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Introduction
Leaf rust of wheat, caused by Puccinia triticina 
(Pt), occurs regularly in South Africa (Terefe 
et al., 2009). Monitoring the Pt population 
remains essential since new races can be 
timeously identified, allowing wheat breeders 
to adjust their breeding programs. The Pt 
population was continually monitored over 
the last 35 years by the Agricultural Research 
Council-Small Grain Institute (ARC-SGI). Race 
identification of field isolates collected during 
the annual surveys is done with infection type 
(IT) data on a standardized wheat differential 
set (Terefe et al., 2014a). These studies showed 
that foreign incursions and the adaptation of 
local races contribute to changes within the 
population. This was confirmed when simple 
sequence repeats (SSRs) were successfully used 
to describe the genetic relationships between 
South African Pt races (Visser et al., 2012). 

Aim
The aim of the study was to determine whether 
genotyping could support and expand the 
phenotypic identification of Puccinia triticina 
field isolates collected during annual surveys.   

Materials and methods
Forty-seven field isolates collected during the 
2013 ARC-SGI annual Pt survey and phenotyped 
using a standard differential set were obtained 
from Dr TG Terefe (Table 1). Seven of these 
isolates were not phenotyped because of 
non-viable spores. Twelve described South 
African Pt races (Terefe et al., 2014a; 2014b) 
were included as controls. DNA extraction 
from single pustule lesions and SSR and data 
analysis were done according to Visser et al. 
(2012) using 18 described SSR markers (Szabo 
and Kolmer, 2007). 

The number of groups represented by the Pt 
races and field isolates was determined with 
Structure 2.3.4 (Pritchard et al., 2000) as 
described (Pretorius et al., 2015). This data was 
finally used for analysis of molecular variance 
(AMOVA) (Pretorius et al., 2015). 

Results
It was important to first determine whether the 
genotypes of the twelve South African Pt races 
correlated with their respective phenotypes. 
When the phenotypic and genotypic 
dendrograms were compared (results not 
shown), a good correlation (r=0.789) was 
found using Mantel’s matrix correspondence 
test (Mantel, 1967).  This implied that field 
isolates could be identified using genotyping 
data alone if phenotyping was impossible. 

Of the 47 field isolates received, only L20-13 
was not genotyped because of limited DNA 
available (Table 1). SSR analysis of the other 

46 field isolates and 12 South African Pt races 
divided samples into two groups with a good 
fit (r=0.98) between the Jaccard similarity 
coefficient matrix and the symmetrical matrix 
produced from the dendrogram (Figure 1). 
In group A, 42 field isolates shared 85% 
genetic similarity with race 3SA145 (CCPS, 
North American notation). Of these, 34 were 
phenotyped as 3SA145, three as 3SA115 
(CBPS, a new Pt race not included in this 
study), one as 3SA147 (FBPT) while four were 
not phenotyped (Table 1). In group B, L12-13 
phenotyped as 3SA133 (PDRS) and L15-13 (not 
phenotyped) shared 72% genetic similarity 
with 3SA133, while L8-13 and L22-13 (both not 
phenotyped) were 74% genetically similar to 
five indistinguishable Pt races.  

Structure analysis divided the Pt races and field 
isolates into two groups with little admixture 
between them (Figure 2). Group 2 contained 
race 3SA145 and all genetically similar field 
isolates. All other races and field isolates that 
shared genetic similarity with them, formed 
group 1. Three field isolates (L1-13, L16-13 
and L23-13) contained genetic elements from 
both groups. An FST value of 0.543 (P<0.0001) 
confirmed that the two groups were highly 
differentiated with 54.3% of the variation 
attributed to variation between groups and 
45.7% to variation within groups.  

Discussion
Genotyping confirmed the identity of 35 of 
the 39 field isolates that were phenotyped, 
translating to a 90% success rate. Three of 
the remaining four isolates (L29-13, L31-13 
and L47-13) were phenotyped as 3SA115, but 
genotyped as 3SA145. Since 3SA145 and 3SA115 
share at least 88% genetic similarity (B. Visser, 
unpublished results), inclusion of a 3SA115 
genotyping control could have confirmed the 
3SA115 phenotypes. In the case of L45-13, 
the discrepancy between the phenotypic and 
genotypic identification was most probably 
due to multiple races present in the collected 
field sample.  

Five of the seven field isolates not phenotyped 
(L4-13, L15-13, L18-13, L25-13, L42-13) were 
successfully identified through genotyping as 
either 3SA133 or 3SA145. Field isolates L8-13 
and L22-13 that were also not phenotyped, 
could not be identified since they were most 
similar to races 3SA132 (SDDS), 3SA134, 3SA137 
(SCDS), 3SA140 (SFDS) and 3SA144 (SDDN) that 
were identical based on their SSR data profiles. 
Future work must include more SSR markers 
that can separate these races. 

Finally, genotyping indicated multiple geno-
types for races 3SA133 and 3SA145. 

Conclusion
Genotyping not only supported phenotyping 
results, but where phenotyping was impossible, 
genotyping allowed the identification of field 
isolates.  
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Table 1.  Field isolates collected during the 2013 annual ARC-SGI Pt survey that were used in the current study. Isolates indicated 
in green were genotyped as 3SA145 and either phenotyped as 3SA145 or not phenotyped at all. Those indicated in yellow 
were genotyped as 3SA145, but phenotyped as 3SA115, those in dark blue were genotyped as 3SA133, while those in purple 
could not be identified. L45-13 indicated in red was genotyped as 3SA145, but phenotyped as 3SA147. 

Isolate name Phenotype Genotype Isolate name Phenotype Genotype

L1-13 3SA145 3SA145 L25-13 Not phenotyped 3SA145
L2-13 3SA145 3SA145 L26-13 3SA145 3SA145
L3-13 3SA145 3SA145 L27-13 3SA145 3SA145
L4-13 Not phenotyped 3SA145 L28-13 3SA145 3SA145
L5-13 3SA145 3SA145 L29-13 3SA115 3SA145
L6-13 3SA145 3SA145 L30-13 3SA145 3SA145
L7-13 3SA145 3SA145 L31-13 3SA115 3SA145
L8-13 Not phenotyped Unknown L32-13 3SA145 3SA145
L9-13 3SA145 3SA145 L33-13 3SA145 3SA145
L10-13 3SA145 3SA145 L34-13 3SA145 3SA145
L11-13 3SA145 3SA145 L35-13 3SA145 3SA145
L12-13 3SA133 3SA133 L36-13 3SA145 3SA145
L13-13 3SA145 3SA145 L37-13 3SA145 3SA145
L14-13 3SA145 3SA145 L38-13 3SA145 3SA145
L15-13 Not phenotyped 3SA133 L39-13 3SA145 3SA145
L16-13 3SA145 3SA145 L40-13 3SA145 3SA145
L17-13 3SA145 3SA145 L41-13 3SA145 3SA145
L18-13 Not phenotyped 3SA145 L42-13 Not phenotyped 3SA145
L19-13 3SA145 3SA145 L43-13 3SA145 3SA145
L20-13 3SA145 Not genotyped L44-13 3SA145 3SA145
L21-13 3SA145 3SA145 L45-13 3SA147 3SA145
L22-13 Not phenotyped Unknown L46-13 3SA145 3SA145
L23-13 3SA145 3SA145 L47-13 3SA115 3SA145
L24-13 3SA145 3SA145

Figure 1.  Dendrogram of 12 South African Pt races and 46 field isolates that were collected during the 2013 ARC-SGI annual survey. The dendrogram 
was constructed using 58 polymorphic alleles generated by 18 SSR markers (Szabo and Kolmer, 2007). Reference races are indicated in 
bold. Isolates indicated in green were genotyped as 3SA145 and either phenotyped as 3SA145 or not phenotyped at all. Those indicated in 
yellow were genotyped as 3SA145, but phenotyped as 3SA115, those in dark blue were genotyped as 3SA133, while those in purple could 
not be identified. L45-13 indicated in red was genotyped as 3SA145, but phenotyped as 3SA147. 

Figure 2.  Structure analysis of 12 South African Pt races and 46 field isolates collected during the 2013 ARC-SGI annual survey with K=2. Red and green colours indicate 
groups 1 and 2 respectively. Isolates indicated in green were genotyped as 3SA145 and either phenotyped as 3SA145 or not phenotyped at all. Those indicated in 
yellow were genotyped as 3SA145, but phenotyped as 3SA115, those in dark blue were genotyped as 3SA133, while those in purple could not be identified. L45-13 
 indicated in red was genotyped as 3SA145, but phenotyped as 3SA147.


