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Supporting Online Material: 
 
Material and Methods 
 
- Plant Material. 
The Cvi x Col RIL set was described earlier (S1) and can be obtained (along with all 
genotypic and phenotypic information) from the VNAT website at 
http://dbsgap.versailles.inra.fr/vnat/. 367 RILs genotyped at 90 markers have been analysed 
thanks to the GGT software (http://www.plantbreeding.wur.nl/UK/software_ggt.html) taking 
advantage of the LD tool with the ‘-10log(p)’ statistics to detect unlinked pairs of markers not 
segregating independently from each other. A F2 population from the same cross was tested 
(500 individuals) to recapitulate allelic segregation between LD1.1 and LD1.5. 
Many of the F6 RILs are still individually segregating for one specific region. We took 
advantage of this to generate nearly isogenic lines in the form of Heterogeneous Inbred 
Families (HIF) as described (S2). In this case, we were careful to choose RILs in the 
appropriate reciprocal genotypic combination to be able to reproduce the incompatibility. 
RIL140 is heterozygous for LD1.1 region, while fixed Cvi at LD1.5. Reciprocally, RIL016 is 
heterozygous at LD1.5, while fixed Col at LD1.1. Hence, descendants from these lines 
(respectively families HIF140 and HIF016) confirm the interaction by not segregating for all 
genotypes at their respective heterozygous region. RIL016 also confirms the weak-root 
phenotype when heterozygous individuals from a progeny testing are phenotyped in vitro. 
Mutants in HPA1 gene include emb2196, a T-DNA-insertion line (S3), hpa1, an EMS (Ethyl 
Methane Sulfonate) point-mutation allele (S4) and SALK_089516, a T-DNA-insertion line 
from the Salk Institute collection and obtained from NASC. All mutants are in the Col 
background. 
The Ler/Cvi RIL set was described before (S5) as well as the nearly-isogenic lines (NIL) set 
derived from it (S6), including NIL5-4 used to confirm LD1 segregation in the Ler 
background. 
Accessions (lines derived from A. thaliana wild populations) were screened at the sequence 
and transcript level (RT-PCR) to analyze the species-wide divergence of the HPA genes and 
build groups of accessions with similar combinations of alleles. We used essentially a core-
collection of 24 accessions defined earlier to represent an optimal set to explore the species’ 
known variation (S7), plus a few parental accessions from crosses we wanted to check 
incompatibility in (Col-0, Ler, Bay-0, Ber, Lip-0, Eden-1). See table S1 for the complete list 
of 30, their origin and stock references  (http://dbsgap.versailles.inra.fr/vnat/). 
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For the quantitative complementation test, we crossed heterozygous individuals from HIF016 
(segregating at LD1.5) to either emb2196 or hpa1 mutant heterozygous individuals. Crosses 
were performed with each genotype both as male and female parent to control for and avoid 
maternal effects. In the progeny of these crosses, individuals were genotyped and phenotyped 
in vitro (see below) to record information on the expected four allelic classes. Parental lines, 
Col-0 as well as hpa1 homozygous mutant plants were included as controls. Significantly 
different means and interaction effects were tested by ANOVA. 
 
- Fine-mapping. 
HIF016 (respectively, HIF140) plants cannot become homozygous for the Cvi (Col) allele at 
LD1.5 (LD1.1). 1.800 (1.900) individuals descending from HIF016 (HIF140) heterozygous 
plants were screened with markers surrounding the segregating interval LD1.5 (LD1.1) to 
identify recombinants within the candidate region harbouring a Cvi (Col) genotype at one of 
the marker. These plants were then individually genotyped with additional markers across the 
interval to identify the limits of the Cvi (Col) region and exclude it from the candidate 
interval. Markers used were microsatellite or indel markers, then CAPS when previous types 
of markers were exhausted and finally direct sequencing of the SNPs to precisely localize 
recombination breakpoints. 
 
- Plant growth and phenotyping. 
Plants were grown in vitro on classical media, as described (S2), including 4 days of seed 
stratification and then 12 days of vertical growth before the plates were scanned for root 
length measurement using Optimas or mounted and observed under the microscope for 
mature cortical cell length measurements. Cell production rate was estimated by dividing root 
growth rate by cell length. 
The biochemical complementation of the 'weak-root' phenotype with histidine (His) was 
obtained in vitro by adding increasing concentrations of sterile His in the media after 
autoclaving and directly sowing the plants (segregating HIF016 progeny) on this media. On 
soil, the biochemical complementation of the embryo lethality phenotype was obtained by 
watering flowering plants (heterozygous HIF016 and HIF140 individuals) every other day 
with 1 mM His; seeds were then harvested to test for the segregation of the three genotypic 
classes in vitro on His-media. 
 
- Paralogs molecular analysis and genotyping. 
Specific sequencing of the HPA1 (At5g10330) coding sequence was performed with primers 
SEQ3bF (AGAAACCCCGATTTCAGCTT) and SEQ503246bR 
(TTTTCGTCGCACCACATTT). Specific sequencing of the HPA2 (At1g71920) coding 
sequence was performed with primers SEQ3bF and SEQ1R 
(TGTTTTGTTTCTCACTTTGAATGAA). Sequencing the HPA1 potential deletions was 
performed by amplifying specifically over the locus with the primers SEQ503246F 
(TCCAGGAAGGGTCCTGAGAT) and SEQ503254R (GTCTTTGCCAAATCCAGGAG) in 
Cvi; SEQ503246F and SEQ503252R (GCAGATGCAATCTCGTTTGA) in Ita-0, Can-0, Mt-
0, Ber, Lip-0 and Eden-1. 
For Col (as well as for most accessions according to HPA1 / HPA2 SNPs detected in the 
coding sequence), HPA1 and HPA2 mRNA can be distinguished with non-specific primers 
HPA-RT-3F (GAAAAACCCAAATGCATATTCC) and HPA-RT-2R 
(ACGAACCATCACACCCATTT) and digestion of the RT-PCR (or semi-quantitative RT-
PCR) product with enzyme RsaI which cuts only the HPA1 mRNA. Other accessions not 
bearing this SNP between the two paralogs have been analyzed with the same RT-PCR 
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primers and with enzymes HpaII cutting only HPA1 mRNA in Bl-1; MaeIII cutting only 
HPA2 mRNA in Can-0 and Kn-0. 
Segregation of the genotypes in HIFs and within specific F2 or RIL populations was checked 
with polymorphic microsatellite markers at LD1.1 and LD1.5 loci, from the MSAT database 
at http://www.inra.fr/vast. 
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Supporting Figure S1: Trans-chromosomal linkage disequilibrium (pseudo-LD) and 
segregation distortion along chromosomes within Cvi-0 x Col-0 RIL set. 
Below the diagonal we show a heatplot obtained from GGT32 software representing the 
statistics of LD (-10log(p)) where darker red spots indicate high LD between any pairs of 
markers. Two significant LD between physically unlinked genomic regions are indicated 
(LD1 and LD2) and represent pairs of loci which do not segregate independently from each 
other. Curves above the diagonal represent the respective percentage of each allele (green: 
Col; purple: Cvi) along chromosomes, among 367 RIL (excluding heterozygous and missing 
data). Significant distortions potentially explained by LD1 or LD2 are indicated by arrows 
along the curve. 
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Supporting Figure S2: Expression of the respective HPA paralogs in Col, Cvi and a fully 
heterozygous genotype (Het). 
Results from semi-quantitative RT-PCR are shown for each genotype as (1) undigested RT-
PCR product and (2) after digestion with RsaI enzyme, which shows a specific digestion site 
within HPA1 (chrom. 5) paralog’s mRNA (as well as another digestion site common to all 
alleles and responsible for the band at ~150bp). APT gene expression is shown as a control 
(3). Identical results were obtained from shoot- or root-extracted mRNAs. 
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Supporting Figure S3: The weak-root phenotype is explained by variation in cell production 
rate. 
For each variable, two genotypes were evaluated: one with normal root elongation (long-root 
phenotype) corresponding to plants homozygous Col at LD1.5 and one with a weak-root 
phenotype corresponding to plants heterozygous at LD1.5. Average root elongation per day 
(growth rate) represents a combination of cell production rate (number of cells produced per 
day) and cell elongation (measured as the mature length of the cortical cells) factors, of which 
only the first variable was found to vary between the genotypes and which explains the 
observed growth rate difference. Typical examples of magnified mature cortical cells from 
cleared roots of each genotype are shown to the right, with red lines highlighting cell length. 
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Supporting Table S1: Intra-specific natural variation at HPA genes. 
For each accession, RT-PCR as well as sequencing results are reported for each HPA paralog 
according to functional polymorphisms known; incompatibilities (or compatibilities) are 
reported as tested by crosses to Col and/or Cvi in either RIL sets, F2 populations, or both. 
Note that a few accessions show signs of a potential third polymorphic location for an active 
copy of HPA, on the basis of (1) sequencing results, (2) allele combination at LD1.1 / LD1.5 
and (3) conditional incompatibilities detected in some crosses and reported in this table. 
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