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Abstract

Mutagenic treatment was highly effective in reducing plant height and growth duration in the
parent variety EEA-404. Important variation was also observed in grain and leaf pubescence and in
grain shape. Several M4 lines with desirable plant type and grain shape were selected for yield testing.
Aggregated sheath spot (ASS) — Rhizoctonia oryzae sativae — disease pressure on M3 and M4 lines
from INIA Tacuari was not sufficient to allow selection for this character. However, important
variability in resistance to the physiological disorder Straighthead was observed among the lines. The
regeneration percentage obtained with the methodology of anther culture facilitated application of this
technique in a larger number of crosses. Some of the doubled haploid (DH) lines from
resistant/susceptible crosses showed good yield potential and milling quality, and low incidence of
stem diseases. Sequential Bulked Typing may provide an alternative to individual typing for a large
number of markers, improving DNA pooling techniques based on phenotypic evaluations of
quantitative traits.

1. INTRODUCTION

Rice is a major crop in Uruguay, where 190000 ha of irrigated long grain rice are grown
and 90% of the production is exported. In the crop seasons 1995/96 and 1996/97, average
yield was 6.4 t/ha. And the main varieties were El Paso 144 and INIA Tacuari, of Indica and
Japonica background, respectively. Grain quality is one of the basic characters for the local
breeding program, as well as cold tolerance and short growing duration. The increasing
incidence of some fungal stem diseases, as ASS, caused by R. oryzae sativae, and stem rot
(SR), caused by Sclerotium oryzae, is limiting rice frequency in the rotations.

The variety INIA Tacuari, that combines high yield potential, grain quality and cold
tolerance, reached 38% of the acreage in 1997/98, but it is highly susceptible to ASS. At the
same time, interest in short-grain varieties, to be exported to special markets, increased in
recent years. However, a traditional medium-grain variety, EEA-404, as well as introduced
short-grain varieties, are susceptible to lodging and have limited yield potential.

The purpose of the project was to combine mutation techniques and other
biotechnologies, as anther culture and molecular markers, to speed up the development of
high yielding cultivars with resistance to ASS and SR, and adapted short- and medium-grain
cultivars.

The objectives of the research were: a) To induce mutations in susceptible high-yielding
cultivars and in lodging susceptible medium-grain varieties; b) Adjust procedures for DH
production through anther culture in selected populations; c) To evaluate molecular
techniques to test genetic diversity in the resulting populations.



2. MUTATION TECHNIQUES

Mutagenic treatment of INIA Tacuari was done at the beginning of this project in order
to develop mutant lines with resistance to ASS and to SR. In the case of the traditional variety
EEA-404, the objective of mutagenic treatment was to reduce plant height and growth
duration.

2.1. Methodology and description of research carried out

2.1.1. Mutation techniques in EEA-404

Seeds were irradiated at Centro de Investigation Nuclear (CIN), Montevideo, with 250
and 350 Gy. The populations were managed in the following way:

Mi: 1000 plants were grown in 1994/95 and high sterility was observed.

M2: 1000 headrows were grown in 1995/96. In general, the population showed lodging,
and 360 panicles from 66 rows were selected, based on agronomic traits.

M3: 360 headrows were grown in 1996/97. Heading date and plant height were recorded.
At harvest, the selected lines were not bulked, because some of them were still showing
some degree of variability. A total of 337 panicles were selected from 115 M3 lines.

M4: 337 headrows were grown in 1997/98. Plant height, heading date, grain shape,
lodging, leaf angle and pubescence were recorded, and 118 M4 lines were selected for
yield and grain quality testing in the following season.

2.1.2. Mutation techniques in INIA Tacuari

Seeds were irradiated at CIN with 250 and 350 Gy. Population management was as
follows:

Mi: 1000 plants were grown in 1994/95 and moderate sterility was observed.

M2: 1000 headrows were grown in 1995/96 and a random sample of 1000 panicles was
taken.

M3: Culture of 845 lines in 2 m headrows under artificial inoculation with the ASS
fungus, in 1996/97, to enhance disease incidence. The pathogen was grown on a rough
rice grain : rice hulls mixture (2:1). Inoculation was done at internode elongation, after
water dilution, at a rate of 50 ml/m2. However, because of soil and climatic conditions,
inoculation was not very effective and a high incidence of SR and of the physiological
disease Straighthead was observed. One panicle was collected from each of the selected
499 M3 lines.

M4: In 1997/98, 499 headrows were grown under artificial inoculation with the ASS
pathogen. However, SR was again the prevalent disease. A total of 86 M4 lines were
selected for yield and disease resistance testing in the following season.



2.2. Results obtained

2.2.1. EEA-404

M3 lines from EEA-404 showed high variability in growth duration, plant height,
pubescence and grain shape. The parent variety required 100 days to heading and the M3 lines
showed a range of 80 to 110 days. About 35% of the M3 lines required less than 95 days to
heading, and 44% required from 96 to 100 days (Figure 1).
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FIG. 1. Days to heading (from planting) — distribution of Ms lines from the variety EEA-404 (parent
variety required 100 days to heading).
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FIG. 2. Plant height — distribution ofM3 lines from the variety EEA-404 (mean height of parent
variety was 1.22 m).



Plant height of EEA-404 was 1.22 m and M3 lines ranged from 0.64 to 1.36 m, with
88% of them shorter than 1.2 m and 28% shorter than 1 m (Figure 2). Thirty semi-dwarf M4
lines were backcrossed to the parent variety to recover the parent grain type and the
populations may be used for genetic studies of dwarf genes involved.

FIG. 3. DNA pooling strategies for detection of polymorphism differences between resistant and
susceptible bulks. Lanes: 1-5 bulks of 2 susceptible individuals, —10 bulks of 2 resistant individuals,
11-12 bulks of 5 susceptible individuals, 13-14 bulks of 5 resistant individuals, 15 bulk of 10
susceptible individuals, 16 bulk of 10 resistant individuals (arrow indicates 600 bp polymorphic
RAPD band).

2.2.2. INIA Tacuari

The ASS incidence was not sufficient to have a reliable characterization of M3 and M4
lines. Environmental conditions during 1996/97 and 1997/98 crop seasons favored the
development of SR and inoculation with the ASS pathogen was not completely successful,
because of competition between both pathogens. However, the material showed wide
differences in Straighthead tolerance and some variability in SR and lodging susceptibility.
The selected 86 M4 lines will be tested in 1998/99 on plot basis under inoculation with the
ASS fungus in a field with a history of low SR incidence.

3. ANTHER CULTURE AND DH PRODUCTION

3.1. Methodology and description of research carried out

After receiving training at Centro Internacional de Agricultura Tropical (CIAT),
Colombia, the Biotechnology Unit at INIA Las Brujas adjusted anther culture procedure on
five populations from crosses between resistant/susceptible to ASS-SR parents:

Sel 1855 (Nrx L79/V2-84//Lmnt///EP94)/L933
L933/L578
ElPasol44/L1034

INIA Tacuari/Katy
INIATacuari/L1034
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About 2600 anthers were cultured per treatment, following the adjusted CIAT
procedure, detailed in first Progress Report. Efficiency was high, with 2.3-4.5% calli and 1.3-
2.4% green plants per anther. A total of 99 DH lines were obtained from those populations. In
the 1995/96 crop season, seeds from regenerated plants were planted in the greenhouse, and
later transplanted to the field, in INIA Treinta y Tres, for seed increase.

In 1997, anther culture was applied in populations from new crosses involving parents
with resistance to ASS, as well as from crosses among introduced short-grain cultivars.
Anther culture procedure was completed, obtaining seeds from regenerated individual plants
of 16 populations:

Fuzi 102/L1919 INIA Cuaro/Chui
L1919/L1762 L1919/L1415
Koshihikari/INIA Tacuari Koshihikari/Pecos
Sasanishiki/IMA Tacuari L1919/Chui
L1919/INIA Caraguata Koshihikari/S-201
INIA Cuaro/L1919 Sasanishiki/RU8801121-229
L1167/INIA Tacuari INIA Cuaro/L 1762
L1919/L1172 Sasanishiki/Pecos

However, seeds from the regenerated plants were not obtained in time to be grown in
the field in 1997/98. To avoid damage by low temperatures, seed increase was deferred to the
following season.

Anther culture procedures were conducted also in 1998 in several populations derived
from crosses involving blast resistant Indica parents with local susceptible Indica varieties, as
well as in some heterotic crosses among long-grain Japonica cultivars.

Field evaluation of the first group of DH lines from anther culture was carried out in
replicated trials in 1996/97 and 1997/98. A total of 99 DH lines from the 5 crosses involving
resistant/susceptible to ASS-SR parents, were tested in preliminary trials with 2 and 3
replications in 1996/97 and 1997/98, respectively. The plots had 6 rows, 3.5 m long.
Determinations included yield, agronomic traits and milling quality.

3.2. Results obtained

Environmental conditions reduced the yields in 1996/97 and 1997/98. In the first case,
heavy rains after planting caused poor stands, hi the second case, reduced sunshine during the
season and a severe storm before harvest affected grain yield. However, some of the 99 DH
lines from the first group showed good yield potential and grain quality (Table 1).

Grain yield of the best DH lines was 10 to 14% higher than that of INIA Tacuari, while
milling quality and growth duration were similar to those of the check. The DH lines also
showed better scores for grain length and stem diseases than INIA Tacuari. Based on this
information, 3 DH lines were to be included in the National Uniform Tests for the 1998/99
crop season.
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TABLE I. MEAN PERFORMANCE OF THE 5 AND 10 BEST YIELDING DH LINES AND
CHECK VARIETIES IN FIELD TESTS IN 1996/97 AND 1997/98

Cultivar

5 DH > % yield
10 D H > % yield

INIA Tacuari

El Paso 144

Bluebelle

Grain
Kg/ha

6322
6049

5249

5202

4129

yield
%

Tacuari
114
110

100

99

79

Days to
heading

103
102

102

112

107

Whole
grain

%
61.2
61.1

61.3

62.3

56.1

White
belly

%
3.6
4.2

5.1

4.6

5.8

Grain
length3

1.4
1.7

3.0

3.0

3.0

SRb

4.8
5.0

6.9

6.0

6.0

ASSb

3.0
4.0

5.3

3.3

3.0
aStandard Evaluation System: 1 Extra long, 3 Long.
bStandard Evaluation System: 1 Resistant, 7 Susceptible.

Some of the DH lines were not uniform and were discarded. The most promising
DH lines were from the population L933/L578, showing good yield potential and milling
quality, and low incidence of stem diseases. The parents used in this cross have contrasting
reactions to ASS disease, L933 being moderately resistant and L578 (sister line of INIA
Tacuari) highly susceptible.

4. MOLECULAR MARKERS

4.1. Methodology and description of research carried out

Different RAPD molecular markers for detection of genetic polymorphisms among rice
cultivars and breeding lines were evaluated, with the objective of applying this technique in
analyzing contrasting DNA bulks from populations segregating for ASS and SR resistance.
From preliminary results obtained on amplification of bulked DNA samples and using
different software, simulations were developed on sample size and probability of detection of
RAPD alleles that co-segregate with a phenotypic character ("bulk segregant analysis").

A search for rice genome regions associated with disease resistance was done on the
data bases Rice Genes and Rice DB in order to develop a characterization of contrasting lines
through PCR amplification of these sequences.

An important group of F7 breeding lines from one population showed important
variability in SR incidence in preliminary trials conducted in 1997/98. ASS was also present
in this group, but incidence was much lower than SR. The population also showed good plant
type and high yield potential and was derived from a cross between F5 and F6 breeding lines:
C266 F5/C219 F6 (C266: Nwbt/Nrx L79//L91, C219: Leah//L58/El Paso 144).

To evaluate DNA pooling strategies for identification of genomic regions associated
with tolerance to SR, two groups of rice breeding lines were selected representing the
phenotypic extremes of resistance/susceptibility in the above mentioned cross.

Two main strategies have been envisaged to select chromosomal regions that contain
genes affecting quantitative traits: a) selective genotyping, and b) pooling DNA from several
individuals. DNA bulks can provide specific PCR products when pooling the individuals with
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the highest and lowest scores of a defined character, when looking for a trait showing
continuous variation.

Based on computer simulations, the phenotypic difference between alternative
genotypes has to be at least more than two standard deviations, otherwise the probability of
finding both genotypes is very high across all of the phenotypic range. If actual frequencies of
all the marker alleles can be inferred in the amplified pool, bulked analysis can be directly
applied to quantitative traits, either using the quantitative densitometry of allelic bands, or
using a procedure called "sequential bulked typing" (SBT).

The experimental design included 3 types of DNA pooling from each group of resistant
and susceptible F7 lines: a) 5 bulks of 2 individuals, b) 2 bulks of 5 individuals, and c) a single
bulk 10 individuals. Two 10-mer primers were used to evaluate polymorphisms among the
tolerant/susceptible bulks. Amplifications were performed under standard RAPD protocols
and resolved in 2% agarose gels.

4.2. Results obtained

Bulked sample analysis (BSA) profiles representative of the above mentioned approach
are shown in Figure 3.

The experiments reported here provide some evidences of bulk-specific patterns of
DNA amplification using random primers, allowing us to continue searching for additional
candidate marker bands. These procedures are being used primarily as an initial screen to
detect large effect QTL's associated with resistance/susceptibility in this breeding population.
Besides this particular application, SBT would allow to target chromosomal regions
containing candidate genes for resistance to SR, providing an alternative to individual typing
for a large number of markers and improving DNA pooling techniques based on phenotypic
evaluations.
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