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M. A., Rosebrock, A. P., Munro, M., Canny, M. D.,
Xu, D., and Durocher, D. (2013). A cell cycle-
dependent regulatory circuit composed of 53BP1-
RIF1 and BRCA1-CtIP controls DNA repair path-
way choice. Molecular cell, 49(5):872–83.

Findlay, G. M., Daza, R. M., Martin, B., Zhang,
M. D., Leith, A. P., Gasperini, M., Janizek, J. D.,
Huang, X., Starita, L. M., and Shendure, J. (2018).
Accurate classification of BRCA1 variants with
saturation genome editing. Nature, page 1.

Fonfara, I., Richter, H., BratoviÄ, M., Le Rhun,
A., and Charpentier, E. (2016). The CRISPR-
associated DNA-cleaving enzyme Cpf1 also
processes precursor CRISPR RNA. Nature,
532(7600):517–521.

Fu, Y., Sander, J. D., Reyon, D., Cascio, V. M., and
Joung, J. K. (2014). Improving CRISPR-Cas nucle-
ase specificity using truncated guide RNAs. Nature
biotechnology, 32(3):279–84.

Gallagher, D. N. and Haber, J. E. (2018). Repair of a
Site-Specific DNA Cleavage: Old-School Lessons
for Cas9-Mediated Gene Editing. ACS Chemical
Biology, 13(2):397–405.

Gao, X., Tao, Y., Lamas, V., Huang, M., Yeh, W.-H.,
Pan, B., Hu, Y.-J., Hu, J. H., Thompson, D. B.,
Shu, Y., Li, Y., Wang, H., Yang, S., Xu, Q., Pol-
ley, D. B., Liberman, M. C., Kong, W.-J., Holt,
J. R., Chen, Z.-Y., and Liu, D. R. (2017). Treat-
ment of autosomal dominant hearing loss by in
vivo delivery of genome editing agents. Nature,
553(7687):217–221.

Gasiunas, G., Barrangou, R., Horvath, P., and Siksnys,
V. (2012). Cas9-crRNA ribonucleoprotein com-
plex mediates specific DNA cleavage for adaptive
immunity in bacteria. Proceedings of the National
Academy of Sciences of the United States of Amer-
ica, 109(39):E2579–86.

Gasperini, M., Findlay, G. M., McKenna, A., Mil-
bank, J. H., Lee, C., Zhang, M. D., Cusanovich,
D. A., and Shendure, J. (2017). CRISPR/Cas9-
Mediated Scanning for Regulatory Elements Re-
quired for HPRT1 Expression via Thousands of
Large, Programmed Genomic Deletions. Ameri-
can Journal of Human Genetics, 101(2):192–205.

Gasperini, M., Hill, A., McFaline-Figueroa, J. L.,
Martin, B., Trapnell, C., Ahituv, N., and Shendure,
J. (2018). crisprQTL mapping as a genome-wide



References 67

association framework for cellular genetic screens.
bioRxiv, page 314344.

Gaudelli, N. M., Komor, A. C., Rees, H. A., Packer,
M. S., Badran, A. H., Bryson, D. I., and Liu, D. R.
(2017). Programmable base editing of A • T to
G • C in genomic DNA without DNA cleavage.
Nature Publishing Group, 551(7681):464–471.

Georges-Labouesse, E., Messaddeq, N., Yehia, G.,
Cadalbert, L., Dierich, A., and Le Meur, M. (1996).
Absence of integrin α6 leads to epidermolysis bul-
losa and neonatal death in mice. Nature Genetics,
13(3):370–373.

Giannoukos, G., Ciulla, D. M., Marco, E., Abdulk-
erim, H. S., Barrera, L. A., Bothmer, A., Dhanapal,
V., Gloskowski, S. W., Jayaram, H., Maeder, M. L.,
Skor, M. N., Wang, T., Myer, V. E., and Wilson,
C. J. (2018). UDiTaS™, a genome editing detec-
tion method for indels and genome rearrangements.
BMC Genomics, 19(1):212.

Gilbert, L., Horlbeck, M., Adamson, B., Villalta, J.,
Chen, Y., Whitehead, E., Guimaraes, C., Panning,
B., Ploegh, H., Bassik, M., Qi, L., Kampmann, M.,
and Weissman, J. (2014). Genome-Scale CRISPR-
Mediated Control of Gene Repression and Activa-
tion. Cell, 159(3):647–661.

Golic, K. G. and Lindquist, S. (1989). The FLP re-
combinase of yeast catalyzes site-specific recombi-
nation in the drosophila genome. Cell, 59(3):499–
509.

Goto, T. and Wang, J. C. (1982). Yeast DNA topoi-
somerase II. An ATP-dependent type II topoiso-
merase that catalyzes the catenation, decatena-
tion, unknotting, and relaxation of double-stranded
DNA rings. The Journal of biological chemistry,
257(10):5866–72.

Guilinger, J. P., Thompson, D. B., and Liu, D. R.
(2014). Fusion of catalytically inactive Cas9 to
FokI nuclease improves the specificity of genome
modification. Nature biotechnology, 32(6):577–
582.

Gutschner, T., Haemmerle, M., Genovese, G., Draetta,
G. F., and Chin, L. (2016). Post-translational Reg-
ulation of Cas9 during G1 Enhances Homology-
Directed Repair. Cell Reports, 14(6):1555–1566.

Haapaniemi, E., Botla, S., Persson, J., Schmierer, B.,
and Taipale, J. (2018). CRISPR–Cas9 genome
editing induces a p53-mediated DNA damage re-
sponse. Nature Medicine, page 1.

Hacein-Bey-Abina, S., von Kalle, C., Schmidt, M.,
Le Deist, F., Wulffraat, N., McIntyre, E., Radford,

I., Villeval, J.-L., Fraser, C. C., Cavazzana-Calvo,
M., and Fischer, A. (2003). A Serious Adverse
Event after Successful Gene Therapy for X-Linked
Severe Combined Immunodeficiency. New Eng-
land Journal of Medicine, 348(3):255–256.

Hansen, A. S. and O’Shea, E. K. (2015). Cis De-
terminants of Promoter Threshold and Activation
Timescale. Cell Reports, 12(8):1226–1233.

Hendel, A., Bak, R. O., Clark, J. T., Kennedy,
A. B., Ryan, D. E., Roy, S., Steinfeld, I., Lunstad,
B. D., Kaiser, R. J., Wilkens, A. B., Bacchetta, R.,
Tsalenko, A., Dellinger, D., Bruhn, L., and Porteus,
M. H. (2015). Chemically modified guide RNAs
enhance CRISPR-Cas genome editing in human
primary cells. Nature Biotechnology, 33(9):985–
989.

Hicks, W. M., Kim, M., and Haber, J. E. (2010). In-
creased mutagenesis and unique mutation signa-
ture associated with mitotic gene conversion. Sci-
ence (New York, N.Y.), 329(5987):82–5.

Hill, J. T., Demarest, B. L., Bisgrove, B. W., Su,
Y. C., Smith, M., and Yost, H. J. (2014). Poly peak
parser: Method and software for identification of
unknown indels using sanger sequencing of poly-
merase chain reaction products. Developmental
Dynamics, 243(12):1632–1636.

Hirano, H., Gootenberg, J. S., Horii, T., Abudayyeh,
O. O., Kimura, M., Hsu, P. D., Nakane, T., Ishi-
tani, R., Hatada, I., Zhang, F., Nishimasu, H., and
Nureki, O. (2016). Structure and Engineering of
Francisella novicida Cas9. Cell, 164(5):950–961.

Hong, Y. and Stambrook, P. J. (2004). Restoration of
an absent G1 arrest and protection from apoptosis
in embryonic stem cells after ionizing radiation.
Proceedings of the National Academy of Sciences
of the United States of America, 101(40):14443–
14448.

Horlbeck, M. A., Witkowsky, L. B., Guglielmi, B.,
Replogle, J. M., Gilbert, L. A., Villalta, J. E., Tori-
goe, S. E., Tjian, R., and Weissman, J. S. (2016).
Nucleosomes impede cas9 access to DNA in vivo
and in vitro. eLife, 5(MARCH2016).

Hsu, P. D., Scott, D. A., Weinstein, J. A., Ran, F. A.,
Konermann, S., Agarwala, V., Li, Y., Fine, E. J.,
Wu, X., Shalem, O., Cradick, T. J., Marraffini,
L. A., Bao, G., and Zhang, F. (2013a). DNA tar-
geting specificity of RNA-guided Cas9 nucleases.
Nature Biotechnology, 31(9):827–832.

Hsu, P. D., Scott, D. a., Weinstein, J. a., Ran, F. A.,
Konermann, S., Agarwala, V., Li, Y., Fine, E. J.,
Wu, X., Shalem, O., Cradick, T. J., Marraffini,



68 References

L. a., Bao, G., and Zhang, F. (2013b). Genome-
Scale CRISPR-Cas9 Knockout Screening in Hu-
man Cells. Nature biotechnology, 31(9):827–32.

Hu, J. H., Miller, S. M., Geurts, M. H., Tang, W.,
Chen, L., Sun, N., Zeina, C. M., Gao, X., Rees,
H. A., Lin, Z., and Liu, D. R. (2018). Evolved
Cas9 variants with broad PAM compatibility and
high DNA specificity. Nature, 556(7699):57–63.

Huang, L. C., Clarkin, K. C., and Wahl, G. M.
(1996). Sensitivity and selectivity of the DNA
damage sensor responsible for activating p53-
dependent G1 arrest. Proceedings of the National
Academy of Sciences of the United States of Amer-
ica, 93(10):4827–32.

Huang, Y., McCann, C., Samsonov, A., Malkov, D.,
Davis, G. D., and Ji, Q. (2017). Modulation of
Genome Editing Outcomes by Cell Cycle Control
of Cas9 Expression. bioRxiv, page 127068.

Iliakis, G. (2009). Backup pathways of NHEJ in
cells of higher eukaryotes: Cell cycle dependence.
Radiotherapy and Oncology, 92(3):310–315.

Ira, G., Pellicioli, A., Balijja, A., Wang, X., Fiorani,
S., Carotenuto, W., Liberi, G., Bressan, D., Wan,
L., Hollingsworth, N. M., Haber, J. E., and Foiani,
M. (2004). DNA end resection, homologous re-
combination and DNA damage checkpoint activa-
tion require CDK1. Nature, 431(7011):1011–7.

Iyer, V., Boroviak, K., Thomas, M., Doe, B., Ry-
der, E., and Adams, D. (2018). No unexpected
CRISPR-Cas9 off-target activity revealed by trio
sequencing of gene-edited mice. bioRxiv, page
263129.

Jasin, M. and Rothstein, R. (2013). Repair of Strand
Breaks by Homologous Recombination. Cold
Spring Harbor Perspectives in Biology, 5 VN -
re(11):1–19.

Jensen, R. B., Carreira, A., and Kowalczykowski,
S. C. (2010). Purified human BRCA2 stimu-
lates RAD51-mediated recombination. Nature,
467(7316):678–83.

Jiang, F., Taylor, D. W., Chen, J. S., Kornfeld, J. E.,
Zhou, K., Thompson, A. J., Nogales, E., and
Doudna, J. A. (2016). Structures of a CRISPR-
Cas9 R-loop complex primed for DNA cleavage.
Science (New York, N.Y.), 351(6275):867–871.

Jinek, M., Chylinski, K., Fonfara, I., Hauer, M.,
Doudna, J. A., and Charpentier, E. (2012). A Pro-
grammable Dual-RNA – Guided DNA Endonucle-
ase in Adaptice Bacterial Immunity. Science (New
York, N.Y.), 337(August):816–822.

Johnson, R. D. and Jasin, M. (2000). Sister chro-
matid gene conversion is a prominent double-
strand break repair pathway in mammalian cells.
The EMBO Journal, 19(13):3398–407.

Julius, M. H., Masuda, T., and Herzenberg, L. A.
(1972). Demonstration that antigen-binding cells
are precursors of antibody-producing cells after pu-
rification with a fluorescence-activated cell sorter.
Proceedings of the National Academy of Sciences
of the United States of America, 69(7):1934–8.

Kearns, N. A., Pham, H., Tabak, B., Genga, R. M., Sil-
verstein, N. J., Garber, M., and Maehr, R. (2015).
Functional annotation of native enhancers with a
Cas9–histone demethylase fusion. Nature Meth-
ods, 12(5):401–403.

Keeney, S. and Kleckner, N. (1995). Covalent protein-
DNA complexes at the 5’ strand termini of meiosis-
specific double-strand breaks in yeast. Proceed-
ings of the National Academy of Sciences of the
United States of America, 92(24):11274–8.

Kent, T., Mateos-Gomez, P. A., Sfeir, A., and Pomer-
antz, R. T. (2016). Polymerase θ is a robust
terminal transferase that oscillates between three
different mechanisms during end-joining. eLife,
5(JUN2016):1–25.

Kim, H. K., Song, M., Lee, J., Menon, A. V., Jung,
S., Kang, Y.-M., Choi, J. W., Woo, E., Koh, H. C.,
Nam, J.-W., and Kim, H. (2017a). In vivo high-
throughput profiling of CRISPR–Cpf1 activity. Na-
ture Methods, 14(2):153–159.

Kim, S., Bae, T., Hwang, J., and Kim, J.-S. (2017b).
Rescue of high-specificity Cas9 variants using sgR-
NAs with matched 5’ nucleotides. Genome Biol-
ogy, 18(1):218.

Kim, S., Kim, D., Cho, S. W., Jungeun, K., Kim, J. S.
J. J.-S. S., and Kim, J. S. J. J.-S. S. (2014). Highly
efficient RNA-guided genome editing in human
cells via delivery of purified Cas9 ribonucleopro-
teins. Genome Research, 24(6):1012–1019.

Kleinstiver, B. P., Pattanayak, V., Prew, M. S., Tsai,
S. Q., Nguyen, N. T., Zheng, Z., and Joung, J. K.
(2016). High-fidelity CRISPR–Cas9 nucleases
with no detectable genome-wide off-target effects.
Nature, 529(7587):490–495.

Kleinstiver, B. P., Prew, M. S., Tsai, S. Q., Topkar,
V. V., Nguyen, N. T., Zheng, Z., Gonzales, A.
P. W., Li, Z., Peterson, R. T., Yeh, J.-R. J. R. J.,
Aryee, M. J., and Joung, J. K. (2015). Engineered
CRISPR-Cas9 nucleases with altered PAM speci-
ficities. Nature, 523(7561):481–485.



References 69

Koike-Yusa, H., Li, Y., Tan, E.-P., Velasco-Herrera,
M. D. C., and Yusa, K. (2014). Genome-wide re-
cessive genetic screening in mammalian cells with
a lentiviral CRISPR-guide RNA library. Nature
biotechnology, 32(3):267–73.

Koller, B. H., Hagemann, L. J., Doetschman, T.,
Hagaman, J. R., Huang, S., Williams, P. J., First,
N. L., Maeda, N., and Smithies, O. (1989). Germ-
line transmission of a planned alteration made in
a hypoxanthine phosphoribosyltransferase gene
by homologous recombination in embryonic stem
cells. Proceedings of the National Academy of
Sciences, 86(22):8927–8931.

Komor, A. C., Kim, Y. B., Packer, M. S., Zuris, J. A.,
and Liu, D. R. (2016). Programmable editing of
a target base in genomic DNA without double-
stranded DNA cleavage. Nature, 61(16):5985–91.

Konermann, S., Brigham, M. D., Trevino, A. E.,
Joung, J., Abudayyeh, O. O., Barcena, C., Hsu,
P. D., Habib, N., Gootenberg, J. S., Nishimasu,
H., Nureki, O., and Zhang, F. (2014). Genome-
scale transcriptional activation by an engineered
CRISPR-Cas9 complex. Nature, 517(7536):583–
8.

Korkmaz, G., Lopes, R., Ugalde, A. P., Nevedom-
skaya, E., Han, R., Myacheva, K., Zwart, W.,
Elkon, R., and Agami, R. (2016). Functional ge-
netic screens for enhancer elements in the human
genome using CRISPR-Cas9. Nature biotechnol-
ogy, (August 2015):1–10.

Kosicki, M., Rajan, S. S., Lorenzetti, F. C., Wandall,
H. H., Narimatsu, Y., Metzakopian, E., and Ben-
nett, E. P. (2017). Dynamics of Indel Profiles In-
duced by Various CRISPR/Cas9 DeliveryMethods.
Progress in Molecular Biology and Translational
Science, 152:49–67.

Kosicki, M., Tomberg, K., and Bradley, A. (2018).
Repair of double-strand breaks induced by
CRISPR–Cas9 leads to large deletions and com-
plex rearrangements. Nature Biotechnology,
36(8):765.

Kraft, K., Geuer, S., Will, A. J., Chan, W., Paliou, C.,
Borschiwer, M., Harabula, I., Wittler, L., Franke,
M., Ibrahim, D. M., Kragesteen, B. K., Spielmann,
M., Mundlos, S., Lupiáñez, D. G., and Andrey, G.
(2015). Deletions, inversions, duplications: Engi-
neering of structural variants using CRISPR/Cas
in mice. Cell Reports, 10(5):833–839.

Le Naour, F. and Boucheix, C. (2000). Severely
Reduced Female Fertility in CD9-Deficient Mice.
Science, 287(5451):319–321.

Lee, E.-C., Liang, Q., Ali, H., Bayliss, L., Beasley,
A., Bloomfield-Gerdes, T., Bonoli, L., Brown, R.,
Campbell, J., Carpenter, A., Chalk, S., Davis, A.,
England, N., Fane-Dremucheva, A., Franz, B., Ger-
maschewski, V., Holmes, H., Holmes, S., Kirby,
I., Kosmac, M., Legent, A., Lui, H., Manin, A.,
O’Leary, S., Paterson, J., Sciarrillo, R., Speak, A.,
Spensberger, D., Tuffery, L., Waddell, N., Wang,
W., Wells, S., Wong, V., Wood, A., Owen, M. J.,
Friedrich, G. a., and Bradley, A. (2014). Complete
humanization of the mouse immunoglobulin loci
enables efficient therapeutic antibody discovery.
Nature biotechnology, 32(4):356–63.

Leenay, R. T., Aghazadeh, A., Hiatt, J., Tse, D.,
Hulquist, J., Krogan, N., Wu, Z., Marson, A., May,
A. P., and Zou, J. (2018). Systematic characteriza-
tion of genome editing in primary T cells reveals
proximal genomic insertions and enables machine
learning prediction of CRISPR-Cas9 DNA repair
outcomes. bioRxiv, page 404947.

Lemos, B. R., Kaplan, A. C., Bae, J. E., Ferrazzoli,
A. E., Kuo, J., Anand, R. P., Waterman, D. P.,
and Haber, J. E. (2018). CRISPR/Cas9 cleavages
in budding yeast reveal templated insertions and
strand-specific insertion/deletion profiles. Proceed-
ings of the National Academy of Sciences, page
201716855.

Lensing, S. V., Marsico, G., Hänsel-Hertsch, R.,
Lam, E. Y., Tannahill, D., and Balasubramanian, S.
(2016). DSBCapture: in situ capture and sequenc-
ing of DNA breaks. Nature Methods, 13(10):855–
7.

Lessard, S., Francioli, L., Alfoldi, J., Tardif, J.-C.,
Ellinor, P. T., MacArthur, D. G., Lettre, G., Orkin,
S. H., and Canver, M. C. (2017). Human ge-
netic variation alters CRISPR-Cas9 on- and off-
targeting specificity at therapeutically implicated
loci. Proceedings of the National Academy of Sci-
ences, 114(52):E11257–E11266.

Levy, J. E., Jin, O., Fujiwara, Y., Kuo, F., and An-
drews, N. C. (1999). Transferrin receptor is nec-
essary for development of erythrocytes and the
nervous system. Nature Genetics, 21(4):396–399.

Lin, F. L. and Sternberg, N. (1984). Homologous
recombination between overlapping thymidine ki-
nase gene fragments stably inserted into a mouse
cell genome. Molecular and Cellular Biology,
4(5):852–861.

Lin, S., Staahl, B. T., Alla, R. K., and Doudna,
J. A. (2014). Enhanced homology-directed hu-
man genome engineering by controlled timing of
CRISPR/Cas9 delivery. eLife, 3:e04766.



70 References

Listgarten, J., Weinstein, M., Kleinstiver, B. P., Sousa,
A. A., Joung, J. K., Crawford, J., Gao, K., Hoang,
L., Elibol, M., Doench, J. G., and Fusi, N. (2018).
Prediction of off-target activities for the end-to-end
design of CRISPR guide RNAs. Nature Biomedi-
cal Engineering, 2(1):38–47.

Liu, X., Homma, A., Sayadi, J., Yang, S., Ohashi, J.,
and Takumi, T. (2016). Sequence features associ-
ated with the cleavage efficiency of CRISPR/Cas9
system. Scientific Reports, 6:1–9.

Liu, Z., Gerner, M. Y., Van Panhuys, N., Levine,
A. G., Rudensky, A. Y., and Germain, R. N.
(2015). Immune homeostasis enforced by co-
localized effector and regulatory T cells. Nature,
528(7581):225–230.

Lonowski, L. A., Narimatsu, Y., Riaz, A., Delay,
C. E., Yang, Z., Niola, F., Duda, K., Ober, E. A.,
Clausen, H., Wandall, H. H., Hansen, S. H., Ben-
nett, E. P., and Frödin, M. (2017). Genome editing
using FACS enrichment of nuclease-expressing
cells and indel detection by amplicon analysis. Na-
ture protocols, 12(3):581–603.

Luo, J., Sun, X., Cormack, B. P., and Boeke, J. D.
(2018a). Karyotype engineering by chromosome
fusion leads to reproductive isolation in yeast. Na-
ture, 560(7718):392–396.

Luo, X., He, Y., Zhang, C., He, X., Yan, L., Li, M.,
Hu, T., Hu, Y., Jiang, J., Meng, X., Ji, W., Zhao, X.,
Zheng, P., Xu, S., and Su, B. (2018b). Trio deep-
sequencing does not reveal unexpected mutations
in Cas9-edited monkeys. bioRxiv, page 339143.

Ma, H., Marti-Gutierrez, N., Park, S.-W., Wu, J.,
Hayama, T., Darby, H., Van Dyken, C., Li, Y.,
Koski, A., Liang, D., Suzuki, K., Gu, Y., Gong,
J., Xu, X., Ahmed, R., Lee, Y., Kang, E., Ji, D.,
Park, A.-R., Kim, D., Kim, S.-T., Heitner, S. B.,
Battaglia, D., Krieg, S. A., Lee, D. M., Wu, D. H.,
Wolf, D. P., Amato, P., Kaul, S., Belmonte, J. C. I.,
Kim, J.-S., and Mitalipov, S. (2018). Ma et al.
reply. Nature, 560(7717):E10–E23.

Ma, M., Zhuang, F., Hu, X., Wang, B., Wen, X. Z.,
Ji, J. F., and Xi, J. J. (2017). Efficient generation
of mice carrying homozygous double-floxp alleles
using the Cas9-Avidin/Biotin-donor DNA system.
Cell Research, 27(4):578–581.

Mahaney, B. L., Meek, K., and Lees-Miller, S. P.
(2009). Repair of ionizing radiation-induced DNA
double-strand breaks by non-homologous end-
joining. The Biochemical journal, 417(3):639–50.

Mali, P., Yang, L., Esvelt, K. M., Aach, J., Guell, M.,
DiCarlo, J. E., Norville, J. E., and Church, G. M.

(2013). RNA-guided human genome engineering
via Cas9. Science, 339(6121):823–826.

Mansour, S. L., Thomas, K. R., and Capecchi, M. R.
(1988). Disruption of the proto-oncogene int-2
in mouse embryo-derived stem cells: a general
strategy for targeting mutations to non-selectable
genes. Nature, 336(6197):348–52.

Marrero, V. A. and Symington, L. S. (2010). Ex-
tensive DNA end processing by exo1 and sgs1
inhibits break-induced replication. PLoS genetics,
6(7):e1001007.

Maruyama, T., Dougan, S. K., Truttmann, M. C., Bi-
late, A. M., Ingram, J. R., and Ploegh, H. L. (2015).
Increasing the efficiency of precise genome edit-
ing with CRISPR-Cas9 by inhibition of nonho-
mologous end joining. Nature Biotechnology,
33(5):538–542.

Mateos-Gomez, P. A., Kent, T., Deng, S. K., Mcdevitt,
S., Kashkina, E., Hoang, T. M., Pomerantz, R. T.,
and Sfeir, A. (2017). The helicase domain of Polθ
counteracts RPA to promote alt-NHEJ. Nature
Structural and Molecular Biology, 24(12):1116–
1123.

Mehta, A. and Haber, J. E. (2014). Sources of DNA
double-strand breaks and models of recombina-
tional DNA repair. Cold Spring Harbor perspec-
tives in biology, 6(9):a016428.

Metzakopian, E., Strong, A., Iyer, V., Hodgkins, A.,
Tzelepis, K., Antunes, L., Friedrich, M. J., Kang,
Q., Davidson, T., Lamberth, J., Hoffmann, C.,
Davis, G. D., Vassiliou, G. S., Skarnes, W. C., and
Bradley, A. (2017). Enhancing the genome editing
toolbox: Genome wide CRISPR arrayed libraries.
Scientific Reports, 7(1):2244.

Mitra, R., Fain-Thornton, J., and Craig, N. L. (2008).
piggyBac can bypass DNA synthesis during cut
and paste transposition. The EMBO journal,
27(7):1097–109.

Miyata, T., Takeda, J., Iida, Y., Yamada, N., Inoue,
N., Takahashi, M., Maeda, K., Kitani, T., and Ki-
noshita, T. (1993). The cloning of PIG-A, a compo-
nent in the early step of GPI-anchor biosynthesis.
Science (New York, N.Y.), 259(5099):1318–20.

Mladenov, E. and Iliakis, G. (2011). Induction and re-
pair of DNA double strand breaks: The increasing
spectrum of non-homologous end joining path-
ways. Mutation Research - Fundamental and
Molecular Mechanisms of Mutagenesis, 711(1-
2):61–72.



References 71

Moreno-Mateos, M. a., Vejnar, C. E., Beaudoin, J.-d.,
Fernandez, J. P., Mis, E. K., Khokha, M. K., and
Giraldez, A. J. (2015). CRISPRscan: designing
highly efficient sgRNAs for CRISPR-Cas9 target-
ing in vivo. Nature methods, 12(10):982–8.

Moscou, M. J. and Bogdanove, A. J. (2009). A simple
cipher governs DNA recognition by TAL effectors.
Science (New York, N.Y.), 326(5959):1501.

Nassif, N., Penney, J., Pal, S., Engels, W. R., and
Gloor, G. B. (1994). Efficient copying of non-
homologous sequences from ectopic sites via P-
element-induced gap repair. Molecular and cellu-
lar biology, 14(3):1613–25.

Nygaard, S., Barzel, A., Haft, A., Major, A., Fine-
gold, M., Kay, M. A., and Grompe, M. (2016).
A universal system to select gene-modified hep-
atocytes in vivo. Science translational medicine,
8(342):342ra79.

Paquet, D., Kwart, D., Chen, A., Sproul, A., Jacob, S.,
Teo, S., Olsen, K. M., Gregg, A., Noggle, S., and
Tessier-Lavigne, M. (2016). Efficient introduction
of specific homozygous and heterozygous muta-
tions using CRISPR/Cas9. Nature, 533(7601):125–
129.

Parikh, B. A., Beckman, D. L., Patel, S. J., and White,
J. M. (2015). Detailed Phenotypic and Molecular
Analyses of Genetically Modified Mice Generated
by CRISPR-Cas9-Mediated Editing. PloS one,
pages 1–28.

Perrault, R., Wang, H., Wang, M., Rosidi, B., and
Iliakis, G. (2004). Backup pathways of NHEJ
are suppressed by DNA-PK. Journal of Cellular
Biochemistry, 92(4):781–794.

Pettitt, S. J., Liang, Q., Rairdan, X. Y., Moran, J. L.,
Prosser, H. M., Beier, D. R., Lloyd, K. C., Bradley,
A., and Skarnes, W. C. (2009). Agouti C57BL/6N
embryonic stem cells for mouse genetic resources.
Nature methods, 6(7):493–495.

Pierce, A. J., Johnson, R. D., Thompson, L. H., and
Jasin, M. (1999). XRCC3 promotes homology-
directed repair of DNA damage in mammalian
cells. Genes & development, 13(20):2633–8.

Platt, R., Chen, S., Zhou, Y., Yim, M., Swiech, L.,
Kempton, H., Dahlman, J., Parnas, O., Eisenhaure,
T., Jovanovic, M., Graham, D., Jhunjhunwala, S.,
Heidenreich, M., Xavier, R., Langer, R., Ander-
son, D., Hacohen, N., Regev, A., Feng, G., Sharp,
P., and Zhang, F. (2014). CRISPR-Cas9 Knockin
Mice for Genome Editing and Cancer Modeling.
Cell, 159(2):440–455.

Plessis, A., Perrin, A., Haber, J. E., and Dujon, B.
(1992). Site-specific recombination determined
by I-SceI, a mitochondrial group I intron-encoded
endonuclease expressed in the yeast nucleus. Ge-
netics, 130(3):451–60.

Polstein, L. R., Perez-Pinera, P., Kocak, D. D., Vock-
ley, C. M., Bledsoe, P., Song, L., Safi, A., Craw-
ford, G. E., Reddy, T. E., and Gersbach, C. A.
(2015). Genome-wide specificity of DNA bind-
ing, gene regulation, and chromatin remodeling by
TALE- and CRISPR/Cas9-based transcriptional
activators. Genome Research, 25(8):1158–1169.

Prasher, D. C., Eckenrode, V. K., Ward, W. W., Pren-
dergast, F. G., and Cormier, M. J. (1992). Pri-
mary structure of the Aequorea victoria green-
fluorescent protein. Gene, 111(2):229–233.

Ramakrishna, S., Kwaku Dad, A.-B., Beloor, J.,
Gopalappa, R., Lee, S.-K., and Kim, H. (2014).
Gene disruption by cell-penetrating peptide-
mediated delivery of Cas9 protein and guide RNA.
Genome research, 24(6):1020–7.

Ramírez-Solis, R., Davis, A. C., and Bradley, A.
(1993). Gene targeting in embryonic stem cells.
Methods in enzymology, 225:855–78.

Ran, F. A., Hsu, P. D., Lin, C.-Y., Gootenberg, J. S.,
Konermann, S., Trevino, A. E., Scott, D. a., Inoue,
A., Matoba, S., Zhang, Y., and Zhang, F. (2013).
Double nicking by RNA-guided CRISPR Cas9
for enhanced genome editing specificity. Cell,
154(6):1380–1389.

Redman, M., King, A., Watson, C., and King, D.
(2016). What is CRISPR/Cas9? Archives of dis-
ease in childhood. Education and practice edition,
101(4):213–5.

Richardson, C. and Jasin, M. (2000). Frequent chro-
mosomal translocations induced by DNA double-
strand breaks. Nature, 405(51):697–700.

Richardson, C. D., Kazane, K. R., Feng, S. J., Zelin,
E., Bray, N. L., Schäfer, A. J., Floor, S. N., and
Corn, J. E. (2018). CRISPR–Cas9 genome edit-
ing in human cells occurs via the Fanconi anemia
pathway. Nature Genetics, 50(8):1132–1139.

Richardson, C. D., Ray, G. J., Bray, N. L., and Corn,
J. E. (2016). Non-homologous DNA increases
gene disruption efficiency by altering DNA repair
outcomes. Nature Communications, 7:1–7.

Riesenberg, S. and Maricic, T. (2018). Targeting
repair pathways with small molecules increases
precise genome editing in pluripotent stem cells.
Nature communications, 9(1):2164.



72 References

Roberts, S. A., Sterling, J., Thompson, C., Harris, S.,
Mav, D., Shah, R., Klimczak, L. J., Kryukov, G. V.,
Malc, E., Mieczkowski, P. A., Resnick, M. A., and
Gordenin, D. A. (2012). Clustered Mutations in
Yeast and in Human Cancers Can Arise from Dam-
aged Long Single-Strand DNA Regions. Molecu-
lar Cell, 46(4):424–435.

Roos, W. P. and Kaina, B. (2006). DNA damage-
induced cell death by apoptosis. Trends in Molec-
ular Medicine, 12(9):440–450.

Rosen, L. E., Morrison, H. A., Masri, S., Brown,
M. J., Springstubb, B., Sussman, D., Stoddard,
B. L., and Seligman, L. M. (2006). Hom-
ing endonuclease I-CreI derivatives with novel
DNA target specificities. Nucleic acids research,
34(17):4791–800.

Rouet, P., Smih, F., and Jasin, M. (1994). Expression
of a site-specific endonuclease stimulates homolo-
gous recombination in mammalian cells. Proceed-
ings of the National Academy of Sciences of the
United States of America, 91(13):6064–8.

Ruff, P., Donnianni, R. A., Glancy, E., Oh, J., and
Symington, L. S. (2016). RPA Stabilization
of Single-Stranded DNA Is Critical for Break-
Induced Replication. Cell Reports, 17(12):3359–
3368.

Sadhu, M. J., Bloom, J. S., Day, L., and Kruglyak, L.
(2016). CRISPR-directed mitotic recombination
enables genetic mapping without crosses. Science,
352(6289):1113–1116.

Santaguida, S., Richardson, A., Iyer, D. R., M’Saad,
O., Zasadil, L., Knouse, K. A., Wong, Y. L., Rhind,
N., Desai, A., and Amon, A. (2017). Chromosome
Mis-segregation Generates Cell-Cycle-Arrested
Cells with Complex Karyotypes that Are Elim-
inated by the Immune System. Developmental
cell, 41(6):638–651.e5.

Santarosa, M. and Ashworth, A. (2004). Haploinsuf-
ficiency for tumour suppressor genes: When you
don’t need to go all the way.

Savic, N., Ringnalda, F. C., Lindsay, H., Berk, C.,
Bargsten, K., Li, Y., Neri, D., Robinson, M. D.,
Ciaudo, C., Hall, J., Jinek, M., and Schwank,
G. (2018). Covalent linkage of the DNA repair
template to the CRISPR-Cas9 nuclease enhances
homology-directed repair. eLife, 7:e33761.

Schaft, J., Ashery-Padan, R., van der Hoeven, F.,
Gruss, P., and Stewart, A. F. (2001). Efficient
FLP recombination in mouse ES cells and oocytes.
Genesis (New York, N.Y. : 2000), 31(1):6–10.

Schröder, A. R., Shinn, P., Chen, H., Berry, C., Ecker,
J. R., and Bushman, F. (2002). HIV-1 Integration
in the Human Genome Favors Active Genes and
Local Hotspots. Cell, 110(4):521–529.

Seligman, L. M., Chisholm, K. M., Chevalier, B. S.,
Chadsey, M. S., Edwards, S. T., Savage, J. H., and
Veillet, A. L. (2002). Mutations altering the cleav-
age specificity of a homing endonuclease. Nucleic
acids research, 30(17):3870–9.

Seol, J.-H., Shim, E. Y., and Lee, S. E. (2018).
Microhomology-mediated end joining: Good, bad
and ugly. Mutation Research/Fundamental and
Molecular Mechanisms of Mutagenesis, 809:81–
87.

Sfeir, A. and Symington, L. S. (2015).
Microhomology-Mediated End Joining: A
Back-up Survival Mechanism or Dedicated
Pathway? Trends in biochemical sciences,
40(11):701–714.

Shao, Y., Lu, N., Wu, Z., Cai, C., Wang, S., Zhang, L.-
L., Zhou, F., Xiao, S., Liu, L., Zeng, X., Zheng, H.,
Yang, C., Zhao, Z., Zhao, G., Zhou, J.-Q., Xue, X.,
and Qin, Z. (2018). Creating a functional single-
chromosome yeast. Nature, 560(7718):331–335.

Sharma, S., Javadekar, S. M., Pandey, M., Sri-
vastava, M., Kumari, R., and Raghavan, S. C.
(2015). Homology and enzymatic requirements of
microhomology-dependent alternative end joining.
Cell death & disease, 6(3):e1697.

Shimomura, O., Johnson, F. H., and Saiga, Y. (1962).
Extraction, Purification and Properties of Ae-
quorin, a Bioluminescent Protein from the Lumi-
nous Hydromedusan,Aequorea. Journal of Cellu-
lar and Comparative Physiology, 59(3):223–239.

Shin, H. Y., Wang, C., Lee, H. K., Yoo, K. H., Zeng,
X., Kuhns, T., Yang, C. M., Mohr, T., Liu, C., and
Hennighausen, L. (2017). CRISPR/Cas9 targeting
events cause complex deletions and insertions at
17 sites in the mouse genome. Nature Communi-
cations, 8(May):1–10.

Shou, J., Li, J., Liu, Y., and Wu, Q. (2018). Pre-
cise and Predictable CRISPR Chromosomal Rear-
rangements Reveal Principles of Cas9-Mediated
Nucleotide Insertion. Molecular cell, 71(4):498–
509.e4.

Simonelli, V., Narciso, L., Dogliotti, E., and Fortini,
P. (2005). Base excision repair intermediates are
mutagenic in mammalian cells. Nucleic acids re-
search, 33(14):4404–11.



References 73

Sinha, S., Li, F., Villarreal, D., Shim, J. H., Yoon,
S., Myung, K., Shim, E. Y., and Lee, S. E. (2017).
Microhomology-mediated end joining induces hy-
permutagenesis at breakpoint junctions. PLoS Ge-
netics, 13(4):1–25.

Skarnes, W. C., Rosen, B., West, A. P., Koutsourakis,
M., Bushell, W., Iyer, V., Mujica, A. O., Thomas,
M., Harrow, J., Cox, T., Jackson, D., Severin, J.,
Biggs, P., Fu, J., Nefedov, M., de Jong, P. J., Stew-
art, A. F., and Bradley, A. (2011). A conditional
knockout resource for the genome-wide study of
mouse gene function. Nature, 474(7351):337–344.

Slaymaker, I. M., Gao, L., Zetsche, B., Scott, D. a.,
Yan, W. X., and Zhang, F. (2016). Rationally engi-
neered Cas9 nucleases with improved specificity.
Science (New York, N.Y.), 351(6268):84–88.

Smithies, O., Gregg, R. G., Boggs, S. S., Koralewski,
M. A., and Kucherlapati, R. S. (1985). Insertion
of DNA sequences into the human chromosomal
beta-globin locus by homologous recombination.
Nature, 317(6034):230–4.

Sotiriou, S. K., Kamileri, I., Lugli, N., Evangelou,
K., Da-Ré, C., Huber, F., Padayachy, L., Tardy,
S., Nicati, N. L., Barriot, S., Ochs, F., Lukas, C.,
Lukas, J., Gorgoulis, V. G., Scapozza, L., and Ha-
lazonetis, T. D. (2016). Mammalian RAD52 Func-
tions in Break-Induced Replication Repair of Col-
lapsed DNA Replication Forks. Molecular Cell,
64(6):1127–1134.

Starita, L. M., Islam, M.M., Banerjee, T., Adamovich,
A. I., Gullingsrud, J., Fields, S., Shendure, J., and
Parvin, J. D. (2018). A Multiplex Homology-
Directed DNA Repair Assay Reveals the Impact of
More Than 1,000 BRCA1 Missense Substitution
Variants on Protein Function. American journal of
human genetics, 0(0).

Stark, J. M., Pierce, A. J., Oh, J., Pastink, A.,
and Jasin, M. (2004). Genetic steps of mam-
malian homologous repair with distinct mutagenic
consequences. Molecular and cellular biology,
24(21):9305–16.

Stemmer, M., Thumberger, T., del Sol Keyer, M.,
Wittbrodt, J., and Mateo, J. L. (2015). CCTop: An
Intuitive, Flexible and Reliable CRISPR/Cas9 Tar-
get Prediction Tool. PLOS ONE, 10(4):e0124633.

Stephenson, A. A., Raper, A. T., and Suo, Z. (2018).
Bidirectional Degradation of DNA Cleavage Prod-
ucts Catalyzed by CRISPR/Cas9. Journal of the
American Chemical Society, 140(10):3743–3750.

Sternberg, N. and Hamilton, D. (1981). Bacterio-
phage P1 site-specific recombination: I. Recombi-
nation between loxP sites. Journal of Molecular
Biology, 150(4):467–486.

Sternberg, S. H., Redding, S., Jinek, M., Greene,
E. C., and Doudna, J. A. (2014). DNA interro-
gation by the CRISPR RNA-guided endonuclease
Cas9. Nature, 507(7490):62–67.

Stojic, L., Lun, A. T., Mangei, J., Mascalchi, P., Quar-
antotti, V., Barr, A. R., Bakal, C., Marioni, J. C.,
Gergely, F., and Odom, D. T. (2018). Specificity
of RNAi, LNA and CRISPRi as loss-of-function
methods in transcriptional analysis. Nucleic Acids
Research.

Strogantsev, R., Krueger, F., Yamazawa, K., Shi, H.,
Gould, P., Goldman-roberts, M., Mcewen, K., Sun,
B., Pedersen, R., and Ferguson-smith, A. C. (2015).
Allele-specific binding of ZFP57 in the epigenetic
regulation of imprinted and non-imprinted monoal-
lelic expression. Genome Biology, pages 1–18.

Sugawara, N. and Haber, J. E. (2012). Monitoring
DNA recombination initiated by HO endonuclease.
Methods in Molecular Biology, 920:349–370.

Sung, P. and Klein, H. (2006). Mechanism of ho-
mologous recombination: Mediators and helicases
take on regulatory functions.

Sussman, D., Chadsey, M., Fauce, S., Engel, A.,
Bruett, A., Monnat, R., Stoddard, B. L., and Selig-
man, L. M. (2004). Isolation and Characterization
of New Homing Endonuclease Specificities at Indi-
vidual Target Site Positions. Journal of Molecular
Biology, 342(1):31–41.

Sutherland, D. R., Kuek, N., Davidson, J., Barth, D.,
Chang, H., Yeo, E., Bamford, S., Chin-Yee, I., and
Keeney, M. (2007). Diagnosing PNH with FLAER
and multiparameter flow cytometry. Cytometry.
Part B, Clinical cytometry, 72(3):167–177.

Szostak, J. W., Orr-Weaver, T. L., Rothstein, R. J.,
and Stahl, F. W. (1983). The double-strand-break
repair model for recombination. Cell, 33(1):25–35.

Tadi, S. K., Sebastian, R., Dahal, S., Babu, R. K.,
Choudhary, B., and Raghavan, S. C. (2016).
Microhomology-mediated end joining is the princi-
pal mediator of double-strand break repair during
mitochondrial DNA lesions. Molecular Biology of
the Cell, 27(2):223–235.

Taheri-Ghahfarokhi, A., Taylor, B. J., Nitsch, R.,
Lundin, A., Cavallo, A.-L., Madeyski-Bengtson,
K., Karlsson, F., Clausen, M., Hicks, R., Mayr,
L. M., Bohlooly-Y, M., and Maresca, M. (2018).
Decoding non-random mutational signatures at
Cas9 targeted sites. Nucleic Acids Research.



74 References

Takeda, J., Miyata, T., Kawagoe, K., Iida, Y., Endo,
Y., Fujita, T., Takahashi, M., Kitani, T., and Ki-
noshita, T. (1993). Deficiency of the GPI anchor
caused by a somatic mutation of the PIG-A gene
in paroxysmal nocturnal hemoglobinuria. Cell,
73(4):703–711.

Tan, E. P., Li, Y., Del Castillo Velasco-Herrera, M.,
Yusa, K., and Bradley, A. (2015). Off-target assess-
ment of CRISPR-Cas9 guiding RNAs in human
iPS and mouse ES cells. Genesis, 53(2):225–236.

Taylor, J. and Woodcock, S. (2015). A Perspective
on the Future of High-Throughput RNAi Screen-
ing: Will CRISPR Cut Out the Competition or Can
RNAi Help Guide the Way? Journal of Biomolec-
ular Screening, 20(8):1040–1051.

Thakore, P. I., D’Ippolito, A. M., Song, L., Safi,
A., Shivakumar, N. K., Kabadi, A. M., Reddy,
T. E., Crawford, G. E., and Gersbach, C. a. (2015).
Highly specific epigenome editing by CRISPR-
Cas9 repressors for silencing of distal regulatory
elements. Nature methods, 12(12):1143–9.

Thomas, K. R. and Capecchi, M. R. (1987). Site-
directed mutagenesis by gene targeting in mouse
embryo-derived stem cells. Cell, 51(3):503–512.

Thompson, S., Clarke, A. R., Pow, A. M., Hooper,
M. L., and Melton, D. W. (1989). Germ line trans-
mission and expression of a corrected HPRT gene
produced by gene targeting in embryonic stem
cells. Cell, 56(2):313–321.

Tichy, E. D., Pillai, R., Deng, L., Liang, L., Tischfield,
J., Schwemberger, S. J., Babcock, G. F., and Stam-
brook, P. J. (2010). Mouse Embryonic Stem
Cells, but Not Somatic Cells, Predominantly Use
Homologous Recombination to Repair Double-
Strand DNA Breaks. Stem Cells and Development,
19(11):1699–1711.

Tsai, S. Q. and Joung, J. K. (2016). Defining
and improving the genome-wide specificities of
CRISPR–Cas9 nucleases. Nature Reviews Genet-
ics, 17(5):300–312.

Tsai, S. Q., Nguyen, N. T., Malagon-Lopez, J., Top-
kar, V. V., Aryee, M. J., and Joung, J. K. (2017).
CIRCLE-seq: a highly sensitive in vitro screen for
genome-wide CRISPR–Cas9 nuclease off-targets.
Nature Methods, 14(6):607–614.

Tsai, S. Q., Zheng, Z., Nguyen, N. T., Liebers, M.,
Topkar, V. V., Thapar, V., Wyvekens, N., Khayter,
C., Iafrate, A. J., Le, L. P., Aryee, M. J., and Joung,
J. K. (2015). GUIDE-seq enables genome-wide
profiling of off-target cleavage by CRISPR-Cas
nucleases. Nature biotechnology, 33(2):187–197.

Urnov, F. D., Miller, J. C., Lee, Y.-L., Beausejour,
C. M., Rock, J. M., Augustus, S., Jamieson, A. C.,
Porteus, M. H., Gregory, P. D., and Holmes, M. C.
(2005). Highly efficient endogenous human gene
correction using designed zinc-finger nucleases.
Nature, 435(7042):646–51.

Uusi-Mäkelä, M. I., Barker, H. R., Bäuerlein,
C. A., Häkkinen, T., Nykter, M., and Rämet, M.
(2018). Chromatin accessibility is associated with
CRISPR-Cas9 efficiency in the zebrafish (Danio
rerio). PLoS ONE, 13(4):e0196238.

van der Lugt, N., Maandag, E. R., te Riele, H., Laird,
P. W., and Berns, A. (1991). A pgk::hprt fusion as
a selectable marker for targeting of genes in mouse
embryonic stem cells: disruption of the T-cell re-
ceptor δ -chain-encoding gene. Gene, 105(2):263–
267.

van Gent, D. C., Mizuuchi, K., and Gellert, M. (1996).
Similarities between initiation of V(D)J recombi-
nation and retroviral integration. Science (New
York, N.Y.), 271(5255):1592–4.

van Overbeek, M., Capurso, D., Carter, M. M.,
Thompson, M. S., Frias, E., Russ, C., Reece-
Hoyes, J. S., Nye, C., Gradia, S., Vidal, B., Zheng,
J., Hoffman, G. R., Fuller, C. K., and May, A. P.
(2016). DNA Repair Profiling Reveals Nonrandom
Outcomes at Cas9-Mediated Breaks. Molecular
Cell, 63(4):633–646.

Voet, T., Vanneste, E., and Vermeesch, J. R. (2011).
The human cleavage stage embryo is a cradle of
chromosomal rearrangements. Cytogenetic and
genome research, 133(2-4):160–8.

Wang, T., Birsoy, K., Hughes, N. W., Krupczak,
K. M., Post, Y., Wei, J. J., Lander, E. S., Saba-
tini, D. M., Krupczak, M., Post, Y., Wei, J. J., Eric,
S., and Sabatini, D. M. (2015). Identification and
characterization of essential genes in the human
genome. Science, 00013(6264):1–10.

Weitzman, M. D., Kyöstiö, S. R., Kotin, R. M.,
and Owens, R. A. (1994). Adeno-associated
virus (AAV) Rep proteins mediate complex for-
mation between AAV DNA and its integration
site in human DNA. Proceedings of the National
Academy of Sciences of the United States of Amer-
ica, 91(13):5808–12.

Wilde, J. J., Aida, T., Wienisch, M., Zhang, Q., Qi, P.,
and Feng, G. (2018). RAD51 Enhances Zygotic
Interhomolog Repair. BioRxiv.

Williams, R. L., Hilton, D. J., Pease, S., Willson,
T. A., Stewart, C. L., Gearing, D. P., Wagner, E. F.,
Metcalf, D., Nicola, N. A., and Gough, N. M.



References 75

(1988). Myeloid leukaemia inhibitory factor main-
tains the developmental potential of embryonic
stem cells. Nature, 336(6200):684–687.

Wright, A. V., Nuñez, J. K., and Doudna, J. A. (2016).
Biology and Applications of CRISPR Systems:
Harnessing Nature’s Toolbox for Genome Engi-
neering. Cell, 164(1-2):29–44.

Xu, L., Park, K. H., Zhao, L., Xu, J., El Refaey,
M., Gao, Y., Zhu, H., Ma, J., and Han, R. (2016).
CRISPR-mediated Genome Editing Restores Dys-
trophin Expression and Function in mdx Mice.
Molecular Therapy, 24(3):564–569.

Yagi, T., Nada, S., Watanabe, N., Tamemoto, H.,
Kohmura, N., Ikawa, Y., and Aizawa, S. (1993). A
Novel Negative Selection for Homologous Recom-
binants Using Diphtheria Toxin A Fragment Gene.
Analytical Biochemistry, 214(1):77–86.

Yang, D., Scavuzzo, M. A., Chmielowiec, J., Sharp,
R., Bajic, A., and Borowiak, M. (2016a). Enrich-
ment of G2/M cell cycle phase in human pluripo-
tent stem cells enhances HDR-mediated gene re-
pair with customizable endonucleases. Scientific
Reports, 6(January):1–15.

Yang, S., Fujikado, N., Kolodin, D., Benoist, C., and
Mathis, D. (2015). Regulatory T cells generated
early in life play a distinct role in maintaining self-
tolerance. Science, 348(6234):589–594.

Yang, Y., Sterling, J., Storici, F., Resnick, M. A., and
Gordenin, D. A. (2008). Hypermutability of dam-
aged single-strand DNA formed at double-strand
breaks and uncapped telomeres in yeast Saccha-
romyces cerevisiae. PLoS Genetics, 4(11).

Yang, Y., Wang, L., Bell, P., McMenamin, D., He, Z.,
White, J., Yu, H., Xu, C., Morizono, H., Musunuru,
K., Batshaw, M. L., and Wilson, J. M. (2016b). A
dual AAV system enables the Cas9-mediated cor-
rection of a metabolic liver disease in newborn
mice. Nature biotechnology, 34(3):334–338.

Yeung, A. T., Hattangadi, D., Blakesley, L., and Nico-
las, E. (2005). Enzymatic mutation detection tech-
nologies.

Yusa, K., Rashid, S. T., Strick-Marchand, H., Varela,
I., Liu, P.-Q., Paschon, D. E., Miranda, E., Or-
dóñez, A., Hannan, N. R. F., Rouhani, F. J., Darche,
S., Alexander, G., Marciniak, S. J., Fusaki, N.,
Hasegawa, M., Holmes, M. C., Di Santo, J. P., Lo-
mas, D. a., Bradley, A., and Vallier, L. (2011a).
Targeted gene correction of α1-antitrypsin defi-
ciency in induced pluripotent stem cells. Nature,
478(7369):391–4.

Yusa, K., Zhou, L., Li, M. A., Bradley, A., and Craig,
N. L. (2011b). A hyperactive piggyBac trans-
posase for mammalian applications. Proceedings
of the National Academy of Sciences of the United
States of America, 108(4):1531–6.

Zetsche, B., Gootenberg, J. S. S., Abudayyeh, O.
O. O., Slaymaker, I. M. M., Makarova, K. S. S.,
Essletzbichler, P., Volz, S. E. E., Joung, J., Van
Der Oost, J., Regev, A., Koonin, E. V. V., Zhang,
F., van der Oost, J., Regev, A., Koonin, E. V. V.,
Zhang, F., Van Der Oost, J., Regev, A., Koonin, E.
V. V., and Zhang, F. (2015). Cpf1 Is a Single RNA-
Guided Endonuclease of a Class 2 CRISPR-Cas
System. Cell, 163(3):759–771.

Zhang, Y., Rajan, R., Seifert, H. S., Mondragón, A.,
and Sontheimer, E. J. (2015). DNase H Activity
of Neisseria meningitidis Cas9. Molecular Cell,
60(2):242–255.

Zheng, Z., Liebers, M., Zhelyazkova, B., Cao, Y., Pan-
diti, D., Lynch, K. D., Chen, J., Robinson, H. E.,
Shim, H. S., Chmielecki, J., Pao, W., Engelman,
J. A., Iafrate, A. J., and Le, L. P. (2014). An-
chored multiplex PCR for targeted next-generation
sequencing. Nature Medicine, 20(12):1479–1484.

Zhu, S., Li, W., Liu, J., Chen, C.-h., Liao, Q., Xu, P.,
Xu, H., Xiao, T., Cao, Z., Peng, J., Yuan, P., Brown,
M., Liu, X. S., and Wei, W. (2016). Genome-
scale deletion screening of human long non-coding
RNAs using a paired-guide RNA CRISPR–Cas9
library. Nature Biotechnology, 34(12):1279–1286.

Zhulidov, P. A., Bogdanova, E. A., Shcheglov, A. S.,
Vagner, L. L., Khaspekov, G. L., Kozhemyako,
V. B., Matz, M. V., Meleshkevitch, E., Moroz,
L. L., Lukyanov, S. A., and Shagin, D. A. (2004).
Simple cDNA normalization using kamchatka crab
duplex-specific nuclease. Nucleic Acids Research,
32(3):37e–37.

Zuckermann, M., Hovestadt, V., Knobbe-Thomsen,
C. B., Zapatka, M., Northcott, P. A., Schramm,
K., Belic, J., Jones, D. T., Tschida, B., Moriarity,
B., Largaespada, D., Roussel, M. F., Korshunov,
A., Reifenberger, G., Pfister, S. M., Lichter, P.,
Kawauchi, D., and Gronych, J. (2015). Somatic
CRISPR/Cas9-mediated tumour suppressor dis-
ruption enables versatile brain tumour modelling.
Nature Communications, 6(1):7391.

Zuris, J. A., Thompson, D. B., Shu, Y., Guilinger,
J. P., Bessen, J. L., Hu, J. H., Maeder, M. L., Joung,
J. K., Chen, Z.-Y., and Liu, D. R. (2015). Cationic
lipid-mediated delivery of proteins enables effi-
cient protein-based genome editing in vitro and in
vivo. Nature biotechnology, 33(1):73–80.


