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1. INTRODUCTION

The structural organization of rDNA cistrons is
evolutionarily conserved in various higher eukary-
otes. Comparative analysis of the rDNA structure
provides some insights into evolutionary trends.
Higher plants and several lower eukaryotes are
characterized by the small size of the cytoplasmic
large rRNA subunit. Furthermore, considerable
heterogeneity in nucleotide sequence and in length
has been observed in some plants which is linked
mainly with the large nontranscribed spacer of
rDNA [1-3].

We have sequenced and characterized the DNA
coding for 26 S rRNA from Citrus limon, a repre-
sentative of the subclass Dicotyledoneae. Having
compared the structure of the 500 bp region
isolated from two independent plasmid clones
pCIRS and pCIRW, we have found heterogeneity
in the coding sequences of plant rDNA,

2. MATERIALS AND METHODS

Plasmid DNA was isolated by alkaline extrac-
tion [4] followed by CsCl equilibrium ultracen-
trifugation. The gel filtration step was included in
the isolation of plasmid DNA when dephosphory-
lation by calf intestinal phosphatase (Boehringer
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(Citrus limon)

Heterogeneity

Mannheim) and (5'-*’P)-end-labelling of DNA
fragments were needed. 5'- or 3’-labelled ends
were separated by secondary restriction digestion.
DNA sequencing was carried out using the method
of Maxam and Gilbert [5] with slight modifications
[6].

The homology was calculated aftr the alignment
procedure [7]. Insertions or deletions longer than
16 bp were neglected, those shorter than 16 bp be-
ing considered as mismatches.

3. RESULTS AND DISCUSSION

The restriction map of C. limon rDNA as well as
the cloning of rDNA fragments have been de-
scribed in [8]. The recombinant plasmids pCIB33,
pCIRS and pCIRW contained the 3'-portions of
26 S rRNA genes [9]. To facilitate sequence ana-
lysis and obtain a detailed restriction map of this
rDNA region, the 1.4 kb BamHI fragment was
isolated from PCIB33 and its Sau3A subfragments
cloned in pUR222 [10]. Pst-EcoRI fragments were
isolated from pCIRS and pCIRW.

Our sequencing strategy is shown in fig.1. We
determined the 1437 bp sequence of pCIB33 com-
prising the 3'-end of 26 S rRNA (fig.2); the 38 bp
coding sequence located to the right of the BamHI
(Sau3A) site (fig.1) was sequenced using the
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Fig.1. Restriction map and sequencing strategy used for
C. fimon part 26 S rDNA. Simplified restriction map. S,

GGATCCGTAA
GCTGTILGHEEG
TLLGaACGRT
AATCCGACTG
COAGYGETCY
YCTTAAGRGTR
TCrOTIATL 1A
CCTuTIGaAGT
ACGLILAAAG
CocereTYYY
TLECTHARAE
TERTRTOLAA
GLLCTATONA
CLITTIRYLIC
GTIRAAGTAGA
COTLAGACAD
CCHLITLATTC
TTATGACTRA
CLnCaLTARG
GCGuClneY
CORLLTIAYTS

TiCuy

SaulA site.

CITCGGGAAA
GACYGCTIrGA
CCITTCGGGG
TTTAATTAAA
GAATGTCAAA
GUCRAATGRCC
CTATLCAGER
TIGACYCTAS
TGAAATACCA
TLGACCCALL
GLCALATCTY
CARAAGLGTA
TCCTTTAGal
ALECARLEGT
ATICACCALG
LTITERTITYA
GCACAATTGS
ACGELTCTAA
LACCTICCCGE
TGAATCWLTAA

TAAGTGGCAG

AGGATIGGCT
sCTGCCACeE
GLLTIYTCrCeG
ACBAAGCATY
GTGAALAAAT
TCETCATCTA
ARACCACAGT
YCCLACTTTG
CTACYYTTAR
CReccIcare
TYAABACATR
AAAGETCCTT
CTYLGLAATTY
TLATAGEGAC
IGYTHEATYG
CUCTACTGAT
TCaTCLOGCT
CTCAGMATCC
TLeCranags
TICCCATrRa

AGTGGCCTTL

CYGAGRGCTG
COGCGAGAGE
6GCGTICLAAC
GCGAYGETCT
YCAACCAAGC
ATTAGYOACS
CAAGGGAACS
TGAAATGACT
COTTATTTTA
GGLGLEBATC
ACGCAGLYGT
TGATTCTRAY
TGAAGCTAGA
GYTGLYTTITY
TTCaCLEACe
GACTGCGTICS
TEHTTGAAAA
GOLETAGAGC
CALGTETLEY
GCABCGGETA

CYGCCACGAY
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plasmids PCIRW and pCIRS. The position of the
3’-end of 26 S rRNA cistron was determined by
comparison with other analogous eukaryotic struc-
tures [11,12].

The sequenced portion of C. limon 26 S rDNA
was found to have 79% homology with Saeccha-
romyces 26 S TRNA, which is greater than that
with Physarum polycephalum 26 S rRNA and E.
coli 23 S rRNA - 63% [12-14]. We compared in
more detail the homologous 3’-portions of 26 S
tRNA gene from yeast and lemon spanning 1483
and 1475 bp, respectively. Four areas in yeast and
lemon rDNA fragments having high homology and
lacking any deletions or insertions were identified

GGCACGLEGAS
GGETreceat
AGTLGALTCA
CTGCH6ATRE
GCRGGTAAAC
CGCATGAATYS
GEETTLACAG
TGAGAGGTIGT
CTTAYICCEY
CORGLGRAAG
CCTAAGATRA
TTTCAGTACS
GETGTCAGAA
SATCLITAG,
AATAGGGAAC
TAaATAGYARTY
GCCAGTIGREG
GATGERTLEG
AGGLTAAGSC
GAATCCTYYG

CCACTGAGAT

TCCCAGTCCE
GIGCCGHLCE
GAACTGGTAC
TCACLLAATG
GGLRGBAGTA
GRTTAACBAG
ARTCAGLGGS
AGTATAAGTS
GAATCGGAGG
ACATTETICAG
GCTCARACGAS
AATACGAACC
AAGTTALCAC
TETCGLLTOY
GYGaGLTGGE
TCAACCYAGRT
CGAAGCTACE
cernceacee
CCCROGLEGE
CAGACRALTT

TCAGCCLYGY

GAACCCGTCG
GOGGACGGAC
CRACRAGGGG
TGATYTCYGE
ACTAYGACTYC
ATYCLCALTYS
GRARGAAGAC
GGAGCCGGAA
CGGGGCaACTH
GYGOGGALTY
AACAGARATC
GYRARAGCGY
AGGLATAACT
FECTaTCAYY
TYYAGALCHTY
ACGAGAGGAR
GIGCGLCTLRA
GITYIGCCRAL
RAGRRICHIG
ABATACHRCRA

GYCGETCAGA
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Fig.2. Nucleotide sequence of 1475 bp fragment which spans the C. imon large TRNA subunit from 1919 to 3393. The
region 1-1436 was determined from the BamH]I fragment of pCIB 33. The nucleotide sequence of the region from 1133
to 1436 is the same in plasmids pCIB33, pCIRW and pCIRS. The sequence from 1436 to 1475 bp is in the EcoRI-Psi
fragment of pCIRS.
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Fig.3. Puiative secondary structure of the 3 -region of lemon 28 S rRNA. Dinucleotide substitution GU-AC is
underfined.

at positions 1909-1947, 21772426, 2572-2700 and
27402993 of Saccharomyces 26 S rRNA [12], It is
noteworthy that even in the 3 variable regions
19482090, 2426-2571 and 31373233 with 52, 64
and 435% homology, respectively, insertions or
deletions longer than 4 bp were not observed, The
high sequence homology between large rRNA
subunits in veast and higher plants is in good
agreement with their phylogenetic relationship. To
investigate further the length heterogeneity found
in C, limon 1DNA, the EcoRI fragments were
¢loned in pBR325. The plasmids carrying EcoR1
fragments from two main ribosomal length repeats
present in C. limon rDNA in equal ratios were
designated as pCIRS and pCIRW [8,9]. Certain
differences in the restriction maps of these two
plasmids were found in the large spacer but not in
the coding region [9]. When comparing 500 bp se-
quences from the 3’ -region of the 26 8 rRNA gene
in pCIRS and pCIRW, one dinucleotide substitu-
tion was detected: GT in pCIRS was replaced by
AC in pCIRW, in the position 13 bp from the
3'.end of the 26 S rRNA cistron. It is unlikely that
the substitution took place during the cloning pro-
cedure. The dinucleotide is localised in the evolu-
tionarily variable region and the substitution ap-
parently has ne effect on the secondary structure
suggested in fig.3. Nucleotide polymorphism in
large rRNA cistrons of two main ribosomal repeats
in a particular plant apparently accounts for these
differences. Another type of heterogeneity was
also observed in this part of the 26 § rfRNA cis-
tron: a BamHI heterogeneity involves the presence
of a BgmHI site in pCIB33 and its substitution to
Sau3A in pCIRS and pCIRW.

The heterogeneity of BamHI and BgllI sites in
26 S rRNA genes in higher plants described by
others may reflect plant methylation specificity
[1,15,16].

There are several examples of polymorphism
observed in the rDNA coding region in various
organisms. Two main ribosomal repeats were
found in the nematode Ascaris fumnbricoides. They
differ in point substitution in the 5'-coding region
of 26 S rRNA [17]. The Hindll polymorphism in-
volves the presence of a HirdIl site in the 3’ -end
proximal third of the 28 S rRNA gene of some
repeats in primate species and humans [18]. It was
also shown that cloned Xenopus laevis TINA
fragments containing the 5'-region of 28 S rRNA
gene differ at one position [19].

Another example of heterogeneity was found in
Drosophila melanogasier where slightly different
18 S rRNA is transcribed from X and Y chromo-
somes [20]. It is of interest to determine whether
the heterogeneity of lemon ribosomal cistrons
described above can be detected at the tTRNA level.
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