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ABSTRACT. This report shows the PCR-based identifi cation of the eight known self-(in)compatibility alleles (S1 to S7 
and Sc) of apricot (Prunus armeniaca L.). Two sets of consensus primers, designed from P. armeniaca S-RNase genomic 
sequences and sweet cherry (P. avium L.) S-RNase-cDNAs, were used to amplify fragments containing the fi rst and the 
second S-RNase intron, respectively. When the results obtained from the two PCRs were combined, all S-alleles could 
be distinguished. The identity of the amplifi ed S-alleles was verifi ed by sequencing the fi rst intron and 135 base pairs 
(bp) of the second exon. The deduced amino acid sequences of these fragments showed the presence of the C1 and C2 
Prunus L. S-RNase conserved regions. These results allowed us to confi rm S-genotypes previously assigned by stylar 
ribonuclease analyses and to propose one self-(in)compatibility group (I) and one universal donor group (O) containing 
unique S-genotypes and self-compatible cultivars (SC). This PCR-based typing system also facilitates the identifi cation 
of the Sc-allele and might be a very useful tool for predicting self-compatibility in apricot breeding progenies. 

of S-RNase proteins, require fully mature fl owering trees and 
therefore are costly and time consuming in species with large 
juvenile periods (Alburquerque et al., 2002; Burgos et al., 1998). 
In Prunus, S-RNase genes involved in SI have been character-
ized in almond [P. dulcis (Mill.) D.A. Webb] (Ushijima et al., 
1998), sweet cherry (Tao et al., 1999a), japanese apricot (P. mume 
Sieb. et Zucc.) (Yaegaki et al., 2001), sour cherry (P. cerasus L.) 
(Yamane et al., 2001), and apricot (Romero et al., 2004). The 
Prunus S-RNase coding region is interrupted by two introns that 
vary in size in an S-haplotype specifi c manner (Igic and Kohn, 
2001; Ma and Oliveira, 2001; Romero et al., 2004; Tao et al., 
1999b; Yamane et al., 2000). This feature has been very useful to 
speed up the S-alleles analysis. Indeed, PCR amplifi cation based 
on conserved or specifi c primers designed from S-RNase DNA 
sequences has been used extensively for cultivar S-genotyping in 
almond (Channuntapipat et al., 2003; Tamura et al., 2000), sweet 
cherry (Sonneveld et al., 2001, 2003; Tao et al., 1999a; Wiersma 
et al., 2001; Wünsch and Hormaza, 2004; Yamane et al., 2000), 
and japanese apricot (Yaegaki et al., 2001). 

The apricot S-locus structure has been analyzed in three differ-
ent S-haplotypes (S1, S2, and S4) (Romero et al., 2004) allowing to 
develop specifi c PCR-primers to determine new self-incompat-
ibility alleles. This work is aimed to identify by PCR the eight 
S-alleles (seven self-incompatible and one self-compatible) de-
scribed to date in apricot through other methods (Alburquerque et 
al., 2002; Burgos et al., 1998). The application of the PCR-based 
identifi cation would be a useful tool for S-genotyping in apricot 
breeding programs.

Materials and Methods

PLANT MATERIAL. Sixteen apricot accessions, kept at the col-
lections of the Instituto Valenciano de Investigaciones Agrarias 
(IVIA) in Valencia (Spain) and at the Departamento de Mejora y 
Patología Vegetal (CEBAS-CSIC) in Murcia (Spain), were used 
in this study (Table 1). ʻGoldrichʼ, ʻSungloʼ, and ʻHarcot  ̓are 
North American cultivars. ̒ Currotʼ, ̒ Palauʼ, ̒ Ginestaʼ, ̒ Caninoʼ, 
ʻColoraoʼ, and ʻMoniquí  ̓are Spanish cultivars and ʻBeliana  ̓is 
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Self-incompatibility (SI) is a common evolutionary strategy 
used by fl owering plants to prevent self-fertilization and promote 
out-crossing (De Nettancourt, 1977). The Rosaceae, Solanaceae, 
and Scrophulariaceae present a SI gametophytic system based on 
S-RNases (Igic and Kohn, 2001). This type of SI is controlled by 
a highly multi-allelic locus, called the S-locus, and the feasibility 
of a cross is determined by the haploid genome of the pollen and 
the diploid genome of the pistil. Pollen tube growth is arrested 
if the same allele is present in both the pollen and the style (De 
Nettancourt, 1977). 

Earlier works on Solanaceae species identifi ed S-alleles 
encoding glycoproteins with RNase activity (Anderson et al., 
1986; McClure et al., 1989). These S-RNases are involved in the 
inhibition of pollen tube growth, by S-allele-specifi c degradation 
of pollen RNA, in self-incompatibility reactions (Huang et al., 
1994; McClure et al., 1990; Murfett et al., 1994). Nevertheless, 
the bases of the allelic interactions between S-RNases and the 
pollen S-allele products are not yet fully understood (Wang et 
al., 2003). 

Most apricot cultivars grown in Europe, North America, 
South Africa, and Australia were considered self-compatible 
(Mehlenbacher et al., 1991). However, in the last two decades 
many widespread commercial cultivars have been described as 
self-incompatible (Burgos et al., 1993, 1997; Egea and Burgos, 
1996; Glucina et al., 1988; Lamb and Stiles, 1983; Nyútjó et al., 
1985). Self-compatibility is a desired trait in apricot breeding 
programs to ensure good crop production without using cross-
compatible pollinators. Thus, self-incompatible apricot seedlings 
have to be detected and discarded. The assessment of pollen tube 
growth or fruit set after self-pollination, and even the analysis 
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a French-Tunisian cultivar. In addition, seedlings from crosses 
among North American and Spanish cultivars (ʻGoldrich  ̓ x 
ʻCurrotʼ, ʻSunglo  ̓ x ʻPalauʼ, and ʻHarcot  ̓ x ʻGinestaʼ) were 
included.

DNA EXTRACTION. Five grams of leaves of each accession were 
collected and stored at –80 °C before DNA isolation. Genomic 
DNA was extracted from leaf samples following the method of 
Doyle and Doyle (1987). DNA quantifi cation was performed by 
comparison with lambda DNA (Promega, Madison, Wis.).
S-RNASE ALLELE IDENTIFICATION BY PCR ANALYSIS. Isolated 

genomic DNA from the cultivars and seedlings listed in Table 
1 was used as a template for PCR. PCRs were performed in a 
fi nal volume of 20 μL containing 20 mM Tris-HCl (pH 8.4), 50 
mM KCl, 2.5 mM MgCl2, 0.2 mM of each dNTP, 0.25 μM of each 
primer, 20 ng of genomic DNA and 1 U of Taq polymerase (Life 
Technologies, Rockville, Md.). 

Two primers designed from conserved regions of P. arme-
niaca S-RNase genomic sequences, SRc-F (Romero et al. 2004) 
and SRc-R (this work), and one from P. avium S-RNase-cDNA 
sequences, Pru-T2 (Tao et al., 1999a), were used to amplify the 
fi rst intron (Table 2; Fig. 1). The amplifi cation was carried out 
using a temperature profi le with an initial denaturing of 95 °C for 
3 min; 35 cycles of 95 °C for 30 s, 54 °C for 45 s, and 72 °C for 
1 min 15 s; and a fi nal extension of 72 °C for 10 min (Techne; 
Progene, Cambridge, U.K.). 

To amplify the second intron, two sets of primers designed 

from P. avium S-RNase-cDNA sequences (Tao et al., 1999a) were 
used, Pru-C2/Pru-C4R and Pru-C2/Pru-C6R (Table 2; Fig. 1). 
PCRs were performed using the program previously described by 
Sonneveld et al. (2003) to amplify long PCR products. A fragment 
containing the two introns of the S3-allele of ʻSunglo  ̓(S2S3) was 
PCR-amplifi ed with the SRc-F/Pru-C6R primer combination, 
purifi ed from the agarose gel, using the QIAquick Gel Extrac-
tion Kit (Qiagen, Hilden, Germany), and subsequently used as a 
template to obtain the second intron of the S3-allele.

PCR products were electrophoresed in 0.8% or 2% (w/v) 
agarose gels (second or fi rst intron PCRs, respectively) using 
1 × TBE [(89 mM Tris, 89 mM boric acid, and 2 mM EDTA (pH 
8.0)) buffer, stained with ethidium bromide (0.8 μg·mL–1)] and 
visualized under UV light. Molecular sizes of amplifi ed fragments 
were estimated using a 100-bp ladder (Life Technologies). 

SEQUENCING OF GENOMIC PCR PRODUCTS. PCR products con-
taining the fi rst intron and a fragment (∼135 bp) of the second 
exon of the S3, S5, S6, S7, and Sc-RNase alleles were obtained from 
genomic DNA of the cultivars Sunglo (S2S3), Colorao (S5Sc), 
Moniquí (S2S6), Beliana (S7Sc), and Currot (ScSc), respectively, 
using the primer combinations SRc-F/Pru-C2R and Pru-T2/Pru-
C2R (only for S6-allele) (Table 2; Fig. 1), and the PCR conditions 
described above to amplify the fi rst intron. These fragments were 
extracted and purifi ed from the agarose gels using the QIAquick 
Gel Extraction Kit (Qiagen) and cloned into pGEM-T easy plasmid 
vector (Promega) following the manufacturerʼs instructions. Plas-

Table 1. Apricot accessions evaluated in this study. Genotypes determined by stylar RNases analysis and/or 
cross-pollinations and confi rmed by PCR, self-incompatibility groups proposed (I = self-incompat-
ible, O = universal donors, SC = self-compatible) and references for accessions whose S-genotypes 
had been previously scored. 

Accessions Genotype Group References
Goldrichz S1 S2 I Egea and Burgos, 1996; Burgos et al., 1998
Sunglo S2 S3 O  Burgos et al., 1998
Harcot S1 S4 O  Burgos et al., 1998
Moniquí S2 S6 O Burgos et al., 1998
Canino S2 Sc O (SC) Alburquerque et al., 2002
Colorao S5 Sc O (SC) Burgos et al., 1998
Beliana S7 Sc O (SC) Alburquerque et al., 2002
Currot Sc Sc O (SC) Alburquerque et al., 2002
Palau Sc Sc O (SC) J. Martínez, personal communication
Ginesta Sc Sc O (SC) J. Martínez, personal communication
Goldrich x Currot (G x C) 111 S2 Sc O (SC)
Goldrich x Currot (G x C) 112 S1 Sc O (SC)
Sunglo x Palau (S x P) 18 S2 Sc O (SC)
Sunglo x Palau (S x P) 7 S3 Sc O (SC)
Harcot x Ginesta (H x G) 21 S1 Sc O (SC)
Harcot x Ginesta (H x G) 25 S4 Sc O (SC)
zCultivars Goldrich, Lambertin, and Hargrand conform the incompatibility group I, since all of them have 
the same S-genotype S1S2 determined by cross-pollinations (Egea and Burgos, 1996).

Table 2. Sequences of consensus primers used to amplify the fi rst and the second intron of apricot S-
RNases.

Primer Sequence (5´→3´) Reference
SRc-F (forward) CTC GCT TTC CTT GTT CTT GC Romero et al., 2004
SRc-R (reverse) GGC CAT TGT TGC ACA AAT TG this work
Pru-T2 (forward) GTT CTT GCT TTT GCT TTC TTC Tao et al., 1999a
Pru-C2 (forward) CTT TGG CCA AGT AAT TAT TCA AAC C Tao et al., 1999a
Pru-C2R (reverse) GGT TTG AAT AAT TAC TTG GCC ATA G Tao et al., 1999a
Pru-C4R (reverse) GGA TGT GGT ACG ATT GAA GCG  Tao et al., 1999a
Pru-C6R (reverse) CAT TGC CAC TTT CCA CGT C Vilanova et al., 2003
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mid DNA was isolated with the Rapid Plasmid Miniprep System 
(Marligen, Ijamsville, Md.). Three clones of each fragment were 
sequenced. Sequences were determined automatically using an 
ABI PRISM 377 DNA Sequencer (Applied Biosystems, Foster 
City, Calif.) and the BigDye Terminator v1.1 Cycle Sequencing Kit 
(Applied Biosystems) following the manufacturerʼs instructions. 
Homology searches were performed using the BLASTX program 
(Altschul et al., 1990). Alignment of amino acid sequences was 
carried out with CLUSTALX (Thompson et al., 1997).

Results

PCR IDENTIFICATION OF APRICOT S-RNASE ALLELES. In the 
apricot accessions evaluated in this study (Table 1), fragments 
containing the fi rst intron of the S-RNases were PCR-amplifi ed 
using the SRc-F and SRc-R primers (Fig. 2). These fragments were 
assigned to particular S-alleles (S1 to S7 and Sc) by comparison 
with known S-genotypes, following the nomenclature established 
by Burgos et al. (1998). Furthermore, S-genotyping of seedlings 
from fully compatible crosses among North American and Spanish 
cultivars showed the segregation of the PCR products assigned 
to the S-alleles (Table 1; Figs. 2 and 3). Figure 2A shows that the 
SRc-F/SRc-R primer combination amplifi es two S-RNase alleles 
in most of the cultivars, but only one in those homozygous for 
the self-compatibility (Sc) allele and in ̒ Moniquíʼ, whose S6 allele 
was not amplifi ed. Moreover, all S-alleles could be distinguished 
according to the size of the amplifi ed fragments (from ~250 to 
~400 bp), except the S1 and S7-alleles that had the same fragment 
size (Table 3).

To obtain a fragment containing the fi rst intron of the S6-allele, 
the SRc-F primer was replaced by Pru-T2 (Table 3). This primer, 
previously designed from P. avium S-RNase-cDNA sequences 

(Tao et al., 1999a), is signifi cantly different in sequence from 
SRc-F even though it is located in a very close position. Figure 
2B shows that the S6 allele of the cultivar Moniquí (S2S6) can be 
detected with the Pru-T2/SRc-R combination but not with the 
SRc-F/SRc-R pair. However, for the S2-allele the situation is the 
opposite, as it could not be detected with the Pru-T2/SRc-R primer 
combination (Fig. 2B). To amplify simultaneously fragments 
containing the fi rst intron of the S2 and S6-alleles, the forward 
primers SRc-F and Pru-T2, and the reverse primer SRc-R, were 
used in the same PCR (Fig. 2B).

The second intron was amplifi ed using a set of primers, Pru-
C2/Pru-C4R, designed from P. avium S-RNase-cDNA sequences 
(Tao et al., 1999a). Two S-alleles were found in most of the 
accessions except in the Sc homozygous cultivars and in those 
containing the S3-allele [ʻSunglo  ̓(S2S3) and ʻS x P 7  ̓(S3Sc)] that 
was not amplifi ed (Fig. 3A). With the primer pair Pru-C2/Pru-
C6R, a fragment spanning the second intron of the S3-allele failed 
to be amplifi ed from ʻSunglo  ̓(S2S3) (Fig. 3B). However, S2 and 
S3-allele fragments containing both introns could be obtained 
using the SRc-F/Pru-C6R primer combination (Table3; Fig. 3C). 
Therefore, to facilitate the amplifi cation of the S3-allele second 
intron, nested PCR was performed using as a template the S3-allele 
fragment containing the two introns instead of ̒ Sunglo  ̓genomic 
DNA. Fig. 3C shows the S3 PCR-amplifi ed fragment containing 
the second intron. 

Interestingly, the S2-allele amplifi cation product could not 
be observed in ʻMoniquí  ̓(S2S6), even though it was amplifi ed 
in the rest of the cultivars. The preferential amplifi cation of the 
S6 over the S2-allele is due to differences in primer homologies; 
as when Pru-C4R is substituted with Pru-C6R, which is more 
homologous to the S2 sequence, both alleles were amplifi ed (Fig. 
3B). In terms of the fragment size, all S-alleles were distinguished 

Fig. 2. PCR amplifi cation of apricot genomic DNA with consensus primers for the fi rst intron. (A) S-RNase allele fragments obtained with SRc-F/SRc-R primers. 
Samples are: (M) 100 bp DNA ladder, (1) ʻGoldrich  ̓(S1S2), (2) ʻCurrot  ̓(ScSc), (3) ʻG x C 111  ̓(S2Sc), (4) ʻG x C 112  ̓(S1Sc), (5) ʻSunglo  ̓(S2S3), (6) ʻPalau  ̓(ScSc), 
(7) ʻS x P 18  ̓(S2Sc), (8) ʻS x P 7  ̓(S3Sc), (9) ʻHarcot  ̓(S1S4), (10) ʻGinesta  ̓(ScSc), (11) ʻH x G 21  ̓(S1Sc), (12) ʻH x G 25  ̓(S4Sc), (13) ʻCanino  ̓(S2Sc), (14) ʻColorao  ̓
(S5Sc), (15) ʻMoniquí  ̓(S2S6) and (16) ʻBeliana  ̓(S7Sc). (B) Identifi cation of the S6 allele with Pru-T2/SRc-R consensus primers for the fi rst intron. Samples are: (1) 
ʻCanino  ̓(S2Sc) as control and (2) ʻMoniquí  ̓(S2S6) amplifi ed with different primer combinations (SRc-F/SRc-R, Pru-T2/SRc-R, and Pru-T2 and SRc-F/SRc-R). 
M: 100 bp DNA ladder. Arrows indicate fragments of 600 bp.

Fig. 1. Positions of the consensus primers used in this study in a Prunus S-RNase genomic DNA representation. Boxes and lines are exons and introns, respectively 
(not to scale).
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(fragments from ≈450 to more than ≈2500 bp), except S5 and S6, 
with very similar sizes (Table 3). Two extra fragments or artifacts 
of different sizes were detected in every sample containing S1 or 
Sc-alleles (Fig. 3A). 

SEQUENCE ANALYSIS OF THE APRICOT S-RNASE ALLELES. PCR 
amplifi cation fragments spanning the fi rst intron, assigned to 
S3, S5, S6, S7, and Sc-alleles, were sequenced and compared with 
GenBank accessions. All of them showed homology with other 
Prunus S-RNases already identifi ed (data not shown). The align-
ment of their deduced amino acid sequences showed the presence 
of the C1 and C2 Prunus S-RNase conserved domains along with 
the hypervariable region HV1 located between them (Fig. 4). 

These results, and the previously reported genomic structures 
of apricot S1, S2, and S4-alleles (Romero et al., 2004), allowed us 
to deduce the basic structure of the S3, S5, S6, S7, and Sc-RNase 
alleles, although full-length sequences are not yet available. Figure 
5 shows the structure of the P. armeniaca S1 to S7 and Sc-RNase 
alleles as well as the exact sizes of the S1, S2, and S4-allele exons 
and introns (Romero et al., 2004). For the rest of the S-RNase al-

Fig. 5. Structure of the Prunus armeniaca S1, S2, S3, S4, S5, S6, S7, and Sc-RNase 
alleles. S1, S2, and S4-alleles (gray in colour) were previously described by 
Romero et al. (2004). Boxes and lines are exons and introns, respectively 
(not to scale). Dashed lines indicate introns not sequenced and numbers sizes 
determined in base pairs. 

Table 3. PCR fragment sizeobtained for each S-RNase 
allele with each primer combination.

  DNA fragment length for each 
Alleles primer combination (bp)

 SRc-F/SRc-Rz  Pru-C2/Pru-C4Ry

S1 400 2260
S2 327 990
S3 267 ---
S4 243 448
S5 375 ∼1400
S6 --- ∼1400
S7 400 ∼900
Sc  353 ∼2800

 Pru-T2/SRc-Rz SRc-F/Pru-C6Rx

S6 407 ---
S3 --- ∼580
zPCR fragments containing the fi rst intron of the S-RNase 
alleles.
yPCR fragments containing the second intron of the S-
RNase alleles.
xPCR fragments containing both introns of the S-RNase 
alleles.

Fig. 3. PCR amplifi cation of apricot genomic DNA with consensus primers for the second intron. (A) S-RNase allele fragments obtained with Pru-C2/Pru-C4R 
primers. Samples are in the same order that Fig. 2A shows. (B) S-RNase allele fragments obtained with Pru-C2/Pru-C6R primers in ̒ Sunglo  ̓(S2S3) (5) and ̒ Moniquí  ̓
(S2S6) (15). (C) Identifi cation of the S3-RNase with Pru-C2/Pru-C6R consensus primers for the second intron. Samples are: (1) PCR-amplifi ed fragments with the 
primer pair SRc-F/Pru-C6R from ʻSunglo  ̓(S2S3) genomic DNA. (2) S3 PCR-amplifi ed fragment with Pru-C2/Pru-C6R from the S3 DNA fragment obtained in (1) 
containing the two introns. M: 100-bp DNA ladder. Arrows indicate fragments of 600, 1500, and 2072 bp, and asterisks extra fragments. 

Fig. 4. Alignment of the deduced amino acid sequences of S-RNase second exon fragments from 
apricot Par. Par-S1, S2, and S4 sequences were previously reported by Romero et al. (2004). 
Sequences were aligned using CLUSTALX (Thompson et al., 1997). Asterisks indicate conserved 
sites, dots conservative substitutions, and dashes gaps. Residues different from the consensus 
are highlighted in black boxes. Conserved regions (C1 and C2) are boxed and the hypervariable 
region (HV1) underlined.
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leles identifi ed, exact or approximate sizes of the fi rst and second 
intron, respectively, are also indicated. These data show that size 
variability in the fi rst intron (from 151 to 329 bp) is clearly lower 
than in the second one (from ~110 to more than ~2500 bp). 

Discussion

IDENTIFICATION OF SELF-(IN)COMPATIBILITY ALLELES IN APRICOT. 
To date, the detection of the apricot S-alleles had been performed 
via stylar ribonuclease analysis (Alburquerque et al., 2002; Burgos 
et al., 1998). In other Prunus species, identifi cation of S-alleles 
has been already achieved by the more practical DNA-based 
methods (Tao et al., 1999a; Ushijima et al., 1998). In fact, the 
highly divergent size of the introns in Prunus S-RNases provides 
a convenient basis for distinguishing S-alleles by PCR amplifi -
cation. Taking advantage of this feature, Wiersma et al. (2001) 
identifi ed new S-alleles in sweet cherry by PCR using degenerate 
primers to amplify fragments containing both introns of the S-
RNase separately. However, attempts to amplify the fi rst intron 
were not so satisfactory in apricot, when performed with these 
and other primers previously reported in almond (Ushijima et al., 
1998) and sweet cherry (Tao et al., 1999a) (data not shown). The 
recent identifi cation and cloning of the fi rst three apricot S-RNase 
alleles (Romero et al., 2004) allowed us to design consensus 
primers (SRc-F/SRc-R) for amplifi cation of the fi rst intron. These 
new primers seem to be well conserved in most apricot S-alleles 
and produced better results than those developed from cherry. 
Nevertheless, primers designed by Tao et al. (1999a) to amplify 
the second intron (Pru-C2/Pru-C4R) seem to be better conserved 
among all the Prunus species analyzed, and therefore they could 
be also used in apricot. 

PCRs with the SRc-F/SRc-R primer combination identifi ed 
most S-RNase alleles. However, S1 and S7-RNase alleles, whose 
fi rst intron shows exactly the same size (308 bp), could not be 
distinguished. In addition, to amplify the S6-allele SRc-F had to 
be replaced by Pru-T2 (Tao et al., 1999a). These results indicated 
that PCR amplifi cations of the second intron were necessary to 
determine S-genotypes unambiguously. The Pru-C2/Pru-C4R 
primer combination was also useful to distinguish most S-alleles 
with the exception of S5 and S6, similar in size, and S3, that did 
not amplify directly from genomic DNA. When the results were 
combined, apricot S1 to S7 and Sc-alleles were identifi ed unequivo-
cally. However, the use of alternative approaches based on S-RNase 
allele specifi c primers or restriction analysis might be necessary 
for the identifi cation of new S-alleles in the future.

Interestingly, in zymograms of stylar protein extracts from 
the apricot cultivars Priana and Beliana, RNases associated with 
S7 and Sc alleles migrate to the same position (Alburquerque et 
al., 2002). However, results of this report indicate that they are 
encoded by two different S-alleles, since they produce distinct 
band patterns after PCR amplifi cation with the two primer sets 
used, and show different sequences in the S-RNase second exon 
fragments analyzed (Fig. 4).

PCR-based S-genotyping has confi rmed the data previously 
obtained by means of controlled pollinations and stylar RNase 
analyses (Alburquerque et al., 2002; Burgos et al., 1998; Egea 
and Burgos, 1996). Following the designation established for 
sweet cherry, we propose to group apricot cultivars in one self-
(in)compatibility group (I) and one universal donor group (O) 
containing unique S-genotypes and self-compatible cultivars (SC). 
The knowledge on the S-genotype of cultivars has been used in 
breeding programs to design controlled crosses that produce only 

self-compatible seedlings (Alburquerque et al., 2002). However, 
the evaluation of self-compatibility is necessary when the progeny 
of a given cross segregates for this trait. It is important to emphasize 
that all genotypes containing the Sc-allele are self-compatible, a 
phenotype recently associated with the loss of pollen-S function 
in P. avium and P. mume (Ushijima et al., 2004). Therefore, the 
simple and reliable PCR identifi cation of the Sc-allele would be 
of great help in the selection process of breeding programs. 

APRICOT S-RNASE ALLELES GENOMIC DNA STRUCTURE. Genomic 
structure of the apricot S3, S5, S6, S7, and Sc-RNase alleles had 
not been previously described. In this work, the DNA lengths of 
PCR-amplifi ed fragments containing the fi rst intron were exactly 
determined. In addition, their deduced amino acid sequences were 
aligned and the homology of the hypervariable region HV1 ana-
lyzed (Kheyr-Pour et al., 1990). Taking together these data allowed 
us to distinguish all S-alleles. Sequencing and/or test-crossing 
are advisable to confi rm PCR-identifi cation of new S-alleles. In 
fact, slight differences at the intron level were found in almond 
between Sb and S1-alleles which exons showed 100% homology 
(Channuntapipat et al., 2001; Ma and Oliveira, 2001).

Just as was previously observed in P. avium (Sonneveld et 
al., 2003; Wiersma et al., 2001; Wünsch and Hormaza, 2004), 
S-RNase intron size variability in apricot is lower for intron 1 
than for intron 2. These differences in intron size variability might 
be correlated with their positions within the S-RNase genomic 
sequence. Tamura et al. (2000) suggested a relationship between 
the high variability in size of the second intron and its position 
within the hypervariable region, presumably responsible for the 
self-recognition specifi city (Ishimizu et al., 1998; Matton et al., 
1997). In agreement with this, the fi rst intron is located within 
the signal peptide and the mature protein (Sonneveld et al., 2003) 
in a relatively conserved region and therefore does not seem to 
be involved in the recognition mechanism. 

PCR amplifi cations with primers spanning the second intron 
were diffi cult as long PCR conditions described by Sonneveld et al. 
(2003) were critical to amplify these fragments. These diffi culties 
seem to be related not only to the long length of the second intron 
in certain S-RNase alleles, but also to the presence of repetitive 
sequences and microsatellites within the introns (Romero et al., 
2004). Sonneveld et al. (2003) observed extra fragments or artifacts 
when amplifying the second intron of the sweet cherry S5 and 
S13-alleles. These authors suggested that the artifacts are related to 
the secondary structure of the DNA, which promotes polymerase 
jumping during PCR amplifi cation. Moreover, they pointed out 
that the amplifi cation of the artifacts can also be associated with 
the presence of a microsatellite (TA)20 within the intron. Simi-
larly, two reproducible extra fragments have also been detected 
in all the apricot cultivars containing the S1 or the Sc-allele when 
amplifying the second intron. In addition, two long SSRs [(TA)17 
and (TA)14] have been found within the second intron of the S1 
(Romero et al., 2004) and Sc-alleles (data not shown), respectively. 
Interestingly, the sizes of the extra fragments observed suggest 
that a single strand amplifi cation occurred between the Pru-C2 
or Pru-C4R primers and the (TA) microsatellites due to the DNA 
polymerase inability of continuing on beyond. This result might 
explain why similar fragments could not be cloned or sequenced 
by Sonneveld et al. (2003).

In conclusion, S-genotyping through PCR can be a very useful 
method in the ongoing apricot breeding programs. However, the 
identifi cation of S-alleles from new cultivars should be approached 
with caution. Collection of cross-pollination and sequencing data 
would be necessary to confi rm new S-alleles. 
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