


‘Climate’

Physiological
Cranberry adaptation — chilling hrs?; heat stress

Disease & Insect Threats

Evolving insects pressure
Evolving disease pressure

Business/sociological
Juice vs. sweetend-dried
Sugar
Farming efficiency/sustainability



Acid soils pH 3 -5.5







Highbush
blueberry

V. corymbosum

~ Tetraploid
) A 2n = 4x =48

American cranberry

V. macrocarpon
Diploid
2N =2x =24
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Fruit chemistry - Cranberry seed dispersal based on aAll Imal or water-?

Dispersal
buoyancy

Brix (soluble solids)

Glucose+Fructose

main volatiles

Acidity

Benzoic Acid
Storage life

Proanthocyanidins

Blueberry

animal
+/-
12 — 15%
7 —10%

Linalool
Blueberry flavor

Low TA
(0.5 CAE)

0 %
2 - 3 wks

+/-

Cranberry

Water

+
7—-10%
2 — 1%

a — terpineol
antiseptic
High TA
(2.5 CAE)

~0.1%
3 - 6 months

++++
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2n=2x=24

genome 570 Mbp

a diakinesis
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Pilerim line i
& Ben Lear line



Industry still cultivates native cultivars

Early Black 1852 MA
Howes 1843 MA
Searles 1893 Wi
McFarlin 1874 MA
Lemunyon 1870’s NJ
Ben Lear 1907 WI

cv. Early Black — 1852 Harwich, MA




Flavonoid biosynthetic
pathway

Shikimic acid pathway

Anthocyanins
Flavonols
Flavan-3-ols
Proanthocyanidins

OH OH pavan.3,4-diols

.

3-OH-Anthocyanidins
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O-Gly Anthocyanins




Constituents of cranberry fruit

mg/g (FW)
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A-Type Proanthocyanidin Trimers from
Cranberry that Inhihit Adherence of
Uropathogenic P-Fimbriated
Escherichia coli

L. Yeap Foo, Yinrong Lu, Amy B. Howell, and Nicholi Yorsa

industrial Resaarch. Gracafield Rasearch Center, PO Box 31-310.
Lower Hutt, New Zaaland, and Philip E. Marucci Center tor Blugberry
and Cranherry Rasearch, Ruigers University, Chatsworth.

New Jersey 08019

RBC, P type E.coli RBC, P type E.coli
- Cranberry extract + Cranberry extract




Urinary tract disease
E. Coli tyes

type-1 cystitis
P-type pyelonephritis

E81 E90 Glycolipoid receptor

N, &

E. coli

R27 K137 &
Hahn et al. 2002 &
J. Mol. Biol. 323:845 \ %,

Dodson et al. 2001 : GbO4

Cell 105:733-743

Uroepithelium
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A-type proanthocyanidins
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J. Nat. Prod 2000, 63, 1225— 1228

A-Type Proanthocyanidin Trimers from Cranberry
Uropathogenic P-Fimbriated Escherichia coli

L. Yeap Foo,*' Yinrong Lu,’ Amy B. Howell,} and Nicholi Vorsa®

PHYTOTHERAPY RESEARCH

Phytother. Res. 23, 1066-1074 (2009)

Published online 26 January 2009 in Wiley InterScience
(www.interscience.wiley.com) DOL: 10.1002/ptr.2667
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Cranberry Proanthocyanidins are Cytotoxic
to Human Cancer Cells and Sensitize Platinum-
Resistant Ovarian Cancer Cells to Paraplatin

Ajay P. Singh'*", Rakesh K. Singh*?, Kyu Kwang Kim’, K. S. Satyan®, Roger Nussbaum',
Monica Torres', Laurent Brard® and Nicholi Vorsa'?*

INTERNATIONAL JOURNAL OF ONCOLOGY

Purified cranberry proanthocyanidines (PAC-1A) cause pro-
apoptotic signaling, ROS generation, cyclophosphamide
retention and cytotoxicity in high-risk neuroblastoma cells

ATAY P. SINGH'?, THILO 5. LANGE**, KYU K. KIM®, LAURENT BRARD®, TIMOTHY HORAN®,
RICHARD G. MOORE?, NICHOLI VORSA!? and RAKESH K. SINGH®

Influence of Cranberry Proanthocyanidins on
Formation of Biofilms by Streptococcus mutans
on Saliva-Coated Apatitic Surface and on Dental
Caries Development in vivo

H. Koo S.Duarte* R.M.Murata® K.Scott-Anne® S.GregoireP
G.E.Watson? A.P.Singh? N.Vorsad®



INTEENATIONAL JOUENAL OF ONCOLOGY 44: 1924-1834, 2015

The cranberry flavonoids PAC DP-9 and quercetin aglycone
induce cytotoxicity and cell cycle arrest and increase
cisplatin sensitivity in ovarian cancer cells

YIFEI WANG', ALEX HAN®, EVA CHEN, RAKESH K. SINGH", CLINTON O. CHICHESTER®,
RICHARD G. MOORE”, ATAY P. SINGH' and NICHOLI VORSA'*

OPEN @ ACCESS Freely available online % pLos one

Insights into the Molecular Mechanisms of the

Anti-Atherogenic Actions of Flavonoids in Normal and
Obese Mice

Elena V. Shabrova'”, Olga Tarnopolsky', Ajay P. Singh', Jorge F‘Iutzky:, Nicholi Vorsa'**, Loredana
Quadro™



15t breeding and selection cycle — initiated in 1929

USDA with New Jersey and Massachusetts Agricultural Experiment Stations

Cranberry Breedmg !nveshgahon of the U. S. Dept. of Agr;cufture

F._ B CHANDLER, R. B. WILCOX, H. F. BAIN, H. F. BERGMAN, and HAIG DERMEN (1)

New Jersey wag chosen for the

first nursery study of the seedlings, y: /{ ;Z{/[ ], /.12/

as false'blossom spreads more rap- { / mmm mmmaavwzms

idly there than in the other states. &/ ‘“EL-%‘?S‘-@*\W% -
aim of orig- May, 747

mnating varieties that would show
registanee to the spread of False-
blossom disease and that would

produce large crobs of superior
fr mt

> 10,000 seedlings from 46 crosses —

6 Cultivars named

40 selections

Stevens, Pilgrim, Bergman, Beckwith, Wilcox, Franklin
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Fruit rot




2000-present cranberry breeding objectives

Desirable horticultural traits
Fruit Rot Resistance (warmer climate)
Yield

Season of ripening

Juice vs. sweeten-dried cranberry (SDC)
Processing requirements
Tacy (fruit anthocyanidins)
Round fruit shape
Large fruit size
Fruit firmness
Early/late season ripening



Cranberry
Germplasm

V. macrocarpon
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Germplasm — genetic resources

Gene pool

genetic resources,
or more precisely the DNA of an organism
and collections of that material
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Domesticated germplasm — NJ, MA and Wi

Native germplasm - DE, NJ, NY, MA, ME,
WV, PA, MI, WI, MN

> 600 accessions

New Jersey Agricultural
Experiment Station




Fruit of germplasm evaluated in 1998 for:

Berry Wt
Yield

TA

Citric Acid
Malic Acid
Quinic Acid
Brix
Glucose
Fructose

Sucrose

HPLC @ OSC, Inc.

Total
Phenolics

TotalP PACs
Tacy
Cyan3Gal
Cyan3Glu
Cyan3Arab
Peon3Gal
Peon3Glu
PeonArab
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Breeding cranberry for fruit rot

ETORT

resistance — The impossible
Erenris Axnual CONVENTION dream?
| e Nicholi Vorsa
~ NEW JERSEY Jennifer Johnson-Cicalese

CR ANBERRY GROWERS ASSOCIATION

MOUNT HOLLY, NEW JERSEY,

TUESDAY, AUGUST 31, 1880,

. Prof. Geo. H. Cook, Superintendent of the State Hxperiment
Station, “hen gave the result of his examination into the cause

and cure of the cranberry rot. He said:
RUTGERS



Resistance to
Fungi causing cranberry fruit rot disease complex

« Coleophoma empetri
 Colletotrichum accutatum
 Colletotrichum cf. gloeosporioides
 Fusicoccum putrefaciens

« Monilinia oxycoccli

* Phomopsis vaccinii
 Phyllosticta vaccinii

* Physalospora vaccinii

Oudemans et al. Plant Disease 82:1176-84, 1998



Germplasm Evaluation

# of plots
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0 2003
B 2004

1

4

5

Rot ratings (1=no rot; 5=severe rot)

When fungicides were withheld from our germplasm collection,
most accessions were highly susceptible to fruit rot (rating of 5),
but a few showed resistance both years.




NS

Cumberland

US88-79

Holliston MA

(1.000)

— US88-70
— US88-68

— US88-116
Us92-7-1
US8s-1
US88-110

— US88-35
US88-59
US88-9

US88-98
Usgg-121

Budd’s Blues NJ (1.000)

US93-34

US88-126
US8830

Us93201
Us94-161
US94-163
US94-173
US94-176

Us94-181
NJ09-5

US88-67

NJ092

0.938

Us89-3

NJ91-13-7

0.05

US88-97

34 simple sequence repeats (SSR)

-J



Bog 4 germplasm

Budd’s Blues
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Progeny with each rating (%)
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Populations segregating for fruit rot

Rot ratings, 1=no rot, 5=all rot mEl m2 3 m4 H5

Res. Clones
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Holl. — Holliston
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Mean rot rating of progeny

Heritability based on mid-parent - offspring

46 crosses

15

2 2.5 3 3.5 4
Mean rot rating of parents

4.5

Mean rotted fruit of progeny (%)

100 -

90 -

80 -

70 A

60 -

50 A

40 -

30 -

R?=0.64
h?=0.90
SE=6.8

25 crosses

40 50 60 70 80 90
Mean rotted fruit of parents (%)

100



2012 Results - 1 ft2 fruit samples from resistant
progeny and susceptible controls, Oct. 2.

Mullica Queen

r'

Stevens

R

CNJO6- 27 11

Sound  Partial Rotten fruit °Soundfru1t Partial Rotten
i 2 . S,




Cranberry TA—-2.5 CE
8-10 mg/g Citric Acid
6-10 mg/g Malic Acid

Sugar/acid ratio

acids ¢ or sugars T

Acidity in a breeding population

Current cultivars ¢

Citric acid mg/g




The sietwy-seventh ansvgal meeding of the Anwrican Cranberry Goow-

. .-"..-j.-.'.LIl..Ll_:. was held at fhe Walt Whitsean Hotel, Camden, M. J,
-

J amanry S 1037

Fror Theen Morwaal Sias

A MWew Cranwpennry PrsT

Farsz Yerrownean Firewons, Sharganachis sulfereana (Clem.)

iLigheer Part Is Yellow and ehe Dark Orass i3 Brown)



Blunt-nosed leafhopper

1 mm

Scleroracus vaccinii


http://naturalhistory.museumwales.ac.uk/Biosyb_images/Images/i14000_i15999/Web/Jpegs/i14152.jpg

New subgroup 16Srlll-Yphytoplasmas associated with false-blossom diseased cranberry
(Vaccinium macrocarpon) plants and with known and potential insect vectors in New Jersey

Lee et al. 2014 Eur. J. Plant Pathol.




Figure 2. Phytoplasma-like particles (red Jaroslava Pribylova etal. 2014

arrows) in aleaf midrib phloem cell of the
diseased Rhododendron plant (bar = 500 nm).



Toad bug —
first found in NJ in 2013




BULLETIN No. 377. MARCH, 1914,

THE CRANBERRY TOAD-B
F. A. SIRRINE axp B. B. FULTON.

 Phylloscelis atra (Dictyopharidae).
Described 1914

 Feeds only on cranberries.
 Single generation a year.

« Overwinters as eggs.

Pre-bloom Bloom

une-August)

Post-bloom

Harvest



Global warming

Chilling hrs.

Union of Concerned Scientists?

Heat Stress
days over 90 °F expected to increase
fruit rot pressure
scald



Cranberry cultivar tolerance to heat stress

Demoranville® (selected in the 1990’s)

Stevens (selected in the 1940’s)
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Planted

15t rep — 1999

City Point, WI | 2nd rep — 2000




Bandon, OR planted in - June 15, 2011

March 2009
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Crimson Queen x Mullica Queen
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