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High Tech Pollen CollectionHigh Tech Pollen Collection
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High Tech Crossing SchemeHigh Tech Crossing Scheme
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Seedlings Grown in GH—Selection Seedlings Grown in GH—Selection 
for PM Resistancefor PM Resistance
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Selected Seedlings Transplanted Selected Seedlings Transplanted 
into Field Nurseryinto Field Nursery
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Bittering Acids and Essential OilsBittering Acids and Essential Oils
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Factors affecting production—Factors affecting production—
Breeding TargetsBreeding Targets
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Downy MildewDowny Mildew
• Significantly reduces Significantly reduces 

viable stems in springviable stems in spring
• Reduces quality of conesReduces quality of cones
• Weakens plantWeakens plant
• Eventually kills off crownEventually kills off crown
• Controlled via production Controlled via production 

of tolerant varieties and of tolerant varieties and 
fungicidefungicide
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Powdery MildewPowdery Mildew
• Can kill off plant Can kill off plant 

quicklyquickly
• Dramatically reduces Dramatically reduces 

yieldyield
• Affects quality of Affects quality of 

conescones
• Controlled via use of Controlled via use of 

resistant hop varieties resistant hop varieties 
and fungicidesand fungicides
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Hop AphidHop Aphid
• Weakens plantWeakens plant
• Aphids leave “honeydew” excretionAphids leave “honeydew” excretion
• Can spread some virusesCan spread some viruses
• Honeydew on hop cones acts as reservoir Honeydew on hop cones acts as reservoir 

for moldsfor molds
• If uncontrolled, crop can be judged as If uncontrolled, crop can be judged as 

unacceptable for brewingunacceptable for brewing
• No known resistant varieties—some more No known resistant varieties—some more 

tolerant than otherstolerant than others
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Two Spotted Spider MitesTwo Spotted Spider Mites

• Big problem during hot summer Big problem during hot summer 
monthsmonths

• If uncontrolled can quickly kill off a If uncontrolled can quickly kill off a 
plantplant

• Uncontrolled water loss—shrivels up Uncontrolled water loss—shrivels up 
and diesand dies

• No known resistant varietiesNo known resistant varieties
• Controlled via miticidesControlled via miticides
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Newest Disease-Hop Stunt ViroidNewest Disease-Hop Stunt Viroid

• Stunted growthStunted growth
• Limited cone Limited cone 

productionproduction
• Leaves inter-vein   Leaves inter-vein   

specklingspeckling
• Spread via contact Spread via contact 

and seedand seed
• Clean equipment Clean equipment 

between fieldsbetween fields
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Genetic StudiesGenetic Studies
• 10 Chromosomes with X and Y10 Chromosomes with X and Y
• Differential gamete success; males ~ 15 to Differential gamete success; males ~ 15 to 

30%30%
• Causes unexpected segregations of Y-Causes unexpected segregations of Y-

linked traitslinked traits
• Important areas of research: bittering Important areas of research: bittering 

acids, disease resistance, dwarfing genesacids, disease resistance, dwarfing genes
• Still in our “infancy stages” compared to Still in our “infancy stages” compared to 

maize, wheat or barleymaize, wheat or barley
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Summary of What’s Been DoneSummary of What’s Been Done

• Inheritance studiesInheritance studies
• Genetic diversity studiesGenetic diversity studies
• Molecular Marker IdentificationMolecular Marker Identification
• Genetic MappingGenetic Mapping
• Hop Genome Sequence InitiativeHop Genome Sequence Initiative
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Inheritance StudiesInheritance Studies

• Study: likelihood offspring will resemble Study: likelihood offspring will resemble 
parent(s)—”Additive Effects”parent(s)—”Additive Effects”

• Heterosis—likelihood that a combination of Heterosis—likelihood that a combination of 
two parents gives superior offspringtwo parents gives superior offspring

• Use Phenotypic or Genotypic selection?  Use Phenotypic or Genotypic selection?  
Also suggests use of hybrid programAlso suggests use of hybrid program

• Are some traits “correlated”?Are some traits “correlated”?
• May provide info on number of controlling May provide info on number of controlling 

genesgenes
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Inheritance StudiesInheritance Studies
_____________________________________________________________________________________

_____
TRAIT Heritability YLD CoH CoL ALPHA BETA XAN      
 

h2pooled   ----------------------------------------- rG ---------------------------------------
      

YIELD 0.71±0.001

CoH 0.87±0.03 0.636*

CoL 0.89±0.02 0.685* 0.881**

ALPHA 0.76±0.06 0.282 0.385 0.592

BETA 0.57±0.19 0.729* 0.775** 0.874** 0.714*

XAN 0.60±1.14 0.921** 0.509 0.759* 0.864** 0.588          
____________________________________________________________________________________
*, ** Significant at P<0.05 and P<0.01 level, respectively.
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Genetic DiversityGenetic Diversity

Several studies performed on diversity
Most focused upon female cultivars
More important: male and female diversity
Henning et al. (2004)
Townsend and Henning (2005)
DArT Cooperative Group, 2008
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Genetic Diversity GroupsGenetic Diversity Groups

European Hybrids Wild American
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PM PM 
ResistanceResistance

• Two AFLP markers Two AFLP markers 
tightly linked to PM tightly linked to PM 
susceptibility(205B & susceptibility(205B & 
345D)345D)

• Both markers Both markers 
present, plant will be present, plant will be 
susceptible.  Absent = susceptible.  Absent = 
resistant.resistant.
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Gene Identification and GMO’sGene Identification and GMO’s
• Beta-Chitinase for general resistance to Beta-Chitinase for general resistance to 

fungal pathogensfungal pathogens
• Chalcone synthases—secondary Chalcone synthases—secondary 

metabolitesmetabolites
• 21 new genes involved in resistance to PM 21 new genes involved in resistance to PM 

(Henning and Dombrowski, 2011)(Henning and Dombrowski, 2011)
• Stilbene synthatase inserted into hop Stilbene synthatase inserted into hop 

(GMO)—Germany(GMO)—Germany
• Future of hop genetics and breeding???Future of hop genetics and breeding???
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Other Uses for Molecular ToolsOther Uses for Molecular Tools

• Recent work by Henning et al. (2009)Recent work by Henning et al. (2009)
• Use of AFLP to predict offspring Use of AFLP to predict offspring 

performanceperformance
• Genetically diverse parents produce Genetically diverse parents produce 

superior yielding offspringsuperior yielding offspring
• Significant correlation between genetic Significant correlation between genetic 

diversity and yielddiversity and yield
• Takes “Guesswork” out of parent selectionTakes “Guesswork” out of parent selection
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Using Genetic Distance to Using Genetic Distance to 
Select ParentsSelect Parents
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Changes in the Hop World?Changes in the Hop World?
• Labor costsLabor costs
• Labor availabilityLabor availability
• Fuel and pesticide Fuel and pesticide 

costs—skyrocket!costs—skyrocket!
• Pesticide regulationsPesticide regulations
• Hop supply and Hop supply and 

demand??demand??
• Craft Breweries—Craft Breweries—

Market share UP!Market share UP!
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USDA Genetics & BreedingUSDA Genetics & Breeding
• USDA-ARS continues USDA-ARS continues 

germplasm  and germplasm  and 
varietal developmentvarietal development

• Continue in marker ID Continue in marker ID 
and developmentand development

• Work towards Work towards 
sequencing the whole sequencing the whole 
genomegenome

• Allows for continued Allows for continued 
improvement of hopsimprovement of hops


