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Yakima Chief Ranches: Variety Releases



❖ The YCR breeding program joined forces with the John I. Haas, Inc. breeding program to form Hop Breeding Company 
(HBC) in 2003. 

❖ HBC’s mission is to develop pest-resistant and disease-resistant hop brands with strong commercial qualities. 

❖ HBC takes advantage of the combined resources of both companies and full integration of breeding efforts to be a 
hop breeding powerhouse.



Hop Breeding Company: Variety Releases

?



Yakima Chief Ranches: Today

• New headquarters in Zillah, WA focused 

on clean plant propagation

• 41,000 square feet of growing space

• World-class research laboratory

• Nanobrewery

• Sensory lab

• Mission: Our purpose is to create, grow, 

and protect value for all within our 

footprint through developing first class 

hop varieties, relentlessly pursuing 

quality, and building meaningful 

relationships.



The Changing Hop Value Chain
~600% increase



▪ With the exception of Mosaic® and Palisade®, the top 10 
producers are “super” alpha varieties.
▪ These varieties offer efficiency for both growers and brewers!

▪ Note: Perle removed as no ‘15 
production was reported

Average Alpha Yields (deviation from mean)



▪ Picking on the bottom 5:
▪ 1. Golding

▪ 2. Fuggle

▪ 3. Tettnanger

▪ 4. Northern Brewer

▪ 5. Centennial

▪ Note: Perle removed as no ‘15 
production was reported

Average Aroma Yields (deviation from mean)



Aroma varieties yield less.

Resource strain.

Alpha Avg: 2200 lb/acre

Aroma Avg: 1550 lb/acre

Δ 650 lbs/acre

Alpha vs Aroma Yields



Challenges: Biotic Stresses

Pests Diseases Viruses



Challenges: Heat and Drought Tolerance
20202030205020702080



Farm 
Capacity

Over Capacity –
Quality Problems

Under Capacity –
Idling labor & 
equipment

Lafontaine, S. R. & Shellhammer, T. H. How Hoppy Beer Production Has Redefined Hop Quality and a Discussion of 
Agricultural and Processing Strategies to Promote It. (2019). doi:10.1094/TQ-56-1-0221-01

Challenges: Farm Inputs and Harvest 
Constraints



Value Chain: Each link on the supply chain affects subsequent links.
The efficiency of a hop has a corresponding impact on the chain.

•Cost/Acre
•Pest/Disease Pressure

•Climate and Water Availability

•Labor

•Misc. inputs

•Yield

•Return/Acre

Farm

• Cost/Unit

• Storage stability

• Pellet Recoveries

• Extract Recoveries

• Shipping stability

• Consumer Demand

Handler

• Raw materials cost

• Brewhouse Efficiency

• Quality/defects

• Consistency

• Aroma and flavor

• Consumer demands

Brewery

Hop Breeding: 
Why is it necessary?



Value Chain: Each link on the supply chain affects subsequent links.
The efficiency of a hop has a corresponding impact on the chain.

•Cost/Acre
•Pest/Disease Pressure

•Climate and Water Availability

•Labor

•Misc. inputs

•Yield

•Return/Acre

Farm

• Cost/Unit

• Storage stability

• Pellet Recoveries

• Extract Recoveries

• Shipping stability

Handler

• Raw materials cost: Decrease
•Brewhouse Efficiency: Increase

• Quality/defects: Fewer

• Consistency: Increase

• Aroma and flavor: Novel

• Consumer demands: Met!

Brewery

•Good Yield

•Disease Resistant

•Harvest Window Stability

•Off-Peak Harvest Window

•Harvest Efficiency

•Alpha/Beta Chemistry

•Storage Stability

•Good Quality

•Unique Aromas

•Beer-Soluble Aromatics

•Increased Oils

•Virus-Free Planting Stock

Breeding Program

Better Cultivars: Relieve bottlenecks, adds value throughout supply chain

Hop Breeding: 
Why is it necessary?



Female flowers (“burrs”) at anthesis

Humulus lupulus: Botany Basics
Male flowers at anthesis

❖ Breeding Challenges:
▪ Dioecious (male and female plants)
▪ Males difficult to phenotype
▪ Genetically complex
▪ Obligate out-crossers, cannot self 

pollinate.
▪ High level of diversity 

(heterozygosity)
▪ Seed propagation not possible

❖ Breeding Benefits:
▪ Easily clonally propagated 
▪ Traits can be “fixed” in single 

generation.
▪ Each new variety results from a 

single plant.



Hop Genetics
10 chromosomes, 2n = 20
2 sex chromosomes

(X to autosome sex determination)
Means that something is on the X chromosome that is 
absent on Y which determines female and male 
morphology
However, something on Y chromosome is thought to be 
essential for pollen fertility

Extreme heterozygosity: linkage drag
Non-mendelian linkage patterns between chromosomes: 
permanent translocation heterozygosity

Chromosomes are different sizes and contents in 
different varieties; causes reproductive 
incompatibility and infertility

See also: Cannabis sativa (10 chromosomes)



Breeding Program
Cycle

O v e r  1 2 - y e a r  p r o c e s s  t o  b r e e d  a n d  
r e l e a s e  a  c o m m e r c i a l  b r a n d .

S e l e c t i o n  r a t e s  m a y  b e  1  o u t  o f  4 0 , 0 0 0  
o f  i n i t i a l  c r o s s i n g s

100,000-1,000,000’s

20,000-50,000

Parental Selection & CrossingYEAR 1 

YEAR 2 Seedlings

Elite –

Elite –

Elite –

YEAR 9 

YEAR 10 

YEAR 11 

2

2

2

?Concept & CommercialYEAR 12+ 

❖ Take the seeds and plant them into the 
greenhouses

❖ Ultra-high density screenings 

❖ 10% selection rate

❖ Plants transplanted to 18 ft 
trellis

❖ High density field screenings

❖ Primarily yield and positive 
agronomic trait selection

❖ 1% selection rate

❖ Another 3 years of evaluations

❖ Assess chemistry and storage 
characteristics

❖ Sensory Analysis

❖ Begin brewing trials

❖ 2% selection rate

❖ Selections expanded to commercial 
trials

❖ <1% selection rate

100’s

100’s

100’s

4,000YEAR 3 

YEAR 4 

Single Hill – 1st year

Single Hill – 2nd year

Single Hill – 3rd yearYEAR 5 

4,000

4,000

10’sAdvanced – 1st year

Advanced – 2nd year

Advanced – 3rd year

YEAR 6 

YEAR 7 

YEAR 8 

150

150

150

❖ Based on breeding objectives (aroma, 
alpha, resistance, vigor)

❖ Harvest male pollen and introduce it to 
a female

❖ Female will make cones which will be 
heavily 

❖ Variety gains grower and brewer 
acceptance

❖ Expand variety to meet market 
demand

❖ Create commercial brand

❖ ALL stages happen simultaneously 
every year!



Crossing



Week-old hop seedlings

Low-trellis seedling yard

Greenhouse screening for Powdery Mildew

Seedlings



Single Hill & 
Advanced

Taking Field Notes

Harvested single hill plant



Advanced Line Analysis: 
Hop and Beer Sensory

Vegetal/OG

Spicy/Herbal/Woody

Fruity



Advanced Line Analysis:
Biochemistry

Variety TotalOils Pinene Myrcene Linalool Caryophyllene Farnesene Humulene Geraniol
Methyl-butyl 

isobutyrate
Limonene Citral Citronellol

Ahtanum 2 0.86 61.99 0.36 7.77 0.18 12.92 0.23 0.56 0.28 0.22 1.17

Cascade 1.7666667 0.803333 59.223333 0.4466667 4.936666667 6.706666667 10.89 0.33 0.585 0.25 0.665 0.805

Centennial 2.3333333 0.906667 63.02 0.47 5.653333333 0.106666667 10.07 1.1066667 0.54 0.305 0.495 0.85

Ekuanot 4 0.55 39.82 0.34 10.05 0.03 17.25 0.29 1.91 0.15 1.92 3.84

HBC 472 1.575 0.505 36.7275 0.1925 28.8 5.1625 0.8475 0.245 2.6225 0.155 3.345 0.4025

HBC 520 1.8125 0.53 41.37625 0.195 22.3 0.1675 17.21625 0.02625 0.61 0.19375 1.8075 1.43125

HBC 522 2.3 0.45 36.95 0.64 8.44 0.52 13.18 0.05 0.09 0.12 1.12 3.36

HBC 630 2.475 0.67 43.7875 0.2525 13.1375 0.0775 17.6975 0.0875 1.5425 0.1775 1.92 1.1425

HBC 637 3.25 0.748333 50.581667 0.3966667 7.918333333 0.186666667 13.22833333 0.2533333 1.105 0.21 1.018 2.774

HBC 638 2.85 0.485 37.4275 0.295 10.9925 0.2 17.1475 0.17 1.2725 0.1475 1.52 3.5475

HBC 735 3.55 0.7375 54.035 0.3825 8.025 0.245 13.3925 0.945 0.623333333 0.2 0.63 2.31

Loral 3.15 0.745 59.805 1.075 5.17 0.095 16.57 0.41 0.535 0.195 0.27 0.875

Mosaic 2.3 0.9 62.8 0.5 3.87 0.13 10.51 0.42 1.26 0.26 0.13 0.68

Palisade 2.3 0.76 50.19 0.37 11.91 0.02 14.69 0.23 1.28 0.18 0.83 1.62

Sabro 2.68 0.806 55.982 0.402 11.76 0.574 11.996 0.798 1.955 0.28 0.9775 0.9125

Simcoe 2.1 0.69 49.28 0.44 9.24 0.09 16.77 0.87

Talus 2.7 0.858333 52.696667 0.595 7.18 0.178333333 17.655 1.685 1.718333333 0.22166667 0.39 1.184



Hop Chemistry: Cascade GC Analysis 

Sigma-Aldrich Technical Document; https://www.sigmaaldrich.com/US/en/technical-documents/protocol/analytical-chemistry/solid-phase-microextraction/gc-analysis-of-terpenes-in-hops-cascade-variety-g1006620.
Kishimoto, T. Concentration of 4-Mercapto-4-methylpentan-2-one and 3-Mercaptohexan-1-ol in Hop Cultivars and Their Behavior in Brewing Processes. 307–322 (2009).

ppb

ppm

ppm

ppm

ppm

ppm

https://www.sigmaaldrich.com/US/en/technical-documents/protocol/analytical-chemistry/solid-phase-microextraction/gc-analysis-of-terpenes-in-hops-cascade-variety-g1006620


Advanced Line Analysis: 
Beer “Survivables” Chemistry
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Variety Release!!!
…now what?

❖ After 8 - 10 years of evaluation, release is 
considered
▪ Private varieties: PVP begins

❖ The work is far from over, success is dependent on:
▪ Continued agronomic performance
▪ Grower acceptance: usually short term
▪ Brewer and consumer acceptance: long term

❖ Work doesn’t stop at breeding: 
▪ Propagation and Expansion
▪ Quality Management: Seed, harvest windows, farm 

practices
▪ Virus free plants

HBC 1426: Queen of the Crop!



Example: Virus effects on yield 
and quality

Saaz Sladek Premiant Agnus Omega Northdown Challenger

Yield -19% -0.37 ND -11%

alpha -32% -28% -15% -9% -31% -0.15 -11%

beta 3% 16% -3% -10% 0.3 0.19 8%

coh 5% -7% -5% 2% 0.1 -0.05

col -1% 0% 2% 1% -0.01 -0.01

XH -23% -23% -21% -4%

oils -4% -25% -15% -11% 0.15 0.18

monoterpenes 18% -11% -2% 0%

ketones -22% -21% -40% 5%

esters -6% -21% 5% 13%

epoxides 56% 115% -16% 36%

geraniol 337% 72% 250% -1%

linalool 58% 29% -1% 10%

methyl geranate 282% 212% 105% 19%

Effect of HLVd

Barbara et al., 1990; https://doi.org/10.1111/j.1744-7348.1990.tb04222.x
Adams, et al., 1991; “Effects of hop latent viroid on weight and quality of the cones of the hop cultivar Wye Challenger” 
Patzak et al., 2021; https://doi.org/10.3390/plants10112297

https://doi.org/10.1111/j.1744-7348.1990.tb04222.x
https://doi.org/10.3390/plants10112297


Clean Plants: Meristem Therapy

Fresh Meristems

Image Credit: Scott Harper, CNCPW

Virus Particles

Clean tip: 0.1mm
Shoot Apical 
Meristem

(SAM)



How do we test for viruses?

Negative 
(water)

Infected

Clean



Tissue Culture:  Clean Plant Propagation

Tissue Culture Propagation Tissue Culture Growth Chamber



Clean Hop Propagation

G1 G2 G3-5 Hop Yard

Tissue Culture
Mother Stock

10’s

Tissue Culture
Propagation

10,000’s

Greenhouse
Propagation

100k-millions

Field
NO repropagation

Individual 
Testing Audits

Monitoring



Mechanical Spread: Year 3 Parent Yard (Year 3, mechanical transmission)Root-Infected Mechanical Spread: Year 1Root-Infected Mechanical Spread: Year 2Root-Infected Mechanical Spread: Year 3Root-Infected Mechanical Spread: Year 4Mechanical Spread: Year 1Mechanical Spread: Year 2Mechanical Spread: Year 3Mechanical Spread: Year 4

Replant with 
Clean Plants

Replant with Rhizome Starts
from 3rd year field

The difference of clean plants

Exaggeration for illustrative purposes

Spread Pattern of Plant 
Viruses in the Field

Javornik, B. & Jakse, J. 2007. USING SMALL RNA TECHNOLOGY TO IDENTIFY VIROIDS IN HOP. 



Future Trends in Hop Breeding

❖ Marker assisted selection
▪ Alpha
▪ Yield
▪ Oil
▪ Disease resistance

❖ Genetic Diversity – Novel Traits from wild germplasm
▪ Heat/drought tolerance
▪ Pest/disease tolerance
▪ Novel aromatics
▪ ????? 

70.1% ssp. lupulus European

40.6% German/Czech landrace

29.5% British – Fuggle/Goldings

27.2% ssp. lupuloides

0.3% ssp. pubescens

27.2% Brewer’s Gold type

<0.1% Wild Northeast

2.1% ssp. neomexicanus

0.3% ssp. cordifolius



Marker Assisted Selection: 
Principles

Trait 1 Carrier
Trait 2 Carrier

Neither Trait Both TraitsTrait 1 ONLY Trait 2 ONLY

Trait 2
 SN

P
Trait 1

 SN
P

Trait 2
 SN

P
Trait 1

 SN
P

Trait 1 Carrier
Trait 2 Carrier



Good Cones 
poor aromaBad Cones, Bad Aroma Moderate cones, poor aroma

Marker Assisted Selection:
Increasing  the  odds  of  success

Which male to use?

Moderate Cone
Good Aroma

??? ??? ???

Educated
Guess



Which male to use?Marker Assisted Selection
Increasing  the  odds  of  success

Moderate cones
poor aroma

??? ??? ???
Moderate Cone

Good Aroma

Moderate cones
Good aroma

Good Cones 
Good Aroma



Which male to use?

Eliminate at seedling stage; RESOURCE DRAIN

Marker Assisted Selection
Genomic  Predict ion

Keep desirable genotypes; Focus Labor and Resources

??? ??? ???
Moderate Cone

Good Aroma



Assist in parental selections
• Male phenotypic prediction
• Heterosis potential

Predict performance of seedlings
• Faster, more stringent early 

selections
• Screen larger numbers of higher-

quality candidates
• Bypass Single Hill stage of 

breeding program

R² = 0.8324

R² = 0.7845

R² = 0.7129

R² = 0.8615
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Marker Assisted Selection
Polygenic  Trai ts:  QTL ’s



Example: Bitter Acid Genetics

Eriksen, R. L., Padgitt-Cobb, L. K., Randazzo, A. M., Hendrix, D. A. & Henning, J. A. Gene Expression of Agronomically Important Secondary Metabolites in cv. 
‘USDA Cascade’ Hop ( Humulus lupulus L.) Cones during Critical Developmental Stages . J. Am. Soc. Brew. Chem. 0, 1–14 (2021).



Example: Terpene Biosynthesis

Srividya, N., Davis, E. M., Croteau, R. B. & Lange, B. M. Functional analysis of (4S)-limonene synthase mutants reveals determinants of catalytic outcome in a 
model monoterpene synthase. Proc. Natl. Acad. Sci. 112, 3332–3337 (2015).

(-)-limonene

alloaromadendrene

selinene

γ-Eudesmol
valencene

β-myrcene

(+)-α-pinene
β-myrcene

(Z)-β-ocimene

(E)-β-ocimene



Humulus lupulus: Diversity and Natural 
Range

Naraine, S. G. U. & Small, E. Germplasm sources of protective glandular leaf trichomes of hop (Humulus lupulus). Genet. Resour. Crop Evol. 64, 
1491–1497 (2017).

Humulus
center of origin

Vast majority of ancestry for 
cultivated varieties

Greatest diversity in 
ssp. lupulus



Wild Germplasm
H. lupulus ssp. lupuloides

❖ Varieties: Brewers Gold, Bullion, Bramling Cross, Cluster
❖ In the pedigrees of most modern hops

❖ Traits: High alpha and resin, unique “American” aroma
H. lupulus ssp. neomexicanus

❖ Varieties: Target, Comet, Bitter Gold, El Dorado, Progress, Pioneer, Boadicea, First Gold, 
Sunbeam, Millennium, Chelan, Lotus™, Sabro®, Talus®, Zappa™, Medusa….

❖ Trait: Unique aroma, late harvest, pest, drought, and heat tolerance – e.g. Target
H. lupulus ssp. cordifolius

❖ Varieties: Boadicea
❖ Traits: Aphid resistance



Categories
Aroma efficiency

Public “C” hops – better yielding alternatives to Cascade, Centennial
HBC 522
HBC 637
HBC 638

Nobles
HBC 1134

Alpha efficiency
HBC 695, HBC 930, HBC 948, HBC 950, HBC 951, HBC 962, HBC 1213, 

Specialty Aroma
Chasing new flavors!
HBC 446, HBC 586, HBC 630, HBC 735, HBC 889, HBC 989, HBC 990, HBC 1019



HBC 522: Concept, “Cascade”-type
Mean Productivity Metrics

Alpha: 11.6 UV - % of cone weight

Beta: 4.5 UV - % of cone weight

Cohumulone: 24.8 % of cone weight

Total Oil: 2.30 ml/100g hops

Storage:

Maturity:

Yield: 2648 lb./acre
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HBC 522
Average of 2-Nonanone
PPM

Average of Geraniol PPM

Average of Linalool PPM

Average of 3-
Mercaptohexanol PPM

Average of Methyl
geranate PPM



HBC 637: Elite, “Cascade”-type
Mean Productivity Metrics

Alpha: 14.1 UV - % of cone weight

Beta: 6.5 UV - % of cone weight

Cohumulone: 30 % of cone weight

Total Oil: 3.25 ml/100g hops

Storage: poor
>30% loss, 6 month 
common

Maturity: late >9/20
Yield: 2449 lb./acre



HBC 638: Concept, “Centennial”-type
Mean Productivity Metrics

Alpha: 13.8 UV - % of cone weight

Beta: 4.9 UV - % of cone weight

Cohumulone: 29.5 % of cone weight

Total Oil: 2.85 ml/100g hops

Storage: excellent

Maturity: very late

Yield: 2185 lb./acre
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HBC 1134: Elite, Noble-type
Mean Productivity Metrics

Alpha: 10.7 UV - % of cone weight

Beta: 4.0 UV - % of cone weight

Cohumulone: 27.97 % of cone weight

Total Oil: 2.70 ml/100g hops

Storage: TBD TBD

Maturity: Early-mid

Yield: 12 Est. bales/acre

*No data available for oil profile



HBC 472 Concept, Specialty Aroma
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HBC 586: Concept, Specialty Aroma
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35-40%

2.5-4.5 ml/100g



HBC 630: Concept, Specialty Aroma
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Mean Productivity Metrics

Alpha: 15.2 UV - % of cone weight

Beta: 6.4 UV - % of cone weight

Cohumulone: 26.5 % of cone weight

Total Oil: 3.60 ml/100g hops

Storage: poor

Maturity: late

Yield: 3136 lb./acre

HBC 735: Elite, Specialty Dual -Purpose
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Mean Productivity Metrics

Alpha: 15.1 UV - % of cone weight

Beta: 4.5 UV - % of cone weight

Cohumulone: 27.5 % of cone weight

Total Oil: 1.20 ml/100g hops

Storage: good
< 25% alpha loss, 6 
months common

Maturity: late post 9/25
Yield: 3167 lb./acre

HBC 843: Elite, Specialty Dual -Purpose



Mean Productivity Metrics

Alpha: 10.7 UV - % of cone weight

Beta: 4.0 UV - % of cone weight

Cohumulone: 27.97 % of cone weight

Total Oil: 2.70 ml/100g hops

Storage:

Maturity:

Yield: 12 Est. bales/acre
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HBC 1019: Concept, Specialty Aroma



New Elite Lineup 
CY2023
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❖ HBC 446
❖ Sweet, red berry, fruit punch, floral
❖ Neomexicanus line

❖ HBC 889
❖ “Pink”, white wine, tropical

❖ HBC 989
❖ Fruity, pine, earthy, spicy
❖ Huge yield

❖ HBC 990
❖ Citrus, floral, tropical
❖ Huge yield



CY2023: expanded yield trials
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HBC 990 (Elite, CY2023)
Mean Productivity Metrics

Alpha 11.1 HPLC- % of cone 
weight

Beta 3.45 HPLC- % of cone 
weight

Cohumulone 32.5 % of alpha

Total Oils 2.55 ml/100g hops

Storage Very good

Maturity Mid-late 9/20-9/25

Yield 19.9 Bales/acre (est.)
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HBC 889 (Elite, CY2023)
Mean Productivity Metrics

Alpha 10 HPLC- % of cone 
weight

Beta 4.425 HPLC- % of cone 
weight

Cohumulone 35.23 % of alpha

Total Oils 1.25 ml/100g hops

Storage Moderate-Fair

Maturity Late 9/17-9/25

Yield 10.3 Bales/acre (est.)

AccessionNumber HBC 889

HPLCAlpha 10

HPLCBeta 4.425

CoH 35.225

TotalOils 1.25

Pinene 0.7475

Myrcene 36.91

Linalool 0.2875

Caryophyllene 7.415

Farnesene 7.3925

Humulene 17.3975

Geraniol 0.125

A-Pinene 0.06

Methyl-butyl 

isobutyrate
0.94

Limonene 0.16



HBC 446 (Elite, CY2023)
Mean Productivity Metrics

Alpha 4.72 HPLC- % of cone 
weight

Beta 3.4 HPLC- % of cone 
weight

Cohumulone 47.3 % of alpha

Total Oils 1.0 ml/100g hops

Storage Fair

Maturity Late 9/20-10/1

Yield 15.7 Bales/acre (est.)
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AccessionNumber HBC 446

HPLCAlpha 5.72

HPLCBeta 3.4

CoH 47.3

TotalOils 1

Pinene 0.678333

Myrcene 40.58

Linalool 0.308333

Caryophyllene 7.36

Farnesene 0.111667

Humulene 22.75333

Geraniol 0.431667

A-Pinene 0.093333

Methyl-butyl 

isobutyrate
1.94

Limonene 0.21

Isobutyric Acid 0.01

Citral 0.273333

Geranyl Acetate 0.62

Citronellol 0.926667

Nerol 0.17

B-Ionene 0.016667

Caryophyllene 

Oxide
0.1



HBC 989 (Elite, CY2023)
Mean Productivity Metrics

Alpha 10.05 HPLC- % of CW

Beta 3.65 HPLC- % of CW

Cohumulone 32.55 % of alpha

Total Oils 1.1 ml/100g hops

Storage Very good

Maturity Late 9/26-9/29

Yield 23.6 Bales/acre (est.)
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geranate PPM
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AccessionNumber HBC 989

HPLCAlpha 10.05

HPLCBeta 3.65

CoH 32.55

TotalOils 1.1

Pinene 0.6

Myrcene 45.2

Linalool 0.35

Caryophyllene 6.345

Farnesene 0.15

Humulene 19.055

Geraniol 0.875



HBC 990 (Elite, CY2023)
Mean Productivity Metrics

Alpha 11.1 HPLC- % of CW

Beta 3.45 HPLC- % of CW

Cohumulone 32.5 % of alpha

Total Oils 2.55 ml/100g hops

Storage Very good

Maturity Mid-late 9/20-9/25

Yield 19.9 Bales/acre (est.)
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Average of Methyl
geranate PPM
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AccessionNumber HBC 990

HPLCAlpha 11.1

HPLCBeta 3.45

CoH 32.5

TotalOils 2.55

Pinene 0.76

Myrcene 56.285

Linalool 0.315

Caryophyllene 7.13

Farnesene 2.17

Humulene 17.7

Geraniol 0.635




