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Abstract: The karyotypes of four diploid wild speeies of Gramineae (North-Greek
in ortgin} were defined. Three of them belong to Hordeum marinum group, taken
as a speetes in sensu lato, and they are namely: H. marinum, H. marinum I { mor-
phologieal type) and H. hystriz. The fourth material 1s Teentatherum eaput-me-
dusae. The karyotypes were determined gqualitatively (chromosome meorphology,
eentromere position, SAT pairs) and gquantiteiively (total ehromosome length,
arm lengths and variation of size). The analysis resulted in: 1) almost identical
karyotypes between H. merinum and H. marinum 1 (stmilarity in ekromaosome
morphology, absolute values and pariation of size); 2} significant karyotypic si-
milarity betiveen H. hysiriz and the two representatives of H. marinum (in arm
ratios, SAT pairs and relative lengths) yet difference in quanititative features (hi-
gher values in H. hystriz); 3) different karyeoiypic synthesis of T. caput-medusge
which was recognized as more symmeltrical, with predominance of mesoceniric
chromosomes and different morphology of the SAT peir. This study eorroborates
the aspect that the three materials belong to the same species-aggregate {perhaps
eonspeeifre) whercas Taenlatherum represente certainly another genus, posstbly
more primitive than Hordeum.

INTRODUCTION

Chromosome moerphology has proved a valuable aid in showmg
the degree of relalionships between species or populations of Grami-
neae (Morrison 1959). The karyotype analysis, though does not by it-
self indicate any definite phylogenetic affinity, it can fairly set up
definite groups of gpecies. Besides, combimed with morphological or bio-
chemical data, chromosome morphology increases the possibility of a
mere accurate identification of species relationships (Kepdtaying 1973,
Beoth and Richards 1978, Bothmer and Jacobsen 1979).

With regards to genus Hordewm L. the majority of work referred
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to chromosome morphology have mostly been confined to common bar-
ley, because of its significance as a crop plant (Levitsky 1931, Hag-
berg and Tjio 1952, Morrison 1959, Kasha and Noda 1979), with fewer
reporfs about wild species (Chin 1941, Covas 1949, Oinuma 1952). How-
ever, no other cereal has so many wild relatives as barley (Rajhathy
et al. 1964).

Morrison (1959} first gave considerable detail, by studying chro-
mosome morphology in 16 Hordeum species, distinguizhed in seven
groups with evident relationships. More recently Richards and Booth
{1976) and Booth and Richards (1978) using both karyomorphological
and biochemical methods of study gave sound evidence of evolutionary
trends in Hordeum murinum group.

Taeniatherum, although defined as a separate genus by Nevski
{1934) has for long by many taxonomists been given specific rank in
the genus Hordeum (H. asperum, H. crinitum). Reports concerning
any case of Taeniatherum karyotype have not so far been met in bi-
bliography. Even chromosome numbers, by contrast to other genera
of Gramineae are scarcely referred, and only by Griffee (1927) and
Hunziker (1954), (Love and Love 1961).

Tn later vears, the interest on wild species of Hordeum was re-
vived. Within a project involving an investigation on world-wide scale
(Bothmer and Jacobsen 1978) chromosome banding patterns in cultivated
and wild barleys were defined (Vosa 1976, Linde-Laursen et al. 1979},

A project on native taxa of Gramineae, is in currency at our De-
partment of Botany. Within it, Symeonidis (in publication) using e-
lectrophoretic analysizs of various enzyme systems made essential steps
towards identifying intraspecific, interspecific and intergeneric variation
in local representatives of Hordeum and Taeniatherum species. Among
the materials used, we selected some diploid species of Hordenm and
Taeniatherum, in order to study their chromoseme morphology and
determine the corresponding karyotypes. The exact materials were cho-
sen on the basis 1) of ploidy level (all diploids) and 2) of geographi-
cal limitation (all found in biotopes of Northern Greece).

The paper aims at contributing o the completer knowledge of
Greek wild taxa of Gramineae.

MATERIALS AND METHODS

Two diploid species of the genus Hordenm were used, and namely
H. marinum and H. hystriz. Both belong to H. marinum complex of
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Trichostachys section. Besides, in the present study, one form of H.
marinum, differing by only minor characters (ear hairiness) from the
typical one has been included. One species of the genus Taeniatherum,
concretely 7. caput-medusae, completes the diploid taxa used here.

All materials represenl local Greek populatiens collected during
1976-79, by the one of the authors (Symeonidis) in different areas of
Macedonia.

1. Hordeum marinum Huds. (H. maritimum Stokes)
Stte of collection: Kalohori, on the west of Thessaloniki.

2. Hordeum marinum 1 (with hairs in lemmas)

Site of collection: Georgiki Scholi, on the east of Thessaloniki.

3. Hordenm hysiriz Roth (H. marttimum  subsp. gusSoneenum
{Parl.) Asch. and Graebn., H. geniculatum All.)

Site of collection: Ptolemais.

4. Taeniatherum caput-medusae (L.) Nevski. (Elymus caput-wme-
dusae L., Hordeuwm asperum (Sim.) Degen, H. crinttum (Shreb.) Desf.,
T. asperum (Sir.) Nevski, 7. crinitum {Shreb.) Nevski)

Site of collection: Mount Chortialis.

Microscopic slides were prepared and the observations carried out
on mitotic metaphase cells of root-tips. The usual Feulgen technique
of staining and squashing was applied (Riley et al. 1958, Coucoli and
Karataglis 1973, Kepdraying 1973).

(Good metaphase cells that were obgerved to have a similar degree
of contraction and separately recognizable chromosommes were selected
and immediately photographed. Photographs were also taken of a mi-
crometer at the same power. The chromosome lengths were determi-
ned with a divider and measured on a 0.2mm scale and then conver-
ted to microns by comparison of scale with the photo of the micro-
meter at the same enlargement as the photo of the chromoesomes (Jo-
seph and Bouwkamp 1978).

The mean of the measurements of 10 cells from each material were
taken (5 cells in marinem 1). Total chromosome size, arm lengths and
length of satellites (in SAT pairs) were calculated and karyotypes e-
stablished by using quantitative and qualitative indices. More concre-
tely: centromere class was defined by using the arm ratio (short/long
arm) as suggested by Shrivastava et al. (1973) in the following way:
median {M)=1.00- 0.76, submedian (SM)=0.75-0.51 and sub-ter-
minal (ST)=0.50 - 0.26. Karyological terminology was supplemented
according to the terms applied by Levan et al. (1965) and Kouxédrn
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(1963). Relative length %, (chromosome length X 100 / total chromo-
some length) was also calculated. In the idiograms the chromosomes
were pub in decreasing values of length.

RESULTS
A. Hordeum rmarinum

The karyotype of H. marinum was observed to contain the follow-
ing synthesis of chromosome members (Table Ia, Figs. 1a, 2a).

1. One pair of satellited chromosomes, approximating the lowest
threshold of SM class {a. r. 0.52, Fig. 1a, No. 4).

2. Two pairs of mesocentric (M class), the one among the longest,
the other one of the shortest in the complement (2nd and 6th in the
idiogram. respectively).

3. One pair of strongly heterobrachial, acrocentric chromosomes
(ST class), the shortest member of the set (No. 7).

4. Three pairs of submesocentric chromosomes, with arm ratio fal-
ling in SM class and representing index values 0.69, 0.65 and 0.69 re-
spectively. (Table TIT, Nos. 1, 3 and 5 in the idiogram).

The chromosomes of this particular species were found to have
small absolute size, ranging from 5.90pm up to 4.32pm (mean values),

According to the data presented in Table I, the variation in chro-
mosome size of the different members of the complement appeared
rather low, i.e. the relative length of the longest pair represents 16.409%,
of the total chromosome length, whereas that of the shortest pair cor-
respands to 12.019], Or, the shortest chromosome is equal to 73.29 of
the longest one.

The numbering, as well as the arrangement of chromosomes in
order of decreasing length should be considered partly conventional,
hecause the estimation of standard deviation (3) showed no signifi-
cant differences between the length of most SM pairs, which proved
to be overlapping in size. Thus, the constant chromosome markers are
apparently: a) The presence of a satellited pair b) the existence of
the two isobrachial pairs, significantly different in length and c) the
appearance of one pair with subterminal centromere. The satellite size
represents less than half the length of the short arm {ca. 409).

By comparing the present results with the data given by Mor-
vison for H. marinum (without numerical indices) a striking simi-
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Fig. 1. Idiograms of the four karyotypes.

larity was noticed, concerning the morphological features of the chro-
mosomes, in partlcular centromere class, yet in our material absolute
size seemed to be more limited.

B. Hordeum marinum 1

There was recognized a sound analogy to the karyotype of the
previous species (Table Ib, Figs. ik, 2b). The qualitative distribution
of the chromosomes and the values of arm ratios are almost idemti-
cal. The decreasing order of the size appeared also very similar, with
the exception of the chromosomes Nos. 6 and 7 which showed a reversed
relation. However, being given that these two members of the comple-
ment differ essentially in centromere class, the overlapping of size cannot
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Fig. 2. Mectaphase eells from root-iips of the four materials.
a H. marinum, b H. marinum 1, e H. hystriz, d
T. caput-medusae.

cause any confusion. The relative length ranges between the same va-
lues and the shortest pair represents 72.29, of the longest one. The
satellite length corresponds to 36.99% of the proximal short arm. The
SAT pair falls in the same SM class, manifesting also the lowest value
of arm ratio {(0.62), comparatively to the rest SM members of the ge-
nome.

C. Hordeum hystrix

The karyotype of this material appeared qualitatively similar, but
quantitatively different from f. marinum. The absolute length values
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of the chromosomes proved higher, ranging between 8.36um and 6.20um
{Table TTa, Figs. 1c, 2¢). Arm ratios were found to Iall within the same
centromere classes with the corresponding values of H. marinum chro-
mosomes (Table ITT). The shortest member is equal to 73.8%, the size
of the longest one. SAT pair seems to be typically SM, representing
the most hetercbrachial member among SM chromosomes of the compli-
ment. The length of satellite was measured to possess 41.8%, the size
of the proximal arm. The deviation in length of the particular chro-
mosomes proved more intensive, something rather expected with incre-
ased chromosome size.

Consequently, the three materials (H. marinum, H. marinum 1
and H. Aysiriz) showed evident qualitative similarity of karyotypes,
hystrix being recognizable by only different absolute values of chro-
mosome length.

D. Tuaentatherum caput-medusae

A soundly different karyotype was observed in this species, which
can be defined by the following characteristics.

(a) The variation of size proved more restricted, the shortest member
representing 76.29, of the longest one, and the relative length ranging
from 15.96% to 12.179, of the total chromosome length (Table IIb,
Figs. 1d and 2d).

(b) Almost all members of the genome were recognized with less un-
equal chromosome arms. Six of them belong to the M centromere class
among which only two approximate the mean values of 0.80 and 0.79
arm ratio respectively (Table TIT, fig. 1d, Nos. 1, 5). Tt is in the M class
that the SAT pair belongs too, a feature quite distinctly separating
this karyotype from those of the previous species. Satellite itself pos-
sesses 35.7% of the short proximal arm.

(¢) Omne pair with subterminal position of centromere was constantly
present which seems to be a typical index for all materials studied in
this work.

(d) The decreasing order of size is more conventional, since it makes
difficult to distinguish between the 2nd and 3rd chromosome pair as
well as between the 5th and 6th members of the set. The only clearly
recognizable chromosomes are the satellited pair and the ST pair.
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DISCUSSION

Morphological characters, as a means of classifying grass species,
have a limited application in Herdeum genus, because spike features
are useful to delimit species groups rather than single species. In other
words, distantly related species are sometimes quite similar, whereas
considerable morphological variability is often displayed in conspecific
populations (Rajhathy et al. 1964),

The fact resulted in a great deal of confusion in the classificalion
of Hordeum species. Some taxa have heen described either as sub-
specles, or as specles belonging to a broader complex, that is to a spe-
cies taken in “sensu lata’”. This case holds for Hordeum sarinum com-
plex. On the other hand, Taeniatherusn was ranked in the past by
many authors in the genus Hordeum (H. asperum or H, crinitum)
but in later years (Flora Europaea, Vol. 5, Gramineae, pp. 205-206)
botanists returned to Nevski’s aspect (1934), who accepted that as
a distinctly separated genus, due to floral construction (number of
spikelets per node}. In addition, Baum (1978a, 1978b, 1978¢) by u-
sing a numerical method of clustering, placed Taeniatherwm in a dif-
ferent, not overlapping with Hordeum, cluster of taxa.

The establishment of karyolypes gives evidence about the con-
stancy of chromosome morphology and permits justifiable comparison
between or within species as well as, between species belonging to dif-
ferent genera. In karyotypical analysis 5 parameters can basically be
applicable: {a) absolute size of chromosomes, (b} centromere position,
(c) relative length of chromosomes, (d) basic chromosome number, and
() number and position of secondary constriction (Stebbins 1971).
All material studied in the present work was diploid (2n = 2x = 14)
with symmetrical karyotypes. H. smartnum of our collection was similar
karyomorphologically with the material used by Morrison in 1959
(origin: Botanic Garden of Uppsala), as regards both centromere class
and variation of chromosome length belween the members of the com-
plement. The slightly higher values of chromosome length at least to
the point they could be calculated from the photos in Morrison’s paper
(no numerical data) may be due chiefly to the different origin. H.
marinum 1 showed the same karyotypical features with the former
concerning the prominent size of the longest SM chromosome, {No. 1)
the distinetion between the 2nd and the 3rd chromosome pair by arm
ratio and not by size, and the separation of the 6th and 7th pairs also
by centromere class (overlapping in length). Total chromosome length
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reaches almost the same values, whereas the distribution of relative
chromosome length follows a similar variation. The results suggested
no karyotypical differences, qualitative or quantitative, between the
two forms of H. marinum which might reflect the morphological dif-
ferences that forced us to consider them as distinct taxa. The close
relationships between the two above types was defined also by ana-
lysing the isoenzymic pattern of ecertain systems (Symeonidis, in
publication) which gave evidence of an essential number of common
electrophoretic zones, identified by wusing the hypergeometric me-
thod.

The karyotypical distance of H. kystrix from H. marinum is baged
on the observed definite differences in chromosome size. However, a
significant degree of resemblance regarding the qualitative characteri-
stics of chromesome morphology was recognized. Centromere class was
found almost identical. Besides, arm ratio of SAT pair appeared again
as an indicator of extreme SM pair. The findings suggest that the two
species, H. marinum and H. hystriz both belonging to the marinum
group, sensu lato, might be considered to be comnspeecific (Morrison
1959, Rajhathy et al. 1964). Yet, we must admit that the present
data cannot lead us to overlook Covas’s view (1949) according to which
only cytogenetic evidence can decide whether two entlifies are or are
not conspecific.

The karyotype of Taeniatherum caput-medusae proved to deviate
markedly from those found in marinum group. It was recognized even
more symmetrical, with predominance of mesocentric chromosomes and
lower rate hetween the shortest and the longest chromosome of the
genome. Since Tweniatherum is a restricted genus of S. Europe, and
only a variant from Krym (7. crinitnm) which does not seem to merit
specific rank is referred (in Flora Europaea), it could possibly be con-
sidered a rather primitive genus, on the assumption that evolution
tends towards increasing of karyotypical assymetry (Levitsky 1931).
Trrespective of this, the morphology of chromosomes as defined i this
study corroborates the position of Taeniatherum as a distinet genus,
different from Hordegm. Recent data provided by Symeonidis (in
publication), who established enzymic ratios to determine phylogenetic
relationships in the same materials, confirm even strongly the aspect
that Taentatherum 1s quite remote comparatively to the diplod ma-
rtnum species.
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IIEPIAHYH

KAPTOTYIIKH ANAATZH OPIZMENQN AYTOOYQON
EAAHNIKON ETAON HORDEUM (OMAAA MARINUM) KAI
TAENTATHERUM

Yrd
BE. AL KOTKOAH =al A, TTYMEQNIAH

{ ’.Egyacrrﬁg;b iBomwxﬁg Havematyuiov Geaoaliovinng )

KaOoptalmray of xapvétumor ot téoozpa Surhosdd adrtepuy <idy Gra-
mineae ot Boperochhaduob ydoou. Té tolx dvixouwy oty dpdda Hordeum
marinum (edpdrepn fwvore idoug), wad elver Té dedrovfe: H. marinum,
H. marinum T (popporoyxds 7imos) »xel H. hystrix. TS térapro dvipret
at6 yévog Taeniatherum (T. caput-medusae). Ol xapudtumor pehethbmeey
ToloTied (woppohovia ypwpocoudtoy, Bion xevtpoutpous) nul wosotied (h-
x5 FpoposunudTov, phxos Beayidvay, Swotuaven ueyeldv, oyetid wevé-
0n). Awmiorofinee: 1) agene oyeddy tadnion téhv xapuotimav tév H.
marinum szt H, marinnm I, téeo &g mpde w0 popporoyin &Y ypwpon-
uéray, foo xal Hg Tpdg Tig Tipde xal Th Sbperen Tév peyeldv Tovg (dmd-
hote el oyetixa peyéln). 2) Enuevticn wowomue wepuoTumien dvehoyie
peralft 1ol H. hystrix xel tév $bo wimav 160 marinum &g wpdg v ypwpo-
copuy popgporoyie (SAT Uelvog, Abdyos Bowyibvev, wartavout) CYeTin@y us-
veb@v) dahd Swwpopd G mpdg Tig dmbiutes Tudc Tob ypwpoocwuol ue-
veboug (uevardrepes Tinds ord H. hystrix). 3) Awapopemicde wapudrumog
ot T. caput-medusas, dnh. cvpuerpbrepog pé mheovbrnTe pecoxevTotndy
pehdiy xel Swoopztiny wopporoyle ToS SAT lebyovs. 'Arnd ©h peréryn Tdv
*EPLOTOTWY Guumsgaivetar wal Emfefardverar 7 &xdoyyn b o Tele wpdiTw
Shed dvipeowy oty W dpdde (cdumroxo eldog), #v& 16 Taeniatherum
dvmimpocnebe: Ao yEvos, mlavéy s dpyéyovo dmé o Hordeum.
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