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A genetic approach

to the transmission

of self compatibility

in almond

(Prunus amygdalus Batsch)

INTRODUCTION

Almond breeding programs have stressed the deve-
lopment of self compatible cultivars since its impor-
tance has been carefully considered (Socias i Com-
pany, 1978). The present self-compatible cultivars
and forms have been the initial source from which
the programs have developed, as there has been a
search for selections covering a broader range of re-
guirements than the existing forms. However, where-
as the transmission of self-compatibility to the off-
springs has been confirmed (Socias i Company and
Felipe, 1977), its mechanism has not been deeply stu-
died, and it would be very useful in the program-
ming of breeding.

Almond is a species with a single-locus gameto-
phytic type of self-incompatibility, found in the
Rosaceae family (Crowe, 1964), as suggested by the
behaviour of its pollination and pollen tube growth
(Socias i Company et al., 1976) and studies of relat-
ed species of the genus Prunus, such as cherry
(Crane and Brown, 1937). This type is ruled by a se-
ries of alleles at a single locus, the S alleles. The in-
compatibility reaction is determined by the geno-
types of the pistil and of the pollen grain, whose tube
grows slowly or is inhibited in pistils bearing the
same allele. If an almond cultivar, a diploid plant,
has the $:S, genotype, it produces two different
kinds of pollen grains, those of S, and S, geno-
types. Both are unable to grow in the pistils of the
same plant because the pistils carry the same alleles
as the grain since those are diploid. This interpreta-
tion was proposed by East and Mangelsdorf (1925)
and explains the cross-compatibility of a plant with
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its progeny, as the progeny of a $;S, plant must be’
$iS; or 8,5, i # 1, 2, and the existence of cross-
compatible groups as has been shown in almond
{Kester, unpublished).

The almond breeding program at Zaragoza has been
directed to the obtention of self-compatible forms,
basically with crosses involving the cultivar “Tuono’.
The resuits obtained so far and their analysis from
the point of view of the transmission of self-
compatibility are offered for discussion.

MATERIAL AND METHODS

The seedlings of the almond breeding program of
Zaragoza are studied for self-compatibility as soon
as the juvenile period is over and the first flowers are
produced. Twenty flowers are collected and pre-
pared for their pollination. If it is not possible to
collect 20 flowers from one seedling at a time, this
number can be accomplished through several collec-
tions. Several seedlings have oniy a few flowers the
first year and the number of 20 flowers cannot be
reached.

The flowers are emasculated and placed in a tray
with water, with the peduncles through the holes of
a plastic mesh floating over the water thanks to sev-
eral pieces of wood or cork. This method saves
space, and allows the study of individual flowers.

The pistils are pollinated when the pollen is dry
{about two days) and the trays are placed in an oven
at 22° C. The pistils are coliected three days after-
pollination, placed in a solution of 5% Na,S0;, and
autoclaved for 10 min at 1.2 kg cm—2,
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Table 1
Number of seedlings in each class from the crosses
of the almond breeding program at Zaragoza
Self- Self- .
Cross compatible incompatible Intermediate

TUONO o 48 2 8
Tuono” x ‘A-S-1 .................. 5 — 2
‘Tuono’ x ‘Genco’ ................. 1 3 —
Self-compatible < ..................

self-compatible . .................... 54 5 10
‘“Tuono’ x ‘Cristomorto’............. 4 — 1
“Tuono’ x 'Fourcouronne’ ........... 1 8 4
‘Tuono’ x ‘Ferragnés’............... 11 3 2
Tuono” x ‘Miagkoskorlupyj ......... 2 — —
“Tuono’ x 'Primorskij’............... 2 1 3
‘Tuono” x ‘Texas’ .........c.ccuvnnn 8 3 3
Tuono” x ‘Orés’ ................... 2 1 —
“Tuono’ x ‘Yaltinskij” ............... 4 1 1
Tuono’ x 'T. dela Verdiére'......... 5 — —
‘Tuono’ x ‘Marcona’ ............... 1 — —
TUoNO' X 7 oo e 5 1 —
Self-compatible x ..................

self-incompatible ................... 45 18 14
‘T. de la Verdiere’ x ‘"Tuono’......... 7 — 2
Titan” X “Tuono’................... 10 3 7
Self-incompatible- x ................

self-compatible . .................... 17 3 9
Tuono” X OP....... ... ... coiuut. 7 5 4
A-S-1T X OP Lo 5 8 2
‘Genco’ x OP............ .. ... .. 5 b 1
121 X OP oo e 2 — —
Self-compatible x OP............... 19 18 7

Pollen tube growth is assessed by observation in an
UV microscope, by fluorescence of the callose depo-
sits by aniline blue (Kho and Baer, 1968). Every seed-
ling in studied at least during two consecutive years;
if results are not consistent the study lasts longer. In
this way the seedlings are classified as self-
compatible or self-incompatible; however, some
forms are classified as intermediate because some
pistils {normally very few) have a single pollen tube
at the base, and so are closer to the self-
incompatible ones than to the self-compatible.

RESULTS AND DISCUSSION

Table 1 shows the results obtained up to 1982, It
does not include the results from seedlings that have
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not been defined because of inconsistent results or
of a short number of flowers produced so far. Table
2 transforms these results into percentages.

The small size of the offsprings in crosses with fruit
trees leads to reduced numbers in the calculations,
and so to their difficult mathematical interpretation.
For this reason the typical X2 analysis has not been
applied. Besides, the presence of seedlings with a
very long juvenile period means that these figures
are incomplete. Nevertheless, a first approach can
be tried.

in the gametophytic self-incompatibility system of
almond, the changes are related to the S locus. Like
any other gene, this locus can undergo mutations,
naturally or artificially induced. A mutation can es-
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Table 2

Percentage of seedlings in each class from the crosses
of the almond breeding program at Zaragoza

Self-
" Cross Self- _ Self- Intermediate incompatible
compatible incompatible Intermediate
1. Self-compatible x
self-compatible 8 7 ’ 14 2
2: Selftcompatlt?le X 58 23 18 41
self-incompatible
3 Self—lncomgatlble X 58 10 31 41
self-compatible
4: Self-compatible x OP 43 40 16 56
2+3+4 54 26 20 46

tablish a self-campatible allele S; {(East, 1929), be-
lieved to be of the S series (Pandey, 1968), and the
fixation of this allele in the offspring can establish a
self-compatible system, though the mutation can re-
vert to the self-incompatible situation (Lewis and
Crowe, 1953).

Lewis and Crowe (1954} found different kinds of S
mutations in cherry (a species very close to almond),
with a permanent or reversible mutation affecting
pollen activity and a permanent loss of the stylar ac-
tivity; the two mutations can occur either indepen-
dently or synchronously and can revert to normal in-
dependently. The induced mutations produce the
same range of mutant types found in spontaneous
mutations. These different kinds of S mutations in-
duced these authors (1958), after studying the in-
compatibility behaviour in several plants, to suggest
that three different steps occur in the mutation from
self-incompatibility (Sl) to self-compatibility {SC).

According to this theory (S; allelic to the S series),
as self-incompatible forms are found both among
the offsprings of two self-compatible cultivars and
among the progeny of one self-compatible and one
self-incompatible cultivar, the present self-
compatible cultivars used in these crosses must be
heterozygous for self-compatibility.

However, as shown in Table 1, there is not a clear
cut distinction between self-compatible and self-
incompatible selections, because there are interme-
diate forms which are not clearly self-compatible but
in some cases have pollen tubes growing through
the whole style and reaching the ovules. This agrees
with references to partial self-compatibility among
almond cultivars (Almeida, 1945 and 1949; Bowman,
1939; Milella, 1959; Tufts, 1919), and almond selec-
tions derived from crosses with self-compatibie culti-
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vars {Grasselly, unpublished). These forms must be
considered as agronomically self-incompatible as the
few fruits obtained when self-pollinated are not a
crop.

Environmental conditions, artificial treatments and
genetic factors can affect self-incompatibility and be
used to overcome it {Pandey, 1959), producing a
small self set called pseudo-self-compatibility, first
called pseudo-fertility by East and Park (1917). This
could be the case in the intermediate forms men-
tioned above. But as environmental conditions are
normal in the assays and no artificial treatments are
applied, genetic factors can be supposed to affect
self-compatibility in this way,

Grasselly (unpublished) has suggested the possibility
that more than one locus could be implied in self-
compatibility and its transmission. This could explain
a deviation from 3:1 or 1:1 ratios among the off-
spring of different kinds of crosses, but could hardly
explain the presence of intermediate forms. These
may be due, as suggested by Pandey (1959), to a
chance combination of modifier genes which weak-
en the incompatibility reaction. However, it is very
difficult to consider modifier genes, as they are mi-
nor genes and are sometimes probably referred to to
explain complex situations.

Kostina (1970), working with different ecological-
geographical apricot populations possessing differ-
ent degrees of self-compatibility, .suggested that the
inheritance of self-compatibility in apricot (otherwise
a species very close to almond} may differ depending
on the genetic characteristics of the initial forms.
These comments might also apply to the almond se-
lections, as observed in the results of different cross-
es, shown in Table 1: some crosses, as ‘Tuonc’ x
‘Tardive de la Verdiere’ (in both ways), ‘Tuono’ x



‘Cristomorto’ {probably of a genetic background close
to ‘Tuono’}, ‘Tuono’ x ‘Ferragnes’ (from a cross by
‘Cristomorto’), have a higher proportion of self-
compatible forms than the expected 1:1 ratio, but in
other crosses, such as ‘Tuono’ x ‘Fourcouronne’,
this proportion is lower. This has also been reported
in crosses involving other cultivars by Grasselly (un-
published).

Socias | Company et al. {1976) found in almond se-
lections derived from peach x almond hybridization
different degrees of self-compatibility. They suggest-
ed that, even if the S; allele from peach is allelic to
the S series in almond, it could only be homoeolo-
gous and not completely homologous, with in-
complete dominance in the hybrid offspring. Va-
riations in the compatibility system could also occur
because of the drastic change produced by shifting
the S; allele from a well coadapted system into a dif-
ferent well coadapted system which involves self-
incompatibility. In addition, self-compatibility could
be influenced by modifier genes influencing the ma-
jor S locus and being manifested to different de-
grees in these hybrids when twao different genetic
systems are put together. Basides, they found fe-
male sterility due to ovule abaortion in some of the
selections.

‘Tuono’ has a very high proportion of flower sterility
(Socias i Company, 1982), and various degrees of
female sterility have been observed among its proge-
nies {Socias i Company, unpublished). This parallels
with the selections above mentioned studied by So-
cias | Company et al. (1976). The geographical distri-
bution of the self-compatible cultivars is: Puglia
(Italy), where most are found, as ‘Tuono’, 'Genco’,
‘Filippo Ceo’ (Grasselly and Olivier, 1976; Herrero et
al., 1977), and also probably ‘Duro [taliano’ indicated
by Almeida {1945) in Portugal and considered by
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Grasselly (unpublished) very close to ‘Tuono’, and
also ‘Mazzetto’ (Anonymous, 1972); Portugal, with
‘José Dias’ (Almeida, 1945); Spain, with ‘A-S-1'
(Herrero and Felipe, 1975); and Bulgaria, with ‘Exi-
nograd’ (Costetchi, 1967). In Puglia and Bulgaria the
species P. webbii Spach grows wild (Grasselly,
1976), and it probably grows also in Spain, in a re-
gion close to-Portugal, and is self compatible (Felipe
and Socias i Company, 1977). So, one can also con-
sider the possibility of a natural transmission of self-
compatibility from P. webbii to almond, producing a
genetic unstability due to hybridization with female
sterility and various degrees of self-compatibility.

It is possible to consider that almond is a self-
incompatible species with a genetic background of
pseudo-self-compatibility as indicated by the small
self set observed in some cultivars. Above this back-
ground, only one S; change breaks the incompatibi-
lity system. This S; can be due to a natural mutation
or 1o the transmission from a close species such as
P. webbii. This S; change must be recent because it
has not been fixed, and probably the self-compatible
forms are heterozygous for it because self-
incompatible forms appear in their offspring. So,
three classes are distinguished: self-compatible (new
in the species), self-incompatible, and pseudo-self-
compatible. The last two can be considered togeth-
er, and examining the percentages of Table 2,
where all the results have been pooled bearing this
fact in mind, a relative closeness to the ratio 3: 1 in
the self-compatible x seif-compatible crosses, and
o 1: 1 in the other crosses is observed. These re-
sults agree with the theory of gametophytic self-
incompatibility in plants {Lewis and Crowe, 1958;
Pandey, 1959 and 1968).

So one can conclude that self-compatibility in al-
mond is probably due to a S; allele in the S series,
and that the forms studied so far are heterozygous.
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