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Highly repetitive DNA sequences of the LINE-1 (L1) 
family, which are interspersed in the genomes of var- 
ious organisms, are among the many transposable el- 
ements deserving attention. L1 elements are widely 
distributed throughout the mammalian genomes (Bur- 
ton et al. 1986). Their occurrence was first demon- 
strated in man and other mammals. Subsequently, L1- 
like elements were found to occur in insects and higher 
plants (DiNosera and Sakaki 1990). 

No definite role has yet been assigned to L1 ele- 
ments. Their presence in virtually all organisms sug- 
gests that they might be important for the structural 
organization and function of the genome. The se- 
quence features of L 1 include two open reading frames 
(ORFs), the short 5' proximal ORF1 and the about 
four times longer 3' proximal ORF2. L1 element con- 
tains a poly(A) tail at the 3' end and is flanked by short 
direct repeats (Fanning and Singer 1987). The se- 
quence similarity between L1 and retroviruses and re- 
lated transposable elements suggests that the pre- 
dicted ORF2 encoded protein is involved in the trans- 
pos i t ion  of  L1 e lement .  The suppor t  for  the 
involvement of LI-encoded proteins in L1 transposi- 
tion has come from in vitro studies (Leibold et al. 
1990). More recently it was shown that human L1 el- 
ement encodes reverse transcriptase activity (Dom- 
broski et al. 1991; Mathias et al. 1991). 

We describe here genomic L1 element detected in 
voles of the Microtus genus. Genomic DNA was pre- 
pared from vole liver according to standard proce- 
dures (Henry et al. 1990); complete digestion was per- 
formed with endonuclease EcoRI. Comparative re- 

striction analysis of genomic DNAs from five vole 
species is shown in Fig. 1. Clearly, the number and 
distribution of bands corresponding to DNA repeats 
are specific to each of the species. The intense band is 
common to the four species, and it represents the same 
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Fig. 1. Restriction digests of genomic DNAs from five vole species 
of the genus Microtus: M. arvalis (a), M. subarvalis (s), M .  
transcaspicus (t), M. kirgizorum (k), M. agrestis (ag). The vole spe- 
cies share a 1.8-kb fragment (arrow). Lane k contains EcoRI- 
HindIII digest of k DNA. Lane M1 contains pMsl digested with 
EcoRI. 
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Fig. 2. Southern blot analysis of DNAs from four vole species: M. 
arvalis (a), M. subarvalis (s), M. transcaspicus (t), M. kirgizorum 
(k). Vole genomic DNAs were digested with restriction endonu- 
cleases EcoRI, PstI, HindIII, and BgllI, separated by 1.0% agarose 
gel electrophoresis, transferred onto capron filters, and hybridized 
with 32p-labeled pMS1. Lane M1 contains fragment pMsl. Lane h 
contains riP-labeled XDNA fragments produced by digestion with 
EcoRI-HindlII. 

copy number for each. The arrow indicates the 1.8-kb 
fragment present in the patterns of all the vole species. 
Henceforth it will be referred to as Msl.  The region of 
the agarose gel containing Msl was cut from it, and the 
DNA was recovered by electroelution. Ms l was li- 
gated into the EcoRI site of plasmid pUC 19 (Sambrook 
et al. 1989). 

Distribution of Msl in the five vole species and 
various organisms was analyzed by Southern blotting 
(Fig. 2). The results of Southern blot analysis assured 
us that Msl is present in the genomes of all the vole 
species. It is noteworthy that, along with a common 
major band, the restriction patterns showed a set of 
minor bands specific to each species (Fig. 2). 

Copy number for Ms l, as determined by dot hy- 
bridization at 65~ (Kafatos et al. 1979), was 105 per 
genome in the five vole species. For a more complete 
characterization of Ms 1, we performed sequence anal- 
ysis by the method of Maxam-Gilbert with acetone 
precipitation (Baram and Grachev 1985). We carried 
out a search for Msl in the EMBL Data library, and 
we determined that there is approximately a 70% ho- 
mology between Msl and mouse L1Md-A2 (Loeb et 
al. 1986). Figure 3 gives the alignment for Msl and 
mouse L1Md-A2. The region showing homology spans 
from ORF1 and the start of ORF2. Further experi- 
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SQ SEQUENCE 1834 BP; 360 A; 30~ C; 364 G~ 807 T. 
GAATTCCAGG TTTAGTCCCT GGTGATAATA CACAGGTGGT TATGGATATT 
TGT~AAGTT TGCTTTGTTA ACGAGGATGT 
CAGAGAAGAA GGTATATTCT TTTCTATTTG 
CCATTTGATT CAATACGTCC ATTAATTCTC 
ACCTGTCCAT TGGTGAAAGA GGCATGTTGA 
TGGCACCCTT GCGTTTTAGT ATTGTTTCTT 
CATAAATATT CAGGATTGAG ACCTCATCCT 
ATCCCTCTCC ATCTCTTCTC ATTGATTTAA 
TGGCCACACC TGCTTGTTTC TTAGATCCAT 
CCCTAAGTAG GTGCCTGTCT TTGTGGTTGA 
GATCCTGTCT GCGCATCCAA TCTCTTAGCC 
TGACATTAAG GGATATTAAT GACCAGTGGT 
ACTTTGTGTG TTTGCTTTCT TTTAGTTGCC 
TTCTGGTCAT TGTTGGTCTC CTTGGTTTGT 
GGATTTGTGG CTACGTATTG TTTAAATTTG 
TTATAGTGAA CGAAAGCTTG GCCCGGCATA 
GCTTTTGCAG TATATCTATC CAAGACC~TC 
GCGTAAGTCT GATAGCTTTA CCTTTATATG 
ATAT~TTTTC TTTATTCTGT ATGTTTTGTC 
TTTTTTGGTC CAGTCTATTC GGTGTTCTGT 
TCTTTAGGCT GGGG~GTTT TCTTCTATAA 
OCTGTATTTC TTCTGCTTCT TCTATCTTAA 
CCCATATTTG TGAATGTTTT GTGATGAGAA 
~GTGTTAATT TTCTCTATGC TATCTTCACT 
TCTOTTGGTA GTACTTGTCT CTATACTTCC 
CCTTCGCTCG GTTTGTGTTT TGTTCATTAC 
TTCCCTTACC TGTTTGATTG CATTTTCTTG 
CGATTTATTA ATTTCCTCTA CCTTTTTGT? 
CACCTCCTGT TTAAGCTC~T CTATTATTTT 
TAATTCTTCT GGAGTAGGGT GTACAATTCT 
TGTCATGTTG CCTTTCAGGT TCTTTGAGGA 

CGTCAATTTT CGACAAGGTT 
GGTGGAATGT TCTATAGACG 
TTATATCTCT GTTAGGTTTC 
GATCTCCTAC TATTAGTGTG 
TTATATATGT GGGTGCTTTT 
GATCAATTGT TCCTGTTATG 
GTTTGAAGTC AACTTTCTTA 
TTGCTTGATA AACCTTTTCC 
GGTGTGTTTC TTGTAAACAG 
TGTCCCTTTT TATACGTGAG 
TGCTAACTCC GGTCACTTTT 
CTGGTAAAGG GTGTCTAGAA 
GATTTTCCTT CTATTACTTT 
TTTTTATCCT GAAAATTTTG 
GTAGTCTGGC CTTGCATCCA 
TCGCTTTCAT GCTTTCTATA 
TAATTTGACC TTTTTCCTTT 
TTCTGATTAT ~ATATGGCGA 
ATCCTTCTTG AACCTTCAAA 
TTTCATTAAA TATATTTTCT 
TTATTCTTAG O~TTGCTCTT 
TTTCTTGGTT TTGCTGTTTT 
GTCTGACATT CTTTCTTCTA 
TGTTCGTTTA CCCAGATTTT 
TTCCATTTCA TTCTTCAGGT 
TTTCTCTTGA TTTTCTTGGG 
TTTAATCTCT AATTGTTTAT 
CAAAAAATTC ACTTTTGAGT 
TCTTATTTCG GGATCCTTGG 
ATTC 

TTTTTGTAAC 
CCATGAGCTC 
TCTGTTAACT 
TGTCTCATTG 
TGCGGTTTCA 
ATATTAGGGG 
AGTATAAAAT 
GAAATTAs 
CATCCCTTTA 
CAGAACGTTG 
TTGAGTCCAT 
TTAGTCATAT 
GTTTGAGTAA 
CTGTAAGGCT 
TTTTCTGTAT 
TGTTCTCTTA 
GAGTAGTCAG 
GCAGCTCTTA 
GGAGATGTTT 
GGAATATCTT 
OAACCATTGA 
TTTATTG~GT 
CTTTGATCAG 
ACTCTTGTAA 
CCATCTCCAA 
CTTGAACCAT 
TATCT!TGAG 
GGCAGTTTTT 
CGATTTCTTC 
GTTCTGGTGA 

Fig. 3. Structure of Msl sequence. (A) 
Scheme of sequence features of Msl in 
comparison with mouse LIMd-A2 element 
(Loeb et al. 1986). Insertions and deletions 
in Msl in accordance with L1Md-A2 are 
designated as V and/k, respectively. The 
upper number indicates its location; the 
lower one, size in bp. ~ ,  13 bp terminal 
repeats. > > > ,  5'terminal repeating region. 
ORF1, ORF2, open reading frames. (A)n, 
A-rich 3' tail. 1200, 3050, the start and the 
end of homology region. (B) Nucleotide 
sequence of Msl. 
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Fig. 4. In situ hybridization of Msl fragment to Microtus subarvalis 
metaphase chromosomes. Arrows indicate sex vole chromosomes. 

men t s  are  needed  to  de te rmine  w h e t h e r  M s l  f r agmen t  
is full-length L1 e lement  o r  t runca ted  like its counter -  
par t  in the g e n o m e s  o f  all the  o ther  species.  

We  de t e rmined  the  c h r o m o s o m a l  local iza t ion o f  
M s l ,  using in situ hybr id iza t ion  on vole  me taphase  
c h r o m o s o m e s .  Tr i t ium- labe led  p M s l  f r a g m e n t  was  
used  as a p robe .  As  Fig.  4 shows ,  M s l  is sca t te red  
t h roughou t  the vo le  g e n o m e  wi th  a preferent ia l  local- 
izat ion on  the X and  Y c h r o m o s o m e s .  Our  da ta  did not  
al low us to  m a k e  inferences  conce rn ing  the possible  
re lat ion o f  M s l  and par t icu lar  funct ional  regions  o f  the 
genome .  Neve r the l e s s ,  M s l  dis t r ibut ion on  vole  chro-  
m o s o m e s  is o f  in teres t  w h e n  taking into a c c o u n t  the 
data  showing  high d ispers ion  o f  L1 e lements  in the 
mammal i an  g e n o m e s  (Singer 1989). I t  is unc lea r  w h y  
M s l  has s u c h  local iza t ion on  the vole  c h r o m o s o m e s ,  
and addi t ional  invest igat ions  are  requi red  to under-  
s tand this p h e n o m e n o n .  
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