
Model Grass Brachypodium distachyon



Brachypodium distachyon

• Small, self fertile annual temperate 

grass

• Small diploid genome (~300Mb, 2x 

Arabidopsis)

• Short generation time, 8 weeks

• Simple growth requirements

• Easily transformed (for a grass)

• Large seeds similar to wheat



System comparisons

Brachypodium Arabidopsis rice wheat switchgrass

Height (cm) 15-20 15-20 100 50 200

Density

(plants/m2)
1000 2000 36 50 6

Growth

Requirements
simple simple demanding simple simple

Genome Size 

(Mbp)
300 165 430 16,000 2,400

Generation Time

(weeks)
8-12 8-12 30 12 26

Reproduction selfing selfing selfing selfing outcrossing

Cell Wall Type Type 2 Type 1 Type 2 Type 2 Type 2



Brachypodium Resources Developed at 

WRRC and UC Davis

• cDNA libraries and EST sequences (first significant 
sequence resource for Brachypodium)

• High-efficiency Agrobacterium-mediated 
transformation

• Mutagenesis protocols

• Collaboration to sequence the genome through DOE 
Joint Genome Institute

• BAC libraries and BAC end sequence

• Physical map

• SNP mapping

• New inbred lines

• Resequencing multiple genomes 



Phylogenetic analysis using ESTs

Based on 11 kb of DNA from 20 highly expressed genes

From: Vogel et. al. TAG 2006 



Agrobacterium-mediated transformation

selection
3-5 weeks

co-cultivation
3 days

subculture
callus 2X

3 weeks

regeneration
2-6 weeks

transgenic
plants

12-18 weeks total

Dissect embryos 

out of green seeds

Callus induction
4 weeks

Average efficiency 45%!!!

Protocol available at: 
http://brachypodium.pw.usda.gov/



Transformation as a tool to study gene 

function

wheat“Q” gene    control



EMS mutagenesis

• 50mM EMS worked best

• Adapted a method developed for barley: Caldwell et. al. 
Plant J. (2004) 40,  143-150

Introduces single base substitutions favored mutagen for many plants

Mutant sectors in M0 plants Albino M1 seedling



Brachypodium as a model for grass roots

Mycorrhizal Brachypodium root (G. 

versiforme)
Photo courtesy Maria Harrison, Boyce Thompson Institute



Brachypodium Barley/Wheat Comparisons



Rice – Brachypodium – Barley 

using barley OPA markers



Resequencing summary

line
Avg 

depth
No. paired end 

reads 

Reads that 
hit reference 

genome
Reads that 

map as pairs
homozygous 

SNP s
bp per 
SNP 

homozygous 
indels

Bd3-1 38X 149,492,598 96% 95% 453,703 600 61,565 

Bd21-3 34X 135,412,398 96% 95% 470,184 579 61,686 

Bd30-1 55X 218,375,802 94% 95% 1,138,772 239 130,673 

Bd1-1 53X 212,189,556 96% 93% 1,353,337 201 138,323 

Illumina paired end sequencing

- 75 bp reads

- 250 bp fragments

Last 2 lines expected in 

June



Insertional mutagenesis project

• 3 year DOE funded project to 
optimize tagging and generate 
mutants

• Promoter trapping

• Activation tagging

• Test different vectors including 
transposon tagging

• Test different Brachypodium
genotypes

• Establish database to search for 
flanking sequence

• Project goal 7,500 lines – 850 so far



The USDA WRRC Brachypodium T-DNA collection
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Distribution of 1,600 
FSTs

>8,000 lines created

>5,000 lines sequenced

>2,000 FSTs aligned to 

genome



Searchable databases available at:
http://brachypodium.pw.usda.gov/

www.brachybase.org/



Distribution of Brachypodium

From Garvin et. al The Plant Genome 2008



Growing germplasm collection

Collections and inbred 

lines made by Metin 

Tuna, Hikmet Budak, 

Luis Mur, Ana Caicedo, 

David Garvin and John 

Vogel



Bd21

Bd21-3

Bd3-1

Bd1-1

BdTR12c

Bd30-1

Resequencing



Bd2-3               line23                   line60             line63          1cm

Pubescence



Inflorescence architecture

Bd2-3      line23                       line60                line63



Spike

Bd2-3            line23               line60                line63



Highly variable flowering time and vernalization
Bismil lines 4 weeks vernalization grown in greenhouse



The Bright Future

Reached a critical mass of tools and 

researchers 

>300 groups currently using 

Brachypodium

8 groups at the WRRC/PGEC

Brachypodium community is growing 

rapidly  now that genome is 

sequenced.

Funding agencies in U.S. and Europe 

are funding Brachypodium projects

In the 2008 joint USDA/DOE Feedstock 

Genomics program 4 of the 10 funded projects 

used Brachypodium entirely or in large part. 
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