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Fifty-one hop varieties from around the world were subjected to random amplified polymorphic
DNA (RAPD) analysis with 10-mer arbitrary primers. Polymorphism was scored and the
genetic distance was calculated as the proportion of shared DNA bands in a pair of varieties for
the construction of a dendogram by an unweighted pair-group method was arithmetical
averages. The varieties were roughly classified into 6 clusters, and the similarity between
varieties correlated with their breeding history. The result also suggests that at least two
populations existed in ancient times and the hops cultivated in England originated from or
are related to both populations. Many high alpha varieties have a genetic composition unlike
old European hops. This difference is thought to result from the integration of wild American

hops.
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INTRODUCTION

The taste of beer is significantly influenced by hops and
the Kirin Brewery has conducted research and hop
breeding which has focused on hop quality. The
qualitative and quantitative differences among the
varieties have been determined with respect to beer
flavour and the relationship between flavour in the beer
and the genetic background of the hop variety used
investigated. This report shows the similarity among the
varieties based on DNA differences which are considered
to be associated with quality.

With the development of the polymerase chain reaction
(PCR) it has become easy to obtain detailed information
on DNA. PCR based methods such as random amplified
polymorphic DNA (RAPD) and amplified fragment
length polymorphorisms (AFLPs) can reveal specific
patterns of the DNA fragment for individuals or
varieties. There are a large number of papers that have
appeared in the literature to prove their usefulness for
the analysis of DNA markers for disease resistance!s,
agronomic traits? and quality mapping?, for verification
of genotypes!? and for the analysis of genetic diversity
within species!6 have also been reported.

*Part of the paper was submitted to Exropean Brewing Convention Congress,
1999, and the Meeting of Scientific Commission of the International Hop
Growers Convention, 1999.

Intensive studies were performed by Pillay and
Kenny17.1819 to describe the differences between
cultivated and wild hops and between Humulus lupulus
and H. japounicus by restriction fragment length
polymorphisms (RFLPs) and the inheritance of RAPD
markers. The identification of the hop cultivar is feasible
by PCR with sequence tagged site primers2!1-2> and with
RAPD primers!. Hartl and Seefelder¢ reported a genetic
similarity among eight varieties by AFLPs.

The objective of this study was to determine the
genetic diversity of 51 major hop varieties commercially
cultivated around the world. We discuss the similarity
between the varieties and their relationship with
breeding history.

EXPERIMENTAL METHODS

The 51 hop varieties tested were obtained from hop
dealers and the Kirin hop experimental field (Japanese
varieties only) (Table I). They were representative
cultivars worldwide. DNA extraction from pellets or
cones and RAPD procedures were previously described!!.
Arbitrary 10 mer primers (Operon Technologies) to
amplify the polymorphic DNA bands between varieties
were used and their size are shown in Table II.

Polymorphism was scored on the presence or absence
of the amplified DNA bands. The genetic distance was
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TABLE L. Hop varieties used in RAPD analysis, the classified cluster and genetic composition

Classified cluster Variety Major genetic composition Country
1 Bramling Cross BBl Manitoba UK
1 Brewers Gold BBl Manitoba UK
1 Chinook Brewers Gold USA
1 Cluster Unknown USA
1 Crystal Tetraploid-Hallertauer, Fuggle, Brewers Gold USA
1 Eastern Gold Brewers Gold Japan
1 Galena Brewers Gold USA
1 Green Bullet Cluster New Zealand
1 Kirin No.2 Saazer, White Bine Japan
1 Kitamidori Brewers Gold Japan
1 Magnum Galena, Northern Brewer, Saazer Germany
1 Mt. Hood Tetraploid-Hallertauer, some high alpha variety USA
1 Nugget Brewers Gold USA
1 Pacific Gem Cluster New Zealand
1 Pride of Ringwood Brewers Gold Australia
1 Southern Cross Cluster New Zealand
1 Stickiebract Cluster New Zealand
1 Taurus Nugget Germany
2 Admiral not disclosed UK
2 Firstgold not disclosed UK
2 Northern Brewer East Kent Golding, Brewers Gold Germany
2 Perle Northern Brewer Germany
2 Target Northern Brewer UK, Germany
3 American Tettnannger Tettnannger USA
3 East Kent Golding Canterbury White Bine UK
3 Eastern Green Northern Brewer, Open pollination Japan
3 Fuggle unknown USA
3 NZ Halletauer Hallertauer New Zealand
3 Pacific Hallertau Hallertauer New Zealand
3 Styrian Golding Fuggle Slovenia
3 Super Alpha Cluster New Zealand
3 Super Styrian Northern Brewer Slovenia
3 Willamette Tetraploid-Fuggle USA
4 Hersbrucker unknown Germany
4 Lublin Saazer Poland
4 Northdown Northern Brewer Germany
4 Progress WGV UK
4 Saazer unknown Czech Republic
4 Spalter unknown Germany
4 Spalter Select Hallertauer, Spalter Germany
4 Strisselspalt unknown France
4 Tettnannger unknown Germany
5 Hallertauer Tradition Hallertauer Germany
5 Hallertauer unknown Germany
5 Liberty Tetraploid-Hallertauer USA
6 Challenger Northern Brewer UK
6 Eroica Brewers Gold USA
6 Phoenix not disclosed UK
6 Pioneer not disclosed UK
6 Ultra Tetraploid-Hallertauer, Saazer USA
6 WGV unknown UK

calculated as the proportion of shared DNA bands in a
pair of varieties!? and was used to construct a
dendogram by an unweighted pair-group method with

arithmetical averages'3.

RESULTS AND DISCUSSION

Hop varieties classification

A RAPD reaction was carried out at least twice and
thirty-two polymorphic DNA bands were obtained using
25 primers (Table D). Faint bands produced in some
varieties were scored as being present.

The dendrogram (Fig. 1) was generated by the relative
distance to show a genetic relationship between the
tested varietiecs which were roughly classified into 6
clusters (Fig. 1). Table | indicates the identified cluster

for each variety and its breeding background.

The varieties within or between clusters could be
speculated for the genetic relationship associated with
their pedigree published in the literature and in leaflets
published by hop dealers, Hopunion USA, Hmezad Export-
Import and the New Zealand Hop Marketing Board.

158

Journal of The Institute of Brewing




Hop variety classification based on RAPD

Volume 106, No. 3, 2000

TABLE II.  Primers used to produce polymorphic DNA bands
from the different hop varieties

had Brewers gold or Cluster as a female parent or a
common ancestor.

This classification includes a few exceptions. Kirin No.2
is believed to have been selected from Shinsyuwase, the
offspring of Saazer and the English male, White Bine,
although no reliable breeding record is available. This
result suggests the existence of a high alpha variety in its
genetic composition, and this is supported by the
morphological similarity to American hops", including
Cluster. The classification of Mt. Hood and Crystal,
aroma varieties in the USA, into this cluster would
be doubtful because both are closely related to
Hallertauer?89. However, this might be possibly affected
by unknown or high alpha varieties involved in their
pedigree?s.9,

Cluster 2

The breeding history of Northern Brewer, Perle and
Target supports the similarity of these varicties. An
earlier report using the AFLP technique also indicated

Primer Band size (bp) Primer  Band size (bp)
OPA ] 900 OPD 20 430
600 OPE1 840
OPA Y 810 OPE 3 480
450 OPE 4 870
OPA 1N 720 OPE6 630
OPA 13 800 OPE7 390
OPA 18 810 270
OPB 6 570 OPE 15 660
OPC 2 540 OPE 20 660
OPrPC8 450 OPH 5 900
OorD 3 490 OPH 13 870
orbD s 120 OPP1 1200
390 orr2 500
OorPD 1 420 300
700 OPP 11 1000
OPD 18 470
400
Arbitrary 10-mer primers manufactured by Operon
Technologies, USA
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FIG. 1. Dendrogram based on the genetic distance among the major hop varieties tested

Cluster 1

Most high alpha varieties developed and cultivated in
the US, Germany, New Zealand and Japan were involved
within this cluster. This close relationship did not
contradict their pedigree in which the identified varieties

that Northern Brewer and Perle were similare.
Furthermore, the fact that First Gold and Admiral belong
to this cluster suggests the genetic contribution of
Northern Brewer as a parent or a common ancestor.
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