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Hop. Breeding History,'g{{ZOO 8 1900

'fSIome growers had wild male hops nearby or in
\ field

‘Selected plants that were superiorin‘field
‘Some of these arose by natural hybridization

‘Fuggle—Picker dropped seed. near barn while
eating lunch?? Named after Mr. Fuggle

‘Cluster—thought to be a'natural cross between
old European variety and wild NA hop

“Goldings” — a selectioan named after Mr. Golding
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*USDA-ARS 'Hop Team:Members (Past & Present)

% -Oregon State University Collaborators

‘Hop'Research:Council

‘OregonHop Commission

‘Private Industry Collaborators

‘Hop Producers in'Oregon and'\Washington
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Hop\ Breeding Hi'story;g,() E. |

- Early use of'hops from.collecting wild hops

% ‘Wild hops broughtinta'gardens

‘Growers'would only replant the best growing to
replant

‘Called “Clonal Selection”
‘After centuries of clonal selection ---> “Noble Hop”

‘Saazer, Halletauer, Tettnanger, Alsace,
Hersbrucker...

* Prof, Salmon @ Wye College—First hop breeder
= :Obtained a wild N. Americafifemale hop--"BB1”

“Grew: it out in GB among male hops
. ‘Collected seed (“OperiPollinated”)

‘One seedling = 'Brewers Gold'

‘First verified “cross” or “hybridization” ~ 1919
= “'Bullion' was obtained from the same cross

‘Brewers Gold' & Bullion = half sisters

‘Northern/Brewer' is a Granddaughter of BG

*All “super-alpha” hops. derived from BG
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- Prof. Zattler in Huell,/Germany,
Focused upon selecting for downy mildew
¥ reS|stance
& "Much of the downy mildew resistant crosses from
B 1930's to 1960's used germplasm from his
.4 program
\

- ‘USDA (StaniBrooks) program made significant
- strides in developing “germplasm”
«-0One cress'in 1855 tumned,out as 'Cascade’
~:Not released toipublictill 972
+4-Several.otheficrosses laid'the groundwork for

‘First private plant breeding companies start in
early 1980's
‘Privateicompaniesialliowned byamajorhop
merchants

4 ‘Soon started developing their ownicompeting
varieties
-%cgsmbus, Tomahawki&iZeus producediearly
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tory USA 1930's

‘USA’had later start in hop breeding

i -‘Hop research prior to Prohibition focused on
* pathology and agronomics

%

. "After Prohibition in 1980 USDA began hop
research and breeding in Corvallis, OR

. ‘Continuous, since 1930

& ‘Much of early work was evaluating foreign

b= developed hop for production in USA

'-';;,-Early 1950's began breeding in earnest

‘A Renaissance took place during this time

‘Al Haunold (USDA-ARS) took over breeding
operations in Corvallis; OR

‘Inherited a large fesolrceofipotential varieties
and gerinplasm

-Side USDA operation inildaho (R Romanko) bred
and released"Galenaand severalibthers.
‘Haunold released! 'vﬁ;et’ First “Super-Alpha¥
and hu%ely popularfWillamettel =Eirstsuccessful
triplojd ho

b2 “Tirhe of varietyiproliferation!

Each of three major priVate plant'breeding
programs releasing largegnumbers:ofivarieties

Washington State Unlversny (Steve Kenny—
Breeder();-- ‘Chinook’, 'Vafigliard' & 'Glacier’

‘USDA-ARS releases %Santiam', 'Horizon',
'Sterling’, 'Newport', "Teamaker' & 'Mt. Rainier’

= :.!Mr
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Hop Breeding101

£# Process takes > 10, years
‘Highly dependent uponbréwery choice
‘In years past, major breWeries decided
‘Recently; craft breweriesibecoming more involved
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Highdiech Pollen‘Cpllection
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¥ -Year 1

"Collect pollen
‘Make, Cross
‘Harvest seed
‘Cold-treat seed
‘Germinate seed in

/

"First grow. and seleet
seedlings for PM and
DM resistance in GH
‘Plant selections in
field.

‘Evaluate, harvest,
run chemistry

‘Analyze data
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dlings Tram%pla
igld Nursery

‘Grow selections in
multi-hill plots

‘Harvest whole plot =
more accurate yield

‘Continue evaluations

‘Compile'data—send
samples to breweries

‘Pilot brews
‘Brewers select

A Year 9-272

“Grow selections in .
“Commercial farm plofsF

*15 — 30 hill or one acré
plots

‘Sufficient amounts for
multiple brewers to try

‘After sufficient time pilot
brewing, brewers either
accept or reject hop

’

Significantijreduces
viablélstems N sprifig; Wi
b ST 3
ReduCes quality df@d\”lqsy_
Weakers plant e o

* JEventually, kills Sffacrowil
* Controlled via produetion

-

of tolerant varietiestand :;i:

fungicide &
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_ Powdery Mrlg’ew
Can km‘off.glant : '“\ \\“J '

quickly ‘),n.,‘,' &~
Dramatically reaﬁées” & J
yield ¢ e r

Affects quality 6f .4;" b
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Controlled via USEIOT e

resistant hop valeles
and! fungicides

Genetit Studies

10 Chror‘nosomes with X and Y/

D|f'ferent|al geynefe‘s,uocess males 15O
OOA) ) / :#"4 Ag

Gausgs unexﬁected segregatlons OiNE
finked traits -

¥
Important areZS Ofiiese atcHAbitiering
acids, disease resrsfémoe dWaliineleENES

Still in oUr<infanNCYAStEEESCoMPaNEd o
maize gwhieat; or HElEY
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spread 50 vrruses

: Honeydew oﬁ@ ‘cones aGis as [ESENVOIr
ok molds s \

f uncontroll‘ed crop canibe judged as
unacceptable forforewing °

No knowg tvapéﬁes—some more
tolerant't he&

’-,

Stunted gr,owth :

Limitédicone’
proddction: ,4__.

lreaves |nter-veﬂ1
speokhng

Spread via contaet
and seed

Clean equipment
between fields
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Genetrc drveré’ty‘studles
Molecular Manker Iden,trﬂcatron
Genetic Mapping :f"

Hop GehomelSeduencednitiative
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Study\lrk«e hood offsprlng erI resemble
parent(s)—tAdd W ffegfs” 2

Heterosrs—uh cm'd that ae brnatron o
two parents gr es superlor offSprlng

Use Phenotyplc oG @typrc selection?
Also suggestsilise oﬁbﬂd progranm

Are some traitsEcofrelatedi?
May prowde inforen ‘
genes Ju

Heritability

0.71£0.001

0.87+0.03

0.89£0.02

0.76+0.06 0.282 0.385 0.592
0.57+0.19

0.60£1.14 0.509

*, ** Significant at P<0.05 and P<0.01 level, respectively.
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Genetic Diversity

$-
everal studreg perfd‘me(?on drveglty
ost'fbcuse upon n female cultivaps =~ .
ore important: male and fé’ma'l'écHV'rSIty
enning et al. (2004) Eurppean Hybrids Wid American

pwnsend and Henning (2005) { oo
JArT Cooperative Group, 2008 g o«
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¥+ Male and female markers — Seigner et al, 2000 = htfy linked to PM
* Chemistry Compounds — Koie et al., 2005 T susceptlblllty(ZOSB & =
: ; ’ ; PM
. * Alpha-acid content — Cerenak et al. 2006 : ~ 345D)
, : 5 P el e bon i e
* Recently completed work — Powdery Mildew N - Both markers rlesistarnce
P Resistance (Henning, Townsend, Matthews et al 4 F i~ present, plant will be
\ H | susceptible. Absent =

resistant.
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Molecular Marker Identrfrcatlon ;

& Genetic Mapping
FPon- SSER R B o S OREE 4
M . Working with private industry to identify markers
for DM resistance as well as alpha and beta acid
production
£ * Working on identifying markers to select for
‘dwarf hop'
« * Developing “next generation sequencing” tools
& to make quantum jump in marker ID and
genome mapping

Gene Identification and GMOQO’s

* Beta-Chitinase for general resistance to
fungal pathogens

* Chalcone synthases—secondary
metabolites

* 21 new genes involved in resistance to PM
(Henning and Dombrowski, 2011)

* Stilbene synthatase inserted into hop
(GMO)—Germany

i« Use of AFLP to predict offspring
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g [6]0) Genome Sequencrng
Jnitiative”

FPon SSER R B o S R g

* Working with private industry (Dr. Paul
Matthews) and international scientists from
Czech Republic, Slovenia, Great Britain and
New Zealand.

In process of obtaining grant funds to complete
Cost of genome sequencing using Next Gen
sequencers dropped

Time for sequencing dropped

‘~Diher Uses-for hﬁolecular Tools__

Recent work by Henning et al. (2009)

performance E

Genet|cally diverse parents produce
superior yielding offspring

Significant correlation, between genetic

 diversity andyield™ &
*“Takes “Guesswork” outof-parent selection =

idemand??
Craft Brewerie —

Markw ’(
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USDA Genetlcs @reed’ng

. USDA)RS ‘continues

germplasm fand % =
varietal developﬁﬁl’e U h‘ |

- Continde i in marl{er’IB
and developmeéni

* Work towards g"!
sequencing the Whele :Af
genome r

+ Allows for contintied
improvement of hops




