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ABSTRACT

A better understanding of genetic diversity in cotton cultivars is needed to make the most of the genetic resources
and guarantee continuing improvements in the breeding programs. Our objective was to evaluate the genetic diversity
among cotton genotypes from the top breeding programs in Brazil and recommend hybrid combinations that would
increase variabilityT he field experiments we conducted on three cotton genotypes from each of the following Brazilian
breeding programs: EMBRAR MONSANTO DELTAPINE, FIBERMAX, IMA, TMG and UFU. Several phenotypic
evaluations were carried out&s, B1, full flower and full maturityModerate genetic divgence was observed among
the genotypes from these breeding programs. Hybridization of the BRS 825H.and FM 980 GLgenotypes would
likely produce segregating populations with greater genetic varialyiilyl potential, lint yield and desirable fiber
quality. Maturity, micronaire and fiber length were the strongest contributors to genetigeticer
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INTRODUCTION This honogeneity poses risks such as greater

Cotton is one of the most recent and most promisiﬁﬁjlnerability to biotic and abiotic stress and restricted
agricultural sectors in Brazil. The 2019/2020 harvest w&&rability in quantitative characters (Crezal, 2011;
the fourth largest in the world (Conab, 2020). The succe88rém & Miranda, 2013). Thus, breeding programs need a
of cotton cultivation in Brazil is largely due to investment®road genetic base to build diverse populations with
in research, production technology and domestic breedifigtisfactory agronomic performance that can be used to
programs. obtain genetic gains and to identify hybrids with greater

The continued development of cultivars is dependehgterotrophy (Cruet al, 2011; Ludkeet al, 2017).
on making the most of available genetic resources. Mostresearch on genetic divergence in cotton focusses
Because of numerous species and varieties, genetic varieffy on quantitative characters, such as productiyigyd
within the Gossypium genus is vastq® Neto & Freire, and fiber quality while disregarding the underlying
2013). Howeverto produce genotypes with favorablephenotypic characters. Howeyieis important to integrate
agronomic and technological traits, breeders frequentil possible variables to avoid segmentation in inferences
choose successful cultivars as parent plants, whiaout genetic divergence between genotypes and provide
narrows the genetic base and leads to high levels afbetter basis for evaluating strategies that improve
homogeneity across large areas of cropland (Mehboolariability and lead to better decisions in breeding programs
ur-rahman, 2012; Borém & Miranda, 2013). (Carvalhcet al, 2017).
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Therefore, the present study evaluates the gene@ealuated using Higiolume Instruments (HVI) to deter
diversity of cotton genotypes used in the top breedingine indicators of fiber quality such as upper-half mean
programs in Brazil and recommends the best hybriiber length (UHM), the fiber length uniformity index (LU),
combinations for increasing variability short fiber index (SFI), fiber strength (STR), fiber elongation

(ELG), micronaire index (MIC) and fiber maturity (MA
MATERIAL AND METHODS

programs in Brazil and the breeding program dtlthigersi-
dadeFederatieUberBndia— UFU (PROMALG) (&ble 1).

The resulting data from the 18 genotypes and 28
The experiment was carried out in the field using theariables were evaluated by univariate and multivariate
2017/18 harvest in Uberlandia, Minas Gerais Brazil (18° 52nalyses using the GENES software package (Cruz, 2013).
S and 48° 20V, elevation 805 meters).
The three most-cultivated cotton genotyggsgsypium on significance, the Scott-Knott test was then used to
hirsutumL.) were selected from each of the five top breedindetermine genotype groups (p < 0.05 and p < 0.01).
Several genotypic parameters were estimated, such as

Univariate analysis was performed first and, depending

the genotypic determination coefficientynd the ratio

The trial was set up using a randomized completelyf CVg to C\e (CMW). Phenotypic 1f) and geneticrf)
block design (RBD) with 18 treatments and threeorrelations were determined for characters with the
repetitions. Each experimental plot consisted of four rowsghest CY and i values.
of cotton, spaced one meter apart and four meters long. Genetic dissimilarity was calculated using the
Only the two centermost rows from each plot, less halfgeneralized Mahalanobis distancéi())(Cruz et al, 2011).

meter from each end of the rows, were evaluated.

Then genotype clusters were determined uSmrgher

Agronomic aspects of five randomly sampled plantgptimization and UPGMA clustering and displayed as
from each plot were evaluated using the cotton s&ale ( dendrogram.
cala do Algodadn Portuguese) proposed by Marur & Dendrogram clusters were chosen using the method

Ruano (2001). These evaluations were carriedtoi5),

proposed by Mojena (1977) and adapted by Milligan &

appearance of the first boll (B1), full flowering (FF) andCooper (1985). The cophenetic correlation coefficient
full maturity (MAT) (Table 2).

Yields of seed cotton, cotton seed plus lint and lindPGMA clustering. Finallythe relative contribution of
were determined after evaluating the plants at full maturitgach character to genetic divergence was quantified using
In addition, standard samples (SS) from each lint plot wetle criterion proposed by Singh (1981).

(Mantel, 1967) was calculated to check the quality of

Table 1: Characterization of the cotton genotyp&e¢sypium hirsuturh.) used in the study

Genotype Breeder Cycle Genetic Transformation Event
BRS 368RF EMBRAPA Medium to early MON88913

BRS 372 EMBRAPA Medium to late Absent

BRS 433 FL B2RF EMBRAPA Medium to late MON15985 and MON88913

DP Delta Opal MONSANTO DELTAPINE Medium to late Absent

DP 1228 B2RF MONSANTO DELTAPINE Late MON15985 and MON88913

DP 1552 B2RF MONSANTO DELTAPINE Medium MON15985 and MON88913

FM 975 WS FIBERMAX Medium to late 281-24-236 and 3006-210-23
FM 980 GIT FIBERMAX Late GHB 614, T304-40 and GHB119
FM 982 GL FIBERMAX Medium to late GHB614 and LLCotton25

IMA 2106 GL IMA Medium to early GHB614 and LLCotton25

IMA 5675 B2RF IMA Medium to early MON15985 and MON88913
IMA 8405 GIT IMA Late GHB 614, T304-40 and GHB119
TMG 45 B2RF TMG Medium to early MON15985 and MON88913
TMG 47 B2RF TMG Late MON15985 and MON88913
TMG 82 WS TMG Medium to late 281-24-236 and 3006-210-23
UFUJP-H UFU Late Absent

UFUJP-P UFU Late Absent

UFUJP-B UFU Late Absent

*MONB88913: genetically modified cotton tolerant to glyphosate; MON15985: genetically modified cotton resistant to Lepidoptera;
281-24-236: genetically modified cotton resistant to insects; 3006-210-23: genetically modified cotton tolerant to the herbicide glufosinate
ammonium (Vitlestrike cotton); GHB614: genetically modified cotton tolerant to the herbicide glyphosateo(@btion); LLCotton25:
genetically modified cotton tolerant to the herbicide glufosinate ammonium (LibertyLink cotton); T304-40 x GHB119: genetically
modified cotton tolerant to the herbicide glufosinate ammonium and resistant to Lepidoptarhifk Cotton).
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RESULTSAND DISCUSSION Lint yield ranged from 35.67% to 45.84%a(dle 3).
UFUJP-PUFUJP-H and BRS 433 BB2RF had the lowest
yields while FM 980 GI, TMG 47 B2RF and IMA8405
GLT had the highest values, which were greater than the
Base populations can be studied to select pared% taget used in breeding programsid®l Neto &
plants that would provide promising crosses, genetigreire, 2013). Carvalhet al (2003) found lint yields from
diversity and satisfactory agroeconomic performances.4% to 41.7% for genotypes in the®8RG germplasm
(Cruzetal, 2011). Thus, the mean genotype values of theank, whereas Santesal (2017) found lint yields from
characters were grouped in order to evaluate the potentdl.37% to 45.56% for cultivars from various breeding
of each cultivar prograns.

Analysis of the phenotypic characters of the
cotton genotypes

Table 2 Field evalutions at each developmental stage of the cotton plant according to the cott&ssakdelAlgodaqg proposed
by Marur and Ruano (2001)

V5* FF Bl MA
Plant height Plant height Unopened boll diameter ~ Plant height
Stem Diameter Stem Diameter Number of reproductive Stem Diameter
structures

LeafArea LeafArea Number of reproductive structures
Height of the first reproductive Mean boll weight
branch
Number of nodes Number of nodes
Number of vegetative branches Seed cotton yield (kg Ha
Number of reproductive structures Seed plus lint yield (kg ha

Yield (%)
*V5: plants with 5 fully developed leaves, FF: plants in full flonBd: plants with first boll; MA: plants at full maturity

Table 3 Mean of lint percentage, seed cotton yield, lint yield, and seed yield of cotton genotypes

Genotype LP SCY LY SY
BRS 368RF 39.23c 3988.07a 1535.03c 2391.81b
BRS 372 40.14c 3694.78a 1486.72c 2169.86b
BRS 433FL B2RF 35.87d 3103.32a 1149.74c 1981.82b
DP Delta Opal 38.41c 3348.02a 1290.61c 2034.37b
DP 1228 B2RF 39.52¢ 3354.68a 1326.43c 1952.58b
DP 1552 B2RF 41.67b 4702.32a 1960.80b 2712.77b
FM 975 WS 40.12¢c 3847.97a 1542.83c 2295.93b
FM 980 GIT 45.84a 3075.26a 1414.23c 1634.75b
FM 982 GL 39.46¢ 4051.40a 1620.85¢ 2333.89b
IMA 2106 GL 41.33b 3651.61a 1509.81c 2115.33b
IMA 5675 B2RF 39.90c 3705.07a 1487.60c 2216.89b
IMA 8405 GIT 44.10a 3575.72a 1566.28c 2021.25b
TMG 45 B2RF 41.07b 6834.01a 2763.37a 4090.61a
TMG 47 B2RF 44 .46a 4023.33a 1810.73c 2137.07b
TMG 82 WS 38.85¢ 4688.51a 1804.00c 2874.73b
UFUJP-H 35.74d 3353.12a 1501.64c 2186.27b
UFUJP-P 35.67d 3759.09a 1427.54c 2576.18b
UFUJP-B 36.63d 2783.48a 1009.65c¢ 1796.35b
Mean 39.89 3688.57 1543.94 2306.80
F trat 17.55* 2.24* 3.18* 2.61*
CV (%) 3.04 26.78 23.78 25.10
CVg/Cve 2.35 0.64 0.85 0.73
h? (%) 94.30 55.50 68.58 61.63

Means followed by same lowercase letters within a column belong to different groups (Scott-Knott test, p < 0.05). LP: lint percentage (%);
SCY: seed cotton yield (kg Hg LY: lint yield (kg ha'); SY: seed yield (kg hg. * Significant at 5%, F test; C\toeficient of variation; CVg/
CVe: ratio between the genetic and environmentalfmieifits of variation; i coeficient of genotypic determination.
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The genotypes did not cluster by cotton seed yield, Genotypic correlations were greater than or equal to
which may be due to high C¥alues. Howeveitwo and phenotypic correlations in 91.67% of the pairs of
three groups were found for seed and lint yieldgharacters, suggesting that genetic factors contributed
respectivelywith TMG 45 B2RF producing the highest more to these correlations than did environmental factors
values (Bble 3). DPL552 B2REFFM 982 GIT, TMG 45  (Table 4). Phenotypic correlations have greater practical
B2RF, TMG 47 B2RF and MG 82WS produced higher value since selections are generally based on phenotype
yields than the averages for the 2017/18 crop in Ming€ruzet al, 2012). The strongest and most significant
Gerais, Brazil (3,966 kg Haf seed cotton, 1,586 kghaf  phenotypic correlations were between the short fiber index
lintand 2,380 kg haof seed) (Conab, 2018). and length uniformity (- 0.92), maturity and micronaire

Globally, cotton bolls average 61.5% seeds and 38.580.88), and resistance and length (0.76).
fiber and in general, larger seeds indicate lower fiber Four groups were formed according to fiber quality
guantities (Beltrdo, 2001). This assertion was alswith mean fiber lengths (UHM) varying from 27.47 to 32.08
determined by Fangt al (2017) who showed that cotton (Table 5). OnlyTMG 45 B2RF had medium-length fibers,
plants contain two gene loci that control the pleiotropiwhile the rest were classified as having long fibers, which
and inverse association of fiber percentage with seéthe goal of breeding programs. BRS 433 FL B2RF had
index and seed size. Most of the seed cotton yield frotihe longest fibers (32.08 mm), which were greater than
the PROMALG UFU genotypes was due to superior se¢ldose proposed by Embrapa (2002) and classified as ex-
yield. Specificallythe percentages of seed weight to totata-long according to Cotton Incorporated (2018).
weight for UFUJP-H, UFUJP-P and UFUJP-B were 65.20%, BRS 433 FL B2RF produced the greatest average fiber
68.53% and 64.54%, respectivelhich were higher than length but lower lint yield. Similar results were found by
those of the other genotypes. Carvalhoet al (2015), who found a negative correlation

Intrinsic fiber quality is cultivar specific and althoughbetween yield and fiber length in extra-long fiber cultivars,
influenced by environmental conditions, is mainlybut many breeders break this linkage (Kenneii8).
controlled by genetic factors (Freire, 2015). Understandingowever given that only BRS 433 FB2RF had extra-
associations among characters is essential in chooslogg fibers (Embrapa, 2002), no correlation could be shown
breeding strategies. Therefore, this paper analyzbstween these characteristics. Samtoal (2017) state
correlations among characters and discusses meat some genotypes may have both higher average fiber
indicators of fiber qualitywhere CVg/C¥ and hvalues vyields and fiber lengths, as was observed in FM 980 GL
were the highest. IMA 8405GLT andTMG 47 B2RF

Table 4:Phenotypic and genotypic correlations among seed cotton yield, lint percentage, fiber length, fiber length uniformity index,
short fiber index, micronaire index, fiber strength, fiber elongation and fiber maturity of 18 cotton genotypes

Character Correlations LP UHM LU SFI MIC STR ELG MAT
scy rf 0.19° -0.55 -0.04 0.15s 0.17s -0.43s 0.33 -0.04
fg 0.27s -0.80 -0.14 0.24s 0.17s -0.63+ 0.48' -0.14
RP rf -0.15+ -0.17s 0.39s 0.24s 0.05s -0.27 0.34**
fg -0.18* -0.22 0.44 0.24s 0.05s -0.29+ 0.35*
UHM rf 0.43 -0.58 0.28s 0.76**  -0.29* 0.45s
fy 0.41s -0.56' 0.33s 0.77 0.40 0.50
LU rf -0.92" 0.42s 0.63**  0.38° 0.26
fg -0.95™ 0.49s 0.70* 0.09s 0.29s
SEI rf -0.40 -0.63**  -0.40* -0.22s
fg -0.43s -0.65 -0.42 -0.22s
* ns *%
MIC rf 0.53 0.171 0.88
fg 0.63 0.12s 0.86*
rf -0.22 0.66**
STR g -0.22 0.74*
rf -0.37¢
ELG fg -0.40

** *: Significant according to the t test at 0.01 and 0.05; ++, + significant according to the bootstrap test with 10000 simulations at 0.01
and 0.05. Estimates of phenotypic (rf) and genotypic (rg) correlations among characters: seed cotton yield (SCY); lint percentage (LP);
fiber length (UHM); fiber length uniformity index (LU); short fiber index (SFl); micronaire index (MIC); fiber strength (STR); fiber
elongation (ELG); fiber maturity (MA).
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UHM is correlated with resistance (STR). In other0.58), SFl and STR (rf =-0.63), SFl and LU (rf = -0.92)
words, longest fibers more strength and fineness. Tklowed that genotype BRS 433 FL B2RF had the highest
same was found in the present study and evidenced bseerage resistance, length uniformétyd elongation (very
strongly positive correlation (rf = 0.76). The correlatiorhigh), which suggest that the fibers from this cultivar
data also showed that STR is directly related to the lengtlould suffer limited damage during processing. The same
uniformity index (rf = 0.63) and micronaire (rf = 0.53), anccharacteristics were found in genotypes studied by San-
inversely associated with the short fiber index (rf = -0.63joset al (2017).

These correlations are important for cotton breeding since The genotypes could be separated into four groups
they show that the selection of only one of thesaccording to fiber elongation. DP 1552 and BRS 368, DP
characters, preferably the one with the highest coefficieBilta Opal, TMG 45, UFUJP-H, UFUJP-P and UFUJP-H
of genotypic determination (UHM), favors theproduced the highest averages (greater than 7.6%) and
simultaneous selection of the other characters. were classified as having very high elongation. The mean

The average STR values of these genotypes were iddongation values of all genotypes, except TMG 47 B2RF
al (greater than 27 gf téxand could be separated into(medium elongation, 6.74%), showed that the fibers should
four groups. The BRS 433 RF B2RF genotype alongithstand the high accelerations of processing without
classified as very strong (34.92 gf tex-1), while the otherspturing (Belot, 2018).
were classified as highly resistant (greater than 28.09 gf Three groups were formed among the genotypes
tex?). regarding uniformity of length (LU). The fiber of the group

A lower short fiber index (SFI) is desirable since shorteromposed of BRS 433 FL B2RF (85.00%) and DP 1552
fibers perform better in processing and result in bett®&2RF (84.92%) had higher LU values and was classified
quality yarns (Santost al, 2017; Cord&@o Sobrinfei al,  as uniform, which is better for spinning (Laetal, 2014).
2015). BRS 433 FL B2RF had the lowest mean SFI (5.72%he other groups had medium to uniform LU values that
of the group and was classified as very low (Embrapaere close to the 83% target of breeding programs (Cu-
2002). Negative correlations between SFl and UHM (rf sha Netaet al,, 2015).

Table 5:Mean of fiber length, fiber length uniformity index, short fiber index, micronaire index, fiber strength, fiber elongation, and
fiber maturity of cotton genotypes

Genotype UHM LU SFI MIC STR ELG MAT
BRS 368RF 28.35¢ 82.67c 8.78d 3.20b 30.04d 8.01b 82.32b
BRS 372 29.67b 82.94c 8.28c 3.76a 33.02b 7.45¢ 84.21a
BRS 433FL B2RF  32.08a 85.00a 5.722 3.79a 34.92a 7.65¢ 84.20 a
DP Delta Opal 29.16b 82.64c 8.05¢ 3.68a 31.55¢ 7.91b 83.61a
DP 1228 B2RF 28.46¢ 83.32b 8.00c 3.83a 31.67c 7.51c 84.26 a
DP 1552 B2RF 29.13b 84.92a 6.74b 4.15a 31.31c 9.03a 83.95a
FM 975 WS 29.15b 82.77c 8.712 3.46a 31.44c 7.42c 83.42 a
FM 980 GIT 29.59b 83.84b 7.66¢ 3.36b 32.71b 7.78¢c 8297 b
FM 982 GL 29.58b 82.80c 8.23c 3.71a 31.26¢ 7.40c 84.05 a
IMA 2106 GL 30.13b 82.14c 8.82d 3.55a 31.30c 7.25¢ 83.74 a
IMA 5675 B2RF 28.36¢ 82.08c 9.41d 3.05b 28.09d 7.69c¢ 82.10b
IMA 8405 GIT 29.07b 81.24c 9.65d 3.75a 29.75d 7.38c 84.09a
TMG 45 B2RF 27.47d 82.27¢ 8.64d 3.57a 28.12d 8.46b 82.83b
TMG 47 B2RF 29.87b 82.17c 8.90d 3.57a 30.61d 6.74d 84.11 a
TMG 82 WS 28.30c 83.18c 8.26¢ 3.28b 29.77d 7.38c 82.94 b
UFUJP-H 29.56b 83.55b 7.37b 3.21b 29.95d 8.12b 82.27b
UFUJP-P 29.25b 82.65¢c 7.92¢ 3.41b 28.94d 8.09b 82.74b
UFUJP-B 29.12b 81.51c 8.60d 3.12b 29.32d 7.99b 82.11b
Mean 29.24 82.87 8.21 3.52 30.76 7.74 83.33

F trat 12.83* 3.75* 8.92* 4.04* 6.37* 11.50* 4.88*
CV (%) 1.61 1.08 6.59 7.05 3.89 3.39 0.75
CVg/Cve 1.99 0.96 1.63 1.01 1.34 1.87 1.14
h? (%) 92.21 73.3 88.8 75.28 84.3 91.31 79.53

*Means followed by distinct lowercase letters within a column belong to distinct groups, Scott-Knott (0.05). UHM: fiber length (mm); LU:
fiber length uniformity index (%); SFI: short fiber index (%); MIC: micronaire index; STR: fiber strength (Bf €kG: fiber elongation

(%); MAT: fiber maturity (%). * F test (5%); CVcoeficient of variation; CVg/C¥: ratio between the genetic and environmental
coefficients of variation; and?hcoefficient of genotypic determination.
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The micronaire index of the genotypes varied from LU, SD/FFESD/MAT, MD/B1, NR/MATI,NR/Fk
3.05104.15. Except for DP 1552 B2RF (4.15), all genotyp&I, LA / FF contributed little to the detection of genetic
had fine fibers that fell within the optimal range definedliversity The lower genotype determination cligénts
by breeding programs (3.6 to 4.2 mm) (Freire, 2015).  and lower CVg /C¥ ratios explain the reduced importance

Although micronaire is important, it should not beof most of these characters, but not of SFI, MD / B1 and
considered in isolation given its correlation with M@&f LU, which may have resulted from variations already
=0.88).Thus, fibers with low MIC and high MRvalues represented by other characters (Grual, 2011).
are the most desirable since they produce fine, strong The relative importance of character data showed that
yarns and fabrics (Cunha Nedbal, 2015). In addition to the lint quality characters were more important than the
the micronaire index, lint yield (rf = 0.34) and fiber strengtlagronomic variables (Figure 1). This may have occurred
(rf = 0.66) were also significantly correlated with maturitybecause these cultivars came from breeding programs and

Although two groups were formed regarding fibehave already reached advanced levels for yield and
maturity, all genotypes were classified as below averagegoduction but are still evolving in qualitizanget al.
according to Embrapa (2002). However according t(2017) performed genomic analysis and detected more gene
Santanat al (2008), maturity values greater than 80%, a®ci associated with lint yield than with fiber qualittis
was the case for all genotypes in this stuigicate that suggests that breeding for higher lint yield has been the
the fibers are capable of maximizing dye uptake amain emphasis of cotton breeding over time.
retention (Belot, 2018). The dendrogram based on UPGMA clustering and the
Mahalanobis generalized distance (Figure 2) shows that
the genotypes are separated into six clustesecher

Fiber maturity provided the highest relativeclustering also separated the 18 genotypes into six distinct
contribution (36.57%) to genetic divergence (Singh, 1981g|usters (&ble 6).
followed by micronaire (25.61%) and fiber elongation Combining the UPGMAand Tocher methods
(8.31%) (Figure 1). In contrast, Cunha Net@l (2015) guarantees good estimates of genetic divergence @ilio
evaluated divergence among genotypes from the samig 2017). These methods appear to be in partial agreement
breeding programs with white and colored fibers and fourgince they both produced the same number of clusters;
that the technological characteristics of the fibehowever the constituents of these clusters ddedif
contributed least to genetic diversityhile fiber yield somewnhat due to the different ways of calculating genetic
and percentage contributed the most. dissimilarity and of defining proximity between an indivi-

Genetic divergence

Relative importance (%)
40.0

35.0
30.0
25.0
20.0
15.0
10.0 83
5‘0 5.2 4.8 43 3.7 33
l I l 14 1.1 0.6 0.6 0.6 0.6 0.5 0.5 0.4 04 04 0.3 0.2 0.2 0.2 0.2 0.1 0.0 0.0 0.0
0.0 Bl e e e e - — —— s —
s o

b

Q- A A y L K L 8 N K& QO
e SR 2 Q@@\gb & Q~z~\<‘ S8 QSQ’ Cf & \@“ i@“ STtV
"PH/V5: plant height at V5; SD/V5: stem diameter at V5; LA/V5. leaf area at V5, PH/FF: plant height at full flower; SD/FF: stem
diameter at full flower; LA/FF: leaf area at full flower; NN/FB: number of nodes at full bloom; NVB/FF: number of vegetative
branches at full flower; HFRB/FF: height of the first reproductive branch at full bloom; NR/FF: number of reproductive structures
at full bloom; NR/B1: number of reproductive structures at onset of first boll; MD/B1: mean diameter of an unopened boll at onset
of first boll; PH/MAT: plant height at full maturity; SD/MR stem diameter at full maturity; NN/MA number of nodes at full
maturity; NR/MAT: number of reproductive structures at full maturity; PMC: mean boll weight; S€3d cotton yield;X: lint
yield; SY: seed yield; LP: lint percentage; UHM: fiber length; LU: length uniformity; SFI: short fiber index; MIC: micronaire index;
STR: fiber strength; ELG: fiber elongation; NIAfiber maturity
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Figure 1: Estimates of the relative importance of characters affecting genetic divergence in cotton genotypes.
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dual and an existing group or between any two grougxcellent fiber quality o barbadensé. in G hirsutum
(Buttowet al, 2010; Cruzt al, 2011). L. cultivars.

All clustering methods distributed the Embrapa, TMG UPGMAclustering and th€cher optimization method
and Fibermax cultivars into three clusters, except tlgrouped DP 1552 B2RF and BRS 433 B2RF separately from
Torcher method which distributed the Fibermax genotypéise other genotype, while BRS 433 B2RF was grouped
into two groups. The IMA cultivars separated into twseparately by all clustering methods because of its
clusters regardless of method; howevee composition dissimilarity to the other genotypes. The distance between
of these clusters did vary by method. The consistetitese cultivars and the rest may be due to superior fiber
distribution of these cultivars suggests similarities withiiguality (Table 4), especially BRS 433 B2Rd#ad lint yield
the breeding programs. (DP1552 B2RF) (@ble 3).

Regardless of clustering method, the PROMALG UFU In general, the largest clusters consisted of genotypes
genotypes were always found within a single clystbile  from the greatest number of different breeding programs.
only one of the Monsanto DeltaPine cultivars (DP 155Bertini et al (2006) also identified clusters of cultivars
B2RF) was found in a separate clusitedicating genetic from various breeding programs, suggesting that different
similarity within these breeding programs. programs share similar germplasm. In additimalraj

Although the PROMALG UFU genotypes were(1982), Singh & Gill (1984) found that no relationship
arranged in a cluster with other cultivars by Tloeher between genetic and geographic diversity in cotton, since
optimization method, they were isolated by the UPGMAarieties from the same geographical origin could be
method. This differentiation occurred because the UFfdund in different groups. They attributed this
genotypes were bred by crossi@gssypium hirsuturh. phenomenon to the selection and adaptation of
with Gossypium barbaden&ein order to incorporate the populations. So, breeders should be depending on

genetics rather than geographical distribution.

® © Dissimilarity within the clustering methods
- % g’ @] demonstrates divergence among these genotypes.
*%% @ & ‘§ However at least one cultivar was similar across all the
K h‘,‘ breeding programs. These cultivars should not be used

in future crosses to maintain genetic variability and ensure
selection gains. Genetically related parents tend to share
many genes or alleles and produce crosses with low levels
of allelic heterozygosity and consequently low levels of
BRS433 vigor (Cruz, 2012).

Proximity between genotypes suggests that similar

p210 Mg germplasm sources with the same alleles have been used
. ‘® to breed Brazilian cotton cultivars, which have also been
) influenced by varieties from the United States and
® N %, ". Australia. According to Gutiérrezt al (2002), these
$ § Q :% varieties have a narrow genetic base that has been
® by E P selected from existing cultivars, while underutilizing wild
i - germplasm (Penna, 2005; Igleall, 2001; Bertinet al,

: . 2006). Bertiniet al (2006) found that many cotton cultivars
Figure 2: Dendogram of genetic divergence among 18 genotypes

of cotton, provided by the UPGMA clustering method and based © descended frqm a few pgrents and state§ that new
on the generalized distance of Mahalanobis (D?). Colored circlddleles need to be introduced into cotton breeding.
represent distinct clusters as defined by Mojena (1977). The mean Mahalanobis distancealfle 7) were

Cophenetic correlation coefficient (r): 0.60. highest in BRS 433 B2RF and FM 980TGtemonstrating

Table 6 Clustering of 18 cotton genotypes by fozher method and the generalized distance of Mahalanobis

Cluster N° of genotypes Genotypes

1 6 BRS 368RFIMA 5675 B2REFFM 975WS, IMA 8405 G0, FM 980 GLI, TMG 45 B2RF
2 6 UFUJP- PUFUJP- B, UFUJP- H, BRS 372, FM 982 GL, IN2A06 GL

3 3 DP 1228 B2RFTMG 82 WS, DPDelta Opal

4 1 DP 1552 B2RF

5 1 TMG 47 B2RF

6 1 BRS 433 FL B2RF
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Table 7: Genetic divegence among 18 cotton genotypes based on 28 characters and the generalized Mahalanobis distance

Genotype 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
2 329.2

3 862.2 370.2

4 202.9 271.9 453.4

5 323.4 206.9 504.8 310.9

6 323.5 269.7 599.9 208.0 525.1

7 146.5 112.0 471.9 1499 1153 263.6

8 234.8 376.5 1121.3 5054 4311 5704 2529

9 413.3 150.5 286.9 332.8 146.1 508.9 1334 443.8

10 428.3 95.7 328.1 3226 362.2 285.2 153.5 426.9 167.6

11 68.6 296.4 825.0 284.8 3101 386.1 118.8 170.8 3649 314,0

12 2551 167,7 684,9 330,3 3289 360,1 1054 158,4  227,7 125,6 138,4

13 260,1 266,6 836,4 468,0 256,0 4530 1983 2056 269,8 3504 2444 219,8

14 420.7 344.3 757.3 436.5 4747 502.0 2141 2572 311.0 198.2 276.0  110.7 375.8

15 193.9 249.6 540.6 1442  130.7 360.4 92.6 4325 237.6 3544 237.7 3152 2695 4121

16 465.7 193.5 249.3 3246 2963 3942  296.2 762.1 2784  315.9 501.2  528.2 450.6  764.5 273.7

17 487.0 260.4 241.8 2204 3513 306.2  268.6 844.6  289.0 3115 552.1 5221 522.6 6275 201.0 121.2
18 296.1 155.6 234.4 1746 1933 2944 1204 529.9 1424 1755 285.8 2855 3239 3919 151.2 w50

1: BRS 368RF; 2: BRS 372; 3: BRS 433FLB2RF; 4: Délta Opal; 5: DPL228 B2RF; 6: DPL552 B2RF; 7: FM 97%WS; 8: FM 980 GI; 9: FM 982 GL; 10: IMA2106 GL; 1: IMA 5675 B2RF; 12:

IMA 8405 GIT; 13: TMG 45 B2RF; 14: TMG 47 B2RF; 15IMG 82 WS; 16: UFUJP-H; 17: UFUJP-P; 18: UFUJP-B.
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that these genotypes were the most divergent among thaseong corn genotypes. These findings show that cotton
tested. breeding programs in Brazil need to make better use of

Direct comparison between BRS 433 B2RF and Figenetic resources.

980 GLT shows that the fiber quality of BRS 433 B2RF was

greater than the other genotypes in this study and grea%pNCLUSlONS

than Brazilian standards. Morelbal (2017) also found Moderate genetic divergence was found among
that the fiber quality of BRS 433 FL B2RF was among thgenotypes from the main cotton breeding programs in
best of the cultivars grown in Brazil. Brazil.

Hybridization between clusters is more efficientthan 1o make the most of the genetic variability among
within cluster to produce better progenies. This due {@ese cultivars, hybridizations between BRS 433 B2RF and
genetic dissimilarity is lower within clusters than betweepr\; 980 GIT should generate segregate populations with
clusters. higher productive potential, lint yield and fiber quality

Conversely FM 980 GII' showed better production Crosses between the genotypes developed by PROMALG
results (MD/B1, NN/MA), especially lint yield, butlower and FM 980 GI could increase fiber yield and quality of
fiber quality According to Zengt al (2018), there may be yFyJP-B, UFUJP-H and UFUJR-P

a negative relationship between fiber yield and fiber Fiber quality maturity micronaire and fiber elongation

quality , , contributed more to detecting genetic divergence than
_ Understanding _the distance betwe(_an genqtype; ditl the other characters evaluated in this study
important for choosing the parents used in breeding since i ) ] ] o
hybridization choices should be based on the magnitude Th? fiber quality traits had higher h(.antab|l|t.y morg
of dissimilarities (Santost al, 2017). Thus, in order to than yield components. Therefore, selection for fiber traits

obtain genetic gains and to make the most of gene{ﬁ:facilitated and can be done in the early generation. While

variability among this set of cultivars, hybridizationsfor yield traits, the selection should be in an early

between BRS 433 B2RF and FM 980 TGtould yield generation or direct in late generations.
segregate populations with higher productive pOtemiaéONFLICT OF INTERESTS
lint yield and fiber quality

BRS 433 B2RF was isolated from the other clusters, e ]
was generally quite divergent from the other genotyp@Qd publishing the manuscript.
and was least distant from UFUJP-B (234.41), UFUIPBEFERENCES
(241.80) and UFUJP-H (249.31). This probably resulted

. . . .. ... Amalraj SA (1982) Genetic divgence in Gossypium hirsutum L.
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