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Status

The genus 
Avena L. 
(Poaceae) 
belongs to the 
tribe Aveneae. 
Avena sativa is 
an economically 
important crop.

Usage
Avena strigosa, 
Avena barbata, or 
Avena sterilis, 
are important 
sources of 
resistance to 
crown rust, stem 
rust, and 
powdery mildew.

Necessary
As an important 
gene pool for 
improving 
cultivated oats and 
related species, 
this genus 
occupies a most 
important status in 
cereal plants.

Background



Difficulty

Difference in 
genome 

constitution and 
ploidy level

It is important to clarify the 
phylogenetic relationships of 

Avena species

Background

overlapping in 
distribution and 
morphologically 

so similar



面筋

沉降值

蛋白质组分
蛋白质含量

面团流变学特性

Taxonomic treatment

A. macrostachya：
as an outbreeding, 

perennial 
autotetraploid

Baum BR, 1977. 
Oats: Wild and cultivated. A monograph of the genus Avena L. 



Evolution
chromosome pairingchromosome pairing
(Rajhathy 1966; Rajhathy and Thomas 1974; Baum 1977; Thomas 1992; 
Leggett and Thomas 1995)

Genomic Genomic In SituIn Situ HybridizationHybridization
(GISH; Chen and Armstrong 1994; (GISH; Chen and Armstrong 1994; JellenJellen et al. 1994a) et al. 1994a) 

in situin situ hybridization using molecular probeshybridization using molecular probes
(Murai and Tsunewaki 1987; Fominaya et al. 1995; Katsiotis et al. 1996; 
Linares et al. 1998; Irigoyen et al. 2001) 

the use of molecular markersthe use of molecular markers
(Sanchez de la Hoz and Fominaya 1989; O’Donoughue et al. 1995; Alicchio et 
al. 1995; Ronald et al. 1997; Kianian et al. 1999; Jin et al. 1999; Nocelli et al. 
1999; Li et al. 2000a, 2000b; Loskutov and Perchuk 2000; Drossou et al. 
2004; Fu and Williams 2008; Li et al. 2009; Morikawa and Nishihara 2009)

the comparison of nucleotide sequencesthe comparison of nucleotide sequences
(Cheng et al. 2003; Irigoyen et al. 2006; Nikoloudakis et al. 2008; 
Nikoloudakis and Katsiotis 2008; Peng et al. 2008, 2010).

- Remains a matter of debate

Background



B genomeA genome

Genome origin

C genome D genome

The A 
genome origin 
of polyploids
is a most 
complex and 
controversial 
problem 

Background



The A-genome diploids were originally subdivided into the As 
genome (A. strigosa) and modified A-genome species (Ac, 
Ad, Al, and Ap) according to their karyotypes .

A genome origin



B genomeA genome

Genome origin

C genome D genome

The A 
genome origin 
of polyploids 

is a most 
complex and 
controversial 

problem 

The B genome 
was derived from 
the A genome 

A. hirtula, 
A. wiestii, 
A. strigosa

All of the diploid 
C genome 

species have 
been proposed as 
being the putative 

donor of the C 
genome in the 

hexaploids 

no D 
genome 
diploid 

species has 
ever been 
identified 

Background



Many studies have suggested that the A 
and D genomes are very closely related. 

It has been suggested that a D-genome 
species never existed and that the D 
genome is in fact a derived A genome. 

Should share higher genetic similarity 
with the hexaploid species but lower with 
the AC-genome tetraploid species. 

No such A-genome diploid was 
found in the present study.

D genome origin



B genomeA genome C genome D genome

The A 
genome origin 
of polyploids 

is a most 
complex and 
controversial 

problem 

The B genome 
was derived from 
the A genome 

A. hirtula, 
A. wiestii, 
A. strigosa

All of the diploid 
C genome 

species have 
been proposed as 
being the putative 

donor of the C 
genome in the 

hexaploids 

no D 
genome 
diploid 

species has 
ever been 
identified 

Background

The origin of the allopolyploid members in the genus has long been a controversial matter 
•numerous translocations and unknown levels of homology 
•high affinity between the chromosomes of the A, B, and D genomes
•genetically controlled regulatory mechanism



The development and application of molecular 
methods in oat has been relatively slow compared to 
other crops.
Presently, there is little evidence at the nucleotide 
level to suggest how Avena species evolved. 

Especially for the plastid DNA sequence information 

that had been widely used in other plants to 

investigate the relationship among diploid species and 

the maternal genome donors of polyploids.

Research objectives



Results
psba-trnH spacer

Clade A

Clade C 1)The C genome is well differentiated from the A genome 

2) A genome diploid species served as maternal genome  
donors during the polyploid speciation of Avena



Results
Diploid A genome species

A. prostrata?



Results
psba-trnH spacer



Results
psba-trnH spacer



Results
psba-trnH spacer



Results
psba-trnH spacer



5S rRNA gene5S rRNA gene

5S rDNA

Conserved BamHI restriction site
Nontranscribed spacer （NTS）

5SF 5SR

Methods

*The analyses of chloroplast sequence data left many *The analyses of chloroplast sequence data left many 
questions concerning infrageneric relationships in questions concerning infrageneric relationships in AvenaAvena

unanswered, particularly concerning the origins of the B unanswered, particularly concerning the origins of the B 
and D genomes.and D genomes.



Six unit classes

Results

••Long B1Long B1--------------
••Long A1Long A1--------------
••Short M1Short M1------------
••Long M1Long M1--------------
••Short C1Short C1--------------
••Short D1Short D1--------------



CC

DD

AA BB

Phylogenetic analysis of Avena genome

Results



Summary of the 5S unit class

Results
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