


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
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System comparisons

Brachypodium | Arabidopsis rice wheat | switchgrass
Height (cm) 15-20 15-20 100 50 200
Density
ol 1000 2000 36 50 6
S simple simple demanding | simple simple
Requirements P P S P P
Genome Size

300 165 430 16,000 2,400

(Mbp)
Generation Time 212 212 30 19 26
(weeks)
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
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Based on 11 kb of DNA from 20 highly expressed genes
From: Vogel et. al. TAG 2006



Agrobacterium-mediated transformation

' .
Callus induction = '

4 weeks A

"= subculture
callus 2X

3 weeks

Dissect embryos

out of green seeds  aerage efficiency 45%!1!

co-cultivation
3 days

selection
transgenlc 3.5 weeks
plants . _
12-18 weeks total regeneration  Protocol available at:

-6 weeks http://brachypodium.pw.usda.gov/



Transformation as a tool to study gene
function
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EMS mutagenesis

Introduces single base substitutions favored mutagen for many plants

Mutant sectors in M, plants  Albino M, seedling

« 50mM EMS worked best

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



Brachypodium as a model for grass roots

Mycorrhizal Brachypodium root (G.

versiforme)
Photo courtesy Maria Harrison, Boyce Thompson Institute

Wheat Brachypodium
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Brachypodium Barley/\WWheat Comparisons

Brachypodium




Rice — Brachypodium — Barley
sing barley OPA markers

Reference Corparative Corparative
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Resequencing summary

Reads that
Avg No. paired end hitreference Reads that homozygous
line depth reads genome  map as pairs SNP s
Bd31 38X 149,492,598 96% 95% 453,703
Bd21:3 34X 135,412,398 96% 95% 470,184
Bd301 55X 218,375,802 94% 95% 1,138,772
Bdl-1 53X 212,189,556 96% 93% 1,353,337

[llumina paired end sequencing
- 75 bp reads

June
- 250 bp fragments

bp per
SNP

600

579

239

201

homozygous
indels

61,565

61,686

130,673

138,323

Last 2 lines expected in



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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Searchable databases available at:

http://brachypodium.pw.usda.gov/
www.brachybase.org/

' Genomics & Goene Discovery Brachypodium Resources - Mozilla Firefox
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Brachypodiun Resources

Welcome to the Brachypodinn resource page of the Genonucs and Gene Discovery Research: Unit at the USDA-ARS Western Regienal Research Canter m Albany, CA USA
Brackypodium dstackyen (Brachypodum) @ 2 small aesual grass that = bemg developed 23 a model for the grasses @ mach the same way a3 Aradidopsis thaliana (Asabudopan) lis been
developed as a model for dicotyledencus plants (deots). Ower the past several years we have put codaideradle effart wio developang the took necessary to wie Brackspodum 22 a modem
model orgarasm. Scme background mfermanon sbout Brachypodaam may be found HERE In order to aed researchers miterested wn wing Brachyp odium for w they laboratones, we have
compded a bst of cescurces and methods we, aong @eh collabarators, have developed over the past few years. We have also mcdaded 2 30t of our publications that you nay dowmnboad 25 PDEs
and tks 10 offer Brachypodiam aaes for even more mformaticas We bope you Bnd thus sfoemation usefid and f you have any questicns feel free to contact s

METHODS

High Efficiency Agrobacterium- e dated Transfoemation

EME Mutageness

Growing Beachyppo daam (conerg $000)

Crosaing of Brachippodasn (weh 2 dissecteg microscope) b
osaing of Beactppodiem (Whouat a microicope)

RESOURCES

Genome sequence: The entire Brochypodum genome has been sequenced and the azsembly was of wery lugh qualty. We wre crrently workng on 0 manusenpt descnibing the genome
sequencing project The 83X gemome asremnbly and the vernion 1.0 aonotation 12 now available at werw brachivpodemm org and wrew phytozome o1z

Genuplasin In colaboration with collsagaes from Tuzkey, we recently desonbed over 200 now mbred ez For more mformation pleazs r=e car publicaton m BMC Flact Biclogy
qe 3

d z of

»

LDINA mutantx: We ace currently generating =7,500 T-DINA uraants as part of o DOE-funded grant Hers you can smacch for knockouts and order seeds

High-denssty SNFP map We have created a genetc Inkage map veng a B421 X Bd3-1 mappmg popudation created by Tnnd Garan contxning 562 magkers. Thas map har been ueed to
aszemble the whale genome mto chromosome scals assemblier (more detnlr commg seon)

CMap viewer We have Joaded the final Brachyp odium genome zto the GramnGene: Clap wiewmng tocl to enable comparabrs gemomics The sequence will be awadable roon

Ehvzcal Map. See how the ganome was put tother using HICF BAC dsta
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From Garvin et. al The Plant Genome 2008



Growing germplasm collection

\
B Country of Collection Inbred lines
origin sites

Turkey 121 LY Collections and inbred
Spain 69 e lines made by Metin

Iraq 3 # Tuna, Hikmet Budak,
Ukraine 1 1 Luis Mur, Ana Caicedo,
Georgia 5 40 David Garvin and John
Total 199 1,479 \Vogel

*Ploidy has not been determined for 60 of these lines.
*Ploidy has not been determined for 131 of these lines.



Resequencing

BdIS-1 5., Gaz-10 13 BATRI lines

16 BATR2 hines

Ceond

Gaz-8
Adi-2, 21,24 e\ /BATR2E

Craze1

3d2-3
Adi-9

14 BATRS lines

11 BJTRY hines

5 Kah hines

BdTR12c

9 BATRI {
lines s
f A
o

S Adi lines

BdTR11a

BdTR11g

0.1

Tek-10



Pubescence

1cm




Inflorescence architecture

Bd2-3  line23 line60 line63




Bd2-3 line23 line60



Highly variable flowering time and vernalization
Bismil lines 4 weeks vernalization grown In grseenhouse




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

- Inthe 2008 joint USDA/DOE Feedstock
Genomics program 4 of the 10 funded projects
used Brachypodium entirely or in large part.
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