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Mutacién
(nuevos alelos)

Variacion genética

Recombinacion
(nuevas combinaciones de genes)

¢Como ocurre en lacélula?

Recombinacion Homéloga
(o Recombinadon general)

Proceso por el cual lainformacidn genética se ve redistribuida,
tras el intercambio desecuencias de nucledtidos entre dos

cadenas de DNA homélogas.

— Intercambio dé informacién genética entre dos cromosomas.
— Reparacion/de quiebres/de doble hebra.

—> Segregacion de los cromosomas en meiosis.

Modelo de Holliday

Robin Holliday (1932 -)
Ph.D Genetics
(Modelo ~1964)

http: //www. robinholliday.can/




Modelo de Holliday
(1964)

(a) 2 cadenas dsDNAhomdlogas.

(b) Una hebra de cadacadena de dsDNA
se corta (de la misma polaridad).

(c) Losextremos libres se unen a la hebra
equivalente de la doble hélice
correspondiente. (Punto de interseccién o
ramificacion).

(d) Ligado (estructura de Hdliday).
Generacion del Heterodiplice.

(e) Desplazamiento del punto de
interseccion (“branch migration”).
Extension del Heteroduplice.

(f) Resolucion.
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Resolucion estructura de Holliday
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Estructura de Holliday
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Branch movement

Modelo de Holliday

@ (b) (©
[ Two double-stranded Single-strand breaks The free end of each
DNA molecues from occur in the same broken strand
homologous position on both migrates to the
thvomosomes align. DNA molecules other DNA molecule

Each invading strand jois to the broken
end of the other DNA molecule, creating
a Holliday junction, and begins o displace
the original complementary strand.
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12.23 In the Holliday model, homologous recombination is
accomplished through a single-strand break in each DNA duplex,
strand displacement, branch migration, and resolution of a
single Holliday junction.
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Branch migration takes place [ We can view of this structure
as the two nudleotide strands with the ends of the o inter-
exchange positons, creating / connected duplexes pulled

the two duplex molecules away from one another.

Heteroduplex DNA
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Holliday internediate © 4
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12.23 In the Holliday model, homologous recombination is.
accomplished through a single-strand break in each DNA duplex,
strand displacement, branch migration, and resolution of a
single Holliday junction.
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produces non-crossover
consisting of

two heteroduplex molecules.

produces crossover
consisting of
two heteroduplex molecules.

or crossover recombinant DNA, depending on whether
cleavage is in the horizontal or the vertical plane.

Conclusion: The Holliday model predicts non-crossover ‘

12.23 In the Holliday model, homologous recombination is.
accomplished through a single-strand break in each DNA duplex,
strand displacement, branch migration, and resolution of a
single Holliday junction.
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1. Corte en lasdos hebrasde un dsDNA 3
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. (b) Ghain displacement
(a) Corte en una hebra en dsDNA (quiebre -

de hebra simple).
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(f) Resolucion.
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Modelo del quiebre de doble hebra (meiosis)
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Figure 5-64 Hemologous recombination
inmelosis can generate erossovers. Once
the melosis-specific protein Spo11 and the
Mre11 complex break the duplex DNA and
process the ends, homologous
tecombination proceeds through a double.
Holliday junction. Many of the steps that

STRAND
INVASION JO
CHROMOSOMES | 3

rected by proteins, such 25 SpoT, that
are only produced in meiotic cells
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Conversion Génica
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http: //www. youtube comywatch=hpHVryx V4UU

Conversion Génica
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(a) Two DNA molecules. (b) Geneconverson - thered DNA domtes partof its genetic information (e-¢

region) o theblue DNA. (¢) DNA cossover - the woDNAs exchange partof their genetic in formation (f-
fand F-F)

Conversion Génica

No todoslos eventos de recombinacidn llevan a'la formacidn de
“recombinantes con entrecruzamiento”. Sin embargo, los
“recombinantes sin entrecruzamiento (o patch-like)” también
pueden tener consecuencias genéticas.

Conversion _génica:

* Un alelo se “pierde’, porque es remplazado por el alelo
alternativo.

* Transferencia no reciproca de informacidn genética.

El entrecruzamiento y la conversion génica son
resultados de la recombinacion.

Conversion Génica
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An origin of gene conversion. (a) Heteroduplexesformed by the resolution of Holliday
structure or by other mechanisms. (b) The blue DNAusesthe invaded segment (e') as
femplate to 'torrect" the mismatch, resulting in gere conversion. (c) Both DNA
molecules use their original sequerces as template to correct the mismatch. Gere
conversion does not occur.




Conversion Génica

site of gene  site of
conversion CrOSSover

CHROMOSCOME
DUPLICATION
AND MEIDSIS

lokd cell with or
ir of homologeus
chr

Figure 5-63 Chromosome crossing over

ceurs in meiosis. Meiosis is the process mioais prodlices haplokd
by which a diplaid cell gives rise to four cells with chiomosarmes
haploid germ cells, as described in detail that have crossed over
in Chapter 21. Miosis produces germ

cells in which the paternal and maternal

genetic information (red and blue] has

been reassorted through chromosome

erassovers. In addition, many short

regions of gene conversion occur, as

indicated.
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DSBs (Quiebres de Doble Hebra de DNA)

*Forma masletal de dafio a DNA.
*Mecanismos de reparacién de DSBs:
1. Unién de extremos no homologos (Non-Homologous End-Joining, NHEJ).

2. Recombinacién Homéloga (HR) = Mecanismo Predominante.
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Conversion Génica

site of gene conversion site of crossover

heteroduplex heteroduplex

Figure 5-65 Heteroduplexes formed
during meiosis. Heteroduplex DNA is
present at sites of recombination that are
resolved either as crossovers or non-
CrOssovers.

Quiebre de doble hebra (DSB)

Double-strand break

T

Protein kinase
End-binding by
KU80 and KU70 protein complex

Trimming of ends

Joining of ends (ligation)

Figure 14-32 of d-j g of
double-strand breaks. This is an error-prone mechanism

Conversion Génica

hetercduplex generated during
meiasis covers site in gen
X where red and
blue alleles differ

I _V—v’m Figure 5. i d by Inthis
process, heteroduplex DNA is formed at the sites of homologous

MISMATCH REPAIR recombination bétween maternal and patemal chromosomes, If the
EXCISES PORTION umaternal andgiatemal DNA sequences are slightly different, the
DRBLUE STRAND InetgroaEplex region will include some mismatched base pairs, which may

‘then be corrected by the DNA mismatch repair machinery (see Figure 5-20)
“Such repair can “erase’ nucleatides on either the paternal or the matemal

umv...v! strand. The consequence of this mismatch repair is gene conversion,

detected as a deviation from the segregation of equal copies of matemal
DNA SENTHESIS and paternal alleles that nermally eccurs in meiosis.
FILLS/GAR CREATING
ANEXTRA COPY OF
THE RED ALLELE OF
GENE X

- — geneX — 1
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Figure 14-33 Repair of a double-strand break by homologous
recombination. A double-strand break induces an enzyme to
DNA ligase \lsmng of strands  chew back 5' ends, leaving 3 overhangs that are coated with
proteins, including RADS1, a RecA homolog. A segment of the
sister chromatid (blue) is used as a template to repair the
break. (From D. C. van Gent, J. H. J. Hocijmakers, and R. Kandar,
Nature Reviews: Genetics 2, 2001, 196-206.]
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Quiebre de doble hebra (DSB) Mecanismo enzimatico de laRecombinacién

§CT GGTGG RecBCD

(Proteinas RecB, RecCy RecD:
helicasa y nucleasa)

Repair by Repair by homologous
non-homologous recombination with
end-joining sister chromatid Helicase activity of RecBCD

nwinds DNA, and its
exonuclease activity degrades

— —_— both single strand
} —__ x 3‘
. — -
-

G1 phase S-G2 phase &

Sitio chi: 5 GCTGGTGG 3’ (Cada ~ 64 kb ALCHI site. 3'—> §' exonuclease
activity decreases; continued
unwinding and enhanced 5' —>3'
exonuclease activity vields
single-stranded 3' end

N . RecA protein
Nature Reviews | Molecular Cell Biology

Double-strand bresk, . 3 Mecanismo, enzimdtico de la Recombinaciéon
Croasover at melosls matation, and repair
A
E . RecA (Rad51):
a Doubie-strand

Grassover mitiated by braak m pana 4
dovile-sirand brask

mgm T TIIIT )

T KPS ssimiated Displaced
S Ny strand %) |, strand
ehromatid N bt >

Noasistor chromati contibules Q pPp— O
contributes DHA oy ¢ 1
T X 2/
8 &
> l\,
£y [
Duplex  ssDNA D-loop
DNA intormadiata

Braak

e Figure 19-17. The pairing of a single-stranded DNA molecule (ssDNA) with the

—_ D:EEEED:I complementary strand of a duplex is catalyzed by the recA protein. The resulting

structure is called a D loop. ATP hydrolysis releases the recA protein from DNA.
(From L. Stryer, Biochemistry, 4th ed. Copyright © 1995 by Lubert Stryer.)
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- Figure 12.33 Scanning tunneling microscope picture of single-
& e stranded DNA coated with RecA protein (arge arrow). The small
i arrow indicates uncoated, double-stranded DNA. (n fig. 12.35,
—— A .- we show how the very large, coated DNA can invade the very FIGURE 25-34 RecA. (a) Nucleoprotein filament of RecA protein on
ey iy . 1 s vr e E small, uncoated DNA)  (© Science VUBMALMsuals Unimited ) single-strandeed DA, as seen with the electron microscope. The stri-
e - i s ad 5 e % ations indicate the right-handed helical structure of the filament
5 -l {b) Surface contour model of a 24-subunit RecA filament, The filament
. has six subunits per tum. One subunit is colored red 1o provide per-
1 spective (derived from PDB 102 2REB]
. a e 2 mm
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Mecanismo enzimatico de la Recombinacion

@ © RecA protein

r mologous
duplex DNA.
FIGURE 25-36 Model for DNA strand exchange mediated by RecA @

protein. A three-strand reaction is shown. The balls representing RecA
protein are undersized relative to the thickness of DNA to clarify the
fate of the DNA strands. (D RecA protein forms a filament on the sin-
gle-stranded DNA. @ A homologous duplex incorporates into this
complex. @) As spooling shits the three-stranded region from left to
tight, one of the strands in the duplex is transferred to the single strand
originally bound in the filament. The other strand of the duplex is dis-
placed, and a new duplex forms within the filament. As rotation con-
tinues (@ and B)), the displaced strand separates entirely. In this
model, hydrolysis of ATP by RecA protein rotates the two DNA mol-
ecules relative to each other and thus directs the strand exchange from
left to right as shown

direction of
branch migration

Homologous

l duplex DNA

af DNA branch

quires energy Jyand it
int at a uniform rate

enzimético de la Recombinacion

(@) () ()

RecA protein

RuvA tetramer
contacts all four strands

Figure 12.35 A model of how the RecA protein can cause single-stranded DNA to invade a
double-stranded molecule. {a) Axial view of one nucieotide (with two phosphate groups] of

—

single-stranded DNA attached at site | in this cross-sectional diagram of the RecA protein, . Branch
The protein is about B0% larger than actualy shown. (6] Dupiex DNA is bound at site I RuvB hexamer binds L L
RecA. (¢) RecA protein rotates the bases so that the single-stranded DNA forms a as ring around DNA mlgratlon

complementary base pair Wwith one strand of the duplex, leaving the ofner strand of the|
unpaired (see fig. 12.34). Reprintedt with permission from P, Howard-Flanders, ot al *ole of FcA
spiral filaments in genetic recombination,” Nature, 309:215-20, Copynight © 1984 Macmillan Ma

RuvAy B: motor dependiente de ATP

Mecanismo enzimatico de la Recombi Mecanismo enzimatico de la Recombinacion
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Mecanismo enzimatico de la Recombinacion
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