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ABSTRACT OF THE DISSERTATION 

  

Creation of a framework genetic linkage map of colonial bentgrass and the identification 

of genomic regions associated with dollar spot resistance. 

by David Rotter 

 

Dissertation Director:  

Prof. Faith C. Belanger 

Creeping bentgrass (Agrostis stolonifera L. 2n=4x=28, A2A2A3A3) is a cool season 

turfgrass known for its lateral growth habit, fine texture and ability to tolerate low 

mowing heights.  One of the biggest maintenance problems for creeping bentgrass is the 

fungal disease dollar spot caused by Sclerotinia homoeocarpa.  Currently the disease is 

controlled through heavy fungicide use but a more practical long term approach lies 

through the development of resistant cultivars.  Colonial bentgrass (A. capillaris L. 

2n=4x=28, A1A1A2A2) is a species related to creeping bentgrass which is resistant to 

dollar spot.  We have generated fertile creeping x colonial bentgrass interspecific hybrids.  

One plant, designated TH15, was backcrossed with a different creeping plant to generate 

a mapping population which segregated for dollar spot resistance.  The objective of this 

thesis was to determine which areas of the colonial bentgrass genome are associated with 

dollar spot resistance.  To do this we used the hybrid backcross population to generate a 

framework genetic linkage map of colonial bentgrass.  We created and annotated EST 

libraries for both creeping and colonial bentgrass and used these libraries as a resource 

for mapping genes.  A new approach to marker development, termed dideoxy 
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polymorphism scanning, was developed to efficiently map genes on the colonial 

bentgrass map.  The colonial bentgrass linkage map contains 212 AFLPs and 110 gene 

based markers and totals 1157 cM.  

By comparing phenotypic data obtained from field trails we identified regions potentially 

associated with dollar spot resistance in colonial bentgrass.  The segregation of resistance 

in the backcross population suggests a three gene recessive epistasis model for dollar spot 

resistance in colonial bentgrass.  By comparing genotypes we identified colonial 

bentgrass loci on groups 2A1 and 3A1 that are common in all resistant individuals.  We 

hypothesize that genes related to dollar spot resistance may lie on these groups.  Other 

resistant backcross individuals not included in the mapping population also shared these 

loci proportions significantly higher then expected by random chance (p < 0.05).   This 

lends additional support to our model of dollar spot resistance in colonial bentgrass. 
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Table 1.1.  Genetic relationships between commercially relevant bentgrass species, as 

proposed by Jones (1956 a,b,c). 
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Figure 1.1.  Photographs comparing the extent of disease in creeping bentgrass parental 

line 5061 with the resistant interspecific hybrid #15.  
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Figure 1.2.  Lineage of the colonial x creeping backcross population. 
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ID: BLASTX   P all non-redundant genbank cds         01 02 040402 10:59:54 
>emb|CAC17628.1| putative phospholipid hydroperoxide glutathione peroxidase [Oryza 
sativa]  Length = 169 
 
 Score =  182 bits (462), Expect = 5e-45 
 Identities = 86/91 (94%), Positives = 90/91 (98%) 
 Frame = -3 
 
Query: 654 QEPGSDQQIKDFACTRFKAEYPVFQKVRVNGPDAAPLYKFLKASKPGLFGSRIKWNFTKF 475 
           QEPGSDQQIKDFACTRFKAEYPVFQKVRVNGPDAAPLYKFLKASKPGLFGSRIKWNFTKF 
Sbjct: 79  QEPGSDQQIKDFACTRFKAEYPVFQKVRVNGPDAAPLYKFLKASKPGLFGSRIKWNFTKF 138 
 
Query: 474 LVDKNGKVINRYATATTPFSFEKDILKALEE 382 
           L+DKNGKVINRY+TAT+P SFEKDILKALE+ 
Sbjct: 139 LIDKNGKVINRYSTATSPLSFEKDILKALED 169 
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COLEST_5A9 : CAA GAG CCA GGC AGT GAC CAG CAG ATA AAA GAC TTT GCT TGC ACA AGA TTC  51 
COLEST_5A9 :  Q   E   P   G   S   D   Q   Q   I   K   D   F   A   C   T   R   F    
CAC17628   :  Q   E   P   G   S   D   Q   Q   I   K   D   F   A   C   T   R   F    
 
COLEST_5A9 : AAA GCT GAA TAT CCA GTT TTT CAG AAG GTG CGT GTA AAT GGC CCA GAT GCT  102 
COLEST_5A9 :  K   A   E   Y   P   V   F   Q   K   V   R   V   N   G   P   D   A   
CAC17628   :  K   A   E   Y   P   V   F   Q   K   V   R   V   N   G   P   D   A    
 
COLEST_5A9 : GCG CCG CTT TAC AAG TTT CTG AAA GCT AGC AAA CCT GGT TTG TTT GGG TCA  153 
COLEST_5A9 :  A   P   L   Y   K   F   L   K   A   S   K   P   G   L   F   G   S  
CAC17628   :  A   P   L   Y   K   F   L   K   A   S   K   P   G   L   F   G   S    
 
 
COLEST_5A9 : AGA ATC AAG TGG AAC TTT ACC AAG TTT CTT GTT GAT AAG AAT GGA AAA GTC  204 
COLEST_5A9 :  R   I   K   W   N   F   T   K   F   L   V   D   K   N   G   K   V   
CAC17628   :  R   I   K   W   N   F   T   K   F   L   I   D   K   N   G   K   V    
 
COLEST_5A9 : ATA AAC AGA TAT GCA ACT GCG ACT ACT CCA TTT TCA TTC GAG AAA GAC ATC  255 
COLEST_5A9 :  I   N   R   Y   A   T   A   T   T   P   F   S   F   E   K   D   I    
CAC17628   :  I   N   R   Y   S   T   A   T   S   P   L   S   F   E   K   D   I    
 
COLEST_5A9 : CTG AAG GCG CTT GAG GAG GAA CAT GTT CCC TCT CTC CCT GAC TCG CAG AAG  306 
COLEST_5A9 :  L   K   A   L   E   E   E   H   V   P   S   L   P   D   S   Q   K   
CAC17628   :  L   K   A   L   E   D   -   -   -   -   -   -   -   -   -   -   - 
                                           
COLEST_5A9 : GCG CCT GAG GAG GAA CCA AAG TAG GCG CTT GCT AAA GTA TCC TCG TTG TAA  357 
COLEST_5A9 :  A   P   E   E   E   P   K   *   -   -   -   -   -   -   -   -   -.     
CAC17628   :  -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   - 
 
COLEST_5A9 : TAT CTA GAC CTC TCC CTG GTA GTA AAT TAA TCT GAT ACT TCC GTT GGT GTG  408 
COLEST_5A9 :  -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -     
CAC17628   :  -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   - 
 
COLEST_5A9 : AAC TTT GTG  CTT ACT GTA TTT TTG ATT GCC GTT TTG TAT GTA GAA GTT ATG  459 
COLEST_5A9 :  -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   - 
CAC17628   :  -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   - 
 
COLEST_5A9 : TAG ACG CCA CTT TGT TTG TAC CGC TAT CCA TGA CTT GTC CAT ACC GCC AAC  510 
COLEST_5A9 :  -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -     
CAC17628   :  -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   - 
 
COLEST_5A9 : CCA TGA CTT GTC CTT TTT TTT GAA CTT TGT TGA GGA AGT CGA GAC ATT GAA  561 
COLEST_5A9 :  -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   - 
CAC17628   :  -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   - 
 
COLEST_5A9 : TAA CTG TGA CTA TAC AGT TAA TGT GAG TTT TGT ATT TGT GCT CAT AAG GTT  612 
COLEST_5A9 :  -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   - 
CAC17628   :  -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   - 
 
COLEST_5A9 : CCA AGT GAT GCT TCA TGA CCA AAA AAA AAA AAA AAA  648  
COLEST_5A9 :  -   -   -   -   -   -   -   -   -   -   -   - 
CAC17628   :  -   -   -   -   -   -   -   -   -   -   -   -
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Figure 3.3.  A typical screen of 20 potential markers with the STS tagging method.  

Primers a-t are listed in Table 3.1.  For each primer set the lanes are as follows: lane 1, 

50 bp ladder;  lane 2, TH15 (hybrid parent);   lane 3, 9188 (creeping bentgrass parent);  

lane 4, 5061 (creeping bentgrass grandparent);  lane 5, 8283 (unrelated colonial 

bentgrass).  Marker “m” is a successful marker.  The primers for these markers are 

listed in Table 3-1.  
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Figure 3.11.  (A) Segregation in the mapping population of the bands unique to the 

interspecific hybrid from sample 2 in Figure 3.11. Lane 1, interspecific hybrid parent of 

the mapping population; lane 2, creeping bentgrass grandparent of the mapping 

population; lane 3, creeping bentgrass parent of the mapping population; lanes 4–8, five 

individuals of the mapping population that inherited the colonial bentgrass allele; lanes 

9–13, five individuals of the mapping population that did not inherit the colonial 

bentgrass allele. Asterisks mark hybrid specific bands originating from the colonial 

bentgrass allele. (B) Sequences of cloned PCR products from the parental DNAs 

corresponding to the region of the gel shown in (A). The sequence regions that result in 

the hybrid specific bands with ddPS are highlighted by bold larger font sizes. 
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† Resistance defined as having a dollar spot average of 7.0 or higher in both years 
‡ Genotype AxBxCx required for resistance 
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Figure 4.1.  Genetic linkage map of colonial bentgrass.  Genetic length in cM for the 

colonial bentgrass linkage groups is indicated on the left and marker identification is 

indicated on the right.  The AFLP markers are named according to marker number 

followed by the selective nucleotides.  The EST markers are named by their GenBank 

accession numbers, with the rice chromosomal location of the most similar gene in 

parentheses.  Loci labeled with asterisks showed distorted segregation (*P<0.05, ** 

P<0.01, ***P<0.001).  To the left of the A1 linkage groups are diagrams of the rice 

chromosomes having the genes most similar to the mapped ESTs.  The colonial bentgrass 

EST collection was compared to the rice genome and the positions of the best matches 

are indicated as small horizontal lines on the rice chromosomal diagrams.  The position 

of the most similar rice gene to the mapped colonial bentgrass ESTs is indicated by the 

longer horizontal lines on the rice chromosome diagrams and lines are drawn between 

the colonial bentgrass EST and the most similar rice gene.   
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Figure 4.3.  Percentage of individuals of the mapping population possessing each 

mapped colonial bentgrass marker.  The percentage the resistant plants possessing each 

marker is indicated as a line and the percentage of the susceptible plants possessing each 

marker is indicated with dots.  The linkage groups are indicated along the top bar. 
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