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ABSTRACT

Brown, A. F., Juvik, J. A., and Pataky, J. K. 2001. Quantitative trait loci
in sweet corn associated with partial resistance to Stewart’s wilt, northern
corn leaf blight, and common rust. Phytopathology 91:293-300.

Partial resistance to Stewart’s wilt (Erwina stewartii, syn. Pantoea
stewartii), northern corn leaf blight (NCLB) (Exserohilum turcicum), and
common rust (Puccinia sorghi) was observed in an F2:3 population
developed from a cross between the inbred sweet corn lines IL731a and
W6786. The objective of this study was to identify quantitative trait loci
(QTL) associated with partial resistance using restriction fragment length
polymorphic markers. Phenotypic data were collected for 2 years for
Stewart’s wilt, NCLB, and common rust but, due to significant family–
environment interaction, analysis was conducted individually on data
from each year. In 2 years of evaluation for the three diseases, a total of
33 regions in the maize genome were associated with partial resistance

describing from 5.9 to 18% of the total phenotypic variability. Of six
regions common in both years, three were associated with partial resis-
tance to Stewart’s wilt (chromosomes 4:07, 5:03, and 6:04), one was
associated with NCLB (chromosome 9:05), and two were associated with
common rust (chromosomes 2:04 and 3:04). The rust QTL on 3S mapped
to within 20 cM of the rp3 locus and explained 17.7% of the phenotypic
variability. Some of the QTL associated with partial resistance to the
three diseases have been reported previously, and some are described
here for the first time. Results suggest it may be possible to consolidate
QTL from various elite backgrounds in a manner analogous to the
pyramiding of major resistance genes. We also report here on two QTL
associated with anthocyanin production on chromosomes 10:6 and 5:03
in the general location of the a2 gene.

Additional keywords: genome mapping, Zea mays.

Stewart’s bacterial wilt (Erwina stewartii (Smith) Dye, syn.
Pantoea stewartii), northern corn leaf blight (NCLB) (Exsero-
hilum turcicum), and common rust (Puccinia sorghi) are three of
the most persistent diseases encountered by sweet corn producers
in the Midwestern United States (16,42). Epidemics of these di-
seases have increased in recent years due to favorable weather
conditions, the susceptibility of some hybrids, and increased
winter production of maize in the southern United States that
leads to earlier arrival and higher levels of Puccinia sorghi in the
Midwest (16,44).

The identification of disease-resistant germ plasm and incorpo-
ration of resistance in commercial hybrids can increase yields,
lower production costs, and reduce use of pesticides. Race-
specific or major gene resistance has been identified for Stewart’s
wilt, NCLB, and common rust (14,17,21–26,38,48), but simply in-
herited resistance may result in selection for virulent races. For
example, biotypes of Puccinia sorghi virulent on Rp1-D-resistant
hybrids were recently identified in the Midwestern United States
where the Rp1-D gene has been used successfully for the past
15 years to provide resistance in sweet corn to common rust (45).

Partial resistance to these diseases may be more durable than
simply inherited resistance (55). Traditionally, partial resistance has
been more difficult to transfer than simply inherited resistance due
to its presumed multigenic nature. Backcrossing polygenic traits
from unadapted lines with poor combining ability generally results
in inferior inbreds. Molecular mapping techniques in combination
with marker assisted selection, however, may enable breeders to
identify and exploit these forms of resistance more effectively (57).

Partial resistance to Stewart’s wilt is characterized by a re-
stricted movement of the bacterium through the vascular system
(3). Resistance to Stewart’s wilt in a number of sweet corn inbreds
related to IL677a, including IL731a, apparently is inherited simply
(37). Ming et al. (38), using the Stewart’s wilt-resistant maize
inbred Ki14, identified a major quantitative trait loci (QTL) des-
ignated sw1 on chromosome 1S and a minor QTL on chromosome
9 that conferred partial resistance to Stewart’s wilt.

Reactions to NCLB range from almost complete absence of the
disease to complete susceptibility (26,37). Partial resistance to
NCLB is expressed as a reduction in lesion number and size and
an increase in incubation period (5,26). Jenkins (28), using the
resistant maize inbreds Mo21A and NC34 and chromosomal tran-
slocation stocks, identified QTL associated with partial resistance
to NCLB on chromosomes 1S, 3L, 4S, 4L, 5L, and 7S. A similar
approach was used by Brewster et al. (4) to identify regions on
chromosomes 3, 4S, and 6L that were consistently associated with
partial resistance in crosses of the resistant maize inbred Mo17
and susceptible translocation stocks. Freymark et al. (12,13), also
working with the inbred Mo17, used molecular markers to identify
regions on chromosome 1S, 3L, and 5S that were associated with
a reduction in lesion number and severity and to identify regions
on 7L and 8L that were associated with a reduction in severity.
Partial resistance to NCLB in Mo17 is primarily additive (5).

Partial resistance to common rust also has been noted and gen-
erally is expressed through components of the infection cycle,
which result in fewer and smaller lesions or fewer uredinia (8,
29,41). Partial rust resistance also has resulted from longer latent
periods (15). Lubberstedt et al. (35), using the European maize
flint lines KW1265, D146, D145, and KW1292, identified 20 QTL
conferring partial resistance to common rust distributed over all
10 chromosomes. Kerns et al. (30), working with a segregating
population generated from a cross of FRMo17 × BS11(FR)c7,
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identified 32 molecular markers throughout the maize genome
associated with partial rust resistance.

The inbred IL731a is closely related to IL677a, the source of
the sugary enhancer (se) gene (11) that imparts improved eating
quality characteristics. Lines derived from crosses with IL677a
are widely used in commercial sweet corn hybrids. Some hybrids
and inbreds derived and related to IL677a have moderate to high
levels of partial resistance to Stewart’s wilt, NCLB, and common
rust (31,37,41,43). These lines also have a noticeably higher
purple pigmentation associated with the amount of anthocyanins
than most other sweet corn lines. The objectives of this study was
to map QTL associated with partial resistance to Stewart’s wilt,
NCLB, and common rust in an F2:3 population from a cross be-
tween the inbreds IL731a and W6786 and to map QTL associated
with anthocyanin pigmentation.

MATERIALS AND METHODS

Plant materials. Three inbreds (IL731a, IL677a, and W6786)
and a minimum of 157 F2:3 families per experiment from the cross
of IL731a and W6786 were planted at the University of Illinois
South Farm on 17 May 1994, 20 May 1995, and 22 May 1996.
The resistant inbred IL731a was originally derived from a cross
between the inbred IL677a and the hybrid ‘Golden Sensation’
(47). Standard sweet corn production practices were followed.
Each disease was a separate experiment. The experimental design
was a randomized complete block with two replicates. Each ex-
perimental unit was a single row of approximately 15 plants.
Stewart’s wilt was evaluated in 1994 and 1995. NCLB and com-
mon rust were evaluated in 1994 and 1996. Plants were inoculated
in all experiments.

Stewart’s wilt. Plants at the two- to five-leaf stage were in-
oculated with Erwina stewartii on 7 and 21 June 1994 and 20 and

26 June 1995 using the pinprick method (2,6). Inoculum was pre-
pared as described previously (51). Plants were rated for Stewart’s
wilt symptoms on 14 July 1994 and 8 August 1995 using a 1 to 9
scale described previously (51). Each row was assigned two
ratings which reflected the predominate reaction and variation in
that row.

NCLB. Spore suspensions of Exserohilum turcicum races 0 and
1 in an approximately 1:1 ratio at a concentration of approxi-
mately 103 conidia per ml were sprayed into whorls at the three-
to five-leaf stages on 13, 23, and 28 June 1994 and 19 and 27 June
1996. Exserohilum turcicum was originally isolated from corn
grown in central Illinois and cultured as previously described (37).
Severity of NCLB was assessed on a row basis on 4 August 1994
and 22 August 1996, based on the percentage of the total leaf area
affected using a slightly modified version of the standard diagram
of Elliot and Jenkins (10).

Common rust. Uredinospores of Puccinia sorghi, collected the
previous summer in Champaign, IL were suspended in water with
a drop of Tween 80 (Sigma-Aldrich, St. Louis) and were sprayed
into plant whorls at the three- to six-leaf stage on 15, 23, and
28 June 1994 and 18, 20, and 24 June 1996. Severity of rust was
rated on a row basis on 4 August 1994 and 22 August 1996 using
a modified Peterson scale (46) to measure relative percentage of
total leaf area infected.

Anthocyanin. Plants at the fresh market harvest stage were
scored for anthocyanin concentration based on visual assessments
of purple pigmentation of leaves, husks, stalks, and tassels. Plants
were scored 0 (little or no purple pigmentation), 1 (moderate pur-
ple pigmentation), or 2 (abundant and strong purple pigmentation).

QTL markers and data analysis. DNA isolation, restriction,
Southern blotting, and linkage map construction have been de-
scribed previously (52). Briefly, 88 restriction fragment length
polymorphic (RFLP) probes, provided by the Brookhaven Na-
tional Laboratory (bnl), Pioneer Hi-Bred International (phb and
npi), and the University of Missouri-Columbia (umc), three cDNA
probes (sh1, sh2, and dhn1), and two mutant phenotypic markers
(a2 and se1) were used to construct a linkage map spanning all
10 chromosomes with an average interval distance of 18.8 cM
(52). Linkage maps were constructed using the kosambi mapping
function of the MAPMAKER program (33). Equal amounts of
leaf tissue were harvested for DNA extraction from 25 F2:3 plants.
Phenotypic data from each experiment was analyzed for genotypic
effects and genotype–environment interactions using the PROC
GLM procedure of SAS (SAS Institute, Cary, NC). Broad-based
heritability, δ2

g/(δ2/re + δ2
ge/e + δ2

g), was estimated for the three
diseases on a family mean basis (19) and 90% confidence inter-
vals were calculated (32). Composite interval analysis (18), which
uses multiple regression with selected markers as cofactors, was
performed with Plabqtl version 1.1 (53). Cofactors were selected
for each trait by stepwise regression with the final model that

TABLE 2. Means, standard deviations (SD), and ranges of Stewart’s wilt, northern corn leaf blight (NCLB), and common rust ratings for parental lines and
derived sweet corn F2:3 families from the cross of IL731a × W6786

Parental lines F2:3 families

Disease and yeara IL731a W6786 Mean SD Range H2b CIc

Stewart’s wilt
1994 2.2 6.7 3.9 1.5 1.7 – 7.2 … …
1995   …             … 4.0 0.9 2.3 – 6.7 0.58 0.46 – 0.68

NCLB
1994 15.0 25.0 24.0 5.9 10.0 – 40.0 … …
1996 8.5 28.5 16.9 6.4 5.5 – 35.0 0.54 0.38 – 0.64

Common rust
1994 15.0 23.5 24.3 4.3 13.5 – 40.0 … …
1996 2.0 5.0 5.2 1.3 1.5 – 9.0 0.71 0.59 – 0.76

a Stewart’s wilt rated from 1 to 9, NCLB rated from 0 to 100% leaf area infected, and rust rated 0 to 100% leaf area infected in 1994 and 1 to 9 in 1996.
b H2 estimates based on δ2

g / (δ2 / re + δ2
ge / e + δ2

g), data averaged over 2 years.
c Confidence intervals on H2 estimates (31).

TABLE 1. Analysis of variance for Stewart’s wilt, northern corn leaf blight
(NCLB), and common rust ratings of the families in the F2:3 population from
the cross of IL731a × W6786

Stewart’s wiltb NCLB Common rust

Sourcea df MS df MS df MS

Block (year) 2 0.41 2 87.24** 2 3.40**
Year 1 3.41 1 6,254.13** 1 0.04
Families 189 2.80** 209 78.04** 209 2.32**
Families × year 167 1.16* 146 36.80** 145 0.73**
Error 326 0.90 332 16.25 345 0.29
R2 … 0.72 … 0.85 … 0.86
CV … 23.9 … 19.7 … 20.2

a R2 = fraction of phenotypic variation explained by model; and CV = coef-
ficient of variation.

b df = degrees of freedom; MS = mean square error; * = significant at P ≤
0.05; ** = significant at P ≤ 0.01.
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minimized Akaike’s information criterion with penalty 3.0 (27). A
log of the likelihood ratio (LOD) score of 2.0 was used to declare
a putative QTL. This level was chosen to minimize type II errors
and because we were principally interested in those QTL that
were detected in both years because they are likely to be the most
stable. As is the common practice, estimates of QTL location were
obtained where the LOD score assumes its maximum value in the
region. Support intervals represent a LOD score drop off of 1.0 on
either side of the maximum LOD score value. The “cross” com-
mand of Plabqtl was used to generate 100 partial data sets con-
taining four-fifths of the original data set (53). Composite interval
analysis was conducted on these partial data sets to provide a vali-
dation of QTL presence and position (54). A frequency distribu-
tion of significant QTL position (based on maximum likelihood
scores) was generated from these partial data sets and compared
with those chromosomal positions where significant QTL were
detected in both years using the complete data sets. The ratio d/a
was used to determine the type of gene action. Gene action is
described as additive if d/a is 0 to 0.2, partially dominant if d/a is
from 0.21 to 0.80, dominant if d/a is from 0.81 to 1.20, and over-
dominant if d/a is >1.20 (50). QTL were declared to be common
between the years if their confidence intervals overlapped, the
resistance allele was contributed by the same parent in both years,
and the QTL mapped to within 20 cM of each other.

RESULTS

Disease reactions. Analysis of variance for each disease de-
tected significant differences among families and family–year
interactions (Table 1). Block effects were significant for NCLB
and for common rust. When data from both years were combined,
the heritability of disease ratings for Stewart’s wilt, NCLB, and
common rust was 0.58, 0.54, and 0.71, respectively (Table 2). The
distribution of disease ratings was approximately normal for all
diseases in each year (Figs. 1 to 3). IL731a was rated among the
most resistant lines for each disease, as was IL677, which was
included as a resistant check in all experiments. The reaction of
W6786 was among the most susceptible families for Stewart’s
wilt and NCLB (Figs. 1 and 2) but was intermediate in reaction to
common rust (Fig. 3). The means and the range of the Stewart’s
wilt disease and common rust ratings were comparable in the two

years of testing (Figs. 1 and 3 and Table 2). NCLB was more se-
vere in 1994 than in 1996 (Fig. 2 and Table 2). The year effect
was significant for NCLB in the analysis of variance (Table 1).

QTL analysis of Stewart’s wilt. A total of 11 regions on seven
chromosomes were associated with Stewart’s wilt ratings in at
least 1 year of analysis, of which 3 were detected in both years
(Table 3). Ten QTL accounted for 40.3 ± 5.6 % of the phenotypic
variability in Stewart’s wilt ratings in 1994, and five QTL ac-
counted for 33.3 ± 6.0% in 1996 (Table 3). Gene action of these
QTL were predominately additive. The three QTL associated with
disease severity in both years were in bins 4:07, 5:03, and 6:04
(Fig. 4). Based on data from both years, the QTL with the largest
effect was in bin 6:04 and accounted for 19.8% of the phenotypic
variability. The QTL alleles in bins 5:03 and 6:04 were partially
dominant. The QTL allele on chromosome 4 was contributed from
the susceptible parent W6786, while those on chromosomes 5 and
6 were from the resistant parent IL731a.

QTL analysis of NCLB. Thirteen regions distributed over eight
chromosomes were significantly associated with NCLB severity
in at least 1 year of analysis, of which one was detected in both
years (Table 4). Seven QTL accounted for 30.1 ± 5.6% of the phe-
notypic variability in NCLB disease ratings in 1994, whereas
seven QTL accounted for 46.0 ± 5.8% in 1996. Gene action of
these QTL alleles were additive to overdominant. Individual QTL
explained between 5.2 and 19.5% of the phenotypic variability. A
single QTL located in bin 9:05 was detected in both years (Table
4; Fig. 4) and was dominant in 1994 and 1996. The resistant allele
at this QTL originated from IL731a.

QTL analysis of common rust. Nine regions on six chromo-
somes were significantly associated with rust severity in at least
1 year of analysis, of which two were associated in both years
(Fig. 4). Seven QTL accounted for 41.4 ± 5.5% of the phenotypic
variability in rust ratings in 1994 and four QTL accounted for
23.8 ± 5.9% in 1996 (Table 5). Gene action for these QTL was
primarily partial to complete dominance. A QTL in bin 3:04
accounted for 17.7% of the phenotypic variability in 1994 and
7.3% in 1996. A second linked QTL accounted for an additional
7.4% of phenotypic variability in 1996. When data from both
years were combined, a single QTL in bin 3:04 described 20% of
phenotypic variability. In both years, the analysis positioned the
common QTL at 14 cM distal to marker umc50. A QTL was de-

Fig. 1. Distribution of Stewart’s wilt ratings in A, 1994 and B, 1995 in F2:3
families from the cross of IL731a × W6786. Stewart’s wilt ratings were based
on a 1 to 9 scale, in which 1 = limited symptoms and 9 = dead plants.

Fig. 2. Northern corn leaf blight (NCLB) disease severity in A, 1994 and B,
1996 in F2:3 families from a population generated from the cross IL731a ×
W6876. NCLB severity is based on a percentage of infected leaf area.
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tected in both years in bin 2:04 and explained 7.1 and 8.6% of the
phenotypic variability in 1994 and 1996, respectively. The QTL
allele in 3:04 was contributed by the resistant parent IL731a,
whereas the QTL on 2:04 came from the susceptible parent W6786.
The QTL allele in 3:04 was dominant in 1994 and partially
dominant in 1996. The QTL allele in 2:04 was partially dominant
in 1994 and additive in 1996.

QTL analysis of anthocyanin. Two regions on chromosomes
5:03 and 10:06 were identified in 1996 that accounted for 18.8 and
7.1% of the phenotypic variability, respectively (Table 6; Fig. 4).
The QTL on 5:03 was contributed by IL731a, whereas the QTL on
10:06 came from W6786. Both QTL alleles associated with en-
hanced pigmentation acted in a partially dominant manner.

Validation of QTL position. For those QTL that were observed
in both years, the analysis of the 100 partial data sets identified
significant QTL within the original confidence intervals in 16 to
97% of the simulations (Table 7). The peak of the frequency dis-
tribution generated from these sets positioned the QTL within 4 cM
of the location generated by the original data set.

DISCUSSION

Some of the QTL identified in this article have mapped to re-
gions previously described to be associated with disease resis-
tance. Freymark (12,13) suggested that linkage group 7L (bins
7:03–7:04) was important in reducing both NCLB severity and
size of lesions. Although this region was significant in both years
of our study and contributed approximately 8.0% to the pheno-
typic variability, the QTL mapped to adjacent intervals in the
2 years. This likely represents the action of a single QTL whose
position has been influenced by a linked QTL on the same linkage
group. Markers common to both studies suggest that this QTL
from our study maps within 20 cM of the previous investigation.
The same author identified QTL in bins 1:01 and 3:08 that
mapped to similar locations as year-specific QTL in our study.
Ming et al. (38) recently identified a major QTL (sw1) that pro-
vided resistance to Stewart’s wilt in bin 1:05. In our study, this
arm was significant in both years but QTL mapped to different
locations. Lubberstedt et al. (35) identified QTL conferring partial
resistance to common rust in maize inbreds in bins 1:03, 2:10, and
4:03. These bins correspond to locations identified in at least
1 year of our study.

A major QTL associated with partial resistance to common rust
is described here in bin 3:04. Based on markers found in our study
and published in maize genetic maps (7), this QTL can be placed
within 10 cM of the Rp3 locus (49). Breeders and pathologists
have debated whether the nature and genetic regulation of partial
(general or horizontal) resistance is similar to that of major gene
or vertical resistance (40,55). Theories have been proposed that
partial resistance is a residual function of defeated major genes
(39). In other experiments, QTL have been described in locations
that correspond to major resistance genes (9,34,56). Resistance
genes in maize, frequently, are found in clusters (36), and the sta-
tistical power of current mapping techniques does not allow for
the resolution of whether these genes are contiguous or allelic to
known genes. The development of near-isogenic lines (58) and
use of fine mapping techniques using probes associated with the
Rp3 locus (49) may be required to determine if the QTL confer-
ring partial resistance to common rust in this study is linked or
allelic to Rp3.

The identification of a major QTL that confers partial resistance
to common rust in bin 3:04 contrasts with the results of Kim and
Brewbaker (31), who reported that resistance to common rust in
IL677a was conditioned by a gene closely linked to Rp1 locus on
chromosome 10. This discrepancy may be due to different reac-
tions to populations of Puccinia sorghi with different virulence or
populations from crosses with IL677a that are not segregating for

TABLE 3. Putative quantitative trait loci (QTL) associated with partial resistance to Stewart’s wilt in sweet corn F2:3 families from the cross of IL731a × W6786 in a
single environment over 2 years

1994b 1996 Combined

Bina Pos Mark SI R2 LOD Add Dom PS Pos Mark SI R2 LOD Add Dom PS Pos SI R2 LOD Add Dom Refc

1:01 … … … … … … … … 0  b10.38 0–13 6.5 2.39 –0.23 –0.06 W 0 0–18 6.0 2.4 –0.27 0.06 37
1:04 114 n447 95–134 9.0 3.73 0.43 0.81 I … … … … … … … … … … … … … … 37
1:10 143 u128 135–160 7.9 3.29 –0.90 –0.49 W 192  u42b 189–200 8.1 3.01 –0.26 0.11 W 185 167–198 5.4 2.18 –0.26 0.05 …
2:04 56 u134 47–64 15.5 6.58 0.63 0.09 I … … … … … … … … 52 35–71 5.2 2.11 0.25 0.12 …
4:01 0 u123 0–9 7.7 6.58 0.62 0.09 I … … … … … … … … 0 0–12 6.8 2.35 0.10 0.33 …
4:07 216 n593 196–224 6.1 2.49 –0.38 0.12 W 183  n410 165–192 6.4 2.37 –0.26 0.08 W 172 163–192 7.6 3.14 –0.31 –0.11 …
5:03 86 a2 75–87 7.5 3.11 0.49 0.19 I 93 a2 85–101 14.9 5.81 0.37 0.02 I 123 110–129 10.2 4.26 0.31 0.09 …
6:04 90 n560 80–101 17.7 7.73 0.80 –0.39 I 86  n560 50–107 6.7 2.50 0.21 –0.40 I 85 75–94 19.8 8.75 0.62 –0.29 …
6:05 153 dhn1 128–171 5.8 2.30 –0.39 –0.27 W … … … … … … … … … … … … … … …
7:03 44 u110 28–71 5.8 2.38 0.46 –0.10 I … … … … … … … … … … … … … … …
10:01 13 b10.17 0–23 8.3 3.37 0.44 –0.16 I … … … … … … … … 12 0–34 2.22 5.5 0.28 0.12 …

a Pos = most likely position on chromosome in centimorgans, determined by maximum log of the likelihood ratio (LOD) score; Mark = closest flanking marker; SI = support interval
indicates a 1 LOD score drop off from maximum score; R2 = percent phenotypic variance explained by QTL; LOD = maximum LOD score; Add = additivity, 1/2 (QQ – qq); Dom =
dominance gene action, 1/2 [(2Qq) – QQ – qq]; and PS = parental source of allele (I = IL731a; W = W6786).

b Chromosomal locations dissected into bins by marker location according to Maize Genetics Newsletter.
c Relevant citations of previously identified QTL in same bin.

Fig. 3. Common rust ratings of F2:3 families from a cross of IL731a × W6786.
Rust ratings were based on A, a 1 to 9 scale in 1994 and B, percentage of leaf
infected in 1996.
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the same alleles. IL677a, and sister lines such as IL731 may have
a broader based resistance to common rust than previously reported.

A number of QTL are reported here for the first time. None of
the QTL that were consistent between the years in the present
study for partial resistance to Stewart’s wilt have been previously
reported. Similarly, QTL in bins 9:04 and 2:04 that confer partial
resistant to NCLB and common rust, respectively, have not previ-
ously been associated with these regions of the maize genome.

The cross command of Plabqtl was used to generate a set of
partial data sets to provide a validation of QTL presence and posi-
tion that is independent of potential genotypic sampling effects.
As might be expected, the percentage of these partial data sets

which correctly identified a significant QTL within the original
data sets’ confidence interval was proportional to the effect of the
individual QTL and its associated LOD score. The putative QTL
on chromosome 4 associated with partial resistance to Stewart’s
wilt had marginal LOD scores in both years (2.49 and 2.37) and
was identified only 16% of the time in the partial data sets from
1994. Taken together, this would suggest that the QTL in question
is relatively minor, at best. Conversely, the best results occurred
with the common rust data where a QTL on chromosome 3 was
identified as being responsible for 20% of the phenotypic vari-
ability and was also identified by 96 and 97% of the partial data
sets in 1994 and 1996, respectively. In more than 90% of the data

Fig. 4. Genetic linkage map of sweet corn cross IL731a × W6876 obtained with F2:3 families and restriction fragment length polymorphism markers. Shaded
intervals to the left of the chromosome indicate quantitative trait loci (QTL) confidence intervals from 1994. Shaded areas to the right of the chromosome
indicate QTL confidence intervals from second year of analysis (1995 for Stewart’s wilt, 1996 for Northern corn leaf blight [NCLB] and common rust).
Anthocyanin QTL from 1996 are placed on right side of chromosome.
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sets, this QTL was also determined to have the largest effect on
rust resistance (data not shown).

The major QTL on chromosome 5:03 that is associated with
anthocyanin pigmentation maps to the a2 locus. This QTL also
maps to within 10 cm of a QTL identified in this study as
associated with partial resistance to Stewart’s wilt. Anthocyanin
induction has been observed in maize lines resistant to anthrac-
nose (1) and it has been postulated that this may be the result of
the induction of phenolics that contribute to both plant defense
and anthocyanin accumulation (20). These two QTL may either
represent a common step in the phenolic biosynthetic pathway or
they may be closely linked genes located in a phenolic/flavanoid
gene cluster.

Partial resistance to one or more of these diseases has been
noted in maize inbreds whose pedigrees are unrelated to IL677a
and which may constitute different sources and, perhaps, different
mechanisms of partial resistance. Gingera et al. (15) identified
rust-resistant lines with different latent periods characterized by a
delayed appearance of the first pustule. The partial resistance to
common rust in our study was associated with reduced disease
severity and does not necessarily involve latent period. With ex-
ception of the QTL on linkage group 7, none of the QTL described
by Freymark (12,13) as conferring partial resistance to NCLB
were consistent in our study. Ming et al. (38) identified a QTL

conferring partial resistance to Stewart’s wilt in bin 9:04 that was
not significant in our study. It is probable that some of these QTL
may be present but not segregating in the current mapping popu-
lations. Others may reflect unique genetic factors involved in
partial resistance not present in either of our parents. As molecular
mapping techniques improve, there is a greater opportunity to
identify complimentary sources of partial resistance and consoli-
date these QTL in populations either through marker-assisted
population improvement strategies or through traditional tech-
niques of breeding plants for disease resistance.

Many identified sources of partial resistance to Stewart’s wilt,
NCLB, and common rust are from field corn inbreds. Their incor-
poration into sweet corn germ plasm may be impractical due to
potential loss of important quality characteristics through linkage
drag. Lines related to IL731a, an su1/se1 inbred, have been used
in the development of a number of commercial hybrids (e.g.,
Merlin, Miracle, Seneca Sentry, Sugar Buns, Tuxedo, and others).
Partial resistance from this source may be of more immediate use
in sweet corn. Our results suggest that the QTL for the three dis-
eases are unlinked. Breeding strategies required to transfer these
resistances will be more complicated then if they were linked.
Few families expressed high levels of resistance to more than one
disease, and no single family expressed levels of resistance to all
three diseases that were comparable to IL731a.

TABLE 4. Putative quantitative trait loci (QTL) associated with partial resistance to northern corn leaf blight in sweet corn F2:3 families from the cross of IL731a ×
W6786 in a single environment over 2 years

1994b 1996 Combined

Bina Pos Mark SI R2 LOD Add Dom PS Pos Mark SI R2 LOD Add Dom PS Pos SI R2 LOD Add Dom Refc

1:01 28 b10.38 17–39 5.5 2.24 –1.41 0.81 W … … … … … … … … … … … … … … 11
1:03 … … … … … … … … 87 n286 85–108 6.0 2.19 2.56 –0.72 I … … … … … … …
1:07 133 n447 114–134 9.9 4.33 2.83 0.31 I … … … … … … … … 113 93–134 6.8 3.14 2.60 0.19 …
1:09 144 u107 136–165 8.0 3.34 –5.07 0.90 W … … … … … … … … … … … … … … …
1:11 … … … … … … … … 239 u84 224–239 8.5 2.27 –2.21 0.21 W … … … … … … …
2:05 … … … … … … … … … … … … … … … … 82 72–95 6.7 3.11 –1.73 1.30 …
3:05 189 u60 167–205 5.2 2.16 –0.27 2.30 I … … … … … … … … 116 97–129 4.8 2.20 1.15 –0.97 …
4:06 127 n570 113–158 6.6 2.73 1.66 –2.33 I … … … … … … … … … … … … … … …
6:05 … … … … … … … … 141 u113b 126–171 7.8 2.84 –2.10 1.03 W 127 126–186 4.6 2.08 –1.85 –1.80 …
7:04 89 n235b 78–93 7.9 3.27 2.17 0.95 I … … … … … … … … 78 70–79 5.2 2.34 1.67 –0.26 11
7:05 … … … … … … … … 120 n235b 102–143 19.5 7.6 4.18 1.8 I 132 111–143 10.6 4.9 2.42 0.94 …
8:06 … … … … … … … … 86 n268 72–103 12.0 3.74 –1.41 4.01 W … … … … … … …
9:01 … … … … … … … … 37 sh1 24–49 5.5 2.01 –3.15 2.11 W … … … … … … …
9:05 87 u114 69–103 8.2 3.45 2.39 2.16 I 88 u114 75–98 15.2 5.80 3.24 2.40 I 83 62–95 10.7 5.03 2.87 0.31 …

a Pos = most likely position on chromosome in centimorgans, determined by maximum log of the likelihood ratio (LOD) score; Mark = closest flanking marker; SI = support interval
indicates a 1 LOD score drop off from maximum score; R2 = percent phenotypic variance explained by QTL; LOD = maximum LOD score; Add = additivity, 1/2 (QQ – qq); Dom =
dominance gene action, 1/2 [(2Qq) – QQ – qq]; and PS = parental source of allele (I = IL731a; W = W6786).

b Chromosomal locations dissected into bins by marker location according to Maize Genetics Newsletter.
c Relevant citations of previously identified QTL in same bin.

TABLE 5. Putative quantitative trait loci (QTL) associated with partial resistance to common rust in sweet corn F2:3 families from the cross of IL731a × W6786 in a single
environment over 2 years

1994b 1996 Combined

Bina Pos Mark SI R2 LOD Add Dom PS Pos Mark SI R2 LOD Add Dom PS Pos SI R2 LOD Add Dom Refc

1:03 89 n286 76–109 7.7 3.21 1.40 –1.20 I … … … … … … … … 86 72–98 7.3 3.35 0.32 –0.09 34
2:04 56 u139 48–65 7.1 2.90 –1.04 –1.45 W 62 u131 40–72 8.6 2.93 –0.55 0.04 W 57 46–68 9.9 4.37 –0.31 –0.15 …
2:05 82 u131 75–94 16.1 7.06 –1.79 –1.23 W … … … … … … … … … … … … … … …
2:10 162 u49 147–163 5.7 2.36 –0.52 –2.65 W … … … … … … … … 176 162–184 6.2 2.79 0.27 –0.84 …
3:04 96 u50 87–104 17.6 7.76 2.56 –2.12 I 97 u50 66–114 7.3 2.52 0.54 –0.41 I 96 88–104 20.0 9.86 0.54 –0.31 34
3:06 … … … … … … … … 127 b15.20 116–150 7.4 2.55 0.49 –0.34 I … … … … … … …
4:03 … … … … … … … … … … … … … … … … 31 10–42 9.6 3.98 –0.33 –0.24 34
4:05 136 n570 117–149 5.1 2.08 0.99 –0.74 I … … … … … … … … 187 186–192 5.6 2.54 0.254 0.01 …
5:02 67 a2 55–77 10.3 4.34 2.15 –-0.84 I … … … … … … … … 67 54–81 4.9 2.24 0.22 0.08 …
8:01 … … … … … … … … 6 n585 0–24 12.4 2.02 0.31 –0.55 I … … … … … … …
8:06 … … … … … … … … … … … … … … … … 86 72–104 8.3 3.18 –0.31 0.01 …

a Pos = most likely position on chromosome in centimorgans, determined by maximum log of the likelihood ratio (LOD) score; Mark = closest flanking marker; SI = support interval
indicates a 1 LOD score drop off from maximum score; R2 = percent phenotypic variance explained by QTL; LOD = maximum LOD score; Add = additivity, 1/2 (QQ – qq); Dom =
dominance gene action, 1/2 [(2Qq) – QQ – qq]; and PS = parental source of allele (I = IL731a; W = W6786).

b Chromosomal locations dissected into bins by marker location according to Maize Genetics Newsletter.
c Relevant citations of previously identified QTL in same bin.
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