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Abstract

A core collection usually provides an effective entry to access to entire genetic resource. It could simplify screening potential of
breeding materials in a manageable size. In order to phenotypic evaluations, a completely randomized block designed experiment
was carried out for 265 Sea Island cotton varieties. A mixed linear model approach was employed to predict genotypic values of two
fiber quality traits and eight agronomic traits. Based on the genotypic values, some candidate core subsets were constructed using
five hierarchical clustering methods combined with preferred and deviation sampling at three sampling proportions. The genetic
variations captured by the subsets were compared in means, variances, ranges and coefficients of variation. The result revealed that
core subset of 27 accessions, based on UPGMA clustering method combined with the deviation sampling strategy at 10% proportion
(C4S2-10), exhibited maximum VR%, VD% and invariant MD% and CR%. Therefore, this subset was determined as the core
collection of the Sea Island cotton. The representative and validation of the core collection was further examined by the accession
distribution pattern plotted by the first two principal components, as well as the correlation coefficients. The core accessions with
high fiber quality of lint cotton and yield of pre-frost cotton, being as important potential materials for quality or yield improvement,

are worthy to be further studied.

Keywords: Clustering method, genetic diversity, germplasm resource, Gossypium barbadebse L., sampling strategy.
Abbreviations: MD%-Mean difference percentage; VD%-Variance difference percentage; CR%-Coincidence rate of range;
VR%-Variable rate in variation coefficient; UPGMA- Unweighted pair group method with arithmetic average.

Introduction

Sea Island cotton (Gossypium barbadebse L.) is one of the four
commercially-cultivated species of cotton which is highly
desirable to textile industry due to its excellent fiber quality.
Like many globally important commercial crops, continued
genetic improvement of cotton is requisite to increase both the
quality and quantity of cotton production. Since 1990,
numerous genetic improvement studies have been conducted to
quantify levels of cotton (Calhoun and Bowman, 1999).
Despite many changes in cotton technology, it is evident that
cotton yields are at a plateau. The year to year variation in
cotton yield within the last 20 years is four times greater than
the previous-20 year period (Meredith, 2000). Besides weather,
management and pest, the extensive planting of few
closely-related breeding lines is a potential hazard to
sustainable increasing of yield and improvement of the fiber
quality. He et al. (2002) analyzed 14 varieties of Sea Island
cotton and found 13 varieties derived from same progenitor,
indicating a close relationship and narrow genetic base. Genetic
improvement of crop has the potential to overcome many
production constraints (Furat and Uzun, 2010). Thus, it is
imperative to enhance the utilization of the germplasm
resources for breeding elite cotton varieties with excellent
environmental adaptation. Development of a core collection

has been suggested as a means to enhance use of genetic
resources in the crop improvement programs. The core
collection proposed by Frankel (1984) and is usually defined as
a representative subset of an entire germplasm collection with
minimum genetic redundancy and maximum genetic diversity
of a crop species and its relatives (Brown, 1989; Frankel and
Brown, 1984a; Frankel and Brown, 1984b). It is an effective
entry way to access the germplasm resources, which could
alleviate the burden in management of germplasm collection
for curators. It also can simplify screening of exotic material
for plant breeders benefiting from reduced size of surveyed
materials. In the practice of core collection studies in most
crops, diverse types of data, such as morphological
(Balakrishnan et al., 2000), agronomic and eco-geographical
descriptors (Ghamkhar et al., 2008), as well as molecular
makers like AFLPs in barley (Van Treuren et al., 2006),
microsatellite markers in peanut (Kottapalli et al., 2007), SNP
in grape (Le Cunff et al., 2008), have been employed in
measuring genetic similarity. Hu et al. (2000) compared
variations captured by subsets based on genotypic and
phenotypic values, and concluded that a core collection of
genotypic values has larger genetic variation of traits and is
more representative subset of the initial collection. That is
because of quantitative inherent of traits which are controlled
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by genotype and environments and their interactions (GXE).
The phenotypic similarities of individuals do not usually reflect
their genetic similarities or variation especially under affection
of environments. The important challenge in selection of a core
collection is how to reduce its size while capturing the genetic
diversity as much as possible. It is crucial to employ an
appropriate sampling strategy. There are many different
methods proposed and applied in sampling a representative
core collection. Most methods used phenotypic data to measure
genetic similarity between accessions. Hu et al. (2000)
proposed the stepwise clustering method based on genotypic
values. Chung (2009) developed a core set from a large rice
collection using a Modified Heuristic Algorithm. Ghamkhar et
al. (2008) compared ten sampling strategies using ecological
and agro-morphological data and found that maximizing
strategy best represents the whole collection. One common
approach for constructing a core collection is stratifying the
whole collection by regions or ecotypes and then selecting
representative core accessions from each stratum. Xu et al.
(2006) compared four clustering methods and three sampling
strategies, by which an optimal sampling strategy and
proportion were screened and used to develop a core collection
using five fiber quality traits of cotton. The current study was
conducted (1) to investigate the genetic diversity of two fiber
quality and eight agronomic traits among 265 Sea Island cotton
accessions covering ~85% of germplasm used in China, and (2)
to develop a core collection for promoting utilization of Sea
Island resources in cotton breeding programs.

Results and Discussion
Variance analysis for ten cotton traits

Most phenotypic traits in plants are quantitative and controlled
not only by genotypes, but also by environments and genotype
x environment interaction. The phenotypic variance of
quantitative traits can be partitioned into genetic variance,
environmental variance, GE interaction variance and residual
variance (Table 1). The variance analysis for ten traits of Sea
Island cotton revealed significant genotypic variations in
reflectivity, yellowness, boll-opening stage, boll weight and lint
percentage. For yellowness, the genotypic variance accounted
more than 50% of total phenotypic variations. The other traits
such as flowering stage, boll stage, boll-opening stage, pre-frost
boll number and pre-frost lint cotton, were mainly affected by
environmental effects. The environmental effects on boll stage
and boll-opening stage even consisted of 81% and 64% of total
variances, respectively. The extent of interaction variance for
pre-frost boll number percentage reached to 48%, while no
interaction effects detected for the other nine traits, indicating
that expression of pre-frost boll number percentage genes are
easily influenced by environments (years). Table 1. also
showed significant block effects for two fiber and four
agronomic traits except pre-frost boll number, boll weight,
pre-frost boll number percentage and pre-frost lint cotton. All
residual variances were significant. In particular, relatively
larger variance proportions were observed for boll weight, lint
percentage and pre-frost lint cotton. These results demonstrated
that phenotypic observations are strongly influenced by
environment, as well as sampling errors. Therefore, it is more
appropriate to use genotypic values to measure genetic
similarity between accessions and develop core collection.

Comparison of different core subsets

Ten core collections were developed by five clustering methods
as follows: C1: single linkage (Sibson, 1973); C2: complete
linkage (Sorensen, 1948); C3: centroid method (Sokal and
Michener, 1958); C4: the unweighted pair group method with
arithmetic average (UPGMA) (Sokal and Michener, 1958); and
C5: the Ward’s method (Ward, 1963) combined with the
preferred sampling (S1) and the deviation sampling (S2) (Hu et
al.,, 2000) at proportion of 15%. Table 2. compared the
genotypic differences in mean, variance, range and coefficient
of variation between the subsets and the initial collection.
According to the criterion mentioned in methods, core
collection with a larger variance difference percentage (VD%)
and variable rate in variation coefficient (VR%) is supposed to
provide a good representativeness in the genetic diversity of the
initial collection. Under the same sampling strategy, the subset
C4S1 and C4S2 had relative larger VD% and VR% while the
zero mean difference percentage (MD%) and coincidence rate
of range (CR%) were 100%. Thus, it could be inferred that the
UPGMA clustering method which is mostly employed in
clustering analysis is the best choice in stepwise clustering
methods for constructing core collection in our study. Similarly,
the effectiveness of the different sampling methods for core
collections were compared under the same clustering method.
The core subsets, sampled by the deviation sampling method,
obtained larger VD% and VR% than those by the preferred
sampling method. Moreover, the VD% and VR% of C4S2
tended to be larger than that of C4S1. In addition, when using
the deviation sampling strategy, CR% of 100% and zero MD%
were obtained. The core collection developed by the deviation
sampling was considered as more representative in genetic
variation of the initial collection, because the deviation
sampling methods select accessions which could maximize the
value of variance (Pkania et al., 2007). As a result of the
preceding analysis, the UPGMA clustering method combined
with the deviation sampling strategy (C4S2) could be regarded
as the best for constructing a core of the cotton out of ten
sampling strategies.

Evaluation of different sampling proportions

Ascertaining an adequate sampling proportion is essential in
developing a representative core collection. The subsets at
sampling proportion of 10%, were investigated on available
genetic variation (Table 2). The results clearly showed that the
subsets at 10% were more representative than 15% and 20%.
The MD% at 10% sampling proportion was zero except for the
C3S1 (20%), while the MD% of some subsets at 15% and 20%
reached up to 20%, which did not meet the requirement for a
core collection. Moreover, VD% of subsets at 10% was higher
than that of 15% and 25%, except for the C2S2 (20%). All
subsets at 10% exhibited higher VR% than those at the other
two sampling proportions. Hence, although subsets at 15% and
20% meet the requirements for core collection, C4S2_10
(sampling proportion of 10%) is more appropriate to represent
the initial collection in genetic than others.

Evaluation of core collection

According to the preceding results, the potential core subset
C4S2_10 was screened as the final core for Sea Island cotton.
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Table 1. Variance component proportions of two fiber traits and eight agronomic traits of Sea Island cotton in original collection.

Traits Vel Vo' Ve/Vo  Vee/ Vo Vel Ve Vol Vp
Reflectivity (%) 0.20" 0.00 0.24 0127 0447
Yellowness 0.55 ™ 0.08™  0.00 0.09™ 0.28™
Flowering stage (day) 0.07 051"  0.00 0.06 037"
Boll stage (day) 0.01 0.81™  0.00 0.08 ™ 011"
Boll-opening stage (day) 011" 0.64™ 0.00 0.16 ™ 0.09™
Pre-frost boll number 0.02 047" 0.00 0.04 047"
Boll weight (g) 021" 0.02 0.00 0.04 073"
Lint percentage (%) 031™ 0.04 0.00 0.02" 063"
Pre-frost boll number percentage (%) 0.01 0.16 0.48™  0.00 035"
Pre-frost lint cotton (g) 0.01 047" 0.00 0.00 0.52"

WelVp, VelVp, VeelVp, VelVp, VelVp, are ratios of genotypic variance, environmental variance, genotype x environment interaction

variance, block variance and residual variance to phenotypic variance, respectively. ~,
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Fig 1. Principal component plots of the reserve and core accessions at 10% sampling proportion; filled triangles denoted core
accessions and hollow denoted circle reserved accessions; (A).Plot for core collection (C4S2_10) sampled by the unweighted
pair-group average clustering method combined with the deviation sampling; (B). Plot for core subset sampled by complete random

without clustering.

In order to validate this core collection, another random subset,
by complete random sampling at 10% proportion and without
clustering, was constructed and compared with the C4S2_10 in
genetic variation. Table 3 presented genotypic means, variances,
ranges, coefficient of variation (CVs) and Shannon-Weaver
diversity index (H) of the ten traits for the initial, C4S2_10 and
a random subset. The means of three subsets did not exhibit any
significant difference for all of ten traits, whereas significant
differences were detected for the means of boll stage and
boll-opening stage between the whole collection and random
subset. The means of core collection were closer with initial
collection than that of random subset. F-test detected
significantly increasing variances of C4S2_10 for all surveyed
traits compared with the initial collection, whereas significantly
decreasing variance of the random subset for the reflectivity,
flowering stage, boll-opening stage were observed. All ranges
of the initial collection remained unchanged in the C4S2_10
whereas reduced in the random subset for all traits. This
indicates that more particular accessions in performance of
traits have been included in the C4S2_10 which conserved
larger genetic diversity in initial collection than the random
subset. Similar pattern could also be found in the CV and H,
suggesting the genetic diversity of C4S2_10 increased after
eliminating the redundant accessions. Furthermore, C4S2_10
and random subset were compared in pattern of genetic
variation by principal component analysis (PCA) (Pearson,
1901). The distribution of accessions were approximately

characterized by the first two principal components, which
could account for 65.7% of the total observed genetic variation
in the initial collection, with the first and second axes
explaining 50.1% and 15.6% of the total variation, respectively.
Fig 1. clearly illustrated that many overlapped accessions in
central area have higher genetic similarities. Some redundant
accessions should be excluded to make the subset more
representative. With regard to core accessions, marked by
triangle, wider range of accessions were sampled in periphery
of plot A (C4S2-10) than plot B (random subset) (Fig 1). As a
result, much better coverage or distribution pattern of the initial
population could be conserved in C4S2-10 than random core.
Therefore, it could be concluded that the genetic structure and
variation of the initial cotton population are well represented by
the C4S2-10. An adequate core collection should maintain
genetic associations arising out of co-adapted gene complexes
in entire collection (Ortiz et al., 1998). Comparison of genetic
correlation coefficients among traits based on predicted
genotypic values were conducted for all quantitative traits in
the entire collection and core collection, separately (Table 4).
Obviously, there is significant negative relation between
reflectivity and yellowness, both in the core collection and the
initial collection. For agronomic traits of crops, it was believed
that early growth stage would be highly correlated with the
later period. Twenty two out of 28 significant genetic
correlations were detected in the initial collection, which
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Table 2. Comparison of genetic diversity between the initial collection and subsets under ten sampling strategies at proportions of 10%, 15% and 20%.

Sampling proportion

10% 15% 20%

MD%? VD%® CR%* VR%® MD% VD% CR% VR% MD% VD% CR% VR%
c1s1? 0 30 100 123.13 0 10 100 115.54 0 0 100 112.04
c2s1 0 20 100 125.01 0 10 100 117.54 0 0 100 113.27
C3s1 20 20 100 124.36 10 10 100 115.14 10 0 100 112.48
C4s1 0 50 100 123.66 0 40 100 118.25 0 10 100 114.43
C5S1 0 40 100 127.44 0 10 100 116.67 0 10 100 114.51
C182 0 20 100 125.82 0 30 100 118.14 0 10 100 112.88
C282 0 60 100 128.23 20 20 100 114.81 20 10 100 107.76
€332 0 60 100 127.91 0 30 100 116.84 0 0 100 111.21
C4S2 0 70 100 129.11 0 40 100 120.35 20 10 100 111.86
C5S2 0 60 100 128.84 0 30 100 119.18 20 10 100 110.52

ICiSj (i=1~5, j=1,2), subsets sampled, respectively by the single linkage (C1), the complete linkage (C2), the centroid method (C3), the unweighted pair-group average (C4), the Ward’s method (C5), in combination

with the preferred sampling (S1) and the deviation sampling (S2).

Fig 2. Dendogram of 27 Sea Island cotton accessions generated by UPGMA clustering method using genotypic values of two fiber traits and eight agronomic traits based on Mahalanobis distance.
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Table 3. Comparison of genetic variation of ten cotton traits between initial collection and core collection (C4S2) or the random

subset at the sampling proportion of 10%.

Traits Population® Mean Variance Range CV? H3
Reflectivity (%) Initial 65.43 12.35 21.83 0.05 2.01
C4S2 65.30 21.78" 21.83 0.07 2.06
Random 65.31 715" 8.94 0.04 1.71
Yellowness Initial 11.34 0.26 2.55 0.05 2.05
C4s2 11.25 0.44" 2.55 0.06 2.13
Random 11.36 0.17 1.93 0.04 1.71
Flowering stage (day) Initial 78.57 37.35 32.19 0.08 1.92
C4S2 78.51 57.47" 32.19 0.10 1.93
Random 81.57™ 16.94" 22.15 0.05 1.54
Boll stage (day) Initial 83.29 187.55 59.25 0.16 1.94
C4S2 81.06 313.35" 59.25 0.22 1.95
Random 89.82" 139.14 50.00 0.13 1.72
Boll-opening stage (day) Initial 161.84 366.60 69.06 0.12 1.81
C4S2 159.50 583.72" 69.06 0.15 1.63
Random 171.63" 194.37" 54.41 0.08 1.57
Pre-frost boll number Initial 8.32 14.34 16.46 0.46 1.99
C4S2 7.50 21.11 16.46 0.61 2.03
Random 6.82 13.62 14.25 0.54 1.82
Boll weight (g) Initial 3.04 0.11 1.89 0.11 2.01
€482 3.04 0.212" 1.89 0.15 2.06
Random 3.13 0.14 1.28 0.12 1.80
Lint percentage (%) Initial 33.20 5.94 15.87 0.07 2.02
C4S2 33.30 9.308" 15.87 0.09 1.88
Random 32.59 6.86 10.72 0.08 1.87
Pre-frost boll number  Initial 44,98 248.72 61.16 0.35 2.00
percentage (%) C4S2 41.04 289.68 61.16 0.42 1.96
Random 40.76 170.51 43.00 0.32 1.77
Pre-frost lint cotton (g) Initial 8.25 13.00 16.83 0.44 2.01
C4S2 7.31 16.97 16.83 0.56 1.92
Random 6.87 12.94 14.15 0.52 1.89

!Initial, the initial collection; C4S2: the core collection developed by the unweighted pair-group average clustering method combined with the
deviation sampling at 10%; Random: the subset sampled in complete random method without clustering at 10%. *CV, coefficient of variation. °H,
Shannon-Weaver diversity index. ™ indicate significant difference detected between the subset and the initial population at 5%, 1% probability.

showed close relationships between the agronomic traits.
However, 18.1% of correlations were not significan between
agronomic traits (Table 4). No significant correlations were
detected between agronomic and fiber traits in the core
collection C4S2-10, which was probably caused by the
different degrees of freedom in statistic testing because of
different population sizes for the initial and the core collections.
Significant values of linear coefficients (r) become smaller as
the population size increases (Little and Hill, 1978). The r
computed from a selected germplasm sample can be smaller
than that from a world germplasm collection (Gomez and
Gomez, 1984). Thus, some significant correlation in the initial
collection would turn out to not significant. The correlation
coefficients with an absolute value larger than 0.707 have been
suggested to be biologically meaningful (Skinner et al., 1999).
Since in this rate, more than 50% of the variation in one trait
would be predicted by the other (Snedecor and Cochran, 1980).
Table 4. presented such meaningful relationships both in the
entire and in the core collections. Some pairs of traits have
significant positive correlations, such as flowering stage and
boll-opening stage (r=0.82), boll stage and boll-opening stage
(r=0.97), pre-frost boll number and pre-frost lint cotton
(r=0.95), while others show negative correlations, i.e. boll stage
and pre-frost boll number percentage (r=-0.73), boll-opening
stage and pre-frost boll number percentage (r=-0.78),
boll-opening stage and pre-frost lint cotton (r=-0.72), which
proves some genetic associations, arising out of co-adapted

gene complexes, are maintained in the core collection. In
addition, three groups were determined by hierarchical cluster
analysis on the core collection based on Mahalanobis distance
(Fig 2). Compared with original data of the 27 accessions from
the core collection, it is interesting to note that the 27 cotton
varieties are grouped together based on their growth period and
their corresponding pre-frost boll number percentage. The
accession from Cluster 1 have longest flower and boll period,
as well as lowest boll number percent before frost, followed by
Cluster 2. Accessions in Cluster 3 are characterized by the
shorter growth period, higher boll number percent before frost,
and better fiber characters, which could be used as potential
breeding materials.

Materials and methods
Experiment and traits investigation

All 265 cotton varieties in present study were planted in the
experimental farm of Tarimu University of Agricultural
Reclamation, Alar, Xinjiang Province, China during three
consecutive years (1990-1992). A randomized complete block
design with two replications in each year was carried out. Each
block consisted of two rows with a space of 0.13 m. Each row
was 2 m long and 0.6 m wide on a ridge. The fields were
managed with local optimal fertilizer and cultivation measures.
For each variety, eight cotton plants were sampled to
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Table 4. Correlation coefficients between traits in the entire collection (above diagonal) and the core collection (below diagonal)

Reflectivity Yellowness Flowering Boll Boll-opening Pre-frost Boll weight Lint Pre-frost boll  Pre-frost lint
(%) stage (day) (day) stage (day) boll (9) percentage number percentage  cotton (g)
number (%) (%)

Reflectivity (%) - -0.527 -0.10 -0.16" -0.15" 0.07 -0.197 -0.06 0.14" -0.52
Yellowness -0.57" - 0.14 0.20™ 0.19™ -0.16™ 0.14" 0.09 -0.20" -0.11
Flowering stage (day) 0.05 0.29 - 0.65™ 0.82" -0.70™ 0.30™ -0.11 -0.69" -0.67"
Boll stage (day) -0.07 0.26 0.59" - 0.97" -0.69™ 0.27" -0.08 -0.73™ -0.66"
Boll-opening stage (day) -0.04 0.29 0.78" 0.96™ - -0.75" 0.31" -0.10 -0.78™ 072"
Pre-frost boll number 0.02 -0.42" -0.73" -0.75" -0.82™ - -0.35" 0.11 0.81" 0.95™
Boll weight (g) -0.08 0.08 0.47" 0.35 0.43" -0.42 - -0.08 -0.377 -0.13"
Lint percentage (%) -0.39" 0.23 0.01 0.11 0.09 -0.01 0.04 - 0.10 0.24™
Pre-frost boll number percentage 0.23 -0.37 -0.74” -0.75™ -0.83" 0.70™ -0.50™ -0.04 - 0.76™
(%)
Pre-frost lint cotton (g) -0.05 -0.39" -0.66™ -0.68" -0.74™ 0.94™ -0.15 0.12 059" -

* ™ indicate significant difference detected between the subset and the initial population at 5%, 1% probability.
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investigate two fiber quality traits (reflectivity (%) and
yellowness) and eight agronomic traits, viz., flowering stage
(day), boll stage (day), boll-opening stage (day), pre-frost boll
number, boll weight (g), lint percentage (%), pre-frost boll
number percentage (%), and pre-frost lint cotton (g).

Prediction of genotypic values

The genotypic values of traits were predicted by the adjusted
unbiased prediction (AUP) method (Zhu, 1993; Zhu and Weir,
1996). The observed value of the j™ accession in the k™ block
within the i year could be expressed as:

Yix =u+E +G; +GE; + By, + &y

Where, ¢ is the population mean; Ei is the random effect of
the i environment (year), E; ~(0,672).,i=123; G,
is the random effect of the j" accession, G; ~ (0,52),
1=12,...,265; GEij is the random effect of Gj x E;,
GE; ~ (0, o) By is the random effect of the K"
block within the i environment, By ;) ~ (0, ol) .

k=12; &;j is the residual effect, £ ~ (O, 052) .

Construction of the core collection

Based on the above predicted genotypic values, the
Mahalanobis distances (Mahalanobis, 1936) were calculated
between accessions and used in cluster analysis of the
accessions. The procedure of stepwise clustering proposed by
Hu et al. (2000) was employed in developing a core collection
of the Sea Island cotton. To screen optimal sampling strategy,
ten potential core subsets were constructed by ten diverse
combining schemes of five clustering methods including single
linkage, complete linkage, centroid method, UPGMA and the
Ward’s method, and two sampling strategies, viz., preferred
sampling, and deviation sampling. A homogeneity test (F-test)
for variances and a t-test for means («=0.05) were performed to
determine the difference of traits between core subsets and the
initial collection. Then MD%, VD%, CR% and VR% (Hu et al.,
2000) were calculated, which were used to evaluate
representativeness of each core subset. The criterion to judge

the representative of a core collection is summarized as follows:

no more than 20% of the traits have different means (significant
at 0=0.05) between the core collection and the initial collection;
And the VR% of the core collection is larger than 80%. A core
collection with a larger VD% and VR% is regarded to have
better representativeness in genetic diversity of the initial
collection.

Validation of the core collection

A complete random subset was developed at the optimal
sampling proportion to evaluate the representativeness of the
core collection. The differences in mean between the core
collection or the random subset and the initial collection were
tested by Newman—Keuls procedure (Newman, 1939) for all
the traits, and the homogeneity of variances by Levene’s test
(Levene, 1960). The ranges, coefficients of variation and
Shannon — Weaver diversity indexes (Shannon and Weaver,
1949) were also calculated and used as a measure of genetic
diversity of each trait for different populations. Principal

component analysis (PCA) of the data set was performed for
core collection and random subset to illustrate whether the
distribution pattern of initial population was well captured by
the core collection.

An adequate core collection should maintain genetic
associations of traits in entire collection as well. In current
study, the Pearson’s correlation coefficients between traits in
the core collection and whole collection were calculated by the
SAS software in order to investigate the genetic relationship of
traits retained in core collection. Clustering analysis was also
performed based on the Mahalanobis distance for screening
superior accessions with potential value in breeding program or
further study on diversity in molecular methods.

Conclusion

Selection of material for breeding programs is always a
challenge for breeders, especially for crops with a large
germplasm. The sampled core collection provides cotton
breeders a good entry to the Sea Island cotton germplasm
resources. The core accessions with high fiber quality of lint
cotton and vyield of pre-frost cotton, being as important
potential material for quality or yield breeding of cotton, are
worthy to be further studied.
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