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AssTrACT. This report identifies S-RNases of sweet cherryRrunus aviumL.) and presents information about cDNA
sequences encoding th8-RNases, which leads to the development of a molecular typing system $alleles in this fruit

tree species. Stylar proteins of sweet cherry were surveyed by two dimensional polyaclylamide gel electrophoresis (2D-
PAGE) to identify S-proteins associated with gametophytic self-incompatibility. Glycoprotein spots linked t8-alleles
were found in a group of proteins which hadVir and pl similar to those of other rosaceouS-RNases. These glycoproteins
were present at highest concentration in the upper segment of the mature style and shared immunological characteristics
and N-terminal sequences with those & RNases of other plant species. cDNAs encoding these glycoproteins were cloned
based on the N-terminal sequences. Genomic DNA and RNA blot analyses and deduced amino acid sequences indicated
that the cDNAs encodeS-RNases; thus theS-proteins identified by 2D-PAGE areS-RNases. AlthoughS' to S*-alleles of
sweet cherry cultivars could be distinguished from each other with the genomic DNA blot analysis, a much simpler
method of PCR-based typing system was developed for the Shalleles based on the DNA sequence data obtained from
the cDNAs encodingS-RNases.

Sweet cherry Rrunus aviumL.) exhibits the monofactorial to be involved in the monofactorial gametophytic self-incompat-
gametophytic self-incompatibility system similar to other selibility of almond [Prunus dulcigMill.) D.A. Webb] (Tao et al.,
incompatible fruit tree species of the Rosaceae. This systemi997), appleNlalus xdomesticaBorkh.,) (Janssens et al., 1995;
controlled by a single locus, tH&locus, with multiple alleles Sassa et al., 1996), Japanese pegrus pyrifoliaNakai, syn-
(Tehrani and Brown, 1992). In this type of self-incompatibilitygnym ofPyrus serotindRehd.) (Norioka et al., 1996; Sassa et al.,
growth of a pollen tube bearing either one of thewabieles carried 1993, 1996), and European peyius communik.) (Tomimoto
by the recipient pistil is arrested in the style (de Nettancourt, 19°&t)al., 1996).

The molecular mechanisms of the monofactorial gameto-Most sweet cherry cultivars are self-incompatible and unable
phytic self-incompatibility have been extensively studied in solarta-bear fruit parthenocarpically; therefore, they will not set fruit
ceous plant species. TBagene products in pistils of Solanaceaanless pollinated with cultivars with differeBtgenotypes. In
are highly basic glycoproteins (Anderson et al., 1986; McCluresetmmercial orchards, cross-compatible cultivars that belong to
al., 1989) containing sequence motifs characteristic of the actiliferent pollen incompatibility groups and flower simultaneously
site of the fungal RNases T2 (Kawata et al., 1988) and Riust be interplanted to ensure fruit set. Thus, determination of
(Horiuchi et al., 1988). Later, RNase activity was shown to berrect pollenincompatibility groups and assignment of cultivars
essential for the pollen rejection response (Huang et al., 19@4the groups are essential for good crop production.

Royo et al., 19945-RNases alone are sufficient for determining Pollen incompatibility groups in sweet cherry have been iden-
the pollen rejection response in the gametophytic self-incompifted by controlled pollination tests and/or pollen tube growth
ibility system in the style of the Solanaceae (Lee et al., 19%dsts. Thus far, six differer§-alleles and 13 incompatibility
Murfett et al., 1994). RecentlgRNases have also been showgroups (Group | to XlII) and universal donor (Group O) have been
identified (Knight, 1969; Tehrani and Brown, 1992). Although
mublication 17 Aug. 1998. Accepted for publication 13 Jan. 1999 :[I'hieSi)(diﬁerems-alIIeIeS theoretically give 15 different incompat
work was par?ially supported b?/.grant-.in-aidao.09420018for8cientifi;: Resélkr%ﬁty grOUpS.’ Or.]ly 13 of them have been IdentlfIEd;. partly
(B) to R. Tao from the Ministry of Education, Science, Sports and Culture, Ja @rga_‘use pollination and pollen tube gquth tests are time-con-
We thank Yamagata Prefectural Horticultural Experiment Station and Fruit 158¢ning and prone to be affected by environmental factors.
Research Station of the Ministry of Agriculture, Forestry, and Fisheries of Japan foRecently, Boskovic and Tobutt (1996) found a correlation
providing us with plant materials. We also thank H. Hirano of Yokohama Qi¥nween stylar RNase zymograms &xalleles of sweet cherry,

University for his helpful discussion and advice. The cost of publishing this papgr. . .
was defrayed in part by the payment of page charges. Under postal regulatior@),’EH h lead to the development ngenotype determination

paper therefore must be hereby markedertisemensolely to indicate this fact. Methods based on bioc.her_nical a.nf'J"ySiS (Boskovic et al., 1997).
To whom reprint requests should be addressed; e-mail rtao@kais.kyoto-u.alhough the technigue is simple, it is unclear whether the RNase
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activities they found are trug-allelic products. Furthermore, Table 1. Sweet cherry cultivars used and their S-genotypes.
styles are needed for the zymogram analysisSayehotypes can

be determined only when styles are available. A DNA-bas&d Sge?soztype Culltlvar
technology such as allele-specific PCR for afiéeles (Janssens' S ol E{:}r y R;(v ers
et al., 1995) would be preferable. As opposed to the zymogrglm 238“ G,' pec ,Vlan
analysis, vegetative tissues can be used for a DNA-based analysis o Blnlg. Royal Ann
andS-genotypes can be determined forimmature seedlings befdfre j Velvet, Victor, Sue .
flowering age. VI 8356 Governer Wood, Nanyo, Satonishiki
. . y
In this study, we analyzed stylar proteins of sweet cherry W gzg Burlat, M.mer,:u
2D-PAGE and identified glycoproteins associated Billleles. 1 Peggy Rive
In terms ofMr, pl values, immunological characteristics, and N S Rainer
Sigim Compact Stella

terminal amino acid sequences, the glycoproteins were sugge
to beSRNases of sweet cherry. We also cloned cDNA for tA@compatibility group.

glycoproteins. The deduced amino acid sequences from the cDX®though S-genotype of this group was originally assumed t&'Se,
further confirmed that the proteins weBeRNases. By using recent study reassign& to this group (Boskovic et al., 1997).
oligonucleotide primers designed from the cDNA sequencesA§houghS-genotype of this cultivar was originally assumed t6As2,
PCR-based molecular typing system was developed for tBe gifecent study reassign&is to this cultivar (Boskovic et al., 1997).
alleles,S to S, of sweet cherry cultivars.

kyo, Japan) for N-terminal amino acid sequencing (Tao et al.,
Materials and Methods 1997).
cDNA LIBRARY CONSTRUCTION AND SCREENING. Total RNA was

PLanT MATERIAL . Fifteen self-incompatible sweet cherry culisolated from styles with stigmas of ‘Satonishiki’ at the balloon
tivars with knowrS-genotypes, representing seven incompatibstage of development as described by McClure et al. (1990) with
ity groups, and self-compatible ‘Compact Stella’ were used in tisisveral minor modifications. Poly(A3NA was isolated from the
study (Table 1). ‘Compact Stella&8"™) (Lapins, 1975) origi- total RNA using Oligotex-dT30 (Takara Shuzo Co., Shiga, Japan)
nated as a mutant with semidwarf growth habit through X-rapd double-stranded cDNA was synthesized from the
irradiation of dormant scions of self-compatible ‘Stell ™) poly(A)*'RNA using oligo(dT),.;s as a primer (cDNA Synthesis
cherry (Lapins, 1970). ‘Compact Stella’ expresses a loss 8+theKit; Pharmacia Biotech, Tokyo, Japan), cloned iN@APII
allele, one of the tw&alleles, in the pollen, but not in the stylevector (Stratagene, La Jolla, Calif.), and packagettro using
Thus ‘Compact Stella’ is a universal pollinator but rejects BbthMaxPlax Packaging Extract Kit (Epicentre Technologies, Madi-
andS*-pollen tube growth in the style (Lapins, 1975). son Wis.).

ProTEIN AssAY. Styles with stigmas of all the cultivars listed in A partially degenerate primer (AS1: 5'-TAT TTT CAATTT
Table 1 were dissected from the flower buds at the balloon st&JEN CAG CAA TGG-3') was designed based on the N-terminal
of development. For ‘Satonishiki’, styles with stigmas from themino acid sequences 8RNases of almond (Tao et al., 1997)
flower buds at different stages of development were also usecad putativeS-proteins of sweet cherry (Fig. 1), considering
addition, the upper, middle, and lower portions of the stylesrresponding cDNA sequences®RNases of Japanese pear
dissected from the flower buds of ‘Satonishiki’ at the balloqi$assa and Hirano, 1997) and apple (Sassa et al., 1996). The
stage of development were used for the experiment. These sampieser was used in 3' rapid amplification of cDNA ends (3'RACE)
were crushed in pre-chilled acetone (220 containing 8% (m/ with a commercial kit (3'RACE System for Rapid Amplification
v) trichloroacetic acid plus 0.07% (v/v) 2-mercaptoethanol, anflcDNA Ends, Life Technologies, Tokyo, Japan). One micro-
incubated for 30 min at —2@. The suspension was centrifugedram of total RNA from the styles with stigmas of ‘Satonishiki’
at 10,00@, for 10 min, and the pellet was resuspended in acetam&s used for first strand cDNA synthesis. PCR was performed
containing 0.07% (v/v) 2-mercaptoethanol and incubated 1 h atsing a program of 30 cycles at®for 1 min, 60°C for 1 min,
20°C. After centrifugation at 10,0@}for 10 min, the supernatantand 72°C for 1 min 30 s with an initial denaturing of @& for 3
was discarded and the pellet was dried under vacuum. Craode and a final extension of 7Z for 5 min. The PCR reaction
extracts were prepared from the acetone powder and subjectedixture contained 10 mTris-HCI (pH 8.3), 50 m KCI, 1.5 mm
2D-PAGE using nonequilibrium pH gradient electrophoresigCl,, 200 um each of dNTPs, 200meach of primers, the
(NEPHGE) for the first dimension and SDS-PAGE for the secoteimplate cDNA equivalent to the amount synthesized fromg.1
dimension as previously reported (Tao et al., 1997). After electadthe total RNA, and 1 U of TaKaRa Ex Taq polymerase (Takara
phoresis, proteins in the gel were detected by silver staining. Bbuzo Co., Shiga, Japan) in aji0reaction volume. The PCR
‘Satonishiki’, proteins separated by 2D-PAGE were algwoducts were subcloned into the TA cloning vector (TA Cloning
electroblotted onto PVYDF membrane and glycoproteins weig Invitrogen, San Diego, Calif.). Nucleotide sequences of the
detected with biotin-conjugated concanavalin A and horseradiggerts of several clones were determined with an automatic DNA
peroxidase-conjugated streptavidin. Peroxidase activity on Hegjuencer (model 373A; Applied Biosystems, Tokyo, Japan) and
membrane was visualized using 4-chloro-1-naphthol as a sabrfirmed to include DNA sequence encoding N-terminal amino
strate. Immunodetection of proteins electroblotted onto PVREid sequence of putati&protein of sweet cherry. The insert
membrane was also conducted for ‘Satonishiki’ and ‘Velvet' bwyas further PCR amplified with a primer set (Fig. 1), Pru-C2 (5'-
using the mouse anfi-serum prepared against purifi@€ CTATGG CCAAGTAAT TAT TCAAAC C-3)and Pru-C5 (5'-
glycoprotein of Japanese pear (Sassa et al., 1993) as descii&tl CAC TTC ATG TAA CAA CTG AG-3'), which were
previously (Tao et al., 1997). In addition, for these cultivardesigned fromthe DNA sequence corresponding to the previously
portions of the PVDF membrane carrying the proteins of inter@ntified C2 and C5 conserved domains of solanac&us
were also cut out after Coomassie Blue staining and subjecteRMases (Tsai et al., 1992). PCR was performed using a program
a gas-phase protein sequencer (476A, Applied Biosystems, @035 cycles at 94C for 30 s, 56C for 30 s, and 72C for 30 s
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with an initial denaturing of 94C for 3 min and a final extensiondigested either witlEcaRl or Hindlll and run on 0.8% agarose
of 72°C for 7 min. The PCR reaction mixture was the same @al, transferred to a nylon membrane (Hybond-N, Amersham),
described above except that the concentration of primers \w&wad probed with the C2-C5 and C5f-polyA fragments of the
increased to 400mand 10 ng of plasmid DNA was used as eDNAs. After high stringency washes{8 min atroom tempera-
template. The amplified fragment e#00 bp was labeled by ture with 2 SSC and 0.1% SDS followed byx25 min at 68C
random primer incorporation of DIG-dUTP (Boehringewith 0.1x SSC and 0.1% SDS), immunological detection of the
Mannheim, Tokyo, Japan) and used as a probe to screenhitwidization was carried out as described above for RNA blot
primary cDNA library without amplification which consisted ofanalysis.
1 x 1 plaque forming units. Petri dishes (90 mm in diameter), Pcr AMPLIFICATION OF s-ALLELES . As described above for the
each contained1000 plaques, were screened by plaque hybrigenomic DNA blot analysis, total DNA was isolated and purified
ization. After the low stringency washes ¥25 min at room from all the cultivars listed in Table 1 and used as template DNA
temperature with%SSC and 0.1% SDS followed byk25 min for PCR. PCR was performed using a program of 35 cycles at 94
at 68°C with 1x SSC and 0.1% SDS), colorimetric detection withC for 1 min, 56°C for 1 min, and 72C for 1 min 30 s with an
nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphateitial denaturing of 94C for 3 min and a final extension of 72
was conducted according to the manufacturer's protodot 7 min. The PCR reaction mixture contained 2 Tnis-HCI
(Boehringer Mannheim). Selected clones were converted(jpéd 8.3), 50 nu KCI, 1.5 nm MgCl,, 200uM each of dNTPs, 400
pBluescript plasmids according to the manufacturer’s protoes each of primers, 50 ng of template DNA, and 1 U of TaKaRa
(Stratagene, La Jolla, Calif.) and DNA sequenced as descriBsdlaq polymerase (Takara Shuzo Co., Shiga, Japan) ipla 50
above. reaction volume. Two different primer sets, Pru-T2 and Pru-C4R
3'RAce. Total RNA was isolated from styles with stigmas of6'-GGA TGT GGT ACG ATT GAA GCG-3'), and Pru-C2 and
‘Velvet' and ‘Satonishiki’ at the balloon stage of development #&u-C4R (Fig. 1), were used. After PCR, PCR mixture was run on
described above. One microgram of total RNA was used for fitsb% agarose gel and DNA bands were visualized by ethidium
strand cDNA synthesis by,@rScrier Il RT (Life Technologies, bromide staining. Then the DNA in the gel was blotted to a nylon
Tokyo, Japan) with a primer Adp-dT (5'-CGA CGT TGT AAAmembrane (Hybond-N, Amersham, Pharmacia Biotech, Tokyo,
ACG ACG GCC AGT TTT TTT TTT TTT TTT-3"), which Japan) and probed with the C2-C5 fragment&afDNA to
comprises of M13-20 sequence primer (5'-CGA CGT TGT AAgonfirm that the bands observed are truly f®aileles. The C2-
ACG ACG GCC AGT-3") and oligo(dTy A primer, Pru-T2 (5'- C5fragments d&-cDNA was labeled by DIG-dUTP as described
TSTTSTTGSTTTTGC TTT CTT C-3'), derived from the DNAabove. After high stringency washes«(8 min at room tempera-
sequence corresponding to the signal peptide sequenge dire with 2 SSC and 0.1% SDS followed byk245 min at 68C
RNase of sweet cherry (Fig. 1) was used in 3'RACE with M13-2@th 0.1x SSC and 0.1% SDS), immunological detection of the
primer as an adapter primer. PCR was performed using a proghgtiridization was carried out using the anti-DIG-alkaline phos-
of 30 cycles at 94C for 30 s, 56C for 30 s, and 72C for 1 min phatase conjugate and the colorimetric detection with nitroblue
with an initial denaturing of 94C for 3 min and a final extensiontetrazolium and 5-bromo-4-chloro-3-indolyl phosphate was con-
of 72 °C for 7 min. The PCR reaction mixture was describetlicted according to the manufacturer’'s protocol (Boehringer
above. The PCR products were subcloned into the TA clonidgnnheim).
vector (0GEM-T Easy Vector System; Promega, Madison, Wis.).

Nucleotide sequences of the inserts of several clones were deter- Results
mined with an automatic DNA sequencer (model 373A; Applied
Biosystems, Tokyo, Japan). PRrOTEIN AssAY. A group of proteins wittMr and pl similar to

RNA BLOT ANALYsis. Styles with stigmas, ovaries, petals, cathose ofS-RNase of almond (Tao et al., 1997) were found in the
lyxes, peduncles, and anthers were dissected from the flower [RIDPAGE profiles after silver staining (Fig. 2A). These proteins
of ‘Satonishiki’ at the balloon stage of development. Youngere present at highest concentration in upper segment (Fig. 3A)
leaves of ‘Satonishiki’ were collected in spring. Total RNA wasf the mature style (Fig. 3B) and contained sugar chains reacting
isolated from these samples as described above. Twenty miwrith concanavalin A (Fig. 2B, left). In thiSlike glycoprotein
grams of the total RNA was run in a formaldehyde (1%) agarageup, there were at least four different glycoproteins (the spots I,
gel, blotted onto a nylon membrane (Hybond-N, Amershaih,lll, and IV) with differentMr and pl values (Fig. 2C). Two or
Pharmacia, Biotech, Tokyo, Japan), probed with two differethtree of them were seen in each cultivar, and cultivars with the
regions of the cDNAs, the C2-C5 and C5f-polyA fragments. TsameS-genotype yielded the same spots. ‘Compact Stella’ showed
C2-C5 fragments of cDNAs were PCR labeled by DIG-dUTiRe same spot pattern@$' cultivars, which is consistent with the
with the Pru-C2 and Pru-C5 primers (Fig. 1). The C5f-poly@bservation that botB® andS'™alleles function in the style of
fragments of 3'RACE clones were also labeled by PCR with timmpact Stella’. Among th& like glycoprotein group, spots
Pru-C5f (5-GTT GTTACATGAAGTGGTATTTTGTTATG- associated witl? andS-alleles could be found. The most basic
3') and M13-20 primers (Fig. 1). After high stringency washes ®ike protein spot IV was only observed in the cultivars \&th
x5 min at room temperature with 8SC and 0.1% SDS followedallele and the second basic spot IIl in the cultivars &ihllele
by 2x 15 min at 68C with 0.1x SSC and 0.1% SDS), immuno-(Fig. 2A and C). Thus the former seemed t&ballelic product
logical detection of the hybridization was carried out using thed the latter to b® product. For ‘Satonishiki’ and ‘Velvet’, the
anti-DIG-alkaline phosphatase conjugate and the chemiluminpstative S and S-allelic products along with two oth&like
cent substrate CSPD (Boehringer Mannheim, Tokyo, Japagiycoprotein spots (the spots A and B of ‘Velvet’ and the spots A’
Chemiluminescence was documented on X-ray films. and B' of ‘Satonishiki’) reacted with the aiserum, and were

GENOMIC DNA BLOT ANALYsis. Total DNA was isolated from shown to be immunologically similar&RNase of Japanese pear
young leaves by the CTAB method (Doyle and Doyle, 1987kig. 2B, right). Other proteins that showed polymorphism among
using all the cultivars listed in Table 1. After purifying the isolatezlltivars with the sam&-genotype (data not shown) were also
DNA by PEG precipitation (Mak and Ho, 1993udof DNAwas reactive to the antiserum (Fig. 2B, right, rnThe N-terminal
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s2 ttgtgttteattatgageactg 22

83 W emem——— TGTATTCTAAGTATGGCTATGTTGAAATCGTCACTCTCTTTCCT TGTTCTTGCTTTTGCTTTCTTCTTGTGTTTCATTATCAGCGCTG 88
s6 TCTTCAGTATTCTCAAAGTATGGCGATGT TGAAGTCGTCACCCGCTTTCCTTGTTCTTGCTTTTGCTTTCTTCTTGTGTTTCATTATGAGCAATG 95
*hhkdkdkhkkhkkhkhkkkdk *kk *k
L J
Pru-T2
s2 gtgatggatcttacgactattttcaatttgtgeaacaatggecaccgaccaactgecagagttegeatcaagegaccttgetecaaceecceggeea 117
s3 GTGATGGATCTTATGTCTATTTTCAATTTGTGCAACAATGGCCACCGACCACCTGCAGAGT TCAGAAGAA~~—~=~~ ATGCTCTAAACCCCGGCCa 177
86 W == GATCTTATGTCTATTTTCAATTTGTGCAACAATGGCCACCGACCAACTGCAGAGCTTCGCATCAAGCGACCTTGCTCCAGTCCCCGGCCa 184
Fhkkdkkdk ok hkk kIR kR Ak kAR kK Rk R ARk khkkkhkhkhkdk hhkkkkhkhkkkh & Kk kkkhk Kk kkkkkkkkk
L 1
AS1
s2 ttacaatatttcaccatcecatggectatggecaagtaattattcaaacccaacgaageccagtaattgecaatgggteacaatttgatggecaggaa 212
s3 TTACAAAACTTCACCATTCATGGCCTATGGCCAAGTAATTATTCAAACCCAACGATGCCCAGTAATTGCAATGGGTCGCGATTTAAGAAAGAGCT 272
S6 TTACAATATTTCACCATTCATGGCCTTTGGCCAAGTAAT TATTCAAACCCGAGGATGCCCAGTAAT TGCACTGGACCGCAATTTAAG ~~CGAAT 276
khkhkhkdh kh hkkhkkhkhkdk hkhkhkhkkhkk Fhkhkhkhkhkkkhkhkkhhhhhkhhkhkhhkd * *k kkkhkkkhkkhkkhhkkx kdhk * k kkkk *
L 1
Pru-C2
s2 agtgtcacctcagttgegagecaaactgaagagatcttggeccgacgtggaaagtggcaatgatacaagattttgggaaggegaatggaacaaac 307
s3 ATTGTCCCCTCGAATGCAATCCAAACTGAAGATATCTTGGCCGAACGT TGTAAGTAGCAACGATACAARAATTTTGGGAAAGT GAATGGAACAAAC 367
s6 ATTGTCCCCTCAACTGCGATCCAAACTGCAGACATCTTGGCCGGACGTGGAAAGTGGCAATGATACAAAGT TTTGGGAAAGCGAATGGAACAAAC 371
* khkkk kkkk *hk ok khkkhkhkhkkdk hkk kkkkkkkkk *hkhkk Kk kkhkk kkkk Ihkkkkkk kkkkhkkhkkk Kk khkhkhkkhkkkhkkkkk
s2 Atggtagatgttccgaacagactettaaccaaatgecaatacttecgagegatcecccaaaacatgtggaggtegtacaatattacagagatecttaga 402
s3 aTGGTACTTGTTCCGAACAGACACTTAACCAAGTGCAATACT TCGAGATATCCCACGAAATGTGGAACTCGTTCAATATTACAGATATCCTTAAA 462
s6 ATGGTACATGTTCCAAAGAGACACTTAACCAAATGCAGTACT TCGAGCGATCCTACGCAATGTGCGATGTCGTACAATATTACAGAGATCCTTAAA 466
* Kk kkkk khkkdkkk hk hohkkdk Khkhhkhkhkkk Kkkk Irxhkkkhhkkk kkkk X Kk Kk ok kk khkh dkhkhkkhkkhhkkhkk kkkkkdd &
Pru-C4R
T —/
82 aacgcttcaatcgtaccacatcegacacaaacatggacctacteggatatagtatcacccattaaaaaageaactaaaagaacaccecteetteg 497
s3 AACGCTTCAATCGTACCACATCCGACACAAACATGGAAGTACTCGGACATAGTATCAGCCATTCAGAGTAAAACT CAAAGAACACCCCTCCTTCG 557
S6 AACGCTTCAATCGTACCACATCCGACACAAACATGGAAGTACTCGGACATAGTTGCACCCATTAAAGCAGCAACTAARAGAACACCCCTCCTCCG 561
Fe K K g K gk d ok ke ke kg ok gk ok ok e ok sk ok ok e ok ok ok ok ok ke ok ok % dedkdekdkddk ok hkkokok *k kkkkk * hkkk khkhkkkkkdkbkhdkhhkhkd k%
Pru-C5
r 1
s2 ttgecaagecaggat---------—~m - aagaagactcagttgttacatgaagtggtattttgttatgaatataatgegttaaagecagattgact 577
s3 TTGCAAAACGGATCCAGCACATCCTAACGCGAATACTCAGT TGTTACATGAAGTGGTATTT TGT TATGGATATAATGCAATAAAGCAGATTGATT 652
sé TTGCAAACAGGAC— =~ == == == == — AAGAATACTGTGTTGTTACATGAAGTGGTATTTTGTTATGAATATAATGCGTTAAAGCAGATTGACT 641
Kk kkkk * % %k dkedkk ek Fedkdkhhdhhhkhdkhkhhkhkkdddhkkhkhkhhkhh Kkkkkkkkdk hhkkkkkhkkkkhkkdk %
L |
Pru-C5f
s2 gtaatcgaacagcaggatgccaaaatcaaccagecatctegtttecagtaaaattatagett--~-oovvvi i oo oo o 638
s3 GTAATCGAACAGCAGGATGCAAAAATCAAGTTAACATCTTGT TTCCATAAAATGATAGCTTTTCGAAGTCATCACAAAGTACGATTGTTTTTCAC 747
S6 GTAATCGAACATCCGGATGCCAAAATCAACCAGCCATCTCGTTTCAATAAAAT TATAGCTAG - = == ==~ m e e m e e e e 703
Tkkkkkkkkkk Kk khkhkkk khkhkhkkk Fkkdkd kkkkk  Kkkhkkk kkkdkkk
s2 ~cctaataaag---ttatgg-tttattatggtactagtgaaataaaaacaaatg--aacgattgcactt-poly (&), 726
s3 GCAAAATAAAAGTAGTATGGTTTTAGTATGGTACTAGTGTAATTAATAAAATAAGAAGAGTTTGAGCAG-POlY (A) 35 855
S6 -CCTTTTTcag---tecataa-taaagtatagta-tggtttggt---~-----mmmm e Poly (A) s, 772
* * * * % * * khkk hkk Kk Kk *

Fig. 1. Nucleotide sequences of &S, andS-cDNAs of sweet cherry. The alignment was generated by CLUSTAL W version 1.6 (Thompson et al., 1994). Gaps
are marked bglashesConserved nucleotides are indicatea@$igrisksNucleotide sequences shown in small case are only from the 3'RACE clones and those shown
in large case are from the clones screened from the cDNA library. The initiation and stop codons are double underlined. Segliendesign oligonucleotide
primers are indicated with the name of primers (Pru-T2, AS1, Pru-C2, Pru-C4R, Pru-C5, and Pru-C5f).
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Fig. 2. Identification and characterizatiorSaflycoproteins of sweet cherry cultivars. Stylar proteins were separated by 2D-PAGE and detected by silveAgtaining (
Proteins in the 2D-PAGE gel were blotted to a PVDF membrane and detected by glycoprotein staining with concaBaedtraAd immunodetection with the
anti-S*-serum prepared from Japanese [@#&Nase B right). S-glycoproteins are marked witiirows Schematic diagran€| of the distribution of sweet cherry
S-glycoproteins in 2D-PAGE profiles.

amino acid sequence of the putaB&andS-proteins were highly encoding the putativ&-allelic product (data not shown). DNA
homologous to each other and to those oStRiNase of almond sequencing of two clones for the former and one for the latter
and other rosaceous species (Fig. 4). The N-terminal amino acidfirmed that they contained the sequences encoding the N-
sequences of the spots A, A', B, and B' also share the similagiyninal amino acid sequences of the putafivand S-allelic
with those of putative? andS-proteins and to that of tiB2RNase products, respectively. Although the 3' untranslated region of the
of almond and other rosaceous species. Either spots A and Adudative S-cDNA clone was truncated, both the cDNA clones
spots B and B' might be tt#-protein because spots A and Atontained the entire coding sequences (Figs. 1 and 5). The
showed identical N-terminal sequences as did spots B and B'. patativeS andS-cDNAs include open reading frames of 687 and
sequence of spots A and A' differs from the sequence of spo®ad nucleotides (Fig. 1), which encode 229 and 223 amino acid
and B' only in that the former contain two additional amino acidssidues (Fig. 5), respectively. Deduced amino acid sequences
Asp and Gly at the N-terminus. from the cDNAs contained putative signal peptide comprising of
cDna cLoning . For several 3'RACE clones obtained, DNA:25 amino acid residues at the N-terminal (Figs. 4 and 5). The Pru-
sequences following the AS1 primer sequence were confirmed oprimer was designed from the DNA sequences corresponding
encode amino acid sequences of the putative produc® ofo the signal peptide sequence of the putaSveind S of
(PPTTXRVQKK) orS (PPTNXRVRIK) (Fig. 4). These clones‘Satonishiki’ (Fig. 1) and used for 3'RACE to obtain information
were further PCR amplified by the Pru-C2 and Pru-C5 primems the 3' untranslated regions and to compareSthkeles of
and used as probes to screen the cDNA library. About 90,@bflerent cultivars. The Pru-T2 primer was successfully used to
plaques were screened by these probes and seven positive plarhiasm 3'RACE clones encoding putat®andS of ‘Velvet’ and
with an insert length longer than 700 bp were obtained. Under $iandS of ‘Satonishiki’. For ‘Velvet’, 24 independent 3'RACE
low stringency wash condition we used, these plaques hybridizéahes o750 bp that could be PCR amplified with the Pru-C2
to both probes. When these were converted to pBluescript and Pru-C5 primers were obtainéthol digest of the amplified
PCR amplified by the Pru-C2 and Pru-C5 primers, all sevproducts suggested that one of them was identical to the putative
clones gave PCR products 2400 bp, expected size from theS-cDNA from the cDNA library of ‘Satonishiki’. DNA sequenc-
3'RACE clones used for probébol digests of the PCR productsing confirmed that they contained exactly the same sequence as
showed that these were identical to 3'RACE clones; six of thém putativeS-cDNA from the cDNA library of ‘Satonishiki’
gave the same restriction fragment pattern as that of the 3'RAEIgs. 1 and 5). The remaining 23 clones yielded the same
clone encoding the putati&-allelic product and one gave thatestriction fragments but the fragment pattern was different from
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fragments an&, S}, andS*-alleles gave 5.7 kb fragments (Fig. 7).

A. Sections of style B. Flower developmant  The S-allele gave a unique fragment of 3.1 kb. When the C5f-
polyA fragment of the putativ€-cDNA was used as a probe, it
+ NEPHGE — - t NEPHGE —* specifically hybridized with th&-allele. A single band at 8.8 kb

could be detected only with cultivars wif-allele (Fig. 7),
although the C5f-polyA fragments & and S-alleles cross-
hybridized to al&-alleles. WithHEcaRI digestionS, S, S, andS*-
alleles gave unique fragments of 4.4 kb, 13.1 kb, 7.9 kb, and 11.0
kb, respectively (Fig. 75 andS*-alleles gave the same fragment
of 1.5 kb. When the results obtained widindlll and EcoRl
digestions were combinefl, to S-alleles could be distinguished
from each other. Based on the DNA blot analySigenotype of
‘Peggy Rivers’ was suggested toB& (Fig. 7). TheS'™-allele of
‘Compact Stella’ gave exactly the same fragmerg'aslele of
other cultivars, which is consistent with the observation that the
S*-protein was present in the style of ‘Compact Stella’.

Pcr AMPLIFICATION OF s-ALLELES . As shown in Fig. 8, when
combined with the results obtained from the two primer Sktis,
S-alleles could be distinguished from each other. With the Pru-T2
and Pru-C4R primer§, S, andS*-alleles gave the unique bands
0f 980, 1220, and 1500 bp, respectively, althdsigindS-alleles
gave the same bands of 1100 bp. With this primer se&-thend
at 2500 bp was faint. When the Pru-C2 and Pru-C4R primers were
used,S andS-alleles gave different bands of 750 and 680 bp,
respectively, and could be distinguished from each other, al-
thoughSt andS*-alleles gave the same bands. With this primer set,
theS-allele could be amplified well and gave the unique band at
2100 bp St andS*-alleles gave unique bands at 1000 and 500 bp,
respectively. All the bands amplified with these two primer sets
hybridized with the C2-C5 fragment of ti#&cDNA, which

Fig. 3. Spatial4) and developmentd] regulations o&-glycoprotein expression confirmed that they were derived fr@alleles. As withthe DNA
in ‘Satonishiki’ sweet cherry$S’). Crude extracts prepared from the lower,

middle, and upper portions of the styldg br styles with stigmas at different 1 5 10 15 20

stages (white bud, balloon, and full bloom) of flower bud developrBgmiére * o kk ok

subjected to 2D-PAGE and proteins were detected by silver staiing. PA-S2 DGSYDYFQFVQOWPPTNxRVRIK

glycoproteins are marked withirowheads PA-S6 SYVYFQFVQQWPPTNxRVRIK
that of the putative®-cDNA, suggesting that they weB&cDNA. PA-A DGSYVYFQFVOOWPPTT xRVOKK

DNA sequencing of these clones confirmed that they contained PA-A DGSYVYFQFVOQWPPTTxRVOKK

the sequence encoding the N-terminal amino acid sequence of the PA-B SYVYFQFVQOWPPTTXRVOKK
putative S-protein (Figs. 1, 4, and 5). For ‘Satonishiki’, 10 PA-B’ SYVYFQFVQQWPPTT xRVOKK
independent 3'RACE clones were obtained. When PCR products ~ £P~Sb SYQYFQFVOQQWPPTNXA
obtained with the Pru-C2 and Pru-C5 primers were digested by ~ FP=S¢  SGSYDYFQFVQOWPPTNxR
Mbol, 9 yielded the same restriction fragment pattern as thatofthe ~ MP~SC YDYFQFTQQYQPAVCH
putativeS-cDNA and the remaining one showed the same pattern MD-S£ FDYYQFTQOYQPAVCN
as putatives’-cDNA from the cDNA library. DNA sequencing PC-85 YDYFQFTQQYQPAR
was performed for the two types of the clones and confirmed that PC-36 AKYDYLOFTQQYQPA

PS-S1 YDYFQFTQQYWPAV

they were identical to the putatigandS-cDNA clones from
RNA BLOT aNALysis. A hybridization signal at 800 bp was 53:2; igggQg%QgQ;‘?xCN
detected only with the total RNA isolated from styles with PU-51 FDYYQFT QYQPAV
- . - QETQQYQ
stigmas. The total RNAs from petals, ovaries, calyxes, anthers, C1
peduncles, and young leaves gave no hybridization signal (Fig. 6).
There_Was no difference in the size of the band obtained fromr%%. Alignment of N-terminal amino acid sequences$pfoteins of sweet
four different probes used, the C2—C5 and the C5f-polyA frageherry and other rosacec8®Nases. Amino acid sequences corresponding to
ments from the putativ® andS-cDNAs (data not shown). the C1, previously reported conserved domain of solanaGgRNsises (Tsai et
GENOMIC DNA BLOT ANALYSIS. The C2—C5 fragments of puta- al., 1992), is indicated at the bottom. Amino acid residues conserved in all
. . - PrunusS-RNases are indicated by bold face and those conserved in all rosaceous
“Ye, cDNA clones (Flg. 1) of dlﬁere'ﬁ'a"ele,s Se_emed to be S RNases are marked witisterisks Plant species from which each sequence is
similar enough to ea(_:h O'[h(?l’ to CrOSS'hyb“mze.W'th any @&the derived are denoted by the initials of their scientific names, i.e., PA refers to
alleles even under high stringency wash conditions. One or twunus aviumSequence data for t8eRNases included are as follov@:and
bands were observed with all cultivars and with all probes (Fig. 7?? OfIP;U(nSUS dulcis{allmolngdg) g ao ;tss al-,f 1F?97$: ands of M;éusxdomestica)

: ; ;i ot~ ~(apple) (Sassa et al., »and S of Pyrus communigEuropean pear
C.UItlvars with the sam&genotypes gave the same hybrl(;“Zé’ltlon(Tomimoto et al,, 1996)5, $, andS of Pyrus serotinasynonim ofPyrus
signal and each band observed on the blot could be assigned tq,gfoiia) (Japanese pear) (Sassa et al., 1993, 1%6nd S of Pyrus
S-allele. WithHindlll digestion,S and S*-alleles gave 8.8 kb  ussuriensigvaxim (Chinese pear) (Tomimoto et al., 1996).
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PA-S2 CFIMSTGDGSYDYFQEFVQOQOWPPTNCRVRIKRPCSNPRP 38

PA~-S3 MAMLKSSL---SFLVLGFAFFLCFIISAGDGSYVYFQFVOOWPPTTCRVQKK-~CSKPRP 55
PA-56 MAMLKSSP---AFLVLAFAFFLCFIMSNG--SYVYFQFVOOQWPPTNCRVRIKRPCSSPRP 55
MD-Sc -—MGITGM---IYMVIMVFSLIVLILSSPTVGYDYFQFTQQYQPAVCHFNPT~PCRDP-P 53
PS-55 -—-MGITGM---VYVVTMVFLLIVLILSSSTVGYDYFQFTQQYQLAVCNSNRT~PCKDP-P 53
AH-S4 - MAMIKKNRKVNPLSLLVVCVVPLNCCSTITAKCDYLKLVLOWPKSFCLINSR~-KCQRNPL 59
NA-52 --MSKSQ~——----— LTSVFFILLCALSPIYGAFEYMOLVLTWPITFCRIKH--—-CERT-- 46
PI-31 -—-MVKSR~-————- IISVFFIFLFSFSPVYGNFEYLOLVLTWPASFCEFRPKN~-ICKRP-- 48
ST-S2 --MAKSQ-—————- LVSALFVFFFSLSPIYGDEDYMOLVLTWPRSFCYPRGF~—-CNRIP- 48

* * * * *

L 1
c1l

PA-52 LOYFTIHGLWPSNYSNPTKPSNCNGSQFDGRKVSPQLRAKLKRSWP-—-—-—-DVESGND-TR 93
PA-S3 LONFTIHGLWPSNYSNPTMPSNCNGSRFKKELLSPRMOSKLKISWP——-~--NVVSSND-TK 110
PA-S6 LOYFTIHGLWPSNYSNPRMPSNCTGPQFKR-ILSPQLRSKLQTSWP~-—---DVESGND~-TK 109
MD-Sc DKLFTVHGLWPSNSSGN-DPIYCKNTTMNS-TKIANLTARLEIIWP—-—--NVLDRTDHIT 107
PS-55 DKLFTVHGLWPSSMAGP-DPSNCPIRNIR-~KREKLLEPQLATIWP--—-—-NVFDRTKNKL 106
AH-S4 PSNFTIHGLWPDNYTRQ-APQSCTTNNFQR-FTDTDIEQRMEESWPDLK-QQSIAGLSYN 116
NA-52 PITNFTIHGLWPDNHTTM--LNYCDRSKPYNMFTDGKKKNDLDERWPDLTKTKFDSLDKQA 104
PI-s1 ARKNFTIHGLWPEITGFR--LEFCTGSPKYETFKDNNIVDYLERHWVOMKFDENYAKYHQP 106
ST-S82 PNNFTIHGLWPDKKPMRGQLQFCT SDDYIKFTPGSVLDALDHHWIQLKFEREIGIRDQP 107

*k Kkdkkk

L 1 L i | —|

c2 HVa HVb
PA-32 FWEGEWNKHGRCSEQTL-NOMQYFERSONMWRS—~YNITEILRNASIVPHPTQTWTYSDI 150
PA-S3 FWESEWNKHGTCSEQTL-NQVQYFEISHEMWNS-—-FNITDILKNASIVPHPTQTWKYSDI 167
PA-S6 FWESEWNKHGTCSKETL-NOMQOYFERSYAMWMS—-—-YNITEILKNASIVPHPTQTWKYSDI 166
MD-Sc FWNKQWNKHGSCGHPATQNDMHYLOTVIKMYITQKONVSEILSKAKIEPV-GKFRTQKEI 166
PS-S5 FWDKEWMKHGTCGYPTIDNENHYFETVIKMYISKKONVSRILSKAKIEPD-GKKRALLDI 165
AH-54 FWQDQWRKHGSCCFPPH-ESEIYFLKALELKDR--LDVLTILENNNFNPGTPQPFSVLRV 173
NA-S2 FWKDEYVKHGTCCSDKF~-DREQYFDLAMTLRDK~-FDLSS-LRNHGISRG~-FSYTVQNL 158
PI-S31 LWSYEYRKHGMCCSKIY-NQKAYFLLATRLKEK~~-FDLLTTLRTHGITPG--TKHTFGDI 161
ST-32 LWKDQYKKHGTCCLPRY NQLQYFLLAMRLKEK——FDLLTTLRTHGITPG——TKHTFKKI 162
*hk * *
L1 e
c3 c4

PA-S2 VSPIKKAT-KRTPLLRCKQD———-~ KKTQLLHEVVECYEYNALKQIDCNRTAG-—————— 197
PA-S3 VSAIQSKT-QRTPLLRCKTDPAHPNANTQLLHEVVFCYGYNATKQIDCNRTAG-————~— 219
PA-36 VAPIKAAT-KRTPLLRCKQD-———~ KNTVLLHEVVECYEYNALKQIDCNRTSG-—————— 213
MD-Sc ERATIRKGTNNKEPKLKCQKN——~—~ SQRTELVEVTICSDRNLNQFIDCPRPILNGSRYY- 220
P3-35 ENAIRNGADNKKPKLKCQOKK-——-~ GTTTELVEITLCSDKSGEHFIDCPHPFEPISPHY- 219
AH-54 FNTISRAI-GKTPILKCAQS-—————-—-——- YLKEVVICVDNNGASVVHCPRSRPRPRPRRD 223
NA-32 NNTIKAIT-GGFPNLTCSR-————-——-— LRELKEIGICFDETVKNVIDCPNPKT——————— 202
PI-S1 QRATKTVINQVDPDLKCVEH~---IKGVQELNEIGICFNPAADNEYPCHHSYT-————~~— 210
ST-52 QODAIKTVT~ QEVPDLKCVEN————IQGVLELYEIGICFTPEADSLFPCRQSKS ——————— 210

* * Kk * * * *

L1
Cc5

PA-52 —CONQP--AISFQ- 207
PA-33 —-CKNQV--NILFP- 229
PA-36 —-CONQP--ATISFQO- 223
MD-Sc -CPTN---NILY— 228
P3-35 —CPTN—---NIKY— 227
AH-S4 PCPFS—--DVKFP- 233
NA-S2 —CKPTNKGVMFP— 213
PI-S1 —-CDETDSKMILFR- 222
ST-32 —~CHPTENPLILFRL 223

*

Fig. 5. Amino acid sequence alignment of sweet cHg@fRjNases and oth&RNases. The alignment was generated by CLUSTAL W version 1.6 (Thompson et al.,
1994). Gaps are marked bgshesSignal peptide sequences of rosaceous RNases are indicatitfyThe five conserved regions and the two hypervariable
regions reported in the solanace@&RNases are shown under the sequences (loerger et al., 1990; Kheyr-Pour et al., 1990). Conserved reSidRIdaseatre
indicated byasterisksPotentiaN-glycosylation sites are indicated by bold face. Plant species from which each sequence is derived are denoted bgfttieinitials
scientific names, i.e., PA meaRsunus aviumSequence data for teRNases included are as follov&:of Malus xdomesticgapple) (Sassa et al., 1996);of
Pyrus serotingsynonym ofPyrus pyrifolig(Japanese pear) (Sassa et al., 1989t Antirrhinum hispanicunXue et al., 1996)% of Nicotiana alata(Anderson
et al., 1986)S' of Petunia inflata(Coleman and Kao, 1992% of Solanum tuberosuifikaufmann et al., 1991).
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Fig. 6. RNA blot analysis of total After identifying the putativ&s-glycoproteins by 2D-PAGE,

RNA from leaf (Lf), calyx (Cx), L¥Qx Pi Pd At Ov Ba cDNAs encoding them were cloned based on their N-terminal
petal (Pt), peduncle (Pd), anther . . -~ .

(A1), ovary (Ov), and style with A amino acid sequences. Several findings indicated that the cDNA
stig}na (St from flower buds of = 1b  clones encod&RNases. The DNA sequences corresponded to
‘Satonishiki’ at the balloon stage the N-terminal sequences of the putataroteins identified by

of developmentA) The blotwas 2D-PAGE. Also, the deduced amino acid sequences from the

hybridized to the C2—-C5 fragment

of S-cDNA. (B) Ethidium
bromide-stained gel before B
blotting.

cDNAs contained two active sites, the C2 and C3 domains, of

RNase T2 (Kawata et al., 1988) and Rh (Horiuchi etal., 1988), and

two (C1 and C5) of the other three conserved domains among the

solanaceouS-RNases (Tsai et al., 1992). Although the C4 do-

main reported by Tsai et al. (1992) was absent, sequence matching
= 1.0k with the C4 domain of solanaceo@sRNases has not been

blot analysis (Fig. 7), th&
genotype of ‘Peggy Rivers’

wassuggested to 8S' and reported for the other rosaceous and scrophularia&Rd&ses
the S'™allele of ‘Compact either (Norioka et al., 1996; Sassa et al., 1996; Xue et al., 1996).
Stella’ gave the same band as In addition to the similarity in the conserved domains, eight
S-allele of other cultivars. cysteine residues conserved among ofBiNases were con-
servedinthe sweet cherry sequences and potirgigcosilation
Discussion sites that were conserved\talusandPyrusS-RNases (Sassa et

al., 1996) were present in sweet cherry (Fig. 5). Further evidence

In this study, we first used 2D-PAGE to identify basic stylavas obtained from RNA blot analysis using the portions of
glycoproteins associated wihalleles of sweet cherry cultivars.cDNAs as probes. As shown in Fig. 6, RNA blot analysis showed
As expected, putativ@glycoproteins of sweet cherry were foundhat the genes were specifically transcribed in styles, which is
(Figs. 2 and 3) in the same area of the 2D-PAGE gels as the amesistent with the expression pattern of other rosac8eus
whereS-RNases of almond were located (Tao et al., 1997). Thé¥dases (Sassa et al., 1996). Last evidence was obtained from
putativeS-glycoproteins were concentrated in upper segmentsiiflA blot analysis using the cDNAs as probes. As shown in Fig.
styles (Fig. 3) where the arrest of incompatible pollen tube grovwththe C5f-polyA fragment of the putati& cDNA hybridized
occurs (Pimienta et al., 1983, Raff et al., 1982). Furthermoos)y with genomic DNA from cultivars with th&-allele. Al-
concentrations of the putativigglycopro-
teins became higher as styles matured (Fig.
3), which correlates with the ability of the &, HindIl digest
style to reject self-incompatible pollen tube 2 e
growth. It has been reported that incompa s FiEen b ian ]
ible pollen tube growth cannot be fully in- ip @abecdefg abedefg abcdefqg
hibited by young immature styles of Japa -

nese pear (Hiratsuka and Hirata, 1985). 3 i : AR
Although there were si&allelic products 5B - s J.-: T 5

tested, only four different putativeglyco- 4.4 -

protein spots were found on the 2D-PAGE 5 i =5

probably because some of ®allelic prod- 20 - ;-

ucts overlapped on the gel. In this putave 2

glycoprotein group, spots correspondingfto 06 - o

andS-alleles were found. Not only thér and :

pl values but also immunological characteris

sequences (Hg. 4) of these proteins we B+ EcoR 1 digest

similar to those of almon§-RNases (Tao et SY(C5f-polyA) s'c2-cs) 5%(C2-C5)

al., 1997). There were several other protei abcdegf abodegt abecdagf

spots that were reactive to the asitserum 231 . B 1 ] L

(Fig. 2B, right, nors), which had smallevir a4 4 - -_a -3

and pl values than putati@RNases. We A - -

ruled out the possibility of these proteins bein GE - _ 2

S-proteins for the following two reasons. First 44 = - - - 5

polymorphism was observed with these prc

teins among the cultivars with the safe 23 =

genotypes. Second, the N-terminus of the: Lt Ry - (R

proteins seemed to be blocked although tho )

of SRNases reported so far for the Rosacei 08 =

were not blocked (Ishimizu et al., 1996; Sass
etal., 1993; Tomimoto et al., 1996). Since the
N-terminal of nonS-RNase of Japanese pear is blocked (Norioka et

i +Fig. 7. Genomic DNA blot analysis using the C5f-polyA and C2—C5 fragments of
al., 1996) and nos-RNase activity bands of almond reacted Wltﬁthe cDNAs encoding. S, andS"-RNases of sweet cherry. (@) VelV&s). (b)

the antiserum (Tao et al., 1997), they might be &&Nases of Van (&), (c) Royal Ann &Y, (d) Satonishiki §S), (e) Rainier ), (f)
sweetcherry. Peggy Rivers¥SY), and (g) Burlat$S).
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al. (1996) suggested that the signal peptidase in Japanese pear style
T2 —CA4R C2—-C4R favored nonpolar side chains at the site of action in the propeptide-
M abcdef@hi ) defghi mature protein junction, which conforms to the (-3, —1)-rule (von
Heijine, 1986). The amino acid sequence around the N-terminal of
the mature protein is SAGDGSY and both the Gly-Asp and Gly-Ser
bonds could be cleaved without breaking the rule (Fig. 5).

In this study, a practical method of the PCR-baSadiele
typing system for the sig-alleles of sweet cherry cultivars was
described. Although the s&alleles could be distinguished from
each other by genomic DNA blot analysis (Fig. 7), the PCR-based
typing system was developed because PCR analysis is much
simpler than genomic DNA blot analysis and considered to be
more practical. It appeared that two PCRs were sufficient to
distinguish all sixS-alleles tested (Fig. 8). The ssdkNase genes
of sweet cherry cultivars seemed to contain introns with different
lengths at different positions of the genes. Recently, Boskovic and
Tobutt (1997) proposed possible existence of five Saleles,

S to S, in sweet cherry. If 15-alleles exist, there should be 55
incompatibility groups. Molecular typing systems $#lleles
developed in this study based on PCR as well as genomic DNA
blot analysis would facilitate identification of nesalleles and
incompatibility groups. AlthougB'™allele of ‘Compact Stella’
yielded the same band as @ieallele of other cultivars, it should

Fig. 8. PCR analysis f@&-allele typing. Genomic DNA was PCR amplified with be possib'e to select Se'f-compatib'e Offsprings of ‘Compact

two primer sets (Pru-T2 + Pru-C4R and Pru-C2 + Pru-C4R), separated o lla’ because there is a very tight genetic linkage between the
agarose gel and detected with ethidium bromide staining (upper photogra

The gel was then blotted onto a nylon membrane, and probed and detected$##eN and stylar part genes for self-incompatibility. For example,
the C2—-C5 fragment &-cDNA (lower photograph). M: 123 bp DNA ladder. Offsprings yielded th&M-band fromS'S x S$S'™ should be self-

(a) Early Rivers §S), (b) Gil Peck §9), (c) Van §9), (d) Bing §'S), (¢) compatible. Also, even thoudb™ andS*-bands cannot be dis-

Royal Ann §3), (f) Compact Stella®3'™), (g) Velvet &), (h) Victor (&S), i : : m
() Sue E5). () Governer Wood®S), (k) Nanyo 65). () Satonishiki §5). criminated, offsprings yielded bof andS'™bands fron5'S* x

: . S should be self-compatible.
Burlat &S), (n) M S), (0) P R 39, (p) R ). , .
(m) Burlat §5), (n) Moreau §5), (0) Pegay RiversXS), (p) Rainier ) This study clearly demonstrates tf&RNase is likely to be

involved in gametophytic self-incompatibility of sweet cherry and

though the C2-C5 fragments of the cDNAs seemed to crossvides information about cDNA sequences encasliRijlases of
hybridize to all of theS-alleles, exactly the same hybridizationhis plant species. Furthermore, the cDNAs obtained in this study
signals were obtained with the C2—C5 probes from aB#iéeles  should be able to be used to produce self-compatible transformants
tested. Furthermore, only one or two bands could be seen with@hgweet cherries through the antisense RNA technology such as
of the cultivars tested and e&stallele could be assigned to oneantisense expression of cDNAs associated with self-incompatibility
of the bands observed on the blot (Fig. 7), suggesting that ithSolanaceae (Lee et al., 1994; Murfett et al., 1995).
cDNAs were associated witB-alleles of sweet cherry. The
combined evidence suggests that the cDNAs enBdeidases,
and thus the corresponding glycoproteins observed in 2D-PAGE
areS-RNases of sweet cherry. Anderson, M.A., E.C. Cornish, S-L. Mau, E.G. Williams, R. Hoggart, A.

Itis interesting that two spots other than$her -spots were  Atkinson, I. Bonig, B. Grego, R. Simpson, P.J. Roche, J.D. Haley, J.D.
observed IS andS'S’ cultivars. Two differenG-alleles were ~ Penschow, H.D. Niall, G.W. Tregear, J.P. Coghlan, R.J. Crawford, and
present in each cultivar and there should have been two spots g Clarke. 1986. Cloning of cDNA for a stylar glycoprotein associ-
only one if two differen&glycoproteins overlapped on the 2D- atelq?\)/\ilgltrllixpressmn of self-incompatibilityNticotiana alata Nature
SP&?SEiS?# eS’TESII(;nﬁgsg)rz)ec?lf&n:r?(ljetﬁ:pcﬁﬁgsl?snalsng]r(;o?gﬁl.Of g?)skovic, R., K. Russell, and K.R. Tobutt. 1997. Inheritance of stylar

. . ribonucleases in cherry progenies, and reassignment of incompatibility
However, N-terminal sequencing suggested that both of theRjees to two incompatibility groups. Euphytica 95:221-228.

could beS*allelic products since the molecules differed only &skovic, R. and K.R. Tobutt. 1996. Correlation of stylar ribonuclease
the N-terminal (Fig. 4). Itis possible that signal peptidase cleavegmograms with incompatibility alleles in sweet cherry. Euphytica
the S-precursor protein at two different positions and conse90:245-250.

quently two different mature proteins were produced. The obs@eleman, C.E. and T-H. Kao. 1992. The flanking regions ofRetania
vation that the spots with Asp (acidic amino acid) and Gly (neutrémflata S alle_les are heterogeneous and contain repetitive sequences.
amino acid) at the N-terminal (the spots A and A") were located &{ant Mol. Biol. 18:725-737.

a more acidic position on the 2D-PAGE gel as compared to FF@"ell‘]"' and J.L. fooyl‘;' |19?7.' A ra‘g‘:‘ DNﬁ iSO'fgiciangolcledllge for
- N - - all quantities of fresh leaf tissue. Phytochem. Bul. 19:11—15.
spots without them (the spots B and BY), is consistent with tit|‘§z::tsuka, S. and N. Hirata. 1985. Self-incompatibility reaction of

hypothesis th_at only the N-terminal of the two proteinsis differen apanese pear in various stages of floral development. J. Jpn. Soc. Hort.
and the rest is the same. Furthermore, the fact that only cDNAg; 54:9_14.

encoding the putativ&-protein with DG at the N-terminal could Horiychi, H., K. Yanai, M. Takagi, K. Yano, E. Wakabayashi, A. Sanda,
be obtained from the cDNA library of ‘Satonishiki’ and also froms. Mine, K. Ohgi, and M. Irie. 1988. Primary structure of a base non-
3'RACE clones of ‘Satonishiki’ and ‘Velvet', may support the specific ribonuclease froRhizopus niveus. Biochem. 103:408—409.
hypothesis that both two spots w&allelic products. Ishimizu et Huang, S., H-S. Lee, B. Karunandaa, and T-H. Kao. 1994. Ribonuclease

apcdefohi |k Imnap abcdelfhjikImpap
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