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The structural properties of barley oligonucleosomes are invesrignted nnd compared to chose of rat liver oligomers. 
Extraction of barley chromatin was performed using mild nuclease digestion of isolated nuclei leading to a low ionic strength 
soluble fraction. Oligonucleosomes were fractionated on sucrose gradients and characterized for DNA and histone content. 
Physico-chemical studies (sedimenta:ion, circular dichroism and electric birefringence) showed that barley oligonucleosomes 
exhibit properties very close to those of the HI-depleted rat liver counterparts. Moreover. in situ. barley linker DNA was more 
sensitive to micrococca1 nuckase digestion than that of rxt liver. These results suggest that barley oligooucleosomes show a less 
compact structure than their rat liver counterparts and appear to be in contradiction with the very condensed organization of 
barley chromatin previously suggested. 

1. Introduction 

Nuclear DNA is organized into a repetitive 
nucleohistone subunit, called the nucleosome, in 
all eukaryotic organisms studied thus far (for a 
review, see refs. l-3). The presence of this nucleo- 
somal structure in very divergent groups such as 
vertebrates, micro-organisms, viruses or plants in- 
dicates the stability and conservation of the his- 
tone-DNA assembly during evolution. It thus ap- 
pears that the nucleosomes have apparently the 
same basic architecture despite variations in DNA 
content and although the molecular weight and the 
chemical composition of severa histones differ. 

At very Iow ionic strength, chromatin appears 
as a beaded fibre where-the beads represent the 
nucleosomes. The folding of the nucIeosoma1 chain 
into the 20-30 nm thick fibre, variously described 
as a solenoidal [4] or a superbead structure [SJ, is 
still unclear. Particularly. the respective roles of 
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histone Hl, non&stone proteins and histone-DNA 
interactions between adjacent nucleosomes are not 
well understood. Fibres of similar appearance are 
found in nuclei or in isolated chromosomes [6-S] 
and transitions between the loose polynucleosomal 
chain and the compact higher-order structure must 
play a fundamental role in the template activity of 
the chromatin. 

Concerning the structural properties of the 
nucleosome, it has been shown that the compac- 
tion of the nucleosome might be altered under 

certain conditions. In particular, nucleosomes as- 
sociated with transcriptionahy active genes and 
replicating chromatin exhibit a less compact struc- 
ture than bulk chromatin [9-141. This association 
structure-function of nucleosomes attracts current 
interest in the conformational state and transitions 
of these particles. Evidence has recently been pre- 
sented which suggests that yeast nucleosomes are 
less constrained than those of higher eukaryotes 
[15]. It was inferred that changes in the H3 se- 
quence and in the H3-H4 interactions might be 
responsible for this structural variation. In plants, 



very little is known concerning the compaction of 
nucleosomes. We were interested in the structural 
organization of chromatin in barley nuclei. This 
higher plant (Nordeunz ouLgoris) is of particular 
interest. since the chromatin shows a very highly 
condensed structure and exhibits a high degree of 
heterogeneity in histones Hl and H2 as do al1 
Gramineaes [16-I SJ_ We have previously reported 
the preparation and the physico-chemical study of 
a few ionic strength soluble chromatin fraction 
extracted from barley nuclei [19J_ We observed the 
same transition in the electro-optical properties of 
oligonucieosomes as has been described in rat liver 
chromatin [20,21], suggesting changes in the orien- 
tation of nucleosomes. 

In order to obtain more information about the 
structural properties of barley chromatin. we re- 
port here the study of low-order oligonucleosomes: 
monomers. dimers and trimers. We present the 
first detailed structural analysis of plant oligonuc- 
leosomes and we compare the results with those 
obtained with their rat liver counterparts, with or 
without Hl. The chemical characterization_ partic- 
ularly the determination of the associated DNA 
length and of the histone content. was carried out 
in parallel with circular dichroism and electric 
birefringence studies. 

2. Materials and methods 

7-day-old barley leaves. grown at 25 o C in dark- 
ness. were harvested. Nuclei were isolated accord- 
ing to the method of Muller et al. [17] slightly 
modified [19]. Extraction of barley oligonucleo- 
somes was performed as described by No11 et al. 
[22]. Nuclei were suspended at a concentration of 
10” per ml in a digestion buffer containing 5 mM 
Mes (pH 7.0) 1 mM CaCl,. 250 mM sucrose and 
1 mM sodium bisclfite as protease inhibitor. The 
suspension was incubated at 37OC and lo-’ U of 
micrococcal nuclease (Sigma) was added per 10’ 
nuclei. 2 min 30 s later, the reaction was stopped 
by addition of 100 mM EDTA to a final con- 
centration of 5 mM and quickly chilled in ice. 
After 5 min centrifugation at 1500 Xg, pelleted 

nuclei were lysed in 1 mM sodium bisulfite and 1 
mM EDTA (pH 7.5) with agitation at 4OC for IO 
min. After 5 min centrifugation at 1500 x g, the 
supematant containing the low ionic strengrh solu- 
ble chromatin was recovered. Oligonucleosomes 
were fractionated according to the method of Finch 
et al. 1231. Chromatin solution was layered on 
isokinetic sucrose gradients (5-28.28) containing 
1 mM sodium phosphate buffer (pH 7.4) and 1 
mM EDTA. Centrifugation was for 19 h at 26000 
rpm in a Beckman SW 27 rotor. The fractions 
were collected with an JSCO density gradient 
fractionator and dialysed overnight against 1 mM 
sodium phosphate buffer (pH 7.4) and 1 mM 
EDTA. 

-7.. Preparation of rat her 0Iigonuckosomes 

Rat liver nuclei were isolated as described by 
Hewish and Burgoyne [24]. Chromalin oligomers 
were prepared according to the method of No11 et 
al. 1221. Digestion of nuclei by micrococcal nuclease 
and fractionation of chromatin were performed 
under the same conditions as those for barley 
nuclei. Hl-depleted oligomers were prepared either 
by fractionation on the isokinetic gradients 
described above but containing 450 mM NaCl[25] 
or from purified oligonucleosomes using the 
method of Bolund and Johns [26]. In this case, Hl 
was adsorbed on AG 50W x 2 cation-exchange 
resin in the presence of 1 mM phosphate buffer 
(pH 7.4) and 450 mM NaCI (0.2 ml equilibrated 
resin per ml chromatin solution). The suspension 
was gently stirred for 5 h at 4OC and centrifuged 
at 1000 X g for 2 min. Supematants were finally 
dialysed against 1 mM phosphate buffer (pH 7.4) 
and 1 mM EDTA. 

2.3. DNA purificarion and analysis 

The solutions containing soluble chromatin or 
digested nuclei were adjusted to a final concentra- 
tion of 3 mM EDTA. 1% SDS and I M NaCl. 
They were incubated overnight at 37OC in the 
presence of 100 ng/ml of proteinase K. This treat- 
ment was further followed by four to five extrac- 
tions with chloroform/isoamyl alcohol (24 : 1). The 
purified DNA was precipitated by addition of 2 



~01s. ethanol at - 20 “C and stored for 48 h at 
- 20 “C. Precipitated DNA was collected by 
centrifugation at 10000 X 8 for 10 min, washed 
twice w&h ethanol and dried under vacuum. The 
analysis on 0.5% agarose/28 polyacrylamide slab 
gels was performed as described by Philipps and 
Gigot [16]. 

2.4. Histone purification and analysis 

The solutions containing nucleoproteins were 
adjusted to A - 5 with distilled water and 260 nm- 
dialysed overnight against 0.4 N H,SO,. After 
centrifugation at 20000 x g for 20 min, the super- 
natant was removed and dialysed for 48 h against 
ethanol. Histones were collected by centrifugation 
at 20 000 X g for 20 min. washed twice with ethanol 
and dried under vacuum. 

CaCl, concentrations, as described in section 2. 
The lysis of digested nuclei led to low ionic strength 
soluble chromatin fractions. The sucrose gradient 
fractionation of rat Iiver chromatin allowed us to 
separate oligomeric nucleosomal components con- 
taining from one up to eight nucleosomes (fig. 
lA), while only three nucleosomal oligomers could 
be separated from each other in the case of barley 
chromatin: monomer, dimer and trimer (fig. 1B). 
In the case of rat liver chromatin fractionated on 
sucrose gradients containing 450 mM NaCl (in 
order to remove histone Hl), four nucleosomal 
oligomers could be separated from each other, the 
last peak to be detected being that of tetranucleo- 
some (fig. 1A). 

The analysis on polyacrylamide slab gels was 
performed as described by Laemmli [27]. The 
estimation of Hl percentage was performed by 
scanning gels and integrating peaks using a Vernon 
PHI 3 photometric densitometer. 

The Fritsch 1281 equation for isokinetic gradi- 
ents permits calculation of sedimentation coeffi- 
cients of barley and rat liver oligonucleosomes. 

The dependencies of s on the number of 
nucleosomes are presented in fig. 2. For rat liver 

2.5. Circular dichroism analysis 

1 I 

bottom 

Circular dichroism measurements were per- 
formed with a Jobin & Yvon mark IV dichrograph 
using cuvettes of I cm path length and solutions 
showing an A,, nm = 1. The results are presented 
in terms of molar ellipticity [e] in deg. cm’ dmol-‘. 

2.6. EIectric birefringence measurements 

Procedures for electric birefringence measure- 
ments on chromatin solutions have been previ- 
ously described [20,21]. Single rectangular pulses 
were applied and birefringence signals were dis- 
played on a transient recorder, then transferred to 
an XY plotter. 0 1 I 1 

0 30 60 90 
3. Results FRACTION NUMBER 

3. I. Fractionation and sedimentation of nucleosome 

oiigomers 

Barley and rat liver nuclei were digested under 
identical conditions of micrococcal nuclease and 

Fig. 1. Fractionation of micrococcal nucleate-digested chro- 
matin by sucrose gradient centtifugation. (A) Rat liver chro- 
matin. The isokinetic gradients contained 1 mM sodium phos- 
phate buffer (pH 7.4), 0.2 mM EDTA and (- ) no NaCi 
and (-- --_) 450 mM NaCI. (B) Barley chromatin in low 
ionic strength. 
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Fig. 2. Dependence of sedimentation coefficients on the num- 
her of nucIeosomcs in thr oligomeric chain. plotrcd as a dou- 
hla-Iogxithmic scale. Native rat liver chromatin (m--I). 
HI-drplrred rat liver chromxin (0 -0). barley chromsrin 
(0-e). 

oligonucleosomes with HI, the experimental data, 
plotted on a double-logarithmic scale, are de- 
scribed by the relation: 

s = 10.8 x n” “’ (1) 

For the HI-depleted .Ggonucleosomes. the ex- 
perimental data. plotted logarithmically, give a 
straight line having a lower slope and are described 
by the relation: 

.Y = 10.3 X ,lUJJ (2) 

For barley oligomers. our sedimentation results 
are described by the equation: 

.S = 10.6 x N”.~’ (3) 

Histones were extracted from every oligonuc- 
IcosomaI fraction. All rat liver oligomers exhibited 
the same histone pattern (fig. 3, lane 1). without 
any sign of proteolytic degradation. The ap- 
proximate percentage of histone Hl. determined 
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Fig. 3. Elecrrophoreric patterns of histones extracted from rat 
liver (lane 1) and barley oligonucleosomes (Izme 2). Stacking gel 
(I cm long) was 5% polyacrylamide, 125 mM Tris-HCI (pH 
6.8). 0.1% SDS. Resolving gel (18 cm long) was 16% poIy- 
acrylamide, 375 mM Tris-HCI (pH 8.8). 0.1% SDS. Histones 
were dissolved in 62.5 mM Tris-HCI (pH 6.8). 2% SDS. 5% 

2-mercaptoethano1. 10% glycerol and heated for 3 min at 
lC!ODC before depositing. Migration was for 15 h ilt 40 mA in il 
buffer containing 25 mM Tris-HCI (pH 8.3). 192 mM glycine 
and 0.1% SDS. Gels were stained with Caomassie brilliant blue 
and destained by diffusion. 

by densitometric measurements, was approx. 19 -C 
2% compared to total histones, for all rat liver 
oligonucleosomes. The patterns of histones ex- 
tracted from barley were identical for mono-, di- 
and trinucleosomes and showed several char- 
acterized features (fig. 3, Iane 2). There were three 
components having molecular weight greater than 
21500 and which corresponded to the HI histones. 
H3 and H4 comigrated with their counterparts in 
rat liver histones and histones H2 appeared as at 
least four components with molecular weights be- 
tween 15800 and 17000 [19]_ The mean value of 



the percentage of histone Hl was 17 f 3% of total 
histones for all the oligomers. 

On the other hand, DNA was extracted from 
soluble chromatin fractions of both species and 
analysed on 0.5% agarose/2% polyacrylamide slab 
gels in order to determine the iength of DNA 
associated to the oligonucleosomes. The compari- 
son with HueHI-digested @X174 DNA allowed us 
to determine mean repetitive lengths of 193 f 5 
and 198 _t 5 base-pairs for barley and rat liver, 
respectively. It is interesting to note that the DNA 
length associated to barley monomers is signifi- 
cantly shorter than the repetitive nucleosomal unit, 
in contrast to rat liver (fig. 4). Loss of Hl on the 
ends during digestion could explain the shorter 
DNA from barley monosomes but within the limits 
of experimental accuracy the percentage of Hl has 
always been found to be higher than 12-13s of 
total histones. 

In the case of barley chromatin, a significant 
part of digested chromatin (at least 50%) remained 
insoluble at low ionic strength. The DNA contents 
of both fractions were analysed at different steps 

Fig. 4. Dependence of DNA content on the number of nucleo- 

somes in the oligomeric chain. (A) Rat liver chromati”. (B) 

barley chromatin. Low ionic strength soluble oligonucleosomes 

(0-0) and low ionic strength insoluble oligonuclcosomes 

(O- 0). The gel (12 crz long) was 2% poIyacryI- 

amide/0.5% agarose. 0.1% SDS. 40 mM Tti=XCI (pH 7.8). 20 

mM sodium acetate. 1 mM EDTA. DNA was dissolved in 40 

mM Tris-HCI 10 mM (pH 8.0). 1 mM EDTA and 20% gIycero1. 

Migration was for 4 h at 80 V in a bufier containing 40 mM 

Tris-HCI (pH 7.8). 20 mM sodium acetate and 1 mM EDTA. 

Gels were stained with ethidium bromide and photographed 

under ultraviolet illumination using an orange filter. 

of the digestion. No difference was found in the 
electrophoretic pattern, DNA fragments of the 
same size being present in the soluble and insolu- 
ble fractions (fig. 4). This indicates that the insolu- 
bility is not due to a lack of digestion of part of 
the chromatin but results from an aggregation 
phenomenon. Moreover. the histone composition 
was exactly the same in soluble and insoluble 
chromatin. 

3.3. Circular dichroisnt 

Circular dichroism measurements were per- 
formed in 1 mM sodium phosphate buffer (pH 
7.4) containing 1 mM EDTA. Unfractionated bar- 
ley and rat liver chromatins showed approximately 
the same spectrum, typical of native chromatin 
[29,30] (fig. 5). It is characterized by a positive 
peak at 282 nm with a shoulder at 272 nm, a 
negative peak at 295 nm and a molar ellipticity 

rGE, ranging from 1800 up to 2000 deg. cm’ 
dmol-*. Rat liver oligonucleosomes fractionated 
on sucrose gradients exhibited the same spectrum 

I I 
260 I 

280 300 260 280 300 
WAVELENGTH lnm, 

Fig. 5. Circular dichroism spectra. (A) Rat liver oligonucle~ 

some5 fractionated at low ionic strength (a), in tke presence of 

450 mM NaCI (b) and HI-depleted oIigo”ucIeosomes prepared 

by the method of Bolund and Johns 1261 (c). (B) Barley 

chromatin: (a) soluble chromatin and (b) sucrose gradient 

fractionated 0Iigonucleosomes. 



Surprisingly, despite the fact that they have the 
same histone content as that of total soluble barley 
chromatin, isolated barley oligomers showed a dif- 
ferent spectrum. The shoulder at 272 nm and the 
negative peak at 295 nm disappeared. whilst the 
molar eilipticity [0]~~~‘,, increased up to 
3200-3300 deg. cm’ dmol-’ (fig. 5B). A similar 
spectrum was obtained in the case of Hl-depleted 
rat liver oligonucleosomes when Hl was removed 
by sedimentation on sucrose gradients containing 
450 mM NaCI. In contrast. rat liver oligomers, 
depleted of Hl by using anion-exchanging resin. 
showed a more significant increase of [s]zgf’,,, 
which reached 4000 deg. cm’ dmol-t (fig. 5A). 

Electric birefringence experiments were carried 
out in 1 mM phosphate buffer (pH 7.4) and 1 mM 
EDTA. As previously reported by us for barley 
1191 and rat liver [20]. birefringence (An) is nega- 
:ive for small oligomers containing less than six 
nucleosomes and positive for higher-order 
oligomers. Rat liver oligomers corresponding to 
hexanucleosomes do not exhibit any birefringence 
[20.21]. Under similar experimental conditions, the 
values of specific electric birefringence (An/A,,,) 
are lower for barley than for Hl-containing rat 
liver oligomers and thus much lower than for 
Hl-depleted rat liver oligomers [31]. For the 
mononucleosome. this may be explained by a 
highly compact spherical or disc-shaped structure. 
as shown by the vrry short relaxation times found. 
and consequently by a low degree of orientation. 
For barley dimer and trimer. the differences are no 
doubt due to the smaller DNA length than in rat 
liver oligomers. 

Analysis of transient electric birefringence de- 
cay cures permits calculation of the oligonucleo- 
somz’s relaxation times (T) by using the well known 
relation of Benoit [32]. 

&r(r) =dn,,e-“7 (4) 

where An,, is the steady-state birefringence. 
Fig. 6 shows the results obtained for barley 

oligomers in comparison with those obtained for 
their rat liver counterparts, with or without HI. 

5 10 15 2 
TIME (ps) 

Fig. 6. Determination of relaxation times of dinuclcosomes (A) 

and trinuclrosomes (B). Rat liver oligomers conraining Hl 

to- 0). HI-depIcted rat liver oligomers obtained by 

centrifugation in high ionic strength (I- I) and by treat- 

ment with the cation-exchange resin (U- 0). barley 

oligomers (a -e). 

While the relaxation time exhibited by rat liver 
mononucleosome repeatedly found to be 0.6 + 0.1 
ps [20], the r value (= 0.2 ps) obtained for barley 
monomer is too close to the sensitivity limits of the 
apparatus to allow definitive calculations. How- 
ever, one should bear in mind that both diffusion 
constants (rotational constant calculated from the 
relaxation time of 0.6 JLS and translational con- 
stant determined from quasi-elastic light scattering 
measurements [33] have shown that rat liver 
mononucleosome must be hydrodynamically con- 
sidered as a slightly elongated ellipsoid or as a 
lollipop with a spherical head of 110 A diameter 
[32.33]. 

In contrast, a value of rotational relaxation time 
of 0.2 ps leads to hydrodynamical dimensions in 
good agreement with electron microscopy, since r 
is the time exhibited by a spherical particle with a 
radius of 58 A. 
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Rat liver dimer and trimer exhibit similar re- 
laxation times which show that the trimer struc- 
ture is highly compact, almost spherical [33,34]. 
The removal of Hl induces the appearance of an 
extended structure, this effect being rather limited 
when Hl is removed by centrifugation in high 
ionic strength_ When Hl is removed in the pres- 
ence of the cation-exchange resin, the decays of 
birefringence become multi-exponential showing 
slower relaxation times of 4.5 JLS for the dinucleo- 
some and of 7.5 ps for the trimer. 

It is very interesting to note that barley 
oligomers show relaxation times which increase 
with the number of nucleosomes in the chain. 7 is 
found to be 1.8 ps for the dimer with a monoex- 
ponential decay and 4 t~s for the trimer for which 
shorter relaxation times are also found (fig. 6), no 
doubt due to slight contamination by dimer par- 
ticles ( < 15%). 

4. Discussion 

The results reported here on soluble chromatin 
indicate that the barley oligonucleosomal chain 
exhibits a less compact structure than its animal 
counterpart, with rat liver as the model. 

That barley monomers contain a length of DNA 
shorter than the repetitive value shows that the 
linker DNA of barley chromatin is more sensitive 
to micrococcal nuclease digestion (especially to the 
exonuclease activity) than that of rat liver chro- 
matin. This strongly suggests a greater accessibility 
for the enzyme. Therefore, the difference in DNA 
length in mononucleosomes following digestion 
could be due either to a less condensed structure 
of barley chromatin or to different protection of 
linker DNA by non&stone proteins. 

Circular dichroism experiments agree with both 
possibilities. Indeed, barley oligonucleosomes ex- 
hibit a higher molar ellipticity at 282 nm than their 
rat liver analogues. It is quite evident that the 
molar ellipticity at 282 nm depends on the propor- 
tion of free DNA in the nucleosome 1351. Concem- 
ing the organization of DNA in the rat liver 
nucleosome, it is now recognized that 140-145 
base-pairs are associated to the histone octamer 
and 160 base-pairs to the chromatosome, whilst 

35-40 base-pairs constitute the linker DNA [l-3]. 
It has been clearly shown that identical properties 
characterize the barley nucleosomal DNA organi- 
zation [36]. Barley oligonucleosomes contain a 
shorter length of DNA than their rat liver counter- 
parts (fig. 4) and they fully retain histone Hl, as 
do those of rat liver. It then seems reasonable to 
believe that, if barley oligomers exhibit a shorter 
length of free DNA located at the nucleosome 
entry and exit, compared to those of rat liver, the 
higher values of [6]$!,“&, result from the fact that 
the internal organization of their nucleosomal 
DNA is much less constrained. Indeed, the com- 
plete removal of Hl from rat liver counterparts is 
required to obtain similar values of [@]$f:,,,,_ 

Sedimentation data agree well with these re- 
sults. It is known that the value of the exponent u 
in the dependence on s of n may characterize the 
degree of compaction of the nucleosomal chain 
[37]. The exponent CI = 0.50 in eq. 1 indicates 
relatively high compaction of the chain which de- 
creases after dissociation of histone Hl: CI = 0.43 
in eq. 2. Our results are in good agreement with 
similar data obtained for animal oligonucleosomes 
under low ionic strength conditions. CI is equal to 
about 0.52 for oligonucleosomes with Hl [38-421 
and about 0.40 for oligomers without Hl [39,40]. 
For barley oligomers containing Hl, our sedimen- 
tation results give a value of 0.42 for P. This 
indicates that the barley nucleosomal chain seems 
to present the same unfolded structure as that of 
rat liver after removal of histone Hl. Moreover, 
that it is not possible to separate barley oligomers 
containing more than three nucleosomes agrees 
with the work of Strltling.[43] who showed that 
the gradient separation of oligonucleosomes con- 
taining more than four nucleosomes depends on 
maximal compaction of the oligonucleosomes. It is 
noteworthy that attempts to separate Hl-depleted 
oligonucleosomes of rat liver always lead to sedi- 
mentation profiles comparable to those of barley 
chromatin, the last peak to be detected being that 
of tetramer. 

Confirmation of the extended structure of bar- 
ley oligomers is given by the analysis of the bi- 
refringence decays which shows an increase of 
relaxation time with number of nucleosomes. One 
should bear in mind that rat liver oligomers ex- 



hibit similar values for dimer, trimer, tetramer and 
pentamer (1.2-1.8 ps) [20]. 

These results may contrast with the fact that a 
significant amount of the digested chromatin re- 
mains insoluble at low ionic strength. An electron 
microscopy study led Muller et al. [17] to conclude 
that this poor solubility is due to a highly con- 
densed structure of barley chromatin. on the basis 
that individual nucleosomes cannot be visualized 
at low ionic strength. Indeed. they only observed 
20-30 nm thick fragments, even after micrococcal 
nuclease digestion. Our results disagree with these 
data, since we were able to separate oligonucleo- 
somes containing a limited number of nucleo- 
somes. It should be borne in mind that the low 
solubility of barley chromatin at low ionic strength 
is one of the two specific properties which may 
possibly be related to functional aspects. The other 
property is the multiplicity of histones HZ [16-181. 
We have shown that the DNA of both the soluble 
and insoluble fraction was identically digested by 
DNases and that the histone composition was the 
same. Therefore. we are confident that the 
technique used for the preparation of soluble bar- 
ley chromatin is valuable not only for mass isola- 
tion of plant histones but also for biochemical and 
biophysical studies giving useful information about 
native highly condensed chromatin. We believe 
that the insolubility could only arise from an ag- 
gregation phenomenon due to either differences in 
non-histone content or histone-histone interac- 
tions. Both effects result in the maintenance of 
oligonucleosomes in a condensed superstructure. 
However. we think that the low ionic strength 
insolubility is not incompatible with ‘the less con- 
strained structure of the barley oligonucleosomes’ 
in solution_ 

In conclusion, it seems clearly established that 
barley oligonucleosomes exhibit little constrained 
structure, compared to their animal counterparts, 
even if strong interactions seem to be involved in 
higher-order structures of barley chromatin. 
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