Use of untargeted metabolomics analyses to explore the effect of cultivation
strategy on phytochemical composition of native plant extracts
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Overview
• Recent research has shown that crude extracts from wild-collected native and naturalized Midwestern plants contain high-value antimicrobial and antioxidant
compounds1,2. These compounds are potentially useful for inclusion in natural pharmacological and cosmetic products.
• There is little information on the capacity of these species to produce biologically-active compounds in agricultural settings, or on specific agronomic practices that may
optimize the production of these natural compounds. Therefore, three perennial plant species were established in six different types of plant communities at two distinct
environments in Minnesota to examine the effects of experimental treatments on the production of phytochemicals throughout the plant.
Table 1. Traditional uses and phytochemical compounds of the
selected native and naturalized plant species.
Scientific
name
Common
name

Echinacea
purpurea

Astragalus
canadensis

Desmodium
canadense

Purple coneflower Canada milk vetch

Showy tick trefoil

Topical treatment
Treatment of
of wounds, burns
Traditional
chest and back
and insect bites;
pain; treatment of
medicinal
treatment of upper
upper respiratory
uses
respiratory
issues (coughing)
infections

Treatment of viral
infections as well
as back, joint, and
muscle pain

Alkamides, caffeic
Aliphatic nitro
Identified
acid derivatives,
compounds,
ketoalkenes,
endecaphyllin
compounds
compounds;
and classes polysaccharides,
glycoproteins3
possibly alkaloids4

Flavonoids;
phenolic acids
including vanillic,
ferulic, and
chlorogenic acid5

Leaf, stem, flower, and root tissue were B
harvested at peak flowering time in
July 2016. Seeds were harvested at
seed head maturity in August and
September 2016. All tissues were
immediately preserved on dry ice, then D
stored at -80°C until extraction.

C

E

All samples were extracted in 70% isopropanol. Root tissue
samples and E. purpurea flowers were lyophilized and ground
prior to extraction. All other samples were ground frozen. Extracts
are being analyzed using a LC/MS-based untargeted
metabolomics approach utilizing the Q Exactive™ Hybrid
Quadrupole-Orbitrap™ Mass Spectrometer.
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Figure 3) E. purpurea tissues: A) stem B) flower C) root D) seed E) leaf
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Figure 4) Isopropanol extracts of A. canadensis (A) and D. canadense (B)

Experimental plots were established at two research sites in
Minnesota – Becker and Rosemount – to explore the effects of
cultivation on phytochemical production. The three focal species
(Table 1) were chosen based on previously reported
antimicrobial activity exhibited by their root, leaf, and stem
tissue, respectively1. To examine the effects of planting density
on phytochemical production, four spatial configuration
treatments were established (Figure 2A-D). To examine the
effects of plant community diversity on phytochemical
production (similar to wild collected specimens), three
community diversity treatments were established (Figure 2D-F).
A

Tissue Sampling

Extractions

Informs sampling
procedures and
tissues of interest

616.5788

Informs
agronomic
practices for
specific
compounds

LC/MS chemical
profiling

Compound
identification and
statistical analyses

Figure 1. Workflow diagram for analyzing phytochemical production of native
and naturalized plants in response to experimental treatments.
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Figure 2. Field experimental layout. A) 1-row B) 3-rows C) 6rows D) 9-rows E) Low-diversity (forb + native grasses) F) Highdiversity (forb + native grasses + native forbs)

<1.1E-16

(Z)-Resveratrol

1.67E-15

Cyanidin 3-O-(2"xylosyl-6"-(6"'caffeoyl-glucosyl)galactoside)

Field experiment

B

F

Table 2. Mass to charge ratios (positive) and putative identifications of
compounds prevalent in Becker but not in Rosemount.
Putative
m/z
ANOVA (p)
Formula
Class or family
identification

Figure 5. Principal component analysis of
purple coneflower leaf samples from 1-row
(orange), 9-row (purple), and high-diversity
(blue) treatments in Rosemount

Using the Progenesis
QI software, principal
components analyses
are being conducted to
determine the effects of
agronomic treatments
on metabolic profiles of
the three species.
These PCAs suggest
differences in metabolic
profiles between sites
and between treatments

982.1530

314.3420
506.1074
545.1650

1.34E-12

Phytol

2.49E-08

1-O-Caffeoyl-(bD-glucose 6-Osulfate)

2.78E-08

Methyl 3,4dicaffeoylquinate

C14H12O3

Stilbenoid

C41H45O23

Flavonoid,
anthocyanin

C20H40O

Linear diterpene
alcohol

C15H18O12S

Hydroxycinnamic
acid glycoside

C27H28O12

Alkyl caffeate
ester
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