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The Genomic Era

• Rapid growth of 
sequence, SNP, 
expression data





The (post-) genomic era

• Massive amounts of sequence data

• Biology has become an information-based 
science

• Data infrastructure, access, querying and 
visualization

• Curation & Annotation 
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Solanaceae as a model for phenotypic diversity

Similar genomes can lead to many profoundly  
outcomes



The International Solanaceae Genome Project (SOL):The International Solanaceae Genome Project (SOL):
Systems Approach to Diversity and AdaptationSystems Approach to Diversity and Adaptation How can a common set of genes give 

rise a wide range of morphologically 
and ecologically distinct organisms that 

occupy our planet?   

How a deeper understanding of 
genetic basis of plant  diversity can be 
harnessed to better meet the needs of 
society in an environmentally-friendly 

and sustainable manner?

SOL whitepaper, 2004



SOL Project

• Cornerstone: Sequencing of tomato genome 
as a reference genome for the clade



Plant Databases

SGN







Model Organism Databases 
(MOD)

• “vertically” integrate all the information for 
that species

• Create a new database for every sequenced 
species

• Limitations of the MODs:  Comparative 
queries difficult, expensive to scale to many 
organisms



Rosids
Arabidopsis, 
poplar, Medicago

Asterids
tomato, potato,  
pepper, eggplant
coffee, tea, 
snapdragon, 
morning glory, 
olives, lettuce, 
carrots Gerbera

Monocots
rice, maize, 
wheat
 



Clade Oriented Database 
(COD)

• The model developed at SGN

• Relate each plant of a clade to as many other 
plants in the clade as possible

• Relate to important model systems outside the 
clade (Arabidopsis, rice)

• “horizontal” integration of data from species in 
the clade in the same database

• Advantages: facilitates comparative queries, 
more scalable and affordable 



Outline
• Why Solanaceae? - Unique Solanaceae Tools

• From phenotypes to genotypes

• Biochemical Pathways

• Tomato Genome Sequencing Project

• Solanaceae Gene Families

• Locus community annotation

• Future directions



Why Solanaceae?

• What makes Solanaceae so interesting?

• Unique biology

• Unique tools

• How can we accommodate the Solanaceae 
specific tools in a database?



Model systems are limited to their 
biology

? ??



Model systems are limited to their 
biology

? ??



Model systems are limited to their 
biology

? ??



Model systems are limited to their 
biology

? ??



Model systems are limited to their 
biology

? ??



Solanaceae toolbox

• Solanaceae community 

• Make unique Solanaceae tools and 
infrastructure available to researchers

• Allow researchers expand the content of the 
toolbox



Solanaceae genomes are tied together by 
comparative genetic maps

2n=2x=24    950 Mb 2n=2x=24    950 Mb

2n=2x=24    3000 Mb2n=4x=24    1800 Mb

2n=2x=24    1300 Mb 2n=2x= 22       ca. 1000 Mb



over 2500 
CAPS-based 

COS markers
(Feinan Wu)

predicted intron positions
forward primer reverse primer

At5g06360.1         AAAACATTGAAAATGCATGAAGAGTCATCATCAGCCAAGGTTCTTAAAGCTGGCAAATGGGAGGTCCCTCTTCCA
At5g06360.1         K--T--L--K--M--H--E--E--S--S--S--A--K--V--L--K--A--G--K--W--E--V--P--L--P--
tomato214584        AAAACATTGGCTATGCATGAAGAGTCATCATCCGCTAAGATTCTTAAAGCTGGAAAATGGGAGGTGCCTCTGCCC
tomato214584        K--T--L--A--M--H--E--E--S--S--S--A--K--I--L--K--A--G--K--W--E--V--P--L--P--
potato175718        AAAACATTGGCTATGCATGAAGAGTCATCATCCGCTAAGATTCTTAAAGCTGGAAAATGGGAGGTGCCTCTACCT
potato175718        K--T--L--A--M--H--E--E--S--S--S--A--K--I--L--K--A--G--K--W--E--V--P--L--P--
pepper197506        AAAACATTGGCTATGCATGAAGAGTCATCAGCCGCCAAGATTCTCAAAGCTGGAAAATGGGAGGTGCCTCTGCCT
pepper197506        K--T--L--A--M--H--E--E--S--S--A--A--K--I--L--K--A--G--K--W--E--V--P--L--P--
coffee120708        AAAACTTTGGCTATGCATGAGGAGTCATCAGCCGCCAAGGTTCTCAAAGCTGGAAAATGGGATGTACCTCTTCCC
coffee120708        K--T--L--A--M--H--E--E--S--S--A--A--K--V--L--K--A--G--K--W--E--V--P--L--P--
consensus           AAAACWTTGGCTATGCATGARGAGTCATCAKCCGCYAAGRTTCTYAAAGCTGGAAAATGGGAKGTRCCTCTDCCY
Modified consensus  AAAACaTTGGCTATGCATGAaGAGTCATCAtCCGCtAAGaTTCTtAAAGCTGGAAAATGGGAgGTgCCTCTgCCc

forward iUPA

forward eUPA

reverse iUPA

reverse eUPA

5’ 3’

Conserved region (at least 8bp) in upper case in the 
consensus sequence

Additional tomato sequences for a primer of 
20~30 nucleotides
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iUPAs for C2_At1g13380

Tomato Clade Nicotiana clade

COSII Markers for Comparative Mapping in Euasterid Species 



• 15 Solanaceae maps currently in database
• SGN comparative mapviewer
• Tomato F2-2000 Map with over 2500 markers
• 800 COSII markers - special markers  designed to conserved genes
• ideal to construct comparative  maps

 



Solanaceae have high 
level of macro (and 
micro) syntheny

COSII markers 
developed specifically 
for comparative 
mapping



Mutant Populations
• 2500 tomato EMS-mutant lines

• 800 tomato fast neutron mutant lines

• 250 eggplant EMS-mutant lines

• 3800 TGRC (stock center) single mutant lines





Phenotypic descriptors
Standard Tools for biological 
databases

• Plant Ontology (PO)

✓ describes plant structure

• Solanaceae Phenotype Ontology (SP)

✓ describes plant phenotypes

• Gene Ontology (GO)

✓ describes biological processes, cellular 
location, and molecular function



Zamir Introgression Lines

• used in many phenotypic projects

• provide direct link to a section of the genome









Solanaceae produce diverse metabolites



Pathway Genome DBs

AraCyc
283 pathways
1901 loci
1908 compounds



SolCyc
http://solcyc.sgn.cornel.edu

Tomato Potato Pepper
+ Eggplant, Petunia, Coffee

http://solcyc.sgn.cornel.edu
http://solcyc.sgn.cornel.edu


• Pathway Tools by 
Peter Karp at SRI 
International

• Compound, gene, 
protein, enzyme, 
reaction and pathway 
data for a species

• Can predict new 
Genome/Pathway 
databases for a 
species using the 
Pathologic module 
and a reference 
database (MetaCyc) 



MetaCyc

• Genome Pathway Database of all known 
pathways

• Focus on microorganisms and plants

• SRI & SGN grant to annotate pathways

• SGN Focus on plants (mostly Asterid) 
pathways



Tomato Genome Sequencing



SGN is a central informatics 
hub for tomato sequencing 

• BAC registry: Status of every BAC in the 
sequence pipeline

• International partners upload BAC 
sequences, chromatograms and assembly 
information

• SGN runs quality checks, annotation 
pipelines, and publishes data for download 
and browsing



850MB Genome

240MB euchromatin 

estimated >85% of 
genes

pericentric
heterochromatin 

162  bp sub-telomeric repeat

centromere

telomere

euchromatin 

euchromatin 

pericentric
heterochromatin 

7 bp telomeric repeat

telomere
structure



“BAC by BAC”
sequencing



ITAG

• International Tomato Annotation Group

• High quality automated annotation of the 
tomato genome

• distributed annotation pipeline among 
members (USA, GB, Italy, Germany, India, 
Belgium, etc.)



Structural Annotation Pipeline

BACs SGN

Quality checks,
Repeatmasking,

Augustus,
tRNAScan

ITAG CAB

MIPS

transcript
alignments

GeneMark

WU India

GlimmerHMM BLAST

Imperial

infernal

Contig calculation,
Batch creation

Gent

Eugene

Gene
Models

SGN FTP site,
genome browser



Repeat Annotation

• Generated a de-novo repeat dataset using 
RepeatScout

• Using 340,000 BAC end sequences from 3 
BAC libraries

HindIII EcoR1 MboI

repeats repeats repeats

unirepeats







COD approach to Sequence
Tomato, Potato, Pepper, Eggplant, 
Tobacco, Coffee, Snapdragon ESTs 
(900,000 sequences)

Unigenes

Annotation,
Domains, 
Protein 

Prediction,
SNPs

Gene families





Gene Families

• Calculated using MCL with I-value of 1.1, 2 
and 5

• Alignments (MUSCLE)

• Trees generated (modeltest)

• Determination of orthologs and paralogs

• Gene family expansion and contraction in 
evolution

• Determination of sites under selection



Gene Family Stats

i-value families total members

1.1 5169 66814

2 10,519 61751

5 11,851 55995



phytoene
synthase



Analyses

• Identified unique and expanded gene families 
in Coffea robusta, incl. putative disease 
resistance genes (Lin et al).

• Secretom Project: Mapped signal peptides to 
Arabidopsis families, deduced events in signal 
peptide evolution (in prep).

• Calculated orthologs from all trees: 3375 
orthologous relationships

• Identified 114 Solanaceae families not found 
in Arabidopsis



Outline

• Why Solanaceae? - Unique Solanaceae Tools

• From phenotypes to genotypes

• Biochemical Pathways

• Tomato Genome Sequencing Project

• Solanaceae Gene Families

• Locus community annotation

• Future directions





SGN Locus database

• Pulls phenotype and sequence information 
together

• “facebook” for loci

• Updated through simple web interfaces by 
Locus Editors from the research community

• Prevents propagation of false annotations

• Rich datatypes: Mapping, sequence, ontology, 
literature, mutants, alleles, etc.



Loci by species

species # of loci
Tomato 1628
Potato 1028
Pepper 373
Coffee 112

Eggplant 48







Locus Stats
• >3000 loci

• 32 locus editors

• 82 loci annotated

• 226 manual annotations (10294 automatic)

• Users can request editor privileges using a 
link on the desired locus page

• Log in to add and edit locus information

• Goal: 100 locus editors in 1 year



To annotate your 
Solanaceae genes!



Annotation of Networks

• Loci act as networks

• Locus-locus associations in the database

• Developed an ontology to describe locus-
locus relationships

• Query tools and viewers





“Systems Biology”



Site usage





Future directions
(short-mid term)

• Tomato genome chromosome 1 & 10

• MetaCyc pathway annotation

• Secretom Project

• Expand and improve SGN site, open 
community annotation for all interested 
communities



Future directions
(Related Genomes)

• Potato (Intl. consortium), 

• tobacco (PMI)

• Mimulus guttatus 
(Phrymaceae)



Future directions
SOL-100

(Sequence 100 Solanaceae genomes!)

• New sequencing 
technologies will increase 
throughput to enable 
sequencing of 100s of 
genomes at low cost

• Need for bioinformatics 
will rise tremendously454 sequencer



Future directions

• Plants don’t exist in isolation

• Integrate Solanaceae pathogens or link to 
resources such as Pseudomonas database



Future directions

• Finished tomato genome sequence & SGN 
annotation data & SolCyc data 

• Evolution of secondary metabolites in the 
Solanaceae

• Opportunities for collaboration



Future directions



Nicotine scopolamine





Summary

• SGN has innovated in several areas

• Clade-oriented approach

• Community annotation  



Acknowledgments



Naama Menda Robert BuelsIsaak Tecle

Adri Mills

Tom York Chris Carpita

Dean Eckstrom Anuradha Pujar

Aureliano Bombarley



Previous SGN staff

Beth Skwarecki
Marty Kreuter
Chenwei Lin
John Binns
Teri Solow

Nicholas Taylor
Dan Ilut

Robert Ahrens
Koni Wright



 Tim Jacobs
 Sasha Naydich
 Jessica Reuter

 Matthew Crumb
 Bob Albright
 Emily Hart
 Scott Bland

 Amarachukwu Enemuo
 Benjamin Cole 

 

Caroline Nyenke
 Tyler Simmons

Evan Herbst
 Emil Keyder
Aseem Kohli
 Igor Dolgalev
Miriam Wallace

 Jay Gadgil
Jennifer Lee

Interns
(internships organized with the help of Joyce van Eck)

Outreach - undergrads & high school students



BTI

• Jim Giovannoni

• Joyce van Eck

Cornell

• Steven Tanksley

• Jocelyn Rose

USDA

• Ted Tannhauser

Danforth Center
• Brad Barbazuk

U Colorado
• Steven Stack

U Wisconsin
• David Spooner

CIP
• Meredith Bonierbale

Nestle
• James McCarthy
• Dominique Crouzillat

ATC
• Steve Coates



Users & Submitters
Dani Zamir



Funding

USDA CSREES 

BARD 



Thanks!



• (c) the Internet




