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Southern blots of mitochondrial (mt) DNAs of three Lupinus species cleaved with
three restriction enzymes were probed with Lupinus luteus mtDNA fragments
containing 185, 55 tRNA genes or a tRNA-like repeat. Comparison of the number of
hybridizing bands and their intensity suggested that the mt 185 and 55 rRNA genes
occur mostly in one copy in the genomes of three lupin species. The exception
concerned the Lupinus angustifolius 55 rRNA gene showing two hybridizing bands
of unequal intensity. The results of hybridization of the lupin mitochondrial genomes
with a probe specific for the Lupinus luteus tRNA-like repeat pointed to the presence
of such a repeat in other parts of the genomes besides the vicinity of the 185 rRNA
gene, Northern hybridization analysis showed the presence of 185, 55 and tRNA-like
repeat transcripts similar in size in all lupin species.

The characteristic feature of plant mitochon-
drial genomes is the presence of repeated se-
quences that recombine to generate structural
heterogeneity in that DNA. These repeated se-
quences undergo recombination between in-
verted repeats as well as between direct repeats
[1, 2]. It is known that plant mitochondrial
genomes contain a variable number of families
of such recombining repeats giving rise to dif-
ferences in multicircular complexity. The num-
ber of copies per repeat family varies from two
[3] to three [4-8]. The molecular mechanism of
such an extensive heterodispersity is at present
poorly understood. Palmer & Herbon [9] have
shown that the identities of the recombining

repeat sequences may differ even between
closely related species. This implies that these
sequences undergo relatively rapid turnover
during evolution. Evidence that molecular
heterogeneity in plant mitochondrial genomes
may exist at the level of individual genes has
come from studies on the arrangement of mito-
chondrial rRNA genes in wheat and rye [4, 5,
7]. Mitochondrial genes for 185 and 55 rRNA
have been mapped as three copy sequences in
Secale cereale [4, 5], Petunia hybrida [6], Triticum
aestivum [7], and Oryza sativa [8], and as unique
sequences in Zea mays [10], Brassica oleracea [11],
and Qenothera berteriana [12]. The length of the
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185/55 ribosomal coding fragment varies
among higher plants.

The genus Lupinus, which comprises about
200 species, includes various species cultivated
over a wide geographical range, e.g. L. albus, L.
angustifolius, L. luteus and L. mutabilis. These
species are characterized by a rather high chro-
mosome number and high incompatibility of
sexual crossing. All these features have stimu-
lated our comparative studies on the organiza-
tion of RNA genes and their flanking regions.

The arrangement of the 185and 55 RN A genes
in mtDNA" of L. luteus is the same as that of
the corresponding genes from other sources
[13, 14]. The 185 gene is located on the same
strand as 55 rRNA gene and separated from it
by 190 nucleotides. This 185/55 rRNA gene
region shows high sequence homology to that
from other species [13, 14]. In the region of 61
nucleotides upstream of 185 rRNA L. luteus
mtDNA contains a 90 bp long direct repeat. The
repetition includes a six-nucleotide long motif
(GGATTC) which can be folded into tRNA-like
structures.

The purpose of the present studies was to
examine the arrangement of 185 and 55 rRNA
genes as well as the repeat in mtDNA of three
lupin species.

MATERIALS AND METHODS

Plant material. Seeds of L. luteus L. cv. Topaz
and L. angustifolius L. cv. Mirella were from the
Plant Breeding Station Wiatrowo (Poland).

Seeds of L. albus L. cv. Kalina were obtained
from the IHAR Research Station Przebedowo
near Poznan (Poland).

DNA preparation, Mitochondrial DNAs of
etiolated seedlings of Lupinus species were pre-
pared as described by Karpiriska & Augusty-
niak [15].

Large-scale preparation of the L. lufeus plas-
mid DNA containing mtDNA fragment with
the linked 185 and 55 rRNA genes was per-
formed by the alkaline lysis method of Birn-
boim & Doly [16] followed by centrifugation in
CsCl-ethidium bromide gradient [17]. Geno-
mic and cloned DNAs were cleaved with vari-
ous restriction endonucleases and separated by
0.8% agarose gel electrophoresis in Tris/ace-
tate/ EDTA buffer. DNA fragments were trans-
ferred to a nylon membrane (Hybond-N) and

hybridized with specific >2P-labelled DNA
probes.

The L. luteus (yellow lupin) pEBS8, 2 clone-sub-
clone of pEB8 [18] used in this paper as a spe-
cific probe A had no sequence of pBR327 vector.
This clone was also used for preparation of the
other probes: B, C and D. Probe B contained a
1262 bp Pstl-EcoRI fragment internal to the 185
TRNA gene. Probe C consisted of a 410 bp Avall-
BamH]I fragment having the entire 55 gene and,
in addition, an 116 bp intergenic spacer be-
tween the 3-end of the 185 rRNA gene and the
5-end of the 55 rRNA gene, as well as an 175
bp flanking sequence 3 to the 55 rRNA gene.
Probe D contained a 382 bp BamHI-Pst] mito-
chondrial sequence with an 90 bp tRNA-like
repeat. All specific probes used in this study
were recovered by extraction from low gelling
temperature agarose.

Preparation of mitochondrial RNA. Mito-
chondria were isolated as described in “DNA
Preparation” except that mitochondria were
obtained without treatment with deoxyribonu-
clease I; mtRNA was prepared in the presence
of ATA essentially as described by Stern &
MNewton [19].

Preparation of mitochondrial tRNA. The
preparation of highly purified mitochondrial
tRNA from 6-day-old etiolated lupin hypoco-
tyls was carried out as outlined by Karpiriska
& Augustyniak [15].

Labelling of DNA and hybridization. The
purified probes were radiolabelled by random
primer extension [20]. DNA was hybridized to
Southern blots at 42°C in hybridization buffer
(50%, v/v, deionized formamide, 5 x Den-
hardVl’s solution, 5 x SSC, 1 mM EDTA, pH 8.0,
0.1% SDS and 0.25 mg/ml sonicated and dena-
tured salmon sperm DNA). Southern blots
were prehybridized for 2 h and hybridized for
18 h. Following hybridization, blots were
washed at room temperature with 2 x S5C,
0.1% SDS (w/v) once for 5 min and three times
for 20 min, then once in 0.1 x S5C, 0.1% SDS at
42°C for 60 min and finally with 2x SSC, 0.1%
SDS at room temperature for 5 min. Autoradio-
graphy was usually performed at -70°C with
an intensifying screen. Mitochondrial RNA
(10-15 pg) was fractionated in 1.5% denaturing
formaldehyde agarose gels and transferred di-
rectly to nylon membrane Hybond N. Northern
blot hybridization was carried out at 42°C for
18 h in the mixture: 50% formamide, 10 x Den-
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hardt's solution, 50 mM Tris/HCl, pH7.5,0.1%
SDS and 0.1 mg/ml denatured salmon sperm
DNA. Prehybridization was performed for3 h
at 42°C in a similar mixture. The prehybridiza-
tion solution contained 0.5 mg/ml salmon
sperm DNA and, in addition, 1 M NaCl. The
membrane was washed twice in 2 x SSC at
room temperature, twice in 2 x SSC at 65°C for
30 min and twice in 0.1 x SSC at room tempera-
ture.

Labelling of tRNA and hybridization,>*P-La-
belled tRNAs were pre%gmd using T4 polynu-
cleotide kinase and [y-"“P]ATP, or tRNA nu-
cleotidyl transferase and [ucvazP]ATP [21] were
hybridized to Southern blots at 42°C in 50%
formamide solution, 5 x S5C, 1 x Denhardt
solution at 0.1% SDS in the manner outlined by
Karpiriska & Augustyniak [15].

RESULTS AND DISCUSSION

The relative arrangement of rRNA sequences
in the Lupinus species was assessed by hybridi-
zation of mtDINA fragments covering particu-
lar sequences of genes to filter-bound DNA.
Mitochondrial DNA of three lupin species
cleaved with BamH]I, HindlIl and EcoRI enzy-
mes were hybridized with yellow lupin
mtDNA fragment containing 185, 55 rRNA

genes and the tRNA-like repeat surrounding
185 rRNA from 5-end of the gene. EcoRI di-
gested mtDNAs were also hybridized with sep-
arate probes of 185, 55 TRNA genes or tRNA-
-like repeat isolated from yellow lupin mtDNA.
All hybridizations to EcoRI digested mtDINAs
were performed with the same nylon filter
which was stripped of the probe after each
experiment. The distribution of tRNA genes
were checked on duplicate filter.

Figure 1 shows the organization of the 55-185
rDNA of L. luteus and the regions of this mt-
DNA spanned by each probe. The results of
probing the BamHI and HindlIl cleaved lupin
DNAs with probe A containing 185, 55 rRINA
and the tRNA-like repeat are shown in Fig. 2.
Probe A hybridized to fragments of 3 kb in size
in all three BamHI digested lupin DNAs. This
suggests a similarity in DNA cleavage in the

- three lupin species by BamHI enzyme as well as

similar arrangement of the 55-185 rDNA re-
gion. An overexposed autoradiogram shows
also a few additional weak bands. This may
indicate that sequences homologous to probe A
in these fragments are present in non equimolar
amounts. In the case of Hindlll digested
mtDNAs there also appeared on autoradio-
gram two main bands displayed by 4.4 kb frag-
ments in L. luteus and L. angustifolius and a 7.0
kb fragment in L. albus, respectively. On the
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Fig. 1. Organization of the 185-55 rDNA region in yellow lupin mitochondria.

The region spanned by each probe is indicated by dots. Probe A was the insert of the yellow lupin pEBS, 2 clone, which
contains 185, 55 rRNA genes and tRNA-like repeat. Probe B contained the yellow lupin 1262 bp PstI-EcoRI fragment
internal to the 185 rRNA gene. Probe C consisted of a 410 bp Avall-BamHI fragment of yellow lupin mtDNA having the
entire 55 geneand, in addition, 116 bp of 5™-upstream flanking sequence and 175 bp of 3'-downstream flanking sequence.
Probe D contained a 382 bp BamHI-PsH sequence with a 90 bp tRNA-like repeat.
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Fig. 2. Hybridization of 2p_[abelled probe A (18S, 55 rRNA genes and tRNA-like repeat) to lupin mtDNAs digested by BamHI and HindlIlI restriction enzymes.
Restriction digests of total mitochondrial DNA (3 pg each} with BamHI () and H ind!II {II) were size fractionated in a 0.8% agarose gel, blotted, and hybridized with labelled probe A.

For each digest, the right hand panel shows the autoradiogram of Southern blot of lupin mtDNAs. Lane 1, L. luteus; lane 2, L. albus; lane 3, L. angustifolius. Migration distances of
molecular size markers (h DNA cleaved with HindIll) are shown on the right hand side of the autoradiograms.
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Fig. 3. Hybridization of 32p_labelled probes (A, B, C, D, E) to lupin mtDNASs digested by EcoRI restriction enzyme.

Panel R the restriction paterns of mtDNA of three lupin species. Panels A, B, C, D hybridizations to the same Southern blots of lupin mtDNAs with probes A, B, C and D, respectively
(cf. Fig.1). Panel E presents hybridization of the tRNA probe to lupin DNAs. The estimated size of the EcoRI fragments hybridizing to a particular probe is shown on the right side of
panel E. Molecular size marker was & DMNA cleaved with HindlIL Lane 1, L. luteus; lane 2, L. albus; lane 3, L. angustifolius,
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autoradiogram of this digest weaker hybridiz-
ing bands are also visible. The hybridization
signals were more intense and more abundant
than in the case of the BamHI restriction pattern.

For purposes of direct comparison hybridiza-
tion of probe A to EcoRI digested mtDNAs is
shown in Fig. 3. As it can be seen, every lupin
species gives two strong hybridization signals
besides a few weaker ones. This may suggest
that at least a part of the investigated sequences
were present in more than one location in the
mitochondrial genomes. To estimate which re-
gion of the probes (185, 55 rRNA genes or
tRNA-like repeat) can be present in multiple
location in the genome, the same blot of the
EcoRI cleaved mtDNAs was hybridized separ-
ately with probes B, Cand D. As shown in panel
B, L. luteus and L. albus DN As hybridized with
probe B (185 rRNA gene) displayed positive
signals, predominantly to one fragment of 3.7
kb in size. A L. angustifolius fragment which
showed a strong hybridization signal with
probe B was smaller and was 1.8 kb in size. This
may suggest that the 185 rRNA gene in the
latter species is smaller than in yellow lupin, or
that part of the gene is present in another frag-
ment of mtDNA. When the same Southern
blots of these DNAs were hybridized with
probe C (55 rRNA gene) the signals in L. lufeus
and L. albus were the strongest at the fragments
of 6.8 kb, whereas in L. angustifolius at the frag-
ment of 1.2 kb. In L. angustifolius a fragment of
5.8 kbalso showed hybridization with 55 rRNA
but with lower intensity; this may suggest that
the latter fragment does not contain a complete
copy of 55 rRNA gene.

All the above results point to the presence of
one copy of 185/55 rRNA genes in the mito-
chondrial genome of all three lupin species stu-
died.

In an attempt to extend our knowledge on the
region about 5-upstream of the 185 rRNA
genes we compared the location of the tRNA-
like repeat which surrounds this genein yellow
lupin. Unlike in 'lg'l!.'lﬁ‘ﬂt in which the 5"-end of
185 rRNA tRNA is located in the 5-up-
stream region, L. luteus contains a 90 nt long
direct repeat, which can fold to tRNA-like
structures. This direct repeat used as a hybridi-
zation probe to three filter bound lupin DNAs
(probe D) showed that this sequence was pres-
ent mainly close to 185 rDNA gene which
seems to suggest that there is one type of ar-

rangement in three Lupinus genomes of the
185-55 unit. The comparison of hybridization
signals shown in panel D confirmed the suppo-
sition that this repeat could be present not only
close to 185 rRINA genes but also in other frag-
ments of the genomes. In L. luteus mtDNA,
strong signals displayed two fragments of
about 3 kb whereas in L. albus and L. angustifo-
lius fragments of 6.8 kb and about 2.5 kb, re-
spectively. Fragments hybridizing less inten-
sely to the tRNA-like repeat were also observed
on the autoradiogram, which would indicate
that the sequence homology in that case was
lower. While the function of this conserved and
reiterated sequence is unknown, its location in
the 5-flank of 185 rRNA from three Lupinus
species may point to its regulatory function, or
to a role in creation of genome diversity. Never-
theless, the presence of a tRNA-like repeat in
different fragments of mtDNA is very charac-
teristic and might be considered a marker of
particular lupin cytoplasm.

To gain some idea whether tRN A-like repeats,
like tRNA genes, occupy similar fragments,
EcoRI restriction fragments were additionally
probed with mttRNAs isolated from L. luteus.
The duplicated Southern blot of EcoRI digested
lupin mtDNAs was hybridized with tRNA
probe (probe E). Radioactive tRNAs were pre-
pared in two ways: by labelling at the 3'- or

’-termini. No variation was observed in the
hybridization pattern obtained with the two
probes. Higher specific activities of the probe
were obtained by labelling at the 5'-terminus
with [1; -P]JATP and polynucleotide kinase.
The results are shown in Fig. 3, panel E. The
fragments of nylon bound mtDNAs hybridiz-
ing most strongly to the labelled yellow lupin
mttRNA were similar in size. The similarities in
the hybridization pattern were mostly ob-
served between L. luteus and L. albus; similar
EcoRI generated fragments of mtDNAs were of
6.8,3.7, 1.8and 1.2 kb in size. Divergence of the
L. angustifolius pattern may point to some rear-
rangements that occurred in the genome of a
commeon ancestor of the three lupin species.
The same conclusion could be also drawn from
the pattern of rRNA organization in this lupin
species, or this pattern could reflect differential
loss of duplicate loci present in particular
species. The fragments having rRNA genes and
tRNA-like repeat sequences showed the stron-
gest hybridizing signals which may indicate a
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Fig. 4. Northern blot of miRNA from three lupin species hybridized with probes B (18S rRNA), C (55

rRNA) and D (ERNA-like repeat).

The hybridization patterns of mtENAs: panel A with probe B; panel B, with probe C; panel C, with probe D. Lanes 1
contained 15 pg of mtRNA from L. luteus. Lanes 2 and 3 contained 10 pg of mtRNAs from L. albus and L. angustifolius,
respectively. The size of transcripts in kb is shown on the right hand side of panel C.

clustering of tRNA genes close to 185, 55
rRNAs. The hybridization signal could also be
exaggerated by tRNA-like sequences contained
in 185 rRNA [22]. In addition to these frag-
ments in all three lupin mtDINAs there was at
least one hybridizing fragment characteristic of
the particular lupin species, for example: of
about 2.0 kb for L. angustifolius, about 2.7 kb for
L.albus and about 3.2 kb for L. futeus. In general,
distribution of tRNA species in three lupin mi-
tochondrial genomes resembles the pattern re-
ported for other plants [23].

To determine whether the 185, 55 and tRINA-
like repeat were transcriptionally active,
Northern blots of RNA from mitochondria of
Lupinus species were probed with these DNAs
(Fig. 4). All the DNAs showed one predomi-
nant hybridizing band of 2.2 kb for 185 and
tRINA-like repeat and of 0.12 kb for 55 rRNA.
In the transcription pattern of 55 rRNA in L.
luteus presumably a nonspecific degradation
product of the main cotranscript or premature-

ly terminated transcription product is respon-
sible for the presence of an additional transcript
of 0.67 kb. Further analysis of the details of
transcription of mitochondrial rRNA genes of
three lupin species would clarify not only the
transcription rate of particular genes but also
the problem of cotranscription of 185 and 55
mtRNAs.

Lupin, a legume of agricultural importance,
has been the subject of numerous biochemical
studies. However, systematic screening of
lupin cytoplasms and thorough studies on the
extent of variability within and between
species are lacking. The above presented results
seem to indicate that the mitochondrial genome
arrangement in L. angustifolius is the greatest
among Lupinus species. At present we do not
have any evidence which could suggest the
existence of molecular heterogeneity in this
species.
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