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In this study, self-(in) compatibility of 34 wild apricot genotypes, called as Sakit 

apricots, sampled from Sakit valley located in east Mediterranean region of Turkey and 

9 well known Turkish apricot cultivars were determined by using molecular methods. 

Genomic PCR with S-RNase and SFB-specific primers was conducted using the 

degenerate primers EM-PC2consFD and EM-PC3consRD for the amplification of the 

second intron region of the S-RNase gene. To amplify the first intron, the fluorescently 

labelled (JOE) forward primer SRc-F was used in combination with the reverse primer 

SRc-R. According to the results, Sc (self-compatible) allele is not present in all wild and 

cultivated materials. All wild genotypes had same S allele (S6S19) composition 

indicating they do not carry the SC-haplotype. These wild materials previously reported 

self-compatible by fruit set studies on field. Mutations rendering the S-locus non-

functional in these genotypes can be supposed and checked in the future. The most 

important dried apricot cultivars of Turkey such as Hacihaliloglu, Kabaasi, and 

Cataloglu were observed to be self-incompatible cultivars.  
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INTRODUCTION 

Apricot trees can be grown both temperate and subtropical zones in the world and it was 

well known that China, the Irano-Caucasian region (Turkey and Iran), Central Asia, Europe and 

North America are the main apricot producer regions in the world (HALASZ et al., 2010).  
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Turkey is secondary gene center of apricot and the country has been dominating world 

apricot production for a long time and approximately 25% of the world apricot production comes 

from Turkey. The country is one of the main diversity centers of this unique fruit as well 

(ERCISLI, 2009).  

In Turkey, apricot is grown in a wide range of climatic conditions. Weathers are very 

cold during winter and very arid during summer in main apricot growing areas: Malatya, 

Erzincan, and Iğdır provinces. Apricots grown in these provinces damaged frequently by late 

spring frost. However, the climate of Mediterranean region which have semiarid, having hot 

summers and mild-winters and frost damage rarely occured (ERCISLI, 2009). The Sakit valley, 

which is located in the eastern Mediterranean coast of Turkey, has the most suitable ecological 

conditions for growing early table apricots. Apricot planting in Sakit valley has increased rapidly 

due to the comparative advantage of earliness of harvest (ERCISLI, 2004, 2009). 

 Self- and cross-(in)compatibility between cultivars have traditionally been determined by 

monitoring the fruit set percentage under field conditions. The disadvantage of this method is 

that fruit set varies from year-to-year, depending on weather conditions. A second method is the 

observation of pollen-tube growth in the pistil using fluorescence microscopy. This provides 

more reliable conclusions on cultivar compatibility relationships compared to field tests 

(MILATOVIĆ et al., 2010). In addition to these biological methods, two molecular methods have 

recently been used to determine self- and cross-(in)compatibility between cultivars: the detection 

of stylar ribonucleases (S-RNases), and DNA-based analyses (HALASZ et al., 2010; 2013). These 

methods enable rapid identification of the S-genotypes of cultivars. 

The Central Asia is the oldest and the primary genetic source of apricot groups and 

Central Asian accessions are self-incompatible; the Irano-Caucasian apricots which are mostly 

the cultivated ones are mostly self-incompatible, with large fruits and low chilling requirements 

(ROMERO et al., 2003; HALASZ et al., 2005; MILATOVIĆ et al., 2010).  

 Angiosperms are the most prevalent and evolutionarily advanced group of plants. A 

critical step for the success of flowering plants was the wide promotion of cross-fertilization as 

reproductive strategy. The Gametophytic Self-Incompatibility (GSI) system represents one of 

these strategies and it occurs in Rosaceous species (i.e. pome and stone fruits). Self-

incompatibility is determined by haplotypes of the S-locus; the pistil specificity is controlled by 

an S locus-encoded ribonuclease (S-RNase) and the pollen determinant is a protein containing an 

F-box domain (S-Fbox) (MILATOVIĆ et al., 2010; HALASZ et al., 2013) 

S-RNases have been very well characterized thanks to the “genotyping of S-alleles” (S-

genotyping): this approach supported the definition of the inter-fertility groups among varieties 

of species in which self-incompatibility is diffused and allowed the identification of mutated 

alleles that occasionally result in self-fertile genotypes (DONDINI et al., 2012).  

Knowledge of the self-compatibility of commercial cultivars and selections from 

breeding programs is imperative for any apricot breeder hoping to design compatible 

combinations (BURGOS et al., 1998). 

 S-genotyping is also useful in the elucidation of crop evolution and propagation history of 

a given species (HALASZ et al., 2007; HALASZ et al., 2010). Previous results suggest that the 

mutation rendering the SC-haplotype nonfunctional might have occurred somewhere east of 

Central Turkey. 

 The aim of the present study was to evaluate the genetic diversity in the S-locus of wild-

growing apricots grown in the Sakit valley, situated in the eastern-Mediterranean part of Turkey. 

We also added some important apricot cultivars in this study to compare wild material.  
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MATERIALS AND METHODS 

Plant materials 

 The 34 wild Sakit apricots (S1 to S34) and 9 well known standard cultivars (Çataloğlu, 

Hacihaliloğlu, Hasanbey, İsmailağa, Kabaaşı, Ordubat, Soğancı, Sakit 1, Şalak) were used in the 

experiment. Wild apricots were sampled from wild-grown populations in the Sakit valley and the 

nine apricot cultivars sampled in apricot cultivar collection in Alata Horticulture Research 

Station in Mersin, Turkey.  

DNA extraction 

 Genomic DNA was extracted from fully expanded young leaves using a DNeasy Plant 

Mini Kit (Qiagen, Hilden, Germany). The quantity and quality of DNA were analysed by 

NanoDrop ND-1000 spectrophotometer. 

 

PCR 

 Genomic PCR with S-RNase and SFB-specific primers was conducted according to 

SUTHERLAND et al. (2004) using the degenerate primers EM-PC2consFD and EM- PC3consRD 

for the amplification of the second intron region of the S-RNase gene. To amplify the first intron, 

the fluorescently labelled (JOE) forward primer SRc-F (ROMERO et al., 2004) was used in 

combination with the reverse primer SRc-R (VILANOVA et al., 2005). An allele-specific reverse 

primer, AprSC8R (CTAATAACTAAATGCTAAAGAGCA) was designed to selectively 

amplify the SC/S8-RNase allele and used in combination with PaConsI F (SONNEVELD et al., 

2003). The amplification was carried out using a temperature profile with an initial denaturing of 

94oC for 2 min, 35 cycles of 94oC for 30 s, 55oC for 1.5 min and 72oC for 2 min, and a final 

extension of 72oC for 5 min. SFBC/SFB8-specific primers, AprFBC8-F (5′- CAT GGA AAA 

AGC TGA CTT ATG G -3′) and AprFBC8-R (5′- GCC TCT AAT GTC ATC TAC TCT TAG -

3′) were designed based on the V2 and HVb variable region of the SFBC/8 allele (HALASZ et al., 

2007). The amplification was carried out as described for the SC/S8-RNase specific primers. 

 

Data evaluation 

The second intron PCR products were separated by electrophoresis in 1.2% TAE agarose 

gels for 2 h at 100 V, and DNA bands were visualized by ethidium bromide staining. Fragment 

lengths were estimated by comparison with the 1-kb DNA ladder (Promega, Madison, WI, 

USA). To determine the exact size of the S-RNase first intron region fragments under 500 bp, 

the fluorescently labelled products were run on an automated sequencer ABI PRISM 3100 

Genetic Analyzer (Applied Biosystems). For determination of size (genotyping), GENOTYPER 

3.7 software and the GS500 LIZ size standard (Applied Biosystems) were used.  

 

RESULTS AND DISCUSSION 

Determination of the S-genotypes of 34 Turkish wild and 9 Turkish cultivated apricots 

was carried out using the SRc-F and SRc-R consensus primers (VILANOVA et al., 2005) for the 

first intron and the EM-PC2consFD and EM-PC3consRD primers (SUTHERLAND et al., 2004) for 

the second intron analysis. The sizes of the PCR pro- ducts obtained were compared with those 

previously published by VILANOVA et al. (2005) and HALASZ (2007).  

A total 8 S-RNase alleles (S2, S6, S7, S9, S11, S12, S13 and S19) were determined in the 43 

Turkish wild and cultivated apricots. Among the apricot cultivars the most widely found allele 

was S9 (33.3%) and followed by S6 and S13 (16.6%), S11 (11.1%), S2, S7, S12 and S19 (5.6%), 

respectively. Previously S9 was the most frequent S-allele in the tested Turkish apricot 
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germplasm (occurred in 18 cultivars), followed by S8 (14), S6 (12), S19 (10), S2 (9), S7 and S13 (8), 

SC (7), S3 (6), S11 and S12 (5) (HALASZ et al., 2010; HALASZ et al., 2012; HALASZ et al., 2013). 

All wild Sakit apricots similarly had S6S19 allele composition (Table 1). For Hasanbey 

cultivar, a fragment of approximately 900 bp was detected, which indicates the presence of the 

allele S2. Cataloglu, Soganci cultivars and all 34 wild Sakit genotypes had a fragment of 

approximately 1300 bp and hence this allele can be labelled as S6. The allele S7 occurred in 

Ordubat cultivar as a fragment of approximately 820 bp. An approximately 500 bp fragment was 

detected in Cataloglu, Haci Haliloglu, Hasanbey, Ismailaga, Kabaasi, and Soganci, which can be 

attributed to allele S9. An approximately 1700 bp fragment appeared in Ismailaga and Şalak 

cultivars indicating the presence of S11-allele. A fragment size characteristic for the allele S12 was 

observed in Ordubat cultivar. A band of approximately 1250 bp appeared in Haci Haliloglu, 

Kabaasi and Şalak cultivars suggesting that these cultivars carry the S13-allele. The allele S19 has 

a second intron region size of approximately 1980 bp, which founded in all wild Sakit apricots.  

HALASZ et al. (2010) previously reported that Adilcevaz 1, Adilcevaz 3, Cigli, Dörtyol 4, 

Levent, Sakit 1, Sakit 3, Sebbiyiki and Tokaloglu Izmir apricot cultivars from Turkey had a 

second intron region size of approximately 1980 bp indicating S19 allele.  

 

 

 
 

Figure 1. PCR products (in negative) in 34 wild apricot genotypes using the second intron 

consensus primers of Prunus S-RNase gene [M = 1 kb + DNA ladder]. 

 

 

Complete S-genotypes were given for 43 apricot cultivars (Table 1). Altogether, a total of 

7 different S-genotypes (S2, S6, S7, S9, S11, S12, S13 and S19) and 8 S-genotype combinations (S2S9, 

S6S9, S6S19, S7S12, S9S11, S9S13 and S11S13) were assigned to the 43 wild and cultivated apricots 

with complete S-genotype (Table 1). The 43 genotypes assigned cross-incompatibility groups IX, 

X, XI, XII and XIV (Table 1). In former studies the existence of a limited number of groups can 

be explained by that most of the tested European cultivars were self-compatible (VILANOVA et 

al., 2005). In other self-incompatible Prunus species, more groups have been described; 

currently 22, 36 and 19 groups are known for almond, sweet cherry and Japanese plum, 

respectively (ORTEGA et al., 2006; HALASZ et al. 2007; SCHUSTER et al., 2007; GUERRA et al., 

2009; HALASZ et al., 2010; ERCISLI et al., 2012).  

In our study 2 cultivars (Hasanbey and Ismailaga) have been identified as unique 

incompatible genotype (Group 0), which can be used as universal pollen donors as they are 

mutually compatible with all 14 cross-incompatibility groups described.  
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Among the wild genotypes and cultivars, all apricots found self-incompatible genotypes. 

All wild genotypes had S6S19 allele composition. Although these genotypes do not carry the SC-

haplotype previously they are reported self-compatible by fruit set studies (GULCAN et al. 2006; 

PAYDAS et al., 2006). The self-fruitful phenotype of these genotypes is suggesting that mutations 

rendering the S-locus non-functional in these genotypes can be occurred. 

 

Table 1. Self-(in)compability results of Turkish wild and cultivated apricots 

 

 

Genotypes/ 

Cultivars 

Self-

(in)compatibility  S allele 

composition 

Cross-

incompatibility 

groups 

            Field pollination studies 

Paydaş et al. (2006)   Gulcan et al. 

(2006) 

Çataloğlu 
SI S6S9 

X Self 

incompatible 
Self incompatible  

Hacıhaliloğlu SI S9S13 XII Self compatible Self incompatible 

Hasanbey 
SI S2S9 

0 Universal pollen 

donors 
Self 

incompatible 
Self incompatible  

İsmailağa 
SI S9S11 

0 Universal pollen 
donors 

Self 
incompatible 

Self incompatible  

Kabaaşı SI S9S13 XII Self compatible Self incompatible 

Ordubat 
SI S7S12 

XI Self 
incompatible 

Self incompatible  

Soğancı 
SI S6S9 

X Self 
incompatible 

Self incompatible  

Sakıt-1 SI S6S19 IX Self compatible Self compatible 

Şalak 
SI S11S13 

XIV Self 

incompatible 
Self incompatible  

S-1 SI S6S19 IX   

S-2 SI S6S19 IX   

S-3 SI S6S19 IX   

S-4 SI S6S19 IX   

S-5 SI S6S19 IX   

S-6 SI S6S19 IX   

S-7 SI S6S19 IX   

S-8 SI S6S19 IX   

S-9 SI S6S19 IX   

S-10 SI S6S19 IX   

S-11 SI S6S19 IX   

S-12 SI S6S19 IX   

S-13 SI S6S19 IX   

S-14 SI S6S19 IX   

S-15 SI S6S19 IX   

S-16 SI S6S19 IX   

S-17 SI S6S19 IX   

S-18 SI S6S19 IX   

S-19 SI S6S19 IX   

S-20 SI S6S19 IX   
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CONCLUSIONS 

Based on these results, we conclude that cross-incompatibility is more prevalent in main 

apricot cultivars in Turkey. All wild genotypes had S6S19 allele composition. Although these 

genotypes do not carry the SC-haplotype, previously they are reported self-compatible by fruit set 

studies indicating self-(in) compatible is more complex in apricot.  The self-fruitful phenotype of 

these genotypes is suggesting that mutations rendering the S-locus non-functional in these 

genotypes can be occurred. On the other hand, the number of new self- incompatible cultivars 

increases continually so there is a need to test their cross-compatibility in order to select 

compatible pollinators when establishing new apricot orchards to obtain higher yield. 
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Izvod 

Vršna su ispitivanja samo inkompatibinosti kod 34 divlja genotipa kajsija poznatih kao 

Ssakit kajsija čiji uzorci su uzeti iz Sakit doline koja se nalazi na istočnom mediteranskom delu 

Turske i 9 poznatih gajenih turskih genotipova, korišćenjem molekularnih metoda. Korišćene su 

različite prajmer sekvence u amplifikaciji regiona drugog introna S-RNase gena. U amplifikaciji 

prvog introna korišćen je fluorescentno obojen (JOE) SRc-R prajmer u kobinaciji sa reverznim 

SRc-R prajmerom. Dobijeni rezultati pokazuju da, Sc (self-compatible) alel nije prisutan kod svih 

divljih i gajenih sorata. Svi divlji genotipovi imaju isti S alel (S6S19) sastav što ukazuje da oni ne 

nose SC-haplotip. Ovi genotipovi,  su ranije obeleženi kao samo inkompatibilni ispitivanjem seta   

plodova u polju. Mutanti koji nose S – lokus nefunkcionalan u tim genotipovima mogu da budu 

testirani u budućim eksperimentima. Najznčajnije sorte suve kajsije u Turskoj kao što su 

Hacihaliloglu, Kabaasi, i Cataloglu su identifikovane kao samo inkompatibilne.  
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