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Organization of the repeating units
for histone genes in different species



Multiple copies of rRNA and tRNA genes
are present in ALL genomes
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The length of the repeat units
varies a great deal in rRNA genes 

Species

S.cerevisiae 
D.melanogaster 
X.laevis 
M.musculus 

8,950 
11,500-14,200 
10,500-13,500 
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2,300-5,300 
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transcript (bp)

Non-transcribed
spacer length (bp)



rRNA PRECURSORS ARE LONGER
THAN THE MATURE rRNA TAKEN TOGETHER

Species

E.coli 
S.cerevisiae 
D.melanogaster 
X.laevis 
N.tabaccum 
G.domesticus 
M.musculus 
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Transcript 
length (nt)

Length of rRNA rRNA % of
the transcript
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57 % 
52 %
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rRNA genes are tandemly repeated in  eukaryotic genomes







REPETITIVE DNA IN GENOME

•Multiple tandem copies: satellite DNA
•Dispersed: mobile elements
(retrovirus, retrotransposons and transposons)
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Analysis of the Drosophila melanogaster DNA
using a CsCl density gradient ultracentrifugation



GC 42%
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In situ hybridization



The repeating units of arthropod satellite DNAs are only a few
nucleotides long. Most of the copies of the sequence are identical.

The three major satellites 
have closely related sequences. 



In mammals the satellite DNA units are longer 
(200-300 bp) and have evolved by  duplication/mutation 
starting from a short repetitive unit, forming a longer 
repeating unit that is itself repeated in tandem with some 
variation.





SATELLITE DNA EVOLUTION  THROUGH
DUPLICATION AND DIVERGENCY OF A SIMPLE SEQUENCE

n.nt. 

9

27 

58 

116 

234

(27 X 2 + 4 bp) 

(116 X 2 + 2 bp) 



Tandemly repeated DNA 

Satellites  repeat unit with variable length, with a 
high number of repeats.

Minisatellites and microsatellites  short repeated 
units (<10 bp (micro), 10-100 (mini), number of 
repeats between 5 –50.





Origin of the repeated sequences

 Slippage during replication

 Unequal crossing over





Equal crossing over



Transposable elements

(Active and inactive) 



Transposable (Mobile) Elements

Transposones  DNA intermediate

Retroelements  RNA intermediate

Short sequences of DNA (up to -5 kb) 
that have the ability to move to new 
locations in the genome and/or to make 
additional copies of themselves.



They were discovered by Barbara McClintock early 
in her career, for which she was awarded a Nobel 

prize in 1983.

C  colored caryopsis
c  uncolored caryopsis

Ds (dissociator)  mobile 
element that have the 
ability to convert C into c 
and, when removed, the C 
form  of the allele could 
be reconstituted.



RETROELEMENTS

•Retroviruses

•Retrotransposons 

 Virals (Ty, copia) 

 Non virals (LINE, SINE) 





Long Terminal Repeats
(U3-R-U5) 



5’ Cap 3’ PoliA





6.3 kb 330 bp330 bp

276 bp

276 bp276 bp
5.0 kb





LINEs (Long Interspersed Nuclear Elements) 

• Have reverse transcriptase and endonuclease
• Do not have LTRs but have a Poly(A) end
• Come from transcription activity of RNA pol II
• Two Open Reading Frames (ORF1 e ORF2)
• E.g. LINE-1 (Mammals L1) 6,5 Kb
3500 whole copies and hundred thousands truncated



SINEs (Short Interspersed Nuclear Elements) 

• Non coding for reverse transcriptase (nonautonomous) 
• Derived from RNA pol III transcripts
• E.g. Alu sequences (ca 300 bp) about 300000 Alu

sequences in the human haploid genome 
• One milion copies
• Substrate for L1 active elements





DNA Transposons

• Few in eukaryotes (100 copies in humans) 
• Ac/Ds elements in corn (Activator/Dissociator)
• Horizontal transfer of genes
• Transposition with “cut and paste” mechanism
(transposase)  non replicative mechanism
• Replicative transposition (TnA) 
(transposase and resolvase) 





Transposable (Mobile) Elements
• Accumulates in the eukaryotic genome during evolution up 

to the 40% of the total content.
• They do not have apparently other function apart to hand 

down their own existence.
• They cause less mutations to phenotype than expected if 

compared to their abundance  suppression of 
uncontrolled transposition (E.G. cytosine metilation).

• An important role during evolution  sites for homologous 
recombination and have generated new genes trough new 
combination of exons already present (exon shuffling) .


