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ABSTRACT  9 

 10 

Bacterial wither is a disease that is of global importance because it is difficult of control and 
often compromises the whole crop. The use of resistant varieties is the main form of control 
of this disease. The objective of this work was to carry out a literature review with the main 
factors related to the genetic breeding of tomato plants aiming at resistance to bacterial 
wither. It was found different information related to the genetic control of tomato resistance in 
relation to the number of genes and their interaction due to the high genetic diversity within 
the Ralstonia solanacearum species complex. The high host-pathogen interaction reflects on 
different breeding strategies depending on the environment and the source of resistance 
used. 
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1. INTRODUCTION  14 

 15 

The tomato has as its center of origin the Andean region that covers part of Chile, Colombia, 16 
Ecuador, Bolivia and Peru [1]. In Mexico it was the place where its domestication by 17 
indigenous tribes took place, integrating to the Aztec culture [2]. The introduction of this 18 
culture in Brazil occurred in the late century XIX by European immigrants [3]. 19 
 20 
The botanical classification of the tomato underwent several modifications over time. In the 21 
middle of century XVI the first botanists they classified as Solanum pomiferum. Tournefort in 22 
1694 named it as Lycopersicon, a century later Linnaeus (1753) termed the genre again as 23 
Solanum. Miller classified this vegetable twice as Lycopersicon (1754) and Lycopersicon 24 
esculentum (1768) [4]. After morphological and molecular studies the tomato was re-25 
assigned to the genus Solanum. Currently, its taxonomic classification is as follows: 26 
Magnoliophyta division, Magnoliopsida class, Solanales order, Solanaceae family, Solanum 27 
lycopersicum species. In addition to the cultivated species S. lycopersicum there are twelve 28 
other wild species [5, 6]. 29 
 30 
The tomato is a dicotyledonous, herbaceous, with flexible hairy stem and soft when young, 31 
becoming fibrous and angular with the passage of time. The leaves measure 11 to 32 cm in 32 
length and are composed of an odd number of leaflets. They are alternated and petiolate, of 33 
oval to oblong form. It is a plant of habit of indeterminate or determined growth [7]. 34 
 35 
The root system is composed of main root, secondary and adventitious. The main or pivoting 36 
can reach 5m deep. Secondaries are stimulated when the main and adventitious root 37 
undergo stress in transplant. In general, 70% of the root system is in the first 20 cm of the 38 
soil surface [1, 8]. 39 
 40 
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It is an autogamous species, with a natural crossing percentage in general, lower than 5% 41 
[9]. The flowers are small, with a diameter varying from 1.5 to 2 cm. Are hermaphrodites with 42 
cleistogamy, corolla and yellow stamens small size. They have five sepals, five wide 43 
lanceolate petals and six anthers. Each plant can have 20 simple or branched 44 
inflorescences, with four to eight flowers each. The anthers are welded forming a cone that 45 
surrounds the stigma. The anthesis occurs in two flowers at a time in each inflorescence [9, 46 
10]. 47 
 48 
The fruits are fleshy, succulent berries, with size and mass differentiated according to the 49 
cultivar, being bilocular, trilocular or plurilocular [7, 11]. They consist of film, pulp, placenta 50 
and seeds. Their colors may vary from yellow to red-orange, depending on the lycopene / β-51 
carotene ratio [12]. The fruit is of the climacteric type and can complete the maturation after 52 
the harvest and, usually develops in the period of seven to nine weeks after fertilization of 53 
the ovum [13]. 54 
 55 
The seeds are small, oval, of gray cream color, possessing 2 to 3 mm in diameter [14]. The 56 
type of cultivar greatly influences the number of seeds, having some more than 200 per fruit. 57 
For germination the optimum temperature is between 18 to 24 °C, under conditions of 58 
temperature outside the ideal, germination delay and reduction in emergency uniformity may 59 
occur [15]. The vegetative phase of the tomato is very short, as flowering and fruiting occur 60 
along with vegetative growth [15]. 61 
 62 
The tomato is a perennial plant, but due to its form of cultivation it is explored as annual [8]. 63 
This culture adapts to a wide variation of latitude, cultivation methods, types of soil and 64 
temperatures [1]. Most cultivars have a cycle of 95 to 125 days. However, the cultivation 65 
period depends on climatic conditions, soil fertility, irrigation intensity, pest / disease attack 66 
and planting season [11]. Despite adapting well to various cropping situations, the ideal for 67 
culture is a cool, dry climate, with temperatures between 20 °C to 25 °C per day and 11 °C 68 
to 18 °C per night. Temperatures above 35 °C hinder the development of the plant and 69 
fruiting by providing abortion of flowers and falling of new fruits [8]. 70 
 71 

2. BACTERIAL WITHER IN TOMATO 72 

 73 
The cultivated tomato (Solanum lycopersicum) has a narrow genetic base, which makes a 74 
species more susceptible to biotic stresses. Thus, it is interesting that as cultivars show 75 
resistance to the greatest number of pests and possible diseases, especially as difficult to 76 
control, such as: fusion wither, stemphylium stain, bacterial wither, vertical wither, turns 77 
head, geminivirosis, meloidoginose and bacterial wither [11]. 78 
 79 
The various wild species of tomato are of great importance for breeding, serving as a 80 
germplasm bank with multiple characteristics. Among them, we can mention: S. hirsutum: 81 
resistance to bacterial canker, black pint, septoriosis, tomato moth and mites; S. 82 
peruvianum: resistance to root knot nematodes, Verticillium dahliae of wither, black pint, 83 
head turns and bacterial canker; S. pennellii: resistance to mites and fusarium wither and S. 84 
pimpinellifolium: resistance to bacterial canker, black pint, fusarium wither, re-burn, 85 
stemphylium stain and bacterial wither [16]. 86 
 87 
The first classification of the causative agents of bacterial wither was as Bacillus 88 
solanacearum by [17]. Over time, the following nomeclatures were adopted: Bacterium 89 
solanacearum [18], Pseudomonas solanacearum [17, 19], Phytomonas solanacearum [17, 90 
20], Burkholderia solanacearum [17, 21] and Ralstonia solanacearum [17, 22]. According to 91 
[23], R. solanacearum is considered a complex of species divided into phylotypes (4), 92 
sequevares (59) [24], clades (8) [25] and clones [23]. 93 
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 94 
From the phylogenetic analysis of the partial sequence of the endoglucanase gene and the 95 
ITS region, DNA-DNA hybridization, biochemical, cultural and physiological characteristics 96 
[26] proposed the taxonomic reclassification of the R. solanacearum complex in three 97 
independent species and subspecies. Ralstonia pseudosolanacearum consists of isolates 98 
belonging to phylotypes I and III, originating in Asia and Africa, respectively. R. 99 
solanacearum by phyllotype II isolates (IIA and IIB), originated in the American continent and 100 
that probably possess two subspecies. The isolates of philotype IV originated from Indonesia 101 
were reclassified into three subspecies of R. syzigii, where R. syzigii subsp. indonesiensis 102 
grouped the wilt-causing isolates of Ralstonia in Solanaceas, R. syzigii subsp. syzigii the 103 
isolates previously denominated of R. syzigii and as R. syzigii subsp. celebesensis of blood 104 
disease bacterium [26]. 105 
 106 
The species of the R. solanacearum complex are gram negative, their format is straight rods 107 
or slightly curved, with approximately 0.5-1.0 x 1.5-4.0 μm. Are non-sporogenic, mobile 108 
through one or more polar flagella and aerobic. Its growth occurs in temperature between 25 109 
and 35 °C [27]. These bacteria inhabit the soil and invade the root system by means of 110 
wounds, multiplies rapidly within the xylem and hereby is distributed throughout the plant. 111 
The result of colonization is the obstruction of the vessels by the accumulation of 112 
exopolysaccharides, blocking the translocation of water and nutrients. The main symptoms 113 
are darkening of the xylem vessels and sudden wither with no change in green coloration. 114 
The darkening of the vessels is due to the transport of substances resulting from the 115 
oxidation of phenols, resulting in melanin. It is worth mentioning that depending on the 116 
combination of several factors the disease can appear in any stage of development of the 117 
tomato [28, 29, 30]. 118 
 119 
As for most phytobacteria, controlling bacterial wither is very difficult. Therefore, it is 120 
recommended to make the integrated management, since the use of isolated measures is 121 
not efficient to avoid losses. Among the isolated measures, chemical control has low 122 
efficiency and is extremely damaging to the environment [31]. Some recommended control 123 
measures are: soil water management in order to avoid waterlogging; to avoid injuries 124 
caused by nematodes, insects or agricultural implements; avoid moving soil from disease 125 
outbreaks to other areas; elimination of diseased, infected and invasive volunteers from the 126 
Solanaceae family; perform crop rotation for at least one year with grasses; grafting on 127 
resistant grafts and the use of resistant cultivars [32, 33]. 128 
 129 
In Brazil and in the State of Pernambuco, the species R. pseudosolanacearum and R. 130 
solanacearum [24, 34] have been reported so far. It is believed that R. solanacearum has 131 
Brazil as the center of origin and diversity, while R. pseudosolanacearum was introduced 132 
from Asia. The disease is present in all mesoregions of the State of Pernambuco, causing 133 
great damage to the tomato crop of the State [35]. Thus, it is clear the importance of the 134 
breeding of plants aiming the resistance to bacterial wither in an attempt to mitigate the 135 
damages caused by this disease in the tomato crop. 136 
 137 

3. PLANT BREEDING FOR RESISTANCE TO BACTERIAL WITHER 138 

 139 
The use of resistant cultivars is the most efficient way to control bacterial wither in tomato 140 
plants per it presents low cost, low impact on the environment and easy adoption by the 141 
producer [36, 37]. 142 
 143 
To become the plant breeding aiming the efficiency of bacterial wither resistance, it is 144 
necessary to emphasize that in Brazil the R. solanacearum complex presents a great 145 
genetic diversity. This is composed by 13 sequevares of Solanaceae (I-17, I-18, IIA-41, IIA-146 
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50, IIA-58, IIA-59, IIB-2, IIB-25, IIB-28, IIB-54, IIB-55, IIB-56 and IIB -57). These four 147 
sequelae occur in the tomato crop: I-18, IIA-41, IIA-50 and IIB-54 [24, 34, 38, 39]. 148 
 149 
In the State of Pernambuco (Agreste and Forest Zone) were detected sequevares the I-17 150 
and I-18 which correspond to R. pseudosolanacearum, IIA-58 and IIA-59 representing R. 151 
solanacearum [24]. According to [39] in the semi-arid of Pernambuco are present the 152 
sequevares I-17 and I-18 of R. pseudosolanacearum, and sequevares IIa-50, IIa-58 and IIa-153 
59 R. solanacearum. According to the same author, R. pseudosolanacearum is prevalent in 154 
Agreste and R. solanacearum in the São Francisco and Sertão mesoregions. 155 
 156 
Survey work on complex species R. solanacearum in a given region is of paramount 157 
importance for the improvement of tomato aiming at resistance to bacterial wither. It is 158 
necessary to conduct programs based on the prevalent species and using local isolates to 159 
represent the situation in the screening stages from the inoculation of the pathogen [40]. 160 
 161 
In addition to understanding the diversity of the R. solanacearum complex, it is necessary to 162 
identify the sources that can be used in the development of resistant cultivars. In the 163 
literature, there are studies that identify sources of resistance in tomato germplasm [41, 42]. 164 
Among these there are some accessions of Solanum pimpinelifolium and even of the 165 
cultivated species Solanum lycopersicum [43]. In the literature there are reports mainly of the 166 
following resistant cultivars Saturn, Venus, Caraiba, Hawaii 7996, Hawaii 7997, Hawaii 7998, 167 
Yoshimatsu, Drica and CRA-66. The cultivar Hawaii 7996 is considered international 168 
standard of resistance to bacterial wither, being used in several studies in an attempt to 169 
understand the genetic mechanism of resistance [9]. 170 
 171 
At the molecular level, QTLs were found on chromosomes 6 and 4, which together represent 172 
56% of the resistance [44]. Recent work using the Hawaii 7996 source of resistance 173 
identified QTLs on chromosomes 12 (Bwr-12) and 6 (Bwr-6) (  ). The presence of QTL Bwr-6 174 
represents a challenge for plant breeding, because it is in association with small fruits or that 175 
can crack when they are ripe, and with susceptibility to of the galls nematodes (Meloidogyne 176 
spp.) and begomovirus [37, 45]. 177 
 178 
According to [46] obtaining a stable cultivar is very difficult, due to the resistance of the R. 179 
solanacearum complex species to be specific to the locality. With the cultivation of these 180 
cultivars, it is necessary to carry out studies aiming at an integrated control, reducing the 181 
selection pressure to avoid the rapid supplanting of the resistance [47]. [48] evaluated 35 182 
sources of resistance to bacterial wither in 11 countries and observed for most sources 183 
different levels of disease incidence. The local specificity may be related to the dependence 184 
of environmental conditions, mainly in relation to temperature and humidity, as well as the 185 
pathogen diversity in each country [49]. 186 
 187 
According to [40] there are some fundamental points as strategies for breeding aiming at 188 
resistance to bacterial wither. i) the cultivars developed must be resistant and with desirable 189 
agronomic characteristics; ii) the cultivars grown must withstand local isolates and iii) most of 190 
the cultivars developed have the genetic control of the polygenic resistance, making it 191 
difficult to transfer the alleles. 192 
 193 
In Brazil, the cultivar Yoshimatsu was developed by INPA, which shows high resistance to 194 
bacterial wither. This cultivar allows the extraction of resistant and fruit-quality lines to meet 195 
market requirements [9, 31]. The genetic control mechanism in the Yoshimatsu cultivar 196 
needs to be studied, since most of the work was done with other sources. 197 
 198 
 199 
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4. STUDY OF GENETIC CONTROL OF RESISTANCE TO BACTERIAL WITHER 200 

 201 
At 35 years after the rediscovery of Mendel's laws, in an attempt to understand the genetic 202 
control of the characters in progenies, there was a division of schools. In the first, called 203 
Mendelian school, it was only believed that the distribution of the characters was discreet. In 204 
the second school, called biometrics, it was argued that most of the characters had 205 
continuous distribution. In fact, what defines the type of distribution is the number of genes 206 
and the environmental effect, being able to meet the assumptions of the two schools [50]. 207 
 208 
The study of genetic control is extremely important in the development of disease resistant 209 
cultivars, there are two forms of resistance that are related to inheritance. Vertical resistance 210 
is conferred by one or more genes (monogenic or oligogenic), with expression of genes of 211 
greater effect, presenting resistance to specific breeds and usually revealing little stability. 212 
The horizontal resistance is uniform, conditioned by several genes (polygenic) of small 213 
effect, nonspecific race, usually durable, there is no differential interaction between the 214 
pathogen races and the host cultivars [37]. 215 
 216 
Resistance to monogenic genetic control diseases facilitates the production of resistant 217 
cultivars mainly using the backcrossing method which is suitable for transferring one or a few 218 
genes. However, in many cases the resistance is polygenic and strongly influenced by 219 
environmental factors, making obtaining more laborious cultivars [51]. 220 
 221 
[One of the steps to carry out the study of genetic control, consists in the use of homozygous 222 
parents or endogamous lines that present contrasting expressions in relation to what one 223 
wishes to study. These individuals provide the identification of the variability involved in the 224 
segregating generations evaluated. Several generations can be used for this purpose, with 225 
inheritance studies being more common with the parents and the F1 and F2 generations. To 226 
improve the understanding of phenotypic proportions, the use of backcrosses is indicated 227 
[52]. 228 
 229 
With the generations, an experiment should be carried out evaluating the character in which 230 
one wants to understand the inheritance. In the case of resistance to bacterial wither, it is 231 
necessary to evaluate the generations submitted to the R. solanacearum complex species, 232 
which can be infested soil [53], by artificial inoculation [31] or using the two previously cited 233 
methods together [54]. In possession of the data is carried out a study of the phenotypic 234 
proportions observed from the comparison with the expected phenotypic proportions, 235 
according to a segregation pattern. This pattern, according to [55] is tested as follows: first a 236 
hypothesis of monogenic inheritance is established, which if not appropriate, should be 237 
adjusted to digenic inheritance and so on up to the polygenic model. 238 
 239 
One way to test the phenotypic proportions in segregating generations is by means of the 240 
non-parametric chi-square test ( ). In this test, based on the observed and expected 241 

frequencies, the calculated chi-squared value is obtained which is compared with the 242 
tabulated value. If a monogenic inheritance hypothesis is tested and the chi-square test is 243 
significant, the result indicates that it should be discarded, because the deviations of 244 
frequencies observed in relation to the expected frequencies were not due to chance [56, 245 
55]. 246 
 247 
From the point of view of monogenic inheritance, through a cross in which individuals are 248 
contrasting, two phenotypic classes are observed if the interaction is of complete or lethal 249 
dominance; and three classes in the interaction with absence of dominance or co-250 
dominance. Considering digenic inheritance, four classes are observed if the interaction is of 251 
complete dominance for the two genes with the classical phenotypic ratio of 9:3:3:1. In the 252 
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interaction of absence of dominance for the two genes in generation F2 we have nine 253 
genotypic classes in the proportion 1:2:1:2:4:2:1:2:1 [52]. It is important to emphasize that 254 
the number of classes increases with the increase in the number of genes, thus having a 255 
diverse phenotypic classification that is highly influenced by the environmental component 256 
[57]. The breeder must be very careful in selection when dealing with quantitative 257 
inheritance, because part of the manifested variability is due to the environment, and is not 258 
inheritable [58]. 259 
 260 
Considering polygenic or quantitative inheritance, the genes that make up this genetic 261 
control are divided into two classes. The first is called major-effect or Mendelian genes, and 262 
the second of genes of smaller effects or modifiers, also denominated of polygenes [59]. 263 
Higher-effect genes are responsible for significant phenotypic changes. The lower-effect 264 
genes have little influence on expression if considered individually, but when they are in 265 
large numbers they produce significant phenotypic changes [52]. 266 
 267 
It is important to test the model that explains the genetic control. First, the dominant additive 268 
model is tested, if it is not appropriate, the model is tested with epistasis. Considering a 269 
model without epistasis, the evaluation can be performed by the scale test (set), proposed 270 
by Cavalli in 1952 reported by [59], in which starting from the segregating generations it is 271 
recommended to estimate the mean components by the least squares method. To facilitate 272 
the resolution of the systems there are some recommended applications such as MAPGEM 273 
[60] and GENES [61]. 274 
 275 
In an inheritance study it is important to perform the estimation of the components of mean, 276 
in which the parameters m, a and d, which represent the average of the parents are 277 
obtained, the additive gene effects, and the non-additive gene effects (dominance), 278 
respectively. From these, one can obtain the average degree of dominance (GMD = [d] / [a]), 279 
which helps in analyzing the predominant interaction between each pair of alleles, which 280 
ranges from absence of dominance (0), partial dominance (between 0 and 1), complete 281 
dominance (1) and overdominance (greater than 1) [52]. 282 
 283 
In relation to the bacterial wither of the tomato, there are several reports regarding the 284 
genetic control of resistance. This decreases the efficiency of breeding programs in the 285 
development of resistant cultivars and with acceptable agronomic attributes. The different 286 
results can be explained by different methodologies in conducting the genetic control study, 287 
sources of resistance, isolated from the different species of R. solanacearum complex, 288 
environments and finally the interaction between all these fundamental points [40, 62]. 289 
 290 
The literature shows that the response of the different cultivars is more quantitative than 291 
qualitative [49]. there are many studies reporting from monogenic inheritance [63] to 292 
polygenic [64, 65]. Another great difference is observed in relation to the dominance and 293 
interaction between the genes [31, 53, 66]. The main results of some inheritance studies can 294 
be observed in table 1. 295 
 296 
 297 
 298 
 299 
 300 
 301 
 302 
 303 
 304 
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Table 1. Relationship between researchers, sources of resistance and the main results 305 
obtained in the genetic control of resistance to bacterial wither in tomato. 306 
 307 

In the literature some studies are available with the genetic analysis of resistance using 308 
molecular markers mainly in the cultivar Hawaii 7996. Depending on the isolate and the 309 
evaluated cultivars, there are different QTLs [44, 78, 79]. In this way, it can be inferred that 310 
the genetic control of resistance is quite variable. 311 
 312 
In some studies it is reported inheritance of recessive resistance, having binding of these 313 
resistance genes to small-sized fruits or what they crack [66, 67, 73] observed that the 314 
association of resistance to bacterial wither and small fruit is not constant, having in their 315 
works satisfactory results in the selection of progenies that combine favorable alleles for 316 
these characteristics. 317 
 318 
To increase efficiency in assessing potential of populations, based on the means and 319 
variances it is possible to estimate the genetic parameters which are fundamental to 320 
breeders in establishing effective selection strategies [80, 81]. 321 
 322 
In the F2:3 generation it is already possible to select resistant homozygous progenies which 323 
may give rise to lines for future obtaining resistant cultivars besides identifying susceptible 324 

Researchers Sources of 
resistance 

Main results of genetic control 

[67] PI27080 Oligogenic with recessive action 

[68] Saturn e Vênus Oligogenic with partial dominance 

[69] 
Vênus, VC-4 e 
H7741 

Polygenic with additive effects 

[70] 
VC-48, VC-9, VC-
11 e VC-8 

Oligogenic or polygenic with partial 
dominance and epistasis 

[71] 
CRA-66 e 
IHR663123 

Genes with recessive action and a 
dominant gene 

[64] Sem identificação Polygenic with additive effects 

[72] Hawaii 7998 Monogenic dominant 

[65] Hawaii 7998 Polygenic 

[73] Hawaii 7997 Genes with recessive action 

[74] CL-32-d-01-19GS Monogenic with partial dominance 

[75] 
Híbridos de 
Hawaii 7998 

Partial dominance 

[63] Hawaii 7996 Monogenic dominant 

[66] 
D-9 e Hawaii 
7998 

Partially recessive with partial dominance 
towards susceptibility 

[54] 
Hawaii 7998, 
Caraíba e 
Yoshimatsu 

Gene block with dominance and with 
additive effects 

[31] 
Hawaii 7998, 
Rotam-4 e 
Yoshimatsu 

Oligogenic or polygenic with partial 
dominance and with additive effect 

[53] Drica 
Oligogenic or polygenic with partial 
dominance 

[76] Hawaii 7998 Monogenic recessive 

[77] 
Hawaii 7998, BT-
18 e TBL-4 

More than one gene with additive effect 
and dominance 
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and segregating progenies. With the evaluation of progenies F2:3 it is possible to carry out 325 
the confirmation of the inheritance study, especially in the quantification of possible larger 326 
genes [52, 82]. 327 
 328 
Most of the genetic control studies of resistance to bacterial wither were carried out with 329 
foreign cultivars. Therefore it is necessary to carry out the study of genetic control using 330 
resistant national cultivars such as Gina, C-38-D, Compacto-6 and Yoshimatsu [83]. Among 331 
these, Yoshimatsu deserves special mention for its high resistance [9]. 332 
 333 
According to [84], the change in the resistance pattern and the methodology used modifies 334 
the result of the inheritance study. In addition, it is believed that genetic controls for species 335 
alone may differ. Knowledge of inheritance can improve the efficiency of breeding programs, 336 
since individual isolates of these species vary with respect to epidemiology. 337 
 338 

5. CONCLUSION 339 

 340 
It was found different information related to the genetic control of tomato resistance in 341 
relation to the number of genes and their interaction due to the high genetic diversity within 342 
the Ralstonia Solanacearum species complex. 343 
 344 
The high host x pathogen interaction reflects on different breeding strategies depending on 345 
the environment and the source of resistance used. 346 
 347 
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