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DNA sequence variants among individual 
i f i ibl forganisms of a species are responsible for 

much of the variation in those organisms’ 
phenotypes

• Susceptibility to disease
S sceptibilit to en ironmental ins lts• Susceptibility to environmental insults

• Longevityg y
• Behavior

Bi l i l ti i• Biological timing



DNA Sequencing Capability (perDNA Sequencing Capability (per 
person)person)

• 1980: 0.1-1 kb per year
1985 1 5 kb• 1985: 1-5 kb per year

• 1990: 25-50 kb per year
kb• 1996: 100-200 kb per year

• 2000: 500-1000 kb per year
• 2007: 30,000,000 -60,000,000 kb per year
• 2009: 100,000,000-1,000,000,000 kb per year
• 2011: ~4,000,000,000 kb per year?? Or more?
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How much is the change in 
technology impacting the way we 

d bi l ?do biology?



Mapping epigenetic mutations in fission yeast using wholeMapping epigenetic mutations in fission yeast using whole-
genome next-generation sequencing

Danielle V. Irvine, Derek B. Goto, Matthew W. Vaughn, Yukinobu 
Nakaseko, W. Richard  McCombie, Mitsuhiro Yanagida, and 
Rob Martienssen

Genome Res. 2009 June; 19(6): 1077–1083. 



SNP detection by IlluminaSNP detection by Illumina  
sequencingsequencing

• 73 candidate SNPs, only 22 inherited in backcross, 6 non-
silent substitutions in genes



To put things in perspective…….
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Genetics has become genomics:Genetics has become genomics: 
An example two years laterAn example two years later

• Bipolar disorder effects 1%-2% of the population -- highly 
heritable

• Bipolar and related disorders are second to cardiovascular 
diseases in terms of years of lost productive life

• Family with 135 members (5 generations), 27 of whom have 
bipolar or major recurrent depression



While re-sequencing is the first 
j li i f hmajor application of the new 

technology de novo sequencingtechnology - de novo sequencing 
is being more frequently s be g o e eque t y

attempted



Current Status of plant projectsp p j
Project Coverage
Nipponbare 43X

Peach 30X

Pigeon pea 79XPigeon pea 79X

Chinese spring wheat arm 3DL 75X

Lemna gibba 131 (duckweed) 42X

Cocoa 72X

L i i llif li 38XL. pimpinellifolium 38X



Pure Illumina assembly results (no mate pairs yet)

Project N50

y ( p y )

Nipponbare ~3 kb

Pigeon pea ~3.5 kb

Lemna gibba 131 (duckweed) 0 5 kb !!Lemna gibba 131 (duckweed) ~0.5 kb !!

L. pimpinellifolium ~3.5 kb



What will we be seeing in theWhat will we be seeing in the 
future?future?



C i i h GComparison with Genome 
AnalyzerAnalyzer 

HiSeq 2000
(at launch)

GAIIx
(at 50G)

GAIIx
(at 95G)(at launch) (at 50G)

Gb per run
Gb per day
Cluster density in KClusters/mm²**

150-200
20-25 

260-350

50
5

490

(at 95G)

95
7

620Cluster density in KClusters/mm
Read length
Available surface area (mm²)*

260 350
2 x100
2880

490
2 x100

510

*GA with single surface single FC HiSeq 2000 with dual surface dual FC

620
2 x150

510

*GAIIx with single surface, single FC, HiSeq 2000 with dual surface, dual FC
**Clusters passing filter





Gene Discovery in Wheat 

W. Richard McCombie, Doreen Ware and Robert 
Martienssen

NSF Award: IOS-1032105





We need to think about how we will do 
genetics and biology in general whengenetics - and biology in general - when 

it costs less than $1000 to sequence a 
maize sized genome or $100 to 
sequence a rice strain (in 18-24sequence a rice strain (in 18 24 

months)?



Conclusions
• This will soon allow us to do 

predictive plant breeding by 
computer

• Next generation sequencing 
technology is certain to rapidly and 
fundamentally change our computer

• This has the capability to vastly 
improve our agricultural 
capabilities, particularly on

fundamentally change our 
understanding of the salient 
variability associated with complex 
phenotypes capabilities, particularly on 

marginal land
• Continued and expanded 

international sharing of raw data is 

• International collaborations to 
exhaustively characterize the 
genomes of a large number of 
i di id l l t ill h essential to maximize progress and 

benefits
• People need this - but they aren’t 

d f it l t l l

individual plants will have an 
enormous impact on our ability to 
correlate genome structure with 
phenotype (disease resistance, ready for it a almost any levelphenotype (disease resistance, 
ability to grow in poor soil, etc)
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