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Bioinforma)c Solu)ons for Data Storage, Analysis, and  
Interpreta)on in Forest Genomics: 
Overview of the Tools and Resources from the Dendrome 
Project 

http://dendrome.ucdavis.edu 

Jill L. Wegrzyn, Ben Figueroa, Minyoung Choi, John D. Liechty, Andrew J. Eckert, 
David B. Neale 

Phenotype = Genotype + Environment 

http://dendrome.ucdavis.edu 
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•  Integra)on of Public Informa)on (Repositories) 
•  Hand‐selected for organisms of interest 

•  Data from the Community! 
•  Clear pathways for users to submit data 

•  Flexibility 

•  Data is generated at increasing rates 
•  New technologies come with new standards, metadata, and new storage requirements 

•  Integra)on (Biggest Challenge) 
•  Exchange of data with other plant genomics databases and NCBI 
•  Working towards standards (Ontologies and nomenclatures) 
•  Exchange data within the same database  

•  i.e. Find a parScular marker on mulSple geneSc maps 
•  Regular and accurate cura)on 

•  Knowledgeable curators and community level curaSon 
•  Interfaces 

•  Extensive research into what users want to achieve 
•  OpSmize the relevant queries 

•  Easy to use! 

What Makes a Database a Good Resource?  

http://dendrome.ucdavis.edu 
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•  Genbank/DDJB/TIGR/EMBL (Sequence) 
•  dbEST 

•  dbSNP 

•  SRA 

•  Trace Archive 

•  PopSet 

•  Expression 
•  GEO 

•  Proteomics 

•  SwissProt/TrEMBL 

•  PepSdome 

•  PDB 

•  PIR 

•  Metabolomics 
•  MetaCyc 

•  KEGG 

Interac)ng with Public Databases 

http://dendrome.ucdavis.edu 
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Forest Tree Database Resources 

http://dendrome.ucdavis.edu 

Database  Taxon  Gene)c Resources 

Dendrome/TreeGenes  Conifers and other forest 
trees 

ESTs, genotypes, phenotypes, 
compara)ve maps, resequencing 
data 

Fagaceae Genomics Web  Fagaceae  ESTs, genotypes, Next‐gen 
sequencing 

EucalyptusDB  Eucalyptus  Genome AnnotaSon 

AspenDB  Populus  ESTs, microarrays 

PopulusDB  Populus  Microarrays, Genome AnnotaSon 

PoplarDB  Populus  ESTs 

Phytozome  Tree Genomes  Genome AnnotaSon 

Projects 

http://dendrome.ucdavis.edu 

Project   Genomic Data  Species 

ADEPT2 – Allele Discovery of 
Economic Pine Traits 2 

‐Resequencing 
‐Primer Resource 
‐Genotyping 
‐Phenotyping 

Pinus Taeda 

DFGP – Douglas‐fir Genome 
Project 

‐EST Sequences 
‐Resequencing 
‐Gene)c Maps 
‐Phenotyping 

Pseudotsuga menziesii 

WHISP – White Pines 
Resequencing Project 

‐Resequencing 
‐Genotyping 
‐Phylogene)c Data 

32 so^ pines 

CRSP ‐ Compara)ve 
Resequencing in Pinaceae 

‐Resequencing 
‐Genotyping 

Pinus ellio_i, Pinus radiata, Pinus sylvestris, 
Pinus pinaster, Pinus lamberSana, Pinus 
abies, Pseudotsuga menziesii 

ACE‐SAP ‐ Alpine Ecosystems 
in Changing Environments:  
Biodiversity Sensi)vity and 
Adap)ve Poten)al 

‐Resequencing 
‐Genotyping 
‐Geographic 

Pinus mugo, Pinus abies, Pinus cembra, 
Larix decidua, Abies alba 

PBGP – Poplar Biofuels 
Genome Project 

‐Resequencing 
‐Genotyping 
‐Phenotyping 

Populus trichocarpa, Populus nigra, Populus 
FremonSi 
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hZp://dendrome.ucdavis.edu 

hZp://dendrome.ucdavis.edu/treegenes 

hZp://dendrome.ucdavis.edu/interface 

hZp://dendrome.ucdavis.edu/TGPlone 

Dendrome Project and TreeGenes 
Database 

http://dendrome.ucdavis.edu 
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•  AceDB distributed database of curated geneSc maps 

•  Completely manually curated 
•  Included all Forest Trees (Pinus, Eucalyptus, Populus, Quercus) 

•  First web resources developed around conifers 

•  Focus on geneSc maps (comparaSve: Gramene’s CMAP) and ESTs 

•  Oracle database with web interfaces for access 

•  Development of more extensive & flexible tools to deal with high‐throughput projects 

•  Large‐scale Resequencing Projects (DiversiTree) 

•  Interfaces to allow users to directly parScipate in the curaSon of the data 

•  Expansion of TreeGenes to integrate with all Forest Trees, Public Repositories 

•  Exchange of data with other plant genomics databases and NCBI 

•  Greater focus on the goal of connecSng genotype and phenotype 

•  Development of interfaces to maintain LIMS system (track samples and phenotypes) 

•  Store genotype informaSon and allow for large‐scale associaSon studies 
•  PreparaSon of DNA Inventory goal 

History of the Dendrome Project 

http://dendrome.ucdavis.edu 

•  Community Resources Featured by Dendrome Pages 

•  Links Directory 

•  CollaboraSve community resource to document online resources 
•  Local BLAST uSliSes 

•  NCBI BLAST and Local database resources updated regularly 

•  Tools and Scripts 

•  Extensive documentaSon on so^ware developed in‐house and publicly 
available 

•  News and Events in the Forest GeneScs community 
•  Portal to TreeGenes Database 

•  Portal to DiversiTree Interface 

•  Portal to TreeGenes Plone 

•  Portal to outreach resources 

Dendrome Project 
Encompasses Dendrome Resources, DendromePlone, TreeGenes Database 

&DiversiTree 

http://dendrome.ucdavis.edu 
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Dendrome Website and Related Web Resources Encompasses 6,754 Pages 

Detailed Usage Sta)s)cs Available @  
hZp://dendrome.ucdavis.edu/awstats/awstats.pl 
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BLAST: Sequence Similarity Searches 

>gi|127552|sp|P23367|MUTL_ECOLI  DNA mismatch repair protein mutL 
          Length = 615 

 Score = 42.0 bits (97),  Expect = 3e-04 
 Identities = 26/59 (44%), Positives = 33/59 (55%), Gaps = 9/59 (15%) 

Query  9    LPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHF-----LHE---ESILEV-QQHIESKL  58 
            L  +  P   L LEI P  VDVNVHP KHEV F     +H+   + +L V QQ +E+ L 
Sbjct  280  LGADQQPAFVLYLEIDPHQVDVNVHPAKHEVRFHQSRLVHDFIYQGVLSVLQQQLETPL  338 

BLAST Output: Alignments 

Identical match 

positive score 
(conservative) 

negative 
substitution 

gap 
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•  Ten modules to store and interrelate data for query and analysis in PostgreSQL 

•  Direct resource for nearly 2,500 forest geneScists represenSng 800 
organizaSons worldwide 

•  Forest GeneScists Colleague module 

•  Literature module 

•  EST annotaSon pipeline and module 
•  ComparaSve map module 

•  Species module 

•  Sequencing module 

•  Primers module 

•  Genotype/EST module 
•  Phenotype/Expression module 

•  Sample tracking module 

TreeGenes Database 
Encompasses Dendrome Resources, DendromePlone, TreeGenes Database 

&DiversiTree 

http://dendrome.ucdavis.edu 
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TreeGenes - Modular Organization 

http://dendrome.ucdavis.edu 

o  Currently referencing 15,452 journal articles 

o  Literature updated monthly from PubMed and 
BIOSIS 

o  Fully connected to species, colleague, and related 
genomic data sets (genetic maps, ESTs, proteins…) 

For modifying or 
submitting additional 
information 
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678 species representing 77 genus 

Manually curated database that includes: tree, cone, and 
rangemap images, and public links 

NCBI/TG linkouts to:  ESTs, SNPs, GSS, protein/
protein domains, popset, GEO dataset, GEO 
expression, UniGene, and UniSTS 

Each record includes 
links to: 

•  Related publications 
•  Chromosome number 
•  Registered colleagues 

Organism Field: NCBI’s Taxonomy 
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Representing ~2,000 colleagues 
from 90 countries and 760 
organizations 

Registered individuals are linked 
with their publications, data sets 

Directory allows users to add/modify their  
own record as well as register for services on 
the site/application server 

CMap was originally written for the Gramene project 
http://www.gramene.org/ 

Now part of the GMOD (Generic Model Organism Database) Project 
 http://www.gmod.org/ 

Can be queried from three different access points: 

1)   Comparative map viewer:  Choose a starting map and add comparative maps 
to the right or left 

2)   Feature search:  Search for a particular feature by name, accession ID, 
species, or feature type 

3)   Correspondence matrix:  View the number of correspondences among all 
maps and choose a pair to display in the viewer;  continue by adding more 
comparative maps 

CMap: Comparative Map Viewer 

http://dendrome.ucdavis.edu 
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http://dendrome.ucdavis.edu 
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Individual features 
and their locations 
on map 

List of features on 
map 

CMAP Direct Linking - Features 

http://dendrome.ucdavis.edu 

http://dendrome.ucdavis.edu/cmap/index.php?linkto=FeatureDetail 
&map_name=Pita_IFG_1994_01&feature_name=rflpPitaIFG_1154_b : 
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CMAP – Obtaining TG Accession Number 

http://dendrome.ucdavis.edu 

Add literature data and (first) map file 

(optional) Add additional map files Obtain TG 
Accession 
number! 

GMOD Genome Browser 
Currently houses 10 annotated Pinus taeda BAC sequences 

Search and 
Select data source 

Tracks can be 
reordered or 

hidden as 
necessary 
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EST Search 

http://dendrome.ucdavis.edu 

36 species 
281 libraries 
987,351 sequences 

EST Search - EST View 

http://dendrome.ucdavis.edu 

Links ESTs to Libraries 
and vice versa 



7/12/10 

19 

Literature Database and EST Database 

http://dendrome.ucdavis.edu 
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•  BLAST against public protein and nucleo)de databases 
–  Pairwise sequence alignment which indicates the region of the sequence 

which is similar. 
•  Gene Ontology/Plant Ontology (structure & development) 

–  Standardized set of terms to  describe gene products/ phenotypes 
•  Protein domains 

–  The protein family databases (NCBI) 
–  Searches for protein domains (InterPro). 

•  Enzyme Annota)on 
–  Enzyme Nomenclature formally defined for annotaSon 
–  Links into databases such as BRENDA and KEGG 

•  KEGG 
–  Large network of databases including chemical, gene and pathway 
–  Provides annotaSon based on gene product interacSons 

ESTs: Annotation 

http://dendrome.ucdavis.edu 

Primary vs. Derivative 
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Plant Ontology 

http://dendrome.ucdavis.edu 

The Plant Ontology Consortium (POC) is a collaboration among plant genome 
databases and plant systematics to create, maintain and use controlled vocabularies to 
describe phenotypes and expression patterns of plant genes. 

 -Formed in response to the need for a set of uniform terms to describe plant 
 structures and developmental stages.  

The plant ontology comprises terms covering two biological domains: 

Plant Structure: describes morphological/anatomical structures of plants 
including organs, tissues and cell types. 

Plant Development: describes stages in the growth and development of an 
entire plant including development of individual organs, tissues and tissue systems. 

KEGG: 
Carbon fixation pathway in Populus trichocarpa 
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Protein Search 

http://dendrome.ucdavis.edu 

51,341 proteins in 
253 species 

Sample Tracking, Phenotypes, and DNA 
Inventory 

http://dendrome.ucdavis.edu 
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Sample Tracking Overview 

45 http://dendrome.ucdavis.edu 

Objec)ves:  

o  Accurately track samples through collecSon, DNA extracSon, 
and genotyping. 

o  Provide a standard and efficient method to collect and store 
phenotypic data 

o  Provide a public interface to readily query raw genotype, 
phenotype, and associaSon results (DiversiTree) 

o  Provide interfaces and database backend to support a DNA 
distribuSon center 

o  Build a flexible system that can be applied to a variety of plant 
species (even animals!) 

RegistraSon Process 
Phenotypic Data 

http://dendrome.ucdavis.edu 
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Metadata 

Primary Data Metadata Phenotype Data 

Phenotypic Data 

http://dendrome.ucdavis.edu 

Phenotype DefiniSons 
Phenotypic Data 

http://dendrome.ucdavis.edu 
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Sample Upload (cont’d) 
Phenotypic Data 

http://dendrome.ucdavis.edu 

Data Search and Inventory Features 
Phenotypic Data 

http://dendrome.ucdavis.edu 
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IntuiSve Data Filtering 
Phenotypic Data 

http://dendrome.ucdavis.edu 

Well Plate Map with ConcentraSons 
Sample Prep and DNA Isolation 

http://dendrome.ucdavis.edu 
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Genotyping Plate CreaSon 
Sample Prep and DNA Isolation 

http://dendrome.ucdavis.edu 

Exported Genotype Data 

chip1 

chip2 

chip3 

http://dendrome.ucdavis.edu 
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Genotyping Data Download 

http://dendrome.ucdavis.edu 

PineSAP (Sequence Alignment and SNP 
Identification)  

& 
DNASam (DNA Sequence Analysis and 

Manipulation) 

http://dendrome.ucdavis.edu 

Wegrzyn J.L. , Lee J.M. , Liechty J. , Neale D.B. (2009). PineSAP - Pine alignment and SNP Identification Pipeline. 
Bioinformatics 

Eckert A.J., Tearse B.R., Pande B., Neale D.B. (2009). DnaSAM: Software to perform neutrality testing for large data 
sets with complex null models. Molecular Ecology Resources. 



7/12/10 

29 

http://dendrome.ucdavis.edu 

Re-Sequencing data 
from Agencourt:  

Initial Processing 

Base Calling 

Sequence Alignment 

SNP Identification 

Machine Learning 

Data Storage & 
Release 

PineSAP – Sequence Alignment and SNP 
Identification 

Accuracy = (TP + TN)/total 
SensiSvity = TP/(TP + FN) 
Specificity = TN/(FP + TN) 

Alignment and SNP Identification 
Evaluation Criteria 

Evaluation
 J48
 Polyphred
 Polybayes


Accuracy
 93.6
 76.25
 78.02


Sensitivity
 88.21
 83.22
 86.54


Specificity
 98.73
 N/A
 N/A


Evaluation
 J48
 Polyphred
 Polybayes


Accuracy
 94.6
 79.35
 80.24


Sensitivity
 90.54
 85.01
 88.14


Specificity
 97.23
 N/A
 N/A
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DnaSAM - DNA Sequence Analysis and 
Manipulation 

•  Addresses the challenges of data 
manipulaSon, summary staSsSc esSmaSon 
and staSsScal hypothesis tesSng for large‐
scale resequencing projects. 

•  Uses site frequency spectrum to quanSfy 
panerns of DNA polymorphisms observed 
within populaSons 

•  Can be used to understand the process of 
demography, adaptaSon, and speciaSon 

•  Capable of performing a large number of 
standard and newly designs tests of 
neutrality for mul)ple sequence 
alignments of resequenced gene loci 

http://dendrome.ucdavis.edu 

DiversiTree 

http://dendrome.ucdavis.edu 
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DiversiTree Resource 
Advanced Workspace to Facilitate Search and Analysis of Resequencing Data 

http://dendrome.ucdavis.edu 

•  Allows users to search from a variety of starting points 
•  Functional Annotations (Candidate Gene) 
•  Species 
•  Genbank 
•  ESTs 
•  Sample/DNA Extraction Data 

•  Create customized lists, download data, and view in a variety of formats 
•  FASTA format 
•  Chromatogram Viewer 
•  ACE Format 

•  Supports creation of custom SNP lists 
•  Raw and normalized SNP scores 
•  Genotype, flanking sequence, and alignments 
•  Export to Genotyping formats (i.e. Illumina) 

Search Components 

Search Pane 
Results Window 

Detail Window 

Data Window 

http://dendrome.ucdavis.edu 
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Search Panes 

http://dendrome.ucdavis.edu 
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Bulk Retrieval Window 

http://dendrome.ucdavis.edu 
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Bulk Retrieval Window Components 

http://dendrome.ucdavis.edu 

Bulk Retrieval Window File Selector 

Bulk Retrieval Window Components 

http://dendrome.ucdavis.edu 

Bulk Retrieval Window 
Data & Annotation Selection Fields 
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Comments, Concerns, Help! 

http://dendrome.ucdavis.edu 

Future Directions: 
Dendrome Project and TreeGenes Database 

78 http://dendrome.ucdavis.edu 

Objec)ves:  

o  Expansion of DiversiTree 
o  Full integraSon of phenotypic data 
o  StandardizaSon of phenotypic data 

o  ConSnued expansion to incorporate available data from all 
forest trees 

o  CompleSon of a GeneSc Stock Center 

o  More Sequence 

o  IntegraSon of sequence from high‐throughput 
technologies 

o  Bener integraSon with genome databases 
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Our Team 

PROJECT DIRECTOR 
David Neale –dbneale@ucdavis.edu 

LEAD BIOINFORMATICIAN 

Jill Wegrzyn – jlwegrzyn@ucdavis.edu 

DEVELOPERS 

Ben Figueroa 
Minyoung Choi 
John Liechty 

http://dendrome.ucdavis.edu 


