Genetic Analysis of Resistance to Scab in Spring Wheat Cultivar Frontana
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ABSTRACT
Singh, R. P, Ma, H., and Rajaram, S. 1995. Genetic analysis of resistance to scab in spring
wheat cultivar Frontana. Plant Dis. 79:238-240.

The Brazilian spring wheat (Triticum aestivum) cv. Frontana is resistant to scab (caused by
Fusarium graminearum) in Mexico and various other countries. The number of genes involved
in resistance to this disease was estimated. This was done by evaluating random inbred Fj
lines and their parents for scab resistance. The lines were derived from crosses of Frontana
with susceptible, or moderately susceptible, cvs. Inia 66, Opata 85, and Pavon 76. These evalua-
tions took place in the field with a mixture of Mexican isolates of F. graminearum. Spikes
were inoculated by placing a tiny tuft of cotton soaked with the inoculum in the middle spikelet
close to the anthers just prior to anthesis. Glassine bags were placed over the inoculated spikes.
These spikes were harvested 45 days after inoculation. Scab severity was determined by recording
the number of infected and healthy spikelets. Analyses of variance showed significant differences
in scab severities of the Fq lines. The distribution of Fg lines was continuous in each cross.
The narrow-sense heritability estimates for the crosses evaluated during 1991 and 1993 were
0.66 and 0.93, respectively. Both quantitative and qualitative models were applied to estimate
the number of segregating genes. The resistance of Frontana is controlled by the additive
interaction of a minimum of three minor genes. Transgressive segregants were identified in
each cross, indicating that the susceptible (or moderately susceptible) parents also carry one
(or two) minor genes. The combinations of these genes with the genes in Frontana have given

F¢ lines with significantly better scab resistance than that of Frontana.

Scab, or head blight, is a common
wheat disease in humid wheat-growing
regions. Losses are not only associated
with reduced yield, but also with myco-
toxins (5). Several species of the genus
Fusarium are known to cause scab (13).
F. graminearum Schwabe (perfect stage
Gibberella zeae (Schw.) Petch) predomi-
nates in wheat growing areas of China
and North and South America (4,8,15).
Some bread wheat (Triticum aestivum
L.) cultivars are known to carry scab
resistance (4,8,11,15). Schroeder and
Christensen (8) have determined that at
least two components contribute scab
resistance: (1) establishment of initial
infection, and (2) rapidity of hyphal
invasion of the host tissue. Therefore,
two types of resistance, resistance to
initial infection and resistance to hyphal
spread, could be present in the host. They
found that Frontana (a bread wheat
cultivar released during 1943 in Brazil)
possesses both types of resistance.
Frontana is known to be resistant to scab
in various parts of the world (5,11,15).
Despite this, the inheritance of resistance
to scab in Frontana is unknown.

The objective of our work was to study
the genetic basis of resistance to scab
in Frontana under controlled field
inoculation.

MATERIALS AND METHODS
Random inbred Fg lines from crosses
of scab-resistant Frontana with two
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susceptible Mexican cultivars, Inia 66
and Opata 85, and one moderately
susceptible cultivar, Pavon 76, were used.
Parents and the Fg lines were planted
in a randomized complete block design
with three replicates. Two planting dates
at 12-day intervals were used to obtain
tillers of a similar growth stage for a
majority of the lines for same-day inocu-
lation. The experimental site was
CIMMYT’s highland research station
near Toluca (Mexico state), which is a
representative location for cool, high-
rainfall areas. Field plots, planted with
approximately 60 seeds, consisted of two
I-m rows seeded 20 cm apart with 55
cm between plots.

The conidiospores of a mixture of F.
graminearum isolates were multiplied in
mungbean extract medium (1). The
conidial suspension used for inoculation
was adjusted to 5 X 10* spores per milli-
liter. Five spikes, close to anthesis, were
chosen from each plot and were
inoculated by placing a tiny tuft of cotton

soaked with the inoculum in a floret of
the middle spikelet. Glassine bags were
placed over the inoculated spikes and left
till harvesting.

Inoculated spikes were harvested 45
days after inoculation. Spikelets with
shriveled grains and pink color mycelium
were considered infected. Scab severity
was recorded by counting the infected
and uninfected spikelets; the percent
severity was calculated from the above
data. Severities of the five inoculated
spikes/ plot were averaged for the analysis.

Analyses of variance were conducted
to determine the differences for scab
severities among the F lines using SAS
(7). Narrow-sense heritability estimates
were obtained using the formula h? =
o’g/ o°p; o’g and o’p were estimated from
the ANOVA table according to the
method of Singh and Chaudhary (9), °g
= (o’ — o’g)/r, and o’p = o’g + o’
in this formula h* = heritability estimate
in the narrow sense, o’g = genetic vari-
ance, o’ = variance of the Fg lines, 0%
= error variance, and r = number of
replications. Although the genetic vari-
ance used in the formula to calculate
heritability is the total genetic variance
of the Fq lines, the heritability estimate
is considered to be narrow-sense because
the dominance variance is negligible and
the confounding effect of the additive-
by-additive genetic variance can be
included in the heritability estimate at
the Fg level of inbreeding.

The minimum number of genes con-
trolling scab resistance was estimated
using Wright’s method (14). The mod-

" ification for the level of inbreeding in

the original formula is based on
Cockerham (2). The modified formula
is n = (GR) ?/4.270%g, in which n =
minimum number of effective genes, GR
= genotypic range, and o’g = genetic
variance of the Fg lines. GR was esti-
mated by two different methods. In

Table 1. Wheat cultivars and their mean responses to scab during 1991 and 1993

Mean response to scab

Infected spikelets* Percent®
Parent 1991 1993 1991 1993
Frontana 1.1 £0.2¢ 3.7+0.3 50107 182+ 1.1
Inia 66 ... 13.6 £ 0.6 vl 82.0+29
Opata 85 8.6+0.9 13.71+0.5 46.6 + 6.1 80.8 +2.4
Pavon 76 3.5+0.1 103+ 04 19.1£0.8 59.3+28

“Infected spikelets is on a per spike basis, and is the average for 5 spikes per plot in 3 replicates.
®Percent severity is the percentage of spikelets infected with scab, and is the average for 5

spikes per plot in 3 replicates.
“Standard error.



Table 2. Range, mean responses, and LSD of Fj lines to scab and narrow-sense heritability estimates for crosses of cultivars

No. of

Response to scab

Year F, lines Infected spikelets Percent
Cross tested tested Range Mean LSD Range Mean LSD Heritability
Frontana/Inia 66 1993 107 1.4-17.5 6.3+ 0.6 1.7 8.8-100 37.8 £3.5° 9.9 0.93
Frontana/Opata 85 1991 57 1.3-10.5 47107 2.0 6.7-57.6 25.1+29 10.9 0.66
Frontana/Opata 85 1993 56 3.3-19.0 9.5+ 0.7 2.0 17.8-100 50.1 +3.7 10.4 0.93
Frontana/Pavon 76 1991 62 0.8-4.9 23103 0.9 4.4-30.6 13.2+£20 5.7 0.66
Frontana/Pavon 76 1993 55 1.3-15.5 6.31+0.6 1.8 8.0-91.0 358+ 3.6 10.3 0.92
*Standard error.
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Fig. 1. Frequency distribution for percent scab
severity of Fg lines in the cross Frontana/
Opata 85 tested during 1991.
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Fig. 2. Frequency distribution for percent scab
severity of Fg lines in the cross Frontana/
Pavon 76 tested during 1991.

method I, GR was the range of Fg line
means; in method II, GR was the range
of F¢ line means multiplied by herita-
bility, h? as calculated above. The
correction in the second method tends
to eliminate the environmental influence
on the expression of the trait (6). The
assumptions of the formula are: no link-
age, no epistasis, no dominance, and all
loci have equal effects.

The minimum number of effective
genes that segregated for resistance to
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Fig. 3. Frequency distribution for percent scab

severity of Fj lines in the cross Frontana/Inia
66 tested during 1993.
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Fig. 4. Frequency distribution for percent scab
severity of Fg lines in the cross Frontana/
Opata 85 tested during 1993.

scab for crosses tested during 1993 was
also calculated by grouping the F¢ lines
in two categories: resistant-intermediate,
and susceptible. The F¢ lines were con-
sidered susceptible when their responses
were equal to the mean of the susceptible
parent +SE of the Fg lines, or higher.
Chi-square analyses were carried out to
test the goodness of fit of the observed
distribution with that expected for segre-
gations of three, four, or five independent
resistance genes.
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Fig. 5. Frequency distribution for percent scab
severity of Fg lines in the cross Frontana/
Pavon 76 tested during 1993.

RESULTS AND DISCUSSION

Mean responses of the cultivars to
scab, expressed as infected spikelets and
as percent infected spikelets, are given
in Table 1. During 1991, disease was less
severe than in 1993. Frontana was the
most resistant cultivar during both years.
Pavon 76 had an intermediate response,
whereas Opata 85 was most susceptible.
The susceptibility of Inia 66, tested only
in 1993, was similar to that of Opata 85.

The range of scab severity recorded
for the Fg lines, population mean, and
the LSD for each cross are given in Table 2.
Frequency distributions for percent scab
severity of the Fg lines for each cross
tested during 1991 and 1993 are shown
in Figs. 1-5. The distribution of Fg line
means was continuous in both years for
each cross. Transgressive segregants
(based on LSD values at P = 0.05) for
resistance or susceptibility were observed
in the crosses of Frontana with Inia 66
and Pavon 76. However, the transgres-
sive segregants in the cross Frontana/
Opata 85 belonged to the higher suscep-
tibility group only. During both years,
the mean scab severity of the Fg¢ lines
(Table 2) for the crosses of Frontana with
Opata 85 and Pavon 76 was close to the
midparental value (parental values are
given in Table 1). However, the mean
percent scab for Fg lines from Frontana/
Inia 66 was somewhat lower than the mid
parental value.
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Table 3. Estimates of minimum number of effective genes segregating for scab resistance in crosses of cultivars by using Wright’s (1968) formula

modified for Fg generation

Number of genes segregating for scab severity

Infected spikelets Percent
Cross Year Method I' Method II Method I* Method II°
Frontana/Inia 66 1993 4.5 38 4.2 3.6
Frontana/Opata 85 1991 6.4 2.9 6.8 3.0
Frontana/Opata 85 1993 34 2.8 34 2.9
Frontana/Pavon 76 1991 5.7 2.5 6.6 2.9
Frontana/Pavon 76 1993 3.5 2.9 3.6 3.0
*Genotypic range used in the formula = phenotypic range of the Fg lines.
®Genotypic range used in the formula = phenotypic range of the Fj lines X heritability.
Table 4. Frequencies and x* analysis for Fg lines tested during 1993
Number of Fg lines®
Resistant- x* and P values®
Cross intermediate Susceptible 3 genes 4 genes 5 genes
Frontana/Inia 66 98 9 041, P>0.5 3.05, P>0.05 17.8, P<0.01
Frontana/Opata 85 50 6 0.01, P>0.9 4.29, P> 0.01 cee
Frontana/Pavon 76 52 3 1.40, P> 0.1 0.05, P>0.75 244, P>0.1

*Fe lines with 78.5% scab in Frontana/Inia 66, and 77.1% scab in Frontana/Opata 85 and Frontana/Pavon 76, were considered to be susceptible.
Remaining lines were grouped in the resistant-intermediate category.
"Ratios used for x* analyses are 0.897:0.103, 0.952:0.048, and 0.977:0.023, which are expected for independent segregations of 3, 4, and 5

genes, respectively.

The narrow-sense heritability estimate
for the two crosses tested during 1991
was 0.66 (Table 2). The heritabilities for
all three crosses tested during 1993 were
high (Table 2).

The minimum number of effective
genes conferring resistance to scab in
each cross, calculated from the modified
formula of Wright (14), is given in Table
3. Data on actual infected spikelets or
percent infected spikelets gave similar
estimates of the gene number. However,
the estimates were influenced by the mea-
sure of the genotypic range used in the
formula. When the phenotypic range of
the F¢ lines was used, the gene estimates
varied between years. However, the cor-
rection of the phenotypic range of the
F¢ lines by multiplying with the narrow-
sense heritability (method II) gave
similar estimates during both years. The
overall results on gene estimation indi-
cated that at least three additive genes
confer resistance to scab.

The number of resistance genes was
also estimated by classifying the F lines
in two categories: resistant-intermediate
and susceptible (Table 4). Only 1993 data
were used because of the high heritability
estimates for the crosses. Although ob-
served frequencies of F lines in the cross
Frontana/Inia 66 conformed with both
the frequencies expected for segregations
of three and four resistance genes, the
distribution was closer to that expected
for three-gene segregation. The observed
frequencies of the Fg lines for the cross
Frontana/Opata 85 agreed with the ratio
expected for segregation of three genes.
In the cross Frontana/Pavon 76, the
frequencies of the F lines were in agree-
ment with the frequencies expected for
segregations of three, four, or five inde-
pendent genes; however, a four-gene
segregation model had the highest
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probability.

Based on the two kinds of genetic
analyses, i.e., quantitative and qualita-
tive, it appears most likely that at least
three additive genes are involved in
Frontana’s resistance to scab. Pavon 76,
which was more resistant than Inia 66
and Opata 85, but less resistant than
Frontana, should carry at least one or
two minor genes. Because transgressive
segregants with 1009 scab were observed
during 1993 tests, it can be inferred that
Inia 66 and Opata 85 may also carry some
resistance, most likely controlled by one
minor gene. Segregants with significantly
higher resistance than in either parent
were recovered in crosses with Inia 66
and Pavon 76. The number of resistance
genes reported to confer scab resistance
in other wheat cultivars varies from one
to six (3,10,12).

Scab inoculation, using a small tuft
of cotton soaked with the inoculum, is
a labor-intensive but precise method.
Other inoculation methods result in
uneven infection and disease spread, and
therefore may complicate the genetic
interpretation of the results.

Because only a few (three or four) addi-
tive genes are needed to achieve a good
level of scab resistance, mild selection
could be applied in the F, generation.
Strong selection pressure should be
applied in higher generations when high
homozygosity has been achieved. Culti-
vars of diverse origin, reported to have
resistance to scab, should be used in
crossing. If the genes for resistance in
the parents are different then the pos-
sibility of recovering transgressive segre-
gants with improved resistance is
increased.
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