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 Development of experimental population
 Genetic mapping for anthracnose disease resistant genes
 Germplasm characterization.

Germplasm Development, Characterization and Utilization 



Bako disease nursey

 Over 200 lines (differential lines and nursey materials) from USDA 
and Gebisa’s lab were assembled and planted in the disease nursery

1. Development of experimental population
1.1. Establishment of disease nursery 



 Seven independent 
RILs being developed.

 Genotyping of the  
populations.

 Integrate into breeding 
program

1.2. RI Lines being developed 
for comprehensive mapping of
disease resistance and other traits
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2. Genetic mapping for disease resistance
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 A resistant lines (PML981475) 
and the susceptible TAM428 
were used.  

 A fungal strain (Cs29) from 
Ethiopia were used in 
subsequent phenotyping.

Genetic mapping for additional source 
of anthracnose resistance genes
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Identification of anthracnose resistance QTL using bi-parental 
crosses in PML981475 and PML981488.
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Bulk Segregant Analysis – QTL-seq

1. Whole genome sequencing and selection of high-quality reads

2. Developing a “reference sequence’’ for one of the parental 

cultivar/line used for crossing

3. Genome wide analysis of SNP frequencies (SNP-index) for 

each bulked sequence

4. Comparison of SNP index between bulk sequencies 

5. Simulation text and graph analysis 



Candidate genomic region identified in PML981475 through QTL-seq 
analysis. 



Recombination analysis across candidate genomic region 
harboring ARG(5 Mbp) with 177 RILs (F5)
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Disease resistant genes within the candidate genomic 
region
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 The resistant line (PML981488) 
and the susceptible (TAM428) 
were used.  

 A fungal strain (Cs29) from 
Ethiopia were used in 
subsequent phenotyping.

Genetic mapping for anthracnose resistance genes in PML981488
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PML981442 S R R R R

PML981475 S R R R R
PML981476 S R R R R
PML981488 S R R R R
TAM 428 S S S S S



Identification of QTL regions for anthracnose resistance was 
also identified in PML981488



3. Germplasm characterization

 Sorghum landrace collection (SMIL 
collection) were phenotyped for 
various traits across locations.

 About 80% of the collection were 
genotyped by sequencing.

 A core subset representative of 
Ethiopian sorghum landrace collection 
were defined (Girma et al., 2020).
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Current and potential utilization of the core 

 Sorghum core subset accessions 
are being characterized for 
about 20 traits for association 
mapping.

 Studies on combining ability.
 A global resource for future 

genomics study and 
improvement. 

Traits Heritability/
Reproducibility

Traits Heritability/
Reproducibility

DTF 0.89 LLP 0.83

DTM 0.62 LWP 0.50

PAS 0.38 NLP 0.69

PH 0.89 ILP 0.55

PL 0.92 INP 0.83

PW 0.65 TNP 0.80

Stand count 0.27 Anthracnose 0.99

Head nr/plot 0.77 TLB 0.27

Head wt/plot 0.44 Rust 0.27

Yield/plot 0.21 PGMR 0.70

TGW 0.64 TGMR 0.77



Association mapping with sorghum core subset

 A total of 69757 
SNPs were used 
for association 
analysis.

 GWAS analysis 
revealed highly 
significant SNPs 
associated to 
different traits



Ethiopian sorghum core collection (387)
 Altitude = 500-3162 masl; 

precipitation = 500 -1955mm; T0 = 
11.6 - 28.7
 44% are from highlands (1903 -3162 

masl, 11.6-20.30c)
Sudan sorghum core collection (318)
 high temperatures and scant 

moisture.

Genomic characterization among Ethiopian and Sudan 
sorghum core collection 



Genetic relationship among the two populations

K=
9

 Both hierarchical clustering 
and PCA showed distinction 
of the two populations.



• Detect and estimate the proportion of 
genomic regions that are identical by 
descent (IBD) between pairs of 
genotypes.

• Identifies genomic loci under positive 
selection.

• Creates networks of related 
genotypes.

Identity by descent analysis



Significance of IBD sharing among Ethiopian sorghum core collection  

S2_68974980

S4_4160425

S4_57681246

S4_56018039S2_1697240

S2_69185816

S7_62016666
S8_57571758

S9_57482848

S5_3159354

S7_63553898

S6_45035688

S10_55993145

S10_5318912
S10_58197723

S10_47962222

 A 5% genome-wide significance 
threshold was used to assess 
evidence of positive selection.



Significance of IBD sharing among 
Sudan sorghum core collection
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Networks of related genotypes.

 Genomewide SNP data has 
also enabled as to reconstruct 
unknown pedigree.

 Each node identifies a unique 
genotype, and an edge is 
drawn between two 
genotypes if they share more 
than 90% of their genome 
IBD.
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authors and do not necessarily reflect the views of USAID or the US Government.
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