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Heritability for hop quality include both resins and essential oils was estimated using the intra-
sire regression of offspring on dam, and relatively high values were obtained, except for alpha-
acids/beta-acids, B-caryophyllene and humulene/B-caryophyllene. A gap was found in the
histogram for the cohumulone ratio and the result of x2-test suggested that a complete dominant
gene was involved which produced high ratio. The segregation pattern of farnescene was shown
to be skewed and a logarithmic transformation was necessary to calculate heritability as an
additive trait. In addition to providing a genetic correlation, these results provide information

to the hop breeder which can be used to design more efficient breeding programs.
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INTRODUCTION

The chemical components found in hops are regarded as
important quality traits. They are used practically as
selection criteria for new hop variety candidates and for
the selection of parents in breeding. In the development
of high alpha varieties the chemical composition of the
hops provides a direct measurement for the desired
trait. However, these criteria are not useful in aroma hop
breeding, because little is known about the relationship
between the chemical composition of hops and flavour
in beer. In aroma hop breeding these criteria only
provide a similarity index, which provides numerical
information about the similarity of new varieties to pre-
existing varieties with desirable characteristics. If the
numerical data are similar, similar characteristics are
expected for the hop flavour in beer. This trend is
supported by the results of a series of studies concerning
hop quality in which the classification of hop varieties
from chemical composition was found to be related in
part to the classification obtained from the sensory
evaluation scores for beer brewed with each hop variety.

Kirin’s hop breeding program has faced problems
arising from the lack of theoretical knowledge regarding
hop quality inheritance. In the absence of the required
knowledge, the mating design is based mainly on the
breeder’s experience and it is not always possible to
obtain the desired traits. Consequently, the numbers of
mating and offspring required for the selection is
inevitably increased. Henning’ emphasised the
requirement for information concerning the genetic
parameters controlling traits, which would then lead to
the development of a more sophisticated hop breeding
program with an enhanced probability of success.

*Part of the paper will be submitied to the Meeting of Scientific
Commission of the International Hop Growers Convention, 1999.

Heritability is one genetic parameter which provides
important data which can be used to predict the values
for the next generation and act as a guide to the breeding
values of phenotypic traits3. Heritability can be measured
by the covariance of relatives arising from genetic
causes, that is, offspring-parent, half-sib and full-
sib31L12, Studijes by Keller and Likens8, Lewis? and
Henning? estimated the heritability of yield, cone
structure and quality traits including alpha-acids, beta-
acids, essential oil content, storage stability, etc in hops‘

This report proposes that the genetic parameters for
hop quality include both resins and essential oils and
notes specific aspects of the inheritance of cohumulone
and farnesene.

Experimental methods
Mating design

Table I shows the mating design for a general survey
of segregation (Exp.1), calculations of repeatability

(Exp.2) and the estimation of heritability (Exp.3). Genetic
correlation was estimated based on the data of Exp.3.

Experimental designs

All offspring were grown at an experimental field
located in Iwate prefectureé. Adult offspring, which had
been grown for more than three years after the seedling
stage, were selected at random for chemical analysis from
each mating base population. The chemical analyses of
bale hops were performed using standard methodss. For
the calculation of genetic parameters, individuals with
an HSI less than 0.45 were chosen to eliminate any
contamination caused by samples which had deteriorated
due to storage.

The detailed calculation for each generic parameter is
as follows:
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Repeatability (r)t3

This is defined as the correlation of the multiple
measurements of the same character and it can be used
to set an upper limit to heritability.

Vg+ Vg  Vat+Vp+ Vg
Vp Vp
Where V is genetic variance comprised of additive

variance, V,, and dominance variance, Vp; VEg is general
environmental variance; Vp is phenotypic variance.

It is expressed as 1=

TABLE I. Mating designs for analysis.

Exp.1 General survey of segregation

where 2, is the sampling variance of the regression
coefficient; 62y is offspring variance; and 62y is parental
variance.

Genetic correlation (ry 51113

2 4/ COVxxCOVyy
where XY are characters; COVyy is cross covariance
calculated from X in the parent and Y in offspring and

from Y in parent and X in offspring; COVyx and COVyy

This is represented by r, =

Mating Number of offspring for chemical analysis
Female x male Year Alpha-acids Beta-acids Cohumulone Essential ofl
Dxl 1993 33 33 T 16
Dxll 1992 46 46 46

Abarration of parents is the same as those in Exp.3.

Exp. 2. Repeatability calculated from correlation coefficient between two years
Number of individual for chemical analysis

Years Alpha-acids Beta-acids Cohumulone Essential oil
1992-1993 36 39 31
1994-1995 20 20 12

Exp. 3.Heritability estimated from intra sire-ofispring regression (1994)

Mating and number of offspring

Female
A B C D E F G H | J K
Male | 5 4 5
] 5 5 4
i 5 4 5
v 5 3 5

All female were designated A through K, and male were designated 1 through IV, parenis were chosen from breeding materials, and were used in

mating designs.

Ofispring was planted in the same exparimental plot. Samples with a HSI below 0.45 were obtained from adult hops at least 3 years okl.

Heritability (h2)>9

In a narrow sense, heritability can be defined as the
ratio of V, to Vp. This can be estimated from the degree
of resemblance between relatives and this study used
intra-sire regression of offspring on dam in which the
regression is calculated separately for each set of dams
mated to one sire and the regression from each set
pooled in a weighted average. It is expressed as
Vp + Vg + Vge

Vp

where b is a regression coefficient; Vy is variance arising
from the maternal effect; Vgc is the common
environmental variance. The heritability estimate
includes a bias arising from Vy; and Vgc.

h2=2b=

The standard error of the estimate of heritability (seh2)
is
102 Y
N o2 X

seh? =2V 2,

0'2,,=

refer to the covariance of parent and offspring in X and
Y respectively.

The standard error (o r,) is expressed as

seh2 x seh2y
h2xh2,

1-r2 A

GrA=—{—2"‘

Results

The major chemical components in hops, that is, the
concentration of alpha-acids and beta-acids, the
cohumulone ratio, the total and individual concentration
of each essential oil were recorded in two offspring full
sib families (Table I, Exp.1). Most chemical components
showed a continuous frequency distribution exhibiting
quantitative characters, but there seemed to be a gap
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between 30-40 in the cohumulone ratio in both families
(Fig. 1). Furthermore, the distribution of farnesene
content was skewed (Fig. 2A), and a logarithmic
transformation was made using the formula, -log
(Far+0.001), where Far is farnesene content (ml/100g
hop dry matter basis), to normalise the distribution
(Fig. 2B).

D x | Progeny

D x Il Progeny
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FIG. 1. Segregation of cohumulone (%) in two families.
Details of the two families are shown in Table 1.
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FIG. 2. Segregation of farnesene content and transformed values.
Offspring was derived from a crossing between D and II, as
shown in Table I. A: Farnesene content (ml/100g hop dry matter
basis); B: Transformation by -log (farnesene content +0.001).

Repeatability was calculated from the correlation
between the values for two years on the same individual.
Each individual was randomly selected from breeding
materials, and was recorded during the successive two
years (Table I, Exp.2). In this study two sets of data,
1992-1993 and 1994-1995, were used for analysis and the
difference in the repeatability value was determined.
The latter set of values was lower than the former for all
components (Table II).

The heritability estimates were relatively high, except
those for alpha-acids/beta-acids, f-caryophyllene and
humulene/B-caryophyllene. However, they included
large standard errors (Table II).

The estimates for genetic correlation among the
chemical components are shown in Table IIl. Correlations
were found among the alpha-acids, beta-acids,
cohumulone, myrcene and humulene. Many estimates
were lower than their standard errors and some could
not be calculated from these offspring families (blanks in
Table III).

DISCUSSION

The repeatability for all components shows a high
value in the data set for 1992-1993, which suggests that
it is possible to control these components genetically.
However, the values obtained for the 1994-1995 data set
were low (Table IIA). The reason is assumed to be
environmental as there was a hot summer in 1994 which
caused water shortages in the experimental field. The
resulting damage was observed in some of the offspring
tested. The extent of this effect may differ among
individuals as a result of covariance between the years.

The same reason may produce the large standard errors
of heritability estimated for 1994 (Table IIB), where each
component in the offspring varied in random directions
to increase the offspring variance in the standard error
formula. It is presumed that in a normal environment
the offspring variance would be small to reduce the
error and, concomitantly, to increase covariance between
offspring and parent for each component. Thus, the
heritability estimated in the experiment is considered to
be a value close to minimal.

The heritability estimates for alpha-acids were reported
to be 0.83 in a broad sense® and 0.88 in a narrow sense’.
This study estimates repeatability as 0.89 and heritability
as 0.50. Henning? also reported 0.35 and 0.12 as estimates
for beta-acids and essential oil content, respectively,
lower than the 0.75 and 0.37 reported in this study (Table
[IB). This may arise from the difference in the population
tested and the values obtained from either a number of
years or a single year.

TABLE lI. Repeatability and Heritability Estimate.
A. Repeatability
Alpha- Beta- Alpha-acids/ Cohumulone Essential oil Humulene/

Years acids _acids Beta-acids Total Myrcene B -Caryophyllene Famesene Humulene 8 -Caryophyllene
1992-1993 089 0.80 0.93 0.87 0.76 0.62 0.89 0.84 0.88 0.94
1994-19985 076 0.78 0.77 0.73 0.35 0.25 0.60 0.58 0.39 0.75
B. Heritability

Alpha- Beta- Alpha-acids/ Cohumulone  Essentlal oil Humulene/
acids  acids Beta-acids Total Myrcene B8 -Caryophyllene Farnesene Humulene 8 -Caryophyilene
Heritability 050 0.75 <0 0.94 0.37 0.62 0.20 0.89 041 <0
Standarderror 030 0.40 0.19 0.36 0.33 0.73 0.37 0.17
The chemical values wore obtoined by % cry matter for Alpha and Boto-acids, % a3 ratio for cohumuione, mi. for totel easential ol and 4 Hfor cach od compeners: from 100g hop dry mattor.
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