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Abstract

Turcicum leaf blight, caused by Exserohilum turcicum (Pass) K.J. Leonard and E.G. 
Suggs (teleomorph: Setosphaeria turcica (Luttrell) Leonard and Suggs), formerly known
as Helminthosporium turcicum, is a major foliar disease of both sorghum and maize. 
In comparison with sorghum, a lot more studies have been done on maize to identify 
quantitative trait loci (QTL) and major genes playing a role in observed resistance and/
or tolerance to the pathogen. Comparative analysis was undertaken of the maize remorin 
gene ZmREM6.3, which has been identified to have a significant contribution towards 
turcicum leaf blight resistance. The gene ZMREM6.3 was retrieved from the maize 
database. This was used to search the sorghum database in Phytozome. The SNP markers
were developed using the orthologous sorghum remorin gene. These markers were 
validated across diverse sorghum accessions and a recombinant inbred line (RIL) 
mapping population at F8:9. The previously obtained field phenotyping data were used
to establish the association of various SNP markers with resistance/susceptibility to the
fungus. Association of the markers to the trait was determined using both General Linear
Model (GLM) and the Mixed Linear Model (MLM) in TASSEL software for association
mapping of complex traits in diverse samples. The maize remorin gene ZmREM6.3 has 
been identified in sorghum genome. This is likeliy to make  a significant contribution
towards  breeding for turcicum leaf blight resistance.

Key words: Remorin ZmREM6.3, resistance, single nucleotide polymorphism (SNP), 
sorghum, turcicum leaf blight

Resume 

La brulure des feuilles, causée par Exserohilum turcicum (Pass) K.J. Leonard et E.G. Suggs 
(teleomorph: Setosphaeria turcica (Luttrell) Leonard et Suggs), anciennement connue sous 
le nom de Helminthosporium turcicum, est une pathologie foliaire majeure observée chez 
le sorgho et le maïs. Par rapport au sorgho, beaucoup d’études ont été conduites sur le maïs 
afin d’identifier les Locus de Caractères Quantitatifs (LCQ) et les gènes majeurs jouant 
un rôle dans la résistance ou la tolérance au pathogène. Une analyse comparative a été 
effectuée sur le gène ZmREM6.3 du maïs, qui a été identifié comme ayant une contribution 
significative à résister à la brûlure des feuilles causée par le Turcicum. Le gène ZMREM6.3 
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a été extrait de la base de données du maïs. Ceci a été utilisé pour rechercher la base de 
données du sorgho dans Phytozome. Les marqueurs «SNP» ont été ensuite développés à 
l’aide du gène orthologue du sorgho. Ces marqueurs ont été validés pour diverses sources 
de sorgho. Les données de phénotypage de terrain précédemment obtenues, ont été utilisées 
pour établir l’association de différents marqueurs SNP à la résistance / susceptibilité au 
champignon. L’association des marqueurs au trait a été évaluée en utilisant les modèles 
linéaires généraux (GLM) et les modèles linéaires mixtes (MLM) dans le logiciel TASSEL. 
Le gène ZmREM6.3 du maïs a été identifié dans le génome du sorgho. Ceci est susceptible 
de contribuer de manière significative à la production axée sur la résistance à la brulure des 
feuilles.

Mots clés: Remorin ZmREM6.3, résistance, polymorphisme à un seul nucléotide (SNP), 
sorgho, brulure des feuilles due au Turcicum

Background

Turcicum leaf blight (TLB), caused by Exserohilum turcicum (Pass) K.J. Leonard and 
E.G. Suggs (teleomorph: Setosphaeria turcica (Luttrell) Leonard and Suggs), formerly
known as Helminthosporium turcicum, is a major foliar disease of both sorghum and 
maize that limits their productivity in sub-Saharan Africa (Adipala et al., 1993; Reddy and 
Prasad, 2013). The E. turcicum pathogenic lifestyles colonizes sorghum living tissue,
spreading through vascular tissue causing wilted lesions by plugging xylem vessels, 
and ultimately causing necrotic lesions (Beshir et al., 2016). Sorghum (Sorghum bicolor 
L.) and maize (Zea mays L.) and their fungal pathogens have continuously confronted 
each other through coevolution for growth and survival (Inghelandt et al., 2010). In this
process, sorghum and maize have evolved array of structural and gene-based defense 
mechanisms designed to combat different pathogens (Taylor et al., 2006), and so have 
pathogens, by developing new pathotypes of races (Tesso et al., 2012). The large role of 
additive gene action in host resistance of both sorghum and maize to TLB suggests an 
evolutionary adaptation to a wide array of pathotypes. Although close relatives, sorghum 
and maize react similarly to TLB (Ramathani et al., 2011). In East Africa, TLB was 
reported previously to be due to race O (Adipala et al., 1993), and more
recently suggestions of new races identified from sorghum have been reported
(Ramathani et al., 2011). 

Literature summary

Resistant lines carrying Ht genes (for Helminthosporium turcicum) have been widely 
used in maize breeding programs (Welz and Geiger, 2000). Both dominant genes (Ht1, 
Ht2, Ht3, Htm1, Htn1, HtN, and HtP) and recessive genes (ht4 and rt) conferring 
resistance to specific races of Setosphaeria turcica have been identified (Welz and 
Geiger, 2000; Ogliari et al., 2007), and several Ht genes have been mapped with
molecular markers. Compared with Ht genes, quantitative trait loci (QTL) are now 
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emphasized in maize breeding because they show durable resistance and are less likely 
to be overcome by evolution of novel resistant pathogen races (Parlevliet, 2002). 
Recently, six orthologous resistance genes in maize, present in a cluster of three pairs, 
on chromosome five of sorghum have been reported (Martin et al., 2011). These genes 
are highly conserved among the Poaceae and may reflect wide adaptation to diverse 
fungi and their races as is expected under additive gene action. Resolution of QTL has 
subsequently been improved in maize using a large, multi-parental population, 
confirming the highly complex genetic architecture for QTL (Jamann et al., 2016). In 
maize, 29 independent loci were implicated in quantitative resistance (Poland et al., 2011) 
and may be complex and conditioned by multiple genes (Jamann et al., 2014).

A phylogenetic analysis of all genes containing an annotated remorin domain in maize 
genome were previously classified remorin genes. Our remorin of interest was grouped 
with other known group 6 remorin genes and was thus named ZmREM6.3 (Jamann et al.,
2016).  This group of  six remorins have a conserved C-terminal region and were classified 
as long remorins that have potential role in plant - microbe interactions (Raffaele et al., 
2007). In the present study, we conducted fine mapping for the remorin gene ZmREM6.3
in sorghum with SNPs. The objectives were to detect the presence of this gene in 
sorghum and to determine the association between this remorin and the TLB based on 
symptoms such as lesion type (chlorotic lesions associated with Ht genes), area under 
disease progress curve (AUDPC), and weekly disease severity ratings. Results from this 
research could advance the use of marker-assisted selection in sorghum breeding 
programs.

Study description

The remorin gene ZMREM6.3 was retrieved from the maize database and used to 
search against sorghum database in Phytozome (https://phytozome.jgi.doe.gov/pz/portal.
html#!info?alias=Org_ Sbicolor). Prime 3 (http://bioinfo.ut.ee/primer3/) software   was  used 
to design Single Nucleotide polymorphism (SNP) primers.  These SNPs were
validated across two diverse sorghum accessions (MUK007/009 as resistant and 
Epuripuri as susceptible) and their 140 recombinant inbred lines (RIL) mapping 
population at F8:9. Field phenotyping data were previously obtained and used to 
establish the association of various SNP markers with resistance/susceptibility to the 
fungus. The phenotypic data of the parental lines and RILs were subjected to standard 
analysis of variance (ANOVA) using GenStat 12th Edition (VSN International Ltd, 2 
Amberside House Wood Lane Hemel Hempstead, HP2 4TP UK) (Steel et al., 1997). 
Association of the markers to the trait was determined using both General Linear Model
(GLM) and the Mixed Linear Model (MLM) in TASSEL software for association 
mapping of complex traits in diverse samples (Bradbury et al., 2007). 

Results and Discussion

Results showed that there was considerable variation among the severities, AUDPC and 
lesion types of the tested RILs (Data not shown). Five SNPs showed polymorphisms 
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between the two parental lines (Figure 1).  The polymorphic SNPs will be used to screen 
140 RILs. Thereafter, both phenotypic and genotypic data will be used to establish the 
association of various SNP markers with resistance/susceptibility to the fungus. 
Successful utilization of whole-genome sequencing for large-scale SNP identification
and development of molecular markers for identifying novel QTLs that co-segregate 
with TLB resistant phenotypic traits has previously been applied (Rostoks et al., 2005; 
Ganal et al., 2009; Deschamps and Campbell, 2010). To detect QTL for the disease 
resistance, there is need for performing whole-genome sequencing of the parent 
MUC007/009 and Epuripuri and genome-wide SNP identification using the recently 
published sorghum genome sequences as reference.

Figure 1: Aligned melting curve HRM analysis of single nucleotide polymophism
markers Sb592 and Sb1867 polymorphism 
P1= MUK007/009 (resistant) and P2= Epuripuri (susceptible).

Reliable phenotypic evaluation is a prerequisite for QTL and genome-wide 
association mapping. In previous reports, disease severity has typically been used
to evaluate phenotypic variation in resistance to TLB in maize and sorghum. 

Despite its utility, the genetic and mechanistic basis of quantitative disease 
resistance is not well understood. In this study, we examined existence of region
of the maize genome in sorghum that has been associated with resistance to E. 
turcicum pathogen using comparative studies.

Conclusion 

The studies results provide opportunity  for more  comparative  studies  between  maize 
and sorghum in tackling the devastating  effect of leaf blight  in the two  gobally
important cereals.  The maize remorin gene ZmREM6.3 has been identified in sorghum 
genome. This is likeliy to make  a significant contribution towards developing varieties 
with turcicum leaf blight resistance.
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