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Abst rac t  A set of six cloned barley (Hordeum vulgare) 
repetitive DNA sequences was used for the analysis ofphy- 
logenetic relationships among 31 species (46 taxa) of the 
genus Hordeum, using molecular hybridization tech- 
niques. In situ hybridization experiments showed dis- 
persed organization of the sequences over all chromosomes 
of H. vulgare and the wild barley species H. bulbosum, H. 
marinum and H. murinum. Southern blot hybridization re- 
vealed different levels ofpolymorphism among barley spe- 
cies and the RFLP data were used to generate a phyloge- 
netic tree for the genus Hordeum. Our data are in a good 
agreement with the classification system which suggests 
the division of the genus into four major groups, contain- 
ing the genomes I, X, Y, and H. However, our investiga- 
tion also supports previous molecular studies of barley spe- 
cies where the unique position of H. bulbosurn has been 
pointed out. In our experiments, H. bulbosum generally had 
hybridization patterns different from those of H. vulgate, 
although both carry the I genome. Based on our results we 
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present a hypothesis concerning the possible origin and 
phylogeny of the polyploid barley species H. secalinum, 
H. depressum and the H. brachyantherum complex. 
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Introduction 

Next to EIymus, Hordeum L. is the largest genus in the tribe 
Triticeae and comprises about 50 taxa (Bothmer et al. 
1991). Modern classification of the genus is mainly based 
on morphometric data, the capacity of different species to 
produce fertile progeny in crosses, and the analysis of 
meiotic pairing of chromosomes in hybrids (cf. Bothmer 
et al. 1991). L6ve (1982, 1984) suggested a division of 
Hordeum into two separate genera, namely Hordeum L. 
with the sole member H. vulgare, and Critesion Raf., in- 
cluding all other barley species. Dewey (1984) supported 
this division, but also included H. bulbosum in Hordeum 
as both H, vulgate and H. buIbosum carried the I genome. 
Later, Bothmer et al. (1986, 1987), based on the meiotic 
pairing behaviour of different interspecific combinations 
of Hordeum species, suggested the presence of four "ba- 
sic genomes" designated I, Y, X and H. The wide circum- 
scription of the genus Hordeum of Bothmer et al. (1991), 
including species with different basic genomes, has been 
generally accepted. Recently, molecular methods have 
been used to clarify phylogenetic relationships within the 
Triticeae. Repetitive DNA sequences such as rDNA, hord- 
ein genes and various non-coding sequences (Appels et al. 
1989; Dvorfik and Zhang 1992 a,b) as well as cDNA clones 
(Monte et al. 1993; Takumi et al. 1993) have been used. 
Repetitive DNA sequences from H. vulgate were used to 
analyze some Hordeum species (Vershinin et al. 1990; 
Shcherban and Vershinin 1992). Phylogenetic studies of 
barley species were also performed with the repetitive 
DNA sequence p S c l l 9  from rye (Gupta et al. 1989), the 
ribosomal spacer DNA sequence pTa7 t from wheat (Mol- 
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nar et al. 1989, 1992) and the tandemly-organized repeti- 
tive DNA sequence dpTal from wheat (Vershinin et al. 
1994). However, limited numbers of  species and/or probes 
have been used in each investigation. 

In phylogenetic studies it is important to use a broad set 
of DNA sequences since more regions of  the genome be- 
come involved and, consequently, more detailed informa- 
tion can be obtained. In this investigation, we have used 
six repetitive DNA sequences, comprising approximately 
5-6% of the H. vuIgare genome. Comparative RFLP map- 
ping is playing an increasing role in phylogenetic studies 
but repetitive DNA sequences are still very informative 
since: (1) repetitive DNA represents 75-80% of the cereal 
genome (Flavell et al. 1977; Rimpau et al. 1980); (2) re- 
petitive sequences change rapidly, whereas low-copy se- 
quences are generally conserved (Jelinek and Schmid 
1982); and (3) both tandemly-organized and dispersed re- 
petitive DNA sequences are usually distributed through- 
out the whole genome. These facts are important in phy- 
logenetic studies because different regions of the genome 
evolve at different speeds�9 Repetitive DNA sequence fam- 
ilies also show low intraspecific variation which makes it 
possible to use only one or a few accessions per taxon or 
cytotype for analysis (Dvorfik and Zhang 1992 b). 

The aims of the investigation reported here were to 
study phylogenetic relationships in the genus Hordeum us- 
ing barley repetitive DNA sequences as probes, to study 
differences between Hordeum species which belong to 
groups with different genomes and, finally, to elucidate re- 
lationships between diploid and polyploid barley species. 

Materials and methods 

Plant material 

Forty-six cytotypes from the genus Hordeum (31 species) were stud- 
ied (seed collection of Department of Plant Breeding Research, 
Sval6v). Species, accessions, their sources, genomic constitution and 
chromosome number are listed in Table 1. 

Probes 

Six repetitive DNA sequences, pHv7036, pHv7161, pHv7191, 
pHv7223, pHv7241 and pHv7293, cloned from the H. vulgate ge- 
nome were used as probes (see Vershinin et al. 1990)�9 Plasmid DNA 
was labelled with digoxigenin as described by the supplier (DIG 
DNA Labeling and Detection Kit, Boehringer Mannheim). 

DNA isolation, blotting and hybridization 

Total genomic DNA was extracted from green leaves according to 
Ausubel et al. (1987) and digested with restriction endonucleases. 
The DNA fragments were separated on 0.9% agarose gels and trans- 
ferred to GeneScreen nylon membranes (Du Pont) by capillary blot- 
ting. After transfer, membranes were rinsed with 2xSSC and the 
DNA was cross-linked in a Stratalinker 2400 (Stratagene) using the 
"automatic crosslink" regime�9 Prehybridization (2 h) and hybridiza- 
tion (overnight) was carried out at 65 ~ in 5xSSC, 0.5% blocking 
reagent (Boehringer Mannheim), 0.1% N-laurylsarcosine, and 0.02% 
SDS. DIG-labeled DNA (10-15 ng/ml) was included in the hybrid- 
ization solution. After hybridization, membranes were consequent- 
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ly washed in 2x SSC; 2 x SSC, 0.1% SDS; 0.5 x SSC, 0.1% SDS 
and 0.1 x SSC, 0.1% SDS for 20 rain each at room temperature. 
Chemiluminescent detection was carried out as described by Kreike 
et al. (1990). 

In situ hybridization 

Plant material for in situ hybridization included seedlings of H. vul- 
gate cvs Sultan and Igri, H. murinum ssp. murinurn, H. rnarinum ssp. 
gussoneanum (4x) and plants of H. bulbosum (2x and 4x) and H. 
brevisubulatum ssp. turkestanicum (4x). Root tips were pretreated, 
fixed and squashed after enzyme treatment according to Pedersen 
and Linde-Laursen (1994). All probes exept pHv7293 were labelled 
by nick-translation with biotin and in situ hybridization was per- 
formed essentially as described previously using the biotin-avidin- 
based fluorescence detection system (Pedersen and Linde-Laursen 
1994). The slides were examined with a Zeiss Photomicroscope III 
and photographs were taken on Kodak Ektachrome P800/1600 pro- 
fessional film for colour slides. 

Results 

In situ hybridizat ion 

The five probes hybridized more or less uniformly along 
the H. vulgare chromosome arms (Fig. 1). The strongest 
hybridization signal was obtained with pHv7191,  fol lowed 
by pHv7161,  pHv7036,  pHv7241 and pHv7223.  Although 
all probes showed a dispersed organization, some differ- 
ences in their chromosomal  distribution were observed. 
The probes pHv7036 and pHv7223 hybridized more 
weakly in the regions proximal to the centromeres (Fig. 1 
A and B), whereas the remaining probes hybridized rather 
uniformly along the chromosomes  leaving only a narrow 
band free from yel low fluorescence at the site of  the cen- 
tromeres (Fig. 1 C and D). 

Fig. 1 Chromosomes of barley 
(Hordeum vulgare) (A-D) and 
H. brevisubuIatum ssp. turke- 
stanicum (E) at somatic meta- 
phase after in situ hybridization 
with the probes pHv7223 (A), 
pHv7036 (B), pHv7241 (C), 
pHv7191 (D) and pHv7161 (E). 
Bar=10 ~tm 



Among the wild barley species, the strongest hybridiza- 
tion signal was obtained with pHvT161, showing a dis- 
persed organization in all species examined (Fig. 1 E). The 
hybridization signal was, however, significantly weaker in 
the wild species compared to cultivated barley. 

Phylogenetic analysis 

For the analysis of intra- and inter-specific variation, six 
repetitive DNA sequences were hybridized to restricted 
DNA from 46 cytotypes of the genus Hordeum (31 spe- 
cies). A total of 14 probe/enzyme combinations were ana- 
lyzed and 179 bands were scored. Only 17 bands were 
present in all analyzed taxa while the remaining were in- 
formative. 

Each hybridizing band was treated as a unit character 
and all species were scored for the presence or absence of 
each band. Similarities in band patterns were then calcu- 
lated for all pairwise combinations of species using the 
similarity index described by Nei and Li (1979). The cal- 
culated similarities were transformed to distances by sub- 
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tracting the similarity index from unity. Finally, the esti- 
mated distance between taxa were compiled in a standard 
cluster analysis (UPGMA), using the SAS programme 
package, to reveal relationships among the investigated 
taxa. 

When more than one probe/enzyme combination is 
used, a single evolutionary event can be scored several 
times so that the resulting phylogenetic tree would be in- 
correct (Dvorfik and Zhang 1992 b). Different probes can 
give rise to various numbers of hybridizing bands and, con- 
sequently, some probes will have a higher input than oth- 
ers. To avoid these problems we created separate trees for 
each probe using several probe/enzyme combinations, 
which we later combined to generate an average tree (Fig. 
2). By using this approach, each probe makes an equal con- 
tribution to the resulting tree. The use of separate trees also 
enabled us to determine the coherence of the results by 
comparing different trees. In addition, in order to further 
assess the robustness of the results, the data were analysed 
with the PHYLIP computer package (Felsenstein 1990) 
which permitted a formal bootstrap analysis. 

Fig. 2 Hordeum genus dendro- 
gram based on the UPGMA 
cluster analysis. The geographi- 
cal distribution of the species is 
given in parentheses. Eur, Eu- 
rope; As, Asia; NAfr, Northern 
Africa; SA, South America; NA, 
Northern America; CA, Central 
America; SAfr, South Africa 
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Differences in the intensity of the hybridization signal 
were often observed between species. This variation can 
be generated in various ways (Dvorfik and Zhang 1992 b) 
and has not been considered in the present investigation. 

Interspecific polymorphism 

High levels of polymorphism were observed between spe- 
cies with different genomes. The H. murinum group (Y), 
the H. marinum group (X) and a large group of wild bar- 
ley species with the H genome could easily be distin- 
guished. The trees based on each probe consistently sep- 
arated the H genome, X genome and Y genome contain- 
ing species into distinct clusters. The I genome species H. 
vulgate and H. bulbosum do not demonstrate a consistent 
clustering in the different probe trees generated. Five of 
the six probes used gave different patterns for H. vulgate 
and H. bulbosum (for pHv7161 see Fig. 3 A). Only one 

Fig. 3 Hybridization of pHv7161 to BglII (A)- and pHv7223 to 
HindIII (B)- digested DNA from Hordeum species. Arrows indicate 
the hybridization bands which are characteristic for the H. marinum 
complex, H. secalinum and H. brachyantherum ssp. brachyanther- 
um (6x) 

probe, pHv7223, produced a similar hybridization pattern 
in both species. This probe hybridized mainly to DNA from 
species belonging to the H. vulgate and H. bulbosum com- 
plex and showed very weak and mostly unclear patterns 
for other Hordeum species (Fig. 3 B). 

Species containing the H genome generally show a low 
level of polymorphism. In spite of the fact that the branches 
within the group of H genome species do not show high 
levels of bootstrap confidence, our data are in agreement 
with previous classification systems and the geographical 
distribution of the species. The tree clustered together all 
South American diploids, except H. comosum and H. pu- 
biflorum, two South American polyploids, H. tetraploidum 
and H. parodii, and two North American species, H. inter- 
cedens and H. pusillum. Another four American poly- 
ploids, H. jubatum, H. procerum, H. arizonicum and H. 
lechIeri, form another group. Three Asian species H. rosh- 
evitzii, H. bogdanii and H. brevisubulatum, are also clus- 
tered together. In the H genome group, H. secalinum, H. 
brachyantherum and H. depressum are distinct from the 
rest of the species. H. depressum exhibits a hybridization 
pattern very similar to that of H. brachyantherum ssp. cal- 
ifornicum. The hexaploid cytotype of H. brachyantherum 
and H. secalinum have bands which are typical for species 
of the H. marinum group when the clones pHv7161, 



pHv7036, pHv7191 and pHv7241 were used (for pHv7161 
see Fig. 3 A). To confirm these intriguing results, other ac- 
cessions of H. secalinum, H. brachyantherum ssp. califor- 
nicurn, H. brachyantherum ssp. brachyantherum (6x) and 
H. depressum were analyzed. Identical hybridization pat- 
terns were obtained (data not shown). Slight variation was 
also demonstrated for the two Asiatic species H. roshevit- 
zii and H. bogdanii as well as for H. guatemalense and H. 
capense (Figs. 2 and 3 A). 

Intraspecific variation 

Many species were represented by subspecies and/or cy- 
totypes (see Table 1). In general, low levels of intraspe- 
cific variation were found (Figs. 2 and 3). No differences 
were observed for H. murinum ssp. murinum, ssp. lepori- 
num (4x), and ssp. leporinum (6x), while H. murinum ssp. 
glaucum was clearly different. In the H. marinum complex, 
H. marinum ssp. gussoneanum (4x) was slightly different 
from ssp. marinum and ssp. gussoneanum (2x). A high 
level of polymorphism was seen in the three subspecies of 
the H. brachyantherum group, i.e. ssp. brachyantherum 
(4x and 6x), and ssp. californicum. Minor differences in 
the hybridization pattern were observed for diploid and tet- 
raploid cytotypes of H. bulbosurn while no variation was 
found in the H. vulgate, H. brevisubulatum and the H. pat- 
agonicum groups. 

Discussion 

In situ hybridization with five of the six probes demon- 
strated a dispersed sequence organization in all investi- 
gated Hordeum species. This is in agreement with other 
highly repeated DNA sequences from barley, which also 
show a dispersed organization, e.g. the BIS 1 element 
(Moore et al. 1991), the Apal element (Lehfer 1992) and 
the Dialect-I species-specific repeat (Sonina et al. 1989). 
Only the (GAA)m(GAG) n satellite sequence (Dennis et al. 
1980) and the HvRT-family (Belostotsky and Ananiev 
1990), which are both tandemly repeated, hybridize to dis- 
tinct chromosomal positions (R6der et al. 1993; Pedersen 
and Linde-Laursen, 1994). The dispersed organization of 
the five repetitive DNA sequences used for in situ hybrid- 
ization, and the fact that together they comprise about 
5-6% of the H. vulgate genome, indicate that they are suit- 
able candidates for phylogenetic studies. 

The phylogenetic tree obtained in this study is consis- 
tent with previous data, particularly with the classification 
system which divides the genus Hordeum into four major 
groups with genomes I, X, Y, and H (Bothmer et al. 1986, 
1987, 1991). A minor disagreement is evident in the rela- 
tively large difference between the H. vulgate complex and 
the diploid and tetraploid cytotypes of/-/, bulbosum. Based 
mainly on cytogenetic data, Dewey (1984) combined H. 
vulgate and H. bulbosum in one group with the genome 
designation I. This hypothesis was later supported by 
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crossing experiments and studies of meiotic pairing in the 
F 1 hybrids (Bothmer et al. 1983, 1986, 1987), by C-band- 
ing studies (Linde-Laursen et al. 1990, 1992 a), isoenzyme 
analysis (JCrgensen 1986), cpDNA restriction analysis 
(Kataoka et al. 1987; Doebley et al. 1992), and by studies 
of hordein composition using monoclonal antibodies 
(Pelger and Bothmer 1992). However, Hsiao et al. (1986) 
and Linde-Laursen et al. (1990) showed that the karyo- 
types of these two species differ significantly in morphol- 
ogy. Recent phylogenetic studies, based on molecular hy- 
bridization techniques using the repetitive DNA sequence 
pScll9 (Gupta et al. 1989; Molnar et al. 1989; Xu et al. 
1990), the ribosomal DNA sequence pTa71 (Molnar at al. 
1992) and a repetitive BamHI fragment (Shcherban and 
Vershinin 1992) as probes, have shown that these two spe- 
cies are probably not very closely related. Shcherban and 
Vershinin (1992) even proposed the separation of H. buI- 
bosum into a fifth group with another genome designation. 
Molnar et al. (1989), who based their analysis on riboso- 
mal DNA, suggested that H. bulbosum is more closely re- 
lated to the H. murinum complex than to H. vulgate. In our 
experiments the hybridization patterns of H. vulgate and 
H. bulbosum are distinctly different for five of six probes. 
However, probe pHv7223 showed a similar hybridization 
pattern for both species. Moreover, this clone hybridized 
mainly to DNA from species belonging to the H. vulgare 
and H. bulbosum complex and did not hybridize distinctly 
to any of the other species (Fig. 3B). This observation sug- 
gests that H. vulgare and H. bulbosum may have a mono- 
phyletic origin. The separation from the other Hordeum 
species probably occurred at a relatively early stage and 
only later did H. buIbosum and H. vulgare diverge from 
their common ancestor. Our analysis suggests that It. vul- 
gate and H. bulbosum are distinctly different and that their 
combination into one group with the same type of genome 
is open to discussion. 

The Hordeum murinum complex is probably one of the 
best-studied groups in the genus Hordeum. However, there 
is no definite agreement concerning the taxonomy of this 
complex (Jacobsen and Bothmer 1994). Our data show that 
the H. murinum group is rather homogeneous and isolated 
within the genus (Figs. 2 and 3 A). This is consistent with 
previous reports based on C-banding patterns (Linde-Laur- 
sen et al. 1989, 1992 a), cpDNA variation (Doebley et al. 
1992), and chromosome pairing in F 1 hybrids (Bothmer et 
al. 1988). Our study supports the suggestion that H. muri- 
num, H. leporinum (4x and 6x), and H. glaucum, treated 
earlier as separate species, should be considered subspe- 
cies ofH. murinum (JCrgensen 1986; Bothmer et al. 1987; 
Jacobsen and Bothmer 1994). H. murinum ssp. glaucum is 
the most deviant taxon within this group. Similar results 
were obtained with cpDNA analysis (Baum and Bailey 
1991). Based on isoenzyme variation, Jaaska (1992) sug- 
gested that the only known diploid of the H. murinum 
group, i.e., ssp. glaucum, was not involved in the genera- 
tion of the polyploids. J0rgensen (1986), also using isoen- 
zyme analysis, considered the H. murinurn complex a sis- 
ter group of the H. vulgare and H. bulbosum complex. 
Pelger and Bothmer (1992) arrived at a similar conclusion 
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based on hordein variation. An analysis of rDNA showed 
similarities between ssp. glaucum and ssp. murinum and 
indicated that these two taxa were closer to H. bulbosum 
than to ssp. leporinum (Molnar et al. 1992). However, our 
data do not support this suggestion. 

Studies of cpDNA (Kataoka et al. 1987; Baum and Bai- 
ley 1991; Doebley et al. 1992) and rDNA (Molnar et al. 
1989) variation indicated a rather close relationship 
between H. murinum and H. marinum. Our investigation 
demonstrates no strong similarity between these two 
groups and, hence, does not support this hypothesis (Figs. 
2 and 3 A). On the whole, the position of H. marinum and 
its relationship to other Hordeum species is rather unclear. 
Crosses and meiotic behaviour of chromosomes in hybrids 
revealed that the three H. marinum cytotypes are closely 
related (Bothmer et al. 1989). Linde-Laursen et al. (1989) 
showed that H. marinum ssp. marinum (2x) and ssp. gus- 
soneanum (2x) have identical C-banding patterns which is 
in agreement with a classification of the taxa as subspe- 
cies. The analysis and physical localization of active and 
inactive rRNA gene loci by in situ hybridization (Linde- 
Laursen et al. 1992 b) further supported the autoploid or- 
igin of the tetraploid cytotype of H. marinum. However, 
analysis of isoenzyme variation (Jaaska and Jaaska 1986; 
JCrgensen 1986; Jaaska 1992) and cpDNA diversity (Baum 
and Bailey 1991; Doebley et al. 1992) suggested a more 
distant relationship between H. marinum ssp. marinum and 
H. marinum ssp. gussoneanum (syn. H. geniculatum). It 
has been proposed that the two taxa should be considered 
separate species. Both Baum and Bailey (1991) and Doe- 
bley et al. (1992) found H. marinum in the same clade as 
the H. murinum complex (the H. leporinum complex for 
Baum and Bailey). In our experiments the H. marinum 
complex was very homogeneous and gave specific hybrid- 
ization patterns. A slight variation in the hybridization pat- 
tern was observed only for H. marinum ssp. gussoneanum 
(4x). This confirms the proposal that H. marinum ssp. mar- 
inum and H. marinum ssp. gussoneanum are subspecies 
which carry the X genome (Bothmer et al. 1987). 

The large group of H-genome species is relatively ho- 
mogeneous (Figs. 2 and 3 A). The most divergent species 
are H. secalinum and H. brachyantherum ssp. brachyan- 
therum (6x). It has been suggested that H. secalinum is an 
alloploid species with one H genome and one genome of 
unknown origin (Bothmer et al. 1988; Jacobsen and Both- 
mer 1992; Linde-Laursen et al. 1992 a). There are some 
cytological (Bothmer et al. 1988), isoenzyme (JCrgensen 
1986) and molecular (Shcherban and Vershinin 1992) data 
which imply a connection between H. secalinum and H. 
marinum. Doebley et al. (1992) based their study on 
cpDNA variation and found that tetraploid H. marinum ssp. 
gussoneanum deviates markedly from the diploid members 
of this species and is most closely related to the hexaploid 
form ofH. brachyantherum, which is contradictory to other 
available information (Jaaska and Jaaska 1986; JCrgensen 
1986; Bothmer et al. 1989). Our investigation may con- 
tribute to an understanding of these results and, presum- 
ably, the evolution of H. secalinum and hexaploid H. bra- 
chyantherum. We found that these two species most often 

have hybridization patterns which differ from the rest of 
the H-genome species, which in turn are very similar to 
patterns characteristic for the H. marinum complex (for 
pHv7161 see Fig. 3 A). This suggests that H. marinum 
might be involved in the evolution of H. secalinum and H. 
brachyantherum (6x). Geographically, both H. marinum 
and H. secalinum are of European origin and thus it is not 
unlikely that H. marinum has been involved in the evolu- 
tion of H. secalinum. The hexaploid cytotype of H. bra- 
chyantherum occurs as a single population in California 
(Bothmer et al. 1993) and is possibly quite young in evo- 
lutionary terms. The participation of H. marinum in its ev- 
olution is not entirely impossible as H. marinum has been 
introduced to, and now exists as a weed, in this part of the 
world. Considering the results obtained by Doebley et al. 
(1992), H. marinum may have been the maternal ancestor 
of the hexaploid cytotype of H. brachyantherum. Based on 
morphological and cytological data it has been suggested 
that H. secalinum is close to the South African species H. 
capense (Bothmer and Jacobsen 1979; Linde-Laursen et 
a1.1986; Bothmer et al. 1988, 1991). Our data do not sup- 
port this proposition. 

It has been suggested that the diploid and tetraploid cy- 
totypes of the H. brachyantherum should be treated as sep- 
arate species (Baum and Bailey 1990). The analysis of 
hordein variation did not support this proposal (Pelger and 
Bothmer 1992). However, our data demonstrate a high 
level of polymorphism for the H. brachyantherum group. 
All three cytotypes had clearly different hybridization pat- 
terns indicating that their taxonomic ranking might be 
questioned. 

There have been several reports on the close relation- 
ship between two North American taxa, the diploid H. bra- 
chyantherum ssp. caIifornicum and the tetraploid H. de- 
pressure, which are endemic to the western part of the 
United States. H. depressum has two very-closely-related 
genomes, and has been considered as a segmental alloploid 
by some authors (Covas 1949; Baum and Bailey 1991; 
Doebley et al. 1992; Linde-Laursen et al. 1992 a; Knuts- 
son and Bothmer 1993) or even as an autoploid (Petersen 
1992). Our results fully support the opinion that the ge- 
nomes of H. depressum are very-closely related (Figs. 2 
and 3 A). Moreover, in our experiments the hybridization 
pattern of H. brachyantherum ssp. californicum is much 
more similar to that of H. depressum than to those of the 
tetra- and hexa-ploid cytotypes of H. brachyantherum. 

The set of repetitive DNA sequences used in our experi- 
ments is a useful tool for phylogenetic studies of the ge- 
nus Hordeum. Our data are consistent with a classification 
system which divides the genus into four major groups rep- 
resenting the genomes I, X, Y, and H and with previous 
molecular studies in which the unique position of H. bul- 
bosum has been demonstrated. Besides a confirmation of 
previous results on the origin and phylogeny of H. depres- 
sum, we have presented new evidence on the origin of H. 
secalinum and the H. brachyantherurn group. 
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