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Abstract A backcross-self population from a cross
between Gossypium hirsutum and G. barbadense was
used to dissect the molecular basis of genetic variation
governing 15 parameters that reflect fiber length.
Applying a detailed restriction fragment length poly-
morphism (RFLP) map to 3,662 BC;F, plants from 24
independently derived BC; families, we detected 28,
nine, and eight quantitative trait loci (QTLs) for fiber
length, length uniformity, and short fiber content,
respectively. For eight, six, and two chromosomal re-
gions containing quantitative trait loci (QTLs) for fiber
length, length uniformity, and short fiber content
(respectively), two-way analysis of variance showed a
significant (P <0.001) among-family genotypic effect. A
total of 13, two, and four loci showed genotype x family
interaction, illustrating some of the complexities that are
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likely to be faced in introgression of exotic germplasm
into the gene pool of cultivated cotton. Co-location of
many QTLs for fiber length, length uniformity, and
short fiber content accounted for correlations among
these traits, while the discovery of many QTLs unique to
each trait suggests that maximum genetic gain will re-
quire breeding efforts that target each trait (or an index
including all three). The availability of DNA markers
linked to G. barbadense QTLs identified in this and other
studies promise to assist breeders in transferring and
maintaining valuable traits from exotic sources during
cultivar development.

Introduction

Cotton fiber quality is defined by physical properties
that relate to its spinnability into yarn, contribute to
textile performance, and enhance end-product quality.
One of the most important aspects of fiber quality is
length, including average length of fibers, length uni-
formity of the population of fibers, and content of short
fibers. Longer fibers can be processed at greater effi-
ciencies and produce finer (and therefore higher quality)
yarns, while shorter fibers require increased twisting
during spinning, causing low-strength, poor-quality
yarns (Perkins et al. 1984). Further, low length unifor-
mity and high short fiber content are associated with
increased manufacturing waste and decreased spinning
efficiency during yarn processing. As a result of the de-
mand for improved fiber quality, the US cotton mar-
keting system imposes premiums and discounts for fiber
length and other related qualities (Jost 2002). Poor fiber
length can result in severe price discounts for cotton
growers, as has been experienced in recent years by
growers in Texas and Georgia, two of the largest cotton-
producing states in the USA.



Cotton fiber production is dominated by two tetra-
ploid species that are each cultivated for somewhat dif-
ferent characteristics. Gossypium hirsutum, commonly
known as Upland cotton, is the most widely grown
species because of its high-yield potential and adaptation
to diverse environmental conditions and production
systems. On the other hand, G. barbadense, also known
as Pima, Egyptian, Sea Island, and Extra Long Staple
cotton, has a fiber quality much superior to that of Up-
land cotton. However, the narrow range of adaptation of
this latter species—it is limited to irrigated regions in arid
zones of Arizona and California—precludes its use in
most of the US “Cotton Belt”. Nevertheless, the unique
fiber properties of G. barbadense make it an ideal can-
didate for providing new genetic variation useful for
improving fiber quality in Upland cotton.

In a companion paper, we describe the development
of an advanced-generation interspecific backcross
population by utilizing a cultivated G. barbadense as
the donor parent to derive 24 independent BC;F,
families, with each segregating for a unique set of
G. barbadense chromosome segments in an otherwise
G. hirsutum genetic background (Chee et al. 2005). We
also describe the use of DNA markers to characterize
introgressed chromatin segregating in each family and
identify regions associated with quantitative trait loci
(QTLs) affecting fiber elongation and fiber fineness.
This paper reports the results of QTL analysis for fiber
length-related properties in the backcross population.
In addition to identifying the subgenomic distribution
of genetic loci responsible for fiber length traits, we
also examined the inter-relationship between QTLs
associated with the three most important fiber length
parameters, average fiber length, length uniformity, and
short fiber content.

Materials and methods
Population development and field evaluation

A backcross-self-mating design was used in this study.
About 100 Gossypium hirsutum cv. Tamcot 2111 plants
were pollinated by G. barbadense cv. Pima S6 to produce
F; hybrid plants. One interspecific hybrid plant from
each cross was then backcrossed three times to Tamcot
2111 to yield BCsF;s. A total of 24 lineages led to the
production of at least one BC3F; plant, which was self-
pollinated to generate 24 BCsF, families ranging in size
from 33 to 191 plants per family, for a grand total of
3,662 BC5F, progeny. The BC;F, progenies were space-
planted together with ten entries of each parent as
checks in a field near College Station, Texas, under
fertilization and irrigation regimes consistent with
commercial cotton production (for more detailed
descriptions, see Chee et al. 2005). Although all progeny
were grown to maturity and DNA sampled, a number of
plants were lost due to sterility or otherwise produced
insufficient lint for fiber analysis. Fiber samples were
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harvested only from 2,976 progenies, ranging in size
from 22 to 172 plants per family. Seedcotton from all
bolls of an individual BC;F, plant were hand-harvested
and ginned on a saw gin.

Fifteen traits reflecting fiber length parameters were
determined by the Cotton Incorporated Textile Ser-
vices Laboratory (Cotton Incorporated, Cary, N.C.).
Eight traits were measured using the High-Volume
Precision Instrument (HVI), including upper-half mean
length (HVuhm), staple length (HVstapl), 2.5% span
length (HVsl2.5), 50% span length (HVsl50), percent-
age short fiber by weight (HVsfc), uniformity index
(HVui), uniformity ratio (HVur), and coefficient of
variation (CV) of length by number (HVInCV). Seven
traits were measured by the Advanced Fiber Infor-
mation System (AFIS) instrument, including length by
weight (Lw), length by number (Ln), upper quartile
length by weight (UQLw), short fiber content by
weight (SFCw), short fiber content by number (SFCn),
CV of length by number (LnCV), and CV of length by
weight (LwCV). For more detailed descriptions of the
measurement methods for each trait, see Steadman
(1997).

Genotyping and data analysis

Laboratory techniques were as described in Jiang et al.
(2000a). The genome composition of the BC3F, plants
was inferred based on genotyping the pooled DNA of
20-30 BC;F, plants with 262 restriction fragment length
polymorphism (RFLP) markers selected for even rep-
resentation of the cotton genome map (Reinisch et al.
1994; Jiang et al. 1998). The markers that detected
introgression in the BC3;F; were then used to evaluate
the entire BC;F, family for which they were segregating.
A subset of 127 RFLP markers proved sufficient to
monitor all the segregating regions found in the BCsF,
families. Regions containing G. barbadense introgression
that were segregating in each BC;F; family were moni-
tored using graphical genotypes (Young and Tanksley
1989) constructed based on a detailed genetic map
comprised of over 2,500 loci (Rong et al. 2004).
One-way anNova (SAS, ver. 8, cgLMm; SAS Institute
1999), the modes of gene action (¢ and d), and the
proportion of phenotypic variance explained by a QTL
were calculated for every marker locus segregating
within each BCs;F, family as described in Chee et al.
(2005). For loci that were segregating in two or more
families, two-way mixed model variance analyses were
also performed, using the Mixep procedure of the SAS
ver. 8 package. The variance analysis model included
genotype (G) as a fixed factor and family (F) and
genotype X family (GXF) interaction as random factors.
Model parameters were estimated using the residual
maximum likelihood (REML) method. The marker-trait
association (genotype factor) was tested with an F sta-
tistic, using a general Satterthwaite approximation for
the denominator degrees of freedom (SAS Institute
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1999). A likelihood-ratio statistic (cHISQ) was performed
for the GXF interaction (Self and Liang 1987). G effects
and GXF interactions were considered to be significant if
P <0.001.

Results
Measures and correlations

The correlations among the 15 fiber length-related
parameters are shown in Table 1. With such a large
sample size (varied from 2,979 to 2,993 individuals due
to missing data), virtually all correlations were statisti-
cally significant. We were especially interested in iden-
tifying traits for which QTL data were nearly identical,
so as to only present non-redundant information. Traits
that correlated at absolute values of 0.93 or greater
(Table 1) showed nearly identical sets of QTLs. We
present full data for the eight most informative pheno-
types representative of each such closely correlated
group to reflect the three basic fiber length properties,
which we will refer to as average fiber length (Lw,
HVuhm, and HVsI2.5), fiber length uniformity (HVui,
HVur, and HVInCV), and short fiber content (HVsfc
and SFCn). Among the eight phenotypes, the G. bar-
badense parent confers a more desirable phenotype for
most traits, the exceptions being two measures of fiber
length uniformity, HVInCV and HVur.

The phenotypic distributions of the BC3;F, popula-
tions, together with the mean values of each BC; family
and the parents, are presented in Fig. 1. Transgressive
segregation for all phenotypes was evident in the BC;F,
progenies. However, the mean for each BC3F, family
varied markedly for each phenotype, indicating that a

different number of genes conditioning these phenotypes
were segregating in each population.

QTLs detected for each traits

We tested all 2,552 possible marker-trait associations,
based on the eight phenotypes listed above, and a total
of 127 loci segregating in the 24 families. The chromo-
somal location and subgenomic distributions of the
significant marker-trait associations that were found for
the target traits are shown for LGAO3 and chromo-
some 12 in Fig. 2 (as examples), with plots for the
remaining chromosomes available on-line as supple-
mentary material (ESM Figs. S1-4). Based on this
information, we estimated the number of underlying
QTLs conservatively by assuming that blocks of linked
markers all associated with the same trait represented a
single QTL. We showed biometrical parameters (Ta-
ble 2) only for the most statistically significant marker.
A summary of the QTLs detected for each of the three
length-related fiber properties follows.

Fiber length

A total of 20, 35, and 47 significant marker-trait asso-
ciations were detected, covering 12, 22, and 29 linked
groups for Lw, HVuhm, and HVsI2.5, respectively (re-
ferred to as FLOI1.1-pAR792.1; Table 2). These associa-
tions appeared to represent only 28 non-overlapping
QTLs (ESM Figs. S1 and S4). Thirteen of the non-
overlapping QTLs fell in the A-subgenome and 14 fell in
the D-subgenome, with one unknown (locus pAR792n,
a new polymorphism that did not link to known loci).
For the most complex of the three phenotypes, HVsl2.5,

Table 1 Correlation among fiber quality traits® measured by the AFIS and HVI instruments. Traits correlated at absolute values of 0.93

or greater are shown in bold

Lw HVuhm Ln HVstapl UQLw HVsI2.5 HVsIS0 SFCw HVsfe SFCn LnCV LwCV HVui HVur HVInCV
Lw 1
Hvuhm 0.74 1
Ln 094 0.59 1
Hvstapl 0.77  0.94 0.61 1
UQLw 092 0.80 0.75 0.84 1
HVsl2.5 0.87  0.78 0.68 0.82 0.97 1
HVsI50 090  0.79 0.71 0.83 0.99 0.99 1
SFCw —-0.80 —041 —093 —043 —-0.55 —-046 —0.50 1
HVsfce  —-0.56 —0.45 —0.61 —048 —042 -036 —-0.38 0.60 1
SFCn -0.75 -035 —-092 -036 046 —-038 —-042 098 058 1
LnCV -0.60 —0.20 —-0.82 —0.20 —-0.28 —0.16 —0.22 093 054 095 1
LwCV  -0.54 -0.14 -0.79 -0.15 -021 -0.13 —-0.17 0.89 051 095 097 1
Hvui 0.59  0.56 0.60 0.59 0.48 0.43 0.45 —0.54 —-0.77 —0.52 —0.48 —-0.43 1
Hvur 0.37 0.25 0.50 0.22 0.15 0.09 0.11 —-0.55 —-0.80 —-0.56 —0.59 —-0.57 0.80 1
HVInCV -036 -0.16 -049 -0.17 -0.15 -0.09 —-0.11 053 086 055 058 056 —0.69 —0.87 1

? Lw, length by weight; HVuhm, Upper half mean length;
Ln, length by number; HVstapl, staple length; UQLw, upper
quartile length by weight; HVs12.5, 2.5% span length; HVsI50, 50%
span length; SFCw, short fiber content by weight; HVsfc, per-

centage short fiber (> 0.5 inch) by weight; SFCn, short fiber con-
tent by number; LnCV, coefficient of variance (CV) for length by
number; LwCV, CV for length by weight; HVui, uniformity index;
HVur, uniformity ratio; HVInCV, CV% of length by number.
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the 24 HVsI2.5 QTLs, eight were also associated with
both Lw and HVuhm, two with Lw only, and eight with
HVuhm only. Eleven QTLs were detected for only one
phenotype, including seven for HVsl12.5 and four for
HVUhm. The percentage of variance explained by
individual associations ranged from 6% (HVuhm,
FLpAR792.1) to 30% (Hvsl2.5, FLD08.1). For 11
(39%) of the non-overlapping QTLs, the G. barbadense
allele contributed increased length, which was consistent
with the parental phenotypes.

Fiber length uniformity

A total of five, four, and three significant marker-trait
associations were detected, covering four, three, and
three linked groups for HVui, HVur, and HVInCV,
respectively (FUOI.1-D08.2; Table 2). These associations
appeared to represent only nine non-overlapping QTLs
(ESM Figs. S2 and S4). Six QTLs fell in the A-subge-
nome and three fell in the D-subgenome. For the most
complex of the three phenotypes, HVui, the five asso-
ciations appeared to represent four different QTLs, with
none reiterated in other BC; families or by HVur or
HVInCV. Of the three QTLs each that were detected for
HVur and HVInCV, only one fell on the same chro-
mosomal region (FUI2.2). Variance explained by indi-
vidual associations ranged from 9% (HVui, FUDO0S.I)
to 24% (HVInCV, FUI2.2). For 6 (67%) of the non-
overlapping QTLs, the allele from the favorable parent
(G. hirsutum for HVInCV and HVur and from G. bar-
badense for HVui) contributed increased uniformity,
which was consistent with the parental phenotypes.

Short fiber content

A total of five and four significant marker-trait associ-
ations were detected, covering four linkage groups each
for HVsfc and SFCn. These associations appeared to
represent eight non-overlapping QTLs (SF03.1- D08.2;
Table 2). Three QTLs fell in the A-subgenome and four
fell in the D-subgenome. For the more complex of the
two phenotypes, HVsfc, all five associations appeared to
represent different non-overlapping QTLs (SFi2.1,
SFI18.1, SF26.1, SFD0S8.1, SFD0S8.2), with none reiter-
ated in multiple BC; families. Among the five HVsfc
QTLs, one (SFD0S.1) was also associated with SFCn.
Variance explained by individual associations ranged
from 7% (HVsfc, SF26.1) to 13% (SFCn, SF06.1;
HVsfc, SFD08.2). In three (38%) of the non-overlapping
QTLs (SF26.1, SFD0S8.1, SFD0S8.2), the G. barbadense
allele contributed reduced short fibers, which was con-
sistent with the parental phenotypes.

Consistency of QTLs across families and
homoeologous regions

Of the 127 loci that detected introgression, 81 linked and
two unlinked loci (total of 65%) were segregating in two

>

Fig. 2 Graphical genotype (bottom section) and significance plot of
marker-trait associations (top section) for LGA03 and chromo-
some 12. For the graphical genotype, each horizontal bar represents
the indicated chromosome for each of the 24 BC3F, families, with
shaded areas depicting regions containing Gossypium barbadense
introgression. For each introgressed region, significant (P <0.001)
marker-trait associations detected within each family are indicated
by solid black or hatched bars that represent G. barbadense or G.
hirsutum favorable alleles, respectively. The top and bottom half of
the horizontal bars correspond to significant marker-trait associa-
tion for the traits indicated in the top and bottom section of the
significance plot, respectively. For the significance plot, box
symbols represent the GXF interaction and diamond symbols
represent the G effects obtained from either among-family (two
or more families) or single-family associations. LOD: Negative
log 10 of the P value. By convention, cotton chromosomes 1-13
and linkage groups with the prefix A are part of the A-subgenome;
similarly, chromosomes 14-26 and linkage groups with the prefix D
are from the D-subgenome

or more families; therefore, we performed a two-way
ANOVA to test for marker-trait associations among fam-
ilies. Among 83 loci studied, we would expect to find less
than one association that is significant at the 1% level by
chance alone. A significant (P <0.001) among-family
G effect was detected in eight, six, and two loci for fiber
length, fiber uniformity, and short fiber content,
respectively. All loci showing a significant among-family
G effect for fiber length (FLOI.1, FL03.1, FL04.1,
FLO7.1, FL12.1, FL14.1, FL14.2, FL23.1) and short fiber
content (SF03.1, SF06.1) also detected a QTL in the
same or adjacent locus for at least one phenotype in the
within-family analysis. However, for fiber uniformity,
only three of the six loci significant for among-family
G effects showed a QTL in the within-family analysis.
Although the within-family analysis failed to detect a
significant effect in any of the families segregating for
these loci, the P< F value for some families were nar-
rowly below the P <0.001 threshold for declaring a QTL
(ESM Table S1).

A total of 13, two, and four loci showed GXF inter-
actions (P <0.001) for fiber length [FLO1.1 (2), FL01.2,
FLO5.1,FL0O5.2, FL26.1 (2), FLA03.l1, FLD02.1,
FLDO03.1, FLD0S.1,FLD08.2, pAR792n], fiber unifor-
mity (FLDO0S.1, FLD0S.2), and short fiber content
[41672 and pARS864 (LGAO03), SFD0S.1, SFD0S.2],
respectively. All loci that showed GXF interactions for
fiber length and length uniformity also detected a QTL
for at least one phenotype in one family. For short fiber
content, three of the four loci significant for GxF
interactions showed QTLs in at least one family.

A total of 22 genomic regions were identified in which
both homoeologous loci were segregating and, thus,
could be tested for phenotypic associations. Fifteen re-
gions that harbored QTLs for fiber length could be tes-
ted, and six (40%) showed QTLs for both homeologous
loci (FLO1.2 and FLI15.1; FL05.2 and FLDO0S.1; FLi12.1
and FL26.1). For both length uniformity and short fiber
content, five homoeologous regions could be tested for
QTLs, and two regions affecting only short fiber content
showed homoeologous QTLs (SFI2.1 and SF26.1).
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Discussion

The advanced backcross design permitted us to detect
much larger numbers of QTLs than had previously been
found to influence fiber length parameters. Within-
family analysis detected 28, nine, and eight non-over-
lapping QTLs for fiber length, length uniformity, and
short fiber content, respectively, while among-family
analysis detected three additional QTLs for length
uniformity. In contrast, using an interspecific F» pop-
ulation derived from a different G. barbadense by
G. hirsutum cross, Jiang et al. (1998) detected only one
QTL for fiber length and two QTLs for length unifor-
mity. Using the F, of still another G. barbadense by
G. hirsutum cross, Saranga et al. (2001) reported a
similar number of QTLs (7) for length uniformity de-
tected in the within-family analysis but only six for fiber
length. The generally larger number of QTLs detected
in this study as compared to F, populations support the
notion that as QTLs with large effects become fixed in a
population, it becomes possible to detect factors with
progressively smaller effects (Paterson et al. 1990). Since
many of the QTL regions detected in this study are also
significant for among-family genotype effects, the
validity of the QTLs is supported not only by their
stringent threshold, but also by their detection in mul-
tiple genetic backgrounds.

QTL analysis of the three traits leads to several
observations and conclusions with regard to the genetic
control of the length of cotton fibers. First, our findings
indicate that fiber length traits are governed by many
minor genes with predominantly additive effects. These
results are consistent with the consensus drawn from
quantitative genetic variance analyses in that additive
variance is the most important genetic determinant of
variation in fiber length (Wilson and Wilson 1975; Tang
et al. 1993; May and Green 1994). Additive QTLs are
thought to be most likely to continue to function as
predicted when placed in other genetic backgrounds
(Tanksley and Nelson 1996; Bernacchi et al. 1998), al-
though this remains to be tested in cotton. The large
number of QTLs with small effects identified for the
three length-related fiber properties (i.e., 23 QTLs de-
tected for HVsI2.5 with the largest QTL explained less
than 30% of the total phenotypic variance) reflects the
general complexity of manipulating these quantitatively
inherited traits. Most studies have indicated that the
magnitude of genetic variation for these traits is greater
than that of nongenetic factors (reviewed by May 2000),
suggesting that selection should be effective in improving
these traits. However, the relatively fewer QTLs for
length uniformity and short fiber content suggest that
the genotypic component of these traits may be less than
that of fiber length. Behery (1993) showed that in
addition to genetic factors that influence it directly, short
fibers could also be an indirect consequence of poor fiber
strength (due to fiber breakage). We will explore this
possibility further in a future installment.

A second aspect of the QTL analysis that we observed
is in regard to the relationships between the genes that
govern the three fiber length traits. Naturally, the vast
numbers of individual fibers in a sample of cotton are not
all the same length. Within a single plant, fiber length
variation exists among bolls from different fruiting
positions (Bradow et al. 1997) and even among fibers on
the same seed (Richmond and Fulton 1963). Thus,
determining the genomic locations of genes conditioning
fiber length, length uniformity, and short fiber content
provided us an opportunity to identify regions of the
genome that had effects on more than one trait. Our QTL
analysis indicated that six (67%; FU=FL for 01.1; 03.1;
12.1; A03.1; D08.1; D0S.2) and five (56%; FU=SF for
03.1; 06.1; 12.1; D0S8.1; D08.2) of the nine QTLs for
length uniformity corresponded with QTL for fiber
length and short fiber content, respectively. Similarly,
four of the eight QTLs (50%; SF= FL for 03.1; 12.1; 26.1;
D08.1; D0S.2) for short fiber content corresponded with
QTLs for fiber length. In addition, there is a near-perfect
agreement between the direction of the QTL effects and
the correlation among traits; an increase in fiber length
would increase uniformity and decrease short fiber con-
tent. The exception is the locus on chromosome 03, where
the G. barbadense allele is associated with increased fiber
length and short fiber content but decreased fiber uni-
formity, contrary to expectation. Thus, co-location of
many QTLs appears to account for the observed corre-
lations among fiber length, length uniformity, and short
fiber content. However, since some QTLs are unique to
each trait or show opposite effects from a prediction
based on the correlation among traits, this suggests that
maximum genetic gain will require breeding efforts that
target each trait (or an index including all three).

A third noteworthy observation from the QTL anal-
ysis concerns the contribution of the A- and D-subge-
nomes of allotetraploid cottons to the genetic variation
of the fiber length traits. It is of much interest to deter-
mine the extent to which genetic variation in fiber length
is determined by loci on the D-subgenome—i.e., from an
ancestor that does not produce spinnable fiber. None of
the present day D-genome diploid species, including the
presumed progenitor of the AD-tetraploid cottons,
produces spinnable fibers (Lee 1984; Applequist et al.
2001). Therefore, the role of the D-genome in genetic
determination of fiber quality in polyploid cotton has
long been a question. Over the last decade, molecular
mapping studies have clearly shown that many QTLs for
fiber quality map to the D-subgenome of tetraploid
cotton (Jiang et al. 1998; Paterson et al. 2003; Mei et al.
2004). In fact, some studies have shown that more QTLs
occur on the D-subgenome than on the A-subgenome
for fiber length (Jiang et al. 1998; Paterson et al. 2003)
and other traits such as resistance to bacterial blight
(Wright et al. 1998) and leaf morphology (Jiang et al.
2000b). In the present study, among the 44 QTLs with
known subgenome affinity that affect fiber length prop-
erties, we observed no appreciable differences in the
number of QTLs between the subgenomes (22 for each
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Table 2 Biometrical parameters of QTLs affecting various fiber length phenotypes. Each row corresponds to a one-way analysis for a
single locus and a single family except the three underlined loci, for which the row corresponds to a two-way analysis for multiple families

QTL Trait Chromosome/ Nearest  Family R*® 4 d? d/a ratio® Mode Homeolog®

linkage group locus of action®
FLOI.I¢ Lw Chr01 Al686a  94-24 15 0.03 0.03 1.00 -
FLOI.1¢ HVuhm Chr01 Al686a  94-24 18 0.03 0.01 0.33 A
FLOI.1¢ HVuhm Chr01 Al686a  94-29 17 0.04 0.00 0.00 A
FLOI.I¢ HVsl2.5 Chr01 Al686a  94-24 24 0.06 0.02 0.36 A
FLOI.1¢ HVsl2.5 Chr01 Al1686a  94-26 12 0.04 0.00 0.00 A
FLOI.1¢ HVsl2.5 Chr01 Al686a  94-29 16 0.06 0.02 0.33 A
FLO1.2 HVsI2.5 Chr01 pGH468a 94-24 10 0.031 0.02 0.60 A Chrl5: AR077a*; pGH468b
FLO2.1 Lw Chr02 pGH399a 94-07 13 -0.04 0.03 —0.86 A Chr17: pGH399b
FLO2.1 HVuhm Chr02 pGH399a 94-07 12 —-0.03 0.02 —0.67 A Chr17: pGH399b
FL02.1 HVsl2.5 Chr02 pGH399a 94-07 18 —0.06 0.03 —0.55 A Chr17: pGH399b
FL03.1 HVuhm Chr03 pARI172b 94-34 11 0.03 0.02 0.80 - Chrl17: pAR172a; pAR250
FL03.1¢ HVsl2.5 Chr03 pAR172b 94-34 11 0.05 0.01 0.20 — Chrl17: pAR172a; pAR250
FL04.1 HVuhm Chr04 Al1310a  94-34 12 0.02 -
FL04.1¢ HVsI2.5 Chr04 Al310a  94-34 13 0.03 -
FL05.1 HVsl2.5 Chr05 pGH530 94-29 10 -0.05 0.01 —0.22 A LGDO08: P2-3
FL05.2 Lw Chr05 Gll12a 9429 8 0.04 0.02 0.57 A LGDO08: G1112¢; P2-9*; pAR3-41
FL0O5.2 HVsl2.5 Chr05 Gl112a 94-03 9 0.01 0.05 10.00 D LGDO08: G1112¢; P2-9*; pAR3-41
FL06.1 HVsl2.5 Chr06 All52 94-26 0 0.04 0.01 0.29 A
FL07.1¢ HVuhm Chr07 Gl185a 9426 12 —0.04 0.02 —0.57 A Chrl16: pAR564; pAR624
FLO7.1 HVsl2.5 Chr07 Gl185a 9426 12 —0.04 0.04 —1.00 A Chr16: pAR564; pAR624
FLI2.1¢ HVuhm Chrl2 Al1252 94-34 19 0.03 0.03 1.20 - Chr26: A1310a*; pGH413
FLI2.1¢ HVsl2.5 Chrl2 Al1252 94-34 24 0.04 0.07 2.00 - Chr26: A1310a*; pGH413
FLI14.1° HVuhm Chrl4 A1727 94-09 11 0.03 —0.01 —0.40 A
FL14.2 HVuhm Chrl4 A1580 94-07 11 0.02 0.01 0.50 - Chr02: pAR451a
FLI5.1 HVsl2.5 Chrl5 pARO77a 94-03 9 0.04 —0.01 —0.29 A Chr01: G1097;, pGH468a*
FL17.1 HVuhm Chrl7 pARI1-56a 94-34 16 0.02 0.02 1.00 A Chr03: pAR1-56b
FL17.1 HVsI2.5 Chrl7 pARI1-56a 94-34 17 0.04 0.01 0.25 A Chr03: pAR1-56b
FL20.1 Lw Chr20 Al158b 9429 16 —0.05 0.04 —0.89 A Chrl0: Al158a
FL20.1 HVsI2.5 Chr20 Al158b 9429 17 —0.06 0.06 —1.09 D, A Chrl10: A1158a
FL20.2 HVsI2.5 Chr20 G1104 94-15 8 0.02 0.00 -
FL22.] HVuhm Chr22 pAR206a 94-04 27 0.03 0.03 1.00 - Chr05: pAR206b
FL23.1¢ Lw Chr23 pARS547 9424 13 0.03 0.03 1.20 A
FL23.1¢ HVuhm Chr23 pARS547  94-24 14 0.03 0.02 0.80 A
FL23.1¢ HVsl2.5 Chr23 pARS547  94-24 16 0.04 0.04 1.14 A
FL26.1 HVuhm Chr26 pARI101b 94-24 15 0.03 —-0.04 —1.60 — Chr12: pAR10Ic; pAR3-42
FL26.1 HVsl2.5 Chr26 pARI101b 94-24 18 0.04 —0.06 —1.50 A Chrl12: pAR10Ic; pAR3-42
FL26.1 Lw Chr26 Al1310b  94-24 15 0.02 0.04 2.00 D Chrl2: A1252*
FLA0I.1 HVsl2.5 LGAOI Gl125b  94-28 10 0.03 0.02 0.67 -
FLA02.1 HVuhm LGAO02 pAR792 94-15 9 —0.03 0.01 —0.40 A
FLA02.1 HVsl2.5 LGAO02 pAR792 94-15 11 —0.04 —0.01 0.25 A
FLA03.1 Lw LGAO3 A1672 94-29 9  —0.04 - LGDO02: A1174; pGH505
FLA03.1 HVs12.5 LGAO03 A1672 94-29 8 —0.04 - LGDO02: A1174; pGHS505
FLA03.1 Lw LGAO03 pAR864  94-24 26 —0.06 —0.03 0.55 A LGD02: pAR566a
FLA03.1 HVs2.5 LGAO03 pGH243 94-24 26 —0.07 —0.03 0.43 A LGDO02: pAR566a
FLA03.1 HVuhm LGAO3 pGH243 94-24 29 —0.04 —0.05 1.25 D, A LGDO02: pAR566a
FLD02.1 HVuhm LGDO02 Al413 94-06 15 0.07
FLDO02.1 HVuhm LGDO02 pAR4-34a 94-06 24 —0.04 0.00 0.00 A LGAO03: A1415; pAR4-34b
FLD02.2  HVsl2.5 LGD02 A1296 94-21 24 0.05 —0.05 —1.11 A
FLD03.1 Lw LGDO03 pARS571b 94-24 14 0.06 -
FLDO03.1 HVuhm LGDO03 pAR571b 94-24 20 0.06
FLDO03.1 HVuhm LGDO03 pAR571b 94-29 13 0.05 -
FLDO03.1 HVsl2.5 LGDO03 pARS571b 94-24 23 0.09 -
FLD03.1 HVsl2.5 LGDO03 pAR571b 94-29 14 0.09 -
FLD08.1 Lw LGDO08 P2-9 94-24 25 0.06 —0.02 —0.36 A Chr05: A1318b; G1112a*
FLDO08.1 HVuhm LGDO08 P2-9 94-24 26 0.05 —0.02 —0.40 A Chr05: A1318b; G1112a
FLDO0S.1 HVsl2.5 LGDO0S P2-9 94-24 30 0.07 -0.05 —0.77 A Chr05: A1318b; G1112a*
FLD0S8.2  Lw LGD08 pARI137a 94-28 11 0.03 0.00 0.00 A
FLD08.2  Lw LGDO08 pARI137a 9429 9 —0.03 0.05 —2.00 A
FLD08.2 ~ HVuhm LGDO0S§ pARI137a 94-28 14 0.02 —0.01 —0.50 A
FLD0S8.2  HVuhm LGDO08 pARI137a 9429 9 —0.01 0.05 —5.00 -
FLD08.2  HVsl2.5 LGDO08 pARI137a 94-28 9 0.03 0.00 0.00 A
FLD08.2  HVsl2.5 LGDO08 pARI137a 9429 9  —0.02 0.10 —5.00 D
FlpAR792.1 HVuhm U pAR792n 9429 6  0.02 -
FlpAR792.1 HVsl2.5 U pPAR792n 94-29 7  0.03 -
FUOI.1¢ HVInCV Chr01 A1204 94-21 24 291 587 2.02 D
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Table 2 (Contd.)

QTL Trait Chromosome/ Nearest Family R* d* d/a ratio® Mode Homeolog®

linkage group locus of action®
FU03.1¢ HVur Chr03 pARI172b  94-27 11 —-1.59 —-0.02 0.01 A Chr17: pAR172a; pAR250
FU06.1 HVur Chr06 pARI8S 94-07 12 —2.08 0.54 —-0.26 A
FUI12.1¢ HVInCV Chrl2 pAR101c  94-29 9 2.48 — Chr26: pAR101b
FUI2.2¢ HVInCV Chrl2 Al1210a 94-34 11 343 —1.27 -0.37 A
FUI12.2¢ HVur Chrl2 A1252 94-34 20 —-1.74 —-0.95 0.55 A Chr26: A1310a; pGH413
FU14.1¢ HVur Chrl14 A1580 - - —0.82 —0.77 0.94 —
FU17.1¢ HVur Chrl17 pARI1-56a - - —0.13 —-0.40 0.38 A
FU23.1 HVui Chr23 pAR209 94-11 9 0.82 —-0.27 -0.33 A
FUA03.1 HVui LGAO03 pGH243  94-24 9 —0.78 —0.96 1.23 A LGDO02: pAR566A
FUDO03.1Y HVui LGDO03 pARS571b - — —0.33 0.98 —-2.99 —
FUD0S8.1  HVui LGDO0S8 P2-9 94-24 8 1.10  0.08 0.07 A Chr05: A1318b; G1112a
FUD0S8.2 HVui LGDO08 pARI137a 94-28 12 092 025 0.27 A
SF03.1¢ SFCn Chr03 pARI172b  94-27 11 3.92 —0.68 —0.17 A Chr17: pAR172a; pAR250
SF06.1¢ SFCn Chr06 pARI9S8S 94-07 13 324 —-0.61 -0.19 A
SFi12.1 HVsfc Chrl2 pAR10lc 94-29 7 0.88 - Chr26: pAR101b*
SFi18.1 HVsfc Chrl8 P9-53b 94-29 8 0.81 -
SF20.1 SFCn Chr20 A1158b 94-29 9 2.88 —243 -0.84 - Chr10: A1158a
SF26.1 HVsfc Chr26 pARI101b  94-29 8 —0.95 —-0.68 0.72 — Chr12: pAR101c*; pAR3-42
SFDO0S.1 HVsfc LGDO08 P2-9 94-24 9 —1.54 —0.37 0.24 A Chr05: A1318b; G1112a
SFD0S.1 SFCn LGDO08 P2-9 94-24 9 —1.06 —-241 227 A Chr05: A1318b; G1112a
SFD0S8.2  HVsfc LGDO0S8 pAR137a 94-28 13 —1.27 -0.52 0.41 A

2 Quantitative parameters: R>, percentage of phenotypic variation
explained by the marker genotype at the corresponding marker and
family (missing where a significant association was not detected); a,
additive; d, dominance; d/a ratio, overdominance effect

® Modes of gene action are indicated by: A, additivity; D, domi-
nance; H, overdominance, with missing values corresponding to
dominant or severely distorted DNA marker loci

of the A- and D-subgenomes). However, our data add
further evidence to increasingly common reports of the
D-subgenome’s contribution to the genetic control of
fiber traits. Collectively, these results demonstrate that
polyploidization in Gossypium appears to have created
novel variation in a host of phenotypes (Wendel 2000),
including fiber quality. Recruitment of D-genome genes
by allopolyploidization may have permitted additional
flexibility for artificial selection through breeding to de-
velop cultivated tetraploids with a fiber length beyond
that attained by the highest quality cultivated diploid
cottons (Applequist et al. 2001).

While some degree of transgressive segregation in fi-
ber length continues to be discovered from crossing
divergent medium-staple parents, the use of interspecific
gene combinations appears to offer an important means
by which to improve this valuable trait. Although bar-
riers to gene introgression from G. barbadense to
G. hirsutum may exist (Stephens 1949; Jiang et al.
2000a), the availability of DNA markers linked to
G. barbadense QTLs identified in this and other studies
(Jiang et al. 1998; Paterson et al. 2003) could assist
breeders in transferring and maintaining these traits
during cultivar development. Further, because many of
the QTLs from G. barbadense are now in a near-isogenic
state in the AB-QTL population, the phenotypic effect
measured for each QTL is likely to be a better predictor
of its ultimate effect when transferred to other cultivated
backgrounds. Finally, while QTL mapping involving

¢ Homeologous loci, if present, are always shown, with * indicating
that at least one family segregating at the homeologous loci gave a
significant genotype effect

4 QTLs in which the RFLP locus or a nearby locus showed a
significant among-family effect

interspecific crosses reported in the literature have
focused entirely on G. barbadense, we note that three
additional tetraploid Gossypium species are cross com-
patible with Upland cotton and could offer yet addi-
tional sources of allelic variation to the upland cotton
germplasm.
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