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Abstract  The taxonomic relationships among perennial 
oats (Helictotrichon Besser ex Schultes & Schultes, Aven- 
inae, Aveneae, Poaceae) have been studied using highly 
repeated satellite DNA as a molecular marker. Highly re- 
petitive sequences were isolated from restriction endonu- 
clease digests of nuclear DNA of Helictotrichon convolu- 
tum, and satellite repeats (approximately 365 bp in length) 
were cloned, sequenced and compared among each other. 
They exhibited an intraspecific sequence variability of 
6-9%. This satellite DNA, CON1, is differentially distrib- 
uted within the genus Helictotrichon. In species of the sub- 
genus Helictotrichon a high copy number is detectable, 
whereas in representatives of the subgenera Pratavenas- 
trum and Pubavenastrum the number of copies per genome 
is rather low. Surprisingly, the satellite DNA repeat CON 1 
shows 74% sequence similarity to an A-genome specific 
repetitive DNA of Oryza (rice). 
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Introduction 

Highly repetitive DNA represents a major component of 
the genome of higher plants. Detailed information on its 
structure, genomic organization and evolution has already 
been provided. Highly repetitive DNA is either organized 
in long tandem arrays of relatively short repeated elements 
(Flavell 1986) or is interspersed between unique or other 
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repetitive sequences (Bedbrook et al. 1980 a, b). Genus- 
and/or species-specific DNA repeated elements arranged 
in tandem arrays were found; therefore, detection and char- 
acterization of these genome components may help to elu- 
cidate the phylogenetic relationships of species within a 
genus or at the family level (Hemleben et al. 1992; Hem- 
leben 1993). The existence of repetitive DNA sequences 
in the grass family (Poaceae) which appear to be either spe- 
cies-specific or else characteristic for certain species has 
been well described, especially within the Triticeae (Ap- 
pels et al. 1978; Rimpau et al. 1978; Bedbrook et al. 1980 
a, b; Appels and McIntyre 1985; McIntyre et al. 1988). On 
the other hand, Appels et al. (1987) and Xin and Appels 
(1988) demonstrated that a 350-bp rye-specific repeated 
sequence is prominently represented in Agropyron species. 
Another highly repeated 120-bp sequence of rye (Secale 
cereale) is also present in Hordeum species (Gupta et al. 
1989). The genera mentioned, Secale, Agropyron and Hor- 
deum, all belong to the Triticeae. 

For molecular studies, our interest is focussed on the 
taxonomic relationships of species within the genus Helic- 
totrichon. This genus has been well studied by classical 
morphological and karyological methods (Sauer and Heubl 
1984; R6ser 1989). Moreover, the species which are 
adapted to different habitats all over the world may repre- 
sent an important genetic pool for the agriculturally im- 
portant Avena sativa (common oat, Avenineae, Aveneae). 
In terms of morphological characters, the genus Helictot- 
richon is subdivided into four subgenera (Helictotrichon, 
Pratavenastrum, Pubavenastrum, and Tricholemma; 
R6ser 1989, 1992). However, species with a mosaic of mor- 
phological characteristics are difficult to interpret and to 
place into defined subgenera. Therefore, evolutionary re- 
lationships among these species were investigated by mo- 
lecular methods to obtain more information on their taxo- 
nomical position. 

Interestingly, the satellite repeat type shown here to be 
characteristic for the subgenus Helictotrichon exhibits 
high sequence similarity to the repeated element which has 
been shown to be specific for the A-genome of rice (Zhao 
et al. 1989; Wu et al. 1991). 
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Table 1 List of investigated 
plants, their accessions and 
collectors 

Species Accession Collector 

Oryza sativa 
Arrhenatherum elatius 
Avena sativa 

Genus Helictotrichon 

Subgenus Helictotrichon 
Helictotrichon sempervirens 
Helictotrichon convolutum 
Helictotrichon filifolium 
HeIictotrichon cantabricum 

Subgenus Pubavenastrum 
Helictotrichon pubescens 

Subgenus Pratavenastrum 
HeIictotrichon gervaisii 
HeIictotrichon cinncinatum 
Helictotrichon occidentale 
Helictotrichon hackeIii 
Helictotrichon compressum 

Botanical Garden Ttibingen 
North Caucasus, Khevsureti 
var. "Alfred", NR. D/S 312514 

France, Dauphine Alps 
former Jugoslavia, Dalmatia 
Spain, Granada 
Spain, Huesca 

Transcaucasus, Ossetia 

Spain, Malaga 
Italy, Sicilia 
Portugal, Baixo Alentejo 
Portugal, Baixo Alentejo 
Turkey, Vilajet Bolu 

Leg. Sauer and Grebenstein 

Leg. Melzer 
Leg. Rheder 
Leg. R6ser 
Leg. R6ser 

Leg. Sauer and Grebenstein 

Leg. R6ser 
Leg. R6ser 
Leg. R6ser 
Leg. R6ser 
Leg. Sauer and Grebenstein 

Materials and methods 

Living plant material of wild perennial oats (Helictotrichon semper- 
virens, H. convolutum, H. filifoIium, H. cantabricum, H. pubescens, 
H. gervaisii, H. cinncinatum, H. occidentale, H. hackelii, H. corn- 
pressure) and Arrhenatherum elatius (Table 1) were collected in their 
natural habitats and were grown in pots in the greenhouse (23~ 
in summer, 17~ in winter). Seeds of Oryza sativa and Avena 
sativa were germinated in Petri dishes, small seedlings were trans- 
ferred to pots and cultivated in the greenhouse under the same con- 
ditions. 

Finely chopped leaf tissue from plants was frozen in liquid nitro- 
gen. Nuclei were isolated, and DNA was purified by CsC1 buoyant 
density gradients as described by Hemleben et al. (1982). Total nu- 
clear DNA of Helictotrichon convolutum was completely digested 
with DraI, fractionated electrophoretically on a 1.5% agarose gel, 
and stained with ethidium bromide. A prominent band of DNA frag- 
ments (see Fig. la), approximately 365 bp in length, was eluted from 
the gel, ligated into the SmaI cloning site of pUC19 (Maniatis et al. 
1982), and transformed into E. coli PLK-F' (Stratagene). Recombi- 
nant clones were screened by colony filter hybridization with digox- 
igenin-labelled genomic DNA of H. convolutum. Four recombinant 
clones (pCON1 1-pCON1 4) were sequenced with the Sequenase 
Version 2.0 Sequencing-Kit from USB. Data were analyzed using 
the GCG-programm (Devereux et al. 1984) and "Align/sequence 
alignment program" (Myers and Miller 1988). 

Digested DNA samples were fractionated by electrophoresis on 
a 1.5% agarose gel. DNA fragments were transferred to a Hybond N 
membrane (Amersham). The insert of clone pCONI_I, used as hy- 
bridization probe, was random-primed labelled with digoxigenin- 
dUTE Hybridization and detection with AMPPD (Tropix) was car- 
ried out according to the manufacturer's manual (Boehringer, Mann- 
helm). 

Results and discussion 

Southern hybridization of DraI-digested nuclear DNA of 
H. convolutum with the insert of clone pCONI_I  (cloned 
from H. convolutum) revealed that hybridization occurred 
in a series of bands corresponding to multimeric lengths 

of a 365-bp repeat (Fig. 1). Such a pattern is typical for a 
tandemly organized repeated element; it arises by muta- 
tional loss of the restriction sites defining the repeat unit. 

Southern hybridization with pCON1 1 on DNA of var- 
ious other grass species (Table 1) demonstrated that this 
satellite DNA family is distributed throughout the genus 
Helictotrichon (Fig. lb). However, the intensity of hybrid- 
ization signals indicate different copy numbers (or a mod- 
ification of the repeats) in species of the subgenera inves- 
tigated. Strong hybridization signals were obtained with 
DNA of species of the subgenus Helictotrichon (H. sem- 
pervirens, H. convolutum, H. fiIifolium, and H. cantabri- 
cum). A rather weak reaction with a slightly visible ladder 
pattern occurred with DNA of species of two other sub- 
genera, Pubavenastrum (H. pubescens) and Pratavenas- 
trum (H. gervaisii, H. cinncinatum, H. occidentale, H. 
hackelii, 14. compressum). Satellite probe pCON1 is not 
detectable in species of two other genera assumed to be 
closely related to the genus Helictotrichon: Arrhenatherum 
and Avena (Fig. lb). Remarkably, pCONI_I  also hybri- 
dized to repeats present in O. sativa with a characteristic 
ladder pattern (Fig. lb). 

The basic repeat length of CON1 (pCONI_I-  
p C O N I _ 4 )  is 360-369 bp, with a G+C content of 43% and 
an intraspecific variability of 6-9% (Fig. 2). No internal 
duplications were detectable. On comparing these se- 
quences with entries in the EMBL data bank a strong se- 
quence similarity of CON1 was found to a repetitive DNA 
component of rice, first described as RC48 (isolated from 
O. sativa, cultivar "Labelle"; Wu and Wu 1987) and which 
almost corresponds to the sequence of OS7 (O. sativa, cul- 
tivar "Cigalon"; DeKocho et al. 1991; Ohtsubo et al. 1991). 
Satellite repeats of CON1 exhibit 74% sequence similar- 
ity to these A-genome specific 354-bp repeats of Oryza. 
Sequence alignment detected a 15-bp deletion in the rice 
repeat at position 172-187 compared to the sequences of 
CON1 (Fig. 2). 



Fig. la,  b Characterization of 
satellite DNA CON1 cloned 
from Helictotrichon convolu- 
turn and its distribution in sev- 
eral grass species, a Nuclear 
DNA of H. convolutum was di- 
gested with DraI and electro- 
phoretically separated in a 
1.5% agarose gel. The gel was 
stained with ethidium bromide 
and photographed. The DNA 
fragments of a prominent band, 
approximately 365 bp in length, 
were eluted from the gel, 
cloned and sequenced 
(pCON1). b DNA was digested 
with EcoRI ( Oryza sativa) or 
DraI (Arena sativa, Arrhenath- 
erurn elatius, and Helictotri- 
chon species), electrophoreti- 
cally separated in a 1.5% aga- 
rose gel, and hybridized with 
digoxigenin-labelled 
pCONI_I .  Exposure time was 
4 h  
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pCONl_l 

pCONI_2 

pCONI_3 

pCONI_4 

RC48 

RGI 

RG2 

RG3 

i0 20 30 40 50 60 70 80 90 
* * * * * * * * * 

AAGTTTAAAAccTTGAGAAcTTTGccTTcTGGAcATGGAATcGAGcTAGGTTTTTTTTcATAGCTGcAGAATcACATGCCTCAcCcTA-GAGAAcCTGAA 

................ C ........................................ A ..... A ........................ -..A ........ 

.T ........... A ........... A...C.A .......... A ..... - ............ G ......................... ---. ......... 

................................................... - .......... . ..................... T~176 ........ A~ 

�9 . -A ............ T ............ C..T ......... T ............... A.CG .............. G ........ GA.- .... GA...G. 

�9 .-A ............ T ............ C..T ......... T ............... A.CG .............. G ........ GA.- .... GA...G. 

�9 . -A ............ T ............ CA.T ........ T ................ A.CG .............. A .... G...GA.- .... GA...G. 

�9 . --. ....... -...T ............ C..T ......................... A.CG .............. G ........ GG.A .... GA...G. 

pCONI_I 

pCONI_2 

pCONI_3 

pCONI_4 

RC48 

RGI 

RG2 

RG3 

i00 ii0 120 130 140 150 160 170 180 190 
* * * * * * * * * * 

TTGGCAACATTGACCC ...... GATATTTCTAAAAATCC-CTTGTCATAGGCCACAAAGCAGTGTTTGTTTCAGTGAAATCATGCAATGCAATTCCGACG 

....... A.G ...... TCTAGA ........ A ........ -...A ......... G ........ CA ........... A ........................ 

....... A.G...T..TCTAGA ........ A ........ -...A ............... T ....................... A ........... T..T. 

....... A.G ...... TCTGGA ...... A .......... - ...................... CA .................................... 

..T.G.GAG...GA..CCCAGA...T ...... G .... TA-...AC .......... G ...... C.G ....... G.C .... - ............... ..T.. 

..T.G.GAG...GA..CCCAGA...T ...... G .... TA-...AC .......... G ...... C.G ....... G.C .... - ............... ~ 

..T.G.GAG...GA..CCCAGA...T ...... G .... TTA...AC .......... G ...... C.G ....... GAC .... - ................. CG. 

..T.G.GAG.~ ...... G .... TA-...ACT ......... G ...... C.G ....... G.C .... - ............... ..T.. 

pCONI_I 

pCONI_2 

pCONI_3 

pCONI_4 

RC48 

RGI 

RG2 

RG3 

200 210 220 230 240 250 260 270 280 290 
* * * . * * * * * * 

AAGATGTcTG--GCTCcAGccTTGATCGAAAATGAGTTGGTTAGGATAGGAATGGcAcATAGAAAGTTAGGGTGGATAGTTTAGATGATGcTAGTATGAA 

......... A--. ........ - ..... C ............................. - ............ T .......................... C.. 

.......... --~ .............. C ........................................................................ 

.......... --~ .............. C ..................................... ~ ............................... C~176 

. .T. .C. GA.--. G .... CAAC. .G.TTTC. .C. . .G ....... T ..... G ........... G.C .............. C ..... C .... TCG. .G.C. . 

..T..C.GA.--~ .... CAAC..G.TTTC..C...G ....... T ..... G ........... G.C .............. C ..... C .... TCG..G.C.. 

..TC.A .... AG.G .... CAAC..G.TTTC..C...G ....... T ..... G ........... G.C .............. C ..... C .... -.C..G.C.. 

..T..C.AA.--.G .... CAAC..G.-TTC..C...G ....... T ..... G ........... G.CA ............. C ..... C .... -.C..G.C.. 

pCONI_I 

pCONl_2 

pCONI_3 

pCONI_4 

RC48 

RGI 

RG2 

RG3 

300 310 320 330 340 350 360 
* * * * . * * 

TTACACATT-GCCTAACCACATTGTTATGGTATGTTGGTGGCCGGGACACCAGGGACTGCCGATGCAGATTTCAGGGC 

�9 .--. .... - ................. A.. .C ..... C ....................................... 

�9 .--. .... -...C ............. A.. .C ..... C..- .................................... 

�9 .--..G..-T ................ A.. .C ...... T.T.A...T .......... A ........ T .... T ..... 

--G.G.G.C-.A ...... G.GCC .... A.. .G.C...C..G..C ..... TGT...A.. ~ .... G...A...T.T.. 

--G.G.G.C-.A ...... G.GCC .... A. . .G.C. . .C. .G. .C ..... TGT. . .A. . .A .... G. ~ .A. . .T.T. . 

--G.G.G.C-.A ...... G.G.C .... A. . .G.C. . .C. .G. .C ..... TGT.A.A. . .A .... G. . .A. . .T.T. . 

--G.G.G. .C.A ...... G.GCC .... A. . . TG. C. . .C. .G..C ..... TGT. . .A. . .A .... G. . .A. . .T.T. . 

Fig, 2 Nucleotide sequence comparison of satellite repeats CON1 
(cloned from H. convolutum) with A-genome-specific satellite re- 
peats of O. sativa (RC48 and RG1-3; Wu and Wu 1987). (.) same nu- 
cleotide as in pCONI_I ;  (-) nucleotide is not present at this site 
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The distribution o f  the satellite family represented by 
the CON1 clones appears to coincide with the recent 
systematics of  the genus Helictotrichon (R6ser 1989). The 
amount  o f  this satellite D N A  component  detectable in the 
species of  HeIictotrichon investigated so far varies consid- 
erably. Species of  the subgenus Helictotrichon contain a 
high percentage of  this satellite D N A  whereas in species 
of  the other subgenera (Pubavenastrum and Pratavena- 
strum) this repeat type is under-represented. Species of  the 
subgenus Tricholemma have not yet  been investigated; 
however,  some evidence was recently obtained that this 
small group of  species do not belong to the genus Helic- 
totrichon (M. R6ser, personal communicat ion).  Since this 
satellite D N A  was not found in species of  closely related 
genera, like Avena and Arrhenatherum, it could be assumed 
that this D N A  component  either has not been amplified or 
else was lost during species differentiation. 

Studies on highly repeated genome fractions in Sola- 
num (Schweizer et at. 1993), Lycopersicon (Ganal et al. 
1988), Cucumis (Zentgraf et al. 1992), or the family Bras- 
sicaceae (Hallden et al. 1987), confirmed that satellite 
DNAs are valuable molecular  markers for phylogenetical  
studies, since the distribution of  different satellite DNAs 
can be species-, genera-, or even family-specific.  These 
studies showed that the number  of  copies per genome of  a 
certain satellite D N A  can vary over a wide range. Either 
the satellite D N A  repeats were amplified differently or else 
were lost during, species differentiation as discussed by 
Dover  (19 82): molecular  drive, through unequal crossover, 
gene conversion and slippage replication, often results in 
related satellite repeats or in one repeat population being 
replaced by another. 

In rice, 354-bp satellite repeats were characterized as 
highly specific for the A-genome.  Wu et al. (1991) sug- 
gested that this specific sequence was introduced into the 
A-genome of  Oryza after its divergence from the other ge- 
nome types of  rice. However,  the distribution of  CON 1 se- 
quences in species of  the genus Helictotrichon, and con- 
comitantly in the distantly related genus Oryza, indicates 
a different origin for this satellite type. Probably, this D N A  
component  was present in an ancestoral species or in a 
group of  species of  the Poaceae which then evolved in a 
distinct way during genus and species differentiation. 
Thus, satellite DNAs  could be valuable as molecular  mark- 
ers in studies of  phylogenetic  relationships in large taxo- 
nomic groups, such as tribes and families. 

Further investigations will show if satellite D N A  CON 1 
is also present in genomes of  other genera taxonomical ly 
grouping to the tribes Aveneae (e.g. Deschampsia, Trise- 
turn, Koeleria, Aira, Holcus), or even in other grasses of  
the subfamily Pooideae. Additionally, an analysis of  the 
distribution and a sequence comparison of  one satellite 
D N A  in several species of  different genera could provide 
further insight into the complex genomic relationships 
within the agriculturally important  family of  Poaceae. 
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