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Gramene: A Resource for Comparative Grass 
Genomics

RiceCAP Workshop
DNA MARKERS, MAPPING, AND BEYOND
6/8/06

What is Gramene

A genomic database for rice and other 
cereals
A resource for comparing these genomes
A collection of public data. Adds value to 
public info
– Automated and curated relationships
– Web displays
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A biological database :

Is an [extensive] collection if biological data 
in computerized format . . . 
Is used for updating, querying and retrieving 
information. 
Requires communication between the user 
and the computer.

clairehebbard
Note

Because the data is so great, we use computers to store, manage, display and even create this data. Computers work a bit differently than humans, but a brief explanation of this Human-Computer interface will help us to understand how to best work with a database.

Grasping all the specifics of bioinformatics isn’t important for our purposes here. What is important is that you have a core understanding of how to approach querying a database.




clairehebbard
Note
In order to communicate individuals must have some form of a common language, whether it is words, symbols or gestures.  

This language may be minimal at first. For example: earth, things with roots,  and things that move around. 
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Human-Human 
Tendency for Organization and Growth

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

When there is no pre-
existing organizational 
template, our training and 
experience shape our 
language. 

Perspectives

clairehebbard
Note
As our knowledge increases, and our group of colleagues expands, these categories are broken down further in a manner that should allow for new discoveries as well as communication about current knowledge.

The intended audience (a small office, or the global community) will determine the importance of what language to use.


clairehebbard
Note
Bioinformatics is still in development.
When there is no pre-existing organizational template, our training and experience shape our language. With scientists from many disciplines working together there are bound to be differences in terminology and focus. In this example the “official” term is in the left hand column, and all the terminology with the same meaning are listed under synonyms. Authors can use what ever terminology they wish to, but for categorizing into databases some consistency is required.
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Ontologies remain 
constant across 
species.

Development of Ontologies

An Ontology is a “common vocabulary” used to facilitate 
communication between researchers and databases. 
Developed by diverse experts.
An ontology matches classification and reasoning methods of the 
computer. 
Ontologies can be indexed “objectively” by a computer.\
Computers can infer new knowledge 

clairehebbard
Note
To further complicate an already complex issue, in order for the computer to classify data and make inferences between species, the terms from one plant need to correlate to all plants. In this example, a berry, grain and pod all refer to the same part of the plant – the fruit. In this manner, the computer can compare fruits across species.




clairehebbard
Note
In order to overcome this complication, common vocabularies have been developed to facilitate the categorization of available data into computer databases. 

Groups of colleagues come together to discuss and try to come to agreement on terms that will fit across species. Examples include the Plant Ontology Consortium and the Gene Ontology Consortium.

Computers are able to: Classify data, Store reasoning tools, Infer new knowledge 

Plant Ontology (PO)
The main objective of the Plant Ontology Consortium (POC) is to develop, curate and share controlled vocabularies (ontologies) that describe plant structures and growth and developmental stages, providing a semantic framework for meaningful cross-species queries across databases. The Plant Ontology (PO) has been developed and maintained with the primary goal to facilitate and accommodate functional annotation efforts in plant databases and by the plant research community at large. The initial releases of the PO integrated existing ontologies for Arabidopsis, maize and rice; more recent versions of the ontology encompass terms relevant to Fabaceae, Solanaceae and other cereal crops. As a part of the POC project, participating databases such as TAIR, NASC, Gramene and MaizeGDB have been using PO to describe expression patterns of genes and phenotypes of mutants and natural variants.

The GO project has developed three structured, controlled vocabularies (ontologies) that describe gene products in terms of their associated biological processes, cellular components and molecular functions in a species-independent manner. There are three separate aspects to this effort: first, the development and maintenance of the ontologies themselves; second, the annotation of gene products, which entails making associations between the ontologies and the genes and gene products in the collaborating databases, and third, development of tools that facilitate the creation, maintenance and use of ontologies. 
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Keys to working with a database

What goes in is what comes out
Knowledge grows/changes
Interpretation is up to you
Be persistent
Be patient

How does Gramene Depict the Genotype?

The rice genome has 12 
chromosomes, with 259 -
485 mbp

Sorghum has ~1190 mbp, 

Maize has ~2670 mbp.

clairehebbard
Note
What goes in is what comes out – Gramene takes publicly available information and puts it in the database. If information is not yet available, it cannot be in the database. It also takes time to enter data, so although Gramene tries to remain current, you may sometimes find that it states that something is “Currently Under Curation”. Gramene makes 4 releases a year.

Knowledge grows/changes – New information becomes old, old information becomes obsolete, some data is wrong.

Interpretation is up to you. You may wish to refer to the literature source to view the author’s interpretations.

Be persistent – there are several routes to a destination, and there may be some roadblocks or dead-ends. Try multiple queries using different terms. Get help if you can’t find what you’re looking for, curators will let you know how to locate it or if it’s not currently available. Your feedback is crucial for determining future developments to the database – database developers don’t know what you want unless you ask for it.

Be patient – query results take time, especially those involving maps.



clairehebbard
Note
Underneath a plant’s phenotype is it’s genotype. The rice genome has 12 chromosomes, and is the smallest genome of the grasses.

There is an enormous amount of data about the rice genome, and there is also an enormous amount of knowledge yet to be discovered.

Gramene is a database resource, holding the known data about rice and other grass species within several distinct modules. As the data continues to grow these datasets become interconnected in order to present a view of the whole genome and all the collected knowledge about it.
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Rice Chromosome 11

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

clairehebbard
Note
A chromosome can be displayed in this manner, and all the features are displayed down the length of the chromosome.

We will further explore this in the Genome Browser, later.

clairehebbard
Note
Different types of DNA maps can be constructed: with the key distinguishing feature among these three types being the landmarks on which they are based. Gramene’s map types are listed here.
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Gramene Data Sets

Markers
QTL
Maps
Genes
Proteins
Ontologies
Literature
Diversity
Pathways

Gramene Tools

BLAST – sequence alignment
Gramene-Mart – data mining
CMap – Comparative mapping
Genome Browser – visual overview of 
genome

clairehebbard
Note
This is a list of the datasets at Gramene. We will go over these with a hands-on exercise.


clairehebbard
Note
There are tools available at Gramene – which we will also go over during the exercise.
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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

Outreach CoordinatorClaire Hebbard

Coordinators

Bioinformatics Developers

Biological Curation

PI Team

Project Management, Gene BuildChengzhi Liang, Ph.D

DiversityTerry Casstevens

Gramene Pipeline and Genome BrowserSharon Wei

Protein Annotation PipelinePayan Canaran

Genome Browser, Gramene Blast & MartWilliam Spooner, Ph.D.

Proteins, Literature, Ontologies, GenesLiya Ren

Database ManagementShulamit Avraham (Shuly)

Comparative Maps, QTL, Markers, DiversityKen Youens-Clark

PathwaysDean Ravenscroft, Ph.D. 

Germplasm, Genetic DiversityIsaak Yosief Tecle, Ph.D. 

Maps, Markers, QTLImmanuel Yap, Ph.D. 

Genes, QTLJunjian Ni, Ph.D.

Co-PI, Diversity, MaizeEd Buckler, Ph.D

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

Co-PI, Comparative genome analysisDoreen Ware, Ph.D.

Co-PI, rice data curationSusan R. McCouch , Ph.D. 

PI, Database design and software developmentLincoln Stein, Ph.D

clairehebbard
Note
Bringing all these tools and data requires a lot of collaboration.
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Let’s go:  www.gramene.org

clairehebbard
Note
Let's get started on the exercise. To begin, open your web browser and enter www.gramene.org
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Gramene Workshop 

6/8/06 

 

Hands-On Exercise: Grain Yield after Milling 

 
Begin on the web at www.gramene.org 

 

 

1) Conduct a trait search for milling yield. 

 

(At Gramene, the QTL database is searchable by trait. On the Gramene home page point your mouse to 

‘Search’ on the menu. Click on ‘QTL’ in the dropdown box.  Type “milling yield” in the quick search box 

and click submit). 

 

  
 

You will find out that there are no results for this trait. 

 

  
 

The QTL search for “milling yield” came up empty, therefore you have two options: Search the whole 

database for information on it (#2), or go to “Ontologies” to find a better term (#3).  

 

2) Search all of Gramene for “milling yield”. 
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(Use the box at the top of the page for a search of the whole database. Type “milling yield” in the ‘find 

anything’ search box at the top right, and click ‘search’.) 

 

Results have turned up in the literature and other publications. Since “milling yield” is in the title of the 

first literature database result, it looks like a good match.   

a. Select that article on milling yield and get data on published results. (Click on ‘More info’)  

 

  
 

You should look to see what ‘associations’ there are in the database with this article. There are 3 QTL 

associated with this article.  

b. Select the QTL for more information on them (click on ‘QTLs (3)’ ).. 

 
 

This will bring up a table that lists those three QTL, and following those links will provide more 
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information. 

 

c. Select the first QTL to get more information. (Click on ‘AQL001’.) 

 

 
 

You will be able to select the link to learn the trait name (milled rice ratio) and to view this QTL on a map. 

Note that there are synonyms. The trait is called “Milled Rice Ratio”.  

 

 
 

The second option to your lack of QTL search for “milling yield” is to determine if you need another 

‘keyword’. Perhaps others used different vocabulary (ontologies) to describe the trait. You should …  

 

3) Conduct a search for “milling yield” in the ontologies database in order to look for other terms to 

consider.  

 

On the Gramene navigation bar point your mouse to ‘Search’ on the menu, then click on ‘Ontologies’ in 

the dropdown box.  Type “milling yield” in the quick search box and select ‘Trait Ontology’ to narrow 

your search. Click ‘Search’.) 

 

a. Try a different term. Conduct a search for “milling ” in the ontologies database. 

b. Try a different term. Conduct a search for “mill ” in the ontologies database. 

 

Searches for “milling yield” and “milling” come up negative, but shortening our search term to simply 

“mill” gives us 14 results.  (milled, millimeters, millet, etc), but only one – milled rice, synonym milled 

rice ratio – seems to be a match for milling yield. 
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c. Select the Trait Accession for ‘milled rice ratio.’ (Click on “TO:0000144”) 

 

Ontologies show relationships between terms, and this reflects that milled rice (ratio) is an example of seed 

quality, which is an example of a quality trait. There are 8 QTL that are associated with this trait, which we 

will come back to in a minute. 

 

First, however, you should know that sometimes it can be helpful to explore related terms so that we can 

consider other terms to search for.  

d. Select the parent term of milled rice. (Click on “seed quality (TO:0000162).”)  
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More terms are revealed that are also associated with seed quality. Many of these will also affect milling 

yield, so in further research you may wish to explore some of these other options.  
 

4) For now, go back to “milled rice (TO:0000144)”  and select the link to the 8 associated QTL. (Use 

the Browser “back” button, or simply click on ‘milled rice’) click on ‘8 oryza sative QTL.’)  

 
  

You will receive a table with information about these 8 QTL.  

 

5) Learn how these QTL were identified. (Click on ‘IAGP’ in the “Evidence” column.) 

 

 
 

The evidence for these QTL being associated with milled rice ratio is strong, based on experiments 

showing an association between the QTL and the phenotype (see below) (as opposed to another form of 

evidence, such as a non-traceable author statement.) 
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6) For this exercise, select AQFU049. (In most cases you may wish to review all 8 of these QTL to learn 

what data is known about them.) 

 

Once again you can see that this is a rice QTL for milled rice ratio. You can also learn that it is on 

chromosome 11. If you would like more reference information for this QTL you should select the literature 

reference link, since it is different than the previous article we reviewed.  

 

a. View the map for “AQFU049” (Click on “View on Map”)  

 

 
 

Notice that the QTL is highlighted as “MR”, and is located near Marker RM144. You may also find it 

interesting to learn that it is also co-located with the QTL AMYCN, which is a QTL for amylose content. 
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Clicking on any of the features on the map will link you to the detail page for that feature.  

 

7) View “RM144” marker detail information. (Click on ‘RM144’)  

 

We can see that this marker has been mapped to several different maps and map types.  However, you are 

still in the maps module (look at the module heading to know which module you are in) and you want to get 

to the markers module.  

 

a. Go to the markers module detail page. (Select the first “View Oryza sativa SSR marker 

“RM144” in Marker DB” to view the marker in the markers module.) 
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You are now in the Markers Database. (look at the module heading) 

 
8) Notice the following: 

a. Forward and Reverse Primers – these are the primary defining characteristics of the SSR 

markers that make it unique. You need to know this if you want to synthesize the primer for 

yourself. 

b. Anneal Temperature – need to know this to program the PCR 

c. Expected PCR Product size – approximate size of the band that you should expect to see 

d. Genome Positions – click to see marker displayed in the genome browser. 

e. Images – May or may not be available. The images gives a better idea of the range of band 

sizes on representative germplasm. If you don’t see a band in the expected size you may need to 

adjust your PCR conditions. 
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9) Return to the Cmap view in #6 (click the browser’s  ‘Back’ button two times.) 

 

10)  Compare this map to a genetic map  and a sequence map to see what other features may be in 

the same region.  

 

• Genetic maps will give a general order to surrounding features, but do not offer the exact sequence 

and distance.  

• **Underneath the map select “Show additional options menu” and check “yes” for “Collapse 

overlapping features”. This will speed up your results time** 

• Underneath the map click on ‘Show Reference Menu.’ We will put the genetic map on the left, and 

the sequence map on the right.  

• Under the left heading select the ‘Select Map Set’ menu to open a list of maps with comparisons. 

Click on “Genetic: Rice – Cornell SSR 2001 [7]” (7 comparisons are on chromosome 11). If there 

were more than one chromosome with correlations you would need to select the ones you wanted to 

compare.  

• Under the right heading select the ‘Select Map Set’ menu to open a list of maps with comparisons. 

Click on “Sequence: Rice – Gramene Annot Seq 2006 [8]”. 

• Click on ‘Redraw Map. 
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You will see that the marker that is associated with your QTL is also located near several other markers 

and some interpolated genes. Once again, following those links will provide more information that may or 

may not be useful or interesting to you. 

 

11) Use the CMAP tools to alter the view. 

a. Crop the maps to magnify the view (Click on the arrows for cropping.) 

b. Use “options” and “additional options” menus. (Located below the map image. Click on 

‘Show Options Menu” and “Show Additional Options Menu”) 
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12) View RM144 in the Rice Genome Browser (Click on the ‘RM144’ on the map to open the maps 

feature page.  Under ‘Cross-References’ select ‘[View “RM144” in Genome Browser]’.This will open 

a page with where you need to click on the location. Select “Location 28158704 - 28158928 bps”. 

 

 
(You May use “Export the data” to get this information in text format, but selecting the location bps (base 

pairs) will show you the same information in a diagram, which can aid in understanding the data.) It may 

take a few moments for the results to load in your browser, but the first thing you will notice is that this 

marker is located at one end of chromosome 11. 

 

The “overview” diagram identifies other features mapped to this area, including synteny with other species. 

This view is magnified from the chromosome view, so along the blue DNA (clone) track there is a box 

indicating the selected area on the chromosome view. 

 

 
 

The detailed view is once again magnified from the overview, and zooms in to cover only the area in the 

selected section of the chromosome. It can be customized to provide information of interest to you by 

changing the magnification, genomic area, features and decorations through the menus at the top of the 

display box. 

 

 

 

 

 
Red boxes 

indicate the part 

of genome being 

viewed in the next 

image. 

Boxes represent 

annotated genes 



 15

 

 

 

 

 

 
 

Finally, at the bottom of this page you will find the Basepair View. This diagram shows the sequence and 

the possible codon sequences for this section. 

Zoom in/out to a 

desired level of 

Click on a feature to 

open menu options  

Features! Those above your 

sequence are on the forward 

strand, ones below are on the 

reverse strand 
 

Select options to 

customize the view. 
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13) You may wish to examine the alleles in your germplasm, and begin by viewing RM144 in the Diversity 

database. (Go to Diversity, search for RM144 in markers) 

 

 
Your results will look like: 

 

 
 

Select the “Allele Data” to view all the data for RM144. 

 

 

Click for 

experiment info 

Click for allele 

data 
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Comparing the alleles of each parent can help determine which allele is in your germplasm. In this 

example, look at Lemont and Teqing germplasms. All the known markers will be listed, along with their 

genotype. 

 

14) Biochemical Pathways – An example for biochemists: 

Go to the Genes database, and search for Wx. Locate the gene ID. Copy and paste this ID (LOC_) into the 

search box for Pathways. 

 
 

There are two ways to begin a search on Pathways. Either click on the large red button at the top of the 

page, or select your species on the right hand side of the page.: 
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Select the “Starch 

Biosynthesis” link as 

one example of 

where this gene is 

involved in  a 

biochemical 

pathway. 
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In this exercise you have simply begun to learn what Gramene can do. For more complete details on all the 

features available from each module, review the module tutorials available on the web. 

 

Use the feedback button at the top of every page to submit private questions to the Gramene team. The 

appropriate person will get back to you. For public discussion, join the Gramene listserve. 

 

Thank you! 

 

Workshop Contacts: 

 

Gramene : gramene@gramene.org 

Claire Hebbard: cer17@cornell.edu 

 

Or use the Feedback button at the top of every page on the Gramene website www.gramene.org 
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