating).
Molecular ion peaks of known contaminants can be subtracted from the mass spectra
and contaminated wood samples can be salvaged in post-processing.

4.2.1.2 SPECTRA COLLECTION

Collect the spectra as per the instructions of the mass spectrometer instrument. The
mass spectrometers are calibrated with a reference solution of known masses (for
example polyethylene glycol solution). If the ForeST Database® is to be used, the
DART TOFMS should be calibrated to the database (see 84.1 > Reference
applicability).

For archiving and sharing the mass spectrum, it is important to declare the
provenance of the reference material. One easy solution is to label the individual
spectrum file names with explicit data that can describe the metadata easily. NFWFL
uses the following strategy: GenusSpecies_AnalysisLabAccession_SourceAccession.
For example:

File name: DalbergiaNigra_WD123456_MADw1234
Species: Dalbergia nigra
NFWEFL accession number: WD 123456

Original catalogue number: Forest Products Lab ID for Madison Wood
Collection (MADw) 1234.


https://www.researchgate.net/publication/331276549_General_sampling_guide_for_timber_tracking_How_to_collect_reference_samples_for_timber_identification

4.2.1.3 DATA PREPARATION

Before developing a statistical model there is a need to remove outliers from training
sets. Hawkins (1980) describes ‘an outlier’ as an observation that deviates so much
from other observations as to arouse suspicion that it was generated by a different
mechanism. Cross-check the spectra with spectra already in the database and
with spectra of known contaminants.

» Heatmaps allow for a simultaneous comparison of all the spectra data and are
ideal for identifying outliers (e.g. in R or Mass Mountaineer).

» Average spectra can be created (e.g. in R) for each species by combining all
available spectra for this species. From this super spectrum outliers can be
identified.

» Be cautious of contaminants. Use heatmaps of the known contaminants and
cross-reference to the wood sample data set to avoid selecting contaminate
molecular ion peaks in model training.

Before removing samples from the dataset, outliers should be further evaluated.
One way to evaluate spurious spectra is to determine if suspected outlier specimens
have a different and distinct chemotype from other spectra of the same species.
Another way is to check if the intensity is similar for all the m/zions. Samples from
the same species will show similar intensities of the molecules detected.

Possible reasons for outliers are:

» The reference database does not yet represent the chemical intra-variability of
the species or provenance®.

» Mislabelled or misidentified samples.
» The measurement was not done properly.

» The tissue type was different from the other specimens (e.g. sapwood vs.
heartwood)

= There is a contaminant present on the sample.

3% When is an outlier not an outlier? Whichever approach you take to determine this, it is key
to know your data and your research area well. For more info on data interpretation see
Appendix 6.



It is recommended that outlier samples be re-analysed by DART TOFMS to be able to
exclude the possibility of an erroneous measurement.

4.2.1.4 MODEL DEVELOPMENT

4]
M

]

Only use reference spectra which are in consensus.

Hold out reference spectra to check later for model overfitting and model
validation.

Build statistical models for species/provenance classification using (i) the same

number of spectra for each species/provenance included, and (ii) a suitable
kind of statistical analysis. What is suitable will depend on the
species/provenance (group) being investigated.

Discriminant Analysis (KDA) or Discriminant Analysis of Principal
Components (DAPC) with Mass Mountaineer are recommended for
forensic analysis because this software easily produces quantitative results
and provides probability estimates, which are used in court to describe
certainty of the analysis.

al. 2018, Deklerck et al. 2019) has the advantage that it can be used when
there are less than 4 classes.

discrimination between two groups.

The application of DART TOFMS to wood identification is a relatively new technique
(since 2012), and therefore model development options are not limited to the above
list since new mathematical tools are continuously being explored (such as dynamic

time warping and deep learning algorithms).



4.2.1.5 MODEL OPTIMISATION & VALIDATION

Before constructing the final model, it is proposed to screen the spectral data pre-
processing parameter settings for optimal classification accuracy. Depending on
the classification algorithm this can be done as follows:

» Reduce the number of variables (combinations of ions) by carefully selecting
components in a PCA.

» Select ions for model building using Fisher Ratio analysis or by careful visual
examination of heatmaps.

» Mass tolerance for binning and relative abundance cut-off threshold settings

(pre-processing parameters) and number of ions (classification parameter) can

be screened in an automated way, when using the random forest algorithm or
any algorithm that is data frame dependent and does not work with individual
text files for model-building, as described in Deklerck et al. (2019).

Test the model for overfitting and classification accuracy by removing reference
spectra (leave one out cross validation, LOOCV) and by analysing unused reference
spectra that were not used in the model development (sometimes called ‘hold-out
set' or 'validation set’). Model parameters are optimised to obtain (i) the highest
LOOCV possible, and (ii) accurate classification of the hold-out specimens.



4.2.2 ANALYSIS OF DART TOFMS DATA FOR TEST SAMPLES

NOTE: The purpose of this protocol is to provide a procedure to analyse and identify
specimens of wood by comparing them with a curated database of known species or
a specific set of reference samples. The intent of this method is not to identify all the
compounds found in the wood samples, but to infer from specific ions present that a
given wood sample did or did not originate from a known species. An experienced
analyst may occasionally need to vary the procedure to accommodate a particular
sample. The different data analysis steps:

* Wood anatomical analysis of the unknown sample to determine the genus.
» Collection of spectra as described in §4.2.1.2.

» Library search for preliminary classification. Determine if the unknown
spectra match a species held in the ForeST reference database. The top library
hits are then used to create the subsequent heatmaps and multivariate
statistical models. This step is implemented in Mass Mountaineer.

= Creation of a heatmap and evaluation of the unknown. Frequently the
library search will indicate that two or three species have spectra similar to the
unknown. These taxa should be used to create the heatmap and to determine
if the chemotypes for each species selected are similar to that of the unknown
spectra.

» Selection of the variables (ions) for the multivariate modelling. Use the full
set of curated reference spectra available for the species/provenance of
interest as the training set. For random forest variable selection is
automatically included in the set-up and can be optimized (see §4.2.1.5). This is
similar for other machine learning techniques or classification algorithms in R.

» Taxonomic assignment of the unknown once a model performs
satisfactorily. When using Mass Mountaineer, the software has a utility to
automatically classify the unknown spectra against the multivariate model and
the program provides a probable estimate of accuracy. For random forest, first
build the model according to §4.2.1.4, then use the full reference set as training
and the unknowns as test set.

» Final classification decision is obtained when (i) the library results, (ii) the
heatmap, and (iii) the multivariate analysis all agree with each other.

= Classification validation as described in §4.2.1.5.



4.2.3 STRENGTHS & LIMITATIONS

Strengths

Very small sample is needed (wood slivers).

Versatile sampling. As only a wood sliver is needed, samples can be easily
collected from a range of products (guitars, watches, logs, ...).

Analyses can be done at low cost. Once you have the mass spectrometer,
running costs are low and no other equipment, expensive chemicals or
software is required for wood identification.

Tailor-made software for data analyses (Mass Mountaineer, see Table 5)
comes together with the purchase of a JEOL DART TOFMS.

Analyses can be performed in few minutes, allowing for high-throughput
screening. Once models are built for certain (groups of) species/provenances
wood identification can be done within a short time.

A curated reference database (ForeST Database®) of about 2000 species,
representing 630 genera is currently available (Nov. 2019).

Limitations

Extreme physical or chemical processes in the wood (caused by eg.
temperature, micro-organisms) could alter the DART MS profile.

Possible interference of chemical contaminants such as glue and
packaging.

Wood panels and plywood might be difficult to identify due to the adhesives
used for the manufacturing. The mix of species used for their fabrication might
also be a limitation.

Some tree species present few signals in DART MS and therefore provide
insufficient data for evaluation.

Sap- and heart-wood can show different profiles. As the current database is
based on heartwood only (being the best identifier and the most used in
wooden objects), caution is therefore needed when an unknown sample might
contain sapwood.
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Library Search & General Classification Scheme Using Mass Mountaineer
*This document is intended as a general guide, refer to the Mass Mountaineer manual for complete steps™
If using Mass Mountaineer for the first time:

1. Download NIST17 and the libraries into your C: drive.
2. Cut and paste all of the libraries into the MSSEARCH folder within NIST17

This PC » Local Disk (&) » NIST1T
Name - Date modified Type
AMDIS32 6/8/2021 1:33 PM File folder
MSSEARCH 2/18/2022 12:16 PM File folder
5
v Local Disk (C:) » NIST17 » MSSEARCH
Name Date mcclifi/&\cI Type Size

AngioBRAZIL-2021 2/18/2022 1215 PM File folder
Angio_2022 2/18/2022 1215 PM File folder
Angio_2022_Indexed 218720221215 PM File folder
Dipt_2022 2/18/2022 12:15 PM File folder
Dipt_2022_Indexed 2/18/2022 1215 PM File folder
Faga_2022 2/18/2022 1215 PM File folder
Faga_2022_Indexed 218720221215 PM File folder
Frankincense_22 2/18/2022 1215 PM File folder
. Frankincense_22_Indexed 2/18/2022 1215 PM File folder
() Gymno-2022 2/18/2022 1215 PM File folder
Gymneo-2022_Indexed 2/18/2022 1215 PM File folder
MAINLIB 2/18/2022 1216 PM File folder
MIST-DARTMS-Forensics-2020-v1 2/18/2022 1216 PM File folder
nist_msms2_2017 2718/ 1216 PM File folder
nist_msms_2017 2 1216 PM File folder
nist_ri 2f 1216 PM File folder
Oils_MEG 2/ 12:16 PM File folder
Oils_POS 2/ 1216 PM File folder
Sapwood_2021 2/ 12:16 PM File folder

2z I1SOFORM 1/ 7 11:25 AM Configuration sett... 2KB

| XWMBA458.DLL 7/31/1997 3:31 PM Application exten... 391 KB

|2 XWMTE458.DLL 7/31/1997 3:31 PM Application exten... 71 KB

3. Open Mass Mountaineer and click the Composition tab (red circle), then click the NIST directory button
and select Specify NIST directory



3 -
gl Mass Mountaineer

i Spectrum Composition Isotopes A Series B MS Periodic Table Classify ESI Peptide MNucleotide Lipid
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NIST is not installed Abund
e und.
Isotope Match
OpenMS Target miz Charges ”

Threshold %
Single Targetmjz [] Checked Only

Correction to Mass for Searches

R

4. Locate the NIST17 folder and click OK

Browse For Folder

Browse for the folder that contains The MIST database, e.g. C:\M

~ [ This PC
- 30 Objects
B Desktop
|if'| Documents
; Downloads
J‘) Music
=/ Pictures
E Videos
w = Local Disk (C5)
~MI5ST14
~MISTDEMO
Intel
MetaForest
MSED5_6306_Doing-Data-Science-Master
MSSEARCH
v MIST17
AMDIS32
MSSEARCH
MVIDIA
oldmssearch
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Program Files

Program Files (x26)
Releaze

Uzers

5. Click the NIST Search tab at the top of Mass Mountaineer and check to see if the libraries are now
visible. If you do not see the libraries, restart Mass Mountaineer.
6. Select the Angio 2022 library by simply clicking on it.



Search Formula or Search Name
C3H60 | | Benzene |
Search Search a-zonly
Print To Word File Isctope Graph
mainlib A~

AngioBRAZIL-2021
Databases to search->

Press CTRLto select = 1. Angio_2022_Indexed
Dipt_2022 v

7. Now you are ready to perform a search against the library

Search a Single Spectrum File

1. Open Mass Mountaineer and click the Composition tab (red arrow), then click Options, then hover over
“Sort by” and select Reverse

B4 Mass Mountaineer /
i Spectrum | Isotopes i Series E. MS Periodic Table Classify ESI Peptide MNuclectide Lipid
File Vview Edit | Options | Print  Tools NIST directory  Help
Compositions Cons Report if no compositions found
Use abundant isotope fi lculati
) SAE L i Tt Selected to Isotope Calculator 5
NIST Entries for 1 Average mass tolerance 3 :
Estimate average mass tolerance from zoomed-in area F Add Selected to Search List 5
Mame Sort b}f 3 | Forward
EBE_DiospyrosRopourea_WD190397... 743 744 Reverse
EBE_DiospyrosEbenum_WD169076_L... 735 M
EBE_DiospyrosCrassifiora_WD173697... 730 732
EBE_DiospyrosAntongilensis_WD211... 727 731
EBE_DiospyrosCrassiflora_WD141216... 726 728
EBE_DiospyrosSp._WD130393_COM... 722 727
EBE_DiospyrosCrassifiora_WD141185... 719 19
EBE_DiospyrosCrassifloraCF_WD141... 7 717
EBE_DiospyrosCrassifloraCF_WD141... 714 716
EBE_DiospyrosSp._WD130405_COM... 713 715
EBE_DiospyrosCrassifiora_WD173682... 713 713
EBE_DiospyrosCrassiflora_WD173684... 711 n
EBE_DiospyrosCrassiflora_WD173684... 711 m ~
< >
Search Formula ar Search Name Databa:
C3HG0 | | Benzene | 100 o
Search Search a-zonly E T
=
: - £ 60
Print To Word File Isotope Graph z 4
S 40 42
mainlib n z Lol LI a7,
AngioBRAZIL-2021 20 1" 150,091 | 235 208 333,
Databases to search-> 0 3
Press CTRLto select » 1. |Angio_2022_Indexed 8.0 1856 389 ¢
Dipt_2022 v
NIST Databz




2. Click the Spectrum tab (red circle), then click the Mass Spectrum button (red arrow)

File

Profile  Edit Wiew  Options  Print to Word or RTE  Tools Search  Search multiple charges

View Spectra SearchList Mass DefectPlots Series and mjz differences Compare Spectra  Maich Spectra

Composition | Isotopes il Series . MS Periodic Table Classify ESI Peptide MNucleotide Lipid
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Found
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Clear o

[] Add to existing search
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[] Only show isotope matches

Clear
Clear Spectrum Mixed Dimer Search Search Modifications
Clear Comparison MS Results to DB Search Maodification List

3.

Locate the spectrum you want to analyze and click Open

r‘ Mass Mountaineer
B Open MSFile X
3
< v 4 < Proficiency Test 030122 » Proficiency Test Data Files ~ O S Search Proficiency Test Data ...
Organize » New folder =~ ™ @ [
I
A Name Date modified Type ~
7 Quick access -
= ltem-1b 2 3:22 PM Text Document
1) Desktop # D Itemn-1c 2 3:22 PM Text Document
4 Downloads * E item-2a 2022 323 PM Text Document
%[ Documents »* |= item-2b Text Document
| Pictures » D Itemn-2c Text Document
Dalbergia Reruns Q Itern-3a Text Document
ForeST 2022 g Item-3b Text Document
. u Item-3c )22 3:24 PM Text Document  w
JuglansNigra_AdventSci
v < >
File name: | ltem-2b v| TS5Pro3 centroided(*.kxt) ~




4. You will see the spectrum in the top window on the right side of the screen (red circle)

& Spectum Of Composiion [ Isotopes i Series [l MSPenodic Table Classify ESI  Peplide Nucleolide Lipid
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5. Click the Match Spectra tab

n Mass Mountaineer
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6. Click NIST Search

[ -
wll Mass Mountaineer

i Spectrum CH Composition | Isotopes Jil Series §o| MS Periodic Table Classify ESI Peptide

File  Profile Edit View Options Printto Word or RTB  Tools Search  Search multiple charges
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Jump to NIST Search Window

User MS Directory to Search [ Search Subdirectories
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425377563
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NIST Search earch MS textfiles
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7. Mass Mountaineer will show the species in ForeST that matched best with the spectrum (red circle)
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NIST Ente 7" Matching compounds opy Selec! ame Selected to Isotope Calculator Send MS to NIST Program Show Spectrum Match
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EBE_DiospyrosAntongilensis_WD211 727 by InChl Key
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EBE_DiospyrosSp._WD130393_COM... 722
EBE_DiospyrosCrassiflora_WD141185. 719
EBE_DiospyrosCrassifloraCF_WD141 77
EBE_DiospyrosCrassifloraCF_WD141 714
EBE_DiospyrosSp._WD130405_COM... 713 I':Aﬂ""“‘at A N 1O [ -1O07E3
onoisotopic 000 I+ FA)- -
EBE_DiospyrosCrassiflora_WD173682... 713 ID-9173 NIST-0
BE_DiospyrosCrassiflora_WD173684. m Other DBs:
*_DiospyrosCrassiflora_WD173684 bl v National Fish and Wildlife Forensic Lab
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8. In order to compare the matches, click Spectrum (red circle), and you will see all species/sample

matches.
|- - -
o 1. c - z £ c 5 :
I Spectrum Composition | Isotopes i Series & MS Periodic Table Classify ESI Peptide Mucleotide Lipid
File  Profile Edit View Options Printto Word or RTB  Tools Search  Search multiple charges  Batch processing  Help
View Spectra Search List Mass DefectPlots Series and mjz differences Compare Spectra Match Spectra
Ed Mass Mountaineer
: ; CH Composition | Isotopes Al Series §. MS Periodic Table Classify ESI Peptide Nucleofide Lipid
File Profile Edit View Options Printto Word or RTB  Tools Search  Search multiple charges  Batch processing  Help
View Spectra SearchList Mass DefectPlots Series and m/z differences  Compare Spectra Maich Spectra
WAWISC Cases\Erin\Proficiency Testd
Jump to NIST Search Window
UserMS Directory to Search [J Search Subdirectories
100—
Wi\ForeST_2022\Angio_PURGED-2022
®
Parameters z
&
Presearch  Threshold % Subtract Spectra é
= 50— 199.170
Min. Presearch Peaks l:l Boolean Subtract 2
|IDENTITYSEAHCH 3| Add Spectra 31.04%3 opay a1 287222
112112y
oLl ”HJJES B i
Find Spectra 90 256
Containing m/z:
SELECT LIBRARY ON COMPOSITIONS
i
or Formula EBE_DiospyrosRopourea_WD1
NIST Search Search MS textfiles
Display Negative Subtracted Peaks and hide comparison peaks
®
[ Normalize =
E
T
-4
File Name Fwd Rev. Probability % ~
[] EBE_DiospyrosRopourea_WD190397_ 743 744 776
[] EBE_DiospyrosEbenum_WD169076_L0... 735 741 579
O EBE_DiospyrosCrassiflora_WD173697_ 730 732 466
[] EBE_DiospyrosAntongilensis_WD21122. 727 731 412
[ EBE_DiospyrosCrassifiora_WD141216_.. 726 728 396 WAWISC Cases\Erin\Proficiency TestC
[ EBE_DiospyrosSp._WD130333_COMM 722 727 £
[] EBE_DiospyrosCrassiflora_WWD141185_ 719 719 296 4094§ 78
[] EBE_DiospyrosCrassifloraCF_WD14121. 717 717 273 111.118 199170 B
O EBE_DiospyrosCrassifloraCF_WD14121 4 716 21
[] EBE_DiospyrosSp._WD130405_COMM 3 75 231
[] EBE_DiospyrosCrassiflora_WD173682_. 713 713 23
O EBE_DiospyrosCrassiflora_WD131228_ m 72 213
[] EBE_DiospyrosCrassiflara_WD173684_ m m 213
[] EBE_DiospyrosCrassiflora_WD173684R. 71 1 213 4251378
O EBE_DiospyrosCrassiflora_WD141193_ 710 73 205 90 2%6 432
[] EBE_DiospyrosSp._WD190723_ST 061 709 710 197
[] EBE_DiospyrosBuxifolia_WD190183_L ... 708 713 1.89
[] EBE_DiospyrosSp._WD131117_COMM 707 m 182 v EBE_DiospyrosRopoursa_WD1
Progress Finished LOOCV.




Batch searching ForeST Libraries

1. Set search results to Reverse by navigating to the Composition tab, select Options, hover over “Sort by”
and click Reverse.

?‘ Mass Mountaineer

1 Spectrum [;J'LCOFHPOSItIUH_Isotopes Jii Series B MS Periodic Table Classify ESI  Peptide MNucleotic
File  View Edit | Options | Print  Tools MIST directory  Help
Compositions Cons Report if no compositions found

Use abundant isotope for calculations
: Selected to Isotope Cal

NIST Entries for 1 Average mass tolerance 3

Estimate average mass tolerance from zoomed-in area la LS S
MName Sort by 3 | Forward
MEL_KhayaSp._WD173810_Tw14629 _... 704 705 Reverse
MEL_Khayalvorensis_WD171214_Tw2... 699 700
MEL_KhayaSenegalensis_WD210566... 670 671

2. From the Composition tab, select Print, then hover over “Max. NIST spectral matches to print” and
input the desired number of results to be shown.

h Mass Mountaineer
liz Spectrum CH Composiion | Isotopes iii Series B MS Periodic Table Classify ESI  Peptide Nucleotide L

File  Wiew Edit Options | Print | Tools NIST directory  Help

. Compositions Constraints MIS Print Report to Word or RTB
Open Existing Word File
NIST Entries for  Matching ¢ Include # NIST entries

| Max. NIST spectral matches to print » | Farch -

Selected to Isotope Calculat

MName Max. synonyms to print v [T Synonyms
MEL_KhayaSp._WD173810_T Print ALL compositions with entries in database
MEL_Khayalvarensis_WD171214_TwZ... 699 700
MEL_KhayaSenegalensis_WD210566... 670 671
MEL_CarapaMolaccana_WD175283_K.. 664 664
MEL_KhayaSp._WD173803_Tw14621_... 654 655

L e I ¥ S lmmemiem VIV TADTA EAN £EAN




3. From the Spectrum tab, click Batch processing, and hover over “Search for matching spectra” to click
“Search NIST — Format DB”
a. NOTE: Be sure that Compound search is not selected, the drop-down list should look as
shown below.

& Mass Mountsineer
IQSF’ECTWT": CH Composition | Isotopes il Series ' MS Periodic Table Classify ESI Peptide Nucleotide Lipid

File Profile Edit View Options Printto Word or RTB  Tools Search  Search multiple charges | Batch processing | Help

View Spectra SearchList Mass DefectPlots Series and m/z differences Compare Spectra Match Spect Just Print Centroided Mass Spectra
Bl Compound search
) WiV Raw SpectralWISCUNFID 7-6-22MEL_Khayalvore
Jump to NIST Search Window Compoesitions only

Compoesition and isotope match

User MS Directory to Search [ Search Subdirectories Search for matching spectra y T R T “
W\ForeST_2022\Gymnosperms_RAW-2022 Print Mass Defect Graph to Word
Parameters Export to NIST MSP
Presearch  Threshold % Subltract Spectra Export KMD analysis to Excel
Min. Presearch Peaks l:l Boolean Subtract Threshold before processing
Add Spect Centroid before processing
IDENTITY SEARCH A | pectra
v Save centroided text files
Purge Compound List masses from spectrum
Find Spectra Save 3 column text files
SELECT LIBRARY ON COMPOSITIONS SETETE I Truncate mass range only "
i _
587.285767 L| T
or Formula MEL_KhayaSp._WD173810_

Batch process all files in directory
NIST Search Search MS textfiles
Batch process selected files

Limit m/z range for batch report
Display Negative Subtracted Peaks and hide comparison peaks

Lower m/z limit 3
[ Nermalize Upper m/z limit v
Interval 3
Batch Search and Match
Summary_only
File Name Fwd Rev. Probability % ~ Combine Integer Mass Spectra
[Cleann T by g9 oo == [l o)

4. Click Batch processing again, and select “Batch process selected files”

Peptide Nucleotide Lipid

charges | Batch processing | Help

ch Spectl Just Print Centroided Mass Spectra

Compound search
w
Compositions only

Composition and isotope match

Search for matching spectra 3
Print Mass Defect Graph to Word

Export to NIST MSP

Export KMD analysis to Excel

Threshold before processing

Centroid before processing

Save centroided text files

Purge Compound List masses from spectrum
Save 3 column text files

Truncate mass range only
— GC: RT to RI —

Batch process all files in directory

Batch process selected files

Limit m/z range for batch report

Lower m/z limit »
Upper m/z limit 3
Interval >

Batch Search and Match

Summary_only

P Combine Integer Mass Spectra 3

T R R i i

5. Select the spectra to be searched and click Open, after a few moments a Word document will appear and
begin populating with the search results.



General scheme for classification

1. After determining which species should be included in a model, navigate to the Classify tab, and then
click Set Up.

1t Spectrum CH Composition __ Isotopes i Series E MS Periodic Table Classify )

Options Edit Tools Print Help
Setup (ompute Statistics Combine spectra HeatMap

2. Now it is time to create a heat map using spectra from the species that matched the unknown/evidence
item.
1. Click Add Class for as many species as needed and type in each species name.
2. Click Add file(s) and select approximately 20 spectra per species, click Ok
3. Highlight all spectra for a single species (click the topmost spectrum, hold down Shift, and click
the bottommost spectrum) and click the corresponding species in the box at the top.
4. Click Set Class for Selected Files:

3
Classes Training Set P e e ~ | | SetRT for Selected Files
- Dalbergia purpurascens v
4 || setClass for SelectedFiles:
Class Name o ‘ )
. oy Add file(s) ‘ Delete All Delete selected file Selected->Unclassified
Dalbergia neoperrieri
Dal§ergla purpurascens 2 Check all
Dalbergia hildebrandtii ———
Index Class Class# RT.(s) File Name ()
M 126 Dalbergia purpur... 1 0 FAB_DalbergiaPurpurascens_WD210919...

M 127 Dalbergia purpur... FAB_DalbergiaPurpurascens_WD210921...

Dn“ FAB DalberglaNeopernen WD170976_Z-...

Dalbergia humbertii

= > W] 129 | Dalbergiancope.. | 0 | 0 |FAB DalbergiaNeoperrieri WD210949_Z-.]
W] 130 | Dalbergiancope.. | 0 | 0 |FAB DalbergiaNeoperrieri WD210950_Z-.,
1 Add Class W] 131 | Dalbergiancope.. | 0 | 0 |FAB DalbergiaNeoperrieri WD210951_Z-.]
W] 132 | Dalbergianeope.. | 0 | 0 |FAB DalbergiaNeoperrieri WD210953 -]
W] 133 | Dalbergianeope.. | 0 | 0 |FAB DalbergiaNeoperrieri WD211191_Z-.]
] W] 134 | Dalbergianeope.. | 0 | 0 |FAB DalbergiaNeoperier-AFF_WD21117..
W] 135 | Dalbergiancope.. | 0 | 0 |FAB DalbergiaNeoperrieri-AFF_WD21118..

Delete Class W] 136 | Dalbergiancope.. | 0 | 0 |FAB DalbergiaNeoperrieri-AFF_WD21118..
: W] 137 | Dalbergiancope.. | 0 | 0 |FAB DalbergiaNeoperrieri-AFF_WD21118..
Delete Al W] 138 | Dalbergiancope.. | 0 | 0 |FAB DalbergiaNeoperrier-AFF_WD21119..

3. Construct a heatmap of the species matches from the reverse search and the unknown/evidence item by
clicking the Heat Map tab.

Setup Compute Statistics Combine spectra( HeatMap )

[
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4. Then click the Heat Map button.

Setup Compute Statistics Combine spectra HeatMap

HeatMap Color Fisher Ratios
EISHEMER Heat Map Backgd. Color Hedrw ER
Heat Map Highlight Color
Masses->Features Halt
Save Heat Map to Excel
N li
[J Averaged Only [ Tab-delimited - Bemeiee
[ Threshold saved data [] Swap axes

[[] Save Absolute Intensities

5. Visual analysis of the heat map can allow the user to discard those species that are not good matches.
We see in the heat map above that D. greveana, D. humbertii, and D. madagascariensis can be removed
from further analysis.

1. Note: More than one heat map may be required, especially if there are more species matches than

can easily be seen in a single heat map.

Heat Map
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6. Remove species that do not match the unknown/evidence item by navigating to the Set Up tab.
1. Highlight the species you want to remove under Classes and click Delete Class.
2. Select the accompanying spectra files from the Training Set and click Delete Selected File.

Setup Compute Statistics Combine spectra HeatMap

Training Set Dalbergia neoperrieri A | | SetRT for Selected Files
Classes : Dalbergia purpurascens v
Set Class for Selected Files:
~
?Iass Name Add file(s) Delete All Delete selected file Selected->Unclassified
2 Check all
Dalbeigis humberka Index Class Class# RT.(s) File Name (o)
Dalbergia greveana
| AR.QA ¥
< > 4
Add Class 4 . = ..
[J47 Dalbergia humb... 5 0 FAB_DalbergiaHumbertii_WD170927_Z-S...
[J48 Dalbergia humb... 5 0 FAB_DalbergiaHumbertii_WD210894_Z-A ..
Class Color [J4g Dalbergia humb... 5 0 FAB_DalbergiaHumbertii_WD211030_Z-K...
[J50 Dalbergia humb... 5 0 FAB_DalbergiaHumbertii_WD211031_Z-K...
1 Delete Class 51 Dalbergia humb... 5 0 FAB_DalbergiaHumbertii_WD211032_Z-K...
[J52 Dalbergia humb... 5 0 FAB_DalbergiaHumbertii_WD211033_Z-K...
Delete All [153 Dalbergia humb... 5 0 FAB_DalbergiaHumbertii_WD211038_Z-K...
[O54 Dalbergia humb... 5 0 FAB_DalbergiaHumbertii_WD211039_Z-K...

7. Once you are satisfied with your training set, remove the unknown/evidence item spectra and classes,
then rebuild the heat map by navigating to the Heat Map tab and pressing the Heat Map button (Steps 3
& 4)

8. Press the Masses -> Features button, this may take a few minutes depending on the size of the training
set, you can monitor the progress in the bottom left corner of the screen.

Setup Compute Statistics Combine spectra HeatMap

HeatMap Color Fisher Ratios
HeatMap Heat Map Backgd. Color RedrawFR
Heat Map Highlight Color = g -
Masses->Features e Halt Progress [ Creating and organizing a list of masses from all spectra.

Save Heat Map to Excel

[ Averaged Only [ Tab-delimited
[ Threshold saved data [] Swap axes
[] Save Absolute Intensities

[ Map Checked Features Only
[ Specify m/z limits [ 50 ] to [ 1000 ]

[J Normalize

Highlightm/z | [ 00

Info [ m/z variability
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9. Navigate back to the Set Up tab and you will see that there is now a list of ions in the box at the bottom
of the screen.
1. Click Purge Duplicates ~5 times (this deletes any identical entries).
2. Click Build Vectors from Data Files (this applies ANOVA to the ions to find statistically
relevant values).
3. Click Delete Unchecked m/z (this removes those ions that were not statistically relevant).
i. NOTE: If you wish to delete all ions click Clear All

Open MS from " T B
Training Set élelected m/z's P Fold Veg;ors Mass tolerance (mmu):
283.10001 -
' from Data
OpenMSFile | [[J 25510310 - Files 2
] 209.12640 - ' ' [J Normalize
Threshold % I:I 269.09479 . | Clear All
(] 271.12790 - Delete
0 27113971 - Bl 3
Add-> [] 285.09750 . m/z All Classes
[]269.10199 - Sienrel Volcano Plot
Add all-> [J 253.08279 - Purge '
[] 269.06790 i Duplicates | 1  Composition
Number of [J 259.08301 : | " |
features: 0 [J 285.11221 - v <-Add-- Mass
< > | ‘

Mark Checked Pts in Volcano Plot | Graph Checked Pts

10. Navigate to the Compute tab and click Calculate.

li? Spectrum CH Composition | Isotopes iii Series B

File View Edit Tools Print Help
Setup] Compute [Statistics Combine spectra HeatMap

Classification Controls

Ri
Method
O Covariance

@® Correlation
Std. dev. for KPCA, KDA: | 100.0
Clz
Number of PCs: [J] Use MHD

Index Principal Components ~ Proportion

NN NN =2 N"AANNG@

Set85% Variance covered 00%




11. A good way to first explore the model is to create a PCA (Principal Component Analysis) model. The
default number of PCs (Principal Components) is 3. There are two ways to adjust this number to cover

~85-90% of the variance:
1. Click the Set 85% button

@® Correlation
Std. dev. for KPCA. KDA: | 100.0

Numberof PCs: |3~ [ Use MHD

Method

O Covariance

Calculate

Cl

Index Principal Components Proportion

Variance covered 00%

Graph

14

2. Or, click the Graph button and hover the cursor over the blue diamonds. The values will show up
automatically, in the case below we can see that we need 35 PCs to cover 89.5% of the variation.
Then close the graph and adjust the Number of PCs value.

0z 15.54801630533

Set85% Variance

Calculate Method 3D PCA Graph I
a5l XY Chart
Edit
Std. dev. for KPCA, KDA: [ |
1
Number of PCs: |3 20
— = 100
Index Principal Comp ® pamanfunasnssens
Mo 134 6224381563 § e
M1 46.58054697751 E
M2 4233020572221 > 60 —
O3 3208725906713 g 2 =
04 24.3714554119( E
Os 1798853923522 © o
Os 16.79537630307
0

-20 0 20 40
NumberofPC's

@) Points only O Points and line [] Show Labels

60

Close

) Ty ATH .~

NOTE: PCA is NOT a classification tool, by itself useful for data exploration.
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12. Click Calculate once more to see the trends in your data. In order to make a classification model, click
the box next to DAPC (Discriminant Analysis of Principal Components) and click Calculate once more.
If there are differences between the species classes, the result of DAPC should show some grouping
trends.

PCA

L13%)

DAPC o I;At;c

7%)

13. To find the accuracy of your model, click the Validate (LOOCV) button. LOOCV (Leave One Out
Cross Validation) takes each sample out of the model and calculates probability that it belongs to a
specific class. An LOOCYV value of 100% indicates that all samples were assigned to their correct class,
while an LOOCYV value below 85% indicates that the model may be unreliable. This generally happens
with spectra from closely related species or if a misidentified sample/s is in the training set, sometimes
this can be remedied by cleaning up the training set samples through heat map analysis.

Validate (LOOCV) Hat | [] Enlarge Graph

Leave out one cross validation: 91.03 e
Missed classifications (indices):
8 12 20 21 35 55 &1

Ok

!

A1 91— ]

NOTE: There are other classification algorithms that are available in Mass Mountaineer, read about
them before using so that you know their purpose and usage.
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14. Navigate back to the Set Up tab, find the Unclassified Spectra table on the right side of the screen and
click Add File(s). Locate your unknown/evidence spectra and click Open.

15. Return to the Compute tab and click Calculate.

Unclassified Spectra

Delete Make Test
Add file(s) Delete All R T Set

Filename Class R.T.(s) Filepath

LAB-9a-1.ixt Uncla... -1 WAWISC Cases\20z
LAB-9a-2 td Uncla... -1 WAWISC Cases\20z
LAB-9a-3.bd Uncla... -1 WAWISC Cases\20z
LAB-9b-1.bdt Uncla... -1 WAWISC Cases\20z
LAB-9b-2 bt Uncla... -1 WAWISC Cases\20z
LAB-9b-3.txt Uncla... -1 WAWISC Cases\20z

i. NOTE: If you click Validate (LOOCYV) after adding spectra to the Unclassified
Spectra table they will be deleted and you will have to add them again.
16. The unclassified spectra will be assigned to the species class that is the best match.

File

LAB-9a-1.ixt
LAE-9a-2.td
LAB-9a-3.ixt
LAB-9b-1.bxt
LAB-9b-2 ixt
LAB-9b-3.bdt

Distance
15991328
10.21192
14 397785
12.008464
23966088
22 709813

Class Prob. %
0 94 90
8519
92 96
89.03
99.29
98.99

[ T e T Y e Y

Class name
Dalbergia neoperrier
Dalbergia neoperrier
Dalbergia neopermiern
Dalbergia neoperrieri
Dalbergia neopermiern
Dalbergia neoperrier

17. If you wish to keep the results of the classification, right click on the table and select Save Unknown
Assignments to Excel.
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Validate (LOOCV) Hat | [ Enlarge Graph

File Distance Class Prob. % Class name

LAB-9a-1.txt 15.991328 0 94.90 Dalbergia neoperrieri
LAB-9a-2 t«t 10.21192 0 85.19 Dalbergia neoperrieri
LAB-9a-3 bt 14397785 0 9296 Dalbergia neopemeri
LAB-9b-1.txt 12.008464 0 89.03 Dalbergia neopermeri
LAB-9b-2 txt 23966088 0 99.29 Dalbergia neoperrieri
LAB-9b-3 txt 22709813 0 98.99 Dalbergia neoperrieri

|| Save Unknown Assignments to Excel "

18. The model parameters can be printed to Word by clicking the Print button and selecting Print to Word.
Steps 17 & 18 should always be done when analyzing evidence.

E Mass Mountaineer

lip Spectrum CH Composition __ Isotopes i Series B MS Periodic T
File View Edit Tools | Print | Help

Setup Compute Statistics | Print to Word

Print Feature Info to Word

Classification Controls
Right-click on Gra

Calculate Method 3D PCA Gra




Protocol for Analysis using DART-TOFMS

*This document is intended as a general guide, refer to the JEOL manual for complete steps*

1. For positive mode operations, dilute the Poly(ethylene glycol) (PEG) calibration standard with a small
amount of methanol. If operating in negative mode do not dilute the Fomblin calibration standard.

2. Turn on the helium.

3. Locate the Isolation Valve on the top of the Mass Spectrometer. IF LIGHT ON VALVE IS
ILLUMINATED DO NOT PROCEED.

4. Open the Isolation Valve by gently pressing down and to the right, then pull up and turn the valve to the
left. There is a small bar that is visible on the valve, look at this to ensure proper placement while
opening and closing the valve.



5. Navigate to the DART controller screen by clicking the Internet Explorer icon, the window should be
open already. If it is not, enter the following IP address: 192.168.10.111/

i(m\gcnsc' DA RT Q?P
X Y.

X Rail Mot Connected.

DART Controls

6. Click Standby => turn heater on to desired temperature (350°C or 450°C are typical)

7. While the DART is heating, open msAxel. Make sure that the method matches the method on the DART
screen (both should be on DART + or DART -). Click the drop-down arrow and switch from Evacuation
Ready to Waiting.

File  Load Method  Save Method As Tools  Help

M5

DART+ ¥ |Evacuation Ready |E|

Monitor/Sequence ~ Monitor

F DataProcessing i i. ®|]¢ @I]@ +:+

File  Load Method  Save Method Az Tools  Help

M5

DART+ v  Waiting E|

Monitor/Sequence | — Monitor

FA DataProcessing i i $”¢ ‘@‘I]@ *:-1'
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Once the DART has reached the selected temperature, click Run on the DART screen and Operate from
the drop-down arrow on msAxel.

(i 192.168.10.111

ion
\S\cnsc

Linear Rail Controls

W

3=

DART <P

/8

X Rail Mot Connected.

Standby

@ Connection

Heater Temperature: 448°C

@ Interlock @ High Voltage

File  Load Method

Meonitor/Sequence

E*] DataProcessing

Save Method As Tools  Help

DART+ Operate E|
r Menitor

3|1 ol 6 -

Allow the instrument to warm up, intensity and resolution values will fluctuate greatly for the first

minute or two, use this time to fill out the calibration sheet. Fill in the highlighted section. The outlined
section will be filled out AFTER collecting the new calibration.

DART TOFMS Daily QA/QC Log

**01l must filter must be drag

Date

Initials

Temp

Detector
Voltage

Ion

(~109.10)

Resolution

Intensity

(371.22811)

(375.10799)

File Name
/Comments
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NOTE: Ensure that the instrument is operating correctly by checking the values you see against

previous values listed on the calibration sheet, if a discrepancy is noted (e.g., intensity has been
previously written as 9000-12000 and is currently fluctuating around 5000 or less) inform
personnel. Mass spectra generated while the DART-TOFMS is not operating correctly will need
to be re-collected and could damage the instrument.
10. A new calibration file should be made each day before collecting spectra. From the msAxel screen click
the Calibration button:

——

Operate EI Q Calihra@PEGWOﬂ)«é{){)S.dzB [} Process Method [DemoProcessMethod 31423 |

Resolution 6321

m 83.08 |

ety 33290 |

The following screen will appear. Make sure that the m/z Reference file is the same as shown in the
picture. Update the Acquisition Data name to the day’s date. When ready, click Run and the normal
collection window will appear.

NOTE: The collection time is short, be ready to collect your PEG spectrum!

Calibration Analysis e
Acquisition Data PEG1000+600+5.5.23 P,
Acquisition Data Folder Calib —_———

: Description :
| m/zReference ‘DART_PEG*—H_tn_mz_‘iODO ‘

| Accumulation Range [min] \ 0.20\ . | o.zs\ -

7] Run Cancel

T

e M acquisition 0.34/0.35 =
noc

............

nnnnnn

b Ldiadal, o DH B sidacd l |

-

ﬁ PE— mom aa@-u 7] ® B~ @ e g
Hold the capillary tube in the sample gap for the entire duration of the run time, this will help the user to

collect the full PEG spectrum.
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At the end of the collection time, the following screen will automatically appear. Check the 1-R value to
be sure it is of sufficient quality without releasing points.

m/z Calibration

File  Calibrate

Calibration Curve

a -6.2016217e-002
b 5.8898409e-001
c 1.0296204e-006
d -1.1159866e-008
e 0.0000000e+000
f 0.0000000e-+000

Polynomial Order |3 ~
1-R 6.336e-012
1-R* 7.524e-012

Calibration File
PEG 1000+600 5.4.23 |

Description

Apply to Instrument

Intensity

Intensity [%4]

my'z Difference [Da)

myz Difference [Da]

2.50

0.00

100

50

0.0050

0.0025

0.0000

0.0025

0.0000

X

Spectrum: 2021_July/Calib/PEG1000+600+5.5.23 (43834099)

o | .Al}tll

L e e .y s s By B s e I B B B B S B S By B B
100 200 300 400 500 600 700 200 200 1000

mfiz
my/z Reference: DART_PEG+H_to_mz_1000

100 200 300 400 500 600 700 300 900 1000

m/z
Ref. Calib (Linear) - Result
] *
i S
] X %o % X
b LI | T T T LI | T T T T T T T T T T T T T T T T | T T T | T T T T T T T T T T T T
100 200 300 400 500 600 700 500 200 1000
m/z
Residuals Mazx. Residual: 0.0029756 RMS Residuals: 0.0009180 Peak Matching: 20/21
4 —e—a— \\’\‘\‘\/
N L | T T L | T T T T T T T T T T T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 500 200 1000

m'z

NOTE: It may take multiple runs to get 10" or, ideally, 10" values. If the 1-R value is 107!,
we encourage you to find where the file you made was stored, delete it, and collect a new PEG

calibration spectrum.

e The location of the calibration files will be similar to the following:

> ThisPC > DATA(D:) » msAxel@LP Data » 2021 July » Data » Calib »

[ Name Date modified Type
PEG1000+600+5.12.23 5/12/2023 2:20 PM File folder
PEG1000+600+5.8.23 5/8/2023 10:02 AM File folder
PEG1000+600+5.5.23 File folder
PEG1000+600+5.4.23 File folder
PEG1000+600+5.2.23 5/2/2023 2:33 PM File folder
PEG1000+600+4.20.23 4/20/2023 2:51 PM File folder




11

If the 1-R value is acceptable, make sure that the Calibration File name in the bottom left corner is
correct, and click Apply to Instrument.

Calibration File
PEG 1000+ 600 5.5.23

Descripticn

Apply to Instrument

Record the 1-R value in the QA/QC Log and you are now ready to collect mass spectra from wood.

. We encourage DART TOFMS users to collect a single spectrum from a known timber standard and

record a single ion from that standard once per day while operating the DART TOFMS system. WISC &
NFWFL use the Caviunin ion from Dalbergia nigra, but the standard can be any one of the standards
supplied to users who have completed the training in Ashland, OR. Their ions can be found in the Excel
spreadsheet “DART-MS Validation”, e.g.:

a. 381.2066 m/z from Milicia sp.

b. 205.1915 m/z from Entandrophragma sp.
Once the reference standard ion is recorded in the QA/QC Log, no more standards need to be collected
and samples can be collected as usual.

The following steps have this process added into the flow for clarification, remember that making a new
calibration and collecting a single ion from a wood reference standard needs to be done only ONCE per
day.



12. On the msAxel screen, choose Single Single Analysis %
Run on the bottom right of the MS screen.

Press the ... button to change the destination Acquisition Data [Metasequoia 1 |
folder and type a unique file name that Acquisition Data Folder |Erin |-
correlates to the set of samples to be analyzed. Description

Create a new
destination folder by inputting a file name that

is not in use. ~ Method
M5 [DART+ Feb 2021 b

Process Method |PEG_Drif‘t

Analog Signal  [] CH1 []cH2 L
r Data Type
Profile ] Centroid

Single Run
b 9 [] Drift Compensaticn

[ Export
[] Delete the Original Data (Advanced)

Run Cancel

13. Press Run and then Go to begin the run.

L1 MEFLRLL

Start Run

| Please start a run with the Go butten,

Stop

14. PEG must be run as the first, middle, and last sample. Collecting multiple PEG spectra during a single
run is beneficial because it provides multiple spectral options for drift correction and PEG can be used
as a marker to assist in identifying sample spectra from a Total lon Current Chromatogram (see page 7:
Data Reduction). E.g.:

i. PEG
ii. Positive Control (Dalbergia nigra or other species)
iii. PEG
1. Sample 1
2. Sample 2
3. Sample 3
4. Sample 4
5. Sample 5
iv. PEG
6. Sample 6
7. Sample 7
8. Sample 8
9. Sample 9

10. Sample 10
v. PEG



*NOTE: A positive control sample should be run with the first batch of samples in a day AND at the
beginning of every batch of evidence samples.

15. Allow time between each sample, there should be sufficient time between chromatograms such that a
background can be subtracted from the target chromatogram.

16. Select a sliver and hold it such that the heated helium can flow over the sample. The sample should not
be blocking the analytical orifice. Monitor the intensity of the resulting chromatogram, low intensity
peaks can be indicative of a poorly placed sample or that there is a blockage in Orifice 1.

NOTE: If the intensities of a set of samples is persistent and unusually low it is likely that
the orifice needs cleaning; contact personnel before taking any steps to solve this
problem.

17. Once the selected set of samples is run, press STOP at the upper left of the screen. This will stop the
analysis and return the user to the Monitor/Sequence screen. To continue to run additional sample sets,
click the MS button and repeat steps 12-17. If you are finished with running samples continue on to step
16.

File  Edit Method Tools Help

Status
b 0 W Stop
Monitor/Sequence | [ Current Analysis
. Acquisition Acquisition Method
[H DataProcessing Data Folder Data
(3 Erin May 19_Meta... |Single An:

18. To shut down the DART-TOFMS, click the MS button on msAxel. Click the Internet Explorer icon and
turn the DART to Off. Then the drop-down arrow and select Waiting or Evacuation Ready (see step 7
above).

oSese DART VP

Linear Rail Controls

X f

X Rail Not Connected. i

19. Turn off the helium and close the Isolation Valve!



Data Reduction

1. Open msAxel and click DataProcessing
2. Select the folder containing your spectra

3. Right click on the file name and select Open TICC

2020-January - mshxel Data Processing LP
File View Tools Help

,?I?‘ 2 r Chromatograms —————
V514 A[ECEI#$ | v |
Mar 5_15 TICC / May 17_Honey
Mar 5_16 aa?
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1.30

1.20

1.10

0.23
Mar 8_1 1.00

May 10_1

[Acquisition Data] Calibration Viewer...

| oo |
nal

=
! : ]
. Ln

o

[ 2621 July - metael Data Processing LP - & x
Spectrs -
Mac: 2 - | Subtrack [ON| OFF | Adjust¥ | Acjust¥ All =] £ 3 Mac 1 v | Subtract: ON [OFF | Acjust¥ | adjustvan [BL]% =8 g Fie
TICE / 2023-08 f DART= / (130623573 Sbtact WG 8.0370-5.2873, WS- 8 28T9-0.35481 / 2023-06 1 DART=7 7 sz Lot
RER Description
23 503.30667
. 033066
10
400
43028048
100 - 2.0
514 350
0
.30 54733308
030
. EF
884 g3
300
050 1030 41525420
060 s
0 580 3
0 50
1085
180 .
219 Swe
210 >
= H lson3sm13 - Process
r 200
O Chromatogam
s © Spectnin
50 175 (®) D Compensation
© Bements! Compesition
150 Acquisition Data
w08
40
Source
125 Subtract [MS: BU379-8.287%, MS: 8.2875-83546]
63538512
Mutiple
30+ 100 720149
miz 4532305
o075 ] Accumulaton ntenva see] | 290
020 28317543 Time Range Ful
. 78,4100
rend 23814982
10 E‘-.gg i3 ] Fis — } ”
L. \ . J.rA. " ul .“ wini J] J.I Jl Lol h i
T T T T T T T T T T T T T T
s 5 E] 10 n 12 200 300 400 500 600 700 800 s00 v Execute

H P Type here to search

4. In the Chromatograms window on the left, find a calibration standard sample and press both Ctrl
and the left mouse button, drag the cursor across the second calibration standard peak. Release
the mouse and Ctrl. Press both Shift and the left mouse button and drag the cursor over an



the right.

10
equally sized portion of the background. The collected spectrum will appear in the window to

TIP: Label your calibration and/or sample spectra by right clicking on a peak and selecting Add

Description.

2020-January - msAxel Data Processing LP

File View Tools Help

'y

S

2

12y 10_1

12y 17_Honey Locust
12y 19_Metasequoia-1
ississippi Bow

‘373337773577 7555555FFFF55555555555¢F55

rc
Eo=+ Max: 1 - | Subtract OFF | AdjustY | Adjust ¥ All
TICC 7 May 19 7 DART= /7 / (130866565
o
150
1404
033
130
120
1104
139
0.7
100
090
-z
g 0.50
= 102
150
70
070 1.49
0.60 o
vy 1.08
040
0204
Copy Ctrt+C
0.20 ] Range Settings...
Magrification Settinge.
010 ] Calculate S/N...
Edit Peaks.
[ Add Description.
T T
Closea Chart Del 15 20
Close All Cherts il

5. Once the calibration spectrum is in view, navigate to the bottom right of the screen and click
Drift Compensation, then select Multiple. Use one of the PEG ions to correct the drift in the

TICC (Table shown at end of document) and click Execute.
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- =] X
- Spectra - Process Method
= ik Max: 1 - | Subtract: ON [OFF || Adjust¥ | Adjust¥ AN [25]*5 5 %5 File
Subtract [MS: 8.0379-8.2879, MS: 8.2879-8.3546] /2023-08 / DART+ / / (416230) | ~ -0 - LAy
X0 42 Description
57 50330667
a3 Chrom Spec  Drift  Elemental Comp.
] - Single
] 459.28046) ng
] Error Window [mDa) + 10.00
B! Peak Selection Max. Intensity ~
Peak Min. Intensity [%] 0.0
3.50
. r Multiple
547.33306 [ ReferencePeak —————
3.25 Intensity Threshold [counts] 500
] Tolerance Window [mDa] F 15.00
3.00 - L
1 415.25420
275
250
= 225 e
§ 501.35013 - Process
= 2.00 -
(O Chromatogram
] 371.22777| O Spectrum
1.75 (®) Drift Compensation
O Elemental Composition
cznd Acquisition Data
E 2023-08
1 Source
1.25 o Subtract [MS: 8.0379-8.2879, MS: 8.2879-8.3545]
635.38512
Multiple v
1.00 o 327.20149| -
1 77N m/z 459.28054 v
075 Accumulation Interval [sec] 200 ~|
] 283.17543 Time Range Full ~
] 579.41002
0.50 239.14982
0.25 L [ [
0.00 L'g | ul l.l l Jl Jl Jl Ll J.l l.l i N | L
—L BN S B e B B B e B e B e B B e e
200 300 400 500 600 700 800 900 v B
m/z

6. A new screen will appear, check that you see clusters of dots at the time where each PEG

11

spectrum was collected. If the PEG dots do not appear, try changing the m/z value shown in the

image above to another ion found in PEG.
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Drift Compensation Multiple
File  Calibrate
Acquisition Data: 2021_luly/Erin/2023-09

m/z Reference: 503.30675

0.0050

— Telerance Window™

0.0025

Residual [Da]

-0.0025

Description

e

-0.0050 -

0 1

Apply to Current Data

Time [min]

*Tolerance Window is limited with 5 mDa or 10 ppm of m/z Reference.

If the PEG clusters are satisfactory (i.e., there is a cluster of dots at each time that a PEG
spectrum was collected), click Apply to Current Data. This process will correct for drift across
the entire TICC. Record the actual value of the PEG ion 371.22881 as well as the ion of choice
from your wood reference sample in the QA/QC sheet. You are now ready to collect sample

mass spectra.

TICC 7 May 19_Metasequoia1/ DART= 7 7

[130866963)

10

1.50 o

1.40 o

1.30 o

1.20 o

1.10 o

1.00

0.90

0.80 o

Intensity

0.70 o

0.60

0.50

0.40 o

0.30 o

0.20 o

0.10 o

139

05

1.0

Time [min]

5. Pressing both Ctrl and the left mouse button, drag the cursor across the first sample peak.
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2020-January - msAxel Data Processing LP
File View Tools Help

c | s 2 ~ Chromatograms [ Spe
e g__ s Max 1 ~ Subtract: | ON | OFF | Adjust | Adjust¥ Al E

Mar 5_14
Mar 5 15 TICC/ May 19_Metasequoia-1 / DART+ / / (130866965)

Mar 5_16 Pl i Next Shift + drag to select a background range.
Mar 5_17 ]
Mar 5_18 1.50 4
Mar 5_19 q
Mar 5_20
Mar 5_21

>

1.40 4

Mar 5_4 ] 0.33
Mar 5_3 1.30

- 1.20

May 10_1 1.10
May 17_Honey Locust ]
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Mississippi Bow ]

MNov_1 THHg i
MNov_10
MNov_11 1
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Nov_17 b 1.02
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Meov_19 0.70 ] 140
MNov_ 2
MNowv_20 q
MNowv_21 0.60 ]
MNowv_22 B

1.39

0.80 4

Intensity

Intensity

r Properties

A |l Save As.. » B3+ D.SD—:

~ General

1.08

MName TICC 0.40 -
Created 2021-05-19T10:57:51 b

Description

Peak Edited No 0.30
Process Method 1

0.20

0.10 -]

— T T T T
0.5 1.0 15 2.0 v
Time [min]

Release the mouse and Ctrl. Press both Shift and the left mouse button and drag the cursor over the
background space. The sample spectrum will appear in the right Spectra screen.

11. In the Spectra window, right click on empty space in the right window to select the spectrum
window, then click File=>Export—>Plain Text (to Centroid). Be sure that the destination is correct, then
save the spectrum under a unique file name.
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B 2020 January - s Dota Pocessing LP

[Fie | View Tools Help

Open f r G .
seve s A=l Moz |+ Subtct [ON] OFF | AdustY | Adust vl [T  [GFF] gty | acutvan (O] %2 % Fie ame
Eipor v Plan Tt }19_Metsequoi1 / DART-= 153320029 B Toact M5 18142 3T1L T6678)/ May 19 etsiequoe1 7 DART= 7 7 (545348 | :ii_:p:m
Page Setup Plain T fto Centroid) s29 4T R PEG Drift
Prnt . ATMS Fik..

- Pesk Datect
Paak Width [s]
Min Noise

%]
Acisvon Dt
e e—
150
nee =
%]
00 ]
o l L ail)
d -
J
: .
5 250 500 50 1000] Execut

NOTES: If the mouse is dragged or clicked without holding Ctrl or Shift the screen will zoom in on a
chromatogram; simply double click on the left window to return to the larger view.

After collecting ~50 spectra, the Spectra screen will not allow additional spectra to be opened. Right
click in the right window and select “Close All Charts”. Do this regularly or after each sample set.

Multiple windows can be used by clicking the drop-down arrows at the top of both the left and right
screens. If you use this feature, be absolutely certain of which sample spectrum you are collecting,
misnamed species spectra can lead to 1) rerunning the sample or 2) unnecessarily removing a spectrum
due to lack of consensus.

14



Protocol for the Creation of File Names

1. To begin, access either the WD or Ww database in Excel.

2. Copy the lines from Excel of the target samples you want to create file names for by highlighting the
lines and then pressing Ctrl key + c.
A

e [

3. Transfer the copied target sample information into a new Excel sheet by pressing the Ctrl key and the V
key.
L v JX | SUNTESF-BbbU
A B C D E F G H | J K L M N
1 Binomial_Nemenclature Ww_Num Collection_Num Other_Nums Subspecie Sample_Locatit Previous_ Previous_ Collector Source_Ty Wild_Cult Specimen Heartwoo Notes
2 Abies balsamea Ww220367  SUNYESF-3083 Tower 1 Drawer 1 SUNY-ESF Research Block
3 Abies balsamea Ww220368 SUNYESF-8252 Tower 1 Drawer 1 SUNY-ESF Research Block
4 Abies balsamea Ww220369 SUNYESF-8653 Tower 1 Drawer 1 SUNY-ESF Research Block
5 |Abies balsamea Ww220370  [SUNYESF-8660 I Tower 1 Drawer 1 SUNY-ESF Research Block
6 Abies grandis Ww210062  Gleaves_10_483 Private  William G Private Block
7 Abies grandis Ww220371  SUNYESF-8105 Tower 1 Drawer 1 SUNY-ESF Research Block
8 Abies grandis Ww220372 SUNYESF-8124 Tower 1 Drawer 1 SUNY-ESF Research Block
9 Abies grandis Ww220373  SUNYESF-3366 Tower 1 Drawer 1 SUNY-ESF Research Block
10 Abies procera Ww220374  SUNVYESF-8237 Tower 1 Drawer 1 SUNY-ESF Research Block
11 Abies sp. Ww210033  TimberEngCo_34 Timber Engineering Research Block

Sheet View Warkbook Views Show Zoom
~ Jx  Binomial_Nomenclature
A B i D E F G H | J K L M
Binomial_Momenclature Ww_Num Collection Other_Nu Subspecie Sample_L Previous_ Previous_ Collector Source_TyWild_Cult Specimen Heartwoo
Abies balsamea Ww22036 SUNYESF-8083 Tower 1Drawerl  SUNY-ESF Research Block
Abies balsamea Whw22036! SUMYESF-8252 Tower 1Drawer1l  SUNY-ESF Research Block
Abies balsamea Ww22036! SUNYESF-8653 Tower 1Drawerl SUNY-ESF Research Block
Abies balsamea Ww22037 SUNYESF-8660 Tower1Drawerl SUNY-ESF Research Block
Abies grandis Whw21006: Gleaves_10 483 Private  William G Private Block
Abies grandis Whw22037 SUNYESF-8105 Tower 1Drawer1  SUNY-ESF Research Block
Abies grandis Ww22037. SUNYESF-8124 Tower 1Drawerl  SUNY-ESF Research Block
Abies grandis Whw22037: SUNYESF-8366 Tower 1Drawer1  SUNY-ESF Research Block
Abies procera Whw22037: SUNYESF-8237 Tower 1Drawer1  SUNY-ESF Research Block
Abies sp. Ww21003: TimberEngCo 34 Timber Engineering Research Block
Acacia auriculiformis Ww20047: 100560 Royal Botanical Gard Research Block
Acacia mangium Ww20001 PZAN256Y SOLOMOM1119 Tower 1Drawer1l  Waorld Forest ID Research Sliver
Acacia mangium Ww2000L AOPS164Y SOLOMOMN1119 Tower 1Drawer1  World Forest ID Research Sliver
Acacia mangium Ww20002( BHGN301\ SIK108 Tower 1Drawer1  World Forest ID Research Sliver
Acacia mangium Ww22037 AAGZS98 Sliver Cabinet 1 Drav World Forest ID Research Sliver

12 [ (ctry -
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4. Keep only the columns that are labeled: Binomial Nomenclature, Ww_Num OR WD Num,
Collection_Num, Country**, and Family.

**When the country is USA, the state will be used in the file name instead. To do this, shift the
states to the left to replace the country “USA”. Finally, the State column can be deleted.

D E F

Country State Family

Usa, New York |Pinaceae

usa Minnesot|Pinaceae

USA Wisconsir|Pinaceae

UsA Maine Pinaceae

Pinaceae

Usa, Washingt|Pinaceae

usa Idaho Pinaceae

Canada Vancouve ceae

usa Washingtc Finaceae

Pinaceae
A B C D E F

Binomial_Momenclature Ww_Num Collection_MNum Country Family
Abies balsamea Wiw220367 SUNYESF-8089 Mew York Pinaceae
Abies balsamea Wiw220368 SUNYESF-8252 Minnesota Pinaceae
Abies balsamea Wiw220369 SUNYESF-8653 Wisconsin Pinaceae
|Abies balsamea Ww220370 SUNYESF-8660 Maine Pinaceae
Abies grandis Ww210062 Gleaves 10 483 Pinaceae
Abies grandis Ww220371 SUNYESF-8105 Washington Pinaceae
Abies grandis Wiw220372 SUNYESF-8124 Idaho Pinaceae
Abies grandis Wiw220373 SUNYESF-8366 Canada Pinaceae
Abies procera Ww220374 SUNYESF-8237 Washington Pinaceae
Abies sp. Wiw210033 TimberEngCo_34 Pinaceae

5. Change the Family column to the abbreviated version of the family name in all capitals. For example:
a. Pinaceae — PIN
b. Fabaceae — FAB
i. NOTE: Many families have the same first 3-4 letters, be sure to check what
abbreviations have already been used before proceeding.

This is done by highlighting the Family column, then hitting the Ctrl key and F key. This will bring up
the Find and Replace box.



E F G H ] K L M
Family

Pinaceae Find and Replace ! x
Pinaceae

Pinaceae Find Replace
Pinaceae ]
: Find what: | e
Pinaceae
Pinaceae
Pinaceae Options = >
Pinaceae

Pinaceae Find All Eind Mext Close

Pinaceae

Click the Replace tab and type the family name in “Find what:” and the abbreviation in “Replace with:”,
then click “Replace All”

E F G H I J K L M

Family
Pinaceae Find and Replace ? s
Pinaceae
Pinaceae Find Replace
Pinaceae ] -

: Find what: Finaceae L
Pinaceae

) Replace with: | PIMN w
Pinaceae
Pinaceae Options > »
Pinaceae
Pinaceae Replace Al Replace Find Al Find Next Close
Pinaceae i i i i i i

D E F
Country Family

Mew York PIN
Minnesota PIM
Wisconsin PIN

Maine PIN

PIN
Washington PIN
Idaho PIN
Canada PIN
Washington PIN

PIM

6. Use the same process of “Find” and “Replace” to remove any periods from the names. E.g., “Abies sp.”
should be “Abies sp”



7. Change the Binomial Nomenclature column to have the genus and species both capitalized: using the
adjacent cell in column F, type =PROPER( then click an empty adjacent column, close the

parentheses, and press enter.)

A B C D E F G
Binomial Nomenclature Wiw_MNum Collection_Num Country Family
[AbiES balsamea _|WW22EI'36? SUNYESF-B0E9 Mew York PiM |=PROPER{»’-‘«2}
Abies balsamea Ww220368 SUMYESF-8252 Minnesota PIM T
Abies balsamea Wiw220369 SUNYESF-8653 Wisconsin PIM
Abies balsamea Ww220370 SUNYESF-8660 Maine PIMN
Abies grandis Wiw210062 Gleaves_10_483 PIM
Abies grandis Ww220371 SUNYESF-8105 Washington PIN
Abies grandis Wiw220372 SUNYESF-8124 Idaho PIM
Abies grandis Ww220373 SUNYESF-8366 Canada PIMN
Abies procera Ww220374 SUNYESF-8237 Washington PIMN
A B C D E ; G
1 |Binomial_Momenclature Ww_Num Collection_Num Country Family
2 |Abies balsamea Ww220367 SUMYESF-8089 Mew York PIM Abies Balsamea
3 |Abies balsamea Ww220368 SUMYESF-8252 Minnesota PIM i
1 |Abies balsamea Ww220369 SUMYESF-8653 Wisconsin PIM

8. Click and drag the bottom right corner of the highlighted new cell to auto-populate the function for all of
the Binomial_Nomenclature column.

F G

F 3
Abies Bals{famea
-—l Abies Bal:lamea
Abies EEllf.EImEE > Abies Bal:lamea

Abies Balslamea
Abies Grapdis
Abies Grapdis
Abies Grapdis
Abies Grapdis
Abies Profera
Abies Sp.

=0

9. Click Ctrl + ¢ to copy the highlighted cells and then paste them as values over the original
Binomial Nomenclature names. By pasting as values, the function is not copied over, just the names of
the species.



_ahbn > b« T =

— — 8 1= - RRS ’ . 2
Binomial Momenclat _ ‘ i _MNum Country Family
Abies balsamea hwninanasz  <iNvESF-2089 NewvYork  PIN iAbies Balfamea
Abies balsamea Search the menus JNYESF-8252 Minnesota FIM E.ﬁbies Bal:iamea
Abies balsamea JNYESF-8653 Wisconsin PIN |Abies Baldamea
Abies balsamea d Cut JNYESF-8660 Maine PIN |Abies Baldamea
Abies grandis (& copy eaves_10_483 FIM iAbies Grahdis
Abies grandis JNYESF-8105 Washington  PIN EAbies Gra:ndis
Abies grandis JMYESF-8124 Idaho PIN :.ﬂabies Gralhdis
Abies grandis JNYESF-8366 Canada PIN |Abies Grahdis
Abies procera JMYESF-8237 Washington PIN labies Prokera
Abies sp. mberEngCo_34 PIM L&ijle_s_si:u._:

}D Srnart Lookup

A
Binomial Momenclature

Abies Balsamea
Abies Balsamea
Abies Balsamea
Abies Balsamea
Abies Grandis
Abies Grandis
Abies Grandis
Abies Grandis
Abies Procera
Abies 5p.

The new column used to create the GenusSpecies names can now be deleted.
. Following the same procedures as step 5, highlight the new, capitalized names in

Binomial_Nomenclature, then press the space bar once to find a space, * ”, and replace with nothing.
This will eliminate the space between the species names.

A B iC (B E F
Binomial Nomenclature Ww M rollactinn Mom Conntre Familu
Abies Balsamea W Find and Replace 4 X
Abies Balsamea W :
Abies Balsamea wy T nd Replace Press the spacebar once
Abies Balsamea Wl Find what: @ e
Abies Grandis W Replace with: -
Abies Grandis W
Abies Grandis W Type nothing here Options > =
Abies Grandis W
Abies Procera Wil Replace All Replace Find All Close
Alimc T VAR TS 2 TirmmbharChnaa 24 T TRIRI T




11.

A
Binomial_Nomenclature
AbiesBalsamea
AbiesBalsamea
AbiesBalsamea
AbiesBalsamea
AbiesGrandis
AbiesGrandis
AbiesGrandis
AbiesGrandis
AbiesProcera
AbiesSp.

All the cells are now ready for use as a file name.

In an unused column, type =CONCATENATE( and then follow this format:

=CONCATENATE(Family,” ”,Binomial_Nomenclature,” ”,Ww_Num,” ”,Collection_Num,” ”,Country)

D2 ~ i ¥ o/ fxr =CONCATENATE(E2," ",A2," ".B2," ",C2," ".D2)
A B C D E F G H J
1 |Binomial_Nomenclature Ww_Num Collection_Num Country Family
2 [AbiesBaIsamea |Ww220267  |SUNYESF-2089 INewYork  |PIN |=CONCATENATE(E2," ",A2," ",B2," ",C2," ",D3)
3 AbiesBalsamea Ww220368 SUMYESF-8252 Minnesota PIN
1 AbiesBalsamea Ww220369 SUMYESF-8653 Wisconsin PIN
5 AbiesBalsamea Ww220370 SUMYESF-8660 Maine PIN
5 |AbiesGrandis Ww210062 Gleaves_10 433 PIN
7 |AbiesGrandis Ww220371 SUNYESF-8105 Washington PIN
3 |AbiesGrandis Ww220372 SUMYESF-8124 Idaho PIN
3 | AbiesGrandis Ww220373 SUMYESF-8366 Canada PIN
0 |AbiesProcera Ww220374 SUMYESF-8237 Washington PIN

The result will look like:

PIN_AbiesBalsamea Ww220367 SUNYESF-8089 New York

Click and drag the bottom right corner of this new cell the same as in step 7 to copy this function to
create all the file names.



12.

13. If there are any file names that did not have a country listed in the database, there will be an extra

PIN_AbiesBalsamea_Ww220367 _SUNYESF-8083 MNew York
PIN_AbiesBalsamea_Ww220368_SUNYESF-8252_Minnesota
PIM_AbiesBalsamea_ Ww220369 _SUNYESF-8653_Wisconsin

PIN_AbiesBalsamea_Ww220370_SUNYESF-8660_Maine
PIMN_AbiesGrandis_Ww210062_Gleaves 10 483

PIN_AbiesiGrandis_Ww220371_SUNYESF-8105_Washington
PIM_AbiesiGrandis_Ww220372_SUNYESF-8124 Idaho

PIN_AbiesiGrandis_Ww220373_SUNYESF-8366_Canada

PIMN_AbiesProcera_Ww220374 SUNYESF-8237 Washington
PIN_AbiesSp._Ww210033_TimberEngCo_34_

=

Use Shift to highlight these new file names, press Ctrl + C to copy them, and Paste as Values (same as

step 8) to replace the first column on the sheet.

A
Binomial_Nomenclature

B
‘Ww_Num

PIN_AbiesBalsamea_Ww220367_SU
PIN_AbiesBalsamea_Ww220368_SU
PIN_AbiesBalsamea Ww220369 SU
PIN_AbiesBalsamea_Ww220370_SU
PIN_AbiesGrandis_Ww210062_Glea
PIN_AbiesGrandis_Ww220371_SUN|
PIN_AbiesGrandis_Ww220372_SUN
PIN_AbiesGrandis Ww220373_SUN
PIN_AbiesProcera Ww220374 SUN

Wiw220367
Wiw220368
Wiw220369
Wiw220370
Ww210062
Ww220371
Wiw220372
Wiw220373
Wiw220374

PIN_AbiesSp._Ww210033_Timberer

Wiw210033

C
Collection_Num
SUNYESF-8089
SUNYESF-8252
SUNYESF-8653
SUNYESF-8660
Gleaves_10_483
SUNYESF-8105
SUNYESF-8124
SUNYESF-8366
SUNYESF-8237
TimberEngCo_34

D
Country
New York
Minnesota
Wisconsin
Maine

Washington
Idahao
Canada
Washington

Family
PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN

F G H J K L M N 0
PIN_PIN_hbiesBalsamea_Ww220367_SUNYESF-8089_New York_Ww220367_SUNYESF-8089_New York
PIN_PIN_AbiesBalsamea_Ww220368_SUNYESF-8252_Minnesota_Ww220368_SUNYESF-8252_Minnesota
PIN_PIN_fbiesBalsamea_Ww220369_SUNYESF-8553_Wisconsin_Ww220369_SUNYESF-8553_Wisconsin
PIN_PIN_]biesBalsamea_Ww220370_SUNYESF-8660_Maine_Ww220370_SUNYESF-3660_Maine
PIN_PIN_pbiesGrandis_Ww210062_Gleaves_10_483_ Ww210062_Gleaves_10_483_
PIN_PIN_ibiesGrandis_Ww220371_SUNYESF-8105_Washington_\Ww220371_SUNYESF-8105_Washington
PIN_PIN_.E\biesGrandis_Ww2203?2_SUNYESF-8124_Idah0_Ww 220372_SUNYESF-8124_Idaho
PIN_PIN_MbiesGrandis Ww220373 SUNYESF-8366_Canada \Ww220373 SUNYESF-8366_Canada
PIN_PIN_AbiesProcera_Ww220374_SUNYESF-8237 Washington_Ww220374_SUNYESF-5237_Washington

All other data can be deleted except for the newly created file names.

9

at

the end of the file name created. These can be deleted to leave the last piece of the file name as the

Collection_Num.



File Names
PIN_AbiesBalsamea_ Ww220367 SUMYESF-8083 MNew York
PIN_AbiesBalsamea Ww220368 SUNYESF-8252_ Minnesota
PIN_AbiesBalsamea Ww220369 SUNYESF-8653 Wisconsin
PIN_AbiesBalsamea Ww220370 SUMYESF-8660 Maine
PIN_AbiesGrandis_Ww210062 Gleaves 10 48
PIN_AbiesGrandis_Ww220371 SUNYESF-8105 Washington
PIN_AbiesiGrandis Ww220372 SUNYESF-8124 Idaho
PIN_AbiesGrandis_Ww220373 SUNYESF-8366_Canada
PIN_AbiesProcera_Ww220374 SUNYESF-8237 Washington
PIN_AbiesSp. Ww210033_TimberEn gCG_B@

The final file names should look like this:

1 File Names

2 |PIN_AbiesBalsamea Ww220367 SUNYESF-8089_Mew York
3 |PIN_AbiesBalsamea_Ww220368_SUNYESF-8252_Minnesota
4 |PIN_AbiesBalsamea Ww2203659 SUNYESF-8653_Wisconsin
5 |PIN_AbiesBalsamea Ww220370 SUNYESF-8660_ Maine

& PIN_AbiesGrandis_ Ww210062 Gleaves 10 483

7 |PIN_AbiesGrandis Ww220371 SUMNYESF-8105 Washington
8 PIN_AbiesGrandis Ww220372_SUMYESF-8124 Idaho

5 PIN_AbiesGrandis_Ww220373 SUMYESF-8366 Canada

10 |PIN_AbiesProcera_Ww220374 SUNYESF-8237 Washington
11 |PIN_AbiesSp. Ww210033_TimberEngCo_34



Creating NIST Libraries

*Have your spectra folder ready for indexing in a single folder*
1. Open Mass Mountaineer and Select the Spectrum tab
h Mass Mountaineer
iz Spectrum CH Composition __ Isotopes i Series B
File Options Edit Tools Print Help
Setup Compute Statistics Combine spectra HeatMap

a. NOTE: The default threshold for this process is 0.5, if this requires adjusting the threshold can
be changed by navigating to the Edit button in the Spectrum tab.

i-‘ Mass Mountaineer
I Spectrum CH Composition | Isotopes i Series E MS Periodic Table Classify ESI P
File  Profile | Edit | View Options Print to Word or RTB  Tools Search  Search multiple chi

View Spectra Copy ' Hmfz diffierences Compare Spectra Match
Threshold for batch processing  » | 0.5
Mass Spe Attenuate selected peak by 3

Comparison MS

2. Set the path to the folder of spectra that will be used to create your NIST searchable library.

h Mass Mountaineer
li Spectrum CH Composition __ Isotopes il Series § MS Periodic Table Cla:

File | Profile Edit View Options Printto Word or RTB  Tools  Search  Se:

Open * Ind m/z differences Compare!
| Set default directory for mass spectra i

Set default directory for compound lists Swap specira

Get MS from Clipboard Ctrl+G

Get last MS that was sent to NIST Ctri+M || Clear

Clear Search List

Printer Froperties rance (mmu)
Frint Now Ctrl+P Il
Print Now Goes to Printer (Does not use Word) ]

) reshold % [] Relative to
Print to PDF (through Word)

o I| Basepeak |
Printer Preview :l m

Print to Word File Ctri+w Dimers, Trimers

Save M5 in MIST M5SF Format

Save MS in Mascot MS/MS format 2arch Found
Abundance

Save Search List as Excel File

Save search List as CSV (text) file lear 0

Save search list masses +/- tolerances o
) ] dd to existing search
Save mass differerence annotations to file
) ] ark Isotope Matches (%)
Read mass difference annotations from file ]
nly show isotope matches

Save defaults file nows
Exit Ctri+Xx Search Modifications

Clear Comparison MS Results to DB Search Madification List

Delete Search Peaks



3. Click Batch Processing and select Export to NIST MSP. Deselect any other selected options.

Jeptide MNucleotide Lipid

varges | Batch processing | Help

1 Spect Just Print Centroided Mass Spectra

Compound search

Compositions only

Composition and isotope match

Search for matching spectra »
Print Mass Defect Graph to Word

Export to NIST MSP

Export KMD analysis to Excel

Threshold before processing

Centroid before processing

Save centroided text files

Purge Compound List masses from spectrum
Save 3 column text files

Truncate mass range only
— GC: RT to RI

Batch process all files in directory
Batch process selected files
Limit m/z range for batch report

Lower m/z limit 3
Upper m/z limit 3
Interval »

Batch Search and Match

Summary_only

Combine Integer Mass Spectra

4. Select Batch process all files in directory

Peptide Nucleotide Lipid Browse For Folder %

charges | Batch processing | Help — e

tch Spect Just Print Centroided Mass Spectra

Compound search Calophyllaceae A

Compositions only Caryocaraceae

C,
Composition and isotope match asuarinaceae

Clusiaceae
Search for matching spectra 3 Combretaceae
Print Mass Defect Graph to Word Cunoniaceae
Export to NIST MSP Dilleniaceae
Export KMD analysis to Excel Dipterocarpaceae
Ebenaceae
Threshold before processing Ericaceae
Centroid before processing Erythroxylaceae
Save centroided text files Eupharbiaceae
Fabaceae
Purge Compound List masses from spectrum = E—
Fagaceae
Save 3 column text files Gentianaceae
Truncate mass range only Irvingiaceae
— D — Jug@nuacaae
Lamiaceae
Batch process all files in directory Lauraceae
Batch process selected files Lecythidaceae
Lythraceae

Limit m/z range for batch report
Magnoliaceae

Lower m/z limit 2 Malvaceae

Upper m/z limit 3 Meliaceae

Interval 3 Monimiaceae -
Batch Search and Match Make New Foider Cancel

Summary_only

Combine Integer Mass Spectra




5. Change Decimal places for m/z values to 4. Unselect the MS/MS box. All other settings should match
the image below. Click OK and check that your exported files will be saved in the correct path.

a5l Spectrum details - O >
Mass_Mountaineer v >

Title |FAB_XyliaXylocarpa_WISCw200646_kv|

T

Comment |  JEOLUSA, Inc.Demolab |

The exported MIST-format files will be saved
inZM\ErintForeST_20200Angiosperms'\FabaceaeMISTout. MSP

Instrument | JEOL Spiral TOF |

Instrument type | TOF/TOF |

Decimal places for mfz values

[ msims
[] Omit precursor peak

| =] &n

Precursor mfz
Precursor type M+ H}+

Collision energy 20kV

lonization MALDI

Collision gas |He w

OK

6. Progress can be monitored in the bottom left of the Mass Mountaineer screen. Large datasets will take
longer.

|

Progress [ Status:

7. Check the spectra folder for the following file:

Marme ~  Date modified Type Size

ﬁ! MI5Tout 2/1/2022 2:34 PM Windows Installer Patch 62,780 KB

8. Open MS Search - and select the Librarian tab on the bottom left of the screen

"‘l, Names #_Structures f

Lib. Search I Cther Search I Mames I Compare Librarian MSMS

9. Click Options at top of screen and select Spectrum Import Options



Q NIST MS Search 2.3 - [Ident, Presearch Default - empty]

i File Search View Tools Options Window Help

m= /2 m/7 range

Library Search Opticns

@ b & B eplicates . =)
[ Socrum oo o |
{Spec. List) Caffeine Pubchem search aptions List) Xanthine
o . 505 options
Sy / on
Ty N\ HN N\ /j\ N
AN A TS
o w W b o N A O NH/
| . ‘ HO I
Names h Structures ;" ; Spec List

10. Select Accurate m/z. All other settings should be as follows:
a. NOTE: Do not use the nominal m/z setting.

Spectrum Import Options X
EI Spectrum m/z Rounding Tandem Spectrum Accuracy
Multiply m/z in imported spectra by Precursor ion mfz
and roun_d to the 4 ~ | dedimal places
nearest integer
Example: Product ion m/z
(CHZ)n correction is 0.99888 . E
il 4 | decimal places
q Optional e

Add this term to all m/z

D e In-sourceEI accurate ion m/z
4 + | dedmal places

Adding spectra to Spec List Intensity threshold
(@) Prepend (add to the top) [ % of max. 0
() Overwrite (replace) [Jabsolute =
O ask

Spectra without precursor ion mjz value are
Accurate mjz spectrum type

(OEI (nominal m/z) (O In-source (® Accurate mjz
RI type if unspedfied Unspecified ~
] L
q [Jincude Synonyms Set default values =
ol e

11. Select the Import symbol at the top left of the screen

@ MIST M5 Search 2.3 - [Librarian]

B File Search Yiew Tools Options Window Help

SHEl == ?

= O O X O

l Import i MName

1 L Caffei...
2 L Thea...
3 L art.

12. Find the NISTout file created in step 6. Click Import All. Progress can be monitored. Cancel the
Background search, this is automatic but not needed and will add time to the process.



Murnber of Spectra found: 4440

>

T

The names of spectra retieved 2

FAB_Acaciafurculiformis_WISCw200474_Kw1
FAB_AcaciaBaker_WD140658_IUSGSR-1557.
FAB_AcaciaHamandiana_WISCw 200475 _Kw.
FAB_AcaciaHeterophylla_W D1 73651 _Drouin t
FAB_AcaciaHeterophylla_W D1 73652 _Drouin t
FAB_AcaciaHeterophylla_W D1 73653 _Drouin t
FAB_AcaciaHeterophylla_WD173654_Drouin t:

AR B i LT L T L ' T

M ] W e D R —

>

13. Now that spectra files are imported, select Create Library

@ MIST MS Search 2.3 - [Librarian]

| Import Al |

Impart Selected

Impaort Options

Search Options
Cancel

Help

B File Search View Jools Options Window Help

Imperting spectra

FAB_MicroberiniaBisulcata_WD172606-Light_Tw22582-2 txt

SEESED @\

FE@E DM X% & X0

#

0
3

Name

N A W b —
d= = 3= = I I I=

Create library '

FAB_AcaciaAuriculiformis_WISCw200474_Kw...
FAB_AcaciaBakeri_WD140658_USGSR-199...

FAB_AcaciaHamandiana_WISCw200475_K...

FAB_AcaciaHeterophylla_WWD173651_Drouin....
FAB_AcaciaHeterophylla_WD173652_Drouin....
FAB_AcaciaHeterophylla_WD173653_Drouin....
FAB_AcaciaHeterophylla_WD173654_Drouin....

14. Enter a unique and descriptive library name, but keep the name short and simple. Click OK

X




Create library -

Enter new library name |

| ExampleFAE|
Lisk of Movariee Cancel
~ Help
replib

angio-2021 april &
angiobrazil-2021
focusedforest-21

forest_2021
forest_gymno2021 b
Librany Statistics

242466 Spectra
1- 242469 D

15. Click on any spectrum file in the left pane (Names) and then hold Ctrl + a to select all. Click Move to
Library icon. Click OK.

Q MNIST M5 Search 2.3 - [Librarian] MIST MS Search 2.2
[ File 5earch View Tools Options Window Help
é": % ﬁ . EE == ? 1 o During the operation source spectra will be deleted. Proceed? u
1 ]
Eog DM X%8 X0 1 '
il Yes Mo
u

H Src. Name Mave to library
FAB_AcaciaAurculformis_WISCw200474_Kw...
FAB_AcaciaBakeri_\WD14/
FAB_AcaciaHarmandiana_
FAB_AcaciaHeterophylla_WD173651_Drouin....

FAB_AcaciaHeterophylla_WD173652_Drouin....

FAB_AcaciaHeterophylla_\WD173653_Drouin....
FAB_AcaciaHeterophylla_WD173654_Drouin....

U I - T ¥, [ S U N B

16. Select the unique library name you just created and click OK. The library will begin populating with the
spectra.

ZUD. 1954 II |

Moving spectra... >

Moving to the library: “africa_cm”

MOR_MiiciaRegia_WD 166242 Tw21224_cleaned txt 0
1%




17. After this final step, the new library is ready for use. Libraries can be changed by navigating to the
Composition tab, selecting NIST Search, and selecting the target library from the list.

1 Spectum EH Composit Isotopes iii Series E MS Periodic Table Cla:
File View Edit Options i Tools  NIST directory  Help
Compositions Constrain_ NIST Search )
—
NIST Entries for  Matching compounds Sopy,Salectad Name
Copy Selected Formul;
Name Formula F Match R Match
FAB_DalbergiaChlorocarpa_WD21170... 833 833
FAB_DalbergiaGreveana_WD211694-... 823 824
FAB_DalbergiaGreveana_WD210984_... 823 823
FAB_DalbergiaNeoperrieri-AFF_WD2... 821 821
FAB_DalbergiaHildebrandtii_WD2109.. 820 820
FAB_DalbergiaNeoperrieri-AFF_WD2.. 818 818
FAB_DalbergiaNeoperrieri-AFF_WD2... 817 817
FAB_DalbergiaGreveana_WD211234_.. 815 815
FAB_DalbergiaBemarivensis_WD2109... 812 812
FAB_DalbergiaChlorocarpa_WD21130... 811 811
FAB_DalbergiaNeoperrieri-AFF_WD2... 81 812
FAB_DalbergiaPurpurascens-CF_WD... 811 813
FAB_DalbergiaChlorocarpa_WD21123 810 810

<

**Accurate libraries are used with the “Identity Search” option**

Search Formula or Search Name =
C3H60 ] | Benzene |
Search Search | [4 azonly *
2
¥
Print To Word File Isotope Graph ;E
mainib A 3
—
Databases to search—> africa_cmintroduced
Press CTRLto select > 1 AngioBRAZIL-2021
Angio_2022



Creating High Resolution Indexed Libraries

**This library type is used with the “In-Source HiRes with PRESEARCH?” option in Mass Mountaineer**

1. Using steps 1-15 listed above, navigate to the NIST folder within the C: drive and open the
MSSEARCH folder

~MIST14 AMDIS32

~NIST17 MSSEARCH
~MNISTDEMO

Intel

MetaForest
M5D5_6306_Doing-Data-Science-Master
MSSEARCH

MIST17

2. Locate the IndexNISTLib.bat file and double click to open it

| 78313202 HLM | HPTRANS.TEL @nis’cms

| 78723402 HLM ngHR_EE-Dimetth}-ﬂamne | nistms.exeHiDpi
| T8 TT0E.HLM | HR_3&-Dimethoxyflavone STE | nistrns. HighDpi
| 78492503, HLM | ikey_temp.mol o | nistrns

| 80292074.HLM ol IndexMISTLib | MISTMS.SPL

| 81127706.HLM | IndexMISTLib | nistms1.maol

3. The Index NIST User Lib command screen will open

and ini files from previous runs of this utility.
t find the file

t find the file

a database to SDF
Please enter the name of the library to index:

4. Type the exact name of the library that is to be converted into an indexed library and hit Enter

Step 1: Convert a database to SDF

Please enter the name of the library to index:{Africa_CM




5. Press Enter (or any key) again once the prompt “Press any key to continue...” appears, a screen will
flash up at this point and immediately close.

Convert

a database to SDF
~ the name of the library to index:

ﬁiﬂg will o
ALLOW THE STEP

1 ) TO STEP 2.
ENTER to continue.

to continue

6. Press Enter (or any key) a third time and the following window will appear, do not click any buttons
within the window

e

MIST Library | <Mone>

Output

| C:\NIST 17\MSSEARCH\Africa_CM_Indexed J

Input Libraries or Text Files MIST M5 User Libraries
[l .\ o o cEan s R e e e | [

Converting...

[CANIST17\MSSEARCH Africa_CM SDF

How to Produce Output

Qutput Format

=]
| | | |

7. Once the library is complete the window will disappear. Check the MSSEARCH folder for the new
library, it will have the exact name as the original library with Indexed on the end.

Africa_CM
Afnica_CM_Indexed
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