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To the editor:

Zinc-finger nucleases (ZFNs) consist of an engineered zinc-finger array fused to a nuclease
domain. Dimers of ZFNs can create targeted double-strand DNA breaks, which can
stimulate highly efficient gene targeting in many cell types! (Supplementary Fig. 1 online).
We found that the modular assembly method of engineering zinc-finger arrays has an
unexpectedly higher failure rate than previously reported.

Modular assembly advocates linking individual zinc fingers, each of which typically binds to
a 3-bp ‘subsite’ (Supplementary Fig. 2 online). Two large-scale surveys have suggested that
modular assembly is highly effective (100% (ref. 2) and 60% (ref. 3) success rates) for
making three-finger arrays designed to bind 9-bp target sites. The Zinc Finger Consortium
recently assembled an archive of 141 previously published finger modules3- encoded on a
standardized platform8. Our initial experiences using these reagents suggested that modular
assembly was inefficient (Supplementary Discussion and Supplementary Table 1 online).

jjoung@partners.org.
Note: Supplementary information is available on the Nature Methods website.
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To perform a larger-scale test, we assembled 168 zinc-finger arrays designed for 104 diverse
target DNA sites (Supplementary Table 2 and Supplementary Methods online). We tested
these domains for DNA binding using a bacterial two-hybrid (B2H) assay®, which
accurately identifies arrays that lack activity as ZFNs in human cells (Supplementary
Discussion and Supplementary Figs. 3 and 4 online). For 79 of the 104 target sites, we did
not obtain a single three-finger array that scored positively in the B2H assay (overall failure
rate of ~76%; Fig. 1a and Supplementary Table 2). Notably, modular assembly was far less
effective for target sites composed of two, one, or no GXX subsites (where X is any base)
compared with those composed of three GXX subsites (Fig. 1a). Additionally, because ZFNs
function as dimers, we would expect failure rates for making a functional ZFN pair to be
even higher (Supplementary Discussion). Notably, these values are all likely underestimates
of actual failure rates because not all zinc-finger arrays that are positive in the B2H assay
will be active as ZFNs in human cells (Supplementary Fig. 4).

One reason for the apparent discrepancy between previously published studies?3 and our
results is that the former primarily used 9-bp sites composed of two or three GXX subsites,
whereas we used sites with a more varied number of GXX subsites (Fig. 1b); this difference
will critically affect the observed failure rate (Fig. 1a). Our study represents a more
meaningful evaluation because target sites containing one or no GXX subsites
(underrepresented in previous studies) encompass the majority (>75%) of the 107,011
potential 9-bp sites that can be targeted with existing modules (Fig. 1b).

Our results strongly suggest that potential users of modular assembly should expect that this
method will fail to yield a functional three-zinc finger array for the majority of potentially
targetable sites. To emphasize this we have modified content on the Zinc Finger Consortium
website (http://www.zincfingers.org/; Supplementary Methods). Highly effective but more
labor-intensive selection-based methods for engineering zinc-finger arrays have been
previously described (Supplementary Discussion), and at present these are the only publicly
available alternatives for academic researchers interested in using ZFN technology.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel|.

La?rge—sclale evaluation of the modular assembly method for engineering zinc-finger arrays.
(a) Data for success and failure of modular assembly as judged by the B2H assay for all 104
target DNA sites (see Supplementary Discussion for definition of success threshold) and for
subsets of target sites containing three, two, one or no GXX subsites. ‘Successful’ sites are
those for which at least one functional zinc-finger array was identified; ‘failed’ sites are
those for which we failed to obtain a single successful array (see Supplementary Table 2 for
details). Predicted failure rates for each set of target sites are indicated above the bars. (b)
Distributions of target DNA sites used in different modular assembly evaluation studies
according to the number of GXX subsites present. The distribution of all 107,011 potential
9-bp sites that can be targeted using 141 zinc-finger modules from the Zinc Finger
Consortium Modular Assembly Kit 1.0 (ref. 6) is also shown (far right bar).
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