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Introduction 

• Oat is an important cereal crop in the 
world 

– Human foods and animal feeds 

– More adaptable to marginal 
environments 

– Nutrition-rich foods, protein 
content over 15%, the maximum 
over 20%, oil content 6%, the 
maximum over 10.6%, essential 
microelements, selenium, zinc , etc. 

 



• Oat genetic resources are essential for 
oat breeding and innovation studies 

– Over130 thousand oat accessions 
conserved in different countries, 
including landraces, advanced 
cultivars, breeding lines and wild 
relatives 

– More than 20 species, cultivated and 
wild 

– Hulled and naked types 

– Winter and spring   

– Diploid, tetraploid,  hexaploid 



• Characterization and evaluation of 
oat germplasm is the key to 
identifying useful traits and 
accessions and promoting  the use 
of oat germplasm 

– Biological characters 

– Morphological characters 

– Quality traits 

– Resistant traits 



• Molecular markers are useful tools to understand the 
genetic diversity, map the genetic relationships and 
develop technologies for marker assisted selection in oat 
breeding programme 

– Li et al. (2000) developed SSR markers and identified 
relationships among Avena species and oat cultivars 

– Fu et al. (2007)  analyzed genetic diversity of wild oat 
species with SSR markers 

– He et al. (2012) analyzed diversity of North European oat 
by SSR, AFLP and DArT markers 

– Wu et al. (2012) developed SSR on oat for diversity 
assessment  



• This study will aim to assess the genetic diversity of oat 
accessions with SSR markers and determine the richness of 
diversity, relationships among accessions and population 
structure  of accessions from Brazil, Canada, China, Mongolia 
and USA 

 



Materials and methods 
• Plant materials:  

 A total of 286 accessions of oat were used 

– 19 accessions from Brazil 

– 30 accessions from Canada 

– 69 accessions from China 

– 50 accessions from Mongolia  

– 118 accessions from USA  

 Most of those accessions were varieties demonstrated at the 
9th International Conference, Beijing, China, 2012 

  

 

 



• DNA extraction 

 Genomic DNA was extracted from young leaves of 
field-grown plants by the CTAB method 

• SSR PCR Reaction system 
– 20 μL system for PCR amplification. The reaction solution contained 50 

ng of DNA, 1.5 mmol L–1 MgCl2, 0.2 mmol L–1 dNTP, 1.0 U Taq DNA 
polymerase, and 0.1 μmol L–1 primer.  

– The program for PCR was denaturation at 94C for 5 min, followed by 
94C for 30 s, 55C for 30 s, and 72C for 60 s. The cycle was repeated 
30 times followed by extension at 72C for 10 min 

 

 



• Data analysis 

– PowerMarker 3.25 for computing frequencies of alleles, 
loci, genotypes, Heterozygosity, PIC. 

– Darwen 6 for cluster analysis 

– STRUCTURE 2.3.4 for population structure analysis  

 

 



SSR Analysis 

Planting germplasm accessions 

 

                                                  DNA extraction  

 

PCR analysis with SSRs markers 

                                                                        

                                   Genotyping by  SDS-PAGE 

 

     Data analysis by Powermarker V3.25, DARwin 6, Structure 2.3.4 

   

   

   



  
Microsatellites polymorphism 

 Screened a total of 526 primers of SSR markers, identified 83 
SSR markers with polymorphism 
 
The number of alleles per locus ranged from 2 to 8 with 
amplification of a total of 290 alleles, averaged 3.484 alleles per 
locus 
 
AM2185 presented the maximum number of 8 alleles, followed 
by AM2673 with 7 alleles and AM3223 for 6 alleles 
 
The allele frequency was ranged from 0.0017 – 0.7098, 
averaged 0.2616. there many rare alleles with low frequencies 
in population, such as the allele “D” of AM3217 and allele “F” 
of AM3223 
 
 
 

 



The values of polymorphism information content (PIC) ranged 
from 0.3715 (AM939)  to 0.8270 (AM2673), averaged 0.6134 
which indicated the high levels of genetic diversity could be 
presented by the SSR markers in oat accessions.  

 

The most informative loci were AM3223, AM2185 and AM2673 
with PIC values of 0.7868, 0.8240 and 0.8270, respectively 



Genetic diversity of oat accessions 

Gene Diversity Heterozygosity 

Mean 0.7362 0.4934 

Minimum 0.5968 0.1928 

Maximum 0.7868 0.6867 

S241 from Mongolia had the minimum gene diversity, 
while S107 from USA presented highest gene diversity over 
all SSR markers 



Descriptive parameters for oat accessions from different 
countries over all SSR markers 

Sources 
Major 

allele fre.  
Genotype 

No 
Gene 

Diversity 
Hetero- 
zygosity 

PIC 

Brazil 0.3516 13.1053 0.7436 0.4775 0.7021 

Canada 0.3498 13.3667 0.7415 0.4843 0.6997 

China 0.3573 12.9420 0.7353 0.5193 0.6923 

Mongolia 0.3608 11.8400 0.7289 0.5024 0.6841 

USA 0.3654 13.8390 0.7372 0.4793 0.6952 

Mean 0.3601 13.1748 0.7362 0.4934 0.6935 



Nei Unbiased Genetic Distance 

BRA CAN CHN MNG 

CAN 0.1622 

CHN 0.2006 0.0728 

MNG 0.2117 0.1485 0.1006 

USA 0.1336 0.1115 0.1054 0.1295 

 BRI

 MNG

 USA

 CAN

 CHN



PCA analysis  2D diagram 

Group 1 is 
purely 
composed of 
USA accessions 

Group 2 mixed 
between 
accessions from 
Brazil, Canada 
and USA 

Group 5 gather 
between almost 
40% Canadian 
accessions and 
60%  Chinese 
accessions 

Group 4 gather 
between almost 
40% Chinese 
accessions  and 
60%  Mongolian 
accessions 

Factorial analysis: (Axes 1 / 2)
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Group 3 is 
purely 
composed of 
USA accessions 



Cluster analysis 
Cluster 1: mixed 
accessions from Brazil, 
Canada and USA  

Cluster 6: pure Mongolian 
accessions 



Cluster 1: pure USA 
accessions 

Cluster 2: pure 
USA accessions 

Cluster 3: mixed 
accessions from 
Brazil, Canada and 
USA 

Cluster 4: Pure 
Mongolian accessions 

Cluster 5: mixed 
Chinese with few 
Mongolian accessions 

Cluster 6: mixed Chinese 
with Canadian accessions 



• Cluster analysis revealed a comprehensively structured  
distribution of accessions.  

• Accessions from Brazil are distinct from others, but closely 
related to some accessions from USA. Therefore, there was 
geneflow between Brazil and USA 

• Accessions from Canada are more relevant to some from 
China, indicating a geneflow between China and Canada 

• Accessions from Mongolia are very different from others, but 
some accessions might be related to China  



Determining the K value for structure types  

• With STRUCTURE 2.3.4, k value for structure types of the 
populations was determined by setting the parameters to the 
length burnin period for 10,000 and number of MCMC reps 
after burnin for 100,000 for simulation  

 

-50000

-40000

-30000

-20000

-10000

0

10000

1 2 3 4 5 6 7 8 9 10

 Ln P(D)

K
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• 6 was selected for 
optical  k value for the 
structure analysis 



Types of population structure 

• Six subgroups were identified in structure analysis, which 
were very much similar to the cluster analysis 

 



• The tree shows the genetic 
distance among the K=6 
structure clusters, which are 
well similar to the cluster 
analysis 

 



Conclusions 

• Considerable variation within and between oat accessions 
from Brazil, Canada, China, Mongolia and USA 

• Clear structured types of oat populations were identified 
through cluster and structure analysis 

• Considerable interchange of germplasm existed in oat 
between Brazil and USA, between Canada and USA, and 
between Canada and China 

• Some of USA accessions showed highly genetic uniform, while 
Mongolian accessions are very distinct from others 

• SSR markers are useful tools to assess the genetic diversity 
and determine the relationships among accessions from 
different origins 

 

 



Thank you for your attention! 


