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Pedigree- vs. DNA Marker-Based Genetic Similarity Estimates in Cotton

Guillermo Van Becelaere, Edward L. Lubbers, Andrew H. Paterson, and Peng W. Chee*

ABSTRACT

Knowledge of genetic diversity and relationships among breeding
materials is essential to the improvement of crop species. Genetic
similarity estimates among cultivars are helpful to select parental
combinations for segregating populations so as to maintain genetic
diversity in a breeding program. The objective of this study was to
determine the correspondence between pedigree- and restriction frag-
ment length polymorphism-based genetic similarity (RFLP-GS) esti-
mates for a set of 36 Upland cotton (Gossypium hirsutum L.) cultivars.
Coefficients of parentage (COPs) and genetic similarity estimates
based on 261 codominant RFLP markers for all possible pairs of
cultivars were compared. A significant though moderate association
(r = 041, P < 0.001) was detected between the COP and RFLP-GS
matrices. Spearman’s rank correlation for the 142 pairs of related cultivars
(COP = 0.1) was somewhat higher (rs = 0.53, P < 0.001). There was
a significant linear relationship between COP and RFLP-GS for the
pairs of related cultivars; however, the coefficient of determination
was low (R? = 0.25), indicating that the COP only explained a small
portion of the variation observed for RFLP-GS. COP and RFLP-GS
estimate different types of genetic resemblance; however, the moder-
ate association may have also resulted from violations to the assump-
tions made when computing COP. RFLP-GS is a more accurate estimate
of true genetic resemblance among cotton cultivars. Nevertheless, the
pedigree- and RFLP-based dendrograms were somewhat similar, sug-
gesting that pedigree information will continue to be useful to inexpen-
sively identify diverse parents in a breeding program.

KNOWLEDGE of genetic diversity and relationships
among breeding materials is essential to the plant
breeder in the efficient improvement of crop species.
Genetic similarity (or genetic distance) estimates among
genotypes are helpful in selecting parental combinations
for segregating populations so as to maintain genetic diver-
sity in a breeding program. These estimates are, in turn,
estimates for availability of alternate alleles for desirable
traits, which is the basis for long-term selection gains.
Crosses between genetically divergent parents are ex-
pected to have a larger genetic variance among progenies
than crosses between closely related parents (Messmer et
al., 1993), increasing the opportunity for selecting rare
progenies that may be superior. Despite this, the re-
peated crossing of closely related elite parents to de-
velop new elite cultivars is common in many crop species
and has likely narrowed their genetic base, increasing
their vulnerability to potentially widespread losses from
diseases and pests.

Genetic similarity among genotypes can be estimated

G. Van Becelaere, E.L. Lubbers, and P.W. Chee, Dep. of Crop and
Soil Sciences, Univ. of Georgia, Tifton, GA 31793; A.H. Paterson,
Plant Genome Mapping Lab., Univ. of Georgia, Athens, GA 30602.
Received 7 Dec. 2004. *Corresponding author (pwchee@uga.edu).

Published in Crop Sci. 45:2281-2287 (2005).
Plant Genetic Resources
doi:10.2135/cropsci2004.0715

© Crop Science Society of America

677 S. Segoe Rd., Madison, WI 53711 USA

2281

by different approaches, which include the use of pedi-
grees and DNA fingerprinting. The COP measures the
degree of genetic relatedness among genotypes based
on pedigree information by estimating the probability
that a random allele from one genotype is identical by
descent to a random allele of another genotype at the
same locus (Kempthorne, 1969). The accuracy of COP
depends on the availability of reliable and detailed pedi-
gree records; at times these records may be either un-
available or unreliable. The calculations also do not
account for the effects of selection, mutation, and ge-
netic drift and require several simplifying assumptions
that are generally not met. Nevertheless, pedigree infor-
mation offers plant breeders a simple and inexpensive
way to estimate genetic relatedness among breeding ma-
terials.

DNA markers, such as RFLPs, amplified fragment
length polymorphisms (AFLPs), random amplified poly-
morphic DNAs (RAPDs), and simple sequence repeats
(SSRs), can directly assess DNA sequence variation.
DNA-based genetic similarity measures the degree of
genetic relatedness among genotypes by estimating the
proportion of alleles that are alike in state, thus differing
from COP in the type of genetic resemblance estimated.
As such, they provide a more precise estimate of genetic
similarity among genotypes and do not require the as-
sumptions inherent to pedigree analysis. All the DNA
markers mentioned above can provide a large num-
ber of polymorphic loci and have been utilized to esti-
mate genetic similarity among genotypes in crop species
(Graner et al., 1994; Kim and Ward, 1997; Messmer et
al., 1993).

The level of association between pedigree- and DNA
marker—based genetic similarity estimates may vary among
different crop species. In maize (Zea mays L.), for exam-
ple, most studies found a close association between COP
and RFLP-based genetic similarity (RFLP-GS) (Messmer
et al., 1993). However, in other species such as wheat
(Triticum aestivum L.) (Kim and Ward, 1997), barley
(Hordeum vulgare L.) (Graner et al., 1994), and oat
(Avena sativa L..) (O’Donoughue et al., 1994) only mod-
erate to low associations have been observed between
both estimators. Therefore, it is important to determine
within each species whether pedigree- and DNA marker—
based estimates of genetic similarity provide similar in-
formation about the genetic relationships among germ-
plasm.

The pedigrees of cotton cultivars have been assem-
bled and published (Calhoun et al., 1997) and have been
used in selecting parents for crossing blocks; whereas
large-scale DNA marker data were not available until
recently. Bowman et al. (1996) reported an average
COP of 0.07 for 260 Upland cotton cultivars released

Abbreviations: COP, coefficient of parentage; RFLP-GS, restriction
fragment length polymorphism—based genetic similarity.
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in the USA between 1970 and 1990, which indicated a
greater level of genetic diversity in cotton than in most
crops. However, there are indications that the level of
genetic diversity of cotton, as estimated by the average
COP, may be overestimated (Van Esbroeck et al., 1999).
In fact, studies using isozymes (Wendel et al., 1992) and
DNA markers (Brubaker and Wendel, 1994) found that
there is very little genetic diversity in modern Upland
cotton cultivars. This inconsistency casts doubt in regard
to the correspondence of COP and RFLP-GS in cotton,
although this remains to be tested. The objective of this
study was to determine the correspondence between
pedigree- and RFLP-based genetic similarity estimates
for a set of 36 Upland cotton cultivars.

MATERIALS AND METHODS

Thirty-six Upland cotton cultivars, selected on the basis of
historical importance and pedigree availability, were included
in this study. The cultivars contain representatives from the
four primary production areas of commercial cotton grown in
the USA: Western, High Plains, Midsouth, and Southeast. The
pedigrees and growing regions of the cultivars are presented
in Table 1. All cultivars were released in the USA between
1970 and 1990.

Coefficients of parentage for all possible pairs of cultivars
were calculated by Bowman et al. (1997) based on pedigree
information reported by Calhoun et al. (1997). The COPs
were calculated under the assumptions described by Murphy
et al. (1986), i.e., ancestors and cultivars with unknown pedi-
gree were unrelated to each other, cultivars derived from
crosses obtained half their genes from each parent, all parents

were homozygous and homogeneous, and COP between a
cultivar and a reselection was 0.75 [a compromise between an
outcross to an unknown (COP = 0.5) and a self pollination
(CoP =1)].

The cultivars were assayed with 261 codominant RFLP
markers previously mapped by Reinisch et al. (1994), chosen
to provide even coverage of the cotton genome. DNA extrac-
tion, electrophoresis, blotting, and hybridization were per-
formed as described by Reinisch et al. (1994). Genetic simi-
larity based on RFLP markers was estimated using GDA
software package (Lewis and Zaykin, 2001) for all possible
pairs of cultivars using Nei (1978) unbiased identity:

1= ny/ VG)(GY

where Gy and Gy are the averages of (2ny/y — 1)/(2ny — 1)
and (2nyJy — 1)/(2ny — 1) over the number of loci studied, re-
spectively, and Gyy = Jyy (Nei, 1978). Jx, Jy, and Jyy are the
averages of 2x7, 3y?, and 3xy; over all the loci studied, respec-
tively, and x; and y; are the allele frequencies of the ith allele
in cultivars X and Y, respectively (Nei, 1972). Nei’s unbiased
identity estimates can be greater than 1 on very rare occasions.
This is caused by sampling error and may occur if the number
of the sampled individuals is large. Nei suggests that these
values should be replaced with 1. With this as given, both
RFLP-GS and COP values range from 0 (completely unrelated)
to 1 (identical).

Unweighted pair group method using arithmetic averages
(UPGMA) cluster analyses of the COP and RFLP-GS matrices
were performed to compare the relationships among cultivars
as revealed by pedigrees and RFLP markers. Dendrograms were
obtained using the SAHN clustering routine of NTSYS-pc
(Rohlf, 2004). Simple correlation analysis was conducted to

Table 1. Pedigrees and growing regions of the 36 Upland cotton cultivars used in this study.

Cultivar U.S. region Pedigree
Acala 1517-70 western B1413/Hopicala

Acala 1517-75 western Acala 688/Acala 9608

Acala 1517-88 western Acala 1517-77BR/DP 70

Acala Maxxa western T7538/S4959

Acala SJ-3 western C6TE/NMB7378

Acala SJ-4 western C6TE/NMB3080

Blightmaster A-5 High Plains Stormmaster//Stoneville 20/Acala 5675/3/Stormmaster
Coker 310 Southeast CKR 100 Staple/DP 15

Coker 312 Southeast Selection CKR 310

Deltapine 50 Midsouth DP 16//DP Smoothleaf/DP 45/3/DES 56
Deltapine 90 Midsouth DP 6516/DP 6582

Dunn 1047 High Plains Tamcot SP21/Dunn 219

Lankart LX571 High Plains Lankart 57/Lankart 3840

McNair 220 Southeast CKR 201/PD2165

McNair 235 Southeast CKR 201/PD2165

Paymaster 111-A
Paymaster 145
Paymaster 266
Paymaster HS26
Paymaster HS200

High Plains
High Plains
High Plains
High Plains
High Plains

Selection PM 111

Selection Tamcot SP21

AZ 6024-11-1-2/DP 5540//PM 101-A/TAES B4
Acala SJ-4/5B9-184

107 X 329 123171-74/160 X 145 145521
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PD-1 Southeast PD4381/PD8623

PD-2 Southeast FTA 266/Atlas//AC235/Dixie King
PD-3 Southeast PD9363/PD9240

Ranger BB-53 High Plains Stripper 31/PM 111-A

SC-1 Southeast

Stripper 31A High Plains
Tamcot CAB-CS High Plains
Tamcot CAMD-E High Plains
Tamcot CD3H High Plains
Tamcot GCNH High Plains
Tamcot HQ95 High Plains
Tamcot SP21 High Plains
Tamcot SP21S High Plains
Tamcot SP23 High Plains
Tamcot SP37 High Plains
Tamcot SP37H High Plains

7 Calhoun et al. (1997).

CKR 421/PD4398

Complex cross of: Roldo Rowden #5 & 27, Empire WR, BBR 4-1-36 B2
CAMD-21-S-78/BCUS-8-76

MDR.SP7-67/17TM2//SP46-67/17M2

Tamcot SP37H/CDPS-1-77

CAMD-21S-5-80/GN-8-76

Tamcot CD3H/MAR-CABU’CS-2-1-83

K4808-5 (1&2)D//Blightmaster/39-11-20/3/K4808-5 (1&2)A/PM 54-M-105-3
SP21F/SP33F//SP21V/SP37V

K4808-5 (1&2)D//Blightmaster/39-11-20/3/K4808-5 (1&2)A/PM 54-M-105-3
K4808-5 (1&2)D//Blightmaster/39-11-20/3/K4808-5 (1&2)A/PM 54-M-105-3
66N, B.V.65/520, B.V.65
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Fig. 1. Frequency distributions of (A) coefficients of parentage (COPs) and (B) RFLP-based genetic similarity (RFLP-GS) values for 630 pairs

of Upland cotton cultivars.

determine the association between COP and RFLP-GS values.
The normalized Mantel statistic Z (Mantel, 1967) was used to
assess the significance of the correlation between the COP and
RFLP-GS matrices. A linear regression of COP on RFLP-GS
was conducted including only the pairs of cultivars with COP =
0.1, following the assumption that cultivars with COP < 0.1
are not related by their pedigrees (Melchinger et al., 1995).
Spearman’s rank correlation (Steel et al., 1997) between COP
and RFLP-GS values was calculated for the pairs of related
cultivars.

RESULTS AND DISCUSSION

The frequency distributions of COP and RFLP-GS
values for the 630 pairs of cultivars were distinctly differ-
ent (Fig. 1). These COP values from Bowman et al.
(1997) ranged from 0 to 0.75, their median being 0.051
due to skewness toward low COP values. The RFLP-GS
values had a normal-shaped distribution, ranging from
0.914 to 1 with a median of 0.975, which reflects the
low genetic diversity reported by Brubaker and Wendel
(1994) and the narrow ranges of genetic distance and
similarity reported by Pillay and Myers (1999), Igbal et
al. (2001), Linos et al. (2002), and Gutiérrez et al. (2002).
The distributions of COP and RFLP-GS values were
similar to those observed by Barrett et al. (1998) in
wheat using AFLP markers.

A highly significant though moderate association (r =
0.41, P < 0.001) was detected between the COP and
RFLP-GS matrices. This result agreed with those ob-
tained in other autogamous crops such as wheat (Kim
and Ward, 1997), barley (Graner et al., 1994), and oat
(O’Donoughue et al., 1994) using RFLPs. In contrast,
the correlation coefficient was much lower than that
obtained by Messmer et al. (1993) in maize, which is an
allogamous species. Seventy-eight percent (488) of the
pairs of cultivars had a COP smaller than 0.1 and conse-
quently these cultivars were considered unrelated (Mel-
chinger et al., 1995). Rank correlation between COP
and RFLP-GS for the remaining 142 pairs of related
cultivars (COP = 0.1) was highly significant (rs = 0.53,
P < 0.001). Although the correlation coefficient was
still moderate, the exclusion of the most distant pedigree
relationships (COP < 0.1) from correlation analysis in-

creased the association between pedigree- and RFLP-
based estimates of genetic similarity. This agreed with
the results observed in barley by Tinker et al. (1993)
and in wheat by Kim and Ward (1997) using RAPD-
and RFLP-based estimates, respectively. In contrast,
Barrett et al. (1998) found that the association between
pedigree- and AFLP-based estimates was weak through-
out the whole range of diversity detected within their
wheat germplasm. The RFLP-GS estimates for the pairs
of related cultivars were plotted against their COP val-
ues (Fig. 2). There was a significant linear relationship
between COP and RFLP-GS; however, the coefficient
of determination was low (R> = 0.25), indicating that
the COP only explained a small portion of the variation
observed for RFLP-GS.

RFLP markers were effective in estimating the level
genetic similarity throughout the entire range of diversity
present in this study. In contrast, the use of pedigree infor-
mation had a lower genetic resolution due to skewness
toward low values, making COP uninformative for pa-

19 *

RFLP-GS

*2 _
0044 o y 0.02452x+0.9568
R%=0.2482
0.93 . . : : . . .
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8

COP
Fig. 2. Scatter plot of RFLP-based genetic similarity (RFLP-GS) versus
coefficient of parentage (COP) for 142 pairs of related (COP = 0.1)
Upland cotton cultivars.
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rental combinations with low genetic similarity (COP <(.1).
Nevertheless, the dendrograms resulting from UPGMA
cluster analyses of the COP and RFLP-GS matrices
were somewhat similar (Fig. 3) since cluster analysis
starts grouping the cultivars with the closest genetic
relationships, for which the correlation between COP
and RFLP-GS was highest. In general, cultivars that
were closely related according to their pedigrees, such
as ‘Coker 310’ and ‘Coker 312’ or ‘McNair 220’ and
‘McNair 235°, also had an apparent relationship in the
RFLP-based dendrogram. However, some cultivars, such
as ‘Paymaster 145 and ‘Tamcot SP21’ or ‘Paymaster
111-A’ and ‘Ranger BB-53’, were farther apart in the
RFLP-based dendrogram than might be expected based
on their pedigrees. Some other relationships, such as
those between ‘Dunn 1047’ and ‘Stripper 31A’ or ‘Lankart
LX571” and ‘Paymaster 266°, were close in the RFLP-
based analysis but were not evident in the pedigree-
based dendrogram. The similarity between both den-
drograms suggests that pedigree information should still
be useful to identify diverse parents in a cotton breed-
ing program.

The moderate association between COP and RFLP-GS
was not surprising since the estimation of genetic rela-
tionships among genotypes based on pedigrees and
RFLP markers are fundamentally different approaches;
in fact, they estimate different types of genetic resem-
blance. The COP is an estimate of the proportion of loci
with alleles identical by descent, that is, copies of the
same allele from a common ancestor, whereas RFLP-GS
estimates the proportion of alleles alike in state, that
is, indistinguishable by their effects. The COP ignores
alleles that are alike in state but not identical by descent,
assuming that genotypes not related by pedigree do not
carry homologous fragments. This difference should be
especially important in a crop such as cotton, which has
a narrow genetic base and thus possesses numerous
alleles alike in state but not identical by descent. The
RFLP-GS is more informative to the plant breeder since
the proportion of alleles alike in state determines the
amount of genetic variance among progeny (Helms et
al., 1997). That these measures estimate different types of
genetic resemblance suggest that the estimation of genetic
relationships among cultivars might be improved by com-
bining COP and RFLP-GS into a composite index, as
proposed by Cox et al. (1985). The composite index
would be expected to decrease the effect of the indepen-
dent inaccuracies of both estimates (Schut et al., 1997).

The moderate association between COP and RFLP-GS
may have also resulted from violations to the assump-
tions made when computing the COP. Some of the as-
sumptions underlying the calculation of COP are unreal-
istic for cotton breeding materials. The COP expresses
the degree of relatedness between two genotypes rela-
tive to a conceptual population of original ancestors
that are assumed to be unrelated. For instance, ancestral
cultivars Kekchi, Half and Half, Young’s Acala, and
Jackson Round Boll were considered unrelated (COP = 0)
(Van Esbroeck et al., 1999), yet the RFLP-GS values among
them ranged from 0.914 to 0.933, indicating not only
that ancestors carry alleles that are alike in state but

also that some pairs of ancestors are more related than
others. By erroneously assuming that ancestors were
unrelated, COP underestimated true genetic resem-
blance; however, this underestimation has little impact
on the relative genetic similarity estimates among culti-
vars (Van Esbroeck et al., 1999).

In contrast, COP probably overestimated genetic re-
lationships by assuming that all parents were homozy-
gous and homogeneous. Cotton is normally an autoga-
mous species; however, cross-pollination can occur by
insect vectors. The COP does not reflect outcrossing nor
residual segregation; however, the RFLP scores showed
that cultivars were not always completely homozygous
or homogeneous.

The COP also assumes that progeny receive half of
their alleles from each parent, ignoring the effects of
selection and genetic drift during cultivar development.
However, selection and/or genetic drift during inbreed-
ing may favor the recovery of alleles from one parent,
biasing the allelic contribution of the parents to the
progeny. For example, in the absence of selection pres-
sure, the RFLP-GS between ‘Ranger BB-53’ and each
of its parents are expected to be the same; however,
Ranger BB-53 was closer to its parent ‘Stripper 31A’
(0.976) than to its other parent, ‘Paymaster 111-A’
(0.966). In addition, even though ‘McNair 220’ and
‘McNair 235’ were derived from the same parents, the
RFLP-GS between the parent ‘PD2165’ and McNair
220 (0.974) was higher than that between ‘PD2165” and
McNair 235 (0.964). Hence, the assumption of equal
allelic contribution of the parents to the progeny reduces
the reliability of COP as a measure of true genetic re-
semblance.

Estimates based on DNA markers are a more accu-
rate measure of overall genetic similarity than COP as
they reflect the resemblance among genotypes at the DNA
level by direct sampling of the genome. Most authors
(Graner et al., 1994; Kim and Ward, 1997; Messmer et
al., 1993) recommend the use of DNA marker-based
genetic similarity to estimate true genetic resemblance
among cultivars rather than using pedigree information
alone. However, the extent of the utility of DNA mark-
ers for estimating genetic similarity may depend on the
nature of the markers and the genotypes under study
(Soleimani et al., 2002), while the accuracy of the esti-
mates depends on the number of markers employed, the
uniformity of their distribution in the genome, and the
independence of the information they provide (Messmer
et al., 1993).

Polymerase chain reaction (PCR)-based markers such
as AFLPs, RAPDs, and SSRs have also been used in
cotton to determine genetic relationships (Abdalla et
al., 2001; Liu et al., 2000; Tatineni et al., 1996). In cotton,
these markers are generally more polymorphic than
RFLPs and, therefore, genetic similarity estimates based
on them may show a closer association with COP. How-
ever, genetic similarity estimates using PCR-based mark-
ers may not accurately estimate functional genomic simi-
larity, which is more relevant for plant breeding, since
they generally analyze sequences from nonexpressed por-
tions of the genome. Whereas, most of the RFLLP mark-
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Fig. 3. Dendrograms resulting from UPGMA cluster analyses of (A) coefficients of parentage (COPs) and (B) RFLP-based genetic similarity
(RFLP-GS) values among 36 Upland cotton cultivars.
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ers used in this study were from either low copy or
cDNA clones (Reinisch et al., 1994), which are likely to
represent expressed regions of the genome. Further stud-
ies are needed to assess the relationship between genetic
similarity estimates calculated using DNA markers versus
genetic variance for economically importance traits.

In recent years, the average genetic gain for lint yield
has been on a downward trend (Meredith et al., 1997).
Some argue (Helms, 2000; Meredith, 2000) that cotton
may have reached a plateau for productivity and fiber
quality traits due possibly to the narrow genetic base
of modern Upland germplasm. Genetic similarity esti-
mates such as COP and RFLP-GS are helpful for plant
breeders in selecting parents that are more likely to
possess dissimilar genes to increase the level of genetic
variance in segregating populations. The mating of ge-
netically diverse parents broadens the genetic base of
Upland cotton; however, some cotton breeders think
that genetically diverse parents tend to come from dif-
ferent production regions and are reluctant to use un-
adapted germplasm. Due to rigorous standards for fiber
quality and the need to maintain or increase lint yield,
breeders tend to use adapted cultivars with outstanding
performance as parents. Nevertheless, selecting parents
with outstanding performance does not necessarily
mean that the parents must be closely related.

CONCLUSIONS

Pedigree- and RFLP-based genetic similarity estimates
among 36 Upland cotton cultivars showed a significant
though moderate association. The moderate level of
association was likely due, in part, to the fact that both
approaches estimate different types of genetic resem-
blance, while violations of unrealistic assumptions in-
volved in the calculation of COPs may have also contrib-
uted to the observed results. The exclusion of the most
distant pedigree relationships from correlation analysis
intensified the association between both estimators. Re-
gression analysis showed that pedigree relatedness was
not an accurate measure of genetic similarity as revealed
by RFLP markers. We recommend the use of RFLP-GS
as a more direct estimate of true genetic resemblance
among cultivars. Nevertheless, the pedigree- and RFLP-
based dendrograms were somewhat similar, indicating
that pedigree information will continue to be useful to
inexpensively identify diverse parents in a breeding pro-
gram. The combination of COP and RFLP-GS estimates
would help plant breeders to maximize the level of ge-
netic variance in segregating populations and focus their
resources on the most promising crosses.
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