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28.5 DNA Recombination Plays Important Roles in
Replication, Repair, and Other Processes

Most processes associated with DNA replication function to copy
gemetic message as faithfully as possable. However, several bioches
processes require the recombination of genetic material between two D
molecules. Ia genetic recombinatice, two daughter molecules are fon
by the exchange of genctic material between two parent molec
(Figure 28.41). Recoenbination is essential i the following processes

1. When re e stalls, recombénat can reset the repl
hmmhmymthurqinmmmnw

2. Some double-stranded beeaks in DNA are repaired by recombesatic

3. In mesosis, the Limited exchange of genetic material between pa, /4§
chromosomes provides a simple mechansen for generating genetic diver
in a population

5. Aswe shall see in Chapter 34, recombination plays & crocial role in ;¢

erating mebeculas diversity for antibodies and soese other maolecules in
wnmune system

$. Some viruses employ recombination pathways to mtegrate their gendli &
mnaterial 120 the DNA of a host cell

6. Recombisation is used to masupulate penes in, for example, L&N‘ﬂ\
tion of “gene knockent™ snice (Section §.4)

Recombination is most efficsent between DNA sequences that are simil4{
sequence. In humo&ogom recombination, parent DNA duplexes align)
y, 2nd new DNA modecules are foemed by

of
bttahr md)ounng olhomologou- segments.
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Cumulative genetic distance (cM)
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Figure 24.12 Genetic distance plotted against physical distance in
chromosome 22q.The cumulative genetic distance between markers
(in cM) is graphed versus the physical distance be‘lweeq the sz?me
markers (in Mb). The numbers denote four areas of relatively high rates
of recombination (as reflected in the steeply rising curves). Weeg vertT
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Fig. 2. (A) Previously estimated degeneracy of the 13-bp
hotspot motif (6) (kogo plot: eclative letter beight peoportional
to estimnated probability of hotspot activity, total letter beight
determined by degree of base specificity) as well as an
extended ~39-bp motif (text below loge with influestial
positions (P < 0.01) shown in red). {
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Drive inst Hotspot Motifs in Primates Implicates the PROM9 Gene in Meiotic Recombinatior
Myers S, Bowden R, Tumian A, Bontrop RE, Freeman C, Macfie TS, McVean G, Donnelly P

B e L

i IS 3, T
A HanM

Hap Phase Il recombination rate across the 40 kb surrounding 16 human THEL elements (red line) and six L2
elements (blue line) orthologous to the 22 regi lyzed in chimpanzee, and each ining a conserved exact match to
the 13-bp core motif. Rates are smoothed using a 2-kb sliding window slid in 50-bp incr ged across !
Horizontal dashed line indicates the human average recombination rate of 1.1 <M/Mb. Vertical dotted line indicates the
center of the repeat. (B) Average estimated recombination rate for the western chimpanzee data around the 16 THEL
elements (red line) and six L2 el (blue line) ¢ the 13-bp core motif. Other details are the same as (A).
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Figure 28.43 Recombination mechanism.
Recombination begins as two DNA molecules come
together to form a recombination synapse. One strand
from each duplex is cleaved by the recombinase
enzyme; the 3 end of each of the cleaved strands is
linked to a tyrosine (Y) residue on the recombinase
enzyme. New phosphodiester bonds are formed when a
5’ end of the other cleaved strand in the complex
attacks these tyrosine- DNA adducts. After
isomerization, these steps are repeated to form the
recombined products.

Figure 5. Model of hotspot specification by PRDMS. (A) The DNA
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target DNA motif through the zine finger T3y andd catalyres H3Kdme3
{orange). (C) A protein partner of PROMS may catalyze another post-
translational histone raodification (grey), allowing for the formation of a
hotspat-specific signature. (D) PROMS, a partner, ot;mwv <component of
the ‘Nm may recndt the recombination
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Using SSR to alter the genome of mammalian cells
Gene-targeting
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The steps involved in creating a knockout mouse

Step 1: A normal gene is disabled by inserting ncot gene

Step 2: The disabled gene is transferred to embryonic mouse stem cells

Step 3: The disabled copy recombines with the normal gene on the mouse chromosome
Step 4: The cells are grown on a medium that contains the antibiotic G418. Only the cells

with the neo+ gene will survive.

Step 5: Cells containing a neot gene are injected into early mouse embryos, which are

implanted into a pseudopregnant mouse

Step 6: Variegated mice are then interbred and produce some progeny that are
“homozygous for the knockout gene

“Condit.onal® mutagenesis in mice using the Cre-
oxP system, Left Top: [atroduction of loxP sites into 2
chromosomal gene by homalogous recombination in
embryonic stem (ES) cells. Le®t Middle: Removal of the
resistance marker from the targeted locus by Cre-mediated ;

recombination in ES cells to create a modified locus containing OG-
only the two lox? sites required for conditional mutagenes:s. — 2

Bottam: Cell-type specific gene inactivation in vive by Cre- Cow AL

mediated recombination of the floxed locus. Animals carrying N

the floxed locus are mated with transgenic or “Cre knock-in" T U

mice expressing Cre in the target tissue. Gene inactivation by !

Cre-mediated exon deletion occurs anly «n the target tissue



