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Abstract: IMA 5801B2RF is a medium to short season cultivar with high fiber
yield potential. The genes Bt cry1Ac and cry2Ab confer resistance to Lepidoptera
and cp4-epsps confers tolerance to the herbicide glyphosate. The key feature of
this new cultivar is resistance to ramularia leaf spot and root-knot nematode.
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INTRODUCTION

Inthe 2019 growing season, Brazil became the world’s fourth largest cotton
fiber producer and the second largest exporter behind only the United States
(OECD-FAQ 2019). Cotton is produced mainly in the dryland farming system,
producing upland cotton (Gossypium hirsutum L.) for the cotton market of
medium-length fiber (27-30 mm). The production areas lie in the “Cerrado”
biome, where the vegetation is shrubby savanna, the topography flat, suitable
for agricultural mechanization, and the rain seasons are clearly defined (Santos
et al. 2020). In these regions, cotton can be an option for soybean+maize
intercropping systems. It can be cultivated after soybean, as cotton in the late
or second growing season, when the relative air humidity and rainfall (600-800
mm) are high, during at least the first 100 days of the cycle.

High moisture environments favor the occurrence of phytosanitary problems,
including high pressure of weeds, pests (insects, mites), and different pathogen
groups, e.g., fungi, viruses, bacteria, and nematodes (Belot and Vilela 2019). In
particular, both the incidence and population of Meloidogyne incognita have
increased remarkably in agricultural production areas in the last years. This
nematode occurs in 25% of the cotton-producing area of the state of Mato
Grosso (Galbieri et al. 2016) and in 37% of that of the state of Bahia (Perina
et al. 2018). The estimated production loss due to this nematode ranges from
35% to 65% in Mato Grosso (Galbieri et al. 2009, Silva et al. 2014). There are
some areas in the Cerrado where the nematode pressure is currently so high
that cotton production has become unviable.

The use of transgenic plants in cotton cultivation has been widely exploited
in Brazil since 2005 (ISAAA 2017), by the application of mainly the following
technologies: Bollgard Il RR Flex™ (B2RF) and Bollgard Il RR Flex™ (B3RF) by
Bayer Crop Science, Glytol™ (GL), Glytol Twinlink™ (GLT) and Glytol Twinlink
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Vipcot™ (GLTP) by Basf, or WideStrike™ (WS) and WideStrike 3™ (WS3) of Corteva. BAYER, IMAmt, TMG and EMBRAPA
(Suassuna et al. 2018, Morello et al. 2020) released cultivars with B2RF technology in Brazil.

Cultivar IMA 5801B2RF is an upland cotton carrying the transgenic technology of Bollgard Il RR Flex™ (CTNBio 2020).
This technology involves two types of traits. The first type consisted of the introgression of two genes for the event
MON15985 (Bollgard II™), responsible for resistance to several Lepidoptera insects, producing the proteins Cry1lAC and
Cry2Ab2 from Bacillus thuringiensis. The second trait involves a gene of the event MON88913 (Roundup Ready Flex™),
which produces protein CP4-EPSPS of Agrobacterium tumefaciens, providing the plant with tolerance to the herbicide
glyphosate at any stage of plant development. These two Bt genes (crylAc and cry2Ab2) allow the control of Alabama
argillacea, Pectinophora gossypiella, Heliothis virescens, Chrysodeixis includens, and suppression of Helicoverpa spp.
and Spodoptera spp.

Nematode control with chemical or biological nematicides is no guarantee for an efficient control of Meloidogyne
incognita (Kofoid and White) Chitwood. The best possible option is the development of a new cultivar with introgressed
genetic resistance, when available, to ensure an efficient nematode control (Davis and Stetina 2016). Two main sources
of genetic resistance for cotton cultivars are available: one from G. hirsutum, and the other from G. barbadense (Lopes
et al. 2020). We used the G. hirsutum source for the development of cv. IMA 5801B2RF. The resistant parents used
were the lines M-315 RNR and M-240 RNR, which are part of a group obtained by introgressing resistance genes from
cv. Auburn 623 RNR into an elite genetic background (Shepherd 1982). Cultivar Auburn 623 RNR inherited nematode
resistance from the cross between cvs. Clevewilt 6 and Mexico Wild Jack Jones.

Over the years, several authors have shown that a considerable part of the resistance of these lines can be ascribed
to at least two major genes present in the chromosomes 11 and 14. Gene c11 (gMi-C11) is closely linked to the
microsatellite marker CIR316 C0O7 (Shen et al. 2006), and Gutiérrez et al. (2010) demonstrated that this gene mainly
prevents root gall formation. Gene c14 (qMi-C14), linked to markers BNL3545-118 and BNL3661-185, has a significant
effect on nematode reproduction. These results were confirmed in the studies of Shen et al. (2010) and He et al. (2014),
and even identified more precisely positioned markers, namely markers CIR069 - E14M27-375 for gene gMi-C11 and
markers CIR381b - UTG0045 for gene gMi-C14. According to Silva et al. (2018), gMi-C11 and gMi-C14 act at different
times and have different effects on M. incognita development. Since the genes have different modes of action, their
combination is a useful tool for root-knot nematode resistance in breeding programs.

The Mato Grosso Institute of Cotton (IMAmt) is the technological branch of the Cotton Producers’ Association of
Mato Grosso (AMPA). The cotton breeding program of this institute was initiated in 2008. A cooperative created by
the members of AMPA, the Mixed Cooperative for the Development of Agribusiness (Comdeagro), is in charge of seed
production and commercialization. Cultivar IMA 5801B2RF is the result of this program and expands the options of
integrated pest and nematode management available to cotton producers in the Brazilian Cerrado.

GENETIC ORIGIN AND DEVELOPMENT

The objective of this research was marker-assisted introgression of both genes of the technology Bollgard Il RR Flex™
and of nematode resistance into a genetic background of IMAmt with high agronomic value (line IMA1 08-3869). All
developmental phases of the cultivar took place at the experimental station of IMAmt, in Primavera do Leste, Mato Grosso.

We used the genes gMi-C11 and gMi-C14 from the lines M-315 RNR and M-240 RNR for introgression. After biparental
crossing, three backcrosses were made, using the aforementioned molecular markers to identify the two genes at all
stages of the process (IMA1 08-3869/4 * M-315 RNR). The BC,F, plants were established and line IMA1 08-3869 RNR
was selected.

The three Bollgard Il RR Flex™ genes were introgressed from donor DP 164 B2RF {DP 565/3*[DP 565 x (Cocker 312
RF x DP 50 B2)]}, provided by Monsanto, after the two institutions had signed a research agreement. This donor is a
high-yielding cultivar but with a relatively low lint percentage. After crossing the parents IMA1 08-3869 RNR and DP 164
B2RF, three other backcrosses were made, using molecular markers linked to the three transgenes. The BC,F, plants were
denominated lines IMA1 08-3869 B2RF. The crosses and backcrosses performed made in a greenhouse between October
2011 and September 2013, while the molecular analyses were carried out at the IMAmt laboratory of molecular biology.
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After establishing the two parents IMA1 08-3869 B2RF and IMA1 08-3869 RNR, they were crossed in a greenhouse
in March 2014. The F, seeds were planted and self-pollinated to obtain F, plants in the same greenhouse. Homozygous
F, plants for the five genes were identified and multiplied in the greenhouse. A total of 1895 F_ lines were planted
in the field, under irrigation, between February 2016 and August 2016. The lines IMA 3869 B2RF RNR were evaluated
phenotypically during the season. There was little morphologic variation among the lines, but remarkable differences
in terms of yield, lint percent (LP) and fiber quality.

The best lines were evaluated for gall index and nematode reproduction factor in the greenhouse, while the yield
potential and fiber quality of these lines were evaluated in the field, all in the 2016/2017 growing season. All greenhouse
trials were arranged in a randomized block design, with 10 plots, each consisting of one 2.5 L pot with one plant. A mixture
of two populations of M. incognita race 3 (Mi), one from Campo Verde (Mato Grosso) and the other from Primavera
do Leste (Mato Grosso), was multiplied on tomato (Lycopersicon esculentum “Rutgers”) roots for 60 days before using
it as inoculum on the cotton plants. Inoculation was applied eight days after sowing, at an initial inoculum level (Pi) of
8.000 eggs or second-stage juveniles (J2) of Mi per plant. At 70 days after inoculation, the plant roots were washed and
the gall index was evaluated on a 0 - 10 scale. The reproduction factor (RF) was calculated by adding the number of M.
incognita eggs + specimens found on the roots, processed as described by Coolen and D’Herd 1972, and by dividing the
sum by the initial inoculum concentration (Pi=8.000).

Six lines, very similar from an agronomic point of view, with regard to fiber quality and nematode resistance, were
grouped to form the genetic core of cv. IMA 5801B2RF, while other lines continued to be tested for possible cultivar
release. The genetic core was multiplied in Mato Grosso in the growing season of 2016/17 and in Rio Grande do Norte
in the late season of 2017. The then denominated cultivar IMA 5801B2RF was tested in six official field trials at five
locations in Mato Grosso in the growing season of 2017/18 and in seven trials in 2018/19. During these two evaluation
periods, a total of 25 specific field and greenhouse trials were carried out to investigate the resistance and tolerance of
this cultivar against diseases and nematodes.

PERFORMANCE CHARACTERISTICS

Cultivar IMA 5801B2RF is medium to tall, has a cylindrical morphology and fruit branches with usually less than two
bolls. This may result in a higher demand for growth regulators in the vegetative phase and beginning of flowering. The
cultivar is also fertilizer demanding but responsive to fertilization.

Cultivar IMA 5801B2RF has a relatively aerated foliage, with medium-sized and clear-cut leaves. This plant architecture
ensures good aeration and light penetration, which is an advantage in white-mold infested fields (Sclerotinia sclerotiorum).

Table 1. Agronomic traits and HVI fiber quality of IMA 5801B2RF, TMG 44B2RF, and FM 954GLT (check varieties) in 13 field perfor-
mance trials in the growing seasons of 2017/2018 and 2018/2019

Trait IMA 5801B2RF TMG 44B2RF FM 954GLT
Plant height (cm) 110 97 102
Storm resistance * 2.0 1.4 1.7
Maturity rating ** 2.9 2.9 2.5
Boll weight (g) 6.59 5.32 5.06
Fiber length (UHML) (mm) 30.4 30.8 31.7
Uniformity index (ML/ UHML) (%) 84.4 83.4 84.1
HVI fiber quality (gf tex?) 31.4 31.0 32.1
Elongation (%) 6.6 6.4 6.5
Micronaire reading 4.79 4.26 4.32
Reflectance- Rd (%) 80.5 81.3 80.9
Yellowness (+b) 7.9 7.4 7.8
Short fiber index (%) 6.31 7.08 5.90
Spinning Consistency Index (SCI) 146 146 154

* Storm resistance: visual evaluation of cottonseed in the open boll. 1: tightly retained- 5: cotton on the ground;
** Maturity rating: visual evaluation. 1: late season cultivar- 5: early season cultivar.
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In favorable cultivation environments, the variety can grow productive vegetative branches, providing some flexibility
for plant population recommendations. The oval-shaped bolls have a high average weight. Although the fruits of the
middle third weigh around 6.6 g (Table 1), an average boll weight between 5.0 and 5.6 g was considered here. The seed
is generally fully formed and has a high seed index (10.5 - 11.0 g) and high germination and vigor indices. The cultivar
is stormproof and seedcotton is tightly retained in the slightly open bolls.

The fiber quality of 30 boll-samples picked from the middle third of random plants of each experimental plot was
measured by HVI. This approach minimizes the variability within samples but may result in differences in the fiber
quality across the whole field. The lint samples have good fiber properties (UHML = 30.4 mm, Ul = 84.4%, SFl = 6.31%,
fiber strength 31.4 g tex. The micronaire is relatively high (4.79), but still below the threshold of 4.9, associated with
a lower price per bale (Table 1).

Cultivar IMA 5801B2RF is resistant to root-knot nematode [Meloidogyne incognita], cotton blue disease [Cotton
leafroll dwarf virus-CLRDV] and ramularia leaf spot [Ramulariopsis pseudoglycines (synonyms: Ramularia areola Atk)].
It is susceptible to ramulosis [Colletotrichum gossypii var. cephalosporioides], bacterial blight [Xanthomonas citri subs.
malvacearum], target spot [Corynespora cassiicola], and reniform nematode [Rotylenchulus reniformis].

In all greenhouse and field tests, cv. IMA 5801B2RF proved resistant to all Ramularia areola Atk strains of Mato
Grosso tested to date (2020). This is an advantage over the most frequently planted cv. TMG 44B2RF in the state, which
is susceptible to infection by some strains of this pathogen. Cultivar IMA 5801B2RF has an extremely high nematode
resistance; a reduction of over 90% in the gall index and nematode population were observed in comparison with
susceptible genotypes, in greenhouse trials with artificial inoculation as well as under natural field infestation (Figure
1). This remarkable resistance can have huge impacts on the cotton agrosystem in the Cerrado region, with economic
and environmental benefits for the farmers. This cultivar may even recover the suitability of areas with high nematode
populations for cotton cultivation again.
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Figure 1. Response of different cotton varieties to Meloidogyne incognita race 3. A and B: greenhouse trials for: Gall index (0-10):
0 = no galling; 1 = 1-10% of root system galled; 2 = 11-20% galled, etc; 10 = 91-100% galled; RF: Pot with 2,500 cm?3, M. incognita
inoculum: 8.000 (eggs + juveniles J2)/pot. Soil and roots were processed 70 days after nematode inoculation. C and D: Field trials
naturally infested with M. incognita at different locations in Mato Grosso. Soil samples to quantify nematode population levels were
collected 100-120 days after planting. Nematodes were extracted from 200 cm? soil by centrifugal flotation. Bars of the same trial
followed by the same letter are not significantly different by the Scott-Knott test at 5% probability.
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Table 2. Mean and coefficient of variation of cottonseed yield (CY, CV), lint percentage (LP), lint yield (LY) and percentage in com-
parison to the mean of the two controls (PCC) of cultivar IMA 5801B2RF, and the controls TMG 44B2RF and FM 954GLT. Growing
seasons of 2017/2018 and 2018/2019

IMA 5801B2RF TMG 44B2RF FM 954GLT pCC
County/State (kgchYa‘l) LP (%) (kg":a_l) (kgcga_l) LP (%) (kglza_l) (kgcga_l) LP (%) (kg'ﬂa_l) oY ooV
Primavera do Leste/MT (2017/18) 6128  39.5 2422 4788 421 2016 4996 429 2141 253 165 124
Campo Verde/MT* (2017/18) 5853 386 2262 7128 386 2751 6590 389 2564 -147 -14.9 9.2
Campo Verde/MT? (2017/18) 6178 381 2356 6747 424 2861 5931 412 2442 2.5 -11.1 103
Sorriso/MT (2017/18) 6389 365 2332 7357 400 2944 6963 403 2804 -10.8 -18.9 13.1
Campo Novo Parecis/MT (2017/18) 6909 353 2442 6550 372 2433 5487 417 2289 148 34 10.0
Sapezal/MT (2017/18) 5468 354 1934 7989 387 3092 6686 395 2639 -255 -32.5 153
Mean 2017/2018 6154 373 2291 6760  39.8 2683 6109  40.7 2480 4.4 -11.2

Primavera do Leste/MT* (2018/19) 6241 37.9 2366 4744 41.9 1988 5842 42.4 2478 179 59 131
Primavera do Leste/MT? (2018/19) 5424 38.3 2075 4550 42.5 1935 3815 42.2 1611 29.7 17.0 134

Campo Verde/MT* (2018/19) 5578 39.4 2198 6169 41.7 2571 4459 43.7 1949 50 -2.7 115
Campo Verde/MT?(2018/19) 6859 40.1 2748 6060 42.2 2555 6196 43.4 2690 119 438 133
Sorriso/MT (2018/19) 5506 37.2 2048 5228 41.2 2152 5503 41.2 2267 26 -73 124
Campo Novo Parecis/MT (2018/19) 6628 38.9 2580 5838 41.4 2419 6128 42.8 2621 108 2.4 13.0
Sapezal/MT (2018/19) 7272 36.7 2665 6764 40.8 2760 7104 40.8 2898 49 -58 127
Mean 2018/2019 6215 38.3 2383 5622 41.7 2340 5578 42.4 2359 110 14

! Trial with cotton as main crop; ? Trial with cotton as 2™ crop, after soybean

The yield of this new cultivar is not very different from that of cvs. TMG 44 B2RF and FM 954 GLT, the two best
commercial varieties currently used in Mato Grosso. In the 13 field trials with four replications in areas without root-
knot nematode incidence, cv IMA 5801B2RF had a 4.4% lower seedcotton yield in the 2017/2018 growing season and
11% higher in that of 2018/2019 (Table 2). This is a remarkable result for a cultivar with resistance to M. incognita and
ramularia leaf spot. Even though the lint percentage of this variety is around 3% lower than that of the two standard
varieties, it is between 37% and 39%, which is acceptable for producers. In fields with the presence of M. incognita, the
fiber yield potential of cv. IMA 5801 B2RF was far higher than that of the other commercialized varieties.

SEED MAINTENANCE AND DISTRIBUTION

‘IMA 5801B2RF’ was protected as commercial cultivar by IMAmt at SNPC/ MAPA (CPC No. 20190185) under
registration number RNC No. 38257 of RNC/MAPA. The genetic seed of this cultivar is maintained by IMAmt. The
cooperative Comdeagro holds the license for seed production and commercialization of cv. IMA 5801B2RF in Brazil.
More than 80.000 20-kg seed bags were made available for marketing for the 2019/2020 growing season. Seeds of cv.
IMA 5801B2RF can be provided for research purposes upon written request to the corresponding author. The traits
B2RF are patented technologies of Bayer/Monsanto, and permission must be legally required from Bayer/Monsanto
for their use, be it for research or commercialization.
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