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Summary Self-incompatibility (SI) has evolved independently multiple times and prevents self-
fertilization in hermaphrodite angiosperms. Several groups of Oleaceae such as jasmines exhibit 
distylous flowers, with two compatibility groups each associated to a specific floral morph1. Other 
Oleaceae species, in the olive tribe, have two compatibility groups without associated 
morphological variation2–5. The genetic basis of both homomorphic and dimorphic SI systems of 
Oleaceae are unknown. By comparing genomic sequences of three olive subspecies (Olea 
europaea) belonging to the two compatibility groups, we first locate the genetic determinants of 
self-incompatibility within a 700-kb hemizygous region present only in one compatibility group. 
We then demonstrate that the homologous hemizygous region also control distyly in jasmine. 
Phylogenetic analyses support a common origin of both systems following a segmental genomic 
duplication in a common ancestor. Examination of the gene content of the hemizygous region in 
different jasmine and olive species suggests that the mechanisms determining compatibility groups 
and floral phenotypes (whether homomorphic or dimorphic) in Oleaceae relies on the 
presence/absence of two genes involved in gibberellins and brassinosteroids regulation 

 
Results and discussion 
 
A hemizygous region determines self-incompatibility in olive  
Within the Oleaceae family, several species in the olive tribe (Oleeae) have two compatibility 
groups without associated flower morphological variation2–5. We identified the locus responsible for 
these compatibility groups (S-locus) in olive based on the observation that self-incompatibility 
recognition specificities are shared among Oleeae lineages that have been diverging for at least 40 
million years5,6. Self-incompatibility systems classically involve several genes controlling pollen 
and pistil determinants. If this is also the case for Oleaceae, conservation over a long evolutionary 
time of the SI system should imply a co-inheritance of these genes, since any recombination 
between them would break the self-incompatibility system. Tight-linkage of allelic combinations in 
a chromosomal region, referred to as a supergene, is a practical solution to achieve this. Following 
this hypothesis, we tracked supergene genomic footprints (Figure S1) through genome scans using 
RAD-seq data for olive trees phenotyped as belonging to the two compatibility groups [defined as 
the heterozygote Ss (G1) or the homozygote recessive ss (G2)]7,8 from three genetically distinct 
olive subspecies (Olea europaea subspp. europaea, africana, and laperrinei; Data S1A; Figure 1A). 
Coverage ratio analyses of the two compatibility groups revealed a single outlier region on 
chromosome 18, in which the Ss samples had higher coverage than the ss samples in all three 
subspecies (Wilcoxon-test p-value < 0.05; Figure 1B). Direct comparison of the chromosome 18 
contigs in haplotype-resolved assemblies we generated for the Saharan olive (Olea europaea subsp. 
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laperrinei) confirmed the existence of a 700-kb region specific to Ss individuals (Figures 1C and 
S2; Data S1B and S1C). The S-specific sequence, always found at hemizygous state, is enriched in 
transposable elements compared to neighboring windows, suggesting that this region recombine 
rarely9, which is guaranteed by hemizygosity (Wilcoxon test; p-value < 0.05; Figure 1C). The 
association between the hemizygous region and compatibility groups was supported by genome-
wide association analyses (Figures 1D and 1E) as well as by the strict correlation between markers 
at the hemizygous region and the self-incompatibility phenotype in a larger sampling of phenotyped 
trees, from three diploid subspecies and hybrids (Data S1A and 1D). Our results therefore 
demonstrate that a hemizygous region on chromosome 18 determines self-incompatibility in olive.  

 
The genetic controls of distyly and homomorphic self-incompatibility overlap 
The 700-kb indel in olive contains three predicted genes - Oe46719.t1, Oe46724.t1 and Oe46727.t1 
- with contrasted expression patterns (Figure 1C). Expression of Oe46719.t1 (hereafter referred to 
as BZR1-S) was not detected in O. e. europaea inflorescences. In the closely related Olea 
welwitschii, we found only a 370-bp pseudogenic segment of its first exon, which contains several 
frame shifts. We found some transcripts for Oe46724.t1 in O. e. europaea, but detected no 
orthologs of this gene in other Oleaceae, suggesting that it cannot be essential for this conserved 
function in distinct Oleaceae lineages. Oe46727.t1 (referred to as GA2ox-S), however, is both 
expressed in olive inflorescences and detected within the homologous region in all self-
incompatible Oleaceae investigated (Figure 2A). As GA2ox-S is the only gene systematically 
associated with self-incompatibility types, it appears to be sufficient for self-incompatibility 
responses in olive. The GA2ox gene family encodes oxidases that down-regulate gibberellins 
production10. While the precise self-incompatibility mechanism is unclear, we hypothesize that a 
mismatch between the Ss and ss reproductive tissue environments may be involved and that alleles 
of this single gene cause both male and female incompatibility reactions (see also the companion 
paper by Castric et al.11 for an exploration of the role of gibberellins in self-incompatibility 
reactions in the olive tribe). Hormone regulation has frequently been found to be involved in the 
control of the floral dimorphism in distylous species (whose mechanism determining 
incompatibility reactions remains elusive) but, to our knowledge, this is the first time that 
gibberellins are suspected of being involved in self-incompatibility reactions12-17 (Table S1). 
 
 In contrast to the olive tribe (Oleeae), in which self-incompatibility is not associated with 
morphological variation, other Oleaceae tribes, such as Jasmineae, exhibit distylous flowers, with 
two compatibility groups each associated with a different floral morph1. Distyly is controlled by a 
supergene in which several loci control different aspects of the flower dimorphism and 
incompatibility phenotype. In the distylous species so far studied, one of these genes controls the 
style length and its incompatibility, another controls the anther positioning, and another the pollen 
incompatibility (Table S1). The S-locus has invariably been found to be a hemizygous supergene 
specific to short-styled individuals12-17 (Table S1). Genes controlling the short-styled morph are 
thus present in a haploid region, whereas the long-styled morph lacks them entirely, which 
guarantees the co-inheritance of the short-styled alleles at all the loci. The hemizygous architecture 
of the olive S-locus thus parallels that in distyly. To test whether homomorphic self-incompatible 
and distylous self-incompatible systems share the same genetic basis in Oleaceae, we compared 
gene expression between floral morphs of the distylous Mediterranean jasmine (Chrysojasminum 
fruticans; Jasmineae) using entire floral buds and identified 33 genes with morph-specific 
expression patterns (Figure 2B; Data S2). This included two GA2ox homologs. One of them, 
Cf75129.t1, was expressed only in long-styled individuals, while the other (Cf41540.t1) was 
exclusively expressed in short-styled individuals and corresponds to GA2ox-S, according to our 
phylogenetic reconstruction of the GA2ox gene family (Figure 3A). This gene, in our C. fruticans 
genome assembly, is physically close to three other differentially expressed genes (Cf41478.t1, 
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Cf41523.t1, and Cf41549.t1). In C. fruticans, these three genes were specifically expressed in short-
styled buds, suggesting that they might all be part of a S-locus supergene. However, only 
Cf41523.t1 and Cf41540.t1 are hemizygous. PCR tests using 179 phenotyped jasmines indeed 
confirmed a strict association between the short-styled morph and presence of Cf41523.t1 and 
Cf41540.t1 (Data S1E). Cf41523.t1 is an homolog of the non-expressed BZR1-S gene detected 
within the olive hemizygous S-locus. BZR1-S is also detected in short-styled individuals of other 
distylous Oleaceae (Figures 2A and 3A). It encodes a transcription factor (BRASSINAZOLE-
RESISTANT 1) that regulates brassinosteroids expression18, a function known to be involved in the 
control of female morphology in other distylous systems13,14,16 (Table S1). 
 

The present comparative approach therefore supports the importance of hormone regulation 
in the genetic control of self-incompatibility phenotypes in Oleaceae. The GA2ox family is 
particularly interesting as we identified two differentially expressed homologs in the distylous 
jasmine. The one that is located within the hemizygous region (Cf41523.t1) is orthologous to the 
gene we identified as controlling self-incompatibility response in olive (GA2ox-S). We postulate 
that it has the same function in jasmine as this is consistent with the absence of GA2ox-S in the self-
compatible Chrysojasminum bignoniaceum (Jasmineae), and the absence of expression of the 
second GA2ox homolog (Cf75129.t1) in floral buds in this taxon. We speculate that the second 
homolog plays a complementary role in determining compatibility, for example, by being expressed 
in different floral parts of the two incompatility groups (e.g., stigmata and pollen).  

 
 The BZR1-S gene is either not expressed, pseudogenized or is even absent from the S-locus 
of non-distylous Oleeae lineages (including Phillyrea11). In contrast, our floral bud RNAseq data 
and genome assembly of C. bignoniaceum, a long-homostylous species (with styles of similar 
length to those of the long-styled individuals of the distylous C. fruticans, but with long anthers), 
show that BZR1-S is expressed, and that it is in a genomic region collinear with the S-locus 
supergene of C. fruticans. However, it is not hemizygous. The presence of a sequence homologous 
to the S-specific region implies that this long-homostylous state derives from a short-style 
individual (Ss genotype). Consequently, the phenotypic difference between short-styled C. fruticans 
and long-homostylous self-compatible C. bignoniaceum may be due to the absence of GA2ox-S. 
This single gene would thus control both female self-incompatibility reactions and style-length, as 
reported for other distylous systems where a single gene accomplishes both functions14-17 (Table 
S1). BZR1-S would then determine anther length. Indeed, when it is expressed, in both C. fruticans 
and C. bignoniaceum, anthers are found in high positions (Figure 2A). 
 
 We cannot rule out the involvement of other genetic elements in the S-locus, or in other 
genomic regions, such as genes involved in downstream signaling cascades or modifier loci that 
have become fixed in the homostyled species. GA2ox-S and BZR1-S are both parts of complex 
transcriptional networks11,18, and different hormone levels caused by the two S-locus genes may 
have downstream effects on metabolite levels or cell-wall properties that might affect pollen tube 
germination and growth. The specific expression of a GA2ox paralog in long-styled jasmine 
suggests that the S-locus copy may act as a dominant-negative mutation that interferes with the 
expression of the other copy19. Although further functional studies are required, the evidence 
presented here strongly supports the conclusion that both homomorphic and heteromorphic self-
incompatibility systems are controlled by a hemizygous supergene. 
 
Heteromorphic and homomorphic self-incompatibility systems have a common origin in Oleaceae 
Within the Lamiales order, Oleaceae and its sister family Carlemanniaceae are sister to all other 
Lamiales (hereafter Core Lamiales)20. Phylogenetic analyses of the two gene families detected in 
the hemizygous S-locus of olives and jasmines (i.e., GA2ox and BZR1) support the orthology of 
their S-copies (Figure 3). For both genes, we detected a S-locus copy of one or both genes only in 
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short-styled individuals or in one of the homomorphic compatibility groups (Figure 3; Data S1F). 
For species for which we only had short-read data covering the S-locus, the sequencing depth was 
consistently lower than that of paralogs outside the S-locus (Figure 3), supporting the result that 
hemizygosity is shared by both systems. 
 
  Across the Oleaceae and other Lamiales, the most-closely related paralogs of both S-locus 
genes (GA2ox-I-1 for GA2ox-S) are invariably located on a single chromosome (Figure 3). In 
addition, pairs of genes from the S-locus and their closest paralogs have similar synonymous 
divergence levels for both GA2ox and BZR1 (Figure 3C). Furthermore, phylogeny of the BZR1 gene 
family indicates that the duplication of the S-locus copy occurred prior to the divergence of 
Oleaceae from its sister family Carlemanniaceae, but after these families diverged from Core 
Lamiales (Figure 3B). This period coincides with an inferred whole-genome duplication event in 
their common ancestors (62 and 95 Mya)20. Whether or not there is a link with this polyploidization 
event, we conclude that the supergene architecture of self-incompatibility loci in Oleaceae 
originated from an ancestral duplication of the DNA segment encompassing these two genes.  
 
 Two models have been proposed for the evolution of distyly. In the first model, the pollen 
incompatibility evolved first, before morphological differentiation21. The second model postulates 
that floral dimorphism appeared first22. In either model, the distyly supergene evolved in several 
steps and dating the duplications of the different genes provide information about the sequence of 
events in the evolution of distyly23,24. In Oleaceae, the origin of the S-locus via a unique duplication 
event makes it even more complicated to determine whether floral dimorphism or pollen 
incompatibility evolved first. Distyly shows some lability in Jasmineae, where the co-occurrence of 
stigma-height dimorphism and distyly, has been interpreted as evidence for the evolution of distyly 
through the “style-length-variation-first” model25. Conservation of the recognition specificities has 
been studied only between homomorphic Oleaceae species, not between different distylous 
Oleaceae lineages (which are mostly distantly related), nor between any homomorphic and 
distylous lineages in the family. It is consequently possible that distyly evolved independently more 
than once in the Oleaceae, as it has been hypothesized in the case of Rubiaceae26. The ancestral 
duplication of S-locus genes may have provided genetic precursors facilitating multiple independent 
evolutions of self-incompatibility systems.  
 
 Alternatively, the homology of the hemizygous region in different distylous lineages would 
also be compatible with a single origin of distyly through the establishment of a hemizygous 
incompatibility locus in the common ancestor of Carlemanniaceae and Oleaceae. Carlemanniaceae 
includes two genera (five species), one of which (Silvianthus) is reported as distylous27. Instead of 
representing an intermediate stage on the way to distyly, non-distylous Jasmineae, such as the self-
compatible species C. bignoniaceum (long homostylous) could have evolved by losses of distyly 
and self-incompatibility. This scenario would also imply that in non-distylous self-incompatible 
Oleaceae, such as the olive, S-loci represent ancient degenerated distyly supergenes. Independently 
of the exact scenario, our analyses demonstrate a common origin of homomorphic and 
heteromorphic incompatibility systems using a supergene generated by an ancestral segmental 
duplication. 
 

While the detailed mechanisms controlling the observed phenotypes remain speculative, we 
identified two strong candidate genes involved in the regulation of brassinosteroids and 
gibberellins. These genes represent excellent candidates for further functional studies. In contrast to 
other investigated systems so far, molecular incompatibility and morphological determinants appear 
to be separable despite genetic overlap at the S-locus. Oleaceae self-incompatibility systems thus 
offer a compelling example of convergent evolution of gene functions and architecture, but also 
provides a unique opportunity to disentangle the contribution of different genes in this complex 



Raimoneau et al. (2024)                                       Current Biology 34: doi:10.1016/j.cub.2024.03.029 

5 
 

phenotype. 
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Figure 1. Identification of the S-locus in olive. A) Principal component analysis of RAD-sequenced olive individuals based on 
43,525 bi-allelic nuclear SNPs. Full and open circle represents ss (G2) and Ss (G1) self-incompatibility phenotypes, respectively, as 
determined from parental analyses8. B) Ratio of depth of coverage between compatibility groups in three olive subspecies along 
haplotypes of chromosome 18 of the Saharan olive assembly. We plotted log10[(Ss+1)/(ss+1)] for sliding windows of 100 kb with 
25-kb steps. Values in each of the three subspecies investigated are figured in the same color as in A. See also Figures S1, S2. C) 
Pairwise synteny between the two haploid sequences of chromosome 18 of the Saharan olive assembly. The left plot presents 
pairwise identity over the whole scaffold, and a zoom of the region identified with coverage ratio analysis is given on the right. The 
location of genes (blue segments; for which identifier numbers are given within the hemizygous region), the proportion of 
transposable elements (TEs) per 50-kb window (darker shades denote higher TE content), and median RAD depth of coverage per 
100-kb sliding window in each compatibility group (Ss in red, ss in black) are plotted along ‘haplotype 1’ axis. D) Genome-wide 
association results showing peaks of phenotype-associated SNPs surrounding the hemizygous region (1.6-2.3 Mbp). E) Discriminant 
analysis of principal components results revealing SNPs strongly contributing to compatibility groups separation surrounding the 
hemizygous egion (1.6-2.3 Mbp). 
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Figure 2. Genetic overlap between heteromorphic and homomorphic Oleaceae. A) S-locus gene content and associated 
expression profiles. The 30 distinct genes identified within S-locus regions in four Oleaceae genomes (in bold) are presented under 
their identifier in the first genome in which they were identified (i.e., Olea europaea, Olea welwitschii, Chrysojasminum fruticans, 
Chrysojasminum bignoniaceum). More information about these assemblies is presented in Data S1B. We also show if they were 
retrieved in short-read sequencing data of short-styled individuals from two Jasminum species (see Data S1F). Expression profiles 
are summarized to a binary state “expressed/not expressed”. Details on expression profiles are available in Data S2. Investigations for 
the two other genes differentially expressed and neighboring the hemizygous region in C. fruticans (Cf41478.t1 and Cf41549.t1) are 
described in STAR Methods where we explain why we do not consider them as part of the S-locus. B) Differential gene expression 
between long-styled and short-styled C. fruticans entire floral buds. Differentially expressed genes are highlighted in red, according 
to the log2 fold-change (>2) and adjusted p-value threshold (0.05), as delimited by the dashed lines. Annotations and expression 
levels for the differentially expressed genes are available in Data S2.  
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Figure 3. Ancestral origin of the S-locus. A) Reduced representation of the maximum likelihood phylogenetic tree of the GA2ox 
gene family in Oleaceae based on protein sequence alignment. Paralogs representing duplicates originating before Oleaceae 
divergence from Core Lamiales are not shown. An ancestral duplication common to Oleaceae and Carlemanniaceae and leading to 
GA2ox-I-2 was collapsed to focus on the duplication that gave rise to the GA2ox-S copy (see STAR Methods). Bullets denote nodes 
with ultrafast bootstrap support greater than 90. Duplicates within the hemizygous supergene and their orthologs, as well as the 
GA2ox copy specifically expressed in long-styled C. fruticans (Cf75129.t1 in Figure 2B), are highlighted in bold. B) Maximum 
likelihood phylogenetic tree of the BZR1 gene family in Oleaceae based on protein sequence alignment. The tree was rooted on the 
split between Oleaceae+Carlemanniaceae and Core Lamiales. Bullets denote nodes with ultrafast bootstrap support greater than 90. 
Bold is used to highlight duplicates found within the hemizygous supergene and orthologs. BZR1-S A and B are tandem duplicates in 
olive. BZR1-S B is annotated in the two previously published olive genomes, but solely supported by computational prediction and 
no biological hints in our annotation. A-B) For both gene families, symbols denote self-incompatibility phenotypes of the sequenced 
individuals when known (details in Data S1F). Thus, even if Fraxinus and Ligustrum species reportedly share the same self-
incompatibility systems as olive, they are not indicated as such. When determined, physical location of the S-locus paralogs is 
indicated at the tips. C) Pairwise synonymous divergence between S-genes (GA2ox-S/BZR1-S) and their closest paralogs in Oleaceae 
accessions where both gene duplicates were retrieved (i.e., O. e. laperrinei, O. e. europaea, C. fruticans, J. mesnyii, J. glaucum, 
N. aculeata). The closest paralogs for both genes were consistently found on the same chromosome across Oleaceae. The median 
divergence is not different between the two gene sets (Wilcoxon test; p-value = 0.84). 
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RESOURCE AVAILABILITY 
 
Lead contact 
Further information and requests for resources should be directed to and will be fulfilled by the lead 
contact, Guillaume Besnard (guillaume.besnard@univ.tlse3.fr). 
 
Materials availability 
This study did not generate new unique reagents. 
 
Data and code availability 

 All sequencing data generated in this study has been uploaded to NCBI. Accession numbers 
are listed in the key resources table.  

 All original code is publicly available at Zenodo, with doi listed in the key resources table. 
 Any additional information required to reanalyze the data reported in this paper is available 

from the lead contact upon request. 
 
EXPERIMENTAL MODEL AND SUBJECT DETAILS 
 
Olive trees (Olea europaea and O. welwitschii), as well as Chrysojasminum fruticans individuals 
are maintained on the experimental field or in a frost-free greenhouse of CEFE in Montpellier, 
France. Chrysojasminum bignoniaceum and C. odoratissimum individuals are cultivated in a 
mixture of potting soil and sand (50/50) in a frost-free greenhouse at CRBE, Toulouse. Other 
samples were extracted from herbarium specimens. All voucher numbers are reported in the key 
resources tables and Data S1F. 
 
METHOD DETAILS 
 
Whole genome sequencing and assembly 
We provide the first de novo genome assembly for the Saharan olive (Olea europaea subsp. 
laperrinei), found only in relict populations today28. High-molecular weight DNA from fresh leaves 
of the individual ‘Adjelella 9_S4’ (phenotyped as belonging to the Ss group)8 was extracted using 
Qiagen Genomic-tips 500/G kit (Cat No./ID: 10262) for whole genome sequencing and an HIFI 
SMRTbell® library was constructed using the SMRTbell® Prep kit 3.0 (Pacific Biosciences, Menlo 
Park, CA, USA) according to PacBio recommendations (PN 102-166-600)⁠. Sequencing was 
performed at Gentyane platform (Clermont-Ferrand, France) using two PacBio SMRT cells. Raw 
reads were corrected using SMRTLink v10.1 and HiFi reads were assembled using HiFiasm 
v15.529, which produces partially phased assemblies, i.e., each phased chromosome copy is 
randomly assigned to one of the two haplotypes of a diploid genome. Assembly completeness was 
assessed with BUSCO against eudicots_odb1030 and allele separation was checked via k-mer 
analysis with KAT31. All steps from extraction to assembly were performed at the CNRGV (Centre 
National de Ressources Génomiques Végétales, Toulouse, France). We used Minimap232 to map 
back long reads on the haplotype assembly and to perform whole-chromosome alignment. Synteny 
relationships were investigated using MCscan and the jcvi python library33.  
 
 Hifiasm produced two highly-contiguous partially phased assemblies for the Saharan olive 
(Data S1B). The k-mer spectra confirm good allele separation between the two assemblies. The 
proportion of duplicated genes is congruent with expectation and observations in other Oleeae 
species due to the allopolyploid origin of the tribe20,34. Overall, 59,471 protein-coding genes were 
annotated with at least partial support from biological hints (OrthoDB or RNA-seq) in ‘haplotype 
1’, of which 7,775 were excluded during our stringent filtering of TE-associated sequences. The 
final number of genes is close to those of the oleaster and ‘Arbequina’ olive genomes34,35. The 
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Saharan olive genome is composed of about 66% of repeats, DNA transposable elements cover 
35% of the genome, the rest are retrotransposons. Mutator-like elements are the most abundant type 
of repeats, accounting for nearly 26% of the genome. Synteny analyses identified 24 contigs 
collinear with the 23 chromosomes of the previously published assembly in ‘haplotype 1’, as 
chromosome 18 is split into two contigs in our assembly (Data S1C). For ‘haplotype 2’, we 
retrieved 28 contigs that match the original 23 chromosomes. The first cultivated olive assembly 
(cultivar ‘Farga’36) includes recently diverged copies of many genes, which has been interpreted as 
the remnants of a recent polyploidization in the cultivated olive followed by a rapid 
rediploidization37. However, these duplicated regions could also be an assembly artifact in which 
divergent alleles have not been merged due to the high heterozygosity of this olive cultivar38. The 
high synteny of our wild Saharan olive assembly with this of cultivar ‘Arbequina’35 supports that 
there has not been a WGD event specific to the cultivated olive. 
 
 Four other genome assemblies were generated following the same protocol for O. welwitschii 
(“Kakamega 1”), C. bignoniaceum (self-compatible and long homostylous; “CRBE”), and a 
brevistylous individual of C. fruticans (“CEFE S6”) (Data S1B). Two SMRT cells per species were 
used except for C. bignoniaceum for which only one was used because the k-mer spectra reveal 
very little heterozygosity in this species. We also generated haplotype assemblies for O. welwitschii 
and C. fruticans. All assembly statistics are presented in Data S1B. 
  
Genome annotation 
Olive genome assembly was soft-masked using Red39 and annotated using Braker240 with hints 
from OrthoDB41 and RNA-seq data for O. e. subsp. europaea from leaves, flowers and fruits 
publicly available in the European Nucleotide Archive (SRR9203034, SRR9203035, SRR9203038, 
SRR9203039, SRR9203042, SRR9203067)⁠. Reads were cleaned with Fastp42 and mapped using 
STAR243. We only kept genes at least partially supported by external hints (proteins homology or 
expression data). Functional annotation was performed with InterProScan44 with default parameters. 
We used EDTA45 to identify transposable elements (TEs). We then filtered out genes associated 
with TEs from the annotation file. We first used BEDtools46 to remove any exons that overlapped a 
TE, although genes containing both exons that overlapped TEs and exons that did not overlap TEs 
were retained. We also removed any gene functionally annotated with 'transpos*' (transposon, 
transposase, etc.), 'ribonuclease H', 'pol poly’, or 'retrovirus'. We then used the non-overlapping 
EDTA output annotation (‘split.gff3’) to compute the proportion of TEs per 50-kb window with 
BEDtools. We performed a Wilcoxon test to compare the proportion of TEs in the hemizygous 
region to the one in the neighboring regions (50-kb windows, up and downstream). We followed the 
same pipeline to annotate the other genome assemblies we generated but without the use of RNA-
seq data. 
 
RAD-sequencing and reads processing 
Olive belongs to a species complex that diversified since the Late Miocene, about 6 to 8 Mya47,48. 
We selected 37 accessions from three olive subspecies (nine O. e. subsp. europaea, 18 O. e. subsp. 
laperrinei, and 10 O. e. subsp. africana) for which the self-incompatibility phenotype has been 
previously determined using paternity tests on realized matings8. In total, 19 individuals are Ss and 
18 are ss (Data S1A). DNAs were extracted with BioSprint (Qiagen), and 200 ng were then digested 
with PstI. RAD-seq libraries were prepared at the GenoToul sequencing platform facility 
(Toulouse, France) following the protocol described by Etter et al.49. Samples were pooled into 
three distinct libraries and multiplexed. The three libraries were sequenced on one lane of Illumina 
NovaSeq run to produce 150-bp paired-end reads. Reads were demultiplexed and cleaned with the 
process_radtags module of Stacks v2.550, allowing the rescue of reads with two mismatches in 
barcodes (less than the distance between any two barcodes in the used set). Cleaned demultiplexed 
reads were then mapped using Bowtie251 with default parameters to the oleaster genome35⁠, as well 
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as the cultivar ‘Arbequina’ genome34,⁠ and finally to the two haplotype assemblies of the Saharan 
olive generated in this study. A total of 618,291,848 paired end 150-bp reads of RAD markers were 
generated, 99% of which were retained after quality filtering and demultiplexing. The mapping rate 
over the oleaster genome assembly ranged from 74 to 85% per sample and was higher for the 
‘Arbequina’ genome (78.5 to 90%) and for both haploid assemblies of the Saharan olive (84 to 
93.5%). 
 
Variant calling and population structure 
From read alignments on each reference genome, we called bi-allelic SNPs with bcftools52, keeping 
only reads with a mapping quality above 20 (excluding multi-mappers), a base-calling quality of at 
least 20, and a mean read depth over all individuals between 5 and 60 (twice the mean depth to 
exclude errors due to mapping in paralogous/repetitive regions). We further filtered sites missing in 
more than 90% of individuals and those with a minor allele frequency inferior to 0.05 using 
vcftools52. For an individual genotype to be called, we also required a minimum coverage of 5. We 
only kept one site every 1000 bp to perform a principal component analysis (PCA) of the 37 
samples using vcfR v1.14 and adegenet v2.1.10 packages in R53,54. There was a greater diversity in 
the Mediterranean olive sampling set than in laperrinei and africana subspecies. 
 
Genome scans 
Given that both compatibility groups are functionally conserved in divergent Oleeae lineages, one 
could expect that the two non-recombining haplotypes of the S-locus (s and S) are highly 
divergent55 (Figure S1A)⁠. Pairwise FST were thus calculated in 50-kb sliding windows along the 
different reference genomes with vcftools using the complete SNP set generated in the variant 
calling section. To test whether the differentiation between compatibility groups deviates from null 
expectations, we performed 1,000 permutations by randomly shuffling individuals among the two 
groups before re-estimating FST for each window. We then calculated p-values as the proportion of 
permuted FST values that were equal to or larger than the observed one, applying a Benjamini-
Hochberg correction for multiple testing with the p.adjust function in R. While acknowledging the 
limits of our dataset (small sample size and large windows due to the fragmented nature of RAD-
seq coverage) that limit power to correctly reject the null hypothesis (a single permutation over 
1000 with a FST greater than the observed one is sufficient to obtain a p-value close to 1 after 
correction for multiple testing), we looked at the windows in which the observed FST was greater 
than that observed in every 1000 permutations (p-values < 0.001) in the Saharan olive individuals. 
Regardless of the reference genome used, four to 11 windows FST exceeded this threshold. We 
identified FST peaks at different coordinates on the sequences corresponding to chromosome 18 
(none of them coinciding with the region previously linked to self-incompatibility56) in each 
assembly: one in the oleaster genome (of a total of 11 windows with high FST), five windows out of 
nine in the ‘Arbequina’ genome, and three windows out of 11 in ‘haplotype 1’ of the Saharan olive. 
None of the four windows identified in ‘haplotype 2’ were on chromosome 18. The coordinates of 
these windows are available on Zenodo. 
 
 Haplotypes s and S may have diverged enough to prevent reads from one haplotype to 
properly map onto the other, similarly to what is observed for sex chromosomes57,58. Alternatively, 
hemizygosity of the S-locus, a common feature of distylous systems12-17 (Table S1), could explain 
the absence of recombination that underlies the conservation of the Oleaceae self-incompatibility 
system over a long evolutionary period. Both configurations would result in sequencing-depth 
variation between groups (Figures S1B and S1C). We used SeqKit59 to predict PstI restriction sites 
in the three reference genomes to which reads were mapped. We then estimated the depth of 
coverage at each predicted PstI locus with samtools52. For each sample, we normalized the coverage 
by dividing it by the millions of mapped reads. We filtered out sites, removing those with a median 
normalized coverage smaller than 0.5 read per million of mapped reads across both groups for each 
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olive subspecies. The ratio between the median depth in Ss individuals and ss individuals along the 
genome was calculated as log10[(Ss+1)/(ss+1)], where Ss and ss stand for the normalized number of 
reads in each group. It was plotted by 100-kb sliding windows with a step size of 25 kb, using the 
python library matplotlib60. The compatibility phenotype of the individual sequenced for the 
oleaster reference genome is unknown. Both cultivar ‘Arbequina’ and the Saharan olive we used for 
whole-genome sequencing are Ss8 and the expected profile will depend on the assembled haplotype 
(Figures S1B and S1C). If the assembled haplotype is s, this log-transformed Ss/ss ratio would be 
lower or equal to 0, depending on the degree of divergence between the two haplotypes. Indeed, in 
the eventuality of a hemizygous S-locus with the s allele being a deletion compared to the S allele 
(Figure S1C), we would not observe a drastic change in the coverage ratio (in reality, it will be a bit 
reduced in the flanking region but this would not be visible in our windowed RAD-seq data). If the 
s allele is not a deletion but strongly divergent, the log-transformed ratio would be negative, as ss 
individuals will have twice the number of reads mapping compared to the heterozygous individuals 
(Figure S1B). Conversely, if the assembled haplotype is S, the log-transformed Ss/ss ratio would be 
greater than 0, as long as the two alleles are divergent enough to impact mapping success. We also 
examined the occurrence of a significant depth difference between Ss and ss individuals in 50-kb 
windows along each reference genome (including non-anchored smaller contigs) using two-sided 
Wilcoxon tests. To increase our power and as we are looking for a genetic region conserved across 
species, we pooled individuals from each compatibility group together, regardless of the olive 
subspecies to perform these tests. Similar results were obtained regardless of the reference genome 
used for depth ratio scan. We here provide the detailed information of the significant regions in 
each genome. The regions underlying the large peaks in coverage difference in each olive genome 
assembly are syntenic (Data S1C). In the oleaster reference genome, a modest increase (to 0.2 for a 
unique window) in Ss:ss coverage ratio was observed in the region previously associated with the 
self-incompatibility phenotype (8.5-9.1 Mb on chromosome 1856), though only using Saharan olive 
individuals. On the same chromosome, a greater peak (up to 0.8), common to the three subspecies 
was detected between 16.7 and 16.9 Mb. Our Wilcoxon tests for difference in depth between groups 
(individuals pooled by compatibility groups regardless of the subspecies) identified three windows 
at these coordinates as significantly more covered in Ss individuals (FDR < 0.05). Three more 
windows with this profile were detected on two unanchored scaffolds: NW_019268110.1 (from 0.5 
to 1 kb over a total size of 262 kb) and NW_019238463.1 (0.5 to 1 kb for a total size of 145 kb). 
NW_019238463.1 overlaps with one of the markers that showed partial association with SI in 
Phillyrea61. We did not detect any windows shared across the three subspecies with the opposite 
profile (higher coverage in ss than in Ss). Using the genome of olive cultivar ‘Arbequina’ as 
reference, a unique and large increase in coverage ratio (to a value of 0.8) was observed on 
chromosome 18 in the three subspecies between 18.7 and 19.5 Mb. This was supported by 
Wilcoxon tests, as we only detected nine 50-kb windows with significant differences in depth 
genome-wide, all between 18.85 and 19.35 Mb. In the Saharan olive haplotype assembly, we 
detected a large peak in ‘haplotype 1’: on the scaffold corresponding to chromosome 18 
(h1tg0000037l; Data S1C) between 1.6 and 2.3 Mb (Figure 1B). All 50-kb windows in this interval 
(15 windows) had significantly greater coverage in Ss individuals (see Figure 1C for normalized 
coverage values in each group). No significant windows were identified outside of this region. As a 
consequence, we suggest the assembled haplotype is the dominant S haplotype in both reference 
genomes as well as in our ‘haplotype 1’ assembly. In contrast, we did not detect any peaks (Figure 
1B) or significant windows (FDR < 0.05) indicating a differential coverage between groups in 
‘haplotype 2’, that we infer to be the recessive s haplotype. It means that individuals from both 
compatibility types were sequenced and mapped with similar rates on this haplotype assembly. This 
last observation is consistent with a moderate divergence between the two haplotypes at the S-locus 
(Figure S1A) or with the absence of this S-locus (Figure S1C). As the former is not congruent with 
the results of our FST scans and given the peaks identified in other genome assemblies, we postulate 
the dominant S haplotype is hemizygous. 
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Comparison of the contigs corresponding to chromosome 18 in the two Saharan olive 

haplotype assemblies revealed that a large indel of over 700-kb explains the coverage difference 
between the two groups (Figure 1C). This region in ‘haplotype 1’ has no homolog in ‘haplotype 2’, 
yet the flanking regions have homologs in ‘haplotype 2’, where they are adjacent. These patterns 
indicate that a 0.7 Mb-stretch of DNA is present in ‘haplotype 1’, yet missing from ‘haplotype 2’. 
We confirmed this insertion by mapping back HiFi reads on the two haplotype-resolved assemblies. 
In the oleaster assembly, the sequences underlying the peak detected on chromosome 18 (at 16.8 
Mb) as well as on the two unanchored scaffolds are also syntenic fragments of the 700-kb S-specific 
region. The full S-locus is thus also present, but scattered across this genome assembly. The 
fragment on chromosome 18 corresponds to the 5’ end of the indel sequence, NW_019238463.1 to 
the middle, and NW_019268110.1 to the 3’ end, with some downstream sequence. The newly 
identified region is, in both ‘haplotype 1’ and ‘Arbequina’ assemblies, contiguous to the candidate 
region defined by Mariotti et al.56, but 8 Mb apart in the oleaster assembly. 

 
 We performed a genome-wide association study to detect loci associated with compatibility 
groups using the SNP set generated for the 37 individuals mapped on the Saharan olive genome. 
Although RAD-seq data is not the most adapted to genome-wide association analysis, we 
capitalized on the binary nature of the considered phenotype to provide a strong signal. We used 
GEMMA62 to fit a linear mixed model incorporating population structure as a relatedness matrix. 
Input files for GEMMA were prepared with PLINK63. Genetic associations were identified using 
the p-value of a Wald test. In parallel, we also performed on the same set of SNPs a discriminant 
analysis of principal components, as implemented in adegenet, to identify sites that most strongly 
contribute to the separation of compatibility groups. 
 
Phylogenetic analyses 
To gain insight on the origin of the S-locus, we then investigated the gene family of the three genes 
present in the olive hemizygous region. We first performed blast search to extract paralogs from 
Oleaceae genomes and other Lamiales as outgroups (Data S1F). To get a sample of taxa 
representative of all Oleaceae tribes and subtribes, we also used shotgun data of species with a 
minimum genome sequencing depth of 6.5×. On these taxa, a reference-guided approach was used 
to assemble targeted genomic regions (in Geneious v964) as described in Bianconi et al.65. Briefly, 
exons of genes from O. europaea were used as seeds to map homologous reads and assemble them 
into contigs, which were then elongated by recursively incorporating reads identical to at least 30 bp 
at the ends of the contig. Reads were then mapped onto the assembled contigs (to estimate their 
sequencing depth), manually checked to identify potential heterozygous sites and majority-rule 
consensus sequences were extracted. For each gene family, complete coding sequences were 
translated into proteins and aligned using MAFFT66. Maximum-likelihood phylogenetic trees were 
inferred using IQ-tree v2.1.367. The best evolution model was selected by ModelFinder68 and we 
assessed branch support with 1000 ultrafast bootstrap (UFB) replicates69. Trees in newick format 
were deposited on Zenodo. We retrieved homologs to build phylogenies for each of the genes 
predicted within the olive hemizygous region:  
- For GA2ox-S, excluding duplicates originating before Oleaceae and Carlemanniaceae⁠ divergence 
from Lamiales, S-locus orthologs were retrieved in Myxopyreae, Jasmineae, and Oleeae (Figure 
3A; Data S2). Their co-ortholog ‘GA2ox-I-1’ experienced a second duplication event in the 
common ancestor of all Oleeae leading to ‘GA2ox-I-1.O.A’ and ‘GA2ox-I-1.O.B’ in-paralogs. 
- BZR1-S orthologs were retrieved in four Oleaceae tribes (Myxopyreae, Forsythieae, Jasmineae, 
and Oleeae). In addition, co-orthologs of BZR1-S with respect to the divergence with core Lamiales 
were also retrieved in most Oleaceae and Carlemanniaceae (Figure 3B)⁠. We did not detect any in-
paralogs in respect to the whole genome duplication event in Oleaceae. 
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- For Oe47624.t1, we did not retrieve orthologs for this gene in other Oleaceae, even in other 
closely related Oleeae (such as Olea welwitschii). This fact itself weakens the probability of its key 
implication in self-incompatibility. Moreover, two duplicates exist in olive, but are highly divergent 
from any other paralogous sequences identified in other Oleaceae. We consequently suggest this 
gene is a DNA fragment that was incidentally copied within the S-locus. 
 
 Homologs of BZR1-S and GA2ox-S were thus detected in 13 Oleaceae individuals (out of 30 
examined), but not systematically together (Figures 2 and S4). At the family scale, the presence of 
the two genes is associated in distantly related lineages, namely Myxopyreae (Nyctanthes), 
Jasmineae (Jasminum, Chrysojasminum), and Oleeae (Schrebera, Syringa, and Olea). In contrast, 
while BZR1-S was found in the autogamous and long-homostylous individual of C. bignoniaceum 
and in Forsythia suspensa (unknown phenotype), the GA2ox-S copy was missing. Conversely, in 
four individuals of non-distylous Oleeae where GA2ox-S is present, BZR1-S was not found (in 
Fraxinus ornus and Fr. quadrangulata), or was degenerated/truncated (in Olea welwitschii and 
Ligustrum ovalifolium). 
 
 In olive, the two S-locus genes (BZR1-S and GA2ox-S) are separated by 230 kb on 
chromosome 18. Their closest paralogs are both found on chromosome 21, 969 kb apart. In every 
species where they are both present, BZR1-S and GA2ox-S are found within a distance of 143 to 404 
kb on the same chromosome. Interestingly, their closest paralogs were 0.75 to 2.5 Mb apart from 
each other in Oleaceae, a distance that appears to scale with the extent of the hemizygous S-locus in 
their respective genomes. In Oleeae, where GA2ox underwent an extra duplication, the GA2ox-I-1-
O.A copy was systematically on a distinct chromosome, while the GA2ox-I-1-O.B copy was located 
on the same chromosome as the BZR1 paralog, indicating that the GA2ox-I-1-O.B copies are likely 
the co-orthologs of GA2ox-S. GA2ox-I-1-O.B was not detected in Sy. oblata and Sc. trichoclada. 
 
Comparative genomics of the candidate S-locus across Oleaceae 
Using synteny analyses, we identified the regions homologous to the olive S-locus in four other 
species for which we produced genome assemblies. We were thus able to compare the gene content 
of the region in each genome. We further delimited the extent of hemizygosity in C. fruticans and 
O. welwitschii by comparing contigs homologs to the olive S-locus. We checked that hemizygosity 
was supported by mapping Hifi reads on the assembled contigs and check we had reads spanning 
both types of junctions (with or without the indel). In O. welwitschii, nine genes were annotated 
within the hemizygous region, GA2ox-S being the only one shared with another species. In C. 
fruticans, the hemizygous region on h2tg0000275l contains eight genes, including homologs for 
BZR1-S and GA2ox-S. Only one of the extra genes has a predicted function (Cf41508.t1). It is 
annotated as GLUTAREDOXIN-C9, a gene that seems involved in oxidative stress response. The 
homologous region in C. bignoniaceum contains 15 genes. Only two of them had homologs in C. 
fruticans: BZR1-S and the glutaredoxin gene (see Data S2 for gene names correspondence between 
assemblies). Few of these species-specific genes have predicted functions and even fewer are 
expressed (Figure 2A). We consequently suggest these extra genes are spurious annotations of gene 
fragments that were incidentally copied within the S-locus, a process facilitated by the high 
concentration of TEs. For instance, we did not find any orthologs for the third S-locus gene in olive 
(Oel46724.t1) and it is highly divergent from any other paralogous sequences identified in other 
Oleaceae. Whatever these represent real functional genes or not, the fact that they are not widely 
distributed in self-incompatible Oleaceae weakens the probability of their implication in self-
incompatibility. 
 

Finally, in the set of differentially expressed genes in C. fruticans (see below), we identified 
two extra genes (Cf41549.t1 and Cf41478.t1) physically-linked with the hemizygous region. 
Cf41549.t1 is a hemizygous duplicate of Cf41567.t1 (200-kb downstream on the same 
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chromosome). Their divergence level is really low (only two non-synonymous mutations), but the 
last exon of Cf41549.t1 is missing. A single homolog is found in the C. bignoniaceum genome, on a 
different chromosome than the rest of the S-locus homologs in this species. While we had some hits 
for Cf41549.t1 with RNA-seq from C. bignoniaceum and C. odoratissimum (Data S2), we thus 
deemed their assignation to the hemizygous copy as unreliable. Moreover, inspection of the mapped 
reads revealed most of them harbored one or two of the substitutions specific to Cf41567.t1. For 
Cf41478.t1, we did not detect expression of its only homolog in olive (located on chromosome 12), 
but it is also expressed in C. bignoniaceum and C. odoratissimum (long-styled). If it was linked to 
self-incompatibility/distyly, we would expect its expression to follow the same pattern as for C. 
fruticans (expressed in short-styled only). The expressed homolog in C. bignoniaceum is also not 
on the same chromosome as the other S-locus homologs. We consequently consider their 
association with self-incompatibility/distyly questionable and did not include them in the C. 
fruticans supergene. 

 
We computed synonymous divergence between S-linked genes and their closest paralogs, 

when both present, as a proxy for the time since their duplication using the yn00 program from 
PAML v470. We also investigated the genomic position of paralogs of S-linked genes in available 
genome assemblies. If the S-locus formed via a single segmental duplication, their closest paralogs 
of S-linked genes would stem from the same genomic region. Conversely, if the supergene formed 
by stepwise addition of genes, in-paralogs would be scattered across the genome. 

 
We finally looked at the sequencing depth for five species (Nyctanthes aculeata, Jasminum 

mesnyi, J. glaucum, Schrebera trichoclada, and Ligustrum ovalifolium) analyzed with short-read 
shotgun data in which S-genes were detected. We compared the mean sequencing depth on S-genes 
compared to their paralogs.  
 
Transcriptomics of self-incompatibility 
We generated floral bud RNA-seq data for both morphs in C. fruticans (six short-styled, four long-
styled individuals at both 0.5- and 1-cm length stages). Plants were collected (on April 29, 2021) at 
the common garden of CEFE in Montpellier, France. We also sampled buds for two congeneric 
jasmines, a long-styled individual of C. odoratissimum, and a long-homostylous and self-
compatible individual of C. bignoniaceum. Samples were placed in liquid nitrogen on the field right 
after their collection, transported on dry ice and kept at -80°C. RNA extractions were performed 
with the Qiagen RNeasy Plant Mini Kit following manufacturer’s instructions. Extracts were then 
purified with Promega RQ1 RNAse Free DNAse to limit DNA contamination. Quality controls and 
library preparation were performed at the GenoToul sequencing platform. One SP lane of Illumina 
NovaSeq was used to generate 150-bp paired-end reads. Raw reads were cleaned and trimmed using 
Fastp with default parameters to remove any low-quality bases or adapters. We used STAR2 to map 
reads to our annotated C. fruticans genome and quantify read expression (--quantMode 
GeneCounts). We then used the matrix of raw counts to perform differential gene expression with 
DESeq271. We included morph, stage and their interaction in the design and used DESeq2’s metric 
‘median of ratios’ to normalize counts. For data representation, we finally used log2FoldChange 
shrinkage with the method apeglm72. 
 
 For olive, we used publicly available expression data for inflorescences. We retrieved 15 
runs for Ss cultivars (buds from six different branches of one tree at flower induction and bud 
differentiation stages73, plus three distinct trees from PRJNA52500074). We also checked we did not 
retrieve any expression in leaf tissue (SRP101652), in whole inflorescences from five trees from 
PRJNA525000. We also checked their absence in ss pollen and pistil using transcriptomes from 
ReprOlive75. We used STAR2 as before for mapping and quantification. Finally, we also used RT-
PCR on eight olive inflorescence RNA samples (4 Ss, 4 ss), to check BZR1-S was not missed 
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because of insufficient sequencing effort in these transcriptome studies.  
 
Markers design and amplification procedures 
Eight genotypes were first tested with the marker ‘C6030’ previously proposed as a diagnostic 
marker for self-incompatibility type56 in the Mediterranean cultivated olive (O. europaea subsp. 
europaea). We tested four Mediterranean cultivars and four genotypes of O. e. subsp. africana 
(African Brown Olive) that were previously phenotyped for compatibility groups (Data S1A). In 
addition, we also checked the inheritance of C6030 alleles among 34 self-progenies of 
Mediterranean cultivars [25 were from L4R14 (‘Koroneiki’), four from L4R19 
(‘Cailletier/Frantoio’), two from L4R13 (‘Arbequina’), and three from L4R17 (‘Verdale de 
Millas’)]. The C6030 region was amplified following the protocol described in the paper56 but PCR 
was not successful on some individuals (i.e., all tested accessions of subsp. africana and nine self-
progenies of L4R14). Decreasing the annealing temperature (Ta) to 55°C ultimately allowed us to 
get an amplification on all samples. Sanger sequencing of the PCR products was performed at 
GenoScreen (Lille, France). Among the tested O. e. europaea individuals, a novel C6030 haplotype 
(GenBank accession: ON667921) was detected in three individuals. This haplotype was named s-b2 
(as it was distinguished from s-b by only one single nucleotide polymorphism in the 3’ part of the 
sequence; position 42656). It was detected in L4R13 (Ss), L4R14 (Ss), and L4R17 (ss; Data S1A). 
Unexpectedly, L4R14 (Ss) does not show a C6030 profile compatible with a Ss genotype as 
previously described56. Indeed, the apparent homozygous genotype for sb should be associated with 
ss (as observed here on L4R17). The detection of only one haplotype could, however, be due to the 
presence of null allele as mentioned by the authors56. The analysis of 25 selfings obtained from 
L4R14 shows that the s-b2 haplotype is not present in nine progenies supporting that a C6030 null 
allele is indeed present in L4R14. But, another divergent sequence (named Cm; GenBank 
accession: ON667922) was finally amplified (at Ta = 55°C) in these nine progenies. We 
hypothesize that it may correspond to a paralogous locus that can only be amplified in presence of a 
homozygous genotype for the null allele at locus C6030. Very divergent sequences were also 
generated on africana individuals and two haplotypes were distinguished (GenBank accessions: 
ON667923 and ON667924, for C1 and C2, respectively). The combination of these haplotypes does 
not allow recognizing the self-incompatibility group in the four studied africana accessions (Data 
S1A). In addition, the Cm sequence (detected in nine L4R14 progenies) is similar to africana 
sequences suggesting the amplification of a paralogous region, and a lack of specificity of the 
C6030 marker in our PCR conditions (Ta = 55°C).  
 

As the C6030 marker did not show a systematic association with compatibility groups in our 
sampling, we developed simple PCR tests able to simultaneously amplify a segment specific to s 
and S alleles. These markers were used to validate the genetic association between the hemizygous 
region and compatibility groups on a larger sampling. We aligned sequences from genetically 
divergent O. europaea accessions (subspp. africana, laperrinei, and europaea) in order to define 
primers in conserved regions on both extremities of the hemizygous region and on GA2ox-S. We 
thus defined three PCR markers and tested them on 69 phenotyped trees (Data S1A). For DSI-A 
and DSI-B, S and s alleles of the S-locus were amplified by PCR with the following protocol. Each 
DSI-A PCR reaction (25 μL) contained 10 ng DNA template, 1× reaction buffer, 3.5 mM MgCl2, 
0.2 mM dNTPs, 0.1 μmol of 6-FAM-labeled M13(21) primer (5’TGTAAAACGACGGCCAGT3’), 
0.1 μmol of the S/s_A_For primer, 0.1 μmol of each reverse primer [preferentially s_A(1)_Rev and 
S_A_Rev to reveal different s alleles, or alternatively s_A(2)_Rev and S_A_Rev that generate a 
unique shorter s allele (Data S1D)], and 0.5 U of Taq DNA polymerase (Promega). For DSI-B, we 
used a similar PCR protocol except for primers: 0.1 μmol of HEX-labeled M13(21) primer, 0.1 
μmol of the S/s_B_For primer, and 0.2 μmol of the S/s_B_Rev primer (Data S1D). We conducted 
PCR of both loci in a Mastercycler pro PCR System (Eppendorf) for 2 min at 94°C, followed by 25 
cycles of 30 s at 94°C, 45 s at 56°C, and 1 min at 72°C, and then by 10 cycles of 30 s at 94°C, 45 s 
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at 51.5°C, and 45 s at 72°C. The last cycle was followed by a 20-min extension at 72°C. PCR 
products were finally multiplexed with GenScan-500ROX (Applied Biosystems) and separated on 
an ABI Prism 3730DNA Analyzer (Applied Biosystems). Chromatograms were read with Geneious 
v964. The GA2ox-S locus was amplified following the next procedure: Each PCR reaction (25 μL) 
contained 10 ng DNA template, 1× reaction buffer, 2.5 mM MgCl2, 0.2 mM dNTPs, 0.2 μmol of 
each primer (Data S1D), and 0.5 U of Taq DNA polymerase (Promega). We conducted PCR in a 
Mastercycler pro PCR System (Eppendorf) for 2 min at 94°C, followed by 35 cycles of 30 s at 
94°C, 45 s at 56°C, and 1 min at 72°C. The last cycle was followed by a 20-min extension at 72°C. 
PCR products were then migrated on a 2%-agarose gel. For this marker, presence or absence of 
amplification was scored. Compatibility groups based on parentage analyses of seedlings agreed 
perfectly with those deduced from our markers in all 64 individuals across the three tested olive 
subspecies. Different s size variants were revealed in olive on DSI-1(A) (4 alleles) and DSI-B (3 
alleles; Data S1A and S1D). For the S-haplotype, DSI-A(1)_298 (europaea) or _332 (laperrinei-
africana), DSI-B_185, and GA2ox-S_168 are revealed only in Ss individuals (Data S1A and S1D). 
As being co-dominant and easy to amplify and score, we recommend the use of DSI-B for a fast, 
reliable characterization of self-incompatibility groups in olive germplasm collections. Finally, we 
also obtained nine progenies of ‘Koroneiki’ (L4R14) showing only the S allele at locus DSI-A and 
DSI-B supporting the presence of SS genotypes (Data S1A). After four years of growth in a 
greenhouse, eight of them are still maintained in our collection indicating these genotypes are viable 
in such conditions. 

 
We tested the primers of the GA2ox-S locus in C. fruticans and developed a marker linked to 

the BZR1-S gene (Cf-BZR1-S; Data S1D) to check a potential association between the presence of 
these genes with one floral morph in this distylous species. Following a similar approach to olive, 
we also designed primers to amplify at each extremity a region shared by both alleles s and S, and 
showing linked indels (Data S1D): Cf-DSI-A (118 bp for S, and 124 bp for s) and Cf-DSI-B (226 
bp for S, 190 or 199 bp for s). For the amplifications of Cf-DSI-A, Cf-DSI-B, and Cf-BZR1-S, we 
used the same protocol as for olive DSI-B. We genotyped with this set of markers 179 common 
yellow jasmine individuals from 13 French populations for which the floral morph [long-styled (90 
individuals) or short-styled (89 individuals)] was noted during the flowering period in 2022 and 
202376. Alleles Cf-DSI-A_118, Cf-DSI-B_226, Cf-BZR1-S_171/173 and GA2ox-S_168 co-
segregate and are detected only in brevistylous individuals (Data S1D and S1E) as expected for the 
S-haplotype. Allelic variants (4 alleles) were also observed on locus Cf-DSI-B for the s-haplotype. 
Among 89 brevistylous individuals, one mature SS genotype was observed in the Bages population 
(Bages 10). The reduced heterozygosity of this genotype compared to other individuals analyzed 
from this population (SSR dataset provided in Puyoou et al.76) indicates ‘Bages 10’ was very likely 
issued from selfing. 
 
QUANTIFICATION AND STATISTICAL ANALYSIS 
Statistical analyses are described in the STAR Methods, methods details section, in the main text 
and Figure/Table legends. Scripts for all analyses are available as detailed in the data and code 
availability statement. 
 
Data S1. Sampling details. Related to STAR Methods. A) List of olive individuals of the CEFE 
collection used in this study, their cross-incompatibility group based on paternity analyses8, their 
DSI genotypes. For eight individuals, the C6030 genotype was determined, as well as those of self-
progenies for four europaea cultivars. B) Assembly statistics of the four Oleaceae genomes 
generated in this study. C) Macrosynteny between four olive genome assemblies. Only the largest 
anchored scaffolds are shown for each assembly. D) Primers used to amplify extremities or genes of 
the S-locus. E) Genotypic profiles at four loci of the DSI region observed in 179 individuals of 
Chrysojasminum fruticans and associated floral morph. Bold underlined alleles associated to 
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brevistyly. F) Oleaceae genomic resources used for phylogenetic analyses. SC = Self-compatible, S 
= Short-styled (Ss genotype), L = Long-styled (ss genotype), ? = unknown. 
 
Data S2. Presence/absence and expression patterns of S-locus genes and jasmine DEG. 
Related to Figure 2. A) Normalized reads count and annotation of genes differentially expressed 
between C. fruticans morphs. We also include raw counts for C. bignoniaceum (long-homostylous) 
and C. odoratissimum (long-styled). B) Presence/absence and expression patterns of S-locus genes 
in different Oleaceae species. 
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