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Molecular Mechanism of the
Self-incompatibility in the Rosaceous Species

Koichiro Ushijima
(Department of Applied Plant Science)

Self-incompatibility (GSI) in the rosaceous species is
controlled by the S locus consisting of S-RNase gene
and an unidentified ‘pollen S’ geme. A~200kbp of
cosmid contig for the S°¢ haplotype of almond was
constructed. Genomic Southern blot analyses showed
that most cosmid end probes, except those near the S°¢
-RNase gene, cross-hybridized with DNA fragments
from different S haplotypes. This suggests that regions
away from the S°~-RNase gene can recombine between
different S haplotypes, implying that the cosmid contig
extends to the borders of the S locus. A~70kbp seg-
ment of the S¢ haplotype, the S haplotype-specific
region containing the S-RNase gene, was completely
sequenced. This region was found to contain two pollen-
expressed F-box genes that are likely candidates for
pollen S genes. One of them, named SFB (S haplotype-
specific F-Box protein), was specifically expressed in
pollen, and showed high level of S haplotype-specific
sequence polymorphism, comparable to that of the S-
RNases. The other is unlikely to determine the S
specificity of pollen, because it showed little allelic
sequence polymorphism and was expressed also in pistil.
Three other S haplotypes were cloned and the pollen-
expressed genes were physically mapped. In all four
cases, SFBs were physically linked to the S-RNase
genes, and were located at the .S haplotype-specific
region, where recombination is considered to be sup-
pressed, suggesting that the two genes are inherited as
a unit. These features are consistent with the hypothe-
sis that SFB is the pollen S gene. This hypothesis
predicts involvement of the ubiquitin/26S proteasome
proteolytic pathway in the RNase-based SI system.
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Fig. 1
probes.

Construction of a cosmid contig for almond S¢ haplotype region and genomic Southern blot analysis with cosmid end

A cosmid library was constructed from the genomic DNA of Nonpareil. The cosmid contig for the S¢haplotype region was
constructed by chromosome walking from the S°-RNase gene to both the upstream and the downstream regions. (A)
Schematic representation of the cosmid contig for the S¢ haplotype region. The white, black and gray boxes denote the
cosmid clones, cosmid end probes used in (B), and the S¢-RNase gene, respectively. The ‘A’ nucleotide of putative initiation
codon (ATG) of the S®-RNase gene was positioned to be + 1. (B) Genomic Southern blot analyses with cosmid end probes
and selected restriction enzymes. The genomic DNAs were digested with selected restriction enzymes, which gave the S
haplotype-associated RFLP, and probed with cosmid end probes. The four cosmid end probes, NP 201F, 207R, 217R and
235F, were designed from end sequences of the S derived clones. Locations of the S? derived probes on the corresponding
S¢ derived clones were estimated by PCR with the end primers and the vector primers, WEBF or PWR, and the S¢ derived
clones as the templates. The restriction enzymes and the cultivars were denoted above the each lane. The arrows of S%,
SP, S¢and S¢denote the S¢ S? S¢and S?haplotype-associated signals, respectively. JF, Jeffries (S"S9); NP, Nonpareil (S¢
S9); MS, Mission (S%S?); #2, Sauret no.2 (S4S¢); MR, Merced (S?S9); #1, Sauret no. 1 (S4S9); MT, Monterey (S®S%
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Fig. 2 Alignment of the amino acid sequences of SFBs.

Amino acid sequences of SFBs were aligned by Clustal X. F-box motif and two variable regions are boxed. Sites which
are conserved or have only conservative replacements are marked underneath with asterisks and dots, respectively.
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Fig. 3 Gene organization of four S haplotypes of almond.
Boxes represents the exon of the S-RNase genes, SFBs and the S locus boundary markers NP 79R and NP 182F. Arrows
denote the orientation of the genes. In the S% and the S® haplotypes, physical distance between NP 79R and the S-RNase
gene was not determined accurately, although it is certain that NP 79R links to the S-RNase gene.
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Fig. 4 The mutation in SFB* of sweet cherry.
(A) Expression of SFB* and SFB*. Pollen cDN As were used as template for RT-PCR with primers SFB 4F0 (5-GTT CAT
TCC CAT TGC CCA TTA C-3) and SFB4R0 (5-TTG TGT TGG ATG AAT TTG ACA T-3). Total RNA
of‘Stella‘(lanenon-RT’) was used for a negative control. Actin was used as an internal control. Abbreviations for sweet
cherry cultivars are as follows; STN,‘Satonishiki’; NPL,'Napoleon’; and STL,‘Stella’. (B) Schematic representation of SFB*
and SFB*. The coding regions are boxed. The ‘ATG’ and ‘Stop’ indicate the start and stop codons, respectively. The
nucleotide ‘A’ of the start codon is positioned to be + 1. The grey boxes denote HVa and HVb regions. The positions and
directions of the primers ‘SFB4F0’ and ‘SFB4R0’ are indicated by arrows. (C) Nucleotide sequence comparison of the 3’
regions of SFB* and SFB*. The characteristic sequences are boxed. The nucleotide sequences of the 3UTR are italicized.
The repeated sequenceTTAT around the deletion site are shown in a black box. (D) The amino acid sequence comparison
of SFB* and SFB*. The F-box motif and the HVa and HVb regions are boxed.
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Fig. 5 A model for the mode of S* haplotypes.

The yellow- and blue-colored boxes are the
regions for the § haplotype-specific
interaction, which could be mainly
comprised of the hypervariable region(s).
Different colors represent different §
genotypes.

The red region is for the general interaction.

@
The black circle is mono ubiquitin.

The haplotype-dependent degradation of S-RNase is assumed to be regulated by SCF*"®and the 26S proteolysis pathway.
In this model, all S-RNases enter the pollen tube regardless of their S genotypes. When S-RNases stay active in the pollen
tube, they degrade pollen RNAs, which results in the arrest of the pollen tube growth. (A) In the compatible reaction, S
-RNases are recognized by the general interaction domain (red color) of SCFS'® resulting in polyubiquitination and
degradation of the S-RNases by the 26S proteasome pathway. (B) In the incompatible reaction, SCFS® and its cognate S
-RNase interact via the haplotype-specific interaction domain, which consists of HV region (s) (blue color). This interac-
tion prevents S-RNase from being polyubiquitinated. As a result, the cognate S-RNase remains active and degrades pollen
RNA, which results in the arrest of the pollen tube growth. (C) In S* pollen tubes, the absence of the haplotype-specific
interaction domain in SCFS'® causes SCFS'® and all S-RNases, including their cognate S-RNases, to interact via the
general interaction domains (red color), which results in degradation of all S-RNases. Thus S* haplotypes are pollen-part

mutant.
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