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COTTON IMPROVEMENT

Cotton Germplasm Diversity and ItsImportanceto Cultivar Development

Georg Van Esbroek and Daryl T. Bowman*

INTER PRETIV E SUMMARY

Gemplasndiversily is of concento breeders,
as it shoull be to producers Breedes rely on
genett variation betwea parensg to create unique
gere combinatiors necessar for new sugerior
cultivars Extensive use of closey-relatad cultivars
by produces could resut in vulnerability to pests
and diseases The importane of genett diversity
tocropvulnerability iswidely recaynized however,
there are conflicting views corncerning the
importane of geneticaly-distar parensto cultivar
improvement According to quantitatve genetc
theory, the probability of producirg unigue
genoypesincreassin proportian to the number of
genes for which parens differ (genett distane).
However, pag succesin developing high-yielding
cultivarsfromthematingsof closey-relatad parents
has led same to questimm the importane of
geneticdl y-diverse parens to crop improvement.
Although the choice of parens is often the most
importart decisia in a breediry program, littl e is
known abou the importane of parenta genetic
distan@ to successfucotton cultivar development.
The objective of this study was to detemine the
importane of parenta gendic distan@ to cotton
cultivar development Sud information could be
useful inidentifying optimal breedimg strategiesfor
cotton improvement.

Successfu cultivars defined as cultivars
planted to 1% or more of the totd cotton acreae
(more than 100 000 acre$ for at leag 1 yr from
1987 to 1996 were identified Pedgrees were
exanined and the genett relatedress betwea the
parens of the® cultivars was estimated as
coefficiert of parentge. The coefficiert of
parentge ranges from O for unrelatel parensto 1
for two identicd parents For a self-pollinated
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specis sud as cotton cultivars sharirg one parent
would have a coefficiert of parentge of 0.5.

Sixty succesful cultivars were identified.
Thes occupial an average of 89% of the annual
cotton acrege. The mgjority of the successful
cultivars (60%) was derived from two-way crosses,
primarily betwea cultivars or betwea cultivars
and experimentd / gemplagn lines. About 25%
were reselectios from existing cultivars and the
remaining 15% were the resut of complex crosses
(crosssinvolving F, hybrids or siste lines).

The averaye coefficiert of parentge between
parens usel in the final cross was 0.29 and was
greate than wha was expecté by chane pairing
(coefficiert of parentge = 0.09) Furthe evidence
tha cultivar improvement could be made with
crosse involving closey-relatad individuals was
the large number of cultivars developal by
reselectiowithincultivars For exanple, aseriesof
reselectionstartirg from early 1900 cultivar, Lone
Star, have resultel in cultivars with almos double
the yield as the original cultivar, Lone Star These
yield gains were similar to gains for cultivars
developal during this periad through a series of
crosss ard intercrosses. Moreover, sewral
recenty-releasedsuccessflucultivars (Stoneville
474 and Surgrow 125 were developal by
extensve intermating and badcrossing of closel/-
relatad lines Although successfucultivars were
developal from both distanty-related and closey-
related cultivars the large number of cultivars
developal asreselectionsor from the crossimgs of
closel-relatad parents indicated tha ther was
sufficient variability or mechanisis to create
variability in closey-related linesto makebreeding
progress.

The greaterthan-expected-frequency of
cultivars with closey-related parens suggess that
distanty-relatad gemmplagn was unadaptd and
matings were for the mog part restrictel to
geneticaly similar regionally-adapte lines Other
studies have shown tha mary generatios of
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reselection of unadapted germplasm may be needetetween parents used in the final cross was 0.29. This
to make such germplasm as productive asVvalue was greater than was expected with random
regionally-adapted cultivars. The problem of Pairing of parents (coefficient of parentage = 0.09).

introgressing desirable traits from distantly-related " general, the genetic distance for parents of

germplasm was illustrated by the infrequent use of Successful cultivars reflected the level of diversity

cotton germplasm resources. Of the 668 CottonWlthln the regionally-adapted cultivars. Although

| i istered @rob SCi . many germplasm lines were available to breeders, use
germpiasmlines registere Op >cienceluring of diverse germplasm appeared to be restricted to a

1972 to 1996, only four (0.3%) appeared in the te; agronomically-suitable lines. Of the 668 cotton
pedigrees of successful cultivars. However, the fewgermp|asm lines registered inCrop Scienceduring

diverse germplasm lines that were introgressed into1972 to 1996, only four (0.03%) appeared in the
agronomically suitable germplasm became widely pedigrees of successful cultivars. The high frequency
used; almost all 60 successful cultivars containedof successful cultivars derived from reselections, and
some exotic germplasm in their pedigrees. Despitethe occurrence of several widely-grown cultivars that
the wide-scale attempts to collect and develop awere developed from closely-related parents,
diverse germplasm base, the bulk of the cottonindicated that genetically diverse parents have not
genetic resources has not been used. A greatelPeen imperative to cotton cultivar improvement in

concentration on quality rather than of quantity of
diverse germplasm may offer greater rewards in
crop improvement and reduced genetic
vulnerability.  Unless progress is made in
transferring useful allelic variation from diverse to
adapted germplasm without negative agronomic
effects, germplasm resources will probably remain
underused and the trend towards increased geneti
vulnerability will continue.

ABSTRACT

Although it is widely assumed that genetically
diverse parents facilitate the creation of superior
progeny, few studies have examined the relationship
between parental genetic distance and the creation of
successful cultivars. In theory, matings of distantly-
related parents will produce a greater number of
transgressive segregates than matings of closely-
related parents. However, for many crops, yield
improvements have come from matings of closely-
related genotypes. The objective of this study was to
determine the relationship between parental genetic
distance and development of successful cotton
(Gossypium hirsutumL.) cultivars. Pedigrees of
cultivars that occupied more than 1% of the total
U.S. plantings for atleast 1 yr from 1987 to 1996 were
examined, and the genetic relatedness of the parents
in the final cross was estimated as coefficient of
parentage. A total of 60 successful cultivars was
identified. The majority of these cultivars was
derived from two-way crosses (60%), wikreas the
remainder were the result of reselections within
cultivars or germplasm lines (25%), or complex
crosses (15%). The average coefficient of parentage

recent years.

Interest in genetic diversity is twofold. First,
genetic heterogeneity limits vulnerability to pests
and diseases; second, it provides an ample supply
of allelic variation that can be used to create new

favorable gene combinations. Although the

Enportance of genetic diversity to crop vulnerability
15 widely acknowledged (Duvick, 1984; Cox et al.,
1986), there are conflicting reports as to the
importance of genetically diverse parents to cultivar
improvement. According to quantitative genetic
theory, the genetic variance, and hence the
probability of producing transgressive segregates,
increases in m@portion to the number of loci for
which parents carry different alleles. This
theoretical concept is supported by some studies
that showed larger genetic variances among the
progeny of distantly-related than of closely-related
parents. For soybearG[ycine max(L.) Merr.],
Manjarrez-Sandoval et al. (1997) observed that
genetic variance for yield was positivedgsociated
with parental genetic distance, and that genetic
variance declined to near zero when the coefficient
of parentage was above 0.27. In studies with oat
(Avena sativd..), genetic variance was positively,
albeit weakly, associated with genetic distance
(Cowen and Frey, 1987). Helms et al907),
however, reported that genetic distance for several
soybean lines was not associated with genetic
variance and was not of sufficient predictive value
for any combination of parents. Kisha et al. (1997)
observed generally larger genetic variances for
related soybean parents than for closely-related
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parents, but concluded that genetic distance could The choice of parents is often the most
not accurately predict the genetic variance for anyimportant decision in a breeding program. The
given cross. In studies with wheafTrfticum narrowness of the cotton genetic base (May et al.,
aestivumL.), Souza and Sorrells (1991) and Cox 1995; Van Esbroeck et al.,, 1998) and limited
and Murphy (1990) reported that the relationship progress in cultivar improvement have led some to
between genetic distance and variance variedadvocate that cotton breeders expand the range of
among traits and populations. germplasm used in crosses (Meredith, 1991).
Inconsistent relationships between genetic Considerable resources have gone into collecting,
distance and genetic variance, as well as success ideveloping, evaluating, and maintaining germplasm
developing high-yielding cultivars fromthe matings resources, and there is now a large amount of
of closely-related parents, have led some todiverse cotton germplasm available (Percival and
guestion the importance of genetically diverse Kohel, 1990). Moreover, the pedigrees of cotton
germplasm to crop improvement. In barley cultivars and germplasm lines are well documented
(Hordeum vulgarel.), only a few germplasm (Bowman et al., 1997; Calhoun et al., 1997; Van
sources have contributed to almost all yield Esbroeck et al., 1997), allowing breeders to
advances (Rasmussen and Phillips, 1997).consider genetic distance of parents as a criterionin
Extensive use of the hard red winter-wheat cultivar, making crosses. However, the importance of
Turkey, resulted in many years of crop parental genetic distance to successful cultivar
improvement (Cox et al., 1986). In soybean, more development in cotton is not well understood. One
than 80% of the gene pool was traced to as few asvay to determine the importance of genetically
10 plant introductions (Delannay et al., 1983). diverse parents to cultivar improvement is to
Cultivarimprovements achieved withinclosely- examine the pedigrees of a large number of
related populations have several possiblesuccessful cultivars. The objectives of this study
explanations. For many crops, leading adaptedwere to determine the importance of genetically
cultivars have been intercrossed to such an extentliverse parents, as indicated by coefficient of
that a cross involving distantly-related parents parentage, to the development of successful
requires the use of unadapted germplasm.cultivars. Such information may identify the
Unadapted genotypes usually contain a largebreeding strategies that are most likely to produce
number of undesirable genes or gene combinationsimproved progeny.
and it can take many generations of selection for
unadapted germplasm to be as productive as MATERIALS AND METHODS
adapted cultivars (Vello et al., 1984; Sneller et al.,
1997); therefore, breeders frequently limit their We sought to examine parental coefficient of
efforts to a narrow range of adapted lines that mayparentages for only those cultivars that exhibited
be more likely to produce gains in the short term. superior agronomic performance. It was assumed
Some question the wisdom of this strategy andthat growers were aware of cultivar performance
suggest that this concentration within a narrow and, for the most part, grew superior cultivars. Data
germplasm base has led to a leveling off of yield from the USDA- Agricultural Marketing Service
gains (Sorrells and Wilson, 1997). Alternatively, it (USDA, 1987-1996) were used to identify cultivars
has been argued that, for traits controlled by that were planted to 1% or more of the total cotton
multiple alleles, numerous mechanisms exist tohectarage for at least 1 yr from 1987 to 1996. This
create new genetic variation such that diversewas roughly equivalent to cultivars grown on more
parents are not necessary for the creation ofthan 40 500 ha (100 000 acres). Pedigree
transgressive segregates (Rasmussen and Phillipgformation from Calhoun et al. (1997) was used to
1997). Evidence for this viewpointis the continued identify the parents of these cultivars. The genetic
selection gain for quantitative traits in closed distance between the two parents used in the final
populations of maize Zea maysL.) despite cross was computed as coefficient of parentage
numerous cycles of recurrent selection (Dudley and(Kempthorne, 1969), using a modified FORTRAN
Lambert, 1992). program developed by D.M. Rodgers at Kansas
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State University. In calculating coefficient of
parentage, we used the assumptions of Bowman et
al. (1997). These were that all ancestors were
unrelated (coefficient of parentage = 0), cultivars
obtained half their genes from each parent, all £
parents were homozygous and homogeneous, and =t
the coefficient of parentage between the two parents z
of a reselection was 0.5 [a compromise between a
self-pollination (coefficient of parentage = 1) and a
cross to an unknown (coefficient of parentage =
0.0)]. Forreselections, the coefficient of parentage
between the parents involved in the original crosses
was also calculated. This was done to exclude the » ; . : : : :
possibility that the original cultivars were not O eficiont ot samantas b poronte of e st ormns
homozygous (many cultivars are released atzan F Figure 1. Frequency (%) of successful cultivars vs.
earlier generation) and the success of their selection  coefficient of parentage between parents used in the
involved further gene segregation. Cultivars or final cross.
germplasm lines with unknown pedigrees were
excluded from the analysis. cultivars were reselections from existing cultivars,
The area of adaptation (or selection) for the a value similar to the frequency of reselections
parents of successful cultivars was also examined(31%) reported for the 285 upland cultivars released
For this purpose we considered three general areafom 1970 to 1990 (Bowman et al1996). The
of adaptation: Eastern (Mississippi delta and remaining 15% were derived from complex crosses
southeastern USA), Central (Texas), and Western(crosses involving Fhybrids or sister lines).
(Arizona, California, and New Mexico). Because The coefficient of parentage between parents
genetic distance among parents used in a breedingsed in the final cross for successful cultivars
program can be influenced by the coefficient of ranged from 0 to 0.875, with a mean@£9 (Fig.
parentage between the available regionally-adapted.). The high frequency of values around 0.5 was
cultivars or germplasm lines, we also examined thedue to the large number of cultivars derived from
hypothetical (expected) coefficient of parentage reselections and the assumption that the coefficient
between parents assuming that all parents weref parentage between the two parents of a
randomly crossed. To do this, we calculated thereselection was 0.5. However, when reselections
coefficient of parentage between each parentand alivithin a cultivar were considered to be derived as
others and then determined the frequency of eaclprogeny of the original cross, the average
coefficient of parentage class as a percentage of theoefficient of parentage between parents used in the

25 |

18 5

10

Fraguency of success

total number of hypothetical crosses. final cross was 0.18.
The average coefficient of parentage for all
RESULTS AND DISCUSSION possible pairwise combinations of parents of the

successful cultivars was 0.09, a value similar to the
Sixty cultivars, that were grown on more than average relationship (0.07) among all cultivars
1% (40 500 ha) of the total cotton hectarage in atreleased between 1970 and 1990 (Bowman et al.,
least 1 yr from 1987 to 1996, were identified as 1996). Thus, regardless of how coefficient of
successful cultivars. These cultivars, originating parentage was calculated for parents of reselections,
from breeding efforts in the 1970s and 1980s, the genetic relatedness of the combination of
accounted for an average of 89% of the total annualparents used to create successful cultivars
U.S. land area planted to upland cotton. Sixty (coefficient of parentage =0.18 or 0.29) was greater
percent of these cultivars was derived from two- than the average relatedness among all possible
way crosses between cultivars or between cultivarspairs of parents (coefficient of parentage = 0.09)
and germplasm lines. About 25% of the successful(Fig. 2).
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The weak relationship between parental genetic
7 diversity and cultivar improvement has several
probable explanations. There may be sufficient
allelic variation, mutation, or recombination in the
mating of closely-related individuals to result in
improved agronomic performance and /or
coefficient of parentage may not reflect true genetic
distance. The large number of successful cultivars
developed as reselections indicates that there was
sufficient recombination in matings of closely-
related parents to improve agronomic performance.
May et al. (1995) noted that although regionally
Figure 2. Relationship between the coefficient of parentage a(_japted Imeswer_e CIO.Serrelated’t.heycontameda
of parents used in the final cross and frequency of wide range of diversity for maturity and fiber
successful cultivars (Actual).  Expected values properties. Presumably the variation in several
represent the expected frequencies for each coefficient agronomicallyimportant traits among the regionally
ofparentggeclassifallpar.entswererandomlycrossed. adapted lines offered a greater opportunity to
Reselections were considered as a product of the  qjickly enhance a cultivar than the much greater
original cross. . .
total variation in unadapted germplasm. Further
Parents of successful cultivars almost always evidence that yield improvements have not been
originated in the same region. Excluding limited by matings of closely-related individuals is
reselections, only four of the remaining 45 cultivars the number of cultivars developed as reselections
had an immediate parent outside its region. May etand the improvements obtained through reselection.
al. (1995) showed that although the averageYield trials with current and obsolete cultivars,
coefficient of parentage among 126 cotton cultivars together with pedigree data, show that a series of
released betweeh980 and 1990 was low (0.07), reselections starting from the early 1900 cv. Lone
the coefficient of parentage among regionally- Star have resulted in cultivars that yield about twice
adapted cultivars was as high as 0.34. Thus, theas much as the original cultivar (Table 1). These
high frequency of closely-related parents in the yield gains were similar to gains for cultivars
final cross for successful cultivars reflects the fact developed during this period through a series of
that new cultivars were for the most part developedcrosses and intercrosses. Moreover, several
from high-yielding, closely-related, locally-adapted recently-released, very successful cultivars were
cultivars. Distantly-related germplasm is often developed by extensive intermating and
unadapted, thus restricting parents to regionally-backcrossing of closely-related DES and Stoneville
adapted lines; however, about one-third of the cultivars (Fig. 3). These results suggest that a
successful cultivars had parents that were distantly-minimal amount of recombination resulted in
related although locally adapted (Fig. 1). sufficient genetic variance to make breeding
In contrast to the widely held view that a large progress.

genetic distance am_ong parents f"jlc!“t‘r’ues_theTabIe 1. Lint yield of cultivars developed through
development of superior progeny, we did not find reselections starting from the cv. Lone Star.

1%
B

of

o040 11020 024030 0.M040 0410250 051080 041070 0.71-D.80 DA1-DBD

Coofficient of parentage between parents of the final cross

such a consistent relationship. Successful cultivars Yield
W_ere developed from Dboth closely-related and Cultivar Yearof Wellsand Bridge and Bridge
distantly-related parents. However, successful release Meredith Meredith etal.
cultivars had a greater than expected frequency of (1o84)f  (1983)+ (1971)
closely-related parents. It was assumed that this e (o T N 1 —

_ - _ Lone Star 1905 558
greater -than-expected frequerjcy o_f clos_ely rglaf[edsmnevi”e o8 1938 i 113 861
parents reflected the genetic diversity within sionevile213 1962 1118 1070 1201
regionally-adapted cultivars. t Yields are the means of 26 April and 12 May planting

dates.

1 Yields are the mean of 2 yr.
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Aoubarn 257202 Stonewille 7

Delcott 277 Stonewlle 603 Stnnef;ri]le 213 FD21a4 Deltapitie 16

DES 24 Stomeville 453 Stoneville 112 DES 56 Deltapine
DES 2134.047 501665
DES 2134.081

DES 119 DEZ 237-7 Deliapine S0

Stoneville 474

Deliapine 51

Suregrow 125

Figure 3. Pedigrees for several successful cultivars showing a large number of reselections and crossings to related cultivars.
Cultivars in bold occupied more than 1% of the U.S. cotton-growing area in at least 1 yr from 1987 to 1996.

Studies on F heterosis provide additional were highly correlatedr(= 0.81) to E line means
support for the view that improvements can be and concluded that bulk,Fields were effective in
made from the mating of closely-related predicting material fromwhichthe highest-yielding
individuals. i heterosis has been used to identify inbred lines were derived. For cotton, Green and
parents that produce high numbers of superiorCulp (1989) reported a positive correlation £
inbred lines. For wheat, Cregan and Busch (1977)0.58) between Fyields and the number of superior
reported that the yields from thg Bulk generation  lines selected per cross. There are few studies that
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have directly examined the relationship between F of the genome were inherited intact from a single
heterosis and genetic distance in cotton. However parent. It may be that recombination in key areas of
several studies have shown that very high levels ofthe genome is of greater importance than total
F, heterosis may be attained from the matings of recombination per se. Furthermore, recombination
closely-related lines. For example, in a study rates in distantly-related genotypes may be reduced
involving 64 F, hybrids obtained from 20 parents, because of improper pairing during meiosis due to
highest lint yields and second highest heterosisextensive differencesin DNA sequences. Ganal and
(17.9%) were obtained from the cross of the Tanksley (1996) reported reduced recombinationin
closely-related (coefficient of parentage = 0.715) interspecific in comparison to intraspecific crosses
lines, Coker 315 and Delcot 344 (Tang etal., 1993).of Lycopersicon Souza and Sorrells (1991)
This further substantiates the conclusion thatreported an initial increase in genetic variance or
recombination in key areas of the genome may be ofhybrid vigor with increasing genetic distance
greater importance to crop improvement than followed by decline at high genetic distance. This
genetic distance per se. suggests that recombination may be restricted at
A second possible explanation for the weak high genetic distance or that the progeny of wide
relationship between diverse parental coefficient of crosses were unable to fully express their yield
parentage and cultivar success is that coefficient ofpotential.
parentage may not reflect true genetic distance. In  For cotton, the major constraint to the use of
calculating coefficient of parentage, it was assumedgenetically-diverse parents is that they tend to be
that a cultivar inherits 50% of its alleles from each from different regions and as such unadapted. High
parent. Recent molecular marker data, howeverrecombination between adapted and unadapted
indicate that under intense selection this value mayparents can break up favorable linkage groups such
deviate by 20% (Bernardo et al., 1996). Attempts that progenies no longer contain the favorable allele
to improve estimates of genetic distance with combinations. Moreover, tropical accessions often
morphological features or molecular markers havecontain unfavorable linkage groups such that it may
led to limited success. These distance estimates aréake up to 14 generations of backcrossing to obtain
also problematic; limited polymorphism may be a lines with suitable fiber properties (Percival and
disadvantage for morphological divergence, while Kohel, 1990). Evaluations of commercial by exotic
time and resources often limit collection of cottoncrosses often show reduced yields relative to
molecular marker data. For soybean, Kisha et al.commercial cultivars (McCarty etal., 1996; Tang et
(1997) observed that the molecular marker al., 1993). For example, although root-knot
estimates of genetic distance were sometimes anematode Neloidogyne incognita(Kofoid and
better predictor of genetic variance than coefficient White) Chitwood] causes major yield losses in
of parentage. However, results varied amongcotton, incorporation of resistance from exotic
populations and traits. In wheat, Cox and Murphy germplasm has been limited because crosses
(1990) reported that combined estimates of geneticdbetween elite lines and resistant lines exhibited
distance improved the relationship between genetidarge yield reductions (Robinson et al., 1997).
distance and variance, however, coefficient of Furthermore, introgression of exotic germplasm for
parentage was the single best predictor of geneticotton may be delayed because of the need to
variance or heterosis. simultaneously select for arange of fiber properties.
Greater genetic variance among the progeny ofThe practical use of diverse cotton germplasm
distantly-related than closely-related parents isappears to be similar to that of many other crops
expected due to greater recombination; howeverwhere very diverse germplasm requires humerous
recombination rates are not necessarily proportionakycles of selection to be of value (Vello et al.,
to genetic distance. In several plant species,1984).
specific genes exist that influence recombination  The problem of introgressing desirable traits
rate (Baker etal., 1976). In soybean, Lorenzen et alfrom distantly-related germplasm is illustrated by
(1996) observed that the number of recombinationsthe infrequent use of cotton germplasm resources.
varied with cultivar. In some cases, large portions Only four (0.3%) of the 668 cotton germplasm lines
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registered inCrop Scienceduring 1972 to 1996 adapted cultivars. Their frequent use is evidence
(Van Esbroeck et al.,, 1997) appeared in thethat diverse germplasm may be used to improve
pedigrees of successful cultivars in this study. This cotton varieties.
statistic undoubtedly underestimatesthe importance  Inconclusion, we observed that parental genetic
of germplasmresources, asrecently developed (e.gdliversity, as estimated by coefficient of parentage,
1990+) germplasm may not yet have beenwas not imperative for cotton improvement.
introgressed into dtivars. Furthermore, germplasm Successful cultivars were most frequently
developed for regions with limited cotton hectarage developed from closely-related parents, with alevel
was also not included. This statistic, however, of diversity similar to the average genetic
highlights the limited use of the vast majority of relationship among regionally-adapted cultivars.
cotton germplasm. The large number of cultivars developed from
Limited use of germplasm, however, does not closely-related parents indicated that there was
appear to indicate limited importance. When a few sufficient variability or mechanisms to create
of these diverse germplasm lines were introgressedvariability, to make breeding progress in a narrow
into agronomically suitable cultivars, they became germplasm base. Unless methods are improved to
widely used; almost all 60 successful cultivars transfer useful allelic variation from diverse to
contained some exotic germplasm in their adapted germplasm without negative agronomic
pedigrees. This germplasm was primarily effects, cotton germplasm resources will remain
incorporated through crosses with lines containinglargely underused and the trend towards increased
triple hybrid germplasm (AXTE, Delcd77, and  genetic uniformity will probably continue.
PD 2165) or Bar 4/16 SAKEL (Tamcot SP21, SP23,
and SP37). Despite the wide-scale attempts to REFERENCES
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