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SYSTEM FOR CAPTURING AND MODIFYING LARGE PIECES OF GENOMIC DNA AND
CONSTRUCTING ORGANISMS WITH SYNTHETIC CHL.OROPLASTS

CROSS-REFERENCE
[0001] This application claims priority to and benefit of U.S. Provisional Application No. 60/978,024 (filed

October 5, 2007), which application is incorporated herein by reference.

- BACKGROUND OF THE INVENTION
{0002] Forthe functional analysis of many genes, investigators need to isolate and manipulate large DNA
fragments. The advent of genomics and the study of genomic regions of DNA have generated a need for vectors
capable of carrying large DNA regions.
{6003] In general, two types of yeast vector systems are presently available. The first type of vector is one capable
of transferring small insert DNA between yeast and bacteria. A second type of vector is a fragmenting vector which

creates interstitial or terminal deletions in yeast artificial chromosomes (YACs). The small insert shuttle vectors are

able to recombine with and recover homologous sequences. They are centromers-based and replicate stably and
autonomously in yeast, but also contain a high-copy origin of replication for maintenance as bacterial plasmids,
However, these vectors are limited by their small insert capacity, The second type of vector {(also known as
fragmenting vectors) bas recombinogenic sequences, but is unable to transfer the recovered insert DNA to bacteria
for large preparations of DNAL

[0004] Researchers use fragmentation techniques to narrow down the region of interest in YACs. However,
isolating sufficient quantities of YAC DNA from agarose gels for microinjection or electroporation remains
cumbersome. Purification remains a problem when the YAC comigrates with an endogenous chromosome. In
addition, YACs may be chimeric or contain additional DNA regions that are not required for the particular
functional study. ' _

[0005] Types of vectors available for cloning large fragments in bacteria are cosmids, P1s and bacterial artificial
chromosomes (BACs). These vectors are limited to bacteria and cannot be shuttled to yeast for modification by
homologous recombination, Bacterial vectors are also limited in their use for transforming plants and algae. For
example, though chloroplasts are thought to originate from the endosymbiosis of photosynthetic bacteria into
eukaryotic hosts translation of chloroplasts in more complex. Adding to the complexity of genetically engineering
plants and algae is the presence of multiple chloroplasts with multiple copies of the chloroplast genome. Thus, there
exists a need for developing a method to express proteins from large fragments of DNA in the chioroplasts of plants
and algae

SUMMARY OF THE INVENTION
[0806] The present invention relates to compositions and methods of isolating, characterizing, and/or modifying
large DNA, including entire genomes of bacteria and chloroplasts. The compositions include shuttle vectors into
which target DNA may be inserted. The methods include modifying or manipulating target DNA by removing,
adding or rearranging portions and introducing the modified DNA into a host.
[0007] One aspect of the present invention provides an isolated vector comprising a yeast element, a bacterial

origin of replication, and at least 20 kb genomic DNA. In some vectors, the yeast element is a yeast centromere, 2

‘ yeast autonomous replicating sequence, yeast auxotrophic marker, or a combination thereof. The DNA may be from
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2 non-vascular photosynthetic organism, for example a macroalgae, microalgae, Ch. vulgaris, C. reinhardtii; D,

salina, S. quadricanda or H. pluvalis. In some embodiments, the genomic DNA is modified, for example by
insertion of a heterologous or homologous polynucleotide, deletion of one or more nucleic acid bases, mutation of
one or more nucleic acid bases, rearrangement of one or more polynucieotides, or a combination thereof. In some
instances, the modification is synthetic. Vectors of the present invention, when transformed into a host cell, may
result in production of a product not naturaily produced by the host cell. Some examples of such products include
biomass-degrading enzymes, a fatty acids, terpenes or terpenoids. In some host cells, expreséion of the vector
results in an increase production of a product naturally produced by said host cell, for example, a biomass-degrading
enzyme, a terpene or a terpenoid. The vectors of the present invention may further comprise one or more selection
markers, for example, a yeast marker, a yeast antibiotic resistance marker, a yeast auxotrophic marker, a bacterial
marker, a bacterial antibiotic resistance marker, a bacterial auxotrophic marker, an algae marker, an algae antibiotic
resistance marker, an algae auxotrophic marker, or a combination thereof. Vectors of the present invention may also
contain chioroplast genomic DNA which comprises 1) 1-200 genes; 2) all essential chloroplast genes;and/or 3) 30-
400 kb.

[0008] Also described herein is & host cell comprising the vectors described herein. Exemplary host cells may be
naturally non-photosynthetic or photosynthetic and include, for example, Saccharomyces cerevisine, Escherichia
coli, macroalgae, microalgae, Ch. vulgaris, C. reinhardtii, D. salina, S. quadricanda or H, pluvalis.

{0009} In another aspect of the invention, a method for producing a vector is provided where the method involves
inserting targeting DNA into a vector — where the vector comprises a yeast centromere, a yeast autonomous
replicating sequence, and a bacterial origin of replication, transforming an organism with the vector and capturing a
portion of a chloroplast genome, thus producing a vector with & portion of a chloroplast genome. In some instances,
the targeting DNA. is chloroplest genomic DNA. This method may be used to capture 2 portion of a genome which
is 10-400 kb in length. In some instances, the capturing stép occurs by recombination. The captured portion of a
chloroplast genome may be co-transformed into an organism with a vector, thus the recombination step may occur
in vivo. Organisms used to practice methods disclosed herein may be eukaryotic and/or photosynthetic. In some
instances, the organism is a non-vascular photosynthetic organism, for example a macroalgae, microalgae, Ch.
vulgaris, C. reinkardtii, D. salina, S. quadricanda or H. pluvalis. Organisms used to practice methods disclosed
herein may also be non-_photosyathetic; for example yeast. In some instances, a non-photosynthetic organism may
contain exogenous chloroplast DNA. In some embodiments, an additional step of modifying a portion of a
chioroplast genome is utilized. A modiﬁcatioﬁ may be achieved through homologous recombination. Such
recombination may occur in an organism, for example a eukaryotic and/or photosynthetic organism. In some
instances, the organism is a non-vascular photosynthetic organist, for example a macrosalgae, microalgae, Ch.
vulgaris, C. reinhardtii, D. salina, S. quadricanda or H. pluvalis. In other instances, the organism may be non-
photosynthetic, for example a yeast. In embodiments with a modification step, the step may comprise addition of a
polynucleotide, deletion of one or more nucieic acid bases, mutation of one or more nucleic acid bases,

rearrangement or & polynucleotide, or combination thereof.

[0030] Further disclosed herein is an isolated vector comprising essential chloroplast genes, a selectable marker

and a manipulation in one or more nucleic acids in the vector. In some instances, essential chloroplast genes are

cloned from a non-vascular photoshynthetic organism such as macroaigae, microalgae, Ch. vulgaris, C. reinhardtii,
D. salina, S. guadricanda or H. pluvalis. Essential chioroplast genes for use in the vectors described herein may be
synthetic. The vectors described herein may further comprise an expressiongagsstte, which may further comprise a

region for integration into target DNA, for example organelie DNA. The vectors described herein may also contain
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one or more selection markers, for example, an auxotrophic marker, an antibiotic resistance marker, a chioroplast

marker, or combinations thereof. In some instances, the essential chioroplast genes are those required for
chloroplast function, photosynthesis, carbon fixation, production of one or more hydrocarbons, or combination
thereof: Essential chloroplast genes may comprise up to 200 genes and/or consist of up to 400 kb. In some of the
vectors degoribed herein a manipulation in one or more nucleic acids is an addition, deletion, mutation, or
rearrangement. In some instances, expression of the vector in a host cell produces a product not naturally produced
by said host cell. In other instances, expression of a vector of the present invention results in an increase production
of a product naturally produced by said host cell. Exampies of such products are biomass degrading enzymes, fatty
acids, terpenes or terpenoids.

[6011] As described herein, one aspect of the present invention is an isolated chloroplast comprising a vector of
the present inveniion. In another aspect, a host cell comprising a vector of the present invention is provided. Host
cells useful in the present invention may be naturaily non-photosynthetic or naturally photosynthetic. Examples of
organisms useful for the present invention include Saccharomyces cerevisiae, Escherichia coli, macroalgae,
microalgae, Ch. vulgaris, C. reinhardtii, D. salina, S. guadricanda or H. pluvalis.

[0012] In another aspect of the present invention, a method for transforming & cell or organism is provided where
the method comprises inserting into said cell or organism a vector comprising al] essential chloroplast genes and
optionally one or more genes not naturally occurring in said cell or organism. In some embodiments, the method
further comprises the step of eliminating substantially all chloroplast genomes in said cell or organism. A cellor
organism useful for this method may be photosynthetic, non-photosynthetic and/or sukaryotic. A cell or organism
useful for this method may be non-vascular. In some instances, the vector for use in this method may also comprise
an expression cassette and the expression cassette may be capable of integrating into non-nuciear DNA. In one
embodiment the one or more genes not naturally occuring in the cell or organism is a gene in the 1soprenmd
pathway, MV A pathway, or MEP pathway. In another embodiment, the essential chloroplast genes are those that
are required for chloroplast function, photosynthesis, carbon fixation, production of one or more hydrocarbons, or a
combination thersof.

[0613] Further provided hereinis a method for modxfymg an organism comprising the steps of transforming the
organism with a vector comprising one or more polynucleotides sufficient to perform chloroplast fanction. In some
instances, a vector useful for this method further comprises a sequence for production or secretion of a compound
from said organism. In some instances, the compound is an isoprepoid. In other instances, the vector comprises alt-

essential chioroplast genes. In still other instances, the essential chloroplast genes are rearranged or mutated. An

organism useful for some embodiments comprises essentially no chloroplast genome prior to transformation.

{0014] Yet another method provided herein is 2 method for making 2 product from an organism comprising the
step of transforming said organism with a vector comprising at least 20 kb of genomic DNA and one or more of the
following: (i) 2 gene not naturally occurring in said organism; (ii) a deletion in a gene naturally occurring in said
organism; (iii) a rearrangement of genes naturally occurring in said organism; and (iv.) a mutation i¢ & gene naturally
occurring in said organism. In some instances, the organism is naturally photosynthetic. In other instances, the
additional genes encode enzymes in the isoprenoid pathway, MVA pathway, or MEP pathway. In still another
embodiment, the present disclosure provides a method for transforming a cell or organism comprising inserting into
said cell or organissi & chloroplast and a vector comprising all essential chloroplast genes:

[0015] The present disclosure also provides a method of producing an artificial chloroplast genome comprising the
steps of: (a) providing a vector comprising one or more essential chloroplast genes; (b) adding to said vector a DNA

fragment; {c) transforming a cell or organism with the vector produced by step (b); and (d) determining whether
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chioroplast function exists with said added DNA fragment. In some instances, the added DNA fragments comprises

one or more coding regions for an enzyme in the isoprenoid, MVA or MEP pathway.

[0016] The present disclosure also provides a shuttle vector comprising & chloroplast genome. A genome may be
modified. Also provided herein is a vector comprising an isolated, functional chloroplast genome. A chloroplast
genome useful in such a vector may be modified.

[6017] Further provided herein is a method of producing an artificial chloroplast genome comprising the steps of:
(a) providing a vector comprising all essential chloroplast genes; and (b) removing, adding, mutating, or rearranging
DNA from the chloroplast genome. Such a method may further comprise the steps of transforming a redacted
genome into & host organism; and (d) determining chloroplast function in the host organism. In some instances,
steps (b), (c), and (d) are repeated. In still other instances, the chloroplast genome is from an organism selected
from the group consisting of: macroalgae, microalgae, Ch. vulgaris, C. reinhardtii, D. salina, 8. guadricanda or H.
pluvalis. In other instances, the host organism is selected from the group consisting of; macroalgae, microalgae, Ch.
vulgaris, C. reinhardtii, D. salina, S. quadricanda or H. pluvalis. For some embodiments, the method may further
comprise the step of removing redundant DNA from a chloropiast genome. In other embodiments, the vector
comprises all or substantially all of a chloroplast genome. A chloroplast genome useful in the present invention may
be cloned from a photosynthetic organism or may be a synthetic chloroplast genome. In some instances, the vector
further comprises a gene not naturally occurring in the host organism, for example a gene from the isoprenoid
pathway, MV A pathway, or MEP pathway.

[6018] Yet another method provided herein is a method of producing an artificial chioroplast genome compn'sixig
the steps of: (a) providing a vector comprising an entire chloropiast genome; (b) deleting a portion of said entire
chloroplast genome; and (c) determining whether chioroplast function exists without said deleted portion. In
another aspect of the present invention, a composition comprising an isolated and functional chioroplast genome is
provided. In some instances, 2 composition comprises a modification to said chloroplast genome.

[0619] Further provided herein is ap ex vivo vector comprising a nucleic acid comprising at least about 10% ofa
chloroplast genome and a manipulation in one or more nucleic acids in the vector. In some instances, the nucleic
acid is cloned from a non-vascular photosynthetic organism, for example 2 macroslgae, microalgae, Ch. vulgaris, C.
reinhardtii, D. saling, S. quadricanda or H. pluvalis. In some instances, the mucleic acid is synthetic. A vector of
the present invention may further comprise an expression cassette and an expression cassette may further comprise a
region for integration into target DNA. In some instances, the target DNA is organelle DNA. A vector useful in the
present invention may further comprise one or more selection markers, for example an auxotrophic marker, an

aniibiotic resistance marker, a chloroplast marker, or combinations thereof. In some embodiments, a manipulation

_ in one or more nucleic acids in a vector may be an addition, deletion, mutation, or rearrangement. Expression of the

vector may result in production of a product not naturally produced by a host cell and/or an increase production of &
product naturaily produced by 2 host cell. Examples of some products of the present invention include a terpene,
terpenoid, fatty acid, or biomass degrading enzyme.

10020] Also provided berein is an ex vivo vector comprising a nucleic acid comprising at least about 20 kilobases
of a chloroplast genome and a manipulation in one or more nucleic acids in said vector. In some instances, the
nucleic acid is cloned from a non-vascular photosynthetic organism, for example a macroalgae, microalgae, Ch.
vulgaris, C. reinhardtii, D. salina, S. gquadricanda or H. pluvalis. In some instances, the nucleic acid is synthetic. A
vector of the present invention may further comﬁrise an expression cassette and an expression cassette may further
comprise a region for integration into target DNA. In some instances, the target DNA is organelle DNA. A vector

useful in the present invention may further comprise one or more selection markers, for example an auxotophic
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marker, an antibiotic resistance marker, a chloroplast marker, or combinations thereof. In some embodiments, a

manipulation in one or more nucleic acids in a vector may be an addition, deletion, mutation, or rearrangement.
Expression of the vector may result in production of a product net naturally produced by a host cell and/or an
increase production of a product naturally produced by a host cell. Examples of some products of the present
invention include a terpene, terpenoid, fatty acid, or biomass degrading enzyme.

J0021] Further provided herein is a method of producing a vector containing a reconstructed genome, COmprising:
introducing two or more vectors into a host cell, wherein the vectors comprise fragments of a genome, recombining
the vectors into a single vector comprising at least about 90% of a enome, thereby producing 2 vector containing a
reconstructed genome. In sorne instances, the host cell is eukaryotic, for example, S. cerevisiae. In other instances,
the genome is an organelle genome. The organelie may be a chloroplast, for example a chloroplast from an alga,
particularly a microalga such as Ch. vulgaris, C. reinhardtii, D. salina, S. quadricanda or H. pluvalis. In some
instances, the two or more vectors comprise a selectable marker. In other instances, at least one of said fragments is
synthetic. In still other instances, 2 further step comprising modifying a portion of the genome is useful in this
method. Such a modification may comprise an addition, deletion, mutation, or rearrangement. In other
embodiments, the modification is the addition of an exogenous nucleic acid which results in the production or

increased production of a terpene, terpenoid, fatty acid or biomass degrading enzyme.

INCORPORATION BY REFERENCE
{6622] All publications and patent applications mentioned in this specification are herein incorporated by reference
to the same extent as if each individual publication or patent application was specifically and individually indicated

to be incorporated by reference,

BRIEF DESCRIPTION OF THE DRAWINGS
{0623] The novel features of the invention are set forth with particularity in the appended claims. A better
understanding of the features and advantages of the present invention will be obtained by reference to the following
detailed description that sets forth illustrative embodiments, in which the principles of the invention are utilized, and
the accompanying drawings of which:
j0624] In the figures, the following abbreviations are used: HIS53: yeast HIS3 gene; TRPI: yeast TRPI gene;
URAZ3: yeast URA3 gene; ADE2: yeast ADE2 gene; LYS82: yeast LYS2 gene; TEL: yeast telomere; CEN: yeast
centromere; ARS: autonomously replicating sequences, yeast origin of replication; SFOA: 5-fluorocrotic acid; Kan:
kanamycin resistance gene; P1 plasmid rep: P1 plasmid replicon; pl lytic rep: p1 lytic replicon.
[0025] Figure | provides a general description of 2 hybrid vector of the present invention. Figure 1A) Vector
schematic. Figure 1B) DNA shuttling between organisms. ’
[0026] Figure 2 is a schematic showing construction of a hybrid vector.
[0027] Figure 3 is a schematic showing sites of integration in chloroplast genome DNA., Circled numbers indicate
target sites for modification. The box indicates the site targeted by the hybrid gap-filling vector
[0028] Figures 4 A, B, and C is 2 schematic of selectable markers for modification and/or stabilization.
10629} Figure 5 is a schematic for introduction of hybrid vector into chloroplast genome DNA.
[0030] Figure 6 is PCR data showing integration of hybrid vector (and stabilization vector) in algae.
[0031] Figure 7 shows analysis of captured DNA. Figure 7A) Restriction digest with £coRI of isolated vectors
containing chloroplast(L, ladder; C, parent hybrid vector; 1, Clone 1; and 2; Clone 2). Figure 7B) Restriction digest
with EcoRl of isolates of Clone 1 that were passaged through yeast (L, ladder; C,; 1, Clone 1; and A-M; yeast
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isolates). Figure 7C) Southern analysis of Clones 1 and 2 digested with EcoRI and probed with radioactive HindlIi-

digested total DNA from C. reinhardfii.

[0032] Figures 8 A and B is a schematic showing architecture of isolated ex vivo vectors containing chloroplast
genome DNA.,

{0033] Figure 9 shows growth of parent and transformed algae cells under various selection conditions.

(0834] Figure 10 is a schematic of restriction analysis for manipulation vectors. Figure 10A) Schematic of vector
architecture. Figure 10B) Analysis of modified vector by restriction analysis with EcoRl

|6635) Figure 11 shows modification of 2 chloroplast genome fo produce a biomass-degrading enzyme. Figure
11A)} PCR screen of isolated transformants. Figure 11B) Endoxylanase activity from isolated transformants.
{0036} Figures 12 shows a PCR screen of isolated transformants modified to produce isoprenoids with the FPP
synthase expression cassette targeted to site 3 (Figure 12A) or site 4 (Figure 12B).

[0637] Figure 13 is a schematic showing capture of a partial chloroplast genome using recombination in yeast.
[0038] Figure 14 is a schematic showing capture of an entire chloroplast genome using recombination in yeast.

{0039] Figure 15 is a schematic showing reassembly of an entire chloroplast genome using recombination in yeast.

DETAILED BDESCRIPTION OF THE INVENTION
[0040] While preferred embodiments of the present invention have been shown and described herein, it will be
obvious to those skilled in the art that such embodiments are provided by way of example only. Numerous
variations, changes, and substitutions will now occur to those skilled in the art without departing from the invention.
Tt should be understood that various alternatives to the embodiments of the invention described herein may be
employed in practicing the invention. It is intended that the following claims define the scope of the invention and
that methods and structures within the scope of these claims and their equivalents be covered thereby.
[0641] Technical and scientific terms used herein have the meanings commonly understood by one of ordinary
skill in the art to which the instant invention pertains, unless otherwise defined. Reference is made herein to various
materials and methodologies known to those of skill in the art. Standard reference works setting forth the general
principles of recombinant DNA technology include Sambrook et al., *Molecular Cloning: A Laboratory Manual”, 2d
ed., Cold Spring Harbor Laboratory Press, Plainview, N.Y., 198%; Kaufman et al., eds,, "Handbook of Molecular
and Cellular Methods in Biology and Medicine”, CRC Press, Boca Raton, 1995; and McPherson, ed., "Directed
Mutagenesis: A Practical Approach”, IRL Press, Oxford, 1991. Standard reference literature teaching general
methodologies and principles of yeast genetics useful for selected aspects of the invention include: Sherman et al.
“Laboratory Course Manual Methods in Yeast Genetics”, Cold Spring Harbor Laboratery, Cold Spring Harbor,
N.Y., 1986 and Guthrie et al., "Guide to Yeast Genetics and Molecular Biology", Academic, New York, 1991.
[0042] Any suitable materials and/or methods known to those of skill can be utilized in carrying out the instant
invention. Materials and/or methods for practicing the instant invention are described. Materials, reagents and the
like to which reference is made in the following description and examples are obtainable from commercial sources,
unless otherwise noted. This invention teaches methods and describes tools for capturing and modifying large pieces
of DNA. It is especialty useful for modifying genomic DNA, including the whole genome of an organism or
organeile, or a part thereof, Novel prophetic uses of the invention are also described. The invention relates to the
manipulation and delivery of large nucleic acids. The invention further relates to recombinational cloning vectors
and systems and to methods of using the same.
J0043] Contemporary methods for genetically engineering genomes (e.g., chloroplast genomes) are time intensive

{> 1 month) and allow for only a limited number of manipulations at a time. If multiple modifications to a target
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‘genome are desired, the process must be iterated, further increasing the time required to generate a desired strain.

Because metabolic engineering and/or synthetic biology require numerons modifications to a genome, these
technologies are not amenable to rapid introduction of modifications to a genome. Thus, a new technology that
allows for multiple modification of the chloroplast genome in a short amount of time will enable the application of
metabolic engineering and/or synthetic biology to chloroplast genomes. The disclosure herein describes such
technology.

[0044] The instant invention provides a versatile, recombinational approach to the capture, cloning, and
manipulation of large nucleic acids from target cells and organelles (e.g., chloroplasts). One aspect of the present
invention provides a recombinational cloning system. More specifically, the invention provides vectors, which in
some embodiments, rely on homologous recombination technologies to mediate the isolation and manipulation of
large nucleic acid segments. Another aspect of the present invention provides methods for using such
recombinational cloning vectors to clone, to manipulate and to deliver large nucleic acids to target cells and/or
organelles such as chloroplasts.

[6645] In one preferred embodiment, homologous recombination is performed in vitro. In a particularly preferred
embodiment of the invention, homologous recombination is performed in vivo. In a more preferred embodiment,
homologous recombination occurs in an algae cefl. In another more preferred embodiment, homologous
recombination occurs in a yeast cell. In one preferred embodiment, homologous recombination occurs in
Saccharomyces cerevisiae or Saccharomyces pombe. In yeast, the combination of efficient recombination processes
and the availability of numerous selectable markers provides for rapid and corplex engineering of target DNA
sequences. Once all of the modifications are made to an ex vivo vector containing chioroplast genome DNA, the
entire vector can be introduced into a chloroplast in a single transformation step. Thus, employing yeast technology
will enable the applcation of metabolic engineering and/or synthetic biology to chioroplast genomes. One aspect of
the present invention provides an isolated vector comprising a yeast element, a bacterial origin of replication, and at
Ieast 20 kb genomic DNA. In some vectors, the yeast element is a yeast centromere, a yeast autonomous replicating
sequence, or a combination thereof. The DNA may be from a non-vascular photosynthetic organism, for example a
macroalgae, microalgae, Ch. vulgaris, C. reinhardtii, D. salina, S. quadricanda or H. pluvalis. In some
embodiments, the genomic DNA is modified, for example by insertion of a heterologous or homologous
polynucieotide, deletion of one or more nucleic acid bases, mutation of one or more nucleic acid bases,
rearrangement of one or more polynucleotides, or 2 combination thereof. In some instances, the modification is
synthetic. Vectors of the present invention, when transformed into a host cell, may result in production of a product
not naturally produced by the host cell. Some examples of such products include biomass-degrading enzymes, a
fatty acids, terpenes or terpenoids. In some host celis, expression of the vector results in an increase productionof a
product naturally produced by said host cell, for example, a biomass-degrading enzyme, a terpene or a terpenoid.
The vectors of the present invention may further comprise one or more selection markers, for example, a yeast
marker, a veast antibiotic resistance marker, a bacterial marker, a bacterial antibiotic resistance marker, an algae
marker, an algae antibiotic resistance marker or a combination thereof. Vectors of the present invention may also
contain chloroplast genomic DNA which comprises 1) 1-200 genes; 2) all essential chioroplast genes;and/or 3) 30-
400 kb, |

[0046] Also described herein is a host cell comprising the vectors described herein. Exemplary host cells may be
naturally non-photosynthetic or photosynthetic and include, for example, Saccharomyces cerevisiae, Escherichia

coli, macroalgae, microaigae, Ch. vulgaris, C. reinhardtii, D. salina, 8. gquadricanda or H. pluvalis.
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[0047] In another aspect of the invention, a method for producing a vector is provided where the method invalves

inserting targeting DNA into a vector — where the vector comprises a yeast centromere, a yeast autonomous
replicating sequence, and a bacterial origin of replication, transforming an organism with the vector and capturing a
portion of a chloroplast genome, thus producing a vector with a portion of a chloroplast genome. In some instances,
the targeting DNA is chloroplast genomic DNA. This method may be used to capture a portion of a genome which
is 10-400 kb in length. In some instances, the capturing step occurs by recombination. The captured portion of a
chioroplast genome may be co-transformed into an organism with a vector, thus the recombination step may occur
in vivo. Organisms used to practice methods disclosed herein may be eukaryotic and/or photosynthetic. In some
instances, the organism is & non-vascular photosynthetic organism, for example a macroalgae, microalgae, Ch.
vulgaris, C. reinkardtii, D. salina, S. quadricanda or H. pluvalis. Organisms used to practice methods disclosed
herein may also be non-photosynthetic, for example yeast. In some instances, a non-photosynthetic organism may
contain exogenous chioroplast DNA. In some embodiments, an additional step of modifying a portion of a
chloroplast genome is utilized. A modification may be achieved through homologous recombination. Such
recombination may occur in an organism, for example a eukaryotic and/or photosynthetic organism. In some
instances, the organism is a non-vascular photosynthetic organism, for example a macroalgae, microalgae, Ch.
vulgaris, C. reinhardtii, D. salina, S. quadricanda or H. pluvalis. In other instances, the organism may be non-
photosynthetic, for example a yeast. In embodiments with a modification step, the step may comprise addition of a
polynucleotide, deletion of one or more pucleic acid bases, mutation of one or more nucleic acid bases,
rearrangement or a polynucleotide, or combination thereof.

[0048] Further disclosed herein is an isolated vector comprising essential chloroplast genes, a selectable marker
and a manipulation in one or more nucleic acids in the vector. In some instances, essential chioroplast genes are
cloned from a non-vascular photoshynthetic organism such as macroalgae, microalgae, Ch. vuigaris, C. reinhardtii,
D. salina, S. quadricanda or H. pluvalis. Essential chloroplast genes for use in the vectors described herein may be
synthetic, The vectors described herein may further comprise an expression cassette, which may further comprise a
region for integration into target DNA, for example organelle DNA. The vectors described herein may also contain
one or more selection markers, for example, an auxotrophic marker, an antibiotic resistance marker, a chloroplast
marker, or combinations thereof. In some instances, the essential chloroplast genes are those required for
chloroplast function, photosynthesis, carbon fixation, production of one or more hydrocarbons, or a combination
thereof. Essential chioroplast génes may comprise up to 200 genes and/or consist of up to 400 kb. In some of the
vectors described herein a manipulation in one or more nucleic acids is an addition, deletion, mutation, or
rearrangement. In some instances, expression of the vector in a host cell produces & product not naturally produced
by said host ceil. In other instances, expression of a vector of the present invention results in an increase production
of a product naturally produced by said host cell. Examples of such products are biomass degrading enzymes, fatty
acids, terpenes or terpenoids.

[0049] As described herein, one aspect of the present invention is an isolated chloroplast comprising a vector of
the present im‘fention. In another aspect, a host cell comprising a vector of the present invention is provided. Host
cells useful in the present invention may be naturally non-photosynthetic or naturally photosynthetic. Exarmpies of
organisms useful for the present invention include Saccharomyces cerevisiae, Escherichia coli, macroalgae,
microalgae, Ch. vulgaris, C. reinhardtii, D. salina, S. guadricanda or H. pluvalis.

{0050] In another aspect of the present invention, & method for transforming a cell or organism is provided where
the method comprises inserting into said cell or organism a vector comprising al! essential chloroplast genes and

optionally one or more genes not naturally occurring ini said cell or organism. In some embodiments, the method

8



10

15

20

25

30

35

40

WO 2009045550 PCT/US2008/011546
further comprises the step of eliminating substantially all chloroplast genomes in said cell or organism. A cell or

organism useful for this method may be photosynthetic, non-photosynthetic and/or eukaryotic. A cell or organism
useful for this method may be non-vascular. In some instances, the vector for use in this method may also comprise
an expression cassette and the expression cassette may be capable of integrating into non-nuclear DNA. In one
embodiment the one or more genes not naturally occurring in the cell or organism is a gene in the isoprenoid
pathway, MV A pathway, or MEP pathway. In another embodiment, the essential chloroplast genes are those that
are required for chioroplast function, photosynthesis, carbon fixation, production of one or more hydrocarbons, or a
combination thereof.

[0051] Further provided herein is a method for modifying an organism comprising the steps of transforming the
organism with a vector comprising one or more polynucleotides sufficient to perform chloroplast function. In some
instances, & vector useful for this method further comprises a sequence for production or secretion of a compound
from said arganism. In some instances, the compound is an isoprenoid. In other instances, the vector comprises all
essential chloroplast genes. In still other instances, the essential chloroplast genes are rearranged or mutated. An
organism useful for some embodiments comprises essentially no chloroplast genome prior to transformation.

[0052] Yet another method provided herein is a method for making a product from an organism comprising the
step of transforming said organism with a vector comprising at least 20 kb of genomic DNA and one or more of the
following: (i) a gene not naturally occurring in said organism; (ii) a deletion in a gene naturally occurring in said
organism; (iii) a rearrangement of genes naturally occurring in said organism; and (iv) a mutation in a gene naturally
occurring in said organism. In some instances, the organism is naturally photosynthetic. In other instances, the
additional genes encode enzymes in the isoprenoid pathway, MVA pathway, or MEP pathway. In still another
embodiment, the present disclosure provides a method for transforming a cell or organism comprising inserting into
said cell or organism a chloroplast and a vector comprising all essential chloroplast genes.

[0053] The present disclosure also provides a method of producing an artificial chloroplast genome comprising the
steps of: (a) providing a vector comprising one or more essential chioroplast genes; (b) adding to said vector a DNA
fragment; (c) transforming a cell or organism with the vector produced by step (b); and (d) determining whether
chioroplast function exists with said added DNA fragment. In some instances, the added DNA fragments comprises
one or more coding regions for an enzyme in the isoprenoid, MVA or MEP pathway.

[0054] The present disclosure also provides a shuttle vector comprising a chloroplast genome. A genome may be
modified. Also provided herein is 2 vector comprising an isolated, functional chloroplast genome. A chloroplast
genome useful in such & vector may be modified.

[6055] Further provided herein is a method of producing an artificial chloroplast genome comprising the steps of:
(a) providing a vector comprising all essential chloroplast geres; and (b) removing, adding, mutating, or rearranging
DNA from the chloroplast genome. Such a method may further comprise the steps of transforming a redacted
genome into a host organism; and (d) determining chloroplast function in the bost organism. In some instances,
steps (b), (c), and (d) are repeated. In still other instances, the chloroplast genome is from an organism selected
from the group consisting of: macroalgae, microalgae, Ch. vulgaris, C. reinhardtii, D. salina, S. quadricanda ot H.
pluvalis. In other instances, the host organism is selected from the group consisting of: macroalgae, microalgae, Ch.
vidgaris, C. reinhardtii, D. salina, S. quadricanda or H. pluvalis. For some embodiments, the method may further
comprise the step of removing redundant DNA from a chioroplast genome. In other embodiments, the vector
comprises all or substantially all of a chloroplast genome. A chloroplast genome useful in the present invention may

be cloned from a photosynthetic organism or may be a synthetic chloroplast genome. In some instances, the vector
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further comprises a gene not naturally occurring in the host organism, for example a gene from the isoprenoid

pathway, MV A pathway, or MEP pathway.

[0056] Yet another method provided herein is a method of producing an artificial chioroplast genome comprising
the steps of: {a) providing a vector comprising an entire chloroplast genome; (b) deleting a portion of said entire
chloroplast genome; and (c) determining whether chloroplast function exists without said deleted portion. In
another aspect of the present invention, a composition comprising an isolated and functional chloroplast genome is
provided. In some instances, a composition comprises a modification to said chloroplast genome.

[0057] Further provided herein is an ex vivo vector comprising a nucleic acid comprising at least about 10% ofa
chioroplast genome and a manipulation in one or more nucleic acids in the vector. In some instances, the nucleic
acid is cloned from a non-vascular photosynthetic organism, for example a macroalgae, microalgae, Ch. vulgaris, C.
reinhardtii, D, salina, S. quadricanda or H. pluvalis. In some instances, the nucleic acid is synthetic. A vector of
the present invention may further comprise an e:_cpression cassette and an expression cassette may further comprise a
region for integration into target DNA. In some instances, the target DNA is organelle DNA. A vector useful in the
present invention may further comprise one or more selection markers, for example an auxotrophic marker, an
antibiotic resistance marker, a chloroplast marker, or combinations thereof. In some embodirments, a manipulation
in one or more nucleic acids in a vector may be an addition, deletion, mutation, or rearrangement. Expression of the
vector may result in production of a product not naturally produced by a host cell and/or an increase production of a
product naturally produced by a host cell. Examples of some products of the present invention include a terpene,
terpenoid, fatty acid, or biomass degrading enzyme.

[0058} Also provided hereir is an ex vivo vector comprising a nucleic acid comprising at least about 20 kilobases
of a chloroplast genome and a manipulation in one or more nucleic acids in said vector. In some instances, the
nucleic acid is cloned from a non-vascular photosynthetic organism, for example a macroalgae, microalgae, Ch.
vulgaris, C. reinhardtii, D. salina, S. quadricanda or H. pluvalis. In some instances, the nucleic acid is synthetic. A
vector of the present invention may further comprise an expression cassette and an expression cassette may further
comprise a region for integration into target DNA. In some instances, the target DNA is organelle DNA. A vector
useful in the present invention may further comprise one or more selection markers, for example an auxotrophic
marker, an antibiotic resistance marker, a chioroplast marker, or combinations thereof. Insome embodiments, a
manipulation in one or more nucleic acids in a vector may be an addition, deletion, mutation, or rearrangement,
Expression of the vector may result in production of a product not paturally produced by a host cell and/or an
increase production of a product naturally produced by a host cell. Examples of some products of the present
invention include a terpene, terpencid, fatty acid, or biomass degrading enzyme.

[0059] Further provided herein is a method of producing a vector containing 2 reconstructed genome, comprising:
introducing two or more vectors into a host cell, wherein the vectors comprise fragments of a genome, recombining
the vectors into a single vector comprising at icast about 90% of a genome, thereby producing a vector containing a
reconstructed genome. In some instances, the host cell is eukaryotic, for example, S. cerevisiae. In other instances,
the genome is an organelie genome. The organelle may be a chloroplast, for example a chloroplast from an alga,
particularly a microalga such as Ch. vulgaris, C. reinhardtii, D. salina, S. guadricanda or H. pluvalis. In some
instances, the two or more vectors comprise a selectable marker. In other instances, at least one of said fragments is
synthetic. In still other instances, a further step comprising modifying a portion of the genome is useful in this
method. Such a modification may comprise an addition, deletion, mutation, or rearrangement. In other
embodiments, the modification is the addition of an exogenous nucleic acid which results in the production or

increased production of a terpene, terpenoid, fatty acid or biomass degrading enzyme.
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{0060} Large DNA Cloning and Content
[0061] An advantage of this invention is that it provides for the cloning, manipulation, and delivery of a vector

containing chloroplast genome DNA consisting of up to all chloroplast genes (or sequences). The chloroplast
genome DNA contained in the vector can be obtained by recombination of a hiybrid cloning vector with one
contiguous fragment of DNA or by recombination of two or more contiguous fragments of DNA,

[0662] The methods and compositions of the present invention may include captured and/or modified large pieces
of DNA may comprise DNA from an organelle, such as mitochondrial DNA or plastid DNA (e.g., chloroplast
DNA). The captured and/or modified large pieces of DNA may also comprise the entirety of an organelle’s
genome, ¢.g., a chloroplast genome. In other embodiments, the captured and/or modified large pieces of DNA
comprise a portion of a chloroplast genome. A chloroplast genome may originate from any vascular or non-vascular
plant, including algae, bryophytes (e.g., mosses, ferns), gymnosperms (e.g., conifers), and angiosperms (e.g.,
flowering plants — trees, grasses, herbs, shrubs). A chloroplast genome, or essential portions thereof, may comprise
synthetic DNA, rearranged DNA, deletions, additions, and/or mutations. A chloroplast genome, or portions thereof,
may comprise a one or more deletions, additions, mutations, and/or rearrangements. The deletions, additions,
mutations, and/or rearrangements may be naturally found in an organism, for example a naturally occurring
mutation, or may not be naturally found in nature. The chloroplast or plastid genomes of a number of organisms are
widely available, for example, at the public database from the NCBI Organelle Genomes section available at
http://www.ncbi.nlm.nih.gov/genomes/static/enk_o.html.

[0063] The target DNA sequence described herein may comprise at Jeast 1, 2, 3, 4, or 5 deletions, additions,
mutations, and/or rearrangements as compared to a control sequence (naturally occurring sequence). In some
embodiments, the mutations may be functional or nonfunctional. For example, a functional mutation may have an
effect on a cellular function when the mutation is present in a host cell as compared to a control cell without the
mutation. A non-functional mutation may be silent in function, for example, there is no discernable difference in
phenotype of a host cell without the mutation as compared to a cell with the mutation.

[0064] Captured and/or modified large pieces of DNA (e.g., target DNA), may comprise a minimal or minimized
chioroplast genome (e.g., the minimum pumber of genes and/or DNA fragment, required for chioroplast
functionality). The captured and/or modified DNA may comprise the essential chloroplast genes, it may coraprise a
portion or all, or substantially all of the essential chloroplast genes. An essential gene may be a gene that is essential
for one or more metabolic processes or biochemical pathways. An essential gene may be a gene required for
chloroplast function, such as photosynthesis, carbon fixation, or hydrocarbon production. An essential gene may
also be a gene that is essential for gene expression, such as transcription, translation, or other process(es) that affect
gene expression. The essential genes may comprise mutations or rearrangements. Essential genes may also
comprise a minimally functional set of genes to perform a function. For exampie, a particular function (e.g.,
photosynthesis) may be performed inefficiently by a set of genes/gene products, however, this set would still
comprise essential genes because the function is still performed.

[0065}] Modified DNA may comprise at least 5, 10, 15, 20, 25, 30, 40, or 50 essential genes. In some
embodiments, the DNA may comprise essential chloroplast genomic sequence of up to 150kb in length. The DNA
may comprise essential chloroplast genes as well as non-essential chioroplast gene sequences. The DNA may be
single stranded or double stranded, linear or circular, relaxed or supercoiled. The DNA may also be in the form of
an expression cassette. For example, an expression cassette may comprise an essential gene to be expressed in a
host cell. The expression cassette may comprise one or more essential genes as well as DNA sequences that

promote the expression of the essential genes. The expression cassette may also comprise a region for mtegration

11



10

15

20

25

30

35

40

WO 2009/045550 PCT/US2008/011540
into target DNA of a host. The expression cassette may also comprise one or more essential genes and one or more

genes not naturally occurring in a host cell comprising the expression cassette. One of ordinary skill in the arts will
easily ascertain various combinations of the aforementioned aspects of the expression cassettes.

{0066} In other instances, captured and/or modified pieces of DNA may comprise the entire genome of a plastid or
organelle. For example, about 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 30%, 31%, 32%,
33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%,
53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%., 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%, 4%, 75%, T6%, T7%, T8%, T9%, 80%, 81%, 82%, 83%, 84%%, 85%, 86%, 87%, 8R%, 89%, 30%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% of a plastid genome, or more. In one embodiment the captured and/or
modified large pieces of DNA may comprise 10-100%, 20-100%, 30-100%, 40-100%, 50-100%, 60-100%, 70-
100%, 80-100%, or 90-100% of the entire genome of a plastid or cell.

[6067) In still other instances, the captured and/or modified large pieces of DNA may comprise about 10 kb, 11
kb, 12 kb, 13 kb, 14 kb, 15 kb, 16 kb, 17 kb, 18 kb, 19 kb, 20 kb, 21 kb, 22 kb, 23 kb, 24 kb, 25 kb, 26 kb, 27 kb, 28
kb, 29 kb, 30 kb, 31 kb, 32 kb, 33 kb, 34 kb, 35 kb, 36 kb, 37 kb, 38 kb, 39 kb, 40 kb, 41 kb, 42 kb, 43 kb, 44 kb, 45
kb, 46 kb, 47 kb, 48 kb, 49 kb, 50 kb, 51 kb, 52 kb, 53 kb, 54 kb, 55 kb, 56 kb, 57 kb, 58 kb, 59 kb, 60 kb, 61 kb, 62
kb, 63 kb, 64 kb, 65 kb, 66 kb, 67 kb, 68 kb, 69 kb, 70 kb, 71 kb, 72 kb, 73 kb, 74 kb, 75 kb, 76 kb, 77 kb, 78 kb, 79
kb, 80 kb, 81 kb, 82 kb, 83 kb, 84 kb, 85 kb, 86 kb, 87 kb, 88 kb, 89 kb, 80 kb, 91 kb, 92 kb, 93 kb, 94 kb, 95 kb, 96
kb, 97 kb, 98 kb, 99 kb, 100 kb, 101 kb, 102 kb, 103 kb, 104 kb, 105 kb, 106 kb, 107 kb, 108 kb, 109 kb, 110 kb,
111 kb, 112 kb, 113 kb, 114 kb, 115 kb, 116 kb, 117 kb, 118 kb, 119 kb, 120 kb, 121 kb,122 kb, 123 kb, 124 kb, 125
kb, 126 kb, 127 kb, 128 kb, 129 kb, 130 kb, 131 kb, 132 kb, 133 kb, 134 kb, 135 kb, 136 kb, 137 kb, 138 kb, 139 kb,
140 kb, 141 kb, 142 kb, 143 kb, 144 kb, 145 kb, 146 kb, 147 kb, 148 kb, 145 kb, 150 kb, 151 kb, 152 kb, 153 kb,
154 kb, 155 kb, 156 kb, 157 kb, 158 kb, 159 kb, 160 kb, 161 kb, 162 kb, 163 kb, 164 kb, 165 kb, 166 kb, 167 kb,
168 kb, 169 kb, 170 kb, 171 kb, 172 kb, 173 kb, 174 kb, 175 kb, 176 kb, 177 kb, 178 kb, 179 kb, 180 kb, 181 kb,
182 kb, 183 kb, 184 kb, 185 kb, 186 kb, 187 kb, 188 kb, 189 kb, 190 kb, 191 kb, 152 kb, 193 kb, 194 kb, 195 kb,
196 kb, 197 kb, 198 kb, 199 kb, 200 kb, 201 kb, 202 kb, 203 kb, 204 kb, 205 kb, 206 kb, 207 kb, 208 kb, 2009 kb,
210 kb, 211 kb, 212 kb, 213 kb, 214 kb, 215 kb, 216 kb, 217 kb, 218 kb, 219 kb, 220 kb, 221 kb, 222 kb, 223 kb,
224 kb, 225 kb, 226 kb, 227 kb, 228 kb, 229 kb, 230 kb, 231 kb, 232 kb, 233 kb, 234 kb, 235 kb, 236 kb, 237 kb,
238 kb, 239 kb, 240 kb, 241 kb, 242 kb, 243 kb, 244 kb, 245 kb, 246 kb, 247 kb, 248 kb, 249 kb, 50 kb, 51 kb, 252
kb, 253 kb, 254 kb, 255 kb, 256 kb, 257 kb, 258 kb, 259 kb, 260 kb, 261 kb, 262 kb, 263 kb, 264 kb, 263 kb, 266 kb,
267 kb, 268 kb, 269 kb, 270 kb, 271 kb, 272 kb, 273 kb, 274 kb, 275 kb, 276 kb, 277 kb, 278 kb, 279 kb, 280 kb,
281 kb, 282 kb, 283 kb, 284 kb, 285 kb, 286 kb, 287 kb, 288 kb, 289 kb, 250 kb, 291 kb, 292 kb, 293 kb, 294 kb,
295 kb, 296 kb, 297 kb, 298 kb, 299 kb, 300 kb, 301 kb, 302 kb, 303 kb, 304 kb, 305 kb, 306 kb, 307 kb, 308 kb,
309 kb, 310 kb, 311 kb, 312 kb, 313 kb, 314 kb, 315 kb, 316 kb, 317 kb, 318 kb, 316 kb, 320 kb, 321 kb, 322 kb,
323 kb, 324 kb, 325 kb, 326 kb, 327 kb, 328 kb, 329 kb, 330 kb, 331 kb, 332 kb, 333 kb, 334 kb, 335 kb, 336 kb,
337 kb, 338 kb, 339 kb, 340 kb, 341 kb, 342 kb, 343 kb, 344 kb, 345 kb, 346 kb, 347 kb, 348 kb, 349 kb, 350 kb,
351 kb, 352 kb, 353 kb, 354 kb, 355 kb, 3356 kb, 357 kb, 358 kb, 359 kb, 360 kb, 361 kb, 362 kb, 363 kb, 364 kb,
365 kb, 366 kb, 367 kb, 368 kb, 369 kb, 370 kb, 371 kb, 372 kb, 373 kb, 374 kb, 375 kb, 376 kb, 377 kb, 378 kb,
379 kb, 380 kb, 381 kb, 382 kb, 383 kb, 384 kb, 385 kb, 386 kb, 387 kb, 388 kb, 389 kb, 390 kb, 391 kb, 392 kb,
393 kb, 394 kb, 395 kb, 396 kb, 397 kb, 398 kb, 399 kb, 400 kb or more genomic (e.g., nuclear or organelie) DNA,
In some embodiments the captured and or modified large pieces of DNA may comprise about 10-400 kb, 50-350 kb,
100-300 kb, 100-200 kb, 200-300 kb, 150-200 kb, 200-250 kb genomic DNA
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[0068] In still other instances, the captured and or modified large pieces of DNA may comprise about 15, 16, 17,

18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74,75,76, 77,78, 79,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,119, 120, 121,122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 1533,
154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176,
177, 178, 179, 180, 181, 182,1 83, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199,
200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222,
293,224 225 206,227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245,
246, 247, 248, 249, 50, 51, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269,
276,271,272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292,
293, 294, 295, 296, 297, 298, 299, 300 or more open reading frames, partial open reading frames, pseudogenes
and/er repeating sequences.

[0069] The present invention aiso provides vectors comprising a cassette-able chloroplast genome or portion
thereof (e.g., a removable DNA fragment comprising a chloroplast genome or functional portion thereof). A vector
of the present invention may comprise functional chloroplast units (e.g., 2 unit essential for metabolic processes,
photosynthesis, gene expression, photosystem I, photosystem If). Vectors of the present invention may COINprise a
transplantable chloroplast genome or portion thereof. Additionally, the vectors of the present invention may
comprise a transferable chloroplast genome or portion thereof. In other embodiments, the vectors comprise: 1) one
or more large pieces of modified DNA; 2) all genes necessary to carry out photosynthesis; 3} all genes required for
chioroplast survival and/or function; 4) essential chloroplast genes; and/or 5) sufficient naturally occurring or
modified chloroplast genes to perform one or more chicroplast functions, such as photosynthesis. A vector may
comprise a portion, substantially all, or all of the essential chloroplast genes. A vector may comprise at least 5, 10,
15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100 or more essential genes.

{00701 A vector may comprise chloroplast DNA of 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 210, 220, 230, 240, 250 kb or more in length. A vector may comprise essential chloroplast
genes as well as non-essential chloroplast gene sequences. A vector may comprise one or more, or all, essential
chloroplast genes and/or one or more genes not naturally occurring in a host cell comprising a vector. In some
embodiments, a vector may comprise chloroplast genes and genes not naturally occurring in the chloroplast. A
vector may comprise one or more essential chloroplast genes and/or one or more DNA sequences or genes involved
in chloroplast function, photosynthesis, carbon fixation, and/or hydrocarbon production. For example, a vector may
comprise a sequence required for photosynthesis and a sequence involved in the isoprenoid production, MVA,
and/or MEP pathways, such as a DNA sequence encoding a terpene synthase, or other pbiypeptide that produces a
hydrocarbon, such as a terpene or isoprenoid. The invention further provides methods for cloning, manipulating and
delivering a large target nucleic acid o a cell or particle, such as, for example, yeasts or bacteria. Certain
embodiments of this method make use of & hybrid yeast-bacteria cloning system (See, e.g., U1.S. Patent Nos.
5,866,404 and 7,083,971 and Hokanson et al., (2003) Human Gene Ther.: 14: 329-339). The vectors herein (e.g.,
cloning system) is comprised of a shuttle vector that contains elements for function and replication in both yeast and
bacteria, allowing it o stably function and replicate in either organism. This composition of functional and

replicative elements yields a hybrid system which enjoys the benefits of both genetic engineering systems. The
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genetics of yeast (e.g., 5. cerevisiae) are well understood and a powerful assortment of molecular biology tools

exists for genetic engineering in yeast.

{0071} Inanother aspect the invention produces a gap-filled vector by homologous recombination among the two
arms and the target nucleic acid. In still another embodiment, at least one arm further comprises an origin of
replication. In another embodiment of the invention, each arm further comprises a rare restriction endonuciease
recognition site. Homologous recombination may be performed in vitro or in vive, for example, in a fungal cell
{e.g., S. cerevisiae, Sz. pombe or U. maydis). The invention also provides a eukaryotic host cell harboring the
recombinational cloning system or vector according to the invention, for example, in a fungal cell (e.g., S.
cerevisiae, Sz. pombe or U. maydis).

[0072] A gap-filled linear vector may be converted to a circular vector in vitro (e.g. using T4 ligase) or in vivo, for
example, in a bacterium. The circular vectors of interest can be amplified, purified, cut and used to recover
sufficient amounts of DNA to be introduced either directly into a cell or into a suitable delivery system for
subsequent delivery to a target cell. The methodology offers great versatility to clone and to modify any large
bacterial or non-bacterial genome, and easily facilitate the use thereof as recombinational vectors. Direct delivery of
a gap-filled vector info a cell may be performed by methods well known in the field such as, for example, calcium
phosphate transformation methodologies or eleétroporation (see Sambrook et al., supra).

{0073} Accordingly, the invention provides & method for producing a recombinant delivery unit including the steps
of: (a) producing a gap-filled vector containing a target sequence; (b} optionally circularizing the gap-filled vector
segments of the invention; (c) propagating the vector; and (d) introducing the gap-filled vector in a delivery unit.
[0074] Bacterial systems are useful for amplifying and purifying DNA, and for functionaily testing the genetic
modifications and their effect on patbways. One embodiment of the present invention provides cloning system will
aid in the cloning and modifying of any large genome and easily facilitate the cloning and introduction of pathways.
With the ability to deliver whole pathways, certain embodiments of the present invention allow for a system
biological approach to problem solving.

[0075] In general, target DNA (e.g., genomic DNA) may be captured by creating sites allowing for hbomologous
recombination in the vector. For example, such sites may be created by, but not limited to, gap-repair cloning,
wherein a gap is created in the vector, usually by restrictive enzyme digestion prior to transformation into the yeast.
When the target DNA is mixed with the vector, the target DNA is recombined into the vector. This operation is
called “gap filling.” This recombination can occur in bacteria, yeast, the original host organism, another organism,
or in vitro. In some embodiments, recombination is performed in j/east because of the high rate of homologous
recombination. Once capturad, the target DNA can be modified in many ways including adding, altering, or
removing DNA sequences. In some embodiments, the target DNA is genomic DNA. In other embodiments, the
target DNA is organelle (e.g., mitochondria or chloroplast) DNA.

[0676] In some embodiments, target DNA is modified by adding, zltering or removing genes, coding sequences,
partial coding sequences, regulatory elements, positive and/or negative selection markers, recombination sites,
restriction sites, and/or codon bias sites. For example, the target DNA sequence may be codon biased for expression
in the organism being transformed. The skilied artisan is well aware of the "codon-bias" exhibited by a specific host
cell in usage of nucleotide codons to specify a given amino acid. Without being bound by theory, by using a host
cell’s preferred codons, the rate of transiation may be greater, Therefore, when synthesizing a gene for improved
expression in a host cell, it may be desirable to design the gene such that its frequency of codon usage approaches
the frequency of preferred codon usage of the host cell. The codons of the present invention may be A/T rich, for

example, A/T rich in the third nucleotide position of the codons. Typically, the A/T rich codon bias is used for
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algae. In some embodiments, at least 50% of the third nucleotide position of the codons are A or T. In other

embodiments, at least 60%, 70%, 80%, 90%, or 99% of the third nucleotide position of the codons are A or T. (see
also U.S. Publication No. 2004/0014174).

{0077] Such manipulations are well known in the art and can be performed in numerous ways. Insome
embodiments, the modifications may be performed using cloned sequences. In other embodiments, the
meodifications may be performed using synthetic DNA.

[0078] Genetic manipulations include cloning large pieces of target DNA (e.g., chromosomes, genomes) and/or
dividing and reorganizing target DNA based on functional relations between genes, such as metabolic pathways or
operons. Genetic manipulations also include introducing and removing metabolic pathways, recombining DNA into
functional units (e.g., metabolic pathways, synthetic operons), and/or determining sites of instability in large pieces
of DNA (e.g., sites where a native or non-native host tends to delete or recombine a sequence of DNA).

[0079] Target DNA may be DNA from a prokaryote. Target DNA may also be genomic DNA, mitochondrial
DNA, or chloroplast DNA from a eukaryote. Examples of such organisms from which genomic and/or organelle
DNA may serve as target DNA include, but are not limited to Z. mobilis, algae (e.g., macroalgae or microalgae, such
as Chlamydomonas reinhardtii ), a rhodophyte, a chlorophyte, a heterokontophyte, a tribophyte, a glaucophyte, a
chlorarachniophyte, a euglenoid, a haptophyte, a cryptomonad, a dinoflagellum, or a phytoplankton. One of skill in
the art will recognize that these organisms are listed only as examples and that the methods disclosed herein are
applicable to the large DNA from any organism, including bacterie, plants, fungi, protists, and animals. Genetic
manipulations of the present invention may include stabilizing large pieces of DNA by removing or inserting
sequences that force transformed cells to preserve certain sequences of DNA and to stably maintain the sequences in
its progeny. Genetic manipulations may also include altering codons of the target DNA, vector DNA, and/or
synthetic DNA to reflect any codon bias of the host organism. Additionally, genetic manipulations of the present
invention may include determining the minimal set of genes required for an organism to be viable. In another
embodiment, the genetic manipulations of the present invention include determining the minimal set of genes
required for a certain metabolic pathway to be created or maintained.

[0086] The genetic manipulations of the present invention may include determining redundant genes both within a
genome; and between two genomes (e.g., redundancy between the nuclear and chloroplast genome). Additionally,
the genetic manipulations of the present invention may include determining a functional sequence of DNA that
could be artificially synthesized (e.g. the genes in a certain metabolic pathway, the genes of a functional genome).
In another embodiment, the genetic manipulations of the present invention include creating DNA and genomes
packaged into cassettes {e.g., sites within & vector where genes can be easily inserted or removed). The genetic
manipulations of the present invention may also include creating a nuclear or organelle genome that is viable in
multiple species (e.g. a transplantable chloroplast genome). Furthermore, the genetic manipulations of the present
invention may include a method for testing the viability of any of these manipulations or creations {e.g., transferring
a shuttle vector back into a host system and assaying for survival),

[0081] Vectors, Markers and Transformation

{0082] A vector or other recombinant nucleic acid molecule may include a nucleotide sequence encoding a
selectable marker. The term or “sclectable marker” or “selection marker” refers to a polynucleotide (or encoded
polypeptide) that confers a detectable phenotype. A selectable marker generally encodes a detectable polypeptide,
for example, a green fluorescent protein or an enzyme such as luciferase, which, when contacted with an appropriate
agent (a particular wavelength of light or luciferin, respectively) generates a signal that can be detected by eye or
using appropriate instrumentation {Giacomin, Plant Sci. 116:59-72, 1996; Scikantha, J. Bacteriol. 178:121, 1996;
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Gerdes, FEBS Lett. 389:44-47, 1996; see, also, Jefferson, EMBO J. 6:3901-3907, 1997, fl-glucuronidase}. A

selectable marker generally is a molecule that, when present or expressed in a cell, provides a selective advantage
{or disadvantage) to the cell containing the marker, for example, the ability to grow in the presence of an agent that
otherwise would kill the cell. '

[0083] A selectable marker can provide a means to obtain prokaryotic cells or plant cells or both that express the
marker and, therefore, can be useful as a component of a vector of the invention (see, for example, Bock, supra,
2001). Examples of selectable markers include, but are not limited to, those that confer antimetabolite resistance, for
example, dihydrofolate reductase, which confers resistance to methotrexate (Reiss, Plant Physiol. (Life Sci. Adv)
13:143-149, 1994); neomycin phosphotransferase, which confers resistance to the aminoglycosides neomycin,
kanamycin and paromycin (Herrera-Estrella, EMBO J. 2:987-995, 1983), hygro, which confers resistance to
hygromycin (Marsh, Gene 32:481-485, 1984), trpB, which allows cells to utilize indole in place of tryptophan; hisD,
which allows cells to utilize histinol in place of histidine (Hartman, Proc. Natl. Acad. Sci., USA 85:8047, 1988);
mannose-6-phosphate isomerase which atlows cells to utilize mannose (WO 94/20627); ornithine decarboxylase,
which confers resistance to the ornithine decarboxylase inhibitor, 2-(difluoromethyl)-DL-ornithine (DFMO;
McConlogue, 1987, In: Current Communications in Moiecu]ar Biology, Cold Spring Harbor Laboratory ed.}; and
deaminase from Aspergillus terreus, which confers resistance to Blasticidin S (Tamura, Biosci. Biotechnol.
Biochem. 59:2336-2338, 1995). Additional selectable markers include those that confer herbicide resistance, for
example, phosphinothricin acetyltransferase gene, which confers resistance to phosphinothricin (White et al., Nucl.
Acids Res. 18:1062, 1990; Spencer et al., Theor. Appl. Genet. 79:625-631, 1990), a mutant EPSPV-synthase, which
confers glyphosate resistance (Hinchee et al., BioTechnology 91:915-922, 199R), a mutant acetolactate synthase,
which confers imidazolione or sulfonylurea resistance (Lee et al, EMBO J. 7:1241-1248, 1988), a mutant psbA,
which confers resistance to atrazine (Smeda et al., Plant Physiol. 103:911-917, 1993), or 2 mutant
protoporphyrinogen oxidase (see U.8. Pat. No. 5,767,373), or other markers conferring resistance to an herbicide
such as glufosinate. Selectable markers include polynucleotides that confer dihydrofolate reductase (DHFR) or
neomycin resistance for eukaryotic celis and tetracycline;, ampicillin resistance for prokaryotes such as E. coli; and
bleomycin, gentamycin, glyphosate, hygromycin, kanamycin, methotrexate, phleomycin, phosphinotricin,
spectinomycin, streptomycin, sulfonamide and sulfonylurea resistance in plants (see, for example, Maliga et al,
Methods in Plant Molecular Biology, Cold Spring Harbor Laboratory Press, 1995, page 35).

{0084] Methods for nuclear and plastid transformation are routine and well known for introducing a
polynucleotide into a plant cell chloroplast (see U.S. Pat. Nos. 5,451,513, 5,545,817, and 5,545,8 18; WO 95/16783;
McBride et al., Proc. Natl, Acad. Sci., USA 91:7301-7305, 1994). In some embodiments, chloroplast transformation
involves introducing regions of chloroplast DNA flanking a desired nuclectide sequence, allowing for homologous
recombination of the exopenous DNA into the target chioropiast genome. In some instances one to 1.5 kb flanking
nucleotide sequences of chloroplast genomic DNA may be used. Using this method, point mutations in the
chloroplast 165 rRNA and rps12 genes, which confer resistance to spectinomycin and streptomycin, can be utilized
as selectable markers for transformation (Svab et al., Proc. Natl. Acad. Sci., USA 87:8526-8530, 1990}, and can
result in stable homoplasmic transformants, at a frequency of approximately one per 100 bombardments of target
leaves.

[0085] Microprojectile mediated transformation also can be used to introduce a polynucleotide into a plant celi
chioroplast (Klein et al., Nature 327:70-73, 1987). This method utilizes microprojectiles such as gold or tungsten,
which are coated with the desired polynucleotide by precipitation with calcium chioride, spermidine or polyethyiene

glycol. The microprojectile particles are accelerated at high speed into a plant tissue using a device such as the
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BIOLISTIC PD-1000 particle gun (BioRad; Hercules Calif.). Methods for the transformation using biolistic methods

are well known in the art (see, e.g.; Christon, Trends in Plant Science 1:423-431, 1996). Microprojectile mediated
transformation has been used, for example, to generate a variety of transgenic plant species, including cotton,
tobacco, corn, hybrid poplar and papaya. Important cereal crops such as wheat, oat, barley, sorghum and rice also
have been transformed using microprojectile mediated delivery (Duan et al,, Nature Biotech. 14:494-498, 1996;
Shimamoto, Curr. Opin. Biotech. 5:158-162, 1994). The transformation of most dicotyledonous plants is possible
with the methods described above. Transformation of monocotyledonous plants also can be transformed using, for
example, biolistic methods as described above, protoplast transformation, electroporation of partially permeabilized
cells, introduction of DNA using glass fibers, the glass bead agitation method, and the like.

[0086] Transformation frequency may be increased by replacement of recessive rRNA or r-protein antibiotic
resistance genes with a dominant selectable marker, including, but not limited to the bacterial aadA gene (Svab and
Maliga, Proc. Natl, Acad. Sci., USA 90:913-617, 1993). Approximately 15 to 20 cell division cycles following
transformation are generally required to reach a homoplastidic state. It is apparent to one of skill in the art that a
chloroplast may contain multiple copies of its genome, and therefore, the term “homoplasmic” or “homoplasmy”
refers to the state where all copies of a particular locus of interest are substantially identical. Plastid expression, in
which genes are inseried by homologous recombination into all of the several thousand copies of the circular plastid
genome present inn each plant cell, takes advantage of the enormous copy number advantage over nuclear-cxprcssed
genes to permit expression levels that can readily exceed 10% of the total soluble plant protein.

[0087] Amny of the nucleotide sequences of target DNA, vector DNA, or synthetic DNA on the vectors of the
invention can further include codons biased for expression of the nuclectide sequences in the organism transformed.
In some instances, codons in the nucleotide sequences are A/T rich in a third nucleotide position of the codons. For
example, at least 50% of the third nucleotide position of the codons may be A or T. In other instances, the codons
are G/C rich, for example at least 50% of the third nucleotide positions of the codons may be Gor C.

[0088] The nucleotide sequences of the shuttle vectors of the present invention can be adapted for chloroplast
expression. For example, a nucleotide sequence herein can comprise a chioroplast specific promoter or chloroplast
specific regulatory control region. The nucleotide sequences can also be adapted for nuclear expression. For
example, a nucleotide sequence can comprise a nuclear specific promoter or nuclear specific regulatory controi
regions. The nuclear sequences can encode a protein with a targeting sequence that encodes a chloroplast targeting
protein (e.g., a chloroplast transit peptide), or a signal peptide that directs a protein to the endomembrane system for
deposition in the endoplasmic reticulum or plasma membrane.

[0089] In embodiments where a vector encodes genes capable of fuel production, fuel products are produced by
altering the enzymatic content of the cell to increase the biosynthesis of specific fuel molecules. For example,
nucleotides sequences (e.g., an ORF isolated from an exogenous source) encoding biosynthetic enzymes can be
introduced into the chloroplast of a photosynthetic organism. Nucleotide sequences encoding fuel biosynthetic
enzymes can also be introduced into the nuclear genome of the photosynthetic organisms. Nucleotide sequences
introduced into the nuclear genome can direct accumulation of the biosynthetic enzyme in the cytoplasm of the cell,
or may direct accumnulation of the biosynthetic enzyme in the chloroplast of the photosynthetic organism.

[0090] Any of the nucleotide sequences herein may further comprise a regulatory control sequence. Regulatory
control sequences can include one or more of the following: a promoter, an intron, an exon, processing elements, 3’
ﬁntranslated region, 5" untranslated region, RNA stability elements, or translational enhancers A promoter may be
one or more of the following: & promoter adapted for expression in the organism, an algal promoter, a chloroplast

promoter, and a nuclear promoter, any of which may be a native or synthetic promoters. A regulatory control

17



10

15

20

25

30

35

40

WO 2009/045550 PCY/US2008/011540
sequence can be inducible or autoregulatable. A regulatory control sequence can include autelogous and/or

heterologous sequences. In some cases, control sequences can be flanked by a first homologous sequence and a
second homologous sequence. The first and second homologous sequences can each be at least 500 pucleotides in
length. The homologous sequences can allow for either homologous recombination or can act to insulate the
heterologous sequence to facilitate gene expression.

[0091] Vectors may also comprise sequences involved in producing products useful as biopharmaceuticals, such
as, but not limited to, antibodies (including functional portions thereof), interleukins and other immune modulators,
and antibiotics. See, e.g., Mayfield et al., (2003) Proc. Nat’l Acad. Sci.: 100 (438-42) and U.S. Pub. No,
2004/0014174.

[0092] Vectors of the present invention may comprise a cassetie-able bacterial genome or portion thereof (e.g., 2
removable DNA fragment comprising a bacterial genome or functional portion thereof). Additionally, vectors of the
present invention may comprise functional genomic units (e.g., a unit essential for metabolic processes, biochemical
pathways, gene expression). Vectors of the present invention may comprise a transplantable bacterial genome or
portion thereof. Vectors of the present invention may comprise a transferable bacterial genome or portion thereof.
{0093] In some embodiments, the large piece of target DNA is modified. The modified DNA may comprise all
genes necessary to carry out ethanologenesis, all genes required for the Entner-Duodorff pathway, the glucose
tolerance pathway, the ethanol tolerance pathway, the carboxylic acid byproduct resistance pathway, the acetic acid
tolerance pathway, the sugar transport pathway, sugar fermentation pathways, and/or the cellulose and hemicellulose
digestive pathways.

[0094] Hybrid cloning systems and methods of the invention combine the high versatility of veast as a system for
the capture and manipulation of a given aucleic acid and the high efficiency of bacterial systems for the
amplification of such mucleic acid. Recombinational vectors relying on homologous recombination to mediate the
isolation, manipulation and delivery of large nucleic acid fragments were constructed. The invention described
herein also provides methods for usiﬁg such recombinational cloning vectors té clone, to manipulate and to deliver
large nucleic acids. Finally, the invention provides methods for using such recombinational cloning systems as
potentiators of biochemical pathway analysis, organelle analysis, and synthetic chloropiast construction.

[0495] The vectors of the present invention may be introduced into yeast. The yeast may be a suitable strain of
Saccharomyces cerevisine; however, other yeast models may be utilized. Introduction of vectors into yeast may
allow for genetic manipulation of the vectors. Yeast vectors have been described extensively in the literature and
methods of manipulating the same also are well known as discussed hereinafter (see e.g., Ketmer et al. (1994) Proc.
Natl. Acad. Sci. ((JSA) 91:6186 6150).

[0096] Following genetic manipulation, the cloning system may allow for the fransition to a bacterial environment,
suitable for the preparation of larger quantities of nucleic acids. Representative examples of a bacterial type vectors
include, but are not limited to, the P1 artificial chromosome, bacterial artificial chromosome (BAC} and single copy
plasmid F factors (Shizuya et al. (1992) Proc. Natl. Acad. Sci. 89:8794 8797). Similarly, bacterial vectors are well
known in the art (e.g., loannou et al. (1994) Nature 6:84 89). The invention also provides a shuitle vector
comprising a yeast sclectable marker, a bacterial selectable marker, a telomere, a centromere, a veast origin of
replication, and/or a bacterial origin of replication.

[6097] Shuttle vectors of the present invention may enable homologous recombination in yeast to capture and to
integrate in a vector of interest a target nucleic acid of interest. Shuttle vectors may allow for the manipulation of
target DNA. in any of the hosts to which the vectors can be introduced. In some embodiments, after desired

manipulations, shuttle vector components may be removed, leaving just the modified target DNA. Such extraction
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of vector sequences can be performed using standard methodologies and may occur in any host cell. The target

nucleic acid of interest can be a large nucleic acid, and can include, for example, a vector, such as a viral vector,
including the foreign gene of interest contained therein. The target nucleic acid can also be a bacterial (including
archaebacteria and eubacteria), viral, fungal, protist, plant or animal genome, or a portion thereof. For example, the
target nucleic acid of one embodiment of the present invention cormprises an entire prokaryotic genome. As an
additional example, a target nucleic acid of the present invention may comprises the chloroplast genome of a
eukaryotic organism.

[0098] Shuttle vectors according to the invention may comprise an appropriately oriented DNA that functions as a
telomere in yeast and a centromere. Any suitable telomere may be used. Suitable tclomeres include without
limitation telomeric repeats from many organisms, which can provide telomeric function in yeast. The terminal
repeat sequence in humans (TTAGGG)y, is identical to that in trypanosornes and similar to that in yeast ((TG).3)n
and Tetrahymena (TTGGG)y (Szostak & Blackburn (1982) Cell 29:245 255; Brown (1988) EMBO J. 7:2377 2385,
and Moyzis et al. (1988) Proc. Natl. Acad. Sci. 85:6622 6626).

[0099] The term “centromere” is used herein to identify a nucleic acid, which mediates the stable replication and
precise partitioning of the vectors of the invention at meiosis and at mitosis thereby ensuring proper segregation into
daughter cells. Suitable centromeres include, without limitation, the yeast centromere, CEN4, which confers mitotic
and meiotic stability on large linear plasmids (Murray & Szostak (1983) Nature 305:189 193; Carbon (1984) Cell
37:351 353; and Clark et al. (1990) Nature 287:504 50%)).

{00100] In some embodiments, at least one of the two segments of the circular vector according to the invention
includes at least one replication system that is functional in a host cell/particle of choice. As it will become apparent
hereinafter, one of skifl will realize that the manipulation, amplification and/or delivery of a target nucleic acid of
choice may entail the use of more than one host cell/particle. Accordingly, more than one replication system
functionsl in each host cell/particle of choice may be included.

[06101] When a host cell(s) is a prokaryote, particularly E. coll, replication system(s} include those which are
functional in prokaryotes, such as, for example, P1 plasmid replicon, ori, P1 lytic replicon, ColE1, BAC, single copy
plasmid F factors and the like. Either one or both segments, and/or the circular vector, may further include a yeast
origin of replication capable of supporting the replication of large nucleic acids. Non-limiting examples of
replication regions according to the invention include the autonomously replicating sequence or “ARS element.”
ARS elements were idéntiﬁcd as yeast sequences that conferred high-frequency transformation. Tetrahymena DNA
termini have been used as ARS elements in yeast along with ARS1 and ARS4 (Kiss et al. (1981) Mol Cell Biol,
1:535 543; Stinchcomb et al. (1979) Nature 282:39; and Barton & Smith (1986) Mol. Cell Biol. 6:2354). For each
segment {e.g., those corresponding to the yeast and bacterial elements of the gap-filling shuttle vector) there may be
two or more origins of replication.

[00102] The first andfor the second segment according to an aspect of the invention may be joined in a circularized
vector form (e.g., plasmid form). Circularization can occur in vive or in vitro using the segment of interest.
Alternatively, a circular vector of interest can be used. As used herein, the term "vector" designates a plasmid or
phage DNA or other nucleic acid into which DNA or other nucleic acid may be cloned. The vector may replicate
autonomously in a host cell and may be characterized further by one or a small number of restriction endonuclease
recognition sites at which such nucleic acids may be cut in a determinable fashion and into which nucleic acid
fragments may be inserted. The vector further may contain a selectable marker suitable for the identification of cells

transformed with the vector.
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[00103] Target nucleic acids of the invention may vary considerably in complexity. The target nucleic acid may

include viral, prokaryotic or eukaryotic DNA, ¢cDNA, exonic (coding), and/or intronic {noncoding) sequences.
Hence, the target nucleic acid of the invention may include one or more genes. A target nucleic acid may be a
chromosome, genome, or operon and/or a portion of a chromosome, genome or operon. A target nucleic acid may
comprise coding sequences for all the genes in a pathway, the minimum complement of genes necessary for survival
of an organelle, and/or the minimum complement of genes necessary for survival of an organism. A target nucleic
acid may comprise Zymomonas mobilis DNA sequence, including, but not limited to genomic DNA and/or cDNA.
A target nucleic acid may comprise eukaryotic chloroplast DNA sequence, including but not limited to, chloroplast
genome DNA and/or cDNA. A target nucleic acid may comprise cyanobacteria DNA, including but not limited to
genomic DNA and/or cDNA. The target nucleic acid also may be of any origin and/or nature.

[00104] It may be desirable for the gene to also comprise a promoter operably linked to the coding sequence in
order to effectively promote trapscription. Enhancers, repressors and other reguiatory sequences may also be
included in order to modulate activity of the gene, as is well known in the art. A gene as provided herein can refer to
a gene that is found in the genome of the individual host cell (i.c., endogenous) or to a gene that is not found in the
genome of the individual host cell (i.e., exogenous or a “foreign gene”). Foreign genes may be from the same
species as the host or from different species. For transfection of a cell using DNA containing a gene with the intent
that the gene will be expressed in the cell, the DNA may contain any control sequences necessary for expression of
the gene in the required orientation for expression. The term "intron" as used herein, refers to 2 DNA sequence
present in a given gene which is not translated into protein and is generatly found between exons.

[00105] Genetic elements, or polynucleotides comprising a region that encodes a polypeptide or a region that
regulates transcription or translation or other processes important to expression of the polypeptide in a host cell, ora
polynucleotide comprising both a region that encodes a polypeptide and a region operably linked thereto that
regulates expression. Genetic elements may be comprised within a vector that replicates as an episoma! element; that
is, as a molecule physically independent of the host cell genome. They may be comprised within mini-
chromosomes, such as those that arise during amplification of transfected DNA by methotrexate selection in
eukaryotic cells. Genetic elements also may be comprised within a host cell genome; not in their natural state but,
rather, following manipulation such as isolation, cloning and introduction into a host cell in the form of purified
DNA or it a8 vector, among others.

[00106] Vectors of the present invention may contain sufficient linear identity or stmilarity (homology) to have the
ability to hybridize to a portion of a target nucleic acid made or which is single-stranded, such as 8 gene, a
transcriptional contro} element or intragenic DNA. Without being bound to theory, such hybridization is ordinarily

the result of base-specific hydrogen bonding between complementary strands, preferably to form Watson-Crick base

. pairs. As a practical matter, such homology can be inferred from the observation of a homologous recombination

event. In some embodiments, such homology is from about & to about 1000 bases of the linear nucleic acid. In
other embodiments, such homology is from about 12 to about 500 bases. One skilled in the art will appreciate that
homology may extend over longer stretches of nucleic acids.

[08107] Homologous recombination is a type of genetic recombination, a process of physical rearrangement
occurring between two strands of DNA. Homologous recombination involves the alignment of similar sequences, a
crossover between the aligned DNA strands, and breaking and repair of the DNA to produce an exchange of
material between the strands. The process homologous recombination naturally occurs in organisms and is also

utilized as 2 molecular biclogy technique for introducing genetic changes into organism.
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[00108] The vectors of the invention may be modified further to include functional e_mities other than the target

sequence which may find use in the preparation of the construct(s), amplification, transformation or transfection of a
host cell, and--if applicable--for integration in a host cell, For example, the vector may comprise regions for
integration into host DNA. Integration may be into nuclear DNA of a host cell. In some embodiments, integration
may be into non-nuclear DNA, such as chloroplast DNA. Other functional entities of the vectors may include, but
are not limited to, markers, linkers and restriction sites.

[00169] A target nucleic acid may include a regulatory nucleic acid. This refers to any sequence or nucleic acid
which modulates (either directly or indirectly, and either up or down) the replication, transcription and/or expression
of a nucleic acid controlled thereby. Control by such regulatory nucleic acid may make a nucleic acid constitutively
or inducibly transcribed and/or translated. Any of the nucleotide sequences herein may further comprise a
regulatory control sequence. Examples of regulatory control sequences can include, without limitation, one or more
of the following: a promoter, an intron, an exon, processing elements, 3’ untransiated region, 5° untranslated region,
RNA stability elements, or translational enhancers. A promoter may be one or more of the following: a promoter
adapted for expression in the organism (e.g., bacterial, fungal, viral, plant, mammalian, or protist}), an algal
promoter, a chioroplast (or other plastid) promoter, a mitochondrial promoter, and a nuclear promoter, any of which
may be a native or synthetic promoters. A regulatory control sequence can be inducible or autoregulatable. A
regulatory control sequence can include autologous and/or heterologous sequences. In some cases, control
sequences can be flanked by a first homologous sequence and a second homologous sequence. The first and second
homologous sequences can each be at least 500 nucleotides in length. The homologous sequences can allow for
either homologous recombination or can act to insulate the heterologous sequence to facilitate gene expression.
{00110} In some instances, target DNA, vector DNA or other DNA present in a shuttle vector of the present
invention does not result in production of a polypeptide product but rather allows for secretion of the product from
the cell. In these cases, the nucleotide sequence may encode a protein that enhances or initiates or increases the rate
of secretion of a product from an organism to the external environment. Thus, segments of vectors and/or vectors of
the invention may include a transcriptional regulatory region such as, for example, a transcriptional initiation region.
One skilled in the art will appreciate that a multitude of transcriptional initiation sequences have been isolated and
are available, including thymidine kinase promoters, beta-actin promoters, immunoglobin promoters,
methallothionein promoters, human cytomegalovirus promoters and SV40 promoters.

[00111] One embodiment of the invention provides a method of producing a gap-filled vector. A gap-filled vector
may undergo homologous recombination and insertion of a target nucleic acid according to the invention by filling
in the region (gap) between the sequences homologous to the 5' and the 3' regions of the target nucleic acid. Hence,
in some embodiments, one would contact the instant cloning system with a target nucleic acid under conditions that
allow homologous recombination.

[00112] Another method combines: (i) a first segment including a first mucleic acid homologous to the 5' terminus
of a target nucleic acid, a first selectable marker and a first cyclization element; (ii) & target nucleic acid; and (i) a
second segment including a second nucleic acid homologous to the 3' terminus of a target nucieic acid, a second
selectable marker and a second cyclization element, under conditions which allow homologous recombination. One
embodiment of the invention produces_a gap-filled vector by homologous recombination between the two arms and
the target nucleic acid. The exchange between the homologous regions found in the arms and the target nucleic acid
is effected by homologous recombination at any point between the homologous nucleic acids. With respect to a
circular vector of the present invention, the “gap filling” essentially is insertion (i.e., subcloning) of the target

sequence into the vector.
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[00113] Homologous recombination may be effected in vitro according to methodologies well known in the art.

For example, the method of the invention can be practiced using yeast lysate preparations. Homologous
recombination may take place in vivo. Hence, the method of the invention may be practiced using any host cell
capable of supporting homologous recombination events such as, for example, bacteria, yeast and mammalian celis.
One skilled in the art will appreciate that the choice of a suitable host depends on the particular combination of
selectable markers used in the cloning system of the method.

[00114] Techniques that may be used to introduce the vector into a host cell of interest include calcium
phosphate/DNA coprecipitation, electroporation, bacterial-protoplast fusion, microinjection of DNA into the nucleus
and so on. One of skill will appreciate that a number of protocols may be used virtually interchangeably, for
example, to transfect maMalim cells, as set forth for example in Keown et al. (Meth, Enzymol. 183:527 537,
1590).

}00115} Transformation may be achieved by using a soil bacterium, such as Agrobacterium tumefaciens.
Agrobacierium tumefaciens may carry an engineered plasmid vector, or carrier of selected extra genes. Plant tissue,
such as leaves, are cut in small pieces, eg. 10x10mm, and soaked for 10 minutes in a fluid containing suspended
Agrobacterium. Some cells along the cut is transformed by the bacterium, that inserts its DNA into the cell. Placed
on selectable rooting and shooting media, the plants will regrow. Some plants species can be transformed just by
dipping the flowers into suspension of Agrobacteria and then planting the seeds in a selective medium.

[00116] Another methodology is use of a “gene gun” approach. The gene gun is part of a method called the
biolistic (also known as bioballistic) method, and under certain conditions, DNA (or RNA) become “sticky,”
adhering to biologically inert particles such as metal atoms (usually tungsten or gold). By accelerating this DNA-
particle complex in a partial vacuum and placing the target tissue within the acceleration path, DNA is effectively
introduced. Uncoated metal particles could also be shot through a solution containing DNA surrounding the cell thus
picking up the genetic material and proceeding into the living cell. A perforated plate stops the shell cartridge but
allows the slivers of metal to pass through and into the living celis on the other side. The cells that take up the
desired DNA, identified through the use of a marker gene (in plants the use of GUS is most common), are then
cultured to replicate the gene and possibly cloned. The biolistic method is most useful for inserting genes into plant
cells such as pesticide or herbicide resistance. Different methods have been used to accelerate the particles: these
include pneumatic devices; instruments utilizing a mechanical impulse or macroprojectile; centripetal, magnetic or
clectrostatic forces; spray or vaccination guns; and apparatus based on acceleration by shock wave, such as electric
discharge (for example, see Christou and McCabe, 1992, Agracetus, Inc. Particle Gun Transformation of Crop
Plants Using Electric Discharge (ACCELL™ Technology)).

[00117] Transformation can be performed, for example, according to the method of Cohen et al. (Proc. Natl. Acad.
Sci. USA, 69:2110 (1972)), the protoplast method (Mol. Gen. Genet., 168:111 (1979)), or the competent method (J.
Mol. Biol., 56:209 (1971)) when the hosts are bacteria (E. colf, Bacilius subtilis, and such), the method of Hinnen et
al. (Proc. Natl. Acad. Sci. USA, 75:1927 {1978)), or the lithium method (J. Bacteriol., 153:163 (1983)) when the
host is S, cerevisiae, the method of Graham (Virology, 52:456 (1973)) when the hosts are animal cells, and the
method of Summers et al. (Mol. Cell, Biol,, 3:2156-2165 (1983)) when the hosts are insect cells. Typically,
following a transformation event, potential transformants are plated on nutrient media for selection and/or
cultivation.

[60118) The nutrient media preferably comprises a carbon source, an inorganic nitrogen source, or an organic
nitrogen source necessary for the growth of host cells (transformants). Examples of the carbon source are glucose,

dextran, soluble starch, and sucrose, and examples of the inorganic or organic nitrogen source are ammonium salts,
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nitrates, amino acids, corn steep liquor, peptone, casein, meat extract, soy bean cake, and potato extract. If desired,

the media may comprise other nutrients (for example, an inorganic salt (for example, caleium chloride, sodium
dihydrogenphosphate, and magnesium chioride), vitamins, antibiotics (for example, tetracycline, neomycin,
ampicillin, kanamycin, etc.). Media for some photosynthetic organisms may not require a carbon source as such
organisms may be photoautotrophs and, thus, can produce their own carbon sources.

[00119] Cultivation and/or selection are performed by methods known in the art. Cultivation and selection
conditions such as temperature, pH of the media, and cuitivation time are selected appropriately for the vectors, host
cells and methods of the present invention. One of skill in the art will recognize that there are sumerous specific
media and cultivation/selection conditions which can be used depending on the type of host cell (transformant) and
the nature of the vector (e.g., which selectable markers are present). The media herein are merely described by way
of example and are not limiting.

[00120] When the hosts are bacteria, actinomycetes, yeast, or filamentous fungi, media comprising the nutrient
source(s) mentioned above are appropriate. When the host is E. coli, examples of preferable media are 1B média,
M9 media (Miller et al. Exp. Mol. Genet., Cold Spring Harbor Laboratory, p.431 (1972)), and so on. When the host
is yeast, an example of medium is Burkhoter minimal medium (Bostian, Proc. Natl. Acad. Sci. US4, 77:4505
(1980)). '

[00121] The selection of vectors in yeast may be accomplished by the use of yeast selectable markers. Examples
include, but are not limited to, HIS3, TRPI, URA3, LEU2 and ADE markers. In some embodiments of the invention,
a vector or segment thereof may comprise two or more selectable markers. Thus, in one embodiment, a segment of
2 vector of the present invention may comprise an ADE marker to be lost upon homologous recombination with the
target nucleic acid, and a HIS3 marker. The other segment may comprise a TRPI marker. Selection is achieved by
growing transformed cells on a suitable drop-out selection media (see e.g., Watson et al. (1992) Recombinant DNA,
2.sup.nd ed., Freeman and Co., New York, N.Y.). For example, HIS3 allows for selection of cells containing the
first segment. TRPI allows for selection of cells containing the second segment. ADE allows screening and
selection of clones in which homologous recombination took place. ADE enables color selection (red).

{60122} Recdmbinant yeast cells may be selected using the selectable markers described herein according to
methods well known in the art. Hence, one skilled in the art will appreciate that recombinant yeast cells harboring a
gap-filled vector of the invention may be selected on the basis of the selectable markers included therein. For
example, recombinant vectors carrying HIS3 and TRPI may be selected by growing transformed yeast cells in the
presence of drop-out selection media lacking histidine and tryptophan. Isolated positive clones may be purified
further and analyzed to ascertain the presence and structure of the recombinant vector of the invention by, e.g.,
restriction analysis, electrophoresis, Southern blot analysis, polymerase chain reaction or the Iike. The invention
further provides gap-filled vectors engineered according to the method of the invention, Such a vector is the product
of homologous recombination between the segments or vectors of the invention and a target nucleic acid of choice.
“The invention also provides a prokaryotic cell and/or a eukaryotic host cell harboring the cloning system or vector
according to the invention. The organism can be unicellular or multiceliular. The organism may be naturally
photosynthetic or naturally non-photosynthetic. Other examples of organisms that can be transformed include
vascular and non-vascular organisms. When hosts, such as plant, yeast, animal, algal, or insect cells are used, a
vector of the present invention may contain, at least, a promoter, an initiation codon, the polynucleotide encoding a
protein, and a termination codon. The vectors of the present invention may also contain, if required, a
polynucleotide for gene amplification (marker) that is usually used.

[60123] Products
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{00124] The vectors of the present invention may comprise sequences that result in production of a product

naturally, or not naturally, produced in the organism comprising the vector. In 'some instances the product encoded
by one or more sequences on a vector is a polypeptide, for example an enzyme. Enzymes utilized in practicing the
present invention may be encoded by nucleotide sequences derived from any organism, including bacteria, plants,
fungi and animals. Vectors may also comprise nucleotide sequences that affect the production or secretion of a
product from the organism. In some instances, such nucleotide sequence(s) encode one or more enzymes that
function in isoprenoid biosynthetic pathway. Examples of polypeptides in the isoprenoid biosynthetic pathway
include synthases such as C3, C10, C135, C20, C30, and C40 synthases, In some instances, the enzymes are
isoprenoid producing enzymes. In some instances, an isoprenoid producing enzyme produces isoprenoids with two
phosphate groups (e.g., GPP synthase, FPP synthase, DMAPP synthase). In other instances, isoprenoid producing
enzymes produce isoprenoids with zero, one, three or more phosphates or may produce isoprenoids with other
functional groups. Polynucleotides encoding enzymes and other proteins useful in the present invention may be
isolated and/or synthesized by any means known in the art, including, but not limited to cloning, sub-cloning, and
PCR.

[60125] An isoprenoid producing enzyme for use in the present invention may also be botryococcene synthase, -
caxyophyﬂené synthase, germacrene A synthase, 8-epicedrol synthase, valencene synthase, {+)-8-cadinene synthase,
germacrene C synthase, (E)-B-famesene synthase, casbene synthase, vetispiradiene synthase, 5-epi-aristolochene
synthase, aristolchene synthase, c-humulene, (E,E}-o-farnesene synthase, (- }-B-pinene synthase, y-terpinene
synthase, limonene cyclase, linalool synthase, (+)-bornyl diphosphate synthase, levopimaradiene synthase,
isopimaradiene synthase, (E)-y-bisabolene synthase, copalyl pyrophosphate synthase, kaurene synthase, longifolene
synthase, -humulene synthase, 8-selinene synthase, - phellandrene synthase, terpinolene synthase, (+}-3-carene
synthase, syn-copalyl diphosphate synthase, o-terpineot synthase, syn-pimara-7,15-diene synthase, ent-
sandaaracopimaradiene synthase, sterner- 13 -ene synthase, E-B-ocimene, S-linalool synthase, geraniol synthase, y-
terpinene synthase, linalool synthase, E-B-ocimene synthase, epi-cedrol synthase, o-zingiberene synthase,
guaiadiene synthase, cascarilladiene synthase, cis-muuroladiene synthase, aphidicolan-16b-ol synthase,
elizabethatriene synthase, sandalol synthase, patchoulol synthase, zinzanol synthase, cedrol synthase, scareol
synthase, copalol synthase, or manool synthase.

[00126] Other enzymes which may be produced by vectors of the present invention include biomass-degrading
enzymes. Non-limiting examples of biomass-degrading enzymes include: cellulolvtic enzymes, hemicellulolytic
enzymes, pectinolytic enzymes, xylanases, ligninolytic enzymes, cellulases, cellobiases, softening enzymes (e.g.,
endopolygalacturonase}, amylases, lipases, proteases, RNAses, DNAses, inulinase, lysing enzymes, phospholipases,
pectinase, pullulanase, glucose isomerase, endoxylanase, beta-xylosidase, alpha-L-arabinofuranosidase, alpha-
glucoronidase, alpha-galactosidase, acetylxylan esterase, and feruloyl esterase. Examples of genes that encode such
enzymes include, but are not limited to, amylases, cellulases, hemicellulases, (e.g., B-glucosidase, endocellulase,
exocellulase), exo-B-glucanase, endo-B-glucanase and xylanse (endoxylanase and exoxylanse). Examples of
ligninolytic enzymes include, but are not limited to, lignin peroxidase and manganese peroxidase from
Phanerochaete chrvososporium. One of skill in the art will recognize that these enzymes are only a partial list of
enzymes which could be used in the present invention.

{00127) The present invention contemplates making enzymes that contribute to the production of fatty acids, lipids
or oils by transforming host cells (e.p., alga cells such as C. reinkardtii, D. salina, H. pluvalis and cyanobacterial

cells) and/or organisms comprising host cells with nucleic acids encoding one or more different enzymes. Insome
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embodiments the enzymes that contribute to the production of fatty acids, lipids or oils are anabolic enzymes. Some

examples of anabolic enzymes that contribute to the synthesis of fatty acids include, but are not limited to, acetyl-
CoA carboxylase, ketoreductase, thioesterase, malonyltransferase, dehydratase, acyl-CoA ligase, ketoacylsynthase,
enoylreductase and a desaturase. In some embodiments the enzymes are catabolic or biodegrading enzymes. In
some embodiments, a single enzyme is produced.

[00128] Some host cells may be transformed with multiple genes encoding one or more enzymes. For example, a
single transformed cell may contain exogenous nucleic acids encoding enzymes that make up an entire fatty acid
synthesis pathway. One example of a pathway might include genes encoding an acetyl CoA carboxylase, a
malonyltransferase, a ketoacylsynthase, and a thioesterase. Cells transformed with entire pathways and/or enzymes
extracted from them, can synthesize complete fatty acids or intermediates of the fatty acid synthesis pathway. In
some embodiments constructs may contain muitiple copies of the same gene, and/or multiple genes encoding the
same enzyme from different organisms, and/or multiple genes with mutations in one or more parts of the coding
sequences,

[60129] In some instances, a product {e.g. fuel, fragrance, insecticide) is a hydrocarbon-rich molecule, e.g. a
terpene. A terpene (classified by the number of isoprene units) can be a hemiterpene, monoterpene, sesquiterpene,
diterpene, triterpene, or tefraterpene. In specific embodiments the terpene is a terpenoid (aka isoprenoid}), suchas a
steroid or carotenoid. Subclasses of carotenocids include carotenes and xanthophylls. In specific embodiments, a fuel
product is limonene, 1, §-cineole, a-pinene, camphene, (+)-sabinene, myrcene, abietadiene, taxadiene, farnesyl
pyrophosphate, amorphadiene, (E)-o-bisabolene, beta carotene, alpha carotene, lycopene, or diapophytoene. Some
of these terpenes are pure hydrocarbons (e.g. limonene) and others are hydrocarbon derivatives (e.g. cineole).
[00130] Examples of fuel products include petrochemical products and their precursors and all other substances that
may be useful in the petrochemical industry. Fuel products include, for example, petroleum products, and precursors
of petroleum, as well as petrochemicals and precursors thereof. The fuel prodﬁct may be used for generating
substances, or materials, useful in the petrochemical industry, including petroleum products and petrochemicals.
The fuel or fuel products may be used in a combustor such as a boiler, kiln, dryer or furnace. Other examples of
combustors are internal combustion engines such as vehicle engines or generators, including gasoline engines, diesel
engines, jet engines, and others. Fuel products may also be used to produce plastics, resins, fibers, elastomers,
lubricants, and gels,

[00131] Examples of products contemplated herein include hydrocarbon products and hydrocarbon derivative
products. A hydrocarbon product is one that consists of only hydrogen molecules and carbon molecules. A
hydrocarbon derivative product is a hydrocarbon product with one or more heteroatoms, wherein the heteroatom is
any atom that is not hydrogen or carbon. Examples of heteroatoms include, but not limited to, nitrogen, oxygen,
suifur, and phosphorus. Some products are hydrocarbon-rich, wherein as least 50%, 60%, 70%, 80%, 90%, or 95%
of the product by weight is made up carbon and hydrogen.

[00132] Fuel products, such as hydrocarbons, may be precursors or products conventionally derived from crude oil,
or petroleum, such as, but not limited to, liquid petroleum gas, naptha (ligroin), gasoline, kerosene, diesel,
lubricating oil, heavy gas, coke, asphalt, tar, and waxes. For example, fuel products may include small alkanes {for
example, 1 to approximately 4 carbons) such as methane, ethane, propane, or butane, which may be used for heating
{such as in cooking) or m.;aking plastics. Fuel products may also include molecules with a carbon backbone of
approximately 5 to approximately 9 carbon atoms, such as naptha or ligroin, or their precursors. Other fuel products
may be about 5 to about 12 carbon atoms or cycloalkanes used as gasoline or motor fuel. Molecules and aromatics

of approximately 10 to approximately 18 carbons, such as kerosene, or its precursors, may also be fuel products.
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Fuel products may also include moiecules, or their precursors, with more than 12 carbons, such as used for

lubricating oil. Other fuel products include heavy gas or fuel oil, or their precursors, typically containing alkanes,
cycloalkanes, and aromatics of approximately 20 to approximately 70 carbons. Fuel products also includes other
residuals from crude oil, such as coke, asphalt, tar, and waxes, generally containing multiple rings with about 70 or
more carbons, and their precursors.

[66133] Host Cells and Organisms

100134] Examples of organisms that can be transformed using the vectors and methods herein include vascular and
non-vascular organisms. The organism can be prokaroytic or eukaroytic. The organism can be uniceilular or
multicellular.

[00135] Eukaryotic cells, such as a funga! cell (e.g., Saccharomyces cerevisiae, Schizosaccharomyces pombe or
Ustilago maydis) may be transformed using the methods and compositions of the present'invention. Methods for
introducing nucleic acids in a fungal/yeast cells are well known in the art. Hence, such a step may be accomplished
by conventional transformation methodologies. Non-limiting examples of suitable methodologies include
electroporation, alkali cations protocols and spheroplast transformation.

[60136] Examples of non-vascular photosynthetic organisms include bryophtyes, such as marchantiophytes or
anthocerotophytes. In some instances the organism is a cyanobacteria. In some instances, the organism is algae
(e.g., macroalgae or microalgae), The algae can be unicellular or multicellular algae. In some instances the
organism is & rhodophyte, chlorophyte, heterokontophyte, tribophyte, glaucophyte, chlorarachniophyte, euglenoid,
haptophyte, cryptomonad, dinoflageilum, or phytoplankton.

[6013%] The methods of the present invention are exemplified using the microaiga, C. reinhardtii. The use of
microalgae to express a polypeptide or protein complex according to a method of the invention provides the
advantage that large populations of the microalgae can be grown, including commercially (Cyanotech Corp.; Kailua-
Kona HI), thus allowing for production and, if desired, isolation of large amounts of a desired product. However, the
ability to express, for example, fanctional polypeptides, including protein complexes, in the chloroplasts of any plant
and/or modifiy the chloroplasts or any plant allows for production of crops of such plants and, therefore, the ability
to conveniently produce large amounts of the polypeptides. Accordingly, the methods of the invention can be -
practiced using any plant having chloroplasts, including, for example, macroalgae, for example, marine algae and
seaweeds, as well as plants that grow in soil, for example, corn (Zea mays), Brassica sp. (e.g., B. napus, B. rapa, B.
Jjuncea), particularly those Brassica species useful as sources of seed oil, alfalfa (Medicago sativa), rice (Oryza
sativa), rye (Secale cereale), sorghum (Sorghum bicolor, Sorghum vuigare), millet (¢.g., pearl millet (Pennisetum
glaucum), proso millet (Panicum miliaceum), foxtail millet (Setaria italica), finger millet (Eleusine coracana)),
sunflower (Helianthus annuus), safflower (Carthamus tinctorius), wheat (Triticum aestivum}, soybean (Glycine
max), tobacco (Nicotiana tabacum), potato (Solanum tuberosum), peanuts (Arachis hypogaea), cotton (Gossypium
barbadense, Gossypium hirsutum), sweet potato (Jpomoea batatus), cassaya (Manihot esculenta), coffee (Cofea
spp.), coconut (Cocos nucifera), pineapple (4nanas comosus), citrus trees (Citrus spp.), cocoa (Theobroma cacao),
tea (Camellia sinensis), banana (Musa spp.), avocado (Persea ultilane), fig (Ficus casica), guava (Psidium guajava),
mango (Mangifera indica), olive (Olea europaea), papaya (Carica papaya), cashew (Anacardium occidentale),
macadamia (Macadamia integrifolia), almond (Prunus amygdalus), sugar beets (Beta vulgaris), sugar cane
(Saccharum spp.), oats, duckweed (Lemna), barley, tomatoes (Lycopersicon esculentum), lettuce (e.g., Lactuca
sativa), green beans (Phaseolus vulgaris), lima beans (Phaseolus limensis), peas (Lathyrus spp.), and members of
the genus Cucumis such as cucumber (C. sativus), cantaloupe (C. cantalupensis), and musk melon (C. melo). '

Ornamentals such as azalea (Rhododendron spp.}, hydrangea (Macrophylla hydrangea), hibiscus (Hibiscus
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rosasanensis), roses (Rosa spp.), tulips (Tulipa spp.), daffodils (Narcissus spp.), petunias (Petunia hybrida),

carnation (Dianthus caryophyllus), poinsettia (Euphorbia pulchervima), and chrysanthemum are also included.
Additional omamentals useful for practicing a method of the invention include impatiens, Begonia, Pelargonium,
Viola, Cyclamen, Verbena, Vinca, Tagetes, Primula, Saint Paulia, Agertum, Amaranthus, Antihirrhinum, Aquilegia,
Cineraria, Clover, Cosmo, Cowpea, Dahlia, Datura, Delphinium, Gerbera, Gladiolus, Gloxinia, Hippeastrum,
Mesembryanthemum, Salpiglossos, and Zinnia. Conifers that may be employed in practicing the present invention
include, for example, pines such as loblolly pine (Pinus taedd), slash pine (Pinus elliotif), ponderosa pine (Pinus
ponderosa), lodgepole pine (Pinus contorta}, and Monterey pine (Pinus radiata), Douglas-fir (Pseudotsuga
menziesii); Western hemtock (Tsuga ultilane); Sitka spruce (Picea glauca); redwood (Sequoia sempervirens); true
firs such as silver fir (4bies amabilis) and balsam fir (dbies balsamea); and cedars such as Western red cedar {Thuja
plicata) and Alaska yellow-cedar (Chamaecyparis nootkatensis).

[00138} Leguminous plants useful for practicing a method of the invention include beans and peas. Beans include
guar, locust bean, fenugreek, soybean, garden beans, cowpea, mung bean, lima bean, fava bean, lentils, chickpea,
etc. Legumes include, but are not limited to, Arachis, e.g., peanuts, Vicia, ¢.g., crown vetch, hairy vetch, adzuld
bean, mung bean, and chickpea, Lupinus, e.g., lupine, trifolium, Phaseolus, e.g., common bean and lima bean,
Pisum, ¢.g., ficld bean, Melilotus, e.g., clover, Medicago, €.g., alfalfa, Lotus, e.g., trefoil, lens, e.g., lentil, and false
indigo. Preferred forage and turf grass for use in the methods of the invention include alfalfa, orchard grass, tall
fescue, perennial ryegrass, creeping bent grass, and redtop. Other plants useful in the invention include Acacia,
aneth, artichoke, arugula, blackberry, canola, cilantro, clementines, escarole, encalyptus, fennel, grapefruit, honey
dew, jicama, kiwifruit, lemon, lime, mushroom, nut, okra, orange, parsley, persimmon, plantain, pomegranate,
poplar, radiata pine, radicchio, Southern pine, sweetgum, tangerine, triticale, vine, yams, apple, pear, quince, cherry,
apricot, melon, hemp, buckwheat, grape, raspberry, chenopodinm, blueberry, nectarine, peach, plum, strawberry,
watermelon, eggplant, pepper, cauliflower, Brassica, e.g., broccoli, cabbage, ultilan sprouts, onion, carrot, leek,
beet, broad bean, celery, radish, pumpkin, endive, gourd, garlic, snapbean, spinach, squash, turnip, uitilane, chicory,
groundnut and zucchini. Thus, the compositions contemplated herein include host organisms comprising any of the
above nucleic acids. The host organism can be any chioroplast-containing organism.

{0013%] The term “plant” is used broadly herein to refer to 2 eukaryotic organism containing plastids, particularly
chloroplasts, and includes any such organism at any stage of development, or to part of a plant, including a plant
cutting, a plant cell, a plant cell culture, a plant organ, a plant seed, and a plantlet. A plant cell is the structural and
physiological unit of the plant, comprising a protopiast and a cell wall. A plant cell can be in the form of an isolated
single cell or a cultured cell, or can be part of higher organized unit, for example, a plant tissue, plant organ, or
plant. Thus, a plant cell can be a protoplast, a gamete producing cell, or a cell or collection of cells that can
regenerate into a whole plant. As such, a seed, which comprises multiple plant celis and is capable of regenerating
into a whole plant, is considered plant cell for purposes of this disclosure. A plant tissue or plant organ can bea
seed, protoplast, callus, or any other groups of plant cells that is organized into a structural or funciional unit.
Particularly useful parts of a plant include harvestable parts and parts useful for propagation of progeny plants. A
harvestable part of a plant can be any useful part of a plant, for example, flowers, polien, seedlings, tubers, leaves,
stems, fruit, seeds, roots, and the like. A part of a plant useful for propagation includes, for example, seeds, fruits,
cuttings, seedlings, tubers, rootstocks, and the like. .

[00140] Eukaryotic host cells may be a fungal cell (e.g., S. cerevisiae, Sz. pombe or U. maydis). Examples of
prokaryotic host cells include E. coli and B. subtilis, cyanobacteria and photosynthetic bacteria (e.g. species of the

genus Synechacystis or the genus Synechococcus or the genus Athrospira). Examples of non-vascular plants which
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may be a host organism (or the source of target DNA) include bryophtyes, such as marchantiophytes or

anthocerotophytes. In some instances, the organism is algae (e.g., macroalgae or microalgae, such as
Chlamydomonas reinhardtii, Chorella vulgaris, Dunaliella salina, Haematococcus pluvalis, Scenedesmus ssp.).

The algae can be unicellular or multicellular algae. In some instances the organism is a rhodophyte, chlorophyte,
heterokontophyte, tribophyte, glaucophyte, chlorarachniophyte, euglenoid, haptophyte, cryptomonad, dinoflagelium,
or phytoplankton. In other instancesOne of skill in the art will recogmize that these organisms are given merely as
examples and other organisms may be substituted where appropriate positive and negative selectable markers are
available.

[00141] Although the foregoing invention has been described in some detail by way of illustration and example for
purposes of clarity of understanding, it is readily apparent to those of ordinary skill in the art in light of the teachings
of this invention that certain changes and modifications may be made thereto without departing from the spirit or

scope of the appended claims.

EXAMPLES

Example 1: DNA Purification and Analysis
[66142] DNA is isolated and analyzed according to methods known in the art.
[066143] To prepare DNA from Chlamydomonas reinhardtii to use as a template for PCR, 10° algae cells (from agar
plate or liguid culture) are suspended in 10 mM EDTA and heated to 95°C for 10 minutes, then cooled to near 23°C.
The solution is added to the PCR mixture directly.
[00144] To prepare purified chloroplast DNA from Chiamydomonas reinhardtii, 5x10° algae cells are collected
from liquid culture by centrifugation at 3000 x g for 10 min, washed once with water, centrifuged at 3000 x g for 10
min, resuspended in 10 mL of lysis solution (10 mM Tris pH=8.0, 10 mM EDTA, 150 mM NaCl, 2% SDS, 2%
Sarkosyl, and 25 ug/mL Pronase (Roche)), and incubated at 37°C for 1 hour. The lysate is then gently extracted
with phenol/chloroform followed by two chloroform washes. Total DNA is isolated by ethanol precipitation and
resuspension in resuspension buffer (10 mM Tris pH=7.4, 1 mM EDTA, and 0.1 mg/mL RNase). Chloroplast DNA
can be purified by adding of denaturing solution (200 mM NaOH and 1% SDS (w/v)) is added to the resuspended
DNA and inverted several times. Neutralizing solution (3.0 M potassium acetate, pH=5.5} is added, mixed,
incubated on ice for 10 min and centrifuged at 15000 RPM for 30 min. The supernatant is decanted and applied to a
QIAGEN-tip 500 and the DNA is isolated according to the QIAGEN Plasmid Maxi Kit.
{00145] An alternative method for preparing purified chloroplast DNA from Chlamydomonas reinhardtii involves
embedding algae cells or purified chloroplasts in low-melt agarose plugs to prevent shearing of the DNA.
Chloroplasts are isolated by lysing whole cells in a nitrogen decompression chamber and separating intact cells and
debris from the chloroplasts by percoll density gradient centrifugation. To lyse the cells and/or chloroplasts, the
phugs are incubated at 55°C for 36 hours in lysis buffer (0.5 M EDTA, 1% Sarkosyl, 0.2 mg/mL proteinase K).
When lysis is complete, plugs are washed 3 times with TE, and then stored in storage buffer (10 mM Tris pH=74, 1
mM EDTA). To release chloroplast DNA into solution, the plugs are washed 3 times with 30 mM NaCl, end melted
at 65°C for 10 min. The melted plugs are shifted to 42°C and treated with -agarase (New England Biolabs) for 1
hour. The solution of DNA can be used directly for downstream applications or ethanol precipitated to concentrate
the sample. '
[00146] To prepare DNA from yeast to use as a template for PCR, 10° yeast cells (from agar plate or liquid culture)
are suspended in lysis buffer (6 mM KHPO4, pH=7.5, 6 mM NaCl, 3% glycerol, 1U/mL zymolyase) and heated to
37°C for 30 min, 95°C for 10 minutes, then cooled to near 23°C. The solution is added to the PCR mixture directly.
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{00147] To prepare plasmid DNA from yeast, desired clones are grown in selective liquid media (e.g., CSM-T1p) to

saturation at 30°C. Cells are collected by centrifugation at 3000 x g for 10 minutes and resuspended in 150 uL of
lysis buffer (1 M sorbitol, 0.1 M sodium citrate, 0.06 M EDTA pH=7.0, 100 mM beta-mercaptoethanol, and 2.5
mg/ml zymolyase). The solution is incubated for 1 hr at 37°C. 300 uL of denaturing solution (1% SDS and 0.2N
NaOH) is added and solution is incubated at 60°C for 15 min. 150 uL of neutralizing solution (3M potassium
acetate, pH=4 8) is added and the solution is incubated on ice for 10 min. The solution is centrifuged at 14,000
RPM for 10 min and the supernatant is transferred to another tube. 1 mlL of isopropanol is added, the mixture is
gently mixed and centrifuged at 14,000 RPM for 10 min. The pellet is washed once with 1 mL of 70% ethanol and
centrifuged at 14,000 RPM for 10 min. The DNA pellet is air-dried and resuspended in 60 uL of resuspension
buffer (10 mM Tris pH=7.4, 1 mM EDTA, and 0.1 mg/ml. RNase).
[00148] To prepare plasmid DNA from bacteria, cells are grown to saturation at 37°C in LB containing the
appropriate antibiotic (Kan or Amp). If the DNA of interest contains standard replication elements, cells are
harvested by centrifugation. If the DNA of interest contains P1 replication elements, saturated cell cultures are
diluted 1:20 in LB+Kan+IPTG and grown for 4 hours at 37°C, then harvested. The Plasmid Maxi kit (QIAGEN) is
used to prepare plasmid DNA from the cell peliets.
{00149} For illustrative purposes, and without limiting the invention to the specific methods described, DNA
samples prepared from algae, yeast, or bacteria (in plugs or in solution) are analyzed by puise-field gel
electrophoresis (PFGE), or digested with the appropriate restriction endonuclease (e.g., Smal) and analyzed by
PFGE, conventional agarose gel electrophoresis, and/or Southern blot. Standard protocols useful for these purposes
are fully described in Gemmill et al. (in "Advances in Genome Biology", Vol. 1, "Unfolding The Genome," pp 217
251, edited by Ram S. Verma).
[0015¢] One of skill will appreciate that many other methods known in the art may be substituted in lieu of the ones
specifically described or referenced.

Example 2: Transformation methods
{00151] E. coli strains DH10B or Genehog are made electrocompetent by growing the cells to an OD gg0 of 0.7, then
collected and washed twice with ice-cold 10% glycerol, flash frozen in a dry-ice ethanol bath and kept at -80°C.
Total yeast or algae DNA is prepared and electroporated into E. coli by using, for example, a 0.1 cm cuvette at 1,800
V, 200 ohms and 25 mF in a Bio-Rad Gene Pulsar Electroporator. Cells are allowed to recover and clones are
selected on agar growth media containing one or more antibiotics, such as kanamycin (50 yg/mL), ampicillin (100
ug/mL}, gentamycixn (50 pg/mL), tetracycline (51 pg/mL), or chloramphenicol (34 pg/mi).
[00152) Yeast strains YPH857, YPH858 or AB1380 may be transformed by the lithium acetate method as described
in Sheistl & Geitz (Curr. Genet. 16:339 346, 1989) and Sherman et al., "Laboratory Course Manual Methods in
Yeast Genetics" (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 1986) or a spheroplast method such as
the one described by Sipiczki et al., Curr. Microbiol., 12(3):169-173 (1985). Yeast transformants are selected and
screened on agar media lacking amino and/or nucleic acids, such as tryptophan, leucine, or uracil, Standard methods
for yeast growth and phenotype testing are employed as described by Sherman et al., supra.
[00153] Algae strains cscl37¢ (mt+), W1.1, or W1-1 may be ransformed by particle bombardment. Cells are
grown to late log phase (approximately 7 days) in TAP medivum in the presence or absence of 0.5 mM 53-
fluorodeoxyuridine (Gorman and Levine, Proc. Natl, Acad. Sci., USA 54:1665-1669, 1965, which is incorporated
herein by reference) at 23°C under constant illumination of 450 Lux on a rotary shaker set at 100 rpm. Fifty ml of

cells are harvested by centrifugation at 4,000xg at 23°C for 5 min. The supernatant is decanted and cells resuspended
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in 4 m! TAP medium for subsequent chloroplast transformation by particle bombardment (Cohen et al., supra,

1998},
[00154] One of skill will appreciate that many other transformation methods known in the art may be substituted in
lieu of the ones specifically described or referenced herein.
Example 3: A hybrid gap-filling vector to capture a chloroplast genome
{06155 In this example, a system is established using a hybrid gap-filling vector to capture chloroplast DNA (FIG.

1). The hybrid gap filling vector backbone contains yeast elements that allow it to function as a yeast artificial
plasmid (Y AP) and bacterial elements that allow it to function as a plasmid astificial chromosome (PAC). The yeast
elements include a yeast selection marker sequence (e.g. TRPI or LEU2), a yeast centromere sequence (CEN), and a
yeast autonomously replicating nucleotide sequence (ARS). Bacterial elements include & P1 or bacterial origin of
replication sequence and a bacterial selection maker sequence (e.g. Kan').
[06156] To manipulate the hybrid gap-filling vector, the vector pDOCI (SEQ ID NO. 1) was generated. Portions of
pTRP-AU (FIG. 2) were amplified using PCR primer pairs that anneal to sites surrounding the region encompassing
TEL, ADE2, and URA3. One pair amptifies a region within the yeast elements (SEQ 1D NOs. 21 and 22) and the
other pair amplifies a region within the bacterial elements (SEQ ID NOs. 23 and 24). The PCR products were
assembled into a single DNA fragment by PCR assembly using a single primer pair (SEQ ID NOs. 21 and 24). The
assembled product was digested with Noil and ligated to NofI-digested pUC-SE (SEQ ID NO. 2} to form pDOCI
(SEQIDNO. 1),
[00157] To adapt the hybrid gap-filling vector to capture chloroplast DNA, the vector pDOCI-10 (SEQ ID NO. 3)
was generated. Portions of the C. reinhardtii chloroplast genome were PCR amplified using two primer pairs
specific for two adjacent regions (SEQ ID NOs. 25 and 26 and SEQ ID NOs. 27 and 28} near the psbD locus. {Fig.
3; indicated by number 10 surrounded by 2 box). Each PCR product was digested with Nofl and 1-Seel and ligated
to pDOCI (SEQ ID NO. 1) that was digested with I-Scel to form pDOCI-10 (SEQ ID NO. 3).
[00158] To adapt pDOCI-10 to confer antibiotic resistance in algae, a selection marker was cloned. pSE-3HB-Kan
(SEQ ID NO. 4), which contains a kanamycin resistance encoding gene from bacteria, which is regulated by the 5°
UTR and promoter sequence for the atp4 gene from C. reinhardtii and the 3’ UTR sequence for the rbcL gene from
from C. reinhardtii, was digested with SnaBl , which liberated the kanamycin resistance cassette. The cassett was
ligated to SnaB1-digested pDOCI-10 to‘ form pDOCI-10-Kan {SEQ ID NOG. 5).
[00159] The hybrid gap-filling for capturing chloroplast DNA, pTRP-10-Kan (SEQ ID NO. 6), was constructed
using recombination in yeast (Fig. 2). Briefly, pDOCI-10-Kan was digested with Pacl and Ascl to liberate the
cassette that introduces chloroplast genome-specific elements into the hybrid gap-filling vector. This cassette was
transformed along with pTRP-AU into the yeast strain YPH858 using the lithium acetate method. Homologous
recombination takes place in vivo in the transformed yeast cells. Transformants that correctly integrated with
cassette were isolated based on growth on CSM-Trp agar media containing 5-fluorcoratic acid (5-FOA) and by red
color. 5-FOA selects for clones that lack a functional URA3 gene and the red color results when the ADE2 gene is
eliminated. Plasmid DNA was isolated from yeast clones that were grown in CSM-Trp liquid media and
transformed into E. coli (DH10B). To generate large amounts of pTRP-10-Kan, DH10B cells barboring pTRP-10-
¥an were grown 1o saturation at 37°C in LB+Kan (50 ug/mL), and then diluted 1:20 in LB+Kan+[PTG and grown
for 4 hours at 37°C. DNA was prepared from the bacterial culture using the Plasmid Maxi kit (QIAGEN).
[00160] The composition of the vector was verified by DNA sequencing of the entire plasmid.

Example 4: Vectors to stabilize and/or modify chloroplast genome DNA in an exogenous host
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{08161} Often, large pieces of heterologous DNA are instable in host organisms such as yeast or bacteria. This may

be due to multiple factors, including, but not limited to, the presence of toxic gene products or codon bias and/or
lack of selective pressure. Therefore, the target DNA within the shuttle vector may be altered within yeast or
bacteria. For example, certain portions of a target DNA sequence (e.g., coding regions or promoters) may be deleted
or moved by recombination within the host organism. In a similar way, when a shuttle vector carrying the target
DNA is transferred back to the organism (or a closely related species) that donated the target DNA, the target DNA
can become unstable. '

[00162] Such sites of instability and susceptible sequences are readily discovered by determining which pieces of
genomic DNA elude capture or disappear over time. These sites can be detected by comparing initially isolated gap-
filling target DNA plasmids with plasmids isolated from transformed strains which have been sequentially passaged
in the laboratory under conditions which select for the presence of the plasmid-encoded selectable marker (e.g.,
TRP1) or by comparison with native target DNA (e.g,, C. reinkardtii chloroplast DNA). Such comparison may be
performed, for example, by restriction fragment length polymorphism (RFLP) analysis or direct sequencing. One of
skill in the art will recognize that there are multiple 5tber protocols and methods to determine such differences.
190163] Once identified, such sites and sequences can be forced to remain through selection of markers. Fig. 4
shows examples of arrangements of selectable markers in the multiple cloning site of a vector.

[00164) To generate a stabilization vector containing yeast and algae stability elements, the region of DNA in pTrp-
AU encompassing the ADE2 and URA3 genes was liberated by digestion with Sfil followed by gel purification of
the desired fragment, The fragment was treated with Klenow fragment to create blunt ends and ligated to Pmil-
degested pSE-3HB-Strep (SEQ ID NO. 7), creating pSE-3HB-Strep-AU (Fig. 4B). pSE-3HB-Strep 15 & vector that
targets a streptomycin resistance encoding gene from bacteria, which is regulated by the 5’ UTR and promoter
sequence for the atp4 gene from C. reinhardtii and the 3° UTR sequence for the rbel. gene from C. reinhardtii, to
the 3HB locus of the C. reinhardtii chioroplast genome.

[00165] To generate vectors that target other regions of the chloroplast genome, 800-1000 bp regions were
amplified using PCR primer pairs that anneal to 5* and 3’ regions flanking the sites indicated by numbered circles in
Fig. 3 (site 1-5°, SEQ ID NOs. 29 and 30; site 1-3°, SEQ ID NOs. 31 and 32; site 3-5°, SEQ ID NOs. 33 and 34; site
3-3°, SEQ ID NOs. 35 and 36; site 4-5°, SEQ ID NOs. 37 and 38; site 4-3°, SEQ ID NOs. 39 and 40; site 5-5, SEQ
I NOs. 41 and 42; site 5-3’, SEQ ID NOs. 43 and 44; and site 7-5°, SEQ ID NOs. 45 and 46; site 7-3°, SEQ ID
NOs. 47 and 48). Each pair of PCR products was digested with NotI and I-Scel, mixed, and ligated to Notl-digested
pUC-SE (SEQ ID NO. 2), producing plasmids pUC1, pUC3, pUC4, pUCS5 and pUCT (named for their position of
integration).

[00166] Pairs of yeast selection markers were constructed so that multiple stabilization sites could be employed
simultaneously (FIG. 4B). Each marker pair contains the URA3 gene (SEQ ID NO. 8), which was PCR amplified
from pRS416. Each marker pair also contains the LEUZ gene (SEQ ID NO. 9) amplified from pRS4135, the FIS3
gene (SEQ ID NO. 10) amplified from pRS413, the ADEZ gene (SEQ ID NO. 11) amplified from pTrp-AU, the
LYS82 gene (SEQ ID NO. 12) amplified from S. cerevisiae genomic DNA, or the kanMX6 gene (SEQ ID NO. 13)
from pF A6a-kanMXG6, which confers resistance to the antifungal agent G418. The primers used for the URA3 gene
add the Xmal restriction site to the 5’ end (SEQ ID NO. 49) and Sa/l and Sacll to the 3* end (SEQ ID NO. 50). The
primers used for the LEU2, HIS3, ADE2, LYS2, and G418 genes add the Xmal restriction site to the 5 end (SEQ ID
NO. 51 for LEU2, SEQ ID NO. 52 for HIS3, SEQ ID NO. 53 for ADE?2, SEQ ID NO. 54 for LYS2, and SEQ ID NO.
55 for G418 and Sall, Fsel, and Spel sites to the 3° end (SEQ ID NG. 56 for LEU2, SEQ ID NOQ. 57 for HIS3, SEQ
ID NO. 58 for ADE2, SEQ ID NO. 59 for LYS2, and SEQ ID NO. 60 for G4/8"). Each PCR product was digested
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with Xmal and Sall, mixed pairwise, and ligated into the desired integration vector, resulting in pUCI-URAYADEZ,

pUC3-URAS/LEU2, pUC4-URA3/HIS3, pUCS-URA3/ADE2, and pUCT-URA3/LYS2. URA3 is used in each case
because it allows for positive and negative selection. Marker pairs can be introduced based on selection for either
gene (in the case of a single modification), the non-URA3 gene in the case of two or more modification. Then the
markers can be removed by introducing DNA with terminal sequences homologous to those surrounding the marker
pairs and selecting for growth on minimal media containing 5-FOA.
[00167] To promote sequence stability in bacteria, antibiotic resistance markers were cloned into the yeast selection
marker pairs. The bacterial stability markers include, but are not limited to, the ampicillin resistance gene {Amp',
SEQ ID NO. 14) amplified from pET-21a, the tetracycline resistance gene (T et’, SEQ ID NO. 15) amplified from
pBR322, the chloramphenicol resistance gene (Cam', SEQ ID) NO. 16) amplified from pETcoce-1, and the
gentamycin resistance gene (Gent', SEQ ID NO. 17} amplified from pJQ200. For each gene, primer pairs (SEQ ID
NOs. 61 and 62 for Amp", SEQ ID NOs. 63 and 64 for Tet, SEQ ID NOs. 65 and 66 for Cam', and SEQ ID NOs. 67
and 68 for Gent’) that add Xmal sites to both the 5’ and 3’ ends were used to PCR amplify the antibiotic resistance
fragment. Each PCR product was digested with Xmal and ligated into Xmal-digested pUC1-URA3/4ADEZ, pUC3-
URA3/LEU2, pUCA-URA3/HIS3, pUCS-URA3/ADE2, and pUC7-URA3/LYS2. Fig. 4C shows the arrangement of
the yeast and bacterial stability markers.

Example 3: Introduction of hybrid and stabilization vectors into a chloroplast genome
{00168} To generate a C. reinhardtii chioroplast genome that contains a hybrid vector with or without 2 stabilization
vector, pTRP-10-Kan and pSE-3HB-Strep-AU were transformed into algae cells. pTRP-10-Kan was digested with
Nofl to linearize the vector such that the chloroplast targeting elements on are on each end (FIG. 5). pSE-3HB-
Strep-AU was transformed as circular DNA.
[60169] For these experiments, all transformations are carried out on C. reinhardtii strain 137c (mt+). Cels are
grown to late log phase (approximately 7 days) in the presence of 0.5 mM 5-fluorodeoxyuridine in TAY medium
(Gorman and Levine, Proc, Natl. Acad. Sci., US4 54:1665-1669, 1965, which is incorporated herein by reference) at
23°C under constant illumination of 450 Lux on a rotary shaker set at 100 rpm. Fifty ml of cells are barvested by
centrifugation at 4,000xg at 23°C for 5 min, The supematant is decanted and cells resuspended in 4 mi TAP medium
for subsequent chloroplast transformation by particle bombardment {Cohen et al., supra, 1998). All transformations
are carried out nnder kanamycin selection (100 pg/ml) in which resistance is conferred by the gene encoded by the
segment in Fig. 5 labeled “Kan.” (Chlamydomonas Stock Center, Duke University).
{00170} PCR is used to identify transformed strains. For PCR analysis, 10° algae cells (from agar plate or liquid
culture) are suspended in 10 mM EDTA and heated to $5°C for 10 minutes, then cooled to near 23°C. APCR
cocktail consisting of reaction buffer, MgC12, dNTPs, PCR primer pair(s), DNA polymerase, and water is prepared.
Algae lysate in EDTA is added to provide a template for the reaction. The magnesium concentration is varied to
compensate for amount and concentration of algae lysate and EDTA added. Annealing temperature gradients are
employed to determine optimal annealing temperature for specific primer pairs.
[00171] Fig. 6 shows examples of isolated algae strains that contain pTrp-10-Kan with and without pSE-3HB-
Strep-AU. Strains that integrated pTRP-10-Kan were identified using any of a set of primer pairs that amplify
different regions in the vector backbone (Lane 1, SEQ [D NOs. 69 and 70; Lane 2, SEQ ID NOs. 71 and 72; Lane 3,
SEQ ID NOs. 73 and 74; Lane 4, SEQ ID NOs. 75 and 76; Lane 5, SEQ ID NOs. 77 and 78; Lane 6, SEQ ID NOs.
79 and 80; Lane 7, SEQ ID NOs. 81 and 82; Lane 8, SEQ ID NOs. 83 and 84; and Lane 9, SEQ ID NOs. 85 and 86)
or primer pairs that span the junction between pTrp-10-Kan DNA and chloroplast genome DNA (Lane 10, SEQ ID
NOs. 87 and 83: Lane 11, SEQ ID NOs. 89 and 90). To identify strains that have integrated pSE-3HB-Strep-AU,

32



10

15

20

25

30

35

40

WO 2009/045550 PCT/AIS2008/011546G
primer pairs (SEQ ID NOs. 91 and 92) were used which amplify regions within the 4DE2 gene. Desired clones are

those that yield PCR products of expected size.

Example 6: Capture of a chloroplast genome into an exogenous host
106172] In this example, C. reinkardtii chloroptast DNA is isclated using standard techniques as described above.
C. reinhardtii chioroplast DNA containing the pTRP-10-Kan vector with or without pSE-3HB-Strep-AU was used
to transform bacteria. Blectrocompetent E. coli strains DH10B or Genehog were transformed and selected on LB
agar growth medium with kanamycin (50 mg/l). DNA from individual clones was isolated by growing the cells to
saturation at 37°C in LB liquid growth medium with kanamyein (50 mg/l). Satarated cell cultures are diluted 1:20 in
LB+Kan+IPTG and grown at 37°C for 4 hours. The Plasmid Maxi kit (QIAGEN) is used to prepare plasmid DNA
from the isolated clones.
[00173] Fig. TA shows the restriction analysis of two types of clones obtained from bacterial transformation {Clone
1 and Clone 2) compared {o the parent hybrid vector (Clone C). Clones 1 and 2 are composed of >100 kb of DNA
while the parent hybrid vector is composed of only 23 kb of DNA, demonstrating that large portions of DNA were
indeed captured by the hybrid vector. Restriction mapping indicates that Clone 1 comprises approximately half of
the chloroplast genome (FIG. 8A). DNA sequencing of the regions flanking the hybrid vector indicate that a
recombination event occurred between the 3° UTR of the C. reinhardrii kanamycin resistance cassette (which is the
3’ UTR from the rbel. gene in C. reinhardtii) and the 3° UTR of the C. reinhardtii streptomycin resistance cassette
{which is the 3’ UTR from the rbcL gene in C. reinhardtif). Clone 1 retained the C. reinhardtii kanamycin
resistance cassette, but lost the C. reinhardtii streptomycin resistance cassette. Restriction mapping indicates that
Clone 2 also cormprises approximately half of the chloroplast genome (FIG. 8B). However, DNA sequencing of the
regions flanking the hybrid vector indicate that a different recombination event occurred to give rise to Clone 2. The
5 UTR of the C. reinhardtii kanamycin resistance cassette (which is the 5° UTR from the afp4 gene in C.
reinhardtiiy recombined with the 5° UTR. of the atpA4 gene in the C. reinkardtii chioroplast genome and the inverted
repeat B (IR-B in FIG. 8) recombined with inverted repeat A (IR-A in FIG. 8). Clone 2 lost both the C. reinhardrii
kanamycin resistance cassette and the C. refnhardtii streptomycin resistance cassette.
[06174] To demonstrate that the hybrid vector would support stable replication in yeast, Clone 1 was transformed
into the veast strain AB1380 by the lithium acetate metked and wransfomants were selected on CSM-Trp agar media,
Transformants were PCR screened using @ primer pair (SEQ ID NOs 97 and 98) that amplifies a region with the
chloroplast genome DNA of Clone 1. Desired clones are those that give rise to a PCR product of expected size.
Individual PCR-positive clones were streaked 10 generate multiple clones per isolate. DNA was prepared from the
isolated yeast clones and transformed into bacteria. Bacteria were PCR screened using a primer pair (SEQ ID NOs
97 and 98) that amplifies a region within the chloroplast genome DNA of Clone 1. Desired clones are those that
give PCR products of expected size. DNA was prepared from the isolated bacterial clones and analyzed by
restriction digest with EcoRl. Fig. 7B shows that all isolated clones haw}e restriction maps that are identical to the
originally isolated Clone 1. Thus, the hybrid vector supports stable replication in yeast,
[00175] To determine if the captured DNA is indeed chloroplast genome DNA, a Southern blot was performed.
Clones 1 and 2 prepared from bacteria were digested with FeoRl, separated by gel electrophoresis, transferred to a
membrane, and probed with radicactive HindliI-digested total DNA from C. reinhardtii. Fig. 7C shows that the
DNA in Clones 1 and 2 give rise to a signal, thus indicating that the captured DNA is chloroplast genome DNA.

Example 7: Reintroduction of chloroplast genome DNA into algae
[B6176] For these experiments, all transformations are carried out on either C. reinhardltii strain W1.1, which

expresses SAA from the endogenous psbd4 loci, or W1-1, which expresses LuxAB from the endogencus psb4 loci.
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Both W1.1 and W1-1 are resistant to spectinomycin by virtue of transformation of p228, which introduces a

mutation in the 168 tRNA. Cells are grown to late log phase (approximately 7 days) in TAP medium (Gorman and
Levine, Proc. Natl. Acad. Sci., US4 54:1665-1669, 1963, which is incorporated herein by reference) at 23°C under
constant illumination of 450 Lux on a rotary shaker set at 100 rpm. Fifty ml of cells are harvested by centrifugation
at 4,000xg at 23°C for 5 min, The supernatant is decanted and cells resuspended in 4 ml HSM medium for
subsequent chloroplast transformation by particle bombardment (Cohen et al., supra, 1998). All transformations are
carried out on HSM agar.
[00177] Transformants were selected by growth on HSM, indicating that function of the psbA gene locus was
restored. Clones were also subsequently checked for growth on TAP, TAP with spectinomycin (150 pg/ml), TAP
with kanamycin (100 pg/mb), HSM, and HSM with kanamycin (100 pg/ml). Fig. 9 shows that W1-1 transformed
with Clone 1 is able to grow on all media types. Fig. 9 also shows that W1-1 transformed with Clone 2 is unable to
grow on media containing kanamycin, which is expected since Clone 2 does not contain a Kan resistance marker.
Example 8 Modification of Chloroplasts for Producing biomass-degrading cnzymes
[00278] To modify captured chloroplast genome DNA for production of a xylanase, an algae expression cassette
was cloned into the yeast marker vectors described in EXAMPLE 4. Briefly, a C. reinhardtii chloroplast expression
vector was digested with Spel to liberate a fragment of DNA (SEQ ID NO. 18) with xylanase from I reesei
regutated by the 5° UTR for the psbD gene from C. reinhardtii and the 3’ UTR for the psbA gene from C.
reinhardtii. The fragment was treated with Klenow fragment to create blunt ends and cloned into Smal (Xmal} site
between the yeast markers in pUCL-URAY/ADE2, pUC3-URA3/LEU2, and pUCA-URA3/HIS3. Fig. 10A shows the
arrangement of the various elements in the new vectors.
[60179] Chloroplast genome DNA was modified by transforming the modification vector into yeast that harbored
the captured DNA. For transformation, all modification vectors were linearized by digestion with Nofl. Yeast
harboring Clone 1 (from EXAMPLE 6) were grown to saturation in CSM-Trp media at 30°C, then diluted 1:20 in
YPAD and grown for 4 hours at 30°C. Yeast were transformed using the lithium-acetate method and wransformants
were selected for by growth on CSM-Ura media. Transformants were propagated on CSM-Tip-Ura media and then
PCR screened using primers specific for the xylanase expression cassette (SEQ ID NOs 95 and 96) and a region
within the chloroplast genome DNA (SEQ ID NOs 97 and 98). Desired clones are those that give PCR products of
expected size for both reactions. DNA was prepared from the isolated yeast clones and transformed into bacteria.
Bacteria were PCR screened using primers specific for the xylanase expression cassette (SEQ ID NOs 95 and 96)
and a region within the chloroplast genome DNA (SEQ ID NOs 97 and 98). Desired clones are those that give PCR
products of expected size for both reactions. DNA was prepared from the isolated bacterial clones and analyzed by
restriction digest with EcoRI. Fig. 10B shows that clones were isolated that have restriction maps that are consistent
with integration of the xylanase expression cassette in the desired position.
[00180] For these experiments, all transformations are carried out on either C. reinhardtii strain W1.1, which
expresses SAA from the endogenous psb4 loci, or Wi-1, which expresses LuxAB from the endogenous psbd loci.
Both W1.1 and W1-1 are resistant to spectinomycin by virtue of wansformation of p228, which introduces a
mutation in the 168 fRNA. Cells are grown to late jog phase {approximately 7 days) in TAP medium {Gorman and
Levine, Proc. Natl, Acad. Sci., USA 54:1665-1669, 1965, which is incorporated herein by reference) at 2%C under
constant ilumination of 450 Lux on a rotary shaker set at 100 rpm. Fifty ml of cells are harvested by centrifugation
at 4,000xg at 2°°C for 5 min. The supernatant is decanted and cells resuspended in 4 mi HSM medium for
subsequent chloroplast transformation by particle bombardment (Cohen et al., supra, 1998). All iransformnations are

carried out on HSM agar.
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{00181) Transformants were identified by growth on HSM, indicating that function of the psbA gene locus was

restored. PCR is used to identify transformants that also contain the endoxylanase expression cassette. For PCR
analysis, 10° algae cells (from agar plate or liquid culture) are suspended in 10 mM EDTA and heated to 95°C for 10
minutes, then cooled to near 23°C. A PCR cocktail consisting of reaction buffer, MgCl12, dNTPs, PCR primer
pair(s) (Table 2), DNA polymerase, and water is prepared. Algae lysate in EDTA is added to provide a template for
the reaction. The magnesium concentration i§ varied to compensate for amount and concentration of algae lysate
and EDTA added. Annealing temperature gradients are employed to determine optimal annealing temperature for
specific primer pairs.
[00182] To identify strains that have the endoxylanase expression cassette, a primer pair (SEQ 1D NOs 95 and 96)
was used which amplifies a region within the endoxylanase expression cassette. Desired clones are those that yield
PCR products of expected size. Fig. 11A shows that multiple algae strains were obtained that contain the
endoxylanase expression cassette (PCR products indicated with asterisk).
{00183} To determine whether functional xylanase is expressed, enzyme activity is examined, Patches of cells
(approximately 2mg per paich) from TAP agar plates containing kanamycin (100 jtg/mL)were resuspended in 50 ul
of 100mM sodium acetate pH 4.8 in a round bottom 96 well plate (Corning). Resuspended cells were lysed by
addition of 20ul of BugBuster Protein Extraction Reagent (Novagen) and shaken for five minutes af room
temperature. Cell Iysate (50ul) was transferred to a black 96 well plate, and the chlorophyll fluorescence of the
resulting wells was measured in a SpectraMax M2 microplate reader (Molecular Devices), with an excitation
wavelength of 440 nm and an emission wavelength of 740 nm, with a 695 pm cutoff filier. The measured
chlorophyll signal in RFUs (relative fluorescence units) was used to normalize the xylanase activity signal to the
amount of biomass added to the reaction.
[60184] Afier measurement of the chlorophyil fluorescence, xylanase substrate was added. EnzCheck Ultra
Xylanase substrate (Invitrogen) was dissolved at a concentration of 50ug/ml in 100mM sodium acetate pH 4.8, and
50ul of substrate was added to each well of the microplate. The fluorescent signal was measured in a SpectraMax
M2 microplate reader (Molecular Devices), with an excitation wavelength of 360 nm and an emission wavelength of
460 nm, without a cutoff filter and with the plate chamber set to 42 degrees Celsius. The fluorescence signal was
measured for 15 minutes, and the enzyme velocity was calculated with Softmax Pro v5.2 (Molecular Devices).
Enzyme velocities were recorded as RFU/minute. Enzyme specific activities were calculated as milliRFU per
minute per RFU of chlorophyll fluorescence. Fig. 11B shows that multiple algae strains containing the xylanase
expression cassette at site 1, 3, and 4 (see FIGS, 3 and 10) were obtained that produce functional xylanase enzyme.
Example 9: Modification of a chloroplast genome to produce terpenes
{60185] To modify captured chloroplast genome DNA for production of an FPP synthase, an algae expression
cassette was cloned into the yeast marker vectors described in EXAMPLE 4. Briefly, a C. reinhardtii chloroplast
expression vector was digested with Spel to liberate a fragment of DNA (SEQ ID NO. 19) with FPP synthase from
G. gallus regulated by the 5° UTR for the psbD} gene from C. reinhardtii and the 3’ UTR for the psbA gene from C.
reinhardtii. The fragmeﬁt was treated with Klenow fragment to create blunt ends and cloned into Smal (Xmal) site
between the yeast markers in pUC1-URA3/4DE2, pUC3-URA3/LEU2, and pUC4-URA3/HIS3. Fig. 10A shows the
arrangement of the various elements in the new vectors.
[06186] Chioroplast genome DNA was modified by transforming the modification vector into yeast that harbored
the captured DNA. For transformation, all modification vectors were linearized by digestion with Nofl. Yeast
harboring Clone 1 (from EXAMPLE 6) were grown to saturation in CSM-Trp media at 30°C, then diiuted 1:20 in
YPAD and grown for 4 hours at 30°C. Yeast were transformed using the lithium-acetate method and transformants
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were selected for by growth on CSM-Ura media. Transformants were propagated on CSM-Trp-Ura media and then

PCR screened using primers specific for the FPP synthase expression cassette (SEQ ID NOs 93 and $9) and a region
within the chloroplast genome DNA (SEQ ID NOs 97 and 98). Desired clones are those that gave PCR products of
expected size for both reactions. DNA was prepared from the isolated veast clones and transformed into bacteria.
Bacteria were PCR screened using primers specific for the FPP synthase expression cassette (SEQ ID NOs 95 and
99) and a region within the chioroplast genome DNA (SEQ IDs 97 and 98). Desired clones are those that gave PCR
products of expected size for both reactions. DNA was prepared from the isolated bacterial clones and analyzed by
restriction digest. Fig. 10C shows that clones were isolated that have restriction maps that are consistent with
integration of the FPP synthase expression cassette in the desired position.
[00187] For these experiments, all transformations are carried out on either C. reinhardtii strain W1.1, which
expresses SAA from the endogenous psb4 loci, or W1-1, which expresses LuxAB from the endogenous psbA loci.
Both W1.1 and W1-1 are resistant to spectinomycin by virtue of transformation of p228, which introduces a
mutation in the 165 fRNA. Cells are grown to late log phase (approximately 7 days) in TAP mediurn (Gorman and
Levine, Proc. Natl. Acad. Sci., USA 54:1665-1669, 1965, which is incorporated herein by reference) at 23°C under
constant illumination of 450 Lux on a rotary shaker set at 100 rpm. Fifty ml of cells are harvested by centrifugation
at 4,000xg at 23°C for 5 min. The supernatant is decanted and cells resuspended in 4 ml HSM medium for
subsequent chiloroplast transformation by particle bombardment (Cohen et al., supra, 1998). All transformations are
carried out on HSM agar. .
[00188] Transformants were identified by growth on HSM, indicating that function of the psbA4 gene locus was
restored. PCR is used to identify transformants that also contain the FPP synthase expression cassette. For PCR
analysis, 10° algae cells (from agar plate or liquid culture) are suspended in 10 mM EDTA and heated to 95°C for 10
minutes, then cooled to near 23°C. A PCR cocktail consisting of reaction buffer, MgCl2, dNTPs, PCR primer
pair(s), DNA polymerase, and water is prepared. Algae lysate in EDTA is added to provide a template for the
reaction. The magnesium concentration is varied to compensate for amount and concentration of algae lysate and
EDTA added. Annealing temperature gradients are employed to determine optimal annealing temperature for
specific primer pairs.
[00189] To identify strains that have the FPP synthase expression cassette, 2 primer pair was used which amplifies a
region within the endoxylanase expression cassette. Desired clones are those that yield PCR products of expected
size. Multiple algae strains were obtained that contain the FPP synthase expression cassette at (FIG. 12, PCR
products indicated with asterisk).

Example 11: Gap-filling a partial chioroplast genome
[00190] In this example, a system is established using a hybrid gap-filling vector to capture chloroplast DNA by
recombination in yeast (FIG. 13). To adapt the hybrid gap-filling vector to capture chloroplast DNA, the vector
pDOCI-B5A10 (SEQ ID NO. 20) was generated. Portions of the C. reinhardtii chloroplast genome were PCR
amplified using two primer pairs specific for a region adjacent the psbD gene (A10, SEQ ID NOs. 27 and 28) and a
region adjacent the near the psbH gene (BS, SEQ ID NOs. 787 and 788). Each PCR product was digested with Notl
and 1-Scel and ligated to pDOCI (SEQ ID NO. 1) that was digested with I-Scel to form pDOCI-B5A10 (SEQ ID
NO. 20).
[00191] The hybrid gap-filling for capturing chloroplast DNA, pTRP-B5A10, was constructed using recombination
in yeast. Briefly, pDOCI-BSA10 (SEQ ID NO. 20) was digested with Pacl and 4scl to liberate the cassette that
introduces chloroplast genome-specific elements into the hybrid gap-filling vector. This cassette was transformed

along with pTRP-AU into the yeast strain YPH858 using the lithium acetate method. Homologous recombination
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takes place in vivo in the transformed yeast cells. Transformants that correctly integrated with cassette were isolated

based on growth on CSM-Trp agar media containing 5-fluorooratic acid (5-FOA) and by red color. 5-FOA selects
for clones that lack a functional URA3 gene and the red color results when the ADE? gene is eliminated. Plasmid
DNA was isolated from yeast clones that were grown in CSM-Trp liquid media and transformed into E. coli
(DH10B). To generate large amounts of pTRP-10-Kan, DH10B cells harboring pTRP-10-Kan were grown to
saturation at 37°C in LB+Kan (50 ug/mL), and then diluted 1:20 in LB-+Kan+IPTG and grown for 4 hours at 37C.
DNA was prepared from the bacterial culture using the Plasmid Maxi kit (QIAGEN).

[06192] The desired genomic DNA is captured by using the sites in a gap filling vector that have high homology to
the regions of the target genomic DNA (indicated by A10 and B5 in FIG. 13). Linearized gap filling vector DNA
and chloroplast genome DNA are used to transform S. cerevisiae using the lithium acetate or spheroplast methods as
described in EXAMPLE 2. Homologous recombination takes place in vivo in the transformed yeast cells. Once the
target DNA is captured by the vector via homologous recombination, the DNA can be stably replicated in: both yeast
and bacterial systems. As indicated in FIG. 1, the gap filling vector contains the selectable marker TRP1.
Therefore, the yeast cells are plated on tryptophan-free medium to screen for positive transformants. Transformed
strains growing on the tryptophan-free medium are screened for the presence of target DNA inserts in the gap filling
plasmid. Such screening can be by any known method in the art, for example, restriction enzyme digestion, PCR
and/or gel electrophoresis. '

{60193] Yeast transformants screened by PCR using primers specific for chloroplast genome DNA (SEQ IDs 89
and 90). Desired clones are those that give a PCR product of expected size. DNA is prepared from the isolated
yeast clones and transformed into bacteria. Bacterial transformants are PCR screened using primers specific for
chloroplast genome DNA (SEQ IDs 89 and 50). Desired clones are those that give a PCR product of expected size.
DNA is prepared from the isolated bacterial clones and analyzed by restriction digest with EcoRlL.

[00194] In this example, a system is established using a hybrid gap-filling vector to capture a complete chloroplast
genome by recombination in yeast (FIG. 14). The hybrid gap-filling for capturing chloroplast DNA, pTRP-10, was
constructed using recombination in yeast. Briefly, pDOCI-10 (described in EXAMPLE 3, SEQ ID NO. 3} was
digested with Pacl and Ascl to liberate the cassette that introduces chioroplast genome-specific elements into the
hybrid gap-filling vector. This cassette was transformed along with pTRP-AU into the yeast strain YPHR58 using
the lithium acetate method. Homologous recombination takes place in vivo in the transformed yeast cells.
Transformants that correctly integrated with cassette were isolated based on growth on CSM-Tip agar media
containing 5-fluorooratic acid (5-FOA) and by red color. 5-FOA selects for clones that lack a functional URAJS gene
and the red color results when the 4DE2 gene is eliminated. Plasmid DNA was isolated from yeast clones that were
grown in CSM-Trp liquid mediz and transformed into E. coli {DH10B). To penerate large amounts of pTRP-10-
Kan, DH10B cells harboring pTRP-10-Kan were grown to saturation at 37°C in LB+Kan (50 ug/mL)}, and then
diluted 1:20 in LB+Kan+IPTG and grown for 4 hours at 37°C. DNA was prepared from the bacterial cuiture using
the Plasmid Maxi kit (QIAGEN),

[00195] The desired genomic DNA is captured by using the sites in a gap fitling vector that have high homology to
the adjacent regions of the target genomic DNA (indicated by A10 and B10 in FIG. 14), Linearized gap filling
vector DNA and chloroplast genome DNA are used to transform 5. cerevisiae using the lithium acetate or
spheroplast methods as described in EXAMPLE 2. Homologous recombination takes place in vivo in the
transformed yeast cells. Once the target DNA is captured by the vector via homologous recombination, the DNA
can be stably replicated in both yeast and bacterial systems, As indicated in FIG. 1, the gap filling vector contains
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the selectable marker TRP1. Therefore, the yeast cells are plated on tryptophan-free medium to screen for positive

transformants. Transformed strains growing on the tryptophan-free medium are screened for the presence of target
DNA inserts in the gap filling plasmid. Such screening can be by any known method in the art, for example,
restriction enzyme digestion, PCR and/or gel electrophoresis.
[00196] Yeast transformants screened by PCR using primers specific for chloroplast genome DNA (SEQ IDs 89
and 90). Desired clones are those that give a PCR product of expected size. DNA is prepared from the isolated
yeast clones and transformed into bacteria. Bacterial transformants are PCR screened using primers specific for
chloroplast genome DNA (SEQ IDs 89 and 90). Desired clones are those that give a PCR product of expected size.
DNA is prepared from the isolated bacterial clones and analyzed by restriction digest with EcoR1L
(60197} Example 13: Reassembly on a complete chloroplast genome
[00198] In some instances, the chloroplast genome may be divided into different plasmids, which, in total, comprise
the entirety of the genome (FIG. 15). In such instances, capture of smaller portions may facilitate rapid and
complex modification of mxﬂtipie positions within the genome. The chloroplast genome fragments are then
combined to reform a complete (and possibly modified) chioroplast genome.
[60199] In this example, the chloroplast is divided between two vectors, One vector consists of the chloroplast
genome DNA from B5 to A10, or nucleotide 76,400 to 176,500 (according to the sequence available from NCBI,
NC_005353), respectively. This vector may be obtained by the procedure describe in EXAMPLE 11. The other
vector consists of the chioroplast genome DNA from B10 to A5, or nucleotide 176,500 to 76,400 (according to the
sequence available from NCBI, NC_005353), respectively. This vector is the same one as Clone 1 described in may
be obtained by the procedure described in EXAMPLE 6. Both vector share the hybrid vector sequence and can use
that as a region of homology for recombination. In this example, the recombination event insert the hybrid vector
sequenc between regions A10 and B10 (Fig. 5). However, there is no homology sufficient to facilitate
recombination that joins regions AS and BS (Fig. 5). Thus, a third vector is added that has selectable markers
between sequences homologous to A5 and B3.
[002006] The chioroplast genome is reassembled by combining all three vectors and transforming S. cerevisiae using
the lithium acetate or spheroplast methods as described in EXAMPLE 2. Homologous recombination takes place in
vivo in the ransformed veast cells. Once the target DNA is created via homologous recombination, the DNA can be
stably replicated in both yeast and bacterial systems. As indicated in Fig. 15, the third vector contains the selectable
markers URA3 and ADE?. Therefore, the yeast cells are plated on tryptophan-free medium to screen for positive
transformants. Transformed strains growing on the uracil and/or adenine-free medium are screened for the presence
of target DNA inserts in the gap filling plasmid. Such screening can be by any known method in the art, for
example, restriction enzyme digestion, PCR and/or gel electrophoresis.
(06201} Yeast transformants screened by PCR using primers specific for chloroplast genome DNA (SEQ IDs 89
and 90). Desired clones are those that give 2 PCR product of expected size. DNA is prepared from the isolated
yeast clones and transformed into bacteria. Bacterial transformants are PCR screened using primers specific for
chioroplast genome DNA (SEQ IDs 89 and 90). Desired clones are those that give a PCR product of expected size.
DNA is prepared from the isolated bacterial clones and analyzed by restriction digest with EcoRL

Example 14: Vectors and methods to remove regions chioroplast genome DNA in an exogenous host
[00202] To generate vectors that remove regions of chloroplast genome DNA, 800-1000 bp regions of chloroplast
DNA, are amplified using PCR primer pairs that anneal to 5’ and 3” regions flanking the sites indicated i Fig. 4 (site
1-5°, SEQ ID NOs. 1079 and 1080; site 1-3", SEQ ID NOs, 1125 and 1126; site 3-5°, SEQ ID NOs. 1083 and 1084;
site 3-3°, SEQ ID NOs. 1129 and 1130; site 4-57, SEQ ID NOs. 1087 and 1088, site 4-3°, SEQ ID NOs. 1133 and
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1134; site 5-5°, SEQ ID NOs. 789 and 790; site 5-3°, SEQ ID NOs. 787 and 788; and site 7-57, SEQ ID NOs. 1091

and 1092; site 7-3°, SEQ ID NOs. 1089 and 1090). Pairs of PCR products from the 5" and 3’ regions for different
sites are digested with No# and 1-Scel, mixed, and ligated to Nofl-digested pUC-SE (SEQ ID NO. 2). Pairs of yeast
selection markers (described in EXAMPLE 4} are cloned between the 5’ and 3’ fragments using Sall.

{60203] Regions of chloroplast genome DNA are removed by transforming the deletion vector into yeast that harbor
the captured DNA. For transformation, all modification vectors were linearized by digestion with NofI. Yeast
harboring the desired clone are grown to saturation in CSM-Trp media at 30°C, then diluted 1:20 in YPAD and
grown for 4 hours at 30°C. Yeast were transformed using the lithivm-acetate method and transformants were
selected for by growth on CSM-Ura media. Transformants were propagated on CSM-Trp-Ura media and then PCR
screened using primers specific for the targeted region and a region of the chloroplast genome DNA not targeted by
the deletion vector. Desired clones are those that give not product for the targeted region, but do give a PCR product
of expected size for the untargeted area. DNA is prepared from the isolated yeast clones and transformed into
bacteria. Bacteria PCR screened using primers specific for the tarpeted region and a region of the chloroplast
genome DNA not targeted by the deletion vector. Desired ciones are those that give not product for the targeted
region, but do give a PCR product of expected size for the untargeted area. DNA is prepared from the isolated
bacterial clones and analyzed by restriction digest.

{00204] Various modifications, processes, as well as numerous structures that may be applicable herein will be
apparent. Various aspects, features or embodiments may have been explained or described in relation to
understandings, beliefs, theories, underlying assumptions, and/or working or prophetic examples, although it will be
understood that any particular understanding, belief, theory, underlying assumption, and/or working or prophetic
example is not limiting, Although the various aspects and features may have been described with respect to various
embodiments and specific examples herein, it will be understood that any of same is not limiting with respect to the

full scope of the appended claims or other claims that may be associated with this application.
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<2335 Demcription of Artifisial Suquence: Synthetic polynuclectide
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aeagttotpo
CHCESULtRT
chtaogaaty
agtgomyeca
OECaRCARTET
BERCCRASDSYT
ctattasaty
gepyatasay
gatanhtoby
gFtARpOCDE
cganatagac

BEtooRgIEa
grtootguge
st roytote
Chrabogaogag
Fodabtotcon
tgacgeorgy
conggrtett
getttttcan
gebogatgag
toattrgtat
tatastticl
ALBECATECE
agesgcate

astattgean
ctgesmeatt
chgragator
bocttgagag
tatgtggoge
actattotos
YOALFROATE
Bottaotibot
Pvgatcatbgh
acgagugbiya
FogeactRch
CrgoaEgaay
gagoeggtge
ccogratagt
agatogokae

720
780
840
500Q
360
iozo
108B0
114D
1200
1260
1330
13D
1440
14%5

50
120
LED
240
aan
366G
420
480
540
600
860
720
T80
Bay
00
931
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<400 15

sracopeght
srgatbooye
casughagae
PFOLEE
cggREgRty
acogreragte

Eate

paostoogha
BﬁgﬁﬂEGﬂtt
sttogpgoto
actgteguge
Apacatacts
puoshbgugs
Cgoogdectt
argggteatt
tgeggtetto
BUgtUT o
cUToot oo

ceRRgEaata

toaddaRcay
pgetgaiogto
rgtRygOTCe
ggoceootoug
uttgﬁnuccu
at

SEQ ID HO.
<31ls 79
<212y DNA
<IL3P
<2ABH
<400» 16

soCeAtFIoR

oogttogban

sEbryeaey

tgachgetbn
agcoAaggoac
stagaetgety
groovattoog
vaptriobat
wigotogott
chgbugatoo
gutgpugeet
acgagegukt
gomatotent
ctpppmabiet
FrottoRnod
aEgaetytet
tbeggegagy
qusstotgs
gegesyoLyy
ttogooRogo
FRgAtgesog
ctbtcaaggnt
BRFpASRLEL
goootabres
noctyabbyd
stopattott

18

togtaaayan

congatgoat
gEoctttatt
YREETROGYT
goRBRREObIRE
pencatabat
qt&tattgzg
thtaapagty
CAUGCABFTe
LoTCLRRCRT
cgugmogtan

LoeaTapatRE
cgtgtatgsa
ceggeatsgd
Rcapgnatayc
gogoassegt
cgetactegy
botRogoayy
atatcgocas
gthteggegt
At EaRHa
rogvaatges
capboageta
rerTiatoet
posgutttogy
aogeactoge
ooattabogd
gaggetget
sgtbgosgus
CPeRCgOREs
akgeegouta
cegtoetgeet
aRgoCUTCoY
FOFERFEACD

At ficizl Segurence

catcttyagy
Bhoanggoot
cRoRtbatty
Fagetggtes
acgtretost
kEegoangRby
prbatgouch
gucastatng
goaaaggtuc
FEOgOCaTRA
i14-1-1 4L

gotktantygo
ptotoasant
artggttaty
cagbtoantat
LoteggRgos
BEOOATE AR
aggoabogty
catoacogak
gRyTatgaty
attoctbgog
ggaqﬁuucnt
obtecgaton
goRactogha
onEirayereg
reapgvetie
ooEoRtTey
ggocttdona
catgebgtee
tottantegs
SECpRGTACR
soregogtty
cacatopsts
Lo AR

cartroungbe
LECEARRERE
ooogeetgrt
tatygggatag
Qgetotgay
Eggegtatha
LagrotoRge
acaacktolbt
tgatgRogst
viebiantge
goagttatte
T

gobtegbtiat
gagutaatey
aeggtaoctga
aErgtgeRye
shtgroeyaco
gactadycs
geognoRtar
perimnoate
geagyoocoy
goggoRety s
BRI RTG
feinde Rl yn e gl
AHSSRgILEYS
augatgateg
ghoastgeta
googrRagege
attrtgatbe
aggoagateg
ctanotboga
TOgaRUgagE
egrogegghy
saggactoas

BERCORGSUS

agttgotcan
CETABETaRA
gaskgotort
rgttopooet
Lgataodse
eoytguasac
caatcantsy
cgagaengts
gycyatitong
atbRCABCAY

ghgreottaa

cacaygttann
voestochogyg
cgggachokt
tagagetata
getbbggoey
ToaLgyagRs
cogpoyreas
Fggetcgoan
Logeogaadd
toeapoggeoh
ghoganogat
toactatogh
wggeagoget
goatgtaget
cogecRECas
voggutacgs
tretogehta
utgaeéacan
canbtgghaos
tgpoatgyat
daRTgEayCog
castodgaga
tegFoagaay

Deoporipticn of areificial Sequenced Synthatic pulynucleotide

cgtoacotate
BRCERFCROR
cegoestico
tgetannoag
gRogRebtted
orgEootabt
gtoegtbton
Eboaccatgy
whtoatoaty
CasGyCERED
aggoostggts

14
120
1B0
240
aao
380
420
480
540
[:1+14]
660
720
7RO
]
500
260

igzl
1080
11490
1200
1260
1330
1380
1382

60
120
i8o
240
350
k313
430
CX:1]
540
gon
6EG
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getasgochy

880 o B,
<21i» BTS
<3133y DNR
<ELIy
<2233
<§0l> 17

trgecauaty
gttepatosgy
EgRCCTRACH
tethtghacs
grttoetgit
agtagoocts
goooatgace
CTROTLRZOOR
EOCARTUCRE
gottacgtto
gtetoopses
SRFECCRRCY
proagtapote

&ca:z:accg
sty asat
BEQ ID RD.
<215 1582

<212% DiTA
<ALIY

<400 AB

ACTEGTRTOE
RUADERSANE
tioohastin
ShAARESER
ghtotagtac
gtgtusasea
gatcazanbt
tucasgeaba
grasgttoac
URBCURRITR
sutgtteont
aattptgthg
gatagtteand

RECARYCTL

37

pegracaaog
taaRChFhas
CAgogEEgUt
grunatgost
B LTRETE BT
LY YT = o
EAgTUaERtO
cotactooos
toatogogo
tpoeangatit
QG ACCEIAYT
opottgptas
tobabRORRE
pracotaacs

trtoncnRag

is

erttuastoy
BEERARATER
LATACECLAS
GEECATTCAT
cabtutabata
vgubtatott
asataatuaet
tygtageagt
grocugobEa
caggLtacas
ATROLRATHE
QRGLE R LT
arostrEbog

Rytificial Bequance
Degariptloe of Arcificial Seguencda: Synthetlde polyvweeirotlde

tUFRaaTFER
LYCHay TR
MECTTOFCRT
SEFESAtAUR
rucgargtta
sgrtggotea
satgogggot
el boAg ey
eyobguntie
CORFUBTICT
goagggoatt
Ltatgrgate
gttgggcata
attbogtboan

cogogpasni

Arcifioial Seguence
<223F Depoription of Avtificial Seguenger Synthatle pelynuclestide

atatttogta
ttagttptaa
trgoanastt
gptttatnat
aEnRtAtAER
baatutiatt
analhTaRey
atobttopen
LEARGEEORE
toacgplitan
aootgghggt
tigporacot
traktobtat

Caagmoasy
gtnsﬁughtu
bHFeRattte
BECRFOARFE
CYrAYEAgoR
agtabgugyoa
gotottgRte
YROLCOREY
fadoangasy
PILAGLEAEE
[ =t L o o
LRSHLUCeRE
CTTRagasy
googageatoy

COESR

catttgatbe
agttgactan
ratagaestE
atantaabiyg
apcogtttan
rharatiagt
Caaggat gLy
agtatbitey
toaghbtgoRg
ttrrabbone
oagtttaghg
FEELCRARAYSE
cEaRgotat

73

AACCCHTEEE
avgeancbhep
sehpgotegt
gugborogae
aogatottac
ECRTTOFea
LECtOgtay
KOOTOGITAR
oYELEQEEQE
coratataty
terkapatat
CAgattanyy
tpatgoactt
gattaongys

cacoRaasty
uaéb:taaée
reatgeatit
tgatgrotRt
ggett ekt
tatoptakbta
togbtitest
cagasbdban
CLFEARERCE
DETFHARETR
tappttogag
PEABTICAET

aoggtegpay

RortRAgont
tocagracat
catgRCLGED
grpggregRt
geagoegagc
atytaggoto
tEegtitogen
stbaoboogh
ocgotabagey
tgatotogoa
cotomRFUKE
tgragetoas
isnuazcgae
sgoggRgD

tocaatactt
LtEnasbitt
téantatoatn
SoROGRATEA
[-YF-¥-¥.5.1.8.1-1.]
RAEACACARE
aebtbttgunas
acobecacgt
tenastaRtt
LegRCRIgIE
Laactongue
agrattbotct

sogbRaceer

6%

60
120
isp
280
300
360
420
480
540
600
BEL
720
780
: 114
875

60
izo
180
240
aoo
350
420
400
&40
600
660
T30
78Q
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WEG

tharctgant
aEattaguts
aatoarcoat
CASOGTRURE
ttaaéuttng
agtgottata
gotggnrghg
apotaactot
auobgytits
CREMFECREL
tgoctaRLEL
ttrastgate

CaAagttoctt

gocggbrooa

SEQ |ID NO.
<31ty 2017
<319> DNA

attatatbpgt
pragttantbe
otatartboy
Fhogtagegt
FhEcRATEGES
LeRCEGRCAT
BUECRERARDS
agebeasada
tELERELLEa
Tgguaygaoy
hE&CATTRFE
cothagpagy
cgpragiata

cheyarpoba

135

Docket No. 35430.706.601

agagaactit
apatugRiea
RECtHOCAgt
trabroagUs.
atetopeatt
cggtaadypt
TgREgRtIRE
acbaakites
gtteatanna
toorattady
gganybosud
caantaanti
mEsBEREochg

gt

<213r dxeifilaiel Saguanca

<323> Deacription of Artificlal Segquences Syuthetic polynuclectids

<404> 19

aobhgytabga
saugteonnn
CReQUABT TS
Abnsteaanc
yon
YrotaRaRAR

tEgToD

pertasaatt
Caracgoate
ttatgaartt
oasdunsabhty
gtagotopte
cagttg
CLECFUCHtE

tra.

oLgaegata
geagptgtty
gtbdtiaana
CRARCRFOET
anggtagatt
teotate
RAagans
mhgaht
ADTALR

settaasbay
arttERRAFEL
tatettttac
attiattost
catatabata
cgrattnbitt
asstpobaat
COgERnoACH
cetotogapk
BHogtgaost
btaBRrRAYT
trgoagente
orttAgoagt
caatyyacos
grotagatygds
sgrabbgosy
AOCERBCAEN
caegoaathc
arpiotatie
BUTRBRBEgC
EtLtAgRLnE

agppatgrEte

atatbtgats
chagttotas
LhgoaEAREY
yettrataat
ACEATRLALE
EastestLtt
BERELCRBOT
CRREgTtoRan
gEtagrrgny
pACCELEgRE
pthadgrabna
poghgastt
aggatagtat
ptoattanut
astasstynt
rearcgtoon
aELAFYROBR
cbsaganyaa
aoopgbiEoR
saaagotatt
cobtggogal
abtapttagtt

gpbaLatacs
gtteatgata
LhotaooaRs
peocacttts
glagychghtg
pReLRoLERL
BHETFARCOT
thttaaasta
LObTEECRTE
FEacanatyt
thapoottan
tragrggeng
coanctgeey

aatbtasite
mettgaston
tRUaRupEALE
atanpaabte
accowtiian
sratataagt
Bmmerprn sy
gobtgttendy
agegascgty
gotettgotc
aaggascotyg
cetggrocay
attgaattat
Bgadatygta
toetteotbt
tattetptac
abgtbagrht
CHThRueRay
goagotatphb
Etackbgagya
eotguttbbas
grguastgct
74

GacottoRas
trtntogkao
RotggRgEgn
RaEgeangure
saggitatht
[ L-g-d-3-X-14-F. 4.4
gttamtdtng
sastaasbot
tatatatnct
aTtTatEght
gogoaagtan
thgLstoges
atarttatat

CACRRABREG
CREEETRAEY
tEatgoanty
tgrtgactal
Ratttxebot
tatERTAETLN
bEgtetitte
chanatiboom
aggastitgt
stocagaagt
grggtasabyg
FECREAESDA
tocpegoatl
astLARTITEY
Cagaasgots
akbtabtage
thACoactgy
cbazbtytian
atavgahbyy
tpEFtoaats
dagytasat
THRCAEGLTAYE

apotgotants
CORACOOFTA
aagacgtaa
teassaaget
teoataaggt
ctoagptoge
aatbagutibc
gEtEaRaoRt
baakagotan
FOOEENOaGRE
pottagogat
totopgotne
sutagacagt

tooartactt
tobrantte
ttatatostia
[z {=f. Tal: 08T 1Y
ceasatatyn
sabacacast
BEESOhoGRrAa
GORRITRCEA
aggettobtt
aggrgsogwt
cratngeggt
cchganapt
Sthtobbepet
ghucaugand
tgbgtatogo
gattErtatt
roctgberrat
rRATRLEGTD
tatngattot
crtoonaatt
aggtactgat

LRERCCOTRE

B4D

200

LT
1026
1080
1140
izo0
p¥-3.71)
1330
1360
1440
1500
1560
1582

a0
rap
180
240
00
360
620
480
540
§00
660
729
780
840
1104}
260
1020
1080
1140
1300
1260
1330
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craugtonny

eytagackkba

togomtatoy
tCatapaotay

EEQ D NO,
<21lyF 6E3L
<213 DHR

titrapangs
atgRggotgt
cteaagagbl
dtoeagasnab
greudgytyy
grEttoanata
agmatacoty
gobacoatag
aonactireet
gooRLtttas
goetsacnagt

geagtaaeEy

20

tapbtacggt
ROUTaALgAgE.
aattgagaen
abponpnegt
sEFEGRELAC
agtotegute
grrhattita
goagtbggen
satatagata
taehaagtta
fo - -1
tmocactoge

<dl3) axtdificieml Seguenca

<223%
<&Qi:
trgt

T o]

20

tagat

TOFREOgORY
gREaFotag
cagestogt
gosoRagyey
crtooyRECTS
tgGA§antba
CRBCME Rt
ﬁ&ﬁﬂiﬂ&kﬁﬁ
ctbogrgaog
stogtguado
SaanngERay
teataotabt
gatacatare
gaaragregec
STogtatans

aoatgesgot
cougtorgug
cagagengat
avoatgagat
ttta
agoRgHagte

HARLS

BRAQCCLRHECO

arctacgata
ROgotoaooy
KBgEEFECCT

rgtragbagt-

gorgroacge
sgkbtacakbpgs
tghoagaagt
tettaotgees
akbdgtgagan
tasogogocs
BEBALEORCA
ciactgatot
FORBRREEE
=313 111
CORREQEALY
acctgeagks
gagouastit
ccggageoy
sacgboagoy
cyractgaga
goRgRtCogg
BoggeBatey
getboangnt

FOUTAGgECTT

aggEagyget
FotogagRnt
gonasstont

tdgucaptta

togteghity
toooroatat
augttggooy
Etgoenteog
cagtgratyge
CRUBGOAGRA
AIFeLotac
toapgsstoth
GORRRAMRIY
CATTAELZAR
tapaasaaba
ERAFRERCOR
agtotogoge
ghoacagott
gatgttpgeg
prysadtata
aRoatastyy
BEQACORELS
CRoUSHOETe

groctoaucey

SELAALgENT
prf=l={-{=To2 4 A H v
cattatasto
epabasgyes
ansratgety
aRacagdban
ghttagttin
goacgbaaon
thaotgpaay
ageFgeasa
‘tathtaasta
cacbagt

tacortotgy
tREOATSREL
Sogoetedat
BEROQEETHLG
gtatggotng
[T o T TS
cagtgttate
cRRgatgott
gFFcgseagiy
chrtasnagt
cgobwrbbpay
ttaccttoas
geataaggEa
ficatttabn
RETHRRACATE
ttantAtoaL
gtttegytga
grotg oo
=108~ gnd-1- 15" §
ITFCOFCCITy
truaggoona
atgttgttgo
teggtgatie
ROSGUAETAT
75

cegaRBEaTh
aRCRRLACEaE
gttbacoaan
oaggtgeRas
abgRtRABYY
sttt
tacacmouLy
tLROFUIaoR
tancotboaa
asatGtEngt
CONLEOCRAT

ceocRgLICE
BHRSCRIET S
coagtobart
caBoghbyet
RETORGOECS
f im0
actenbpgtt
ceckgrgaot
ttgobocbbge
gebtoaboati
BtCoRgUEOy
cagegetas
FROCTOHAbA
grgbtaregt
grttoepsgs
pacatbueoy
tgauggtrgea
gaatgeegyy
sbgpottany
gegegasgtt
tgacttooge
torggtogos
avcobgotan
gutoatgoge

tyotanrgtt
apsaagtagt
agRasttita
atEatacktRl
Seacgotiag
saotannata
reprabatal
aztptabbte
[lAT 0 e T
FHsagttgon
toogatatt

Dascription of Avtificial Seguenve: Oynthetic polyouclactide

gonatbgbbae
weogeaiguy
RetbgEEgoa
gocaktgokta
guttooanac
Leastoggte
atugyoegoac
gregegtany
COPFUFEAER
ggaanacgte
Atgtascoea
gFEFSERgoRa
rgtitgantac
cteatguyoy
peptthocoos
CHCARARATR
BEOSTORFAC
sgeLgacang
tatgoypant
Lapggatebgo
ghttbooagae
ganghrLoge
CeRghRaaYEY
aosrgtapee

1388
1440
1500
15640
1620
1580
1740
1800
1860
1520
1980
2017

§0
126
18T
240
300
360
420
480
B4p
6§00
650
720

780
840
500
260

1020

1680

1140

1200

1260

13290

1380

1640
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BraceTaae
atacgutony
caetbaetgy

guooe

CHUARGaER
quAgegUFUt
googragata
ggpeatogot
CRTRCGRRALA
=31

R
Lraatatinn
ogptaseRct
ttaacsbepy
EULESOTORG
gFFatROgsa
codbbtongt
tasllicoavs

gactanoatit
guagtitbat
taatigtoat
gttiepagat
atRagttata

qnbguﬂttgt
o

agsgasaogs
ORtagELtED
Foageotaga
TARLEETAL
Lot tatact
cotoagagbe
onpaatrg
gasattiEtga
CRCCRTTATT
GFIRERERAS

tettag

ot
TRgObAREDT
ctagobgota

HoGaytaEga

Jetgocogagy
echRaauttnr
aptgutgant
CATFORNGED
gooRssnLnn
atgabogany
toktatacel
BaRgUaLCS
DL Y g
FeggEacoRy
AgpTCRtot
gocggonoat
gteatgoody
egyapotbgas
cabaotuegsa
taanttgtat
toguagtige
qoonotggeg
oaguggeggr
aspatasstt
agocaatigt
pRECACETTE
srasbgbocy
bLinantitin
geabtbtiat
GAOTATEUR
tentbtanna
preatbonabn
ctttttabtt
aoetpgtrog
tongguttat
gecgoEtRos
RAgETTRETHS
sgtaggttto
tttataRtce
atazAntage
apohannce
tachbtatis
LytbGvasta
3T
chotisntuy
aFvCTRettt

cogosRotge

avprgeeyey
gttbgogoat
cagtbtagoga
FgacgosRoga
teoatptgol
ttaggatyet
goctgganhg
tasbyoores
ugydopedat
Lgaograyge
Togtagragat
Fhackacoay
HUHCOSRCTE
whopbapsas
AFEOEFECRE
grasaaocok
ORGPORBORE
COOTRATHER
ROaBUEToCR
ttattatatt
opatauogte
tetagpabic
abacttyaas
nabteELtos
atostaatan
BARFCROTLR
abatgbybpt
apaantgatt
tEgayatacs
mtgaoyotgn
Baﬂtaﬁteee
RERCEEOFOa
[=h=1o00 20 F et
catactoaon
LEAgaygUss
FeCRREEBLOET
CCAREATRRR
ogteonotta
GULtRLUEA
tetthaattt
tatthascos
begetangyt
cRCTggEaTT

nSggotgyot
sgadagbnot
YYTHOCHSCyH
gggynggoRy
cgecgRgges
sagageogey
oRtgFoctge
gHoCatCoay
googgemats
TogagoFRyY
CCRFCORRMEY
ttgortgats
gBAyYRARaty
gtiteaacet
rbttbattbab
coovcbtopy
abkbtatbbnt
AACRELGIIG
ocegpogtont
crhatactnc
ALAYCRELALC
shebgaastd
tacéaaatua
p-3- U211 41 %1
Lhamnaoottt
LRgtEoEREA
snaaaabget
AERALCHRBAT
gpeaaggaoa
tgactggots
tbgtgotbee
gtttbtbont
goaggtaas
BHERICURRST
THEROTgRAT
ortaRthort
pEtoagrott
ACECRFAREE
LoCTEGEARE
Sagabyaogt
VLRSS
BEROBRAGAD
CEPTTRRYRT
76

gEarat ooy
cugrakrant
gubtbooabto
BORRGUTALED
GoRtaRAE T
sgoghbooit
ABCHCTFEOR
Cebtgogbay
sbgpootgyet
FegtgoRara
sggEootage
BEYRAgRCAL
sotpeattar
tacmotgbte
totpruacen
FROptaanet
tgtattaaca
BACCRREGET
oottoggagt
BELELETER
BECRUCQUAR
anbgratak
aaagUatLAY
Stucannege
sLtoRLgOnt
CACRCRRCLE
tatttttoat
AHTHEATREET
astgogatoy
[alsgaaizdotg:Telad
titgecaacte
tottbigaag
tagabtetia
cattyacgey
BRTATECEOD
ttaavcantt
CoRAgRACOt
aggtanagta
wposgantta
ttokatgagt
CALRRERCED
[T 210213

BARCOCICLR

gAcIogatoy
tmuttpgeste
aggtogaggt
HEFCgFerea
cogtnacgrt
gaagubgten
toosgetgos
S G
totogooges
ThosgastRe
CpRARAtYRD
LRt aRgho
aggetotaan
touobapgnt
taastaagty
tacgeraRts
tegEeagtyc
catoguagtn
atgtansoct
ctoocyttag
CRgREEQASD
ttgptacat
LLOTRESCLE
ERARTTLALE
n“RbsAtETAL
LALATRESOD
cEtattbeat
ECRACPTARS
pgtacsunbncon
grttogtatt
cggtocyyes
Rt tefal b g A
rronaktbab
agaasgttat
Ltabtktrre
ErGORLOREG
gohteagtta
Ttasoagyyct
ttareanton
polo et ST g
shtgrtangy
stttatasbs
BEAgetcaet

1500
1560
1620
1580
4749
1800
1860
1928
1884
2040
21069
2160
2220
2280
3340
2400
460
2520
458D
2540
aro¢
7760
2830
2880
294¢
3000
3060
3120
3180
3344
3300
3369
3420
34BD
2540
3600
IG6Q
3720
3780
3840
3500
29650
4620
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°T ALY,

ttiotttaan
ttausggety
agtigytagke
togtogacas
aacatatane
AP Ay
FL-1.2 qquén
cantitugton

AgRE

pat@otgacst
actgenogpa
nncnntgetq
taegpratty
atagghtige
HORFOTTERE
gotpakctiyt
agottasath
ttasabogog
totaAnaREE
ttattenagt

atanacarns

tyRrugatty
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<223> Paacription of Artificial Beguenss: Synthetic primer

<430> 62

ttggttocey guratatoat cobtttaaat Ltrasantans g

8m0 Tp WO. 63

<211l> &3

<212> DNA .
STl Artificdsl Seguepce

€423> Pascription of Artificisl Beguencs: 8ymthecic primer

<400> B3

ttggttooay gpgutatobl ctostgttiy aaagotteee ag

HBE(Q IDIND. 64

8¢

50

4]

38

43

a2



WSGR Docket No, 35430-706.601

<21iip 42

<3L2> DMK

<313y Arklficisl Seguence

<d23> Demordption pf Arcificial HBeguanos Synthetic primer
<d80r 64

BRACCRRSUST ppuabatomns Febcbgooan gagttaghet e

BEQ XD NO. 65

<231% az

<2133 bma

<d13» Artificial Beouengs

<2233 Deecziption of Artificiul Saguence: Syunthetic primer
<4905 65

Etgptitocoy pogetatooe REATOORFOL cdtgacoght ot

BEQ ID NO. 66

<2ils 42

<2325 DRA

<313 Aredficial Sequence

<3235 Dosoripticn of Artificlal Sequence: Byathnsic primer
<440> 66

Aaccaacceg gggatatote acttattorgy gegtagonne oa

B0 XD RG. &%

213> 42

<212» | DS

<313> artcificiel Seguencw

<Z33> [ Depomiption of Artificiml Boguence: Synthetio primor
<&Qe> | 67

toggbtoooy ggostatott googgghgac gUasscogiy or

amQ ID NO. 68

<#A1i> &R

<21z oM

<ALI> Arcificial Seguepos

<2233> Depuription ef Artificisl Seguancer Synthatic pelmsr
<400> 68

hadoaucosy prraAtataty TOgRLYEULy UUgophtgtg ao

av




10

20

25

3

35

40

WEGR| Docker No. 35430-706.601

H5EQ ID NO. &9

<31l
<212
<313
<233 »
<400

23

DA

Axtificinl Seguense
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WHAT IS CLAIMED IS:

1. A plurality of vectors for assembling a circular chloroplast genome, comprising

a plurality of vectors, each comprising at least 20kb of chloroplast DNA, and
collectively comprising all chloroplast genes necessary to carry out photosynthesis;

wherein each vector in said plurality of vectors comprises two regions for homologous
recombination with one or two other vectors in said plurality of vectors,

wherein at least one vector of said plurality of vectors comprises a yeast DNA
replication element and at least one vector of said plurality of veciors comprises a bacterial
DNA replication element, wherein said vectors comprising said yeast and bacterial DNA
replication elements can be the same or different, and

wherein at least one vector of said plurality of vectors comprises a yeast stability
element comprising at least one yeast selection marker and said at least one vector comprising
a stability element does not contain a yeast DNA replication element.

2. The plurality of vectors of claim 1, wherein said plurality of vectors comprises
two vectors and each of said vectors comprise two areas for homologous recombination with
each other.

~ 3. The plurality of vectors of claim 1, wherein said yeast DNA replication element 1s
a yeast centromere, a yeast autonomous replicating sequence, or both.

4. The plurality of vectors of claim 1, wherein said bacterial DNA replication element
is a P1 replication sequence or an F factor replication sequence.

5. The phurality of vectors of claim 1, wherein at least one of said plurality of vectors
comprises a single yeast DNA replication element.

6. The plurality of vectors of claim 5, wherein said yeast DNA replication element
and said bacterial DNA replication element are contained in the same vector.

7. The plurality of vectors of claim 1, wherein said chloroplast DNA when
assembled into a circular chloroplast genome contains at least 140 kb of DNA.

8. The plurality of vectors of claim 1, wherein at least one of said vectors comprises
chemically synthesized DNA.

9. The plurality of vectors of claim 1, wherein at least one of said vectors comprises
genomic chloroplast DNA from a photosynthetic organism. _

10. The plurality of vectors of claim 9. wherein said genomic chloroplast DNA from

a photosynthetic organism comprises at least one modification.
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11. The plurality of vectors of claim 10, wherein said at least one modification is
insertion of a heterologous or homologous polynucleotide, deletion of one or more nucleic
acid bases, insertion of one or more nucleic acid bases, mutation of one or more nucleic acid
bases, rearrangement of one or more polynucleotides, or any combination thereof.

12. The plurality of vectors of claim 1, wherein said yeast stability element
comprises a pair of yeast selection markers.

13. The plurality of vectors of claim 12, wherein said pair of yeast selection markers
is a URA3 gene and an additional yeast selection marker.

14. The plurality of vectors of claim 13, wherein said additional yeast selection
marker is an ADE gene, a LEU gene, a HIS gene, 2 LYS gene or a G418 gene.

15. The plurality of vectors of claim 12, wherein for each vector comprising a yeast
stability element, said yeast stability element comprises a different pair of yeast selection
markers.

16. A fungal or bacterial host organism comprising the plurality of vectors of claim

17. A method of assembling a circular chioroplast genome, comprising
obtaining a plurality of vectors, each vector comprising at least 20kb of chloropiast DNA,
and collectively cdmprisin g all chloroplast genes necessary to carry out photosynthesis;

wherein each vector in said plurality of vectors comprises two regions for homologous
recombination with one or two other vectors in said plurality of vectors,

wherein at least one vector of said plurality of vectors comprises a yeast DNA
replication element and at least one vector of said plurality of vectors comprises a bacterial
DNA replication element, wherein said vectors comprising said yeast and bacterial DNA
replication elements can be the same or different, and

wherein at least one vector of said plurality of vectors comprises a yeast stability
element comprising at least one yeast selection marker and said at least one vector comprising
a stability element does not contain a yeast DNA replication element;

introducing said plurality of vectors into yeast to assemble said plurality of vectors by
homologous recombination to produce an assembled circular chloroplast genome; and
selecting for complete assembly of said circular chloroplast genome by selecting for the

presence of said at least one stability clement.
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18. The method of claim 17, wherein said plurality of vectors comprises two vectors
and each of said vectors comprise two areas for homologous recombination with each other.

19. The method of claim 17, wherein said yeast DNA replication element 1s a yeast
centromere, a yeast autonomous replicating sequence, or both.

20. The method of claim 17, wherein said bacterial DNA replication element is a P1
replication sequence or an F factor replication sequence.

21. The method of claim 17, wherein at least one of said plurality of vectors
comprises a single yeast DNA replication element.

22. The method of claim 17, wherein said yeast DNA replication element and said
bacterial DNA replication element are contained in the same vector.

23. The method of claim 17, wherein said chloroplast DNA when assembled mto a
circular chloroplast genome contains at least 140kb of DNA.

24. The method of claim 17, where at Jeast one of said vectors comprises chemically
synthesized DNA.

25. The method of claim 17, wherein at least one of said vectors comprises genomic
chloroplast DNA from a photosynthetic organism.

26, The method of claim 25, wherein said photosynthetic organism is an alga.

27. The method of claim 25, wherein said genomic chloroplast DNA from a
photosynthetic organism comprises at least one modification.

28. The method of claim 27, wherein said at least one modification is insertion of a
heterologous or homologous polynucleotide, deletion of one or more nucleic acid bases,
insertion of one or more nucleic acid bases, mutation of one or more nucleic acid bases,
rearrangement of one or more polynucleotides, or any' combination thereof.

29. The method of claim 17, wherein said yeast stability element comprises a pair of
yeast selection markers.

30. The method of claim 29, wherein said pair of yeast selection markers is a URA3
gene and an additional yeast selection marker.

31. The method of claim 30, wherein said additional yeast selection marker 1s an
ADE gene, a LEU gene, a HIS gene, a LYS gene or a G418 gene.

32. The method of claim 29, wherein for each vector comprising a yeast stability

element, said yeast stability element comprises a different pair of yeast selection markers.
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33. The method of claim 17, further comprising introducing said assembled circular

chloroplast genome into an algal, plant, or cyanobacteria host oTganism.
34, The method of claim 17, further comprising removing said at least one stability

element following selection for complete assembly of said circular chloroplast genome.
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Artificlsl Eeguonce

cgggaggyet
gotoeagatt
goaactttat
tegocagtea
togtoguuey
Lococcoeatglt
asgttggeng
atgasatscy
tagtgtatge
catagcagaa
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ctiLaggagt
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Pesoription of Artificial Sequence: Synthstic

coccaghgot
sRaccagaoa
coagtQtatt
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tkootocttge
geteacoatt
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gaaaagtgec
guegtarcas
acatgoagot
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gattazgeac
tooattggty
cgatgatgac

tattgeaagy

gacattaace
tgacggtgaa
ggargoogyy
crggattand
gyegoyecyt
ctgacttoeg
ctoagatogs
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agcatataaa
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tgtaaagata
thaattaage
gttatooget
gtgoetaatyg
sgggaaacot
tgegsattog
tgTggogago
ataacgeagy
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cactcaiagy
rgageassag
cataggetoo
aapEogacag
atgtitcoga
goegobhtote
ctgagetgly
cgtatigagt
“ggattagos
tacggoiaca
ggacasagag
Luhgtrtges

tthteteogy

3/73

atacttggtk
ttaocgycatt
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ggtgaaaace
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agcatecacaa
actagoegtt
coggatapct
gtaggtatcot
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Description of Artificial Seguence: Synthetie
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azasagaget
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<400> 3

gateoggeaa
SgCgoAgass

agtggaacgs

cetagatoot

criggtatga

ftogtrtoatc

taccetotyyg
tatcagoast
segoctooat
atagtttgoeg
ghatggstbe
tgtgcaaaan
cagtgttate
taagatgett
ggegaccgag
ctitasssgt
cgotgtigag
ttéctttcac
gaaktaaggge
goetttatos
[acasatagy

ttattateat

hreifiecial Seguence
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aaaaggatct
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tataaaaata

Description of Artificial Sequence: Bynthetic

ghggttetyey
critgatost
tggtcatgag
ttapatoast
gtgaggenca
togrtgragat
cgcgagacoe
ctgagegeoayg
guyasgotag
ceggcategh
gatoaaggeg
cteogategh
tgecataatte
caagcoeagteo
tagcgggatas
e¢ttcggggey
ctoghgescs
aaacaggaag
tcataotckt
gatacatatt
gaaazgigeo

ggeghatboan

teghgtagat aactacgata cgggaggoct tacmatotgy coccagbgot gomatgatac

1z00
1280
1320
1380
1440
1500
i5a0
1629
1680
1740
1800
1860
1320
1960
2040
2100
2160
2220
2280
2340
2400
2460

2474

60



cgogagaces
QOGagegeag
ggdgaageteyg
caggcategt
gatcaaggey
vrengatoegt
tgtataatta
cagaceaaghc
tacgggataa
ctteggegeg
ctegbgoaog
aaacagoasg
teatactott
gatacatatt
gazaaagtyce
ggogtatoac
scatgoagoet
cecgborgyy
cagageagac
catostgooa
atttacgaaa
cagoagcagt
caggocccgoe
caggacacad
gatargttot
ceaattettg
tggecogyoth
ctacaatooa

toagegytan

aggetoacey
sagtggtoch
agtasgbags
ggbgtcacgs
aghtacatga
tgbtcagaagt
tettactgbe
attictgagaa
tacegogogs
apaactotca

caactgatct

‘guaasatgoc

aottttbcas
tgaatgratt
acctgscgho
gaggcecchty
cocggagscyg
cygeygteageyg
tgtactgaga
bgeagatocoy
cagggalsace
egcttcacgt
agootagney
cqotgeooga
gonasgggtt
gagtggtgasa
scatyeasey
tguocraceoy

aatgatcgaa

goteoagaty
geeactrtat
wegoetagtta
tegtegttyg
teseooatygt
aagrttggecg
atgooarceyg
tagtgtatge
catagoagaa
aggatettac
teageatott
geasaasagy
tattatigaa
tagaamzata
taagaaacaoa
cgtotogoge
gteoacagett
ggtgttggeg
gtgeaccata

gaacatantrg

gaagagosty -

tegonogagt
gytcorsasc
gatgﬁgccgc
ggttcgogoa
tecgttagey
cgacgeaacg
rhenatgtge

gttaggetgg

6/73

tatcagoast
oggactesat
atagbitgcg
gtakbggette
tghgoaaaaa
cagtgttate
taagatgett
ggegacegag
ctbtaanaes
cgotgrraayg
ttactticac
gaatasggge
goaltbiatca
agcaaataogg
ttatrarcat
gﬁttcggtga
gtotgtaags
g9rgtogggy
godcggocogo
gtgcagggey
catgttgteg
atcggtgatt
gacaggagca
gtgcggatge
tteomcagtico
aggtgecgee
cggggaggea
togetgagyge

Laagageeyge

zascesgoea
ccaghetatt
caaggh cgkt
aticagetcoe
agegrreage
acteatggtt
tictgtgace
tigetetige
gotoateatt
atoeagticg
cageghttot
gacacggaas
gogttactgh
ggricegege
gatattaace
tgacgotgaa
ggatgooggy
ohggettaac
ggegogeegt
ctguctiecyg
cheaggtoge
carcotgota
cgascatgoy
tggaga;ggc
toogesagaa
ggaticcaty
gacaaggtat
ggcataaato

gagoegatkeoch

gttguaaggg
aattgttgee
geaatigeta
ggtroceaac
techtoyghe
atggeagoac
ggtgagtact
coggogtean
ggazaancgtt
zigtastecoa
gggigagcaa
tgttgaatac
oteoatgagog
acatttoces
tafaaazata
pacctotgac
agoagacasg
tatgogyeat
toocggatctg
cgttoecags
agacgtiflyg
sccagiaagy
saccegtggo
ggatgegatg
trgathgget
caggtogagy
dgggoggege
goodtgacyga

tgssgoctgts

129
1EG
240
340
360
420
480

540

- 800

660
720
780
Bg40
800
9E0
1024
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1BOC



cotgstgate
cycaggaago
gcaagaogta
aacgtitggt
Cogeaslysga
CoCRgagagS
aggogacgat
agggcatcgg
rectacgtat
ggtacasataa
ataaatatta
goggtaccac
attaacatag
toctacqgoa
ggggataggc
acoctitaag
Ttaattccac
tgactaagat
aazaatttta
ataattgtga
cgtttaaagsa
tataagitat
cgatrgageLy
sagaygRaacy
togtaggbig
ggecgectog
gattitoagy
Lgrttocatt

gettitcana

gtoatstece
gagaagaatc
goecagogey
ggeggganca
caggoogate
tgceggoaco
agtoatgoes
toegagettga
acatactoayg
atraattyta
gregeagtig
tgecactgge
goagtggegg
gegaatraany
caggceaartg
taaacattit
aaagatgbec
tetaaatttt
tgcattttta
tgactatgea
tceratttasa
aatattaaat
htttttratt
cagatgutic
gtecaggttta
agacgacstig
alagacgtite
gaaagaattg

ctitatatgte

tgoetggana
arzatguoga
tegycogeea
gtgacgaagy
atagtegons
tgtooctaocyga
cgagencace
catratagga
amgyaggaca
tgtaaacoge
cectgocaaca
gractaatst
taccagtgne
Lttatuetat
teactogogt
trctaggart
aatacttaaa
aaattictte
tatcataata

caaagoaghkt

antatgtgty

acacaatgat
ttgyagatac
yeEtgacgaty
traatractae
Toogetteat
aaggaagtyyg
tragggatsa

yttzraaaty

/73

geatggectyg
aggecatoea
tgoceggugat
cbngaygogag
tocagegaaa
gttgeatgatr
ggaaggaget
cgbttaazsca
adrttatota
Ltececetteg
aatttattta
aaabattgyy
actggogtec
tttaatacte
catagtatar
catatgaaat
atacanaaty
ctaattatat
2bazaascont
ctagtoaoat
taaanantgc
taamatiana
aogcaatgac
atgactggot
coegtgekts
caygacacgyo
catasagtot
aactrtegoat

catttazitg

caacgegyye
gectegtgte
aatggocotgs
gaegtgeray
geggtoctog
aaagaagaca
gactggghtyg
thavootgts
ttgtggtaca
goacgboosas
trgtattaac
cEdctaaagt
tectteggag
caatitftag
caatatbgty
taaatggata
azaagtatta
attttactrg
fattcatyggt
atatataact
tratttttas
taataataar
aattgcgate
tegtoasgac
ctitgonact
tttocraacc
atttgtbgaa
Lrttutatas

etrachaatg

abecocgatge
[sgelep-T-Tol: falwr-]
ttekegeocga
attecgasta
ccgaaaatéa
gtcataagtyg
aaggetatea
atcocotagaa
atamatasgt
ttaaguoast
ataggeegty
rratogoegt
tatgtaaace
sttocogtta
acagattgac
tttgytacat
gttgtaaact
caszatttat
ttataatata
statatarue
ttttattera
fttaaagtas
ggtacstate
egbititogtat
cegygtoegge
atcaatgygta
gaakiggicet
tTtigtiatan

dgeroattet

1860
1820
1880
2040
2160
2160
2230
2280
2340
2400
2460
2520
25380
2640
2700
2760
2820
2880
2540
3000
3060
3120
3189
3240
3300
3360
3420
3480

35840



gtaatgttte
grtetoegyy
avcttitra
tetcoratot
atcaaateca
aoaactagaa
agbatattta
cotaggacgs
cgggatatur
gechgecaas
cnttacogega
ttatatacte
agtgotaseg
togacattac
ctataaasst
rarggagagy

aagqoacacaa

teggtygaasg

gatgactige
goagggaasd
ttggttggey
ggeattgata
ggrrrgecag
qoticacaga
gaactbitag
thacatttta
aaﬁggcqtta
aacanantag

totasgtatt

aataggtatt
tattgageat
tatggtiaae
goaatttngs
acagaaaaatb
ttetgtaeca
tatactLoGe
ccootiocoe
atataciccy
tacctaggoes
cgteagtyge
cgsagygaggco
ocoactgooty
cotgitaten
aggogtanca
gocaagagg
aggcagettyg
ttrgeggobt
tgggtattat
tricaagbot
tgtttogtaa
tegtonanct
ttattaasag
aaceteatte
attggaacte
tottagetag
ttggtgttga
caaattbogth

gtotgtgeac

gettgugeta
aagtasgtak
aacattatgg
gatataatta
ghttetatat
gagaanagta
tttcaaanaa
ttacgggatyg
aaggacgtce
agtasactta
agttycotge
agtracetge
ernsgtoont
ctaggcogge
sduf={uts[sluletidn
sgggeatbiog
gagtatgtat
geagageaca
atgtgrgeoe
tgtanaagsca
toaanctasg
géatggagnt
aatéqtattt
gLrratigee
gartictgac
tagacigacy
tgLasgogga
craaaastgect

ttgectocag

B/73

atageagtat
aatgatttaan
ratatctaas
saaatataga
agttaacaty
asatasatge
Btgaatacta
tttatatact
cottegguea
gggattttaa
caactgocia
caactgeoeoga
cogeticggy
cradgaaace
tcgtcttoaa
tgactatega
gttattaatt
gagygcegoay
antagaaaga
tztaaaasts
gaggatgttt
gagtogtgge
reaaaagaat
ttgrttgatt
tgggtiggaa
ceagaaaaty
gogtgtoggaga
AgEARLAYY

gocttttgaa

tasggatack
zaasagbcatg
Lasatttatt
gxfatttaag
tntasatttea
tagabtitgh
ttogecactaa
aggacgtooa
aataaatkbtt
rycaatazat
atataaatat
ggoaastaaa
caagtaaact
attatbtatca
gaaatteggt
geacgtgagt
toacaggtag
aatgtgotot
gaacaatngs
gtteaggoac
tggototggh
aagaatacca
gcaacatact
cagaagcagyg
gacazgagay
tkyggtgatge
ceantggtgt
trattastos

aagoasgeat

thgtorgett
tittgattaa
ctitactaaa
craattrgte
catatgttaa
gtaatgoeoga
aattecatttyg
crtcecocatta
aguygeagkt
aaarttgtoo
tagtggatat
tttragtage
tageatgrty
rgacattasc
cgaaaaﬁaga
atacghbgatt
ttotggtceca
agattcogat
ceeggttatt
tecgaaatac
castgattac
agagtiooke
satoagtgoa
tgggrcaggt
CCCCHARAHE
goetiagatts
apaagacich
gragteticy

azaagateta

3a00
3gE0
3720
A7EO
3540
3800
3960
4020
4080
4140
1200
4260
4320
4380
4440
4500
4560
4820
41680
4740
4800
4860
4220
3980
504G
5100
5160
S220

5280



apcetazaat
ttgattgtac
gtoatagery

Cygeageata

gttgegotoa

CogonaAnge
tgactegetg
aatacggria
goagaagyor
Qentyacgay
atapagatac
goocgotitaos
choaogotgl
cgaasseses
cecggtaaga
gaggtatota
aagascagra
tagotetiga
geagalttacy
tgacgarcag
gatectteores
tgaatbaaacy
ctgtotattt
210> 4

<211i> 7855
<212> DNA

otgtsaaata
aggaazatat
tétoctgtgt
azqgLoLesag
stgooogaett
gFeggggagag
cgotogygtoy
tosacagaat
aggaaccgta
catcacasaa
caggogrtte
ggatacchgh
aggkatcooa
grrecagooey
cacgactiak
ggcggrgata
troggtanet
tooggcasnc
cgeagaadal
tguyascgasa
tagatcotrt
tggtoctgaca

cgttoatecs

acaagatata
agategkbtas
gaaatrgtta
cotgogutan
tecagtoogg
geggtttgog
troggotygeg
cagggaataa
aaaaggotygl
atsgadgctc
cooetggaag
cegectteet
gttoggtgta
REGYCTOSYS
cgossctgge
cagagrtett
gegehcetget
naaccaccge
aaguatct ca
acroacgtts
taaattagas
gtTaceaatyg

tagttgootg

<213> Aztificial Seguance

220>

2/73

aagartaatys
traageggnc
tocgotcaca
ctastgaghy
aaacoiygtog
tattggooge
gogagegglta
cySHgTazay
agtbyotogeyg
zagtcagagy
ctocctegty
ot togggs
ggtegttoge
chtatcoggt
agcagecact
geagtggtgg
gaagecagtt
tggragoagh
sgzagatoch
sgggattTty
atygaagtott
cttaatcagt

actocoeg

tamdLeathy
gogagehtgg
attccacaca
agetsantoa
tyecagetge
tettcogett
tzagotcact
aacatygtgag
ttrttocata
Tggngaaace
ggectetootg
agegtggege
Tocciagergy
mactatogte
ggtaacagya
cotaactaoy
acchicggaa
ggrtittetyg
ctgatetbttb
gtecatgagat
adatcaator

gaggaacels

223> pescription of prpificdal Sequanse: Synthetic
polynucleotide

ggetttttga
cgtaatoatyg
acartasgags
catiaatkge
attaatgaay
cotogotean
caARAgEeggT
caaaaggcca
ggctocgeee
cgacaggact
ttocgaccsh
rihtoteatag
goetgbgtgea
tigagtccaa
ttagcagage
getacactayg
asagagLtog
titguaagee
cEacyyggLe
tatcazasag
aaagtatata

tctcagcgét

5340
J400
5460
5520
5380
5640
5700
5760
5820
5880
5940
&6000
6060
6120
GL80
6240
6300
6360
G420
6480
€540
6600

8638



400> 4
gtgcagkhote

.aacacccgct
Tgrgacogte
gagacgaaag
ttcttagacy
trtotaaata
agaatattga
ttttgeggea
tgetyasyat
gatoctbgagy
gotatygtggn
acactattot
tggcatgacsa
caacttacti
gggggstcat
CgRCgayogT
tggegaacta
agtitgcagyn
tggageeggt
ctecegtate
acagateget
cteatatata
gatooettbtt
groagaceos
ctgetgertg
gotaccaact
srettetagtyg
aptogetoty

woggttoggac

agtacaatet
gecgoyscoct
tccgqgagct
ggeskegtga
teagghgyea
mathoaaata
sasaggasga
tttkgeckre
cagbigugly
sygttitagoe
gegghatbiat
cagaatgasct
grtaagagaat
ctgagaacga
gltamgtogoo
gacaccacya
attactotay
ceasttctga
gagegtyggt
gragttatolt
gagataggtg
cttiagatty
gataatbchen
gtagaaangs
CAABCHAREA
ctttttéﬁga
tagoogragt
ctastoatyl

tosagacgat

goetetgatgs
gacgggettyg
goatgtygboa
tacggobatt
cttttogyag
tgtatocgen
gtatgagtat
atgtttetge
cHangBE gLy
COgaagaang
ceograttoa
rtggttgagta
targeaghog
teggaggace
trgataghtg
tgectgtage
sttecooggoa
gebtrggooot
ctogooggrat
BCACHACHYY
cotocactgat
atttaaaact
tgaceassaat
tezaaggate
apcracoygok
aggtaachtyg
taggécaaca
tacragtgge

agtitacoygya

i0/73

cgeatagita
Lotgateoog
gaggutitcs
tttataggtt
zaatgtdeges
catgagansa
Lcaacatite
toagecagan
ttacategas
tttgﬁcaatg
cgoLggyGas
creasgagte
tgocataaca
gaaggagcta
qggesceggedy
datggoaaca
acasttaata
teoggotgge
cattgeagea
gaglecaggca
taageatigy
teatttthas
cacttasogr
tictitgagar
asceagoggty
cttongeaga
ctteasgane
tgergecagt

taaggogeay

agocagooce
goatooegott
coglcatbone
aatgteangs
ggaarercta
taaccrtgat
ogtohbegece
2egekggtga
chggarctca
atgagoactt
gagcaacteg
acAgasagge
atgagtgata
asegobitte
octgaatgaay
angttgogea
gactyggatuy
tggtutateyg
ctggagacay
acratggarg
taagtgtoag
ttraaaagya
gagttthogh
cotiinttee
ghttgritge
gogoagatas
totgtageag
ygogateagt

cggtedgogot

gacacccgcc
Broagacasge
syasacgege
taataatggr
ttrgretate
aaargoitca
teatteoctt
aagtaasaga
scagoggtaa
ttaaagttet
ghogoogeat
atcitagcgyga
acattgogge
rgeacaacat
ccataccaaa
aazctattaas
aggcggataa
ctgetasate
stggtaagoe
dnagaaatag
acoasgttta
totagghgaa
tecactgage
tyegegtast
cggatoangs
caaztacugt
cgectacata
cgtgtattac

gaatygyogy

&80
120
ig0
2&Q
300
380
420
480
540
600
6E0
TR0
780
840
200
860

1020
108D
1149
1200
1z60
1320
1380
1440
1500
1560
1620
1680

1749



ttogtgeaca
tgagcranga
cogoagyata
Liaragtent
REgugggcgy
ttgotggoot
tatbaceyse
ataagtgago
gecgattcat
caacgraatt
teoeggetegt
tgacoeabygat
grotrgtoan
atataaatge
tactoestsag
rragtggeay
zactegbogr
CCgARAIEEA
gtgaaaagoa
tatacaaatg
catggataga
Lecttacgag
azaagggsag
tatattagga
ggtatattat
taatathtab
cttgeocaat
atgtaaacat

cgaaggggaa

cagoenagch
gasagogooa
ggaacagygag
gragggrrte
agectatgga
thtgoteaea
tttgagtgag
gaggangegy
taatgesget
aatgtgagtt
atrghtgtghbyg
tacgeocasgo
aacagettto
tgtaatagta
trtactrtoo
Lygracogas
tegoagtata
aggggaasga
tgotgtaaga
ghgbiacelrn
cgatagocat
acgeoaglyy
titactgact
cyceggtage
atactaggat
atteccgtas
Arrtatatta
cgecagtatat

ggggaaygac

TOYAgCIaac
cogolttoopga
agogosoay
gooagouatg
ARARCUCCAQ
tottetttee
cLgatacegs
angagogoec
gugsacgacayg
agotoactea
gasttatgayg
tegeoggeoyo
cepttangig
ggstybegts
caatatttan
agteoctait
taaakatoca
ageagtogoe
tataartcra
trgaggatcs
rtatttacce
amgbtogtoe
cattagagog
aytggtaccy
tttaatacte
gggacghoet
gycagrigye
aAATATLCHE

groaghggen

11/73

gacotaracse
sgggagasag
gaagetteoos
actigagegt
caacyegyceo
tgegtratce
Logoegoago
astatyTaal
gttteocegac
ttaggeacoe
cggataacaa
agTacLorge
caaatatoge
cocgtasagy
arraggacgt
ttaatactge
clbaatatina
booettgmgaa
coctgazagyg
taaégqtgét
sLtaaggggl
tagyasaatet
tgogetaacs
coacleocac
cgasgyRygyc
cottogaagt
2ygoaactye
rasgacttat

grrgeatges

grRacTgagat
gogoacaggh
YYgggsAany
cgattttigh
rrkttacggt
cctqattétg
ggaasgacey
cegactotoe
tggasagrgy
CEgYeTERAL
tttracacag
agattttaty
cesttothte
tacyacaTey
solelolehdate fulsl
gaaggagycs
rattcocgoa
aaggtrtact
gatgeatnte
actggeatat
cattagtgge
stgogotgee
ggtttaaata
cgtoggagga
agtggogots
atgtaazcatb
Lagotonant
attecegras

sactgoctay

aoctacegey

atecggtaag

eetggtatet

gatgotaghtc
tockggectt
tggatascoy
agogoagoga
ooyt Ly
goaglgagey
actttatgct
gaaacagoebs
cazasttaga
ctetttiegt
aatatuaata
taazataaatt
gtrggcagge
aggggacgro
tgoregaceoa
Aaccataatac
atggtctett
ctgtocactge
tagaagecas
cttesatary
cgtococtias
coachgoous
veteagttta
corneggegk
ggggacgbee

goaagtaaac

1800
igel
1820
1980
2040
2106
2160
2220
2280
2340
2400
2460
2520
2580
2540
2700
Z760
2820
2880
29440
3000
3060
3120
aiB0
3240
3300
3360
3420

3480



ttaggagtat
ctaggoangy
aguygcaghg
cragogeagg
ttocootieg
tazagtitgg
cagttaacat
| agacooagne
cgacaaaaty
Cragggttet
ottoagtgria
chtgaatagee
gactrtosat
tteaasagas
tgeegtgaga
tgtecrtaca
AbLtazatans
tracttacca
aggyactgoce
gtaggtitet
ttatastcet
tRAARTAQCY
getaaaceat
actitattac
gttttaatyg
racaacagtt
rettaatkte
gtottoDLTT

SYCCARGTHO

ataaatatag
asackraagt
gtacogeoac
aaataaanet
ggacgieagt
caactgecsas
aactaaagit
agbtrgoschy
actitcataa
cagaggcace
LTCARBRGOE
agttacactt
agotcattta
Ttgacgaptg
apgsataact
azgrtanacs
aaatﬁaacaa
gacaagoag
tactgogate
atagtcacaa
gagagggaat
chastaacgc
cagzaaghahd
grecactiaa
ctgtatttat
ettraattith
arttaacacea
cgetasggta

cactggaatt

geagtogeyy
geCaAGtARAR
tgectootte
tartetattt
geagrtgect
ctottghoct
tgttactzia
tgactgeota
aRatatanay
gaagteact
teacgtastt

aacsgasgna

atastaazat

tgteceecat
tacttoghtt
ttaattaaas
agaacticta
tickbtreatt
staggrasat
gargoaases
geattgaaga
ttaatteate
tteagactte
ctoagaagea
cottikharte
agatganghs
aacatazaat
nactaaycay

coghtangat
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tagcactgoo
tgoatttges
ggagtattaa
atatactooy
gocasatgoc
toggagygaas
cogasgangh
gtatagcast
tagtrayatsa
gtazaaabay
ttehtgamgy
accataasag
rattetettt
ttttaazcas
ttgeagtage
atitateiaar
agabegLelbt
ghtitpaage

acattittet

sttgacgaga

ata;tptcct
taateaatbna
capgaaccty
ggtagaghtal
goageatict
totatgagtt
ataaaactyt
ctezaccata

BRRCHCTEYT

actgangtco
cganagyggas
agtoctagta
ttaggaggta
taatarazat
aanaatggtt
ttacembbte
tttgttttiyg
grtatttoat
taotrnitraa
togacocasas
aaaggtaaag
tcaacatate
aaktaatcta
cattcatgte
trttatataa
tagtgagtas
aggeaygttst
geaatrrath
gaatgttatg
tattttttac
Tggcaacagy
gtitagttaw
taccaggetyg
Lattaztoat
gogaascttr
tegttaagoe
tttatazteg

atctocacgty

tgecaackgo
gyaggacgac
tgtaaatctyg
agtaaacece
attagaccac
aactCcgcaay
togghtaagg
ttbatatget
ateactataa
cthgtttaat
ctaacataaa
aaaasagery
toktagatay
ctecaamatit
acttigaaac
caaatattat
thaaagagtt
geadygoaas
tcttgtgona
gECcagaAgTtar
agaaagtaaa
agctiotaas
accattaggt
ggogtacaact
tttagasatt
agetaazagtt
tagotgeray
goagtggcac

actzgtgata

3540
3600
3660
3720
3780
3840
3800
3860
4020
4089
1340
4200
4260
4320
4380
4440
4500
4560
4620
4680
4780
4800
4860
4320
4980
50440
5100
5160

5220



tetacgtaac
ecatkgotct
crataatats
raatttgeat
ggacottite
aytLgortas
attitastge
gacaaggyty
attircaaact
atttatttte
ageghtttag
aatraatgaas
gtoteraegtqg
gtoatgastt
cogastbeag
aatctgtbaa
ttazaagagh
tiligacactyg
gagactogty
tthatagata
gaatttgtay
gogaasatat
agacttgatg
trytactoas
treagottol
artcgaabtt
agrataaaca
agtbitaaaa

cgatgrgoea

cgatgasbic
tonottthag
aatactabat
gattttiaty
ttatgggata
gacgoctgtg
Aptasarvans
sacgartact
tatttazaatn
totrittrtag
agccaaatan
chtonttoes
aagugazaat
traeaggatga
ogettbttth
attoastrgo
cazzattiti
aattatggey
‘ttgaagapag
aattoaatga
atatarcott
thttaasgra
astrtgaattg
gaToytaacg
zaatggrele
gataotated
togttittat
TERBgTEOTA

ghassataad

gattococattt
ctetangaac
apatacatty
attatgebat
tttatattic
gacgteotce
ttogueoectet
tttgttasca
tetogagaaa
tatgyastLy
sattggteag
tasgagatoet
gtrgaghtgy
gragtttgas
gacagaccan
tattathgat
tartgataac
agaccataaa
attgghttit
aattrtatitt
tgttgaacgt
tttaaaaaar
artocaagoa
aaggtegtga
cagaacttge
acaaacttta
treralgaty
gagttaccbe

atctiagett

13/73

chataacugy
aatcaattﬁa
accttitiat
chititiatt
cctascaaag
cottanoett
cogggeaaat
sytgatatia
gattttasad
cocaataTIa

togeeatogy

agcactitat:

gheteigaga
titatgatea
gaattgetty
rgtecattta
caaggactty
acttacctaa
tetoatgygey
tragacebiyg
tgoatasgay
gatagacctg
ttatctaase
cotigetegt
tgoetgoatyt
attrttattt
tttaggrtsa
ttgritazat

rrtattatag

arctcasast
tasatatatt
asatacatin
tagtccoatas
caateggegt
acggooaagh
gaatbhbagt
cczotopeta
ataaactitt
ttecaacaatt
atgtntatos
zLacagagac
aattaaagys
craaagoegat
ckatgtataa
tticasacat
acgatataga
gtetatggas
atatcacgga
groegLgergyg
sgysTygeatc
acaaaaggaa
tactobgcag
geaggroged
gaagtihoyga
ttcatgatgt
atagctaaac
LLgoeigtor

aatttatect

acctarazac
tattattatyg
acehibhhtts
aacctbtiaaa
catazaenen
agacttaggg
atttasatat
retttgbtgs
tLtaanotinr
Tatcggaaac
Ttrtaatoga
cagatacagi
grebgaachs
caatgeaaan
ggaggeacte
tgatcatcgg
tocaagatgat
tyagtraaco
tagtastatt
gttagomgat
ggaggaaast
tkatttttta
goacgetage
acgtastticy
aagadattaa
ttatgtgaat
atoettttag
ttateastty

tatgtattat

5280
5340
5400
5460
5520
5580
56¢0
5700
5760
5820
5880
5240
600D
6060
GLZ20
§180
5240
6300
5360
6420
5480
6540
6600
66ED
6720
§780
G840
6900
6960



attitataag
ttaacqggaagy
cagtturoht
ceatttaaay
gasaaacgibt
cepttogggh
ataaataaat
gecgtcaghy
aggraccact
rezacatoct
ctoattratt
ceataanzct
cagectgegtt
aagtgtacatn
tataacaaas
<218> 5

<211> B45E
<212 DNA
<ZL3I>

<Z20>
<223>

thataatasa
gaaktoggoy
taagtebaat
gatgacagtg
agttacttees
aaatamatti
thgtbgacty
goagtigeoet
gecachggog
atatttatat
gtcoagueas
apaggganat
atazataact
taaaaattoa

agococeato

polynuclectide

<400> 3
tegrgtagat

CHegaganoy
Qogagogeag
gogasgatag
caggcatogt
gatoraggoy
clteegatagy

tacataatts

aactacgata
pogetoascy
asgtggbect
agtaaghagt
ggtgtoacgo
agttacarga
tgtoagaagt

TektRCLgLE

egasatagtsa
cetacghace
:nttaattté
gogggstact
tapoggages
tagtgg;cgt
ccaactgeeh
gooaastges
testaabzta
actoogeagg
aggatgecte
coatagraac
totgttazet
caattocaatt

gtcoctaggtayg

Artifivial Sequsnce

cgggsgggch
gotocngath
goaactttat
teygocaghina
togtegtttg
recconatgt
aagttyggoey

aLgooatcayg

14/73

acabaghaas
cgugtogugs
magubtgbaag
gootacticc
tigacatace
coeottoogd
aggcaaghaa
tatatrtata
aatattgoge
aactbgttag
cagaategaa
tgatgttata
atggocsagy
ctttttaatt

aattcesget

Lteceanchkgg
tatcageast
cogoctooat
atagtttgcg
gkatggettc
tgtgcaaaRe
cagryrhane

taagatgort

goggatgtag
ggateoasyo
caaaftgcct
ctoogagata
catatrtara
canstaastt
avktgguayt
tactoogaag
ASCTRAAQLT
Sogataggoy
gaggaagggg
aatttatayga
ggacaggggc
ataatatata

ggcggecgen

Dascription of Artificial Seguense: Synthebtin

cercaghbget
ARACCAGCOLE
ccagretatt
casoghigtl
atLcagotec
sgogghtage
actcatggtlt

ttotgtgact

cgeghttance
grraatagel
gacgagagal
aaakttatst
wtaggaoyte
rtagtogaca
ghiasaatay
caggcagtyy
tatagoagha
AgUCaAtARg
acytootagg
étccaaaaaa
actttcaact
titagtaaan

chaty

geaargatao
qroggangey
sattyttges
gesattgera
ggitoocase
noottoggba
atggcagoan

ggtgagtast

7020
T0B0
7140
7200
7260
7320
7380
7440
7500
756(
7620
7680
7140
7d08

THES

60
120
180
240
300
360
420

480



caaccaagke
tacgggataa
cktoggggeg
stogtgeace
agacaggaag
tgatactott
gatacatats
grazagtgee
gouogtatcae
acatgeager
cocgtocagyy
cagageagab
catechgaega
ctitacgaaa
cagoagoagt
caaccocgUe
caggascecana
gatatgtrot
coaattantg
tggoeoggoh
otacaatoos
tcageggtoe
cotgatggrne
cgragyaagc
goaRgacgha
aacgritogt
oograsgega
cocagageye

cgyogacgat

attetgagas
taccgegooa
asaactonca
gaaatgatoet
goaaratgee
cottiitoan
tgaatgtatt
roctgacghe
gaggeostit
googgagacy
ogogtoagoy
totantyaga
tgcagatony
cacguaaagoe
cgottoscgt
agectageeyg
cgotgoecoga
gecaaggght
gagtggtgas
ceatgoacoey
LgCCRACCOY
aatgategas
gitcatotace
gagsagasate
goconagegeg
ggcgagaces
vaggocgatbe
rgccygeacs

agtcatgccc

ragbgtatge
patageagad
aggatobtas
toageakboht
graaaaaagyg
tattactgsaa
tagupsaata
taageaaswes
cgretegoge
gtoacagoett
ggtgtrggeg
gtycaccata
gancataaty
gaagaocallt
tegotogegt
gogtecoteanc
éﬁtgcgcdgs
ggttigegaa

teogitagoy

‘cgacgoascg

ttooatgige
ghkraggctgg
rgectggaca
atastgggga
Ecggoeyeea
gtgacgaagy
atoghbogoge
rgtoetanga

colCyeacace
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ggegaccegag
critanaagt
cgetgttgay
EhantRtoad
gaataaguge
geattratca

aacaaatagqy

ttagtateat

gtttogygtyga
gtotgtaage
ggtguogoas
gggedgecgs
gtocagggey
catgttgttg
atcgqggatt
gacagoagca
gtgeggotga
theagrghtc
aggrgorngaa
cggggagyea
LogesgRgge
taagagacge
goatogeokg
aggeeatuca
bgeoggogat
cttgagegsyg
tccagogasa
yrigeatgat

ggaaggaget

thgototbge
geteatboett

atccagttea

cageoghbetel-

gagacggass
gogrtavrigh
ggttcogege
gacattazace
tgacagtgas
geatgecggy
arggattaas
ggegegoegt
ctgarebtoog
otsaggtogo
cattetgeta
cgateatgeg
tggagatgge
tocogeaagaa
ggcttegatt
gacaaggtat
gacataaatc
gagegatoost
caItgETggs
goctogegte
aatggcoctge
ggegtgoaag
geggtucteg
SEBgRARTIOR

gactgggttyg

crggegtoaa
goaasacgkl
atgtabotea
gggtgaguaa
tgurgaatac
ctoatgagog
acatbtievce

tarazanpsta

aacctotgac

ageagacaaq
tatrgecggeat
tceggatokg
cgttrecaga
agacgibutyg
accagtasgy
cacoogLgee
ggacgcgaty
ttgatigoet
caggbogagy
agggcggoeac
gocgtgacga
tgaagoigthc
atrccocgatyge
gegascgecs
trotogooga
abresgaata
ccga%aatga
gteoataagtyg

aaggeketea

54D

60D

el

720

780

40

200

960
1020
1080
1140
1200
1260
1328
1380
1446
1800
1560
lez0
L1680
1740
1800
16860
1820
1980
2040
2100
2160

2220



agggcategy
tocotacgtasn
cooptigbte
getataatat
ttaacttgoa
aggacotttt
tagttgetta
gattttaatg
bgacaagyglt
aattttasag
tatttatttt
cagqagtthia

saataatgas

tgretotogt

catcatgact
apcattbca
caatetgbea
ghiaasagay
ttttgacact
cgagactagt
tLttatagat
tgaattitgta
tgogaaasts
azaacttgat
ctrgtactoa
gt:caécttg
aattogaatt
tagcataaas

catrtotasd

togagattga
tegabgaatt
tictotttra
zaatactara
tgattitaat
cttatgagat
cgacgeotglh
caatéaataa
gazccatbac
ttatrtasas
ttetétttte
gageoasatya
agrtotiite
YRAIGOHAREE
tttcaggaty
gogetttttt
aptteaattg
teagartrit
gaarratgoy
gttgargann
aaattocanty
gatatatcot
gttrraaage
gaattgaatbt
agohegtaac
saaatgghot
tgatactatt
atcguutitsa

attaegttet

catigtagga
cgatoooatt
gotctaagaa
taaatacatt
gortatgeta
sbitatantn
ggacgheoee
atrtgtocto
ttrtgitaace
tigtogagaa
ghatggaatt
maattggtes
trLAaagagate
tgttgagtiyg
agragrttga
taacagacca
ctattattys
ttattgataa
gagpocatas
gattggtttt
agattrattl
tigttgaacyg
atttazaaaa
gattooaage
gaaggbogtg
ceagansttg
gasasaebts
vrrttatggt

agagttatcr

16/73
cgtttassca
Lrtataacty
sagtcaattt
taccttitta
tetitnitat
togtascaasa
cootboeeot
ttogggeaze
aagloatctt
agatttiaza
gonasatatt
gtogesatey
tagcactita
gotetengag
atvratgakte
agaartgett
tigtogantt
copachesty
aacttaceta
tteoteatgge
ttbtagacett
trgeotaaga
tgatagacet
athatctaas
accttgetog
otgetgoaty
gattitratt
gtttaggtta

crtgtttana

ttaccctaty
gatstcaaaa
slaaatatat
tsaatacatt
ttagtccata
gcaatcggcg
raogygeang
tgaatttuag
acvactoact
aatasacttt
attcaacaat
gatgrtiatt
takacagaga
azattaaagg
actaargoys
gutavatats
atttonaaca
gacgatatag
agtotarvgos
gatatcacgy
ggteglgoty
gaggatgoat
gacaaaagga
atamtetgoa
tyzaggtyye
tgaagthtay
trtcatgatg
aatasctana

sttgontate

aterctagga
taccratasa
ttattattat
tacctitbtt
adaccetttaa
ToAtaBRaLh
tamacttagg
tattvagata
rftoToLgtty
ttraatoktt
ttatcggaas
ottbtaatog
soAcatacag
tgentgaact
teastgeaan
sggaggcact
ttgatcateg
atcaagatgs
atgagbtsee
atagtaatat
ggttagoaga
cggaggasac
atbattttbr
ggmacgoetag
gacgtaattc
azagaaatia
thtatgbgaa
cateatbbta

tevatasach

22680
2340
2400
2460
2529
2580
26490
2700
2760
2820
2860
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3940
2900

3860



aogatgbgec
tatttratsa
artaacggea
teghggtaca
ggacgroane
regtattaac
aaactasagr
toottoggayg
caatatitayg
caatattgrta
tagatggata
amaaghtatta
atrrtactrg
battcatggt
ptatatasct
ttakttttas
taataataaa
aattgogata
tegroaagac
ctttgoanct
tttoctaans
attrgtrgsa
TttLitataa
gttattaatg
toceegatact
agazgteaty
taaatttatt
grratttaayg

tiaaattibaa

agmaznataa
gktatastasz
gyaaticggs
atasataagh
ttacgggast
ataggocagtg
rtarcgeagh
CEEytanauc
atbtccocutta
acagatbgac
tttggtacat
gttgtazact
caaaatitat
ttataatata
atatatasceo
ctttatkota
titaacgraa
ggtacatate
.cgtttcgtat
coggtesgne
atcaatggty
gaattgottl
tttgtiataa
cgohoatiit
ttgtctgebt
trrrgatbaa
tiTtactaaa
ttgatttgha

caratgtiaa

aatcitaget
angaaatagt
gootacgtat
ggtacaataa
avasatratta
geagtacoac
akbkaacatay
tgctacogra
ggggatagge
acoctitaagy
Litgattecas
tgactaavat
agasatitbta
atasthgtga
cotttasaga
tataagtiat
cgatgagLtyg
aagagaaacg
cegtaggtiy
ggcogoatioy
gathrrcagy
tgttbooart
gtttttcaaa
gtsatgttbtco
guttitoggg
FLafEkEtta
tcoctedaattt
atcaasateceoa

acaactanasd

11/73
ttTtatTata
aacatactaa
acatacteeg
atagatigta
gtggoagtty
tgocactgge
geagtagegy
geaaacasat
caggosatty
Taaacattee
apsastgtoo
tttasatinL
Lygsatiirta
tgaczatgea
rttatttaaa
aatattaaat
getrnrettate
cacatggite
gtbeaggttta
agacgactty
aaggacgtit
canagaattos
chtatatgtt
aataggrotbt
tattgagaat
tatyggtiaza
gcoaatttaga
anacaaanat

ttctgtanca

gaatttatob
agcggatgta
asggaguaca
tgtagacacc
cotgecRaCH
gteoctaatst
Taccastyoa
triatuotan
tgackggegt
rrreaggatt
aatectraan
azattboitre
tarcataata
caaggoaghe
zacatgtgtyg
acpoaatgatb
ttoggagavac
qétgacgctg
ttactabine
toegoticat
aaagaagtoy
t2agggataa
titaaasaty
gettgogeta
zagtaagtat
aacartatgg
gatataattﬁ
ghtttratat

gagaacaata

teatgtatta
gegeguttat
zsatttattte
pslalatuletl slets]
aacttatiea
saarattggog
actggogrec
tttaatacta
saragtatat
catatgaaat
slavaasatt
ctastiatat
ataaasccth
cragtccoat
tARRRAATOG
CEEEEE S -1
aogcaatgac
atgactggoet
wrtgtgetra
cagacrcgge
gatasaghtt
aactttgear
catttaattg
atcgoagtatb
zatgattiaza
tata?ctaaa
aaactgtaaa
agrreaacatyg

aaatasatge

4020
4080
4140

1200

4260

4320
4380
4440
4500
9580
4620
4680
740
4800
4860
4920
4980
5040
5100
3L50
5220
52B0
5340
5400
5460
5520
53580
5640

5700



tagabtitgh
étgccactaa
aggacyteaa
aataaattiy
tgcaatazat
atataaatat
ggcaaatasa
caagtaanct
attattatoa
gaaatticggt
guacgtgagt
tcacaggtag
aatgtgotet
gaacaabtiga
gitcaggeac
tggotatggr
aagéatazsa
gonacatact
cagaagcagg
ggoaagagag
trggrgatga
casatgyTgr
ttatbactgs
@agsaagoakt
taaatoattt
gegagekigy

attecacaca

agetaheicey

tgocagenge

greaticcya
aatteoattby
cttcoocotia
agktagoagrt
aaatttgtog
tagtggatat
ttitagtoge
tagecatgttg
tgacattaac
cgaaaéaaga
atacgtgats
ttctggtoce
agattocgat
coopghtatt
tocgraatac
caatgattac
agagtteote
actragtgea
tgggucaggt
cooogaaage
gettagatta
aaaagactck
gragrattta
sapagatota
ggetttthoa
cgtaatcatg
acatacgsus
cattaattyge

attaatgaat

agtatatita
cetaggacgt
cgggatactt
gcoctacaaac
coettasyaga
ttatatacte
agtggtaceg
togacattac
CTATCEaaaAT
aasggagagg
aagoacanaa
tiggtgaaay
getgacttge
goaaggaaaa
ttagtrtggeg
ggcattgata
gytttgeoag
gothoaoags
gaactittoy
ttacatttta
aatggcgtta
aacaaaatag
rttaagtatt
ascaragsat
tigatigtae
gtceatagety
cggaageata
gttgegetea

Cggtcaacgo

18/73
tatacttoee
ceootteozen
atatactocg
tgootaggaa
cgtoaghgge
CgIRYGHgH e
scactgockg
cetgttatoe
aggogtatca
goucaagagay
aggéagctzg
wohygoggetd
tgggtantat
rttcasgror
tgttiegras
teghacaact
trattaasag
aRccboATRG
attgygaacke
wgttagetagy
ttygtgtiga
casatbtegt
gtttgtgeac
ctgtazaata
aggasascat
cbboohgtgt
aagtgtanaag
ctgoeoogott

goggggagag

tttcaasaaa
ttacgggaty
aaggacgtec
agteeamtta
agttgectge
agttacctge
ctooctoctt
ctaggeogyge
cgaggeeett
aggacatiyy
gagratgtes
goegagoaca
atgrgrgona
tgisaaaqca
tcaaocctaag
goatggagat
actocgtatkt
gtttattanag
gatttctgas
tggactgacy
tgtaagoyggsa
caaazatgch
rtgectgeag
acaagatgta
2CBLCgLLA
gazattgtta
cetggggtge
teoagtoggg

gegaritgeg

atasatacte
cttatatacye

cattegggea

gggaktttaa

caactgeocta
caactgooga
cooctteggyg
ctaagaaacc

togtottoaa

Lgastattga

gtiattaaktt
gaggecgcayg
aatagaasga
nataéaaata
saggatgttt
gagtegtggas
CORRAAGALY
thgtttgatt
tyggttggaa
ceagaaaakg
gytgtagaga
sagaaatagg
goottttgas
aagataangc

ttaagogygee

tecgetoeca

‘ataatgeary

asaccrygteg

tattggucye

5760
5820
5880
5840
£000
060
§120
6180
6240
&3040
€360
6420
6480
6540
8600
G660
é720
&760
6849
E900
G960
TOZQ
7084
7340
7200
7260
7320
7380

7440



tekbkoogotbt
toagoctoact
aacatgtgag
Lttttcoata
tggcegaaace
cgototanty
agcgtogego
tecaagotyg
aagtatogte
ggtaacaggya
cotaactacy
acctteggaa
gottttittyg
tigatosttt
gtcatgagat
saatcaatcot

gegucacsty

<2L0> &

«21l> 22908

<2l2> DPWA

cotogetoac
caaaggcoght
cRaARYgCCa
guoteogoco
mgacadgact
ttesgacoot
ttectoatag
gotgbgtygea
thgagtccas
ttageagage
grtassstay
saagagttay
titgeoaagea
chacgguyte
tatcaaassg
amagtatats

tetocagogat

tgactegoty
aaktacogtis
goapaaygyco
cocbgacgag
araaggatac
gochetaco
ctoacgeobgt
cgamcnoece
coogghanga
gaggtatgra
magaacegta
tagotetiga
goagattacg
tgacgotoay
gatotteace
tgagteaact

ctgtctattt

<213> Artificial Seguence

<220>

19/73
egctoggteyg
Lecacagaat
aggaaccgta

cateacaasa

caquugttee

guatacctgt
aggtatcten
gttecagooog
cavgacrtat
gucygrgota
cttggtatct
tooggoassc
CYCANRARBE
tggracgasa
tagatocertt
tggtcohgaca

cgttoatoce

ttoggetgey
cagﬁﬁgataa
RaaaggCooge
atcgacgobc
coectggaag
cogoattiot
grrtoggtata
accgetgogs
cgooactyge
cagagtbckt
gogctotgor
ARRCGROCYC
saggatctoa
agicacgiia
teaattanna
gritacoaaty

Tagttgoecty

€223 Description of Artificial Bequence: Synthetic
polynucleotids

<400> 6
tgaatttate

caattyggeyg
gegategagt
aggtaatace
gtgaccagge
ageastotia

gttoeoggoyg

agatctaact
amcocttaat
cgageaggta
tecgaacaay
atctottacy
coctgaaata

togagcttot

gaggagbaag
cotbcaatat
TtoaagLtat
gtagaaayqy
copaaateat
gortgttagac

gocatotiag

adacccceat
taagegQatt
saxorggteg
atagctitgt
tamnsegbal
gggetacagy

sgzacgtagy

greasagaaa
cgatagiben
Ceaggooaca
tgatoagoat
cegaagcact
gaaastigas

gttgogggtt

yogageggta
cgtaggansy
gtigetgocy
aagtcagaygy
ctocstsgty
coeticggga
ggtegttogo
artaroaggt
ageagooant
caaghLggtygg
gaagcﬁagtt
tggtageogyt
zgmagatect
agggatrttg
aggaaghitet
cttastcagt

acthooong

AZCBRTACCES
teagsctotg
tttattgaag
ARcaacgggc
atraagcate
attteggaty

tiagtgacgy

7500
7560
7620
7680
774Q
7800
7860
7820
79860
80540

8100

BL60

B220
B280
8340
8400
B456

&0
120
180
240
300
360

420



accaggagat
agcacagoat
agaaggatat
cagoegagtys
cgygactacas
atcagottat
cogaagatga
cggataasgg
atcgetttge
craaagagty
ataasaagoo
aaagraaatt
ttoetotoot
actticasta
graaattgag
sagntgtgct
atgatgoagc
gtatototga
sCgnogoage
tggaazacty
tggaatetyl
toctegogat
rrooggthad
ttgotitotta
tagsgtogosy
agatgyaaga
tteaagogtat
atgetyotgg

cootgtoght

cagegttcag
tégagaaata
tgcagocaaa
Lorggangas
aacgottbgt
tcaaaacata
agttaaaaal
trataaagat
saggaagoyn
Acaggasgaa
gaagcottaa
actctaaaat
coboQuiARA
aaatectettd
taactiacge
tggeTggaca
gegtgecgoa
tantgecass
agataaatet
caetgatagsy
egoageagay
getactgoet
gegtgaacayg
tgutgehgalt
ctatgbgetg
crtogangge
tapgrongto
tgayeaaata

chacasagey

gRAgCgoasR
ggtctgogtt
gaagggotygt
ttagtegend
gotgrrggey
totooggaan
gaaatcetge
gaghtoogtag
gtgaaagyer
prtogacagys
acrticgees
ttoeaggtyga
aaaalonasa
coaazagyya
gaatathaga
ﬁgcactgcg¢
tetatoctty
getesaatceg
atgoeycgLc
rccaucogea
atgatgagoy
grreagtigy
teagacatan
gatgttetygg
gtggeaaget
cagaatgtas
gttgarazey
actgtracol

cegyatasag
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arvtrteEgogas
tgatgegaat
ctoaggagasa
ctttooctut
aggaaatggy
tasacgacat
gartgataac
ttactgaatk
gtgoattttc
tgattggaocs
Lteazattto
agtogacacyg
zattgertgt
tteacacaay
atcgtattge
agttocggtac
aagctgeacg
ctacegoyty
sgoaaattot
slhagoatygyld
crhotgacygd
gygeagotac
ahgasgtatt
acatgoaato
vogatggead

gcagtocgaad

gtecaggoay

gotetotgass

graetgagat

agaogttcag
gaaspatyatb
ggtcargegt
goagtoggas
gascaagRat
cttabcostt
zaaggangee
atggaaatit
Ltatyagttt
tatcecttags
aotatrazen
atttaoncobt
catgaquraag
tgecttgtgh
agatatecgca
tgataaccaa
tasaganncyg
ggceaaghtoca
gaactartga
rgocactaat
rgktacTygegt
cgotgatgog
taasgrggca
cgroggtytyg
cagoaasaces
agotogoRet
actacticac
sracancatt

cgnaattoas

agageatibge
gggatgagre
gatchocady
tesacoboit
ttagagrttg
gaagaaatgg
teactacica
gaggacaagg
astegactct
angagocteg
gactgttftt
guatrttace
rosacaagtyg
traaggaaga
saacgobots
ttoattaasag
gtrttTgegd
shtgyetgact
cacoagacye
aaagoQatge
ctgootrtat
tgtaccTtoa
gortoatete
tacagecagt
goaacotbog
agcatctacy
togrtranta
goteagattyg

acggazates

a8o
540
600
660
720
780
B40
400

260

1020 .

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
16RO
1740
1800
1860
1320
1580
2040
2100

2160



avattgaage
tgTheccaag
" agegbgaatt
ctoatgaaca
cetthgrsat
geasattova
ggatgttege
agocagcooga
coacccacay
ggaagrggas
tyaaganggt
gagggagoea
trgerttgac
pgcaanagLl
cagrtgttacs
tgeeathtat
gaaggagaan
atteccgactc
toaagigaga
atttotttca
tcazconiac
rtaszaggac
Ltoaacaatay
gggatogeag
ggaagaggch
gaaacgotac
pgatagsttyg
toagoarcca

gtestaacac

cgotoctgay
toagbtogtt
cggtetggas
ggatatgotyg
cgoretyony
gactgtatat
tggtgetyat
agactatate
cacotaAcaR
cacotghago
grrygctgant
cggbtgatgs
scggaacggt
egatitatte
accaattaas
coatatoayy
aqroancyay
gheoaacats
satcaccatyg
agactbgtic
sottatteat
aabtacassc
TrEcaantya
tggrgagtas
taaatrocgt
ctntgooaty
togeasotgs
tgttggaart

coecttgratt

ctgatecoge
atcgoggety
ctgggttcoe
¢gtettogea
gttaasoauyt
cgogacotta
goagaatett
cagactecgt
aacgygrareca
atcgacetge
catacoagygc
gagctbtgtt
cbgogttglc
aaéaaagccg
caattetgat
attatoasta
geagticeoat
aatacaacot
agtgrcgack
aacaggecag
togtgatige
aggaatcgas
atcagyatst
ocatgeates
cagecaghtt
thteagaaac
ttgoceguce
taatogogge

actgtitatby
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Lgattsacca
ageasacyyr
tecagticey
teatgatety
cerrrgatgt
tegagegagt
tocticanaca
atgttecacta
goottottyy
agggigagsy
ctgaatoges
gteggtagac
gagaagatge
coegbonogto
tagaaasanhk
czatatteth
aggatggesa
attaattbies
gaatccggtyg
coattangot
gootgagaga
tgoaaccgyce
tottotaata
tocaggagtac
agtctgaceoa
asctotggoey
statogegag
grogageaag

LTapguagaca

cgaaatgaag
acaRgUoggcy
cageeTgaag
gegmactebh
atgggoaace
taaatottet
ghtgoeogeagy
catecggtaca
aggcthtooey
gggegotgay
asatoateca
cagbtigghtgs
gtgatctgat
aagtcagoet
¢atocgageat
Gaaaa a.q [afate
gatootggta
cetoghoaaa
agaatggcas
cgtcatoaaa
gacgaaatac
goaggaacac
catgyaatgo
ggataaasty

toteszobgr

catcggantt

cccatttata
aegtttooey

ghbttatngt

aBRLacaCEs
tatgaagoar
gaatacchtgh
gogacegass
atoattogty
ggtgegatgy
gatttettce
coattibagga
cpoeteataet
gtetgocteg
geccagaaagt
tkrrgaacth
cotbcaacte
aztycbctge
caaatygasac
trtetghaat
taggtoctgeg
aataaggnia
zagetratge
atcactcoges
gogatogoty
tgooagegea
torrttcocy
ctigatggtc
ancateatty
coaatacaat
cocatataaa
togaatatyy

Leatgatgat

2220

2280

2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3lzo
3180
3240
3300
3360
3420
3480
3540
g0
3660
a72¢
3780
3840
3800



atattrttat
gensecctge
attaygaacya
accaacgtyg
tocbtgrant
acgattgoba
agtatigtgs
coggoegetor
ggegacetet
scestgtgtg
Ttgcatctta
caggogoett
atectaraas
tgaaghgaat
Lraggtatgt
taggasgeay
atgcaagyag
gazacaadey
gatataggeqg
gtagaggatc
tgocsataaty
tgeoeteatgy

acccochygaa

cattaagagoc .

caatatcagg
tetgottgaa
attitgeott
asactgatet

gacaggggga

ctrgtyesat
aggtcgatag
acatcagaad
tcacctggma
atatatatatl
dceaggtatt
tgesageatt
cacﬁﬁttcct
gaaattaacsa
ttotegrtnat
cgatacetga
Agatogniog
tatascghtt
gtggatithg
agatatacta
cocaglagea
abggegrocs
ctcatgagos
ccagoaacoy
tacgactcea
gqUUCHLonaAg
cazactaygag
tocTgoaggt
trogTttaca
cgaasgotty
cteatgtiitt
agegatoeat
ttttgotétt

gogggtatca

gtaacateag
cagoaceans
tagetttaay
aaacgacgat
attgctgaaa
ggazaasaca
tagtcatgaa
ttttetooca
aaanattrce
pttgagyuasa
gtattoceooae
gooaaacaac
tigraceCac
atgtaatigt
gaagriotoe
gottgaggon
acagtoeoae
cgaegtggcg
cacctgtgge
ctEkattgtta
rtttggeaan
gtattgaaag
2tacoccary
gtoatgcast
trcttoagat
tgagrgoght
gaagtoaatt
wtaacttgtyg

ttttgacaty
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Bgattttgay
amttazatyga
aacattaétg
cttettagyy
tgtaaaaggt
ataggtoott
cgobbotote
attthtecagt
agetoatogas
zmaataatgg
agttaactgo
caatbaottg
aLgRACRAGY
tggaattcoa
tegaogoetet
gttgagoass
gycoacggyy
agectgatot
geayglgatyg
gotageatty
agtgteotot
tatgestygt
gtteghtate
goggtaggrt
aEgCatatetn
ttotggataa
tettyagget
actitcttagt

gaggtgtyys

acacaacgtg
cittegaaat
gebboggety
qcagacafta
aAgaaasgtt
apataatartt
tLetrtatgs
tgaamasgot
rttgsattctg
tigetaagag
gytcaagata
ttgagaszasta
aagtacagga
titttaatas
cocttatgey
gongesnoss
setaccaces
tececatogg
cogyucacya
tccgﬁtagtt
LAOCRgYaCS
taraartaga
Lttattttbyg
ategazglot
CegegEages
cegoagattyg
ggttgttecy
arttatigog

taaaaaalta

getttecere
ogsacttgac
tgartigttg
gaatggtata
agaaagtaag
gtoaacttea
aazgoaggty
atatgogtca
tgogatagog
AtTogasets
tttottgaat
gagtataatt
casutgatrtt
ggcaataata
actectgoat
ggaatggbge
tacecacgen
toatgtcocgoe
tgeghoogge
gritarcaat
cotatgagot
goaatTeate
gctasaacog
gatateccge
goctotactt
teagoorthy
gmaccygocgy
acghoatectk

aatapaygccs

3960
4020
4080
4140
4206
4280
4320
4360
4440
4500
4560
4620
4880
740
460D
486D
4820
4880
5040
5100
5180
522¢
5280
5340
5400
3480
nR20
5580

5649



atgtettage
ctancagege
ggttagegoeg
rhasagecte
teaggeygty
gEgaTaggat
catagosaga
geattacaat
C&Cagcagea
cytgasagaa
cacacgagat
taoyttatos
gttgecgatt
atccataage
gagagettca
aasatgtotay
gagcaattca
ggcgtaatca
caacatacya
cagattaatt
agtegatatyg
cantoogoeta
tgacyogoce
ctonggyage
geggtaaagce
gtoragoteyg
gttaagggeg
catggoggta

tyancatgec

gagaacagon
attrtigget
acghtoscyg
acggaatgea
aggcttgtgé
argeooggey
apaagiaaasn
gotggtggtt
toaageaato
avectgetie
atgractaett
cgcaagcagy
aganetoCgs
attitttger
gggaghctot
thtacotrea
tgggolaaay
tggloatage
googgaagoa
geghtgoyet
gtgcactotc
togetacgtg
tgacggyekt
tgoatgtgre
tecatcagegt
tegagttict
gtetttboot
atgatacoge

cggttactgg

trasecttgg
tgttgtgega
bgatogooga
rgascgECgy
atgaagtatt
ctacyggara
tegetcateg
ctbactacgt
gotteatoay
cethgattor
gtitggggac
tgaagagata
tggegetage
coagocgtty
yoggaatage
geegasaryc
tgcocgeogoe
tgtctoetgt
taaaghgtaa
cactysecys
sgtacaatet
actggghcat
gtehgotroce
agaggLtbte
ggtogrgany
sagasgogh
gtttogtcac
tGaBRRGIAgE

aacgttgtga
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ttgeogotga
aggocasasa
téacaa:ata
trgattgget
cactggttgh
gaccggagtg
ttatacageot
ctgtbageygo
coactgetga
atoegatcacy
gtteockgogt
gtritggece
agcgagttca
cttttgetet
aggttghaat
gggagaaabe
acggeotteg
grgaaartge
agactggggl
thtocagbog
gotetgatge
ggcigogeco
ggcatoogoer
acngtoacss
cgattescayg
taargtetgy
rgatgeootec
gaggatgcotco

gggtanassa

agagatobtt
ggatggrgta
racagacaga
atasceagte
rgcegegaga
tgttacaaay
caggaaagry
grrgoegogs
catttgcoog
gtttettiaa
toaccggttg
Rggecgagea
gogaattega
goeaggtagy
atteoggtte
cagectgegt
acotycagge
taccegetca
gectaabgag
ggaaacctgt
cgocaragina
cgacaecage
tacagacaayg
cegaascgeg
avgtoctygeot
ctrctgataa
ghgtangggy
acgatacggg

vtggeggtat

aatTtgctit
aaccyggtaca
abttocttigt
tetgoegega
ttbgeacatt
caggecaart
sciutagcca
caggtaccag
tiakbacgagt
gggtgaaata
cygatongaat
orttggeata
ctitaggtge
cagoocaaacy
gatagtcgar
gcbecacage
atgeaagett
cadthocaca
tgagotaacl
cgtyccaggt
agocagtata
Cagoacacye
ctgtgacegt
cgagycaget

gttecatcoga

agcgggccatl

gatttetgtlE
teactyatga

guatgeggeg

5700
5760
5820
5g80
5840
600D
6060
8120
180
a240
6300
2360
6420
6480
6540
6600
6EH0
8720
8780
8840
6300
EDED
7020
70R0Q
7140
7200
7260
7320

7380



gyaccagaga
tonacagggt
tgactreege
tcéggthca
attetyctaa
gatecatgoge
ggagatggeg
cogoaagaat
gottocatto
acaaggtate
geataastcg
agogataoott
EETeTafaloTe ol it
ceteyngteg
atggootgot
geatgcasya
cggtectege
aagaagacag
actygatige
accetgttat
totoaaaata
sagtatattt
aatacatita
sgrocataaa
aétcggagtc
cgggeaagta
aattutagsh
meottactat

tasactitttt

aaaatoactc
Eefolnt:1=1-1-1= o)
grtTocagas
gacgttttge
coagtaaggs
accegtagec
gacgegatygd
toantdagete
aggtegaggt
gugcggegoe
ceoghtgacgat
gaagotgtoo
teeagatgeo
SgARCESCay
totogoogaa
tiergaatac
cgaamabtygac
rcataaglboge
ggetoteasy
cecbaggate
cotatapacn
attatiatge
cotitittott
acctitaaay
ataascttta
sactbaggaa
Leteaatany
ttttéttgaa

taptotieta

agggtoantg
ateootycgat
tebtacgzaae
agcagoagts
ARCCCCYGGA
aggaccoanc
atatgtecty
caattoktgy
ggsoeggoto

taceatooat

cageggtoca

shgarggtag
GECgoragey
caagacgtag
acgtbugoty
CgrRagegac
cecagagoget
gygcgacgata
ggeateggte
¢ctacgtoate
cattgtront
tataatataa
aatttgcaty
gacctttict
gtrgettacy
Ttttaatgca
asaaggotgs
rtttaaacrt

tttatttote
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ccagagektc
goagrtcogy
acggaaancg
getiecapgty
goctagoogy
aotgacagag
ccaagggtrg
agtggtgaal
catgoaoeye
gosnaccogt
atgatogaag
tcatetacot
agazgabbog
coeagegeat
QogUyBCCag
aggecgatcs
gonggeacct
gteatgocos
gagottgacs
gatgsatteg
ntcttttage
atastatats
atfttaatge
tatggganat
aagoTtgigy
srageptagal
eccag;actc
atteassatt

crerritogt

gttastacad
aacataatgy
aagaccatte
cgetogegta
gteckcaaey
atgogoogoy
grtrgegeat
eagtragoaga
gacgeaacge
toeatgbget
ttaggeiggt
gocrtggacaqg
tagryggaygaa
cggesgTrat
tgacgaaggec
tegtegegot
gtecctacgag
goganoaccy
thgtaggacy
shooeatitt
totasgasca
aatacsttia
ttatgetate
tLagtatgTte
acgrcoooes
ttotecotott
ttgttaacas
ctogagaaag

atgyaattge

stgtaggtgt
tgragygoyge
atgrtgttge
teggtgatte
avaygageac
tgcggotgat
toacagtier
ggtgécgccg
gdggaggeay
cgoogaggeg
aapageegey
catgguorge
gygeoatcrag
ghoggegata
Ltgagegagy
coageganad
ftgcatgata
gaaggagety
thtsaanaty
tataactgga
atcasttiat
cchtuttrats
tttttratbe
craacazaga
cticonootta
cgggeaaatyg
grgatottad
attttaaaaa

coganattat

T440
7500
7560
7620
7580
7740
7800
7860
792¢
7880
6049
2100
B16C
8220
5280
3340
8400
8460
B520
8580
BE640
8700
8780
8829
8880
8540
2000
2060

S120



togacaattt
tgbhtarrot
Lacagagace
attasaggtg
tasagagate
tatetatsag
trcaaacatt
tgatatagat
toratggaat
tatcacggac
tqgtgctggg
ggabgcatey
caazaggaal
actotgcagy
aagataogogs
aaghttggaa
Leatgatyre
tacctanaca
tgootgtett
atttaterbt
sggETgtage
JEAGHACARD
tazacpcott
tgccaadaag
cotagatatcas
ccactgooac
tatLoLattt
‘astggegtea

ttagyattca

atcggagaca
tttaaktoyaa
écatacagtg
cetyaactaa
aatgoaasae
gagycactes
gatcatoggr
caagatgatt
gagttascog

agtaatatbt

nuagcag&tg'

gaggaaactg
tatttreias
casgataget
cgtaattogt
agazattaaa
ratgbygaata
tecattrtaca
tatasattac
atgtattata
gegtrtsteb
rttatetatt
coeotbgyg
tttatrratk
statigygea
tggegtocte
taatsctaca
tagtatates

tatgaaatra

gogttttaga
ataatgnaac
tetetagtye
teatgacttt
caatiteage
atotgttaaa
tasssgagteo
thgacactga
agactograt
ttetagataa
aatrLgtaga
cgeaaatatt
aBcthgatga
rgracteaag
teagettgta
ttagaatttg
geatasacat
tttrtaaaatr
gatgtgenay
ttttatsagt
taacggeagy
grggracaat
asgtoccott
ghastaacat
actasagttt
crtaggagta
atatttagat

tattgtaac

aatggatatt
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gocasstaaa
tsrtottuobht
agogasgatg
reaggatgagy
gettrttttta
ttbaattgct
agagtirret
attatgogga
tgaagasaga
attcaatgaa
tatatoottl
tbttanagont
abtgaatigs
cltegtanoga
aatggtotec
atactattya
cgtttttato
tazghttctas
azgnaatasaa
tataatazaa
aattoggoge
zaatrasagbyg
sogggaatat
aggeagLgys
atcgoagtat
Egrasacgarg
teccgltagy
agatigatac

Lgghamatte

attyggtcagt
zagegatcta
rtgegttgge
cagitigagt
agagacaaag
attattgatt
stigataans
gaccatassa
ttggtttbitet
attratugst
gttgaacgtt
ttaaaaaatg
ttccaageak
agategtgac
agaachitgot
cazactttsa
tretatgghgt
agqutatottt
;gttagct:t
géaatagtaa
stacgratac
ﬁadaatg;at
mastattagy
ggtaccacty
Tagcatagge
ctaccgeage
gygataggeoes
cotitaagta

aattccacan

cgoeatogya
godanthtaba
totetgagas
ttetgatcac

astrgetige

gtoeatthas

aactecttaa
cttacctaag
checatggega
tagacocotgg
grotangaga
atagacerga
tabtoraasat
crrgetogtg
gotgestgtg
trrrkatttt
ttagattaaa
tgtlbtaasart
ttattataga
eatsctanag
sracrocgas
aaartgtakyg
gocagtiges
ceactygagrt
agtdgeggta
aaataaattl
ggeazttgte
aacatttrte

sgabgtocaa

2180
9240
9300
8380
9420
9480
9540
9600
a660
2720
23780
5840
8500
8940
100206
10080
101490
o200
10260
10320
10380
10440
10500

10580

10620

10880
10740
16800

10860



tacttazaat
artttticct
:cataataaﬁ
aagoagnLer
ratygtgtgra
aca&&gatta
ggagatacac
tgacgoigat
actatrcooy
cyoeroatioa
aosagtgyca
agggaltanasg
raaszatgca
titgoegotast
grtaagtataa
cattatggta
tataattaaa
tittatatag
gagcaatapa
toaaasanat
acgggatgtt
ggacgtecac
tagacttagg
ttgoctgooa
ttagetgocs
cootecttce
aggocggaect
apgoeotTie

ggeattggty

acaaaattam
satvatatat
2aaaqnttta
agtoacatat
aszaatgobt
agatteaata
gecaatgacaa
gaTtggottae
tgtogettacy
gacacggctt
taaagttkat
ctttgecattt
tttaattget
cgoaghbatic
tgattiaaaa
tatoetanata
actataasagt
ttaacatytt
ataéatgcta
asatactett
tatatactag
tbegggeaan
gatttraaty
amtgoctaat
actgeogagg
cottegggea
sagraaccat
gtctioaaga

ankatigage

sagtatiagt
tttacttgos
Ltcatggees
atatanctat
atttttaatt
atyabaaatt
ttgogategy
gleaagacocy
LTHCRBCTOC
tocotaacoat
ttgttgaaga
ttttataact
tattaatgog
cecgatactin
zagtoangit
aptttattt
tattyaagLe
aaattiaaca
gattbftgrgt
gocactasaa
gacghacooh
:aaantttég
ciaraaataa
atasztatta
gaaataaatt
agraaactia
tattatoaty
aaTtCggLeg

soghgaatat
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rgtazactiyg
aaattrataa
staatataar
ahataaccoy
ttarricats
taaggtaacy
tacatatcas
tttegtatte
ggraecggeyy
caatgotgga
attggttitg
tgtratasgt
treattitgs
gtetgcottgt
ttgattaaat
ttactaastc
asatitgtaat
tatgttaaag

ARTgoogany

tteatttgee

tesecttacy
tggcagttya
atttgteooe
ghggatattie
ttagiggeag
goatythgte
acattagoot
aanAlsagaas

acgLgattas

actaacattt
asatvttatg
aattogtgatg
tttaaagact
taagttatas
atgagttgtt
gagasacgea
gtaggrtggt
cegestoegag
trtteaggas
trieratice
ttttcaaact
aatgtttcaa
tttteogata
attrettska
tocaattrge
pEeatCoaat
sactaanntt
tatatttara
taggacgtoo
ggatattTat
crgceaacky
ttecgygacy
atetactecg
tggtacegoc
gacattacca
atesaasatag
aggagaggge

goeacacasagy

tzaattttas
catttitata
actatgeaca
tatttzaaaa
tattasatac
ttfitavttr
catggtucus
caggtttatts
acgacttgte
ageogtttas
aagantigrLy
tatatgutet
taggrettge
‘
ttgagaatan
tggttaaaaa
aetttagags
acasamatgh
ctogtascags
tactbceoobkt
cottonecont
atactecgss
cctaggoaayg
teagtgocag
aaggaggnag
actgoctgot
tgttatoent
gagtatoasy
cazgagyyag

gesgsthaga

10820
10880
11040
11100
11168
11220
11280
11340
11400
11480
ils20
11580
ile40Q
11700
11760
11820
11B88
1194¢
12000
12080
12120
12380
12240
12300
L2360
12420
12480
12540

12600



gtatgtetat

agagcacaga

gigtgoocas

taaaagoata
aacctaagga
atggagatgs
tegrabttoe
ttatbeoots
ttiotgacty
gactgacyac
teagegdagyg
asaatgotaa
goochgoeagygs
sagatytaaa
ateycaggyy
gttecacagye
acsacogrcg
aatoatibbes
tasacttatte
acatattaam
gattrogogh
aatgogagat
cogracatgn
tctgecgata
ogactecagy
tragtatagy
cogaaggaag
aggotatrgaa

aacagtttot

tathaatune
qgccgc&gaa
taAganagagsa
tasaaatagt
gogargttttg
gtogtgygeas
saaagactge
gtttgatbtca
ggrtagazqyg
agaaaatgtt
Lgtoggagaca
gazataggtt
cttttgazns
gataatgeta
gtitgactitl
goatacgona
guancttagh
ttgtattiat
aacogattit
cacagbgynt
Tcatgergat
cegtttaacn
teebtoacta
gatagricia
taatgeaalyg
ttaactetaa
aataagaasa
agoctegyrs

tertortgag

poagytagtt
tgkgeteotag
acaattgacq
reagyeacta
gaetckggtes
gaaraccaag
aacatactac
gaageaggty
caagagagcec
gutgatgoge
zatgotgbha
attactgagt
gcazgoatae
aatcaloogy
gccatttoas
caatgaceng
atataaatac
cgtettittag
actattatet
tettigeata
agataacaat
gagacegkagt
ttttaacatyg
agtoattgeg
agatgatact
gagotgatac
ctegasetga
thtrggeege

caggttttat

27773

ctggtonatt
gttoogatge
cggttattge
cgagatiactt
atygattacgg
sgriestogg
toagtgeagn
ggacaygtga
cogaaagett
tTtagattsaa

sagactatas

agtatttatt

aRgetotaaa
atbritgact
cgesRtggaa
gttotrgeta
acatghbacat
ctgiaaaaac
tatrogorga
aacaceatca
ctatanygelg
gractracec
tggaattaat
grteatoaas
tgettatote
ttacrtaety
tebakaatge
teotaggtag

grtueggras

ggtyaaagtt
tgacktgoty
ARgYRsEaLT
ggttaggoygty
catvgatate
tetgoeagth
ttoacagpaa
acutitggst
acartttraty
tyggeghtart

caaaatayoa

taagtatigt

&ataaaatct
gartghacay
temaacttgt
geertitoete
acetohotoo
tttatcavan
cagtaatate
gacteaagte
ataattagoy
caggttogyt
tobaaatect.
aactggatti
atagtvaact
taaaactgtg.
stattitotg
tgokrttret

tcatanacaa

tgoggethge
ggtatharat
teragtobiy
ttregraane
gtocaantge
attaaamgac
crhoagtegh
tygaagtcga
ttagetggtg
ggrgttgarg
satticgtea
ttgtgcactf
ghaaaataan
grasatakac
tgaagagaal
ggtotigean
ghatootogh
ttatotcaas
anacagigac
gtcaantaag
tryceteate
coactgfgty
ctitatatga
tenghtoact
ggeataaatt
eggatagaac
tezagagett
ceaaggacus

tagatasstt

12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13240
13320
13380
13440
13500
13560
13620
13680
15749
13500
13860
13920
13966
14049
14100
14160
14226
14280

14340



atttcattta
ttatasgeat
Thactattre
ggacttagre
tatyauatat
gaatcatgga
cctaggatac
atgriancac
moogbaastat
atattgatca
tartetteat
cggtagtita
tgogeteate
gocggtacty
tguegtgetyg
ackgtecgan
cgactacgoy
actobgaace
gtgttatgta
aggogeasga
treggyagga
tgaacatana
caggaggage
acggogbeobo
aasaataccy
gacttygatgt
anggctatca
cohacaogte

ghgratttaa

totttanasa
gtgacobttt
rggetoghgr
agnagagsart
attatagact
catacattel
aRgrtazaayg
Cctazataagt
atttgeatos
cegarattag
gagastggoc
toagaghtas
grratocotog
ceggeoctet
ctagoaetat
egettbgges
atoatggega
atetiggaag
gtatactont
crrtasftta
tcganacygge
apzaattgta
gactzaagoe
teatathaca
Agtgcetana
gtyggacage
egttghgtut
ttatcaaaaé

agacagegat

taaanaatas
geangtaatt
satakbatgra
ttettaaasa
ttattangae
gaaarnggis
cbagtactgt
tarasagtca
tcazaaggeot
gactrocacs
cagatoatbgt
arvgeiaacy
goBCcogtoac
tgogggatat
atgogttgat
googoocaagt
cocavanssgl
graoguatas
rottcaacan
tcactacgga
agakogoaan
anpcasgoos
trogogRasg
agccatgata
ttcgatcaat
tggaecgetge
getoctogogy
gtoggoygaca

sagttogacyg

28/73

aaaagrattt
sasttttgea
tgotaatgtg
tatatageac
agattrgrgt
atattcreta
tttgoagtaa
acvagrvtaagt
caatgttgan
ccaactagba
ttgacagett
cagtcaggca
cotyggatget
cogtecattoe
geastitera
LoTgetoget
CCrgtgyate
ttatbtygasa
ttaaatacte
artggoctat
gaacagtaca
cagtiotgag
apaataacca
tgetgongat
caacgattaa
azagcgociga
gsagocogas
asteaarogs

ooaRcgaten

taaatttoua
atttgtgatt

aacktrtaca

tagecaattt”

attatatgra
tggtgagaca
tttttbvaty
Ltgatattig
tagooageat
atatgacaar
atcatcgata
cogtgtatga
gtaggoatag
gacageatog
tgogoaccag
rogetacttg
aaticttrag
tetottitte

teggtagucs

‘raggectace

tacageayga
ttttacgact
spaagoatac
cocraaacag
aastatigay
cggaacagta
agacgobgat
cagotygsaa

gateatgazs

aaaamgtbga
tagycaaaayg
sagtogatat
ageacttott
tttacoogge
geatagataz
ttttataaga
attgrasaat
gioaccact
aazttcaaga
agetihtaatg
agtotaadaa
gettgortat
coagtoacts
tretcagage
gagecactat
tataaattte
aatrgtatat
agttggctta
cactagrocaa
ganataeaca
geacttctgg
s@agaaacgr
Caguanascy
tctgeaaaag
gotgaataca
gacacateas
Bacgcguges

gatoagacge

l4400
14460
14520
14380
Lagad
14700
14760
14820
14BRO
14849
15000
15680
IB320
151890
15240
15300
15360
15420
15480
15540
15600
10660
13720
15780
13840
15800
L5560
16020

16080



gagastggte
actattcogy
aatctoatga
agggagasan
acaaccatag
Logasgooaa
cgbactacgg
ctasaaascg
attacacart
tegadgoegoge
grhocaasaat
caagctcttt
gtektgatao
geaacaatgt

caacetthge

atageatoch

atacttcatt
Lecacaggac
wgagaaggac
garattgcat
aatggacgses
catecagggs
colgachagey
gctogtesaac
sogaagtiat
Lgagggaact
aatggtesgg
cosatatals

gatgoechoo

rgythotgea
tRaagattac
cagaotoaaa
atateagasc
gobgagsgac
catgggasca
Sggcggcacy
cgatgetyag
gananeggts

gaacgtttte

gasgatogat

220CHganeT
paacgatyty
sottatcacs
gecargetbto
gargraagga
aguatretet
goggrgtygte
tgggoggegy
caacgeoagat
atcccyoaay
gaeggtyceg
vtagoaathl
atgagaatiy
Laggroocte
ttcaooates
tcattgagry
anbtaggaat

rasttghcaa

aseitiacar
ggoaantaan

attaacggag

Qttcagcagt

ceteactacy
garsacggat
gaabtetbos
ttagugaacy
atéaagccgc
asaatgaacy
ggtattaact
TANRAFCOED
acattcactt
agctacatga
ttaatgsaca
cagotgacaqg
tttatttote
gocatgateg
coaasgogdl
agogotages
aggecogyes
aggacggcga
aactgbgara
atcoggaase
gactasgteg
taggaaatgg
TELttbatte
caragtttoa

tACEagtytt

29/73

ctgacdgaas
gootgacaac
tggaagatca
rtatogatga
trgaagacaa
acoaaggaega
gqtazagaasg
gogoocotogy
tgatcactibe
goaantggra
caaacgatat
tgazcarann
gototaactt
craznRgugy
LoRaaggosa
tenastaata
aacragatgy
cgtagtogab
tggacaghye
gCRCgCCata
ghacoggeat
tgagageatt
BaCLaCCgRa
cttaatarss
ttaaggoagt
tionagangg
gbrgtattee
tgatrtkatg

agagtguast

aatecgittta
agegoaggta
caaassgatt
BpOgeaattat
aggecataas
agaztebtta
eragaagott
tatcatagag
aaacacgygta
chitgttoagt
ttacatgett
agggethaty
cgoagt ooy
cttottegag
taamacatco
agiagCcasaaa
tgasttgacy
rgtgyctoea
toecgagaany
gtgactggey
RaCeasgeel
gttagattte
ttasagarta
cticgtatasa
ttctgacaga
tattgactts
ttttttctag
ttacacctaa

tetttitoar

ttetacacty
aatghgtcas

rttgacggag

acatooggoy

tacottghat
tttancazag
cageagageqg
ttaaataaty
actgatgaas
gattcacgeg
ggttacgtat
ctgcoaaatoyg
caagressag
gatasasagg
gttgheeaas
gaaaatgeoy
agtgggraga
agtagegaag
gorgegeata
avgetgtogy
atgochacag
atacacggrg
tcgatga:aé
tgtatgetat

ghzadattct

aackceates

agazaateoct
cttetbgrgr

tatoaogttg

16140
16200
16260
16320
16380
16440
1500
16560
16520
16660
16740
16800
18BG0
16920
16980
17040
17106
17160
37220
17280
17340
17400
17460
17520
17580
17640
17700
17760

11820



agecattagt
ataaatgbat
2attiogtgh
anpagagaat
toggtgghas
thasctgeat
ettgcageoag
gaaocgtyggo
gacgoagaty
ECaccaEaAcs
atcetggogg

atggtttcct

saggaccaayg,

attotrtgea
Tottecttic
graaccttbag
tTacatgyte
Leaggtotaa
ccagegoagt
agtascazag
cgutadzase
ttogogoace
agaaaaktgg
asesyacoat

atgaabcaga

aaczactggn

tocgogagte
aaaagtgcat

gogtatateo

atcaatrtge
dgtagatigey
cgtktehane
ctitttasge
tgttggaace
cttoaatgge
acauagatagt
atggtbtogts
guaacaaace
tgttygctggth
cagaatcaat
coacagttee
taggoaatgg
ottetggaac
tottaccaaa
capattgtan
ttaagttgyc
cactacaeggy
tgoogorttyg
gacttaattyg
agotuignes
cgttggtgat
cagtetigat
tgrgacgaty
BoBAYCLaAY
tgrggogggt
gatcagegas
ttatgtgtay

tocgataraga

Ltasctgtat
ratatagrrs
atgaatttoca
aaggatttic
ecctaaates
ctiacontot
ggogataggy
caanceanat
caaggaacot
gattataata
caxtigatgy
totocataat
tggetcatygt
ggtgtatigr
gtazatacot
vitgattgga
grtacaattga
acogegobtg
gttoctgatt
ataattttte
ttgaaggaga
gogttigoat
caggotgtha
ageaaagoag
tatgetgaca
aatgttegec
ttraacgery
gatgceagay

aacgatgoty

30773

tootttacat
cytotaccct
triataaagu
ttaaottert
coaghtotya
teagygeaagt
ttgacettar
goggtygtion
gugataalgg
voatttagyt
tgazaotitea
cttgaagagg
tgtagggeca
teactatace
ccactaatt
gatasgtcta
ggttotttac
:é;émgcatc
stgttottga
ttoageaygga
smctigotygn
gygaacgtea
aggaacgtys
agoaacattt
gygeaaatgga
ageghatieg
BOQEOgASan
tttageagtg

atgougatta

cotootbthty
atgeacatat
ttatgtacaa
cggotacage
tacctgeoare
tcaptganaa
tottbggoas
tgterggeas
aggoctreats
gagttgggtt
atgtagggea
coagaacatt
tygzaagagge
Bagogecseg
ctectgacaacs
ABagagagre
ggatbtttay
ageaaataayg
tgaatitaaac
agacatgtaa
tactggrgul
tcagctaaay
taagteaata
Teacagooay
acgaaaagek
tgotgacant
agytrasooy
aatatttbga

Boaggaagas

creotiotig
tocatttigr
akatcaceanyg
stoacogact
casaagcttt
titteaacatc
atetggagoa
agaggocaay
ggagatgata
ctitsactagg
tregtiette
agebttates

cattotiglyg

atcacoatog-

aacgaaghea
goatgeazaq
tasacortol
geeageacay
Aaagoggeac
ttetztteta
ctigttctga
caagoeatag
atggatacta
OEEgLOARRE
gaagricagsa
cageggtbtge
ceghgoocon
tgatotgons

togoaacglie

17880
17840
18000
L8080
18120
12180
18240
18300
18380
18420
18480
18540
18600
18660
18720
18780
18840
1B800
18960
18020
15080
18%410
i9200
18260
19320
18380
18440
19500

19560



aatgattaca
cagtaaagoa
gcaagécagg
adcacoeuya
Trettaccga
grgtgatitg
ttogatacoa
toyaasgeogt
atoozcatbta
mtatagatoe
gtgoiggagy
tgtogtgotgg
tataaasach
trovttacge
“Lgcagootyt
gagaaagtas
aggqgttacga
cghggategy
tatogrttca
Tgeghteaas
goggaaaaga
ctgzeettga
attategogt
sagooatitta
gaatoogtga
aagogataga
gggasagtit
grgetygagy

tgistttgat

acegagchat
pactatcaag
atcrgascs
tegeattoay
agaggatttt
Etebtoggta
actcctgtac
agaatantac
tooactggan
chtgatogitg
gadaacgatyg
cogggshatay
atacacacaa
agacattgas
agegttgatg
agagatigat
tgatatiaaa
Lgtcatonaes
ggaattoget
catteatgaa
tgutaaagge
totgatagay
rotgrtgoas
cactiscate
gegectgget
acagettaaa
tgtaategta
gaaacegoat

grgegotgga

tagoggtanc
sasgogaoct
racogragty
catgtatite
ttcageactyg
agtgatgagt
gagggcegatg
gactcccttc
agatecaata
cagyccgoge
tgtgotggag
gatgrgrgbt
TTCggaasaa
agtaaggoas
cgekipggggg
gooeLonasy
atcacoggts
gcgttoages
aaagegtgtg
teaottagas
ggerateays
ctggaggetyg
catcacgoah
gazagoetie
ttgtagtoay
acastogEet
catitotegea

taasaagatg

gugggacgoc

31773

tanaagggat
czatctacaa
ctttcgeget
cgacutatygc
Aztfaacgaga
tatteoctas
agettaaaty
caaccygeta
ardaggtcca
cacgtoetgge
ggataaaaet
gacgggaasay
gtaatatges
ZagaROoTadc
tattegigea
agtittocooa
ctegactoga
aatacggane
gttteeoocta
gortgegtaa
ctpgtetgotr
attogazgty
tgogtgocat
cgcagaance
stgrtggcgs
atohcgacuy
atcoaaagot
tgbtgotgoog

cotmagtity

ttttatgtet
aabtgageaa
bgcogaticag
ty=tgagoas

aggegttgat

rgtgoetgaa

ctatgaacak
cgttggecgy
tasagabcoo
ttagaagltgh
gtgtgetbgae
cttgggragt
ccaateatty
agttaatoes
gasgoeatoa
gotggagata
tatggetacs
gtootcaaac
aagacghotyg
caagggtate
gaagatoggy
gtogggagoty
tocogaagaas
gttgecgota
geazascogn
ttatattgay
gaaagtoona
ggaaggottg

cocagastti

gataaagbaa
atcactgtiy
ctiggitraa
tgrtactcaty
ugctﬁcattg
tatggtggta
ggretictes
trrttecacte
aattagatber
arvcgogatgr
gggttgoraa
tatcaccact
atctcegata
anczacacty
aagagoasag
qatas2gesg
gatereagan
acoatecagt
gatgegaaa
gotrtteage
cgttttgatg
tkecagotty
gRagotgoan
tegricgogo
atcattnaga
sagaaaggos
geatasguot
teegattton

acotoccages

18620
18680
18740
19800
ls8e0
19920
19884
20040
20100
201ea0
20220
20ZE0
20340
20400
40480
20520
20580
20640
20100
20760
20820
20880
20940
21000
21060
21120
21180
21240

21300



gacatobgte
cacacatatt
teygecaraton
toteacoagn
gattcaggot
aaguatgttg
tetsocgeata
aggargactt
astgotoaat
grettaccag
sghtgactat
cggotebtoa
cégagtgcca
taaaggogyt
crecteatott
agoaacgatg
ggotatgttyg
tgtacargay
gagagagekg
tgtgattgat
sgacgeetke
agcaactgte
acroattbeg
ghtgagtans
ggatatgeti
tgacactgtt

cgogregaatt

caboegettt
tgataceage
tagacttrra
rgatagagag
amaacctgaa
tgacacactt
cattattatt
togatgagtyg
gttotgacty
ghotatgega
goegtaagig
atgaaatatyg
apatascggyg
gtgtczazaa
crtatggagy
tttttaagec
cagaatgtas
grtgacgtssa
tgcaatgage
zagotgaaga
ctgasaanty
gatttccact
gatgaagucth
sagyREgRCe
gabgtottoe
atttoageta

geegoygygaayg

teoaotocagh
gatoecteca
rretnaston
togaagettgy
egtagaagas
ggoaaagyay
ttatgeagoa
atieoagces
sacaaghbaca
aagcggoact
pagtggeagy
cgatgteaat
atcgotacag
ctatategas
atttaaggat
ataaacactc
geogtgaaga
rgentgogke
atetncogay
geaattatga
ctitggecte
catcgecttaa
gegagtgoca
ataagtarky
recetegech
acoeggeaae

asttttgetaa

3R/T73

goacatgtas
cageacataa
AgORCACGATC
ctgeecatiyg

akcocogegtoo

Taagoaton-

trtttastea
gettcacasy
grigeaaaay
ggcaaaatto
Basgggttat
toagascate
cgaagogtat
gotttohetg
cotggttatt
tattggtatec
gotgthregag
gattgacgat
tesgaacatc
cttiatootc
ggecastata
atacgttgoe
gottgogacs
ceatagoechy
tgacageter
gtatghboage

agoagktbbby

ttenctgoct
thosatgoga
gaagotgoog
sadcaggasa
fttaktgeghg
gagaatgota
aattoazaza
gttgﬁtcaam
gatgagetac
actoracrgh
grettegata
attgacatan
gtgattttea
gogoatgoaa
gaccttgate
gtaaacgcas
gagtttatiyg
geotttattg
catgotgtece
ghhogataghg
gtgtttacac
cgoocttectyg
sacattyggtt
gotasagaag
gasegetgey
agtgecbgatg

gacegtat

ttogctecay
ctrecoteta
ggeaagecgh
tcaccagaat
gaggatgeca
tgtacaagca
tacagohtas
gagcaantdy
acgcgaacgs
otogagoyas
aECgCCctgé
atgeacatoeg
totacastat
tgegtgotoa
cgoaatetta
catorgoaca
teecttetgt
catcogattg
tgaaagaaaa
gtectcaoct
ctotgeageo
agtrggigaa
ttatgrecaa
tgmtcoggrgy
gegagtottt

sattgaagaz

21360
21420

21480

21540

21800
21660
21720
21780
21g4b
21500
21860
22020
22080
22140
22200
22260
22320
22380
22440
22500
22580
22620
22680
227490
22800
22860

225808



<210> 7
<211> 7B7D
<412> DNn

<213> Arrificial Segquence

<220

<2Z3> Description of Artificial Sequence:

polynuclestide

<400> 7
gtgeactcta

saceccogat
tgtgacegtc
gagavgasay
ttottegacg
tttoctanata
ateatatigs
ttttgtggca
tgotgaagat
gatocrtaan
gatatyrgge
acactatiel
tggcatgaca
caacttactt
gygggatcat
cgacgagegt
tggcgaacts
agttézagga
LygEgocggt
cteoeccgtato
aoagategot
cEo3Tatata
gatoccttitt

gtoageecoc

agtacaatct.

gacgcgeoat
toeogggaget
gquaotegtga
teaggtggos
cabtcaaata
aaaaggangs
ﬁtttgccttc
cagnigughy
aghtttegee
gegghbattat
cagaatgact
gtaagagaat
ctgacascga
graaotogce
gacaccacga
cttagteorag
ccanttotge
gagoghtaggt
gragtbatct
gagataggty
cretagattg
gataarotcs

gtagaasags

gotcoctgatyge
gacgggetig
geatghbgtca
tacgoctatt
ctrubregagy
tgtareaget
gtatgagtat
etgttbitoe
cacgagtggg
cogaagancy
cosgbatitga
tyggttgagta
tatquagtgc
teggaggace
ttgategtoyg
tgootgtage
cifocegyes
goboggosct
cregoggtat
acacgacagg
cohcactgalt
atttaaaact
tyaccaaast

toasaggate

33773

cgsatagta
tobgotoocy
gagottitea
tttataggtt
aaatavgoge
catgagacasa
tcaecattva
Toacocagaa
ttacatogas
ttttocoaatyg
cuLogyycasa
cteaccayte
tgeeataace
gaaggageta
ggascoggag
aatggca€ca
acaattaata
tooggotgge
calTgaagea
gagtoaggas
tazgeattyg
teattbttaa
coottaacgt

ttettgaaat

Synthatic

agecsgeess
geatoogoert
cocgbeatoac
aatgtcatge
ggaageeeta
teaaccchgat
sgtgbogece
acgetggtga
ctggatoten
atgagoastt
gagoaactcog
acagassage
atgagtgats
accgatotLt
ctgastegung
acgrigoges
gactggatqgg
tggtitarty
crggggacay
actatggatyg
tractotosy
Ctiasaagge
gagtitvtogt

cetithttte

gazacoogeo
acagacaaye
cgazacgogr
taateatggl
ttiguitatt
asatgaottea

ttatbocdckt

aagrazaaga.

avaygocggtaa
ttasagtrct
gtogoogoat
atcttacgga
acactgoeggs
tgcacaacat
SoEtACcana
2a0tartage
aguoguatas
ctgataaate
atggtaagon
sacgaaatag
accaaghtta
Totaggtgsa
tecactgaga

tgogogtaar

&0
1z0
18D
240
30
389
120
480
540
600
660
72Q
780
240
200
260

1020
igapn
11¢0
1200
1260
1320
13g0

144D



ctaactgobtg
gctaccaaét
tettotaghy
cetpgoraby
cgggttggas
ttegitgoaca
tgagoratos
aggaagggtc
ttatagrect
Aggggggogyg
trygotyggect
tattaccgoo
gteagtgago
geegatbeat
caacgoaatt
Ltecggotogh
tgaccakbgat
grettgtgac
atataaaktge
tactcooraay
thagtggeag
BaCELCgLegT
crgeaggyya
gtgzaasgoa
tavacaaaty
catggataga
rectbacgag
aasagggasay

tavattsags

Glaacanasy
ctttttu&gﬁ
tegoogtagt
ctzakcoigh
Lcaagaggat
cagoceagot
gRAAYTICCE
ggascaggag
gtagggtita
agootatgga
tttgeteaca
tttgagtgag
gaggaageqy
taatgoaget
aatgtgagre
stgttotyty
tacgocaays
aac#gctttc
tgtaatagta
ttractttee
tggtacegca
togeagtata
aggggaaaga
tgotgtaaga
gtgrtaceck
cgatégcmat
acgCoRgtyy
tttactgact

cgeegytags

saccacagot
agytaactgyg
taggoeacca
taccagtggn
agktaceggs
Tggagoegaac
cgatteccgas
agocgoasgag
gocacctokg
anaacgeeag
tgrrartion
cigetaccgo
AAGAGLHECLC
gacasguoay
agetenctea
gaathytiag
toegoggooge
tocttraghy
ggatgtagra
caaratttat
aptococtarg
taaztateoca
agcagtogoo
tatanatota
tbgaggatca
ttatttacco
aggttcgtoo
cgttagageg

agtggtaceg

3473
accayeayty
cbteggoaga
cthcegagaac
Lgstgocagt
taaggogoay
gacctacaeg
agggagaany
ggagettoca
actigagegt
CRAREIOGEEC
tgegttates
palu fudile Sl Y- T
AATaceaER
gtttecogae
ttaggeacas
codataacaa
agtavtetgo
caaatétcgo
eccgtaangy
attaggacyt
ttastactge
craatartts
tecttyogaa
conTgasagg
tazcggtgar
attaagaoga
tagaaaatry
tgogorasca

ceachgooac

ghttgrttge
gogoagasas
tatgtagoas
gagcoataagt
cggtoggget
gaactgagat
geggacagnt
qggg9snacy
egarotetgt
trtttsoegot
cctgattety
cgaasgasey
cogtonatog
tggaaagagg
caggetitan
trtoacapay
agattitatg
coattotote
taggacatig
soocottegoyg
gasggagyes
tattoecgta
aagytttact
gatgcattéc
schggastat
cattagrogea
atgogotges
gogrttazata

cgteggagya

cggatcaaga
caagtactgt
cgacktacata
cgrghtottac
gaacgaggua
asttacageg
dteccggtaag
cotygtatet
gatngoregLc
ftecrggoort
tggatazcoyg
agegeagaga
cogegogt kg
geagtgagog
actttatget
gamazoagata
caapatiaza
crettetoge
aatattzata
taaataantt
gttggragge
aggggacote
tgecogacea
eccatantac
argotetebt
ctgtoactge
tagaagroae
cttcaataty

cgreccttan

1500
L5560
1820
1680
1740
1800
1860
1320
1280
2049
2100
Z160C
2220
2260
2240

2400

2640
2700
2780
2820
2880
2940
3000
3069
Jlzo

3180



ggtatattat
taatatttab
[iavia<Tolal ot Y0
atgtaascat
cgasggggaa
ttaggaghtalt
chaggeasgt
agrggeagtyg
oragogcagy
trecsehtoy
tasaghttgy
cagttaacat
agacggagéc
Cgacasaatg
=tagggttor
cttogtgtie
ctgaatagoe
gactttcear
ttcaaaagac
tgeeotgagh
tgtoeurtaca
attaaatias
tractiacca
agggactgec
grtaggtitat
Ltataatcls
tamaatagog
goazaccat

agtttattac

atactaggal
abhogcgtsa
atttatatta
cygeagtatat
ggggaaggac
atapatatay
aascttaagt
ghaccgeoac
aaataaattt
ggacgtcagh
esactgocaa
aactazaghbl
agttgocactyg
acttrostaa
cagaggoaco
ttcagaagyga
agttacantt
agecteakbbta
ttgacgactyg
aagaataact
aagttaaaca
aastgancas
gacaaggeny
tactgoggte
agackcacaa
gagagggant
chaataacge
caaaagiasa

gtccacttaa

tttaataote
gggacgrent
ggcagttgyc
aaatatogac
gteegtggea
goagtogogy
gonactaaas
tgectootto
tattetattt
goagrigoot
ctgtTgtoct
tgbtactrcta
tgACtgeCta
aaatataaay
gazgtaoackt
teacgtaatbh
aécagaagaa
ataathaasat
tgtocccasat
ractoognt
ttaatiasae
sgaacttcta
titttteoatt
ctaggtaaat
gEaYCAANOC
geattgaaga
ttsatteatt
tioagactte

ctcagaagea

35/73
cgasggagyn
COLLCggagy
aggoaantge
tagratttat
grhgoctgoeo
taccactgre
tgoatttgor
goaghatiar
atztactecy
gecaactgac
teggagyaas
ecgaagacgt
gtatageaat
tagtragcera
ghaaaaatag
tLTttgAsgy
aonataaaas
tattctettt
ttttaaacaa
trogcagtage
attatitaat
agaragtctt
cttrtaaage
acat;t%tat
cttygacygagsa
atatuttcet
reateaatta
caagaaccty

gataaaghat

agtggeggta
atgtazacat
tagctctcc£
attoecgtas

aagtycatag

actgacgtec:

cgaaggggas
aztoctagta
Ltraggaggta
taatataaat
gaagatgyee
tkacesbttc
cobghtterg
ghhatitrar
teottrttaa
tggaceansa
aanggtaszy
tenacatate
aattazteta
aabtealigre
ttttatataa
tagbtgagtaa
aggoagbtet
goaatttatt
gascghtate
Larttrrrae
Lggoasnayg
gttrtagitac

tascagyoty

ccactgorac
toetaagttta
ccttaggagt
ggggaeghces
gocaagtazac
tgocaactge
ggaggscgoc
tgtapatety
agtaascoos
AtTAgACCAR
aachogecarg
tcgﬁttaagg
thtatatget
atcactatae
cttgtttaat
ctaacatana
sagaaagety
tettagatayg
ctocaamatit
actttgaazc
caaatattay
ttaaagagtt
gaaggggaas
tettgtgcta
ateagagtat
agzsagtaaa
aacttctaza
accattagyt

gggracaact

3249
330¢
3360
3420
3480
3540
3600
3660
3720
3780
3844Q
KX 1a]v]
3860
4020
10890
4140
4200
4260
4320
4380
4440
4500
4560
4620

4680

4740
800
4860

4320



gttrtaatgg

taczacagtt

tuttaatoete

gtettotbrr
cyccanchge
tChacgtaat
ceattgtton
ctatzatata
taattbgoan
ggaccttite
aguigcttae

avkttaatge

gacaagdate

attttaasact
avtratthot
chatcagagy
ttgtaoggot
acgghtgaceyg
actteggett
cacgacgaca
cagegeaatg
atertgotga
chotttgane
tggaactege
attitggtaca
plhggagagoc
ggaﬁaagaag
grgaaaggcy

tgocaggcacy

crgtatibat .
cutiaattit
atttaacics
cgotasgyta
cactggoott
cgstgaatte
totottttag
aatactatat
gatiktaaty
ckatgggata
gacgoectgiy
aataaztaa
ssccattackt
catttaseat
tebkuttbbog
tagteggegt
cogoaghyga
taaégcttga
cocotyoaya
tcéutcagug
acatTotige
caalageRay
caghtooctyga
cgoeogacty
gogoagtaac
tgeugooaca
asgarcgort
Agatoactas

ctagettgha

cotrtitattt
agakgacgtt
savataaoat
aactaagcaa
pogttaagat
gateecaltth
chtotasgesc
aaatacatit
cttatgotat
ttratatbtt
gacgtoeoes
tttgtectce
titgttaana
totogagaaa
tatagotegt
categagoegc
tggeggeetg
tgyaaacaacs
gagegagutt
gogtrtatoca
zggtatottc
Aagaacatags
geaggabeta
ggotggogat
capcoaaaate
gLALoaAgoes
gooctegegs
ggragrrgge

cteaagoheg

a6/73
geagoatiot
totatgagtt
ataaaacotgl
crosaceata
aasegertgg
ttateaactgg
aatcasttta
apcrititat
sttttttatd
crtaacazeyg
sotbteccctt
togggoaaat
agugatorta
gattttagaa
gaagaggtta
catotegaac
Aagooataca
cggogagett
ctcégcgatg
gotaagegeg
gagocageca
gttgccucgg
tttgaggoge
gagogaaaty
Jegoogaagyg
gicaracttg
gragatoagt
saglaacrtee

Lamcgaaggt

tattaatcat
gggaaachis
ttgttaagge
ftttatattng
atoteacgty
atotcaamat
taaatatatt
@aatacatbt
tagtocataa
caatoggegt
aggggcaagt
gapbtttagt
ceactcaata
atasactttk
Togocgaagt
cgaegttget
gtgatattga
tgétcaacga
tagaagioae
aactgoaatt
cgakcgacat
raggtecage
taaatgaasd
tagtgerras
atgregetgn
aagotagaca
toggasgaatt
aagcattate

cgtgacchiy

thtagaaats

agoteasgti
tagctgetas
gqoagtEgeasc
actagtgata
acctataaac
gartatgatg
apchttittt
apcctttaaa
catasacttt
aaacttaggg
atttaaatak
titirgtbge
ttaatelfitt
atcnscteas
YEoCgEACET
thrgetggtt
cettotgyas
cattgrtygtg
Tgusgaatag
tgacetgyet
ggcggaggaa
crtsacgeta
gttgtooege
cgactgggos
ggsttatett
tgtoosctac
taagatacto

cEEgLyaagy

4880
50490
5100
5160
52320
5280
3340
5400
8460
5520
5580
3640
£700
5760
5620
SBERO
5940
6000
ge60
5120
6180
6240
6300
£360
6420
6480
6540
6600

6660



tggcgacora’

trograagaa
gatgttiaty
taaacatoet
tgtetttats
atetbtatygt
tgragagogt
cacgdegttaa
tgectygacga
ggatasaart
ttatattagg
saattttagt
guagtatraa
ognagcaggs
aagtttatag
RUgegaggea
aggggacgte
atagactcoa
ggugcactnt
atatatttaé
cogenetaty
<2i0> B
<21ll> 13583
<212> DNA
€213>

<400> @
tegegegest

cagottgtes
Lgttogoygg

deaccataco

attocqgtecag
attaaattag

tgastageat

ttrapatttt

aattacgaty
attatatttt
ttatcttaae
tagetoactt
gagatooact
tatrtgaaaa
aggtoaoctt
ggacaastaag
aataggécgt
dgrggeggta
caguattarg
asazatbtat
Steggcaata
aamraacaget
cagotaagtyg

txagatataa

cggtgatgag
graagaggat
tgtogagyct

acagetriteo

teggttiott tgaasttohe

cttgta§atq
gatttgatac
adacategtt
baassttaayg
tgoaagaaas
ataagtiata
ggaaggaatt
ttetttaaat
tasaggatyd
acgttagtta
cgggtaaata
taaatttger
cagogacagt
ceactgeeae
ateetatatt
ttattgiece
azactzaagy
gogrtataaa
tacartaaaa

caagaageoce

Saccharomycas cerevisiae

ggtgaaaaceo
gocyggagea
ggettaacts
aartcasric

Ttgatteggt

35/?3
gtetceagsaa
LRtEgHECAREA
trtaticita
ttetamaght
afazaatort
atanamgaaa
cggtgochan
ttaattrtea
cRgLUgcyyy
cttectaacy
aattitagrey
godbgocanc
tgcctéccaa
tggogtoeta
tatatactee
gtaaasgogat
ganatecats
taactiobgt
attgacaaty

cocategtota

vekganacat
gacsagedoy
tgeggcatoa
ateatttbtr

agtoctongaa

dtngbtgctg
ctztaattot
tggtgtbeag
atertttgtd
agoctttttat
tagteacata
gtaccogagt
atvttasagot
ctacbgecta
gagoattgas
gacgtocontr
vgcohagges
crgochatat
atatamatat
gaaggaackt
goalccagsa
ghractgaty
tasatatgge
caattbbbrt

ggtagartte

qeagetcooy
toaggeagay
gageagatiyg
ttttattohe

cagazggaay

catgtgargt
tatititoar
gttanatace
tasatttgec
tatagaatre
ctaaagogya
cagogaggato
giazgcaast
crtacciosyg
ateceeatak

togggcanat

agtapact by

ttataktactg
toggcaacta
gttagocgat
togaagogga
tiataantut
caagggyaca
taattaraat

cagchggagy

gagacggtca
catesgoggy
Lagsrgagagr
totttigaty

Baconagysa

5720
6780
6640
#5300
6960
7020
7080
7140
7200
7280
7320
7360
T440¢
7500
7560
7620
7880
7740
7800
7860

7870

&0
120
106
249
300



ggagoacags
ceeagrarto
gtogaasgor
atttoatars
caaggaatita
tgtggatatco
cgooaagtac
casgttgoag
zcacggtgtyg
ApRygEaver
tggagaatat
arttattgot
accoggigty
tgatgraggrc
aagggatget
AAgARYSYge
scagatiaga
acagatgogt
<210> 8

S 211> 2474
<212> TNA

cttagattgy
tt&accoaasd
acatataagy
atgoacgaaa
ctogagtiag
ttgantgare
asathtthran
tactetgogy
grgggoccay
agaggoctTn
actmagggra
Caangags o
gytttagatg
tetacaggat
aagghegagy
cageanaanht
getresatit

aaggagaasn

tatatatacyg
tgcacagaas
adacgtgotye
ageanasaza
ttgaagoatt
tttccatgga
tocbtogaaga
gtgtatacag
grtattgttag
tgatyttage
ctgbtgacat
tgggtygaay
acasgyggaga
ctgacattan
gtgaangtts
aaaaasohtgt
aattatatea

tacogeates

<213> Baccharcnmyces cerevigiaa

<400> g
tecogatgog

tegaggagaa
cocaatasnt
toatgtgtgt
attgattgtt
aactgtgyga

tonttticot

gtatttitete
ctictagtat
acatcaazac
tcaaaaacgt
tggcegageg
atectocaggy

cancataacy

ctracgeatc
atecacatac
cracatkbote
tatatitate
grotasggey
ategtaagat

AURRGAECACH

38773

carstgtagt
aanaaccLge
tactcafccc
cttgtgtagct
aggloeacaaa
ggaeacagtt
cagaaastit
aaragoogag
cggtttgeag
agaatitgtca
tgegzagagc
Bgatgaayot
cgeattyyyt
tattottoas
cagasaagoa
attaraagra
gttattacer

gya

tgtgegohat
ctaatarrat
ttorapatca
ggataattat
cetgattoas
gycaagagtto

ggggogetat

gttgaagéaa
aggaaacgas
agicotgtiy
teatrggarg
atttgtttac
angoecgata
getgacarey
togasagsca
cagucggoay
tgcasggyet
gaczaagatt
tacgatigyt
casdadkata
agsggactat
ggctgygaag
aatgeatgta

tatgogotor

ttcacacaga
tgeettatta
attgtecryr
agtctattfo
gaaatatert
gaatototta

CgCadagaat

catgeasttg
gztaaateak
chgecaaget
tuegtaveae
TRassacaca
aggeattate
gtaatacagt
ttacgastge
aagaagbaac
acotatcbac
trgttategg
tgattartgac
gaaccgtogga
ttgoasaggy
catatttgag
cactazacte

gaaarvacogs

atavegasoy
aasatuygast
amttecthgt
toaacaagra
aeoogcagtt
gosatcacha

caaattogat

340
420
480
549
600
B60
720
780
848
800
960
1020
los0
1140
1200
iz260
1320

1353

60
120
180
240
300
360

420



gactgyasayg
daattgagag
Fegtioatgsa
tattgretes
acatticage
tetgocagra
gaagooatea
gaaagtcatt
gcgctggaag
tggggtaceg
Ltgtacgeca
ataeasgocac
attractttg
tagacegite
Yagoceceat
tggagarnama
caatigatoy
Ataateacca
toattgogtt
gatvtgtacy
atogocacka
gITaaggona
ttaggtgatt
ataecorgeks
aftcatsaka
tatatacgea
cagghaagos
attaatattyg

anprtacgatt

‘tttttqttaa

aaanagraas
ctaaatgott
toeaataggt
aakatatata
agaagatogt
aggttateas
taattogtygyg
celceaagas
gtagtgitag
acttasgace
aatrtyctaa
gtaagegsaaa
cagaaghgoa
tygcetatityg
ctgtogagga
attotgooges
geaacatgtt
tgttgceate
aacgatgoeca
tetbgtotge
trtgasgatge
ccangagtac
aaaﬁagattc
CELETLLEL Y
atetacatas
asttgatact
acasygagya

cetanbbtga

tttcagaggh
ggtgagagge
gcateachat
ggttageagt
catatttoas
wyttttgeoa
agotatitet
tgetgctate
ggtitgatgeoo
apchgesacaa
atgraacrr
aggtacitgae
ggaagaagar
aAgRATCACE
gtecttogat
Aaprratcaag
catgatcetn
tgyrgatate
tgogtcctig
cggttonget
tgcaatgaty
agttasegag
caccgaaghte
tetrrrttog
gaaartacasa
atttercaay
aatggotoaa
gggeaccaca

tatiggagga

38/73
cyrotgacge
cogassegys
acttgaagrt
eguottacts
ggataracca
ggtgacaaey
gatgtroglt
gatyctacag
gttttgttey
agttiactaa
geatoogast
Yiogitgtrg
gUtgatgyty
agaatggeey
aaagotagty
adcgasttoc
grtaagaaceo
abtctoegarg
geatetibgo
ccagattbge
trgaaatigr
gtittggaty
dogtgatgety
tgatattogt
astggagtar
ABggagaana
sghgataagg
cahaangtta

tsutetotas

BUAtasotLl
tthtcatata
gacaatatta
tetaactttl
ttctamtgte
ttggtcaaga
ecaatgtcoaa
gtyteceoact
grgctgtogy
aaatcagrag
ctettttaga
tcagagratt
togethggga
cttteatoge
trttggocks
ctacattygaza
casgeeaceh
aagechoogt
cagacaagsaa
caaagaataa
cattgaactt
caggtatcay
tﬁgccgaaga
acgtaaacte
gttcataagy
2ggaggatag
aasaagaatt
ggtgtaacag

difgaaanas

tccaactgai
gaatagagas
LLtaaggess
ettacetttt
rgocostaty
aatocacagee
grtogattte
tocagatgag
btggtoatasa

atascttcaa

chtatctogsa

aghgggagyt
tagtgaacaa
aotacazcat
Ctocaagatta
ggttcaacat
aaatggraty
tateccaggt
cascgoarty
ggttgaceor
goctgaagas
azctgytgar
agttaagaaa
tataaatgag
tagacgeaac
tagaggaata
gaRQLtLaac
azastcarga

gtasaacasa

480
240
§00
660
720
T80
§40
5Co
260
1020
108¢
1140
1260
1250
1320
1380
1440
1500
1560
lez0
1680
1740
1BOQ
1880
1820
1980
2040
2100
21860



taapanacac
tttecestaa
gtagtegaka
cogagacoey
ttacagacsa
acoganacys
%4

1377
DNA

<210>
<211l>
<212>
<213>

<400> 10
Aattocegry

gocattagte
Ltggmctoct
titrecccka
tatacatiac
gataaaagasa
ccaagattea
taccagaaaa
tenacacagy
ggtogetaat
artgegggat
ggbttggate
CgaAcaggoT
attgogagat
acgttgatty
tbtgoggttye
aaggrgttet
gtgﬁahatat
gatgasaagyg

TEetbtttge

toaatygaoct
tggtgaragt
tagtgoacte
coaasaceoy
gotgtgacey

o

ttaagageti
agggsagtca
ctagtacaat
geggatgact
atoaagtaat
ggcazagatcy
gatﬁgcgatc
Agaygcagai
tatagggtit
sgttgagtyge
Lgorctogyt
aggﬁtttgcg
gLacgcagrt
gatoregeat
toctgegagge
cataagagas
tatgtagtyga
ghatacotay
taatgcaton

tbttecbtrn

gaccatttga
teconoaags
teagtacaat
CLgasgogos

tctc&gggag

Saccharomyces careviasize

ggtgageget
tascacagtc
shatgtbott
ctttbrtote
gtyatrttoty
scagagaaga
tottraaagy
goagtegoag
ctggaccata
attgpugact
caagerrtita
cotitggatyg
gtogaactty
trrettgada
azgaatgate
geoacotage
¢caccgarttar
gaatgtaagt
trohatacgt

totthotact

40773
tagagsttas
attthactot
crgetetgat
Crtgacgggat

stgeatghygt

aggagtoaet
cbttecogos
tkatgootoy
ctiagogaty
cyaagaatat
aagecotagt
gragtoesck
ABCAGGNCAC
tustacatge
tacacatiga
aagaggeced
aggeactiie
gttlorasag
gethigoadga
ateaceytag
cocaatygtac
ttaanagetge
aaqt%tgtat
gtoattotga

ganctog

gtcpatacct
gtcagaasoy
gergoatagh
tgtotgotes

cagaggttrt

gucaggtate
atttuotrey
gtaatgatts
gygcattates
sctaaaaaat
aazgogtatt
agegatagag
acaatogeaa
tetggocaay
sgaccatcac
actogegcas
tagagoygty
ggagazagta
ggetagoaga
tgagagtyey
caacgsatgtt
aguatacgat
argoacagta

2cgsggagey

totrgaacea
gaattaggace
taagecagec
cggeatocgo

racogreats

gttbgaacae
Letatracte
toatteeitt
cataargsat
gagcidgoan
acagalgaga
cactegatol
gtgacktaacg
sartooggot
acractgaiy
ggagtdaazs
gtagatctct
ggagatotct
atkaceotoe
toocaagyote
soctooaees
atétatacat
Tgatactyan

acrrtestree

2220
2280
2340
2400
2480

24714

&0
120
i8¢
240
300
360
420
48¢
340
60g
G660
720
7BG
840
800
880

020
1080
1140

1177



<210 131

<211> 3008
<212> DNA
<213

<400> 11
tyggeaattt

etocttcott
cogaaatcas
satgecgocge
gggicgacne
togactotag
agaatcasag
ytaacaccaa
catgatrgat
taatacteag
gageatitoa
actatascas
cagitggtat
tcaacattaa
coaatgacea
aatgtgatgr
azgtdamacsa
acazatatat
chgtygaaca
tegtottgaa
aggasatgat
gygcaceatt
tticttacce
cugatagagt

aatottttee

catgritott
cgtichiect
Hnazaagaat
gtgoggetoc
taccttaaga
aaatogatag
acagataaaa
cataacacty
tartacager
tgatigante
tgtatasatt
tezagasass
attaggaggg
gaoggtaatsa
cqgrtaatgac
gotaacgakt
tocerastta
tcasaaagag
agocagtgay
gtegsggsot
toeggaaget
tactaasgaa
aattghagag
tooggactoe

cggrigiggt

Saccharomyeses cerevisiae

caacactzca
tergttogga
aasassaazi
tggagatgge
gagacgagryg
atotgaatta
ttteagagat
acatcitiaa
atgortgacaa
tigotgacet
ggtacgtaaa
caagaasgatc
ggaceatigg
ctagatgatg
tectttidea
gagattgage
amazttiacc
sattraatca
asghooctat
ttggeatecy
ttggaagtac
ttageagioa
artateccasa
gttcaagtta

atabttggty
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tatgegtata
gattacogaa
tgatgaatig
ggacygegathy
cggosgeaag
attotigant
attaaatatt
saacttttas
abgactettg
Cttattaaga
ategttggat
ggacaaazaca
gacgtatgat
sagatrsence
atectottga
atgttygatgt
cteotocaga
apaatggtan
Tgaatgtigg
atggaagayg
tysaggatcg
bgarvgtyag
agoacaatay
aggegaaght

tggasatgtt

tataccaate
tcaaaanaat
ABEQCCCOCE
gatatghbtot
crtgoatgee
zatacataag
agbgagaage
ttatgataca
trgoatgget
actaaatgga
ctetathota
atcaagtatg
tgttgaggea
tgccazaona
tategasanan
toctecacts
sacaiteaga
agcagttace
aagagatitg
tascttogtt
roctttgtac
gtotyttaae
ttgtgacra
grrggcagaa

ctatttagan

tapgtorgty
tteaaggeaa
cocroresco
gooadgggrt
tgeaggtoga
trttettaza
cgagaatttt
tektettacgr
acgaacogyg
caatattacg
agtacatoct
gattetagan
geasacagys
ataageaact

ctagotgaaa

aagantetto -

trgatacasgy
cagagbgtts
ggtttbeocat
gtasagaata
goGgazaast
gotttagrgr
tgttatgoge
ABRtgcaatca

acaggggeast

80
120
160
249
300
360
420
480
540
600
G660
720
780
BdD
00
960

o260
1080
1140
1200
12860
1320
1380
1440

1500



tgottattaa
geghtactto
attteoacate
aacatacaaa
cagtgractt
ttgcctccég
trosagkcaa
ttygaatoat
taaEsagattt
ggatgtoage
ctggtyggge
qrotgeeegt
tgoectagagy
togetgteag
tatiaaagnoa
aagetbatet
tataaaztga
acatagaaal
aggatecosy
actagtggeo
chbatttgrtt
gatsaatget
coctitattee
tgaaagtaasa
tcapcagegy
arugLaas

<210>
<2ii>

<RLa>
<2LE>

iz
4879
DA

cyazartgos
tozatitgee
ttiobeuacc
agabaaagag
atatggaasa
tatggcggas
astetchgic
catgggatca
tggeghieca
atatgebate
tycteaotty

aaaaggtick

'tgttccagt&

achuockbyge
aguagaagas
agaazaacaag
tatmeckatt
caaggobrac
goytaoegage
taattggeeg
atttttctaa
toeataatat
cttnittgog
agatgotoas

tasgateoth

ceaaggecte
gotcatttga
attacaacgsa
ctagaaaott
gaqtmtaéac

tgtgaacaaa

gotesaaagh

gactctgsot
tttgasgiga
tecgoaagea
ceaggtatyg
Ltgkatagatcg
gotacegtoy
gottatgatt
gticrtighea
teatatatas
ttttaggars
agghtgreate
Togastiage
acgroaggty
atacatrteag
Tgasanngga
geabittgoe
gatcagrtgg

gagagritie

Sacohidromyoces cerevisiae
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acaactotgy
gatcaatary
adgoeattat
gogassgage
chagcagaas
ggctgaacsta
tggsattyga
tgceggtaat
caatagicte
agegrggaat
tggctgoaat
gagtagattc
stattastaa
caagttatac
FROCACIGRE
gtrrattgat
tgttatgatt
ttttaaglart
ggeogoeoge
geacttiteg
atatgtatce
agagtatgag
tteotgtttt
grygeacgagt

gettogaaga

acattatace
ggatitgeoa
gotasaegin
attggonact
agtaggicac
cattacaggt
agcaatgate
gtehgoogoa
tgetcataga
rasgacaatt
dgacacoactt
tttacatbos
rTagtacgaac
aacgadaatyg
gttagasach
atacttgtac
acatcaasty
ttcatagata
gggrtrtaacen
gggrastyry
gersatgaga
tatreaacat
tgectocacens
gggttacats

acgteEtons

attgargett
atgcocaaagd
cttggagacs
coaggtoot
ataaatatts
agaactgata
asaccattgg
tgtgcggtht
actcoccacata
atrcgotagag
voetgtoatey
attytgoaan
gohgegerge
gaacagbtTt
gbtoggttacy
agoasataat
tggacticat
ggatototeg
cagggeatge
sguggaacce
zaataacock
ttcogtgteg
gasrcgetyyg
garctggate

atgakbgagaa

1560
1620
1880
1740
FBDU
1860
1820
1980
204Q
2100
2160
2420
22B0C
2340
2400
2480
2520
2580
2640
27090
2760
220
2860
2940
3000

2004



<4D0> 12
ageagttget

ctatttoaca
atatgtactt
tegattttot
ttoaatagtt
cgegngtgac
tgasgaccoy
aaaavchgay
tateavagag
caantebitbe
aagetacata
astacgobgt
statTythict
catttascga
coasetitic
coecekbeagtt
agecatcattt
acttaattta
ttaotcaata
tgarsacege
atricghggg
cotatgtogt
ACETCAALGY
gtgatgtagt
tCtiganzgo
coathiaett
tggatoaact
ceatogeotat

trrtggenes

ttctectatg
cttoctggtn
grtttottht
cetngatgsc
bLoccagegy
tosatgtogs
cltoggagaay
titattacet
ttagctoacta
egtgtracca
ttegetacag
cgattbgayt
ttatattgey
gotgtarhot
ctotgacgng
gttoogiubky
agragacttt
taacagetta
tttgactgct
=tcatooaay
gtotattoac
ggagaoicca
cactichaan
gatgatatat
CYggogrEAQT
aggrgttgot
agtagaagat
toaagaaaat

atatgateac

ggaagagett
garggroact
thgtgeettt
cgettetags
aattccante
aatacotgon
ttgaagatak
tteorggaar
atngactaavy
catgactrtt
ctaccteage
gtatgggetg
aaraagaaas
acaattaaca
atagotgaaas
gestttttgg
gobtegastt
ctgtatioga
gogotaagay
gatagtttac
gagatttten
anagfaaatt
atagttgece
Eettetaggy
trrtoaguta
aaagsecgry
tacatcaary
gotacocatty

tacaaagace
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totaagtetyg
Tgotgectga
gttacgtesa
ggcatogcac
goaattacat
taatgaacat
ataagtaaca
ticagtygnaa
agzaggtekg
taogeccacs
togatgbgee
cattgatata
tettaagaty
atgagtbgaa
saattosaag
aasacoanga
tggataceag
Atgaaagags
atgcatacaa
ctgatceoase
Aggacaatge
ccgacaagtc
attatotgat
gtgtggarey
togaccotyge
ygttgattgs

tgaattygga
azggLggcaa

ccagaacagg

aagaagéaaa
aatatatata
takteattgs
agttttageg
azggaattoe
gaacabtcgae
ageagocagt
aactgetast
gatagagaag
scaagaacct
teatgatagt
tagagteace
casvatTean
caggetanat
Ttgocasgat
tttoaaatta
taataatgoy
aaoaattgrLr
ttgrataact
taagasottyg
Tgaggeotte
cogLtotite
tasaacaggt
gatggtatgs
atatecoccoa
tattegager
gatigtthcs
attggacast

tgttgtagst

cagtiotttyg
tatgtatgac
aaotgatiat
aggaaaante
dgeggrtttt
caaalkgtatt
agtatzaaza
tatagagaga
ttggataatc
tatapgaaza
ttctchaaoa
ggbgacgetg
ceagcgiggt
totattgegy
ctygaaagga
gacgagtioa
catgttriga
gegyacaaat
aaaatctetc
gyctggtgeg
coeagagagaa
acttategeg
aboanasgay
gtogataggtg
gocagacaaa
getggacaar
agastcaatt
ggegaggaty

ggaccagaty

60
120
150
240
300
3ed
420
480D
540
00
34
720
780
840
900
260

1020
ip8Q
1140
iz0o
1260
1320
1380
1449
1500
1560
1620
1680

1740



CCoRACCERAS
gacattittc
atgataaact
‘eapeattaktt
gecgtitage
Tggyyreastt
thgtgggtga
goegtatigh
TLaaktoaga
gtaraggtat
gtggtategg
gaggattace
actggrakta
gagatagatt
grtgoogtag
tagatacgoa
atgecgacaa
aottgtetaa
getfaatogy
ctageratge
granagtiga
AARATHCAYT
acttavggtt
tegatttagg
tgoaagttoga
cogARatLiya
tecactgsaza
coetetogags

tratitascgg

ceztatoittia
ciiggontat
cacaatgety
tttaggtged
ggaatggatg
acttactyen
cattttaaca
taatatgtac
saatgacyat
gttgaacott
ocgaastaggld
agaatbygmat
Lhtggataag
gtacagaacg
ggetgargat
catttececaa
Cgagooaara
grtecezaagt
ttaccatett
tatgeettice
taagectaan
tictgaaact
aagtatavta
cggroatict
tttaccattg
cagaettara
ttatgeggaa
arabtttget

Tgtecacagga

acatetggtt
satttosate
agogoratty
caéﬁtgtatg
agtasgrary
caagetacia
asacgtgatt
ggraccaoty
ccaancttlt
cagektactag:
gagatttaty
azegaaaaat
gatartggtyg
ggtgatttayg
saagttazaa
cateeabtgy
btgatcacat
gatgtitccaa
ttatccaagyg
ttgatigtgg
attecaattey
gacgactore
cotaccaage
atcttgucha
ggcacaatht
teabogagty
gacgeosaga
gaacctasta

ttretggyet

44/73

cogasggtat
ggatgtooas
cAacabgatoe
tecetactoa
gttgracagt
waccaticoo
ghatgaggut
sagcacagog
tyaaasaaatt
ttgttracay
wtogtgnagy
ttatgarcas
aRcohtggsg
gtogttatol
ttegtoygrt
tzagagaaan
ttatggteoe
aggaggtrga
acatcaggac
LLatggatan
caactcccaa
agrttagoaa
cageatctgt
ccasgatgar
toaagtatan
gatcatcohos
aatitgygtiga
Qtgrrgaagy

cetacatcel

tectaagggt
aaggttoaac
sarttoanpags
agetdgatatt
tanceptita
tangutacat
acaaacntty
tgeagtbtct
gaaagakbgts
gaacgatogh
tagtttggee
ctggttbgtt
acaattctgg
ACCABACEYE
cagaategas
cattactity
aagartLoas
aacargacant
tttettanag
actzccatty
geasitaaat
tgtbtgagoge
atcaccagat
Ltttacatta
aacgetanag
aggtgaggie
gacgorkbacca
asmaBacasca

totagatoty

gttcttqgta
thaacagasa
gatatgttta
ggtacacegy
acacchgcoa
catgegttct
goagaaastt
tatttegang
atgoctgotg
actcanatar
gasggttata
gaaaaagate
rtaggtctas
gachgtgaat
ttaggagaaa
gltcgcasaa
zagecagatg
atagttasgy
adeagatbgg
aatocaantg
thggrageta
gaggriagag
gartegtttt
aagaaasage
gootttgooy
ghtgaaaatg
agttogtace
attaatypgt

Ltaggacytt

1800
1880
1820
1980
2040
2160
2160
2220
2280
2344
2400
2460
2520
2580
2§40
2700
27460
2820
2BBQ
2240
3ooo
3080
3120
2180
3240
2300
3360
3420

3480



onccaaagas
datbtacaag
caaatabttaa
| Bgrggatyga
gggtttatéa
gettageoge
acactgaata
tagastcaga
aatgggmtgc
Coagacsayy
tattogagact
tgaatatggt
coazagaass
astastrgta
goRagaAAte
tgctacacat
ggaacgoogt
gaataggtgt
tttracotan
cgeaaataay
gtigagoaty
tragetyett
azaatsattag
Ltcakettogg
<2L0> 13

<Z11> 3478
<212Z2> DNA

chtacagtibe
attacaaaag
agbbgtatta
tttggoaaac
atatgecaaa
cgteygoaay
ctectbtaat
cjatttéatg
tgagtacate
ttacgtaaca
tttgasaggh
tccagtaget
tysatigyce
tactttacag
attggaggeyg
ggtottagae
ggcatettta
tactecagss
anmaagtceat
totagttgon
acgtatgets
ttegogtyat
ttatcgasta

tttattgta

saagryhityg
goaggtatea
ggegatttat
acagrrtgrtd
ttgagygate
acsasgttet
ttgteagata
aactotygas
attagzeghyg
ggtgectctyg
tcagtecaat
catgtigete
gtrtgeroaay
gattatggtt
toctgttattyg
aacttaccty
B@gadagaca
gaggttggta
aatgacaana
toaggtdety
tghtocatgta
gtcacttaag

agaactgtaa

<213> Artifigial Seguence

<2200
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cocangtoay
catatyggtac
claazageoen
taattatccs
caaatgrrat
ttgacttrge
aactigitag
geggystoas
caggbgaanyg
copatgorre
taggtaagat
gtgtrgbtgt

Lzacgygtca

acgatgtcga

aceggantgas
aaagtacoas
cocgoatggae
tatatattyge
troackgre
gtygotcgrog
caztasttaa
aactecyags

atoagetggc

ggoceaaggat
ttggancgra

stttgotent

taarggtgeg

tteaactate
ttectonact
cgaagggaag
Tggtggatat
gggoetaogy
tromaacaca
tecagatate
tgetacgtet
cocasgaata
aatogazage
Agasaztgey
agotosgyaa
agqtgttgaé
atttivazsc
apgtatagaa
aagotoodea
abatgaatte
atastatata

ghtagtctae

223> Degoription of Artificial éequence: Synthetic
pelynuclectide

ysadgaagoty
aaatttgoet
tcegatgage
tragttmact
aatgbiakbga
totacteotg
acagueattt
gutcagtosa
ggatgtatty
gatgatticet
gaanattooy
thgaatosre
ttatteraag
tattctaaat
ttgtatcotr
chagacgata
tggtctastg
aagyttggat
cranctocaagy
geagettazyg
ggagasagac
ataagageat

taatgygcayn

3540
3600
3660
2720
378D
384D
3300
3960
4020
4oB0
4140
£200
4260
4320
4380
4440
4560
4560
4620
4680
4740
480D
41880
4879



<400> 13
Ttagutoetag

gusggocoay
ctgtﬁgcccg
tgatggeoge
aaacgotooo
aaaaggktag
aggatacagy
gLrtogagge
cgegatasty
coagagtogt
gbtcagactas
agbeootgatyg
thageagasy
cogttygeats
geteaggogoe
cgtaatggot
caggattcag
aapttastag
gooatantat
aaatatggta
tetttetaan
ggttttttra
ttegectega
teaatoeghat
cagrglogaa
<210> 14

<211> 231
<Z12> DHb

agatorgter
aatacgookbeg
tacat;tagc
ACYYYOgER
cteasagacyg
gatttgeocac
Ltetcacatea
cgogattama
Logggcaato
thetgaaaca
actggetgac
atgoabygit
atceotgatte
cgattoetgt
zatcacgaat
ggsctgtics
tegtoactea
gtigtatigs
ggaactgeot
ttgataaten
Cagracrgac
tattgtagre
catcatgouge
gtgaatgebg

apcgagotek

agettgoote
Ltgacagker
coatacatas
gcaaaaatg&
cghtgaating
tgaggttoot
catoogaaca
ttocaacaty
Aggtgogace
tugczaaggt
ggEatttary
actoacaact
aggtgaaaay
Ltgtaattgn
yaatanoggh
acaagbLotog
tgghigartte
tgtiggacga
cggtgagtet
tgatatgaat
LA - EEEETE
gttetatitn
ccagatgega
gtcgoratag

cgagasagat

<213> Artifiecial Saquence

46/73

grooecycog
tgacgtgage
cseatgtatas
cygehontog
teccoanges
ctbteatata
tasacaacea
gatgetgaty
atctatogat
agcybtgeua
astettooga
gegatoooay
sttgttgatg
cotttiaaca
ttgguraaty
Azagmantgc
teacttgata
otoggaatoy
tetecttcat
anatigoagt
thottgtett
aatcaaatgr
agrrasgtge
Ltgotogtegast

tazta

gqteacoeyg
agctcagagy
tocattigoat
ctgcagaect
gegoessrgt
cCrteottita
tagggtaagga
tabtatgggts
ﬁgtatgggaa
atgatgttac
ceatcaagaoa
geaRaacage
cyckggeagt
gogatogogt
cgagbgarit
ataagetttt
acotbagtst
cagacogats
tacagaaacy
btoatttgat
casgaacttg
tagecgtgant
gcagaasgha

togatactas

coagegacat
catgatgtga
costavatht
chagcaggg
ayagaaatat
aaatottyget
azagactoac
tematgggor
gocoecgatbgny
agargagaty
ttktatcoge
attooagpta
grttectgoge
at:ttegrtcocte
tgatgaogay
gocattorog
tgacgagggg
coaggatort

gebtttteoaa

gotegatygag

teatitgtat
tatattttry
atatecatgeyg

cgooconeate

14
120
180
240
300
s
420
{80
540
Qoo
560
720
T80
B840
200
460

1026
1080
1149
1200
1260
13z0
1380
1445

14758



<Z20>

47/73

<223> Desoription of Artificial Sequence: Synthetic
palynuclectide

<400» 14
tteaaatang

saguasgegh
Trgectioch
gtrgggtgoa
ttitogooos
ggtattatoe
gaatgaghiyg
sagageatta
gacaacgato
aactogeant
CARCGacgAty

tactetaget

achtotgoge

gogtgggret
aghtatotae
gataggtgec
<210
<211>

£Z12>
<213>

i8

DNA

<220>
<223>

1382

tateogeton
atgagbakie
gtterigote
cgagtggytt
gaagaascagtt
cghbattgany
gttgagract
tgragtgetg
gaaggaccga
gategitggg
actgeagaan
Toocggeaas
teggecctta
cgcggtatca
acgacgggga

teactgarta

poelynuclectide

<400> 15
ttotcakgrs

ttgctaaoge
cascgtoace
gegggatatae

tgoghtgary

tgagacaata
gacatbiccy
arccagasac
acatcgaact
ttocaatgat
CoygaeARGa
cacgagtcac
ccataaccat
aggagetaag
aagaggagcet
tggcaacass
aattaatags
cggergdery
Ttgeagoact
gtoaggoass

agoattogta

Artificisl Seguence

aecctgatas
tgtegeactt
gotggtgaaa
ggatotoasac
gagoactert
goaactoggt
agaaangeat
gagtgataac
céettttttg
gaatgaagee
gbtgogcaaa
ctggatggay
grttatigot
gaggccagal
tatgagatgaa

&

tgacagetta toatcgatas getttaatgo

agtoagoeae

ctggatgetyg

cytgratgaa

Cegyoatagg

atotaataat

srthgottatg

grtecoarttoey acageatege cagtoactat

caatttotat

degeaccegt

tctoggagea

atgekieask
attocoatees
gtaaaagstby
ageggtaags
shagtteobge
cgecgoarag
ottacggatg
agtyeggocs
cacaacatgg
ateccaaacy
ctattaaety
geggataasg
gatagatory
ggtaagooot

cgmastagas

Pesuription of Artificial Sequence: Synthetic

gegtagtttat
gogotcatag
cuggtactge
ggegtgatge

ctgtecgaceo

aatatlLgaaa

rhgoygeart’

ctgmagatea
tecttgagag
tatgtggege
aptattotoa
yoatgacagt
acttactial
aggareatgt
acgagogrga
gegaactact
trgcaggare
gagregotga
coogrategh

agatogotga

cacagthaaa
tratcctegg
eoggooTett
tagegotats

gotttggcecg

80
120
1890
240
60
360
420
484
540
600
660
728
780
B40
a00

831

&0
120
180
240

300



coguceagta
Cacacougto
Bggtgeggtt
CERRgggote

‘actgthggge
caacctacta
goecttgags
cgosgoactt
orgggteatt
tgcggtatite
acgtitegge
ctigotggey
cggoggeatc
teagggacayg
gotgategho
tgtaggegoo
ggocacotag
attggagoes
at

is

673
ba

<210>
<21i>
<2l2>
<21l3>»

<2205
<223

ctgoctogets
ctgtggatee
getggegoot
atgagegert
goratotact
etgggctact
gocttosace
atgactgtct
troggagagyg
ggaaccttges
gagasgoagyg
Trogagangs
gggatgascy
cttcaageat
acggogstte
gooctataco
acctgaatag

atesattett

rolynugleotide

<400> 18
Cecartygea

acoagacagh
agteitaton
gratggraat

ttitcoatgy

tegtanaygaa
tcagctggét
ggeotttate
Jasnsgacygt

deagactgas

cgetactigg
toctacgoegy

atatogooga

gtbreggegt

tgoatgoaca
toctantgos
cagtcegeie
tetttatast
accgottteg
aggroeot ogo
ccattatege
gaggctiggat
egligongge
ogotogegye
atgaogocte
ttgretgeot
dzageoggogy

geggaganat

Artificial Seguence

Deseripuion of Arrificial

cattttaagy
athtacggoet
cacattottg
gageuggtos

acgtitteat

48773
ageeactare
aqgratogty
catoacogat
gggtatggtg
atresttgeg
ggagucygcat
cttocgotagy
geasctogta
cLagagogeg
tcaagectte
cugostggeg
gucocticame
aatgotgtos
tetbaccage
ggcgagoaca
cccogegrty
cagebogata

grgsatgege

gactacgoygs
geogogratea
ggggaagate
geaggeoecg
geggcggrge
sagggagage
chcggggcé
gYecaggtge
acgetygateg
gtcactggta
googacgoge
attatgatto
aggoaggtag
ctaacttags
togaacgggt
cgtogegyty
dcdgacicac

asagcaaase

Sequence: Synkhetic

catttoagte
thibtazagen
Gcégc&tg&c
tatgggatag

cageteryggag

Bgttgoteay
cgtaaagasa
gaatéczaat
tottoaceat

toastaceas

toatggogac
Coggcgenan
gggctegnca
tggeevegag
toeacggeoet
gtagzacgat
tgactatoge
aggeagogar
gumtgtcgét
cegecanscaa
toggetaegr
ttotegotéc
atgacyancs
teatbggace
togcatggat
catgyagecg
Cactocasgs

ttgucagaac

tgtacotata
gatangeaca
coggaatteag
tgtracaceg

gacgatTeeg

360
420
480
540
00
GED
720
TBD
B4Q
200
B&0
1020
1080
1140
iz2o0
1260
l3zo
1380

13092

1s]
ize
180
240

300



ggoagtttot
tooobasagy
cexqttttga
geaaatatka
cogtttgtbga
agtygeagyy
getacgectg
<210> 17

<21i> 875

<21Z> DHA
<213>

<220
<Z23>

acagatatat
ghttattgag
tiranacyty
cacyeaagyges
tggottceat
cggggogtan

aataagbga

polynuclisotide

<400> 17
ttgogggaty

grroggrsteg
tgacegsacy
ttttigtaca
grrtoatgtt
aghoegecata
YUUCCTgace
gacgtagecs
agtaagacat
gertagghea
gheotocoggey
gaggesaaey
geagiggeto
ccaagtacog

ntoggtasat

sugracacoy
tazactgtea
cagoggrgyh
gtotakgeet
atggagrage
aaacazanit
zagreaaate
cEtacteoos
tcatcgcg#t
tgocoagyny
agaacoggag
egettggtge
totacvataas
coacctaacsa

TgLtaACaEcy

tageaagsty
astatghbbtt
guzaatatgg
gacaaggtge
ghaggoagas

ctbuttbrpag

Artificial Sequence

rgganangga
tgcaaghags
aangugegosg
cggycatecn
ascgaktghta
aggtggotea
catygoggget
aoatcagoeqg
tgekgectte
tgageagceg
geagggoatt
rratgrgate
gtigggoata
attegttcaa

cogoggoeat

48/73

tggecgrgtta
tegtoboage
acascttoeth
tgatgoogol
tyetcaatga

gragttattg

Lgaaggoacy
gratgegeke
tggoyggbttn
AGCRgOURAYE
cycageayea
agkatggyes
getettgatc
grenaogats
ygaceaagaay
cgraghtgaga
gocacogoys
tacgtycasg
cgggangang
gccﬁagatcg

cggoa

cugtgaaaac
cratocentygyg
cgoceoioget
ggrgatteay
abtacaacagqg

gugacettsa

Description of Artificial Seguence: Synthotic

BacocagtLy
aogoaactyg
catggatigt
gagbtacgeo
angatgkbtac
tcaticgeac
ttttegglbag
apotegggaa
cgottgbtgy
teocatatcta
toateaatot
cagettacgyg
tgatgeaott

gattocogye

chggorTatt
ghgaghbttea
tooaccatgy
gttcatcétg
tactgegaty

acgoatggtt

acataaacch

tooagancat

tatgactgtt

gtgggregst
geagcaggge
atgtaggeote
tgagtLogys
crtgotaegt
cyotetogey
tgatcteges
cctcaaggat
tgaogateos
tgetatogac

egoggagtty

360
420
480

310

600

860

178

60
1z2¢
180
240
3go
360
420
480
540
500
660
720

780

-840

875



<210 1IR

<211> 1582
<212> DNR
<2i3>»

<220>
<223>

rolynuclectide

<400> 15
actagrtetga

daaatapaso
trectaatka
ataataaaac
gttebagton
gtgtaaaaaa
gattaasath
tacaggeats
goaagtigog
caaceagata
ggtytiacat
aatttTgiryg
ggtagttaca
ttaattgaat
aagttaggtg
aatoaancat
satogttaaa
ttaacatiag
agtgcttcté
gotggaagey
aactaactct
acatggtta
catagygeagt

tgeutsatat

zatkaaatoy
attassagts
tatartttac
crttettcat
catatatata
tgoettaertt
aaataatast
roggtadceagt
gtocagetgo
saggttacaa
mtactaatgg
gaggaaaagy
accctaatgg
attatattgt
aagrtactee
chataattoy
gbggragtgt
gtacaatyga
tocactgttag
attacasaga
agetonaacsa
Lhttagtits
tggoaggacyg

saatattage

Artificial Sequence

atatutggts
ttagttgtas
trgeazaatt
qgtrtataat
actatatata
taatttratt
amattTaacg
atetitraca
Lgaagtggas
taacgygttac
asotggtggt
ttggcaacol
taattottat
agagaasctit
ayatggatca
aactgogaat
taatacagea
ctatcaaatt
cggraceggh
tgatgetgat
actiattett
gtitatanac
toccottacy

agasgtcgoae

50/73

cattteatte
acttgactaa
tatsmasatt
ataataattg
amsoghtTas
ttatataagt
teacgshysg
agtettttag
toagtigoayg
ttttaticrt
caatttagté
ggtacaaags
trtaagtgrat
ggtacataca
grntatgata
teotaccaat
sapcacttls
gbagetgtty
gaaaschrat
aasggascey
revhszecta
sertticara
ggacaaatgt

rtseoctkttac

Deseription of Artificisl Seguernvce: Synthetic

cacasasaty
catttaaat
fratgeattt
tgatgachat
agattthaten
tatantakta
ttogttEcitt
cageatoter
tagagsacy
actggaatga
taazttggag
ataaggtaat
acggrrggay
ACOOTLCARE
rrtatogtac
actggagtgh
stgeatguys
apgohtargs
actitoasgg
gttaatotag
aaataaater
tatatatace
atttanegLy

ggocaagtaa

taegatactt
trbamatry
ttatatcata
goasasagea
aagaatatygt
gatacacgaat
attttggags
asettoacgt
Tnaa@caakt
tagacazggt
taactoagge
cumdbticten
cogtaacena
gggtgcract
tanacgogta
aagacgtaal
(LT T fod 4
ttcatcaggt
cteagdgtoga
agttagotio
agttaaccat
taatageotac
goctgeazan

actiagggar

&0
120
180
240
300
360
420
480
540
600
560
720
T80
840
5Q0
90

1029
108D
1140
1200
1260
1320
1380

i440



51713

thtaatgetc ogttaggagy ceaataaatt ttagtggeng ttgoctogeo tateggotaa

caagttectt cggagtatat zaatatcctg craactgcoey atabtttatat actaggcagt

ggeggtacca ctogacacta gt

<23f>
<2Ll>
<212>

13
20317
DRA

<213> Artirieisl Sequence

<220>
<223>

polynuclectids

<400> 19
actagtatga

aaaatacaaa-
ticotaatta
ataataaaac
gttekegteo
gtgtazaans
gattaasatt
tacaugoata
ttaagasatt
ccasasatty
gtagerogte
ttaacagttg
cttegtigtg
getgacgata
gazgghgrtyg
grtottaaas
caranagett
aaggtagatt
gotttotatt
aaagsagase

saagatgaht

adtlazatgg
attaaaagta
tabattteac
eTtrarteat
catatatata
tgetrtattit
aaataataaf
tggtaccaca
taterccagt
Ttogtgactty
ttaaagaagl
tigoagorta
cttrageagt
taatggacca
gtttagatge
agtatbgoog
BQCaaacaga
TazgooatLt
cattotatit
atgaasacyc

atttagartyg

atatitggta
ttagttgtaa
ttgoaaaaty
égtttataat
actatatata
taatiitart
azatTraacy
caagticacs
gykagttgag
aactgaagat
attacaatag
cogtgaactt
sggatagtgh
grtoaztanet
aatanatgat
Lozacytoos
atiaggacaa
cteagaagays
accagtﬁgca
aza8ageTaty

ttttggegac

catitaarte
acttgactaa
tataaasatt
ataataattg
acodgittas
ttatataagt
taacgatgag
gotgtrasoyg
cgogaacgtg
ggtattgate
asogoacchyg
tctggaccag
dtCgaattat
agacgrggte
tettttoLtt
tattatgten
atgrtagate
cgttacaasy
gocagotacgy
ttactigaga

cctgothtas

Description of Artificial Seguence: Synthetic

Canapgaatg

cAattttaast

tratgoattr
tgatgactat
agatttatst
tataatatta
thgtuetise
Ctaaattoes
aggaartogt
atceagaagt
gtygtasaty
grozazaaga
toeaageorl
aatbatgtty
Lagaaagote
atttattags
Tagteactgo
ctactyttas
atatgghtgy
tgyytgaats

caggtaaagh

tocaatachy

Ettanarttt

ttatatcata
gcacaaagca
aazsatatgh
aatacacaat
atrttggaga
geazecagoa
aggatitottt
aggtgacget
cadtagagor
cgungasagt
trtetragtt
gtacaagaza
totgtatege
gethectert
beobgtatet
gtataaaact
tatagatvet
Sttooazatt

aggtactgst

1508
1560

ise2

&0
129
1BO
240
3o
360
120
480
540
600
660
720
780
8a0
800
Seo

1020
1¢80
1140
1z00

1260



atfoangatsa
caACgtesac
aaagasttat
tacegtogho
ttaggtttay
caaggotoag
tatagactta
aztctggeie
atacttaata
tigtigectyg
agtaaactta
togectatoy
tatatactag
<210>
<211>

<212>
<213

20
8521
DNA

<220
223>

acadatgoic
crttagaaga
atgaggetys
tteaagagtt
cteagpasat
grggegytgg
getucanchka
accatacctyg
Jetaccatag
cuaactbgoot
gggattttaa
gotaacaagt:

GoRgTgsgy

polynuclectide

<400> 20
togtgtagat

Cgogsgacec
cogagayoEg
gggaageotay
caggaatsgt
gatcsagycg
atoggatogt
tgcatastte
cagoCangtc

tacgygataa

aactacgata
acgrtoacoy
aagtggtcot
agtaagtagr
gatgbeacac
agttacatga
tgteayragT
tattactgta
attetgagaa

taccgogecs

atggtiaghe
taattacggt
aggbatgage
anttgagaaa
atacesaacgt
aagtgattac
gctctagete
gttuscttta
guagtitggea
zataTasata
tgcetecgtta
toccttogygag

taceactcogs

Artificial Sequence

cgogagggoet
gotecagath
geaastttat
tegecagtta
tegteogtitg
tocceocatgr
aagtitggoeyg
atgooatoog
tagtghkatge

oaTagcagas

52/13

gtgosatget
cgbaaagsac
goagestito
dattctaatc
taasaaggta
apaygatyaty
apacaaciaa
gtitagtita
ggacgteoocn
ttagrggacy
ggaggcaaat
Latataaata

cactagt

Lacoatnotgg
tatecagozat
cogeeterat
atagttigeg
gkatggathe
tgtgoaazaa
cagtgtiata
tasgatgetk
gucgacegag

ctttaaaagt

taczaagagt
tigranfagt
aidcastacga
gkttacoaaa
cogyrganaa
atgataaagg
thrtktbkta
tacacaptit
ttacyygygaca
tococaettocoa
aaatttiage

tectygeacasn

Deseziption of Artificial Sequence! Synthebtis

cocoagtgnt
aaaéc;gcca
ccagtctatt
cafoghtant
atteageoton
ageggttage
actoatgghe
ttotgtgast
ttgetcttge

getoetoavt

asgaceagaa
tgotaaagrs
agasaghagt
a#gaaattite
cttataotic
sacgggtiaa
aactasasata
toatastatat
antptakbtts
cttacgggaa
ggoagteges

tgoegatatt

geaaktgatac
gocggaagag
aattgtigeoco
geattguta
ggttoccaac
teeetaggte
slggoagoac
ggtgagtact
SCHYCOLCHR

gyasascgtt

1320
1380
igg0
1800
1580
1620
1GRO
1740
1800
1860
1820
ie80

2017

&0
120
180
2490
ang
360
420
4BD
540

800



ottoggygag
ctogtgeaee
ABACEGgGaRG
teacaotets
gatacatate
gaaaagtgeo
ggegtateac
agatgaeaget
coogtoaggy
cagagoagat
atootgegat
tttaogasac
Bgcagoagto
aaccocgoca
aguacccaas
atatgtteny
caszttortgy
gyceegoore
tacaztoccat
cageggtcoa
chgatggtay
goeggaagey
caagangtag
acgubtogty
cgeangogan
coagagogst
gocgacgats
gggeateggt

cotacgtata

gansctotes
taactgatet
Qradlatgoe
zotrttteas
TgaaTagbaty
acetgacghe
gaggooettt
cecguagacy
cgogheagog
tgtactgaga
geagatacag
acggazacog
gottcacgry
geotageogy
gorgecagag
coaagggtty
agtyggbgaat
sutgeancge
geraaceogh
atgatogaag
beatoracet
agasgaatoa
coceagegogh
gegggaccag
aggocgatoa
goccggoacct
gteatgoooe
cgagoettgan

catastecga

aggatchttag
teagoatett
gcaasaaagg
tattattgaa
tagasazara
taagasacea
cgtekegege
GLCacagett
gutgrrggeg
gtgcacemata
arcalbaalgy
aagacaatkbe
cgotegegta
ygtoctesacyg
atgegecgog
gtttgeocat
cogttagaga
gasgcasage
ﬁccatgtgct
ttaggctggt
goctggacag
taztgyggaa
cgdacgeoat
tgacgaaggc
togtegogat
grestacgag
dogyeooacey
attgtaggac

aggaggacaa

53/713
cgctgttgag
ttacttteac
gaataaggge
goatttatop
zacaaztagy
ttattatean
gtticggraa
gLotgraage
ggtgtegggg
ggcggoegog
tgeaggyoge
atgtigtzge
toggtgatbo
Acaggeasac
tgcggetgot
Lcacagttct
ggtgeegocg
ggggagyocag
CYCRgBgFCY
aagagecgcg
catagootyge
goecatceag
gocggegata
ttgagegagyg
ccagogazag
ttgeatgata
gazggagcly
gtttaaacat

attcatitat

dtoergiteg
cagegtthon
gacasggaas
gggttattgt
gyttoegege
gacattasce
tgacggryan
ggatgecogg
etggottaac
gogogooegts
torotheogs
teaggtagea
attctgctas
gatcatgege
ggagatggeg
cogoaagaat
gutteaatbc
acaaggtata
geataastoyg
sgegatostt
aacgedagoa
cotegogtey
atggectaet
goagtgoaags
sggtectege
Bagsagacag
soctggottga
Lacactgtts

tgtggtacaa

atgtaacaca

gugtgagoas

-tgttagnatac

cteatgagoy
atatticoong
tataapasta
aacctobgae
Agcagacasg
tatgeggoat
ceggatrchkgo
griteocagadc
gacgtt@tgc
mcagtaagéc
acccgtggen
gacgcgatgy
tgatbggete
aggregaggt
gggcgyegas
coghtgacgat
gasgokgtec
tooocgatgon
cgastgocag
tctcgccgaa
ttecgaatac
Cgaasatgac
tecataagtge
dggetateas
teeetaggat

tRaatmagty

660

72¢

40

aon

280
10R0
1680
1140
1200
1280
1320
1380
1490
1500
1560
1620
1680

1740

- 3800

1860
1820
1980
2040
2100
2160
2220
2280

2340



gtacaataha
taaatattag
ogyraceact
ttaacatagy
gridcocgcag
gggataggoc
ceetttaagt
taattooacs
gactaacatt
agaattttal
taattgtgat
gtttaaaga£
ataegttata
gatgagtigt
Agagaaacac
cgtaggtiog
gorgoct cga
tgangggyas
ttetrtgtoct
cotcagagea
cagaaagras
gaacsttictas
caccatcagyg
goggracRac
Ttrtagaaat
ragotaaagt
ctagotgata
gucagtygans

tttctttass

taanttgrat
toggcaghtge
geceactgycyg
caghggogot
caaabaante
aggcaattgt
SBACATLTELY
aazargtoca
ttaaatbita
goattontan
gactatgeag
ttatttaaaa
arattaasata
ttertbattt
acatggttag
tocrggtitat
gacgottacn
aaqgagagine
agtaggtote
tttataatoe
atasaatage
agctasapca
tactutatta
tgtcttratyg
tracaansgn
ttortaagst
agrebtottt
cegreactge

tttaatttts

gtasaccoct
ongecaacaa
tcotaatata
accactgoca
trattotatt
cactggogta
tetaggakte
dtacttaaan
aattLttteg
atéataataa
aaagoagtee
atatgbgtyh
cecaatgatt
rigagataca
argacyoetya
Eacﬁatccaa
sgasaagyss
ctactgeggt
tatactzoaga
tgagaggyes
getaataacy
tcazaagtaa
cgranactea
gotagbattna
totttaatht
tatrtascad
tegobazggt
cactggooht

gabttazagg

54/73
tocoettegg
atttacttat
aatareggye
ctggegtent
ttaatactac
ataétatatc
atatgaaatt
tacaazatta
Laatitatata
taagacothbt
tagtccocata
saadaatgot
asaattaaat
cgeaatgaca
tgactggett
btgtgettac
gtttttteat
cotaggbaaa
agaagcaaco
tgoactgaay
cttaathiesat
atteagactt
actcagaagne
toortrtarn
tagatgacgt
azzcataasa
ARACLERgL:
aogttaagat

tgtaagcaaa

gacgreceet
tgtattaaca
aactzaagtt
cetteggage
aatatttaga
aatattgtaa
aaatggatat
sangtatLay
tttfacticge
attcatggtt
tatataacts
tattrotaat
aataatasatb
attgogateg
cgtcaagace
trrgoaaceg
totttiansg
tacattttta
cotigasgag
agtaliticc
ttaatoeatt
coRagaansgt
aggtanagta
tgcageatte
ttetatgage
tatasazcry
actcaacoat
adacgegita

.

ttgootgacy

Cacogygaata

raggcaghag

tathcagta.

atgrasapoh
ttoecegttag
cagartgaca
tryggtsocare

ttgtaaacky

aasatttats

tatantaltaa

tatatasces

tttatttiat

thaacgtaan
étacatatca
gtttogtatt
cggtocgyay
caggoagtte
tgoaatttat
agaacgttat
ttattretta
arggoaacay
ggtbtagtea
ttaccaggak
tratraatea
tgggasankl
tttgttaagg
atTratstte
asltagotcact

agagabeoas

2400
2460
2520
2580
2540
2700
2760
2820
28B0
2840
3000
3060
3120
3180
3240
3300
3360
3420
1480
3540
3600
3660
3720
3780
3840
3900
3960
4020

4080



ttanaggaty
aaqgttagtt
teghogacat
gacetataag
Bgadaagyag
attaageaca
ccattggtga
getgetgact
attyssagga
tacttggtty
tzoggcattyg
ctoeggtitgn
goageticac
ggtgaaectr
agattacace
ttzzatggog
tetascasaa
ttatttaagt
CLasacatha
tgatigatty
atggtcatag
agcecgyrago
tgugttgege
asteggocas
sactgacteyg
gotastacgy
coagoaaaag
cocoostgas

actatesaga

acagiggeygy
acticetsac
taccerygtta
aataggcgts
L o R 1
CEBRAGYCAGT
zagtttogegyg
tgotgagtat
apatitcaag
gogbgtttey
atateghoeca
cagttattaa
agaaacetea
tygactggaa
ttacgttage
ttattggtyt
caggaaareh
atugtttghg
aatctgtaaa
tacaggaaza
ctgtrtectg
arsasgtgta
teactgeeey
cycgogagga
ctgogotegy
ttétccacag
gocayganas
gageabtcasa

taccaggegt

gatactgect
ggageatiga
tocegtaggoo
teacgaggse
gggegggeat
ttoggagtaty
ctboagage
tatatgbgre
totbgtasas
taatcascot
actgoatgga
angachogta
teecgtttaty
ctegatttet
tggtggacty
tgatgtaage
cgtesasaat
cacttgoaty
steacangat
tatacategt
tgtgasarey
Bagoetgogy
ctilbooaghe
gaggeggory
tegttegaot
ABLCEgggga
graaasagyc
azsatogasy

ttecccoetgg

55/73
acttanscteg
catesecnta
ggcetaagaa
chrtegtatte
tggtgactac
teftgekatta
aCcagangooy
cecaztagsn
goeataktaaaa
aaggaggaty
gatgaytogt
ttteczaaag
cecettgttty
gactgggtty
acgecagaaa
g9ayggtgtag
getaagaaat
caguecebhti
gtaaagatas
Laattaagcg
ttarecgoto
tyootaatya
ggzazacctyg
yegratiguy
gogacgagceg
taacgoagya
CHSOLIQong
stegagteag

aagetoooto

gogatanaat
tttatattag
accattatta
caagaaatte
Lgageacgtg
Athtcacagg
ragaatgtge
egagamcaat
atagttcagg
tirbtyggetet
ggcadgaata
actgeomacat
attoagaage
gaaggraaga
atgttggtge
agacaaatgy
agettattae
greaagraag
tgctaaarea
gecgogagot
acaatfccoac
gybgagotage
tegtyeeage
cgctottocg
gtatoagere
azgaacatgsy
geghhtttes
aggtggegas

gtyegotane

ttatttgaaa
gacgtecoct
tcatgacact
ggtcgasaaa
eguatacgte
tagtretogt
teragatten
tgacecggte
tactocogaas
ggtocastgat
coaagagthc
actactcagt
aggigygace
gagoocogaa
toegotiags
tgtasasgac
tgagtagrar
cataazagat
triggottte
tggagtaate
acaacatacyg
teacattast
tgcattaatg
ctbooteget
actocanagge
Sagraaaagg
ateggorocg
aogogacagg

ctgthoegac

43140
4200
42890
1320
4380
4440
4500
4560
4620
${8B0
474G
4800
4HE0
4820
4580
s040
3100
5160
5220
280
5340
5400
5460
E520
5580
§6d0
700
5760

3820



sotgoagath
tagoteacye
goacgaaces
ciaacosggta
agegagarat
tagaagasca
tggragebot
geagragart
gtetgaogel
aaggarattc
atatgagtaza
gatetgtota
<210> 21

<ZLi> 48
<Z12> DHA

accaygataco

tgragyrate
coogttoago
agacacygact
ghaggoggig
gratrrggha
rgatocggca
acgegoagaa
cagtggaaag
acctagetec
actryntotg

tttepricat

tgtccegeoth
teagtteggr
cocgacagoty
tatcgdnach
ctecagagtt
teogageter
azgasacoac
BESRAQYELC
2A2ARCRACY
ttttaadtta
acagbiacea

coatagttge

<213>» Apvificial Seduence

<220>

56/73
toteocttog
gtaggtogtt
cycocttator
gycagoageg
ottgaagtgg
gotgaageca
cgotggrage
tcasgragan
ttaaggyact
aazatgaaglt
atgettaate

chgactcoece

ggragogtoy cgeottootca
cgotocaayge tgogergtot
ggtaactate gtettgagto
astggtaaca. gogattageag
tggootaact acggotacas
gtracctteg gaaazagagh
ggtggittet ttgthetgoaa
cettbtgator turctacogy
rtygbcatga gattatezas
tttaastoses tetaaaghat
agtgaggeac ctatotoaga

9

<223> Descriptien of Axtificlal Seguencs: Synthetic primer

<400> 21

ttggrtgegy vegettaadt amcgaugtat atcttoctgt acmato

<2i0> 22
<211> 58
4212 DNA

<213» Artificizl) Sequence

2220>

<223> Description of Artificiel Ssquence: Synthatis primer

<400> 22

grttaracat tacootgitas tecetapgoce ggocteagas accattatba toatgaca

<210>
<213
<z12>
<213>

23
oB
Dp

C2E0>
<223

Artificial Sequence

Description of Artificial Seguence: Synthetice primer

5880
2840
6000
B6060
Bi%C
6160
6240
e300
6360
5420
6480
6521

4%

5B



§7/73
<40B0> 23

gyeoggoota gggataacag ggtaatghtht aaacgbceots castghbeasg sotegacceg

<210> 24

<21lL> 4§

<212> DNA L
<213> Arrificial Sequence

<220>
<223> Deseription of Artificilal Sequence! Synthetic primer

<400> 29
ttgattgogg cognggogey coeghrtecggs tobgoRtade sggstyg

«<210> 25

<211> 54

<Z212> DA

<213> Artificial Saguence

<220
<223> Dascription of Areificial Sequence; Synthetic primer

<400» 25
trggtttagy gatasvaggyg taatgtogac ascargotas ghthactige coga

<210> 286

<Zil> 52

<21Z> DA

<213> Artificial Sequence

<220>
<222> Descxiphion of Axtificial Sequence: Synthetic primer

<400> 26
acteeggtcrs ggeggecgeo togagaogas ttgtoogott catoegacas gg

<210> Z7

<211> B2

<ZL1EZ> DNb

<213> Arvtificial Seguence

<220>
<223> Description of Actificial Seqguence: Synthetic primer

400> 27
cghctogagy oggoogecgy aceggagbty casagtapyge acasgggaat Be

<210> 28

. €231> BS

<2312> DNA

<213> Artificial Seguence

46

54

52

52
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220>
<223> Dascription of Artificial Segnence! Syntherjic primer

<400> 28
tygttattac ecchottatee cteggatact acghatacet actoCgaady AgUacasyt

<214> 25
<PIi» 4B
<212> DA
<213> Arkificial Sequence

220>
€Z223> Desoriptisn of Artificial Segquencer Synthebia arimexr

<400> 28
egtesegagy cgyecgooyg accggagtca toogoaotat chaabassz

<210> 30

<211l> 5§

<212> DNA

<2l3> Artificial Segoence

<220 ’
<223> Deseriphion of Aztificial Sequence: Synthetic primer

<400> 30
tiggttatta ecotgtrate cctaggatoe tacghbacagt gocygtasca caataa

<210> 31

<21l»> 53

<Z1Z2> DNA

<213> Axrificial Sequence

<220>
<223> Description of Artirfielsl Bequence: Synthetic primer

<400> 31
ttggritagy gztancaggy taatgtogac gratgtazac ccobtoggge asc

<Z10> 32

<Z1i> 50

<212> DNA

<213> Artifivial Seguence

<220>
<223> Description of Artificizl Sequence: Synthetic primer

<400> 32
agtecggboe ggoggeogoc togagecgec gtasacagat aggaatgacg

59

48

3¢

53

50
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<zlb> 33

<211> 48

<2125 DMA

<2135 Artificizl Seguence

<220>
<223> Description of Axtirficial Sequence: Synthetic primer

<400> 33
cgtctagagy cgpocgeeyy apoggagtga atccaggoat ctigggha

<2A10> 34

<21l> 56

<R212> DNA

<213> Arcificial Sequence

<2205
<223> Descripticn of Artificial Seguence:! Synthetic primer

<400> 34
ttggttatta coctgitals cotaggatcoo tacgtadggga aagghigoane tacoty

<210> 35

<21l> 50

<212> DNA

<213> Artificial Segquence

<220>
<2235 Deacription of Artificial Sequence: Synthatid primer

<4005 35
ttggtttagg gatazcaggg naatghogac aacangerttd goagtgotet

<210> 36&

<21i> H4

<212> DNA

<213> Artificizl Scquence

<220>
223> Description of Artificial Seguence: Synthetins primer

<400> 38
agtogggiec ggoggoogos tegagacgtyg gtaatttatt tggtaabitg ghea

<3210> 37

<21ll> 48

<212> DNA

<213> Artificial Sequence

<220>
<223% Dascription of Artificial Seguence: EBynthetic primerx.

<d00> 37
sgtotogagyg cgdecgeegy accggagtaa coaacdattg tgtgacca

éB

ke

50

54

LR}
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<210> 3B

<231»> bBE

<2l2> DRA

<Z13» Artificial Sequence

220> :
<223> Descriptien of Artificial Segquence: Synthetic primer

<400> 3B
thyggttatta cootgtirate cotaggatcc tacgtaagay bacgggatgr dJagatg

213> 39

<211> 53

<212> DNA .
<213> Artificial Seguence

<220>
<223> Description of Artifiecial Sequence: Synthetic primer

<4Q0» 38
ttggtttagy gatassaogy taatytogac coataagtas actoeettbt ggn

<210> 40

<21l> 59

<212> DNA

<213> Artificizl Sedquence

<220>
<223> Desgription of Artificial Sequence: Synthetic primay

<400> 4D
agtdeggtoe ggoggccgen togagacgta asatughrig tgtgghbotgy

<2i0> 41

<211l> 52

<212> DNA

<213%> Artificisl -Seguencs

<220>
<223> Description of Artificial Sequenca: Synthetig primer

<400> 41
egtclegagy eggengecyg accggagtas atghaacttt tgttgecgat co

<210N> 42

<211> 60

<212> DRA

<213> Artifielal Seguenos

<220» ‘
<223> Deacription of Artifieisl Sequence:; Synthetic primey

56

33

50

52
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v

<400> 42
ttggttatta cootgttate cotaggabkec tacgtsggyt szatssattt tagtggacgt

<Z10> 43

<211> 54

<218> DNA

<213> Artificial Sequence

220>
<223> Degcriprion gf Artificizl Seguence: Bynthetic primer

<400> 43
ttaggtetagyg gataacaggy tastgtogan gaaggggsacy taothalata aata

<2i0x 44

<211> S0

<212> DNA

«213> Artificial Saguence

<220>
<223> Desoription of Artificial Sequence: Synthetic primer

<400> 44 _
acteoggtee ggoggeegec togagacget Taccagacaa gooaghivtk

<21D0> 45

<Z11> 48

<212> DHA

<213> Artificlal Ssquence

220>
<223> Degcription of Arvificlal Beguence: Synthetic primer

<4Q0> 45
coghetogagy cggocgoogy ACCOgagtgo fgotggEnat goagriga

<2105 46

<Zli> 5%

©212> DNR

<213> Artificial Sequence

<220>
<223> DPescription of Artificlal Sequence: Synthetic primer

<400> 46 . )
ttggtiatta ccctgttatc coteggatoc tacgbsgagg accoaaatcer gegrta

<210> 47

<2Xix> 50

<212> DNA

<213> Artificial Sequence

€0

54

80

a8

56
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<220
<2Z3> Description of Artificizl Sequensa: Synthetic primez

<400> 47
ttggttrtagy gatascaggg taabtgtegac tttgettgec tacaagagoa

<Z1D0> 48

<211> 48

<212> DNA

<213> Rrtificial Ssouence

320>
<223> Description of Aruvifieial Seguence: Synthetlic primes

<400> 48
actooggters ggoggoogeds Togegasgil gosttaaaat coggiagg

<210> 48

<21l» 36

<212> DNA

<2ZL3> Brtificial Sequance

<Z20>
<223> Desoription of Aztificlal Sequence: Synthetic primer

<400> 49 .
thggitoocg ggtogogegt ttoggtostg aonggty

<210> 50

<211> 42

<212> DMA

X213> Artificial Seguence

<220> .
<223> Desexiption of Artificial Seguence: Synthetic primex

<40Q> 50 L
ttogntgteog accegegubty atgoggtatt tbcetcottac ge

<210» 51

<211> 36

<212> DNA

<2513> Artificlial Seguence

<220>
<€223> Description of Artifiecial Seguence: Synthetic primer

<400» 51
tigogttrocg ggtectgatg sgghattiic tooartts

50

48

ae

12
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<219> 52

<211> 3%

<Z12> DNA

<213> Artificisl Saguence

<220>
<223> Descriprion of Artificial Sequencs: Synthetic primer

<400> 52
ttggticceg gotogogout ttegytgaty acggty

<2E0> 53

<211> 3§

<212> DNA

<213> Artificial Seguance

<224
<223> Desgription of Artificia) Saquence: Synthetic primex

<4060> B3
ttggttooey ggaagekige atgectgcag gtogat

<Z10> 54

<211> 36

<Z12> DNA

<213 Rrtificia) Sequence

<220>
<223¥ bescription of Aztificial Sequence: Synthetic primey

<400> 54
teggttcecoy ggagoaghbty ctttotecta togggas

<210» 33

<21ll> 36

<212> DNA

<213> Artificisl Sequence

<220»
<223> Descripbion of Artificial Sequerse: Syntheric primar

<400> 85
ttgghtocey ggttaggtol agagatotgt ttaget

<210> &6

<231» 50

<212> DRA

<233> Artificisl Seguence

<220
<223>» Description of Artificial Segusnce: Synthetic primer

<400> E6
ttggttgieg acgycegygoe actagttege gegtitegygt getgacggtg

38

a6

38

36

50
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<210> 57

<23ii> BO

<212> DNA

<2313> Artificial Sequence

<ZaG>
<225%> Description of Arkifisial Sequence! Synthetic primer

<gGo> 37
thogttyteyg scgyonggne actagbtgat goggtatttt obocttacge 50

<210> 5§

<211> 50

212> DWA

213> Awtificial Seguence

<d20>
<223> Deggription of Artificizl Seguenge: Synthetic primer

<409> 38
ttggttgteoy acggeogges actagtgate ctogagsgst cttatgtatg 50

<210> 59

=211> 50

<212> O8A

«213> Aprvificial Baguence

22205
<223> Description of Artificial Sequence: Synthetic primer

<4D0> 59 .
ttggttgtey acgyeogygee actagriaca ataaaccaasg stgasgotge 19

<210> &0

<211> 50

<212> DRAR

<213» Ertificial Sequence

<220
<223> Description of Artificial Seguence: Syntheatic primsr

<400> &0 .
teggttotey scdgecygos actaghtatt aagggtictc gagagotogh 50

<216> 61

<211i> 39

212> THA

<213> Artificial Segusnce

<2207
<223> Description of Artificial Segquence: Synthatic primer
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<400> 61
tiggttocsy gogatatcas $acatiesia tatgtateo

<2i0> 82

<211> 41

<212> DNA

<213> prpificial Seguence

<220>
<223> Destcription of Artlficisl Sequence:! Synthetic primer

<40D> €2
ctgartoccog gggatartcat coctttizaat tamasatygaa g

<210> 63

<211> 42

<2LlZ> DMA .

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Synthetic primsr

<4D0> 63
ttgetbouey gogatatett ctoatgitog acagertate at

- <219> 64

<21L> 42
<Z12> OWA
<Z13>» Artificial Seguence

<220»
<223> Desceription of Artificial Segusnca: Synthetle primer

<4G0> 64
amccaaccocy gggatatcat gttotgocaa ggouiggtit go

<210> &5

<211> 42

<232> DNA

<pl13> Artificial Sequence

<220
<223> Description of Artificial Seguance: Synthetice primer

<400> 63
ttggricecg ggmatateds caatociggl cobgacogtt ct

<2l0> @&

<2LI> 42

<Z1Z> DNBA

<213> Artificial Segquence

35

4l

42

42

42
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220>
<223>» Pescription of Artificial Segquence: Synthetic primer

<400> &6
aacoaacaesy gogatatoke acttattecag geghtagoesac ca

<Z2L0» g7

C2LA> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Dezceription of Artifisial Segquence: Synthetic primsr

<400> 57 .
ttggttecoeg gggatatcett googggigac goacaccgty ca

<210> &8

<211> 42

212> DHRA

<Z13> Artificial Sequence

<220>
<223> Description of Artificial Seguence: Synthetic primex

<400> 68
apcoaacssg gygatatotn Cogalggely cagegtigtg ac

«<210> B8
<2il> 23
<Z212> DNA
<213> Artificisl Seguense

<2Z0>
<223> Desgoription of Artificial Ssguence: Synthetic primer

<400> &8
catactacte agtgcagoit cac

<210> 70

<211l>» 25

<212> DNA

<213> Artificial Seqguence

<2Z20>
<223% Degoription of hrtificial Sequence: Synthetic primer

<q00> 70
gogaaggage atgttcgyca <acay

42

42

42

23

25
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L 210> 71

<21i> 25

<Z12> DEB

«213> Arvificial Sequence

<220>
<223> Descriprion of Artificial Sequence: synthetic primer

<40D> TL
ctiytgtgesg aacatgohod tioac 28

<210> 72

<R2L1> 24

‘212> DNA

213> brrificial Segusnoe

<220> .
<223> Desariprien of Artifiecial Saquence: synthetic primer

<400> 72 :
rrgtcatatt actagrtggh gtdy 24

<210> 73

<211> 24

<21z> DNA

«213% Artificial Sequsnce

£220> S .
<223> Description of Artificlal Sequence: Synthetic primer

<40b> T3 .
ggteggegac sactoaatog soarf i

<210> 14

<211l> 23

«212> DHA

<213> Artificial Segquence

<220>
¢223> Dascription of Aartificial Sequence: Synthetic primer

<400> T4
ceacggetgt bhtatigoct ttg 23

«210> 75

<21ii> 24

<212> DNA

<5135 Artificial Sequance

<220>
<223 Dascription of Bebificial Beguencer Synthetic primer

<400> 13
geasggatit tektaacthe theg a4
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<210> 786

<211> Rb

<2L12> DNA

<Z13> Arbificial Secuenca

220>
«223> Descriptian of Artificial Saquense: Synthetic primer

<400> 76
atgaagrtect ttgutzctgt gesge

<2i0> 77

<21L» 23

<Z12> DNAR

<213> Artificial Seguenca

<2203
223> Description of Artificial Sequence: Synthetic primer

<400> 77
caggaaticy ctaaageoety tgg

<Z10> 78

<211> 24

<212> DHA

<213p» Artificigl Seguencs

<220>
<Z223> Description of Artificial Seguence: Synthetic primer

<400> 78
gageataasa gtctaagatyg tgeg

<210> 79

211> 24

<212> DNA

<213> Artcifimial Sequencs

<220
<223> Deseription of Artificial Sequence: Synthetic primer

<400> 78 -
gacatatatyg aacatcgogy agtg

<Z10> &0

<21L> 24

<2125 DNA

<213> Artificial Seguence

<220
<22%> Naseription of Artificial Sequanace: Syathetic primex

25

23

24

2¢
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<4Q0> 80
cttoaatges toageactac caac

<Z210> Bl

<211> 23

<2ig> DNA

<213> Artificial Sequence

220>

<223> DPescriprtion of Artificial Segquence:

<400> Bl
ggteagatty cortgtogkk cte

<210> 82

<211> 24

<212» Dub .
<213> Artificial Sequence

=ZR0>

<223» Descripbion of Artificial Sequence:

<400 B2
cagtrioatt tgavrgoboga tgeg

<210> B3

<211> 2§

<212> DNA

<213> Artificial Segusnce

<220>

Synthatic primer

Synthebic primer

223> bDeseription of Artificial Sequence: Synthetic ﬁéimer

<400> B3
ggtagaatty teegttagtt gtita

<210> 84

<gll» 25

<212> DNA

<213> Artificisl Segquence

<220>

223> baseription of Artificial Seguence: Synthebic primer

<400> BY
aacagacgta ghaagaaoesd CraEge

<210> B5

<21l> 25

<212> DNA

<213> Artificial Seguence

24

23

24

25

25
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220>
<223> Description of Artlficial Seqguence: Synthetic primex

<4D0> BS
ctoragazge grTaatgnet ggokt

210> BE

<211> 24

<RLE> DA

<213» Artificial Sequence

<220
¢223> Dascription of Artificial Sedquence; Byrntheric primer

<400> BB
COaecAYGaAy JHBCRgeRtc asgy

<2L0» B7

<211» 20

<212> TNA

€213> hyrvificisl Seguence

<EA0>
223> Deseription of Artifipial Seguance: Synthatic primar

<400> 87
ggbctesaga acttgebget

<210> B8

<211>» 28

<zlz> DBHA

«213> Artificial Sequence

220>
<223> pescripiien of Arvifieial Sequence: Synthetic primer

<400> 58
ootatcosor aacgageatce

<Z10> 8%

<211 22

<Z1g> DA

<213> Artificial Sequencs

o220

<2279> pescription of Artificial Sequence: Synthatic primer

<400> BB
agatbrughg taatgccgaa gt

25

24

20

20

22
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210> 90

<211» 20

<212> DRA

<213> Arxtificial Seguesnce

L2220
«223> Deseription of Artificial Sequence: Syntheric primex

<4G0> 8D
fgccgtasty attgaccags 20

<2105 81

<z11> 20

221%> -DNA

213> Artificial EBeguencte

<Z20>
<223> Deacriptlon of Artificisl Sequence: Synthetic primer

<4G0> 81
gotgegtzas atogttoggat 20

<210> 82

<2Z11» 20

<Z12> DRA

213> Arbificisl Seaguence

220>
<2235 Description of Artificial Seguence: Synthetic primer

<400 52 .
rbrzktoggog Lecalaggac 20

<Z210> 53

«<zll¥» 20

<21 72> DNA -

<213 Artificiasl Sequence

<ZZ0>
<223> Descripition of Brtificial Sequence: Synthetic primer

<400> 33
cregeetate ggotaacaay . 20

<210> D4

2211» 20

<Z12» PNA

£213» artificial Seguence

<220> :
<223> Dascription of Artificlal Ssguence: synchetic primer

<400> 34
cacaagaage aacsocttgs 20
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<210> 95

<ZLLs 23

<2125 DNA

<213> Arvificial Sequance

<220>
<223> Cesoription of Arxtificial Sedquence: Synthetic primer

<400> 95
apatttascg tmacgatyag ttg : : a3

<210> 848

«<21l> 23

<212> DNA

<213> Artificial Sequence

<Z2g>
<223> Description of Artificizl Sequence: Synthetic primer

<400> 96
guactapoty atgsazaaata aqw 23

<210> 87

<21t> 23

<212Z»> DNA

<213 Artificial Seguencs

<220 .
<223> Descriptien of hrtificial Seguencs: Synthetic primexr

<eQ0> 87
-ggasggggac gtaggtacat aaa 23

<210> 98

<21l> 23

<212» ONA

<21%> Brtificial Seguence

220>
<323> Description of Artificisl Sequenca: Synthehic primer

<q00» 94
ttagaacgtg ttitgtoree salb 25

<gl0> B9

<z1l> 22

<212> DNA

<213> Artificisl Seguence

220>
<223> Description of Artificial Sequenca: Synthetic primer



<400 329
cgtiettatg agaaargget GE
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