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Outline
• Domestication and breeding history
• Genetic research
• Trait research
• Breeding efforts



Domestication

Vorsa & Johnson-Cicalese, 2012

V. macrocarpon American cranberry

V. oxycoccus ‘sour berry’
R.A. Howard @ USDA-NRCS PLANTS Database 



1835-1960:
Early Black, Howes, 
McFarlin, Potters, 

Ben Lear 

1929-1960: 7 
cultivars

Stevens 40% US 
production

2003-present: 
HyRed first 
new cultivar

Cranberry breeding timeline

~125 years ~40 years



Cranberry domestication

1874

1901 1893

Wild selections



Cranberry breeding

1874

1901 1893

Wild selections

19611950

1950 2003

Hybrids



Why breed cranberries?
• Improved color
• Earlier berry maturing
• High yield/Rebudding (biennial bearing)
• Disease/pest resistance
• Taste
• Fruit quality and nutrition
• Cold tolerance



Breeders: USDA, UW, Rutgers, 
Valley Corp.



Rutgers
• Rutgers: Crimson Queen, Demoranville, 

Mullica Queen, Scarlet Knight, Haines, Welker.



Valley Corporation
• Valley Corporation: GH1, BG, Pilgrim King, Valley 

King, Midnight8, Midnight9, Crimson King, and 
Granite Red.

• https://www.cranberryvine.com/cranberry-varieties

https://www.cranberryvine.com/cranberry-varieties


UW-Madison
HyRed, Sundance, and Ruby Star



UW-Madison Cultivar Release
‘HyRed’

• ‘Stevens’ x ‘Ben Lear #8’   (BL8 = open pollinated ‘Ben 
Lear’)

• Problem: ‘Stevens’ is late-maturing and in WI color 
development is unreliable

• Goal: Combine reliable production of ‘Stevens’ with 
good color of ‘Ben Lear’

• Primary selection: Early and uniform fruit color





UW-Madison Cultivar Release
‘Sundance’

• ‘Stevens’ x ‘BL8’
• Problem: ‘Stevens’ has unreliable fruit color in WI 

and is sensitive everywhere to high nitrogen 
fertilization

• Goal: Elevate yield without excess overgrowth and 
insure good fruit color development

• Primary selection: Large berry size





UW-Madison Cultivar Release
‘Ruby Star’

• ‘HyRed’ x ‘Bergman’
• Problem: Fill a niche earlier than ‘HyRed’ while 

also avoiding “’Ben Lear’ type problems”
• Goal: Combine good color of ‘HyRed’ with 

good color from an ‘Early Black’ derivative
• Primary selection: Very early and uniform 

fruit color





Molecular resources
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First generation map (2013): 
few 100 markers

 

 



Second generation map (2015): 
570 markers (CNJ02)



Third generation map (2016): 
SNP/SSR (4849) linkage map 

(GRYG)

Presenter
Presentation Notes
SO IN THAT TIME GBS WAS STARTING TO BECOM FAMOUS, SO I PROPOSED TO USE IT IN CRNABERRYMOST COST-EFFICIENT WAY TO DO QG ANALYSISIT HAD TOOK 2 YEARS TO DO A MAP WITH 500 MARKERSIN 6 MONTHS============================So in 2015 we decided to use Genotyping by sequencing to create the first HDM and 6 months later we got a nice map with ~5000 markers anchoring >2000 scaffolds because we had a very fragmented schafoldsCentromeres are visible



Composite Map (2017): CNJ02, 
CNJ04, and GRYG, 6073 markers

(c) [BGx(BLxNL)]95, 
(d) GH1x35, (e)
Mullica Queen, (f) 
Crimson Queen, (g) 
Mullica Queen, (h) 
and Stevens 
parentals



Parentage and kinshipSSR-1



Cultivar SSR differentiation



Genetic purity evaluation of 
cranberry beds



Genetic purity evaluation of 
cranberry beds



Genetic purity evaluation of 
cranberry beds

1 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
2 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
3 Stevens 151 151 246 268 257 268 196 202 122 182 171 175 216 218 195 233 185 201 182 182 269 279 223 223
4 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
5 Stevens 151 151 246 268 257 268 196 202 122 182 171 175 216 218 195 233 185 201 182 182 269 279 223 223
6 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
7 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
8 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
9 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227

10 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
11 Stevens 151 151 246 268 257 268 196 202 122 182 171 175 216 218 195 233 185 201 182 182 269 279 223 223
12 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
13 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
14 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
15 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
16 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
17 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
18 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
19 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
20 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
21 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
22 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
23 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
24 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
25 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
26 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
27 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
28 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
29 Stevens 174 180 271 271 257 257 214 214 171 178 171 173 216 252 243 243 187 195 192 192 291 304 227 227
30 Stevens 151 151 246 268 257 268 196 202 122 182 171 175 216 218 195 233 185 201 182 182 269 279 223 223



Genetic purity evaluation of  
cranberry beds



Cranberry species differentiation



Transferability of markers 
in Vaccinum

• V. oxycoccus = small cranberry (2x, 4x. 6x)
• V. vitis-idaea = lingonberry (2x)
• V. corymbosum = Northern and Southern high bush 

blueberry (2x, 4x, 6x)
• V. darrowii = Gave rise to Southern high bush (2x)
• V. angustifolium = Canada, low bush blueberry (2x, 4x)
• V. myrtillus =  Europe, bilberry (2x)

lingonberrycranberry bilberry blueberry



Cranberry and blueberry 
linkage mapping

Vaccinium
macrocarpon

Vaccinium
corymbosum



Traditional trait data collection



GiNA: digital trait data 
collection











Fruit color analysis



GiNA, an efficient and high-throughput 
software for 11 horticultural traits

PlosONE. Diaz-Garcia et al. 2016



Crimson King



Midnight 9



Valley King



Yellow Bell hybrid



Midnight 8



GH1



Pilgrim King



Stevens



Sundance



BG



Granite Red



Trait mapping: Tacy and digital color



Yellow Bell hybrid



Image-based analysis of stolon 
growth during establishment

53



Example of upright yield



Plot yield



Example of plot yield



Yield data collection





Other Fruit Quality Traits 
(SDC) 

• Fruit Firmness



Self Breeding



http://www.cranberryvine.com/hybrid-breeding-program

Phase 1

Phase 2

Phase 3

http://www.cranberryvine.com/hybrid-breeding-program

Presenter
Presentation Notes
This are views of typical biparental pops evaluated in the firs pahse and propagation of the best materials in posterior phases



http://www.cranberryvine.com/hybrid-breeding-program

http://www.cranberryvine.com/hybrid-breeding-program

Presenter
Presentation Notes
This is a biprental pop of cranberriesBreeding cranberries is time consuming and expensive, beds are expensive to construct and evaluation of materials takes years. Genomic tools could certainly help to enhance the genetic gain by playing with the parameters influencing the genetic gain.





Saddle Mound Introduction
• 842 plants
• 7 “self” populations, with 683 plants total

• 132 Pilgrim selfs
• 166 Stevens selfs
• 80 HyRed selfs
• 127 Sundance selfs
• 81 (Pilgrim x NLM) selfs
• 95 Benlear selfs

• 73 unique wild (Wisconsin and Minnesota)
• 86 controls (81 Stevens, 4 #35, 1 Ben Lear)

• Augmented design
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2019 Heat Map of Sound Yield (g) /plt
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HyRed Self #193

Sound Fruit Number 44

Sound Fruit Yield 54.62 g

Avg. Sound Fruit 
Weight

1.24 g



Sundance Self #65

Sound Fruit Number 25

Sound Fruit Yield 46.86 g

Avg. Sound Fruit 
Weight

1.87 g



Ben Lear Self #79

Sound Fruit Number 34

Sound Fruit Yield 42.13 g

Avg. Sound Fruit 
Weight

1.24 g



Plan development
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