Interspergierte Repetitive Elemente

 SINEs = short interspersed nuclear elements

 LINES =long interspersed nuclear elements

« MIR = mammalian wide interspersed repeats
(Saugerspezifisch?)

« DNA-Transposons

* Retroelemente

e Pro-/Retroviren




SINES, LINEs, Retroelemente,
DNA-Transposons
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SINEsSs:
Alu-Elemente

Table 11 Number of copies and fraction of genome for classes of hﬁ
spersed repeat

=

Numberof  Totalnumberof Fractionofthe Numbercl
coples (x 1,000) basesinthe draft draft genome familles

genome saquence (%) (subfamilies) ’

sequence (Mb)
SINEs 1,568 359.6 13.14
Alu 1,090 290.1 10.60 1(~20)
MIR 303 60.1 2.20 1(1)

MIR3 75 9.3 0.34 1(1)



SINEs: Alu-Elemente

Transcription
EMA Polymerass I11

Initiaticn split Internal Fromoter
Site

}

Poly & Tract

1 ~300bp

Box & Box B

31bp
Tneertion

Left Monomer Fight Monormer



Alu-Elemente verbreiten sich durch Retroposition

_ _ Polymerase |l
Direct Alu sequence Direct terminator
repeat T repeat /

3!

DNA - 5 — AAAAAA-JIIl——TTTTT

Complementary
DNA strand is copied

Alu AAAAAA I ~~—~—~-uuuuuu 3
transcript

RNA folds back on

itself; sequence is

copied into DNA
RNA- —— A~ AAAAAA
cDNA TTTUUUUUU
hybrid E\INA l

C

cDNA is copied and inserted into
genomic DNA through an unknown
mechanism



SINEsSs:
Alu-Elemente

Exon Intron Exon

N 1




SINES.

Selfish DNA? Alus in Disease

A= .
l oo

Disrupts
reading
frame

Dizrupts MNa
splicing dizruption

Alters gene
Expression




LINEs z. B. L1

Table 11 Number of copies and fraction of genome for classes of inter
spersed repeat

Numberof  Totalnumberof Fractionofthe Numberof |
copies (x 1,000) basesinthedraft draft genome familes
genome saquence (%) (subfamilies)

LINEs 868 558.8 20,42
LINE1 516 462.1 16.89 1 (~55)
LINE2 315 88.2 3.22 12

LINE3 37 8.4 0.31 12



LINEs z. B. L1

Cytoplasm

Nucleus

‘ ORF1 ORF2
o AAAA

Transcription
processing

IaVAVAVAVAVAVAVAW VY Y S

mRNA
export

B

Integration of truncated L1
at new chromosomal site

L ..,

Second strand synthesis?
Other L1-encoded activities?
Host factors?

/ Target primed
reverse transcription
(TPRT)

Import or entry
during mitosis

CMAVACAVATAVATAVAW

Translation and
RNP assembly;
Post-translational
modification




Retrotransposons

(a)

Retroposon
g

LTR

(250-600 bp) (4)

(2)/ Mobile genes
(1)—A - -

(2)

\/—-_‘\(“

]

B

? . I
Inverted

Direct repeat repeat
at target site (10-50 bp)
(5-10 bp)

(b) Retroviral DNA

I gag pol int env I

Copia

I gag int ?env pol I

17.6

I gag pol int env I

Ty 912

I gag. int ?env  pol I

1 kb



Retrotransposons

Table 19.1 Retroposons can be divided into the viral or nonviral superfamilies.

. Common types

. Termini
- Target repeats

. Reading frames

. Organization

Viral Superfamily

Ty (S. cerevisiae)

copia (D. melanogaster)
LINES L1 (mammals)
Long terminal repeats

4-6 bp

Reverse transcriptase
and/or integrase

May contain introns
(removed in subgenomic mMRNA)

Nonviral Superfamily
SINES B1/Alu (mammals)
Processed pseudogenes
of pol lll transcripts

No repeats

7-21 bp

None (or none coding
for transposon products)

No introns




Recombinants and Elements used
experiments

Ty element
Plasmid with Ty LTRs
T
Coding region
>
- ' mRNA from
Bewels fur

[ ]

Galactose- Intron from another
sensitive gene

Retro-

promoter
Experiment 1 Result
Transfect yeast cells Ty mRNA and Ty transpositions
with gal-sensitive Ty increase in galactose-containing
medium
v

Experiment 2 W Results

Transfect yeast cells 1. Ty mRNA lacks intron
with gal-sensitive N

Ty element

containing intron

2. Transposed Ty

elements lack
intron
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Retroviren unterscheiden sich in
~der DNA- und RNA-Form

RNA form of virus

80-100 ~2000 ~2900 ~1800 170-1260 10-80

Linear DNA form of virus

; :

LTR LTR
250-1400 bp

~ Integrated DNAformofvius  Provirus®

U5 has lost 2 bp at right end

U3 has lost 2 bp at left end

4-6 bp repeat of target DNA I 4-6 bp repeat of target DNA

Lottt oo ooty et e g e o b 4 e e A W BN Pk e



Evolution von Retroelementen:
sind alle Retroelemente phylogenetisch
verwandt?

f.xong and T.H.Eickbush

M RMA Viruses

Hepadnavirus MNon-LTR
Relrotransposons ?%

7/ \l G jﬁ Q

TR

i Retrotr
Retroviruses J, Caullmoviruses p:..ut..?:s.ﬂffms 1,l~
7 q 5) () B Raaa
LTR
Retrotransposons Group Il Mitochondrial ATL
[Crper group) Introns plasmid



Prozessierte Pseudogene

"“Coding” sequence

Direct repeat (498 bp) Direct repeat
i ™ Iy e B v 5 N
GCTGAGGTGTC | :° | ATG 230 270 AATAAA | o | A, | GETGAGGTGTC
Poly A Poly A
Stop  Stop signal tail



DNA-Transposons

Bz

><
A
Normal form Point mutation Transposable

element insertion

Nobel-Preis 1983

BarbafaMcClintock (1984)



DNA-Transposons:
Kornerfarbe bel Mais




Activator Element ,Ac” bel Malis

Hall
5.- 1 :,.-'“ 2 i‘ 3.-
%Emn 1 Exon 2 11 13: E E
AC ﬁf s sl >




Das ,Ac“-Element ist durch
kurze ,direct repeats” flankiert

s JTER >




DNA-Transposons erzeugen
Jarget site duplications”

mnm T l E %-IIEIIEII&IE l E
target sito ATE"I'A[ETGTE
l Fllln?m
. TACATGCA CAG..
CATE N T ACGTGTC..

FIll In the gaps




Das AC-Element besitzt eine aktive Transpsosase, Ds Elemente sind ,nhicht-autonom®

0.5 kb
Activator (Ac) element —

5 Poly A site
—>Transcription |

_*\_- =
™ N
Exon

CAGGGATGAAA ntror TTTCATCCCTA
P

> =

Dissociation (Ds) elements

Ds9 |

= =

Ds2d1 I — {._ [Susac b g -J
Ds2d2 | m— ] —— ]
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Bel der Exzision entstehen
Jfootprints®

\J

excision (e 05 ion ;
iM

"I‘If:!lrp'tﬁj’;’i :ﬂ?ﬁ-&%; <+ &= o T

.




Bel der Transposition spielen die
Jnverted repeats” ein grof3e Rolle




Die P-Elemente von
Drosophila erzeugen
,hybrid dysgenesis®

Hybrid
dppears
narmal,
hut is
sterile

Progeny
are normal



Figure 15.26 The P element has four exons. The
first three are spliced together in somatic expression;
all four are spliced together in garmline exprassion.

Intron 1 Intron 2 Intron 3

peement porro [ oner RN <
Dle P_ '“m" Transcription

Elemente .
VO n Intron 3 rn-maln;s.l \ |
i | A
Drosophila: e —
!

66 kD reprassor
Gemline DR |
mRNA Feading &

I

87 kD transposase



Die P-Elemente von Drosophila;

R -
'CﬂTG.ﬂTGAMTMGﬁTMGGTGGTEﬁEGTEG CGACGGGAEGAEHTATGTMWGATGATG
1 2 2877 __,235'}
N A M
o e
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126 136 2763 27T
//,,i-y ” s =
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7 Sial oy
i o
GATGATGAGCCTGTCGATGATGAGCCTGTCGATGA
2245 ; 2278
e T
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ATAACCATCTGTACAAAAAAGGATTTCCTTTGCCCAGTCGTACGACTTTGTACAGATGGTTAT

FETS

T

Figure 3. The complete P element and its repeat structures. The sequence was obtained by O'Hare and Rubin (155).



Figure 15.27 Hybrid
dysgenesis is determined
by the interactions batween
P elements in the genome
and 66 kD repressor in the

cytotype.

Die
,hybrid dysgenesis*
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Wechselspiel von
aktiver Transposase
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Tieren und dem Repressor
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DNA-Transposons beim Menschen

Table 11 Number of copies and fraction of genome for classes of inter-

spersed repeat
Number of Total numberof Fractionofthe  Number of
coples (x 1,000) basesinthedraft draft gegnome familles
genome ssquence (%) (subfamilies)
DNA elements 294 77.6 2.84
hAT group
MER1-Charlie 182 38.1 1.39 25 (50)
Zaphod 13 4.3 0.16 4 (10
Tc-1 group
MER2-Tigger 57 28.0 1.02 12 (28)
Tc2 4 0.9 0.03 1(9)
Mariner 14 28 0.10 4 (5)
FiggyBac-like 2 0.5 0.02 10 (20)

Unclassified 22 3.2 0.12 77



Mechanismus der replikativen Transpososition

Circular plasmid Target DNA <« Figure 10-24 Proposed model for duplication and inte-
with transposon {bacterial chromosome) gration of a bacterial transposon and a circular recipient
. chromosome (fop). This process results in two copies of the
Target site [tag) P p

transposon, one inserted at the target site in the recipient
chromosome with a target site duplication of five bases. [See
J. Shapiro, 1979, Proc. Nat’l Acad. Sci. USA 76:1933;

K. Mizuuchi, 1983, Cell 35:785.]

Coe )
Transposon
(a) Staggered cuts are made at (b} Strand transfer occurs {c} Copying of transposon begins
ends of transposon and target between 3’ ends of at free 3’ ends of target
site transposon and 5’ ends DNA, beginning with duplication

i;/ : - of target DNA of target site

{d) Completion of replication
yields cointegrate

containing plasmid : Circular plasmid Target DNA with copy
DNA, target DNA, with transposon of transposon inserted
and two copies between duplicated

of transposon. target sites

Cointegrate is

resolved by

site-specific Yields

recombination. > and
[



a Replicative
Vermehrung ,ipspme,
und
Transposition .
.- ﬁ—=—ﬁ
von repetitiven
b Excisional
Elementen . )
% &
s——F——4
© Transduction
=

Mature Reviews | Genelics



Interspergierte repetitive Elemente konnen
Inversionen und Deletionen erzeugen

V

V




Interspergierte repetitive Elemente konnen
Inversionen und Deletionen erzeugen




Die Variabilitat der Immunglobuline:

Effector domains <

i
COO~C0o0~



Die Immunglobuline bestehen aus zwei Ketten,
L und H, die Uber Disulfidbrtiicken verknupft sind

COO™ COO~

Vy = Variable-region heavy chain
Cy = Constant-region heavy chain
V| = Variable-region light chain
C_ = Constant-region light chain




Die Gene fur Immunglobuline bestehen aus
verschiedenen Tellen, die in den Chromosomen
nicht unmittelbar zusammen liegen

: V. Library
LV 1
Lv
C 115"" 133&:‘;
}—24kh—|
F—3.8kb—

?«—- 21‘5"—- < ..

E)(ﬂ-n B)CDI'I -

'I;:ummer [Tintron | ] \\‘ Beispiel Kappa-L-Kette

> Recognition
signal



Die Variabilitat der Antikorper wird durch ,Rearrangements*
der Genteile wahrend der Immunzellenreifung erzeugt:
die Southern-Analyse zeigt Unterschiede zwischen Embryo
und ,reifen* Immunzellen

C.DMNA probe V. .DOMNA probe
Myeloma Embryo Myeloma Embryo
DMA DMNA, DMNA DMNA

|
== b




Beim ,Rearrangement” werden jewells einzelne der
Genteile ,rekombiniert"

Vu segments (hundreds) D segments {~20) Jy segments (4) C,

1 T -
- — % = = = — — —

I
% : — — — —
erm-line
organization le ""FHI Vu [ E . E . E . Ju
%

e e e e

4
|




Die Rekombination wird vermittelt durch die
,Rekombinationssequenz* am Ende der Gentelile

o

EEEE Exone e EEEX Zytosin _ Guanosin
Introre: unpaarige Sequenzen 27X Adenasin ; Thymosin



Bei der VDJ- Rekombination werden noch zusatzlich
Nukleotide von der terminalen Nukleotidyltransferase
Basen eingeflgt,

CDR1

Germ line T e TR e wg\*' ;
sequence [ B R
Somatically
mutated | AT Yoh “‘«..r T
sequence
from cDNA

(b) : L VH

SpEm Switch

Jul Ju2 ' region i

/A 7/

v DJ Jn2

fior L T4y Fy
wier [/ T e - 7/

Kilobases 04 02 0 02 04 21 23 39 42 6.4 6.7




Bei der VDJ- Rekombination entstehen aufderdem
.somatische Mutationen*

Germ line
sequence

Somatically
mutated
sequence
from cDNA

(b)

Sperm Switch

Ju1 Ju2 ' region C.

/A 7/

v DJ Jn2
||.,.“

fior L T4y S
wier [/ T [ e~/ 7/

Kilobases — ' ! 1 L L L L1 |
04 02 0 02 04 21 23 39 42 64 6.7




Molekulares Geschehen bei der V-D-J-Rekombination / I

RAG 1+ RAG?2

\

D)

' 4 Y

extrachromosomale,
zirkulare DNA

Dy

rearrangiertes Gen



Es gibt zusatzlich verschiedene AntikOrperklassen.
Die Klasse wird durch die C-Region bestimmt

Encoded | Rearranged : Hec\./y-chcin
‘@& by VDJ% heavy-chain AAAAAAAAAA — MRNA of igM
\ 44 - gene \ E

I W
— ml g,J| @ r{f‘/

Encoded e -
by C,

Class swilch rearrangement

Hecvy-choin

. l-— '\AAMMAAA — mRNA of !ngb

_ jﬁ:-I-W__/ L_

b)/ Cy?b .

1gGap



1 8.3 Antibody Classes (Part 1)

CLASS GENERAL STRUCTURE LOCATION FUNCTION
IgG Monomer RO Free in plasma; Most abundant antibody
]r about 80 percent in primary and secondary
of circulating responses; crosses placenta
antibodies and provides passive
immunization to fetus
IgM Pentamer \j ’ Surface of B cell; Antigen receptor on
N Y free in plasma B cell membrane; first
47 C class of antibodies
= ﬂ = released by B cells during
primary response
IgD Monomer Surface of B cell Cell surface receptor of

N¥

mature B cell; important
in B cell activation

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Table 18.3 (Part 1)
© 2004 Sinauer Associates, Inc. and W. H. Freeman & Co.



1 8.3 Antibody Classes (Part 1)

CLASS GENERAL STRUCTURE LOCATION FUNCTION
IgG Monomer Q¢ Free in plasma; Most abundant antibody
1( about 80 percent in primary and secondary
of circulating responses; crosses placenta
antibodies and provides passive
immunization to fetus
IgM Pentamer Y, Surface of B cell; Antigen receptor on
\ free in plasma B cell membrane; first
2L T class of antibodies
z ﬁ = released by B cells during
primary response
IgD Monomer Surface of B cell Cell surface receptor of

Nl

mature B cell; important
in B cell activation

Monomer found in
plasma; polymers in
saliva, tears, milk,
and other body
secretions

IgA  Dimer N

IgE Secreted by plasma
cells in skin and
tissues lining
gastrointestinal and

respiratory tracts

Monomer ﬁr,

Protects mucosal surfaces;

prevents attachment of
pathogens to epithelial
cells

Found on mast cells and

basophils; when bound

to antigens, triggers release
of histamine from mast cell
or basophil that contributes
to inflammation and some
allergic responses

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Table 18.3 (Part 1)
@© 2004 Sinauer Associales, Inc. and W. H. Freeman & Co



Der AntikOrper “switch“ erfolgt durch Rekombination
zwischen verschiedenen C-Abschnitten in der
,Switch“-Region

kb | | | | |
50 100 150 200
vVDJ C-F"' Ca CTa C'l"'1 C".\"zn CT’zs CE C“
oNA - —fo{ H ] @& _|—e e e e fe
65 4.5 55 34 A, 21 15 14 12
T S W

. : Switch r inati
O =Switch regions L ecombination

DNA—fl-co| o] tof jof o

Transcription and splicing




Durch Verwendung unterschiedlicher
Polyadenylierungsstellen kann entweder die I6sliche oder

die membranstandige Form erzeugt werden

Encodes ., C-terminus
Encodes ug C-terminus\\

12 3 4 5 6 A
DNA 5' [ [TIME[eTIel [e[fcl W]

L DJ T T
Poly A site Poly A SiteNA
ipti R
Transcription for ps mRNA  for g m

Nuctear RNA [TV 6] EEE EI-A (NNI ] A

]
L DJ LB
\l/ Splicing J/

mRNA [[IVITIcICICIcl A, IEEEE =
L DJ L DJ
l Translation
+ i@ Region
NH; Transmembrane NH; that binds
<‘2 region to/J chain
Protein CO0O~ E Il coo-
Mem Hs



Die 1G-Genfamilie hat sehr viele verschieden Mitglieder:

Primordial cell surface receptor

—i-
o b

|
Lymphocyte
rearrangement
vVD|JC

—EHTI—D— MHC
| | |

K A
Heavy Light Light

ﬁg&?:" Class |
Class lla Class 11
dafy
: U

T IR

| I I I I 1 [ 1 1 p2 I Interior
N-CAM Thy-1  IgA Immunoglobins  Lyt-2 @B T-cell Class Il Micro- Class|
receptor receptor MHC  globin MHC




Noch komplizierter sind die Gene fur die

T-cell receptor-chain genes

T-Zell-Rezeptor Ketten

Vg's Jgl's Jg2's
B
V,'s and Vy's Ds's Js's J 8
r * r)\j l"*ﬁ Ca VEB f % ) Ca
ad
V,'s J,1's J,2's

\

™y - ST 2N« B2




Fur die Genregulation ist ein Enhancer im ersten Intron
entscheidend:

(a) H-chain and « L-chain transcriptional control elements

V region J and C regions
( )
vV J J C C G
OCTA TATA Enhancer Constant-region

exons

(b} The H-chain enhancer

—

GET uwES wE2

R

uwE3 wB uE4 OCTA

T

<« Figure 25-28 1
gene expression con

segments that bind
contain common pr
| enhancers are differ

Silencer B kE1 KE2 xE3 tains multiple motif

(c) The k L-chain enhancer




Was hat das alles mit Transposons zu tun?

Receptor gene exon " " D" i s

———-'_’—-—.-“'*D—q'p—.-

Gene duplication
Transposition
G1 HAG? events
J C
TR A I —{ HHHH N —{ A —fi—{

Mammalian
or

VDJ C VvVDJ C vVDJ C
: —{HE = HFHHH HHH-H -
Excision
Cluster




Variabilitat bel Oberflachenproteinen von
Trypanosomen (,VSGS®)

Basic copies

Site for
ELC
ona s— el l-El — - e —
[
: \
3’ region 3’ region
unlike 3’ region ~ like 3’ region
ofmMRNA @ @— - — — - — ——— - —_——— — % of mRNA
\

Gene conversion
at ELC site by part
of BC, sequence

Transcription units
for transpliced
5' end mRNA segments

ELC

Independent
transcription

Primary
transcripts

140 bp

Transplicing

VSG, mRNA ]
!

35 bp




Basic copies

DNA 5 —(BC,

3’ region
unlike 3’ region
of mRNA

Gene conversion
at ELC site by part
of BC, sequence

Transcription units
for transpliced
5' end mRNA segments

DNA &'

L Site for
ELC = Expression linked copy ELC
BC; 7 f BCx 3
3’ region
like 3’ region

= Sy of mRNA

Independent
transcription

Primary
transcripts

140 bp

Transplicing

VSG, mRNA

:.T‘}

/
35 bp



 spliced leader RNA

A et ] D] pre-mRNA

Adenosine in intron of pre-mRNA attacks

WaS |St 5 splice site in SL RNA
,rransplicing®

Cleavage of 3’ splice site

Ligation of exons




Repetitive Gene:

Immunglobulingenfamilie
Gene fur rRNA

Gene fur ribosomale Proteine
Gene tRNA

Histongene

Gene fur snRNA

und viele andere



