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• Consumers of Cannabis have long asserted the differences between 

cultivars, or strains, for user experience

• Historical classifications no longer explain the differences between or 

properties of the hundreds of commercially available Cannabis strains

Cannabis strains are consumed for specific desired effects

Different Strains for Different Pains

Indica
Sativa
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• THC, CBD

• 119 individual cannabinoids have been identified in Cannabis

Cannabinoid Profile: Psychotropic, Therapeutic, etc.

Terpene Profile: Flavor and Aroma

“The Entourage Effect”

THCCBC THCV

• 200 terpenes have been identified in Cannabis

• Unique strains present varying terpene profiles

• Contribute to distinct flavor and aroma

• Both growers and consumers have interest in profiling terpene character

Linalool (floral)

Pinene (pine)
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Cannabis strains are cultivated for specific profiles and characteristics

Cultivars vs Chemovars

• The concept of chemovars- a chemistry-

based, phenotypical fingerprint rather than 

a horticultural cultivar- has been proposed 

and gained popularity in the scientific 

community. 

• Scientific studies are yet to identify the 

biochemical markers that can sufficiently 

explain differences between cannabis 

varieties.

• Hazekamp et al. applied a targeted detection 

of 44 major terpenes and cannabinoids 

followed by Multivariate Data Analysis to 

identify the cannabis constituents that may 

act as markers for distinction between Indica 

and Sativa.
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• High resolution mass spec workflow described for the exploration of 

chemovar profiling for several Cannabis strains 

• A nontargeted approach which does not try to target a “short-list” of 

cannabinoids or terpenes

• X500R QTOF System, SWATH® Data Independent Acquisition, 

SCIEX OS and  MarkerViewTM software platforms, SCIEX All-in-One 

plus NIST MSMS library

Overview
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• SCIEX ExionLC™ AD

• Chromatographic separation 

under gradient conditions using a 

Phenomenex Kinetex® Biphenyl 

column (2.6 μm particle size, 100 

x 3 mm)

• Flow rate of 0.800 mL/min. 

• Column oven temperature was 

30°C

• Run time was 30 minutes for the 

full gradient

HPLC Conditions

• SCIEX X500R QTOF system

• Turbo V™ source operated in 

positive mode 

• Atmospheric pressure chemical 

ionization (APCI) mode

• TOF MS scan conducted from 50-

1000 m/z

• SWATH® Acquisition to collect all 

MSMS
‒ Variable window precursor ion widths 

were designated for maximum MSMS 

specificity

TOF MS Conditions

Analytical Conditions
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• SWATH = Data Independent Acquisition (DIA)

‒ For each cycle, the instrument focuses on a mass window of Q1 precursors 

‒ Acquires MS/MS data from all precursors detected within that window 

‒ This mass window is then stepped across the entire mass range, 

systematically collecting MS/MS data from every mass and from all 

detected precursors

‒ Unlike IDA (Information Dependent Acquisition), there is no dependence on 

precursor intensity for MS/MS collection

SWATH® Acquisition
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Variable Window SWATH

• Narrower Q1 isolation windows 

increased specificity, but more 

windows needed to cover the m/z

range

‒ Need to balance m/z

coverage, with impact to cycle 

time

• Optimizing windows of varying 

width based on m/z for 

enhancement of specificity by 

narrowing windows where most 

ion masses occur

‒ Allows for increased mass 

range to be covered while 

keeping number of windows 

(and cycle time) down
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Enhanced compound coverage across compound classes

SCIEX All-in-One High Resolution MS/MS and NIST’17 MS/MS 
Mass Spectral Libraries

This comprehensive 

library, bundled with the 

NIST ’17 MS/MS Library, 

provides spectra for over 

19000 compounds

including pesticides, 

pharmaceuticals and 

personal care products 

(PPCPs), and natural 

products found in foods 

and traditional medicines. 
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Statistical Tools to Identify: Which Features Are Distinctive For Strain Classification?

Data Processing Workflow: Nontargeted Approach

Choose a probable formula 
from the formula finder 

based on HR-AM TOF MS 
data (mass error, elemental 

composition, hit count)

Start ChemSpider session 
to open the ChemSpider list 

of hits with that formula

ChemSpider database lists 
predicted fragments from 

each structure in the “hit list”

Choose a candidate 
structure based on the fit of 

the collected MSMS 
spectrum to the predicted 
fragmentation (mass error, 

number of matched 
fragment peaks, does the 

fragment make sense)

MarkerViewTM software to 
identify important features 

using PCA

Build Peaks of Interest list 
from the distinguishing 

features identified

Import Peaks of Interest list 
into Analytics

Search MSMS libraries for 
first-pass identification of 

the Peaks of Interest

Identify Those Features!
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Step 1: Load up Data into MarkerView

PC1 v PC3, Unsupervised PCA
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Step 1: Load up Data into MarkerView

PC2 v PC3, Unsupervised PCA, Data Normalized (MLR method)
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Step 2: Find Distinguishing Features  Peaks of Interest

(+) Negra Bonita

(+) Sour Star, OG Bravo, 

Chem Peta

(-) Negra Bonita, 

Nepal
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Step 2: Find Distinguishing Features  Peaks of Interest

Perform t-Test 

Volcano plot of features

Log (fold change) vs. p-value

Lowest p-value and greatest fold change 

Features which are most distinguishing between the two groups 

compared in the t-Test

Example: Negra Bonito vs. All Others
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Peak of Interest m/z RT

1(-) Negro Bonita_1 341.2107 21.86

2(-) Negro Bonita_2 341.2109 21

3(-) Negro Bonita_3 373.2363 21.86

4(-) Nepal_1 219.1014 17.67

5(-) Nepal_2 251.1277 17.66

6(-) Nepal_3 343.2266 17.67

7(+) Chem Peta + Sour Star + Bravo_1 311.2002 21

8(+) Chem Peta + Sour Star + Bravo_2 315.2309 20.99

9(+) Chem Peta + Sour Star + Bravo_3 316.235 21

10(+) Negro Bonita_1 313.1794 20.52

11(+) Negro Bonita_2 345.2057 20.52

12(+) Sour Star + Double Sour_1 375.2528 16.56

Peaks of Interest
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Peak of Interest #7: (+) in Chem Peta, Sour Star, OG Bravo (m/z 311.2003)

Step 3: Suspect Screening 
Some Peaks of Interest Identified by MSMS Library Matches

• NIST Library Match for Cannabinol (CBN)

• A non-psychoactive cannabinoid usually found only in trace levels

Peak of Interest #8: (+) in Chem Peta, Sour Star, OG Bravo (m/z 315.2313)

• NIST Library Match for Cannabichromene (CBC)

• May have anti-inflammatory, anti-viral, antifungal properties 

• Contribute to the analgesic effects

MS1 match, ME 0.4ppm

MSMS match, 

Fit 98%

MS1 match, ME 1.9ppm

MSMS match, 

Fit 94%
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Peak of Interest #4: (-) in Nepal (m/z 219.1015)

Step 3: Suspect Screening 
Some Peaks of Interest Identified by MSMS Library Matches

• NIST Library Match for Xanthorrizol

• A sesquiterpenoid which exhibits natural antibacterial, antifungal activity

MS1 match, ME 0.4ppm

MSMS match, 

Fit 99%
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…but some needed some more digging to ID 

Peak of Interest #6: (-) in Nepal (m/z 343.2266)

Peak of Interest #6: C22H30O3 

No MSMS library match
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Empirical Formula: C22H30O3

ChemSpider Search with Predicted MSMS Comparison

Myrsinoic acid



Myrsinoic acid
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1. Analytical Standard Comparison

2. Accurate Mass/ Isotope/ Fragments consistent with published data

3. Accurate Mass/ Isotope/ Fragments are consistent with proposed 

structure, but published spectra are not available

4. Accurate Mass and Isotopes are consistent with proposed structure, 

but unable to attribute the major fragments to the proposed  

structure

Schymanski, E. L., Jeon, J., Gulde, R., Fenner, K., Ru, M., Singer, H. P., Hollender, J. (2014) Identifying 

Small Molecules via High Resolution Mass Spectrometry: Communicating Confidence. 2097–2098.

Ranking Confidence Level in Unknown Identification
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Ranking Confidence Level in Unknown Identification

Schymanski et al. describes levels of identification criteria for nontargeted screening. With a library hit 

from a suspect screen, you can get as high as level 2 confidence (no reference standard, but good MS1 

and MS2 matches). Without a library match, just your work on in silico fragment prediction of structures 

etc, you may only get as high as level 3 match. 
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• Peak of Interest #1: C22H28O3 (492 structures in ChemSpider)

• Peak of Interest #5: C14H18O4 (3,022 structures in ChemSpider)

• Peak of Interest #10: C20H24O3 (16 structures in ChemSpider)

• Peak of Interest #11: C21H28O4 (16 structures in ChemSpider)

Level 4 Identifications: Empirical formulae
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‒ THOUSANDS of hits, often across multiple sample groups

‒ Do we need all of them to get to the answer we seek???

‒ We want to CLASSIFY, DISTINGUISH and find DIFFERENCES that matter

Can you just start with the SWATH data and the SUSPECT SCREEN?

Hmmm…. Why bother with the statistical analysis?
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Summary, Potential Applications, Potential Implications

• Unique Cannabis chemovars can be distinguished by their molecular 

signature

‒ Strains cluster together and separate easily by PCA, even with no target 

masses defined

• Trace cannabinoids CBC and CBN identified as upregulated in Sour 

Star, Chem Peta, OG Bravo

• Myrsinoic Acid identified as a natural product downregulated in Nepal 

versus other strains

• Xanthorrhizol identified as a sesquiterpenoid present in multiple strains

‒ Not one of the terpenes included in most targeted analyses
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• Unique Cannabis chemovars can be distinguished by their molecular 

signature

‒ Intellectual Property?

‒ New strain behavior prediction?

‒ Authenticity testing? Identifying fraudulent strain labelling?

‒ Extraction and manufacturing process refinement?

‒ Pharmaceutical/therapy design?

‒ Identifying novel natural products?

• Food authenticity

• Metabolomic research

• Workflow: Classification of other types of complex samples

Summary, Potential Applications, Potential Implications
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Questions?
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