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ABSTRACT: This is totally true that if there is one feature that distinguishes plant from animal life on our 
earth, it is not plants being primarily sessile, as a few animals also share this trait, rather, it is the reliance of 
plants on solar energy to generate molecules with energy-rich bonds, the fuel that will be used by almost the 
entire biosphere (including plants themselves) to build other organized molecules and drive the rest of the 
processes that we know as life. Chloroplasts are the sites of this wonderful process. Chloroplast research have 
significant advantage of genomics and genome sequencing, and a new picture is emerging of how the 
chloroplast functions and communicates with other cellular compartments. As a world’s leading textile crop 
and a model system for studies of many biological processes, genomics research of cottons has advanced 
rapidly in the past few years. Gossypium contains 5 tetraploid (AD1 to AD5, 2n = 4×) and 47 diploid species 
(designated A through G, plus K, 2n = 2×), but the origin and evolution of allotetraploidGossypium has 
remained controversial. 
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INTRODUCTION 
 
Questions concerning the evolution of organelles 
have been a key force driving studies of organelle 
molecular biology (Daniell et al., 2004b). It is 
widely accepted that the first plastids originated 
from an endosymbiotic event between a 
photosynthetic bacterium (cyanobacteria) and a 
non-photosynthetic host (Howe et al., 2003). The 
green lineage among the descendants of this first 
photosynthetic eukaryote (there was a separate 
red lineage), eventually colonized the planet 
outside the oceans, around 450 million years ago 
(Willis et al., 2002, Lopez-Juez and Pyke 2005). 
The engulfed cyanobacteria changed in to 
organelles as chloroplast in which small degrees 
of genetic autonomy as well as a large degree of 
biochemistry were retained, but losing some of 
their original functions (Davis et al., 2008, Lopez-
Juez and Pyke 2005). They needed to synthesize 
and accumulate their required proteins within and 
in their surrounding cytoplasm, locate them to 
their correct destination, divide and propagate 
(Lopez-Juez and Pyke 2005). The ability of 
chloroplast to accomplish photosynthesis 
determined the development of plants throughout 
the land and its need to adapt to environmental 
signals, such as light or the availability of raw 
materials (Lopez-Juez and Pyke 2005). The 

chloroplasts were also developed into a variety of 
derivatives (Figure 1), including other plastid 
types including etioplasts, eliaplasts, amyloplasts 
and proplastids, to carry out essential or 
specialized functions other than photosynthesis in 
other cells, (Waters et al., 2004). 
Chromoplasts are responsible for pigment 
synthesis and storage. Elaioplasts specialize in the 
lipids storage and amyloplasts store starch 
through the polymerization of glucose. Etioplasts 
are chloroplasts that have not been exposed to 
light and are usually found in plants grown in the 
dark. If a plant is kept out of light for several days, 
its normal chloroplasts will actually convert into 
etioplasts.  Proplastids are the progenitor of all 
plastid types. Therefore the chloroplasts and its 
derivatives came under the control of 
developmental signals and affected the cells 
harboring them, or become influenced by the 
same environmental cues, to insure their function 
remained possible under a variety of conditions 
(Rodermel 2001, Lopez-Juez and Pyke 2005). 
Molecular research over the past three decades 
have revealed many prokaryotic features in the 
modern-day plant organelles, including some 
aspects of organelle division, genome organization 
and coding content, transcription, translation, 
RNA processing, and protein turn-over (Gray 
2004). The confirmation of the basic 
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endosymbiosis hypothesis (has raised many 
questions as to how evolution has shaped the 
modern day chloroplasts. It is still under debate 
whether there was a monophyletic (single) or 
paraphyletic (multiple) origin event for the plastid 
genome (Palmer 2003, Gray 2004). Complete 
genome sequences from the chloroplast to diverse 
taxa will lead to resolve this debate and generate 
additional information in support of the 
evolutionary relationships among the land plants. 
 

CHLOROPLASTS AND OTHER PLASTID TYPES 
 
Chloroplasts are the most noticeable feature of 
green cells in leaves and, excluding the vacuole, 
probably constitute the largest percentage of 
space within mesophyll cells (Lopez-Juez and 
Pyke 2005). Plastids conduct multiple functions 
and carry out a variety of  critical biochemical 
processes other than photosynthesissuch as  
starch synthesis, nitrogen metabolism, sulfate 
reduction, fatty acid synthesis, DNA, and RNA 
synthesis (Zeltz et al. 1993). Plastid DNA (ptDNA) 
are attached to membranein clusters called plastid 
nucleoids and each particular type of plastid 
carries identical copies of the DNA, s (Kobayashi et 
al., 2002, Sato et al., 1993, Sato et al., 2001, Maliga 
2004,Kuroiwa 1991, Maliga 2004). The number of 
plastids and ptDNA is highly variable depending 
on the cell type (Bendich 1987, Maliga 2004). In 
tobacco, the meristematic cells contain 10-14 
proplastids, each containing 1-2 nucleoids per 
organelle, whereas leaf cells may contain 100 
chloroplasts, with 10-14 nucleoids each, giving as 
much as 10,000 copies of the ptDNA per cell 
(Bendich 1987, Maliga 2004). The chloroplast 
genome organization is highly conserved (Palmer 
1991, Raubeson et l., 2005) and composed of a 
single circular chromosome with a quadripartite 
structure that includes two copies of an inverted 
repeat (IR) that separate the large and small single 
copy regions (LSC and SSC) (Figure 2). The size of 
this circular genome varies from 35 to 217 kb but, 
the majority of plastid genomes from 
photosynthetic organisms are between 115-165 
kb (Jansen et al. 2005). Compared to the nuclear 
and mitochondrial genomes, the plastid genome is 
quite conserved across taxa (Maier et al., 2004). 
However, due to comparisons of whole 
chloroplast genome sequence, differences in the 
general architecture (tobacco and Arabidopsis) 
have been reported (Hiratsuka et al., 1989, Doyle 
et al. 1992, Palmer and Stein 1986) and can 
mainly be attributed to evolutionary 
expansion/contraction or loss of the inverted 

repeat, genome rearrangements, dispersed 
repeats, and indels (Hiratsuka et al. 1989, Doyle et 
al. 1992, Palmer and Stein 1986, Maier et al., 
2004). Since the inverted repeat is present in 
several algae, it seems likely that it is an ancient 
feature which has been later lost in individual 
branches during evolution (Palmer 1991). 
Characteristically, the IR-region contains a 
complete rRNA operon. Duplicated rRNA operons 
are also observed in cyanobacterial genomes 
which argue for a selective pressure to increase 
rRNA gene number (Palmer 1991). Speculatively, 
the IR-organization may play a direct role in 
maintaining the conserved structure of the 
chloroplast genome and also indirectly conserving 
genes encoded by the IR, as these genes 
characteristically have lower rates of nucleotide 
substitutions than those encoded in single copy 
regions (Curtis et al., 1984, Wolfe et al., 1987). 
 

GENE TRANSFER 
 
It has been noted that cyanobacterial genes for 
processes no longer needed inside the host are not 
found in plant cells now (e.g., motility-related 
genes) (Maier et al., 2004). The plastid genome is 
small (100-200 genes) in compare with the typical 
cyanobacterium genome composed of 3,000-4,000 
genes (Maier et al., 2004). At first glance, it seems 
that many of the cyanobacterial genes have been  
disappeared, while, it became apparent that the 
plastid’s proteome, despite its small genome, 
contained 1,000 to 5,000 proteins which is 
comparable in size to a cyanobacterial proteome 
(Martin et al., 1998, Rujan et al., 2001). Detailed 
analysis of homologies between modern plastid 
and nuclear genomes revealed substantial 
amounts of plastid-derived DNA in the nucleus 
(Maier et al 2004). This has been observed in 
Spinach (Cheung et al., 1989), various chenopod 
species (Ayliffe et al., 1988), potato (du Jardin 
1990), tomato, tobacco (Ayliffe et al., 1992), rice, 
and Arabidopsis (Kebeish, 2007). These findings 
provided the stage to further study gene transfer 
to the nucleus. This information can provide 
invaluable phylogenetic markers such as the rpl22 
loss to the nucleus in the legumes (Gantt et al., 
1991) that was discovered by chloroplast 
comparative genomics in analyzing whole genome 
sequences. 
 

WHY DO PLASTIDS HAVE GENOMES? 
 
The chloroplast offers a particularly unfriendly 
environment for DNA. The chemistry of 
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photosynthesis generates high concentrations of 
various oxygen species that are highly mutagenic 
(Allen et al., 1996). Whatever the selective 
pressures are that have reduced the plastid 
genome to its current size are unknown. The 
question still open is why this was not driven to 
completion. There are several hypothesis to 
address this question. First, it has been argued 
that several of the organelle encoded proteins are 
highly hydrophobic and hence would not easily 
cross the plastid envelope when translated in the 
cytoplasm (von Heijne 1986; Palmer 1997). A 
previous described argument suggests the highly 
hydrophobic light harvesting chlorophyll proteins 
are universally nuclear-encoded and the 
hydrophilic large subunit (rbcL) of RuBisCO, with 
few exceptions, is plastid-encoded (Maier et al., 
2004).Additionally, other explanations for the 
maintenance of the plastid chromosome are that 
plastid proteins could be toxic in the cytosol 
(Martin et al., 1998). It has also been proposed 
that as gene transfer is an ongoing process, the 
last remnants of the plastid chromosome will 
eventually disappear over time (Herrmann 1997). 
The genes that appear to have remained are 
categorized as; rubisco subunit, photosystem 
proteins, cytochrome-related, ATP synthase, 
NADH dehydrogenase, ribosomal protein 
subunits, ribosomal RNAs, plastid encoded RNA 
polymerase, and open reading frames with 
unknown function. 
 

PHYLOGENETIC UTILITY OF CHLOROPLAST 
GENOMES 

 
Most previous molecular phylogenetic studies of 
flowering plants have relied on one to several 
genes from the chloroplast, mitochondria, and/or 
nuclear genomes, though most of these analyses 
were based on chloroplast markers (RFLP and 
SSR) (Jansen et al., 2006). During the past few 
years there has been a rapid increase in the 
number of studies using complete genes and 
intergenic regions from completely sequenced 
chloroplast genomes for estimating phylogenetic 
relationships among angiosperms (Goremykin et 
al., 2003a, b, 2004, 2005, Leebens-Mack et al., 
2005, Chang et al., 2006, Lee et al., 2006a, Jansen 
et al., 2006, Ruhlman et al., 2006, Bausher et al., 
2006, Cai et al., 2006). These studies have 
resolved a number of issues regarding 
relationships among the major clades, including 
the identification of either Amborella alone or 
Amborella + Nymphaeales as the sister group to 
all other angiosperms, these studies also lend 

strong support for the monophyly of magnoliids, 
monocots, and eudicots, the position of magnoliids 
as sister to a clade that includes both monocots 
and eudicots, the placement of vitaceae as the 
earliest diverging lineage of rosids, and the sister 
group relationship between caryophyllales and 
Asterids. However, some issues remain 
unresolved, including the monophyly of the 
eurosid I clade and relationships among the major 
clades of rosids (Jansen et al., 2006; Soltis et al., 
2005). Completely sequenced chloroplast 
genomes provide a rich source of data that can be 
used to address phylogenetic questions at deep 
nodes in the angiosperm tree (Jansen et al., 2006; 
Goremykin et al., 2003a, b, 2004, 2005, Leebens-
Mack et al., 2005, Chang et al. 2006, Lee et al., 
2006a, Bausher et al., 2006, Cai et al., 2006). The 
use of DNA sequences from all of the shared 
chloroplast genes provides many more characters 
for phylogeny reconstruction compared to 
previous studies that have relied on only one or a 
few genes to address the same questions (Jansen 
et al., 2006). However, the whole genome 
approach can result in misleading estimates of 
relationships because of limited taxon sampling 
(Jansen et al., 2006, Leebens-Mack et al., 2005, 
Soltis et al., 2004, Stefanovic et al., 2004, Martin et 
al., 2005) and the use of incorrect models of 
sequence evolution in concatenated datasets 
(Jansen et al., 2006; Goremykin et al., 2005, 
Lockhart et al., 2005). Thus, there is a growing 
interest in expanding the taxon sampling of 
complete chloroplast genome sequences and 
developing new evolutionary models for 
phylogenetic analysis of chloroplast sequences 
(Jansen et al., 2006) to overcome these concerns. 
To date, there are more than 292 chloroplast 
genome sequences available.  
 

CHLOROPLAST MOLECULAR MARKERS 
 
Since the first report on chloroplast DNA variation 
based on restriction patterns (Vedel et al., 1976), 
there has been increasing interest in chloroplast 
genomic sequence for the purposes of population 
genetics and phylogenetic studies (McCauley 
1995; Morand-Prieur 2002). The use of 
chloroplast DNA (cpDNA) restriction fragment 
length polymorphisms (RFLP) as genetic markers 
in interspecific hybridization showed that most 
angiosperm species display maternal inheritance 
of the chloroplast genome (Reboud et al., 1993, 
Morand-Prieur 2002). It has been recently noted 
that there is little intraspecific variation among 
angiosperm chloroplast DNA (Morand-Prieur 
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2002) and that the highest frequency of mutations 
is found in the noncoding regions (Palmer 1992). 
It has been recently discovered that chloroplast 
simple sequence repeats are highly useful markers 
for size variations that are easy to analyze by 
using PCR and polyacrylamide gel electrophoresis 
(Powell et al., 1995, Morand-Prieur 2002). The 
complete tobacco chloroplast genome sequence 
has been mined for simple sequence repeats that 
resulted in high levels of intra and interspecific 
diversity among solanaceous species (Powell et 
al., 1995, Provan et al., 1999, Bryan et al., 1999) 
the presence of which indicates the necessity for 
whole genome chloroplast sequence to develop 
polymorphic markers to reveal diversity at the 
intra- and interspecific level. 
 

PLASTIDS AND BIOTECHNOLOGY 
 
Plastid transformation involves transforming one 
or a few chloroplast DNA copies, followed by 
gradually diluting plastids carrying 
nontransformed copies on a selective medium 
(Maliga 2004). The most common integration site 
in chloroplast transformation is the 
transcriptionally active intergenic spacer region 
between trnI/trnA. This region is located in the 
inverted repeat near one of the two origins of 
replication. The plastid transformation approach 
has been shown to have a number of advantages, 
most notably with regard to its high transgene 
expression levels (De Cosa et al., 2001), capacity 
for multi-gene engineering in a single 
transformation event (De Cosa et al., 2001, Lossl 
et al., 2003, Ruiz et al., 2003, Quesada-Vargas et 
al., 2005), and ability to accomplish transgene 
containment via maternal inheritance (Daniell 
2002). Moreover, chloroplasts appear to be an 
ideal compartment for the accumulation of certain 
proteins, or their biosynthetic products, which 
would be harmful if accumulated in the cytoplasm 
(Daniell et al., 2001, Lee et al., 2003, Leelavathi et 
al., 2003, Ruiz et al., 2005). In addition, gene 
silencing has not been observed in association 
with this technique (et al., 2001, Lee et al. 2003, 
Dhingra et al., 2004). Because of these advantages, 
the chloroplast genome has been engineered to 
confer several useful agronomic traits, including 
herbicide resistance (Daniell et al., 1998), insect 
resistance (McBride et al., 1995, Kota et al., 1999), 
disease resistance (DeGray et al., 2001), drought 
tolerance (Lee et al., 2003), salt tolerance (Kumar 
et al., 2004a), and phytoremediation (Ruiz et al., 
2003). The chloroplast genome has also been 
utilized in the field of molecular pharming, for the 

expression of biomaterials, human therapeutic 
proteins, and vaccines for use in humans or other 
animals (Guda et al., 2000, Staub et al., 2000, 
Fernandez-San Milan et al., 2003, Leelavathi et al., 
2003, Molina et al., 2004, Viitanen et al., 2004, 
Watson et al., 2004, Koya et al., 2005, Grevich et 
al., 2005, Daniell et al., 2005b, Kamarajugadda et 
al., 2006). Lack of complete chloroplast genome 
sequences is still one of the major limitations to 
extend this technology to useful crops. Chloroplast 
genome sequences are necessary for identification 
of spacer regions for integration of transgenes at 
optimal sites via homologous recombination, as 
well as endogenous regulatory sequences for 
optimal expression of transgenes (Maier et al., 
2004, Daniell et al., 2005b). In land plants, about 
40-50% of each chloroplast genome contains non-
coding spacer and regulatory regions (Jansen et 
al., 2005). Identity between vector sequences and 
target sequence is necessary (DeCosa et al., 2001, 
Daniell et al., 2004b, Daniell et al., 2005b, Dhingra 
et al., 2004, Lee et al., 2006b), as transformation 
vectors with homologous sequence from another 
species have not yielded high frequency 
transformations so far even in tobacco, in which 
plastid transformation is highly efficient (Daniell 
et al., 2004b, Degray et al., 2001). Therefore, 
further genome sequencing projects of crop plant 
plastid chromosomes is one of the more pressing 
needs in this field to identify intergenic sequences 
as well as endogenous regulatory elements 
(Daniell et al., 2004b). Our knowledge of the 
organization and evolution of chloroplast 
genomes has been expanding rapidly because of 
the large numbers of completely sequenced 
genomes published in the past decade. The use of 
information from whole chloroplast genome 
sequence has added to our understanding of 
chloroplast biology, the origins and relationships 
of land plants, and allowed development of useful 
traits to aid in worldwide needs. Many crop 
nuclear genomes have been mapped and/or 
partially sequenced, but there is limited or no 
information about their chloroplast genomes. 
 
 
FUTURE TRENDS IN CHLOROPLAST RESEARCH 
ADOPTING EXPERIMENTAL TOOLS FROM 
OTHER FIELDS  
Many research fields exist in plant and animal 
studiesand  serve as sources of advanced methods 
for chloroplast research. In particular, the area of 
redox regulation of chloroplast worksisemerging 
as a hot topic in this field of research, making it 
necessary to establish redox markers and in vivo 
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sensors in chloroplast sciences (Dietz, 2008; Ute 
et al., 2011).  
 

POST-TRANSLATIONAL MODIFICATIONS 
While reversible phosphorylation of thylakoid 
proteins is a well characterized post-translational 
modification in chloroplasts (Pesaresi et al., 2009), 
during the last decade, other post-
translationalproteins has been described. Protein 
S-nitrosylation has emerged as the most 
important mechanism for transduction of the 
bioactivity of nitric oxide.Also several chloroplast 
proteins have been described to become S-
nitrosylated. Glutathionylation is a more recently 
described redox post translational modification 
representing the major form of S-thiolation in cells 
in which a mixed disulfide between a free thiol on 
a protein and a molecule of glutathione is formed 
(Rouhier et al., 2008).  
 

PROSPECTS OF TRANSCRIPTOME ANALYSES 
 
Using of next generation sequencing (NGS) 
approaches may provide a cheaper alternative to 
hybridization-based microarray platformstowards 
transcript quantification (Leister et al., 2008). 
Biological inducible systems enable 
reconstruction of effects on nuclear and plastid 
gene expressions with high temporal resolution 
(Pesaresi et al., 2007) andpromises to extend the 
power of transcriptomics.  
 
TOWARDS THE CHLOROPLAST INTERACTOME 
 
One of the most important approaches to 
elucidate protein interactions is the fractionation 
of native protein complexes using one or several 
molecular biology methods such as one- or 
multidimensional electrophoreses, 
chromatography, or density-gradient 
centrifugations. In further, matrix assisted laser 
desorption ionization time-of-flight (MALDI–TOF) 
tandem mass spectrometry (MS–MS) method can 
be used to detect the identity of isolated 
complexes(Liu et al., 2008). Although this 
approach is straightforward, it has been utilized in 
only a relatively small number of studies of plant 
protein complexes so far and should be more 
widely explored.  
 

SYSTEMS BIOLOGY 
 
Combining the analysis of multiple datasets 
generated by transcriptomics and other ‘omics’ 
will be essential for the in silico reconstruction of 

regulatory networks (Nacu et al., 2007). 
Eventually, a chloroplast development or 
functional state-driven nuclear gene expression 
network would be constructed based on genome-
wide identification of transcription factors via 
yeast one-hybrid assays. Additionally, their direct 
and indirect target genes will be recognized using 
chromatin immuno-precipitation with an antibody 
against such transcription factors followed by a 
NGS approach and identification of genes whose 
expression levels in the loss-of-function mutant 
background are affected (Jung, 2010). 
 

TAILORED CHLOROPLASTS 
 
Transformation capacity of chloroplasts by 
homologous transformation and drive high-level 
expression of transgenes in chloroplasts, coupled 
with their maternal mode of inheritance in most 
species of interest, make chloroplasts a prime 
target for biotechnological improvement of crop 
plants. However, commercial varieties harboring 
transgenic chloroplasts have not been generated 
yet (Bock, 2010; Ute et al., 2011). One promising 
target for modifying chloroplast functions is 
photorespiration.  
 

RECENT ADVANCES IN COTTON GENOMICS 
 
Cottons (Gossypiumspp.) belong to the genus 
Gossypium of the family Malvaceae. Gossypium 
consists of 45–50 species (appendix 1), with 40–
45 being diploids (2n = 26) and 5 being 
allotetraploids (2n = 52). The species are grouped 
into eight genome groups, designated A through G 
and K, on the basis of chromosome pairing 
affinities (Zhang et al., 2007). At the tetraploid 
level, there are five species, designated (AD) 1 
through (AD) 5 for their genome constitutions. 
Phylogenetic analyses clustered the diploid 
species of Gossypium into two major lineages, 
including the 13 D-genome species lineage and the 
30∼32 A-, B-, E-, F-, C-, G-, and K-genome species 
lineage, and the polyploid species into one lineage, 
that is, the 5 AD-genome species lineage (Figure 
3). Of the Gossypium species, four are cultivated in 
agriculture, including two allotetraploids (G. 
hirsutum and G. barbadense) and two diploids (G. 
herbaceum and G. arboreum). Gossypiumhirsutum, 
also known as Upland cotton, Long Staple Cotton, 
or Mexican Cotton, produces over 90% of the 
world’s cotton; G. barbadense, also known as Sea 
Island Cotton, Extra Long Staple Cotton, American 
Pima, or Egyptian Cotton, contributes 8% of the 
world’s cotton; and G. herbaceum, also known as 
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Levant Cotton, and G. arboreum, also known as 
Tree Cotton, together provide 2% of the world’s 
cotton. Cottons are not only a world’s leading 
textile fiber and oilseed crop, but also a crop that 
is of significance for fuel energy and bio engergy 
production. Although cottons are native to tropics 
and subtropics naturally, including the Americas, 
Africa and Asia, they are cultivated in nearly 100 
countries. China, India, USA and Pakistan are the 
top four cotton growing countries, accounting for 
approximately 2/3of the world’s cotton. 
According to the Food and Agriculture 
Organization (FAO) of the United Nations 
(http://www.fao.org), the cotton planting area 
reached about 34.1 million hectares and the total 
world’s cotton production had a record of about 
26.3 million metric tons in 2012/2013. Cotton 
products include fibers and seeds that have a 
variety of uses. Cotton fibers sustain one of the 
world’s largest industries, the textile industry, for 
wearing apparel, home furnishings, and medical 
supplies, whereas cottonseeds are widely used for 
food oil, animal feeds, and industrial materials 
(such as soap). Cottonseed oil is ranked fifth in 
production and consumption volume among all 
vegetable oils in the past decades, accounting for 
8% of the world’s vegetable oil consumption 
(Zhang et al. 2007 and Lee SB et al. 2006a). 
Moreover, nearly a billion barrels of petroleum 
worldwide are used in every year to synthesize 
artificial “synthetic” fibers. Further improvement 
of cotton fibers in yield and quality will replace or 
significantly reduce the consumption of fossil oil 
for synthetic fiber production, thus being saved 
for energy production. Finally, cottonseed oil, the 
main by-product of cotton fiber production, could 
be potentially used as biofuel. In addition to their 
economic importance, cottons are an excellent 
model system for several important biological 
studies, including plant genome size evolution, 
plant polyploidization and single-celled biological 
processes. The genomes of angiosperm plants 
vary over 1000 folds in size, ranging from 100 to 
>100,000 Mb/1C (haploid). It has long been 
recognized that polyploidy is a common, 
prominent, ongoing, and dynamic process of 
genome organization, function diversification, and 
evolution in angiosperms. The genomes of most 
angiosperms are thought to have incurred one or 
more polyploidization events during evolution. 
Studies have demonstrated that genome doubling 
has also been significant in the evolutionary 
history of all vertebrates and in many other 
eukaryotes. It is estimated that about 70% of the 
flowering plant species are polyploids. For 

instance, of the world-leading field, forage, 
horticultural, and environmental crops, many are 
contributed by polyploid species, such as cotton, 
wheat, soybean, potatoes, canola, sugarcane, 
Brassica, oats, peanut, tobacco, rose, coffee, and 
banana. Therefore, studies of both genome size 
evolution and polyploidization have long attracted 
the interests of scientists in different disciplines. 
Nevertheless, much remains to be learned. 
Examples include impacts of polyploidization on 
genome size, genome organization, gene 
duplication and function, and gene family 
evolution; the role of transposable elements in 
structural and regulatory gene evolution and gene 
functions; and mechanisms and functional 
significance of rapid genome changes. 
Cottons have several advantages over other 
polyploid complexes for plant genome size and 
polyploidization studies. First, the genome sizes of 
37 of the 45∼50 Gossypium species, including all 
eight genomes and polyploidy species, have been 
determined and shown to vary extremely 
significantly (Figure 3). At the diploid level, the 
genome sizes vary by three folds, ranging from 
885 Mb/1C in the D-genome species to 2,572 
Mb/1C in the K-genome species. Within each 
lineage, the genome sizes vary most in the 
A+F+B+E+C+G+K lineage, ranging from 1,311 to 
2,778 Mb/1C with a difference of 1,467Mb 
(110.2%); second in the D-genome lineage, 
ranging from 841 to 934 Mb/1C with a difference 
of 93Mb (10.5%); and least in the polyploidy 
lineage, ranging from 2,347 to 2,489 Mb/1C with a 
difference of 142Mb (5.9%). Variations were also 
observed within a species. For instance, within G. 
hirsutum, the variation (n = 5) was from 2,347 to 
2,489 Mb/1C, differing by 142Mb (5.9%) while 
within G. arboreum, the variation (n = 5) was from 
1,677 to 1,746 Mb/1C, differing by 69Mb (4.0%). 
Second, the evolutionary history of the 
allotetraploid species of Gossypium has been 
established (Figure 3), especially for the two 
cultivated AD-genome cottons, G. hirsutum and G. 
barbadense, and their closely related diploid 
progenitors, G. herbaceum (A1), G. arboreum (A2), 
G. raimondii (D5), and G. gossypioides (D6).The A-
genome species are African-Asian in origin, 
whereas the D-genome species are endemic to the 
New World subtropics, primarily Mexico. 
Following the transoceanic dispersal of an A-
genome taxon to the New World, hybridization 
between the immigrant A-genome taxon and a 
local D-genome taxon led to the origin and 
evolution of the New World allopolyploids (AD-
genome). Subsequent to the polyploidization 
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event, the allopolyploids radiated into three 
sublineages, among which included are the 
world’s commercially most important species, G. 
hirsutum and G. barbadense. Studies showed that 
the A subgenome of the AD-genome-cultivated 
cottons is the most closely related to the genome 
of the extant diploid G. herbaceum (A1); the D 
subgenome of the AD-genome-cultivated cottons 
is the most closely related to the genome of the 
extant diploid, G. raimondii(D5) or G. gossypioides 
(D6) ; and the cytoplasm of the AD genome-
cultivated cottons is the most closely related to 
that of the extant diploids G. herbaceum (A1) and 
G. arboreum (A2). Sequence analysis and 
paleontological record suggest that the A-genome 
and the D-genome groups diverged from a 
common ancestor 5–10 million years ago, and that 
the two diverged diploid genomes became 
reunited in a common nucleus to form the 
polyploid cottons, via allopolyploidization, in the 
mid-Pleistocene, or 1-2 million years ago. Finally, 
as in the wheat polyploid complex, cottons have a 
long history of research at the cytological level. A 
wealth of cytogenetic stocks has been developed, 
including artificially synthesized AD-genome 
polyploids between the A-genome and D-genome 
diploid species as well as individual chromosome 
addition and substitution lines. These cytogenetic 
stocks are unique and valuable not only for cotton 
genetics research, but also for deciphering the 
ramifications of polyploidization on genome 
organization, function, and evolution. Cotton fiber 
is an excellent single-celled model system for 
studies of many single-celled biological processes, 
particularly cell expansion and cellulose 
biosynthesis. Cotton fibers are unicellular, 
unbranched, simple trichomes that differentiate 
from the protoderm of developing seeds. There 
are probably over one-half million quasi-
synchronously elongating fibers in each boll or 
ovary. Although all plant cells extend to some 

degree during development and differentiation, 
cotton fibers can reach up to 5.0 cm in length in 
some genotypes, being among the longest cells. 
Therefore, they offer a unique opportunity to 
study cell expansion at the single cell level. 
Cellulose is a major component of the cell walls of 
all higher plants, constituting perhaps the largest 
component of plant biomass, with an estimated 
annual world production of 100 million metric 
tons. The fiber cell wall of cottons consists of 
>90% cellulose. Therefore, cotton fiber cells have 
long been used as a model system to study 
cellulose biosynthesis that is the basis for 
biomass-based bioenergy production (Zhang et al., 
2007). Chloroplast research takes significant 
advantage of genomics and genome sequencing, 
and a new picture is emerging of how the 
chloroplast functions and communicates with 
other cellular compartments. In terms of 
evolution, it is now known that only a fraction of 
the many proteins of cyanobacterial origin were 
rerouted to higher plant plastids. Reverse genetics 
and novel mutant screens are providing a growing 
catalogue of chloroplast protein–function 
relationships, and the characterization of plastid-
to-nucleus signaling mutants reveals cell–
organelle interactions. Recent advances in 
transcriptomics and proteomics of the chloroplast 
make this organelle one of the best understood of 
all plant cell compartments. The need for 
sequencing the cotton plastome is obvious, when 
considering its annual retail value in the world 
cotton producing countries making it those 
country's most value-added crop. Chloroplast 
genetic engineering could minimize transgene 
escape because of maternal inheritance of 
transgenes. In addition, other failsafe mechanisms, 
including cytoplasmic male sterility could be 
employed to contain transgenes. 
 

 
Figure. 1 Diversity of plastid types and their interconversions. Chloroplasts occupy the center of the figure to 
signify their evolutionary role as ancestors of all other plastid types (taken from Lopes-Juez and Pyke 2005)  
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Figure. 2 Typical organization of a plastid chromosome in its circular monomeric form. Large and small single 

copy regions (LSC, SSC) are separated by the inverted repeats Ira and IRb (Jansen et al., 2005). 
 
 

 
Figure. 3: Phylogeny and evolution of Gossypium species. The phylogenetic data is from Wendel and Cronn, 

the genome sizes are from Hendrix and Stewart, and genomic designations follow Endrizzi et al. and Percival. 
The species in bold face are cultivated. MYA: million years ago (Zhang et al., 2007). 
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