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This presentation has been adapted from the one 
presented at the virtual IWGSC workshop at the Plant 
and Animal Genome Conference, Jan 11, 2022. 

All animations have been parsed into individual frames 
with relevant points. 



GrainGenes : From gene-centric to genome-centric

The 1990’s – ACeDB database is
object oriented and very flexible 
for a limited amount of data.

The 2000’s – MySQL relational database 
can handle a LOT more data. 
Manually intensive Web site

The 2010-20’s – MySQL remains stable.
Drupel Web Management
Genome Browsers and BLAST services

...but genes are still really important!

The GrainGenes project began in Olin Anderson’s lab at the USDA/ARS’s Western 
Regional Research Center (WRRC) in the early 1990s.  It remains an active part of 
the US small grains research community as a data hub and permanent repository.   



Check 
GrainGenes Updates 
for new content:

• new genome browsers
• large curation projects
• community 

contributions
• overall improvements 

to the project



'Drupel’ pages for GrainGenes Updates are created 
to support announcements with narrative, 
metadata, and links to new data records.

GrainGenes strongly supports the MASWheat
project at UC Davis (maswheat.org; Dubcovsky
Lab), with links to method pages from gene 
records. 



GrainGenes supports the IWGSC by 
providing genome browsers with a 
rich array of annotated tracks and 
curated data within the database. 

Visit IWGSC at www.wheatgenome.org



Annotated records from the IWGSC RefSeq v1.1 
and v1.2 are in the GrainGenes MySQL database.
All have links to the genome browsers from the 
probe (methods) records. 



Data types for IWGSC data in GrainGenes

Locus names have numerical extensions 
indicating the transcript.

Probes are ‘methods’.  Records have functional 
annotations, links to external resources, and links to 
the browser, locus, and sequences.  Genes with 
multiple transcripts will have a single probe record. 

Mapdata records in GrainGenes contain 
metadata and links to all loci. 

Sequence records in GrainGenes now 
have a ‘gene product’ tag, which groups 
all genes with the same BLAST human 
readable description and is searchable 
in MySQL.

A link to the GrainGenes BLAST tool will 
automatically load the sequence into 
the interface.  

New!



Functional Annotations of IWGSC genes in GG

RefSeq v1.0
Locus : TraesCS1A01G002000.1 – Annotations (ex. Human Readable Description: RING-finger ubiquitin ligase)

- Link to Probe
Probe: TraesCS1A01G002000   – Annotations (ex. Human Readable Description: RING-finger ubiquitin ligase)

- links to Pfam, Interpro, GO
- Links to JBrowse

Sequence : TraesCS1A01G002000.1 – new! Gene Product added from BLAST description.  Searchable in MySQL.
- BLAST into any collection or browser.  

RefSeq v1.1  (gene numbers the same)
Locus : TraesCS1A02G002000.1 – Link to Probe
Probe :  TraesCS1A02G002000 - Link to JBrowse

- Link to previous name (01G) for annotations, but not reciprocal (to do list)

RefSeq v2.1  (gene numbers are NOT the same)
- Not curated in GG MySQL



...

...

Hexaploid wheat BLAST databases 



diploid and tetraploid wheat BLAST databases 



Wheat Browsers and Annotations

Fielder  Sato et al. (2021) annotated genes for cv. Fielder. 
Ae. tauschii v5.0 Wang et al. (2021) high & low conf. genes, RGA, community annotations for AL8/78
Ae. tauschii, 4 assemblies Zhao et al. (2021) annotations from TO93, AY61, XJ02, AY17 
Chinese Spring IWGSC v2.1 Zhu et al. (2021) high & low conf. genes, TE, official markers, IWGSC annotations
10+ Genomes Walkowiak et al. (2020) Genes, LTR retrotransposons, and TEs for: ArinaLrFor, Jagger, Julius, LongReach Lancer, CDC Landmark, Mace, SY Mattis, 

Norin61, PI90962, CDC Stanley
T.turgidum Svevo Maccaferri et al. (2019) high & low conf. genes, markers, QTL
Wild Emmer Zavitan v2.0 Zhu et al. (2019) gene annotations.   Scott et al. (2019) Ancient Egyptian emmer SNPs 
Chinese Spring IWGSC v1.0 IWGSC et al. (2018) high, low conf., manually-curated genes, TE, RNA

T3 GWAS (https://wheat.triticeaetoolbox.org). He et al. (2018) 1000 Exomes
Krasileva et al. (2017) TILLING mutants.   Jordan et al. (2015) Hapmap variants
Pont et al. (2019) WHEALBI variants.    Dubcovsky EMS Mutations (https://dubcovskylab.ucdavis.edu).
Cagirici et al. (2020) G-quadruplexes.  Jordan et al. (2020) MNase chromatin states
IPK 10+ Genome Project.  genes, TE, LTR retrotransposons (https://www.ipk-gatersleben.de)
Fauteux et al. (2019) expression QTL, seedling and spike SNPs 
Aknunov and Dubcovsky.  Varietal SNPs (https://dubcovskylab.ucdavis.edu).

Ae. tauschii v4.0 Luo et al. (2017) high & low conf. genes, mRNA
Wild Emmer Zavitan v1.0 Avni et al. (2017) high & low conf. genes, CDS, LTRs, homologs, mRNA
Hexaploid Pangenome Montenegro et al. (2017) gene annotations, presence/absence variation (PAVs), SNPs

The Wheat genome browsers links are shown here. 

The 10+ Wheat Genome Project link expands to 
links for the individual browsers.  

The newest browser for cv. Fielder was done with 
PacBio long reads. 

https://wheat.triticeaetoolbox.org/
https://dubcovskylab.ucdavis.edu/
https://www.ipk-gatersleben.de/
https://dubcovskylab.ucdavis.edu/


Example 1.  Where can I find a gene / gene family on the 2021 IWGSC v2.1 genome browser? 

Seven genes from the 
IWGSC v1.0 assembly are 
annotated with the exact 
phrase “RING-finger 
ubiquitin ligase”.  

Users are encouraged to 
browse the data class and 
try other forms of this 
term for better coverage.



Sequence records have links to the 
BLAST tool.  By BLASTing into the 2021 
assembly, we can map this gene on the 
new genome. 



The sequence will automatically populate 
the input text box. 

Here I selected the IWGSC v2.1 RefSeq 
BLAST database

Note that BLAST databases with the GG logo 
have individual genome browsers.    



There are a lot of BLAST hits.

TraesCS1A01G002000.1 is on 
chromosome 1A, and the 1A BLAST 
hit is the strongest, as expected 
(hoped for). 



BLAST results are now presented in a 
graphical view. 

A new feature is a direct link to the BLAST 
result on the genome browser.  Look for 
the JBrowse link.  (circled above)



A new highlighted track is created for 
BLAST hit(s) in the selected browser, 
IWGSC v2.1 (2021). 

In this screenshot, the ‘High-Confidence 
genes’ track is also selected. 



When a user clicks on a graphic for a 
gene model, a report page opens with 
information and links to the FASTA 
sequence file for that gene.  



TraesCS1A02G340400.1
Abbrev. for Triticum aestivum

Chinese Spring

Chromosome 1A

2 ndgenome assembly

Gene number

Example 2.  How can one observe GWAS / QTL results in a genomic context?



The first gene to investigate from the 
paper is TraesCS1A02G340400.1 

This is mapped in the 2018 IWGSC 
RefSeq v1.2  (we know this because 
02G is in the gene name). 



With the proper chromosome selected 
(TraesCS1A02G340400 is on 1A), paste 
the gene name into the text box to the 
right.  Any indexed term in the browser 
matching your search term will appear 
in the dropdown menu. 



Click on the gene model graphic for 
the information report. Notice the 
RefSeq v1.1 genes have links to 
several external databases 
providing functional annotations, 
expression data, etc. 



Tracks on the browser have title 
bars.  Click in the arrow icon to 
open a panel to save data, adjust 
the view, etc.  

Toggle the menu bar view with the 
icon near the highlight button.

Click view before saving to preview 
the data if desired.



View before saving to preview the data.

Users can edit the file name prior to saving.



Here, I zoomed out using the navigation buttons.  Now 
there are 11 genes in the browser view.  

Notice the red vertical bar on the numbered scale 
locates the browser on the pseudomolecule. 



Additional tracks were added:
• All Varietal SNPEffects.  This track was selected from 

the left menu, below the current view. This view is 
‘Collapsed’

• Micro RNAs  (miRNAs)
• Tilling mutants.  Note there are too many to render. 



Zooming back into the region near the gene renders 
the Tilling mutation sites in ‘Normal’ view, i.e., stacked 
in a very long track.  



The Tilling mutant track view was collapsed.

Each SNP variant has additional data like that shown 
here.  Tilling variants have similar data attached to 
each annotation. 



Example 3.  Our gene of interest was BLASTed against the new IWGSC v2.1 browser.  

Our gene from Example 1 was BLASTed against the 
IWGSC v2.1 browser.  TraesCS1A02G002000 in RefSeq 
v1.2 was remapped as TraesCS1A03G0004300. 

There are transposable elements and Infinium markers 
mapped nearby. 



The ‘About this Track’ for Transposable Elements is well 
defined with a reference.  

Marker tracks will be updated to include references and 
reciprocal links from probe records in the GrainGenes 
MySQL database to the browser, improving the connection 
from genetic work to the physical genome space.



A last note:  Save the DNA sequence as a FASTA from any 
region in the browser by opening the pseudomolecule track 
and saving the data from the title menu dropdown.  



Community Curation / Education Modules in the Future?

Interactive forms for curators / 
super-users to enter GWAS 

results, select a browser, BLAST, 
then approve results and add 

annotation to build a .gff3 

User-generated 
.gff3 tracks

Module for a 
genomics course 
for team-curation



As a study to look at the feasibility of community curation in 
GrainGenes to add qualitative data to the genome browsers, 
a track to report QTL for B-glucan content in oat was 
created from two large GWAS studies.



Sequences of significant markers in the 
QTL were BLASTed into the 2020 oat 
genome (the most recent at that time) and 
a .gff3 file was manually generated to 
place a QTL track on the browser.

QTL reports include the reference, 
metadata and significant markers. 



The track of annotated genes was selected to render below 
the QTL track. 

When there are too many genes in a region, a feature 
density graph will render in the track. 



The ability to save the track data in the region of a QTL will 
allow users to survey the gene space for potential 
candidates for causative genes. 
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