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We are now entering another new era in

genomics where high throughput sequencing
technologies will make re-sequencing of

genomes to examine allelic variation affordable
and fast, and gene expression analysis by cDNA
sequencing will render microarray technologies

obsolete. We will be presented with
terabytes of sequence information,
both from genomic and transcriptional
origin, which will need to be given
ERY /L (35301815 K %f) functional meaning.
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1.Restriction enzyme digestion

2. Ligation of P1 adapters

(one barcoded adapter/individual)

Ulumina adaptor Multiplexing barcode

3. Pooling of individual, -
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(Genome-wide association study: GWAS)
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No bull: genes for better milk

On 13 January, the US Department o about $225, and can be dooe when a bull §
of Agriculture (USDA) launched a - u!-um thus avol nhr\(r.b s“o() w(w £
service that allows dalry-cattle beeeders £

to double their hm.« hd.\x ng the

Using high- throughput analysis, the [§ about $225,and can be done when abull
researchers could then compare the DNA from ® s born, thus avoiding the $25,000-50,000
ayoung dairy bull against the chip SNPs, telling [§ cost of raising a bull for five years to see if
breederswhich bull would belikely tosirecalves [ it sires good milk-producing offspring.
that were good milk producers. The test costs || “The best bulls become elite breeders.”

Tassell.a geneticist ot he UsDA _mikquativandpoduc] - SQYS Van Tassell, “The others become

wine Functionsl Genomics Laboratory in [~ Using high-through »
Belesville-Maryland \\-xhng h Ilaming | researchers could then con hamburger.
Inc l\ml).fg aliforn assell’s | ayoung daiey ball T e
team cre: microurraychip.containing | breederswhich bull woukdbe lkelytosiredatves | and Australia .
sum;..a markers called s ngle o that were good milk producers. The N Rex Dalten
Published online 21 January 2009 | Nature 457, 369 (2009) | 7

doi:10.1038/457369a

PEEE + GWAS =
Nested Association Mapping
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Yu et al. (2008) Genetics 178: 535—551

Genomic selection (GS)
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tizker witk complex sad infortwined traits.

MELBOURNE, AUSTRAUA—Last May, & workd consists of two nodes. One i o High  Phosomics, says Ul Schwrr, divecnor of IPR,
sorewny prass. Seachvacdive distechvos,  Resodution Pl Phenoons Contee (HRPPC) _ seomises 40 ssher in “neecisbon senculre

* The new bottleneck in this field has become _higlh cws! Plant breeders are known for their “feel”: the =
throughput physiology and phenotyping or in ‘- Totnasy bili 1 bil ts that enh kit
omics’ terminology, ‘plant phenomics’. wortend A01LILY t0 sclect subtie traits that enhancea o

* This bottleneck is also apparent at the output end :“:‘ii“’,k plant’s performgnce. . . b
of plant biology, crop breeding. wiwewi ... But with yields of many crops having hit e

* Marker assisted selection of high-yielding crop ol plateaus, green thumbs are no longer enough. oy

Modern plant breeders need the equivalent of ==
a watch-maker’s magnifying glass and o w
tweezers to tinker with complex and o
intertwined traits.

genotypes adapted to stressful environments is
hampered by slow, often subjective manual
phenotyping, requiring laborious destructive
harvesting across many field environments and
seasons.

ot Belos plarts resest owenotie shock.

Sucd mind-aumbing scroeaing will be
sstoraned sod spod up whesn the Plast Accel-
cowne toars 0 Life. It will heve & throughonn of
2400 plasts 3 day— 10 tmes the capacity of
cerrent labs. Plasts will wavel by coaveyer

Furbank 2009 Func Plant Biol 36:5 ) )
Finkel (2009) Science 325: 380

Phenomics facilities
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Rustralian Plant Phenomics Facility
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International Plant Phenomics Network
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(A) chemical screening
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(C) chemical genetic screening ast Gowh il concrrarieee.
Kolukisaoglu and Thurow (2010) Plant Science 178:476
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Available soil water (%)

“Information about the physiological changes
in response to drought over time is vital in
order to identify and characterize the different
drought-tolerance mechanisms.”
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Berger et al. (2010) J Exp Bot 61:3519
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Hartmann et al. (2011)
Bioinformatics 12:148
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Sirault et al. (2009) Func Plant Biol 36:970

Phenomics in the laboratory
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PHENOPSIS: Granier et al. (2006) New Pytologist 169:623



Phenomics in the green house
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Scanning in different 3D imaging of full plants

wavelength and modes fea A 2.
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1. RGB visible light =

2. NIR near infrared light r

top View

3. FLUOR fluorescent light c q l 37

. . - . side View
4. IRinfrared light . side View 90°
5. ROOT NIR / RGB - o o
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Figure 1 View of the automatic greenhouse system. imoge acquisition device for images in visiie, rearinfraresd anc Utraviolet spectra el Hartmann et al. (2011)
greenhouse device Congisting of a Conveytr Delt systom Camying 312 barey plams (ighg) Bioinformatics 12:148

Phenomics in the field
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Montes et al. (2011) Field Crops Research 121:268-273

Phenomics in the field
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Jones et al. (2009) Func Plant Biol 36:978

LETTERS

Riedelsheimer et al. (2012) Nature Genetics 44:217

Genomic and metabolic prediction of complex heterotic
traits in hybrid maize

Christian Rledelsheimer’, Angelika Czedik- Eysenberg’, Christoph Grieder’, Jan Lisec, Frank Techmow',
Ronan Sulpice®, Thomas Altmann’, Mark Stitt®, Lothar Willmitzer™* & Albrecht E Mekchinger'
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Phenomics in the forest
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Light Detection And Ranglng (LIDAR) imaging
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