Interlocus homogenization of ribosomal DNA repeat units in barley

Eukaryotic ribosomal RNA genes that
encode 18S. 5.88 and 268 ribosomal RNAs
(rRNAs), are found as parts of repeat
units that are organized as tandem arrays,
located at the chromosomal sites known
as nucleolar organizing regions (NORs).
These ribosomal repeats at one or more
loci constitute what is described as ribo-
somal DNA (rDNA). The ribosomal repeat
units at an individual NOR are present in
hundreds to thousands of copies'. Each
rDNA repeat unit consists of a highly con-
served coding region (for 188, 5.8S5 and
268 rRNAs) and a variable non-coding in-
tergenic spacer (IGS) region. Each IGS
in its turn contains a set of subrepeats
which range in size from about 100 bp to
about 4000 bp in different plant species”.
Generally, variation in the length of tDNA
repeat units occurs due to variation in the
size of the IGS region that itself depends
on the variation in the number of inter-
genic spacer subrepeats. This variation in
the number of subrepeats alters the length
of the whole spacer region, leading to the
occurrence of spacer-length-variants (slvs).
These slvs at a locus are described as IDNA
alleles and can be identified by restriction
enzyme digestion coupled with Southern
hybridization®™,
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Barley has two major rDNA loci (Rrnl
on chromosome 6 or 6H and Rrn2 on chro-
mosome 7 or 5H). Each barley rDNA re-
peat unit has two restriction sites for Sacl,
one in the 18S and the other in the 268
region. Consequently, on digestion with
Sacl, each ribosomal repeat will pro-
duce two DNA fragments; one of them
containing the coding region would be
constant in size, and the other containing
full IGS and a part of the coding region
would be variable in size. Such a feature
is easily resolved as two bands that are
visualized on Southern blots after hybri-
dization with a ribosomal DNA probe. If
there are two loci, as in barley, they will
each produce a constant band and a vari-
able band, so that one denser constant
band is observed along with two lighter
variable bands, which represent two slvs.
Sometimes, three to five slvs are also
observed in barley accessions either due
to presence of complex loci or due to hete-
rozygosity, but a solitary slv associated
with two loci is only rarely observed.

For a study of ribosomal DNA poly-
morphism, we used 42 wild barley acces-
sions collected from four eco-geographi-
cally contrasting microniches (sun-deep
soil. sun-shallow soil, shade-deep soil and

shade-shallow soil) of Newe Ya'ar micro-
site (3182 m?%) in Israel and supplied to
us by E. Nevo from Haifa (Israel). We
digested appropriate amounts of DNA of
each of these 42 wild barley accessions
with Sacl restriction enzyme. Digested
DNA was fractionated by electrophoresis
on 1% agarose gel for 16 h at 4 V/cm,
blotted to nylon membrane (Hybond N+)
and subsequently hybridized with o*?p-
labelled wheat rDNA probe pTA71. Mem-
branes were exposed to X-ray films for

Table 1. Frequencies of different rDNA slv
phenotypes in 42 accessions of wild barley
(H. spontanewm) from Newe Ya'ar, Israel

No. of

slv phenotype accessions Frequency
105 2 0.0476
106 2 0.0476
107 11 0.2619
108a 4 0.0952
108 4 0.0952
109 12 0.2857
110 2 0.0476
108a, 110 3 0.0714
108, 113 1 0.0238
109, 113 1 0.0238
Total 42 1.00
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Figure 1, Autoradiogram showing two spacer-length-variant (slv) phenotypes in 12 accessions
(marked 1-12) of barley. slv phenotypes are indicated by allelic compositions at the bottom
(note that 10 out of 12 accessions have a solitary slv).
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Table 2. Frequencies of single rDNA slv phenotypes in different studies on barley

Number of Frequency of
accessions  individuals showing
Plant species studied single slv phenotype Reference
Hordeum spontaneum 25 0 (0%) 3
Hordeum vulgare 100 0 (6.0%) 3
Composite cross-population of barley 377 53 (14.0%) 3
H. spontanewm 16 0 (0%) 4
H. vulgare 2 0 (0%) 4
H. spontaneum 267 0 (0%) 5
H. vulgare 92 T (7.6%) 5
H. vulgare 305 2 (0.6%) 6
H. spontanewm 16 1(6.3%) 6
H. spontaneum 21 5(23.8%) 7
H. vulgare 27 5(18.5%) 7
H. spontaneum 63 19 (30.1%) 8
H. vulgare 7 1(14.2%) 8
H. spontaneum 285 19 (6.6%) Our unpublished results

Figure 2. Somatic pro-metaphase chromosomes of root-tip cells of H. spontaneumn (2n=2x = 14)
showing results of fluorescence in situ hybridization with biotin-labelled wheat rDNA probe,
pTAT71. Arrowheads indicate strong hybridization sites for rDNA on two pairs of chromosomes.
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appropriate time and then developed to
obtain corresponding autoradiograms. Len-
oths of DNA fragments in each band
were worked out using the software
SEQAID. Eight slvs constituting 10 dif-
ferent rDNA phenotypes were observed.
a phenotype being represented by all the
slvs available in an accession (Table 1).
To our surprise and deviating from ex-
pected results, 88% of wild barley acces-
sions showed the unexpected single slv
phenotype, which was rather intriguing,
but was an important observation (Figure
1). The results were confirmed by repeat-
ing the experiments with increase of elec-
trophoresis time from 16 to 24 h at 3 V/em
for proper separation of digested frag-
ments. The observed results, therefore.
could not be an artifact of the technique

We consider the above results interest-
ing, because single slv in such a high fre-
quency has never been reported in bar-
ley*®. In all earlier studies, phenotypes
with two slvs each were predominant, and
single slv phenotypes were only rare
(Table 2). Since single slv could also result
from loss of any one of the two rDNA
loci, we conducted another experiment to
examine if this could be the case. Fluo-
rescence in situ hybridization (FISH) on
somatic metaphase chromosomes (derived
from fixed root tips) of barley accessions
with solitary slv was conducted using
biotin-14-dCTP-labelled ribosomal DNA
probe (pTA71). Four hybridization sig-
nals on two pairs of homologous chromo-
somes were observed in each case, thus
ruling out the possibility of loss of one of
the two loci (Figure 2). It suggested, there-
fore. that the presence of the same slv at
both the loci in barley is real and may
have adaptive significance in the barley
populations examined by us.

In wheat also, concerted evolution has
rarely been observed between NOR loci
on different chromosomes within a ge-
nome. For instance, in a study on rDNA
in wild wheat (Triticum dicoccoides) which
also harbours two NORs like barley, 112
individuals representing as many as 12
populations were studied. Sixteen indi-
vidual plants (with no exception) from one
specific population out of 12 showed a
single slv phenotype each associated with
two NORs that could be detected by
FISH'". The extensive homogeneity of
repeat lengths in this study was attri-
buted to selection for the same particular
variant at two loci. It seems, therefore
that natural selection, driven by micro-
ecological conditions, while directing dif-
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ferentiation at rDNA loci. may rarely
also involve homogenization of repeat
unit lengths at the two rDNA loci.

In wheat, transfer of rDNA nucleotide
sequences was suggested to be responsi-
ble for interlocus homogenization of
IDNA between NOR loci on different
chromosomes'®!'". Sequence comparison
of spacer region and thermal dissociation
technique have proved high homology
between the spacer sequences which led
to interlocus homogenization in wheat.
Although such a transfer would lead to
sequence homogenization, if whole repeat
unit is thus transferred, this may also
lead to homogenization of spacer length.
In barley. though no direct evidence on
the mechanism of interlocus homogeni-
zation is available, the mechanism of
transfer of rDNA nucleotides sequences
(including transfer of whole repeat units)
between the loci, as evidenced in the
case of wheat, is the most plausible ex-
planation. High frequency of single slv
phenotype must have resulted due to an
adaptive value of this phenotype.
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