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RECOMBINATION OF INSERTION
MODIFIED NUCLEIC ACIDS

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is related to U.S. Ser. No. 60/122,943
“RECOMBINATION OF INSERTION MODIFIED
NUCLEIC ACIDS” by Patten et al., filed Mar. 5, 1999, the
disclosure of which is incorporated herein by reference. This
application is also related to U.S. Ser. No. 60/142,299
“RECOMBINATION OF INSERTION MODIFIED
NUCLEIC ACIDS” by Patten et al., filed Jul. 02, 1999, the
disclosure of which is incorporated herein by reference. This
application is also related to U.S. Ser. No. 60/164,617
“RECOMBINATION OF INSERTION MODIFIED
NUCLEIC ACIDS” by Patten et al., filed Nov. 10, 1999, the
disclosure of which is incorporated herein by reference. This
case is also related to Patten et al. “ENCRYPTION OF
TRAITS USING SPLIT GENE SEQUENCES AND ENGI-
NEERED GENETIC ELEMENTS” U.S. Ser. No. 60/164,
618, Filed Nov. 10, 1999. The present application claims
priority to and the benefit of each of these prior applications,
pursuant to 35. U.S.C. 119(e).

COPYRIGHT NOTIFICATION

Pursuant to 37 C.FR. 1.71(e), Applicants note that a
portion of this disclosure contains material which is subject
to copyright protection. The copyright owner has no objec-
tion to the facsimile reproduction by anyone of the patent
document or patent disclosure, as it appears in the Patent and
Trademark Office patent file or records, but otherwise
reserves all copyright rights whatsoever.

FIELD OF THE INVENTION

The present invention relates to molecular shuffling, and
to splicing of nucleic acids and proteins.

BACKGROUND OF THE INVENTION

Nucleic acid shuffling provides for the rapid evolution of
nucleic acids, in vitro and in vivo. Rapid evolution provides
for the commercial production of encoded molecules (e.g.,
nucleic acids and proteins) with new and/or improved prop-
erties. Proteins and nucleic acids of industrial, agricultural
and therapeutic value can be created or improved through
shuffling procedures. A number of publications by the inven-
tors and their co-workers describe nucleic acid shuffling and
applications of this technology. For example, Stemmer et al.
(1994) “Rapid Evolution of a Protein” Nature 370:389-391;
Stemmer (1994) “DNA Shuffling by Random Fragmentation
and Reassembly: in vitro Recombination for Molecular
Evolution,” Proc. Natl. Acad. USA 91:10747-10751; Stem-
mer U.S. Pat. No. 5,603,793 METHODS FOR IN VITRO
RECOMBINATION; Stemmer et al. U.S. Pat. No. 5,830,
721 DNAMUTAGENESIS BY RANDOM FRAGMENTA-
TION AND REASSEMBLY; Stemmer et al., U.S. Pat. No.
5,811,238 METHODS FOR GENERATING POLY-
NUCLEOTIDES HAVING DESIRED CHARACTERIS-
TICS BY ITERATIVE SELECTION AND RECOMBINA-
TION describe, €.g., in vivo and in vitro nucleic acid, DNA
and protein shuffling in a variety of formats, e.g., by repeated
cycles of mutagenesis, shuffling and selection, as well as
methods of generating libraries of displayed peptides and
antibodies.

Applications of DNA shuffling technology have also been
developed by the inventors and their co-workers. In addition
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to the publications noted above, Minshull et al., U.S. Pat.
No. 5,837,458 METHODS AND COMPOSITIONS FOR
CELLULAR AND METABOLIC ENGINEERING pro-
vides for the evolution of metabolic pathways and the
enhancement of bioprocessing through recursive shuffling
techniques. Crameri et al. (1996), “Construction And Evo-
lution Of Antibody-Phage Libraries By DNA Shuffling”
Nature Medicine 2(1):100-103 describe, ¢.g., antibody shuf-
fling for antibody phage libraries. Additional details regard-
ing DNA Shuffling can also be found in W095/22625,
W097/20078, W096/33207, W097/33957, W098/27230,
W097/35966, W098/ 31837, WO98/13487, WO98/13485
and W0989/42832.

Physical nucleic acid shuffling techniques (as opposed,
e.g., to “in silico” methods which are performed, at least in
part, by manipulation of character strings in a computer) rely
upon actual recombination between physical nucleic acids,
whether the format is an in vitro or an in vivo format.
Recombination occurs at a relatively high frequency, e.g.,
where there are complementary nucleic acids between
strands to be recombined. Thus. nucleic acids to be recom-
bined are typically e.g., about 70% identical/complementary
in sequence over regions of, e.g., about 3040 nucleotides.
It would be desirable to be able to recombine low homology,
or even non-homologous sequences, thereby increasing
access to the potential sequence space encoded by recom-
binant nucleic acids resulting from shuffling methods. For
example, for proteins which are commercially valuable, it
would be desirable to be able to gain access to a
recombination/mutation spectrum which is different than
that of the native protein to provide for greater diversity in
products produced by the various available shuffling strat-
egies.

Similarly, nucleic acid recombination generally can be
difficult to modulate, resulting in regions of high or low
crossover frequency between two different targets for
recombination. The crossover frequency for a particular
pairing of sequences on two different targets is one feature
that mediates the recombinant nucleic acids that result from
recombination methods. Improved methods of modulating
the recombination frequency at potential recombination sites
would be desirable to weight/bias recombination product
outcomes.

In general, new techniques which facilitate, improve or
add levels of control to recombination methods are highly
desirable. In particular, techniques which permit shuffling of
divergent nucleic acids, or which provide for modulation
and tuning of shuffling rates are desirable. The present
invention provides such significant new recombination
protocols, as well as other features which will be apparent
upon complete review of this disclosure.

SUMMARY OF THE INVENTION

The present invention provides a number of new nucleic
acid recombination formats for nucleic acid shuffling. In the
methods, a number of insertion sequences are inserted into
one or more parental nucleic acid to provide a modified
target nucleic acid substrate for recombination and subse-
quent mutation. The number, type and placement of such
insertion sequences provides for the ability to shuffle nucleic
acids with little or no homology other than the insertion
sequences. In addition, these insertion sequences provide for
the ability to modulate or “tune” recombination frequencies
between target nucleic acids. The methods typically take
advantage of self-splicing, trans-splicing or use cellular
machinery to remove the insertion sequences from final
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