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A b s t r a c t  A generation-means analysis was performed on 
two maize populations, each segregating for genes confer- 
ring resistance to anthracnose stalk rot (ASR). The popu- 
lations were derived from a cross of  DE811ASR x DE811 
and of D E 8 1 1 A S R x L H 1 3 2 .  The resistant parent, 
DE811ASR, was obtained through introgression with 
MP305 as the donor and DE811 as the recurrent parent. 
The analysis revealed significant additive effects in both 
populations and a significant additive x dominant effect in 
the DE811ASR • DE811 population. Quantitative trait lo- 
cus (QTL) mapping, using restriction fragment length 
polymorphism (RFLP)-based molecular markers, indi- 
cated a significant QTL on linkage group 4 in both popu- 
lations. The QTL analysis confirmed additive inheritance 
in both populations. This work demonstrates a close cor- 
respondence between generation-means analysis and dis- 
crete observations using molecular markers. Linkage of a 
genetic marker to genes conferring resistance to ASR will 
be useful for the introgression of resistance into elite germ- 
plasm. 
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Introduction 

Anthracnose in maize (Zea mays L.), caused by the fungus 
Colletotrichum graminicola (Ces.) Wils., has recently be- 
come a major concern among breeders in the United States 
(Warren et al. 1973; Hooker 1976; Hooker and White 
1976). The most common phases of infection by C. gra- 
minicola in maize are anthracnose leaf blight and anthrac- 
nose stalk rot (ASR). ASR is of more economic concern 
due to a significant yield reduction caused by stalk lodg- 
ing, premature death, reduced grain weight (Smith 1976; 
Perkins and Hooker 1979; White et al. 1979), and in some 
cases crop failure (Warren et al. 1973). The disease occurs 
throughout the eastern part of the United States and ex- 
tends north to New York and west to Illinois (Wheeler et 
al. 1974; Hooker and White 1976; White et al. 1979; Smith 
1988). 

At present the only economically-feasible means to con- 
trol ASR are genetic resistance and modified cultural prac- 
tices that reduce disease incidence (Hooker 1976; White 
et al. 1979). This includes crop rotation and tillage to avoid 
overwintering of the pathogen in infected tissue and the 
reduction of second-generation European corn borer 
(ECB) (Ostrinia nubilalis Htibner) infestation which can 
exacerbate ASR (Bergstrom et al. 1983; Keller et al. 1986). 
Determining the mode of inheritance and the chromoso- 
mal location of genes involved in resistance to ASR would 
facilitate the incorporation of ASR resistance into breed- 
ing lines. 

Reports indicate that inheritance is often additive (Lira 
and White 1978; Carson and Hooker 1981), with domi- 
nance (Carson 1981; Badu-Apraku et al. 1987; Toman 
1991) important in some populations. Reciprocal-translo- 
cation testcross analysis of an inbred, A556, indicated that 
genes for resistance were located on chromosomes 1, 4, 6 
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or 8 (Carson and Hooker 1982). The inbred line LB31 has 
been reported to carry a single dominant  gene conferring 
resistance (Badu-Apraku et al. 1987), while MP305 was 
reported to have two resistance genes acting in a dominant  
fashion in crosses with A632 (Carson 1981). In a recent 
study, ASR resistance was primari ly inheri ted in an addi- 
tive fashion in crosses with DE811ASR,  an inbred obtained 
using MP305 as a source of resistance (Weldekidan and 
Hawk 1993). 

In view of the literature supporting a s imply-inheri ted 
trait acting in an additive or perhaps dominant  mode of in- 
heritance, a directed approach to the mapping of ASR re- 
sistance would be the most  appropriate. Near- isogenic  
lines (Martin et al 1991) can be used to identify the loca- 
tion of the genetic elements control l ing the trait using mo-  
lecular markers whose genetic posit ion is known.  By 
screening markers and ident i fying those showing polymor-  
phism, the putative location of the resistance gene(s) can 
be determined. The use of molecular  markers also allows 
one to proceed with a quanti tat ive trait locus (QTL) anal- 
ysis (Paterson et al. 1988) to prove that the region condi-  
tions resistance. This is done by genotyping and phenotyp-  
ing a segregating population,  then looking for associations 
between genotypes and the desired phenotype (resistance). 
Markers l inked to genes condi t ioning resistance should 
show association with the trait. The inclus ion of progeny 
testing in the analysis  offers more opportunity to analyze 
the trait because phenotyping a family of individuals  pro- 
vides a more accurate estimate of the phenotypic  value of 
the trait being measured (Paterson et al. 1991). The use of 
a map-based approach, such as QTL analysis,  also enables 
one to look at other parts of the genome in an effort to find 
other regions condi t ioning resistance. 

The use of classical phenotype analysis in the case of 
ASR would also provide more informat ion on the mode of 
inheri tance of resistance to ASR in this cross. Because of 
this, it was decided that a generat ion-means  analysis would 
be appropriate (Mather and Jinks 1971). It was thought that 
the s imultaneous use of a QTL and a generat ion-means  
analysis would provide a l ink between quanti tat ive genetic 
theory and discrete molecular-marker  analysis. 

Materials and methods 

Plant material and inoculations 

Two populations of maize, each segregating for resistance to ASR, 
were developed for use in this study. Three backcrosses under selec- 
tion for resistance were used to obtain an ASR-resistant line using 
MP305 as the donor parent and DE811 as the recurrent parent (Wel- 
dekidan and Hawk 1993). This line, DE811ASR (Pl), was then 
crossed to DE811 (P2) and LH132 (also P2) to develop F1, F 2, F3, 
BCP 1 (the first backcross to P1), and BCP 2 (the first backcross to P2), 
generations for the generation-means analysis. 

In 1990, two rows Of Pl, P2 and Fx, six rows o f f  2 and four rows 
of BCP 1 and BCP 2 generations were planted at the University of Del- 
aware Experiment Station in Newark, Delaware, in a randomized 
complete block design with four replications. The DE811ASR x 
DE811 and DE811ASR x LH132 crosses hereafter will be denoted 
"DESllc" and "LH132c", respectively. Two rows each of inbreds 

MP305, LB31 and Pioneer hybrid 3241 (P3241) were planted as re- 
sistant checks and the Agway hybrid 788 (AG788) was planted as a 
susceptible check. The plots were 3.1 m long double rows with 76- 
cM spacing between rows. Irrigation was provided by overhead 
sprinklers for both years. 

In 1991 all generations were planted as in 1990 with the addition 
of 200 and 172 F 3 families of ten plants each for the DE81 lc and 
LH132c populations, respectively, in a randomized complete block 
design with three replications. Two rows each of a resistant check, 
DE811ASR x LH51, and a susceptible check, Cargill hybrid 7877 
(C7877), were included. Some F 3 families in the DE81 lc population 
had poor germination, so marker plants (Purple Genter) were sown 
to ensure adequate plant competition. 

A mixture of six virulent C. graminicoIa isolates were used for 
the inoculations (White and Humy 1976; Weldekidan and Hawk 
1993). Disease ratings were taken 4 weeks after inoculation by count- 
ing the total number ofinternodes discolored and the number of inter- 
nodes greater than 75% discolored. The ratings were taken by visu- 
al inspection after splitting the stalks longitudinally from ear height 
to ground level (Carson and Hooker 1981). 

Generation-means analysis 

The generation-means analysis was performed by gathering the plot 
mean ASR rating for each generation. These data were then subject- 
ed to a weighted least squares regression using the following equa- 
tion: Y -- m + aid + a2h + a3i + a4j + as/; where Y is the mean of a 
given generation, m is the midpoint, d is the pooled additive genet- 
ic effect, h is the pooled dominance genetic effect, i is the additive 
x additive genetic effect, j is the additive x dominance genetic ef- 
fect, l is the dominance x dominance genetic effect, and aa-a 5 are the 
respective coefficients of these effects in the equations of expecta- 
tion of generation means (Mather and Jinks 1971; Carson and Hook- 
er 1981). This regression may be curtailed to eliminate one or all of 
i, j, and l, depending upon how well the model fits as determined by 
R 2. The regression was performed with the SAS statistical package 
(v 6.06 SAS institute, Cary, N. C.) using PROC GLM and PROC 
REG. 

Molecular-marker and QTL analysis 

Seedling tissue from each inbred parent was collected, lyophilized, 
and stored at -20~ DNA was isolated (Dellaporta et al. 1985) and 
restricted with one of three restriction endonucleases (EcoRI, EcoRV 
or HindIII, Boehringer Mannheim, Indianapolis IN), electrophoresed 
for 16 h at 30 V in TPE (0.08 M Tris phosphate, 0.002 M EDTA) 
buffer, blotted in 10 x SSPE (1.5 M NaC1, 0.1 M sodium phosphate, 
0.01 M EDTA) buffer onto Immobilon-N (Millipore, Bedford Mass.) 
nylon membranes, and probed with 32p-labeled probes prepared by 
the random primers method (Feinberg and Vogelstein 1983) using a 
random primers labeling kit (Gibco BRL, Gaithersburg Md.). Auto- 
radiographs were made by exposing X-Omat AR film (Eastman Ko- 
dak, Rochester N.Y.) to the membranes at -70~ for 48 h in X-ray 
cassettes with one Cronex lightning plus intensifying screen (Du- 
Pont - NEN, Billerica Mass.) to reveal polymorphisms between the 
parents. 

Molecular-marker analysis was begun by surveying the parents 
for polymorphisms using the University of Missouri public RFLP 
clone set (Gardiner et al. 1990). A subset of 113 markers spaced at 
20-cM intervals throughout the genome (as per the UMC map) was 
surveyed for polymnrphisms between DES11, LH132, MP305 and 
DE811ASR. Once polymorphisms were identified, DNA from 249 
F2 individuals for the DE81 lc population, and 231 F 2 individuals 
from the LH132c population, was isolated from tissue collected 2 
weeks before pollination in 1990. F2 progeny blots were made using 
one of the above enzymes, depending upon which enzyme-probe 
combination revealed polymorphisms between the parents in the 
cross. The progeny blots were probed and scored in a codominant 
fashion, and the scores were used for input into MAPMAKER v 1.9 
(Lander et al. 1987) and MAPMAKER Macintosh v 1.0 to calculate 



a genetic map with each marker on a group linked with a minimum 
LOD of 3.0 and a recombination fraction (4) of 0.40. The order of 
the markers was established using ripple analysis to a LOD of 3.0. 

Genotypes from the linkage map and phenotype ratings from F 2 
individuals, and F 3 families derived from the F 2 individuals, were 
used for input into MAPMAKER QTL v. 0.9. The F 2 and F 3 data for 
each disease rating were analyzed separately using the method of 
interval mapping (Lander and Botstein 1989) and LOD scores. The 
LOD score is an expression of QTL likelihood, based on the loglo 
of the odds ratio, which is the likelihood of the data arising given a 
QTL at the locus divided by the likelihood of the data arising given 
no QTL at the locus (Paterson et al. 1988). A LOD of above 2.4 in- 
dicates that the presence of a QTL can be inferred. The F 3 family 
data were pooled from all plants in each family across the three rep- 
lications. Families that had less than 25 plants from the three repli- 
cations were not used. For the DE811 c and LH 132c populations, 158 
and 151 F 3 families were used respectively. Gene action was also an- 
alyzed with MAPMAKER QTL using both F2 and F 3 data for both 
populations. 

Results and discussion 

Genera t ion -means  analysis  

Disease  deve lopmen t  was good  in both 1990 and 1991 as 
ind ica ted  by  the d isease  rat ings for  the P2 and BCP2 gen- 
erat ions,  which  w e r e  s igni f icant ly  h igher  than the P1 and 
BCP 1 genera t ions  (Table 1). The F1, F 2 and F 3 generat ions  
had s ign i f i can t ly - lower  d isease  deve lopmen t  than the sus- 
cept ib le  parents.  In 1990, MP305 and LB31 were  res is tant  
whi le  P3241 had more  d isease  deve lopmen t  than the other  
res is tant  checks.  The suscept ib le  check AG788  had less 
d isease  deve lopmen t  than the suscept ib le  parents ,  so dif-  
ferent  check genotypes  were  used in 1991. The suscept i -  
b le  check C7877 had s ign i f ican t ly-h igher  d isease  deve lop-  
ment  in 1991 than the res is tant  parent  and disease  rat ings 
for the res is tant  check D E 8 1 1 A S R x L H 5 1  were  not  s ignif-  
icant ly  different  f rom the res is tant  parent.  

In 1990 and 1991, genera t ion-means  analysis  o f  the 
DE811c  popula t ion  ind ica ted  that 98 and 80%, respec-  
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t ively,  of  the var ia t ion  for the to ta l -number -of - in te rnodes-  
d i sco lored  could  be exp la ined  by  addi t ive  effects  with 
9.5% of  the var ia t ion  exp la ined  by  addi t ive  • dominant  
interact ions  in 1991 (Table 2). Ana lys i s  for  the total  num- 
ber  o f  in ternodes  d i sco lored  rat ing in the LH132c  popula -  
t ion in 1990 and 1991 ind ica ted  that 70 and 99%, respec-  
t ively,  of  the var ia t ion was exp la ined  by  addi t ive  effects 
with no other  effects be ing  s ignif icant .  The results  of  the 
analysis  for the number  of  in ternodes  with a greater  than 
75 % d isco lored  rat ing were  s imi lar  to the to ta l -number -of -  
in te rnodes -d i sco lo red  rat ing for both  popula t ions  in 1990 
and 1991 (Table 2). 

The genera t ion-means  analysis  indicates  that inher i -  
tance of  res is tance  to A S R  is la rge ly  addi t ive  in both the 
DE811 c and LH 132c populat ions .  There  were  s ignif icant  
addi t ive  effects for the 2 years  in both popula t ions  for each 
rating. The addi t ive  x dominan t  in teract ion in the DE811 c 
popula t ion  in 1991 is cons is ten t  with a recent  d ia l le l  s tudy 
in which  D E 8 1 1 A S R  had a s igni f icant  spec i f i c -combin-  
ing-ab i l i ty  effect  when crossed  with OF9 (Weldekidan  and 
H a w k  1993). This effect  was only present  in the DE81 l c  
popula t ion  in 1991. 

Molecu la r  marker  and QTL analysis  

Of  the 113 probes  surveyed  in DE811 and DE811ASR,  
seven de tec ted  po lymorph i sms .  These  al leles  were shared 
by  D E 8 1 1 A S R  and MP305 indica t ing  that they are prob-  
ab ly  in t rogressed  regions  f rom MP305.  For ty  probes  were  
po lymorph ic  be tween  D E 8 1 1 A S R  and L H  132, inc luding  
the seven ment ioned  above.  Al l  po lymorph ic  probes  in 
each cross were  p laced  on the F 2 p rogeny  blots  with the 
except ion  o f  one in the LH132c  popula t ion  which  was not  
scoreable .  

M A P M A K E R  analysis  of  the DE811c  popula t ion  
showed that the seven po lymorph ic  markers  fell  into three 
l inkage  groups cor responding  to ch romosomes  3 and 9 on 

Table 1 Mean rating for the 
total number of interuodes dis- 
colored and the number of in- 
ternodes greater than 75% dis- 
colored for each generation in 
the DE81 lc and LH132c popu- 
lations in 1990 and 1991 at 
Newark, Delaware 

Generation Total number of 
internodes discolored 

Number of internodes greater 
than 75% discolored 

DE811 LH 132 DE811 LH132 

1990 1991 1990 1991 

P1 1.8 1.8 2.1 1.3 
P2 3.9 3.5 3.0 3.0 
F1 2.9 2.3 2.0 2.2 
F 2 3.1 2.2 2.3 2.4 
F 3 - 2.3 - 2.1 
BCP t 2.3 1.3 2.1 1.7 
BCP 2 3.4 3.0 3.1 2.6 
MP305 1.7 - 1.4 - 
LB31 2.1 - 2.3 - 
P3241 2.7 - 2.9 - 
AG788 2.1 - 0.7 - 
DE81 tASR x LH51 - 1.4 - 1.6 
C7877 - 4.4 - 3.1 
LSD (0.05) 0.6 0.8 0.6 0.5 

1990 1991 1990 1991 

0.4 1.2 0.9 0.9 
2.9 3.0 1.8 2.0 
1.6 1.6 0.7 1.8 
2.1 1.5 1.1 1.7 
- 1 . 6  - 1.4 
1.0 0.6 0.9 1.0 
2.5 2.4 1.8 1.8 
O.6 - 0.3 - 
0.7 - 1.1 - 
1.2 - 1.7 - 
2.6 - 1.4 - 
- 0 . 9  - 0.7 
- 4 . 0  - 2.5 
0.6 0.9 0.7 0.5 
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Table 2 Generation-means 
analysis for the total number of 
internodes discolored and the 
number-of-internodes greater- 
than-75%-discolored rating in 
the DE81 l c and LH132c popu- 
lations in 1990 and 1991 at Ne- 
wark, Delaware 

Genetic effect Variation explained for each effect 

Total number of internodes 
discolored 

Number of internodes greater 
than 75% discolored 

DE811 LH132 DE811 LH132 

1990 1991 1990 1991 1990 1991 1990 1991 

d a 98.2* 80.0* 70.2* 99.3* 95.8* 78.3* 63.4* 94.5* 
h 0.2 4.3 14.1 0.3 0.2 5.9 21.5 1.3 
i 1.1 3.9 0.7 0.1 3.5 4.8 1.2 1,3 

j 0.1 9.5* 9.1 0.1 0.2 9.2* 8.4 2.1 
l 0.3 1.9 5.7 0.1 0.3 1.3 5.3 0.8 

d is the pooled additive genetic effect; h is the pooled dominance genetic effect; i is the pooled addi- 
tive x additive genetic effect;j is the pooled additive x dominance genetic effect; and I is the pooled do- 
minance x dominance genetic effect 
* Significant at the P=0.05 level of probability 

Table 3 MAPMAKER QTL 
analysis of the genetics of the 
putative QTL for ASR resi- 
stance when constrained by dif- 
ferent modes of inheritance 

Data Genetics 

Total number of internodes 
discolored 

Number of internodes greater 
than 75% discolored 

Free Add. Dom. Rec. Free Add. Dora. Rec. 

LOD %Var ALOD ALOD ALOD LOD %V~ ALOD ALOD ALOD 

DE811 F2 a 13.0 21.8 -2.2 -10.2 -0.6 15.6 25.5 -1.3 -10.5 -1.9 
DE811 F3 a 45.1 73.2 -2.6 -32.9 -13.1 42.5 71.1 -3.9 -32.5 -9.7 
LH132 F2 b 8.2 16.3 -1.5 -6.1 -0.3 14.8 27.6 -4.9 -12.8 -0.0 
LH132 F3 b 31.5 64.9 -2.8 -21.3 -7.3 24.6 55.4 -2.4 -16.5 -4.7 

a Data generated at the UMCI5 locus 
u Data generated at the point between UMC15 and UMC66 with the largest LOD score in each rating 
analysis 

the U M C  map (Gardiner  et al. 1990), and with a s ingle 
marker  on ch romosome  4. Some markers  m a p p e d  to dif-  
ferent  locat ions  f rom the publ i shed  map,  indica t ing  that a 
different  locus was m a p p e d  in this populat ion.  For  exam-  
ple, UMC140  cosegrega ted  with the markers  on chromo-  
some 9 here,  but  was p rev ious ly  pub l i shed  on chromo-  
some 1 (Gardiner  et al. 1990). W h e n  the data  were  ana- 
lyzed  with M A P M A K E R  QTL, none of  the markers  on 
l inkage  groups  3 and 9 showed a s ignif icant  corre la t ion to 
the phenotypes .  However ,  using both F 2 and F 3 data, 
UMC15 (the s ingle marker  on ch romosome  4) showed a 
s ignif icant  associa t ion  with the trait. This  was found by  
forcing M A P M A K E R  to cons ider  the s ingle marker  as two 
by  dupl ica t ing  the genotypes  of  U M C  15 and giving the du- 
p l ica te  marker  another  name.  W h e n  this is done, M A P -  
M A K E R  per forms  what  is essent ia l ly  an analysis  of  var i-  
ance in an interval  of  0 cM be tween  the marker  and its du- 
p l ica te  scores. 

In the F2 data, a L O D  score of  13 was found at UMC15  
expla in ing  22% of  the var ia t ion for the total  number-of -  
in ternodes  d i sco lored  rating. For  the F3 data using the to- 
t a l -number -o f - in t e rnodes -d i sco lo red  rating,  a L O D  of  45 
was found with 73% of  the var ia t ion  expla ined.  S imi la r  
L O D  scores were  found  for the number  of  in ternodes  with 

a greater  than 75% disco lored  rat ing for the F 2 and F 3 data  
(Table 3). The LOD score of  45 means  that the data  are 
roughly  1045 more  l ike ly  to have ar isen given a Q T L  ver-  
sus the data  arising given no Q T L  at the locus.  A LOD 
score of  greater  than 2.4 indicates  that the presence of  a 
QTL can be inferred.  

The 39 po lymorph ic  markers  in the LH132c  popula t ion  
came f rom regions  cor responding  to every l inkage  group 
except  c h romosome  2 on the U M C  map,  with some groups 
bet ter  represented  than others. An  es t imated  75% of  the 
genome was wi thin  30 cM of  a marker ,  indica t ing  that most  
of  the genome  was assayed.  These  markers  were used in 
an effort  to f ind regions  contr ibut ing to resis tance,  other  
than those de r ived  f rom MP305,  segregat ing in the DE811 c 
popula t ion .  LH132 and D E 8 1 1 A S R  are 55% s imilar  ac- 
cording to a ge rmplasm survey conduc ted  at DuPont  (un- 
publ i shed  data),  so a p l acemen t  of  many  more  markers  on 
this popula t ion  would  not  necessar i ly  reveal  more  po ly -  
morphisms .  A mul t ipo in t  map  was ca lcu la ted  f rom segre-  
gat ion data  genera ted  with  these markers  and is presented  
in the QTL scan (Fig. 1). Two markers ,  BNL6.32  and 
U M C 9 8  f rom ch romosomes  1 and 2, respect ively ,  on the 
U M C  map did not  show l inkage.  These  markers  were in- 
c luded in the QTL analysis  by  dupl ica t ing  their  scores as 
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Fig, 1 ASR QTL likelihood plot for F 2 individuals and F 3 families 
in the DE811ASR • LH132 population. The total number of inter- 
nodes discolored for the 1990 F 2 data is indicated by "F 2 Inf', the 
number of internodes greater than 75% discolored is indicated by 
"F z Inf 75". The F 3 familiy data for 1991 are labelled similarly. The 
dark bars at the top represent linkage groups from a MAPMAKER 
calculated map. These groups are not identical to those on the pub- 
lished map (Gardiner et al. 1990) since other loci were mapped here. 
The unlinked loci are at the right and distances on this map are shown 
on the x-axis. The LOD score (y-axis), which is an expression of the 
odds ratio (Paterson et al. 1988), is from a MAPMAKER QTL scan 
treating the four traits separately. A LOD score above 2.4 indicates 
the presence of a QTL 

mentioned above. The results from analysis of the LH132c 
F 2 population show a QTL on chromosome 4 between 
UMC15 and UMC66 (Fig. 1). In the F z data a LOD score 
of 8 was found at this QTL explaining 16% of the varia- 
tion for the total-number-of-internodes-discolored rating. 
For the F 3 data using the total-number-of-internodes-dis- 
colored rating, a LOD of 31 was found with 65% of the 
variation explained. Similar results were found for the 
number of internodes with a greater than 75% discolored 
rating (Table 3). 

The QTL mapping results provided strong evidence for 
an ASR-resistance QTL on linkage group 4. None of the 
other linkage groups show evidence above the LOD 2.4 
threshold for a QTL to be inferred (Fig. 1). The same re- 
gion shows a QTL in both populations for phenotypic data 
collected in 1990 F 2 individuals and 1991 F 3 families. The 

entire region coding for resistance may be less than 12 cM, 
because the markers UMC52 (6.8 cM away) and UMC133 
(5.2 cM away) flanking UMC15 do not show polymor- 
phism even when many enzyme-probe combinations are 
used (data not shown). This is consistent with the assump- 
tion that the disease-resistance locus is a small region, with 
one or a few genes present, as has been shown for other 
disease-resistance loci (Hulbert and Michelmore 1985). 
The other introgressed regions from MP305 did not con- 
tribute to resistance; evidently they were not lost during 
backcrossing since only three backcrosses were used in the 
introgression to create DE811ASR. This is not a surpris- 
ing result if the only genes involved are at the locus on 
chromosome 4. The existence of other important loci is un- 
likely, because they presumably would have been selected 
in the creation of DE811ASR. The analysis of the 39 mark- 
ers polymorphic in the LH 132c population did not uncover 
other regions coding for resistance in addition to the re- 
gions derived from MP305. There may be other loci with 
minor effects coming from the LH132 background that 
were too small to detect with the population sizes used here 
(about 230 F 2 and about 150 F 3 individuals). Loci with de- 
tectable effects not included in the 75% of the genome as- 
sayed here could also be present. 

MAPMAKER QTL was also used to determine whether 
the data were likely to fit an additive, dominant, or reces- 
sive model of inheritance. The analysis was performed by 
comparing the likelihood that the data would arise assum- 
ing a particular mode of inheritance with the likelihood 
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that the data  would  arise g iven no assumpt ions  about  the 
mode  of  inher i tance (the mos t - l ike ly  or "free"  model) .  The 
results  of  this analys is  are presented  by M A P M A K E R  as 
ALOD scores,  with a large negat ive  ALOD indica t ing  that 
a par t icular  mode  of  inher i tance  is not  as l ikely,  s ince its 
ALOD devia ted  the most  f rom the "free"  mode l  with no 
inher i tance assumpt ions  (Table 3). 

The results  o f  the inher i tance  analys is  for the DE81 l c  
popula t ion  ind ica ted  recess ive  gene act ion for the F 2 and 
addi t ive  inher i tance for the F 3 data  (Table 3). Add i t ive  in- 
her i tance d id  not  devia te  s igni f icant ly  f rom the "free"  
mode l  for the F 2 data and actual ly  exp la ined  the data  bet-  
ter for the number  of  in ternodes  wi th  a greater  than 75% 
d i sco lo red  rating. For  the LH 132c popula t ion ,  recess ive  or 
addi t ive  gene act ion was again most  l ike ly  in the F 2 data  
and addi t ive  inher i tance  was most  p robab le  in the F 3 data  
(Table 3). These  data  conf i rm the results  o f  the generat ion-  
means  analysis  for the addi t ive  effects seen in both  popu-  
la t ions and are also consis tent  wi th  the recent  d ia l le l  s tudy 
of  D E 8 1 1 A S R  (Weldek idan  and H a w k  1993). The c lose  
cor respondence  be tween  the results  of  the genera t ion  
means  analys is  and QTL analyses  is reassur ing  in terms o f  
this trait  as wel l  as the re la t ionship  be tween  c lass ica l  quan-  
t i ta t ive genet ic  theory and molecu la r -marke r  analysis .  

The  l inkage  o f  U M C I 5  and U M C 6 6  to a major  QTL for 
A S R  res is tance  using MP305 as a source of  res is tance  
should enable  breeders  to use marke r -a ided  select ion for 
faster  in t rogress ions .  This type  of  s t rategy was used in 1992 
to select  for the MP305 al le le  at UMC15  and agains t  the 
other  in t rogressed  regions  f rom MP305 in D E 8 1 1 A S R  in 
order  to retain the DE811 background  as a source of  res is-  
tance to the European  Corn  Borer  (unpubl i shed  data),  An  
inbred l ine wi th  high levels  of  ECB and A S R  res is tance 
would  be  va luable  to ma ize  breeders .  
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