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TAL by, for example, customized assays. 
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TAL-EFFECTOR ASSEMBLY PLATFORM, 
CUSTOMIZED SERVICES, KITS AND ASSAYS 

SEQUENCE LISTING 

0001. The instant application contains a Sequence Listing 
which has been submitted in ASCII format via EFS-Web and 
is hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Apr. 4, 2013, is named LT00652 SL.txt and 
is 188,509 bytes in size. 

FIELD OF THE INVENTION 

0002 The invention generally relates to compositions and 
methods for designing and producing functional DNA bind 
ing effector molecules and associated customized services, 
toolkits and functional assays. In some aspects, the invention 
provides methods and tools for efficient assembly of custom 
ized TAL effector molecules. Furthermore, the invention 
relates to uses of TAL effector molecules and functional 
evaluation of Such TAL by, for example, customized assays. 

BACKGROUND 

0003 Transcription activator-like (TAL) effectors repre 
sent a class of DNA binding proteins secreted by plant-patho 
genic bacteria of the species, such as Xanthomonas and Ral 
stonia, via their type III secretion system upon infection of 
plant cells. Natural TAL effectors specifically have been 
shown to bind to plant promoter sequences thereby modulat 
ing gene expression and activating effector-specific host 
genes to facilitate bacterial propagation (Römer, P. et al., 
Plant pathogen recognition mediated by promoter activation 
of the pepper Bs3 resistance gene. Science 318, 645-648 
(2007); Boch, J. & Bonas, U. Xanthomonas AvrBs3 family 
type III effectors: discovery and function. Annu. Rev. Phyto 
pathol. 48, 419-436 (2010); Kay, S., et al. U. A bacterial 
effector acts as a plant transcription factor and induces a cell 
size regulator. Science 318, 648-651 (2007); Kay, S. & 
Bonas, U. How Xanthomonas type III effectors manipulate 
the host plant. Curr. Opin. Microbiol. 12, 37-43 (2009).) 
Natural TAL effectors are generally characterized by a central 
repeat domain and a carboxyl-terminal nuclear localization 
signal sequence (NLS) and a transcriptional activation 
domain (AD). The central repeat domain typically consists of 
a variable amount of between 1.5 and 33.5 amino acid repeats 
that are usually 33-35 residues in length except for a generally 
shorter carboxyl-terminal repeat referred to as half-repeat. 
The repeats are mostly identical but differ in certain hyper 
variable residues. DNA recognition specificity of TAL effec 
tors is mediated by hyperVariable residues typically at posi 
tions 12 and 13 of each repeat the so-called repeat variable 
diresidue (RVD) wherein each RVD targets a specific nucle 
otide in a given DNA sequence. Thus, the sequential order of 
repeats in a TAL protein tends to correlate with a defined 
linear order of nucleotides in a given DNA sequence. The 
underlying RVD code of some naturally occurring TAL effec 
tors has been identified, allowing prediction of the sequential 
repeat order required to bind to a given DNA sequence (Boch, 
J. et al. Breaking the code of DNA binding specificity of 
TAL-type III effectors. Science 326, 1509-1512 (2009): 
Moscou, M. J. & Bogdanove, A. J. A simple cipher governs 
DNA recognition by TAL effectors. Science 326, 1501 
(2009)). Further, TAL effectors generated with new repeat 
combinations have been shown to bind to target sequences 

Oct. 17, 2013 

predicted by this code. It has been shown that the target DNA 
sequence generally start with a 5' thymine base to be recog 
nized by the TAL protein. 
0004. The modular structure of TALs allows for combina 
tion of the DNA binding domain with effector molecules such 
as nucleases. In particular, TAL effector nucleases allow for 
the development of new genome engineering tools known. 
0005 Zinc-finger nucleases (ZFN) and meganucleases are 
examples of other genome engineering tools. ZFNs are chi 
meric proteins consisting of a zinc-finger DNA-binding 
domain and the a nuclease domain. One example of a 
nuclease domain is the non-specific cleavage domain from 
the type IIS restriction endonuclease FokI (Kim, YG, Cha, J., 
Chandrasegaran, S. Hybrid restriction enzymes: Zinc finger 
fusions to FokI cleavage domain Proc. Natl. Acad. Sci. USA. 
1996 Feb. 6: 93(3):1156-60) typically separated by a linker 
sequence of 5-7 bp. A pair of the FokI cleavage domain is 
generally required to allow for dimerization of the domain 
and cleavage of a non-palindromic target sequence from 
opposite strands. The DNA-binding domains of individual 
Cys. His ZFNs typically contain between 3 and 6 individual 
Zinc-finger repeats and can each recognize between 9 and 18 
base pairs. 
0006. One problem associated with ZNFs is the possibility 
of off-target cleavage which may lead to random integration 
of donor DNA or result in chromosomal rearrangements or 
even cell death which still raises concern about applicability 
in higher organisms (Zinc-finger Nuclease-induced Gene 
Repair With Oligodeoxynucleotides: Wanted and Unwanted 
Target Locus Modifications Molecular Therapy vol. 18 no. 4, 
743-753 (2010)). 
0007 Another group of genomic engineering proteins are 
sequence-specific rare cutting endonucleases with recogni 
tion sites exceeding 12 bp-so-called meganucleases or hom 
ing endonucleases. The large DNA recognition sites of 12 to 
40 base pairs usually occur only once in a given genome and 
meganucleases (such as, e.g., I-SceI) are therefore considered 
the most specific restriction enzymes in nature and have been 
used to modify all sorts of genomes from plants or animals. 
One example of a meganuclease is PI-Sce, which belongs to 
the LAGLIDADG (SEQIDNO. 233) family of homing endo 
nucleases. However, the repertoire of naturally occurring 
meganucleases is limited and decreases the probability of 
finding a specific enzyme for a defined genomic target 
sequence. Meganucleases are therefore engineered to modify 
their recognition sequence. To develop tailored meganu 
cleases with new recognition sites, two main approaches have 
been adopted: random mutagenesis of residues in the binding 
domain and Subsequent selection of functional variants or 
fusing other enzyme domains to meganuclease half-sites to 
create chimeric meganucleases. 
0008. There is a need to improve these tools to (1) make 
them more flexible and reliable, (2) develop new means to 
predict and rationally design new binders, (3) tailor and 
modify effector activities and (4) efficiently assemble, test 
and deliver the engineered molecules. 

SUMMARY OF THE INVENTION 

0009. The invention relates to compositions and methods 
which may be used for genetic engineering and altering the 
structure and/or function of nucleic acid molecules (e.g., 
nucleic acid molecules located within cells). In some aspects, 
the invention relates, in part, to compositions and methods for 
in Vivo genetic manipulation (e.g., involving homologous 
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recombination) and the alteration of gene expression (e.g., 
gene activation, repression, modulation, etc.). 
0010 Furthermore, the invention includes methods, com 
positions and tools to design and efficiently assemble nucleic 
acid molecules. In particular the described methods and vec 
tors are useful for assembling nucleic acid molecules encod 
ing TAL effectors and TAL effector fusion proteins but can 
also be used to assemble other nucleic acid sequences encod 
ing complex or modular protein functions or fusions. 
0011. In some embodiments, the invention includes linear 
nucleic acid molecules (e.g., linear vectors). Such as those 
comprising one or more (e.g., two or more, three or more orall 
four) of the following: (a) a region encoding an N-terminal 
portion of a TAL effector, (b) a region encoding a C-terminal 
portion of a TAL effector, (c) at least one recombination site, 
and (d) at least one covalently bound topoisomerase, as well 
as methods for producing and using Such nucleic acid mol 
ecules. In many instances, the topoisomerase will be located 
at one or both of the termini of the linear nucleic acid mol 
ecule. Also, in many instance, the covalently bound topoi 
somerase will be located within 100 (e.g., from about 2 to 
about 90, from about 5 to about 90, from about 10 to about 90, 
from about 15 to about 90, from about 20 to about 90, from 
about 25 to about 90, from about 30 to about 90, from about 
2 to about 40, from about 5 to about 40, from about 10 to about 
40, from about 15 to about 40, from about 2 to about 25, from 
about 5 to about 25, etc.) nucleotides of a recombination site. 
0012. In some more specific embodiments, the invention 
includes linear nucleic acid molecules, such as those com 
prising: (a) a region encoding an N-terminal portion of a TAL 
effector, (b) a region encoding a C-terminal portion of a TAL 
effector, and (c) at least one covalently bound topoisomerase, 
as well as methods for producing and using such nucleic acid 
molecules. 

0013. In many instances, linear nucleic acid molecules of 
the invention will have a sequence which is complementary to 
a sequence generated by a Type IIS restriction endonuclease. 
Thus, the invention also includes methods for generating one 
or more nucleic acid segments which contain overhangs at 
one or both termini generated by digestion with a Type IIS 
restriction endonuclease, followed by contacting one or more 
nucleic acid segments with one or more linear nucleic acid 
molecules under conditions which allow for covalent joining 
of the digested nucleic acid segment with the one or more 
linear nucleic acid molecules. 
0014 Linear nucleic acid molecules, such as those 
described above, may be circularized. In many instances, 
circularization will result in the addition of nucleic acid to the 
linear nucleic acid molecules (e.g., the addition of an 
“insert'). Further, in some instances when the nucleic acid 
molecules are circularized and contain TAL repeats (i.e., 
more than one TAL nucleic acid binding cassette) located 
between the termini of the linear nucleic acid molecules, the 
circularized nucleic acid molecules will encode TAL effec 
tors capable of binding to specified nucleic acid sequences. In 
other instances, the circularized nucleic acid molecules (e.g., 
vectors) may contain coding sequences for one or more com 
ponent of TAL effectors. 
0.015. When a vector, or other nucleic acid molecule, is 
circularized, it may be circularized by covalently linkage of 
one or both strands of one or both ends by the action of aligase 
or topoisomerase. Further, a circularized vector may be con 
tains one or more nicks in one or both strands. As an example, 
nicks may be located in one strand at one or both junctions 
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where an insert is added to the vector. The presence of one or 
more nicks will generally result in a relaxed Supercoil struc 
ture of the circularized vector. Further, nicks may be repaired 
in vitro via the use of for example, ligases. Nicks may also be 
repaired in Vivo (within a cell) via cellular repair mechanisms. 
0016. In many instance, linear nucleic acid molecules of 
the invention will be molecules such as vectors. Thus, linear 
nucleic acid molecules of the invention may contain one or 
more origin of replication. Such origins of replication may 
allow for replication in particular cell types, such as prokary 
otic cells (e.g., Escherichia coli, Synechococcus species, etc.) 
and eukaryotic cells (e.g., Chlamydomonas reinhardtii, 
human cells, mouse cells, Sf9 cells, etc.). 
0017. Further, linear nucleic acid molecules of the inven 
tion may comprise one or more recombination site. In some 
instances, such recombination sites are selected from the 
group consisting of (a) att sites (e.g., attB, attP att, and attR 
sites), (b) lox sites (e.g., loxP. loxP511, etc.), and (c) frt sites. 
0018 Topoisomerases suitable for use with the invention 
vary greatly but will typically have the ability to covalently 
join at least one strand of two nucleic acid termini. Thus, 
linear nucleic acid molecules of the invention may comprise 
at least one covalently bound topoisomerase which is a Type 
IA, Type IB. Type IIA, and/or Type II topoisomerase. In some 
instances, the covalently bound topoisomerase is a Vaccinia 
virus topoisomerase. The invention also includes methods for 
generating linear nucleic acid molecules with one or more 
covalently bound topoisomerase. 
00.19 Linear nucleic acid molecule of the invention may 
have two blunt termini or an overhang (e.g., a 5' and/or a 3' 
overhang) on at least one terminus. Further, the lengths of 
overhangs, when present, may vary greatly but will often be 
between one and ten (e.g., from about 1 to about 6, from about 
2 to about 6, from about 3 to about 6, from about 1 to about 4, 
etc.) nucleotides in length. 
0020. In some specific instances, the overhang on linear 
nucleic acid molecules of the invention will be a single thym 
ine or uridine. Typically, such overhangs will be 5' overhangs 
present on one or both termini. Terminisuch as this will often 
be useful in what is referred to as TA cloning. TA cloning 
makes use of the generation of a polymerase chain reaction 
(PCR) product produced using a non-proofreading poly 
merase having a tendency to leave 3' terminal adenines at the 
termini of the resulting PCR products. Thus, the invention 
includes the use of linear nucleic acid molecules of the inven 
tion in TA cloning procedures. 
0021. The invention also includes methods for preparing 
TAL effector libraries, as well as the libraries themselves and 
methods for using Such libraries. In some aspects, such meth 
ods comprise (a) connecting a population of TAL nucleic acid 
binding cassettes encoding TAL Subunits that individually 
bind adenine, guanine, thymidine, or cytosine base binders, 
when the base is present in a nucleic acid molecule (e.g., to 
generate a TAL repeat) and (b) introducing the connected 
TAL nucleic acid binding cassettes (e.g., a TAL repeat) gen 
erated in (a) into a vector to generate a TAL effector library. 
Such libraries will often encode TAL effectors which bind to 
different nucleotide sequences. 
0022. The AT/CG ratio of nucleic acids in differs between 
organisms, within the genome of the same organism, and in 
different locations within a genome of the same organism. For 
example, a eukaryotic organism will often have a different 
AT/CG ratio in nucleic acid which forms the nuclear genome 
and the mitochondrial genome. Thus, when generating a TAL 
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effector library designed to bind to nucleic acid of (1) a 
particular genome or (2) a region or regions (e.g., promoter 
regions) of a particular genome, the nucleic acid binding site 
may be “biased towards the generation of binding domains 
for the desired target. Thus, the invention includes method for 
generating TAL effector libraries wherein TAL nucleic acid 
binding cassettes that encode adenine, guanine, thymidine, 
and cytosine binders are either all present in equimolar 
amounts or not all present in equimolar amounts. In specific 
instances, TAL nucleic acid binding cassettes that encode 
adenine and thymine binders are present in equimolar 
amounts and represent from about 51% to about 75% (e.g., 
from about 51% to about 70%, from about 51% to about 65%, 
from about 51% to about 60%, from about 51% to about 55%, 
from about 55% to about 65%, etc.) of the total TAL nucleic 
acid binding cassettes present. In other specific instances, 
TAL nucleic acid binding cassettes that encode cytosine and 
guanine binders are present in equimolar amounts and repre 
sent from about 51% to about 75% (e.g., from about 51% to 
about 70%, from about 51% to about 65%, from about 51% to 
about 60%, from about 51% to about 55%, from about 55% to 
about 65%, etc.) of the total TAL nucleic acid binding cas 
settes present. Thus, the invention includes methods forgen 
erating TAL effector libraries comprising TAL nucleic acid 
binding cassettes with nucleic acid recognition having an 
AT/CG ratio biased in favor of the genome or region of a 
genome for which binding activity is sought. 

0023. In some instances, these TAL effector libraries will 
not be bound to a fusion partner but nucleic acid binding 
activity can be assessed and a fusion partner, if desired, can be 
added later to form a TAL effector fusion. In many instances, 
TAL effector libraries of the invention will encode TAL effec 
tor fusions. 

0024. In some instances. TAL effector fusions of the 
invention will have transcriptional activation activity. In other 
instances, TAL effector fusions of the invention will inhibit 
transcription. Transcriptional inhibition may be conferred by 
a number of different mechanisms, including blocking of a 
binding site for transcriptional activators. 
0025. Vector suitable for use in compositions of the inven 
tion include viral vectors (e.g., lentiviral vectors, adenoviral 
vectors, etc.). 
0026. The invention also includes methods for identifying 
TAL effectors that bind to specified nucleotide sequences, as 
well as TAL effectors identified by such methods. In some 
instances, such methods comprise (a) connecting a popula 
tion TAL nucleic acid binding cassettes which individually 
encode TAL repeats that bind to one of the bases adenine, 
guanine, thymidine, and cytosine, when the base is present in 
a nucleic acid molecule, (b) introducing the connected TAL 
nucleic acid binding cassettes generated in (a) into a vector to 
generate a TAL effector library, wherein the library contains 
TAL effectors which bind to different nucleotide sequences, 
(c) introducing the TAL effector library into a cell under 
conditions which allow for the expression of TAL effectors, 
and (d) screening the cells generated in (c) to identify cells in 
which at least one cellular parameter is altered by expression 
of a TAL effector. In some instances, the cellular parameter is 
TAL effector induced transcriptional activation of a non-TAL 
effector gene. Further, cells used in the practice of this aspect 
of the invention may contain nucleic acid comprising a pro 
moter operably linked to a reporter (e.g., lacZ, green fluores 
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cent protein, etc.). Such cells may be used in methods wherein 
the cellular parameter is transcriptional activation of the 
reporter. 
0027. The invention further includes novel transcription 
activator-like (TAL) repeats and TAL repeat amino acid 
sequences, as well as other components of TAL proteins. As 
described herein, TAL homologs were identified by amino 
acid sequence based bioinformatic searches using known 
TAL amino acid sequences. Once a prospective TAL protein 
was identified, the amino sequence of the proteins was then 
analyzed for TAL repeats and other features. 
0028. In many instances, proteins which contain TAL 
repeats described herein will bind nucleic acid (e.g., DNA in 
a sequence specific manner). Assays for measuring sequence 
specific nucleic acid binding activity and characteristics of 
such proteins are described elsewhere herein. 
0029. In some aspects, provided herein are embodiments 
of further TAL repeat structures, including TAL effector 
(TALE) molecules containing repeat sequences, as well as 
further amine- and carboxyl-terminal sequences flanking a 
repeated region. These further TAL repeats as well as the 
flanking regions, independently can be incorporated into TAL 
fusion proteins, nucleic acids encoding Such fusion proteins. 
The invention further includes vectors comprising the nucleic 
acids encoding TAL repeats and TAL fusion proteins, host 
cells comprising the vectors, and kits containing for practic 
ing various embodiments of the invention. 
0030 The invention includes, in part, non-naturally occur 
ring proteins (e.g., fusion proteins Such as non-naturally 
occurring fusion proteins) which contain one or more TAL 
repeats (e.g., TAL repeats with sequence specific nucleic acid 
binding activity). In the Some embodiments such non-natu 
rally occurring proteins comprising (a) an amine terminal 
region (e.g., an amine terminal region of between from about 
25 and to about 500 amino acids, from about 50 and to about 
500 amino acids, from about 75 and to about 500 amino acids, 
from about 100 and to about 500 amino acids, from about 150 
and to about 500 amino acids, from about 50 and to about 250 
amino acids, etc.), (b) a carboxyl terminal region of between 
25 and 500 amino acids (e.g., a carboxyl terminal region of 
between from about 25 and to about 500 amino acids, from 
about 50 and to about 500 amino acids, from about 75 and to 
about 500 amino acids, from about 100 and to about 500 
amino acids, from about 150 and to about 500 amino acids, 
from about 50 and to about 250 amino acids, etc.), and (c) a 
central region containing five or more (e.g., from about 5 to 
about 25, from about 5 to about 20, from about 5 to about 18, 
from about 10 to about 30, from about 10 to about 25, from 
about 15 to about 25, etc.) amino acid segments which confer 
upon the non-naturally occurring protein sequence specific 
nucleic acid binding activity. In some embodiments, all of or 
one or more of the individual amino acid segments in which 
form the central region are between from about 30 and to 
about 38 amino acids, from about 30 and to about 37 amino 
acids, from about 30 and to about 36 amino acids, from about 
30 and to about 35 amino acids, from about 33 and to about 35 
amino acids, etc., in length. 
0031. The amino acid segments which form the central 
region may contain one or more amino acid sequence at least 
80%, 85%, 90%, 95%, or identical to one or more of the 
following amino acid sequences: (1) FSQADIVKIAGN 
(SEQ ID NO:37), (2) GGAQALQAVLDLEP (SEQ ID 
NO:38), (3) GGAQALQAVLDLEPALRERG (SEQ ID 
NO:39), (4) FRTEDIVQMVS (SEQ ID NO:40), (5) 
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GGSKNLAAVQA (SEQID NO:41), (6) GGSKNLEAVOA 
(SEQ ID NO:42), (7) LEPKDIVSIAS (SEQID NO:43), (8) 
GATOAITTLLNKW (SEQ ID NO:44), (9) GATOAIT 
TLLNKWDXLRAKG (SEQ ID NO:45), and (10) 
GATOAITTLLNKWGXLRAKG (SEQID NO:46). In some 
instances, X in the above sequences may independently be 
one of the following amino acids: aspartic acid, serine, ala 
nine, or glutamic acid. The invention also includes peptides 
and proteins which comprise the above amino acid 
sequences, as well as nucleic acid molecules which encode 
Such amino acid sequences. 
0032. A number of TAL proteins are known in the art. 
Thus, in some specific aspects, the invention does not include 
proteins which are in the prior art. 
0033. In many instances, proteins of the invention and, in 
appropriate instances, Subcomponents thereof are not identi 
cal to an amino acid sequence of a TAL protein which natu 
rally occurs in a bacterium of the genera Burkholderia, Xan 
thomonas or Ralstonia. In specific embodiments, the 
invention does not include non-naturally occurring proteins 
in which at least one (e.g., one, two, three, four, five, six, etc. 
orall) of the amino acid segments is identical to anamino acid 
sequence of a TAL protein which naturally occurs in a bac 
terium of the genera Burkholderia, Xanthomonas or Ralsto 
nia. In some instances, the invention does not include one or 
more amino acid segments identical to an amino acid 
sequence of a TAL protein, with the exception of the RVD 
sequence, which naturally occurs in a bacterium of one of the 
more of the genera Burkholderia, Xanthomonas or Ralstonia. 
0034. In additional specific embodiments, the invention 
does not include non-naturally occurring proteins comprising 
at least one (e.g., one, two, three, four, five, six, etc. or all) 
amino acid segment identical to either an amino acid 
sequence shown in FIG. 30 or one of the first eighteen amino 
acid sequences shown in FIG. 30. However, in some embodi 
ments, the invention does include proteins which contain any 
sequence shown in FIG. 30 (as well as any other amino acid 
sequence found in nature or otherwise known) in combination 
with other sequences (e.g., TAL repeat sequences provided 
herein). 
0035. The invention also includes non-naturally occurring 
proteins (e.g., fusion proteins) comprising a region contain 
ing five or more amino acid segments (in Some instances, 
collectively referred to as “TAL repeats”) which confer upon 
the non-naturally occurring protein sequence specific nucleic 
acid binding activity. In some instances, each of the five or 
more amino acid segments has a length of 32-35 amino acids 
(e.g., some amino acid segments having a length of 33 amino 
acids and others having a length of 35 amino acids). In addi 
tional instances, at least one of the of the five or more amino 
acid segments has isoleucine residue at position 6. In further 
additional instances, amino acid 12 or amino acids 12 and 13 
of at least one of the of the five or more amino acid segments 
confers upon the renders the amino acid segment the ability to 
recognize a single base in a nucleic acid molecule. In some 
instances, at least one of the five or more amino acid segments 
comprises at amino acid positions 14-19 an amino acid 
sequence having at least 80%, 85%, 90%, or 95% identical to 
an amino acid sequence selected from the group consisting 
of: (a) GG(A or T)Q(A or T)L (SEQ ID NO: 82), (b) 
GGSKNL (SEQID NO: 83), and (c) GACT or N)(Nor K)(A 
or T)I (SEQ ID NO: 84). 
0036. In additional embodiments, non-naturally occurring 
proteins (e.g., a fusion proteins) of the invention, as well as 
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individual TAL repeats of the invention, comprises at amino 
acid positions 14-23 of at least one TAL repeat a sequence 
having at least 80%, 85%, 90%, or 95% identical to 
GGAQALXXVLL (SEQID NO: 85), where X and X are 
independently any of the twenty of the commonly occurring 
amino acids found in proteins. In some instances, X and X 
are not E or G. In additional embodiments, non-naturally 
occurring proteins of the invention comprise at amino acid 
positions 14-19 at least one TAL repeat sequence having at 
least 80% identical to GGAQAL (SEQID NO: 86). 
0037. As described elsewhere herein, the invention 
includes non-naturally occurring proteins which are fusion 
proteins. In many instances, these non-naturally occurring 
fusion proteins comprise a sequence specific nucleic acid 
binding activity and at least a second activity other than 
sequence specific nucleic acid binding activity. In certain 
embodiments, the second activity may be one of the follow 
ing: an activator activity (e.g., a transcriptional activation 
activity), a repressor activity (e.g., a transcriptional repres 
sion activity), a nuclease activity, a topoisomerase activity, a 
gyrase activity, a ligase activity, a glycosylase activity, an 
acetylase activity, a deacetylase activity, an integrase activity, 
a transposase activity, a methylase activity, a demethylase 
activity, a methyl-transferase activity, a kinase activity, a 
recombinase activity, a phosphatase activity, a Sulphurilase 
activity, a polymerase activity, a fluorescent activity. 
0038. In some instances, the second activity is a nuclease 
activity. Further, such nuclease may comprise a FokI nuclease 
cleavage domain, a FokI nuclease cleavage domain mutant 
KKR Sharkey, or a FokI nuclease cleavage domain mutant 
ELD Sharkey. Further, the second activity may be conferred, 
for example, by a VP16, VP32 or VP64 transcriptional acti 
vator domain(s) or a KRAB transcriptional repressor domain. 
0039. The invention also comprises nucleic acid mol 
ecules (e.g., vectors) which encode proteins described herein, 
as well as host cells comprising Such nucleic acid molecules. 
0040. The invention further comprises methods of regu 
lating expression of a target gene. In some instances, methods 
of the invention comprise contacting a cell with a nucleic acid 
molecule which encodes a non-naturally occurring fusion 
protein described herein under conditions which allow for 
intracellular expression of the non-naturally occurring fusion 
protein. 
0041 Alignments of protein sequences were carried out 
and consensus sequences were generated using Vector NTI 
Advance, version 11.5.1, using the default settings (Life 
Technologies, Carlsbad, Calif.). The software scores amino 
acids in terms of identity and in terms of similarity. Similarity 
is defined as set forth in TABLE 1. A “strong designation 
depicts a strong similarity while a “weak” designation depicts 
a weak similarity. Those designated as “strong are depicted 
in the figures in the same manner as identical amino acids. 

TABLE 1 

Amino Acid Strong Weak 

A. GS CTV 
C AS 
D E GHKNQRS 
E D HKNQRS 
F WY HILM 
G A. DNS 
H Y DEFKNQR 
I LMW F 
K R DEHNQST 
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TABLE 1-continued 

Amino Acid Strong Weak 

L IMV F 
M ILV F 
N Q DEGHKRST 
P ST 
Q N DEHKRS 
R K DEHNQ 
S AT CDEGKNPQ 
T S AKNPV 
V ILM AT 
W FY 
Y FHW 

0042. The invention also includes methods for genomic 
engineering and site specific integration of a nucleic acid 
molecule of interest and various assay formats and Surrogate 
reporter systems to evaluate TAL effector activity. Also the 
invention provides for methods to enrich, select or isolate 
cells that have been modified by a TAL effector such as, e.g., 
a TAL effector nuclease. 
0043. Furthermore, the invention comprises methods to 
fine-tune the activity of TAL effector proteins in a target host 
cell. 
0044) The invention may be more fully understood by 
reference to the following drawings. 

DESCRIPTION OF THE FIGURES 

004.5 FIG. 1 shows a work flow for a modular web-based 
platform for providing TAL-specific services to customers. 
FIG. 1A shows one example of a how a customer portal can be 
organized to allow for automatic processing of orders related 
to TAL effectors and related services. After loginto the portal, 
the customer enters a specific nucleic acid sequence to be 
targeted by a requested TAL effector molecule and provides 
or selects additional product specifications. In addition, the 
customer can select optional services from a menu or enter 
inquiries or additional comments. Product specifications and 
requested services are then processed via an internal system 
based on design and assembly programs and databases to 
identify optimal assembly criteria. TAL effector molecules 
are then assembled based on de novo synthesized nucleic acid 
molecules and/or available libraries or parts. FIG. 1A dis 
closes SEQID NO: 115. 
0046 FIG. 1B shows an example of a possible modular 
organization of such web-based platform that includes work 
flows directed to TAL services. The platform consists at least 
of (i) a web interface (module 1) for input and storage of 
customer- and project-specific information and for informa 
tion exchange between customer and service provider; a 
Design Engine (module 2) which integrates Software and 
database information to determine TAL design and generated 
an assembly strategy and (iii) a manufacture unit (module 3) 
comprising means and material to synthesize, assemble, 
express and analyse TAL constructs wherein at least some 
steps of the workflow may be supported by a Laboratory 
Information Management System (LIMS). 
0047 FIG. 2A is a schematic drawing of the modular 
structure of a representative naturally occurring TAL protein. 
This protein is composed of an amino terminal end (N), a 
central array comprising a variable number of 34-amino acid 
repeats indicated by ovals with hypervariable residues at 
positions 12 and 13 that determine base preference, and a 
carboxyl terminal end (C) comprising a nuclear localization 
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signal (NLS) and a transcription activator (AD) domain. FIG. 
2A discloses SEQID NO: 90. 
0048 FIG. 2B shows an amino acid alignment of TAL 
nucleic acid binding cassettes from five different protein. Two 
repeats are from the AvrXa77 protein of Xanthomonas Oryzae 
(GenBank: AAY 54168.1) (SEQ ID NOS 116-117, respec 
tively, in order of appearance), two repeats are from the Hax3 
protein of Xanthomonas campestris (GenBank: AAY43359. 
1) (SEQID NOS 71 and 118, respectively, in order of appear 
ance), three repeats are from the PSIO7 protein of Ralstonia 
solanacearum (YP 003750492.1) (SEQ ID NOS 119-121, 
respectively, in order of appearance), two repeats are from the 
TalSa protein of Xanthomonas Oryzae (GenBank: 
AEQ96609.1) (SEQ ID NOS 122-123, respectively, in order 
of appearance), and three repeats are from the Tall 1a protein 
of Xanthomonas oryzae (GenBank: AEQ98467.1) (SEQ ID 
NOS 124-126, respectively, in order of appearance). Identical 
amino acids are shown as white letters on black background 
and non-identical amino acids are shown as black letters on 
white background. 
0049 FIG.3A shows the amino acid sequence of the wild 
type Hax3 protein (960 amino acids total) of Xanthomonas 
campestris (GenBankAAY43359.1) (SEQID NO: 127). The 
288 amino acid region labeled “1” is the amino flanking 
region of the TAL repeat region, which is labeled “2. The 291 
amino acid carboxyl terminal flanking region of the TAL 
repeat region is labeled “3”. The first TAL repeat of the repeat 
region is shown boxed. Further, amino acids 153, 289, and 
683 are labeled for reference. 

0050 FIG. 3B shows a TAL effector construct (SEQ ID 
NO: 128) designed to bind to the following nucleotide 
sequence: TACACGTTTCGTGTTCGGA (SEQID NO: 87). 
The labels are as follows: (1) V5 epitope, (2) nuclear local 
ization signal, (3) amino flanking region of the TAL repeat 
region, (4) TAL repeat region, (5) carboxyl terminal flanking 
region of the TAL repeat region, (6) two amino acid linker, 
and (7) a wild-type FokI nuclease coding sequence. The first 
TAL repeat of the repeat region is shown boxed. 
0051 FIG. 4A to 4C show examples of TAL-binding 
assays Suitable for evaluation of TAL binding specificity in 
vitro. FIG. 4A is a plate assay where TAL effectors translated 
in cell-free environment are bound to DNA probes containing 
a TAL target site on Nickel-coated plates. An intercalating 
agent is added to allow for detection of specifically bound 
DNA molecules. Fluorescence read-out allows for compari 
son of binding specificity of different TAL-DNA interactions. 
0.052 FIG. 4B is an alternative binding assay using para 
magnetic Nickel-beads. Equal amounts of TAL protein were 
covalently coupled to activated DYNABEADSR and incu 
bated with a 5-fold molar excess (Sample 1) and equimolar 
amount (Sample 2) of plasmid DNA for 1 hour. Beads were 
then separated from supernatant, washed once with PBS with 
Mg2+ and resuspended in equal Volumes H2O. Resuspended 
beads were further diluted and total DNA was quantified by 
qPCR with plasmid specific primers and SYBR(R) Green 
against known dilutions of plasmid DNA (Std. 1 ng-Std. 
0.001 ng). Samples were set up and quantified in triplicates. 
0053 FIG. 4C is a Gel shift assay where target-site con 
taining DNA is shifted in the presence of sufficient amounts 
of a specifically binding TAL protein. 
0054 FIG. 4D shows an example of a TAL effector bind 
ing assay where TAL binding to a predicted binding site 
correlates with an increase in fluorescent signals. A custom 
ized TAL effector protein translated in vitro (e.g., from a 
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plasmid or PCR fragment containing a promoter region) is 
incubated with a set of oligonucleotides. A first oligonucle 
otide (sense) (SEQ ID NO: 129) carries a TAL binding site 
and terminal ends that can form a stem-loop structure. One 
end of said oligonucleotide is attached to a fluorophore (star 
symbol) whereas the other end is attached to a quencher 
molecule (sphere symbol) so that the fluorophore signal is 
quenched in the stem-loop conformation. The second oligo 
nucleotide (antisense) (SEQ ID NO: 130) is designed to 
hybridize with the first oligonucleotide (where labeling is 
optional). At least a portion of the first and second oligonucle 
otides in the pool are present in an annealed open state where 
the fluorophore signal is not quenched. Binding of a specific 
TAL effector protein to the TAL binding site stabilizes the 
annealed open conformation thereby shifting the equilibrium 
which results in a signal increase. In contrast a signal increase 
cannot be measured in the absence of TAL effector binding. 
FIG. 4D discloses SEQID NOS 129-130, 129-130 and 129 
130, respectively, in order of appearance. 
0055 FIG. 5 shows a method and assay to identify trun 
cated TAL effector variants with binding activity. A series of 
DNA fragments encoding truncated versions of TAL N- and 
C-termini are generated. Each 5' DNA fragment (A-frag 
ment) contains a nucleic acid sequence encoding a truncated 
TAL N-terminus and the 5' moiety of the central repeat 
domain whereas each 3' fragment (B-fragment) contains a 
nucleic acid sequence encoding a truncated TAL C-terminus 
and the 3' moiety of the central repeat domain. The resulting 
length variants are equipped with terminal restriction sites 
and are combined in a cleavage-ligation reaction to obtain all 
possible combinations of A- and B-fragments. The obtained 
length variants are inserted into a linearized target vector 
downstream of a promoter allowing for expression of the 
variants in a host cell and upstream of a fusion domain (e.g., 
an activator domain) to obtain a TAL effector fusion protein. 
Furthermore, the target vector carries one or more specific 
TAL binding sites for the TAL effector variants associated 
with a reporter gene operatively linked with a promoter 
region. The resulting truncation library is then inserted into 
host cells allowing for expression of the various TAL effector 
truncations. Only the functional truncated variants will bind 
to the TAL binding site(s) in the vector and induce detectable 
reporter gene expression allowing to identify those cells car 
rying a functional truncated TAL effector. Selected host cells 
may be replicated and nucleic acid sequences of identified 
candidates can be obtained via sequencing of the 5' and 3' 
ends using specific primer binding sites in the vector flanking 
the TAL effector insertion site. 

0056 FIGS. 6A and 6B show various effector fusion open 
reading frames sequence-optimized for expression in mam 
malian hosts: SEQ ID NO: 1: codon-optimized sequence 
encoding FokI nuclease cleavage domain; SEQ ID NO: 2: 
codon-optimized sequence encoding FokI nuclease cleavage 
domain mutant KKR Sharkey; SEQ ID NO:3: codon-opti 
mized sequence encoding FokI nuclease cleavage domain 
mutant ELD Sharkey; SEQ ID NO: 4: codon-optimized 
sequence encoding VP16 activator: SEQ ID NO: 5 codon 
optimized sequence encoding VP64 activator composed of a 
tetramer sequence representing the VP16 core motif: SEQID 
NO: 6: codon-optimized sequence encoding KRAB repres 
SO 

0057 FIG. 7A shows one example of how a trimer repeat 
library can be assembled from repeat monomers. Selected 
building blocks from a monomer library with at least one 
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repeat for each base and variants thereof providing individual 
overhangs upon type IIS cleavage are assembled in random 
combinations into a capture vector containing a counter 
selectable marker. Cleavage sites are indicated by numbers. 
Equal numbers represent resulting compatible overhangs. 
0058 FIG. 7B illustrates the construction of a TAL effec 
tor fusion by a two-step assembly process. Two sets of 4 
trimer building blocks arranged in capture vectors are 
assembled into a target vector via compatible type IIS restric 
tion enzyme cleavage sites thereby replacing a negative selec 
tion marker gene. The target vector may already contain the 
flanking TAL effector N- and C-terminal ends and an effector 
fusion sequence or a multiple cloning site (MCS). FIG. 7B 
discloses SEQ ID NOS 131-132, respectively, in order of 
appearance. 

0059 FIG.7C shows target vectors for the construction of 
various TAL effector fusions. Examples for different effector 
functions are provided (VP16, activator; KRAB, repressor, 
FokIR and L, dimerizing nuclease cleavage domains); TAL 
effector nucleases active as dimers can be provided in a vector 
pair with each vector comprising the sequence for a nuclease 
monomer. Some of the vectors contain truncated versions of 
N- or C-terminal TAL ends described in more detail else 
where herein. 

0060 FIGS. 8A to 8C show vector maps of different TAL 
Gateway entry vectors. Vector features: NLS, nuclear local 
ization signal; Kan(R), kanamycin resistance gene; attL1 and 
att 2, recombination sites (allow recombinational cloning of 
the gene of interest from an entry clone (Landy, A. Dynamic, 
structural, and regulatory aspects of lambda site-specific 
recombination'. Ann. Rev. Biochem. 1989; 58:913-49. 
Review); pENTR-funct-vec-for and pENTR-funct-vec-rev, 
primer binding sites; rrnBT1 and T2 transcription termina 
tors (protect the cloned gene from expression by vector-en 
coded promoters, thereby reducing possible toxicity (Orosz 
et al. Analysis of the complex transcription termination 
region of the Escherichia coli rrnB gene. Eur. J. Biochem. 
201(3):653-9 (1991)); T7 promoter/priming site (allows in 
vitro transcription in the sense orientation and sequencing 
through the insert; M13 Forward (-20) priming site (allows 
sequencing in the sense orientation); V5 epitope Gly-Lys 
Pro-Ile-Pro-Asn-Pro-Leu-Leu-Gly-Leu-Asp-Ser-Thr (SEQ 
ID NO: 88) (allows detection of the recombinant fusion pro 
tein by the Anti-V5 antibodies (Southern et al. Identification 
of an epitope on the P and V proteins of simian virus 5 that 
distinguishes between two isolates with different biological 
characteristics. J Gen Virol. 72 (Pt 7): 1551-7 (1991)); puC 
origin (allows high-copy number replication and growth in E. 
coli.); Gly-Serlinker (flexible peptide linker to prevent steric 
hindrance between domains unique restriction enzyme cleav 
age sites are indicated for each vector). FIG. 8A discloses 
SEQID NOS 133-134, respectively, in order of appearance. 
0061 FIG. 9 shows an alternative method of assembling 
TAL effector encoding nucleic acid molecules by Solid phase 
elongation based on a TAL trimer library. FIG.9A shows the 
different modules required for solid-phase assembly from 
trimer building blocks: 16 starter modules comprising a TAL 
5' flanking region attached to an anchor and 16 different 
trimer modules representing all triplet combinations starting 
with a T-binding cassette, 64 elongation modules represent 
ing all triplet combinations of A-, G-, C- and T-binding cas 
settes, and 64 completion modules representing all triplet 
combination fused to a TAL 3' flanking region. 
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0062 FIG.9B illustrates one possible method of assem 
bling TAL effector sequences on Solid-phase. Following 
immobilization of a starter module on a solid phase via a 
molecular anchor (a) the module is cleaved with a first type 
IIS enzyme (BSmBI in this example) to generate a single 
Strand overhang at the 3' end. A first elongation module is 
selected from the library and cleaved with a second type IIS 
enzyme (BbsI in this example) to generate an overhang at the 
5' end. Cleaved starter module and first elongation module are 
then mixed and ligated on the Solid phase (b). After a washing 
step an overhang is generated at the 3' end of the ligation 
product using the first type IIS enzyme, and a second elon 
gation module comprising a compatible 5' overhang is added 
and ligated (c). Digestion and ligation cycles are repeated 
until a chain of n-1 modules has been assembled (d). The last 
step performed on the Solid phase adds a completion module 
which provides the 3' flanking TAL sequences (f). Finally the 
TAL effector sequence is released from the solid phase by 
cleavage with a third type IIS enzyme (Aarl in this example) 
which generates the compatible ends for insertion in a capture 
or functional vector. 

0063 FIG. 10A shows (1) three types of amino acid cod 
ing sequences, labeled “N-Terminus”, “Nucleic Acid Binding 
Repeat”, and “C-Terminus’, (2) topoisomerase adapted lin 
ear vector (lower left) and a closed circular vector. The boxes 
with diamond shapes in them represent recombination sites 
(e.g., GATEWAYTM sites) with different recombination speci 
ficities indicated by “Rec. No.” Covalently bound topoi 
Somerase proteins are represented at the termini of the linear 
vector by the closed circle connected to the vector by a solid 
line. “ORI” refers to an origin of replication, “Pos Sel” refers 
to a positive selectable marker, and “Neg Sel” refers to a 
negative selectable marker. 
0064 FIG. 10B shows a linear vector containing topoi 
somerase covalently bound at both ends. Also shown are two 
types of inserts (labeled “Insert 1” (SEQ ID NOS 135-136, 
respectively, in order of appearance) and “Insert 2 (SEQID 
NOS 135 and 137, respectively, in order of appearance), each 
with sequence identity at one end with one terminus of the 
Vector. 

0065 FIG. 10C shows a GATEWAYTM recombination reac 
tion series in which two nucleic acid segments (labeled 
“DNA-A” and “DNA-B”) are introduced into a circular 
nucleic acid molecule while a ccdB (or alternatively tse2) 
gene is excised from the circular nucleic acid molecule. The 
attB, attP atti, and attR sites are each identified by single 
letter identifiers (e.g., B. P. L., and R). The numbers (i.e., 1, 2, 
and 3) following the letter att site type identifiers refer to 
recombination site specificities. 
0066 FIGS. 10D-10F show three exemplary vector for 
mats which may be used for assembly nucleic acids encoding 
TAL effectors and expression of TAL effector proteins and 
TAL fusions. FIG. 10D shows a topoisomerase adapted vec 
tor format of a type which can be used for insertion of one or 
more nucleic acid segments, resulting in the generation of a 
circularized molecule. FIGS. 10E and 10F show two vector 
formats which contain recombination sites and can be used 
for the insertion of nucleic acid segments at either two (FIG. 
10E) or one (FIG. 10F) location. Labels are as follows: 
“Recif, recombination sites with specificities which vary 
with the number: “SM, selectable marker (e.g., positive or 
negative selectable markers); "ori', origin or replication; 
'Tag, a tag sequence (e.g., an affinity tag); "Coding 
Sequence', an amino acid coding sequence formatted so as to 
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result in the generation of a fusion protein when a another 
coding sequence is located between Rec1 and Rec2 is tran 
scribed and translated; and the arrows represent promoters. 
0067 FIG. 11A shows an example of high throughput 
DNA assembly kit based on type IIS and topoisomerase 
mediated cloning. In this instance, a series oftopoisomerase 
adapted vectors containing symmetrical ends are designed 
that differ only in terminal type IIS restriction sites. Follow 
ing analysis of an input sequence a design software tool 
selects a specific topoisomerase-adapted vector that is com 
patible with the nucleic acid sequence to be assembled and 
generates subfragments of the sequence. The Subfragments 
obtained, e.g., by PCR are cloned into the selected topoi 
Somerase-adapted vector in unspecific orientation. The 
resulting vector library is then combined with a target vector 
in the presence of an enzyme mix containing at least one type 
IIS restriction enzyme and a ligase, and the subfragments are 
assembled into the target vector in directed orientation due to 
their compatible ends. FIG. 11A discloses SEQID NO: 138. 
FIG. 11B illustrates two different exemplary workflows inte 
grating a seamless cloning kit or the underlying assembly 
method in services offered by a service provider. In the left 
workflow an assembly strategy is developed by a service 
provider based on customer sequence information and the 
customer is provided with an individual toolkit comprising a 
selection of vectors (e.g., topoisomerase-adapted and target 
vectors), a ready-to-use enzyme mix, and competent cells 
together with an assembly protocol. The customer can use the 
kit to assemble available DNA fragments. The workflow on 
the right can be applied e.g., where no DNA template is 
available or customer requests an optimized or modified 
sequence. In this case, the service provider can integrate the 
vectors and assembly strategy illustrated in FIG. 7A into the 
internal manufacturing process to assemble de novo synthe 
sized DNA fragments. The full-length synthetic gene is sub 
jected to a quality control (QC) process and shipped to the 
CuStOmer. 

0068 FIG. 12A shows one example of an assembly 
method for generating a random arrangement of TAL nucleic 
acid binding cassettes. Bases bound by each the various cas 
settes are indicated by the letters A, T, C, and G. Bases are 
indicated only for the top of the three Repeat Library mem 
bers shown. FIG. 12A discloses SEQ ID NOS 139-140, 
respectively, in order of appearance. 
0069 FIG.12B shows four partial TAL nucleic acid bind 
ing cassette coding sequences and encoded amino acids. 
Dashes represent omitted sequence data. NcoI and Esp3I cut 
sites are shown in the upper most nucleotide sequence in 
boxes. The two codon coding sequences encode the amino 
acids that determine base recognition in each of the four TAL 
cassettes are shown in boxes. Also, bases recognized by each 
TAL cassette are shown above the codons coding sequences. 
FIG. 12B discloses SEQ ID NOS 141, 143, 145, 147, 142, 
144, 146, 148, 141, 149, 145, 147, 142, 150, 146, 148, 141, 
151,145, 147, 142, 152, 146, 148, 141, 153, 145, 147, 142, 
154, 146 and 148, respectively, in order of appearance. 
0070 FIG. 13 shows an example of a reporter assay suit 
able to demonstrate TAL function in E. coli. FIG. 13A shows 
a genetic inverter system that was created to test whether a 
TAL effector binds DNA in E. coli, in which the induction of 
AvrBs3 constructs by addition of arabinose is predicted to 
inhibit GFP expression (Des. GFP, destabilized GFP. Alt. 
TAL-trun, alternate truncations). FIG. 13B indicates that 
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three AvrBs3 C-terminal truncation constructs expressed as 
fusions to thioredoxin show proper molecular weight in an 
SDS-PAGE analysis. 
0071 FIG. 13C indicates that reporter strain expressing 
AvrBs3 constructs show significantly decreased fluorescence 
relative to control strains. (pTrc-UPA, promoter with an 
UPA20 target sequence). 
0072 FIG. 14 illustrates an example of TAL responsive 
ness in algae. ATAL genetic circuit for microalgae was con 
structed by placing a 3xTAL binding site in front of a minimal 
promoter driving expression of a luciferase reporter gene. A 
TAL effector was fused in frame to the N-terminus of hygro 
mycin resistance gene. The genetic circuit with a Hsp70A 
Rubisco promoter was used as a positive control and a circuit 
without TAL effector was used as a negative control. The 
constructs were transformed into algae, followed by Hygro 
mycin B selection. The selected colonies were assayed for 
Luciferase expression (A) and TAL expression by Western 
blot analysis (B). 
0073 FIG. 15A shows FACS analyses of cells stably 
transfected with green fluorescent protein (GFP) reporter 
constructs. Two cell lines with stably integrated single copies 
of TAL response cassettes, wherein GFP reporter expression 
is either driven by an adenovirus E1b minimal promoter or a 
CMV promoter. The indicated plasmids were co-transfected 
with a red fluorescent protein (RFP) expression plasmid as 
transfection control into the TAL responsive cell lines. RFP 
positive cells were gated and analyzed by flow cytometry. 
Reporter gene expression was activated by TAL effectors and 
TAL-VP16 fusions but not by empty vector or an irrelevant 
activator (GAL-VP16) (left). Conversely, GFP protein 
expression was repressed by a TAL-KRAB repressor but not 
by vector control and an irrelevant Tet repressor (TetR) in the 
CMV-GFP reporter cell line (right). 
0074 FIG. 15B illustrates how synthetic TAL effectors 
activate reporter gene expression. The repeat domain of wild 
type TAL effector AvrBS3 was replaced with repeats 
designed to target the 13 base pairs of GAL4 DNA binding 
sequence. A Ga14 responsive reporter construct, which has 6 
copies of GAL4 DNA binding sequences upstream and an 
adenovirus E1b minimal promoter, was used to demonstrate 
predicted binding of an engineered TAL effector to its co 
responding DNA binding sequence and Subsequent activation 
of gene expression. FIG. 15B discloses SEQID NO: 155. 
0075 FIG. 15C shows an example of TAL-mediated acti 
Vation in a dual luciferase assay. The endogenous NLS and 
activation domain of TAL effectors were replaced with NLS 
and VP16 or VP64 activation domains to create fusion acti 
vators TAL-VP16 and TAL-VP64. The reporter construct 
expresses luciferase from a CMV mini promoter harboring 
three copies of corresponding TAL DNA binding sequences. 
293FT cells were co-transfected with indicated plasmids 
along with a Renilla luciferase expression plasmid. A dual 
luciferase assay was performed 48 h post-transfection. 
0076 FIG. 16 shows TAL-mediated repression in a 
reporter assay. In FIG. 16A a reporter construct harboring a 
Tet-responsive binding site was used as negative control to 
demonstrate TAL specificity. The TAL repressor was con 
structed by replacing the C-terminal activation domain of 
AvrBs3 with a KRAB domain. The reporter constructs 
express GFP or Lacz from a full-length CMV promoter har 
boring TAL DNA binding sequence or TET binding sequence 
as a control. Cell cultures co-transfected with the indicated 
combinations of plasmids were analyzed in a microscope for 
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GFP expression (left). The repression activity of TAL-KRAB 
was demonstrated to be target-site specific. Furthermore 
B-galactosidase reporteractivity was measured 72 hours post 
transfection. The figure is graphed as the percentage of the 
signal to the pcDNA3 control transfection. Co-expression of 
AvrB3-Krab was more efficient in the presence of two copies 
of TAL DNA binding sites and comparable with Tet-mediated 
repression. 
(0077 FIG.16B shows an example for the establishment of 
TAL responsive stable cell lines. A single copy of the TAL 
responsive reporter cassette was integrated into the genome 
of FLP-INTM-293 cells. The GFP reporter is driven from a 
full-length CMV promoter harboring a TAL DNA binding 
sequence. Cell of parental stable FLP-In cells and cells with 
CMV-GFP cassette were analyzed by flow cytometry. 
0078 FIG. 16C shows down regulation of chromosomal 
genes by engineered TALs. A TAL-KRAB repressor was 
co-transfected with a RFP expression plasmid as a transfec 
tion control into FLP-JN stable cell line harboring a CMV 
1xTAL-GFP reporter cassette. pcDNA3 empty vector and Tet 
repressor were used as negative control. siRNA targeting GFP 
and control siRNA were co-transfected with RFP expression 
plasmid. Cell population gated by RFP positive cells was 
analyzed by flow cytometry 72 hours post transfection. 
007.9 FIGS. 17A and 17B show a TAL effector GFP 
genomic cleavage assay designed to quantitatively assess the 
ability of a custom TAL nuclease pair to cleave a specific 
genomic DNA target. Spacers of different lengths were 
inserted into a GFP reporter gene to shift the open reading 
frame Such that a non-functional protein is expressed. 
Reporter constructs were stably integrated in 293FT cells. 
The cells were transfected with TAL ArtX1-FokkK and 
ArtX2-FokEL nuclease pairs with TAL repeats directed to 
specific target sites flanking the spacers in the GFP open 
reading frame. Following nuclease cleavage within the spacer 
region, the DNA break is repaired by endogenous non-ho 
mologous end joining pathway leading to partial restoration 
of GFP expression and a respective shift in green cells. 
0080 FIG. 18A shows a TAL effector mammalian tran 
sient activation assay designed to assess the ability of a cus 
tom TAL activator to bind and stimulate transcription at a 
target site tissue culture cells. PGLOW-TOPOR) is a promot 
erless GFP vector that expresses very low or undetectable 
levels of GFP when introduced into tissue culture cells. A 
specific TAL binding site is fused in front of a minimal pro 
moter (e.g., by PCR), and the resulting product is then topoi 
somerase cloned into the GFP vector. Co-transfection of this 
plasmid and the custom TAL activator leads to expression of 
GFP, which can be detected by various methods such as 
fluorescence microscopy or flow cytometry. 
I0081 FIG. 18B shows a transient cleavage and repair 
assay designed to assess the ability of a custom TAL nuclease 
pair to bind and cleave a plasmid bearing a specific target site 
in tissue culture cells. Plasmid A is a cleavage target that fuses 
Lac Z, two custom TAL nuclease binding sites separated by a 
spacer of approximately 16 bp, and a GFP fragment contain 
ing a 5' truncation Sufficient to render the expressed protein 
non-functional. Plasmids C and D express custom TAL 
nucleases 1 and 2 that bind to DNA sequences 1 and 2 on 
Plasmid A. The nuclease domains of each TAL nuclease then 
dimerize and generate a double strand DNA break on Plasmid 
A. Plasmid B consists of the 3' end of Lacz fused in frame to 
GFP. Plasmid B does not contain a promoter and therefore 
does not express GFP. Generation of a double strand break 
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between sequences 1 and 2 on Plasmid A Stimulates recom 
bination between homologous sequences on Plasmids A and 
B and leads to the expression of a functional Lacz-GFP 
fusion protein which can be detected by various methods such 
as fluorescence microscopy or flow cytometry. 
0082 FIG. 19 shows an exemplary assay that can be used 

to demonstrate TAL nuclease-mediated DNA cleavage. TAL 
nucleases were synthesized using a rabbit reticulocyte in vitro 
transcription/translation system. The DNA target sites with 
different length spacers were cloned into pCRT7/CT vector 
by over-lapping PCR fragment. The pairs of nucleases 
expressed from in vitro transcription/translation system were 
incubated with the target plasmids or PCR amplicons span 
ning the target site. The digest products were resolved on an 
agarose gel to demonstrate Successful cleavage. FIG. 19 dis 
closes SEQID NOS 156-159, respectively, in order of appear 
aCC. 

0083 FIG. 20 shows an example of sequence mapping of 
TAL effector nuclease mediated genomic lesions. This 
approach takes advantage of mismatch-detecting enzymes 
(MME) such as that from Perkins us marinas, Cell, Res 1 or 
similar to identify modifications in the genome. A) Starting 
with treated and untreated cell populations, the genomic 
DNA is purified (B) and cleaved with a cocktail of restriction 
enzymes that result in an average fragment size of 100 base 
pairs (C). This can also be achieved using mechanical and 
enzymatic shearing techniques. D) Those populations are 
mixed, melted and allowed to cross-hybridize resulting in a 
mismatch at the point of the lesion where the strand from the 
treated cell anneals with that from the untreated cell. E) The 
fragments are then adapted using modified Ion PGM P1* 
adapter containing a very rare restriction site at its 5' end. This 
restriction site would ideally be a rare-cutting type IIS restric 
tion enzyme to be compatible with ION TORRENTTM sequencing 
primer design. F) After cleanup, the mismatch (indicating the 
lesion to be identified) is cleaved by treatment with an MME. 
G) The population containing new non-adapted ends is then 
ligated with Aadapter which does not contain the rare site in 
P1*. H) The entire population is then treated with the rare 
cutting enzyme to release the A adapter ligated the modified 
P1* adapter. This leaves a population of fragments 
appended with the P1’ adapter on each end (non-lesion) and 
fragments with the P1’ adapter on one end and Aligated to 
the lesion site. This population would then be subjected to 
PGM sequencing using P1* to anchor the fragments to the 
beads and A to identify the genomic lesion sites. 
0084 FIG. 21 shows one embodiment of a single-site, 
TAL effector fusion mediated homologous recombination 
process. The upper, long, thin horizontal line represents cel 
lular nucleic acid (e.g., a region of a cellular chromosome). 
The line below containing the white box and the white rect 
angle represent nucleic acid which is to be integrated into the 
cellular nucleic acid. The white oval represents a cellular 
promoter, the white square represents an open reading frame 
which is to be integrated into the cellular nucleic acid. The 
black rectangle represents a cellular open reading from which 
is normally operable connected to the promoter. “TAL' rep 
resents a TAL effector nuclease cleavage site. “PS represents 
primer binding sites. 
0085 FIG. 22 shows different vectors suitable for co-ex 
pression of TAL effector pairs wherein TAL effector open 
reading frames (ORF) are under control of the same promoter 
and either separated by an IRES (FIG.22A), a T2A cleavage 
site (FIG.22B), a translational coupler sequence (FIG.22C) 
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or an intein (FIG. 22D), or wherein TAL effector ORFs are 
expressed from different expression cassettes on the same 
vector (FIG. 22E). 
0086 FIG. 23A shows a schematic of the use of TAL 
effector fusions for the assembly of a protein complex. In this 
figure, DNA with a series of TAL effector binding site (la 
beled “TAL) is connected to a solid support (labeled “Sup 
port') via a linker segment (labeled “Linker'). The DNA 
segment contains spacers (labeled “Spacers') between each 
TAL effector binding site. TAL effector fusions are shown 
interacting with the DNA. In addition to a TAL effector, these 
fusions contain an amino acid segment which connects the 
TAL effector to a fusion partner (labeled “Connector). The 
DNA and the TAL effector fusions are designed in such a 
manner that, upon binding of the fusion to the DNA, the 
fusion partners form a protein complex. 
I0087 FIG. 23B illustrates two possible pathways for pro 
ducing 2,3-butanediol using enzymes from E. coli and B. 
subtilis. E. coli gene products: ilvl, acetolactate synthase 
large subunit, ilvH. acetolactate synthase isozyme III Small 
Subunit, pdh, pyruvate dehydrogenase; B. subtilis gene prod 
ucts: alsD, acetolactate decarboxylase; yd L. acetoin reduc 
tase/2,3-butanediol dehydrogenase; acoABCL operon, 
encodes the E1C, E13, E2, and E3 subunits of the acetoin 
dehydrogenase complex. 
I0088 FIG. 23C shows an exemplary design of TAL DNA 
scaffold-assisted assembly of 2,3-butanediol pathways in 
microalgae. The genes encoding the different enzymatic 
activities required for 2,3-butanediol production are fused to 
different TAL effector sequences with specific binding sites 
(BS) on the DNATAL scaffold. A flexible linker is inserted 
between the TAL effector and the enzymatic domain to allow 
for independent folding and accessibility of the fused enzy 
matic domains. 

I0089 FIG. 24 shows an in vitro TAL nuclease cleavage 
assay and methods for preparing components used in the 
same. The left side of the figure diagrammatically shows the 
preparation of expressions vectors encoding TAL effector 
nuclease fusions. The expressions vectors labeled “TAL 
Fwd' and “TAL-Rev’ encode two domains of a FokI restric 
tion endonuclease connected to TAL effectors which bind 
nucleic acid in a manner So as to bring the domains into the 
correct proximity for nuclease activity. These TAL effector 
nuclease fusion expression vectors are then transcribed and 
translated in vitro to produce two FokI-TAL effector fusions. 
The right side of the figure shows a puC19 vector, primers 
and associated PCR reaction designed to generate amplifica 
tion products which, upon hybridization, form a linear 
nucleic acid molecule with TAL effector fusion binding sites. 
These binding sites are positioned to bring TAL effector 
nuclease fusions together in a manner which results in cleav 
age of the nucleic acid between the TAL binding sites. The 
bottom center of the figure shows a gel of cleavage reaction 
mixtures. 

(0090 FIG. 25A and FIG. 25B show an amino acid align 
ment between two coding region-derived protein sequences 
and consensus sequence regions at identical or strongly simi 
lar positions thereof; the proteins are RBRH 01844 of 
Burkholderia rhizoxinica HKI 454 (GenBank Accession No. 
YP 004022479) (SEQID NO: 48) and RBRH 01776 of the 
same species (GenBank Accession No. YP 004030669) 
(SEQ ID NO: 49). For the protein sequences, identical and 
strongly similar amino acids are shown as white text against 
a black background while weakly similar amino acids are 
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shown as black text against a white background. The boxed 
consensus sequence regions at the amine and carboxyl ter 
mini of the full length amino acid sequences are regions that 
flank the TAL repeat region. The underlined regions in the 
consensus sequence near the amine and carboxyl termini may 
represent TAL repeats or TAL repeat-like sequences. TAL 
repeat-like sequences such as these could assist in the forma 
tion of the corrected structure or nucleic acid binding activity 
of terminal TAL repeats or the TAL repeat region generally. 
0091 FIG. 26 shows the coding region-derived amino acid 
sequence of protein RBRH 01776 of Burkholderia rhizox 
inica (SEQ ID NO:47: GenBank Accession No. 
YP 004030669). The white text on a black background at 
the amine and carboxyl termini of the full length amino acid 
sequence depicts regions that flank the TAL repeat region. 
The underlined regions near the amine and carboxyl termini 
may represent TAL repeats or TAL repeat-like sequences. 
The individual TAL repeats are shown in alternating bold, 
italic text and plain text. The amino acid pairs shown in boxes 
are repeat variable diresidue (RVD) sequences within TAL 
repeats. 
0092 FIG. 27 shows an amino acid alignment of TAL 
repeat structures of the two Burkholderia proteins; those 
repeat structures designated Burkholderia 1-18 are from pro 
tein RBRH O1776 of Burkholderia rhizoxinica HKI 454 
(GenBank Accession No. YP 004030669) (SEQ ID NOS 
160-177, respectively, in order of appearance) and those 
repeat structures designated Burkholderia A-T are from pro 
tein RBRH 01844 of the same species (GenBank Accession 
No.YP 004022479) (SEQID NOS 178-197, respectively, in 
order of appearance). Identical or similar amino acids are 
shown as white letters on blackbackground and non-identical 
amino acids are shown as black letters on white background. 
The sequences are assigned sequence identification numbers 
in FIG. 26. The symbols U designate the repeat variable 
diresidue at amino acid positions 12 and 13. 
0093 FIG. 28 shows an amino acid alignment of TAL 
repeat structures from a protein of an unidentified marine 
organism (referred to as Marine Organism A, GenBank 
Accession No. EBN19409) (SEQID NOS 198-206, respec 
tively, in order of appearance). Identical or similar amino 
acids are shown as white letters on black background and 
non-identical amino acids are shown as black letters on white 
background. The sequences are assigned sequence identifi 
cation numbers in FIG. 27. The symbols U designate the 
repeat variable diresidue at amino acid positions 12 and 13. 
0094 FIG. 29 shows an amino acid alignment of TAL 
repeat structures from a protein of an unidentified marine 
organism (referred to as Marine Organism B. GenBank 
Accession No. ECG96325) (SEQID NOS207-212, respec 
tively, in order of appearance). Identical or similar amino 
acids are shown as white letters on black background and 
non-identical amino acids are shown as black letters on white 
background. The sequences are assigned sequence identifi 
cation numbers in FIG. 28. The symbols U designate the 
repeat variable diresidue at amino acid positions 12 and 13. 
0095 FIG. 30 shows an amino acid alignment of TAL 
nucleic acid binding cassettes from seven different proteins. 
Two repeats are from the AvrXa77 protein of Xanthomonas 
oryzae (GenBank Accession No. AAY 54168.1) (SEQ ID 
NOS 213-214, respectively, in order of appearance), two 
repeats are from the Hax3 protein of Xanthomonas campes 
tris (GenBank Accession No. AAY43359.1) (SEQ ID NOS 
221-222, respectively, in order of appearance), three repeats 
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are from the PSI07 protein of Ralstonia solanacearum (Ac 
cession No. YP 003750492.1) (SEQ ID NOS 223-225, 
respectively, in order of appearance), two repeats are from the 
Talsa protein of Xanthomonas Oryzae (Accession No. 
AEQ96609.1) (SEQ ID NOS 226-227, respectively, in order 
of appearance), three repeats are from the Tall la protein of 
Xanthomonas oryzae (GenBank Accession No. AEQ98467.1 
(SEQID NOS 228-230, respectively, in order of appearance), 
six repeats are from an unidentified blood-borne pathogen 
protein (BBP) (GenBank Accession No. CCA82456) (SEQ 
ID NOS 215-220, respectively, in order of appearance), and 
six repeats from Marine Organism B from FIG. 28 (SEQ ID 
NOS207-212, respectively, in order of appearance). Identical 
and similar amino acids are shown as white letters on black 
background and non-identical amino acids are shown as black 
letters on white background. The symbols JJ, designate the 
repeat variable diresidue at amino acid positions 12 and 13. 
(0096 FIG.31A and FIG.31B show an amino acid align 
ment between the AvrXalO protein of Xanthomonas Oryzae 
(GenBank Accession No. AAA92974) (SEQ ID NO: 231) 
and a coding region-derived amino acid sequence of protein 
RBRH 01776 of Burkholderia rhizoxinica (GenBank 
Accession No.YP 004030669) (SEQID NO: 47). Identical 
and strongly similar amino acids are shown as white text 
against a black background. Weakly similar amino acids are 
shown as black text against a white background. Three 
roughly 26 amino acid sequences are also enclosed in open 
boxes in FIG. 31A. These boxes are included to show exem 
plary amino acid sequences which are fairly highly conserved 
between the two proteins represented therein. 
(0097 FIG. 32A and FIG.32B show an exemplary kit and 
method for type IIS-mediated assembly of a TAL effector 
nuclease based on a dimer library of TAL cassette building 
blocks. FIG. 32A illustrates how a dimer library can be 
arranged to allow for co-assembly of 4 building blocks each 
into two capture vectors using a minimum set of building 
blocks. FIG. 32B shows how a universal TAL assembly kit 
relying on a collection of dimer building blocks may be 
arranged. 
(0098 FIG. 33 shows the activation and repression of the 
endogenous SOX2 gene in HeLa cells using TAL activator and 
TAL repressor proteins. FIG.33A shows the promoter region 
of the endogenous SOX2 gene with transcription factor- and 
TAL-binding sites indicated. FIG. 33B shows the activation 
of Sox2 promoter via targeting of TAL FLVP64 activator 
fusion proteins to binding sites 4643 or/and 655. FIG. 33C 
shows the repression of the Sox2 promoter via targeting of 
TALKRAB repressor and TAL MCS fusion proteins to bind 
ing site 4643. HeLa cells were transfected the indicated TAL 
effectors expression plasmids and then the mRNA levels of 
SOX2 were evaluated by TaqMan assay 72 hours post trans 
fection and normalized to B-actin. 
0099 FIG. 34 shows expression systems based on the 
Tse2/Tsi2 toxinfantidote effect for the enrichment of TAL 
nuclease-modified cells. FIG. 34A shows an embodiment, 
wherein TAL nuclease expression vector(s) are co-delivered 
to a target host cell with a surrogate reporter containing a tse2 
gene fused to target binding site for the TAL nuclease and a 
tsi2 gene placed out of frame. Cells not expressing functional 
TAL nuclease pairs will be killed by Tse2 expression. How 
ever, in the presence of functional TAL nuclease double 
Strand breaks are introduced into the target cleavage site a 
portion of which will be repaired by NHEJ putting the tsi2 
gene into the correct reading frame. The Tsi2 antidote protein 
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will be released via T2A-mediated auto-cleavage and rescue 
cells from Tse2-associated toxicity. FIG. 34B shows an 
embodiment where a vector set for coexpression of two TALE 
FokI nuclease cleavage half domains each of which is con 
nected in a separate vector to either Tse2 or Tsi2 via a T2A 
self cleavage site is delivered into a target host cell. As 
nuclease-mediated modification of cells depends on the coex 
pression of both TAL nuclease cleavage half domains and the 
survival of cells depends on expression of Tsi2, only cells 
with balanced Tse2 and Tsi2 expression levels will survive 
and grow. 
0100 FIG. 35 shows the amino acid sequence of a TAL 
polymerase fusion protein (SEQID NO. 232), referred to as 
TAL-Bst 1.0. The first boxed sequence shows a V5 epitope 
(amino acids 1 through 15, bold italicized sequence) and a 
nuclear localization signal (NLS) (amino acids 16 through 
29). A 136 amino acid N-terminal region of a TAL effector 
(Hax3) is shown as amino acids 30 through 165. The first 
complete and last partial TAL repeats are shown in double 
lined boxes (amino acids 166 through 748). A 135 amino acid 
N-terminal region of a TAL effector (also Hax3) is shown as 
amino acids 749 through 883. A linker sequence (GGGVTM) 
(SEQ ID NO: 89) is shown as amino acids 884 through 889. 
A portion of a DNA polymerase I from Bacillus Stearother 
mophilus (Bst1.0) is shown as amino acids 890 to 1469. The 
DNA polymerase contains both an exonuclease activity as 
well as a 5'-3' DNA polymerase activity (amino acid 
sequences not delineated). 
01.01 FIG. 36 shows an example of how a TAL effector 
sequence may be designed to allow for full-length sequencing 
of a repetitive TAL effector region. FIG. 36A shows an exem 
plary TAL effector sequence with 24 cassettes where 
sequencing is performed with a set of forward and reverse 
primers binding 5' and 3' of the TAL repeat coding region 
(e.g., within the TAL N- and C-terminus, respectively) and at 
least one additional primer specifically binding to a cassette 
within the center or near the center of the series of assembled 
TAL effector cassettes. The at least one additional primer can 
be designed to bind in the 5' portion of the TAL effector 
sequence reading forward or can be designed to bind in the 3' 
portion of the TAL effector sequence reading backward (re 
verse primer). For larger TAL effector sequences two addi 
tional primers reading forward and backward may be used. 
FIG. 36B shows how a cassette allocated to a specific position 
within the series of assembled cassettes (in this example 
position 16) may be designed to allow specific binding of an 
additional primer. Based on the repetitive structure all cas 
settes may contain at least one homologous region (indicated 
by a vertical bar in each cassette) with an identical nucleotide 
composition. Such homologous region should have a size 
sufficient to allow for specific primer binding. For example 
the homologous region may contain at least 10, 11, 12, 13, 14. 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or 
more than 30 nucleotides. At least one cassette of each bind 
ing category (A-, G-, C, T-binder) allocated to a defined 
position (here position 16 within the 24 cassettes) is designed 
Such that the nucleotide composition within the homologous 
region differs from the same region within all other cassettes 
in all other positions. The nucleotide composition within the 
homologous region may differ by at least 3 or 4 nucleotides 
(indicated by Vertical lines in the hatched homologous region 
of cassette No. 16) from the nucleotide composition of the 
same region in all other cassettes to allow stable binding of a 
sequencing primer to the target sequence within the selected 
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cassette. The skilled person will understand that the number 
of differing nucleotides depends on the length of the homolo 
gous region available for primer binding and the length and 
melting temperature of the sequencing primer. The differing 
nucleotides are preferably located at the 3'-end of the primer 
to prevent unspecific binding. To generate cassettes with 
unique nucleotide composition, silent mutations may be 
introduced without changing the encoded amino acid 
sequence. As described elsewhere herein Such modifications 
may for example be introduced based on the degeneracy of 
the genetic code using alternative codons. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

0102. As used herein “TAL nucleic acid binding cassette' 
(also referred to as a “TAL cassette') refers to nucleic acid 
that encodes a polypeptide which allows for a protein that the 
polypeptide is present in to bind a single base pair (e.g., A, T, 
C, or G) of a nucleic acid molecule. In most instances, pro 
teins will contain more than one polypeptide encoded by a 
TAL nucleic acid binding cassettes. The individual amino 
acid sequences of the encoded multimers are referred to as 
“TAL repeats'. In many instances, TAL repeats will be 
between twenty-eight and forty amino acids in length and (for 
the amino acids present) will share at least 60% (e.g., at least 
about 65%, at least about 70%, at least about 75%, at least 
about 80%, from about 60% to about 95%, from about 65% to 
about 95%, from about 70% to about 95%, from about 75% to 
about 95%, from about 80% to about 95%, from about 85% to 
about 95%, from about 60% to about 90%, from about 60% to 
about 85%, from about 65% to about 90%, from about 70% to 
about 90%, from about 75% to about 90%, etc.) identity with 
the following thirty-four amino acid sequence: 

(SEO ID NO: 7) 
LTPDQVVAIA SXXGGKQALETVQRLLPVLC QAHG 

0103) As explained in addition detail elsewhere herein, the 
two Xs at positions twelve and thirteen in the above sequence 
represent amino acid which also TAL nucleic acid binding 
cassettes to recognize a specific base in an nucleic acid mol 
ecule. 
0104. In many instances, the final TAL repeat present at 
the carboxyl terminus of a series of repeats series will often be 
a partial TAL repeat in that the carboxyl terminal end may be 
missing (e.g., roughly the amino terminal 15 to 20 amino 
acids of this final TAL repeat). 
0105 Nucleotide and amino acid sequence may be com 
pared to each other by a number of means. For example a 
number of publicly available computer programs may be used 
to compare Sequences. 
0106. In sequence comparisons, typically one sequence 
acts as a reference sequence, to which test sequences are 
compared. When using a sequence comparison algorithm, 
test and reference sequences are entered into a computer, 
Subsequence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. 
Default program parameters can be used, as described below 
for the BLASTN (nucleic acids) and BLASTP (proteins) 
programs, or alternative parameters can be designated. The 
sequence comparison algorithm then calculates the percent 
sequence identities for the test sequences relative to the ref 
erence sequence, based on the program parameters. Align 
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ment of sequences for comparison can also be conducted, 
e.g., by the local homology algorithm of Smith & Waterman, 
Adv. Appl. Math. 2:482 (1981), by the homology alignment 
algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 
(1970), by the search for similarity method of Pearson & 
Lipman, Proc. Natl. Acad. Sci. USA 85:2444 (1988), by 
computerized implementations of these algorithms (GAP, 
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics 
Software Package, Genetics Computer Group, 575 Science 
Drive, Madison, Wis., USA). 
0107. One algorithm suitable for determining percent 
sequence identity and sequence similarity are the BLAST and 
BLAST 2.0 algorithms, which are described in Altschulet al., 
Nucl. Acids Res. 25:3389-3402 (1977) and Altschulet al., J. 
Mol. Biol. 215:403-410 (1990), respectively. Software for 
performing BLAST analyses is publicly available through the 
National Center for Biotechnology Information (see http:// 
blast.ncbi.nlm.nih.gov/Blast.cgi). In some instances, amino 
acid sequence comparisons as performed using the algorithm 
designated blastp (protein-protein BLAST) with the default 
Settings. 
0108. As used herein “TAL effector” refers to proteins 
composed of more than one TAL repeat and is capable of 
binding to nucleic acid in a sequence specific manner. In 
many instances, TAL effectors will contain at least six (e.g., at 
least 8, at least 10, at least 12, at least 15, at least 17, from 
about 6 to about 25, from about 6 to about 35, from about 8 to 
about 25, from about 10 to about 25, from about 12 to about 
25, from about 8 to about 22, from about 10 to about 22, from 
about 12 to about 22, from about 6 to about 20, from about 8 
to about 20, from about 10 to about 22, from about 12 to about 
20, from about 6 to about 18, from about 10 to about 18, from 
about 12 to about 18, etc.) TAL repeats. In some instances, a 
TAL effector may contain 18 or 24 or 17.5 or 23.5 TAL 
nucleic acid binding cassettes. In additional instances, a TAL 
effector may contain 15.5, 16.5, 18.5, 19.5, 20.5, 21.5, 22.5 or 
24.5 TAL nucleic acid binding cassettes. TAL effectors will 
generally have at least one polypeptide region which flanks 
the region containing the TAL repeats. In many instances, 
flanking regions will be present at both the amino and car 
boxyl termini of the TAL repeats. 
0109. As used herein “TAL effector fusion refers to a 
TAL effector connected to another polypeptide or protein to 
which it is not naturally associated with in nature. In many 
instances, the non-TAL component of the TAL effector fusion 
will confer a functional activity (e.g., an enzymatic activity) 
upon the fusion protein. The one or more connected polypep 
tides or proteins may have functions equal to or different from 
the TAL effector. For example, a TAL effector fusion may 
also have binding activity or may have an activity that directly 
or indirectly triggers nucleic acid modification, Such as, e.g., 
an enzymatic activity. 
0110. In one aspect, the function of a TAL effector may be 
embodied by the binding activity perse. Specific binding of a 
TAL effector to a target sequence may, e.g., block the 
sequence or repress downstream events or may allow for 
detection of a sequence or recruit other molecules. In many 
instances TAL effectors also include proteins wherein the 
TAL repeat is operatively linked with at least one other activ 
ity. TAL effectors engineered to bind specific DNA targets 
can be designed according to rational criteria applying known 
TAL code rules, computerized algorithms for processing 
information in a database storing information of existing 
RVD designs and binding data. Functional TAL effectors can 
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further be selected from rationally designed libraries in 
directed evolution approaches described elsewhere herein. 
0111 TAL effectors may be fused to DNA modifying 
enzymes capable of modifying the genetic material of a cell 
by, for example, cleavage, covalent interaction, water-medi 
ated interaction or the like. The TAL fusion partner may be 
any DNA interacting or modifying protein Such as, for 
example, an activator or a repressor, a nuclease, a topoi 
Somerase, a gyrase, a ligase, a glycosylase, an acetylase, a 
deacetylase, an integrase, a transposase, a methylase, a dem 
ethylase, a methyl-transferase, a homing endonuclease, a 
kinase, a recombinase, a ligase, a phosphatase, a Sulphurilase 
oran inhibitor of the one or more activities of one or more of 
Such TAL fusion partners. 
0112. As used herein a TAL binding site or target binding 
site refers to any order of bases in a given nucleic acid 
sequence that can be recognized and bound by a TAL effector. 
Such binding site can be provided either in the context of 
double-stranded DNA or alternatively in the context of a 
DNA-RNA hybrid, wherein the DNA strand determines bind 
ing specificity. If the binding site is provided in the context of 
double-stranded DNA it can be methylated or unmethylated. 
0113. As used herein the term “nucleic acid molecule' 
refers to a covalently linked sequence of nucleotides or bases 
(e.g., ribonucleotides for RNA and deoxyribonucleotides for 
DNA but also include DNA/RNA hybrids where the DNA is 
in separate Strands or in the same Strands) in which the 3' 
position of the pentose of one nucleotide is joined by a phos 
phodiester linkage to the 5' position of the pentose of the next 
nucleotide. Nucleic acid molecule may be single- or double 
stranded or partially double-stranded. Nucleic acid molecule 
may appear in linear or circularized form in a Supercoiled or 
relaxed formation with blunt or Sticky ends and may contain 
“nicks'. Nucleic acid molecule may be composed of com 
pletely complementary single strands or of partially comple 
mentary single strands forming at least one mismatch of 
bases. Nucleic acid molecule may further comprise two self 
complementary sequences that may form a double-stranded 
stem region, optionally separated at one end by a loop 
sequence. The two regions of nucleic acid molecule which 
comprise the double-stranded stem region are substantially 
complementary to each other, resulting in self-hybridization. 
However, the stem can include one or more mismatches, 
insertions or deletions. Nucleic acid molecules may comprise 
chemically, enzymatically, or metabolically modified forms 
of nucleic acid molecules or combinations thereof. Chemi 
cally synthesized nucleic acid molecules may refer to nucleic 
acids typically less than or equal to 150 nucleotides long (e.g., 
between 5 and 150, between 10 and 100, between 15 and 50 
nucleotides in length) whereas enzymatically synthesized 
nucleic acid molecules may encompass Smaller as well as 
larger nucleic acid molecules as described elsewhere in the 
application. Enzymatic synthesis of nucleic acid molecules 
may include stepwise processes using enzymes such as poly 
merases, ligases, exonucleases, endonucleases or the like or a 
combination thereof. Thus, the invention provides, in part, 
compositions and combined methods relating to the enzy 
matic assembly of chemically synthesized nucleic acid mol 
ecules. 

0114. Nucleic acid molecule also refers to short nucleic 
acid molecules, often referred to as, for example, primers or 
probes. Primers are often referred to as single stranded starter 
nucleic acid molecules for enzymatic assembly reactions 
whereas probes may be typically used to detect at least par 
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tially complementary nucleic acid molecules. A nucleic acid 
molecule has a '5'-terminus’ and a '3'-terminus’ because 
nucleic acid molecule phosphodiester linkages occur 
between the 5' carbon and 3' carbon of the pentose ring of the 
Substituent mononucleotides. The end of a nucleic acid mol 
ecule at which a new linkage would be to a 5' carbon is its 5' 
terminal nucleotide. The end of a nucleic acid molecule at 
which a new linkage would be to a 3' carbon is its 3' terminal 
nucleotide. A terminal nucleotide or base, as used herein, is 
the nucleotide at the end position of the 3'- or 5'-terminus. A 
nucleic acid molecule sequence, even if internal to a larger 
nucleic acid molecule (e.g., a sequence region within a 
nucleic acid molecule), also can be said to have 5'- and 
3'-ends. 

0115 A“wild-type sequence' as used herein refers to any 
given sequence (e.g., an isolated sequence) that can be used as 
template for Subsequent reactions or modifications. As under 
stood by the skilled artisan, a wild-type sequence may include 
a nucleic acid sequence (such as DNA or RNA or combina 
tions thereof) or an amino acid sequence or may be composed 
of different chemical entities. In some embodiments, the 
wild-type sequence may refer to an in silico sequence which 
may be the sequence information as Such or sequence data 
that can be stored in a computer readable medium in a format 
that is readable and/or editable by a mechanical device. A 
wild-type sequence (reflecting a given order of nucleotide or 
amino acid symbols) can be entered, e.g., into a customer 
portal via a web interface. In most instances, the sequence 
initially provided by a customer would be regarded as wild 
type sequence in view of downstream processes based 
thereon irrespective of whether the sequence itself is a natu 
ral or modified sequence, i.e., it was modified with regard to 
another wild-type sequence or is completely artificial. 
0116. In some instances wild-type sequence may also 
refer to a physical molecule Such as a nucleic acid molecule 
(such as RNA or DNA or combinations thereof) or a protein, 
polypeptide or peptide composed of amino acids. Methods to 
obtain a wild-type sequence by chemical, enzymatic or other 
means are known in the art. In one embodiment, a physical 
nucleic acid wild-type sequence may be obtained by PCR 
amplification of a corresponding template region or may be 
synthesized de novo based on assembly of synthetic oligo 
nucleotides. A wild-type sequence as used herein can encom 
pass naturally occurring as well as artificial (e.g., chemically 
or enzymatically modified) parts or building blocks. A wild 
type sequence can be composed of two or multiple sequence 
parts. A wild-type sequence can be, e.g., a coding region, an 
open reading frame, an expression cassette, an effector 
domain, a repeat domain, a promoter/enhancer or terminator 
region, an untranslated region (UTR) but may also be a 
defined sequence motif, e.g., a binding, recognition or cleav 
age site within a given sequence. A wild-type sequence can be 
both, DNA or RNA of any length and can be linear, circular or 
branched and can be either single-stranded or double 
Stranded. 

0117 “Optimization' of a sequence as used herein shall 
include all aspects of sequence modification of a given wild 
type sequence to improve or prepare the sequence for a spe 
cific purpose or application. Optimization can be performed 
in silico, e.g., by computer-implemented methods using spe 
cific algorithms or Software. A given wild-type sequence may 
be completely optimized (e.g., over its entire length). Alter 
natively, only parts or domains of the sequence may be Sub 
ject to an optimization process. In some instances optimiza 
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tion includes modification of a physical molecule e.g., by 
replacing, inserting or deleting one or more elements in the 
sequence. By way of example a protein sequence or function 
can be optimized by modification of the underlying nucleic 
acid sequence. This can be achieved by molecular methods 
known in the art Such as mutation, shuffling or recombination 
approaches or by de novo synthesis of modified sequence 
parts. 
0118 Optimization of a wild-type sequence may include 
silent codon changes to replace non- or less preferred codons 
by more preferred codons without modifying the encoded 
amino acid sequence. Codon-optimization may for example 
impact expression yields, Solubility, protein activity, protein 
folding or other functions of an expression product. Optimi 
Zation of the codon bias of a wild-type sequence is often 
employed to allow for optimal expression of a given gene in 
a homologous or heterologous host. For example, a gene 
originally derived from plant, virus, bacteria, yeast etc. may 
be adapted to the preferred codon usage of mammalian cells 
to achieve optimal expression yields in a mammalian hostand 
Vice versa. Apart from codon usage certain sequence motifs 
such as splice sites, cis-active inhibitory RNA motifs (often 
referred to as CRS or INS), internal poly-adenylation signal 
sequences such as, e.g., AUUUA, or silencing motifs may 
have to be eliminated to allow for heterologous expression. 
Furthermore, specific motifs triggering expression can be 
fused to (e.g., 5' or 3'-UTR regions) or inserted (such as, e.g., 
modification of the intragenic CpG dinucleotide content) in a 
sequence to modulate expression or activity of an expression 
product in a specific host. 
0119. In genetic engineering selectable markers are 
widely used as reporter systems to evaluate the Success of 
cloning strategies or cell transduction efficiency. Various 
selection marker genes are known in the art often encoding 
antibiotic resistance function for selection in prokaryotic (e.g. 
against amplicillin, kanamycin, tetracycline, chlorampheny 
col, Zeocin, spectinomycin/streptomycin) or eukaryotic cells 
(e.g. geneticin, neomycin, hygromycin, puromycin, blastici 
din, Zeocin) under selective pressure. Other marker systems 
allow for screening and identification of wanted or unwanted 
cells such as the well-known blue/white screening system 
used in bacteria to select positive clones in the presence of 
X-gal or fluorescent reporters such as green or red fluorescent 
proteins expressed in Successfully transduced host cells. 
Another class of selection markers most of which are only 
functional in prokaryotic systems relates to counter selectable 
marker genes often also referred to as “death genes” which 
express toxic gene products that kill producer cells. Examples 
of Such genes include sacB, rpsL(stra), tetAR, pheS, thy A, 
gata-1, or ccdB, the function of which is described in Reyrat 
et al. Counterselectable Markers: Untapped Tools for Bacte 
rial Genetics and Pathogenesis. Infect Immun. 66(9): 4011 
4017 (1998). 
0.120. A “counter selectable' marker (also referred to 
herein a “negative selectable marker') or marker gene as used 
herein refers to any gene or functional variant thereof that 
allows for selection of wanted vectors, clones, cells or organ 
isms by eliminating unwanted elements. These markers are 
often toxic or otherwise inhibitory to replication under certain 
conditions which often involve exposure to a specific Sub 
strates or shift in growth conditions. Counter selectable 
marker genes are often incorporated into genetic modification 
schemes in order to select for rare recombination or cloning 
events that require the removal of the marker or to selectively 
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eliminate plasmids or cells from a given population. They 
have been used for the selection of transformed bacteria or to 
identify mutants in genetic engineering and are likewise 
appropriate for use in certain aspects of the invention. Such 
selectable marker genes help to significantly boost cloning 
efficiency by reducing the background in cloning experi 
ments represented by uncut or recircularized empty back 
ground vectors lacking an insert. Negative selection requires 
a loss of the marker function which may be achieved by 
different strategies. In a first embodiment the toxic function 
may, e.g., be destroyed by insertion of a DNA fragment or 
gene of interest into either the open reading frame (ORF) of 
the marker gene or into/prior to the regulatory region (e.g. 
promoter region) thereby interfering with marker gene 
expression (“insertion strategy'). Alternatively, a DNA frag 
ment or gene of interest may be inserted thereby completely 
replacing the marker gene (“replacement strategy'). Whereas 
most of the embodiments described elsewhere herein refer to 
the replacement strategy it is understood by the skilled person 
that vectors used in methods of the invention can be adapted 
to use the insertion strategy instead. In both cases cloning 
vectors which carry the DNA fragment or gene of interest 
within or instead of the selectable marker ORF will allow 
bacterial growth and selection of positive clones (i.e. carrying 
the desired insert) whereas cells obtaining the marker gene 
expression construct will die and automatically be sorted out. 
0121 One example of a negative selectable marker system 
widely used in bacterial cloning methods is the Ceda/CCdB 
Type II Toxin-antitoxin system. The system encodes two 
proteins: the 101 amino acid (11.7 kDa) CedB toxin which 
inhibits cell proliferation by forming a complex with the 
Gyra subunit of DNA gyrase, a bacterial topoisomerase II, 
and the 72 amino acid CcdA antidote (8.7kDa) which pre 
vents the toxic effect by forming a tight complex with CedB. 
The Ceda/CCdB system is located on the F-plasmid and 
functions in plasmid maintenance in E. coli by killing those 
daughter cells that have not inherited a copy of the F-plasmid 
at cell division which is also referred to as "post-segregational 
killing” (Bernard and Couturier. Mol. Gen. Genet. 226, 297 
304 (1991); Salmon et al. Mol. Gen. Genet. 244, 530-538 
(1994)). In order to use this system for cloning purposes the 
CcdB encoding gene can be inserted into cloning or expres 
sion vectors to kill bacteria which have not received a recom 
binant vector carrying a gene or DNA molecule of interest. 
One example where the ccd selection system has been suc 
cessfully employed is the Gateway(R) Technology offered by 
Invitrogen/Life Technologies (Carlsbad, Calif.) which relies 
on replacement of the ccdB gene by a DNA fragment or gene 
of interest via site-specific homologous recombination and is 
described in more detail elsewhere herein. 

0122. In certain instances it may be required to amplify or 
propagate a vector carrying a negative selectable marker 
gene. In toxin-sensitive bacteria this may be achieved by 
using an inducible marker gene expression cassette. Another 
possibility is the provision of a host strain which is resistant to 
the toxic effects of the marker protein. For example, to allow 
for propagation of vectors carrying a ccdB gene, host strains 
have been genetically engineered to carry a CcdA expression 
cassette which guarantees Survival of bacteria receiving a 
ccdB-containing vector. Such ccdB SurvivalTM strain is 
offered by Invitrogen/Life Technologies (Carlsbad, Calif.). 
Furthermore, CcdA expression host strains are described in 
U.S. Pat. Nos. 7,176,029 which is incorporated by reference 
in its entirety herein. 
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I0123. Another example of a selection system that relies on 
toxin-antitoxin interaction is the Tse2/Tsi2 system. The two 
components are derived from the type-6-secretion system 
(T6SS) which was shown to be used by Pseudomonas aerugi 
nosa to inject type VI secretion exported 1-3 effector proteins 
(Tsel, Tse2 and Tse3) into the periplasmic space of neigh 
bored competing Gram-negative bacteria thereby inhibiting 
target cell proliferation (Hood et al. Cell Host Microbe. 7(1): 
25-37 (2010)). However, to avoid self-intoxication by Tse2 
part of which also remains in the cyotsol of Paeruginosa, the 
cytosolic type VI secretion immunity 2 protein (Tsi2) which 
neutralizes the toxic effects of Tse2 must be present in the 
cell. Tse2 has been shown to inhibit essential cellular pro 
cesses in a broad spectrum of organisms including prokary 
otic (e.g. E. coli, Burkholderia thailandensis) or eukaryotic 
cells (e.g. S. cerevisiae, HeLa cells) which makes it an attrac 
tive universal selection marker. A Tse2 encoding expression 
cassette (containing a tse2 gene operationally linked to a 
regulatory sequence) can therefore be inserted into cloning 
vectors to allow counter selection of positive clones contain 
ing inserted DNA fragments or a gene of interest whereas 
those cells which have received a Tse2 expressing plasmid 
will be sorted out. As described above, the Tse2 expression 
cassette can be adapted to allow either insertion or replace 
ment of one or more DNA fragments or a gene of interest. 
Various vectors allowing for inducible or constitutive expres 
sion of the tse2 gene (or truncated or mutated versions 
thereof) as counter selectable marker for recombinational, 
TOPO, TA- or restriction enzyme cleavage-mediated cloning 
are described in U.S. Patent Publication No. 2012/0270271 
which is incorporated by reference in its entirety herein. 
0.124. In certain instances it may be required to amplify or 
propagate a vector carrying a tse2 gene in a host cell. In Tse2 
sensitive cells, this can be achieved by either making Tse2 
expression inducible or by providing an antidote to confer 
immunity upon Tse2 expressing cells. The antidote can be 
any expression product capable of interfering with the cyto 
toxic activity of Tse2, including but not limited to Tse2 anti 
sense constructs, Tse2 binding aptamers and Tse2 binding 
polypeptides. In one embodiment an inducible Tsi2 expres 
sion cassette can be included in the vector containing a Tse2 
expression cassette. Another possibility is the co-expression 
with a Tsi2 coding vector or the provision of a host strain 
expressing the Tsi2 antidote to render a cell immune towards 
Tse2 expression. In certain embodiments it may be required 
to use a host cell which has been genetically engineered to 
carry a Tsi2 expression cassette chromosomally integrated or 
on an extrachromosomal element. Different embodiments 
providing suitable Tse2 antidotes or recombinant Tse2 
expressing immune host cells are described in U.S. Patent 
Publication No. 2011/0311499 which is incorporated by ref 
erence in its entirety herein. 
0.125. Any of the vectors used in embodiments of the 
invention (including cloning vectors, expression vectors, cap 
ture vectors, viral vectors or functional vectors) can be modi 
fied to carry counter selectable marker genes such as ccdB or 
tse2 or functional variants thereof. In certain instances it may 
be preferred to use a sequence-optimized version of a select 
able marker gene Such as, e.g., a ccdB gene or a tse2 gene 
adapted to the preferred codon usage of E. coli. To achieve 
improved expression of a selectable marker gene in a specific 
host cell, procedures of sequence and/or codon optimization 
as described above may be pursued. 
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0126 A“vector” as used herein is a nucleic acid molecule 
that can be used as a vehicle to transfer genetic material into 
a cell. A vector can be a plasmid, a virus or bacteriophage, a 
cosmid or an artificial chromosome Such as, e.g., yeast arti 
ficial chromosomes (YACs) or bacterial artificial chromo 
somes (BAC). In most instances a vector refers to a DNA 
molecule harboring at least one origin of replication, a mul 
tiple cloning site (MCS) and one or more selection markers. A 
vectoris typically composed of a backbone region and at least 
one insert or transgene region or a region designed for inser 
tion of a DNA fragment or transgene such as a MCS. The 
backbone region often contains an origin of replication for 
propagation in at least one host and one or more selection 
markers. In most instances a vector contains additional fea 
tures. Such additional features may include natural or syn 
thetic promoters, genetic markers, antibiotic resistance cas 
settes or selection markers (e.g., toxins such as ccdB or tse2), 
epitopes or tags for detection, manipulation or purification 
(e.g., V5 epitope, c-myc, hemagglutinin (HA), FLAGTM, poly 
histidine (His), glutathione-S-transferase (GST), maltose 
binding protein (MBP)), scaffold attachment regions (SARs) 
or reporter genes (e.g., green fluorescent protein (GFP), red 
fluorescence protein (RFP), luciferase, B-galactosidase etc.). 
In most instances vectors are used to isolate, multiply or 
express inserted DNA fragments in a target host. A vector can 
for example be a cloning vector, an expression vector, a 
functional vector, a capture vector, a co-expression vector (for 
expression of more than one open reading frame), a viral 
vector or an episome (i.e., a nucleic acid capable of extrach 
romosomal replication) etc. 
0127. A “cloning vector as used herein includes any vec 
tor that can be used to delete, insert, replace or assemble one 
or more nucleic acid molecules. In some instances a cloning 
vector may contain a counter selectable marker gene (such as, 
e.g., ccdB or tse2) that can be removed or replaced by another 
transgene or DNA fragment. In some instances a cloning 
vector may be referred to as donor vector, entry vector, shuttle 
vector, destination vector, target vector, functional vector or 
capture vector. Cloning vectors typically contain a series of 
unique restriction enzyme cleavage sites (e.g., type II or type 
IIS) for removal, insertion or replacement of DNA fragments. 
Alternatively, DNA fragments can be replaced or inserted by 
TOPOR) Cloning or recombination as, e.g., employed in the 
GATEWAY(R) Cloning System offered by Invitrogen/Life Tech 
nologies (Carlsbad, Calif.) and described in more detail else 
where herein. A cloning vector that can be used for expression 
of a transgene in a target host may also be referred to as 
expression vector. In some instances a cloning vector is engi 
neered to obtain a TAL nucleic acid binding cassette, a TAL 
repeat, a TAL effector or a TAL effector fusion. 
0128. An “expression vector is designed for expression 
of a transgene and generally harbors at least one promoter 
sequence that drives expression of the transgene. Expression 
as used herein refers to transcription of a transgene or tran 
Scription and translation of an open reading frame and can 
occur in a cell-free environment Such as a cell-free expression 
system or in a host cell. In most instances expression of an 
open reading frame or a gene results in the production of a 
polypeptide or protein. An expression vector is typically 
designed to contain one or more regulatory sequences such as 
enhancer, promoter and terminator regions that control 
expression of the inserted transgene. Suitable expression vec 
tors include, without limitation, plasmids and viral vectors. 
Vectors and expression systems for various applications are 
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available from commercial Suppliers such as Novagen (Madi 
son, Wis.), Clontech (Palo Alto, Calif.), Stratagene (La Jolla, 
Calif.), and Life Technologies Corp. (Carlsbad, Calif.). In 
Some instances an expression vector is engineered for expres 
sion of a TAL nucleic acid binding cassette, a TAL repeat, a 
TAL effector or a TAL effector fusion. 

I0129. A “capture vector” as used herein is a vector suitable 
for assembly of TAL cassettes. A capture vector contains a 
region for TAL cassette insertion that is typically flanked by 
restriction cleavage sites Such as type IIS cleavage sites. The 
capture vector may contain a counter selectable marker gene 
Such as, e.g., ccdB or tse2. Different capture vectors can be 
used for assembly of different TAL cassettes. In some 
instances, all required TAL cassettes may be assembled into a 
single capture vector. In other instances, at least two capture 
vectors may be used to assemble all required TAL cassettes. 
For example, for the assembly of n TAL cassettes, 1-n/2 
cassettes may be assembled into a first capture vector and 
(n/2+1)-n TAL cassettes may be assembled into a second 
capture vector and both capture vectors may be combined in 
a Subsequent reaction to assemble the TAL cassettes of the 
first capture vector and the TAL cassettes of the second cap 
ture vector into a third vector or third capture vector. In 
another example, three capture vectors may be used wherein 
each of the three capture vectors carries one third of the total 
amount of TAL cassettes to be assembled. In yet another 
example the amount of TAL cassettes assembled into each 
capture vector may be different. For example, capture vectors 
1, 2, 3 and 4 may comprise 12 cassettes, 6 cassettes, 4 cas 
settes and 2 cassettes respectively, which may further be 
combined stepwise or in parallel reactions into 24 cassettes. 
0.130. A “functional vector” as used herein refers to a 
vector that contains either a TAL effector sequence or a TAL 
effector fusion sequence (with or without TAL nucleic acid 
binding cassettes and/or TAL repeats, respectively). For 
example, a functional vector can carry the flanking N- and 
C-termini of a TAL effector, wherein the sequence between 
the termini contains a counter selectable marker (such as, e.g., 
ccdB or tse2) that can be removed or replaced by TAL cas 
settes via type IIS cleavage. In many instances a functional 
vector contains an effector fusion domain, such as, e.g., a 
DNA binding or enzymatic activity. A functional vector may, 
e.g., carry a TAL effector fusion encoding a nuclease, an 
activator, a repressor or may contain a multiple cloning site. 
In certain aspects a functional vector may be an expression 
vector. In some instances a functional vector maybe a topoi 
somerase-adapted vector or a GATEWAYR Entry Clone. 
I0131. A “viral vector generally relates to a genetically 
engineered noninfectious virus containing modified viral 
nucleic acid sequences. In most instances a viral vector con 
tains at least one viral promoter and is designed for insertion 
of one or more transgenes or DNA fragments. In some 
instances a viral vector is delivered to a target host together 
with a helper virus providing packaging or other functions. In 
many instances viral vectors are used to stably integrate trans 
genes into the genome of a host cell. A viral vector may be 
used for delivery and/or expression of transgenes. 
I0132) Viral vectors may be derived from bacteriophage, 
baculoviruses, tobacco mosaic virus, vaccinia virus, retrovi 
rus (avian leukosis-sarcoma, mammalian C-type, B-type 
viruses, D type viruses, HTLV-BLV group, lentivirus, spuma 
virus), adenovirus, parvovirus (e.g., adenoassociated 
viruses), coronavirus, negative strand RNA viruses such as 
orthomyxovirus (e.g., influenza virus) or sendai virus, rhab 
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dovirus (e.g., rabies and vesicular stomatitis virus), paramyx 
ovirus (e.g., measles and Sendai), positive Strand RNA 
viruses such as picornavirus and alphavirus (such as Semliki 
Forest virus), and double-stranded DNA viruses including 
adenovirus, herpes virus (e.g., Herpes Simplex virus types 1 
and 2, Epstein-Barr virus, cytomegalovirus), and poxvirus 
(e.g., vaccinia, fowlpox and canarypox). Other viruses 
include without limitation Norwalk virus, togavirus, flavivi 
rus, reoviruses, papovavirus, hepadnavirus, and hepatitis 
virus. For example common viral vectors used for gene deliv 
ery are lentiviral vectors based on their relatively large pack 
aging capacity, reduced immunogenicity and their ability to 
stably transduce with high efficiency a large range of different 
cell types. Such lentiviral vectors can be “integrative' (i.e., 
able to integrate into the genome of a target cell) or “non 
integrative' (i.e., not integrated into a target cell genome). 
Expression vectors containing regulatory elements from 
eukaryotic viruses are often used in eukaryotic expression 
vectors, e.g., SV40 vectors, papilloma virus vectors, and vec 
tors derived from Epstein-Barr virus. Other exemplary 
eukaryotic vectors include pMSG, paV009/A+, pMTO10/ 
A+, pMAMneo-5, baculovirus plSVE, and any other vector 
allowing expression of proteins under the direction of the 
SV40 early promoter, SV40 late promoter, metallothionein 
promoter, murine mammary tumor virus promoter, Roussar 
coma virus promoter, polyhedrin promoter, or other promot 
ers shown effective for expression in eukaryotic cells. 
0.133 "Regulatory sequence' as used herein refers to 
nucleic acid sequences that influence transcription and/or 
translation initiation and rate, stability and/or mobility of a 
transcript or polypeptide product. Regulatory sequences 
include, without limitation, promoter sequences or control 
elements, enhancer sequences, response elements, protein 
recognition sites, inducible elements, protein binding 
sequences, transcriptional start sites, termination sequences, 
polyadenylation sequences, introns, 5' and 3' untranslated 
regions (UTRs) and other regulatory sequences that can 
reside within coding sequences, such as splice sites, inhibi 
tory sequence elements (often referred to as CNS or INS such 
known from some viruses), Secretory signals, Nuclear Local 
ization Signal (NLS) sequences, inteins, translational coupler 
sequences, protease cleavage sites as described in more detail 
elsewhere herein. A 5' untranslated region (UTR) is tran 
scribed, but not translated, and is located between the start site 
of the transcript and the translation initiation codon and may 
include the +1 nucleotide. A 3' UTR can be positioned 
between the translation termination codon and the end of the 
transcript. UTRS can have particular functions such as 
increasing mRNA message stability or translation attenua 
tion. Examples of 3' UTRs include, but are not limited to 
polyadenylation signals and transcription termination 
sequences. Regulatory sequences may be universal or host- or 
tissue-specific. 
0134. A “promoter” as used herein is a transcription regu 
latory sequence which is capable of directing transcription of 
a nucleic acid segment (e.g., a transgene comprising, for 
example, an open reading frame) when operably connected 
thereto. A promoter is a nucleotide sequence which is posi 
tioned upstream of the transcription start site (generally near 
the initiation site for RNA polymerase II). A promoter typi 
cally comprises at least a core, or basal motif, and may 
include or cooperate with at least one or more control ele 
ments such as upstream elements (e.g., upstream activation 
regions (UARS)) or other regulatory sequences or synthetic 
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elements. A basal motif constitutes the minimal sequence 
necessary for assembly of a transcription complex required 
for transcription initiation. In many instances, such minimal 
sequence includes a “TATA box' element that may be located 
between about 15 and about 35 nucleotides upstream from the 
site of transcription initiation. Basal promoters also may 
include a “CCAAT box' element (typically the sequence 
CCAAT) and/or a GGGCG sequence, which can be located 
between about 40 and about 200 nucleotides, typically about 
60 to about 120 nucleotides, upstream from the transcription 
start site. 

0.135 The choice of a promoter to be included in an 
expression vector depends upon several factors, including 
without limitation efficiency, selectability, inducibility, 
desired expression level, and cell or tissue specificity. For 
example, tissue-, organ- and cell-specific promoters that con 
fer transcription only or predominantly in a particular tissue, 
organ, and cell type, respectively, can be used. In some 
instances, promoters that are essentially specific to seeds 
(“seed-preferential promoters') can be useful. In many 
instances, constitutive promoters are used that can promote 
transcription in most or all tissues of a specific species. Other 
classes of promoters include, but are not limited to, inducible 
promoters. Such as promoters that confer transcription in 
response to external stimuli such as chemical agents, devel 
opmental stimuli, or environmental stimuli. Inducible pro 
moters may be induced by pathogens or stress like cold, heat, 
UV light, or high ionic concentrations or may be induced by 
chemicals. Examples of inducible promoters are the eukary 
otic metallothionein promoter, which is induced by increased 
levels of heavy metals; the prokaryotic lacZ promoter, which 
is induced in response to isopropyl-B-D-thiogalacto-pyrano 
side (IPTG); and eukaryotic heat shock promoters, which are 
induced by raised temperature. Numerous additional bacte 
rial and eukaryotic promoters suitable for use with the inven 
tion are known in the art and described in re, e.g., in Sambrook 
et al., Molecular Cloning, A Laboratory Manual (2nd ed. 
1989; 3rd ed., 2001); Kriegler, Gene Transfer and Expression: 
A Laboratory Manual (1990); and Ausubel et al., Current 
Protocols in Molecular Biology. Bacterial expression sys 
tems for expressing the ZFP are available in, e.g., E. coli, 
Bacillus sp., and Salmonella (Palva et al. Secretion of inter 
feron by Bacillus subtilis. Gene 22:229-235 (1983)). Kits for 
Such expression systems are commercially available. Eukary 
otic expression systems for mammalian cells, yeast, and 
insect cells are well known by those of skill in the art and are 
also commercially available. 
0.136 Common promoters for prokaryotic protein expres 
sion are e.g., lac promoter or trc and tac promoter (IPTG 
induction), tetA promoter/operator (anhydrotetracyclin 
induction), PPBAD promoter (L-arabinose induction), rhaP 
BAD promoter (L-rhamnose induction) or phage promoters 
Such as phage promoter p (temperature shift sensitive), T7. 
T3, SP6, or T5. 
0.137 Common promoters for mammalian protein expres 
sion are, e.g., Cytomegalovirus (CMV) promoter, SV40 pro 
moter/enhancer, Vaccinia virus promoter, Viral LTRs 
(MMTV, RSV. HIV etc.), E1B promoter, promoters of con 
stitutively expressed genes (actin, GAPDH), promoters of 
genes expressed in a tissue-specific manner (albumin, NSE), 
promoters of inducible genes (Metallothionein, steroid hor 
mones). 
0.138 Numerous promoter for expression of nucleic acids 
in plants are known and may be used in the practice of the 
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invention. Such promoter may be constitutive, regulatable, 
and/or tissue-specific (e.g., seed specific, stem specific, leaf 
specific, root specific, fruit specific, etc.). Exemplary promot 
ers which may be used for plant expression include the Cau 
liflower mosaic virus 35S promoter and promoter for the 
following genes: the ACT11 and CAT3 genes from Arabidop 
sis, the gene encoding Stearoyl-acyl carrier protein desaturase 
from Brassica napus (GenBank No. X74782), and the genes 
encoding GPC1 (GenBank No. X15596) and GPC2 (Gen 
Bank No. U45855) from maize. Additional promoters include 
the tobamovirus Subgenomic promoter, the cassaya vein 
mosaic virus (CVMV) promoter (which exhibits high tran 
Scriptional activity in vascular elements, in leaf mesophyll 
cells, and in root tips), the drought-inducible promoter of 
maize, and the cold, drought, and high Salt inducible promoter 
from potato. A number of additional promoters suitable for 
plant expression are found in U.S. Pat. No. 8,067,222, the 
disclosure of which is incorporated herein by reference. 
0.139. Heterologous expression in chloroplast of microal 
gae such as, e.g., Chlamydomonas reinhardtii can be 
achieved using, for example, the psbA promoter/5' untrans 
lated region (UTR) in a psbA-deficient genetic background 
(due to psbA/D1-dependent auto-attenuation) or by fusing 
the strong 16S rRNA promoter to the 5' UTR of the psbA and 
atpA genes to the expression cassette as, for example, dis 
closed in Rasala et al., “Improved heterologous protein 
expression in the chloroplast of Chlamydomonas reinhardtii 
through promoter and 5' untranslated region optimization'. 
Plant Biotechnology Journal, Volume 9, Issue 6, pages 674 
683, (2011). 
0140. The promoter used to direct expression of a TAL 
effector encoding nucleic acid depends on the particular 
application. For example, a strong constitutive promoter is 
typically used for expression and purification of TAL-effector 
fusion proteins. In contrast, when a TAL effector nuclease 
fusion protein is administered in vivo for gene regulation, it 
may be desirable to use either a constitutive or an inducible 
promoter, depending on the particular use of the TAL effector 
nuclease fusion protein and other factors. In addition, a pro 
moter suitable for administration of a TAL effector nuclease 
fusion protein can be a weak promoter, such as HSV thymi 
dine kinase or a promoter having similar activity. The pro 
moter typically can also include elements that are responsive 
to transactivation, e.g., hypoxia response elements, Ga14 
response elements, lac repressor response element, and Small 
molecule control systems such as tet-regulated systems and 
the RU-486 system (see, e.g., Gossen & Bujard. Tight control 
of gene expression in mammalian cells by tetracycline-re 
sponsive promoters. Proc. Natl. Acad. Sci. USA 89:5547 
(1992); Oligino et al. Drug inducible transgene expression in 
brain using a herpes simplex virus vector. Gene Ther. 5:491 
496 (1998); Wang et al. Positive and negative regulation of 
gene expression in eukaryotic cells with an inducible tran 
scriptional regulator. Gene Ther. 4:432-441 (1997); Neering 
et al. Transduction of primitive human hematopoietic cells 
with recombinant adenovirus vectors. Blood 88:1147-1155 
(1996); and Rendahl et al., Regulation of gene expression in 
vivo following transduction by two separate rAAV vectors 
Nat. Biotechnol. 16:757-761 (1998)). The MNDU3 promoter 
can also be used, and is preferentially active in CD34+ 
hematopoietic stem cells. 
0141. By “host' is meant a cell or organism that supports 
the replication of a vector or expression of a protein or 
polypeptide encoded by a vector sequence. Host cells may be 
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prokaryotic cells such as E. coli, or eukaryotic cells such as 
yeast, fungal, protozoal, higher plant, insect, or amphibian 
cells, or mammalian cells such as CHO, HeLa, 293, COS-1, 
and the like, e.g., cultured cells (in vitro), explants and pri 
mary cultures (in vitro and ex vivo), and cells in vivo. 
0142. As used herein, the phrase “recombination proteins’ 
includes excisive or integrative proteins, enzymes, co-factors 
or associated proteins that are involved in recombination 
reactions involving one or more recombination sites (e.g., 
two, three, four, five, seven, ten, twelve, fifteen, twenty, thirty, 
fifty, etc.), which may be wild-type proteins (see Landy, Cur 
rent Opinion in Biotechnology 3:699-707 (1993)), or 
mutants, derivatives (e.g., fusion proteins containing the 
recombination protein sequences or fragments thereof), frag 
ments, and variants thereof. Examples of recombination pro 
teins include Cre, Int, IHF, X is, Flp, Fis, Hin, Gin, Phi-C31, 
Cin, Tn3 resolvase, TndX,XerC, XerD, TnpX, Hic, SpCCE1, 
and Para. 

0.143 A used herein, the phrase “recombination site' 
refers to a recognition sequence on a nucleic acid molecule 
which participates in an integration/recombination reaction 
by recombination proteins. Recombination sites are discrete 
sections or segments of nucleic acid on the participating 
nucleic acid molecules that are recognized and bound by a 
site-specific recombination protein during the initial stages of 
integration or recombination. For example, the recombina 
tion site for Cre recombinase is loxP which is a 34 base pair 
sequence comprised of two 13 base pair inverted repeats 
(serving as the recombinase binding sites) flanking an 8 base 
pair core sequence (see FIG. 1 of Sauer, B. Site-specific 
recombination: developments and applications. Curr. Opin. 
Biotech. 5:521-527 (1994)). Other examples of recognition 
sequences include the attB, attP attL, and attR sequences 
described herein, and mutants, fragments, variants and 
derivatives thereof, which are recognized by the recombina 
tion protein lambda phage Integrase and by the auxiliary 
proteins integration host factor (IHF), Fis and excisionase 
(lamda phage is). 
0144. As used herein, the phrase “recognition sequence' 
refers to a particular sequence to which a protein, chemical 
compound, DNA, or RNA molecule (e.g., restriction endo 
nuclease, a modification methylase, or a recombinase) recog 
nizes and binds. In the present invention, a recognition 
sequence will usually refer to a recombination site. For 
example, the recognition sequence for Cre recombinase is 
loXP which is a 34 base pair sequence comprising two 13 base 
pair inverted repeats (serving as the recombinase binding 
sites) flanking an 8 base pair core sequence (see FIG. 1 of 
Sauer, B. Current Opinion in Biotechnology 5:521-527 
(1994)). Other examples of recognition sequences are the 
attB, attP attL, and attR sequences which are recognized by 
the recombinase enzyme lamda phage Integrase. attB is an 
approximately 25 base pair sequence containing two 9 base 
pair core-type Int binding sites and a 7 base pair overlap 
region. attP is an approximately 240 base pair sequence con 
taining core-type Int binding sites and arm-type Int binding 
sites as well as sites for auxiliary proteins integration host 
factor (IHF), FIS and excisionase (lamda phage is). (See 
Landy, Current Opinionin Biotechnology 3:699-707 (1993).) 
0145 Throughout this document, unless the context 
requires otherwise, the words “comprise.” “comprises” and 
“comprising or “contain”, “contains” or “containing will 
be understood to imply the inclusion of a stated step or ele 
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ment or group of steps or elements but not the exclusion of 
any other step or element or group of steps or elements. 

A Modular TAL Designer Portal and Customized Services 
0146 Gene assembly and shuffling methods and related 
compositions, kits and protocols including those described 
herein may be useful for anyone skilled in the art to assemble 
or clone available DNA fragments. However, in certain 
instances it may be useful to order gene synthesis and/or 
related services from a commercial Supplier, e.g., when a 
DNA sequence (e.g., a template for PCR amplification) is not 
available, a project is complex or the skilled artisan is not 
Sufficiently equipped to perform certain experiments or pro 
duction steps. In some instances, gene synthesis services may 
be offered online via an order portal. In one aspect, orders 
may be placed via a web-based platform designed to provide 
customized gene synthesis services and/or specific products 
to customers. Gene synthesis services may include at least 
one or a combination of the following: design, optimization, 
synthesis, assembly, purification, mutagenesis, recombina 
tion, cloning, screening, expression, and/or analysis of 
nucleic acid molecules but may also include related services 
Such as protein services, cell line construction and testing, 
manufacturing, kit development or product composition, 
assay design and/or development, comparative analyses, 
detection or screening, project design and/or advisory ser 
vice. Gene synthesis services may include in vitro as well as 
in vivo processes or applications. In some aspects, gene Syn 
thesis services may include methods and compositions 
related to DNA binding molecules. In some embodiments the 
web-based platform may include means to offer services or 
products related to DNA binding effector molecules, such as, 
for example, TAL effectors. 
0147 Thus, in part, the invention relates to a web-based 
order portal for gene synthesis services which includes Ser 
vices related to DNA binding molecules. Such as, e.g., TALS, 
Zinc-finger nucleases or meganucleases. In one aspect, the 
order portal includes services related to TAL proteins which 
may include customized services or products as well as cata 
logue products. FIG. 1A and Example 1 provide one illustra 
tion of how Such customer portal can be organized and how a 
customer can place an order with a service provider offering 
TAL-related services via a web-based platform. 
0148. In some embodiments of the invention, the web 
based order portal may have a modular organization. In cer 
tain embodiments the portal may include at least one of the 
following: (i) a first module or web interface (“module 1), 
(ii) a second module or design engine ("module 2), and (iii) 
a third module or manufacture unit (“module 3’). Modules 1, 
2 and 3 as used herein shall be understood to represent spe 
cific functions as described in more detail below and it should 
therefore be understood by the skilled in the art that the 
respective functions may also be organized in a different way, 
e.g., in less or more than 3 modules or under a different 
terminology. For example, in certain instances, some of the 
functions described herein under module 2 be included in 
module 1 or 3 or vice versa or at least one of the modules or 
several functions thereof may be incorporated in another 
module; e.g., module 2 per se may be part of module 1 etc. 
Other hierarchies or organizations of the described functions 
are therefore included in the invention. 
0149 Module 1 may serve as a platform for information 
exchange between customer and service provider, to enter 
and store project-related and customer-specific information, 
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and/or place an order. In some embodiments, module 1 pro 
vides at least one of the following features: means to enterand 
save customer information Such as, e.g., contact data, ship 
ping address, billing information, customer ID, discount 
options etc.; means to select and order items from menus or 
lists, means to enter and save customer project specifications, 
or means to enter a description of material provided by a 
customer. Module 1 may further include pricing information 
for catalogue products or customized projects. In many 
instances, products or services may be designed and con 
structed based upon anticipated customer needs and intended 
for sale, for example, as a “catalogue product. However, in 
Some instances the design and construction of deliverables 
Such as synthetic genes will be customized according to indi 
vidual specifications. 
0150. One example of how module 1 can be organized, for 
example, to provide customized services related to DNA 
binding molecules such as TALs is illustrated in FIG. 1B. In 
this example, customer information contains at least cus 
tomer contact data and account-related information. Cus 
tomer can enter project specifications such as a target 
sequence, a target organism, an effector function and can add 
additional specifications such as, for example, excluded 
motifs, cloning requirements and the like. In certain instances 
customer may provide material Such as, for example, a plas 
mid or cells. In such case, customer may be asked to enter 
material specifications to describe the provided material. 
0151. The information stored or exchanged via module 1 
may further be used, analyzed and/or processed by module 2. 
Module 2 may at least contain information, components or 
means required for sequence and/or assembly design and may 
include or provide at least one of the following: database or 
access to database Such as e.g., codon usage tables, sequence 
motif database, vector database, restriction enzyme database, 
effector sequence database, parts and/or devices database, 
code rules, host specifications, etc.; sequence analysis and 
optimization tools, means to perform sequence fragmenta 
tion, means for oligonucleotide design, means for encrypting 
a watermark or information in a sequence, means to develop 
an assembly strategy. One example of how module 2 can be 
organized is illustrated in FIG.1B. In some examples, module 
2 is capable of generating an assembly strategy. For example 
the output of module 2 may contain an assembly strategy for 
a customized gene. In certain instances, the output may com 
prise an assembly strategy for a DNA binding molecule Such 
as a TAL effector as defined in more detail elsewhere herein. 
If a synthetic gene is to be designed module 2 may comprise 
means to optimize the sequence of said gene. For this purpose 
it may be required to use information from proprietary or 
open source database such as, for example, codon usage 
tables, or programs identifying Suitable restriction enzymes 
for production or identifying inhibitory sequence motifs that 
may be excluded or programs taking into account host-spe 
cific requirements. Module 2 may further include means to 
edita sequence or decompose a sequence into Smaller parts to 
allow for optimal synthesis, assembly and/or production of a 
molecule. It may further include means to design oligonucle 
otides for synthesis. In some embodiments, module 2 may 
include a multi-parameter Software taking into account opti 
mization and production requirements in parallel. Such as, for 
example, a GENEOPTIMIZER(R) program as described in more 
detail elsewhere herein. 

0152. If a molecule representing a specific function is to be 
designed, the design may include database or information or 
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rules specific to said molecule function. For example, if a 
DNA binding molecule is to be designed, module 2 may 
include at least a binding code table allocating amino acids to 
specific nucleotides. In some embodiments, module 2 may be 
organized to include information or rules related to TAL 
design (e.g., a TAL designer tool). Such “TAL designer” tool 
may include at least one of the following: one or more (e.g., 
from about 2 to about 30, from about 4 to about 30, from about 
8 to about 30, from about 10 to about 30, from about 15 to 
about 30, from about 5 to about 50, etc.) TAL code tables as 
described elsewhere herein, means to apply TAL code rules, 
means to identify and select TAL effector related sequences, 
parts, domains etc. from a library or database; means togen 
erate a TAL effector construct sequence or parts thereof and 
means to generate an assembly strategy for said construct. In 
certain instances it may be advantageous to include specific 
motifs in a TAL sequence Such as for example a specific 
compartment targeting signal sequence where a TAL is to be 
targeted to a defined compartment within a cell. The TAL 
designer may receive the relevant information from a respec 
tive database. It may further be useful to consider species 
specific requirements. For example, a given compartment 
targeting signal may only be active in a limited amount of 
species and may therefore be inappropriate for certain hosts. 
The TAL designer tool may therefore include means to ana 
lyze a TAL design or TAL sequence for host compatibility. In 
one embodiment, the TAL designer may be equipped with a 
tool that can generate a model of a protein or protein domain 
such as, e.g., a protein folding program providing a three 
dimensional model of a folded protein or structural data of 
said protein. In some embodiments, the tool can generate a 
model of a protein in nucleic acid-bound and/or nucleic acid 
free conformation. Such data could be used to evaluate the 
binding specificity of TALs, the stability of protein-DNA or 
protein-protein interaction and/or structural properties of 
engineered TAL repeats or TAL effector proteins. The tool 
may therefore include means to analyze these data and iden 
tify accessible and/or inaccessible domains or residues within 
a TAL effector. The results of such analysis may serve to 
indicate whether the engineered protein or domain would be 
Suitable for a specific application. For example, if the protein 
model Suggests that an effector domain is not sufficiently 
exposed or shows a constrained conformation, it may be 
required to include a flexible linker (e.g., a Gly-Serlinker) or 
insert, delete, modify, extend, truncate or shift certain 
sequence elements as, for example, spacer sequences 
between domains. The TAL designer may further comprise 
means to edit a modeled protein sequence (e.g., replace cer 
tain amino acid residues by others) to modify the structure, 
function, binding specificity or activity of a protein. The 
editing function may be provided as a separate program or 
may be incorporated in other programs, for example, as part 
of the protein modeling tool. Such function may allow for in 
silico analysis and modification of engineered TAL proteins 
resulting in an edited protein oramino acid sequence that can 
be back-translated into a nucleic acid sequence to obtain a 
template for synthesis. Features specific for TAL design or 
incorporated in the TAL designer may be linked with those 
features relevant for general gene design. For example, the 
TAL designer may also access database information related to 
sequence optimization. 

0153. In one aspect of the invention module 2 may further 
include a tool capable of designing a DNA binding molecule 
based on sequence information. The sequence information 
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may for example comprise a specific target site. Such as a TAL 
binding site and may be obtained from a customer or some 
other source Such as a database or from the literature. In one 
aspect of the invention such tool may provide at least one of 
the following: (i) means to analyze sequence information, (ii) 
means to access database information and select items or 
rules therefrom, (iii) means to translate the rules into a protein 
design, (iv) means to back-translate the protein sequence into 
a nucleic acid sequence and/or (V) means to feed the infor 
mation into a production system. The function of sequence 
dependent design of a binding entity may be provided as a 
separate program or may be incorporated in other programs, 
for example, as part of the TAL designer. 
0154) In one aspect, the invention relates to a TAL 
designer tool which is capable of generating an assembly 
strategy for a two-step TAL assembly process and which (i) 
provides access to a TAL repeat database and selects the 
required monomer building blocks; (ii) provides access to a 
vector database and selects an effector sequence in combina 
tion with a target vector sequence; (iii) defines the required 
triplets by allocation of the respective positions on a carrier 
(e.g., a 96 well plate); (iv) determines the assembly strategy of 
the capture vectors (allocation of the required triplets, 
wherein the terminal overhangs define their position within 
the capture vectors); (V) generates the complete nucleic acid 
sequence of the TAL repeat domain; (vi) generates the nucleic 
acid sequences of both capture vectors; (vii) generates the 
nucleic acid sequence of the TAL effector open reading frame 
(ATG to Stop); (viii) allows for importation of the sequences 
generated in one or more of steps (v) to (vii) into a database 
controlling a production process, and (ix) optionally gener 
ates a gb file of the final TAL functional vector sequence. The 
steps may be performed in the given order or may be per 
formed in a different order. In one aspect, the TAL designer 
tool may be presented by an excel-based program. 
0.155. In some instances, module 2 may also provide 
means to transform individual steps of a working process into 
pricing information. For example, the final pricing of a cus 
tomized project may depend on the amount and/or complex 
ity of steps required to produce a deliverable, the time to 
perform the service, the costs of material, reagents or equip 
ment used or employed to perform the services. For such 
purpose, module 2 may, for example, include means to pro 
cess information from lists of standardized items or stock 
keeping units (SKUs). In some instances. Some of the infor 
mation and/or results obtained from module 2 maybe re 
directed to module 1. For example, pricing information 
related to a customer project generated in the context of 
project design may become accessible through the web inter 
face of module 1. In some instances, information and/or 
results generated by the means and methods described in 
module 2 maybe fed into or retrieved by a third module such 
as a manufacture or production unit. In some embodiments, 
the sequence information and/or design and/or assembly 
strategy generated in module 2 can be translated into a pro 
duction workflow operated by module 3. Thus, the invention 
includes processing of results or information obtained from 
module 2 by a manufacture or production unit. 
0156 Module 3 may at least contain one of the following: 
(i) means to synthesize nucleic acid molecules, (ii) means to 
assemble nucleic acid molecules, (iii) means to clone or trans 
fer nucleic acid molecules, (iv) one or more material reposi 
tories, (v) means to sequence nucleic acid molecules, (vi) 
means to cultivate, propagate, and/or manipulate cells, (vii) 
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means to analyze data, (viii) means to store biological mate 
rial, (ix) a laboratory information management system. It is to 
be understood that the aforementioned means or the process 
steps performed by a production or manufacture unit can be 
performed in a different order or can be separated between 
different sub-modules or production entities which may be 
controlled or regulated together, separately or sequentially or 
may be interconnected. For example, means to synthesize or 
assembly nucleic acid molecules may be timely and/or 
locally separated from means to manipulate cells. 
O157. In some embodiments, module 3 contains means to 
synthesize nucleic acid molecules. Synthesis of nucleic acid 
molecules is usually based on a combination of organic chem 
istry and molecular biological techniques. In one aspect, 
nucleic acid molecules Such as genes, gene fragments, parts, 
vectors, plasmids, domains, variants, libraries etc. may be 
synthesized “de novo’, without the need for a template such 
as e.g., a given DNA template. De novo synthesis may, for 
example, include chemical synthesis of oligonucleotides 
which can be combined and assembled to obtain larger 
nucleic acid molecules, as, for example, described in 
Example 3. In another aspect, nucleic acid molecules may be 
obtained by template-dependent methods known in the art 
Such as, for example, by PCR amplification, mutagenesis, 
recombination or the like. In yet another aspect, pre-synthe 
sized parts may be combined and connected to obtain novel 
nucleic acid molecules. For example, nucleic acid parts or 
building blocks may be taken from a library or material 
repository. In some embodiments at least one step in the 
synthesis or assembly process may be conducted on a Solid 
Support or Solid phase or in a microfluidic environment. Gene 
synthesis services used in the method of the invention can 
relate to any of the above described approaches or combina 
tions thereof. In another aspect, one or more of the synthesis 
or assembly steps may be performed on Solid Supports or in 
Solution as required. In yet another aspect, de novo synthe 
sized nucleic acid molecules may be combined with tem 
plate-derived nucleic acid molecules or may be combined 
with already available or pre-synthesized parts. 
0158 FIG. 1B illustrates an example of how module 3 
(composed of different Sub-modules) may be organized to 
allow for manufacture of DNA binding molecules such as 
TALS. In one aspect, module 3 may contain a "Gene Assem 
bler module that coordinates nucleic acid synthesis and 
assembly according to the assembly strategy developed in 
module 2. A GeneAssembler module may have access to one 
or more material repositories which may contain, for 
example, reagents for gene synthesis, standardized parts, vec 
tors, plasmids, nucleic acid libraries, cloning tools, enzymes 
and/or enzyme cocktails and where required, means to store 
customer material and/or synthesis or assembly derivatives. 
In some embodiments, the at least one material repository 
contains material related to TAL assembly such as TAL librar 
ies or repeat domain building blocks (e.g., monomers, dimers, 
trimers etc.), effector domains (e.g., nucleases, activators, 
repressors, (de)methylases, (de)acetylases etc.) or variants 
thereof (e.g., mutated or truncated). TAL cloning or expres 
sion vectors etc. TAL-related tools or parts as described else 
where herein may be taken from a repository or may be 
synthesized de novo and may be combined and/or assembled 
with other parts obtained from a material repository or syn 
thesized de novo or provided by customer. For example, a 
TAL repeat domain may be assembled from a TAL trimer 
library, may be combined with a de novo synthesized effector 
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domain and may be cloned into a vector provided by the 
customer. However, all other combinations of available and 
de novo synthesized parts are possible and included in the 
concept of the invention. In certain instances, de novo syn 
thesized parts or parts obtainable from a repository may be 
combined to produce a novel catalogue product, such as a 
vector (e.g., a TAL GATEWAY (R) vector) or a composition. In yet 
another embodiment, the service provider may develop an 
assembly strategy for a customer and compose a customized 
toolkit from repository parts and provide it to the customer for 
assembly (see, e.g., FIG. 7B). 
0159. A Gene Assembler module as used herein may 
employ different assembly tools and strategies and may 
incorporate in vitro and/or in vivo assembly approaches. For 
example, assembly may be performed using the inventive 
methods, compositions and/or tools described elsewhere 
herein. In some embodiments, a GeneAssembler module may 
employ at least one of the following assembly strategies: type 
II conventional cloning, type IIS-mediated or “Golden Gate' 
cloning (see, e.g., Engler, C., R. Kandzia, and S. Marillonnet. 
A one pot, one step, precision cloning method with high 
throughput capability. PLoS One 3:e3647 (2008.).; Kotera, I., 
and T. Nagai. A high-throughput and single-tube recombina 
tion of crude PCR products using a DNA polymerase inhibi 
tor and type IIS restriction enzyme. J Biotechnol 137:1-7. 
(2008); Weber, E., R. Gruetzner, S. Werner, C. Engler, and S. 
Marillonnet. Assembly of Designer TAL Effectors by Golden 
Gate Cloning. PloS One 6:e 19722 (2011)), GATEWAYR recom 
bination, TOPOR) cloning, exonuclease-mediated assembly 
(Aslanidis and de Jong (Ligation-independent cloning of 
PCR products (LIC-POR); Nucleic Acids Research, Vol. 18, 
No. 20 6069 (1990)), homologous recombination, non-ho 
mologous endjoining or a combination thereof. Modular type 
IIS based assembly strategies are, e.g., disclosed in PCT 
Publication WO 2011/154147 the disclosure of which is 
included herein by reference. A GeneAssembler module may 
further comprise means for error correction of nucleic acid 
molecules. 
0160 Error correction can be performed either prior to 
assembly, between assembly steps or after assembly as 
required. One issue associated with nucleic acid synthesis, 
including chemical synthesis of nucleic acids, is errors in the 
sense that occasionally synthesized nucleic acids contain an 
incorrect base. 
0.161 Consider the following hypothetical. Nucleic acid 
molecules are generated with one error in every 100 nucle 
otides and a nucleic acid molecule of 2000 nucleotides is 
assembled. This means that there will be, on average, 20 
errors per molecule. Errors in proteins coding regions can 
result in frame shifts, amino acid substitutions, or premature 
stop codons. In order to obtain a coding sequence which 
encodes a specified amino acid sequence two options are: (1) 
Sequencing a large number of nucleic acid molecules to iden 
tify ones without errors OR (2) correct errors, then confirm 
sequence of a smaller number of molecules. 
0162 Errorcorrection can be performed by any number of 
methods. Some such methods employ DNA binding enzymes 
which are capable of recognizing sequence errors or mis 
matches. For example, error correction methods may be 
based on mismatch endonucleases known in the art (e.g., 
MutS, Cell, Res Vsr, or Perkinsus marinus nuclease PA3, T4 
endonuclease VII or T7 endonuclease I). 
(0163 Another method of error correction is set out in the 
following work flow. In the first step, nucleic acid molecules 



US 2013/0274129 A1 

of a length smaller than that of the full-length desired nucle 
otide sequence (i.e., “nucleic acid molecule fragments’ of the 
full-length desired nucleotide sequence) are obtained. Each 
nucleic acid molecule is intended to have a desired nucleotide 
sequence that comprises a part of the full length desired 
nucleotide sequence. Each nucleic acid molecule may also be 
intended to have a desired nucleotide sequence that comprises 
an adapter primer for PCR amplification of the nucleic acid 
molecule, a tethering sequence for attachment of the nucleic 
acid molecule to a DNA microchip, or any other nucleotide 
sequence determined by any experimental purpose or other 
intention. The nucleic acid molecules may be obtained in any 
of one or more ways, for example, through synthesis, pur 
chase, etc. 
0164. In the optional second step, the nucleic acid mol 
ecules are amplified to obtain more of each nucleic acid 
molecule. The amplification may be accomplished by any 
method, for example, by PCR. Introduction of additional 
errors into the nucleotide sequences of any of the nucleic acid 
molecules may occur during amplification. 
0.165. In the third step, the amplified nucleic acid mol 
ecules are assembled into a first set of molecules intended to 
have a desired length, which may be the intended full length 
of the desired nucleotide sequence. Assembly of amplified 
nucleic acid molecules into full-length molecules may be 
accomplished in any way, for example, by using a PCR-based 
method. 
0166 In the fourth step, the first set of full-length mol 
ecules is denatured. Denaturation renders single-stranded 
molecules from double-stranded molecules. Denaturation 
may be accomplished by any means. In some embodiments, 
denaturation is accomplished by heating the molecules. 
0167. In the fifth step, the denatured molecules are 
annealed. Annealing renders a second set of full-length, 
double-stranded molecules from single-stranded molecules. 
Annealing may be accomplished by any means. In some 
embodiments, annealing is accomplished by cooling the mol 
ecules. 
0.168. In the sixth step, the second set of full-length mol 
ecules are reacted with one or more endonucleases to yield a 
third set of molecules intended to have lengths less than the 
length of the complete desired gene sequence. The endonu 
cleases cut one or more of the molecules in the second set into 
shorter molecules. The cuts may be accomplished by any 
means. Cuts at the sites of any nucleotide sequence errors are 
particularly desirable, in that assembly of pieces of one or 
more molecules that have been cut at error sites offers the 
possibility of removal of the cut errors in the final step of the 
process. In an exemplary embodiment, the molecules are cut 
with T7 endonuclease I, E. coli endonuclease V, and Mung 
Bean endonuclease in the presence of manganese. In this 
embodiment, the endonucleases are intended to introduce 
blunt cuts in the molecules at the sites of any sequence errors, 
as well as at random sites where there is no sequence error. 
0169. In the last step, the third set of molecules is 
assembled into a fourth set of molecules, whose length is 
intended to be the full length of the desired nucleotide 
sequence. Because of the late-stage error correction enabled 
by the provided method, the set of molecules is expected to 
have many fewer nucleotide sequence errors than can be 
provided by methods in the prior art. 
0170 The process set out above is also set out in U.S. Pat. 
No. 7.704,690, the disclosure of which is incorporated herein 
by reference. 
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0171 Another process for effectuating error correction in 
chemically synthesized nucleic acid molecules is by a com 
mercial process referred to as ERRASETM (Novici Biotech). 
Error correction methods and reagent suitable for use in error 
correction processes are set out in U.S. Pat. Nos. 7,838.210 
and 7,833,759, U.S. Patent Publication No. 2008/0145913 A1 
(mismatch endonucleases), and PCT Publication WO 2011/ 
102802 A1, the disclosures of which are incorporated herein 
by reference. 
0172 Exemplary mismatch endonucleases include endo 
nuclease VII (encoded by the T4 gene 49), T7 endonuclease I, 
Res endonuclease, Cell endonuclease, and SP endonuclease 
or methyl-directed endonucleases such as Muth, MutS or 
MutL. The skilled person will recognize that other methods of 
error correction may be practiced in certain embodiments of 
the invention such as those described, for example, in U.S. 
Patent Publication Nos. 2006/0127920 AA, 2007/0231805 
AA, 2010/0216648 A1, 2011/O124049 A1 or U.S. Pat. No. 
7.820,412, the disclosures of which are incorporated herein 
by reference. 
(0173 Another schematic of an error correction method is 
shown in FIG. 7. 
0.174 Synthetically generate nucleic acid molecules typi 
cally have error rate of about 1 base in 300-500 bases). Fur 
ther, in many instances, greater than 80% of errors are single 
base frameshift deletions and insertions. Also, less than 2% of 
error result from the action of polymerases when high fidelity 
PCR amplification is employed. In many instances, mismatch 
endonuclease (MME) correction will be performed using 
fixed protein:DNA ratio. 
0.175. In another embodiment, error correction may be 
performed indirectly, e.g., by selecting correct nucleic acid 
molecules or eliminating incorrect nucleic acid molecules 
from a mixture or library of nucleic acid molecules. In one 
aspect the correction may include negative selection of 
frameshift mutations and may for example employ frame 
dependent reporter expression to identify correct constructs 
such as, e.g., disclosed in published U.S. Patent Publication 
No. 2010/0297642 AA, the disclosure of which is included 
herein by reference. A Gene Assembler module may further 
contain sequencing means to determine the sequence of syn 
thesized or assembled nucleic acid molecules. Sequencing 
may be applied to fragments and/or full-length genes. A 
Gene Assembler module should be equipped with all devices 
required to perform the described workflows including 
reagents and material (e.g., chemicals, enzymes, solvents, 
media, cells, consumables etc.), machines (e.g., oligonucle 
otide synthesizer, PCR-cycler, sequencer, incubator, clone 
picker, HPLC) and/or computer programs and analysis tools. 
0176). In one aspect of the invention, protein expression 
may be performed by the service provider as part of the 
service. In another aspect, the customer may order a construct 
and an expression kit and the expression may be performed by 
the customer. In cases where customer requests expression or 
protein services, module 3 may further contain an “Express’ 
module. Where protein services are directed to TALs, a 
respective TAL-Express module may be provided which may 
at least include means for delivery of TAL constructs, means 
for TAL expression, means to cultivate and manipulate TAL 
host cells, means for protein extraction or purification and/or 
reporter systems. In some embodiments, TAL-Express offers 
different vectors or delivery systems to transfect host cells or 
target TALS to specific compartments. In particular, TAL 
Express may employ the delivery systems or expression sys 
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tems as described elsewhere herein. Furthermore, a TAL 
Express module may include different expression systems or 
host cells Such as bacteria, algae, yeast, fungi, plant, mam 
malian or human cells or cell cultures. 

0177. In cases where expression is performed by customer 
a TAL construct may be delivered together with an expression 
kit. Different expression systems or kits are known in the art 
and may be chosen from the service provider's order portal or 
catalogue Such as bacterial expression Strains or expression 
kits (e.g., BL21 STARTM based CHAMPIONTM pET Expression 
System from Life Technologies (Carlsbad, Calif.), algae 
expression kits (e.g., GENEARTR Chlamydomonas Engineer 
ing Kit, GENEART R Synechococcus Engineering Kit), or 
mammalian cell lines allowing for stable integration of an 
ordered construct and efficient expression from a transcrip 
tionally active genomic locus (e.g., FLP-INTM or Jump-In 
mammalian cells). In some instances, customer may want to 
order delivery tools from service provider to deliver an 
ordered construct into a certain cell type. For example, TAL 
constructs may be efficiently delivered to non-dividing or 
diving mammaliancells by using an adenoviral-based expres 
sion system (e.g., ViraPowerTM Adenoviral GATEWAY(R) 
Expression Kit offered by Life Technologies (Carlsbad, 
Calif.)). 
0178. In some instances, a cell-free TAL expression may 
be employed. Cell-free protein production can be accom 
plished with several kinds and species of cell extracts such as 
E. coli lysates (e.g., ExpresswayTM Maxi Cell-Free E. coli 
Expression System), rabbit reticulocyte lysates (RRL), wheat 
germ extracts, insects cell (such as SF9 or SF21) lysates, or 
extracts with human translation machinery. For Such purpose, 
service provider may offer a selection of cell-free expression 
kits to be ordered together with the gene synthesis service. 
However, in certain embodiments, cell-free expression may 
also be employed by service provider in the context of protein 
services. 

0179. In another aspect, module 3 may contain means to 
analyse the function or structure or correctness of deliver 
ables or manufacture intermediates. Respective analyses may 
be routinely performed by service provider for quality control 
(QC) purposes. For example, where a synthetic gene has been 
manufactured for a customer, QC analysis would at least 
include evaluation of sequence correctness, e.g., by sequenc 
ing of said gene. In certain instances, where TAL services are 
offered, module 3 may include a “TALAnalyzer module that 
performs additional experiments or analyses to validate the 
manufactured products. A TAL Analyser may e.g., include 
reporter assays to analyse TAL repeat integrity, TAL binding 
specificity, TAL function, TAL structure, TAL activity, effec 
tor activity, TAL expression etc. In particular, TAL Analyzer 
may employ the reporter assays and analysis tools as 
described elsewhere herein. Different options for reporter 
based analysis of TAL constructs may be provided. In a first 
embodiment, a reporter kit may be provided as catalogue 
product and may be ordered by customer together with TAL 
services. In another embodiment, a reporter-based analysis of 
TAL function etc. may be offered as extra service. In such 
case, the reporter assay or analysis would be performed by the 
service provider and customer would obtain the results of the 
assay. In a third embodiment, customer may order a custom 
ized reporter assay for TAL analysis developed by service 
provider. Different options may be combined and offered for 
selection in the order portal. 
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0180 Optionally, some or all of the steps or workflows 
summarized in module 3 may be controlled or interconnected 
by a software-based Laboratory Information Management 
System (LIMS) that offers features to support laboratory 
operations. Such features may include workflow and data 
tracking and may provide data exchange interfaces connect 
ing workflows of different modules or production steps. A 
LIMS may further integrate data mining or assay data man 
agement and may provide numerous software functions such 
as, e.g., the reception and login of a sample and its associated 
customer data; the assignment, scheduling, and tracking of 
the sample (e.g., via a barcode) and the associated workload; 
the processing and quality control associated with the sample 
and the utilized equipment, the storage of data associated with 
the sample and/or the inspection, approval, and compilation 
of the sample data for reporting and/or further analysis. 
0181 Deliverables resulting from the methods and pro 
cesses summarized in module 3 will be shipped or transferred 
to customer. Deliverables may include material such as 
nucleic acid molecules, proteins, cells, kits or compositions. 
Deliverables may further include data such as sequence infor 
mation, service reports, assay results or QC documents which 
may either be shipped together with material, separately or 
may be provided, e.g., via email, or a web interface (e.g., the 
interface of module 1). 

TAL Effector Sequence Design 
0182. The methods and compositions described herein 
can be applied to any modular DNA binding effector mol 
ecule but may be particularly useful for engineered TAL 
effector systems. In one aspect, the invention relates to the 
generation of engineered TAL effectors with improved 
nucleic acid binding cassettes wherein the cassettes have been 
optimized for (i) increased expression in a target host and/or 
(ii) increased specificity for a defined target sequence. In 
another aspect, the invention relates to the generation of engi 
neered effector fusions wherein the effector fusions can be 
optimized for (i) increased expression in a target host and/or 
(ii) increased activity towards a defined target sequence. 
Thus, in one aspect, the invention includes methods of 
designing TAL effector proteins and TAL effector coding 
nucleic acid sequences for optimal performance in down 
stream applications. 
0183. In certain embodiments of the invention the selected 
TAL effector nucleic acid sequence or a portion thereof may 
be subject to a sequence optimization process prior to Syn 
thesis. The optimization process can be directed to the nucleic 
acid sequence encoding the TAL binding domain or the 
nucleic acid sequence encoding the TAL effector fusion or 
can include sequence optimization of both moieties and if 
applicable, can include optimization of additional spacer, 
adapter, linker or tag sequences contributing to the TAL effec 
tor entity. The optimization of different parts of the TAL 
effector nucleic acid sequence can occur either sequentially 
or simultaneously. Different computational approaches for 
sequence modification are known in the art and may be 
employed to optimize a given nucleotide sequence interms of 
(1) efficient assembly and/or (2) improved performance in a 
given host. 
0.184 To design a nucleotide sequence for optimal assem 
bly, a full-length sequence may be broken down into a defined 
number of smaller fragments with optimal hybridization 
properties by means of an algorithm taking into account 
parameters such as melting temperature, overlap regions, 
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self-hybridization, absence or presence of cloning sites and 
the like. In certain aspects of the invention, it may be desired 
to use an optimization strategy that takes into account mul 
tiple different parameters simultaneously including assem 
bly-as well as expression-related sequence properties. Algo 
rithms for designing codon-optimized coding sequences are 
known in the art. One example of a comprehensive multipa 
rameter approach that may be used in the current invention for 
optimized sequence design is the GENEOPTIMIZER(R) technol 
ogy described in U.S. Patent Publication No. 2007/014 1557 
AA, the disclosure of which is incorporated herein by refer 
CC 

0185. In certain embodiments of the invention, it may be 
desirable to optimize the TAL effector nucleic acid sequence 
for improved performance in a given homologous or heter 
ologous host, to trigger, e.g., expression yield, activity or 
solubility. In this context codon optimization was proven to 
be an efficient tool to increase expression yields in many 
different species Such as, e.g., plants including algae such, 
bacteria, yeast, insect cells or mammalian cells (such as 
human cells), etc. By codon optimization is meant to replace 
codons by synonymous codons wherein the term "synony 
mous codon’ as used herein refers to a codon having a dif 
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ferent nucleotide sequence than another codon but encoding 
the same amino acid as that other codon. The codon usage of 
a given gene or gene fragment may e.g., be adapted to the 
codon choice of the organism in which it shall be expressed. 
The codon usage can vary significantly for different expres 
sion systems including the most widely used viral (retro- and 
lentiviral, AAV, Adeno, Baculo, Sindbis, Vaccinia), bacterial 
(e.g., E. coli, B. subtilis, L. lactis), yeast (e.g., S. cerevisiae, S. 
pombe, P pastoris), fungal (e.g., A. niger; A. Oryzae, A. 
awamori, Fusarium, Trichodermasp, Penicillium sp.), insect 
(e.g., Spodoptera frugiperda Sf9. Sf21, Drosophila melano 
gaster S2; Trichoplusia ni High FiveTM), plant (e.g., Agrobac 
terium tumefaciens, Nicotiana tobaccum), algae (e.g., P tri 
cornutum., C. reinhardtii, Synechococcus elongates, 
Chlorella vulgaris), mammalian (e.g., CHO, 3T3 cells) or 
human (e.g., H1299,293, PERC6, cells) expression systems. 
Genomic codon usage tables for various species are available 
in the codon usage database at http://www.kaZusa.or.jp/ 
codon? including codon usage tables for chloroplasts and 
mitochondria. Two exemplary codon usage tables reflecting 
the genomic codon usage of C. reinhardtii (TABLE 2) and the 
chloroplast codon usage of C. reinhardtii (TABLE 3) are 
shown below: 

TABLE 2 

Genomic Codon Usage of C. reinhardtii 
Fields: Triplet - Frequency: per Thousand - (... Number) 

UUU 5.0 (2110) UCU 4.7 (1992) UAU 2.6 (1085) UGU 1.4 (601) 
UUC 27.1 (11411) UCC 16.1 (6782) UAC 22.8 (9579) UGC 13.1 (5498) 
UUA 0.6 (247) UCA 3.2 (1348) UAA 1.0 (441) UGA 0.5 (227) 
UUG. 4.0 (1673) UCG 16.1 (6763) UAG 0.4 (183) UGG 13.2 (5559) 
CUU 44 (1869) CCU 8.1 (3416) CAU 2.2 (919) CGU 4.9 (2071) 
CUC 13.0 (5480) CCC 29.5 (12409) CAC 17.2 (7252) CGC 34.9 (14676) 
CUA 2.6 (1086) CCA 5.1 (2124) CAA 4.2 (1780) CGA 2.0 (841) 
CUG. 65.2 (27420) CCG 20.7 (86.84) CAG 36.3 (15283) CGG 11.2 (4711) 
AUU 8.0 (3360) ACU 5.2 (2171) AAU 2.8 (1157) AGU 2.6 (1089) 
AUC 26.6 (11200) ACC 27.7 (11663) AAC 28.5 (11977) AGC 22.8 (9590) 
AUA 1.1 (443) ACA 4.1 (1713) AAA 2.4 (1028) AGA 0.7 (287) 
AUG 25.7 (10796) ACG 15.9 (6684) AAG 43.3 (18212) AGG 2.7 (1150) 
GUU 5.1 (2158) GCU 16.7 (7030) GAU 6.7 (2805) GGU 9.5 (3984) 
GUC 15.4 (6496) GCC 54.6 (22960) GAC 41.7 (17519) GGC 62.0 (26064) 
GUA 2.0 (857) GCA 10.6 (4467) GAA 2.8 (1172) GGA 5.0 (2084) 
GUG 46.5 (19558). GCG 444 (18688) GAG 53.5 (22486) GGG 9.7 (4087) 

TABLE 3 

Chloroplast Codon Usage of C. reinhardtii 
Fields: Triplet - Frequency: per Thousand - (... Number) 

UUU 33.4 (894) UCU 17.0 (455) UAU 24.6 (657) UGU 7.6 (203) 
UUC 17.1 (456) UCC 2.8 (74) UAC 10.0 (266) UGC 1.5 (39) 
UUA 77.7 (2078) UCA 22.0 (588) UAA 2.9 (78) UGA 0.1 (3) 
UUG. 4.3 (114) UCG 4.0 (107) UAG 0.4 (12) UGG 13.5 (361) 
CUU 14.3 (383) CCU 15.5 (414) CAU 10.1 (270) CGU 32.4 (866) 
CUC 1.0 (28) CCC 3.4 (90) CAC 8.8 (235) CGC 4.1 (110) 
CUA 6.4 (170) CCA 23.6 (630) CAA 38.4 (1026) CGA 3.4 (90) 
CUG. 3.7 (99) CCG 2.4 (63) CAG 4.1 (110) CGG 0.5 (14) 
AUU 51.4 (1374) ACU 244 (651) AAU 42.1 (1126) AGU 16.0 (428) 
AUC 8.2 (219) ACC 5.1 (135) AAC 17.7 (472) AGC 5.4 (144) 
AUA 6.9 (184) ACA 32.4 (865) AAA 69.1 (1847) AGA 5.3 (143) 
AUG 22.3 (596) ACG 3.9 (103) AAG 6.2 (167) AGG 0.9 (23) 
GUU 29.3 (783) GCU 34.0 (908) GAU 25.3 (676) GGU 44.0 (1177) 
GUC 2.5 (68) GCC 5.9 (159) GAC 9.8 (263) GGC 6.4 (172) 
GUA 26.0 (696) GCA 20.7 (554) GAA 41.1 (1098) GGA 8.6 (229) 
GUG 5.6 (149). GCG 3.3 (88) GAG 5.7 (152) GGG 3.7 (99) 
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0186 Thus, in one aspect, the invention relates to opti 
mized TAL effector expression constructs and methods to 
achieve the best possible design for a given target host. An 
increase in gene expression may beachieved, for example, by 
replacing non-preferred or less preferred codons by more 
preferred codons or non-preferred codons by more preferred 
and less-preferred codons with regard to a specific host sys 
tem thereby taking advantage of the degenerate genetic code 
without modifying the encoded amino acid sequence. Meth 
ods of producing synthetic genes with improved codon usage 
are, e.g., described in U.S. Pat. Nos. 6,114,148 and 5,786.464 
the disclosures of which is incorporated herein by reference. 
Alternatively, it may be sufficient to only modify or random 
ize the initial 5' codons of a given sequence or open reading 
frame as, e.g., described in WO2009/113794. In another 
embodiment, the codon adaptation strategy may be such as to 
modify codons that are over- or underrepresented in genomic 
sequences, eliminate only random codons or certain motifs 
(such as, e.g., AGG in viral sequences) and harmonize the 
distribution of other codons over the entire sequence. For 
example the GC content may be harmonized to allow for 
correct folding of complex, modular or repetitive protein 
motifs. Also, a combination of different optimization strate 
gies may be ideal to achieve the best effect for a given TAL or 
TAL effector sequence. In some methods of the invention, 
codon optimization can be applied to (i) the TAL cassettes 
and/or (ii) TAL repeats as a whole, and/or (iii) the N- and 
C-terminal flanking regions and/or (iv) effector fusion encod 
ing sequences. However, in certain aspects it may in addition 
be useful to optimize other upstream or downstream located 
Sequences. 

0187. In some embodiments of the invention at least all 
sequences expressed in a target host have been Subject to 
codon-optimization. In certain aspects of the invention it may, 
however, be useful to optimize or de-optimize only one or two 
of the above listed domains or only a proportion thereof. For 
example in certain embodiments of the invention, one or more 
of the sequences to be expressed have been codon-optimized 
by at least 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or more with 
regard to a given target host system. In one embodiment the 
host system is an algae system and one or more sequences to 
be expressed have been optimized based on the codon usage 
preferences listed in TABLES 2 or 3. In one embodiment a 
TAL effector sequences reflects the codon usage of one or 
more algal chloroplasts. 
0188 Inanother aspect of the invention, it may be useful to 
decrease the number of optimized codons in a given sequence 
as a means for lowering expression levels. For example, it 
may be useful to decrease expression level of a certain expres 
sion product as compared to another expression product in 
order to balance interaction or activity of both products. In 
another aspect, different optimization strategies can be 
applied e.g., to different gene products expressed together in 
a host cell. For example, a functional vector comprising a 
TAL effector and more than one effector fusion sequences 
may be designed Such that one of the effector sequences has 
been optimized for increased expression whereas another 
effector sequence has been de-optimized to limit expression 
levels. Optimization can thus be used to trigger a defined 
production ratio of expressed gene products thereby modu 
lating their activity. This strategy may for example be particu 
larly useful where TALS are being used as scaffolds to arrange 
enzyme activities for a given biosynthetic pathway on a DNA 
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template—as described in more detail elsewhere herein. In 
Such cases, it may be required that different enzymes are 
Subject to different codon optimization strategies to achieve 
different expression levels or a rational expression balance for 
the best possible interplay. 
0189 In another aspect of the invention, a multi-organ 
isms optimization or de-optimization approach may be 
applied as, e.g., codons may be selected to allow for (i) 
expression in more than one specific host organism or (ii) 
expression in one organisms but not in another or (iii) a blend 
of optimized codons for improved expression in two or more 
organisms). For example, a codon choice may be used that 
allows for a TAL effector to be efficiently expressed in yeast 
and algae but not in E. coli or in another example a codon 
choice may be used to allow for expression in mammalian as 
well as insect systems. Thus, in Some embodiments, the 
invention relates to engineered TAL effector sequences 
exhibiting a codon choice that is compatible with a first spe 
cies and at least a second species wherein the TAL effector 
sequence can be expressed at detectable levels in the first and 
at least the second species. In another embodiment, the inven 
tion relates to an engineered TAL effector sequence exhibit 
ing a codon choice that is compatible with a first species but 
is not compatible with at least a second species wherein the 
TAL effector sequence can be expressed at detectable levels 
in the first species but cannot be expressed at detectable levels 
in at least a second species. 
0190. Apart from translational effects, codon usage may 
influence multiple levels of RNA metabolism and has also 
been shown to influence transcriptional regulation. For 
example, the expression of a gene can be modulated by modi 
fying the number of CpG dinucleotides in the open reading 
frame as described in U.S. Patent Publication No. 2009/ 
0324546 AA, the disclosure of which is incorporated herein 
by reference. In this context it was demonstrated that an 
increase of the intragenic CpG content can further augment 
expression yields as compared to a “conventionally codon 
optimized gene mainly by triggering de novo transcription 
rates whereas a decrease of the intragenic CpG content has the 
contrary effect. Thus, in one aspect the invention relates to 
TAL effector sequences wherein at least (i) the TAL repeat 
domain and/or (ii) the N- and C-terminal flanking regions 
and/or (iii) effector encoding sequences comprise an 
increased CpG dinucleotide content to increase expression or 
a decreased intragenic CpG dinucleotide content to decrease 
expression. 
0191 The above described strategies may further be com 
bined to modulate the immunogenicity of gene products. It 
may for example be desired to minimize the immunogenicity 
of a TAL effector for therapeutic application in a mammalian 
or human host. For example, PCT Publication WO 2009/ 
049359 A1, the disclosure of which is included herein by 
reference, discloses methods of modulating the quality of an 
immune response to a target antigen in a mammal wherein the 
quality is modulated by replacing at least one codon of the 
polynucleotide with a synonymous codon that has a higher or 
lower preference of usage by the mammal to confer the 
immune response than the codon it replaces. The ranking of 
codons mediating increased expression is not necessarily 
identical with the ranking of codons mediating an increased 
immune response. Thus, in a further aspect of the invention, 
replacement by synonymous codons may be applied to 
change the immunogenicity of a heterologous DNA binding 
effector molecule Such as zinc-finger nuclease, meganu 
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cleases or TAL effector molecules in a target host system by 
replacing codons with a higher ranking to confer an immune 
response by synonymous codons with a lower ranking to 
confer a lower immune response in a mammalian or human 
host. 

0.192 Thus, the invention relates, in part, to DNA binding 
effector molecules optimized for increased expression in 
mammalian organisms which at the same time having 
decreased immunogenicity in said mammalian host. In one 
embodiment, the invention relates to a DNA binding effector 
sequence wherein at least one of (i) the DNA binding domain 
sequence or (ii) at least one effector domain sequence has 
been codon-optimized for expression in mammalian cells and 
wherein the codon-optimization takes into account selecting 
synonymous codons that have a lower immune response pref 
erence, wherein at least one codon may be replaced according 
to the following scheme to decrease immunogenicity of the 
optimized sequence: GCT by GCG or GCA or GCC, GCC by 
GCG or GCA: CGA by AGG or CGG: CGC by AGG or CGG: 
CGT by AGG or CGG: AGA by AGG or CGG: AAC by AAT: 
GAC by GAT; TGC by TGT; ATC by ATA or ATT; ATT by 
ATA: CTG by CTA or CTT or TTG or TTA; CTC by CTA or 
CTT or TTG or TTA: CTA by TTG or TTA; CTT by TTGor 
TTA:TTG by TTA:TTT by TTC: CCC by CCT; TCG by TCT 
or TCA or TCC or AGC or AGT, TCT by AGC or AGT, TCA 
by AGC or AGT:TCC by AGC or AGT; ACG by ACC or ACA 
or ACT; ACC by ACA or ACT; ACA by ACT; TAC by TAT: 
GAA by GAG: GGA by GGC or GGT or GGG: CCC by CCA 
or CCG; CCT by CCA or CCG: GTG by GTT or GTA; GTC 
by GTT or GTA: GTT by GTA. 
0193 A DNA binding effector sequence optimized as 
described above, wherein the DNA binding effector is a zinc 
finger nuclease, a TAL effector, a TAL epigenetic modifier or 
a meganuclease. 
0194 Inspecific embodiments, an optimized open reading 
frame may be combined with an algorithm to encrypt a secret 
message into the open reading frame as described in U.S. 
Patent Publication No. 2011/01 19778 AA the disclosure of 
which is incorporated herein by reference. Such message may 
allow the identification or tracking of certain synthetic 
nucleic acid molecules encoding DNA binding effector mol 
ecules. In certain aspects of the invention the encrypted mes 
sage may be included in the TAL effector sequence and may 
serve to identify transfected or genetically engineered cells 
Such as mammalian cells, yeast cells, algae or microalgae or 
other engineered plants, plant seeds or crops. In some 
embodiments, the encrypted message is included in either the 
TAL binding domain or at least one effector domain encoding 
sequence. The message can be inserted without changing the 
amino acid sequence of the effector domain making use of the 
degenerate genetic code as described e.g., in U.S. Patent 
Publication No. 2011/01 19778 AA the disclosure of which is 
incorporated herein by reference. Thus, the invention also 
relates to DNA binding effector molecules such as zinc-finger 
nucleases, meganucleases, TAL effectors or TAL epigenetic 
modifier encoding sequences containing an encrypted mes 
sage. Furthermore the invention relates to TAL effector con 
struct wherein at least part of the TAL effector sequence has 
been codon-adapted to an algae, plant or mammalian expres 
sion system and the effector fusion harbors a secret massage 
encrypted according to the method as described in U.S. Patent 
Publication No. 2011/01 19778 AA. 
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Engineered TAL Effectors 
(0195 The TAL Code. 
0.196 Natural TAL effectors are usually composed of an 
amino-terminal moiety (N-terminus), a central array com 
prising multiple amino acid repeats with hypervariable RVD 
that determine base preference and a carboxyl-terminal por 
tion (C-terminus) comprising a nuclear localization signal 
(NLS) and a transcription activator (AD) domain the latter of 
which can be replaced by any effector domain. In many 
instances, the central amino acid repeats are between 32 and 
35 amino acids in length, with amino acid variations at posi 
tions 12 and 13 determining base specificity of the particular 
repeat. Based on the modular TAL structure the central 
repeats can be synthesized separately to be assembled into a 
given TAL (see. FIG. 2A) which allows for efficient genetic 
engineering of TAL effectors with novel function. 
0.197 As noted above, a distinctive characteristic of TAL 
effectors is a central repeat domain containing between 1.5 
and 33.5 TAL cassettes that are usually around 34 residues in 
length (the C-terminal cassette is generally shorter and 
referred to as a “half repeat”). A typical sequence of a natu 
rally occurring cassette is LTPEQVVAIASHDGGKQALE 
TVQRLLPVLCQAHG (SEQ ID NO: 90), with hypervari 
able residues at positions 12 and 13. 
0198 The amino acid sequences of TAL repeats can vary 
to some extent within the same protein and between proteins. 
An alignment of TAL repeats from proteins obtained from 
different bacteria is shown in FIG. 2B. The repeats contain 
several conserved regions. TAL repeats of the invention may 
contain one or more of the amino acid sequences set out in 
TABLE 4. 

TABLE 4 

TAL Amino Acid Sequences 

LTPDQVVAIASN1GGKQALETVQRLLPVLCQAHG (SEQ ID NO: 91) 

LTPDQVVAIAS21GGKQALETVQRLLPVLCQAHG (SEQ ID NO: 92) 

LTP3QVVAIA4 (SEQ ID NO: 93) 

GGK5AL6 (SEQ ID NO: 94) 

Legend: 
'1' is G. I. D. T., N, K, or no amino acid 
2' is I, N, H, or Y 
3' is D A E, Q, or N 
4' is S. A or N 
w5 is P or Q 
s' is E of G 

0199 The primary amino acid sequence of a TAL repeat 
domain dictates the nucleotide sequence to which it binds. 
The crystal structure of a TAL effector bound to DNA sug 
gests that each TAL cassette comprises two alpha helices and 
a short RVD-containing loop where the second residue of the 
RVD at position 13 makes sequence-specific DNA contacts 
while the first residue of the RVD at position 12 stabilizes the 
RVD-containing loop (Deng, D et al., Structural Basis for 
Sequence-Specific Recognition of DNA by TAL Effectors'. 
Science 335 (6069): 720-723 (2012)). Target sites of TAL 
effectors also tend to include a T flanking the 5' base targeted 
by the first repeat and this appears to be due to a contact 
between this T and a conserved Tryptophan in the region 
N-terminal of the central cassettes. Because the specific rela 
tionship between the TAL amino acid sequence and the target 
binding site, target sites can be predicted for TAL effectors, 


























































































































































































































































































































