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CONTACT 

Anthracnose in sorghum, caused 

by the fungal pathogen 

Colletotrichum sublineolum 

Henn. is a major biotic constraint 

to forage and grain production. 

Anthracnose is prevalent in hot, 

humid, tropical and subtropical 

regions and affects all parts of 

the plant making it one of the 

most damaging diseases of grain 

sorghum. Yield losses ranging 

from 50-70% have been reported 

in susceptible cultivars of 

sorghum.  The variable nature of 

the fungus and limited knowledge 

of the genetics of host-pathogen 

interactions makes it a 

challenging task to control the 

disease. While agronomic 

practices have been proven 

inefficient, employment of host 

plant resistance is regarded as 

an effective means for controlling 

anthracnose. Multiple sources of 

genetic resistance to different 

races of the pathogen exists 

among various sorghum 

genotypes. Identifying and 

pyramiding these multiple 

anthracnose resistance genes 

into elite germplasm will provide 

effective and durable resistance 

against the pathogen.  

 

The main objective of this study 

was to map at high resolution the 

genomic region conferring 

resistance to anthracnose using 

two mapping populations and 

develop molecular markers for 

use in marker-assisted breeding. 

Phenotyping 
The RIL populations were screened for anthracnose 
resistance in four environments: 2011, 2012 and 
2013 in College Station (CS), TX and 2013 in Tifton, 
GA using a randomized complete block design with 
two replications. 

Genotyping 
A high throughput method of genotyping 
by sequencing, known as Digital 
Genotyping (DG) (Morishige et al., 2013) 
was employed for genotyping the parents 
and 100 F4 RILs of both populations. DG 
template libraries were prepared and then 
sequenced on an Illumina GAIIx (Illumina). 
The sequencing data obtained was 
processed through a number of custom 
perl and python scripts to map the 
sequenced reads to the BTx623 reference 
genome and identify sequence 
polymorphisms. Linkage maps were 
constructed using JoinMap V4.0. QTL 
analyses were performed with disease 
ratings from two replications/environment 
and their average using composite interval 
mapping (CIM) in WinQTL Cartographer 
V2.5 

Phenotypic data analysis indicates that the 
anthracnose ratings were consistent 
among the parental genotypes in different 
environments, however, the RILs displayed 
a wide range of disease severity. This is 
explained by highly significant genotype 
and genotype x environment effects. 
Linkage maps constructed for BTx623 × 
SC414 and BTx623 × SC155 RIL populations 
consisted of 857 and 514 SNPs spanning a 
total map length of 1732.6 cM and 498.5 
cM, respectively. In the BTx623 × SC414 RIL 
population, a major QTL explaining 40% of 
the phenotypic variation was identified on 
chromosome 5 in three of the four 
environments having ~181 genes within  
1 + LOD interval and ~88 genes at the peak 
marker position. For the BTx623 × SC155 
RIL population, a major quantitative trait 
locus (QTL) was identified on chromosome 
10 in three of the four environments 
examined, which explained 10-20% of the 
phenotypic variation and had ~716 genes 
and ~124 genes within 1 + LOD interval and 
at the peak marker position, respectively. 
The information provided by these QTLs 
will be of significance in marker-assisted 
pyramiding of multiple sources of 
anthracnose resistance into elite 
susceptible germplasm 

Mapping population  
Two mapping populations, each consisting of 100 
recombinant inbred lines (RIL) were derived by crossing 
BTx623, an anthracnose susceptible line with two different 
anthracnose resistant lines, SC-414 and SC-155. 
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Anthracnose 
Rating 

% Lesions 

1 No Lesions 

2 1-5    

3 6-10    

4 11-20  

5 21-30  

6 31-40  

7 41-50  

8 51-75  

9 >75  

Fig 1.1 Cross between BTx623 (susceptible) 

and SC-414 (resistant) 
Fig 1.2 Cross between BTx623 (susceptible) 

and SC-155 (resistant) 

Fig 2. Leaves infected with varying degrees of 

anthracnose. Disease assessment was made twice a 

season, post anthesis and at maturity. Plants were 

observed for characteristic symptoms like small 

circular to elliptical spots or lesions as well as the 

fruiting bodies (acervuli) and rated on a scale of 1-9. 

 BTx623 X SC-414 

Environment 

Genotype   2011-CS 2012-CS 2013-CS 2013-GA Combined 

BTx623 Mean  + SD  -- 7.00 + 0.00 7.80 + 1.25 8.5 + 0.58 7.75 + 0.97 

SC414 Mean  + SD  -- 2.00 + 0.81 1.25 + 0.50 3.75 + 2.22 1.91 + 0.83 

RILs 

Mean  + SD            1.23 + 0.62 4.73 + 1.80 3.43 + 2.38 4.99 + 2.52 3.57 + 2.47 

Range 1-5 1-8 1-9 1-9 1-9 

Heritability 0.37 0.86 0.79 0.71 0.73 

RILs Mean 
Square 

Genotype   0.47*       5.70***       8.91***       9.85***     13.22*** 

Reps 0.08 0.08     53.68*** 0.02 

Environment    563.89*** 

Rep(Environment)      13.47*** 

Genotype*Environ        3.73*** 

Error 0.3 0.8 1.87 2.93    1.46 

 BTx623 X SC-155     

Environment 

Genotype   2011-CS 2012-CS 2013-CS 2013-GA Combined 

BTx623 Mean  + SD  -- 7.00 + 0.63  8.50 + 0.53 8.88 + 0.35 8.23 + 0.92 

SC155 Mean  + SD  -- 1.00 + 0.0 1.00 + 0.0 1.00 + 0.0 1.00 + 0.0 

RILs 

Mean  + SD            1.35 + 0.78   2.68 + 2.31 3.30 + 2.84 2.91 + 2.74 2.55 + 2.42 

Range 1-6 1-8 1-9 1-9 1-9 

Heritability 0.72 0.94 0.88 0.90 0.85 

RILs Mean 
Square 

Genotype     0.96***        10.06***      13.62***        13.73***       26.06*** 

Reps 0.405 1.62    24.93** 0.26 

Environment     138.66*** 

Rep(Environment)       6.8*** 

Genotype*Environ        3.95*** 
 

Error 0.26 0.60 1.65 1.40 0.96 

Table 2.1 Table 2.2 

Table 2.1  & Table 2.2: Upper half of the table shows trait means ± standard deviation (SD) of parents & RILs, and trait range and heritability of RILs. Lower half of the table shows estimation of variance 

components for anthracnose. Estimation was done using  SAS 9.3.  -- Data not available, *Significant at 0.05 probability level, **Significant at 0.01 probability level, ***Significant at 0.0001 probability 

level. 

Fig 3.1 & Fig 3.2: The graph shows the LOD (logarithm of odds) profile of chromosomes where the horizontal line represents the significance threshold for the QTL detected. In the linkage map of 

chromosomes the red regions indicate the 1 + LOD interval from the peak position of the QTL. The marker distance (cM) of the QTL is presented on the left side of each chromosome, and the marker names 

are shown on the right side. 

 

Table 3.1 & Table 3.2: Summary of QTL for anthracnose resistance. Genetic  and physical location of QTL interval and peak marker are shown in cM (centimorgan) and Mbp (million base pairs) respectively. 

R2  is the phenotypic variation explained by the QTL. 

 

Table 1. Disease rating criteria 

used for  anthracnose  

phenotyping  

Table 3.1 Table 3.2 

Fig 3.1 Fig 3.2 

Total Map 
Length 
(cM) 

Total  
No.of 

Markers 

Average 
distance  
between 
markers 

(cM) 

Interval (cM) 

 

Physical map interval 
(bp) 

Peak_Marker (cM) 

 

Physical position (bp) 

LOD Additive 

Value 

R2 

Value 

1732.6 857 1.95 

chr5_54875490-
chr5_57475742 

[112.2– 125.7 cM] 

 

54.87-57.47Mbp 

[2.60 Mbp] 

chr5_55178816– 
chr5_56564926 

[114.3–122.1 cM]  

 

55.17– 56.56 Mbp 

[1.4 Mbp] 

2.8-14.5 + 0.8-1.8 0.2-0.4 

Total Map 
Length 
(cM) 

Total  
No.of 

Markers 

Average 
distance  
between 
markers 

(cM) 

Interval (cM) 

 

Physical map interval 
(bp) 

Peak_Marker (cM) 

 

Physical position (bp) 

LOD Additive 

Value 

R2 

Value 

498.5 514 1.03 

chr10_13683384-
chr10_52120328  

[14.46 – 19.71cM] 

 

13.68-52.12 Mbp 

[38.44Mbp] 

chr10_46617283– 
chr10_49672819 

[14.82 – 16.12cM] 

 

46.61-49.67 Mbp 

[3.06 Mbp] 

 

2.5-5.0 

 

+0.3-1.0 

 

0.1-0.2 


