
The worldwide economic and scientific importance of cotton  

warrants eventual DNA sequencing of many Gossypium 

species to answer a wide range of questions 

Source: FAO  



The path to a gold-standard cotton 

sequence 

1. Genetic map of all chromosomes (complete, Rong et al 2004) 

2. Physical map, interleaving genetic map with high-coverage 
BAC library in which each clone has been fingerprinted and 
end-sequenced to determine relation to one another 

a. Fingerprinting completed under NSF and CI support, published 
(Lin et al 2010) 

b. Paired ends of ~ 9 genome-equivalents of BACs completed. 

3. Paired-ends of 15 genome-equiv of fosmids completed (JGI). 

4. About 16x genome -eq. 454 sequence completed. 

5. Illumina full run (2 x 150 nt), gap-filling and error checking 
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'Gold-Standard' Cotton Genome Sequence Will
Advance Fiber, Fuel, and Food Applications

Thursday January 05, 2012

New York, NY

An international consortium, led by Professor Andrew Paterson of the University of

Georgia, has made publicly available the first ‘gold-standard' genome sequence for

cotton. Cotton was among the first plants studied at the molecular level, and the

sequence obtained by Paterson and his team is the culmination of a 20-plus year

effort in the analysis of cotton genes and genomic DNA. This critical sequence will

be invaluable to better understanding and optimizing the production and

sustainability of the cotton plant.

The research effort of Paterson and others gained momentum in 2007 when a

proposal from 22 leading cotton scientists representing the world's seven largest

cotton-producing nations was approved by the United States Department of Energy

(DOE) Joint Genome Institute (JGI) Community Sequencing Program. The study

established the strategy that was used for ‘gold-standard' sequencing of the New

World cotton progenitor, Gossypium raimondii; which was chosen by the worldwide

cotton community to be the first of 50 cotton species to be sequenced. "This

achievement, and the ongoing research community annotations of our cotton

genome, will speed continued improvement of cotton production and help sustain

one of the world's largest industries," said Professor Paterson.

The cotton sequence is among the highest-quality flowering plant sequences yet

produced. A novel strategy integrating "next-generation" and conventional

sequencing methods was used. Critical to the effort was information about the

cotton hereditary blueprint, which had been accumulated over more than 20 years

of research funded by the U.S. National Science Foundation, the U.S. Department

of Agriculture, Cotton Incorporated, and other public and private agencies.

"This cotton data will help accelerate the study of gene function, particularly

cellulose biosynthesis as it is fundamental to improved biofuels production," said

Jeremy Schmutz, head of the DOE JGI Plant Program and a faculty investigator at

the HudsonAlpha Institute for Biotechnology, who led the effort to assemble the

sequence. "In addition, the unique structure of the cotton fiber makes it useful in

bioremediation, and accelerated cotton improvement also promises to improve

water efficiency and reduce pesticide use."

Cotton production contributes heavily to many economies. The value of cotton fiber

grown in the U.S. is typically about $6 billion per year. Cottonseed oil and meal

byproducts add nearly $1 billion more of value. More than 430,000 domestic jobs

are related to cotton production and processing, with an aggregate influence of

about $120 billion on the annual US gross domestic product and an estimated

annual $500 billion worldwide.

Professor Paterson noted that "The cotton community is delighted at the sequence

quality resulting from integration of accumulated and new information by the skilled

team of Mr. Jeremy Schmutz and Dr. Dan Rokhsar of the DOE JGI. We are

enthusiastically pursuing next steps to improve sustainability of cotton production

and increase its role in the more bio-based economy of the future."

Dr. Don Jones, Director of Agricultural Research responsible for biotechnology

research at Cotton Incorporated, said this Gossypium raimondii gold standard

sequence will be the foundation for sequencing upland cotton, Gossypium hirsutum.

"This sequencing effort demonstrates that wise investment of grower supplied

Cotton Incorporated funding produces cutting edge research which benefits the

greater cotton community. This sequence is a cornerstone that will help advance

our knowledge so we more thoroughly understand the biology that leads to

enhanced yield, improved fiber quality, and better stress tolerance, all

improvements that will benefit growers in the not-too-distant future."

Cotton Incorporated, funded by U.S. growers of upland cotton and importers of

cotton and cotton textile products, is the research and marketing company

representing upland cotton. The Program is designed and operated to improve the

demand for and profitability of cotton.
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We did it! 
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Some Most of us will enjoy access to sequences of 

 all Gossypium genome types, and also diverse genotypes, 

 during our careers 
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… and more! 

We did it! 



“ My father’s cardinal lesson was ‘Use the right 

tool for the job.’ If you have ever tried to hammer a 

nail with a can of WD-40, you know what he 

means. Wisdom …  is the right tool …  ” 

 

David Michaelis, biographer (CC ’94)  

"If the only tool you have is a hammer, you tend to see 

every problem as a nail.” 

 

Abraham Maslow, psychologist (1908-1970) 



Parameters of different 

G. raimondii genome assemblies 

Draft Reference 

Scaffold number 4715 1084 

N50 (Megabases) 2.3 18.8 

Longest 12.8 52.1 

Anchored and oriented % genome 52.4% 98.3% 

Gene number 40,976 37,505 



Draft and reference assemblies are different tools, 

regarding … 

1. Ability to infer gene orthology and paralogy by robust colinearity-based 
approaches, especially in large gene families and in angiosperm genomes rich in 
duplicated genes; 
 [important to both fundamental (evolutionary) and practical (SNP calling) 
applications] 
 
2. Ability to infer paleo-evolutionary history, where high contiguity and 
complete genome coverage are important to intra- and inter-genomic 
alignments; 
 [important to ‘translational genomics’, leveraging information from other 
taxa in accelerating research progress in cotton] 
 
3. Understanding of the ‘genomic landscape,’ specifically differences in the 
nature and properties of euchromatin (which is relatively easy to assemble) and 
heterochromatin (which is recalcitrant to assembly in many draft sequences) 
 [important to bridging genomics and the rich history of cotton cytogenetics] 



The pot of gold at the end of the genome 

(so now we have all the answers, right)? 

How will we convert sequence into benefits? 
1. What can we learn by analogy 

Good news: 

 

About 55-70% of cotton genes have 

discernible ‘homologs’ in 

Arabidopsis … 

 

 

permitting us to quickly learn about 

the many similarities that are 

fundamental to being a plant.  



How will we convert sequence 
The pot of gold at the end of the genome? 

 into benefits? 
 2. What must we learn de novo? Bad news: Many cotton genes are not recognizable in Arabidopsis, 

and/or have evolved new functions in the past ~80 million 
years. 

Key changes associated with polyploid formation 1-2 my ago have contributed to 

 the superior phenotypes of the world’s elite cottons  



The potential benefits of the post-genomic era in cotton are real and large – improved quality, 

productivity, and stability;  reduced input needs that improve sustainability and environmental 

stewardship; and value-added features tailored to human needs rather than natural adaptation.  

“The potential benefits of the post-genomic era in cotton are real 

and large – improved quality, productivity, and stability; reduced 

input needs that improve sustainability and environmental 

stewardship; and value-added features tailored to human needs 

rather than to self-perpetuation in the wild.  

 

 

The greatest challenge facing the cotton community is the 

conversion of ‘sequence’ to ‘knowledge,’ a challenge that will 

require investment, creativity, investment, energy, investment, 

coordination, investment, patience, and investment.” 

 
(Source: Paterson, 2007, Proceedings of the World Cotton Res. Conf) 

 

 

 



Arabidopsis got >$200 million in competitive research 

funds, and the job is far from done … 
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An industrial crop may benefit from a different 

approach than a botanical model 

Utilize public-sector scientists as a virtual R&D 

resource to add ‘power’ to a unified database 

of enabling info and resources (with royalty-

sharing incentives)… 

A ‘value capture’ mechanism to foster 

the investments needed to translate 

discoveries into economic growth. 

From www.geekpride.org 
… linked to  ... 



Thanks to: 
 
Personnel and collaborators (left); 
 
The 73 co-authors of the reference genome 
sequence (in review) ; 
 
Our research sponsors (below); 
 
Drs Wendel and Yu, for a stimulating start to this 
meeting, and; 
 
You, the audience …in advance, for what I expect to 
be a constructive and forward-looking dialogue 
during this meeting and beyond. 
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