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Abstract: The karyotype of another Hordeum vulgare L. cultivar, namely the «Georgian
barley, was established. Chromosome numbering followed the order of the standard karyo-
type, according to which 1-§ designaie the non satellite members of the genome, and 6-7
represent the two SAT pairs. The results clarify the following ambiguous points: 1)
Chromosome No. 1 has the most median centromere among the three longest pairs, but it is
not significantly longer than chromosome No. 2. 2) Chromosome No. 5 is the shorlest and
the second anisobrachial member of the complement. 3) Satellited chromesome ¥ is typically
submetacentric, falling to the SM centromere class, The data, discussed in detail, compa-
ratively to the information provided by other workers for different barley varieties, are
in agreement with the revision proposed recently for barley karyotype as regards the arm
ratio values of the two longest chromosomes. Besides,they give additional evidence con-
cerning the morphology of the SAT pairs.

INTRODUCTION

Chromosome morphology of common barley (Hordeum vulgare L.)
has for long been studied by various workers (Tjio and Hagberg 1951,
Morrison 1959, Tuleen 1973, Noda and Kasha 1978). Though the infor-
mative data provided so far are really substantial the identification of
particular chromosome pairs remains partly unconfirmed. This is due
to the differences revealed by the numerous cultivars used, at times,
and the length overlapping constantly found between some of the pairs.

Undoubtedly the Giemsa C-banding techniques, applied by Linde-
Laursen firstly in «Emir» barley (1975) and later in 20 diverse lines
(1978) as well as by Vosa (1976) in four distinct barley varieties provi-
ded new insights towards identifying particular members of the genome,
However, the problem could not, as yet be thoroughly elucidated, owing
to the restricted amount of heterochromatin, the distribution of the
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banding patterns into small zones and the: observed G-banding intervas
rietal polymorphism (Weimarck 1975, Vosa 1976).

Tuleen {1973), based on karyotype analysis of barley multiple
translocation stocks, was the first to find some discrepancies relative
to the normal’ karydtype as d951gnated By ‘T]m 'and’ Hagberg (1951).
Subsequently, due to the application’ of the newtechniques, a revision
of the standard karyotype was proposed (Noda and Kasha 1978, Linde-
Laursen 1978). It is at this revision that the present work aims for fur-
ther evidence, by establishing the karyotype of the cultivar «Georgian
barley, and by eomparing:the resulting data Wlth the mfcrmatlon pro-
vided so far about the normal chromosome complement.

MATERIALS AND METH.]S

The ((Georgla» barley, 1ntroduced formerly 1nt0 Greece has for leng
been cultivated lere, and it is well known as a' flexible ‘variéty suctess-
f'[1113r ad;ustable to environmental chazges. The seed 'miatetial,’ “uged ‘in
the present study, was kmdly provided by Dr E. Skorde. Sclentlflc D]-
rectcr of the Cereal Instltute (Thessalomki) S

MlGI‘OSQOpJG slides. were- prepared and - the cbservatmn carrled \out
oh mitotic metaphase cells of root<tips. The usnal Peéulgen tedhnique
of stainigg and squashing was applied (Riley ét’all.{1958; Coucoli and
Symeonidiz 1980), supplemented by cold pretreatment of the seedlings,
according to the method used by Kaltsikes et al. (1969). e

Metaphase cells were selected, analysed and photographéd’ ‘and tHe
karyatype, subsequently, defined, in aecordance to the process applied
and, described by Coucoli. and Symecn1d1s (1980} The mea.Surements
were made on 10 selected cells with Slmilal' degree of ccntractlon and
separately recegmzable chromosomes.. ‘ -

. In the idiggram, the chromcscnes heve been put mthe nu;:,nbermg
order firstly proposed.by Tjio and Hagbercr and m,emtalned by all sub-
sequent workers. On this basis, chromosomes 1-5. designate the ncnsate]h—
te members of the genome, arranged in_order. of decreasing. total length
chrcmosome 6 ig the one havmcr large satellite, and: member 7 represents
the. chromcscme pair.; w1th the small satellite. Relative length Was. used
as a, substltute for absolute values, in crder t0 compensate for, the mter—
cell varlatlon owing to dlfferenia degree of contractmn At- te&t Was used
to. deternnne the, d1fferences in chrcmosome relatlve lencrth,s'
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RESULTS

The synoptic data of karyotypical analysis are presented in Table 1.

TABLE 1

Total chromosome relative lengih, arm relative length and arm ratie in barley cultivar
trGeorgian (Percentage values) ‘

Chrom, Total ghort arm long arm arm centromere
pair Relative length length ratio class
lerflwgthl

1 15.674£1.62  7.344-0.47 8.3340.56 © 0.88 . M
9 S 45534065 - 6.7940.24 8.7640.59 0.78 MSM
3 14594043 6.614-0.36 7.98-10.39 0.83 MSM
G iUTMIBE4H0.97 1 6,6530.40 7.10--0.76 0,90 M-
5 i 7 A24140.870 . 5.26-10.41 7.1540.40 0.73 M-
6 13,5088 © +6.62-L0.40 6.97--6.35 098 *© M

b o . (4.62+2.00%) .
7 14.664:0.49. 5.6040.27 9.06-4-0.31 0.62 SM

(£.154+1.45%)

*length of satellite

M = a.r. 0.86-1.00

MSM = ar. 0.76-0.85
SM, .= ar. 0.50-0.75
8T = a.r. <030

According to.the above values, the variation of size ranges between
15.67 (chromosome 1) and 12.41 (chromosome 5), which means that the
shortest pair is equal to 79.19%, the length of the longest one {ca. 4:5)
Between the two longest pairs (1 and 2) no significant difference was
found, so their mean values overlap each other, due to the size variation
of the same chromogome in different cells, chromosome 1 being more
variable than chromosome 2. As regards the arm ratio, the two members,
though broadly similar in centromere class, can be fairly distinguished
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because chromosome 2 was constantly found less equal armed, whereas
chromosome 1 appeared typically metacentrie (Fig. 1).

Chromosome 3 seemed to be rather uncertain, resembling with 2
in arm ratio, but checked significantly shorter. Chromosome 4 can be
identified by being the most metacentric non-satellite member of the
genome (a.r. 0.90), yet significantly shorter than chromosome 1 (the
same arm ratio), No. b chromosome is one among the most clearly re-
cognizable chromosomes, being the shortest and most anisobrachial
non-satellite nember of the whole set (Fig. 1).

The two SAT chromosomes are also fairly identifiable in all cells
studied. The pair No 6 has the larger satellite, which is equal or slightly
smaller the half of the remaining adjacent proximal part of the short
arm (2:4.5:7). The satellite of the chromosome 7 represents a length
about the one third of the short arm. The long arm is the longest one of
the whole complement, so this chromosome is apparently the most ani-
sobrachial SM member {1.5:4:9).

TABLE 2

Comparative values of chromosome relative length (R.L) and arm ratio {A.R ) taken from
four barley carieties

Chromosome «Ernir» «Tibet» «Yorkn «Georgian
identity Linde-Laursen Vosa Noda and Kasha Coucoli et al.
{linkage 1975 1976 1978 1984
groups)

RL. AR R.L. AR R.L. A.R. R.L. AR.

1 14.50 0.97 15.58 0.87  13.18 0.89 15.67 0.88
2 15.62 0.8 15.58 0,72 1459 0.83 15.58 0.78
3 15,40 0.77 13.79  0.90 13.23 0.65 14.59 0.83
4 13.68 0,77 13.79 0.77 12.82 0.88  13.55 0.90
5 12,18 0.75 1261 0.75 10,29 0.69 12.41 0.73
6 14.20 0.98 13,79 0.90 10.00  0.59 13.59 0.94
7 1472 0.64 14.86 0.6 12,89 0.56  14.66 0.62
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In Table I1 comparative data are given, concerning the eorresponding
values of relative length and arm ratios of four barley varietiés. In other
words, the values determined from the karyotype study of «Georgian
have been put in common with the respective data referred or inferred
from recent papers on three other known barley varieties, namely «Hmir»
{Linde-Laursen 1975), ((Tibet» (Vosa 1976) and «York» (Noda and
Kasha 1978). .

The information provided by Table IT is pointing to the fellowing
clarification.

1y In all four cases, the two longest pairs, not always significantly
different in size, can be distinguished by arm ratlo chromosome 1 being
constantly more metacentric.

2) The distinetion between pairs 3 and 4 used to be not a defmlte
one., Concretely, in «Emir» the two chromosomes are of the sameé centro-
mere class, but of significantly different size. «Tibet» is characterized
by chromosome 3 and 4 of the same size, but the one (3) s fairly more
metacentrie. In «York» the condition is reversed, chromosome 4 being
much more equal armed. The same holde for «Georgian, in which chro-
mosome 4 was recognized more metacentric.

. 3) The chromosome No 5 and the two SAT chromosomes were_ in
all instances clearly and simi-larly identifiable as regarding both size
range and arm ratio.

DISCUSSION

The standard karyotype of Hordewm vulgare L., first estabhished
by Tjio and Hagberg (1951) was associated with the linkage -groups
and adopted by the North American Barley Research Workers Confe-
rence {Ramage et al., 1961).

The general acceptance of the above relationships was later que-
stioned because the identity of chromosomes 1-4 proved not an easy
task for the cytologists and cytogeneticists. Moreover, possible identi-
fications subsequent to rearrangements such as interchanges, might have
increased the uncertainties (Noda and Kasha 1978).

Thus the objeetions, at first presented by Tuleen (1973) and later
corroborated by Kiinzel (1976), imposed the necessity of a partial revi-
sion of the karvotype, as finally proposed by Kasha and Noda (1979).

Our results in barley cultivar «Georgian seem to be in closer agree-
ment with the revised, more recent findings, in particular approximating
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the arm ratio values given by Noda and Kasha (1978), having precisely
worked with the cultivars «Betzes» (a 2-rowed barley of European ori-
gin) and «York» (a 6-rowed barley from Canada). Next to this, comes
the similarity with «Emir» according to the data presented in Table 2.
The resemblance is almost complete for the chromosomes 1, 2, 4 and b.
With regards to chromosome No 3, the a. r. value found in «Georgian
(0.83) lies in between the corresponding findings presented by Linde-
Laursen (0.77) and Vosa (0.90). All results are different from the standard
karyotype in the reversed sequence between 1 and 2 chromosomes, as
well as between 3 and 4 (apart from Vosa’s). Thus the correct position
of the revised karyotype appears prominent.

Some features concerning the SAT chromosomes should be also
discussed here. According to our measurements chromosome 6 is a ty-
pical metacentric (0.94) and the same holds for «Kmirn (0.98} and «Ti-
bet» (0.90). On the other hand chromosome 7 was measured as typically
submetacentric, but fairly heterobrachial (0.62) whereas the correspond-
ing values for «Emir» and «Tibet» are in both 0.64. Somehow different
are the data offered by Noda and Kasha (6 /0.59, 7/0.46), that is chro-
mosome 6 has a submedian and chromosome 7 a subterminal centromere.
These findings are in accordance with the standard karyotype, (Tjio
and Hagberg 1951), (0.61/0.41) and, in addition, with the data provided
by Kiinzel (1976) (0.59/0.47).

Unless there have been differences owing to the various handlings
of the different materials resulting in different degree of contraction and
affecting the morphology of mitotic chromosomes, the alternative ex-
planation could be that there are two sets of SAT chromosomes in the
pool of the diverse Hordeum vulgare genotypes. The one includes one
metacentric and one submetacentric members while the other, one sub-
metacentric and one acrocentric chromosormes. The first case is the si-
iuation which oceurs more frequently and it covers the cultivars «Ceor-
gian, «Emir», and «Tibetn, as well as the ten different materials studied
by Vosa (1976). The sams condition is also represented by the two SAT
pairs observed in H. spontaneum (Vosa 1976), We should add that the
wild barleys studied so far by different workers (Morrison 1959, Richards
and Booth 1976, Coucoli and Symeonidis 1980) containing either one
(mostly) or two SAT pairs, showed constantly the presence of SM satellit-
ed members. However, the occurrence of acrocentric (ST) satellite chro-
mosomes in Hordewm vulgare remains an undoubtful fact, since it was
clearly defined for both the standard karyotype, as well as for the culti-
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vars studied by Kiinzel and Noda and Kasha. Similar acrocentric (ST)
satellite types have been frequently observed in other taxza of Triticeae
(dgropyron, Elymus) by several workers {Heneen and Runemark 1962,
1972, Runemark and Heneen 1968, Schulz-Schaeffer and Jurasits 1962,
1967). Therefore, it cannot be excluded that the two types of satellited
chromosomes have been in parallel stabilized in the different genotypes
of H. vulgare.
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LHEPIAHYH

ETMBOAH ETHN ANAGEQPHIH
TOT KAPTOTYIIOY THE KPIOHZ

brd
E. KOTYKOAH, A. TEQPTIOY xal M. MOTETAKA
(" Egyaornpio Borarixijs HHavemoryulov Ococalovixns)

‘Koboplalnze & woapuétomos tihe xadhiepyodpevne motxthlag xptBapiol
«Georgian. *H dptlunoy tdv ypwposwpdtwy droradbnoe 4 oetpd tab wpd-
TUToU XapLoTUTOL, WY TeuTeTalel Ta W) Sopugpoptxd péAn Tod yevdparoed
a6 ypoposopete 1-5 xal 1& 800 SAT Ledyn o¢ 6 »at 7. Ta dwoteréopata
Stevxpvilovy T dudhoula, augiobrrobpeve oroiysie: 1) To ypopdowpa
1 elvar 78 wid petaxevipind dmd & tple peyeibrepa péiy ol xapuothmov,
@ra Bty elver sratioTing peyehitepe &nd T4 yoopboswpe 2. 2) Té Levyaot
b dvrimposwmeiet 16 md Boayd 1érog Tob yevapatog, wal T wd dvioaBpayio-
vixd gmd T ) Sopuooping ypwpachpata. 3) Té ypoudbowpa 7 dvayveplsln-
®e ¢ Tumikd Omopetanevrpixd (SM xevrpopepind) wAdoy).

Té& 3edopéva, wod cuyxplvovtar dvahuting pt FifAitoypapius oToryeln,
Gvatpopind uE EIec mowihicg xptllapiol, cuppwvodv pt tic mpbopates wpoTd-
oetg yik pepuh avabedpyom 10U mpdTuTmou xepuoThmon dvapoplud ut Tov Set-
% Bpayrdvov Tév dbo peyaibtepwy ypwpoowpdtwy. ‘Emimpboleta, Slvovral
vEa orovyele oyetind pd ta 8bo SAT levyapua.
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