
Abstract Reliable information about the evolutionary
and genetic relationships of various germplasm resources
is essential to the establishment of rational strategies for
crop improvement. We used AFLPs to study the genetic
relationships of 43 cultivars of Gossypium hirsutum rep-
resentative of the genomic composition of modern ‘Up-
land’ cotton. The study also included representatives of
the related tetraploid species Gossypium barbadense, as
well as the diploid species Gossypium raimondii, Gossyp-
ium incanum, Gossypium herbaceum and Gossypium ar-
boreum. We tested 20 primer combinations that resulted
in a total of 3,178 fragments. At the species level, and
above, genetic similarities based on AFLPs were in
agreement with the known taxonomic relationships. Simi-
larity indices ranged from 0.25 to 0.99. Representatives
of the G. hirsutum germplasm resources utilized in North
America, including secondary accessions collected by
breeders in Central America (‘Acala’, ‘Tuxtla’, ‘Kekchi’)
and the southwestern US (‘Hopi Moencopi’), formed a
single cluster with exceedingly limited genetic diversity
(with many pairwise similarity indices >0.96) We 
concluded that these accessions were derived from the
same genetic pool. The early maturing or ‘latifolium’ or 
‘Mexican Highlands’ cultigens from which these
cultivars were derived appear to have had extremely lim-
ited genetic diversity, perhaps as a result of a severe ge-

netic bottleneck resulting from the selection pressures of
domestication. Outside of the major G. hirsutum cluster,
well-supported phylogenies were inferred. Inside this
cluster, phylogenies were obscured by limited diversity,
reticulation and lineage sorting. The implications of these
findings for cotton improvement are discussed.
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Introduction

The ‘evolution under domestication’ (Stephens 1967) of
cultivated cotton (Gossypium spp.) presents a fascinating
story with elements of biogeography, developmental
biology, anthropology, and both natural and anthropo-
genic selection pressures. Only four species of Gossypi-
um are presently cultivated, two New World tetraploid
species Gossypium hirsutum L. and Gossypium barba-
dense L., and two Old World diploid species Gossypium
arboreum L. and Gossypium herbacium L. The New
World tetraploid species arose some 1–2 million years
ago through the hybridization of an Old World taxon of
the ‘A genome’ cytogenetic group, related to the present-
day species G. herbaceum and G. arboreum L. (2n = 2x =
26), with a taxon of the ‘D-genome’ group, related to the
new world species Gossypium raimondii Ulbrich and
Gossypium gossipioides L. (2n = 2x = 26) (Beasley
1940, 1942; Wendel et al. 1992). After polyploidization,
the nascent ‘AD’ disomic tetraploid (2n = 2x = 52) gave
rise to five extant tetraploid species, including G. barba-
dense and G. hirsutum which dominate world cotton pro-
duction for fiber and seed products. 

G. hirsutum was probably first domesticated by pre-
Columbian peoples of the Yucatan peninsula (Brubakar
and Wendel 1994). The only truly wild G. hirsutum
variety is ‘yucatanense’, a sprawling perennial shrub of
littoral plant communities. Reproductive development of
this species is under strict photoperiodic control, with
flowering under short days. The primitive domesticated
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variety ‘punctatum’ probably arose from within yucatan-
ense. Though still a perennial shrub, many of the early
punctatum cultivars had tufted ‘green’ seeds that were
superior for primitive hand-ginning practices. These ear-
ly domesticated forms of G. hirustum dispersed out of
the Yucatan to the rest of Mesoamerica, as well as to
northern South America and throughout the Caribbean
basin. Ethnobotanical evidence suggests that the impor-
tant landrace ‘latifolium’ arose from this germplasm as it
was further domesticated in present day southern Mexico
and Guatemala (Brubakar et al. 1999). Some accessions
classified as latifoliums show photoperiodic flowering,
while others are photoperiod independent (J. McCarty,
personal communication). According to Cook (1905),
the Kekchi indians of Guatemala traditionally inter-
cropped their cotton with peppers (Capsicum spp.), and
would remove cotton plants as soon as first bolls began
to open in order to prevent competition with the develop-
ing peppers. This practice would have eliminated late-
maturing genotypes. Such a rigorous selection regime for
early maturity would have selected for reduced seed dor-
mancy, compact ‘annualized’ growth habit, and possibly
photoperiod-indendent flowering, thus creating geno-
types suitable for cultivation at higher latitudes with lon-
ger summer daylengths. The early maturing latifolium
genotypes diffused into the highlands of present-day
southern central Mexico prior to the arrival of Europe-
ans, and the resulting cultivars became collectively
known as ‘Mexican Highlands’ (or ‘Mexican’) varieties. 

In colonial North America, cotton production initially
consisted of a complex mixture of taxa, including G.
herbaceum imported to the New World by the British,
G. barbadense (‘Sea Island Cotton’) from the Caribbean,
and several varieties of G. hirsutum, including tufted
‘green-seed’ types from Mexico. The invention of 
the cotton gin in 1793 increased the demand for high
yield cultivars, eventually leading to the introduction of
several non-tufted Mexican Highlands varieties includ-
ing Burling’s Cotton in 1806 and Wyche cotton in 1857
(Smith et al. 1999). G. hirsutum of the ‘Mexican type’
may have been grown in the Stephen F. Austin colony in
Texas as early as 1821, and numerous introductions were
probably made by soldiers returning from the Mexican-
American War (1846–1848). These cultivars were sub-
jected to strong selection to create varieties adapted to
local conditions in various cotton-growing regions of
North America. Throughout this period, both intentional
and unintentional outcrosses occurred between cultivars
(Endrizzi et al. 1985). Collectively known as ‘American
Upland Cotton’ the resulting high yielding and adaptable
cultivars were dispersed to Europe, Africa and Asia. 

In response to the dire boll weevil (Ahthonomus gran-
dis Boh.) infestation that began at the end of the 19th
century, breeders collected new germplasm from the
southern Mexican state of Chiapas (‘Acala’ and ‘Tuxtla’,
1906), Guatamala (‘Kekchi’, 1904), and from the Hopi
peoples of Arizona (‘Hopi Moencopi’). Although not re-
sistant to the weevil, these cultigens were incorporated
with germplasm from earlier Mexican Highlands intro-

ductions to provide the genetic foundation for modern
Upland G. hirsutum cultivation worldwide. 

An understanding of the evolutionary and genomic re-
lationships of cotton species and cultivars is critical for
further utilization of extant genetic diversity in the de-
velopment of superior cultivars that will combine the fa-
vorable qualities (insect and pathogen resistance, fiber
quality and yield traits, tolerance to environmental
stresses) conditioned by diverse G. hirsutum germplasm
resources (El-Zik and Thaxton 1989). Given the status of
G. hirsutum as the world’s most important fiber crop, the
genetic composition of various cultivars has not been ad-
equately investigated. Studies using allozymes (Wendel
et al. 1992) and RFLPs (Wendel and Brubaker 1993)
have been limited by low levels of polymorphism at the 
intraspecific and interspecific levels. Recently, there 
have been several reports describing the genetic relation-
ships of several cotton varieties based on PCR-based 
molecular techniques such as RAPDs (Multani and Lyon
1995; Tatineni et al. 1996; Iqbal et al. 1997) and AFLP
(Abdallah et al. 2001). The amplified fragment length
polymorphism (AFLP) technique (Zabeau and Vos 1993;
Vos et al. 1995) generates a relatively large number of
polymorphic amplified fragments compared to the
RAPD method. Since each AFLP fragment is considered
to be a genetically distinct locus, a large number of loci
can be compared between different genotypes in relative-
ly few experiments. We have examined 43 genotypes
that are representative of most of the Upland G. hirsutum
germplasm resources utilized in North America and
Asia. Our set of taxa included the Acala, Tuxtla, Kekchi
and Hopi Moencopi collections as well as several 
obsolete cultivars, such as ‘Western Stormproof’ and
‘Wannamaker’s Cleveland’ which are purported to be 
direct selections from 19th century germplasm introduc-
tions from Mexico (Smith et al. 1999). 

Materials and methods

Plant materials and DNA isolation

Three diploid species of Gossypium, three G. barbadense culti-
vars, and 43 G. hirsutum accessions were used for the study 
(Table 1). Genomic DNAs were isolated from leaf tissue by the
method of Iqbal et al. (1997). DNAs of cultivars Allepo, Nazelli,
Cedix, LRA5166, CP 15/2, S-12, CIM-435, CIM-443 and CIM-
1100 were provided by Dr. Yusuf Zafar, NIBGE, Faisalabad, Paki-
stan. After RNase treatment, the concentration of each sample was
measured by a fluorimetric assay using Hoechst dye.

AFLP fingerprinting 

AFLP fingerprinting (Zabeau and Vos 1993; Vos et al. 1995) was
performed using Analysis System I (GIBCO-BRL Life Technolo-
gies) according to the manufacturer-supplied protocol with some
modifications. Genomic DNA (225 ng) was digested with 0.625
units of EcoRI and MseI for 2 h at 37°C. EcoRI/MseI adapters
were ligated to genomic DNA fragments using 0.25 Weiss units of
T4 DNA ligase for 2 h at room temperature. Pre-amplification of
adaptor-ligated DNA was carried out in a reaction containing 10 µl
of pre-amplification primer mix, 1.25 µl of 10 × PCR buffer for
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AFLP [200 mM Tris-HCl (pH 8.4), 15 mM MgCl2, 500 mM KCl],
1.25 unit of Taq DNA polymerase (GIBCO BRL), and 1.25 µl of
diluted, restricted and ligated template DNA. 

Amplification was carried out for 20 cycles of 94°C for 30 s,
56°C for 1 min, 72°C for 1 min in Perkin-Elmer 9600 thermocy-
cler. For selective amplification, 2.5 ng of EcoRI primer was la-
beled with 33P γ-ATP (0.1 µl of 3,000 Ci/mol) using 0.1 units of
T4 polynucleotide kinase for 1 h at 37°C. Selective amplification
was carried out in a 10-µl volume containing labeled EcoRI prim-
er, 2.25 µl of MseI primer mix (6.7 ng/µl) with dNTPs, 3.95 µl of
dH2O, 1 µl of 10 × PCR buffer for AFLP, 0.25 units of Taq DNA
polymerase (GIBCO BRL) and 2.5 µl of a 1:10 dilution of pre-
amplified template DNA. Both EcoRI and MseI primers used in
selective amplification had three extra nucleotides at the 3′ end in
order to reduce the number of amplified fragments. The primer
combinations used were: (1) E-AAC + M-CAC, (2) E-AAC + 

M-CAG, (3) E-AAC + M-CTC, (4) E-AAC + M-CTG, (5) E-AAG
+ M-CTG, (6) E-AAG + M-CTT, (7) E-AAG + M-CAC, (8) 
E-ACA + M-CTA, (9) E-ACA + M-CAC, (10) E-ACC + M-CAC,
(11) E-ACC + M-CTA, (12) E-ACG+ M-CTA, (13) E-ACT + 
M-CTC, (14) E-AGC + M-CAG, (15) E-AGC + M-CAA, (16) 
E-AGC + M-CTA, (17) E-AGG + M-CAC, (18) E-AGG + M-
CAG, (19) E-AGG + M-CAT, (20) E-AGG + M-CTG. Amplifica-
tion was carried out in a Perkin-Elmer 9600 thermocycler with a
first cycle of 94°C for 30 s, 65°C for 30 s and 72°C for 1 min, fol-
lowed by 12 cycles with a 0.7°C decrease in annealing tempera-
ture with each cycle. Further amplification was performed by an
additional 23 cycles of PCR using 56°C as the annealing tempera-
ture. 

After the addition of 10 µl of manual sequencing dye (98%
formamide, 10 mM EDTA, 0.025% xylene cyanol, 0.025% bro-
mophenol blue) samples were heated at 94°C for 3 min then
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Table 1 List of cotton taxa 
examined in this study Sr. No Accession No Taxa Origin

1 SA 58 G. hirsutum L. var. Tuxtula Mexico
2 SA 105 G. hirsutum L. var. Half & Half USA
3 SA 219 G. barbadense L. var. Yuma USA
4 SA 223 G. barbadense L. var. Pima 32 USA
5 SA 252 G. hirsutum L. var. Coker 100 USA
6 SA 259 G. hirsutum L. var. Coker’s Foater 300 USA
7 SA 280 G. hirsutum L. var. Kekchi Guatemala
8 SA 281 G. hirsutum L. var. Hopi Moencopi USA
9 SA 296 G. hirsutum L. var. Wannamaker’s Cleveland W.R. USA

10 SA 311 G. hirsutum L. var. Ambassador (4B6) USA
11 SA 395 G. hirsutum L. var. Deltatype Webber USA
12 SA 464 G. hirsutum L. var. AHA 6–1-4 USA
13 SA 517 G. hirsutum L. var. Acala 111 Rogers USA
14 SA 524 G. hirsutum L. var. Lankart 57 USA
15 SA 852 G. hirsutum L. var. Dixie Triumph USA
16 SA 857 G. hirsutum L. var. Acala Original Mexico
17 SA 874 G. hirsutum L. var. Deltapine 14 USA
18 SA 879 G. hirsutum L. var. Delfos Washington USA
19 SA 883 G. hirsutum L. var. Lightening Express USA
20 SA 892 G. hirsutum L. var. Mebane USA
21 SA 966 G. hirsutum L. var. Paymaster 54B USA
22 SA 970 G. hirsutum L. var. Stardel USA
23 SA 1010 G. hirsutum L. var. Austin USA
24 SA 1019 G. hirsutum L. var. Western Stormproof USA
25 SA 1047 G. hirsutum L. var. Acala 4–42 USA
26 SA 1071 G. hirsutum L. var. Rex USA
27 SA 1105 G. hirsutum L. var. Santan Acala 25 USA
28 SA 1113 G. hirsutum L. var. Empire USA
29 SA 1122 G. hirsutum L. var. Lockett 4789 USA
30 SA 1157 G. hirsutum L. var. Dixie King USA
31 SA 1159 G. hirsutum L. var. Fox 4 USA
32 SA 1163 G. hirsutum L. var. Stoneville 213 USA
33 SA 1165 G. hirsutum L. var. Carolina Queen USA
34 SA 1185 G. hirsutum L. var. Coker 413–68 USA
35 SA 1549 G. hirsutum L. var. Paymaster 202 USA
36 GB-1023 G. barbadense L. var. Pima S-7 USA
37 N/Aa G. hirsutum L. var. Stoneville 887 USA
38 N/A G. hirsutum L. var. Allepo Syria
39 N/A G. hirsutum L. var. Nazelli Turkey
40 N/A G. hirsutum L. var. Cedix El Salvador
41 N/A G. hirsutum L. var. LRA 5166 India
42 N/A G. hirsutum L. var. CP 15/2 Pakistan
43 N/A G. hirsutum L. var. S-12 Pakistan
44 N/A G. hirsutum L. var. CIM 435 Pakistan
45 N/A G. hirsutum L. var. CIM 443 Pakistan
46 N/A G. hirsutum L. var. CIM 1100 Pakistan
47 D5-4 G. raimondii Ulbrich N/A
48 E4-4 G. incanum Schwartz N/A
49 A1-71 G. herbaceum L. N/A
50 E3-1 G. areysianum Deflers N/A
51 A2-78 G. arboreum L. N/A

a N/A = not available



chilled on ice, and 2 µl of each was electrophoresed in a 5% dena-
turing acrylamide gel using 0.5 × TBE buffer (45 mM Tris-Borate,
1 mM EDTA, pH 8) at 60 W for 1.5 h. The gel was then trans-
ferred to 3MM blotting paper, dried in a vacuum dryer and ex-
posed to X-ray film. 

Data scoring and analysis

Data were scored on the basis of the presence or absence of ampli-
fied fragments using the criteria described by Abdalla et al.
(2001). Each AFLP fragment was considered a different locus as it
corresponds to a unique position in the genome (Vos et al. 1995).
Genetic similarities based on Nei and Li’s (1979) coefficient 
were calculated using the Numerical Taxonomy Multivariate
Analysis System (NTSYS-pc) Version 2.0 software package
(Rohlf 1993). Cluster analysis was performed using the unweight-
ed pair group method of arithmetic means (UPGMA; Sokal and
Michener 1958). Statistical support for various topological ar-
rangements was determined by the bootstrapping method of Fel-
senstein 
(1985) using 1,000 replicates. Principal coordinate analysis (PCA)
based on genetic similarity matrices was performed using the
DCENTER and EIGEN algorithms of the NTSYS-pc software
package (Rohlf 1993). Parsimony analyses were performed 
using the PAUP*4.0b2a (Swofford 1999) software package, and
MacClade 3.05 (Maddison and Maddison 1993). For parsimony
tests, heuristic searches were performed with a simple stepwise
addition sequence, and tree-bisection-reconnection (TBR) branch
swapping. Three G. barbadense cultivars were used as a monphy-
letic outgroup.

Results 

AFLP analysis of 50 taxa identified a total of 3,178 poly-
morphic loci, presumably distributed throughout each of
the Gossypium genomes. Genetic similarities among all
taxa ranged from 0.25 (between G. herbaceum and G.
raimondii) to 0.99 (see Table 1). Among tetraploid spe-
cies, similarities ranged from 0.67 to 0.99. Similarities
ranged from 0.83 to 0.99 among various G. hirsutum
cultivars. Similarity matrices generated by our AFLP da-
ta set were analyzed by UPGMA clustering (Fig. 1). The
taxa studied fell into well-supported clusters that were
generally consistent with the established cytogenetic ge-
nome groups and taxonomic species. The D-genome dip-
loid species G. arboreum and G. herbacium formed a
well-supported cluster (bootststrap value = 100). Simi-
larly, the AD tetraploids also formed a well-supported
cluster (BV = 100), with distinct sub-clusters comprised
of G. barbadense and G. hirsutum (BV = 100 for each).
Interestingly, the poorly studied African-Arabian diploid
species G. incanum (E4 genome group), which was orig-
inally included as an out-group for the analysis, formed a
reasonably well-supported cluster with the tetraploid
species (BV = 82) in UPGMA, as well as in parsimony
analyses (data not shown). 

Several cultivars from the Indian and Pakistani breed-
ing programs, such as CIM443 and LRA5166, were
found to be clearly within the G. hirsutum cluster (BV =
100), yet genetically diverse compared to the bulk of the
G. hirsutum accessions. The American cultivar ‘Delta-
pine 14’ and the El Salvadoran accession ‘Cedix’ also
fell into this category. The remaining 36 G. hirsutum ac-
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cessions, including the Acala, Kekchi, and Hopi Moen-
copi primary germplasm introductions, and the Allepo
and Nazelli cultivars from the Near East, formed a single
well-supported cluster (BV = 99) characterized by ex-
ceedingly limited internal genetic differentiation. Many
of the pairwise similarity indices in this cluster were in
the range of 0.96 to 0.99 (Fig. 1, Table 2). Few topologi-
cal arrangements within this cluster were supported by
bootstrap analysis. 

Principal coordinate analysis (PCA) based on genetic
similarity matrices was used to visualize the genetic rela-
tionships of G. hirsutum types along with representatives
of G. barbadense (Fig. 2). The first three eigen vectors

used for the analysis accounted for 80% of the observed
variation. Representatives of the G. hirsutum germplasm
resources of North America, along with Allepo and 
Nazelli, formed a very dense cluster, indicative of very
limited genetic differentiation. In contrast, most of the
Indian/Pakistani cultivars formed a relatively diverse
‘scatter’ that included the Central American cultivar 
‘Cedix’. The direction of the scatter was not skewed to-
wards G. barbadense, as has been observed previously 
in G. hirsutum lines known to have introgressions of 
G. barbadense germplasm (Abdalla et al. 2001). 
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Fig. 1 An UPGMA phenogram
based on AFLP data from 20
primer combinations. Bootstrap
values from 1,000 replicates
are indicated



Discussion

AFLP analysis was used to derive well-supported hy-
potheses for genetic relationships across a wide range of
taxonomic levels, from among the relatively distant dip-
loid Gossypium species to within the group of G. hirsu-
tum cultivars. G. hirsutum grown around the world is
usually attributed to importations of ‘American Upland
Cotton’ in the 19th and early 20th centuries. Our results
show this is indeed the case for the Near Eastern
cultivars Allepo and Nazelli, and some of the Indian and
Pakistani cultivars, such as CP15/2 and CIM435. How-
ever, the cotton breeding programs of India and Pakistan
(which were intertwined until the partitioning of 1947)
apparently utilized a much more genetically diverse pool
of germplasm resources. The Indian sub-continent has a
long tradition of cultivation of the diploid species G.
herbacium and G. arboreum, which extends back at least
4,300 years (Gulatti and Turner 1928). This cultivation
persists to this day, particularly in regions of low rainfall.
Throughout much of the 19th century there were numer-
ous importations of New World tetraploid cultivars to In-
dia, including G. barbadense ‘Sea Island Cotton’, and 
G. hirsutum from North America (‘American Upland
Cotton’), and South America (I.M. Katageri, personal
communication). More recently, synthetic tetraploids de-
rived from colchicine-doubled diploid species have been
incorporated into Indian and Pakistani breeding pro-
grams. In our PCA (Fig. 2), we did not observe that the
scattered group of Indian/Pakistani cultivars was skewed
toward G. barbadense. Furthermore, analysis of individ-
ual loci using MacClade 3.01 failed to reveal a consis-
tent pattern of allele sharing with G. barbadense, or with
any of the individual diploid taxa. There was, however, 
a consistent pattern of allele sharing with Cedix, a G.

hirsutum originally collected by J.R. Schwendiman in 
El Salvador (Wilson and Brown 1991). 

Cedix was successfully used as a source of germplasm
for resistance to the cotton leaf crumple geminivirus 
(Wilson and Brown 1991). Much like the Indian/Pakistani
cultivars, Cedix showed no consistent pattern of allele
sharing with G. barbadense or any of the individual dip-
loid species. We hypothesize that Cedix and the Indian/
Pakistani cultivars may be representative of a more di-
verse G. hirsutum germplasm pool than that utilized in the 
typical North American cultivars. In the Indian/Pakistani
cultivars, the source of this diversity may have been 
importations of G. hirsutum from South America. 

Despite the size of our AFLP data set we failed to ob-
tain a clear and robust definition of several of the phylo-
genies and genetic relationships within a very large clade
containing predominantly North American Upland cot-
tons as well as early 20th century germplasm collections.
This lack of phenetic and phylogenetic definition may be
attributable to several causes. There was a remarkable
paucity of phylogenetically informative AFLP loci with-
in the large G. hirsutum clade, particularly considering
the fact that 3,178 polymorphic loci were documented in
the study. In addition, the poorly supported phylogenies
within this clade could also be explained by the phenom-
enon of ‘lineage sorting’ (Wendel and Doyle 1998). If
there was polymorphism present at a particular locus in
the Mexican germplasm-source populations, then various
‘samplings’ of this gene pool by pre-Mendelian ‘seeds-
men’ and by breeders might give rise to lineages with
different genotypes at this locus. Any attempts to derive
genetic relationships or phylogenies based on this locus
would be unfounded. Finally, reticulation of Upland cot-
ton lineages is known to have occurred through inten-
tional inter-cultivar crosses documented in pedigree re-
cords of varying reliability (Calhoun et al. 1994; Smith
et al. 1999), and through unintentional outcrossing medi-
ated by natural pollinators. Such gene flow would have
further obfuscated much of the ‘molecular signature’ of
the various phylogenetic lineages. 

To test the role of reticulation in the major G. hirsutum
clade we employed parsimony analysis on the 36 taxa of
the major G. hirsutum clade (utilizing the G. barbadense
cultivars Yuma, Pima 32 and Pima S-7 as a monophyletic
outgroup). Heuristic parsimony searches yielded poorly
supported topologies much like those obtained from 
UPGMA analysis. To determine the effect of reticulation,
we performed parsimony analysis on two additional data
sets, each excluding ten of the 36 taxa. One data set 
excluded several direct germplasm collections, such as
Tuxtla and Kekchi, as well as cultivars that were purport-
edly direct selections from 19th century germplasm intro-
ductions (Calhoun et al. 1997; Smith et al. 1999). A sin-
gle most-parsimonious tree from this data set had a con-
sistency index (CI) of 0.5770 (0.5118 excluding uninfor-
mative characters) and a homoplasy index (HI) of 0.4230
(0.4882 excluding uninformative characters). Our com-
parison data set excluded ten taxa known from pedigree
records to be derived from wide inter-cultivar crosses,
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Fig. 2 Genetic relationships of 43 G. hirsutum cultivars and three
representative G. barbadense (G.b.) visualized by principle coor-
dinate analysis (PCA) of AFLP-based genetic similarities



large G. hirsutum clade (Figs. 1 and 2). Efforts to reduce
the ‘genetic vulnerability’ of G. hirsutum must therefore
focus on taxa outside of this clade, i.e., on the more di-
verse cultivated varieties such as Cedix and the Indi-
an/Pakistani cultivars, as well as primitive domesticated
landraces (such as ‘marie-galante’, ‘morrilli’, ‘palmeri’,
‘punctatum’ and ‘richmonii’) and the wild G. hirsutum
yucatanense. Additional important germplasm resources
include the other allotetraploid species G. barbadense,
Gossypium darwinii Watt, Gossypium tomentosum
Nuttall, and Gossypium mustelinum Miers ex Watt.
However, the majority of these potential germplasm re-
sources show photoperiodic control of flowering, a ma-
jor obstacle to the efficient introgression of valuable al-
leles into modern cultivars (Percival et al. 1999). There-
fore, programs to utilize these important germplasm
sources should be preceded by vigorous efforts directed
towards understanding the genetic and molecular basis
of photoperiodic flowering in Gossypium. 
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