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Summary. HRS60.1, a monomer  unit  (184 bp) of  a highly 
repeated nuclear D N A  sequence of  Nicotiana tabacurn, 
has been cloned and sequenced. Fol lowing BamHI  diges- 
t ion of  tobacco D N A ,  Southern hybr idizat ion with 
HRS60.1 revealed a ladder  of  hybr idizat ion bands  corre- 
sponding to multiples of  the basic monomer  unit. I f  the 
tobacco D N A  was digested with restr ict ion endonucle-  
ases which have no target  site in HRS60.1,  the larger par t  
of  D N A  homologous  to HRS60.1 remained as uncleaved 
"rel ic" DNA.  These results suggest a t andem arrange-  
ment  of  this D N A  repeat  unit.  Fou r  other  clones of  
tobacco nuclear D N A  cross-hybridized with HRS60.1, 
thus forming a "HRS60-fami ly" .  Sequencing their in- 
serts has shown their s t rong mutual  homology.  HRS60-  
family comprised about  2% of  the nuclear genome o f  
N. tabacum. Computer  compar isons  with other t andem 
plant- repeated D N A  sequences could not  detect any 
other  homologous  sequence. 
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Introduction 

The presence of  DNA-repea ted  sequences is a typical  
feature of  most  eukaryot ic  genoms. In plants,  their sum 
often comprises a larger par t  of  the genome, as reviewed 
by Walbot  and Golberg  (1979) and Flavell  (1983). Ac- 
cording to their organizat ion in the genome, repeated 
D N A  sequences can be either dispersed or  clustered, 
forming a tandem array of  closely related units. Gener-  
ally, clustered D N A  repeats can be detected in cen- 
t romeric and telomeric heterochromat in  and, as a rule, 
they are t ranscript ional ly inactive. Some of  the tandemly 

repeated D N A  sequences can be separated by density 
gradient  centr ifugation as a satellite D N A .  Others may  
exist as cryptic satellites. 

In  the last few years, several tandemly repeated D N A  
sequences o f  plants  were analyzed with the a im to obta in  
more  informat ion on pr imary  structure, molecular  orga- 
nization, evolution and eventually, the function of  this 
genetic mater ial  (Bedbrook et al. 1980; Appels  et al. 
1981; Deumling 1981; Peacock et al. 1981; Brennicke and 
Hemleben 1983; Capesius 1983; Ka to  et al. 1984; Barnes 
et al. 1985; Benslimane et al. 1986; Grellet  et al. 1986; 
Mar t inez-Zapa te r  et al. 1986; Leclerk and Siegel 1987; 
Wu and Wu 1987). 

Nevertheless, the number  of  these D N A  repeats  ana-  
lyzed at the molecular  level is not  yet very large. Here we 
describe a family of  tandemly repeated D N A  sequences 
f rom Nicotiana tabacum nuclear D N A .  

Materials and methods 

DNA extractions and plant material 

Plasmid DNA was extracted according to Birnboim and Doly 
(1979). Nuclear DNA of N. tabacum was isolated from leaves. 
These were homogenized in 1% citric acid by grinding in the 
mortar at 0 ~ The homogenate was filtered through a nylon 
cloth (ca. 50 gm mesh width) and centrifuged 3 rain at 1,000 g. 
The pellet contained crude nuclei. Pelleting of the nuclei resus- 
pended in 1% citric acid by low speed centrifugation was re- 
peated twice. The nuclei were lysed by 2% SDS in 50 mM 
TRIS.CI, pH 8, 250 mM NaCI at 70 ~ for 10 rain. SDS was 
precipitated by KAc (final concentration of 0.5 M) at 0 ~ The 
supematant was extracted twice with phenol and twice with 
chloroform and precipitated with 2.5 vol. of ethanol. DNA was 
spooled, washed by 70% ethanol and dissolved in 10mM 
TRIS.C1 pH 7.6, 1 mM EDTA. This DNA migrates as a sharp 
single band on agarose gel electrophoresis. The total DNA of N. 
tabacum was isolated essentially according to Murray and 
Thompson (1980), but the CsC1 gradient centrifugation was 
routinely omitted (Karlovskfi et al. 1987). 
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Construction of genomic library and selection of recomb&ant 
plasmids 

A partial BamHI digest of the tobacco nuclear DNA was li- 
gated, using T4 ligase, into BamHI site of the plasmid pUCI9 
(Yanisch-Perron et al. 1985). This vector was treated with bo- 
vine alkaline phosphatase before the ligation (Maniatis et al. 
1982). Eseheriehia eoli JM109 cells (Yanisch-Perron et al. 1985) 
were transformed (Hanahan 1983) with the ligation mixture. 
Bacterial clones bearing recombinant plasmids were selected on 
X-gal plates with ampicillin. 

Restriction endonuclease digestion and gel electrophoresis 

The tobacco DNA was digested with an excess of restriction 
enzymes in order to obtain complete digests. DNA fragments 
were fractionated by electrophoresis on agarose gel. After stain- 
ing with ethidium bromide and photographing, DNA fragments 
were blot-transferred onto nitrocellulose membrane (Southern 
1975). 

DNA/DNA hybridization 

After transfer, DNA was hybridized with heat-denatured probes 
according to Maniatis et al. (1982). For the washing procedure, 
the stringent conditions (0.1 x SSC, 65 ~ were used. In some 
experiments, DNA dotted on nitrocellulose membrane was hy- 
bridized with a probe (Thomas 1980). 

32p-labelling of DNA probes 

The procedure according to Maniatis et al. (1982) was used. 

Determination of approximate number of copies of HRS60 repeat 
unit 

The procedure essentially according to Grellet et al. (1986) was 
used. Serial dilutions of tobacco nuclear DNA and those of 
HRS60.5 DNA were blotted onto nitrocellulose membrane us- 
ing the Schleicher and Schuell Minifold II apparatus and hy- 
bridized with a 32p-labelled HRS60.5 probe. After autoradiog- 
raphy, densities of the individual bands were measured and the 
amounts of both tobacco and HRS60.5. DNAs giving the same 
density of hybridization were calculated. On the basis of these 
values, the fraction of tobacco DNA homologous to HRS60.5 
was estimated. 

DNA sequence analysis 

The method of Maxam and Gilbert (1977) was used. Both DNA 
strands were sequenced. 

Results and discussion 

Isolation o f  HRS60-family o f  D NA  repeated sequences 

Recombinan t  plasmids containing the N. tabacum nu- 
clear D N A  were dot-hybr idized with the 3/p-labelled 
total  tobacco D N A .  Plasmids which gave strong hy- 
br idizat ion signals were expected to harbor  repeated 
D N A  sequences and served as sources of  D N A  probes in 
further hybr idizat ion experiments.  BamHI  digests of  N. 
tabacum D N A ,  size-separated by electrophoresis on 
0.7% agarose gel and blot ted to nitrocellulose mem- 
brane,  were then hybridized with the 32p-labelled D N A  
of  selected recombinant  plasmids.  Various pat terns  of  
molecular  hybr idizat ion were obtained with different 

Fig. 1. Molecular arrangement of HRS60-family of DNA re- 
peats in N. tabacum. Lane 1: BamHI digest of tobacco DNA 
probed with HRSr0.1. Lanes 2 and 3: Lambda DNA digested 
with BgllI and PstI, respectively. The numbers indicate the sizes 
of DNA fragments in kb 

probes; one o f  them, the plasmid No 60, containing a 
184-bp D N A  insert (HRS60.1) of  tobacco D N A ,  hy- 
bridized with multiple BamHI  fragments of  tobacco 
DNA,  forming a ladder  of  bands.  This hybridizat ion 
pat tern did not  change with increasing amount  of  
BamHI nuclease. The strongest hybridizat ion signal cor- 
responded to ca. 180-bp D N A  fragment. Hybr id iza t ion  
signals of  longer D N A  fragments were gradual ly  less 
pronounced and their posit ions corresponded to exact 
multiples of  the basic monomer  unit (Figs. 1 and 2). 
HRS60.1 cross-hybridized with four other recombinant  
plasmids. Their inserts were denoted as HRS60.2, 
HRS60.3, etc. They represent, together with HRS60.1, 
the "HRS60-family" .  

Members o f  HRS60-family are arranged in tandems 

The pat tern of  hybridizat ion of  HRS60.1 with the 
BamHI digest of  tobacco D N A  (Fig. 1) suggested that  
monomers  of  the HRS60-family were organized in 
tandem arrays. In some autoradiograms,  bands of  hy- 
bridizat ion could be seen which corresponded up to the 
20-mer of  the basic monomer  repeat  unit. Tobacco D N A  
was also digested with several restriction endonucleases 
which have no target sites in HRS60. t ,  i.e. XbaI ,  BglII, 
or AluI.  BamHI digestion of  tobacco D N A  was included 
for comparison.  An  excess of  endonucleases was used to 
obta in  a complete digest of  tobacco D N A  (Fig. 3 A). 
Southern blot hybridizat ion with 32p-labelled HRS60A 
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Fig. 2. Densitometric evaluation of hybridization bands of the 
BamHI digest of N. tabacum DNA probed with HRS60.1. The 
numbers above the peaks indicate the percentage of the total 
hybridization, the strongest hybridization (44.7%) being for the 
monomeric band 

showed that most  of  the DNA, homologous to HRS60.1, 
was localized (in the cases of  XbaI,  BgllI and AluI di- 
gests) in undigested "relic" DNAs  (Fig. 3 B). These re- 
suits proved that the HRS60-family was organized in 
large clusters in the genome of  N. tabacum. Fractions of  
DNA,  homologous to HRS60.1, corresponding to XbaI,  
BgllI, and AluI "relic" DNAs,  were 0.77, 0.69, and 0.49, 
respectively. The smaller parts o f  tobacco D N A s  ho- 
mologous to HRS60.1 form ladders. Apparently, some 
members of  the HRS60-family have, in contrast to 
HRS60.1, recognition sites for the above-mentioned re- 
strictases (e.g., HRS60.5 has one A G C T  recognition site 
for AluI; Fig. 5). 

Two percent of tobacco nuclear genome is formed by 
HRS60-family 

Two independent hybridization experiments were made 
in order to estimate the fraction of  tobacco nuclear D N A  
consisting of  HRS60-family. Using the procedure and 
calculations given in 'Materials and methods '  it was 
found that the HRS60.5 probe hybridized 50 times more 
with HRS60.5 D N A  than with the whole nuclear tobacco 
D N A  (Fig. 4). Thus, HRS60-family comprises about  2% 
of  the nuclear genome of  N. tabacum, which represents 
about  1.64 • 105 copies of  its monomeric unit per haploid 
genome. This latter value is based on the D N A  content 
of  1.5 • 109 bp per haploid genome of  N. tabacum (Wal- 
bot and Goldberg 1979). 

Sequence analysis of  cloned repeats 

The five cloned D N A  repeat units (HRS60.1 to 
HRS60.5) were sequenced (Fig. 5). Although they had 

Fig. 3A and B. Demonstration of "relic" DNA homologous 
with HRS60.1 as an undigested fraction of tobacco genome. A 
Tobacco DNA was digested with the restriction nucleases XbaI 
(lane 1), BglII (lane 2), AluI (lane 3), and BamHI (lane 4), elec- 
trophoresed on a 0.8% agarose gel and stained with ethidium 
bromide. B After blotting on nitrocellulose membrane, hy- 
bridization with the HRS60.1 DNA was carried out 

Fig. 4. Hybridization of HRS60.5 probe with nuclear tobacco 
DNA and HRS60.5 DNA. Serial dilutions of tobacco nuclear 
DNA (100, 30, 10, 3, 1, and 0.3 ng) and HRS60.5 DNA (10, 3, 1, 
0.3, 0.1, and 0.03 ng) were blotted onto nitrocellulose membrane, 
hybridized with 3zp-iabelled probe and autoradiographed. 
Stringent hybridization conditions (0.1 x SSC, 65 ~ were used 

been isolated from independent plasmid clones, sequenc- 
ing showed that some of  them formed a pair of  identical 
"twins", i.e., HRS60 .1=HRS60 .2  and HRS60 .3=  
HRS60.4. Therefore, only the repeat units HRS60.1, 
HRS60.3, and HRS60.5 were further considered. The 
repeat units HRS60.1, HRS60.3, and HRS60.5 differed 
slightly in their length, having 184bp,  182bp,  and 
183bp, respectively. Homologies in nucleotides of  
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HRS60,1 
HRS60,3 
HRS60.5 

HRS60,1 
~$60,3 
HRS60,5 

HRS60,1 
HRSSO, 3 
HRSS0,5 

AS60,1 
HRS60.3 
HRS60,5 

iO 20 30 ~0 50 
GATCCATCCG GGCCCAAGGC GGAAGGCATG GGCTATAGCA CACAAAAATT 
, . . . . . . . . . . .  , . . . . . .  T . . . . . . . . . . . .  , . . . . . .  , . . . . .  , . , - ,  

60 70 80 90 iO0 
TGGGACTCGC GCGGATTTGT AGTTTTATGG CTGT~TG CCAAAAAAAT 
. . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . .  A . . . . . .  T ,,-C . . . . . .  

iiO i20 1~0 l~O t50 
AT~TGTGGT CATTTCGAGT GGGTGCAAAT TGTTTCTTAT GCCGTATTTG 

, , T  . . . . . . . . . . . . . .  G . . . . . . .  G . . . . . . . . . . . . .  6 . . . . . . . . . .  

i60 i70 i80 
ATGTCCGGGA CAAATATTAG GCGATTCCAC GACG 

. . . . . .  , A , ,  , , , ,  . . . . .  , , , ,  . . . . . . . . .  , ,  

Fig, 5. Nucleotide sequence organization of HRS60.1, HRS60.3, 
HRS60.5 DNA repeats. For HRS60.3 and HRS60.5, only the 
positions of nonhomologies are indicated. Identical nucleotides 
are represented by dots. A dash indicates a deletion 

HRS60.1 with HRS60.3 and HRS60.3 with HRS60.5 
were 94% and 95.7%, respectively. HRS60.3 had a 
92.9% homology  with HRS60.5. Non-homologies  had 
the character  of  poin t  muta t ions  and deletions. They 
were dispersed randomly,  perhaps with the exception of  
the "ho t spo t "  region between the posi t ions 90 and 97, 
where five non-homologies  were accumulated.  HRS60.1, 
HRS60.3,  and HRS60.5 appeared  to be basic repeat  units 
with no long subrepeats;  they contained only very short  
perfect inverted repeats (maximum 6 bp). Fur ther  exper- 
iments are in progress with the aim of  isolating and char- 
acterizing some mult imers of  basic repeat  units. Com- 
puter  search for a homology  of  HRS60.1 with other 
sequenced plant  tandem repeats (Appels e ta l .  1981; 
Deumling 1981; Peacock e ta l .  1981; Brennicke and 
Hemleben 1983; Capesius 1983; Ka to  et al. 1984; Barnes 
et al. 1985; Benslimane et al. 1986; Grellet  et al. 1986; 
Mar t inez-Zapa te r  et al. 1986; Leclerk and Siegel 1987; 
Wu and Wu 1987) was carried out. However,  no long- 
range homology  was found. Thus, HRS60.1 and the cor- 
responding sequence family seem to be a D N A  repeat  not  
yet described. Nucleot ide sequences of  three members of  
HRS60-family  are registrated in E M B L  data  l ibrary un- 
der  the accession numbers X12489, X12490, and X12491. 
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