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ABSTRACT. Preservation and use of wild oat species germplasm 
are essential for further improvement of cultivated oats. We analyzed 
the transferability and utility of cultivated (white) oat Avena sativa 
(AACCDD genome) microsatellite markers for genetic studies of black 
oat A. strigosa (AsAs genome) genotypes. The DNA of each black oat 
genotype was extracted from young leaves and amplified by PCR using 
24 microsatellite primers developed from white oat. The PCR products 
were separated on 3% agarose gel. Eighteen microsatellite primer pairs 
amplified consistent products and 15 of these were polymorphic in A. 
strigosa, demonstrating a high degree of transferability. Microsatellite 
primer pairs AM3, AM4, AM21, AM23, AM30, and AM35 consistently 
amplified alleles only in A. sativa, which indicates that they are putative 
loci for either the C or D genomes of Avena. Using the data generated by 
the 15 polymorphic primer pairs, it was possible to separate 40 genotypes 
of the 44 that we studied. The four genotypes that could not be separated 
are probably replicates. We conclude that A. sativa microsatellites have a 
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high transferability index and are a valuable resource for genetic studies 
and characterization of A. strigosa genotypes.
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INTRODUCTION

Wild species have great variability and are potential sources for novel genetic varia-
tion for crop improvement. The characterization of genetic variability in wild species and 
the development of tools to identify and transfer it into cultivated crops are important plant 
breeding goals. The preservation and use of the diverse germplasm of wild oat species are es-
sential to further improvement of the cultivated oat and may help to safeguard genetic erosion 
due to biotic and abiotic stresses (Zeller, 1998). Avena strigosa Schreb (2n = 2x = 14) (AsAs 
genome) is a valuable source of new traits for oat breeding. Important traits already identified 
include pathogen resistance for stem rust (Dyck, 1966; Adhikari et al., 1999), powdery mildew 
(Herrmann and Roderick, 1996) and crown rust (Gregory and Wise, 1994; Wise et al., 1996) 
besides aluminum tolerance (Wight et al., 2006).

Alien introgression has been greatly facilitated by the identification of alien chroma-
tin in the recipient progenies by molecular cytogenetic techniques (Heslop-Harrison et al., 
1990; Mukai and Gill, 1991; Miller et al., 1995). Molecular markers have also been useful for 
identification of alien chromatin. Among various molecular markers available, microsatellites 
(Litt and Luty, 1989) or SSR (simple-sequence repeat) markers have shown more potential 
for this type of study due to their co-dominant nature and suitability for automation. Micro-
satellites can be identified using DNA database searches (Akkaya et al., 1992; Devos et al., 
1995; Kantety et al., 2002), but this has not been feasible for A. strigosa where relatively few 
sequences are currently available. High development costs also make it impractical to develop 
them directly from wild species like A. strigosa. So for this species, it is necessary to study the 
transferability of microsatellite markers developed for related species.

Microsatellite transferability across related taxa depends on the conservation of flank-
ing regions and primer binding sites in different taxa. A high conservation of microsatellite 
loci has been observed between tree taxa. This conservation has propitiated high transferability 
indexes between Citrus (Kijas et al., 1995), Prunus (Dirlewanger et al., 2002; Wunsch and 
Hormaza, 2002; Decroocq et al., 2003), Vitis (Sefc et al., 1999), Elaeis (Billotte et al., 2001), 
Picea (Hodgetts et al., 2001), Pinus (Shepherd et al., 2002), Malus and Pyrus (Yamamoto et al., 
2001), and Olea (Rallo et al., 2003). Already in Gramineae, in the few accomplished studies, the 
transferability of microsatellite markers has been low (Brown et al., 1996; Bryan et al., 1997; 
Röder et al., 1998; Stephenson et al., 1998). Hernández et al. (2001), working with maize and 
Miscanthos, found high microsatellite marker transferability between these two species. This 
showed that the low transferability of microsatellite markers is not a rule among the Gramineae. 
Two studies were published describing the development of a larger number of microsatellite 
markers in A. sativa (Li et al., 2000; Pal et al., 2002). However, the transferability of these SSR 
markers for genetic studies in related species, such as A. strigosa, has not been verified.

The objective of the present study was to evaluate the transferability of the microsatel-
lite markers developed from A. sativa to A. strigosa and determine their potential for genetic 
studies in A. strigosa.
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MATERIAL AND METHODS

Plant material

Seeds of 44 genotypes of A. strigosa were provided by the Pro-Sementes Founda-
tion (Passo Fundo, RS, Brazil). These genotypes are inbred lines of A. strigosa maintained in 
germplasm collections in southern Brazil.

DNA extraction

DNA was extracted from frozen young leaf tissue using the CTAB method (Mur-
ray and Thompson, 1980) with the following modifications. Two grams of fresh leaves was 
ground to fine powder in liquid nitrogen, followed by the addition of 600 mL preheated (65°C) 
extraction buffer with further grinding. The extraction buffer consisted of 1% (w/v) CTAB, 1.4 
mM NaCl, 20 mM EDTA and 100 mM Tris-HCl, pH 8.0. The homogenates were incubated 
at 65°C for 60 min and extracted with a phenol chloroform:isoamyl alcohol (24:1) solution. 
DNA was precipitated in cold isopropanol and treated with RNase A. The concentration and 
quality of each sample were estimated by spectrophotometry (Spectronic Genesys).

PCR amplification and microsatellite analysis

Twenty-four microsatellite primer pairs developed from A. sativa (Li et al., 2000) 
were utilized (Table 1). Amplification reactions were carried out in 25 mL volumes containing 
50 ng DNA, 1 U Taq DNA polymerase, 200 mM of each dNTP, 10 pmol of each primer, 2 mM 
MgCl2, 50 mM KCl, and 10 mM Tris-HCl, pH 8.3. Depending on the annealing temperature of 
the primers used, amplification was performed in two “Touchdown” PCR profiles according to 
the method described by Li et al. (2000). Aliquots of each PCR (12 mL) were run on agarose 
gels (3%) in 0.5X Tris-borate EDTA and electrophoresed at 110 V for 2 h. The products were 
visualized by the ethidium bromide staining method. The size of each fragment was estimated 
with reference to a size marker of a 100-bp ladder (Invitrogen). DNA of A. sativa cultivar 
‘UFRGS 17’ was used in all PCR amplifications as control. All amplifications were performed 
twice and independently to make sure that the results were correct.

Data analysis

The genetic similarity was estimated using the unweighted pair group method using 
arithmetic average (UPGMA) clustering algorithm (NTSYpc, version 2.1) with the data of 15 
primer pairs that presented polymorphism.

RESULTS

Analysis of SSR markers

DNA from 44 genotypes of A. strigosa was tested with 24 A. sativa SSR primer pairs 
developed by Li et al. (2000) and the results are summarized in Table 1. Eighteen primer pairs 
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(75%) gave reproducible amplification products from A. strigosa DNA, and were therefore 
useful for genetic studies. Fifteen primer pairs showed polymorphism among the A. strigosa 
genotypes. The primer pair AM1 presented two loci, agreeing with the results found by Li et 
al. (2000). In A. strigosa the type of polymorphism found was the presence/absence of an al-
lele (Figure 1). The absence of the alleles was consistent in all the repetitions; in this way, the 
evaluation was consistent in independent PCRs and evaluations were according to the pres-
ence or absence of the allele. Six primer pairs (25%), AM3, AM4, AM21, AM23, AM30, and 
AM35, did not show amplification in the A. strigosa genotypes analyzed, which indicates that 
probably they are not located on the AsAs genome.

SSR	 Product size in A. sativa1	 Product size in A. strigosa	 SSR	 Product size in A. sativa1	 Product size in A. strigosa

AM12	 204	 160/175	 AM22	 138	 112
AM2	 144	 100	 AM23	 147	 -
AM3	 280	 -	 AM25	 229	 260
AM4	 166	 -	 AM26	 224	 205
AM5	 172	 142	 AM27	 161	 158
AM6	 209	 190	 AM28	 135	 152
AM11	 255	 155	 AM30	 203	 -
AM14	 133	 112	 AM31	 186	 143
AM15	 229	 250	 AM35	 216	 -
AM17	 250	 100	 AM38	 178	 150
AM19	 251	 290	 AM41	 205	 193
AM21	 210	 -	 AM42	 193	 180

1From Li et al. (2000). 2Two loci. - = no amplification; SSR = simple-sequence repeat markers.

Table 1. Characterization of Avena sativa microsatellite markers in A. strigosa genotypes.

Data analysis

With the data of 15 polymorphic primer pairs, a dendrogram of the 44 genotypes of A. 
strigosa was constructed (Figure 2). With these data it was possible to separate 40 genotypes 
of the 44 analyzed. Only the genotypes Alpha 94155, Alpha 94156, Alpha 94199, and Alpha 
94231 were not individually identified (Figure 2).

Figure 1. Pattern of amplification of the AM1 primer pairs showing amplification of two loci (genotypes Alpha 
94063, 94112, 94113, and 94127) and absence of the alleles (genotypes Alpha 94004, 94026 and 94084). Lane M 
= DNA size markers.
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DISCUSSION

SSR transferability

This study was carried out to determine the transferability of A. sativa SSR to A. stri-
gosa and its potential for genetic analyses in the A. strigosa germplasm collection of southern 
Brazil. Previous studies have shown that SSR primer pairs developed for one species can 
be used in genetically related species (Peakall et al., 1998; Downey and Iezzoni, 2000; Ya-
mamoto et al., 2001). This depends on the conservation of SSR flanking regions and primer 
binding sites in different taxa. Several studies have shown high conservation of these flanking 
regions in tree species, which explains the high tranferability of SSR among those species 
(Thomas and Scott, 1993; Kijas et al., 1995; Cipriani et al., 1999; Sefc et al., 1999; Billotte et 
al., 2001; Hodgetts et al., 2001; Yamamoto et al., 2001; Dirlewanger et al., 2002; Wunsch and 
Hormaza, 2002; Rosseto et al., 2002; Shepherd et al., 2002; Decroocq et al., 2003; Rallo et 
al., 2003). However, transferability in the Gramineae has generally been poor where this has 
been tested (Brown et al., 1996). This is illustrated by studies in hexaploid wheat where few 
SSR markers developed for related species, such as barley, would amplify (Bryan et al., 1997; 
Röder et al., 1998; Stephenson et al., 1998; Kuleung et al., 2004). In our study, 75% of the SSR 

Figure 2. Dendrogram of the 44 Avena strigosa genotypes constructed using 15 polymorphism microsatellite 
primers previously developed in A. sativa and transferred by this study for A. strigosa.
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markers tested showed amplification product in A. strigosa. The results are in accordance with 
Hernández et al. (2001), who also found a high level (74.5%) of transferability of SSR markers 
between maize and Miscanthus. The most common type of polymorphism found is the pres-
ence of null alleles; this has been common in studies of this type. Gupta et al. (2003) analyzed 
the transferability of wheat EST-SSR for Triticum-Aegilops complex, rice, barley, rye, oats, 
and maize and verified that 45% of EST-SSR presented null alleles. The high frequency of null 
alleles may be either due to deletion and/or substitutions at the 5'-end of primer binding site in 
DNA that is being tested (Cordeiro et al., 2001).

Avena strigosa variability

SSR markers have been the most suitable for variability studies because of the high 
polymorphism information content. Li et al. (2000) analyzing 20 A. sativa cultivars with SSR 
markers, found that only 36% of the primers were polymorphic. To differentiate the 20 cul-
tivars, the authors needed the information of 19 primer pairs. In our study, over 80% of the 
primer pairs were shown to be polymorphic among the genotypes studied and with 15 primer 
pairs it was possible to differentiate 40 genotypes of A. strigosa. The data obtained in the 
present study showed a higher level of polymorphism between genotypes of A. strigosa in 
comparison to A. sativa in accordance with the literature data when diploid and polyploidy 
species are compared.

Putative genome-specific markers

Pestsova et al. ���������������������������������������������������������������������(2000) used a diploid progenitor of the D genome of wheat for identi-
fication of SSR markers specific to the genome for bread wheat. With these data, the authors 
confirmed that diploid progenitors have a high potential as a source of SSR markers specific to 
the genome for polyploid-derived species. The presence of SSR markers that do not amplify 
fragments in A. strigosa indicates that these are putative genome-specific markers for the C 
or D genomes. On the other hand, the SSR markers that amplified in A. strigosa are probably 
located in the As genome and might be useful as a tool to explore this genome in Avena species. 

In conclusion, SSR markers developed in A. sativa presented great potential to be 
used for genetic studies in A. strigosa, and were able to detect high levels of genetic variability 
among the A. strigosa genotypes studied.

ACKNOWLEDGMENTS

Research supported by Fundação de Amparo à Pesquisa do Estado do Rio Grande do 
Sul/FAPERGS.

REFERENCES

Adhikari KN, McIntosh RA and Oates JD (1999). Distribution and temperature sensitivities of genes for stem rust 
resistance in Australian oat cultivars and selected Germplasm. Aust. J. Agr. Res. 51: 75-83.

Akkaya MS, Bhagwat AA and Cregan PB (1992). Length polymorphisms of simple sequence repeat DNA in soybean. 
Genetics 132: 1131-1139.

Billotte N, Risterucci AM, Barcelos E, Noyer JL, et al. (2001). Development, characterisation, and across-taxa utility of 



2922

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 10 (4): 2916-2923 (2011)

P.R. Da-Silva et al.

oil palm (Elaeis guineensis Jacq.) microsatellite markers. Genome 44: 413-425.
Brown SM, Hopkins MS, Mitchell SE, Senior ML, et al. (1996). Multiple methods for the identification of polymorphic 

simple sequence repeats (SSRs) in sorghum [Sorghum bicolor (L.) Moench]. Theor. Appl. Genet. 93: 190-198.
Bryan GJ, Collins AJ, Stephenson P, Orry A, et al. (1997). Isolation and characterisation of microsatellites from hexaploid 

bread wheat. Theor. Appl. Genet. 94: 557-563.
Cipriani G, Lot G, Huang WG, Marrazzo MT, et al. (1999). AC/GT and AG/CT microsatellite repeats in peach [Prunus 

persica (L.) Batsch]: isolation, characterization and cross-species application in Prunus. Theor. Appl. Genet. 99: 
65-72.

Cordeiro GM, Casu R, McIntyre CL, Manners JM, et al. (2001). Microsatellite markers from sugarcane (Saccharum spp.) 
ESTs cross transferable to Erianthus and Sorghum. Plant Sci. 160: 1115-1123.

Decroocq V, Fave MG, Hagen L, Bordenave L, et al. (2003). Development and transferability of apricot and grape EST 
microsatellite markers across taxa. Theor. Appl. Genet. 106: 912-922.

Devos KM, Bryan GJ, Collins AJ, Stephenson P, et al. (1995). Application of two microsatellite sequences in wheat 
storage proteins as molecular markers. Theor. Appl. Genet. 90: 247-252.

Dirlewanger E, Cosson P, Tavaud M, Aranzana J, et al. (2002). Development of microsatellite markers in peach [Prunus 
persica (L.) Batsch] and their use in genetic diversity analysis in peach and sweet cherry (Prunus avium L.). Theor. 
Appl. Genet. 105: 127-138.

Downey SL and Iezzoni AF (2000). Polymorphic DNA markers in black cherry (Prunus serotina) are identified using 
sequences from sweet cherry, peach, and sour cherry. J. Am. Soc. Hortic. Sci. 125: 76-80.

Dyck P (1966). Inheritance of stem rust resistance and other characteristics in diploid oats Avena strigosa. Can. J. Genet. 
Cytol. 8: 444-446.

Gregory JW and Wise RP (1994). Linkage of genes conferring specific resistance to oat crown rust in diploid Avena. 
Genome 37: 92-96.

Gupta PK, Rustgi S, Sharma S, Singh R, et al. (2003). Transferable EST-SSR markers for the study of polymorphism and 
genetic diversity in bread wheat. Mol. Genet. Genomics 270: 315-323.

Hernández P, Dorado G, Laurie DA, Martín A, et al. (2001). Microsatellites and RFLP probes from maize are efficient 
sources of molecular markers for the biomass energy crop Miscanthus. Theor. Appl. Genet. 102: 616-622.

Herrmann M and Roderick HW (1996). Characterisation of new oat germplasm for resistance to powdery mildew. 
Euphytica 89: 405-410.

Heslop-Harrison J, Leitch AR, Schwarzacher J and Anamthawat-Jonsson K (1990). Detection and characterization of 
1B/1R translocations in hexaploid wheat. Heredity 65: 385-392.

Hodgetts RB, Aleksiuk MA, Brown A, Clarke C, et al. (2001). Development of microsatellite markers for white spruce 
(Picea glauca) and related species. Theor. Appl. Genet. 102: 1252-1258.

Kantety RV, La Rota M, Matthews DE and Sorrells ME (2002). Data mining for simple sequence repeats in expressed 
sequence tags from barley, maize, rice, sorghum and wheat. Plant Mol. Biol. 48: 501-510.

Kijas JM, Fowler JC and Thomas MR (1995). An evaluation of sequence tagged microsatellite site markers for genetic 
analysis within Citrus and related species. Genome 38: 349-355.

Kuleung C, Baenziger PS and Dweikat I (2004). Transferability of SSR markers among wheat, rye, and triticale. Theor. 
Appl. Genet. 108: 1147-1150.

Li CD, Rossnagel BG and Scoles GJ (2000). The development of oat microsatellite markers and their use in identifying 
relationships among Avena species and oat cultivars. Theor. Appl. Genet. 10: 1259-1268.

Litt M and Luty JA (1989). A hypervariable microsatellite revealed by in vitro amplification of a dinucleotide repeat within 
the cardiac muscle actin gene. Am. J. Hum. Genet. 44: 397-401.

Miller TE, Reader SM, Purdie KA, Abbo S, et al. (1995). Fluorescent in situ hybridization as an aid to introducing alien 
genetic variation into wheat. Euphytica 85: 275-279.

Mukai Y and Gill BS (1991). Detection of barley chromatin added to wheat by genomic in situ hybridization. Genome 
34: 448-452.

Murray MG and Thompson WF (1980). Rapid isolation of high molecular weight plant DNA. Nucleic Acids Res. 8: 4321-
4325.

Pal N, Sandhu JS, Domier LL and Kolb FL (2002). Development and characterization of microsatellite and RFLP-derived 
PCR markers in oat. Crop Sci. 42: 912-918.

Peakall R, Gilmore S, Keys W, Morgante M, et al. (1998). Cross-species amplification of soybean (Glycine max) simple 
sequence repeats (SSRs) within the genus and other legume genera: implications for the transferability of SSRs in 
Plants. Mol. Biol. Evol. 15: 1275-1287.

Pestsova E, Ganal MW and Roder MS (2000). Isolation and mapping of microsatellite markers specific for the D genome 
of bread wheat. Genome 43: 689-697.



2923

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 10 (4): 2916-2923 (2011)

Genetic variability in black oat accessed by microsatellite

Rallo P, Tenzer I, Gessler C, Baldoni L, et al. (2003). Transferability of olive microsatellite loci across the genus Olea. 
Theor. Appl. Genet. 107: 940-946.

Röder MS, Korzun V, Wendehake K, Plaschke J, et al. (1998). A microsatellite map of wheat. Genetics 149: 2007-2023.
Rossetto M, McNally J and Henry RJ (2002). Evaluating the potential of SSR flanking regions for examining taxonomic 

relationships in the Vitaceae. Theor. Appl. Genet. 104: 61-66.
Sefc KM, Regner F, Turetschek E, Glossl J, et al. (1999). Identification of microsatellite sequences in Vitis riparia and 

their applicability for genotyping of different Vitis species. Genome 42: 367-373.
Shepherd M, Cross M, Maguire L, Dieters J, et al. (2002). Transpecific microsatellites for hard pines. Theor. Appl. Genet. 

104: 819-827.
Stephenson P, Bryan G, Kirby J, Collins A, et al. (1998). Fifty new microsatellite loci for the wheat genetic map. Theor. 

Appl. Genet. 97: 946-949.
Thomas MR and Scott NS (1993). Microsatellite repeats in grapevine reveal DNA polymorphism when analysed as 

sequence-tagged sites (STSs). Theor. Appl. Genet. 86: 173-180.
Wight CP, Kibite S, Tinker NA and Molnar SJ (2006). Identification of molecular markers for aluminium tolerance in 

diploid oat through comparative mapping and QTL analysis. Theor. Appl. Genet. 112: 222-231.
Wise RP, Lee M and Rayapati PJ (1996). Recombination within a 5-centimorgan region in diploid Avena reveals multiple 

specificities conferring resistance to Puccinia coronata. Phytopathology 86: 340-346.
Wunsch A and Hormaza JI (2002). Molecular characterisation of sweet cherry (Prunus avium L.) genotypes using peach 

[Prunus persica (L.) Batsch] SSR sequences. Heredity 89: 56-63.
Yamamoto T, Kimura T, Sawamura Y, Kotobuki K, et al. (2001). SSRs isolated from apple can identify polymorphism 

and genetic diversity in pear. Theor. Appl. Genet. 102: 865-870.
Zeller FJ (1998). Improving cultivated oat (Avena sativa L.) by making use of the genetic potential of wild Avena species. 

J. Appl. Bot-Angew Bot. 72: 180-185.


