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Theobroma cacao L. pathogenesis-related
gene tandem array members show diverse
expression dynamics in response to
pathogen colonization
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Abstract

Background: The pathogenesis-related (PR) group of proteins are operationally defined as polypeptides that
increase in concentration in plant tissues upon contact with a pathogen. To date, 17 classes of highly divergent
proteins have been described that act through multiple mechanisms of pathogen resistance. Characterizing these
families in cacao, an economically important tree crop, and comparing the families to those in other species, is an
important step in understanding cacao’s immune response.

Results: Using publically available resources, all members of the 17 recognized pathogenesis-related gene families in
the genome of Theobroma cacao were identified and annotated resulting in a set of ~350 members in both published
cacao genomes. Approximately 50 % of these genes are organized in tandem arrays scattered throughout the
genome. This feature was observed in five additional plant taxa (three dicots and two monocots), suggesting that
tandem duplication has played an important role in the evolution of the PR genes in higher plants. Expression profiling
captured the dynamics and complexity of PR genes expression at basal levels and after induction by two cacao
pathogens (the oomycete, Phytophthora palmivora, and the fungus, Colletotrichum theobromicola), identifying specific
genes within families that are more responsive to pathogen challenge. Subsequent qRT-PCR validated the induction of
several PR-1, PR-3, PR-4, and PR-10 family members, with greater than 1000 fold induction detected for specific genes.

Conclusions: We describe candidate genes that are likely to be involved in cacao’s defense against Phytophthora and
Colletotrichum infection and could be potentially useful for marker-assisted selection for breeding of disease resistant
cacao varieties. The data presented here, along with existing cacao—omics resources, will enable targeted functional
genetic screening of defense genes likely to play critical functions in cacao’s defense against its pathogens.

Keywords: Pathogenesis-related, PR genes, PR proteins, Gene duplication, Tandem arrays, Disease resistance, Pathogen,
Phytophthora, Colletotrichum

Background
Plant-microbe interactions leading to pathogenesis or
immunity rely on a complex series of interactions be-
tween host and microbial molecules. The process begins
when plant membrane-bound pattern recognition receptors
(PRRs) detect microbial- or pathogen-associated molecular

patterns (MAMPs or PAMPs) [1], or intracellular R genes
bind secreted microbial effector proteins [2–4]. Recognition
of pathogen presence activates multiple signal transduction
cascades, including several interacting phytohormone
signaling systems [5], which organize local and systemic
responses to the infection including the activation of genes
encoding antimicrobial proteins and enzymes involved in
the synthesis of secondary metabolites with antimicrobial
activities [3, 6–9]. Ultimately, the plant’s survival hinges
on its ability to rapidly produce peptides and chemicals
with antimicrobial properties. Understanding this process

* Correspondence: mjg9@psu.edu
1The Huck Institutes of the Life Sciences, The Pennsylvania State University,
422 Life Sciences Building, University Park 16802, PA, USA
5The Department of Plant Science, The Pennsylvania State University, 422 Life
Sciences Building, University Park 16802, PA, USA
Full list of author information is available at the end of the article

© 2016 Fister et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Fister et al. BMC Genomics  (2016) 17:363 
DOI 10.1186/s12864-016-2693-3

http://crossmark.crossref.org/dialog/?doi=10.1186/s12864-016-2693-3&domain=pdf
mailto:mjg9@psu.edu
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


is integral to breeding for or engineering more resistant
plant cultivars, a dire need for improved global food secur-
ity and sustainable agriculture.
Pathogenesis-related (PR) proteins, or as they have

more recently been called, inducible defense-related
proteins, have long been studied with regard to their im-
portance in plant immunity [10, 11]. The 17 families of
genes that fall under the broad ‘PR’ classification encode
a group of proteins with various antimicrobial properties
and that were originally identified because certain family
members show strong induction in response to biotic
stress associated with activation of systemic acquired
resistance signaling [10]. Table 1 summarizes the roles of
the 17 most commonly acknowledged PR families based
on extensive work in a variety of species. Overall, the PR
families encode a diverse array of proteins involved in
pathogen defense though multiple mechanisms.
A better understanding of the defense response in crop

plants is integral to increasing the sustainability of food
and feed production. Cacao production around the
world is severely inhibited by cacao’s susceptibility to
pathogens, with roughly 40 % of the crop lost annually,
accounting for a multi-billion dollar loss of cocoa trade
and chocolate industry annually [12]. Two high-quality
cacao genome sequences have been acquired, that of the
fine-flavor Belizean Criollo genotype [13] and the widely-
cultivated Matina genotype [14]. These resources enable
new genome-wide strategies for characterizing the cacao
defense response. To date, a handful of cacao PR genes
have been studied, providing strong evidence that they
play important roles in the response of cacao plants to

pathogen infection. Application of glycerol to cacao leaves
was recently found to promote defense and induce PR
genes, likely through a fatty-acid-related signaling pathway
[15]. The PR-1 s of cacao were recently identified, with at
least one showing induction by Moniliopthora perniciosa,
the causal agent of cacao’s witches broom disease [16].
Specific members of the PR-3 [17, 18],PR-4 [19], and PR-
10 [20, 21] families have also been the subject of func-
tional characterization, focusing on enzymatic properties
and roles in defense. The results of a recent RNA-seq
study measuring induction of genes by witches’ broom re-
vealed that PR gene expression was elevated in infected
tissues, but their induction (and induction of other known
defense-related genes) was not sufficient to halt disease
progression [22]. A study by our group used a microarray
to measure the effect of salicylic acid treatment on two
cacao genotypes [23]. Notably we found that PR gene
induction levels differed between two contrasting geno-
types, and surprisingly that more PR family members
were induced in the more susceptible variety, ICS1,
indicating that PR induction is only one piece of a
successful defense response. Previously generated EST
libraries [24, 25] and focused gene expression measure-
ments [19, 23] have begun to characterize genotype
specificity of the defense response in cacao, but much
more work is required to characterize defense mecha-
nisms across the described cacao populations [26].
Much more work is required to characterize the tissue
specificity, induction, and function of these genes in cacao
to understand and harness their potential for combating
the diversity of cacao pathogens.

Table 1 Summary of PR gene families and their functions

PR gene class Common name Function References

PR-1 None (CAP/SCP superfamily) Unknown. [10, 11, 56]

PR-2 β-1,3-glucanase Aid in cell wall degradation. [10, 11, 79]

PR-3 Chitinase–type I, II, IV, V, VI, VII Aid in cell wall degradation. [10, 11, 80, 81]

PR-4 Chitinase-Hevein-like Aid in cell wall degradation. May have RNase and DNase activity. [10, 11, 19, 80–83]

PR-5 Thaumatin-like Degrade pathogen membranes. [10, 11, 42, 84, 85]

PR-6 Proteinase-inhibitor Inhibit proteolysis by herbivorous insects. [10, 11, 42, 86]

PR-7 Endoproteinase Aid in cell wall degradation. [10, 11, 87]

PR-8 Chitinase-type III Aid in cell wall degradation. May have lysozymal activity. [10, 11, 80, 81, 88]

PR-9 Peroxidase Regulate reactive oxygen species concentration, contribute to cell wall lignification. [10, 11, 89]

PR-10 Ribonuclease-like Degrade RNA, may degrade viruses. [10, 11, 90, 91]

PR-11 Chitinase-type I Aid in cell wall degradation. [10, 11, 80, 81]

PR-12 Defensin Degrade fungal membranes. [10, 11, 92]

PR-13 Thionin Directly permeabilize lipid bilayers. [10, 11, 61]

PR-14 Lipid-transfer Protein Degrade pathogen membranes, mechanism unclear. [10, 11, 93]

PR-15 Germin/Oxalate Oxidase Regulate reactive oxygen species production. [11, 62, 94]

PR-16 Germin-like/Oxalate Oxidase-like Regulate reactive oxygen species production, catalyze monosaccharides. [11, 62, 94]

PR-17 Putative Zinc-metalloproteinase Proteinase function probable, mechanism unclear. [11, 95]
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With the goal of better understanding the evolution,
structure, and expression dynamics of the cacao PR gene
families, we carried out a comprehensive annotation and
analysis of all PR gene families and characterized their
genomic organization and expression in response to
pathogens. Using a comparative genomics approach, we
found that in cacao and in five other diverse plant spe-
cies (Arabidopsis thaliana, Brachypodium distachyon,
Oryza sativa, Populus trichocarpa, and Vitis vinifera),
PR gene family sizes are similar and members are often
physically clustered in tandem arrays, with more than
half of the family members existing in these arrays. Ana-
lyzing existing EST databases, we found support for ex-
pression of 62 % of the T. cacao PR genes and identified
many with expression limited to a specific tissues. Using
a whole-genome microarray, we also identified PR gene
family members induced by two major cacao pathogens,
Phytophthora palmivora [27, 28] and Colletotrichum
theobromicola [29], the causal agents of black pod rot
and anthracnose, respectively. Comparing our new data-
set to existing cacao transcriptomic analyses, we identi-
fied several PR genes strongly induced by multiple
pathogens and treatments, suggesting potential roles as
broad-spectrum defense response genes.

Results
Identification of cacao PR gene families
Using the Criollo cacao genome database (cocoagendb.cir-
ad.fr/) [30], we developed a strategy for PR gene identifica-
tion using the family type members described in van Loon

et al. [11]. This bioinformatics approach resulted in a
total of 359 PR genes identified in the Criollo genome
(Table 2). Graphic representation of the genomic
organization of these genes and the chromosomal
positions of each of these loci is included in Fig. 1 and
detailed information including gene IDs and chromosomal
positions is provided in Additional file 1: Table S2. The
process of gene identification was repeated for the Matina
cacao genome [31].The Matina PR chromosomal distribu-
tion is plotted in Additional file 2: Figure S1 and Matina
gene IDs and their positions are listed in Additional file 3:
Table S3. Overall, the family sizes and genomic
organization of the gene families in the two genomes was
similar, however we observed some differences that could
be the result of either chromosomal rearrangements or
assembly errors. For the subsequent analysis, we focused
on the genes identified in the Criollo genome assembly.
In order to determine whether PR family sizes in cacao

were similar to those in other species, we next applied
the PR gene identification pipeline to the Arabidopsis
thaliana [32], Brachypodium distachyon [33], Populus
trichocarpa [34], Oryza sativa [35], and Vitis vinifera
[36] genomes. PR genes identified in these species are
listed in Additional file 4: Table S4, Additional file 5:
Table S5, Additional file 6: Table S6, Additional file 7:
Table S7, Additional file 8: Table S8. We found that in
these species as in cacao, PR genes typically existed as
families rather than as single genes, with a notable excep-
tion being that our strategy only identified one PR-4, PR-
8, and PR-10 gene in the Arabidopsis genome. The size of

Table 2 Summary of PR gene families in the Theobroma cacao Criollo genome

Common name Conserved domain Number of loci in family Best BLASTp hit (E-value)

PR-1 CAP domain protein SCP (smart00198) 14 3.00E-53

PR-2 β-1,3-glucanase glyco hydro 17 (pfam00332) 43 7.00E-102

PR-3 Chitinase Class I, II, IV, VII chitinase glyco hydro 19 (cd00325) 11 3.00E-79

PR-4 Chitinase-Hevein-like barwin (pfam00967) 8 3.00E-49

PR-5 Thaumatin-like thaumatin (pfam00314) 30 5.00E-72

PR-6 Proteinase-inhibitor potato inhibitor family (pfam00280) 8 5.00E-11

PR-7 Endoproteinase PA subtilisin like (cd02120) 54 0

PR-8 Chitinase Class III GH18 hevamine XipI class III (cd02877) 14 2.00E-91

PR-9 Peroxidase secretory peroxidase (cd00693) 81 4.00E-113

PR-10 Ribonuclease-like Bet v1 (pfam00407) 23 3.00E-48

PR-11 Chitinase class V GH18 plant chitinase class v (cd02879) 11 3.00E-116

PR-12 Defensin gamma-thionin (pfam00304) 3 7.00E-10

PR-13 Thionin thionin (pfam00321) 0 NA

PR-14 Lipid-transfer Protein nsLTP1 (cd01960) 16 6.00E-19

PR-15 Germin/Oxalate Oxidase Two cupin 1 (pfam00190) domains 0 NA

PR-16 Germin-like/Oxalate Oxidase-like Two cupin 1 (pfam00190) domains 38 2.00E-52

PR-17 Unknown BSP (pfam04450) 5 7.00E-90

Total 359 loci (38 unassembled)
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gene families in cacao correlated well (R2 > .85, p < 0.001)
with PR family sizes in the other species (Fig. 2). Family
sizes in cacao were typical of those in the other dicots,
with no major species-specific family expansions or
reductions. We also noticed trends of family conservation

across the plant genomes; PR-11 s were not found in the
monocots (Brachypodium distachyon and Oryza sativa)
surveyed, PR-12 s were only in Arabidopsis and cacao,
and PR-13 s were found only in the monocots and Arabi-
dopsis. The largest size disparity was in the PR-9 s, where

Fig. 1 Karyogram depicting position of PR genes along the length of chromosomes based on the Criollo genome sequence. Tandem arrays are
labelled above the chromosomes with gene family and number of genes in the array in parentheses. Length of chromosomes is shown in Mb.
Due to resolution of the image lines representing nearby genes partially overlap

Fister et al. BMC Genomics  (2016) 17:363 Page 4 of 16



the two monocots had ~150 members while the dicots
had less than 100 members.

Organization of PR gene families into tandem arrays
Criollo gene IDs indicate their order on chromosomes,
where the first gene on chromosome 1 is Tc01_g000010,
the second Tc02_g000020, etc. We noticed that many of
the cacao PR genes were clustered with other members
of the same family. To quantify this phenomenon, we
defined a tandem array as any two or more genes of the
same family that are located within 10 genes of one an-
other [37, 38]. Using this parameter, we identified 46 PR
tandem arrays containing a total 181 genes, distributed
across all chromosomes (Fig. 1 and Additional file 1:
Table S2). The number of genes within each tandem
array ranged from2 to 16 across the families. The largest
tandem arrays were a group of PR-10s on chromosome
4 (Chr4PR-10.6, 15 members), a group of PR-16 s on
chromosome 5 (Chr5PR-16.3, 14 members), a group of
PR-11 s on chromosome 9 (Chr9PR-11.1, 9 members),
and a group of PR-9 s on chromosome 2 (Chr2PR-9.5, 9
members). Next, using JBrowse [39] we manually identi-
fied tandem arrays for each of the additional five species
surveyed. We found that tandem arrays were very com-
mon across PR gene families in the diverse plant taxa
surveyed (Additional file 9: Table S9), with more than

half of the genes for most classes existing in tandem ar-
rays. Proportions of PR family members found in tandem
arrays, particularly among dicots, were also similar.
To investigate this phenomenon, we created maximum-

likelihood trees for the PR-3 family (Fig. 3), the PR-1 family
(Additional file 10: Figure S2, and the PR-4 family (Add-
itional file 11: Figure S3), which include the gene family
members from cacao and Arabidopsis thaliana. The phyl-
ogeny has several well-supported nodes indicating multiple
PR-3 family members existed when Arabidopsis and cacao
diverged. Further, the support for the tree suggests that there
are three clades within the family. Cacao has tandem arrays
in both clades B and C. Bootstrap support in clade B, inter-
estingly, suggests that Tc01_g000770 is more closely related
to Tc01_g010350 than it is to its tandem array members,
Tc01_g000800. This suggests that in this scenario, a duplica-
tion led to the formation of an additional chitinase gene at
the distal end of chromosome 1 after the tandem array
had formed. Clade C contains tandem arrays of cacao and
Arabidopsis genes. The branch support suggests that
members of the Arabidopsis tandem array have continu-
ally expanded and diverged over evolutionary time, with
strong support for array members split between three
subclades. AT1G56690 presents another likely case of
a recent non-local duplication, this one to a different
chromosome. A fourth subclade contains the four

Fig. 2 Scatterplots comparing PR gene family size in the in the Criollo T. cacao genome to five plant species and the Matina T. cacao genome
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members of the cacao tandem array on chromosome 4,
none of which have been involved in recent duplications
to other chromosomes. Examination of the PR-1 and PR-4
phylogenies also show evidence for expansion of gene
families over evolutionary time locally, distally on chromo-
somes, and across chromosomes. Additional file 12: Table
S10, Additional file 13: Table S11, Additional file 14: Table
S12 include matrices of percentage identity for these three
PR families, and further demonstrate that tandem array
members are often, but not always, most closely related to
one another.

Induction of cacao PR gene expression by pathogen
colonization
To further our understanding of PR gene expression in
cacao, we measured global gene expression after treating
plants with two pathogens, P. palmivora and C. theobro-
micola. Figure 4a and b show scatterplots of log2
normalized expression for P. palmivora and C. theobro-
micola treatment, respectively, compared to water
treatment for all probes corresponding to PR genes on a
whole genome microarray, revealing that normalized

expression values detected by the microarray reflect
transcript abundance ranging from very low to very high
(Additional file 15: Table S13) in all treatments. As
expected, a similar trend was noted when analyzing all
probes on the microarray (Additional file 16: Figure
S4). For both pathogens, the majority of PR gene
probes revealed constitutive expression across treat-
ments, a large number of genes being up-regulated in
pathogen-treated samples, and only a few examples of
PR gene down-regulation. A total of 67 PR genes were
induced by P. palmivora and 45 were induced by C.
theobromicola (Benjamini-Hochberg-corrected p < 0.05
[40]) (Table 3). Of the two pathogen treatments, P. palmi-
vora had a stronger effect in that in generally induced
more genes per family and the increase in transcript abun-
dance relative to water-treated samples was greater
(Fig. 4c, Additional file 17: Table S14). One exception was
the PR-10s; while more of the PR-10 genes were induced
by P. palmivora, those induced by both pathogens were
equally or more strongly induced by C. theobromicola. A
single PR-10 gene (Tc04_g028940) was strongly induced
by C. theobromicola (log2 3.6- fold increase) but not

Fig. 3 Maximum-likelihood phylogeny of Criollo and Arabidopsis PR-3 family members. Node labels represent bootstrap support from 100 replicates.
Brackets denote members of tandem arrays. Arrows indicate cases where non-tandem array members group most-closely with a tandem array
member. Branch lengths represent genetic distance in substitutions per site. AT5G05460, a cytosolic beta-endo-N-acetyglucosaminidase
and member of the chitinase superfamily, was included as an outgroup
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Fig. 4 Microarray analysis of pathogen treatment on cacao PR gene expression. Scatterplots of normalized expression value for all probes for PR
genes, comparing a P. palmivora treatment and water-treated control and b C. theobromicola with water-treated control. c Heatmap showing fold
change in transcript abundance after pathogen treatments compared to water-treated control for all 359 Criollo PR genes. Black bars correspond
to genes with non-significant (Benjamini-Hochberg p > 0.05) fold change or genes removed from analysis in background filtration
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induced by P. palmivora. For both pathogens, statistically
significant PR gene down-regulation was rare, as only 7
genes (2 PR-2 s, 3 PR-7 s, 1 PR-9, and 1 PR-16) were re-
pressed by P. palmivora and none were by C. theobromicola.
There was also significant overlap in genes differentially
regulated by the two pathogens. Forty two PR genes were
affected by both treatments, 32 were uniquely affected by P.
palmivora, and 3 were unique to C. theobromicola. A large
set of PR genes (159 in P. palmivora-treated samples and
188 in C. theobromicola-treated samples) were found to be
expressed at similar levels in water and in pathogen treated
tissues, suggesting that these genes may encode a set of
proteins involved in basal defense in cacao, or they could be
specifically induced in other tissues.

qRT-PCR validation of microarray results
To support the findings of our microarray analysis, we
performed qRT-PCR on select genes from three families.
Because family members, and tandem array members in
particular, often have high similarity, with this analysis we
sought to verify specificity of microarray probes, as well as
to confirm induction of genes of interest. Our analysis
included 30 genes: 14 PR-1 s, 6 PR-3 s, 7 PR-4 s and 3
PR-10s (Table 4). Primer sequences for qRT-PCR are
listed in Additional file 18: Table S15 Generally the qRT-
PCR results verified the induction of genes with statisti-
cally significant induction detected on the microarray,
although the degree of induction was often underestimated
by microarray measurement, as is often observed. By

designing highly specific qRT-PCR primers, we were able
to verify induction of multiple gene family members, and
even tandem array members, in the PR-3 and PR-4 families.
Members of a single array showed induction ranging from
~8 -fold to 5000-fold. Of the tested PR-10s, all veri-
fied the trend of equally strong induction by the two
pathogens or greater induction by C. theobromicola.

Discussion
The role of PR genes in mediating resistance to disease
has been well studied in a wide variety of model and crop
plant species [11, 41–43]. These proteins are grouped
together based on their increased accumulation in
response to activation of systemic acquired resistance path-
ways and their roles in plant defense. Our analysis of the
PR gene families of T. cacao resulted in the identification of
multigene families for 15 families of PR proteins. These
gene families include about 350 genes that are distributed
throughout the genome. About 50 % of the cacao PR genes
are found in arrays of tandemly duplicated genes, and many
family members, even within tandem arrays, exhibited
varying levels of inducibility by pathogen treatment. The
structure of the PR gene families of five other plant species
shared these features with cacao, suggesting that PR
tandem arrays are features highly conserved within most if
not all higher plants. The high degree of correlation in fam-
ily sizes suggests that similar evolutionary forces have likely
acted on diverse plant genera, likely indicating that PR fam-
ily expansions have been beneficial to land plant survival.

Table 3 Regulation of Criollo PR genes as detected by microarray

P. palmivora C. theobromicola

Number removed in background filtration
(Average Log2 Normalized Expression <6)

Up-regulated Down-regulated Up-regulated Down-regulated

PR-1 7/14 1/14 0/14 1/14 0/14

PR-2 11/43 5/43 2/43 4/43 0/43

PR-3 1/11 8/11 0/11 5/11 0/11

PR-4 1/8 3/8 0/8 3/8 0/8

PR-5 6/30 6/30 0/30 5/30 0/30

PR-6 2/8 5/8 0/8 2/8 0/8

PR-7 21/54 2/54 3/54 1/54 0/54

PR-8 9/14 2/14 0/14 2/14 0/14

PR-9 26/81 12/81 1/81 7/81 0/81

PR-10 13/23 8/23 0/23 6/23 0/23

PR-11 5/11 3/11 0/11 3/11 0/11

PR-12 3/3 0/3 0/3 0/3 0/3

PR-14 3/16 2/16 0/16 2/16 0/16

PR-16 16/38 7/38 1/38 1/38 0/38

PR-17 2/5 3/5 0/5 3/5 0/5

Total 126/359 67/359 7/359 45/359 0/359

Counts of up- and down-regulated genes represent the number of genes with Benjamini-Hochberg p < 0.05
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This body of work provides strong evidence that gene du-
plication and neo-functionalization, particularly with regard
to expression dynamics, have played major roles in shaping
the genomics of the plant defense response.
Local duplications arise through various mechanisms

including polymerase slippage, unequal crossing over,
and transposon movement, and local duplications are
known to contribute to eukaryotic evolution by increas-
ing genetic diversity [37, 44]. Organization of PR genes
into tandem arrays has been described for several plants
and PR families, including PR-7 s in tomato [45], PR-10s
in grape [46], PR-12 s in Arabidopsis [47], and PR-1 s in

Arabidopsis and rice [11], and PR-16 s in rice [48]. The
physical clustering of PR-4 s in cacao was also previously
described [19]. Tandem duplications have also been
shown to play a key role in evolution of Resistance (R)
gene families [49, 50] and they are particularly common
in the NBS-LRR class of R genes, as well as in PR-1 s,
thaumatins, germins, and major latex proteins in Arabi-
dopsis [51]. Here we demonstrate that this clustering is
common across PR families. Correlation analysis of fam-
ily size indicates that sizes are similar across diverse
plant taxa, indicating that expanded family sizes are
common and are likely selectively beneficial in higher

Table 4 Validation of PR gene induction by qRT-PCR

P. palmivora treatment C. theobromicola treatment

Gene ID Microarray fold induction qRT-PCR fold induction Microarray fold induction qRT-PCR fold induction

PR-1 s Tc01_g003940 N.S. Transcript not detected N.S. Transcript not detected

Tc01_g034430 N.S. N.S. N.S. N.S.

Tc02_g002380 N.S. N.S. N.S. N.S.

Tc02_g002390 N.S. N.S. N.S. N.S.

Tc02_g002400 N.S. N.S. N.S. 8.3 (p = .001)

Tc02_g002410 125.4 763 (p < .001) 91.3 55.7 (p < .001)

Tc02_g002420 N.S. N.S. N.S. N.S.

Tc02_g002430 N.S. N.S. N.S. N.S.

Tc02_g010380 N.S. N.S. N.S. N.S.

Tc05_g005530 N.S. N.S. N.S. N.S.

Tc09_g000720 N.S. N.S. N.S. N.S.

Tc09_g016580 N.S. N.S. N.S. N.S.

Tc09_g016590 N.S. N.S. N.S. N.S.

Tc10_g000980 N.S. Transcript not detected N.S. Transcript not detected

PR-3 s Tc01_g000770 33.6 70.2 (p < .001) 18.8 13.8 (p = .01)

Tc02_g003890 27.1 Transcript not detected 22.31 Transcript not detected

Tc04_g018100 22.5 5086.0 (p < .001) 8.3 36.7 (p = .019)

Tc04_g018110 29.2 763.2 (p < .000) 11.5 13.7 (p = .041)

Tc04_g018160 63.6 158.4 (p = .003) 73 65.6 (p = .001)

Tc06_g000490 N.S. 3.4 (p = .016) N.S N.S.

PR-4 s Tc00_g012980 N.S. N.S. N.S. N.S.

Tc05_g027210 24.9 1027.7 (p < .001) 14.9 22.7 (p = .01)

Tc05_g027220 11.1 258.9 (p = .001) 6.7 N.S.

Tc05_g027230 N.S. 164.1 (p = .011) N.S. N.S.

Tc05_g027250 N.S. N.S. N.S. N.S.

Tc05_g027320 53.4 29.3 (p = .009) 17.8 8.9 (p = .001)

Tc10_g011130 N.S. 61.5 (p < .001) N.S. N.S.

PR-10s Tc01_g031100 39.7 28.0 (p = .019) 57.2 32.3 (p = .002)

Tc04_g028780 25.5 32.9 (p = .027) 25.5 41.6 (p = .004)

Tc04_g028860 6.02 24.3 (p = .038) 53.4 96.8 (p = .001)

Genes shown as induced by microarray had BH p-values < 0.05. N.S. indicates p-values for fold change were > 0.05. Inductions detected by qRT-PCR were calculated
using REST software [96] and represent the average of five pathogen-treated samples compared to five water-treated samples relative to TcTub1 (Tc06_g000360). Tran-
scripts were considered undetected if the average Ct value across all treatments was greater than 35
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plants. Our phylogenetic analysis of the PR-1, PR-3, and
PR-4 families suggests that the families have continually
expanded both locally and inter-chromosomally over land
plant evolution, although further investigation of expan-
sions of certain sub-clades in different species is necessary
to explain functional dynamics of family expansion.
Gene family expansions have a complicated interplay

with expression dynamics. Employing our microarray
analyses, unique expression dynamics within groups of
family members with very high percent identity. The
data presented here suggest that in some cases single
genes within tandem arrays are induced by a given
pathogen, while in other tandem arrays two or more
genes can be induced by the same stimulus. Large tan-
dem arrays for PR-10s (Chr4PR-10.6, 15 members) and
PR-16 s (Chr5PR-16.3, 14 members) have members ran-
ging from constitutive low expression to constitutive
high expression, with a few showing inducibility by path-
ogens. Consequently, evolutionary dynamics of family
members after a duplication event remain unclear, but
several mechanisms are likely at play in a scenario-
specific manner. First, selection could favor greater
concentration of antimicrobial peptides produced in a
given tissue, leading to multiple family members exhibit-
ing similar protein structure and expression patterns.
Our microarray analyses revealed several cases that
could support this model; for example four PR-3 s that
make up a tandem array were all induced by P. palmi-
vora. Alternatively, mutations affecting nearby regulatory
machinery or the coding sequence of the gene could re-
sult in new tissue specificity or binding/enzymatic activ-
ity of a protein. Our microarray dataset found that
only one of six PR-1 s in a tandem array was induced
by pathogen, suggesting the others have alternative func-
tions, tissue specificities, or are in the process of becoming
pseudogenes. Evolutionary studies have revealed that
products of small-scale duplications diverge in expres-
sion more rapidly than they do in terms of protein
structure [52] ,with age of paralogs correlating with
their divergence in expression in Arabidopsis [53, 54] and
rice [55]. For defense genes, divergence in expression pat-
terns could be beneficial, decreasing metabolic burden
associated with mounting a defense response in tissues
distal to the site of infection. Further work, particularly
RNA-seq experiments across a wide range of tissue types,
would allow more comprehensive dissection of functional
patterns associated with this gene organization. In silico
promoter analysis may be a means of identifying a mech-
anism underlying expression dynamics of tandem arrays.
Teixeira et al. [22] previously reported the induction

of more than 67 PR genes after infection of cacao plants
with Moniliophthora perniciosa, but that the induction
did not eliminate pathogen colonization. Similarly, the
induction that we see here did not halt infection, but

likely slow the pathogens’ progress. These transcriptomic
experiments identify candidate genes that require func-
tional characterization to better understand roles of PR
proteins against the diversity of cacao’s pathogens. The
infection and microarray analysis we performed with
oomycete (P. palmivora) and fungal (C. theobromicola)
pathogens confirms the induction of 67 and 45 PR genes
by the respective pathogen treatments. However, the
majority of the PR genes had stable expression across
treatments under our experimental conditions. Analysis
of other tissues may reveal that a subset of those genes
have tissue specificity in their basal expression and in-
ducibility. The existence of PR family members with
constitutively high expression could suggest that certain
family members have evolved to act as a preliminary line
of defense. For example, two PR-3 s (Tc06_g000490 and
Tc04_g029180) had very high expression in water treated
samples. Constitutive high-level expression in leaves
may allow the plant to begin degrading chitin of invad-
ing pathogens before PAMP or R-gene mediated signal
transduction can elevate expression of induced defenses.
Knockdown or deletion of these constitutive high-
expressors followed by pathogen challenge would dem-
onstrate the role of basal defense components. Broadly,
we saw a more dramatic defense response in samples in-
fected with P. palmivora than in those infected with C.
theobromicola, with more genes being up-regulated and
their degree of induction being greater. The microarray
and qRT-PCR analysis indicated that the PR-10 family
deviates from this trend, with members showing equal
or more dramatic induction by C. theobromicola than by
P. palmivora. The PR-10 member Tc04_g028860 is par-
ticularly noteworthy, showing 96-fold induction by C.
theobromicola treatment, about four times the induction
by P. palmivora treatment. While it is possible that these
differences reflect pathogen-specific responses, we can-
not rule out the possibility they result from different
speeds with which the two pathogens colonize the host.
Induction of PR-1 genes is a hallmark of plant defense

activation. While they belong to the well-studied Sperm
Coating Protein/Tpx-1/Ag5/PR-1/Sc7 (SCP/TAPS) [56],
a sub-group of the Cysteine-rich secretory protein super-
family, little is known about their biological function [57].
Our analysis indicates that TcPR1-g (Tc10_g000980) that
was previously reported to be induced in tissue infected
with witches’ broom [16], was not induced under our ex-
perimental conditions. This lack of induction by P. palmi-
vora and C. theobromicola suggests that family member
activation may differ for certain pathogens. Another ex-
ample is the induction of the PR-1 Tc02_g002410, which
was not induced by witches’ broom, by P. palmivora and
C. theobromicola. Our qRT-PCR experiment validated
strong induction of only this gene (>700 fold by P. palmi-
vora and > 50 fold by C. theobromicola), and confirmed
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low expression of Tc10_g000980 across all samples. The
specificity of the reaction is interesting, but even more puz-
zling as the function of PR-1 s in plants remains unclear.
PR-3 family member expression was also of particular

interest because of our prior work with a class I chiti-
nase (Tc02_g003890) [17]. Here we report induction of
several other PR-3 s. A tandem array on chromosome
four (Chr4PR-3.4) was notable in that multiple members
were found to be induced by both pathogens, suggesting
that, in this case, proximity may be contributing to their
co-expression, and that these proteins may act in a coordi-
nated fashion to defend the plant against both of the tested
pathogens. While chitin is significantly less abundant in
the cell walls of oomycetes than fungi, and its function in
oomycetes is not well understood, recent evidence suggests
that chitin synthase enzymes are active in hyphal tips,
where chitin may play a role in cell wall structure [58]. Fur-
ther, inhibition of these chitin synthases with nikkomycin
Z led to bursting of hyphal tips and cell death. Accordingly,
induction of chitinases in plants by oomycete treatment
may reflect an important defense process, inhibition
of hyphal tip growth.
Interestingly, our earlier work described that stable

overexpression of Tc02_g003890, a class I chitinase, in
transgenic cacao plants resulted in an increased resist-
ance of leaves to Colletotrichum gloeosporioides [17].
The same gene was also upregulated in the highly
disease-susceptible genotype ICS1 by treating leaves with
salicylic acid [23], and we found that its transient
overexpression in cacao leaves increases resistance to
P. capsici [18]. The qRT-PCR we performed here did
not verify its induction by treatment with P. palmivora or
C. theobromicola, suggesting that this gene may respond
to SA but not these two pathogens. This result suggests
that the underlying mechanisms of these plant pathogen
interactions are complex and that further research is ne-
cessary to unravel the specific mechanisms involved. One
possibility is that the pathogens are able to suppress the
mechanisms of SA induced gene expression via secretion
of pathogen effector proteins as has been seen with other
systems [59].
Cacao PR-4s were also recently identified [19] Pereira-

Menezes et al.’s [19] work built upon an earlier EST
database [25] by characterizing genotype specificity in the
speed and level of induction of PR-4b (Tc05_g027210),
which shows anti-fungal activity dependent on its
RNase activity, in a resistant (TSH1188) and a susceptible
(Catongo) genotype. Our microarray and qRT-PCR
indicates that the gene was also induced by P. palmivora
(more than 1000-fold and C. theobromicola (roughly 20-
fold), showing one of the strongest inductions of the genes
tested with qRT-PCR. Its induction by a variety of
pathogens makes it a critical candidate for further study.
Analyses similar to Pereira-Menezes et al.’s work across a

broader background of genotypes are required to validate
the importance of genes described here. Assaying the
effect of over-expression or knockout of this gene would
be useful for defining roles of single genes within these
families.
We observed a few differences in organization when

comparing two different varieties of cacao. The two
varieties compared in this study are representatives of
distinct genetic clusters that developed over T. cacao’s
evolution and are thought to have diverged because of
the presence of geological barriers [31]. Consequently, it
is possible that these two genotypes, having been sub-
jected to different pathogens over their evolutionary his-
tory and having unique selective pressures applied by
domestication after cultivation of cacao began, have
undergone unique duplications or translocations altering
gene organization. Indeed, our identification of PR genes
in the two genomes may support this hypothesis, as gene
counts within families differ for the two genomes, and
while the positions of the genes are generally consistent,
some chromosomal rearrangement appears to have oc-
curred. It is possible however, that these are differences
resulting from genome assembly strategies. Analysis of
additional cacao genome sequences from other genetic
groups [31] would help resolve these possibilities.
As induction of PR genes is a hallmark of the defense

response in many plant species, their identification in
cacao is critical to the study of cacao’s defense response.
Our finding that PR gene family size and organization
into tandem arrays is consistent across diverse plant spe-
cies suggests that the diverse expression patterns seen
within families in other species are likely similar to those
we have described in cacao. Therefore, this study lays a
foundational knowledge of defense gene expression upon
which functional molecular genetic approaches can be
based. Genes identified here, once functionally verified,
will be useful in the breeding cacao cultivars with super-
ior resistance to pathogens.

Conclusions
In this study we identified 359 PR genes in the cacao
genome, and found that approximately half of these
physically cluster into tandem arrays with other mem-
bers of the same PR family. Physical clustering of PR
genes into tandem arrays was also identified in five di-
verse plant species. Using a whole genome microarray
and qRT-PCR to measure the induction of genes by two
cacao pathogens, we identified which PR genes are in-
duced in leaf tissue by pathogens, and we identified dif-
ferences in basal expression within PR families. This
work is critical in improving the understanding of the
defense response in cacao, and it provides a list of key
candidate defense genes that will be the focus of future
molecular characterization.
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Methods
Theobroma cacao PR gene identification and filtration
Amino acid sequences for the type members of each PR
gene family (Additional file 19: Table S1) were used as
queries to search the Criollo genome database using
BLASTp (cutoff E < 1e−5, BLOSUM62 matrix) [60].
Using this strategy, we identified putative genes in 15 of
the 17 known plant PR protein classes. PR-13 s were not
identified in the Criollo genome (they are specific to
monocots and a subset of dicots [61]), and PR-15 s are
also considered to be monocot specific, although the
BLASTp search finds them in the Criollo genome be-
cause of their homology with PR-16 s [62]. Next, a custom
Python (python.org) [63] script (PRAminoacidgetterASF)
was used to extract protein IDs from the BLASTp output
and use them to extract the peptide sequences available in
the Criollo cacao genome database.
The list of amino acid sequences was uploaded to the

NCBI Batch Web CD-Search Tool (v3.13) [64] with an
e-value cutoff of 0.01. Another script (PRdomainsorter-
ASF) was used to sort the output of the CD-Search with
gene IDs and BLASTp E-values of putative PR genes.
Polypeptides were manually curated for the presence of
domains used in Wanderly-Nogueira et al. [43] to clas-
sify each family. For the PR-6 family, we used presence
of the “potato-inhibitor family domain” (pfam00280) to
screen putative cacao PR genes, as it is the only domain
found in the type member sequence. Putative PR genes
missing the characteristic domains were removed, and the
remaining genes are listed in Additional file 1: Table S2.
This process was repeated for the Matina cacao gen-

ome [14]. In order to compare PR gene distribution in
the genomes, a third python script was used to retrieve
positional information from the Criollo and Matina GFF
files (PRstartstopfinderASF). This data was plotted in
Fig. 1 (Criollo) and Additional file 2: Figure S1 (Matina)
using the R packages ggplot2 [65] and ggbio [66],
and gene positional information is also included in
Additional file 1: Table S2 (Criollo) and Additional file 3:
Table S3 (Matina). All python scripts are available on the
Guiltinan-Maximova Lab website (http://plantscience.
psu.edu/research/labs/guiltinan/protocols/bioinformatic-
scripts).

PR gene identification in other plant species
Using the same type member queries, BLASTp searches
were against predicted polypeptide sequences down-
loaded from Phytozome v10.3 (Goodstein et al., 2012)
from the Arabidopsis thaliana (TAIR10), Brachypodium
distachyon (v3.1), Oryza sativa (v7.0), Populus tricho-
carpa (v3.0), and Vitis vinifera (Genoscope 12×) ge-
nomes using the same parameters. The procedure
described above was used to curate, use CD-Search, and
organize PR genes in order to count the number of

genes per class. Tandem arrays were manually identified
using JBrowse [39] in Phytozome v10.3 [67]. For all spe-
cies, the PR-15 and PR-16 lists were largely redundant
because of homology of the families, but PR-15 s are
monocot specific and should therefore only be present
in Brachypodium distachyon and Oryza sativa. There-
fore, for plotting gene family sizes in Fig. 2, these two
families were combined. Gene IDs and BLASTp e-values
for identified genes for these species are listed in
Additional file 4: Table S4, Additional file 5: Table S5,
Additional file 6: Table S6, Additional file 7: Table S7,
Additional file 8: Table S8.

Building PR-1, PR-3 and PR-4 phylogenies
To construct phylogenies, nucleotide sequences of
family members for PR-1, PR-3, and PR-4 from the
Criollo genome and primary transcripts from Arabidop-
sis (TAIR10) [32] were aligned using the MUSCLE [68]
translational alignment function in Geneious [69] with
eight iterations. Alignments were manually curated. No
adjustments were made to the PR-1 or PR-3 families,
but Tc05_g027340 was removed from the PR-4 align-
ment as it appears to have annotation errors in intron
prediction. Maximum likelihood trees were generated in
Geneious using a RAxML [70] plugin.

Plant growth, infection, and RNA extraction
The seeds used for generating the plants for the experi-
ment were collected under Panamanian Authority of the
Environment (ANAM) scientific permit SE/AH-1-11.
Seeds from open pollinated T. cacao mother trees, ac-
cession UF12, were collected from a plantation in Chara-
gre, Bocas del Toro province, Panama. The seeds were
surface sterilized by immersing them in 0.5 % sodium
hypochlorite for three minutes and rinsed with sterile
water before being placed for germination in plastic
trays with soil (2:1 mixture of clay rich soil from Barro
Colorado Island, Panama and rinsed river sand) and in-
cubated in Percival growth chambers. One-month-old
seedlings were transplanted to individual pots (600 ml
volume) containing the same soil mixture and kept in
the growth chambers. Germination of seeds and seedling
growth was done in growth chambers (model I35LL, 115
volts, 1/4 Hp, series: 8503122.16, Percival Scientific, Inc.,
Perry IA) with 12/12 h light/dark photoperiod and tem-
peratures of 30 °C and 26 °C respectively [71].
Two month old seedlings, with approximately six leaves

each, were spray-inoculated with conidia of Colletotrichum
theobromicola or zoospores of Phytophthora palmivora.
Conidia of C. theobromicola were produced using the
same methods as in [71] for production of other species of
Colletotrichum and zoospores were produced as in [72].
Whole seedlings were sprayed either with pathogen inocu-
lum (P. palmivora isolate PTP zoospores at 5 × 104 per ml
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or C. theobromicola isolate ER08-11 conidia at 2 × 107 per
ml) or sterile distilled water (controls) and then placed
back into the growing chamber, but only leaves in stage C
[73] at the time of inoculation were considered as a target
for the experiment. Pathogens C. theobromicola and P. pal-
mivora were re-isolated from lesions developed in inocu-
lated Samples were harvested from 72 h post-inoculation
for RNA extraction, and tissue at this time point was used
to re-isolate pathogen, which was considered as a measure
of successful inoculation. Leaves sprayed with water
remained healthy, did not develop lesions, and no patho-
gens were re-isolated from them. Representative photo-
graphs of infected and control leaves are shown in
Additional file 20: Figure S5. Four seedlings received each
treatment, and five leaf samples were collected from each
group of four seedlings. Each biological replicate consisted
of a single individual leaf. Target leaves were cut with
scissors from the plant, immediately weighed, and placed
in RNAlater solution in borosilicate vials following
manufacturer’s instructions (Applied Biosystems/Ambion,
Austin, TX). Vials containing samples were shipped to
PSU on dry ice where RNA extractions were performed
using a previously described protocol [74]. Total RNA
sample concentration and purity was assessed using a
NanoDrop spectrophotometer and RNA quality was deter-
mined using an Agilent Bioanalzyer.

Microarray analysis
Transcriptomic analysis was performed using a whole-
genome Roche NimbleGen custom oligo expression
array (platform GPL18356), which was previously de-
scribed in [75]. Probe labeling, hybridization, and detec-
tion were performed at the Penn State Genomics Core
Facility, and the statistical analysis of the microarray data
were performed as previously described [75].Briefly, the
Bioconductor package [76] was used in R to perform
quality control checks and calculate normalized expres-
sion values using the RMA procedure. Normalized
expression values were plotted to ensure all replicates
for a given treatment had similar expression patterns.
These data are available on GEO (GSE73804). In calcu-
lating fold induction, probes with mean log2 expression
values across all probes less than 6 were removed. The
LIMMA package [77, 78] was then used to calculate fold
induction on a per-probe basis and to calculate a
Bayesian moderated test statistic for each comparison
(pathogen-treatments relative to water-treatment). A
Benjamini-Hochberg multiple testing correction [40]
was then applied. Probes with Benjamini-Hochberg p <
0.05 were considered significant. In identifying individual
PR genes with statistically significant differential regula-
tion, any gene with multiple probes showing statistically
significant change had fold change recalculated by
averaging across all significant probes.

CDNA synthesis and qRT-PCR validation of microarray
One microgram of RNA from each of the five samples
from each treatment were reverse transcribed by M-
MuLV Reverse Transcriptase (New England Biolabs,
Ipswich, MA, USA) with oligo-(dT)15 primers to obtain
cDNA. To create highly specific primers for PR gene
family members, nucleotide sequences of for the PR-1,
PR-3, PR-4, and PR-10 families were aligned using
MUSCLE [72] in Geneious [73]. qRT-PCR primers were
designed to target bases that differentiate family mem-
bers. Primer sequences are listed in Additional file 18:
Table S15. qRT-PCR was performed in a total reaction
volume of 10 μL containing 4 μL of diluted cDNA (1:8),
5 μL of SYBR Green PCR Master Mix (TaKaRa, Mountain
View, CA, USA), 0.2 μL of Rox and 0.4 μL of each 5 μM
primer. Each reaction was performed on each of the five
samples per treatment in technical duplicate using the
Applied Biosystem Step One Plus Realtime PCR System
(Nutley, NJ, USA) with the following program: 15 min at
94 °C, 40 cycles of 15 s at 94 °C, 20 s at 60 °C, and 40 s at
72 °C. The specificity of the primer pair was verified by
dissociation curve.
Data normalization, a statistical randomization test,

and relative pathogen-treated vs. water-treated expres-
sion ratios were computed using REST [64]. Fold
changes with p-values less than 0.05 were considered
significant.
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participants, no ethics approval was required.

Consent to publish
As no human participants were involved in the study, no
consent was required.

Availability of data
Microarray data are available at NCBI (GEO: GSE73804).
The Criollo cacao genome is available at http://cocoagen-
db.cirad.fr/ and the Matina cacao genome, A. thaliana, B.
distachyon, O. sativa, P. trichocarpa, and V. vinifera ge-
nomes are accessible through Phytozome.
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Supplemental Fig. S1 – Karyogram depicting the position of PR genes along the length of chromosomes based 

on the Matina genome sequence. Tandem arrays are labelled above the chromosomes with gene family and 

number of genes in the array in parentheses. Length of chromosomes is shown in Mb. Due to resolution of the 

image, lines for physically clustered genes may overlap.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Figure S2 – Normalized expression scatterplots for all probes on the array comparing A) P. 

palmivora treatment to water treatment and B) C. theobromicola treatment to water treatment. 



 

Supplemental Table S1 - GenBank Accession Numbers for PR Family Type Members 

PR Gene Accession Number 

PR-1 CAA31008.1 

PR-2 AAA34103.1 

PR-3 P17514.1 

PR-4 CAA41437.1 

PR-5 BAA74546.2 

PR-6 AAA34183.1 

PR-7 NP_001234257.1 

PR-8 AAA33120.1 

PR-9 AAA34108.1 

PR-10 AAL09033.1 

PR-11 CAA54373.1 

PR-12 O24332.1 

PR-13 AAC41678.1 

PR-14 CAA91436.1 

PR-15 CAA74595.1 

PR-16 CAA63659.1 

PR-17 BAA81904.1 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplemental Table S2 - PR gene positions in Criollo genome, color-coded by PR gene family 

Chromosome Start Stop PR Gene Family Gene ID 

Tandem Array 

ID 

Chr1 46446 50611 PR-7 Tc01_g000090   

Chr1 407076 408180 PR-3 Tc01_g000770 Chr1PR-3.1 

Chr1 416020 417055 PR-3 Tc01_g000800 Chr1PR-3.1 

Chr1 592960 594207 PR-9 Tc01_g001190   

Chr1 756862 758055 PR-5 Tc01_g001580 Chr1PR-5.2 

Chr1 764592 765968 PR-5 Tc01_g001590 Chr1PR-5.2 

Chr1 1223958 1225321 PR-9 Tc01_g002490   

Chr1 2046944 2047477 PR-1 Tc01_g003940   

Chr1 2390176 2391738 PR-9 Tc01_g004590   

Chr1 2797614 2800013 PR-7 Tc01_g005210 Chr1PR-7.3 

Chr1 2801937 2804204 PR-7 Tc01_g005220 Chr1PR-7.3 

Chr1 3352887 3355169 PR-7 Tc01_g006160   

Chr1 3427643 3429296 PR-9 Tc01_g006280   

Chr1 3517917 3519445 PR-2 Tc01_g006420   

Chr1 5006124 5007854 PR-9 Tc01_g008530   

Chr1 6168606 6170228 PR-2 Tc01_g010310 Chr1PR-2.4 

Chr1 6172632 6176254 PR-2 Tc01_g010320 Chr1PR-2.4 

Chr1 6221240 6222258 PR-3 Tc01_g010350   

Chr1 8521396 8522841 PR-9 Tc01_g013330   

Chr1 9077679 9080866 PR-2 Tc01_g014030   

Chr1 12365543 12367610 PR-2 Tc01_g017650   

Chr1 15266578 15268183 PR-2 Tc01_g021070   

Chr1 21684400 21686697 PR-7 Tc01_g026170   

Chr1 24449757 24451200 PR-9 Tc01_g029350   

Chr1 25614422 25615074 PR-10 Tc01_g031100   

Chr1 26238743 26239660 PR-8 Tc01_g032120   

Chr1 26379168 26379491 PR-8 Tc01_g032260   

Chr1 26567546 26568662 PR-9 Tc01_g032570   

Chr1 26825013 26825938 PR-3 Tc01_g032950   

Chr1 26960822 26961584 PR-16 Tc01_g033170   

Chr1 27725371 27726015 PR-1 Tc01_g034430   

Chr1 27788216 27788682 PR-14 Tc01_g034520   

Chr1 28094750 28095737 PR-8 Tc01_g035050 Chr1PR-8.5 

Chr1 28098396 28099445 PR-8 Tc01_g035060 Chr1PR-8.5 

Chr1 28136550 28137445 PR-8 Tc01_g035140 Chr1PR-8.5 



Chr1 28139089 28139985 PR-8 Tc01_g035150 Chr1PR-8.5 

Chr1 28141342 28142244 PR-8 Tc01_g035160 Chr1PR-8.5 

Chr1 29089378 29096068 PR-7 Tc01_g037010 Chr1PR-7.6 

Chr1 29099230 29102593 PR-7 Tc01_g037020 Chr1PR-7.6 

Chr1 29106890 29110006 PR-7 Tc01_g037030 Chr1PR-7.6 

Chr1 29115406 29119284 PR-7 Tc01_g037040 Chr1PR-7.6 

Chr1 30267844 30268167 PR-14 Tc01_g039190   

            

Chr2 1453223 1453702 PR-1 Tc02_g002380 Chr2PR-1.1 

Chr2 1454367 1454837 PR-1 Tc02_g002390 Chr2PR-1.1 

Chr2 1456734 1457219 PR-1 Tc02_g002400 Chr2PR-1.1 

Chr2 1460085 1460573 PR-1 Tc02_g002410 Chr2PR-1.1 

Chr2 1463710 1464189 PR-1 Tc02_g002420 Chr2PR-1.1 

Chr2 1465775 1466269 PR-1 Tc02_g002430 Chr2PR-1.1 

Chr2 1782306 1783525 PR-5 Tc02_g003020   

Chr2 1834936 1836914 PR-9 Tc02_g003150   

Chr2 2204825 2205983 PR-3 Tc02_g003890   

Chr2 2838778 2841102 PR-7 Tc02_g005130   

Chr2 2891313 2892972 PR-5 Tc02_g005190 Chr2PR-5.2 

Chr2 2900033 2902683 PR-5 Tc02_g005200 Chr2PR-5.2 

Chr2 3567043 3567463 PR-12 Tc02_g006630 Chr2PR-12.3 

Chr2 3574782 3574952 PR-12 Tc02_g006660 Chr2PR-12.3 

Chr2 3791974 3796328 PR-2 Tc02_g007080   

Chr2 3911517 3916523 PR-7 Tc02_g007300   

Chr2 4604542 4606761 PR-9 Tc02_g008380   

Chr2 5265134 5265811 PR-17 Tc02_g009590 Chr2PR-17.4 

Chr2 5268266 5269520 PR-17 Tc02_g009600 Chr2PR-17.4 

Chr2 5272315 5273019 PR-17 Tc02_g009610 Chr2PR-17.4 

Chr2 5280292 5280972 PR-17 Tc02_g009630 Chr2PR-17.4 

Chr2 5290110 5290810 PR-17 Tc02_g009650 Chr2PR-17.4 

Chr2 5714692 5716563 PR-1 Tc02_g010380   

Chr2 6680377 6681597 PR-9 Tc02_g011920 Chr2PR-9.5 

Chr2 6688821 6690092 PR-9 Tc02_g011930 Chr2PR-9.5 

Chr2 6692863 6694134 PR-9 Tc02_g011940 Chr2PR-9.5 

Chr2 6698094 6699389 PR-9 Tc02_g011950 Chr2PR-9.5 

Chr2 6701728 6702974 PR-9 Tc02_g011960 Chr2PR-9.5 

Chr2 6713925 6715033 PR-9 Tc02_g011990 Chr2PR-9.5 

Chr2 6725602 6726798 PR-9 Tc02_g012000 Chr2PR-9.5 

Chr2 6728402 6732943 PR-9 Tc02_g012010 Chr2PR-9.5 



Chr2 6733980 6735168 PR-9 Tc02_g012020 Chr2PR-9.5 

Chr2 7596477 7598446 PR-9 Tc02_g013360   

Chr2 9964462 9964902 PR-14 Tc02_g016580   

Chr2 17976635 17977630 PR-9 Tc02_g022830   

Chr2 19074797 19075795 PR-2 Tc02_g023780   

Chr2 22789048 22793374 PR-2 Tc02_g028070   

Chr2 23779373 23780685 PR-9 Tc02_g029020 Chr2PR-9.6 

Chr2 23812198 23813502 PR-9 Tc02_g029090 Chr2PR-9.6 

Chr2 23817409 23818719 PR-9 Tc02_g029110 Chr2PR-9.6 

Chr2 23827973 23829773 PR-9 Tc02_g029120 Chr2PR-9.6 

Chr2 23839783 23845668 PR-9 Tc02_g029131 Chr2PR-9.6 

Chr2 24935435 24936685 PR-9 Tc02_g030420 Chr2PR-9.7 

Chr2 24943784 24945334 PR-9 Tc02_g030430 Chr2PR-9.7 

Chr2 25295410 25295847 PR-9 Tc02_g030970 Chr2PR-9.8 

Chr2 25297462 25298357 PR-9 Tc02_g030980 Chr2PR-9.8 

            

Chr3 320042 321034 PR-9 Tc03_g000530   

Chr3 4837264 4838273 PR-5 Tc03_g005540   

Chr3 10318529 10319194 PR-16 Tc03_g009350   

Chr3 16215818 16223170 PR-16 Tc03_g016120   

Chr3 17331874 17332776 PR-8 Tc03_g017760 Chr3PR-8.1 

Chr3 17340582 17341478 PR-8 Tc03_g017780 Chr3PR-8.1 

Chr3 17344432 17345325 PR-8 Tc03_g017790 Chr3PR-8.1 

Chr3 18014708 18017044 PR-7 Tc03_g018930   

Chr3 18236392 18237551 PR-9 Tc03_g019180   

Chr3 19476132 19478006 PR-2 Tc03_g021200   

Chr3 19763023 19766766 PR-7 Tc03_g021760   

Chr3 19837251 19838667 PR-9 Tc03_g021880   

Chr3 20186386 20189613 PR-7 Tc03_g022570 Chr3PR-7.2 

Chr3 20192438 20196672 PR-7 Tc03_g022580 Chr3PR-7.2 

Chr3 20198996 20202591 PR-7 Tc03_g022590 Chr3PR-7.2 

Chr3 20236328 20237838 PR-2 Tc03_g022650   

Chr3 20812784 20814495 PR-9 Tc03_g023600   

Chr3 20873633 20874124 PR-14 Tc03_g023690   

Chr3 21230293 21255588 PR-7 Tc03_g024170   

Chr3 22569364 22573346 PR-7 Tc03_g026320 Chr3PR-7.3 

Chr3 22574911 22577142 PR-7 Tc03_g026330 Chr3PR-7.3 

Chr3 22578287 22580454 PR-7 Tc03_g026340 Chr3PR-7.3 

Chr3 22705359 22708866 PR-7 Tc03_g026560 Chr3PR-7.4 



Chr3 22710814 22714408 PR-7 Tc03_g026570 Chr3PR-7.4 

Chr3 22978758 22979435 PR-5 Tc03_g026960 Chr3PR-5.5 

Chr3 22989396 22989923 PR-5 Tc03_g026980 Chr3PR-5.5 

Chr3 22995503 22996177 PR-5 Tc03_g026990 Chr3PR-5.5 

Chr3 22999218 22999882 PR-5 Tc03_g027000 Chr3PR-5.5 

Chr3 23001302 23001976 PR-5 Tc03_g027010 Chr3PR-5.5 

Chr3 23003689 23004303 PR-5 Tc03_g027020 Chr3PR-5.5 

Chr3 23004849 23005571 PR-5 Tc03_g027030 Chr3PR-5.5 

Chr3 24496301 24497326 PR-2 Tc03_g029620   

            

Chr4 255387 256364 PR-9 Tc04_g000340   

Chr4 1012521 1013740 PR-8 Tc04_g001620   

Chr4 2788623 2790250 PR-9 Tc04_g004350 Chr4PR-9.1 

Chr4 2791630 2793436 PR-9 Tc04_g004360 Chr4PR-9.1 

Chr4 2794822 2796456 PR-9 Tc04_g004370 Chr4PR-9.1 

Chr4 8043355 8044235 PR-5 Tc04_g008530   

Chr4 11658052 11661012 PR-2 Tc04_g012520   

Chr4 12331457 12331935 PR-14 Tc04_g013310   

Chr4 13347034 13347476 PR-5 Tc04_g014480   

Chr4 14722179 14723300 PR-9 Tc04_g016340   

Chr4 14745374 14745865 PR-14 Tc04_g016380 Chr4PR-14.2 

Chr4 14765307 14765876 PR-14 Tc04_g016400 Chr4PR-14.2 

Chr4 14785146 14786072 PR-14 Tc04_g016440 Chr4PR-14.2 

Chr4 14799364 14799929 PR-14 Tc04_g016450 Chr4PR-14.2 

Chr4 15012802 15018041 PR-9 Tc04_g016710 Chr4PR-9.3 

Chr4 15033309 15034430 PR-9 Tc04_g016740 Chr4PR-9.3 

Chr4 15054772 15055892 PR-9 Tc04_g016760 Chr4PR-9.3 

Chr4 15937181 15938075 PR-3 Tc04_g018090 Chr4PR-3.4 

Chr4 15942222 15943027 PR-3 Tc04_g018100 Chr4PR-3.4 

Chr4 15951169 15952222 PR-3 Tc04_g018110 Chr4PR-3.4 

Chr4 15995814 15996879 PR-3 Tc04_g018160 Chr4PR-3.4 

Chr4 17148238 17151103 PR-9 Tc04_g019840   

Chr4 17484077 17485694 PR-2 Tc04_g020310   

Chr4 17879840 17881090 PR-5 Tc04_g020870   

Chr4 19580508 19585108 PR-2 Tc04_g023620   

Chr4 21631422 21632757 PR-9 Tc04_g027220 Chr4PR-9.5 

Chr4 21636062 21637717 PR-9 Tc04_g027230 Chr4PR-9.5 

Chr4 22135251 22136317 PR-9 Tc04_g028060   

Chr4 22480311 22480887 PR-10 Tc04_g028740 Chr4PR-10.6 



Chr4 22481675 22482230 PR-10 Tc04_g028750 Chr4PR-10.6 

Chr4 22483092 22483770 PR-10 Tc04_g028760 Chr4PR-10.6 

Chr4 22489740 22490297 PR-10 Tc04_g028780 Chr4PR-10.6 

Chr4 22492172 22492742 PR-10 Tc04_g028790 Chr4PR-10.6 

Chr4 22494552 22495144 PR-10 Tc04_g028800 Chr4PR-10.6 

Chr4 22499557 22500145 PR-10 Tc04_g028830 Chr4PR-10.6 

Chr4 22501085 22501677 PR-10 Tc04_g028840 Chr4PR-10.6 

Chr4 22504672 22505247 PR-10 Tc04_g028860 Chr4PR-10.6 

Chr4 22506913 22507501 PR-10 Tc04_g028870 Chr4PR-10.6 

Chr4 22508764 22509336 PR-10 Tc04_g028880 Chr4PR-10.6 

Chr4 22511232 22511804 PR-10 Tc04_g028900 Chr4PR-10.6 

Chr4 22515773 22516365 PR-10 Tc04_g028920 Chr4PR-10.6 

Chr4 22517301 22517886 PR-10 Tc04_g028930 Chr4PR-10.6 

Chr4 22518569 22519103 PR-10 Tc04_g028940 Chr4PR-10.6 

Chr4 22641991 22643524 PR-3 Tc04_g029180   

Chr4 22709023 22712083 PR-2 Tc04_g029300   

Chr4 22833512 22834743 PR-9 Tc04_g029620   

Chr4 22935290 22936567 PR-9 Tc04_g029820   

            

Chr5 155638 156316 PR-10 Tc05_g000310 Chr5PR-10.1 

Chr5 171073 171753 PR-10 Tc05_g000340 Chr5PR-10.1 

Chr5 187696 188376 PR-10 Tc05_g000350 Chr5PR-10.1 

Chr5 212396 215208 PR-10 Tc05_g000380 Chr5PR-10.1 

Chr5 2252411 2253450 PR-5 Tc05_g004240   

Chr5 2957852 2958562 PR-1 Tc05_g005530   

Chr5 3297559 3300161 PR-9 Tc05_g006120   

Chr5 5445578 5446622 PR-16 Tc05_g008860   

Chr5 5854961 5858791 PR-16 Tc05_g009390   

Chr5 6655743 6659172 PR-7 Tc05_g010230   

Chr5 11319064 11321364 PR-7 Tc05_g013470   

Chr5 14642635 14643881 PR-2 Tc05_g016070   

Chr5 20017774 20018430 PR-6 Tc05_g022770 Chr5PR-6.2 

Chr5 20026069 20026725 PR-6 Tc05_g022780 Chr5PR-6.2 

Chr5 21264780 21265618 PR-16 Tc05_g024700   

Chr5 21455283 21456757 PR-16 Tc05_g024940   

Chr5 21700051 21700875 PR-16 Tc05_g025310 Chr5PR-16.3 

Chr5 21705030 21705781 PR-16 Tc05_g025330 Chr5PR-16.3 

Chr5 21713402 21714258 PR-16 Tc05_g025350 Chr5PR-16.3 

Chr5 21715594 21718017 PR-16 Tc05_g025360 Chr5PR-16.3 



Chr5 21737964 21738819 PR-16 Tc05_g025400 Chr5PR-16.3 

Chr5 21740097 21740875 PR-16 Tc05_g025410 Chr5PR-16.3 

Chr5 21750659 21751516 PR-16 Tc05_g025420 Chr5PR-16.3 

Chr5 21761479 21762326 PR-16 Tc05_g025430 Chr5PR-16.3 

Chr5 21771629 21772485 PR-16 Tc05_g025440 Chr5PR-16.3 

Chr5 21775301 21776123 PR-16 Tc05_g025450 Chr5PR-16.3 

Chr5 21793844 21795080 PR-16 Tc05_g025470 Chr5PR-16.3 

Chr5 21796024 21800895 PR-16 Tc05_g025480 Chr5PR-16.3 

Chr5 21850086 21852832 PR-16 Tc05_g025520 Chr5PR-16.3 

Chr5 21855659 21859290 PR-16 Tc05_g025530 Chr5PR-16.3 

Chr5 23011025 23011535 PR-4 Tc05_g027210 Chr5PR-4.4 

Chr5 23015545 23016832 PR-4 Tc05_g027220 Chr5PR-4.4 

Chr5 23022482 23023859 PR-4 Tc05_g027230 Chr5PR-4.4 

Chr5 23030430 23031726 PR-4 Tc05_g027250 Chr5PR-4.4 

Chr5 23076382 23077121 PR-4 Tc05_g027320 Chr5PR-4.4 

Chr5 23082584 23089537 PR-4 Tc05_g027340 Chr5PR-4.4 

Chr5 23647781 23650823 PR-2 Tc05_g028370   

Chr5 25358388 25359598 PR-9 Tc05_g031640   

Chr5 25533413 25534642 PR-16 Tc05_g031880   

            

Chr6 283670 284572 PR-16 Tc06_g000370 Chr6PR-16.1 

Chr6 288415 289525 PR-16 Tc06_g000400 Chr6PR-16.1 

Chr6 342951 345342 PR-3 Tc06_g000490   

Chr6 512464 520849 PR-7 Tc06_g000810   

Chr6 627416 627703 PR-14 Tc06_g000990 Chr6PR-14.2 

Chr6 628183 628635 PR-14 Tc06_g001000 Chr6PR-14.2 

Chr6 1190282 1191669 PR-2 Tc06_g001730   

Chr6 7792149 7794494 PR-9 Tc06_g008540   

Chr6 8665491 8668445 PR-16 Tc06_g009700   

Chr6 9373572 9375890 PR-7 Tc06_g010630   

Chr6 10708214 10709837 PR-2 Tc06_g012580   

Chr6 11247628 11253176 PR-7 Tc06_g013520   

Chr6 12106897 12108599 PR-9 Tc06_g014950   

Chr6 14479691 14481234 PR-9 Tc06_g019150   

Chr6 14587458 14590282 PR-2 Tc06_g019320   

Chr6 14715208 14716459 PR-9 Tc06_g019650   

Chr6 14788011 14791633 PR-7 Tc06_g019800   

Chr6 14899115 14899570 PR-14 Tc06_g020010 Chr6PR-14.3 

Chr6 14904636 14905201 PR-14 Tc06_g020030 Chr6PR-14.3 



Chr6 15375477 15378303 PR-7 Tc06_g021130   

            

Chr7 242337 248261 PR-7 Tc07_g000490   

Chr7 1373943 1375917 PR-2 Tc07_g002650   

Chr7 2469342 2470759 PR-16 Tc07_g004510 Chr7PR-16.1 

Chr7 2541372 2545366 PR-16 Tc07_g004580 Chr7PR-16.1 

Chr7 2656056 2656726 PR-16 Tc07_g004710   

            

Chr8 136530 138827 PR-7 Tc08_g000230 Chr8PR-7.1 

Chr8 140672 142931 PR-7 Tc08_g000240 Chr8PR-7.1 

Chr8 144535 148772 PR-7 Tc08_g000250 Chr8PR-7.1 

Chr8 157014 159803 PR-7 Tc08_g000260 Chr8PR-7.1 

Chr8 162515 164797 PR-7 Tc08_g000270 Chr8PR-7.1 

Chr8 861589 862531 PR-5 Tc08_g001670   

Chr8 1035418 1037669 PR-2 Tc08_g001980   

Chr8 1251906 1252272 PR-12 Tc08_g002440   

Chr8 1392341 1393706 PR-9 Tc08_g002680   

Chr8 1982231 1984015 PR-5 Tc08_g003730 Chr8PR-5.2 

Chr8 1994947 1996618 PR-5 Tc08_g003740 Chr8PR-5.2 

Chr8 2135796 2139162 PR-7 Tc08_g004000   

Chr8 2171236 2172745 PR-9 Tc08_g004060   

Chr8 2812158 2813696 PR-2 Tc08_g005240   

Chr8 4454124 4457212 PR-7 Tc08_g007740   

Chr8 5838275 5839415 PR-2 Tc08_g009900   

Chr8 6072846 6074589 PR-5 Tc08_g010190   

Chr8 7977834 7979127 PR-9 Tc08_g012700   

Chr8 8542455 8545412 PR-9 Tc08_g013300   

            

Chr9 115915 118110 PR-2 Tc09_g000150   

Chr9 349534 350866 PR-9 Tc09_g000620   

Chr9 392587 393144 PR-1 Tc09_g000720   

Chr9 644365 645956 PR-9 Tc09_g001160   

Chr9 940710 942098 PR-11 Tc09_g001640   

Chr9 1746195 1747442 PR-11 Tc09_g003110 Chr9PR-11.1 

Chr9 1748948 1752317 PR-11 Tc09_g003120 Chr9PR-11.1 

Chr9 1754274 1755716 PR-11 Tc09_g003130 Chr9PR-11.1 

Chr9 1756032 1759736 PR-11 Tc09_g003140 Chr9PR-11.1 

Chr9 1761439 1764995 PR-11 Tc09_g003150 Chr9PR-11.1 

Chr9 1765831 1767491 PR-11 Tc09_g003160 Chr9PR-11.1 



Chr9 1771501 1774951 PR-11 Tc09_g003180 Chr9PR-11.1 

Chr9 1784184 1785419 PR-11 Tc09_g003190 Chr9PR-11.1 

Chr9 1786169 1787434 PR-11 Tc09_g003200 Chr9PR-11.1 

Chr9 3455242 3457297 PR-2 Tc09_g006080   

Chr9 3924740 3927797 PR-7 Tc09_g006830   

Chr9 4056208 4056831 PR-16 Tc09_g007080   

Chr9 5106593 5109921 PR-2 Tc09_g008700   

Chr9 6108778 6111167 PR-2 Tc09_g010240   

Chr9 6842502 6843844 PR-9 Tc09_g011360   

Chr9 7056410 7061303 PR-2 Tc09_g011610   

Chr9 8542813 8545250 PR-2 Tc09_g013490   

Chr9 11250595 11251258 PR-5 Tc09_g016370   

Chr9 11463491 11464078 PR-1 Tc09_g016580 Chr9PR-1.2 

Chr9 11465593 11466093 PR-1 Tc09_g016590 Chr9PR-1.2 

Chr9 12561121 12565191 PR-9 Tc09_g017500   

Chr9 15718258 15718875 PR-16 Tc09_g019910 Chr9PR-16.3 

Chr9 15720067 15720699 PR-16 Tc09_g019920 Chr9PR-16.3 

Chr9 18149426 18155830 PR-2 Tc09_g021600   

Chr9 20183483 20184809 PR-2 Tc09_g023540   

Chr9 20776268 20777977 PR-2 Tc09_g024130 Chr9PR-2.4 

Chr9 20788910 20789878 PR-2 Tc09_g024140 Chr9PR-2.4 

Chr9 20791335 20792780 PR-2 Tc09_g024150 Chr9PR-2.4 

Chr9 23914213 23916248 PR-7 Tc09_g028050   

Chr9 24349477 24353936 PR-7 Tc09_g028480   

Chr9 26293694 26295852 PR-2 Tc09_g031660   

Chr9 26452025 26452786 PR-5 Tc09_g031980   

Chr9 26838009 26841044 PR-7 Tc09_g032690 Chr9PR-7.5 

Chr9 26843341 26846664 PR-7 Tc09_g032710 Chr9PR-7.5 

Chr9 26853874 26856781 PR-7 Tc09_g032720 Chr9PR-7.5 

Chr9 27978971 27981575 PR-2 Tc09_g034460   

Chr9 28169930 28171435 PR-9 Tc09_g034910 Chr9PR-9.6 

Chr9 28177251 28179090 PR-9 Tc09_g034930 Chr9PR-9.6 

Chr9 28180582 28182204 PR-9 Tc09_g034950 Chr9PR-9.6 

Chr9 28271459 28271896 PR-14 Tc09_g035150 Chr9PR-14. 

Chr9 28273057 28273520 PR-14 Tc09_g035160 Chr9PR-14. 

            

Chr10 535646 537418 PR-1 Tc10_g000980   

Chr10 1257226 1258967 PR-2 Tc10_g002190   

Chr10 1321904 1325507 PR-7 Tc10_g002300 Chr10PR-7.1 



Chr10 1326811 1330184 PR-7 Tc10_g002310 Chr10PR-7.1 

Chr10 1331539 1343180 PR-7 Tc10_g002320 Chr10PR-7.1 

Chr10 1359081 1365372 PR-7 Tc10_g002340 Chr10PR-7.1 

Chr10 1374740 1384788 PR-7 Tc10_g002360 Chr10PR-7.1 

Chr10 1680770 1681627 PR-5 Tc10_g002890   

Chr10 1889638 1891207 PR-2 Tc10_g003270   

Chr10 3651755 3652072 PR-6 Tc10_g005840 Chr10PR-6.2 

Chr10 3660102 3660412 PR-6 Tc10_g005870 Chr10PR-6.2 

Chr10 3662441 3662758 PR-6 Tc10_g005880 Chr10PR-6.2 

Chr10 3669109 3669426 PR-6 Tc10_g005890 Chr10PR-6.2 

Chr10 3678425 3684937 PR-6 Tc10_g005920 Chr10PR-6.2 

Chr10 7845864 7846505 PR-16 Tc10_g009710   

Chr10 9700039 9702951 PR-16 Tc10_g011101   

Chr10 9724411 9725695 PR-4 Tc10_g011130   

Chr10 13313715 13314278 PR-10 Tc10_g014440   

Chr10 13971831 13973290 PR-8 Tc10_g015260 Chr10PR-8.3 

Chr10 14003058 14003975 PR-8 Tc10_g015330 Chr10PR-8.3 

Chr10 14505716 14507362 PR-9 Tc10_g015970 Chr10PR-9.4 

Chr10 14567534 14568895 PR-9 Tc10_g016040 Chr10PR-9.4 

Chr10 14583432 14584744 PR-9 Tc10_g016070 Chr10PR-9.4 

Chr10 14585210 14586406 PR-9 Tc10_g016080 Chr10PR-9.4 

Chr10 14753971 14754533 PR-14 Tc10_g016320   

            

Unmapped     PR-10 Tc00_g031750   

Unmapped     PR-10 Tc00_g071880   

Unmapped     PR-11 Tc00_g043900   

Unmapped     PR-16 Tc00_g013300   

Unmapped     PR-16 Tc00_g037180   

Unmapped     PR-16 Tc00_g054490   

Unmapped     PR-16 Tc00_g054500   

Unmapped     PR-16 Tc00_g076490   

Unmapped     PR-2 Tc00_g034720   

Unmapped     PR-2 Tc00_g054290   

Unmapped     PR-2 Tc00_g083950   

Unmapped     PR-4 Tc00_g012980   

Unmapped     PR-5 Tc00_g056050   

Unmapped     PR-5 Tc00_g056060   

Unmapped     PR-5 Tc00_g056070   

Unmapped     PR-5 Tc00_g056080   



Unmapped     PR-5 Tc00_g056110   

Unmapped     PR-5 Tc00_g060970   

Unmapped     PR-6 Tc00_g053480   

Unmapped     PR-7 Tc00_g001690   

Unmapped     PR-7 Tc00_g007300   

Unmapped     PR-7 Tc00_g013470   

Unmapped     PR-7 Tc00_g017310   

Unmapped     PR-7 Tc00_g032610   

Unmapped     PR-7 Tc00_g038560   

Unmapped     PR-8 Tc00_g024510   

Unmapped     PR-9 Tc00_g014230   

Unmapped     PR-9 Tc00_g020190   

Unmapped     PR-9 Tc00_g040640   

Unmapped     PR-9 Tc00_g044710   

Unmapped     PR-9 Tc00_g045360   

Unmapped     PR-9 Tc00_g045400   

Unmapped     PR-9 Tc00_g045440   

Unmapped     PR-9 Tc00_g045460   

Unmapped     PR-9 Tc00_g045610   

Unmapped     PR-9 Tc00_g045630   

Unmapped     PR-9 Tc00_g045940   

Unmapped     PR-9 Tc00_g054480   

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplemental Table S3 - PR gene positions in the Matina 1-6 genome, color coded by PR gene family 

Chromosome Start Stop Gene Family Gene ID Tandem Array ID 

Chr1 38970 43636 PR-7 Thecc1EG000009   

Chr1 398604 400143 PR-3 Thecc1EG000095 Chr1PR-3.1 

Chr1 407766 409127 PR-3 Thecc1EG000096 Chr1PR-3.1 

Chr1 581637 583276 PR-9 Thecc1EG000145   

Chr1 747046 754136 PR-5 Thecc1EG000193 Chr1PR-5.2 

Chr1 754379 756442 PR-5 Thecc1EG000197 Chr1PR-5.2 

Chr1 1211500 1213275 PR-9 Thecc1EG000295   

Chr1 2026978 2027875 PR-1 Thecc1EG000491   

Chr1 2357330 2362741 PR-9 Thecc1EG000564   

Chr1 2748608 2752027 PR-7 Thecc1EG000640 Chr1PR-7.3 

Chr1 2752856 2758066 PR-7 Thecc1EG000641 Chr1PR-7.3 

Chr1 3307000 3310286 PR-7 Thecc1EG000749   

Chr1 3382352 3384526 PR-9 Thecc1EG000762   

Chr1 3470261 3472558 PR-2 Thecc1EG000782   

Chr1 4992850 4995297 PR-9 Thecc1EG001054   

Chr1 6194523 6196823 PR-2 Thecc1EG001274 Chr1PR-2.4 

Chr1 6197493 6202783 PR-2 Thecc1EG001275 Chr1PR-2.4 

Chr1 6253057 6261425 PR-3 Thecc1EG001280   

Chr1 8613801 8616925 PR-9 Thecc1EG001664   

Chr1 9131329 9134274 PR-9 Thecc1EG001737   

Chr1 9483225 9487563 PR-2 Thecc1EG001794   

Chr1 12130265 12134160 PR-2 Thecc1EG002168   

Chr1 14155420 14183715 PR-7 Thecc1EG002479   

Chr1 16047163 16060417 PR-2 Thecc1EG002746   

Chr1 27707568 27712092 PR-7 Thecc1EG003899   

Chr1 29913675 29914468 PR-6 Thecc1EG004163   

Chr1 31982011 31984949 PR-9 Thecc1EG004510   

Chr1 33192758 33193694 PR-10 Thecc1EG004731   

Chr1 33839678 33841234 PR-8 Thecc1EG004867   

Chr1 34041089 34042770 PR-9 Thecc1EG004905   

Chr1 34305919 34307096 PR-3 Thecc1EG004953   

Chr1 34442576 34443701 PR-16 Thecc1EG004977   

Chr1 35302482 35303571 PR-1 Thecc1EG005149   

Chr1 35365490 35366160 PR-14 Thecc1EG005159   

Chr1 35671159 35672532 PR-8 Thecc1EG005226 Chr1PR-8.5 

Chr1 35674569 35675963 PR-8 Thecc1EG005227 Chr1PR-8.5 

Chr1 35712363 35718588 PR-8 Thecc1EG005236 Chr1PR-8.5 



Chr1 36672018 36676125 PR-7 Thecc1EG005449 Chr1PR-7.6 

Chr1 36676173 36681516 PR-7 Thecc1EG005450 Chr1PR-7.6 

Chr1 36681565 36693192 PR-7 Thecc1EG005451 Chr1PR-7.6 

Chr1 36689354 36698417 PR-7 Thecc1EG005452 Chr1PR-7.6 

Chr1 36697842 36703755 PR-7 Thecc1EG005453 Chr1PR-7.6 

Chr1 37871369 37872238 PR-14 Thecc1EG005703   

            

Chr2 132261 139170 PR-9 Thecc1EG005974   

Chr2 1726070 1726919 PR-1 Thecc1EG006331 Chr2PR-1.1 

Chr2 1727300 1728091 PR-1 Thecc1EG006332 Chr2PR-1.1 

Chr2 1729729 1732901 PR-1 Thecc1EG006333 Chr2PR-1.1 

Chr2 1736606 1737400 PR-1 Thecc1EG006335 Chr2PR-1.1 

Chr2 2065004 2066485 PR-5 Thecc1EG006403   

Chr2 2117128 2118951 PR-9 Thecc1EG006416   

Chr2 2479366 2481072 PR-3 Thecc1EG006498   

Chr2 3126695 3129959 PR-7 Thecc1EG006646   

Chr2 3167231 3170972 PR-5 Thecc1EG006654 Chr2PR-5.2 

Chr2 3176115 3179786 PR-5 Thecc1EG006655 Chr2PR-5.2 

Chr2 3775808 3783306 PR-7 Thecc1EG006796   

Chr2 4126578 4127117 PR-12 Thecc1EG006852   

Chr2 4349987 4355168 PR-2 Thecc1EG006900   

Chr2 4794019 4796729 PR-9 Thecc1EG007001   

Chr2 5551606 5554475 PR-17 Thecc1EG007152 Chr2PR-17.3 

Chr2 5554481 5555659 PR-17 Thecc1EG007153 Chr2PR-17.3 

Chr2 5558506 5561482 PR-17 Thecc1EG007154 Chr2PR-17.3 

Chr2 5566744 5567758 PR-17 Thecc1EG007156 Chr2PR-17.3 

Chr2 5567811 5577818 PR-17 Thecc1EG007157 Chr2PR-17.3 

Chr2 7394768 7402554 PR-9 Thecc1EG007510 Chr2PR-9.4 

Chr2 7403090 7407224 PR-9 Thecc1EG007511 Chr2PR-9.4 

Chr2 7407271 7413493 PR-9 Thecc1EG007512 Chr2PR-9.4 

Chr2 7413305 7415134 PR-9 Thecc1EG007513 Chr2PR-9.4 

Chr2 7417040 7418715 PR-9 Thecc1EG007514 Chr2PR-9.4 

Chr2 7439241 7443374 PR-9 Thecc1EG007517 Chr2PR-9.4 

Chr2 7447846 7449481 PR-9 Thecc1EG007520 Chr2PR-9.4 

Chr2 8334315 8336188 PR-9 Thecc1EG007683   

Chr2 24981903 24982708 PR-10 Thecc1EG009531 Chr2PR-10.5 

Chr2 25024282 25025861 PR-10 Thecc1EG009534 Chr2PR-10.5 

Chr2 30987403 30988426 PR-16 Thecc1EG047006   

Chr2 31351157 31352561 PR-9 Thecc1EG010178   

Chr2 33006607 33010235 PR-2 Thecc1EG010376   

Chr2 37355734 37360729 PR-2 Thecc1EG011015   

Chr2 38066685 38068465 PR-9 Thecc1EG011110 Chr2PR-10.6 

Chr2 38099456 38101161 PR-9 Thecc1EG011120 Chr2PR-10.6 



Chr2 38104677 38114221 PR-9 Thecc1EG011122 Chr2PR-10.6 

Chr2 38115416 38117955 PR-9 Thecc1EG011127 Chr2PR-10.6 

Chr2 38125903 38132675 PR-9 Thecc1EG011131 Chr2PR-10.6 

Chr2 39415824 39417517 PR-9 Thecc1EG011321 Chr2PR-10.7 

Chr2 39424078 39426119 PR-9 Thecc1EG011322 Chr2PR-10.7 

Chr2 39784485 39788147 PR-9 Thecc1EG011379   

            

Chr3 328975 330626 PR-9 Thecc1EG011986   

Chr3 5703693 5724899 PR-5 Thecc1EG012750   

Chr3 24480780 24482254 PR-16 Thecc1EG014789   

Chr3 25746880 25750071 PR-7 Thecc1EG015025   

Chr3 25948395 25950349 PR-9 Thecc1EG015053   

Chr3 27251393 27261927 PR-8 Thecc1EG015301 Chr3PR-8.1 

Chr3 27261974 27270447 PR-8 Thecc1EG015302 Chr3PR-8.1 

Chr3 27295158 27296498 PR-8 Thecc1EG015309 Chr3PR-8.1 

Chr3 27296548 27300338 PR-8 Thecc1EG015310 Chr3PR-8.1 

Chr3 27302986 27307234 PR-8 Thecc1EG015311 Chr3PR-8.1 

Chr3 27307314 27308817 PR-8 Thecc1EG015312 Chr3PR-8.1 

Chr3 27316543 27317507 PR-8 Thecc1EG015314 Chr3PR-8.1 

Chr3 28004792 28007761 PR-2 Thecc1EG015448   

Chr3 28291446 28296197 PR-7 Thecc1EG047016   

Chr3 28361776 28363762 PR-9 Thecc1EG015526   

Chr3 28708331 28713572 PR-7 Thecc1EG015601 Chr3PR-7.2 

Chr3 28714480 28717151 PR-7 Thecc1EG015602 Chr3PR-7.2 

Chr3 28716513 28725233 PR-7 Thecc1EG015603 Chr3PR-7.2 

Chr3 28757267 28760786 PR-2 Thecc1EG015614   

Chr3 29543107 29545374 PR-9 Thecc1EG015775   

Chr3 29603566 29604758 PR-14 Thecc1EG015788   

Chr3 31421523 31428659 PR-7 Thecc1EG016128 Chr3PR-7.3 

Chr3 31428746 31431000 PR-7 Thecc1EG016129 Chr3PR-7.3 

Chr3 31565837 31569764 PR-7 Thecc1EG016158 Chr3PR-7.4 

Chr3 31570739 31575604 PR-7 Thecc1EG016159 Chr3PR-7.4 

Chr3 31839269 31840236 PR-5 Thecc1EG016204 Chr3PR-5.5 

Chr3 31845292 31846336 PR-5 Thecc1EG016206 Chr3PR-5.5 

Chr3 31847013 31849966 PR-5 Thecc1EG016207 Chr3PR-5.5 

Chr3 31851312 31852270 PR-5 Thecc1EG016208 Chr3PR-5.5 

Chr3 31854759 31856092 PR-5 Thecc1EG016209 Chr3PR-5.5 

Chr3 33366769 33369207 PR-2 Thecc1EG016546   

            

Chr4 324124 325508 PR-9 Thecc1EG016814   

Chr4 1082546 1084164 PR-8 Thecc1EG016958   

Chr4 2432036 2434089 PR-9 Thecc1EG017229 Chr4PR-9.1 

Chr4 2435085 2444110 PR-9 Thecc1EG017230 Chr4PR-9.1 



Chr4 10482455 10484484 PR-5 Thecc1EG018063   

Chr4 20312218 20317357 PR-2 Thecc1EG019120   

Chr4 21640200 21640902 PR-14 Thecc1EG019299   

Chr4 24438737 24442171 PR-9 Thecc1EG019706   

Chr4 24461787 24462534 PR-14 Thecc1EG019710 Chr4PR-14.2 

Chr4 24480968 24481990 PR-14 Thecc1EG019712 Chr4PR-14.2 

Chr4 24502230 24505993 PR-14 Thecc1EG019716 Chr4PR-14.2 

Chr4 24518923 24519747 PR-14 Thecc1EG019718 Chr4PR-14.2 

Chr4 24737036 24781021 PR-9 Thecc1EG019752 Chr4PR-9.3 

Chr4 24737755 24740565 PR-9 Thecc1EG019753 Chr4PR-9.3 

Chr4 24758134 24759674 PR-9 Thecc1EG019756 Chr4PR-9.3 

Chr4 24785471 24788494 PR-9 Thecc1EG019760 Chr4PR-9.3 

Chr4 24791739 24794455 PR-9 Thecc1EG019761 Chr4PR-9.3 

Chr4 25647468 25651791 PR-3 Thecc1EG019909 Chr4PR-3.4 

Chr4 25694796 25696329 PR-3 Thecc1EG019912 Chr4PR-3.4 

Chr4 25703822 25704973 PR-3 Thecc1EG019913 Chr4PR-3.4 

Chr4 25705022 25709845 PR-3 Thecc1EG019914 Chr4PR-3.4 

Chr4 25896908 25899603 PR-9 Thecc1EG019959   

Chr4 27276438 27279822 PR-2 Thecc1EG020208   

Chr4 27670729 27672383 PR-5 Thecc1EG020283   

Chr4 29413526 29415586 PR-2 Thecc1EG020611   

Chr4 31669364 31671441 PR-9 Thecc1EG021109 Chr4PR-9.5 

Chr4 31671546 31678459 PR-9 Thecc1EG021110 Chr4PR-9.5 

Chr4 32119104 32121715 PR-9 Thecc1EG021202   

Chr4 32460298 32461096 PR-10 Thecc1EG021277 Chr4PR-10.6 

Chr4 32461731 32462956 PR-10 Thecc1EG021278 Chr4PR-10.6 

Chr4 32463079 32464245 PR-10 Thecc1EG021279 Chr4PR-10.6 

Chr4 32469859 32470869 PR-10 Thecc1EG021281 Chr4PR-10.6 

Chr4 32472553 32473339 PR-10 Thecc1EG021282 Chr4PR-10.6 

Chr4 32477626 32478429 PR-10 Thecc1EG021284 Chr4PR-10.6 

Chr4 32482792 32483593 PR-10 Thecc1EG021287 Chr4PR-10.6 

Chr4 32485017 32485797 PR-10 Thecc1EG021288 Chr4PR-10.6 

Chr4 32486846 32487676 PR-10 Thecc1EG021289 Chr4PR-10.6 

Chr4 32489180 32490197 PR-10 Thecc1EG021291 Chr4PR-10.6 

Chr4 32495448 32496548 PR-10 Thecc1EG021294 Chr4PR-10.6 

Chr4 32496618 32497398 PR-10 Thecc1EG021295 Chr4PR-10.6 

Chr4 32620132 32622079 PR-3 Thecc1EG021326   

Chr4 32685444 32691798 PR-2 Thecc1EG021342   

Chr4 32813328 32814949 PR-9 Thecc1EG021378   

Chr4 32911639 32915967 PR-9 Thecc1EG021402   

            

Chr5 1670681 1671852 PR-5 Thecc1EG021897   



Chr5 2364984 2366039 PR-1 Thecc1EG022043   

Chr5 2695588 2698762 PR-9 Thecc1EG022117   

Chr5 3755038 3756269 PR-5 Thecc1EG022309 Chr5PR-5.1 

Chr5 3758335 3760031 PR-5 Thecc1EG022310 Chr5PR-5.1 

Chr5 3791716 3792976 PR-5 Thecc1EG022314 Chr5PR-5.1 

Chr5 3840968 3842301 PR-5 Thecc1EG022319 Chr5PR-5.1 

Chr5 5340366 5344406 PR-7 Thecc1EG022517   

Chr5 5797021 5798314 PR-16 Thecc1EG022573   

Chr5 6189727 6194196 PR-16 Thecc1EG022636   

Chr5 22512938 22520820 PR-7 Thecc1EG024130   

Chr5 26226678 26234169 PR-2 Thecc1EG024509 Chr5PR-2.2 

Chr5 26267724 26269539 PR-2 Thecc1EG024514 Chr5PR-2.2 

Chr5 29642537 29644495 PR-9 Thecc1EG024936   

Chr5 32085632 32088661 PR-10 Thecc1EG025354 Chr5PR-10.3 

Chr5 32103102 32104002 PR-10 Thecc1EG025358 Chr5PR-10.3 

Chr5 34273894 34274779 PR-6 Thecc1EG025715 Chr5PR-6.4 

Chr5 34279871 34281266 PR-6 Thecc1EG025717 Chr5PR-6.4 

Chr5 34805481 34844123 PR-9 Thecc1EG025806   

Chr5 35819221 35823224 PR-16 Thecc1EG025978   

Chr5 36102473 36104098 PR-16 Thecc1EG026019   

Chr5 36336863 36348253 PR-16 Thecc1EG026063 Chr5PR-16.5 

Chr5 36352033 36353232 PR-16 Thecc1EG026065 Chr5PR-16.5 

Chr5 36359172 36362528 PR-16 Thecc1EG026068 Chr5PR-16.5 

Chr5 36362595 36365298 PR-16 Thecc1EG026069 Chr5PR-16.5 

Chr5 36380524 36386728 PR-16 Thecc1EG026071 Chr5PR-16.5 

Chr5 36386562 36388564 PR-16 Thecc1EG026073 Chr5PR-16.5 

Chr5 36397149 36398236 PR-16 Thecc1EG026075 Chr5PR-16.5 

Chr5 36398233 36425560 PR-16 Thecc1EG026076 Chr5PR-16.5 

Chr5 36436073 36443005 PR-16 Thecc1EG026082 Chr5PR-16.5 

Chr5 36443053 36450882 PR-16 Thecc1EG026084 Chr5PR-16.5 

Chr5 36454203 36478357 PR-16 Thecc1EG026086 Chr5PR-16.5 

Chr5 36474279 36524416 PR-16 Thecc1EG026091 Chr5PR-16.5 

Chr5 36499184 36500352 PR-16 Thecc1EG026092 Chr5PR-16.5 

Chr5 36519844 36520792 PR-16 Thecc1EG026096 Chr5PR-16.5 

Chr5 36523344 36524570 PR-16 Thecc1EG026097 Chr5PR-16.5 

Chr5 36543803 36544957 PR-16 Thecc1EG026105 Chr5PR-16.5 

Chr5 37696481 37697365 PR-4 Thecc1EG026324 Chr5PR-4.6 

Chr5 37701027 37709138 PR-4 Thecc1EG026326 Chr5PR-4.6 

Chr5 37714713 37716374 PR-4 Thecc1EG026330 Chr5PR-4.6 

Chr5 37736830 37738060 PR-16 Thecc1EG026333   

Chr5 37761863 37762800 PR-4 Thecc1EG026340   

Chr5 38325876 38329574 PR-2 Thecc1EG026450   

Chr5 40176700 40178520 PR-9 Thecc1EG026820   



Chr5 40355024 40356650 PR-16 Thecc1EG026861   

            

Chr6 370465 371631 PR-16 Thecc1EG026931 Chr6PR-16.1 

Chr6 372939 378215 PR-16 Thecc1EG026932 Chr6PR-16.1 

Chr6 425768 428602 PR-3 Thecc1EG026942   

Chr6 565963 575546 PR-7 Thecc1EG026974   

Chr6 687608 688111 PR-14 Thecc1EG026996 Chr6PR-14.2 

Chr6 688555 689089 PR-14 Thecc1EG026997 Chr6PR-14.2 

Chr6 2009028 2026798 PR-2 Thecc1EG027171   

Chr6 2244627 2245484 PR-4 Thecc1EG027204   

Chr6 17845152 17848170 PR-9 Thecc1EG028741   

Chr6 20842639 20844719 PR-16 Thecc1EG029131 Chr6PR-16.3 

Chr6 20862180 20863075 PR-16 Thecc1EG029135 Chr6PR-16.3 

Chr6 20993519 20997653 PR-7 Thecc1EG029155   

Chr6 21455725 21458909 PR-7 Thecc1EG029233   

Chr6 22820859 22823230 PR-2 Thecc1EG029478   

Chr6 23349015 23355024 PR-7 Thecc1EG029591   

Chr6 24237351 24242736 PR-9 Thecc1EG029767   

Chr6 26264259 26266610 PR-9 Thecc1EG030222   

Chr6 26374015 26377587 PR-2 Thecc1EG030245   

Chr6 26496525 26502924 PR-9 Thecc1EG030283   

Chr6 26573080 26576918 PR-7 Thecc1EG030299   

Chr6 26689344 26690019 PR-14 Thecc1EG030328   

Chr6 27171220 27177050 PR-7 Thecc1EG030468   

            

Chr7 294277 301433 PR-7 Thecc1EG030557   

Chr7 1460699 1467312 PR-2 Thecc1EG030805   

Chr7 2417342 2418208 PR-16 Thecc1EG030994   

Chr7 5183291 5185283 PR-8 Thecc1EG031497   

Chr7 14781355 14784469 PR-9 Thecc1EG032808   

            

Chr8 246545 249638 PR-7 Thecc1EG033805 Chr8PR-7.1 

Chr8 250441 269283 PR-7 Thecc1EG033806 Chr8PR-7.1 

Chr8 268993 272502 PR-7 Thecc1EG033809 Chr8PR-7.1 

Chr8 274222 277466 PR-7 Thecc1EG033810 Chr8PR-7.1 

Chr8 962742 964086 PR-5 Thecc1EG033984   

Chr8 1137539 1140373 PR-2 Thecc1EG034024   

Chr8 1353624 1354652 PR-12 Thecc1EG034086   

Chr8 1493708 1495530 PR-9 Thecc1EG034114   

Chr8 2075283 2077743 PR-5 Thecc1EG034243 Chr8PR-5.2 

Chr8 2087537 2090040 PR-5 Thecc1EG034245 Chr8PR-5.2 

Chr8 2224839 2229219 PR-7 Thecc1EG034269   

Chr8 2260133 2262131 PR-9 Thecc1EG034278   



Chr8 2897102 2899238 PR-2 Thecc1EG034422   

Chr8 4575941 4579741 PR-7 Thecc1EG034736   

Chr8 5988115 5995353 PR-2 Thecc1EG035012   

Chr8 6226812 6229286 PR-5 Thecc1EG035053   

Chr8 8855786 8857516 PR-9 Thecc1EG035423   

Chr8 11449195 11452325 PR-9 Thecc1EG035691   

            

Chr9 134564 137947 PR-2 Thecc1EG036758   

Chr9 367926 369673 PR-9 Thecc1EG036816   

Chr9 410586 411381 PR-1 Thecc1EG036825   

Chr9 645825 649597 PR-9 Thecc1EG036873   

Chr9 938748 944094 PR-11 Thecc1EG036927   

Chr9 1738958 1741618 PR-11 Thecc1EG037102 Chr9PR-11.1 

Chr9 1742221 1746075 PR-11 Thecc1EG037103 Chr9PR-11.1 

Chr9 1747571 1752188 PR-11 Thecc1EG037104 Chr9PR-11.1 

Chr9 1752241 1753840 PR-11 Thecc1EG037105 Chr9PR-11.1 

Chr9 1754711 1759539 PR-11 Thecc1EG037107 Chr9PR-11.1 

Chr9 1759531 1764203 PR-11 Thecc1EG037108 Chr9PR-11.1 

Chr9 1764238 1769028 PR-11 Thecc1EG037109 Chr9PR-11.1 

Chr9 1777647 1779310 PR-11 Thecc1EG037111 Chr9PR-11.1 

Chr9 1779359 1781333 PR-11 Thecc1EG037112 Chr9PR-11.1 

Chr9 3436551 3439194 PR-2 Thecc1EG037436   

Chr9 3902544 3906668 PR-7 Thecc1EG037518   

Chr9 4052575 4055968 PR-16 Thecc1EG037546   

Chr9 5158780 5163277 PR-2 Thecc1EG037759   

Chr9 6109289 6112057 PR-2 Thecc1EG037934   

Chr9 6851364 6854612 PR-9 Thecc1EG038079   

Chr9 7063382 7068716 PR-2 Thecc1EG038109   

Chr9 8686397 8690185 PR-2 Thecc1EG038357   

Chr9 13637086 13637886 PR-1 Thecc1EG038872 Chr9PR-1.2 

Chr9 13639036 13639762 PR-1 Thecc1EG038873 Chr9PR-1.2 

Chr9 14374415 14377545 PR-7 Thecc1EG038960   

Chr9 17902573 17905378 PR-9 Thecc1EG039289   

Chr9 19150129 19161776 PR-7 Thecc1EG039425   

Chr9 21602646 21603582 PR-16 Thecc1EG039645 Chr9PR-16.3 

Chr9 21604434 21605321 PR-16 Thecc1EG039646 Chr9PR-16.3 

Chr9 23054779 23063810 PR-2 Thecc1EG039796   

Chr9 24055817 24067197 PR-7 Thecc1EG039861   

Chr9 26281573 26290591 PR-2 Thecc1EG040040   

Chr9 28867512 28878972 PR-9 Thecc1EG040312 Chr9PR-9.4 

Chr9 28900323 28913650 PR-9 Thecc1EG040315 Chr9PR-9.4 

Chr9 28942562 28944397 PR-9 Thecc1EG040320 Chr9PR-9.4 

Chr9 28981897 28983607 PR-9 Thecc1EG040327 Chr9PR-9.4 



Chr9 29003771 29005794 PR-9 Thecc1EG040331 Chr9PR-9.4 

Chr9 33307006 33308832 PR-2 Thecc1EG040768   

Chr9 33390249 33392278 PR-2 Thecc1EG040785 Chr9PR-2.5 

Chr9 33393078 33395318 PR-2 Thecc1EG040786 Chr9PR-2.5 

Chr9 33416912 33419009 PR-2 Thecc1EG040791 Chr9PR-2.5 

Chr9 37324293 37326613 PR-16 Thecc1EG041376 Chr9PR-16.6 

Chr9 37328816 37330133 PR-16 Thecc1EG041377 Chr9PR-16.6 

Chr9 37330732 37332369 PR-9 Thecc1EG041378   

Chr9 37442073 37446700 PR-2 Thecc1EG041403   

Chr9 37711045 37715553 PR-7 Thecc1EG041449   

Chr9 37801525 37807811 PR-7 Thecc1EG041462 Chr9PR-7.7 

Chr9 37811034 37827825 PR-7 Thecc1EG041463 Chr9PR-7.7 

Chr9 39742134 39745187 PR-2 Thecc1EG041833   

Chr9 39900122 39901490 PR-5 Thecc1EG041871   

Chr9 40283527 40292405 PR-7 Thecc1EG041950 Chr9PR-7.8 

Chr9 40287674 40292567 PR-7 Thecc1EG041951 Chr9PR-7.8 

Chr9 40292614 40309871 PR-7 Thecc1EG041952 Chr9PR-7.8 

Chr9 40299619 40329996 PR-7 Thecc1EG041957 Chr9PR-7.8 

Chr9 41528294 41531544 PR-2 Thecc1EG042208   

Chr9 41718285 41727412 PR-9 Thecc1EG042259 Chr9PR-9.9 

Chr9 41732924 41738678 PR-9 Thecc1EG042261 Chr9PR-9.9 

Chr9 41826527 41827275 PR-14 Thecc1EG042284 Chr9PR-14.10 

Chr9 41828203 41828948 PR-14 Thecc1EG042285 Chr9PR-14.10 

            

Chr10 568906 571643 PR-1 Thecc1EG042446   

Chr10 1425026 1428017 PR-2 Thecc1EG042611   

Chr10 1611248 1619758 PR-7 Thecc1EG042652 Chr10PR-7.1 

Chr10 1620365 1624378 PR-7 Thecc1EG042653 Chr10PR-7.1 

Chr10 1625325 1628768 PR-7 Thecc1EG046952 Chr10PR-7.1 

Chr10 1629514 1632741 PR-7 Thecc1EG046953 Chr10PR-7.1 

Chr10 1644748 1652068 PR-7 Thecc1EG042656 Chr10PR-7.1 

Chr10 1645533 1660966 PR-7 Thecc1EG042657 Chr10PR-7.1 

Chr10 1660065 1667653 PR-7 Thecc1EG042659 Chr10PR-7.1 

Chr10 1663592 1667693 PR-7 Thecc1EG042660 Chr10PR-7.1 

Chr10 1982315 1983905 PR-5 Thecc1EG042726   

Chr10 2192233 2194119 PR-2 Thecc1EG042768   

Chr10 4550730 4551474 PR-6 Thecc1EG043194 Chr10PR-6.2 

Chr10 4559293 4559803 PR-6 Thecc1EG043196 Chr10PR-6.2 

Chr10 4561388 4562015 PR-6 Thecc1EG046959 Chr10PR-6.2 

Chr10 4565525 4580115 PR-6 Thecc1EG043198 Chr10PR-6.2 

Chr10 4565536 4566082 PR-6 Thecc1EG046960 Chr10PR-6.2 

Chr10 4576505 4577038 PR-6 Thecc1EG043201 Chr10PR-6.2 



Chr10 4582260 4582744 PR-6 Thecc1EG043202 Chr10PR-6.2 

Chr10 5101255 5110883 PR-17 Thecc1EG043303   

Chr10 10866300 10867951 PR-4 Thecc1EG043895   

Chr10 15211018 15211919 PR-16 Thecc1EG044263   

Chr10 21995785 21996731 PR-10 Thecc1EG045046   

Chr10 23553698 23580519 PR-8 Thecc1EG045276 Chr10PR-8.3 

Chr10 23602812 23603970 PR-8 Thecc1EG045283 Chr10PR-8.3 

Chr10 24429996 24431594 PR-9 Thecc1EG045424 Chr10PR-9.4 

Chr10 24431808 24447232 PR-9 Thecc1EG045425 Chr10PR-9.4 

Chr10 24447255 24449409 PR-9 Thecc1EG045429 Chr10PR-9.4 

Chr10 24507368 24509439 PR-9 Thecc1EG045437 Chr10PR-9.4 

Chr10 25002097 25003389 PR-14 Thecc1EG045525   

            

Unmapped     PR-10 Thecc1EG046315   

Unmapped     PR-10 Thecc1EG046316   

Unmapped     PR-16 Thecc1EG045749   

Unmapped     PR-5 Thecc1EG046303   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Supplemental Table S4 - Gene IDs and BLASTp 

E-value for Arabidopsis PR genes 

PR Gene 

Family Gene ID E-value 

PR-1 AT2G14580 1.00E-62 

PR-1 AT3G19690 5.00E-61 

PR-1 AT4G33720 3.00E-60 

PR-1 AT2G14610 3.00E-58 

PR-1 AT1G50060 1.00E-55 

PR-1 AT5G26130 9.00E-52 

PR-1 AT4G33710 9.00E-51 

PR-1 AT4G33730 3.00E-50 

PR-1 AT4G25790 7.00E-50 

PR-1 AT2G19990 4.00E-48 

PR-1 AT5G57625 3.00E-47 

PR-1 AT1G01310 1.00E-44 

PR-1 AT1G50050 1.00E-43 

PR-1 AT4G30320 6.00E-43 

PR-1 AT4G25780 2.00E-42 

PR-1 AT3G09590 2.00E-42 

PR-1 AT4G31470 3.00E-40 

PR-1 AT5G02730 2.00E-39 

PR-1 AT4G07820 4.00E-37 

PR-1 AT5G66590 1.00E-29 

PR-1 AT2G19970 2.00E-25 

PR-1 AT2G19980 2.00E-20 

PR-2 AT4G16260 5.00E-116 

PR-2 AT3G57260 3.00E-103 

PR-2 AT3G57270 6.00E-99 

PR-2 AT3G57240 7.00E-97 

PR-2 AT5G56590 7.00E-74 

PR-2 AT2G26600 8.00E-70 

PR-2 AT5G42720 5.00E-69 

PR-2 AT4G29360 1.00E-68 

PR-2 AT5G20330 5.00E-67 

PR-2 AT5G20390 7.00E-67 

PR-2 AT1G32860 4.00E-65 

PR-2 AT5G20340 4.00E-65 

PR-2 AT1G33220 9.00E-65 

PR-2 AT3G15800 2.00E-63 

PR-2 AT2G05790 3.00E-63 

PR-2 AT2G01630 1.00E-62 

PR-2 AT2G16230 2.00E-62 

PR-2 AT4G26830 3.00E-62 

PR-2 AT2G27500 6.00E-62 

PR-2 AT5G24318 1.00E-61 

PR-2 AT5G55180 2.00E-61 

PR-2 AT4G18340 4.00E-61 

PR-2 AT1G66250 2.00E-60 

PR-2 AT1G30080 1.00E-59 

PR-2 AT5G42100 1.00E-59 

PR-2 AT4G34480 3.00E-58 

PR-2 AT1G77790 5.00E-58 

PR-2 AT5G20560 4.00E-57 

PR-2 AT1G11820 3.00E-55 

PR-2 AT1G77780 2.00E-54 

PR-2 AT3G07320 2.00E-54 

PR-2 AT4G14080 3.00E-53 

PR-2 AT5G58090 2.00E-52 

PR-2 AT3G13560 4.00E-52 

PR-2 AT3G61810 3.00E-51 

PR-2 AT5G18220 4.00E-50 

PR-2 AT3G46570 5.00E-50 

PR-2 AT3G23770 1.00E-49 

PR-2 AT4G31140 9.00E-49 

PR-2 AT3G24330 9.00E-49 

PR-2 AT3G04010 4.00E-48 

PR-2 AT5G58480 1.00E-46 

PR-2 AT3G55430 1.00E-44 

PR-2 AT1G64760 2.00E-44 

PR-2 AT2G19440 2.00E-43 

PR-2 AT5G64790 3.00E-43 

PR-2 AT2G39640 3.00E-42 



PR-2 AT4G17180 3.00E-42 

PR-2 AT5G20870 8.00E-39 

PR-2 AT3G55780 2.00E-34 

PR-3 AT3G12500 3.00E-86 

PR-3 AT1G02360 2.00E-64 

PR-3 AT4G01700 1.00E-61 

PR-3 AT2G43570 2.00E-33 

PR-3 AT1G05850 3.00E-32 

PR-3 AT2G43590 2.00E-31 

PR-3 AT3G54420 1.00E-30 

PR-3 AT3G16920 2.00E-30 

PR-3 AT2G43610 2.00E-29 

PR-3 AT2G43620 1.00E-27 

PR-3 AT2G43580 2.00E-27 

PR-3 AT1G56680 2.00E-22 

PR-3 AT2G43600 4.00E-22 

PR-3 AT3G47540 1.00E-19 

PR-4 AT3G04720 1.00E-60 

PR-5 AT1G75030 7.00E-87 

PR-5 AT1G18250 1.00E-86 

PR-5 AT1G73620 3.00E-86 

PR-5 AT1G75050 6.00E-85 

PR-5 AT1G19320 2.00E-83 

PR-5 AT4G38660 3.00E-83 

PR-5 AT1G75040 5.00E-81 

PR-5 AT1G77700 3.00E-78 

PR-5 AT1G20030 6.00E-78 

PR-5 AT4G36010 3.00E-77 

PR-5 AT4G24180 5.00E-77 

PR-5 AT1G75800 5.00E-77 

PR-5 AT2G17860 5.00E-75 

PR-5 AT5G24620 4.00E-71 

PR-5 AT5G02140 1.00E-65 

PR-5 AT4G38670 9.00E-65 

PR-5 AT5G40020 2.00E-63 

PR-5 AT5G38280 6.00E-59 

PR-5 AT2G28790 1.00E-54 

PR-5 AT4G36000 1.00E-51 

PR-5 AT4G11650 6.00E-51 

PR-5 AT4G18250 1.00E-43 

PR-5 AT1G70250 6.00E-42 

PR-5 AT2G24810 6.00E-27 

PR-6 AT2G38870 5.00E-17 

PR-6 AT2G38900 2.00E-14 

PR-6 AT5G43580 8.00E-14 

PR-6 AT5G43570 6.00E-07 

PR-6 AT3G46860 1.00E-06 

PR-7 AT5G67360 7.00E-160 

PR-7 AT2G05920 3.00E-158 

PR-7 AT1G04110 6.00E-158 

PR-7 AT4G34980 1.00E-156 

PR-7 AT3G14067 2.00E-154 

PR-7 AT1G01900 8.00E-149 

PR-7 AT3G14240 5.00E-148 

PR-7 AT5G51750 1.00E-142 

PR-7 AT2G04160 8.00E-140 

PR-7 AT5G59810 1.00E-130 

PR-7 AT4G00230 3.00E-129 

PR-7 AT1G20160 2.00E-124 

PR-7 AT5G59120 4.00E-123 

PR-7 AT5G45650 8.00E-119 

PR-7 AT5G59100 3.00E-116 

PR-7 AT5G67090 6.00E-116 

PR-7 AT5G59090 2.00E-115 

PR-7 AT5G03620 4.00E-114 

PR-7 AT5G59190 4.00E-113 

PR-7 AT3G46850 3.00E-110 

PR-7 AT3G46840 1.00E-108 

PR-7 AT4G10520 1.00E-106 

PR-7 AT4G10550 2.00E-105 

PR-7 AT1G20150 5.00E-105 

PR-7 AT4G10540 2.00E-104 

PR-7 AT1G32950 5.00E-103 

PR-7 AT1G66210 5.00E-103 

PR-7 AT5G58830 1.00E-102 

PR-7 AT5G59130 2.00E-102 

PR-7 AT4G10510 6.00E-102 

PR-7 AT1G32960 5.00E-100 

PR-7 AT1G32940 8.00E-98 

PR-7 AT1G66220 1.00E-97 

PR-7 AT5G58820 2.00E-97 

PR-7 AT4G26330 2.00E-95 



PR-7 AT4G21650 4.00E-95 

PR-7 AT4G21630 6.00E-95 

PR-7 AT5G45640 1.00E-92 

PR-7 AT4G10530 2.00E-92 

PR-7 AT5G11940 2.00E-91 

PR-7 AT4G21323 1.00E-89 

PR-7 AT4G15040 3.00E-89 

PR-7 AT4G21326 1.00E-83 

PR-7 AT1G32970 5.00E-79 

PR-7 AT4G30020 1.00E-77 

PR-7 AT2G19170 3.00E-77 

PR-7 AT4G20430 7.00E-71 

PR-7 AT5G44530 7.00E-71 

PR-7 AT1G30600 5.00E-70 

PR-7 AT1G62340 2.00E-63 

PR-8 AT5G24090 3.00E-100 

PR-9 AT5G06720 8.00E-147 

PR-9 AT5G06730 4.00E-145 

PR-9 AT5G19880 2.00E-123 

PR-9 AT3G32980 8.00E-106 

PR-9 AT2G38380 8.00E-105 

PR-9 AT3G49120 2.00E-104 

PR-9 AT3G49110 2.00E-104 

PR-9 AT2G18150 7.00E-104 

PR-9 AT2G18140 2.00E-103 

PR-9 AT5G19890 5.00E-103 

PR-9 AT4G08770 6.00E-103 

PR-9 AT4G08780 1.00E-101 

PR-9 AT3G50990 1.00E-101 

PR-9 AT4G36430 5.00E-101 

PR-9 AT2G38390 9.00E-101 

PR-9 AT5G66390 8.00E-98 

PR-9 AT5G05340 2.00E-93 

PR-9 AT1G44970 2.00E-88 

PR-9 AT1G14550 4.00E-87 

PR-9 AT1G49570 1.00E-86 

PR-9 AT5G58400 2.00E-85 

PR-9 AT1G14540 1.00E-84 

PR-9 AT5G58390 2.00E-83 

PR-9 AT4G16270 1.00E-82 

PR-9 AT4G11290 3.00E-81 

PR-9 AT2G35380 2.00E-80 

PR-9 AT2G41480 5.00E-80 

PR-9 AT1G68850 3.00E-79 

PR-9 AT5G64120 3.00E-78 

PR-9 AT3G01190 8.00E-78 

PR-9 AT3G03670 1.00E-77 

PR-9 AT5G39580 1.00E-77 

PR-9 AT2G22420 5.00E-77 

PR-9 AT5G17820 5.00E-77 

PR-9 AT1G05260 1.00E-76 

PR-9 AT5G15180 1.00E-76 

PR-9 AT5G42180 2.00E-75 

PR-9 AT3G21770 5.00E-75 

PR-9 AT5G51890 1.00E-73 

PR-9 AT4G33420 4.00E-73 

PR-9 AT5G14130 2.00E-72 

PR-9 AT2G18980 3.00E-70 

PR-9 AT4G25980 5.00E-70 

PR-9 AT1G30870 7.00E-70 

PR-9 AT1G05250 3.00E-69 

PR-9 AT1G05240 3.00E-69 

PR-9 AT4G30170 2.00E-68 

PR-9 AT1G71695 9.00E-68 

PR-9 AT4G37530 2.00E-67 

PR-9 AT5G67400 2.00E-67 

PR-9 AT3G49960 3.00E-67 

PR-9 AT5G24070 3.00E-67 

PR-9 AT2G43480 6.00E-67 

PR-9 AT1G77100 6.00E-66 

PR-9 AT5G64110 6.00E-65 

PR-9 AT2G34060 1.00E-64 

PR-9 AT5G64100 3.00E-64 

PR-9 AT2G39040 4.00E-64 

PR-9 AT4G37520 4.00E-64 

PR-9 AT4G17690 2.00E-63 

PR-9 AT5G40150 4.00E-63 

PR-9 AT2G24800 1.00E-61 

PR-9 AT3G28200 1.00E-61 

PR-9 AT4G33870 4.00E-61 

PR-9 AT5G47000 2.00E-59 

PR-9 AT4G26010 6.00E-59 



PR-9 AT4G31760 3.00E-56 

PR-9 AT1G24110 3.00E-56 

PR-9 AT2G37130 5.00E-54 

PR-9 AT1G34510 5.00E-53 

PR-9 AT4G21960 4.00E-52 

PR-9 AT5G22410 8.00E-52 

PR-9 AT3G17070 3.00E-51 

PR-9 AT3G42570 2.00E-14 

PR-10 AT1G24020 2.00E-07 

PR-11 AT4G19810 7.00E-154 

PR-11 AT4G19800 5.00E-120 

PR-11 AT4G19820 1.00E-118 

PR-11 AT4G19760 1.00E-108 

PR-11 AT4G19720 9.00E-107 

PR-11 AT4G19750 2.00E-105 

PR-11 AT4G19730 2.00E-85 

PR-11 AT4G19770 3.00E-76 

PR-11 AT4G19740 6.00E-45 

PR-12 AT2G26020 3.00E-34 

PR-12 AT5G44420 7.00E-34 

PR-12 AT2G26010 2.00E-33 

PR-12 AT5G44430 3.00E-33 

PR-12 AT1G75830 1.00E-32 

PR-12 AT1G19610 2.00E-15 

PR-12 AT1G55010 5.00E-13 

PR-13 AT1G72260 2.00E-85 

PR-13 AT1G66100 4.00E-35 

PR-13 AT5G36910 5.00E-35 

PR-13 AT2G15010 9.00E-22 

PR-14 AT5G59310 5.00E-24 

PR-14 AT5G59320 3.00E-19 

PR-14 AT2G38540 3.00E-18 

PR-14 AT2G18370 2.00E-16 

PR-14 AT3G51590 4.00E-15 

PR-14 AT3G08770 6.00E-15 

PR-14 AT5G01870 8.00E-15 

PR-14 AT3G51600 3.00E-14 

PR-14 AT2G38530 4.00E-14 

PR-14 AT2G15050 4.00E-13 

PR-14 AT4G33355 8.00E-12 

PR-14 AT5G59330 8.00E-08 

PR-14 AT2G15325 1.00E-06 

PR-16 AT1G18980 5.00E-69 

PR-16 AT1G18970 2.00E-68 

PR-16 AT3G05950 7.00E-61 

PR-16 AT3G04200 1.00E-60 

PR-16 AT4G14630 7.00E-59 

PR-16 AT5G39160 1.00E-57 

PR-16 AT5G39130 2.00E-57 

PR-16 AT5G39150 2.00E-57 

PR-16 AT5G39190 2.00E-57 

PR-16 AT5G39120 3.00E-57 

PR-16 AT5G39110 4.00E-57 

PR-16 AT5G39180 1.00E-56 

PR-16 AT3G62020 4.00E-56 

PR-16 AT5G38960 4.00E-56 

PR-16 AT1G02335 2.00E-54 

PR-16 AT1G09560 1.00E-53 

PR-16 AT3G04190 3.00E-52 

PR-16 AT5G38940 6.00E-52 

PR-16 AT3G04170 8.00E-52 

PR-16 AT3G05930 4.00E-51 

PR-16 AT5G38930 7.00E-51 

PR-16 AT3G04180 8.00E-50 

PR-16 AT3G04150 6.00E-49 

PR-16 AT5G26700 6.00E-46 

PR-16 AT5G38910 1.00E-45 

PR-16 AT1G74820 1.00E-43 

PR-16 AT3G10080 4.00E-42 

PR-16 AT1G10460 1.00E-39 

PR-16 AT5G39100 1.00E-36 

PR-16 AT1G72610 3.00E-36 

PR-16 AT5G20630 2.00E-33 

PR-16 AT5G61750 3.00E-30 

PR-16 AT5G38950 2.00E-13 

PR-17 AT2G15220 2.00E-101 

PR-17 AT2G15130 9.00E-89 

PR-17 AT2G15170 7.00E-12 

 



 

 

 

Supplemental Table S5 - Gene IDs and 

BLASTp E-value for Brachypodium 

distachyon PR genes 

PR Gene 

Family Gene ID E-value 

PR-1 Bradi1g57580 6.00E-43 

PR-1 Bradi1g57540 1.00E-39 

PR-1 Bradi3g53630 2.00E-36 

PR-1 Bradi1g12360 1.00E-35 

PR-1 Bradi4g00865 5.00E-34 

PR-1 Bradi1g57590 9.00E-34 

PR-1 Bradi2g14240 7.00E-32 

PR-1 Bradi3g53637 2.00E-27 

PR-1 Bradi4g38910 4.00E-25 

PR-1 Bradi3g60230 2.00E-23 

PR-1 Bradi3g60260 4.00E-23 

PR-1 Bradi1g09637 4.00E-22 

PR-1 Bradi3g53681 7.00E-20 

PR-1 Bradi1g57575 4.00E-19 

PR-1 Bradi2g14255 3.00E-09 

PR-2 Bradi2g43056 3.00E-77 

PR-2 Bradi2g60536 1.00E-74 

PR-2 Bradi2g60490 4.00E-73 

PR-2 Bradi2g60441 1.00E-71 

PR-2 Bradi2g27140 2.00E-69 

PR-2 Bradi2g22222 1.00E-66 

PR-2 Bradi2g60497 1.00E-66 

PR-2 Bradi1g15295 1.00E-66 

PR-2 Bradi2g60542 2.00E-66 

PR-2 Bradi2g52566 2.00E-65 

PR-2 Bradi2g60557 7.00E-65 

PR-2 Bradi2g22226 1.00E-64 

PR-2 Bradi2g21142 1.00E-63 

PR-2 Bradi2g49330 2.00E-61 

PR-2 Bradi2g22224 5.00E-60 

PR-2 Bradi1g38755 6.00E-55 

PR-2 Bradi1g68450 6.00E-55 

PR-2 Bradi5g09327 1.00E-54 

PR-2 Bradi2g60534 3.00E-54 

PR-2 Bradi3g44910 5.00E-54 

PR-2 Bradi1g69610 9.00E-54 

PR-2 Bradi4g36190 1.00E-53 

PR-2 Bradi3g20770 4.00E-53 

PR-2 Bradi1g12810 6.00E-52 

PR-2 Bradi3g57610 8.00E-52 

PR-2 Bradi2g60541 5.00E-51 

PR-2 Bradi2g55690 6.00E-51 

PR-2 Bradi3g07385 1.00E-50 

PR-2 Bradi1g50080 2.00E-50 

PR-2 Bradi2g23940 7.00E-50 

PR-2 Bradi1g69020 9.00E-49 

PR-2 Bradi1g25530 2.00E-48 

PR-2 Bradi3g18220 3.00E-47 

PR-2 Bradi1g10347 8.00E-47 

PR-2 Bradi2g22228 1.00E-46 

PR-2 Bradi1g36460 2.00E-46 

PR-2 Bradi1g23640 2.00E-44 

PR-2 Bradi1g53590 3.00E-44 

PR-2 Bradi1g13232 7.00E-44 

PR-2 Bradi1g56270 1.00E-42 

PR-2 Bradi1g06050 1.00E-42 

PR-2 Bradi4g09230 3.00E-42 

PR-2 Bradi5g12137 5.00E-42 

PR-2 Bradi4g34390 9.00E-42 

PR-2 Bradi3g03520 1.00E-41 

PR-2 Bradi1g25517 2.00E-41 

PR-2 Bradi2g18420 4.00E-41 

PR-2 Bradi4g15460 4.00E-41 

PR-2 Bradi1g37160 2.00E-40 

PR-2 Bradi3g40907 8.00E-39 

PR-2 Bradi1g60410 2.00E-38 

PR-2 Bradi2g18700 2.00E-37 

PR-2 Bradi1g65197 2.00E-37 



PR-2 Bradi1g26510 2.00E-34 

PR-2 Bradi3g33254 3.00E-34 

PR-2 Bradi3g33277 3.00E-34 

PR-2 Bradi5g26467 7.00E-33 

PR-2 Bradi1g55203 1.00E-32 

PR-2 Bradi1g61320 8.00E-10 

PR-3 Bradi3g32340 4.00E-78 

PR-3 Bradi2g47210 4.00E-70 

PR-3 Bradi1g29887 3.00E-69 

PR-3 Bradi1g29880 6.00E-67 

PR-3 Bradi2g47191 7.00E-63 

PR-3 Bradi2g26000 5.00E-57 

PR-3 Bradi1g76217 8.00E-50 

PR-3 Bradi2g11140 3.00E-48 

PR-3 Bradi2g36780 6.00E-40 

PR-3 Bradi3g40320 6.00E-32 

PR-3 Bradi5g14430 2.00E-27 

PR-3 Bradi4g34040 1.00E-26 

PR-3 Bradi3g48230 2.00E-26 

PR-3 Bradi2g26017 9.00E-23 

PR-4 Bradi4g14930 2.00E-42 

PR-4 Bradi4g14920 1.00E-41 

PR-5 Bradi1g33540 2.00E-67 

PR-5 Bradi4g34180 4.00E-62 

PR-5 Bradi3g04330 2.00E-60 

PR-5 Bradi3g42380 1.00E-59 

PR-5 Bradi3g40596 4.00E-57 

PR-5 Bradi1g68330 1.00E-56 

PR-5 Bradi4g36410 3.00E-56 

PR-5 Bradi1g69277 3.00E-55 

PR-5 Bradi1g68340 5.00E-55 

PR-5 Bradi4g36400 2.00E-54 

PR-5 Bradi4g09130 3.00E-53 

PR-5 Bradi4g03290 7.00E-52 

PR-5 Bradi4g05430 1.00E-51 

PR-5 Bradi1g30117 3.00E-51 

PR-5 Bradi3g21100 2.00E-50 

PR-5 Bradi5g27280 4.00E-49 

PR-5 Bradi5g00550 1.00E-47 

PR-5 Bradi4g05440 2.00E-44 

PR-5 Bradi1g13060 8.00E-43 

PR-5 Bradi2g54560 2.00E-41 

PR-5 Bradi1g13070 6.00E-41 

PR-5 Bradi2g01200 4.00E-40 

PR-5 Bradi3g26630 2.00E-38 

PR-5 Bradi2g01217 2.00E-37 

PR-5 Bradi2g01227 1.00E-27 

PR-5 Bradi3g07960 2.00E-22 

PR-5 Bradi4g09220 3.00E-22 

PR-5 Bradi4g04160 2.00E-15 

PR-5 Bradi4g04150 4.00E-15 

PR-5 Bradi4g03280 6.00E-15 

PR-5 Bradi4g04180 2.00E-13 

PR-5 Bradi4g03285 3.00E-09 

PR-5 Bradi4g09370 1.00E-08 

PR-6 Bradi2g35500 3.00E-09 

PR-6 Bradi1g09487 5.00E-09 

PR-6 Bradi1g46410 6.00E-09 

PR-6 Bradi2g39290 5.00E-08 

PR-6 Bradi3g36050 7.00E-08 

PR-6 Bradi2g35540 1.00E-07 

PR-6 Bradi4g40616 4.00E-07 

PR-6 Bradi2g39271 5.00E-07 

PR-6 Bradi2g39260 2.00E-06 

PR-6 Bradi2g39280 2.00E-06 

PR-7 Bradi5g18110 4.00E-163 

PR-7 Bradi5g18117 6.00E-158 

PR-7 Bradi5g24780 8.00E-157 

PR-7 Bradi3g31690 1.00E-154 

PR-7 Bradi1g77260 2.00E-154 

PR-7 Bradi5g18130 1.00E-151 

PR-7 Bradi5g24500 4.00E-151 

PR-7 Bradi3g51070 4.00E-149 

PR-7 Bradi3g19300 8.00E-146 

PR-7 Bradi2g27640 2.00E-139 

PR-7 Bradi1g75550 3.00E-138 

PR-7 Bradi2g07730 4.00E-137 

PR-7 Bradi3g19320 6.00E-137 

PR-7 Bradi5g18100 1.00E-134 

PR-7 Bradi4g11640 5.00E-132 

PR-7 Bradi1g17320 1.00E-130 

PR-7 Bradi1g07840 4.00E-130 



PR-7 Bradi1g68270 5.00E-128 

PR-7 Bradi5g18910 1.00E-126 

PR-7 Bradi3g37457 7.00E-125 

PR-7 Bradi1g14860 2.00E-124 

PR-7 Bradi1g17330 6.00E-122 

PR-7 Bradi4g31360 2.00E-120 

PR-7 Bradi2g33990 2.00E-119 

PR-7 Bradi5g00840 3.00E-119 

PR-7 Bradi1g17350 2.00E-118 

PR-7 Bradi4g33237 2.00E-117 

PR-7 Bradi3g57140 9.00E-117 

PR-7 Bradi4g41420 1.00E-116 

PR-7 Bradi3g57130 2.00E-115 

PR-7 Bradi2g24220 6.00E-115 

PR-7 Bradi5g10210 8.00E-114 

PR-7 Bradi2g48740 2.00E-113 

PR-7 Bradi3g20580 7.00E-113 

PR-7 Bradi4g24790 5.00E-112 

PR-7 Bradi1g36242 8.00E-112 

PR-7 Bradi3g07280 4.00E-109 

PR-7 Bradi1g07700 7.00E-109 

PR-7 Bradi2g56180 4.00E-107 

PR-7 Bradi2g51440 1.00E-106 

PR-7 Bradi4g36000 5.00E-104 

PR-7 Bradi1g53630 2.00E-101 

PR-7 Bradi1g54830 9.00E-97 

PR-7 Bradi1g08451 1.00E-95 

PR-7 Bradi3g04690 2.00E-91 

PR-7 Bradi2g10727 1.00E-88 

PR-7 Bradi3g10037 8.00E-87 

PR-7 Bradi1g08670 1.00E-86 

PR-7 Bradi1g74547 7.00E-85 

PR-7 Bradi5g03190 1.00E-84 

PR-7 Bradi5g03790 3.00E-82 

PR-7 Bradi3g10058 1.00E-80 

PR-7 Bradi5g23480 9.00E-79 

PR-7 Bradi3g10030 1.00E-75 

PR-7 Bradi2g51130 4.00E-73 

PR-7 Bradi1g34087 7.00E-71 

PR-7 Bradi5g03780 7.00E-67 

PR-7 Bradi5g17320 1.00E-63 

PR-7 Bradi3g04674 1.00E-41 

PR-7 Bradi3g10044 4.00E-35 

PR-8 Bradi1g52625 1.00E-83 

PR-8 Bradi2g55630 7.00E-83 

PR-8 Bradi2g55620 6.00E-81 

PR-8 Bradi2g55610 9.00E-81 

PR-8 Bradi2g45610 1.00E-71 

PR-8 Bradi2g47067 7.00E-70 

PR-8 Bradi2g47171 4.00E-67 

PR-8 Bradi2g43755 7.00E-66 

PR-8 Bradi4g40120 4.00E-38 

PR-8 Bradi4g40110 5.00E-37 

PR-8 Bradi2g47196 4.00E-34 

PR-8 Bradi4g09417 7.00E-32 

PR-8 Bradi4g09430 9.00E-30 

PR-8 Bradi4g07560 8.00E-23 

PR-9 Bradi1g68900 7.00E-87 

PR-9 Bradi1g27920 1.00E-81 

PR-9 Bradi2g40590 4.00E-81 

PR-9 Bradi5g10070 8.00E-81 

PR-9 Bradi1g68927 2.00E-80 

PR-9 Bradi4g25660 5.00E-80 

PR-9 Bradi1g68887 1.00E-79 

PR-9 Bradi2g09660 9.00E-77 

PR-9 Bradi2g09690 1.00E-76 

PR-9 Bradi4g05230 1.00E-76 

PR-9 Bradi4g44530 2.00E-76 

PR-9 Bradi3g09080 2.00E-75 

PR-9 Bradi1g38297 4.00E-75 

PR-9 Bradi1g57247 6.00E-75 

PR-9 Bradi1g38290 7.00E-75 

PR-9 Bradi2g09680 1.00E-74 

PR-9 Bradi1g38310 4.00E-74 

PR-9 Bradi3g09087 8.00E-74 

PR-9 Bradi2g09650 3.00E-73 

PR-9 Bradi1g17860 3.00E-73 

PR-9 Bradi1g63060 5.00E-73 

PR-9 Bradi1g27910 1.00E-72 

PR-9 Bradi1g17877 6.00E-72 

PR-9 Bradi4g05190 1.00E-71 

PR-9 Bradi3g09140 3.00E-71 



PR-9 Bradi1g17870 4.00E-71 

PR-9 Bradi5g24200 7.00E-71 

PR-9 Bradi1g43680 5.00E-70 

PR-9 Bradi3g09120 6.00E-70 

PR-9 Bradi3g09100 1.00E-69 

PR-9 Bradi4g44510 2.00E-69 

PR-9 Bradi1g41115 5.00E-69 

PR-9 Bradi1g38350 6.00E-68 

PR-9 Bradi4g32800 6.00E-68 

PR-9 Bradi3g09130 6.00E-68 

PR-9 Bradi3g20130 8.00E-68 

PR-9 Bradi1g39190 6.00E-67 

PR-9 Bradi1g17840 5.00E-66 

PR-9 Bradi1g17790 2.00E-65 

PR-9 Bradi4g32810 2.00E-65 

PR-9 Bradi2g04490 6.00E-65 

PR-9 Bradi5g19857 1.00E-64 

PR-9 Bradi1g63067 2.00E-64 

PR-9 Bradi1g42900 2.00E-64 

PR-9 Bradi2g20830 3.00E-64 

PR-9 Bradi2g20850 7.00E-64 

PR-9 Bradi2g06497 2.00E-63 

PR-9 Bradi2g20840 4.00E-63 

PR-9 Bradi2g12228 1.00E-62 

PR-9 Bradi2g34717 5.00E-62 

PR-9 Bradi1g17850 9.00E-62 

PR-9 Bradi3g33940 7.00E-61 

PR-9 Bradi1g77140 2.00E-59 

PR-9 Bradi3g41340 2.00E-59 

PR-9 Bradi2g37010 3.00E-59 

PR-9 Bradi2g37020 5.00E-59 

PR-9 Bradi4g27680 5.00E-59 

PR-9 Bradi2g13190 6.00E-59 

PR-9 Bradi1g15600 6.00E-59 

PR-9 Bradi3g13590 7.00E-59 

PR-9 Bradi2g46050 2.00E-58 

PR-9 Bradi2g09600 2.00E-58 

PR-9 Bradi3g60880 2.00E-58 

PR-9 Bradi3g59660 3.00E-58 

PR-9 Bradi1g59537 2.00E-57 

PR-9 Bradi1g44800 5.00E-57 

PR-9 Bradi3g32130 1.00E-56 

PR-9 Bradi2g11307 5.00E-56 

PR-9 Bradi5g27687 5.00E-56 

PR-9 Bradi1g44790 6.00E-56 

PR-9 Bradi1g07790 1.00E-54 

PR-9 Bradi1g59550 2.00E-54 

PR-9 Bradi2g52077 3.00E-54 

PR-9 Bradi3g04717 6.00E-54 

PR-9 Bradi2g12180 8.00E-54 

PR-9 Bradi2g10150 8.00E-54 

PR-9 Bradi2g12192 1.00E-53 

PR-9 Bradi2g48050 1.00E-53 

PR-9 Bradi2g12204 1.00E-53 

PR-9 Bradi1g59520 1.00E-53 

PR-9 Bradi5g27130 1.00E-53 

PR-9 Bradi2g12170 2.00E-53 

PR-9 Bradi5g14650 2.00E-53 

PR-9 Bradi5g22650 1.00E-52 

PR-9 Bradi3g33780 4.00E-52 

PR-9 Bradi2g37000 5.00E-52 

PR-9 Bradi5g12710 5.00E-52 

PR-9 Bradi5g24650 7.00E-52 

PR-9 Bradi1g77130 9.00E-52 

PR-9 Bradi2g12216 5.00E-51 

PR-9 Bradi1g58997 9.00E-51 

PR-9 Bradi3g32110 1.00E-50 

PR-9 Bradi2g20820 2.00E-50 

PR-9 Bradi1g32870 2.00E-50 

PR-9 Bradi1g33740 7.00E-50 

PR-9 Bradi2g11300 1.00E-49 

PR-9 Bradi5g27170 4.00E-49 

PR-9 Bradi1g07780 1.00E-48 

PR-9 Bradi1g74882 5.00E-48 

PR-9 Bradi3g55850 7.00E-48 

PR-9 Bradi1g26870 1.00E-47 

PR-9 Bradi1g61550 1.00E-47 

PR-9 Bradi5g27200 2.00E-47 

PR-9 Bradi4g22660 3.00E-47 

PR-9 Bradi4g40680 6.00E-47 

PR-9 Bradi2g37040 9.00E-47 

PR-9 Bradi2g11295 2.00E-46 



PR-9 Bradi1g61540 4.00E-46 

PR-9 Bradi5g27150 3.00E-45 

PR-9 Bradi4g05980 1.00E-44 

PR-9 Bradi1g61530 2.00E-44 

PR-9 Bradi2g17120 3.00E-44 

PR-9 Bradi5g27160 3.00E-44 

PR-9 Bradi1g20000 5.00E-44 

PR-9 Bradi3g10470 5.00E-44 

PR-9 Bradi1g41900 8.00E-44 

PR-9 Bradi4g40190 3.00E-43 

PR-9 Bradi1g20005 6.00E-43 

PR-9 Bradi5g00690 8.00E-43 

PR-9 Bradi3g10460 9.00E-43 

PR-9 Bradi1g33730 1.00E-42 

PR-9 Bradi3g29500 2.00E-42 

PR-9 Bradi5g27220 3.00E-42 

PR-9 Bradi5g27210 7.00E-42 

PR-9 Bradi1g20020 2.00E-41 

PR-9 Bradi2g38660 4.00E-41 

PR-9 Bradi2g11320 6.00E-41 

PR-9 Bradi1g19980 3.00E-40 

PR-9 Bradi1g20026 9.00E-38 

PR-9 Bradi1g20010 9.00E-37 

PR-9 Bradi1g20032 3.00E-35 

PR-9 Bradi1g19990 3.00E-34 

PR-9 Bradi2g37060 3.00E-32 

PR-9 Bradi2g37067 2.00E-30 

PR-9 Bradi2g37047 2.00E-29 

PR-9 Bradi2g38690 1.00E-24 

PR-9 Bradi2g38670 1.00E-24 

PR-9 Bradi2g37080 1.00E-21 

PR-9 Bradi2g38680 2.00E-21 

PR-9 Bradi1g26215 2.00E-21 

PR-9 Bradi2g38685 3.00E-20 

PR-9 Bradi2g38720 1.00E-19 

PR-9 Bradi2g37090 1.00E-19 

PR-9 Bradi2g38700 1.00E-18 

PR-9 Bradi3g45700 7.00E-14 

PR-9 Bradi4g41180 2.00E-12 

PR-9 Bradi5g10490 4.00E-12 

PR-9 Bradi3g40330 1.00E-11 

PR-9 Bradi4g25650 2.00E-10 

PR-10 Bradi1g64920 5.00E-16 

PR-10 Bradi1g64910 1.00E-15 

PR-10 Bradi1g64890 2.00E-09 

PR-10 Bradi3g48400 1.00E-08 

PR-10 Bradi1g64880 2.00E-07 

PR-10 Bradi4g05040 4.00E-06 

PR-11 Bradi5g07230 2.00E-31 

PR-13 Bradi1g57337 2.00E-08 

PR-13 Bradi1g57302 1.00E-06 

PR-13 Bradi1g57400 2.00E-06 

PR-14 Bradi4g44410 5.00E-20 

PR-14 Bradi1g21870 1.00E-17 

PR-14 Bradi4g25750 2.00E-17 

PR-14 Bradi4g44400 1.00E-15 

PR-14 Bradi1g39120 4.00E-14 

PR-14 Bradi2g53570 1.00E-11 

PR-14 Bradi2g22284 8.00E-11 

PR-14 Bradi2g07140 5.00E-10 

PR-14 Bradi2g22278 8.00E-08 

PR-15/16 Bradi1g11920 1.00E-113 

PR-15/16 Bradi1g11930 1.00E-111 

PR-15/16 Bradi2g47680 2.00E-51 

PR-15/16 Bradi2g47690 1.00E-50 

PR-15/16 Bradi2g11050 7.00E-50 

PR-15/16 Bradi2g08790 1.00E-47 

PR-15/16 Bradi1g04907 2.00E-47 

PR-15/16 Bradi3g43650 2.00E-47 

PR-15/16 Bradi2g21010 4.00E-46 

PR-15/16 Bradi4g06080 4.00E-46 

PR-15/16 Bradi2g60870 1.00E-45 

PR-15/16 Bradi3g43660 7.00E-45 

PR-15/16 Bradi3g17330 2.00E-44 

PR-15/16 Bradi3g43490 5.00E-44 

PR-15/16 Bradi3g15220 1.00E-43 

PR-15/16 Bradi3g15210 4.00E-43 

PR-15/16 Bradi3g15250 4.00E-43 

PR-15/16 Bradi3g15200 5.00E-43 

PR-15/16 Bradi3g15190 8.00E-43 

PR-15/16 Bradi3g17316 1.00E-42 

PR-15/16 Bradi5g21910 2.00E-42 



PR-15/16 Bradi3g15240 2.00E-42 

PR-15/16 Bradi3g15230 9.00E-42 

PR-15/16 Bradi2g60860 4.00E-40 

PR-15/16 Bradi3g15260 1.00E-39 

PR-15/16 Bradi3g17308 8.00E-39 

PR-15/16 Bradi2g33160 7.00E-35 

PR-15/16 Bradi3g44880 3.00E-34 

PR-15/16 Bradi3g37670 1.00E-28 

PR-15/16 Bradi3g37680 5.00E-28 

PR-15/16 Bradi4g38550 5.00E-24 

PR-15/16 Bradi4g38570 2.00E-23 

PR-15/16 Bradi3g44300 3.00E-23 

PR-15/16 Bradi4g38560 2.00E-20 

PR-15/16 Bradi4g38575 7.00E-20 

PR-15/16 Bradi2g00792 9.00E-20 

PR-15/16 Bradi4g17030 1.00E-08 

PR-17 Bradi3g29710 6.00E-74 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Supplemental Table S6 - Gene IDs and BLASTp 

E-value for Oryza sativa PR genes 

PR Gene 

Class Gene ID E-value 

PR-1 LOC_Os07g03730 9.00E-45 

PR-1 LOC_Os07g03710 1.00E-43 

PR-1 LOC_Os10g11500 3.00E-43 

PR-1 LOC_Os01g28450 3.00E-42 

PR-1 LOC_Os01g28500 2.00E-40 

PR-1 LOC_Os06g24290 1.00E-39 

PR-1 LOC_Os02g27310 8.00E-37 

PR-1 LOC_Os02g54540 1.00E-34 

PR-1 LOC_Os07g03740 2.00E-34 

PR-1 LOC_Os12g43700 1.00E-33 

PR-1 LOC_Os07g03279 2.00E-33 

PR-1 LOC_Os07g03319 2.00E-33 

PR-1 LOC_Os07g03368 2.00E-33 

PR-1 LOC_Os07g03409 2.00E-33 

PR-1 LOC_Os07g03458 2.00E-33 

PR-1 LOC_Os07g03499 2.00E-33 

PR-1 LOC_Os07g03288 7.00E-32 

PR-1 LOC_Os07g03377 7.00E-32 

PR-1 LOC_Os07g03467 7.00E-32 

PR-1 LOC_Os07g03590 7.00E-32 

PR-1 LOC_Os05g51680 1.00E-31 

PR-1 LOC_Os07g03690 2.00E-31 

PR-1 LOC_Os07g03750 1.00E-30 

PR-1 LOC_Os07g03580 2.00E-29 

PR-1 LOC_Os07g03600 4.00E-28 

PR-1 LOC_Os02g54530 2.00E-27 

PR-1 LOC_Os07g03680 4.00E-27 

PR-1 LOC_Os02g54560 1.00E-26 

PR-1 LOC_Os07g14030 1.00E-26 

PR-1 LOC_Os07g14070 1.00E-26 

PR-1 LOC_Os02g27300 4.00E-26 

PR-1 LOC_Os07g03610 2.00E-25 

PR-1 LOC_Os04g22230 5.00E-25 

PR-1 LOC_Os07g03620 1.00E-24 

PR-1 LOC_Os04g22220 2.00E-24 

PR-1 LOC_Os04g22210 3.00E-24 

PR-1 LOC_Os02g54570 2.00E-22 

PR-1 LOC_Os05g51660 2.00E-21 

PR-1 LOC_Os04g22330 5.00E-10 

PR-2 LOC_Os01g71340 2.00E-82 

PR-2 LOC_Os01g71810 2.00E-81 

PR-2 LOC_Os01g71820 2.00E-80 

PR-2 LOC_Os01g71830 5.00E-80 

PR-2 LOC_Os01g71400 4.00E-78 

PR-2 LOC_Os01g71930 6.00E-77 

PR-2 LOC_Os01g71670 7.00E-75 

PR-2 LOC_Os01g71680 2.00E-74 

PR-2 LOC_Os01g71860 2.00E-73 

PR-2 LOC_Os01g71690 1.00E-72 

PR-2 LOC_Os01g71410 1.00E-71 

PR-2 LOC_Os01g71380 3.00E-71 

PR-2 LOC_Os05g31140 6.00E-71 

PR-2 LOC_Os05g41610 1.00E-69 

PR-2 LOC_Os01g58730 2.00E-69 

PR-2 LOC_Os01g71350 2.00E-69 

PR-2 LOC_Os01g51570 1.00E-64 

PR-2 LOC_Os01g53750 5.00E-61 

PR-2 LOC_Os01g71474 5.00E-59 

PR-2 LOC_Os03g14210 3.00E-58 

PR-2 LOC_Os04g33640 3.00E-58 

PR-2 LOC_Os09g36280 5.00E-58 

PR-2 LOC_Os03g12140 6.00E-54 

PR-2 LOC_Os06g34020 4.00E-53 

PR-2 LOC_Os02g33000 5.00E-53 

PR-2 LOC_Os03g12620 3.00E-52 

PR-2 LOC_Os01g64170 4.00E-52 

PR-2 LOC_Os02g10660 4.00E-52 

PR-2 LOC_Os02g53200 5.00E-52 

PR-2 LOC_Os03g46660 1.00E-51 



PR-2 LOC_Os10g07290 1.00E-51 

PR-2 LOC_Os06g40490 2.00E-51 

PR-2 LOC_Os06g04080 3.00E-50 

PR-2 LOC_Os07g35350 5.00E-48 

PR-2 LOC_Os03g57880 2.00E-46 

PR-2 LOC_Os02g04670 1.00E-45 

PR-2 LOC_Os06g39060 1.00E-45 

PR-2 LOC_Os08g41410 1.00E-45 

PR-2 LOC_Os07g38930 2.00E-44 

PR-2 LOC_Os01g71650 3.00E-44 

PR-2 LOC_Os08g12800 4.00E-44 

PR-2 LOC_Os07g07340 6.00E-44 

PR-2 LOC_Os11g36940 1.00E-43 

PR-2 LOC_Os03g62860 2.00E-42 

PR-2 LOC_Os11g47820 2.00E-42 

PR-2 LOC_Os07g13580 3.00E-42 

PR-2 LOC_Os03g51240 1.00E-41 

PR-2 LOC_Os07g35480 1.00E-41 

PR-2 LOC_Os07g35560 3.00E-41 

PR-2 LOC_Os03g40330 5.00E-41 

PR-2 LOC_Os07g35510 2.00E-40 

PR-2 LOC_Os03g18520 4.00E-40 

PR-2 LOC_Os03g45390 4.00E-40 

PR-2 LOC_Os08g14700 1.00E-39 

PR-2 LOC_Os07g35520 3.00E-39 

PR-2 LOC_Os09g09980 1.00E-38 

PR-2 LOC_Os09g32550 4.00E-38 

PR-2 LOC_Os08g23720 5.00E-38 

PR-2 LOC_Os07g32600 2.00E-36 

PR-2 LOC_Os05g37130 5.00E-35 

PR-2 LOC_Os05g45860 3.00E-33 

PR-2 LOC_Os03g27980 5.00E-33 

PR-2 LOC_Os03g56130 5.00E-17 

PR-2 LOC_Os07g41014 3.00E-14 

PR-2 LOC_Os03g22530 2.00E-13 

PR-2 LOC_Os03g25790 3.00E-09 

PR-3 LOC_Os10g39680 7.00E-77 

PR-3 LOC_Os06g51060 2.00E-71 

PR-3 LOC_Os06g51050 5.00E-71 

PR-3 LOC_Os05g33130 5.00E-68 

PR-3 LOC_Os03g30470 3.00E-66 

PR-3 LOC_Os03g04060 2.00E-65 

PR-3 LOC_Os05g33140 5.00E-65 

PR-3 LOC_Os01g18400 4.00E-49 

PR-3 LOC_Os05g33150 7.00E-49 

PR-3 LOC_Os05g04690 3.00E-44 

PR-3 LOC_Os10g39700 3.00E-32 

PR-3 LOC_Os08g41100 1.00E-31 

PR-3 LOC_Os02g39330 2.00E-27 

PR-3 LOC_Os09g32080 2.00E-27 

PR-3 LOC_Os04g41620 1.00E-26 

PR-3 LOC_Os04g41680 7.00E-26 

PR-4 LOC_Os11g37970 1.00E-43 

PR-4 LOC_Os11g37950 4.00E-42 

PR-4 LOC_Os11g37960 1.00E-40 

PR-4 LOC_Os11g37940 6.00E-39 

PR-5 LOC_Os06g47600 3.00E-68 

PR-5 LOC_Os09g32280 8.00E-65 

PR-5 LOC_Os08g43510 2.00E-64 

PR-5 LOC_Os10g05660 2.00E-62 

PR-5 LOC_Os09g36580 3.00E-61 

PR-5 LOC_Os11g47944 5.00E-59 

PR-5 LOC_Os04g59370 6.00E-59 

PR-5 LOC_Os03g14030 1.00E-57 

PR-5 LOC_Os09g36560 3.00E-57 

PR-5 LOC_Os03g14050 2.00E-56 

PR-5 LOC_Os10g05600 7.00E-55 

PR-5 LOC_Os03g13070 9.00E-55 

PR-5 LOC_Os06g50240 2.00E-53 

PR-5 LOC_Os08g40600 3.00E-52 

PR-5 LOC_Os07g23470 1.00E-50 

PR-5 LOC_Os01g62260 1.00E-44 

PR-5 LOC_Os03g45960 2.00E-44 

PR-5 LOC_Os07g23730 2.00E-44 

PR-5 LOC_Os03g46070 4.00E-44 

PR-5 LOC_Os10g27280 1.00E-43 

PR-5 LOC_Os12g43490 3.00E-43 

PR-5 LOC_Os12g43450 2.00E-39 

PR-5 LOC_Os01g02310 5.00E-34 

PR-5 LOC_Os03g46060 3.00E-31 

PR-5 LOC_Os12g43380 3.00E-25 

PR-5 LOC_Os12g43430 3.00E-25 



PR-5 LOC_Os12g43440 5.00E-24 

PR-5 LOC_Os12g43390 3.00E-21 

PR-5 LOC_Os02g02200 9.00E-19 

PR-5 LOC_Os11g47680 1.00E-17 

PR-5 LOC_Os12g38120 6.00E-15 

PR-5 LOC_Os12g43410 1.00E-12 

PR-5 LOC_Os10g38100 8.00E-11 

PR-5 LOC_Os07g04730 2.00E-08 

PR-5 LOC_Os12g38150 2.00E-08 

PR-5 LOC_Os12g38170 3.00E-08 

PR-5 LOC_Os11g47670 3.00E-07 

PR-6 LOC_Os12g36210 3.00E-08 

PR-6 LOC_Os05g01920 5.00E-07 

PR-6 LOC_Os11g17790 9.00E-07 

PR-6 LOC_Os05g25630 8.00E-06 

PR-7 LOC_Os10g38080 6.00E-158 

PR-7 LOC_Os04g47160 2.00E-156 

PR-7 LOC_Os03g02750 4.00E-153 

PR-7 LOC_Os12g23980 2.00E-145 

PR-7 LOC_Os02g44590 6.00E-144 

PR-7 LOC_Os03g04950 3.00E-142 

PR-7 LOC_Os07g48650 1.00E-141 

PR-7 LOC_Os03g55350 4.00E-138 

PR-7 LOC_Os04g47150 5.00E-135 

PR-7 LOC_Os05g30580 2.00E-133 

PR-7 LOC_Os03g40830 1.00E-131 

PR-7 LOC_Os08g35090 2.00E-128 

PR-7 LOC_Os09g26920 2.00E-128 

PR-7 LOC_Os03g13930 5.00E-126 

PR-7 LOC_Os02g53860 3.00E-125 

PR-7 LOC_Os04g48416 8.00E-123 

PR-7 LOC_Os03g31630 3.00E-122 

PR-7 LOC_Os05g36010 6.00E-122 

PR-7 LOC_Os09g30250 4.00E-120 

PR-7 LOC_Os04g10360 2.00E-118 

PR-7 LOC_Os06g40700 5.00E-118 

PR-7 LOC_Os04g35140 2.00E-114 

PR-7 LOC_Os07g39020 3.00E-114 

PR-7 LOC_Os10g25450 8.00E-114 

PR-7 LOC_Os02g10520 4.00E-113 

PR-7 LOC_Os02g53970 1.00E-112 

PR-7 LOC_Os01g64860 8.00E-111 

PR-7 LOC_Os08g23740 1.00E-109 

PR-7 LOC_Os01g52750 4.00E-107 

PR-7 LOC_Os01g64850 4.00E-106 

PR-7 LOC_Os06g41880 1.00E-105 

PR-7 LOC_Os09g36110 1.00E-105 

PR-7 LOC_Os02g53910 1.00E-104 

PR-7 LOC_Os01g58240 7.00E-95 

PR-7 LOC_Os09g30458 8.00E-94 

PR-7 LOC_Os04g03050 1.00E-92 

PR-7 LOC_Os03g06290 1.00E-89 

PR-7 LOC_Os04g03100 2.00E-88 

PR-7 LOC_Os02g53850 3.00E-87 

PR-7 LOC_Os04g02980 5.00E-86 

PR-7 LOC_Os01g58290 8.00E-85 

PR-7 LOC_Os02g16940 2.00E-84 

PR-7 LOC_Os01g58270 2.00E-82 

PR-7 LOC_Os02g17090 4.00E-81 

PR-7 LOC_Os04g03796 1.00E-78 

PR-7 LOC_Os02g17150 4.00E-78 

PR-7 LOC_Os01g56320 2.00E-74 

PR-7 LOC_Os04g03810 1.00E-73 

PR-7 LOC_Os01g58280 2.00E-72 

PR-7 LOC_Os06g48650 1.00E-71 

PR-7 LOC_Os11g15520 1.00E-68 

PR-7 LOC_Os04g45960 1.00E-67 

PR-7 LOC_Os02g17080 7.00E-65 

PR-7 LOC_Os02g17060 8.00E-58 

PR-7 LOC_Os01g50680 1.00E-49 

PR-7 LOC_Os02g17000 2.00E-47 

PR-7 LOC_Os04g03850 3.00E-36 

PR-7 LOC_Os10g41880 9.00E-13 

PR-8 LOC_Os01g64110 4.00E-87 

PR-8 LOC_Os07g19040 3.00E-86 

PR-8 LOC_Os01g64100 3.00E-80 

PR-8 LOC_Os01g49320 6.00E-77 

PR-8 LOC_Os01g47070 1.00E-75 

PR-8 LOC_Os01g19750 1.00E-74 

PR-8 LOC_Os04g27980 2.00E-54 

PR-8 LOC_Os07g23850 1.00E-49 

PR-8 LOC_Os11g47600 3.00E-39 



PR-8 LOC_Os11g47610 2.00E-37 

PR-8 LOC_Os11g47550 2.00E-36 

PR-8 LOC_Os11g47580 4.00E-36 

PR-8 LOC_Os11g47590 5.00E-36 

PR-8 LOC_Os11g47530 1.00E-34 

PR-8 LOC_Os11g47500 4.00E-33 

PR-8 LOC_Os11g47520 6.00E-33 

PR-8 LOC_Os11g47510 8.00E-33 

PR-8 LOC_Os05g15850 6.00E-32 

PR-8 LOC_Os11g47560 1.00E-31 

PR-8 LOC_Os11g47570 1.00E-31 

PR-8 LOC_Os07g43820 3.00E-31 

PR-8 LOC_Os05g15770 1.00E-29 

PR-8 LOC_Os05g15920 2.00E-28 

PR-8 LOC_Os08g40680 2.00E-28 

PR-8 LOC_Os08g40740 7.00E-27 

PR-8 LOC_Os05g15880 4.00E-26 

PR-8 LOC_Os08g40690 3.00E-23 

PR-8 LOC_Os06g25010 3.00E-20 

PR-8 LOC_Os07g01770 5.00E-16 

PR-9 LOC_Os03g13200 2.00E-89 

PR-9 LOC_Os03g13180 8.00E-88 

PR-9 LOC_Os03g32050 2.00E-84 

PR-9 LOC_Os03g13210 7.00E-84 

PR-9 LOC_Os01g36240 4.00E-82 

PR-9 LOC_Os10g02070 5.00E-80 

PR-9 LOC_Os04g34630 3.00E-79 

PR-9 LOC_Os01g15830 1.00E-78 

PR-9 LOC_Os07g48030 6.00E-78 

PR-9 LOC_Os11g02130 6.00E-78 

PR-9 LOC_Os06g35520 1.00E-77 

PR-9 LOC_Os12g02080 7.00E-77 

PR-9 LOC_Os06g35480 1.00E-75 

PR-9 LOC_Os10g02040 5.00E-75 

PR-9 LOC_Os07g48020 2.00E-74 

PR-9 LOC_Os02g14180 4.00E-74 

PR-9 LOC_Os06g35490 1.00E-73 

PR-9 LOC_Os04g55740 5.00E-73 

PR-9 LOC_Os01g10850 3.00E-72 

PR-9 LOC_Os07g48050 5.00E-72 

PR-9 LOC_Os07g47990 1.00E-71 

PR-9 LOC_Os06g33080 2.00E-71 

PR-9 LOC_Os01g15810 3.00E-71 

PR-9 LOC_Os02g14160 4.00E-69 

PR-9 LOC_Os06g33100 3.00E-68 

PR-9 LOC_Os03g22010 5.00E-68 

PR-9 LOC_Os02g14460 6.00E-68 

PR-9 LOC_Os07g48010 1.00E-67 

PR-9 LOC_Os02g14430 2E-67 

PR-9 LOC_Os08g20730 7.00E-67 

PR-9 LOC_Os02g14440 8.00E-67 

PR-9 LOC_Os06g16350 2.00E-66 

PR-9 LOC_Os06g32960 3.00E-66 

PR-9 LOC_Os09g29490 4.00E-66 

PR-9 LOC_Os03g22020 7.00E-65 

PR-9 LOC_Os02g14170 3.00E-64 

PR-9 LOC_Os06g32990 5.00E-64 

PR-9 LOC_Os07g48040 5.00E-64 

PR-9 LOC_Os06g32980 6.00E-64 

PR-9 LOC_Os05g06970 1.00E-63 

PR-9 LOC_Os12g02060 7.00E-62 

PR-9 LOC_Os03g02939 1.00E-61 

PR-9 LOC_Os08g42030 4.00E-61 

PR-9 LOC_Os01g73220 5.00E-61 

PR-9 LOC_Os05g41990 1.00E-60 

PR-9 LOC_Os03g02920 2.00E-60 

PR-9 LOC_Os07g01420 2.00E-60 

PR-9 LOC_Os07g48060 6.00E-60 

PR-9 LOC_Os06g46799 8.00E-60 

PR-9 LOC_Os11g43980 1.00E-59 

PR-9 LOC_Os01g07770 3.00E-59 

PR-9 LOC_Os06g29470 3.00E-59 

PR-9 LOC_Os06g20150 9.00E-59 

PR-9 LOC_Os03g55410 1.00E-58 

PR-9 LOC_Os04g53640 1.00E-58 

PR-9 LOC_Os04g56180 2.00E-58 

PR-9 LOC_Os07g01370 2.00E-58 

PR-9 LOC_Os10g39170 2.00E-58 

PR-9 LOC_Os09g32964 6.00E-58 

PR-9 LOC_Os01g16450 1.00E-57 

PR-9 LOC_Os01g73200 2.00E-57 

PR-9 LOC_Os02g58720 3.00E-57 



PR-9 LOC_Os07g01400 3.00E-57 

PR-9 LOC_Os11g02100 1.00E-56 

PR-9 LOC_Os08g02110 2.00E-56 

PR-9 LOC_Os02g50770 9.00E-56 

PR-9 LOC_Os07g34710 1.00E-55 

PR-9 LOC_Os01g22336 2.00E-55 

PR-9 LOC_Os05g04490 2.00E-55 

PR-9 LOC_Os01g57730 1.00E-54 

PR-9 LOC_Os04g59150 3.00E-54 

PR-9 LOC_Os01g73170 5.00E-54 

PR-9 LOC_Os01g22370 6.00E-54 

PR-9 LOC_Os01g22249 3.00E-53 

PR-9 LOC_Os07g31610 1.00E-52 

PR-9 LOC_Os03g36560 2.00E-52 

PR-9 LOC_Os07g01410 3.00E-52 

PR-9 LOC_Os01g28030 5.00E-52 

PR-9 LOC_Os06g48030 5.00E-52 

PR-9 LOC_Os07g02440 7.00E-52 

PR-9 LOC_Os10g41720 4.00E-51 

PR-9 LOC_Os10g39160 5.00E-51 

PR-9 LOC_Os12g08920 7.00E-51 

PR-9 LOC_Os04g01550 1.00E-50 

PR-9 LOC_Os04g39100 1.00E-50 

PR-9 LOC_Os11g10460 1.00E-50 

PR-9 LOC_Os07g34670 2.00E-50 

PR-9 LOC_Os06g33090 3.00E-50 

PR-9 LOC_Os03g55420 4E-50 

PR-9 LOC_Os05g04470 5.00E-50 

PR-9 LOC_Os06g13050 6.00E-50 

PR-9 LOC_Os05g04450 7.00E-50 

PR-9 LOC_Os03g25360 8.00E-50 

PR-9 LOC_Os03g25330 9.00E-50 

PR-9 LOC_Os12g34524 1.00E-49 

PR-9 LOC_Os02g06630 3.00E-49 

PR-9 LOC_Os01g51550 4.00E-49 

PR-9 LOC_Os01g22230 1.00E-48 

PR-9 LOC_Os03g05770 1.00E-48 

PR-9 LOC_Os07g44590 2.00E-48 

PR-9 LOC_Os03g25370 3.00E-48 

PR-9 LOC_Os05g04500 7.00E-48 

PR-9 LOC_Os05g42000 2.00E-47 

PR-9 LOC_Os06g48010 2.00E-47 

PR-9 LOC_Os01g22352 5.00E-47 

PR-9 LOC_Os09g15510 1.00E-46 

PR-9 LOC_Os06g48000 3.00E-46 

PR-9 LOC_Os09g15500 3.00E-46 

PR-9 LOC_Os03g25320 5.00E-46 

PR-9 LOC_Os04g59260 1.00E-45 

PR-9 LOC_Os01g73190 4.00E-45 

PR-9 LOC_Os04g59160 4.00E-45 

PR-9 LOC_Os03g25280 5.00E-45 

PR-9 LOC_Os03g25300 5.00E-45 

PR-9 LOC_Os07g06300 7.00E-45 

PR-9 LOC_Os07g06190 8.00E-45 

PR-9 LOC_Os07g44550 1.00E-44 

PR-9 LOC_Os04g59200 2.00E-44 

PR-9 LOC_Os06g27850 2.00E-44 

PR-9 LOC_Os04g59210 3.00E-44 

PR-9 LOC_Os03g25340 4.00E-44 

PR-9 LOC_Os01g19020 4.00E-43 

PR-9 LOC_Os06g48020 1.00E-42 

PR-9 LOC_Os07g44460 1.00E-42 

PR-9 LOC_Os05g04380 6.00E-42 

PR-9 LOC_Os07g44480 2.00E-41 

PR-9 LOC_Os07g44499 6.00E-41 

PR-9 LOC_Os01g18930 1.00E-40 

PR-9 LOC_Os04g59190 4.00E-40 

PR-9 LOC_Os07g49360 5.00E-40 

PR-9 LOC_Os01g18970 5.00E-39 

PR-9 LOC_Os07g06175 6.00E-39 

PR-9 LOC_Os05g04440 8.00E-36 

PR-9 LOC_Os01g18950 3.00E-35 

PR-9 LOC_Os01g18910 4.00E-35 

PR-9 LOC_Os05g14260 6.00E-33 

PR-9 LOC_Os05g04410 9.00E-31 

PR-9 LOC_Os10g01760 2.00E-30 

PR-9 LOC_Os07g06380 2.00E-29 

PR-9 LOC_Os04g04750 2.00E-26 

PR-9 LOC_Os01g18890 3.00E-26 

PR-9 LOC_Os04g06860 1.00E-14 

PR-9 LOC_Os07g01380 3.00E-14 

PR-9 LOC_Os12g07830 1.00E-13 



PR-9 LOC_Os12g07820 4.00E-13 

PR-9 LOC_Os02g34810 7.00E-13 

PR-9 LOC_Os04g35520 3.00E-12 

PR-9 LOC_Os08g41090 7.00E-12 

PR-9 LOC_Os12g09460 2.00E-11 

PR-9 LOC_Os08g43560 3.00E-09 

PR-9 LOC_Os01g18900 2.00E-07 

PR-10 LOC_Os03g18850 1.00E-18 

PR-10 LOC_Os04g50700 3.00E-07 

PR-10 LOC_Os12g36880 3.00E-06 

PR-10 LOC_Os04g50710 3.00E-06 

PR-11 LOC_Os11g27400 2.00E-52 

PR-11 LOC_Os04g30770 4.00E-49 

PR-13 LOC_Os06g31890 7.00E-14 

PR-13 LOC_Os06g32160 7.00E-14 

PR-13 LOC_Os06g32240 7.00E-14 

PR-13 LOC_Os06g31800 1.00E-13 

PR-13 LOC_Os06g31930 2.00E-13 

PR-13 LOC_Os06g31960 2.00E-13 

PR-13 LOC_Os06g32020 2.00E-13 

PR-13 LOC_Os06g31280 9.00E-13 

PR-13 LOC_Os06g32350 1.00E-12 

PR-13 LOC_Os06g32550 6.00E-12 

PR-13 LOC_Os06g32600 2.00E-11 

PR-14 LOC_Os11g24070 2.00E-22 

PR-14 LOC_Os11g02369 8.00E-21 

PR-14 LOC_Os12g02310 8.00E-21 

PR-14 LOC_Os11g02389 1.00E-20 

PR-14 LOC_Os12g02320 2.00E-20 

PR-14 LOC_Os11g02400 2.00E-17 

PR-14 LOC_Os12g02330 2.00E-16 

PR-14 LOC_Os12g02340 3.00E-16 

PR-14 LOC_Os06g34840 8.00E-14 

PR-14 LOC_Os11g02350 1.00E-13 

PR-14 LOC_Os12g02300 1.00E-13 

PR-14 LOC_Os05g40010 4.00E-13 

PR-14 LOC_Os01g60740 2.00E-11 

PR-14 LOC_Os08g03690 4.00E-11 

PR-14 LOC_Os02g24720 1.00E-08 

PR-14 LOC_Os01g12020 2.00E-07 

PR-14 LOC_Os03g59380 3.00E-07 

PR-15/16 LOC_Os03g48780 5.00E-98 

PR-15/16 LOC_Os03g48760 6.00E-97 

PR-15/16 LOC_Os03g48770 1.00E-96 

PR-15/16 LOC_Os03g48750 1.00E-93 

PR-15/16 LOC_Os02g29020 7.00E-51 

PR-15/16 LOC_Os02g29000 1.00E-49 

PR-15/16 LOC_Os08g13440 2.00E-49 

PR-15/16 LOC_Os05g19670 3.00E-49 

PR-15/16 LOC_Os08g08980 3.00E-49 

PR-15/16 LOC_Os08g08960 4.00E-49 

PR-15/16 LOC_Os08g08970 2.00E-48 

PR-15/16 LOC_Os03g44880 3.00E-48 

PR-15/16 LOC_Os08g08920 2.00E-47 

PR-15/16 LOC_Os03g58980 3.00E-47 

PR-15/16 LOC_Os01g18170 3.00E-46 

PR-15/16 LOC_Os04g52720 4.00E-46 

PR-15/16 LOC_Os01g50900 5.00E-46 

PR-15/16 LOC_Os08g09080 7.00E-46 

PR-15/16 LOC_Os01g14670 1.00E-45 

PR-15/16 LOC_Os08g08990 1.00E-45 

PR-15/16 LOC_Os03g59010 2.00E-45 

PR-15/16 LOC_Os12g05860 3.00E-45 

PR-15/16 LOC_Os12g05840 5.00E-45 

PR-15/16 LOC_Os12g05870 1.00E-44 

PR-15/16 LOC_Os08g09000 9.00E-44 

PR-15/16 LOC_Os08g09060 2.00E-43 

PR-15/16 LOC_Os08g09020 5.00E-43 

PR-15/16 LOC_Os08g09010 9.00E-43 

PR-15/16 LOC_Os08g09040 3.00E-42 

PR-15/16 LOC_Os01g72300 1.00E-41 

PR-15/16 LOC_Os12g05880 8.00E-37 

PR-15/16 LOC_Os02g32980 2.00E-35 

PR-15/16 LOC_Os08g35750 2.00E-33 

PR-15/16 LOC_Os03g08150 5.00E-32 

PR-15/16 LOC_Os08g35760 1.00E-30 

PR-15/16 LOC_Os09g39530 4.00E-25 

PR-15/16 LOC_Os11g33110 9.00E-25 

PR-15/16 LOC_Os09g39520 3.00E-24 

PR-15/16 LOC_Os09g39510 5.00E-24 

PR-15/16 LOC_Os03g58990 2.00E-20 

PR-15/16 LOC_Os03g21790 3.00E-06 



 

 

 

Supplemental Table S7 - Gene IDs and BLASTp 

E-value for Populus trichocarpa PR genes 

PR Gene 

Family Gene ID E-value 

PR-1 Potri.009G083300.1 1.00E-66 

PR-1 Potri.009G083100.1 2.00E-66 

PR-1 Potri.009G083600.1 4.00E-64 

PR-1 Potri.009G083000.1 5.00E-63 

PR-1 Potri.T131500.1 8.00E-60 

PR-1 Potri.009G082900.1 4.00E-57 

PR-1 Potri.001G288600.1 2.00E-56 

PR-1 Potri.009G082800.1 9.00E-53 

PR-1 Potri.T131400.1 2.00E-52 

PR-1 Potri.001G288400.1 2.00E-52 

PR-1 Potri.T093500.1 3.00E-48 

PR-1 Potri.006G171300.1 5.00E-46 

PR-1 Potri.T093600.1 8.00E-43 

PR-1 Potri.018G007000.1 9.00E-41 

PR-1 Potri.016G082000.1 2.00E-30 

PR-1 Potri.006G215600.1 8.00E-30 

PR-1 Potri.005G130100.1 1.00E-29 

PR-1 Potri.007G033200.1 4.00E-28 

PR-1 Potri.009G083400.1 8.00E-14 

PR-2 Potri.001G255100.1 1.00E-125 

PR-2 Potri.010G142800.1 4.00E-113 

PR-2 Potri.T167100.1 1.00E-110 

PR-2 Potri.016G057400.1 2.00E-104 

PR-2 Potri.009G050300.1 3.00E-103 

PR-2 Potri.016G057600.1 8.00E-100 

PR-2 Potri.006G046100.1 2.00E-99 

PR-2 Potri.006G048100.1 3.00E-98 

PR-2 Potri.002G089200.1 2.00E-70 

PR-2 Potri.009G050400.1 2.00E-69 

PR-2 Potri.005G172000.1 1.00E-68 

PR-2 Potri.014G158400.1 1.00E-67 

PR-2 Potri.018G068600.1 2.00E-67 

PR-2 Potri.006G067500.1 3.00E-66 

PR-2 Potri.004G202400.1 1.00E-65 

PR-2 Potri.003G032600.1 1.00E-64 

PR-2 Potri.011G084900.1 3.00E-64 

PR-2 Potri.018G129500.1 4.00E-64 

PR-2 Potri.002G224600.1 5.00E-63 

PR-2 Potri.004G153800.1 8.00E-63 

PR-2 Potri.004G097400.1 8.00E-63 

PR-2 Potri.004G132700.1 2.00E-62 

PR-2 Potri.001G192200.1 2.00E-62 

PR-2 Potri.011G094400.1 4.00E-62 

PR-2 Potri.014G182800.1 6.00E-62 

PR-2 Potri.014G185100.1 1.00E-61 

PR-2 Potri.002G261800.1 2.00E-61 

PR-2 Potri.014G184300.1 2.00E-61 

PR-2 Potri.009G163700.1 3.00E-61 

PR-2 Potri.014G183800.1 4.00E-61 

PR-2 Potri.011G152400.1 7.00E-61 

PR-2 Potri.014G184100.1 7.00E-61 

PR-2 Potri.001G449100.1 1.00E-60 

PR-2 Potri.014G182500.1 2.00E-60 

PR-2 Potri.012G017800.1 9.00E-60 

PR-2 Potri.009G115400.1 1.00E-59 

PR-2 Potri.010G108500.1 9.00E-59 

PR-2 Potri.004G086400.1 1.00E-58 

PR-2 Potri.014G184900.1 7.00E-58 

PR-2 Potri.014G182000.1 3.00E-57 

PR-2 Potri.010G203800.1 2.00E-56 

PR-2 Potri.017G130200.1 2.00E-56 

PR-2 Potri.008G055900.1 5.00E-56 

PR-2 Potri.002G007300.1 1.00E-55 

PR-2 Potri.008G056000.1 1.00E-55 

PR-2 Potri.008G133200.1 1.00E-55 

PR-2 Potri.001G006500.1 1.00E-55 

PR-2 Potri.014G184600.1 2.00E-55 

PR-2 Potri.015G010100.1 3.00E-55 

PR-2 Potri.004G010500.1 2.00E-54 



PR-2 Potri.006G080600.1 4.00E-54 

PR-2 Potri.001G240000.1 6.00E-54 

PR-3 Potri.004G182000.1 5.00E-95 

PR-3 Potri.009G141700.1 5.00E-92 

PR-3 Potri.T175200.1 8.00E-80 

PR-3 Potri.009G142300.1 2.00E-74 

PR-3 Potri.009G142000.1 1.00E-71 

PR-3 Potri.T175300.1 8.00E-71 

PR-3 Potri.009G142200.1 1.00E-70 

PR-3 Potri.009G142100.1 8.00E-70 

PR-3 Potri.009G141800.1 3.00E-69 

PR-3 Potri.004G182100.1 1.00E-66 

PR-3 Potri.014G111800.1 4.00E-65 

PR-3 Potri.002G186500.1 2.00E-64 

PR-3 Potri.010G141600.1 1.00E-33 

PR-3 Potri.019G094000.1 6.00E-33 

PR-3 Potri.019G093800.1 7.00E-33 

PR-3 Potri.019G094100.1 1.00E-31 

PR-3 Potri.013G125000.1 3.00E-31 

PR-3 Potri.013G125100.1 3.00E-31 

PR-3 Potri.019G093900.1 2.00E-30 

PR-3 Potri.014G146600.1 7.00E-30 

PR-3 Potri.019G093700.1 7.00E-29 

PR-4 Potri.013G041600.1 2.00E-57 

PR-4 Potri.013G041700.1 7.00E-56 

PR-4 Potri.005G054000.1 9.00E-56 

PR-4 Potri.013G041900.1 7.00E-55 

PR-5 Potri.012G047800.1 8.00E-89 

PR-5 Potri.004G173200.1 8.00E-88 

PR-5 Potri.005G112600.1 1.00E-87 

PR-5 Potri.015G039200.1 8.00E-87 

PR-5 Potri.009G132500.1 9.00E-87 

PR-5 Potri.001G221400.1 6.00E-85 

PR-5 Potri.014G040700.1 9.00E-84 

PR-5 Potri.001G221700.1 7.00E-83 

PR-5 Potri.001G222100.1 7.00E-83 

PR-5 Potri.001G221100.1 1.00E-82 

PR-5 Potri.001G221900.1 1.00E-82 

PR-5 Potri.001G221800.1 2.00E-81 

PR-5 Potri.001G221500.1 2.00E-81 

PR-5 Potri.002G020500.1 1.00E-80 

PR-5 Potri.005G240900.1 1.00E-80 

PR-5 Potri.001G221200.1 2.00E-80 

PR-5 Potri.005G241000.1 5.00E-79 

PR-5 Potri.005G112700.1 2.00E-78 

PR-5 Potri.002G020400.1 4.00E-78 

PR-5 Potri.001G220900.1 2.00E-76 

PR-5 Potri.015G000800.1 2.00E-75 

PR-5 Potri.005G173900.1 1.00E-73 

PR-5 Potri.002G087100.1 6.00E-73 

PR-5 Potri.012G004800.1 6.00E-73 

PR-5 Potri.006G088100.1 9.00E-73 

PR-5 Potri.001G210400.1 3.00E-69 

PR-5 Potri.010G200800.1 3.00E-66 

PR-5 Potri.003G020100.1 8.00E-66 

PR-5 Potri.009G132200.1 2.00E-65 

PR-5 Potri.017G075500.1 1.00E-63 

PR-5 Potri.004G014700.1 2.00E-62 

PR-5 Potri.T091200.1 1.00E-59 

PR-5 Potri.011G003900.1 1.00E-56 

PR-5 Potri.004G014400.1 3.00E-56 

PR-5 Potri.009G028800.1 1.00E-52 

PR-5 Potri.001G107600.1 2.00E-52 

PR-5 Potri.T091600.1 2.00E-51 

PR-5 Potri.T094100.1 4.00E-50 

PR-5 Potri.001G102400.1 4.00E-50 

PR-5 Potri.001G237600.1 5.00E-49 

PR-5 Potri.T091300.1 1.00E-46 

PR-5 Potri.001G221300.1 8.00E-42 

PR-5 Potri.001G107800.1 4.00E-41 

PR-5 Potri.002G133200.1 4.00E-37 

PR-5 Potri.004G014200.1 9.00E-32 

PR-5 Potri.001G222000.1 1.00E-30 

PR-5 Potri.T094200.1 8.00E-24 

PR-5 Potri.001G221600.1 1.00E-23 

PR-5 Potri.011G004000.1 4.00E-19 

PR-5 Potri.001G107700.1 2.00E-17 

PR-6 Potri.010G075400.1 2.00E-13 

PR-6 Potri.011G110100.1 6.00E-13 

PR-6 Potri.010G075600.1 7.00E-13 

PR-6 Potri.011G110400.1 7.00E-13 

PR-6 Potri.016G078900.1 4.00E-12 



PR-6 Potri.010G075800.1 6.00E-12 

PR-6 Potri.005G221000.1 3.00E-11 

PR-6 Potri.010G075200.1 5.00E-11 

PR-6 Potri.016G079100.1 7.00E-11 

PR-6 Potri.009G028300.1 1.00E-10 

PR-6 Potri.016G079000.1 1.00E-10 

PR-6 Potri.006G212200.1 2.00E-10 

PR-6 Potri.010G075500.1 4.00E-10 

PR-6 Potri.010G075300.1 4.00E-10 

PR-6 Potri.010G075700.1 5.00E-10 

PR-6 Potri.006G212000.1 6.00E-10 

PR-6 Potri.016G078800.1 9.00E-10 

PR-6 Potri.002G042300.1 3.00E-07 

PR-6 Potri.T083400.1 2.00E-06 

PR-6 Potri.006G088700.1 3.00E-06 

PR-6 Potri.T082800.1 4.00E-06 

PR-6 Potri.006G088500.1 4.00E-06 

PR-7 Potri.T004700.1 0 

PR-7 Potri.003G118800.1 0 

PR-7 Potri.003G118700.1 0 

PR-7 Potri.003G118500.1 0 

PR-7 Potri.001G113700.1 0 

PR-7 Potri.014G074600.1 2.00E-173 

PR-7 Potri.009G133400.1 4.00E-166 

PR-7 Potri.004G173900.1 7.00E-165 

PR-7 Potri.002G256300.1 3.00E-161 

PR-7 Potri.003G067000.1 9.00E-157 

PR-7 Potri.005G145300.1 3.00E-156 

PR-7 Potri.001G167300.1 3.00E-153 

PR-7 Potri.014G018900.1 6.00E-148 

PR-7 Potri.002G120400.1 1.00E-147 

PR-7 Potri.014G171600.1 2.00E-147 

PR-7 Potri.011G165900.1 3.00E-146 

PR-7 Potri.012G131500.1 1.00E-144 

PR-7 Potri.001G163600.1 2.00E-143 

PR-7 Potri.001G469000.1 3.00E-141 

PR-7 Potri.001G468800.1 7.00E-139 

PR-7 Potri.015G133800.1 2.00E-136 

PR-7 Potri.007G102100.1 1.00E-135 

PR-7 Potri.005G067200.1 2.00E-133 

PR-7 Potri.011G050000.1 1.00E-132 

PR-7 Potri.007G102200.1 3.00E-132 

PR-7 Potri.007G102300.1 9.00E-132 

PR-7 Potri.001G455800.1 1.00E-131 

PR-7 Potri.001G450600.1 6.00E-131 

PR-7 Potri.010G196700.1 4.00E-130 

PR-7 Potri.001G468900.1 1.00E-129 

PR-7 Potri.007G045100.1 7.00E-129 

PR-7 Potri.011G146300.1 5.00E-127 

PR-7 Potri.011G076700.1 6.00E-127 

PR-7 Potri.011G050100.1 1.00E-126 

PR-7 Potri.011G150900.1 5.00E-126 

PR-7 Potri.010G196800.1 3.00E-125 

PR-7 Potri.006G001600.1 3.00E-125 

PR-7 Potri.004G161400.1 5.00E-125 

PR-7 Potri.009G100500.1 1.00E-124 

PR-7 Potri.006G114500.1 1.00E-124 

PR-7 Potri.011G151200.1 2.00E-122 

PR-7 Potri.002G124500.1 2.00E-122 

PR-7 Potri.011G050300.1 3.00E-122 

PR-7 Potri.005G243000.1 2.00E-120 

PR-7 Potri.014G026600.1 2.00E-120 

PR-7 Potri.011G050200.1 3.00E-120 

PR-7 Potri.002G018600.1 2.00E-119 

PR-7 Potri.014G026700.1 3.00E-119 

PR-7 Potri.009G038000.1 1.00E-117 

PR-7 Potri.010G196600.1 2.00E-116 

PR-7 Potri.012G133200.1 3.00E-116 

PR-7 Potri.010G196900.1 1.00E-115 

PR-7 Potri.014G026500.1 3.00E-115 

PR-7 Potri.003G120100.1 2.00E-114 

PR-7 Potri.014G074500.1 2.00E-113 

PR-7 Potri.018G094400.1 2.00E-111 

PR-7 Potri.003G189200.1 7.00E-111 

PR-7 Potri.009G037900.1 1.00E-105 

PR-7 Potri.002G151900.1 1.00E-104 

PR-7 Potri.006G141200.1 3.00E-100 

PR-7 Potri.009G144500.1 3.00E-99 

PR-7 Potri.001G002200.1 1.00E-85 

PR-7 Potri.006G076200.1 5.00E-78 

PR-7 Potri.004G184600.1 1.00E-77 

PR-7 Potri.001G440300.1 6.00E-77 



PR-7 Potri.001G151100.1 2.00E-76 

PR-7 Potri.011G155400.1 6.00E-75 

PR-7 Potri.014G193200.1 1.00E-74 

PR-7 Potri.018G143400.1 4.00E-74 

PR-7 Potri.002G152000.1 4.00E-65 

PR-8 Potri.015G024100.1 1.00E-131 

PR-8 Potri.015G024000.1 3.00E-131 

PR-8 Potri.015G023900.1 2.00E-128 

PR-8 Potri.002G165700.1 5.00E-110 

PR-8 Potri.014G091700.1 1.00E-109 

PR-8 Potri.015G024200.1 1.00E-105 

PR-8 Potri.002G242000.1 3.00E-105 

PR-8 Potri.012G033900.1 7.00E-103 

PR-8 Potri.014G091600.1 8.00E-103 

PR-8 Potri.014G092800.1 2.00E-88 

PR-8 Potri.014G092900.1 1.00E-82 

PR-8 Potri.014G093000.1 2.00E-22 

PR-9 Potri.001G011500.1 9.00E-142 

PR-9 Potri.003G214800.1 4.00E-139 

PR-9 Potri.003G214700.1 5.00E-139 

PR-9 Potri.016G058200.1 4.00E-130 

PR-9 Potri.001G011200.1 1.00E-122 

PR-9 Potri.001G011300.1 7.00E-122 

PR-9 Potri.003G214900.1 1.00E-121 

PR-9 Potri.001G013000.1 1.00E-121 

PR-9 Potri.001G011000.1 1.00E-121 

PR-9 Potri.003G214500.1 2.00E-107 

PR-9 Potri.003G215000.1 8.00E-102 

PR-9 Potri.007G019300.1 6.00E-100 

PR-9 Potri.005G118700.1 7.00E-99 

PR-9 Potri.013G083600.1 3.00E-97 

PR-9 Potri.013G154400.1 1.00E-96 

PR-9 Potri.014G143200.1 2.00E-96 

PR-9 Potri.T160000.1 2.00E-96 

PR-9 Potri.008G022700.1 4.00E-96 

PR-9 Potri.008G022600.1 2.00E-95 

PR-9 Potri.T160100.1 4.00E-95 

PR-9 Potri.T163200.1 7.00E-95 

PR-9 Potri.001G458900.1 4.00E-92 

PR-9 Potri.016G132700.1 1.00E-91 

PR-9 Potri.010G236900.1 6.00E-91 

PR-9 Potri.001G458700.1 1.00E-90 

PR-9 Potri.T163000.1 3.00E-90 

PR-9 Potri.005G135300.1 3.00E-90 

PR-9 Potri.002G031200.1 4.00E-90 

PR-9 Potri.T163100.1 8.00E-89 

PR-9 Potri.013G156800.1 2.00E-88 

PR-9 Potri.008G103200.1 1.00E-87 

PR-9 Potri.013G156400.1 1.00E-85 

PR-9 Potri.011G027300.1 3.00E-85 

PR-9 Potri.004G144600.1 1.00E-84 

PR-9 Potri.004G023200.1 1.00E-84 

PR-9 Potri.013G156500.1 3.00E-84 

PR-9 Potri.009G106400.1 4.00E-84 

PR-9 Potri.010G134500.1 1.00E-83 

PR-9 Potri.T099300.1 1.00E-83 

PR-9 Potri.016G132900.1 2.00E-83 

PR-9 Potri.019G063200.1 3.00E-83 

PR-9 Potri.008G110600.1 4.00E-83 

PR-9 Potri.006G069600.1 8.00E-83 

PR-9 Potri.004G023100.1 2.00E-82 

PR-9 Potri.016G132800.1 2.00E-82 

PR-9 Potri.018G131600.1 4.00E-81 

PR-9 Potri.001G145800.1 6.00E-81 

PR-9 Potri.006G107000.1 2.00E-80 

PR-9 Potri.005G072800.1 2.00E-80 

PR-9 Potri.017G038100.1 4.00E-80 

PR-9 Potri.005G108900.1 1.00E-79 

PR-9 Potri.007G122100.1 9.00E-79 

PR-9 Potri.002G065300.1 1.00E-78 

PR-9 Potri.007G096200.1 2.00E-78 

PR-9 Potri.017G037900.1 3.00E-77 

PR-9 Potri.005G195600.1 4.00E-76 

PR-9 Potri.012G042800.1 4.00E-76 

PR-9 Potri.016G058800.1 6.00E-76 

PR-9 Potri.016G125000.1 2.00E-73 

PR-9 Potri.010G175100.1 4.00E-73 

PR-9 Potri.005G195700.1 2.00E-72 

PR-9 Potri.001G182400.1 2.00E-72 

PR-9 Potri.004G134800.1 7.00E-72 

PR-9 Potri.003G156100.1 8.00E-71 

PR-9 Potri.002G018000.1 9.00E-71 



PR-9 Potri.007G122200.1 1.00E-70 

PR-9 Potri.017G064100.1 4.00E-70 

PR-9 Potri.007G122300.1 7.00E-69 

PR-9 Potri.018G089900.1 2.00E-68 

PR-9 Potri.007G074700.1 7.00E-68 

PR-9 Potri.010G036100.1 1.00E-67 

PR-9 Potri.T045500.1 3.00E-67 

PR-9 Potri.015G003500.1 3.00E-67 

PR-9 Potri.015G003600.1 3.00E-66 

PR-9 Potri.007G053400.1 2.00E-65 

PR-9 Potri.004G052100.1 4.00E-65 

PR-9 Potri.011G062300.1 5.00E-65 

PR-9 Potri.001G329200.1 6.00E-65 

PR-9 Potri.001G351000.1 1.00E-64 

PR-9 Potri.007G132800.1 1.00E-63 

PR-9 Potri.015G110200.1 1.00E-61 

PR-9 Potri.T089600.1 1.00E-61 

PR-9 Potri.018G136900.1 1.00E-60 

PR-9 Potri.018G015500.1 2.00E-60 

PR-9 Potri.012G076500.1 3.00E-60 

PR-9 Potri.013G066800.1 5.00E-60 

PR-9 Potri.006G267400.1 2.00E-59 

PR-9 Potri.007G067200.1 3.00E-58 

PR-9 Potri.001G218600.1 1.00E-55 

PR-9 Potri.001G218500.1 2.00E-55 

PR-9 Potri.006G129900.1 8.00E-54 

PR-10 Potri.010G000600.1 6.00E-45 

PR-10 Potri.011G026000.1 9.00E-44 

PR-10 Potri.008G212100.1 3.00E-43 

PR-10 Potri.011G025900.1 9.00E-43 

PR-10 Potri.011G026100.1 1.00E-42 

PR-10 Potri.011G026200.1 5.00E-42 

PR-10 Potri.008G212500.1 1.00E-41 

PR-10 Potri.014G152800.1 2.00E-41 

PR-10 Potri.008G212400.1 8.00E-41 

PR-10 Potri.004G021100.1 9.00E-41 

PR-10 Potri.010G000400.1 1.00E-40 

PR-10 Potri.T111200.1 2.00E-40 

PR-10 Potri.010G000200.1 2.00E-39 

PR-10 Potri.016G046500.1 3.00E-39 

PR-10 Potri.008G213100.1 7.00E-39 

PR-10 Potri.008G212700.1 8.00E-38 

PR-10 Potri.008G212600.1 4.00E-35 

PR-10 Potri.010G000500.1 4.00E-32 

PR-10 Potri.008G212300.1 2.00E-29 

PR-10 Potri.008G212800.1 2.00E-26 

PR-10 Potri.004G032900.1 4.00E-20 

PR-10 Potri.004G033000.1 1.00E-19 

PR-11 Potri.006G188300.1 1.00E-146 

PR-11 Potri.006G188400.1 4.00E-138 

PR-11 Potri.018G111600.1 1.00E-98 

PR-11 Potri.018G111900.1 8.00E-95 

PR-11 Potri.018G112000.1 3.00E-90 

PR-11 Potri.018G112100.1 1.00E-88 

PR-11 Potri.018G111700.1 9.00E-86 

PR-11 Potri.006G261800.1 1.00E-85 

PR-11 Potri.018G111800.1 1.00E-58 

PR-14 Potri.001G232900.1 1.00E-21 

PR-14 Potri.001G232700.1 4.00E-21 

PR-14 Potri.004G086600.1 8.00E-20 

PR-14 Potri.004G086500.1 8.00E-19 

PR-14 Potri.009G025200.1 6.00E-17 

PR-14 Potri.T132400.1 6.00E-17 

PR-14 Potri.016G136000.1 6.00E-17 

PR-14 Potri.016G135400.1 9.00E-17 

PR-14 Potri.016G135800.1 5.00E-16 

PR-14 Potri.014G046500.1 5.00E-15 

PR-14 Potri.016G135700.1 2.00E-14 

PR-14 Potri.006G108100.1 6.00E-14 

PR-14 Potri.016G135500.1 2.00E-13 

PR-14 Potri.014G098000.1 8.00E-11 

PR-14 Potri.011G021900.1 6.00E-09 

PR-16 Potri.015G068200.1 8.00E-65 

PR-16 Potri.005G001300.1 1.00E-59 

PR-16 Potri.011G163300.1 9.00E-59 

PR-16 Potri.013G052300.1 2.00E-58 

PR-16 Potri.T151800.1 3.00E-58 

PR-16 Potri.013G052100.1 6.00E-58 

PR-16 Potri.013G052000.1 7.00E-58 

PR-16 Potri.013G051700.1 2.00E-57 

PR-16 Potri.011G163800.1 3.00E-57 

PR-16 Potri.013G051600.1 4.00E-57 



PR-16 Potri.011G163200.1 8.00E-57 

PR-16 Potri.001G465100.1 9.00E-57 

PR-16 Potri.011G162200.1 1.00E-56 

PR-16 Potri.014G110400.1 2.00E-55 

PR-16 Potri.013G064100.1 1.00E-54 

PR-16 Potri.013G000500.1 1.00E-54 

PR-16 Potri.002G184900.1 1.00E-54 

PR-16 Potri.013G063000.1 2.00E-54 

PR-16 Potri.013G063800.1 2.00E-54 

PR-16 Potri.013G063600.1 2.00E-54 

PR-16 Potri.013G063700.1 2.00E-54 

PR-16 Potri.013G063900.1 2.00E-54 

PR-16 Potri.013G063500.1 2.00E-54 

PR-16 Potri.013G064000.1 2.00E-54 

PR-16 Potri.013G063200.1 2.00E-54 

PR-16 Potri.013G063100.1 6.00E-54 

PR-16 Potri.T151900.1 9.00E-54 

PR-16 Potri.019G026400.1 3.00E-53 

PR-16 Potri.013G063300.1 6.00E-53 

PR-16 Potri.019G026700.1 1.00E-52 

PR-16 Potri.019G026000.1 1.00E-52 

PR-16 Potri.019G025800.1 1.00E-52 

PR-16 Potri.019G025900.1 1.00E-52 

PR-16 Potri.T056300.1 2.00E-52 

PR-16 Potri.019G026200.1 3.00E-52 

PR-16 Potri.019G026500.1 4.00E-52 

PR-16 Potri.013G051900.1 3.00E-51 

PR-16 Potri.001G464000.1 4.00E-51 

PR-16 Potri.001G464100.1 8.00E-51 

PR-16 Potri.011G162600.1 1.00E-49 

PR-16 Potri.013G051800.1 1.00E-48 

PR-16 Potri.009G140400.1 2.00E-48 

PR-16 Potri.004G180100.1 2.00E-48 

PR-16 Potri.004G179800.1 2.00E-48 

PR-16 Potri.004G179900.1 2.00E-48 

PR-16 Potri.013G063400.1 1.00E-47 

PR-16 Potri.004G180000.1 2.00E-46 

PR-16 Potri.004G180200.1 2.00E-46 

PR-16 Potri.001G464500.1 2.00E-46 

PR-16 Potri.008G020800.1 5.00E-44 

PR-16 Potri.010G038200.1 9.00E-40 

PR-16 Potri.013G141900.1 4.00E-35 

PR-16 Potri.003G065300.1 4.00E-35 

PR-16 Potri.012G111500.1 1.00E-34 

PR-16 Potri.010G238100.1 2.00E-34 

PR-16 Potri.010G238200.1 2.00E-34 

PR-16 Potri.001G169000.1 2.00E-34 

PR-16 Potri.006G142600.1 3.00E-33 

PR-16 Potri.015G109600.1 7.00E-33 

PR-16 Potri.019G026100.1 9.00E-31 

PR-16 Potri.T055000.1 4.00E-29 

PR-16 Potri.019G029300.1 2.00E-28 

PR-16 Potri.008G016700.1 8.00E-28 

PR-16 Potri.004G194600.1 1.00E-26 

PR-16 Potri.010G240700.1 4.00E-26 

PR-16 Potri.008G084300.1 6.00E-26 

PR-16 Potri.010G240500.1 2.00E-24 

PR-16 Potri.009G157100.1 2.00E-24 

PR-16 Potri.010G240600.1 5.00E-24 

PR-16 Potri.019G026800.1 2.00E-23 

PR-16 Potri.008G016500.1 6.00E-14 

PR-16 Potri.013G116500.1 2.00E-12 

PR-16 Potri.008G016600.1 7.00E-07 

PR-16 Potri.001G464600.1 1.00E-05 

PR-17 Potri.009G094600.1 3.00E-111 

PR-17 Potri.001G299500.1 3.00E-111 

PR-17 Potri.001G299400.1 3.00E-107 

PR-17 Potri.001G299600.1 1.00E-103 

PR-17 Potri.009G094500.1 2.00E-93 

PR-17 Potri.009G094700.1 7.00E-87 

PR-17 Potri.005G202300.1 8.00E-09 

 

 

 



 

 

 

 

Supplemental Table S8 - Gene IDs and 

BLASTp E-value for Vitis vinifera PR genes 

PR Gene 

Class Gene ID E-value 

PR-1 GSVIVT01037000001 4.00E-53 

PR-1 GSVIVT01037005001 1.00E-51 

PR-1 GSVIVT01036997001 1.00E-49 

PR-1 GSVIVT01037008001 1.00E-49 

PR-1 GSVIVT01038540001 2.00E-49 

PR-1 GSVIVT01037015001 1.00E-43 

PR-1 GSVIVT01036993001 1.00E-40 

PR-1 GSVIVT01037011001 1.00E-40 

PR-1 GSVIVT01029124001 6.00E-40 

PR-1 GSVIVT01025577001 8.00E-40 

PR-1 GSVIVT01003762001 3.00E-28 

PR-1 GSVIVT01037014001 6.00E-19 

PR-1 GSVIVT01003765001 2.00E-06 

PR-2 GSVIVT01031542001 1.00E-77 

PR-2 GSVIVT01033545001 5.00E-76 

PR-2 GSVIVT01033542001 6.00E-75 

PR-2 GSVIVT01013131001 6.00E-67 

PR-2 GSVIVT01015282001 2.00E-61 

PR-2 GSVIVT01033536001 4.00E-60 

PR-2 GSVIVT01017331001 1.00E-55 

PR-2 GSVIVT01037711001 4.00E-54 

PR-2 GSVIVT01031959001 7.00E-54 

PR-2 GSVIVT01021499001 8.00E-54 

PR-2 GSVIVT01035013001 5.00E-53 

PR-2 GSVIVT01033538001 7.00E-53 

PR-2 GSVIVT01038583001 1.00E-52 

PR-2 GSVIVT01011682001 3.00E-52 

PR-2 GSVIVT01030716001 9.00E-52 

PR-2 GSVIVT01036124001 1.00E-51 

PR-2 GSVIVT01009700001 1.00E-50 

PR-2 GSVIVT01024956001 5.00E-50 

PR-2 GSVIVT01012711001 3.00E-48 

PR-2 GSVIVT01022253001 4.00E-48 

PR-2 GSVIVT01013401001 1.00E-46 

PR-2 GSVIVT01031698001 1.00E-46 

PR-2 GSVIVT01034245001 3.00E-46 

PR-2 GSVIVT01033384001 4.00E-44 

PR-2 GSVIVT01015563001 1.00E-42 

PR-2 GSVIVT01031544001 2.00E-41 

PR-2 GSVIVT01030073001 3.00E-40 

PR-2 GSVIVT01016553001 6.00E-40 

PR-2 GSVIVT01019678001 4.00E-39 

PR-2 GSVIVT01016379001 9.00E-39 

PR-2 GSVIVT01033540001 2.00E-36 

PR-2 GSVIVT01015435001 7.00E-36 

PR-2 GSVIVT01014995001 4.00E-35 

PR-2 GSVIVT01031543001 3.00E-30 

PR-2 GSVIVT01030503001 6.00E-30 

PR-2 GSVIVT01002584001 8.00E-30 

PR-2 GSVIVT01033543001 6.00E-27 

PR-2 GSVIVT01031619001 3.00E-25 

PR-2 GSVIVT01015616001 1.00E-11 

PR-2 GSVIVT01025431001 3.00E-11 

PR-2 GSVIVT01000128001 3.00E-08 

PR-2 GSVIVT01017294001 3.00E-06 

PR-3 GSVIVT01007190001 1.00E-69 

PR-3 GSVIVT01038126001 8.00E-30 

PR-3 GSVIVT01038114001 1.00E-29 

PR-3 GSVIVT01028243001 3.00E-28 

PR-3 GSVIVT01038125001 8.00E-28 

PR-3 GSVIVT01038113001 1.00E-27 

PR-3 GSVIVT01038117001 1.00E-27 

PR-3 GSVIVT01038111001 2.00E-27 

PR-3 GSVIVT01038116001 4.00E-27 

PR-3 GSVIVT01038120001 1.00E-25 

PR-3 GSVIVT01038108001 6.00E-25 



PR-3 GSVIVT01035029001 2.00E-23 

PR-3 GSVIVT01031685001 1.00E-22 

PR-4 GSVIVT01036278001 1.00E-48 

PR-4 GSVIVT01036279001 7.00E-48 

PR-4 GSVIVT01036281001 7.00E-16 

PR-5 GSVIVT01008423001 7.00E-73 

PR-5 GSVIVT01032051001 4.00E-70 

PR-5 GSVIVT01018767001 1.00E-69 

PR-5 GSVIVT01009930001 1.00E-67 

PR-5 GSVIVT01024050001 2.00E-67 

PR-5 GSVIVT01027712001 1.00E-65 

PR-5 GSVIVT01018769001 2.00E-65 

PR-5 GSVIVT01009928001 2.00E-64 

PR-5 GSVIVT01038679001 6.00E-64 

PR-5 GSVIVT01024052001 1.00E-61 

PR-5 GSVIVT01033694001 4.00E-60 

PR-5 GSVIVT01016504001 5.00E-58 

PR-5 GSVIVT01034131001 2.00E-56 

PR-5 GSVIVT01008918001 4.00E-55 

PR-5 GSVIVT01022993001 3.00E-54 

PR-5 GSVIVT01009646001 2.00E-38 

PR-5 GSVIVT01032560001 1.00E-34 

PR-5 GSVIVT01019840001 4.00E-27 

PR-5 GSVIVT01019849001 7.00E-21 

PR-5 GSVIVT01019835001 4.00E-14 

PR-5 GSVIVT01019848001 8.00E-10 

PR-5 GSVIVT01019838001 2.00E-06 

PR-5 GSVIVT01019836001 7.00E-06 

PR-6 GSVIVT01018137001 3.00E-13 

PR-6 GSVIVT01018139001 8.00E-13 

PR-6 GSVIVT01018142001 2.00E-10 

PR-6 GSVIVT01018141001 4.00E-09 

PR-6 GSVIVT01032743001 1.00E-08 

PR-7 GSVIVT01028435001 7.00E-138 

PR-7 GSVIVT01024042001 2.00E-134 

PR-7 GSVIVT01028051001 2.00E-126 

PR-7 GSVIVT01006970001 3.00E-122 

PR-7 GSVIVT01030138001 4.00E-122 

PR-7 GSVIVT01014788001 2.00E-119 

PR-7 GSVIVT01019901001 3.00E-119 

PR-7 GSVIVT01015069001 4.00E-118 

PR-7 GSVIVT01006972001 2.00E-117 

PR-7 GSVIVT01016448001 1.00E-114 

PR-7 GSVIVT01019687001 2.00E-114 

PR-7 GSVIVT01009471001 3.00E-114 

PR-7 GSVIVT01006968001 4.00E-114 

PR-7 GSVIVT01009968001 3.00E-112 

PR-7 GSVIVT01016449001 5.00E-112 

PR-7 GSVIVT01026420001 9.00E-112 

PR-7 GSVIVT01016446001 1.00E-111 

PR-7 GSVIVT01016452001 1.00E-111 

PR-7 GSVIVT01016456001 7.00E-111 

PR-7 GSVIVT01016447001 4.00E-110 

PR-7 GSVIVT01016439001 3.00E-109 

PR-7 GSVIVT01027586001 4.00E-109 

PR-7 GSVIVT01019877001 7.00E-109 

PR-7 GSVIVT01019919001 3.00E-108 

PR-7 GSVIVT01016455001 4.00E-107 

PR-7 GSVIVT01027368001 1.00E-106 

PR-7 GSVIVT01033810001 5.00E-106 

PR-7 GSVIVT01016451001 7.00E-106 

PR-7 GSVIVT01027583001 3.00E-105 

PR-7 GSVIVT01038642001 7.00E-105 

PR-7 GSVIVT01038641001 1.00E-104 

PR-7 GSVIVT01016443001 5.00E-104 

PR-7 GSVIVT01010670001 1.00E-103 

PR-7 GSVIVT01024856001 3.00E-103 

PR-7 GSVIVT01038620001 2.00E-102 

PR-7 GSVIVT01010668001 3.00E-102 

PR-7 GSVIVT01036167001 9.00E-102 

PR-7 GSVIVT01018437001 1.00E-101 

PR-7 GSVIVT01016682001 1.00E-100 

PR-7 GSVIVT01021320001 1.00E-100 

PR-7 GSVIVT01018442001 2.00E-100 

PR-7 GSVIVT01024195001 4.00E-100 

PR-7 GSVIVT01019686001 6.00E-99 

PR-7 GSVIVT01024859001 2.00E-98 

PR-7 GSVIVT01037483001 3.00E-98 

PR-7 GSVIVT01024948001 3.00E-96 

PR-7 GSVIVT01024857001 6.00E-96 

PR-7 GSVIVT01018438001 4.00E-93 

PR-7 GSVIVT01016735001 6.00E-93 



PR-7 GSVIVT01025493001 6.00E-93 

PR-7 GSVIVT01016445001 4.00E-92 

PR-7 GSVIVT01037485001 1.00E-90 

PR-7 GSVIVT01002783001 3.00E-89 

PR-7 GSVIVT01016442001 2.00E-88 

PR-7 GSVIVT01031724001 1.00E-87 

PR-7 GSVIVT01031725001 1.00E-83 

PR-7 GSVIVT01006973001 1.00E-81 

PR-7 GSVIVT01019899001 3.00E-81 

PR-7 GSVIVT01000156001 6.00E-81 

PR-7 GSVIVT01031723001 2.00E-76 

PR-7 GSVIVT01010871001 3.00E-73 

PR-7 GSVIVT01037948001 3.00E-70 

PR-7 GSVIVT01009472001 4.00E-70 

PR-7 GSVIVT01029534001 1.00E-67 

PR-7 GSVIVT01004808001 9.00E-65 

PR-7 GSVIVT01006971001 1.00E-50 

PR-7 GSVIVT01024858001 1.00E-26 

PR-8 GSVIVT01027027001 1.00E-85 

PR-8 GSVIVT01032411001 5.00E-81 

PR-8 GSVIVT01027012001 9.00E-77 

PR-8 GSVIVT01028750001 8.00E-73 

PR-8 GSVIVT01028752001 7.00E-71 

PR-8 GSVIVT01027026001 1.00E-67 

PR-8 GSVIVT01027014001 2.00E-64 

PR-8 GSVIVT01027013001 5.00E-63 

PR-8 GSVIVT01027022001 3.00E-49 

PR-8 GSVIVT01027016001 3.00E-35 

PR-8 GSVIVT01028753001 6.00E-31 

PR-9 GSVIVT01025373001 9.00E-114 

PR-9 GSVIVT01033484001 4.00E-105 

PR-9 GSVIVT01020737001 5.00E-79 

PR-9 GSVIVT01024596001 1.00E-75 

PR-9 GSVIVT01010271001 3.00E-75 

PR-9 GSVIVT01031801001 5.00E-74 

PR-9 GSVIVT01030221001 8.00E-74 

PR-9 GSVIVT01010269001 4.00E-72 

PR-9 GSVIVT01024600001 5.00E-71 

PR-9 GSVIVT01009106001 2.00E-70 

PR-9 GSVIVT01013238001 4.00E-70 

PR-9 GSVIVT01015533001 6.00E-70 

PR-9 GSVIVT01010168001 1.00E-69 

PR-9 GSVIVT01010272001 5.00E-67 

PR-9 GSVIVT01010267001 2.00E-66 

PR-9 GSVIVT01003417001 3.00E-66 

PR-9 GSVIVT01010270001 3.00E-66 

PR-9 GSVIVT01034967001 3.00E-66 

PR-9 GSVIVT01015537001 4.00E-66 

PR-9 GSVIVT01030219001 2.00E-65 

PR-9 GSVIVT01009107001 7.00E-65 

PR-9 GSVIVT01010268001 3.00E-64 

PR-9 GSVIVT01010664001 3.00E-64 

PR-9 GSVIVT01018436001 3.00E-64 

PR-9 GSVIVT01011017001 1.00E-63 

PR-9 GSVIVT01026134001 1.00E-63 

PR-9 GSVIVT01000248001 2.00E-61 

PR-9 GSVIVT01017830001 7.00E-61 

PR-9 GSVIVT01008763001 1.00E-60 

PR-9 GSVIVT01031311001 1.00E-60 

PR-9 GSVIVT01021152001 2.00E-60 

PR-9 GSVIVT01030615001 5.00E-60 

PR-9 GSVIVT01030616001 8.00E-60 

PR-9 GSVIVT01010080001 1.00E-59 

PR-9 GSVIVT01031312001 1.00E-59 

PR-9 GSVIVT01004097001 3.00E-59 

PR-9 GSVIVT01029748001 7.00E-58 

PR-9 GSVIVT01009109001 1.00E-57 

PR-9 GSVIVT01004088001 7.00E-57 

PR-9 GSVIVT01005386001 8.00E-57 

PR-9 GSVIVT01029241001 2.00E-56 

PR-9 GSVIVT01007448001 4.00E-55 

PR-9 GSVIVT01017084001 4.00E-55 

PR-9 GSVIVT01028197001 3.00E-54 

PR-9 GSVIVT01010266001 4.00E-54 

PR-9 GSVIVT01018865001 3.00E-53 

PR-9 GSVIVT01010156001 2.00E-52 

PR-9 GSVIVT01009108001 5.00E-52 

PR-9 GSVIVT01012624001 1.00E-51 

PR-9 GSVIVT01038659001 2.00E-51 

PR-9 GSVIVT01029771001 2.00E-50 

PR-9 GSVIVT01036100001 8.00E-49 

PR-9 GSVIVT01025365001 1.00E-48 



PR-9 GSVIVT01033081001 4.00E-48 

PR-9 GSVIVT01034984001 1.00E-46 

PR-9 GSVIVT01025650001 9.00E-45 

PR-9 GSVIVT01032715001 1.00E-44 

PR-9 GSVIVT01024599001 4.00E-43 

PR-9 GSVIVT01025374001 4.00E-41 

PR-9 GSVIVT01009777001 6.00E-39 

PR-9 GSVIVT01029774001 3.00E-36 

PR-9 GSVIVT01020738001 9.00E-36 

PR-9 GSVIVT01029776001 9.00E-36 

PR-9 GSVIVT01036009001 1.00E-35 

PR-9 GSVIVT01000144001 3.00E-35 

PR-9 GSVIVT01029773001 3.00E-35 

PR-9 GSVIVT01029775001 3.00E-35 

PR-9 GSVIVT01010261001 1.00E-32 

PR-9 GSVIVT01007225001 5.00E-32 

PR-9 GSVIVT01034574001 2.00E-31 

PR-9 GSVIVT01017829001 4.00E-28 

PR-9 GSVIVT01012727001 1.00E-26 

PR-9 GSVIVT01029778001 4.00E-21 

PR-9 GSVIVT01015536001 9.00E-17 

PR-9 GSVIVT01035858001 5.00E-14 

PR-9 GSVIVT01033080001 4.00E-12 

PR-9 GSVIVT01008846001 4.00E-10 

PR-9 GSVIVT01025104001 4.00E-10 

PR-9 GSVIVT01024035001 4.00E-09 

PR-10 GSVIVT01035071001 1.00E-44 

PR-10 GSVIVT01035072001 2.00E-42 

PR-10 GSVIVT01035062001 8.00E-35 

PR-10 GSVIVT01035055001 3.00E-34 

PR-10 GSVIVT01035074001 3.00E-34 

PR-10 GSVIVT01035076001 1.00E-33 

PR-10 GSVIVT01035061001 2.00E-33 

PR-10 GSVIVT01035060001 5.00E-33 

PR-10 GSVIVT01035054001 6.00E-33 

PR-10 GSVIVT01035059001 2.00E-32 

PR-10 GSVIVT01035066001 3.00E-28 

PR-10 GSVIVT01035069001 3.00E-28 

PR-10 GSVIVT01035075001 9.00E-23 

PR-10 GSVIVT01028061001 7.00E-22 

PR-10 GSVIVT01028060001 4.00E-14 

PR-10 GSVIVT01035068001 2.00E-12 

PR-11 GSVIVT01003718001 1.00E-119 

PR-11 GSVIVT01001068001 3.00E-118 

PR-11 GSVIVT01001074001 1.00E-101 

PR-11 GSVIVT01001059001 3.00E-81 

PR-11 GSVIVT01001064001 5.00E-81 

PR-11 GSVIVT01007371001 3.00E-78 

PR-11 GSVIVT01001058001 3.00E-76 

PR-11 GSVIVT01001061001 1.00E-42 

PR-11 GSVIVT01007373001 6.00E-23 

PR-14 GSVIVT01030190001 9.00E-15 

PR-14 GSVIVT01024563001 3.00E-14 

PR-14 GSVIVT01006001001 1.00E-10 

PR-14 GSVIVT01032682001 9.00E-10 

PR-14 GSVIVT01021772001 4.00E-09 

PR-14 GSVIVT01027088001 7.00E-06 

PR-16 GSVIVT01030965001 5.00E-68 

PR-16 GSVIVT01030968001 1.00E-67 

PR-16 GSVIVT01030967001 3.00E-67 

PR-16 GSVIVT01031079001 3.00E-67 

PR-16 GSVIVT01000101001 4.00E-67 

PR-16 GSVIVT01000102001 1.00E-66 

PR-16 GSVIVT01000095001 2.00E-66 

PR-16 GSVIVT01000098001 3.00E-66 

PR-16 GSVIVT01000103001 2.00E-65 

PR-16 GSVIVT01000097001 5.00E-65 

PR-16 GSVIVT01000100001 5.00E-65 

PR-16 GSVIVT01021705001 9.00E-65 

PR-16 GSVIVT01013822001 1.00E-63 

PR-16 GSVIVT01031080001 1.00E-63 

PR-16 GSVIVT01031082001 3.00E-63 

PR-16 GSVIVT01031085001 3.00E-63 

PR-16 GSVIVT01000067001 8.00E-62 

PR-16 GSVIVT01000070001 9.00E-62 

PR-16 GSVIVT01000071001 9.00E-62 

PR-16 GSVIVT01000063001 2.00E-61 

PR-16 GSVIVT01021699001 2.00E-61 

PR-16 GSVIVT01000068001 1.00E-60 

PR-16 GSVIVT01000058001 1.00E-58 

PR-16 GSVIVT01000060001 5.00E-57 

PR-16 GSVIVT01000066001 2.00E-55 



PR-16 GSVIVT01021700001 5.00E-55 

PR-16 GSVIVT01000062001 7.00E-55 

PR-16 GSVIVT01031351001 3.00E-46 

PR-16 GSVIVT01028222001 4.00E-44 

PR-16 GSVIVT01028220001 1.00E-40 

PR-16 GSVIVT01020142001 4.00E-35 

PR-16 GSVIVT01008094001 3.00E-34 

PR-16 GSVIVT01000069001 8.00E-31 

PR-16 GSVIVT01016761001 1.00E-25 

PR-16 GSVIVT01036097001 1.00E-25 

PR-16 GSVIVT01038545001 1.00E-25 

PR-16 GSVIVT01000065001 6.00E-25 

PR-16 GSVIVT01028588001 3.00E-23 

PR-16 GSVIVT01028594001 3.00E-23 

PR-16 GSVIVT01036098001 1.00E-22 

PR-16 GSVIVT01025139001 7.00E-06 

PR-17 GSVIVT01037910001 2.00E-89 

PR-17 GSVIVT01037911001 8.00E-49 

PR-17 GSVIVT01020876001 2.00E-09 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Supplemental Table S9 - Percentage of PR family members in tandem arrays. 

 

T. cacao B. distachyon O. Sativa A. thaliana V. vinifera P. trichocarpa 

PR-1 57.1 73.3 92.3 54.5 61.5 47.4 

PR-2 11.6 23.7 28.8 14.0 21.4 28.8 

PR-3 54.5 46.2 56.3 42.9 69.2 71.4 

PR-4 75.0 100.0 100.0 0** 100.0 75.0 

PR-5 50.0 57.6 51.4 29.2 52.2 56.0 

PR-6 87.5 60.0 0.0 80.0 100.0 77.3 

PR-7 50.0 28.3 39.7 56.0 53.7 42.9 

PR-8 71.4 71.4 69.0 0** 90.9 75.0 

PR-9 40.7 67.8 68.2 35.1 50.6 37.4 

PR-10 82.6 66.7 50.0 0** 100.0 81.8 

PR-11 81.8 0** 0.0 100.0 66.7 88.9 

PR-12 66.7 NA* NA* 57.1 NA* NA* 

PR-13 NA* 100.0 90.9 0* NA* NA* 

PR-14 62.5 44.4 52.9 53.8 0.0 60.0 

PR-15/16 52.6 56.8*** 70.7*** 66.7 80.5 70.3 

PR-17 100.0 0** NA 100.0 66.7 85.7 

* No members of this family were identified in this species. 

  ** There is only one member of the family for this species, so no tandem arrays can exist 

*** Monocots have both PR-15s and PR-16s, which are distantly phylogenetically related. This 

percentage groups the two families together. 

 

 

 

 

 

 

 



 

 

 

 

 

 

Supplemental Table S10 - EST Dataset 1: Classification of libraries described in Argout et 

al. into broad tissue categories. 

 

Genotype Library Library description 
Tissue 

Class 

1 
Jaca CERATOJ_KZ0ACI 

stem tissues inoculated by 

Ceratocystis fimbriata 
Shoots 

2 
Scavina6 CHERELS_KZ0AAC 

cherels from 1 week to 1 month 

stage of development 
Pods 

3 
Scavina6 COPHAS_KZ0AAL 

pod tissue inoculated by 

Phytophthora palmivora 
Pods 

4 Scavina6 CORTEXS_KZ0AAT cortex tissue, external part Pods 

5 
Scavina6 CORTINS_KZ0AAV 

cortex tissue internal part with 

lignified chanels 
Pods 

6 

ICS1 COSSHPPI_KZ0AA 

SSH library from tissues 

inoculated/non inoculated by 

Phytophthora palmivora 

Misc 

7 

Scavina6 COSSHPPS_KZ0AA 

SSH library from tissues 

inoculated/non inoculated by 

Phytophthora palmivora 

Misc 

8 
ICS1 COTYLEI_KZ0ABB 

cotyledons from germinated 

seeds (1 to 3 weeks) 
Misc 

9 B97 C-C-2 CUSHIONC_KZ0ACAC young cushions Misc 

10 
Scavina6 DROUGHTLS_KZ0ACAF 

leaves submited to drought 

stresses 
Shoots 

11 
Scavina6 DROUGHTRS_KZ0ACAE 

roots submited to drought 

stresses 
Roots 

12 
ICS1AF EMBR1WI_KZ0ABA 

epicotyle and hypocotyle from 1 

week germinated seeds 
Misc 

13 
ICS1AF EPIC23I_KZ0AAS 

epicotyle from 2–3 week 

germinated seeds 
Misc 

14 
Scavina6 FLOWERS_KZ0AAD 

flowers at different stages of 

development 
Misc 



15 

Scavina6 FLPOLSSH_KZ0ABL_M 

SSH library from ovaries 

submitted to 

compatible/incompatible 

pollinations 

Misc 

16 
ICS1AF HYPO23I_KZ0AAP 

hypocotyle from 2–3 week 

germinated seeds 
Misc 

17 
Scavina6 LEAVES_KZ0ABE 

young and adult leaves at 

different stages of development 
Shoots 

18 
GU255V LEAVPAGU_KZ0ACQ 

leaves inoculated by 

Phytophthora palmivora 
Shoots 

19 

PNG 

seedlings 
LEPAPNGR_KZ0ACP 

leaves inoculated by 

Phytophthora palmivora 
Shoots 

20 

PNG 

seedlings 
LESSHMEPNGa_KZ0ACAP 

SSH library from leaves 

inoculated by Phytophthora 

megakarya from susceptible-

resistant PNG seedlings 

Shoots 

21 

PNG 

seedlings 
LESSHMEPNGb_KZ0ACV 

SSH library from leaves 

inoculated by Phytophthora 

megakarya from resistant – 

susceptible PNG seedlings 

Shoots 

22 

PNG 

seedlings 
LESSHPNGRSb_KZ0ABP 

SSH library from leaves 

inoculated by Phytophthora 

palmivora from resistant – 

susceptible PNG seedlings 

Shoots 

23 
UF676 MIRIDUFS_KZ0ACAD 

young shoot tissues attacked by 

Sahlbergella singularis (mirids) 
Shoots 

24 
P7 MONILIOP_KZ0AB 

pod tissues inoculated by 

Moniliophthora roreri 
Pods 

25 
UF273 MONILIOU_KZ0ABV 

pod tissues inoculated by Monilia 

roreri 
Pods 

26 
IMC47 OVUL1_7M_KZ0ACAK 

ovaries from 1 to 7 days after 

pollinations 
Misc 

27 
ICS1 OVULEI_KZ0AAB 

ovules collected 2 to 3 months 

after pollination 
Misc 

28 
UPA134 PODMEUPA_KZ0ACAB 

pod tissues inoculated by 

Phytophthora megakarya 
Pods 

29 

Scavina6 PODSSHWB1Sb_KZ0ACD 

SSH library from pod tissues 

inoculated-non inoculated by 

Moniliophthora perniciosa less 

than 60 days after inoculation 

Pods 



30 

Scavina6 PODSSHWB2Sb_KZ0ACF 

SSH library from pod tissues 

inoculated-non inoculated by 

Moniliophthora perniciosa 

between 60 to 120 days after 

inoculation 

Pods 

31 

Scavina6 PODWB1S_KZ0ACM 

pod tissues inoculated by 

Moniliophthora perniciosa less 

than 60 days after inoculation 

Pods 

32 

Scavina6 PODWB2S_KZ0ACN 

pod tissues inoculated by 

Moniliophthora perniciosa 

between 60 to 120 days after 

inoculation 

Pods 

33 

PNG 

seedlings 
RESSHMEPNGb_KZ0AC 

SSH library from leaves of 

resistant seedlings inoculated-

non inoculated by Phytophthora 

megakarya 

Shoots 

34 Scavina6 ROOTS_KZ0ABF roots Roots 

35 

PNG 

seedlings 
RPPSSHPNGa_KZ0ACAL 

SSH library from leaves of 

resistant seedlings non 

inoculated- inoculated by 

Phytophthora palmivora 

Shoots 

36 

PNG 

seedlings 
RPPSSHPNGb_KZ0ACR 

SSH library from leaves of 

resistant seedlings inoculated-

non inoculated by Phytophthora 

palmivora 

Shoots 

37 
ICS1 SEED34I_KZ0AAH 

seeds 3 to 3,5 months after 

pollinations 
Pods 

38 
ICS1 SEED45I_KZ0AAE_F 

seeds 4 to 5 months after 

pollinations 
Pods 

39 

33–49 SEEDFERB_KZ0ACAG 

Cotyledons from seeds 

fermented between 6 H and 4 

days 

Misc 

40 
ICS1 SEEDMAI_KZ0AAG 

seeds from mature pods 5,5 to 6 

months after pollinations 
Pods 

41 
BE240 SEEDNAB_KZ0ABH 

seeds 2 to 5 months after 

pollinations 
Pods 

42 ICS1 SEFERMI_A_KZ0AAR fermented seeds during 6 to 26 H Pods 

43 
ICS1 SEFERMI_B_KZ0AAM 

fermented seeds during 32 to 40 

H 
Pods 

44 

Jaca SSHCERATOJb_KZ0ACS 

SSH library from stems 

inoculated-non inoculated by 

Ceratocystis fimbriata 

Shoots 



45 

Jaca SSHCERATOJa_KZ0ACAM 

SSH library from stems non 

inoculated-inoculated by 

Ceratocystis fimbriata 

Shoots 

46 

UF676 SSHMIRUFa_KZ0ACAN 

SSH library from young shoots 

non attacked-attacked by 

Sahlbergella singularis 

Shoots 

47 

UF676 SSHMIRUFb_KZ0ACT 

SSH library from young shoots 

attacked-non attacked by 

Sahlbergella singularis 

Shoots 

48 
Scavina6 STEMS_KZ0AAA 

complete disc of stems 1 cm 

diameter 
Shoots 

49 

Scavina6 STSSHWB1S_KZ0ABI_K 

SSH library from (and reverse 

sens) shoot tissues 

inoculated/non inoculated by 

Moniliophthora perniciosa less 

than 18 days after inoculation 

Shoots 

50 

Scavina6 STSSHWB2Sb_KZ0ACB 

SSH library from shoot tissues 

inoculated-non inoculated by 

Moniliophthora perniciosa 

between 18 to 120 days after 

inoculation 

Shoots 

51 
33–49 TEGFERB_KZ0ACAH 

testa from seeds fermented 

between 6 H and 4 days 
Pods 

52 
ICS1 TEGPULI_KZ0AAI_K 

testa with pulp from mature 

seeds 
Pods 

53 

Scavina6 TISCIVS_KZ0AAQ 

embryogenic and non 

embryogenic callus in vitro 

culture 

Misc 

54 ICS1 TPFERMI_A_KZ0AAN fermented testa during 6 to 40 H Pods 

55 
P7 WILTP_KZ0ACL 

young wilted cherels 7 to 10 days 

after pollination 
Pods 

56 Scavina6 WOODS_KZ0ACAA bark and cambium part of wood Shoots 

 

*Genotype, 

Library, 

and Library 

Description 

columns 

are from 

Argout et 

al., 2008 

    

 



 

 

 

 

 

 

 

Supplemental Table S11 - Normalized expression values of probes for PR genes, 

averaged across replicates 

 

TcID Class Probe 

P. palmivora-

treated mean 

log2 normalized 

expression 

C. theobromicola-

treated mean 

log2 normalized 

expression 

Water-treated 

mean log2 

normalized 

expression 

TC02G002380 PR-1 

TC02G002380

:1-480 5.53 6.13 5.32 

TC02G002400 PR-1 

TC02G002400

:1-486 6.24 6.08 5.46 

TC02G002410 PR-1 

TC02G002410

_3UTR0:1-186 14.35 13.12 6.75 

TC02G002410 PR-1 

TC02G002410

:1-489 14.86 13.75 8.52 

TC02G002420 PR-1 

TC02G002420

:1-480 5.75 5.54 5.85 

TC02G010380 PR-1 

TC02G010380

:1-1872 5.99 6.21 6.03 

TC02G002390 PR-1 

TC02G002390

:1-471 7.41 6.70 6.10 

TC01G034430 PR-1 

TC01G034430

_3UTR0:1-

1150 5.90 5.87 5.75 

TC01G034430 PR-1 

TC01G034430

:1-645 5.31 5.79 5.20 

TC02G002430 PR-1 

TC02G002430

_3UTR1:1-263 10.43 8.47 8.29 

TC02G002430 PR-1 

TC02G002430

:1-495 11.50 9.36 9.22 

TC05G005530 PR-1 

TC05G005530

:1-711 5.58 5.42 5.56 

TC09G016590 PR-1 

TC09G016590

_3UTR0:1-599 5.86 6.35 6.24 

TC09G016590 PR-1 TC09G016590 9.28 9.50 9.59 



:1-501 

TC09G016580 PR-1 

TC09G016580

_3UTR0:1-613 12.23 11.57 12.05 

TC09G016580 PR-1 

TC09G016580

:1-588 12.54 11.87 12.39 

TC09G000720 PR-1 

TC09G000720

:1-558 5.30 5.34 5.36 

TC01G003940 PR-1 

TC01G003940

_3UTR0:1-213 9.68 9.62 10.27 

TC01G003940 PR-1 

TC01G003940

:1-534 7.94 8.28 8.76 

TC10G000980 PR-1 

TC10G000980

:1-1716 6.97 7.30 6.40 

TC09G024130 PR-2 

TC09G024130

_3UTR0:1-180 14.45 14.82 11.32 

TC09G024130 PR-2 

TC09G024130

:1-1038 12.80 13.30 9.75 

TC04G029300 PR-2 

TC04G029300

_3UTR0:1-151 13.11 11.14 6.31 

TC04G029300 PR-2 

TC04G029300

:1-1113 14.09 12.23 6.82 

TC09G024150 PR-2 

TC09G024150

:1-1044 5.79 5.56 5.61 

TC09G024140 PR-2 

TC09G024140

:1-969 6.19 5.76 5.77 

TC09G023540 PR-2 

TC09G023540

:1-1119 6.01 6.05 5.80 

TC00G083950 PR-2 

TC00G083950

:1-1044 12.63 12.42 7.15 

TC05G016070 PR-2 

TC05G016070

_3UTR0:1-231 9.58 9.93 5.83 

TC05G016070 PR-2 

TC05G016070

:1-1035 9.45 9.85 6.26 

TC03G029620 PR-2 

TC03G029620

:1-1026 5.47 5.70 5.28 

TC02G023780 PR-2 

TC02G023780

:1-999 5.46 5.64 5.30 

TC09G008700 PR-2 

TC09G008700

_3UTR0:1-469 11.31 11.11 11.52 

TC09G008700 PR-2 

TC09G008700

_3UTR1:1-287 5.76 6.12 6.34 

TC09G008700 PR-2 

TC09G008700

:1-1518 10.46 10.36 11.05 

TC09G011610 PR-2 

TC09G011610

_3UTR0:1-203 12.03 12.21 11.71 

TC09G011610 PR-2 

TC09G011610

:1-1173 11.52 11.58 11.35 



TC08G009900 PR-2 

TC08G009900

:1-1014 5.07 5.51 5.40 

TC06G001730 PR-2 

TC06G001730

:1-1251 6.44 6.72 6.64 

TC00G054290 PR-2 

TC00G054290

_3UTR0:1-88 12.18 12.49 12.10 

TC00G054290 PR-2 

TC00G054290

_3UTR1:1-328 12.32 12.56 11.97 

TC00G054290 PR-2 

TC00G054290

:1-1104 11.85 12.10 11.79 

TC04G012520 PR-2 

TC04G012520

_3UTR0:1-283 9.12 9.58 10.10 

TC04G012520 PR-2 

TC04G012520

:1-1497 8.73 9.23 9.74 

TC01G017650 PR-2 

TC01G017650

_3UTR0:1-499 6.12 6.66 6.48 

TC01G017650 PR-2 

TC01G017650

:1-1422 9.80 9.21 9.54 

TC02G007080 PR-2 

TC02G007080

_3UTR0:1-336 13.34 13.46 12.92 

TC02G007080 PR-2 

TC02G007080

:1-1380 14.34 14.38 13.98 

TC08G001980 PR-2 

TC08G001980

_3UTR0:1-390 11.93 11.95 12.17 

TC08G001980 PR-2 

TC08G001980

:1-1395 11.54 11.43 11.82 

TC03G022650 PR-2 

TC03G022650

_3UTR0:1-174 7.65 7.73 8.49 

TC03G022650 PR-2 

TC03G022650

:1-1227 13.43 13.55 13.78 

TC03G021200 PR-2 

TC03G021200

_3UTR0:1-287 7.40 6.96 7.26 

TC03G021200 PR-2 

TC03G021200

:1-1455 7.08 6.87 7.16 

TC09G031660 PR-2 

TC09G031660

_3UTR0:1-338 9.55 9.32 8.54 

TC09G031660 PR-2 

TC09G031660

:1-1494 11.11 10.90 10.18 

TC07G002650 PR-2 

TC07G002650

_3UTR0:1-261 10.18 10.40 10.33 

TC07G002650 PR-2 

TC07G002650

:1-1401 10.83 10.95 10.79 

TC06G012580 PR-2 

TC06G012580

:1-1209 6.61 6.49 6.63 

TC02G028070 PR-2 

TC02G028070

_3UTR0:1-359 7.37 7.57 8.38 

TC02G028070 PR-2 TC02G028070 7.76 7.36 8.22 



:1-1566 

TC06G019320 PR-2 

TC06G019320

_3UTR0:1-385 8.63 8.29 8.30 

TC06G019320 PR-2 

TC06G019320

:1-1575 11.77 11.87 11.62 

TC01G021070 PR-2 

TC01G021070

_3UTR0:1-418 13.56 13.29 13.08 

TC01G021070 PR-2 

TC01G021070

:1-1386 12.95 12.64 12.51 

TC09G013490 PR-2 

TC09G013490

_3UTR0:1-

2851 12.40 12.47 12.44 

TC09G013490 PR-2 

TC09G013490

:1-1341 12.23 12.15 12.23 

TC10G003270 PR-2 

TC10G003270

:1-1371 6.41 5.59 5.75 

TC08G005240 PR-2 

TC08G005240

_3UTR0:1-498 6.04 5.54 6.24 

TC08G005240 PR-2 

TC08G005240

:1-1386 7.15 6.56 7.40 

TC01G010310 PR-2 

TC01G010310

:1-1425 5.75 6.04 5.53 

TC00G034720 PR-2 

TC00G034720

_3UTR0:1-208 11.42 11.46 11.77 

TC00G034720 PR-2 

TC00G034720

:1-1479 9.71 10.03 10.08 

TC04G020310 PR-2 

TC04G020310

_3UTR0:1-220 6.17 6.29 6.16 

TC04G020310 PR-2 

TC04G020310

:1-1473 6.70 6.48 6.64 

TC05G028370 PR-2 

TC05G028370

:1-1440 11.83 11.94 11.77 

TC09G021600 PR-2 

TC09G021600

_3UTR0:1-364 10.00 10.10 9.69 

TC09G021600 PR-2 

TC09G021600

:1-1491 8.29 8.58 8.58 

TC09G010240 PR-2 

TC09G010240

:1-1569 5.80 5.84 5.91 

TC04G023620 PR-2 

TC04G023620

_3UTR0:1-131 5.54 6.00 5.65 

TC04G023620 PR-2 

TC04G023620

:1-3063 8.03 7.62 8.11 

TC09G034460 PR-2 

TC09G034460

:1-1545 6.59 6.64 6.98 

TC01G014030 PR-2 

TC01G014030

_3UTR0:1-215 11.30 11.41 11.19 

TC01G014030 PR-2 TC01G014030 12.53 12.43 12.12 



:1-1470 

TC01G010320 PR-2 

TC01G010320

:1-1614 5.41 5.46 5.50 

TC09G000150 PR-2 

TC09G000150

_3UTR0:1-94 10.37 10.52 11.00 

TC09G000150 PR-2 

TC09G000150

:1-1461 11.50 11.63 11.82 

TC09G006080 PR-2 

TC09G006080

_3UTR0:1-124 7.86 7.81 6.98 

TC09G006080 PR-2 

TC09G006080

:1-1473 6.83 7.03 6.49 

TC10G002190 PR-2 

TC10G002190

:1-1254 5.61 5.47 5.29 

TC01G006420 PR-2 

TC01G006420

_3UTR0:1-247 6.15 6.94 6.81 

TC01G006420 PR-2 

TC01G006420

:1-1293 6.17 5.88 6.27 

TC01G000770 PR-3 

TC01G000770

:1-936 13.08 12.25 8.02 

TC02G003890 PR-3 

TC02G003890

_3UTR0:1-144 12.70 12.46 7.70 

TC02G003890 PR-3 

TC02G003890

:1-957 12.80 12.66 8.28 

TC01G000800 PR-3 

TC01G000800

_3UTR0:1-236 9.12 5.71 5.60 

TC01G000800 PR-3 

TC01G000800

:1-792 10.39 7.33 5.49 

TC01G032950 PR-3 

TC01G032950

_3UTR0:1-160 8.69 8.25 6.91 

TC01G032950 PR-3 

TC01G032950

:1-825 8.12 7.46 6.57 

TC01G010350 PR-3 

TC01G010350

:1-717 5.75 5.84 5.48 

TC04G018160 PR-3 

TC04G018160

_3UTR0:1-251 13.81 14.02 7.88 

TC04G018160 PR-3 

TC04G018160

:1-819 12.85 13.05 6.81 

TC06G000490 PR-3 

TC06G000490

_3UTR0:1-341 15.28 15.35 15.14 

TC06G000490 PR-3 

TC06G000490

:1-969 14.94 15.14 14.82 

TC04G029180 PR-3 

TC04G029180

_3UTR0:1-286 14.36 14.19 13.26 

TC04G029180 PR-3 

TC04G029180

:1-948 15.16 14.80 14.02 

TC04G018090 PR-3 

TC04G018090

:1-807 10.73 10.24 8.48 



TC04G018100 PR-3 

TC04G018100

_3UTR0:1-113 7.07 6.29 6.36 

TC04G018100 PR-3 

TC04G018100

:1-675 11.13 9.70 6.64 

TC04G018110 PR-3 

TC04G018110

:1-816 13.34 12.00 8.48 

TC05G027210 PR-4 

TC05G027210

_3UTR0:1-254 9.95 8.16 6.15 

TC05G027210 PR-4 

TC05G027210

:1-429 13.41 11.85 7.94 

TC00G012980 PR-4 

TC00G012980

_3UTR0:1-

2087 5.41 5.64 5.21 

TC00G012980 PR-4 

TC00G012980

:1-582 9.11 8.42 6.89 

TC05G027320 PR-4 

TC05G027320

_3UTR0:1-110 11.68 10.05 5.84 

TC05G027320 PR-4 

TC05G027320

:1-624 11.51 9.96 5.87 

TC05G027220 PR-4 

TC05G027220

_3UTR0:1-247 12.92 12.11 9.37 

TC05G027220 PR-4 

TC05G027220

:1-816 15.23 14.41 11.84 

TC10G011130 PR-4 

TC10G011130

_3UTR0:1-422 8.05 7.50 7.33 

TC10G011130 PR-4 

TC10G011130

:1-819 12.94 12.09 10.92 

TC05G027230 PR-4 

TC05G027230

:1-915 12.60 11.63 10.48 

TC05G027250 PR-4 

TC05G027250

_3UTR0:1-

1004 6.20 5.77 6.20 

TC05G027250 PR-4 

TC05G027250

:1-834 15.55 15.03 13.60 

TC05G027340 PR-4 

TC05G027340

:1-3459 5.84 5.61 5.85 

TC03G005540 PR-5 

TC03G005540

_3UTR0:1-213 10.36 9.98 9.83 

TC03G005540 PR-5 

TC03G005540

:1-750 10.03 9.49 9.58 

TC01G001580 PR-5 

TC01G001580

:1-954 12.32 12.21 12.77 

TC08G003730 PR-5 

TC08G003730

_3UTR0:1-

1467 6.07 6.13 5.98 

TC08G003730 PR-5 

TC08G003730

:1-963 14.12 14.12 13.90 



TC02G005190 PR-5 

TC02G005190

_3UTR0:1-418 10.27 10.03 10.21 

TC02G005190 PR-5 

TC02G005190

:1-1086 11.51 11.04 11.26 

TC08G001670 PR-5 

TC08G001670

_3UTR0:1-185 9.30 9.06 8.46 

TC08G001670 PR-5 

TC08G001670

:1-744 9.23 8.94 8.54 

TC01G001590 PR-5 

TC01G001590

_3UTR0:1-596 9.29 8.79 8.92 

TC01G001590 PR-5 

TC01G001590

:1-870 9.13 8.25 8.30 

TC00G056050 PR-5 

TC00G056050

_3UTR0:1-

2172 5.49 5.46 5.36 

TC00G056050 PR-5 

TC00G056050

:1-726 6.04 6.73 6.26 

TC00G056070 PR-5 

TC00G056070

_3UTR0:1-338 10.31 5.97 6.00 

TC00G056070 PR-5 

TC00G056070

:1-732 13.10 9.21 8.51 

TC08G010190 PR-5 

TC08G010190

:1-852 6.33 6.08 6.35 

TC00G056060 PR-5 

TC00G056060

_3UTR0:1-605 5.68 5.37 5.67 

TC00G056060 PR-5 

TC00G056060

:1-729 5.30 5.33 5.38 

TC04G020870 PR-5 

TC04G020870

_3UTR0:1-317 5.78 6.25 6.33 

TC04G020870 PR-5 

TC04G020870

:1-882 6.08 6.22 5.81 

TC02G005200 PR-5 

TC02G005200

_3UTR0:1-689 6.74 6.17 6.50 

TC02G005200 PR-5 

TC02G005200

:1-945 10.75 10.49 10.82 

TC05G004240 PR-5 

TC05G004240

_3UTR0:1-292 7.88 7.42 7.60 

TC05G004240 PR-5 

TC05G004240

:1-954 6.03 5.82 5.91 

TC08G003740 PR-5 

TC08G003740

:1-942 10.20 9.48 9.00 

TC10G002890 PR-5 

TC10G002890

_3UTR0:1-248 9.31 7.80 9.17 

TC10G002890 PR-5 

TC10G002890

:1-747 8.05 7.69 8.23 

TC02G003020 PR-5 

TC02G003020

:1-1017 7.83 7.72 7.90 



TC04G008530 PR-5 

TC04G008530

_3UTR0:1-572 8.18 7.97 7.40 

TC04G008530 PR-5 

TC04G008530

:1-765 10.33 10.12 9.25 

TC03G027030 PR-5 

TC03G027030

_3UTR0:1-305 14.70 14.86 11.79 

TC03G027030 PR-5 

TC03G027030

:1-723 13.86 13.85 10.67 

TC09G031980 PR-5 

TC09G031980

_3UTR0:1-557 6.97 7.39 6.98 

TC09G031980 PR-5 

TC09G031980

:1-762 11.51 11.15 10.72 

TC03G026960 PR-5 

TC03G026960

_3UTR0:1-133 11.32 11.97 11.46 

TC03G026960 PR-5 

TC03G026960

:1-678 10.65 11.19 10.81 

TC00G060970 PR-5 

TC00G060970

:1-675 9.40 10.45 6.22 

TC03G027010 PR-5 

TC03G027010

_3UTR0:1-241 11.21 9.58 5.47 

TC03G027010 PR-5 

TC03G027010

:1-675 12.99 11.43 6.08 

TC03G026990 PR-5 

TC03G026990

_3UTR0:1-173 8.55 7.61 5.37 

TC03G026990 PR-5 

TC03G026990

:1-675 10.51 9.94 5.86 

TC00G056110 PR-5 

TC00G056110

:1-756 5.98 6.28 5.66 

TC03G027000 PR-5 

TC03G027000

_3UTR0:1-134 6.32 7.32 6.14 

TC03G027000 PR-5 

TC03G027000

:1-585 8.04 8.40 5.85 

TC03G026980 PR-5 

TC03G026980

:1-528 5.93 5.88 5.97 

TC09G016370 PR-5 

TC09G016370

:1-456 5.67 5.66 5.81 

TC04G014480 PR-5 

TC04G014480

:1-375 5.95 5.88 5.85 

TC03G027020 PR-5 

TC03G027020

_3UTR0:1-291 5.53 5.50 5.49 

TC03G027020 PR-5 

TC03G027020

:1-327 5.38 5.84 5.76 

TC10G005920 PR-6 

TC10G005920

_3UTR0:1-182 12.31 10.29 6.33 

TC10G005920 PR-6 

TC10G005920

:1-594 12.32 10.71 6.99 

TC10G005840 PR-6 TC10G005840 7.99 6.05 5.27 



_3UTR0:1-975 

TC10G005840 PR-6 

TC10G005840

:1-216 12.09 10.07 7.15 

TC10G005870 PR-6 

TC10G005870

_3UTR0:1-179 9.00 7.14 5.42 

TC10G005870 PR-6 

TC10G005870

:1-216 13.04 11.39 7.49 

TC10G005890 PR-6 

TC10G005890

:1-216 9.70 7.81 6.02 

TC05G022770 PR-6 

TC05G022770

_3UTR0:1-398 11.20 11.38 9.76 

TC05G022770 PR-6 

TC05G022770

:1-483 15.23 15.32 14.05 

TC05G022780 PR-6 

TC05G022780

_3UTR0:1-641 15.07 15.19 14.56 

TC05G022780 PR-6 

TC05G022780

:1-483 15.22 15.27 14.77 

TC03G026330 PR-7 

TC03G026330

_3UTR0:1-609 5.77 5.81 5.97 

TC03G026330 PR-7 

TC03G026330

:1-2232 5.40 5.40 5.37 

TC03G026340 PR-7 

TC03G026340

:1-1887 5.48 5.53 5.77 

TC01G037030 PR-7 

TC01G037030

:1-2307 12.64 12.29 10.31 

TC01G026170 PR-7 

TC01G026170

_3UTR1:1-332 5.72 5.93 5.94 

TC01G026170 PR-7 

TC01G026170

:1-2298 5.48 5.90 5.54 

TC01G037020 PR-7 

TC01G037020

_3UTR0:1-134 11.10 11.17 9.07 

TC01G037020 PR-7 

TC01G037020

:1-2418 8.83 9.13 7.27 

TC02G005130 PR-7 

TC02G005130

_3UTR0:1-432 11.49 11.38 11.46 

TC02G005130 PR-7 

TC02G005130

:1-2325 13.66 13.76 13.89 

TC01G006160 PR-7 

TC01G006160

_3UTR0:1-274 13.25 13.33 13.13 

TC01G006160 PR-7 

TC01G006160

:1-2283 13.31 13.24 13.24 

TC01G037010 PR-7 

TC01G037010

:1-4701 11.55 11.89 11.28 

TC09G006830 PR-7 

TC09G006830

_3UTR0:1-454 8.34 8.05 7.79 

TC09G006830 PR-7 

TC09G006830

:1-2280 8.35 8.28 7.87 



TC00G013470 PR-7 

TC00G013470

_3UTR0:1-282 11.96 11.92 11.84 

TC00G013470 PR-7 

TC00G013470

:1-2304 10.67 10.75 10.70 

TC08G007740 PR-7 

TC08G007740

_3UTR0:1-266 5.73 5.49 5.77 

TC08G007740 PR-7 

TC08G007740

:1-2631 11.91 11.44 11.50 

TC03G018930 PR-7 

TC03G018930

_3UTR0:1-238 12.91 13.16 13.05 

TC03G018930 PR-7 

TC03G018930

:1-2337 12.24 12.58 12.59 

TC06G010630 PR-7 

TC06G010630

_3UTR0:1-351 12.17 12.04 12.10 

TC06G010630 PR-7 

TC06G010630

:1-2319 11.19 11.04 11.22 

TC08G000270 PR-7 

TC08G000270

_3UTR0:1-188 12.77 12.45 12.15 

TC08G000270 PR-7 

TC08G000270

:1-2283 10.28 9.99 9.97 

TC07G000490 PR-7 

TC07G000490

_3UTR0:1-134 6.54 6.27 7.49 

TC07G000490 PR-7 

TC07G000490

:1-2313 6.79 6.50 7.30 

TC03G022570 PR-7 

TC03G022570

_3UTR0:1-130 10.26 10.33 9.98 

TC03G022570 PR-7 

TC03G022570

:1-2331 10.77 10.88 10.83 

TC06G013520 PR-7 

TC06G013520

:1-2415 9.28 9.74 9.83 

TC00G032610 PR-7 

TC00G032610

:1-2469 12.05 12.47 12.69 

TC10G002320 PR-7 

TC10G002320

:1-6357 5.44 5.80 5.59 

TC08G000240 PR-7 

TC08G000240

:1-2205 5.30 6.00 5.52 

TC08G000230 PR-7 

TC08G000230

:1-2298 5.76 6.59 7.10 

TC01G000090 PR-7 

TC01G000090

:1-2286 7.93 8.15 8.56 

TC10G002300 PR-7 

TC10G002300

:1-2304 5.56 5.48 5.59 

TC05G013470 PR-7 

TC05G013470

_3UTR0:1-

2305 5.27 5.35 5.25 

TC05G013470 PR-7 

TC05G013470

:1-2301 5.48 5.21 5.42 



TC03G026560 PR-7 

TC03G026560

:1-2325 5.59 5.60 5.47 

TC01G005210 PR-7 

TC01G005210

_3UTR0:1-96 5.76 5.56 5.71 

TC01G005210 PR-7 

TC01G005210

_3UTR1:1-173 7.42 6.42 6.62 

TC01G005210 PR-7 

TC01G005210

:1-2400 5.56 5.53 5.31 

TC08G004000 PR-7 

TC08G004000

:1-2343 7.16 7.52 7.13 

TC03G026570 PR-7 

TC03G026570

:1-2328 5.52 5.92 5.50 

TC08G000260 PR-7 

TC08G000260

:1-2382 11.09 10.85 11.09 

TC03G022590 PR-7 

TC03G022590

:1-2358 7.25 7.74 6.15 

TC01G005220 PR-7 

TC01G005220

_3UTR0:1-72 6.33 6.86 7.12 

TC01G005220 PR-7 

TC01G005220

:1-2268 5.73 5.53 5.84 

TC10G002310 PR-7 

TC10G002310

_3UTR0:1-80 5.96 6.13 5.97 

TC10G002310 PR-7 

TC10G002310

:1-2136 5.81 6.24 5.72 

TC09G028480 PR-7 

TC09G028480

:1-2679 5.35 5.11 5.41 

TC03G021760 PR-7 

TC03G021760

:1-2358 5.87 5.67 5.80 

TC09G032690 PR-7 

TC09G032690

:1-2178 5.66 5.65 5.64 

TC09G032720 PR-7 

TC09G032720

:1-2139 5.40 5.46 5.57 

TC00G001690 PR-7 

TC00G001690

:1-2262 8.39 8.38 8.52 

TC09G032710 PR-7 

TC09G032710

:1-2235 5.25 5.54 5.64 

TC01G037040 PR-7 

TC01G037040

_3UTR0:1-176 7.59 7.62 7.95 

TC01G037040 PR-7 

TC01G037040

:1-2316 8.47 8.37 8.41 

TC05G010230 PR-7 

TC05G010230

:1-2331 5.30 5.54 5.89 

TC00G007300 PR-7 

TC00G007300

_3UTR0:1-340 6.48 6.54 6.01 

TC00G007300 PR-7 

TC00G007300

:1-2352 6.88 6.56 6.51 

TC02G007300 PR-7 TC02G007300 7.17 7.61 7.16 



_3UTR0:1-199 

TC02G007300 PR-7 

TC02G007300

:1-2406 6.97 6.94 6.78 

TC03G022580 PR-7 

TC03G022580

:1-2367 9.80 8.73 6.03 

TC10G002340 PR-7 

TC10G002340

:1-2625 9.08 9.19 8.56 

TC08G000250 PR-7 

TC08G000250

:1-2172 5.33 5.26 6.24 

TC00G038560 PR-7 

TC00G038560

_3UTR0:1-285 9.85 9.39 9.58 

TC00G038560 PR-7 

TC00G038560

:1-2457 11.95 11.60 11.67 

TC06G000810 PR-7 

TC06G000810

_3UTR0:1-213 10.13 10.20 10.78 

TC06G000810 PR-7 

TC06G000810

:1-2568 10.92 11.07 11.61 

TC00G017310 PR-7 

TC00G017310

:1-1416 5.39 5.50 5.33 

TC03G026320 PR-7 

TC03G026320

:1-2226 6.09 5.99 6.27 

TC09G028050 PR-7 

TC09G028050

:1-1155 5.69 5.48 5.49 

TC06G019800 PR-7 

TC06G019800

:1-2439 5.39 5.74 5.30 

TC03G024170 PR-7 

TC03G024170

:1-7845 5.26 5.70 5.60 

TC06G021130 PR-7 

TC06G021130

:1-1620 5.43 5.72 5.53 

TC01G035050 PR-8 

TC01G035050

_3UTR0:1-227 10.61 11.11 7.03 

TC01G035050 PR-8 

TC01G035050

:1-891 10.65 10.93 7.29 

TC01G035150 PR-8 

TC01G035150

:1-897 5.59 5.82 5.57 

TC00G024510 PR-8 

TC00G024510

:1-897 5.41 5.46 5.61 

TC03G017760 PR-8 

TC03G017760

:1-903 11.58 11.74 6.55 

TC01G035160 PR-8 

TC01G035160

:1-903 5.31 5.11 5.61 

TC03G017780 PR-8 

TC03G017780

_3UTR0:1-198 6.16 5.25 5.67 

TC03G017780 PR-8 

TC03G017780

:1-897 6.01 5.56 5.75 

TC10G015260 PR-8 

TC10G015260

:1-930 5.83 5.79 5.98 



TC10G015330 PR-8 

TC10G015330

_3UTR0:1-307 6.78 6.85 6.18 

TC10G015330 PR-8 

TC10G015330

:1-918 7.37 7.48 6.19 

TC01G032120 PR-8 

TC01G032120

:1-918 8.73 8.19 7.95 

TC03G017790 PR-8 

TC03G017790

:1-894 5.71 5.90 5.73 

TC01G035140 PR-8 

TC01G035140

:1-846 8.10 9.18 8.73 

TC04G001620 PR-8 

TC04G001620

:1-828 5.30 5.45 5.57 

TC01G035060 PR-8 

TC01G035060

:1-918 5.63 5.38 6.17 

TC01G032260 PR-8 

TC01G032260

_3UTR0:1-737 5.38 5.32 5.44 

TC01G032260 PR-8 

TC01G032260

:1-324 5.52 5.64 5.65 

TC00G045940 PR-9 

TC00G045940

_3UTR0:1-233 10.36 10.50 9.92 

TC00G045940 PR-9 

TC00G045940

:1-996 10.62 10.39 10.17 

TC00G045400 PR-9 

TC00G045400

_3UTR0:1-164 10.30 8.55 5.62 

TC00G045400 PR-9 

TC00G045400

:1-960 12.43 10.86 6.15 

TC00G045440 PR-9 

TC00G045440

:1-969 5.52 6.49 5.49 

TC00G014230 PR-9 

TC00G014230

_3UTR0:1-464 15.63 15.32 14.69 

TC00G014230 PR-9 

TC00G014230

:1-1041 14.86 14.28 13.49 

TC00G045610 PR-9 

TC00G045610

_3UTR0:1-117 10.44 10.49 6.57 

TC00G045610 PR-9 

TC00G045610

:1-969 12.35 12.26 8.54 

TC00G045360 PR-9 

TC00G045360

:1-1077 5.02 5.63 5.10 

TC01G002490 PR-9 

TC01G002490

_3UTR0:1-247 5.90 5.46 5.68 

TC01G002490 PR-9 

TC01G002490

:1-1002 8.12 7.44 7.12 

TC02G008380 PR-9 

TC02G008380

:1-1005 6.11 5.76 5.56 

TC10G016040 PR-9 

TC10G016040

_3UTR0:1-276 11.43 9.87 10.70 

TC10G016040 PR-9 TC10G016040 12.67 11.26 11.39 



:1-954 

TC00G040640 PR-9 

TC00G040640

:1-963 7.27 7.38 5.60 

TC09G034910 PR-9 

TC09G034910

:1-963 7.08 5.59 5.45 

TC01G004590 PR-9 

TC01G004590

_3UTR0:1-109 11.58 11.74 9.72 

TC01G004590 PR-9 

TC01G004590

:1-984 11.49 11.67 9.69 

TC10G016080 PR-9 

TC10G016080

_3UTR0:1-179 13.61 13.58 12.22 

TC10G016080 PR-9 

TC10G016080

:1-1002 14.85 14.67 13.50 

TC09G034930 PR-9 

TC09G034930

_3UTR0:1-307 14.21 12.76 11.04 

TC09G034930 PR-9 

TC09G034930

:1-981 13.97 12.73 10.97 

TC10G015970 PR-9 

TC10G015970

_3UTR0:1-230 13.24 13.14 11.24 

TC10G015970 PR-9 

TC10G015970

:1-966 12.49 12.41 10.72 

TC02G029020 PR-9 

TC02G029020

:1-990 5.25 6.28 7.42 

TC08G002680 PR-9 

TC08G002680

_3UTR0:1-133 5.29 5.74 5.45 

TC08G002680 PR-9 

TC08G002680

:1-1047 6.00 5.99 5.72 

TC02G029090 PR-9 

TC02G029090

:1-984 6.69 5.35 5.23 

TC04G029820 PR-9 

TC04G029820

:1-999 6.10 6.02 6.28 

TC09G034950 PR-9 

TC09G034950

_3UTR0:1-621 5.92 5.73 5.82 

TC09G034950 PR-9 

TC09G034950

:1-978 6.60 6.08 6.53 

TC02G029120 PR-9 

TC02G029120

:1-993 5.36 5.44 5.74 

TC02G029110 PR-9 

TC02G029110

:1-993 5.18 5.04 5.23 

TC03G023600 PR-9 

TC03G023600

_3UTR0:1-

1225 5.51 5.40 5.41 

TC03G023600 PR-9 

TC03G023600

:1-996 5.73 5.59 5.76 

TC00G045630 PR-9 

TC00G045630

:1-954 8.10 5.77 5.88 

TC04G016340 PR-9 TC04G016340 7.64 6.00 6.19 



:1-951 

TC04G016740 PR-9 

TC04G016740

:1-951 7.97 5.44 5.77 

TC04G027220 PR-9 

TC04G027220

_3UTR0:1-159 6.73 6.58 6.06 

TC04G027220 PR-9 

TC04G027220

:1-1005 5.31 5.40 5.51 

TC02G030420 PR-9 

TC02G030420

_3UTR1:1-271 10.75 10.26 9.04 

TC02G030420 PR-9 

TC02G030420

:1-981 9.76 9.48 8.32 

TC08G013300 PR-9 

TC08G013300

_3UTR0:1-

3841 5.54 5.52 5.68 

TC08G013300 PR-9 

TC08G013300

_3UTR1:1-660 5.49 5.51 5.32 

TC08G013300 PR-9 

TC08G013300

:1-1068 14.16 13.45 12.17 

TC04G027230 PR-9 

TC04G027230

:1-984 5.48 5.34 5.37 

TC04G016760 PR-9 

TC04G016760

:1-906 8.18 5.93 5.92 

TC01G008530 PR-9 

TC01G008530

_3UTR0:1-219 7.78 7.42 7.82 

TC01G008530 PR-9 

TC01G008530

:1-972 6.88 7.02 7.09 

TC03G019180 PR-9 

TC03G019180

_3UTR0:1-85 6.41 6.05 5.94 

TC03G019180 PR-9 

TC03G019180

:1-975 5.77 5.53 6.10 

TC02G012000 PR-9 

TC02G012000

_3UTR0:1-380 11.60 10.89 9.11 

TC02G012000 PR-9 

TC02G012000

:1-981 10.57 10.05 8.63 

TC02G012020 PR-9 

TC02G012020

:1-978 6.96 7.60 5.69 

TC02G011960 PR-9 

TC02G011960

_3UTR0:1-236 5.95 5.89 5.89 

TC02G011960 PR-9 

TC02G011960

:1-981 6.35 6.28 6.40 

TC02G030430 PR-9 

TC02G030430

_3UTR0:1-247 6.55 6.63 7.16 

TC02G030430 PR-9 

TC02G030430

:1-987 6.99 7.06 7.95 

TC01G013330 PR-9 

TC01G013330

_3UTR0:1-96 10.50 9.86 9.42 

TC01G013330 PR-9 TC01G013330 8.30 7.66 7.38 



:1-951 

TC08G004060 PR-9 

TC08G004060

_3UTR0:1-216 14.99 14.74 14.20 

TC08G004060 PR-9 

TC08G004060

:1-951 14.94 14.49 13.71 

TC01G001190 PR-9 

TC01G001190

_3UTR0:1-263 13.05 12.47 11.99 

TC01G001190 PR-9 

TC01G001190

:1-951 12.46 11.76 11.47 

TC02G011940 PR-9 

TC02G011940

:1-987 5.54 6.11 6.18 

TC02G011950 PR-9 

TC02G011950

_3UTR0:1-208 5.99 7.25 5.47 

TC02G011950 PR-9 

TC02G011950

:1-975 6.65 7.70 6.32 

TC05G031640 PR-9 

TC05G031640

_3UTR0:1-220 8.35 5.46 5.03 

TC05G031640 PR-9 

TC05G031640

:1-990 9.40 6.26 5.51 

TC04G004360 PR-9 

TC04G004360

_3UTR0:1-119 5.31 5.13 5.48 

TC04G004360 PR-9 

TC04G004360

:1-972 5.54 5.14 5.47 

TC02G011920 PR-9 

TC02G011920

_3UTR0:1-114 5.80 5.58 6.78 

TC02G011920 PR-9 

TC02G011920

:1-987 6.11 5.52 6.67 

TC02G011930 PR-9 

TC02G011930

_3UTR0:1-164 6.27 6.12 6.20 

TC02G011930 PR-9 

TC02G011930

_3UTR1:1-525 5.71 5.96 5.67 

TC02G011930 PR-9 

TC02G011930

:1-978 5.37 5.28 5.67 

TC04G004370 PR-9 

TC04G004370

_3UTR0:1-200 7.58 8.43 6.80 

TC04G004370 PR-9 

TC04G004370

:1-975 7.38 8.63 6.84 

TC04G004350 PR-9 

TC04G004350

:1-972 5.38 5.49 5.64 

TC02G003150 PR-9 

TC02G003150

_3UTR0:1-314 10.94 10.91 10.91 

TC02G003150 PR-9 

TC02G003150

:1-957 12.46 12.67 12.54 

TC04G028060 PR-9 

TC04G028060

:1-984 5.19 5.38 5.50 

TC04G019840 PR-9 

TC04G019840

:1-1098 5.68 5.38 5.57 



TC00G045460 PR-9 

TC00G045460

_3UTR0:1-280 14.93 14.50 13.63 

TC00G045460 PR-9 

TC00G045460

:1-861 9.89 9.14 8.33 

TC00G054480 PR-9 

TC00G054480

:1-1005 5.70 5.86 5.51 

TC09G000620 PR-9 

TC09G000620

:1-975 6.42 6.30 6.45 

TC02G022830 PR-9 

TC02G022830

:1-996 5.56 5.57 5.69 

TC00G020190 PR-9 

TC00G020190

:1-978 8.54 9.44 9.00 

TC03G021880 PR-9 

TC03G021880

_3UTR0:1-116 13.33 13.45 13.29 

TC03G021880 PR-9 

TC03G021880

:1-993 12.06 12.29 12.04 

TC09G001160 PR-9 

TC09G001160

_3UTR0:1-228 5.44 5.62 6.15 

TC09G001160 PR-9 

TC09G001160

:1-996 5.76 5.67 6.94 

TC08G012700 PR-9 

TC08G012700

_3UTR0:1-

1188 5.53 5.45 5.59 

TC08G012700 PR-9 

TC08G012700

:1-1008 11.16 10.06 10.74 

TC01G006280 PR-9 

TC01G006280

_3UTR0:1-358 14.40 14.21 13.87 

TC01G006280 PR-9 

TC01G006280

:1-993 14.54 14.43 13.89 

TC03G000530 PR-9 

TC03G000530

_3UTR0:1-121 8.52 8.64 8.44 

TC03G000530 PR-9 

TC03G000530

:1-993 5.88 6.40 6.89 

TC09G017500 PR-9 

TC09G017500

:1-1446 5.47 5.26 5.35 

TC06G008540 PR-9 

TC06G008540

:1-1335 6.16 6.11 6.79 

TC04G000340 PR-9 

TC04G000340

:1-978 11.09 11.08 11.18 

TC06G019650 PR-9 

TC06G019650

:1-993 5.73 5.87 5.76 

TC01G032570 PR-9 

TC01G032570

:1-975 6.74 7.65 7.66 

TC05G006120 PR-9 

TC05G006120

_3UTR0:1-145 8.86 6.90 6.01 

TC05G006120 PR-9 

TC05G006120

:1-987 9.22 7.95 6.64 



TC02G013360 PR-9 

TC02G013360

:1-930 5.43 5.58 5.84 

TC01G029350 PR-9 

TC01G029350

:1-1158 5.29 5.45 5.33 

TC04G029620 PR-9 

TC04G029620

:1-972 5.52 5.62 5.82 

TC09G011360 PR-9 

TC09G011360

:1-885 6.34 5.78 6.91 

TC06G019150 PR-9 

TC06G019150

_3UTR0:1-704 9.86 9.91 10.05 

TC06G019150 PR-9 

TC06G019150

:1-990 14.86 14.59 14.95 

TC00G044710 PR-9 

TC00G044710

:1-2598 6.16 6.28 6.08 

TC02G030980 PR-9 

TC02G030980

:1-618 6.50 7.00 7.16 

TC06G014950 PR-9 

TC06G014950

_3UTR0:1-294 6.06 6.62 7.54 

TC06G014950 PR-9 

TC06G014950

:1-1323 5.62 5.99 6.35 

TC04G016710 PR-9 

TC04G016710

:1-2412 8.93 9.16 8.86 

TC10G016070 PR-9 

TC10G016070

:1-708 8.15 7.41 8.21 

TC02G030970 PR-9 

TC02G030970

_3UTR0:1-208 8.07 8.11 8.20 

TC02G030970 PR-9 

TC02G030970

:1-438 7.56 7.54 8.27 

TC02G011990 PR-9 

TC02G011990

:1-657 5.52 5.63 5.55 

TC04G028780 PR-10 

TC04G028780

_3UTR0:1-285 10.15 9.74 5.06 

TC04G028780 PR-10 

TC04G028780

:1-477 10.01 9.49 5.75 

TC04G028860 PR-10 

TC04G028860

_3UTR0:1-133 8.63 11.14 5.41 

TC04G028860 PR-10 

TC04G028860

:1-477 7.63 9.67 5.68 

TC04G028790 PR-10 

TC04G028790

:1-480 5.48 5.37 5.24 

TC04G028880 PR-10 

TC04G028880

:1-483 8.23 8.19 6.63 

TC04G028900 PR-10 

TC04G028900

_3UTR0:1-186 7.88 7.14 6.52 

TC04G028900 PR-10 

TC04G028900

:1-483 7.49 7.40 6.64 

TC04G028760 PR-10 TC04G028760 5.87 5.60 6.07 



:1-594 

TC01G031100 PR-10 

TC01G031100

_3UTR0:1-305 14.89 15.34 9.77 

TC01G031100 PR-10 

TC01G031100

:1-480 14.26 14.85 8.75 

TC05G000380 PR-10 

TC05G000380

:1-843 5.17 5.52 5.44 

TC04G028740 PR-10 

TC04G028740

_3UTR0:1-96 8.74 6.90 5.37 

TC04G028740 PR-10 

TC04G028740

:1-483 9.10 7.19 5.85 

TC04G028750 PR-10 

TC04G028750

_3UTR0:1-188 7.33 7.22 7.14 

TC04G028750 PR-10 

TC04G028750

:1-483 12.34 11.92 11.00 

TC00G031750 PR-10 

TC00G031750

_3UTR0:1-

3533 5.09 5.15 5.23 

TC00G031750 PR-10 

TC00G031750

:1-360 7.94 9.15 5.33 

TC10G014440 PR-10 

TC10G014440

_3UTR1:1-96 9.91 10.54 6.88 

TC10G014440 PR-10 

TC10G014440

:1-366 10.28 11.45 6.04 

TC04G028940 PR-10 

TC04G028940

_3UTR0:1-71 6.57 6.95 5.66 

TC04G028940 PR-10 

TC04G028940

:1-351 7.88 9.86 6.25 

TC09G003110 PR-11 

TC09G003110

_3UTR0:1-158 9.48 8.51 6.35 

TC09G003110 PR-11 

TC09G003110

:1-1107 8.21 7.46 6.14 

TC09G003140 PR-11 

TC09G003140

:1-2145 9.28 9.18 7.67 

TC09G003120 PR-11 

TC09G003120

:1-2400 6.00 5.54 5.78 

TC09G003150 PR-11 

TC09G003150

:1-2313 8.57 8.46 8.40 

TC09G003130 PR-11 

TC09G003130

:1-1281 6.55 6.41 6.01 

TC09G003180 PR-11 

TC09G003180

:1-2250 5.45 5.88 5.79 

TC09G003190 PR-11 

TC09G003190

_3UTR0:1-122 9.87 9.22 9.64 

TC09G003190 PR-11 

TC09G003190

:1-1140 10.87 10.21 10.51 

TC09G001640 PR-11 TC09G001640 9.06 8.37 6.57 



:1-1389 

TC09G003200 PR-11 

TC09G003200

:1-1266 5.45 5.42 5.38 

TC09G003160 PR-11 

TC09G003160

:1-978 5.70 5.44 5.65 

TC00G043900 PR-11 

TC00G043900

_3UTR0:1-965 5.63 5.55 5.61 

TC00G043900 PR-11 

TC00G043900

:1-351 5.68 5.65 5.97 

TC02G006630 PR-12 

TC02G006630

:1-285 5.11 5.43 5.05 

TC02G006660 PR-12 

TC02G006660

:1-171 5.48 5.26 5.61 

TC08G002440 PR-12 

TC08G002440

:1-249 5.60 5.45 5.39 

TC04G016400 PR-14 

TC04G016400

_3UTR0:1-139 15.31 15.22 15.42 

TC04G016400 PR-14 

TC04G016400

_3UTR1:1-141 10.93 10.64 10.72 

TC04G016400 PR-14 

TC04G016400

:1-420 15.05 14.95 14.96 

TC04G016380 PR-14 

TC04G016380

_3UTR0:1-326 5.39 5.74 5.66 

TC04G016380 PR-14 

TC04G016380

:1-390 6.61 6.62 7.34 

TC04G016440 PR-14 

TC04G016440

_3UTR1:1-

1271 5.65 5.68 5.92 

TC04G016440 PR-14 

TC04G016440

:1-369 6.21 6.27 6.30 

TC09G035160 PR-14 

TC09G035160

_3UTR0:1-269 13.67 11.45 6.80 

TC09G035160 PR-14 

TC09G035160

:1-360 13.83 11.64 7.76 

TC04G016450 PR-14 

TC04G016450

_3UTR0:1-

4065 5.74 5.65 5.68 

TC04G016450 PR-14 

TC04G016450

:1-459 10.85 11.20 10.95 

TC09G035150 PR-14 

TC09G035150

_3UTR0:1-165 10.28 8.81 5.46 

TC09G035150 PR-14 

TC09G035150

:1-351 11.39 9.51 6.35 

TC06G001000 PR-14 

TC06G001000

_3UTR0:1-222 7.17 6.92 6.65 

TC06G001000 PR-14 

TC06G001000

:1-348 5.67 5.14 5.21 



TC01G034520 PR-14 

TC01G034520

_3UTR0:1-152 5.87 5.55 5.59 

TC01G034520 PR-14 

TC01G034520

:1-393 5.46 5.33 5.50 

TC01G039190 PR-14 

TC01G039190

:1-324 6.37 6.17 6.47 

TC03G023690 PR-14 

TC03G023690

:1-360 12.05 12.33 12.31 

TC04G013310 PR-14 

TC04G013310

_3UTR0:1-167 6.12 6.72 6.18 

TC04G013310 PR-14 

TC04G013310

:1-369 5.30 5.20 5.38 

TC10G016320 PR-14 

TC10G016320

_3UTR0:1-314 5.43 5.61 6.24 

TC10G016320 PR-14 

TC10G016320

:1-375 6.99 7.28 8.29 

TC02G016580 PR-14 

TC02G016580

:1-348 5.70 5.53 5.30 

TC06G020010 PR-14 

TC06G020010

_3UTR0:1-770 5.57 5.42 5.85 

TC06G020010 PR-14 

TC06G020010

:1-348 7.24 6.94 7.28 

TC06G020030 PR-14 

TC06G020030

:1-492 5.56 5.52 5.80 

TC06G000990 PR-14 

TC06G000990

_3UTR1:1-229 6.55 5.83 5.96 

TC06G000990 PR-14 

TC06G000990

:1-288 5.48 5.35 5.45 

TC03G009350 PR-16 

TC03G009350

_3UTR0:1-197 12.98 12.99 11.60 

TC03G009350 PR-16 

TC03G009350

:1-666 12.87 12.93 11.70 

TC05G025530 PR-16 

TC05G025530

:1-867 6.78 5.79 5.72 

TC05G025440 PR-16 

TC05G025440

_3UTR0:1-311 7.40 6.89 6.28 

TC05G025440 PR-16 

TC05G025440

:1-672 13.42 12.18 11.00 

TC05G025420 PR-16 

TC05G025420

_3UTR0:1-328 9.47 8.34 7.54 

TC05G025420 PR-16 

TC05G025420

:1-675 13.91 12.57 11.06 

TC05G025400 PR-16 

TC05G025400

_3UTR0:1-125 6.34 5.55 5.29 

TC05G025400 PR-16 

TC05G025400

:1-678 5.81 5.74 5.53 

TC05G025410 PR-16 TC05G025410 5.63 5.94 5.49 



_3UTR0:1-

1027 

TC05G025410 PR-16 

TC05G025410

_3UTR1:1-537 5.12 5.81 6.36 

TC05G025410 PR-16 

TC05G025410

:1-678 9.06 7.95 7.38 

TC05G025330 PR-16 

TC05G025330

_3UTR0:1-127 5.23 5.31 5.29 

TC05G025330 PR-16 

TC05G025330

:1-666 4.97 5.31 5.35 

TC05G031880 PR-16 

TC05G031880

_3UTR0:1-275 12.04 12.05 11.70 

TC05G031880 PR-16 

TC05G031880

:1-654 12.91 12.87 12.49 

TC05G024700 PR-16 

TC05G024700

_3UTR1:1-131 5.35 5.41 5.21 

TC05G024700 PR-16 

TC05G024700

:1-663 6.01 6.02 5.92 

TC05G025450 PR-16 

TC05G025450

_3UTR0:1-167 7.43 6.91 6.35 

TC05G025450 PR-16 

TC05G025450

:1-681 9.50 8.08 6.88 

TC05G025350 PR-16 

TC05G025350

:1-681 5.75 6.27 5.92 

TC05G025310 PR-16 

TC05G025310

_3UTR0:1-175 7.53 7.72 7.37 

TC05G025310 PR-16 

TC05G025310

:1-678 7.39 7.76 7.40 

TC05G025520 PR-16 

TC05G025520

_3UTR0:1-

2210 5.28 5.46 5.36 

TC05G025520 PR-16 

TC05G025520

:1-786 12.63 11.61 10.34 

TC06G000370 PR-16 

TC06G000370

:1-657 6.37 6.38 6.32 

TC01G033170 PR-16 

TC01G033170

:1-660 15.16 15.13 14.17 

TC00G037180 PR-16 

TC00G037180

:1-657 10.71 10.56 9.96 

TC05G008860 PR-16 

TC05G008860

:1-795 7.54 7.20 7.00 

TC10G009710 PR-16 

TC10G009710

_3UTR0:1-282 11.52 10.68 9.59 

TC10G009710 PR-16 

TC10G009710

:1-642 10.66 9.75 8.72 

TC09G007080 PR-16 

TC09G007080

_3UTR1:1-235 14.81 14.41 13.93 



TC09G007080 PR-16 

TC09G007080

:1-624 14.42 13.72 13.10 

TC05G025480 PR-16 

TC05G025480

:1-534 9.86 8.58 7.38 

TC00G013300 PR-16 

TC00G013300

:1-612 13.35 13.06 12.59 

TC05G025360 PR-16 

TC05G025360

:1-615 5.40 5.40 5.44 

TC03G016120 PR-16 

TC03G016120

_3UTR0:1-262 5.75 5.59 5.50 

TC03G016120 PR-16 

TC03G016120

:1-2724 5.72 6.09 6.09 

TC05G025470 PR-16 

TC05G025470

:1-480 6.22 6.07 5.87 

TC06G009700 PR-16 

TC06G009700

:1-879 5.38 5.67 5.70 

TC05G025430 PR-16 

TC05G025430

:1-573 5.69 6.38 6.28 

TC00G054490 PR-16 

TC00G054490

:1-2223 5.18 5.13 5.20 

TC09G019920 PR-16 

TC09G019920

:1-633 5.73 5.91 5.99 

TC05G024940 PR-16 

TC05G024940

:1-624 7.14 7.23 7.15 

TC07G004510 PR-16 

TC07G004510

:1-708 5.38 5.43 5.47 

TC05G009390 PR-16 

TC05G009390

_3UTR0:1-86 7.43 8.07 8.60 

TC05G009390 PR-16 

TC05G009390

:1-2814 6.07 6.31 6.71 

TC09G019910 PR-16 

TC09G019910

:1-618 5.93 5.58 5.73 

TC00G076490 PR-16 

TC00G076490

:1-516 5.57 5.84 5.67 

TC06G000400 PR-16 

TC06G000400

:1-342 5.56 5.37 5.37 

TC00G054500 PR-16 

TC00G054500

:1-450 5.22 5.22 5.26 

TC07G004580 PR-16 

TC07G004580

:1-411 5.32 5.29 5.34 

TC07G004710 PR-16 

TC07G004710

:1-468 5.25 5.20 5.22 

TC02G009630 PR-17 

TC02G009630

_3UTR0:1-153 6.02 5.57 5.62 

TC02G009630 PR-17 

TC02G009630

:1-681 6.57 6.09 5.53 

TC02G009600 PR-17 TC02G009600 12.08 11.81 5.91 



:1-765 

TC02G009590 PR-17 

TC02G009590

:1-678 7.94 9.06 5.82 

TC02G009610 PR-17 

TC02G009610

_3UTR0:1-440 9.80 9.19 5.46 

TC02G009610 PR-17 

TC02G009610

:1-705 10.26 9.62 5.58 

TC02G009650 PR-17 

TC02G009650

:1-624 6.61 5.70 5.47 

 

 

 

 

Supplemental Table S12 - Log2 fold induction for all significantly regulated 

(Benjamini-Hochberg p < 0.05) PR genes on microarray.  

TcID Class 

Log2 Fold Induction by 

P. palmivora 

Log2 Fold Induction by C. 

theobromicola 

TC02G002410 PR-1 6.969214921 5.803005844 

TC00G083950 PR-2 5.481485868 5.274902853 

TC02G028070 PR-2 -1.007284112 0 

TC04G012520 PR-2 -1.004855831 0 

TC04G029300 PR-2 7.038733873 5.124632397 

TC05G016070 PR-2 3.471711585 3.852450373 

TC09G024130 PR-2 3.091005297 3.525725486 

TC09G031660 PR-2 0.931173332 0 

TC01G000770 PR-3 5.062394087 4.232396812 

TC01G000800 PR-3 4.204702138 0 

TC01G032950 PR-3 1.664342235 0 

TC02G003890 PR-3 4.762007095 4.575789895 

TC04G018090 PR-3 2.245266721 0 

TC04G018100 PR-3 4.486635225 3.058348476 

TC04G018110 PR-3 4.868411348 3.524123658 

TC04G018160 PR-3 5.987219197 6.191667463 

TC05G027210 PR-4 4.635764914 3.904701358 

TC05G027220 PR-4 3.465605498 2.74290496 

TC05G027320 PR-4 5.73783208 4.153153375 

TC00G056070 PR-5 4.451767113 0 

TC00G060970 PR-5 3.180438493 4.230680177 

TC03G026990 PR-5 3.914339712 4.075639354 

TC03G027000 PR-5 2.187517329 2.553509804 



TC03G027010 PR-5 6.323194993 4.724213803 

TC03G027030 PR-5 3.052693754 3.127005464 

TC05G022770 PR-6 1.183812493 0 

TC10G005840 PR-6 3.835164484 0 

TC10G005870 PR-6 4.563892059 3.899141195 

TC10G005890 PR-6 3.680034051 0 

TC10G005920 PR-6 5.657179105 3.836989675 

TC00G032610 PR-7 -0.648659534 0 

TC01G037020 PR-7 2.035243353 0 

TC03G022580 PR-7 3.765800623 2.700390846 

TC06G000810 PR-7 -0.690191189 0 

TC08G000230 PR-7 -1.338701774 0 

TC01G035050 PR-8 3.469055016 3.86143576 

TC03G017760 PR-8 5.029322581 5.186825269 

TC00G014230 PR-9 1.368199733 0 

TC00G045400 PR-9 5.477616751 3.822067416 

TC00G045460 PR-9 1.427169267 0 

TC00G045610 PR-9 3.837201882 3.813211387 

TC00G045630 PR-9 2.217918663 0 

TC01G004590 PR-9 1.830104938 2.002740813 

TC02G011950 PR-9 0 1.782274543 

TC02G012020 PR-9 1.266651919 1.90791588 

TC04G004370 PR-9 0 1.795617951 

TC05G006120 PR-9 2.715351743 0 

TC05G031640 PR-9 3.883928429 0 

TC06G014950 PR-9 -1.484519935 0 

TC08G013300 PR-9 1.988816031 0 

TC09G034930 PR-9 3.087674485 0 

TC10G015970 PR-9 1.88389408 1.792325945 

TC00G031750 PR-10 2.611666618 3.82153607 

TC01G031100 PR-10 5.316404504 5.84017564 

TC04G028740 PR-10 3.307337415 0 

TC04G028750 PR-10 1.342116344 0 

TC04G028780 PR-10 4.673157106 4.677570649 

TC04G028860 PR-10 2.588858057 5.7382445 

TC04G028900 PR-10 1.354054231 0 

TC04G028940 PR-10 0 3.610891829 

TC10G014440 PR-10 3.63370518 4.528033057 

TC09G001640 PR-11 2.498752807 1.799829394 

TC09G003110 PR-11 2.604179538 2.161760349 

TC09G003140 PR-11 1.611253048 1.512622369 



TC09G035150 PR-14 4.925714025 3.253387745 

TC09G035160 PR-14 6.471086738 4.26631556 

TC03G009350 PR-16 1.274992795 1.221255725 

TC05G009390 PR-16 -1.17371423 0 

TC05G025410 PR-16 1.687828981 0 

TC05G025420 PR-16 2.38964617 0 

TC05G025440 PR-16 1.771075747 0 

TC05G025450 PR-16 2.620742802 0 

TC05G025480 PR-16 2.47117974 0 

TC05G025520 PR-16 2.293160405 0 

TC02G009590 PR-17 2.120548009 3.244115829 

TC02G009600 PR-17 6.168643409 5.90180022 

TC02G009610 PR-17 4.503543332 3.884228221 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Table 13 - Percent identify of PR-1 family members. Highlighting in the same color indicates that the genes are grouped in a tandem array.

Tc02_g002380 Tc02_g002410 Tc02_g002400 Tc02_g002420 Tc02_g010380 Tc02_g002390 Tc01_g034430 Tc02_g002430 Tc05_g005530 Tc09_g016590 Tc09_g016580 Tc09_g000720 Tc01_g003940 Tc10_g000980

Tc02_g002380 70.625 69.167 60.208 58.958 63.502 52.795 57.764 51.235 55.144 48.283 45.342 46.138 43.558

Tc02_g002410 70.625 88.889 62.526 63.395 71.097 51.016 60.772 51.919 50.101 44.643 47.967 44.711 48.394

Tc02_g002400 69.167 88.889 63.561 61.728 67.089 51.329 59.714 51.423 50.407 45.509 48.671 46.185 47.475

Tc02_g002420 60.208 62.526 63.561 55.28 62.42 47.737 67.695 48.262 51.329 45.582 46.296 40.404 44.919

Tc02_g010380 58.958 63.395 61.728 55.28 60.549 41.24 52.929 43.882 47.904 43.367 44.982 43.82 64.815

Tc02_g002390 63.502 71.097 67.089 62.42 60.549 48.428 59.119 48.958 51.667 45.808 49.057 42.593 46.377

Tc01_g034430 52.795 51.016 51.329 47.737 41.24 48.428 51.205 50.08 50.1 43.027 48.566 42.697 38.856

Tc02_g002430 57.764 60.772 59.714 67.695 52.929 59.119 51.205 49.301 48.104 45.098 45.783 41.815 44.98

Tc05_g005530 51.235 51.919 51.423 48.262 43.882 48.958 50.08 49.301 49.701 46.024 44.92 41.341 37.733

Tc09_g016590 55.144 50.101 50.407 51.329 47.904 51.667 50.1 48.104 49.701 52.242 49.701 42.353 36.727

Tc09_g016580 48.283 44.643 45.509 45.582 43.367 45.808 43.027 45.098 46.024 52.242 44.561 46.369 34.893

Tc09_g000720 45.342 47.967 48.671 46.296 44.982 49.057 48.566 45.783 44.92 49.701 44.561 44.007 34.531

Tc01_g003940 46.138 44.711 46.185 40.404 43.82 42.593 42.697 41.815 41.341 42.353 46.369 44.007 33.725

Tc10_g000980 43.558 48.394 47.475 44.919 64.815 46.377 38.856 44.98 37.733 36.727 34.893 34.531 33.725



 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Table S14 - Percent identify of PR-3 family members. Highlighting in the same color indicates that the genes are grouped in a tandem array.

Tc01_g000770 Tc02_g003890 Tc01_g000800 Tc01_g032950 Tc01_g010350 Tc04_g018160 Tc06_g000490 Tc04_g029180 Tc04_g018100 Tc04_g018090 Tc04_g018110

Tc01_g000770 63.291 65.657 52.415 60.792 42.749 44.374 42.316 40.684 43.388 39.266

Tc02_g003890 63.291 64.015 53.623 53.061 44.408 42.029 43.565 41.635 43.169 42.345

Tc01_g000800 65.657 64.015 57.987 54.966 42.765 46.424 46.303 42.342 43.372 43.629

Tc01_g032950 52.415 53.623 57.987 49.933 40.247 43.31 44.014 44.613 43.951 41.605

Tc01_g010350 60.792 53.061 54.966 49.933 35.139 43.307 41.47 36.929 39.142 36.653

Tc04_g018160 42.749 44.408 42.765 40.247 35.139 34.093 35.216 58.918 61.728 59.03

Tc06_g000490 44.374 42.029 46.424 43.31 43.307 34.093 71.097 38.235 36.156 33.876

Tc04_g029180 42.316 43.565 46.303 44.014 41.47 35.216 71.097 36.52 36.323 34.773

Tc04_g018100 40.684 41.635 42.342 44.613 36.929 58.918 38.235 36.52 77.047 67.544

Tc04_g018090 43.388 43.169 43.372 43.951 39.142 61.728 36.156 36.323 77.047 68.272

Tc04_g018110 39.266 42.345 43.629 41.605 36.653 59.03 33.876 34.773 67.544 68.272



Supplemental Table S15 - Percent identify of PR-4 family members. Highlighting in the same color indicates that the genes are 

grouped in a tandem array. 

 

Tc05_g027210 Tc00_g012980 Tc05_g027320 Tc05_g027220 Tc05_g027230 Tc10_g011130 Tc05_g027250 

Tc05_g027210 

 

68.065 62.005 69.213 66.204 67.361 67.593 

Tc00_g012980 68.065 

 

66.323 55.787 49.432 55.324 55.556 

Tc05_g027320 62.005 66.323 

 

50.105 45.724 49.686 49.895 

Tc05_g027220 69.213 55.787 50.105 

 

90.754 91.727 88.129 

Tc05_g027230 66.204 49.432 45.724 90.754 

 

96.215 91.607 

Tc10_g011130 67.361 55.324 49.686 91.727 96.215 

 

92.686 

Tc05_g027250 67.593 55.556 49.895 88.129 91.607 92.686 
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