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Result of meiosis: four haploid cells, each with half
as many chromosomes as the original cell. Each
haploid cell contains a random mixture of maternal
and paternal chromosomes.

MITOSIS

Prophase
Each condensing chromosome has
two chromatids. In meiosis I,

£ yHay
forming a bivalent. Crossing over
occurs between nonsister
chromatids, producing chiasmata. In
itosis, each ch acts
independently.

Metaphase
In meiosis |, the bivalents align at the
metaphase plate. In mitosis,
individual chromosomes align at the
metaphase plate.

Anaphase
In meiosis |, chromosomes (not
chromatids) separate. In mitosis,
chromatids separate.

Telophase and Cytokinesis
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Result of mitosis: two cells, each
with the same number of
chromosomes as the original cell.

In meiosis Il,
sister
chromatids
separate.
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chromosome duplication T— TRR—

(Prophase I) Possible haploid gametes

(a) Unlinked genes assort independently

Diploid cell after
chromosome duplication

(Prophase ) Possible haploid gametes
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(b) Linked genes end up together in the absence of crossing over
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(a) Crossing over. Two homologous / \ o/ A A .
chromosomes, one bearing alleles A and ) T Recombinant genotype
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) Parental genotype

(b) Results of crossing over. Each chromatid
ends up in a separate gamete, two of

which have the parental genotypes (AB
and ab) and two the recombinant
genotypes (Ab and aB).
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Parental phages

0 Phages of different
genotypes co-infect
a bacterial cell.

Bacterial cell

@ Phage DNA F\
is replicated. l

6 Homologous sequences
from the DNAs of the

two types of phage
occasionally align.

O Homologous recombination
produces recombinant
phage DNA molecules.
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(a) Transformation. Transformation involves uptake by the bacterial cell of exogenous DNA, which occasionally becomes integrated into the
bacterial genome by two crossover events (indicated by X‘s). The exogenous DNA will be detectable in progeny cells only if integrated into
the bacterial chromosome because the fragment of DNA initially taken up does not normally have the capacity to replicate itself
autonomously in the cell. (The main exception is an intact plasmid.)

DNA from previous host cell

Bacterial

Transducing
i chromosome (DNA)

phage

(b) Transduction. Transduction involves the introduction of exogenous DNA into a bacterial cell by a phage. Once injected into the host cell, the
DNA can become integrated into the bacterial genome in the same manner as in transformation. In both cases, linear fragments of DNA that
end up outside the bacterial chromosome are eventually degraded by nucleases.
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F plasmid Bacterial chromosome

F* cell
(donor)

Mating bridge

F~cell
(recipient)

“F* cell

(a) Conjugation between F* and F~ cells. The transfer of a copy of the F factor plasmid from an F* donor bacterium to an F~ recipient converts the
F~ cell into an F* cell. Plasmid transfer occurs through a mating bridge and begins at the F factor’s origin of transfer, indicated by the arrowhead.

F* cell Hfr cell

(b) Conversion of an F* cell into an Hfr cell. Integration of the F factor into the bacterial chromosome converts an F* cell into an Hfr cell.

Hfr cell

Hfr cell
(donor)

Mating bridge

F~ cell
(recipient)

Recombinant F~ cell

(c) Conjugation between an Hfr cell and an F~ cell. Transferring a copy of the Hfr genome into an F~ cell begins with the origin of transfer on the
integrated F factor. Cells rarely remain in contact long enough for the entire bacterial chromosome to be transferred. Once inside the F~ cell, parts
of the Hfr DNA recombine with the DNA of the F~ cell. Uppercase letters represent alleles carried by the Hfr; lowercase letters represent
corresponding alleles in the F~ cell. In the last step, allele A from the Hfr is recombined into the F~ cell’s DNA in place of its a allele. 1 5
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