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ABSTRACT

Mdg3 is a family of mobile dispersed genetic elements re-
presented by 15 coples in the haploid genome of D, melano-
gaster and flanked, like other similar elements, by the re-
glons 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.

INTRODUCTI ON

The existence of movable genetic elements in the eukaryo-
tic genome wae 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 genome of
D. melanogaster /z-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 tae genome
of culture cells, Like other mdg elements /3/ undg3 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 mecnanisms in eukaryotes.

In this work, the regions of nomology at the ends of wdg3
nave been sequenced. It has been shown that they are represent-
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ed by two perfect direct repeats z68 b.p. long. In addition,
two short inverted and direct repeats have been detected at
the gene-distal sides of the above mentioned regions.

METHODS

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. Taerefore, 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 INA cleaved by a mixture of
EcokI and BamHI. Ligation, transformation and colony hybridi-~
zation were performed as described previously ///. For colony
hybridization, the nick~translated subfragments of Dm38 plas-
mid containing the regions of interest (see Fig. 1) were used
as probes. Amon the new plasmids thus obtained, a plasmid
designated as p38m (plasmid K38 mini) was shown to contain only

two terminal fragments carrying the sites ot homology) (see
Fig. 1). This was used in further experiments.

The sequencing procedure. The method of laxam and Gilbert
/10/ modified as described previously /11/ was used for sequenc
ing. 120 pg of p38m DNA was digested witn HinaIII and then
treated with alkaline phospnatase (EAPF, Whorthington) at pH
8.6, DA was deproteinized, precipitated wit:a paerol, aissolv-
ed in 40 pl of 10 mui Tris.:dClL, 1 mM LDTA, p.a 8.0, heated for
2 nin at 72°C, and incubated at 37°C for 30 min with 250
pmoles of x-3‘P-ATP (1000 Ci/mmole, Amersnam, and 20 units

of T4-polynucleotide kinase. After er Tiltration tarough Se-
onadex G-500F, the labeled D..a was cleaved witn mcoil. The re-
salting, f{raments were separated by electrophoresis in 4» poly-
acrylamide _el, eluced anc used for sequencin, . One of thecse
frageents (0.45 <o) waicn still corteined the label at both

nas wus eluled ad.itionally, cleaved by Bspl, and tne subfrag-
wentvs vwerc separated by clectropaoresis in 50 polyacrylamide

L€ L

To confira tne scequencing data for the L region (sec be-

low,, a xco.d fragument z.8 kb long was isolated from 2.8 .
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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).

Aftver cunemical cleavage, each series of products was frac-
tionated by electrophoresis in thin 40 cm 20% gel and in 80 cm
8 gel /22/.

RESULTS

The restriction map of mdg3 cloned in Dm38 plasmid is
presentved in Fig. 1 (a,b). Almost the whole mdg3 is located
within toe HindIII fragment A. The termiral regions of sequence
homology are arranged around the HindIII sites /9/.

For their sequencing, a new plasmid has been constructed
which st¥ill contained the EcoRI and EcoRI-BamHI fragments of

a ¢ D(9) 4 C(30)y B(36) 3 AlL2) |E"F Dm38
(Q45)
— —
L(2.8) R(2.8)
c 11— 1l | [ N |
— - Dm38m
( 1 | | | | | kb
0 1 2 3 4 5
i . 1. The rescericlion mape of Dm38 ana 0m38m D. melano-

paster fragments cloned in pBE32Z.
(a) Tnc mey, o original Dm28 cloned DaA.
(o) Due enlargea part ol D38 Dlia conteining mdyg3.
(¢) oo .y of reclouace om38m DA of v. welanogaster.
~.tr_ctio. sites: V Zamdl, l HindIII, U ~COhL, Ibspl.
..8isions o nowmoloyy b, Transcribed regions wm. 2o
saia dirccilon of transcription —s 9,
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Fig. <. The sequence of the regions L and R of mde3.

The B ~sequences (268 b.p,) are underlined with one line, the inverted repeats (18
O...) with dotted line ..ud short direct repeats (5 b.p.) with two lines. Internal palin-
dromes or direct repeats are marked with arrows (in L only). The symbol ¥ indicates
HindIII and Saula cleavage sites that were labeled for thc DNA sequence analysis.

L
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Dm38 DNA in pBE322, 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 around the first and second
HindIII restriction sites designated as L (left) and R (right)
sequences cover both regions of homology detected in the hy-
bridizatian 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 g -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). The15 out
of 18 nucleotides can be paired. The longest continuous per-
fect inverted repeats consist of eight base pairs. In the I~

mdg3

~-5kb
: 268 bases 268 bases :

!
—
3

—vhxﬂ>1>cxj—ﬂ>—+{>
|

-

I>Cr*IiD(Dﬁgﬁ(XDI»4Iﬂ>

it

5 AGAAG AGAAG—

(2]

fig,. 3. The demonstration of mismatched inverted repeats
on tinc mdg3-distal sides of § -sequences.

Lormzl base pairs are sevarated by — , GT hydrogen pair

bv e
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-region, such a repeat immediately precedes tne § -sequence
whereas, in the h-region, it is separated from the § by one
vase 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 tne re-
gions on tue gene distal sides of long direct repeats.

No nomology coulu be detected beyond the described region
in any direction.

Je also have sequenced about 200 pase pairs in the region
around tane tnird HindIII restriction site. The sequenced area
is located about 150 b.p. apart from the R-regian sequence.
Thus, it does not belony to mag3. However, we present this
sequence in Fig. 5 to deuwonstrate the existence of a peculiar,
extremely (A+T)-rich sequence in zTne genome of D. melanopaster

not far from tae target site for wdy3 insertioa.

DISCUSS TG

In this work, we nave sequenced the regions of homology
located as the ends of a movile dispersed genetic elements in
D. welanopaster. Tne existence of airect repeats at tne ter-

mini of 2dg3 sugrested by previous nybridization experiments
/S/ 2as oeen proved oy sequencing. The direc. repeat consis-
ting of 268 baue paire are perfect. Lo misumatcned aucleotides
aave ocen round, The absence o. deviations, iucicates Toat
el1ther tnae perlectrecs 01 lepcaleu seguences 1o anuer Tnce se-
lect.on prelsure 02 LA airccl repeats in o particualar locu-
tlon ol a3 were formed .uteoel reconstly, poscicely in the
couIst 04 a4 I'vltnt wra...pos.llon eveau.

T secwlncec copy ol tae mop3 Faumdily originutes Jrow 93C
To_.0.. O- w. .elanopacier chrowosomes, Tais i. taw only recion

Lo nailcn tae LlinaIls Tiegaents C ana D o2 33 wea (vec £ig.e 1)
«C wyoriaize /S/. Houwever, onl, a few of inulviavels unclyzea
%iTo foe wia of in satu ayoricizeilion auve wecl found to con-
Luln ace3 at tnis particalar site o. w €r0..020ie. In oLt
cuzeel, S0 region aoes not oybridize to as muf3 probde. It
wo.la be iateresting to anulyze the § ~-secdences 0 mdgs co-
pice oziginuting from tne othcr sites coi chrowosowmes, il DA

ticular Ifrow tae sites wnere mdy3 is usuwlly locutecd.
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bi_e. 4. The sequencin; gels dewmonstraving <he existence
of short invertcd ana direct repeats at the ends
of uag3.

lne lines G, A+G, T4C, eca C indicate chenmical reactioas
according <o /40, 11/, acd G2>C, G+i are those employing
diethylpyrocarbonate zu.&rayev, in preparatiorn).
L-seguence flanking tae left was read frow toe right
¢o Siae left. h-sequence flanging tne rignv ; was read
from tae left to tune rigat.

Pne 5 nucleotide direct repeats and 18 nucleotide invert-
22 repeats are marked oy vewrlical lines.
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AGTTTGTTIGT
TCARRCAACA

CTTTTCAACT
GARAAGTTGA

TTTCTTAATT
AARGARTTAA

TCGTGAGTCT
AGCACTCAGA

Fig. 5.

TTGTTATGCA TARCGAGGAC GATRAGTATG TTACAG ARTTARATTT TCRAAARTATT TATCARAACTA AACARGATAR
AACAATACGT ATTGCTCCTG CTRTTCATAC AATGTCARAAR TTAATTTAAR AGTTTTATAA ATAGTTTIGAT TTGTTCTATT

v
GRATTTTITT RTTTITITOD TTTCTTTCTT MAITTOTITSOT TTOHTTAALC TTAGTACTGH ATTTTTCAAC TGAATTTCTT
CTTARARAAA TRAAGHARGA HINGRANGA Y NMINLARTTH ARGTARTTCG AATCATCACT TARARRRGTTG ACTTRARGARA

TTTTTTRAGE TRATTAAATT ACARICAGAS AATTTATGAG ATACTTCCTC TGCTARTTTA TACGCTAGLT GLRAGTTITTA
ARPARAATTCG ATTAATTTAA THTTICTCTE T1AAATACTC TATGAAGGRG ACGATTARAT ATGCGATCGA CGTTCAAARRT

CTGARGAGGA TGGCTGCATG GTGTILATCC
GACTTCTCCT ACCULACSTAC CACACCTAGG

The AT-rich sequence around the third HindIII site located outside
the mag3 region.

The symbol ¥ indicates HindIII cleavage site that was labeled faor the DNA se-
quence analysis.

AGARATTCRA
TCTTTANGTT

TATTTCTTTC
ATRARGARARG

TTGRATGGELER
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The analysis of the S -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 § -sequence /8, 9/.
Also the quasi-symmetric cnaracter of transcription was de-
monstrated. Apalysis of the } -sequences allows one to find
several sites similar to the Hogness boxes and to the known
termination 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 v.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 men-
bers of mdg3 family, as well as by studying the target sequemnce
in flies witaout an ndg3 insertion in 93C region.

In bacterial cells, the mismatched inverted repeats are
parts of transposable elements /13, 14, 16, 18/. Their origin
in D, _melanopaster is under investigation now.

It should be pointed out that the existence of long direct
repeate 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 similar long direct repeats in the mobile dispers-
ed genes of D. wmelanogaster /3, 20/ and yeast /21/ usy indi-

ciite toc close relationship between these two types of wenetic
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elements.
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