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INTRODUCTION 
Hevea brasiliensis, a member of the Euphorbiaceae family, is the major commercial 

natural rubber plays a critical role in the world economy with demand steadily ris-
ing. Pathogen attack, allergenicity, and fungal diseases are major threats to rubber 
production.

H. brasiliensis
conventional breeding and limited genome-based information. The direct selection of 

breeding. Selection accuracy can further improve through analysis of genetic linkage 

Using Pathway Studio Plant, an informatics solution that integrates a knowledgebase of 

metabolic and signaling pathways with data mining, analytical, and visualization 

genomic approach was applied to identify key metabolic pathways associated with crop 
production and demonstrates an improved methodology to streamline investigations.

METHODS 
Functional Investigation 
Model organisms provide a biological baseline for extrapolating protein function to 
similar organisms. The challenge for a plant biologist is facilitation of this process — 
collecting and combining disparate sources of information to annotate new organism 
genomes  
of analytical tools.

In this investigation, the Pathway Studio® Plant knowledgebase (Arabidopsis, Maize 
and Rice) was used to extrapolate the biological function of orthologs belonging 
to the rubber tree. Protein sequences were functionally annotated using BLASTP 
searches against Swiss-Prot, TrEMBL, PlantGDB, UniRef100 and NCBI non-redundant 

match against the Pathway Studio knowledgebase. These comparisons were used to 
reconstruct metabolic and regulatory network of the rubber tree and close gaps in its 
metabolic and signaling pathways. 

Improving rubber tree crop 
production through marker-assisted 
selection of targeted genome types.

Pathway Studio’s genomic  
approach was applied to 
identify key metabolic pathways 
associated with crop production 
and demonstrates an improved 
methodology to streamline 
investigations.
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STEP 2: Import orthologs into Pathway Studio and 
annotated proteins with information from PathwayStudio  
knowledgebase.

Pathway Reconstruction 
After permanent gene identification assignments and initial ortholog identification, results 
are imported into Pathway Studio for pathway reconstruction. Gaps in metabolic networks 
were closed manually by looking for the proteins that can perform missing steps in the 
genome or by adding alternative enzymatic paths from public resources and the literature. 
Both GenBank and UniProt were used as sources for reference protein sequences. 
Additional pathways were added manually to the Hevea database in Pathway Studio.

Figure 1. Predicting Pathways in Pathway Studio.

Steps 1: Done outside of Pathway Studio. Steps 2-4 utilize Pathway Studio Plant to fill gaps in the 
rubber tree metabolic network. This workflow assumes available experimental data, including gene 
expression, metabolomics, or proteomic types, but limited sequence or genomic data.

STEP 1: Ortholog identification and rubber tree gene identification assignment.

STEP 3: Create rubber tree Database. Reconstruct rubber tree 
pathways using the reference pathways collection in Pathway Studio.

STEP 4: Arabidopsis model acquired resistance pathway

Example of reconstructed rubber tree pathway in Pathway Studio using 
analysis tools and newly constructed rubber tree database.

Systemic acquired resistance pathway for H. brasiliensis. Pathway 
illustrates responsiveness towards the external stimuli such as drought, 
cold exposure and salt stress as well as in the presence of salicylate, 
methyl jasmonate and jasmonic acid.
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RESULTS 
All key genes associated with rubber biosynthesis, rubberwood formation, disease resis-
tance, and allergenicity were identified in rubber tree genome. Using Pathway Studio 
Plant, hundreds of proteins can be annotated in the time it would take to manually anno-
tate one gene.

Figure 2. This complete network of rubber tree metabolic pathways was developed in two weeks using Pathway Studio Plant 
and represented the first original map from sucrose to rubber.

Complete network of rubber biosynthesis 
in H. brasiliensis.

Metabolic pathway was reconstructed by 
Pathway Studio and is comprised of  
12 distinct sub-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 
10) 2-C-methyl-D-erythritol-4-phosphate 
(MEP) pathway, 11) prenyl-PP biosynthesis 
and 12) rubber polymerization.
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Figure 3. Reconstructed gibberellin biosynthesis and signaling pathway. Proteins involved in this pathway regulate plant 
growth, flowering, germination, and trichome branching. The central protein of this pathway is SLY1.

Figure 4. Reconstructed brassinosteroid biosynthesis and signaling pathway. The main protein in this pathway is BRI1. The 
signal received during the presence of brassinolide initiates intracellular signal transduction cascades that affect a number of 
biological changes in the plant.
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Figure 5. Reconstructed auxin biosynthesis and signaling pathway. The main regulators of this pathway are IAA7 and IAA12. 
Both of the transcriptional factors are regulated by TIR1, which is responsive towards the presence of auxins.

Figure 6. Reconstructed ethylene biosynthesis and signaling pathway. Ethylene regulates a number of proteins that are essen-
tial in controlling many aspects of plant growth and development.
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CONCLUSION 
Analysis of experimental profiling data can enhance molecular breeding and aid in the 
future development of high-yielding species. Using Pathway Studio Plant, novel networks, 
such as the complete rubber tree metabolic network cited (Figure 2), can be reconstructed 
and pathways isolated that contain transcription factors and proteins involved with key 
regulatory processes. In less time than it takes to manually reconstruct a single pathway, 
Pathway Studio can deliver hundreds of pathways, providing the rapid and richer context 
necessary to make informed decisions.

Next Steps 
The metabolic and signaling pathways reconstructed using Pathway Studio can be used 
to select and breed plants that contain beneficial mutations. In addition, rapid genotyping 
assays can be developed to verify plant clones prior to planting.

PATHWAY STUDIO CONTENT

Expanding knowledgebase of 165,000+ 
molecular relationships and 1,250+ 
metabolic and signaling pathways

• Well annotated proteins, genes and 
microRNA for Arabidopsis, Maize 
and Rice includes enzyme classes, 
metabolites, plant diseases and cel-
lular processes

• Protein-protein interactions 
including regulation, binding and 
microRNA effects

• Metabolic pathways from AraCyc, 
MaizeCyc & RiceCyc and signal-
ing pathways created by Elsevier 
scientists and mapped to species- 
specific reference identifiers.
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