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Using Gramene in a Breeding Program



What is Gramene

• A resource for Comparative Grass 
Genomics

• Adds value to public info
– Automated and curated relationships
– Web displays



Phenotype = Genotype X Environment

Environment

AllelesPhenotype

Intensity

Length of 
exposure

Developmental 
stage



Breeders are concerned with the selection Breeders are concerned with the selection 
of favorable phenotypesof favorable phenotypes

They have always They have always 
endeavored to endeavored to ‘‘readread’’
genome sequence by genome sequence by 
peering through the lens peering through the lens 
of the phenotype. of the phenotype. 

Molecular markers offer Molecular markers offer 
a new lens for identifying a new lens for identifying 
genes associated with genes associated with 
phenotypes of interest.phenotypes of interest.



Example MAS

• Peter Langridge – Wheat – At PAG 
reported 5-7 years reduced time from first 
cross to crop release.
– With a 5 fold increase in success of choices.



DNA molecules have a 
unique double-helical 
structure. 

Genotype

Diagram by artist Darryl Leja, courtesy of National Human Genome Research Institute (NHGRI)
http://www.genome.gov/page.cfm?pageID=10000552



Genes

ATGTCAGTGCAAACTCTCCTTTCCTTCTTCCTCCTCCCTCTCTCTCTCCCTTCTCTCTCTCCCGTGGCCTCT
CTCTCCACCTTGGCCAGAGCAATGGCGGCAGCGGTGGCAGACGACGTCGGAGCATCGGTCGCCGTCGT
ACCAAAGTAGCGAGAGCACGCAGGACGTGGAGAAGGGGAGAGAGAGATTGAGAGAGTCGTCCTCGTCA
CCGCCGGTGCCACGCGCGAAGAAGAAAAGGAAACCGAGGATAAGGGGAGAGAGAGAGTCGTCCCGTCA
CTGCCGGTGCCGCCGTCCTAGAGATCCCTCGCGAGCTGTGTCCCGCCACCACCGCCGTCCACCACCGG
TCGCCGTCCCGTGCTCCTTCGCTGTCCCCGGGCGGAGAAGAAAGGAAGACCGGGGAGAGAGGGGGCA
GAGAGAGCCATCCGTCACGGCGAGCTGCGCCGCCCTGGAGCGTTGCGATGCTACTTCTGGCTTCTTCCT 
GCGATGCTACTGAGGATGAAGAAAGCCTCTGTCTAGGTAATTCTTTTTCTTCTTTTCTCTCACTCACTCCAT
CAGCTGCTAGCTTTGCTAGCTAGGAGTAGCTAGCTGCTTGTGCTCTTGCTGTCGAGAGGAGGAAGAAAG
ACTCGAGGTGGTTGGCTGTCGTGTTGTGCATGGCTGCATTCAGAGCCCCGACGGTGATGTCATCGACAG
CGTGCCGCTGCACCTGCAACCGGCGTTCGACCACCCGAAGCTCATTCATTTTTGTTTCAATTTGCAGTGA
TCGTTTCTATCTCCAGCGACGTTTCTTGATCGTGTTTGTGATTGTGTGCGCGTGCAGGTTGAGCCGGAGC
CAGAGGAGAGGCCCAAGGTCGGTGGCGCGGCGGCGGCGCATGGGGAGGCGGCGGAGGAGGAGGTCG
TGTTCCCGATGGCGTGGACGGACGACGACGAGTTGTGCCCGGAGGGGACGGTGCCGGTGCGGCAGAC
GACGAAGCGCGACGTGCTGAGGTCCAGCTCCTCTCCCTGTTTGGGGATGAAGCAGCCTCGTGCCGGCG
TGCCGCTGGTGTCGTCCGCGTGA

LOC_Os11g47740



Codons
Using the 4 nucleotides A,T, C, G 
(Adenine, Guanine, Thymine, 
Cytosine, of DNA, there are 64  
possible codons

Transcription by RNA:  T → U (Uracil)



Amino Acids

LOC_Os11g47740
MSVQTLLSFFLLPLSLPSLSPVASLSTLARAMAAAVADDVGASVAVVEPEPEERPKVGGAAAAHG
EAAEEEVVFPMAWTDDDELCPEGTVPVRQTTKRDVLRSSSSPCLGMKQPRAGVPLVSSA

Peptide Sequence





Trait Inheritance - Alleles
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pairs, and have 
alternative forms 
called alleles, 
some which are 
dominant.
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Proteins

• Any change (mutation) in the sequence 
will alter the proteins produced, thus 
possibly resulting in different phenotypes 
beyond the expected Punnett square.



Coding and non-coding sequences



How important is it to know the identity of How important is it to know the identity of 
the gene(s) underlying a trait of interest?the gene(s) underlying a trait of interest?



How does Gramene Depict the Genotype?
The rice genome has 12 chromosomes, with 259 -485 mbase pairs 

It has the smallest genome of the grasses.

For sorghum it is ~1190 mbp, and for maize it is ~2670 mbp.



• A biological database is:
– [extensive] collection if biological data in 

computerized format . . . 
– for updating, querying and retrieving 

information. (communication)

• HCI (Human-Computer interaction)



• Using information in well-characterized 
organisms to better understand similar 
sequences in other organisms. 

• To be useful to researchers: 
– Must have easy access to the information
– Must have a method for extracting only that pertinent 

information.

• Database developers must understand both 
human and computer functioning.



Human-Human 
Tendency for Organization

This common vocabulary is arranged in a structured order or network 
based on their relationships to each other.

Kingdom: Animalia
Phylum: Chordata

Subphylum: Vertebrata
Class: Mammalia

Subclass: Theria
Infraclass: Eutheria

Order: Primates
Suborder: Anthropoidea

Superfamily: Hominoidea
Family: Hominidae

Genus: Homo
Species: sapiens 

Facilitates global communication



Perspectives
• When there is no pre-existing organizational template, our 

training and experience shape our language. 

Many authors use 
variations of 
terminology when 
discussing the same 
or similar concepts 
(synonyms).



Human – Computer interaction

• Computers can 
manage and interpret 
data.
– Classify data
– Store reasoning tools.
– Infer new knowledge



Ontologies
• An Ontology is a “common vocabulary” used to facilitate 

communication between researchers and databases. 
• An ontology matches classification and reasoning 

methods of the computer. 
• Ontologies can be indexed “objectively” by a computer.



Ontologies at Gramene
• Plant Ontology 

– Plant Structure(PO)
– Growth stages (GRO)

• Gene Ontology (GO)
– Molecular Function
– Biological Process
– Cellular Component

• Environment Ontology (EO)
• Gramene Taxonomy (Gr_tax)
• Trait Ontology (TO)



Trait ontology (TO)
– Anatomy and Morphology related traits (root #, depth, 

penetration)
– Stature or Vigor Trait (height, germination)
– Stress trait (environmental factors, drought, disease)
– Biochemical trait (enzyme activity, fat/oil content)
– Growth and development trait (days to maturity, 

ratooning ability)
– Sterility or Fertility trait (pollen fertility, male sterility)
– Quality Trait (flavor, tenderness, seed quality)
– Yield Trait (grain yield, panicle weight)
– Misc. Trait

• (In TO there is some overlap (ie root penetration is both  
anatomy and stress, Ratooning is both growth and yield)



• Through the ontology database terms at 
Gramene you can link traits to associations with 
various objects such as QTL, phenotype, gene, 
proteins and Ensembl rice genes.



You Can Participate in Creating 
Ontologies

• You may submit a Gene Ontology (GO) term or Plant 
Ontology (PO) term by going to “resources” and 
selecting “Submit a Term.”



Gramene database  - 9 modules

Genomes: Browse and search genes, markers, expressed sequences, etc. on the Rice-Japonica, 
Maize and Arabidopsis genomes, as well as sequences from, sorghum, barley and wheat and 
other cereals mapped on rice. 

BLAST: Search sequences for similarity matches; select the best target sequence database and 
alignment parameters for your search.

Maps: Search and view mapped genes, markers, QTL and clones using various types of maps 
(including genetic, physical and sequence); Compare maps; Examine genetic co-linearity 
between species.

Markers: Find a marker based upon name, type or species; View its detail.

Proteins: Find a protein and its sequence; Determine it’s cellular location and function; Explore 
protein families.

Genes: Learn about genes and alleles associated with important phenotypes and functions.

QTL: Find qualitative trait locus (QTL) from major cereal crops associated with traits.

Ontologies: Find keywords for plant structure, growth stages, traits, function, process, cellular 
component, environment and taxonomy.

Literature: Find articles about genes, proteins, QTL, markers, or ontologies.





Map Types
genetic maps - indirect estimate 
of the distance and order of the 
sequence; use markers; provide 
framework for genome 
sequencing.

physical maps- estimate of the 
true distance (base pairs); define 
sequence between markers; 
used for gene identification.



Features

• Everything that can be mapped
• Gene – sequence of DNA that codes for a 

product that in turn has a predicted or 
demonstrated impact on phenotype.
– (Some genes not yet associated with 

sequences)



Molecular Markers
• Molecular markers are the genetic signposts (dna segments) that 

flag the presence of genes that control particular traits. Once we 
know about a useful molecular marker, plant breeders can test the 
seeds or leaves of a plant to make sure it has the allele  they are 
looking for.

• Molecular markers can be generated by a variety of different 
techniques, and information surrounding these markers will vary 
quite a bit depending on the marker type. 

• When we know what alleles a plant has at loci associated with 
critical traits of agronomic importance and what those alleles do. We 
can make predictions about whether it can thrive in certain 
conditions.

• Measuring such characteristics by conventional methods is much 
more difficult, time-consuming, or expensive, since it requires the 
organism to grow to maturity.



Gramene 
Markers



Markers Screenshot



QTL

• A QTL (or quantitative trait locus) refers to 
a particular region of DNA that is 
hypothetically associated with a particular 
trait. 

• Based on the idea that some traits are 
controlled by multiple genes.



QTL Screenshot



Overview of concepts in Gramene Overview of concepts in Gramene 



Mapped Features



Rice Genome



Map of Chromosome 11



Screenshot of Browser
Chromosome 11



V. 20

Rice QTL 
added to 
next 
release.





Customizing the Detail View

Features

ESTs

GSSs

FSTs

Arra
ys

Markers

Decoratio
ns

Export

Jump To

Width





Help

Don’t get overwhelmed

…..Get help!



Future Plans for Gramene

• QTL to sequence Map
• Diversity
• Pathways



Gramene Contributors

Controlled Vocabulary
• TAIR
• IRRI
• MaizeGDB
• Gene Ontology Consortium
• ICIS
• INGER
• CIMMYT 
• Oryzabase
• Scottish Crop Research Institute
• Plant Ontology Consortium
• Monsanto
• Pioneer 

Maps
• Cari Soderland, University of Arizona
• Rod Wing, University of Arizona
• John Mullet, Texas A & M
• Patricia Klein, Texas A & M
• Robert Klein, USDA-ARS
• Andrew Paterson, Univ of GA
• Dave Matthews, USDA-ARS
• Mary Polacco, USDA-ARS
• Maize GDB

Sequences and Proteins
• National Center for Gene 

Research Chinese 
Academy of Sciences 

• NCBI
• TIGR
• Uniprot/SPTremble
• LGB
• BGI
• Interpro
• MaizeGDB
• BarleyBase
• Orion Genomics
• NASC for the arabidopsis

genome view in Ensembl. 
• Cari Soderland SAGE
• GuoLiang Wang SAGE
• Blake Meyers MPSS 

QTL
• MaizeGDB
• GrainGenes

Genes
• Oryzabase
• MaizeGDB

Reference Databases
• Albert Mann Library, Cornell 

University
• TEEAL

Software Development
• Ensembl
• Gene Ontology Consortium
• GMOD
• Pioneer

Germplasm
• NPGS/GRIN

Collaborators
• Ben Faga – CMap
• Bonnie Hurwitz –

OMap

SAB
• Anna M McClung
• Georgia Davis
• James H. Oard
• David Marshall
• Patricia Klein 



Gramene Personnel
Lincoln Stein, Ph.D PI, Database design and software development

Susan R. McCouch , Ph.D. Co-PI, rice data curation

Doreen Ware, Ph.D. Co-PI, Comparative genome analysis

Pankaj Jaiswal, Ph.D Co-PI; Proteins, Ontologies, QTL 

PI Team

Ed Buckler, Ph.D Co-PI, Diversity, Maize

Junjian Ni, Ph.D. Genes, QTL

Immanuel Yap, Ph.D. Maps, Markers, QTL

Isaak Yosief Tecle, Ph.D. Germplasm, Genetic Diversity

Biological Curation

Bioinformatics Developers

Coordinators

Claire Hebbard Outreach Coordinator

Dean Ravenscroft, Ph.D. Pathways

Steven Schmidt Gramene Genome Database & Browser

Ken Youens-Clark Comparative Maps, QTL, Markers, Diversity

Shulamit Avraham (Shuly) Database Management

Liya Ren Proteins, Literature, Ontologies, Genes

William Spooner, Ph.D. Genome Browser, Gramene Blast & Mart

Payan Canaran Protein Annotation Pipeline

Sharon Wei Gramene Pipeline and Genome Browser

Terry Casstevens Diversity

Chengzhi Liang, Ph.D Project Management, Gene Build
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