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Abstract. Two different satellite DNAs from tenebri- Key words: Dyad structure — Repetitive sequences
onid speciesTribolium madens(Insecta, Coleoptera) — Gene conversion — Recombination — Heterochroma-
have been detected, cloned, and sequenced. Satellitetih

comprises 30% of the genome; it has a monomer size of
225 bp and a high A + Tontent of 74%. Satellite 11, with )
a monomer size of 711 bp drA + T content of 70%, is  Introduction

I 0,
less abundant, making 4% of the total DNA. Sequencqnsect species from family Tenebrionidae (Coleoptera)

variability of the monomers relative to consensus se_haveasubstantial amount of pericentromeric heterochro-
qguence is 4.1% and 1.2% for satellite | and Il, respec- b

! i . : matin located on all chromosomes of the complement.
tively. Both satellites are localized in the heterochromat- . ) X

) i ) The heterochromatic blocks preferentially contain satel-
ic regions of all chromosomes. A search for internal mo-

. . e
tifs showed that both satellites contain a relatedIIte DNAs which make up 30-50% of the genome. Most

subsequences, about 100 bp long. The creation of sat f the Species have a smgle,. hlghly abundant §ateII|te
; . . S . DNA of a unique sequence which is usually species spe-
lite | monomer is explained by duplication of the basic

cific (Petitpierre et al. 1995). Depending on the size of

supunlt, fol!owed by _subsequent d|vergence_by Slnglethe basic repeating unit, tenebrionid satellites can be
point mutations, deletions, and gene conversion. Inver-

sion of the subsequence in addition to its duplication has?IaSS'f'e.d Into two groups. The f|r§t group comprises
i g L .~ . seven different satellite DNAs of unique sequences with

occurred in satellite 1l. The result of this inversion is S
: ) monomer lengths between 100 and 160 bp, while in an-
possible formation of a long, stable dyad structure. Theother roub & monomer seauence is about 350 bp lon
408-bp sequence, inserted within satellite 1| monomer group q plong

ST . . .~ (Ugarkovicet al. 1995).
shares no similarity with a basic subunit. Frequent direc . ; . .
e : . .~ Analysis of satellites from related tenebrionid species

repeats found within the inserted sequence point to its : . ;

) o . ) reveals that different mutational processes are involved
evolution by duplication of shorter motifs. It is proposed . . : o .

' . in their evolution. In some of the species likenebrio

that both satellites have been derived from a common

o . molitor, Palorus ratzeburgii, Tribolium confusurand
ancestral sequence whose duplication played a majaoy ., . . .
. . . S ribolium freemaniwhere only one type of highly abun-
role in the formation of satellite | monomer, while inser-

. o . dant satellite DNA is found, the sequence variability is
tion of a new sequence together with inversion of an

ancestral one induced the occurrence of satellite Il very low—up to 2%—due mainly to single base substi-
" tutions (Ugarkovicet al. 1989, 1992; Plohl et al. 1993;

Juan et al. 1993). However, satellite DNA frofsiphi-
tobius diaperinusexhibits much higher divergence
(Plohl and Ugarkovicl994a). It is composed of three
related satellite subunits organized in three higher-order
Correspondence td®. Ugarkovic satellite subfamilies. Comparison of satellite subunits re-
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veals that processes of gene conversion, replication sliprembrane, positively charged. Satellite clones labeled with digoxi-
page, and recombination are involved in the evolution ofggpin were uset_j as a hypridization probe under highly stringent con-
this satellite. The presence of a long direct repeat withirf!"'o" 8 described previously. o

. .. - Nucleotide sequences were analyzed and compared using Micro-
the satellite monomer of tenebrionid spedidisolampus  Genje (Beckmann) and PCGene programs. GenBank was screened us-
goudotiindicates that unequal crossing over has occurreghg on-line programs (Benson et al. 1993).
both within and between repeating units (Pons et al.
1993). . .

. . . Fluorescent in Situ HybridizationThe chromosome spreads were

S"’_‘telllte DNAs often have hlgher-order St_rUCtureS €1-obtained from gonads of male adults according to Juan et al. (1991).

ther in the form of dyad structures, due to inverted re-cioned satellites were labeled by nick translation either with biotin-
peats (Fowler and Skinner 1985; Bigot et al. 1990), or in16-dUTP (satellite I1) or with digoxigenin-11-dUTP (satellite I). Hy-
the form of solenoid structures, induced by curvature Oforidization conditions were the following: 60% formamjdex SSC,
the DNA helix axis (Radi@t al. 1987; Martinez-Balbas ©-3 »-9/u! denatured salmon sperm DNA, Oifg yeast RNA and 5

g/l of each probe, at 37°C. Immunological detection of satellite | was

1990). Itis proposed that these structures perform a Codz;'chieved by anti-digoxigenin-rhodamine, Fab fragments (Boehringer

ing function in the binding of specific proteins and in this mannheim), while for the detection of satellite Il an avidin-FITC sys-
way influence condensation of heterochromatin (Vogttem with one step of amplification was used (Pinkel et al. 1986).
1992). Three different satellites from tenebrionid species-hromosomes were stained with fluorochrome DAPI, Agml in
T. molitor, Tenebrio obscurusnd P. ratzeburgiihave ~ Mcllvaine’s phosphate buffer, for 15 min (Sumner 1990) and photo-
the same monomer length of 142 bp and form tertiarygraphed with fluorescence optics in an Opton photomicroscope.
structure of very similar geometry in the form of a left-
handed superhelix (Plohl et al. 1990; Ugarkoeical.
1992; Plohl and Ugarkot¥id994b). It is suggested that Results
conservation of such structural characteristics despite se-
guence divergence points to their importance for hetero-
chromatin formation (Plohl and Ugarkdvik994b). Detection, Cloning, and SequencingTafmadens

In this paper two satellite DNAs from tenebrionid Satellite DNA
speciesTribolium madensire characterized with respect
to the nucleotide sequence, organization, and amoun®.. madensDNA was digested with different restriction
Sequence variability and mutational processes acting oanzymes (Fig. 1A) in order to detect distinct bands char-
their evolution are studied. In addition we compare twoacteristic of repetitive DNA. Digestion witlClal and
satellites in order to determine what relationship theyTad reveals a strong band of about 200 bp and a slighter
have with each other at the level of nucleotide sequencdadder of dimer, trimer, and higher multimers, pointing to
higher-order structure, or internal organization. Suchthe tandem arrangement of repetitive units characteristic
comparisons could give us some information concernindor satellite DNAs. InHinfl digestion bands of about 190
possible constraints operating during the evolution ofand 110 bp are visible as well as shorter bands which
satellite DNAs within a species. could result from the presence of more than dfiefl
restriction site in the satellite monomer. A similar case
exists forAlul, giving a complex ladder, due probably to
a mixture of two different satellite DNAs or due to the

Materials and Methods > L
presence of more than ondlul recognition site in a

Cloning and Sequence AnalysiGenomic DNA was isolated from particular satellite mf)”o”?er- .

larvae and adult insects by standard procedure (Sambrook et al. 1989) TWO bands fromHinfl digest approximately 190 and
and restriction digestions were performed according to the manufac110 bp, are cloned separately as well aSlal band of
turer's instructions. After electrophoresis on 1.2% agarose gels, DNA2QQ bp. Hybridization analysis of fragments cloned from
fragments of approximately 200 bp and 500 bp at&l digestion, of an approx. 200-bp band of genomic DNA revealed, after

approx. 220 bp aftelul digestion, as well as fragments of approx. 190 ising f Clal cl itive i ts of t dif
and 110 bp afteHinfl digestion were electroeluted, filled in by Klenow excising fromtlal clones, positive Inserts of two ditrer-

DNA polymerase, and blunt end ligated wittindil-linearized puc1g €Nt Size: sIX Inserts of approx. 220 bp and three inserts
plasmid vectorE. coli DH5 cells were transformed and cloned DNA having a size of approx. 200 bp. Sequencing results,
was analyzed by hybridization under high-stringency conditions (68°C.summarized in Fig. 2A and B, reveal the following: six
washing at the same temperature in 0.1 x SSC; 0.1% SDS). A portiorua' inserts (MAD1C1-6) exhibit high sequence similar-
of elutedClal fragments of approx. 200 bp and dinfl fragments was .

labeled with digoxigenin—dUTP by the random primer labeling ity, four of the monomers are 225 bp Iong,-and anqther
method (DNA Labeling and Detection Kit, Boehringer Mannheim) and tWO are 222 and 218 bp long due to nucleotide deletions.
used as a hybridization probe; a 500-6fal fragment and a 220-bp The additional clone MAD1C7 also overlaps the se-
Alul band were detected and cloned using as a hybridization probe thgquences of the above-mentioned clones but is shorter

203-bp-long positive fragment obtained fra@al band. Recombinants because of the occurrence of an additioBil site at
giving positive signal were directly sequenced by the dideoxy sequenc-

ing method (Sanger et al. 1977). For the Southern analysis of totap':'Sltlon 124. Three remaininGlal positives (Fig. 2B,

genomic DNA, 5ug of T. madenDNA was digested with different MAD2C1-3) are 204 or 203 bp long and exhibit high
restriction enzymes (REs) and blotted on Boehringer Mannheim nylonmutual similarity, but cannot be overlapped wittal
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Fig. 1. A Electrophoretic separation @t madengienomic DNA on madenssatellite 1.C The Southern blot obtained by partial digestion of
1.2% agarose gel; g of DNA was digested wittlul (lane 2, Clal 5 ng of T. maden®DNA with 5 U of Clal (lanes 1-3 and with 5 U of

(3), Hinfl (4), SaBA (5), and Tad (6). T. molitor satellite DNA, Alul (4-6) for 30, 60, and 120 min, respectively, and subsequent hy-
partially digested witfEcaRl, is used as a size markéaite 1). B The bridization with cloned satellite Il prob& Southern blot of gel shown
Southern blot of gel shown in A after hybridization with clon&d in A after hybridization with cloned. madenssatellite II.

d

Fig. 2. A Nucleotide sequences of 13 clones obtained by randomarrows. The direct repeats marked withand3 are 17 and 13 bp long
cloning of T. madenssatellite | and from them derived consensus and have a perfect similarity of 100% within each pair. Direct repeats
sequence of satellite | monomer. In satellite clones only differencesmarked withl are 23 bp long with a mutual similarity of 75% while the
from consensus sequence are indicated, while missing parts are marks@milarity of 18-bp-long direct repeats marked withis 78%. The
asdots.B Consensus sequence of satellite 1| monomer derived fromaccession numbers of satellite | and Il are U30598 and U30599, re-
seven randomly cloned satellite Il fragments. The most prominent di-spectively.

rect repeats found in satellite | monomer sequence are indicated with
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clones from the first group and therefore are representathe 203-bpClal fragment. They also span the first part of
tives of another repetitive DNA family. the 508-bpClal fragment (MAD2C4) which is adjacent
Sequence analysis was also performed onHiixl to the 203-bpClal fragment (Fig. 2B). All three types of
clones (Fig. 2A), three of them obtained by cloning aclones therefore characterize another highly repetitive
band approx. 190 bp long (MADH1-3) and another threeDNA having a basic repeating unit of 711 bp. This DNA
by cloning a band of 110 bp long (MAD2H4-6). The is designated a$. madenssatellite II.
sequencing results show that three longer clones overlap The Southern blot of. madensDNA, after hybrid-
Clal clones of the first group in the region betweldimfl ization with cloned satellite 1l fragments, shows the pres-
sites at positions 27 and 224, while three shorter clone§nce of a 711-bp band iAlul, Clal, Hinfl, and Tad
span the region between positions 27 and 139 where aigestion (Fig. 1D). Due to the presence of more than
additionalHinfl site can appear due to the single nucleo-0ne recognition site for these enzymes in most of the
tide substitution. 711-bp monomeric units, additional, shorter bands occur
Cloned fragments of each group were used as hybridon Southern blot, e.g., bands of 203 and 508 bl
ization probes after Southern transfer of digesfed @ndTad digestion. Presence of an additiorfald site at
madensgenomic DNA (Fig. 1B-D). The hybridization POSition 520 in the s_aFelllte Il sequence results in a band
was performed under highly stringent conditions, allow-°f 317 bp, clearly visible on Southern blot. The ladder
ing annealing of sequences with 90% or higher similar-2/rangement composed of multimers of a 711-bp repeat-
ity. Hybridization with the cloned probe belonging to the

ing unit, as well as of intermediate bands, is visible in
first group of repetitive DNA reveals a regular ladder in Tad andHinfl digestion. Quantification of the satellite Il
Clal and Tag digestions characteristic of satellite DN

A with spot hybridization and subsequent densitometry
(Fig. 1B). We designate it ab. madenssatellite I. The

shows that it constitutes 4% &f madengienomic DNA.
ladder is composed of satellite monomer 225 bp long anécreenmg of gene bank reveals no similarity Df
multimeric bands up to the 4-mer, with decreasing in-.

madenssatellites with any other known satellite DNA,

tensity, characteristic of a type A digestion pattern ofmdlca'ung their species specificity.
tandem repeats. Also, intermediate bands can be o
served, resulting from an additiongad site at position
125 in the monomer sequence and possible creation of Bhe consensus sequence of satellite | is 225 bp long, with
Clal site at the same position by single point mutation.74% A + T content (Fig. 2A). Analysis of sequence
Two recognition sites foAlul in the satellite monomer variability of satellite | relative to consensus sequence
result in a complex ladder pattern while digestion with shows that single point mutations mainly contribute to
Hinfl results in fragments shorter than a satellite mono-divergence of this satellite. They are spread randomly
mer. HoweverSaiBA partially cleavesT. madensatel- ~ over the whole sequence. However, the same substitu-
lite 1, producing the type B restriction enzyme patterntions appear frequently at the same positions in different
(Fig. 1B). Densitometric analysis of agarose gel and spoglones, pointing to the possibility that gene conversion
hybridization using cloned satellite monomer as a probd'as played a role in spreading sequence variants between
shows that this satellite DNA is very abundant, consti-Satellite monomers. Deletions are rare and mostly in the
tuting 30% of the wholel. madenDNA. form of single nucleotides except for the 5-nt deletion in

Hybridization of T. madensDNA, partially digested the clone MAD1CS. The calculated variability of the
with Clal andAlul, using a cloned 203-b@lal fragment ~ Satéllite. monomers relative to consensus sequence is
(Fig. 2B) as a probe, reveals the pattern shown on Fig4-1%1 which is cpmparable to other ana]y;ed tenebrionid
1C. Besides the 203-bp fragment the most prominen?ate"'tes (Petitpierre et al. 1995; Uga_rkom:al. 1995).
bands in theClal digest are about 500 and 700 bp long. The consensus sequence of satellite 1l is 711 bp long,

In Alul digestion the same band of approx. 700 bp occuré’vith 70% A + T content (Fig. 2B). The single nucleotide

together with a ladder composed of 1,000 bp, 1,400 bp§ubstitutﬁons are'agairll the most represepted mutations;
nly 3 single nt insertions and one deletion are found.

and longer bands, indicating tandem arrangement cha T ited bility | v 1.2%. T
acteristic of satellite DNA. In addition, a prominent band € resuited sequence varlabilily 1S only 1.2v. frans-
versions are, in both satellites, more frequent than tran-

of about 220 bp is also observed in thkil digest after sitions. The ratio between nucleotide changesto Aor T
hybridization with the cloned 203-bplal probe. In or- w0l "o o cis 1.6 and 1.0 for satellite | and I,

der to further characterize this satellite DNA and to de- . o Co :
fine its monomeric repeating unit we have cloned a banJeSpeCt'Vely’ _|nd|cat|ng no significant shift of these se-
of approx. 500 bp obtained Wylal digestion and a band quences to higheA + T content.
of approx. 220 bp obtained bMul digestion of T. madens
DNA (Fig. 1A). For the detection of positives a cloned
203-bpClal fragment was used as a hybridization probe. A search for direct repeats ih madensatellites shows
The sequencing results show that th&lel clones that the monomer of satellite | can be divided in two
which are 221 bp long (MAD2A1-3) partially overlap halves, the first one spanning region 3—-115 nt and the

t§equence Variability of Satellite DNAs

Internal Sequence Organization ®f madensSatellites
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A

TRMADSAT11 CGATTTGGCTCAATTTTAAGTTGGGAATCAAGCTAAATCAAA-GTATTTCAACCA 54

TRMADSAT21 CGATTTGGCTCGATTTTAAATCAGAAATCGCTCTAAATCAATTGTATTTCAACGA 55

TRMADSAT12 CAATTTTGCTCGATTTTAATACAGAA-TCAATTCAAAACTAATATATTTTATTAG 54

TRMADSAT22 --ATTTGGCTCAATTTTAAACCAGTAATTGATCCAAATCAG-TGTATTTCAACAA 52
FXEX KEXK RXREXER, X X X . XXX ¥, EXXEX X,

TRMADSAT11 AATACTGGCTCTAATAA-GAGTTTTCTTCTAAAATAAAGCAATTTGAGCTATTTT 108

TRMADSAT21 TGAAATAACT----—=---- GTTTTCAGTCAAAATAAAGCAATTTGAGCTATTTC 100

TRMADSAT12 TATAATTGCTTCAATCT-TAATTTTAGGCTGAAATAAAGCAATTTGTGATATTTT 108

TRMADSAT22 AATCGACGCTTAATTAACTAGTTTTCTGCAAAAATAAAGCAAAATG --------- 98
LXX KRR, XREXEEXXRRE,

TRMADSAT11 CAAT-C 113
TRMADSAT21 CAATTC 106

TRMADSAT12 GAAT-- 112
TRMADSAT22 ------ 98
B
5 T ~===GATGA-—-—- TTTGAGCTAT
ATTTGGCTCGATTTTAAATCAGAAATCGCTCTAAATCAA TGTATTTCAAC AATAACT GTTTTCAGTCAAAATAAAGCAA T
3 * * ¥ ¥ % X X ¥x T
TAAACCGAGTTAAAATTTGGTCATTAACTAGGTTTAGTC-ACATAAAGTTG TAATTGA CAAAAGACGTTTTTATTTCGTT c
205 TTTTAGCTGCGAAT T TTACCTTAAC

Fig. 3. A Alignment of subunits of satellite | (TRMADSAT11, TRMADSAT12) and satellite Il (TRMADSAT21, TRMADSATZ22). Nucleotides
identical in all four subunits are indicated with asterisk.B Possible dyad structure withii. madenssatellite Il between nt 5 and 205. The
positions of imperfect complementarity are marked withaaterisk.

second one region 116-2 nt. These halves are designat&dole 1. Sequence homology of subunits frdmmadensatellites |
TRMADSAT11 and TRMADSAT12 (Fig. 3A) and their and Il
mutual sequence similarity is 66.1% (Table 1). No sig-

oo - . - =S i Homol %
nificant inverted repeats are detected in this satellite>34S"® P& omology (%)
Analysis of potential retardation characteristics by elec-TRMADSAT11-TRMADSAT12 66.1
trophoresis on native polyacrylamide gels showed norTRMADSAT11-TRMADSAT21 78.3
mal migrational characteristics of circulary permutated RMADSAT11-TRMADSAT22 725

tellite monomers, indicating that the satellite does nofapoA T TRMADSATZ3 798
satelll S 9 RMADSAT12-TRMADSAT21 63.7
exhibit sequence-induced DNA curvature (not Shown).TRMADSAT12-TRMADSAT22 60.2
This result was confirmed by computational analySiSTRMADSAT12-TRMADSAT23 61.8
based on three different algorithms (UgarKowit al. = TRMADSAT21-TRMADSAT22 76.5
1992) TRMADSAT21-TRMADSAT23 69.7

) TRMADSAT22-TRMADSAT23 70.8

Searching for internal structural characteristics of sat-
ellite 1l shows the potential formation of a long, stable
dyad structure between nucleotides 5 and 205 (Fig. 3B)
due to the presence of a long inverted repeat in this parTRMADSAT22 and is compared with other three sub-
of the satellite. The dyad structure contains two stems, 5@nits (Fig. 3A, Table 1). The part of satellite Il composed
and 29 nt long, each exhibiting a complementarity ofof 89 nt between positions 614 and 702 again shares a
86%, and two loop structures of 23 and 19 nt. Similar tosimilarity of 79.8% with subunit TRMADSAT11 and of
the case for satellite I, no indication for sequence-70.8% with TRMADSAT22, while similarity with the
induced DNA curvature is found after analysis on poly- other two subunits is insignificant. This part of satellite Il
acrylamide gel as well as computational analysis. is designated TRMADSAT23 and a comparison with

Sequence comparison between satellites | and Il reether subunits is shown in Table 1. The rest of 408 nt of
veals that the first part of satellite Il (3—108 nt) exhibits satellite 11 (206—613 nt) has no similarity to the above-
sequence similarity with the two halves of satellite I: mentioned subunits, characteristic for both satellites.
78.3% homology with TRMADSAT11 and 63.7% ho- However, the frequent direct repeats present in this part
mology with TRMADSAT12 (Table 1). The first part of of the sequence (Fig. 2B) indicate its occurrence by du-
satellite 1l is designated TRMADSAT21 and is com- plication of shorter motifs.
pared with subunits of satellite | in Fig. 3A. Due to the
long inverted repeat in the satellite Il, its second part
(109-205 nt), in reverse orientation, again shows selocalization of Satellites oii. maden<Chromosomes
guence similarity with both subunits of satellite |1 and
with the first unit of satellite 1l (Table 1). The reverse T. madensas a diploid chromosome number of 2 20
orientation of the second half of satellite Il is marked as(9 + XY) (Juan and Petitpierre 1991). The chromosomes
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Fig. 4. Mitotic metaphase chromosomes bf
madensafter staining with fluorochrome DAPI
(A\), fluorescent in situ hybridization with cloned
satellite 1(B), and satellite Il probgC). The
pattern reveals colocalization of satellites in the
heterochromatic regions of all 20 chromosomes.
Three smalldotsrepresent supernumerary
chromosomes. Bar= 3 pm.

have small sizes (1-8m), resulting in a poor morphol- tween the two related satellites is 20% due to single base
ogy. In addition, the presence of small supernumerarsubstitutions distributed randomly within the sequence.
chromosomes has been disclosed in somemadens To the “142-bp satellite family” belongs also the satel-
populations (Smith 1956). lite from P. ratzeburgiiwhich, despite high sequence
Staining of condensed. madengnitotic, metaphase divergence, exhibits a tertiary structure of very similar
chromosomes with fluorochrome DAPI which preferen- geometry to those of two other 142-bp satellites (Ugar-
tially binds © A + T-rich regions induces intense fluo- kovit et al. 1992).
rescent signals on all of the chromosomes (Fig. 4A). The Comparison of satellite DNAs from two parasitic
bright fluorescence results from binding of DAPI to A + wasps,Diadromus pulchellusand Diadromus collaris,
T-rich satellites | and Il which constitute large hetero- shows that they derive from the same basic sequence
chromatic blocks. In order to determine the distribution motif which was amplified and subsequently diverged. In
of each of the satellite, double-labeled fluorescent in situaddition, insertion of a 169-bp fragment has invaded the
hybridization has been performed. Hybridization with satellite inD. collaris, creating a new repeating unit.
more abundant satellite I, labeled with digoxigenin andSince the basic and the inserted unit contain palindromes
detected by rhodamine-labeled antibody, reveals distriwith stable thermodynamic features it is suggested that
bution of satellite | on all chromosomes, coinciding with this could be a positive selective value necessary for the
the regions of heterochromatin brightly stained withinsertion and its maintenance within the satellite (Rojas-
DAPI (Fig. 4B). Biotin-labeled satellite I, used as a Rousse et al. 1993). Two satellite DNAs frdmmadens
hybridization probe, was detected by an avidin-FITCdescribed here constitute a similar case. We propose that
system with one-step signal amplification. Yellow fluo- they evolved from a common ancestral sequence which
rescent signal is again present on all of the chromosomesyas about 100 bp long. The amplification process was
coinciding with the regions of rhodamine fluorescencefollowed by mechanisms of sequence divergence: single
(Fig. 4C). However, the signal of satellite 1l appears to bepoint mutations, deletions, and gene conversion resulted
in the form of dispersed dots, suggesting the possiblén the creation of a new, longer repeating unit as the one
distribution of minor satellite 11 within the larger blocks characteristic for satellite I, which is composed of two
of more abundant satellite I. basic subunits (Fig. 5A). In the evolution of satellite I,
besides the previously mentioned processes of sequence
divergence, an inversion of basic satellite subunit, caused
Discussion by site-specific recombination, has taken place. Also, the
insertion of a new sequence and its at-least-partial du-
Most tenebrionid satellites are highly homogeneousplication has occurred, resulting in the creation of a com-
within the species, similar to satellites found in someplex, 711-bp-long monomer unit of satellite Il (Fig. 5B).
species of Diptera (Schmidt 1984; Bachmann andSatellite | is much more abundant than satellite II, con-
Sperlich 1993) and Hymenoptera (Tares et al. 1993). Thetituting 30% ofT. madenggenomic DNA. ts A+ T
satellites variants which are products of single base sulrich (74%) and exhibits sequence divergence of 4.1%,
stitutions are randomly distributed within the satellite similar to other tenebrionid satellites. Satellite Il has a
and uniformly spread on all chromosomes as revealed fosimilar, hich A + T content of 70%, but is more rare
T. molitor (Plohl et al. 1992). The efficient homogeni- and makes up 4% of the whole genome. From the com-
zation is due to the gene conversion and unequal crossingarison of subunits, presented in Table 1, it is evident
over, whose rate is probably effected by the large amounthat the first subunits in both satellites (TRMADSAT11
of satellite DNA in the genomes of tenebrionid species.and TRMADSAT21) share a high sequence similar-
The tenebrionid satellites are usually unique to theity of 78%, as well as subunits TRMADSAT11 and
particular species, although there are cases when thHERMADSAT23 with 79.8% mutual similarity. This
same satellite is shared between two related species. Sauld be explained by the origin of both satellites from
ellite having a monomer length of 142 bp makes up 50%the common ancestral subunit. Parallel but independent
of the T. molitor genome and 23% of th€enebrio ob- evolution of two satellites has resulted in divergence of
scurusgenome, respectively. Sequence divergence besubunits TRMADSAT12 and TRMADSAT?22, having
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satellite I monomer

Fig. 5. Schematic representation of
satellite II monomer internal organization of. madens
- satellites.A 225-bp-long monomer of
satellite | composed of two subunitB.
Monomer of satellite 1l, 711 bp long,
DOOOROODNOTOON gy FHODOOO g composed of three related subunits
. sos GHtmadsaczs " indicated byarrows and of inserted DNA

sequence between nt 206 and 613.

low mutual similarity of only 60.2%. In addition, inver- matin. The more abundant satellite | is spread homoge-
sion of the subunit within satellite Il has also taken place.neously over the whole heterochromatic region, while
The inversion of a satellite subunit has been previ-the small blocks of satellite || seem to be interspersed
ously observed in the simple satellite Birosophila  between the larger areas made up of satellite 1. Such
simulans.The repeat unit of this satellite is 15 bp long colocalization of the satellites and equal distribution on
and comprised of three 5-bp subunits, two being ar-all of the chromosomes favor their proposed common
ranged as direct repeats with the third in an invertedorigin.
orientation (Lohe and Roberts 1988). Although the rear-
rangement of DNA segments is characteristic for bacteAcknowledgments. The authors are grateful to Dr. B. Bemék for
ria, where it operates as gene-regulation mechanism (Sgomputational analysis of sequences intended to search for sequence-
mon et al. 1980), and for immunoglobulin genes induc-induced DNA curvature. This wprk was supported by the Research
. . . . e . Fund of Republic of Croatia, project No. 1-08-269.
ing their somatic diverstification (Sakano et al. 1979),
the results presented show that it can act as a mechanism
effecting satellite DNA evolution within a species.
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