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Inheritance of the kernel flavour in almond

F. DICENTA & J. E. GARCIA
CEBAS (CS/C), Murcia, Spa/n

In this study, the sweet, bitter or slightly bitter flavour of the kernel of 1969 almond trees was deter-
mined over a 2-year period; the trees are seedlings of 51 families deriving from crosses of 12
varieties of almond. It is proven that this trait is controlled by just one gene, with bitterness being
due to the recessive allele. Trees with slightly bitter kernels are heterozygous forms, in which the
bitter flavour is scarcely expressed due to an alteration of the total dominance system. In addition,
the varieties used as parents have been classified as homozygous or heterozygous for this trait.
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Introduction

The sweet characteristic of the kernel, as opposed to
the bitter one, has undoubtedly been of prime import-
ance in the breeding of the almond tree, from the first
selection processes carried out by farmers to the
current research programmes. As a consequence of
this constant selection, a progressive decrease in the
frequency of alleles responsible for the bitter flavour in
this species has taken place. Nevertheless, some
varieties, which have been grown for years and are
commercially viable, carry these alleles and, when
combined with each other can produce seedlings with
bitter kernels.

As happens in other Prunus, such as the peach or
the apricot tree, the bitter flavour of the seed is due to
amygdalin glucoside (McCarty et a!., 1952; Chandler,
1957; Woodroof, 1967). The nearest amygdalin
precursor (prunasina) is not produced in the kernel,
but is transported from the mother plant, which is the
one that has the bitter genotype (Frehner, et at., 1990),
so that all the kernels of a tree will have either sweet or
bitter kernels (Kester & Asay, 1975; Spiegel-Roy,
1979; Grasselly & Crossa-Raynaud, 1983).

In spite of the importance that the knowledge of the
inheritance of this trait has for the breeder, few authors
have paid enough attention to the question (Heppner,
1923, 1926; Spiegel-Roy & Kochba, 1974; Grasselly
& Crossa-Raynaud, 1983).

The aim of this work is to determine the mode of
inheritance of this trait, in order to improve the
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efficiency of future breeding programmes, in which the
bitter flavour is not usually a desired characteristic.

Plant material and methodology

The sweet, slightly bitter or bitter flavour of the kernel
was determined in 1969 trees belonging to 51 families
derived from the same number of crosses among 12
varieties of almond tree. All the cultivars have sweet
kernels, except the Garrigues variety, which is slightly
bitter, and Genco and Tuono, which occasionally
present slightly bitter kernels. The families studied are
shown in Table 1 as well as the number of individuals
examined in each.

Flavour determination was carried out by tasting the
kernels in two separate years; no differences were
found from one year to the next, except for a very few
seedlings, which had sweet kernels one year and were
very slightly bitter in the second year but which were
finally considered to have sweet kernels.

The data were analysed by goodness-of-fit x2 in
terms of the number of seedlings with sweet, slightly
bitter and bitter kernel, in each family.

Results and discussion

The number of seedlings with sweet, slightly bitter, and
bitter kernels of each family is shown in Table 1. It can
be observed that the number of families and individ-
uals is high, a fact that makes this study highly reliable.

The observation of the results shows that trees with
a sweet kernel are more abundant: 94 per cent of the
total number; bitter kernel trees represent only 4 per
cent and slightly bitter ones 2 per cent.
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Table 1 Number (n) and percentage (%)ofseedlings with sweet, bitter and slightly
bitter kernels by families and total number of seedlings analysed (N)

Sweet Bitter
Slightly
bitter

Crosses N n % n % n %

RamilletexGenco 62 61 98.4 0 0.0 1 1.6
RamilletexTuono 123 122 99.2 0 0.0 1 0.8

RamilletexFerragnès 50 50 100.0 0 0.0 0 0.0
RamilletexMono 108 108 100.0 0 0.0 0 0.0
GarriguesxGenco 33 20 60.6 7 21.2 6 18.2
GarriguesxTuono 50 34 68.0 11 22.0 5 10.0
Garrigues x Ferragnès 53 52 98.1 0 0.0 1 1.9
Garrigues x Mono 77 76 98.7 1 1.3 0 0.0
AtochaXGenco 84 52 61.9 28 33.3 4 4.8
AtochaxTuono 21 18 85.7 3 14.3 0 0.0
AtochaxFerragnès 61 59 96.7 2 3.3 0 0.0
AtochaxMono 71 71 100.0 0 0.0 0 0.0
PeralejaXGenco 22 22 100.0 0 0.0 0 0.0
PeralejaxTuono 61 61 100.0 0 0.0 0 0.0
PeralejaxFerragnès 36 36 100.0 0 0.0 0 0.0
PeralejaxMono 85 85 100.0 0 0.0 0 0.0
DelCidxGenco 49 48 98.0 0 0.0 1 2.0
Del CidxTuono 19 18 94.7 0 0.0 1 5.3
Del CidxFerragnès 33 33 100.0 0 0.0 0 0.0
DelCidxMono 38 38 100.0 0 0.0 0 0.0
GencoXRamillete 28 26 92.9 0 0.0 2 7.1

Genco x Garrigues 16 9 52.9 3 17.6 4 23.5

FerragnèsXRamillete 15 15 100,0 0 0.0 0 0.0

FerragnèsXGarrigues 13 12 92.3 0 0.0 1 7.7
TitanXRamillete 39 39 100.0 0 0.0 0 0.0
PrimorskiixRamillete 69 69 100.0 0 0.0 0 0.0

PrimorskiixGarrigues 73 72 94.7 0 0.0 1 1.3
Primorskii x Atocha 70 70 100.0 0 0.0 0 0.0
Primorskii x Del Cid 57 57 100.0 0 0.0 0 0.0
WawonaXRamillete 19 19 100.0 0 0.0 0 0.0
WawonaxOarrigues 54 29 49.2 17 28.8 8 13.6
WawonaxDelCid 44 43 95.6 1 2.2 0 0.0
GencoxTuono 10 9 90.0 1 10.0 0 0.0
Genco XFerragnès 26 25 96.2 0 0.0 1 3.8
GencoXMono 47 47 100.0 0 0.0 0 0.0
TuonoXGenco 44 35 79.5 9 20.5 0 0.0
TuonoXFerragnès 37 37 100.0 0 0.0 0 0.0

FerragnèsxGenco 41 41 100.0 0 0.0 0 0.0

FerragnèsXTuono 15 15 100.0 0 0.0 0 0.0
Ferragnès X Mono 26 26 100.0 0 0.0 0 0.0
MonoXGenco 12 12 100.0 0 0.0 0 0.0
MonoXTuono 2 2 100.0 0 0.0 0 0.0

Mono XFerragnès 16 16 100.0 0 0.0 0 0.0

TitanXFerragnès 3 3 100.0 0 0.0 0 0.0
TitanXMono 2 2 100.0 0 0.0 0 0.0
PrimorskiixFerragnès 15 15 100.0 0 0.0 0 0.0
PrimorskiixMono 9 9 100.0 0 0.0 0 0.0
PrimorskiiXTitan 15 15 100,0 0 0.0 0 0.0
WawonaxFerragnès 10 10 100.0 0 0.0 0 0.0
WawonaXTitan 2 2 100.0 0 0.0 0 0.0
WawonaXPrimorskii 4 4 100.0 0 0.0 0 0.0

Total 1969 1849 94 83 4 37 2
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Note that it was oniy in 11 families that some seed-
lings with bitter kernels were obtained, and that only in
eight were there more than 5 per cent. Analysis of
these families reveals that only five of the 12 cultivars
are present: Garrigues, Atocha, Genco, Tuono and
Wawona. We also observed that when these varieties
were crossed, the percentage of trees with slightly bitter
kernels varied between 0 and 23 per cent.

When some of these five varieties were crossed with
the remainder, there were no seedlings with bitter
kernels, with the exception of the Garrigues x Mono,
Atocha x Ferragnès and Wawona>< Del Cid families, in
which the seedlings with bitter kernels were scarce (1.3,
3.3. and 2.2 per cent, respectively). The percentage of
trees with slightly bitter kernels in these families ranged
between 0 and 7.7 per cent, but it must be observed
that, as in the case of the bitter kernels, this resulted in
one or two individuals in each. When none of these five
varieties took part in the cross, 100 per cent of the
individuals produced sweet kernels.

As neither of the cultivars was bitter but the
characteristic appears in the progeny, we must assume
that the bitter trait is recessive, a fact which agrees with
the results obtained by others (Heppner, 1923, 1926;
Spiegel-Roy & Kochba, 1974; El Gharbi, 1981;
Grasselly & Crossa-Raynaud, 1983). In concordance
with this fact, the two cultivars in a cross with bitter
progeny must be heterozygous for this characteristic.

On the other hand, the existence of an important
group of families that did not produce either bitter or
slightly bitter kernels suggests that in this case, both
cultivars must be homozygous for the sweet trait. In
addition, when any of these was crossed with one of the
five cultivars which carried the bitter trait, only four
seedlings with bitter kernels apppeared (0.4 per cent),
the presence of which might be due to experimental
error. Furthermore, there was a small ratio (1 per cent)
of trees with slightly bitter kernels.

In the light of the behaviour shown by their progeny,
we can state that Garrigues, Atocha, Genco, Tuono
and Wawona are heterozygous for this characteristic,
while Ramillete, Peraleja, Del Cid, Ferragnès, Mono,
Primorskii and Titan are dominant homozygous. Our
conclusions on the genetic nature of Ferragnès and
Tuono for this characteristic agree with those of other
authors (El Gharbi, 1981; Grasselly & Crossa-
Raynaud, 1983); the remaining varieties have not been
studied so far.

Taking into account these observations, the results
have been re-grouped in Table 2. If the frequencies of
bitter kernel trees are observed, it is seen that a good
adjustment to the expected frequencies has been
obtained (3 sweet:1 bitter) in the segregation of a
monogenic trait with total dominance of the sweet

form. This ratio is excellent if the individuals with
slightly bitter kernels are grouped with the sweet ones,
to which they are phenotypically close (Table 3). This
Table shows the levels of significance of chi-squared
tests for the ratio 3 sweet:1 bitter in crosses of hetero-
zygous cultivars, by families and globally. Studying
each family in turn, the level of significance varied from
0.624 to 0.078, and in the global analysis it was very
close to unity; thus the results leave no doubt as to the
verification of the established hypothesis.

In the remaining cases (Hm X Hm and Hm X Ht),
and bearing in mind that the expected frequency was 0,
the chi-square test could not be applied. Thus, the
results are consistent with the hypothesis of 100 per
cent sweet kernel trees.

As Heppner (1923, 1926), in spite of the high
variability of his results, proposed the hypothesis of the
monogenic control of this characteristic, other authors
(El Gharbi, 1981; Grasselly & Crossa-Raynaud, 1983;
Vargas et a!., 1983; Vargas & Romero, 1988) have
accepted it as valid, despite their results not conform-
ing exactly and the plant material studied being not
very abundant.

Only Spiegel-Roy & Kochba (1974) rejected the
hypothesis of the monofactorial inheritance and postu-
lated the possibility of the intervention of three genes,
although in later works (Spiegel-Roy & Kochba, 1977;
Spiegel-Roy, 1979; Spiegel-Roy & Kochba, 1981) and
without furnishing new data, they accepted Heppner's
theory as valid.

The results of this study, obtained from a high
number of plants, give a high reliability to the
established hypothesis, which is fully confirmed by the
corresponding statistical analysis.

Slightly bitter forms must correspond to hetero-
zygous trees (Ss) and occasionally the presence of the
recessive allele may produce a certain degree of bitter-
ness, due to an alteration in the total dominance of the
sweet flavour. In fact, among the heterozygous parents,
we can find varieties with kernels that always show a
slightly bitter flavour (Garrigues), that present it
occasionally (Genco and Tuono) or completely sweet
flavour (Atocha and Wawona). Although the slightly
bitter flavour of Genco and Tuono has not been
detected on some occasions (Godini et a!., 1979), the
chemical analysis shows that, in general, varieties from
Apulia have higher levels of amygdalin than other
varieties (Barbera eta!., 1987).

We can infer that the use in breeding programmes of
bitter kernel trees with some outstanding characteristic
(resistance to diseases, kernel of excellent size and
appearance, great vigour, etc), must not be disregarded
if the other parent is sweet homozygous because it is to
be expected that all the progeny will show sweet
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Table 2 Number (n) and percentage (%)ofseedlings with sweet, bitter and slightly
bitter kernels by groups

Slightly

Groups of
crosses Fam N

Sweet

n %

Bitter

n %

bitter

n %

HmxHm 17 616 616 100,0 0 0.0 0 0.0
HmXHt 26 1041 1027 98.6 4 0.4 10 1.0
HtxHt 8 312 206 66.0 79 25.3 27 8.7

Ht =heterozygous, Hm = sweet homozygous. Fam =Number of families.
N= Total number of seedlings in each group.

Table 3 Chi-squared test (x2) for expected frequency 3:1 (sweet:bitter) in crosses
between heterozygous varieties. N =number of observations. Observed and
expected frequencies and signification level. (The seedlings with slightly bitter
kernels have been included in those with sweet kernels)

Crosses N

Obser

Sweet

ved

Bitter

Expecte

Sweet

d

Bitter x2 Significance

GarriguesxGenco 33 26 7 24.75 8.25 0.252 0.615

GarriguesxTuono 50 39 11 37.50 12.50 0.240 0.624
AtochaxGenco 84 56 28 63.00 21.00 3.111 0.078
AtochaxTuono 21 18 3 15.75 5.25 1.285 0.257
GencoxGarrigues 16 13 3 12.00 4.00 — —

WawonaxGarrigues 54 37 17 40.50 13.50 1.210 0.271
GencoxTuono 10 9 1 7.50 2.50 — —

TuonoxGenco 44 35 9 33.00 11.00 0.485 0.486

TotalHtxHt 312 233 79 234.00 78.00 0.017 0.896

kernels. When the other parent is heterozygous, we
must expect that only 50 per cent of the individuals of
the progeny will produce sweet kernels. Finally, the use
of two bitter cultivars would necessarily produce 100
per cent of progeny with bitter kernels, and thus this
type of cross is always inadvisable.

Conclusions

The results obtained allow us to conclude that the
inheritance of kernel flavour in almond is determined
by just one gene with two alleles, 'S' dominant, respon-
sible for sweet flavour, and 's' recessive, responsible for
bitter flavour.

Among the cultivars used in this breeding pro-
gramme, Garrigues, Atocha, Genco, Tuono and
Wawona are heterozygous for this trait; Ramillete,
Peraleja, Del Cid, Ferragnès, Mono, Primorskii and
Titan are sweet homozygous.

Slighty bitter kernel-producing trees are hetero-
zygous forms in which, occasionallly and in very small
proportion, the system of total dominance can be
altered to express the bitter flavour in reduced form.

Due to the dominant characteristic of the sweet
flavour, the use of bitter cultivars in combination with
sweet homozygous is proposed for programmes of
breeding by cross, when the former have some out-
standing characteristic that is to be transmitted to the
progeny because 100 per cent of the latter will produce
sweet kernels.
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