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The genes encoding three RNases were cloned from the style of a self-incompatible cultivar,
Nijisseiki (S,S,), and its self-compatible mutant, Osa-Nijisseiki (S,S,°", sm means stylar
part mutant), of Japanese pear. For Nijisseiki, cDNAs coding for two S-RNases (S,-RNase
and S;-RNase) and an RNase unrelated to self-incompatibility (non-S-RNase) were cloned
from the stylar cDNA library. The cDNAs coding for S,-RNase, S,-RNase, and non-S-RNase
include 678-, 684-, and 681-bp open reading frames, respectively. Their deduced amino acid
sequences were composed of signal peptides and mature RNases (201-203 residues) which
were verified by partial amino acid sequencing. The primary structures of mature proteins
revealed that these RNases are of the RNase T, type; only the two S-RNases have several
potential N-glycosylation sites and 60% of their amino acid residues are identical,
compared with 25% sequence identity with the non-S-RNase. Such a distinct difference in
the primary structures between S-RNases and non-S-RNase has not previously been
reported and may be a feature typical of S-RNases in the family Rosaceae. Similar
experiments were performed for Osa-Nijisseiki. The cDNAs coding for S,-RNase and
non-S-RNase were similarly cloned from the stylar cDNA library. However, the cDNA
coding for S,-RNase was neither amplified by PCR nor cloned from the library, suggesting
that the mutation of self-incompatible Nijisseiki to self-compatible Osa-Nijisseiki is due to
a failure of expression of S,-RNase. These results lead to the idea that Osa-Nijisseiki is a
variant of Nijisseiki in which the S,-allelic gene in the S-locus is exclusively mutated or
deleted, causing severely impaired or suppressed expression of its gene product, S,-RNase,
at the style.
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Self-incompatibility is a system that prevents inbreeding
and promotes outbreeding in higher plants and that is
controlled by a single locus (S-locus) with multiple alleles
(1). This system is classified into two types, gametophytic
and sporophytic, on the timing of S gene expression in
pollen. In gametophytic self-incompatibility, growth of the
pollen tube having the same S-allele as one of the S-alleles
in the pistil is inhibited in the style. The S-allele specific
protein (S-glycoprotein) that is synthesized in the style
prior to anthesis has been proposed to be responsible for
segregation between self and nonself pollens and for arrest
of pollen tube growth (2-7). We have predicted that
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Nicotiana alata (tobacco) S,-glycoprotein is a member of
the RNaseT, family (8, 9) and this has been confirmed
experimentally (10). RNase activity has subsequently been
found for other S-glycoproteins from tobacco (11), petunia
(12-16), tomato (17-21), and potato (22-25). The S-
glycoproteins showing this enzyme activity are referred to
as S-RNase. Very recently, experiments using transgenic
plants for petunia (26, 27) and tobacco (28) revealed that
active RNase in the style is essential to the expression of
self-incompatibility for these solanaceous plants. The
involvement of S-RNase in the degradation of ribosomal
RNA in the pollen tube upon self-pollination has been
proposed, but the mechanism of access of the enzyme to the
ribosome remains unclear (29, 30).

We are interested in the system of gametophytic self-
incompatibility in Japanese pear of the family Rosaceae for
several reasons. The first is to determine if the self-incom-
patibility system of rosaceous plants involves S-RNase.
Seven S-genotypes have been genetically identified and
assigned to available individual cultivars of Japanese pear
(31-33). This indicates that, in most cases,- the stylar
S-RNase can be unambiguously assigned to each S-geno-
type by identifying a common S-RNase among two or more
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cultivars of which the S-genotypes are genetically identi-
fied. The second reason is based on the fact that a self-in-
compatible cultivar, Nijisseiki (S.S,), and its natural
self-compatible mutant, Osa-Nijisseiki, have been found in
Japanese pear. Based on the result of crossing experiments,
Osa-Nijisseiki is identified as a cultivar in which the
self-incompatibility gene (S-gene) in the style of Nijisseiki
is exclusively mutated without affecting the S-genotype of
its haploid pollen. This self-compatible mutant of Nijisseiki
is referred to as S,S,*" (sm denotes stylar-part mutant)
(34). Accordingly, it was expected that the comparative
investigation of S-RNases in these two closely related
cultivars would provide a deeper understanding of the
molecular basis of the association between gametophytic
self-incompatibility and S-RNase.

In this communication, we deal with the molecular
cloning and nucleotide sequences of c¢cDNAs encoding
RNases from the style of Nijisseiki and Osa-Nijisseiki and
discuss a possible mechanism for the mutation of the
former self-incompatible cultivar to the latter self-com-
patible cultivar. We also describe the amino acid sequence
deduced from nucleotide sequences, assignment of individ-
ual RNases to S-RNase or non-S-RNase, a self-incom-
patibility unlinked RNase, and the analysis of sequence
information of the three RNases in the style of Nijisseiki.

MATERIALS AND METHODS

Materials—The flowers of Nijisseiki and Osa-Nijisseiki
were collected at the Tottori Horticultural Experiment
Station (Yura, Tottori) in 1994. The styles of each flower at
the white bud stage were collected, rapidly frozen in liquid
nitrogen and stored at —70°C until use. Fast Track™
mRNA isolation kits were purchased from Invitrogen.
AmpliTag DNA polymerase, cDNA synthesis kit and
BcaBEST™ dideoxy sequencing kit were bought from
Takara. EcoRI- Notl adaptor and Packaging INN were from
Pharmacia and Nippon Gene, respectively. Hybond N*
filter and «-3?P-dCTP were purchased from Amersham.

Isolation of Total RNA—Total RNA was extracted from
the styles of Nijisseiki white buds based on the method of
Chomeczynski and Sacchi (35). The frozen styles from 500
Nijisseiki white buds were ground to a fine powder with a
mortar and a pestle in liquid nitrogen. After the liquid
nitrogen had evaporated, 10 ml of the extract buffer (5 M
guanidine isothiocyanate, 50 mM Tris-HCl pH 7.5, 10 mM
EDTA, 30 mg/ml Polyclar AT, 5% 2-mercaptoethanol, and
0.5% sodium N-lauroyl sarcosinate) was added and the
insoluble materials were removed by centrifugation. Sub-
sequently, 2 M sodium acetate (pH 4.0) (800 u«l), water-
saturated phenol (8 ml), and chloroform-isoamyl alcohol
mixture (24:1) (4 ml) were added to the supernatant (8
ml), and the solution was mixed thoroughly and cooled on
ice for 15 min. After centrifugation, the aqueous phase (9
ml) was mixed with isopropanol (9 ml) and held at —20°C
for 2 h to precipitate RNA. The RNA pellet collected by
centrifugation was washed with 70% ethanol and dried in
vacuo.

Isolation of mRNA—mRNAs were isolated from total
RNA using the Fast Track™ mRNA isolation kit according
to the manufacturer’s instructions.

Construction of cDNA Library in Agtl0—cDNAs were
synthesized with ¢cDNA synthesis kits according to the
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manufacturer’s instructions. Following the addition of the
EcoRI-Notl adaptors and the kination of their 5 -ends, the
cDNAs were ligated to the EcoRI site of Agtl0 and
packaged in vitro with Packaging INN according to the
manufacturer’s instructions.

PCR Amplification of cDNA—Oligonucleotides #1 and #2
were synthesized based on the amino acid sequence of
non-S-RNase and oligonucleotides #3 and #4 were synthe-
sized based on the amino acid sequence of S,-RNase. A pair
of primers #1 and #2 (primer #1-#2) or primers #3 and #4
(primer #3-#4) was used for PCR amplification. The se-
quences of these oligonucleotides are as follows:

#1 5 CA(C/T)ACITG(C/T)TG(C/T)TA(T/C)CC 3
#2 5 (C/T)TT(A/G)TT(A/G)CA(C/T)TGIATICC 3’
#3 5 TTTACGCAGCAATATCAG 3’

#4 5 G(C/T)GGGGGCA(A/G)T(T/C)TATGAA 3

The reaction mixture for PCR amplification contained 10
mM Tris-HC1 (pH8.3), 50mM KCI, 1.5 mM MgCl,
0.001% (w/v) gelatin, 0.2 mM each of dNTP, 2.5 U Ampli-
Taq DNA polymerase, 15 pmol each of two appropriate
primers, and 30 ng of cDNA in a 50 u1reaction volume. The
reaction was run for 30-35 cycles of 40 s at 94°C, 2 min at
40°C for primer #1-#2 or at 48°C for primer #3-#4, and 2
min at 70°C, with initial denaturation for 2 min at 94°C and
final extension for 10 min at 70°C using a HYBAID™
Thermal Reactor (Hook & Tucker Instruments). The PCR
products were applied to 6% polyacrylamide gels to check
their sizes, or separated by 1.5% agarose gel electropho-
resis to purify DNA fragments. DNA fragments were also
purified from excised gel slices according to the method of
Qian and Wilkinson (36), blunt-ended by T4 polymerase
and ligated to the Hincll site of the multiple cloning site of
M13mpl9 for DNA sequencing.

Screening of the cDNA Library—Plaques were grown at
a density of 10,000-20,000/10 % 14 cm square plate at 37°C
overnight. For the Nijisseiki ¢cDNA library, 100,000
plaques were screened with PCR-fragments from primer
#1-#2 and 80,000 plaques with those from primer #3-#4.

1 2 3 4 5

Fig. 1. PCR-amplified fragments from Nijisseiki and Osa-
Nijisseiki cDNAs. PCR was carried out by the method described in
“MATERIALS AND METHODS" and 5 ul of a 560 41 PCR mixture of
each sample was subjected to 6% PAGE. Lane 1, amplified with
primers #1 and #2 for Nijisseiki cDNA; lane 2, with primers #1 and
#2 for Osa-Nijisseiki ¢cDNA; lane 3, with primers #3 and #4 for
Nijisseiki ¢cDNA; lane 4, with primers #3 and #4 for Osa-Nijisseiki
c¢DNA; lane 5, pHY molecular marker.
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For the Osa-Nijisseiki cDNA library, 50,000 plaques were
screened with those from primer #1-#2 or #3-#4. Plaques
were transferred to a Hybond N* filter according to the
manufacturer’s instructions. Prehybridization of the filters
was carried out for 1-4 h at 42°C in a hybridization buffer
containing 50% formamide, 5x SSC, 5 X Denhardt’s solu-
tion, and 100 xg/ml of denatured salmon sperm DNA. The
filters were then hybridized at 42°C overnight with the
32P.labeled PCR-amplified fragments, washed three times
with 0.1 X SSC containing 0.1% SDS at 65°C for 30 min and

FR1
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autoradiographed for one day with an intensifying screen
at —80°C.

DNA Sequencing Analysis—cDNA clones encoding
RNases were subcloned into M13mp19 or M13mp18. The
single strand DNA sequencing was performed by the
dideoxynucleotide chain terminating method using Bea-
BEST™ Dideoxy Sequencing Kits with a DNA sequencer
DSQ-1 (Shimadzu).

FR2

CACACETECTECTATCCCAAGTCAGBAAAGCCTACAGCAGATTTTBGCATTCATEGTCTATGGCCTAATTATAAGAATGETEECTACCCC SO
H TCCY P KSG6 KPTADTFGE I HELWPNYKNSGOGYP

TCCAACTETGATCCCEACAGCETCTTCEACAAATCTCAGATCTCAGAGCTGTTGACCAGTCTTAATAAGAACTGGCCATCACTEAGCTGC 180
S NCDPODSV FDKSOQQI S ELLTSLNKNWPSLSC

CCAAGTAGCAACBGTTACAGETTCTGATCACATEAATEGGAAAAGCACGBEACTTGCTCCEABTCCEAGCTCGATCAGAAAGAGTACTTC 270
P $ S N6 Y RF WS HEWETIKHUHS®SGETT CSESELTDGEKXKETYF

GAABCAGCCCTCAAACTCAGABAAAAAGTTAACCTTCTACAAATTCTAAAAAATGCTGEAATCATGCCAAATGATEAACTTTACAACCTA 360
E A AL KLARBREZKXKVYNLL® Q! LKNAGI VP NDE L Y N L

GAGAGCATAGTBGAAGCTATAAAAETAGETGTTEGECACACCCCAGECATCCAATECAACAAG 423
E S I VE A1 KV 8V G H TP G I @CNK

TTTACGCAGCAATATCABCAGGCTTTCTECAACTCTAATCCTACTCCTTGTAABGATCCTCCTEACAAGTTGTTTACGATTCACEETTTG 90

FR3

F T @ QY QQ A F CNZSNZPT®PCKTUDP®PDKXKLFTVHEGEL

TGECCTTCAACCAAAGTABGACETGACCCAGAATATTGCAAGACAAAGAGATATCGBAAGATACAAAGACTCEAACCCCAGTTGEAAATT 180
W P S T KV &8 RDPEYCXTKRYHA RIKI QR LEZPOQLEI

ATTTB6CCGAACBTATCCBATCGAAAAGCTAATCGABBCTTCTEECETAAACAGTEBTACAAACATGGCTCCTETGCETCTCCCECATTE 270
| W P NV S 0 R K A NRGF WRKOQQWYKUHGS CAS P AL

CCEAACCAGAAGCATTACTTTGAAACAGTAATCAGAATETTCTTAGCEEAGAAACAAAACGTCTCTABAATCCTCTCAATEECEACEATT 360
P N Q K HY F ETV I RMFLAEI KU QNVSARI L S ¥ AT

GAACCGEAGGGEAAAAACAGBACACTGTTGGAAATTCAAAATECCATACEC6CTGBTACCAACAATATGATACCAAAACTCAAGTGCCAA 450
EPE 6 K NRTLLEI @NAIJ RAGETNNWMIZPIKILIKTE CD®

AAGBTTAATGGGATBACTGAATTGETTGAGGTCACTCTTTGCCACGATAGCAACTTAACGCAGTTCATAAATTECCCCCGE 531
K vV N 6 M TE LV EVY TLCHDSNLTU QTFI NHNCUPR

TTTACGCAGCAATATCAGCCGBCCETATECAACTCTAATCCTACTCCTTE6TAACGATCCTACTGACAAGTTGTTTACBETTCACGETTTG 90

F TQ QY QP AV CNSNPTPCNDEPTODKILFTVHGEL

TGECCTTCAAACAGGAATEEACCTGACCCAGAAAAATECAAGACTACAACCATGAATTCTCAGAABATABGAAATATGACAGCCCAGTTE 180
W P S NRNGSBPDPEZKT CKTTTMWNHNS QK 68NNMNTAIQL

BAAATTATTTEECCBAACETTCTCAATCEAAGCGATCATETABBCTTCTEEBAAABABABTGECTCAAACATGECACCTETEBETATCCC 270
E 1 | WP NV LMNRSTUDIHKV 66 F W ERTEUWTLTIKIUHTEGTCS®SEYP

ACAATAAAGGACBACATGCATTATTTAAAAACAGTAATCAAAATETACATAACCCAGAAACAAAACBTCTCTECAATCCTCTCAAAGBCE 360
T I K DD MHY L KTV I KMY I TQKUQQNVS A I L SKA

ACBATTCAACCGAACGGEAATAACABBTCACTGETEEATATTEAAAATECCATACBCAGTGETAACAACAATACBAAACCAAAATTCAAG 450
T 1 QP N & NNRSLVY DI ENAIRSTGSGNNNTIKTPKTFK

TGCCAAAABAATACTAGEACGACGACTGAATTEETTEAGBTCACTCTTTGCAGTAATABAGACTTGACTAAGTTCATAAATTECCCCCAC 540
C K NTRTTTELVEUVTITLCSHNRDLTIKTFTI NTCTPH

Fig. 2. Nucleotide sequences of the fragments amplified with primers #1 and #2 (FR1) and with primers #3 and #4 (FR2 and FR3)
for Nijisseiki cDNA library. The regions corresponding to primers #1, #2, #3, and #4 are underlined.
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RESULTS

Construction of c¢cDNA Library and PCR-Amplified
Fragments—The cDNA library was constructed with highly
pure mRNA that was carefully prepared from styles
collected at the white bud stage of Nijisseiki or Osa-Nijis-
seiki. Since two and more RNases have been detected in the
style of either cultivar, primers for PCR amplification using
cDNA were selected based on partial amino acid sequences
determined for non-S-RNase and S,-RNase separated
chromatographically (manuscript in preparation). Primers
#1 and #2 were designed according to two amino acid
sequences, HTCCYP (residues 21-26) and GIECNK (resi-
dues 156-161), for non-S-RNase, respectively. Similarly,
primers #3 and #4 were prepared according to the amino
acid sequences of FTQQYQ (residues 6-11) and FINCPH

(a)

10 20 30 40

AGCTTTCAGCTAGCCATATTGTCATTCCTATAAAAAAAAAGAAACCTATTTCCTCAG

100 110 120 130
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(residues 180-185), respectively, in S,-RNase. For Nijis-
seiki, a 450-bp fragment was amplified with a set of
primers #1 and #2 and two closely migrating 520-bp
fragments were amplified with a pair of primers #3 and #4
(lanes 1 and 3 in Fig. 1). For Osa-Nijisseiki, the 450-bp
fragment was similarly amplified, but the 520-bp fragment
was detected as a single band (lanes 2 and 4 in Fig. 1). Then,
amplified 450- and 520-bp DNAs were purified on 1.5%
SeaPlaque® GTG* agarose gels and separately ligated into
the Hincll site of M13mpl9. Although the two Nijisseiki
520-bp DNAs were separated on 6% PAGE (lane 3 in Fig.
1), they were not isolable individually on the 1.5% agarose
gel and were ligated into M13 phage without further
separation.

Nucleotide Sequences of PCR Fragments—Nucleotide
sequence analyses revealed that the 450-bp fragment from
either Nijisseiki or Osa-Nijisseiki was composed of 423 bp

50 60 70

140 150 160 170 180

TACAGCMTAC’I'I'I'GATCTI‘GATCMBCI'I'I'I’GATCA’ITCMTACC’I’CTCGGTI‘CTI'I’GTGTPI’C’I’CAGGAC‘I'ITGATI‘TCTPCTACTIT

190 200 210 220
GTTCAACAGTGGCCAGGAGCATACTGCGACACAAAGCATACTTGTTGCTATCCCAAGTCAGGAAAGCCTACAGCAGATTTITGGCATTCAT

# o b P D FFYTF

230 240 250 260 270

VvV Q Q W P G A Y CDTUXKHTOCOCYU®PZKS8 G K PTADTYFGTISHHB

280 290 300 310

320 330 340 350 360

GGTCTATGGCCTAATTATAAGGATGGTGGCTACCCCTCTAACTGTGATCCCGACAGCGTCTTCGACAAATCTCAGATCTCAGAGCTGTTG
G L w P ¥ Y XK DG G Y P 8 ®m ¢cDPDBS8 V F DIKZGS QI S ETLL

370 380 3%0 400

410 420 430 440 450

ACCAGTCTTAATAAGAACTGGCCATCACTGAGCTGCCCAAGTAGCAACGGTTACAGGTTCTGGTCACATGAATGGGAAAAGCACGGGACT
T 8§ L ¥ K ¥ W P 8 L 8 C P 8 8 K G YRUPF W 8§ HZE WZETZ KU BGT

460 470 480 490

300 510 3520 530 540

TGCTCCGAGTCCGAGCTCGATCAGAAAGAGTACTTCGAAGCAGCCCTCAAACTCAGAGAAAAAGTTAACCTTCTACAAATTCTAAAAAAT
¢C B E 8 E L DQ Kt Y F EAALIKLUZREIKVYV ¥EL L QIULIKTFHE

550 560 570 580

590 600 610 620 630

GCTGGAATCGTGCCAAATGATGAACTTTACAACCTAGAGAGCATAGTGGAAGCTATAAAAGTAGGTGTTGGGCACACCCCAGGGATTGAG
A G I V P ¥ D EVL Y ¥ L E S5 I VEAIXUV GV G BTUP G I B

640 450 660 670

680 690 700 710 720

TGCAACAAGGATTCGGCCGAAAACAGCCAACTTTACCAMTTTATTIGTGTGTCGACACTTCTGGCCAAGACATCATCGAGTGTCCTCTC
¢C ¥ K D 8 A G HX¥ 8 ¢ L Y QI YLCVDTS S8 G Q¥ I I ECPL

——

730 740 730 760

770 780 790 800 810

CTTCCAAAGGGACGATGTACTTCCAAMTTCAATTCCCTAMTTTTAATTAACTCATTG TTGTAATTC TTTCACAATAATCTTTTACTTT

L P X G R CAS X I QF P K P
————————-

820 830 840 830

860 870 880 890 900

GTAACTTGTTACTCTTGTATGTATCTTTGGCTACCGATGTTGC TTTCAACTAGC TAGCCACTTCATOTGTCATTAGTCATGACTAATTGA

910 920 930 940

930

TGAACTTTCATGTTIGCTAATAAATTTTAACCAAACTTTTGGCTAAAAAAAAAA
Fig. 3a
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(FR1) and has the same nucleotide sequence (Fig. 2). The
amino acid sequence deduced from the nucleotide sequence
included all partial amino acid sequences determined by
protein sequencing for non- S-RNase, FR1 being assigned as
the PCR product of mRNA for non-S-RNase. Sequence
analyses also revealed that the two 520-bp DNAs from
Nijisseiki were actually two fragments composed of FR2
and FR3 (Fig. 2), because, of ten M13 plaques bearing the
520-bp DNA, four plagues held the FR2 fragment and the
six others included the FR3 fragment. FR2 was composed of
531 bp and its deduced amino acid sequence completely
matched all partial amino acid sequences determined for
S;-RNase, implying that FR2 is the PCR product of mRNA
for S;-RNase. FR2 could be amplified by PCR using the
primers for the cloning of the S,-RNase gene because of the
extremely high sequence similarity (97%) of the primer
regions between S,-RNase and S;-RNase. FR3 was a
540-bp fragment whose deduced amino acid sequence was
identical with the partial amino acid sequences of S,-
RNase. These results are consistent with the fact that the

(b)

10 20 30 40

100 110 120 130
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S-genotype of Nijisseiki is S,S, and that the 520-bp
fragment was amplified from Nijisseiki as double bands,
corresponding to the genes of S,- and S,-RNases, on the
polyacrylamide gel. On the other hand, the nucleotide
sequence analysis revealed that the 520-bp fragment from
Osa-Nijisseiki was a single DNA composed of 531 bp and its
nucleotide sequence was identical with that of FR2 from
S,-RNase.

Screening of cDNA Libraries and Nucleotide Sequences
of Genes Encoding Non-S-RNase, S,-RNase, and S,-
RNase—For the Nijisseiki style cDNA library, four, six,
and six positive transformants were obtained by plaque
hybridization using FR1, FR2, and FR3, respectively, as
probes. The size of the inserted gene of each transformant
was checked by PCR with 1gt10 primers and insertion of
the target gene was confirmed by PCR with primer #1-#2 or
#3-#4. Two, five, and six positive clones were selected as
genes encoding non-S-RNase, S,-RNase, and S,-RNase,
respectively. Among these clones, the longest cDNA for
each RNase (ns-nons for non-S-RNase, ns-s, for S;-RNase,

140 150 160 170 180

GTATTAATATTGTCTTCGTCCGCGGCQAGATACGATTATTTTCAATTTACGCAGCAATATCABCAGGCTTTCTGCAACTCTAATCCTACT

ﬂﬁg A RYDYUPFQFTOQQYQQAPFCDN¥NSUN¥EPT

150 200 210 220

230 240 250 260 270

CCTTGTAAGGATCCTCCTGACAAGTTGTTTACGGTTCACGGTTTCTGGCCTTCAACCAAAGTAGGACGTGACCCAGAATATTGCAAGACA
P CKDUZPUPODI KLV FTVHGTLWZPOSTXKXV VG RDUPETYTCKST

280 290 300 310

320 330 340 350 360

AAGAGATATCGGAAGATACAAAGACTCGAACCCCAGTTGGAAATTATTTGGCCGAACGTATCCGATCGAAMGCTAATCGAGGCTTCTGG

K R YR KTIOQRULEBEUPOGQULETI

370 380 390 400

I wW P B V 5§ DR KANIRTGTFNVW

CGTAAACAGTGGTACAAACATGGCTCCTGTGCGTCTCCCGCATTGCCGAACCAGAAGCATTACTTTGAAACAGTAATCAGAATGTTCTTA

R K Q W ¥ XK H G B C A 88 P AL P ¥ Q KH Y TF ETVI

460 470 480 490

410 420 430 440 450
R M F L
500 510 520 530 540

GCGGAGAAACAAAACGTCTCTAGAATCCTCTCAATGGCGACGATTGAACCGGAGGGGAAAAACAGGACACTGTTGGAAATTCAAAATGCC

A E K Q BV 8 R I

350 560 570 580

L 8§ ¥ A T I E

P E G K N R TUL L E I Q N A

590 600 610 62¢ 630

ATACGCGCTGGTACCAACAATATGATACCAAAACTCAAGTGCCAAAAGGTTAATGGGATGACTGAATTGG TTGAGGTCACTCTTTGCCAL

I R A G T B B M I
——

640 650 660 670

P K L K C Q K V ¥ ¢6G M TEULV EV TULCH

680 690 700 710 720

GATAGCAACTTAACGCAGTTCATAAATTGCCCCCGCCCATTGCCACAAGCATCACCATATTICTGCCCCATTGATGATATICAGTATTAA
D 8 F L T QP I B CPRUPULUPGQASUPYU?PCUPIDUDTIZGQY*

730 740 750 760

770 780 790 800 810

GAGCTAGTATATATATAAGAAGTTGGCCTAATACGGATGGCGATTTCCATATATAGGACGAGGAATGCAGTTATGTGATTGTACTICTAA

820 830 840 850

860 870

TGAATAAATTGGCTTAATCAATTAAAACTCTTGTGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Fig. 3b
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and ns-s, for S,-RNase) was subcloned into the M13 vector
and sequenced. The same experiment was performed for
the Osa-Nijisseiki style cDNA library. Seven and fifteen
positive transformants were obtained by plaque hybridiza-
tion using FR1 and FR2, respectively, and cDNA clones
positive to both A gt10 primers and primer #1-#2 or primer
#3-#4 were selected. The number of positive clones thus
selected was 6 for FR1 and 14 for FR2. The longest cDNA
among these clones detected with FR1 (o0s-nons) and that

(c)

100 110 120 130
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detected with FR2 (0s-s;) were individually subcloned into
M13 and sequenced. However, no positive DNA clone was
detected by plaque hybridization using FR3, suggesting
that the style cDNA library of Osa-Nijisseiki lacks the
c¢DNA corresponding to the S,-RNase gene.

The nucleotide sequence analysis revealed that ns-nons
(853 bp) and os-nons (953 bp) shared the identical 853
nucleotide sequence. Os-nons sequence included an open
reading frame of 681 nucleotides which encoded 227 amino

140 150 160 170 180

ATATGTTTACAATGGTATTGTCATTAATTGTATTAATATTCTCTGCGTCCACGGTGGGATTCGATTATTTICAA
Y frreoe A S L i

s A 2, g

190 200 210 220 230 240 250 260 270
TTTACGCAGCAATATCAGCCGGCCGTATGCAACTCTAATCCTACTCCTTGTAACGATCCTACTGACAAGTTGTTTACGGTTCACGGTTTG
F T Q Q Y QP AV ¢C ¥ 8 ¥ PTUPCONXDPTDI KLU PFTV HGTL

280 290 300 310 320 330 340 350 360
TGQCCTTCAAACAGGAATGGACCTGACCCAGAAAAATGCAAGACTACAACCATCAATTCTCAGAAGATAGGAAATATGACAGCCCAGTTG
W P 8 F R ¥ 6 P DVPFP E XK C KTTTMKU NS Q K I G N NTAAQTL

370 8o 390 400 410 420 430 440 450
GAAATTATTTGGCCGAACGTTCTCAATCGAAGCGATCATGTAGGCTTCTGGGAAAGAGAGTGGCTCAAACATGGCACCTGTGGGTATCCC
E I I W P N V L ¥ R B8 D HUV G F WERTEWTIULIKUHBGTTCGGY P

460 470 480 490 500 510 520 530 540
ACAATAAAGGACGACATGCATTATTTAAMAACAGTAATCAAAATG TACATAACCCAGAAACAAAACGTCTCTGCAATCCTCTCAAAGGCG
T I K DD M BH YL KTV IKMTYTITS QU K G QU E UV S A I L 8 K A
——

550 560 370 580 590 600 610 620 630
ACGATTCAACCGAACGGGAATAACAGGTCACTGGTGGATATTGAAAATGCCATACGCAGTGGTAACAACAATACGAAACCAAAATTCAAG
T I Q P ¥ G W W R B8 5L V DIZEU EATIRUGBSUGU EDNNDNTTZEKUZPIZ KTEK

640 650 660 670 680 690 700 710 720
TGCCAAMAGAATACTAGGACGACGACTGAATTGOTTGAGSTCACTC TTTGCAGTAATAGAGACTTGACTAAGTTCATAAATTGCCCCCAL
¢C QXK ¥ T RTTTZ ERL YV EVTTULTGC S8UH§RDILTI KT E®TIONOC CUPH

730 740 750 760 770 780 790 800 810
GGGCCTCCAAAAGGATCACGATATTTCTGCCCCGCCAATGTTAAGTATTAATTARAGAGCGCGGCTGGCGTG TG TG TG TG TG TG TGTGTGT
¢ P P K G 8 R Y F C P A ¥N VXK Y ¢
—_——

820 830 840 850 860 870 880 890 900
GTGTGTGTGTCTeTG TG TG TG TGCTTG TG TG TUTGTCTC TG TATGGCC TATATACGGATGACTATTTCCATATATAGGACGAGATGAATA

910 920 930 940 950 960 970 980 990
CACTTATGTGATTGTATTTCTAATGCATAAATTGGC TTAATTAATTAAAACTCCTATGAATATGTGAATTTTCCTTTAAAAAAARAAAAA

997
AAAAAAA

Fig. 3. Nucleotide and deduced amino acid sequences of cDNAs
encoding stylar RNases. The consensus sequences encompassing a
translation initiation codon in a plant gene are doubly underlined.
Underlines and asterisks indicate a putative polyadenylation signal
and stop codon, respectively. The putative signal peptides are shad-

owed. The amino acid sequences determined by protein sequence
analysis are underlined with arrows. A dashed line denotes the
unidentified PTH-amino acid. (a) 0s-nons coding for non-S-RNase; (b)
ns-s; coding for S,-RNase; (c) ns-s, coding for S,-RNase.
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acid residues (Fig. 3a). A putative polyadenylation signal
was found at positions 918-923. The amino acid sequence
deduced from the nucleotide sequence for mature protein
was identical with the sequences of peptides from non-S-
RNase as determined by protein sequencing (manuscript in
preparation). A typical signal peptide sequence composed
of initiator methionine and a cluster of hydrophobic resi-
dues rich in leucine and isoleucine was found in the
N-terminal 24 residues. But the cleavage site with signal
peptidase remains to be determined because the N-termi-
nus of mature non-S-RNase is blocked (unpublished data).
Similarly, the nucleotide sequence was analyzed for
ns-s,, 08-8,, and ns-s,. Ns-s, was 875 bp long and included
an open reading frame of 678 nucleotides (positions 40-717
in Fig. 3b). Comparigon of the amino acid sequence deduced
from the nucleotide sequence and the sequences deter-
mined for S;-RNase showed that ns-s, encoded the precur-
sor of S,-RNase, composed of a 201-residue mature protein
and a 25-residue signal peptide. Ns-s, had a putative
polyadenylation signal at positions 813-818. Os-s, was
approximately 250 bp longer than ns-s,. Elongation of the
nucleotide chain of os-s, was due to a long polyA tail,
starting at position 846, attached to the 3'-end. However,
the size and the nucleotide sequence of an open reading
frame and the sequence and location of a putative polyA
addition signal were identical with those of ns-s,. Ns-s, was
composed of 997 bp including a 684-bp open reading frame
at positions 85-768 (Fig. 3c). There were two candidates
for the putative polyadenylation signal at positions 925-
931 and 943-950. The amino acid sequence translated from
the nucleotide sequence was 228 residues long, which
comprised a 27-residue signal peptide and a 201-residue
mature protein. Partial amino acid sequences including
N-terminal and several internal sequences were verified by
amino acid sequencing (underlined with arrows in Fig. 3c),
suggesting that ns-s, encodes the precursor of S,-RNase.
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DISCUSSION

Since the discovery of RNase activity in S-glycoprotein
from Nicotiana alata (10), the mechanism of the involve-
ment of the enzyme activity in the self-incompatibility
reaction has been a major issue. To address the question of
why the self-incompatible Nijisseiki had mutated to self-
compatible Osa-Nijisseiki, we must establish the role of
S-RNase in the reaction of Japanese pear. Based on genetic
analysis using crossing experiments, it has been proposed
that acquisition of self-compatibility by Osa-Nijisseiki is
due to mutation only at the S;-gene in the style (34). In the
present investigation, emphasis was placed on both charac-
terization of the genes coding for the style RNases from
Nijisseiki and Osa-Nijisseiki and their structural compari-
son. It has been shown that except for one point, the
fertilization by accepting self pollen upon pollination,
Osa-Nijisseiki retains the same entities as Nijisseiki. In
fact, the apparent features of fruit, flower, tree form and
many other properties are identical for Nijisseiki and
Osa-Nijisseiki. Accordingly, it is thought that the differ-
ence in the structure and function of style S-RNases
between these two closely related self-incompatible and
self-compatible cultivars must be biochemically subtle, but
physiologically critical.

The present investigation revealed that the style of
heterozygous Nijisseiki produces three RNases. These
three RNases were unambiguously assigned as non-S-
RNase, S;-RNase, and S,-RNase by a comparison of their
deduced amino acid sequences with the amino acid se-
quences determined at the protein level, since these
enzymes were separately isolated from style extract either
by two-dimensional gel electrophoresis (37) or by a series
of chromatographic steps (manuscript in preparation). The
presence of non-S-RNase in the style is not surprising since

650

E LV EV T LCHUDSHNLTWGQTFI NCPRZPLPAQQASTZPY

ns-s2 GAATIROTTGABETCACTGTTTECCACGATABCAACTTAACG CAGTTCATAARY TECCLTCGLCCAT lCGCACAIﬂ(‘lTMNATlF
ns-s4 GAAYTGBTTBAGBTEACTGITTHUCTMTAEAGAGTTC!GTAA!TT?ATAAATT!CGGGUGGCGCCICG‘A!HC!TCACGI‘HT
E LV EV T LGCSNR RDLTIKTEFI NGCPHG?P P K G S RY
700
700

FCP I DD I Q@Y *
ns-s2 TICTRCCCCATICGATCATATTCAGTAYTAA----BAGD------~---ommmmommmm oo m oo e e
ns-s4 TTCTACCCCGCTAAT---GTTAABTATTAATTA4BAGCGCGGCTCECCTGIGIGIGIGTGTIGTGTGIGICTGIGTGTGIGTCTGIGT

F ¢ P A N V K Y *

750 800

750 800
ns-s2 ------ TAGTATATATATAAGAAGTTBGCGTA-ATACRGATGGCS A'I'TTCGAI'ATATMIGAGGAG--BMIGGAGTTATGTCA'TTBT

ns-s4 ('IGIG(.TIGTC'IG'[GTGTCTGIGIANGCCTAUTACQGFTE‘ClATTTCGATATATFGEFCGAEATGAITACACTTAT&TEATTBT

850

900

850

ns-s2 ICTTET!ATGAAHMTTEQCFAAFCMTTﬂMAGTCITGTOAMUHIHHMHAAAAHAAAAA AAA

ns-s4 ATITCTAATGCATAAATIAGCTT)

950

LATTAATTAAAACTCCTATARATATGIGAATITICCTITAAAAAAAAAAAAAAAAAAAA

Fig. 4. Nucleotide sequence alignment between ns-s; and ns-s,. Conserved nucleotides between the two genes are shadowed. Underlines
and asterisks indicate a putative polyadenylation signal and stop codon, respectively. The numberings shown above and below the alignment

are based on ns-s, and ns-s,, respectively.
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at least one non-S-RNase exists in the style of self-in-
compatible Nicotiana alata (38) and Petunia inflata (39).

Three cDNA clones encoding style RNases were obtained
from Nijisseiki. However, the cDNA coding for S,-RNase
was not detected for Osa-Nijisseiki. This difference is
critical for these two cultivars, leading to the notion that the
absence of S,-RNase mRNA in the style is responsible for
self-compatibility in Osa-Nijisseiki. This is consistent with
the finding that Osa-Nijisseiki is a stylar-part mutant of
Nijisseiki (34) and that the former cultivar retains S.-
RNase, but lacks S,-RNase in the style (manuscript in
preparation). Two reasons could be considered for the
absence of S,-RNase mRNA in the style of Osa-Nijisseiki.
One is to assume deletion of the S,-RNase gene at the
S-locus in the pear genome and the other is to assume no or
extensively suppressed transcription of the S-RNase gene
in the style of the self-compatible mutant. Interestingly,
the acquisition of self-compatibility by Osa-Nijisseiki is a
substantial but independent event that induces no or only
minor effects on the other inherent characters of Nijisseiki.
It is tempting to speculate that the stylar-part mutation
represented by S, in Osa-Nijisseiki may have occurred by
deletion of the S,-RNase gene, one of multiple alleles at the
S-locus, from the genome. Further studies of genomic DNA
will be needed to verify this interesting hypothesis.

It is informative to analyze the sequences of S-RNases
and non-S-RNase(s) with respect to their structures and
functions at the DNA and protein levels. At the DNA level,
several interesting features are apparent. Firstly, the
sequence CAATG is consistently found at the putative
initiator Met codon in three cloned cDNAs, ns-nons, ns-s,,
and ns-s,. This structure is homologous to the AACAATG-
GC consensus sequence encompassing a translation initia-
tion codon in plants (40) and serves to assign the initiator
methionine. In particular, for ns-s,, three sites (positions
40, 55, and 73) were detected as candidates for the transla-
tion initiation site. Eventually, position 40 was proposed as
the initiation site because its neighboring sequence, TTCA-
ATGAC, is very similar to the afore-mentioned consensus
sequence. Similar structures, GACAATGAG and TTCAA-
TGGG, were found around the codon for the initiator
methionine in ns-nons and ns-s,, respectively. Position 55
(the 20-residue signal peptide) in ns-s, and position 100
(the 22-residue signal peptide) in ns-s, have been assigned
to translation initiation sites (41), since the solanaceous
S-RNases have about a 22-residue signal peptide (15, 16).
But, position 40 in ns-s, and position 85 in ns-s, are more
likely to be translation initiation sites because of their
CAATG consensus sequences.

Identity of the nucleotide sequences of ns-s, and ns-s,
was 74% overall and 80% for the coding region. In contrast,
the identity between ns-nons and either ns-s, or ns-s, was
low and smaller than 30% even for the coding region. These
results indicate that the two S-RNase genes, ns-s;/0s-s;
and ns-s,, are S-locus-associated and structurally distinct
from the non-S-RNase gene. In spite of the high nucleotide
sequence similarity between ns-s, and ns-s,, thereis a great
structural difference between the two genes. Most impor-
tant is the presence of GT repeats in ns-s,; 30 consecutive
GT sequences comprise the nucleotide chain from positions
789 to 852, though they are interrupted by a GCTT
sequence at position 833 upstream from the putative
polyadenylation signal (Fig. 3c). Except for the region from

N. Norioka et al.

positions 780 to 834 involving part of the GT repeat in
ns-s,, the nucleotide sequences of ns-s, and ns-s, are highly
homologous to each other (Fig. 4). The GT repeat, classified
as a microsatellite, was first detected for the S-RNase gene.
In general, satellite sequences, characterized by specifically
repeated short nucleotide sequences, are ubiquitously
present in eukaryotic genomes, but their biological function
is not known (42). Whether the microsatellite of ns-s, has
any connection to the occurrence of deletion or mutation of
the S,-RNase gene in the style of Nijisseiki remains to be
investigated. In this regard, it is noteworthy that replica-
tion errors often occur in the microsatellite region (43).

The two key amino acid sequences, HGLWP and KH-
GTC, for the putative active site were detected in the
sequences deduced from the nucleotide sequences of
ns-nons, ns-s,, and ns-s,, suggesting that all three enzymes
are of the RNaseT, type. Sequence comparison indicated
that S,-RNase and S,-RNase share 60% identical residues,
while the sequence identity between either S-RNase and
non-S-RNase was only 25%. Such a large sequence differ-
ence between S-RNase and non- S-RNase has not previous-
ly been reported; no difference was observed in the degree
of sequence identity between non-S-RNase and S-RNases
of Nicotiana alata and Petunia inflata in the family
Solanaceae (38, 39). The absence of a potential N-glycosyl-
ation site was an additional feature characteristic of pear
non-S-RNase. S,;-RNase and S,-RNase have five and six
potential N -glycosylation sites, respectively.

Sequence comparison of S-RNases between pear and
apple was very interesting (Table I). The sequence identity
between pear S,-RNase and an apple S-RNase and between
pear S,-RNase and two apple S-RNases (44) was a little
higher than that between the two pear S-RNases. Such a
close similarity of the S-RNase sequences from these two
different genera in the same family may be related to the
fact that certain pear cultivars accept apple pollens, pro-
ducing an intergeneric hybrid of Japanese pear and apple
(K. Banno, personal communication). Alignment of two
pear S-RNases sequenced here and two apple S-RNases led
us to assign seven conserved regions specific for the family
Rosaceae and two hypervariable regions (Fig. 5). In partic-
ular, two conserved regions at the N-terminus (C1 and C2)
are thought to be Rosaceae family-specific as discussed
later.

The alignment of four rosaceous S-RNases and nine
typical solanaceous S-RNases provided important informa-
tion on the similarity and differences in their primary

TABLE [. Percentage sequence identity among stylar ribonu-
cleases from Rosaceae and Solanaceae families. PP, Japanese
pear (Pyrus pyrifolia); MD, apple (Malus X domestica); NA, tobacco
(Nicotiana alata); PI, petunia (Petunia inflata); SC, potato
(Solanum chacoenge).

Solanaceae

PPS, 25

PPS, 26 60

MDS, 25 59 64

MDS, 25 62 67 65

NAS, 19 17 19 18 19
NAS, 20 21 20 22 23 57

FIS, 17 19 19 20 19 43 37

S8CS, 22 21 22 21 22 46 43 39
nonS PPS, PPS, MDS, MDS, | NAS, NAS, PIS,
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1 10 . 20 . 30 . ““30 52 60 P Fig. 5. Amino acid sequence align-

ponS  QDFDFEYFVQUWPGAYCDTRHTCCYPRSGRPTADFGTHGLHPNYKDGGYPSNCDPDSVEDKSQISELLTSIARNY  ment of non-S-RNase, Rosaceae S-

PPS2  ARYDYFQFTQQYQQAFCNSNPTPCKDPPDK———LFTVHGLWPSTKVGRDPEYCKTRR—YRKIQRLEPQLEITW ~ RNases, and Solanaceae S-RNases.

PPS4 FDYFQFTOQYQPAVCNSNPTPCNDPTDR —— LFTVAGLHPSRRNGPDPERCKTTTMN-SQKIGWMTAQLET TW The numbering shown above the align-

MDS2 YDYFQFTQQYQPAACRSNPTPCKDPPDK ~—-LFTVHGLHPSNMNRSELFNCSSSNVT-YAKIQNIRTQLEMIW ~ ment is based on that of mature S-

MDS3 FDYFOFTOOYOPAVCS SNPTPCKDPPDK —-LETVHG WPSNVNGSDPKRCRTTTLN-PQITTNLTACLET IW RNase. Asterisks show the amino acid

Cc1 c3 conserved in all RNases listed. NonS,

non-S-RNase from Japanese pear; PPS,

NAS2 AFEYMQLVLIWPITFCRIKH-~CERT- PT——NFTTHGLAPDNHTTMLNY -CDRSKPYNMFTDGKKRNDLDERY o4 ppS, S, and S,-RNases from

NAS3 AFEYMOLVLQWPAAFCHTTPSPCKRI - PN——-NF TIHGLHPONVSTMLNY ~COREDEYEKLDDDRKRFDLDORA  yo0n o 0o MnS. “and MDS,, S,
NASs AFEYMQLVIQWPTAFCHTTP——CKNI - PS——NFTTHGLWPDNVSTTLNF-CGREDDYNT IMDGPEKNGL YVRW d S.RN fro o (Mol

PIS1 NFEYLQLVLTWPASFCFRPRNICKRP-AK~—-NFTTHGLWPETTGFRLEF—-CTGDPKYETFKDNNIVDYLEREW 20 ases from apple (M2lusx

domestica) (44); NAS,, NAS,, and
NAS,, S;-, Ss-, and Ss-RNases from
tobacco (Nicotiana alata) (10, 11); PIS,
and PIS,;, S;- and S;-RNases from
Petunia inflata (12); PHS,y and PHS,,,
Sia- and S;.-RNases from Petunia hy-
brida (16); SCS, and SCS,, S;- and
S,-RNases from potato (Solanum chaco-
ense) (25).

PHS18 SFDHWOLVLTWPAGYCK-VKG—~CPRPVIPN~-DFTTHGLWPDS ISVIMNN-CDPTKTFATI TEIRQITELERRW
PHS2A NFDYFQLVLTWPASFCY -PKNKCOQRR-SN———NFTTHGUWPEKKHF RLEF-CPGDK - FSRFREDNT INVLERHW
SCS2 TFDYMKLVLOWPPMYCR-NKF -CERT -PR—~—NFTVAGLWPDNKK YLLNN-CRS YA~ YNALTNVREQSKLDDRW
SCS3 TFEHLQI VL TWPTSFCH-KER~CIRS -SS———NETTHGLWPDNTSTRINF-CKI VK- YNKTFDERRTDALEYGW
cl1 AV1 c2 HV2
70 80 90 100 110 120 130
* L 2 B 2

nonsS
PPS2
PPS4
MIS2
MDS)
NAS2
NAS3
NASs
PISy
PIS2
PHS18
PHSA
SCS2
SCS3

140 150 160 170 180 190 200

* * & *
nons E-ATRVGVG-HTPGITECNKDSAGN-SQLYQT YLCVDTSGODT TECPLL~PKG-R——CASKIQFPKF
FPS2 ONATRAGTTIMI PRLRKCOCKVNGM-—TELVEVTLCHDSNL TQF INCPRPLPQASPYFCPIDDIQY
PPS4 ENATRSGNNNTRPRFROKNTRIT-TELVEVTLCSNRDLTKF INCPHGPPKGSRYFCPAN-VKY
MDS2 VDATRKGITHGREPNLKCOKNTOM —TELVEVTLCSDANLRKQF IDCPHHF PNGSRHNCPTNHILY
MIS3 VNATSQS IDYRKPRLKCKNANO T - TELVEVGLCSDNNL TQF IDCPRPFPQGSPFFCPTNNIQY
HV2 c7

NAS2 KATTGGF =—===PNLTCSRL~~~—RELKEIGICFDETVKNVIDCPNPKT ~—=—~~CKPT-NKGVMFP
NAS) KAITQGY——=—=PNLSCTRR~-—~—(MEIL 1 EIGICFDSKVENVIDCPHPKT——=——=CKPMGNRGIKFP
NAS6 KIVTRGY ~—~——PNLSCTKG———QELNEVGICFDSTAKNV IDCPNPKT ————~-CKTASNQGIMFP
PISy KTVINQV ————DPDLKCVEHIKG-VOELNEIGICFNPAADNFYPCHHS YT=—————CDETDSKMILFR
PIS: KTVTNNK———DPDLKCVENIKG-VKELNE IGICFNPAAD~ FHDCRHSKT -—————CDETDSTATLFRR
PHS18  ASVTRVK-———-PNLKCLYY-RG-KLELTEIGICFDRTTVAMMSCPRISTS —————CXFGINARITFRQ
PHSp KTVTNNK-———DPDLKCVENIKGVK-ELNEIGICFNPAADS FHDCRHS YT—————CDETDSTQTLFRR
SCS2 RQLTNRV ———-FPSLECIDNN-GI-MELLEVGICFDPAATKV IPCHRPWI ————-~CHADENTRIELVK
SCS3 KSVTOGY ~———PHVTCENNRFRGTSELLETAT CFDPQAQNV IHCPRPKT —————CNSKGTKGITFP

structures (Fig. 5). In this alignment, eight half-cystine
residues were conserved and two short stretches of con-
served active-site residues are placed at definite positions
for all S-RNases. Four gaps ranging from one to six
residues are observed between rosaceous and solanaceous
S-RNases and the family-specific structural motif may be
integrated into these regions. As for conserved and hyper-
variable regions, the Rosaceae-specific regions roughly
overlapped with those in solanaceous S-RNases. But sev-
eral critical differences in their numbers and locations were
found by a comparison between rosaceous and solanaceous
S-RNases. Rosaceous S-RNases have two more conserved
regions with the loss of hypervariable regions 1, 3, and 5
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(C2 in place of HV1) and lack the thiol group at residue 95,
which is readily modified by iodoacetic acid, leading to the
inactivation of Nicotiana alata S;-RNase (45). However,
the eight conserved half-cystine residues are likely to form
four disulfide linkages by analogy to the location of disul-
fides of the S,-RNase (manuscript in preparation).

In conclusion, the present investigation has determined
that Osa-Nijisseiki gains self-compatibility through
severely impaired or extensively suppressed expression of
the product of the S,-RNase gene in the style. This is
compatible with the finding that the S,-RNase of this
cultivar was not detectable at the S-protein zone on 2D gel
electrophoresis, as described in the preceding paper (37).
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The involvement of S-RNase in the self-incompatibility
reaction has clearly been demonstrated by anti-sense
targeted suppression of the expression of S-RNase (26),
S-RNase activity-loss events by mutation (27), and S-
RNase activity-gain experiments (26, 28). Osa-Nijisseiki
is a case of a native activity-loss event for Nijisseiki. Its
consequence is quite clear; Osa-Nijisseiki is self-compati-
ble because of the absence of S,-RNase, one of the two
proteins responsible for self-incompatibility in heterozy-
gous Nijisseiki. Knowing why and how Nijisseiki lost the
ability to express S,-RNase in the style will help us to
understand the mechanism of gametophytic self-incom-
patibility involving S-RNase.
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