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Abstract

world economy since 1876.

Background: Hevea brasiliensis, a member of the Euphorbiaceae family, is the major commercial source of natural
rubber (NR). NR is a latex polymer with high elasticity, flexibility, and resilience that has played a critical role in the

Results: Here, we report the draft genome sequence of H. brasiliensis. The assembly spans ~1.1 Gb of the estimated
2.15 Gb haploid genome. Overall, ~78% of the genome was identified as repetitive DNA. Gene prediction shows
68,955 gene models, of which 12.7% are unique to Hevea. Most of the key genes associated with rubber
biosynthesis, rubberwood formation, disease resistance, and allergenicity have been identified.

Conclusions: The knowledge gained from this genome sequence will aid in the future development of
high-yielding clones to keep up with the ever increasing need for natural rubber.
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Background

Rubber is an indispensable commodity used in the
manufacture of over 50,000 products worldwide [1].
Approximately 2,500 plant species synthesize rubber [2],
but Hevea brasiliensis (Willd.) Muell.-Arg., also known
as Pard rubber tree, is the primary commercial source
for natural rubber (NR) production. This member of the
Euphorbiaceae family originated from the Amazon
Basin, and it was not until the nineteenth century that it
significantly began to be commercially exploited and its
domestic cultivation was established outside of South
America. Today, plantations are mainly found in the
tropical regions of Asia, Africa, and Latin America. Rub-
ber trees start yielding latex after reaching 5-7 years of
maturity and have a productive lifespan of 25-30 years.
According to the International Rubber Study Group
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(www.rubberstudy.com), global production of NR
reached nearly 11 million tons in 2011 with Asia
accounting for about 93% of the supply. The demand for
rubber (natural and synthetic) has steadily risen over the
past century and is expected to continue to increase.

NR is a latex polymer with high elasticity, flexibility,
resilience, impact resistance, and efficient heat disper-
sion [2]. These properties make NR difficult to be
replaced by synthetic rubber in many applications, such
as medical gloves and heavy-duty tires for aircrafts and
trucks. NR consists of 94% cis-1,4-polyisoprene and 6%
proteins and fatty acids [3]. Cis-1,4-polyisoprene biopo-
lymers are made up of C5 monomeric isopentenyl di-
phosphate (IPP) units and are formed by sequential
condensation on the surface of rubber particles. The
rubber chain elongation is catalyzed by cis-prenyltrans-
ferases (CPTs), known as rubber polymerases [4]. The
molecular weight of the resulting polymer is an impor-
tant determinant of rubber quality. Only a few plants
produce large amounts of high quality NR (molecular
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weight > 1 million daltons), including H. brasiliensis and
the potential alternative rubber crops Parthenium argen-
tatum (guayule) and Taraxacum koksaghyz (Russian
dandelion) [5].

In addition to NR, rubber trees are used as a source of
timber, once their latex productivity is no longer eco-
nomically viable. Rubberwood has become a major tim-
ber export of Southeast Asia [1]. Its natural light color
and excellent physical properties make it suitable for
flooring and household furniture. Owing to the value of
this product, several superior latex-timber clones have
been developed.

Some of the issues concerning the rubber industry in-
clude pathogen attack and allergenicity. Fungal diseases,
such as South American Leaf Blight (SALB; caused by
Microcyclus ulei) and leaf fall caused by Colletotrichum,
Oidium, and Corynespora, are major threats to rubber
production [1]. In the mid-1930s, SALB collapsed the
rubber industry in Brazil. Asian plantations have not
been hit by this disease yet, but an outbreak in the re-
gion could have devastating effects. The allergenicity of
NR is an issue which continues to be a global medical
concern for those repeatedly exposed to latex-containing
products (e.g., gloves). These allergies are triggered by
certain proteins present in Hevea-derived NR. In recent
years, guayule has emerged as a source of hypoallergenic
latex [2].

Difficulties with conventional breeding along with li-
mited genome-based information have impeded efficient
crop improvement of H. brasiliensis. Marker assisted
selection can improve the efficiency of breeding by enab-
ling the direct selection of targeted genotypes. Analysis
of genetic linkage among markers and identification of
the genetic locations of desirable phenotypes would fur-
ther improve the selection accuracy. A recent surge in
high-throughput sequencing efforts [6-12] has enhanced
the genetic resources available for H. brasiliensis. How-
ever, whole-genome information is still lacking. While
most of the studies have focused on transcriptome ana-
lysis, the non-coding regions of the genome are also
essential for understanding the regulatory elements con-
trolling gene expression, as well as for the development
of a more comprehensive set of molecular markers.
Here, we report the draft genome of H. brasiliensis,
which provides a platform to help accelerate the future
improvement of this economically important crop.

Results and discussion

Genome sequencing and annotation

We sequenced the genome of H. brasiliensis clone RRIM
600, a high yielding clone developed by the Rubber Re-
search Institute of Malaysia (parentage: Tjir 1 x PB 86).
The rubber tree genome is distributed over 18 pairs of
chromosomes [13], with the haploid genome estimated
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to be ~2.15 Gb by Feulgen microdensitometry [14]. We
used a whole-genome shotgun (WGS) approach to ge-
nerate ~43x coverage of sequence data from the Roche/
454, lllumina, and SOLID platforms (in Additional file 1:
Table S1). Newbler [15] was chosen as the assembler for
the final assembly since the majority of the sequencing
data came from the Roche/454 platform with relatively
longer read length, especially for single end reads [16].
Repeat motif identification on preliminary assemblies,
removal of repeat-matching raw sequencing reads, and
stringent assembling parameters were applied. The final
genome assembly, based on only 27.86 Gb data or ~13x
coverage after filtering repeat-matching reads (in
Additional file 1: Table S1), resulted in scaffolds totaling
1,119 Mb with an N50 of 2,972 bp (Table 1). We
anchored 143 scaffolds and the associated 1,325 genes
onto the 18 H. brasiliensis linkage groups based on 154
microsatellite markers [17] (in Additional file 2: Figure
S1). Within the mapped scaffolds, 74 additional reported
markers were also identified (in Additional file 1: Table
S2). Most of the markers were located in the intergenic
regions.

We have exclusively used next-generation sequencing
technologies for WGS assembly of the rubber tree ge-
nome, and only a few other plant genomes have taken a
similar approach. The strawberry genome was sequenced
using a similar combination of Roche/454, Illumina, and
SOLID reads (39x coverage) as in this study, but with a
nearly 9x smaller genome (240 Mb) and considerably
lower proportion of repetitive DNA (22%), much larger

Table 1 Assembly and annotation statistics for the H.
brasiliensis genome

Number of scaffolds 608,017
N50 length scaffolds (bp) 2972
N50 count scaffolds 23,685
Largest scaffold (bp) 531,465
Smallest scaffold (bp) 484
Average scaffold length (bp) 1,840
Number of contigs 1,223,364
Minimum length of contig (bp) 200
GC content of contig (%) 34.17
Repeats length contig (%) 72.01
Number of predicted genes 68,955
Mean gene length (bp) 1,332
Mean predicted ORF length (bp) 696
Longest gene (bp) 15,597
Shortest gene (bp) 162
Highest number of exons/gene 35
Mean exon length (bp) 238
Mean intron length (bp) 332
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contigs/scaffolds could be achieved in that case [18].
On the other hand, the largest scaffolds we assembled
(largest =531.5 kb) were comparable with those of the
cannabis genome (largest=565.9 kb), which was
assembled from Illumina and Roche/454 data [19]. The
major challenge of assembling the rubber tree genome
was due to its highly repetitive content. This was also a
difficulty for the barley genome (5.1 Gb, 84% repetitive
DNA), as the WGS assembly based on Illumina
short reads resulted in relatively small contigs
(N50 = 1,425 bp) [20]. However, when combined with a
BAC-based physical map and high-resolution genetic
map, a highly structured chromosome-level framework
was produced. Efforts such as incorporating a physical
map or other methods to provide long-range linking
information will be the next step for improving the rub-
ber tree draft genome assembly.

Using RepeatModeler and RepeatMasker, 72.01% of
the assembly was identified as repetitive DNA (excluding
low complexity regions and RNA genes). This is esti-
mated to represent ~78% of the genome, similar to that
of maize (85%) [21] and barley (84%) [20]. Long terminal
repeat (LTR) retrotransposons are the dominant class of
transposable elements (46.15% of total repeats), of which
the Gypsy-type (38.20%) and Copia-type (7.38%) are the
most abundant (in Additional file 1: Table S3). Less than
2% of the total repeat elements are DNA transposons. A
major part of the repeat elements (50.24%) could not be
associated with any known families.

Combining the evidences derived from several ab
initio gene prediction programs along with transcrip-
tome and protein alignments, EVidenceModeler (EVM)
[22] predicted 68,955 gene models from the masked as-
sembly (in Additional file 1: Table S4). The average gene,
exon, and intron lengths are 1,332 bp, 238 bp, and
332 bp, respectively (Table 1). Of the 137,540 expressed
sequence tags (ESTs) and assembled transcripts available
for H. brasiliensis, 95.4% are represented in the genome
(in Additional file 1: Table S5). To provide additional
support for gene model prediction and validation, we
generated leaf transcriptome sequences (1,085 Mb using
Roche/454 and 4.89 Gb using Illumina), which were de
novo assembled into 73,060 contigs (in Additional file 1:
Table S6). Over 99% of these contigs and 81% of the
Roche/454 transcriptome reads aligned to the genome
assembly. These results indicate that the draft assembly
represents a large proportion of the gene space.

Protein sequences from the final gene predictions were
annotated through different databases, including the
NCBI non-redundant database, SwissProt [23], InterPro
[24], and KEGG [25] (in Additional file 1: Table S7).
Eukaryotic orthologous groups (KOG) [26] analysis
revealed a significantly higher number of proteins in the
‘signal transduction mechanisms’ (5,216), ‘posttranslational
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modifications, protein turnover, chaperones’ (2,886), and
‘carbohydrate transport and metabolism’ (1,665) categor-
ies (in Additional file 1: Table S8). In addition, leucine-
rich repeats (LRR) are the most abundant Pfam [27]
domain represented in the genome (in Additional file 1:
Table S9). Among the gene models, 6.7% are predicted to
have signal peptides, with the majority being plastidial
and extracellular targeted (in Additional file 1: Table S10).

Other than protein-coding genes, we identified 729
tRNA genes including 12 suppressor (Sup) tRNAs,
32 pseudogenes, and 4 with undetermined function
(in Additional file 1: Table S11). Clustering of tRNA
genes was noticed and interestingly, all Sup tRNA genes
were clustered into 2 scaffolds (9 in scaffold 134351 and
3 in scaffold 134362). We also identified 5S (113 copies),
5.8S (18 copies), 18S (11 copies), and 28S (21 copies)
rRNA genes in the assembly.

Phylogeny and lineage-specific genes

Phylogenetic analysis using 144 single copy orthologous
clusters from 17 sequenced plant genomes shows that
H. brasiliensis shares the closest ancestry with Manihot
esculenta (Figure 1), consistent with the placement based
on chloroplast genes [28]. Outside the Euphorbiaceae,
the closest sequenced genome is of Populus. trichocarpa.
In agreement with the angiosperm phylogeny derived
from 154 nuclear genes [18], our analysis reveals that
Malpighiales (includes Salicoid member Populus and the
Euphorbiaceae members) shares a common ancestry
with other members in Malvidae.

We compared 13 representative plant genomes (grouped
into Euphorbiaceae, dicots, monocots, and lower plants)
and found that a core gene set of 7,140 clusters are
common to all groups, while 9,516 are unique to the
Euphorbiaceae (Figure 2a). Comparison of the four
sequenced Euphorbiaceae genomes (Jatropha, Ricinus,
Manihot, and Hevea) indicated that 2,708 clusters com-
prising 8,748 genes are Hevea specific (Figure 2b). We
were able to assign 526 Gene Ontology (GO) [29] catego-
ries (in Additional file 1: Table S12), 266 InterPro domains
(in Additional file 1: Table S13), and 267 Pfam domains
(in Additional file 1: Table S14) to these Hevea specific
genes. The most abundant InterPro and Pfam domains
belong to LRR and protein kinases. KOG analyses revealed
that majority of the genes are associated with signal trans-
duction, cytoskeleton, and posttranslational modification
(in Additional file 1: Table S15).

Rubber biosynthesis

Rubber biosynthesis involves fixation of carbon in the
leaf, loading and transportation of the assimilates, spe-
cialized metabolic processes driving the precursors for
biosynthesis, and storage of polyisoprenes in the laticifer.
Sucrose provides the carbon skeleton and energy supply
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for rubber biosynthesis, with laticifers serving as its
strong sink [30]. We reconstructed the entire metabo-
lic pathway of rubber biosynthesis in H. brasiliensis
(in Additional file 2: Figure S2). The carbon assimilatory
mechanism of rubber biosynthesis consists of 12 distinct
sub-metabolic pathways (Figure 3), represented by 417
genes (in Additional file 1: Table S16). We validated the
expression of these genes from leaf and/or latex cDNA
pools, detecting at least one isoform for the majority of
the gene families (in Additional file 1: Table S16). We
also made a comparison with the ESTs obtained from
the rubber-producing bark tissue of guayule [31]. We
found that 360 of the H. brasiliensis genes were repre-
sented in the guayule ESTs, of which 205 showed more
than 70% sequence identity with the best match (in
Additional file 2: Table S17).

It has been shown that sucrose transporters and their
expression patterns are directly related to tapping and
rubber production [32]. Sucrose and monosaccharides
are imported into the laticifer cytosol via sucrose
(SUT) and monosaccharide (MT) transporters which
are encoded by 7 and 30 genes, respectively.
B-fructofuranosidase and fructan B-fructosidase convert
sucrose into monosaccharides, and the high number of
genes (31) found in H. brasiliensis indicates the impor-
tance of this function for rubber biosynthesis. Excess
sucrose is stored as fructan and starch which can later
be used as a carbon source for rubber biosynthesis.

Fructan metabolism consists of 9 enzymatic steps
(encoded by 54 genes), while starch metabolism involves
11 reactions (encoded by 38 genes). Carbon is directed
through glycolysis (encoded by 52 genes), alternative
pentose phosphate pathway (encoded by 14 genes), and
acetyl CoA biosynthetic pathway (encoded by 120 genes)
to produce intermediate substrates for the biosynthesis
of rubber precursors.

Isoprenoid precursors for rubber biosynthesis are pro-
vided by the cytosolic mevalonate dependent (MVA)
pathway in the form of IPP [33]. The plastidic mevalo-
nate independent (MEP) pathway is also suggested to
contribute IPP for rubber biosynthesis [34]. Recently,
13C-labelled studies on Hevea seedlings suggested that
the MEP pathway contributes IPP for carotenoid biosyn-
thesis, but not for rubber biosynthesis [35]. However,
expression analysis on MVA and MEP pathway genes
suggest that the MEP pathway can be an alternate pro-
vider of IPP in mature rubber trees or in clones which
do not produce a large amount of carotenoid [8]. In the
H. brasiliensis genome, we identified 18 genes encoding
enzymes for the MVA pathway and 29 for the MEP
pathway. For the initiation of rubber biosynthesis, a
priming allylic diphosphate (farnesyl diphosphate, gera-
nylgeranyl diphosphate, or undecaprenyl diphosphate) is
needed [36]. The biosynthetic pathway leading to these
compounds involves 5 enzymatic steps encoded by 21
genes in the assembly.
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Rubber polymerases, involved in the polymerization of
isoprenoids, belong to the family of CPTs [37]. We iden-
tified eight CPTs from the genome (designated as
CPT 1-8) which are divided into three groups according
to evolutionary relationships (Figure 4). We found that
H. brasiliensis CPTs in groups 2 and 3 are homologous
to other plant CPTs (undecaprenyl pyrophosphate syn-
thase and dehydrodolichyl diphosphate synthase) which
are responsible for the elongation of short-chain C5-iso-
prenes (Css — Cja0). Group 1, comprising CPT 1-3, is
specific to H. brasiliensis and members belonging to this
group were proven to catalyze the formation of long

chain C5-isoprenes [4]. Only CPT 4 (group 3) has
introns and it shares the least homology with others.
Small rubber particle protein (SRPP) and rubber elon-
gation factor (REF) are two other key proteins involved
in rubber biosynthesis [5] and are represented by 10 and
12 genes, respectively, in our assembly.

Rubberwood

Matured rubber trees that have reached the end of their
latex-producing cycle are used as a source of timber
for the manufacture of furniture and other products.
Wood quality is associated with several lignocellulose



Rahman et al. BMC Genomics 2013, 14:75
http://www.biomedcentral.com/1471-2164/14/75

Page 6 of 15

1

Fructan
L Biosynthesis

6 Pentose
Phosphate
14

Pathway

OMevalonate
Independent
Pathway

Sucrose
Import

2
Sucrose
Degradation

4
Glycolytic
Pathway

7 Acetyl CoA
Biosynthetic
Pathway

8
Tricarboxylic
Acid Cycle

11
Prenyl-PP
Biosynthesis

Starch
Metabolism

9Mevalonate
[6] Dependent
: Pathway

12
Rubber R
Polymerization E& (CsHg)y -PP

file 2: Figure S2.
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pathway is shown in small white boxes and the number of orthologs in Hevea in the grey boxes. The detailed pathway is shown in Additional

biosynthesis genes [39], and we identified 127 genes in
H. brasiliensis (in Additional file 1: Table S18). There are
36 cellulose synthase (CesA)-coding genes compared
with 10 in Arabidopsis [40] and 18 in Populus [41].
Genes associated with hemicellulose biosynthesis have
been identified in H. brasiliensis and is similar to
Populus in having more a-L-fucosidases over a-L-fuco-
syltransferases [42]. Lignin, a heteropolymer of mono-
lignols, determines the texture and hardness of the
wood. The complete set of genes involved in monolignol
biosynthesis (in Additional file 2: Figure S3) showed the
highest similarity with Populus genes. In comparison
with the Populus genome, caffeic acid O-methyl transfe-
rase (COMT) and cinnamyl alcohol dehydrogenase
(CAD) showed noticeable difference in their numbers
(COMT: 10 in Hevea, 41 in Populus; CAD: 5 in Hevea,
24 in Populus). This is probably related to the hardness
of Populus wood [39] compared with rubberwood. The
genes involved in transport, storage, and mobilization of

monolignols and its final polymerization into lignin have
also been identified.

Disease resistance

Rubber trees are highly susceptible to fungal diseases, so
the identification of disease resistance genes is one of
the major focuses of rubber tree research. Hypersensitive
response (HR) is the early defense response that causes
necrosis and cell death to restrict the growth of the
pathogen. Plant signaling molecules, salicylic and
jasmonic acids, play a critical role in activating syste-
mic acquired resistance (SAR) and induce certain
pathogenesis-related (PR) proteins [43]. The nucleotide-
binding site (NBS)-coding R gene family is the largest
group of disease resistance genes in plants [44]. In H.
brasiliensis we identified 618 members in this family,
comparable to Oryza sativa, which are divided into 6
sub-classes: toll-interleukin-like receptor (TIR)-NBS,
coiled-coil (CC)-NBS, NBS, TIR-NBS-LRR, CC-NBS-
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LRR, and NBS-LRR (in Additional file 1: Table S19). The
majority were those without LRR domains, in contrast
with other plants where the LRR-containing classes are
typically more abundant. We also identified 147 PR and
96 early defense (SAR and HR) associated genes in the
assembly (in Additional file 1: Tables S20 and S21). All
these disease resistance genes were distributed in 665
scaffolds, and NBS-coding genes were often found to be
in clusters (e.g., 9 NBS-LRR genes in scaffold 409956). In
addition, we have reconstructed the SAR and HR signa-
ling pathways for H. brasiliensis (in Additional file 2:
Figures S4 and S5). The overall information can be po-
tentially exploited for the biotic stress management of
the plant.

Latex allergens

Allergy to natural rubber latex (NRL) is one of the major
global medical concerns. There are 14 internationally
recognized NRL allergens, known as Hevb 1 to Hevb 14
(www.allergen.org). These are encoded by 100 genes in

H. brasiliensis (in Additional file 1: Table S22). Most of
the allergens are stress and defense-related proteins
highly abundant in the latex [45]. Of the major allergens
causing sensitization to NRL, Hevb 6 (hevein) is encoded
by 16 genes whereas Hevb 5 is only a single copy gene.
Hevb 1 (REF) and Hevb 3 (SRPP), associated with rub-
ber particle, are represented by 12 and 10 genes, respec-
tively. Hevb 4 (lecithinase homolog) with 5 genes and
Hevb 13 (esterase) with 9 genes are also known as gly-
coallergens. There are 6, 4, and 2 genes coding for the
cross-reactivity proteins Hevb 8 (profilin), Hevb 9
(enolase), and Hevb 10 (manganese superoxide dismu-
tase), respectively. Defense-related allergens Hevb 2
(B-1,3-glucanase) and Hevb 11 (chitinase) are with 11
genes each. Domain analysis of Hevb 11 shows the
presence of an 18-23 amino acid long signal peptide
which confers the systemic wounding response in
plants [46]. Other than the aforementioned latex aller-
gens, 4 types of non-latex allergens (pollen allergen,
a-expansin, f-expansin, and isoflavone reductase) were
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also identified in H. brasiliensis (in Additional file 1:
Table S23).

Transcription factors

The H. brasiliensis genome contains ~6000 transcription
factors distributed in 50 major families (in Additional
file 1: Table S24). Transcription factors account for 8.5%
of gene models in H. brasiliensis. The bHLH, MYB, C3H,
G2-like, and WRKY families are overrepresented. bHLH,
the largest transcription factor family in most plants, is
represented by 752 members. MYB, a diverse family of
transcription factors that co-interacts with the bHLH
family to regulate secondary metabolism [47] as well as
biotic and abiotic stress, has 570 members. The C3H
family, involved in floral development, embryogenesis,
wintering and leaf senescence [48], is represented by 470
members followed by G2-like (461; photosynthetic regula-
tion) [49] and WRKY (445; immune responses) [50].
MADS-box genes encoding homeotic floral transcription
factors are divided into 5 groups, Ma, MP, My, M§ (or
MIKC*), and MIKC® [51], and are represented by 112
members. There are 79 Type II MADS-box (Md and
MIKC® groups) genes in H. brasiliensis while the number
is 54—67 in Arabidopsis, Populus, and Oryza. In contrast,
only 33 Type I MADS-box (Ma, Mp, and My groups)
genes are in H. brasiliensis compared to 29-94 present in
the other 3 species. Only 12.5% (14 out of 112) MADS-
box genes in H. brasiliensis were clustered compared to
47% in the C. papaya genome [52].

Phytohormone biosynthesis and signaling

Phytohormone biosynthetic and signaling-related genes
are well represented in H. brasiliensis (in Additional file 1:
Table S25; in Additional file 2: Figures S6, S7, S8, S9, S10,
S11, S12, S13, S14, S15, S16, S17). Angiosperms dedicate a
larger proportion of their genomes to auxin signaling, as
evident by 12 gene families. However, in H. brasiliensis a
significant reduction in the number is observed for some
of the auxin gene family members compared to other
plants, especially for SAUR and IAA repressors. GA-20-
oxidase, a key regulatory enzyme in gibberellin biosyn-
thesis, has 5 orthologs in H. brasiliensis compared to one
in Ricinus and Oryza. The ethylene-responsive element
binding factor (ERF) proteins are overrepresented (246
orthologs) in H. brasiliensis, compared to other plants.
The increased number of ERF transcription factors may
be involved in the ethylene-dependent processes specific
to H. brasiliensis. Oxophytodienoic acid reductase, im-
portant in the jasmonic acid biosynthesis pathway, is
encoded by 13 genes. Nitric oxide synthase, involved in
the biosynthesis of nitric oxide as a defense mechanism,
is a highly conserved single copy gene in Arabidopsis,
Ricinus, Populus, and Oryza, whereas in H. brasiliensis
there are 4 copies.
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Light signaling and circadian clock related genes

Light signaling pathways and circadian clocks are inter-
connected and have profound effects on the plant’s
physiology. Light is one of the most important environ-
mental signals processed by the circadian clock to
synchronize appropriate timing of physiological events
[53]. Expansion in the number of genes involved in
photoperception and circadian rhythm is observed in H.
brasiliensis (154), compared to Populus (77) and Arabi-
dopsis (66) (in Additional file 1: Table S26). These results
indicate the intense involvement of environmental
signals in regulating the physiology of the rubber tree.

F-box proteins

F-box proteins are part of the Skplp-cullin-F-box protein
complex involved in the ubiquitin/26S proteasome path-
way responsible for the selective degradation of proteins
[54]. They are characterized by a conserved F-box domain
(40-50 amino acids) at the N-terminus [54] and are
reported to be involved in the regulation of various deve-
lopmental processes in plants such as leaf senescence,
flowering, branching, phytochrome and phytohormone
signaling, circadian rhythms, and self-incompatibility [55].
In H. brasiliensis there are 655 F-box genes, compared to
315 in V. vinifera, 198 in C. papaya, 425 in P. tricho-
carpa, 897 in A. thaliana, and 971 in O. sativa [56]. This
is interesting and contrary to the belief that the F-box
gene family is expanded in herbaceous annuals compared
to woody perennials [55].

Carotenoids

Carotenoids have a pivotal role in light harvesting, photo-
protection, photomorphogenesis, lipid peroxidation, and a
vast array of plant developmental processes [57]. Carote-
noids are found in nearly all types of plastids including
the Frey-Wyssling particles of rubber latex, imparting
yellowish color to the latex of some clones. Although the
role of carotenoids in the latex is not well-defined, it
could be a competing sink for IPP in the laticifers. IPP
from the MEP pathway is proposed to be utilized for
cis-polyisoprene synthesis in clones having low carotenoid
content in the latex [8]. It is observed that the genes for
the carotenoid biosynthetic pathway in H. brasiliensis (48)
underwent an expansion compared to the A. thaliana
genome (28) (in Additional file 1: Table S27; in Additional
file 2: Figure S18). Phytoene synthase and phytoene desa-
turase, the enzymes catalyzing the initial committed steps
of carotenoid biosynthesis, are highly expanded in Hevea
with 5 and 9 genes, compared to single copies in Arabi-
dopsis. The overall observations indicate more efficient
carotenoid biosynthetic machinery in Hevea, possibly with
diverse functions.
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Conclusions

Given the pivotal roles of NR production and sustai-
nability, this draft genome sequence is an invaluable re-
source added to the spurge family. It will facilitate and
accelerate the genetic improvement of H. brasiliensis
through molecular breeding and exploitation of genetic
resources. We observed the occurrence of a higher per-
centage (~78%) of repeat elements which could be
attributed to the increased rate of non-homologous re-
combination and exon shuffling [58], thereby reducing
the consistency in the genetic purity of the progeny. The
high percentage of repeat elements together with a lack
of chromosome level information is the major hurdle in
assembling the whole H. brasiliensis genome. The ge-
nome information together with the characterization of
all available molecular markers linked to the desired
genes will facilitate NR production by means of trait
dependent molecular breeding. Alongside tree genome
sequences available from Populus, Eucalyptus, and the
herbaceous model Arabidopsis, rubber research would
specifically get assistance in the key areas of latex pro-
duction, wood development, disease resistance, and
allergenicity.

Methods

Genome sequencing and assembly

High quality chromosomal DNA was extracted from
young leaves of H. brasiliensis RRIM 600. Shotgun and
paired-end (PE) libraries were prepared following the
manufacturer’s instructions. High quality reads were
generated by Illumina (200 bp and 500 bp PE), Roche/
454 (shotgun, 8 kb PE, 20 kb PE), and SOLiD (2 kb PE)
sequencers.

Preliminary genome assemblies were generated by two
assemblers designed for de novo assembly of next-
generation sequencing data [59], the CLC Workbench
assembler (CLC bio, Denmark) and the Newbler assem-
bler (version 2.3), with different input data content and
assembling strategies (in Additional file 1: Table S1).
Basic contigs of the CLC assembly were made from the
de Bruijn graph of the quality trimmed Illumina 200 bp
reads. All quality trimmed Illumina reads, Roche/454
reads, and SOLID reads were used to connect basic con-
tigs of the CLC assembly. Assembling parameter for the
Newbler assembly was set as: large or complex genome,
reads limited to one contig, minimum overlap length
50 bp, minimum overlap identity 95%. Contigs with
length of at least 200 bp in each preliminary assembly
were retained for further analyses.

RepeatModeler (version 1.0.4) [60] was applied on two
preliminary assemblies with default parameters and
extracted 2,323 repeat modules from the CLC assembly
and 1,520 repeat modules from the Newbler assembly.
Repeat libraries from two preliminary assemblies were
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screened for possible gene family related sequences
through BLASTX searches on unclassified repeats
against NR, KEGG, and TrEMBL [61] protein databases
with E-value cutoff of 107, and were combined into a H.
brasiliensis specific repeat library that contains 3,771
repeats. Occurrence frequency of repeats were used as
criterion to screen the H. brasiliensis repeat library, and
repeats appearing more than 100 times in each prelimi-
nary assembly were retained and combined into a
H. brasiliensis high frequency repeat library as the input
for RepeatMasker (version 3.2.9) [62]. This was used to
identify and mask repeat regions in the Newbler gene-
rated preliminary assembly, with low complexity regions
and RNAs not masked. The repeat masked preliminary
Newbler assembly served as template to screen repeat
associated sequencing reads produced by the Illumina
platform. Before the screening process, the Illumina
reads had undergone quality control and reads with all
positions of quality value at least 25, with read length of
100 bp for the 200 bp library, read length of 85 bp for
the first direction and 75 bp for the second direction for
the 500 bp library, were retained. The beginning 50 bp
of each quality screened Illumina read were used to align
to the Newbler assembly by BOWTIE (version 0.12.7)
with allowed mismatch positions of no more than 3.
Read pairs with both reads mapped to repeat regions, or
unpaired reads mapped to repeat regions, were excluded
from the read data set. Quality control on sequencing
reads produced by the SOLIiD platform started with
mapping the SOLID reads to an earlier version of the
CLC assembly generated from SOAP [63]-corrected Illu-
mina 200 bp reads, allowing 2 errors of any kind (color
space, single nucleotide difference, or indel). All the
SOLID read pairs where both reads matched, the corre-
sponding reference sequences was cut out and used as a
read pair. Paired SOLiD reads with length of at least
50 bp were retained in the read data set.

Final genome assembly was generated by the Newbler
assembler on all Roche/454 reads, selected Illumina
reads (paired and unpaired reads for the 200 bp library,
paired reads for the 500 bp library), and SOLID reads (in
Additional file 1: Table S1). Repeat libraries from other
plant species were obtained from the TIGR plant repeat
databases and the TIGR maize repeat database, and ribo-
somal DNA sequences were removed from these data-
bases. The H. brasiliensis specific repeat library and
TIGR plant repeat libraries were combined as the input
repeat library in RepeatMasker to identify and mask
repeat regions in contigs of the final genome assembly,
with low complexity regions and RNAs not masked. The
first 50 bp of each of the genome sequencing reads were
aligned to the final genome assembly by BOWTIE
(version 0.12.7) [64] and transcriptome sequencing reads
produced by the Roche/454 platform were aligned to the
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final genome assembly by TopHat (version 1.1.4) [65]
for assessment of assembly completeness and coverage
of coding regions.

To identify contigs with organellar origin, the assembly
was searched by BLASTN against the H. brasiliensis
chloroplast genome sequence and by BLASTX against
proteins from organelle genomes of the Fabales as well
as chloroplast genomes of H. brasiliensis, J. curcas, and
M. esculenta, and mitochondrial genomes of R. commu-
nis, Citrullus lanatus, and Cucurbita pepo. Contigs ori-
ginating from bacterial contamination were identified by
screening against GenBank and removed from the final
assembly.

Transcriptome sequencing

Total RNA was isolated from H. brasiliensis leaves and
libraries were prepared and sequenced according to the
manufacturer’s protocols (Illumina and Roche/454). The
initial transcriptome assembly was generated by assem-
bling the Illumina reads using the CLC Workbench
assembler. Contigs from the Illumina transcriptome
assembly were cut into short fragments of at most
1999 bp and were combined with the Roche/454 tran-
scriptome sequencing reads as the input of the Newbler
assembler optimized for EST data. Contigs of the
transcriptome assembly were annotated by BLASTX
searches with E-value cutoff of 10 against the NR
protein database to test transcript completeness and
diversity.

Genome annotation

Gene space annotation of the final masked genome as-
sembly was conducted through EVidenceModeler (EVM;
version r03062010) incorporating combined evidences
derived from transcriptome alignments, protein align-
ments, and ab initio gene predictions. Contigs from the
rubber tree transcriptome assembly were aligned to the
genome by PASA (version r09162010) [66] and Exone-
rate (version 2.2.0) [67]. Plant assembled unique tran-
scripts (PUTs) obtained from PlantGDB [68] were
aligned to the genome by GMAP (version 20100727)
[69]. Plant protein sequences from genome sequencing
projects obtained from the PlantGDB database were
aligned to the genome using AAT (version 1.52) [70]
and BLAT (version 34) [71]. Contigs from the rubber
tree transcriptome assembly was used as training set for
training ab initio gene prediction software Fgenesh [72].
The rubber tree PASA transcriptome alignment
assembly was used as training set for ab initio gene
prediction softwares Augustus (version 2.5) [73],
GlimmerHMM (version 3.0.1) [74], and SNAP (version
2010-07-28) [75]. Ab initio gene prediction softwares
GeneMarkHMME (version 3) [76] trained with Arabi-
dopsis thaliana and Geneid (version 1.4.4) [77] trained
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with Cucumis melo were included into the gene predic-
tion process. Estimation of weights of evidences was per-
formed using EVM with contigs of the rubber tree
transcriptome assembly as criterion. In consideration of
the general expectation on software performance, weight
estimates, and availability of rubber tree specific training,
weights of evidences were manually set for the masked
assembly as: rubber tree transcriptome assembly, PASA
1, Exonerate 0.5; plant PUTs, GMAP 0.2; plant proteins,
AAT 0.2, BLAT 0.2; ab initio gene predictions, Fgenesh
0.6, Augustus 0.5, SNAP 0.3, GlimmerHMM 0.3, Geneid
0.2, GeneMarkHMME 0.2.

To ensure quality and refined annotation, several cri-
teria of validation and manual curation were set on top
of the common procedure for functional annotation.
Protein sequences were functionally annotated through
BLASTP searches with E-value cutoff of 107 against
Swiss-Prot, TrTEMBL, PlantGDB, UniRef100, NCBI non-
redundant database, STRING (version 8.3) [78], and
KEGG GENES. Function associated with the putative
ORFs was screened with cutoff at least 70% length
coverage and 70% similarity. Those that eluded the sec-
ond stage were further scanned for domain detection by
InterPro, PANTHER [79], PRINTS [80], PROSITE [81]
patterns, Pfam, and SMART [82] and further curated by
alignment against known well-annotated sequence tem-
plates such as A. thaliana and R. communis. Functional
annotation was further classified through best reciprocal
ortholog match against the curated plant specific data-
base using Pathway Studio (Ariadne Genomics Inc.). EC
assignment was obtained using Pathway Studio func-
tional class and KEGG orthologs assessment. KOG as-
signment was extracted from BLASTP hits of STRING
and GENES. GO assignment was extracted from search-
ing results of the InterPro database. Manual curation
was performed by comparison of the proteins to Plant-
RefSeq, KEGG, Swiss-Prot, and InterPro. More than
10,000 proteins were curated with their respective func-
tions. The comparison of identity percentage, bit-score,
and length coverage together with rest of the analysis
were used for in silico designation of the putative func-
tion of a specific ORF.

tRNAscan-SE v.1.23 was used with relaxed settings for
EufindtRNA (Int Cutoff=-32.1) to identify tRNA genes
in the assembly [83]. rRNA genes were identified by align-
ing the 5S, 5.8S, 18S, and 28S rRNA from Arabidopsis
and Oryza against the assembly using BLASTN 2.2.24
(at least 80% coverage, 50% identity) [84]. Signal peptides
in the assembly were identified with SignalP 4.0 [85].

Identification and Annotation of gene families in H.
brasiliensis

Genes related to rubber biosynthesis, lignocellulose bio-
synthesis, systemic acquired resistance, hypersensitive
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response, pathogenesis related proteins, allergens, tran-
scription factors, phytohormone metabolism and signa-
ling, circadian clock and light signaling, F-box, and
carotenoid biosynthesis were identified using CLC
software with appropriate template sequences. The
identified genes were annotated by BLASTX search of
PlantGDB, UniProtKB/TrEMBL, and Plant_refseq pro-
tein database with an E-value < 107,

Identification and Annotation of NBS-LRR gene families

H. brasiliensis proteins with coverage of more than 90% of
A. thaliana NBS-LRR proteins extracted from PlantGDB,
NCBI, and TAIR were sorted based on BLASTP with
E-value < 107°, with further confirmations from NCBI Con-
served Domain Database domain hits. Annotated gene
models from the H. brasiliensis assembly were scanned
and searched for Pfam, InterPro, and HMMPanther
IDs corresponding to the respective motifs, as follows:
TIR [PF01582; IPR000157], NBS [PF0931; IPR002182],
TIR-NBS [PF01582, PF00931; IPR000157, IPR002182],

NBS-LRR  [PF0931, PF00560, PF07723, PF07725;
PTHR23155:SF236], TIR-NBS-LRR [PF01582, PF0931,
PF00560, PF07723, PF07725; IPR000157, IPR002182,

IPRO01611, IPRO11713; PTHR23155:SF300], CC-NBS-LRR
[PTHR23155:SF231] and the three types of LRR as LRR_1
[PF00560; IPRO01611], LRR_2 [PF07723] and LRR 3
[PF07725; IPR0O11713]. The presence of coiled-coil (CC)
domains was discovered by running through the COILS
program [86]. Upon pooling, manual verification and in-
spection of truncated hits, 618 NBS-LRR genes were iden-
tified in H. brasiliensis.

Comparison of rubber biosynthesis-related genes with
guayule ESTs

The H. brasiliensis genes related to rubber biosynthesis
were translated to protein sequences and used as query
for TBLASTN analysis against the P. argentatum ESTSs
[GenBank:GW775573—-GW787311]. Results were filtered
with E-value cutoff of 107

Pathway reconstruction

Metabolic pathways were reconstructed with Pathway
Studio software (Ariadne Genomics Inc.) based on
Resnet-Plant 3.0 database and Metabolic Pathway Data-
bases (MPW) [87]. Resnet-Plant 3.0 database from
Ariadne Genomics contains a collection of 303 meta-
bolic pathways imported from AraCyc 4.0. Pathways
are represented as a collection of functional classes
(enzymes) and a set of corresponding chemical reac-
tions. Every functional class in the database can contain
an unlimited number of protein members encoding cor-
responding enzymatic activity. Usually a set of members
includes paralogs of catalytic and regulatory subunits
necessary to perform enzymatic activity.
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Manual population of functional classes by protein
members represents the initial reconstruction of meta-
bolic pathways in Pathway Studio. The process is equiva-
lent of closing gaps in a metabolic network. After
annotation of proteins in Resnet-Plant 3.0 database with
rubber genome identifiers and deleting non-rubber pro-
teins, 311 functional classes did not have any members.
We used TBLASTN against assembled DNA sequences
of the rubber genome to manually identify proteins
missed by automatic annotation by orthologs identified
with best reciprocal hit method from BLASTP results.
The typical workflow for closing gaps in the rubber
metabolic network involved downloading protein
sequences that could perform the missing enzymatic
activity either from Arabidopsis or other plant or bacter-
ial genome and then using it as query for TBLASTN.
Both GenBank and UniProt were used as sources for
protein sequences. Additional pathways present only in
RiceCyc or PoplarCyc were identified by comparison of
pathway names with those in AraCyc. Pathways missing
in AraCyc were added manually to the Hevea database
in Pathway Studio. MPW was also used in the recon-
struction of the rubber biosynthesis pathway.

Anchoring scaffolds into the linkage map

Based on the published linkage map [17], scaffolds were
anchored and oriented into 18 linkage groups. Sequences
for 154 microsatellite markers were obtained from public
databases. Respective scaffolds were identified by BLAST
analysis of the markers against all scaffolds. Gene models
were identified and anchored into the corresponding
position in the linkage group. When more than one
marker was present in the scaffold, genes could be
anchored in the correct orientation and in others, the
orientation was uncertain. Additional markers located in
the scaffolds were identified by BLAST analysis of the
whole scaffolds against GenBank.

Analysis of unique and shared gene clusters

The OrthoMCL pipeline [88] was used to identify and
estimate the number of paralogous and orthologous
gene clusters within Euphorbiaceae and across various
plant groups. Standard settings (BLASTP, E-value < 10°)
were used to compute the all-against-all similarities.

Phylogenetic analysis

A phylogenetic tree was constructed with 17 sequenced
genomes (Chlamydomonas reinhardtii, Selaginella moel-
lendorffii, Zea mays, Oryza sativa, Brachypodium dis-
tachyon, Solanum tuberosum, Vitis vinifera, Carica
papaya, A. thaliana, P. trichocarpa, J. curcas, R. commu-
nis, H. brasiliensis, M. esculenta, Fragaria vesca, Gycine
max, and Cucumis sativus). Protein sequences were sub-
jected to all-versus-all BLAST with E-value cutoff of
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10”. From the BLAST result, percentage identity was
calculated. Inparalogs, orthologs, and co-orthologs were
identified using OrthoMCL. Potential inparalog pairs
were determined by finding all pairs of proteins within a
species that have mutual hits that are better or equal to
all of those proteins' hits to proteins in other species. All
potential ortholog pairs were determined by finding all
pairs of proteins across two species that have hits as
good as or better than any other hits between these pro-
teins and other proteins in those species. Potential
co-ortholog pairs were determined by finding all pairs of
proteins across two species that are connected through
orthology and inparology. Each group of proteins with
its all inparalogs and orthologs were clustered by MCL
program, which generated 57,250 clusters. Clusters
which did not have all 17 members were rejected, which
yielded 1,364 clusters. They were further filtered by
selecting only clusters having single copy in at least 14
out of the 17 plants selected, which finally yielded 144
clusters. Sequences were aligned with ClustalX with gap
opening =10 and gap extension=0.1 gonnet series
matrix. Gblocks was used to extract the conserved
blocks in the alignment. From the Gblocks output, vari-
ous software for phylogenetic tree were used according
to maximum likelihood using PhyML [89] with tree
improvement method using best of SPR and NNI. Boot-
strapping procedure was applied over random 100 repli-
cates and 7 seeds.

Wet-lab validation of genes

Total RNA was isolated from the young leaves and latex
of H. brasiliensis RRIM 600 using the RNeasy Mini Kit
(Qiagen) according to the manufacturer’s instructions.
First-strand cDNA was synthesized using the SuperScript
VILO ¢DNA Synthesis Kit (Invitrogen). The genes were
amplified from the cDNA by PCR using gene specific
primers. The purified PCR products were cloned into
either the pCR4Blunt-TOPO (Invitrogen) or pJET1.2/
blunt (Fermentas) vectors and sequenced. This was per-
formed for genes related to rubber biosynthesis, lignin
biosynthesis, disease resitance, allergens, transcription fac-
tors, and phytohormone biosynthesis.

Data accessibility

This Whole Genome Shotgun project has been deposited
at DDBJ/EMBL/GenBank under the accession [GenBank:
AJJZ00000000]. The version described in this paper is the
first version, [GenBank:AJJZ01000000]. Assembled tran-
scripts have been deposited in the NCBI Transcriptome
Shotgun Assembly database under accession numbers
[GenBank:JT914190-JT981478]. The Rubber Genome
Browser is available at [90].
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Table S1. Construction of genomic libraries, generation and filtering of sequencing data used
for genomic assembly

Genome Average Total CLC Newbler .
. . - L Final
sequencing  Library lengthof  length preliminary preliminary assembl
platform read (bp) (Gb) assembly assembly y
fragment building basic
Illumina S'Z,e 2(.)0 100 44.2 cont|gs;_ not used not used
bp; paired connecting
end contigs
fragment building
IHlumina size 200 contigs;
(filtered)*  bp; paired 100 5.33 not used not used constructing
end scaffolds
fragment
Ilumina size 200 building
(filtered)*  bp: single 100 2.05 not used not used contigs
end
fragment extending
IHlumina S'Z,e 5(.)0 100 26.9 contlgs;_ not used not used
bp; paired connecting
end contigs
fragment building
Ilumina size 500 contigs;
(filtered)*  bp; paired 80 2.30 not used not used constructing
end scaffolds
Roche/454 s_hotgun; 316 833 extepdmg bu|IQ|ng bu|IQ|ng
single end contigs contigs contigs
f extending building building
ragment contigs; contigs; contigs;
Roche/454  size 8 kb; 158 5.69 gs, gs. gs.
aired end connecting constructing  constructing
P contigs scaffolds scaffolds
fragment . - -
Roche/d54  size 8Kb; 235 050  eXtending building building
. contigs contigs contigs
single end
fragment conigs, contigs
Roche/454  size 20kb; 148 0.987  not used gs: gs:
aired end constructing  constructing
P scaffolds scaffolds
fragment - -
Roche/454  size 20kb; 229 0.587  not used building building
. contigs contigs
single end
fragment connectin
SOLID size 2 kb; 41 3.81 . g not used not used
. contigs
paired end
. fragment builc_jing
.SOL'D* size 2 kb; 50 0.0918  not used not used contigs;
(filtered) . constructing
paired end
scaffolds

*The lllumina reads were filtered by removing the reads matching repetitive regions, whereas
the SOLID reads were filtered by keeping only the paired reads that were at least 50 bp in

length.



Table S2. Scaffolds showing the associated genes anchored on to the respective linkage
groups based on the reported molecular markers

Linkage map-gl

Scaffold 445443
Serine-threonine protein kinase
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Pyruvate kinase, putative
Chitinase
Hevamine
Hypothetical protein
Chitinase
Conserved hypothetical protein
Hypothetical protein
Conserved hypothetical protein
Protein dimerization, putative
ATP binding protein, putative
Conserved hypothetical protein
Ubiquitin conjugating enzyme 2 (E2)
Ethylene-responsive transcription factor, putative
Conserved hypothetical protein
Mitochondrial carrier protein, putative
Conserved hypothetical protein
Tetrahydrofolylpolyglutamate synthase, putative
DNA binding protein, putative
WRKY transcription factor, putative
mHbCIRT9
mHbCIRT319
RNA polymerase sigma factor rpoD, putative
Conserved hypothetical protein

Scaffold 365857
Nuclear movement protein nudc, putative
Hypothetical protein
Hypothetical protein
Polygalacturonase non-catalytic subunit AroGP3 precursor, putative
Predicted protein
mHbCIRA274/380
Cap binding protein, putative
Cap binding protein, putative
Hypothetical protein
Hypothetical protein
Thump domain protein, putative



Scaffold 180784

Scaffold 08981

Thump domain protein, putative

Hexokinase, putative

Hexokinase, putative

Leucine-rich repeat containing protein, putative

Trithorax, putative

Hypothetical protein

Hypothetical protein

Hypothetical protein

ATP binding protein, putative

Splicing factor 3a, putative

Glutamate synthase, putative

Glutamate synthase, putative
Hypothetical protein

Conserved hypothetical protein

Receptor serine/threonine kinase, putative
Hypothetical protein

Brassinosteroid Insensitive 1-associated receptor kinase 1 precursor, putative
Receptor serine/threonine kinase, putative
Receptor serine/threonine kinase, putative
Hypothetical protein

Conserved hypothetical protein
Brassinosteroid Insensitive 1-associated receptor kinase 1 precursor, putative
Receptor serine/threonine kinase, putative
Receptor serine/threonine kinase, putative
Hypothetical protein

mHbCIRA134

Conserved hypothetical protein
Conserved hypothetical protein

hmct22

hmct21

Elongation factor 1-beta, putative

ATP binding protein, putative

ATP binding protein, putative

ATP binding protein, putative

Hypothetical protein

Conserved oligomeric Golgi complex component, putative
Conserved oligomeric Golgi complex component, putative
Polcalcin Jun o, putative

Cycloeucalenol cycloisomerase, putative

Cycloeucalenol cycloisomerase, putative

Leucine-rich repeat protein, putative

Nucleolar protein nop56, putative

Adenylate kinase 1, putative

Aspartyl aminopeptidase, putative



Scaffold 175245

Scaffold 125722

Scaffold 416894

Scaffold 412180

Predicted protein
mHbCIRA2684
Conserved hypothetical protein

MHbCIRTAS2455

mHbCIRTAs2557
Hypothetical protein

Conserved hypothetical protein
Hypothetical protein
Hypothetical protein
mHbCIRA200

Conserved hypothetical protein

Conserved hypothetical protein

Conserved hypothetical protein

Glutamate decarboxylase, putative

mHbCIRA 2748

1-aminocyclopropane-1-carboxylate deaminase, putative
1-aminocyclopropane-1-carboxylate deaminase, putative
Conserved hypothetical protein

Homeodomain-leucine zipper protein hd4

Organic anion transporter, putative

Organic anion transporter, putative

Linkage map-g2

Scaffold 416254

Protein P21, putative

Conserved hypothetical protein

RNA polymerase Il ctd phosphatase, putative
Predicted protein

Conserved hypothetical protein

Predicted protein

RNA binding protein, putative

RNA binding protein, putative

Hypothetical protein

Serine carboxypeptidase, putative

Predicted protein

Pentatricopeptide repeat-containing protein, putative
Pentatricopeptide repeat-containing protein, putative
Conserved hypothetical protein

Predicted protein

ATP binding protein, putative

ATP binding protein, putative

mHbCIRA 2348

Predicted protein



Conserved hypothetical protein

Histone-lysine n-methyltransferase, suvh, putative

Conserved hypothetical protein

RNA-binding protein, putative

Hypothetical protein

Conserved hypothetical protein

AP2 domain transcription factor RAP2.3, putative

AP2 domain transcription factor RAP2.3, putative

Zinc finger protein, putative

Predicted protein

Ubiquinol-cytochrome C reductase iron-sulfur subunit, putative

Aspartate semialdehyde dehydrogenase, putative

Predicted protein

Transaldolase, putative

Cytochrome P450, putative

Predicted protein

Pentatricopeptide repeat-containing protein, putative

Predicted protein

Predicted protein

Transferase, transferring glycosyl groups, putative

Conserved hypothetical protein

Conserved hypothetical protein

40S ribosomal protein S27, putative

Diphosphoinositol polyphosphate phosphohydrolase, putative
Scaffold 272663

Cationic amino acid transporter, putative

Cationic amino acid transporter, putative

BTB and MATH domain-containing protein, putative

BTB and MATH domain-containing protein, putative

Conserved hypothetical protein

Conserved hypothetical protein

Sterol regulatory element-binding protein site 2 protease, putative

Set domain protein, putative

LOB domain-containing protein, putative

Histone ubiquitination proteins group (HUPB902)

Conserved hypothetical protein

Membrin, putative

HSP90 co-chaperone, putative

Conserved hypothetical protein

BTB/POZ domain-containing protein KCTD9, putative

BTB/POZ domain-containing protein KCTD9, putative

Serine/threonine-protein kinase ripk4, putative

Vitamin-b12 independent methionine synthase

5-methyltetrahydropteroyltriglutamate

Predicted protein

Early nodulin 55-2 precursor, putative



Scaffold 335127

Scaffold 586014

Early nodulin 55-2 precursor, putative
Early nodulin 55-2 precursor, putative
Early nodulin 55-2 precursor, putative
Mavicyanin, putative

Predicted protein

Conserved hypothetical protein
Annexin, putative

Predicted protein

Conserved hypothetical protein
gSSR096

Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Hydrolase, hydrolyzing O-glycosyl compounds, putative
Hydrolase, hydrolyzing O-glycosyl compounds, putative
ATECP63, putative

Syntaxin, putative

Syntaxin, putative

Predicted protein

hmct4

Conserved hypothetical protein
Catalytic, putative

Importin beta-3, putative
mHbCIRA2534

Importin beta-3, putative

Conserved hypothetical protein
Hypothetical protein

Tubulin alpha chain, putative
Eukaryotic translation initiation factor 4e type, putative
Predicted protein

Conserved hypothetical protein
Conserved hypothetical protein
Adenylsulfate kinase, putative

AMP dependent ligase, putative

AMP dependent ligase, putative

Conserved hypothetical protein

mHbCIRA 2368

Transcription regulator, putative

Transferase, putative

Transferase, putative

3'-N-debenzoyl-2'-deoxytaxol N-benzoyltransferase, putative
Predicted protein

mHbCIRA2734



Scaffold 59282

Scaffold 421682

Scaffold 349088

Scaffold 222405

mHbCIRA2510

Hypothetical protein

Expressed protein, putative

Blue copper protein precursor, putative
Conserved hypothetical protein
Hypothetical protein

26S proteasome regulatory subunit S3, putative
Predicted protein

Predicted protein

Predicted protein

Predicted protein

Hypothetical protein

mHbCIRT2140

DNA-binding protein MNB1B, putative
Protein binding protein, putative
Conserved hypothetical protein

Predicted protein

Vacuolar cation/proton exchanger 1a, putative
Conserved hypothetical protein

Hevea brasiliensis isolate SSH47 sequence
Predicted protein

Conserved hypothetical protein
Ubiquitin-protein ligase, putative
Ethylene-inducible protein (ER1)
Symplekin, putative

hmct40

Predicted protein

Hypothetical protein

Predicted protein
mHbCIRA2381
mHbCIRA2326

Conserved hypothetical protein
Conserved hypothetical protein

mHbCIRt283

Linkage map-g3

Scaffold 174498

Scaffold 453132

DNA-directed RNA polymerase, putative
mHbCIRA278

Predicted protein
Hypothetical protein
DNA-repair protein xrccl, putative



NMDA receptor-regulated protein, putative
NMDA receptor-regulated protein, putative
Ring finger protein, putative
Cysteine protease, putative
Cysteine protease, putative
Hypothetical protein
Myristoyl-acyl carrier protein thioesterase, chloroplast precursor, putative
Myristoyl-acyl carrier protein thioesterase, chloroplast precursor, putative
ATP-dependent transporter, putative
Auxin-responsive protein IAAL, putative
Hypothetical protein
Hypothetical protein
Predicted protein
Glutathione S-transferase omega
Oxalate/formate antiporter
Aspartate aminotransferase, putative
MHbCIRTAs2558
Aspartate aminotransferase, putative
Katanin p60 ATPase-containing subunit, putative
gHbCIRA2415
Katanin p60 ATPase-containing subunit
Scaffold 263548
gHbCIRA2516
mHbCIRA156
Transportin-3, putative
Scaffold 93599
Predicted protein
Electron transporter, putative
hmct21
hmct22
mHbCIRA2485
Hypothetical Protein
Scaffold 305576
hmct22
hmct21
MHbCIRTAS2697
Scaffold 198002
Conserved Hypothetical Protein
mHbCIRBAC123d05
hmct43
Conserved hypothetical protein
Conserved hypothetical protein
Scaffold 181532
mHbCIRA2264
Calreticulin-3-like



Scaffold 170728

Scaffold 197224

Transcription factor RF2a, putative

Electron transfer flavoprotein-ubiquinone oxidoreductase
mHbCIRA2707

Electron transfer flavoprotein-ubiquinone oxidoreductase, putative
Predicted protein strictosidine synthase, putative

Protein binding protein, putative

Predicted protein

Phospholipid:diacylglycerol acyltransferase 2 (PDAT2)
RNA splicing protein mrs2, mitochondrial, putative
mHbCIRA2749

srpk, putative

Linkage map-g4

Scaffold 131572

Scaffold 138950

Scaffold 541370

Scaffold 430947

Ethylene-responsive element binding protein 1 (EREBP1)
FAD NAD binding oxidoreductases, putative

AP2/ERF domain-containing transcription factor (ERF43)
Serine-threonine protein kinase, plant-type, putative
mHbCIRA2706

Predicted protein

Auxin-repressed protein-like protein ARP1

Ring finger protein, putative

Receptor protein kinase CLAVATAI precursor, putative
Conserved hypothetical protein

MmHbCIRTA2157

Conserved hypothetical protein

mHbCIRT2091

Conserved hypothetical protein

Protein binding protein, putative

Predicted protein

Predicted protein

mHbCIRA2766

DNA repair protein reca, putative
DNA repair protein reca, putative
Nucleosome assembly protein, putative
Hypothetical protein

Regulatory protein NPR1, putative
Hypothetical Protein

Calmodulin binding protein, putative
mHbCIRA385

Hypothetical Protein

Casein kinase, putative



Scaffold 287934

Conserved hypothetical protein

Diacylglycerol acyltransferase 1 (DGAT-1)

Dead box ATP-dependent RNA helicase, putative
n-myristoyl transferase, putative

DNA binding protein, putative

Lycopene epsilon cyclase, chloroplast precursor, putative
Lycopene epsilon cyclase, chloroplast precursor, putative
Predicted protein

Conserved hypothetical protein

S-receptor kinase, putative

L-ascorbate peroxidase 1, cytosolic, putative
Conserved hypothetical protein

grrl, plant, putative

Conserved hypothetical protein

Phopholipase d alpha, putative

Hbtnr-50

DNA binding protein, putative

Multidrug resistance pump, putative
Beta-glucosidase, putative

RNA-dependent RNA polymerase, putative
Xenotropic and polytropic murine leukemia virus receptor ids-4, putative
Conserved hypothetical protein

Predicted protein

Conserved hypothetical protein

Conserved hypothetical protein

Triose phosphate chloroplast precursor, putative
MmbHCIRTAS2277

ATPase n2b, putative

Predicted protein

ADP,ATP carrier protein, putative

ADP,ATP carrier protein, putative

Conserved hypothetical protein

Cellulose synthase A catalytic subunit 6 [UDP-forming], putative
Hbtnr-75

Hbtnr-101

Conserved hypothetical protein

Conserved hypothetical protein

Hypothetical protein

Protein With Unknown Function

tsol, putative

Acyl-protein thioesterase, putative
mHbCIRt93

Peptidyl-prolyl cis-trans isomerase, putative
Ammonium transporter, putative

DNA (cytosine-5)-methyltransferase, putative

10



Arabidopsis lyrata subsp. lyrata hypothetical protein
Hypothetical protein

Predicted Protein

ran, putative

Conserved hypothetical protein
Ubiquinol-cytochrome C reductase complex 14 kda protein
Potassium channel AKT6, putative

Boron transporter, putative

Conserved hypothetical protein

WD-repeat protein, putative

Conserved hypothetical protein

Conserved hypothetical protein

Conserved hypothetical protein

Anthocyanidin synthase (ANS1)

Glycerate dehydrogenase, putative

Linkage map-g5

Scaffold 123369
Arginine/Serine-rich splicing factor, putative
CCD1, putative
FAD NAD binding oxidoreductases, putative
Kinase, putative
Kinase, putative
Conserved hypothetical protein
Predicted protein
Ubiquitin-protein ligase, putative
ORMDL, putative
Predicted protein
WD-repeat protein, putative
mHbCIRa460
Predicted protein (MYB201)
Predicted protein
Laccase, putative
Laccase, putative
Conserved hypothetical protein
Beta-fructofuranosidase, putative
Beta-fructofuranosidase, putative
Beta-fructofuranosidase, putative
Conserved hypothetical protein
Conserved hypothetical protein
Auxin response factor, putative
Importin-alpha re-exporter, putative
AP2/ERF domain-containing transcription factor (DREB56)
Conserved hypothetical protein
DNA binding protein, putative
Predicted protein
Flavonoid 3-hydroxylase, putative



Scaffold 274716

gHbCIRA2737

Aspartic proteinase nepenthesin-1 precursor, putative
Ubiquitin ligase SINAT3, putative

Ubiquitin ligase SINAT3, putative

Dynamin, putative

Conserved hypothetical protein

Conserved hypothetical protein

Conserved hypothetical protein

Dopamine beta-monooxygenase, putative

Eukaryotic translation initiation factor 3 subunit, putative
Eukaryotic translation initiation factor 3 subunit, putative
gHbCIRT2636

Trithorax, putative

RING-H2 finger protein ATL3K, putative

RING-H2 finger protein ATL3K, putative
mbHCIRTASs 2559

Hypothetical protein

Beclin-1, putative

Predicted protein

Hypothetical protein

Cyclic nucleotide-gated ion channel, putative
Predicted protein

Dead box ATP-dependent RNA helicase, putative
Hypothetical protein

Triacylglycerol lipase, putative

Conserved hypothetical protein

Pentatricopeptide repeat-containing protein, putative
Chitinase, putative

Chitinase, putative

Histone H3 (HTR904)

Pectinesterase-2 precursor, putative

Pectinesterase, putative

Pentatricopeptide repeat-containing protein, putative
Carboxypeptidase regulatory region-containing protein, putative
Carboxypeptidase regulatory region-containing protein, putative
Conserved hypothetical protein

Hypothetical protein

Conserved hypothetical protein

MHbCIRTAs2186

Kinase, putative

Enzyme inhibitor, putative

Protein binding protein, putative

Predicted protein

WRKY transcription factor 3

12



Scaffold 127481

Scaffold 297292

Scaffold 129112

Scaffold 25532

Scaffold 53705

mHbCIRA36

mHDbCIRA 2745
Carboxy-terminal kinesin, putative
Carboxy-terminal kinesin, putative
gHbCIRTAS2724

mHbCIRA2509
Serine-threonine protein kinase, plant-type, putative

mHbCIRA2518

Methylcobalamin:com methyltransferase, putative
mHbCIRT2603

Linkage map-g6

Scaffold 227539

Scaffold 588071

mHbCIRa296
ATP binding protein, putative

Hypothetical protein

Type Il inositol 5-phosphatase, putative
Beta-hexosaminidase, putative

Predicted protein

mHbCIRa 367

Pentatricopeptide repeat-containing protein, putative
Pentatricopeptide repeat-containing protein, putative
Serine-threonine protein kinase, plant-type, putative
Endo-1,4-beta-glucanase, putative

Latex cyanogenic beta glucosidase

Latex cyanogenic beta glucosidase

Type Il inositol 5-phosphatase, putative

Predicted protein

Pentatricopeptide repeat-containing protein, putative
Type Il inositol 5-phosphatase, putative

Cohesin subunit rad21, putative

mHbCIRa2391

Splicing factor U2AF-associated protein, putative
Latex cyanogenic beta glucosidase

Type Il inositol 5-phosphatase, putative

Predicted protein

Beta-hexosaminidase, putative

Acetolactate synthase, putative

Leucine zipper-ef-hand containing transmembrane protein, putative
Cohesin subunit rad21, putative

13



Scaffold 163591

Scaffold 228549

Scaffold 186880

Scaffold 187443

Scaffold 114815

Signal recognition particle receptor subunit beta, putative
Conserved hypothetical protein

Conserved hypothetical protein

Axial regulator YABBY4, putative

Hypothetical protein

ATP binding protein, putative

Nucleic acid binding protein, putative

Conserved hypothetical protein

Conserved hypothetical protein
Pyroglutamyl-peptidase I, putative
Pentatricopeptide repeat-containing protein, putative
Polygalacturonase precursor, putative

mHbCIRa 170

Polygalacturonase, putative

Phosphatidylinositol 3-kinase class, putative
Phosphatidylinositol 3-kinase class, putative
Phosphatidylinositol 3-kinase class, putative

Predicted protein (MYB)
Predicted protein
mHbCIRA2498

ATATH13, putative

Conserved hypothetical protein
Conserved hypothetical protein
Nuclease, putative

Nucleoside transporter, putative
Conserved hypothetical protein
Conserved hypothetical protein
Predicted protein

Splicing endonuclease positive effector senl, putative
Conserved hypothetical protein
Conserved hypothetical protein
Glutaredoxin S12
Monooxygenase, putative
Monooxygenase, putative
Myosin XI, putative

mHbCIRA2398
mHbCIRA2511
Structural constituent of cell wall, putative
Predicted protein

Magnesium-dependent phosphatase 1-like
ATP binding protein, putative
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Hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
ATP binding protein, putative
Cysteine-type endopeptidase, putative
mHbCIRA2406

ATP binding protein, putative
ATP binding protein, putative
Conserved hypothetical protein
Hypothetical protein
Conserved hypothetical protein

Linkage map-g7

Scaffold 122409

Scaffold 224310

Scaffold 146047

Scaffold 238809

Scaffold 416082

Serine/threonine protein kinase, putative
Ubiquitin-protein ligase, putative
MHbCIRTAS2743

Protein G10, putative

ATP-binding cassette transporter, putative
ATP-binding cassette transporter, putative
Starch branching enzyme I, putative
Starch branching enzyme 1, putative
gHbCIRA2758

Conserved hypothetical protein

Predicted protein

mHbCIRA2708

tRNA (guanine-n(7)-)-methyltransferase, putative
Remorin, putative

Pentatricopeptide repeat-containing protein, putative
GTP-binding protein typa/bipa, putative
mHbCIRA2429

Predicted protein

Calcium-dependent protein kinase (CDPK1)

Conserved hypothetical protein
Villin 1-4, putative
g15mHbCIRA295

Predicted protein

Insulin-degrading enzyme, putative

gHbCIRA2763

15



Scaffold 463202

Scaffold 519782

Scaffold 93102

Signal peptidase I, putative
hmct21

Predicted protein
Proliferation-associated 294, putative
Proliferation-associated 2g4, putative
mHbCIRA2686

Conserved hypothetical protein
Glutaredoxin, grx, putative
Glutaredoxin, grx, putative

mHbCIRT2115

Phospholipase C 3 precursor, putative
Conserved hypothetical protein

Protein binding protein, putative
mHbCIRA2762

Deoxyribonuclease, putative
DNA-binding protein smubp-2, putative
Conserved hypothetical protein
Transcription regulator, putative

Linkage map-g8

Scaffold 231182

Scaffold 161238

mHbCIRA2442
Conserved hypothetical protein
Probable membrane-associated kinase regulator 1-like

Ubiquitin-associated uba/ubx domain-containing protein, putative

TBC1 domain family member

DUF246 Domain-containing protein At1g04910-like

Conserved hypothetical protein

Pentatricopeptide repeat-containing protein, putative

Anthranilate N-benzoyltransferase protein, putative

Arp2/3 complex 20 kd subunit, putative

Histidine kinase-, DNA gyrase B-, and HSP90-like ATPase family protein (NOV)
mHbCIRa251

Histidine kinase-, DNA gyrase B-, and HSP90-like ATPase family protein (NOV)
Alkaline phytoceramidase, putative

Methionine-tRNA synthetase, putative

Beta-galactosidase, putative

Conserved hypothetical protein

Ubiquitin-protein ligase, putative

Conserved hypothetical protein

Non-imprinted in Prader-Willi/Angelman syndrome region protein, putative
Conserved hypothetical protein

Chaperone protein dnaJ 20, chloroplast precursor, putative
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Scaffold 417274

Scaffold 354160

Scaffold 235226

Scaffold 328348

Scaffold 136822

Scaffold 488663

Scaffold 412100

hmct40

Chromatin remodeling complex subunit (CHR952)
mHbCIRT73

Mom(plant), putative

Hypothetical protein

Mom(plant), putative

Conserved hypothetical protein
Glycosyltransferase, cazy family GT8

Conserved hypothetical protein

Nuclear inhibitor of protein phosphatase-1, putative
Nuclear inhibitor of protein phosphatase-1, putative
mHbCIRT686

Nuclear inhibitor of protein phosphatase-1, putative

Calcium ion binding protein, putative
Glutamate receptor 2 plant, putative
Hypothetical protein

Glutamate receptor 2 plant, putative
Predicted protein

Predicted protein

Homogentisate 1,2-dioxygenase, putative
Hypothetical protein

Ring finger protein, putative
mHbCIRT2542

RNA exonuclease, putative

Processing protein PRP40, putative
mHbCIRT2635
Processing protein PRP40, putative

Predicted protein
mHbCIRa120
Hypothetical protein

mHbCIRT730
Phospholipid:diacylglycerol acyltransferase 1-2 (PDAT1-2)

Transcription factor, putative

Transcription factor, putative

Transcription factor, putative

M630

ATP-dependent clp protease ATP-binding subunit clpx, putative
ATP-dependent clp protease ATP-binding subunit clpx, putative
Transcription factor, putative
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Conserved hypothetical protein
Predicted protein

Nitrate transporter, putative

Nitrate transporter, putative
CDK-activating kinase

cakl, putative

Sugar transporter, putative

Predicted protein

Transcription factor, putative
3-hydroxyacyl-CoA dehyrogenase, putative
Conserved hypothetical protein
Multidrug resistance pump, putative
Multidrug resistance pump, putative
Conserved hypothetical protein
Aspartate aminotransferase, putative
Predicted protein

Hypothetical protein

Cytoplasmic dynein light chain, putative
Conserved hypothetical protein
Hypothetical protein

Pentatricopeptide repeat-containing protein, putative

Linkage map-g9

Scaffold 89544

Scaffold 124084

Scaffold 139710

MmHbCIRTA2244

hmct40

mHbCIRA2298

DNA binding protein, putative
Homeobox protein, putative

Brassinosteroid Insensitive 1-associated receptor kinase 1 precursor, putative
mHbCIRA2744

Dolichyl-diphosphooligosaccharide--protein glycosyltransferase, putative
tRNA delta(2)-isopentenylpyrophosphate transferase, putative
Lipid binding protein, putative

Lysophosphatidic acid acyltransferase, putative

Conserved hypothetical protein

Conserved hypothetical protein

Multidrug resistance pump, putative

Multidrug resistance pump, putative
4-hydroxy-3-methylbut-2-enyl diphosphate reductase

NAD dependent epimerase/dehydratase, putative

NAD dependent epimerase/dehydratase, putative
S-adenosylmethionine-dependent methyltransferase, putative
S-adenosylmethionine-dependent methyltransferase, putative
mHbCIRal104

18



Scaffold 199300

Scaffold 412552

Scaffold 411125

Scaffold 128180

Protein ariadne-1, putative
Conserved hypothetical protein
Non-symbiotic hemoglobin, putative
Non-symbiotic hemoglobin, putative
Conserved hypothetical protein
Hypothetical protein

mHbCIRA2689

Predicted protein

Transcriptional regulator SUPERMAN, putative
MHbCIRTAs2178

Transcriptional regulator SUPERMAN, putative
Ethylene receptor, putative

DNA binding protein, putative

Protein transporter, putative

Hypothetical protein

DNA repair helicase rad5,16, putative

DNA repair helicase rad5,16, putative
Conserved hypothetical protein

Conserved hypothetical protein
Desacetoxyvindoline 4-hydroxylase, putative
Outward rectifying K+ channel (KCO1)
1-aminocyclopropane-1-carboxylate oxidase homolog 12-like
Desacetoxyvindoline 4-hydroxylase, putative
Conserved hypothetical protein

Auxin-induced protein 5NG4, putative

DNA binding protein, putative

Predicted protein

ATP binding protein, putative

ATP binding protein, putative

gHbCIRA2522

mHbCIRA2432

Eukaryotic translation initiation factor 2c, putative
Eukaryotic translation initiation factor 2c, putative

ATP binding protein, putative

Conserved hypothetical protein

Conserved hypothetical protein

Zinc finger protein, putative

Predicted protein

Lipase

Predicted protein

Helicase, putative

Receptor serine-threonine protein kinase, putative

19



Receptor serine-threonine protein kinase, putative
Glutaredoxin, grx, putative

Acyl-coa binding protein, putative

Anaphase promoting complex subunit, putative
Anaphase promoting complex subunit, putative
Predicted protein

Tonneau, putative

Serine/threonine protein kinase, putative
Spo0B-associated GTP-binding protein, putative
DNA binding protein, putative

Nucleic acid binding protein, putative

Always early, putative

mHbCIRA2682

Always early, putative

AMP-activated protein kinase, gamma regulatory subunit, putative
Hypothetical protein

Hypothetical protein

Pentatricopeptide repeat-containing protein, putative
Flavonol synthase/flavanone 3-hydroxylase, putative
Cullin-1, putative

Plastid CUL1 (CUL1)

Linkage map-g10

Scaffold 121193
mHbCIRA2408

Scaffold 431381
SAUR family protein (SAUR23)
Calcium-dependent protein kinase, putative
Calcium-dependent protein kinase, putative
Calcium-dependent protein kinase, putative
Conserved hypothetical protein
mHbCIRA2767
Conserved hypothetical protein
gHbCIRA2510
Predicted protein
Predicted protein
Conserved hypothetical protein
Predicted protein
hmac3

Scaffold 601618
Hbtnr-46
Hbtnr-91
Cytochrome P450, putative
Cytochrome P450, putative
Cytochrome P450, putative
Heat shock protein binding protein
Predicted protein



Scaffold 106428

Scaffold 297920

Scaffold 410607

Scaffold 151685

Scaffold 168316

Scaffold 237846

gHbCIRA2317
Amino acid binding protein, putative
mHbCIRA2320

mHbCIRA2425

Protein ABIL2, putative
Hypothetical protein
Hypothetical protein
Predicted protein

Cdka, putative

Transcription factor, putative
mHbCIRT2096

Transducin/WD40 domain-containing protein-like protein (AT4G14310)

Structural molecule, putative
mHbCIRa214

Kinesin heavy chain, putative
Desiccation-associated protein (MTR_2g077860)
Glycolipid transfer protein, putative
Conserved hypothetical protein

60S ribosomal protein L14, putative
Protein phosphatase 2c, putative
Conserved hypothetical protein
Conserved hypothetical protein
Kinesin light chain, putative
Conserved hypothetical protein
mHbCIRT2668

mHbCIRA2316
WRKY transcription factor, putative

Sodium-bile acid cotransporter, putative
mHbCIRA2388

Vam6/Vps39-like protein-like

Conserved hypothetical protein

Conserved hypothetical protein

Protein FAM96B, putative

Transporter, putative

Chitin-inducible gibberellin-responsive protein, putative
Succinate dehydrogenase, putative

Steroid 22-alpha hydroxylase (DWF4)

Steroid 22-alpha hydroxylase (DWF4)

Hypothetical protein

ISWI chromatin remodeling complex ATPase ISW1, putative

21



Scaffold 415719

Conserved hypothetical protein

U1 small nuclear ribonucleoprotein 70 kDa, putative
maf protein, putative

Somatic embryogenesis receptor kinase, putative
Somatic embryogenesis receptor kinase, putative
Somatic embryogenesis receptor kinase, putative
Somatic embryogenesis receptor kinase, putative
Conserved hypothetical protein

Acidic leucine-rich nuclear phosphoprotein 32-related protein-like
Sugar transporter, putative

mHbCIRA2702

Predicted protein

hmct40

Sugar transporter, putative

Conserved hypothetical protein

Glutamyl-trna synthetase 1, 2, putative

TPR repeat-containing thioredoxin TTL1-like
Tetratricopetide-repeat thioredoxin-like 4 protein (TTL4)

ATP-binding cassette transporter, putative

Conserved hypothetical protein

Vacuolar cation/proton exchanger la, putative

NudC domain-containing protein, putative

Kinase, putative

ATP binding protein, putative

Conserved hypothetical protein

Cyclophilin, putative

Ubiquitin-protein ligase, putative

Pyridoxin biosynthesis protein PDX1, putative
1-phosphatidylinositol-4,5-bisphosphate phosphodiesterase, putative
1-phosphatidylinositol-4,5-bisphosphate phosphodiesterase, putative
1-phosphatidylinositol-4,5-bisphosphate phosphodiesterase, putative
1-phosphatidylinositol-4,5-bisphosphate phosphodiesterase, putative
Transcription factor, putative

Conserved hypothetical protein

Omega-3 fatty acid desaturase (Fad3)

Omega-3 fatty acid desaturase, endoplasmic reticulum, putative
Hypothetical protein

Selt-like protein-like

Serine-threonine protein kinase, plant-type, putative

Tonoplast intrinsic protein, putative

Predicted protein
Alpha-galactosidase/alpha-n-acetylgalactosaminidase, putative
Pentatricopeptide repeat-containing protein, putative

Conserved hypothetical protein

Putative integral membrane protein conserved region
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Scaffold 172714

Conserved hypothetical protein

Conserved hypothetical protein

ATP-binding cassette transporter, putative
Histone deacetylase, putative

Histone deacetylase, putative

Protein transport protein sec23, putative

Protein transport protein sec23, putative
MHbCIRTAs2196

Protein transport protein sec23, putative

Taz protein, putative

Calmodulin binding protein, putative
Gibberellin 3-beta-dioxygenase, putative
Serine-threonine protein kinase, plant-type, putative
Conserved hypothetical protein

Cucumisin precursor, putative

Cucumisin precursor, putative

Conserved hypothetical protein

Type 2 diacylglycerol acyltransferase (DGAT2)
Type 2 diacylglycerol acyltransferase (DGAT2)
FAR1-RELATED SEQUENCE 5-like
FAR1-RELATED SEQUENCE 5-like
Auxin:hydrogen symporter, putative
Auxin:hydrogen symporter, putative

Histidine-containing phosphotransfer protein, putative
Serine-threonine protein kinase, plant-type, putative
Pentatricopeptide repeat-containing protein, putative
Bsu-protein phosphatase, putative

Stromal antigen, putative

Stromal antigen, putative

NPL4-like protein 1-like

GTPase activating protein, putative

Conserved hypothetical protein

RNA binding protein, putative

U1 small nuclear ribonucleoprotein C, putative
mHbCIRA157

U1 small nuclear ribonucleoprotein C, putative
F-box/kelch-repeat protein (MTR_2g015760)
Conserved hypothetical protein

Short chain alcohol dehydrogenase, putative
Shikimate dehydrogenase, putative

Predicted protein

Transcription factor, putative

Transcription factor, putative

Serine endopeptidase degp2, putative
Monooxygenase, putative
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Predicted protein
Conserved hypothetical protein
Scaffold 284371
mHbCIRA2392
Big map kinase/bmk, putative
Scaffold 429519
Hypothetical protein
DNA binding protein, putative
Ubiquitin-conjugating enzyme h, putative
Chromo domain protein, putative
Latex beta-cyanoalanine synthase
Conserved hypothetical protein
Hypothetical protein
Conserved hypothetical protein
Cytochrome p450, putative
Sialin, putative
Sialin, putative
Ubiquitin-protein ligase, putative
Minor histocompatibility antigen H13, putative
Receptor protein Kinase, putative
Pentatricopeptide repeat-containing protein, putative
Receptor protein kinase, putative
Receptor protein kinase, putative
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
CRP, putative
mHbCIRA2730
Rop guanine nucleotide exchange factor, putative
Pentatricopeptide repeat-containing protein, putative
Pentatricopeptide repeat-containing protein, putative
Gibberellin 20-oxidase, putative
Transcription factor, putative
Beta-amylase, putative
Beta-amylase, putative
Calmodulin-binding heat-shock protein, putative
60S ribosomal protein L36e, putative
Acyl-CoA thioesterase, putative
Protein AFR, putative
Conserved hypothetical protein
Hypothetical protein
DMT1 gene for chloroplast-resident DNA methyltransferase
Receptor protein kinase, putative
DNA binding protein, putative
Kiwellin, putative
Kiwellin, putative



Synaptotagmin, putative

Actin depolymerizing factor, putative

KDEL motif-containing protein 1 precursor, putative
KDEL motif-containing protein 1 precursor, putative
Double-stranded RNA-specific adenosine deaminase
tRNA-specific adenosine deaminase 1-like

Remorin, putative

R2R3-MYB transcription factor, putative
gHbCIRA2741

Dead box ATP-dependent RNA helicase, putative
Acetyl-coenzyme A carboxylase carboxyl transferase alpha, putative
Conserved hypothetical protein

Linkage map-g11

Scaffold 492213

Scaffold 201737

Scaffold 280583

Scaffold 158826

Scaffold 45077

Scaffold 25873

Scaffold 438547

mHbCIRBACS83E19

Calmodulin binding protein, putative
MHbCIRTAS2260

mHbCIRa268

mHbCIRA2736
fkbp-rapamycin associated protein, putative

ADP-ribosylation factor, putative
mHbCIRA2536
Transcription factor, putative

mHbCIRA297

mHbCIRa2535

Glycoprotein 3-alpha-I-fucosyltransferase A, putative
Molybdopterin-binding, putative
Molybdopterin-binding, putative

Linkage map-g12

Scaffold 130216

Scaffold 451604

Hedgehog receptor, putative
mHbCIRA2484

SAB, putative
SAB, putative
SAB, putative
SAB, putative
SAB, putative
GATA transcription factor, putative

25



Scaffold 114620

Scaffold 224948

Scaffold 185123

Scaffold 193057

GATA transcription factor, putative
UDP-glucosyltransferase, putative
UDP-glucosyltransferase, putative
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
map3k delta-1 protein kinase, putative
Predicted protein

Conserved hypothetical protein
Protein VERNALIZATION-INSENSITIVE, putative
Protein VERNALIZATION-INSENSITIVE, putative
Cytochrome P450, putative
Cytochrome P450, putative

DNA binding protein, putative

DNA binding protein, putative
Argininosuccinate lyase, putative
Argininosuccinate lyase, putative
mHbCIRT2085

Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein

MHbCIRTAS2698
Mitogen-activated protein kinase kinase kinase

Hydrolase, putative

Disease resistance protein RPP13, putative
mHbCIRT2588

Serine/threonine-protein kinase cx32, putative
Dead box ATP-dependent RNA helicase, putative
SAUR family protein (SAUR28)

mHbCIRA2715

Pentatricopeptide repeat-containing protein, putative
Protein phosphatase methylesterase, putative
Protein phosphatase methylesterase, putative
Phosphoprotein phosphatase

Cytochrome P450, putative

Cytochrome P450, putative

Tubulin-specific chaperone E, putative
Tubulin-specific chaperone E, putative

Conserved hypothetical protein
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Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
mHbCIRA2405

Ubiquitin ligase protein, Irsam1, putative
Hypothetical protein

Chlorophyll A/B binding protein, putative

Linkage map-g13

Scaffold 323928

Conserved hypothetical protein

Serine-threonine protein kinase, plant-type, putative
DNA-binding protein MNB1B, putative
Hypothetical protein

DNA-binding protein MNB1B, putative

Conserved hypothetical protein

Predicted protein

DNA repair helicase rad5,16, putative

Aspartic proteinase nepenthesin-1 precursor, putative
Aspartic proteinase nepenthesin-1 precursor, putative
Protein arginine n-methyltransferase, putative
Protein arginine n-methyltransferase, putative
Mitochondrial import receptor subunit tom40, putative
Mitochondrial import receptor subunit tom40, putative
Reticulocalbin-2 precursor, putative

mHbCIRal40

Reticulocalbin-2 precursor, putative

DNA binding protein, putative

DNA binding protein, putative

Conserved hypothetical protein

Conserved hypothetical protein

Glucose regulated repressor protein, putative

Protein-s isoprenylcysteine O-methyltransferase, putative

Conserved hypothetical protein

Transmembrane protein 53-like

Glycerol-3-phosphate dehydrogenase, putative
Cytokinin dehydrogenase, putative

Cytokinin dehydrogenase, putative

Silene conica chromosome 76 mitochondrion sequence
Glycine max protein IQ-DOMAIN 14-like
N-acetyltransferase, putative

Conserved hypothetical protein

Hypothetical protein

Hypothetical protein

Nucleotide pyrophosphatase/phosphodiesterase, putative
Transcription factor, putative
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Predicted protein
Disease resistance response protein, putative
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
Short chain alcohol dehydrogenase, putative
Predicted protein
O-methyltransferase, putative
CC-NBS-LRR resistance protein
Scaffold 123832
Conserved hypothetical protein
Nucleoporin NUP53, putative
Hypothetical protein
Conserved hypothetical protein
Cell division cycle protein 27 homolog B-like
Predicted protein
DNA binding protein, putative
DNA binding protein, putative
mHbCIRA2394
Conserved hypothetical protein
Hypothetical protein
Casein kinase, putative
Casein kinase, putative
Conserved hypothetical protein
Conserved hypothetical protein

Scaffold 207081
Katanin p60 ATPase-containing subunit, putative
mHbCIRA2415
Katanin p60 ATPase-containing subunit, putative
Scaffold 411742
mHbCIRA2523
Hypothetical protein
Scaffold 411971
Ethylene-insensitive3 protein, putative
mHbCIRA2508
hmct21
Scaffold 411167

Phenylalanine ammonia-lyase, putative
Hypothetical protein

Carbonic anhydrase, putative
Conserved hypothetical protein
mHbCIRA2757

Bell homeotic protein, putative
Conserved hypothetical protein



Scaffold 148311

MHbCIRTAs2456

Linkage map-g14

Scaffold 416127

Scaffold 501411

Scaffold 156035

Scaffold 126947

Predicted protein
mHbCIRa282

mHbCIRA2435

Conserved hypothetical protein
Hypothetical protein

Protein binding protein, putative

Conserved hypothetical protein
Glycine-rich RNA-binding protein, putative
Hypothetical protein

Hypothetical protein

Phosphoserine phosphatase, putative

ATP synthase f1, gamma subunit, putative
Mitochondrial carrier protein, putative
Hypothetical protein

Histone deacetylase hdal, putative
mMmHbCIRA2545

hmct21

Hypothetical protein

Hydrolase, hydrolyzing O-glycosyl compounds, putative

Alpha-n-acetylglucosaminidase, putative
Alpha-n-acetylglucosaminidase, putative
Betaine-aldehyde dehydrogenase

Betaine-aldehyde dehydrogenase

Mannose-1-phosphate guanyltransferase, putative
Pentatricopeptide repeat-containing protein, putative
Cell division cycle, putative

Two-component sensor protein histidine protein kinase, putative
Actin binding protein, putative

Lipase, putative

Conserved hypothetical protein

Microtubule-associated protein TORTIFOLIAL, putative
Conserved hypothetical protein

DNA binding protein, putative

Hevea brasiliensis isolate SSH16

Conserved hypothetical protein

mHbCIRA2423

Predicted protein

Hypothetical protein

Hypothetical protein
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Hypothetical protein
Predicted protein
5-formyltetrahydrofolate cyclo-ligase, putative
5-formyltetrahydrofolate cyclo-ligase, putative
Rhicadhesin receptor precursor, putative
DNA binding protein, putative
GTR20
Conserved hypothetical protein
R2R3-MYB transcription factor, putative
Galactosyltransferase, putative
Predicted protein
Predicted protein
ATP binding protein, putative
ATP binding protein, putative
ATP binding protein, putative
tRNA ligase, putative
tRNA ligase, putative
tRNA ligase, putative
HIPL1 protein precursor, putative
Epstein-Barr nuclear antigen, putative
Predicted protein
Conserved hypothetical protein
Conserved hypothetical protein
LOB domain-containing protein, putative
Conserved hypothetical protein
ACR24
Scaffold 409802
Brassinosteroid insensitive 1-associated receptor kinase 1 precursor
Protein bem46, putative
Protein tipD, putative
Conserved hypothetical protein
Cysteine protease, putative
Hypothetical protein
Predicted protein
Conserved hypothetical protein
Predicted protein
Nucleic acid binding protein, putative
Nucleic acid binding protein, putative
Nucleic acid binding protein, putative
Predicted protein
Transferase, transferring glycosyl groups, putative
Transferase, transferring glycosyl groups, putative
Esterase precursor, putative
Ubiquitin-protein ligase, putative
Elongator complex protein, putative
Predicted protein



Scaffold 120605

Sentrin/sumo-specific protease, putative

Predicted protein

Ubiquinone biosynthesis protein cog-8, putative
Hypothetical protein

Nucleoside diphosphate kinase, putative

DELLA protein RGL1, putative

Anthranilate N-benzoyltransferase protein, putative
Anthranilate N-benzoyltransferase protein, putative
Conserved hypothetical protein

Glyceraldehyde 3-phosphate dehydrogenase, putative
Conserved hypothetical protein

Conserved hypothetical protein

Predicted protein

Bromodomain-containing protein, putative
Bromodomain-containing protein, putative
Predicted protein

Conserved hypothetical protein

mHbCIRA2504

AMP dependent CoA ligase, putative

MHbCIRTA2452
Conserved hypothetical protein

Linkage map-g15

Scaffold 169399

Scaffold 134709

Scaffold 435366

Hypothetical protein

Sodium-bile acid cotransporter, putative
mHbCIRa289

Bromodomain-containing protein, putative
mHbCIRA2391

Predicted protein
Bromodomain-containing protein, putative
Hypothetical protein

Transmembrane receptor, putative
Hypothetical protein

Hypothetical protein

Nucleic acid binding protein, putative

Nucleic acid binding protein, putative

Protein kinase APK1B, chloroplast precursor, putative
Predicted protein

mHbCIRT2086

Hypothetical protein

Conserved hypothetical protein
Protein binding protein, putative
Protein binding protein, putative
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Scaffold 129826

Scaffold 43997

Scaffold 42633

Scaffold 254588

Protein binding protein, putative

Serine carboxypeptidase, putative

mHbCIRA2483

mHbCIRA2391

mHbCIRA314

Sterol regulatory element-binding protein site 2 protease, putative

MHbCIRTAs2709

NAD dehydrogenase, putative

NAD dehydrogenase, putative

Conserved hypothetical protein

Predicted protein

mHbCIRA2391

Predicted protein

Dihydrolipoamide acetyltransferase component of pyruvate dehydrogenase, putative
mHbCIRA2510

Dihydrolipoamide acetyltransferase component of pyruvate dehydrogenase, putative
MTA/SAH nucleosidase, putative

hmct53

Hbtnr-71

mHbCIRt182

gHbCIRA2685

3-Phosphoinositide-dependent protein kinase-1, putative
3-Phosphoinositide-dependent protein kinase-1, putative

Conserved hypothetical protein

Lipid binding protein, putative

Conserved hypothetical protein

Predicted protein

mHbCIRA2697

mHbCIRa390

hmct21

hmct22

Serine-threonine protein kinase, plant-type, putative

Hypothetical protein

Pentatricopeptide repeat-containing protein, putative

Two-component system sensor histidine kinase/response regulator, putative
Hypothetical protein

Leucine-rich repeat-containing protein 2, lrrc2, putative

Leucine-rich repeat-containing protein 2, lrrc2, putative

Leucine-rich repeat-containing protein 2, lrrc2, putative

ATP binding protein, putative

Conserved hypothetical protein

Conserved hypothetical protein
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Scaffold 119584

Conserved hypothetical protein
RING-H2 finger protein ATL3C, putative
Transcription factor RF2b, putative
Dihydropteroate synthase, putative
Predicted protein

Predicted protein

mHbCIRA2391

Hypothetical protein

mHbCIRTA2157

hmct40

Hypothetical protein

Hypothetical protein

mHbCIRa095

ATP binding protein, putative
Mn-superoxide dismutase (SODMN) gene
Conserved hypothetical protein

Predicted protein

Aspartic proteinase nepenthesin-1 precursor, putative

Dead box ATP-dependent RNA helicase, putative
Hypothetical protein

Hypothetical protein

mHbCIRA2492

Predicted protein

mHbCIRA2492

mHbCIRTA2157

Linkage map-g16

Scaffold 154109

Scaffold 134200

Signal recognition particle receptor subunit beta, putative
MHbCIRTAs2225

hmct40

Paramyosin, putative

Cytochrome P450, putative

Afc, putative

Pentatricopeptide repeat-containing protein, putative
Alpha-galactosidase/alpha-n-acetylgalactosaminidase, putative
mHbCIRA131

Alpha-L-fucosidase 2 precursor, putative
Alpha-L-fucosidase 2 precursor, putative

Protein phosphatase 2c, putative

ATP binding protein, putative

Conserved hypothetical protein

Protein phosphatase 2c, putative

Cytochrome P450, putative
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Scaffold 251160

Scaffold 177599

Scaffold 158956

Scaffold 307979

Scaffold 420218

Scaffold 234640

Serine/threonine-protein kinase bril, putative
ATP binding protein, putative

Suppressor of ty, putative

Predicted protein

Cysteine desulfuration protein sufe, putative
Cytochrome P450, putative

Hypothetical protein

Axial regulator YABBY4, putative
mHbCIRA2407

Hypothetical protein

Heat shock protein 70 (HSP70)-interacting protein, putative
Predicted protein

Alcohol dehydrogenase, putative

mHbCIRA097

Nucleotide binding protein, putative

Predicted protein

mMmHbCIRA2765
Ribonuclease z, chloroplast, putative
Ribonuclease z, chloroplast, putative

Hbtnr-17
mHbCIRA275

Beta-1,3-galactosyltransferase sqv-2, putative

MADs box protein, putative
mHbCIRA2396

mHbCIRA179

Linkage map-g17

Scaffold 121986

Scaffold 413909

MHbCIRTs2188

gHbCIRTAS2720

Conserved hypothetical protein

Conserved hypothetical protein

Conserved hypothetical protein

Glucan endo-1,3-beta-glucosidase precursor, putative
mHbCIRA2414

Hypothetical protein

Conserved hypothetical protein

Conserved hypothetical protein

DUF26 domain-containing protein 1 precursor, putative
Conserved hypothetical protein
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Scaffold 418287

Scaffold 433878

Nucleic acid binding protein, putative
Nucleic acid binding protein, putative
Calcium ion binding protein, putative
Ubiquitin-conjugating enzyme, putative
hmac?2

hmct21

gHbCIRA2511

hmct12

mHbCIRA2425

Beta-ketoacyl-ACP synthase |

mHbCIRa344

mHbCIRa78

Conserved hypothetical protein

Urease accessory protein ureG, putative

DNA replication licensing factor MCM3, putative
Beta-ketoacyl-ACP synthase |

Pectinesterase (MTR_3g010770)

Coatomer gamma subunit, putative
mHbCIRT140

Guanine nucleotide-binding protein beta, putative
Glucan endo-1,3-beta-glucosidase precursor, putative
mHbCIRA2418-2

Adenylyl cyclase-associated protein, putative
Cytochrome P450 3A27 putative
Serine/threonine-protein kinase PBS1, putative
Hypothetical protein

Predicted protein

2-Hydroxyacid dehydrogenase, putative
Conserved hypothetical protein

Predicted protein

NADH-ubiquinone oxidoreductase 1, chain, putative
Phenylalanyl-trna synthetase beta chain, putative
Phenylalanyl-trna synthetase beta chain, putative
Conserved hypothetical protein

Irr receptor protein kinase, putative

Hypothetical protein

DNA binding protein, putative

Hypothetical protein

Hypothetical protein

Predicted protein

Predicted protein

Acyltransferase, putative

Hypothetical protein
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Scaffold 133200

Scaffold 521115

MmHbCIRT2447

mHbCIRA2391

Oligopeptide transporter, putative
Cadmium-induced protein AS8, putative
mHbCIRA2387

Predicted protein

mHbCIRTA2157

hmac3

Linkage map-g18

Scaffold 122775

Scaffold 174767

Scaffold 108198

Multidrug resistance protein ABC transporter family
Multidrug resistance protein ABC transporter family
Mitochondrial translational initiation factor, putative
Ubiquitin ligase protein copl, putative

Ubiquitin ligase protein copl, putative

Predicted protein

Predicted protein

Hypothetical protein

Ubiquitin-conjugating enzyme E2, putative
Predicted protein

Aldose 1-epimerase, putative
Beta-1,3-galactosyltransferase sqv-2, putative

50S ribosomal protein L18, chloroplast precursor, putative

mHbCIRT2113
Predicted protein

mHbCIRA2197

Glutathione s-transferase, putative

Conserved hypothetical protein

Conserved hypothetical protein

Conserved hypothetical protein

Conserved hypothetical protein

DNA binding protein, putative
UTP-glucose-1-phosphate uridylyltransferase, putative
UTP-glucose-1-phosphate uridylyltransferase, putative
NADP-specific isocitrate dehydrogenase, putative
Glutamate decarboxylase, putative

Conserved hypothetical protein

nnp-1 protein, putative

Predicted protein

Conserved hypothetical protein

Conserved hypothetical protein
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Scaffold 155107

Scaffold 181819

Scaffold 436803

Conserved hypothetical protein
Transcription factor, putative

Predicted protein

Nonsense-mediated decay protein, putative
mHbCIRA2422

Importin beta-3, putative

Oxidoreductase, putative

Conserved hypothetical protein

Zinc finger protein, putative

Receptor protein Kinase, putative

Amine oxidase, putative

O-linked n-acetylglucosamine transferase, ogt, putative
O-linked n-acetylglucosamine transferase, ogt, putative
N-acetylglucosamine kinase, putative
N-acetylglucosamine kinase, putative

mHbCIRA463

Conserved hypothetical protein
Serine/threonine-protein kinase PBS1, putative
Serine/threonine-protein kinase PBS1, putative

Small nucleolar RNA-associated protein 14 homolog A-like
protein kinase, putative

F-box/leucine rich repeat protein, putative
F-box/leucine rich repeat protein, putative
Transcription initiation factor TFIID subunit
Conserved hypothetical protein

Hypothetical protein

Phosphoenolpyruvate carboxylase

mHbCIRA320

Protein with unknown function

Transcription factor, putative
Serine/threonine-protein kinase cx32, putative
Serine/threonine-protein kinase cx32, putative
Dihydrodipicolinate synthase, putative
Nucellin, putative

Disease resistance response protein, putative
Suppressor of actin, putative

mHbCIRA2482

Catalase (cat)

Hypothetical protein

Plant ubiquilin, putative

SSR P2-D6-2

Cyclin B, putative

Predicted protein
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Scaffold 155502

Scaffold 577425

Scaffold 410482

Scaffold 513701

GTP binding protein, putative
GTP binding protein, putative
Predicted protein

Hypothetical protein

Isocitrate dehydrogenase, putative

Hypothetical protein
mHbCIRA2409

Sodium-dependent phosphate transport protein, putative
MHbCIRTAs2217

Cytochrome P450, putative

Conserved hypothetical protein

Predicted protein

Josephin-2, putative

Predicted protein

Catalytic, putative

Catalytic, putative

Predicted protein

Conserved hypothetical protein

Conserved hypothetical protein

Sugar transporter, putative

Predicted protein

Predicted protein

DNA binding protein, putative

phosphatidylinositol n-acetylglucosaminyltransferase subunit p, putative
conserved hypothetical protein

mHbCIRA2391

mHbCIRT373

Hypothetical protein

mHbCIRT2391

Serine-threonine protein kinase, plant-type, putative
Serine-threonine protein kinase, plant-type, putative
Serine-threonine protein kinase, plant-type, putative
ATP binding protein, putative

DNA mismatch repair protein mlh1, putative
DNA mismatch repair protein mlh1, putative
DNA mismatch repair protein mlh1, putative
Dead box ATP-dependent RNA helicase, putative
ACR37

mHbCIRT1067

Hydrolase, putative

Hypothetical protein

Prefoldin-related ke2-like protein
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Scaffold 128818

Scaffold 467142

Scaffold 336055

Scaffold 308928

Conserved hypothetical protein

mHbCIRA2439

Conserved hypothetical protein

Conserved hypothetical protein

Conserved hypothetical protein

Serine-threonine protein kinase, plant-type, putative

MHDbCIRTAS 2744
Aspartate kinase, putative

mHbCIRA288

mHbCIRTAs 2271
Sterol desaturase, putative
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Table S3. Main classes of repeat elements in the H. brasiliensis genome assembly

Class Types Total repeats (%)
DNA transposons En-Spm 0.61
MuDR 0.45
hAT-Tagl 0.21
hAT-Ac 0.14
hAT-Tip100 0.09
Helitron 0.01
Others 0.05
Retrotransposons LTR/Gypsy 38.20
LTR/Copia 7.38
LTR/Caulimovirus 0.39
LINE/ RTE-BovB 0.97
LINE/ L1 0.34
LINE/CR1 0.05
LINE/ R1 0.02
SINE 0.01
Others 0.18
Satellite 0.02
Simple repeat 0.64
Unknown 50.24

Table S4. Summary statistics of gene models predicted by seven programs

GENEMARK GLIMMER

EVM AUGUSTUS FGENESH GENEID HMME HMM SNAP
Number of 68,955 48,087 62,020 65,851 65,669 65,902 59,591
models
Total
number of  47.978.108 41396159 47.897.431 39074868 44307210 30116191 41,503,482
bases
Average
ORF length 696 861 772 593 675 457 696
(bp)
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Table S5. Comparison of publicly available H. brasiliensis transcripts with the genome

Resource Accession No. Hevea clone No. Sequences  No. Aligned® % Aligned
b . Primarily (>90%)
NCBI dbEST®  Various RRIMG00 37,826 36,786 97.25
.?:](;IT;%’ N/A RRIM600 28,300 28,237 99.78
NCBI GEO* GSE26514 RY7-33-97 48,768 45,640 93.59
e JR344291- 22
NCBI TSA JR366936 RY7-33-97 22,646 20,589 90.92
Total 137,540 131,252 95.43

*BLAST hits with E-value < 10~ and 90% sequence identity cutoff

®Data available as of October 2012

‘Isotig sequences from http://www4a.biotec.or.th/rubber/Download (ref. 6)
dUnigenes from ref. 7

*Assembled transcripts from ref. 10

Table S6. General features of the transcriptome assembly

Number of contigs
Mean length of contigs (bp)
Length of the largest contig (bp)

Number of contigs aligned to the genome (>90% sequence identity)

Number of contigs with NR alignment

Number of unique GI accession 1Ds

Number of contigs with matching protein coverage of 80-100%
Number of unique Gls with matching protein coverage of 80-100%
Number of contigs with matching protein coverage of 50-80%
Number of unique Gls with matching protein coverage of 50-80%

73,060
1,173
15,597
72,644
55,154
19,788
18,571
10,161
13,198
6,593

Table S7. Functional annotation of predicted proteins for H. brasiliensis

Protein databases Number of proteins
NR alignment 52,968
KEGG alignment 52,825
KOG/COG assignment 33,472
EC assignment 16,779
KO assignment 28,488
GO assignment 26,816
InterPro signature 41,743
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Table S8. Comparison of KOG functions across various sequenced plant genomes

. Hevea Ricinus Populus Arabidopsis Eucalyptus Oryza  Zea

KOG Functions brasiliensis communis trichocarpa thaliana grandis sativa  mays
INFORMATION STORAGE AND PROCESSING
[J] Translation, ribosomal 1236 663 1129 1068 1207 1109 2290
structure and biogenesis
EHAJ | S processing and 1067 547 999 940 1023 976 1814
[K] Transcription 1459 826 1619 1618 1608 1508 2419
[L] Replication, . 661 314 654 504 595 486 853
recombination and repair
551];2{2:“"‘“” structure and 377 183 348 349 323 284 578
CELLULAR PROCESSES AND SIGNALING
[D] Cell cycle control, cell
division, chromosome 627 300 537 565 593 495 969
partitioning
[Y] Nuclear structure 122 40 80 72 60 62 128
[V] Defense mechanisms 274 136 261 180 334 280 370
He]cifn”iz‘:;;a“d“c“on 5216 1959 4288 2837 6806 4006 4857
[M] Cell
wall/membrane/envelope 464 202 366 288 478 365 589
biogenesis
[N] Cell motility 7 2 3 5 4 6 2
[Z] Cytoskeleton 1092 404 826 701 1046 697 1333
[W] Extracellular structures 116 55 115 66 81 73 91
[U] Intracellular trafficking,
secretion, and vesicular 1496 638 1276 1142 1367 1188 2210
transport
[O] Posttranslational
modification, protein 2886 1486 2691 2396 3227 2726 4451
turnover, chaperones
METABOLISM
[C] Energy production and 1119 657 973 749 1555 982 1585
conversion
[G] Carbohydrate transport 1665 804 1354 1102 1817 1336 1993
r[:gtaAbrg;ig?naCId transport and 1119 613 962 809 1266 1011 1565
r[ngtaNb“O‘}'iz‘r’T:'de transport and 299 157 232 215 243 281 475
r[:'e]tacbc(’)‘igzr%’ me transport and 289 159 239 212 202 235 303
[1] Lipid transport and
metabolism 1178 638 1038 832 1478 963 1635
E[;L ';‘;ggg'lfs'n‘z” transport 902 433 848 590 963 673 1045
[Q] Secondary metabolites
biosynthesis, transport and 1470 768 1171 785 2007 1018 1289
catabolism
POORLY CHARACTERIZED

E)ng d?;?grrlac')::;““'on 3493 1834 3085 2790 4156 3023 4499
[S] Function unknown 1449 723 1388 1163 1675 1282 2240
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Table S9. Pfam domains in the H. brasiliensis genome. Only the most abundant domains
(>10 hits) are listed.

Pfam Domain Hits
Leucine Rich Repeat 7259
Ankyrin repeat 1030
EF hand 657
GTPase of unknown function 534
ABC transporter 518
ATPase family associated with various cellular activities (AAA) 433
Binding-protein-dependent transport system inner membrane 348
component

ATP synthase A chain 319
Cytochrome P450 292
7 transmembrane receptor (rhodopsin family) 290
Cytochrome C and Quinol oxidase polypeptide | 283
DEAD/DEAH box helicase 211
Elongation factor Tu GTP binding domain 188
Helicase conserved C-terminal domain 147
Homeobox domain 134
FAD dependent oxidoreductase 129
alpha/beta hydrolase fold 128
haloacid dehalogenase-like hydrolase 114
Elongation factor Tu domain 2 103
Glycosyl transferases group 1 93
CBS domain pair 82
His Kinase A (phosphoacceptor) domain 80
4Fe-4S binding domain 78
Aminotransferase class | and 11 78
Calcineurin-like phosphoesterase 74
ATP synthase alpha/beta family, nucleotide-binding domain 69
Alcohol dehydrogenase GroES-like domain 63
Histidine kinase-, DNA gyrase B-, and HSP90-like ATPase 55
Acetyltransferase (GNAT) family 52
AMP-binding enzyme 52
Cytochrome b(C-terminal)/b6/petD 52
4Fe-4S iron sulfur cluster binding proteins, NifH/frxC family 41
Aldehyde dehydrogenase family 41
Glycosyl transferase family 2 39
Cytochrome b(N-terminal)/b6/petB 32
Cytochrome C oxidase subunit I, transmembrane domain 32
HAMP domain 30
Elongation factor Tu C-terminal domain 27
Bacterial regulatory helix-turn-helix protein, lysR family 24
ATP synthase alpha/beta family, beta-barrel domain 23
Bacterial regulatory helix-turn-helix proteins, AraC family 21
Bacterial regulatory proteins, gntR family 18
gag gene protein p24 (core nucleocapsid protein) 18
Helix-turn-helix 18
Bacterial regulatory proteins, tetR family 15
gag gene protein p17 (matrix protein) 15
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Table S10. Predicted subcellular localization of H. brasiliensis gene models based on
SignalP 3.0 analysis

Localization Site Hits GO Cellular Component 1D
Chloroplast 1699 0005576, 0009543, 0009507
Extracellular 1367 0005618

Plasma Membrane 554 0005886

Vacuolar Membrane 368 0005774(2)

Cytosol 286 0005829

Nuclear 249 0005634

Endoplasmic Reticulum 56 0005783

Mitochondria 47 0005739

Golgi Apparatus 12 0005794(1)

Peroxisome 5 0005777(2)

Total 4643

Table S11. tRNA types found in the H. brasiliensis genome

tRNA type Number Number of Introns
Ala 37 1
Arg 50
Asn 24
Asp 29
Cys 17
Gin 19
Glu 33
Gly 58
His 16
lle 33
Leu 59 1
Lys 40
Met 47 11
Phe 27
Pro 14
Ser 62
Thr 42
Trp 13
Tyr 21 17
Val 40
Pseudo 32 3
Sup 12
Undet 4
Total 729 33




Table S12. Gene Ontology (GO) analysis of Hevea specific genes. Only the most abundant
GO terms (>10 hits) are listed.

GO terms Hits Description

G0:0005524 746 ATP binding

G0:0000166 409 Nucleotide binding

G0:0004672 374 Protein kinase activity

G0:0006468 374 Protein phosphorylation

G0:0006915 335 Apoptosis

G0:0006952 325 Defense response

GO0:0004674 294 Protein serine/threonine kinase activity
G0:0003676 278 Nucleic acid binding

G0:0016301 232 Kinase activity

G0:0016740 225 Transferase activity

G0:0003677 204 DNA binding

G0:0016491 198 Oxidoreductase activity

G0:0008270 189 Zinc ion hinding

G0:0055114 189 Oxidation-reduction process

G0:0016020 185 Membrane

G0:0016787 171 Hydrolase activity

G0:0016021 150 Integral to membrane

G0:0008152 130 Metabolic process

G0:0007165 122 Signal transduction

G0:0004888 111 Transmembrane signaling receptor activity
G0:0031224 111 Intrinsic to membrane

G0:0045087 111 Innate immune response

G0:0032440 107 2-alkenal reductase[NAD(p)] activity
GO0:0017111 103 Nucleoside-triphosphatase activity
G0:0003824 101 Catalytic activity

G0:0015074 101 DNA integration

G0:0004721 92 Phosphoprotein phosphatase activity
G0:0004872 86 Receptor activity

G0:0005488 85 Binding

G0:0003723 79 RNA binding

G0:0005634 76 Nucleus

G0:0003964 74 RNA-directed DNA polymerase activity
G0:0006278 63 RNA-dependent DNA replication
G0:0005529 51 Sugar binding

G0:0045449 49 Regulation of transcription, DNA-dependent
G0:0004715 48 Non-membrane spanning protein tyrosine kinase
G0:0046872 48 Metal ion binding

G0:0006508 47 Proteolysis

G0:0005975 44 Carbohydrate metabolic process
G0:0006355 37 Regulation of transcription, DNA-dependent
G0:0004713 36 Protein tyrosine kinase activity
G0:0016310 36 Phosphorylation

G0:0004553 35 Hydrolase activity, hydrolyzing O-glycosyl
G0:0004523 34 Ribonuclease H activity

G0:0005506 34 Iron ion binding

G0:0004709 33 MAP kinase kinase kinase activity
G0:0005622 33 Intracellular

G0:0048544 33 Recognition of pollen

G0:0004497 30 Monooxygenase activity

G0:0020037 29 Heme binding

G0:0005509 27 Calcium ion binding

G0:0009055 27 Electron carrier activity

G0:0043169 26 Cation binding

G0:0006350 25 Transcription, DNA-dependent
G0:0016758 25 Transferase activity, transferring hexosyl groups
G0:0016798 25 Hydrolase activity, acting on glycosyl bonds
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G0:0046983
G0:0016829
G0:0016757
G0:0005737
G0:0055085
G0:0000287
G0:0000785
G0:0003682
G0:0004190
G0:0006333
G0:0004697
G0:0008233
G0:0006351
G0:0008353
G0:0000160
G0:0047213
G0:0004714
G0:0005525
G0:0008236
G0:0003700
G0:0004252
G0:0004568
G0:0006032
G0:0016998
G0:0050660
G0:0006810
G0:0008168
G0:0032259
G0:0044237
G0:0050662

23
22
21
20
20
19
19
19
19
19
18
16
14
14
13
13
12
12
12
11
11
11
11
11
11
10
10
10
10
10

Protein dimerization activity

Lyase activity

Transferase activity, transferring glycosyl groups
Cytoplasm

Transmembrane transport

Magnesium ion binding

Chromatin

Chromatin binding

Aspartic-type endopeptidase activity

Chromatin assembly or disassembly

Protein kinase C activity

Peptidase activity

Transcription, DNA-dependent

RNA polymerase Il carboxy-terminal domain kinase activity
Two-component signal transduction system (phosphorelay)
Anthocyanidin 3-O-glucosyltransferase activity
Transmembrane receptor protein tyrosine kinase activity
GTP binding

Serine-type peptidase activity

Sequence-specific DNA binding transcription factor activity
Serine-type endopeptidase activity

Chitinase activity

Chitin catabolic process

Cell wall macromolecule catabolic process

Flavin adenine dinucleotide binding

Transport

Methyltransferase activity

Methylation

Cellular metabolic process

Coenzyme binding
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Table S13. InterPro domains within the Hevea specific lineage. Only the most abundant

domains (>10 hits) are listed.

InterPro ID Hits Domain Description

IPR001611 846 Leucine-rich repeat

IPR017442 178 Serine/threonine-protein kinase-like domain
IPR002885 124 Pentatricopeptide repeat

IPR001245 110 Serine-threonine/tyrosine-protein kKinase
IPR002182 110 NB-ARC

IPR013210 86 Leucine-rich repeat-containing N-terminal, type 2
IPR002110 54 Ankyrin repeat

IPR000157 49 Toll-Interleukin receptor

IPR005162 49 Retrotransposon gag protein

IPR001128 35 Cytochrome P450

IPR004158 30 Protein of unknown function DUF247, plant
IPR001480 24 Bulb-type lectin domain

IPR013242 23 Retroviral aspartyl protease

IPR005508 22 Protein of unknown function DUF313
IPR002902 20 Gnk2-homologous domain

IPR003340 20 Transcriptional factor B3

IPR004252 18 Transposase, Ptta/En/Spm, plant
IPR003656 17 Zinc finger, BED-type predicted
IPR000626 16 Ubiquitin

IPR021820 16 S-locus receptor kinase, C-terminal
IPR001810 15 F-box domain, cyclin-like

IPR002213 15 UDP-glucuronosyl/UDP-glucosyltransferase
IPR000858 13 S-locus glycoprotein

IPR000504 12 RNA recognition motif domain

IPR001878 12 Zinc finger, CCHC-type

IPR003676 12 Auxin responsive SAUR protein
IPR005630 12 Terpene synthase, metal-binding domain
IPR013695 12 Wall-associated kinase

IPR0O01153 11 Barwin

IPR005123 11 Oxoglutarate/iron-dependent oxygenase
IPR023210 11 NADP-dependent oxidoreductase domain
IPR001360 10 Glycoside hydrolase, family 1

IPR011713 10 Leucine-rich repeat 3
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Table S14. Pfam domains within the Hevea specific lineage. Only the most abundant

domains (>10 hits) are listed.

Pfam ID Hits Domain Description

PF00560 846 LRR_1

PF00069 178 Pkinase

PF01535 124 PR

PF00931 110 NB-ARC

PFO7714 110 Pkinase_Tyr

PF08263 86 LRRNT_2

PF00023 54 Ank

PF01582 49 TIR

PF03732 49 Retrotrans_gag

PF00067 35 p450

PF03140 30 Domain of unknown function
PF01453 24 D-mannose binding lectin
PF08284 23 Retroviral aspartyl protease
PF03754 22 Domain of unknown function (DUF313)
PF01657 20 Domain of unknown function
PF02362 20 B3 domain

PF03004 18 Plant transposase (Ptta/En/Spm family)
PF02892 17 ED zinc finger

PF00240 16 Ubiquitin

PF11883 16 Domain of unknown function
PF00201 15 Glucuronosyltransferase

PF00646 15 F-box protein

PF00954 13 S-locus glycoprotein family
PF00076 12 RNA recognition motif

PF00098 12 Zinc finger

PF02519 12 Auxin responsive protein

PF03936 12 Terpene synthase family, metal binding domain
PF08488 12 Wall-associated kinase

PF00248 11 Aldo-keto reductase

PF00967 11 Barwin domain

PF03171 11 20G-Fe(Il) oxygenase superfamily
PF00232 10 Glycoside hydrolase family 1
PF07725 10 Leucine Rich Repeat
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Table S15. KOG analysis of Hevea specific genes

KOG Functions Counts
Information and Storage and Processing

[J] Translation, ribosomal structure and biogenesis 27
[A] RNA processing and modification 18
[K] Transcription 21
[L] Replication, recombination and repair 30
[B] Chromatin structure and dynamics 10
Cellular Processes and Signaling

[D] Cell cycle control, cell division, chromosome partitioning 17
[Y] Nuclear structure 2
[V] Defense mechanisms 16
[T] Signal transduction mechanisms 603
[M] Cell wall/membrane/envelope biogenesis 29
[N] Cell motility 0
[Z] Cytoskeleton 116
[W] Extracellular structures 11
[U] Intracellular trafficking, secretion, and vesicular transport 13
[O] Posttranslational modification, protein turnover, chaperones 89
Metabolism

[C] Energy production and conversion 48
[G] Carbohydrate transport and metabolism 74
[E] Amino acid transport and metabolism 38
[F] Nucleotide transport and metabolism 2
[H] Coenzyme transport and metabolism 12
[1] Lipid transport and metabolism 32
[P] Inorganic ion transport and metabolism 22
[Q] Secondary metabolites biosynthesis, transport and catabolism 80
Poorly Characterized

[R] General function prediction only 140
[S] Function unknown 67
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Table S16. Rubber biosynthesis related genes in the H. brasiliensis genome. Shading indicates the

transcript has been validated from leaf and/or latex cDNA pools.

Gene model

Gene name

EC No.

Members

HBM_contig317144 s139324c15_gene2

1,4-alpha-glucan branching enzyme

2.4.1.18

HBM_contig1307528_s417190c7_genel
HBM_contig343183_s151438c5_genel

1-deoxy-D-xylulose-5-phosphate isomeroreductase

1.1.1.267

HBM_contig1288739_s409811c4_genel
HBM_contig529416_s246980c14_genel
HBM_contig199115_s88445_genel
HBM_contig366145_s162700_genel
HBM_contig979245_s352662c2_gene3
HBM_contig1343951_s444526¢6_genel
HBM_contig1404580_s501548c30_genel

1-deoxyxylulose-5-phosphate synthase

2.2.1.7

HBM_contig1289901_s410013c1_genel
HBM_contig1297666_s412376_genel

levansucrase

2.4.1.10

HBM_contig1326688_s430296c2_gene2
HBM_contig217879_s96943c3_genel

2-C-methyl-D-erythritol 2,4-cyclodiphosphate synthase

4.6.1.12

HBM_contig1339539_s440773c5_gene3
HBM_contig229209_s101968_genel

2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase

2.7.7.60

HBM_contig382299 s170997c9_gene2

2-oxoglutaratedehydrogenase

1.24.2

HBM_contig395100_s177727c26_genel

4-alpha-glucanotransferase

2.4.1.25

HBM_contig1308223_s417615c21_genel
HBM_contig302280_s132669c17_genel

4-diphosphocytidyl-2-C-methyl-d-erythritol kinase

2.7.1.148

HBM_contig318055_s139710c8_genel
HBM_contig276900_s122507c5_genel
HBM_contig297371_s130496_genel

4-hydroxy-3-methylbut-2-enyl diphosphate reductase

1.17.1.2

HBM_contig1074439_s372022c11_genel
HBM_contig1164696_s393417¢c29_gene2
HBM_contig396545_s178492_genel
HBM_contig434052_s198679c8_gene2
HBM_contig945098 s342802c4_gene3

6-phosphofructokinase

27111

HBM_contig1302790_s414786¢2_genel
HBM_contig1374823_s472809c3_genel
HBM_contig289576_s127312c17_gene3

6-phosphogluconate dehydrogenase

1.1.1.44

HBM_contig368493_s163834c3_genel

6-phosphogluconolactonase

31131

HBM_contig338536_s149176c3_genel
HBM_contigd07283_s184142¢3_genel
HBM_contig440778_s202339_genel

Acetyl-CoA C-acetyltransferase

2.3.19

HBM_contig298278_s130904c3_gene3
HBM_contig670075_s281714c1_genel
HBM_contig134158_s58687c27_genel
HBM_contig355008_s157135c8_genel
HBM_contig438518 s201108c18_genel
HBM_contig1494088 s582224c2_gene2

Acid phosphatase/ Phosphoenolpyruvate-phosphatase

3132/
3.1.3.60

18
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HBM_contig323185_s142103c31_genel
HBM_contig348258_s153791c20_genel
HBM_contig1409221 s506095c5_gene3
HBM_contig1016681_s361260c5_genel
HBM_contig431766_s197470c4_genel
HBM_contig1029566_s364163_genel
HBM_contig22381_s09035c12_genel
HBM_contig355008_s157135c8_gene2
HBM_contig371266_s165213c7_gene4
HBM_contig424017_s193270c32_genel
HBM_contig325046_s142945_genel
HBM_contig1409222_s506095c6_genel

HBM_contig147570_s64869c11_genel
HBM_contig907698_s335276c27_genel

Aconitate hydratase

4213

HBM_contig1292498 s410603c18_gene2
HBM_contig225884_s100449c20_gene4
HBM_contig385624_s172762c13_genel
HBM_contig419623_s190883c14_genel
HBM_contig1318907_s424517¢3_genel

Aldose 1-epimerase

5133

HBM_contig318329_s139806c20_genel
HBM_contig1318212_s423994c4_genel

Alpha, alpha-trehalase

3.2.1.28

HBM_contig285982_s125966¢2_gene2
HBM_contig287791_s126661c14_genel
HBM_contig319789_s140450c14_genel
HBM_contig351119 s155176¢19_genel
HBM_contig393825_s177072c1_genel

Alpha-amylase

3211

HBM_contig1022739_s362558c6_gene2
HBM_contig286418_s126148c2_genel

Alpha-glucosidase

3.2.1.20

HBM_contig1357960_s456977c8_gene3
HBM_contig298249 s130891c6_genel
HBM_contig340487_s150149c5_genel
HBM_contig756485_s300037c2_gene5

ATP citrate synthase

2338

HBM_contig1038211_s365857c8_gene3
HBM_contig1038212_s365857c9_genel
HBM_contig1161305_s392766¢5_gene2
HBM_contig1302222_s414481c14_genel
HBM_contig1348390_s448422c26_genel
HBM_contig264692_s117484c7_genel
HBM_contig274496_s121527c2_genel
HBM_contig355900_s157502c9_genel
HBM_contig313150_s137410c19_genel
HBM_contig1161306_s392766¢6_genel

Hexokinase/Glucokinase

2.7.1.1
27.1.2

10

HBM_contig232867_s103635c14_genel
HBM_contig09843_s04035c2_genel
HBM_contig1030687_s364424c2_genel

B-fructofuranosidase/ Fructan p-fructosidase

3.2.1.26/
3.2.1.80

31
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HBM_contig1030688_s364424c3_genel
HBM_contig1119081_s384118c2_genel
HBM_contig1119082_s384118c3_genel
HBM_contig1303515_s415144c5_genel
HBM_contig1308208_s417615c6_gene2
HBM_contig1352768_s452278c9_genel
HBM_contig1357953_s456977c1_genel
HBM_contig232810_s103616c2_gene3
HBM_contig279164_s123369c13_gene5
HBM_contig283350_s124975c7_genel
HBM_contig299515_s131427c8_genel
HBM_contig303742_s133305c3_genel
HBM_contig323410_s142207c17_genel
HBM_contig326170_s143445_genel
HBM_contig336323_s148152c6_genel
HBM_contig336327_s148152¢10_gene2
HBM_contig336329_s148152c12_genel
HBM_contig369602_s164404_genel
HBM_contig425247_s193932c4_gene2
HBM_contig428152_s195531c24_genel
HBM_contig409303_s185263c11_genel
HBM_contig1341606_s442556_genel
HBM_contig1517170_genel
HBM_contig232864_s103635c11_genel
HBM_contig279165_s123369c14_genel
HBM_contig336326_s5148152c9_genel
HBM_contig349207_s154257c6_gene2
HBM_contig819355_s316235_genel

HBM_contig1322037_s426750c3_genel
HBM_contig1352352_s451908c3_gene2
HBM_contig285737_s125861c3_genel
HBM_contig343186_s151438c8_genel
HBM_contig383816_s171800_genel

Carbonate dehydratase

4211

HBM_contig366916_s163044c2_genel

Citrate (Si) synthase

2331

HBM_contig1289286_s409907c6_genel
HBM_contig272314_s120676_genel
HBM_contig919895_s338071c2_genel

Rubber cis-polyprenylcistransferase

2.5.1.20

HBM_contig257034_s114160c16_genel
HBM_contig316009_s138773_genel
HBM_contig393998_s177156¢10_genel
HBM_contig484019_s225263c9_genel

Dihydrolipoamide dehydrogenase

18.1.4

HBM_contig1311115 s419277c5_genel
HBM_contig526985_s245906¢4_genel

Dimethylallyltranstransferase

2511

HBM_contig656003_s279612c2_gene3
HBM_contig1061580_s369994 genel

Diphosphomevalonate decarboxylase

4.1.1.33

52



HBM_contig1294315_s411141c4_genel

HBM_contig1305637_s416164c2_genel
HBM_contig657916_s279871c2_gene2
HBM_contig290987_s127806¢c1_genel
HBM_contig290988_s127806¢c2_genel

Farnesyl diphosphate synthase

2.5.1.10

HBM_contig253780_s112770c3_genel
HBM_contig1292487_s410603c7_genel
HBM_contig1298993 s412919c4_genel
HBM_contig550434_s255571_genel
HBM_contig324001_genel
HBM_contig124304_s54106c3_genel
HBM_contig324027_genel

Geranyl geranyl diphosphate synthase

2.5.1.29

HBM_contig1289171 s409884c2_genel
HBM_contig1303826_s415277c9_genel
HBM_contig1322658 s427165c3_gene3
HBM_contig1339227_s440512c5_gene3
HBM_contig180992_s80187c5_genel
HBM_contig316188_s138852c6_gene2
HBM_contig320635_s140865c2_genel
HBM_contig339478_s149632c15_gene2
HBM_contig522414_s243848c9_genel

Fructose-bisphosphate aldolase

4.1.2.13

HBM_contig214134 s95238c3_genel

HBM_contig285749_s125863c8_gene2
HBM_contig391064_s175615c5_genel
HBM_contig418176_s190089c6_genel
HBM_contig743614_s296819c6_genel

Glucose 1-phosphate adenyl transferase

2.1.7.27

HBM_contig1357958_s456977c6_gene3
HBM_contig276796_s122460c2_genel

Glucose-6-phosphate 1-dehydrogenase

1.1.1.49

HBM_contig339226_s149517c1_genel
HBM_contig1313987_s421061c3_genel

Glucose-6-phosphate 1-epimerase

5.1.3.15

HBM_contig362889_s161039c11_genel

Glucose-6-phosphate isomerase

53.1.9

HBM_contig1288678_s409802c20_gene2
HBM_contig1340694_s441737c10_genel
HBM_contig218121 s97036¢9_genel
HBM_contig342711_s151221c4_genel
HBM_contig130132_s56830c9_genel
HBM_contig163761_s72322c28_genel
HBM_contig474498_s220352c2_genel
HBM_contig251675_s111894c5_genel
HBM_contig262609_s116600c13_genel
HBM_contig1295303_s411482c9_genel
HBM_contig410838_s186095c¢19_genel

Glyceraldehyde 3-phosphate dehydrogenase

1.2.1.12

11

HBM_contig342780_s151248c4_genel

Glycogen (starch) phosphorylase

24.11

HBM_contig1290182_s410061c3_genel
HBM_contig269042_s119264c2_genel

Hydroxymethyl glutaryl-CoA reductase

1.1.1.34
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HBM_contig411305_s186349c9_genel
HBM_contig454459 s209676c4_genel
HBM_contig382803_s171253_genel

HBM_contig1303558_s415149c3_genel
HBM_contig265284_s117727c3_gene4

Hydroxymethylglutaryl-CoA synthase

2.3.3.10

HBM_contig243087_s108198c7_genel
HBM_contig821362_s316780c28_gene2
HBM_contig354346_s156820c5_genel

Isocitrate dehydrogenase

1.1.1.42

HBM_contig501437_s233949c28_genel
HBM_contig326011_s143366_genel
HBM_contig284636_s125486_genel

Isopentenyl-diphosphate delta-isomerase

5.3.3.2

HBM_contig01222_s00535c3_genel

L-malate hydro-lyase/ fumarate hydratase

4212

HBM_contig1293296_s410821c9_genel
HBM_contig1295328 s411484cl_genel
HBM_contig284161_s125295c10_gene2
HBM_contig1297103_s412143c2_genel
HBM_contig1396318 s493516¢3_gene2
HBM_contig1431931_s528398 genel
HBM_contig1432076_s528536_genel
HBM_contig286272_s126079c2_genel
HBM_contig299478 s131426¢5_gene2
HBM_contig323068_s142068c15_gene2
HBM_contig330011_s145212¢19_gene2
HBM_contig337779_s148815c3_genel
HBM_contig349947_s154583_genel
HBM_contig451347_s208034_genel
HBM_contig332061_s146156c4_gene2
HBM_contig675650_s282628_genel

Malate dehydrogenase

1.1.1.37

16

HBM_contig1324605_s428704c13_gene4
HBM_contig285159_s125660c12_genel
HBM_contig673366_s282240c3_genel
HBM_contig721178 s292728c3_genel
HBM_contig1297091 s412138c4_genel
HBM_contig1297092_s412138c5_genel
HBM_contig1302213 s414481c5_genel
HBM_contig1302214 s414481c6_genel
HBM_contig1324606_s428704c14_genel
HBM_contig1347612_s447769_genel
HBM_contig1356436_s455595c6_genel
HBM_contig1356437_s455595¢7_genel
HBM_contig324268 s142597_genel
HBM_contig350581_s154926_genel
HBM_contig428410_s195673c1_genel
HBM_contig428411_s195673c2_genel
HBM_contig440660_s202264_genel
HBM_contig98998_s42626¢10_genel

Malate dehydrogenase (decarboxylating)/

Malate dehydrogenase (oxaloacetate-decarboxylating)

1.1.1.39/
1.1.1.40

19
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HBM_contig98999 s42626c11_genel

HBM_contig1295671_s411600c1_genel
HBM_contig1300792_s413756¢8_genel

Mevalonate kinase

2.7.1.36

2

HBM_contig819783_s316335c3_genel
HBM_contig278880_s123280_genel
HBM_contig362882_s161039c4_gene3

Mitochondrial dicarboxylate carrier protein (DIC)

na

HBM_contig205504_s91271c2_genel
HBM_contig253707_s112736¢8_genel
HBM_contig377316_s168363c3_genel
HBM_contig392526_s176392c5_genel
HBM_contig395725_s178055_genel
HBM_contig408839_s185016_genel
HBM_contig446109_s205232c1_genel
HBM_contig446110_s205232c2_gene2
HBM_contig1301388_s414043 genel
HBM_contig1323260_s427655_genel
HBM_contig1109905_s381969_genel
HBM_contig429984_s196523_genel
HBM_contig1321698 s426518c5_genel
HBM_contig1301003_s413843c6_genel
HBM_contig1301009_s413843c12_gene3
HBM_contig1314924 s421675c8_genel
HBM_contig1317114_s423241_genel
HBM_contig1327193_s430716¢2_genel
HBM_contig1377511_s475352_genel
HBM_contig1382478_s480117c3_genel
HBM_contig1450478_s546338_genel
HBM_contig1487136_s577425¢10_genel
HBM_contig1487136_s577425¢10_gene2
HBM_contig242138_s107781c4_gene2
HBM_contig291717_s128069c7_genel
HBM_contig317671_s139551c2_genel
HBM_contig325647_s143203_genel
HBM_contig374965_s167091_genel
HBM_contig422653_s192531_genel
HBM_contig459400_s212319¢13_genel

Monosaccharide transporter (MT)

na

30

HBM_contig303759_s133310c8_genel

NADP-dependent glyceraldehyde-3-phosphatedehydrogenase

1.2.1.9

HBM_contig1354496_s453822¢10_gene2
HBM_contig231307_s102930c15_genel
HBM_contig302254 s132663c8_genel
HBM_contig728764_s293779c7_genel

Oxoglutarate:malate antiporter (OMT)

na

HBM_contig1302285_s414518c3_genel

Dicarboxylate/Tricarboxylate carrier protein (DTC)

na

HBM_contig1305977_s416315¢19_genel
HBM_contig422634_s192523c3_gene2

Phosphoglucomutase

5.4.2.2

HBM_contig747716_s298021c22_genel

Phosphoglycerate kinase

2.7.2.3
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HBM_contig747717_s298021c23_genel

HBM_contig323198_s142103c44_genel
HBM_contig349580_s154385c27_genel
HBM_contig389245_s174714c12_genel

Phosphoglycerate mutase

5421

HBM_contig433979_s198650c9_genel
HBM_contig227302_s101115c1_genel
HBM_contig297356_s130487_genel

Phosphomevalonatekinase

2.74.2

HBM_contig295239_s129579c5_genel

Phosphopyruvate hydratase (enolase)

42111

HBM_contig1289256_s409900_genel
HBM_contig298771_s131111c1_genel

Oligo-1,6-glucosidase

3.2.1.10

HBM_contig1290187_s410061c8_gene3
HBM_contig334050_s147096c2_genel

Pyrophosphate--fructose-6-phosphate 1-phosphotransferase

2.7.1.90

HBM_contig433980_s198650c10_genel
HBM_contig1301528 s414125c2_genel
HBM_contig1311068_s419250c5_genel
HBM_contig30266_s12350c4_genel
HBM_contig475200_s220734_genel
HBM_contig280867_s123996_genel

HBM_contig1317715_s423641c13_genel
HBM_contig1317714_s423641c12_genel

HBM_contig1295434_s411511¢6_genel

Pyruvate dehydrogenase

1241

HBM_contig101953 s43997c3_gene2
HBM_contig299370_s131382_genel
HBM_contig397018_s178729c12_genel
HBM_contig402074_s181422c8_genel

Dihydrolipoyllysine-residue acetyl transferase

23.1.12

HBM_contig1026725_s363504c2_gene2
HBM_contig1297534 s412313c2_genel
HBM_contig1304126_s415411c3_genel
HBM_contig1344950_s445443c5_gene5
HBM_contig136768_s59843c7_genel
HBM_contig290846_s127748c7_genel
HBM_contig383462_s171609c3_genel
HBM_contig294978_s129482c1_genel

Pyruvate kinase

2.7.1.40

HBM_contig114975_s49906c13_genel
HBM_contig1312636_s420192c3_genel
HBM_contig346662_s153048c28_gene3

Ribose 5-phosphate isomerase A

5.3.1.6

HBM_contig304780_s133706¢10_gene2

Ribulose-phosphate 3-epimerase

5131

HBM_contig1314787_s421584c1_genel
HBM_contig1314789_s421584c3_genel
HBM_contig1352860_s452368 genel
HBM_contig1432969_s529413 genel
HBM_contig210302_s93430_genel
HBM_contig246314_s109563_genel
HBM_contig285004_s125605_genel
HBM_contig289068_s127107_genel

Rubber elongation factor (REF)

na

12
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HBM_contig331924 s146093c6_genel
HBM_contig331929_s146093c11_genel
HBM_contig420863_s191570c9_genel
HBM_contig953976_genel

HBM_contig1291168 s410297_gene2
HBM_contig1314791_s421584c5_genel
HBM_contig1351062_s450759c14_genel
HBM_contig1445641 s541695c60_genel
HBM_contig314926_s138259 genel
HBM_contig331920_s146093c2_genel
HBM_contig331921_s146093c3_genel
HBM_contig331923_s146093c5_genel
HBM_contig364556_s161856_genel
HBM_contig878396_genel

Small rubber particle protein (SRPP)

na

10

HBM_contig164849_s72856¢4_gene2 Starch synthase
HBM_contig230057_s102351c21_gene 1
HBM_contig306687_s134504c10_gene 1
HBM_contig332846_s146521c1_gene 1
HBM_contig943860_s342523c1_gene 1
HBM_contig1289127_s409874c9_gene 1
HBM_contig1318935_s424517¢31_gene 1

24121

HBM_contig1348382_s448422c18_genel Phosphoenolpyruvate carboxykinase

HBM_contig309950_s135961c7_genel
HBM_contig320759_s140923c1_genel
HBM_contig350988_s155107c19_genel
HBM_contig329252_s144873c5_gene3

4.1.1.49

HBM_contig290756_s127709¢c10_genel Succinate dehydrogenase

HBM_contig509596_s237846¢7_genel

1351

HBM_contig348246_s153791c8_gene2 Succinyl-CoA ligase

HBM_contigd70957_s218510c13_gene2
HBM_contig363653_s161426_genel

6.2.1.5

HBM_contig227922_s101408c5_genel Pyruvate decarboxylase

HBM_contig1381025_s478729c8_genel
HBM_contig369579_s164395c1_genel

4111

HBM_contig213287_s94844c20_genel Aldehyde dehydrogenase

HBM_contig325083_s142963_genel
HBM_contig259895_s115401c4_genel
HBM_contig380725_s170152¢1_genel
HBM_contig1375260_s473175¢20_gene2
HBM_contig378330_s168914c2_gene2

1.2.1.3

HBM_contig378047_s168772_genel Alcohol dehydrogenase

HBM_contig1292937_s410710c5_genel
HBM_contig1314460_s421368c3_genel
HBM_contig1354880_s454167c4_genel
HBM_contig1354881_s454167c5_genel

1111
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HBM_contig427387_s195110c1_genel
HBM_contig1292652_s410638c8_gene2

HBM_contig63343_s26589c5_genel
HBM_contig1254051_s405310c12_genel

I-lactate dehydrogenase

1.1.1.27

HBM_contig202157_s89781c2_genel
HBM_contig770884_s304118c4_genel

Acetyl-CoA ligase

6.2.1.1

HBM_contig403677_s182258¢c2_genel
HBM_contig1289511 s409944c4_gene3
HBM_contig371632_s165417c5_genel
HBM_contig1324951 s428974c10_genel
HBM_contig1420163_s516850c9_genel
HBM_contig451554 s208132c13_genel
HBM_contig353116_s156220_genel
HBM_contig431760_s197468c3_gene3
HBM_contig1288955_s409848c4_genel

Trehalose phosphatase

3.1.3.12

HBM_contig1352489_s452038_genel
HBM_contig328275_s144399c2_genel
HBM_contig433089_s198173c7_genel

4-hydroxy-3-methylbut-2-enyl-diphosphate synthase

117.7.1

HBM_contig1289509_s409944c2_genel
HBM_contig1324950_s428974c9_genel
HBM_contig1345306_s445741c4_genel

Sucrose -fructosyltransferase

2.4.1.99

HBM_contig1288687_s409803c1_genel
HBM_contig272605_s120794c27_genel

Sucrose phosphate phosphatase

3.1.3.24

HBM_contig757629_s300436¢6_genel
HBM_contig771203_s304239c15_genel
HBM_contig1463859_s558603c4_genel
HBM_contig355822_s157485c2_genel

Sucrose phosphate synthase

24.1.14

HBM_contig01226_s00535c7_genel
HBM_contig1310976_s419196¢c4_genel
HBM_contig281038_s124058c3_gene2
HBM_contig395231_s177780c5_genel
HBM_contig513220_s239591c6_gene3
HBM_contig314089_s137872_genel
HBM_contig1294277_s411129 genel
HBM_contig281039_s124058c4_genel

Sucrose synthase

2.4.1.13

HBM_contigd7165_s19567c3_gene2
HBM_contig1289974 s410033c6_genel
HBM_contig332408_s146322c13_genel
HBM_contig332409_s146322c14_genel
HBM_contig380380_s169971_genel
HBM_contig397588_s179019c30_gene3
HBM_contig654533_s279397c2_genel

Sucrose transporter (SUT)

na

HBM_contig346208_s152843c5_genel
HBM_contig1305835_s416254c32_gene5

Transaldolase

2212

HBM_contig1125285_s385576c12_genel

Transketolase

2211
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HBM_contig324592_s142744 genel

HBM_contig277898_s122911c5_genel Trehalose-6-phosphate synthase 2.4.1.15 2
HBM_contig273515_s121147c18_gene2

HBM_contig1317309_s423378c2_genel Triosephosphate isomerase 53.1.1 2
HBM_contig1364363_s462960c8_genel

HBM_contig354344_s156820c3_genel UTP-glucose-1-phosphateuridylyltransferase 2.7.7.9 1
HBM_contig1356982_s456101_genel Undecaprenyl-diphosphate synthase 2.5.1.31 5
HBM_contig379004_s169268c2_genel

HBM_contig1329326_s432359c2_gene3

HBM_contig379006_s169268c4_genel

HBM_contig232787_s103605c15_genel

HBM_contig1311114 s419277c4_genel Galtase 24.1.- 4

HBM_contig1323470_s427819c4_genel
HBM_contig1013854_s360717c11_gene3
HBM_contig1299176_s413002_genel
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Table S17. Rubber biosynthesis related genes of H. brasiliensis in comparison to

Parthenium argentatum (guayule) ESTs

Gene model No. o_f EST Lowestb _ Gre_atest )
hits E-value identity %
HBM_contig323068_s142068c15_gene2 10 2.69E-94 100
HBM_contig470957_s218510c13_gene2 27 2.72E-112 100
HBM_contig380725_s170152c1_genel 11 6.63E-105 100
HBM_contig362889 s161039c11_genel 2.43E-24 98
HBM_contig1297534_s412313c2_genel 8 4.63E-133 98
HBM_contig348246_s153791c8_gene2 27 7.26E-105 98
HBM_contig1352489_s452038_genel 5 1.67E-35 97
HBM_contig1288739_s409811c4_genel 9 3.72E-95 96
HBM_contig1374823_s472809c3_genel 7 3.57E-88 96
HBM_contig340487_s150149¢5_genel 6 8.66E-111 96
HBM_contig756485_s300037c2_gene5 5 1.23E-109 96
HBM_contig251675_s111894c5 genel 30 1.83E-101 96
HBM_contig218121_s97036¢9_genel 36 1.00E-124 95
HBM_contig163761_s72322c¢28 genel 35 5.62E-94 95
HBM_contig324268_s142597_genel 5 2.70E-23 95
HBM_contig770884_s304118c4 genel 18 6.89E-53 95
HBM_contig339478_s149632c15_gene2 21 1.00E-117 94
HBM_contig1288678_s409802c20_gene?2 37 4.02E-122 94
HBM_contig342711_s151221c4_genel 37 3.20E-119 94
HBM_contig410838_s186095c19_genel 30 2.94E-103 94
HBM_contig1301528_s414125c2_genel 7 1.99E-47 94
HBM_contig328275_s144399c2_genel 6.93E-126 94
HBM_contig433089_s198173c7_genel 1.37E-125 94
HBM_contig1302790_s414786¢2_genel 7.77E-118 93
HBM_contig147570_s64869c11_genel 16 2.14E-114 93
HBM_contig522414_s243848c9_genel 23 5.14E-135 93
HBM_contig1303558_s415149¢3_genel 22 8.27E-106 93
HBM_contig330011_s145212¢19_gene2 3 1.73E-122 93
HBM_contig675650_s282628_genel 11 1.46E-103 93
HBM_contig428411_s195673c2_genel 8 9.40E-54 93
HBM_contig1302285_s414518c3_genel 39 2.12E-98 93
HBM_contig294978_s129482c1_genel 8 1.78E-96 93
HBM_contig346208_s152843c5_genel 5 1.51E-112 93
HBM_contig1307528_s417190c7_genel 7 1.17E-52 92
HBM_contig343183_s151438¢c5_genel 4 1.09E-60 92
HBM_contig289576_s127312c17_gene3 9 5.65E-115 92
HBM_contig907698_s335276c27_genel 10 3.22E-113 92
HBM_contig1289171_s409884c2_genel 23 3.97E-135 92
HBM_contig180992_s80187c5_genel 21 1.66E-131 92
HBM_contig130132_s56830c9_genel 35 1.47E-120 92
HBM_contig821362_s316780c28_gene2 1.07E-105 92
HBM_contig337779_s148815¢c3_genel 4.96E-109 92
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HBM_contig295239_s129579¢c5_genel
HBM_contig1317714_s423641c12_genel
HBM_contig1305835_s416254c32_gene5
HBM_contig1299176_s413002_genel
HBM_contig1326688_s430296¢c2_gene2
HBM_contig217879_s96943c3_genel
HBM_contig484019_s225263c9_genel
HBM_contig1340694_s441737¢10_genel
HBM_contig326011_s143366_genel
HBM_contig320759_s140923c1_genel
HBM_contig382299_s170997¢c9_gene2
HBM_contig290988_s127806¢2_genel
HBM_contig1339227_s440512c5_gene3
HBM_contig418176_s190089¢c6_genel
HBM_contig411305_s186349¢c9_genel
HBM_contig454459 s209676¢4_genel
HBM_contig354346_s156820c5_genel
HBM_contig1324605_s428704c13_gened
HBM_contig1356436_s455595¢c6_genel
HBM_contig747716_s298021c22_genel
HBM_contig136768_s59843c7_genel
HBM_contig297371_s130496_genel
HBM_contig1352768_s452278c9_genel
HBM_contig303742_s133305¢3_genel
HBM_contig323410_s142207c17_genel
HBM_contig1322658_s427165c3_gene3
HBM_contig284161_s125295¢10_gene2
HBM_contig451347_s208034_genel
HBM_contig1297091_s412138c4_genel
HBM_contig747717_s298021c23_genel
HBM_contig350988_s155107¢19_genel
HBM_contig378330_s168914c2_gene2
HBM_contig1292937_s410710c5_genel
HBM_contig1354881 s454167c5_genel
HBM_contig1292652_s410638c8_gene2
HBM_contig354344_s156820c3_genel
HBM_contig425247_s193932c4_gene2
HBM_contig257034_s114160c16_genel
HBM_contig743614_s296819c6_genel
HBM_contig474498_s220352c2_genel
HBM_contig269042_s119264c2_genel
HBM_contig1293296_s410821c9_genel
HBM_contig286272_s126079c2_genel
HBM_contig303759_s133310c8_genel
HBM_contig1290187_s410061c8_gene3
HBM_contig1311068_s419250c5_genel

22

10

13
36

22

17

11
10
15

22
10

12
38
22
34
12

13

10

10

10
19

3.95E-127
2.61E-72
1.71E-111
3.01E-97
6.66E-89
4.76E-88
1.91E-110
8.63E-119
8.30E-79
1.17E-127
1.16E-130
9.62E-11
1.09E-130
8.17E-103
1.02E-96
2.33E-93
3.22E-95
5.58E-106
2.92E-39
3.21E-108
4.18E-111
7.42E-89
7.10E-123
1.25E-122
2.93E-123
1.09E-129
1.93E-107
4.82E-53
3.28E-75
5.19E-87
9.17E-126
4.61E-103
4.70E-106
3.46E-96
6.96E-104
1.65E-97
5.80E-124
4.10E-114
7.80E-103
7.74E-101
1.60E-106
3.69E-107
2.03E-117
6.79E-100
2.89E-63
1.13E-71

92
92
92
92
91
91
91
91
91
91
90
90
90
90
90
90
90
90
90
90
90
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
88
88
88
88
88
88
88
88
88
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HBM_contig1310976_s419196c4_genel
HBM_contig281038_s124058¢c3_gene2
HBM_contig1290182_s410061c3_genel
HBM_contig243087_s108198c7_genel
HBM_contig285159_s125660c12_genel
HBM_contig1344950_s445443c5_geneb
HBM_contig1311114 s419277c4_genel
HBM_contig1343951_s444526¢6_genel
HBM_contig945098_s342802c4_gene3
HBM_contig419623_s190883c14_genel
HBM_contig298249 s130891c6_genel
HBM_contig1305637_s416164c2_genel
HBM_contig382803_s171253 genel
HBM_contig01222_s00535c3_genel
HBM_contig1295328_s411484c1_genel
HBM_contig334050_s147096¢2_genel
HBM_contig227922_s101408c5_genel
HBM_contig434052_s198679¢8_gene2
HBM_contig407283_s184142¢3_genel
HBM_contig440778_s202339_genel
HBM_contigh01437_s233949¢c28_genel
HBM_contig278880_s123280_genel
HBM_contig349580_s154385c27_genel
HBM_contig304780_s133706¢10_gene2
HBM_contig272605_s120794c27_genel
HBM_contig01226_s00535c7_genel
HBM_contig1061580_s369994 genel
HBM_contig1324606_s428704c14_genel
HBM_contig402074_s181422¢c8_genel
HBM_contig1381025_s478729¢c8_genel
HBM_contig1339539 s440773c5_gene3
HBM_contig318055_s139710c8_genel
HBM_contig276900_s122507¢c5_genel
HBM_contig338536_s149176¢3_genel
HBM_contig656003_s279612c2_gene3
HBM_contig1294315_s411141c4_genel
HBM_contig1303826_s415277¢c9_genel
HBM_contig262609_s116600c13_genel
HBM_contig1302213_s414481c5_genel
HBM_contig819783_s316335¢c3_genel
HBM_contig1312636_s420192¢3_genel
HBM_contig213287_s94844c20_genel
HBM_contig1254051_s405310c12_genel
HBM_contig1125285_s385576c12_genel
HBM_contig1013854_s360717c11_gene3
HBM_contig124304_s54106c3_genel
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6.73E-111
8.27E-111
2.08E-90
7.55E-102
1.43E-123
3.55E-51
1.90E-46
8.48E-82
1.12E-112
1.34E-63
4.29E-107
5.90E-104
4.62E-104
4.14E-91
6.91E-105
1.38E-121
3.99E-44
8.92E-116
1.70E-59
2.69E-57
2.25E-95
1.65E-46
6.90E-104
2.42E-98
9.23E-26
8.19E-119
5.86E-53
1.22E-13
1.53E-58
2.76E-71
2.63E-53
4.62E-120
5.90E-101
6.37E-111
5.54E-90
9.78E-28
1.49E-119
1.00E-76
2.24E-121
1.76E-57
1.40E-96
5.18E-109
7.39E-101
4.61E-51
4.13E-85
1.00E-65

88
88
87
87
87
87
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HBM_contig316188_s138852c6_gene2
HBM_contig320635_s140865c2_genel
HBM_contig1295303_s411482c9_genel
HBM_contig349947_s154583 genel
HBM_contig673366_s282240c3_genel
HBM_contig721178_s292728c3_genel
HBM_contig323198_s142103c44_genel
HBM_contig114975_s49906c13_genel
HBM_contig63343_s26589c5_genel
HBM_contig302280_s132669c17_genel
HBM_contig1074439 s372022c11_genel
HBM_contig1164696_s393417¢29_gene2
HBM_contig316009_s138773_genel
HBM_contig285749_s125863c8_gene2
HBM_contig1297092_s412138c5_genel
HBM_contig1382478_s480117c3_genel
HBM_contig369579_s164395c1_genel
HBM_contig314089_s137872_genel
HBM_contig1404580_s501548c30_genel
HBM_contig1161306_s392766c6_genel
HBM_contig279164_s123369c13_gene5
HBM_contig214134 s95238c3_genel
HBM_contig377316_s168363c3_genel
HBM_contig1304126_s415411c3_genel
HBM_contig1314460_s421368c3_genel
HBM_contig392526_s176392¢5_genel
HBM_contig290846_s127748c7_genel
HBM_contig943860_s342523c1_genel
HBM_contig378047_s168772_genel
HBM_contig529416_s246980c14_genel
HBM_contig199115 s88445 genel
HBM_contig283350_s124975¢7_genel
HBM_contig299370_s131382_genel
HBM_contig380380_s169971 genel
HBM_contig1357960_s456977¢8_gene3
HBM_contig265284_s117727c3_gene4
HBM_contig299478_s131426¢5_gene2
HBM_contig428410_s195673c1_genel
HBM_contig242138_s107781c4_gene2
HBM_contig1354880_s454167c4_genel
HBM_contig397588_s179019¢30_gene3
HBM_contig371266_s165213c7_gene4
HBM_contig1038212_s365857¢c9_genel
HBM_contig274496_s121527c2_genel
HBM_contig355900_s157502¢9_genel
HBM_contig336327_s148152¢10_gene2

22
23
30

10

© O W A N N W O o1

[ = OC B
o B & O

5.59E-115
2.35E-116
2.37E-79
6.84E-32
2.10E-123
3.99E-105
1.43E-97
6.08E-100
4.23E-98
9.39E-68
5.16E-112
5.16E-112
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5.66E-74
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1.51E-82
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4.09E-72
7.77E-79
4.11E-45
9.10E-109
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3.19E-81
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7.87E-61
3.21E-86
3.16E-49
7.32E-94
8.39E-94
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82
82
82
82
82
82
82
82
82
81
81
81
81
81
81
81
81
81
80
80
80
80
80
80
80
79
79
79
79
78
78
78
78
78
77
77
77
77
77
77
77
76
76
76
76
76

63



HBM_contig317671_s139551c2_genel
HBM_contig30266_s12350c4_genel
HBM_contig1302222_s414481c14_genel
HBM_contig1356437_s455595¢7_genel
HBM_contig98998 s42626¢10_genel
HBM_contig433979_s198650c9_genel
HBM_contig427387_s195110c1_genel
HBM_contig1318907_s424517¢3_genel
HBM_contig1289974_s410033c6_genel
HBM_contig332409_s146322c14_genel
HBM_contig1364363_s462960c8_genel
HBM_contig264692_s117484c7_genel
HBM_contig1308208_s417615c6_gene2
HBM_contig393998_s177156¢10_genel
HBM_contig290987_s127806¢c1_genel
HBM_contig1295671_s411600c1_genel
HBM_contig420863_s191570c9_genel
HBM_contig657916_s279871c2_gene2
HBM_contig1321698_s426518c5_genel
HBM_contig513220_s239591c6_gene3
HBM_contig1317309_s423378c2_genel
HBM_contig385624_s172762¢13_genel
HBM_contig350581_s154926_genel
HBM_contig259895 s115401c4_genel
HBM_contig232787_s103605c15_genel
HBM_contig366145_s162700_genel
HBM_contig1300792_s413756¢8_genel
HBM_contig227302_s101115c1_genel
HBM_contig397018_s178729c12_genel
HBM_contig346662_s153048c28_gene3
HBM_contig329252_s144873c5_gene3
HBM_contig1288687_s409803c1_genel
HBM_contig1357953_s456977c1_genel
HBM_contig1311115 s419277c5_genel
HBM_contig362882_s161039c4_gene3
HBM_contig1348382_s448422¢18 genel
HBM_contig309950_s135961c7_genel
HBM_contig1294277_s411129 genel
HBM_contig1323470_s427819c4_genel
HBM_contig395231_s177780c5_genel
HBM_contig281039_s124058c4_genel
HBM_contig654533_s279397c2_genel
HBM_contig1308223_s417615c21_genel
HBM_contig09843_s04035c2_genel
HBM_contig550434_s255571_genel
HBM_contig332061_s146156¢c4_gene2
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HBM_contig1026725_s363504c2_gene2
HBM_contig306687_s134504¢10_genel
HBM_contig363653_5161426_genel
HBM_contig1324950_s428974c9_genel
HBM_contig1432076_s528536_genel
HBM_contig1351062_s450759¢14_genel
HBM_contig1345306_s445741c4_genel
HBM_contig273515_s121147¢c18_gene2
HBM_contig232810_s103616¢c2_gene3
HBM_contig279165_s123369c14_genel
HBM_contig1301003_s413843c6_genel
HBM_contig1305977_s416315¢19_genel
HBM_contig202157_s89781c2_genel
HBM_contig1289509_s409944c2_genel
HBM_contig396545_s178492_genel
HBM_contig299515_s131427¢8_genel
HBM_contig409303_s185263c11_genel
HBM_contig332846_s146521cl _genel
HBM_contig1030688_s364424c3_genel
HBM_contig1119081_s384118c2_genel
HBM_contig349207_s154257¢6_gene?2
HBM_contig919895 s338071c2_genel
HBM_contig276796_s122460c2_genel
HBM_contig369602_s164404 genel
HBM_contig1396318_s493516¢3_gene2
HBM_contig325046_s142945 genel
HBM_contig1298993_s412919c4_genel
HBM_contig459400_s212319¢13_genel
HBM_contig47165_s19567¢3_gene2
HBM_contig1329326_s432359¢c2_gene3
HBM_contig1303515_s415144c5_genel
HBM_contig383462_s171609c3_genel
HBM_contig1352860_s452368_genel
HBM_contig379006_s169268c4 genel
HBM_contig272314_s120676_genel
HBM_contig325083_s142963_genel
HBM_contig332408_s146322¢13_genel
HBM_contig232867_s103635c14_genel
HBM_contig1289286_s409907¢c6_genel
HBM_contig253780_s112770c3_genel
HBM_contig446109_s205232c1_genel
HBM_contig364556_s161856_genel
HBM_contig878396_genel
HBM_contig368493_s163834c3_genel
HBM_contig1030687_s364424c2_genel
HBM_contig428152_s195531c24_genel
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1.13E-55
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6.45E-15
1.48E-61
8.30E-23
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HBM_contig819355_s316235_genel
HBM_contig285737_s125861c3_genel
HBM_contig395725_s178055_genel
HBM_contig246314_s109563_genel
HBM_contig324592_s142744 genel
HBM_contig379004_s169268c2_genel
HBM_contig286418_s126148c2_genel
HBM_contig336329_s148152¢12_genel
HBM_contig1431931_s528398 genel
HBM_contig979245_s352662¢2_gene3
HBM_contig348258_s153791c20_genel
HBM_contig383816_s171800_genel
HBM_contig1292487_s410603c7_genel
HBM_contig253707_s112736¢8_genel
HBM_contig331923_s146093c5_genel
HBM_contig1375260_s473175¢20_gene2
HBM_contig391064_s175615c5_genel
HBM_contig1347612_s447769_genel
HBM_contig205504_s91271c2_genel
HBM_contig1377511_s475352_genel
HBM_contig313150_s137410c19_genel
HBM_contig1341606_s442556_genel
HBM_contig1352352_s451908c3_gene2
HBM_contig1297103_s412143c2_genel
HBM_contig1323260_s427655_genel
HBM_contig429984 s196523 genel
HBM_contig291717_s128069c7_genel
HBM_contig1314787_s421584c1_genel
HBM_contig289068_s127107_genel
HBM_contig331924 s146093c6_genel
HBM_contig331929 s146093c11_genel
HBM_contig331921 s146093c3_genel
HBM_contig757629_s300436¢6_genel
HBM_contig319789 _s140450c14_genel
HBM_contig1022739_s362558c6_gene2
HBM_contig336326_s148152¢c9_genel
HBM_contig343186_s151438c8_genel
HBM_contig1314924_s421675c8_genel
HBM_contig134158_s58687c27_genel
HBM_contig22381_s09035c12_genel
HBM_contig1357958_s456977¢6_gene3
HBM_contig422653_s192531 genel
HBM_contig1317114_s423241_genel
HBM_contig1317715_s423641c13_genel
HBM_contig1314789_s421584c3_genel
HBM_contig230057_s102351c21_genel
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HBM_contig1356982_s456101_genel 7 7.60E-12
HBM_contig526985_s245906¢4_genel 10 3.28E-44
HBM_contig1302214_s414481c6_genel 7.58E-19
HBM_contig431766_s197470c4_genel 8 2.73E-37
HBM_contig336323_s148152c6_genel 15 8.39E-33
HBM_contig1322037_s426750c3_genel 9 2.23E-35
HBM_contig408839_s185016_genel 13 3.68E-07
HBM_contig446110_s205232c2_gene2 8 2.76E-58
HBM_contig325647_s143203_genel 10 3.19E-55
HBM_contig1445641_s541695c60_genel 13 1.13E-28
HBM_contig1494088_s582224c2_gene2 4.49E-28
HBM_contig1016681_s361260c5_genel 6.90E-38
HBM_contig771203_s304239c15_genel 5.61E-08
HBM_contig424017_s193270¢c32_genel 4 6.84E-38
HBM_contig1301009_s413843c12_gene3 10 1.83E-11
HBM_contig1487136_s577425¢10_gene2 12 4.54E-51
HBM_contig355008_s157135c8_genel 4 9.30E-36
HBM_contig355008_s157135¢8_gene2 6 5.39E-35
HBM_contig1348390_s448422¢26_genel 3 4.27E-25
HBM_contig1109905_s381969_genel 7 2.84E-17
HBM_contig1327193_s430716c2_genel 6 6.82E-52
HBM_contig374965_s167091 genel 8 3.28E-36
HBM_contig331920_s146093c2_genel 22 9.62E-30
HBM_contig1409221 s506095c5_gene3 2 5.04E-39
HBM_contig1314791_s421584c5_genel 12 2.24E-35
HBM_contig164849 s72856¢4_gene2 4 7.03E-20
HBM_contig1409222_s506095c6_genel 1.05E-33
HBM_contig98999 s42626¢c11 genel 6.80E-39
HBM_contig314926_s138259_genel 12 1.29E-35
HBM_contig1487136_s577425¢10_genel 14 1.82E-51
HBM_contig1291168_s410297_gene2 9 1.43E-34
HBM_contig323185_s142103c31_genel 4 1.69E-23
HBM_contig1119082_s384118c3_genel 1 4.23E-26
HBM_contig1289127 s409874c9_genel 1 1.50E-38
HBM_contig1288955_s409848c4_genel 2 7.10E-06
HBM_contig403677_s182258c2_genel 3 2.00E-07
HBM_contig1289511_s409944c4_gene3 3 1.15E-07
HBM_contig1318935_s424517¢31_genel 3 7.59E-18
HBM_contig371632_s165417¢c5_genel 4 5.42E-08
HBM_contig1420163_s516850c9_genel 1 1.88E-08
HBM_contig451554_s208132c13_genel 1 9.18E-06
HBM_contig353116_s156220_genel 2 2.09E-07
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*TBLASTN hits with E-value < 107
®In cases where multiple hits occur, the reported value is for the top hit



Table S18. Lignocellulose biosynthetic genes of H. brasiliensis in comparison to other
sequenced genomes

Hevea  Ricinus Populus Arabidopsis Oryza Selaginella
Lignin synthesis related genes
PAL 4 4 5 4 6 1
C4H 7 1 2 1 2 -
4CL 4 3 3 4 5 2
HCT 6 1 1 1 2 3
COMT 10 46 41 17 49 17
C3H 6 2 3 1 2 -
CCoAOMT 3 3 2 1 1 2
CCR 3 3 2 3
F5H 2 1 3 1 1 -
CAD 5 10 24 9 20 9
Cellulose synthesis related genes
CesA 36 13 28 10 20 6
COBRA 10 6 4 1 9 2
SuSy 8 5 7 6 5 -
FRA2 4 1 2 1 1 1
KOR 7 3 4 3 3 1
a-L-fucosidases 12 23 38 25 67 45

68



Table S19. Putative NBS-coding R genes of H. brasiliensis in comparsion to other
sequenced genomes

Predicted Protein Hevea Populus Papaya  Arabidopsis Oryza
Without LRRs
TIR-NBS 17 10 2 21 3
CC-NBS 134 19 2 5 7
NBS 350 49 17 1 45
With LRRs
TIR-NBS-LRR 25 64 6 93 0
CC-NBS-LRR 45 119 4 51 160
NBS-LRR 47 90 23 3 304
Total 618 351 54 174 519

Table S20. Pathogenesis-related proteins of H. brasiliensis in comparison with other
genomes

Pathogenesis-Related

Proteins (PRs) Hevea Ricinus Populus Arabidopsis Oryza  Selaginella

Pri 12 7 16 10 10 3
Pr2 22 61 125 95 96 60
Pr3 7 9 23 14 19 23
Pr4 27 3 8 1 5 1
Pr5 17 26 42 22 40 18
Pré6 5 4 20 6 -

Pr8 14 8 14 1 31 8
Pri0 11 38 34 26 2 5
Lectins 32 48 64 102 127 16
Total 147 204 346 277 330 134
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Table S21. Systemic acquired resistance (SAR) and hypersensitive response (HR) related
genes found in the H. brasiliensis genome

Gene Model

Gene name

HBM_contig06421 s02656¢2_gene2

HBM _contig1037845 s365794c13_gene3
HBM_contig105575_s45633c21_genel

HBM _contig1074434 s372022c6_genel
HBM_contig117141_s50884c14_genel

HBM _contig1288682_s409802c24 genel
HBM _contig1288976 s409852c2_gene2
HBM _contig1289068 s409864c2_gene2
HBM_contig1289631 s409964c4_gene2
HBM _contig1290638 s410161c14 genel
HBM_contig1291402_s410361c4_gene2
HBM _contig1291889 s410454c6_genel
HBM_contig1292364 s410573c2_genel
HBM _contig1292450 s410594c2_genel
HBM_contig1292626 s410633c16_genel
HBM _contig1295205 s411448c4_gene2
HBM _contig1295495 s411532¢c6_genel
HBM _contig1295989 s411738cl genel
HBM_contig1296639 s411971c1_genel
HBM _contig1296662 s411975c¢11 _gene2
HBM_contig1296871 s412049¢c3_genel
HBM _contig1298013 s412552¢3_genel
HBM_contig1300802_s413756¢18_genel
HBM _contig1304427 s415555¢19 gene4
HBM_contig1304763 s415719¢13 genel
HBM _contig1307472_s417170c13_genel
HBM_contig1308601 s417813c25 genel
HBM _contig1315631 s422196¢17_genel
HBM _contig1324775 s428843c2_genel
HBM _contig1325708 s429519¢25 gene2
HBM_contig1327523 s430947c6_genel
HBM _contig1328657 _s431840c3_gene3
HBM _contig1333064_s435374c4_genel
HBM _contig1340690 s441737c6_genel
HBM_contig1341105 s442084c7_genel
HBM _contig1342092_s442954¢9_gene2
HBM_contig1345388_s445788c3_genel
HBM _contig1347991 s448099c5 genel
HBM _contig1422110 s518739c4_genel
HBM _contig1465004 s559611c14 gene2
HBM_contig173710_s76922c5_genel

HBM _contigl7421 s07081c9_genel

Metallothionein

Non race-specific disease resistance 1
F-box protein

Serine-threonine protein kinase
Ethylene insensitive 3-like protein
Bromodomain-containing protein
Glycerol kinase

WRKY-like transcription

Alternative oxidase 2

Xanthine dehydrogenase 1
Serine/threonine protein kinase PSB1
Monoxygenase

Oxalate oxidase

Zinc finger protein

Lipoxygenase

Skp1-Cullin—F-box protein

Protein 5'->3' exoribonuclease, AIN1
Peroxidase 17

Early ethylene-responsive genes
Acyl-protein thioesterase

Omega-3 fatty acid desaturase, FAD8
Ethylene response sensor 2
Mitogen-activated protein kinase kinase kinase 2
Isochorismate synthase 1

Omega-3 fatty acid desaturase
Dimethylaniline monooxygenase
Serine/threonine-protein kinase CTR1
Mitogen activated proteinl

Allene oxide synthase
Calmodulin-binding heat-shock protein,
Regulatory protein NPR1
Wall-associated receptor kinase 2
Enhanced disease susceptibility 1
DNA binding protein GT-1

Beta glucosidase

Phospholipase

Zeaxanthin epoxidase (1.14.13.90)
Hydroxynitrile lyase
Serine/threonine protein kinase
Pectate lyase

CCoAMT; caffeoyl-CoA O-methyltransferase
Heat shock protein



HBM _contig188767_s83719c8_genel
HBM_contig200851_s89231c10_genel
HBM _contig226693_s100838c4_genel
HBM_contig228172_s101510c3_gene3
HBM_contig238412_s106118 genel
HBM_contig242210_s107817¢13_genel
HBM _contig252939 s112426¢6_gene2
HBM_contig262953 s116732c1_genel
HBM _contig263035_s116770cl_genel
HBM_contig264998 s117599 genel
HBM_contig265562_s117837_genel
HBM_contig274137_s121393c1_genel
HBM _contig274142_s121393c6_genel
HBM_contig283262_s124944¢9_genel
HBM _contig285476_s125769c6_genel
HBM_contig296913 s130307_genel

HBM _contig315927 s138736¢1_genel
HBM_contig322575_s141866c13_genel
HBM _contig322635 s141887c15_gene2
HBM_contig329111 s144804 genel

HBM _contig333187_s146668c1_genel
HBM_contig339286_s149545¢5 genel
HBM _contig341044_s150417c9_gene4
HBM_contig346636_s153048c2_genel
HBM _contig349742_s154477c6_genel
HBM_contig351365_s155313c3_gene2
HBM _contig369959 s164591c6 genel
HBM_contig39977_s16454c9_genel

HBM _contig406858 s183928¢16_genel
HBM_contig406860_s183928c18_genel
HBM_contig409421 s185323 genel
HBM_contig423248_s192871c2_gene2
HBM_contig423596 s193057¢15_genel
HBM_contig427107_s194975¢3_genel
HBM _contig442498 s203277c4_genel
HBM_contig455602_s210290c11_genel
HBM _contig469575 s217788c5_gene2
HBM_contig483419 s224948c2_genel
HBM _contig494277 s230381c9_gene2
HBM_contig509911_s237995c8 genel
HBM_contig523425 s244330_genel
HBM_contig536436_s250034c21_genel
HBM_contig549096 s255049c1 _gene2
HBM_contig644472_s277880cl_genel
HBM _contig701896_s287934c9 genel
HBM_contig732471_s294373c14_gene3

cytochrome P450 probable ent-kaurenoic acid oxidase
Receptor protein kinase

Serine/threonine phosphatase
Brassinosteroid insensitive 1

Eukaryotic translation initiation factor 2¢
Glutathione peroxidas

Zeamatin precursor

Mitogen-activated protein kinase 2
Flavine-containing monoxygenase
Rhicadhesin receptor precursor
Coronatine-insensitive 1

Leucine-rich repeat-containing protein
OUT domain protein

Brassinosteroid insensitive 1 associated receptor kinase 1

Ethylene receptor 2
Ethylene-responsive transcription factor
Pathogenesis-related protein 1

Mitogen activated kinase-like protein
Sphingoid base Hydroxylase 1
Nucleoporin

Disease resistance protein

Latex beta-cyanoalanine synthase
2-nitropropane dioxygenase family
Map3k delta-1 protein kinase

Disease resistance protein 2
Poly(rC)-binding protein
ethylene-responsive element bining factor 5
Transcription factor HBP-1b

APX1 (ascorbate peroxidase 1)
Mitogen-activated protein kinase
WRKY transcription factor, putative
Calmodulin

Ubiquitin ligase

Mitogen-activated protein kinase kinase
Stearoyl-acyl-carrier protein desaturase
Ethylene receptor 1

Phytoalexin deficient4

Disease resistance protein 8

GH3 family protein

Copine

Transcription factor MYC2
Jasmonate-insensitive 3
DNA-damage-inducible protein
Mitogen-activated protein kinase kinase kinasel
Ein3-binding f-box protein 3

Ethylene- insensitive 4



HBM _contig73508 s31074c6_genel

HBM _contig735668_s295000c2_genel
HBM _contig764172_s302159c11 genel
HBM_contig764172_s302159¢c11_gene2
HBM _contig821365 s316780c31_genel
HBM_contig829332_s318669c4_genel
HBM _contig863487_s324777c6_gene2
HBM _contig958308_s346865c1 genel

Gamma-glutamylcysteine synthetase

Catalytic/ glucuronoxylan glucuronosyltransferase
Mitogen-activated protein kinase kinase 2

protein phosphatase 2C

Ethylene-insensitive protein 2

ABL Interactor-Like Protein 2

S-phase kinase-associated protein 1
Phospholipase d beta
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Table S22. Latex allergens in the H. brasiliensis genome

Allergen type

Names and contig number

Hevb 1

Rubber elongation factor (REF)
HBM_contig1314787_s421584c1_genel
HBM _contig1314789 s421584c3_genel
HBM_contig1352860_s452368_genel
HBM_contig1432969 s529413 genel
HBM_contig210302_s93430_genel
HBM_contig246314 s109563 genel
HBM_contig285004_s125605_genel
HBM_contig289068_s127107_genel
HBM_contig331924 s146093c6_genel
HBM _contig331929 s146093c11 genel
HBM_contig420863_s191570c9_genel
HBM _contig953976_genel

Hevb 2

p-1,3-glucanase
HBM_contig1053939 genel
HBM_contig1288699 s409805c4_gene6
HBM _contig1288700_s409805c5_gene2
HBM_contig1331601_s434259 genel

HBM _contig1383052_s480661 genel
HBM_contig1383052_s480661_gene2
HBM_contig1493847_genel
HBM_contig1542420_genel

HBM _contig181937_s80601_genel
HBM_contig484011_s225263c1_genel
HBM _contig49288 s20505 genel

Hevb 3

Small rubber particle
HBM_contig1291168 s410297 gene2
HBM_contig1314791 s421584c¢5 genel
HBM _contig1351062_s450759c14 genel
HBM_contig1445641 s541695¢60 genel
HBM _contig878396_genel
HBM_contig364556_s161856_genel

HBM _contig331921 s146093c3_genel
HBM_contig331923_s146093c5_genel
HBM_contig314926 s138259 genel
HBM_contig331920_s146093c2_genel

Hevb 4

Lecithinase homolog

HBM _contig367975_s163585 genel
HBM_contig1311038_s419233c1_genel
HBM _contig1302448 s414608_ genel

HBM _contig128030_s55849c2 genel
HBM_contig128029_s55849c1_genel
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Hevb 5

Latex major allergen
HBM_contig279320 s123416¢2_genel

Hevb 6

Hevein

HBM_contig1099636 s379205_genel
HBM _contig1326398 s430072_genel
HBM _contig1332655 s435061cl genel
HBM _contig1404480 s501478 genel
HBM_contig1438942 s535269 genel
HBM _contig1463769 s558530 genel
HBM_contig1485741 s576443 genel
HBM_contig1487445 s577627_genel
HBM_contig1511743 genel

HBM _contig1523411 s597290 genel
HBM_contig1544593 s603451_genel
HBM_contig1551202 s604715 genel
HBM_contig1580472_genel

HBM _contig293053_s128596¢1 _genel
HBM_contig36291 genelcoding
HBM_contig795181_s310723 _genel

Hevb 7

Patatin-like

HBM _contig274460 s121513c2_genel
HBM_contig269214 s119330c6_genel
HBM _contig604530 s271122c2 _genel
HBM_contig1301350_s414027c3_gene2
HBM _contig1301351 s414027c4_genel

Hevb 8

Profilin
HBM_contig415131_s188411 genel

HBM _contig1330838 5433634 _genel
HBM_contig367050_s163105¢2_genel

HBM _contig1164698 s393417¢31_gene3
HBM_contigl074430_s372022c2_genel
HBM_contig1329259 s432305 genel

Hevb 9

Enolase

HBM _contig260697_s115748c12_gene
HBM_contig295239 s129579c5_genel
HBM _contig319636_s140387c5_genel
HBM _contig383573_s171660c8_genel

Hevb 10

Superoxide dismutase (Mn)
HBM_contig1380717_s478448c12_genel
HBM _contig1299900 s413337c4_gene3

Hevb 11

Chitinase

HBM _contig1331506 s434174c2_genel
HBM_contig1374580_s472577_genel
HBM_contig1434962 s531376_genel
HBM_contig376395_s167879c1_genel
HBM_contig380563_s170073_genel
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HBM _contig412336_s186887c8 genel
HBM_contig594755_genel

HBM _contig782692_s307260_genel
HBM_contig951921 s344934cl genel
HBM _contig952555_genel
HBM_contig980709_s353149 genel

Hevb 12

Lipid transfer precursor
HBM_contig323161_s142103c7_gene3
HBM _contig349554 s154385c1 _genel

Hevb 13

Esterase

HBM _contig371165 s165162c13_genel
HBM_contig371163_s165162c11_gene3
HBM _ contig1317196 s423303_genel
HBM_contig134028_s58638_genel
HBM_contig899653 $333225 genel
HBM_contig371167_s165162c15_genel
HBM _contig370747_s164953c24_genel
HBM_contig371169 s165162c17_genel
HBM_contig464308_s214932_genel

Hevb 14

Hevamine
HBM _contig1389101 s486528c4 genel

HBM_contig1371073 s469275 genel
HBM _contig1344950 s445443c5_geneb
HBM_contig1321967_s426707c2_gene2
HBM _contig1310281 s418802c6_genel
HBM_contig1303495 s415132 genel
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Table S23. Non-latex allergens in the H. brasiliensis genome

Non-latex allergen

Gene model

Pollen allergen

HBM _contig623408_s274630c9_genel
HBM_contig1074430_s372022c2_gene2

a-expansin

HBM_contig289660_s127337c2_genel
HBM_contig311528 s136675c1_genel
HBM_contig1291975_s410466¢c42_genel
HBM_contig1369889 s468147 genel
HBM_contig302755_s132887_genel
HBM_contig350467_s154865 genel
HBM_contig350403_s154837_genel
HBM_contig446231_s205297 genel

-expansin

HBM_contig903040_s334087c9_genel
HBM _contig818284 s315950c3_genel

Isoflavone reductase

HBM _contig334692_s147398c6_genel
HBM _contig252987 s112426¢54 genel
HBM_contig1305222 s415946¢2_genel
HBM_contig212170 s94313 genel
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Table S24. Transcription factors present in H. brasiliensis in comparison to other sequenced

plant genomes

Transcription

Factors Hevea Ricinus Populus Arabidopsis Oryza Selaginella
bHLH 752 121 226 194 178 85
MYB 570 63 212 159 124 41
C3H 470 36 69 56 50 36
G2-like 461 33 74 55 56 32
WRKY 445 60 119 89 116 25
MYB_related 397 99 104 85 94 63
NAC 336 97 182 135 166 38
ERF 246 94 176 132 143 68
HD-ZIP 182 31 67 56 46 14
C2H2 164 69 115 104 91 44
AP2 139 18 30 25 27 16
TALE 139 16 35 23 28 5
HSF 136 19 32 27 44 14
B3 122 41 116 71 55 24
ARR-B 116 11 21 16 9 9
MADS-box 112 50 116 156 108 20
NF-YB 106 14 22 19 14 9
GATA 97 19 46 31 32 11
GRAS 96 48 114 36 7 89
SBP 88 15 32 18 20 16
WOX 78 11 20 17 12 13
LBD 63 34 59 43 42 21
CO-like 62 9 16 19 11 7
ZF-HD 62 11 24 17 15 15
YABBY 58 6 13 8 15 1
ARF 56 17 53 35 34 29
NF-YC 52 11 16 15 15 7
TCP 38 22 35 32 27 9
GRF 37 14 19 10 22

HB-other 37 10 15 15 15
CAMTA 34 9 12
E2F/DP 25 10 12 7
Nin-like 25 10 49 20 19 22
RAV 25 4 4 6 4 3
Trihelix 24 34 60 33 32 45
DBB 23 7 16 12 11 6
BES1 16 5 14 11 5 10
HB-PHD 15 2 2
Whirly 11 2 4 2 2
CPP 10 6 19 10 20 8
FAR1 9 21 54 20 71 0
GeBP 6 11 29 24 4
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BBR/BPC 7 5 16 17 7 2
SAP 7 1 1

EIL 6 4 8 6 12 10
Dof 5 25 48 45 39 41
LFY 3 1 1 1 2 4
bzIP 2 51 106 101 99 39
NZZ/SPL 2 0 2 1 0 2
S1Fa-like 2 1 2 4 3 0
NF-X1 1 2 5 2 3 4
Total 5978 1297 2621 2036 2057 1007
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Table S25. Genes involved in phytohormone metabolism, signaling and regulatory events
represented in the H. brasiliensis genome

Biological Processes Hevea Ricinus Populus Arabidopsis Oryza Selaginella
Auxin Homeostasis And Signaling

TIR1/AFB auxin receptor protein PintaTIR1 11 3 6 4 3 1
Auxin response factors 20 19 43 25 33 14
Aux/1AA repressors 6 18 35 29 35 4
Auxin binding proteins 6 1 1 1 2 1
PIN auxin efflux carriers 16 7 18 7 6 4
AUXL/LAX auxin influx transporters 12 4 8 4 5 3
YUCCA/FLOOZY monoxygenases 13 4 5 7 2 2
Class Il GH3 IAA amidosynthetases 11 5 9 17 8 1
IRL1/ILL IAA amidohydrolases 18 7 12 7 11 2
Small Auxin-Up RNA (SAUR) 21 9 99 81 56 28
Topless/Topless Related 17 6 11 5 3 2
TAA/TAR (Tryptophan Aminotransferase- 6 1 1 1 - -
/Related)

Total 157 84 248 188 164 62
Cytokinin Biosynthetic Pathway

Adenylate Isopentenyltransferase/ Adenosine 8 5 8 8 10 -
Phosphate-Isopentenyltransferases (Ipts)

Trans-Zeatin Riboside Monophosphate 21 34 31 20 32 4
Phosphoribohydrolase (LOG)

Adenosine Kinase (AK) 11 1 2 2 2 1
Adenine Phosphoribosyltransferase (APRT) 10 4 4 5 6 1
CKX/ Cytokinin Oxidase/ Dehydrogenase 13 6 9 7 11 1
Zeatin O-Glucosyltransferase 37 70 149 60 148 15
Total 100 120 203 102 209 22
Gibberellin Biosynthetic Pathway

CYP88A 8 1 2 2 1 2
GA200x (17) 5 1 2 2 1 -
GA30x 1 2 - 1 - -
GA20x 9 5 4 2 2 -
GAT7ox 1 - - 1 - -
GID 4 36 67 20 70 18
DELLA 5 2 4 5 1 1
GASA 7 14 21 15 6 6
SPINDLY 1 1 2 1 1 -
Total 41 62 102 49 82 27
Ethylene Biosynthesis

s-adenosylmethionine synthetase 9 5 9 7 10 5
1-aminocyclopropane-1-carboxylate 3 1 1 1 1 1
deaminase

1ACC synthase 5 7 12 13 6 4
1-aminocyclopropane-1-carboxylate oxidase 13 8 17 22 12 4
Ethylene Receptor 6 16 13 6 13 7
constitutive triple response-1 11 2 3 1 2 1
ethylene insensitive 2 5 1 2 1 2 2
ethylene responsive factor (ERF) 246 92 172 117 121 39
Ethylene overproducer 1 (ETO1) 4 3 8 4 5 4
Total 302 135 237 172 172 67
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Jasmonic Acid Metabolic Pathway

Lox (Lipoxygenase) 10 14 26 6 24 34
Aos (Allene oxide synthase) 4 2 9 2 5 17
Aaoc (allene oxide cyclase) 5 2 3 4 1 2

Opr7 13 10 12 10 11 14
Total 32 28 50 22 41 67
Brassinosteroid Signaling

DET?2- probable steroid reductase 2 1 1 1 2 1

CYP90B1, DWF4 4 1 2 1 1 -

CYP90A1, CPD 7 1 2 1 2 1

CYP90C1, ROT3 8 1 1 1 - -

CYP85A1, BR60X1 4 1 3 2 1 -

CYP90D1, D1 3 1 2 1 2 2

CYP85A2 7 1 3 2 1 -

Total 35 7 14 9 9 4

Salicylic Acid Associated Genes

PAL 5 7 6 4 13 2

PBS3 2 1 2 3 2 2

3-phosphoshikimate 1- 3 2 3 3 1 4
carboxyvinyltransferase (EPSP synthase)

Total 10 10 11 10 16 8
Nitric Oxide Related Genes

Nos 4 1 1 1 1 2
SOD 9 8 16 18 14 14
Cat (Catalase) 7 2 4 7 6 10
Total 20 11 21 26 21 26
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Populus and Arabidopsis

Gene name Hevea Populus Arabidopsis
PRR/CCT 11 8 7
ZTL/FKF1 10 5 3
CCAl/LHY 11 4 3
RVE/ERP1 8 3 5
PHOT 13 3 2
ELF3 7 2 1
Gl (Gigantea) 5 2 1
SRR1 24 2 2
ELF4 2 5 4
TIC/TKL 4 2 1
TEJ 2 2 1
PHY 7 5 5
CRY/cryptochrome/photolyase 9 5 3
PIF/PIL 8 5 6
Casein kinase 18 15 16
COP 2 1 1
SPA 4 2 2
HY5/HYH 5 2 1
DET 2 2 1
FUSCA 2 2 1
Total 154 77 66

Table S26. Circadian clock and light signaling gene families from Hevea in comparison to
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Table S27. Major genes involved in carotenoid biosynthesis in H. brasiliensis and A.

thaliana

Gene Name Gene Description Hevea Arabidopsis
GGPPS Geranylgeranyl diphosphate synthase 6 13
IDI Isopentenyl diphosphate isomerase 3 2
PSY Phytoene synthase 5 1
PDS Phytoene desaturase 9 1
ZDS Zeta-carotene desaturase 2 1
Crtlso Carotene isomerase 2 1
LCYDb Lycopene B-cyclase 2 1
LCYe Lycopene epsilon cyclase 3 1
CHYeP450 Carotenoid epsilon ring 3-hydroxylase of the 2 1

cytochrome P450 type
CHYbP450 Carotene beta-ring hydroxylase/ oxygen 3 1

binding
CHYb Carotenoid beta-ring 3-hydroxylase 5 2
ZEP Zeaxanthin epoxidase 2 1
VDE Violaxanthin de-epoxidase 2 1
NSY Neoxanthin synthase 2 1
Total 48 28
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Figure S2. Complete network of rubber biosynthesis in H. brasiliensis. Complete metabolic
pathways were reconstructed by Pathway Studio using Resnet-Plant 3.0 and metabolic pathway
databases. It comprises 12 distinct sub-metabolic pathways: 1) sucrose import, 2) sucrose degradation,
3) fructan synthesis, 4) glycolysis, 5) starch metabolism, 6) pentose phosphate pathway, 7) acetyl
CoA biosynthesis, 8) TCA cycle, 9) prenyl diphosphate synthesis via mevalonate (MVA) pathway,
10) 2-C-methyl-D-erythritol-4-phosphate (MEP) pathway, 11) prenyl-PP biosynthesis, and 12) rubber
polymerization. DIC, Mitochondrial dicarboxylate carrier protein; DTC, Dicarboxylate/Tricarboxylate
carrier protein; MT, monosaccharide transporter; SUT, sucrose transporter; OMT, oxoglutarate:malate
antiporter; REF, rubber elongation factor; SRPP, small rubber particle protein.
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Figure S9. Cytokinin signaling pathway. This pathway shows that cytokinin responses are mediated by two-component systems and the
signals are transmitted to the downstream cascade which leads to the biological changes in the plant.
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Figure S15. Brassinosteroid signaling pathway. The main protein in this pathway is BRI1.
The signal received during the presence of brassinolide initiates intracellular signal
transduction cascades which affect a number of biological changes in the plant.
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Figure S18. Carotenoid biosynthesis. Enzymes involved in the reaction are as listed:
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