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HortScience 35(4):712—715. 2000. flowers were collected at the popcorn stage,
and the pistils were removed and immedi-
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Sh-RNase cDNA cloningotal RNAs of
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Japan mixture; 0.2um OWB134 primer (Broothaerts
etal., 1995), 0.am M13 Primer M4 (Takara
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. . adaptor region of the OligodT-Adaptor
Abstract The S-locus genes in the pistil (S-RNases) were cloned from the apphajus primer; 2.5 nm MgCl,, 1x RNA PCR buffer:

xdomesticaBorkh.) cultivar Akane (S-genotype SdShfrom pollination analysis). The

Sd- and Sh-RNase corresponded to S7- and S24-RNase, which have been cloned fro?ngdw% '?aﬂ?;smonFé)J)y)m%?;nﬁﬁ‘ﬁ:Zﬁgn
‘Idared’ and ‘Braeburn’, respectively. Sh-RNase was very similar to Sf- and Sg-RNases at roq rém consisted of 2 m|n at!mfo‘r)initial
the deduced amino acid-sequence levels (93%). We developedSaaillele specific poly- gen%turation 45 cycles of 30 s at'®@} 30 s
merase chain reaction (PCR)-restriction fragment length polymorphism (RFLP) analysis at 50 °C 1‘5 miny at 72°C. and a final
method for distinguishing theShfrom Sfand Sg and theSh-alleles of ‘Akane’, “Touhoku extensioﬁ of 7 min at 70 ’

2’, 'Vista Bella’, and ‘Worcester Pearmain’ were identified. We also identified th&-allele The cDNAs obtained Were excised from a

genotypes of 16 apple cultivars. 1.0% (w/v) agarose gel in TAE (40T ris-

] ] o ) ) ~acetate, 1 mEDTA pH 8.0), purified by the
Gametophytic self-incompatibility in the nation and progeny analysis of apple cultivargeneclean kit (BIO 101 Co., Calif.) and
apple is controlled by a single, multiallelicin Japan. Using the molecular methodSef sypcloned into a pCRII cloning vector with
locus, theS-locus. In this system, pollen tubeallele identification based on polymerase chaithe TA cloning kits (Invitrogen, Co., Hongo
growth is inhibited when pollen shares theeaction (PCR)-restricted fragmentlength polyhynkyo-ku, Tokyo). The nucleotide sequences
sameS-allele with the pistil on which the morphism (RFLP) analysis, developed by three clones named Sh-1, -2, and -3 were
pOllen landed. Janssensetal. (1995) and modified by Sakuréétermined by dideoxy chain termination on
TheSlocus genes in the pistil have beeret al. (1997) and Matsumoto et al. (1999aan ABI PRISM™ 377 DNA sequencer
cloned from apple cultivars. As ti®genes 1999b), to analyze apple cultivars in Japan, fPerkin-Elmer, Co.) using dRhodamine Ter-
in the plStll encode ribOﬂUC'ease, they arwvas confirmed thﬁa Sb andecorrespond minatorCyde Sequencing Kits (Perkin_E|mer
called S-RNases. Sc-, Sf-, and Sg-RNasee S2 S3,andS7, respectively. HoweveBe (o).
have been cloned from apple cultivars irBf andSgdid not correspond 85 S24 S26, Sd-RNase cDNA cloningOWB 126
Japan (Kitahara et al., 1999; Sassa et abr S27 primer (Janssens et al., 1995) was used as the
1996), and S2-, S3-, S5-, S7-, S9-, S24-, Previously, th&allelegenotype of ‘Akane’ gene-specific primer for rapid amplification
S26-, and S27-RNases from apple cultivareas identified asS7S(unknown) using the of cDNA 3" ends (3" RACE) (Frohman et al.,
in Europe (Broothaerts et al., 1995; Janssef®CR-RFLP method (Sakurai etal., 199}.  1988). A PCR was carried out in a total
et al., 1995; Verdoodt et al., 1998). Sc- andllele corresponds to tt&dtallele, and th&  yolume of 10QuL containing 2QuL of the RT
S9-RNase are identical at the deduced amiradlele genotype of ‘Akane’ was identified asreaction mixture, 0.2im OWB 126 primer,
acid sequence level. SdShby pollination and progeny analysis (S0.2um M13 Primer M4 (Takara Shuzo Co.),
Komori et al. (1998) establish&k, Sk,  Komori, personal communication). In this2 5 my MgCl,, 1x RNA PCR buffer, and 2.5
Sc, Sd, Se, andStallele genotypes by polli- study, the cDNA sequences encoding Sd- and Taq DNA polymerase (TaKaRZag™;
Sh-RNase were determined. We also identifakara Shuzo Co.). The amplification pro-
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To obtain the cDNA 5" ends of the cDNAsis was programmed in a thermal cycleand 840 for Sd-3"-2 in Fig. 2). The nucleotide
3" end clones, rapid amplification of cDNA (GeneAmp 2400 apparatus; Perkin-Elmer Cogequences of Sd-3" clones were matched with
5" ends (5" RACE) was carried out using and conducted under the following condithose of the S7-RNase from ‘Idared’ except
5°-Full RACE Core Set (Takara Shuzo Co.)tions: 3 min at 94C for preheating, 1 min at for the one nucleotide at nucleotide position
First, the reaction mixtures were prepare®4°C, 1 min at 56C, and 1 min at 72C for 540 from A to G, and the site of a poly (A)
according to the manufacturer’s instruction80 cycles, followed by an extension for 10 miraddition (nucleotide position 780 for S7-RNase
(Takara Shuzo Co.). These mixtures were faat 72°C. After PCR, the amplified fragmentscDNA in Fig. 2). This difference represented
first strand cDNA synthesis by RT using thewere digested bynal. The amplified and inthe third letter of triplet codon (G&for S7-
cDNA 3" end clone specific 5 -phos-digested fragments were separated on a 4RNase and GG for Sd-37), and both of the
phorylated RT-primer, Sd-PF1 (5" P-TCA-polyacrylamide gel in TAE (40 m Tris- codons representing one amino acid, glycine.
GTCACCTGGTTA-3"; nucleotides 624-638 acetate, 1 m EDTA, pH 8.0) at 50-70 V for Two 5" end cDNA clones, designated Sd-5"-1

in Fig. 2), which is specific for 1-1.5h. and -2 corresponding to the Sd-3” clones were
Sd-3’-1 and -2. The analysis was conducted then obtained by 5 RACE method. The puta-
under the following conditions: 10 min at Results and Discussion tive initiation codon ATG at position 67—69 is

30°C, 60 min at 50C, and 2 min at 80C, preceded by a stop codon TAA at position 55-
followed by cooling to £C. The OWB134 primer anneals to a con57in-frame, and the sequence surrounding the

After the RT reaction, the hybrid RNA of served region in all known S-RNases, and itBrst ATG codon (ATTCAATG) was well con-
the cDNA first strand was degraded by3 -nucleotide triplet corresponds with translaserved in the cDNAs of the apiB@enes. The
RNaseH, then the cDNA first strand was selftion initiation codon ATG (Verdoodt et al., nucleotide sequence of Sd-5" was identical to
ligated by T4 RNA ligase according to the1998). An RT-PCR product e840 bp from that of the S7-RNase from ‘Idared’ except for
manufacturer’s instructions (Takara ShuzoAkane’ apple was subcloned for furtherthe 5°-end of the untranslated region and the
Co.). analysis. coding region encoding the first 49 amino

For the first and second PCRs of the self- We sequenced three independent cloneacids (nucleotides 1-212 in Fig. 2), which are
ligated cDNA first strand with Sd-PF1 primer,all cDNA inserts represented &locus gene uncloned in the cDNA clone of S7-RNase
two sets of the oligonucleotide primers wergFig. 1). The nucleotide sequences of the clon€Big. 2). From these results, the protein se-
designed. For the first PCR the primers wertermed Sh-1, -2, and -3 were matched witquences of Sd- and S7-RNase seem to be
Sd-5S1 (5"-AAACATGGCACCTGTGGA- those of the S24-RNase from ‘Braeburnidentical. Although Sakurai et al. (1997) iden-
CA-3’; nucleotides 409-428 in Fig. 2) and Sd¢Verdoodt et al., 1998) except for two nucletified theS-allele genotype of ‘Akane’ &87S
5A1(5"-ACTGAGTTGTCAGATTTCCT-3"; otides in 3" untranslated region (nucleotidéunknown), we designated the S7-RNase in
nucleotides 321-340 in Fig. 2). For the secongositions 828 from T to C, and 832 from T toS*allele of ‘Akane’ as the Sd-RNase St
PCR the primers were Sd-5S2 (5"-ATCCCAA in Fig. 1). The protein sequences of Sh- andllele. Because the nucleotide sequence of S7-
CAATAATGAACGAC-3"; nucleotides 428- S24-RNase are identical, as are those of SBNase isolated from ‘Idared’ differed from
447 in Fig. 2) and Sd-5A2 (5"-AGCATCCA- and S9-RNase. We could not obtain the cDNAhat in ‘Akane’, we could not confirm whether
CGGTTGATTTAC-3"; nucleotides 293-312 clone corresponding to Sd-RNase by using thar not the first 49 amino acids of the S7-RNase
in Fig. 2). The reaction mixtures of the firstandDWB134 primer, because the primer mighin ‘Idared’ were exactly the same as those of
second PCRs were prepared according to tiet anneal to the conserved region of the Sdhe Sd-RNase in ‘Akane’.
manufacturer’s instructions (Takara ShuzdrNase. Because the Sd-RNase corresponds to The cloned cDNA inserts of Sd (851 bp)
Co.). The amplification program for the firstS7-RNase, the Sd-RNase cDNA 3" end clonend Sh (840 bp) contain 684 bp (228 amino
PCR consisted of 3 min at 9€ for initial should be obtained by 3" RACE methods wittacids) and 678 bp (226 amino acids) of coding
denaturation, 25 cycles of 30 sat@4 30 sat the primer OWB 126 designed from S7-RNaseegions, respectively. In apple, S2-, S3-,
55°C, 1.5 min at 72C, and a final extension by Janssens et al. (1995). S9-, Sf-, Sg-, S24-, S26-, and S27-RNase
of 7 min at 72C. The program for the second We obtained two 3~ end cDNA clonescode for polypeptides containing 226-228
PCR consisted of 35 cycles of 30 s at@4 termed Sd-3"-1 and -2. The two clones weramino acids. The termination codon TAA is
30 s at 55°C, 1 min at 72°C, and a final identical except for the site of a poly (A)present at positions 751-753 (Sd) and 679-
extension of 7 min at 7ZC. After the second addition (nucleotide position 798 for Sd-3"-1681 (Sh), followed by the 3" untranslated
PCR, the PCR products were separated as
described above, and they were then subcloned
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h h R” | . T DN A ATGEGEACCEGEATGATATATATGGTTATGATGGTATT TTCACTAATTTTATTAATATTG 60
with the pCRII-cloning vector. Two ¢ ) M GTGHMI YNV MYV FSLILTELIL 20
clones named Sd-5"-1 and -2, corresponding CCTTCGTCCACGETGRGATTCGATTATTATCAATTTACGCAGCAATATCAGCCGACTETE 120
ar ; ; P 8§ TV ¢ F DY Y OQFTQQ Y QP AV 40
toSd-3 clones,werg Obta'ned'-l,-he nucleotide TGCAACTCTAATCCARCTCOTTGTAAGGATCCTACTGACAAGTTGTTTACTGTTCACGET 180
sequences of Sd-3° and Sd-5" clones were ¢ W s N©POTPCEKTDTEPTDIZ KTILTETTUYVEG 60
determined as described above. TTGTGECCTTCAAACTCGAATGGAAATGACCCAAAATATTGCAACGCACAGCAATATCAG 240
e . L W P 53 ¥ 8 N G N D P X ¥ C N A& Q0 Q2 ¥ Q a0
S-a"ele SpECIfIC PCR a_na_ly_SIS Of DNA ACGATGAARAATACTCGAACCCCAGTTGCTAATTATTTGGCCGAMGTACTCAATCGAART 300
Total DNA from leaves of individual plants T M K I L EP QL VvV I I W®PHNTVYTILNTE RTE 100
; ; GATCATGAAGGC ITCTGGCETARAACAGTEGGAGRARCATGECTCCTGTECGTCTTOCCCA 360
was isolated as described by Thomas et al. b H B G FPUWRGEG O N EETHLSC GG S ST cacsssp 170
(1993).82, S8, S5, S7, S9, St, andSg ATACAGARCCAGARGCATTACTTTGATACAGTAATCARAATGTACACAACCCAGARACAR 420
allele-specific PCR amplification and diges- A;CAgCTgT 0 iCCHC ¥ FGGEG TV oI cggsg ée T TC QG z CQG i;g
: : : : GAAR TCTCAAR ARTATAARR TAGGAAAAACEGGACACT
tion were carried out essentially as described F I s B I L sEkKAiRITEPR 6 REY RS 160
by Matsumoto et al. (1999a, 1999b). For GTGGATATTGARRATGCCATACGTAATGTTATCAACAATATGACACCACAATTCARGTGE 540
Sha”ele identification' PCR was CondUCted C;?AAAPGA;TA?TTASGAEATéATgGAgTGghT‘iGGgTGgGGPTICGgTCETTgCAgCGETAEC égg
using sense (5"-ACGATCATGAAGGCTT- O KN T RT S TILTR®TILTTVYETVSGETLOCCS D § 200
CTGGCG-3"; Sf-sense 3) and antisense (5'- AACTTAACGCAGTTCATARATTGCCCCCGCCCATTTCCACGAGGATCACGGTATTITCTGE 660
.. N L ' ¢ F I N C P R P F P R & &5 R ¥ F C 220
TT_GGTGGGGCAGAAATTCC-3 ;. Sf- CCCACCAATATTC AGTATTAAGATCGCGECTAGC TAGTGTGTGTGTCTCOTETATGTACAC 720
antisense 2 from Matsumoto et al., 1999a) P T N I Q ¥ * 226
primers, with the total DNA of each cultivar ATATAAAATAATAGTAGTTGCCCTATACACGGATGACGATTTICCATATATAGGATGAGAR 780
- TGTGATTGTAATTCTAACGAACTTGGCTTAATTART TAABATTAGTACGARRARANARAD 340
being expected to possess 8teor Sg or Sh AR 213

allele. Each 3L PCR mixture contained 1.0

pm of ea_ch primer, 200m deoxynucleotides, Fig. 1. Nucleotide and deduced amino acid sequences of the Sh-RNase cDNA from ‘Akane’ apple. The first
10 mm Tris-HCI (pH 8.3), 50 m KClI, 1.5 mu three nucleotides were from the 3"-nucleotide triplet of the OWB 134 primer. Asterisk indicates stop
MgCl,, 0.001% (w/v) gelatin, 2.5 Daqgpoly- codon. The sequence of the Sh-RNase cDNA was deposited under the DDBJ accession number

merase, and 50 ng template DNA. The analy- AB032247.
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CCACCACCACTTCGAATCGATCAAATTAGTAATTAATCTGCCTCGCTCTTCGACTAAEA? 1gg region. The deduced amino acid sequence of
TATTCARTGGGGATTACGGGGATGATATATATGGT TACGATAGTATTTTCATTAATTGT . S
Sh-RNase showed a high similarity to both
M 6 I T 6 M I Y MV T IV F S TL IV 18 otr
TTACTATTGTCTTCGTCCCCGGCEAGATACGATTATTTTCAATTTACGCAGCAGTATCAG 180 Sf-(92.5%) and Sg-RNase (93.4%). The simi-
L L LS S 58 AARZYD?YZEFQ F T 00 ¥ 0 38 larities ranged from 92.5% to 93.8% among
TTEGCTGCCTGUAACTCTARACCTATTCCTTGTAAGGATCCTCCTGACAAGTTGTTTACG 240 Sf-, Sg-. and Sh-RNase, and from 57.0% to
L AACNGSTZEKT PTILITPTCTERKTDTPT PDTETTFEFT 58 - 90, - , .
GTTCACGGTTTGTEGCCTTCAGACTCGARTGGACATGACCCAGTARATTGCAGTAAATCA 300 73.7% for S2-, S3-, S5-, Sd-, S9-, S26-, and
¥ 4 6 L W©P S D &N GHDTPV HNCS E 8 78 S27-RNase
ACCGTEEATGCTCAGAAGTTAGGAAATC TGACAAC TCAGTTGGAARTAATTTGGCCGARC 360 ase.
T v D A Q K L G ¥N L T T Q L E I I W P N 98 We identified theS2, S3, S5, Sd
G‘TFATicnﬁTchAECG%Tr;m;nngcrgcrgsagm ;ACZGTEGA.;CA;&C?TGECA?C ﬁg (=S7%),S9, andStalleles of ‘Akane’, ‘Akibae’,
TGTGGACATCCCACAATAATGARCGACATTCATTACTTTCARACAGTARTCARARTGTAC 480 ‘Ambitious’, ‘Benihazuki’, ‘_Ch_OUka 8,
¢ ¢ B P T I M N D I H Y F @ ® ¥V I KM Y 138 ‘Chouka 17’, ‘Cox’s Orange Pippin’, ‘Hac 9,
ATAACCCAGARACAAAACGTCTCTAAAATCCTCTCARGGGCGAAGATTGAACCGGAGEEE 540 ‘Homei', ‘Kidd's Orange Red", ‘Michinoku’
I T o Ko NV S X I LS RATKTITE P E ¢ 158 . r NS i :
ABBCCCAGGABBCAGGTAGATATTGTAARTGCCATACGCARAGGTACARACGATAAGGAR 600 Natsumidori’, ‘North Queen’, ‘Shinsekai’,
CgAAiAC‘?CA;GTSCCXAAEGA;TAXCCgGGI;GAéTG§AT§GG$TG§GG¥CA2TC¥TTEC ézg ‘Worcester Pearmain’, and ‘Yataka’ using the
P KL K¢ 6 ENNOGGTYYTETLTYTET Y TTLC 198 S-allele specific PCR-RFLP analysis method
AGTAATCGCAACCTAACGGGETTCATARATTGCCCUCGCCATATTCCARATGGATCACGA 720 described by Matsumoto et al. (1999a, 1999b)
$ N R NL T GPF I NGOGCPR RTEHTITP®NTGS5 R 218 : :
TATTCCTGCCCCACCARARATATTC TGTATTAAGAGCGCTGC TAGCTATATATATAGACE 760 (Tab_le 1). These cultivars are_commem'a”y_
Y §$ ¢ P T R N I L ¥ * 228 lessimportant than those examined by Sakurai
GGPGACCATTTCCATATAATGAATAACTTGGCTTAAT TAATTAAACTCATGTGAATATGA g;g et al. (1997) and Matsumoto et al. (1999a,
AAAARARABAA

1999b). However, as these cultivars might be

parents of new cultivars in the future, knowl-

Fig. 2. Nucleotide and deduced amino acid sequences of the Sd-RNase cDNA from‘Akane’ apple. Astelggk of theirS-.genotypes may be useful in
indicates stop codon. The sequence of the Sd-RNase cDNA was deposited under the DDBJ acg@ﬂ@i@nng compatible parents in a breeding
number AB032246. program.

Although the method &24allele specific
PCR analysis was developed by Verdoodt et

Table 1.S-allele genotypes of apple cultivars. al. (1998), the method cannot distingugtv
Cultivars Parentage Sallele genotypes from SfandSg From the sequence data of Sf-
Akane Jonathar Worcester Pearmain Sdsh RNase of ‘Fuji{Sassa etal., 1996), Sg-RNase
Akibae Senshu Tsugaru S3Sf of ‘Indo’ (Kitahara etal., 1999) argh-RNase
Ambitious Toukoux Z S2S9 of ‘Akane’ (this paper), we developed a method
Benihazuki Tsugary * S2S3 to distinguishSh (= S29 from Sf and Sg
Chouka 8 Akane Tsugaru S3Sd alleles using restriction enzyme analyses. A
Choukal7 Golden DeliciousSenshu S2sd 370-bp genomic fragment was obtained from
Cox’s Orange Pippin y S559 ‘Indo’, of which the S-genotype wasS7Sg
:ac 9 Fujix Tsugaru S3SOS (Matsumoto etal., 1999a), ‘lwakami’, of which
omei mutant of Tsugaru S3Sd
Kidd's Orange Red S559 the S-genotype w:?1§7Sf(|’\/Iatsfumoto et al.,
Michinoku Kitakamix Tsugaru S3s9 1999b) and from ‘Akane’, using &, Sg
Natsumidori Kitakamix Meku 10 S3S9 andShallele-specific primersStsense 3 and
North Queen Fujk Tsugaru S3sf Sf-antisense 2 (Fig. 3). No fragment was
Shinsekai Fujk Akagi S3sf obtained from ‘Golden Delicious’, of which
Worcester Pearmain B S2Sh the S-genotype wasS2S3(Janssens et al.,
Yataka sport of Fuiji S9sf 1995), ‘Kidd’s Orange Red$5S9, ‘Chouka
#?Pollen parent is unknown. 8’ (S3S7J, or ‘Baskatong’, of which th&

1 2 3 4 5 5 b o' 7 7

200

Fig. 3.Shallele specific PCR-RFLP analysis. PCR products obtained by using ‘Golden Deli&28§ ((ane 1), ‘Kidd’'s Orange RedS6S9 (lane 2), ‘Chouka
8’ (S3S7 (lane 3), ‘Baskatong’326S2Y (lane 4), ‘Indo’ §7Sg (lane 5, 57), ‘lwakami’ §7Sf (lane 6, 67), and ‘AkaneSdSh (lane 7, 7°) genomic DNA as
templates, and Sf-sense 3 and Sf-antisense 2 primer. The products were dig8st&d ffgne 57, 67, 77).
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genotype wa$26S2{Verdoodt et al., 1998) alleles withinSfShor SgShgenotypes. The  and N. Kotoda. 1998. Analyses of the self-
(Fig. 3). By SnaBl digestion, the 370-bp cDNA sequences of the S-RNases in $iee incompatibility genotypes in some apple cultivars
genomic fragment of ‘AkaneSH was sepa- allele and in ‘Mcintosh’ Gallele genotype  (in Japanese). J. Jpn. Soc. Hort. Sci. 67:917-
rated into 204-bp and 166-bp fragments, whilenknown) are under investigation. 926. . .

the fragments of ‘lwakami'$) and ‘Indo’ Matsumoto, S., K. Kitahara, S. Komori, and J.

- - . Soejima. 1999a. A neW8-allele in apple Sg,
(Sg were not (Fig. 3). Using this method, the and its similarity to theSf* allele from Fuiji.

Shallele in ‘Worcester Pearmain’ was identi- Literature Cited HortScience 34-708—710.

fied (Table 1). Th&hallele was also present groothaerts, W., G.A. Janssens, P. Proost, and W.Matsumoto, S., S. Komori, K. Kitahara, S. Imazu,

in ‘Vista Bella’ and ‘Tohoku 2’ (‘McIntoshk Broekaert. 1995. cDNA cloning and molecular ~ and J. Soejima. 1999b. S-genotypes of 15 apple

‘Worcester Pearmain’). analysis of two self-incompatibility alleles from  cultivars and self-compatibility of ‘Megumi’. J.
Previously, we developed a method to dis- apple. Plant Mol. Biol. 27:499-511. Jpn. Soc. Hort. Sci. 68:236-241.

tinguish theSt andSgallele by PCR-RFLP Chang, S., J. Puryear, and J. Cairney. 1993. A simpfakurai, K., S. K. Brown, and N. F. Weeden. 1997.
(Matsumoto et al., 1999a). In this method, the @nd efficient method for isolating RNA from Determining the self-incompatibility alleles of
; e pine trees. Plant Mol. Biol. Rpt. 11:113-116. Japanese apple cultivars. HortScience 32:1258—
flrg4Zn gr?tssgbct);i igglb b%ﬁ? Oéfirgg“f'eg [Fyohman, M.A., M K. Dush, and G.R. Martin. 1988. 1259,
g y g Se 2 a Rapid production of full-length cDNAs from Sassa, H., T. Nishio, Y. Kowyama, H. Hirano, T.

Sf-antisense 2 primers were dig_este(R_lSyl rare transcripts: amplification using a single Koba, and H. lkehashi. 1996. Self-incompati-
or SawBAl, then each allele was identified by  gene-specific oligonucleotide primer. Proc. Natl. ~ bility (S) alleles of the Rosaceae encode members
specific fragments for th&f or Sgallele Acad. Sci. USA 85:8998-9002. of a distinct class of the T2/S ribonuclease

(Matsumoto et al., 1999a). Although about danssens, G.A., I.J. Goderis, W.F. Broekaert, and superfamily. Mol. Gen. Genet. 250:547-557.
1040-bp genomic fragment was obtained from W. Broothaerts. 1995. A molecular method forThomas, M., S. Matsumoto, P. Cain, and N.S. Scott.
Shusing the primers Sf-sense 2 and Sf-anti- S-allele identification in apple based on  1993. Repetitive DNA of grapevine: Class
sense 2, neither the 337-bp fragment specific 2l€le-specific PCR. Theor. Appl. Genet. 91:691— Pff_ese_nt arﬁ‘sequ’incleséuitab'ggolr?CgltilV;Oriden-
. tification. eor. . Genet. . — .
for Sfporfthe8122t-)bp an(;i tg'eR7§'bdp frag.mentﬁitahara, K., H. Fukui, J. Soejima, and S. Matsumoto/erdoodt, L., A. Van pﬁaute, I.J. Goderis, K. De
specific for Sg obtained byRsd digestion 1999. Cloning and sequencing of a riégene Witte, J. Keulemans, and W. Broothaerts. 1998.
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