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Research goal:

How does the composition of secondary
metabolites in cranberry plants of different
cultivars vary?

Does composition affect resistance to insect
pest and fungal pathogens?

Which compounds play a role?




Classes of phytochemicals in  Vaccinium macireearnon
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Fruit oligomers contain a variety of units and link
Foliage oligomers: composition unknown!
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Study 1.

Why do pests prefer
to feed on Howes
follage over Early

Black?

Collaborators:
Justine Vanden
Heuvel (Cornell)

Anne Averill (UMass)




Observation:

Anecdotal evidence suggests that foliage-
feeders such as beetles, cutworms and gypsy
moths prefer to eat Howes over Early Black

These Insects can severely reduce plant
productivity

Hypothesis:

Feeding preference could be due to
differences in the composition of phenolic
compounds in the foliage




Compounds in foliage that may affect pest
resistance belong to three classes of phenolics

OH

Phenolic acids / hydroxycinnamic
acid derivatives

Condensed tannins
Example: procyanidin A2
Flavonol glycosides




Insect Feeding Trial
(A. Averill, M. Sylvia, 2005)

Gypsy moth larvae, cranberry weevil adults, and red-
headed flea beetle were chosen for the experiments

32 covered plastic cells containing both Howes and
Early Black uprights were inoculated with a single
Insect, allowed to feed for 1 — 5 days.

Cells were placed in growth chambers, conditions
based on outside temperature and daylight hours.

At the conclusion of the experiment, uprights were
visually assessed for feeding damage and ranked
based on leaf injury.

— No feeding 0%

— Light feeding <30%

— Medium Feeding 30%-60%
— Heavy Feeding >60%




Results of flea beetle feeding trial over 5 days
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Similar results were observed with the other insect




Goal of study:

Determine composition differences between cultivars

e Foliage from both cultivars was sampled at dates
coinciding with pest infestations (June-Aug. 2006
and June 2008)

o | eaf extracts were prepared and analyzed by

HPLC

e Unknown constituents were isolated for
Identification

+ PHENOLICS =




HPLC analysis shows Early Black leaves (June, 2006) had higher

levels of several phenolic acids and flavonol glycosides

] Early Black @ 310 nm S
28
060
s |4 v 32
g ELE]
0.40-
' '
7 16
0. 20 =
27 30 33
U-UU""I""I""I""I'"'I""I""I""I"" po Al b R
0.00 5.00 10.00 15.00 20.00 2500 3000 35 .00 40.00

[ 1 Sl g SRR
4500 50.00 55.00 G0.00
Mnutes

0sod HOwes @ 310 nm ¥

3 peak# D%
j?d 2 4: 86%
060+ 2 n 7: 79%
2 13: 7%
0.40 . 16: 41%
g *23: 11%
0.20- + + 2 *29: 50%
+ 7 v 16 21 lfﬂz? 30 -
N IS S U -0 VU S 0 11 0 NE) A WY
0.00 5.00 10.00 1500 2000 2500 30.00 35.00

l 4D.|ﬂli] 45|Uﬁ l SUIL']U E:S.ICIL:J l EICI o
Mnutes
Arrows indicate compounds present in higher quantities in Early Black
*Quantified @ 355 nm



Separation of foliage phytochemicals

Cranberry leaves

Soak in water, extraction with 40:40:19:1
acetone/MeOH/H,O/formic acid

Crude leaf extract

Water/ethyl acetate partition

Aqueous extract Ethyl acetate extract

(phenolic acids, tannins, (some flavonols, nonpolar
some flavonol glycosides) compounds, chlorophyll)

Chromatography on Sephadex LH-20
(1) 15:85 MeOH/water

(2) 50:50 MeOH/water

(3) 70:30 MeOH/water

(4) 70:30 Acetone/water

(1) HCA derivatives (2) HCA derivatives (3) Quercetin (4) Condensed tannins
& Quer-3-gal glycosides PACs
prep HPLC on C18

ESI-MS, NMR

p-coumaroylquinic acids and
caffeoylquinic acids




Quercetin glycosides were identified based on comparison
with those In cranberry fruit2

Blue= 280 nm = PACs Early Black
Black= 310nm = Phenolic acids
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Flavonol glycoside max

1. Quercetin-3-galactoside (peak 23) 255.6, 354.1 nm
2. Quercetin-3-xyloside 256.8, 354.1 nm
3. Quercetin-3-arabinopyranoside 256.8, 354.1 nm
4. Quercetin-3-arahinofuranoside 256.8, 354.1 nm
5. Quercetin-3-rhamnopyranoside (peak 29) 256.8, 349.3 nm

aYan, et al, J. Agric. Food Chem. 2002



Foliage extracts from ‘08

showed similar composition to ‘06
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Compounds 4, 7, 16 were isolated and Blue= 280 nm = PACs

identified by ESI-MS in negative ion mode Yellow=355nm = Flavonol

glycosides

Structures of other compounds under
Investigation




Hydroxycinnamic acid derivatives identified
In Early Black foliage




What we know so far...

e Composition of phenolic acids, flavonols and
condensed tannins differs between cultivars

 Three p-coumaroylguinic and caffeoylquinic acid

Isomers and two quercetin glycosides were more
abundant in Early Black foliage

Preliminary analysis of condensed tannins from
EB foliage found procyanidins A2, B1, B2 and
numerous oligomers (structures under investigation)




Study 2: What is the chemical basis for cultivar
resistance to cranberry plant pathogens?

Collaboration with Frank Caruso, Ph.D.
UMass Cranberry Experiment Station

Fruit rot: Leaf spot:

Fusicoccum putrifaciens Phyllosticta vaccinii




Background

Cranberry cultivars differ in their
susceptibility to fungi causing fruit rot
Some popular high-yield crops (HyRed)
are susceptible

Fruit rot causes significant crop loss In
MA and NJ, requiring fungicide use

Diseases affecting the health of the

plant are also a concern (upright
dieback)




Questions

 What roles do flavonoids (flavonols,
PACs) and other phenolic compounds
play In resistance?

« How does composition vary among
cultivars?




Cranberry plant pathogens of
concern in Southeastern MA

Fruit rot: Leaf spot (young beds)

Fusicoccum e Colletotrichum acutatum

putrifaciens « Phyllosticta vaccinii
Coleophoma emptetri

Phomopsis vaccinii
Physalospora vaccinii

Colletotrichum
acutatum

General trend In anti-fungal resistance by cranberry cultivar:

Bugle > Early Black > > Ben Lear > HyRed




Early Rot (Phyllosticta)

Photos courtesy of
Frank Caruso

End Rot (Fusicoccum)




Ripe Rot from
Coleophoma

Healthy fruit




Causal agents of upright dieback

Phomopsis
Colletotrichum
Fusicoccum
Synchronoblastia
Gloeosporium
Aureobasidium




Methods:
Cranberry cultivars & dates sampled

Bugle (resistant)

Early Black (moderate resistance)
Ben Lear (susceptible)

HyRed (highly susceptible)

ldentified and harvested by Frank Caruso at locations
In Wareham, Carver, Rochester and Barnstable, MA

Fruit was sampled in late Sept. 2007 & 2008
Leaves were sampled in late June 2007 & 2008

Extracts of the fruit and leaves were prepared,
fractionated and analyzed

Anti-fungal bioassays were conducted




EtOAcC extraction

Caroternolds

Si gel column | Cranberry Fruit

Early Black cultivar

40:40:19:1 acetone/MeOH/H,O/formic acid
Diaion column with water wash removes sugars
Acidic methanol elutes phenolics

Whole Crude Extract

prep HPLC

Chromatography on Sephadex LH-20
(1) 70:28:2 MeOH/H,O/formic acid
(2) 70:30 acetone/H,0O

Anthocyanins
Subfractionation & Flaxoqols

(1) HCAs, Proanthocyanidins

(2) PACs

on Sephadex LH-20

Subfractionation
on Sephadex LH20

(c) Anthocyanins PAC fractions

Content of flavonols, anthocyanins, HCAs
or triterpenoids is verified by HPLC




Composition analysis

Crude fruit and leaf extracts were analyzed by HPLC
on a Waters system with diode array detection, a
Waters Symmetry C18 column and gradient elution
with aqueous and methanolic acetic acid

Crudes were further fractionated for antifungal assay
using chromatography on Sephadex LH-20

PAC content of crude extracts was determined
gravimetrically

Flavonol and anthocyanin content of crude extracts
determined by HPLC in comparison with standards
(quer-3-gal, cy-3-gal)




Fungal pathogen bioassays

e 100 x 15 mm sterile agar dishes inoculated with one
of four species of fungi:
— Coleophoma empetri
— Phomopsis vaccinii
— Colletotrichum acutatum
— Fusicoccum putrefaciens

Crude extracts or fractions were dissolved in either
water or 25% aq. methanol and injected into wells in
the agar (2 - 4 mg per well, 4 replicates per sample)

Plates were stored at room temperature and
analyzed reqgularly for differences in growth and
melanin production over 3 week period




Flavonoid content of crude extracts

Cultivar PACs Flavonols Anthos

Early Black (fruit)* 31.0% 8.0% 6.0%
HyRed (fruit) 29.9% 11.7% 8.8%
Bugle (fruit) 25.8% 11.4% 7.6%

Ben Lear (fruit)* 15.8% 14.5% 14.8%

Early Black (leaf) 17.3% 11.7%
Bugle (leaf) 15.1% 11.7%
HyRed (leaf) 14.7% 15.6%
Ben Lear (leaf) 13.2% 12.5%




PAC content in mg per g plant material

(preliminary data)

Cultivar PACs

Early Black (fruit)* 2.35 mg per g fresh wit.
Bugle (fruit) 1.51

HyRed (fruit) 1.24

Ben Lear (fruit)* 0.73

Early Black (leaf) 46.5 mg per g dry wit.
HyRed (leaf) 31.2
Bugle (leaf) 30.6
Ben Lear (leaf) 28.8

*Proanthocyanidin content of Early Black was found to be more than twice that of Ben Lear in a 1996
10-cultivar field replicate trial (Vorsa, et al, ACS Symposium Series 851, ACS Books, 2003)




Crude Early Black fruit extract, 20 mg/mL analyzed on 4.6 x 250 mm Waters Symmetry C18
column, 0.8 mL/min, gradient elution from 4% HOAc to 4% methanolic HOAc

Quer-3-gal

/




Yellow = 355 nm




Rotten HyRed berriess  Anthocyanins have deteriorated
» Lower concentrations of quercetin glycosidsg
* PAC profiles differ




Blue= 280 nm = PACs
Black= 310nm = Phenolic acids




Cultivar comparison of crude leaf extracts

Blue= 280 nm = PACs
Black= 310nm = Phenolic acids




Preliminary findings from HPLC
analysis

Condensed tannin HPLC profiles differ
gualitatively between cultivars (leaves
and fruit)

Tannin content ranged from 29 — 46 mg
soluble tannins per g dry leaf matter

Composition of HCA derivatives appears
to vary among the cultivars

Distribution of quercetin glycosides is
similar




Coleophoma empetri

Crude
fruit
extracts

Crude
leaf
extracts




Fusicoccum putrifaciens

Crude Crude
leaf fruit
extracts extracts




Colletotrichum acutatum

Crude
Crude fruit

leaf extracts
extracts




Phomopsis vaccinii

Crude
fruit
extracts

Crude
leaf
extracts




Fusicoccum putrifaciens

(

Healthy HyRed phenolic
acid fraction inhibited
growth whereas rotten
HyRed fraction did not

(




What are the fungi telling us?

Melanin production

~ruit and leaf extracts provoked melanin
production in various fungi (stress!)

~ruit extracts > leaf extracts
(esp. Phomopsis and Colletotrichum)

Proanthocyanidin (PAC) > crude extracts and
flavonol fractions

Some unusual growth patterns observed in
Coleophoma and Fusicoccum

HyRed provoked slightly less production,
otherwise no major cultivar differences




What are the fungi telling us?

Growth Inhibition

 Phenolic acid fraction from healthy HyRed
fruit extract inhibited growth of Fusicoccum

e |dentification and quantification of
constituents Is underway




Studies In progress

 |solate, identify, quantify the compounds
that produced a response

 Determine structural profiles of PACs to
see how they differ between cultivars
and between fruit and foliage

* Future: insect feeding trial with PACs
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