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oxidation, hydrolysis, or both. Most of the surface chemicals 
on cotton, including insecticides, defoliants and desiccants, 
if any, are washed away during the bleaching process. It is 
yarn, not single fibers, that undergoes the greatest number of 
chemical treatments. Most chemicals are applied to yarn or 
fabric for the sake of imparting color or avoiding shrinkage. 
Color fastness or Colorlock in a yarn or fabric is achieved 
through heating. Long exposure of fabric to visible and 
ultraviolet light, especially in the presence of high temperatures 
around 250-397° C and humidity can degrade the color of 
cotton. Yellowing or color change may result in a weakening 
of the fabric, or even its complete disintegration. There is less 
deterioration if cotton is mercerized, but mercerized cotton is 
somewhat more susceptible to oxidation and to hydrolysis. 
(http://cotton.missouri.edu/Classroom-Resistance.html).
Cotton fabrics form part of a variety of end use products in 
which functional performance and visual appearance are of 
paramount importance. Thus, textiles known as industrial, 
technical or by any other term, must maintain their physical 
and mechanical properties throughout the service life of the 
material. Colorants or dyes are mostly applied in an aqueous 
solution. Many times, not one but many colors are applied 
and it is very important that all colors are applied uniformly. 
Textiles are dyed only after surface impurities, for example 
fiber wax, spin finishes, and particulate dust have been removed 
by appropriate treatments. Such treatments, i.e. de-sizing and 
scouring, impart stable whiteness to a fabric. Bleaching is also 
done to add stable whiteness to fabrics. Mercerization improves 
luster, tensile strength, dimensional stability and moisture 
regain. But dead fiber or fibers with little or no secondary 
wall benefit comparatively less from mercerization. Color 
deterioration indicates reduced processing ability of the fiber 
in addition to lower market price. Color deterioration renders 
fibers relatively more unable to take dyes than equivalent non-
color-deteriorated fibers. Even when color-deteriorated cotton 

is able to take dyes as well as non-color-deteriorated cotton, 
the ability of discolored fibers to hold dyes is diminished. 
Furthermore, when discolored cotton is dyed it may not take 
the same finish as non-deteriorated cotton.      
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Abstract
The prospects of biotechnology to provide cost-efficient 
sustainable cotton production under a safe environment for 
the 21st century are enormous. The role of plant biotechnology 
in the improvement of cotton is a rapidly evolving area and 
very broad. The specific objective of this paper is to provide a 
report on three specific areas including transgenic technology, 
marker assisted selection and cotton genome sequencing with 
reference to the role of biotechnology in cotton improvement.  
The transgenic technologies in cotton are specifically targeted 

to overcome two major problems in cotton production: 1) the 
high cost of weed management and 2) the severe yield reduction 
caused by fruit-feeding lepidopteran insects, especially 
bollworm. The success story of transgenic technologies using 
Bt and herbicide tolerant genes in the improvement of cotton 
remains an outstanding scientific accomplishment. To improve 
the efficiency and delay the development of insect resistance 
to the Cry1Ac gene in cotton lines, a pyramiding method of at 
least two or more genes. Cry2Ab, Cry1F and Cry1Ac genes 
have been applied in the second generation of Bt genes after 
2009. The transgenic insect and herbicide resistant cotton 
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lines have demonstrated the great potential of biotechnology 
in sustainable cotton production. Recent studies showed that 
the new emerging tool of RNAi technology will also have 
great impacts in improving seed quality as a food source and 
also in providing resistance genes against pests and diseases 
including nematodes. Marker assisted selection (MAS) 
will provide breeders an efficient selection tool to augment 
traditional phenotypic selection with a gel-based DNA marker 
in the laboratory. The Simple Sequence Repeat (SSR) and 
Single nucleotide polymorphic (SNP) markers will be used 
as potential markers in MAS to expedite cotton-breeding 
programs. Recently, a team of scientists from both public and 
private sectors initiated a partnership to put forward a report 
on the problems and prospects of cotton genome sequencing. 
Scientists at the University of Georgia, USA and at the Texas 
Tech University, USA have led multidisciplinary international 
teams, which are nearing completion of the sequence of the 
ancestral D and A genome diploid species respectively of 
upland cotton.  Knowledge gained from decoding the cotton 
genome will improve understanding of genes at the molecular 
levels and help to unlock the mystery of genetics for improving 
yield and fiber quality. Considering both environmental and 
economical impacts of the new technologies and cotton as a 
major cash crop in both developed and developing countries 
it is high time to consider establishing an independent 
international cotton research center. The center should 
recommend the complex, system-oriented solutions based on a 
knowledge-intensive plan using new emerging biotechnology 
tools for global food and fiber security.
Agricultural biotechnology will play a major role in providing 
cost-efficient sustainable cotton production in a safe 
environment for the 21st century.   The world population is 
projected to be over nine billion people by 2050 (Wakelyn 
and Chaudhry, 2010) and the rapid increase in population 
demands doubling the current production levels for global 
food and fiber security within the next four decades. Farmers 
will have to fulfill this demand under conditions of rapidly 
declining agricultural resources including land and water. 
Biotechnology will be at the forefront of agricultural invention 
and innovation to solve many of these challenges. The power 
of new technologies to accelerate agricultural development is 
nowhere more visible than cotton because of the success story 
of biotech cotton.
Cotton, Gossypium spp., is the most important natural fiber 
source for the textile industry and is the major cash crop in 70 
countries including USA, China and India (Smith and Coyle, 
1997).  It is a source of many renewable products including 
textiles for clothing, home insulation materials to save energy, 
protein- and energy-rich animal feeds, Human food in the form 
of cooking oil and efficient use of energy through the use of 
the mulch and biomass (Cotton Incorporated, 2010). Scientists 
are also exploring the future potential of cottonseed as an 
important food source for people due to its high nutritional 
value (Sunilkumar et al., 2006).  
Cotton is one of the important crops that hold incredible 

promise to enjoy the benefits of plant biotechnology. It is one 
of the few crops to enjoy the benefits of genetic engineering 
since the introduction of Bt cotton in 1996. Currently, biotech 
cotton is grown on over 60% of world cotton production 
areas (Wakelyn and Chaudhry, 2010).  The discussion on the 
role of plant biotechnology in the improvement of cotton is 
a rapidly evolving area and very broad encompassing basic 
and strategic research and its application. This paper will 
focus on three specific areas on the role of biotechnology in 
cotton improvement considering its great impact:  1) use of 
transgenic technology in economically and environmentally 
sustainable cotton production, 2) marker assisted selection to 
expedite cotton breeding programs, and 3) the future of cotton 
genome sequencing to unlock the secrets of genetics for the 
improvement of cotton.

Transgenic Technologies  
Transgenic technology uses exogenous DNA or RNA 
sequences by recombinant DNA technology to create transgenic 
organisms that express novel and agriculturally useful traits. 
The transgenic technologies in cotton are specifically targeted 
to overcome two major limitations in cotton production: 1) 
high cost of weed management in cultivation due to slow 
cotton seedlings’ growth compared to weeds (herbicide 
tolerance) and 2) the reduction in fiber yield due to severe 
infestation from fruit-feeding lepidopteran insects, especially 
the bollworm (Hake, 2010). 
A recent report estimated that the value of plant protection 
chemicals used at the global level is about $32 billion per year 
and 16% of all global insecticides are used to protect cotton  
(Kranthi and Kranthi, 2010). Cotton’s share in pesticide 
consumption has declined by about 43% from 1986 to 2009 
since the introduction of genetically engineered Bt cotton 
(Wakelyn and Chaudhry, 2010). It has also been reported 
recently in a special issue of Nature that the use of Bt cotton 
helps to improve yield by over 60% of that of conventional 
varieties and avoids at least 2.4 million cases of pesticide 
poisoning in Indian farmers each year, saving US$14 million 
in annual health costs (Whitfield, 2003). The success story 
of Bt genes in the improvement of cotton remains one of the 
most shining accomplishments in agriculture in the history 
of mankind.  ICAC published several reports on the use of 
transgenic technologies in cotton from the time of introduction 
to the present from experts (ICAC 2000, ICAC 2004, Hake 
2010, Kranti and Kranti, 2010). Many of the thoughts in this 
paper with reference to transgenic cotton are collected from 
these papers and a recently published book Cotton: Technology 
for the 21st Century by ICAC (Wakelyn and Chaudhry, 2010).  
Readers are encouraged to review these for detail references.  
As of 2010, twelve countries including Argentina, Australia, 
Brazil, Burking Faso, China, Colombia, India, Indonesia, 
Mexico, Pakistan, South Africa and United States have 
officially approved biotech cotton planting since its inception 
in 1995 (Hake, 2010). Over the past two decades, demand for 
increased yields forced farmers to use more insecticides in 
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pest management.  This caused more insect species to develop 
resistance to insecticides and as a consequence high levels of 
pest resistance, especially bollworm resistance, caused a crisis 
in cotton pest management (Kranti and Kranti, 2010). The 
United States of America was among the first to commercially 
release Bt cotton incorporating the Cry1Ac gene (derived from 
soil bacterium Bacillus thuringiensis) in 1996. The Bt toxin 
expressed in biotech cotton protects the fruit from lepidopteran 
insects but the toxin is safe to all other non-target organisms 
including beneficial insects, birds, fish, animals and humans 
(Hake, 2010). It has been estimated that most of the cotton 
area in Australia, China, India, Mexico, South Africa and 
USA is under transgenic cotton now covering over 15 million 
hectares worldwide  (Kranti and Kranti, 2010). However, the 
single gene Bt technology (Bollgard 1TM) registered with the 
U.S. Environmental Protection Agency has been voluntarily 
withdrawn due to concerns about the development of 
resistance to the toxin by selected insects (Dodds and Bond, 
2010).  To improve the efficiency and delay the development 
of insect resistance to the Cry1Ac gene in cotton, a strategy 
of pyramiding at least two or more genes like Cry2Ab, Cry1F 
and Cry1Ac has been applied to the second generation of Bt 
genes after 2009.  
The high cost of weed management was always a major concern 
to cotton growers. The discovery of glyphosate-resistant cotton 
technology helped in the development of transgenic cotton 
lines with enhanced tolerance to glyphosate, an herbicide used 
to control weeds in cotton fields. The first herbicide tolerant 
gene to the herbicide bromoxynil in cotton varieties, sold 
under the trade name BXN, was developed using the bxn gene 
from the natural soil bacteria Klebsiella pneumonia subspecies 
ozaenae (Dodds and Bond, 2010). The plant containing this 
gene produces an enzyme, which detoxifies bromoxynil to its 
primary metabolite. The transgenic cotton lines resistant to 
glyphosate were developed by incorporating the glyphosate-
insensitive EPSPS enzyme gene from Agrobacterium spp. 
strain CP4 (Green, 2009). Glyphostae-resistant and second 
generation glyphosate-resistant cotton (Roundup Ready 
FlexTM) covered about 35% of total cotton acreage in USA and 
80% of total cotton areas in Australia in 2006 (Holtzapffel et 
al., 2008; USDA-AMS 2008; Wreth et al., 2008).  Since 2009, 
almost all commercial transgenic cotton varieties in U.S.A. 
contain second generation of glyphosate-resistant technology 
in addition to the stacked insect resistant Bt genes (Dodds and 
Bond, 2010).  The transgenic insect and herbicide resistant 
cotton varieties have raised our expectations for a continued 
flow of scientific accomplishments in sustainable cotton 
production for the 21st century.

RNAi Technology in  
Cotton Improvement
Scientists in cotton research will soon witness the legacy 
of biotechnology in another new emerging area of RNAi 
technology. Recently, the development of a new technology 
in which a double-stranded RNA (dsRNA) is introduced into 

an organism to induce sequence-specific RNA interference 
(RNAi) of a target transcript has become a powerful tool to 
discover gene function (Serenella et al., 2007). RNAi is a 
new emerging technique based on homology-dependent post 
transcriptional gene silencing, induced by double stranded 
RNA (dsRNA). Recently, several papers have been published 
describing the merits of this method in plant sciences (Nui 
et al., 2010; Sindhu et al., 2009; Kranti and Kranti, 2010). A 
source of dsRNA must be introduced through transformation 
techniques into a plant’s DNA to create transgenic plants with 
RNAi-mediated traits, which can pass those traits on to the next 
generation. Selective inactivation of the genes using encoded 
DNA through RNAi technology will have great potential in 
future cotton improvement due to its high specificity, stability 
and efficacy especially in the area of plant resistance against 
pests, pathogens and nematodes and improvement of seed 
quality.  
For every one kilogram of fiber, the cotton plant produces 
about 1.65 kg of seeds which is an important source of high 
quality protein (23%) and oil (21%), and cotton is the third 
largest field crop in terms of edible oil seeds in the world 
(Sunilkumar et al., 2006).  The cotton seed grown worldwide 
can provide enough protein to feed 500 million people per year 
(Star Tribune, 2009). However, the seeds also contain gossypol 
glands that provide resistance against insects, but gossypol 
lowers blood potassium to dangerous levels in humans and 
can harm the heart and liver in people and animals (Star 
Tribune, 2009). Cotton seed is used primarily as animal feed 
because the bovines’ stomachs gradually digest the poisonous 
gossypol rendering it harmless to the animal. Recently Dr. 
Keerti S. Rathore’s group at the Texas A&M University used 
the RNAi technology and made a breakthrough discovery to 
develop cotton plants eliminating gossypol production in the 
seed, leaving gossypol production to continue in stems, leaves, 
and flowers to protect the plant against insects (Sunilkumar et 
al., 2006). This discovery provides a new tool for the use of 
cotton seeds as an important source of food products.  
The RNAi technology also has great promise in controlling 
pests and pathogens in cotton.  Researchers have discovered 
potential genes that are lethal for reproduction or fitness 
when silenced to free living nematodes. Scientists showed 
that silencing four genes from parasitic nematode through 
RNAi technology led to a reduction in the number of mature 
nematode females in transgenic Arabidopsis thaliana (Sindhu 
et al., 2009). RNAi-mediated plant resistance has greater 
potential over conventional Bt resistant transgenic cotton 
plants (Niu et al., 2010).  For example, many pests and 
pathogens share distinct lineages and homologues of important 
genes, so silencing the appropriate target genes may provide 
resistance against a broad group of multiple pests or pathogen 
organisms. Also the resistance is more stable because it is 
based on RNA hybridization on a few nucleotides rather than 
protein-protein interaction and the potential of mutation to 
impede RNA hybridization is less (Escobar et al., 2001). So 
there will be less potential of pests overcoming the resistance. 
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Theoretically, all pests and pathogens carry genes with 
detrimental knockdown phenotypes and identifying these 
target genes will provide a scope to use RNAi technology 
to make transgenic plants resistant against these pests and 
pathogens promoting eco-friendly crop protection methods 
(Niu et al., 2010). One of the difficulties in RNAi technology 
is to identify genes that can be effective through a suitable 
delivery system. For example, dsRNA rapidly breakdown in 
the digestive system of mammals and fail to uptake RNA into 
cells.  
Although the transgenic technologies provide enormous 
benefits to produce higher agricultural yields with fewer 
resources and less environmental impact, sweeping adoption 
of these techniques without appropriate regulation concerns 
many about its potential hazardous environmental and 
health impacts. This is especially important considering that 
many countries have not developed appropriate safety and 
regulatory policies. As a consequence, many countries face 
new problems with pest management. For example, new 
sucking pests have emerged as major pests in India due to low 
usage of insecticides causing significant economic losses to 
cotton production (Kranti and Kranti, 2010).  It is important 
to practice integrated pest and weed management with 
transgenic cotton varieties using proper regulatory control for 
cost-effective sustainable cotton production.  For example, the 
widespread use of glyphosate-resistant technology has lead to 
a shift to some weed species that are tolerant to glyphosate 
in the USA (Holtzapffel et al., 2008). Weeds can develop 
herbicide resistance due to selection pressure by excessive use 
of herbicides applied to the population. Palmer amaranth is 
one of the most important herbicide-resistant weeds found in 
the US cotton fields (Bennett, 2007). There is a possibility that 
cross contamination of pollen can also transmit the herbicide 
resistant trait to the wild relatives located in the same areas of 
cultivated cotton.  

Marker Assisted Selection to 
Expedite Cotton Breeding Programs  
The principle of plant breeding is based on the selection of 
desirable traits and assembling more desirable combinations 
of traits in a specific plant. Marker assisted selection (MAS), 
a tool in plant biotechnology, provides breeders with an 
efficient selection systems to replace traditional phenotypic-
pedigree-based selection with a gel-based DNA marker in 
the laboratory. MAS is an indirect selection process where a 
trait of interest is selected, not based on the trait itself, but 
on a DNA marker linked to the trait of interest. Most of the 
economically important traits in cotton are controlled by 
complex quantitative trait loci (QTL) consisting of many genes 
affecting the phenotypes. DNA markers are “landmarks’ on the 
genome that can be selected for their close proximity to a QTL 
of interest. The selection of DNA markers linked to the QTL of 
interest increases the efficiency of breeding, decreasing costly, 
lengthy and subjective phenotypic selection and accordingly 
reducing significantly backcross generations. 

MAS will have great potential in the following areas of cotton 
breeding program: 1) marker assisted pyramiding, 2) marker 
assisted backcrossing, 3) study of heterosis, 4) assessment of 
genetic diversity and parental selection, 5) cultivar identity and 
assessment of seed purity, and 6) marker assisted evaluation 
of breeding materials (Bertrand and Mackill, 2008). MAS will 
be very effective in cotton when breeders will use it in early 
generations because plants with undesirable gene combinations 
can be discarded and a lesser number of high-priority lines 
can be used in subsequent generations. Also if the linkage 
between the marker and the selected QTL is not very tight, the 
greatest efficiency of MAS is in early generations due to the 
increasing probability of recombination between the marker 
and QTL. The major disadvantage of applying MAS at early 
generations is the cost of genotyping a larger number of plants 
in the population (Bertrand and Mackill, 2008). 
Identification of informative DNA markers is the first critical 
step to develop a marker assisted breeding program and to 
expedite the variety development program. The major limiting 
factor in the use of DNA markers is the limited number of 
informative markers useful for MAS in cotton.  The success 
of MAS is based on the information on the association of 
the markers with the traits of interest based on molecular 
map.  Most of the molecular maps in cotton are based on 
recombination map of a population developed from the 
crosses of specific parents of interest in a program.  However, 
it has been reported that QTLs identified in a particular 
mapping population may not be effective in different genetic 
backgrounds (Liao et al., 2001). Some collaborative studies 
to develop molecular methods of association mapping are 
reported by Abdurakhmonov et al. (2008 and 2009).  This novel 
method of association mapping strategy provided a statistically 
more powerful tool in molecular map of cotton because it is 
based on the survey of large populations compared to the most 
commonly used recombination mapping method based on few 
selected individual crosses. This is the first report on the use 
of association mapping strategy in cotton to the discoveries 
of: 1) genetic diversity in several hundreds cotton lines from 
Uzbekistan based on large number of molecular markers 
for fiber and agronomic traits, 2) the genome-wide linkage 
disequilibrium (LD) value in cotton genome, and 3) association 
of several DNA markers with important fiber and agronomic 
traits and their chromosomal locations.  This research helped 
the geneticists to “mine” useful genes among large number of 
populations for germplasm enhancement.    Currently, we are 
using MAS based on our association mapping study selecting 
the DNA marker from the donor parents associated with the 
improved trait of interest for improving fiber quality traits in 
some Uzbek cultivars. The study demonstrated that successful 
application of genetic association analysis using large number 
of populations will accelerate the discovery rate of gene/QTL 
and informative useful markers in cotton. 
Selection of suitable markers is one of the key factors for 
the success of a MAS program and it must be based on a 
simple and efficient detection system, highly polymorphic 
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and distributed across the genome. SSR and SNP markers 
are considered as the marker of choices for MAS in many 
crop species. Recently scientists have created the Cotton 
Microsatellite Database (CMD) [http://www.cottonssr.org] 
with the support from Cotton Incorporated (Blenda et al., 
2006).  This is a curated and integrated web-based relational 
database providing centralized access to publicly available 
cotton microsatellites, an important resource for basic and 
applied research in cotton breeding. At present CMD contains 
publication, sequence, primer, mapping and homology data 
for nine major cotton microsatellite projects, collectively 
representing more than 3,000 microsatellites.  In addition, 
Monsanto also donated about 4,000 cotton SSR markers and 
associated information to Texas AgriLife Research, an agency 
of the Texas A&M System, in 2009 (Xiao et al., 2009).  
SNP marker discovery opens up a new paradigm in MAS 
especially considering many publicly available gene 
sequences now in GenBank. Single nucleotide polymorphic 
markers (SNPs) are normally associated with many candidate 
genes. Discovery of the SNP marker is very difficult in a 
polyploid species like cotton.  It is like solving two jigsaw 
puzzles at the same time, because cotton has two duplicated 
sets of chromosomes. Many of the seed industries are now 
using SNP markers as a marker of choice in MAS in corn 
and other crops. However, there is almost no such information 
available in public cotton databases. Recently we discovered 
a strategy to identify SNP markers in tetraploid cotton species 
(An et al., 2007, 2008; Buriev et al., 2010, 2011). SNP markers 
are normally biallelic. However, detection of haplotype 
is essential to detect multiple alleles based on unique sets 
of SNP markers in a candidate gene. It is a difficult task to 
identify a haplotype that could distinguish allelic differences 
at a single locus in a polyploid species like cotton because 
of the presence of duplicated loci. Researchers used cluster 
analysis of the sequences from G. hirsutum and the diploid 
A and D genome ancestral species from a candidate gene of 
interest using Neighbor Joining clustering method and have 
grouped the tetraploid sequences into two sub genomes based 
on their association with the diploid ancestral species. The 
sequences of tetraploid genotypes from an individual clade of 
the phylogenetic tree were aligned and compared to detect the 
putative SNPs. The unique combination of SNPs in a sequence 
within a clade of the phylogram was considered as haplotype. 
Each clade in the dendogram is considered as a putative locus. 
The hypothesis was based on the assumption that sequences 
at each locus will be more similar compared to the sequences 
between the loci. Sometime this strategy of identifying 
haplotype based on clustering analysis without prior genetic 
knowledge may separate significantly different alleles of a 
locus into two different clades, thus misrepresenting allelic 
differences as locus differences. Such a condition may fail to 
identify some of the true SNPs. Our strategy provided a very 
conservative estimate of putative SNPs in MIC-3 gene family 
(Buriev et al., 2010). The advantage of this method is the 
reduced number of false SNP in the analysis by avoiding the 
problem of comparison among the orthologue and paralogue 

sequences. This discovery of SNP markers was further 
confirmed using deletion lines to identify their chromosomal 
locations (Ann et al., 2007, 2008; Buriev et al., 2010, 2011).  
SNP markers will provide a tool to associate candidate genes in 
MAS in cotton molecular breeding programs. Such discoveries 
providing the knowledge of candidate genes associated with 
complex traits will also have an indirect effect to explore the 
possibilities of genetic manipulation of the specific candidate 
genes to improve important traits.  SNP markers discovery 
will have great impact in MAS of cotton breeding program.

Cotton Genome Sequence
Decoding the cotton genome is essential for efficient use of 
genomic technologies in the improvement of upland cotton. 
Recently, a multidisciplinary international team including 
scientists from both public and private sectors initiated a 
partnership as a community to put forward a report on the 
problems and prospects of cotton genome sequencing (Chen 
et al., 2007). Readers are encouraged to study the report of 
Chen et al. (2007) for detailed reference on cotton genome 
sequencing. This paper will summarize some of the key 
information from this report.    
Cotton is enriched with many available genomic resources 
including bacterial artificial chromosomes (BACs), ESTs, 
linkage maps, and integrated genetic and physical maps 
for sequence analysis and assembly (Chen et al., 2007). 
Sequencing cotton genomes will unveil the relationship of 
functional genome and agronomic performance, significance 
of polyploidy and genome size variation within the Gossypium 
genus. 
The haploid cotton genome sizes are estimated to be 
approximately 880 Mb for G. raimondii, approximately 
1.75 Gb for G. arboreum, and approximately 2.5 Gb for 
G. hirsutum (Chen et al., 2007). It is essential to develop a 
comprehensive strategy for cotton genome sequencing based 
on economics, technology, and priorities. Due to continuing 
progress in high throughput sequencing technology and cost 
reductions, multiple and parallel approaches can be used to 
reveal complete genome information of Gossypium genomes. 
It is critical to have a comprehensive strategy for complete 
sequencing of one or more representatives of each A, B, C, D, 
E, F, G, K, and a tetraploid-derived AD (n = 26) Gossypium 
genome group to understand the complexity at the molecular 
level in the evolution of the cotton genome.  
Recently, scientists at the University of Georgia under 
the leadership of Dr. Andrew Patterson and at Texas Tech 
University under the leadership of Dr. Thea Wilkins have 
led multidisciplinary international teams that are nearing 
completion of the sequence of the ancestral D and A genome 
diploid species respectively of upland cotton.  Recently a 
report indicated that a joint venture of Monsanto Company 
(NYSE:MON) and San Diego-based Ilumina Inc. (NASDAQ: 
ILMN) will help to unveil the cotton genome sequence 
using Illumina’s next generation sequencing technology 
(Monsanto web page, 2010). The report also stated that the 
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two companies have completed sequencing a wild Peruvian 
cotton species, Gossypium raimondii, and will donate their 
findings to the public.  The U.S. Department of Energy’s 
Joint Genome Institutes (http://www.jgi.doe.gov/) has taken a 
major step to support as a pilot study for shotgun sequencing 
of G. raimondii for a 0.5× coverage (Chen et al., 2007).  
USDA/ARS scientists are planning to sequence tetraploid 
cotton genome using a BAC-based sequencing approach in 
collaboration with scientists of the Anyang Cotton Research 
Institute in China (personal communication).   
The AD genome sequence may offer superior opportunities to 
elucidate the types and frequencies of changes that distinguish 
a polyploid cotton from a diploid cotton. Sequences from A 
and D genome diploid species will be very helpful in tetraploid 
AD genome sequence assembly and will provide valuable 
information in gene content and expression patterns and 
polyploid genome evolution. Sequencing representatives from 
each diploid clade will be important to understand molecular 
patterns and biological events associated in evolution 
including the genomic and morphological diversity within 
the genus to adapt to a wide range of ecosystems in warmer 
and arid regions of the world (Chen et al., 2007). Knowledge 
gained from decoding the cotton genome will improve our 
understanding of gene function and ultimately benefit growers 
with improved yield and fiber quality.  Information from 
cotton genome sequencing will be very helpful to develop 
tools for making cotton plants resistance against biotic and 
abiotic stresses.
Due to the globalization of agriculture it is expected that 
commodity prices are likely to decline, and efficient production 
will be the key factor in the competitive world market. 
Accordingly, researchers may have to target manipulating 
the genetic system using biotechnology tools to adopt cotton 
plants in environmental diversity, making the most out of 
different natural resources including limited water supply - 
rather than using costly inputs to change the environment.  
Cotton is also a major cash crop in many developing 
countries, which are the source of rapid population growth and 
environmental degradation and some farmers cannot afford to 
adopt the high-input packages of biotechnology. However, 
we live in an interconnected global village and failure to 
capture the benefits of biotechnology will have ripple effects 
all over the world in the future. But the challenges are not 
only biological - they are also institutional, financial, political 
and social. Considering both environmental and economical 
impacts of the new technologies, cotton as a major cash 
crop in both developed and developing countries, the role 
of private industries in new technologies and the complex 
agricultural problems in different countries perhaps it is high 
time to consider establishing an international cotton research 
center. It is essential to face these challenges for the 21st 
century through a strong research partnership between public 
and private institutions. This international center will serve 
as a facilitator who can negotiate appropriate arrangements 
between the public and private sectors as catalysts in such 

partnerships. This center will make sure the benefits of 
tomorrow’s breakthrough discoveries are shared properly in 
both developed and developing countries. This center should 
study the benefits of relative investments in favorable versus 
marginal environments in cotton because many cotton farmers 
in the world live in marginal areas and cannot afford the high 
input packages of biotechnology. Based on this study the center 
can guide to develop ecologically friendly principles such as 
crop rotation, intercropping, and crop management systems 
to local conditions to maximize the benefits of biotechnology. 
This center will set up a regulatory system based upon sound 
science and agro-ecological factors of the specific country, 
develop cost-effective methods for quarantine or regulatory 
purposes and assist farmers in the detection of transgenic 
purity, an efficient mechanism of transgenic seed delivery. It 
is essential to develop a strategy to counteract the negative 
attitude towards transgenic cotton.  The center should 
recommend the complex, system-oriented solutions based on 
knowledge-intensive plans rather than just the simpler seed-
centered technologies.  The success story of biotechnology 
in cotton raised our expectations for a continued flow of 
scientific miracles to promote sustainable cotton production 
under a safe environment for the 21st century.  
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