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ABSTRACT
Blast is caused by the fungus Pyricularia grisea, and it is the main pathological problem affecting rice cultivation 
yields in Cuba. Therefore, a methodological procedure was established to select rice cultivars resistant to P. grisea 
and showing good agronomic performance, through the use of in vitro anther culture of F2 plants. Blast-resistant 
progenitors were crossed up and anthers of F2 plants were cultured in vitro for callus formation and subsequent 
plant regeneration. The first and second generations of plants were evaluated for agronomic traits, and the sec-
ond generation for resistance to Blast. Selected lines were further challenged against aggressive haplotypes iso-
lated in Cuba under controlled conditions of natural infection and high pressure of the pathogen at the ‘Caribe’ 
hotspot, and the resistant ones were characterized attending to 51 morphoagronomic descriptors. Four resistant 
cultivars and other six of good agronomic performance were selected as parents for the designed breeding pro-
gram. Plant genotype and NL culture medium were crucial for in vitro anther culture success, with greater callus 
formation, and three combinations showed the best responses. In the second generation, nine lines were identified 
combining resistance and high yields by natural infection under field conditions. Of them, seven were resistant 
to inoculation with pathogen haplotypes isolated in Cuba. Moreover, three were resistant under field conditions 
against the P. grisea variability at the ‘Caribe’ hotspot. The methodological procedure reported shortens the culti-
var improvement cycle, creating variability faster and with adequate fixation of relevant characters. One obtained 
line, the ‘Anays LP-14’, was registered in the Commercial Register of Cuban varieties for commercial exploitation.
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RESUMEN

Procedimiento metodológico para la obtención de cultivares de arroz (Oryza sativa L.) resistentes a Pyri-
cularia grisea Sacc. y con buen comportamiento agronómico. La enfermedad conocida como el tizón del arroz 
(Blast) es causada por el hongo Pyricularia grisea, que provoca la principal afectación de ese cultivo en Cuba. Se 
estableció una metodología para la selección de cultivares de arroz, resistentes a P. grisea y de buen comportamiento 
agronómico, obtenidos mediante el cruce de progenitores resistentes a Blast y el cultivo in vitro de anteras de plantas 
F2, con la posterior formación de callos y su regeneración. La primera y segunda generaciones de plantas fueron 
evaluadas según 51 descriptores morfoagronómicos, además del comportamiento frente a Blast en la segunda. Se 
seleccionaron cuatro cultivares resistentes a P. grisea y otros seis de buen comportamiento agronómico como pro-
genitores, para el programa de mejora. El genotipo y el medio de cultivo NL fueron determinantes para el éxito del 
cultivo in vitro de las anteras, con una mayor formación de callos, y tres combinaciones mostraron una respuesta 
superior. En la segunda generación se identificaron nueve líneas bajo infección natural de P. grisea en campo, siete 
de ellas resistentes a aislamientos de haplotipos cubanos del patógeno y tres mostraron resistencia en campo frente 
a toda la variabilidad de P. grisea existente en la localidad ‘Caribe’, con alta presión del patógeno. El procedimiento 
metodológico acortó el ciclo de mejora, creó variabilidad y logró una rápida fijación de los caracteres de las líneas 
resistentes y altamente productivas. Una de esas líneas, la ‘Anays LP-14’ fue inscrita en el Registro Comercial de 
Variedades Cubanas.
Palabras clave: mejora del arroz, Pyricularia grisea, tizón del arroz, cultivo in vitro de anteras, cruzamirento genético

Introduction
Rice (Oryza sativa L.) is one of the most economi-
cally relevant grain crops worldwide. Along with 
wheat, meat and fish, rice forms part of the basic hu-
man diet, with 75 % of the world population having it 
in their daily diet and, in some cases, overcoming the 
consumption of other cereals [1, 2]. 

In Cuba, it is the main source of carbohydrates in the 
diet, with an estimated consumption of 670 000 tons  
per year. So far, domestic production meets only about 
50 % of the needs, forcing to import the rest. The aver-
age agricultural yield remains close to 3 t·ha-1, below 
the world average, which is motivated by different  

causes, among them: planting outside the optimal sea-
son, deficient cultivation care, lack of irrigation, con-
tinuous soil salinization and pest damages [3].

Among the most significant rice crop pests, we 
found the fungus Magnaporthe grisea Barr (Pyricu-
laria grisea Sacc), causing Blast, a disease considered 
the most devastating worldwide and of a widespread 
distribution [4]. It affects leaves, stems and knots of 
the plant and the different parts of the panicles and 
grains, ultimately leading to a significant reduction of 
agricultural yields [5] and sometimes to the complete 
loss of the harvest. Therefore, this disease represents a 
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variedades de arroz en los llanos centroc-
cidentales de Venezuela. Agronomía Trop. 
2008;58(2):101-10.
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serious limitation for rice production as the main rice 
crop pest in Cuba [6].

Notably, Cuban rice production was sustained for a 
long time by a single cultivar, J-104, which was shown 
to be susceptible to Blast. This led to severely reduced 
yields and made necessary to apply fungicide treat-
ments to reduce the incidence of the fungus, further 
raising the costs for crop production and contributing 
to environmental pollution. Even the current strategy 
of planting from two-to-four cultivars by rice-growing 
area does not guarantee the absence of infection, since 
cultivars are not resistant to the disease. Therefore, 
the problem persists and the development of resistant 
cultivars is still a relevant economic route for disease 
control, of lower environmental impact [7]. 

On the other hand, it is known that several genes 
are involved in the inheritance of resistance to this 
disease and against the high variability displayed by 
the pathogen, this last promoting the appearance of 
new haplotypes able to overcome the resistance of 
cultivars [8]. This implies that, the adequate site with 
high pressure and diversity of the pathogen diversity 
must be identified, for the selection of plant parental 
and resistant lines, associated with favorable environ-
mental conditions for plant development, supporting 
the selection of rice lines with a large array of genes 
as to enable resistance against the pathogen both 
steadily and inheritably [7]. Moreover, in any breed-
ing program for pest resistance, a controlled genetic 
resistance source is required, to establish suitable con-
ditions for pathogen infection, in order to guarantee 
an effective selection and to choose the appropriate 
breeding method.

Among them, the in vitro anther culture of F2 plants 
offers many advantages, since the population obtained 
from this combination of improvement methods (hy-
bridizations and in vitro culture) is representative of 
the genetic variability of the F2 population, and the 
plants obtained in vitro are genetically homozygotic. 
This reduces the time for obtaining new cultivars, 
saves financial and material resources, increases the 
efficiency of selection and facilitates the identification 
of superior individuals [9-11].

In Cuba, breeding programs for waterlogging agro-
ecosystems have been based mainly on hybridizations, 
but unfortunately, the obtained cultivars were suscep-
tible to Blast, in spite of showing potentiality for high 
production yields [12-14]. Moreover, the ‘Caribe’ site, 
belonging to the Agroindustrial Rice Complex ‘Los 
Palacios’ in the Pinar del Río province, has histori-
cally demonstrated a high incidence of the disease [3] 
and, therefore, it has been selected for crop breeding 
to develop cultivars resistant to Blast. Given the issues 
raised, a methodological procedure was developed, 
aimed to obtain rice cultivars resistant to P. grisea 
infection and showing good agronomic performance 
through in vitro anther culture of F2 plants, followed 
by successive selection steps of the lines obtained.

Methodological procedure
The methodological procedure developed (Figure) 
starts with the selection of Blast resistant parentals 
[15]. They were established by evaluating  commercial 
and pre-commercial cultivars for performance when 
subjected to the natural infection with the disease  

in the ‘Caribe’ hotspot and using the methodology 
validated in Cuba [16]. Cultivars showing high pro-
duction potentiality in different cultivation areas dedi-
cated to rice production were identified [17]. 

Subsequently, the resistant parentals of good ag-
ricultural performance were subjected to a breeding 
program, by hybridization according to a statistical 
genetic design, and the F1 seeds obtained from the 
crossings were planted for reproduction.

In vitro anther culture of F2 plants was applied as a 
second step, selecting for donor plants which anthers 
were cultured, also including the optimization of the 
culture medium for callus formation and the regenera-
tion of green plants [18].

Different factors influence the double-haploid 
production, but the genotype is regarded as the most 
influential one in callus formation, determining the 

4. Castejón-Muñoz M. The effect of 
temperature and relative humidity on the 
airbone concentration of Pyricularia oryzae 
spores and the development of rice blast 
in southern Spain. Spanish J Agric Res. 
2008;6(1):61-9.

5. Rodríguez AT, Ramírez MA, Cárdenas 
RM, Rivero D, Cruz A, Bautista S. Ac-
tividad antifúngica in vitro e in vivo del 
extracto acuoso de hojas de Parthenium 
hysterophorus L. sobre Pyricularia grisea 
Sacc. Revista Científica UDO Agrícola. 
2012;12(4):839-44.

6. Cárdenas RM, Mesa S, Polón R, Pérez 
N, Cristo E, Fabré L, et al. Relación entre 
la incidencia de la piriculariosis (Pyricu-
laria grisea Sacc.) del arroz (Oryza sativa 
Lin.) y diferentes variables climáticas en 
el Complejo Agroindustrial Arrocero Los 
Palacios. Cult Trop. 2010;31(1):14-8.
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Figure. Methodological procedure for obtaining rice cultivars  resistant to P.  grisea with good agro-
nomic performance. P1 and P2: parentals 1 and 2, as designated for the designed breeding program.
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ability of calluses to differentiate into plants at the 
adequate green:albino plant ratio and the ploidy of 
the regenerated explants. Moreover, the number of 
isogenic lines to be produced is also influenced by 
the genetic background of the cultivar itself, since a 
higher number of isogenic lines can be obtained from 
many japonica rice cultivars as compared to the low 
production of calluses and the low regeneration effi-
ciency of green plants from most indica cultivars [19]. 
In this regard, there is evidence that the response of 
cultivars to callus induction and plant regeneration is 
inherited and controlled by nuclear genes, which can 
be transferred to recalcitrant lines through genetic re-
combination [20].

Although initiation of microspores division may 
be independent of nutritional adjuncts, these are re-
quired for subsequent divisions, which lead to callus 
formation and differentiation of these cells in embryos 
and plants. Several laboratories have tried to optimize 
the anther culture rice medium composition, but their 
findings differ from each other due to the influence 
of genotype, the state of pollen development and the 
temperature pretreatment of anthers. Significantly, 
medium composition is still relevant, since its changes 
produce variations in the frequency of induction for 
the same genotype [21].

Then, several selection cycles were implemented, 
starting with the first generation of plants obtained 
in vitro, which were evaluated for agronomic traits. 
In the second generation, a simultaneous selection of 
two characters was made with independent criteria: 
cultivars resistant to Blast, in leaf and panicle neck, 
by natural field infection and productive potential [22].

The lines combining resistance to Blast and good 
agronomic performance were evaluated under con-
trolled conditions against P. grisea aggressive haplo-
types isolated in Cuba [23], and under natural infec-
tion at the ‘Caribe’ site, under high pathogen pressure. 
Finally, the lines displaying resistance were further 
characterized for morphoagronomic characters [24].

Blast is considered a complex disease due to the 
pathogenic variability and the speed with which the 
fungus overcomes the resistance of the rice plant [25]. 
With the application of molecular techniques, the high 
diversity of population pathotypes was grouped in a 
smaller group of lineages according to their genetic 
similarity [26].

In the Philippines, in studies conducted with patho-
gen populations, 71 haplotypes from six genetic 
lineages were identified and a consistent incompat-
ibility was evidenced for most host-lineage combina-
tions. This led to the assumption that, although some 
resistance genes can be easily overcome by a given 
pathogen lineage, these same resistance genes can be 
a good barrier to other lineages of the population, and 
viceversa [8, 27].

In Cuba, the first reports on the identification of 
circulating P. grisea fungus isolates date back to 1984 
[28]. Later on, works on the genetic diversity of the 
fungus evaluated at two Cuban locations (‘Los Pala-
cios’ and ‘Sur del Jíbaro’) showed that the pathogen 
population consisted of four closely-related lineages 
with a high number of haplotypes (up to 134). The 
first location showed the highest genetic diversity and 
the largest number of genetic lineages, in agreement 

with the highest incidence reported for this region in 
Cuba [29].

Additionally, the great pathogenic variability of 
P. grisea is one of the major constraints in breeding. 
Thus, the characterization of lineages present in each 
country contributes significantly to the establishment 
of breeding strategies, based on the theory of exclu-
sion lineages. Such strategies consider the coexis-
tence of different lineages groups in each rice grow-
ing region, with progenitors needing to be selected to 
provide resistance genes to such groups [7].

After the implementation of the methodology de-
scribed here, homozygous Blast-resistant lines were 
identified after sowing of the F2 seed (Table), with 
good agronomic performance in just 10 months. 
Therefore, the efficiency of the breeding method was 
confirmed. This result was equivalent to that attained 
with the selection method by pedigree, traditionally 
used in rice cultivation in Cuba, further accounting for 
the same stability usually achieved only after seven-
to-eight generations of self-pollination with one or two 
annual crops during three-to-six working years [30].

A population of double haploids from anther cul-
ture of F2 plants accounted for the genetic variability 
of the entire F2 population, with the advantage that 
plants are genetically homozygotic. Consequently, the 
time to obtain the cultivars is reduced, providing con-
siderable financial and material savings, not requiring 
large planting areas or any other production costs. It 
also increases the efficiency for selection, both quali-
tatively and quantitatively and facilitates the selection 
of superior cultivars [9-11, 31-33].

The introduction of in vitro anther culture has giv-
en varied results in different countries. For instance, 
in Venezuela [34], cultivars adapted to their cultiva-
tion conditions were obtained through anther culture, 
with immature embryos reported. In Chile, the F1 and 
F2 generations from triple crossings showed high ste-
rility, whereas 941 R2 lines were obtained by anther 
culture, and further evaluated and selected for cold 
tolerance, better quality and early maturity. By these 
procedures, new lines of higher yields were obtained 
in considerably shorter periods [35]. In Colombia 
[36], fertile homozygotic lines were produced from 
interspecific Oryza sativa L. × Oryza barthii Chev 
and Oryza glaberrima × Oryza rufipogon Griff Steudt 
crossings, as new sources for pest resistance.

Additionally, durable Blast resistance requires: 
i) the characterization of: the genetic structure of P. 
grisea populations; ii) the diversity and frequency of 

7. Zambrano AY, Vegas A, Cardona R, 
Gutiérrez Z, Demey JR. Estructura genética 
y diversidad de linajes de Pyricularia grisea 
en la zona arrocera venezolana. Intercien-
cia. 2006;31(1):62-6.

8. Livore A. Desarrollo de una estrategia 
para la obtención de resistencia durable a 
Pyricularia grisea en Arroz en el Cono Sur. 
Informe técnico final – Proyecto FONTA-
GRO - convenio iica/bid ftg/rf-99-02-rg, 
INTA. San Isidro: Instituto Interamericano 
de Cooperación para la Agricultura (IICA); 
2005 [cited 2016 Jun 15]. Available from: 
http://www.procisur.org.uy/online/DOCS/
pyricularia22.pdf 

9. Ramakrishnan SH, Saravanan S, Anan-
dakumar CR, Kannanbapu JR. In vitro 
androgénesis in rice (Oryza sativa L.). Asian 
J Plant Sci. 2005;4(6):600-2.

10. Chen C, Xiao H, Zhang W, Wang A, Xia 
Z, Li X, et al. Adapting rice anther culture to 
gene transformation and RNA interference. 
Sci China C Life Sci. 2006;49(5):414-28.

11. MINAG-Perú. Arroz. Producción 
Mundial. Portal Agrario. Cultivos de im-
portancia nacional. 2016 [cited 2016 Jan 
10]. Available from: http://www.minag.
gob.pe/arroz/produccion.htm1 

12. Suárez E, Pérez R, Alfonso R, Mesa H, 
Deus JE, Cruz F, et al. Nuevas variedades 
de ciclo corto en Cuba. Arroz en las Améri-
cas. 1997;18(1):2.

13. Pérez N, Castro RI. A new short 
cycle rice variety: INCA LP-5. Cult Trop. 
2000;21(4):55.

14. IIArroz. Política varietal para el cultivo 
del arroz. Anexos al Instructivo Técnico del 
Arroz. La Habana: Instituto de Investiga-
ciones del Arroz (IIA); 2001.

15. Pérez N, González MC, Cárdenas 
RM, Castro RI. Selección de progenitores 
resistentes a la Piriculariosis para los 
programas de cruzamientos en arroz. Cult 
Trop. 2009;30(3):47-9.

16. Cárdenas RM, Cordero V, Pérez N, 
Cristo E, Gell I. Utilización de una nueva 
metodología para la evaluación de arroz 
ante la infección producida por el hongo 
Pyricularia grisea. Cultivos Tropicales 
2000;21(1):63-6.

17. Pérez N, González MC, Castro RI, Agui-
lar M. Evaluación de cultivares de arroz en 
diferentes zonas de producción arrocera 
de “Los Palacios”, Pinar del Río, para su 
utilización en programas de mejoramiento. 
Cult Trop. 2016;37(1):116-23.

Step

Table. Comparison of duration of the traditional pedigree 
selection method against the anther culture method for 
the improvement of rice cultivars’ agronomic performance 
and resistance to Blast, starting from the F2 generation*

12  
(6 months 

each)
24

(6 months 
each)

36

F2 to F3 
generations

F4 to F8 
generations

From start  
to selection

Anther culture

Callus induction

R2 seeds

Plant  
regeneration

3

1.5

4
10

1.5

Step Time (months)Time (months)

From start  
to selection

* The method starts from hybridization, followed by the obtain-
ment of the F1 anf F2 generations.
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avirulence/virulence pathogen genes and knowledge 
on its influence on resistance genes; iii) the identifica-
tion and incorporation of combinations of resistance 
genes in rice germplasm and, once incorporated, the 
evaluation of the populations by controlled inocula-
tions under field conditions, followed up through the 
use of molecular markers [37].

As previously mentioned, the evaluation of cultivars 
under field conditions requires identifying the hotspot 
site, characterized by a high pressure of the disease and 
high pathogen diversity which is associated with favor-
able environmental conditions for plant development. 
In that area, rice lines can be selected that combine a 
large set of resistance genes, further increasing their 
chances for inheritance and persistence. In Cuba, the 
‘Caribe’ site, belonging to the Rice Agricultural Com-
plex Los Palacios, is recommended for rice crop genet-
ic breeding procedures to develop cultivars with Blast 
resistance, given its highest genetic diversity for two 
pathogen populations [29]. This region has been his-
torically reported of a high incidence of the disease [3].

In order to improve the methods to obtain Blast re-
sistant cultivars, other groups compared the reactions 
to P. grisea on the leaf and neck panicle of plant popu-
lations obtained by hybridizations and anther culture. 
They concluded that the latter method increases the 
efficiency for selection, due to a higher additive varia-
tion, the absence of dominance, an absence of intrafa-
miliar variation and competition between plants. All 
these facilitate the identification of superior cultivars 
attending to the selection in early generations of a 
pedigree program, and heritability values suggested 
that genetic breakthrough could be achieved in just a 
few generations [38]. 

Regarding resistance genes, P. grisea resistant lines 
were selected from the crossing progeny of two iso-
genic lines carrying the resistance genes Pi-1 and Pi-2, 
those lines shown to be incompatible with the fungus 
genetic lineages. This suggested the possibility to 
obtain lines which could exclude the entire pathogen 
population and displaying sustained resistance [39].

In assessing the progeny of a crossing between a 
cultivar carrying the Pi-ta gene with one that did, that 
gene was not found in susceptible individuals, sug-
gesting that it acts as a dominant gene [40]. In later 
works, the Pi-ta gene was found in a group of Ameri-
can cultivars, as well as in the cultivar ‘Tetep’ of Viet-
namese origin [41] which also carried the Pi-1 and 
Pi-kh genes [42]. Meanwhile, while growing African 

native ‘Moroberekan’ japonica type, the resistance 
found was attributed to the presence of a group of 
major resistance genes [43, 44]. Resistant lines were 
obtained from crossings with cultivar ‘IR 759-54-2-2’ 
[45], but neither the genes responsible for resistance 
nor the underlying mechanism acting could be identi-
fied. In fact, CIAT studies have shown that the com-
bination of resistance genes Pi-1 (chromosome 11), 
Pi-2 (chromosome 6), and Pi-33 gene (chromosome 
8) confer resistance to many populations of Latin 
America P. grisea [8, 46].

Notably, the methodological procedure developed 
[18] rendered three recombinant lines, regenerated 
from F2 plants anther culture, which apparently in-
herited the genes present in the resistant parental used 
(‘IR 759-54-2-2’ ‘Tetep’, ‘2077’ and ‘Moroberekan’). 
They confered Blast resistance, as evaluated in leaf in 
the vegetative phase and neck panicle at the flowering 
stage, supported for several years under a high pres-
sure disease and pathogen diversity under field condi-
tions.

Conclusions
Consistently, rice parentals for a rice breeding pro-
gram were identified. The genotype and the culture 
medium used were crucial to the success of F2 plants 
in vitro anther culture, with the NL medium aiding to 
induce an increased callus formation.

Nine lines were identified, which were simultane-
ously resistant to the pathogen and produced high 
yields in the second generation obtained lines and af-
ter their evaluation under natural infection P. grisea in 
field conditions. Seven of those lines showed resistance 
when inoculated with isolates of Cuban haplotypes of 
the pathogen. Moreover, three three of the lines showed 
resistance under field conditions against all the existing 
variability of P. grisea in the ‘Caribe’ location, a site 
established as ideal for Blast evaluation in Cuba.

In summary, a methodological procedure was ob-
tained and tested to shorten the breeding cycle in re-
lation to crossbreeding, which creates variability and 
manages a quick fixation of the characters through 
the in vitro anther culture of F2 plants. This procedure 
also supports the adequate selection of lines for re-
sistance to P. grisea and main agronomic characters, 
one of such lines, the ‘Anays LP-14’ which was ob-
tained by this procedure, been already registered in 
the Commercial Register of Cuban varieties for crop 
improvement.
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