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Introduction
Prokaryotes and eukaryotes differ in their chromosome
structure; prokaryotes have a single circular chromosome,
while eukaryotes have multiple circular chromosomes.
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Linear chromosomes are more complex than circular ones
and create problems for eukaryotes. Many of these issues are
solved by telomeres—long, repetitive sequences of DNA
found on the ends of most eukaryotic chromosomes. They
protect the ends from harm and limit how many times a cell
can divide. Two of our greatest medical challenges, cancer
and aging, are closely related to telomeres; most cancers
upregulate telomerase, and aging human cells display shorter
telomeres. To investigate the evolution and function of
telomeres, we are circularizing chromosome VII in a strain
of the single-celled eukaryote Saccharomyces cerevisiae
(budding yeast). There is precedent set for functional and
viable yeast with circular chromosomes; a naturally
circularized chromosome III has been found in mutant S.
cerevisiae (1); natural circularization of all 3 chromosomes
has been observed in mutant Schizosaccharomyces pombe,
another type of yeast (2); and a strain of S. cerevisiae has
been created with all its chromosomes fused into a single,
massive circular chromosome (3).

A separate DNA cassette must be created and integrated into each arm of chromosome VII. Once each cassette
is in place, DNA recombination can occur between the two cassettes, circularizing the chromosome.
Left Arm Cassette
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Each cassette contains regions of homology
with its specific chromosome arm which
allow it to be integrated in the correct place.
Each cassette also contains a functional
marker gene and one half of the URA3
gene. The URA3 gene halves have a region
of homology with each other.

A.

Objectives
Figure 1. PCR amplification of cassette
pieces and whole cassettes. Each
cassette is made of two separate halves
joined together in a 2nd round of overlap
PCR. Products were separated on a 1%
agarose gel and are all expected sizes.
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The circularized chromosome
now has a functional URA3
gene. Any colonies with
circular chromosomes will
survive on a –uracil media.

Current Results

B.
Our research aims to circularize individual chromosomes in S.
cerevisiae cells and determine their viability and fitness. If
these cells are viable, we will circularize additional
chromosomes to create strains with all but one and all
chromosomes circularized.

DNA recombination occurs between
the homologous regions of the URA3
gene, circularizing the chromosome.
The cassettes are positioned so that no
functional genes will be lost on the new
chromosome.

Each cassette is integrated into its
respective chromosome arm. The full
selectable marker genes (HIS3 and
LEU2) allow for selection of yeast
with one or both cassettes inserted.
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Figure 2. Integration candidate
colonies. A. Transformed left
cassette integration colonies,
growing on a –histidine media.
B. Replated right cassette
integration candidates, growing
on a –leucine media. C. Replated
double integrant candidates
growing on –histidine/-leucine

We are currently using a modified
CRISPR plasmid to cause double
stranded DNA breaks in the URA3
regions of the cassettes. With more
double stranded breaks, more
recombination is likely to take place and
more circular chromosome colonies are
likely to develop.
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Figure 3. Integration conformation. PCR conformation of left and
right cassette presence and integration in colonies 51, 52 and 53. Left
to right for each sample: + control, left presence, left integration, right
presence, right integration. Products are expected size except all left
integration and 53’s right integration. 1% agarose gel.

Current Progress
So far in our work to circularize chromosome VII in S. cerevisiae, we have
successfully created both DNA cassettes and integrated them into 3 separate yeast
colonies. We are currently troubleshooting the conformation of the colonies left
cassette integration PCR and using CRISPR to encourage double strand DNA
breaks and recombination between the cassettes. We are plating cells on to –uracil
media to select for potential circularized chromosomes.

