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SUMMARY Studies on two apple seedling progenies from crosses between a common female parent and two different male
parents suggested that red fruit colour was determined by two dominant complementary genes. Blush and red
colour did not appear to segregate independently ; a single dominant gene for blush linked to one of the genes
for red colour is proposed. Red pigmentation was found only in the layer of skin originating from LII.

Additional key words : Skin colour, hybridization.

RÉSUMÉ Hérédité de la couleur du fruit chez le pommier (Malus pumila, Mill.) (’).
Deux descendances de pommier impliquant un parent femelle commun sont étudiées quant à l’hérédité de la
couleur de l’épiderme du fruit. Les ségrégations obtenues nécessitent deux gènes complémentaires dominants
pour rendre compte de la distribution du caractère, couleur rouge de l’épiderme ; ces ségrégations ne satisfont
pas l’hypothèse classique d’un seul gène dominant. L’aspect rouge uniforme et la présence de stries rouges sur
fond jaune ne sont pas deux caractères indépendants : l’un des gènes proposés pour expliquer la couleur rouge
serait lié à un troisième gène dominant pour conduire à l’aspect rouge uniforme. La couleur rouge foncé a pour
origine les cellules épidermiques issues de la couche histogénique L II.

Mots clés additionnels : Couleur de l’épiderme, hybridation.

1. INTRODUCTION

Many studies indicate the presence of a major
dominant gene for red colour in the skin of apple fruit
(WILCOX & ANGELO, 1936 ; ALDERMAN & LANTZ,
1938 ; WELLINGTON & HOWE, 1944 ; ALSTON &

WATKINS, 1973 ; BROWN, 1975 ; HANIUDA et lll.,
1977 ; KARNATZ, 1979 ; SCHMIDT & KRUGER, 1983).
LESPINASSE et al. (1984) have proposed from a study
on one population that yellow colour may be the result
of two complementary genes, A + B, and that red
colour the result of one of these genes, A or B. With
this hypothesis it was also possible to account for the
results of KARNATZ (1979) who found red fruit colour
in 20 % of a selfed ’Golden Delicious’ progeny.
Some authors have reported striping to be dominant

over blushed colour in a simple segregation pattern

(I) Ce travail a été realise a la Station d’Arboriculture fruitiere de
l’I.N.R.A., à Angers, lors d’un s6jour de 6 mois effectué par le

premier auteur.

(WILCOX & ANGELO, 1936 ; KLEIN, 1958 ; BROWN,
1975) and others (KARNATZ, 1979) have described a
complex segregation.
The skin of the apple fruit has been shown to arise

from the histogenic layers LI and LII of the apical
meristem (EINSET, 1952 ; DAYTON, 1969). The

epidermis derives from the superficial layer LI and the
subepidermal layers of the hypodermis from the LII
(GILBERT, 1963 ; PRATT et al., 1975). Each layer
expresses red pigmentation independently of the other
(MisiC & TESOVIC, 1971 ; PRATT et al., 1972 ; PRATT
et al., 1975).

II. MATERIALS AND METHODS

The progenies used in this study resulted from two
crosses made in 1979 ; ’TNB 34-37’ x ’Gloster 69’ and
’TNB 34-37’ x ’Cloden’. ’TNB 34-37’ is a selection
from the scab resistance programme at INRA Angers
(fig. 1).



The germination rate for both populations was in the
order of 95 070 (table 1). The young seedlings were
inoculated in the glasshouse with a suspension of apple
scab spores (Venturia inaequalis (Cke.) Wint.) at the
threeleaf stage. 68 % of the ’TNB 34-37’ x ’Gloster
69’ and 60 % of the ’TNB 34-37’ x ’Cloden’ progeny
were screened out as being scab susceptible.
The seedlings were then screened in the nursery for

susceptibility to powdery mildew (Podosphaera leuco-
tricha (Ell. et Ev.) Salm.). Both populations were
screened for stunted growth at the nursery stage. No
seedlings were discarded from the ‘TNB 34-37’ x ’Glos-
ter 69’ population, but 24 % of the ’TNB 34-
37’ x ’Cloden’ population were discarded for this
reason. No other screening was applied to either

population and we assumed that selection pressures
were the same in both cases.
From the original populations, 118 (14 %) ’TNB 34-

37’ x ’Gloster 69’ and 93 (8 %) ’TNB 34-37’ x ’Clo-
den’ seedlings were selected for planting in the orchard.

Observations were carried out on the fruit of all
those seedlings which set fruit in 1984 ; 112 (95 %)
’TNB 34-37’ x ’Gloster 69’ and 80 (86 0l0) ’TNB 34-
37’ x ’Cloden’.
At maturity fruit colour was classified into four cate-

gories ; (a) more than 50 % blushed red (’Gloster 69’
type) ; (b) more than 50 % striped red (’TNB 34-37’
type) ; (c) yellow (including light red sunblush) ; and
(d) yellow-green (’Cloden’ type).
One well coloured fruit was selected from each

seedling and a section of the epidermis examined under
the microscope using the method described by DAYTON
(1959) to determine whether the red pigmentation was
in the epidermal or hypodermal layers.

III. RESULTS AND DISCUSSION

Red pigment was found in the hypodermal
layers of both ’TNB 34-37’ and ’Gloster 69’ type seed-
lings. However, ’Gloster 69’ carried red pigment in
both epidermal and hypodermal layers while ’TNB 34-
37’ had red pigment in the hypodermis only.
Sunblushed fruit had sparsely distributed red

pigmented cells within the blushed areas, in either the
epidermis or hypodermis, seldom in both. It was not

possible to determine if red pigment from sunblush was
occurring in the hypodermis of the heavily pigmented
’TNB 34-37’ and ’Gloster 69’ type seedlings. The fruit
from the ’TNB 34-37’ x ’Gloster 69’ cross were easily
classified into three distinctive categories ; ’TNB 34-37’
type : 23 %, ’Gloster 69’ type : 48 %, and yellow
(including sunblush) : 29 070. There was a marked

discontinuity between the three groups, particularly
between red and yellow, but a limited gradation did
exist within each group.
The fruit from the ’TNB 34-37’ x ’Cloden’ cross

were also easily classified into ’TNB 34-37’ type :
31 %, yellow (including sunblush) : 46 % and ’Cloden’
type : 23 %. As with ’TNB 34-37’ x ’Gloster 69’ there
was a marked discontinuity between the red and non-
red categories, but there was no clear distinction
between the yellow and yellow-green (’Cloden’)
categories (table 2).
The proportions of seedlings with red fruit to those

with non-red fruit were 3:1 in the ‘TNB 34-37’ x !Glos-
ter 69’ cross and 1:3 for the ’TNB 34-37’ x ’Cloden’
cross. Thus, if both red parents are heterozygous, red
colour segregated in the ’TNB 34-37’ x ’Gloster 69’

progeny according to the single dominant gene hypo-
thesis of ALSTON & WATKINS (1973) but this model
cannot be applied to the ’TNB 34-37’ x ’Cloden’ pro-
geny where a segregation of 1:1 would be expected. The
observed ratios can however both be explained by two
complementary dominant genes for red colour A and B
which are freely segregating. A yellow pigment is pro-
duced by A or B alone and the yellow phenotype does
not just arise from the absence of red. Yellow-green
colouration is the expression of a double recessive
genotype and results from the absence of a yellow
pigment rather than the augmentation of the green
pigmentation.

This explanation differs from that of TREBUSHENKO
(1939) who proposed two genes for red colour

throughout the plant designating one F, as a basic gene,



and the other, M as a gene specifically for anthocyanin,
a dominant allele of each being necessary for antho-
cyanin production.
The segregation patterns for red colour found in the

populations in this study appear similar to those

reported elsewhere (KLEIN, 1958 ; PRATT et al., 1975),
and it is possible to explain their results using two
complementary gene mechanisms more satisfactorily
than with a single dominant gene for red colour.
The relationship between flavonols and anthocyanin

pigmentation in apples was raised by LESPINASSE

et al. (1984), but it is well known in other species
(ALSTON, 1959 ; HARBOURNE, 1967 ; VAN BUREN,
1970 ; BRAUN, 1976). Yellow colour is the expression
of a complex of flavonols and carotenoids. Quercetin
glycoside has been found to be present at high concen-
trations on the sun exposed side of ’Golden Delicious’
(WELLINGTON & HOWE, 1944). This flavonol appears
to precede cyanidin galactoside anthocyanins in the

biosynthetic pathway (HARBOURNE, 1967). Cyanidin-

6-galactoside is the major red pigment in the apple skin
(SUN & FRANCIS, 1967 ; FARAGHER & BROHIER, 1984).
If the biosynthetic pathway for anthocyanin in apples,
follows that of other higher plants, then this hypothesis
is possible.
The two populations chosen for this study do not

conform to the previous genetic hypothesis of
LESPINASSE et al. (1984), but both proposals are

similar in that they require interaction between two
genes and they suggest a relationship between yellow
and red pigments.

Several loci may exist for red colour with the
observed differences in inheritance pattern being
explained by the expression of different loci in different
crosses.

A second possibility is that the loci for red colour are
multiallelic and their expression changing with
different recombinations. Thus, in some cases they may
act as single genes or pseudogenes (ALSTON, 1959) and
in others in a more complex manner.



The segregation of the ’TNB 34-37’ x ’Gloster 69’

progeny into parental type groups for red colour and
blush or stripe suggests a strong linkage effect between
red colour and blush. Further support for this is that in
the ’TNB 34-37’ x ’Cloden’ progeny all the red fruit
are of the striped or ’TNB 34-37’ type. In the first case
’Gloster 69’ type blush is dominant over ’TNB 34-37’

type stripe in a ratio 2:1. A possible interpretation is
that there is a single gene dominant for blush, L, which
is strongly linked in ’Gloster 69’ to one of the

complementary genes for red colour, B, in the coupling
phase (table 3). The proposed genotypes for the parents
in this study are therefore : ’TNB 34-37’, AaBbll ;
’Gloster 69’, AABBLI, and ’Cloden’, aabbll. These

genotypes are also consistent with the known parentage
of these three varieties (fig. 1).
We assume that ’Gloster 69’ has inherited its colour

characteristic A.B.L. from its parent ’Richared
Delicious’ (PRATT et al., 1972 ; PRATT et al., 1975)
which carried a factor for extensive red in LII. ’Cloden’

(’Golden Delicious’ x ’Reinette Clochard’) has both
parents with yellow-green pigmentation. The parentage

of ’TNB 34-37’ is complex and includes both yellow
and red types.
Red colour is one of the most commercially

important characters in apple. Slight variations in
colour intensity, tone, and distribution are significant
in the market place. It is of great value to the breeder
therefore to understand the mechanism of inheritance

precisely in order to exert some control over this factor
in his breeding programmes.
The proposed genotypes and genetic interactions in

this study are attempts to interpret the empirical
results of two specific hybridizations and as such are
limited, however, they do support some other studies
which indicate there is a wider range of possibility for
the mechanism of colour inheritance than has gene-
rally been considered (PRaTT et al., 1972, LESPINASSE
et al., 1984). Further studies, including biochemical
analysis of the synthetic pathways for pigment in the
apple skin are required before a precise understanding
of colour inheritance can be gained.
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