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Abstract Diploid species with a common Gossypium
origin are highly diverse in morphology and have been
classified into eight genomic groups designated A—G and
K. In this study, the transferability of 207 Gossypium
arboreum-derived expressed sequence tag-simple se-
quence repeat (EST-SSR) primer pairs was examined
among 25 different diploid accessions representing
7 genomes and 23 Gossypium species. We found that 124
of the 207 (60%) primer pairs produced amplification
products in all 25 accessions. The remaining 83 (40%)
primer pairs produced amplification in only a subset of
species, ranging from 13 to 22 species, which is consis-
tent with some genome- and species-specific amplifica-
tion. The cross-species amplification of these EST-SSRs
in 22 diploid species was 96.5% in 4,554 combinations
(207 SSRsx22 species), indicative of a high transfer-
ability among the Gossypium species. Furthermore, a
high level of polymorphism with an average number of
6.53 alleles per SSR marker was detected. No correlation
was found between the repeat motif type and cross-
species amplification. DNA sequencing showed that the
high-level polymorphism findings was mainly due to
changes in the number of repeat motifs and that the high
transferability can be attributed to a higher-level con-
servation in the flanking regions among these diploid
Gossypium species. The transferability among these dif-
ferent diploid species presented here can increase the
efficiency of transferring genetic information across
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species and further enhance their introgression into
cultivated cotton species by the molecular tagging of
important genes existing in these diploid species using
the EST-SSR markers.

Abbreviations EST: Expressed sequence tag -

PCR: Polymerase chain reaction - dpa: Day
post-anthesis - bp: Base pair - SSR: Simple sequence
repeats

Introduction

Morphological (Fryxell et al. 1992), meiotic (Menzel
1954), karyotypic (Beasley 1940), and genetic and
molecular methods (Wendel 1989) have been employed
in the classification of cotton (Gossypium spp.), which
dates back to nearly a century. Currently, the most
widely accepted classification of Gossypium follows
Fryxell’s model (1979, 1992), which recognizes 50 species
including 45 diploids and 5 tetraploids. Although a
common origin for Gossypium has been dated to just
5—15 million years ago, the diploid species in Gossypium
are highly diverse in morphology and are represented
genetically by eight different genome types including the
A, B, C, D, E, F, G, and K genomes (Endrizzi et al.
1985; Stewart 1995). The F-genome species G. longicalyx
diverged from the E genome, and the G-genome species
diverged from the initial C genome. The diploid species
distributed in the Australian Kimberley area were
classified as K genome because of their distinctive
geographical location, morphology, and ecology
(Fryxell et al. 1992). Except for the A genome, all of the
above diploid genomes are composed of wild species.
These wild species are important genetic resources and
have played and will continue to play significant roles in
cotton breeding and cultivation (Stewart 1995). Never-
theless, only a small portion of the valuable genes has
been utilized through introgression into -cultivated
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cotton as of yet (Endrizzi et al. 1985; Meredith 1991;
Stewart 1995; Brubaker et al. 1999).

Microsatellites or simple sequence repeats (SSRs) are
tandem repeats of short (1-6 bp) DNA sequences; SSRs
are present throughout the genome of an organism, in
both non-coding and coding regions. Expressed
sequence tags (EST)-derived-SSRs (EST-SSRs) from
the transcribed regions of the DNA are generally more
conserved across species than those from the untran-
scribed regions (Caudrado and Schwarzacher 1998).
The distinguishing features of SSR loci include their
high information content, co-dominant inheritance,
even distribution along chromosomes, reproducibility,
and locus specificity (Kashi et al. 1997; Rdoder et al.
1998a, b). In recent years, great efforts have also been
made to develop genome SSRs (Reddy et al. 2001;
Nguyen et al. 2004) (http://www.resgen.com) and EST-
SSRs (Saha et al. 2003; Qureshi et al. 2004; Han et al.
2004) for cotton. These SSR markers have been widely
applied in genetic and genomic studies such as quanti-
tative trait locus (QTL) tagging (Zhang et al. 2003),
MAS (Shen et al. 2001; Guo et al. 2003a), genetic
diversity analysis (Guo et al. 2003b), and the con-
struction of linkage maps (Zhang et al. 2002; Nguyen
et al. 2004; Song et al. 2005). EST-derived polymerase
chain reaction (PCR)-based markers for functional gene

Table 1 The diploid species in Gossypium used in the present
research

Genomic
group

Species name Distribution

G. herbaceum L. cv. Hongxin Old world cultigen A;
G. herbaceum var. africanum Africa A
G. arboreum L. cv. Jinhua Old world cultigen A,
G. arboreum L. cv. Shixiya Old world cultigen A,
G. capitis-viridis Mauer Africa, Cape Verde B;
Islands
G. sturtianum J.H.Willis Australia C,
G. robinsonii F. Muell. Australia C,
G. thurberi Tod. Mexico, Arizona D,
G. armourianum Kearn. Galapagos Islands, D,_;
Mexico
G. harknessii Brandg. Mexico D>,
G. klotzschianum Anderss. Galapagos Islands Ds_ g
G. davidsonii Kell. Mexico D3y
G. aridum (Rose & Standl.) Skov. Mexico Dy
G. raimondii Ulbr. Peru Ds
G. gossypioides (Ulbr.) Standl. Mexico D¢
G. lobatum Gentry Mexico D,
G. trilobum (Moc. & Sess. ex DC.) Mexico Dy
Skov. emend. Kearn.
G. laxum Phillips Mexico Dy
G. stocksii Mast. ex Hook. Arabian Peninsula E;
G. somalense (Gurke) Hutch. Northeast Africa  E,
G. incanum (Schwartz) Hillc. Arabian Peninsula E4
G. longicalyx Hutch. & Lee East Africa F,
G. bickii Prokh. Australia G,
G. nelsonii Fryx. Australia G
G. australe F. Muell. Australia G

Genome designations follow Stewart (1995); taxonomy and dis-
tribution follow Endrizzi et al. (1985)

homologues in cotton have been reported previously
(Chee et al. 2004). An especially promising attribute of
EST-SSRs is their ability to differentiate among differ-
ent genotypes within the cotton genus. Indeed genotype
differentiation studies with the aim of reconstructing the
species’ genetic history have been conducted with the
human genome as well as with the genomes of some
plants (di Rienzo et al. 1994; Chen et al. 2002; Rossetto
et al. 2002).

Based on the publicly available EST sequences
generated from a 7-10 day post-anthesis (dpa) fiber
cDNA library of diploid A-genome G. arboreum
(http://www.genome.clemson.edu/projects/cotton), 544
EST-SSRs from a total of 931 ESTs or cDNAs con-
taining SSRs were developed in our laboratory.
Among them, 103 ESTs were mapped on the corre-
sponding chromosomes based on our backbone genetic
map constructed using an inter-specific BC; mapping
population [(TM-1xHai7124)xTM-1] (Han et al. 2004).
In the present research, 207 out of the 544 G. arbor-
eum-derived EST-SSRs were randomly chosen to study
the cross-species transferability for the first time in
Gossypium. The cross-species transferability of these
EST-SSRs from the A-genome G. arboreum to 25
different diploid accessions representing 7 genomes
(A-G) and 23 species, the levels of polymorphisms
across species, and the genome specificity of amplifi-
cation are presented.

Materials and methods
Plant materials and DNA extraction

A total of 25 accessions including 7 genomes and 23
species—2 A-, 11 D-, 3 E-, 2 C-, 3 G-, 1 B-, and 1
F-genome—in Gossypium were collected. Their geo-
graphic distribution and genomic groups are given in
Table 1. One G. herbaceum and two G. arboreum species
were collected in the Jiangpu Breeding Station, Nanjing
Agricultural University (NAU). All other wild species
were collected from the National Wild Cotton Planta-
tion in Hainan Island, China. DNA was isolated from
the plants’ young leaves using the cetyltrimethylammo-
nium bromide (CTAB) method (Paterson et al. 1993).

EST-SSR primer pairs derived from G. arboreum

The cross-species transferability to 22 species repre-
senting genome types A—-G was assessed for 207 ran-
domly selected G. arboreum-derived EST-SSR primer
pairs which had previously been developed in our lab-
oratory. These 207 EST-SSRs contained 2—6 nucleotide
repeat motifs. Among them, 75 had been mapped onto
24 corresponding chromosomes/linkage groups based
on our previously described backbone genetic map
for tetraploid cotton (Han et al. 2004). All data for
these SSRs including their primer sequences, putative



functions, GenBank accession numbers, and mapping
loci in tetraploid cotton have been publicly released at
http://www.njau.edu.cn, http://cottondb.tamu.edu and
http://www.mainlab.clemson.edu/cmd/projects/nau.

PCR amplification

Polymerase chain reaction amplification was carried out
in four 96-well plates placed in a PTC 225 thermocycler
(MJ Research, Watertown, MA, USA), according to
previously described reaction parameters (Zhang et al.
2003). The high fidelity ExTag DNA polymerase [Takara
Biotech (Dalian)] was used in the PCR amplification.
PCR products were size-separated on 6% polyacryl-
amide gels, visualized via silver staining according to our
protocols (Zhang et al. 2000), and photographed using
an electrophoresis image analysis system. The consis-
tency of the amplification was verified by running at least
two independent PCR amplifications.

Data scoring and statistical analysis

Gossypium arboreum cv. Jinhua and Shixiya were chosen
to test amplification, allele average size, and banding
morphology (cluster of stutter). The size of the most
intensely amplified band for each SSR locus, or the
average of the stutter if the intensity was the same, was
scored using a 50-bp DNA marker [Takara Biotech
(Dalian)] as the standard. Null alleles were assigned to
genotypes in which no amplification product was pro-
duced under the standard conditions. The number of
amplified fragments in each species was counted
regardless of polymorphism. Amplification was quanti-
fied according to the following equation:

numbers of amplified x 100
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and NAU986 was found to be located within the 5UTR
and partial coding region.

The amplified fragments were excised from poly-
acrylamide gels. DNA recovery, vector ligation, and
transformation of DH5a Escherichia coli competent cells
were conducted as described previously (Guo et al.
2003a). At least three positive clones from each ampli-
fied fragment were simultaneously sequenced by Invi-
trogen Biotech (Shanghai), China.

Sequences were edited using Editseq in the DNA Star
package (http://www.dnastar.com) after the vector se-
quences were removed. The DNA sequences were then
aligned using the MegAlign program within DNA Star
and adjusted manually to obtain multiple gaps within
the repeat region. The consensus sequence was used as
the reference in sequence comparisons and base muta-
tion analyses. The rate of base substitution in the
flanking regions was calculated following the method
described by Chen et al. (2002).

Results

Cross-species amplification of EST-SSR primer pairs
derived from G. arboreum across 23 diploid species
in Gossypium

All 207 G. arboreum-derived EST-SSR primer pairs
yielded microsatellite products in type A-genome culti-
vars G. arboreum cv. Jinhua and Shixiya, as well as in
G. herbaceum cv. Hongxin and var. africanum. Of these
207 SSRs, 124 (60%) amplified products from all 25
accessions, composed of 23 cotton species including
G. arboreum itself (Fig. la, b). Meanwhile 83 (40%)
amplified products from only a subset of the accessions;
these subsets ranged from 13 to 22 species. The 124 SSRs

Amplification (%) =

The percentage of cross-species transferability was cal-
culated as the percentage of amplification of the SSR
markers amplified in 22 species excluding the G. arbor-
eum species (Kuleung et al. 2004). The correlation
between repeat motif and cross-species transferability
was completed with the SAS software (SAS 1989).

DNA sequence analysis

To confirm the polymorphic amplification of the ex-
pected G. arboreum microsatellites among the different
tested diploid species, three SSR loci having tri-, tetra-,
and hexa-repeat motifs, respectively, were recovered and
sequenced from different accessions. Both NAU980 and
NAU905 were found to be located within the 3’UTR

total combinations of (SSRs x tested cotton species)

(1)

with the ability to amplify products of all of the tested
species had different repeat motifs with differing cross-
species transferability such that the tetra-nucleotide re-
peat motif SSR had the highest transferring rate (78.6%)
and was followed by the tri- (61.5%), hexa- (60.5%), di-
(53.3%), and penta-nucleotide repeats (42.8%). How-
ever, there was no correlation (r=-—0.05188) between
the repeat motif type and cross-species transferability.
When all combinations (207 SSRsx22 species =4,554)
were examined, as high as 96.5% cross-species trans-
ferability was observed. Thus it is clear that these
G. arboreum-derived EST-SSRs have high transferability
across the diploid species in Gossypium.

Different genomes had different transferability. The
B-, C-, E-, F-, and G-type genome species had higher
cross-species transferabilities than that of the D-genome
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Fig. 1 Polyacrylamide gel electrophoresis patterns of microsatellite
alleles amplified using three EST-SSR markers. a and b show that
PCR products could be amplified from all 25 accessions by
NAU980 (a) and NAU986 (b), and ¢ shows that null alleles were
detected in Gossypium thurberi and G. trilobum by NAU905
(¢). M shows the molecular weight marker, and 1-26 are
represented for G. herbaceum cv. Hongxin (1); G. herbaceum var.
africanum (2); G. arboreum cv. Jinhua (3); G. capitis-viridis (4);
G. nelsonii (5); G. australe (6); G. robinsonii (7); G. sturtianum (8);
G. bickii (9); G. thurberi (10); G. armourianum (11); G. harknessii
(12); G. harknessii (13); G. klotzschianum (14); G. davidsonii (15);
G. aridum (16); G. raimondii (17); G. gossypioides (18); G. lobatum
(19); G. trilobum (20); G. laxum (21); G. stocksii (22); G. somalense
(23); G. incanum (24); G. longicalyx (25), and G. arboreum cv.
Shixiya (26), respectively

Table 2 Cross-species transferability of G. arboreum-derived EST-
SSRs among different genomes in Gossypium

Genome No. of SSRs  Percentage  No. of SSRs  No. null
amplified amplified amplified amplified
wholly wholly (%) partially

A 207 100 0 0

B 195 94.2 0 12

C 199 96.1 6 2

D 156 75.4 49 2

E 186 89.9 16 5

F 196 94.7 0 11

G 196 94.7 8 3

Whole amplification means that all SSR primer pairs could produce
PCR products in a given genome; partial amplification means that
there were no amplicons in some species in a given genome; and
null amplification means that no amplicon of expected size was
produced in any species of a given genome

species (Table 2). This analysis revealed that the A-
genome species were closely related with the B-, C-, F-,
G-, and E-genome species.

Genome- and species-specific amplification
of G. arboreum-derived EST-SSR

Of the 83 EST-SSRs that did not produce cross-species
amplification in all 25 of the accessions surveyed, most

(69.9%) produced amplicons from the diploid species.
Interestingly, some of the SSRs were found to be
genome-specific (Table 3). For example, the SSR
NAU955 produced the PCR product in only A- and D-
type genome species, indicating that it may be consid-
ered as an A- and D-genome-specific SSR marker.
Additionally, five SSRs (NAU908, NAU945, NAU9SS,
NAU1169, and NAU1362) did not produce any product
in all 3 E-genome species; and two of these (NAU1223
and NAU1360) did not produce any product in any of
the 11 D-genome species. Thus, these SSRs might be
considered as negative E- and D-genome SSR markers.
Furthermore, the numerous negative B- and F-genome-
specific SSRs observed (Table 3) might be used as
dominant markers in identifying DNA fragments int-
rogressed into other species in Gossypium.

NAU905 was active at amplicons in 9 of the 11 D-
genome species examined; G. thurberi and G. trilobum
were the two species that did not produce amplified
products with NAU905 (Fig. 1c, Table 3). So, this SSR
marker may have species specificity. Amplification fail-
ures with species specificity were also detected in other
D-genome species by 49 EST-SSR primer pairs. Higher
frequencies of amplification failures were found with G.
lobatum (59.2%) and G. raimondii (38.8%) than with the
other D-genome species. These findings suggest that the
G. lobatum and G. raimondii species may have diverged
considerably from the other D-genome species during
their evolution.

As to the five Australian diploid species, both
NAU1336 and NAU1362 could produce amplification
in the two C-genome species, G. sturtianum and G. rob-
insonii, but not in the 3 G-genome species, G. nelsonii,
G. australe, and G. bickii. Thus NAUI1336 and
NAU1362 may serve as markers to distinguish C- and
G-genome species in Australian diploid species. It
should be noted that there existed great differences in
amplification between G. bickii and the other two
G-genome species. Among the 3 G-genome species,
NAUS887, NAU908 and NAUI1005 could produce an
SSR band from G. bickii, but not from G. nelsonii and
G. australe. Meanwhile NAU877 and NAU1169 could
produce an SSR band from G. nelsonii and G. australe,
but not from G. bickii (Table 3). These findings provide
strong evidence indicating that G. nelsonii and G. aust-
rale have greater DNA sequence similarity with each
other than either has with G. bickii.

Polymorphism and DNA sequencing
of G. arboreum-derived EST-SSRs in different diploid
species in Gossypium

A total of 1,352 alleles was detected in the amplification
experiments with 25 accessions using 207 EST-SSRs. Only
NAU1044 and NAUI1055 produced a monomorphic
band and allele polymorphism was as high as 99%. In the
polymorphic locus which gave amplified fragments of
expected size in G. arboreum, most of the loci were



Table 3 Amplification features of genome-specific and partial species-specific EST-SSR primer pairs
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Primers

Genome

|

G

NAUS869
NAUS877
NAUS887

NAU901
NAU905

NAU907
NAU908

NAU915
NAU921
NAU9%45

NAU955
NAU962
NAU963
NAU967
NAU971
NAU973
NAU977
NAU982
NAU987
NAU1005

NAU1008
NAU1025
NAU1052

NAU1127
NAU1169
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X X X

222 22 22 @ 222 @)

#2 Lkl lX

(null in
G. sturtianum)

(null in G. lobatum)

* < <=<x|U

(null in G. thurberi
and G. trilobum)

R

* (null in G. aridum
and G. lobatum)

(null in G. lobatum)

(null in G. lobatum)

(null in G. lobatum)

* (null in G. lobatum
and G. laxum)

* (null in G. lobatum)

* (null in G. lobatum)

2 222 |m

X 2.2 X 2

(null in G. incanum)
(null in G. incanum)

(null in G. incanum)

2 2 <. 22X

< X X

N

* (null in G. bickii)

* (null in G. australe
and G. nelsonii)

\/

* (null in G. australe
and G. nelsonii)

< 2 2

(null in G. australe)
(null in G. australe
and G. nelsonii)

o 22222 2 X

2

(null in G. nelsonii)

(aull in G. bickii)

NAU1223
NAU1336
NAU1360
NAU1362

X
\/

X

222 222 2222222222 222 22 22 222 >

X 2. X 2. X X
<2 2 2 2 X <2

* (null in G. raimondii)

X 222X 2 22 22222 22X
2222l X2 222 2X<22XXXXXX

X 22X 2 2 % 2

“x” means no amplified products in a given genome, “V” indicates that there were amplification products in a given genome, and
“%”” means that no amplicon was produced from one and/or two species included in brackets in this genome

characterized by a single SSR band, whereas some had
two SSR bands such as the NAU980 primers in G. ar-
mourianum, and the NAU905 primers in G. robinsonii and
G. raimondii (Fig. 1). The average number of alleles per
SSR marker was 6.53 with a range of 1-10 alleles based on
the dominant scoring of the SSR bands characterized by
the presence or absence of a particular band. The greatest
variation of SSR alleles was found for NAUS883, which
interacted with 10 alleles in 25 accessions.

In order to study how DNA polymorphisms are
produced, the amplified products from NAU905,
NAU980, and NAU986 were sequenced. Both
NAU980 and NAU986 amplified SSR products from
all 25 accessions, but NAU90S5 could not amplify SSR
products from the G. thurberi and G. trilobum species
(Fig. 1). The different allele lengths, repeat types, and
repeat numbers are shown as Supplementary material.
Amplicon sequence alignment showed that although a
great deal of variation exists in the repeat types and
lengths, all the primer binding regions are highly

conserved. Allelic diversity could be attributed mainly
to differences in repeat type and length in the micro-
satellite regions. Variations in the flanking regions due
mainly to base substitution and/or indel mutations
were also observed. Both base indels and substitutions
were found within NAU980 and NAU986 loci, but
only base substitutions were identified within NAU905.
There were 0.99, 0.95, and 2.12% base substitutions
detected in the flanking regions of NAU980, NAU986,
and NAU905 loci, respectively. There was one base-
deletion in G. capitis-viridis and G. raimondii, two
base-deletions in G. bickii, and one base-insertion in
G. lobatum and three E-genome cotton species
in NAU980 loci. Additionally, one base-deletion in
G. capitis-viridis, G. raimondii, and G. stockii, five base-
deletions in G. nelsonii and G. australe species, and one
23 base-deletion in G. gossypioides were found in the
NAU986 loci. And in the NAU905 loci, variations in
the repeat regions involved changes in the repeat
number or a combination of repeat number changes
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Fig. 2 CLUSTAL alignment of sequences obtained from two SSR
bands amplified by NAU980 in G. armourianum (arm, a); NAU905
in G. raimondii (rai, b), and G. robinsonii (rob, ¢). Alignments

and insertions of additional types of repeat motif
sequences.

Two SSR bands of expected size were amplified in
G. armourianum by NAU980, in G. robinsonii and
G. raimondii by NAU905. In addition to repeat motif
number variation, some base substitutions—such as
five in G. armourianum (Fig. 2), two in G. robinsonii,
and one in G. raimondii—were revealed in their
flanking regions by sequence alignment of the two SSR
bands. This finding indicates that there was duplication
in the SSR flanking sequences in some species and that
some cross-species introgression has occurred in these
species. Our sequence analysis indicated that the high-
level transferability of G. arboreum-derived EST-SSRs
in the 25 tested accessions was largely attributable to a
higher-level conservation of the transcriber DNA SSR
flanking sequences among these diploid species in
Gossypium.

include primer sequences (arrows). Repetitive sequences are
indicated in box. Conserved nucleotide positions are marked by
asterisks. The suffix 1 has bigger molecular weight than the suffix 2

Discussion
EST-SSR transferability in diploid cotton species

The transferability with genomic SSR markers is gen-
erally low when cross-species analyses are conducted,
while polymorphisms are numerous. Meanwhile EST-
SSR markers derived from transcribed regions of the
DNA produce a higher rate of transferability, but
fewer polymorphisms. Based on wheat genomic SSR
markers, the transferability from wheat to rye was
found to be only 17% (Kuleung et al. 2004); however,
based on EST-SSR markers, the transferability from
wheat to 18 Triticum-Aegilops species was found to be
as high as 84% (Bandopadhyay et al. 2004), and from
Tall fescue (Festuca arundinacea Schreb.) to seven grass
species was found to be nearly 92% (Saha et al. 2004).



Using 20 EST-SSRs and 22 genome-derived SSRs for
genotyping the A- and B-type genomes of wheat, the
EST-SSRs produced a 25% polymorphism rate,
whereas the genome-derived SSR markers produced a
53% polymorphism rate (Eujayl et al. 2002). Further-
more, polymorphism frequency may be related to the
mode of plant reproduction. It is low in self-pollinated
species such as rice (43%) and wheat (38%), but is high
in cross-pollinated species such as tall fescue and rye-
grass (66%) using the same markers (Saha et al. 2004).
Similar results were also reported in cross-species
studies examining Medicago spp. and the subspecies of
legume crops (70%) (Eujayl et al. 2004), as well as a
study examining the Triticum-Aegilops species (88%)
(Bandopadhyay et al. 2004).

In the present study, high cross-species amplification
(60%), transferability (96.5%), and polymorphism
(99%) were detected in the diploid species in Gossypium
using 207 G. arboreum-derived EST-SSR markers, which
indicates that these EST-SSRs derived from ESTs or
cDNAs cloned from a 7-10 dpa fiber cDNA library of
G. arboreum had higher conservation with other genome
species. SSR repeat number changes in protein-coding,
5’UTR, and 3’UTR regions may lead to a gain or loss of
gene function or may disrupt other cellular functions
(for review see Li et al. 2004). The high cross-species
transferability of EST-SSRs from the fiber development
stage in this paper might imply that there are some genes
that are related to fiber quality in other genomes. Indeed
there are a wide range of Gossypium seed covering types,
which include some that are nearly glabrous to the
naked eye (e.g. G. klotzschianum and G. davidsonii),
other that are short stiff, dense, brown hairs (G. australe
and G. nelsonii), and still others that have long white
fibers that are considered highly improved forms of the
two Asiatic cultivated species in these 25 diploid acces-
sions. This variability may also be the reason that these
G. arboreum-derived EST-SSRs that mapped not only in
At-, but also in Dt-subgenomes of tetraploid cotton
(Han et al. 2004), have high cross-species transferability,
and many QTLs for fiber related traits (Jiang et al. 1998;
Kohel et al. 2001) that have been detected in the Dt-
subgenome of tetraploid cotton. Sequence alignment
analysis of amplified fragments from NAU980 and
NAU986 loci revealed that the primer binding regions
were highly conserved and that microsatellite repeats
were present at all loci within all accessions, but that the
repeat number varied. Different fiber phenotypes might
be the manifestation of complex mutational events
involving insertion or deletion in SSR regions with high
conservation in primer binding regions of the SSR
flanking sequence. It is reasonable to suppose that these
variations of EST-SSR regions may have regulatory
functions during fiber development or may even be
critical genetic factors in the fiber development process.
In fact, some SSRs having various putative functions
have been mapped. For example, NAU1272 was asso-
ciated with sucrose synthase (Nolte et al 1995; Ruan
et al. 2003) and NAUI1221 was associated with fiber
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protein E6 (John 1996), which is preferentially or spe-
cifically expressed during primary and secondary fiber
cell wall formation. In addition, NAU1215 was associ-
ated with an MYB family transcription factor, which
might be one of a large group of transcription factors
involved in plant development and tissue differentiation
(Karpinska et al 2004). Functional genomics of cell
elongation in developing cotton fibers including all the
EST-SSRs used in this study were analyzed systemati-
cally by microarray technique (Arpat et al. 2004). Those
data will be helpful for establishing the cross-genome
homologies across the entire Gossypium genus not only
in molecular tagging of target genes and identification of
candidate genes, but also in the studies of genome evo-
lution among these diploid species.

Genetic relationship in diploid cotton species

Eight different genome types genetically represent all of
the diploid species with a common origin in the Gossy-
pium genus. These eight genome type groups are com-
prised of four major lineages which encompass three
continents: Australia (C-, G-, and K-genome species),
America (D-genome species), and Africa/Arabia (Ist
linecage of the A-, B-, and F-genome species, and 2nd
lineage of the E-genome species) (Fryxell 1979, 1992).
Extensive molecular biological evidence from nuclear
and/or chloroplast genome research is consistent with
this classification (Wendel and Albert 1992; Cronn et al.
1996; Seelanan et al. 1997, 1999; Liu et al. 2001; Cronn
et al. 2002).

In this report, a high level of polymorphism (99%)
was observed in all 25 diploid accessions. Furthermore,
using Dice (1945) similarity index and the NTSYS-pc
package (Rohlf 1998), our cluster analysis based on the
DNA data also indicated that these 25 accessions could
be classified as six groups. Note that this conclusion is
highly congruent with previous genome designations
and geographical distribution (data not shown). Mean-
while, the high transferability of the EST-SSRs among
the 25 tested accessions provides evidence that the dif-
ferent diploid species evolved from one common ances-
tor despite their subsequent distinctly different and
monophyletic evolutionary paths produced by geo-
graphical isolation and variations in ecological condi-
tions (Fryxell 1992).

Our transferability, polymorphism, and sequence
analysis data indicated that the G-genome species
G. bickii had more genetic similarity with the C-genome
species G. robinsonii and G. sturtianum than with the
G-genome species G. nelsonii and G. australe. This
finding was somewhat contradictory with previous re-
ports suggesting that G. bickii shares a more recent
common ancestor with its close morphological allies,
G. nelsonii and G. australe (Fryxell 1992; Liu et al. 2001).
This discrepancy may be due to natural inter-specific
hybridization which has been reported for G. aridum
(Wendel and Albert 1992), G. gossypioides (Zhao et al.
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1998), G. bickii (Liu et al. 2001), and the B-genome
species (Cronn et al. 2002). To be prudent, the rela-
tionships among the five Australian diploid species
remain to be further studied using different methods in
future research.

There have been many reports of studies examining
cross-species transferability in other plants using EST-
SSR markers (Bandopadhyay et al. 2004; Eujayl et al.
2004; Saha et al. 2004). This is the first report to assess
the inter-species relationships in diploid cotton species in
Gossypium. It is clear that EST-SSR markers are very
useful in characterizing species relationships and in the
introgression and search for desirable alleles from wild
germplasm pools in Gossypium that may be employed
due to their high cross-species transferability. In the
future, our line of research will focus on (1) large-scale
development of new EST-SSR markers, (2) detection of
the gene order across these diploid species, (3) molecular
tagging of target genes from these diploid species, and
(4) introgression of the identified genes into cultivated
cotton species by MAS using these transferable markers.
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