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Abstract

Brazil is the world's largest producer of passion fruit, however, the crop suffers from serious phytosanitary
problems, as well as those caused by soil fungi. Thus, the objective of the present work was to estimate the
genetic parameters and to select genotypes resistant to Fusarium solani species complex—FSSC in a segregating
population from the first generation of backcross among P. edulis and interspecific hybrids, aiming at advancing
generation in the genetic improvement program of passion fruit. The Interspecific Hybrid was used (IH)
UNEMAT 142 resistant to colon rot, for generation advancement and to cultivate BRS Sol do Cerrado
(Passiflora edulis Sims). In order to evaluate the resistance of the 27 genotypes of the first generation of
backcrosses, inoculation with the FSUNEMAT 40 (F. solani) inoculum was performed. To estimate the
components of variances, the method of maximum restricted likelihood (REML) was used and to select the best
genotypes by the non-addicted linear prediction (BLUP). The variables that showed the highest heritability
values were the survival period and the area under the lesion length expansion curve. The three families of
backcrosses presented genotypes resistant to the fungus F. solani, however, by the methodology of mixed models
REML/BLUP, only the genotypes BC1-22/1, BC1-22/2, BC1-22/3, BC1-22/4, BC1-22/6, BC1-22/7, BC1-113/3,
BC1-113/7 and BC1-113/8, were selected to advance the generation of the UNEMAT passion fruit breeding
program, therefore, they presented among the ten placed, mainly for the variable survival period (SP).
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1. Introduction

The genus Passiflora L. is originally from South America with concentration and distribution in Brazil, Paraguay
and northern Argentina, although in some reports it is listed as native to Venezuela and Colombia (Cervi, 1997,
Meletti & Maia, 1999; Dhawan et al., 2004). Brazil is the world's largest producer of passion fruit, with a
production of 593.429 t (IBGE, 2020), with passion fruit (Passiflora edulis Sims) accounting for more than 90%
of this production. However, production and productivity have been hindered by several phytosanitary problems,
reducing the time of economic exploitation or even preventing their cultivation in some regions.

Among the diseases, the colon rot, caused by Fusarium solani species complex—FSSC (Fischer & Resende,
2016). The symptoms of this disease are characterized by sudden wilting, collapse and death of the plants at any
stage of development (Fischer & Resende, 2016). Thus, the occurrence of colon rot drastically reduces the
productivity and longevity of the crop and is responsible for constant migrations of the passion fruit plantations.
This fact is aggravated by the fact that F. solani produces chlamydospores, which are structures that allow these
pathogens to survive in the soil for several years (Fischer & Resende, 2016).

There is no efficient control form for this disease, and the development of resistant cultivars would be a viable
alternative, since there is no resistant passion fruit cultivar that has been registered so far. Thus, the only way to
combat these problems is the transfer of resistance genes, found in wild species. In view of this, the genetic
improvement research group of passion fruit at the State University of Mato Grosso (UNEMAT) has been
conducting research aimed at obtaining cultivars resistant to soil pathogens, thus contributing to the genetic
progress of the culture. This program started with the selection of wild Passiflora species resistant to F. solani
and F. oxysporum f.sp. passiflorae (Preisigke et al., 2015, 2017). Subsequently, interspecific hybrids resistant to
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F solani were obtained and currently, genotypes of the first generation of backcross are being developed
(Marostega et al., 2020).

For genetic progress in breeding programs it is of great importance to estimate the genetic parameters, for this,
the methodology of the mixed models REML/BLUP (maximum restricted likelihood/best non-impartial linear
forecast) has been highly indicated due to its potential in estimating the gain genetic and better precision in the
selection process in relation to selection indices or phenotypic selection (Freitas et al., 2013). Many authors
(Santos et al., 2015; Silva et al., 2016, 2017), used the mixed REML/BLUP models to estimate the genetic
parameters in the passion fruit culture.

Therefore, the objective of the work was to estimate genetic parameters and select genotypes resistant to colon
rot in a segregating population from the first generation of backcrossing between P. edulis and interspecific
hybrids, aiming at advancing generation in the passion fruit breeding program.

2. Material and Methods

The work was carried out at the Plant Breeding Laboratory, at the State University of Mato Grosso (UNEMAT),
Céceres campus, 16°11'42” south latitude and 57°40'51" west longitude, with temperature annual average of
26.24 °C, total annual precipitation of 1,333 mm and altitude of 118 m. The municipality integrates the
mesoregion of the Center-South of Mato Grosso and the microregion of the Upper Pantanal, 215 km from the
capital, where the climate is hot and humid tropical, with dry winter (Neves et al., 2011).

It was selected from the working collection of the Active Germplasm Bank of UNEMAT, the Inter-specific
Hybrid (HI) UNEMAT 142, to be the pollen grain donor. This HI is the result of the cross between the resistant
species P. nitida and the cultivar BRS Sol do Cerrado (P. edulis), it has resistance to F oxysporum f. sp.
passiflorae and F. solani and was described by Marostega et al. (2020), as one of the genotypes selected to
advance generation for resistance to soil fungi.

2.1 Obtaining the Genotypes of the First Generation of Backcross (BCls)

In order to recover the agronomic characteristics of the recurrent parent (P. edulis), a crossover between IH and P
edulis (BRS Sol do Cerrado) was carried out, obtaining the families of complete brothers (FCB) from the first
generation of backcross (BC1).

The backcrosses were performed with three plants of P. edulis cultivar BRS Sol do Cerrado (plants 22, 28 and
113), and the transfer of pollen to the stigma was performed with the aid of forceps, carefully rubbing the anther
about the stigma of each flower protected in pre-anthesis with a paper bag. The flowers were then labeled and,
five days after pollination, the setting was verified.

The seeds of BCls, were sown in trays containing vermiculite substrate, kept in a screen covered with 50%
shade. Subsequently, the seedlings were transplanted into 500 ml plastic cups, and kept on a 50% covered shade
screen until inoculation.

2.2 Inoculation of F. solani

The inoculation of F. solani was performed with the FSUNEMAT 40 inoculum, the most aggressive (Marostega
et al., 2019). First, the preserved segments were transferred to Petri dishes containing PDA culture medium
(potato-dextrose-agar) and maintained at 25 °C with a 12 h photoperiod for seven days in the BOD.

The inoculation was performed with a mycelium disk of the pathogen of five millimeters in diameter and fixed
with PVC plastic over a wound of three millimeters in diameter in the neck of the plant, at a height of two
centimeters from the soil. Removing the PVC plastic five days after inoculation (DAI), according to the
methodology of Fischer et al. (2005).

27 genotypes of BCls were evaluated, with nine genotypes from each family of complete siblings (BC1-22,
BC1-28 and BC1-113). The evaluation of the resistance of the genotypes to F. solani was quantified through 10
resistance variables as described by Preisigke et al. (2015), which are:

 SP = Survival period;

* NDP = Number of dead plants;

* LL = Length of the lesion;

* WL = width of the lesion;

* NPL-50% = Number of plants in which the lesion reached less than 50% of the circumference;

* PILA 50% = Period of inoculation until the lesion reaches 50% of the circumference;
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¢ PILA 100% = Period of inoculation until the lesion reaches 100% of the circumference;
* AULAEC = Area under the lesion area expansion curve;

* AULLEC = Area under the lesion length expansion curve;

* AULWEC = Area under the lesion width expansion curve.

The evaluations were carried out after five days of inoculation, being carried out every two days until completing
33 days or until the death of the plants. The lesions were measured for their length and width of the necrotic area,
with the aid of a digital caliper. The area of the lesion (AL, mm?) was estimated considering the formula for
calculating the area of an ellipse (' L-W/4), where L is the length of the lesion and W is the width of the lesion.

To estimate the components of variances, the method of maximum restricted likelihood (REML) was used and to
select the best genotypes by the non-addicted linear prediction (BLUP) (Resende, 2002; Alves & Resende,
2008).

REML/BLUP analyzes were performed using the Selegen-Reml/Blup program (Resende, 2016), which follows
the statistical model y = Xr + Zg + Wp + e, where, y is the vector of observations, 7 is the vector of the effects of
repetition (assumed to be fixed) added to the general average, g is the vector of the individual genotypic effects
(assumed to be random), p is the vector of the effects of plots (random) and e, the vector of errors or residues
(random). The capital letters represent the incidence matrices for the said effects. The statistical model used was
the 147 of the Selegen program.

The following components of variance (REML) were estimated:

czg: genotypic variance between genotypes, equivalent to 1/2 of the additive genetic variance plus 1/4 of the
dominance genetic variance, ignoring epistasis;

o’ individual phenotypic variance;

h%;: individual heritability in the narrow sense, obtained by ignoring the fraction (1/4) of the genetic
dominance variance;

hzmp: heritability of the average of the genotypes, assuming complete survival and
Acprog: accuracy of genotype selection.

For the selection of the genotypes with the greatest genetic gains by the BLUP method (Best Linear Unbiased
Prediction), the variables used were those in which the accuracy of the selection of the genotypes (Acprog), was
above 0.50. In addition, the variables were separated into two groups: a group with the variables in which the
increase in the average gives resistance to the fungus, such as SP: which is the survival period of the plants and
PILA 100%: Period of inoculation until the lesion reaches 100% of circumference. The second group is formed
with the variables in which the decrease in the average is what gives the resistance as the NDP: Number of dead
plants, AULAEC: area under the expansion curve of the lesion area, AULLEC: area below the expansion curve
of the lesion length and AULWEC: area below the lesion width expansion curve.

3. Results and Discussion
3.1 Estimation of Genetic Parameters

In general, the highest values of genotypic variance (ng), were for the variables SP and AULLEC, with 25.71
and 20.44% respectively, in relation to the phenotypic variance (c%) (Table 1), that is, the genotypes evaluated
showed considerable genetic variability for these characteristics. According to Cruz and Carneiro (20006),
knowledge of the genotypic variation for breeding programs is extremely important, as it indicates the extent of
genetic variation of a variable, with the use of breeding technologies. The variables that presented lower values
of czg, are NPL-50% and WL, with 0.04 and 0.06% respectively, in relation to o’ this indicates that these
variables had a high environmental influence and should not be used to indicate genotypes promising.
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Table 1. Estimates of the components genotypic variance between genotypes (ng), individual phenotypic
variance (o%), individual heritability in the strict sense (h?), heritability of the genotype mean (hzmp) and
accuracy of the selection of genotypes (Acprog) obtained by REML procedure, for the 10 variables evaluated in
twenty-seven backcross genotypes resistant to the fungus F. solani

Parameters

Genetics Gy o’ h?, % h2mp % ACprog
SP 38.2997 148.9340 51.43 75.12 0.8667
NDP 0.0185 0.2345 15.81 37.55 0.6127
LL 0.0008 0.2101 0.82 1.87 0.1369
WL 0.0960 153.2657 0.12 0.55 0.0746
NPL-50% 0.0092 20.7320 0.08 0.39 0.0628
PILA 50% 0.6756 164.7772 0.82 1.87 0.1369
PILA 100% 6.2659 166.1458 7.54 25.89 0.5088
AULAEC 24978.1116 566973.4560 8.81 28.91 0.5377
AULLEC 2448.3118 11974.5827 40.89 69.47 0.8335
AULWEC 239.9045 5197.5914 9.23 30.13 0.5489

Note. SP: survival period; NDP: Number of dead plants; LL: Length of the lesion; WL: Width of the lesion;
NPL-50%: Number of plants in which the lesion reached less than 50% of the circumference; PILA 50%: Period
of inoculation until the lesion reaches 50% of the circumference; PILA 100%: Period of inoculation until the
lesion reaches 100% of the circumference; AULAEC: area below the lesion area expansion curve; AULLEC:
area below the lesion length expansion curve; AULWEC: area under the lesion width expansion curve.

The values of individual heritability in the strict sense ranged from 0.08 to 51.43%, with the lowest values
observed for the characteristics NPL 50% (0.08) and WL (0.12). The variables with the highest values were SP
(51.43) and AULLEC (40.89).

The low values of heritability are due to the low value of the genetic variation associated with the high
phenotypic variation, indicating a high environmental influence for these characteristics. However, according to
Santos et al. (2015), even with low heritability variables, with the mixed models favorable genetic gains are
expected, therefore, the use of these models in the present study is justified.

Contrasting result to that found by Freitas et al. (2015), who assessed the heritability for the AUDPC variable
regarding CABMYV resistance in a segregating population of passion fruit (Cowpea aphid-borne mosaic virus),
found high heritability (94%).

According to Silva et al. (2017), the accuracy value takes into account precision of the real value of the genetic
variance based on the observed phenotypic variance. Low accuracy values indicate that possibly these variables
are highly influenced by the environment and that the data for these variables are less reliable. In the present
study, variables with accuracy values classified as high (0.70 < Acprog < 0.89) were found for the variables SP
and AULLEC, with values of 0.8667 and 0.8335, respectively. Variables classified as moderate (0.50 < Acprog <
0.69), for the variables NDP, PILA 100%, AULAEC and AULWEC (Table 1) and the rest of the variables were
classified with low accuracy values (Acprog < 0.49) (Resende & Duarte, 2007).

3.1.1 Individual Selection and Earnings Estimates

From a total of 27 evaluated genotypes, the 10 best were selected for each of the analyzed variables, with genetic
gains being predicted and the new averages estimated (Table 2).
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Table 2. Ranking of the twenty-seven genotypes with the highest estimates of genetic gain and new predicted
averages, estimated via BLUP, in passion fruit genotypes from the first generation of backcross

SP NDP PILA 100%
Ord.  Genotypes Genotypes Genotypes
Gain (%)  New media Gain (%)  New media Gain (%)  New media

1 BC1-22/6 13.90 30.97 BC1-22/6 0.0000 0.6667 BC1-22/5 2.3391 23.7094
2 BC1-22/1 11.83 28.90 BC1-22/7 0.0073 0.6740 BC1-22/6 2.3391 23.7094
3 BC1-22/2 11.14 28.21 BC1-22/3 0.0139 0.6806 BC1-22/7 2.2386 23.6090
4 BC1-22/3 10.80 27.87 BC1-22/2 0.0198 0.6865 BC1-22/8 2.1884 23.5587
5 BC1-22/7 10.29 27.37 BC1-22/1 0.0263 0.6929 BC1-22/1 2.0843 23.4547
6 BC1-113/3 9.72 26.80 BC1-113/3  0.0332 0.6999 BC1-22/2 2.0149 23.3853
7 BC1-22/8 9.24 26.31 BC1-113/8  0.0388 0.7055 BC1-22/3 1.9654 23.3357
8 BC1-113/7  8.71 25.78 BC1-113/7  0.0441 0.7108 BC1-22/4 1.8329 23.2033
9 BC1-113/8  8.29 25.37 BC1-22/5 0.0500 0.7166 BC1-22/9 1.6841 23.0545
10 BC1-22/4 7.77 24.84 BC1-22/4 0.0555 0.7222 BC1-28/6 1.5598 22.9301

Note. SP: survival period; NDP: Number of dead plants and PILA 100%: Period of inoculation until the lesion
reaches 100% of the circumference.

Table 2. Continued

AULAEC AULLEC AULWEC
Ord. Genotypes Genotypes Genotypes
Gain (%)  New media Gain (%)  New media Gain (%)  New media

1 BC1-28/4 0.0000 44.6868 BC1-28/4 0.0000 6.9660 BC1-28/4 0.0000 3.6209
2 BC1-28/5 0.0165 44.7034 BC1-28/7 0.0406 7.0066 BC1-28/1 0.0076 3.6286
3 BC1-28/8 0.0327 44.7196 BC1-28/3 0.0802 7.0462 BC1-28/3 0.0146 3.6355
4 BC1-28/1 0.0478 44.7346 BC1-28/1 0.1221 7.0881 BC1-28/5 0.0222 3.6431
5 BC1-28/3 0.0641 44.7509 BC1-28/5 0.1676 7.1336 BC1-28/7 0.0298 3.6507
6 BC1-28/6 0.0819 44.7687 BC1-28/8 0.2152 7.1811 BC1-28/2 0.0380 3.6589
7 BC1-28/2 0.1006 44.7874 BC1-28/2 0.2578 7.2237 BC1-28/6 0.0458 3.6667
8 BC1-28/7 0.1204 44.8072 BC1-28/6 0.3033 7.2693 BC1-28/9 0.0544 3.6753
9 BC1-28/9 0.1413 44.8281 BC1-28/9 0.3503 7.3163 BC1-28/8 0.0627 3.6836
10 BC1-22/5 0.1600 44.8468 BC1-113/4  0.3874 7.3534 BC1-22/5 0.0719 3.6929

Note. AULAEC: area below the lesion area expansion curve; AULLEC: area below the lesion length expansion
curve and AULWEC: area below the lesion width expansion curve.

In the selection of genotypes by the BLUP procedure, it was observed that the genetic gains obtained for the SP
variable ranged from 13.9 to 7.77%, with the ten selected genotypes being: BC1-22/6, BC1-22/1, BC1-22/2,
BC1-22/3, BC1-22/7, BC1-22/8, BC1-22/4, BC1-113/3, BC1-113/7 and BC1-113/8. A similar result was found
for the NDP variable, where most of the genotypes selected for the SP characteristic were also selected for the
NDP characteristic, with the exception of the BC1-22/8 genotype, which in its place was selected the BC1-22/5
genotype. The genetic gain values for this variable were from 0.00 to 0.0555%.

For the variable PILA 100%, the selected genotypes were similar to those found for the variables SP and NDP,
however, in addition to the genotypes BC1-22/5, BC1-22/6, BC1-22/7, BC1-22/8, BC1-22/1, BC1-22/2,
BC1-22/3 and BC1-22/4, which have already been selected, in this variable the genotypes BC1-22/9 and
BC1-28/6 were also selected. The genetic gains ranged from 2.33 to 1.55%.

However, for the variables related to the area under the lesion area expansion curve, lesion length and lesion
width (AULAEC, AULLEC and AULWEC), the best ranked genotypes were BC1-28/1, BC1-28/2, BC1-28/3,
BC1-28/4, BC1-28/5, BC1-28/6, BC1-28/7 and BC1-28/9. These variables are directly related to the CC and WL
variables, and these genotypes only showed low values of CC and WL because they also presented low values of
SP, for example, the genotypes BC1-28/1, BC1-28/3 and BC1 -28/7, had only five days of survival (SP),
therefore, even with a low value of CC and WL, they were unable to survive the damage caused by the fungus F.
solani, therefore, they are not selected to continue the program of improvement.
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Thus, the characteristics SP, NDP and PILA 100% are the ones that best distinguish resistant genotypes,
therefore, only the genotypes selected based on these variables, in this study, will be part of the advancement of
the breeding program aiming resistance to rot the lap.

By the BLUP procedure, in general, most of the selected genotypes come from family 22, indicating that the
parent involved in this crossing is efficient in transferring the resistance gene to the offspring. However, it was
possible to select genotypes from all families. Thus, the importance of carrying out individual selection, since
there is a very large variation within families at this stage of the program.

4. Conclusion

The variables that showed the highest heritability values were the survival period and the area under the lesion
length expansion curve.

The three families of backcrosses presented genotypes resistant to the fungus F solani, however, by the
methodology of mixed models REML/BLUP, only the genotypes BC1-22/1, BC1-22/2, BC1-22/3, BC1-22/4,
BC1-22/6, BC1-22/7, BC1-113/3, BC1-113/7 and BCI1-113/8, were selected to advance the generation of the
UNEMAT passion fruit breeding program, therefore, they presented among the ten placed, mainly for the
variable survival period (SP).
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