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Identifying the genomic targets of transcription factors is an important step in understanding the
regulatory networks of gene transcription in yeast. We have developed a method that utilizes what we
refer to as transposon “calling cards,” in which a transcription factor directs the Ty5 retrotransposase
to insert transposons into the genome adjacent to where the transcription factor binds. This method is
designed to be multiplexed with many barcoded transcription factors and has the potential to decrease
the labor required for the study of large numbers of transcription factors.

CALLING CARD ANALYSIS OVERVIEW

Calling card analysis is an alternative method to chromatin immunoprecipitation (ChIP)-based ap-
proaches (Horak and Snyder 2002; Johnson et al. 2007) for identifying the genomic targets of DNA-
binding proteins (see Protocol: Calling Card Analysis in Budding Yeast [Mayhew and Mitra 2015]).
The calling card method utilizes the specificity of the Ty5 retrotransposon (Xie et al. 2001) to identify
regions of the genome where a transcription factor (TF) binds, causing the transposon to insert there
(Fig. 1). This redirection of insertion preference is achieved by cloning a domain of the Sir4 hetero-
chromatin protein to the TF of interest. This domain of Sir4 (amino acids 951–1200) contains the Ty5
integrase-interacting domain, which attracts Ty5 transposition (Zhu et al. 2003). The TF-Sir4 fusion
can be overexpressed from a plasmid or expressed from its native locus. When expression is induced,
the Ty5 transposon will insert into the genome in close proximity to where the tagged TF binds and
leave behind a permanent mark or “calling card” to record its visit. These insertions are recovered and
sequenced in parallel to provide a global map of the binding sites of the tagged TF. Figure 2 shows a
sample data set.

The resulting analysis gives a high-resolution map of the DNA sequence bound by a given TF
comparable to that obtained by ChIP-seq (Wang et al. 2011). Unlike ChIP-based methods, the
recovery of DNA for analysis requires no antibodies. Instead, mapping the Ty5 insertions requires
restriction endonuclease digestion, DNA ligation, and polymerase chain reaction (PCR) to prepare the
library for Illumina sequencing.

ADVANTAGES AND LIMITATIONS OF THE APPROACH

A calling card experiment can be easily scaled up, as the marginal cost of analyzing an additional TF is
minimal. There is a requisite increase in the number of induced yeast cells and plates with the
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FIGURE 1. Calling card analysis uses the Ty5 retrotransposon to map the binding sites of transcription factors. (A)
Mapping requires a barcoded Ty5 plasmid transformed into a yeast strain with a TF-Sir4 fusion. (B)When expression of
Ty5 is induced, the integrase will be targeted to the TF-Sir4 fusion binding site and will insert into nearby genomic
DNA. (C ) HIS3+ cells can be selected for genomic insertions.
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FIGURE 2. Sample calling card data for Gal4-Sir4 directed Ty5 insertions cluster around the Gal4p target geneGCY1.
Each purple diamond represents a mapped Ty5 insertion. The x-axis specifies gene position; the y-axis is the number of
sequencing reads for each insertion.
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examination of additional TFs. However, because all TFs in the experiment are pooled together from
the induction step through library construction and sequencing, scaling up the experiment does not
adversely affect the time required for subsequent steps in the protocol. Twenty TFs can be easily
pooled in a single experiment and sequenced on one lane of an Illumina GA or MiSeq device. With a
HiSeq instrument, the limit is even higher.

One disadvantage of the technique is the lack of yeast strains available with Sir4-tagged TFs relative
to the number of ChIP-ready tagged strains. Cloning the TF-Sir4 strains may require a moderate
investment in time at the start of an experiment. Another disadvantage is that the current system
induces Ty5 expression from theGAL1 promoter, requiring galactose to be present in the experiment.
Examining yeast grown in other carbon-source conditions will require a different inducibility system
for the retrotransposon.

The ability to scale up the number of TFs examined in an experiment makes several potential
large-scale experiments less laborious. Provided the TF-Sir4 fusion strains were first created, every
TF in the yeast genome could be barcoded and studied in a single experiment without requiring a
separate immunoprecipitation for each TF. This would enable the comprehensive mapping of the
yeast regulatory network under a number of different growth conditions. It is also possible to analyze
multiple strains in a single calling card experiment. For example, it is possible to analyze the binding
of a single TF in various barcoded deletion strains. This would enable the large-scale analysis of
cooperative DNA binding. The multiplexed version of the calling card method has been used in
yeast to map the binding of 28 transcription factors during the transition from unicellular to fila-
mentous growth (Mayhew andMitra 2014). Multiplexed calling cards can also be useful to analyze the
growth of a small number of transcription factors in different genetic backgrounds, such as different
knockout strains, as was done to analyze the role of the tripartite transcription factor complex Mfg1,
Flo8, and Mss11 in filamentous growth (Ryan et al. 2012). Although the Ty5 transposon is not active
in mammalian cells, the calling card method can be used in mouse and human by utilizing the
piggyBac transposon (Wang et al. 2012), indicating that it could find application in a wide variety
of systems. In summary, this method provides a useful alternative to ChIP methods to provide high-
resolution mapping of TF binding sites in a multiplexed fashion.
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