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The karyotype of Elymus mendocinus (2n = 8x = 56) was investigated by Giemsa C-banding and N-banding, and AgNO? 
staining. The chromosomes were large (7-13 pm). The chromosome complement consisted of 22 metacentric and 6 
submetacentric pairs. Two metacentric and one submetacentric pairs had satellites on the short arms. One of the 
metacentric pairs had large satellites. The other satellites were small. The number of SAT-chromosomes was verified 
through AgNO, staining confirming the presence of up to 6 nucleoli at interphase. The C-banding pattern comprised 
small to large C-bands at telomeric positions in all short arms except one and in most of the long arms. A few, mostly 
small bands were located at distal, intercalary positions. The small satellites were entirely heterochromatic. The amount 
of constitutive heterochromatin (14 YO) was among the highest recorded in the Triticeae. Except in 12 chromosome pairs, 
incl. the 3 satellited ones, the overall similarity of the C-banding patterns of most chromosomes prevented a safe 
identification of homologues. Additionally, the level of identified banding pattern polymorphism was low, but supports 
an outbreeding nature of the species. N-banding produced no bands. A similar distribution of large C-bands and lack of 
N-banding have previously been observed in Psathyrostachys huashanica. This agrees with the presence of the Ns genome 
and the absence of the H genome in E. mend~locinus (DUBCOVSKY et al. 1997), and suggests the absence of the pivotal St 
genome of Elymus. However, lacking further evidence we propose to retain the species in Elymus. 

Ib Linde-Luursen, Botanical Section, Department of Ecology, The Royal Veterinary and Agriculturul Unioersity, 
Rolighedsvej 21, DK-1958 Frederiksberg C, Denmurk. Ole Sebern, Botanical Institute, University of Copenhagen, Gothers- 
gade 140, DK-  I123 Copenhagen K, Denmark 

Elymus L. s.1. is the largest genus within the Trit- 
iceae. Worldwide it comprises approximately 150 spe- 
cies (LOVE 1984). In South America 7 native species 
are recognized (SEBERG and PETERSEN 1998a). An 
eighth species previously included in Elymus as E. 
erianthus has been transferred to Eremium SEBERG 
& LINDE-LAURSEN as Er. erianthum (PHILIPPI) 
SEBERG & LINDE-LAURSEN (SEBERG and 
LINDE-LAURSEN 1996). FOLK of the 7 South Ameri- 
can Elymus species are tetraploid (2n = 4x = 28), two 
are hexaploid (2n = 6x = 42) and one, E. mendocinus 
(PARODI) LOVE, is octoploid (2n = 8x = 56) (HUN- 

al. 1996). Karyotype and genome analyses have iden- 
tified the presence of StH and StHH genomes in the 
tetraploid and hexaploid species, respectively (e.g., 
DUBCOVSKY et al. 1989, 1992, 1997; SEBERC and 
BOTHMER 1991; LINDE-LAURSEN et al. 1994; LEWIS 
et al. 1996). Both in E. mendocinus and Er. erianthum, 
karyotype analyses suggest either a drastic modifica- 
tion of possible St or H genomes present, or the 
presence of a different genome (LEWIS et al. 1996). 
The latter idea was supported by variation in re- 
peated nucleotide sequences. This identified sequences 

ZIKER 1954; DUBCOVSKY et al. 1992, 1997; LEWIS et 

similar to sequences found in species carrying the Ns 
genome, but failed to show hybridization with species 
carrying H genomes. Sequences similar to sequences 
found in species carrying the St genome were not 
searched for (DUBCOVSKY et al. 1997). The presence 
of sequences similar to sequences found in Ns 
genome species led DUBCOVSKY et al. (1997) to trans- 
fer E. mendocinus to the genus Leymus HOCHST. as 
L. mendocinus (PARODI) DUBCOVSKY. This 
transfer has, however, been considered premature as 
E. mendocinus only share plesiomorphic character 
states with Leyinus (SEBERG and PETERSEN 1998a). 

The study by LEWIS et al. (1996) used Feulgen 
staining for karyotype analysis. A more profound 
analysis can be obtained through the application of 
Giemsa C-banding and N-banding. These techniques 
may be diagnostic for the identification of chromo- 
somes and genomes (e.g., MORRIS and GILL 1987; 
LINDE-LAURSEN et al. 1994). Previously these band- 
ing techniques have only been used in a single South 
American Elymus species supporting the presence of 
the StH genomes in the tetraploid E. glaucescens 
SEBERG (LINDE-LAURSEN et al. 1994). In the 
present study we have used this approach on E. 
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mendocinus in an attempt to throw more light on its 
taxonomic position. 

MATERIAL AND METHODS 

Plants. -The plant material investigated was derived 
from seeds of E. mendocinus H 6423 (Table 1). It was 
grown in a greenhouse at Riso National Laboratory, 
Roskilde, as described by LINDE-LAURSEN et al. 
(1980). Only one plant was studied in detail. 

CytoZugy. -Cytological studies were performed on 
metaphases from root-tip cells. The procedures used 
for Giemsa C-banding and N-banding, the construc- 
tion of the idiogram, and the estimate of the amount 
of constitutive heterochromatin followed LINDE- 
LAURSEN et al. (1980) and LINDE-LAURSEN and 
BOTHMER (1984a). In the idiogram, which was pre- 
pared based on measurements of the chromosomes of 
one of the three cells analyzed, the chromosomes are 
arranged pairwise by suggested homology. The pairs 
are ordered by decreasing mean length within each of 
the three groups: metacentrics, submetacentrics and 
SAT-chromosomes (cf. LEVAN et al. 1965). Silver 
nitrate staining to visualize nucleoli was done ac- 
cording to LINDE-LAURSEN (1984). To reduce 
background and enhance chromosomal characters 
on Fig. 1, the negative was scanned and the digi- 
tal image imported into Image-Pro Plus 3.0 
(Media Cybernetics, Silver Spring, Maryland, USA). 
An unsharp masking procedure was made fol- 
lowed by thresholding to isolate chromosomes. 
A mask was made of the chromosomes and 
the background was reduced using this mask on 

Fig. 1. Giemsa C-banded somatic metdphase of Elymus 
mendocinus H 6423 2n = 56. One chromosome outside field 
of vision. Bar = 10 pm. 
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Fig. 2. Idiogram of the chromosomes of Elymus mendocinus H 6423 showing relative sizes and positions of C-bands (solid 
lines. Broken lines indicate very small, inconsistently observed bands). Asterisk indicates the position of a tertiary 
constriction. Full circles ( 0 )  mark 5 chromosome pairs identified on chromosome morphology, and band size and 
distribution 

the unsharp masked image. Approximately 90Y0 of 
the background was removed. A negative made of the 
resulting image was printed on a Polaroid Slide 
Maker. Arm ratio (AR) and interchromosomal as- 
symetry index (IAI) were calculated following LEWIS 
et al. (1996). The IAI-index measures chromosome 
length heterogeneity within a karyotype (ZARCO 
1986). 

RESULTS 

E. mendocinus H 6423 had 2n = 8x = 56 as previously 
reported (Table 1; Figs 1 and 2; HUNZIKER 1954; 

DUBCOVSKY et al. 1992, 1997; LEWIS et al. 1996). 
The chromosomes were long. In the cell in which they 
were measured, their length varied between 7.2 and 
13.3 ym with a mean of 9.6 pm. The quotient (ratio) 
longest/shortest chromosome was 1.8. The interchro- 
mosomal asymmetry index at 0.15 was high relative 
to the indices of the StH genomes found in South 
American Elymus species (LEWIS et al. 1996). An arm 
ratio of 0.76 indicates a symmetrical karyotype 
(LEWIS et al. 1996). It included 20 metacentric, 5 
submetacentric and 3 SAT-chromosome pairs (Fig. 
2). The SAT-chromosome pairs consisted of two meta- 
centric and a submetacentric pair with nucleolar con- 
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strictions in the short arms producing satellites. The 
longer of the metacentric SAT-chromosome pairs had 
long satellites rather similar in length to the subtend- 
ing short arms. The two other SAT-chromosome 
pairs had short satellites. The number of SAT-chro- 
mosomes was verified through observation of a maxi- 
mum of 6 silver nitrate-stained nucleoli of standard 
size at interphase as also observed by DUBCOVSKY et 
al. (1992). A tertiary constriction was present distally 
in the long arm of one metacentric chromosome (Fig. 
2). Only the SAT-chromosome pairs could be reliably 
identified by morphology alone. 

The C-banding patterns of the chromosomes were 
characterized by the presence of small to large bands, 
i.e., covering more than 10 Yo of the length of an arm, 
at  the telomeres of all short arms except one, and of 
most long arms (Fig. 1 and 2). In some cells the large 
bands were split into two minor bands. Additionally, 
7 chromosome pairs, including the satellited ones, 
had small to large bands at one, two, and in one pair 
three distal, intercalary positions in the long arms. A 
single chromosome had small intercalary bands in 
both arms. Its suggested homologue had none. Small 
bands were present at the nucleolar constrictions in 
the short arms of the SAT-chromosome pair with the 
large satellites. The smaller satellites of the two other 
SAT-chromosome pairs were entirely heterochro- 
matic. Very small bands were occasionally observed 
at 5 locations. Centromeric bands were not observed. 

The overall similarity of the C-banding patterns of 
all chromosomes combined with the scarcity of inter- 
calary bands allowed reliable identification of the 
homologues of 12 pairs only (Fig. 2). Seven of these, 
including the three SAT-chromosome pairs, could be 
recognized on the presence of diagnostic intercalary 
bands. The 5 other pairs were identified based on 
considerations of band size and distribution, in com- 
bination with chromosome morphology, i.e., chromo- 
some length and position of centromeric constriction. 
The presence of two chromosomes without reliably 
identifiable homologues (i.e., the chromosome with 
an intercalary band in both arms and another chro- 
mosome without a C-band in the short arm) com- 
bined with the observation of C-band heteromorphy 
distinguishing the homologues of two chromosome 
pairs (nos. 3 and 4 from the left in the upper row) 
established the presence of banding pattern polymor- 
phism in the chromosome complement (Fig. 2). 
Giemsa-stained interphase nuclei had mainly conspic- 
uous chromocentres approximately matching the con- 
spicuous C-bands in size and number. The 
constitutive heterochromatin covered about 14 % of 
total chromosome length (Table I). 

N-banding produced no or a barely noticeable 
banding at the positions of C-bands. 

DISCUSSION 

E. mendocinus is restricted to a small area in the 
Andes near Mendoza, Argentina (SEBERG and PE- 
TERSEN 1998a). A karyotype with 56 chromosomes 
and three SAT-chromosome pairs overall similar to 
the karyotype presented here was previously pub- 
lished by LEWIS et al. (1996). A karyotype presented 
by HUNZIKER (1954) included no satellited chromo- 
somes, but had a pair of chromosomes with tertiary 
constrictions apparently homologous to the chromo- 
some with a tertiary constriction observed by us. The 
karyotype of E. mendocinus has only three SAT-chro- 
mosome pairs in spite of the octoploid nature of the 
species. The observation supports that it is an allo- 
ploid (LEWIS et al. 1996) which may harbour up to 
four genomes and suppressed or deleted nucleolus 
organizers. LEWIS et al. (1996) based their suggestion 
on its relatively high IAI (Interchromosomal Assym- 
metry Index). The IAI calculated by us was a little 
lower, but not significantly so. The relatively high IAI 
in E. mendocinus, and in Er. erianthum, may be due 
to the presence of the Ns genome (DUBCOVSKY et al. 
1997) in combination with other unidentified Trit- 
iceae genomes. The Ns genome, originally found in 
Psathyrostachys NEVSKI, has especially long chro- 
mosomes compared to several other Triticeae 
genomes, e.g., the H genome present in most species 
of Hordeum L. (LINDE-LAURSEN and BOTHMER 
1984b). A ratio ‘longest/shortest chromosome’ as 
high as, or higher than 1.8 as it is found in E. 
mendocinus has only been found in polyploid Trit- 
iceae sharing different genomes (LINDE-LAURSEN et 
al. 1994 and unpubl.). Morphologically, the three 
SAT-chromosome types found in E. mendocinus are 
similar to the types of SAT-chromosomes present in 
species of Psathyrostachys. However, these types have 
not been observed together in the same species. The 
SAT-chromosome type with the large satellite resem- 
bles a SAT-chromosome type of P. huashanica 
KENG likewise having a large satellite (HSIAO et a]. 
1986; LINDE-LAURSEN and BOTHMER 1986), while 
the two other types occur in various Psathyrostachys 
species, but not in P. huashanica (LINDE-LAURSEN 
and BOTHMER 1984a, 1986; HSIAO et al. 1986; 
BADEN et al. 1990; LINDE-LAURSEN and BADEN 
I994a,b). The presence of three SAT-chromosome 
pairs in E. mendocinus morphologically similar to, 
and in the same number as those found in diploid 
species of Psathyrostachys (LINDE-LAURSEN and 
BOTHMER 1984a, 1986; HSIAO et al. 1986; BADEN et 
al. 1990; LINDE-LAURSEN and BADEN 1994a,b) may 
be taken as evidence that the three SAT-chromo- 
somes represent one Ns genome showing nucleolar 
dominance (NAVASHIN 1934). The SAT-chromo- 
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somes of the St genome have been shown to domi- 
nate over the SAT-chromosomes of the H genome 
(MORRIS and GILL 1987; LINDE-LAURSEN et al. 
1994), and these in turn to dominate over those of the 
Ns genome (LINDE-LAURSEN and BOTHMER 1984b). 
This hypothesis suggests the absence of St and H 
genomes in E. mendocinus (DUBCOVSKY et al. 1997). 
A group of chromosomes observed in E. mendocinus, 
but absent in species of Psathyrostachys, are the 
submetacentrics without satellites. However, if 
E. mendocinus contains more than one Ns genome, 
the morphology of its submetacentric chromosomes 
suggests that at least some of these may represent 
submetacentric SAT-chromosome types of Psathy- 
rostachys with suppressed or deleted nucleolus orga- 
nizers (LINDE-LAURSEN and BOTHMER 1984a, 1986; 
HSIAO et al. 1986; BADEN et al. 1990; LINDE- 
LAURSEN and BADEN 1994a,b). 

The Giemsa C-banding patterns of E. mendocinus 
do not resemble those previously reported from poly- 
ploid species of Elymus (MORRIS and GILL 1987; 
PARK et al. 1990; AGAFONOV 1991; LINDE-LAURSEN 
et al. 1994). Whereas the C-bands in these vary in size 
from small to large and are not located at preferential 
positions, the generally large C-bands in E. mendoci- 
nus are predominantly located at the telomeres. C- 
banding patterns with conspicuous to large bands 
and with a similar distribution of the bands as those 
of E. mendocinus, and with little or no centromeric 
banding have previously been observed in P. 
huashanica (LINDE-LAURSEN and BOTHMER 1986) 
and in diploid species of the genera Secale L. 
(genome R) (cf. SCHLEGEL et al. 1986), Pseudoroeg- 
neria (NEVSKI) LOVE (genome St) and Agropyron 
GAERTN. (genome P) (ENDO and GILL 1984). To 
the extent that genome analysis reflects previous al- 
lopolyploidization events (SEBERG and PETERSEN 
1998b), this might suggest that the latter genera may 
have participated in the formation of E. mendocinus 
together with an Ns genome carrying taxon. How- 
ever, as already pointed out, species carrying the St 
genome are most likely not involved. For morpholog- 
ical reasons this also applies to R genome carrying 
species. This leaves the possibility that E. mendocinus 
may carry a P genome in addition to the Ns genome. 
This idea gains support from the presence of several 
gross morphological traits of Agropyron spp. in E. 
mendocinus. Another possibility suggested by the sim- 
ilarity of the C-banding patterns of its chromosomes 
is that E. mendocinus is an autooctoploid having four 
Ns genomes. Autotetraploid taxa with two Ns 
genomes have previously been identified in two 
Psathyrostachys species (LINDE-LAURSEN and 
BADEN 1994a,b). 

The amount of C-banding in the chromosomes of 
E. mendocinus (14 %) is high compared to the amount 
found in most Triticeae species. Similar or even 
higher amounts have previously been recorded in 
populations of, e.g., the two H genome carrying 
Hordeum taxa, H. pusillum NUTT. (10-15 YO) and H. 
brevisubulutum (TRIN .) LINK subsp. violaceum 
(BOISS. & HOHEN.) TZVELEV (2x) (7-18 %), and in 
the St genome carrying P. tauri (BOISS. & BAL.) 
LOVE subsp. libanotica (HACKEL) LOVE (14 Yo) 
(LINDE-LAURSEN et al. 1980, 1986; ENDO and GILL 
1984). 

The position of the majority of the C-bands at the 
telomeres, and the smooth transition in size from 
small to large bands prevented the establishing of an 
exact level of C-banding pattern polymorphism in E. 
mendocinus. A more accurate idea of this level might 
have been obtained, if plants from several popula- 
tions had been investigated. The presence of the 
polymorphism indicates a certain level of outbreed- 
ing. 

The failure of N-banding to produce bands in E. 
mendocinus is in agreement with the postulated ab- 
sence of the H genome (DUBCOVSKY et al. 1997) as 
N-banding produces bands in the H genomes of 
species of Hordeum and Elymus (e.g., LINDE- 
LAURSEN 1981; MORRIS and GILL 1987; LINDE- 
LAURSEN et al. 1994). A similar lack of N-banding 
has previously been observed in Ns genomes of spe- 
cies of Psathyrostachys (LINDE-LAURSEN and BOTH- 
MER 1984a, 1986; BADEN et al. 1990; LINDE- 
LAURSEN and BADEN 1994a,b), in St genomes of 
species of Pseudoroegneria and Elymus (MORRIS and 
GILL 1987; LINDE-LAURSEN et al. 1994), in the pos- 
tulated G genome of Festucopsis serpentini (C.E. 
HUBB.) MELD. (LINDE-LAURSEN et al. 1996), and 
in the T genome of Taeniatherum cuput-medusae (L.) 
NEVSKI (LINDE-LAURSEN and FREDERIKSEN 
1989). For biogeographical reasons it is very unlikely 
that any of the suggested genera have contributed to 
the formation of E.  mendocinus. From a morphologi- 
cal point-of-view, E. mendocinus falls clearly within 
the variation range found in the South American or 
Asiatic EIymus species (SALOMON and Lu 1992; SE- 
BERG and PETERSEN 1998a). 

The cytological investigation of the karyotype of E. 
mendocinus using C-banding and N-banding supports 
the presence of Ns genomes and absence of H 
genomes in E. mendocinus (DUBCOVSKY et al. 1997). 
Further, it suggests the absence of St genomes. If this 
is correct, E. mendocinus lacks the pivotal St genome 
of Elymus (LOVE 1984) and should, if one adheres to 
the principles of genome analysis (SEBERG and PE- 
TERSEN 1998b), theoretically be excluded from the 
genus. However, as one of us (0s) is opposed to this, 
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and as we both agree that there is no point in 
recognizing a genus that cannot be recognized mor- 
phologically, we have decided that, until the absence 
or presence of the St genome in E.  mendocintis has 
been verified, the issue does not warrant any taxo- 
nomic actions. 
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