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ABSTRACT
Mdg3 is a family of mobile dispersed genetic elements re-

presented by 15 copies in the haploid genome of D. melano-
gaster and flanked, like other similar elements, by the re-
gions of homology. In the present work, these regions of mdg3
have been sequenced. The existence of perfect direct repeats
268 base pairs long has been demonstrated. Inverted repeats
are located on the gene distal side of them. It is possible
to construct a perfect 8 b.p. palindrome or a slightly mis-
matched 18 b.p. palindrome. The inverted repeats are flanked
by two short 5 b.p. direct -repeats.

INTRODUCTICN

The existence of movable genetic elements in the eukaryo-
tic genome was known for many years /1/. However, their exten-
sive investigation became possible only after recombinant DNA
techniques had been developed. Several families of mobile ge-
netic elements dispersed throughout the whole genome (mobile
dispersed genes, or mdg) were discovered in the geniome of
D. melanogaster /2-7/. Recently, the structural organization
and transcription patterns of one of them, mdg3, were studied
in detail /8, 9/. Mdg3, -5.5 kb long, is represented by - 15
copies in the fly genome and by 200-250 copies in the genome
of culture cells. Like other mdg elements /3/ mdg3 is framed
by two regions of sequence homology /9/. The latter may be in-
volved in the process of transposition and therefore the know-
ledge of their structure is important for understanding the
transposition mechanisms in eukaryotes.

In this work, the regions of homology at the ends of mdg3
nave been sequenced. It has been shown' that they are represent-
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ed by two perfect direct repeats 268 b.p. long. In addition,
two short inverted and direct repeats have been detected at
the gene-distal sides of the above mentioned regions.

?ETHODS

Isolation of plasmid p38m. The original hybrid plasmid
p38 /9/ containing the Dm38 D. melanogaster DNA fragment with
the regions of homology was too large and inconvenient for
sequencing. Tnerefore, the insert isolated from p38 was cleav-
ed by a mixture of BamHI and EcoRI, and fragments 2.8 kb long
were isolated and ligated to pBR322 DNA cleaved by a mixture of
EcoRI and BamHIl. Ligation, transformation and colony hybridi-
zation were perforlmed as described previously /7/. For colony
hybridization, the nick-translated subfragments of Dm38 plas-
mid containing the regions of interest (see Fig. 1) were used
as probes. Among; the new plasmids thus obtained, a plasmid
designated as p38m (plasmid N38 mini) was shown to contain only
two terminal fragments carrying the sites of homology) (see
Fig. 1). This was used in further experiments.

The sequencing procedure. The method of I,Iaxam and Gilbert
/10/ modified as described previously /11/ was used for sequena
ing. 120 pig of p38m DNA was digested with HindlII and then
treated with alkaline phosphatase (BAP?, Whorthington) at pH
8.6. DNA was deproteinized, precipitated witha pnenol, dissolv-
ed in 40 pl of 10 m Tris.HCI, 1 mM LDTA, pii 8.0, heated for
2 min at 720C, and incubated at 37 C for 30 min with 250
pmoles of 32±P-AT72 (1000 Ci/rmmole, Amerstiam) and 20 units
of T4-polynucleotide kinase. After Lei filtratiorn through Se-
ohadex G-506F, the labeled D3iA was cleaved with hco'i.J. The re-

siltinL; frarents were separated by electrophoresis in 4i poly-
acrylamide --el, eluted and used for sequencini. One of these
frag.aeiits (0.45 kb) wnicti still contained the label at both
ends was eluted ad,itionally, cleaved by BspI, and the subfrag-
uents were separated by electrophoresis in 5/0 polyacrylamide
6e1.

To confirm the sequencing data for the L regLon (see be-
low), a -co iI fragirLent 2.8 kb long was isolated from 2.8 >6

3264



Nucleic Acids Research

polyacrylamide gel, and cleaved with Sau3A. The resultant

fragment 0.8 kb long (the longest in the digest) was isolated,
labeled, cleaved with Bsp and the two fragments thus produced
were sequenced. This allowed us to obtain a more easily read-
able sequence ladder for the junction of direct and inverted
repeats (see below and Fig. 3).

After craemical cleavage, each series of products was frac-
tionated by electrophoresis in thin 40 cm 20% gel and in 80 cm

8% gel/22/.

PESULTS

The restriction map of mdg3 cloned in Dm38 plasmid is

presented in Fig. 1 (a,b). Almost the whole mdg3 is located
within tne HindIII fragment A. The terminal regions of sequence

homoloLr are arranged around the HindIII sites /9/.
For their sequencing, a new plasmid has been constructed

which still contained the EcoRI and EcoRI-BamHI fragments of
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Dm38 DNA in pBR322, but the internal EcoRI fragment was de-
leted (Fig. 1c).

The sequences were read by the Maxam and Gilbert technique
in both directions from all of the three HindIII sites as de-
scribed in Methods. Those located arouuad the first and second
HindIII restriction sites designated as L (left) and R (right)
sequences cover both regions of homology detected in the hy-
bridization experiments (compare with Fig. 1). They are shown
in Figs. 2 and 3.

Both L and R regions contain exactly the same sequence of
268 b.p. in length which is oriented in the same direction.
Thus, mdg3 is framed by perfect direct repeats which we de-
signate as y -sequences (Fig. 2). On the gene distal sides of
¢-sequences, one can find two sequences 18 b.p. long which
may be regarded as a mismatched palindrome (Fig. 3). Thel5 out
of 18 nucleotides can be paired. The longest continuous per-
fect inverted repeats consist of eight base pairs. In the L-

mdg 3
- 5 kb

268 bases 268 bases

T-A
T -A
A-T
C-G
G-C
A -T,c

T-T *G
T-T -A
T -A

TA-T
G- C

51 T-A 31
~AGAAG 'AGAAG

ii,. 3. The demonstration of mismatched inverted repeats
on tiLo mdg3-distal sides of a -sequences.

Noi-mal base pairs are separated by , GT hydrogen pair
by .

3267



Nucleic Acids Research

-region, such a repeat immediately precedes the f -sequence

whereas, in the h-region, it is separated from the 3 by one

base pair. In their turn,these 18 b.p. nonperfect repeats are

flanked with short (5 b.p.) direct repeats (Figs. 2, 3).

Fig. 4 demonstrates the structural gels covering the re-

gions on the gene distal sides of long direct repeats.
No homology coulc be detected beyond the described region

in any directioni.
W7e also 'have sequenced about 200 base pairs in the region

around tne third HindIII restriction site. The sequenced area

is located about 150 b.p. apart from the R-region sequence.

Thnus, it does not belon6 to mdG3. However, we present this

sequence in Fig. 5 to demonstrate the existence of a peculiar,
extremely (A+T)-rich sequence in the genome of D la r

not far frorm the tarGet site for mad63 insertion.

DISTJ 5 IOhi
in this work, we have sequenced the regions of homology

located at the erds oL a inobile disp_rsed g,;enetic elements in

D. Lielanoiaster. The existence of direc- repeats at tne ter-

imini of oidg3 suL,Lested oy previous hybridization experiments
/3/ has been proved by sequencing. The direcu repeat consis-

ting<) Of 2b8 base oairc are verfect. io misMatched nucleotides

m.avy bee- founda6. The absence o0 deviations indicates tnat

eitheOr the perfectnxess of repeated seqaenlces is under the se-

lection pressure o-r the direct rupo<azs in a particular loca-

tion of mciau3 were- formed -at,-er recently, poss-ibly in the
course or a r Ucent ralspositiorn event.

11C secO`Uenced copy of the IadcgL3 faimlily originates froLA 93C

re ,io of . :'elanoeas-er chroiao-sonacS. T-ais i_ the only reLion
to .,'aier t,e ftiinulli f-r;.:aents C and D of p38 D.A (see Fiig. 1)
dohY0ridizo /9/.cHoeeve-er, on1Jy a few of indLvi duals anaxlyzed
w'i;bthet aid of in sitU hy dridza tionl have be n found to con-

aiin e£3 at this particular site oL a c'om.osoi-. In most
cass, 930 re}ioni does not nbridize to aa n,dC3 probe. It

woulid be interesting to aialyze the > -sequerLces o f md£3 co-

pie-s or-iinatin6 from the other sites of chromosomes, i-i pa-
ticular from tae sites vihere md;3 is usually located.
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The analysis of the > -sequence reveals several short pa-

lindromes there as well as internal direct repeats (5-8 base

pairs in length) (see Fig. 2). Their significance remains un-

clear.

Previously, we found that the transcription of mdg3 was

terminated and possibly started within the t -sequence /8, 9/.

Also the quasi-symmetric cnaracter of transcription was de-

monstrated. Analysis of the > -sequences allows one to find
several sites similar to the Hogness boxes and to the known
terminatiorn signals /12/ in both orientations. However, it is

impossible to deduce the real localization of the transcrip-
tion initiation and termination sites from the DNA sequence

data only. Additional experiments are necessary and these are

in progress now.
The most interesting observation is concerned with the

organization of gene distal termini in the regions of homology.
We found there mismatched inverted repeats 18 b.p. long flank-

ed with perfect direct repeats 5 b.p. long. Such a structure
(a non-perfect palindrome and direct repeats 5 or 9 b.p.long)
is typical of the ends of bacterial insertion sequences (IS)
and transposones /13-18/. The short direct repeats there ori-

ginate from the duplication of the genomic target sequence in-

to which a transposone is inserted. By analogy, we may suggest
the same origin for our 5 b.p. repeats but such a possibility
should be directly tested by sequencing the ends in other mern-
bers of mdg3 family, as well as by studying, the target sequence
in flies witnout an mdg3 insertion in 93C region.

In bacterial cells, the mismatched inverted repeats are

parts of transposable elements /13, 14, 16, 18/. Their origin
in D. melano,aster is under investigation now.

It should be pointed out that the existence of long direct

repeats at the termini of an inserted sequence is typical of

endogenous pro-retroviruses /19/. However, no details are
available so far about the sequence organization at the junc-
tion sites of the pro-retroviruses and the host genome. The

presence of siLmilar long direct repeats in the mobile dispers-

ed genes of D. maelanogaster /3, 20,' and yeast /21/ may indi-
cLc-ethe close relationship between these two types of genetic
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elements.
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